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METHODS, COMPOSITIONS AND KITS FOR ISOTHERMAL
AMPLIFICATION OF NUCLEIC ACIDS

Related Applications

[0001] This application claims the benefit of U.S. provisional application no. 60/71 4,281 , filed September 6,

2005, and U.S. provisional application no. 60/722,028, filed September 29, 2005, and the contents of both are

incorporated by reference herein.

Field of the Invention

[0002] The invention relates to methods, compositions and kits for exponential and linear amplification of

nucleic acid without thermal cycling, for detecting and quantifying a nucleic acid.

Background

[0003] A common method for detecting and quantifying target nucleic acid sequences is nucleic acid

hybridization, in which, usually, a labeled nucleic acid probe sequence complementary to the target sequence is

used. The probe is mixed with a sample suspected of containing the target sequence under hybridization

conditions, in which the probe hybridizes to the target sequence. Hybridization can be detected by various

techniques, such as by detecting a signal from a label on a probe hybridized to the target sequence.

[0004] A target nucleic acid can be detected and quantified by amplifying the target nucleic acid to detectable

levels, by using any of a variety of amplification methods. Many methods use conditions that require thermal cycling,

in which specific target/primer oligonucleotide hybrids are formed, complementary sequences are synthesized from

the end of a primer, and double-stranded nucleic acids formed by the synthesis are denatured in a series of cycles

resulting in geometric amplification of the target sequence. Examples of thermocycling amplification processes

include the polymerase chain reaction (PCR), transcription amplification systems (TAS), ligase chain reaction (LCR),

Random Priming Amplification (RPA), and amplification methods that use Q beta replicase, restriction

endonucleases and random hexamers.

[0005] Some amplification processes for detecting and quantifying target nucleic acid sequences are

conducted without temperature cycling. Some methods are conducted at temperatures that destabilize the double-

stranded reaction product. Other methods uses two sets of primers, each set including at least two primers. In

transcription-mediated amplification (TMA) method, two enzymes, a reverse transcriptase and a RNA polymerase,

are used to produce amplification products.

Summary of the Invention

[0006] An isothermal nucleic acid amplification method is disclosed that includes the steps of providing a

reaction mixture that includes a nucleic acid template strand, extension nucleotides, a first oligonucleotide primer

that contains an AT-rich sequence X and a sequence Z that is complementary to a sequence in the template strand,

a second oligonucleotide primer consisting of a sequence contained in the template strand, and a nucleic acid

polymerase having strand displacement activity; hybridizing sequence Z of the first oligonucleotide primer to a

complementary sequence in the template strand; synthetically extending the first oligonucleotide primer from the 3'



terminus of sequence Z by nucleic acid polymerization to make sequence Y that is complementary to at least part of

the template strand, thereby forming a first strand of a double-stranded nucleic acid that is isothermally amplified;

hybridizing the second oligonucleotide primer to a complementary sequence contained in sequence Y; synthetically

extending the 3' terminus of the second oligonucleotide primer by nucleic acid polymerization, thereby forming a

second strand of the double-stranded nucleic acid that is isothermally amplified, in which the second strand contains

an AT-rich sequence complementary to sequence X of the first oligonucleotide primer, thereby forming an AT-rich

region of the double-stranded nucleic acid that is isothermally amplified; hybridizing the first oligonucleotide primer to

the second strand of the double-stranded nucleic acid that is isothermally amplified when the AT-rich region of the

double-stranded nucleic acid is partially opened to make the second strand accessible to the first oligonucleotide

primer; and polymerizing an extension product of the first oligonucleotide primer hybridized to the second strand by

using the nucleic acid polymerase having strand displacement activity, thereby displacing the first strand of the

double-stranded nucleic acid and performing at least one amplification cycle under isothermal conditions on the

double-stranded nucleic acid that is isothermally amplified. In a preferred embodiment, the amplification cycle also

includes hybridizing the second oligonucleotide primer to the first strand that was displaced by polymerizing to form

the extension product of the first oligonucleotide primer, and extending the 3' terminus of the second oligonucleotide

primer by nucleic acid polymerization using the first strand as a template. In a preferred embodiment in which the

nucleic acid template strand is ssRNA, the reaction mixture also includes an enzyme with reverse transcriptase (RT)

activity and a means for cleaving RNA, whereby the RT activity synthetically extends the first oligonucleotide primer

from the 3' terminus of sequence Z to make sequence Y in the first strand and the means for cleaving RNA

degrades the ssRNA template strand. In another preferred embodiment, the nucleic acid template strand is ssDNA

and the method also includes a step of chemically or physically denaturing the template strand from the first strand

made by synthetically extending the first oligonucleotide primer from the 3' terminus of sequence Z by nucleic acid

polymerization to make sequence Y. In another preferred embodiment in which the nucleic acid template strand is

ssDNA, the method also includes providing in the reaction mixture a third oligonucleotide that includes sequence T

that hybridizes to a sequence in the ssDNA template strand located 3' of the sequence to which sequence Z

hybridizes; hybridizing the third oligonucleotide to the ssDNA template strand at a location 3' to the sequence to

which sequence Z hybridizes; and synthetically extending the 3' end of the third oligonucleotide by nucleic acid

polymerization using the polymerase having strand displacement activity, thereby displacing from the template

strand the first strand synthesized by extension of the first oligonucleotide primer. In another preferred embodiment,

the nucleic acid template strand is a first strand of a dsDNA and an osmolyte is provided in the reaction mixture; and

the method may include an optional step of chemically or physically denaturing the dsDNA before hybridizing the

first oligonucleotide primer to the first strand of the dsDNA that serves as a template for synthetically extending the

first oligonucleotide primer from the 3' terminus of sequence Z by nucleic acid polymerization to make sequence Y.

In another preferred embodiment, the nucleic acid template is ssDNA having a defined 3' end and the method

includes synthetically extending the 3' end of the ssDNA by nucleic acid polymerization to make an AT-rich

sequence complementary to the sequence X of the first oligonucleotide primer, thus forming an AT-rich region of the



double-stranded nucleic acid that is isothermally amplified. In a preferred embodiment, the nucleic acid template

strand is a first strand of a dsRNA and the method includes the steps of providing an enzyme that has reverse

transcriptase (RT) activity and a means for cleaving RNA, and before the hybridizing steps, chemically or physically

denaturing the dsRNA to separate the first ssRNA strand that hybridizes to the first oligonucleotide primer and a

second ssRNA strand that hybridizes to the second oligonucleotide primer, then hybridizing sequence Z of the first

oligonucleotide primer to a complementary sequence in the first ssRNA strand and hybridizing the second

oligonucleotide primer to a complementary sequence in the second ssRNA strand, using the RT activity to

synthetically extend the 3' terminus of the first oligonucleotide primer hybridized to the first ssRNA strand and the 3'

terminus of the second oligonucleotide primer hybridized to the second ssRNA strand, and using the means for

cleaving RNA to degrade the first ssRNA strand to make sequence Y accessible to hybridization with the second

oligonucleotide primer and to degrade the second ssRNA strand to make an extension product of the second

oligonucleotide primer accessible to hybridization with the first oligonucleotide primer. A method is also disclosed for

isothermal nucleic acid linear amplification, which includes the steps of providing a reaction mixture that includes a

nucleic acid template strand, extension nucleotides, a oligonucleotide primer that contains an AT-rich sequence X

and a sequence Z that is complementary to a sequence in the template strand, and a nucleic acid polymerase

having strand displacement activity; hybridizing sequence Z of the oligonucleotide primer to a complementary

sequence in the template strand; synthetically extending the oligonucleotide primer from the 3' terminus of sequence

Z by nucleic acid polymerization to make sequence Y that is complementary to at least part of the template strand,

thereby forming a first strand of a double-stranded nucleic acid that is isothermally amplified; synthesizing a second

strand complementary to the first strand that includes a sequence complementary to sequence Y, a sequence

complementary to sequence Z and an AT-rich sequence complementary to sequence X, thereby forming an AT-rich

region of a double-stranded nucleic acid that is isothermally amplified; hybridizing the oligonucleotide primer to the

second strand of the double-stranded nucleic acid that is isothermally amplified when the AT-rich region of the

double-stranded nucleic acid is partially opened to make the second strand accessible to the oligonucleotide primer;

polymerizing an extension product of the oligonucleotide primer hybridized to the second strand by using the nucleic

acid polymerase having strand displacement activity, thereby displacing the first strand of the double-stranded

nucleic acid and performing a first amplification cycle under isothermal conditions on the double-stranded nucleic

acid that is isothermally amplified; and repeating the primer hybridizing, polymerizing and displacing steps in

subsequent amplification cycles to result in linear amplification of a sequence in the nucleic acid template strand.

Compositions for performing a nucleic acid amplification according to these methods include an oligonucleotide

primer that contains an AT-rich sequence X and a sequence Z that is complementary to a sequence in the intended

nucleic acid template strand and a nucleic acid polymerase having strand displacement activity, and may further

include other primers, enzymes or osmolytes used in the methods. Such compositions are preferably in the form of

a kit.



Brief Description of the Drawings

[0007] FIG. 1 illustrates an isothermal process for amplifying a single-stranded RNA (ssRNA) template by

using two oligonucleotides.

[0008] FIG. 2 illustrates an isothermal process for amplifying a single-stranded DNA (ssDNA) template by

using two oligonucleotides.

[0009] FIG. 3 illustrates an isothermal process for amplifying a ssDNA template by using three

oligonucleotides.

[0010] FIG. 4 illustrates an isothermal process for amplifying a double-stranded DNA (dsDNA) template by

using two oligonucleotides.

[0011] FIG. 5 illustrates an isothermal process for amplifying a ssDNA template having a defined 3' end by

using two oligonucleotides.

[0012] FIG. 6 illustrates an isothermal process for amplifying a double-stranded RNA (dsRNA) template by

using two oligonucleotides.

[0013] FIG. 7A shows a breathing primer hybridized to a strand of a double-stranded nucleic acid.

[0014] FIG. 7B shows an inner primer hybridized to a strand of a double-stranded nucleic acid,

[0015] FIG. 7C shows a breathing primer hybridized to a single nucleic acid strand.

[0016] FIG. 7D shows a breathing primer and an outer primer hybridized to different strands of a double-

stranded nucleic acid.

Detailed Description

[0017] Nucleic acid amplification processes are widely used for detecting and quantifying a specific sequence

in a sample. Detection and quantification of a specific sequence (i.e., a target sequence) is increasingly important

for many applications, such as identifying and classifying microorganisms, diagnosing infectious diseases, detecting

and characterizing genetic abnormalities, identifying genetic changes associated with cancer, studying genetic

susceptibility to disease, measuring the response to various types of treatment, identifying criminal suspects, and

resolving paternity disputes. Isothermal amplification methods and related processes, compositions and kits are

described in greater detail below.

Definitions

[0018] "Target nucleic acid" or "target" refers to a nucleic acid containing a target nucleic acid sequence. A

target nucleic acid may be single-stranded or double-stranded, and often is DNA, RNA, a derivative of DNA or RNA,

or a combination thereof. A "target nucleic acid sequence," "target sequence" or "target region" means a specific

sequence comprising all or part of the sequence of a single-stranded nucleic acid. A target sequence may be within

a nucleic acid template, which may be any form of single-stranded or double-stranded nucleic acid. A template may

be a purified or isolated nucleic acid, or may be non-purified or non-isolated.

[0019] Oligonucleotide" or "oligomer" refers to a polymer made up of two or more nucleoside subunits or

nucleobase subunits joined together. An oligonucleotide may be DNA and/or RNA, and analogs thereof, containing

sugar groups that may be ribose, deoxyribose and analogs thereof, e.g., ribonucleosides having a 2'-O-



methylsubstitution to the ribofuranosyl moiety (US Pat. No. 6,130,038, Becker et al.). The nucleoside subunits may

be joined by linkages such as phosphodiester linkages, modified linkages, or by non-nucleotide moieties which do

not prevent hybridization of the oligonucleotide to its complementary target nucleic acid sequence. Modified

linkages include those linkages in which a standard phosphodiester linkage is replaced with a different linkage, such

as a phosphorothioate linkage or a methylphosphonate linkage. Nucleobase subunits may be joined, e.g., by

replacing the natural deoxyribose phosphate backbone of DNA with a pseudo-peptide backbone, such as a 2-

aminoethylglycine backbone which couples the nucleobase subunits by means of a carboxymethyl linker to the

central secondary amine (sometimes referred to as "peptide nucleic acids" or "PNA"; US Pat. No. 5,539,082, Nielsen

et al.), Other examples of oligonucleotides include nucleic acid analogs containing bicyclic and tricyclic nucleoside

and nucleotide analogs (called "Locked Nucleic Acids" or "Locked Nucleoside Analogues" (LNA); US Pat. Nos.

6,083,482, Wang; 6,268,490, lmanishi et al.; and 6,670,461, Wengel et al.). Any nucleic acid analog is included in

the term, provided that the modified oligonucleotide can hybridize to a target nucleic acid under stringent

hybridization conditions or amplification conditions. Modified detection probe oligomers must hybridize preferentially

to the target nucleic acid under stringent hybridization conditions.

[0020] Oligonucleotides of a defined sequence of nucleotides (nt) may be produced by well known techniques,

e.g., by chemical or biochemical synthesis, and in vitro or in vivo expression from recombinant nucleic acids, i.e.,

excluding wild-type chromosomal DNA or in vivo transcripts thereof. Functional oligonucleotides include, e.g.,

detection, helper, and capture probes and amplification oligonucleotides.

[0021] "Amplification oligonucleotide," "primer" or "primer oligonucleotide" refers to an oligonucleotide capable

of hybridizing to a target nucleic acid and acting as a primer and/or a promoter template (e.g., for synthesis of a

complementary strand, thereby forming a functional promoter sequence) for the initiation of nucleic acid synthesis. If

a primer is designed to initiate RNA synthesis, it may contain a sequence that is non-complementary to the target

sequence but recognized by an RNA polymerase, e.g., bacteriophage T7, T3, or SP6 RNA polymerase. A primer

may contain a 3' terminus modified to prevent or lessen the rate or amount of primer extension (US Pat. No.

5,766,849, McDonough et al.).

[0022] "AT-rich" refers to a nucleotide sequence or region that has a greater number of nucleotides or

derivatives that form two or fewer hydrogen bonds in a duplex than nucleotides or derivatives that form three

hydrogen bonds in a duplex, e.g., more adenine (A) and/or thymine (T) than guanine (G) and cytosine (C). AT-rich

sequences contain 51% or more bases capable of pairing with two or fewer hydrogen bonds (e.g., at least 51% A

and T), and preferably contain about 65% or more such bases, most preferably about 85% to 100% of such bases.

