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NUCLEIC ACID AMPLIFICATION
BACKGROUND

{8801 There 15 an increasing vecd for methods and reagents for the araplification of nucleic
acids. Generation of multiple copics of a particular nuecleic acid 1s often necessary or helpful
1 order for the nucleie acid to be ased for a given application. For example, in order to
anafyze the nucieotide sequence of a nucleic acid of interest, frequently, the nucleic acid is
replicated to increase its copy number before the sequence is analyzed. In another example,
m order to determine the presence or absence of a particular nucleic acid n a sample, a
sample may be treated under conditions such that if the particular nucleic acid s present in
the sample, 1 may be amplified. In another example, a nucleic acid for use as a probe may be
copied repeatedly to generate a large number of nucleic acids containing the same sequence
as the original nucleic acid template, thereby generating many copics of the mueleic acid

which may be used as a probe.

188621 A variety of methods for the amplification of nucleic acids are known. For example,
polymerase chain reaction (“PCR”) (see, e.g. ULS. Patent No. 4,683,202} is a popular method
for the amplification of mucleic acids. To successtully perform a PCR reaction, the reaction
mst be performed at multiple different temperatures, which are repeated for multiple cyeles.
This requires hardware or other mechanisms for repeatedly changing the temperature of the
PCR reaction. Ancther method for amplification of nucleic acids is referred (o as loop-
mediated isothormal amplification (“LAMP”) (see, c.g. U.S. Patent No. 6,410,278). LAMP
reactions may be performed isothermally, but typically involve the use of four different

primers which recognize a total of six distinet sequences on the target mucleic acid.

18003] To facilitate the generation of amplificd vucleic acids for the many and growing
number of applications which use amplified nucleic acids, new methods and reagents for the
amplification of mucleic acids are deostred.

INCORPORATION BY REFERENCE
{8604} All publications, paienis, and patent applications meutioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent,
ot patent application was specifically and fndividually fndicated to be incorporated by

reference. However, in the event of a conflict between the content of the present express
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disclosure and the content of 8 document incorporated by reference herein, the content of the

present express disclosure controls.
SUMMARY

§805] Provided herein are methods and compositions relating to the amplification of nucleic
Fentd

acids and the gencration of concatemers.

[8806] In some embodiments, provided herein is 2 method for generating a concatemer
comprising two or more copies of a double-stranded macleic acid template, the method
comprising: (A} treating a primary double-stranded nucleic acid comprising the double-
stranded vucleic acud template with a first copy of a first primer and a polymerase under
conditions such that an extension product of the first copy of the first primer 18 synthesized
which is anmealed to a first strand of the double-stranded nucleic acid template, wherein the
first primer comprises 8 57 terminal nuclectide, a 37 terminal nucleotide, and two regions: (1)
a tail region conprising: (a) the 57 terminal vuclectide of the primer (b) av fonermaost
nucleotide, wherein the innermost nucleotide 1s downstream frov the 5° terminal nucleotide
{c} a middle section between the 57 terminal nocleotide and the innermost nucleotide,
comprising one or more nucleotides, and (i) a template-binding region comprising {a) the 3°
terminal nucleotide of the primer (b) an innermost nucleotide, wherein the jonermost
nucleotide is upstream from the 3” terminal nucleotide (¢) a middle section between the 37
terminal nucleotide and the innermost nucleotide, comprising one or more nucleotides, and
the template-binding region of the fivst copy of the first privaer anneals to the first strand of
the double-stranded nucleic acid template, (B) treating the extension product of the first copy
of the first primer of step (A) with a second primer and a polymerase ander conditions sach
that an extension product of the second primer is synthesized which is anmealed to the
extension product of the first copy of the fivst primer of step {A), wherein the second primer
comprises a 37 terminal nucleotide, a 37 terminal nucleotide, and two regions: (i) a tail region
comprising (a) the §” terminal nucleotide of the primer (b} an tnnermost nuclestide, wherein
the innermost nucleotide is downstrearn from the 57 terminal nucleotide (¢) a nuiddie section
between the 57 terminal mucleotide and the mnermost nucleotide, comprising one or more
nucleotides, and (31) a template-binding region comprising (a) the 37 terminal nucleotide of
the primer (b} an innermost nuclectide, wherein the innermost nucleotide is upstream from
the 37 termival nucleotide (¢} a middle section between the 37 ferminal nucleotide and the

mnermost mucleotide, comprising one or more nucleotides, the tail region of the second
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primer contains a nucleotide sequence which is complementary to the nucleotide sequence of
the tail region of the first primer, if the sequences arc aligned such that the 57 terminal
nucleotide of the second primer s aligned with the tunermost mucleotide of the tail region of
the first primer and the 57 terminal nucleotide of the first primer is aligned with the ionermost
nucleotide of the tail region of the second primer, the template-binding region of the second
primer anneals to the extension product of the fivst copy of the first primer of step (A), and
the extension product of the second primner contains a 57 tevminal nucleotide, a 3” terminal
nucleotide, and a 37 terminal region comprising the 3” torminal nucleotide, wherein the 37
terminal region contains the same nucleotide sequence as the nucleotide sequence of the tail
region of the sccond primer read inthe 57 to 37 direction, and the final micleonide of the 37
termminal region 18 the 37 terminal nucleotide of the extension product of the sccond primer,
() treating the extension product of the second primer of step (B) with a second copy of the
first primer and a polymerase under conditions such that an extension product of the second
copy of the first primer s synthesized which is annealed to the extension product of the
second primer of step (B), to produce a first copy of a secondary nucleic acid comprising the
extension product of the second primer of step (B) and the extension product of the second
copy of the first primer, wherein the extension product of the second copy of the first primer
containg a 57 terminal nuclestide, a 37 terminal nucleotide, and a 37 terminal region
comprising the 37 terminal nucleotide, wherein the 37 terminal region contains the same
nucleotide sequence as the mucleotide sequence of the tail region of the first primer read n
the 5710 3 divection, and the final nucleotide of the 3 terminal region is the 3”7 terminal
nucleotide of the extension product of the second primer, (D) repeating at least step {C) one
or more addition times to generate at least a second copy of the secondary nucleic acid of step
(C), {E) treating the first copy of the secondary nucleic acid of step (C) and the second copy
of the sccondary nucleic acid of step (D) under conditions such that the 3° terminal region of
the extension product of the second copy of the first primer of the first copy of the secondary
nucleic acid anncals to the 37 terminal region of the extension product of the second primer of
the second copy of the secondary nucleic acid, to produce a cross-over structure comprising
the extension product of the sccond copy of the first primer of the first copy of the secondary
nucleic acid and the extension product of the second primer of the second copy of the
secondary nucleic acid, {F) treating the cross-over structure of step (B) with a polymerase
under conditions such that an extension product of the extension product of the second copy

of the first primer of the first copy of the secondary nucleic acid is synthesized and an

[SFS]
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extension product of the extension product of the second primer of the second copy of the
secondary nucheic acid is synthesized, to produce a concatomer comprising two copies of the
double-stranded nuocleic acid template of step (A), wherein the concatemer comprises the
extension product of the extension product of the second copy of the first primer of the first
copy of the secondary nucleic acid and the extension product of the extension product of the

second primer of the second copy of the secondary nucleic acid.

