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COMPOSITIONS AND METHODS FOR PROCESSING AND AMPLIFICATION OF
DNA, INCLUDING USING MULTIPLE ENZYMES IN A SINGLE REACTION

[0001] The present invention claims priority to U.S. Provisional Patent Application

Serial No. 60/704,932, filed August 2, 2005, which is incorporated by reference herein in its

entirety.

FIELD OF THE INVENTION

[0002] The present invention generally concerns the fields of molecular biology

and cellular biology. In particular, the present invention regards preparation and amplification of

molecules, optionally utilizing a novel single-step reaction.

BACKGROUND OF THE INVENTION

[0003] Enzymatic reactions that involve DNA and RNA are numerous, and they

play a central role in maintenance and propagation of living cells. Since the discovery of the

DNA double helix structure in 1953, researchers have found, isolated and introduced into

practice a multitude of different enzymes that can, for example, cut, nick, trim, join, unwind,

phosphorylate, de-phosphorylate, methylate, de-methylate, recombine, replicate, transcribe,

repair, and perform many other reactions with nucleic acid molecules. These enzymes are now

actively used in many areas of biology, biotechnology and medicine to clone, amplify, sequence,

identify mutations, quantify gene copy number, establish expression patterns, determine DNA

methylation status, etc.

[0004] Frequently the process of DNA analysis involves multiple enzymatic

reactions that are performed in a sequential manner, with intermediate purification steps between

the reactions. Sometimes, the reactions are multiplexed to combine in one reaction the analysis

of several DNA or RNA targets, and the nucleic acid processing or analysis may involve

mutiplexing of two or three enzymatic processes in one reaction. Furthermore, DNA and RNA

enzymatic reactions frequently utilize synthetic nucleic acid components, such as single stranded

or double stranded oligonucleotides that function as PCR or sequencing primers, ligation

adaptors, or fluorescent probes, for example.

Adaptors and Their Use for DNA Processing
[0005] Supplementing DNA ends with additional short polynucleotide sequences,

referred to as an adaptor or linker, is used in many areas of molecular biology. The usefulness of



adapted DNA molecules is illustrated by but not limited to several examples, such as ligation-

mediated locus-specific PCR, ligation-mediated whole genome amplification, adaptor-mediated

DNA cloning, DNA affinity tagging, DNA labeling, etc.

Ligation-mediated amplification of unknown regions flanking known DNA sequence
[0006] Libraries generated by DNA fragmentation and addition of a universal

adaptor to one or both DNA ends were used to amplify (by PCR) and sequence DNA regions

adjacent to a previously established DNA sequence (see U.S. Patent No. 6,777,187 and

references therein, for example, all of which are incorporated by reference herein in their

entirety). The adaptor can be ligated to the 5' end, the 3' end, or both strands of DNA. The

adaptor can have a 3' or 5' overhang, depending on the structure of the overhang generated by

restriction enzyme digestion of DNA. It can also a have blunt end, especially in the cases when

DNA ends are "polished" after enzymatic, mechanical, or chemical DNA fragmentation.

Ligation-mediated PCR amplification is achieved by using a locus-specific primer (or several

nested primers) and a universal primer complementary to the adaptor sequence.

Ligation-mediated whole genome amplification
[0007] Libraries generated by DNA fragmentation and subsequent attachment of a

universal adaptor to both DNA ends were used to amplify whole genomic DNA (whole genome

amplification, or WGA) (see U.S. Patent Applications Nos. 10/797,333 and 10/795,667 and

references therein, for example, all of which are incorporated by reference herein in their

entirety). The adaptor can be ligated to both strands of DNA or only to the 3' end followed by

extension. The adaptor can have a 3' or 5' overhang, depending on the structure of the DNA end

generated by restriction enzyme or other enzyme used to digest DNA. It can also have a blunt

end, such as in the cases where DNA ends after enzymatic DNA cleavage are blunt or when the

ends are repaired and "polished" after enzymatic, mechanical, or chemical DNA fragmentation.

Whole genome PCR amplification is achieved by using one or two universal primers

complementary to the adaptor sequence(s), in specific embodiments.

Adaptor-mediated DNA cloning
[0008] Adaptors (or linkers) are frequently used for DNA cloning (see Sambrook et

al, 1989, for example). Ligation of double stranded adaptors to DNA fragments produced by

sonication, nebulization, or hydro-shearing process followed by restriction digestion within the

adaptors allows production of DNA fragments with 3' or 5' protruding ends that can be

efficiently introduced into a vector sequence and cloned.



Use of Stem-Loop (Hairpin) DNA Oligonucleotides for Nucleic Acid Analysis

[0009] Stem-loop (also referred to as hairpin) oligonucleotides have been used in

several applications for analysis and detection of nucleic acids. These applications include

molecular beacons, stem-loop PCR primers, and stem-loop DNA probes, immobilized on

microarrays (Broude, 2002).

Molecular beacons
[0010] A molecular beacon is a single-stranded oligonucleotide probe containing a

sequence complementary to the target that is flanked by self-complementary termini, and carries

a fluorophore and a quencher at the 3' and 5' ends, respectively (Tyagi and Kramer, 1996). In the

absence of target the fluorophore and the quencher are in a close proximity, which quenches

fluorescence. Upon hybridization with the target, the beacon changes its conformation so that the

fluorophore and the quencher become separated, and fluorescence increases up to 100-200 times.

Molecular beacons have found many applications for real-time monitoring of PCR (Tyagi et ah,

1998) and isothermal amplification (de Baar et ah, 2001), as microarray-immobilized probes

(Liu et ah, 2000), as antisense probes for RNA detection in vivo (Sokol et ah, 1998), and as a

probe to measure DNA polymerase activity (Summerer and Marx, 2002) and monitor

conformational changes of DNA targets (Goddard et ah, 2000).

Stem-loop (Hairpin) PCR primers
[0011] PCR primers containing hairpin structures on their 5' ends with donor and

acceptor moieties located in close proximity on the stem-loop stem have been proposed for

homogeneous (a closed tube) format for amplification, real-time quantification and mismatch

detection by PCR (Broude, 2002). A stem-loop primer with a fluorophore at the 5' end and a

"scorpion" probe is simultaneously a molecular beacon and a PCR primer (Whitcombe et ah,

1999). It has a tail attached to its 5' end by a linker that prevents copying of the 5' extension.

The probe element is designed so that it hybridizes to its target only when the target site has been

incorporated into the same molecule by extension of the tailed primer. It was also shown that

stem-loop probes can be used as primers for PCR to reduce primer-dimer formation and

mispriming, thereby increasing its specificity (Kaboev et ah, 2000).

Stem-loop microarray probes
[0012] Stem-loop probes can also be used as capture devices if the loop is

immobilized on a surface and dangling ends are used for stacking-hybridization, thus providing

both faster kinetics and higher hybrid stability (Riccelli et ah, 2001). Immobilized molecular



beacon probes can be used for direct detection of non-amplified target DNA and RNA molecules

(Hamad-Schifferli et al, 2002).

Multiplexed Reactions that Involve DNA and RNA Molecules

[0013] Several types of multiplexed reactions that involve DNA or RNA are

described to date. The multiplexed reactions can be divided into two major categories: reactions

where two or more DNA/RNA sequences are amplified or detected simultaneously in one

enzymatic process, and reactions where several enzymatic processes occur simultaneously with

one DNA or RNA template.

Several targets-one enzyme
[0014] Multiplex PCR and RT-PCR are examples of the first category of

multiplexed reactions (Mackay et al, 2000). In this case, several genomic or cDNA regions are

amplified in one polymerase chain reaction carried out by one thermostable DNA polymerase.

Whole genome or whole transcriptome amplification is another example of highly multiplexed

DNA/RNA amplification reactions carried out by methophilic (Phi 29) or thermophylic {Taq)

DNA polymerase (Sambrook et al, 1989).

One target-several enzymes
[0015] "Long distance" PCR, nucleic acid sequence-based amplification

(NASBA), its analog, transcription-mediated amplification (TMA), and DNA strand-

displacement amplification (SDA) are examples of the second category of multiplexed

DNA/RNA amplification reactions. In the "long distance" PCR method there is a mixture of Taq

DNA polymerase and another thermo-stable DNA polymerase with 3'proofreading activity

(Barns , 1994). TMA and NASBA methods utilize transcription-mediated amplification that
f.

involves three enzymes: T7 RNA polymerase, reverse transcriptase, and RNase H (Deiman et

al, 2001). In the SDA method, two enzymes (a DNA polymerase and a restriction endonuclease)

are combined in one enzymatic step to amplify DNA (Hellyer and Naolean, 2004).

[0016] DNA nick-translation method is an example of a DNA labeling reaction that

involves two enzymes. The method is based on simultaneous incubation of DNA with DNase I

and DNA polymerase I. DNase I generates nicks in the DNA molecule, while DNA polymerase

I incorporates labeled nucleotides by initiating DNA synthesis from the nicked sites (Sambrook

et al, 1989).



[0017] dU-glycosylase (which is also referred to as Uracyl-DNA Glycosylase or

UDG) and endonuclease VIII can be combined to produce the enzymatic mix, or the USER

enzyme for fragmentation of DNA containing dU bases (New England Biolabs; Beverly, MA)

may be employed. The fragmentation process occurs through enzymatic generation and cleavage

of abasic sites at positions of dU bases.

Several targets-several enzymes
[0018] There is description of multiplexed amplification and detection of several

nucleic acid sequences using three-enzyme TMA and NASBA methods (van Deursen et ah,

1999).

SUMMARY OF THE INVENTION

[0019] The present invention overcomes deficiencies in the art by providing novel

methods and compositions for amplification of a plurality of double stranded DNA molecules by

incorporating at least one sequence onto the ends of the DNA molecules. However, the

invention avoids the disadvantages of other methods, such as the generation of primer dimers in

polymerase chain reaction, for example.

[0020] In particular, the present invention allows for the amplification of molecules

having at least one double stranded region by using adaptors that avoid the limitations of some

adaptor molecules, such as those having the propensity to form adaptor dimers. In certain

aspects, the present invention provides an inert oligonucleotide for attachment to a double

stranded molecule such that it renders the oligonucleotide-ligated molecule capable of being

modified, such as amplified, for example by polymerase chain reaction. Upon attachment of the

inert adaptor to the molecule, the attached oligonucleotide becomes active and suitable for

providing at least in part one or more sequences employable for amplification, while the non-

attached, free adaptor remains inactive. For example, during polymerase chain reaction the free,

non-attached inert adaptor can neither be primed nor used as a PCR primer (until it is

intentionally and specifically fragmented and converted into a PCR primer); during amplification

by transcription the promoter sequence of the non-attached, free adaptor does not initiate RNA

synthesis; during amplification by strand displacement, the nicking enzyme recognition sequence

of the non-attached adaptor remains uncut.

[0021] In particular aspects, the inert adaptor comprises a stem-loop

oligonucleotide, wherein the inertness of the stem-loop oligonucleotide is at least in part a result



of the dormant nature of its unique structure, biochemical propereties (one enzymatically active

end), and/or physico-chemical characteristics (extremely high thermostability, for example). The

oligonucleotide may comprise RNA, DNA, or both. The oligonucleotide may have one or more

hairpins, and it may be further described as comprising any structure with multiple secondary

structure and only one end. In specific embodiments, the oligonucleotide can change its

functionality upon attachment to a double stranded nucleic acid molecule (DNA, RNA, or both).

In other words, because of a conformational change of the oligonucleotide upon (such as

following, for example) attachment to a double stranded nucleic acid molecule, one or more

functional properties of the oligonucleotide become altered, such as one or more functional

properties hidden in the oligonucleotide prior to attachment manifesting upon attachment.

[0022] In addition to the advantages provided by the adaptors of the invention, the

invention further provides novel conditions for modification of DNA molecules with the

adaptors, and subsequent amplification. In most cases in the art, the process of DNA analysis

involves multiple enzymatic reactions that are performed in a sequential manner, frequently with

intermediate purification steps between at least some of the reactions. For example, preparation

of DNA libraries for subsequent amplification and analysis involves ligation of adaptor

sequences to DNA ends to introduce a priming site for the PCR-mediated whole genome

amplification and ligation-mediated PCR, a promoter element for the transcription-mediated

DNA amplification, and/or cohesive ends to facilitate DNA integration into a vector molecule for

cloning. Preparation of library from genomic or viral DNA by current adaptor attachment

procedures typically occur in 6 steps (FIG. IA):

[0023] Step 1 - fragmentation of high molecular weight (HMW) DNA to a size

amenable to amplification or cloning;

[0024] Step 2 - DNA purification to remove nucleases and other reagents;

[0025] Step 3 - "polishing" of DNA ends by a 3' proofreading DNA polymerase(s)

to generate blunt-ended DNA fragments with the 3' hydroxyl and 5' phosphate groups at the

termini;

[0026] Step 4 - DNA purification to remove the polymerase and replace the buffer,

or, alternatively, heat inactivation of the DNA polymerase;

[0027] Step 5 - adaptor ligation; and



[0028] Step 6 -3' end extension (in the case when an adaptor is ligated only to one

strand of DNA, specifically to the 5' phosphate).

[0029] However, such a multi-step process takes a considerable amount of time (1-

2 days) and can be a major obstacle for high throughput and diagnostic-type applications, for

example. The process becomes more complicated when library preparation involves additional

enzymatic steps, such as DNA or library digestion with methylation-sensitive or methylation-

specific endonucleases (for example, in the preparation of Methylome libraries, such as are

described in U.S. Patent Application Serial No. 11/071,864, filed March 3, 2005, which is

incorporated by reference herein in its entirety), or restriction nuclease cleavage within the

adaptor sequence to produce sticky ends for DNA cloning.

[0030] The present invention satisfies a long-felt need in the art for obviating the

requirement for multiple manipulations for nucleic acid processing. The current invention

introduces and demonstrates new methods and compositions that allow reduction of several

important multi-step enzymatic DNA processes to a single-step-reaction that is performed in one

reaction volume (FIGS. IB and 1C). Such simplification has been achieved by developing a

highly multiplexed enzymatic method (Enz-O-Mix) that combines a substantial number (from 2

to 10) of enzymatic processes into one complex reaction mixture that occurs under universal

buffer conditions.

[0031] Specifically, the current invention introduces novel processes of DNA

library preparation and/or DNA amplification (FIG. 1C) that reduce the whole multi-step process

to a single-step multiplexed enzymatic reaction involving as a minimum two Enzy mes, a stem-

loop (hairpin) Oligonucleotide with a special base/bonds composition, and a universal buffer

(Mix) , which is herein referred to as Enz-O-Mix , that supports efficient functioning of all

enzymatic activities present in the mixture. The invention demonstrates that the Enz-O-Mix

approach can be used to prepare a DNA library for whole genome amplification (WGA Library),

a Methylome library for amplification and analysis of methylated DNA regions, and/or even

directly amplify DNA in a single multi-enzyme reaction, for example.

[0032] The Enz-O-Mix library/amplification has no limitations on the size and

nature of DNA in the reaction. The method can be applied to high molecular weight DNA, such

as is isolated from tissues or cell culture, for example, as well as highly degraded DNA, such as



cell-free DNA from blood and urine and/or DNA extracted from formalin-fixed, paraffin-

embedded tissues, for example.

[0033] The applications of the Enz-O-Mix method are numerous. The Enz-0-Mix

method is easy to automate and use in clinical diagnostic and point-of-care applications, for

example. In specific embodiments, different enzyme combinations are utilized for many novel

kits and assays and utilized in such areas as biotechnology, the pharmaceutical industry,

molecular diagnostics, forensics, pathology, bio-defense, and/or bio-computing, for example.

The Enz-O-Mix approach is a simple and cost-effective alternative to the "lab-on-a chip"

microfluidic approach that is currently attempting to solve the same problem (multi-step DNA

processing) by reduction of reaction volumes and integration of multiple reactions into a small

format (FIG. 2). The method can be used for in vitro as well as for in vivo nucleic acid

amplification and/or detection.

[0034] In specific aspects, the present invention introduces a concept of

multiplexing two or more enzymatic processes in one reaction, teaches how to optimize a highly

multiplexed enzymatic process, and demonstrates in multiple specific examples the efficacy of

this approach. In particular embodiments, the present invention is directed to compositions and

methods for simultaneous processing of DNA molecules with a combination of enzymes in a

one-step-one-tube reaction and producing either a collection of molecules suitable for

amplification, or amplified DNA molecules.

[0035] In particular, the present invention greatly reduces the number of steps for

library preparation by consolidating a series of steps into one step. For known whole genome

amplification or whole methylome methods, these protocols greatly reduce the number of steps

for library syntheses that utilize adaptors. That is, in the case of WGA library preparation from

high molecular weight DNA, for example, the number of steps is reduced from about 6 to 1

(FIG. IA and IB). In the case of WMA library preparation from high molecular weight DNA,

for example, the number of steps is reduced from about 7 to 1. In the case of WGA library

preparation from fragmented DNA (plasma, serum, or urine, for example), the number of steps is

reduced from about 4 to 1 (FIG. IB). In the case of Methylome library preparation from

fragmented DNA, for example, the number of steps is reduced from about 5 to 1 (FIG. IB).

[0036] In particular embodiments, the methods of the invention can be easily

applied to any type of fragmented double stranded DNA including but not limited to, for



example, free DNA isolated from plasma, serum, and/or urine; apoptotic DNA from cells and/or

tissues; DNA fragmented enzymatically in vitro (for example, by DNase I and/or restriction

endonuclease); and/or DNA fragmented by mechanical forces (hydro-shear, sonication,

nebulization, etc.).

[0037] In other embodiments, the invention can be easily applied to any high

molecular weight double stranded DNA including, for example, DNA isolated from tissues, cell

culture, bodily fluids, animal tissue, plant, bacteria, fungi, viruses, etc.

[0038] In one embodiment of the invention, there is incubation of DNA with an

enzymatic mixture (Enz-0-Mix) comprising from about 2 to about 18 different enzymes in one

buffer and a stem-loop (hairpin) oligonucleotide with a specific base/bonds composition.

[0039] In particular embodiments, there is a one-step enzymatic process including

one or more of the following: a) "polishing" of DNA and stem-loop oligonucleotide ends by

Klenow fragment of DNA polymerase I (or other proofreading DNA polymerase); b) ligation of

the 3' end of stem-loop oligonucleotide to the 5' end of DNA, such as by a ligase, for example,

by T4 DNA ligase; c) "fill-in" DNA synthesis that is initiated at the 3' end of DNA, propagates

towards the end of the stem-loop oligonucleotide, and stops at a replication block or at the end of

the oligonucleotide; and d) cleavage in the middle of a generated inverted repeat by a restriction

nuclease; and e) restriction cleavage with a mixture of methylation-sensitive restriction enzymes

or methylation-specific nuclease(s) (such as in embodiments concerning whole methylome

amplification library), for example.

[0040] In particular aspects of the invention, an inverted repeat (palindrome) at the

end of DNA molecules is not generated (or is generated and removed), because it may inhibit the

amplification step (PCR), priming of the cDNA strand synthesis (amplification by transcription),

or priming of the second DNA strand synthesis (amplification by strand displacement DNA

synthesis). Thus, in specific embodiments at least part of the oligonucleotide sequence is

eliminated, such as, by termination of replication in the middle of a stem-loop oligonucleotide or

by cutting the generated inverted repeat internally, for example.

[0041] In one specific embodiment of this invention, a chemical modification, such

as hexaethylene glycol (HEG) linker, a bulky base analog, or one or several abasic sites within

the loop or adjacent to it, can be introduced during oligonucleotide synthesis. Such modifications

will terminate the replication within the stem-loop oligonucleotide.



[0042] In another specific embodiment, the replication block is generated during

the reaction by incorporating one or more dU bases into the stem-loop oligonucleotide design

and including dU-glycosylase (which is also referred to as Uracyl-DNA Glycosylase or UDG) in

the reaction mix.

[0043] In some embodiments, a specific site for a cleavage enzyme is generated

during "fill-in" DNA synthesis that is initiated at the 3' end of the DNA, propagates towards the

end of the stem-loop oligonucleotide, and stops at the 5' end of the oligonucleotide. Such a site

resides originally either completely or partially within the single-stranded loop of an

oligonucleotide and becomes functional (cleavable) only after conversion of this loop into

double-stranded form.

[0044] In one specific embodiment a cleavage enzyme is represented by a

restriction endonuclease, in another by a homing endonuclease.

[0045] In some embodiments, the methods further comprise simultaneous

digestion with an endonuclease or combination of endonucleases, such as restriction

endonucleases, DNase I, benzonase, methylation-specific nuclease McrBC, apoptotic

endonucleases, etc., to generate in one step Whole Genome or Whole Methylome library even

from high molecular weight (HMW) DNA.

[0046] In particular embodiments, a library generated by a one-step process is

further amplified by PCR using universal primer complementary to the sequence introduced by

attachment of a stem-loop oligonucleotide.

[0047] In particular embodiments, library generation and PCR amplification are

combined into one integrated, closed-tube process in a thermocycler.

[0048] In one particular embodiment, an integrated, closed-tube library

preparation/amplification process is supported by a universal PCR primer included in the original

Enz-O-Mix.

[0049] In another particular embodiment, an integrated, closed-tube library

preparation/amplification process is supported by a stem-loop oligonucleotide converted into a

functional universal primer as a result of enzymatic and chemical reactions that occur before

PCR amplification.



[0050] In another embodiment, degradable stem-loop oligonucleotides are used as

locus-specific primers for a hot start PCR process.

[0051] In another particular embodiment, a library generated by one-step process is

further amplified by transcription utilizing a promoter sequence (T7, T3, SP6, etc.) introduced by

attachment of a stem-loop oligonucleotide.

[0052] In particular embodiments, a stem-loop oligonucleotide design is employed

for the one-step library synthesis reaction, although in alternative embodiments other adaptors

may be utilized, such as a standard linear two-oligonucleotide adaptor, for example.

[0053] In particular embodiments, a stem-loop oligonucleotide provides a

synthesized library with a new function that was present neither in the DNA molecule nor in the

stem-loop oligonucleotide prior to its attachment. Examples include a functionally inactive T7

promoter sequence, a non-cleavable restriction site, and/or inactive nicking site residing at least

partially within the loop or stem region of the stem-loop oligonucleotide and activated only by

the attachment process and conversion of the single stranded loop into a double stranded

molecule.

