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NICKING _AND EXTENSION AMPLIFICATION REACTION FOR THE-
EXPONENTIAL AMPLIFICATION OF NUCLEIC ACIDS

Field of the Invention

The invention is in general directed to the rapid exponential amplification of short

DNA or RNA sequences at a constant temperature.

Related Applications
Priority is claimed to U.S. Patent Application serial number 11/778,018, filed July

14, 2007, and entitled Nicking and Extension Amplification Reaction for the Exponential

Amplification of Nucleic Acids,

Background
The field of /n vitro diagnostics is quickly expanding as the need for systems that

can rapidly detect the presence of harmful species or determine the genetic sequence of a
region of interest is increasing exponentially. Current molecular diagnostics focus on the
detection of biomarkers and include small molecule detection, immuno-based assays, and
nucleic acid tests. The built-in specificity between two complementary or substantiaily
complementary nucleic acid strands allows for fast and specific recognition using unique
DNA or RNA sequences, the simplicity of which makes a nucleic acid test an attractive
prospect. Identification of bacterial and viral threat agents, genetically modified food
products, and single nucleotide polymorphisms for disease management are only a few
areas where the advancement of these molecular diagnostic tools becomes extremely
advantageous. To meet these growing needs, nucleic acid amplification technologies have
been developed and tailored to these needs of specificity and sensitivity.

Historically, the most common amplification technique is the polymerasc chain
reaction (PCR}, which has in many cases become the gold standard for detection methods
because of its reliability and specificity. This technique requires the cycling of
temperatures to proceed through the steps of denaturation of the dsDNA, annealing of
short oligonucleotide primers, and extension of the primer along the template by a

thermostable polymerase. Though many new advances in engineering have successfully



10

15

20

25

30

CA 02693805 2010-01-13

WO 2009/012246 PCT/US2008/070023

shortened these reaction times to 20-30 minutes, there is still a stecp power requircment to
meet the needs of these thermocycling units.

Various isothermal amplification techniques have been developed to circumvent
the need for temperature cycling. From this demand, both DNA and RNA isothermal
amplification tcchnologics have cmerged.

Transcription-Mediated Amplification (TMA) employs a reverse transcriptase with
RNase activity, an RNA polymerase, and primers with a promoter sequence at the 5’end.
The reverse transcriptase synthesizes cDNA from the primer, degrades the RNA target,
and synthesizes the sccond strand after the reverse primer binds. RNA polymerasc then
binds to the promoter region of the dsDNA and transcribes new RNA transcripts which
can serve as templates for further reverse transcription. The reaction can produce a billion
fold amplification in 20-30 minutes. This system is not as robust as other DNA
amplification techniques and is therefore, not a field-deployable test due to the ubiquitous
presence of RNAases outside of a sterile laboratory. This amplification technique is very
similar to Sclf-Sustained Sequence Replication (3SR) and Nucleic Acid Sequence Based
Amplification (NASBA), but varies in the enzymes employed.

Single Primer Isothermal Amplification (SPIA) also involves multiple polymerases
and RNaseH. First, a reverse transcriptase extends a chimeric primer along an RNA target.
RNaseH degrades the RNA target and allows a DNA polymerase to synthesize the second
strand of cDNA. RNaseH then degrades a portion of the chimeric primer to release a
portion of the cDNA and open a binding site for the next chimeric primer to bind and the
amplification process proceeds through the cycle again. The linear amplification system
can amplify very low levels of RNA target in roughly 3.5 hrs.

The Q-Beta replicase system is a probe amplification method. A probe region
complementary or substantially complementary to the target of choice is inserted into
MDV-1 RNA, a naturally occurring template for Q-Beta replicase. Q-Beta replicates the
MDV-1 plasmid so that the synthesized product is itself a template for Q-Beta replicase,
resulting in cxponcntial amplification as long as the there is cxcess replicasc to template.
Because the Q-Beta replication process is so sensitive and can amplify whether the target
is present or not, multiple wash steps are required to purge the sample of non-specifically
bound replication plasmids. The exponential amplification takes approximately 30

minutes; however, the total time including all wash steps is approximately 4 hours.
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Numcrous isothcrmal DNA amplification tecchnologics have been developed as
well. Rolling circle amplification (RCA) was developed based on the natural replication of
plasmids and viruses. A primer extends along a circular template resulting in the synthesis
of a single-stranded tandem repeat. Capture, washing, and ligation steps are necessary to
preferentially circularize the template in the presence of target and reduce background
amplification. Ramification amplification (RAM) adds cascading primers for additional
geometric amplification. This technique involves amplification of non-specifically sized
strands that are either double or single-stranded.

Helicase-dependent amplification (HDA) takes advantage of a thermostable
helicase (Tte-UvrD) to unwind dsDNA to create single-strands that are then available for
hybridization and extension of primers by polymerase. The thermostable HDA method
does not require the accessory proteins that the non-thermostable HDA requires. The
reaction can be performed at a single temperature, though an initial heat denaturation to
bind the primers generates more product. Reaction times are reported to be over 1 hour to
amplify products 70-120 base pairs in length.

Loop mediated amplification (LAMP) is a sensitive and specific isothermal
amplification method that employs a thermostable polymerase with strand displacement
capabilitics and four or morc primers. The primers arc designed to anncal consceutively
along the target in the forward and reverse direction. Extension of the outer primers
displaces the extended inner primers to release single strands. Each primer is designed to
have hairpin ends that, once displaced, snap into a hairpin to facilitate self-priming and
turther polymerase extension. Additional loop primers can decrease the amplification
time, but complicates the reaction mixture. Overall, LAMP is a difficult amplification
method to multiplex, that is, to amplify more than one target sequence at a time, although
it is reported to be extremely specific due to the multiple primers that must anneal to the
target to further the amplification process. Though the reaction proceeds under isothermal
conditions, an initial heat denaturation step is required for double-stranded targets.
Amplification proceeds in 25 to 50 minutes and yields a ladder pattern of various length
products.

Strand displacement amplification (SDA) was developed by Walker et.al. in 1992.
This amplification mcthod uscs two scts of primers, a strand displacing polymcrasc, and a
restriction endonuclease. The bumper primers serve to displace the initially extended
primers to create a single-strand for the next primer to bind. A restriction site is present in

the 5’ region of the primer. Thiol-modified nucleotides are incorporated into the
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synthesized products to inhibit cleavage of the synthesized strand. This modification
creates a nick site on the primer side of the strand, which the polymerase can extend. This
approach requires an initial heat denaturation step for double-stranded targets. The
reaction is then run at a temperature below the melting temperature of the double-stranded
target region. Products 60 to 100 bascs in length are usually amplified in 30-45 minutes
using this method.

These and other amplification methods are discussed in, for example, VanNess, J,
ctal., PNAS 2003. vol 100, no 8, p 4504-4509; Tan, E, et al., Anal. Chem. 2005, 77,
7984-7992; Lizard, P, et al., Nature Biotech. 1998, 6, 1197-1202; Notomi, T., et al., NAR
2000, 28, 12, ¢63; and Kurn, N., et al,, Clin. Chem. 2005, 51:10, 1973-1981. Other
references for these general amplification techniques include, for example, U.S. Patent
Serial Nos, 7112423; 5455166, 5712124; 5744311; 5916779; 5556751; 5733733;
5834202; 5354668; 5591609; 5614389; 5942391; and U.S. patent publication numbers
US20030082590; US20030138800; US20040058378; and US20060154286.

Summary

Provided herein are methods of amplifying nucleic acid target sequences that rely
on nicking and extension reactions to amplify shorter sequences in a quicker timeframe
than traditional amplification reactions, such as, for example, strand displacement
amplification reactions. Embodiments of the invention include, for example, reactions
that use only two templates to amplify a target sequence, one or two nicking enzymes, and
a polymerase, under isothermal conditions. In exemplary embodiments, the polymerase
and the nicking enzyme arc thermophilic, and the reaction temperature is significantly
below the melting temperature of the hybridized target region. The nicking cnzyme nicks
only one strand in a double-stranded duplex, so that incorporation of modified nucleotides
15 not necessary as in the case of conventional strand displacement amplification. An
initial heat denaturation step is not required for the methods of the present invention, Due
to the simplicity of the reaction, in exemplary embodiments, the reaction is very casy to
perform, requires no special equipment, such as a thermocycler, and can amplify 20-30mer
products 10° to 10" fold from genomic DNA in only about 2.5 to about 10 minutes,
Furthermore, in vther exemplary embodiments, the method is able to amplify RNA
without a separate reverse transcription step.

Thus, provided in a first embodiment of the present invention is a method for

amplifying a double-stranded nucleic acid target sequence, comprising contacting a target
.
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DNA molecule comprising a double-stranded target sequence having a sense strand and an
antisense strand, with a forward template and a reverse template, wherein said forward
template comprises a nucleic acid sequence comprising a recognition region at the 3’ end
that is complementary or substantially complementary to the 3’ end of the target sequence
antisensc strand; a nicking enzyme binding site and a nicking site upstream of said
recognition region, and a stabilizing region upstream of said nicking enzyme binding site
and said nicking site; said reverse template comprises a nucleotide scquence comprising a
recognition region at the 3" end that is complementary or substantially complementary to
the 3’ end of the target sequence sense strand, a nicking enzyme binding site and a nicking
site upstream of said recognition region, and a stabilizing region upstream of said nicking
enzyme binding site and said nicking site; providing a first nicking enzyme that is capable
of nicking at the nicking site of said forward template, and does not nick within said target
sequence; providing a second nicking enzyme that is capable of nicking at the nicking site
of said reverse template and does not nick within said target sequence; and providing a
DNA polymerase; under conditions wherein amplification is performed by multiple cycles
of said polymerase extending said forward and reverse templates along said target
sequence producing a double-stranded nicking site, and said nicking enzymes nicking at
said nicking sites, producing an amplification product.

In certain embodiments of the invention, the DNA polymerase is a thermophilic
polymerase. In other examples of the invention, the polymerase and said nicking enzymes
are stable at temperatures up to 37°C, 42°C, 60°C, 65°C, 70°C, 75°C, 80°C, or 85°C. In
certain embodiments, the polymerase is stable up to 60°C. The polymerase may, for
example, be selected from the group consisting of Bst (large fragment), 9°N, Venty” (exo-
) DNA Polymerase, Therminator, and Therminator 1L

The nicking enzyme may, for example, nick upstream of the nicking enzyme
binding site, or, in exemplary embodiments, the nicking enzyme may nick downstream of
the nicking enzyme binding site. In certain cmbodiments, the forward and reverse
templates comprise nicking sites recognized by the same nicking enzyme and said first and
said second nicking enzyme are the same. The nicking enzyme may, for example, be
selected from the group consisting of Nt.BspQI, Nb.BbvCi, Nb.Bsml, Nb.BsrD1, Nb.Bts!,
Nt Alwl, NtBbvCI, Nt.BstNBI, Nt.CviPIi, Nb.Bpul0l, and Nt.Bpul0i.

A

CA 2693805 2018-08-22
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In certain aspects of the present invention, the target sequence comprises from 1 to
5 nucleotides more than the sum of the nucleotides of said forward template recognition
region and said reverse template recognition region.

The DNA molecule may be, for example, genomic DNA. The DNA molccule may
be, for example, sclected from the group consisting of plasmid, mitechondrial, and viral
DNA. In certain embodiments, the forward template is provided at the same concentration
as the reverse template. In other examples, the forward template is provided at a ratio to
the reverse template at the range of ratios of 1:100 to 100:1.

In other examples of the invention, the method further comprises the use of a
sceond polymerase. The amplification may be, for example, conducted at a constant
temperature. This temperature may be, for example, between 54°C and 60°C. As to the
length of time for the reaction to take place, in certain examples, the amplification reaction
is held at constant temperature for 1 to 10 minutes.

The present invention further comprises detecting the amplification produet, for
example, by a method selected from the group consisting of gel electrophoresis, mass
spectrometry, SYBR I fluorescence, SYBR [T fluorescence, SYBR Gold, Pico Green,
TOTO-3, intercalating dyc detection, FRET, molecular beacon detection, surface capture,
capillary electrophoresis, incorporation of labeled nucleotides to allow detection by
capture, fluorescence polarization, and lateral flow capture. The amplification products
may be, for example, detected using a solid surface method, for example, where at least
one capture probe is immobilized on the solid surface that binds to the amplified sequence.

The present invention may be used for multiplex amplification. Thus, for example,
in certain embodiments of the present invention at least two target sequences are capable
of being amplified. By “capable of being amplified” is meant the amplification reaction
comprises the appropriate templates and enzymes to amplify at least two target sequences.
Thus, for example, the amplification reaction may be prepared to detect at least two target
sequences, but only onc of the target sequences may actually be present in the sample
being tested, such that both sequences are capable of being amplified, even though only
one sequence may actually be amplified. Or, where two target sequences are present, the
amplification reaction may result in the amplification of both of the target sequences. The
multiplex amplification reaction may result in the amplification of one, some, or all, of the
target sequences for which it comprises the appropriate templates and enzymes,

At least one of the templates, for example, may comprise a spacer, a blocking

group, or a modificd nucleotide.

CA 2693805 2018-08-22
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Also provided as an embodiment of the present invention is a method for
amplifying a single-stranded nucleic acid target sequence, comprising contacting a target
nucleic acid comprising a single-stranded target sequence with a reverse template, wherein
said reverse template comprises a nucleotide scquence comprising a recognition region at
the 3 end that is complementary or substantially complementary to the 3’ end of the target
sequence, a nicking enzyme binding site and a nicking site upstream of said recognition
region, and a stabilizing region upstream of said nicking enzyme binding site and said
nicking site; providing a first nicking enzyme that is capable of nicking at the nicking site
of said reverse template, and does not nick within said target sequence; providing a DNA
polymerase under conditions wherein said polymerase extends said reverse template along
said target sequence; contacting said extended reverse template with a forward template,
wherein said forward template comprises a recognition region at the 37 cnd that is identical
to the 5’ end of the target sequence a nicking enzyme binding site and a nicking site
upstream of said recognition region, and a stabilizing region upstream of said nicking
cnzyme binding site and said nicking site; providing a sceond nicking enzyme that is
capable of nicking at the nicking site of said forward template and does not nick within
said target sequence; under conditions wherein amplification is performed by multiple
cyctes of said polymerase extending said forward and reverse templates along said target
sequence producing a double-stranded nicking site, and said nicking enzymes nicking at
said nicking sites, producing an amplification product,

Those of ordinary skill in the art understand that the examples presented herein
relating to the amplification of a double-stranded nucleic acid target sequence and the
detection of the amplified product also apply to the amplification of a single-stranded
nucleic acid target sequence and the detection of the amplified product. Furthermore, in
examples of the present invention, the target sequence may be, for example, RNA, for
cxample, but not limited to, messenger RNA (mRNA), ribosomal RNA (rfRNA), viral
RNA, microRNA, a microRNA precursor, or siRNA, In exemplary embodiments of the
present invention, for example, where the target sequence is RNA, the polymerase has
reverse transcription activity. In yet other examples of the present invention, the target
sequence is DNA, such as, for example, genomic DNA, or for example, the target
sequence is selected from the group consisting of plasmid, mitochondrial, and viral DNA,

or even a PCR product.

CA 2693805 2018-08-22
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Where the method, in accordance with the present invention, involves the use of
more than one polymerase, in exemplary embodiments at least one of the polymerases
may have reverse transcriptase activity.

In other embodiments of the present invention, a sct of oligonucleotide templates is
provided, comprising a first template for nucleic acid amplification, comprising a
recognition region at the 3" end that is complementary or substantially complementary to
the 3’ end of a target sequence antisense strand; a nicking enzyme binding site and a
nicking site upstream of said recognition region; and a stabilizing region upstream of said
nicking enzyme binding site and said nicking site; and a second template for nucleic acid
amplification, comprising a recognition region at the 3’ end that is identical to the 5" of
said target sequence antisense strand; nicking enzyme binding site and a nicking site
upstream of said recognition region; and a stabilizing region upstream of said nicking
enzyme binding site and said nicking site;wherein said target sequence comprises from 1
to 5 spacer bases between said 37 end of the antisense strand and said 5' end of said
antisense strand that do not bind to cither template.

In yet other embodiments, a kit is provided for following the methods of the
present invention for nucleic acid amplification, comprising a DNA polymerase; a first
template for nucleic acid amplification, comprising a recognition region at the 3 end that
is complementary or substantially complementary to the 3’ end of a target sequence
antisense strand; a nicking enzyme binding sitc and a nicking site upstream of said
recognition region; and a stabilizing region upstream of said nicking enzyme binding site
and said nicking site; a sccond template for nucleic acid amplification, comprising a
recognition region at the 3’ end that is complementary or substantially complementary to
the 3" end of a target sequence sense strand; nicking enzyme binding site and a nicking site
upstream of said recognition region; and a stabilizing region upstream of said nicking
enzyme binding site and said nicking site; one or two thermostable nicking enzymes,
wherein either one enzyme is capable of nicking at the nicking site of said first and said
second templates, or a first enzyme is capable of nicking at the nicking site of said first
primer and a sccond enzyme is capable of nicking at the enzyme site of said second
primer.

The kit may, for example, provide said polymerase, nicking enzymes, and
templates in a container. The kit may provide, for cxample, said polymerase, nicking

enzymes, and templales in two containers. In certain examples, the polymerase and

3
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nicking enzymes are in a first container, and said templates are in a second container. In
certain examples, the polymerase and nicking enzymes are lyophilized. The kit may, for
example, further comprise instructions for following the amplification methods of the
present invention. The kit may, for example, further comprise a cuvette. The kit may, for
example, further comprise a lateral flow device or dipstick. The lateral flow device or
dipstick may, for example, further comprise a capture probe, wherein said capture probe
binds to amplified product. The kit may, for example, further comprise a detector
component, for example, one selected from the group consisting of a fluorescent dye,
colloidal gold particles, latex particles, a molecular beacon, polystyrene beads, and the
like. In other examples, at least one of the templates of the kit may comprise a spacer,
blocking group, or a modified nucleotide.

Deoxynucleoside triphosphates (ANTPs) are included in the amplification reaction.
One or more of the dNTPs may be modified, or labeled, as discussed herein, however, the
use of modified NTPs is not required in the present method. Nucleotides are designated as
follows. A ribonucleosidce triphosphate is referred to as NTP or ¥NTP; wherein N can be
A, G, C, Uorm5U to denote specific ribonucleotides. Deoxynucleoside triphosphate
substrates arc indicated as ANTPs, wherein N can be A, G, C, T, or U. Throughout the
text, monomeric nucleotide subunits may be denoted as A, G, C, or T with no particular
reference 1o DNA or RNA.

in another embodiment, a method is provided for nucleic acid amplification
comprising forming a mixture of a target nucleic acid comprising a double-stranded target
sequence having a sensc strand and an antisensc strand; a forward template comprising a
nucleic acid sequence comprising a recognition region at the 3' end that is complementary
or substantially complementary to the 3’ end of the target sequence antisense strand; a
nicking enzyme binding site and a nicking site upsircam of said recognition region, and a
stabilizing region upstrecam of said nicking enzyme binding site and said nicking site; a
reverse template comprising a nucleotide sequence comprising a recognition region at the
3" end that is complementary or substantially complementary to the 3’ end of the target
scquence sense strand, a nicking enzyme binding site and a nicking site upstream of said
recognition region and a stabilizing region upstream of said nicking enzyme binding sitc
and said nicking site; a first nicking enzyme that is capable of nicking at the nicking site of
said forward template, and does not nick within said target sequence; a second nicking

enzyme that is capable of nicking at the nicking site of said reverse template and does not

CA 2693805 2018-08-22
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nick within said target sequence; and a thermophilic polymerase under conditions wherein
amplification is performed by multiple cycles of said polymerase extending said forward
and reverse templates along said target sequence producing a double-stranded nicking site,
and said nicking enzymes nicking at said nicking sites, producing an amplification
product. In certain embodiments, the nicking enzyme binding sites on the forward and
reverse templates are recognized by the same nicking enzyme, and only one nicking
enzyme is used for the reaction,

In another embodiment, & method is provided for nucleic acid amplification
comprising forming a mixture of a target nucleic acid comprising a single-stranded target
sequence, a reverse template, wherein said reverse template comprises a nucleotide
sequence comprising a recognition region at the 3’ end that is complementary or
substantially complementary to the 3’ end of the target sequence, a nicking cnzyme
binding site and a nicking site upstream of said recognition region, and a stabilizing region
upstream of said nicking enzyme binding site and said nicking site; a first nicking enzyme
that is capable of nicking at the nicking site of said reverse template, and does not nick
within said target sequence; a thermophilic polymerase under conditions wherein said
polymerase extends said reverse template along said target sequence; a forward template,
wherein said forward template comprises a nucleic acid scquence comprising a recognition
region at the 3’ end that is identical or substantially identical to the 5'end of the target
sequence; and a second nicking enzyme that is capable of nicking at the nicking site of
said forward template and does not nick within said target sequence; under conditions
wherein amplification is performed by multiple cycles of said polymerase extending said
torward and reverse templates along said target sequence producing a double-stranded
nicking site, and said nicking enzymes nicking at said nicking sites, producing an
amplification product. In certain embodiments, the nicking enzyme binding sites on the
forward and reverse templates are recognized by the same nicking enzyme, and only one
nicking enzyme is used for the reaction.

fn other embodiments of the invention are provided methods for the separation of
amplified nucleic acids obtained by the amplification methods of the invention. In yet
further embodiments of the invention are provided methods for detecting and/or analyzing
the amplified nucleic acids obtained by the amplification methods of the invention,
including, for example, methods using SYBR T, II, SYBR Gold, Pico Green, TOTO-3, and

most intercalating dyes, molecular beacons, FRET, surface capture using immobilized

10
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probes with fluorescence, electrochemical, or colorimetric detection, mass spectrometry,
capillary clectrophoresis, the incorporation of labcled nucleotides to allow detection by
capturc or fluorescence polarization, lateral flow, and other methods involving capture
probes,

Methods using capture probes for detection include, for example, the usc of a
nucleic acid molecule (the capture probe) comprising a sequence that is complementary to,
or substantially complementary to, an amplification product strand such that the capture
probe binds to amplified nucleic acid. The probe may be linked to a detectable label in
certain embodiments, and amplification product may be detected based on the detectable
label of the probe specifically hybridized to the amplification product. The reaction may,
for example, further comprise an antibody directed against a molecule incorporated into or
attached to the capture probe. Or, for example, the capture probe, or @ molecule that binds
to the capture probe, may incorporate, for example, an enzyme label, for example,
peroxidase, alkaline phosphatase, or beta-galactosidase, a fluorescent label, such as, for
example, fluorescein or rhodamine, or, for example, other molecules having
chemiluminescent or bioluminescent activity.  In some embodiments, the probe is linked
to a solid support, and amplification product strands may be specifically immobilized to
the capture probe linked to the solid support under conditions known and selected by the
person of ordinary skill in the art. In the latter embodiments, solid support-immobilized
amplification product may be subjccted to processing steps, such as washing, ion
exchange, release from the solid support, or other processing steps. An amplification
product may be detected when immobilized to a solid support in some embodiments. The
embodiments of the present invention also comprise combinations of these detection and

analysis methods.

In certain embodiments, there is provided:

<I> A method for nucleotide sequence amplification, which comprises:
providing a target nucleic acid obtained from a sample, the target nucleic acid comprising a target
nucleotide sequence,
without first subjecting the target nucleic acid molecule to a denaturation step associated with
amplification of the target nucleotide sequence, combining, in a single step, the obtained target nucleic acid
directly with an amplification reagent mixture to form a reaction mixture or diluting the obtained sample and

combining, in a single step, the diluted sample with an
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amplification reagent mixture to form a reaction mixture, in either case, the amplification
reagent mixture comprising:

(i) a polymerase,

(ii) a first template nucleic acid that hybridizes to a first strand of the target nucleotide
sequence, wherein the first template comprises a nucleic acid sequence comprising a first template
recognition region at the 3' end that is complementary to the 3' end of the first strand of the target
nucleotide sequence, a nicking enzyme binding site and a nicking site upstream of said recognition
region, and a stabilizing region upstream of said nicking site; and

(iii) a second template nucleic acid that hybridizes to the complement of the first strand of the
target nucleotide sequence, wherein the second template comprises a nucleotide sequence comprising
a second template recognition region at the 3' end that is complementary to the 3' end of the
complement of the first strand of the target nucleotide sequence, a nicking enzyme binding site and a
nicking site upstream of said recognition region, and a stabilizing region upstream of said nicking site,
and

(iv) one or more nicking enzymes;

subjecting the reaction mixture formed by the step of combining to essentially isothermal
conditions to amplify the target nucleotide sequence; and

detecting amplified target nucleotide sequence in real time within 10 minutes of subjecting
the reaction mixture formed by the step of combining to essentially isothermal conditions,

wherein:

the target nucleotide sequence is between 20 and 40 nucleotides in length;

the target nucleotide sequence is amplified 1 X 10° fold or more in about ten minutes.

<2> The method of <1>, wherein:
the recognition region of the first template is 8-15 nucleotides in length and the recognition

region of the second template is 8-15 nucleotides in length.

<3>  The method of <1> or <2>, wherein the target nucleotide sequence comprises from 1 to 5
nucleotides more than the sum of the nucleotides of the first template recognition region and the

second template recognition region.
<4>  The method of any one of <I> to <3>, wherein the one or more nicking enzymes nick at the
nicking site of said first and said second templates, wherein either one nicking enzyme nicks both of

said templates, or two or more nicking enzymes nick each template, and wherein said one or more

nicking enzymes do not nick within said target sequence.
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<5>  The method of <4>, wherein the target nucleotide sequence comprises 1 nucleotide more than
the sum of the nucleotides of the first template recognition region and the second template recognition
region.

<6>  The method of <4>, wherein the target nucleotide sequence comprises 2 nucleotides more
than the sum of the nucleotides of the first template recognition region and the second template
recognition region.

<7>  The method of <4>, wherein the target nucleotide sequence comprises 3 nucleotides more
than the sum of the nucleotides of the first template recognition region and the second template

recognition region.

<8>  The method of any one of <1> to <7>, wherein the target nucleic acid is double stranded or

single stranded.

<9>  The method of <8>, wherein the target nucleic acid is double-stranded DNA.

<10>  The method of <8>, wherein the target nucleic acid is single-stranded DNA.

<11> The method of <8>, wherein the target nucleic acid is RNA.

<12>  The method of <9>, wherein the target nucleic acid is selected from the group consisting of
genomic DNA, plasmid DNA, viral DNA, mitochondrial DNA, and synthetic double-stranded DNA.

<13>  The method of <10>, wherein the target nucleic acid is selected from the group consisting of
viral DNA, ¢cDNA, and synthetic single-stranded DNA.

<14> The method of <11>, wherein the target nucleic acid is selected from the group consisting of
messenger RNA, viral RNA, ribosomal RNA, transfer RNA, micro RNA, micro RNA precursor, and

synthetic RNA.

