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ACI D AVPLI FI CATI ON AND DETECTION 5 Field of the Invention The invention
relates to anplification and detection of nucleic acids. In particular
enbodi ment syo bdegotgoyLent i on provi des i nproved net hods, devi/geses/0365ds
materials for performng the pol ynerase chain reaction. 10 Background of the
I nvention The pol ynerase chain reaction (PCR) has becone the conventi onal
techni que used to anplify specific DNA or RNA sequences. U S. Patent No.
4,683,202, issued July 28,1987 to Mullis and U.S. Patent No. 4,683, 195,
issued July 28, 1987 to Mullis et al. describe the basic PCR techni que.
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4,683,202, issued July 28, 1987 to Mullis and U.S. Patent No. 4,683,195, issued July
28, 1987 to Mullis et al. describe the basic PCR technique. Since the first disclosure

15  of the PCR method, it has had a profound effect on the practice of biotechnology

and biomedical science. More than a thousand subsequently-issued U.S. patents
reference one or both of these disclosures.
Typically, the amplification of a DNA sequence is performed by first

selecting and obtaining two oligonucleotide primers complementary ends of a target

20 DNA sequence. The primers, a polymerase enzyme, a mixture of the four common
nucleotide triphosphates, various salts and buffers are mixed with the target DNA
which is heated above about 90° C to denature the DNA, separating the target
double-stranded DNA into single-stranded DNA templates. Annealing (i.e.
sequence-specific hybridization or binding) of the primers to the ends of the DNA

25  templates is promoted by slowly cooling the reaction mixture to less than about 60°
C. The temperature is then raised above about 70° C for a period of replication, a
process also known as primer extension. The polymerase reads each DNA template
strand in the 3’ to 5° direction, synthesizing a complementary strand from the ends
of the primers in the 5’ to 3’ direction. This completes one cycle of DNA

30 amplification, which creates starting material for a new cycle. With each complete

cycle of denaturation, primer annealing, and primer extension, the process generates



-2 an exponentially increasing (2") nunber of copies of the original, target
DNA sequence. To begin a new cycle, the reaction m xture is again heated
above 90 Cto denature the doubl e-stranded product into single-stranded DNA
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RSV, which is the leading cause of pneumonia and bronchiolitis in infants;
Chlamydia trachomatis and Neisseria gonorrhoeae, which can lead to pelvic
inflammatory disease and infertility in women; cytomegalovirus, which can cause
life-threatening disease in transplant patients and other immuno-compromised

20 people; and, Mycobacterium tuberculosis, which causes cough and fatigue in its
active state and can irreversibly damage infected organs. However, despite
addressing needs in numerous areas, current PCR and PCR-based technologies still

suffer from several substantial limitations.

25 Limitations of Conventional PCR and PCR-Based Technologies
Fidelity: Accuracy on normal sequences limits conventional PCR. For
example, Taqg, a thermostable polymerase commonly used for DNA. amplification,
exhibits an error rate of approximately 1 x 10™ errors/base pair during PCR. This
means that the PCR amplification of a 400 base pair DNA sequence will randomly
30 introduce approximately 40,000 errors among all molecules in the PCR product over

20 cycles.



20 cycles. WD 2006/ 076022 PCT/ US2005/ 016638 -3 Accuracy on difficult target
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Length Limitations: The length of the target sequence to be amplified also

limits current PCR techniques. Although a few reports have claimed amplification of
15  sequences up to 10 to 20 kilobases, this is highly unusual and quite difficult in

routine practice. Moreover, PCR amplification of long target templates is only

possible on a limited set of well-behaved DNA sequences. The practical upper-limit

for fairly routine and cost-effective amplification of DNA on wéll-behaved

sequences is about 300 to 400 bases in length and is generally reduced for sequences
20  having high G-C content.

Limited Amplification: Current PCR techniques are also limited in the
number of amplification cycles that can be carried out in a reaction mixture.
Repeated heating and cooling cycles result in progressive enzyme degradation,
which limits the factor by which starting material can be amplified. Conventional

25  PCR amplification can rarely be extended beyond 30-35 cycles.

Robustness: Conventional PCR typically requires significant volumes of
reagents, bulky equipment (e.g., thermal cyclers), substantial human labor (e.g.,
tedious optimizations), and minimum amounts of starting material, each of which
contributes to making conventional PCR a costly and time-consuming process.

30  Current PCR techniques typically take from several hours for normal sequences to

several days to weeks for difficult sequences or long template. Conventional PCR



tedi ous optim zations), and m ni rum anounts of starting material, each of
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Sensitivity and Specificity of Diagnostics: The sensitivity of PCR-based

15  diagnostic and forensic kits and assays depends on the overall yield, accuracy,
robustness, and target length achievable in a PCR reaction. The above-mentioned
limitations in performance parameters of current PCR set limits on the minimum
amount of starting DNA or RNA necessary in order to reliably carry out PCR
amplification. This, in turn, limits the sensitivity of any pathogen detection system,

20  diagnostic, or forensic kits or assays that rely upon conventional PCR or PCR-based
technologies. The specificity of a PCR-based diagnostic, forensic, or pathogen
detection system depends critically on the accuracy with which DNA can be
amplified and read as well as the length of the target DNA or RNA that can be
reliably amplified and identified.

25 For these and other reasons, current generation PCR-based technologies and
detection systems are generally limited with respect to overall speed, efficiency,
cost-effectiveness, and scope of use. Incremental improvements to conventional
PCR methods and devices have been proposed with respect to some of the isolated
performance parameters described above. For example, Tso et al. discloses a PCR

30  microreactor for amplifying DNA using microquantities of sample fluid in U.S.
Patent No. 6,613,560, issued September 2, 2003. Alternatives to high temperature
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Summary of the Invention

15 The methods and apparatuses described herein provide a breakthrough
technology to perform PCR. The technology described herein also permits PCR to
be performed without reliance upon thermal cycling. The technology may be
applied at a wide range of ambient temperatures or using controlled temperature. It
is possible to exercise precise control when desired during replication and

20  amplification, thereby enabling substantial improvements in a number of
performance parameters. Dubbed “Nano-PCR™,” this technology introduces a new

paradigm in PCR-based detection and amplification of nucleic acids.

Brief Description of the Drawings
25 FIGS. 1A and 1B illustrate exemplary flow charts of PCR methods that do
not rely on temperature cycling,.
FIGS. 2A-2C illustrate exemplary methods of and arrangements of elements
of a reaction chamber for applying tension to a DNA strand anchored between

opposed surfaces.



Brief Description of the Drawings 25 FIGS. | A and 1B illustrate exenplary
flow charts of PCR nethods that do not rely on tenperature cycling. FIGS.
2A-2C il lustrate exenplary nethods of and arrangenents of elenents of a
reacti on chE@Bes/0F@R2 appl yi ng tension to a DNA strand apehesRgssglyeen
opposed surfaces. WO 2006/ 076022 PCT/ US2005/ 016635 -6 FIGS. 3A and 3
illustrate nethods of and arrangenents of elenents of a reaction chanber
for applying tension to a DNA strand using optical or nagnetic traps. FIG
4 is an illustration of an exenplary nebhod of and arrangenment of 5

el ements of a reaction chanber for applying tension to a DNA strand bound to
a polynerase fixegfgkosR d"ﬁfll?ﬁlta?e S &isTolr Yhdlarkdr \é‘f?aexﬁzk ?ﬁeleéféht@'a 2°B .
illustrate exenplary nethods of and arrangenents-o elemrents of a reaction
chanber for apgitiphcharhieenforapplyiog tenfbiftost DNAGtrand txing optital omegnetid in a fluid
flow. 10 FIGS. 6A-6C illustrate exenplary nmethods of and arrangenents of

el enents of ®Pfeaction chanber for applying tension to a DNA strand
suspended in a fl uyi@. 4 %ehQhistitiod/ofgh BRMmpldy Aethod Of @AdlarfhgkinehtSirr at e
schematics of exenplary devices for performng a PCR nethod that does not
rely on ténpeslementeofmreadtion chamberfer applyiniiension tta DNA stre§d bevrad thad

Descri ption of Enbodi}magrts ofDthe | v ion Definitions The terns "nucleic
acid," "pol yrﬂ?@fnée(f?ﬁe Bed 1o 861153 B¥i de" are used herein to include a
pol ymeric form of mgs! £0uhdsSilledtratBketnfRB hethbdtOfWdd BEandeslenR®f 20 linited
to, ribonucleotides or deoxyribonucl eotides. There is no intended

di stinction idementyefn peatine embeidoranpbiirestension torrdPNAt stwané anchorag at ef er onl y
to the pri nar&ﬁeeﬁ&rugg&{ﬁ?logj the nol ecul e. Thus, in certain enbodi nents
these terms can rnclude '

10 FIGS. 6A-6C illustrate exemplary methods of and arrangements of elements

of a reaction chamber for applying tension to a DNA strand suspended in a fluid
velocity gradient.
FIGS. 7A and 7B illustrate schematics of exemplary devices for performing
a PCR method that does not rely on temperature cycling or thermal denaturation.
15
Detailed Description of Embodiments of the Invention
Definitions
The terms "nucleic acid," "polynucleotide," and "oligonucleotide" are used
herein to include a polymeric form of nucleotides of any length, including, but not
20  limited to, ribonucleotides or deoxyribonucleotides. There is no intended distinction
in length between these terms. Further, these terms refer only to the primary
structure of the molecule. Thus, in certain embodiments these terms can include
triple-, double- and single-stranded DNA, as well as triple-, double- and single-
stranded RNA. They also include modifications, such as by methylation and/or by
25  capping, and unmodified forms of the polynucleotide. More particularly, the terms
"nucleic acid," "polynucleotide," and "oligonucleotide," include
polydeoxyribonucleotides (containing 2-deoxy-D-tibose), polyribonucleotides
(containing D-ribose), any other type of polynucleotide which is an N- or C-
glycoside of a purine or pyrimidine base, and other polymers containing
30 nonnucleotidic backbones, for example, polyamide (e.g., peptide nucleic acids

(PNAS)) and polymorpholino (commercially available from Anti-Virals, Inc.
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content and no long stretches of any one base. Furthernore, the priners
shoul d not coritugleatidesrlors i primeerare pypically pequd AP3Qbase regnesde@Ery to one

another. Thi's i suri§%e tOBblemBAy R ond'sHEd upstream (i.e., 5° to 3°) of the target

15  sequence and the opposite strand downstream (i.e., 3’ to 5°) of the sequence. The 5’

ends of the primers define the ends of the amplified PCR product. Primers may
contain approximately the same GC content as AT content and no long stretches of
any one base. Furthermore, the primers should not contain structures that are
substantially complementary to one another. This insures that “primer dimer”

20 formation or other secondary structure does not occur. Short primer molecules
generally require cooler temperatures to form sufficiently stable hybrid complexes
with the template. A primer need not reflect the exact sequence of the template but
must be sufficiently complementary to hybridize with a template. The term "primer
site" or "primer binding site" refers to the segment of the target DNA to which a

25  primer hybridizes. The term "primer pair" means a set of primers including a 5'
"upstream primer" that hybridizes with the complement of the 5' end of the DNA
sequence to be amplified and a 3' "downstream primer" that hybridizes with the 3'
end of the sequence to be amplified.

As used herein, the term "complementary” means that one nucleic acid is

30  identical to, or hybridizes selectively to, another nucleic acid molecule. Selectivity

of hybridization exists when hybridization occurs that is more selective than total
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15 As used herein, a "probe" is a nucleic acid capable of binding to a target
nucleic acid of complementary sequence through one or more types of chemical
bonds, usually through complementary base pairing, usually through hydrogen bond
formation, thus forming a duplex structure. A probe binds or hybridizes to a "probe
binding site." A probe can be labeled with a detectable label to permit facile

20  detection of the probe, particularly once the probe has hybridized to its
complementary target. A label attached to the probe can include any of a variety of
different labels known in the art that can be detected by chemical or physical means,
for example. Labels that can be attached to probes include, but are not limited to,
radioisotopes, fluorophores, chromophores, gold particles, quantum dots, mass

25  labels, electron dense particles, magnetic particles, spin labels, molecules that emit
chemiluminescence, electrochemically active molecules, enzymes, cofactors, and
enzyme substrates. Probes can vary significantly in size. Some probes are relatively
short. Generally, probes are at least 7 to 15 nucleotides in length. Other probes are
at least 20, 30 or 40 nucleotides long. Still other probes are somewhat longer, being

30  atleast 50, 60, 70, 80, 90 nucleotides long. Yet other probes are longer still, and are
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15  sequences associated certain diseases like Huntington’s, and other such problematic

sequences.

Overview of the Conventional Polymerase Chain Reaction (PCR)
To perform the standard thermal cycling polymerase chain reaction using a
20  thermophilic (i.e. heat stable) DNA polymerase, one typically executes the
following steps: 1) prepare a cocktail containing a PCR buffer, a ANTP mixture, a
primer pair, a DNA polymerase, and doubly-deionized water in a tube; 2) add the
DNA to be amplified to the tube 3) place the tube in a temperature block of a
thermal cycler (e.g. Perkin-Elmer™ 9600 or 9700 PCR Thermal Cycler) 4)
25  Program the thermal cycler with specific reaction conditions (e.g. a period for
thermal denaturation of double-stranded DNA by heating to above about 90°C for
about 1 to 2 minutes, a period of annealing by slowly cooling to about 50 to 65° C
for 2 min, and a period for polymerization, also called primer extension, by heating
to about 70 to 75° C for a few minutes) that are to be repeated for about 25 to 35
30  cycles. Executing the method produces about a 2" fold amplification of the starting

material, where » is the total number of cycles of amplification that are carried out.
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15 Table 1: Performance parameters of current PCR vs. Nano-PCR™
Performance Parameters Current Generation PCR Nano-PCRTM
Methods and Devices

Accuracy-normal sequences | Typical error rate of about 1 x | Error rates of less than about
10 errors/base pair. 1.0 x 107 errors/base pair or

better can be achieved.

Accuracy when replicating Typical error rate of about 1.5 | Error rates of less than about
problematic sequences (GC | x 10 errors/repeat sequence. | 1.0 x 10 errors/repeat

rich or repeating sequences) sequence can be achieved with
precision control of the

replication process.

Length of amplified sequence | Typically limited to about Can amplify extended
300-400 base pairs. sequences of up to 20,000 base

pairs or more.

Overall reaction yield Reagent And polymerase Reagents can survive more
degradation generally limits | than 100 cycles of DNA
amplification to about 30-35 | amplification.

cycles.
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Devi ces Accuracy-nornmal sequences Typical error rate of about 1 x Error
rates of | &¥@:200damoabout 104 errors/base pair. 1.0 x 1PcFusioogeséigase pair
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Robustness Requires tightly controlled Allows for temperature and
operational conditions i.e. pH variations. Can work with
temperature, pH. Need a broader range of starting

Highly Pure starting material. | materials. More tolerant to

possible contaminants and

less sophisticated extraction
methods for preparation of
starting material.
Sensitivity Typically requires more than | Requires less than 10
1000 polynucleotides/ml polynucleotides/ml analyte.
analyte.
Specificity Rate of false positives in Rate of false positives in
diagnostic kits can exceed diagnostic kits can be much
15%. less than 12.5%. Improved

specificity decreases need for
costly post-processing and
bioinformatics steps used in
confirming the sequence of
the target DNA. or RNA.

The common denominator of PCR and PCR-based technologies practiced to
date has been the use of thermal cycling to sequentially denature DNA, anneal
primers, and then extend primers via a polymerase enzyme. The methods described

5  herein, dubbed Nano-PCR™, and apparatuses for performing those methods utilize

the application of controlled amounts of force or stress to the nucleic acid molecules
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10  conventional PCR.

Cycling of Mechanical Tension
The application of controlled tension to nucleic acids provides not only an
alternative to thermal denaturation of double-stranded DNA (dsDNA) but also a

15  unique capability to precisely control each step of the PCR process. Nano-PCR™
introduces a new approach to amplification of DNA or RNA by exploiting the
effects of precisely controlled forces, such as mechanical, hydrodynamic, or
electromagnetic stresses on the DNA/RNA. molecule and/or on the polymerizing
enzyme.

