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DIRECTED ENRICHMENT OF GENOMIC DNA 
FOR HIGH-THROUGHPUT SEQUENCING 

RELATED APPLICATION 

0001) This application claims the benefit of U.S. Provi 
sional Application No. 60/785,295, filed on Mar. 23, 2006. 
The entire teachings of the above application are incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 Large numbers of amplicons or polymerase chain 
reaction products (PCR) products are necessary to amplify 
every exon in a genome. For example, the amplification all 
of the exons in the human genome would require approxi 
mately 250,000 amplicons or PCR products. For each ampli 
con, a pair of primers needs to be synthesized and an 
individual PCR reaction needs to be carried out, which is a 
costly and unwieldy task for the total number of 250,000 
amplicons required to sequence all of the exons in the human 
genome. 

0003 Microarray technologies are available that can syn 
thesize very small quantities of up to about 400,000 oligo 
nucleotides on a single solid support. These 400,000 oligo 
nucleotides could potentially comprise 200,000 primer pairs 
for an amplification reaction, such as PCR. All 400,000 
oligonucleotides can be liberated from the microarray into a 
single (multiplex) PCR reaction using known methods. 
However, the resulting multiplex PCR using these 200,000 
primer pairs in one reaction is likely to be uninformative due 
to the complexity of the reaction and due to numerous 
artifacts, such as primer-dimer formation. There is currently 
no known method to segregate individual primers pairs from 
a microarray into individual PCR reactions. 
0004 Thus, a need exists to segregate primer pairs from 
a microarray, Such that individual primer pairs can be used, 
for example, in an amplification reaction. 

SUMMARY OF THE INVENTION 

0005 The present invention provides microarrays of oli 
gonucleotides, e.g., primer pairs, and in particular, microar 
rays of primers that comprise at least one cleavable linkage. 
Also provided are methods to capture oligonucleotide 
primer pairs from one or more microarrays, and methods to 
use the captured oligonucleotide primer pairs, such as for 
amplification of a target polynucleotide sequence. In addi 
tion, methods of using a microarray to isolate, purify and/or 
amplify a target polynucleotide are provided. 
0006 Present microarray technologies can synthesize 
very small quantities of up to about 400,000 oligonucle 
otides on a single solid support. Therefore, these 400,000 
oligonucleotides can theoretically comprise around 200,000 
primer pairs for amplifying one or more target polynucle 
otides in an amplification reaction, such as PCR. However, 
there is no current method to separate the 200,000 primer 
pairs into 200,000 separate amplification reactions. 
Although all 400,000 oligonucleotides can be liberated from 
the microarray into a single (multiplex) PCR reaction using 
known methods, the resulting multiplex PCR reaction has 
little informative value due to the complexity of the ampli 
fied products generated and due to numerous artifacts that 
result from such a multiplex PCR, such as primer-dimer 
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formation (see, e.g., Dahl et al., Nuc. Ac. Res. (2005), 33(8): 
e71, and references cited therein). 
0007. There is a need for methods to segregate primer 
pairs from a microarray, and methods of using Such primer 
pairs, for example, in one or more amplification reactions. 
Thus, the present invention provides microarrays compris 
ing primer pairs that can be used in methods of segregating 
and/or capturing primer pairs from the microarrays such that 
the primer pairs, for example, can amplify a target poly 
nucleotide in one or more separate amplification reactions. 
0008. The present invention provides a microarray com 
prising a plurality of oligonucleotide primer pairs, wherein 
each oligonucleotide primer pair comprises a first oligo 
nucleotide primer and a second oligonucleotide primer. Each 
primer comprises at least one cleavable linkage for releasing 
the primer from the microarray. Thus, cleaving the cleavable 
linkage in each primer will release the plurality of oligo 
nucleotide primer pairs from the microarray. 
0009. The present invention also provides a microarray 
comprising a plurality of oligonucleotides in which each 
oligonucleotide comprises (a) two primer nucleic acid 
sequences; (b) a first cleavable linkage which is located at or 
near the microarray Surface, such that cleaving the first 
cleavable linkage separates each oligonucleotide from the 
microarray Surface; and (c) a second cleavable linkage 
located between the two primer nucleic acid sequences in 
each oligonucleotide, Such that cleaving the second cleav 
able linkage separates the two primer nucleic acid 
sequences. In one embodiment, the two primer nucleic acid 
sequences are a primer pair. 
0010 Also provided herein is a method for producing a 
microarray, Such that a plurality of oligonucleotide primer 
pairs are synthesized on the microarray. Each oligonucle 
otide primer pair when synthesized is present at a discrete 
location (also referred to herein as a “feature' or an “ele 
ment”) on the microarray and comprises a first primer and a 
second primer. The first primer and second primer each 
comprise at least one cleavable linkage. The method com 
prises providing a microarray which comprises a plurality of 
discrete locations, and each discrete location comprises a 
first primer synthesis site and a second primer synthesis site. 
Each second primer synthesis site is capped with a blocking 
group to prevent primer synthesis at the second primer 
synthesis site. The first primers comprising at least one 
cleavable linkage are synthesized at each first primer Syn 
thesis site on the microarray, which produces a plurality of 
first primers on the microarray. The method further com 
prises capping the plurality of first primers to prevent further 
synthesis of each first primer. Each second primer synthesis 
site is uncapped and a second primer comprising at least one 
cleavable linkage is synthesized at each second primer 
synthesis site on the microarray, which produces a plurality 
of second primers on the microarray. Thus, the method 
produces a microarray, wherein a plurality of oligonucle 
otide primer pairs are synthesized on the microarray. Also 
provided in the present invention is a microarray produced 
by the described method. 
0011) Another aspect of the present invention is a method 
for capturing a plurality of oligonucleotide primer pairs on 
a capturing means in a capturing Support, wherein each 
oligonucleotide primer pair is present at a discrete location 
on the capturing Support. In a particular embodiment, the 



US 2007/023 1823 A1 

primer pairs are located at a discrete location on a microar 
ray and the discrete locations of the primer pairs are main 
tained when the primer pairs are captured on a capturing 
Support, wherein each discrete location comprises or con 
sists essentially of one primer pair. In one embodiment, a 
plurality of discrete locations comprises a plurality of primer 
pairs, wherein each discrete location comprises or consists 
essentially of one primer pair, and wherein each primer pair 
is the same or different. Each oligonucleotide primer of each 
primer pair comprises at least one first cleavable linkage and 
the capturing Support comprises a capturing means for 
capturing the oligonucleotide primer pairs. The method 
comprises capturing or transferring (e.g., embedding) each 
oligonucleotide primer pair present at a discrete location on 
a microarray into a capturing Support, capturing the oligo 
nucleotide primer pairs on the microarray by the capturing 
means and separating the oligonucleotide primer pairs from 
the microarray by cleaving the at least one first cleavable 
linkage in each oligonucleotide primer, thereby capturing a 
plurality of oligonucleotide primer pairs on a capturing 
means in a capturing Support, wherein each oligonucleotide 
primer pair is present at a discrete location on the capturing 
Support. The method can further comprise separating the 
capturing means from the capturing Support, thereby pro 
ducing a plurality of capturing means, wherein at least a 
portion of the capturing means comprise an oligonucleotide 
primer pair. 

0012. The present invention also provides a method for 
capturing a plurality of oligonucleotide primer pairs from 
two microarrays and the primer pairs are captured on a 
capturing Support. Each oligonucleotide primer pair com 
prises a first primer that is located on a first microarray at a 
discrete location and a second primer that is located on the 
second microarray at a discrete location. Each first primer is 
captured from a first microarray and each second primer is 
captured from a second microarray. Each primer also com 
prises at least one cleavable linkage to separate the primer 
from the microarray. The method comprises embedding a 
first microarray comprising a plurality of first primers into a 
capturing Support under conditions in which each of the first 
primers are captured in the capturing Support and the dis 
crete location of each of the first primers is maintained in the 
capturing Support. The method further comprises separating 
the first primers from the first microarray by cleaving the at 
least one cleavable linkage in the first primers and removing 
the first microarray from the capturing Support. Upon 
removal of the first microarray, the first primers remain in 
the discrete locations in the capturing Support. In addition, 
the method comprises embedding a second microarray com 
prising a plurality of second primers into the capturing 
Support under conditions in which each of the second 
primers are captured in the capturing Support and the dis 
crete location of each of the second primers is maintained in 
the capturing Support, and the discrete location of each of the 
second primers overlaps with the discrete location of each of 
the first primers. When the discrete location of the first 
primer and second primer overlap in the capturing Support, 
each discrete location in the capturing Support comprises or 
consists essentially of a primer pair that can be used in an 
amplification reaction. The method also comprises separat 
ing the second primers from the second microarray by 
cleaving the at least one cleavable linkage in each of the 
second primers. Thus, the method captures a plurality of 
oligonucleotide primer pairs on a capturing Support, wherein 
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each oligonucleotide primer pair comprises a first primer 
and a second primer, and wherein each first primer is 
captured from a first microarray and each second primer is 
captured from a second microarray. 

0013 Another aspect of the invention is a method for 
amplifying a target polynucleotide using oligonucleotide 
primer pairs wherein each oligonucleotide primer pair is 
located at a discrete position on a microarray. Each primer 
in each oligonucleotide primer pair comprise at least one 
cleavable linkage. The method comprises providing a plu 
rality of oligonucleotide primer pairs, wherein each oligo 
nucleotide primer pair is located at a discrete position on a 
microarray. A target polynucleotide is hybridized to at least 
one primer in at least one oligonucleotide primer pair on the 
microarray, to produce a microarray comprising at least one 
primer pair comprising at least one primer hybridized to a 
target polynucleotide. The microarray is embedded into a 
capturing Support (e.g., by coating the microarray with a 
semisolid matrix). The at least one primer oligonucleotide 
pair comprising at least one primer hybridized to a target 
polynucleotide is separated from the microarray (e.g., lib 
erated from the microarray Surface) by cleaving the at least 
one cleavable linkage in each primer to release the at least 
one oligonucleotide primer pair comprising at least one 
primer hybridized to a target polynucleotide from the 
microarray, wherein the at least one oligonucleotide primer 
pair comprising at least one primer hybridized to a target 
polynucleotide is captured in the capturing Support. The 
method further comprises amplifying the target polynucle 
otide under conditions in which the at least one oligonucle 
otide primer pair comprising at least one primer hybridized 
to the target polynucleotide amplifies the target polynucle 
otide by polymerase chain reaction, Such that an amplified 
target polynucleotide is produced. 

