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DIRECTED ENRICHMENT OF GENOMIC DNA FOR HIGH-THROUGHPUT
SEQUENCING

RELATED APPLICATION

This application claims the benefit of U.S. Provisional Application No.

60/785,295, filed on March 23, 2006. The entire teachings of the above application

are incorporated herein by reference.

BACKGROUND OF THE INVENTION

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 approximately

250,000 amplicons or PCR products. For each amplicon, 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.

Microarray technologies are available that can synthesize very small

quantities of up to about 400,000 oligonucleotides on a single solid support. These

400,000 oligonucleotides 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.

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

The present invention provides microarrays of oligonucleotides, e.g., primer

pairs, and in particular, microarrays 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 addition,

methods of using a microarray to isolate, purify and/or amplify a target

polynucleotide are provided.

Present microarray technologies can synthesize very small quantities of up to

about 400,000 oligonucleotides on a single solid support. Therefore, these 400,000

oligonucleotides can theoretically comprise around 200,000 primer pairs for

amplifying one or more target polynucleotides 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 amplified products generated and due to numerous artifacts that

result from such a multiplex PCR such as primer-dimer formation (see, e.g., Dahl et

al., Nuc. Ac. Res. (2005), 33(8): e71, and references cited therein).

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 comprising 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

polynucleotide in one or more separate amplification reactions.

The present invention provides a microarray comprising a plurality of

oligonucleotide primer pairs, wherein each oligonucleotide primer pair comprises a

first oligonucleotide 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 oligonucleotide primer pairs from the microarray.



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 cleavable linkage separates the two primer nucleic acid

sequences. In one embodiment, the two primer nucleic acid sequences are a primer

pair.

Also provided herein is a method for producing a microarray, such that a

plurality of oligonucleotide primer pairs are synthesized on the microarray. Each

oligonucleotide primer pair when synthesized is present at a discfete location (also

referred to herein as a "feature" or an "element") 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 comprises 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 synthesis site on the microarray, which

produces a plurality of first primers on the microarray. The method further

comprises 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

oligonucleotide primer pairs are synthesized on the microarray. Also provided in the

present invention is a microarray produced by the described method.

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 primer pairs are located at a discrete



location on a microarray and the discrete locations of the primer pairs are maintained

when the primer pairs are captured on a capturing support, wherein each discrete

location comprises or consists 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 oligonucleotide 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 producing a plurality of capturing means,

wherein at least a portion of the capturing means comprise an oligonucleotide primer

pair.

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 comprises 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 comprises 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 discrete 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

comprising 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

discrete 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 separating 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 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.

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 plurality of oligonucleotide primer pairs, wherein each

oligonucleotide 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., liberated 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 polynucleotide under conditions in which the at least one oligonucleotide

primer pair comprising at least one primer hybridized to the target polynucleotide

amplifies the target polynucleotide by polymerase chain reaction, such that an

amplified target polynucleotide is produced.

In one embodiment, the oligonucleotide primers are synthesized on the

microarray in the conventional 3'-down orientation. In another embodiment, the

oligonucleotide primers are synthesized in the 5'-down orientation.

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

oligonucleotide 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

support, or alternatively, the double-stranded primer extension product is cleaved

after embedding in a capturing support by treatment with a restriction endonuclease.

In a particular embodiment, each oligonucleotide primer further comprises at

its 5' end a restriction endonuclease 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 endonuclease 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 adapter-modified target polynucleotide. In a particular embodiment, the

adapter-modified target polynucleotide is sequenced. In another particular

embodiment, the sequencing 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:

(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;

(ii) an asymmetrical Y adapter 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

(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:

(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;

(ii) an asymmetrical Y adapter 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

(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.

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 embodiment, the method

further comprises amplifying the first adapter-modified target polynucleotide to

produce an amplified 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

endonuclease 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 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 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:

(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;

(ii) an asymmetrical Y adapter 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

(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:

(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;



(ii) an asymmetrical Y-adapter 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

(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.