20 Increasing temperature of solution comprising a DNA molecule and
increasing stress on a DNA molecule produce analogous results. Thus, a
polymerase reaction cycle can be initiated by increasing tension applied to a DNA
template to above about 65 pN to denature the DNA. A step corresponding to the
annealing of primers can be effected by slowly decreasing tension on the DNA

25  template to below about 50 pN to allow primers to anneal to the template. Tension
in the DNA template can then be adjusted within about 0 to about 30 pN during
extension of the primer via enzymatic polymerization in order to control the
progress, rate and/or accuracy of the replication. As with thermal cycling in
conventional PCR, cycling of stress can be repeated in a pre-programmed cycle in

30 Nano-PCR™ methods.
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understood to be a temperature within the normal range of comfortable laboratory

15 temperatures, generally about 20-22° C. A theoretical model of the force- induced
melting of DNA at room temperature has been described by Ioulia Rouzina and
Victor A. Bloomfield (“Force-Induced Melting of the DNA Double Helix 1.
Thermodynamic Analysis™ Biophys J., 80:882-93, 2001; and, “Force-Induced
Melting of the DNA Double Helix. 2. Effect of Solution Conditions” Biophys J.,

20  80:894-900, 2001). Using the equations of Rouzina and Bloomfield as described
herein, it is possible for one of ordinary skill to determine a precise level of tension
that will melt a primer in a manner analogous to conventional melting point
temperature calculations.

Slowly decreasing the applied tension below about 65 pN in the presence of

25  primer oligonucleotides can permit the selective binding of the primers to template
DNA in a manner analogous to slowly cooling denatured DNA below the melting
point temperature of a primer in a thermal cycler. Accordingly, during a primer
annealing step, tension applied to a nucleic acid template strand can be slowly
reduced from an amount that causes dsDNA to melt to an amount that permits

30  primer annealing. It may also be desirable to maintain tension on a DNA strand at a

level that substantially inhibits polymerase action, for example at about 30 pN or
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non- speci fi ¢ mupldpsids tripkpspiatesdise AT, ETBr GHRITIENt andsd BNA polymerase; (b)
denaturing the dsDNA into single-stranded DNA (ssDNA) template strands using a

15 non-thermally-driven process, for example by the application of tension sufficient to
cause dsDNA to melt (e.g. tension greater than about 65 pN) to the dsDNA; (c)
controlling the non-thermally-driven process to promote hybridization of primers to
complementary template strands, for example, where tension was used to denature
the dsDNA, by reducing the tension applied to the ssDNA; (d) permitting the DNAp

20  to extend the primers to form dsDNA; and, (e) repeating steps (b-d) until a desired
amount of DNA sequence amplification is obtained.

The use of a “non-thermally driven process” in the methods described herein
means, for example, that dsSDNA denaturation is not accomplished solely through an
increase in temperature above the melting temperature of dsDNA, but rather that a

25  physical or mechanical force is exerted on the nucleic acid that does not rely on
temperature. The non-thermally driven process may comprise applying tension to
the DNA strand, for example by direct application of mechanical force, by fluid
flow, by application of an electric field, and/or by the action of one or more
denaturing agents. As described herein, the effect of such a force may be affected

30 by temperature so that it may be desirable in a given circumstance to control and

optionally to modulate the temperature during one or more steps of the methods.
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15 embodiments, the amount of tension applied to the template strands during step (d)

can optionally be varied over time. The amount of tension applied to the template
strands in step (d) can varied according to the known or estimated progress of the
polymerase in relation to positions of difficult or error prone subsequences, such as
G-C rich segments (e.g. segments containing greater than about 50% G-C base pairs,
20  or greater than about 70% G-C base pairs) or the positions of segments containing

repeating sequences.

Accuracy of Nano-PCR™ over Normal and “Difficult” Sequences
‘When tension is applied to the template DNA during the primer extension
25  step, a polymerase can be induced to “reverse direction” and the exonuclease
activity of the polymerase can predominate. It will be appreciated that at the atomic
scale and over times on the order of a single polymerase/exonuclease step, the
process is stochastic. However, when considered from an average over the time
scale of several steps the polymerase is seen to exhibit sustained exonuclease
30 activity when the applied tension is greater than a threshold that can be theoretically

predicted for a given temperature and solution conditions.
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15  the primer extension. In some variations of the methods, it is possible to adjust the

tension on the template in direct response to the changes in length of the template
strand so as to calibrate the applied tension precisely according to the progress of the
polymerization reaction and the particular location of the “difficult” subsequences.
In embodiments where it is not practical to directly monitor the progression of the

20  polymerase, the position of the polymerase can be estimated by multiplying the
elapsed time by the known rate of replication for the polymerase at the applied
amount of tension.

Thus Nano-PCR™ permits accurate replication of not only normal target
templates but also difficult sequences (e.g. GC rich DNA, tandem repeat,

25  microsatellite or trinucleotide repeat DNA) to be replicated and amplified with
substantially increased accuracy relative to conventional PCR. As an example,
where one of the highest fidelity polymerases currently available (e.g. Phusion
Enzyme) is used in conventional thermally-driven PCR, error rates of approximately
4.0 x 107 errors/base pair are observed in favorable cases, that is, only on well-

30 behaved sequences. By contrast Nano-PCR™ methods as described herein can

produce an error rate less than about 1.0 x 10”7 errors/base pair, less than 5.0 x 10’
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obtained where the repeating base pair unit is at least 10 base pairs in length, at least
15 15 base pairs in length, or at least 20 base pairs in length. In the methods described
herein, such results can also be obtained over microsatellite regions, polymerase
slippage regions, and other tandem repeat regions, which are difficult sequences

when using conventional PCR methods.

20 - Amplification Efficiency
Where amplification efficiency is defined by the equation N = N(1+Y)",

and N, is the number of product copies, N; is the number of tcniplate
oligonucleotide copies, n is the number of cycles and Y is the efficiency, efficiencies
greater than 80 percent are achieved. Under certain conditions, amplification

25 efficiencies greater than 85 percent, 90 percent, 95 percent, 96 percent, 97 percent,
98 percent, or even 99 percent can be achieved. Such amplification efficiencies can
also be obtained where the GC content of the oligonucleotide fragment is greater
than 55 percent, 60 percent, 65 percent, 70 percent or even 75 percent.
Amplification efficiencies greater than 50 percent can be achieved where the GC

30 content of an oligonucleotide fragment is greater than 50 percent, 55 percent, 60

percent, 65 percent or 70 percent. Efficiencies greater than 60 percent, 70 percent,
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percent, cycling to drive amplification as described herein enables a much higher degree of

15  precision and control over the PCR process than allowed by thermal cycling alone.
Moreover, the methods described herein can function under a wide range of
temperature conditions, limited only by factors such as the range of temperatures
under which a chosen polymerase can function and the melting point temperature of
the primer/template bond at a given tension.

20 Of course, it will be appreciated that temperature can affect the rate and
accuracy of polymerase enzymes and the melting of DNA under tension. Generally,
the amount of tension required to melt dsDNA is decreased with increasing
temperature. As a rough guide, from about to 0 to 20° C, up to about 75 pN can be
required to melt dsDNA. At about 60° C, the amount of tension required to denature

25  dsDNA can be about 45 pN. The melting tension decreases to about 7 pN at just
below the free DNA melting point.

Although it is generally not necessary, it may be advantageous to control the
temperature during one or more steps of the methods depending on requirements of
an individual application. For example, the temperature of the reaction mixture can

30  be maintained at a temperature that optimizes the accuracy, polymerization rate,

and/or tension response of a chosen DNA polymerase, that increases or decreases
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15  thermal cycling. For example, a method can comprise a denaturation step in which

an amount of force less than about 65 pN is applied in concert with an increase in
the temperature of the solution to less than about 90° C, alternatively less than about
80° C.

The methods and apparatuses described herein may be carried out or

20  operated at temperatures below 90° C. Oligonucleotide denaturation steps, for
instance, can be conducted at below 80° C, 70° C, 60° C, 50° C, 40° C, 30° C, or even
25° C. Annealing steps can be conducted below 50° C, 45° C, 40° C, 35° C, 30° C,
or even 25° C. Furthermore, polymerization steps can be conducted below 70° C,
60° C, 50° C, 40° C, 30°C, or even 25° C.

25 Similarly, pH and ionic strength of the solution in which the DNA is
immersed can affect the tension-induced melting curves of DNA. Accordingly, by
adjusting the levels of force applied to DNA in the methods, Nano-PCR™ permits
using a wider range of pH and ionic strength solution conditions to carry out the
PCR process than in conventional PCR. Similarly, all these and additional

30  parameters can affect tension control of primer extension. The methods described

herein can be adjusted for and even take advantage of these effects. Thus Nano-
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15
Nano-PCR™ Using Direct Application of Mechanical Force
Nano-PCR™ methods can be performed utilizing various methods to directly
apply mechanical tension to DNA strands as a non-thermally-driven process that can
provide for DNA denaturation and/or precise control of the activity of DNA
20  polymerase. There are several different ways to apply tension to a double-stranded
oligonucleotide. For example, DNA strands may be anchored in an array to a
movable element, to individually controllable elements, or to particles that can be

manipulated.

25 Using opposed coated surfaces:
As an example, the process can be performed using nucleic acids anchored to
opposed coated surfaces, generally as illustrated in Figures 2A-2C: Coated surfaces
are prepared by attaching a first complexing molecule (e.g., streptavidin) 201, 207,
which can be the same or different for each surface, to two substrate surfaces 203,
30 209. The coated substrate surfaces are arranged in opposition to one another at a

suitable distance apart. Double-stranded nucleic acids 205, where both ends of one
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e’controlled during replication to modulate the amount of tension applied to the
anchored template strands. The cycle can be repeated as desired.

15 In variations of a device for performing the method using opposed coated
surfaces 215, 217, one or both surfaces can also be arranged to form an array of
individually movable elements 219, each of which may be individually addressed by
a control circuit driven by a programmable processor as illustrated in Figure 2C.
Such a control circuit can include a feedback channel that reports force and/or

20  displacement parameters to the processor. Printing or lithography techniques can be
used to pattern sites for anchoring molecules on a surface. A device for performing
the method can also comprise a channel for introducing reagents to the chamber or
channel comprising the coated surfaces and apparatus for delivering (and optionally
storing) reagents separately or in combination and for coHecting reaction products.

25 A wide variety of suitable methods of anchoring a nucleic acid to a surface are
known, including but not limited to covalent bonding, antigen-antibody, and
streptavidin-biotin.

Arrangements of fluid flow can be utilized to orient and extend DNA strands
between opposed surfaces. For example, as illustrated in Figure 2B, DNA may be

30  anchored at one end to a surface 213 having passages for fluid flow distributed

between the anchoring locations. Flowing fluid though these passages can be used



apply mechanical tension to DNA strands as a non-thermal|ly-driven process
that can provide for DNA denaturation and/or precise control of the
activity of DNA 20 pol ynerase. There are several different ways to apply

t ensi on t owa moeriea22st r anded ol i gonucl eoti de. For examuteys:2008A16d38 ands nmay
be anchored in an array to a novable elenent, to individually controllable
el enments, or to particles that can be nmanipulated. 25 Using opposed coated
surfaces: As an exanple, the process can be perfornmed using nucleic acids
anchored to opposed coated surfaces, geferally as illustrated in Figures
2A-2C. Coated surfaces are prepared by attaching a first conpl exing
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tenpl ate strands. The cycle can be repeated as desired. 15 In variations of

a device for mevpsear mgwa intheettiskicluednthy copysaisd inte eawedock functional

complexing groups. In a variation of the method, activatable primers are allowed to

15  anneal to the anchored single-stranded nucleic acids. Primer extension and fragment
replication is performed. The resulting double-stranded nucleic acids are denatured
through the application of tension to the template strand. The free copy strands will
then comprise the activatable groups of the primers. Activation allows the copy
strands to become immobilized on the opposing coating surfaces. This cycle can be

20  repeated until a desired degree of amplification is obtained. When desired, anchored
nucleic acids can be released, for example by the use of a restriction enzyme that
recognizes a sequence near an anchored end of the nucleic acid or that has been

introduced into the end of the copied nucleic acid by the primers.

25 Using optical or magnetic traps:
| Another way to directly apply tension to DNA can utilize optical or magnetic
tweezers or other traps to manipulate particles to which the DNA is anchored. An
optical tweezers traps particles with forces generated by optical intensity gradients.
Dielectric particles polarized by the light’s electric field are drawn up the gradients
30 to the brightest point. Reflecting, absorbing and low-dielectric particles, by contrast,

are driven by radiation pressure to the darkest point. Optically generated forces



surfaces 215, 217, one or both surfaces can also be arranged to form an
array of individually novable elenents 219, each of which may be

i ndi vidual |y addressed by a control circuit driven by a programrabl e
processor 0 iobé/esexated in Figure 2C. Such a control BOCTUS#00S5/06d38 i ncl ude a
f eedback channel that reports force and/or 20 displacenent paraneters to the
processor. Printing or |ithography techniques can be wused to pattern sites
for anchoring nol ecules on a surface. A device for performng the nethod
can al so conprise a channel for introductfhyg reagents to the chanber or
channel conprising the coated surfaces and apparatus for delivering (and
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t hrough openings In a second surface opposed to the first surface, and
anchor i ng 19NA optied g dagngtisfvesdersn the fluid flow to the second surface. To

i ncrease the nunber . ANE : e i
prinmers can be usedA‘rl8 hi?’g% ﬁicsggoﬁ{gléﬁiﬁgﬁg tegg qu%%g?%g%g%eﬁ&ge#g%ﬁ%e
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di fferent actiymataplRidheficted! to denature a dsDNA, for example greater than about 65
15  pN, is applied to the oligonucleotide through the application of force (e.g., optical or

magnetic) to the particles, resulting in the denaturation of the nucleic acid. The
tension can be reduced in the presence of primers to allow the primers and nucleic
acid to anneal. Polymerization by DNA polymerase can be initiated by further
relaxing the tension. To repeat the cycle, tension can be increased such that the

20  resulting double-stranded nucleic acids are denatured. In a variation, a nucleic acid
can be anchored at one end to a bead that is trapped in a fluid flow, for example by a
magnetic field. Fluid flow rate can be used to control tension on the nucleic acid.

It is possible to begin from a single target molecule and sequentially

populate an array with copy strands. Copy strands can be anchored to new beads

25  using activatable primers. New beads can be brought into proximity with the copied
strands. Alternatively, beads having pre-immobilized primers can be brought into
proximity with the copied strands in conjunction with the denaturation step.
Manipulation of the beads in this fashion optionally may be automatically controlled
by a programmable processor.

30



groups are known in the art, which can be converted into or unbl ock
functional conplexing groups. In a variation of the nethod, activatable
priners are allowed to 15 anneal to the anchored single-stranded nucleic
acids. Primeo@sbw0si on and fragnent replication is pepépusmosioibése

resul ting doubl e-stranded nucl eic acids are denatured through the
application of tension to the tenplate strand. The free copy strands w ||
then conprise the activatable groups of the primers. Activation allows the
copy strands to beconme i mmbilized on t#e opposing coating surfaces. This
cycle can be 20 repeated until a desired degree of anplification is

obt ai ned. \Wen desw@@,pm,@q{y h@h@g@@gsds can be rel eased, for exanple
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15  complexing moiety. Exemplary complexing moieties include antigen-antibody,

histidine to Ni-NTA, or biotin- streptavidin pairs. Target dsDNA is denatured in the

presence of primers, for example dsSDNA and primers can be subjected to a flow rate
such that a force sufficient to cause dsDNA to melt (e.g. greater than about 65 pN) is
applied to the dsDNA. Polymerase/nucleotide/primer complexes can be allowed to

20  form by reducing the flow rate. Primer extension and fragment replication can be
promoted through a further reduction of flow rate. Double-stranded nucleic acid
products comprising template and copy strands can be denatured through the
application of an increased flow rate, and the cycle can be repeated until a desired
degree of amplification is obtained. In such a method, polymerase may be

25  immobilized in a microchannel, for example a microchannel in a microfluidic “lab
on a chip” type device.

In variations of a device for performing the method using polymerase
anchored on one or more coated surfaces, such a device can also comprise a channel
for introducing reagents to a reaction chamber or channel comprising the coated

30  surfaces and apparatus for delivering and optionally storing reagents separately or in

combination and for collecting reaction products.