0014. In one embodiment, the oligonucleotide primers 
are synthesized on the microarray in the conventional 
3'-down orientation. In another embodiment, the oligonucle 
otide primers are synthesized in the 5'-down orientation. 
0015. In a particular embodiment, a target polynucleotide 
hybridized to an oligonucleotide primer on the array is 
copied by extension of the 3' hydroxyl of one oligonucle 
otide primer using DNA polymerase and deoxynucleoside 
triphosphates. The hybridized target polynucleotide can be 
released by chemical or thermal denaturation and discarded 
before proceeding with the embedding in a capturing Sup 
port, or alternatively, the double-stranded primer extension 
product is cleaved after embedding in a capturing Support by 
treatment with a restriction endonuclease. 

0016. In a particular embodiment, each oligonucleotide 
primer further comprises at its 5' end a restriction endonu 
clease recognition site for a distally cleaving restriction 
endonuclease. Thus, in one embodiment, the method further 
comprises cleaving the amplified target polynucleotide with 
a restriction endonuclease specific for the restriction endo 
nuclease recognition site, which produces a fragment of the 
amplified target polynucleotide. Such that at least a portion 
of the oligonucleotide primer sequence is removed. In a 
further embodiment, the method further comprises joining a 
pair of sequencing adapters to the fragment of the amplified 
target polynucleotide. Such that one sequencing adapter is 
joined to each end of the fragment, and each sequencing 
adapter comprises a primer binding site. This produces an 
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adapter-modified target polynucleotide. In a particular 
embodiment, the adapter-modified target polynucleotide is 
sequenced. In another particular embodiment, the sequenc 
ing adapters that are joined to the fragment of the amplified 
target polynucleotide are a pair of asymmetrical adapters. In 
one embodiment, the pair of sequencing adapters is a pair of 
asymmetrical adapters. In a particular embodiment, the pair 
of asymmetrical adapters comprise: 
a) a first oligonucleotide adapter selected from the group 
consisting of: 
0017 (i) an asymmetrical tail adapter comprising a first 
ligatable end, and a second end comprising a single-stranded 
3' overhang of at least about 8 nucleotides; 
0018 (ii) an asymmetrical Yadapter comprising a first 
ligatable end, and a second unpaired end comprising two 
non-complementary Strands, wherein the length of the non 
complementary strands are at least about 8 nucleotides; and 
0.019 (iii) an asymmetrical bubble adapter comprising an 
unpaired region of at least about 8 nucleotides flanked on 
each side by a paired region; 
and 

b) a second oligonucleotide adapter selected from the group 
consisting of: 
0020 (i) an asymmetrical tail adapter comprising a first 
ligatable end, and a second end comprising a single-stranded 
5' overhang of at least about 8 nucleotides, wherein the 3' 
end of the strand that does not comprise the 5' overhang 
comprises at least one blocking group; 
0021 (ii) an asymmetrical Yadapter comprising a first 
ligatable end, and a second unpaired end comprising two 
non-complementary Strands, wherein the length of the non 
complementary strands are at least about 8 nucleotides; and 
0022 (iii) an asymmetrical bubble adapter comprising an 
unpaired region of at least about 8 nucleotides flanked on 
each side by a paired region; 

wherein the nucleic acid sequence of the first and second 
asymmetrical adapters are not identical. 

0023. In an alternative embodiment, the method for 
amplifying a target polynucleotide further comprises joining 
a universal adapter to each end of the amplified target 
polynucleotide to produce a first adapter-modified target 
polynucleotide. Each universal adapter comprises a primer 
binding site, and the 3' end of each universal adapter 
comprises a restriction endonuclease recognition site for a 
distally cleaving restriction endonuclease. In one embodi 
ment, the method further comprises amplifying the first 
adapter-modified target polynucleotide to produce an ampli 
fied adapter-modified target polynucleotide. In a further 
embodiment, the method further comprises cleaving the 
amplified adapter-modified target polynucleotide with a 
restriction endonuclease specific for the restriction endonu 
clease recognition site, which produces a fragment of the 
amplified adapter-modified target polynucleotide. Such that 
at least a portion of the universal adapter sequence is 
removed. In a still further embodiment, the method further 
comprises joining a pair of sequencing adapters to the 
fragment of the amplified adapter-modified target polynucle 
otide to produce a second adapter-modified target polynucle 
otide, Such that one sequencing adapter is joined to each end 
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of the fragment, and each sequencing adapter comprises a 
primer binding site. In a particular embodiment, the second 
adapter-modified target polynucleotide is sequenced. In a 
further particular embodiment, the sequencing adapters are 
a pair of asymmetrical adapters. In one embodiment, the pair 
of asymmetrical adapters comprise: 
a) a first oligonucleotide adapter selected from the group 
consisting of: 
0024 (i) an asymmetrical tail adapter comprising a first 
ligatable end, and a second end comprising a single-stranded 
3' overhang of at least about 8 nucleotides; 
0025 (ii) an asymmetrical Yadapter comprising a first 
ligatable end, and a second unpaired end comprising two 
non-complementary Strands, wherein the length of the non 
complementary strands are at least about 8 nucleotides; and 
0026 (iii) an asymmetrical bubble adapter comprising an 
unpaired region of at least about 8 nucleotides flanked on 
each side by a paired region; 
and 

b) a second oligonucleotide adapter selected from the group 
consisting of: 
0027 (i) an asymmetrical tail adapter comprising a first 
ligatable end, and a second end comprising a single-stranded 
5' overhang of at least about 8 nucleotides, wherein the 3' 
end of the strand that does not comprise the 5' overhang 
comprises at least one blocking group: 
0028 (ii) an asymmetrical Yadapter comprising a first 
ligatable end, and a second unpaired end comprising two 
non-complementary Strands, wherein the length of the non 
complementary strands are at least about 8 nucleotides; and 
0029 (iii) an asymmetrical bubble adapter comprising an 
unpaired region of at least about 8 nucleotides flanked on 
each side by a paired region; 

wherein the nucleic acid sequence of the first and second 
asymmetrical adapters are not identical. 

0030. In a further alternative embodiment of the method 
for amplifying a target polynucleotide, each oligonucleotide 
primer further comprises a restriction endonuclease recog 
nition site for a distally cleaving restriction endonuclease, 
and at least one oligonucleotide primer in the oligonucle 
otide primer pair further comprises a universal primer 
sequence. In a particular embodiment, the capturing Support 
further comprises a primer that is identical to the universal 
primer sequence in the at least one oligonucleotide primer. 
In one embodiment, the primer that is identical to the 
universal primer sequence further comprises a moiety that 
can be co-polymerized with a polyacrylamide gel, e.g., a 
moiety selected from the group consisting of acrylamide, 
acrylic acid and vinyl. In a further embodiment, the method 
further comprises amplifying the target polynucleotide 
under conditions in which at least one oligonucleotide 
primer and the primer that is identical to the universal primer 
sequence amplifies the target polynucleotide by polymerase 
chain reaction, thereby producing an amplified target poly 
nucleotide. In a particular embodiment, the method further 
comprises cleaving the amplified target polynucleotide with 
a restriction endonuclease specific for the restriction endo 
nuclease recognition site to produce a fragment of the 
amplified target polynucleotide, wherein at least a portion of 
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the oligonucleotide primer sequences are removed. In a 
further embodiment, the method further comprises joining a 
pair of sequencing adapters to the fragment of the amplified 
target polynucleotide to produce an adapter-modified target 
polynucleotide, Such that one sequencing adapter is joined to 
each end of the fragment. Each sequencing adapter com 
prises a primer binding site. In one embodiment, the adapter 
modified target polynucleotide is sequenced. In a particular 
embodiment, the pair of sequencing adapters is a pair of 
asymmetrical adapters. In one embodiment, the pair of 
asymmetrical adapters comprise: 
a) a first oligonucleotide adapter selected from the group 
consisting of: 
0031 (i) an asymmetrical tail adapter comprising a first 
ligatable end, and a second end comprising a single-stranded 
3' overhang of at least about 8 nucleotides; 
0032 (ii) an asymmetrical Yadapter comprising a first 
ligatable end, and a second unpaired end comprising two 
non-complementary Strands, wherein the length of the non 
complementary strands are at least about 8 nucleotides; and 
0033 (iii) an asymmetrical bubble adapter comprising an 
unpaired region of at least about 8 nucleotides flanked on 
each side by a paired region; 
and 

b) a second oligonucleotide adapter selected from the group 
consisting of: 
0034 (i) an asymmetrical tail adapter comprising a first 
ligatable end, and a second end comprising a single-stranded 
5' overhang of at least about 8 nucleotides, wherein the 3' 
end of the strand that does not comprise the 5' overhang 
comprises at least one blocking group; 
0035 (ii) an asymmetrical Yadapter comprising a first 
ligatable end, and a second unpaired end comprising two 
non-complementary Strands, wherein the length of the non 
complementary strands are at least about 8 nucleotides; and 
0.036 (iii) an asymmetrical bubble adapter comprising an 
unpaired region of at least about 8 nucleotides flanked on 
each side by a paired region; 
wherein the nucleic acid sequence of the first and second 
asymmetrical adapters are not identical. 
0037. In a still further particular embodiment, the method 
for amplifying a target polynucleotide further comprises 
joining to the ends of the amplified target polynucleotide a 
pair of asymmetrical adapters. In one embodiment, the pair 
of asymmetrical adapters comprise: 
a) a first oligonucleotide adapter selected from the group 
consisting of: 
0038 (i) an asymmetrical tail adapter comprising a first 
ligatable end, and a second end comprising a single-stranded 
3' overhang of at least about 8 nucleotides; 
0.039 (ii) an asymmetrical Yadapter comprising a first 
ligatable end, and a second unpaired end comprising two 
non-complementary Strands, wherein the length of the non 
complementary strands are at least about 8 nucleotides; and 
0040 (iii) an asymmetrical bubble adapter comprising an 
unpaired region of at least about 8 nucleotides flanked on 
each side by a paired region; 
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and 

b) a second oligonucleotide adapter selected from the group 
consisting of: 

0041 (i) an asymmetrical tail adapter comprising a first 
ligatable end, and a second end comprising a single-stranded 
5' overhang of at least about 8 nucleotides, wherein the 3' 
end of the strand that does not comprise the 5' overhang 
comprises at least one blocking group; 

0042 (ii) an asymmetrical Yadapter comprising a first 
ligatable end, and a second unpaired end comprising two 
non-complementary Strands, wherein the length of the non 
complementary strands are at least about 8 nucleotides; and 

0043 (iii) an asymmetrical bubble adapter comprising an 
unpaired region of at least about 8 nucleotides flanked on 
each side by a paired region; 