[0054] In particular embodiments, a stem-loop oligonucleotide provides a

synthesized library with a 5' overhang that was not present either in the DNA molecule or in the

stem-loop oligonucleotide prior to its attachment, and that can be used for covalent or non-

covalent immobilization of a synthesized library on a solid support via hybridization or

hybridization and ligation to a covalently attached oligonucleotide.

[0055] In a specific embodiment, the library synthesis and its immobilization

within the tube (well) occurs simultaneously in a one Enz-O-Mix process. In this case,

combinations of enzymes and stem-loop oliginucleotides are mixed together in a special tube

with a covalently attached capture oligonucleotide to produce Enz-O-Mix-Immobilization kits

for high throughput DNA processing and diagnostic applications in solid phase format.

[0056] In particular embodiments, combinations of enzymes and stem-loop

oligonucleotides are mixed together to produce Enz-O-Mix kits for high throughput DNA

processing and diagnostic applications. In particular embodiments, there is a Universal Enz-O-

Mix Buffer that provides simultaneous activity of all enzymes used in the reaction.



[0057] In particular embodiments, combinations of enzymes and stem-loop

oligonucleotides are mixed together to produce integrated, closed-tube Enz-0-Mix kits for high

throughput DNA fragmentation, amplification and labeling. In particular embodiments, there is

a Universal Enz-O-Mix Buffer that supports simultaneous activities of all enzymes used in the

reaction.

[0058] In a specific embodiment, there is a process for optimization of the

Universal Buffer and other components of the multiplexed enzymatic reaction.

[0059] In particular aspects, the present invention is directed to a system and

method for preparing a collection of molecules, particularly molecules suitable for amplification,

such as amplification utilizing known sequences on the molecules. In specific embodiments, the

oligonucleotide comprises a known sequence.

[0060] In an additional embodiment, there is a kit housed in a suitable container

that comprises one or more compositions of the invention and/or comprises one or more

compositions suitable for at least one method of the invention.

[0061] In one embodiment of the invention, there is a method of preparing a

nucleic acid molecule, comprising: providing a double stranded nucleic acid molecule; and

attaching one strand of a stem-loop oligonucleotide comprising an inverted repeat and a loop to

the double stranded nucleic acid molecule to produce an oligonucleotide-attached nucleic acid

molecule. The double stranded nucleic acid molecule may be a double stranded DNA molecule,

in some embodiments. In specific embodiments, the attaching is further defined as attaching the

oligonucleotide to the double stranded nucleic acid molecule under conditions to produce a non-

covalent juntion, such as a nick, a gap, or a 5' flap structure, in the oligonucleotide-attached

nucleic acid molecule. In particular aspects of the invention, the attaching is further defined as

ligating. The method may further comprise displacing one strand of the oligonucleotide from the

oligonucleotide-attached nucleic acid molecule by strand displacement or by nick translation

polymerization. In a specific embodiment, at least part of the oligonucleotide-attached nucleic

acid molecule is amplified, such as by polymerase chain reaction, RNA transcription, or strand

displacement, for example. Methods of the invention may further comprise amplifying an

oligonucleotide-attached nucleic acid molecule, wherein at least part of the inverted repeat is

excluded from the amplified oligonucleotide-attached nucleic acid molecule.



[0062] Ligating embodiments may be further defined as comprising: generating

ligatable ends on the double stranded nucleic acid molecule; generating a ligatable end on the

stem-loop oligonucleotide; and ligating one strand of the ligatable end of the stem-loop

oligonucleotide to one strand of an end of the nucleic acid molecule, thereby generating a non-

covalent junction, such as a nick, a gap, or a 5' flap structure, in the oligonucleotide-attached

nucleic acid molecule. In further aspects, the methods comprise generating blunt ends on the

nucleic acid molecule; generating a blunt end on the stem-loop oligonucleotide; and ligating one

strand of the blunt end of the stem-loop oligonucleotide to one strand of a blunt end of the

nucleic acid molecule, thereby generating a nick in the oligonucleotide-ligated nucleic acid

molecule.

[0063] In specific aspect of the invention, the stem-loop oligonucleotide comprises

a known sequence, for example a regulatory sequence, including a RNA polymerase promoter

sequence. A regulatory sequence may reside at least in part within the stem of the stem-loop

oligonucleotide, within the loop of the stem-loop oligonucleotide, or both.

[0064] Methods of the invention may further comprise digesting the DNA molecule

with one or more endonucleases to produce DNA fragments; producing blunt ends on the DNA

fragments; producing a blunt end on the stem-loop oligonucleotide; and ligating one strand of the

blunt end of a stem-loop oligonucleotide to one strand of a blunt end of a DNA fragment, thereby

generating a nick in an oligonucleotide-ligated DNA fragment. In a specific embodiment, the

endonuclease is a restriction endonuclease, DNAse I, or an apoptotic endonuclease, or a mixture

thereof. In particular embodiments, the restriction endonuclease is methylation-specific or

methylation-sensitive.

[0065] In additional embodiments, the oligonucleotide-attached nucleic acid

molecule comprises a nick having a 3' hydroxy group, wherein there is polymerization from the

3' hydroxy group of at least part of the oligonucleotide-attached nucleic acid molecule.

[0066] Strand displacement or nick translation polymerization may be further

defined as polymerization that ceases at a non-replicable base or region in the loop or in a region

of the stem adjacent to the loop.

[0067] In a specific aspect of the invention, the method further comprises the step

of digesting the double stranded DNA molecule with an endonuclease to generate DNA

fragments, wherein the oligonucleotide becomes ligated to one strand of the DNA fragment and



wherein polymerization of an oligonucleotide-ligated DNA fragment excludes at least part of the

inverted repeat by subjecting the oligonucleotide-ligated DNA fragment to strand displacement

or nick translation polymerization that halts at a base or sequence in the loop or in a region of the

stem adjacent to the loop.

[0068] In some embodiments, the stem-loop oligonucleotide is further defined as

comprising a non-replicable base or sequence. In particular, in some cases at least part of the

non-replicable base or sequence is present in the loop of the oligonucleotide or in a sequence of

the stem adjacent to the loop. The non-replicable base or sequence may comprise an abasic site

or sequence, hexaethylene glycol, and/or a bulky chemical moiety attached to the sugar-

phosphate backbone or the base. In specific embodiments, the abasic site or sequence is

introduced by one or more enzymes in the single solution. In a further specific embodiment, the

loop of the stem-loop oligonucleotide comprises at least one deoxy-uridine.

[0069] In one particular embodiment, strand displacement or nick translation

polymerization of the oligonucleotide-attached nucleic acid molecule generates an endonuclease

site. In particular aspects, the methods further comprise the step of digesting the double stranded

DNA molecule with an endonuclease to generate DNA fragments, wherein the oligonucleotide

becomes blunt end ligated to one strand of the DNA fragment to produce an oligonucleotide-

ligated DNA fragment, and wherein strand displacement or nick translation polymerization of

the oligonucleotide-ligated DNA fragment generates an endonuclease site.

[0070] In particular aspects, the endonuclease site is a site-specific restriction

endonuclease site and at least part of the inverted repeat is removed by cleavage with said

restriction endonuclease. The endonuclease site may reside within the stem and/or loop regions.

Examples of endonucleases include Eco NI or Pad. The endonuclease site may be a homing

endonuclease site, such as I-Ceu I, I-Sce I, Pl-Psp I, or Pl-Sce I. In specific embodiments, RNA

transcription is initiated from the regulatory sequence, thereby producing at least one transcribed

polynucleotide.

[0071] In specific embodiments, a regulatory sequence resides at least in part

within the stem of the stem-loop oligonucleotide, or at least in part within the loop of the stem-

loop oligonucleotide. In a specific aspect, the regulatory sequence comprises a bacteriophage

regulatory sequence, such as a T7 regulatory sequence, a T3 regulatory sequence, or a Sp6

regulatory sequence, for example. In specific aspects, a transcribed polynucleotide is replicated



by a reverse transcriptase, which may be initiated by hybridization of the oligonucleotide

complementary to the 3' end of the transcribed polynucleotide.

[0072] The stem-loop oligonucleotide may further comprise a recognition sequence

for a nicking endonuclease and the oligonucleotide-attached nucleic acid molecule is amplified

by strand displacement synthesis and second strand synthesis, in particular aspects of the

invention. In a specific aspect, the recognition sequence for a nicking endonuclease resides at

least in part within the stem of the stem-loop oligonucleotide. The recognition sequence for a

nicking endonuclease may reside at least in part within the loop of the stem-loop oligonucleotide.

In specific embodiments, the nicking endonuclease is N.Alw I, N.Bbv CIA, N.Bbv CIB,

Nb.BpulOI, Nb.Bsml, N.BstNBI, or N.Bst 91.

[0073] In specific aspects, a 5' end of the stem-loop oligonucleotide lacks a

phosphate.

[0074] In particular embodiments, the oligonucleotide-attached nucleic acid

molecule is further modified, such as by cloning, including by incorporation of the modified

molecule into a vector, said incorporation occuring at ends in the modified molecule generated

by endonuclease cleavage within the inverted repeat.

[0075] In additional embodiments of the invention, methods of the invention occur

in a single suitable solution, wherein the process occurs in the absence of exogenous

manipulation. The method may occur at one temperature, such as from about 10°C to about

75°C. . In particular embodiments, the solution comprises one or more of the following: ligase;

DNA polymerase; one or more endonucleases; RNA polymerase; reverse transcriptase; RNase

H; deoxy-uridine glycosylase (which is also referred to as Uracyl-DNA Glycosylase or UDG);

nickase; thermophilic DNA polymerase; ATP; rNTPs; and dNTPs.

[0076] In one aspect of the invention, there is a kit, housed in a suitable container,

comprising: a stem-loop oligonucleotide; and a solution suitable for ligation of the

oligonucleotide onto a double stranded molecule; and, optionally, one or more of the following:

ligase; DNA polymerase one or more restriction enzymes; RNA polymerase; reverse

transcriptase; RNase H; nickase; thermophilic DNA polymerase; ATP; rNTPs; and dNTPs. In

specific embodiments, the oligonucleotide of the kit comprises a RNA polymerase promoter

sequence, such as a T7 RNA polymerase promoter sequence, for example. The one or more



endonucleases may be methylation-specific, methylation-sensitive, or may be a homing

endonuclease.

[0077] In specific embodiments, methods of the invention occur in a single suitable

solution, wherein the process of preparing and amplifying of a oligonucleotide-attached nucleic

acid molecule occurs in the absence of exogenous manipulation. The method may be further

defined as occurring at one temperature, such as between about 100C to about 85°C or between

about 10°C to about 85°C. In specific embodiments, the method is further defined as occurring

at least two different temperatures, such as wherein at least one of the temperatures is from about

10°C to about 100°C.

[0078] In specific embodiments, the oligonucleotide-attached nucleic acid

molecule is immobilized to a solid support, such as non-covalently or covalently.

[0079] Some methods of the invention further comprise the step of digesting the

DNA molecule with an endonuclease to generate DNA fragments, wherein the oligonucleotide

becomes attached to one strand of the DNA fragment, wherein strand displacement

polymerization of the oligonucleotide-ligated DNA fragment and its arrest at a base or sequence

in the loop or in a region of the stem adjacent to the loop generates a 5' overhang, and wherein

the single stranded 5' overhang hybridizes to a complementary oligonucleotide covalently

immobilized to a solid support.

[0080] Additional embodiments of the invention include a library of DNA

molecules prepared by the methods of the invention.

[0081] In some embodiments of the invention, there is a method of preparing a

DNA molecule, comprising: providing an oligonucleotide; and mixing the oligonucleotide with a

double stranded DNA molecule, such that upon attachment of the oligonucleotide to the double

stranded DNA molecule, the oligonucleotide attached to the DNA molecule is capable of

demonstrating a function that it was incapable of before the attachment to the double stranded

DNA molecule, thereby producing an oligonucleotide-attached DNA molecule suitable for

modification. In specific aspects, the method occurs in a single suitable solution, wherein the

process occurs in the absence of exogenous manipulation. Exemplary modifications include site-

specific nicking, site-specific double-strand cleavage, transcription, recombination,

amplification, polymerization, nick translation, strand displacement, immobilization or a

combination thereof.



[0082] In an additional embodiment of the invention, there is a composition

comprising a stem-loop oligonucleotide, said oligonucleotide comprising an inverted repeat, a

loop and at least one thermo-sensitive site or site capable of becoming a thermo-sensitive site,

wherein the oligonucleotide is capable of producing a suitable primer upon exposure to heat. In

additional embodiments, the composition further comprises a repair enzyme, such as one capable

of converting damaged bases into an abasic site. Examples of DNA repair enzymes include a

DNA glycosylase, such as dU-glycosylase, for example. In a specific aspect, the thermo-

sensitive site is an abasic site, such as an apyrimidine site or an apurine site, for example. In an

additional specific embodiment, the site capable of becoming a thermo-sensitive site is further

defined as a base that can be enzymatically converted to a thermo-sensitive site. The base that

can be enzymatically converted to a thermo-sensitive site may be deoxy-uridine and the enzyme

may be dU-glycosylase (which is also referred to as Uracyl-DNA Glycosylase or UDG). In a

specific aspect, the thermo-sensitive site is introduced into the oligonucleotide during synthesis,

such as chemical synthesis. The composition may be capable of comprising a breakage of a

strand of the oligonucleotide at one or more deoxy-uridine bases upon exposure to heat. The

thermosensitive site or site capable of becoming a thermo-sensitive site may be located in the

stem, in the loop, or both. The oligonucleotide may be blunt ended or have a 5' overhang.

[0083] In an additional embodiment, there is a method of producing a primer,

comprising providing a composition of the invention and subjecting the composition to heat such

that the primer is produced. In a specific aspect, the composition further comprises a DNA

repair enzyme and the subjecting to heat is further defined as subjecting to two or more

exposures of heat. One exposure to heat may comprise about 370C and another exposure to heat

may comprise about 95°C. One exposure to heat may comprise about 1O0C to about 1000C

whereas another exposure to heat may comprise about 8O0C to about 1000C. The method may

further comprise amplification of a DNA molecule utilizing said composition.

[0084] The foregoing has outlined rather broadly the features and technical

advantages of the present invention in order that the detailed description of the invention that

follows may be better understood. Additional features and advantages of the invention will be

described hereinafter which form the subject of the claims of the invention. It should be

appreciated by those skilled in the art that the conception and specific embodiment disclosed

may be readily utilized as a basis for modifying or designing other structures for carrying out the

same purposes of the present invention. It should also be realized by those skilled in the art that



such equivalent constructions do not depart from the spirit and scope of the invention as set forth

in the appended claims. The novel features that are believed to be characteristic of the invention,

both as to its organization and method of operation, together with further objects and advantages

will be better understood from the following description when considered in connection with the

accompanying figures. It is to be expressly understood, however, that each of the figures is

provided for the purpose of illustration and description only and is not intended as a definition of

the limits of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0085] For a more complete understanding of the present invention, reference is

now made to the following descriptions taken in conjunction with the accompanying drawings.

[0086] FIG. IA shows a standard multi-step DNA adaptor attachment process.

[0087] FIG. IB compares preparation processes for WGA and WMA libraries from

degraded serum and urine DNA described in the present invention and in previously filed patent

applications (U.S. Patent Application Serial No. 11/071,864, filed March 3, 2005).

[0088] FIG. 1C is a general representation of the invention that can be described as

a reduction of several important multi-step enzymatic DNA processes to a single-step

multiplexed enzymatic reaction that is performed in one reaction volume (Enz-O-Mix Method).

[0089] FIG. 2 shows that the Enz-O-Mix approach can be viewed as a simple and

cost-effective alternative to the "lab-on-a chip" microfluidic approach that is currently

attempting to solve the same problem by reduction of reaction volumes and integration of

multiple reactions into a small format.

[0090] FIG. 3 is a schematic description and composition of specific components

of the Enz-O-Mix method and reagents involved in the attachment of stem-loop oligonucleotides

to DNA ends. Four enzymatic reactions are taking place nearly simultaneously: "polishing" of

the DNA ends and the hairpin double-stranded stem-region; ligation of the stem-loop

oligonucleotide 3' end to the 5' phosphate of the DNA, leaving a nick between the 3' end of

DNA and the 5' end of the hairpin double-stranded stem-region; polymerase extension of the 3'

DNA end that propagates toward the end of stem-loop oligonucleotide; and by strand-

displacement reaction within the oligonucleotide stem region. The process results in the library

of DNA fragments with inverted repeat sequences at their ends.



[0091] FIG. 4 shows three original secondary structures of the stem-loop

oligonucleotide with the 3' or 5' protruding, or blunt end, and its final (blunt end) structure

within the Enz-O-Mix.

[0092] FIGS. 5A-5B are schematic descriptions of the amplification of a library of

DNA fragments with inverted repeat sequences at their ends by RNA transcription. Promoter

sequence can be added to a DNA end either as a part of the oligonucleotide stem-region (A), or

as a part of the oligonucleotide loop region (B). The products of the amplification are RNA

molecules in this embodiment.

[0093] FIG. 6A illustrates the components and enzymatic reactions involved in the

one-step DNA amplification by transcription using Enz-O-Mix reagent (Enz-O-Mix 5 in FIG.

19B, for example). The process linearly amplifies DNA and produces single stranded RNA

molecules.

[0094] FIG. 6B illustrates additional components and enzymatic reactions involved

in the one-step DNA amplification by transcription accompanied by the synthesis of

complementary cDNA strand. The transcription (replication) block (see Sections E-H and FIGS.

8-10) is introduced into the stem-loop oligonucleotide upstream of the T7 promoter region to

prevent formation of an inverted repeat at the 3' end of RNA molecules and thus increase the

efficiency of the oligo T7 priming (the transcription block is shown as a black square). The

process can linearly amplify DNA and produce double stranded DNA/RNA hybrids.

[0095] FIG. 7 is an illustration of the inhibitory effect on PCR of inverted repeats

attached to both ends of DNA fragments. Heating and replication generates DNA molecules

refractory to melting, priming, and PCR amplification either using the universal primer A or any

internal site-specific primer pair.

[0096] FIG. 8 is a schematic description of the one-step Enz-O-Mix attachment

process for a stem-loop oligonucleotide with non-replicable linker. The following enzymatic

reactions are taking place nearly simultaneously: "polishing" of the DNA ends and the stem-loop

oligonucleotide double-stranded stem-region; ligation of the oligonucleotide 3' end to the 5'

phosphate of the DNA, leaving a nick between the 3' end of DNA and the 5' end of the hairpin

double-stranded stem-region; polymerase extension of the 3' DNA end that propagates toward

the end of oligonucleotide and stops at the replication block (non-replicable linker) within the

loop or outside the loop but no more than about six bases away from the loop. The process



results in the library of DNA fragments with universal sequence A at the ends and an inverted

repeat attached only to the 5' end of DNA.

[0097] FIG. 9 is an illustration of the absence of an inhibitory effect on PCR of

inverted repeats attached to only 5' ends of DNA fragments. Heating and replication generates

DNA molecules with the universal sequence A and no inverted repeats at the ends (shown by

dash lines) that can be successfully amplified by PCR.

[0098] FIG. 1OA shows the structure of a stem-loop oligonucleotide with non-

replicable linker introduced chemically during oligonucleotide synthesis and detailed events

occurring at a DNA end during the multi-enzyme attachment process. The process occurs as

described in FIG. 8.

[0099] FIG. 1OB shows the structure of a stem-loop oligonucleotide with non-

replicable linker introduced enzymatically during the attachment reaction and detailed events

occurring at a DNA end during the multi-enzyme attachment process. Specifically, dU-

glycosylase generates abasic sites within the loop and upper strand of the stem region of the

stem-loop oligonucleotide. The abasic sites within a loop generate a non-replicable region, while

the sites in a stem destabilize the duplex and facilitate strand displacement reaction. The process

results in a library of DNA fragments with universal sequence at the ends and an inverted repeat

attached only to the 5' end of DNA. Heating at 950C during PCR generates breaks at abasic sites

and completely eliminates the 5' portion of a stem-loop oligonucleotide.

[0100] FIG. H A shows a standard adaptor formed by two different

oligonucleotides, wherein one of them has a 5' phosphate group, and possible products formed

when such adaptor is used in the multi-enzyme one-step ligation process.

[0101] FIG. H B shows a standard adaptor formed by two different

oligonucleotides without phosphate group and two products formed when such an adaptor is

used in the multi-enzyme one-step ligation process. Only 50% of formed molecules are desirable

products with correct orientation of the adaptor, whereas the other 50% of molecules have

inverse adaptor orientation.

[0102] FIG. H C shows a standard adaptor formed by two different

oligonucleotides without a phosphate group, a protective group at the 3' end of one

oligonucleotide, and products formed when such an adaptor is used in the multi-enzyme one-step



ligation process. As in the case described on FIG. HB, only 50% of formed molecules are

desirable products with correct orientation of the adaptor, whereas the other 50% of molecules

have inversed adaptor orientation.

[0103] FIG. 12 is a schematic description of the one-step Enz-0-Mix attachment

process for a stem-loop oligonucleotide with an enzymatically cleavable site generated during

the multi-enzyme reaction. Specifically, the endonuclease recognizes and cuts the

oligonucleotide specific oligo-sequence R when it adopts a double-stranded conformation as a

result of the attachment process. The reaction results in a library of DNA fragments with

universal sequence A at the ends and no inverted repeat attached to the ends of DNA fragments.

[0104] FIG. 13A shows the stem-loop oligonucleotide with the recognition

sequence for the restriction endonuclease Eco NI located at the loop region. The enzyme can not

cut the CCTNNNNNAGG (SEQ ID NO: 20) region within the stem-loop oligonucleotide (not a

recognizable structure) but it can cut it efficiently when the oligonucleotide is attached to a DNA

end and adopts a canonical (double-stranded) Watson-Crick conformation.

[0105] FIG. 13B shows the stem-loop oligonucleotide with the recognition

sequence for the restriction endonuclease Pad located within the loop region. The enzyme can

not cut the single stranded TTAATTAA region within the stem-loop oligonucleotide, but it cuts

it efficiently when the oligonucleotide is attached to a DNA end and adopts a canonical (double-

strand) Watson-Crick conformation.

[0106] FIG. 13C shows the stem-loop oligonucleotide with the recognition

sequence for the exemplary homing endonuclease I-Ceu I located within the loop region. The

enzyme can not cut the 26-base single-stranded region within the hairpin loop, but it cuts

efficiently when the oligonucleotide is attached to a DNA end and adopts a canonical (double-

stranded) Watson-Crick conformation.