Amplification using optical or magnetic tweezers can generally be perforned
as follows: A nucleic acid is anchored to appropriate particles at each end
ina fluid nmedium The particles may be adapted to be mani pul ated using
optical or wegmebte22 traps. Tension sufficient to denateeguseooksdibss for
exanpl e greater than about 65 15 pN, is applied to the oligonucl eotide

t hrough the application of force (e.g., optical or nmagnetic) to the
particles, resulting in the denaturation of the nucleic acid. The tension
can be reduced in the presence of prinmer®to allow the priners and nucleic
acid to anneal . Polynerization by DNA pol ynerase can be initiated by further
rel axi ng the tensi GPrintih@ of BAERiphy HehaiGésdmotva s tHerarican bbasdde peagad such
that the 20 resulting doubl e-stranded nucleic acids are denatured. In a
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priners. Ne‘ﬁ/ U@@t&@ds@avmwnérswgﬁ@pnwebr%@@igﬁmttwlump@wnu@éalgbﬁm st rands.
Al ternatively, pﬁ;ﬁ% i = i.lized prinmers can be brought into
proximty wt h the cgﬁggﬁ%tr%gﬁ) sdglgﬁpébrbnj unction with the denaturation step.
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Nano- PCRTM net hegemifst diddab ﬁaemdreutpbgw&:ﬁs. CheraRralthsdbRa09badsensi on  to
DNA by hydrodynam c stress in controlled fluid flow. Methods using this

approach cdn bwepthefsubstustt 407 causesiapplisiation off stretebingderce whithshDNArstisadsinbencht op
device 5 or alternatinely.can.be reduce o_a.portahl e si.ze such as may be
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fl ow can be perfornmed using any
described above.

Using anchored DNA strands in a controlled fluid flow: Another way to

15  apply tension to nucleic acids involves immobilized nucleic acids in a controlled
fluid flow. The process can generally be performed as follows: Nucleic acids
comprising, at one end, a first complexing moiety that recognizes and can bind to a
second complexing moiety coated on a surface, are allowed to become immobilized
on the coated surface. Fluid is flowed over the surface such that a force sufficient to

20  cause dsDNA to melt (e.g. greater than about 65 pN) is applied to anchored double-
stranded nucleic acids, which results in strand separation. DNA polymerase and
primers, optionally primers comprising activatable groups, are flushed over the
surface at a reduced flow rate. A reduced or stopped flow rate allows formation of
polymerase/oligonucleotide/primer complexes. Primer extension and fragment

25  replication can be promoted in the presence of NTPs through a further reduction or
stoppage of flow rate. After replication, the flow rate can be increased, subjecting
the resulting dsDNA to tension such that the dSDNA is denatured. If activatable
primers are used, the extended primers can be activated. These activated, extended
primers can be allowed to bind to the coated surface, and the cycle can repeated

30  until a desired degree of amplification is obtained. In such a method, polymerase



arrangenment that provides for a controlled rate of fluid flow Using
anchored DNA pol ynerase: A nethod of perform ng a Nano- PCRTM 10 net hod
usi ng pol ynmerase anchored to a surface in a device can conprise the

fol |l owi ng sw@epmsnfobynmerase is i mobilized on a surfacepdtre§robSoiadsganged
such that fluid can be flowed over the surface at a controlled rate. For
exanple, a surface in a channel or chanber that has been coated with a
first conplexing noiety can be used to inmobilize a DNA pol ynerase that has
been nodified to conprise a second 15 co#fpl exi ng noi ety. Exenplary

conpl exi ng noi eties include antigen-antibody, histidine to N -NTA or
biotin- streptAw sl hnRMili_d oﬂ'%ﬂﬁke BSOMArdcBare]) Briekfdple hitfochRRsgNCe Of
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Doubl e-stranded nucleic acid products conprising tenplate and copy strands
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15  combination and for collecting reaction products. Printing or lithography techniques
known in the art can be used to pattern sites for anchoring molecules. Such a device
can comprise an apparatus for creating and controlling fluid flow in the reaction
chamber or channel. Any suitable method for creating and controlling fluid flow
can be used. For example flow can be provided by means of a pump or can be

20  electrostatically driven. Reagent solutions can optionally be recycled through the
reaction chamber.

Stretching DNA in a velocity gradient and using hydrodynamic focusing: An
alternative approach to applying tension using fluid flow can be used in combination
with the above methods, or may form the basis of a distinct method. DNA can be

25  stretched in a fluid that has a velocity gradient. Various exemplary arrangements for
hydrodynamic focusing and counter propagating elongational flows are illustrated in
Figures 6A-6C.

For example, Wong et al. reviewed the basis of several such techniques and
described a method of hydrodynamic focusing (Wong et al., “Deformation of DNA

30  molecules by hydrodynamic focusing.” J. Fluid Mech. 497:55-65, 2003). In
hydrodynamic focusing, illustrated by Figure 6A, two streams of buffer 607 flowing



5 nmet hods, punps and syringe apparatuses. Reagent solutions optionally can
be recycled through the reaction chanber. Figure 4 illustrates an approach
in which polynmerase 401 is anchored to a substrate 407, for exanple by
strept avi diwo Hiosi@ten2g and the |ike. DNA strands 403 ar ePERVIROFYME6E6380 bind to
t he anchored polynerise. Controlled fluid flow 409 passed 10 over the
substrate 407 causes application of stretching force on the DNA strands in
the form of hydrodynami c stress. Nano-PCR can be carried out using such an
application of force according to the gefieral schene illustrated in Figure 1
as described above. Using anchored DNA strands in a con trolled fluid flow
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nmoi ety coated on a surface, are allowed to becone i mobiTized on the coated
surface. FI ui deradientinheflayydirectione DNA 68t i thisemadiandis srefcbed to anugixtandedent to 20
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pol ynmer ase andposiblet8 denan@® HIDN?aducK thidt bSDNA ef@rpges frointhe Atdrbshahmdl! Thigr oups,
are flushed over the surface at a reduced flow rate, A reduced or stopped
flow rate al | dWEmits ApliveringssHONA tp areactomehamber, derrramplsrwhees polymaraselaspl exes.
Primer extensi ngﬁ&oi.{]dagrrent 25 replication can be pronoted in the presence
of NTPs through a turther reduction or stoppage of flow rate. After
replication, the fl|Stagmatioefleecanibe usedctn ¢mp enld appipjension tognucldieadidssul t i ng dsDNA
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repeated 30 until a desired degree of anplification is obtained. In such a
met hod, pol yneflawd Syenc)289:416Q22A 99T/ lndxekiss’ GppBeies, fhedisfopweded28 nobi | i zed
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6C. At the center of the junction, a stagnation point 629 is established. Outside of
15  this point, a fluid velocity gradient is established. DNA 601 can become trapped at
the stagnation point, being pulled equally in opposite directions by the velocity
gradient. Alternative arrangements such as channel 615 illustrated in Figure 6B can
include offset jets 617 of fluid entering a channel 615, or flowing buffer in opposing
directions across a slot in which nucleic acid resides.
20 Nano-PCR™ Methods Using Cycling of Applied Electric Fields
It is possible to apply force to DNA strands in Nano-PCR™ methods
through the use of electric and magnetic fields. There are a variety of ways that this
can be accomplished. For example, electric fields can be used to indirectly apply
force to DNA by driving fluid flow in a microfluidic device. As described above,
25  fluid flow can be used to apply hydrodynamic stress to DNA, for example, DNA
anchored to a surface and/or to a particle, or bound to a DNA polymerase that is
anchored to a surface. Electrophoretic forces can also apply force directly to DNA
strands.
Electric fields may also be used to manipulate DNA strands bound to
30  conductive particles. Accordingly, Nano-PCRTM methods can be performed where

denaturation, annealing, and/or primer extension steps are controlled by a non-



Figure 5 illustrates the stretching of DNA in a fluid flow by hydrodynam c
stress where DNA strands 503 are anchored to a substrate 507 through
anchoring 5 nolecules 501. Fluid flowing in direction 509 extends and
stretches wue200iy602 @ control |l ed manner as a functi on mdrideosionssse 1 ow
velocity. Figure 5B illustrates a variation in which DNA strands 503 are
anchored by binding nolecules 501 to a plurality of substrate structures
505 such that fluid can flow between the structures at a controlled rate.
It will be appreciated that there are a3%rge nunmber of other 10 variations
that can be used to achieve a simlar result. In variations of a device for
perform ng t hendRbipdrival Mce@é%ﬁ&éiﬁ 0BE bithotlREHIE BF £ HNA B i9bouHRtEa COat ed
surfaces, such a device can also conprise a channel for introducing
reagents to a cordustivepartitle dye goldmandpartickss orthepike,svirigh tdncdbecoatipated by f aces

and apparatus for.deliveri and i | | tQri ng reagent parately or
in 15 conbi nate{legﬁxcatﬁedésft&apﬂg fRen &ﬁée ﬁ @2&@'&83- %ffgﬂese.n @?ijﬁg or

l'i t hography t esdledulliestiadhB@W dofdicife prticl€,ahe HBertmE@@ah Be RhbRIdNo &1 t €S for
anchoring nol ecul es. Such a device can conprise an apparatus for creating

and cont roll i eyrfRgein @ reacHon ¢hamberdn p daves. ovwch methede mayutiipseptizptablany suit abl e
nmet hod for cr i l, 1 l | O or exanpl e

fl ow can be p&%ﬁe%gﬁa%gcr%g%é&%lﬁ %ﬁlﬁ%ljn%w grS&can pﬁtg&gﬁ&)@l eegfrg}g%{ati cally
driven. Reagent solutions can optionally be recycled through the reaction

chanmber. Stretchi n%?fDNA in a_vel oci t%a gradi ent and usi ng hydrodynam c
focusing: An al t eGP 4aPHsBREHt "Qpppﬁ'@we’f’%si on using fluid flow can

be used i n conbi naki.QR.pRiTh : hs of a
di stinct method. DR\!lAaggallnn e%gjag%r@atea&\cé%e iE@gﬂﬂswg %&pﬁgggtgg%egﬁggi ty

gr adi ent . 1Var ibiaweapsredgtcioy. Bxanmiegarfsurhpathogenstipaduded withoutdinfigtiosi ng and
counter propagating elo .lon | .0 are iLllustrated,] FiLgur.es 6A-6C.
For exanpl e, \@%ﬁo'gfsoﬁﬁaggﬁ;é’i}]f é&é_}ﬂ’s’ﬁ@é\g@é@?’ PEENBTEP (@8%@, f?&@m. ques and
descri bed a nEROVired, BRevady, PRPAtRIs IOV (mm‘(()zm]gatﬁis BiWirus { )rmati on of
DNA 30 nol ecul es by hydrodynam c focusing." J. Fluid Mech. 497:55-65,

2003). | n hydibagtiang & s GV h fluman Hemes Ntres Tyye F(BdVO)cAumemo st reans of
buf fer 607 11 ot NG IR AP VHEPTR 17ETV 5 AR MR R 63 deficiency Virus Type 2
15  (HIV-2), Herpes Simplex Virus Type 1 and Type 2 (HSV-1 and HSV-2), Human T-
Cell Lymphotropic Virus Type I and Type I (HTLV-I and HTLV-II),
Mycobacterium tuberculosis, Mycoplasma, Parvovirus B-19, Respiratory Synctitial
Virus (RSV) and Porcine Endogenous Retrovirus (PERV). Nano-PCR™ methods

can be used for detection of any pathogen in any environment because of the

20 enhancements in sensitivity, accuracy and robustness these methods can provide.
The detection and identification of a particular pathogen using conventional

PCR-based diagnostics generally requires that the pathogenic organism or its
polynucleotide be present in a biological fluid (e.g. blood, saliva, etc.) at a certain
threshold concentration. The lower detection limit of Mycobacterium tuberculosis,

25  for example, has been reported as 7.5 x 10° organisms/ml. HCV RNA is detectable
in a range from 100 to 1000 RNA molecules/ml. Shim has reported that the
polymerase chain reaction detects around 87.5 percent of proven Mycobacterium
tuberculosis-containing nodules. That corresponds to a false-negative rate for
detection of 12.5 percent. In preferred embodiments Nano-PCR™ methods can be

30 used to detect pathogens such as the above with false-negative rates typically less



-27 at a relatively high rate converge in a mcrochannel 605 wth a center
streamthat is introduced at a low flow rate. The convergi ng streans
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the use of el epCRMCcAHE rBRARE For enabl ydliss, liﬂihéﬂ@;lﬁb?_ﬂﬁs IBfime bythefeniyayes t hat
this can be acconplished. For exanple, electric tields can be used to

i ndi r ect | ylOapp(eye. af opedemperahga)- by driving fluid flowin a mcrofluidic

device. As descri beﬁ”‘gﬁﬁl‘%ch%"A%c%&ﬁg&o%g ¥%t§&ﬁﬁg%g&tgpg%tx?ﬁ¥dr odynam ¢

stress to DNA, for exa anchore 0 as ce an 0-a particle,
or bound to a DAriplgkifine bparishdh@tthéisDNA RN Adthatara sibistahtially legd that r ophoreti c

forces can also apply force directl nds. .Electric fields may
al'so be used ¢ BnGHA aV RISV SRAeGtGual RS SapnyP G R etliods can be uséd fo
detect and reliably amplify as little as a single molecule of DNA or RNA,

15  dramatically decreasing the false-negative rate and providing increased sensitivity of
as much as 100%. For pathogens such as those exemplified above, organisms or
polynucleotides can be detected at concentrations lower than 1000 organisms or
polynucleotides/ml, 100 organisms or polynucleotides/ml, 50 organisms or
polynucleotides/ml, 25 organisms or polynucleotides/ml, 10 organisms or

20  polynucleotides/ml, 5 organisms or polynucleotides/ml, or even as little as 1
organism or polynucleotide/ ml.

An exemplary variation of the method can be used for detecting the presence
or absence of at least one specific DNA sequence or distinguishing between two
different DNA sequences in a sample. In such a variation, target DNA can be

25  amplified as described above. The method can further comprise: contacting the
amplified DNA with a probe or probes (e.g., an oligonucleotide complementary to
the sequence to be detected that also comprises a detectable moiety, such as a
fluorescent label); and, detecting whether the specific DNA sequence is in the
sample by observing the presence or absence of the probe bound to the amplified

30 DNA, or distinguishing between two different sequences by detecting which of a
plurality of probes is bound to the amplified DNA.



30 conductive particles. -Accordi ngly, Nano- PCRTM net hods can be perforned
where denaturation, annealing, and/or priner extension steps are controlled
by a non WO 2006/ 076022 PCT/ US2005/ 016638 -28 thernally-driven process

wher ei n ondv@R00pBTMA22ends of a DNA strand is bound to a PERWAYA14E8 particl e,
e.g. gold nanoparticles or the like, which can be manipul ated by electric
fields to apply tension to the DNA strand. Where one end of a DNA nol ecule
is attached to a conductive particle, thﬁ ot her end can be anchored to a 5
surface in a reaction chanber in a device. Such nethods may utilize
activatable prinmers as described herein to anchor DNA strands produced in
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Mycobact eri um t uber cuI 05| Mycopl as rvow r us B-19, Respiratory
Synctitial ViBrgeneeeia spaific psgpears qubed abeveus (PERV). Nano- PCRTM
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because of the 20 enhancenents 1 n sensitivity, accuracy bust ness these
met hods can prmethdécan éblr@ﬂslednm'omﬂlwamﬁﬂdﬂgthnDNA esaddsceribedfabavepardt i cul ar

pat hogen i ng conven PCR- bas nosti cs nera s that
Phe pat hogn e awamgsthqoﬁﬁﬁ ; TSRS T L R e p S BETCinga SR Phgi ca
fluid (e.g. blapja §éﬁtbﬁiﬁ a deqfénc8, tﬁ@§éﬁ;ﬂé‘bmﬁ§‘ﬂi@ﬁi&@hﬁo ¢aReapteat i on. The
| ower detection limt of acterl um tubercul osis, 25 for éexanple, has

been report ed raactipng aprings C@n@mnmmﬂle 3Hmd oRibx thrgetisneecatstdeast foum ange

from 100 to 10 m e t hat rase
chain reacti on&,%grte \@?@Pegflgﬁh’(?ﬁ‘ggﬂ%esg ébé’ﬁﬁ%g? §?§v cogﬁii ’#ﬁ
dideoxy nucleoside triphosphate (ddNTP) selected from among ddATP, ddCTP,
15  ddGTP, and ddTTP optionally labeled with a detectable chemical moiety such as a

fluorescent moiety, and a DNA polymerase in each parallel reaction; (b) denaturing
the dsDNA into ssDNA template strands using a non-thermally-driven process, for
example by the application of tension sufficient to cause dsDNA to melt (e.g. greater
than about 65 pN) to the dSDNA; (c) controlling the non-thermally-driven process to
20  promote hybridization of primers to complementary template strands, for example,
where tension was used to denature the dsDNA, by reducing the tension applied to
the ssDNA; (d) permitting the DNAp to extend the primers to form dsDNA; (e)
optionally repeating steps (b-d) until a desired amount of DNA sequence
amplification is obtained, and determining the sequence by detecting the length of
25  each nucleotide produced in the reaction or by detecting the base specific
fluorescent moiety or some other base-specific signal as in various single molecule

sequencing schemes.