For example, an AT-rich sequence may be a poly-A or poly-T sequence, or a sequence that contains a mixture of A

and T residues that together are at least 5 1% of the sequence or region referred to as AT-rich. An AT-rich region

may be referred to as a "breathing region" because the region may become partially or completely single-stranded in

conditions in which the remainder of the sequence remains double-stranded.

[0023] "Nucleic acid amplification" or "target amplification" means increasing the number of nucleic acid

molecules having at least one target nucleic acid sequence, which may be linear or exponential amplification.



Isothermal linear amplification processes amplify template nucleic acid and not amplification products under

isothermal conditions, may be conducted using only one amplification primer, and generally amplify a target

sequence by about 1,000 fold within one hour. Isothermal exponential amplification processes use a product of an

amplification reaction as a substrate in a subsequent step in the amplification reaction that uses isothermal

conditions to amplify a target sequence about 10,000-fold to 100,000-fold within one hour. "Amplification conditions"

refer to the cumulative biochemical and physical conditions in which an amplification reaction is conducted, which

may be designed based on well-known standard methods.

[0024] "Amplicon" refers to a nucleic acid generated in a nucleic acid amplification reaction and which is

derived from a target nucleic acid. An amplicon may contain the target nucleic acid sequence or portion thereof and

may be of the same or opposite sense as the target nucleic acid strand.

[0025] "Isothermal" means conducting a reaction at substantially constant temperature, i.e., without varying

the reaction temperature in which a nucleic acid polymerization reaction occurs. Isothermal temperatures for

isothermal amplification reactions are generally below the melting temperature (T
m;

the temperature at which half of

the potentially double-stranded molecules in a mixture are in a single-stranded, denatured state) of the predominant

reaction product, i.e., generally 90sC or below, usually between about 50QC and 75SC, and preferably between

about 55 5C to 70 9C , or 60 3C to 70 QC, or more preferably at about 659C. Although the polymerization reaction

may occur in isothermal conditions, an isothermal process may optionally include a pre-amplification heat

denaturation step to generate a single-stranded target nucleic acid to be used in the isothermal amplifying step.

[0026] "Polymerase" means an enzyme capable of catalyzing template dependent oligonucleotide extension

by conjugating extension nucleotides to an oligonucleotide or amplicon. In isothermal amplification processes, the

polymerase generally promotes strand displacement, which refers to the ability of a polymerase to displace

downstream DNA encountered during primer extension. DNA polymerases having strand displacement activity

include those of phi29 DNA polymerase, DNA polymerase I1 Klenow fragment, Klenow fragment (3' -> 5' exo-), DNA

polymerases isolated or derived from thermophilic organisms, e.g., VENT® DNA Polymerase, 90Nm DNA

Polymerase, Therminator DNA Polymerase, Bacillus stearothermophilus (Bst) DNA polymerase (US Pat. Nos.

5,874,282; 6,100,078, and 6,066,483, Riggs et al.), and the large fragment of Moloney murine leukemia virus

(MMLV) reverse transcriptase (RT). In preferred embodiments, a Bst DNA polymerase may be modified to reduce,

inhibit, inactivate or remove its 5' exonuclease activity (i.e., 5'-exo-minus polymerase). A polymerase may have

reverse transcriptase (RT) activity which catalyzes extension of a DNA complement from an RNA template (i.e., RNA

directed DNA polymerase), such as in MMLV RT and avian myeloblastosis virus (AMV) RT enzymes. RT activity

may be provided in a fragment of a native polymerase. Preferred polymerases include those that tolerate modified

oligonucleotides and/or modified extension nucleotides when catalyzing oligonucleotide extension.

[0027] "Extension nucleotides" refer to any nucleotide capable of being incorporated into an extension product

during amplification, i.e., DNA, RNA, or a derivative if DNA or RNA, which may include a label.

[0028] "Osmoiyte" means a molecule that contributes to the osmotic strength of an amplification system,

which is added to some preferred embodiments to preferably enhance isothermal amplification. "Means for



cleaving RNA" refers to a component or condition that degrades RNA, such as by contacting RNA with base (e.g.,

NaOH) or one or more enzymes with RNase activity, or by providing shearing conditions (e.g., sonication). In some

embodiments, means for cleaving RNA is an enzyme having RNaseH activity, which degrades RNA in an RNA/DNA

duplex.

[0029] A "binding molecule" is a substance that hybridizes or otherwise binds to an RNA target adjacent to or

near the 3'-end of the desired target sequence, to limit a DNA primer extension product to a desired length, i.e., to

make a primer extension product having a 3'-end defined within a small range of bases. In contrast, in the absence

of a binding molecule, the primer extension reaction produces an indeterminate 3' end. A binding molecule may

include a nucleic acid region, e.g., DNA, RNA1 DNA:RNA chimeric molecule, or analogs thereof, to serve as

terminating and digestion oligonucleotides. Nucleic acid binding molecules may be modified, e.g., to include a

protein or drug that binds RNA specifically to limit a DNA primer extension product to a pre-determined length.

[0030] A "terminating oligonucleotide" is an oligonucleotide that includes a sequence that is complementary to

a target nucleic region near the 5'-end of the target sequence, to "terminate" extension by a polymerase of a nascent

nucleic acid strand that includes a primer, thereby providing a nascent strand with a defined 3'-end. A terminating

oligonucleotide hybridizes at a target position that results in the desired 3'-end, and usually includes a blocking

moiety at its 3'-terminus to prevent extension of the terminating oligonucleotide. A terminating oligonucleotide may

include modified structures, e.g., synthesized with at least one 2'O-methylribonucleotide (Majlessi et al., 1988,

Nucleic Acids Res. 26: 2224-9), with PNA or LNA structures (Petersen et al., 2000, J. MoI. Recognit. 13: 44-53), or

joined to a protein or peptide that terminates strand extension. Terminating oligonucleotides are usually at least 10

to 50 nt or longer.

[0031] "Modifying oligonucleotide" refers to an oligomer that includes a motif that hybridizes to a sequence

near the 5' or 3' end of an RNA target to terminate primer extension. When the modifying oligonucleoide hybridizes

near the 5'-end of the RNA target, it facilitates termination of primer extension by means of a modifying enzyme

(e.g., nuclease) to determine the 3'-terminus of the primer extension product. When the modifying oligonucleotide

hybridizes near the 3'-end of the RNA target sequence, it is tethered to a specific modifying enzyme or to a chemical

to terminate primer extension. One specific modifying oligonucleotide is a "digestion oligonucleotide" that refers to a

DNA oligomer of six of more residues that hybridizes to the RNA template to create a RNA:DNA hybrid in which the

RNA is selectively digested by RNAse of an enzyme having RNAse H activity which is tethered to the

oligonucleotide.

[0032] "Detection probe" or "probe" refers to an oligonucleotide having a sequence sufficiently complementary

to its target sequence to form a probe:target hybrid stable for detection under stringent hybridization conditions. A

probe is typically a synthetic oligomer that may include bases complementary to sequence outside of the targeted

region which do not prevent hybridization under stringent hybridization conditions to the target nucleic acid. A

sequence non-complementary to the target may be a homopolymer tract (e.g., poly-A or poly-T), promoter

sequence, restriction endonuclease recognition sequence, or sequence to confer desired secondary or tertiary

structure (e.g., a catalytic site or hairpin structure), which may facilitate detection and/or amplification.



[0033] "Stable" or "stable for detection" means that the temperature of a reaction mixture is at least 2SC beiow

the melting temperature (Tm)of a nucleic acid duplex contained in the mixture, more preferably at least 59C below the

Tm, and even more preferably at least 1OSC below the Tm,

[0034] "Substantially homologous," or "substantially corresponding" means an oligonucleotide has a sequence

of at least 10 contiguous bases that is at least 80%, preferably at least 90% , and most preferably 100% identical to

at least 10 contiguous bases in a reference sequence. Homology between sequences may be expressed as the

number of base mismatches in each set of at least 10 contiguous bases being compared.

[0035] "Substantially complementary" means that an oligonucleotide has a sequence containing at least 10

contiguous bases that are at least 80%, preferably at least 90%, and most preferably 100% complementary to at

least 10 contiguous bases in a target nucleic acid sequence. Complementarity between sequences may be

expressed a the number of base mismatches in each set of at least 10 contiguous bases being compared. "About"

refers to the nearest rounded whole number (e.g., a lower limit of 24.4 is 24), and refers to a value having an up to

10% variance of a specified value (e.g., "about" 10 nt means plus or minus 1 nt).

[0036] "RNA and DNA equivalents" means RNA and DNA molecules having the same complementary base

pair hybridization properties but different sugar moieties (i.e., ribose versus deoxyribose) and known base

substitutions (uracil in RNA compare to thymine in DNA),

[0037] "Hybridization" or "hybridize" refers to the ability of completely or partially complementary nucleic acid

strands to come together under specified hybridization conditions in a parallel or preferably antiparallel orientation to

form a stable double-stranded structure or region (sometimes called a "hybrid") in which the two constituent strands

are joined by hydrogen bonds. Although hydrogen bonds typically form between adenine and thymine or uracil (A

and T or U) or cytosine and guanine (C and G), other base pairs may form (e.g., Adams et al., The Biochemistry of

the Nucleic Acids, 11th ed., 1992).

[0038] "Preferentially hybridize" means that under stringent hybridization conditions, oligomers can hybridize

to their target nucleic acid sequence to form stable hybrids, e.g., to indicate the presence of at least one sequence or

organism of interest in a sample. A probe hybridizes to its target nucleic acid specifically, i.e., to a sufficiently

greater extent than to a non-target nucleic acid to accurately detect the presence (or absence) of the intended target

sequence. Preferential hybridization generally refers to at least a 10-fold difference between target and non-target

hybridization signals in a sample.

[0039] "Stringent hybridization conditions," or "stringent conditions" means conditions in which an oligomer

hybridizes specifically to its intended target nucleic acid sequence and not to another sequence. Stringent conditions

may vary depending well-known factors, e.g., GC content and sequence length, and may be predicted or determined

empirically using standard methods well known to one of ordinary skill in molecular biology (e.g., Sambrook, J. et al.,

1989, Molecular Cloning, A Laboratory Manual, 2nd ed., Ch. 11, pp. 11.47-1 1.57, (Cold Spring Harbor Laboratory

Press, Cold Spring Harbor, NY)).

[0040] "Assay conditions" mean conditions permitting stable hybridization of an oligonucleotide to a target

nucleic acid, which does not require preferential hybridization of the oligonucleotide and target.



[0041] "Consists essentially of" or "consisting essentially of" referring to an oligonucleotide means that the

oligonucleotide has a sequence substantially homologous to a specified sequence and may have up to four

additional bases and/or two bases deleted therefrom (i.e., sequence length and variation limitations). Additions or

deletions are non-material variations of a specified sequence which do not prevent the oligonucleotide from having

its claimed property, such as hybridizing specifically to its target under stringent conditions. An oligomer may have a

sequence substantially similar to a specified sequence without any additions or deletions, but a probe or primer

consisting essentially of a specified sequence may include other nucleic acid sequences that do not participate in or

affect hybridization to the target.

[0042] "Nucleic acid duplex," "duplex," "nucleic acid hybrid" or "hybrid" refers to a stable nucleic acid structure

comprising a double-stranded, hydrogen-bonded region, e.g., RNAiRNA, RNA:DNA and DNAiDNA duplex

molecules and analogs thereof. Such structure may be detected by any known means, e.g., by using a labeled

probe, an optically active probe-coated substrate sensitive to changes in mass at its surface (US Pat. No. 6,060,237,

Nygren et al.), or binding agents (US Pat. No. 5,994,056, Higuchi).

[0043] "Antisense," "opposite sense," or "negative sense" means a nucleic acid molecule perfectly

complementary to a reference, or sense, nucleic acid molecule. "Sense," "same-sense," or "positive sense" means

a nucleic acid molecule perfectly homologous to a reference nucleic acid molecule.

[0044] "Derived from" means that a nucleic acid is obtained directly from an organism or is an amplification

product resulting from a nucleic acid derived from an organism.

[0045] "Capture probe" refers to an oligonucleotide that binds to a target nucleic acid (preferably in a region

not targeted by a detection probe) and, either directly or indirectly, attaches the target nucleic acid to a support, to

isolate it from other components in a mixture, such as a sample. Preferred capture probes include a target binding

region that hybridizes to the target nucleic acid and a region that binds to an immobilized probe, which may use a

member of ligand-ligate binding pair (e.g., avidin-biotin) or a sequence complementary to an immobilized probe

bound to a solid support. The two regions may be contiguous sequences in an oligonucleotide or joined by

otherwise, e.g., via one or more optionally modified nucleotides or by a non-nucleotide linker. A capture probe may

bind both the target and immobilized probe under a variety of conditions, but preferably hybridizes under stringent

conditions, first to the target nucleic acid using solution phase kinetics and then to the immobilized probe (US Pat.

No. 6,110,678, Weisburg et al.).

[0046] "Immobilized probe" means an oligonucleotide that joins a capture probe to a support. An immobilized

probe may be joined directly or indirectly to the support by a linkage or interaction that remains stable under the

conditions used to hybridize the capture probe to the target and the immobilized probe.

[0047] "Isolate" or "isolating" means that a portion of the target nucleic acid in a sample is concentrated within

or on a reaction receptacle, device, or carrier (e.g., tube, cuvette, microtiter plate well, filter, membrane, slide, pipette

tip) in a fixed or releasable manner to purify the target from other components.

[0048] "Purify" or "purifying" means that one or more components of a sample are removed from other sample

components. Purified components may include particles (e.g., virus) but preferably are target nucleic acids in a



generally aqueous solution phase which may include other materials, e.g., proteins, carbohydrates, lipids, non-target

nucleic acid and/or labeled probes. Purifying separates a target nucleic acid from about 70%, more preferably

about 90% and, even more preferably, about 95% of the other sample components.

[0049] "Helper probe" or "helper oligonucleotide" refers to an oligonucleotide that hybridizes to a target nucleic

acid at a locus different from that of a detection probe, to increase the hybridization rate of the probe and target, to

increase the melting temperature (Tm) of the probe:target hybrid, or both.