[0107] FIG. 14 is a schematic description of the one-step Enz-0-Mix attachment

process for a stem-loop oligonucleotide with a very short stem. The process results in the library

of DNA fragments with universal sequence A at the ends and very short inverted repeat attached

to the ends of DNA fragments. Amplification by PCR is possible, because the melting

temperature for terminal hairpins is low enough to prevent folding, self-priming and formation of

long hairpin molecules, as shown on FIG. 7.



[0108] FIG. 15 illustrates the components and enzymatic reactions involved in

exemplary one-step or two-step (after library synthesis) DNA amplification by strand

displacement DNA synthesis using Enz-O-Mix reagents (Enz-O-Mix 3 and Enz-O-Mix 6 in

FIGS. 19A and 19B, for example). The amplification is initiated and further maintained by the

generation of a nick within the attached oligonucleotide sequence. The process linearly amplifies

DNA and produces double stranded DNA molecules.

[0109] FIG. 16A shows the stem-loop oligonucleotide with the recognition

sequence for the nicking endonuclease N. Bbv CIA located at the loop region. The enzyme can

not cut the single stranded GCTGAGG region within the stem-loop oligonucleotide (not a

recognizable structure) but it can nick it efficiently when the oligonucleotide is attached to a

DNA end and adopts a canonical (double-stranded) Watson-Crick conformation.

[0110] FIG. 16B shows a stem-loop oligonucleotide with the recognition sequence

for the nicking endonuclease N. Bbv CIA located at the end of a stem region. The enzyme can

not nick efficiently the GCTGAGG region within the stem-loop oligonucleotide (it is too close to

the end) but it can nick it efficiently when the oligonucleotide is attached to a DNA end; the

second site generated by attachment is not a good substrate for nicking (it is too close to the end).

[0111] FIG. 16C shows two exemplary multifunctional stem-loop oligonucleotides

with several regulatory elements within a single (1) or multiple (2) loop regions: T7 promoter

sequence (that includes all regions necessary for transcription), recognition sequence N for a

nicking endonuclease, recognition sequence for a restriction endonuclease, and a

replication/transcription block region (a chemical modification or a string of 2-4 dU bases). A

multifunctional stem loop oligonucleotide can support different types of DNA amplification,

including PCR, isothermal amplification by transcription, isothermal amplification by strand

displacement synthesis, or even a combination thereof and it can also facilitate other

modifications, including DNA immobilization, DNA recombination, DNA cloning, and a

combination thereof, for example.

[0112] FIG. 17 shows generalization of the Enz-O-Mix method and demonstrates

specific but exemplary applications.

[0113] FIG. 18 shows composition of five exemplary different Stem-Loop Oligo

Attachment Master Mixes of the invention that are used for the one-step nucleic acid library

synthesis.



[0114] FIG. 19A schematically shows compositions of several Enz-O-Mix

reagents, specifically, Enz-O-Mix 1, designed to convert fragmented DNA into a Whole Genome

Library that can be amplified by PCR in an open, or close-tube format.. Enz-O-Mix 2 and Enz-

O-Mix 3 are designed to convert fragmented DNA into a Whole Genome Library that can be

amplified after or during the Whole Genome Library synthesis by transcription and strand

displacement, respectively.

[0115] FIG. 19B shows schematically compositions of several Enz-O-Mix

reagents, specifically, Enz-O-Mix 4, designed to convert HMW DNA into a Whole Genome

Library that can be amplified by PCR in an open, or close-tube format.. Enz-O-Mix 5 and Enz-

O-Mix 6 are designed to convert fragmented DNA into a Whole Genome Library that can be

amplified after or during the Whole Genome Library synthesis by transcription and strand

displacement, respectively.

[0116] FIG. 19C shows schematically compositions of several Enz-O-Mix

reagents, specifically, Enz-O-Mix 7, designed to convert fragmented DNA into a Whole

Methylome Library that can be amplified by PCR.. Enz-O-Mix 8 and Enz-O-Mix 9 are designed

to convert fragmented DNA into a Whole Methylome Library that can be amplified after or

during the Whole Methylome Library synthesis by transcription and strand displacement,

respectively.

[0117] FIG. 19D shows schematically compositions of several Enz-O-Mix

reagents, specifically, Enz-O-Mix 10, designed to convert HMW DNA into a Whole Methylome

Library that can be amplified by PCR. Enz-O-Mix 11 and Enz-O-Mix 12 are designed to convert

fragmented DNA into a Whole Methylome Library that can be amplified after or during the

Whole Methylome Library synthesis by transcription and strand displacement, respectively.

[0118] FIG. 19E shows schematically compositions of Enz-O-Mix reagents 13 and

14 designed to convert fragmented and HMW DNA, respectively, into a Whole Genome Library

that can be directly cloned into an appropriate vector.

[0119] FIG. 20 illustrates assembly, storage and use of Enz-O-Mix reagent(s) as a

kit in high throughput applications and clinical diagnostics, for example.

[0120] FIG. 21A demonstrates the optimization process for Enz-O-Mix Universal

Buffer using real-time PCR to monitor amplification of the generated library.



[0121] FIG. 21B demonstrates the optimization process for Enz-0-Mix incubation

temperature using real-time PCR to monitor amplification of the generated library.

[0122] FIG. 21C demonstrates the optimization process for Enz-0-Mix reagent (N)

concentration using real-time PCR to monitor amplification of the generated library.

[0123] FIG. 22 shows real-time amplification curves of whole genome libraries

prepared in a single step by ligation of a stem-loop oligonucleotide with EcoNI resrtiction site

generated after ligation and strand-displacement extension of blunt-end AIuI restriction

fragments in the presence or in the absence of EcoNI. Excision of the terminal inverted repeat

by EcoNI results in high amplification efficiency that exceeds amplification efficiency of the

library with inverted repeats (in the absence of the Eco NI cleavage) by two orders of magnitude.

[0124] FIG. 23 shows real-time amplification curves of libraries prepared in a

single step by ligation of blunt-end AIuI restriction fragments to the stem-loop oligonucleotide

comprising hexa-ethylene glycol replication stop (HEG Stem-Loop Oligo), a stretch of 5

ribonucleosides (Ribo Stem-Loop Oligo), or just deoxyribonucleosides (Stem-Loop Oligo) in

their loop regions. Unlike the libraries made with HEG-containing oligonucleotide, the libraries

with ribonucleosides in the loop region are not amplified efficiently, suggesting that

ribonucleosides in the template strand do not arrest DNA replication carried by the Klenow

fragment of DNA polymerase I .

[0125] FIGS. 24A, 24B, and 24C show the real-time PCR amplification curves of 3

exemplary human STS markers used for evaluation of genomic sequence representation in WGA

libraries prepared in a single step by ligation of blunt-end AIuI restriction fragments to a stem-

loop oligonucleotide containing within a loop either the hexa-ethylene glycol linker (HEG) as a

replication stop, or the EcoNI recognition sequence that becomes functional (cleavable) after

ligation and strand-displacement extension. Twenty nanograms of purified material of each

library is compared to 1 ng of human genomic DNA randomly fragmented to an average size of

1.5 Kb using Hydro Shear device (gDNA). In FIG. 24A, there is PCR using STS # 4 primers. In

FIG. 24B, there is PCR using STS # 19 primers. In FIG. 24C, there is PCR using STS # 35

primers (Table II). Results show little or no representational bias for all 3 STS sequences.

[0126] FIG. 25 shows the real-time amplification curves of libraries prepared in a

single step by ligation of blunt-end AIuI restriction fragments to the stem-loop oligonucleotide

containing deoxy-uridine in the 5' stem region and in the loop with T4 DNA ligase and Klenow



fragment of DNA polymerase I, in the presence or in the absence Uracil-DNA glycosylase

(which is also referred to as UDG or dU glycosylase). Amplification is conducted by either

adding universal primer Mu or using the primer released as a result of the UDG activity,

followed by heat-induced degradation of the stem-loop oligonucleotide.

[0127] FIG. 26 illustrates a one-step genomic DNA restriction digestion and whole

genome amplification using degradable stem-loop oligonucleotide containing deoxy-uridine in

the 5' stem region and in the loop. Human genomic DNA in amounts ranging from 20 ng to 10

pg or a blank sample (no DNA control) are incubated with the stem-loop oligonucleotide in the

presence of 4 exemplary enzymatic activities: AIuI restriction endonuclease, T4 DNA ligase,

Klenow fragment of DNA polymerase I, and Uracil-DNA glycosylase (UDG) for 1 hour at 370C

and amplified by PCR using universal primer Mu.

[0128] FIG. 27 shows PCR amplification curves of specific promoter sites from

amplified libraries prepared from non-methylated (N) and artificially methylated (M) cell-free

urine DNA from a healthy donor. Libraries were prepared by ligation of a degradable stem-loop

oligonucleotide containing deoxy-uridine with (N+, M+) or without (N-, M-) simultaneous

cleavage with methylation-sensitive restriction enzymes. Promoter sites from non-methylated

cleaved DNA (N+) amplify with significant (at least 10 cycles) delay as compared to uncut DNA

(N-, M-) unlike methylated DNA which is refractory to cleavage (M+ versus M-).

[0129] FIG. 28 shows the products of simultaneous whole bacteriophage DNA

library synthesis and isothermal amplification by T7 polymerase transcription of lambda DNA

digested with restriction endonuclease Bst EII on an agarose gel in the presence (+T4 ligase) or

absence of DNA ligase (-T4 ligase).

[0130] FIG. 29 shows the products of simultaneous library synthesis and

isothermal amplification of cell-free urine DNA using the nicking activity of the nuclease

N.BbvC IB and strand displacement DNA synthesis.

[0131] FIGS. 30A-30B compare two Enz-O-Mix library synthesis / PCR

amplification processes (Enz-O-Mix 1 and Enz-O-Mix 4 from FIGS. 19A and 19B). FIG. 3OA

shows a 2-step, opened-tube protocol. In this case, Enz-O-Mix library synthesis / amplification is

performed in two operational steps: step 1- a tube contatining DNA is supplemented with the

library (WGA or WMA) synthesis reagents and incubated at 37 oC for 1 h, and step 2 - the tube

is opened, supplemented with PCR amplification buffer / reagents and subjected to temperature



cycling. FIG. 3OB shows a 1-step, closed-tube protocol. In this case, Enz-O-Mix library synthesis

/ amplification is performed in one operational step when a tube containing DNA is

supplemented with the library synthesis / amplification (PCR) reagents and universal buffer, and

subjected to programmed temperature conditions within a thermocycler.

[0132] FIG. 3 1 shows an expected accumulation of DNA in a tube (a) and a typical

temperature profile (b) for a one-step, closed tube Enz-O-Mix PCR-based WGA or WMA.

[0133] FIG. 32 illustrates heat-induced conversion of a stem-loop oligonucleotide

adaptor containing dU-bases within the loop and the 5' stem region into a functional universal

PCR primer.

[0134] FIG. 33 shows effect of DMSO and magnesium concentration on the

whole genome amplification of HMW human DNA isolated from blood using integrated one-

step, closed-tube Enz-O-Mix protocol illustrated in FIG. 30, 31, and 32, and real-time PCR

detection.

[0135] FIG. 34 illustrate application of the one-step, closed tube Enz-O-Mix WGA

process (DNA fragmentation, amplification, and labeling) for micro-array analysis.

[0136] FIGS. 35A and 35B show the one-step process for simultaneous

GenomePlex or MethylPlex library synthesis and immobilization. In FIG. 35A, there is non-

covalent library immobilization by hybridization of the exposed 5' stem region to an oligo S

covalently attached to a tube/well surface. In FIG. 35B, there is a covalent library

immobilization by hybridization and ligation of the exposed 5' stem region to an oligo S

covalently attached to a tube/well surface.

[0137] FIG. 36 shows tubes, plates, micro-slides, and micro-beads manufactured

for one-step GenomePlex or MethylPlex library synthesis and immobilization.

[0138] FIG. 37 shows a hypothetical fluidic device that utilizes the one-step

GenomePlex or MethylPlex library synthesis and immobilization process.

[0139] FIG. 38 illustrates hot start locus-specific PCR amplification of DNA using

degradable stem-loop primers.



[0140] FIG. 39 shows the specific events that lead to a conversion of the inactive

stem-loop oligonucleotides into the active PCR primers.

[0141] FIG. 40 shows accumulation of a specific PCR product (A) and a typical

temperature profile (B) for a hot start PCR using degradable stem-loop primers

DETAILED DESCRIPTION OF THE INVENTION

[0142] The present application incorporates by reference herein in its entirety U.S.

Patent Application Serial No. 11/071,864, filed March 3, 2005. Also incorporated by reference

herein in its entirety is U.S. Patent Application Serial No. unknown, filed March 2, 2006, entitled

"Isolation of CpG Islands by Thermal Segregation and Enzymatic Selection-Amplification

Method," which itself claims priority to U.S. Provisional Patent Application Serial No.

60/704,541, filed August 2, 2005.

I. Definitions
[0143] In keeping with long-standing patent law convention, the words "a" and

"an" when used in the present specification in concert with the word comprising, including the

claims, denote "one or more." Some embodiments of the invention may consist of or consist

essentially of one or more elements, method steps, and/or methods of the invention. It is

contemplated that any method or composition described herein can be implemented with respect

to any other method or composition described herein.

[0144] The practice of the present invention will employ, unless otherwise

indicated, conventional techniques of molecular biology, microbiology, recombinant DNA, and

so forth which are within the skill of the art. Such techniques are explained fully in the literature.

See e.g., Sambrook, Fritsch, and Maniatis, MOLECULAR CLONING: A LABORATORY

MANUAL, Second Edition (1989), OLIGONUCLEOTIDE SYNTHESIS (M. J. Gait Ed., 1984),

ANIMAL CELL CULTURE (R. I. Freshney, Ed., 1987), the series METHODS IN

ENZYMOLOGY (Academic Press, Inc.); GENE TRANSFER VECTORS FOR MAMMALIAN

CELLS (J. M. Miller and M. P. Calos eds. 1987), HANDBOOK OF EXPERIMENTAL

IMMUNOLOGY, (D. M. Weir and C. C. Blackwell, Eds.), CURRENT PROTOCOLS IN

MOLECULAR BIOLOGY (F. M. Ausubel, R. Brent, R. E. Kingston, D. D. Moore, J. G.

Siedman, J . A. Smith, and K. Struhl, eds., 1987), CURRENT PROTOCOLS IN

IMMUNOLOGY (J. E. Coligan, A. M. Kruisbeek, D. H. Margulies, E. M. Shevach and W.

Strober, eds., 1991); ANNUAL REVIEW OF IMMUNOLOGY; as well as monographs in



journals such as ADVANCES IN IMMUNOLOGY. All patents, patent applications, and

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

[0145] A skilled artisan recognizes that there is a conventional single letter code

in the art to represent a selection of nucleotides for a particular nucleotide site. For example, R

refers to A or G; Y refers to C or T; M refers to A or C; K refers to G or T; S refers to C or G; W

refers to A or T; H refers to A or C or T; B refers to C or G or T; V refers to A or C or G; D

refers to A or G or T; and N refers to A or C or G or T.

[0146] The term "blunt end" as used herein refers to the end of a dsDNA

molecule having 5' and 3' ends, wherein the 5' and 3' ends terminate at the same nucleotide

position. Thus, the blunt end comprises no 5' or 3' overhang.

[0147] The term "double stranded molecule" as used herein refers to a molecule

that is double stranded at least in part.

[0148] The term "homing endonuclease" as used herein refers to proteins that are

encoded by polynucleotides having mobile, self-splicing introns. Homing endonucleases

promote the movement of at least part of the DNA sequences that encode them from one

polynucleotide location to another by generating a site-specific double-stranded break at a target

site in an allele that lacks the corresponding mobile intron. Examples include but are not limited

to at least the following: I-Ceu I, I-Sce I, Pl-Psp I, Pl-Sce I, or a mixture thereof.

[0149] The terms "hairpin" and "stem-loop oligonucleotide" as used herein refer

to a structure formed by an oligonucleotide comprised of 5' and 3' terminal regions that are

inverted repeats and a non-self-complementary central region, wherein the self-complementary

inverted repeats form a double-stranded stem and the non-self-complementary central region

forms a single-stranded loop.

[0150] The term "in the absence of exogenous manipulation" as used herein refers

to there being modification of a DNA molecule without changing the solution in which the DNA

molecule is being modified. In specific embodiments, it occurs in the absence of the hand of

man or in the absence of a machine that changes solution conditions, which may also be referred

to as buffer conditions. In further specific embodiments, changes in temperature occur during

the modification.



[0151] The term "nonidentical function" as used herein refers to two or more

enzymes that do not comprise the same activity. For example, two restriction endonucleases

would be considered to have identical function, although a restriction endonuclease and a ligase

would be considered to have nonidentical function. Further, endonucleases are defined as

enzymes that cut double stranded DNA and therefore that have identical function, although this

may be performed in a variety of ways. For example, some restriction endonucleases cut

frequently enough that they may be considered to have a DNA fragmentation function (such as

to reduce an average DNA size to the size appropriate for efficient WGA, for example), and

other restriction endonucleases have a function of cleaving unmethylated restriction sites, for

example to generate a Methylome library (such as cleavage that would not reduce an average

DNA size), for example.

[0152] The term "polished" as used herein refers to the repair of dsDNA fragment

termini that may be enzymatically repaired, wherein the repair constitutes the fill in of recessed

3' ends or the exonuclease activity trimming back of 5' ends to form a "blunt end" compatible

with adaptor ligation.

II. Specific Embodiments of the Invention
[0153] The present invention may employ particular compositions and methods as

described in the following exemplary embodiments.

A. One-step attachment of double-stranded inverted repeat DNA sequences to DNA
fragments using stem-loop oligonucleotides

[0154] In this embodiment of the present invention, as illustrated in FIG. 3, DNA is

incubated with an exemplary mixture comprising a stem-loop oligonucleotide with 3' recessed,

3' protruding, or blunt end (FIG. 4); a 3'proofreading DNA polymerase (Klenow fragment of the

DNA polymerase I, T4 DNA polymerase, etc.); T4 DNA ligase; Enz-O-Mix Universal Buffer;

ATP; and dNTPs. Four exemplary enzymatic reactions are taking place simultaneously:

"polishing" of the DNA ends and the oligonucleotide double-stranded stem-region; ligation of

the oligonucleotide 3' end to the 5' phosphate of the DNA leaving a nick between the 3' end of

DNA and the 5' end of the oligonucleotide double-stranded stem-region; polymerase extension

of the 3' DNA end that propagates toward the end of the stem-loop oligonucleotide; and a strand-

displacement reaction within the oligonucleotide stem region. The process results in a library of

DNA fragments with inverted repeat adaptors at their ends.



B. Transcription-mediated amplification of DNA library with attached promoter
sequence

[0155] In this embodiment of the present invention, as illustrated in FIG. 5, a DNA

library produced by incubation with an exemplary mixture comprising a stem-loop

oligonucleotide with 3' recessed, 3' protruding, or blunt end (FIG. 4) and T7 promoter sequence

within the stem or loop region; a 3'proofreading DNA polymerase (Klenow fragment of the

DNA polymerase I, T4 DNA polymerase, etc.); T4 DNA ligase; Enz-O-Mix Universal Buffer;

ATP; and dNTPs (as shown in FIG. 3), is used as a template for the transcription-mediated

amplification. In FIG. 5A, promoter sequence resides within the stem region of a stem-loop

oligonucleotide, and there are two inversely oriented promoters at the ends of all DNA

fragments: internally located promoter that initiates synthesis of long RNA molecules, and

terminal promoter that initiates synthesis of very short (<10 bases) RNA initiation products (not

shown in FIG. 5A) (similar products will be produced from the non-attached stem-loop

oligonucleotides present in the mixture). In FIG. 5B, the promoter sequence resides within the

loop region of a stem-loop oligonucleotide, and there is only one active promoter element that

supports synthesis of long RNA products. The transcription-mediated amplification is achieved

by incubation of the synthesized DNA library (see above) with T7 RNA polymerase in the

presence of ribonucleotides (rNTPs). The products of this reaction are RNA molecules.

[0156] Supplementation of a transcription-mediated amplification reaction with

additional ingredients, such as a reverse transcriptase polymerase (M-MuLV reverse

transcriptase, AMV reverse transcriptase, etc.) and a primer complementary to the T7 promoter

or the internal stem region at the 3' end of the RNA molecule (see FIG. 6B), would allow the

synthesis of a complementary cDNA. Efficient priming at the 3' ends of RNA is achieved by

blocking the transcription-mediated RNA synthesis within the adaptor region to prevent

formation of a folded structure at the 3' ends of RNA. Transcriptional arrest can be achieved by

using the same chemical or enzymatic modifications of a stem-loop oligonucleotide as described

herein in Sections E, F, G, and H and shown in FIGS. 8, 10, and 16C. The products of such a

reaction are double stranded DNA/RNA hybrid molecules.

C. Enz-O-Mix reagents and procedures for one-step library synthesis and linear
amplification by transcription

[0157] This embodiment is shown in FIG. 6A and illustrates exemplary

components and enzymatic reactions involved in the process catalyzed by Enz-O-Mix reagent

(Enz-O-Mix 5, FIG. 19B). This reagent simultaneously synthesizes a DNA library with T7



promoter at the ends and amplifies it linearly by transcription. The Enz-0-Mix reagent 5

comprises a stem-loop oligonucleotide with T7 promoter sequence in the loop region; a DNA

fragmentation endonuclease (a restriction enzyme, DNase I, methylation-specific nuclease

McrBC, benzonase, apoptotic endonuclease, etc.); a 3' proofreading DNA polymerase; T4 DNA

ligase; T7 RNA polymerase; Enz-0-Mix Universal Buffer; rNTP; and dNTPs. First, HMW DNA

is fragmented by an endonuclease to produce 100-3,000 bp DNA fragments. The T4 DNA

polymerase "polishes" the DNA ends and the stem-loop oligonucleotide double-stranded stem-

region, and T4 ligase ligates the 3' end of the oligonucleotide to the 5' phosphate of the DNA

leaving a nick between the 3' end of DNA and the 5' end of the oligonucleotide double-stranded

stem-region. DNA polymerase extends the available 3' DNA end toward the end of a stem-loop

oligonucleotide and generates a library of DNA fragments with active conformation of T7

promoter at their ends. RNA polymerase transcribes the library, linearly amplifying DNA and

producing single stranded RNA molecules.