0044 wherein the first and second asymmetrical adapters 
further comprise a restriction endonuclease recognition site 
for a distally cleaving restriction endonuclease, and the 
nucleic acid sequence of the first and second asymmetrical 
adapters are not identical. Joining the pair of asymmetrical 
adapters to the ends of the amplified target polynucleotide 
produces a first adapter-modified target polynucleotide. In a 
particular embodiment, the method further comprises ampli 
fying the first adapter-modified target polynucleotide to 
produce an amplified adapter-modified target polynucle 
otide. In one embodiment, the amplified adapter-modified 
target polynucleotide is cleaved with a restriction endonu 
clease specific for the restriction endonuclease recognition 
site to produce a fragment of the amplified adapter-modified 
target polynucleotide, wherein at least a portion of the 
asymmetrical adapter sequences are removed. In a further 
embodiment, the method further comprises joining a pair of 
sequencing adapters to the fragment of the amplified 
adapter-modified target polynucleotide to produce a second 
adapter-modified target polynucleotide, such that one 
sequencing adapter is joined to each end of the fragment and 
each sequencing adapter comprises a primer binding site. In 
one embodiment, the second adapter-modified target poly 
nucleotide is sequenced. In a particular embodiment, the pair 
of sequencing adapters is a pair of asymmetrical adapters. In 
one embodiment, the pair of asymmetrical adapters com 
prise: 

a) a first oligonucleotide adapter selected from the group 
consisting of: 

0045 (i) an asymmetrical tail adapter comprising a first 
ligatable end, and a second end comprising a single-stranded 
3' overhang of at least about 8 nucleotides; 
0046 (ii) an asymmetrical Yadapter comprising a first 
ligatable end, and a second unpaired end comprising two 
non-complementary Strands, wherein the length of the non 
complementary strands are at least about 8 nucleotides; and 

0047 (iii) an asymmetrical bubble adapter comprising an 
unpaired region of at least about 8 nucleotides flanked on 
each side by a paired region; 
and 

b) a second oligonucleotide adapter selected from the group 
consisting of: 
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0.048 (i) an asymmetrical tail adapter comprising a first 
ligatable end, and a second end comprising a single-stranded 
5' overhang of at least about 8 nucleotides, wherein the 3' 
end of the strand that does not comprise the 5' overhang 
comprises at least one blocking group; 
0049 (ii) an asymmetrical Yadapter comprising a first 
ligatable end, and a second unpaired end comprising two 
non-complementary Strands, wherein the length of the non 
complementary strands are at least about 8 nucleotides; and 
0050 (iii) an asymmetrical bubble adapter comprising an 
unpaired region of at least about 8 nucleotides flanked on 
each side by a paired region; 
wherein the nucleic acid sequence of the first and second 
asymmetrical adapters are not identical. 

0051. In another embodiment of the invention, provided 
is a method for amplifying a target polynucleotide (see 
FIGS. 7A-7B). The method comprises providing an oligo 
nucleotide primer located at a discrete position on a microar 
ray, wherein the oligonucleotide primer comprises at least 
one cleavable linkage. A target polynucleotide is hybridized 
to the oligonucleotide primer on the microarray, wherein the 
target polynucleotide comprises a universal adapter ligated 
to each end of the target polynucleotide. Each universal 
adapter comprises a universal primer sequence. After 
hybridization, a microarray comprising an oligonucleotide 
primer hybridized to a target polynucleotide is produced. 
The oligonucleotide primer hybridized to the target poly 
nucleotide is extended under appropriate condition to pro 
duce a first Strand primer extension product, which is located 
at a discrete location on the microarray because the oligo 
nucleotide primer was located at the discrete location on the 
microarray. The method further comprises removing the 
target polynucleotide from the first strand primer extension 
product, thereby leaving the first strand primer extension 
product located at a discrete location on the microarray. The 
first strand primer extension product located at a discrete 
location on the microarray is embedded into a capturing 
Support, wherein the capturing Support comprises a univer 
sal primer. The universal primer binds to a universal primer 
binding site located in the first strand extension product as 
a result of primer extension of the universal adapter 
sequence on the target polynucleotide. The target polynucle 
otide is amplified in the capturing Support under conditions 
in which the oligonucleotide primer hybridized to the target 
polynucleotide and the universal primer amplifies the target 
polynucleotide by polymerase chain reaction, whereby an 
amplified target polynucleotide is produced, and thereby 
amplifying the target polynucleotide. 

0.052 In one embodiment, the oligonucleotide primer on 
the microarray is cleaved before amplifying the target poly 
nucleotide in the capturing Support to release the oligonucle 
otide primer from the microarray before amplification (see 
FIG. 7A). In an alternative embodiment, the method further 
comprises cleaving the oligonucleotide primer on the 
microarray after amplifying the target polynucleotide in the 
capturing Support to release the amplified target polynucle 
otide from the microarray (see FIG. 7B). In another embodi 
ment, the oligonucleotide primer further comprises a restric 
tion endonuclease recognition site for a distally cleaving 
restriction endonuclease. For example, the distally cleaving 
restriction endonuclease is a Type IIs or a Type III restriction 
endonuclease. Thus, in one embodiment, the method com 
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prises cleaving the oligonucleotide primer with a restriction 
endonuclease specific for the restriction endonuclease rec 
ognition site after amplifying the target polynucleotide in the 
capturing Support. After cleavage, a fragment of the ampli 
fied target polynucleotide is produced. In a preferred 
embodiment, at least a portion of the oligonucleotide primer 
sequence is removed after cleavage with a restriction endo 
nuclease recognition site for a distally cleaving restriction 
endonuclease. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0053. The patent or application file contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawings will be provided 
by the Office upon request and payment of the necessary fee. 
0054 FIGS. 1A-1D are schematics of a microarray sur 
face with four examples of oligonucleotide cleavable link 
ages. These cleavable linkages can be cleaved under mild 
conditions. The position of the cleavage is indicated by an 
arrow. FIG. 1A illustrates a 5' phosphorothiolate linkage. 
FIG. 1B illustrates a disulfide linkage (bond). FIG. 1C 
illustrates a 3' phosphorothiolate linkage. FIG. 1D illustrates 
a deoxyuridine linkage. 

0055 FIG. 2 is a schematic representation of one 
embodiment of the present invention. A microarray of oli 
gonucleotides with at least one cleavable linkage and an 
affinity tag (e.g., biotin) is embedded (“stamped') into a 
capturing Support comprising a capturing means (e.g., a 
reversible polyacrylamide gel comprising streptavidin mag 
netic beads). The target polynucleotide (e.g., genomic DNA) 
is added to the oligonucleotide array that is embedded into 
the capturing Support, and a nucleotide sequence (e.g., an 
exon) of the genomic DNA is amplified in an amplification 
reaction (e.g., polymerase chain reaction (PCR)). The mag 
netic beads comprising the amplified target polynucleotide is 
released (“liberated') from the reversible polyacrylamide 
(e.g., by using periodate). One strand of the amplified target 
polynucleotide is separated from the magnetic bead by 
disassociating (e.g., "melting or denaturation) a double 
Stranded amplified target polynucleotide using e.g., tempera 
ture change. The separated Strand can be further amplified 
e.g., in an emulsion PCR reaction. 
0056 FIG. 3 is schematic representation of another 
embodiment of the present invention. In this embodiment, 
target polynucleotides are amplified on a microarray (e.g., 
by polony PCR), and the amplified target nucleic acid 
sequences are joined to sequencing adapters (e.g., asym 
metrical adapters) for further amplification (e.g., in an 
emulsion PCR). 
0057 FIG. 4 is a schematic representation of one 
embodiment of the invention wherein a microarray com 
prises an oligonucleotide primer pair, P1 and P2. At least one 
primer (e.g., P1) comprises a universal nucleic acid 
sequence. A third primer comprises the universal nucleic 
acid sequence. In one embodiment, a capturing Support 
comprises the third primer. In this example, the third primer 
can further comprise an acrylamide group (e.g., ACRY 
DITETM). Amplification of the target polynucleotide is per 
formed with the two primers from the microarray and the 
universal primer. 
0058 FIG. 5 is a schematic representation of one 
embodiment of the invention. A target polynucleotide is 
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amplified in an amplification reaction (e.g., polony PCR) 
comprising two oligonucleotide primers from a microarray. 
The amplified target nucleic acid sequences are joined to a 
pair of asymmetrical adapters to produce adapter-modified 
target nucleic acid sequences, which can be further amplified 
in an amplification reaction comprising a third primer (e.g., 
P3) that is complementary to at least a portion of a first 
primer binding site in one asymmetrical adapter and a 
primer (e.g., P4) that is complementary to a second primer 
binding site of a first nucleic acid strand that is synthesized 
by the third primer in the amplification reaction. 
0059 FIG. 6 is a schematic representation of a method 
comprising steps A through F for synthesizing an oligo 
nucleotide primer pair at a discrete location (feature) on a 
microarray. The method can be performed at multiple loca 
tions on a microarray (either simultaneously or sequentially) 
to produce a plurality of oligonucleotide primer pairs, 
wherein each primer pair is at a discrete location on the 
microarray. 
0060 FIGS. 7A-7B are schematic representation of 
embodiments of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0061 Amplifying all of the exons in the human genome 
requires 250,000 amplicons or polymerase chain reaction 
(PCR) products. Manufacturing the required 250,000 primer 
pairs is a challenging task. Microarray technologies offer an 
attractive approach for the synthesis of very Small quantities 
of up to 400,000 oligonucleotides on a single solid support. 
However, liberating or releasing these 400,000 oligonucle 
otides from the microarray for use as amplification primers 
(e.g., for PCR) has not been useful because there is no 
current method for segregating the appropriate primer pairs 
into individual amplification reactions. It is known that all 
400,000 oligonucleotides can be released into a single PCR 
amplification reaction. But, the resulting multiplex PCR 
reaction has little informative value due to the complexity of 
the amplified products generated and due to numerous 
artifacts that result from such a multiplex PCR, such as 
primer-dimer formation. Thus, there is a need for methods to 
segregate primer pairs from a microarray, and methods of 
using Such primer pairs, for example, in one or more 
amplification reactions. 
0062) The present invention provides microarrays and 
methods of segregating and/or capturing oligonucleotides, 
and in particular, primer pairs from the microarrays. Such 
primer pairs can be used, for example, to amplify a target 
polynucleotide in one or more separate amplification reac 
tions. 