Nano-PCR™ Devices
30 There are many different device types and configurations one can use to

perform non-thermally-driven polymerase chain reactions as described herein. One



t uber cul osi s-cont ai ni ng nodul es. That corresponds to a fal se-negative rate
for detection of 12.5 percent. In preferred enbodi nents Nano- PCRTM net hods
can be 30 used to detect pathogens such as the above with fal se-negative
rates typi 30 2op6HhmeR WO 2006/ 076022 PCT/ US2005/ 016638 r8us$Aesm1ddas 5
percent, 10 percent, 5 percent, 2.5 percent, 1 percent, 0.5 percent, 0.25
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detecting the C i fi sequence or
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variation, targehbriiNd, aaithdkke? Thatipnibet €6 cdfmpHiesal sfirdllphawparediie met hod can

further conprise: contacting.the . . .
window, for example; if optical micromanipulators are to be used. The devices can

be manufactured as microfluidic devices which may be incorporated into handheld
15 units. If desired, Nano-PCR™ can be performed in solution volumes of less than
about a microliter, for example about 50-1000 nL, preferably about 100-500 nL.

As an example, Figure 7A illustrates a possible configuration of a device in
which reagents can be introduced through inlets 701, 707 and 715. One or more
storage chambers 705, 711 can be provided to contain prepared buffers, dideoxy

20  nucleotide triphosphates, polymerase, and the like. Valves 703, 709, 717 and 718
may comprise one or more fluid gates arranged to control fluid flow at junctions
between channels. Reaction chamber 715 may be arranged to permit controlled
application of tension to nucleic acid molecules therein, for example as illustrated in
Figures 2-6. A channel 721 and pump 723 are optionally provided to permit

25  recycling and controlled flow of regents through chamber 715. Pump 723 may
operate by any appropriate mechanism recognized in the art, for example peristaltic
pumping, pumping by use of one or more bellows or pistons, by electromotive force,
and variations or combinations of such devices and the like. Where recycling is not
desired, flow may be controlled within chamber 715 or externally, for example by

30  syringes attached at inlet and/or outlets 701 and 719. An example of a microfluidic

device utilizing a circular, or roughly circular, channel configuration is illustrated by



anplified DNA with a probe or probes (e.g., an oligonucleotide conplenentary
to the sequence to be detected that al so conprises a detectable noiety,
such as a fluorescent |abel); and, detecting whether the specific DNA
sequence i w0 wot/mo22sanpl e by observing the presence orp@eodsnibfzst he probe
bound to the anplified 30 DNA, or distinguishing between two different
sequences by detecting which of a plurality of probes is bound to the
anplified DNA. WO 2006/ 076022 PCT/ US2005/ 016638 -30 Anot her vari ation of

t he met hod can be used for anplificatioB2and/or detection of a sequence
encoded on RNA. The target sequence can be encoded on an isolated RNA or on
RNA in a m xt n 1 ting RNA
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polymerase chain reaction. In the specific instance of nucleic acid amplification

15 reactions, a sample containing or potentially containing a target nucleic acid is
introduced into loop 763 through an inlet 751. In some examples, one or more walls
of the loop 763 have been prepared for anchoring polymerase or nucleotides as
illustrated in Figures 4-5. Alternatively, the loop may be arranged to create fluid
velocity gradients, counter propagating fluid flow, and the like by utilizing

20  additional inlets or rotating surfaces such as illustrated in'Figure 6. Other reagents
necessary to conduct the amplification reaction are similarly introduced through the
inlets. Typical reagents include a primer or primers (e.g., forward and reverse
primers) that specifically hybridize to the target nucleic acid, the four
deoxynucleoside triphosphates (i.e., dATP, dTTP, dGTP and dCTP), a polymerase,

25  abuffer and various cofactors required by the polymerase (e.g., metal ion).

Following introduction of the sample and necessary amplification reagents

into loop 763, the resulting solution is circulated under the action of pumps 761. By
varying the rate of pump action, one can control the solution circulation/flow rate.
A flow rate resulting in application of about 65 pN of force to the target nucleic acid

30 is established, which denatures it. The flow rate is decreased such that the force

applied to the target nucleic acid is in a range from about 30 pN to 60 pN. This



optionally repeating steps (b-d) until a desired anmount of DNA sequence
anplification is obtained, and determ ning the sequence by detecting the

| engt h of 25 each nucl eotide produced in the reaction or by detecting the
base speci W&2006/b1s022escent noi ety or sone ot her base-spBCT/U$20050166381 as in
various single nolecule sequencing schenmes. Nano- PCRTMDevi ces 30 There are
many different device types and configurations one can use to perform
non-t hermal | y-driven pol ynmerase chain regctions as descri bed herein. One WO
2006/ 076022 PCT/ US2005/ 016638 -31 such device is a mcrofluidic device,
where the flowrate within mcrofluidic channels on the device is

control | abl e adildwedomnakibe of olynprastucleid acidipothereniplexes. Rivdregtensibd ishave a
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vel ocity gradiepeningpyalypdsd.val ves, nenbranes, and the like. The chanber can

conprise an optical transparent .wndow, fQf exanple, if optical
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di deoxy 20 nucleotide triphosphates, polynerase, and the |ike. Valves 703,
709, 717 and 718

Examples
15 Example 1: Method and Device Using Opposing Coated Surfaces
A pair of streptavidin-coated surfaces are prepared according to standard
methods. ( Sabanayagam, Smith, and Cantor. “Oligonucleotide immobilization on
micropatterned streptavidin surfaces.” Nucleic Acids Res. 2000, Vol. 28, No. 8 pp.
i-iv) Biotinylated dsDNA (biotinylation at both ends of one strand) is added to the
20  surfaces, which immobilizes the dSDNA between the surfaces. Jeffrey
M.Rothenberg and Meir Wilchek. p-Diazobenzoyl-biocytin: a new biotinylating
reagent for DNA Nucleic Acids Research Volume 16 Number 14 1988) By
adjusting the concentration of the template that is applied to the surface, the surface
density of the DNA molecules can be controlled. At room temperature, greater than
25  about 65 pN of tension is applied to the dSDNA by increasing the distance between
the coated surfaces. This denatures the dsSDNA, leaving only target ssDNA for
amplification. The bound DNA is contacted with primers comprising caged biotin
groups, while the distance between the surfaces is reduced so that between 30 pN
and 60 pN is applied to the immobilized sSDNA. The primers are allowed to anneal
30 to the target DNA, and DNA polymerase and nucleotides are added to the resulting

complex. Primer extension is initiated by further reducing the applied tension to



may conprise one or nore fluid gates arranged to control fluid flow at
junctions between channels. Reaction chanber 715 may be arranged to permt
controlled application of tension to nucleic acid nolecules therein, for
exanpl e aswatweomerzed in Figures 2-6. A channel 721 aprci/pseops/oiga3sar e
optionally provided to permt 25 recycling and controlled flow of regents

t hrough chanber 715. Punp 723 may operate by any appropriate nechani sm
recogni zed in the art, for exanple peristaltic punping, punping by use of
one or nore bellows or pistons, by el ect¥omot i ve for ce, and variations or
conbi nati ons of such devices and the |ike. Were recycling is not desired,
flow may be coBOpN.| @acewrindet extankmmiiecomplée,arfore 66 P ik wppliedrto ¢heanpl e by 30
syringes attached at_inlet and/or outlets 701 and 719. exanpl e of  a

m crof | uidic reaingd q?iﬁ’mqfesl%g the ¢ betyeen f@a@“%@ceef\?@a |aanI})°aEﬁ%%e|
configuration 45.1 L UPROQSM; -32 Figure
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f eedi ng react icontaitimncagkd M6 moietiestane phrodoastivated andstllowad éo bindndthes 753, 754

for later _use. Valves 755, 757, and 759 cantrol .fl.ow into and ,out.. of the
reaction cRanrBEPaViBIHRIeePPPORIHE %‘gé%?eﬁt %h? %’06’875?‘?1?99 sfeps,fig TeReelEuEgl 4 n

channel 763 byjopitd ddsfilelof SmARichiRih is BbthRbd for M hePYudRkliect i on of one or
nore val ve gates int0 channel 763 in a sequentially controlled nmanner,

el ectronotive for cd;agod bighiyreagentsrcambeperchasedfomcommeir¢ialt veaders suadfdsui di cs

t. F | e, ' t d .usi ng. val v. d
Deristal tho paigerleCE e Ge e Ton SPRRE et B R BBt B net r et ed of
el ast oneri ¢ ngihtoadtivatdbRiniteshinAye gidep (MENRPOACLHIbth) leRBtsGh a ke welkisuitdde devi ce

in a 10 controll ed sequence to control flow, such as described in published

PCT appl i &t i dar eaginlinkees fo/omolygidesgpd purfacen (Birrupg Mg duaas GY.[Aigemealed in
Figure 7B can r 'Hﬂﬂ ad . Lot i I peration
during a non- tlﬁegdrlérdéfo% 3]%5?? ve géf%(%&y nm?@g%%ﬁgﬁhgﬁ%%hﬁ %r? : %}a%g ?‘kga%g%eci fic
i nstance of nusingi"cagedt biotimBidcbhjogChem. IW6MdachingT(3):3W-3Bp| e cont ai ni ng or
potentially containing a target nucleic acid is introduced into |oop 763
through an inlet 751. In sone exanples, one or nore walls of the |oop 763

have been prepar ed gQgmpis:N0khbd 2RPDIAES Bsifiy REmOMELEOSdIfiGEra85
15 A streptavidin-coated microchannel surface is prepared according to

standard methods. Sabanayagam, Smith, and Cantor. “Oligonucleotide
immobilization on micropatterned streptavidin surfaces.” Nucleic Acids Res. 2000,
Vol. 28, No. 8 pp. i-iv) Biotinylated DNA polymerase is flushed into the
microchannel and incubated to allow surface saturation. Commercial kits for the

20 biotinylation of enzymes are available, for example, from Pierce Labs. Unbound
enzyme is flushed out of the microchannel and target nucleotide (e.g., sSDNA,
RNA) and primers are flushed in at a chamber flow rate that applies >60 pN of force
on the nucleotide. The polymerase/nucleotide/primer complex is allowed to form by
reducing the flow rate such that a force between 30 pN and 60 pN is applied to the

25 nucleotide. Primer extension is allowed to occur by further reducing the chamber
flow rate to <30 pN. Once primer extension is complete, a force >65 pN is applied
to the resulting duplex by increasing flow rate. This application of force denatures
replica nucleotide strand from its template. The denatured strands are allowed to
cycle through the microfluidic chamber until polymerase binding occurs, and the

30  above-recited steps are repeated until a desired degree of am;iliﬁcation is obtained

for the target nucleotide.



illustrated in Figures 4-5. Alternatively, the |oop may be arranged to
create fluid velocity gradients, counter propagating fluid flow, and the
like by utilizing 20 additional inlets or rotating surfaces such as

il lustratedvonodsioggere 6. Ot her reagents necessary to cpegusiood/dgesss
anplification reaction are simlarly introduced through the inlets. Typical
reagents include a priner or priners (e.g., forward and reverse priners)
that specifically hybridize to the target nucl ei ¢ acid, the four
deoxynucl eosi de triphosphates (i.e., dATES-dTTP, dGTP and dCTP), a

pol ymerase, 25 a buffer and various cofactors required by the pol ynerase
(e.g., netal ion). Follow ng introduction of the sanple and necessary
anpllflcatlon reagents into |oop 763, the resulting solution is circul ated

under the action ofEmmpls37Meth033andDawy¢Hgmgm\TA&nQObﬂlzymp actl on, one can

control the solutlo |rc fl [ at ere ing in
application of abo %pt?)"l{‘liug %Q{} é’Pc%Nh Fsuff?elé r??ﬁ% eac%or éo 30 is
establ i shed, wWahkdardiRBmbe ¢Sabhrayaghhfie sﬁhmy\aﬂdat@tdrs“ailegdhaas&dies uch that the
force applled to the target nucleic acid js in a range fromabout 30 pNto

60 pN. Thi & WOmrpdBligtien sp mmropettespehsiyeptepisiypsuriages. " INndeig Acidshiesi 0of
pol ymer ase/ nuc{,gj gﬁg@(;.mrmebmmm&%@ ARbloBR) 1683t SR3E RRd {)isone s%%d&at ed by

further reducing ate to a value corresponding to l'ess 30 pN
of applied f orisdlushdidntodhspiceichmnelahd prichbated m>atllewsnuffhce Hihding.| Qeffresit e i S

again increased. t enat sulting do e-stranded. nucl eic acid. The
r gm ted steps M%?tg L&\? Hé@’@&ﬁ?ﬁeﬁep -Biazpbeag ﬁg’éﬁﬁmﬂy“%ﬁf‘” ’QF’E@P“‘%EJCI eic acid
i's obtai ned. Q«lﬁgout rlﬁ@&%@&gﬁcb&%ld@'mkéa?dh lﬁxﬂé@@gru%%{ £4 9 ) Jﬁ%ﬁmﬁéﬂ*sm ng

sol ution throug openi ng val ve 75 An appar
conduct i ngl(]\lanﬂ)exﬁma'buatrwphwlﬁfomarrﬁ:ph‘ﬁo thedoand Mamsﬁdbﬂmhedoﬂﬂnsol devi ce

that can individually address and c reaction
devi ce-and mmy HOEPStHE FINER JefiBe o8 dachesBlRaehacpiisaios. DA har t ne
control devi cepdt emhﬁaéond@snﬁldwaged Wbtchyldte iR frhérs SreGRRhTintbSthe F €aCt | ON
paranmeters, suc eEgl ied stress and tenplate extension. Exanples 15

Exanpl e 1: n/etmaoc&mn Vaged biotn rrge@ybiesdibe guchaged droguedraipersial vendors

such as Molecular Probes or Pierce. For example, a derivative of biotin with a

15  photoactivatable nitrobenzyl group (MeNPOC-biotin) exists in a form well-suited
for easy linkage to biomolecules and surfaces. (Pirrung MC, Huang CY. A general
method for the spatially defined immobilization of biomolecules on glass surfaces
using "caged" biotin. Bioconjug Chem. 1996 May-Jun;7(3):317-21). The chamber
flow rate is decreased such that between 30 pN and 60 pN is applied to the bound ss

20 DNA. The primers are allowed to anneal to the target DNA, and the resulting .
compounds are allowed to complex to DNA polymerase. Primer extension is
allowed to occur by further reducing the chamber flow rate to <30 pN. Once primer
extension is complete, a force >65 pN is applied to the resulting duplex by
increasing flow rate. This application of force denatures replica nucleotide strand

25  from its template. The replica strands containing caged biotin moieties are
photoactivated and allowed to bind to the streptavidin-coated microchannel surface.

The above-recited steps are repeated until a desired degree of amplification is

obtained for the target nucleotide.



A pair of streptavidin-coated surfaces are prepared according to standard
nmet hods. (Sabanayagam Smith, and Cantor. "d i gonucl eotide i nmobilization on
m cropattemed streptavidin surfaces.” Nucleic Acids Res. 2000, Vol. 28, No.
8 pp. i-iwo Bioenienel at ed dsDNA (biotinylation at bot h mrEes2065/0688 St r and)
is added to the 20 surfaces, which immobilizes the dsDNA between the
surfaces. Jeffrey M Rothenberg and Meir W/ cbek. p-Di azobenzoyl-biocytin: a
new biotinylating reagent for DNA Nucl eic Acids Research Vol une 16 Nunber
14 1988) By adjusting the concentrati om3@f the tenplate that is applied to
the surface, the surface density of the DNA nol ecul es can be controlled. At

roomtenperature, OEGMMFE 41 N’fb&o@ﬁncﬁb@&iée@ﬁn%ﬁpﬁ’éalmgi&ﬁ is applied to the
dsDNA by increasing the distance between the coated surfaces. This

denat ures the dsDNAA dpehderstragdeshPNAcampler issismrokilized betayepn pplystarane headshe bound

DNA is contacted with priners G [l Sl d.pi ot | qr A.While the

di stance bet welélr?ntaﬁgrogﬁ?‘t? g’c?%@mi agg?bel ué%%)egﬁ%h(a@' VB%#%@]@%g %Bgﬁ‘ \ﬁg?nd 60 pNis
appl i ed to thegpiagiedshorke of maflital DdidleiBtiafiidand Stngdé S@MRddDNANNeal 30 to
the target DNA and ol ynerase and nucl eoti des are added to the

r es:JI t idng S ondiotegulegrtiyrideven B Smih, ofiia$ul, and CarlesBusjarhante feencedtR6) ng t he
i i VO 7 . 6 - 34 .<30 .4 i
b eneion 1 cO it @ 79590 B SRl or @ of BRAEARY 638N i AR 40t ex oy

i ncreasi ng t heDMiAsthavge tHe @ba\efvptital Bveeidrt. a@azind i, an@ WP Al Bidonefieldf force
denatures replica nucleotide strand fromits tenplate, The replica strands

cont ai ni ng cage¥¥1hi koreenindused meliag of the N dorbls Redixo Efset oflsPistied to bind to
the 5 streptavidin: . PRORkK.! - i1 steps are
repeated unti Idoghﬁgggﬁugﬂysdggr éeh% OZ%Ei |€§ts‘3j%§n?§@%§?%%{c’i&gor t he target
nucl eot i del0 CaRyixderb hretadded te dgpanddsung,and the stretckihg §erde fsrreduced tniesscthad 60vendor s

such as Mdl ecuyl ar. Prgbes _or Pierce. For exanple, a derivatjve of_hiotin
with a phot oallli‘ﬂ-i i alloves the primers ipApned) fo,he de L eoﬁqqz}ae@?‘@t-@ﬁﬁ a form

well-suited 1 i 1 3 (Pirrung MC
Huang CY. A 9231%%?&&%9 h{é‘g&?%rgs Jtrﬂ%&agggﬂtnt?) awgﬁﬁéwgﬁqu ﬁei zation of
bi onol ecul es ampligaties issvitifitad by redusngide Stosichinp’ fobdedd batweBn 6@odBOgNChem 1996

May- Jun; 7(3): Sﬂ

érzr%lglication is complete, a stretching force of approximately 65 pN is applied to
15  each of the double-stranded DNA complexes, resulting in the release of single-
stranded DNA molecules. This can be scaled up by using an array of manipulators.
For example, an array such as the optical trap arrays made by Arryx, Inc. can be
used.
While the invention has been described in detail with reference to particular
20  embodiments thereof, it will be apparent to one skilled in the art that various
changes can be made, and equivalents employed, without departing from the scope

of the invention.