[0050] "Phylogenetically closely related" means that organisms are closely related to each other in an

evolutionary sense and are expected to have a higher total nucleic acid sequence homology than organisms that

are more distantly related. Organisms that occupy adjacent and next to adjacent positions on a phylogenetic tree

are closely related, but organisms that occupy positions more distant than adjacent or next to adjacent positions on

the tree are closely related if they have significant total sequence homology.

Pre-Amplification and Post-Amplification Processes

[0051] Isothermal amplification processes sometimes are part of a procedure that involves pre-amplification or

post-amplification steps, which may include separating a nucleic acid template from a crude or processed biological

sample before amplification, detecting one or more amplification products (amplicons) of the isothermal amplification

reaction, or quantifying one or more amplicons of the reaction. In embodiments that include one or more pre-

amplification or post-amplification processes, reagents adapted to these processes can be provided or used together

with amplification reagents (e.g., in the same containment vessel or reaction system), or be separate from the

amplification reagents.

[0052] Pre-amplification methods to isolate a target nucleic acid for use in an isothermal amplification process

are well known and may be combined with the isothermal amplification methods described herein. In some

embodiments, one or more capture probes are used in a pre-amplification purification to separate a template nucleic

acid from a sample (US Pat. Nos. 6,110,678 and 6,280,952, Weisburg et al.). The per-amplification separation

process may be conducted apart from the isothermal amplification process (e.g., at a different time and/or in a

different reaction vessel), or may be part of the isothermal amplification process (e.g., contemporaneous and/or

within the same reaction vessel). In other embodiments, a pre-amplification purification method may rely on

nonspecific binding of nucleic acids to a support (e.g., US Pat. Nos. 5,234,809, Boom et al., 6,534,262 McKeman et

al., 5,705,628, Hawkins). Any well known process to purify a target nucleic acid before the isothermal amplification

may be used, although it is not necessary if the target nucleic acid in a sample is sufficiently pure to allow isothermal

amplification as described herein.

[0053] In some embodiments, one or more reaction products of an amplification reaction are detected and

may be quantified in conjunction with the isothermal amplification process. Reaction products can include one or

more synthesized strands (amplicons), one or more unreacted oligonucleotide primers, unreacted extension

oligonucleotides and template. A reaction product may be detected by using a detection probe having a nucleotide

sequence complementary to a sequence in the reaction product, and optionally, one or more detectable labels or

groups of interacting labels. Labels are well known and any that may be detected when associated with the reaction



product to be detected may be used, e.g., a radioisotope, an enzyme, enzyme cofactor, or substrate, a dye, a

hapten, a luminescent compound, e.g., a chemiluminescent, fluorescent, phosphorescent or

electrochemiluminescent compound, a chromophore, an auxiliary base sequence that is unable to stably hybridize to

the target nucleic acid under the stated conditions, and mixtures of these. Some embodiments use an acridinium

ester (AE) label, e.g., 4-(2-succinimidyloxycarbonyl ethyO-phenyl-IO-methylacridinium- -carboxylatefluorosulfonate

("standard AE"). Groups of interacting labels useful with a probe pair (e.g., US Pat. No. 5,928,862, Morrison), or a

self-hybridizing probe with interacting compounds (e.g., US Pat. No. 5,925,517, Tyagi et al.) include, e.g.,

enzyme/substrate, enzyme/cofactor, luminescent/quencher, luminescent/adduct, dye dimers and Forrester energy

transfer pairs. An interacting luminescent/quencher pair, such as fluorescein and DABCYL, may be used. Preferred

detection probe sequences are up to 100 bases long, usually 10 to 50 bases long, and preferably abouti δ to 35

bases long. A detection probe often contains 10 or more contiguous bases about 80% or more, 90% or more, or

100% complementarity to a region of 10 or more bases in the reaction product.

[0054] One or more helper probes may be used in a process that includes isothermal amplification, typically in

a detection step. Embodiments of helper probes are oligomers up to 100 bases long, usually from 10 to 50 bases

long, and often 18 to 35 bases long. Preferred embodiments contain at least 10 to 15 contiguous bases about 80%

or more, 90% or more, or 100% complementary to its intended amplicon or target nucleic acid sequence, although

some embodiments may not be specific for a particular sequence.

[0055] Amplification oligonucleotides are used to prime synthesis of extension products by a nucleic acid

polymerase in the isothermal amplification mixtures and reactions described herein. Preferred embodiments of

primers are at least 12 bases long and hybridize specifically to the intended target sequence and its ability to be

extended or copied enzymatically. While primers of different lengths and base compositions may be used, preferred

embodiments have target binding regions of 18 to 40 bases that specifically and stably hybridize to their intended

target sequence at the temperature at which the isothermal reaction is conducted. Those skilled in art can readily

design primers for an intended target sequence taking into account parameters that affect hybridization, such as Tm,

complementarity, secondary structure, ability to form primer hybrids or otherwise result in non-specific extension

(primer-dimer or non-target copying) which may affect amplification efficiency. Thus, preferred embodiments of

primers have low self-complementarity or cross-complementarity, particularly at the 3' ends of the sequences.

[0056] A nucleic acid polymerase used in the isothermal amplification methods is an agent, generally an

enzyme, that incorporates RNA or DNA nt, or both, into a nucleic acid polymer in a template-dependent manner,

usually in a 5' to 3' direction beginning at the 3' end of a primer. Examples of nucleic acid polymerases include DNA-

directed DNA polymerases, RNA-directed DNA polymerases, and RNA-directed RNA polymerases. Preferred

embodiments use a polymerase enzyme isolated from a thermophilic organism, e.g., Bst DNA polymerase or a

modified version of a naturally occurring thermophilic polymerase enzyme. When a nucleic acid polymerase having

5' exonuclease activity is used, an amplification oligonucleotide may include a 5' modification to prevent enzymatic

digestion. Alternatively, the polymerase enzyme may be modified to inhibit or remove 5' exonuclease activity, such



as by proteolysis to make an active fragment of the enzyme without nuclease activity, to eliminate the need for 5'

modified primers,

[0057] Typically, during nucleic acid amplification, a nucleic acid polymerase adds nucleotides to the 31end of

a primer using the target nucleic acid strand as a template, thereby synthesizing a strand that includes a sequence

partially or completely complementary to a region of the target nucleic acid. In some reactions, the two strands of a

resulting double-stranded nucleic acid are separated chemically or physically to allow amplification to proceed.

Alternatively, a newly synthesized strand may be made available for binding to a primer by other means, e.g., use of

strand displacement or a nucleolytic enzyme to digest part or all of a strand (e.g., the template strand), to allow

cycle(s) of synthesis to produce many strands containing the target sequence or its complementary sequence.

[0058] Hybridization reaction conditions (e.g., temperature, salt concentration, detergents, and other solutes

in a reaction mixture), can be selected to allow oligonucleotides used in amplification and detection to preferentially

hybridize to a target nucleic acid and not to non-target nucleic acids in a sample. In conditions of increased

stringency (e.g., decreased salt and/or increased temperature), the extent of hybridization decreases as hydrogen

bonding between paired bases in a doubie-stranded hybrid molecule is disrupted, i.e., referred to as "melting."

Hybridization conditions affect the stability of double-stranded nucleic acids, i.e., thermal stability of an

oligonucleotideitarget hybrid in particular conditions is taken into account in selecting oligonucleotides specific for a

target, e.g., genus-specific or species-specific probe.

[0059] Generally, stable hybrids have more contiguous, perfectly matched (i.e., hydrogen-bonded) base pairs

than occur in unstable hybrids and stable hybrids will melt last when stringency increases in the hybridization

conditions. A double-stranded nucleic acid region containing one or more mismatched, "non-canonical," or imperfect

base pairs that result in weaker or non-existent base pairing at those positions in a hybrid may be sufficiently stable

under relatively high stringency conditions to allow a hybrid to form and be detected in a hybridization assay without

cross-reacting with non-target nucleic acids in a sample. Depending on the similarity of target and non-target

sequences and the degree of complementarity between an oligonucleotide and the target and non-target sequences,

one or more mismatches may not interfere with the ability of the oligonucleotide to hybridize specifically to its '

intended target. Oligonucleotides, particularly detection probes, are selected to maximize the difference between

the Tm of the oligonucleotide:target hybrid and the Tm of a hybrid formed between the oligonucleotide and non-target

sequence (e.g., rRNA or DNA encoding rRNA (rDNA) of a non-target phylogenetically most closely-related organism

in a sample). Amplification oligonucleotides, capture probes and helper probes are similarly designed to

preferentially hybridize to an intended target nucleic acids under specified reaction conditions. In preferred

embodiments that detect a target sequence of particular organism, design strategies include alignment and

comparison of related sequences to maximize homology (e.g., alignment of conserved primary sequence and

conserved secondary structure elements in rRNA sequences), selection of sequences that are most unique for the

intended target nucleic acid (e.g., in variable regions), and avoidance of sequences that can intramolecularly

hybridize (e.g., US Pat. Nos. 5,840,488 and 5,216,143, Hogan et al., US Pat. No. 4,851,330, Kohne). An

oligonucleotide's length, sequence, GC content, and thermal stability difference between probe:target hybrids versus



probe:non-target hybrids are relevant factors in designing oligonucleotides. To maximize specificity of an

oligonucleotide for its intended target, preferred oligonucleotides are designed to hybridize to their targets under high

stringency conditions which can be predicted, estimated, or determined by using standard methods, and preferred

conditions are those that maintain a hybridization duplex (e.g., Sambrook et al., supra, Ch. 11). A Hybridization

Protection Assay (HPA) may be used to determine Tm (US Pat. No., 5,283,174, Arnold et al.), the temperature at

which 50% of the maximum signal remains (US Pat. No. 5,840,488, Hogan et al.).

[0060] Oligonucleotides can be synthesized by using any standard methodology (Sambrook et al., supra, Ch.

10), e.g., phosphoramidite solid-phase chemistry (Caruthers et al., 1987, Methods in Enzymol. 154:287), automated

synthesis using cyanoethyl phosphoramidite (Barone et al., 1984, Nucleic Acids fles.12(10):4051), or procedures for

synthesizing oligonucleotides containing phosphorothioate linkages (e.g., US Pat. No. 5,449,769, Batt),

methylphosphonate linkages (e.g., US Pat. No. 5,811,538, Riley et al.). Following synthesis, any well known method

of nucleic acid purification may be used to purify the product.

[0061] An oligonucleotide, such as a detection, helper or capture probe or amplification oligonucleotide, may

be modified to contain one or more chemical groups to enhance performance or facilitate characterization of

amplification products. Examples include backbone-modified oligonucleotides, or those that include

phosphorothioate, methylphosphonate, 2'-0-alkyl, or peptide groups to make the oligonucleotide resistant to

nucleolytic activity of certain polymerases or nucleases, or may include a non-nucleotide linker between nucleotides

which do not prevent hybridization and/or elongation of the oligonucleotide (e.g., US Pat. No. 6,031 ,091 , Arnold et

al.). An oligonucleotide may contain a mixture of modified and natural bases.

[0062] An amplification oligonucleotide may be 3' modified or blocked to prevent or inhibit initiation of DNA

synthesis (US Pat. No. 5,554,516, Kacian et al.), e.g., by the addition of ribonucleotides, 3' deoxynucleotide residues

(e.g., cordycepin), 2',3'-dideoxynucleotide residues, modified nucleotides such as phosphorothioates, and non-

nucleotide linkages (US Pat. No. 6,031,091) or alkane-diol modifications (e.g., WiIk et al., 1990, Nucleic Acids Res.,

18(8):2065). A modification may be a region 3' to the priming sequence that is non-complementary to the target

nucleic acid sequence. A mixture of different 3' blocked promoter-primers or of 3' blocked and unblocked promoter-

primers may increase the efficiency of nucleic acid amplification. An amplification primer may be 5' modified to

make it resistant to 5'-exonuclease activity in some nucleic acid polymerases, e.g, by adding a non-nucleotide group

to the terminal 5' nucleotide of the primer (e.g., US Pat. No. 6,031,091).

[0063] An oligonucleotide may be labeled by using any standard enzymatic or chemical method (e.g.,

Sambrook et al., supra, Ch. 10), during or after oligonucleotide synthesis, e.g., by using a non-nucleotide linker

group. Labels include radioisotopes and non-radioactive reporting groups, including modified nucleotides, which

may be introduced internally or at the end of a nucleic acid sequence. Detection methods for such labels are well

known and may be readily selected by one skilled in the art dependent on the label selected. Preferred non-isotopic

labels include individual or combinations of fluorophores, such as fluorescence resonance energy transfer (FRET)

pairs (e.g., US Pat. No. 5,925,517, Tyagi et al.), chemiluminescent molecules, enzymes, cofactors, enzyme



substrates, haptens, or other ligands. Preferred embodiments of labeled probes include a non-nucleotide linker and

acridinium ester label (e.g., US Pat. Nos. 5,185,439 and 6,031,091), Arnold et al.).

[0064] Sample processing can be performed prior to amplification of a nucleic acid containing a target

sequence and may be useful to discriminate a target from non-target nucleic acid present in a sample or to increase

assay sensitivity. Sample processing procedures are well known and may include direct or indirect immobilization of

nucleic acids from a liquid phase on a support (e.g., US Pat. Nos. 4,486,539 and 4,563,419, Ranki et al., US Pat.

No. 4,751,177, Stabinsky). Any support may be used, e.g., matrices or particles, and preferred supports are

magnetically charged particles to facilitate automation of the process of recovering a target nucleic acid from other

sample components (e.g., US Pat. Nos. 6,110,678, 6,280,952 and 6,534,273, Weisburg et al., US Pat. No.

6,335,166, Ammann etal).

[0065] An oligonucleotide for immobilizing a target nucleic acid on a solid support may be joined directly or

indirectly to the support by any linkage or interaction which is stable under assay conditions (e.g., conditions for

amplification and/or detection). Such an "immobilized probe" may bind directly to the target nucleic acid or it may

include a sequence, such as a homopolymeric tract (e.g., a poly dT) or repeating sequence (e.g., AT repeat), which

hybridizes to a complementary sequence in a capture probe. Direct joining, i.e., without an intermediate group, may

be via a covalent linkage, chelation or ionic interaction, whereas indirect joining joins the immobilized probe to the

support via linker(s), e.g., means for binding at least two different molecules into a stable complex via members of a

binding partner set that specifically bind to each other. Binding partner sets are well known, e.g., receptor and

ligand, enzyme and substrate, enzyme and cofactor, enzyme and coenzyme, antibody and antigen, sugar and lectin,

biotin and streptavidin, ligand and chelating agent, nickel and histidine, substantially complementary

oligonucleotides, and complementary nucleic acid sequences.