{88071 In some embodiments, provided herein is 3 method for generating a concatemer
comprising two or more copics of a polynucleotide template or an analogous sequence
thereof, the method comprising, (A) treating a primary nucleie acid comprising the
polynucleotide template with a first copy of a first primer and a polymerase under conditions
such that an extension product of the first copy of the first primer s synthesized which is

annealed to the polynucleotide template, wherein the first primer comprises a 87 terminal

By

nucleotide, a 3° torminal nucleotide, and two regions: (i) 2 tail region comprising (a) the §
terminal nucleotide of the primer, (b) an inncrmoest nocicotide, wherein the innermost
nucleotide is downstream from the 57 terminal nucleotide (¢} a middle section between the 57
terminal nucleotide and the innermost nucleotide, comprising one or more nucleotides, and
{11} a template-binding region comprising {a) the 3” terminal nucleotide of the primer (b) an
mnermost nucicotide, wherein the nnermost mucleotide is upsiream from the 37 terminal
nucieotide {¢) a middle section between the 37 terminal nucleotide and the innermost
nucleotide, comprising one or more nuclectides, and the template-binding region of the first
copy of the first primer anneals to the polynucieotide teruplate, (B) treating the cxtension
product of the first copy of the first primer of step (A) with a second primer and a polymerase
under conditions such that an extension product of the second primer 15 synthesized which is
annealed to the extension product of the first copy of the first primer of step (A}, wherein the
second primer comprises a 5 terminal nucleotide, a 37 terminal nucleotide, and two regions:
(1) a tail region comprising (2) the 37 terminal nucleotide of the primer (b) an mnermost
nucleotide, wherein the innermost mucleotide is downstream from the 57 terminal nuclectide
(¢} a middle section between the 57 terminal nucleotide and the innermost nucieotide,
comprising one or more nucleotides (1) a template-binding region comprising {a) the 37
terminal nucleotide of the privoer (b) an innermost nucleotide, whevein the inmermaost
nucleotide 13 upstream from the 37 terminal nucleotide (¢) a middle section between the 37
terminal nucleotide and the innermost nucleotide, comprising one or more nucleotides, the
tail region of the sccond primer contains a nucleotide sequence which is complementary to
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the nucleotide sequence of the tail region of the first primer, if the sequences are aligned such
that the 57 terminal nucleotide of the second primer is aligned with the inneroost nucleotide
of the tail region of the first primer and the 5 terminal nucleotide of the first primer i3
aligned with the ionermost nucleotide of the tail region of the second primer, the template-
binding region of the second primer anveals to the extension product of the first copy of the
first primer of step (A), and the extension product of the second primer contains a 57 terminal
nucleotide, a 37 terminal nucleotide, and a 37 terminal region comprising the 37 terminal
nucleotide, wherein the 3° terminal region contains the same nucleotide sequcnce as the
nucleotide sequence of the tail region of the second primer read in the 5° to 3° direction, and
the final nuclectide of the 3 terminal region is the 37 terminal nocleotide of the extension
product of the second primer, (C) treating the extension produoct of the second primer of step
(B} with a second copy of the first primer and a polymerase under conditions such that an
extension product of the second copy of the first primer is synthesized which is annealed to
the extension product of the second primer of step (B), to produce a first copy of a secondary
nmucleic acid comprising the extension product of the second primer of step (B) and the
extension product of the second copy of the first primer, wherein the extension product of the
second copy of the first primer contains a 37 terminal nucleotide, a 37 terminal nucleotide,
and a 3 terminal region comprising the 37 terminal nucleotide, wherein the 3° terminal region
contains the same nucleotide sequence as the nucleotide sequence of the tai region of the
first primer read inthe 37 to 37 direction, and the final nucleotide of the 37 termmal region is
the 37 terminal nucleotide of the extension produet of the second primer, (D) repeating at
least step {C) one or more additional times to gonerate at least a second copy of the sccondary
nucleic acid comprising the exiension product of the second primer of step (B) and the
extension product of the second copy of the first primer of step (C), (E) treating the first copy
of the secondary nucleic acid of step {C) and the second copy of the secondary nacleic acid of
step (I under conditions soch that the 37 terminal region of the extension product of the
second copy of the first primer of the fitst copy of the secondary nucleic acid anneals 1o the
37 terminal region of the extension product of the second primer of the second copy of the
secondary nucleic acid, to produce a cross-over structure comprising the extension product of
the second copy of the first primer of the first copy of the secondary nucleic acid and the
extension product of the second primer of the second copy of the secondary nucleie acid, (F)
treating the cross-over structure of step (E) with a polymerase under conditions such that an

extension product of the extension product of the sccond copy of the first primer of the first
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copy of the secondary nucleic acid is synthesized and an extension product of the extension
product of the second primer of the second copy of the secondary nucleic acid is synthesized,
to produce a concatemer comprising two copies of the polynucleotide template of step (A),
wherein the concatemer comprises the extension product of the extension product of the
second copy of the first primer of the fivst copy of the secondary vucleic acid and the
extension product of the extension product of the second primer of the second copy of the
secondary nocleic acid. In some embodiments, the nucleic acid polymerase of step (A)is a
DNA polymerase. In some embodiments, the nucleic acid polymerase of step (A) is a reverse

transcriptase.

{8608} In some cmbodiments, provided herein is a method for generating a8 concatemer
comprising two ot more copies of a double-stranded nucleic acid template, the method
comprising, {A) preparing a reaction mixture comprising: (i} a primary nucleic acid
comprising the double-stranded nuocleic acid template (i) an isolated nueleic acid polymerase,
(i1} a first primer comprising a 57 terminal nucleotide, a 37 torminal nucleotide, and two
regions: {a) a tail region comprising (1) the 5 terminal nuclootide of the primer (2) an
innermost nucleotide, wherein the innermost nucleotide is downstream from the 57 terminal
pucleotide (3) a middle section between the 5 torminal nucleotide and the innermost
nucleotide, comprising one or more nucleotides, and (b) 3 tomplate-binding region
comprising (1) the 3” terouinal nucleotide of the primer (2) an innermost nucleotide, wherein
the mnermost nocleotide 1s upstream from the 37 terminal nucleotide (3) a niddle section
between the 37 terminal nocleotide and the innermost nucleotide, comprising one of more
nucleotides, wherein the template-binding region is compleraentary to a first strand of the
nucleic acid template, (iv) a second primer comprising 8 3° terminal nucleotide, a 37 terminal
nucleotide, and two regions: (a) a tail region comprising (1) the 5° terminal nocleotide of the
primer (2} an inoermost nucleotide, whercin the inncrmost nucleotide is downstream from the
3" termoinal nucleotide (3) a middle section between the 57 terminal nucleotide and the
mnermost micleotide, comprising one or more micleotides, and (b) a template-binding region
comprising (1) the 37 terminal nucleotide of the primer (2) an innermost nucleotide, wherein
the innermost nucleotide is upstream from the 37 terminal nucleotide (3} a middle section
between the 37 ternuinal nucleotide and the inmermost nucleotide, comprising one or more
nucleotides, and wherein the template-binding region is complementary to a second strand of
the nucleic acid template, and wherein the tail region of the second primer contains 8
nucleotide sequence which is complementary 1o the nucleotide sequence of the tail region of

6
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the first primer, if the sequences are aligned such that the 5° terminal nucieotide of the second
primer is aligned with the inmermost nucleotide of the tatl region of the fivst primer and the &
termminal nucleotide of the first primer is aligned with the imermost nucleotide of the tail
region of the sccond primer, and (B) incubating the veaction mixture for at least 3 minutes

without thermocyeling.