In a further alternative embodiment of the method for amplifying a target

polynucleotide, each oligonucleotide primer further comprises a restriction

endonuclease 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 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 polynucleotide. In a particular

embodiment, the method further comprises cleaving the amplified target

polynucleotide with a restriction endonuclease specific for the restriction

endonuclease recognition site to produce a fragment of the amplified 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 polynucleotide, such that one sequencing adapter

is joined to each end of the fragment. Each sequencing adapter comprises 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:

(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;

(ii) an asymmetrical Y adapter 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

(Ui) 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:

(i) an asymmetrical tail adapter comprising a first ligatable end, and a

second end comprising a single-stranded 51overhang 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;

(ii) an asymmetrical Y adapter 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

(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.

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:



(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;

(ii) an asymmetrical Y adapter 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

(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:

(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;

(ii) an asymmetrical Y adapter comprising a first ligatable end, and a

second unpaired end comprising two non-complementary strands,

wherein the length of the non-corhplementary strands are at least

about 8 nucleotides; and

(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 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 amplifying the first adapter-

modified target polynucleotide to produce 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 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 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:

(i) an asymmetrical tail adapter comprising a first ligatable end, and a

second end comprising a single-stranded 31overhang of at least about

8 nucleotides;

(ii) an asymmetrical Y adapter 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

(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:

(i) an asymmetrical tail adapter comprising a first ligatable end, and a

second end comprising a single-stranded 51overhang 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;

(ii) an asymmetrical Y adapter 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

(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.



In another embodiment .of the invention, provided is a method for amplifying

a target polynucleotide (see FIGS. 7A-7B). The method comprises providing an

oligonucleotide primer located at a discrete position on a microarray, 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 polynucleotide is extended under appropriate condition to

produce a first strand primer extension product, which is located at a discrete

location on the microarray because the oligonucleotide 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 universal 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

polynucleotide 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.

In one embodiment, the oligonucleotide primer on the microarray is cleaved

before amplifying the target polynucleotide in the capturing support to release the

oligonucleotide 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 polynucleotide from the

microarray (see FIG. 7B). In another embodiment, the oligonucleotide primer



further comprises a restriction endonuclease recognition site for a distally cleaving

restriction endonuclease. For example, the distally cleaving restriction

endonuclease is a Type Hs or a Type III restriction endonuclease. Thus, in one

embodiment, the method comprises cleaving the oligonucleotide primer with a

restriction endonuclease specific for the restriction endonuclease recognition site

after amplifying the target polynucleotide in the capturing support. After cleavage, a

fragment of the amplified target polynucleotide is produced. In a preferred

embodiment, at least a portion of the oligonucleotide primer sequence is removed

after cleavage with a restriction endonuclease recognition site for a distally cleaving

restriction endonuclease.

BRIEF DESCRIPTION OF THE DRAWINGS

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.

FIGS. IA- ID are schematics of a microarray surface with four examples of

oligonucleotide cleavable linkages. These cleavable linkages can be cleaved under

mild conditions. The position of the cleavage is indicated by an arrow. FIG. IA

illustrates a 5 phosphorothiolate linkage. FIG. IB illustrates a disulfide linkage

(bond). FIG. 1C illustrates a 3' phosphorothiolate linkage. FIG. ID illustrates a

deoxyuridine linkage.

FIG. 2 is a schematic representation of one embodiment of the present

invention. A microarray of oligonucleotides 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 magnetic 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 magnetic 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., temperature change. The separated strand can be further amplified e.g., in an

emulsion PCR reaction.

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., asymmetrical adapters) for further amplification (e.g., in

an emulsion PCR).

FIG. 4 is a schematic representation of one embodiment of the invention

wherein a microarray comprises an oligonucleotide primer pair, P l and P2. At least

one primer (e.g., Pl) 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., ACRYDITE™). Amplification of the target

polynucleotide is performed with the two primers from the microarray and the

universal primer.

FIG. 5 is a schematic representation of one embodiment of the invention. A

target polynucleotide is 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.

FIG. 6 is a schematic representation of a method comprising steps A through

F for synthesizing an oligonucleotide primer pair at a discrete location (feature) on a

microarray. The method can be performed at multiple locations 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.

FIGS. 7A-7B are schematic representation of embodiments of the invention.



DETAILED DESCRIPTION OF THE INVENTION

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 oligonucleotides 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.

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 reactions.

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 polynucleotide 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

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 complementary 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 appreciated 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.

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 oligonucleotide 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 disulfide bond, a 3' phosphorothiolate linkage and a

deoxyuridine.

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.