[0066] A preferred sample processing embodiment uses specific binding between an immobilized probe

sequence and a complementary capture probe sequence, where the capture probe also contains a target binding

region that hybridizes to a target nucleic acid under assay conditions. While specificity of the target binding region of

the capture probe for a region of the target nucleic acid is desirable to minimize the number of non-target nucleic

acids remaining from the sample after a separation step, it is not required if the capture probes are being used solely

to isolate target nucleic acid. If capture probe is not employed to isolate a target nucleic acid for subsequent

amplification of a target sequence, the capture probe may further include a detectable label attached within or near

the target binding region, such as a substituted or unsubstituted acridinium ester. The labeled capture probe may be

used in a homogeneous or semi-homogenous assay to specifically detect hybrid nucleic acids without detecting

single-stranded nucleic acids, such as the capture probe.

[0067] A preferred homogenous assay embodiment uses a hybridization protection assay (HPA) in which

label associated with capture probes that have not hybridized to target nucleic acids are hydrolyzed while label

associated with capture probelarget hybrids are protected. This is advantageous because only a single target-

specific hybridization event (capture probe:target) is necessary for target detection, rather than multiple such events

(e.g., capture probe:target and probe:target or probe:amplicon), and the assay is faster and simpler to optimize



because fewer oligonucleotides are used. While the target binding region of a capture probe may be less specific in

alternative assay systems, it must still be rare enough to avoid significant saturation of the capture probe with non-

target nucleic acids. Thus, the requirement that two separate and specific target sequences be identified in these

alternative systems could place constraints on the identification of an appropriate target. By contrast, only one such

target sequence is needed when the capture probe simultaneously functions as the detection probe,

[0068] A preferred assay format includes a means for detecting the presence of the target nucleic acid in the

test sample, which may be accomplished by a variety of means, including those that do not require the presence of a

detectable label. Preferred embodiments use a probe with a detectable label, in which the probe includes a

sequence that specifically hybridizes to a target sequence in the target nucleic acid. Once a stable probe:target

nucleic acid hybrid forms, which has been directly or indirectly immobilized, unbound probe is washed away or

inactivated and the remaining bound probe can be detected and/or measured.

[0069] Some embodiments of sample processing systems combine detection and nucleic acid amplification.

Such systems directly or indirectly immobilize a target nucleic acid by using a capture probe and the captured target

nucleic acid is purified from other sample components, followed by amplification of a target sequence in the target

nucleic acid to produce an amplified product that is detected, preferably in solution with a labeled probe (US Pat. No.

6,1 10,678, Weisburg et al,). Target nucleic acid may be immobilized during amplification or it may be eluted from

the support before amplification using appropriate conditions, e.g., incubating at a temperature above the Tm of the

capture probe:target complex and/or of the capture probe:immobilized probe complex. Preferred embodiments use

immobilized and capture probes that are "capped" or blocked at their 3' termini to prevent or inhibit their use as

templates by a nucleic acid polymerase, e.g., by having 3'cordycepin, 31, 2'-dideoxynucleotides, non-nucleotide

linkers, alkane-diol modifications, or non-complementary residues.

Isothermal Amplification Reactions

[0070] Isothermal amplification process embodiments are disclosed in which a double-stranded nucleic acid

containing an AT-rich nucleotide sequence is contacted with oligonucleotide primers, extension nucleotides and a

polymerase enzyme that has strand displacement activity under isothermal conditions. Generally, the double-

stranded nucleic acid is an amplification product of a template nucleic acid that shares one or more subsequences

within the nucleic acid template. Often, an AT-rich sequence in the double-stranded nucleic acid is exogenous with

respect to the nucleic acid template, typically introduced by using a primer containing the AT-rich sequence.

Different process paths to and from sub-processes are described below. In the disclosed isothermal amplification

processes, the system generally includes contacting in a reaction mixture a double-stranded nucleic acid, extension

nucleotides, one or two primers, and a polymerase enzyme that has strand displacement activity. In the processes,

a first strand of the double-stranded nucleic acid to be amplified includes an AT-rich sequence X and sequence Y, in

which sequence X is 5' of sequence Y and sequence Y is complementary to a sequence in the nucleic acid

template. In many embodiments, the AT-rich sequence X is introduced into a first strand of the double-stranded

nucleic acid to be amplified by polymerase extension of a first primer to produce sequence Y by using the target

nucleic acid as the template, and a second primer hybridizes to a sequence of the first strand (in sequence Y) and is



the second primer is extended polymerase activity to make the double-stranded nucleic acid to be amplified. In the

subsequent isothermal amplification cycle(s), the first primer includes sequence X and a sequence Z that hybridizes

to a strand of the double-stranded nucleic acid to be amplified and the second primer hybridizes to sequence Y in

the complementary strand of the double-stranded nucleic acid. Amplification embodiments described herein often

use an amplicon as a reactant in subsequent amplification cycle(s). In linear amplification embodiments, only a

template strand is amplified, usually by using one primer.

[0071] Some embodiments of isothermal amplification disclosed herein include an osmolyte, whereas other

embodiments do not include an osmolyte for amplification. An osmolyte may be added, however, to enhance

amplification rates. Any osmolyte suitable for amplification may be used, and preferred embodiments use betaine or

trimethylamine N-oxide. An isothermal amplification temperature is one that provides efficient amplification without

varying the temperature substantially during the reaction, and preferred embodiments use about 650C. Any

polymerase having strand displacement activity may be used, and preferred embodiments use a polymerase

isolated from a thermophilic organism, such as Bst polymerase.

[0072] In some embodiments, sequence X and its complementary sequence are absent from the nucleic acid

template from which the double-stranded nucleic acid is amplified. In some embodiments, however, sequence X is

complementary to or is substantially identical to a subsequence in the nucleic acid template. In some embodiments,

a contiguous sequence of about 6 nt or more in sequence Z is not identical to a sequence in the first strand of the

double-stranded nucleic acid (i.e., first strand being the strand complementary to the strand to which the primer that

include sequence Z hybridizes). In such embodiments, a contiguous sequence of about 8 nt more, 10 nt or more, 12

nt or more, 15 nt or more, or 20 nt or more in sequence Z, when present, is not identical or substantially identical to a

sequence in the first strand of the double-stranded nucleic acid.

[0073] Primers for amplification generally have a target hybridization region complementary or substantially

complementary to a sequence of the target sequence in the template nucleic acid. A primer is usually 100 nt or

fewer, usually in a range of about 15 to 80 nt. Primers often have a target hybridization region about 8 to 40 nt.

Preferred primers contain a target hybridization region of contiguous 8 nt or more that are about 80%, 90%, or 100%

complementary to a sequence in the target nucleic acid of contiguous 8 nt or more. Typically, sequence X in the first

primer is about 8 to 40 nt long, and may be about 65% to 100% AT-rich, preferably about 85% to 100% AT-rich.

Often sequence Y1to which the second primer hybridizes, is directly adjacent to sequence X but may be separated

from sequence X by one or more bases. Typically, sequence Z in the first primer is about 8 to 40 nt long, The first

and second primers, or other oligonucleotides used in the amplification process usually is DNA, but may be RNA or

contain one or more nucleotide derivatives having a modified base, sugar or backbone. A primer may include a

promoter sequence. The 5' terminus of sequence Z may be located 5' of the 3' terminus of the nucleic acid to which

it hybridizes, past the 3' terminus of the nucleic acid to which it hybridizes (i.e., some of sequence Z overhangs), or

may be flush with the 3' terminus of the nucleic acid to which it hybridizes.

[0074] In some embodiments, the nucleic acid template from which one or both strands in the double-stranded

nucleic acid are synthesized is single-stranded, such as single-stranded RNA (ssRNA, see FIG. 1) orsingle-



stranded DNA (ssDNA, see FIG. 2). In embodiments where the nucleic acid template is single-stranded, the

template sometimes is a dissociation product of a double-stranded nucleic acid. A double-stranded nucleic acid may

be dissociated by contacting it with chemical denaturants (e.g., urea, immidazol or formamide) and then diluting the

mixture or contacting it with hydroxyl ions (e.g., from NaOH or KOH) and then neutralizing the mixture, contacting it

with an osmolyte, and/or by using standard heat denaturation (see FIG. 6). If heat denaturation is used to make

single-stranded template, heat is introduced before the isothermal amplification occurs, In isothermal amplification

embodiments that use RNA templates, the system may also include an enzyme having reverse transcriptase (RT)

activity and a means for cleaving the single-stranded RNA template, in which the double-stranded nucleic acid that is

amplified is a product of the RT extending the first primer hybridized to the ssRNA template and the polymerase

having strand displacement activity extending the second primer hybridized to a first synthetic strand made in the

process. In some embodiments, the RT and RNA cleaving activities are in the same enzyme.

[0075] In some embodiments, the isothermal amplification process also includes a binding molecule that binds

to the nucleic acid template and limits extension of the first primer to a position before the 5' end of the nucleic acid

template. Such binding molecules may bind to a ssRNA or ssDNA target template and may be a terminating or

modifying oligonucleotide that hybridizes to a nucleic acid template. A binding molecule may include a nuclease

activity. Embodiments include an oligonucleotide that is a peptide nucleic acid (PNA), locked nucleic acid (LNA),

and those that include one or more 2'-0-methyl ribonucleotides.

[0076] In isothermal amplification embodiments in which a ssDNA is the template, it may be the product of

heat denaturation of a double-stranded DNA (dsDNA). In some embodiments, the first primer hybridizes to a ssDNA

template and the double-stranded nucleic acid that is amplified is a product of the polymerase extending the first and

second primers. Some embodiments include a step of raising the temperature of the system sufficiently to denature

a double stranded nucleic acid made up of a ssDNA template and an extension product of the first primer and then

cooling to a temperature that does not denature a double-stranded nucleic acid made up of the extension products

of the first and second primers (see FIG. 2). That is, the raised temperature denatures the dsDNA to generate the

template and isothermal amplification steps are performed thereafter. An osmolyte may be included in an isothermal

amplification reaction mixture that amplifies a ssDNA template sequence.

[0077] In some embodiments, the first primer having sequence X hybridizes to a ssDNA template and the 3'

terminus of the ssDNA template is not extended (see FIG. 6). In some embodiments, the system includes a third

oligonucleotide that includes sequence T that hybridizes to a subsequence in the ssDNA template 3' of the

sequence to which sequence Z in the first primer hybridizes (see FIG. 3). The third oligonucleotide usυaliy

containslOO nt or less, and preferably contains between about 15 to 80 nt. Sequence T may be about 8 to 40 nt and

may contain a target hybridization region having a contiguous sequence of about 8 nt or more that are about 80%,

90%, or 100% complementary to a contiguous target nucleic acid sequence of 8 nt or more. In some embodiments,

the primer that contains sequence X also includes a sequence 5' of sequence X that hybridizes to a sequence in the

ssDNA template. For example, the 5' end of the oligonucleotide that contains sequence T may be linked to the 5'



end of the oligonucleotide that contains sequences X and Z via a linker of any length, preferably about 1 to 50 nt.

Thus, a first primer embodiment may contain sequences T, X and Z.

[0078] The first primer may include a sequence Z that hybridizes to the ssDNA template, whereby the 3'

terminus of the ssDNA template is extended (see FIG. 5). This orientation may result from hybridization of a primer

to a single-stranded template or by a restriction digest of double-stranded template.

[0079] The nucleic acid template may be a double-stranded nucleic acid in some isothermal amplification

embodiments, such as in those that use a dsDNA template, dsRNA template, or a double-stranded DNA/RNA hybrid

template. Such a system may include an osmolyte. In some embodiments, the first primer hybridizes to a strand of

the double-stranded nucleic acid template, and the double-stranded nucleic acid that is amplified is a product of the

polymerase extending the first and second primers. In some embodiments involving a dsRNA template, the method

may include raising the temperature of the system sufficiently to denature the dsRNA template, and then cooling to a

temperature that does not denature a double-stranded nucleic acid having one strand of the dsRNA template and an

extension product of the first primer, Such embodiments include a means for cleaving the ssRNA template.

[0080] Referring to FIG. 1, in one embodiment of an isothermal process for amplifying a double-stranded

nucleic acid, the reaction mixture includes a ssRNA template, extension nucleotides, first and second oligonucleotide

primers, a reverse transcriptase (RT) activity, means for cleaving RNA, and a polymerase having strand

displacement activity. The first primer includes an AT-rich sequence X and sequence Z, in which sequence Z

hybridizes to the ssRNA template and is extended to make sequence Y, while RNA degradation removes the ssRNA

template strand. The extension of the first primer thus forms a first strand of the double-stranded nucleic acid that is

amplified. The second primer hybridizes to sequence Y in the first strand and is extended, thus forming a second

strand of the double-stranded nucleic acid that is amplified. In the amplification cycle, the AT-rich sequence X of the

first strand and its complementary AT-rich sequence of the second strand may open ("breath") and/or the first primer

may bind to the complementary AT-rich sequence of the second strand (via strand invasion) which results in a

system that isothermally amplifies the double-stranded nucleic acid using the first and second primers in at least one

subsequent polymerization cycle. Sequence X and its complementary sequence may be absent from the ssRNA

template, i.e., sequence X is provided by the first primer sequence. In related linear amplification embodiments,

ssRNA is amplified without the second primer in a process that uses a reaction mixture that includes the ssRNA

template, extension nucleotides, a first oligonucleotide primer, RT activity and a polymerase having strand

displacement activity. In this embodiment, the first primer includes an AT-rich sequence X and sequence Z, in which

sequence Z hybridizes to the ssRNA template and is extended to make sequence Y in the first strand extension

product. A second strand complementary to the first strand extension product may be synthesized by RT, e.g., by

formation of a hairpin turn, without use of a second primer. Then, the process isothermally amplifies the ssRNA

using the first primer in at least one subsequent polymerization cycle. Such linear amplification embodiments may

be conducted with or without including an osmolyte and with or without including a denaturant.