[0158] In the case of fragmented DNA (for example, cell-free DNA from blood

and/or urine) the reaction does not require a fragmentation endonuclease (Enz-O-Mix 2, FIG.

19A); all other components may be the same as described above.

[0159] In another embodiment, as shown in FIG. 6B, supplementation of a

transcription-mediated amplification reaction with the additional ingredients, such as a reverse

transcriptase polymerase (M-MuLV reverse transcriptase, AMV reverse transcriptase, etc.) and

T7 primer, allows the synthesis of a complementary cDNA. Efficient priming at the 3' ends of

RNA is achieved by blocking the transcription-mediated RNA synthesis within the adaptor

region to prevent formation of a folded structure at the 3' ends of RNA. Transcriptional arrest

can be achieved by using the same chemical or enzymatic modifications of a stem-loop

oligonucleotide as described herein in Sections E, F, G, and H and shown in FIGS 8, 10, and

16C. The products of such a reaction are double stranded DNA/RNA hybrid molecules.

D. Inhibitory effect of inverted repeats at DNA ends on whole genome amplification
and locus-specific PCR

[0160] As shown in FIG. 7, inverted repeats attached to both ends of DNA

fragments have an inhibitory effect on PCR process. Heating to 950C during a first PCR cycle

denatures DNA strands and generates hairpin-like structures at both 3' and 5' ends of DNA

fragments due to the folding of terminal inverted repeat sequences (the melting temperature for

these structures is usually more than 1000C). Subsequent cooling activates a thermostable DNA



polymerase and results in extension of the self-primed 3' ends and creation of long hairpin DNA

molecules refractory to melting, priming, and PCR amplification. Neither the universal primer A

nor any internal, site-specific primer pair would produce any detectable PCR product.

E. Library created by Enz-O-Mix attachment process with a stem-loop
oligonucleotide with a non-replicable linker

[0161] This embodiment is illustrated in FIG. 8 and describes the one-step Enz-O-

Mix attachment process for a stem-loop oligonucleotide with a non-replicable linker. The

exemplary reaction mix comprises fragmented DNA; a stem-loop oligonucleotide with 3'

recessed, 3' protruding or blunt end (FIG. 4), and a non-replicable linker (such as about in the

central part of the oligonucleotide); a 3' proofreading DNA polymerase (Klenow fragment of the

DNA polymerase I, T4 DNA polymerase, etc.); T4 DNA ligase; Enz-O-Mix Universal Buffer;

ATP; and dNTPs. At least the following enzymatic reactions are taking place: "polishing" of the

DNA ends and the stem-loop oligonucleotide double-stranded stem-region; ligation of the

oligonucleotide 3' end to the 5' phosphate of the DNA, leaving a nick between the 3' end of

DNA and the 5' end of the oligonucleotide double-stranded stem-region; polymerase extension

of the 3' DNA end that propagates toward the end of stem-loop oligonucleotide and stops

somewhere within the loop or close to the loop region at the replication block, for example. The

process results in the library of DNA fragments with universal sequence A at the ends and an

inverted repeat attached only to the 5' end of DNA.

F. Libraries produced by the Enz-O-Mix attachment process with a stem-loop
oligonucleotide comprising a non-replicable linker have no inhibitory effect on
PCR

[0162] As shown in FIG. 9, a DNA library produced by the Enz-O-Mix (Enz-O-

Mix 1 in the case of fragmented DNA, FIG. 19A5 or Enz-O-Mix 4 in the case of HMW DNA,

FIG. 19B) attachment process with a stem-loop oligonucleotide with a non-replicable linker has

no inhibitory effect on WGA and PCR. Heating to 950C during first PCR cycle denatures DNA

strands and generates hairpin-like structures only at the 5' ends of DNA fragments. At a lower

PCR temperature, the universal primer A anneals to the A' region at the 3' ends of DNA

fragments, and a thermostable DNA polymerase replicates DNA until it reaches a non-replicable

linker in the loop or in the region adjacent to the loop stem region of the stem-loop

oligonucleotide attached to the 5' DNA end. Replication of the hairpin region is accompanied by

a strand-displacement reaction within the oligonucleotide stem region. Synthesized DNA



molecules with the universal sequence A and no inverted repeats at the ends (shown by dashed

lines) can then successfully be amplified by PCR.

G. Stem-loop oligonucleotide with a non-replicable linker introduced during
chemical synthesis

[0163] FIG. 1OA shows the structure of a stem-loop oligonucleotide with a non-

replicable linker introduced chemically during oligonucleotide synthesis and shows detailed

events occurring at DNA end during the exemplary multi-enzyme attachment process. Many

structural modifications within the oligonucleotide, such as the exemplary hexaethelene glycol

linker, the abasic site, or a cluster of abasic sites (a gap), a bulky group within the base or

backbone, etc. can block propagation of the DNA replication. The exemplary process occurs as

described in FIG. 8.

H. Stem-loop oligonucleotide with a non-replicable abasic gap generated
enzymatically by dU-glycosylase during the attachment process

[0164] This embodiment is illustrated in FIG. 1OB and shows the structure of a

stem-loop oligonucleotide with non-replicable linker introduced enzymatically during the

attachment reaction and shows detailed events occurring at a DNA end during the exemplary

multi-enzyme attachment process. The exemplary reaction mix comprises fragmented DNA; a

stem-loop oligonucleotide with 3' recessed, 3' protruding or blunt end (FIG. 4), and dU bases

within the loop and stem regions (optional); a dU-glycosylase; a 3' proofreading DNA

polymerase; T4 DNA ligase; Enz-O-Mix Universal Buffer; ATP; and dNTPs. dU-glycosylase

creates abasic sites within the loop and upper strand of the stem region of the oligonucleotide;

DNA polymerase "polishes" the ends of DNA and the stem-loop oligonucleotide and generates

blunt ends; T4 DNA ligase attaches the 3' end of the oligonucleotide and the 5' end of DNA

fragment, leaving a nick between the 3' end of DNA and the 5' end of the hairpin double-

stranded stem-region; a DNA polymerase extends the 3' end of DNA toward the end of the stem-

loop oligonucleotide and stops somewhere within the loop or close to the loop region of the

oligonucleotide, such as at the replication block generated by a contiguous abasic site region.

The role of abasic sites in the about central stem region is to destabilize base pairing and

facilitate the strand displacement reaction. The process results in a library of DNA fragments

with universal sequence at both ends and an inverted repeat attached only to the 5' end of DNA,

thereby suitable for PCR amplification. Heating at 950C during PCR generates breaks at abasic

sites and completely eliminates the 5' portion of a stem-loop oligonucleotide.



I. Stem-loop oligonucleotides are advantageous for the Enz-O-Mix attachment
process

[0165] This embodiment illustrates the low efficiency and problems associated

with use of standard adaptors in the Enz-O-Mix attachment process, although in alternative

embodiments standard adaptors may be employed.

[0166] FIG. H A shows a standard adaptor formed by two different

oligonucleotides, wherein one of them has the 5' phosphate group, and possible products formed

when such an adaptor is used in the multi-enzyme one-step ligation process. The adaptor should

be present at high concentration to provide efficient ligation to DNA ends. Because both ends of

a standard adaptor can be ligated to DNA and form adaptor-adaptor conjugates (a dominating

product of the reaction), a number of undesirable products may be high, and the yield of

desirable molecules may be low, in certain aspects.

[0167] FIG. H B shows a standard adaptor formed by two different

oligonucleotides without phosphate group and two products formed when such an adaptor is

used in the multi-enzyme one-step ligation process. Only 50% of formed molecules are desirable

products with correct orientation of the adaptor, while the other 50% of molecules have inversed

adaptor orientation.

[0168] FIG. H C shows a standard adaptor formed by two different

oligonucleotides without phosphate group but with a protective group at the 3' end of one

oligonucleotide and the products formed when such adaptor is used in the multi-enzyme one-step

ligation process. A blocked 3' end or recessive 3' end or both are well-known in the art and have

been used to prevent formation of products with inversed adaptor orientation during ligation

reaction. Presence of a 3' proofreading DNA polymerase in the mix will replace the terminal 3'

blocked nucleotide with normal nucleotide (a), and repair and extend the recessed, blocked 3'

end (b). As in the case described for FIG. 1IB, only 50% of formed molecules are desirable

products with correct orientation of the adaptor, while the other 50% of molecules have inversed

adaptor orientation.

J. Library generated by the Enz-O-Mix attachment process using a stem-loop
oligonucleotide with a cleavable site generated during the multi-enzyme
reaction

[0169] In this embodiment of the present invention, as illustrated in FIG. 12, there

is a schematic description of the one-step Enz-O-Mix attachment process for a stem-loop



oligonucleotide with an enzymatically cleavable site generated during the multi-enzyme reaction.

The reaction mix contains fragmented DNA, a stem-loop oligonucleotide with 3' recessed, 3'

protruding or blunt end (FIG. 4), and a specific DNA sequence R within the loop or in the loop

and adjacent stem region; a 3'proofreading DNA polymerase (Klenow fragment of the DNA

polymerase I, T4 DNA polymerase, etc.); T4 DNA ligase; an endonuclease that recognizes and

cuts the oligonucleotide specific oligo-sequence R when it adopts a double-stranded

conformation; Enz-0-Mix Universal Buffer; ATP; and dNTPs. Four enzymatic reactions are

taking place nearly simultaneously: "polishing" of the DNA ends and the stem-loop

oligonucleotide double-stranded stem-region; ligation of the oligonucleotide 3' end to the 5'

phosphate of the DNA leaving a nick between the 3' end of DNA and the 5' end of the hairpin

double-stranded stem-region, polymerase extension of the 3' DNA end that propagates toward

the end of stem-loop oligonucleotide and generates inverted repeats at the ends of DNA

fragments; and, finally, cleavage of inverted repeats by an endonuclease at the R sites. The

process results in a library of DNA fragments with universal sequence A at the ends, and no

inverted repeat attached to the ends of DNA fragments, which is thereby competent for PCR

amplification.

K. Examples of stem-loop adaptors with a cleavable restriction site generated by
DNA synthesis

[0170] FIG. 13A shows an exemplary stem-loop oligonucleotide with recognition

sequence for the restriction endonuclease Eco NI located at the loop region. The enzyme can not

cut the CCTNNNNNAGG (SEQ ID NO: 20) region within the stem-loop oligonucleotide (an

unrecognizable structure) but it will cut it efficiently when the oligonucleotide is attached to a

DNA end and adopts a canonical (double-stranded) Watson-Crick conformation. Cleavage with

Eco NI eliminates inverted repeats that inhibit PCR applications.

[0171] FIG. 13B shows an exemplary stem-loop oligonucleotide with recognition

sequence for the restriction endonuclease Pac I located within the loop region. The enzyme can

not cut the TTAATTAAregion within the stem-loop oligonucleotide, but it will cut it efficiently

when the oligonucleotide is attached to a DNA end and adopts a canonical (double-stranded)

Watson-Crick conformation. Cleavage eliminates inverted repeats that inhibit PCR applications.

Use of a rare-cutting restriction enzyme such as Pac I reduces the number of DNA fragments

affected by the enzyme cleavage.



[0172] FIG. 13C shows the stem-loop oligonucleotide with recognition sequence

for the homing endonuclease I-Ceu I located within the loop region. The enzyme can not cut the

26-base single-stranded region within the loop, but it cuts efficiently when the stem-loop

oligonucleotide is attached to a DNA end and adopts a canonical (double-stranded) Watson-

Crick conformation. Cleavage eliminates inverted repeats that inhibit PCR applications. Use of a

homing endonuclease dramatically reduces and practically eliminates cleavage of genomic DNA.

L. Library generated by the Enz-O-Mix attachment process with a stem-loop
oligonucleotide with a short stem

[0173] Amplifiable libraries can be synthesized in the presence of but not limited

to a stem-loop oligonucleotide with a non-replicable or cleavable linker. FIG. 14 shows a

schematic description of an exemplary one-step Enz-O-Mix attachment process using a stem-

loop oligonucleotide with a very short stem. The exemplary reaction mix comprises fragmented

DNA5 a stem-loop oligonucleotide with 3' recessed, 3' protruding or blunt end (FIG. 4), and a

short stem region (5-8 bases); a 3'proofreading DNA polymerase (Klenow fragment of the DNA

polymerase I, T4 DNA polymerase, etc.); T4 DNA ligase; Enz-O-Mix Universal Buffer; ATP;

and dNTPs. Three enzymatic reactions are taking place: "polishing" of the DNA ends and the

stem-loop oligonucleotide double-stranded stem-region; ligation of the oligonucleotide 3' end to

the 5' phosphate of the DNA, leaving a nick between the 3' end of DNA and the 5' end of the

hairpin double-stranded stem-region; and polymerase extension of the 3' DNA end that

propagates toward the end of the stem-loop oligonucleotide and generates short inverted repeats

at the ends of DNA fragments. The process results in a library of DNA fragments with universal

sequence A at the ends and a very short inverted repeat attached to the ends of DNA fragments

(FIG. 14, shown in bold). PCR is possible because the melting temperature for terminal hairpins

is low enough to prevent folding, self-priming and formation of long hairpin molecules, as

shown on FIG. 7. Primer A (representing the 3' portion of a stem-loop oligonucleotide without

the complementary 5' region) or even the whole stem-loop oligonucleotide can be utilized as a

primer for PCR amplification.

M. Enz-O-Mix reagents and procedures for one-step library synthesis and one-step
library synthesis/amplification utilizing strand displacement DNA amplification

[0174] This embodiment is shown in FIG. 15 and illustrates exemplary components

and enzymatic reactions involved in the process catalyzed by Enz-O-Mix reagents ( Enz-O-Mix

3 and Enz-O-Mix 6, FIGS. 19A and 19B). The reagent Enz-O-Mix 3 can use fragmented (cell-

free serum DNA or urine DNA, for example), while the reagent Enz-O-Mix 6 can utilize HMW



DNA and synthesize a library of DNA fragments with the recognition sites for a nicking

endonuclease (N.AIwI, N.BbvCIA, N.BbvCIB, Nb.BpulOI, Nb.BsmI, N.Bst9I, N.BstNBI, etc.)

at their ends to allow their subsequent amplification by strand displacement DNA synthesis. The

presence of nicking endonuclease and strand displacing polymerase in the reagents Enz-0-Mix 3

and Enx-O-Mix 6 allows one to simultaneously synthesize and amplify DNA library by strand

displacement DNA synthesis.

[0175] For example, the Enz-O-Mix reagent 3 (suitable for fragmented DNA)

comprises a stem-loop oligonucleotide with a recognition sequence for a nicking nuclease; a

primer P complementary at least partially to the stem region of a stem-loop oligonucleotide; a 3'

proofreading DNA polymerase; a strand displacing DNA polymerase; T4 DNA ligase; a nicking

endonuclease; Enz-O-Mix Universal Buffer; and dNTPs. T4 DNA polymerase "polishes" the

DNA ends and the stem-loop oligonucleotide double-stranded stem-region. T4 ligase ligates the

3' end of the oligonucleotide to the 5' phosphate of the DNA, leaving a nick between the 3' end

of DNA and the 5' end of the oligonucleotide double-stranded stem-region. DNA polymerase

extends the available 3' DNA end toward the end of a stem-loop oligonucleotide and generates a

library of DNA fragments with functional recognition site for a nicking endonuclease (N.AIwI,

N.BbvCIA, N.BbvCIB, Nb.BpulOI, Nb.BsmI, N.Bst9I, N.BstNBI, etc.) at their ends. DNA

polymerase initiates multiple rounds of strand displacement DNA synthesis at nicks generated by

a nicking nuclease, followed by synthesis of a second DNA strand (primed by primer P),

producing double stranded DNA molecules and linearly amplifying DNA.

[0176] In the case of HMW DNA (Enz-O-Mix 6, FIG. 19B), the reaction requires a

DNA fragmentation endonuclease (a restriction enzyme, DNase I, methylation-specific nuclease

McrBC, benzonase, apoptotic endonuclease etc.), and all other components may be the same as

described above for Enz-O-Mix 3.

N. Examples of stem-loop adaptors with a nicking endonuclease recognition site
generated by DNA synthesis

[0177] FIG. 16A shows the stem-loop oligonucleotide with recognition sequence

for the exemplary nicking endonuclease N.Bbv CIA located at the loop region. The enzyme can

not nick the single stranded GCTGAGG region within the stem-loop oligonucleotide (an

unrecognizable structure), but it will nick it efficiently when the oligonucleotide is attached to a

DNA end and adopts a canonical (double-stranded) Watson-Crick conformation.



[0178] FIG. 16B shows an exemplary stem-loop oligonucleotide with recognition

sequence for the nicking endonuclease N.Bbv CIA located at the end of the stem region. The

enzyme can not nick efficiently the terminally located TTAATTAA region within the stem-loop

oligonucleotide, but it will nick it efficiently when the oligonucleotide is attached to a DNA end

and the site acquires an internal location. A second nicking site, generated by the

oligonucleotide attachment process, would have a terminal location and low nicking efficiency.

[0179] FIG. 16C shows an exemplary stem-loop oligonucleotides 1 and 2 that

contains several functional elements within the loop region including the recognition sequence

for a nicking endonuclease. Nultifunctional stem-loop oligonucleotide have several regulatory

elements within the loop region: T7 promoter sequence (that includes all regions necessary for

transcription); recognition sequence N for a nicking endonuclease (N.AlwI, N.BbvCIA,

N.BbvCIB, Nb.BpulOI, Nb.Bsml, N.Bst9I, N.BstNBI, etc.); recognition sequence for a

restriction endonuclease; and a replication/transcription block region (a chemical modification or

a string of 2-4 dU bases). The regulatory elements can reside within a single loop region (Ll in

the stem-loop oligonucleotide 1), or be distributed across several loop regions (Ll, L2, and L3 in

the stem-loop oligonucleotide 2). A multifunctional stem-loop oligonucleotide can support

different types of DNA amplification, including PCR, isothermal amplification by transcription,

isothermal amplification by strand displacement synthesis, or even a combination thereof and

can also facilitate modification such as DNA immobilization, DNA recombination, DNA

cloning, or a combination thereof. Activation of the RNA transcription, DNA nicking, DNA

double-stranded cleavage, and generation of the 5' overhang functions of the stem-loop adaptor

occurs only upon its enzymatic processing and attachment to DNA ends.

O. Enz-O-Mix is a general method for synthesis and amplification of DNA libraries

[0180] This embodiment of the present invention, as illustrated in FIG. 17, shows

generalization of the Enz-O-Mix method and demonstrates its specific applications. When Enz-

O-Mix reagent is combined with DNA and incubated at optimal temperature (for example, 370C)

for a time necessary to complete the reaction (for example, 1 hour), although it can be more or

less, it results in either a DNA library that can be amplified or cloned in a separate reaction, or a

DNA library that is amplified isothermally during the incubation with the Enz-O-Mix reagent.

For example, the exemplary products of reaction could be as follows: 1) a library of DNA

fragments with universal sequence or sequences attached to the ends of DNA fragments so that it

can be amplified by PCR (PCR WGA Library); 2) a library of DNA fragments with a promoter



sequence attached at the ends of DNA fragments so that it can be amplified by transcription

(Transcription WGA Library); 3) a Methylome Library, i.e. the library of adapted DNA

fragments where all non-methylated CpG islands are eliminated (such as are described in U.S.

Patent Application Serial No. 11/071,864, filed March 3, 2005, which is incorporated by

reference herein in its entirety); 4) a library of DNA fragments with ready-to-clone sticky-end

adaptors at the ends; 5) an amplified DNA library where the product is DNA or RNA; and/or 6)

an amplified Methylome library where the product is DNA or RNA.

P. Stem-loop OIigo Attachment Master Mix is a key component of all Enz-O-Mix
reactions

[0181] This embodiment is shown in FIG. 18 and illustrates the components of four

different Stem-Loop Oligo Attachment Master Mixes described in the invention and utilized in

different Enz-O-Mix reactions involved in the DNA library synthesis. The Stem-Loop Oligo

Attachment Master Mix is a key component of the Enz-O-Mix reaction, and it is present in all

Enz-O-Mix reagents.

[0182] The exemplary Stem-Loop Oligo Attachment Master Mix I comprises a

stem-loop oligonucleotide; a 3' proofreading DNA polymerase; a DNA ligase; Enz-O-Mix

Universal Buffer; ATP; and dNTPs (see also FIG. 3 and FIG. 14).

[0183] The exemplary Stem-Loop Oligo Attachment Master Mix II comprises a

stem-loop oligonucleotide with a non-replicable chemically introduced linker; a 3' proofreading

DNA polymerase; a DNA ligase; Enz-O-Mix Universal Buffer; ATP; and dNTPs (see also FIG.

10A).

[0184] An exemplary Stem-Loop Oligo Attachment Master Mix III comprises a

stem-loop oligonucleotide with a non-replicable enzymatically-introduced abasic linker; dU-

glycosylase; a 3' proofreading DNA polymerase; a DNA ligase; Enz-O-Mix Universal Buffer;

ATP; and dNTPs (see also FIG. 10B).

[0185] An exemplary Stem-Loop Oligo Attachment Master Mix IV comprises a

stem-loop oligonucleotide with a cleavable site introduced by DNA replication; a site-specific

endonuclease; a 3' proofreading DNA polymerase; a DNA ligase; Enz-O-Mix Universal Buffer;

ATP; and dNTPs (see also FIG. 12 and FIGS. 14A, 14B5 and 14C).



Q. Enz-O-Mix reagents and procedures for the one-step Whole Genome Libray
synthesis and combined Whole Genome Library synthesis-amplification

[0186] Whole Genome Amplification (WGA) is a process that is used to amplify

total genomic DNA for many important research and diagnostic applications when the amount of

DNA is limited. WGA is frequently preceded by a multi-step WGA library synthesis process.

These embodiments describe the Enz-O-Mix reagents and procedures for the one-step Whole

Genome Library synthesis and combined one-step, close-tube Whole Genome Library synthesis-

amplification processes.

[0187] FIG. 19A shows schematically compositions of three Enz-O-Mix reagents,

specifically Enz-O-Mix I3 Enz-O-Mix 2, and Enz-O-Mix 3 designed to convert fragmented DNA

into a Whole Genome Library competent for amplification by PCR, transcription, or strand

displacement amplification, respectively.