Oligonucleotides comprising a phosphothiolate linkage are described in U.S.

Application No. 60/694,783, filed on June 28, 2005, the teachings of which are

incorporated herein by reference in their entirety. A phosphorothiolate linkage (31or

5') in a polynucleotide sequence can be efficiently cleaved according to methods



known in the art (see, e.g., VyIe et al., Biochemistry 31: 3012-3018 (1992);

Sontheimer, et al., Methods 18: 29-37(1999); Mag, et al., Nucleic Acids Res.,

19(7): 1437-1 441 (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.

Suitable conditions for cleaving a phosphorothiolate linkage include, but are

not limited to, incubation with 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 150C to about 5O0C, from about 200C to

about 450C, from about 250C to about 400C, from about 220C to about 370C, or from

about 240C to about 32°C. Particular suitable conditions include, for example,

incubation in the presence of 50 mM AgNOa at about 22 0C to about 370C for at

least about 10 minutes at a pH of about 7.0.

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.

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 USER™ (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).



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 oligonucleotide, wherein cleaving the second cleavable linkage separates the

two primer nucleic acid sequences in the oligonucleotide 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 oligonucleotide that is attached to the microarray

surface.

In a particular embodiment, at least one oligonucleotide 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 polynucleotide. A "target

polynucleotide" can be any polynucleotide, for example, genomic DNA, one or

more exons of a gene, a complementary DNA (cDNA) sequence, RNA, 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 Pl, P2, SP6, T7 or

an Ml 3 sequence.



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 isolation 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

embodiment, the affinity tag is biotin. In a particular embodiment, the affinity tag is

located at the 5' terminus of an oligonucleotide. 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.

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

polymerase, and nucleotides. Furthermore, amplification methods, 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. Furthermore, 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 nucleotides and/or strong 3' exonuclease

activities (also referred to as proofreading or editing activities) to remove

misincorporated nucleotides during polymerization.

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.

Also provided herein is a method for producing a microarray comprising a

plurality of oligonucleotide primer pairs, wherein each oligonucleotide primer pair is

synthesized 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. Patent Nos.

5,445,934, 5,744,305, and 5,677,195, which describe methods using light-directed

spatially parallel chemical synthesis of oligonucleotides, and Nuwaysir, et al.,

(Genome Research (2002) 12: 1749-1755) and U.S. Patent 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

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 and the first primers comprising 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 protecting groups are known in the art. For example, Kwiatkowski 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 ammoniacal 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) 2nd Ed., Wiley & Sons, NY). Thus, the

present invention provides a method for producing a microarray, wherein a plurality

of oligonucleotide primer pairs are synthesized at discrete locations on the

microarray., in addition the present invention provides a microarray produced by the

described method.

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 discrete 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 support comprises a capturing means for capturing the oligonucleotide

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. Patent

No. 6,534,262, U.S. Patent No. 5,705,628 and U.S. Patent No. 5,898,071, the

teachings of which are herein incorporated by reference in their entirety.

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.

The 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 comprises embedding each

oligonucleotide primer pair present at a discrete location on a microarray into a

capturing support, wherein each oligonucleotide primer on a microarray comprises

at least one first cleavable linkage. The oligonucleotide primer pairs are captured

from the microarray in the capturing support by the capturing means. The

oligonucleotide primer pairs are separated from the microarray 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 microarray is removed from the capturing support after embedding the

microarray and cleaving the oligonucleotides.

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 comprises

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 amplification reaction is an

emulsion polymerase chain reaction. In another particular embodiment, the

amplified target nucleic acid sequence is sequenced.

In another embodiment, the capturing means comprising an oligonucleotide

primer pair is isolated from the capturing support before or after contacting the

oligonucleotide primer pair with a target nucleic acid sequence. Isolating 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 separation of the capturing

means from the capturing support.

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.

In another particular embodiment, 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. 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 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. Under these conditions, 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

cleavable linkage in the primer. Cleavage of at least a portion of at least one primer

in an oligonucleotide primer pair promotes 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 incorporating 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 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.

In a further embodiment, at least one oligonucleotide primer in each

oligonucleotide primer pair further comprises a polymerizable group. For example,

the polymerizable group can be ACRYDITE™, acrylamide, acrylic acid, vinyl, or

other suitable unsaturated moiety that can be co-po ϊymerized into a polyacrylamide

gel. The addition of a polymerizable group to an oligonucleotide allows

immobilization 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.