0063 As used herein, an "oligonucleotide' refers to a 
polynucleotide sequence, such as a primer, a probe and the 
like. As used herein, a “primer' refers to an oligonucleotide 
that can hybridize (also referred to herein as “anneal) to a 
template polynucleotide sequence and initiate synthesis of a 
polynucleotide that is complementary to the template poly 
nucleotide sequence. A primer pair (also referred to herein as 
an "oligonucleotide primer pair”) is a pair of primers that 
together can amplify a template polynucleotide sequence in 
an amplification reaction. As will be understood in the art, 
one primer in the primer pair is complementary to the 
template polynucleotide sequence (e.g., one primer is 
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complementary to the 3' end of the template polynucleotide 
sequence) and the second primer of the primer pair is 
complementary to the first strand product synthesized in an 
amplification reaction from the first primer (e.g., the second 
primer is complementary to the 3' end of the first strand 
product synthesized from the first primer). The appropriate 
length of a primer depends on the intended use of the primer, 
but typically ranges from about 5 to about 100; from about 
5 to about 75; from about 5 to about 50; from about 10 to 
about 35; from about 18 to about 22 nucleotides. A primer 
need not be the exact complementary sequence of the 
template sequence, but it should be sufficiently complemen 
tary to hybridize to the template sequence. The primer that 
is hybridized to the template sequence can initiate primer 
extension under appropriate conditions, as will be appreci 
ated by a person of skill in the art. Conditions for the primer 
extension activity of a wide range of polymerase enzymes 
are known in the art. 

0064. In one aspect of the invention, provided is a 
microarray comprising a plurality of oligonucleotide primer 
pairs, wherein each oligonucleotide primer pair comprises a 
first oligonucleotide primer and a second oligonucleotide 
primer. The first oligonucleotide primer and a second oli 
gonucleotide primer of a primer pair are located at the same 
discrete location on a microarray (see, e.g., FIG. 3). Each 
primer comprises at least one cleavable linkage for releasing 
the primer from the microarray. A “cleavable linkage” or 
'scissile linkage' is a linkage in the oligonucleotide that 
permits the specific cleavage of the oligonucleotide. For 
example, a Succinate linkage could be used (see, e.g., U.S. 
published patent application 2006/0035218). In a preferred 
embodiment the cleavable linkage can be cleaved under 
mild, non-denaturing conditions leaving a 3’ OH or 3 
phosphate group. As will be understood by the person of 
skill in the art, a 3' phosphate group can be converted into 
a 3’ OH group with a variety of phosphatases. In one 
embodiment, the cleavable linkage is selected from the 
group consisting of a 5' phosphorothiolate linkage, a disul 
fide bond, a 3' phosphorothiolate linkage and a deoxyuri 
dine. 

0065. As will be appreciated by the person of skill in the 
art, the conditions under which an oligonucleotide is cleaved 
depends on which cleavable linkage is present. Oligonucle 
otides comprising a phosphothiolate linkage are described in 
U.S. application Ser. No. 60/694,783, filed on Jun. 28, 2005, 
the teachings of which are incorporated herein by reference 
in their entirety. A phosphorothiolate linkage (3' or 5") in a 
polynucleotide sequence can be efficiently cleaved accord 
ing to methods known in the art (see, e.g., Vyle, et al., 
Biochemistry 31: 3012-3018 (1992); Sontheimer, et al., 
Methods 18:29-37(1999); Mag, et al., Nucleic Acids Res., 
19(7): 1437-1441 (1991)). For example, a phosphorothiolate 
linkage can be cleaved chemically by exposure to particular 
metal agents, e.g., silver (Ag), mercury (Hg), copper (Cu), 
manganese (Mn), Zinc (Zn) or cadmium (Cd), among others. 
Water-soluble salts that provide the anions of these metals 
are also useful. In addition, Iodine (I) can be used to cleave 
a phosphorothiolate linkage. Silver-containing salts such as 
silver nitrate (AgNO), or other salts that provide silver ions 
(Ag+), are particularly useful in the methods of the present 
invention. 

0066 Suitable conditions for cleaving a phosphorothi 
olate linkage include, but are not limited to, incubation with 
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Ag+ ions at a pH in the range of from about 4.0 to about 
10.0, from about 5.0 to about 9.0 or from about 6.0 to about 
8.0, and at a temperature in the range of from about 15° C. 
to about 50° C., from about 20° C. to about 45° C., from 
about 25°C. to about 40°C., from about 22°C. to about 37° 
C., or from about 24°C. to about 32° C. Particular suitable 
conditions include, for example, incubation in the presence 
of 50 mM AgNO, at about 22°C. to about 37° C. for at least 
about 10 minutes at a pH of about 7.0. 
0067. An oligonucleotide comprising a disulfide bond 
can be cleaved using methods that are standard in the art, 
e.g., using a reducing agent such as beta mercaptoethanol, 
dithiothreitol, sodium 2-mercaptoethane sulfonate, or TCEP. 
0068 An oligonucleotide comprising a deoxyuridine can 
be cleaved enzymatically with Uracil DNA glycosylase 
(UDG) and an apyrimidinic (AP) lyase using methods that 
are standard in the art, e.g., using the USERTM (Uracil 
Specific Excision Reagent; New England Biolabs), and/or a 
mixture of Uracil DNA glycosylase (UDG) and the DNA 
glycosylase-lyase Endonuclease VIII. UDG catalyses the 
excision of a uracil base, forming an abasic (apyrimidinic or 
AP) site while leaving the phosphodiester backbone intact 
(see, e.g., Lindhal, et al., (1997) J. Biol. Chem. 252, 
3286-3294 and Lindhal, (1982) Annu. Rev. Biochem, 51, 
61-64). The lyase activity of Endonuclease VIII breaks 
(cleaves) the phosphodiester backbone at the 3' and 5' sides 
of the abasic site so that base-free deoxyribose is released 
(see, e.g., Melamede, et al., (1994) Biochemistry, 33, 1255 
1264 and Jiang, et al., (1997) J. Biol. Chem., 272, 32230 
32239). 
0069. The present invention also provides a microarray 
comprising a plurality of oligonucleotides which are 
attached to the microarray Surface. Each oligonucleotide 
comprises (a) at least two primer nucleic acid sequences; (b) 
a first cleavable linkage which is located at or near the 
microarray Surface, wherein cleaving the first cleavable 
linkage separates the oligonucleotide from the microarray 
Surface; and (c) a second cleavable linkage located between 
the two primer nucleic acid sequences in each oligonucle 
otide, wherein cleaving the second cleavable linkage sepa 
rates the two primer nucleic acid sequences in the oligo 
nucleotide to produce an oligonucleotide primer pair. A 
cleavable linkage that is located at or near the microarray 
Surface is a linkage that directly links the oligonucleotide to 
the microarray Surface, and thus, is attached to the first 
nucleotide at the end of an oligonucleotide, or the cleavable 
linkage is located near the microarray Surface, and thus, is a 
linkage in the oligonucleotide that is close to the end of the 
oligonucleotide that is attached to the microarray Surface. 
For example, a cleavable linkage that is located near the 
microarray surface can be located within about 1 to about 15 
nucleotides, within about 1 to about 10 nucleotides or within 
about 1 to about 5 nucleotides to the end of the oligonucle 
otide that is attached to the microarray Surface. 

0070. In a particular embodiment, at least one oligonucle 
otide primer in each oligonucleotide primer pair comprises 
a target-specific nucleotide sequence. A “target-specific 
nucleotide sequence' is a nucleotide sequence which is 
complementary to the nucleotide sequence of a target poly 
nucleotide. A “target polynucleotide' can be any polynucle 
otide, for example, genomic DNA, one or more exons of a 
gene, a complementary DNA (cDNA) sequence, RNA, 
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intron sequences and the like. In a particular embodiment, at 
least one oligonucleotide primer in each oligonucleotide 
primer pair optionally comprises a universal nucleic acid 
sequence. A “universal nucleic acid sequence' (also referred 
to herein as a universal primer binding site) is a sequence 
that is a generally known sequence or commonly used 
nucleic acid sequence, as will be understood by a person of 
skill in the art. For example, the universal nucleic acid 
sequence can be P1, P2, SP6, T7 or an M13 sequence. 

0071. In another particular embodiment, at least one 
oligonucleotide primer in each oligonucleotide primer pair 
further comprises an affinity tag. An “affinity tag is a tag or 
a label that permits the identification, capture and/or isola 
tion of any agent that is attached to the affinity tag. Examples 
of an affinity tag include biotin, digoxigenin, a hapten, a 
ligand, a peptide and a nucleic acid. In a particular embodi 
ment, the affinity tag is biotin. In a particular embodiment, 
the affinity tag is located at the 5' terminus of an oligonucle 
otide. An affinity tag that is located “at the 5' terminus' of 
an oligonucleotide includes an affinity tag on the first 
nucleotide at the 5' end of an oligonucleotide, or the affinity 
tag can be on a nucleotide that is near the 5' end of an 
oligonucleotide, e.g., within about 1 to about 15 nucleotides, 
within about 1 to about 10 nucleotides or within about 1 to 
about 5 nucleotides, from the 5' end of an oligonucleotide. 