[0081] Referring to FIG. 2, another embodiment of an isothermal amplification process is illustrated, which

amplifies a double-stranded nucleic acid in a reaction mixture that includes a ssDNA template, extension



nucleotides, first and second oligonucleotide primers ("1 st oϋgo" and "2nd oligo"), and a polymerase having strand

displacement activity. The reaction mixture may also include an osmolyte. The first primer includes an AT-rich

sequence X and nucleotide sequence Z which hybridizes to the ssDNA template and is extended to make sequence

Y, thus forming a first strand of the double-stranded nucleic acid that is amplified. Sequence X or its complementary

sequence may be absent from a subsequence in the ssDNA template. The 3' terminus of the ssDNA template is not

extended in the embodiment illustrated. The template/first strand double-stranded nucleic acid is denatured partially

or completely (e.g., by physical or chemical means). In an embodiment that uses physical means to partially or

completely separate the strands of the double-stranded nucleic acid, the process includes raising the temperature of

the system sufficient to denature a double-stranded nucleic acid made up of the ssDNA template and an extension

product of the first primer and then cooling the system to a temperature that does not denature a double-stranded

nucleic acid made up of the extension product of the first primer and an extension product of the second primer. The

second primer hybridizes to nucleotide sequence Y in the first strand and the second primer is extended, thus

forming a second strand of the double-stranded nucleic acid that is amplified. The AT-rich X sequence and its

complementary AT-rich sequence in the double-stranded nucleic acid that is amplified is accessible to the first

primer (as described for FIG. 1) and the isothermal amplification cycle of the double-stranded nucleic acid proceeds

by using the first and second oligonucleotide primers substantially as described for FIG. 1, in at least one

subsequent polymerization cycle. In related linear amplification embodiments, ssDNA is amplified without the

second oligonucleotide primer by contacting together a ssDNA template, extension nucleotides, a first

oligonucleotide primer and a polymerase having strand displacement activity, wherein the first oligonucleotide primer

includes an AT-rich sequence X and sequence Z, in which sequence Z hybridizes to the ssRNA template and is

extended to make sequence Y. The process of isothermally amplifying the ssDNA uses the first oligonucleotide

primer in at least one subsequent polymerization cycle. The linear amplification embodiments may be conducted

with or without an osmolyte or denaturation step.

[0082] Referring to FIG. 3, an embodiment of an isothermal process for amplifying a double-stranded nucleic

acid is illustrated that uses a reaction mixture that includes a ssDNA template, extension nucleotides, first, second

and third oligonucleotides, and a nucleic acid polymerase having strand displacement activity. The first primer ("1 st

oligo") includes an AT-rich sequence X and sequence Z, in which sequence Z hybridizes to the ssDNA template and

is extended by the polymerase to make nucleotide sequence Y, thus forming a first strand of the double-stranded

nucleic acid that is amplified. The second primer ("2nd oligo") hybridizes to a portion of sequence Y in the first strand

and is extended, thus forming a second strand of the double-stranded nucleic acid that is amplified. The third

oligonucleotide includes a sequence T that hybridizes to a subsequence in the ssDNA template located 3' of the

sequence to which sequence Z in the first primer hybridizes. When the third oligonucleotide, which may be referred

to as a displacing primer, is synthetically extended by the polymerase, its extended product displaces the extension

product made from the first primer from the template strand. The AT-rich region in the double-stranded nucleic acid

(made up of the X sequence and its AT-rich complementary sequence) partially opens making one strand of the

double-stranded nucleic acid accessible to hybridization and strand invasion by the first primer that contains



sequence X, thus leading to polymerization and strand displacement resulting in at least one amplification cycle for

isothermal amplification of the double-stranded nucleic acid by using the first and second primers (illustrated in the

right side of FIG. 3). Sequence X or its complementary sequence may be absent from the ssDNA template. In

some embodiments, the first primer and the third oligonucleotide are linked at their 5' ends so that the first primer

includes sequence T.

[0083] Referring to FIG. 4, another embodiment of an isothermal process for amplifying a double-stranded

nucleic acid is illustrated in which the target nucleic acid is a double-stranded nucleic acid, such as a dsDNA

template. In this system, the reaction mixture contacts the double-stranded nucleic acid template with extension

nucleotides, first and second oligonucleotide primers ("1 st oligo" and "2nd oligo" respectively), and a polymerase

enzyme that has strand displacement activity. The reaction mixture may also include and osmolyte with or without a

chemical denaturant. The first primer includes an AT-rich sequence X and sequence Z, in which sequence Z

hybridizes to a strand of the double-stranded nucleic acid template and is extended by the polymerase to make

sequence Y. Thus, a first strand of the double-stranded nucleic acid that is amplified is formed. The second primer

hybridizes to a portion of sequence Y and is extended to form a second strand of the double-stranded nucleic acid

that is amplified. The double stranded nucleic acid that is amplified includes a 5' AT-rich X sequence on one strand

and a 3' complementary AT-rich sequence on the complementary strand, and those AT-rich sequences may become

partially single-stranded in the amplification cycle (illustrated in the right hand portion of FIG. 4), allowing access to

the first primer (that contains the X sequence) and strand displacement by the polymerase to make complementary

strand, releasing the other strand of the double-stranded nucleic acid to hybridize with the second primer which is

extended by the polymerase. Thus, the system isothermally amplifies the double-stranded nucleic acid by using the

first and second primers in at least one subsequent polymerization cycle. Although FIG. 4 illustrates the double-

stranded nucleic acid template as a dsDNA, it may alternatively be a dsRNA or a DNA/RNA hybrid. Sequence X

and its complementary sequence may be absent from the double-stranded nucleic acid template because it is

introduced into the system by the first primer. In a related embodiment for linear amplification, DNA is amplified

without the second primer in a process which includes contacting a double-stranded nucleic acid template, extension

nucleotides, a first oligonucleotide primer and a polymerase enzyme having strand displacement activity in a

reaction mixture. The first primer includes an AT-rich sequence X and sequence Z and is extended to make

sequence Y as described above. The second primer hybridizes to a portion of sequence Y and is extended to make

the double-stranded nucleic acid that is amplified, as described above. During the amplification cycle, however, only

the first primer is used to isothermally amplify one strand of the double-stranded nucleic acid in at least one

subsequent polymerization cycle. Linear amplification embodiments may be conducted with or without use of an

osmolyte or denaturant in the reaction mixture.

[0084] Referring to FIG. 5, another embodiment of an isothermal process for amplifying a double-stranded

nucleic acid is illustrated in which the template is a ssDNA strand. The ssDNA may have a defined 3' end which is

either a natural end of a DNA strand or an end introduced by a cut, such as resulting from a chemical, mechanical or

enzymatic process. In this system, the reaction mixture contacts the ssDNA template, extension nucleotides, first



and second oligonucleotide primers, and a polymerase enzyme having strand displacement activity, with or without

an osmolyte or denaturant. The first primer ("1 st oligo") includes an AT-rich sequence X and sequence Z, in which

sequence Z hybridizes to the ssDNA template, The first primer is extended by the polymerase to make nucleotide

sequence Y1 thus forming a first strand of the double-stranded nucleic acid that is amplified. The 31end of the

ssDNA template is extended by the polymerase when the first oligonucleotide primer hybridizes to the ssDNA (i.e.,

using the first primer as a template), thus forming a second strand of the double-stranded nucleic acid that is

amplified. The double-stranded nucleic acid includes a double-stranded AT-rich region made up of the X sequence

and it complementary sequence. The AT-rich region of the double-stranded nucleic acid may "breath" or become

partially open allowing strand invasion by the first primer which is extended by the polymerase that has strand

displacement activity, thus making a new complementary strand and allowing the second primer ("2nd oligo") to

hybridize to a portion of sequence Y and be extended during amplification. Thus, isothermal amplification of the

double-stranded nucleic acid uses the first and second oligonucleotide primers in at least one subsequent

polymerization cycle. Sequence X and its complementary sequence may be absent from the ssDNA template. In

related embodiments for linear amplification, the ssDNA is amplified without the second oligonucleotide primer by

contacting in a reaction mixture the ssDNA template, extension nucleotides, a first oligonucleotide primer and a

polymerase enzyme having strand displacement activity, with or without an osmolyte or denaturant. The first primer

includes the structural features and functions as described above to make sequence Y and the 3' end of the ssDNA

template is extended when the first oligonucleotide primer hybridizes as described above. In at least one

subsequent polymerization cycle, the ssDNA sequence is isothermally amplified by using only the first

oligonucleotide primer, i.e., omitting the "2nd oligo" illustrated in FIG. 5.

[0085] Referring to FIG. 6, another embodiment of an isothermal process for amplifying a double-stranded

nucleic acid is illustrated that includes contacting in a reaction mixture a dsRNA template, extension nucleotides, first

and second oligonucleotide primers, a means for cleaving RNA, and a polymerase enzyme that has strand

displacement activity. The dsRNA is denatured into single strands, either by using standard physical and/or

chemical methods. The first primer ("1 st oligo") includes an AT-rich sequence X and sequence Z. The first primer

hybridizes to one strand of the dsRNA template via sequence Z and is extended to make nucleotide sequence Y,

thus forming a first strand of the double-stranded nucleic acid that is amplified. The second primer ("2nd oligo")

hybridizes to a portion of sequence Y in the newly synthesized first strand and is extended, thus forming a second

strand of the double-stranded nucleic acid that is amplified. The second primer may also hybridize to the other

strand that results from denaturing the dsRNA template and be extended by the polymerase to make a double-

stranded nucleic acid that does not include an AT-rich sequence unless the dsRNA template itself contained an AT-

rich region. To separate the strands of the double-stranded nucleic acids, the process may raise the temperature of

the system sufficiently to denature the dsRNA template and then cool the system to a temperature that does not

denature a double-stranded nucleic acid made up of one strand of the dsRNA template and an extension product of

the first oligonucleotide primer. For those double-stranded nucleic acids that contain an AT-rich region (e.g., defined

by the X sequence of the first primer and its complementary AT-rich sequence), the AT-rich region may become



accessible to strand invasion by the first primer (e.g., by partial opening of the double-stranded AT-rich region) and

the polymerase having strand displacement activity then extends the 3' end of the first primer displacing the other

strand of the duplex making it accessible to hybridization with the second primer. Thus, the double-stranded nucleic

acid is amplified under isothermal conditions by using the first and second primers in at least one amplification cycle

(illustrated in the right hand portion of FIG. 6). Sequence X and its complementary sequence may be absent from

the dsRNA template, in which case, the system may include an osmolyte and/or denaturant. In related linear

amplification embodiments, RNA is amplified without the second primer (i.e., omitting the "2nd oligo" illustrated in FIG.

6) in a process that includes contacting in a mixture a dsRNA, extension nucleotides, the first oligonucleotide primer

(as described above) and a polymerase enzyme that has strand displacement activity, with or without an osmolyte or

denaturant. The first primer functions as described above to make a nucleic acid strand complementary to one

strand of the dsRNA, i.e., a first synthetic strand that includes AT-rich sequence X, sequence Z and sequence Y.

The polymerase makes a second synthetic sequence complementary to the first synthetic strand (e.g., by

polymerization following the first strand forming a hairpin turn which allows the first synthetic strand to act as a

template). The resulting double-stranded nucleic acid contains an AT-rich region (defined by sequence X and its

complementary AT-rich sequence) which becomes accessible to strand invasion by the first primer as described

above. The polymerase then extends the 3' end of the first primer in at least one subsequent polymerization cycle to

isothermally amplify the target in a linear manner.

[0086] Kits containing reagents for performing isothermal amplification of a target nucleic acid sequence using

the methods described herein may include one or more amplification oligonucleotides as described herein, and may

include additional materials for isothermal amplification, such as one or more of the following components: capture

probes, supports, helper probes, detection probes, binding molecules, terminating, modifying or digestion

oligonucleotides, and osmolytes. Kits may include an apparatus for detecting a detection probe.

[0087] Many embodiments of the isothermal amplification methods include one or more osmolytes in the

reaction mixture. Preferred osmolytes include betaine and/or trimethylamine N-oxide (TMAO). One or more

osmolytes may be included, preferably at a concentration that mimics physiological concentrations, e.g., about

0.25M TMAO or about 1M betaine. Although not wishing to be bound to a particular theory or mechanism, an

osmolyte in a reaction may interact with a polymerase to facilitate strand "breathing" which may not result in strand

dissociation. Osmolytes that enhance isothermal amplification may be identified by routine testing that compares

results of amplification assays that test different osmolytes compared to a control reaction that does not include the

osmolye, and selecting an osmolyte that enhances amplification.

[0088] Some embodiments do not include an osmolyte in the isothermal amplification reaction and, instead, a

first oligonucleotide primer invades a double-stranded nucleic acid having a complementary breathing end, and the

strand displaced upon extension of the first primer hybridizes to a second oligonucleotide primer (e.g., see FIG. 1).

Related embodiments include an osmolyte in the reaction, in which the first and second oligonucleotide primers

simultaneously invade the double-stranded nucleic acid and become extended during the isothermal amplification

step.



[0089] A detection probe may be used to detect amplification products b hybridizing to the amplification

product and producing a detectable signal. A detection probe may be used simultaneously with the amplification

oligonucleotide(s) in a reaction or may contact the amplification product subsequent to amplification, A probe may be

a nucleic acid that hybridizes to a sequence to be detected (target sequence) including hybridization between

DNA/DNA, DNA/RNA, and RNA/RNA strands, or between strands in which one or both strands contain at least one

modified nucleotide, nucleoside, nucleobase, and/or base-to-base linkage, Two single strands of sufficient

complementarity may hybridize to form a double-stranded structure in which the strands are joined by hydrogen

bonds between complementary base pairs (e.g., A with T or U, and G with C) at any point along the hybridized

strands, That is, under conditions that promote hybridization between complementary bases, sufficient bonding

results in a double-stranded nucleic acid. The rate and extent of hybridization are influenced factors that are well

known in the art, which may be predicted by mathematical calculations related to the melting temperature (Tm) for a

given hybrid and hybridization solution used, or may be determined empirically by using standard methods

(Sambrook. et al., supra Ch. 11). Some embodiments of probe sequences are selected to contain no or a minimum

of self-complementarity, whereas other probe embodiments may be partially self-complementary to facilitate

detection of probe:target duplexes in a sample without removing unhybridized probe before detection. Examples of

partially complementary probes are known, e.g., "molecular beacon" or "molecular switch" probes (e.g., US Pat.

Nos. 5,118,801 and 5,312,728, Lizardi et al,, US Pat. Nos. 5,925,517 and 6,150,097, Tyagi et al., Giesendorf et al.,

1998, Clin. Chem. 44(3):482-6) and "molecular torch" probes (e.g., US Pat. Nos. 6,361,945, Becker et al.). Such

probes typically include interacting labels (e.g., luminescent/quencher orfluorophore/quencher pairs) positioned so

that a different signal is produced when the probe is self-hybridized compared to when the probe is hybridized to a

target nucleic acid.