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

microarray. 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 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.

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 comprises a capturing

means. In a further embodiment, the method further comprises contacting the

plurality of oligonucleotide 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 amplification 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 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 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. 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 amplified target nucleic acid sequence is sequenced.

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 oligonucleotide primer in each oligonucleotide primer

pair comprises at least one cleavable linkage; b) hybridizing a target polynucleotide

to at least one primer in at least one oligonucleotide 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 support; 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 comprising at least one primer hybridized to the

target polynucleotide 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 comprises at the 5' end of the oligonucleotide primer a restriction

endonuclease recognition site for a distally cleaving restriction endonuclease. As

used herein, "a distally cleaving restriction endonuclease" refers to a restriction

endonuclease 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 endonuclease 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 recognition site

(for example, upstream and downstream of the recognition site). In another

embodiment, the restriction endonuclease cleaves once between two restriction

endonuclease recognition sites. In one embodiment, a distally cleaving restriction

endonuclease is a Type Hs 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 producing a fragment of the amplified target

polynucleotide, wherein at least a portion of the oligonucleotide primer sequence is

removed.

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

polynucleotide. 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 No.

11/338,620, filed on January 26, 2006, the teachings of which are incorporated

herein by reference in their entirety. In one embodiment, a pair of asymmetrical

adapters comprise:

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

(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;



(ii) an asymmetrical Y adapter 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

(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:

(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;

(ii) an asymmetrical Y adapter 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

(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.

As used herein, two (or more) asymmetrical adapters are "non-identical" or

"not identical" when the asymmetrical adapters 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 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 Y adapters can comprise entirely

different sequences (e.g., with little or no sequence identity). In a particular

embodiment, 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 identical 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 asymmetrical adapters can

comprise, e.g., an asymmetrical tail adapter and a bubble adapter or Y adapter, or a

pair of asymmetrical adapters can comprise a bubble and a Y adapter. In a particular

embodiment, two (or more) asymmetrical adapters 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.

In an alternative aspect of the invention, a universal adapter is joined to each

end of the amplified target polynucleotide, 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 producing 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 "universal 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

M l 3 sequence. In one embodiment, the method further comprises amplifying the

first adapter-modified target polynucleotide, 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 endonuclease 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.

In a still further alternative embodiment of the method for amplifying a

target polynucleotide, each oligonucleotide primer further comprises a restriction

endonuclease 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 polyacrylamide group. 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

polynucleotide. In a particular embodiment, the method further comprises cleaving

the amplified target polynucleotide with a restriction endonuclease specific for the

restriction endonuclease recognition site to produce a fragment of the amplified

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 polynucleotide, such that one

sequencing adapter is joined to each end of the fragment. Each sequencing adapter

comprises 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 a still further alternative embodiment of the invention, the method of

amplifying a target polynucleotide comprises joining to the ends of the amplified



target polynucleotide a pair of asymmetrical adapters, wherein the first and second

asymmetrical adapters further comprise a restriction 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-modified

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 polynucleotide, 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

fragment, 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.

In one embodiment, the oligonucleotide primers are synthesized on the

microarray in the conventional 3'-down orientation. In another embodiment, the

oligonucleotide primers are synthesized in the 5'-down orientation.

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

oligonucleotide 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

support, 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

oligonucleotide 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 comprising

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-Hgated

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, ± 50bp), 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 fragments, are optionally removed

using high stringency wash conditions. The 3' ends of microarray oligonucleotide

primers that are hybridized to a complementary nucleic acid sequence of adapter-

ligated fragments are extended, e.g., by addition of DNA polymerase and

deoxynucleoside triphosphates (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 950C 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 microarray-bound first strand extension

products and microarray primers are cleaved to liberate (release) them from the

microarray surface and into the capturing support. Amplification, e.g., PCR,

reagents including a DNA polymerase, dNTPs and a universal primer

complementary to the primer 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).

In an alternative embodiment, the microarray oligonucleotide 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 amplification-

products) are generated in discrete locations in the capturing support using the

microarray primer and a universal 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

embodiment, 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 microarray 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 restriction endonuclease recognition site that is

recognized by a distally cleaving restriction endonuclease and is which oriented 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.