<15>  The method of <1>, wherein said polymerase is a DNA polymerase, and said DNA

polymerase is a thermophilic polymerase.
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<16> The method of any one of <1> to <14>, wherein said polymerase is selected from the group
consisting of Bst (large fragment), 9°N, VentR® (exo-) DNA Polymerase, Therminator, and

Therminator II.
<17> The method of any one of <1>to <14>, wherein said polymerase is Bst (large fragmenty).

<18> The method of <4>, wherein the first and second templates comprise nicking enzyme binding

sites recognized by the same nicking enzyme and said nicking enzyme nicks both templates.

<19> The method of <18>, wherein said nicking enzyme is selected from the group consisting of
Nt.BspQI, Nb.BbvCi, Nb.Bsml, Nb.BsrDI, Nb.Btsl, NtAIwl, NtBbvCl, NtBstNBI, Nt.CviPII,
Nb.BpulOl, and Nt.BpulOl.

<20> The method of any one of <1> to <19>, wherein the portion of the nucleic acid sequence of
the first template that is complementary to the first strand of the target nucleotide sequence is 8-15
nucleotides in length and wherein the portion of the second template that is complementary to the

complement of the first strand of target nucleotide sequence is 8-15 nucleotides in length.

<21> The method of any one of <1> to <20>, wherein the first template is provided at the same

concentration as the second template.

<22> The method of any one of <1> to <20>, wherein one of the first or second templates is

provided at a ratio to the other template within the range of ratios of 1:100 to 100:1.
<23> The method of any one of <1> to <22>, further comprising a second polymerase.

<24> The method of <23>, wherein at least one of the first or second polymerases comprises

reverse transcriptase activity.

<25> The method of any one of <1> to <24>, wherein the temperature of the essentially isothermal

conditions is between 54°C and 60°C.

<26> The method of any one of <1> to <24>, wherein the temperature of the essentially isothermal

conditions is between 56°C and 58°C.
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<27> The method of any one of <I> to <26>, wherein the amplification reaction is held at a

constant temperature for 1 to 10 minutes.

<28> The method of any one of <1> to <26>, wherein the amplification reaction is held at a

constant temperature for 1 to 20 minutes.

<29>  The method of <1>, wherein detecting amplified target nucleotide sequence is performed by a
method selected from the group consisting of fluorescence, intercalating dye detection, fluorescence
resonance energy transfer (FRET), molecular beacon detection, and incorporation of labeled

nucleotides.

<30> The method of any one of <1> to <29>, wherein at least two target sequences are being

amplified.

<31> The method of any one of <1> to <30>, wherein at least one of said templates comprises a

spacer, blocking group, or a modified nucleotide.

<32> The method of any one of <I>to <31>, wherein the target nucleotide sequence is amplified 1

X 10°¢ fold or more in about five minutes.

<33> The method of any one of <1> to <31>, wherein the target nucleotide sequence is amplified 1

X 10° fold or more in about 2.5 minutes.

<34> The method of any one of <1> to <31>, wherein the target nucleotide sequence is amplified 1

X 107 fold or more in about five minutes.

<35> The method of any one of < 1> to 31>, wherein the target nucleotide sequence is amplified 1

X 102 fold or more in about five minutes.

<36> The method of any one of <1> to <31>, wherein the target nucleotide sequence is amplified 1

X 10° fold or more in about five minutes.

<37> A method for amplifying a double-stranded nucleic acid target sequence without a heat
denaturation step, comprising
a) combining a target DNA molecule obtained from a sample, the target DNA molecule

comprising a double-stranded target sequence, having a sense strand and an antisense strand, with an
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amplification reagent mixture comprising a forward template and a reverse template, a first nicking
enzyme, a second nicking enzyme and a polymerase to form a reaction mixture, wherein:

i) said forward template comprises a nucleic acid sequence comprising a recognition region at
the 3' end that is complementary to the 3' end of the target sequence antisense strand; a nicking
enzyme binding site and a nicking site upstream of said recognition region; and a stabilizing region
upstream of said nicking site;

it) said reverse template comprises a nucleotide sequence comprising a recognition region at
the 3' end that is complementary to the 3' end of the target sequence sense strand; a nicking enzyme
binding site and a nicking site upstream of said recognition region; and a stabilizing region upstream
of said nicking site;

and wherein said first nicking enzyme nicks at the nicking site of said forward template, and
does not nick within said target sequence;

and said second nicking enzyme nicks at the nicking site of said reverse template and does not
nick within said target sequence;

and

b) subjecting the reaction mixture to essentially isothermal conditions to amplify the double-
stranded nucleic acid target sequence, wherein amplification is performed by multiple cycles of said
polymerase extending said forward and reverse templates along said target sequence producing a
double-stranded nicking site, and said nicking enzymes nicking at said nicking sites, or amplified
copies of said sites, producing an amplification product,

wherein at least a 1 X 107 fold amplification of a 22-35 nucleotide long target sequence is

obtained when the amplification reaction is run for twelve minutes.
<38> The method of <37>, wherein the portion of the forward template that is complementary to
the 3' end of the target antisense strand is 8-15 nucleotides in length; and

wherein the portion of the reverse template that is complementary to the 3' end of the target

sense strand is 8-15 nucleotides in length.

<39> The method of any one of <1> to <38>, wherein the sample is obtained from an animal and is

blood, mucus, sputum, saliva, tears, feces, or urine.

<40> The method of <39>, wherein the sample is mucus, sputum, or saliva.

<41> The method of <39> or <40>, wherein the animal is a human.
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<42> The method of <1>, wherein the sample is obtained from an animal and the target nucleic

acid is a nucleic acid of an animal pathogen.

<43> The method of <42>, wherein the animal pathogen is a single-stranded DNA virus, double-

stranded DNA virus, or single-stranded RNA virus.
<44>  The method of <42>, wherein the animal pathogen is a bacterium.

<45>  The method of any one of <1> to <36>, wherein the target nucleotide sequence is amplified

without the assistance of bumper primers.

<46> The method of any one of <1> to <36>, wherein the amplification reagent mixture is free of

bumper primers.

<47> The method of any one of <1> to <36>, wherein the reaction mixture is free of bumper

primers.

i SCripti ings
‘igures 1A-~D are graphic drawings depicting mechanisms of the reactions of the
present invention. Figure 1D is a legend for Figure 1.
Figure 2. 20% polyacrylamide gel of reaction products from a DNA NEAR™
assay.
A reaction following the present methods was run for 2.5 minutes at 56 °C, then
heat denatured at 94 °C for 4 minutes. Six microliters of the reaction was run on a 20%

polyacrylamide gel at 160V for ~2.5 hrs, The gel was stained with SYBR 11 gel stain. Lanc
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1: no targct control for 25mer assay. Lanc 2: no targct control for 27mer assay. Lanc 3:
for 25mer assay with 3.5E+5 copies of genomic Bacillus subtilis DNA. Lane 4: for
27mer assay with 1.1E+6 copies of genomic Bacillus subtilis DNA.

Figure 3. 20% polyacrylamide gel of reaction products from an RNA assay using
the present methods.

The rcaction was run for 12 minutcs at 56 °C, then heat denatured at 94 °C for 4
minutes. Six microliters of the reaction was run on a 20% polyacrylamide gel at 160V for
about 2.5 hrs. The gel was stained with SYBR 11 gel stain. Lane 1 and 2: reaction for
25moer assay with 1E+6 copics of Ebola Armorecd RNA (Ambion). Lanc 3 and 4: rcaction
no target control for 25mer assay. 25mer reaction products are outlined in the white box.

Figure 4. Mass Spectrum of Bacillus anthracis DNA assay products.

A) 0 copies of target or B) SE+5 copies of genomic DNA added to the reaction.
The reaction was run for 10 minutes, then heat denatured at 94 °C for 4 minutes. Ten
microliters of sample was injected into the LC/ESI-MS. The (-4) charge state of the 26mer
product and its complementary sequence are outlined in a black box. The smaller adjacent
peaks are the sodium adducts of the main product.

Figure 5. Mass Spectrum of MS2 genomic RNA assay products.

A) 0 copies of target, B) 1E+6 copies of MS2 genomic RNA, or C) 1E+6 copies of
synthetic target DNA added to the reaction. The reaction was run for 10 minutes, then heat
denatured at 94 °C for 4 minutes. Ten microliters of sample was injected into the LC/ESI-
MS. The (-4) charge state of the 27mer product and its complement sequence are outlined
in a black box. Thc smaller adjacent pcaks arc the sodium adducts of the main product.

Figure 6. Real-time detection of amplification using intercalating fluorescent dyes.

Real-time amplification of Yersinia pestis genomic DNA at 500 copies (squares)
compared to the no target control (NTC, open triangles). The reaction was run for 10
minutes at 58 °C and monitored by the real-time fluorescence with SYBR IT (n = 5).

Figure 7. Real-time detection of amplification using fluorescence resonance
energy transfer (FRET).

Real-time amplification of Yersinia pestis synthetic DNA at 10,000 copies
(squares) compared to the no target control (NTC, open triangles). The reaction was run
for 10 minutes at 57 °C, n = 3.

Figure 8. Francisella tularensis DNA amplification detected in real-time using

molecular beacons.
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Either 0 copics (open triangles) or 1E+5 copics (squarcs) werc added to the
reaction mix and run for 10 minutes at 57.5 °C.

Figure 9. False positive rate testing results comparing average AUC values.

Error bars dencte one standard deviation. Bacillus subtilis assays were run for 10
min at 55 °C in the presence and absence of Bacillus subtilis genomic DNA. Enzymes
were heat denatured at 94 °C for 4 min. A 10 pL sample was injected into the LC/ESI-MS
and the area under the curve (AUC) of the product peaks were analyzed. True Positives
contained 10,000 copies of Bacillus subtilis DNA along with 990,000 copies of near
neighbor (Bacillus thuringiensis) DNA. True Negatives contained 10,000 copies of E. coli
DNA with 990,000 copies of near neighbor DNA, and water negatives contained no DNA
as a control.

Figure 10. Replication study using molecular beacon detection with different
operators performing the experiments on two different days.

The reaction was run for 10 minutes at 57.5 °C (in the presence and absence of 500
copies of Francisella tularensis genomic DNA) with a 4 min heat kill at 94 °C. 300nM
molecular beacon was added and monitored at 45, 50, and 57 °C (n = 24).

Figure 11. Sensitivity of the reaction using molecular beacon detection.

The assay was run for 10 minutes 57.5 °C. The reaction was stopped with a 4 min
heat inactivation step at 94 °C. 300nM molecular beacon was added and the fluorescence
was monitored at 57.5 °C (n = 3). Fluorescence was monitored for beacon opening in the
presence of reactions amplified with 1E+6, SE+5, 3E+4, SE+2, 50, and 0 (NTC) input
copies of Francisella tulurensis genomic DNA, and compared to the background
fluorescence of the beacon alone (MB).

Figure 12. Final concentration of amplified products in the NEAR reaction.

The NEAR ™ reaction was run for 10 min at 55 °C with varying copies of
Bacillus subtilis genomic DNA. The reaction was stopped with a heat inactivation step at
94 °C for 4 minutes. A 10 microliter sample was injected into the LC/ESI-MS and the
AUC of'the product pcak at 1944 Daltons was analyzed and compared to a standard curve.

Figure 13. Correlation of the input RNA target copy number to the final
concentration of amplified products.

The Ebola NEAR ™ assay was run for 12 min at 55 °C with varying copies of
synthetic RNA corresponding to the Ebola genome DNA. The reaction was stopped with a

heat inactivation step at 94 °C for 4 minutes. A 10 microliter sample was injected into the
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LC/ESI-MS and the AUC of the product pcak at 1936 Daltons was analyzed and
compared to the standard curve of AUC values. (n=3)

Figure 14. Mass spec product analysis demonstrating NEAR reaction specificity.

The Bacillus anthracis NEAR ™ reaction was run in the presence of a dilution of
copies of Bacillus thuringiensis for 10 min at 56 °C (n = 3), then heat denatured at 94°C
for 4 minutes. A 10 uL sample was injected into the LC/ESI-MS and AUC values of
product peaks analyzed.

Figure 15. The effect of an interferent panel on amplification.

Bacillus subtilis DNA rcactions were run for 10 min at 55 °C and hcated to 94 °C
for 4 minutes to stop the reaction. Reactions were run in triplicate in the presence 1E+5
copies of Bacillus subtilis genomic DNA (“_1E+5”) or with no target DNA present
(**_0”). Samplc x is the control assay with no intcrferent added. Interferents A through F
were added at 50% reaction volume to the Bacillus subtilis assay. The AUC of mass spec
product peaks were analyzed using a two-way ANOVA and Bonferroni t-test. (Key: A =
none; B = House dust, skim milk; C = AZ test dust, humic acid; D = Diesel soot; E = Skim
milk; F = Mold spores)

Figure 16. Gel electrophoresis results for the Bacillus subtilis / Bacillus anthracis
DNA duplex reaction.

The NEAR ™ reaction including templates specific for both Bacillus subtilis (Bs)
and Bacillus anthracis (Ba) DNA was run in the absence of target DNA (negative), in the
presence of Bacillus subtilis only (positive for 27mer product), and in the presence of both
Bacillus subtilis and Bacillus anthracis (positive for 27mer and 25mer product
respectively). The target copy number used in this assay was 500,000 copies. The assay
was run for 10 min at 57 °C. Templates varied in concentration between the assays to
control the amplification (100nM for Bacillus anthracis and 50 nM for Bacillus subtilis).
Samples were run on a 20% polyacrylamide gel at 160 V for about 2 hours. The gel was
stained with SYBR II fluorescent dye and imaged. The fluorescent bands were quantified
and analyzed as the integrated optical density (IOD) (n = 8).

Figure 17. Specificity results for the Bacillus subtilis / Bacillus anthracis DNA
duplex reaction shown by gel clectrophoresis.

The NEAR ™ reaction including templates for both a Bacillus subtilis (Bs) and
Bacillus anthracis (Ba) DNA was run in the absence of target DNA (negative), in the
presence of Bacillus subtilis DNA only (27mer product), and in the presence of both
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Bacillus subtilis and Bacillus anthracis DNA (27mer and 25mcer product respectively).
The target copy number for each genome present in this assay was 500,000 copies. All
reactions contained 500,000 copies of Bacillus thuringiensis as exogenous nucleic acids.
Templates varied in concentration between the assays to control the amplification. The
assay was run for 10 min at 57 °C, heat denatured at 94 °C for 4 min, and 6 microliters
was loaded on to a 20% gel run at 160 V for about 2 hours. The gel was stained with
SYBR II fluorescent dye and imaged. The fluorescent bands were quantified and analyzed
as the integrated optical density (IOD).

Figure 18. Gel clectrophoresis results for the MS2/Ebola RNA duplex reaction.

The NEAR ™ reaction including templates for both a MS2 and Ebola assay was
run in the abscnce of target RNA (negative, lancs 2-5), in the presence of MS2 only
(27mer product, lanes 6 and 7), and in the presence of both MS2 and Ebola RNA (27mer
and 25mer product respectively, lanes 8 and 9). The target copy number used in this assay
was 1E+6 copies. The assay was run for 10 min at 57 °C. Templates varied in
concentration between the assays to control the amplification. Samples were run on a 20%
polyacrylamide gel at 160 V for ~2.5 hours. The gel was stained with SYBR 11 fluorescent
dye and imaged. The fluorescent bands were quantified and analyzed as the integrated
optical density (IOD).

Figure 19. Mass spec analysis of amplification of DNA from lysed spores.

Average AUC values from amplified product masses compared for lysed and
unlysed samples. Lysed spore samples were then added to master mix and run for 10
minutes at 55 °C, heat denatured for 4 minutes at 94 °C, and run on the mass spec for
analysis. AUC values of product peaks were averaged and compared (n = 3).

Figure 20. Demonstration of the capture and extension approach for surface
detection .

A.) Average binding (positive reaction product with no added polymerase), B.)
500,000 target (positive reaction product with added polymerase), and C.) No target
(negative reaction with added polymerase) are compared. The NEAR ™ assay was run for
10 minutes at 55 °C, heat denatured at 94 °C for 4 minutes, then added to the plate with
capture probe bound to the surface on the 5’ end. Polymerase is added to one well of the
positive reaction. The plate is incubated at 55 °C for 30 min, washed, SYBR II added,

washed 3 times, and read on a Tecan plate reader (495 nm excitation/530 nm emission).
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Figure 21. Pscudo-real-time fluorcscence detection of the NEAR ™ FRET assay
with a single template immobilized on a surface in the presence (squares) and absence
(open triangles) of 1E+6 copies of genomic DNA.

Reactions were performed in flat bottom 96-well plates covered with neutravidin.
A solution of 1 micromolar FRET-labcled reverse template was incubated with gentle
mixing for 1 hr at 37 °C. Wclls were washed 3 times with a PBS-Twccen solution to relcasc
unbound template. NEAR ™ reaction mix of the present method was added to the wells
(one for each time point taken) and incubated at 58°C on a heating block in a shaking
incubatoer set to 135 RPM. Time points were taken by adding 1 microliter EDTA to the
well to stop the reaction. The fluorescence was read from the bottom using a Tecan 100
plate reader.

Figure 22. Limit of Dctection Assay for Chlamydia trachomatis. A scrics of
assays was performed using 2-fold dilutions of Chlamydia target. A) Bar graph of
fluorescence detection showing the limit of detection as averaged from 3 assays. B) Bar
graph showing the results of individual assays.

Figure 23. Discrimination of Listeria monocytogenes from L. innocua. Bar graph
showing the results of a series of assays that was performed to determine the ability of the
assays to discriminate between two different bacteria.

Figure 24. Assay with Viral RNA. Bar graph showing the results of a series of
assays of the present methods with various dilutions of a viral RNA target.

Figure 25. Bar graph showing the results of anAssay for etection of the bar gene
target sequence.

Figure 26. Bar graph showing the results of a assay of the present methods for
detection of an miRNA target sequence.

Figure 27. Gc Assay: LOD. A) Bar graph showing thc avcrage of a scrics of
assays for detection of a genomic target sequence. B) Results of individual assays,
including 50 genomic copies each.

Figure 28. B. subtilis NEAR ™ assay. A) Standard curve to determine
correlation between amount of reference oligonucleotide added to a sample and area under
the curve (AUC). B) Bar graph showing the results of assays of the present methods to
determine the amount of specific product generated. C) Table showing results of the

assay.
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Figure 29. Spaccr length study. A) Bar graph showing the results of anassay of
the present methods to determine the effect of various spacer lengths. B) Template
sequences used to obtain different spacer lengths.

Figure 30. Template designs used for the assay shown in Figure 29.

Figure 31. Effcct of stabilizing rcgion. A) Graph of the results of assays of the
present methods using oligo templates that either include, or don’t include, stabilizing
regions. B) Expansion of part of the graph of A).

Figure 32. Titration of Mg concentration A) Bar graph showing the results of
set of NEAR assays using varying amounts of Mg‘2 . B) Chart describing components of
assays.

Figure 33. Drawing depicting mechanisms of the reactions of the present
methods.

Figure 34. List of examples of target and oligo template sequences.

Detailed Description

Provided herein are methods for the exponential amplification of short DNA or
RNA sequences.

Target nucleic acids of the present invention include double-stranded and single-
stranded nucleic acid molecules. The nucleic acid may be, for example, DNA or RNA.
Where the target nucleic acid is an RNA molecule, the molecule may be, for example,
double-stranded, single-stranded, or the RNA molecule may comprise a target sequence
that is single-stranded. Where the target nucleic acid is an RNA molecule, the molecule
may be double-stranded or single-stranded, or may comprise a target sequence that is
single-stranded. Target nucleic acids include, for example, genomic, plasmid,
mitochondrial, cellular, and viral nucleic acid. The target nucleic acid may be, for
example, genomic, chromosomal, plasmid DNA, a gene, any type of cellular RNA, or a
synthetic oligonucleotide. By “genomic nucleic acid” is meant any nucleic acid from any
genome, for example, including animal, plant, insect, and bacterial genomes, including,
for example, genomes present in spores. Double stranded DNA target nucleic acids
include, for example, genomic DNA, plasmid DNA, mitochondrial DNA, viral DNA, and
synthetic double stranded DNA or other types of DNA described herein or known in the
art. Single-stranded DNA target nucleic acids include, for example, viral DNA, cDNA,
and synthetic single-stranded DNA, or other types of DNA described herein or known in
the art. RNA target nucleic acids include, for example, messenger RNA, viral RNA,
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ribosomal RNA, transfer RNA, microRNA and microRNA precursors, and siRNAs or
other RNAs described herein or known in the art.

MicroRNAs, miRNAs, or small temporal RNAs (stRNAs), are short single-
stranded RNA sequences, about 21-23 nucleotides long that are involved in gene
rcgulation. MicroRNAs arc thought to interferc with the translation of mcssenger RNAs
as they are partially complementary to messenger RNAs. (see, for example, Ruvkun, Gl,
Science 294:797-99 (2001); Lagos-Quintana, M., et al., Science 294:854-58 (2001); Lau,
N.C,, etal, Science 294:858-62 (2001); Lee, R.C., and Ambros, V., Science 294:862-64
(2001); Baulcombe, D., et al., Science 297:2002-03 (2002); Llave, C., Science 297:2053-
56 (2002); Hutvagner, G., and Zamore, P.D., Science 297:2056-60 (2002)). MicroRNA
may also have a role in the immune system, based on studies recently reported in knock-
out mice. (see, for example, Wade, N., “Studies Reveal and Immune System Regulator”
New York Times, April 27, 2007). MicroRNA precursors that may also be detected using
the methods of the present invention include, for example, the primary transcript (pri-
miRNA) and the pre-miRNA stem-loop-structured RNA that is further processed into
miRNA.

Short interfering RNAs, or siRNAs are at least partially double-stranded, about 20-
25 nuclcotide long RNA molcculcs that arc found to be involved in RNA interference, for
example, in the down-regulation of viral replication or gene expression (see for example
Zamore et al., 2000, Cell, 101, 25-33; Bass, 2001, Nature, 411, 428-429; Elbashir et al.,
2001, Nature, 411, 494-498; and Kreutzer et al., International PCT Publication No. WO
00/44895; Zernicka-Goetz et al., International PCT Publication No. WO 01/36646; Fire,
International PCT Publication No. WO 99/32619; Plaetinck et al., International PCT
Publication No. WO 00/01846; Mello and Fire, International PCT Publication No. WO
01/29058; Deschamps-Depaillette, International PCT Publication No. WO 99/07409; and
Li et al., International PCT Publication No. WO 00/44914; Allshire, 2002, Science, 297,
1818-1819; Volpe et al., 2002, Science, 297, 1833-1837; Jenuwein, 2002, Science, 297,
2215-2218; and Hall et al., 2002, Science, 297, 2232-2237; Hutvagner and Zamore, 2002,
Science, 297, 2056-60; McManus et al., 2002, RNA, 8, 842-850; Reinhart et al., 2002,
Gene & Dev., 16, 1616-1626; and Reinhart & Bartel, 2002, Science, 297, 1831).

The usc of the term “target scquence” may rcfer to cither the sensc or antisensc
strand of the sequence, and also refers to the sequences as they exist on target nucleic
acids, amplified copies, or amplification products, of the original target sequence. The

amplification product may be a larger molecule that comprises the target sequence, as well
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as at Icast onc other scquence, or other nuclcotides. The Iength of the target scquence, and
the guanosine:cytosine (GC) concentration (percent), is dependent on the temperature at
which the reaction is run; this temperature is dependent on the stability of the polymerases
and nicking enzymes used in the reaction. Those of ordinary skill in the art may run
samplc assays to dctermine the appropriate length and GC concentration for the reaction
conditions. For example, where the polymerase and nicking enzyme are stable up to 60°C,
then the target sequence may be, for example, from 19 to 50 nucleotides in length, or for
example, from 20 to 45, 20 to 40, 22 to 35, or 23 to 32 nucleotides in length. The GC
concentration under these conditions may be, for example, less than 60%, less than 55%,
less than 50%, or less than 45%. The target sequence and nicking enzymes are selected
such that the target sequence does not contain nicking sites for any nicking enzymes that
will be included in the reaction mix.

The target sequences may be amplified from many types of samples including, but
not limited to samples containing spores, viruses, cells, nucleic acid from prokaryotes or
cukaryotes, or any free nucleic acid. For example, the assay can detect the DNA on the
outside of spores without the need for lysis. The sample may be isolated from any
material suspected of containing the target sequence. For example, for animals, for
cxamplc, mammals, such as, for cxamplc, humans, the samplc may comprisc blood, bone
marrow, mucus, lymph, hard tissues, for example, liver, spleen, kidney, lung, or ovary,
biopsies, sputum, saliva, tears, feces, or urine. Or, the target sequence may be present in
air, plant, soil, or other materials suspected of containing biological organisms.

Target sequences may be present in samples that may also contain environmental
and contaminants such as dust, pollen, and soot (for example, from diesel exhaust), or
clinically relevant matrices such as urine, mucus, or saliva. Target sequences may also be
present in waste water, drinking water, air, milk, or other food. Depending on the
concentration of these contaminants, sample purification methods known to those of
ordinary skill in the art may be required to remove inhibitors for successful amplification.
Purification may, for example, involve the usc of detergent lysates, sonication, vortexing
with glass beads, or a French press. This purification could also result in concentration of
the sample target. Samples may also, for be further purified, for example, by filtration,
phenol cxtraction, chromatography, ion cxchange, gel clectrophoresis, or density
dependent centrifugation. In particular embodiments, the sample can be added directly to
the reaction mix or pre-diluted and then added to the reaction mix without prior

purification of target nucleic acid.
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An oligonuclcotide is a molecule comprising two or more dcoxyribonuclcotides or
ribonucleotides, for example, more than three. The length of an oligonucleotide will
depend on how it is to be used. The oligonucleotide may be derived synthetically or by
cloning.

The term “complementary™ as it refers to two nucleic acid scquences gencrally
refers to the ability of the two sequences to form sufficient hydrogen bonding between the
two nucleic acids to stabilize a double-stranded nucleotide sequence formed by
hybridization of the two nucleic acids. In the two sequences, all nucleotides in one
sequence may be complementary to counterpart nucleotides in the other sequence. In
some embodiments, there may be a few mismatches between counterpart nucleotides in
the two sequences (i.c., non-complementary nuclcotides), such as 1 mismatch in 10
nucleotides, 1 mismatch in 20 nucleotides, or 1 mismatch in 30 nucleotides, for example,
which sequences are referred to as “substantially complementary” herein. As shown in
Figures 1A-1D, each template nucleic acid often includes a recognition region
complementary to, or substantially complementary to, a target nucleic acid strand (or
complement thereof) to which the template nucleic acid hybridizes. Also shown in
Figures 1A-1D, each template nucleic acid often includes a stabilizing region 5’ of the
recognition region and nick agent recognition rcgion that is not complementary or
substantially complementary to the target nucleic acid sequence or complement thereof.