Exanpl e 2: Method and Device Using | mobilized Polynerase 15 A
streptavi di n-coated m crochannel surface is prepared according to standard
nmet hods. Sabanayagam Smith, and Cantor. "digonucl eotide inmmobilization on
m cropatterned streptavidin surfaces.” Nucleic Acids Res. 2000, Vol. 28,

No. 8 pp. i-iv) Biotinylated DNA pol ynerase is flushed into the

m crochannel and incubated to allow surface saturation. Commercial kits for
the 20 biotinylation of enzynes are avai-l able, for exanple, fromPierce
Labs. Unbound enzyne is flushed out of the m crochannel and target

nucl eotide (e.g., ssDNA, RNA) and priners are flushed in at a chanber flow

rate thgg %ﬁglies 1§6Q pN of force on the nucleotide. The
pol yrrer JEBIIS ElAed 385/ ori mer conmplex is allowed to formby reducing the

flowrate such that a force between 30 pN and 60 pNis applied to the 25
nucl eoti de. Priner extension is allowed to occur by further reducing the
chanber 1. f | ofy ethed fop arapbfying a mrdeic peid.reempeisingnsi on is conplete, a force >65

PN is applie t chnlf'a%t'ﬁgz)we toir %rg %ﬁﬁ(tebsyraﬁcﬂc&eﬁ%%gg&rgrlcﬁg r{u@fe?c‘ a TJ] iWsi”(h

application force de ures re ca nucleotl ran romits tenpl ate.
The denatured st ramds moe digbovebebtite pricigsl @ miplentangdty tde poitivhaiflthd éliecorchanber
until pol ynerase binding occurs, and the 30 above-recited steps are repeated
until a desired d’é‘@?eetémg*ateasﬁ‘ﬁpgﬁ‘;i cation is obtained for the target

nucl eoti de. 2006 A rR0A A BEIALPABOI OO GRS or rdre F?é%%!t@ the R&{%Bmﬁﬂé“d

Devi ce Usi ng I mobil 1 zation streptavi di n-coa m crochannel surface
i s prepared accor oiey mae tenEatd atrahdsts woidh the([BaanayageiemeBaiyt h, and Cant or.

"digonucl eotide 5 i mobilization o i cropat.t ened streptavidin surfaces. ™
NGl o1t L) Res orBBBE ez or Siprd RatPigt SR SITG e plsfeichl bllferdg
(biotinylation ataqaat fuddFferdid BudédsaR@iphdsphatdstished into the m crochannel
and incubated to allow surface binding. (Jeffrey M Rothenberg and Meir

W 1 chek. p- Didzobeviensiing Hicortylepsi: ong anagpled orimeyibat thagrucleiageiftpolmermA
Nuch et £, s Pesgghal, AghyRInd oAty il 880t SRR it Bt
t he dsDNA, | eavi ngnphdty sttamdget SSDNA for anplification. DNA
(e) separating the one or more extension products from the one or more template
strands; and
® repeating steps (a), (b), (c), (d) and (e) to amplify the nucleic acid,
wherein at least one of the one or more extension products in step (e) is used as
template strands in a subsequent cycle of steps (a)-(¢),
wherein, for the last cycle, step (e) is optional, and
wherein at least one of steps (b) or (d) comprises applying tension that tends to

stretch the nucleic acid to the one or more template strands.

2. The method of claim 1, wherein steps (b) and (d) each comprise applying tension to the

one or more template strands.

3. The method of claim 1, wherein steps (d) and (e) each comprise applying tension that

tends to stretch the nucleic acid to the one or more template strands.

4. The method of claim 3, wherein applying tension in step (e) comprises applying

increased amounts of the same type of tension as applied in step (d).



pol ymer ase, nucl eotides, and caged biotinylated priners are flushed into the
m crochannel . Caged biotin reagents can be purchased from conmerci al vendors
such as Ml ecul ar Probes or Pierce. For exanple, a derivative of biotin with
a 15 photoactivat abl e nitrobenzyl group (MeNPOC-biotin) exists in a form

wel |l -suited for easy |linkage to bionolecules and surfaces. (Pirrung M
Huang CY. A general nethod for the spatially defined i mobilization of

bi ool ecul es on gl ass surfaces using38caged” biotin. Bioconjug Chem 1996
May-Jun; 7(3):317-21). The chanber flow rate is decreased such that between
30 pN and 60 pN IS applied to the bound ss 20 DNA. The prinmers are all owed

compl o to DR FETHaR ™ el deeuRLr o) SRR ST bE A R ¢ ner

reduci ng t het&b@fmfetch|tl@é’\hlfcwi@a<ﬁ@to<tﬁé)oﬂé\brrﬁEl@@e@;Slht@@fran@Xt ension is
complete, a force >65 pNis applied to the resulting duplex by increasing

flowrate. This appllcatlon of force denatures replica nucleotide strand 25
fromitg te | 4 es are
photoactlvagghg Qﬁ 1 ﬁ%&@? @ﬁqas%?g$?g$%§gﬁﬂg§g?@%9nggégc anne
surf ace. Thmaatam?aetors&etchdté rstclmsacafmthem&atrembrammplata salagisr ed degree of
anplification is obtained for the target nucleotide. W 2006/ 076022

PCT/ US2005/ 016638 -36 Exanple 4: Method and Device Using Optical Tweezers A
doubl e- st r anggd nfaddcTERti X1, Iv@lekmm(lhg ehsRA YRR RAUME¥ &R Bﬁaéa%%?ds in an
appropriate nedium at anbi ent tenperature. ("Overstretching

El asti c Respeesprish amimngmsrhammmmnstydmmmm@re& ng¢lectscal£nuie@etgsm 5

Mol ecul es” tw'%y%gggrm Sglﬁges ujia Cui, and Carl os Bustamante Science
(1996) ol D7 7§57 K retching force of approximately 65 pNis
applied to the DNA t hr ough the use of optical tweezers. (Rouzina, |., and
V. A Bloonfield. 2001b. Force-induced nelting of the DNA double helix 2.
Effect & sollhe msthodfisdaimi lorheratn applyiag tensiogdo gsonsorymatk demplatecstrakdsyl t s i n

DNA denat ura dded, n Eomt &€ i ng
force isr edEJ():Ig Se}%pgrg gﬁﬁ%(gleapN Tﬁnggtrﬁzi%’q%m\;vésgl# eS l%r ?)rrgl? S rl?o(;ra’trr\lﬁ%a
t he denaturedmuﬂmag&akbtranded DNA. DNA

to

9. The method of claim 8, wherein applying a controlled amount of mechanical tension to
the one or more template strands comprises moving a surface to which the one or more

template strands are attached.

10.  The method of claim 1, wherein applying tension to the one or more template strands
comprises controlling hydrodynamic tension caused by fluid flow on the one or more

template strands.

11.  The method of claim 10, wherein the one or more template strands are anchored to a
surface exposed to a fluid flow, the one or more template strands are bound to a DNA
polymerase anchored to a surface exposed to a fluid flow, or the one or more template

strands are retained and extended by counter-propagating fluid flows.

12.  The method of claim 1, wherein applying tension to the one or more template strands
comprises applying force to one or more particles connected to one or both ends of at

least one strand of the one or more template strands.



pol ynerase and nucl eotides are added to the nedium and highly accurate
replication is initiated by reducing the stretching force to between 0 and
30 pN. After replication is conplete, a stretching force of approximtely
65 pN is applied to 15 each of the doubl e-stranded DNA conpl exes, resulting
in the release of single- stranded DNA nol ecul es. This can be scal ed up by
using an array of manipulators. For exanple, an array such as the opti cal
trap arrays made by Arryx, Inc. can b89-used. Wile the invention has been
described in detail with reference to particular 20 enbodinments thereof, it
will be apparent to one skilled in the art that various changes can be

mvent | o, - Aeol S R B Shereitl b ogHERRL PR bR REBREor fore'C
aci d, conpri&ptate {teands omthmahe mygenéahout@mrabomeﬂﬁmme strands of

singl e-stranded nucleic acid with one or nore oligonucl eotide priners
conpl ementary to a portion of the one or nore tenplate strands; (b)

anneal i ng at Th@ﬁaﬁm@eeclarnh MBWhQEintsRP (B @nfPrisEUpBIyREd 1@REiSn footht B BGhékon Of
the one or nore tenplate strands to which the primer is conplementary; (c)

cont acti ng t ismplatestoandsrwiitbint therpinge ef aopatie ahpthSaDNlucl ei ¢ aci d pol ynerase
and at |east four different nucl eoside triphosphates; (d) extending the at
| east one anneal ed priner by the nucleic acid polynerase thereby formng

one or mpre €xé @Bthodof Plapsl UCkBerbialng (H)0contpriseppBlindRhsion tehP b 6 héeands;
(e) separating the one qor nore extension products fromthe one or nore

tenpl at e sth&estmiS(rPW?%@éb@m%plé'ﬁ%b@uz%w(b) (c), (d) and (e) to
anplify the nucleic acid, wherein at |east one of the one or nore extension
products in step (e) is used as tenplate strands in a subsequent cycle of
steps (a)- (eThe mhthodioficlainoid, whaeinatp (dywingrisst applyieg tensomt the ned or raord

template strands and increasing the tension applied at a time corresponding to a period

during which a difficult sequence on the nucleic acid is replicated.

17.  The method of claim 16, wherein the nucleic acid comprises one or more segments of
several residues which have a GC content greater than 50 percent and the nucleic acid

is amplified at greater than 90 percent efficiency.

18.  The method of claim 16, wherein the nucleic acid comprises one or more segments of

several residues which have a GC content greater than 60 percent.

19.  The method of claim 16, wherein the nucleic acid comprises one or more segments
comprising a repeating unit of 8 or more base pairs and the nucleic acid is amplified at

greater than 90 percent efficiency.

20.  The method of claim 1, wherein steps (a), (b), (c), (d) and (e) are conducted at below
about 65°C.

21.  The method of claim 1, wherein the steps (a), (b), (c), (d) and (e) are repeated at least

about 50 times.



wherein at | east one of steps (b) or (d) conprises applying tension that
tends to stretch the nucleic acid to the one or nore tenplate strands. 2.
The nethod of claim1, wherein steps (b) and (d) each conprise applying
tension to the one or nore tenplate strands. 3. The nethod of claim1,
wherein steps (d) and (e) each conprise applying tension that tends to
stretch the nucleic acid to the one or nore tenplate strands. 4. The net hod
of claim3, wherein applying tension-i4f-step (e) conprises applying

i ncreased anmounts of the sane type of tension as applied in step (d). -38-

5. The method of claim3, wherein steps (b) and (e) each conprise applying

t ensi on,b hat t . i i | at e
strands 6. TR arhiinUiEplat AhEct Beh PRl 075 o CHE
conpri se apphmpiiffied ensi on that tends to stretch the nucleic acid to the one
or nore tenplate strands. 7. The nethod of claim 1, wherein applying tension
to the one or nore tenplate strands conprises applying nechani cal tension,
hydr odynamn c TH§ rREDd 0OElalth 8L Whepath tHel RétBoER %Bﬂidleteﬁ% hbsutANRBuPér 18RI € tenpl ate
strands. 8. The nethod of claim1l, wherein applying tension to the one or
nore tenplate strands conprises applying a controlled anmount of nechani cal
tensi on,jo0 t r » | gt e rapds. 9. ..Fhe.net hod of . cl ai ,
wherein 2%all'ppl 3ﬁ%§1%§10§8 rflgFr‘)1 %ﬁ? I1 é‘%ﬁ%gn%ﬁ{riﬁ n%ﬁelﬁg%ﬁignﬁm@elﬁ-ﬁe &hs F%Hg(t)nownﬁ ﬁé’H(;]?‘fg or
nore tenpl at @-7sdrrgargds conpri ses noving a surface to which the one or nore
tenpl ate strands are attached. 10. The nethod of claim 1, wherein applying
tension to the one or nore tenplate strands conprises controlling

hydr odyngm c TheRRiRA ot eMARd, Bxribd Hirdn blrMiON HddbePREVIRE a WBluthe JraERLBHE
strands. 11. The nethod of claim 10, wherein the one of nore tenplate
strands are abmwihemdeolisra surface exposed to a fluid flow, the one or nore
tenpl ate strands are bound to a DNA pol ynerase anchored to a surface
exposed to a fluid flow, or the one or nore tenplate strands are retained

and ext ggded Thy medd o€ Erafdh O pREBE ddghpliking Pribl @WEs firkRinsthh&: dratdpad):.of claim 1,
wherein applying tension to the one or nore tenplate strands

obtaining a sample of RNA,
contacting the RNA with a reverse transcriptase in the presence of a
composition sufficient to permit creation of a complementary DNA strand, and

separating the DNA from the RNA to form the single stranded nucleic acid.

27.  The method of claim 1, further comprising prior to the first instance of step (a):
obtaining a sample of DNA,
denaturing said DNA,
binding the denatured DNA to a substrate in a reaction chamber, and

flushing said reaction chamber to remove contaminants from said sample.

28.  The method of claim 1 wherein, in the first instance of step (a), the one or more

template strands are obtained from a single molecule of DNA.

y 29.  The method of claim 1 wherein, in at least the first instance of step (a), the one or more

template strands are contained in an unpurified sample of material.



conprises applying force to one or nore particles connected to one or both
ends of at |east one strand of the one or nore tenplate strands. -39- 13.
The nethod of claim1, wherein step (b) conprises applying tension to the
one or nore tenplate strands within the range of about 0 to about 65 pN. 14.
The nethod of claim1, wherein step (b) conprises applying tension to the
one or nore tenplate strands within the range of about 10 to about 65 pN.
15. The nethod of claim 1, wherein stdp-(d) conprises applying tension to
the one or nore tenplate strands fromgreater than O pN to about 45 pN. 16.
The nethod of claim1, wherein step (d) conprises applying tension to the

one or re ,t t i.nc q i pli tinme
corr espg’?idi n'gAj @gﬁ{ggﬁgr@é{?ﬂﬂgﬁr ﬁﬂg"%"oﬁi@ﬁ‘ﬁ’z‘sﬁgftﬁ‘?gﬁ‘ﬁ&gé’g&'&%ei oaﬁgt ehe%ucl eic
acid is repl cagiristhg probinghéhemetmpbfiebfmucleii acid 6for whe rpeésendehef rauabdeatidaci d

conprises one or nor eliﬁe ment s. of .%Sﬁer aL resi dues whi ch have a GC content
great er t hanS§BeN58 SREHICALY, 4SSPRiater WiihdNePathogsn: i s anplified at greater than

90 percent efficiency. 18. The method of claim 16, wherein the nucleic acid
conprises one or nore segnents of several residues which have a GC content
gr eat er 3t-hanTisompiépd efelaint 80, Wieseimtermathogen sl saleated &romuthe igedup cohsistingaifei ¢

mor e base pahe CARILHEY nadhB o menay fiS B intRaf i Bl Rl

nore base palrs a € nucletc acid i

percent ef f i Ehtef&itus, Aepaiitie AMeiri Hephtitdd Bi Wirds, Hap&ItRi @ \GfsPHufman Hekpes, (C),
(d) and (e) are conducted at_bel ow _about 65C. 21. The nethod of claiml,
wherein the ¥irgpdypap, Husyan immunodghicigney Yisys dvee /o fivmes dmipunodgfigiencipout 50

times. -40- T h Al i nva,d ate of.ngreater
t han about 1%7 38 b?l eersr%l’s%gﬁ%l ﬂ?éelg] g%?@ﬁygﬁmy%dewlecﬁ’ai}r?h&rg%{]drv\%lrlei n the
met hod i s cohphphapionVabedypd IIhdMycobactdrimss Tultculddis Mptopbedmef Pabvaims 1,

wherei n the pugl el £, a0 SoBLI 1YL @ SO ution with a pH of 4-7 or

32.  The method of claim 30 comprising obtaining a sample containing less than about
1000 organisms or polynucleotides per milliliter from which the template strands for

the first cycle of amplification are prepared.