{8809 In some embodiments, provided herein 1s a method for generating a concatemer
comprising two or more copics of a polynucleotide template, the method comprising, (A)
preparing a reaction mixture comprising: (i) a nucleic acid comprising the polynucleotide
template (31) an isolated nuecleic acid polymerase, (3il) a first primer comprising a8 5 terminal
nucleotide, a 37 terminal nucleotide, and two regions: () a tail region comprising (1) the §°
terminal nucleotide of the primer (2) an innermost nucleotide, wherein the jonermost
nucleotide is downstream from the 3 terminal nucleotide (3) a middie section between the 5
terminal macleotide and the innermost nucleotide, comprising one or more nucleotides, and
() 3 template-binding region comprising (1) the 37 terminal nucleotide of the primer {2) an
moermost sucleotide, wherein the innermost nucleotide is upstream from the 37 terminal
nucleotide (3} a middle section between the 3° terminal mucleotide and the inmermost
nucleotide, comprising one or more mucleotides, and wherein the template-binding region is
complementary o the polynucleotide template, (iv) a second primer comprising a 57 terminal
nucleotide, a 37 terminal nucleotide, and two regions: (a) a tail region comprising (1) the 57
terminal macleotide of the primer (2) an invermost nucleotide, wherein the innermost
nmucleotide is downstream from the 57 terminal nucleotide (3) 8 middle section between the 57
terminal nucleotide and the invermost nucleotide, comprising one or more nucleotides, and
{b) a template-binding region comprising (1) the 3 terminal nucleotide of the primer (2) an
mnermost nucleotide, wherein the npermost mucleotide is upstream from the 37 terminal
nucleotide (3) a middle scction between the 37 torminal nucleotide and the innermost
nuclentide, comprising one or more sucleotides, and wherein the template-binding region is
complementary to a nucleotide sequence complementary to the polynucleotide template, and
wherein the tail region of the second primer contains g mucleotide sequence which is
complementary to the nucleotide sequence of the tail region of the first primer, it the
sequences of the primers are aligned such that the 5 terminal nucleotide of the second primer
is aligned with the innermost micleotide of the tail region of the first primer and the 57

terminal nucleotide of the first primer is aligned with the lnnermost nucleotide of the tail
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region of the second primer, and (B) incubating the reaction mixture at a temperature of no

greater than 80 C for at least 3 minutes..

18018} In some embodiments, provided herein is a method for generating a concatemer
comprising two ot more copies of a double-stranded nucleic acid template, the method
comprising incubating together 8 first copy and a second copy of a double-stranded nucleic
acid molecule comprising the double-stranded micleic acid template and a polymerase,
wherein the double-stranded pucleic acid molecule comprises a first strand and a second
strand, cach containing a plurality of nucleotides, the first strand comprises a §” terminal
nucleotide and a 3 terminal nucleotide and contains the general format of regions in the 5” to
37 direction: Al-B-AZ, the second strand comprises 3 5 terminal nocleotide and a 37 terminal
nucleotide and contains the general format of regions in the 5 to 3” directione C1-D-C2,
region B3 comprises the mucleotide sequence a first strand of the double-stranded nucleie acid
template, region D comprises the nucleotide sequence of a second strand of the double-
stranded nucleic acid terplate, in the double-stranded nucleic acid molecule, region Al is
annealed to €2, B is anncaled to 13, and A2 is anncaled to C1, a cross-over structure
comprising the first strand of the first copy of the double-stranded nucleic acid molecule and
the second strand of the second copy of the double-stranded nucleie acid molecule is
generated, wherein the AZ region of the first strand is anncaled to the CZ region of the second
strand, an extension product of the first strand of the cross-over structure is synthesized and
an extension product of the second strand of the cross-over structure is synthesized, to
produce a concatemer comprising the extension product of the first strand of the cross-over
structure anncaled to the extonsion product of the sccond strand of the cross-over structure,

wherein the concatemer contains two copies of the double-stranded nucleic acid template.

18011} In embodiments, provided herein is a method of copying a polynuclectide template,
the method comprising: incubating the polynucieotide template in a reaction mixture
comprising multiple copics of a first primer and multiple copies of a second primer, wherein:
the first primer comprises a first region and a second region, wherein the second region of the
first primer comprises a nucleotide sequence which is complementary to a first portion of the
polynucleotide template; the second primer comprises a first region and a second region,
wherein the second region of the second primer comprises 8 nucleotide sequence which is
complementary {o a pariner nucleotide sequence, whercin the partner nucleotide sequence is

complementary to a sccond portion of the polynucicotide template; and upon incubation of
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the polynucleotide template with the multiple copies of the first primer and the multiple
copics of the second primer, at least one concatemer strand is formed, wherein the
concatemer strand comprises a §7 end and 2 37 end, and comprises a nucleotide sequence
having the general structure in the 57 to 37 direction of: O7-T-C7-T -X-C’, wherein: C°
represents the nucleotide sequence of the first region of the second primer, T represenis the
nucleotide sequence of the polynucleotide template or an analogous sequence thereof, and X

represents any munber and sequence of nucleotides.

18012} In some embodiments, in a2 method provided herein involving the formation ofa
concatemer strand which comprises a nucleotide sequence having the general structure inthe
5710 37 direction of: C°-T-C*-T -X-(’, the concatemer strand is a first concatemer strand, and
a second concatomer strand is also formed, wherein the second concatomer strand comprises
a5 end and a 37 end, and comprises a nucleotide sequence having the general structure in the
5710 3 direction of: C-20-T7-C-T7-C, wherein: € represents the nucleotide sequence of the
first region of the first primer, T represents a nucleotide sequence which is complementary
to the polynucicotide teraplate, and X represents & nucleotide sequence which is

complementary to the nucleotide sequence of X,

18013} In cmbodiments, provided herein is method of assaying for a target polynuclectide
template in a biological sample, the method comprising: A) incubating the biological sample
or portion thereof in a reaction mixture comprising muliinle copies of a first primer and
multipic copies of a second primer, whercin: the first primer comprises a fivst region and a
second region, wherein the secound region of the fivst pritoer comprises a nucleotide sequence
which 1s complementary to a first portion of the polynucicotide tempiate; the second primer
comprises a first region and a second region, wherein the second region of the second primer
comprises a nucleotide sequence which is complementary to a partner nucleotide sequence,
wherein the partner nucleotide sequence is complementary to a second portion of the
polynucleotide temiplate; and upon ncubation of the polynucleotide template with the
multipic copies of the first primer and the multiple copies of the second primer, at least one
concatemer strand is formed, wherein the concatemer strand comprises 2 5” end and a 37 end,
and comprises a nucleotide sequence having the general strocture inthe 5° to 3° dircetion of:
C-T-C0-T -X-C7, wherein: O represents the nucleotide sequence of the first region of the
second primer, T represents the nuclectide sequence of the polynucleotide template or an

anatogous sequence thereof, and X represcuts any number snd sequence of nucleotides; and
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B) measuring an amount of amplified nucleic acid in the reaction mixture of A} at onc or
more potnts afier the initiation of the jncubating step of A). o cmbodiments, the measuring
an amount of amplified nucleic acid in the reaction mixture may comprise determining a level
of flucrescence in the reaction mixture. In embodiments, the method may further comprise

determining an inflection time of nucleic acid arplification in the reaction mixture.

{80614} In embodiments, in a2 method, reaction mixture, vessel, or kit provided herein
nvolving a concatemer strand which comprises & nucleotide sequence having the general
structure in the 37 10 37 direction of: C7-T-C7-T -X-(°, X may contain a sequence having the
general structure 1n the 5”7 to 37 divection of [{C7-T)n] wherein C represents the nucleotide
sequence of the first region of the second primer, T represents the nucleotide sequence of the
polynucleotide template or an analogous sequence thereof, and N 15 any integer between
and 2000. In embodiments, N may be any integer between 0 and 190, 0 and 100, § and 1000,
{ and 5000, 0 and 10,000 1 and 10, § and 100, 1 and 1000, 1 and 2000, 1 and 5000, or 1 and
10,000.