[0090] Detection probes typically have one or more regions of sufficient complementary to hybridize with the

target nucleic acid sequence, or its complement, under stringent hybridization conditions (e.g., 60sC in a solution

with a salt concentration of about 0.6-0.9 M). A variety of hybridization conditions are well known (Sambrook et al.,

id). Probes of different lengths and base composition may be used, but preferred embodiments include up to 100

bases, preferably from 12 to 50 bases, and more preferably 18 to 35 bases. Probes may be labeled with any known

detectable label or reporter group, such as a radioisotope, antigen, fluorescent compound, luminescent moiety

(chemiluminescent, electrochemiluminescent, or phosphorescent compound), chromophore, enzyme, enzyme

cofactor or substrate, dye, hapten, or ligand for detection of the target sequence associated with the probe (e.g.,

Sambrook et al., supra, Ch. 10; US Pat. No. 6,031,091, Arnold et al.). Preferred embodiments are labeled with an

acridinium ester (AE) compound (US Pat, No. 5,185,439, Arnold et al.). Methods of preferentially hybridizing a

probe to a target sequence in a sample that may contain other nucleic acids or other biological, organic or inorganic

materials, and detecting the signal from the label or reporter group are well known in the art. Preferred

embodiments selectively degrade label associated with unhybridized probe and then measure the signal from

remaining label associated with hybridized probe (US Pat. No. 5,283,174).



[0091] Probes and amplification oligonucleotides may include a sequence that facilitates capture by

hybridization with an immobilized oligonucleotide joined to a solid support, by using any known target capture

method (e.g., US Pat. No. 6,1 10,678, Weisburg et al., US Pat. No. 4,486,539, Ranki et al., US Pat. No. 4,751 ,177,

Stabinsky), such as used for nucleic acid purification, which may be performed by using an automated system (e.g.,

DTS® 1600 Target Capture System, Gen-Probe Incorporated, San Diego, CA).

[0092] Detection probes may be used in combination with one or more unlabeled helper probes to facilitate

binding to target nucleotide sequence, i.e., a probe:target nucleic acid duplex more readily forms in the presence of

the helper probe than in the absence of the helper probe (US Pat. No. 5,030,557, Hogan et al.). Use of helper

probes is particularly preferred when the target nucleic acid (e.g., ssRNA or ssDNA) may contain regions of

secondary and tertiary structure even under stringent hybridization conditions because such structures can sterically

inhibit or block hybridization of a detection probe to the target nucleic acid. A helper probe contains sequence that

hybridizes to a sequence in the target nucleic acid under stringent hybridization conditions but different from the

sequence that the detection probe hybridizes. Preferred helper probes are up to 100 bases long, preferably 12 to 50

bases, and more preferably 18 to 35 bases long.

[0093] The invention encompasses kits and diagnostic systems for conducting isothermal amplification and/or

for detecting a target sequence. A kit or system may contain, in an amount sufficient for at least one assay, any

combination of amplification oligonucleotides, detection probes, helper probes and/or capture probes described

herein, and may further include instructions recorded in a tangible form for use of the components. The components

used in an amplification and/or detection process may be provided in a variety of forms, e.g., enzymes, nucleotide

triphosphates, probes and/or primers may be provided in lyophilized reagent(s) that, when reconstituted, form a

complete mixture of components for use in an assay. A kit or diagnostic systems may contain a reconstitution

reagent for reconstituting lyophilized reagent(s). In preferred embodiments for amplifying a target sequence, the

enzymes, nucleotide triphosphates and enzyme cofactors are provided as a single lyophilized reagent that, when

reconstituted, forms a proper reagent for use in the amplification reaction. Other preferred embodiments provide

lyophilized probe reagent(s). Typical packaging materials for such kits and systems include solid matrices (e.g.,

glass, plastic, paper, foil, micro-particles and the like) that hold detection probes, helper probes and/or amplification

oligonucleotides in any of a variety of configurations (e.g., in a vial, microtiter plate well, microarray, and the like). A

system, in addition to containing kit components, may further include instrumentation for conducting an assay, e.g. a

luminometerfor detecting a signal from a labeled probe and/or a magnetic device for separating nucleic acid

hybridized to a capture probe. Preferred embodiments are illustrated in the following examples, but those skilled in

the art will appreciate that other components and conditions in addition to those illustrated may be used in the

methods described herein.

Example 1: Effects of Osmolvtes on Isothermal Amplification

[0094] Properties of Bst DNA polymerase were examined to determine whether double stranded template

nucleic acids is invaded and extended under isothermal conditions. Thermophilic Bst DNA polymerase large

fragment has 5' to 3' polymerase activity up to 70 3C but lacks 5' to 3' exonuclease activity. Osmolytes and the base



compositions of template nucleic acid and primers were examined for their influence on strand invasion, primer

binding, and polymerase extension.

[0095] Bst polymerase activity was examined on a 120 nt ssDNA template in which the 3' terminal 10 nt were

A/T to provide a "breathing" end. A first inner primer recognized an internal site located 20 nt from the 3'end and

was used in the presence or absence of different osmolytes (betaine, proline and trimethylamine N-oxide (TMAO)).

Single strand 1 (SS1) was used as a template with the inner primer. The sequence of SS1 (SEQ ID NO: 1) was:

ATGGπ ACGAATTAGTCACTCCGTGGATAGAGTCGCTAGACAGATAAAGCAAGTAGGTATCAACGGACTGAGGG

GCAGCACACTACAAGCTTAGAAGATAGAGAGGGATTAAAAAAAAAA. The sequence of the inner primer was

CTAAGCTTGTAGTGTGCTGC (SEQ ID NO:2). The Bst reaction mixture (50 µl) contained 1 µM of primer, 250 µM

each dNTP, 20 mM Tris-HCL (pH 8.8), 10 mM KCI, 10 mM (NH4).SO4, 2 mM MgSO4, 0.1% Triton X-100 and 8 Units

Bst DNA polymerase large fragment, which was incubated 1 hr at 60 9C. Amplification products were detected using

a standard hybridization protection assay (HPA) using an AE-labeled detection probe (substantially as described in

US Pat. Nos. 5,283,174 and 5,639,604). The detection probe sequence was

GCAAGTAGGTTATCAACGGACTGAGG (SEQ ID NO:3, labeled with AE via a linker between nt 11 and 12). Briefly,

detection included a hybridization step in which an excess of AE-labeled probe was mixed with the reaction and

hybridized to the amplified target sequence, followed by a selection step in which an alkaline reagent was added to

hydrolyze AE label associated with unhybridized probe making it non-chemiluminescent, and then

chemiluminescence from AE of the probe:target hybrid was measured by using a luminometer (expressed in relative

light units or "RLU"). In these tests, the AE-labeled probe hybridized to the SS2 strand (sequence complementary to

the SS1 strand). Here, HPA was carried out in a denaturing format, but a non-denaturing format was used in other

tests (e.g., Example 2). In denaturing HPA, samples are heated 5 min at 95 SC, cooled to about 70 SC and AE-

labeled probe was added (10 fmol), whereas non-denaturing HPA omits the separate heating and cooling steps.

[0096] Replicate tests were conducted without an osmolyte or with 1M betaine, 0.5M or 1M proline, or 0.25M

or 0.5M TMAO, using different amounts of inner primer (107, 108 and 109 copies/ml). Results (RLU detected) are

shown in Tables 1A, 1B and 1C.

TABLE 1A: Tests Without Osmolyte or With Betaine



TABLE 1B; Tests With Proline

TABLE 1C: Tests With TMOA

When 1M betaine was present and 107 copies of primer were used, an average 497,290 RLU was detected

compared to an average 1055 RLU for reactions without betaine. Using 107 copies of primer, one extension was

expected to yield 1583 RLU and, thus an estimated 314-fold amplification was achieved with betaine present, which

is a minimal estimate because all available AE probe (10 fmol) was consumed in the reaction. When 0.25 M TMAO

was present, the reactions also demonstrated catalytic turnover, producing an average 145,143 RLU using 108

copies of primer, i.e., 9-fold amplification compared to an expected value of 15,830 RLU for one extension at this

primer level. When proline was present, no substantial stimulation of amplification was seen.

Example 2: Effects of an AT-Rich Primer on Isothermal Amplification

[0097] Bst polymerase activity was examined on a ssDNA and dsDNA ( 120 nt) template having one AT-rich

end by using an AT rich primer (referred to as a "breathing primer") to determine whether catalytic turnover occurs in

the absence of an osmolyte. The ssDNA template was SS1 oligonucleotide (SEQ ID NO:1), and the dsDNA

template was the SS1 oligonucleotide hybridized to a complementary oligonucleotide (SS2, SEQ ID NO:4) having

the sequence

π TTTπ π TAATCCCTCTCTATCπ CTAAGCπ GTAGTGTGCTGCCCCTCAGTCCG π GATACCTACπ GCTTTAT

CTGTCTAGCGACTCTATCCACGGAGTGACTAATTCGTAACCAT.

Three primers were tested: (1) a first primer, the breathing primer (T 11111111TAATCCCTCTC, SEQ ID NO:5), that

was complementary to the 3' terminal 20 nt of the SS1 template; (2) a second primer, referred to as an "inner

primer," that was complementary to an internal site located 20 nt from the 3'terminus of the SS1 template (SEQ ID

NO:2); and (3) a third oligonucleotide (ATAGAGTCGCTAGACAGA, SEQ ID NO:6), referred to as an "outer primer,"

that was complementary to an internal sequence located 20 nt from the 3' terminus of the SS2 strand. The reactants

were tested in mixtures containing different amounts of template (102 to 1010 copies/ml) in the following

combinations: (1) dsDNA template and breathing primer (illustrated in FIG. 7A); (2) dsDNA template and inner primer

(illustrated in FIG. 7B); (3) ssDNA template and breathing primer (illustrated in FIG. 7C); and (4) dsDNA template,



outer primer, and breathing primer (illustrated in FIG. 7D). In tests involving the dsDNA template, the template was

prepared by hybridizing the SS1 and SS2 strands together (incubated at 95 C for 5 min, then on ice for 10 min in a

50 mM NaCI solution). In these tests, the Bst reaction mixture (50 µl) contained 1 µM primer (50 pmoles), 250 µM of

each dNTP, 20 mM Tris-HCL (pH 8.8), 10 mM KCI, 10 mM (NH )ZSO4, 2 mM MgSO4, 0.1% Triton X-100 and 8 Units

Bst DNA polymerase large fragment, which was incubated at 60 3C for 1 hr. Results of the tests are shown in Table

2. Denaturing HPA detection methods (indicated by an asterisk in Table 2) and non-denaturing HPA detection

methods, as described in Example 1, were used to detect the SS2 strand.

TABLE 2: RLU Detected for Tests Using Different Template and Primer(s) Combinations

For amplification of the dsDNA template with breathing primer alone and inner primer alone, greater amplification

was detected at the 106 template copy level using the breathing primer (183,245 RLU) than using the inner primer

(617 RLU), compared to the expected RLU for one amplification (158 RLU at the 106copy level). Thus,

approximately 1157-fold amplification was seen with the breathing primer, indicating more catalytic turnover

occurred by using the breathing primer than occurred by using the inner primer. Amplification of the ssDNA template

was approximately 743-fold using the breathing primer at 106 copies (1 17,778 RLU). Combining the outer primer

with the breathing primer provided 2.5 X 1OMoId amplification of the dsDNA template at 104 copies/ml of template,



indicating enhanced amplification when the two primers were used. Thus, in the absence of an osmolyte, an AT-rich

primer which recognizes an AT-rich end of either the ssDNA or dsDNA template stimulated isothermal amplification.

Example 3: Effects of Primer Concentration and Osmolyte on Isothermal Amplification

[0098] Amplification of the 120 nt template used in Examples 1 and 2 by using an inner primer and outer

primer was determined at two primer concentrations, in the presence or absence of 1M betaine. Template dsDNA,

outer primer, inner primer and amplification conditions were as described in Example 2 with primer concentrations of

0.1 µM or 1 µM. Amplification products were detected by using denaturing HPA (see Example 1). Replicate tests

with different amounts of the template (copies/ml) and 5 pmoles or 50 pmoles of primer were performed. The results

(RLU detected) are reported in Table 3, which includes a control test in which template was amplified with the

breathing primer as described in Example 2.

TABLE 3: RLU Detected Using Different Primer, Template, and Osmolyte Combinations

At 105 copies/ml of template, 89738-fold amplification was detected in the presence of betaine and insubstantial

amplification was detected in reactions without betaine (e.g., 1.4 x10δ RLU with betaine compared to 1.6 x 102 RLU

without betaine). This is a minimum estimate of increased amplification because all available detection probe was

consumed in the reaction. Greater amplification was detected when 50 pmol primer was used, compared to

reactions that used 5 pmol primer.

[0099] Similar tests were performed in triplicate using reactions that contained 105 copies/ml of dsDNA

template and 50 pmoles of outer and inner primers, with or without 1M betaine. Triplicate assays performed in the

presence of osmo\yte resulted in a mean of 1.4 x 106 RLU compared to a mean of 8.45 x W RLU for reactions

without osmolye, i.e., at least an 88,455-fold amplification increase in the presence of betaine.

Example 4: Determination of Template Copies Required for Isothermal Amplification

[0100] Amplification levels of 106, 105 and 104 copies/ml of a dsDNA template by using a combination of the

inner primer and outer primer were determined in the presence of 1M betaine, as described in Example 3, but using

a different dsDNA template. The dsDNA template in these tests included two AT-rich termini in which the dsDNA

was composed of hybridized SS1 and SS2 oligonucleotides as shown below.