As used herein, "hybridization" and "binding" are used interchangeably and refer
to the non-covalent binding or "base pairing" of complementary nucleic acid sequences to
one another. Whether or not a particular probe remains base paired with a polynucleotide
sequence depends on the degree of complementarity, the length of the probe, and the
stringency of the binding conditions. The higher the stringency, the higher must be the
degree of complementarity, and/or the longer the probe for binding or base pairing to
remain stable.

As used herein, "stringency" refers to the combination of conditions to which
nucleic acids are subjected that cause double-stranded nucleic acid to dissociate into
component single strands such as pH extremes, high temperature, and salt concentration.
The phrase "high stringency" refers to hybridization conditions that are sufficiently
stringent or restrictive such that only specific base pairings will occur. The specificity
should be sufficient to allow for the detection of unique sequences using an
oligonucleotide probe or closely related sequence under standard Southermn hybridization
protocols (as described in J. Mol. Biol. 98:503 (1975)).
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Templates arc defined as oligonuclcotides that bind to a rccognition region of a
target sequence and also contain a nicking enzyme binding region upstream of the
recognition region and a stabilizing region upstream to the nicking enzyme binding region.

By “recognition region” is meant a nucleic acid sequence on the template that is
complementary or substantially complecmentary to a nuclcic acid scquence on the target
sequence. By “recognition region on the target sequence” is meant the nucleotide
sequence on the target sequence that is complementary or substantially complementary to,
and binds to, the template.

By “stabilizing region” is meant a nucleic acid sequence having, for example,
about 50% GC content, designed to stabilize the molecule for, for example, the nicking
and/or extension reactions.

In describing the positioning of certain sequences on nucleic acid molecules, such
as, for example, in the target sequence, or the template, it is understood by those of
ordinary skill in the art that the terms “3’ ” and “5' ” refer to a location of a particular
sequence or region in relation to another. Thus, when a sequence or a region is 3’ to or 3’
of another sequence or region, the location is between that sequence or region and the 3
hydroxyl of that strand of nucleic acid. When a location in a nucleic acid is 5' to or 5" of
another sequence or region, that means that the location is between that sequence or region
and the 5" phosphate of that strand of nucleic acid.

The polymerase is a protein able to catalyze the specific incorporation of
nucleotides to extend a 3" hydroxyl terminus of a primer molecule, such as, for example,
the template oligonucleotide, against a nucleic acid target sequence. The polymerase may
be, for example, thermophilic so that it is active at an elevated reaction temperature. It
may also, for example, have strand displacement capabilities. It does not, however, need to
be very processive (30-40 nucleotides for a single synthesis are sufficient). Often, the
polymcrasc uscd docs not have 57-3° cxonuclecasc activity. If the polymerasc also has
reverse transcriptase activity (such as Bst (large fragment), 9°N, Therminator, Therminator
11, etc.) the reaction can also amplify RNA targets in a single step without the use of a
separate reverse transcriptase. More than one polymerase may be included in the
reaction, in one example one of the polymerases may have reverse transcriptase activity
and the other polymerase may lack reverse transcriptase activity. In exemplary

embodiments, the polymerase is BST (large fragment). The polymerase may be selected
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trom, for cxamplc, the group consisting of onc or morc of the polymerascs listed in Table
1.
Table 1

Polymerase

Bst DNA polymerase

Bst DNA polymerase (Large
fragment)

9°Nm DNA polymerase

Phi29 DNA polymerase

DNA polymerase I (E.coli)
DNA polymerase I, Large
(Klenow) fragment

Klenow fragment (3'-5' exo-)
T4 DNA polymerase

T7 DNA polymerase

Deep Ventg™ (exo-) DNA
Polymerase

Deep Ventg™ DNA Polymerase
DyNAzyme™ EXT DNA
DyNAzyme™ II Hot Start DNA
Polymerase

Phusion™ High-Fidelity DNA
Polymerase

Therminator™ DNA Polymerase
Therminator™ II DNA
Polymerase

Ventg® DNA Polymerase
Ventz"® (exo-) DNA Polymerase
RepliPHI™ Phi29 DNA
Polymerase
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rBst DNA DPolymerasc

Bst DNA Polymerase,
Fragment  (IsoTherm™

Polymerase)

Large
DNA

MasterAmp™ AmpliTherm™

DNA Polymerase

Taq DNA polymerase

Tth DNA polymerase

Tl DNA polymerase

Tgo DNA polymerase

SPG DNA polymerase

Tbr DNA polymerase

DNA polymerase Beta

ThermoPhi DNA polymerase

Pyrophage 3173 (Lucigen)

The following non-limiting examples of Reverse Transcriptases (RT) can be used
in the reactions of the present method to improve performance when detecting an RNA
sequence: OmniScript (Qiagen), SensiScript (Qiagen), MonsterScript (Epicentre),

*
Transcriptor (Roche), HIV RT (Ambion), SuperScript ITI (Invitrogen), ThermoScript

(Invitroéen), Thermo-X (Invitrogen), ImProm 11 (Promega).

These different RTs perform at different levels in the standard reaction buffer, and
this performance rating is listed below. A “+” indicates that the amplification reaction
results in specific product. More “+”s indicate that the reaction works better, with
“+++++" indicating excellent results. A “~* indicates that the reaction did not result in

specific product, or did not result in specific product over background.

Table 2

OmniScript** (Qiagen) ++++
SensiScript (Qiagen) A
MonsterScript {Epicentre) +H+
Transcriptor (Roche) ++
HIV RT* (Ambion) +
SuperScript I (Invitrogen) -
ThermoScript (Invitrogen) -

*Trademark
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Thermo-X (Invitrogen) -

ImProm II (Promega) -

“Nicking” refers to the cleavage of only one strand of the double-stranded portion
of a fully or partially double-stranded nucleic acid. The position where the nucleic acid is
nicked is referred to as the nicking site or nicking site. The recognition sequence that the
nicking enzyme recognizes is referred to as the nicking enzyme binding site. “Capable of
nicking” refers to an enzymatic capability of a nicking enzyme.

The nicking enzyme is a protein that binds to double-stranded DNA and cleaves
one strand of a double-stranded duplex. The nicking enzyme may cleave either upstream
or downstream of the binding site, or nicking enzyme recognition site. In exemplary
embodiments, the reaction comprises the use of nicking enzymes that cleave or nick
downstream of the binding site (top strand nicking enzymes) so that the product sequence
does not contain the nicking site. Using an enzyme that cleaves downstream of the
binding site allows the polymerase to more easily extend without having to displace the
nicking cnzymc. The nicking cnzymce must be functional in the same reaction conditions
as the polymerase, so optimization between the two ideal conditions for both is necessary.
Nicking enzymes are available from, for example, New England Biolabs (NEB) and
Fermentas. The nicking enzyme may, for example, be selected from the group consisting

of one or more of the nicking enzymes listed in Table 3.

Table 3

Nicking Enzyme | Alternate
Name

Nb.BbvCI

Nb.Bpul01

Nb.Bsal

Nb.Bsml

Nb.BsrDI

Nb.BstNBIP

Nb.BstSEIP

Nb.BtsI

Nb.Sapl

Nt.Alwl

Nt.BbvCI

Nt.Bhall[P

Nt.Bpul0I

Nt.Bpul0IB

Nt.Bsal
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Nt.BsmAI

Nt.BsmBI

Nt.BspD6I

Nt.BspQI

Nt.Bst9l

Nt.BstNBI N.BstNB I

Nt.BstSEI

Nt.CviARORFMD

Nt.CviFRORFAP

Nt.CviPII Nt.CviPIIm

NLCviQIl

Nt.CviQXI

Nt.EsaSS1198P

NLMIyI

Nt.Sapl

Nicking enzymes may be, for example, selected from the group consisting of
Nt.BspQI(NEB), Nb.BbvCI(NEB), Nb.BsmI(NEB), Nb.BsrDI(NEB), Nb.BtsI(NEB),

Nt AlwI(NEB), Nt.BbvCI(NEB), Nt.BstNBI(NEB), Nt.CviPII(NEB),
Nb.BpulO1(Fermantas), and Nt.BpulO1(Fcrmentas). In certain cmbodiments, the nicking
enzyme is selected from the group consisting of Nt.NBst.NBI, Nb.Bsml, and Nb.BsrDI.
Those of ordinary skill in the art arc aware that various nicking enzymes other than those
mentioned specifically herein may be used in the present methods.

Nicking enzymes and polymerases of the present methods may be, for example,
stable at room temperature, the enzymes may also, for example, be stable at temperatures
up to 37°C, 42°C , 60°C, 65°C, 70°C, 75°C, 80°C, or 85°C. In certain embodiments, the
enzymes are stable up to 60°C.

An enzyme is “thermophilic” when it is stable at temperatures up to 37°C , 42°C ,
50-60C, 54-60°C, 56-58°C, 60°C, 65°C, 70°C, 75°C, 80°C, or 85°C

Product or amplified product is defined as the end result of the extension of the
template along the target that is nicked and released. This product can then feed back into
the amplification cycle, or it can anneal to its complement or a molecular beacon.

A “native nucleotide™ refers to adenylic acid, guanylic acid, cytidylic acid,
thymidylic acid, or uridylic acid. A “derivatized nucleotide” is a nucleotide other than a
native nucleotide.

The reaction may be conducted in the presence of native nucleotides, such as, for
example, dideoxyribonucleoside triphosphates (ANTPs). The reaction may also be carried

out in the presence of labeled dNTPs, such as, for example, radiolabels such as, for
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cxamplc, 32P, 33P, 1251, or 358, cnzyme labels such as alkaline phosphatasc, fluorcscent
labels such as fluorescein isothiocyanate (FITC), biotin, avidin, digoxigenin, antigens,
haptens, or fluorochromes. These derivatized nucleotides may, optionally, be present in
the templates.

77 G

By “‘constant tempcrature,” “isothcrmal conditions,

LR IS

cssentially isothermal,” or
“isothermally” is meant a set of reaction conditions where the temperature of the reaction
is kept essentially or substantially constant during the course of the amplification reaction.
An advantage of the amplification method of the present methods is that the temperature
does not need to be cycled between an upper temperature and a lower temperature. The
nicking and the extension reaction will work at the same temperature or within the same
narrow temperature range. However, it is not necessary that the temperature be
maintained at precisely one temperature. If the equipment used to maintain an elevated
temperature allows the temperature of the reaction mixture to vary by a few degrees, or
few tenths of a degree, such as, for example, less than 1 degree, 0.8 degrees, 0.6 degrees,
0.4 degrees, or 0.2 degrees, this is not detrimental to the amplification reaction, and may
still be considered to be an isothermal reaction.

The term “multiplex amplification” refers to the amplification of more than one
nuclcic acid of interest. For cxample, it can refer to the amplification of multiple
sequences from the same sample or the amplification of one of several sequences in a
sample as discussed, for example, in U.S. Patent Nos. 5,422,252; and 5,470,723, which
provide examples of multiplex strand displacement amplification. The term also refers to
the amplification of one or more sequences present in multiple samples either

simultaneously or in step-wise fashion.

Template Desion

Forward and Reverse templates, and first and second templates, are designed so
that there is a stabilizing region at the 5’ end, a nicking enzyme binding site and a nicking
sitc downstrcam of thc stabilizing rcgion, and a rccognition region downstrcam of the
nicking enzyme binding site and the nicking site on the 3’ end of the oligonucleotide. The
total oligo length can range from 19 to 40, for example from 19-40, 23-40, 20-30, 20-24,
23-24,23-32, 25-40, 27-40, or 27-35 nucleotides depending on the length of each
individual region, the temperature, the length of the target sequence, and the GC

concentration. One of ordinary skill in the art would know how to balance these features
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of the templates. The templates may be designed so that they, together, would bind to less
than or equal to 100% of the target sequence, one binding to the sense strand, and one to
the antisense strand. The length of each template does not need to be the same length as
the other template. For example, where the forward template binds to about 60% of the
target antiscnsc strand, the reverse template may, for cxample, bind to about 40% of the
target sense strand. The templates may be designed to allow for spacer bases on the target
sequence, that do not bind to either template. The templates thus may be designed to bind
to about 30%, about 40%, about 50%, or about 60% of the target sequence.

The recognition region of the forward template is designed to be substantially
identical or identical to the 5’ region of the target sense strand and complementary or
substantially complementary to the 3' end of the target site antisense strand. The
rccognition region of the forward template is of any suitable length, for cxample, about 8,
9,10, 11,12, 13, 14, 15 or 16 bases in length, and sometimes 8-16, 9-16, 10-16, 8-12, 8-
15, 9-15, 10-135, or 11-14 nucleotides long. In exemplary embodiments, the length is 11-
13, 11-12, 12, or 12-13 nucleotides long. The recognition region of the reverse template is
designed to be substantially complementary or complementary to the 3’ end of the target
site sense strand. The recognition region of the reverse template is of any suitable length,
for example, about &, 9, 10, 11, 12, 13, 14, 15 or 16 bases in length, and sometimes 8-16,
9-10, 10-16, 8-12, 8-15, 9-15, 10-15, or 11-14 nucleotides long, In exemplary
embodiments, the length is 11-13, 11-12, 12, or 12-13 nucleotides long. The length of the
recognition region of the first template may either be the same as the length of the
rccognition region of the sccond template, or may be different.

A recognition sequence of a template often is complementary or substantially
complementary to a unique sequence, or substantially unique sequence, of an organism.
The term “unique sequence” as used herein refers to a nucleotide sequence in an organism
that is present in no other known organism. A “substantially unique sequence” as used
herein refers to a nucleotide sequence present in a specific family of organisms, or in up to
only about 1,2,3,4,5,6,7, 8,9, or 10 other organisms. In some embodiments, a unique
scquence or substantially unique sequence is present in ribosomal RNA or in the sense or
antisense strand of DNA encoding ribosomal RNA.

Those of ordinary skill in the art are able to determine the appropriate recognition
region length for optimal, efficient, amplification. In certain embodiments, to provide

appropriate specificity, an 8 base-length template recognition region is a lower limit. The
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analytical spccificity of the rcaction is linked to the sum of the rccognition regions of the
two templates, the forward and the reverse template. If each template has a recognition
region of 8 nucleotides, for example, that confers an assay that is able to detect a unique
combination of 8+8=16 nucleotides, referred to as the “target size.” For a given DNA
strand, a targct sizc of 16 nuclcotides has 4.29x109 possiblc combinations. The human
genome is 3.3x109 nucleotides long. Therefore, statistically, a specific 16 nucleotide
sequence is expected to occur approximately once in the human genome. As the target size
decreases, for example to 15 nucleotides, that would be expected to occur, on average, 3
times in the human genome (1.07x109 possibilities in 3.3x109 occurrences), and would
therefore not be as specific as a 16 nucleotide target size. For an assay with a recognition
region of 7 nucleotides, conferring an assay target size of 14 bases, this would be expected
to be present in the human genome 12 times (2.68x108 possibilities in 3.3x109
occurrences). This would generate an assay with reduced specificity that would have less
value in a diagnostic setting, Therefore, an 8 base recognition region for each template is

often considered to be the lower limit for certain assays.

Table 4
# unique
Assay Target Size possibilities

N 4AN

14 2.68E+08
15 1.07E+09
16 4 29E+09
17 1.72E+10
18 6.87E+10
19 2.75E+11
20 1.10E+12
21 4.40E+12
22 1.76E+13
23 7.04E+13
24 2.81E+14
25 1.13E+15
26 4.50E+15

Amplification ssays in accordance with the present invention were conducted to
determine the optimal length of the recognition region. In 10 minute assays, using either 0
or 100,000 copies of target DNA, a 20 mer recognition region template set did not produce
detectable specific product, while specific product was detected using a 12 mer
recognition region template set. The use of a 16 mer recognition region template set
resulted in specific detectable product, but four-fold less specific product was detected

than in an assay using the 12 mer recognition region template set. In certain embodiments,
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thc usc of a 15 mer recognition region tecmplate sct gencrated morce specific product than a
16 mer recognition region template set.

Thus, in certain exemplary embodiments, methods are provided for amplifying a
double stranded nucleic acid target sequence comprising contacting a target DNA
molecule comprising a doublc-stranded target scquence, having a sensc strand and an
antisense strand, with a forward template and a reverse template, wherein the forward
template comprises a nucleic acid sequence comprising a recognition region at the 3" end
that is complementary or substantially complementary to the 3’ end of the target sequence
antisense strand, wherein the recognition region is from 8 to 15 nucleotides in length; a
nicking enzyme binding site and a nicking site upstream of the recognition region and a
stabilizing region upstream of the nicking enzyme binding site and the nicking site; the
reverse template comprises a nucleotide sequence comprising a recognition region at the 3’
end that is complementary or substantially complementary to the 3" end of the target
sequence sense strand, wherein the recognition region is from 8 to 15 nucleotides in
length, a nicking enzyme binding site and a nicking site upstream of the recognition
region, and a stabilizing region upstream of the nicking enzyme binding site and the
nicking site; providing a first nicking enzyme that is capable of nicking at the nicking site
of the forward template, and does not nick within the target sequence; providing a second
nicking cnzymec that is capablc of nicking at the nicking sitc of the reverse template and
does not nick within the target sequence; and providing a DNA polymerase; under
conditions wherein amplification is performed by multiple cycles of the polymerase
extending the forward and reverse templates along the target sequence producing a
double-stranded nicking site, and the nicking enzymes nicking at the nicking sites,
producing an amplification product. Thus, in certain embodiments, the recognition region
of the forward or reverse template, or each of the forward and reverse templates is 8, 9, 10,
11, 12, 13, 14, or 15 nucleotides in length. In certain embodiments, the target sequence
comprises from 1 to 5 nucleotides more than the sum of the nucleotides of the forward
template recognition region and the reverse template recognition region

In another exemplary embodiment, methods are provided for amplifying a single-
stranded nucleic acid target sequence, comprising contacting a target nucleic acid
comprising a single-stranded target sequence with a reverse template, wherein the reverse
template comprises a nucleotide sequence comprising a recognition region at the 3’ end

that is complementary or substantially complementary to the 3’ end of the target sequence
p 'y y p 'y g q
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whercin the recognition region is from 8 to 15 nucleotides in length, a nicking cnzyme
binding site and a nicking site upstream of the recognition region, and a stabilizing region
upstream of the nicking enzyme binding site and the nicking site; providing a first nicking
enzyme that is capable of nicking at the nicking site of the reverse template, and does not
nick within the target sequence; providing a DNA polymerasc under conditions whercin
the polymerase extends the reverse template along the target sequence; contacting the
extended reverse template with a forward template, wherein the forward template
comprises a recognition region at the 3’end that is identical to the 5'end of the target
scquence wherein the recognition region is from 8 to 15 nucleotides in length, a nicking
enzyme binding site and a nicking site upstream of the recognition region, and a
stabilizing region upstream of the nicking enzyme binding site and the nicking site;
providing a second nicking enzyme that is capable of nicking at the nicking site of the
forward template and does not nick within the target sequence; under conditions wherein
amplification is performed by multiple cycles of the polymerase extending the forward
and reverse templates along the target scquence producing a double-stranded nicking site,
and the nicking enzymes nicking at the nicking sites, producing an amplification. Thus, in
certain embodiments, the recognition region of the forward or reverse template, or each of
the forward and reverse templates, is 8, 9, 10, 11, 12, 13, 14, or 15 nucleotides in length.
In certain embodiments, the target sequence comprises from 1 to 5 nucleotides more than
the sum of the nucleotides of the forward template recognition region and the reverse
template recognition region

In certain embodiments, the temperature at which the amplification reaction is
conducted is lower than the melting temperature (T,,) of a template and target. In certain
embodiments, the reaction temperature is, for example, from 1 °C-10°C, 1 °C -8°C, 1 °C -
6°C,1°C-4°C,1°C-2°C,2°C-10°C,2°C-8°C,2°C-6°C,2°C-4°C,2°C-2°C from
2°C-4°Corfrom?2 °C, 3 °C,4°C, 5 °C, 6°C, 7°C, or 8°C less than the T,, of a template
and target. The reaction temperature also often is lower than the T,, of the reaction
products (c.g., products of nicking and polymcrasc cxtension of the amplification duplex
shown in Figure 1B and Figure 1C after step 9A). The reaction temperature may be higher
than the T,,, of the initial template/target sequence complex (drawing above step (1) of
Figure 1A). Once the template is extended to form a stable complex, the Ty, of the stable

complex is higher than the reaction temperature.
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Thus, the Ty, of a templatc/target nucleic acid target often is higher than the
reaction temperature, and sometimes the Ty, is 5 °C or more higher than the reaction
temperature, or for example, about 1°C, 2 °C, 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, or 8 °C or more
higher than the reaction temperature. The Ty, of each portion of the nicked strand after
nicking oftcen is highcer than the reaction tempcrature, and sometimes the Ty, of cach nicked
portion is 5 °C or more higher than the reaction temperature, or for example, about 1 °C, 2
°C,3°C,4°C,5°C, 6°C,7°C, or 8 °C or more higher than the reaction temperature. The
T of the template and target may be calculated, for example, using the program provided
for the IDT Oligo Analyzer (Integrated DNA Technologies) at World Wide Web URL
idtdna.com/analyzer/Applications/OligoAnalyzer/ considering the salt concentration of the
reaction conditions. As discussed at the IDT website, the Ty, calculations using the

Analyzer are conducted as follows:

Melting temperature (Ty) is the temperature at which an oligonucleotide duplex is
50% in single-stranded form and 50% in double-stranded form. The Oligo Analyzer
estimates Ty from the nearest-neighbor two-state model, which is applicable to short DNA
duplexes,
AF"

T, |°C)= ~273.15
“‘( ) AS® + R In[oligo]

where £#H® (enthalpy) and 4S° (entropy) are the melting parameters calculated from the
sequence and the published nearest neighbor thermodynamic parameters, R is the ideal gas
constant (1.987 cal-K 'mole™), [oligo] is the molar concentration of an oligonucleotide,
and the constant of -273.15 converts temperature from Kelvin to degrees of Celsius. The
most accurate, nearest-neighbor parameters were obtained from the following puniicaions for
DNA/DNA base pairs (Allawi,H., Santalucia,].,Jr., Biochemistry, 36, 10581), RNA/DNA
base pairs (Sugimoto,N. et al., Biochemistry, 34, 11211), RNA/RNA base pairs (Xia,T. et
al., Biochemistry, 37, 14719), and LNA/DNA base pairs (McTigue,P.M. et al.,
Biochemistry, 43, 5388).

Ty depends on monovalent salt concentration ([Na']) of the solvent. The linear Ty
correction is a method known in the art. As discussed in the IDT website, scientists at IDT
performed a large sct of UV melting experiments (~3000 measurements) on about 100

short DNA duplexes in a variety of sodium buffers and determined that this linear function
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is inaccurate. OligoAnalyzer cmploys the improved quadratic Ty salt correction function

(Oweczarzy,R. et al., Biochemistry, 43, 3537),

1 1
= +
T (Ma*y T (1M Na*y

(4.297(GC) - 3.958) % 107%IN[Na*] + 2.40 x 107 *In*[Ma*]

where f{GC) is the fraction of GC basc pairs.

In certain cmbodiments, the lengths of the recognition regions arc adjusted so that
there is at least one nucleotide in the target sequence that is not in the forward template’s
recognition region and also does not have its complement in the reverse template’s
recognition region. These spacer bases (which form the “spacer region”) are nucleotides
contained within the target sequence that lie in between the 3’ ends of the forward and
reverse templates. The spacer bases are shown in, for example, Figure 30, where they arce
indicated as the section of the target sense and antisense sequences between the 3° ends of
the forward and reverse templates, also indicated within the “spacer region.” For example,
when templates T2 and T1 of Figure 30 arc uscd with the target, the target sensc strand has
1 spacer base (or, a gap of 1 nucleotide)—T, and the target antisense strand has 1 spacer
base (or, a gap of 1-nucleotide)—A. In certain embodiments, 5 spacer bases or less are
present in the target sequence. In exemplary embodiments, the number of spacer bases is 2
to 3. In certain embodiments, the number of spacer bases is 1, 2, or 3. In other
embodiments, there is 1 spacer base. In other embodiments, there are 2 spacer bases. In
other embodiments, there are 3 spacer bases. In other embodiments, the number of spacer
basesis 1,2, 3,4, or 5.

Thus, in exemplary embodiments of the present methods, the target sequence
comprises from 1 to 5 nucleotides between the target sequence nucleotide that hybridizes
to the 37 end of the first template and the corresponding nucleotide to the nucleotide of the
complement of the first strand that hybridizes to the 3” end of the second template. By
“corresponding nucleotide” is meant the nucleotide on one strand of the target nucleotide
sequence that hybridizes to the complementary strand of the target nucleotide sequence
when the two strands are aligned. These 1 to 5 nucleotides are also called spacer bases.

These spacer bases allow for distinction of the true amplified product from any
background products amplified by extension due to overlapping templates in a similar

manner to primer-dimers. This consideration allows for improved discrimination between
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background noisc and amplification of a targct scquence. However, these spaccer bascs arc
not required for the amplification to proceed.

Thus, in certain exemplary embodiments, methods are provided for amplifying a
double stranded nucleic acid target sequence comprising contacting a target DNA
molecule comprising a doublc-stranded target scquence, having a sensc strand and an
antisense strand, with a forward template and a reverse template, wherein the forward
template comprises a nucleic acid sequence comprising a recognition region at the 3" end
that is complementary or substantially complementary to the 3’ end of the target sequence
antisense strand; a nicking enzyme binding site and a nicking enzyme binding site and a
nicking site upstream of the recognition region and a stabilizing region upstream of the
nicking enzyme binding site and the nicking site; the reverse template comprises a
nucleotide sequence comprising a recognition region at the 3’ end that is complementary
or substantially complementary to the 3" end of the target sequence sense strand, a nicking
enzyme binding site and a nicking site upstream of the recognition region, and a
stabilizing region upstream of the nicking enzyme binding site and the nicking site;
providing a first nicking enzyme that is capable of nicking at the nicking site of the
forward template, and does not nick within the target sequence; providing a second
nicking enzyme that is capable of nicking at the nicking site of the reverse template and
docs not nick within the target sequence; and providing a DNA polymcrasc; under
conditions wherein amplification is performed by multiple cycles of the polymerase
extending the forward and reverse templates along the target sequence producing a
double-stranded nicking site, and the nicking enzymes nicking at the nicking sites,
producing an amplification product, wherein the target sequence comprises from 1 to 5
nucleotides more than the sum of the nucleotides of the forward template recognition
region and the reverse template recognition region. Thus, in certain embodiments, the
target sequence comprises 1, 2, 3, 4, or 5 nucleotides more than the sum of the nucleotides
of the forward template recognition region and the reverse template recognition region.