33. A method for amplifying a nucleic acid, comprising:

(a) contacting one or more template strands of single-stranded nucleic acid with
one or more oligonucleotide primers complementary to a portion of the one or
more template strands, wherein at least one primer of the one or more primers
comprises one or more complexing groups capable of binding one or more
molecules bound to a substrate;

(b)  annealing the at least one primer with the one or more complexing groups to
the portion of the one or more template strands to which the primer is
complementary, thereby binding the one or more template strands to the
substrate;

(c) contacting the one or more template strands with a nucleic acid polymerase and

at least four different nucleoside triphosphates;



25. The nethod of claim 1, carried out in a reaction chanber having a vol une
of less than about a mcroliter. 26. The method of claim1, further
conprising prior to the first instance of step (a): obtaining a sanple of
RNA, contacting the RNA with a reverse transcriptase in the presence of a
conposition sufficient to permt creation of a conplenentary DNA strand, and
separating the DNA fromthe RNA to formthe single stranded nucleic acid.

27. The method of claim1, further cedPrising prior to the first instance of
step (a): obtaining a sanple of DNA, denaturing said DNA, binding the
denatured DNA to a substrate in a reaction chanber, and flushing said

reacti on chapper ") n ] . r ] | e hod of
a1 oy Do (RddIPHR SRNGARORABliRels” QIR A8 R Spol eradd feltR
t enpl at e strands fareingbdrei oredofer exreraioni prgdetsrbdundub ehofonONA m@e teriplete met hod

of claim1 wherein, in at least the first instance of step (a), the one or
nore tenplate st?’lﬁﬂﬁ% are contained in an unpurified sanple of material.

-41- 30. A ngyhodsephrafifd afet ddtbranfateRREAOn pRIMNEL Hord tHehghe BRtAGE t@fipigkai m 1
and further conprising probing the anplified nucleic acid for the presence

of a nucl eotide %wndsaeeé specifically associated with the pathogen. 31. The

met hod of claim3 rel hg.\p IS, S [.on .
consisting o Adrg eoeIIIIéIgsSge PQI)ég))\k%I’IIggﬁﬂocgitoova%IpﬁlsI %‘Iuoc%lr%%@vﬁeg%?’ n
Epst ei n-Barr Vi r uthe lasEeyodd, eepi(¢)ds opteak i tis A Virus, Hepatitis B Virus,
Hepatitis C Virus, Human Herpes _ Virus Type 6, Human | immunodefici ency Virus
Type 1, Human | nmiyAggRRFat Iﬁaétrf&? of {her Qg ofPl9se SXIenSIAREiOdHCESIN StePy AR 3B59GRSI C

Virus Type | wzf@araﬁasiﬁusubkafqmeﬁmfﬂeraig&e%é (raggeanl&ﬁ I, Mycobacterium

Tuber cul osi s, copl asma, Parvovirus 1 Por ci ne Endogenous
Retrovirus. 32. Twhersmt diddasdfonelodistep8(b)c &hpri &) mgmpbisesi ariplgng tenaiop| that

t ai ni I th t 1000 ' I I id ilhili
Fromwhi on a0t BRBFaRd et pigkad B BB} SR i 1 1 cat o are

pr epar ed.

34.  The method of claim 33, wherein the one or more complexing groups are activatable.

35.  The method of claim 33, wherein the one or more complexing groups and the one or

more molecules bound to the substrate are biotin and streptavidin, respectively.

36. The method of claim 33, wherein the one or more complexing groups comprise

photoactivatable caged biotin.

37. A method for amplifying a nucleic acid, comprising:

(a) denaturing a double-stranded nucleic acid molecule by applying tension that
tends to stretch the nucleic acid to one or both strands of the double-stranded
nucleic acid molecule sufficient to cause separation of the double-stranded
nucleic acid molecule into two single-stranded nucleic acid molecules, wherein
the one or both single-stranded nucleic acid molecules to which the tension is
applied becomes a template strand;

(b)  contacting the one or both template strands with one or more oligonucleotide
primers complementary to a portion of the template strands, a nucleic acid

polymerase and at least four different nucleoside triphosphates;



33. A nethod for anplifying a nucleic acid, conprising: (a) contacting one
or nore tenplate strands of single-stranded nucleic acid wth one or nore
ol i gonucl eotide priners conplenentary to a portion of the one or nore
tenpl ate strands, wherein at |east one prinmer of the one or nore priners
conprises one or nore conpl exing groups capable of binding one or nore

nol ecul es bound to a substrate; (b) annealing the at | east one priner with
the one or nore conplexing groups to-483he portion of the one or nore

tenpl ate strands to which the prinmer is conplenentary, thereby binding the
one or nore tenplate strands to the substrate; (c) contacting the one or
nore tenpl atgystr i 0 : t _\f.our
different nu eoslfég #%Rg%lﬂggﬁ ile& -ed%r%)érg(@{en H%Q'g H%l?&osnlleleso %r8e
prinmers by the nmﬁnanahaondopmbynmmaset¢hmﬁnbmth@nummmomﬁmgponMDsefémtension
products bound to th r. | ate strands separating the one
or nore extension® gafﬁfg‘iaggﬁpo ’&hﬁ‘egﬁ‘éowom@e{%ﬁﬁIcé?’éle"?g?a%ds gand (f)
repeating stegps (@\moﬂmg thé GonsionClppABdl td e b &MBbthft¥mbhe: Reldeise BGbd,
wherein, in the last cycle, step (e) is optional, wherein at |east one of
the one or nore eRar@isiéansionsdibe eng pr BoEsPTimYrsiby the adclais acidpglymedsst r ands

in a subsequent Ct¥181'e8 %mﬁxrlggr?ﬁ (graﬁ)nor(ee&oubleasﬂgﬂgg% ge na%ﬁd tng)ﬂ%@leg WH{CHSt eps

(b), (d), or conp i ses yi ng tension

nucl ei ¢ acid to t bre @neorefexieBdion pexdpdtatie unditudhe OBélor mhbe: teriplodstahdsg| ai m
33, wherein the one or nore conpl exing groups are activatable. 35. The

nmet hod of claim 3@‘1 wherein the one or nore conpl exing groups and the one or

mor e mol ecul g5 Doupdhiing sBeH bR (Hake % @10 bl Bhge) heaRdleRtdcRpt avi din,

respectively.  36. he et hod ~of wherein the one or nore conpl exing
groups conprise phot owhetrcmaatdtﬂseon@gédlemr@tornnm?douhlerﬁénanw fuleiaapti f yi ng
a nucleic acid, Con-fércﬁlgsl R¥med in step (d) in a cycle of steps (a)-(d) is used as the double-

stranded nucleic acid molecule in step (a) in a subsequent cycle of steps (a)-(d),

so that at least one extension product formed in step (d) is used as a template

strand in a subsequent cycle of steps (a)-(d).

38.  The method of claim 37, wherein at least one of applying, reducing, and controlling the
tension comprises binding the nucleic acid molecules to which the tension is applied to
a substrate or one or more particles or both and controlling movement of said substrate

or the one or more particles or both.

39.  The method of claim 37, wherein at least one of applying, reducing, and controlling the
tension comprises binding the nucleic acid molecules to which the tension is applied to
one or more particles and controlling movement of said one or more particles by

optical or magnetic manipulation.

40.  The method of claim 37, wherein at least one of applying, reducing, and controlling the
tension comprises modulating fluid flow over the nucleic acid molecules to which the

tension is applied.



(a) denaturing a doubl e-stranded nucleic acid nolecul e by applying tension
that tends to stretch the nucleic acid to one or both strands of the

doubl e-stranded nucleic acid nolecule sufficient to cause separation of the
doubl e-stranded nucleic acid nolecule into two single-stranded nucleic acid
nol ecul es, wherein the one or both single-stranded nucl eic acid nol ecul es
to which the tension is applied becones a tenplate strand; (b) contacting
the one or both tenplate strands withd4dnre or nore oligonucleotide priners
conplementary to a portion of the tenplate strands, a nucleic acid

pol ymerase and at |east four different nucl eoside triphosphates; -43- (c)
reduci ng, the & ension GRS, Ra%eieﬁ\}eaﬂ@fst Oh Qféaﬁq h&ﬁ’BL akig ﬁéléchﬁ‘e%%s bRyt eP )
to permt the one or nore priners to anneal "t o the correspondi ng pofilons of
the tenpl at @yt panderateothahisciouhti@o dreesubstratg radd prhenati Sludd 8 Tovgal eveetiear y;

(d) controlling the tension applied to the one or both tenplate strands so
as to perni UB¥e%nsi on of the one or nore priners by the nucleic acid

pol ymerase, thereby form ng one or nore doubl e-stranded nucleic acid

nmol ecul es in which one or nore extension products are bound to the one or
nmor e t el at &hstmetmdisof clamd3 7, eyheregpatdeishgns vbpsd fedlgic @by, m¢ledulesamdofrd) t o
anplify the nucleic acid, wherein at | east one of the one or nore
double-stran&%ﬁmﬁﬁﬁwgic acid nolecules forned in step (d) in a cycle of
steps (a)-(d) is used as the double- stranded nucleic acid nolecule in step
(a) in a _subsequent cycle of steps (a)-(d), so that at |east one extension
product 4Bor mddeimetiedf (dimi 37,y wBereimsatalep® ryseadle said tnugleir peidamelgpdegifent
cycl e of Ste§§m£ﬁ%HEQk}k?§mwtgﬁ e hgd,of claim37, wherein at |east one of
appl yi ng, reducing, an# contro fln% the  tension conprises binding the
nucleic acid nolecules to which the tension is applied to a substrate or

one or re rticle r hoth_and controllin venent of said subhstrate or
Che one Br e PSS o ety Spobheredont B Gl RGO IS AP /molHdrLIh at
| east one of S@&@]I,éﬂiﬁ}gacduggyF}d@g at@Bdufofdw.ol | ing the tension conprises
bi ndi ng the nucleic acid no ecu%es to which the tension is applied to
45.  The method of claim 37, wherein step (d) comprises increasing the tension at a time
corresponding to a period during which a difficult sequence on the one or more

template strands is replicated.

46. A method comprising:

(a) providing a sample of double-stranded DNA (dsDNA) containing a target
sequence, oligonucleotide primers complimentary to the 3' ends of the target
sequence and its complement; at least four different nucleoside triphosphates
and a DNA polymerase;

(b) denaturing the dsDNA into single-stranded DNA (ssDNA) molecules by
applying tension that tends to stretch the nucleic acid to one or both strands of
the dsDNA sufficient to cause the dsSDNA to melt, wherein the one or both
resulting sSDNA molecules becomes a template strand;

(© reducing the tension applied to the one or both template strands sufficient to
permit hybridization of at least one of the primers to its complementary

sequence in the template strands;



one or nore particles and controlling novenent of said one or nore particles
by optical or magnetic mani pul ation. 40. The nethod of claim 37, wherein at
| east one of applying, reducing, and controlling the tension conprises
nmodul ating fluid flow over the nucleic acid nolecules to which the tension
is applied. -44- 41. The nethod of claim 37, wherein at |east one of said
nucl eic acid nol ecules is bound by a polynerase that is bound to the
substrate, and wherein fluid is flowedSever the substrate. 42. The net hod
of claim 37, wherein at |east one of said nucleic acid nolecules is bound

to a substrate. 43. The nethod of claim37, wherein at |east one of said

nucleic acid | ecul -] S - i cl ient. 44.
The met hod 01(55& aﬁllré]dgl%t,lh%hgr%ﬁsﬁ&g?ﬁﬁ leegg? %oel;lléﬁgogr é‘gﬁgéﬁﬁéﬁge#%x%sg{ogadknggecul es
is stretched by alooupttes DN pabaidrasg tb|extefld fthowt ledst. onBhgrimet toofdrrafanc| ai m

37, wherein step (d) conprises incr&gﬁing t he tension at

correspondi ng to SXBRGHROdNAti theFehn ‘WﬁQHFPFF@HVPO@QHﬁﬂﬂggb%ﬂE@H% one or
more tenpl aig st rRBslmg aelsse%ﬁl%h W arﬁglﬁ@tt}w(ﬂisgmbio@ﬁ&g:in(@p ghovi di ng
) con

a sanpl e of doubl e-stranded (ds aining a target sequence,

ol i gonucl eot i de pmwiharsinsatdeasponemdrthaene aranarpgokculsndf dgINAHermedrigstep (dequence
and its conplenent; at |least four different nucleoside. .triphosphates, and a
oA pol yer aser  ( B)® st Cibtas Bl et S Bt o B i n SRR Sieonn

mol ecul es by appbyitag (bpmsiueh (8))ss tHaendast sheiktetioh ptddactfughed i sepi@ t o one
or both strands of the dsDNA sufficient to cause the dsDNA to nelt, wherein

the one or both e86 85 HMplatneirangd|ine sybsequsatwisisofstepe i@k e strand; (c)
reduci ng the tension applied to the one or both tenplate strands sufficient
to permt hybridization of at |east one of the priners to its conplenentary
sequence’i n tlhe methpd aifeclsinm aAfciswherein the entire process is carried out at ambient

temperature.

48. The method of claim 46, wherein the process is carried out at a temperature above
about 20°C and below about 60°C.

49.  The method of claim 46, wherein the process is carried out at room temperature and
the tension in step b) is above about 65 pN, in step c) the tension is reduced to between
about 0 pN to about 60 pN, and in step d) the tension is modulated between about 0 pN
to about 45 pN.

50.  The method of claim 46, wherein the tension is caused and controlled by electrically,
magnetically, or optically manipulating one or more particles attached to the DNA, by
moving a surface to which the DNA is attached, by controlling a fluid flow to which

the DNA is exposed, or a combination of these methods.

51. A method of performing nucleic acid amplification by a polymerase chain reaction,
comprising:
(@) denaturing a double-stranded nucleic acid to produce single-stranded template
strands;

(b)  annealing primers to the template strands; and



-45- (d) nodul ating the tension applied to the one or both tenplate strands
to a level allowing the DNA polynerase to extend the at | east one priner to
forman extension product, thereby form ng one or nore nol ecul es of dsDNA;
and (e) repeating steps (b) through (d) to anplify the dsDNA provided in
step (a), wherein at |east one of the one or nore nol ecul es of dsDNA forned
in step (d) in a cycle of steps (b) through (d) is denatured in step (b) in
a subsequent cycle of steps (b) thredgh (d), so that at |east one extension
product formed in step (d) is used as a tenplate strand in a subsequent
cycle of steps (a)-(d). 47. The nethod of claim46, wherein the entire
process is cagirie T o] I'm 46,
wherein the géoceggaﬁg g%f&%%ﬁgipydfqgﬁﬁgk%ggé ﬁﬁ?maggvgﬁhg gat&gé%gand

bel ow about 6%€hsietOprodunes, mtmrdthcfonﬂimgHmm-d&ndeloeamamhquonmes&dl s carried
out at roomtenperature and e tension in ste s .above about 65 pN, in
step ¢) the % nsﬁ‘?ﬁe?tg‘grsé"'tﬂ’ﬁ&aécf 8 ‘%@ﬁd o] a"(ﬁlef)ﬂf“i]%‘céf)‘ ut 60 pN, and in
step d) the tensi QRedefh 106k GieSst tREENBRNstARBM mRIRNacill eh AR f'&m@é\& in®0. The
nmet hod of claim 46, wherein the tension is caused and controlled

el ectrical | ystep (\@gm@tqywldfytep@fa)é@tls dqlatuyedmrstquh)amlarsgbmqeemrcycdopéstmrt| cles
attached to vin [ e to whic DNA i,s attached, by
controlling glarﬁf)’ P ﬂ}alp%t le?R Omﬁ%é%m'?rﬁ OBK& f?rsmeexlﬂoé%’d&) b us§d g%ﬁﬁetﬁgllﬁ on of

t hese nethodSUmﬂmnaéuMEﬁh@ﬂcpﬂe@Eﬁ&ﬁ(nuﬂgamyclelc acid anplification by a
pol ymerase chain rgactlon |S|ng denaturi ng a doubl e-stranded
nucleic acid to pW Efﬁlf’eatsqu'?bP’ée ok ¥ensd. Hartde Femprises ePRIKHE; tef(sl‘.ﬂn thafriendsi ng

primers 10 1 ReadfiRhahsoist baB¥SiheAdercdfiy. () extending the primers by a
tenpl ate-stran iven polynerase to pro uce extension products, thereby

form ng doubl e-stranded nucleic acid nol ecules; and (d) repeating steps
(a)-(c) 55.0 arﬂ%' I f dh of e?alilrtr)ll S\}/ﬂ’e?erllrg %gplgﬁl(éltgrlls(lzonagorrqlbrlses applying mechanical

tension, hydrodynamic stress, or electromagnetic force, or any combination thereof.