In an alternative embodiment, the universal primers for amplification

comprise a polymerizable moiety (e.g., ACRYDITE™ 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 endonuclease 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

collection and characterization, while simultaneously removing the universal primer

sequence.

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 endonuclease 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 endonucleases that cleave distally to their

recognition sites. For example, Mmel and EcoPl 51 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.

In an additional aspect of the invention, the method for amplifying a target

nucleic acid sequence further comprises 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 AIu

elements). Hybridization 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 microarray 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.

The relevant teachings of all the references, patents and patent applications

cited herein are incorporated herein by reference in their entirety.

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 encompassed by the appended claims.



CLAIMS

What is claimed is:

1. A microarray comprising a plurality of oligonucleotide primer pairs, wherein

each oligonucleotide primer pair comprises a first oligonucleotide primer and

a second oligonucleotide primer, each primer comprising at least one

cleavable linkage for releasing the plurality of oligonucleotide 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.

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

M 13 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 phosphorothiolate 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. A microarray comprising a plurality of oligonucleotides attached to the

microarray surface, wherein each oligonucleotide comprises:

a) two primer nucleic acid sequences;

b) a first cleavable linkage located at or near the microarray surface,

whereby 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, whereby cleaving the second

cleavable linkage separates 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, comprising:

a) providing a microarray comprising a plurality of discrete locations,

wherein each discrete location comprises 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 preventing 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.

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 comprises 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 oligonucleotide 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. The method of Claim 16, wherein the oligonucleotide primers further

comprise an affinity tag.



18. The method of Claim 17, wherein the affinity tag is biotin, digoxigenin, a

hapten, a ligand, a peptide or a nucleic acid.

19. The method of Claim 16, wherein the capturing means comprise a plurality

of magnetic beads, wherein a magnetic bead comprises an oligonucleotide

primer pair.

20. The method of Claim 19, further comprising isolating the capturing means

comprising an oligonucleotide primer pair from the capturing support.

2 1. The method of Claim 20, further comprising contacting the capturing means

comprising an oligonucleotide primer pair 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.

22. The method of Claim 21, wherein the amplification reaction is an emulsion

polymerase chain reaction.

23. The method of Claim 21, wherein the amplified target nucleic acid sequence

is sequenced.

24. The method of Claim 21, wherein the target nucleic acid sequence is DNA or

RNA.

25. The method of Claim 16, further comprising contacting the plurality of

oligonucleotide primer pairs on the capturing means in the capturing support

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.



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 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.

29. The method of Claim 28, further comprising sequencing 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 oligonucleotide primer in each

oligonucleotide primer pair further comprises a polyacrylamide group.

34. The method of Claim 19, wherein the magnetic beads are each at least about

0.5 microns in diameter.

35. The method of Claim 25, wherein the target nucleic acid sequence is DNA or

RNA.

36. 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, and wherein each first primer is captured from a

first 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 maintained 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 support;

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 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 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.

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 contacting 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

amplification 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. The method of Claim 36, wherein the capturing support is a reversible

polyacrylamide gel.

43. The method of Claim 36, wherein at least one oligonucleotide primer in each

oligonucleotide primer pair further comprises a polyacrylamide group.

44. The method of Claim 36, wherein the capturing support further comprises a

plurality of capturing means for capturing oligonucleotide primer pairs.

45. The method of Claim 44, wherein the oligonucleotide primers further

comprise an affinity tag.

46. The method of Claim 45, wherein the affinity tag is biotin, digoxigenin, a

hapten, a ligand, a .peptide or a nucleic acid.

47. The method of Claim 44, wherein the capturing means comprise a plurality

of magnetic beads, wherein a magnetic bead comprises an oligonucleotide

primer pair.

48. The method of Claim 47, further comprising isolating the capturing means

comprising an oligonucleotide primer pair from the capturing support.

49. The method of Claim 48, further comprising contacting the capturing means

comprising an oligonucleotide primer pair 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.

50. The method of Claim 49, wherein the amplification reaction is an emulsion

polymerase chain reaction.



51. The method of Claim 49, wherein the amplified target nucleic acid sequence

is sequenced.

52. The method of Claim 49, wherein the target nucleic acid sequence is DNA or

RNA.

53. The method of Claim 44, further comprising contacting the plurality of

oligonucleotide primer pairs on the capturing means in the capturing support

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.