In another exemplary embodiment, methods are provided for amplifying a single-
stranded nucleic acid target sequence, comprising contacting a target nucleic acid
comprising a single-stranded target sequence with a reverse template, wherein the reverse
template comprises a nucleotide sequence comprising a recognition region at the 3’ end
that is complementary or substantially complementary to the 3’ end of the target sequence,

a nicking enzyme binding site and a nicking site upstream of the recognition region, and a
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stabilizing rcgion upstrcam of the nicking cnzymc binding sitc and the nicking sitc;
providing a first nicking enzyme that is capable of nicking at the nicking site of the reverse
template, and does not nick within the target sequence; providing a DNA polymerase
under conditions wherein the polymerase extends the reverse template along the target
scquence; contacting the cxtended reverse template with a forward template, wherein the
forward templatc compriscs a rccognition region at the 3'end that is identical to the 5'cnd
of the target sequence a nicking enzyme binding site and a nicking site upstream of the
recognition region, and a stabilizing region upstream of the nicking enzyme binding site
and the nicking site; providing a sccond nicking enzyme that is capable of nicking at the
nicking site of the forward template and does not nick within the target sequence; under
conditions wherein amplification is performed by multiple cycles of the polymerase
extending the forward and reverse templates along the target sequence producing a
double-stranded nicking site, and the nicking enzymes nicking at the nicking sites,
producing an amplification product , wherein the target sequence comprises from 1to 5
nuclcotides more than the sum of the nucleotides of the forward template recognition
region and the reverse template recognition region. Thus, in certain embodiments, the
target sequence comprises 1, 2, 3, 4, or 5 nucleotides more than the sum of the nucleotides

of the forward template recognition region and the reverse template recognition region.

The nicking enzyme binding site sequence of the template depends on which
nicking enzyme is chosen for each template. Different nicking enzymes may be used in a
single assay, but a simple amplification may, for example, employ a single nicking
enzyme for use with both templates. Thus, the embodiments of the present methods
include those where both templates comprise recognition sites for the same nicking
enzyme, and only one nicking enzyme is used in the reaction. In these embodiments, both
the first and second nicking enzymes are the same. The present methodalso includes those
embodiments where each template comprises a recognition site for a different nicking
cnzymc, and two nicking cnzymces arc uscd in the reaction.

For example, in the case of Nt.BstNBI, the enzyme binding site is 5'-GAGTC-3'
and the enzyme nicks the top strand four nucleotides down stream of this site (i.e.,
GAGTCNNNN"). The amplification reaction shows little dependence on the sequence of
these four nucleotides (N), though optimal sequence of this region is 25% or less GC

content and with a thymine adjacent to the 5" nucleotide of the binding region. The latter
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stipulation allows for thc priming ability of products that have an additional adcninc added
on by the polymerase. The sequence of the four nucleotides can be optimized to create or
eliminate the presence of hairpins, self-dimers, or heterodimers, depending on the
application.

The stabilizing region on the 5” end of the template oligonucleotide is designed to
be roughly 50% GC. Thus, the GC content may be, for example, about 40%-60%, about
42%-58%, about 44%-56%, about 46%-54%, about 48%-52%, or about 49%-51%. These
parameters result in a stabilizing region length of 8-11 nucleotides for the Nt.BstNBI
cnzyme, though lengths as short as 6 and as long as 15 nucleotides have been tested and
were shown to work in this amplification method. Longer stabilizing regions or increased
%GC to greater than 50 % could further stabilize the nicking and extension reactions at
higher reaction temperatures. The sequence of the &' stabilizing regions of forward and
reverse templates are usually identical, but can be varied if the aim is to capture each
product strand independently. The sequence of this region should not interfere with the
nicking site or the recognition region, though short internal hairpins within the template
sequence have been shown to have improved real-time results.

In certain embodiments, one or more agents that destabilize nucleic acid
interaction (e.g., inter-strand or intra-strand interactions) are included in an amplification
process, and in alternative embodiments, one or more of such agents are not included in an
amplification process. Examples of agents that destabilize nucleic acid interaction are
those that destabilize double-stranded structure (e.g., double-stranded DNA), and/or
structures within a strand (e.g., secondary or tertiary structures in RNA), and include,
without limitation, betaines and other tetra-ammonium compounds, formamide, glycerol,
sorbitol, sodium perchlorate, dimethylsulfoxide (DMSO), lower alkyl alcohols (e.g.,
cthanol; 1-4 carbon alcohols), urca, trialkyl ammonium salts (c.g., tricthyl ammonium
chloride), single strand binding (ssb) proteins, such as, for example, E. coli ssb, helicases,
such as, for example, E. coli DNA helicases 1, II, or IV, lower alkyl (1-4 C) alcohols, and
the like. Without being bound by theory, such agents lower the melting temperature (Ty,)
of nucleic acid interactions (e.g., lower duplex T,,). Those of ordinary skill in the art may
determine the appropriate destabilizing agent and appropriate destabilizing agent
concentration for the reaction, considering, for example, the amount of destabilization as
well as the need to maintain enzymatic activity. Examples of concentrations include about

10% glycerol, about 10% sodium perchlorate, about 10% DMSO, about 10% sorbitol,
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about 2.4 molar tricthyl ammonium chloride, and about greater than 1, 2, 3, 4, or 5 molar
betaine, for example, about 5-6 molar betaine. Betaine, or N,N,N-trimethylglycine, may
be purchased from, for example Sigma-Aldrich, for example, catalog numbers B2629 or
B0300. Tt may be used, for example, in combination with low concentrations of DMSO,
for cxample, about 1-2, or about 1.3% DMSO to about 1M betainc.

The templates of the present methods may include, for example, spacers, blocking
groups, and modified nucleotides. Modified nucleotides are nucleotides or nucleotide
triphosphates that differ in composition and/or structure from natural nucleotide and
nucleotide triphosphates. Modified nucleotide or nucleotide triphosphates used herein
may, for example, be modified in such a way that, when the modifications are present on
one strand of a double-stranded nucleic acid where there is a restriction endonuclease
recognition site, the modified nucleotide or nucleotide triphosphates protect the modified
strand against cleavage by restriction enzymes. Thus, the presence of the modified
nucleotides or nucleotide triphosphates encourages the nicking rather than the cleavage of
the double-stranded nucleic acid. Blocking groups are chemical moieties that can be
added to the template to inhibit target sequence-independent nucleic acid polymerization
by the polymerase. Blocking groups are usually located at the 3’ end of the template.
Examples of blocking groups include, for example, alkyl groups, non-nucleotide linkers,
phosphorothioate, alkane-diol residues, peptide nucleic acid, and nucleotide derivatives
lacking a 3’-OH, including, for example, cordycepin. Examples of spacers, include, for
example, C3 spacers. Spacers may be used, for example, within the template, and also, for
example, at the 5’ end, to attach other groups, such as, for example, labels.

Unmodified nucleotides often are provided for template extension. Unmodified
nucleotides and nucleotide derivatives often are not provided for incorporation into
extended templates. In certain embodiments, however, one or more modified nucleotides
or nucleotide derivatives may be provided and incorporated into an extended template.

The amplification reaction may also include helper oligonucleotides. Helper
oligonucleotides are oligonucleotides that are, for example, about 5-10, 5-15, 5-20,
nucleotides long. The presence of helper oligonucleotides may increase the speed,
amount, or sensitivity of the amplification reaction. Helper oligonucleotides are not
incorporated into the final product. Those of ordinary skill in the art would be able to
determine the appropriate helper oligonucleotides to add to a reaction, as well as the

amount to add. One example of a way to determine the appropriate helper
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oligonucleotidcs is to synthcsize oligonuclcotides that arc complementary to various
regions of the target nucleic acid or its complement, and add them to the assay in varying
amounts, comparing the assay with the helper oligonucleotides to one without helper
oligonucleotides as a control. Helper oligonucleotides may be synthesized that are
complementary to regions upstrcam or downstrcam of the recognition region, or its
complement. For example, sets of helper oligonucleotides about 10 bases long may be
synthesized that are complementary to regions spaced every 5-10 bases upstream or
downstream of the recognition region, then tested in pairs for their ability to enhance the
amplification reaction.

Detailed Mechanism of Amplification

Amplification reactions of the present methods require the presence of a nucleic
acid target, at least two template oligonucleotides, a nicking enzyme, for example, a
thermophilic nicking enzyme, a thermophilic polymerase, and buffer components all held
at the reaction temperature. The recognition region of the templates interacts with the
complementary or substantially complementary target sequence. Since the melting
temperature of the complementary or substantially complementary regions of the target
and template is well below the reaction temperature, the interaction between the two
nuclcic acid strands is transicnt, but allows cnough time for a thermophilic polymerasc to
extend from the 3’ end of the template along the target strand. Experiments have shown
that certain polymerases bind to single-stranded oligonucleotides. The pre-formation of
this complex can facilitate the speed of the amplification process.

For a double-stranded target, both templates can interact with the corresponding
target strands simultangously (forward template with the antisense strand and reverse
template with the sense strand) during the normal breathing of double-stranded DNA. The
target may also be generated by a single or double nick sites within the genome sequence.
For a single-stranded target (either RNA or DNA), the reverse template binds and extends
first (Figure 1, Step 1 and 2). The extended sequence contains the complement to the
forward templatc. The forward template then displaces a region of the target and binds to
the 3’ synthesized region complementary or substantially complementary to the
recognition region of the forward template (Step 3). Alternatively, another reverse
template can also displace the initial extended reverse template at the recognition region to
create a single-stranded extended reverse template for the forward template to bind. The

initial binding and extension of the templates is facilitated by a non-processive polymerase
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that cxtends shorter strands of DNA so that the melting temperaturc of the synthesized
product is above the reaction temperature. The single-stranded product is then available
for the next template recognition site to bind and polymerase to extend.

The forward template is extended to the 5" end of the reverse template, creating a
double-stranded nicking enzyme binding site for the reverse template (Step 5). The
nicking enzyme then binds to the duplex and nicks directly upstream of the recognition
sequence of the reverse template strand (in the case of a top-strand nicking enzyme) (Step
6). The nucleic acid sequence downstream of the nick is either released (if the melting
temperaturc is near the reaction temperature) and/or is displaced by the polymerasce
synthesis from the 3'-OH nick site. Polymerase extends along the forward template to the
5" end of the forward template (Step 8). The double-strand formed from the extension of
both templates creates a nicking enzyme binding site on cither end of the duplex. This
double-strand is termed the NEAR ™ amplification duplex. When nicking enzyme binds
and nicks, either the target product located in between the two nick sites (with 5'-
phosphate and 3'-OH) is released, usually ranging in length from (but is not limited to) 23
to 29 bascs (Steps 9-11A), or the singly-nicked product containing the target product and
the reverse complement of the nick site and stability region of the template (usually 36 to
48 bases in length) is released (Steps 9-11B). Another depiction of mechanisms of the
reaction is presented in Figure 33.

The ratio of products 1 to 2 can be adjusted by varying the concentrations of the
templates. The forward:reverse template ratio may vary from, for example, molar ratios of
100:1, 75:1; 50:1, 40:1, 30:1, 20:1, 10:1, 5:1, 2.5:1, 1:1, 1:2.5, 1:5, 1:10, 1:20, 1:30, 1:40,
1:50, 1:75, or 1:100. The ratio of products (A to B) is dependent on the ratio of nicking
enzyme to polymerase, i.e. a higher concentration of polymerase results in more of the
longer length product (B) since there is comparatively less nicking enzyme to nick both
strands simultancously before the polymerase extends. Since displaced/released product of
the reverse template feeds into the forward template and vice versa, exponential
amplification is achieved. The nicking enzyme:polymerase ratio may vary from, for
cxamplc, cnzyme unit ratios of 20:1, 15:1; 10:1, 5:1, 4:1, 3:1, 2:1, 1.5:1, 1:1, 1:1.5, 1.2,
1:3, 1:4, 1:5, 1:10, 1:15, 1:20. In certain embodiments, the ratio of nicking enzyme to
polymerase may, for example, be 1:3, 1:2, 1:1.5, or 1:0.8. Those of ordinary skill in the

art recognize that these ratios may represent rounded values. This nicking and
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polymcrasc cxtension process continucs until onc of the resources (usually dNTPs or
enzyme) is exhausted.

As demonstrated in the Examples, the time that the reaction is run may vary from,
for example, within about 1 minute, or within about 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19 or 20 minutcs. Longer reaction times may produce accceptablc results
where speed is not an issue. In some embodiments, the reaction is between 1-20 minutes,
1-15 minutes or 1-10, 1-8, 1-5, 1-2.5, 2.5-5, 2.5-8, 2.5-10, or 2.5-20 minutes in certain
embodiments. The amplification processes described herein are efficient, and in some
embodiments, as shown, for example, in the Examples, there is about 1x10°-fold or more
amplification, about 1x10’-fold or more amplification, about 1x10*-fold or more
amplification, about 1x10°-fold or more amplification, or about 1x10'°-fold or more
amplification in the time frame of the reaction, for example, in 5 or ten minutes. The
reaction is highly sensitive, and is able to detect, for example, as low as about 1,2, 3, 4, 5,
6,7,8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 copies, or more, in a sample, as many
as 200, 500, 1,000, 5,000, or 10,000, or more copies in a sample, or, for example, may
detect a target that is present at a concentration of, for example, about 3.32E-13
micromolar to about 3.32E-8 micromolar, about 1.66E-12 micromolar to about 3.32E-8
micromolar, about 3.32E-13 micromolar to about 3.32E-7 micromolar, or about 3.32E-13
micromolar to about 3.32E-6 micromolar.

In certain exemplary embodiments, methods are provided for amplifying a double
stranded nucleic acid target sequence comprising contacting a target DNA molecule
comprising a double-stranded target sequence, having a sense strand and an antisense
strand, with a forward template and a reverse template, wherein the forward template
comprises a nucleic acid sequence comprising a recognition region at the 3’ end that is
complementary or substantially complementary to the 3’ end of the target sequence
antisense strand; a nicking enzyme binding site and a nicking site upstream of the
recognition region and a stabilizing region upstream of the nicking enzyme binding site
and the nicking site; the reverse template comprises a nucleotide sequence comprising a
recognition region at the 3’ end that is complementary or substantially complementary to
the 3" end of the target sequence sense strand, a nicking enzyme binding site and a nicking
site upstream of the recognition region, and a stabilizing region upstream of the nicking
cnzymce binding sitc and the nicking sitc; providing a first nicking cnzymc that is capable

of nicking at the nicking site of the forward template, and does not nick within the target
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scquence; providing a sccond nicking cnzymc that is capable of nicking at the nicking sitc
of the reverse template and does not nick within the target sequence; and providing a DNA
polymerase; under conditions wherein amplification is performed by multiple cycles of the
polymerase extending the forward and reverse templates along the target sequence
producing a doublc-stranded nicking sitc, and the nicking ecnzymes nicking at the nicking
sites, producing an amplification product, wherein about 10° (1E +06) copies of a target
sequence are produced in 10 minutes, under isothermal conditions. In other embodiments,
about 10" (1E +07) copies are produced in 10 minutes. For multiplexed assays, the time
to produce the same amount of copies may be increased to about, for example, 12, 14, 15,
18, or 20 minutes. The size of the target sequence in these assays, for purposes of
calculating the efficiency, may be, for example, from about 20 to about 40 nucleotides,
from 20 to 30 nucleotides, or, for example, from about 20 to about 33 nucleotides. The
time of the reaction is calculated from the time that all of the reaction products are present
in the same vessel, container, or the like, so that the amplification reaction may start, to the
time that heat is applied or chemical agents are added to stop the reaction.

In another exemplary embodiment, methods are provided for amplifying a single-
stranded nucleic acid target sequence, comprising contacting a target nucleic acid
comprising a singlc-stranded target scquence with a reverse template, wherein the reverse
template comprises a nucleotide sequence comprising a recognition region at the 3’ end
that is complementary or substantially complementary to the 3’ end of the target sequence,
a nicking enzyme binding site and a nicking site upstream of the recognition region, and a
stabilizing region upstream of the nicking enzyme binding site and the nicking site;
providing a first nicking enzyme that is capable of nicking at the nicking site of the reverse
template, and does not nick within the target sequence; providing a DNA polymerase
under conditions wherein the polymcrasc cxtends the reverse template along the target
sequence; contacting the extended reverse template with a forward template, wherein the
forward template comprises a recognition region at the 3'end that is identical to the 5’end
of the target sequence a nicking enzyme binding site and a nicking site upstream of the
recognition region, and a stabilizing region upstream of the nicking enzyme binding site
and the nicking site; providing a second nicking enzyme that is capable of nicking at the
nicking site of the forward template and does not nick within the target sequence; under
conditions wherein amplification is performed by multiple cycles of the polymerase

extending the forward and reverse templates along the target sequence producing a
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double-stranded nicking sitc, and the nicking enzymes nicking at the nicking sitcs,
producing an amplification product, wherein about 10° (1E +06) copies of a target
sequence are produced in 10 minutes, under isothermal conditions. In other embodiments,
about 107 (1E +07) copies are produced in 10 minutes. For multiplexed assays, the time
to producc the same amount of copics may be incrcased to about, for cxample, 12, 14, 15,
18, or 20 minutes. The size of the target sequence in these assays, for purposes of
calculating the efficiency, may be, for example, from about 20 to about 40 nucleotides, or,
for example, from about 20 to about 33 nucleotides. The time of the reaction is calculated
from the time that all of the reaction products are present in the same vessel, container, or
the like, so that the amplification reaction may start.

The present methods do not require the use of temperature cycling, as often is
required in methods of amplification to dissociate the target sequence from the amplified
nucleic acid. The temperature of the reaction may vary based on the length of the
sequence, and the GC concentration, but, as understood by those of ordinary skill in the
art, the temperature should be high enough to minimize non-specific binding. The
temperature should also be suitable for the enzymes of the reaction, the nicking enzyme
and the polymerase. For example, the reaction may be run at about 52°C, 53°C, 54°C,
55°C, 56°C, 57°C, 58°C, 59°C, or 60°C. In somc cmbodiments, the rcaction is run at about
37°C-85°C, 37°C -60°C, 54°C-60°C, 55°C-60°C, 58°C-60°C and, in exemplary
embodiments, from 56°C-58°C. In certain embodiments, there is no denaturation step in
the process. The entire amplification process, including interacting templates with target
nucleic acid, is conducted within substantially isothermal conditions, and without a
denaturing step (e.g., no significant temperature increase (¢.g., no increase in temperature
to 90-110 °C)), in some embodiments of the present methods.

Thus, in certain exemplary embodiments, methods are provided for amplifying a
double stranded nucleic acid target sequence comprising contacting a target DNA
molecule comprising a double-stranded target sequence, having a sense strand and an
antisense strand, with a forward template and a reverse template, wherein the forward
template comprises a nucleic acid sequence comprising a recognition region at the 3’ end
that is complementary or substantially complementary to the 3’ end of the target sequence
antisense strand; a nicking enzyme binding site and a nicking site upstream of the
recognition region and a stabilizing region upstream of the nicking enzyme binding site

and the nicking site; the reverse template comprises a nucleotide sequence comprising a
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recognition region at the 3’ end that is complementary or substantially complementary to
the 3’ end of the target sequence sense strand, a nicking enzyme binding site and a nicking
site upstream of the recognition region, and a stabilizing region upstream of the nicking
enzyme binding site and the nicking site; providing a first nicking enzyme that is capable
of nicking at the nicking site of the forward template, and does not nick within the target
sequence; providing a second nicking enzyme that is capable of nicking at the nicking site
of the reverse template and does not nick within the target sequence; and providing a DNA
polymerase; under conditions wherein amplification is performed by multiple cycles of the
polymerase extending the forward and reverse templates along the target sequence
producing a double-stranded nicking site, and the nicking enzymes nicking at the nicking
sites, producing an amplification product, wherein the foregoing steps are conducted under
isothermal conditions.

In another exemplary embodiment, methods are provided for amplifying a single-
stranded nucleic acid target sequence, comprising contacting a target nucleic acid
comprising a single-stranded target sequence with a reverse template, wherein the reverse
template comprises a nucleotide sequence comprising a recognition region at the 3’ end
that is complementary or substantially complementary to the 3’ end of the target sequence,
a nicking enzyme binding site and a nicking site upstream of the recognition region, and a
stabilizing rcgion upstrcam of the nicking cnzymc binding sitc and the nicking sitc;
providing a first nicking enzyme that is capable of nicking at the nicking site of the reverse
template, and does not nick within the target sequence; providing a DNA polymerase
under conditions wherein the polymerase extends the reverse template along the target
sequence; contacting the extended reverse template with a forward template, wherein the
forward templatc compriscs a rccognition region at the 3'end that is identical to the 5'cnd
of the target sequence a nicking enzyme binding site and a nicking site upstream of the
recognition region, and a stabilizing region upstream of the nicking enzyme binding site
and the nicking site; providing a second nicking enzyme that is capable of nicking at the
nicking site of the forward template and does not nick within the target sequence; under
conditions whercin amplification is performed by multiple cycles of the polymcrasc
extending the forward and reverse templates along the target sequence producing a
double-stranded nicking site, and the nicking enzymes nicking at the nicking sites,
producing an amplification product, wherein the foregoing steps are conducted under

isothermal conditions.

42



CA 02693805 2015-01-30

60412-4361

The polymerasc may be mixed with the target nucleic acid molecule before, after,
or at the same time as, the nicking enzyme. In exemplary embodiments, a reaction buffer
is optimized to be suitable for both the nicking enzyme and the polymerase.

Reactions may be allowed to completion, that is, when one of the resources is

5  exhausted. Or, the reaction may be stopped using methods known to those of ordinary
skill in the art, such as, for example, heat inactivation, or the addition of EDTA, high salts,
or detergents. In exemplary embodiments, where mass spectrometry is to be used

following amplification, EDTA may be used to stop the reaction.

10
Reaction Components
In a 1.5 mL Eppendorf tube combine the following reagents in order from top to
15 bottom:
microliters Per
Reagent Added: Reaction
H,0 314
10X Thermopol Buffer (NEB) 5
10X NEB Buffer 3 25
100 mM MgSO, 45
10 mM dNTDs 1.5
§ U/microliters Bst Pol 0.6
10 Uhmicroliters N.BsINBI 1.5
20 micromolar Forward Template 0.25
20 micromolar Reverse Template 0.25
Total reaction mixture 47.54
Target sample 2.5
Total Reaction Volume 50 microliters
*Trademark

43



CA 02693805 2015-01-30

 60412-4361

10

15

20

The concentrations of components for the reaction conditions in this example are as

follows:

Concentration Component

45.7mM Tris-HCl

13.9 mM KCl

10 mM (NH4)2SO4

50 mM NaCl

0.5 mM DTT

15 mM MgCl,

0.10% Triton* X-100

0.008 mM EDTA

6 ug/mL BSA

3.90% Glycerol (can be lower if using 4 more concentrated
cnzyme stock)

0.3 U/microliter Nt.BstNBI ’

0.1-0.4 U/microliter ~ Bst polymerase (large fragment)

0.micromolar Forward template

0.1 micromolar Reverse template

Variations in buffer conditions, MgSQOy4 concentration, polymerase concentration,
and template concentrations all can be optimized based on the assay sequence and desired
detection method. The amount of glycerol may, for example, be lowered if a more
concentrated enzyme stock is used. In certain embodiments, the concentration of Mg2+
ions added as a reactant is about YmM to about 25 mM, about 9mM to 21 mM, about 9 to
21 mM, about 9 to 20 mM, about 9 to 15 mM, and, in exemplary embodiments, about
10mM to about 18 mM, about 10mM to about 25 mM, about 10mM to 21 mM, about 12
t0 21 miM, about 10 o 20 uM, about 10 o 15 mM, about 10.3 mM to about 20 mM, about
10.3 mM to about 14.9 mM, or about 15 mM, for example. Also, those of ordinary skill in
the art recognize that the reaction may be run without EDTA or BSA; these components
may be present in the reaction as part of the storage buffers for the enzymes. The volumes
can be scaled for larger or smaller total reaction volumes. The volume is usually between
S L and 100 pL.

The template concentrations are typically in excess of the concentration of target.
The concentrations of the forward and reverse templates can be at the same or at different
concentrations to bias the amplification of one product over the other. The concentration
of each is usually between 10 nM and 1uM.

Additives such as BSA, non-ionic detergents such as Trito: X-100 or Twee:-20,

DMSO, DTT, and RNasc inhibitor may be included for optimization purposes without

adversely affecting the amplification reaction.

*Trademark
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Preparing/Adding Targct
Targets may be diluted in 1 x Thermopol Buffer II, 1 x TE (pH 7.5) or H,0. Hot

start conditions allow for faster, more specific amplification. In this case, the reaction mix
(minus either enzymes or templates and target) is heated to the reaction temperature for 2
minutcs, aftcr which the rcaction mix is added to the other componcent (cnzymes or
templates/target). The target can be added in any volume up to the total amount of water
required in the reaction. In this case, the target would be diluted in water. In the example
above for a 50 microliter total reaction volume, 2.5 microliters of the prepared target
should be added per reaction to bring the total reaction volume to 50 microliters. Reaction
volumes of the present methods can be increased or decreased, depending on the needs of
the user. Reaction volumes of, for example, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50
microliters or more, or larger reaction volumes of, for example, 75, 100, 150, 200, 300,

400, 500 microliters, for example, may be used in the present methods.

Running the Reaction

The reaction is run at a constant temperature, usually between 54°C and 60°C for
the enzyme combination of Bst polymerase (large fragment) and Nt.Bst.NB1 nicking
cnzymce. Other cnzyme combinations may be uscd and the optimal rcaction temperaturc
will be based on the optimal temperature for both the nicking enzyme and polymerase to
work in concert as well as the melting temperature of the reaction products. The reaction is
held at temperature for 2.5 to 10 minutes, for example, until the desired amount of
amplification is achieved. The reaction may be stopped by cither a heat inactivation step to
inactivate the enzymes (when using enzymes that can be heat-killed). Alternatively, the

reaction may be stopped by adding EDTA to the reaction.

Readout

The amplified target sequence may be detected by any method known to one of
ordinary skill in the art. By way of non-limiting example, several of these known methods
are presented herein. In one method, amplified products may be detected by gel
electrophoresis, thus detecting reaction products having a specific length. The nucleotides
may, for cxample, be labeled, such as, for cxamplc, with biotin. Biotin-labcled amplificd
sequences may be captured using avidin bound to a signal generating enzyme, for

example, peroxidase.
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Nuclcic acid detection methods may cmploy the usc of dycs that specifically stain
double-stranded DNA. Intercalating dyes that exhibit enhanced fluorescence upon binding
to DNA or RNA are a basic tool in molecular and cell biology. Dyes may be, for example,
DNA or RNA intercalating fluorophores and may include but are not limited to the
following cxamplcs: Acridine orangg, cthidium bromidc, Hocchst dycs, PicoGreen,
propidium iodide, SYBR I (an asymmetrical cyanine dye), SYBR II, TOTO (a thiaxole
orange dimer) and YOYO (an oxazole yellow dimer), and the like. Dyes provide an
opportunity for increasing the sensitivity of nucleic acid detection when used in
conjunction with various detection methods and may have varying optimal usage
parameters. For example ethidium bromide is commonly used to stain DNA in agarose
gels after gel electrophoresis and during PCR (Hiquchi et al., Nature Biotechnology 10;
413-417, April 1992), propidium iodide and Hoechst 33258 are used in flow cytometry to
determine DNA ploidy of cells, SYBR Green 1 has been used in the analysis of double-
stranded DNA by capillary electrophoresis with laser induced fluorescence detection and
Pico Green has been used to enhance the detection of double-stranded DNA after matched
1on pair polynucleotide chromatography (Singer et al., Analytical Biochemistry 249, 229-
238 1997).