53.  The method of Claim 51, wherein steps (a) though (d) are performed at temperature
below 80 °C.

54.  The method of Claim 51, wherein steps (a) though (d) are performed at temperature
below 30 °C.

55.  The method of Claim 51, wherein the method is performed at an ambient temperature.

56.  The method of Claim 51, wherein tension that tends to stretch the nucleic acid applied

in step (a) is equal to or greater than 65 pN.

57.  The method of Claim 51, wherein tension applied in step (b) is equal to or less than 50
pN.

58.  The method of Claim 51, wherein tension applied in step (b) is from 30 pN to 50 pN,

inclusive.



wherein at | east one of the doubl e-stranded nucleic acid nol ecul es produced
in step (c) in a cycle of steps (a)-(c) is denatured in step (a) in a
subsequent cycle of steps (a)-(c), so that at |east one extension product
formed in step (c) is used as a tenplate strand in a subsequent cycle of
steps (a)-(d), and wherein at |east one of steps (b) and (c) conprises
applying tension that tends to stretch the nucleic acid to the nucleic
acid. 52. The nethod of C aim51, wherdi-n appl yi ng tension conprises
appl yi ng mechani cal tension, hydrodynam c stress, or el ectromagnetic force,
or any conbi nation thereof. 53. The net hod of Clain151 wherein steps (a)

ggouaﬂe&g? nas eps ]%%)Jﬁﬁalm ?11t %ﬂ??eﬁ e'd§18n @ﬁfeff‘({j‘ﬁ &3 1§4(}uaTﬂ)re %q#?gvf/ggoccal "

55. The nethetl. of C ai m51, wherein the method is perforned at an anbi ent
tenperature. 56. The nethod of Claimb51, wherein tension that tends to
stretch the nucleic acid applied in step (a) is equal to or greater than 65

pN. 57. gphe mﬁ&m%dafof@aim51wheeé1ﬁrt§fsﬁsnta$%§édqﬂ s@e%F('bb R0rbf 33tAP & pis equal

to or less than 50 pN. 58. The nethod of aim 51, wherein tenS|on applled
in step (b) imldsivem 30 pN to 50 pN, inclusive. -47- 59. The nmethod of daim
51, wherein tension applied in step (c) is equal to or less than 45 pN 60.
The nethod of C aim51, wherein tension applied in step (b) is from35 pNto

45 pN, g1ncl T wethddlof Olhien SEWHRELI® theGlirttileRtRahdedd Fﬁt@st&fhﬂs todgteris teanded
tenplate strands produced in the first instance of ste are produced by
denaturing af$itighenceotleden éa)otre Roebiced byrdeapieng Autnge dn%iewke of zloubtpre

met hod of C'gﬁ&ké&nuM@E 28ign step (a) conprises applying tension to the
nucl ei ¢ aci met hod of perform ng nucleic acid anplification,

conpri si ng:
62.  The method of Claim 51, wherein step (a) comprises applying tension to the nucleic

acid.

63. A method of performing nucleic acid amplification, comprising:

(a) denaturing a double-stranded nucleic acid to produce single-stranded template
strands;

(b) annealing primers to the template strands;

(©) extending the primers by a template-strand-driven polymerase to produce
extension products while applying mechanical tension to the primer or the
template strands, thereby forming double-stranded nucleic acid molecules; and

(d) repeating steps (a)-(c) to amplify the double-stranded nucleic acid,
wherein at least one of the double-stranded nucleic acid molecules produced in

step (c¢) in a cycle of steps (a)-(c) is denatured in step (a) in a subsequent cycle of steps

(a)-(c), so that at least one extension product formed in step (c) is used as a template

strand in a subsequent cycle of steps (a)-(d).

64. A method of performing nucleic acid amplification, comprising:
(a) denaturing a double-stranded nucleic acid to produce single-stranded template
strands;

(b)  annealing primers to the template strands;



(a) denaturing a doubl e-stranded nucleic acid to produce single-stranded
tenplate strands; (b) annealing prinmers to the tenplate strands; (c)
extending the prinmers by a tenplate-strand-driven pol ynerase to produce
extensi on products while applying nechanical tension to the priner or the
tenpl ate strands, thereby form ng doubl e-stranded nucleic acid nol ecul es;
and (d) repeating steps (a)-(c) to anplify the doubl e-stranded nucleic
acid, wherein at |east one of the doudBe-stranded nucleic acid nol ecul es
produced in step (c) in a cycle of steps (a)-(c) is denatured in step (a)
in a subsequent cycle of steps (a)-(c), so that at |east one extension
product fornmed in step (c) is used as a tenplate strand in a subsequent
cycle of steps (a)-(d). 64. A nethod of perform ng nucleic acid
anplificatiofg) coependngghe (pai)nedserbatmrtémglaa suiambtia'vet palydetasauol pioduaci d t o
produce singl e- strandedte at.e ands,; rimers to the
tenpl ate strands: SXigasion prpd é*r?aﬁbﬁgfgwagﬂ?é‘%i%ﬁ 'B@ “‘tcg%&aﬁtde“gﬂﬂqcaﬁ& driven
pol ynmerase to progl,y(pe extensi on products, thereby form ng doubl e- stranded
nucleic acid nolecules; and (d) repeating steps (a)-(c) to anplify the
doubl e- st rané®d nepkating staps ¢e)-(Ahieragiphifathe dewle-seanaled huelpie adidubl e- st r anded

nucl ei ¢ acid nol ecul es wif e%hé?qgas{ %né ?Qhé %))uﬂl? sf’iztmd%S ecgc)a gslgprﬁolgcf‘l.ﬁles( c) is

denatured in step (a) in subseq Jeht t at
| east one extensi ptbdpdssadincéteﬁ (xr)rmch cydle sf euaps( @)- (c)slsufe@dtuaﬁ ia dte)dhe strand

in a subsequent cycle of steps erein at | east one of steps
(a)-(c) conprisesS4 fﬂ‘&?f‘hﬁwfﬁ/‘?f %wrﬁ%)n@ Sotﬂ%é‘f ﬁSttoé‘eteﬁ@“ﬂ%P@dECtafE’inbed 65. A
met hod of per formng |§'§da§s'éjte%£mitéfﬂ&ﬁith0{' bSQURAT Sjchbof & turing
a doubl e- stranded nugllpg‘?c gCel to p oduéer S|lnglseu strand c(i: toerrp at(gﬂHZtrands
and
wherein at least one of steps (a)-(c) comprises applying hydrodynamic

tension to the nucleic acid.

65. A method of performing nucleic acid amplification, comprising:

(a) denaturing a double-stranded nucleic acid to produce single-stranded template
strands;

(b) annealing primers to the template strands;

(c) extending the primers by a template-strand-driven polymerase to produce
extension products while applying electromagnetic tension to the primer or the
template strands, thereby forming double-stranded nucleic acid molecules; and

(d) repeating steps (a)-(c) to amplify the double-stranded nucleic acid,

wherein at least one of the double-stranded nucleic acid molecules
produced in step (c) in a cycle of steps (a)-(c) is denatured in step (a) in a
subsequent cycle of steps (a)-(c), so that at least one extension product formed

in step (c) is used as a template strand in a subsequent cycle of steps (a)-(d).

66. The method of Claim 65, wherein step (a) or step (b) comprises applying

electromagnetic tension to the nucleic acid.



(b) annealing priners to the tenplate strands; (c) extending the primers by
a tenpl ate-strand-driven pol ynerase to produce extension products while
appl ying el ectromagnetic tension to the priner or the tenplate strands,

t hereby form ng doubl e-stranded nucleic acid nolecules; and (d) repeating
steps (a)-(c) to anplify the doubl e-stranded nucleic acid, wherein at |east
one of the double-stranded nucleic acid nolecules produced in step (c) in a
cycle of steps (a)-(c) is denatured i-49step (a) in a subsequent cycle of
steps (a)-(c), so that at |east one extension product formed in step (c) is
used as a tenplate strand in a subsequent cycle of steps (a)-(d). 66. The
nmet hod d ( i ses appl ying

el ectr omf;gne?”%tﬁgdn%%gfo Elteug%hc edlagﬁpelllgiltcg%n g%m&%{;?éA nmet hod of perform ng
nucl ei ¢ aci d(@anpl dénatming @ndoubterydrandédngiclei@icid énptoduceangingle-doariled-tahplaseded
nucleic acid to prodgce singl e-stranded tenplate strands; (b) annealing
prinmers to the te ¥e strands; (c) extending the priners by a

t enpl at e- st r ggyd- dginégith c?qg}[rﬁé}'@[@{%@t IREQG4HAe extension products, thereby
form ng doubl e-strande ucleic acid nolecules; and (d) repeating st eps

(a)-(c) to afgli f%tcndenmabtlme&hyamtd@alatmsﬁaeddrlam pblyxvv,h@s@iorprsd@p (a) is

i sot hermal and co ri ses chanl ion,to the
nucl ei c acid; and SRS pﬁg&;@k%ﬂehgs by HES rang%(cpnu? ?ﬁi‘é&“’f‘. a,lagd acid

mol ecul es p(@duc&geatmgswpp(a{)@)tbran@hgymhaowle-smﬂw f@dlei€ @gidl S denatur ed in
step (a) in a subsequent cycle of steps (a)-(c), so that at |east one
ext ensi on product WhgERedtaPn (%)t ép isthermal Ay camprisest éﬁ’ﬁhﬂége“@?}?w i a

subsequent cyedgdand RASIoA B thé Hicleif8eid,The method of Caim 67, wherein steps
(b) through {%r a)?% |sotﬁ8rma cel. ?Al met hod of perform ng nucl eic acid

anplification, compdl\shengm éta)eaetenm wfi thg doublietsraededlt negieiedacidichaeailaci d t o

F ;(r)r_glu;te eSIsP 9|Bﬁ)gﬁée"daig%%p (©) mn;Pcyc Sof sttép%qd)SCc) bc}engture a1|n|spe% ([fa))r fnnfgu%séq%ergth

cycle of steps (a)-(c), so that at least one extension product formed in step (c) is used as

a template strand in a subsequent cycle of steps (a)-(d).
68. The method of Claim 67, wherein steps (b) through (c) are isothermal.

69. A method of performing nucleic acid amplification, comprising:
(@) denaturing a double-stranded nucleic acid to produce single-stranded
template strands;
(b) annealing primers to the template strands;
(c) extending the primers by a template-strand-driven polymerase to produce
extension products, thereby forming double- stranded nucleic acid molecules; and
(d)  repeating steps (a)-(c) to amplify the double-stranded nucleic acid,
wherein at least one of the extension products in step (c) is used as a template
strand in a subsequent cycle of steps (a)-(d), and
wherein step (c) comprises applying adjustable tension that tends to stretch the
nucleic acid to the nucleic acid, said adjustable tension modulating proofreading

exonuclease activity of the nucleic acid polymerase.



(c) extending the prinmers by a tenplate-strand-driven polynerase to produce
extensi on products, thereby form ng doubl e- stranded nucl eic acid nol ecul es;
and (d) repeating steps (a)-(c) to anplify the doubl e-stranded nucl eic
acid, wherein at |east one of the extension products in step (c) is used as
a tenplate strand in a subsequent cycle of steps (a)-(d), and wherein step
(c) conprises applying adjustable tension that tends to stretch the nucleic
acid to the nucleic acid, said adjust-é&l-e tensi on nodul ati ng proof readi ng
exonucl ease activity of the nucleic acid polynerase. -50- 70. A method of
perform ng nucleic acid anplification, conprising: (a) denaturing a
doubl e- styrande ] E ! e- d tenplate strands;
(b) annz]gl i ng‘ ‘g?‘?ﬁ‘g%’f;ﬁeﬁ)"?‘?‘ﬁ% '@‘glﬁgﬁr%@é&@l@é’%@’ °§%§§§§§endi ng the prinmers by
a tenpl at e- s{@)anddelraturig pdduphestended mgkiodeideo prduensingle-spaadbdaemplateher eby
form ng doubl e-strar}ﬂe_d nucleic acid nolecules; and (d) repeating steps
(a)-(c) to anpli f9tra( & doubl e-stranded nucleic acid, wherein at |east one
extensi on preduct afRafh EPrithé td fhe dSBHa@Sudhdsenpl ate strand in a subsequent
cycle of steps (a)-(c), and wherein priners used in step (b) are activatable
primers conpké)si ngxtendingtheprimgryroatssiptate-stranduliven polpigemse topgoducepr oduct s
obtained in step (¢). . wherein tension .that tends to stretch the nucleic
acid is applied t Xt%]?'lséorb?rf)%ctts’ (t)f%ere hfgrr?lg%g?%bﬁeég}gatnpgﬁaucﬁﬂc 3?1glnéogesctupe(§haé'%cycl e.
71. A method(@f pespbaing sagps Ak LloGndtifythe MphblEse@ide@Aucléi@mpid Si ng: ()
denaturing a doubl e-stranded nucleic acid to produce single-stranded
tenplate strands: (b)WAREEL3IRS PRS %?@I%WT?‘B@ Hefen & s dsedasdstemplate
extending the pri : s ~OEy pol ynmerase to produce
ext ensi on product gﬁnt%lﬁg%es ygeglggrﬂke%cge o%%?ga-)gtwr’éﬁd;ed nucl ei ¢ aci d nol ecul es;
and (d) repeating stepberfea) pimprst gsednplsidpy(b) reee dctiNaitables priaveche compresing ¢
acid, wherein at Ieaslt one ext ension .li.o.duct in stecE)d gc) IS udsed as '31
tenpl at e complexing groups for immobilizing extension products’obtained 1n step (c),

wherein tension that tends to stretch the nucleic acid is applied to the primer or

the template strand in at least one cycle.

71. A method of performing nucleic acid amplification, comprising:
(a) denaturing a double-stranded nucleic acid to produce single-stranded template
strands;
(b) annealing primers to the template strands;
(©) extending the primers by a template-strand-driven polymerase to produce
extension products, thereby forming double-stranded nucleic acid molecules; and
(d) repeating steps (a)-(c) to amplify the double-stranded nucleic acid,
wherein at least one extension product in step (c) is used as a template
strand in a subsequent cycle of steps (a)-(c), and
wherein at least one of steps (a)-(c) comprises applying tension that
tends to stretch the nucleic acid to the nucleic acid; and
wherein primers used in step (b) are activatable primers comprising

complexing groups for immobilizing extension products obtained in step (c).