{80158} In embodiments, in a method, reaction mixture, vessel, or kit provided herein
mvelving a concatemer strand which comprises 2 nucleotide sequence having the general
structurg in the §7 to 37 direction of: C°-T-C°-T -X-C7, X may contain no more than @, 1, 2, 3,
4,5,6,7,8,9, 10, 15, 20, 25, 50, 100, 500, 1000, 10,000, 50,0600, 100,000, or 500,000
nucleotides. In embodiments, 1n a method, vessel, or kit provided herein involving 4
concatemer strand which comprises a nucleotide sequence having the general structure in the
5710 3° direction of O-T-C°-T -X-C’, X may containat least 1,2, 3,4, 5,6,7, 8,9, 10, 15,
20, 25, 50, 100, 500, 1000, 10,0600, 50,000, 100,000, ov 500,000 mucleotides.  In
embodiments, in a method, vessel, or kit provided herein involving a concatemer strand
which comprises a nucleotide sequence hav ing the general structure in the 57 to 37 direction
of: C°-T-C°-T -X-(7, X may contain at feast 1,2, 3,4, 5,6,7, 8,9, 10, 15, 20, 25, 50, 104,
330, 10006, 16,000, 50,000, 100,000, micleotides, and no more than 2, 3, 4, 5, 6, 7, §, 9, 10,
15, 20, 25, 50, 100G, 360, 1604, 10,000, 50,000, 100,000, or S00,000 nucleotides.

{8616} In embodiments, in a method, reaction mixture, vessel, or kit provided herein
mvelving a concatemer strand which comprises 2 nucleotide sequence having the general
structure in the §7 to 37 direction of C°-T-C°-T -X-C’, between at least one C7 and T, one or

more extra nucleotides are present which are not part of the C or T sequence. The one or

10



WO 2015/076919 PCT/US2014/056151

more exira nucleotides may be, for example, between 1 and 10, 1 and 20, 1 and 100, or 1 and

1000 nucleotides.

18017} In cmbodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a concatemer strand which comprises a nucleotide sequence having the goneral
structure in the 5° t0 37 direcnion of: O-T-C7-T -X-(7, at least one 7 or T sequence may be
missing one or more nucleotides. In the event that 2 or more nocleotides are missing, the
missing nucleotides may be contiguous, or may be at separate focations. The one or more
missing nucleotides may be, for example, between 1 and 10, 1 and 20, 1 and 100, or 1 and

1000 nucleotides.

{8018} In embodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a concatemer strand which comprises a nucleotide sequence having the general
stracture in the 5° to 37 divection of: O-T-C-T -X-(C, at least one ©” or T sequence may
have one or more point nustations. In the ovent that two or more point mutations are prosent,
the poirt mutations may be contiguous, or may be at separate locations. The one or more
point nutations may be, for example, between 1 and 10, 1 and 20, 1 and 100, or | and 1000

point mustations.

{8018} In embodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a concatemer strand which comprises a nucleotide sequence having the general
stracture in the 57 to 37 direction of: C-T-C7-T -X-(, the nucleotide sequence has two or ali
three of the following characteristics: 1) botween at [east one C7 and T, one or more exira
nucleotides are present which are not part of the C or T sequence; i) at leastone € or T
sequence s missing one or more nucleotides; and i) at feast one C or T sequence containg

ORE OF MOIC point mutations.

{8028 In embodiments, in a2 method, reaction mixture, vessel, or kit provided hevein
nvolving a concatemer strand which comprises & nucleotide sequence having the general
structure in the 57 to 37 direction of: C7-T-C7-T -X-C’, in embodiments which the
polynucleotide template is an RNA molecule, the T may represent the nucleotide sequence of

a DNA sequence which is analogous to the RNA sequence of the polynucleotide template.

{8021} In embodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a concatemer strand which comprises a nucleotide sequence having the general

structure in the 57 to 37 direction of: O7-T-C-T -X-C, the concatemer strand further

i1
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comprises one or more nucleotides to the 57 of the §”-most situated C7 sequence. The one or
more nucleotides may be, for exanple, between | and 140, 1 and 20, 1 and 100, or 1 and 1600

nucleotides,

18822} In embodiments, in a method, reaction nuxture, vessel, or kit provided herein
mvolving a concatemer strand which comprises a nucleotide sequence having the general
stracture i the 57 to 37 direction of: C7-T-(’-T -X-(, the concatemer strand further

29
"]

comprises one or more nucleotides to the 37 of the 3°-most situated C7 sequence. The one or
more nucleotides roay be, for exanple, between 1 and 10, 1 and 20, 1 and 100, or 1 and 1600

nucleotides.

{8823} In embodiments, provided hercin is a method of generating a concatemer comprising
at Jeast two copies of a double stranded nucleic acid template, the wethod comprising:
mcubating in a reaction mixture at least a first template molecole and a second template
molecule, wherein: the first template molecule comprises a first nucleic acid strand and
second nucleic acid strand, wherein: the first nucleic acid strand of the first template
molecule comprises a nucleotide sequence having the general structure inthe 5° t0 3°
direction of H™-8-Y-H’, wherein: H’ represents the nucleotide sequence of a first homology
sequence, S represents the nucleotide sequence of a first strand of the double siranded mucleic
acid template, and Y1 represents any number and sequence of nucleotides; and the second
nucleic acid strand of the first template molecule comprises a nucleotide sequence having the
general structure in the 57 to 37 direction of: H-Y"-8"-H, wherein: H represents the
nucleotide sequence of a second homology sequence, wherein the first homology sequence
and second homology sequence are complementary to each other, Y1 represents a nucleotide
sequence which is complementary to the nucleotide sequence of Y, and 8 represents the
nucleotide sequence of a second strand of the double stranded nucleic acid template, wherein
the first strand and second strand of the double stranded nucleic acid teraplate are
complementary to each other; and the second template molecule comprises a first nucleic
acid strand and a second mucleic acid strand, wherein: the first nucleic acid strand of the
second template molecule comprises a nucleotide sequence having the general structure in the
5710 3 divection oft H’-5-Y2-H’, wherein: H” represents the nucleotide sequence of the first
homeology sequence, S represents the nucleotide sequence of the first strand of the double
stranded nucleic acid template, and Y2 represents any number and sequence of nucleotides;

and the second nucleic acid strand of the first template molecule comprises a nucleotide

12



WO 2015/076919 PCT/US2014/056151

sequence having the general structure in the 37 to 37 direction of H-Y2'-S7-H, whergin: H
represents the nucleotide sequence of the second homology sequence, Y2© represents a
nucleotide sequence which is complementary to the nucleotide sequence of Yo, and §
represents the nucleotide sequence of the second strand of the double stranded nucleic acid
template; and upon incubation of the first teraplate molecule with the second template
molecule in the reaction mixture, at lcast one concatemer comprising at least two copies of
the double stranded nucleic acid template 1s formed, wherein the concatemer comprises a first
concatemer strand and a second concatemer strand, wherein the first concatemer strand
comprises a 37 end and 2 3 end, and comprises a nucleetide sequence having the general
structure i the §7 1o 37 divection of: H'-8-Y2-H'-8-Y1-H’, whercin cach of H™, Y1, S, and Y2
represent nucleotide sequences as described above; and wherein the second concatemer
strand comprises a 3" end and a 3 end, and comprises a sequence having the general
structure in the 3° to 37 dirsction of: H-Y °-8°-H-Y2’-8°-H, wherein each of H, Y1, 3, and Y2

represent nucleotide sequences as described above.

18024} In cmbodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a first concatemer strand which comprises a nucleotide sequence having the general
struchure 1 the §7 0 37 divection oft H-5-Y-H-85-Y-H  at least one of orboth Yy and Y2

may represent O nucleotides.