Nuclcic acid detection methods may also employ the usc of labeled nucleotides
incorporated directly into the target sequence or into probes containing complementary or
substantially complementary sequences to the target of interest. Such labels may be
radioactive and/or fluorescent in nature and can be resolved in any of the manners
discussed herein. Labeled nucleotides, which can be detected but otherwise function as
native nucleotides, are to be distinguished from modified nucleotides, which do not
function as native nucleotides.

Methods of detecting and/or continuously monitoring the amplification of nucleic
acid products are also well known to those skilled in the art and several examples are
described below.

The production or presence of target nucleic acids and nucleic acid sequences may
be detected and monitored by Molecular Beacons. Molecular Beacons are hair-pin shaped
oligonucleotides containing a fluorophore on one end and a quenching dye on the opposite
cnd. The loop of the hair-pin contains a probc scquence that is complementary or
substantially complementary to a target sequence and the stem is formed by annealing of
complementary or substantially complementary arm sequences located on either side of

the probe sequence. A fluorophore and a quenching molecule are covalently linked at

46



10

15

20

25

CA 02693805 2010-01-13

WO 2009/012246 PCT/US2008/070023

oppositc cnds of cach arm. Undcr conditions that prevent the oligonuclcotides from
hybridizing to its complementary or substantially complementary target or when the
molecular beacon is free in solution the fluorescent and quenching molecules are proximal
to one another preventing fluorescence resonance energy transfer (FRET). When the
molccular becacon encounters a target molecule, hybridization occurs; the loop structurc is
converted to a stable more rigid conformation causing separation of the fluorophore and
quencher molecules leading to fluorescence (Tyagi et al. Nature Biotechnology 14: March
1996, 303-308). Due to the specificity of the probe, the generation of fluorescence is
exclusively due to the synthesis of the intended amplified product.

Molecular beacons are extraordinarily specific and can discern a single nucleotide
polymorphism. Molecular beacons can also be synthesized with different colored
fluorophores and different target sequences, enabling several products in the same reaction
to be quantified simultancously. For quantitative amplification processes, molecular
beacons can specifically bind to the amplified target following each cycle of amplification,
and because non-hybridized molecular beacons are dark, it is not necessary to isolate the
probe-target hybrids to quantitatively determine the amount of amplified product. The
resulting signal is proportional to the amount of amplified product. This can be done in
rcal time.  As with other real time formats, the specific reaction conditions must be
optimized for each primer/probe set to ensure accuracy and precision.

The production or presence of target nucleic acids and nucleic acid sequences may
also be detected and monitored by Fluorescence resonance energy transfer (FRET). FRET
is an energy transter mechanism between two chromophores: a donor and an acceptor
molecule. Briefly, a donor fluorophore molecule is excited at a specific excitation
wavelength. The subsequent emission from the donor molecule as it returns to its ground
state may transfer excitation energy to the acceptor molecule through a long range dipole-
dipole interaction. The intensity of the emission of the acceptor molecule can be
monitored and 1s a function of the distance between the donor and the acceptor, the
overlap of the donor emission spectrum and the acceptor absorption spectrum and the
orientation of the donor emission dipole moment and the acceptor absorption dipole
moment. FRET is a useful tool to quantify molecular dynamics, for example, in DNA-
DNA intcractions as scen with Molccular Beacons. For monitoring the production of a
specific product a probe can be labeled with a donor molecule on one end and an acceptor
molecule on the other. Probe-target hybridization brings a change in the distance or

orientation of the donor and acceptor and FRET change is observed. (Joseph R.
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Lakowicz, "Principles of Fluorcscence Spectroscopy”, Plenum Publishing Corporation,
2nd edition (July 1, 1999)).

The production or presence of target nucleic acids and nucleic acid sequences may
also be detected and monitored by Mass Spectrometry. Mass Spectrometry is an
analytical techniquc that may be uscd to determine the structurc and quantity of the target
nucleic acid species and can be used to provide rapid analysis of complex mixtures.
Following the method, samples are ionized, the resulting ions separated in electric and/or
magnetic fields according to their mass-to-charge ratio, and a detector measures the mass-
to-charge ratio of ions. (Crain, P. F. and McCloskey, J. A., Current Opinion in
Biotechnology 9: 25-34 (1998)). Mass spectrometry methods include, for example,
MALDI, MALDI/TOF, or Electrospray. These methods may be combined with gas
chromatography (GC/MS) and liquid chromatography (LC/MS). MS has been applied to
the sequence determination of DNA and RNA oligonucleotides (Limbach P.,
MassSpectrom. Rev. 15: 297-336 (1996); Murray K., J. Mass Spectrom. 31: 1203-1215
(1996)). MS and more particularly, matrix-assisted laser desorption/ionization MS
(MALDI MS) has the potential of very high throughput due to high-speed signal
acquisition and automated analysis off solid surfaces. It has been pointed out that MS, in
addition to saving timc, mcasurcs an intrinsic property of the molccules, and thercfore
yields a significantly more informative signal (Koster H. et al., Nature Biotechnol., 14:
1123-1128 (1996)).

The production or presence of target nucleic acids and nucleic acid sequences may
also be detected and monitored by various methods of gel electrophoresis. Gel
electrophoresis involves the separation of nucleic acids through a matrix, generally a
cross-linked polymert, using an electromotive force that pulls the molecules through the
matrix. Molecules move through the matrix at different rates causing a separation
between products that can be visualized and interpreted via any one of a number of
methods including but not limited to; autoradiography, phosphorimaging, and staining
with nucleic acid chelating dyes.

The production or presence of target nucleic acids and nucleic acid sequences may
also be detected and monitored by capillary gel electrophoresis. Capillary-gel
Elcctrophorcsis (CGE) is a combination of traditional gel clectrophoresis and liquid
chromatography that employs a medium such as polyacrylamide in a narrow bore capillary
to generate fast, high-efficient separations of nucleic acid molecules with up to single base

resolution. CGE is commonly combined with laser induced fluorescence (LIF) detection
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where as few as six molcculces of stained DNA can be detected. CGE/LIF detection
generally involves the use of fluorescent DNA intercalating dyes including ethidium
bromide, YOYO and SYBR Green 1 but can also involve the use of fluorescent DNA
derivatives where the fluorescent dye is covalently bound to the DNA. Simultaneous
identification of scvceral different target scquences can be madc using this method.

The production or presence of target nucleic acids and nucleic acid sequences may
also be detected and monitored by various surface capture methods. This is accomplished
by the immobilization of specific oligonucleotides to a surface producing a biosensor that
is both highly sensitive and selective. Surfaces used in this method may include but are
not limited to gold and carbon and may use a number of covalent or noncovalent coupling
methods to attach the probe to the surface. The subsequent detection of a target DNA can
be monitored by a variety of methods.

Electrochemical methods generally involve measuring the cathodic peak of
intercalators, such as methylene blue, on the DNA probe electrode and visualized with
square wave voltammograms. Binding of the target sequence can be observed by a
decrease in the magnitude of the voltammetric reduction signals of methylene blue as it
interacts with dsDNA and ssDNA differently reflecting the extent of the hybrid formation.

Surfacc Plasmon Resonance (SPR) can also be uscd to monitor the kinctics of
probe attachment as well as the process of target capture. SPR does not require the use of
fluorescence probes or other labels. SPR relies on the principle of light being reflected
and refracted on an interface of two transparent media of different refractive indexes.
Using monochromatic and p-polarized light and two transparent media with an interface
comprising a thin layer of gold, total reflection of light is observed beyond a critical angle,
however the electromagnetic field component of the light penetrates into the medium of
lower refractive index creating an evanescent wave and a sharp shadow (surface plasmon
resonance). This is due to the resonance energy transfer between the wave and the surface
plasmons. The resonance conditions are influenced by the material absorbed on the thin
metal film and nucleic acid molecules, proteins and sugars concentrations are able to be
measured based on the relation between resonance units and mass concentration.

The production or presence of target nucleic acids and nucleic acid sequences may
also be detected and monitored by lateral flow devices. Latcral Flow devices arc well
known. These devices generally include a solid phase fluid permeable flow path through
which fluid flows through by capillary force. Examples include, but are not limited to,

dipstick assays and thin layer chromatographic plates with various appropriate coatings.
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Immobilized on the flow path arc various binding rcagents for the sample, binding
partners or conjugates involving binding partners for the sample and signal producing
systems, Detection of samples can be achieved in several manners; enzymatic detection,
nanoparticle detection, colorimetric detection, and fluorescence detection, for example.
Enzymatic dctcction may involve enzyme-labeled probes that arc hybridized to
complementary or substantially complementary nucleic aid targets on the surface of the
lateral flow device. The resulting complex can be treated with appropriate markers to
develop a readable signal. Nanoparticle detection involves bead technology that may use
colloidal gold, latex and paramagnetic nanoparticles. In one example, beads may be
conjugated to an anti-biotin antibody. Target sequences may be directly biotinylated, or
target sequences may be hybridized to a sequence specific biotinylated probes. Gold and
latex give rise to colorimetric signals visible to the naked eye and paramagnetic particles
give risc to a non-visual signal when excited in a magnetic field and can be interpreted by
a specialized reader.

Fluorescence-based lateral flow detection methods are also known, for example,
dual fluorescein and biotin-labeled oligo probe methods, UPT-NALF utilizing up-
converting phosphor reporters composed of lanthanide elements embedded in a crystal
(Corstjens ct al., Clinical Chemistry, 47:10, 1885-1893, 2001), as well as the usc of
quantum dots.

Nucleic acids can also be captured on lateral flow devices. Means of capture may
include antibody dependent and antibody independent methods. Antibody-dependent
capture generally comprises an antibody capture line and a labeled probe that is
complementary or substantially complementary sequence to the target. Antibody-
independent capture generally uses non-covalent interactions between two binding
partners, for example, the high affinity and irreversible linkage between a biotinylated
probe and a streptavidin line. Capture probes may be immobilized directly on lateral flow
membranes. Both antibody dependent and antibody independent methods may be used in
multiplexing.

The production or presence of target nucleic acids and nucleic acid sequences may
also be detected and monitored by multiplex DNA sequencing. Multiplex DNA
scquencing is a means of identifying target DNA scquences from a pool of DNA. The
technique allows for the simultancous processing of many sequencing templates. Pooled
multiple templates can be resolved into individual sequences at the completion of

processing. Briefly, DNA molecules are pooled, amplified and chemically fragmented.
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Products arc fractionated by size on scquencing gels and transferred to nylon membrancs.
The membranes are probed and autoradiographed using methods similar to those used in

standard DNA sequencing techniques (Church et al., Science 1998 Apr 8;240(4849):185-
188). Autoradiographs can be evaluated and the presence of target nucleic acid sequence

can be quantificd.

Kits

Kits used for the present methods may comprise, for example, one or more
polymerases, forward and reverse templates, and one or more nicking enzymes, as
described herein. Where one target is to be amplified, one or two nicking enzymes may be
included in the kit. Where multiple target sequences are to be amplified, and the templates
designed for those target sequences comprise the nicking enzyme binding sites for the
same nicking enzyme, then one or two nicking enzymes may be included. Or, where the
templates are recognized by different nicking enzymes, more nicking enzymes may be
included in the kit, such as, for example, 3 or more.

The kits used for the present methods may also comprise one or more of the
components in any number of separate containers, packets, tubes, vials, microtiter plates
and the like, or the componcents may be combined in various combinations in such
containers.

The components of the kit may, for example, be present in one or more containers,
for example, all of the components may be in one container, or, for example, the enzymes
may be in a separate container from the templates. The components may, for example, be
lyophilized, freeze dried, or in a stable buffer. In one example, the polymerase and
nicking enzymes are in lyophilized form in a single container, and the templates are either
lyophilized, freeze dried, or in buffer, in a different container. Or, in another example, the
polymerase, nicking enzymes, and the templates are, in lyophilized form, in a single
container. Or, the polymerase and the nicking enzyme may be separated into different
containers.

Kits may further comprise, for example, ANTPs used in the reaction, or modified
nucleotides, cuvettes or other containers used for the reaction, or a vial of water or buffer
for rc-hydrating lyophilized componcents. The buffer used may, for cxamplc, be
appropriate for both polymerase and nicking enzyme activity.

The kits used for the present methods may also comprise instructions for

performing one or more methods described herein and/or a description of one or more
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compositions or rcagents described hercin.  Instructions and/or descriptions may be in
printed form and may be included in a kit insert. A kit also may include a written
description of an Internet location that provides such instructions or descriptions.

Kits may further comprise reagents used for detection methods, such as, for
cxample, reagents uscd for FRET, lateral flow devices, dipsticks, fluorcscent dye,
colloidal gold particles, latex particles, a molecular beacon, or polystyrene beads.

An advantage of the present methods and the present kits is that they can be used
in any device that provides a constant temperature, including thermocyclers, incubation
ovens, water baths, and heat blocks.

Thus, provided in the present methods is method for nucleotide sequence
amplification, which comprises: combining a target nucleic acid having a target nucleotide
sequence with (i) a polymerase, (ii) a first template nucleic acid that hybridizes to the a
first strand of the target nucleotide sequence, and (iii) a second template nucleic acid that
hybridizes to the complement of the first strand of the target nucleotide sequence, in an
amplification reaction, under conditions in which the polymerase extends the template
nucleic acids, thereby generating extended template nucleic acid amplicons; wherein:the
target nucleotide sequence is between 20 and 40 nucleotides in length; the target
nuclcotide scquence is amplificd 1E+6-fold or morc in about ten minutcs; and the
foregoing steps are conducted under substantially isothermal conditions.

Also provided is a method for nucleotide sequence amplification, which comprises:
combining a target nucleic acid having a target nucleotide sequence with (i) a polymerase,
(ii) a first template nucleic acid that hybridizes to the a first strand of the target nucleotide
sequence, and (iii) a second template nucleic acid that hybridizes to the complement of the
first strand of the target nucleotide sequence, in an amplification reaction, under
conditions in which the polymerase extends the template nucleic acids, thereby generating
extended template nucleic acid amplicons; wherein:the target nucleotide sequence is
between 20 and 40 nucleotides in length; the first template comprises a nucleic acid
sequence comprising a first template recognition region at the 3’ end that is
complementary or substantially complementary to the 3’ end of the first strand of the
target nucleotide sequence; the second template comprises a nucleotide sequence
comprising a second template recognition region at the 3’ end that is complementary or
substantially complementary to the 3’ end of the complement of the first strand of the

target nucleotide sequence; the target nucleotide sequence comprises from 1 to 5

52



10

15

20

25

30

CA 02693805 2010-01-13

WO 2009/012246 PCT/US2008/070023

nuclcotides more than the sum of the nucleotides of the first template recognition region
and the second template recognition region; the target nucleotide sequence is amplified
1E+6-fold or more in about ten minutes; and the foregoing steps are conducted under
substantially isothermal conditions.

Also provided is a method for nucleotide sequence amplification, which compriscs:
combining a target nucleic acid having a target nucleotide sequence with (i) a polymerase,
(ii) a first template nucleic acid that hybridizes to the a first strand of the target nucleotide
sequence, and (iii) a second template nucleic acid that hybridizes to the complement of the
first strand of the target nucleotide sequence, in an amplification reaction, under
conditions in which the polymerase extends the template nucleic acids, thereby generating
extended template nucleic acid amplicons; wherein:the first template comprises a nucleic
acid sequence comprising a first template recognition region at the 3’ end that is
complementary or substantially complementary to the 3’ end of the first strand of the
target nucleotide sequence, wherein the recognition region is 8-15 nucleotides long; the
second template comprises a nucleotide sequence comprising a second template
recognition region at the 3’ end that is complementary or substantially complementary to
the 3" end of the complement of the first strand of the target nucleotide sequence, wherein
the recognition region is 8-15 nucleotides long; the target nucleotide sequence is amplified
1E+6-fold or more in about tcn minutcs; and the forcgoing steps arc conducted undcer
substantially isothermal conditions.

In certain aspects of the present methods, the first template comprises a nucleic
acid sequence comprising a first template recognition region at the 3’ end that is
complementary or substantially complementary to the 3’ end of the first strand of the
target nucleotide sequence; and the second template comprises a nucleotide sequence
comprising a second template recognition region at the 3’ end that is complementary or
substantially complementary to the 3’ end of the complement of the first strand of the
target nucleotide sequence. In certain aspects, the target nucleotide sequence comprises
from 1 to 5 nucleotides more than the sum of the nucleotides of the first template
recognition region and the second template recognition region. In other aspects, the first
template and second templates comprise nicking enzyme binding sites and nicking sites
upstream of the recognition regions, and the amplification reaction further comprises one
or more nicking enzymes that are capable of nicking at the nicking site of said forward and

said reverse templates, wherein either one nicking enzyme is capable of nicking both of
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said tcmplatcs, or cach templatc is capablc of being nicked by at Icast onc of the nicking
enzymes, and wherein said one or more nicking enzymes do not nick within said target
sequence.

In some embodiments, the target nucleotide sequence comprises 1 nucleotide more
than thc sum of the nuclcotides of the first template recognition region and the sccond
template recognition region. In other embodiments, the target nucleotide sequence
comprises 2 nucleotides more than the sum of the nucleotides of the first template
recognition region and the second template recognition region. In yet other embodiments,
the target nucleotide sequence comprises 3 nucleotides more than the sum of the
nucleotides of the first template recognition region and the second template recognition
region.

In certain aspects of the present methods, the target nucleic acid is double stranded or
single stranded. In certain aspects, the target nucleic acid is double-stranded DNA. In
other aspects, the target nucleic acid is single-stranded DNA. In yet other aspects, the
target nucleic acid is RNA. The target nucleic acid may be, for example, selected from the
group consisting of genomic DNA, plasmid DNA, viral DNA, mitochondrial DNA, and
synthetic double-stranded DNA. The target nucleic acid may be, for example, selected
from the group consisting of viral DNA, cDNA, and synthctic singlc-strandcd DNA. The
target nucleic acid may be, for example, selected from the group consisting of messenger
RNA, viral RNA, ribosomal RNA, transfer RNA, micro RNA, micro RNA precursor, and
synthetic RNA.

In the present methods, the DNA polymerase may be, for example, a thermophilic
polymerase. The polymerase may, for example, be selected from the group consisting of
Bst (large fragment), 9°N, Ventz“ (exo-) DNA Polymerase, Therminator, and Therminator
II. In certain aspects, the polymerase is Bst (large fragment).

In certain embodiments, the first and second templates comprise nicking enzyme
binding sites recognized by the same nicking enzyme and said first and said second
nicking enzyme are the same. The nicking enzymes may be, for example, selected from
the group consisting of Nt.BspQI, Nb.BbvCi, Nb.Bsml, Nb.BsrDI, Nb.BtsI, Nt.AIwI,
Nt.BbvCI, Nt.BstNBI, Nt.CviPII, Nb.Bpu10I, and Nt.Bpu10I.

In some aspects of the present method, the portion of the nucleic acid scquence of the
first strand that is complementary or substantially complementary to the first strand of the
target nucleotide sequence is 8-15 nucleotides in length and wherein the portion of the

second strand that is complementary or substantially complementary to the target
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nuclcotide scquence is 8-15 nuclcotides in length. In some aspects, the first template is
provided at the same concentration as the second template. In other aspects, one of the
first or second templates is provided at a ratio to the other template at the range of ratios of
1:100 to 100:1. The reactions of the present methods may further comprise a second
polymcrasc. In somc aspects, at Icast onc of the first or sccond polymerascs compriscs
reverse transcriptase activity.

In certain embodiments of the present method, the amplification is conducted
between 54°C and 60°C. In other embodiments, the amplification is conducted between
56°C and 58°C. In certain embodiments, wherein the amplification reaction is held at a
constant temperature for 1 to 10 minutes. In other embodiments, the amplification
reaction is held at a constant temperature for 1 to 20 minutes.

The present method may further comprise detecting the amplification product. Thus,
in certain aspects, the amplification product is detected by detection method selected from
the group consisting of gel electrophoresis, mass spectrometry, SYBR I fluorescence,
SYBR II fluorescence, SYBR Gold, Pico Green, TOTO-3, intercalating dye detection,
fluorescence resonance energy transfer (FRET), molecular beacon detection, surface
capture, capillary electrophoresis, incorporation of labeled nucleotides to allow detection
by capturc, fluorcscenec polarization, and lateral flow capturc.

Tn some aspects, at least two target sequences are capable of being amplified. Tn
certain aspects, the amplification products are detected on a solid surface. In some
aspects, at least one capture probe is immobilized on a solid surface. In some
embodiments, at least one of said templates comprises a spacer, blocking group, or a
modified nucleotide.

In certain embodiments of the present methods, the target nucleotide sequence is
amplified 1E+6-fold or more in about five minutes. In other embodiments, the target
nucleotide sequence is amplified 1E+6-fold or more in about 2.5 minutes. In other
embodiments, the target nucleotide sequence is amplified 1E+7-fold or more in about five
minutes. In other embodiments, the target nucleotide sequence is amplified 1E+8-fold or
more in about five minutes. In yet other embodiments, wherein the target nucleotide
sequence is amplified 1E+9-fold or more in about five minutes.

The present methods also include a method for amplifying a double-stranded nuclcic
acid target sequence, comprising contacting a target DNA molecule comprising a double-
stranded target sequence, having a sense strand and an antisense strand, with a forward

template and a reverse template, wherein said forward template comprises a nucleic acid
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sequence comprising a recognition region at the 3’ end that is complementary to the 3" end
of the target scquence antisensc strand; a nicking enzymce binding sitc and a nicking sitc
upstream of said recognition region and a stabilizing region upstream of said nicking site,
wherein the portion of the nucleic acid sequence that is complementary to the 3’ end of the
target antisense strand is 8-15 nucleotides in length; said reverse template comprises a
nucleotide sequence comprising recognition region at the 3’ end that is complementary to
the 3" end of the target sequence sense strand, a nicking enzyme binding site and a nicking
site upstream of said recognition region, and a stabilizing region upstream of said nicking
site, wherein the portion of the nucleic acid sequence that is complementary to the 3” end
of the target antisense strand is 8-15 nucleotides in length; providing a first nicking
enzyme that is capable of nicking upstream, downstream, or at the nicking site of said
forward template, and does not nick within said target sequence; providing a second
nicking enzyme that is capable of nicking upstream, downstream, or at the nicking site of
said reverse template and does not nick within said target sequence; and providing a DNA

polymerase;

under essentially isothermal conditions, wherein amplification is performed by multiple
cycles of said polymerase extending said forward and reverse templates along said target
sequence producing a double-stranded nicking site, and said nicking enzymes nicking at
said nicking sitcs, or amplificd copics of said sitcs, producing an amplification product.
Also provided is a method for amplifying a single-stranded nucleic acid target
sequence, comprising contacting a target nucleic acid comprising a single-stranded target
sequence with a reverse template, wherein said reverse template comprises a nucleic acid
sequence comprising a recognition region at the 3’ end that is complementary to the 3’ end
of the target sequence, a nicking enzyme binding site and a nicking site upstrcam of said
recognition region, and a stabilizing region upstream of said nicking site, wherein the
portion of the nucleic acid sequence that is complementary to the 3” end of the target
sequence is 8-15 nucleotides in length; providing a first nicking enzyme that is capable of
nicking at the nicking site of said reverse template, and does not nick within said target
scquence; providing a DNA polymcrasc under conditions wherein said polymcrase
extends said reverse template along said target sequence; contacting said extended reverse
template with a forward template, wherein said forward template comprises a recognition
region at the 3’end that is complementary to the 3” end of the extended reverse template, a

nicking enzyme binding site and a nicking site upstream of said recognition region, and a
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stabilizing rcgion upstrcam of said nicking site, whercin the portion of the nuclcic acid
sequence that is complementary to the 3” end of the target antisense strand is 8-15
nucleotides in length; providing a second nicking enzyme that is capable of nicking at the
nicking site of said forward template and does not nick within said target sequence or
within thc complement of said target scquence; wherein the amplification is conducted
under essentially isothermal conditions wherein amplification is performed by multiple
cycles of said polymerase extending said forward and reverse templates along said target
sequence, producing double-stranded nicking sites, and said nicking enzymes nicking at
said nicking sites, producing an amplification product. In some aspects of the present
method, the DNA polymerase is a thermophilic polymerase. For example, the polymerase

may be selected from the group consisting of Bst (large fragment), 9°N, Ventg”™

(ex0-)
DNA Polymerase, Therminator, and Therminator II. In certain aspects, the polymerase is
Bst(large fragment).

In certain aspects, the nicking enzymes nick downstream of the nicking enzyme
binding site. In other aspects, the forward and reverse templates comprise nicking enzyme
binding sites recognized by the same nicking enzyme and said first and said second
nicking enzymes are the same. In certain aspects, the nicking enzymes are selected from
the group consisting of Nt.BspQl, Nb.BbvCi, Nb.Bsml, Nb.BsrDI, Nb.Btsl, Nt.Alwl,
Nt.BbvCT, Nt.BstNBT, Nt.CviPTI, Nb.Bpu 10T, and Nt.RpulOT.

In some embodiments of the present methods, the target sequence comprises from
1 to 5 nucleotides more than the sum of the nucleotides of said forward template
recognition region and said reverse template recognition region. In certain embodiments,
the target sequence comprises 1 nucleotide more than the sum of the nucleotides of said
forward template recognition region and said reverse template recognition region. In other
embodiments, the target sequence comprises 2 nucleotides more than the sum of the
nucleotides of said forward template recognition region and said reverse template
recognition region.

In certain aspects, the target DNA molecule is selected from the group consisting
of genomic DNA, plasmid, mitochondrial, and viral DNA. In other aspects, the target
nucleic acid is selected from the group consisting of viral DNA, messenger RNA,
microRNA, and microRNA prccursors. In other aspects, the forward template is provided
at the same concentration as the reverse template. In yet other aspects, one of the forward
or reverse templates is provided at a ratio to the other template at the range of ratios of

1:100 to 100:1
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In certain cmbodiments, the present method further compriscs a sccond
polymerase. For example, at least one of the polymerases may comprise reverse
transcriptase activity. In certain aspects, the amplification is conducted between 54°C and
60°C. In other aspects, the amplification reaction is held at a constant temperature for 1 to
10 minutes.

The present method may further comprise detecting the amplification product. For
example, the amplification product may be detected by a method selected from the group
consisting of gel electrophoresis, mass spectrometry, SYBR I fluorescence, SYBR 11
fluorescence, SYBR Gold, Pico Green, TOTO-3, intercalating dye detection, FRET,
molecular beacon detection, surface capture, capillary electrophoresis, incorporation of
labeled nucleotides to allow detection by capture, fluorescence polarization, and lateral
flow capture.