0072. In a particular embodiment, the oligonucleotide 
primer pairs on a microarray described herein are used in an 
amplification reaction. As used herein, “amplification' or an 
“amplification reaction” refers to methods for amplification 
of a nucleic acid sequence including polymerase chain 
reaction (PCR), ligase chain reaction (LCR), rolling circle 
amplification (RCA), Strand displacement amplification 
(SDA) and multiple displacement amplification (MDA), as 
will be understood by a person of skill in the art. Such 
methods for amplification comprise, e.g., primers that anneal 
to the nucleic acid sequence to be amplified, a DNA poly 
merase, and nucleotides. Furthermore, amplification meth 
ods, such as PCR, can be solid-phase amplification, polony 
amplification, colony amplification, emulsion PCR, bead 
RCA, surface RCA, surface SDA, etc., as will be recognized 
by one of skill in the art. It will also be recognized that it is 
advantageous to use an amplification method that results in 
exponential amplification of free DNA molecules in solution 
or tethered to a suitable matrix by only one end of the DNA 
molecule. Methods that rely on bridge PCR, where both 
PCR primers are attached to a surface (see, e.g., WO/18957 
and Adessi et al., Nucleic Acids Research (2000): 28(20): 
E87) result in only linear amplification, which does not 
produce Sufficient amounts of product to Support efficient 
library construction for Subsequent sequencing. Further 
more, the products of bridge PCR technologies are array 
bound, and would have to be cleaved from the support as 
intact double stranded DNA molecules to be useful for 
Subsequent sequencing. In addition, it will be recognized 
that it is often advantageous to use amplification protocols 
that maximize the fidelity of the amplified products to be 
used as templates in DNA sequencing procedures. Such 
protocols use, for example, DNA polymerases with strong 
discrimination against misincorporation of incorrect nucle 
otides and/or strong 3' exonuclease activities (also referred 
to as proofreading or editing activities) to remove misincor 
porated nucleotides during polymerization. 
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0073. In a particular embodiment, a microarray of the 
present invention comprises at least about 100, 1000, 
10,000, 100,000, 250,000 or 500,000 distinct elements (also 
referred to herein as discrete locations or features), wherein 
each element comprises one oligonucleotide primer of a 
primer pair, both oligonucleotide primers of a primer pair, or 
a plurality of oligonucleotides. In one embodiment, each 
element of the microarray has an area that is at least about 
1, at least about 5, at least about 10, at least about 16, at least 
about 50 or at least about 100 square microns. 
0074 Also provided herein is a method for producing a 
microarray comprising a plurality of oligonucleotide primer 
pairs, wherein each oligonucleotide primer pair is synthe 
sized at a discrete location on the microarray and the 
oligonucleotide primer pair comprises a first primer and a 
second primer. As will be understood in the art, methods for 
making an array having a single oligonucleotide nucleic acid 
sequence at a single feature on a microarray are known in the 
art (see, e.g., U.S. Pat. Nos. 5,445,934, 5,744,305, and 
5,677, 195, which describe methods using light-directed spa 
tially parallel chemical synthesis of oligonucleotides, and 
Nuwaysir, et al., (Genome Research (2002) 12: 1749-1755) 
and U.S. Pat. No. 6,375,903, which describe oligonucleotide 
arrays produced by maskless photolithography using a 
Maskless Array Synthesizer (MAS) instrument (NimbleGen 
Systems, Inc.); the teachings of all of which are herein 
incorporated by reference in their entirety). In a particular 
embodiment of the present invention, the first primer and 
second primer each comprise at least one cleavable linkage. 
The method for producing a microarray of the present 
invention comprises providing a microarray which com 
prises a plurality of discrete locations, and each discrete 
location comprises a first primer synthesis site and a second 
primer synthesis site. Each second primer synthesis site is 
capped with a blocking group to prevent primer synthesis at 
the second primer synthesis site and the first primers com 
prising at least one cleavable linkage are synthesized at each 
first primer synthesis site on the microarray, which produces 
a plurality of first primers on the microarray. The plurality of 
first primers are capped to prevent further synthesis of each 
first primer. Each second primer synthesis site is uncapped 
and a second primer comprising at least one cleavable 
linkage is synthesized at each second primer synthesis site 
on the microarray, which produces a plurality of second 
primers on the microarray. Methods of using multiple pro 
tecting groups are known in the art. For example, Kwiat 
kowski et al. (Nucleic Acids Research (1999) 27: 4710 
4714) describe levulinyl-protected phosphoramidites (TEG 
O-Lev) used in concert with a methylamino-derivatized 
Surface. In this example, the phosphoramide linkage is stable 
under conditions of oligonucleotide synthesis and ammo 
niacal deprotection, but is cleaved by aqueous acetic acid. 
As a result oligonucleotides linked to the array with the 
traditional base-cleavable linkage can be synthesized on an 
array which also has methylamino-derivatized surface 
coupled via a TEG phosphoramide linkage. Once the first 
oligonucleotide primer synthesis is completed, the second 
oligonucleotide can be synthesized on the hydroxyl group 
protected by the TEG-O-Lev amidite. The TEG-O-Lev 
protected hydroxyl group is deprotected by with hydrazine. 
As will be appreciated by a person of skill in the art, other 
combination of hydroxyl protecting groups can be used to 
achieve the desired results (e.g., see "Protective groups in 
Organic Synthesis” Greene & Wuts, (1991) 2" Ed., Wiley & 
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Sons, NY). Thus, the present invention provides a method 
for producing a microarray, wherein a plurality of oligo 
nucleotide primer pairs are synthesized at discrete locations 
on the microarray, in addition the present invention provides 
a microarray produced by the described method. 

0075 Another aspect of the present invention is a method 
for capturing a plurality of oligonucleotide primer pairs on 
a capturing means in a capturing Support, wherein each 
oligonucleotide primer pair is captured at a discrete location 
on the capturing Support. In one embodiment, the plurality 
of oligonucleotide primer pairs are captured in the capturing 
Support at discrete locations that correspond to the discrete 
locations of the oligonucleotide primers on a microarray. A 
"capturing Support' is any Suitable Support that can capture 
an oligonucleotide and retain the oligonucleotide at a dis 
crete location corresponding to the discrete location the 
oligonucleotide was present at on a microarray. For 
example, a capturing Support can be a semi-solid medium, 
e.g., a polyacrylamide gel. In a particular embodiment, the 
polyacrylamide gel is a reversible polyacrylamide gel. A 
reversible polyacrylamide gel can be de-polymerized using 
a Suitable reagent, e.g., by periodate cleavage of a DATD 
crosslinker. In a particular embodiment, the capturing Sup 
port comprises a capturing means for capturing the oligo 
nucleotide primer pairs. A capturing means can capture an 
oligonucleotide, e.g., by capturing an affinity tag that is 
present on the oligonucleotide. In one embodiment, the 
capturing means comprise a plurality of magnetic beads. In 
a particular embodiment, the magnetic beads are each at 
least about 0.5 microns in diameter. Capturing means and 
methods of using same are known in the art, e.g., U.S. Pat. 
No. 6,534,262, U.S. Pat. No. 5,705,628 and U.S. Pat. No. 
5,898,071, the teachings of which are herein incorporated by 
reference in their entirety. 

0076. In another particular embodiment, the magnetic 
beads comprise an agent that binds to an affinity tag present 
on at least one primer. Thus, in one embodiment at least one 
oligonucleotide primer in each primer pair further comprises 
an affinity tag. In a particular embodiment, the affinity tag is 
biotin, digoxigenin, a hapten, a ligand, a peptide or a nucleic 
acid. In another particular embodiment, the oligonucleotide 
comprises biotin and the magnetic beads comprise avidin or 
streptavidin for capturing an oligonucleotide comprising 
biotin. 

0077. The method for capturing a plurality of oligonucle 
otide primer pairs on a capturing means in a capturing 
Support, wherein each oligonucleotide primer pair is cap 
tured at a discrete location on the capturing Support com 
prises embedding each oligonucleotide primer pair present 
at a discrete location on a microarray into a capturing 
Support, wherein each oligonucleotide primer on a microar 
ray comprises at least one first cleavable linkage. The 
oligonucleotide primer pairs are captured from the microar 
ray in the capturing Support by the capturing means. The 
oligonucleotide primer pairs are separated from the microar 
ray by cleaving the at least one first cleavable linkage in each 
oligonucleotide primer. Thus, the oligonucleotide primer 
pairs are captured in the capturing Support and the discrete 
locations of the oligonucleotide primer pairs which were 
present on the microarray are maintained in the capturing 
Support on the capturing means. In one embodiment, the 
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microarray is removed from the capturing Support after 
embedding the microarray and cleaving the oligonucle 
otides. 

0078. In a further embodiment, the capturing means 
comprising an oligonucleotide primer pair are contacted 
with a target nucleic acid sequence. In one embodiment, 
contacting the oligonucleotide primer pair with a target 
nucleic acid sequence occurs under conditions in which the 
target nucleic acid sequence hybridizes to one of more of the 
oligonucleotide primers. Hybridization is the annealing of 
complementary nucleic acid sequences under appropriate 
conditions, as will be appreciated by a person of skill in the 
art. In a particular embodiment, the method further com 
prises amplifying the target nucleic acid sequence that is 
hybridized to at least one primer in the oligonucleotide 
primer pair, thereby producing an amplified target nucleic 
acid sequence. In one particular embodiment, the amplifi 
cation reaction is an emulsion polymerase chain reaction. In 
another particular embodiment, the amplified target nucleic 
acid sequence is sequenced. 

0079. In another embodiment, the capturing means com 
prising an oligonucleotide primer pair is isolated from the 
capturing Support before or after contacting the oligonucle 
otide primer pair with a target nucleic acid sequence. Iso 
lating the capturing means from the capturing Support can be 
achieved by any known method. For example, a capturing 
Support that is a reversible polyacrylamide gel can be 
depolymerized with periodate, thereby permitting the sepa 
ration of the capturing means from the capturing Support. 

0080. In an additional embodiment, the capturing means 
comprising an oligonucleotide primer pair and a target 
nucleic acid sequence that has been hybridized to at least one 
oligonucleotide on the capturing means is isolated from the 
capturing Support before amplifying the target nucleic acid 
Sequence. 

0081. In another particular embodiment, at least a portion 
of at least one oligonucleotide primer in each oligonucle 
otide primer pair further comprises a second cleavable 
linkage, wherein the second cleavable linkage is different 
from the first cleavable linkage. Thus, in one embodiment, 
the second cleavable linkage of at least a portion of at least 
one oligonucleotide primer in each oligonucleotide primer 
pair is cleaved, thereby producing a capturing Support com 
prising a plurality of oligonucleotide primer pairs, wherein 
at least a portion of at least one oligonucleotide primer in 
each oligonucleotide primer pair is liberated from the cap 
turing means in the capturing Support. Under these condi 
tions, at least one oligonucleotide primer in a primer pair is 
captured on a capturing means, and at least a portion of the 
other primer in the primer pair is liberated or released from 
the capturing means. In a further embodiment, at least a 
portion of both oligonucleotide primers in the primer pair 
are released from the capturing means by cleaving a cleav 
able linkage in the primer. Cleavage of at least a portion of 
at least one primer in an oligonucleotide primer pair pro 
motes local amplification (e.g., in a PCR amplification) of a 
target nucleic acid sequence in the capturing Support or in an 
emulsion amplification reaction. For example, by incorpo 
rating a percentage of uridine instead of a thymidine at the 
5' end of one of the oligonucleotides, the oligonucleotide can 
be cleaved enzymatically from the beads to promote local 
PCR. Additionally, a small proportion of uridine/thymidine 
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at a similar position in the other oligonucleotide of the 
oligonucleotide primer pair can also be incorporated to 
release a portion of that oligonucleotide as well. 
0082 In a further embodiment, at least one oligonucle 
otide primer in each oligonucleotide primer pair further 
comprises a polymerizable group. For example, the poly 
merizable group can be ACRYDITETM, acrylamide, acrylic 
acid, vinyl, or other Suitable unsaturated moiety that can be 
co-polymerized into a polyacrylamide gel. The addition of a 
polymerizable group to an oligonucleotide allows immobi 
lization of the oligonucleotide in a polyacrylamide capturing 
support, thereby limiting diffusion of the oligonucleotide 
and thus, limiting diffusion of an amplification product 
incorporating the oligonucleotide. 