72.  The method of Claim 71, wherein the tension applied during at least one of steps (a)-

(c) is mechanical tension.



strand in a subsequent cycle of steps (a)-(c), and wherein at |east one of
steps (a)-(c) conprises applying tension that tends to stretch the nucleic
acid to the nucleic acid; and wherein prinmers used in step (b) are
activatable prinmers conprising conplexing groups for inmmobilizing extension
products obtained in step (c). 72. The nmethod of Caim71, wherein the
tension applied during at | east one of steps (a)- (c) is nmechanical tension.
-51- 73. A nethod of perform ng nucl eidd -acid anplification, conprising: (a)
denaturing a doubl e-stranded nucleic acid to produce single-stranded
tenplate strands; (b) annealing primers to the tenplate strands; and (c)
extending the priners by a tenplate-strand-driven pol ynerase to produce
extensi on products, thereby form ng doubl e-stranded nucleic acid nol ecul es;
and (d)73r epdanéethgd sf padrhale-rucleic agidaamplificgtierh eompusihg- st r anded nucl ei ¢
acid, wherein.at least.one,of the doubl e-str.anded nucl.eic acid nol ecul es

o oduced | Wt eptBuring Bagipls drpfeb e s ¥ Biodes sBukfradreBmehis,°C o
in a subsequeidndsycl e of steps (a)-(c), so that at |east one extension
product formed in step (c) is used as a tenplate strand in a subsequent
cycle of stef® (apnneahng piaersinthgtemplatsstrands; asd st eps (b) or (c) conpri ses

appl yi ng tensjon . . g L j i ucleic
acid, and mhgpeinggﬁ%hﬁgﬁ%§¥lo%s%&%ﬁ%@ng%Q&WQQ§%§%§%@§wg§%gﬂggﬁﬁ%reases
exponenti al | y, asextansiang@bdadts, therebytfermiag emsbld-ayanidbd oudéic aci)l nerleulespmdt ed n
times, wherein n is an integer reater than 1. 74 A nethod for controlling
the stri ngenéé} of re&ﬁﬁé‘&! ﬁteﬁi’é%%f(cbt mﬂsfg)fthpgoghlﬁﬁtﬁﬂgfeé ny F‘G.aC‘.lderrp! ate strand,
conprising: in a Rhbiet Atl¥asPbnCoith€ doMie-REmUEd FudGt dcidMMIbdulGFrdRied in

annealing a priner to a nucleic acid tenplate strand, wherein tension that
tends to stsepcd inheyplaol sieps @M@ is denatiiredsin gisipy@aip@l substquent suéld ohstepsei ¢
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strand in a subsequent cycle of steps (a)-(d),
wherein at least one of steps (b) or (c) comprises applying tension that tends to
stretch the nucleic acid to the nucleic acid, and
wherein the number of copies of the template strand increases exponentially, as

a power of n, after steps (a) through (c) are repeated » times, wherein n is an integer

greater than 1.

74. A method for controlling the stringency of annealing of a primer to a nucleic acid

template strand, comprising:

in a plurality of cycles of nucleic acid amplification,

annealing a primer to a nucleic acid template strand, wherein tension that tends
to stretch the nucleic acid is adjustably applied to said nucleic acid template strand or
to said primer to control the stringency of annealing of said primer to said nucleic acid
template strand; and

wherein an extension product formed by extending the primer by a nucleic acid
polymerase is used as a nucleic acid template strand in a subsequent cycle of nucleic

acid amplification.



tenpl ate strand; and wherein an extension product formed by extending the
primer by a nucleic acid polynerase is used as a nucleic acid tenplate
strand in a subsequent cycle of nucleic acid anplification. -52- 75. A

met hod for lowering the error rates of extending a prinmer by a nucleic acid
pol ynerase, conprising: in a plurality of cycles of nucleic acid
anplification, extending a prinmer annealed to a nucleic acid tenplate strand
by a nucleic acid polynerase to prodd@e an extensi on product conprising
doubl e-stranded nucleic acid nolecules, wherein tension that tends to
stretch the nucleic acid is adjustably applied to said nucleic acid

tenpl at ecstran t g salLd.nLiper Lror f : i ng
said pr ?rsrer yq}teﬁr{eodng)(gl lgihgng%itgg&lfﬁﬁ%trg%?g,éxﬁgﬁgi % Rtr%gér(ea@"t gn%‘?o%ﬁ%?fgduct is
used as a nupblireraeicdmpenipRat e strand in a subsequent cycle of nucleic

acid anplification. 76. A method for controlling .the stringency of annealing
of a primer to a &ﬁ?llu[:alll‘%%(iyéféﬁ&ﬁlﬁledc ?%WB‘HQ&QP?’and, conprising: in a

plurality of cycl egefingltlgliftief afehldd 3R hiré1éie AkidAempiaRN@ahd BY adubleic®id to a
GC-rich nucleic acid tenplate strand, wherein tension that tends to stretch

t he nucl ei ¢ @elymerase el piesinemhny extppigreprogiest saingrishmg dpwie-pirarided aueleic dicid

tenpl ate str t [ i 0 I :pgene i ng of
said priner %{bgecggﬁs’ Q@ab?%rﬁ{oﬁluc tetlr@S goc%}f'{c?leﬂrlrép@tlezé é%@gsn%l?&/séa%b/ %@gfgﬁon an
ext ensi on pr egldauciteraokideinylage swaal et ® i stimalty i@raske ersoruates ofsténdingucl! ei ¢
acid tenplate strand in a subsequent cycle of nucleic acid anplification.

77. A nethodS@éP“F@&E¥Hﬁdmfﬁé”ﬁﬂﬁ%ﬂwP t¥s of extending a priner on a GG rich

tenplate strand Qypeimthe! &itsRal HoRRt YIBIASK a FRIRE aidN@mplafe &rdlUpal ity of
cycles of nucleic acid anplification, extending a priner aﬁnealed to a

GC-ri ch nucl enlsequsinticy raickeiosacichamaplification. nucl ei ¢ aci d pol ynerase to
produce an extension product conprising doubl e-stranded nucleic acid
nol ecul es, wherein tension that tends to stretch the nucleic acid is

76. A method for controlling the stringency of annealing of a primer to a GC-rich nucleic

acid template strand, comprising:

in a plurality of cycles of nucleic acid amplification,

annealing a primer to a GC-rich nucleic acid template strand, wherein tension
that tends to stretch the nucleic acid is adjustably applied to said GC-rich nucleic acid
template strand or to said primer to control the stringency of annealing of said primer
to said GC-rich nucleic acid template strand; and

wherein an extension product formed by a nucleic acid polymerase is used as a

nucleic acid template strand in a subsequent cycle of nucleic acid amplification.

77. A method for lowering the error rates of extending a primer on a GC-rich template
strand by a nucleic acid polymerase, comprising:
in a plurality of cycles of nucleic acid amplification,
extending a primer annealed to a GC-rich nucleic acid template strand by a
nucleic acid polymerase to produce an extension product comprising double-stranded
nucleic acid molecules, wherein tension that tends to stretch the nucleic acid is
adjustably applied to said GC-rich nucleic acid template strand or to said primer to
lower the error rates of extending said primer on said GC-rich nucleic acid template

strand,



adjustably applied to said GC-rich nucleic acid tenplate strand or to said
primer to lower the error rates of extending said prinmer on said GC-rich
nucleic acid tenplate strand, -53- wherein the extension product is used as
a nucleic acid tenplate strand in a subsequent cycle of nucleic acid
anplification. 78. A nmethod of inproving fidelity of nucleic acid
anplification, conprising: (a) denaturing a doubl e-stranded nucleic acid to
produce single-stranded tenplate stradds; (b) annealing priners to the
tenpl ate strands; and (c) extending the priners by a tenpl ate-strand-driven
pol ymerase to produce extension products, thereby form ng doubl e-stranded
nucleic acid nole ; r i - (G i 1 he

doubl e- stranded nﬁg%rglﬁlcthg%%?]g\);\?l r?el g%gtr\gfgfggtasnou%g&%%&%i ﬁgg{?%lgﬁg%dea@srtlé gnded
nucl ei ¢ aci dsubst@enl @slemfadderdcidmmpdifiegionc) in a cycle of steps (a)-(c) is
denatured in step (a) in a subsequent cycle of steps (a)-(c), so that at

| east one extension product forned in step (c) is used as a tenplate strand
in a subgequanhetByEbEBinProvikEAGeItRIf Nik)eic ﬁﬁtﬂamﬁeﬁ@hm%m{pﬂ@ﬁg: one of steps
(a) through (c) conprises adjustably apF[ylng tension that tends to stretch
the nucleic &id dematuiiagriudqublecstigaded ruslaigprid e pradded singlegtrandedderapleteaci d
anplificatiognmég. A nmethod for anplifying a nucleic acid, conprising: (a)
contacting ohe or nore tenplate strands of single-stranded nucleic acid with
one or nore @) gomhehleny pritrerprd the tednplaepranaeindry to a portion of the one or
nore tenplate strands; (b) annealing at | east ope priner of the one or nore
primers to R po?’ft?%“%fﬂ)‘et REMERH Y o tmlétetsgﬁﬁlgﬁlgensp?%mg%% JOWPIPEHFSt he
primer is copnbaMGREeacts, tHeketyIBiARE LA IE-RBanaBEnReiFREE nidtiBaleal fgSt r ands
with a nucleic acid polynerasé and "at |east four different nucl eoside

tri phosphat e§d) ( dyjepetingrstiips ép)t(hetoamplibatbe dowtde-atmandad veclgiceoidr by the nucleic
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step (c) in a cycle of steps (a)-(c) is denatured in step (a) in a subsequent cycle of steps
(a)-(c), so that at least one extension product formed in step (c) is used as a template
strand in a subsequent cycle of steps (a)-(d), and
wherein at least one of steps (a) through (c) comprises adjustably applying
tension that tends to stretch the nucleic acid to the nucleic acid to improve fidelity of

nucleic acid amplification.

79. A method for amplifying a nucleic acid, comprising:

(a) contacting one or more template strands of single-stranded nucleic acid with
one or more oligonucleotide primers complementary to a portion of the one or
more template strands;

(b) annealing at least one primer of the one or more primers to the portion of the
one or more template strands to which the primer is complementary;

(c) contacting the one or more template strands with a nucleic acid polymerase and
at least four different nucleoside triphosphates;

(d)  extending the at least one annealed primer by the nucleic acid polymerase while
applying mechanical tension, hydrodynamic tension, or electromagnetic tension
to the one or more primer or the one or more template strands, thereby forming

one or more extension products bound to the one or more template strands,



to the one or nore prinmer or the one or nore tenplate strands, thereby
formng one or nore extension products bound to the one or nore tenplate
strands, -54- wherein mechanical tension, hydrodynam c tension, or

el ectromagnetic tension tends to stretch the nucleic acid; (e) separating
the one or nore extension products fromthe one or nore tenplate strands;
and (f) repeating steps (a) - (e) to anplify the nucleic acid, wherein at

| east one of the one or nore extensieRdproducts in step (e) is used as
tenpl ate strands in a subsequent cycle of steps (a)-(e), wherein, for the
last cycle, step (e) is optional. 80. A method for anplifying a nucleic

acid, conprising: wﬁ?r)g ﬂgéhqg}c%qg%s?&ggg&rowa%lé ?eqFll ﬁltoq esl\’%clfr%ﬁlqgne?lc tensmn

S|ngle stranded nuclel ¢ aci nore ol I gonucl eo
conpl enent ary t 0 &npototstretch ofe Auskeicoavéd;or  nore tenpl ate strands; (b)
anneal ing at | east one prinmer of the one or npre rs to theﬁggrtlon of

the one or fBre PPAIHAE dhesPneRidRomeSXIGRMeR PrafCtsy %F ey PPEdERPAy: (¢)

contacting the ongrfus.:ARe tenplate strands with a nucleic acid pol ynerase
and at |east four different nucleoside triphosphates; (d) extending the at
| east one anﬂ@aledmgﬂm@@&pbﬁﬂth@tnam$bﬁ@hanwdmpe@§nerase t hereby formng

one or nore extens u und to the gne.or st rands;
() separating ¢ nEnguPE IR IS Aot sHREIE mPBies i TERT bmsRlise

tenpl ate strandsmngmdeé&&uﬁﬂp@@&kﬂ@a&k@ﬂaofa&pgwjg% to anplify the nuclelc
acid, wherein at |east qne of the one or nore extension products in step (e)

i s used as tenpl&@@egﬁﬂﬁﬁ@%mﬂﬁyéeéﬁﬁﬁébﬁéﬁﬂo%ﬁcIe of steps (a)-(e),

wherein, for the last cycle, step (e) is optional , and wherein at |east one
of steps (a)-(e) conprises applying hydrodynamic tension to the one or nore
t enpl at €0st r @andsthod for amplifying a nucleic acid, comprising:

(a) contacting one or more template strands of single-stranded nucleic acid with
one or more oligonucleotide primers complementary to a portion of the one or
more template strands;

(b) annealing at least one primer of the one or more primers to the portion of the
one or more template strands to which the primer is complementary;

(c) contacting the one or more template strands with a nucleic acid polymerase and
at least four different nucleoside triphosphates;

(d) extending the at least one annealed primer by the nucleic acid polymerase
thereby forming one or more extension products bound to the one or more
template strands;

(e) separating the one or more extension products from the one or more template
strands; and

€3] repeating steps (a) - (e) to amplify the nucleic acid,
wherein at least one of the one or more extension products in step (e) is used as

template strands in a subsequent cycle of steps (a)-(e),
wherein, for the last cycle, step (e) is optional , and
wherein at least one of steps (a)-(e) comprises applying hydrodynamic tension

to the one or more template strands.



-55- 81. A nethod for anmplifying a nucleic acid, conprising: (a) contacting
one or nore tenplate strands of single-stranded nucleic acid with one or
nore ol igonucl eotide priners conplenentary to a portion of the one or nore
tenpl ate strands; (b) annealing at |east one priner of the one or nore
primers to the portion of the one or nore tenplate strands to which the
primer is conplenentary; (c) contactin% the one or nore tenplate strands
with a nucleic acid pol ynerase and atl-east four different nucl eoside
triphosphates; (d) extending the at | east one anneal ed prinmer by the nucleic
acid polynerase, thereby form ng one or nore extension products bound to

t he one ggr npg@ﬂh5@ﬂ95§$ﬁﬁﬁﬁégﬂgﬁécQ&hﬂggﬁfgﬁ ing the one or nore extension

products fromthe one or rore tenplate ands; and (f) repeating steps (a)

- (e) to anplad)fy tdntactingloae ©r andrd templeteaitiandst of gngle-swasledfnucke anmé with nor e

extension products_in step used as teqpl S kﬁl%:subsequent
[
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and wherei n tensi gord Bablate@add;o stretch the nucleic acid is applied and
vari ed during each cycle of steps,(a)-ge). 82. A nethod for anmplifying a
nucl ei ¢ aci d(b)conpricalingt leas) oppAtiEEt Phije 9Re op MokH PEMESH|the BOiPR fRES of
singl e-stranded nygl girfoRe bt sandRE whlcn T firflr i9PSHIbEGAbAE PriTers
conpl ementary to a portion the one or nore tenplate strands; (b)
anneal i ng at (d)eastomavéinp thenere coindré)engriee strande wéthproucieicsacidpdlip@eqaes dndon of

the one or nore t | ate rands to.whi.ch t primer is conplenmentary; (c)
contacting the on%ﬁg%ﬁ’b'fglsffe THb PHEIEOsk ertgﬂl&gp%??sh a nucl eic acid pol ynerase

and at | eas{d)f ouextendih€iRNht REG BRSindealéd bRMES BYahe hucteRbacid $hlydetRBdi ng
the at | east one annealed priner by the nucleic acid polynerase,
thereby forming one or more extension products bound to the one or more
template strands;
(e) separating the one or more extension products from the one or more template
strands; and
® repeating steps (a) - (e) to amplify the nucleic acid,
wherein at least one of the one or more extension products in step (e) is
used as template strands in a subsequent cycle of steps (a)-(e),
wherein, for the last cycle, step (e) is optional, and

wherein tension that tends to stretch the nucleic acid is applied and

varied during each cycle of steps (a)-(e).

82. A method for amplifying a nucleic acid, comprising:

(a) contacting one or more template strands of single-stranded nucleic acid with
one or more oligonucleotide primers complementary to a portion of the one or
more template strands;

(b) annealing at least one primer of the one or more primers to the portion of the
one or more template strands to which the primer is complementary;

(©) contacting the one or more template strands with a nucleic acid polymerase and

at least four different nucleoside triphosphates;



t hereby form ng one or nore extension products bound to the one or nore
tenpl ate strands; (e) separating the one or nore extension products fromthe
one or nore tenplate strands; and (f) repeating steps (a) - (e) to anplify
the nucleic acid, wherein at |east one of the one or nore extension products
in step (e) is used as tenplate strands in a subsequent cycle of steps
(a)-(e), wherein, for the last cycle, step (e) is optional, wherein tension
that tends to stretch the nucleic aci-®i-s applied and varied during each
cycle of steps (a)-(e), and wherein each step (a) through (e) is isothermal.
(d) extending the at least one annealed primer by the nucleic acid polymerase,
thereby forming one or more extension products bound to the one or more
template strands;
(e) separating the one or more extension products from the one or more template
strands; and
63) repeating steps (a) - (e) to amplify the nucleic acid,
wherein at least one of the one or more extension products in step (e) is used as
template strands in a subsequent cycle of steps (a)-(e),
wherein, for the last cycle, step (e) is optional,
wherein tension that tends to stretch the nucleic acid is applied and

varied during each cycle of steps (a)-(e), and

wherein each step (a) through (e) is isothermal.