In certain aspects, at least two target sequences are capable of being amplified. In
other aspects, the amplification products are detected on a solid surface. In some aspects,
at least one capture probe is immobilized on a solid surface. In other aspects, at least one
of said templates comprises a spacer, blocking group, or a modified nucleotide.

The present methods also include a method for amplifying a double-stranded
nuclcic acid target scquence, comprising contacting a target DNA molccule comprising a
double-stranded target sequence, having a sense strand and an antisense strand, with a
forward template and a reverse template, wherein said forward template comprises a
nucleic acid sequence comprising a recognition region at the 3’ end that is complementary
to the 3’ end of the target sequence antisense strand; a nicking enzyme binding site and a
nicking site upstream of said recognition region and a stabilizing region upstream of said
nicking site; said reverse template comprises a nucleotide sequence comprising a
recognition region at the 3’ end that is complementary to the 3’ end of the target sequence
sense strand, a nicking enzyme binding site and a nicking site upstream of said recognition
region, and a stabilizing region upstream of said nicking site; and said target sequence
comprises from 1 to 5 nucleotides more than the sum of the nucleotides of said forward
template recognition region and said reverse template recognition region; providing a first
nicking enzyme that is capable of nicking at the nicking site of said forward template, and
does not nick within said target sequence; providing a second nicking enzyme that is
capable of nicking at the nicking site of said reverse template and does not nick within

said target sequence; and providing a DNA polymerase; under essentially isothermal
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conditions, whercin amplification is performed by multiple cycles of said polymerasc
extending said forward and reverse templates along said target sequence producing a
double-stranded nicking site, and said nicking enzymes nicking at said nicking sites, or
amplified copies of said sites, producing an amplification product.

Also provided is a mcthod for amplifying a singlc-strandcd nucleic acid target
sequence, comprising contacting a target nucleic acid comprising a single-stranded target
sequence with a reverse template, wherein said reverse template comprises a nucleic acid
sequence comprising a recognition region at the 3’ end that is complementary to the 3" end
of the target scquence, a nicking enzyme binding site and a nicking site upstrcam of said
recognition region, and a stabilizing region upstream of said nicking site, wherein the
portion of the nucleic acid sequence that is complementary to the 3” end of the target
sequence is 8-15 nucleotides in length; providing a first nicking enzyme that is capable of
nicking at the nicking site of said reverse template, and does not nick within said target
sequence; providing a DNA polymerase under conditions wherein said polymerase
cxtends said reversc template along said target scquence; contacting said cxtended reverse
template with a forward template, wherein said forward template comprises a recognition
region at the 3'end that is complementary to the 3’ end of the extended reverse template, a
nicking enzyme binding site and a nicking site upstream of said recognition region, and a
stabilizing region upstream of said nicking site, wherein said target sequence comprises
from 1 to 5 nucleotides more than the sum of the nucleotides of said forward template
recognition region and said reverse template recognition region; providing a second
nicking enzyme that is capable of nicking at the nicking site of said forward template and
does not nick within said target sequence or within the complement of said target
sequence; wherein the amplification is conducted under essentially isothermal conditions
whercin amplification is performed by multiple cycles of said polymcrasc cxtending said
forward and reverse templates along said target sequence, producing double-stranded
nicking sites, and said nicking enzymes nicking at said nicking sites, producing an
amplification product.

In certain embodiments, the target sequence comprises 1 nucleotide more than the
sum of the nucleotides of said forward template recognition region and said reverse
template recognition region. In other embodiments, the target sequence comprises 2
nucleotides more than the sum of the nucleotides of said forward template recognition

region and said reverse template recognition region. In other embodiments, the target
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scquence comprises 3 nucleotides morce than the sum of the nucleotides of said forward
template recognition region and said reverse template recognition region.

Also provided is a method for amplifying a double-stranded nucleic acid target
sequence, comprising contacting a target DNA molecule comprising a double-stranded
targct scquence, having a sensc strand and an antisensc strand, with a forward template
and a reverse template, wherein said forward template comprises a nucleic acid sequence
comprising a recognition region at the 3" end that is complementary to the 3’ end of the
target sequence antisense strand; a nicking enzyme binding site and a nicking site
upstrcam of said recognition region and a stabilizing region upstream of said nicking sitc;
said reverse template comprises a nucleotide sequence comprising a recognition region at
the 3’ end that is complementary to the 3’ end of the target sequence sense strand, a
nicking cnzymce binding sitc and a nicking sitc upstrcam of said rccognition rcgion, and a
stabilizing region upstream of said nicking site; providing a first nicking enzyme that is
capable of nicking at the nicking site of said forward template, and does not nick within
said target sequence; providing a second nicking enzyme that is capable of nicking at the
nicking site of said reverse template and does not nick within said target sequence; and
providing a DNA polymerase; under essentially isothermal conditions, wherein
amplification is performed by multiple cycles of said polymerase extending said forward
and reverse templates along said target sequence producing a double-stranded nicking site,
and said nicking enzymes nicking at said nicking sites, or amplified copies of said sites,
producing an amplification product.

Also provided is method for amplifying a double-stranded nucleic acid target
sequence, comprising contacting a target DNA molecule comprising a double-stranded
target sequence, having a sense strand and an antisense strand, with a forward template
and a rcverse template, wherein said forward tcmplate compriscs a nucleic acid scquence
comprising a recognition region at the 3’ end that is complementary to the 3’ end of the
target sequence antisense strand; a nicking enzyme binding site and a nicking site
upstream of said recognition region and a stabilizing region upstream of said nicking site;
said rcverse template comprises a nucleotide scquence comprising recognition region at
the 3" end that is complementary to the 3’ end of the target sequence sense strand, a
nicking enzyme binding site and a nicking site upstream of said recognition region, and a
stabilizing rcgion upstrcam of said nicking site; providing a first nicking cnzymc that is

capable of nicking upstream, downstream, or at the nicking site of said forward template,
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and docs not nick within said target scquence; providing a sccond nicking cnzymc that is
capable of nicking upstream, downstream, or at the nicking site of said reverse template
and does not nick within said target sequence; and providing a DNA polymerase;under
essentially isothermal conditions, wherein amplification is performed by multiple cycles of
said polymcrasc cxtending said forward and reverse templates along said target sequence
producing a double-stranded nicking site, and said nicking enzymes nicking at said

nicking sites, or amplified copies of said sites, producing an amplification product.

Also provided is a method for amplifying a double-stranded nucleic acid target
sequence, comprising contacting a target DNA molecule comprising a double-stranded
target sequence, having a sense strand and an antisense strand, with a forward template
and a reverse template, wherein said forward template comprises a nucleic acid sequence
comprising a recognition region at the 3’ end that is complementary to the 3’ end of the
target sequence antisense strand; a nicking enzyme binding site and a nicking site
upstream of said recognition region and a stabilizing region upstream of said nicking site;
said reversc template compriscs a nuclcotide scquence comprising a rccognition region at
the 3’ end that is complementary to the 3’ end of the target sequence sense strand, a
nicking enzyme binding site and a nicking site upstream of said recognition region, and a
stabilizing region upstream of said nicking site; providing a first nicking enzyme that is
capable of nicking at the nicking site of said forward template, and does not nick within
said target sequence; providing a second nicking enzyme that is capable of nicking at the
nicking site of said reverse template and does not nick within said target sequence; and
providing a DNA polymerase; under essentially isothermal conditions, wherein
amplification is performed by multiple cycles of said polymerase extending said forward
and reverse templates along said target sequence producing a double-stranded nicking site,
and said nicking cnzymes nicking at said nicking sitcs, or amplificd copics of said sitcs,
producing an amplification product, wherein at least a 1E + 7 fold amplification of a 22-35
nucleotide long target sequence is obtained when the amplification reaction is run for
twelve minutes.

The present method also provides a method for amplitying a double-stranded
nucleic acid target sequence, comprising contacting a target DNA molecule comprising a
double-stranded target sequence, having a sense strand and an antisense strand, with a
forward template and a reverse template, wherein said forward template comprises a

nucleic acid sequence comprising a recognition region at the 3’ end that is complementary
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to the 3’ end of the target sequence antisense strand; a nicking enzyme binding site and a
nicking sitc upstrcam of said rccognition region and a stabilizing region upstrcam of said
nicking site, wherein the portion of the nucleic acid sequence that is complementary to the
37 end of the target antisense strand is 8-15 nucleotides in length; said reverse template
comprises a nucleotide sequence comprising recognition region at the 3’ end that is
complementary to the 3’ end of the target sequence sense strand, a nicking enzyme binding
site and a nicking site upstream of said recognition region, and a stabilizing region
upstream of said nicking site, wherein the portion of the nucleic acid sequence that is
complementary to the 3” end of the target antisense strand is 8-15 nucleotides in length;
providing a first nicking enzyme that is capable of nicking upstream, downstream, or at
the nicking site of said forward template, and does not nick within said target sequence;
providing a second nicking enzyme that is capable of nicking upstream, downstream, or at
the nicking site of said reverse template and does not nick within said target sequence; and
providing a DNA polymerase; under essentially isothermal conditions, wherein
amplification is performed by multiple cycles of said polymerase extending said forward
and reverse templates along said target sequence producing a double-stranded nicking site,
and said nicking enzymes nicking at said nicking sites, or amplified copies of said sites,
producing an amplification product, wherein at least a 1E + 7 fold amplification of a 22-35
nucleotide long target sequence is obtained when the amplification reaction is run for
twelve minutes.

Also provided are kits for amplifying a nucleic acid target sequence, comprising a
DNA polymcrasc; a first template for nucleic acid amplification, comprising a rccognition
region at the 3" end that 1s complementary to the 3’ end of a target sequence sense strand; a
nicking enzyme binding site and a nicking site upstream of said recognition region; and a
stabilizing region upstream of said nicking site, wherein the portion of the nucleic acid
sequence that is complementary to the 3’ end of the target sequence sense strand is 8-15
nucleotides in length; a second template for nucleic acid amplification, comprising a
recognition region at the 3’ end that is complementary to the 3’ end of the complement of
the target scquence scusc strand; a nicking enzyme binding sitc and a nicking sitc
upstream of said recognition region; and a stabilizing region upstream of said nicking site,
wherein the portion of the nucleic acid sequence that is complementary to the 3’ end of the
complement of the target sequence sense strand is 8-15 nucleotides in length; and one or

two thermostable nicking enzymes, wherein cither one enzyme is capable of nicking at the
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nicking sitc of said first and said sccond templatcs, or a first cnzyme is capablc of nicking
at the nicking site of said first primer and a second enzyme is capable of nicking at the
enzyme site of said second primer.

In certain embodiments, the target sequence comprises from 1 to 5 nucleotides
morc than the sum of the nuclcotides of said first templatc rccognition region and said
second template recognition region. In certain embodiments, the polymerase, nicking
enzymes, and templates are in a container. In certain embodiments, the polymerase,
nicking enzymes, and templates are in two containers. In other embodiments, the
polymerase and nicking enzymes are in a first container, and said templates are in a
second container. In some aspects, the polymerase, nicking enzymes, and templates are
lyophilized. In some aspects, the kits further comprise instructions for following the
method of amplification. The kits may further comprise a cuvette. Or, for example, the
kits may further comprise a lateral flow device or dipstick. In some aspects, the lateral
flow device or dipstick further comprises a capture probe. In some aspects, the kit further
comprises a detector component selected from the group consisting of a fluorescent dye,
colloidal gold particles, latex particles, a molecular beacon, and polystyrene beads. In
some aspects of the kit, at least one of said templates comprises a spacer, blocking group,
or a modificd nucleotide.

Also provided is a kit for amplifying a nucleic acid target sequence, comprising a
DNA polymerase; a first template for nucleic acid amplification, comprising a recognition
region at the 3’ end that is complementary to the 3’ end of a target sequence sense strand; a
nicking enzyme binding site and a nicking site upstream of said recognition region; and a
stabilizing region upstream of said nicking site; a second template for nucleic acid
amplification, comprising a recognition region at the 3’ end that is complementary to the 3’
cnd of the complement of the target scquence sensc strand; a nicking enzyme binding site
and a nicking site upstream of said recognition region; and a stabilizing region upstream of
said nicking site, wherein said target sequence comprises from 1 to 5 nucleotides more
than the sum of the nucleotides of said first template recognition region and said second
template recognition region; and one or two thermostable nicking enzymes, wherein either
one enzyme is capable of nicking at the nicking site of said first and said second templates,
or a first enzyme is capable of nicking at the nicking site of said first primer and a second
enzyme is capable of nicking at the enzyme site of said second primer. In certain aspects

of the kit, the portion of the nucleic acid sequence of the first template that is
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complcmentary to the 37 end of the target sequence sensc strand is 8-15 nuclcotides in
length, and the portion of the nucleic acid sequence of the second template that is
complementary to the 3* end of the complement of the target sequence sense strand is 8-15
nucleotides in length.

In certain cmbodiments, the polymerasc, nicking cnzymcs, and tcmplatcs arc in
two containers. In other embodiments, the polymerase and nicking enzymes are in a first
container, and said templates are in a second container. In some aspects, the polymerase,
nicking enzymes, and templates are Iyophilized. In some aspects, the kits further comprise
instructions for following the method of amplification. The kits may further comprise a
cuvette. Or, for example, the kits may further comprise a lateral flow device or dipstick.
In some aspects, the lateral flow device or dipstick further comprises a capture probe. In
some aspects, the kit further comprises a detector component selected from the group
consisting of a fluorescent dye, colloidal gold particles, latex particles, a molecular
beacon, and polystyrene beads. In some aspects of the kit, at least one of said templates

comprises a spacer, blocking group, or a modified nucleotide.

Examples
Example 1: Sample NEAR ™ Amplification Assay

This example provides an example of a typical DNA wet assay of the present
method. Those of ordinary skill in the art understand that numerous modifications may be
made to the volumes and format of the reaction, the length of time that the assay is
conducted, and the amounts of each reactant.

Two 96-well microtiter plates are used to set up “wet” assays, a Template/Target
platc and a Master Mix platc. To begin, 5 microliters of templates arc aliquoted into
appropriate wells on the Template Target plate. For the “- target” wells (control wells
without target), 5 microliters of dH,O are added. A reagent master mix is created by
combining buffer, salt, INTPs, enzymes, and dH»O together in a single tube, using
appropriate volumes of each based on the number of samples being tested (see Table
within this Example). 40 microliters of reagent master mix is aliquotted into both “-
target” and “+ target” (control wells with target) wells of the Master Mix plate, and the
plate is sealed with thermal sealant. All of the previous steps were completed in a pre-
amplification room with all of the subsequent steps completed in a post-amplification
room. The thermal sealant is removed from the Template/Target plate, from only the

wells that target will be added to, leaving the “- wells” sealed to avoid potential
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contamination. 5 microliters of targct is aliquoted into the appropriate “+ target” wells.
The Template/Target plate is resealed with thermal sealant. Both the Template/Target
plate and Master Mix plate are incubated for 2-3 minutes at assay temperature (for
example, at 56'C, 57 C, or 58 C, using thermal cyclers. The thermal sealant is removed
from both plates. 40 microliters of reagent master mix from the Master Mix plate wells is
transferred to the appropriate wells on the Template/Target plate, and the Template/Target
plate is resealed with thermal sealant. The samples are incubated for 5-10 minutes at
assay temperature. The time for the reaction is calculated from the time that the
incubation starts, immediatcly after the reagent master mix if transferred to the wells on
the Template/Target plate, the plate is sealed, and placed in the thermocycler. Reactions
are stopped by adding SDS to 0.1% or greater, or by incubating the samples for 2 minutes
at 80°C.

To detect the amplified products, for example, 3-5 microliters of 5 micromolar
molecular beacon is added to each well and mixed by pipetting up and down several times.
A fluorescence read is performed at the appropriate wavelength based on the fluorophone

present on the molecular beacon, at assay temperature, following a 1 minute incubation

Typical reagent breakdown for single 50 microliter DNA reactions (all volumes in

microliters)

Reagent - Target | + target | Final Concentration
5X 1B2 Buffer 10.0 10.0 1X

100 mM MgSO, 2.5 2.5 10+ 5mM
10mM dNTPs 1.5 1.5 0.3 mM

8 U/microliter Bst Pol 2.4 2.4 19.2 units
10 U/microliter N. BstNB1 | 1.50 1.50 15 units
Template 1 2.5 2.5 10-1000 nM
Template 2 2.5 2.5 10-1000 nM
Target 0 5.0

H,O 27.1 22.1

Total 50.0 50.0

5X IB2 buffer consists of
250mM Tris-HCI (pH8.0)
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75mM (NH4):SO4
75mM NaQSO4
50mM MgSO,
SmM DTT

0.5% Triton X-100

A typical reaction does not have a standard target concentration, but target copy
per reaction may range from 10-50 at the lower end, for example, to 1E+6 copies in the
upper end, for example, or more. In terms of molar concentrations, a 50 microliter assay
with 10 copies of target is 3.32e-13 micromolar, where a 50 microliter assay with 50
copies of target is 1.66e-12 micromolar and a 50 microliter assay with 1e6 copies of target
is 3.32¢-8 micromolar.

The target sample may consist of, for example, purified DNA or RNA, that has
been resuspended in dH20 or TE, or sample that has not been purified. For example,
endocervical swab clinical samples were collected, and sample was eluted and lysed from
the swabs using Pierce’s Lyse-N-Go PCR reagent (Cat # 78882). Lyse-N-Go is a
proprietary formulation that is non-ionic detergent based. Aliquots of each eluted/lysed
sample were then added directly to assays, and the results indicate no loss of assay
activity. Assays have also been conducted using clinical samples that were collected in
viral transport media (VTM), either M4 or MS. The samples collected in VIM were
mixed with Pierce’s Lvse-N-Go PCR reagent to lyse the target cells, and subsequently
aliquots of these samples were added to assays without loss of activity. Finally, the assay
has been conducted in the presence of various potential inhibitors, such as sand, soil, clay,

urine and serum, and each of these inhibitors was well tolerated.

Example 2: Detection of DNA NEAR ™ assay products by gel electrophoresis

The amplification reaction products can be visualized by gel electrophoresis. In the
absence of target, the templates (with complementary or substantially complementary 3’
bases) overlap by one or more bases, polymerase extends in cach direction to generate the
NEAR ™ amplification duplex (Figure 1B); and the amplification proceeds in a similar

mechanism to the NEAR ™

amplification to amplify a product that is two bases shorter
than the target amplified product. Inthe case of a 25mer assay where the templates end in
A and T, the resulting background product is 23 bases. The 27mer assay also forms a
23mer background and 27mer product. Longer reaction products are also amplified. The

sequence of these products is hypothesized to be due to the polymerase extension before
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the nicking cnzyme can nick both sides of the NEAR ™ amplification duplex, according
to Steps 9B in Figure 1C. Figure 2 shows the NEAR ™ reaction products are casily

distinguished from background products by gel electrophoresis.

Example 3: Detection of RNA assay products by gel electrophoresis

The reaction of the present method can also amplify RNA targets. In this case, the
target is Ebola Armored RNA, which is a ~600 base strand of RNA encapsulated by MS2
phage coat proteins to simulate a viral particle. The reaction is designed to amplify a 25-
base region of the Ebola genome contained within the encapsulated RNA sequence.
Reaction products run on a 20% polyacrylamide gel (Figure 3) show the amplified 25mer
product along with 23mer and 20mer background products. This example demonstrates

the ability of the reaction to amplify RNA released from virus-like particles.

Example 4: Detection of DNA and RNA assay products by mass spectrometry

The reaction amplification products of the present methods can also be detected by
mass spectrometry using an ESI/TOF system with a front end LC. The reaction products
observed are multiple charged ion species. Usually, the -3 or -4 charge state is the major
peak in the spectrum (in the range of 1000-3000 AMU), depending on the length of the
oligonucleotide product. The sodium adduct is usually present in the spectrum as a peak
adjacent to the major peak at roughly 20-25% the intensity. The unique peaks for the
positive reactions in the presence of target are visible in both Figures 4 and 5 for the DNA
and RNA reactions respectively. The background products formed in these reactions are

not shown in the mass range of these spectra.

Example 5: Real-time detection of the assay amplification

The amplification reaction of the present method can also be monitored, as shown
in Figure 6, in real-time with SYBR II fluorescence. The fluorescence increases as SYBR
IT intercalates into the amplified double-stranded products. The background products also
generate fluorescence at a slower rate than the true product. Optimization of amplification
sequence, reaction temperature and reaction buffer conditions are necessary in order to

visualize distinct separation between the positive reactions and the negative controls.

Example 6: FRET detection of real-time NEAR ™ assay amplification

67



10

15

20

25

30

WO 2009/012246

CA 02693805 2010-01-13
PCT/US2008/070023

NEAR ™ amplification can also be monitored by Fluorcscence Resonance Encrgy
Transfer (FRET), as shown in Figure 7. Amplification occurs using dual labeled templates,
one on each end (5'-FAM, 3'-BHQ). Fluorescence is generated from the FAM-labeled
oligonucleotide upon cleavage of the template by the nicking enzyme when it becomes
double-stranded. Since fluorescence is produced by the initial nicking reaction, this
detection method is extremely responsive. Since the 3 ends of the templates are blocked
from extension by the quenching label, the production of background fluorescence is

inhibited.

Example 7: Molecular beacon detection of real-time NEAR ' amplification

A third method of monitoring real-time amplification is using molecular beacons,
as shown in Figurc 8. In this casc, thc amplificd product hybridizcs to the loop region of
the molecular beacon resulting in an increase in fluorescence from the separation of the
fluorophore and quencher on each end of the hairpin stem. Since this interaction occurs
post-amplification, it is considered pseudo-real-time and can be slightly slower in response

relative to the FRET approach.

Example 8: False Positive Rate testing

This experiment was designed to probe the probability that the amplification
reaction of the present method will yield a true product in the negative reaction, or a false
positive. Reactions directed at specific amplification of a 25mer region specific to the
Bacillus subtilis genome were run in the presence (n = 120) and absence (n = 320) of
Bacillus subtilis genomic DNA. End point reactions were run on the mass spectrometer
and the area under the curve (AUC) for the product mass peak in the mass spectrum was
analyzcd. As shown in Figurce 9, the results show that nonc of the 320 ncgative rcactions
resulted in a false positive with AUC values equal to the water control. The true positive
AUC values were at least 3 standard deviations apart from the true negatives. Overall,
these results demonstrate the reproducible nature of the assays of the present methods.

The Bacillus subtilis assay was developed to target a 25 nucleotide region of the

mobA-nprE gene region, with the sequence 5° - TTAACGTCTCTAATTTCAGCTTTTG

—3’. The templates used to amplify this region were, T1 5 -
ATGCATGCATGAGTCACATTTAACGTCTCTA -3, and T2 5° -
ATGCATGCATGAGTCACATCAAAAGCTGAAA — 3°. The assay was carried out
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cssentially as described in Example 1, and with the modifications here, for 4 minutes at
56°C with 10,000 copies of Bacillus subtilis genomic DNA plus 100,000 copies of
Bacillus thuringiensis genomic DNA (True positives), 10,000 copies of Escherichia coli
genomic DNA plus 100,000 Bacillus thuringiensis genomic DNA (True negatives) or no
targct (watcr control). Aliquots of cach samplc werc then analyzed by clectrospray
ionization mass spectrometry to determine the amount of specific product made in each

reaction using area under the curve (AUC) calculations.

Example 9: Beacon detection: assay reproducibility with beacon detection

The molecular beacon detection of reaction products of the present method can
also be used as an endpoint reading. As shown in Figure 10, the ratio of reaction products
can be manipulated by varying the input ratio of the forward and reverse templates.
Skewing the templates to favor one of the reaction products allows the single-stranded
product to be available for hybridization to a molecular beacon. The open beacon
generates a fluorescent signal. This detection method is extremely reproducible. In this
study, two operators performed replicates of the same assay on two different days. The
results of this study demonstrate the reproducibility of the assay from one day to the next

as well as reproducibility between operators.

Example 10: Assay sensitivity with beacon detection
The sensitivity of the assay with beacon read-out was tested using a dilution of
Francisella tularensis genomic DNA. As shown in Figure 11, as few as 50 copies were

detected above the no target control.

Example 11: Concentration of amplified products for DNA amplification

The sensitivity of the assay has also been studied using mass spectrometry
detection of the reaction products. Figure 12 shows signal above the no target control
down to 100 copies. The data from this study was used to correlate the input copy number
to the final amount of amplified product. In this study, the AUC values of the mass spec
product peaks were fit to a standard curve to give the estimated final concentration of
amplified product for the assay. The amount of amplified product ranges from
approximately 250nM to almost 1uM for 1E+2 and 1E+5 copies respectively. This
product amount results in a |E+8 to 7E+10-fold amplification. These reactions were

performed without the hot-start conditions, in fact hot-start conditions have been shown to
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dramatically incrcasc the amount of product amplificd, so a further incrcasc in
amplification is achieved. The zero copy amplification reaction has a positive final

concentration due to the y-intercept value in the standard curve equation.

Example 12: Concentration of amplificd products for RNA assay

A similar study was performed on the amplification of RNA using the present
method. A dilution of RNA targets were amplified by the assay of the present method.
Products were run on the mass spec and the AUC values of the product peaks were
analyzed against a standard curve to determine the concentration of the final product, as
shown in Figure 13. A 12 minute amplification starting with 30 and 30,000 copies of
initial target results in a 3E+9 to 1E+7 -fold amplification respectively. The lower extent
of amplification compared to the DNA amplification could be due to the less efficient
reverse transcriptase ability of the polymerase compared to its replication abilities. Also,
the RNA:DNA hybrid formed upon the extension of the reverse template is a stronger
interaction compared to a normal DNA:DNA hybrid and will have less breathing to allow
for the forward or another reverse template to displace one strand. However, amplification

products from the RNA reaction were detected down to <100 copies.

Example 13: NFAR ™M reaction specificity for DNA

Since the reaction products are usually between 20 and 30 bases in length, the
question arises as to whether or not these short amplification assays can be specific
enough to target a single sequence region with other near neighbor genomes present. The
reaction was tested for its specificity by running the amplification reaction in the presence
and absence of varying amounts of the near neighbor genomic DNA (Figure 14). In this
case, the assay detects a specific sequence in the pXO2 plasmid of Bacillus anthracis and
the near neighbor genome is Bacillus thuringiensis (kurstaki). The reactions were analyzed
by the AUC values for the product peaks. The figure below demonstrates that in the
absence of the correct target (Bacillus anthracis), there is no true product amplified (the
levels are so low that they are not visible on the scale of the graph). The amount of
amplification of the positive reactions is consistent, with larger error bars for the 0 and
SE+5 copics of Bacillus thuringiensis (SE+4 copics of Bacillus anthracis) duc to a single
lower value for one of the triplicate runs. Overall the experiment demonstrates that the
reaction is very specific to the target sequence when the assay is designed within a unique

region of the genome.
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Example 14: Interferent testing

A panel of interferents was tested to monitor the effect of each on amplification.
Figure 15 demonstrates the robust nature of the assay of the present methodin the presence
of interferents. Some interferents that arc known to inhibit PCR, such as humic acid, did
not appear to inhibit the assay, though the amount of each interferent is unknown. From
statistical analysis only interferent B, C, and E were statistically different from the control
assay x. In the B, C, and E cases, the difference resulted in increased product

amplification.