[B025] In embodiments, in a2 method, reaction mixture, vessel, or kit provided hevein
nvolving a first concatemer strand which comprises s nucleotide sequence having the general
structure in the 37 t0 37 direction of: H™-5-Ye-H'-8-Y1-H’, ¥ 1 may contain a sequence having
the general structure in the 5” to 37 divection of [{H™-5)u1} wherein H' and S represent

nucleotide sequences as described above, and N1 is any integer between § and 2000,

{8026} In embodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a first concatemer strand which comprises a nucleotide sequence having the gencral
stracture in the 5° to 37 divection of: H™-S-Y2-H’-§-Y-H’, Y2 may contain a sequence having
the general stracture inthe 57 to 37 direction of [(H™-S)e} wherein H' and S represent
nucleotide sequences as described above, and N2 1s any integer between § and 2000,

18027} In embodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a first teraplate molecule and a second tomplate molecule, the fust template

molecule and second template molecule are both double-stranded DNA molecules.
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18028} In cmbodiments, in 3 method, reaction mixture, vessel, or kit provided herein
mvolving a first nucleic acid strand of a fust teopiate molecnle comprises, wherein the first
nucleic acid strand comprises a nucleotide sequence having the general structure 1n the 5™ to
3" direction of H™-S-Yi-H, wherein H represents the nucleotide sequence of a fisst
homology sequence, the first homology sequence may contain vo more than 4, 5, 6,7, 8, 9,
10, 11, 12, 13, 14, 15, 20, 25, 30, 44, 50, 68, 70, 80, 94, or 100 nucleotides. In embodiments,
the first homology sequence may contain atleast 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 20, 2§,
34, 44, 50, 60, 74, 80, 90, or 100 nucleotides. In embediments, the first homology sequence
may contain at least 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, or
180 and nomore than 5,6, 7,8, 9, 10, 11, 12, 13, 14, 18, 20, 28, 38, 48, 50, 60, 70, 80, 90,

130, or 200 nuecleotides.

{8028} In embodiments, a reaction mixture, vessel, or kit provided herein comprises a nucleic
acid polymerase. In embodiments, a nucleic acid polymerase is 3 DNA polymerase having
strand-displacement activity. In embodiments, a nocleic acid polymerase is an RNA
polymerase. In embodiments, 2 nucleic acid polymerase 1 2 reverse transcriptase. 1o
embodiments, a reaction mixture, vessel, or kit comprises more than one kind of nucleic acid
polymerase, such as both a DNA polymerase having strand displacement activity and a
reverse transcriptase.  In embodiments, a reaction mixture, vessel, or kit provided herein

comprises nucleotides and buffer.

18038} In cmbodiments, in 3 method, reaction mixture, vessel, or kit provided herein
mvolving a polynucleotide feroplate, the polymucicotide template is a single-stranded
molecule. In embodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a polynucleotide temiplate, the polynucleotide template comprises one strand of a
double-stranded nucleic acid tomplate. In embodiments, in a method, reaction mixture,
vessel, or kit provided herein involving a polynucleotide template, the polynucieotide

template is a DMNA or RNA molecule.

18031} In cmbodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a nucleic acid template, the nucleic acid template 1s an RNA or DNA melecule. In

embodiments, a nucleic acid template may be a single-stranded or dogble-stranded molecule.

18032 In combodiments, in a method provided herein involving incubation of a reaction
mixture, during the incubation of the reaction mixture, the temperature of the reaction

mixture does not exceed 90, 85, 8, 75, 70, 653, 60, 55, 50,45, 40,37,35,30,25, 0r 20C. In
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embodiments, in & method provided herein, all steps of the method are performed at a
temperature of no greater than 90, 85, 80, 75, 70, 65, 60, 53, 50, 45, 40, 37, 35,30, 25, or 20
C. In embodiments, a reaction mixture, vessel, or kit provided herein is maintained at a
temperatore of no greater than 90, 85, 80, 75, 70, 65, 60, §5, 50, 45, 40, 37, 35, 30, 25, or 20

C. In embodiments, 2 method provided herein is performed without thermocycling.

{80633} In embodiments, in a2 method, reaction mixture, vessel, or kit provided herein
nvolving a polynucieotide teruplate comprising s first portion, the first portion contains no
more than 3, 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 20, 160, or 200 nucleotides. In
embodiments, 1n a method, reaction mixture, vessel, or kit provided herein involving a
polynucleotide template comprising a first portion, the first portion contains at least 5, 10, 185,
20, 25, 30, 35, 40, 30, 60, 70, 80, 90, 100, or 200 nucleotides. In embodiments, in a method,
reaction mixture, vessel, or kit provided herein involving a polynucleotide template
comprising a first portion, the first portion contains at least §, 10, 15, 20, 25, 34, 35, 40, 50,
60, 70, 80, 90, or 100 and no more than 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, or

200 nucleotides.

18034} In embodiments, in a method, reaction mixture, vessel, or kit provided herein
imvolving 8 primer comprising a first region, the first region contains at fcast 4, 5,6, 7, 8, 9,
10, 11, 12, 13,14, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, or 100 nucleotides. In
embodiments, in a method, reaction mixture, vessel, or kit provided herein involving a primer
comprising a first region, the first region coniains no more than 4, §, 6,7, 8, 9, 10, 11, 12,
13,14, 15, 20, 25, 30, 35, 40, 50, 50, 70, 80, 90, or 100 nucleotides. In embodiments, in a
method, reaction mixture, vessel, or kit provided herein involving a primer comprising a first
region, the first region contaings at least 4, 5,6, 7, 8,9, 10, [}, 12,1314, 15, 20, 25, 30, 35,
40, 50, 60, 70, 80, or 90 and no more than 5, 6,7, 8,9, 10, 11, 12, 13,14, 15, 20, 25, 30, 35,
44, 50, 60, 70, 80, 20, or 100 mucleonides. In embodiments, in a method, reaction mixture,
vessel, or kit provided herein mvolving a first primer comprising a first region and a second
primer comprising a first region, both the first primer and second primer may have any of the
features described above. In embodiments, in a method, reaction mixture, vessel, or kit
provided herein involving a first primer comprising a first region and a second primer
comprising a first region, the first region of the first primer and the first region of the second
primer may contain the same number of nucleotides. In embodiments, in a method, reaction

mixture, vessel, or kit provided berein involving a first primer comprising a first region and a

ot
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second primer comprising a first region, the first region of the first primner and the first region

of the second primer may contain a differcot mnuber of nucleotides.

18035} In cmbodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a primer comprising a second region, the sccond region contains at least 4, 5, 6,7,
8,9, 10, 11, 12, 13,14, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, or 100 nucleotides. In
embodiments, in a method, reaction mixture, vessel, or kit provided herein involving a primer
comprising a second region, the second region contains no more than 4, 5, 6, 7, 8, 9, 1, 11,
12, 13,14, 15, 20, 25, 30, 33, 40, 50, 60, 70, 80, 90, or 100 oucleotides. In embodiments, ina
method, reaction mixture, vessel, or kit provided herein involving a primer comprising a
second region, the second region contains at least 4, 5, 6,7, 8,9, 10, 11, 12, 13,14, 15, 20, 25,
30, 35, 40, 50, 60,70, 80, or 90 and no more than 5, 6, 7, 8, 9, 10, 11, 12, 13,14, 15, 20, 25,
348, 35, 40, 50, 60, 70, 8D, 94, or 100 mucleotides. In embodiments, in a method, reaction
mixture, vessel, or kit provided herein invelving a first primer comprising a second region
and a second primer comprising a second region, both the first primer and second primer may
have any of the features described above. In embodiments, in a method, reaction mixiure,
vessel, or kit provided herein involving a first primer comprising a second region and a
second primer comprising a second region, the second region of the first primer and the
second region of the second primer may contain the same number of nucleotides. in
cmbodiments, i a method, reaction maixiure, vessel, or kit provided herein involving a fivst
primer comprising a second region and 8 second primer comprising a second region, the
second region of the first primer and the second region of the sccond primer may contain a

different number of nucleotides.

8036} In embodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a second primer containing a sccond region and a polynucieotide toruplate
comprising a second portion, the nucleotide sequence of the second region of the second
primer 15 the same as the nucleonde sequence of the second portion of the polvnucleotide
template.