0083. In another aspect of the invention, provided is a 
method for capturing a plurality of oligonucleotide primer 
pairs on a capturing Support, wherein each oligonucleotide 
primer pair comprises a first primer and a second primer, 
each primer comprises at least one cleavable linkage, and 
wherein each first primer is captured from a first microarray 
and each second primer is captured from a second microar 
ray. The method comprises embedding a first microarray 
comprising a plurality of first primers, wherein each first 
primer is located on the first microarray at a discrete 
location, into a capturing Support under conditions in which 
each of the first primers are captured in the capturing Support 
and the discrete location of each of the first primers is 
maintained in the capturing Support. The first primers are 
separated from the first microarray by cleaving the at least 
one first cleavable linkage in the first primers. The first 
microarray is removed from the capturing Support and a 
second microarray comprising a plurality of second primers, 
wherein each second primer is located on the second 
microarray at a discrete location, is embedded into the 
capturing Support under conditions in which each of the 
second primers are captured in the capturing Support and the 
discrete location of each of the second primers is maintained 
in the capturing Support, and wherein the discrete location of 
each of the second primers overlaps with the discrete 
location of each of the first primers. The second primers are 
separated from the second microarray by cleaving the at 
least one second cleavable linkage in each of the second 
primers, thereby capturing a plurality of oligonucleotide 
primer pairs on a capturing Support, wherein each oligo 
nucleotide primer pair comprises a first primer and a second 
primer, and wherein each first primer is captured from a first 
microarray and each second primer is captured from a 
second microarray. 

0084. In one embodiment, the second microarray is 
removed from the capturing Support after the second primers 
have been separated from the second microarray. In a 
particular embodiment, the capturing Support further com 
prises a capturing means. In a further embodiment, the 
method further comprises contacting the plurality of oligo 
nucleotide primer pairs on the capturing Support and/or on 
the capturing means with a target nucleic acid sequence, and 
amplifying the target nucleic acid sequence in an amplifi 
cation reaction, thereby producing a plurality of amplified 
target nucleic acid sequences. In a particular embodiment, 
the amplified target nucleic acid sequences are sequenced. In 
another embodiment, at least a portion of at least one 
oligonucleotide primer in each oligonucleotide primer pair 
further comprises a third cleavable linkage, wherein the third 
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cleavable linkage is different from the first and second 
cleavable linkage. In a particular embodiment, the method 
further comprises cleaving at least a portion of the third 
cleavable linkage of at least one oligonucleotide primer in 
each oligonucleotide primer pair, thereby producing a cap 
turing Support comprising a plurality of oligonucleotide 
primer pairs, wherein at least a portion of at least one 
oligonucleotide primer in each oligonucleotide primer pair is 
liberated from the capturing means in the capturing Support. 
Thus, in one embodiment, the method further comprises 
contacting the capturing Support comprising a plurality of 
oligonucleotide primer pairs with a target nucleic acid 
sequence, and amplifying said target nucleic acid sequence 
in an amplification reaction, thereby producing an amplified 
target nucleic acid sequence. In one embodiment, the ampli 
fied target nucleic acid sequence is sequenced. 

0085. In another aspect of the invention, provided is a 
method for amplifying a target polynucleotide, comprising 
a) providing a plurality of oligonucleotide primer pairs, 
wherein each oligonucleotide primer pair is located at a 
discrete position on a microarray, and wherein each oligo 
nucleotide primer in each oligonucleotide primer pair com 
prises at least one cleavable linkage; b) hybridizing a target 
polynucleotide to at least one primer in at least one oligo 
nucleotide primer pair on the microarray, thereby producing 
a microarray comprising at least one primer pair comprising 
at least one primer hybridized to a target polynucleotide; c) 
embedding the microarray of step b) into a capturing Sup 
port; d) separating the at least one primer oligonucleotide 
pair comprising at least one primer hybridized to a target 
polynucleotide from the microarray by cleaving the at least 
one cleavable linkage in each primer, thereby releasing the 
at least one oligonucleotide primer pair comprising at least 
one primer hybridized to a target polynucleotide from the 
microarray, wherein the at least one oligonucleotide primer 
pair comprising at least one primer hybridized to a target 
polynucleotide is captured in the capturing Support; and e) 
amplifying the target polynucleotide under conditions in 
which the at least one oligonucleotide primer pair compris 
ing at least one primer hybridized to the target polynucle 
otide amplifies the target polynucleotide by polymerase 
chain reaction, whereby an amplified target polynucleotide 
is produced, thereby amplifying a target polynucleotide. In 
one embodiment, each oligonucleotide primer further com 
prises at the 5' end of the oligonucleotide primer a restriction 
endonuclease recognition site for a distally cleaving restric 
tion endonuclease. As used herein, “a distally cleaving 
restriction endonuclease' refers to a restriction endonu 
clease that recognizes a particular site within a nucleic acid 
sequence and cleaves this nucleic acid sequence outside the 
region of the recognition site (cleavage occurs at a site which 
is distal or outside the site recognized by the restriction 
endonuclease). In one embodiment, a restriction endonu 
clease that cleaves a nucleic acid distally to its restriction 
endonuclease recognition site cleaves on one side of the 
restriction endonuclease recognition site (for example, 
upstream or downstream of the recognition site). In another 
embodiment, restriction endonuclease that cleaves a nucleic 
acid distally to its restriction endonuclease recognition site 
cleaves on both sides of the restriction endonuclease recog 
nition site (for example, upstream and downstream of the 
recognition site). In another embodiment, the restriction 
endonuclease cleaves once between two restriction endonu 
clease recognition sites. In one embodiment, a distally 
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cleaving restriction endonuclease is a Type IIs or a Type III 
restriction endonuclease. Thus, in one embodiment, the 
method further comprises cleaving the amplified target 
polynucleotide with a restriction endonuclease specific for 
the restriction endonuclease recognition site, thereby pro 
ducing a fragment of the amplified target polynucleotide, 
wherein at least a portion of the oligonucleotide primer 
sequence is removed. 
0086. In one particular aspect of the invention, a pair of 
sequencing adapters are joined to the fragment of the 
amplified target polynucleotide, such that a sequencing 
adapter is joined to each end of the fragment, and wherein 
each sequencing adapter comprises a primer binding site, 
thereby producing an adapter-modified target polynucle 
otide. As used herein, joining refers to methods such as 
ligation, annealing or recombination used to attach one 
component to another. In one embodiment, the adapter 
modified target polynucleotide is sequenced. In a particular 
embodiment, the pair of sequencing adapters is a pair of 
asymmetrical adapters. Asymmetrical adapters are described 
in detail in U.S. application Ser. No. 1 1/338,620, filed on 
Jan. 26, 2006, the teachings of which are incorporated herein 
by reference in their entirety. In one embodiment, a pair of 
asymmetrical adapters comprise: 
0087 a) a first oligonucleotide adapter selected from the 
group consisting of 

0088 (i) an asymmetrical tail adapter comprising a 
first ligatable end, and a second end comprising a 
single-stranded 3' overhang of at least about 8 nucle 
otides; 

0089 (ii) an asymmetrical Yadapter comprising a first 
ligatable end, and a second unpaired end comprising 
two non-complementary strands, wherein the length of 
the non-complementary Strands are at least about 8 
nucleotides; and 

0090 (iii) an asymmetrical bubble adapter comprising 
an unpaired region of at least about 8 nucleotides 
flanked on each side by a paired region; and 

0091 b) a second oligonucleotide adapter selected from 
the group consisting of: 

0092 (i) an asymmetrical tail adapter comprising a 
first ligatable end, and a second end comprising a 
single-stranded 5' overhang of at least about 8 nucle 
otides, wherein the 3' end of the strand that does not 
comprise the 5' overhang comprises at least one block 
ing group: 

0093 (ii) an asymmetrical Yadapter comprising a first 
ligatable end, and a second unpaired end comprising 
two non-complementary strands, wherein the length of 
the non-complementary Strands are at least about 8 
nucleotides; and 

0094 (iii) an asymmetrical bubble adapter comprising 
an unpaired region of at least about 8 nucleotides 
flanked on each side by a paired region; 

wherein the nucleic acid sequence of the first and second 
asymmetrical adapters are not identical. 