551 (SEQ ID N0:7):

AAAAAAAπ T π TTCGAGCCGTATAGAGTCGCTAGACAGATAAAGCAAGTAGGTATCAACGGACTGAG

GGGCAGCACACTACAAGC π AGAAGATAGAGAGGGA π AAAAAAAAAAAAAA

552 (SEQ ID N0:8):

π TTTπ TTTTπ TAATCCCTCTCTATC π CTAAGCπ GTAGTGTGCTGCCCCTCAGTCCGTTGATACCT

ACπ GCTπ ATCTGTCTAGCGACTCTATACGGCTCGAAAAAAAT π Tπ T,

The reaction conditions were as described in Example 2, with or without betaine, and amplification products were

detected by denaturing HPA as described in Example 1. In these tests, a single extension was expected to yield less

than 158 RLU, and any higher signal indicates catalytic turnover, The positive control contained 1010 copies/ml

ssDNA template but no osmolyte, and the negative controls contained no template DNA or osmolye, or dsDNA

template and primers but no osmolyte. At 106 copies/ml of dsDNA template, two of three replicates were positive, at

105 copies/ml of dsDNA template, all three replicates were positive, and at1 04 copies/ml of dsDNA template one of

three replicates was positive. Thus, reactions containing 104 copies/m template are appropriate for detecting

positive results. For 104 copies/ml of dsDNA template, the presence of betaine enhanced amplification 4.4 X 105-

fold (691 ,922 RLU were detected for a reaction with betaine compared to 929 RLU detected in the reaction

containing 106 copies/ml of dsDNA template without betaine). The results are shown in Table 4 as the RLU of

triplicate tests.

TABLE 4: Amplification of Templates With and Without Osmolye



Example 5: Effects of Reaction Conditions on Amplification Positivity

[0101] Additional embodiments of isothermal amplification methods were tested in reactions containing 104

copies/mi of the dsDNA template and inner and outer primers, with or without 1M betaine, substantially as described

in Example 4 using conditions similar to those described in Example 2 with the exceptions described herein.

Amplification products were detected by using denaturing HPA (described in Example 1). Assays were performed

using 200 pmol of primers, in amplification reactions that included variables described in Tables 5A and 5B

(reactions that used 10X Bst enzyme concentration, or contained 250 mM KCI, 10 mM MgSO , or 50 µg of bovine

serum albumin (BSA) compared to standard conditions). Positive controls were standard reactions that contained

109 or 1010 copies/ml of ssDNA template and only inner primer. Negative controls contained no template or template

plus primers without osmolyte. The RLU results of triplicate tests for each reaction condition are shown in Tables 5A

and5B.

TABLE 5A

TABLE 5B

Use of 200 pmol of outer and inner primers instead of 50 pmol (Example 2) increased the number of positive results

(from 1of 3 to 2 of 3), and addition of 50 µg BSA increased the positive results (2 of 3), but increasing the enzyme,

KCI or MgSO4 concentrations did not increase positives.



Example 6: Effects of Temperature on Amplification Positivitv

[0102] Similar isothermal amplifications were performed to determine the effects of temperature on

amplification, using reactions that contained 104 copies/ml of dsDNA, inner and outer primers (200 pmol), and 1M

betaine or no osmolyte. Template dsDNA was as described in Example 4, amplified using conditions as described

in Examples 2 and 5, using 200 pmoles of primers and 50 µg BSA in reactions incubated 1 hr at 55, 65, or 70 C,

and amplification products were detected by using denaturing HPA (described in Example 1), A positive control

contained 109 copies/ml of ssDNA template and inner primer, and a negative control contained no template. Table 6

shows the results (RLU of three test sets) for amplification reactions performed at 55 8C, 65 C and 70 3C.

TABLE 6A

At reaction temperatures of 55 C, 65 3C and 70 3C, results were positive for 44% of the tests (four of nine reactions),

66% of the tests (six of nine reactions) and 0% of the tests (zero of nine reactions), respectively. Thus, about 65 3C

appears to the optimum reaction temperature.

Example 7: Effects of Osmolyte on Strand Invasion

[0103] A standard melting temperature (Tm) study (i.e., absorbance at 260 nm as a function of temperature)

was conducted on the dsDNA template described in Example 2 to determine how the presence of osmolyte (1M

betaine) influences Tm. The presence of osmolyte decreased the Tm of the dsDNA template from 80.0 3C (without

betaine) to 78.7 3C (with betaine), i.e., decreased only 1.3 3C, indicating that the osmolyte did not significantly

destabilize the dsDNA. The system temperature (65 3C) did not significantly destabilize the dsDNA because it was

below the Tm of the dsDNA template (80 3C).



[01 04] The influence of the presence of osmolyte ( 1M betaine) on strand invasion of the dsDNA template by

the breathing primer without polymerase were examined using a strand invasion assay reaction that contained BST

buffer (2OmM Tris, pH 7.5, 1OmM KCI, 10 mM (NH4 2SO4, 2mM MgCI2, 0.1% Triton), 1M betaine, and AE-labeled

probe of sequence TTTTTTTTTTAATCCCTCTCTATCTTCTAAGCTTG (SEQ ID NO:9, labeled with AE by a linker

between nt 2 1 and nt 22), and a gel-purified dsDNA template made up of the synthetic strands shown below:

5'TTTTTT π TTAATCCCTCTCTATC π CTAAGCTTGTAGTGTGCTCTAGCGACTCTATCCACGGAGTGACTAA π C

GTAACCAT 3' (SEQ ID NO:10)

31AAAAAAAAAATTAGGGAGAGATAGAAGAnCGAACATCACACGAGATCGCTGAGATAGGTGCCTCACTGATTA

AGCATTGGTA 5' (SEQ ID NO:11)

In the reactions, 1 pmole of template was hybridized to 0, 0.1, 0.25, 0.5 and 1.0 pmole of AE-labeled probe at 659C

for 30 min in BST buffer, then 10 µl of the reaction mixture was removed, diluted to 1.0 ml with BST buffer, and 80 µl

of the diluted mixture was used in an adduct protection assay (APA) (substantially as described in US Pat. No.

5,731,148) in which the mixture first was mixed with 0.2 ml of 14 mM sodium sulfite and 42 mM borate, pH 8.8, and

12 sec later with 0.2 ml of 0.12% H2O2 and 1.5N NaOH. Assay products were detected (2 sec) as RLU in a

luminometer. The RLU results shown in Table 7 indicate that the presence of osmolyte did not significantly influence

strand invasion in the absence of polymerase.

TABLE 7: Strand Invasion Assay

A similar test was performed with the dsDNA template and outer primer as described in Example 2, which yielded

results consistent with the above conclusion, i.e., osmolyte did not significantly effect strand invasion when

polymerase was absent. These observations combined with Tm measurements show that an osmolyte did not

significantly destabilize the template and instead may enhance strand displacement by acting on or with the

polymerase enzyme.

Example 8; Effects of Template Base Composition on Isothermal Amplification

[0105] To determine whether base composition affected the probability of invasion and extension, two dsDNA

templates were compared: one having two AT-rich termini and one having two GC-rich termini (45% GC).

Amplification reactions were performed using conditions as described in Example 6 with the two dsDNA templates



that differed at their termini (GC-rich or AT-rich termini). The dsDNA template having GC-rich termini was made up

of synthetic strands having the following nucleotide sequences:

ATGG π ACGACTGATCATGATAGAGTCGCTAGACAGATAAAGCAAGTAGGTATCAACGGACTGAGGGGATA

GTCTACATGGCAGCACACTACAAGCTTAGACATGAACGTACTGTCAAGT (SEQ ID N0:12),

and

ACπ GACAGTACGTTCATGTCTAAGCTTGTAGTGTGCTGCCATGTAGACTATCCCCTCAGTCCG π GATAC

CTACπ GCTπ ATCTGTCTAGCGACTCTATGATGATCAGTCGTAACCAT (SEQ ID N0:13).

The dsDNA template having AT-rich termini was comprised of strands having the following nucleotide sequences:

AAAAAAA TTTTTCGAGCCGTATAGAGTCGCTAGACAGATAAAGCAAGTAGGTATCAACGGACTGAGGGG
CAGCACACTACAAGCTTAGAAGATAGAGAGGGATTAAAAAAAAAAAAAA (SEQ ID N0:14),

and

TTI 1111111ITTTAATCCCTCTCTATCΠCTAAGCΠGTAGTGTGCTGCCCCTCAGTCCGTTGATACCTACΠ
GC"ΠTATCTGTCTAGCGACTCTATACGGCTCGAAAAAAATΠTTTT (SEQ ID NO:15).

The test reactions included 104 copies/ml of template, 200 pmol of each primer (listed in Table 8A)1 50 µg of BSA,

1M betaine, and were incubated 1 hr at 65 C. The controls included no betaine and used inner primer with ssDNA

template at 109 copies/ml (positive control), or dsDNA plus inner and outer primers (betain negative control), or no

template or primer (negative control). Table 8A shows the RLU results.

TABLE 8A

In reactions that used the template with GC-rich ends, 22% of the reactions showed positivity (2 of 9 reactions were

positive), whereas reactions that used the template with AT-rich ends showed 66% positivity (6 of 9 reactions were

positive), suggesting that the template's terminal base composition influences strand invasion and primer extension.

[0106] Amplification reactions were performed on a different day under the same conditions as for the

reactions reported in Table 8A, except that only inner primer or only outer primer was added to the reaction. Results

of these reactions are reported in Table 8B.



TABLE 8B

Positivity for the dsDNA template amplified with the inner and outer primers was reproduced (22% positivity, 2 of 9

reactions), but no positive results were seen when, only an inner or outer primer was used to amplify 104 copies/ml of

template, suggesting maximal activity requires both primers.

Example 9: Effects of Number of Strands in Template on Isothermal Amplification

[0107] To determine whether the number of strands in template DNA affected the probability of strand

invasion and extension, amplification of a ssDNA template was compared to amplification of a dsDNA template.

Amplification reactions were performed using conditions as described in Example 6 ( 1 hr at 65 5C) with template

having GC-rich termini at 104 copies/ml. The positive control used inner primer with ssDNA template at 109

copies/ml. RLU results of the isothermal amplification reactions are shown in Table 9A.

TABLE 9A

In these reactions, the ssDNA template resulted in 44% positivity (4 of 9 were positive), whereas the dsDNA

template resulted in 22% positivity (2 of 9 were positive; see Example 8). These results suggest primer location at

the end of a template can increase primer hybridization and polymerase extension.

[0108] Amplification reactions were performed on a different day under the same conditions as for those

reported in Table 9A, except that only inner primer and only outer primer was added to the reaction. Results of

these reactions are reported in Table 9B.



TABLE 9B

Thirty-three percent (33%) positivity was observed for reactions with inner and outer primers and ssDNA (3 of 9 were

positive), which was comparable to the 44% positivity observed in Table 9A. A single primer with betaine did not

provide positivity at 104 template, indicating that two primers are needed in the reaction.

Example 10: Primer Hybridization Locations in Templates Used In Isothermal Amplification

[0109] Primer accessibility to dsDNA template and it influence on isothermal amplification were examined by

comparing amplification of two dsDNA templates: a 120 nt template to which primers hybridized 20 bases from each

terminus and a 8 1 nt template to which primers hybridized at each terminus. The 120 nt dsDNA template was made

up of the following two strands:

ATGGTTACGACTGATCATCATAGAGTCGCTAGACAGATAAAGCAAGTAGGTATCAACGGACTGAGGGGATA
GTCTACATGGCAGCACACTACAAGCTTAGACATGAACGTACTGTCAAGT (SEQ ID NO: 12),

and
ACπ GACAGTACGTTCATGTCTAAGCπ GTAGTGTGCTGCCATGTAGACTATCCCCTCAGTCCGTTGATAC
CTACπ GCTTTATCTGTCTAGCGACTCTATGATGATCAGTCGTAACCAT (SEQ ID NO:13).

The 8 1 nt dsDNA template was made up of the following two strands:

ATAGAGTCGCTAGACAGATAAAGCAAGTAGGTATCAACGGACTGAGGGGATAGTCTACATGGCAGCACAC

TACAAGCTTAG (SEQ ID NO:16),

and

CTAAGCπ GTAGTGTGCTGCCATGTAGACTATCCCCTCAGTCCG π GATACCTACTTGCπ TATCTGTCTAG
CGACTCTAT (SEQ ID NO:17).

Using reaction conditions as described in Example 8, amplification of the 8 1 nt ssDNA template was compared to

the 8 1 nt dsDNA template (104 copies/ml per reaction) in the presence of 1M betaine. The positive control without

betaine used 109 copies/ml per reaction of the ssDNA target, and the negative controls without betaine used 104

copies/ml of the ssDNA target or no template. Table 10 shows the results.



TABLE 10

The 8 1 nt ssDNA template and dsDNA template each resulted in 33% positivity (3 of 9 were positive replicates),

which were similar to the results observed for the 120 nt ssDNA GC-rich template in Example 9 (44% positivity), for

which there was higher positivity than for amplification of the 120 nt template having internal primer hybridization

sites. Thus, primers hybridizing at the template termini increased primer hybridization and polymerase extension.

Greater amplification was observed for a 120 nt dsDNA template with AT-rich termini (66% positivity, Example 6),

suggesting that destabilization of a template terminus increases strand invasion and amplification.

Example 11: Isothermal Amplification of Template with AT-Rich Termini

[0110] The influence of the number of strands in a template having AT-rich termini on isothermal amplification

was determined by comparing amplifications of ssDNA and dsDNA templates (104 copies/ml per reaction) using

reaction conditions as described in Example 8. The results are shown in Table 11, in which the test reactions

contained 1M betaine (columns 2 to 4), the positive control (column 5) included 109 copies/ml of the ssDNA

template and the inner primer but no betaine, and the negative control contained no template or betaine (column 6).



Fifty-five percent (55%) positivity was observed (5 of 9 positive) when the outer and inner primers were used to

amplify dsDNA template, consistent with results of Example 6 (66% positivity). Amplification of ssDNA using the two

primers was consistently seen (55% positivity in Table 11, and 44% positivity observed in a separate test). Single

primer reactions did not result in positivity, indicating exponential amplification required two primers. Positivity of

dsDNA with two AT-rich termini was greater than with a dsDNA template without AT-rich termini, suggesting that the

template's base composition at its terminus influences invasion, primer hybridization and polymerase extension.

Example 12: Isothermal Amplification of dsDNA Template Having One AT-Rich Terminus

[0111] The influence of having one AT-rich terminus in a dsDNA template on amplification positivity was

determined by comparing amplification of a dsDNA template having one AT-rich end. The dsDNA template (104

copies/ml per reaction) was as described in Example 2, used in reaction conditions as described in Example 8. The

positive control usedi O9 copies/ml of the ssDNA template with only inner primer and no betain, whereas the negative

control used 104 copies/ml of dsDNA template with inner and outer primers without betaine. Results are shown in

Table 12.



TABLE 12

The dsDNA template having one AT-rich terminus was amplified with 55% positivity (5 of 9 replicates were positive),

which is comparable to results obtained with the template having two AT-rich termini (positivity of 66% in Example 6

and 55% in Example 11), suggesting that the primer hybridization site is accessible and influenced by the Bst

polymerase's strand displacement activity, and a second AT-rich terminus is not necessary for effective

amplification.