{8037} In embodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a primer comprising a tail region, the tail region contains at least 4, 5, 6, 7, 8, 9, 10,
11,12, 13,14, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, or 100 snucleotides. In embodiments,
in a method, reaction mixture, vessel, or kit provided hercin involving a primer conprising

tail region, the tail region contains no more than 4, 5,6, 7, 8,9, 10, 11, 12, 13,14, 15,20, 285,
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30, 35, 40, 50, 60, 70, 80, 90, or 100 mucleotides. In embodiments, in a method, reaction
mixture, vessel, or kit provided herein involving & primer comprising a tail region, the tail
region contains at least 4, 5,6, 7,8, 9, 10, 11, 12, 13,14, 15, 20, 25, 30, 35, 44, 50, 60, 70, 80,
or 90 and nomorcthan 5, 6,7, 8,9, 10, 11, 12, 13,14, 15, 20, 25, 30, 3§, 40, 50, 60, 70, 80,
o4, or 100 nucleotides. In embodiments, in a method, reaction mixture, vessel, or kit
provided herein involving a first primer comprising a tail region and a second primer
comprising a tail region, both the first primer and second primner may have any of the featores
described above. [n ombodimenis, in a method, reaction mixture, vessel, or kit provided
herein jovolving a first primer comprising a tail region and 2 sccond primer comprising a tail
region, the tail region of the first primer and the tail region of the second primer may contain
the same number of nucleotides. In embodiments, in a method, reaction mixture, vessel, or
kit provided herein involving a first primer comprising a tail region and a second primer
comprising a tail vegion, the tail region of the first primer and the tail region of the second

primer may contain a different munber of nucleotides.

18038} In cmbodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a primer comprising a template-binding region, the template-binding region
contains at least 4,5, 6,7, 8, 9, 16, 11, 12, 13,14, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, or
100 nucleotides. In embodiments, in a method, reaction mixture, vessel, or kit provided
herein involving a primer comprising a template-binding region, the femplate-binding region
containg no more than 4, 5,6, 7, 8,9, 10, 11, 12, 13,14, 13, 20, 25, 30, 35, 40, 54, 60, 70, 8{,
90, or 100 nucleotides. In embodiments, in a method, reaction mixture, vessel, or kit
provided herein mvolving a primer comprising a teroplate-binding region, the tomplate-
binding region contains at least 4, 5, 6,7, 8,9, 106, 11, 12, 13,14, 15, 20, 28, 30, 35, 44, 50,
60, 70, 86, or 80 and no more than 5,6, 7, 8, 9, 10, 11, 12, 13,14, 15, 20, 25, 30, 38§, 40, 50,
60, 70, 0, 90, or 100 nucleotides. In embodiments, in a method, reaction mixture, vessel, or
kit provided herein involving a first primer comprising a template-binding region and a
second primer comprising a template-binding region, both the first primer and second primer
may have any of the features described above. In embodiments, in a method, reaction
mixture, vessel, or kit provided herein involving & first primer comprising a template-binding
region and a second primer comprising 4 template-binding region, the template-binding
region of the first primer and the template-binding region of the second primer may contain
the same number of nucleotides. In crbodiments, in a method, reaction mixiure, vessel, or kit
provided herein imvolving a first primer comprising a teraplate-binding region and 2 second

17



WO 2015/076919 PCT/US2014/056151

primer comprising a teruplate-binding vegion, the template-binding region of the first primer
and the template-binding region of the second primer may condain a different number of

nucleotides.

{8038} In embodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a polynucleotide template, the polynuclectide template may contain at least 8, 9,
10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 50, 60, 70, 84, 90, 104, 200, 500, 1000, 2000, or
5000 nucleotides. In embodiments, in a method, reaction mixiure, vessel, or kit provided
herein jovolving a polynucieotide template, the polynucheotide template may contain no more
than 8, 9, 10, 11, 12, 13,14, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 200, 300, 1000,
2000, 5000, or 10,000 nucleotides. In embodiments, in a method, reaction mixture, vessel, or
kit provided herein involving a polvnucleotide template, the pelynucieotide template may
contain at least 8 9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 358, 40, 50, 60, 70, 80, 90, 100, 200,
500, 1000, 2600, or 5000, and no more than 9, 10, 11, 12, 13,14, 15, 20, 25, 30, 35, 40, 50,
60, 70, 80, 90, 100G, 200, 560, 1000, 2000, 5600, or 10,000 nucleotides.

{8048} In embodiments, in a method, reaction mixture, vessel, or kit provided herein
mvolving a doable-stranded nucleic acid template, each strand of the double-stranded nocleic
acid template may countain at least 8, 9, 10, 131, 12, 13, 14, 15, 20, 75, 30, 35, 40, 50, 60, 70,
84, 80, 100, 200, 500, 1000, 2000, or 3000 nucleondes. In embodiments, in a method,
reaction mixture, vessel, or kit provided herein involving a double-stranded nucleic acid
template, each strand of the double-stranded nucleic acid termplate may contain no more than
8,9, 10,11, 12, 13,14, 15,20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 200, 500, 1000, 20600,
5000, or 18,000 mucleondes. In embodiments, in a method, reaction mixture, vessel, or kit
provided herein involving a double-stranded nucleic acid template, each strand of the double-
stranded nucleic acid tomplate may contain at least 8, 9, 10, 11, 12, 13, 14, 15, 20, 23, 30, 35,
44, 50, 60, 70, 80, 20, 100, 200, 560, 1000, 2000, or 5000, and no more than 9, 10, 11, 12,
13,14, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 80, 100, 200, 500, 1000, 2000, 5000, or 10,000

nmucleotides.
{8041} n embodiments, a reaction mixture, vessel, or kit provided herein does not contain a
recombinase enryme.

{8042} In embodiments, in a method, reaction mixture, vessel, or kit provided herein may
contain or involve multiple copics of a primer. The multiple copies may be, for example, at

feast 5, 10, 15, 20, SO, 100, SO0, 1000, 10,000, 100,000, or 1,000,000 copies of the primer,
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{8843} In crubodiments, a reaction mixture or vessel provided hercin may comprise at least a
portion of a biclogical sample from a subject. The biological sample may be, for example,

saliva, blood, urine, a cheek swab, or a nasal swab. The subject may be 3 human,

{8844} In some embodiments, all of the steps of a moethod provided herein are performed at 2
temperature of no greater than 70, 65, 60, 65, 60, 55, 50, 45, 40, 35, 30, 25, 20, 15, o 10 C,
In some embodiments, some of the steps of a method provided herein are performed at a

temperature of no greater than 70, 65, 60, 85, 60, 55, 50, 45, 40, 35, 30, 25,20, 15, or 10 C.

{8845} In some embodiments, two or more steps of a method provided herein are performed
simultancously in the same reaction mixture. In some embodiments, all of the steps of a

method provided herein are performed simultancously in the same reaction mixture,

{8046} In some embodiments, in a method provided herein, a nucleic acid terpiate is
amplificd at least 10, 100, 1000, 10,000, 100,000, or 1,000,000-fold within 5, 10, 15, 20, 30,
40, 50, 60, 70, 80, 90, 120, or 180 minutes of initiation of the method. In some embodiments,
m a method provided herein, the mumber of copies of a nucleic acid template in a reaction
mixture 18 increased least 10, 100, 1000, 10,000, 100,000, or 1,000,000-fold within 3, 10, 15,
20, 34, 40, 50, 60, 70, 80, 90, 120, or 180 minutes of inifiation of the method.