0095. As used herein, two (or more) asymmetrical adapt 
ers are “non-identical' or “not identical when the asym 
metrical adapters differ from each other by at least one 
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nucleotide in a primer binding site, by at least one nucleotide 
in the complementary nucleic acid sequence of a primer 
binding site, and/or by the presence or absence of a blocking 
group. An asymmetrical adapter comprises a primer binding 
site in a region of single-stranded nucleic acid sequence in 
the asymmetrical adapter. The two (or more) non-identical 
asymmetrical adapters can have substantial differences in 
nucleic acid sequences. For example, two asymmetrical tail 
adapters, asymmetrical bubble adapters or two asymmetrical 
Yadapters can comprise entirely different sequences (e.g., 
with little or no sequence identity). In a particular embodi 
ment, the non-identical asymmetrical adapters have little or 
no sequence identity in the unpaired region (e.g., the tail 
region, the arms of the Y region, or the bubble region). 
Alternatively, a pair of asymmetrical adapters are not iden 
tical such that they differ in kind or type, e.g., the first and 
second asymmetrical adapters are not both asymmetrical tail 
adapters, not both asymmetrical Y adapters, or not both 
asymmetrical bubble adapters. That is, a pair of asymmetri 
cal adapters can comprise, e.g., an asymmetrical tail adapter 
and a bubble adapter or Yadapter, or a pair of asymmetrical 
adapters can comprise a bubble and a Y adapter. In a 
particular embodiment, two (or more) asymmetrical adapt 
ers that are not identical in kind or type differ from each 
other by at least one nucleotide in a primer binding site, by 
at least one nucleotide in the complementary nucleic acid 
sequence of a primer binding, and/or by the presence or 
absence of a blocking group. 
0096. In an alternative aspect of the invention, a universal 
adapter is joined to each end of the amplified target poly 
nucleotide, wherein each universal adapter comprises a 
primer binding site, and the 3' end of each universal adapter 
comprises a restriction endonuclease recognition site for a 
distally cleaving restriction endonuclease, thereby produc 
ing a first adapter-modified target polynucleotide. As used 
herein, a “universal adapter” is an adapter that comprises a 
universal primer binding site. As described above. A “uni 
versal primer binding site' (also referred to herein as a 
universal nucleic acid sequence) is a sequence that is a 
generally known sequence or commonly used nucleic acid 
sequence, as will be understood by a person of skill in the 
art. For example, the universal nucleic acid sequence can be 
an M13 sequence. In one embodiment, the method further 
comprises amplifying the first adapter-modified target poly 
nucleotide, thereby producing an amplified adapter-modified 
target polynucleotide. In a particular embodiment, the 
method further comprises cleaving the amplified adapter 
modified target polynucleotide with a restriction endonu 
clease specific for the restriction endonuclease recognition 
site, thereby producing a fragment of the amplified adapter 
modified target polynucleotide, wherein at least a portion of 
the universal adapter sequence is removed. In a further 
particular embodiment, a pair of sequencing adapters are 
joined to the fragment of the amplified adapter-modified 
target polynucleotide, wherein one sequencing adapter is 
joined to each end of the fragment, and wherein each 
sequencing adapter comprises a primer binding site, thereby 
producing a second adapter-modified target polynucleotide. 
Thus, in another embodiment of the invention, the method 
further comprises sequencing the second adapter-modified 
target polynucleotide. In a particular embodiment, the pair 
of sequencing adapters is a pair of asymmetrical adapters. 
0097. In a still further alternative embodiment of the 
method for amplifying a target polynucleotide, each oligo 
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nucleotide primer further comprises a restriction endonu 
clease recognition site for a distally cleaving restriction 
endonuclease, and at least one oligonucleotide primer in the 
oligonucleotide primer pair further comprises a universal 
primer sequence. In a particular embodiment, the capturing 
Support further comprises a primer that is identical to the 
universal primer sequence in the at least one oligonucleotide 
primer. In one embodiment, the primer that is identical to the 
universal primer sequence further comprises a polyacryla 
mide group. In a further embodiment, the method further 
comprises amplifying the target polynucleotide under con 
ditions in which at least one oligonucleotide primer and the 
primer that is identical to the universal primer sequence 
amplifies the target polynucleotide by polymerase chain 
reaction, thereby producing an amplified target polynucle 
otide. In a particular embodiment, the method further com 
prises cleaving the amplified target polynucleotide with a 
restriction endonuclease specific for the restriction endonu 
clease recognition site to produce a fragment of the ampli 
fied target polynucleotide, wherein at least a portion of the 
oligonucleotide primer sequences are removed. In a further 
embodiment, the method further comprises joining a pair of 
sequencing adapters to the fragment of the amplified target 
polynucleotide to produce an adapter-modified target poly 
nucleotide, Such that one sequencing adapter is joined to 
each end of the fragment. Each sequencing adapter com 
prises a primer binding site. In one embodiment, the adapter 
modified target polynucleotide is sequenced. In a particular 
embodiment, the pair of sequencing adapters is a pair of 
asymmetrical adapters. 

0098. In a still further alternative embodiment of the 
invention, the method of amplifying a target polynucleotide 
comprises joining to the ends of the amplified target poly 
nucleotide a pair of asymmetrical adapters, wherein the first 
and second asymmetrical adapters further comprise a restric 
tion endonuclease recognition site for a distally cleaving 
restriction endonuclease, and wherein the nucleic acid 
sequence of the first and second asymmetrical adapters are 
not identical, thereby producing a first adapter-modified 
target polynucleotide. In a particular embodiment, the 
method further comprises amplifying the first adapter-modi 
fied target polynucleotide, thereby producing an amplified 
adapter-modified target polynucleotide. In one embodiment, 
the amplified adapter-modified target polynucleotide is 
cleaved with a restriction endonuclease specific for the 
restriction endonuclease recognition site, thereby producing 
a fragment of the amplified adapter-modified target poly 
nucleotide, wherein at least a portion of the asymmetrical 
adapter sequences are removed. In a further embodiment, a 
pair of sequencing adapters are joined to the fragment of the 
amplified adapter-modified target polynucleotide, wherein 
one sequencing adapter is joined to each end of the frag 
ment, and wherein each sequencing adapter comprises a 
primer binding site, thereby producing a second adapter 
modified target polynucleotide. Thus, in one embodiment, 
the method further comprises sequencing the second 
adapter-modified target polynucleotide. In one embodiment, 
the pair of sequencing adapters is a pair of asymmetrical 
adapters. 

0099. In one embodiment, the oligonucleotide primers 
are synthesized on the microarray in the conventional 
3'-down orientation. In another embodiment, the oligonucle 
otide primers are synthesized in the 5'-down orientation. 
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0100. In a particular embodiment, a target polynucleotide 
hybridized to an oligonucleotide primer on the array is 
copied by extension of the 3' hydroxyl of one oligonucle 
otide primer using DNA polymerase and deoxynucleoside 
triphosphates. The hybridized target polynucleotide can be 
released by chemical or thermal denaturation and discarded 
before proceeding with the embedding in a capturing Sup 
port, or alternatively, the double-stranded primer extension 
product is cleaved after embedding in a capturing Support by 
treatment with a restriction endonuclease. Thus, in one 
embodiment of the invention, only a single cleavable primer 
sequence is required at each microarray element, and a 
universal adapter is used to provide the second primer 
nucleic acid sequence required for Subsequent PCR. In this 
embodiment, the oligonucleotide primers of the array are 
attached to the microarray surface at their 5' ends. Methods 
to produce Such arrays are well known in the art, e.g., by ink 
jet deposition of oligonucleotides having a reactive group at 
the 5' end or by light-directed array synthesis methods using 
5'-O-phosphoramidites. A cleavable linkage is incorporated 
at or near the attachment site at the 5' end of each oligo 
nucleotide primer on the microarray. The nucleic acid 
sequence of the oligonucleotide primers located at each 
element of the microarray is designed Such that extension of 
the primers produces a first strand extension product com 
prising the target polynucleotide. The target polynucleotide 
can then be further characterized, e.g., by DNA sequencing. 
For example, genomic DNA from a sample to be analyzed 
can be randomly sheared to an appropriate size range (e.g., 
at least about 300 base pairs to at least about 1000 base 
pairs). The fragments can be blunt-ended and ligated to an 
excess of universal adapters comprising a universal primer 
site or universal primer binding site, thereby producing 
adapter-ligated fragments. The adapter-ligated fragments 
can be optionally gel-purified to produce a collection of 
adapter-ligated fragments of homogeneous size range and 
distribution (e.g., approximately 500 bp, +50 bp), and/or to 
remove excess adapters. The adapter-ligated fragments are 
hybridized to the oligonucleotide primers on the microarray, 
preferably under stringent hybridization conditions and 
excess unhybridized fragments, or weakly hybridized frag 
ments, are optionally removed using high Stringency wash 
conditions. The 3' ends of microarray oligonucleotide prim 
ers that are hybridized to a complementary nucleic acid 
sequence of adapter-ligated fragments are extended, e.g., by 
addition of DNA polymerase and deoxynucleoside triphos 
phates (dNTPs) to generate an array-bound complementary 
first strand extension product of each hybridized adapter 
ligated fragment. The hybridized fragments can be removed 
or released from the array and discarded. Typical conditions 
for removing hybridized fragments include washing at 
approximately 95° C. in a stripping solution having low 
ionic strength, which may also include formamide, urea, or 
other denaturant, or in a stripping Solution having an 
extreme pH (above about pH 11 or below about pH 2.5). The 
array is rinsed to remove the stripping solution, coated with 
a capturing Support, Such as a semisolid matrix (e.g., a 
polyacrylamide gel) to embed the array-bound first strand 
extension products and the microarray primers. The microar 
ray-bound first strand extension products and microarray 
primers are cleaved to liberate (release) them from the 
microarray Surface and into the capturing Support. Ampli 
fication, e.g., PCR, reagents including a DNA polymerase, 
dNTPs and a universal primer complementary to the primer 
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nucleic acid sequence in the first strand extension products 
(produced by extension of the oligonucleotide primer 
through the universal adapter sequence) are added in an 
appropriate buffer and amplification is performed in each 
discrete location in the capturing Support using the liberated 
microarray primers and the universal primer, resulting in a 
plurality of amplified target polynucleotide sequences in the 
capturing support (see FIG. 7A). 

0101. In an alternative embodiment, the microarray oli 
gonucleotide primers comprise a cleavable linkage but 
which are not cleaved and liberated from the microarray 
immediately after embedding in the capturing Support (see 
FIG. 7B). Amplification is carried out in the capturing 
Support in the presence of a universal primer. Specifically, 
the amplification products (e.g., double-stranded amplifica 
tion products) are generated in discrete locations in the 
capturing Support using the microarray primer and a uni 
versal primer. The amplification products are all tethered to 
the microarray surface by one DNA strand via a microarray 
primer. The double-stranded amplification products can then 
be cleaved and liberated from the microarray by cleaving the 
cleavable linkage in the microarray primer. In one embodi 
ment, the cleavable linkage is a restriction endonuclease 
recognition site and the double-stranded PCR products are 
cleaved and liberated from the microarray by cleavage with 
a restriction endonuclease that recognizes the restriction 
endonuclease recognition site. In a still further embodiment, 
the restriction endonuclease recognition site is recognized 
by a distally cleaving restriction endonuclease, wherein the 
distally cutting restriction endonuclease will cleave within 
the target polynucleotide sequence thereby liberating the 
amplified target polynucleotide products from the microar 
ray and removing the microarray primers from the target 
polynucleotide sequence at the same time. In a still further 
embodiment the universal primer also comprises a restric 
tion endonuclease recognition site that is recognized by a 
distally cleaving restriction endonuclease and is which ori 
ented in Such a way that cleavage using a distally cutting 
restriction endonuclease will cleave within the target 
sequence just beyond the end of the primer. This allows both 
primers to be removed from the double-stranded target 
sequence at the same time as they are being liberated from 
the microarray. 