[0188] Reagent Enz-O-Mix 1 may comprise Stem-Loop Oligo Attachment Master

Mixes shown in FIG. 18, and it could be also supplemented with a thermophilic DNA

polymerase. The library prepared by the Enz-O-Mix 1 process can be used for PCR-mediated

WGA in a open-tube (two-step process) or a close-tube (one-step process) formats (as shown in

FIG. 30).

[0189] Reagent Enz-O-Mix 2 may comprise Stem-Loop Oligo Attachment Master

Mixes shown in FIG. 18 (in this case a stem-loop oligonucleotide has the T7 promoter sequence

in the loop or stem region in addition to other necessary base/backbone modifications), and it

could be also supplemented with the T7 RNA polymerase and rNTPs. The Enz-O-Mix 2 can be

used for a two-step transcription-mediated Whole Genome Amplification (when the library is

prepared first, and then amplified) or for a one-step ithothermal amplification process when the

Whole Genome library synthesis and its amplification by transcription occurs simultaneously (as

shown in FIG. 6).

[0190] Reagent Enz-O-Mix 3 may comprise Stem-Loop Oligo Attachment Master

Mixes shown in FIG. 18 (in this case, a stem-loop oligonucleotide has a recognition sequence for

a nicking endonuclease in the loop or stem region in addition to other necessary base/backbone

modifications). It could be also supplemented with a nicking endonuclease (N.AlwI, N.BbvCIA,

N.BbvCIB, Nb.BpulOI, Nb.Bsml, N.Bst9L N.BstNBI, etc.), a strand displacing DNA

polymerase (Klenow exo-, Phi 29, Bst I, etc.), and primer P (FIG. 15). The Enz-O-Mix 3 can be

used for a two-step strand displacement-mediated Whole Genome Amplification (when the



library is prepared first, and then amplified) or for a one-step ithothermal amplification process

when the Whole Genome library synthesis and its amplification by a strand displacement

synthesis occurs simultaneously (as shown in FIG. 15).

[0191] FIG. 19B shows schematically compositions of three Enz-0-Mix reagents,

specifically Enz-0-Mix 4, Enz-0-Mix 5, and Enz-O-Mix 6 designed to convert high molecular

DNA into a Whole Genome Library competent for amplification by PCR, transcription, or strand

displacement amplification, respectively.

[0192] Reagent Enz-O-Mix 4 may comprise Stem-Loop Oligo Attachment Master

Mixes shown in FIG. 18; it is also supplemented with a DNA fragmentation endonuclease such

as restriction enzyme DNase I, Benzonase, methylation-specific nuclease McrBC, apoptotic

endonuclease, etc.; and it could be also supplemented with a thermophilic DNA polymerase. The

library prepared by the Enz-O-Mix 4 process can be used for PCR-mediated WGA in a open-

tube (two-step process) or a close-tube (one-step process) formats (as shown in FIG. 30).

[0193] Reagent Enz-O-Mix 5 may comprise Stem-Loop Oligo Attachment Master

Mixes shown in FIG. 18 (in this case, a stem-loop oligonucleotide has the T7 promoter sequence

in the loop or stem region in addition to other necessary base/backbone modifications), and it is

also supplemented with a DNA fragmentation endonuclease such as restriction enzyme DNase I,

benzonase, methylation-specific nuclease McrBC, apoptotic endonuclease, etc.; and it could be

also supplemented with RNA polymerase and rNTPs. The Enz-O-Mix 5 can be used for a two-

step transcription-mediated Whole Genome Amplification of HMW DNA (when the library is

prepared first, and then amplified) or for a one-step ithothermal amplification process when the

Whole Genome library synthesis and its amplification by transcription occurs simultaneously (as

shown in FIG. 6).

[0194] Reagent Enz-O-Mix 6 may comprise Stem-Loop Oligo Attachment Master

Mixes shown in FIG. 18 (in this case, a stem-loop oligonucleotide has a recognition sequence for

a nicking endonuclease in the loop or stem region in addition to other necessary base/backbone

modifications), and it is supplemented with a DNA fragmentation endonuclease such as

restriction enzyme, DNase I, benzonase, methylation-specific nuclease McrBC, apoptotic

endonuclease. It could also be supplemented with a nicking endonuclease (N.AIwI, N.BbvCIA,

N.BbvCIB, Nb.BpulOI, Nb.Bsml, N.Bst9I, N.BstNBI, etc.); a strand displacing DNA

polymerase (Klenow exo-, Phi 29, Bst I, etc.); and primer P (FIG. 15). The Enz-O-Mix 6 can be



used for a two-step strand displacement-mediated Whole Genome Amplification of HMW DNA

(when the library is prepared first, and then amplified) or for a one-step ithothermal

amplification process when the Whole Genome library synthesis and its amplification by a strand

displacement synthesis occurs simultaneously (as shown in FIG. 15).

R. Enz-O-Mix reagents and procedures for one-step Whole Methylome Library
synthesis and combined Whole Methylome Library synthesis-amplification

[0195] Whole Methylome Amplification (WMA) is a process that was recently

developed to amplify methylated DNA and suppress amplification of non-methylated genomic

(promoter) regions for many important research and diagnostic applications, especially when the

amount of DNA is limited (see, for example, U.S. Patent Application Serial No. 11/071,864,

filed March 3, 2005, which is incorporated by reference herein in its entirety). In a standard

protocol, WMA is preceded by a multi-step WMA library synthesis process. This embodiment

describes the exemplary Enz-O-Mix reagents and procedures for the one-step Whole Methylome

Library synthesis and combined Whole Methylome Library synthesis-amplification processes.

[0196] FIG. 19C shows schematically compositions of three Enz-O-Mix reagents,

Enx-O-Mix 7,Enx-O-Mix 8, and Enx-O-Mix 9, designed to convert fragmented DNA into a

Whole Methylome Library competent for amplification by PCR, transcription, or strand

displacement, for example.

[0197] Reagent Enz-O-Mix 7 may comprise one of Stem-Loop Oligo Attachment

Master Mixes shown in FIG. 18, and it is also supplemented with a mixture of several (about 5-

about 12) methylation-sensitive restriction enzymes, such as Aci I, Ace II, Asp LE I, Ava I, Bee

AI, Bsa HI, Bsh 1236 I, Bsi El, Bsi SI, Bst FN I, Bst HH I, Bst UI, Cfo I, Hap II, Hga I, Hha I,

HinPl I, Hin 61, Hpa II, Hpy 991, Hpy CH4 IV, Hsp AI, Mvn I, and Ssi I,, to produce a

substantial fragmentation of all non-methylated CpG islands (see, for example, U.S. Patent

Application Serial No. 11/071,864, filed March 3, 2005, which is incorporated by reference

herein in its entirety). Reagent Enz-O-Mix 7 could be also supplemented with a thermophilic

DNA polymerase. The Methylome library prepared by the Enz-O-Mix 7 process can be used for

PCR-mediated WMA in a open-tube (two-step process) or a close-tube (one-step process)

formats (as shown in FIG. 30).

[0198] Reagent Enz-O-Mix 8 may comprise Stem-Loop Oligo Attachment Master

Mixes shown in FIG. 18 (in this case a stem-loop oligonucleotide has the T7 promoter sequence



in the loop or stem region in addition to other necessary base/backbone modifications), and it is

also supplemented with a mixture of several (about 5-about 12) methylation-sensitive restriction

enzymes, such as Aci I, Ace II, Asp LE I, Ava I, Bee AI, Bsa HI, Bsh 1236 I, Bsi El, Bsi SI, Bst

FN I, Bst HH I, Bst UI, Cfo I, Hap II, Hga I, Hha I, HinPl I, Hin 61, Hpa II, Hpy 991, Hpy CH4

IV, Hsp AI, Mvn I, and Ssi I,, to produce a substantial fragmentation of all non-methylated CpG

islands (U.S. Patent Application Serial No. 11/071,864, filed March 3, 2005, which is

incorporated by reference herein in its entirety). Reagent Enz-0-Mix 8 could be also

supplemented with T7 RNA polymerase and rNTPs. The Enz-0-Mix 8 can be used for a two-

step transcription-mediated Whole Methylome Amplification (when the Whole Methylome

library is prepared first, and then amplified) or for a one-step ithothermal amplification process

when the Methylome library synthesis and its amplification by transcription occurs

simultaneously.

[0199] Reagent Enz-0-Mix 9 may comprise Stem-Loop Oligo Attachment Master

Mixes shown in FIG. 18 (in this case, a stem-loop oligonucleotide has a recognition sequence for

a nicking endonuclease in the loop or stem region in addition to other necessary base/backbone

modifications), and it is also supplemented with a mixture of several (about 5-12) methylation-

sensitive restriction enzymes, such as Aci I, Ace II, Asp LE I, Ava I, Bee AI, Bsa HI, Bsh 1236 I,

Bsi El, Bsi SI, Bst FN I, Bst HH I, Bst UI, Cfo I, Hap II, Hga I, Hha I, HmP 1 I, Hin 61, Hpa II,

Hpy 991, Hpy CH4 IV, Hsp AI, Mvn I, and Ssi I,, to produce a substantial fragmentation of all

non-methylated CpG islands (see, for example, U.S. Patent Application Serial No. 11/071,864,

filed March 3, 2005, which is incorporated by reference herein in its entirety). Reagent Enz-O-

Mix 9 could be also supplemented with nicking endonuclease (N.AlwI, N.BbvCIA, N.BbvCIB,

Nb.BpulOI, Nb.Bsml, N.Bst9I, N.BstNBI, etc.), a strand displacing DNA polymerase (Klenow

exo-, Phi 29, Bst I, etc.), and primer P (FIG. 15). The Enz-O-Mix 9 can be used for a two-step

strand displacement-mediated Whole Methylome Amplification (when the library is prepared

first, and then amplified) or for a one-step ithothermal amplification process when the

Methylome library synthesis and its amplification by a strand displacement synthesis occurs

simultaneously (as shown in FIG. 15).

[0200] FIG. 19D show schematically compositions of another three Enz-O-Mix

reagents, Enx-O-Mix 10, Enx-0-Mix 11, and Enx-O-Mix 12, designed to convert HMW DNA

into a Whole Methylome Library competent for amplification by PCR, transcription, or strand

displacement, for example.



[0201] Reagent Enz-O-Mix 10 may comprise one of Stem-Loop Oligo Attachment

Master Mixes shown in FIG. 18, and it is also supplemented with a DNA fragmentation

endonuclease such as restriction enzyme, DNase I, benzonase, methylation-specific nuclease

McrBC, apoptotic endonuclease, and a mixture of several (about 5-12) methylation-sensitive

restriction enzymes, such as Aci I, Ace II, Asp LE I, Ava I, Bee AI, Bsa HI, Bsh 1236 I, Bsi El,

Bsi SI, Bst FN I, Bst HH I, Bst UI, Cfo I, Hap II, Hga I, Hha I, HinPl I, Hin 61, Hpa II, Hpy 991,

Hpy CH4 IV, Hsp AI, Mvn I, and Ssi I,, to produce a substantial fragmentation of all non-

methylated CpG islands (see, for example, U.S. Patent Application Serial No. 11/071,864, filed

March 3, 2005, which is incorporated by reference herein in its entirety). It could be also

supplemented with a thermophilic DNA polymerase. The Methylome library prepared by the

Enz-O-Mix 10 process can be used for PCR-mediated WMA in a open-tube (two-step process)

or a close-tube (one-step process) formats (as shown in FIG. 30).

[0202] Reagent Enz-O-Mix 11 may comprise Stem-Loop Oligo Attachment Master

Mixes shown in FIG. 18 (in this case a stem-loop oligonucleotide has the T7 promoter sequence

in the loop or stem region in addition to other necessary base/backbone modifications), and it is

also supplemented with a DNA fragmentation endonuclease, such as restriction enzyme, DNase

I, benzonase, methylation-specific nuclease McrBC, apoptotic endonuclease, etc.;; and a mixture

of several (about 5-about 12) methylation-sensitive restriction enzymes, such as Aci I, Ace II,

Asp LE I, Ava I, Bee AI, Bsa HI, Bsh 1236 I, Bsi El, Bsi SI, Bst FN I, Bst HH I, Bst UI, Cfo I,

Hap II, Hga I, Hha I, HinPl I, Hin 61, Hpa II, Hpy 991, Hpy CH4 IV, Hsp AI, Mvn I, and Ssi I,,

to produce a substantial fragmentation at all non-methylated CpG islands (see, for example, U.S.

Patent Application Serial No. 11/071,864, filed March 3, 2005, which is incorporated by

reference herein in its entirety). Reagent Enz-O-Mix 11 could be also supplemented with T7

RNA polymerase and rNTPs. The Enz-O-Mix 11 can be used for a two-step transcription-

mediated Whole Methylome Amplification (when the Whole Methylome library is prepared first,

and then amplified) or for a one-step ithothermal amplification process when the Methylome

library synthesis and its amplification by transcription occurs simultaneously.

[0203] Reagent Enz-O-Mix 12 may comprise Stem-Loop Oligo Attachment Master

Mixes shown in FIG. 18 (in this case, a stem-loop oligonucleotide has a recognition sequence for

a nicking endonuclease in the loop or stem region in addition to other necessary base/backbone

modifications), and it is also supplemented with a DNA fragmentation endonuclease, such as

restriction enzyme, DNase I, benzonase, methylation-specific nuclease McrBC, apoptotic



endonuclease; and a mixture of several (about 5-12) methylation-sensitive restriction enzymes,

such as Aci I, Ace II, Asp LE I, Ava I, Bee AI, Bsa HI, Bsh 1236 I, Bsi El, Bsi SI, Bst FN I, Bst

HH I, Bst UI, Cfo I Hap II, Hga I, Hha I, HinPl I, Hin 61, Hpa II, Hpy 991, Hpy CH4 IV, Hsp

AI, Mvn I, and Ssi I,, to produce a substantial fragmentation of all non-methylated CpG islands

(see, for example, U.S. Patent Application Serial No. 11/071,864, filed March 3, 2005, which is

incorporated by reference herein in its entirety). Reagent Enz-0-Mix 12 could be also

supplemented with nicking endonuclease (N.AIwI, N.BbvCIA, N.BbvCIB, Nb.BpulOI,

Nb.Bsml, N.Bst9I, N.BstNBI, etc.), a strand displacing DNA polymerase (Klenow exo-, Phi 29,

Bst I, etc.), and primer P (FIG. 15). The Enz-O-Mix 12 can be used for a two-step strand

displacement-mediated Whole Methylome Amplification (when the library is prepared first, and

then amplified) or for a one-step ithothermal amplification process when the Methylome library

synthesis and its amplification by a strand displacement synthesis occurs simultaneously (as

shown in FIG. 15).

S. Enz-O-Mix reagents and procedures for the one-step Whole Genome Libray
synthesis for cloning

[0204] DNA cloning is a powerful tool for whole genome DNA sequencing and

analysis of cDNA libraries, for example. In a standard process, DNA is randomly fragmented,

repaired, attached to linkers, and then integrated into a vector. This embodiment describes the

Enz-O-Mix reagents for the one-step preparation of DNA fragments with sticky ends that is easy

to clone.

[0205] FIG. 19E shows schematically exemplary compositions of two Enz-O-Mix

reagents designed to convert fragmented (Enz-O-Mix 13) or HMW DNA (Enz-O-Mix 14) into a

Whole Genome Library for cloning.

[0206] Reagent Enz-O-Mix 13 may comprise a Stem-Loop Oligo Attachment

Master Mix IV shown in FIG. 18, and it is the only component of the Enz-O-Mix 13 reagent.

The library generated by the Enz-O-Mix 13 process can only utilize a fragmented DNA (for

example, cell-free DNA from blood and/or urine, or DNA fragmented enzymatically or

mechanically, for example) and be used for cloning.

[0207] Reagent Enz-O-Mix 14 may comprise a Stem-Loop Oligo Attachment

Master Mix IV shown in FIG. 18 that is supplemented with a DNA fragmentation endonuclease,

such as restriction enzyme, DNase I, benzonase, methylation-specific nuclease McrBC, apoptotic



endonuclease, etc. The library generated by the Enz-O-Mix 14 process can utilize HMW DNA

from any type of cells and tissues and be used for cloning.

T. Enz-O-Mix reagent kits and their use in high-throughput applications and
clinical diagnostics

[0208] In this embodiment of the present invention, as illustrated in FIG. 20, pre-

assembled Enz-O-Mix reagents can be stored at -200C and used as ready-to-use kits.

[0209] Exemplary pre-assembled Enz-O-Mix 1 comprises all major components of

the reaction, such as a stem-loop oligonucleotide; DNA polymerase; a DNA ligase; dU-

glycosylase (when the hairpin non-replicable region is generated by abasic sites); a hairpin-

specific endonuclease (when the hairpin has a cleavable site generated during oligonucleotide

attachment process); thermophilic DNA polymerase (close-tube WGA library synthesis / PCR-

mediated amplification reaction); ATP; and dNTPs.

[0210] Exemplary pre-assembled Enz-O-Mix 2 comprises a stem-loop

oligonucleotide with a promoter sequence in a stem or loop region; DNA polymerase; a DNA

ligase; dU-glycosylase (when the non-replicable region is formed by abasic sites); a site-specific

endonuclease (when the stem-loop oligonucleotide has a cleavable site created during

oligonucleotide attachment process); ATP; and dNTPs; In the case of close-tube, isothermal

library synthesis / transcription-mediated amplification reaction it also comprises RNA

polymerase and rNTPs.

[0211] Exemplary pre-assembled Enz-O-Mix 3 may comprise a stem-loop

oligonucleotide with a nicking endonuclease sequence in a stem or a loop region; DNA

polymerase; a DNA ligase; dU-glycosylase (when the non-replicable region is formed by abasic

sites); a site-specific endonuclease (when the stem-loop oligonucleotide has a cleavable site

generated during oligonucleotide attachment process); a DNA fragmentation endonuclease, such

as restriction enzyme(s), DNase I, Benzonase, methylation-specific nuclease McrBC, apoptotic

endonuclease etc; ATP; and dNTP, In the case of close-tube, isothermal library synthesis /

strand displacement-mediated amplification reactiuon it also comprises a nicking endonuclease

(N-AIwI, N.BbvCIA, N.BbvCIB, Nb.BpulOI, Nb.Bsml, N.Bst9I, N.BstNBI, etc.); a strand

displacing DNA polymerase (Klenow exo-, Phi 29, Bst I, etc.); and a primer.

[0212] Exemplary pre-assembled Enz-O-Mix 4 may comprise all major

components of the reaction, such as a stem-loop oligonucleotide; DNA polymerase; a DNA



ligase; dU-glycosylase (when the hairpin non-replicable region is created by abasic sites); a

hairpin-specific endonuclease (when the hairpin has a cleavable site created during

oligonucleotide attachment process); a DNA fragmentation endonuclease such as restriction

enzyme, DNase I, Benzonase, methylation-specific nuclease McrBC, apoptotic endonuclease ;

thermophilic DNA polymerase (close-tube WGA library synthesis / PCR-mediated amplification

reaction); ATP; and dNTPs.

[0213] Exemplary pre-assembled Enz-0-Mix 5 may comprise a stem-loop

oligonucleotide with a promoter sequence in a stem or loop region; DNA polymerase; DNA

ligase; dU-glycosylase (when the non-replicable region is formed by abasic sites); a site-specific

endonuclease (when the stem-loop oligonucleotide has a cleavable site created during the

oligonucleotide attachment process); a DNA fragmentation endonuclease, such as restriction

enzyme, DNase I, benzonase, methylation-specific nuclease McrBC, apoptotic endonuclease,

etc.; ATP; and dNTPs. In the case of close-tube, isothermal library synthesis / transcription-

mediated amplification reaction it also comprises RNA polymerase and rNTPs..

[0214] Exemplary pre-assembled Enz-O-Mix 6 comprises a stem-loop

oligonucleotide with a nicking endonuclease sequence in a stem or a loop region, DNA

polymerase, a DNA ligase, dU-glycosylase (when the non-replicable region is formed by abasic

sites), a site-specific endonuclease (when the stem-loop oligonucleotide has a cleavable site

created during oligonucleotide attachment process), a DNA fragmentation endonuclease such as

restriction enzyme(s), DNase I, Benzonase, methylation-specific nuclease McrBC, apoptotic

endonuclease; ATP; and dNTPs. In the case of close-tube, isothermal library synthesis / strand

displacement-mediated amplification reactiuon it also comprises a nicking endonuclease

(N.AlwI, N.BbvCIA, N.BbvCIB, Nb.BpulOI, Nb.Bsml, N.Bst9I, N.BstNBI, etc.); a strand

displacing DNA polymerase (Klenow exo-, Phi 29, Bst I, etc.); and a primer.

[0215] Exemplary pre-assembled Enz-O-Mix 7 may comprise all major

components of the reaction, such as a stem-loop oligonucleotide ; DNA polymerase; T4 DNA

ligase; dU-glycosylase (when the hairpin non-replicable region is created by abasic sites); a

hairpin-specific endonuclease (when the hairpin has a cleavable site created during

oligonucleotide attachment process); a mixture of several (about 5-about 12) methylation-

sensitive restriction enzymes, such as Aci I, Ace II, Asp LE I, Ava I, Bee AI, Bsa HI, Bsh 1236 1,

Bsi El, Bsi SI, Bst FN I, Bst HH I, Bst UI, Cfo I, Hap II, Hga I, Hha I, HinPl I, Hin 61, Hpa II,

Hpy 991, Hpy CH4 IV, Hsp AI, Mvn I, and Ssi I,, to produce a substantial fragmentation at all



non-methylated CpG islands (see, for example, U.S. Patent Application Serial No. U.S. Patent

Application Serial No. 11/071,864, filed March 3, 2005, which is incorporated by reference

herein in its entirety); thermophilic DNA polymerase (close-tube WMA library synthesis / PCR-

mediated amplification reaction); ATP; and dNTPs.

[0216] Exemplary pre-assembled Enz-O-Mix 8 may comprise a stem-loop

oligonucleotide with a promoter sequence in a stem or loop region; DNA polymerase; a DNA

ligase; dU-glycosylase (when the non-replicable region is formed by abasic sites); a site-specific

endonuclease (when the stem-loop oligonucleotide has a cleavable site created during the

oligonucleotide attachment process); a mixture of several (about 5-about 12) methylation-

sensitive restriction enzymes, such as Aci I, Ace II, Asp LE I, Ava I, Bee AI, Bsa HI, Bsh 1236 I,

Bsi El, Bsi SI, Bst FN I, Bst HH I, Bst UI, Cfo I, Hap II, Hga I, Hha I3 HinPl I, Hin 61, Hpa II,

Hpy 991, Hpy CH4 IV, Hsp AI, Mvn I, and Ssi I
3

to produce a substantial fragmentation at all

non-methylated CpG islands (see, for example, U.S. Patent Application Serial No. 11/071,864,

filed March 3, 2005, which is incorporated by reference herein in its entirety); ATP; and dNTPs.