180647} In embodiments, a nucleic acid template provided herein may be a single-stranded or

a double-siranded nucleic acid template,

{8848} In emmbodiments, provided herein is a vessel, comprising in fluid comymunication
therein: a first primer, wherein the first primer comprises a first region and a second region,
and wherein the second region of the first primer comprises a nucleotide sequence which is
complementary to a first portion of a polyoucleotide template; a second primer, wherein the
second primer comprises a first region and a second region, and wherein the second region
of the second primer comprises a nucleotide sequence which is complementary to a partner
nucleotide sequence, wherein the partner nucleotide sequence is complementary 1o a second
portion of the polynucleotide template; and at least one concatemer strand, wheremn the
concatemer strand comprises a §7 end and 2 37 end, and comprises a nucleotide sequence
having the general structure in the 57 to 37 direction of: O7-T-C7-T -X-C’, wherein: C°
represents the nucleotide sequence of the first region of the second primer, T represenis the
nucleotide sequence of the polynucleotide template or an analogous sequence thereof, and X

represents any munber and sequence of nucleotides.
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{88491 In some embodiments, provided herein is 3 vessel, comprising in fleid comnnication
therein: (A} an isolated vucleic acid pelymerase, (B) a2 nucleic acid template comprising at
least a first strand, (T} a first primmer comprising a $7 terminal nucleotide, a 37 terminal

N

nucleotide, and two regions: (i) a tail vegion cormprising {a) the 57 terminal nucieotide of the
primer (b} an innermost nucleotide, wherein the innermost nucleotide is downstream from the
57 terminal nucleotide (¢} a middle section between the 5 teroinal mucleotide and the
nnermost nucleotide, comprising one or more nucleotides, and (it} a template-binding region
comprising (a) the 37 terminal nucleotide of the primer (b} an innermost nucicotide, wherein
the innermost rucleotide is upstream from the 37 terrainal nucleotide (¢) a middle section
between the 37 terminal nucleotide and the immermost nuclectide, comprising one or more
nucleotides, wherein the template-binding region is complementary to a first strand of the
nucleic acid template, and (D) 2 second primer comprising a 57 terodnal mucieotide, a 37
terminal mucleotide, and two regions: (1) a tail region comprising () the 5 terminal
nucleotide of the primer (b) an fnnermost nuclestide, wherein the innermost nucleotide is
downstream from the § terminal nucleotide {¢) 3 middle section between the 57 terminal
nucleotide and the innermost nucleotide, comprising one or more nucleotides, and (i) a
template-binding region comprising (a) the 3° ternyinal nucleotide of the primer (b) an
mnermost nucleotide, wherein the npermost mucleotide is upstream from the 37 terminal
nuclootide (¢} a middle section between the 37 terminal nucleotide and the innermost
nuclentide, comprising one or more nucleotides, and wherein the template-binding region is
complementary to a nucleotide sequence complementary 1o fivst strand of the nucleic acid
template, and wherein the tail region of the second primer contains a nucicotide sequence
which is complementary to the nucleotide sequence of the tail region of the first primer, if the
sequences of the primers are aligned such that the 5 terminal nucleotide of the second primer
is aligned with the innermost micleotide of the tail region of the fivst primer and the 5
terminal nucleotide of the first primer is aligned with the lnnermost nucleotide of the tail

region of the second primaer.

{8858] In crubodiments, provided herein is a kit comprising two or more fhuidically isolated
containers, the containers collectively comprising: a first primer, wherein the first primer
comprises a first region and a second region, and wherein the second region of the first
primer comprises a nuclestide sequence which is complementary to a first portion of a
polynucieotide templaie; a second primer, wherein the sccond primer cormaprises a first region
and a second region, and wherein the sccond region of the second primuer comprises a
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nucleotide sequence which is complementary to a partner nucleotide sequence, wherein the
partner nucleotide sequence is complementary to a second portion of the polynucieotide
template; and an isolated DNA polymerase having strand-displacement activity; wherein: the

first region of the first primer and the first region of the second primer are complementary.

{8051} In some embodiments, provided herein is a kit for detecting a target nucleic acid of
mterest comprising at least a first strand, the kit comprising twe or more fhudically isolated
containers, the containers collectively comprising: {A) an isolated nucleic acid polymerase,
(B) a tirst primer coraprising a 37 ferminal nucleotide, 2 37 terminal nucleotide, and two
regions: {1} a tail vegion comprising {a) the 57 terminal nucleotide of the primer (b) an
mnermost nucleotide, wherein the inncrmoest nucleotide is downsiream from the 57 terminal
nucleotide {¢) a middle section between the 87 terminal nucleotide and the innermost
nucleotide, comprising one or more nucleotides, and (it} a template-binding region
comprising (a) the 37 terminal nucleotide of the primer (b) an innermost nucleotide, wherein
the innermost nucleotide is upstream from the 37 terminal nucleotide {¢) 3 middle section
between the 37 terminal nucheotide and the munermost nuclectide, comprising one or more
nucleotides, wherein the template-binding region is complementary to the first strand of the
target nucleic acid, and (C) a second primer comprising a 8 terminal nocleotide, a 3°
terminal nucleotide, and two regions: (i) a tail region comprising (a) the 57 terminal
nucleotide of the primer (b) an innermost nucleotide, wherein the innermost nucleotide is
downstream from the §7 terminal nucleotide {¢) a middle section between the 57 terminal
nucleotide and the inncrmost pucleotide, comprising one or more nucleotides, and (i) a
tenplate-binding region comprising (a) the 37 terminal nucleotide of the primer (b) an
muermost nucleotide, wherein the innermost nucleotide is upstream from the 37 terminal
nucleotide (¢) a middle section between the 37 terminal nucleotide and the innermost
nucleotide, comprising one or more nucleotides, and whercin the template-binding region is
complementary to 2 nucleotide sequence complementary to the fust strand of the target
nucleic acid, and wherein the tail region of the second primer containg a nucleotide sequence
which is complementary to the nucleotide sequence of the tail region of the first primer, if the
sequences of the primers arc aligned such that the 5 torminal mucleotide of the second primer
is aligned with the mnermost nucleotide of the tail vegion of the first primer and the 57
terminal nucleotide of the first primer is aligned with the immermost nucleotide of the tail

region of the second primer.
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{8852] In some embodiments, a kit provided herein comprises a nucleic acid having the

nucleotide sequence of the target mucleic acid of intorest.

18053} In some cmbodiments, a reaction mixiure, vessel or kit provided herein comprises a

nucleic acid dye.

[8854] In some embodiments, in a vessel or kit provided herein comprising an isolated
nucleic acid polymerase, the isolated nucleic acid polymerase is a DNA polymerase. In some
embodiments, in a vessel or kit provided herein comprising anisolated nucleic acid
polymerase, the isolated nucleic acid polymerase is a reverse transcriptase. In some
embodiments, in a vessel or kit provided herein comprising an isolated nucleic acid

polymerase, the vessel or kit comprises both 2 DNA pelymerase and a reverse transcriptase,

[8855] In some embodiments, in a method, vessel, or kit provided herein comprising a

nucleic acid polymerase, the nucleic acid polymerase has stvand displacement activity.

{8836} In some embodiments, a method provided herein comprises treating one or more of

the reaction components or steps of the method with a nocleic acid dye.

88587 In some embodiments, in & method, vessel, or kit provided hercin conprising 2
nucleie acid template, the template 1s a DNA molecule. In some embodiments, in a method,
vessel, or kit provided hercin comprising a nucleic acid template, the tomplaic is an RNA

molecule.

18058} In some embodiments, in 2 method, vessel, or kit provided herein comprising a first
primer, the tall region of the first primer comprises at feast 4, 5, 6,7, 8,9, 10, 11,12, 13, i4,
15,16, 17, 18, 19, or 20 nucleotides. In some embodiments, in a method, vessel, or kit
provided herein comprising a first primer, the tail region of the first primer comprises no
more than4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, or 60

nucleotides.