0102) In an alternative embodiment, the universal prim 
ers for amplification comprise a polymerizable moiety (e.g., 
ACRYDITETM or acrylamide) at or near their 5' ends. The 
universal primers are added prior to polymerization of the 
capturing Support, e.g., a polyacrylamide gel. Such that the 
universal primers are immobilized in the capturing Support 
after polymerization. Amplifying a target polynucleotide 
with an immobilized primer produces an immobilized 
amplified target polynucleotide. In one embodiment, the 
universal primer comprises a recognition site for a distally 
cutting restriction endonuclease at or near the 5' end, 
wherein cleavage using a distally cutting restriction endo 
nuclease will cut within the target sequence, e.g., just 
beyond the end of the universal primer sequence. This 
permits the immobilized amplified target polynucleotide 
products generated after amplification to be cleaved and 
released from the capturing Support for Subsequent collec 
tion and characterization, while simultaneously removing 
the universal primer sequence. 
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0103) In embodiments where restriction endonuclease 
cleavage is used, it will be understood by one skilled in the 
art that it is advantageous to treat the starting genomic DNA 
with a site-specific DNA methylase that is capable of 
blocking cleavage of the corresponding restriction endonu 
clease cleavage sites within the target genomic sequences. A 
wide variety of methylases have been described, including 
those that block cleavage by multiple endonucleases (e.g., 
CpG methylase) and those that block cleavage by endonu 
cleases that cleave distally to their recognition sites. For 
example, MmeI and EcoP15I sites are not cleaved after 
methylation of their recognition sites by the corresponding 
methyltransferases or methyltransferase subunits (Rao et al., 
2005, BBRC, 334: 803: Tucholski et al., 1998, Gene, 223: 
293). By methylating the recognition sites in the target 
genomic DNA, cleavage will only occur at sites within, or 
adjacent to the recognition sites within the primer 
Sequences. 

0104. In an additional aspect of the invention, the method 
for amplifying a target nucleic acid sequence further com 
prises removing nucleic acid sequences that are not target 
sequences for amplification from a pool of nucleic acid 
sequences (e.g., a whole genome), by hybridizing the 
nucleic acid sequences to a microarray. The microarray 
comprises oligonucleotides that bind to nucleic acid 
sequences that are not target nucleic acid sequences (e.g., 
repetitive DNA elements such as Alu elements). Hybridiza 
tion of the pool of nucleic acid sequences to the microarray 
will selectively remove those nucleic acid sequences that are 
not target nucleic acid sequences for amplification. The 
remaining nucleic acid sequences is then enriched for target 
nucleic acid sequences and can be hybridized to a microar 
ray with oligonucleotide primer pairs specific for the target 
nucleic acid sequences. Amplification of the target nucleic 
acid sequences is performed in any one of the methods 
already described. Alternatively, a microarray can be used to 
enrich for sequence fragments that specifically hybridize to 
the array, while allowing all other (non-specific) sequences 
to be removed or washed away. 
0105 The relevant teachings of all the references, patents 
and patent applications cited herein are incorporated herein 
by reference in their entirety. 
0106 While this invention has been particularly shown 
and described with references to preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the scope of the invention encom 
passed by the appended claims. 

1. A microarray comprising a plurality of oligonucleotide 
primer pairs, wherein each oligonucleotide primer pair com 
prises a first oligonucleotide primer and a second oligo 
nucleotide primer, each primer comprising at least one 
cleavable linkage for releasing the plurality of oligonucle 
otide primer pairs from the microarray. 

2. The microarray of claim 1, wherein at least one 
oligonucleotide primer in each oligonucleotide primer pair 
comprises a target-specific nucleotide sequence. 

3. The microarray of claim 2, wherein at least one 
oligonucleotide primer in each oligonucleotide primer pair 
further comprises an affinity tag. 

4. The microarray of claim 3, wherein the affinity tag is 
located at the 5' terminus of the primer. 
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5. The microarray of claim 4, wherein the affinity tag is 
biotin. 

6. The microarray of claim 3, wherein at least one 
oligonucleotide primer in each oligonucleotide primer pair 
further comprises a universal nucleic acid sequence. 

7. The microarray of claim 6, wherein the universal 
nucleic acid sequence is an M13 sequence. 

8. The microarray of claim 1, wherein the oligonucleotide 
primer pairs are used for PCR. 

9. The microarray of claim 1, wherein each element has 
an area that is at least about 1, 10 or 16 Square microns. 

10. The microarray of claim 1, wherein the cleavable 
linkage is a phosphorothiolate linkage, a disulfide linkage, or 
a deoxyuridine linkage. 

11. The microarray of claim 10, wherein the phospho 
rothiolate linkage is a 5' phosphorothiolate linkage. 

12. The microarray of claim 1, wherein the microarray 
comprises at least about 100, 1000, 10,000, 100,000, 250, 
000 or 500,000 distinct elements, wherein each element 
comprises an oligonucleotide primer pair. 

13. The microarray of claim 1, wherein each oligonucle 
otide primer pair is an oligonucleotide attached to the 
microarray Surface, wherein the oligonucleotide comprises: 

a) two primer nucleic acid sequences; 
b) a first cleavable linkage located at or near the microar 

ray surface, whereby cleaving the first cleavable link 
age separates each oligonucleotide from the microarray 
Surface; and 

c) a second cleavable linkage located between the two 
primer nucleic acid sequences in each oligonucleotide, 
whereby cleaving the second cleavable linkage sepa 
rates the two primer nucleic acid sequences. 

14. A method for producing a microarray, wherein a 
plurality of oligonucleotide primer pairs are synthesized on 
the microarray, each oligonucleotide primer pair is present at 
a discrete location on the microarray and comprises a first 
primer and a second primer, and the first primer and second 
primer each comprise at least one cleavable linkage, com 
prising: 

a) providing a microarray comprising a plurality of dis 
crete locations, wherein each discrete location com 
prises a first primer synthesis site and a second primer 
synthesis site; 

b) capping each second primer synthesis site with a 
blocking group; 

c) synthesizing a first primer comprising at least one 
cleavable linkage at each first primer synthesis site on 
the microarray, thereby producing a plurality of first 
primers on the microarray; 

d) capping the plurality of first primers, thereby prevent 
ing further synthesis of each first primer; 

e) uncapping each second primer synthesis site; and 
f) synthesizing a second primer comprising at least one 

cleavable linkage at each second primer synthesis site 
on the microarray, thereby producing a plurality of 
second primers on the microarray; 

thereby producing a microarray, wherein a plurality of 
oligonucleotide primer pairs are synthesized on the 
microarray. 
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15. A microarray produced by the method of claim 14. 
16. A method for capturing a plurality of oligonucleotide 

primer pairs on a capturing means in a capturing Support, 
wherein each oligonucleotide primer pair is present at a 
discrete location on the capturing Support, comprising: 

a) embedding each oligonucleotide primer pair present at 
a discrete location on a microarray into a capturing 
Support, wherein each oligonucleotide primer com 
prises at least one first cleavable linkage and the 
capturing Support comprises a capturing means for 
capturing the oligonucleotide primer pairs; 

b) capturing the oligonucleotide primer pairs on the 
microarray by the capturing means; and 

c) separating the oligonucleotide primer pairs from the 
microarray by cleaving the at least one first cleavable 
linkage; thereby capturing a plurality of oligonucle 
otide primer pairs on a capturing means in a capturing 
Support, wherein each oligonucleotide primer pair is 
present at a discrete location in the capturing Support on 
a capturing means. 

17-25. (canceled) 
26. The method of claim 16, wherein at least a portion of 

at least one oligonucleotide primer in each oligonucleotide 
primer pair further comprises a second cleavable linkage, 
wherein the second cleavable linkage is different from the 
first cleavable linkage. 

27. The method of claim 26, further comprising cleaving 
at least a portion of the second cleavable linkage of at least 
one oligonucleotide primer in each oligonucleotide primer 
pair, thereby producing a capturing Support comprising a 
plurality of oligonucleotide primer pairs, wherein at least a 
portion of at least one oligonucleotide primer in each 
oligonucleotide primer pair is liberated from the capturing 
means in the capturing Support. 

28. The method of claim 27, further comprising contact 
ing the capturing Support comprising a plurality of oligo 
nucleotide primer pairs with a target nucleic acid sequence, 
and amplifying said target nucleic acid sequence in an 
amplification reaction, thereby producing an amplified target 
nucleic acid sequence. 

29. The method of claim 28, further comprising sequenc 
ing the amplified target nucleic acid sequence. 

30. The method of claim 16, wherein each oligonucleotide 
primer in each oligonucleotide primer pair further comprises 
a universal primer binding site. 

31. The method of claim 16, further comprising removing 
the microarray from the capturing Support after separating 
the oligonucleotide primer pairs from the microarray. 

32. The method of claim 16, wherein the capturing 
Support is a reversible polyacrylamide gel. 

33. The method of claim 16, wherein at least one oligo 
nucleotide primer in each oligonucleotide primer pair further 
comprises a polyacrylamide group. 

34-35. (canceled) 
36. A method for capturing a plurality of oligonucleotide 

primer pairs on a capturing Support, wherein each oligo 
nucleotide primer pair comprises a first primer and a second 
primer, and wherein each first primer is captured from a first 
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microarray and each second primer is captured from a 
second microarray, comprising: 

a) embedding a first microarray comprising a plurality of 
first primers, wherein each first primer is located on the 
first microarray at a discrete location, into a capturing 
support under conditions in which each of the first 
primers are captured in the capturing Support and the 
discrete location of each of the first primers is main 
tained in the capturing Support, and wherein each first 
primer comprises at least one first cleavable linkage 
located at the microarray Surface; 

b) separating the first primers from the first microarray by 
cleaving the at least one first cleavable linkage in the 
first primers; 

c) removing the first microarray from the capturing Sup 
port; 

d) embedding a second microarray comprising a plurality 
of second primers, wherein each second primer is 
located on the second microarray at a discrete location, 
into the capturing Support under conditions in which 
each of the second primers are captured in the capturing 
Support and the discrete location of each of the second 
primers is maintained in the capturing Support, wherein 
the discrete location of each of the second primers 
overlaps with the discrete location of each of the first 
primers, and wherein each second primer comprises at 
least one second cleavable linkage; 

e) separating the second primers from the second microar 
ray by cleaving the at least one second cleavable 
linkage in each of the second primers; 

thereby capturing a plurality of oligonucleotide primer 
pairs on a capturing Support, wherein each oligonucle 
otide primer pair comprises a first primer and a second 
primer, and wherein each first primer is captured from 
a first microarray and each second primer is captured 
from a second microarray. 

37. The method of claim 36, further comprising removing 
the second microarray from the capturing Support after the 
second primers have been separated from the second 
microarray. 

38. The method of claim 36, further comprising contact 
ing the plurality of oligonucleotide primer pairs on the 
capturing Support with a target nucleic acid sequence, and 
amplifying said target nucleic acid sequence in an amplifi 
cation reaction, thereby producing a plurality of amplified 
target nucleic acid sequences. 

39. The method of claim 38, wherein the amplified target 
nucleic acid sequences are sequenced. 

40. The method of claim 38, wherein the target nucleic 
acid sequence is DNA or RNA. 

41. The method of claim 36, wherein each oligonucleotide 
primer in each oligonucleotide primer pair further comprises 
a universal primer binding site. 

42-97. (canceled) 