In the case of close-tube, isothermal library synthesis / transcription-mediated amplification

reaction it also comprises RNA polymeraseand rNTPs.

[0217] Exemplary pre-assembled Enz-O-Mix 9 may comprise a stem-loop

oligonucleotide with a nicking endonuclease sequence in a stem or a loop region; DNA

polymerase; a DNA ligase; dU-glycosylase (when the non-replicable region is formed by abasic

sites); a site-specific endonuclease (when the stem-loop oligonucleotide has a cleavable site

created during oligonucleotide attachment process); a DNA fragmentation endonuclease, such as

restriction enzyme(s), DNase I, Benzonase, methylation-specific nuclease McrBC, apoptotic

endonuclease, etc.; a mixture of several (about 5-about 12) methylation-sensitive restriction

enzymes, such as Aci I, Ace II, Asp LE I, Ava I, Bee AI, Bsa HI, Bsh 1236 I, Bsi E l Bsi SI, Bst

FN I, Bst HH I, Bst UI, Cfo I, Hap II, Hga I, Hha I, HinPl I, Hin 61, Hpa II, Hpy 991, Hpy CH4

IV, Hsp AI, Mvn I, and Ssi I,, to produce a substantial fragmentation at all non-methylated CpG

islands (see, for example, U.S. Patent Application Serial No. 11/071,864, filed March 3, 2005,

which is incorporated by reference herein in its entirety); ATP; and dNTPs. In the case of close-

tube, isothermal library synthesis / strand displacement-mediated amplification reactiuon it also

comprises a nicking endonuclease (N.AlwI, N.BbvCIA, N.BbvCIB, Nb.BpulOI, Nb.Bsml,

N.Bst9I, N.BstNBI, etc.); a strand displacing DNA polymerase (Klenow exo-, Phi 29, Bst I,

etc.); and a primer.



[0218] Exemplary pre-assembled Enz-O-Mix 10 may comprise all major

components of the reaction, such as a stem-loop oligonucleotide; DNA polymerase; a DNA

ligase; dU-glycosylase (when the hairpin non-replicable region is created by abasic sites); a

hairpin-specific endonuclease (when the hairpin has a cleavable site created during

oligonucleotide attachment process); a DNA fragmentation endonuclease, such as restriction

enzyme, DNase I, Benzonase, methylation-specific nuclease McrBC, apoptotic endonuclease,

etc.; a mixture of several (about 5-about 12) methylation-sensitive restriction enzymes, such as

Aci I, Ace II, Asp LE I, Ava I, Bee AI, Bsa HI, Bsh 1236 I, Bsi El, Bsi SI, Bst FN I, Bst HH I,

Bst UI, Cfo I, Hap II, Hga I, Hha I, HinPl I, Hin 61, Hpa II, Hpy 991, Hpy CH4 IV, Hsp AI,

Mvn I, and Ssi I,, to produce a substantial fragmentation at all non-methylated CpG islands (see,

for example, U.S. Patent Application Serial No. No. 11/071,864, filed March 3, 2005, which is

incorporated by reference herein in its entirety); thermophilic DNA polymerase (close-tube

WGA library synthesis / PCR-mediated amplification reaction); ATP; and dNTPs.

[0219] Exemplary pre-assembled Enz-O-Mix 11 may comprise a stem-loop

oligonucleotide with a promoter sequence in a stem or loop region; DNA polymerase; a DNA

ligase; dU-glycosylase (when the non-replicable region is formed by abasic sites); a site-specific

endonuclease (when the stem-loop oligonucleotide has a cleavable site created during

oligonucleotide attachment process); a DNA fragmentation endonuclease, such as restriction

enzyme, DNase I, benzonase, methylation-specific nuclease McrBC, apoptotic endonuclease; a

mixture of several (about 5-12) methylation-sensitive restriction enzymes, such as Aci I, Ace II,

Asp LE I, Ava I, Bee AI, Bsa HI, Bsh 1236 I, Bsi El, Bsi SI, Bst FN I, Bst HH I, Bst UI, Cfo I,

Hap II, Hga I, Hha I, HinPl I, Hin 61, Hpa II, Hpy 991, Hpy CH4 IV, Hsp AI, Mvn I, and Ssi I,,

to produce a substantial fragmentation at all non-methylated CpG islands (see, for example, U.S.

Patent Application Serial No. 11/071,864, filed March 3, 2005, which is incorporated by

reference herein in its entirety); ATP; and dNTPs. In the case of close-tube, isothermal library

synthesis / transcription-mediated amplification reaction it also comprises RNA polymerase and

rNTPs..

[0220] Exemplary pre-assembled Enz-O-Mix 12 may comprise a stem-loop

oligonucleotide with a nicking endonuclease sequence in a stem or a loop region; DNA

polymerase; a DNA ligase; dU-glycosylase (when the non-replicable region is formed by abasic

sites); a site-specific endonuclease (when the stem-loop oligonucleotide has a cleavable site

created during oligonucleotide attachment process); a DNA fragmentation endonuclease, such as



restriction enzyme(s), DNase I, benzonase, methylation-specific nuclease McrBC, apoptotic

endonuclease; a mixture of several (about 5-about 12) methylation-sensitive restriction enzymes,

such as Aci I, Ace II, Asp LE I, Ava I5 Bee AI, Bsa HI, Bsh 1236 I, Bsi El, Bsi SI, Bst FN I, Bst

HH I, Bst UI, Cfo I, Hap II, Hga I, Hha I, HmP 1 I, Hin 61, Hpa II, Hpy 991, Hpy CH4 IV, Hsp

AI, Mvn I, and Ssi I,, to produce a substantial fragmentation at all non-methylated CpG islands

(see, for example, U.S. Patent Application Serial No. 11/071,864, filed March 3, 2005, which is

incorporated by reference herein in its entirety); ATP; and dNTPs. In the case of close-tube,

isothermal library synthesis / strand displacement-mediated amplification reactiuon it also

comprises a nicking endonuclease (N.AIwI, N.BbvCIA, N.BbvCIB, Nb.BpulOI, Nb.Bsml,

N.Bst9I, N.BstNBI, etc.) a strand displacing DNA polymerase (Klenow exo-, Phi 29, Bst I, etc.);

and a primer.

[0221] Kits comprising the exemplary Enz-O-Mixes described above may be

supplied with the Enz-0-Mix Universal Buffer. When used in high-throughput applications and

clinical diagnostics, the Enz-O-Mix reagent is first diluted by the Enz-O-Mix Universal Buffer,

aliquoted into microplate wells, pre-incubated at the reaction temperature (for example, about

370C) for a few minutes, supplemented with DNA, and incubated at the reaction temperature for

about 1-about 16 h.

[0222] FIG. 20 demonstrates an exemplary application of the Enz-O-Mix kits for

high-throughput library preparation / amplification in the 96- or 384-well format.

U. Enz-O-Mix reaction optimization procedures

[0223] In this embodiment, as shown in FIG. 21, there are exemplary procedures

for identifying the most optimal parameters for any Enz-O-Mix process using real-time PCR to

monitor amplification of the generated library, or a direct fluorescent detection of the amplified

product in the case of combined isothermal library synthesis-amplification process.

[0224] FIG. 2 1A illustrates the procedure for optimization of the Enz-O-Mix

Universal Buffer. Three specific but exemplary buffers are utilized, including Universal Buffers

1, 2 and 3. Buffer 2 results in the early WGA amplification curve, suggesting that the multi-

enzymatic reaction was more efficient in this buffer, and the Universal Buffer 2 is particularly

suitable for the Enz-O-Mix reaction.



[0225] FIG. 21B illustrates the procedure for concentration optimization of the

Enz-0-Mix incubation temperature. Three temperatures are employed; specifically, Ti, T and

T3. Temperature T3 results in the early WGA amplification curve, suggesting that the multi-

enzymatic reaction was more efficient at this temperature and that the parameter T should be

selected as a more suitable condition for the Enz-0-Mix reaction.

[0226] FIG. 2 1C illustrates the procedure for optimization of the Enz-0-Mix

component N. Three concentrations of the component N; specifically, CN
1

CN
2 and C 3, were

utilized. Concentration CN results in the early WGA amplification curve, suggesting that the

multi-enzymatic reaction was more efficient at this component N concentration, and that the

parameter CNi is a particularly suitable condition for the Enz-O-Mix reaction.

V. High potential for the Enz-O-Mix approach in future biotechnology and
diagnostic medicine

[0227] The applications of the Enz-O-Mix method are numerous. The Enz-O-Mix

method is easy to automate and use in clinical diagnostic and point-of-care applications.

Different enzyme combinations could lead to many novel kits and assays, and applications in

such areas as biotechnology, the pharmaceutical industry, molecular diagnostics, forensics,

pathology, bio-defense, and bio-computing are contemplated The Enz-O-Mix approach can be

viewed as a simple and cost-effective alternative to the "lab-on-a chip" micro-fluidic approach

that is currently attempting to solve the same problem (multi-step DNA processing) by reduction

of reaction volumes and integration of multiple reactions into a small format.

[0228] Exemplary applications for the invention include but are not limited to the

following:

[0229] a) A one-step, closed tube preparation and amplification of genomic

libraries (WGA) from highly degraded serum, plasma, and/or urine (such as the supernatant

fraction) DNA. DNA amplification and re-amplification can be used as an in vitro

"immortalization" process to maintain and generate necessary quantities of valuable but limited

DNA samples for gene association studies, mutation and microsatellite instability detection in

cancer diagnostics, etc.

[0230] b) A one-step, closed tube preparation and amplification of genomic

libraries (WGA) from formalin fixed, paraffin embedded tissues for cancer diagnostics and

research applications.



[0231] c) A one-step, closed tube preparation and amplification of Methylome

libraries;

[0232] d) A one-step preparation and simultaneous immobilization of prepared

DNA libraries on a solid support.

EXAMPLES

[0233] The following examples are included to demonstrate preferred

embodiments of the invention. It should be appreciated by those of skill in the art that the

techniques disclosed in the examples that follow represent techniques discovered by the

inventors to function well in the practice of the invention, and thus can be considered to

constitute preferred modes for its practice. However, those of skill in the art should, in light of

the present disclosure, appreciate that many changes can be made in the specific embodiments

that are disclosed and still obtain a like or similar result without departing from the spirit and

scope of the invention.

EXAMPLE 1: ONE STEP WHOLE GENOME LIBRARY AMPLIFICATION USING
HAIRPIN ADAPTOR WITH EcoNI RESRTICTION SITE GENERATED AFTER
LIGATION AND STRAND-DISPLACEMENT EXTENSION

[0234] In this example, a single step WGA process is described wherein a partial

hairpin oligonucleotide adaptor containing EcoNI recognition half sites in its stem is extended by

a DNA polymerase to form a blunt end hairpin molecule and is ligated via its free 3' end to the

5' phosphate of blunt-ended DNA restriction fragments by T4 DNA ligase. Due to the strand-

displacement activity of the DNA polymerase, the free 3' end of the restriction fragments are

extended using as template the ligated 3' end of the adaptor, thus opening up the hairpin

structure and generating functional EcoNI cleavage site (FIG. 12 and 13A). Following cleavage

with EcoNI present in the same reaction mix, the DNA library molecules have their terminal

inverted repeats excised and become amplifϊable by PCR using a primer complementary to the 5'

stem portion of the adaptor sequence. The whole process takes place in a single tube and in one

step in just about 1 hour, in specific embodiments.

[0235] Human genomic DNA isolated from the peripheral blood of a healthy donor

by standard procedures was digested with 10 units of AIuI restriction enzyme (NEB) for 1 hour

following the manufacturer's protocol.



[0236] For library preparation, 5 nanograms of Alul-digested DNA were incubated

in a reaction mixture comprising Ix NEBuffer 4 (20 mM Tris-acetate, 10 mM Mg acetate, 50

mM potassium acetate, 1 mM dithiothreitol, pH 7.9), 1 µM EcoNI Ext Adaptor oligonucleotide

(Table I5 SEQ ID NO:1), 1 mM ATP, 120 µM dNTPs, 2 Units of Klenow fragment of DNA

polymerase I, 400 units of T4 DNA ligase (New England Biolabs, NEB; Beverly, MA), and 10

units of EcoNI restriction enzyme (NEB) in a final volume of 15 µl for 1 hour at 370C. Enzymes

were inactivated for 10 min at 75 0C. Control reaction that contained no EcoNI restriction

enzyme was also run in parallel.

[0237] The resulting library was amplified by real-time PCR in a reaction mixture

containing: 1 x Titanium Tag reaction buffer (Clontech; Mountain View, CA); 200 µM each

dNTP; 1:10,000 dilutions of fluorescein and SybrGreen I (Molecular Probes; Carlsbad, CA); 1

µM of Ku primer (Table I, SEQ ID NO:2); and 5 units of Titanium Taq polymerase (Clontech;

Mountain View, CA) in a reaction volume of 75 µl . PCR amplification was carried out for 15

cycles at 950C for 15 sec and 650C for 2 min on i-Cycler real-time PCR instrument (Bio-Rad;

Hercules, CA). FIG. 22 shows the amplification curves of the libraries prepared in the presence

or in the absence of EcoNI. Cleavage of the terminal inverted repeat by EcoNI improved the

efficiency of amplification by 7 cycles, i.e. over two orders of magnitude.

[0238] Preliminary representation analysis of the library prepared in the presence

of EcoNI was conducted using three exemplary human genomic STS markers (Table II). The

material amplified by PCR with the universal Ku primer was purified with Qiaquick filters

(Qiagen; Valencia, CA), and 20 ng aliquots were analyzed in real-time PCR. Reactions were

carried out for 45 cycles at 940C for 15 sec and 680C for 1 min on i-Cycler (Bio-Rad; Hercules,

CA). The PCR reaction mixture comprised the following: 1 x Titanium Taq reaction buffer

(Clontech; Mountain View, CA); 200 µM each dNTP; 1:10, 000 dilutions of fluorescein and

SybrGreen I (Molecular Probes); 0.2 µM each forward and reverse STS primer (Table II); 5 units

of Titanium Taq polymerase (Clontech; Mountain View, CA); and 20 ng library DNA. A

control reaction comprising 1 ng of human genomic DNA randomly fragmented to an average

size of 1.5 Kb using Hydro Shear device (Gene Machines; Palo Alto, CA) was performed. FIGS.

24A-24C show unbiased representation of the analyzed human STS sequences in the EcoNI -

treated library.



EXAMPLE 2: ONE STEP WHOLE GENOME AMPLIFICATION USING HAIRPIN
ADAPTOR WITH NON-REPLICABLE 18-ATOM HEXA-ETHYLENEGLYCOL
SPACER

[0239] In this example, a single step WGA process is described wherein a hairpin

oligonucleotide adaptor containing non-replicable 18-atom hexa-ethyleneglycol (HEG) spacer in

its loop is ligated via its free 3' end to the 5' phosphate of DNA restriction fragments in the

presence of T4 DNA ligase and a DNA polymerase. Due to the strand-displacement activity of

the polymerase, the free 3' ends of the restriction fragments are extended until the replication

stop is reached (see FIGS. 8 and 10A). This process results in truncated 3' termini of the

resulting WGA library such that they do not contain a terminal inverted repeat. The library

molecules are then amplified by PCR using a primer complementary to the universal sequence of

the extended 3' termini. The whole process takes place in a single tube in one step and is

completed in just about 1 hour, in specific embodiments.

[0240] In control experiments, hairpin adaptor molecules that either do not

comprise a replication stop or modified bases or that comprise ribo-nucleosides in their loop

region are compared for their ability to participate in WGA along with the hexa-ethyleneglycol

adaptor described above.

[0241] Human genomic DNA isolated from the peripheral blood of a healthy donor

by standard procedures was digested with 10 units of AIuI restriction enzyme (NEB) for 1 hour

following the manufacturer's protocol.

[0242] Five nanograms of AIuI digested DNA were incubated in a reaction mixture

comprising Ix NEBuffer 4; 1 µM HEG Adaptor oligonucleotide (Table I3 SEQ ID NO:3) or

control hairpin adaptors (see below); 1 mM ATP; 120 µM dNTPs; 2 Units of Klenow fragment

of DNA polymerase I; and 400 units of T4 DNA ligase (NEB) in a final volume of 15 µl for 1

hour at 370C. Enzymes were inactivated for 10 min at 75 0C.

[0243] To test the effect of the hexa-ethyleneglycol replication stop, control

reactions containing partial hairpin oligonucleotides extended by Klenow to form blunt end

hairpin adaptors that either do not contain replication stop (Table I, Hairpin Adaptor, SEQ ID

NO:5), or containing ribonucleosides in their loop region (Table I, Hairpin Ribo Adaptor, SEQ

ID NO:6) were substituted for the HEG Adaptor (Table I, SEQ ID NO:3) and run in parallel as

described above.



[0244] The resulting libraries were amplified by real-time PCR in a reaction

mixture comprising the following: 1 x Titanium Taq reaction buffer (Clontech; Mountain View,

CA); 200 µM each dNTP; 1:10,000 dilutions of fluorescein and SybrGreen I (Molecular Probes;

Carlsbad, CA); 1 µM of universal primer (Yu primer, Table I SEQ ID NO:4 in the case of the

HEG adaptor, or Ku primer, Table I, SEQ ID NO:2, in the case of control hairpin adaptors); and

5 units of Titanium Taq polymerase (Clontech; Mountain View, CA) in a reaction volume of 75

µl. PCR amplification was carried out at 950C for 15 sec and 650C for 2 min on i-Cycler real¬

time PCR instrument (Bio-Rad; Hercules, CA). As shown on FIG. 23, amplification of the

library prepared by ligation of hexa-ethyleneglycol adaptor was 9 cycles more efficient than a

library made with adaptor not containing a replication stop in its loop structure. The results

shown on FIG. 23 also indicate that an array of 5 consecutive ribonucleosides in the adaptor's

loop is not a preferable replication stop for Klenow fragment of DNA polymerase I, since

amplification of a library prepared by ligation of such an adaptor amplified only 2 cycles earlier

than a library made with adaptor containing only deoxyribonucleosides.

[0245] Preliminary representation analysis of the library prepared by ligation of

HEG adaptor was done using three exemplary human genomic STS markers (Table II). The

material amplified by PCR with the universal Yu primer was purified with Qiaquick filters

(Qiagen; Valencia, CA), and 20 ng aliquots were analyzed in real-time PCR as described in

Example 1. FIGS. 24A-24C show unbiased representation of the analyzed human STS sequences

in this exemplary library.

EXAMPLE 3 : ONE STEP WHOLE GENOME LIBRARY PREPARATION USING
DEGRADABLE HAIRPIN ADAPTOR COMPRISING DEOXY-URIDINE

[0246] In this example, a single step WGA process is described wherein a hairpin

oligonucleotide adaptor comprising deoxy uridine in both its 5' stem region and in its loop (FIG.

10B) is ligated via its free 3' end to the 5' phosphates of DNA restriction fragments in the

presence of 3 enzymatic activities: T4 DNA ligase, DNA polymerase, and Uracil-DNA

glycosylase (which is also referred to as UDG or dU glycosylase). UDG catalyzes the release of

free uracil and generates abasic sites in the adaptor's loop region and the 5' half of the hairpin.

The strand-displacement activity of the DNA polymerase extends the free 3' end of the

restriction fragments until an abasic site is reached, serving as a replication stop (FIG. 10B).

This process results in truncated 3' ends of the resulting WGA library fragments such that they

do not have terminal inverted repeats. Prior to amplification, samples are heated in order to break



the phosphodiester bonds of the generated abasic sites, and the adaptor molecules are degraded

into 2 small fragments and one intact 18 base oligonucleotide complementary to the universal

sequence of the extended 3' termini (FIG. 10B). The released 18 base oligonucleotide then

serves as a primer in subsequent PCR amplification, or alternatively it can be exogenously

supplied. The entire process takes place in a single tube in one step and is completed in just 1

hour.

[0247] Human genomic DNA isolated from the peripheral blood of a healthy donor

by standard procedures was digested with 10 units of AIuI restriction enzyme (New England

Biolabs; Beverly, MA) for 1 hour following the manufacturer's protocol.

[0248] For library preparation, five nanograms of Alul-digested genomic DNA

were incubated in an exemplary reaction mixture comprising Ix NEBuffer 4; 2 µM dU Hairpin

Adaptor oligonucleotide (Table I, SEQ ID NO:7); 1 mM ATP; 120 µM dNTPs; 2 Units of

Klenow fragment of DNA polymerase I; 400 units of T4 DNA ligase; and 2 Units of UDG (New

England Biolabs; Beverly, MA) in a final volume of 15 µl for 1 hour at 370C. Enzymes were

inactivated at 75 0C for 10 min. A control reaction containing no UDG was run in parallel.

[0249] The resulting library was amplified by real-time PCR in a reaction mixture

comprising the following: 1 x Titanium Taq reaction buffer (Clontech, Mountain View, CA);

200 µM each dNTP; 1:10,000 dilutions of fluorescein and SybrGreen I (Molecular Probes;

Carlsbad, CA); 1 µM of universal Mu primer (Table I, SEQ ID NO:8); and 5 units of Titanium

Taq polymerase (Clontech; in a reaction volume of 75 µl). PCR amplifications were carried out

at 950C for 15 sec and 650C for 2 min on i-Cycler real-time PCR instrument (Bio-Rad; Hercules,

CA). In a separate amplification reaction, no external universal Mu primer was supplied to test if

endogenously-generated primer is sufficient for library amplification. FIG. 25 shows that

virtually identical amplification curves were generated whether or not the universal primer was

added exogenously or was generated as a result of the UDG activity followed by heat-induced

degradation of the adaptor. FIG. 25 also shows that if UDG was not present during library

preparation, this caused an 8 cycle-delay in amplification. This latter result once again indicates

the preference of removal of the terminal inverted repeat of a hairpin adaptor for efficient library

priming and amplification.