Example 15: Multiplexing of two sequences with DNA assays

A DNA duplex was designed for capillary electrophoresis (CE) detection.
Amplification products were 25 bases (Bacillus anthracis assay, Ba) and 27 bases
(Bacillus subtilis assay, Bs) in length with background production of a 23mer. The
reaction was run for 10 minutes in the presence or absence of SE+5 copies of the
respective genomic DNA target. The samples were run on a 20% polyacrylamide gel to
visualize the reaction products. Figure 16 indicates the presence of positive product
amplification when Bacillus subtilis only is present as well as when both Bacillus subtilis

and Bacillus anthracis are present.

Example 16: DNA assay duplex specificity

The DNA duplex reaction with Bacillus subtilis (Bs) and Bacillus anthracis (Ba)
was shown to be specific to the respective genomes. The assays were run in the presence
of the near neighbor, Bacillus thuringiensis, as shown in Figure 17. In the negative
reaction where both template sets are present as well as the Bacillus thuringiensis genomic
DNA, there is no product band in the 25 or 27mer region. Product bands appear only when
the specific genomic target is present, which demonstrates the specificity of the duplex

reaction.

Example 17: Multiplexing with RNA assays

An MS2 assay that amplifies a 27mer product and an Ebola assay that amplifies a
25mer product was developed and multiplexed so that all templates are present in each
assay and amplification of products is dependent on the target present. This combination

of templates forms background products that are 23 bases and 20 bases in length. The gel
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shown in Figurc 18 demonstrates the ability for the rcaction of the present method to

amplify multiple RNA targets in a single reaction.

Example 18: Amplification from lysed spores

Amplification was pcrformed on scmi-processcd samples to determine whether it
is possible to amplify DNA released from spores through lysis. The negative control
reaction contained DNase-treated spores, unlysed, so no DNA should be present to
amplify. The positive control reaction contained purified genomic DNA at concentrations
around the amount of DNA estimated to be released through lysis. Results in Figure 19
show that amplification with unlysed DNase-treated spores results in no product
amplification as expected, whereas the three samples lysed before amplification resulted in

product amounts in the range of the theoretical amounts.

Example 19: Capture and Extension

The reaction products of the present method can also be detected on a solid
surface. A capture probe attached at the 5’ end to the surface through a biotin/streptavidin
attachment can bind to the reaction products from which polymerase extends to form a
stable duplex that SYBR and any intercalating dye can detect. The capture probe is
designed to favor extension through binding to the true product over background products
because the 3" base of the capture probe is complementary to the middle spacer base in the
product which is not present in either of the templates or the background products. Figure
20 demonstrates the increased fluorescence of the products in the presence of the capture
probe and polymerase over the average binding (same reaction in the absence of
polymcrasc, to preclude cxtension of the capture probe) and the no target control where
only background products are amplified, but cannot form a stable duplex with the capture

probe for polymerase to extend.

Example 20: Surface NEAR ™ FRET DNA Assay

The reaction of the present method can also be performed with the templates
immobilized on the surface. The templates for FRET detection of surface amplification
usually have three modifications: one 5’ biotin with a TEG spacer, one FAM fluorophore

internal to the biotin, and a quencher on the 3’ end which serves to block background
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amplification as well as to quench the FAM fluorophore. The tecmplate is immobilized on
the surface through biotin/streptavidin attachment. Figure 21 demonstrates that with both
templates immobilized along with additional mixing, the reaction proceeds at a much
slower rate than the solution amplification rate (amplification in 16 minutes for 1E+6
copics of gcnomic DNA). When a single template is immobilized on the surface and the
other template is free in solution, the amplification reaction is increased to 10 minute
detection for 1E+6 copies of genomic DNA. Fluorescence from background products is
observed ~3.5 minutes after the product signal, similar to what is observed for solution
phase kinetics, but slowed considerably.
Example 21: Healthcare Example
Chiamydia trachomatis (Ct) Assay

An assay of the present method was performed to detect the presence of a
Chlamydia trachomatis (Ct) target sequence. A 2-fold dilution series of synthetic DNA
containing the target sequence for the Ct P2_2 assay was used to determine the limit of
detection of the assay. The reaction was carried out essentially as described in Example 1,
with some modifications as described in this example. The dilution series started with
10,000 copies of target DNA, and proceeded to less than 1 copy per reaction. A ‘no target’
control samplc was also includcd in this cxperiment. Reactions were performed on a 96-
well microtiter plate in 50 microliter volumes in the following buffer: 50 mM Tris-HCI,
pH 8.0, 30 mM NaCl, 15 mM (NH4)1(SO,), 15 mM Mg,SOy4, 1 mM DTT, 0.1% Triton X-
100 with 0.3 mM dNTPs, 19.2 units of Bst DNA polymerase and 15 units of Nt.BstNBI
nicking enzyme. Templates were added at a ratio of 200 nM :100 nM (Template
1:Template 2). Reactions were performed as follows: On plate 1, 5 microliters of template
mix was added to each well in a pre-amplification room, and sealed. On plate 2, 40
microliters of master mix was added to each well in a pre-amplification room, and sealed.
The master mix consisted of dH»>O plus all assay components listed above, except
templates. The two plates were then transferred to a post-amplification room where 5
microliters of target was added to each well of plate 1 (excluding the ‘no target” control
wells). The two plates were then transferred to thermal cyclers pre-heated to 56°C for 2 —
3 minute pre-incubations at 56°C. The contents of plate 2 were then transferred to plate 1
which was then incubated for 5 minutes at 56°C (amplification step). Following this
incubation, the reactions were stopped by inactivating the enzymes at 80°C for 2 minutes.

Subsequently, a molecular beacon specific for the amplified Ct P2_2 product was added to
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a final concentration of 300 nM and fluorcscence was detected at 56°C. All samplcs were
performed in triplicate, with error bars showing standard deviations.

The Ct P2_2 assay was performed using two templates, template 1 (5°-
ATGCATGCATGAGTCACATAGGCTTATGGAG-3’) and template 2 (5’-
ATGCATGCATGAGTCACATTTATACCGCTTA-3") ata 200 nM:100 nM final
template concentration. The molecular beacon used for fluorescence detection, MB 5.18,
contained a 5°-FAM fluorophore and 3°-BHQ1 quencher, with the following sequence: 5°-
ctgec TACCGCTTAACTCCATAAgccag-3.

The results are shown in Figure 22, and show that the assay can efficiently detect
less than 10 copies of target in a sample. Figure 22B shows that even about 1-2 copies can
be detected, but because of the dilution experiment, some wells may, statistically, not have
any target DNA (compare Fig. 22b, bars 1.2 a, b, and c).

The target sequence for the Ct P2_2 assay is 5’AGGCTTATGGAGTTAAGCGGTATAA
- 3’. Clinical samples, such as those collected on endocervical or vaginal swabs, or those
collected on swabs and then transferred to viral transport media such as M4 or M35 can be
prepared for use in anassay as follows. Each swab is placed into a 1.5 milliliter or 2.0
milliliter eppendorf tube containing 300 microliters to 1 milliliter of Pierce’s Lyse-N-Go
PCR rcagent (Cat # 78882). The mixturc is allowced to incubate at room temperaturc for 5
— 10 minutes, with occasional mixing. An aliquot of the eluted and Tysed sample is then
added directly to an assay. For samples present in viral transport media, an aliquot of the
sample can be transferred to an eppendorf tube containing an equal or greater volume of
Pierce’s Lyse-N-Go PCR reagent (at a sample:Lyse-N-Go ratio of 1:1, 1:2, 1:10, 1:20,
etc....) and allowed to incubate at room temperature for 5 — 10 minutes, with occasional

mixing. An aliquot of the eluted and lysed sample is then added directly to an assay.

Example 22 Food Safety Applications

Listeria monocytogenes assay

To demonstrate the effectiveness of the assay of the present method for the specific
detection of a food pathogen, assays were conducted on Listeria monocytogenes, one of
thc most significant thrcats to food safety from rcady-to-cat food products. Thc assays
were performed essentially as described in Example 1, with modifications described in this
Example. L. monocytogenes strain EGD-e genomic DNA was assayed with increasing

amounts of genomic DNA from the closely related non-pathogenic species L. innocua
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strain Clip11262. As shown in Figurc 23, Ncgative control rcactions with no DNA present
showed only background levels of fluorescence, and the increasing amounts of L. innocua
DNA up to 1 million genome equivalents per 50 microliter reaction showed no significant
increase in the background fluorescence. However, the addition of 1,000 genome
cquivalents of L. mornocytogenes was casily detected with a substantial incrcasc in
fluorescence, and was unaffected by the presence of the L. innocua, even when the non-
pathogenic L. innocua was present in 1000-fold excess, which was 1 million genome
equivalents per 50 microliter reaction. Each reaction consisted of: 46 mM Tris buffer pH
8.5; 50 mM NaCl; 10 mM KCI; 10 mM (NH4)2SOy4; 5 mM MgCly; 10 mM MgSOy; 0.5
mM dithiothreitol; 0.1% Triton X-100; 0.01 mM EDTA; 0.3 mM each dATP, dCTP,
dGTP, and dTTP; 19.2 units Bst DNA polymerase from New England Biolabs, Inc.; 15
units Nt. BstNBI nicking endonuclease from New England Biolabs, Inc.; 200 nM of the
first oligonucleotide; and 2 micromolar of the second oligonucleotide. The
oligonucleotides and Listeria genomic DNA were incubated separately from the enzyme
buffer mixture at 56 °C, and then 5 microliters of this mixture was added to 45 microliters
of enzyme buffer mixture. The reaction was incubated at 56 °C for 10 minutes, and then
80 °C for two minutes. After this, 3.2 microliters of a 5 pM solution of a Molecular
Bceacon was added to cach rcaction. The scquence of the Molccular Beacon was specific
for the amplified 7.. monocytogenes sequence with a fluorophore and quencher on the 5’
and 3’ ends, respectively. Following the addition of the Molecular Beacons, the reactions
were incubated at 56 °C for one minute, and then fluorescence measurements were made.
Each assay condition was tested in duplicate, and the average fluorescence values are
shown. The target sequence for the Listeria monocytogenes assay is 5 —
AAAGCAAGAGAAAGTTATCGTGTAT - 3°. The template sequences are as follow:
T15 - ATGCATGCATGAGTCACATAAAGCAAGAGAA —3and T2 5° -
ATGCATGCATGAGTCACATATACACGATAAC -3’

Example 23: Viral RNA Example

A 10-fold dilution series of purified viral RNA from a viral positive clinical sample
was uscd to determinc the limit of detection of the assay. The viral RNA was purificd
using a commercially available viral RNA purification kit. A ‘no target’ negative control
sample was included. Reactions were performed on 96-well microtiter plates in 50

microliter volumes in the following buffer: 50 mM Tris-HCI, pH 8.0, 30 mM NaCl, 15
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mM (NH4),(50,), 10 mM Mg>SOy4, 1 mM DTT, 0.1% Triton X-100 with 0.1 mM dNTPs,
19.2 units of Bst DNA polymerase, 7.5 units of Nt.BstNBI nicking enzyme and 4 units of
OmniScript reverse transcriptase. Templates were added at a ratio of 400 nM : 20 nM
(Template 1:Template 2). Reactions were performed as follows: On plate 1, 5 microliters
of templatc mix was added to cach well in a pre-amplification room, and scaled. On plate
2, 40 microliters of master mix was added to each well in a pre-amplification room, and
sealed. The master mix consisted of water plus all assay components listed above, except
templates. The two plates were then transferred to a post-amplification room where 5
microliters of target was added to each well of plate 1 (excluding the ‘no target’ control
wells). The two plates were then transferred to thermal cyclers pre-heated to 56°C for 2 —
3 minute pre-incubations at 56°C. The contents of plate 2 were then transferred to plate 1
which was then incubated for 5 minutes at 56°C (amplification step). Following this
incubation, the reactions were stopped by inactivating the enzymes at 80°C for 2 minutes.
Subsequently, molecular beacon specific for the amplified product was added to a final
concentration of 300 nM and fluorescence was detected at 56°C. All samples were
performed in triplicate, with error bars showing standard deviations. Results are shown in
Figure 24.

The viral RNA assay was performed using two tcmplates (tcmplate 1: 31
nucleotides long, and template 2: 31 nucleotides long) at a 400 nM:20 nM final template
concentration. The molecular beacon used for fluorescence detection (MB), contained a
5’-FAM fluorophore and 3’-BHQ1 quencher, with a 29 nucleotide long sequence. The

length of the target sequence was 26 nucleotides.

Example 24: Agriculture Application: Detection of Genetically Modified Traits in Crops

Assay Sample Preparation for Genetically Modified (GMO) and Conventional (non-

GMO) Maize:

The assay of the present methods may be used to detect genetically modified
organisms (GMO) in agricultural applications. Theassay was used to detect the presence of
the bar gene, inserted into the maize genome, in a background of unmodificd maize DNA.
The bar gene confers resistance to the broad-spectrum herbicide glufosinate. The assays
were conducted essentially as described in Example 1, with modifications as described

herein. Genetically modified and conventional (unmodified) maize seeds were ground to
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an appropriatc level of coarsencss, and nuclcic acids were cxtracted using a standard
buffer. The extracted material was purified using a size-exclusion column according to the
manufacturer’s instructions. Purified nucleic acids were combined to yield a final
concentration of 5% bar-modified maize in a conventional background (e.g., 5 microliters
of bar maizc DNA cxtract combincd with 95 microlitcrs conventional maize DNA
extract), or used unmixed in the case of 100% conventional maize. The oligonucleotide

sequences used to detect the bar gene are listed below.

Template 1: ATGCATGCATGAGTCACATCATCGTCAACCA
Template 2: ATGCATGCATGAGTCACATTGTCTCGATGTA

The templates were designed to produce the following products:

Product 1: CATCGTCAACCACTACATCGAGACA
Product 2: TGTCTCGATGTAGTGGTTGACGATG

The assay reagents used were: 9.6 units of Bst. Polymerase (NEB), 15 units of
N.BstNBI nicking cnzyme (NEB), 5 microliters Thermopol 1 Buffer (NEB), 2.5
microliters NEB Buffer 3, 12 mM MgSO,, 0.3 mM dNTPs, 2.5% DMSO (dimethyl
sulfoxide), 5 microliters sample, templates and water. The oligonucleotides were present
at initial concentrations of 10 nM (Template 1) and 100 nM (Template 2). Water was used
to adjust the final volume to 50 microliters, and a 10 minute assay was performed at 56°
C, followed by a 2 minute incubation at 94° C to inactivate the enzymes, followed by
detection at 56° C with a specific molecular beacon at a final concentration of 300 nM.

The sequence of this molecular beacon is:

5" FAM-CCTCGCCGTCAACCACTACATCGAGCGAGG-BHQI-3".

The results are shown in Figure 25.

Example 25: Detection of MicroRNA (miRNA)
Assay Samplc Preparation for microRNAS from MDA-MB-231 Human Breast Cancer
Cells:
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MDA-MB-231 Human brcast cancer cclls (ATCC number HTB-26) arc known to
express elevated levels of microRNA-21 (Torio, M.V. et al., 2005. MicroRNA gene
expression deregulation in human breast cancer. Cancer Res. 65:7065-7070). An assay for

miR-21 was developed that detects the mature microRNA-21 sequence:

5 UAGCUUAUCAGACUGAUGUUGA 3°

The template sequences used were (nicking enzyme sequences are underlined):

Template 1: ATGCATGCATGAGTCACATTAGCTTATCA
Template 2: ATGCATGCATGAGTCACATTCAACATCAG

The templates were designed to produce the following products:

Product 1: TAGCTTATCAGACTGATGTTGA
Product 2: TCAACATCAGTCTGATAAGCTA

The assay was conducted cssentially as described in Example 1, with modifications
described herein. To obtain RNA, MDA-MRB-231 cells were propagated and sub-cultured,
using standard methods familiar to those skilled in the art, in Dulbecco's Modified Eagle's
Medium (Invitrogen) supplemented with 10% fetal bovine serum, glucose and antibiotics.
Prior to reaching confluency, cells were removed from the plate by treatment with trypsin,
and subsequently washed in phosphate buffered saline prior to freezing at -80° C. Cells
were later defrosted and a portion used for RNA isolation with TRI Reagent (Molecular
Research Center, Inc.) according to the manufacturer’s instructions. Purified RNA was
quantified using UV absorbance at 260 nm.

According to the Molecular Research Center TRI Reagent manual, 1 ng of purified
RNA corresponds to approximately 100 cells of starting material. Various amounts of
purified RNA were used in an assay comprised of the following reagents: 50 mM Tris-
HCI, pH 8.0, 30 mM (NH4)2SO4, 30 mM NaySOy4, 1 mM DTT, 0.1% Triton X-100, 10 mM
MgSQ4, 0.1 mM dNTPs, 19.2 units of Bst. Polymcrasc (New England Biolabs), 7.5 units
of N.BstNBI nicking enzyme (New England Biolabs), 7.4 units Omniscript Reverse
Transcriptase (Qiagen), two oligonucleotides at 100 nM each, sample and water. Water

was used to adjust the final volume to 50 microliters, and a 20 minute assay was
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performed at 56° C, followed by a 2 minute incubation at 94° C to inactivatc cnzymcs.
The product was measured using electrospray ionization mass spectrometry, and product
amounts were quantified by calculating the area under the curve. The results of the assay

are shown in Figure 26.

Example 26: Detection of a Genomic DNA Target

An assay of the present method was performed essentially as described in Example
1, using oligo templates designed to bind to a genomic target. Dilution experiments were
conducted to determine the lower limit of detection. As shown in Figure 27, there was
consistent detection at 50 genome copies. When the diluted sample contained 10 genomic
copies, there was detection, however, statistically, the detection was not as consistent.

Example 26 (Figure 27) depicts a Neisseria gonorthoeae assay. The assay targets
the pilQ gene, specifically the sequence 5> — ACTCTACCAACACGGAACTCAAAAA -
3’. The template sequences used to amplify this target were: T1 5” —
ATGCATGCATGAGTCACATTTTTTGAGTTCC -3, and T2 5" -
ATGCATGCATGAGTCACATACTCTACCAACA — 3°. The assay was carried out
essentially as described in Example 1, with the modifications herein. Briefly, the assay
was performed for 5 minutes at 56°C followed by a hcat inactivation step at 80°C for 2
minutes to stop the reaction. End point detection of amplified specific product was
performed using 300 nanomolar of a molecular beacon containing a 5°-fluorophore and 3°-
quencher that was specific to the amplified specific following a 1 minute incubation at
56°C. The molecular beacon sequence was: 57 —
CGCATGGAGTTCCGTGTTGGTAGACATGCG - 3.

Example 27: Calculation of Specific Product Generated in a B. subtilisAssay
Anassay of the present method was performed essentially as described in Example 1,
using oligo templates designed to bind to a Bacillis subtilis target sequence, the target was
the ppsA gene:

Target sequence (25mer) 5° — CCAAGCTCAAAAAAGGAATCGTGAA - 3°
T15 — ATGCATGCATGAGTCACATCCAAGCTCAAAA -3’
125 - ATGCATGCATGAGTCACATTTCACGATTCCT - 3°

As shown in Figure 28, the linear regression showed an excellent correlation

between the amount of the reference oligo added to a sample and area under the curve

(AUC). This equation was used to determine the amount of specific product generated
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when 50 or 500 copics of gcnomic DNA target were added to a reaction. The rcaction was
performed for S minutes. The fold amplification was calculated and is presented in the
Table below.

Table 5
Specific product 1944 yields (x=y-b/m)

Sample AUC signal Product (nM) | Product (50 Fold
microliter amplification
reaction, in
pmoles)

50-1 1394 2851 0.1426 1.72E+09

50-2 1495 3049 0.1525 1.84E+09

50-3 1175 2421 0.1211 1.46E+09

50-4 1072 2219 0.1110 1.34E+09

500-1 1799 3645 0.1823 2.20E+08

500-2 1837 3720 0.1860 2.24E+08

500-3 1472 3004 0.1502 1.81E+08

500-4 1438 2937 0.1469 1.77E+08

Calculations were based on the following: B. subtilis genome = 4214814
nucleotides, molecular weight (g/mole) of 2781777240. Avogadro’s number
(molecules/mole) = 6.02E+23. For 50 genome copies in moles, this results in 8. 30E-23,
for 500 genome copies in moles, this results in 8.30E-22.

Example 28: Effect of Different Spacer Lengths

A series of Chlamydia trachomatis (Ct) assays was performed essentially as
describe in Examples 1 and 21, using various templates as shown in Figures 29 and 30.
Figure 29 shows the results of the reaction, Figure 30 provides more detail as to the
template design. The reaction was conducted for 10 minutes using either 0 or 100 copics
of target. A series of cligonucleotide templates was prepared, with spacer region lengths
(number of nucleotides on the target sequence between the binding sites of the oligo
templates, if the templates were bound) ranging from 1 to 11. Optimal spacer lengths for

this experiment were 1, 2, 3, or 4.
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A similar sct of cxperiments was conducted for a viral RNA target, following csscentially
the same methods as those described in Example 23m using spacer lengths of 2, 5, 6, 7,
and 8. As determined by mass spectrometry, optimal specific product detection was found
using spacer lengths of 2 and 5, and no specific product was detected in this assay where
the spaccer length was 6 or greater and the reaction was run for 20 minutcs.

Similar experiments were also conducted with other targets. For some targets,
such as miR-21, when no spacer nucleotides were included in the template design, product
was detected whether or not a target sequence was present in the reaction. Product was
detected whether or not target DNA was present in the assay, indicating that the template
set was producing the specific product without a need for the target being present. In other
experiments, a spacer region of 0 nucleotides did result in specific product. Therefore, in
designing templates for the assays discussed herein, more than one set of templates should
be prepared, to determine the length of the spacer region that is optimal to produce
specific product from a particular target.

Example 29: Effect of the Stabilizing Regions

A set of Chlamydia trachomatis (Ct) assays was performed essentially as described
in Examples 1 and 21. Templates were prepared that either included, or did not include,
the stabilizing region (S ATGCATGCAT). The reaction was performed for 10 minutces,
with either 0 or 100 copies of target DNA. Analysis was performed using real-time
SybrGreen fluorescence detection. As shown in Figure 31, the samples containing
templates without stabilizing regions showed no amplification. In another set of assays,
using viral RNA, either O or 1000 copies of target was included in the assay. The samples
containing templates without stabilizing regions showed no amplification, while those
with stabilizing regions showed rapid amplification.

Example 30: Effect of Mg™ Concentration

A set of Chlamydia trachomartis (Ct) assays was performed essentially as described
in Examples 1 and 21. The assays were conducted using varying concentrations of Mg* .
As shown in Figure 32, for this set of assays, a complete loss of activity was found when 6
mM Mg was present, and a significant drop in activity was found when 9 mM Mg ™ was

present. At concentrations from 12 mM to 21 mM Mg™ | the assay performed optimally.

Example 31: Examples of other Template/Target Combinations

The present methods are not limited to the specific templates and targets provided

in the present embodiments and examples. Other targets and templates may be used to

g1



CA 02693805 2015-01-30

60412-4361

10

15

20

25

30

perform the isothermal amplification methods discussed herein. Examples of other targets
and templates include, but are not limited to, those presented in Figure 34, Those of
ordipary skill in the art recognize that other templates may be designed for the targets
presented in the Figure, related target sequences to those presented in the Figure may be

used in the reaction, and target sequences not included in the Figure are within the scope

of the present methods.
LN EEER KN

Citation of patents, patent applications, publications and docﬁmcnts herein
is not an admission that any is pertinent prior art, nor does it constitute any
admission as to the contents or date of these publications or documents.
Singular forms "a", "an", and "the" include plural reference unless the context
clearly dictates otherwise. Thus, for example, reference to "a subset” includes a plurality

of such subsets, reference to "a nucleic acid" includes one or more nucleic acids and

. equivalents thereof knowit to those skilled in the art, and so forth. The term “or” is not

meant to be exclusive 1o one or the terms it designates, For example, as it is used in a
phrase of the structure “A or B” may denote A alone, B alone, or both A and B.

Unless defined otherwise, all technical and scientific terms- used herein have the
same meanings as commonly understood by one of ordinary. skill in the art to which this
invention belohgs. Although any methods and systems similar or equivalent to those
described hercin can be used in the practice or testing of the present invention, the
methods, devices, and materials are now described. Publications mentioned herein are
for the purpose of describing and disclosing the ' '
processes, systems, and methodologies that are reported in the publications which might

.be used in connection with the invention. Nothing herein js to be construed as an

admission that the invention is not entitled to antedate such disclosure by virtue of prior
invention. : :
Modifications me;y be made to the foregoing without departing from the scope ofthe

irvention, whicl: is as defined in appended claims. Although the invention has been described in substantial detail
with reference fo one or more specific embodiments, those of ordinary skill in the art wiil

recognize that chianges may be made to the embodiments specifically described herein.
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The invention illustratively described herein suitably may be practiced in the absence of any
elements(s) not specifically disclosed herein. Thus, for example, in each instance above any of the
terms “comprising”, “consisting essentially of”, and “consisting of” may be replaced with either of the
other two terms. Thus, the terms and expressions which have been employed above are used as terms
of description and not of limitation, equivalents of the features shown and described above, or portions
thereof, are not excluded, and it is recognized that various modifications are possible the scope of the-

invention is as sct forth in the following claims.

SEQUENCE LISTING IN ELECTRONIC FORM

In accordance with Section 111{1) of the Patent Rules, this description
contains a sequence listing in electronic form in ASCII text format

(Eile

52963-13 Seqg 11-JAN-10 vl.txt).

" A copy of the sequence listing in electronic form is available from the
Canadian Intellectual Property Office.

The sequences in the sequence listing in electronic form are reproduced
in the following table.

© <110

<120>

<130>

<140>
<l4l>

':<150>
<151>

" <160>

<170>

<2105
<211>
«212>
<213>

SEQUENCE TABLE

IONIAN TECHNOLOGIES, INC.