54. The method of Claim 44, wherein at least a portion of at least one

oligonucleotide primer in each oligonucleotide primer pair further comprises

a third cleavable linkage, wherein the third cleavable linkage is different

from the first and second cleavable linkage.

55. The method of Claim 54, further comprising cleaving at least a portion of the

third 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.

56. The method of Claim 55, further comprising 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.

57. The method of Claim 56, further comprising sequencing the amplified target

nucleic acid sequence.



58. The method of Claim 47, wherein the magnetic beads are each at least about

0.5 microns in diameter.

59. The method of Claim 56, wherein the target nucleic acid sequence is DNA or

RNA.

60. 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 oligonucleotide primer in each

oligonucleotide primer pair comprises at least one cleavable linkage;

b) hybridizing a target polynucleotide to at least one primer in at least

one oligonucleotide 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 support;

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 comprising at least one primer

hybridized to the target polynucleotide amplifies the target

polynucleotide by polymerase chain reaction, whereby an amplified

target polynucleotide is produced;

thereby amplifying a target polynucleotide.



6 1. The method of Claim 60, wherein each oligonucleotide primer further

comprises at the 5' end of the oligonucleotide primer a restriction

endonuclease recognition site for a distally cleaving restriction endonuclease.

62. The method of Claim 61, wherein the distally cleaving restriction

endonuclease is a Type Hs or a Type III restriction endonuclease.

63. The method of Claim 61, further comprising cleaving the amplified target

polynucleotide with a restriction endonuclease specific for the restriction

endonuclease recognition site, thereby producing a fragment of the amplified

target polynucleotide, wherein at least a portion of the oligonucleotide primer

sequence is removed.

64. The method of Claim 63, further comprising joining a pair of sequencing

adapters to the fragment of the amplified 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 an

adapter-modified target polynucleotide.

65. The method of Claim 64, further comprising sequencing the adapter-

modified target polynucleotide.

66. The method of Claim 64, wherein the pair of sequencing adapters is a pair of

asymmetrical adapters, and wherein said pair of asymmetrical adapters

comprise:

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

(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;

(ii) an asymmetrical Y adapter 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

(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:

(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;

(ii) an asymmetrical Y adapter 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

(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.

67. The method of Claim 60, further comprising joining a universal adapter to

each end of the amplified target polynucleotide, 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 producing a first adapter-modified

target polynucleotide.



68. The method of Claim 67, further comprising amplifying the first adapter-

modified target polynucleotide, thereby producing an amplified adapter-

modified target polynucleotide.

69. The method of Claim 68, further comprising cleaving the amplified adapter-

modified target polynucleotide with a restriction endonuclease 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.

70. The method of Claim 69, further comprising joining a pair of sequencing

adapters 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.

7 1. The method of Claim 70, further comprising sequencing the second adapter-

modified target polynucleotide.

72. The method of Claim 70, wherein the pair of sequencing adapters is a pair of

asymmetrical adapters, and wherein said pair of asymmetrical adapters

comprise:

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

(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;

(ii) an asymmetrical Y adapter 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



(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:

(i) an asymmetrical tail adapter comprising a first ligatable end,

and a second end comprising a single-stranded 51overhang 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;

(ii) an asymmetrical Y adapter 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

(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.

73. The method of Claim 60, wherein each oligonucleotide primer further

comprises a restriction endonuclease recognition site for a distally cleaving

restriction endonuclease, and wherein at least one oligonucleotide primer in

the oligonucleotide primer pair further comprises a universal primer

sequence.

74. The method of Claim 73, wherein the distally cleaving restriction

endonuclease is a Type Hs or a Type III restriction endonuclease.

75. The method of Claim 73, wherein the capturing support further comprises a

primer that is identical to the universal primer sequence.



76. The method of Claim 75, wherein the primer that is identical to the universal

primer sequence further comprises a polyacrylamide group.

77. The method of Claim 76, further comprising amplifying the target

polynucleotide under conditions in which the primer that is identical to the

universal primer sequence amplifies the target polynucleotide by polymerase

chain reaction, thereby producing an amplified target polynucleotide.