EXAMPLE 4: ONE STEP GENOMIC DNA RESTRICTION DIGESTION AND WHOLE
GENOME LIBRARY PREPARATION USING DEGRAD ABLE HAIRPIN ADAPTOR
COMPRISING DEOXY-URIDINE

[0250] In this example, a single step WGA process is described wherein a hairpin

oligonucleotide adaptor comprising deoxy-uridine described in Example 3 is ligated via its free

3' end to the 5' phosphates of DNA restriction fragments generated from intact genomic DNA in

a single exemplary reaction mix comprising 4 exemplary enzymatic activities: AIuI restriction

endonuclease, T4 DNA ligase, DNA polymerase, and Uracil-DNA glycosylase (UDG) (FIG.

19A, Enz-O-Mix 3). UDG catalyses the release of free uracil and generates abasic sites in the

adaptor's loop region and the 5' half of the hairpin. AM digests the target DNA into restriction

fragments. T4 DNA ligase generates a phosphodiester bond between the 3' ends of the adaptor

molecules and the 5' phosphates of the restriction fragments. Finally, the strand-displacement

activity of the DNA polymerase extends the free 3' end of the restriction fragments using as

template the ligated 3' end of the hairpin stem until an abasic site is reached that serves as a

replication stop (FIG. 10B). Prior to amplification, samples are heated to degrade the abasic sites

of the adaptor, and the resulting library is amplified using the universal primer Mu. The entire

process takes place in a single tube in one step and is completed in just 1 hour.

[0251] For library preparation, 20, 10, 3, 1, 0.3, 0.1, 0.03, 0.01, or 0 nanograms of

human genomic DNA isolated from the peripheral blood of a healthy donor by standard

procedures were incubated in an exemplary reaction mix comprising: Ix NEBuffer4; 2 µM dU

Hairpin Adaptor oligonucleotide (Table I, SEQ ID NO:7); 1 niM ATP; 120 µM dNTPs; 2 Units

of Klenow fragment of DNA polymerase I; 400 units of T4 DNA ligase; 2 Units of UDG; and 10

units of AIuI restriction endonuclease (New England Biolabs; Beverly, MA) in a final volume of

15 µl for 1 hour at 370C. Enzymes were inactivated for 10 min at 75 0C.

[0252] The resulting libraries were amplified by real-time PCR in the exemplary

reaction mixture comprising the following: 1 x Titanium Taq reaction buffer (Clontech;

Mountain View, CA); 200 µM each dNTP; 1:10,000 dilutions of fluorescein and SybrGreen I

(Molecular Probes; Carlsbad, CA); 1 µM of universal Mu primer (Table I, SEQ ID NO:8); and 5

units of Titanium Taq polymerase (Clontech; Mountain View, CA) in a reaction volume of 75 µl .

PCR amplifications were carried out at 950C for 15 sec and 650C for 2 min on i-Cycler real-time

PCR instrument (Bio-Rad; Hercules, CA). FIG. 26 shows the amplification curves of the

resulting libraries. As shown, a series of titration curves was generated in a concentration-

dependent manner. The smallest amount of DNA corresponding to less than two genome



equivalents was still discernible from the control reaction with no DNA, indicating that the

described single closed tube process is an efficient and sensitive way of whole genome

amplification.

EXAMPLE 5 : SIMPLIFIED PROTOCOL COMBINING PREPARATION OF
METHYLOME LIBRARIES FROM CELL-FREE URINE DNA AND CLEAVAGE
WITH METHYLATION-SENSITIVE RESTRICTION ENZYMES IN ONE STEP

[0253] In this example, the preparation of methylome libraries from cell-free urine

DNA by ligation of hairpin oligonucleotide adaptor comprising deoxy-uridine as described in

Example 3 is combined with the simultaneous cleavage with a mix of methylation-sensitive

restriction enzymes in a single step.

[0254] Cell-free DNA was isolated from urine of healthy donors collected in 50 ml

Falcon tubes and stabilized for storage by adding 0.1 volume of 0.5 M EDTA. Urine samples

were centrifuged at 1,800 x g for 10 min at ambient temperature to sediment cells, and

supernatant was transferred carefully to a fresh tube. Equal volume of 6 M solution of guanidine

thiocyanate was added to each sample followed by 1/6 vol of Wizard Miniprep resin (Promega

catalog # A7141; Madison, WI). DNA was bound to the resin by rotation for 1 hour at ambient

temperature. The resin was then sedimented by brief centrifugation at 500 x g and loaded on

Wizard minicolumns (Promega catalog #A721 1; Madison, WI) using syringe barrel extensions

after carefully decanting out the supernatant. Resin was washed with 5 ml of wash buffer

(Promega catalog # A8102; Madison, WI) using Qiagen QIAvac-24 vacuum manifold.

Minicolumns were then centrifuged for 2 min at 10,000 x g to remove residual wash buffer and

bound DNA was eluted with 50 µl of DNAse-free water at 10,000 x g for 1 min. Eluted DNA

was buffered by adding 0.1 vol of 1Ox TE-L buffer and quantified on a fluorescent

spectrophotometer using Pico Green (Molecular Probes; Carlsbad, CA) and 1phage D.

[0255] Aliquots of 200 ng of cell-free DNA were artificially methylated by

incubation in 20 µl of NEBuffer 2 (New England Biolabs; Beverly, MA) with 4 units of M.SssI

CpG methylase (New England Biolabs; Beverly, MA) in the presence of 160 µM SAM for 1

hour at 370C.

[0256] Twenty five nanograms of methylated or non-methylated DNA were

incubated in Ix NEBuffer 4 (New England Biolabs; Beverly, MA) comprising 0.35 units of T4

DNA polymerase (New England Biolabs; Beverly, MA); 1.5 µM of dU-Hairpin Adaptor (Table



I, SEQ ID NO:7); 0.5 units of UDG (New England Biolabs; Beverly, MA); 400 units of T4 DNA

ligase (New England Biolabs; Beverly, MA); 30 µM dNTPs, 0.75 rnM ATP; 75 µg/ml BSA;

16.7 units of Acil; 16.7 units of Hhal; 8.3 units each of BstUI, Hpall, and Hinpll (New England

Biolabs; Beverly, MA) in a final volume of 20 µl for 1 hour at 370C. A second aliquot of 25 ng

of methylated or non-methylated DNA was incubated in parallel with all the ingredients

described above but without the restriction enzymes ("uncut" control).

[0257] One half of each sample (12.5 ng) was then amplified by quantitative PCR

in an exemplary reaction mix comprising 1 x Titanium Taq reaction buffer (Clontech; Mountain

View, CA); 200 µM of each dNTP; fluorescein calibration dye (1:100,000) and SYBR Green I

(1:100,000); 1 µM universal primer Mu-I (Table I, SEQ ID NO:8); 4% DMSO; 200 µM 7-

deaza-dGTP (Sigma); and 5 units of Titanium Taq polymerase (Clontech) in a final volume of 75

µl . Samples were pre-heated at 720C for 15 min followed by 950C for 5 min and 12 cycles at

940C for 15 sec and 650C for 2 min on an I-Cycler real-time PCR instrument (Bio-Rad; Hercules,

CA). Amplified libraries were purified using MultiScreen PCR cleanup system (Millipore) and

quantified by optical density reading.

[0258] Methylation analysis of promoter sites was performed by real-time PCR

using aliquots of 160 ng of each digested or non-digested amplified library DNA incubated in

exemplary reaction mixtures comprising the following: Ix Titanium Taq reaction buffer

(Clontech; Mountain View, CA); 200 µM of each dNTP; 4% DMSO; 0.5 M betaine; FCD

(1:100,000) and SYBR Green I (1:100,000); 200 nM each forward and reverse primer (Table II,

SEQ ID NO:1 1 and SEQ ID NO:12 for GSTP-I promoter, SEQ ID NO:13 and SEQ ID NO:14

for MDR-I promoter, SEQ ID NO:9 and SEQ ID NO: 10 for EDNRB promoter, and SEQ ID

NO:15 and SEQ ID NO:16 for PTGS-2 promoter); and approximately 1.5 units of Titanium Taq

polymerase (Clontech; Mountain View, CA) in a final volume of 15µl at 950C for 3 min

followed by 50 cycles at 940C for 15 sec and 680C for 1 min.

[0259] FIG. 27 shows PCR amplification curves of specific promoter sites in

amplified libraries prepared from methylated (M) or non-methylated (N) urine DNA in the

presence (+) or in the absence (-) of methylation-sensitive restriction enzymes. As expected,

promoter sites from non-methylated cleaved DNA (N+) amplified with significant (at least 10

cycles) delay as compared to uncut DNA (N-, M-) for all four promoter sites tested. On the other

hand, methylated DNA was completely refractory to cleavage (M+). These results demonstrate



that the method disclosed in the present invention can be applied as a simple one-step non¬

invasive high-throughput diagnostic procedure for detection of aberrant methylation in cancer.



TABLE I OLIGONUCLEOTIDE SEQUENCES

No Code Sequence 5' - 3'

1. EcoNI Ext Adaptor CCAAACACACCCAACACACCTA AAAAAGG TGT (SEQ ID
NO:1)*

2 . Ku TGTGTTGGGTGTGTTTGG (SEQ ID NO:2)

3. HEG Adaptor AAGAGAGAGGGAAGGAAGAA/HEG/AACTTCCTTCCCTCTC
TCTT (SEQ ID NO:3)**

4. Y, CTTCCTTCCCTCTCTCTT (SEQ ID NO:4)

5. Hairpin Adaptor CCAAAC ACACCCAACACAAAAAGTGTTG (SEQ ID NO=S)

6. Hairpin Ribo Adaptor CCAAAC ACACCCAACACrArArArArAGTGTTG (SEQ ID
NO:6)***

7. dU Hairpin Adaptor TGTGTTGGGdUGdUGTGTGGdUdUdUdUdUdUCCACACACAC
CCAACACA (SEQ ID NO:7)****

8. M,u CCACACACACCCAACACA (SEQ ID NO: 8)

9. EDNRB GGAGGAGTCTTTCGAGTTCAA (SEQ ID NO:9) Forward
CGGGAGGAATACAGACACGTCTT (SEQ ID NO: 10) Reverse

10. GSTP-I GGAAAGAGGGAAAGGCTTC (SEQ ID NO: 11) Forward
CCCCAGTGCTGAGTCACGG (SEQ ID NO: 12) Reverse

11. MDR-I GGGTGGGAGGAAGCATCGTC (SEQ ID NO: 13) Forward
GGTCTCCAGCATCTCCACGAA (SEQ ID NO: 14) Reverse

12. PTGS-2 AGAACTGGCTCTCGGAAGCG (SEQ ID NO:15) Forward
GGGAGCAGAGGGGGTAGTC (SEQ ID NO: 16) Reverse

13.dUT7 Hairpin Adaptor TGTGTTGGGdUGdUGTGTGGdUdUdUdUdUdUATTTAATACG
ACTCACTATAGGGAGACCACACACACCCAACACA (SEQ ID
NO:17)****

14.dU_N.BbvC IB_Nick TGTGTTGGGdUGdUGTGTGGdUdUdUdUdUdUATTTAATACG
Hairpin Adaptor ACCCTCAGC ACCACACACACCCAACACA (SEQ ID

NO: 18)*****



15. dU_N.BbvC IB_Nick ATTTAATACGACCCTCAGC ACCAC (SEQ ID NO:19)*****
Primer

* Underlined sequences indicate EcoNI palindrome

**HEG = hexa-ethyleneglycol

*** rA = Adenosine

**** dU = deoxy-Uridine

* ** Underlined sequence indicates N.BbvC IB nicking endonuclease recognition site

TABLE II. HUMAN STS MARKERS USED FOR REPRESENTATION ANALYSIS BY
QUANTITATIVE REAL-TIME PCR

STS # UniSTS Database Name*
4 SHGC-149956
8 csnpmnatl-pcrl-1

35 SHGC-146602

* Unique names of STS marker sequences from the National Center for Biotechnology

Information UniSTS database. Sequences of the STS regions as well as the forward and

backward primers used in quantitative real-time PCR can be found in the UniSTS database at

the National Center for Biotechnology Information website.

EXAMPLE 6: ENZ-O-MIX DNA LIBRARYPREPARATION AND SIMULTANEOUS
AMPLIFICATION BY TRANSCRIPTION

[0260] This example demonstrates an exemplary preparation of a library from

lambda phage BstEII restriction digest by ligation of hairpin oligonucleotide adaptor comprising

deoxy-uridine and T7 promoter sequence combined with the simultaneous isothermal

amplification by in vitro transcription with T7 RNA polymerase (see FIG. 6A and FIG. 19A5

Enz-0-Mix 2). The adaptor oligonucleotide used in this example (Table I, SEQ ID NO:9) is

based on the adaptor sequence described in Example 3 (Table I, SEQ ID NO:8), except that it

has the consensus T7 phage promoter sequence incorporated in the loop region. Four enzymatic

activities are present in the mix: T4 DNA ligase, T4 DNA polymerase, Uracil-DNA glycosylase

(UDG), and T7 RNA polymerase. UDG creates abasic sites by destabilizing the 5' end of the

adaptor stem. T4 DNA polymerase generates blunt ends at the restriction fragments leaving

intact 5' phosphate groups that are necessary for ligation to the free 3' end of the adaptor by the

T4 DNA ligase. T4 DNA polymerase then extends the 3' ends of the newly ligated restriction

fragments into the adaptor, thereby displacing the 5' end of the adaptor's stem until an abasic site

created by UDG is reached that stops further extension. By doing so, the T4 DNA polymerase



generates a fully functional double-stranded T7 promoter, and in vitro transcription is initiated by

T7 RNA polymerase.

[0261] One hundred nanograms of a lambda phage BstEII restriction DNA

fragments (NEB Cat. # M0208S; New England Biolabs; Beverly, MA) were incubated in Ix

NEBuffer 4 (NEB) with 2 µM adaptor oligonucleotide comprising deoxy-uridine and T7

promoter sequence (Table I, SEQ ID NO:9); 1 mM ATP; 40 µM each dNTP; 500 µM each

rNTP; 200 µg/ml BSA; 5.6 mM DTT; 1 unit of uracil-DNA glycosylase (New England Biolabs;

Beverly, MA); 0.18 unit of T4 DNA polymerase (New England Biolabs; Beverly, MA); 600

units of T4 DNA ligase (New England Biolabs; Beverly, MA); and 37.5 units of T7 RNA

polymerase (Epicentre; Madison, WI) for 2 hours at 370C in a final volume of 15 µl . A negative

control containing no T4 DNA ligase was also run in parallel. Products of the library

amplification were analyzed by gel electrophoresis on 1.5% agarose gel after staining with Sybr

Gold (Molecular Probes; Carlsbad, CA).

[0262] FIG. 28 shows the products of an exemplary in vitro transcription

amplification. As shown, in the presence of all four enzymatic activities the lambda restriction

fragments are converted into a library amplified as RNA products, whereas in the absence of T4

DNA ligase no accumulation of RNA occurs. This demonstrates that library preparation and

isothermal amplification can be combined into a single-step process.

EXAMPLE 7: ENZ-O-MIX DNA LIBRARY PREPARATION AND SIMULTANEOUS
IMMOBILIZATION ON SOLID SUPPORT

[0263] This embodiment is illustrated in FIG. 29 and describes the one-step Enz-O-

Mix attachment process for a stem-loop oligonucleotide with a non-replicable linker that is

accompanied by immobilization of the synthesized library to the surface of a vessel where the

reaction occurs (for example, a tube, micro-plate well, glass slide, micro-beads, etc.). The

exemplary reaction mix comprises HMW DNA; a stem-loop oligonucleotide with 3' recessed, 3'

protruding or blunt end (FIG. 4), and a non-replicable linker somewhere in the central part of the

oligonucleotide; a DNA fragmentation endonuclease, such as restriction enzyme, DNase I,

benzonase, methylation-specific nuclease McrBC, apoptotic endonuclease, etc.; a 3'proofreading

DNA polymerase (Klenow fragment of the DNA polymerase I, T4 DNA polymerase, etc.); T4

DNA ligase; Enz-0-Mix Universal Buffer; ATP; and dNTPs. In specific embodiments, the

reaction occurs inside a tube or a micro-plate well containing a hybridization-capture

oligonucleotide (HCO) covalently attached to the inner surface of the reaction vessel.



Oligonucleotide HCO has a sequence that is complementary to a portion of the stem-loop

oligonucleotide located between the 5' end and the non-replicable linker. Four enzymatic

reactions and one hybridization reaction are taking place as follows: (1) DNA fragmentation by a

nuclease(s); (2) "polishing" of the DNA ends and the stem-loop oligonucleotide double-stranded

stem-region; (3) ligation of the oligonucleotide 3' end to the 5' phosphate of the DNA, leaving a

nick between the 3' end of DNA and the 5' end of the oligonucleotide double-stranded stem-

region; (4) polymerase extension of the 3' DNA end that propagates toward the end of stem-loop

oligonucleotide, displaces the 5' portion of the stem-loop oligonucleotide, stops somewhere

within the loop or close to the loop region, at the replication block, and generates single stranded

overhangs at the 5' ends of DNA molecules; and (5) immobilization of DNA fragments through

a hybridization of the generated 5' overhangs to the surface-attached capture oligonucleotide

HCO.

[0264] Library immobilization can be non-covalent (as shown on FIG. 29A), or

covalent (as shown on FIG. 29B). The first case (non-covalent immobilization) relies solely on

the hybridization between the 5' overhang (produced from the stem-loop oligonucleotide during

its ligation to DNA ends and subsequent replication) and the capture oligo HCO. The second

case (covalent immobilization) involves hybridization as an initial step, but it also involves

additional enzymatic steps, such as site-specific cleavage within the single stranded 5' overhang

and ligation of the 5' end of DNA to the ligation-capture oligonucleotide construct LCO. The

purpose of the cleavage reaction is to generate a 5' phosphate group for the ligation reaction.

Such cleavage can be achieved, for example, by incubation with the USER enzyme (a mixture of

Uracil DNA glycosylase (UDG) and the DNA glycosylase-lyase Endonuclease VIII; New

England Biolabs, Beverly, MA). In that case, UDG catalyses the excision of a uracil base

(located somewhere at the 5' portion of the stem-loop oligonucleotide), forming an abasic

(apyrimidinic) site while leaving the phosphodiester backbone intact. The lyase activity of

Endonuclease VIII breaks the phosphodiester backbone at the 3' and 5' sides of the abasic site

leaving a 5' phosphate. A generated phosphate group at the end of the 5' overhang is then

ligated by a DNA ligase to the 3' end of the ligation-capture oligonucleotide construct LCO (see

FIG. 29B).

[0265] Library synthesis and immobilization can occur within the specifically

designed tubes, micro-well plates, on the surface of micro-slides, or micro-beads (FIG. 30). In all

of these cases, the hybridization capture oligonucleotide HCO, or the covalent ligation capture



oligo construct LCO, is covalently attached to the inner surface of reaction tubes and plates,

spotted on the glass (plastic) surface to create a micro-array, or cover the surface of micro-beads.

[0266] The synthesized and surface-immobilized Whole Genome Library (as

described above), or Whole Methylome Library (if the methylation-sensitive restriction

nucleases, such as Aci I, Ace II, Asp LE I, Ava I, Bee AI, Bsa HI, Bsh 1236 I, Bsi El, Bsi SI,

Bst FN I, Bst HH I, Bst UI, Cfo I, Hap II, Hga I, Hha I, HinPl I5 Hin 61, Hpa II, Hpy 991, Hpy

CH4 IV, Hsp AI, Mvn I, and Ssi I,, or the methylation-specif ϊc nucleases, such as McrBC, are

included into the Enx-0-Mix or used after the library synthesis) can be further processed

enzymatically, washed, and amplified or stored in an immobilized format. FIG. 3 1 illustrates a

specific but exemplary use of the one-step library synthesis and immobilization in a hypothetical

fluidic device. The process starts by a library synthesis (I), is continued by a library

immobilization at the bottom of a reaction vessel (II), and is completed by removal of the first

reagent mix, washing, and introduction of a new reagent mix (for example, PCR components).

EXAMPLE 8 : ENZ-O-MIX DNA LIBRARY PREPARATION AND SIMULTANEOUS
AMPLIFICATION BY STRAND DISPLACEMENT SYNTHESIS

[0267] This example demonstrates an exemplary preparation of a library from cell-

free urine DNA by ligation of hairpin oligonucleotide adaptor comprising deoxy-uridine and

N.BbvC IB nicking endonuclease recognition site located at the loop region as illustrated in FIG.

16A followed by isothermal amplification with a strand-dispalcing DNA polymerase (see FIG.

6A and FIG. 19A, Enz-0-Mix 3). The adaptor oligonucleotide used in this example (Table I,

SEQ ID NO: 18) is based on the adaptor sequence described in Example 3 (Table I, SEQ ID

NO: 8), except that it has recognition sequence 5'-CCTCAGC-3' for N.BbvC IB nicking

endonuclease in the loop region. In the first step, a stem-loop adaptor attachment is

accomplished by using a mix (FIG. 18, Master Mix III) with 3 enzymatic activities: T4 DNA

ligase, T4 DNA polymerase, and Uracil-DNA glycosylase. UDG creates abasic sites by

destabilizing the 5' end of the adaptor stem. T4 DNA polymerase generates blunt ends at the

restriction fragments leaving intact 5' phosphate groups that are necessary for ligation to the free

3' end of the adaptor by the T4 DNA ligase. T4 DNA polymerase then extends the 3' ends of the

newly ligated restriction fragments into the adaptor, thereby displacing the 5' end of the

adaptor's stem until an abasic site generated by UDG is reached that stops further extension. By

doing so, the T4 DNA polymerase generates a functional double-stranded N.BbvC IB nicking

endonuclease recognition site. In the second step, following thermal inactivation of T4 DNA

polymerase and T4 DNA ligas, the mix is supplemented with two additional enzymatic activities,



N.BbvC IB nicking endonuclease generating single-starnded nicks at the adaptor (and internal)

sites, and the strand-displacing Klenow fragment of DNA polymerase I, initiating strand

displacement from the nicks. The newly synthesized strand is extended until a nick or abasic site

at the template strand is encountered. In order to fill-in a second strand and to recreate intact

N.BbvC IB recognition sites, an oligonucleotide primer comprising the adaptor's loop sequence

at its 5'-end plus five bases complementary to the adaptor's stem at its 3'-end (Table I, SEQ ID

NO: 19) is also added to the mix. As a result, a self-sustained isothermal DNA amplification

process is accomplished.