NICKING ANb‘EXTENSION AMPLIFICATION REACTION
FOR THE EXPONENTIAL AMPLIFICATION OF NUCLEIC

ACIDS
ITI-1001-PC

PCT/US2008/070023
2008-07-14

11/778,018
2007-07-14

93

PatentIn version 3.5
1
25

DNA
Bacillus subtilis
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<400> 1
ttaacgtcte taatttcage ttttg

<210> 2

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 2
atgcatgcat gagtcacatt taacgtctct a

<210> 3

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 3
atgcatgcat gagtcacatc aaaagctgaa a

<210> 4

«<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 4
atgcatgcat gagtcacata ggcttatgga g

<210> 5

<211> 31

<212> DNA

<213> Artificial Seguence

<220>
<221> sgource

<223> /note="Description of Artificial Sequence:

oligonucleotide”

<400> 5
atgcatgcat gagtcacatt tataccgctt a

<210> 6

<211> 28

«212> DNA

<213> Artificial Sequence

83a

25
Synthetic

31
Synthetic

31
Synthetic

31
Synthetic

31
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<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 6
ctggctaccg cttaactcca taagccag

<210> 7

<211l> 25

<212> DNA

<213> Chlamydia trachomatis

<400> 7
aggcttatgg agttaagegg tataa

<210> 8

<211> 25

<212> DNA

<213> Listeria monocytogenes

<400> 8
aaagcaagag aaagttatcg tgtat

<210> 9

«211> 31

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 9
atgcatgcat gagtcacata aagcaagaga a

<210> 10

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<221> souxce

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 10
atgcatgcat gagtcacata tacacgataa ¢

<210> 11

<211> 31

<212> DNA

<213> Artificial Seguence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide™”

83b

Synthetic

28

25

25
Synthetic

31
Synthetic

31
Synthetic



<400>
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11

atgcatgcat gagtcacatc atcgtcaacc a

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

12

31

DNA

Artificial Sequence

souxce

/note="Description of Artificial Sequence:

oligonucleotide"

12

atgcatgcat gagtcacatt gtctcgatgt a

<210>
«211>
<212>
<213>

<220>

<221>
<223>

<400>

13

25

DNA

Artificial Seguence

source

/note="Description of Artificial Sequence:

oligonucleotide"

13

catcgtcaac cactacatcg agaca

<210>
<211>
<212>
<213>

<220>

<221>
<223

<400>

14

25

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide"

14

tgtctcgatg tagtggttga cgatg

<210>
<211>
<212>
«213>

<220>

<221>
<223>

<400>

15

30

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:
P q

oligonucleotide"

15

cctcgecegte aaccactaca tcgagcgagg

<210>
<211>
<212>
<213>

16

22

RNA

Homo sapiens

83c

31
Synthetic

31
Synthetic

25
Synthetic

25
Synthetic

30
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<400> 16
uagcuuauca gacugauguu ga

<210> 17

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 17
atgcatgcat gagtcacatt agcttatca

<210> 18

<211l> 29

<212> DNA

<213> Artificial Sequence

<220>
<221> source

«223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 18
atgcatgcat gagtcacatt caacatcag

<210> 19

<211> 22

<212> DNA

<213> Artificial Sequence

«220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 19
tagcttatca gactgatgtt ga

<210> 20

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 20
tcaacatcag tctgataagc ta

<210> 21

<211l> 25

<212> DNA

<213> Neisseria gonorrhoeae

83d

22
Synthetic

29
Synthetic

29
Synthetic

22
Synthetic

22



<400>
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21

actctaccaa cacggaactc aaaaa

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

22

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide”

22

atgcatgcat gagtcacatt ttttgagttc c

«<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

23

31

DNA

Artificial Seguence

source

/note="Description of Artificial Sequence:

oligonucleotide”

23

atgcatgcat gagtcacata ctctaccaac a

<210>
<211>
<212>
<213>

<220>

<221>
«223>

<400>

24

30

DNA

Artificial Segquence

source

/note="Description of Artificial Seqguence:

oligonucleotide"

24

cgcatggagt tcegtgttgg tagacatgeg

<210>
<211>
<212>
<213>

<400>

25

25

DNA

Bacillis subtilis

25

ccaagctcaa aaaaggaatc gtgaa

<210>
<211>
<212>
<«<213>

<220>
<221>
<223>

26

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide™

83e

25
Synthetic

31
Synthetic

31
Synthetic

30

25
Synthetic
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26

atgcatgecat gagtcacatc caagctcaaa a

<210>
<21l>
<212>
<213>

<220>

<221>
<223>

<400>

27

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonuclectide"

27

atgcatgcat gagtcacatt tcacgattcc t

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

28

10

DNA

Artificial Sequence

source

/note="Description of Artificial Seguence:

oligonucleotide"

28

atgcatgcat

<210>
<211>
<212>
<213>

«<220>

<221>
<223>

<400>

29

31

DNA

Artificial Sequence

source

/note="Description of Artificial Seqguence:

oligonucleotide”

29

atgcatgcat gagtcacatg aggcttatgg a

<210>
<21l1l>
<212>
<213>

<220>

<221>
<223>

<400>

30

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide”

30

atgcatgcat gagtcacata gaggcttatg g

<210>
<211>
«212>
<213>

31

31

DNA

Artificial Sequence

83t

31
Synthetic

31
Synthetic

10
Synthetic

31
Synthetic

31
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«220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 31
atgcatgcat gagtcacatt agaggcttat g

<210> 32

<«211> 31

<212> DNA

<213> Artificial Sequence

<220>
«221> source

<223s> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 32
atgcatgcat gagtcacatt tagaggctta t

<210> 33

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 33
atgcatgcat gagtcacatc ttagaggctt a

<210> 34

<211> 31

<212> DNA

<213> Artificial Sequence

220>
<221> source

<2235 /note="Description of Artificial Sequence:

oligonucleotide”

<400> 34
atgcatgcat gagtcacatt ttataccget t

«210> 35

<211> 31

<212> DNA

<213> Artificial Sequence

«220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 35
atgcatgcat gagtcacatt tttataccge t

83g

Synthetic

31
Synthetic

31
Synthetic

31
Synthetic

31
Synthetic

31
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<210> 36

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 36
atgcatgcat gagtcacatg ttttataccg ¢

<210> 37

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide™”

<400> 37
atgcatgcat gagtcacatt gttttatacec g

<210> 38

<211> 31

<212> DNA

<213> Artificial Sequence

<220=>
«<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide™

<400> 38
atgcatgecat gagtcacata tgttttatac c

<210> 39

<211> 31

«212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 39
ccatattttg tatacactga gtacgtacgt a

<210> 40

<211> 31

<212> DNA

<213> Artificial Sequence

83h

Synthetic

31
Synthetic

31
Synthetic

31
Synthetic

31
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<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 40
gccatatttt gttacactga gtacgtacgt a

<210> 41

«211> 31

<212> DNA

<213> Artificial Sequence

«220>
«<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 41
cgccatattt tgtacactga gtacgtacgt a

<210> 42

<211> 31

«212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 42
tcgeccatatt tttacactga gtacgtacgt a

<210> 43

<211> 31

<212> DNA

<213> Artificial Sequence

«220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 43
ttcgccatat tttacactga gtacgtacgt a

<210> 44

<21l> 31

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223» /note="Description of Artificial Sequence:

oligonucleotide"

<400> 44
attcgccata tttacactga gtacgtacgt a

831

Synthetic

31
Ssynthetic

31
Synthetic

31
Synthetic

31
Synthetic

31
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<210> 45

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Seqguence:

oligonucleotide™

<400> 45
cttagagget tatggagtta agcggtataa aacat

<210> 46

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 46
gaatctccga atacctcaat tcecgecatatt ttgta

<210> 47

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide”

<400> 47
atgcatgcat gagtcacatc gcatacgtcect t

<210> 48

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide®

<400> 48
atgcatgeat gagtcacata aacaaactcg ¢

<210> 49

«211> 31

<212> DNA

<213> Artificial Sequence

833

Synthetic

35
Synthetic

35
Synthetic

31
Synthetic

31
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source

/note="Description of Artificial Sequence:

oligonucleotide"

49

atgcatgcat gagtcacatc gactactttg g

<210>
<211>
<212>
<213>

<220>

<221>
«223>

<400>

50

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide"

50

atgcatgcat gagtcacata gaaactggag a

<210>
<211>
<212>
«213>

<220>

<221>
<223>

<400>

51

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide”

51

atgcatgcat gagtcacatg aaactggaga a

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

52

30

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide"”

52

atgcatgcat gagtcacata gaaactggag

<210>
<211>
<212>
<213>

«220>

«221>
<223>

<400>

53

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide”

53

atgcatgcat gagtcacata ggctaaggat g

83k

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

31

31

31

30

31
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<210> 54

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 54
atgcatgcat gagtcacatg cccttcaggt a

<210> 55

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide”

<400> 55
atgcatgcat gagtcacatt caagagcaa

<210> 56

<211> 30

<212> DNA

<213> Artificial Seguence

<220>
«<221> source

<223> /note="Description cof Artificial Sequence:

oligonucleotide"

<400> 56
atgecatgeat gagtcacatc aagacctacce

<210> 57

<211l> 31

<212> DNA

«213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 57
atgcatgcat gagtcacatc ggttttaagt g

<210> 58

<211l> 31

<212> DNA

<213> Artificial Sequence

831

Synthetic

31
Synthetic

29
Synthetic

30
Synthetic

31



<220>
<221>
<223>

<400>

CA 02693805 2010-01-13

source

/note="Description of Artificial Sequence:

oligonucleotide"”

58

atgcatgcat gagtcacatg ccaattccac a

«210>
<211>
<212>
<213>

«220>

<221>
<223>

<400>

59

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide"

59

atgcatgcat gagtcacatg atacacctga a

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

60

31

DNA

Artificial Seguence

source

/note="Description of Artificial Sequence:

oligonucleotide”

60

atgcatgcat gagtcacatc aaagcatcct a

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

61

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide"

61

atgcatgcat gagtcacata agacaacgct g

<210>
<211l>
<212>
<213>

<220>

<221>
<223>

<400>

62

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide™

62

atgcatgcat gagtcacatg aaatgaccta a

83m

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

31

31

31

31

31



<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>
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63

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide"

63

atgcatgcat gagtcacata aattctcgtec t

<210>
<211>
«212>
<213>

<220>

«221>
<223>

<400>

64

31

DNA

Artificial Seguence

source

/note="Description of Artificial Sequence:

oligonucleotide™

64

atgcatgcat gagtcacata gtttcgactg t

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

65

31

DNA

Artificial Sequence

source

/note="Description of Artificial Segquence:

oligonucleotide"

65

atgcatgcat gagtcacate ctgcectttecee t

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

66

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide"

66

atgcatgcat gagtcacata acggatgtgg t

«210>
<211>
<212>
<213>

67

30

DNA

Artificial Sequence

83n

Synthetic

31
Synthetic

31
Synthetic

31
Synthetic

31



<220>
<221>
<223>

<400>

CA 02693805 2010-01-13

source

/note="Description of Artificial Sequence:

oligonucleotide"

67

atgcatgcat gagtcacatg aaacacggac

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

68

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide"

68

atgcatgcat gagtcacatc tacaaatata g

<210>
<211>
<212>
<213>

<Z220>

<221>
<223>

<400>

69

30

DNA

Artificial Sequence

source

/note="Description of Artificial Seguence:

oligonucleotide™

69

atgcatgcat gagtcacatc aaatatagat

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

70

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide”

70

atgcatgcat gagtcacatg gtacctgaag g

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

71

31

DNA

Artificial Sequence

source

/note="Description of Artificial Segquence:

oligonucleotide”

71

atgcatgcat gagtcacatt gttacctcgg g

830

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

30

31

30

31

31



<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>
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72

30

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide"

72

atgcatgcat gagtcacata catttttcgt

<210>
<211>
«212>
<213>

«220>

<221>
<223>

<400>

73

30

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

oligonucleotide™

73

atgcatgcat gagtcacatt ttaggacggc

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

74

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:
P qu

oligonucleotide"

74

atgcatgcat gagtcacatg ataccttegt t

<210>
<211l>
<212>
<213>

<220>

<221>
<223>

<400>

75

31

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:
1% q

oligonucleotide"

75

atgcatgecat gagtcacatt agaccgaaac a

<210>
<211>
<212>
<213>

76

31

DNA

Artificial Sequence

83p

Synthetic

Synthetic

Synthetic

Synthetic

30

30

31

31
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<220>
<221> source

«223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 76
atgcatgcat gagtcacatt aggatgcttt g

<210> 77

<211l> 31

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide”

<400> 77
atgcatgcat gagtcacatt ctacaccttt t

«210> 78

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<221>» source

<223> /note="Description of Artificial Sequence:

oligonucleotide”

<400> 78
atgcatgcat gagtcacatt attgacctga a

<210> 79

<211> 31

«212> DNA

«213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 79
atgcatgcat gagtcacatc tacgcgaaaa a

<210> 80

<211> 31

«212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide"

<400> 80
atgcatgcat gagtcacatt ttcttttgte t

83q

Synthetic

31
Synthetic

31
Synthetic

31
Synthetic

31
Synthetic

31
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<210> 81

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

oligonucleotide”

<400> 81
atgcatgcat gagtcacatg ttaagcagga a

<210> 82

<211> 27

<212> DNA

<213> Neisseria gonorrhoeae

<400> 82
cgcatacgtce ttgagaggga aagcagg

<210> 83

<211> 25

<212> DNA

<213> Mycobacterium tuberculosis

<400> 83
aaacaaactc gcaaccacat ccgtt

<210> 84

«211> 25

<212> DNA

<213> Enterovirus

<400> 84
cgactacttt gggtgtccgt gtttce

<210> 85

<211> 26

<212> DNA

<213> Clostridium difficile

<400> 85
agaaactgga gaatctatat ttgtag

<210> 86

<211l> 25

<212> DNA

<213> Clostridium difficile

<400> 86
gaaactggag aatctatatt tgtag

<210> 87

<211> 23

<212> DNA

<213> Clostridium difficile
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<400> 87
agaaactgga gaatctatat ttg

«210> 88
<211> 25
<212> DNA

CA 02693805 2010-01-13

<213> Foot and Mouth Digease Virus

«400> 88

aggctaagga tgcccttcag gtacc

<210> 89
«211l> 25
<212> DNA

«<213> Foot and Mouth Disease Virus

<400> 89

gceccttcagg taccccgagg taaca

<210> 90

<211> 23

<212> RNA

<213> Homo sapiens

<400> 90
ucaagagcaa uaacgaaaaa ugu

<210> 91

<211> 23

<212> DNA

<213> Adenovirus 5

«400> 91
caagacctac ccgccgtcct aaa

<210> 92
«211l> 25
<212> DNA

<213> Staphylococcus aureus

<400> 92

gataccttcyg ttccacttaa aaccg

<210> 83
«<211l> 25
<212> DNA

<213> Staphylococcus aureus

<400> 93

gccaattcca cattgttteg gtcta

<210> 94
<211> 25
<212> DNA

<213> Staphylococcus aureus

83s
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<400> 94
gatacacctg aaacaaagca tccta

<210> 95

<211> 25

<212> DNA

<213> Staphylococcus aureus

<400> 95
caaagcatcc taaaaaaggt gtaga

<210> 96

<211> 25

<212> DNA

«213> Staphylococcus aureus

<400> 96
aagacaacgc tgattcaggt caata

<210> 27

<21l1l> 25

<212> DNA

<213> Salmonella sp.

<400> 97
gaaatgacct aacttttteg cgtag

<210> 98

«21l> 25

«212> DNA

<213> Acinetobacter baumanii

<400> 98
aaattctcgt ctcagacaaa agaaa

<210> 99

<211> 25

<212> DNA

«<213> Escherichia coli

<400> 99
agtttcgact gttttcctge ttaac

83t
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CLAIMS:
1. A method for nucleotide sequence amplification, which comprises:

providing a target nucleic acid obtained from a sample, the target nucleic acid

comprising a target nucleotide sequence,

without first subjecting the target nucleic acid molecule to a denaturation step
associated with amplification of the target nucleotide sequence, combining, in a single step,
the obtained target nucleic acid directly with an amplification reagent mixture to form a
reaction mixture or diluting the obtained sample and combining, in a single step, the diluted
sample with an amplification reagent mixture to form a reaction mixture, in either case, the

amplification reagent mixture comprising:
(1) a polymerase,

(ii) a first template nucleic acid that hybridizes to a first strand of the target
nucleotide sequence, wherein the first template comprises a nucleic acid sequence comprising
a first template recognition region at the 3' end that is complementary to the 3' end of the first
strand of the target nucleotide sequence, a nicking enzyme binding site and a nicking site

upstream of said recognition region, and a stabilizing region upstream of said nicking site; and

(iii) a second template nucleic acid that hybridizes to the complement of the
first strand of the target nucleotide sequence, wherein the second template comprises a
nucleotide sequence comprising a second template recognition region at the 3" end that is
complementary to the 3'end of the complement of the first strand of the target nucleotide
sequence, a nicking enzyme binding site and a nicking site upstream of said recognition

region, and a stabilizing region upstream of said nicking site, and
(iv) one or more nicking enzymes;

subjecting the reaction mixture formed by the step of combining to essentially

isothermal conditions to amplify the target nucleotide sequence; and
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detecting amplified target nucleotide sequence in real time within 10 minutes

of subjecting the reaction mixture formed by the step of combining to essentially isothermal

conditions,
wherein:
the target nucleotide sequence is between 20 and 40 nucleotides in length;
the target nucleotide sequence is amplified 1 X 10° fold or more in about ten
minutes.
2. The method of claim 1, wherein:

the recognition region of the first template is 8-15 nucleotides in length and the

recognition region of the second template is 8-15 nucleotides in length.

3. The method of claim 1 or 2, wherein the target nucleotide sequence comprises
from 1 to 5 nucleotides more than the sum of the nucleotides of the first template recognition

region and the second template recognition region.

4. The method of any one of claims 1 to 3, wherein the one or more nicking
enzymes nick at the nicking site of said first and said second templates, wherein either one
nicking enzyme nicks both of said templates, or two or more nicking enzymes nick each
template, and wherein said one or more nicking enzymes do not nick within said target

sequence.

5. The method of claim 4, wherein the target nucleotide sequence comprises 1
nucleotide more than the sum of the nucleotides of the first template recognition region and

the second template recognition region.

6. The method of claim 4, wherein the target nucleotide sequence comprises 2
nucleotides more than the sum of the nucleotides of the first template recognition region and

the second template recognition region.
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7. The method of claim 4, wherein the target nucleotide sequence comprises 3
nucleotides more than the sum of the nucleotides of the first template recognition region and

the second template recognition region.

8. The method of any one of claims 1 to 7, wherein the target nucleic acid is

double stranded or single stranded.

9. The method of claim 8, wherein the target nucleic acid is double-stranded

DNA.

10. The method of claim 8, wherein the target nucleic acid is single-stranded DNA.
11. The method of claim 8, wherein the target nucleic acid is RNA.

12. The method of claim 9, wherein the target nucleic acid is selected from the

group consisting of genomic DNA, plasmid DNA, viral DNA, mitochondrial DNA, and
synthetic double-stranded DNA.

13. The method of claim 10, wherein the target nucleic acid is selected from the

group consisting of viral DNA, cDNA, and synthetic single-stranded DNA.

14. The method of claim 11, wherein the target nucleic acid is selected from the
group consisting of messenger RNA, viral RNA, ribosomal RNA, transfer RNA, micro RNA,
micro RNA precursor, and synthetic RNA.

15. The method of claim 1, wherein said polymerase is a DNA polymerase, and

said DNA polymerase is a thermophilic polymerase.

16. The method of any one of claims 1 to 14, wherein said polymerase is selected
from the group consisting of Bst (large fragment), 9°N, VentR® (exo-) DNA Polymerase,

Therminator, and Therminator II.

17. The method of any one of claims 1 to 14, wherein said polymerase is Bst

(large fragment).
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18. The method of claim 4, wherein the first and second templates comprise
nicking enzyme binding sites recognized by the same nicking enzyme and said nicking

enzyme nicks both templates.

19. The method of claim 18, wherein said nicking enzyme is selected from the
group consisting of Nt.BspQI, Nb.BbvCi, Nb.Bsml, Nb.BsrDI, Nb.BtsI, NtAIw], NtBbvClI,
NtBstNBI, Nt.CviPII, Nb.BpulOI, and Nt.BpulOI.

20. The method of any one of claims 1 to 19, wherein the portion of the nucleic
acid sequence of the first template that is complementary to the first strand of the target
nucleotide sequence is 8-15 nucleotides in length and wherein the portion of the second
template that is complementary to the complement of the first strand of target nucleotide

sequence is 8-15 nucleotides in length.

21. The method of any one of claims 1 to 20, wherein the first template is provided

at the same concentration as the second template.

22, The method of any one of claims 1 to 20, wherein one of the first or second
templates is provided at a ratio to the other template within the range of ratios of 1:100

to 100:1.

23. The method of any one of claims 1 to 22, further comprising a second
polymerase.
24. The method of claim 23, wherein at least one of the first or second polymerases

comprises reverse transcriptase activity.

25. The method of any one of claims 1 to 24, wherein the temperature of the

essentially isothermal conditions is between 54°C and 60°C.

26. The method of any one of claims 1 to 24, wherein the temperature of the

essentially isothermal conditions is between 56°C and 58°C.
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27. The method of any one of claims 1-26, wherein the amplification reaction is

held at a constant temperature for 1 to 10 minutes.

28. The method of any one of claims 1 to 26, wherein the amplification reaction is

held at a constant temperature for 1 to 20 minutes.

29. The method of claim 1, wherein detecting amplified target nucleotide sequence
is performed by a method selected from the group consisting of fluorescence, intercalating
dye detection, fluorescence resonance energy transfer (FRET), molecular beacon detection,

and incorporation of labeled nucleotides.

30. The method of any one of claims 1 to 29, wherein at least two target sequences

are being amplified.

31. The method of any one of claims 1 to 30, wherein at least one of said templates

comprises a spacer, blocking group, or a modified nucleotide.

32. The method of any one of claims 1 to 31, wherein the target nucleotide

sequence is amplified 1 X 10° fold or more in about five minutes.

33. The method of any one of claims 1 to 31, wherein the target nucleotide

sequence is amplified 1 X 10° fold or more in about 2.5 minutes.

34. The method of any one of claims 1 to 31, wherein the target nucleotide

sequence is amplified 1 X 107 fold or more in about five minutes.

35. The method of any one of claims 1 to 31, wherein the target nucleotide

sequence is amplified 1 X 10® fold or more in about five minutes.

36. The method of any one of claims 1 to 31, wherein the target nucleotide

sequence is amplified 1 X 10° fold or more in about five minutes.

37. A method for amplifying a double-stranded nucleic acid target sequence

without a heat denaturation step, comprising

38
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a) combining a target DNA molecule obtained from a sample, the target DNA
molecule comprising a double-stranded target sequence, having a sense strand and an
antisense strand, with an amplification reagent mixture comprising a forward template and a
reverse template, a first nicking enzyme, a second nicking enzyme and a polymerase to form a

reaction mixture, wherein:

1) said forward template comprises a nucleic acid sequence comprising a
recognition region at the 3'end that is complementary to the 3'end of the target sequence
antisense strand; a nicking enzyme binding site and a nicking site upstream of said recognition

region; and a stabilizing region upstream of said nicking site;

ii) said reverse template comprises a nucleotide sequence comprising a
recognition region at the 3'end that is complementary to the 3'end of the target sequence
sense strand; a nicking enzyme binding site and a nicking site upstream of said recognition

region; and a stabilizing region upstream of said nicking site;

and wherein said first nicking enzyme nicks at the nicking site of said forward

template, and does not nick within said target sequence;

and said second nicking enzyme nicks at the nicking site of said reverse

template and does not nick within said target sequence;
and

b) subjecting the reaction mixture to essentially isothermal conditions to
amplify the double-stranded nucleic acid target sequence, wherein amplification is performed
by multiple cycles of said polymerase extending said forward and reverse templates along said
target sequence producing a double-stranded nicking site, and said nicking enzymes nicking at

said nicking sites, or amplified copies of said sites, producing an amplification product,

wherein at least a 1 X 107 fold amplification of a 22-35 nucleotide long target

sequence is obtained when the amplification reaction is run for twelve minutes.
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38. The method of claim 37, wherein the portion of the forward template that is

complementary to the 3' end of the target antisense strand is 8-15 nucleotides in length; and

wherein the portion of the reverse template that is complementary to the 3' end

of the target sense strand is 8-15 nucleotides in length.

39. The method of any one of claims 1-38, wherein the sample is obtained from an

animal and is blood, mucus, sputum, saliva, tears, feces, or urine.

40. The method claim 39, wherein the sample is mucus, sputum, or saliva.
41. The method of claim 39 or 40, wherein the animal is a human.
42. The method of claim 1, wherein the sample is obtained from an animal and the

target nucleic acid is a nucleic acid of an animal pathogen.

43. The method of claim 42, wherein the animal pathogen is a single-stranded

DNA virus, double-stranded DNA virus, or single-stranded RNA virus.
44, The method of claim 42, wherein the animal pathogen is a bacterium.

45. The method of any one of claims 1-36, wherein the target nucleotide sequence

is amplified without the assistance of bumper primers.

46. The method of any one of claims 1-36, wherein the amplification reagent

mixture is free of bumper primers.

47. The method of any one of claims 1-36, wherein the reaction mixture is free of

bumper primers.
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Number of cells based upon exbected purified RNA yield per cell.
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B. subtilis 1.25 NEAR Assay

PM detection sensitivity
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Specific product 1944 yields (x=y-b/m)
Sample AUC signal | Product [nM]
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Ct P2_2 NEAR assay - spacer length study)
Ct NEAR Assay (Spacer study)

Fold change (Target/NTC)
T

5-
4_
N7 _
2- % ot
é- ll l//l /lmlmlmll//ll 1
g 1 21 31287231
SN
Template set (spacer length) -7 F
FIG. 29A
Temp! 12mer ATGCATGCATGAGTCACATAGGCTTATGGAG

Templ -1 12mer  ATGCATGCATGAGTCACATgAGGCTTATGGA
Temp! -2 12mer  ATGCATGCATGAGTCACATagAGGCTTATGG
Temp! -3 12mer  ATGCATGCATGAGTCACATtagAGGCTTATG
Templ -4 12mer  ATGCATGCATGAGTCACATttagAGGCTTAT
Temp! -5 12mer  ATGCATGCATGAGTCACATcttagAGGCTTA

Temp2  12mer ATGCATGCATGAGTCACATTTATACCGCTTA
Temp2 -1 12mer  ATGCATGCATGAGTCACATtTTATACCGCTT
Temp2 -2 12mer  ATGCATGCATGAGTCACATttTTATACCGCT
Temp2 -3 12mer  ATGCATGCATGAGTCACATqttTTATACCGC
Temp2 -4 12mer  ATGCATGCATGAGTCACATtgttTTATACCG
Temp2 -5 12mer  ATGCATGCATGAGTCACATatgttTTATACC

FIG. 29B
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Ct NEAR assay-Mg+2[] titration

12 .
10 ? T
3 8 : % ?
5 n
£, Z z é NTC
2 = . 100
2 ———
I ) N S
6mM  9mM 12mM 15mM 18mM 21 mM
Mg+2[] |
FIG.32A
Assay ID Ct Ps_2
Target Chlemydia trachomatis
synthetic
MB ID/[nM] MB5.18/400
Template ratio [nM] 200:100
Replicates 2
Experiment Date 1/14/2008
Step Time (min) Temp (°C)
Reaction 5 56
Enzyme Inactivation 2 80
Readout 1 ) 56
Comments: Comments: In—house buffer was
used ot 50mM Tris—HCI, pH8.6, 1mM DTT, 0.1%
Tx-100 -

FIG.32B
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