WE CLAIM :

1. An isothermal nucleic acid amplification method comprising:

a) providing a reaction mixture that includes a nucleic acid template strand, extension nucleotides, a

first oligonucleotide primer that contains an AT-rich sequence X and a sequence Z that is

complementary to a sequence in the template strand, a second oligonucleotide primer consisting

of a sequence contained in the template strand, and a nucleic acid polymerase having strand

displacement activity;

b) hybridizing sequence Z of the first oligonucleotide primer to a complementary sequence in the

template strand;

c) synthetically extending the first oligonucleotide primer from the 3' terminus of sequence Z by

nucleic acid polymerization to make sequence Y that is complementary to at least part of the

template strand, thereby forming a first strand of a double-stranded nucleic acid that is

isothermally amplified;

d) hybridizing the second oligonucleotide primer to a complementary sequence contained in

sequence Y;

e) synthetically extending the 3' terminus of the second oligonucleotide primer by nucleic acid

polymerization, thereby forming a second strand of the double-stranded nucleic acid that is

isothermally amplified, in which the second strand contains an AT-rich sequence complementary

to sequence X of the first oligonucleotide primer, thereby forming an AT-rich region of the double-

stranded nucleic acid that is isothermally amplified;

f) hybridizing the first oligonucleotide primer to the second strand of the double-stranded nucleic acid

that is isothermally amplified when the AT-rich region of the double-stranded nucleic acid is

partially opened to make the second strand accessible to the first oligonucleotide primer; and

g) polymerizing an extension product of the first oligonucleotide primer hybridized to the second

strand by using the nucleic acid polymerase having strand displacement activity, thereby

displacing the first strand of the double-stranded nucleic acid and performing at least one

amplification cycle under isothermal conditions on the double-stranded nucleic acid that is

isothermally amplified.

2. The method of claim 1, wherein the amplification cycle under isothermal conditions further includes hybridizing

the second oligonucleotide primer to the first strand that was displaced by polymerizing to form the extension

product of the first oligonucleotide primer, and extending the 3' terminus of the second oligonucleotide primer by

nucleic acid polymerization using the first strand as a template,

3. The method of claim 1, wherein the nucleic acid template strand is ssRNA, and wherein the reaction mixture

further includes an enzyme with reverse transcriptase (RT) activity and a means for cleaving RNA, whereby the

RT activity synthetically extends the first oligonucleotide primer from the 3' terminus of sequence Z to make



sequence Y in the first strand and the means for cleaving RNA degrades the ssRNA template strand during or

after synthesis of the first strand.

4. The method of claim 1, wherein the nucleic acid template strand is ssDNA and the method further includes a

step of chemically or physically denaturing the template strand from the first strand made by synthetically

extending the first oligonucleotide primer from the 3' terminus of sequence Z by nucleic acid polymerization to

make sequence Y that is complementary to at least part of the template strand.

5. The method of claim 1, wherein the nucleic acid template strand is ssDNA and the method further comprises:

in the providing step, providing in the reaction mixture a third oligonucleotide that includes sequence T

that hybridizes to a sequence in the ssDNA template strand located 3' of the sequence to which sequence Z

hybridizes;

hybridizing the third oligonucleotide to the ssDNA template strand at a location 3' to the sequence to

which sequence Z hybridizes in the template strand; and

synthetically extending the 3' end of the third oligonucleotide by nucleic acid polymerization using the

polymerase having strand displacement activity, thereby displacing from the template strand the first strand

synthesized by extension of the first oligonucleotide primer.

6. The method of claim 1, wherein the nucleic acid template strand is a first strand of a dsDNA and wherein the

method further comprises:

in the providing step, providing an osmolyte in the reaction mixture; and

optionally chemically or physically denaturing the dsDNA before hybridizing the first oligonucleotide

primer to the first strand of the dsDNA that serves as a template for synthetically extending the first

oligonucleotide primer from the 3' terminus of sequence Z by nucleic acid polymerization to make sequence Y

that is complementary to at least part of the template strand.

7. The method of claim 1, wherein the nucleic acid template is ssDNA having a defined 3' end and the method

further includes synthetically extending the 3' end of the ssDNA by nucleic acid polymerization to make an AT-

rich sequence complementary to the sequence X of the first oligonucleotide primer, wherein forming an AT-rich

region of the double-stranded nucleic acid that is isothermally amplified.

8. The method of claim 1, wherein the nucleic acid template strand is a first strand of a dsRNA and the method

further includes the steps of:

in the providing step, providing an enzyme that has reverse transcriptase (RT) activity and a means for

cleaving RNA,

before the hybridizing steps, chemically or physically denaturing the dsRNA to separate the first

ssRNA strand that hybridizes to the first oligonucleotide primer and a second ssRNA strand that hybridizes to

the second oligonucleotide primer,

hybridizing sequence Z of the first oligonucleotide primer to a complementary sequence in the first

ssRNA strand that serves as the template strand,



hybridizing the second oligonucleotide primer to a complementary sequence in the second ssRNA

strand,

using the RT activity to synthetically extend the 3' terminus of the first oligonucleotide primer hybridized

to the first ssRNA strand and to extend the 3' terminus of the second oligonucleotide primer hybridized to the

second ssRNA strand,

using the means for cleaving RNA to degrade the first ssRNA strand to make sequence Y accessible to

hybridization with the second oligonucleotide primer, and

using the means for cleaving RNA to degrade the second ssRNA strand to make an extension product

of the second oligonucleotide primer accessible to hybridization with the first oligonucleotide primer.

9. The method of claim 1, wherein the providing step further includes an osmoiyte in the reaction mixture.

10. The method of claim 1, wherein the providing step further includes betaine or trimethylamine N-oxide in the

reaction mixture.

11. The method of claim 1, wherein in the providing step the nucleic acid polymerase having strand displacement

activity is a polymerase derived from a thermophilic organism.

12. The method of claim 1, wherein in the providing step the nucleic acid polymerase having strand displacement

activity is a DNA polymerase derived from Bacillus stearothermophilus (Bst).

13. The method of claim 1, wherein the AT-rich sequence X or its complementary sequence is not present in the

sequence of the nucleic acid template strand.

14. The method of claim 1, wherein the AT-rich sequence X is about 10 nt or greater in length and is made up of at

least 51% A and T residues.

15. The method of claim 1, wherein the AT-rich sequence X is about 10 nt or greater in length and is made up of

about 85% to about 100% A and T residues

16. The method of claim 1, wherein the polymerizing step g) is performed at about 65°C.

17. The method of claim 1, wherein the providing step further provides a binding molecule that binds to the nucleic

acid template and limits extension of the first oligonucleotide primer before the 5' end of the nucleic acid

template.

18. The method of claim 17, wherein the binding molecule is an oligonucleotide that hybridizes to the nucleic acid

template and includes at least one peptide nucleic acid (PNA), locked nucleic acid (LNA) or 2'-O-methyl

ribonucleotide residue.

19. The method of claim 17, wherein the binding molecule comprises a nuclease activity.

20. The method of claim 3, wherein the nucleic acid polymerase having strand displacement activity also has

reverse transcriptase (RT) activity and the means for cleaving RNA is an enzyme having RNase H activity.

2 1. The method of claim 8, wherein the nucleic acid polymerase having strand displacement activity also has

reverse transcriptase (RT) activity and the means for cleaving RNA is an enzyme having RNase H activity.



22. The method of claim 4, wherein physically denaturing the template strand from the first strand includes raising

the temperature of the mixture to a first temperature that separates the template strand and the first strand and

then cooling the mixture to a second temperature that does not denature a double stranded nucleic acid made

up of an extension product of the first oligonucleotide primer and an extension product of the second

oligonucleotide primer.

23. The method of claim 4, wherein in step c) the 3' terminus of the ssDNA template strand is not extended by the

nucleic acid polymerase.

24. The method of claim 8, wherein physically denaturing the dsRNA to separate the first ssRNA strand and the

second ssRNA strand includes raising the temperature of the mixture to a first temperature that denatures the

dsRNA, and then cooling the mixture to a second temperature that does not denature a duplex made up of the

first ssRNA strand and a strand made by synthetically extending the 3' terminus of the first oligonucleotide

primer hybridized to the first ssRNA strand.

25. An isothermal nucleic acid linear amplification method comprising:

a) providing a reaction mixture that includes a nucleic acid template strand, extension nucleotides, a

oligonucleotide primer that contains an AT-rich sequence X and a sequence Z that is

complementary to a sequence in the template strand, and a nucleic acid polymerase having strand

displacement activity;

b) hybridizing sequence Z of the oligonucleotide primer to a complementary sequence in the template

strand;

c) synthetically extending the oligonucleotide primer from the 3' terminus of sequence Z by nucleic

acid polymerization to make sequence Y that is complementary to at least part of the template

strand, thereby forming a first strand of a double-stranded nucleic acid that is isothermally

amplified;

d) synthesizing a second strand complementary to the first strand that includes a sequence

complementary to sequence Y, a sequence complementary to sequence Z and an AT-rich

sequence complementary to sequence X, thereby forming an AT-rich region of a double-stranded

nucleic acid that is isothermally amplified;

e) hybridizing the oligonucleotide primer to the second strand of the double-stranded nucleic acid that

is isothermally amplified when the AT-rich region of the double-stranded nucleic acid is partially

opened to make the second strand accessible to the oligonucleotide primer;

f) polymerizing an extension product of the oligonucleotide primer hybridized to the second strand by

using the nucleic acid polymerase having strand displacement activity, thereby displacing the first

strand of the double-stranded nucleic acid and performing a first amplification cycle under

isothermal conditions on the double-stranded nucleic acid that is isothermally amplified; and

g) repeating steps e and f in subsequent amplification cycles to result in linear amplification of a

sequence in the nucleic acid template strand.



26, A composition comprising a first oligonucleotide primer that contains an AT-rich sequence X and a sequence Z

that is complementary to a sequence in an intended nucleic acid template strand and a nucleic acid polymerase

having strand displacement activity.

27. A kit comprising the composition of claim 26.
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<210> 1
<211> 120
<212> DNA
<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 1
atggttacga attagtcact ccgtggatag agtcgctaga cagataaagc aagtaggtat 60

caacggactg aggggcagca cactacaagc ttagaagata gagagggatt aaaaaaaaaa 120

<210> 2
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Synthetic oligonucleotide primer

<400> 2
ctaagcttgt agtgtgctgc 20

<210> 3
<211> 26
<212> DNA
<213> Artificial

<220>
<223> synthetic oligonucleotide probe

<400> 3
gcaagtaggt tatcaacgga ctgagg 26

<210> 4
<211> 120
<212> DNA
<213> Artificial
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<220>
<223> synthetic oligonucleotide

<400> 4
tttttttttt aatccctctc tatcttctaa gcttgtagtg tgctgcccct cagtccgttg 60

atacctactt gctttatctg tctagcgact ctatccacgg agtgactaat tcgtaaccat 120

<210> 5
<211> 20
<212> DNA
<213> Artificial

<220>
<223> synthetic oligonucleotide primer

<400> 5
tttttttttt aatccctctc 20

<210> 6
<211> 18
<212> DNA
<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 6
atagagtcgc tagacaga 18

<210> 7
<211> 120
<212> DNA
<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 7
aaaaaaattt ttttcgagcc gtatagagtc gctagacaga taaagcaagt aggtatcaac 60

ggactgaggg gcagcacact acaagcttag aagatagaga gggattaaaa aaaaaaaaaa 120

<210> 8
<211> 120
<212> DNA
<213> Artificial

<22O>
<223> synthetic oligonucleotide

<400> 8
tttttttttt ttttaatccc tctctatctt ctaagcttgt agtgtgctgc ccctcagtcc 60

gttgatacct acttgcttta tctgtctagc gactctatac ggctcgaaaa aaattttttt 120

<210> 9
<211> 35
<212> DNA
<213> Artificial

<22O>
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<223> synthetic oligonucleotide

<400> 9
tttttttttt aatccctctc tatctt;ctaa gcttg 35

<210> 10
<211> 83
<212> DNA
<213> Artificial

<220>
<223> synthetic oligonucleotide

<400> 10
tttttttttt aatccctctc tatcttctaa gcttgtagtg tgctctagcg actctatcca 60

cggagtgact aattcgtaac cat 83

<210> 11
<211> 83
<212> DNA
<213> Artificial

<220>
<223> synthetic oligonucleotide

<400> 11
atggttacga attagtcact ccgtggatag agtcgctaga gcacactaca agcttagaag 60

atagagaggg attaaaaaaa aaa 83

<210> 12
<211> 120
<212> DNA
<213> Artificial

<220>
<223> synthetic oligonucleotide

<400> 12
atggttacga ctgatcatca tagagtcgct agacagataa agcaagtagg tatcaacgga 60

ctgaggggat agtctacatg gcagcacact acaagcttag acatgaacgt actgtcaagt 120

<210> 13
<211> 120
<212> DNA
<213> Artificial

<220>
<223> synthetic oligonucleotide

<400> 13
acttgacagt acgttcatgt ctaagcttgt agtgtgctgc catgtagact atcccctcag 60

tccgttgata cctacttgct ttatctgtct agcgactcta tgatgatcag tcgtaaccat 120

<210> 14
<211> 120
<212> DNA
<213> Artificial
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<220>
<223> synthetic oligonucleotide

<400> 14
aaaaaaattt ttttcgagcc gtatagagtc gctagacaga taaagcaagt aggtatcaac 60

ggactgaggg gcagcacact acaagcttag aagatagaga gggattaaaa aaaaaaaaaa 120

<210> 15
<211> 120
<212> DNA
<213> Artificial

<22O>
<223> Synthetic oligonucleotide

<400> 15
tttttttttt ttttaatccc tctctatctt ctaagcttgt agtgtgctgc ccctcagtcc 60

gttgatacct acttgcttta tctgtctagc gactctatac ggctcgaaaa aaattttttt 120

<210> 16
<211> 81
<212> DNA
<213> Artificial

<220>
<223> synthetic oligonucleotide

<400> 16
atagagtcgc tagacagata aagcaagtag gtatcaacgg actgagggga tagtctacat 60

ggcagcacac tacaagctta g 81

<210> 17
<211> 81
<212> DNA
<213> Artificial

<220>
<223> synthetic oligonucleotide

<400> 17
ctaagcttgt agtgtgctgc catgtagact atcccctcag tccgttgata cctacttgct 60

ttatctgtct agcgactcta t 81
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