[0268] Cell-free DNA was isolated from urine of healthy donors as described in

Example 5 . Aliquots of 50 nanograms of DNA were incubated in Ix NEBuffer 4 (New England

Biolabs; Beverly, MA) with 2 µM adaptor oligonucleotide comprising deoxy-uridine and

N.BbvC IB nicking endonuclease recognition site (Table I, SEQ ID NO: 18); 1 mM ATP; 40 µM

each dNTP; 200 µg/ml BSA; 1 unit of uracil-DNA glycosylase (New England Biolabs; Beverly,

MA); 0.18 unit of T4 DNA polymerase (New England Biolabs; Beverly, MA); and 600 units of

T4 DNA ligase (New England Biolabs; Beverly, MA) for 1 hour at 370C in a final volume of 15

µl . A negative control containing no T4 DNA ligase was run in parallel. Samples were heated at

650C for 15 min, cooled to 370C and supplemented with 10 units of N.BbvC IB nicking

endonuclease (New England Biolabs; Beverly, MA); 27 ng/µl of E. coli Single Stranded Binding

Protein (SSB protein, USB Corporation, Clevelang, OH); 5 units of Klenow Exo- fragment of

DNA polymerase I (USB Corporation, Clevelang, OH); 0.5 µM of dU_N.BbvC IB_Nick

Primer (Table I, SEQ ID NO:19); and 200 µM of each dNTP in a final volume of 30 µl of Ix

NEBuffer 4 (New England Biolabs; Beverly, MA). To test the effect of additives on the

representation of GC-rich sequences such as promoter sites, reactions containing 4% of dimethyl

sulfoxide (DMSO, Sigma-Aldrich, St. Louis, MO) and 7deaza-dGTP (Roche Diagnostics,

Indianapolis, IN ) were run in parallel. A control reaction containing no N.BbvC IB nicking

endonuclease was also included. Samples were incubated for 1 to 3 hours at 37 0C and reactions

were stopped by adding 50 mM of EDTA. Products of the library amplification were analyzed by

gel electrophoresis on 20 % acrylamide TBE gel (Invitrogen Corporation, Carlsbad, CA), after

staining with Sybr Gold (Molecular Probes; Carlsbad, CA).

[0269] FIG. 29 shows the products of an exemplary isothermal DNA amplification

after 1 hour incubation. As shown, in the presence of all five enzymatic activities the lambda



restriction fragments are converted into a library amplified as DNA products, whereas in the

absence of T4 DNA ligase or N.BbvC IB nicking endonuclease no accumulation of DNA occurs.

EXAMPLE 9: INTEGRATED WHOLE GENOME AMPLIFICATION IN A CLOSED-
TUBE REACTION USING DEGRAD ABLE HAIRPIN ADAPTOR COMPRISING
DEOXY-URIDINE

[0270] Traditionally, preparation of DNA libraries and their subsequent

amplification by PCR involves multiple separate processes and different buffer systems.

Previous embodiments and examples of this invention have demonstrated that Enz-O-Mx

approach can substantially simplify these processes and reduce number of steps necessary for

WGA and WMA library preparation to one step. However, in previous Examples the Enzo-O-

Mix DNA libraries were first, prepared in small volume (15µl) of buffer A (NEB 4), and then

amplified by PCR in a larger volume (75 ml) of buffer B (Titanium Taq reaction buffer), FIG.

3OA. In all of these cases, Enz-O-Mix library synthesis / amplification is performed in two

operational steps: step 1- a tube contatining DNA is supplemented with the library (WGA or

WMA) synthesis reagents and incubated at 37 0C for 1 h, and step 2 —a tube is opened,

supplemented with PCR amplification buffer / reagents and subjected to temperature cycling.

Such an approach is referred to herein as a two-step, opened-tube protocol.

[0271] This example introduces further simplification in preparation and PCR-

mediated amplification of WGA / WMA libraries when all the necessary synthesis /

amplification reagents are introduced into the tube prior reaction, and library synthesis and

subsequent amplification occur in the same volume and the same buffer without opening the tube

within a pre-programmed thermocycler (FIG. 30B). Such an approach is referred to herein as an

integrated, one-step, closed-tube protocol. Due to its simplicity and lack of any human

intervention, the integrated, one-step, closed-tube Enz-O-Mix DNA amplification can be easily

automated and used for high-throughput research applications and clinical diagnostics.

[0272] FIG. 3 1 shows a one possible temperature profile (b) and an envisioned

DNA accumulation during amplification (a), where incubation at 37 0C for 1 h (DNA library

synthesis) is followed by heating at 95 0C for 10 min (Taq DNA polymerase activation and stem-

loop adaptor → universal PCR primer conversion), and then by thermocycling between 650C and

95 0C for 1 h (PCR-mediated whole genome or whole methylome amplification).

[0273] FIG. 32 shows biochemical and physicochemical reactions involved in the

transformation of the stem-loop adaptor oligonucleotide into a functional universal PCR primer



adequate for efficient amplification of synthesized WGA / WMA libraries. Dual utilization of the

stem-loop oligonucleotide as adaptor and PCR primer eliminate a necessity to introduce into

reaction an additional single stranded oligo-primer (due to the 3' profreading activity of a DNA

polymerase involved in the library synthesis process such primer should contain at least several

nuclease-resistant bases at its 3' terminus).

[0274] In this example, a WGA process is described wherein a hairpin

oligonucleotide adaptor comprising deoxy-uridine described in Example 3 is ligated via its free

3' end to the 5' phosphates of DNA restriction fragments generated from intact genomic DNA in

a single enclosed container exemplary reaction mix comprising 6 exemplary enzymatic

activities: AIuI restriction endonuclease, Rsal restriction endonuclease, T4 DNA ligase, T4

DNA polymerase, a hot-start Taq DNA polymerase, and Uracil-DNA glycosylase (UDG). In an

initial isothermal incubation UDG catalyses the release of free uracil and generates abasic sites in

the adaptor's loop region and the 5' half of the hairpin. AM and Rsal digest the target DNA into

restriction fragments. T4 DNA polymerase generates blunt ends of the restriction fragments. T4

DNA ligase generates a phosphodiester bond between the 3' ends of the adaptor molecules and

the 5' phosphates of the restriction fragments. T4 DNA polymerase extends the free 3' end of the

restriction fragments using as template the ligated 3' end of the hairpin stem until an abasic site

is reached that serves as a replication stop (FIG. 10B). Samples are heated to 720C to inactivate

all thermo-labile enzymes and to activate Taq polymerase, then to 950C to degrade the abasic

sites of the adaptor and to generate active primer from the remaining intact strand of the adaptor

that is free of abasic sites. The resulting library is finally amplified by thermal cycling. The entire

process takes place in a single enclosed reaction container under programmed temeparture

control algorithm and without any intermediate liquid handling.

[0275] Ten nanogram aliquots of human genomic DNA isolated from the

peripheral blood of a healthy donor by standard procedures were incubated in an exemplary

reaction mix comprising: Ix Titanium Taq buffer (Clontech, Mountain View, CA); 0.6 µl of

Titanium Taq (Clontech, Mountain View, CA); 2 µM dU Hairpin Adaptor oligonucleotide

(Table I, SEQ ID NO:7); 1 mM ATP; 200 µM dNTPs; 0.36 Units of T4 DNA polymerase; 1200

units of T4 DNA ligase; 2 Units of UDG; 10 units each of AM and Rsal restriction

endonucleases (New England Biolabs; Beverly, MA), and 1:10,000 dilutions of fluorescein and

SybrGreen I (Molecular Probes; Carlsbad, CA) in a final volume of 30 µl . To study the effect of

Mg+ ions and DMSO, reactions supplemented with MgCl2 at final concentrations of 5 mM and



7.5 mM and with DMSO at a final concentration of 4% were also included (It should be noted

that the Ix Titanium Taq buffer contains 3.5 mM MgCl2). Reactions were incubated at 370C for

1 hr, followed by 720C for 10 min, 95 0C for 10 min, and 11 cycles of 94 0C for 20 sec and 65 0C

for 2 min. on i-Cycler real-time PCR instrument (Bio-Rad; Hercules, CA). FIG. 33 shows the

amplification curves of the resulting libraries. As shown, Mg++ concentrations of 5 mM and 7.5

mM in the reaction buffer supported the enzymatic activities present in the mix better than the

basic Titanium Taq buffer containing 3.5 mM MgCl2. The presence of 4% DMSO did not have

significant effect on the WGA amplification when higher Mg+ 1 concentrations were applied.

EXAMPLE 10: HOT START PCR USING DEGRAD ABLE STEM-LOOP PRIMERS

[0276] Specificity and the ability to amplify a single DNA or RNA target is one of

the most important requirements for application of PCR in molecular diagnostics. Hot start PCR

protocol was introduced to reduce the non-specific primer/template and primer/primer annealing

events that occur at lower temperatures and subsequently result in non-specific amplification

products. Several methods and corresponding commercial products for performing hot start PCR

rely upon the physical separation of PCR reagents until the high temperature of the reaction has

been reached. Those products include the following:

[0277] 1. Wax beads (Ampliwax PCR Gems, Perkin Elmer) that create a

temporary barrier between dNTPs, buffer, and MgCl2 on one side of the wax layer, and DNA

template and DNA polymerase on another side.

[0278] 2. Small beads of wax with encapsulated Taq DNA polymerse (Taq

Bead Hot Start Polymerase, Promega). In this case Taq DNA polymerase is released when the

reaction reaches 6 O0C.

[0279] 3. Small beads of wax with encapsulated magnesium (StartaSpere,

Stratagene).

[0280] 4. Taq DNA polymerase inactivated by antibody (JumStart Taq DNA

polymerase, Sigma; TaqStart and TthStart, Clontech; AmpliTaq Gold, PE Biosystems;

HotStarTaq, Qiage; etc.). Antibody binds to the polymerase and inactivates it at low temperature

but denatures and releases the active polymerase at high temperature.

[0281] Example 9 introduced the idea of using a degradable, dU-containing stem-

loop oligonucleotide-adaptor as a universal PCR primer (see FIG. 32) for whole genome



amplification. This embodiment extends the use of degradable, dU-containing stem-loop

oligonucleotides as "hot start" PCR primers for locus-specific DNA amplification.

[0282] As shown in FIG. 38 and FIG 39, both PCR primers are synthesized in a

form of stem-loop ologonucleotides A and B. The 3' portion of the stem-loop oligonucleotides

represents the primer sequence (no dU bases); the 5' portion represents the sequence

complementary to the primer sequence and comprises one or more dU bases substituting dT

bases; and the loop comprises several dT and dU bases.

[0283] PCR reaction is assembled by mixing together DNA, dNTPs, magnesium,

PCR buffer, Taq DNA polymerase (or any other thermostable DNA polymerase), and dU-

glycosylase (FIG. 38 and FIG. 40). A thermocycler is programmed to have the following

conditions:

[0284] a) Incubation step at 370C for 15 - 30 min that is necessary to convert all

dU bases within the stem-loop oligonucleotides A and B into the abasic sites;

[0285] b) Incubation step at 950C for lOmin that is necessary to denature DNA,

introduce breaks at the abasic sites within the stem-loop oligonucleotides A and B, and thus

release the active primers A and B;

[0286] c) A regular PCR cycling mode that amplifies the DNA region defined by

the primer A and B.

[0287] The conversion of the stem-loop oligonucleotides A and B into PCR

primers A and B (see FIG. 39) results from several breaks introduced by heating the loop and the

5' portion of the oligonucleotides. At high temperature, the small oligonucleotides originated

from the 5' stem regions can not form stable interaction with the remaining intact 3' primer

regions and do not affect the PCR process. In general, the position of dU bases within the 5'

stem region is dictated by the location of thymines in a DNA sequence, although they can be also

introduced at another nucleotide position (thus generating a stem with one ore several

mismatched bases). The number of dU bases within the 5' stem and the loop regions can vary

from 1 to about 6, and an optimal number can be determined empirically.

[0288] The proposed hot start primer method can be used in PCR and other

DNA/RNA amplification methods that utilize thermostable polymerases. It has several

advantages over the hot start PCR methods that involve either non-degradable hairpin primers



with short stem [Kaboev, O.K., et al., 2000; Ailenberg, M., and Silverman, M., 2000], or duplex

primers [Kong, D., et al., 2004]: a) the hybridization kinetics are not compromised by the

presence of a stem region (as it might be in the case of non-degradable stem-loop primer

method); b) no inverted repeat is formed at the ends of PCR amplicons that could substantially

reduce the efficiency of the PCR amplification process (as it happens in the case of non-

degradable stem-loop primer method); and c) oligonucleotides complementary to the priming

oligonucleotide (products of the stem-loop oligonucleotide fragmentation) are short, do not form

stable interaction with the remaining intact 3' primer regions and, as a result, do not affect the

PCR process (as it possible in the duplex primer method). Advantages over other existing hot-

start methods include but are not limited to the following: a) no phase separation is necessary and

all reaction components are originally present in the same reaction mix simplifying storage and

reducing production cost; b) no expensive blocking antibodies are involved; c) no mutagenesis or

chemical modification of amino acid reidues in the thermostabile DNA polymerase are required

whatsoever.
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CLAIMS

What is claimed is:

1. A method of preparing a nucleic acid molecule, comprising:

providing a double stranded nucleic acid molecule; and

attaching one strand of a stem-loop oligonucleotide comprising

an inverted repeat and a loop to the double stranded nucleic acid

molecule to produce an oligonucleotide-attached nucleic acid

molecule.

2. The method of claim 1, wherein the double stranded nucleic acid

molecule is a double stranded DNA molecule.

3 . The method of claim 1, wherein the attaching is further defined as

attaching the oligonucleotide to the double stranded nucleic acid

molecule under conditions to produce a non-covalent junction in

the oligonucleotide-attached nucleic acid molecule.

4. The method of claim 3, wherein the non-covalent junction

comprises a nick, a gap, or a 5' flap structure.

5. The method of claim 1, wherein the attaching is further defined as

ligating.

6 . The method of claim 1, further comprising displacing one strand of

the oligonucleotide from the oligonucleotide-attached nucleic acid

molecule by strand displacement or by nick translation

polymerization.

7. The method of claim 1, wherein at least part of the

oligonucleotide-attached nucleic acid molecule is amplified.

8. The method of claim 7, wherein the amplification comprises

polymerase chain reaction.



9. The method of claim 7, wherein the amplification comprises RNA

transcription.

10. The method of claim 7, wherein the amplification comprises strand

displacement.

11. The method of claim 1, further comprising amplifying the

oligonucleotide-attached nucleic acid molecule, wherein at least

part of the inverted repeat is excluded from the amplified

oligonucleotide-attached nucleic acid molecule.

12. The method of claim 5, wherein the ligating is further defined as

comprising:

generating ligatable ends on the double stranded nucleic acid

molecule;

generating a ligatable end on the stem-loop oligonucleotide; and

ligating one strand of the ligatable end of the stem-loop

oligonucleotide to one strand of an end of the nucleic acid molecule,

thereby generating a non-covalent junction in the oligonucleotide-

attached nucleic acid molecule.

13. The method of claim 1, further defined as comprising:

generating blunt ends on the nucleic acid molecule;

generating a blunt end on the stem-loop oligonucleotide; and

ligating one strand of the blunt end of the stem-loop

oligonucleotide to one strand of a blunt end of the nucleic acid

molecule, thereby generating a nick in the oligonucleotide-ligated

nucleic acid molecule.

14. The method of claim 1, wherein said stem-loop oligonucleotide

comprises a known sequence.

15. The method of claim 1, wherein said stem-loop oligonucleotide

comprises a regulatory sequence.



16. The method of claim 2, further comprising:

digesting the DNA molecule with one or more endonucleases to

produce DNA fragments;

producing blunt ends on the DNA fragments;

producing a blunt end on the stem-loop oligonucleotide; and

ligating one strand of the blunt end of a stem-loop

oligonucleotide to one strand of a blunt end of a DNA fragment,

thereby generating a nick in a oligonucleotide-ligated DNA fragment.

17. The method of claim 16, wherein the endonuclease is a restriction

endonuclease, DNAse I, or an apoptotic endonuclease.

18. The method of claim 17, wherein the restriction endonuclease is

methylation-specific or methylation-sensitive.

19. The method of claim 1, wherein the oligonucleotide-attached

nucleic acid molecule comprises a nick having a 3' hydroxy group,

wherein there is polymerization from the 3' hydroxy group of at

least part of the oligonucleotide-attached nucleic acid molecule.

20. The method of claim 5, wherein the strand displacement or nick

translation polymerization is further defined as polymerization that

ceases at a non-replicable base or region in the loop or in a region

of the stem adjacent to the loop.

21. The method of claim 2, further comprising the step of digesting the

double stranded DNA molecule with an endonuclease to generate

DNA fragments, wherein the oligonucleotide becomes ligated to

one strand of the DNA fragment and wherein polymerization of an

oligonucleotide-ligated DNA fragment excludes at least part of the

inverted repeat by subjecting the oligonucleotide-ligated DNA

fragment to strand displacement or nick translation polymerization

that halts at a base or sequence in the loop or in a region of the

stem adjacent to the loop.



22. The method of claim 1, wherein the stem-loop oligonucleotide is

further defined as comprising a non-replicable base or sequence.

23. The method of claim 22, wherein at least part of the non-replicable

base or sequence is present in the loop of the oligonucleotide or in

a sequence of the stem adjacent to the loop.

24. The method of claim 22, wherein the non-replicable base or

sequence comprises an abasic site or sequence, hexaethylene

glycol, or a bulky chemical moiety attached to the sugar-phosphate

backbone or the base.

25. The method of claim 24, wherein the abasic site or sequence is

introduced by one or more enzymes in the single solution.

26. The method of claim 1, wherein the loop of the stem-loop

oligonucleotide comprises at least one deoxy-uridine.

27. The method of claim 6, wherein the strand displacement or nick

translation polymerization of the oligonucleotide-attached nucleic

acid molecule generates an endonuclease site.

28. The method of claim 2, further comprising the step of digesting the

double stranded DNA molecule with an endonuclease to generate

DNA fragments, wherein the oligonucleotide becomes ligated to

one strand of the DNA fragment to produce an oligonucleotide-

ligated DNA fragment, and wherein strand displacement or nick

translation polymerization of the oligonucleotide-ligated DNA

fragment generates an endonuclease site.

29. The method of claim 27, wherein the endonuclease site is a site-

specific restriction endonuclease site and wherein at least part of

the inverted repeat is removed by cleavage with said restriction

endonuclease.

30. The method of claim 27, wherein the endonuclease site resides

within the stem and loop regions.



31. The method of claim 27, wherein the endonuclease site resides

within the loop region.

32. The method of claim 27, wherein the endonuclease site resides

within the stem region.

33. The method of claim 27, wherein the endonuclease site is a homing

endonuclease site.

34. The method of claim 15, wherein RNA transcription is initiated

from the regulatory sequence, thereby producing at least one

transcribed polynucleotide.

35. The method of claim 34, wherein the transcribed polynucleotide is

replicated by a reverse transcriptase.

36. The method of claim 35, wherein reverse transcription is initiated

by hybridization of the oligonucleotide complementary to the 3'

end of the transcribed polynucleotide.

37. The method of claim 1, wherein the stem-loop oligonucleotide

further comprises a recognition sequence for a nicking

endonuclease and wherein the oligonucleotide-attached nucleic

acid molecule is amplified by strand displacement synthesis and

second strand synthesis.

38. The method of claim 37, wherein the recognition sequence for a

nicking endonuclease resides at least in part within the stem of the

stem-loop oligonucleotide.

39. The method of claim 37, wherein the recognition sequence for a

nicking endonuclease resides at least in part within the loop of the

stem-loop oligonucleotide.

40. The method of claim 1, wherein a 5' end of the stem-loop

oligonucleotide lacks a phosphate.



41. The method of claim 1, wherein the oligonucleotide-attached

nucleic acid molecule is further modified.

42. The method of claim 41, wherein the further modification

comprises cloning.

43. The method of claim 42, further defined as comprising

incorporation of the modified molecule into a vector, said

incorporation occuring at ends in the modified molecule generated

by endonuclease cleavage within the inverted repeat.

44. The method of claim 1, further defined as occuring in a single

suitable solution, wherein the process occurs in the absence of

exogenous manipulation.

45. The method of claim 44, further defined as occurring at one

temperature.

46. The method of claim 44, wherein the solution comprises one or

more of the following:

ligase;

DNA polymerase;

one or more endonucleases;

RNA polymerase;

reverse transcriptase;

RNase H;

deoxy-uridine glycosylase;

nickase;

thermophilic DNA polymerase;

ATP;

rNTPs; and

dNTPs.

47. The method of claim 7, further defined as occuring in a single

suitable solution, wherein the process of preparing and amplifying



of a oligonucleotide-attached nucleic acid molecule occurs in the

absence of exogenous manipulation.

48. The method of claim 1, wherein the oligonucleotide-attached

nucleic acid molecule is immobilized to a solid support.

49. The method of claim 48, wherein the molecule is immobilized non-

covalently.

50. The method of claim 48, wherein the molecule is immobilized

covalently.

51. The method of claim 2, further comprising the step of digesting the

DNA molecule with an endonuclease to generate DNA fragments,

wherein the oligonucleotide becomes attached to one strand of the

DNA fragment, wherein strand displacement polymerization of the

oligonucleotide-ligated DNA fragment and its arrest at a base or

sequence in the loop or in a region of the stem adjacent to the loop

generates a 5' overhang, and wherein the single stranded 5'

overhang hybridizes to a complementary oligonucleotide

covalently immobilized to a solid support.

52. A method of preparing a DNA molecule, comprising:

providing an oligonucleotide; and

mixing the oligonucleotide with a double stranded DNA

molecule, such that upon attachment of the oligonucleotide to the

double stranded DNA molecule, the oligonucleotide attached to the

DNA molecule is capable of demonstrating a function that it was

incapable of before the attachment to the double stranded DNA

molecule, thereby producing an oligonucleotide-attached DNA

molecule suitable for modification.

53. The method of claim 52, further defined as occurring in a single

suitable solution, wherein the process occurs in the absence of

exogenous manipulation.



4 . The method of claim 52, wherein the modification comprises site-

specific nicking, site-specific double-strand cleavage, transcription,

recombination, amplification, polymerization, nick translation,

strand displacement, immobilization or a combination thereof.
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