78. The method of Claim 73, further comprising cleaving the amplified target

polynucleotide with a restriction endonuclease specific for the restriction

endonuclease recognition site, thereby producing a fragment of the amplified

target polynucleotide, wherein at least a portion of the oligonucleotide primer

sequences are removed.

79. The method of Claim 78, further comprising joining a pair of sequencing

adapters to the fragment of the amplified 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 an

adapter-modified target polynucleotide.

80. The method of Claim 79, further comprising sequencing the adapter-

modified target polynucleotide.

81. The method of Claim 79, wherein the pair of sequencing adapters is a pair of

asymmetrical adapters, and wherein said pair of asymmetrical adapters

comprise:

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

(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;



(ii) an asymmetrical Y adapter 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

(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:

(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;

(ii) an asymmetrical Y adapter 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

(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.

82. The method of Claim 60, further comprising joining to the ends of the

amplified target polynucleotide a pair of asymmetrical adapters, wherein said

pair of asymmetrical adapters comprise:

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

(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;



(ii) an asymmetrical Y adapter 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

(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:

(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;

(ii) an asymmetrical Y adapter 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

(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 first and second asymmetrical adapters further comprise a

restriction 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.

83. The method of Claim 82, further comprising amplifying the first adapter-

modified target polynucleotide, thereby producing an amplified adapter-

modified target polynucleotide.



84. The method of Claim 83, further comprising cleaving the amplified adapter-

modified target polynucleotide with a restriction endonuclease 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 asymmetrical adapter sequences are removed.

85. The method of Claim 84, further comprising joining a pair of sequencing

adapters 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.

86. The method of Claim 85, further comprising sequencing the second adapter-

modified target polynucleotide.

87. The method of Claim 85, wherein the pair of sequencing adapters is a pair of

asymmetrical adapters, and wherein said pair of asymmetrical adapters

comprise:

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

(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;

(ii) an asymmetrical Y adapter 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

(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:



(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;

(ii) an asymmetrical Y adapter 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

(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.

88. The method of Claim 60, wherein the at least one target polynucleotide is a

fragment of a genomic DNA.

89. The method of Claim 88, wherein the fragment of a genomic DNA

comprises at least about 1000 nucleotides.

90. The method of Claim 60, wherein the semi-solid support is a polyacrylamide

gel.

9 1. The method of Claim 90, wherein the polyacrylamide gel is a reversible

polyacrylamide gel.

92. A method for amplifying a target polynucleotide, comprising:

a) providing an oligonucleotide primer located at a discrete position on

a microarray, wherein the oligonucleotide primer comprises at least

one cleavable linkage;



b) hybridizing a target polynucleotide to the oligonucleotide primer on

the microarray, wherein the target polynucleotide comprises a

universal adapter ligated to each end of the target polynucleotide, and

wherein each universal adapter comprises a universal primer

sequence, thereby producing a microarray comprising an

oligonucleotide primer hybridized to a target polynucleotide;

c) extending the oligonucleotide primer hybridized to the target

polynucleotide, thereby producing a first strand primer extension

product located at a discrete location on the microarray;

d) removing the target polynucleotide from the first strand primer

extension product located at a discrete location on the microarray;

e) embedding the first strand primer extension product located at a

discrete location on the microarray into a capturing support, wherein

the capturing support comprises a universal primer;

f) amplifying the target polynucleotide 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;

thereby amplifying a target polynucleotide.

93. The method of Claim 92, further comprising cleaving oligonucleotide primer

on the microarray after amplifying the target polynucleotide in the capturing

support, thereby releasing the amplified target polynucleotide from the

microarray.

94. The method of Claim 92, wherein the oligonucleotide primer further

comprises a restriction endonuclease recognition site for a distally cleaving

restriction endonuclease.

95. The method of Claim 94, wherein the distally cleaving restriction

endonuclease is a Type Hs or a Type III restriction endonuclease.



96. The method of Claim 94, further comprising cleaving the oligonucleotide

primer with a restriction endonuclease specific for the restriction

endonuclease recognition site after amplifying the target polynucleotide in

the capturing support, thereby producing a fragment of the amplified target

polynucleotide, wherein at least a portion of the oligonucleotide primer

sequence is removed.

97. The method of Claim 92, further comprising cleaving oligonucleotide primer

on the microarray before amplifying the target polynucleotide in the

capturing support, thereby releasing the oligonucleotide primer from the

microarray.
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