{80598} In some embodiments, in a method, vessel, or kit provided herein comprising a
second primer, the tail region of the second primer comprises at least 4, 5, 6, 7, 8, 9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, or 20 nucleotides. In some embodiments, in & method, vessel,
or kit provided herein comprising a second primer, the tail region of the second primer
comprises no more than 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 34, 40, 54,

or 60 nucleotides.
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[8868] In some embodiments, in a method, vessel, or kit provided herein comprising a first
primer, the temaplate-binding region of the first primer comprises at least 4, 5, 6,7, 8, 9, 14,
11,12, 13, 14, 15,16, 17, 18, 19, or 20 nucleotides. In some embodiments, in a method,
vessel, or kit provided herein comprising a first primer, the temaplate-binding region of the
first primer comprises no more than 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,

348, 44, 50, or 60 nucleotides.

{8861} In some embodiments, in a method, vessel, or kit provided herein comprising a
second primer, the template-binding region of the second primer comprises at least 4, 5,6, 7,
R,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides. In some embodiments, in g
method, vessel, or kit provided herein comprising a second primer, the template-binding
region of the second primer comprises no more than 4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16,

17,18, 19, 20, 30, 40, 50, or 60 nucleotides.

18062} In some embodiments, in methods and compositions provided herein wherein an RNA
molecule s the template molecule or primary nucleic acid, amplification of the template may

refer to generation of copies of DNA strands corresponding to the RNA molecule.

18663} In some embodiments, a method provided herein comprises measuring a fluorescent

signal from an assay comprising the method.

{8864} In some embodiments, a nucleic acid Higase may be included with a method or
composition provided berein. In some embodiments, a nucleic acid template may be
amplified more rapidly with a method provided herein when a ligase is included in a reaction
miixture for a method provided herein, as compared to #f a nucleie acid ligase 1s not inchuded
in the reaction. In embodiments, a reaction mixture, vessel, or kit provided hercin may

contain an enzyme having ligase activity.

[8865] In embodiments, provided herein is a method of assaying for a pathogen in a sample,
the method comprising performing a method as provided herein to amplify nucleic acid from
the pathogen. In embodiments, the target nucleic acid vsed in a composition or method
provided herein may be nucleic acid from a pathogen. In embodiments, the first and second
primer used in a method provided hercin may cach contain regions which arc complementary
te a sequence fo the nucleic acid of the pathogen, or which are complementary to a sequence
which 1s complementary to a sequence in the nucieic acid of the pathogen. Tn embodimenis,

the nucleic acid of the pathogen may be DNA or RNA. Pathogens may inclade, without
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limitation, viruscs, bacteria, fungi, and protists. A sample may be from a subject, and may

have any of the sample characteristics described clsewhere herein.

{8666} In embodiments, a method provided herein for amplification of a nuclicic acid may be
used for a diagunostic method externally of a buman or animal body. For example, a2 sample
may be obtained from a human or animal, and the sample may be assayed for a target nucleic

acid of interest with a method provided herein for amplification of nucleic acid.

18067} In cmbodiments, a method provided hercin may include: a) providing one or more
reagents for performing a method as provided herein {e.g. one or more of first privoer, second
primer, nucleic acid template, nucleic acid polymerase, mucleotides, buffer, water, etc} ina
reaction wuxture, and b} incubating the reaction mixture at a substantially isothermal
temperature, wherein the temperature of the reaction mixture does not diverge from a central
temperature by more or less than 28, 15, 10,9, 8,7, 6, 5, 4, 3, 2, or | degree Celsius durning
the incubation. In embodiments, a ceniral temperature may be, for example, 30, 35, 40, 45,

54, 55, 60, 65,70, 75, or 80 degrees Celsius.

8868} In embodiments, a method provided herein may be performed at a substantially
isothermal temperatire. In cmbodiments, a substantially isothermal temperature may be any
of 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, ot 80 degrees Celsius, plus or minus 20, 15, 10, 9, 8,

7,6,5,4,3, 2, or 1 degree Celsius,

[8869] In crubodiments, & method provided bercin may be performed at one or more
temperatures, none or which exceed 90, 85, 8D, 75, 70, 65, 60, 58, 50, 45, 40, 35, 30, or 23

degrees Celsius.

18878} In cmbodiments, methods provided hercin roay be performed without thermocycling /
reaction mixtures moay be fncubated under conditions without thermocycling (i.e. without
cycles of raising and lowering incubation temperatires to separate strands or allow

hybridization of primers as is used W, for example, PCR-based methods).

{88711 In compositions and methods provided herein involving a first primer comprising a
first region and a second primer comprising a first region, wherein the first region of the first
primer is comaplementary te the first region of the second primer, in embodiments, the first
region of the first primer and the first region of the second primer contain nucleotide

sequences such that a double stranded structure which would be formed by the annealing of
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the first region of the first primer to the first region of the second primer according to

Watson-Crick base patring rules would not form a restriction enzyme recognition sequence.

{8672} In compositions and methods provided herein involving s mucleic acid polymerase, in

cmbodiments, the nucleic acid polymerase bas 37 t0 57 exonuclease activity,

{88731 In cmbodiments, provided herein is a method for amplifying 8 target nucleic acid
strand, the method comprising: incubating a reaction mixture comprising the target nucleic
acid strand, a first primer, and a second prumer under substantially isothermal conditions,
wherein: the target nucleic acid strand comprises a first portion and a second portion; the first
primer comprises a first region and a second region, wherein the first region comprises a §°
end of the primer, the second region comprises a 3” end of the primer, and the second region
1s complementary to the first portion of the nucleic acid strand; the second primer comprises
a first region and a second region, wherein the first region comprises a 57 end of the primer,
the second region comprises a 37 cnd of the primer, and the second region is complementary
1o a sequence which is complementary to the second portion of the nucleic acid strand; the
fivst region of the first primer is complementary 1o the first region of the second primer; and
the target mucleic acid strand is amplified. Optionally, the target mucleic acid strand may
further comprise a third portion, wherein the third portion is situated in the farget nucleie acid
strand between the first portion and the second portion, and wherein the tirst region of the

second primer is complementary to the third portion of the target nocleic acid strand.

18074} In cmbodiments, in any of the methods provided herein, a, polynucieotide template,
target nucleic acid strand or the like may contain an internal motif, wherein the tail region of
a primer provided herein to amphify the target nucleic acid strand is complementary to the

mternal moiif

[88758] In embodiments, a method provided herein may further comprise adding to a reaction
mixture provided herein a peptide-nucieic acid (PNA) probe and a dye which binds to DNA-
PNA hybrid, wherein the PNA probe 15 complementary to 2 target mucleic acid for
amplification in the reaction mixture, or a complement thereof.

18676} In embodiments, a reaction mixture provided hercin may comprisc a DNA
polymerase having strand-displacerent activity.

{86771 When a mucleic acid is described herein as being “amplified” or the like, the nucleic

3

acid may also be described as being “copied” or the like.

25



WO 2015/076919 PCT/US2014/056151

{8878] In crubodiments, in a primer described herein as having a first region and a second
region, the first region may contain the 57 end of the primer and the second region may

9

contain the 3 end of the primer.

18879 In cmboduments, in a primer described herein as baving a tai region and a teraplate-
binding region, the first region may contain the 57 end of the primer and the second region

may contain the 3° end of the primer.

16088] In crubodiments, provided herein is methed for copying a pelyoucieotide template,
the method comprising: incubating a reaction mixture comprising the polynucleotide
template, a first primer, and a second primer under conditions without thermocycling,
wherein: the polynucleotide teraplate comprises a first portion and a second portion; the first
primer comprises a first region and a second region, wherein the first region comprises a 57
end of the primer, the second region comprises a 37 end of the primer, and the second region
is compiementary to the first portion of the polynucleotide template; the seccond primer
comprises a first region and a second region, wherein the first region comprises a 37 end of
the primer, the second region comprises a 37 end of the primer, and the second region is
complementary to a sequence which is complementary to the second portion of the
polynucieotide template; the first region of the first primer is complementary to the first
region of the second primer; and multiple copies of the polymueleotide template are
generated. Optionally, the polynucleotide template may further comprise a third portion,
wherein the third portion is situated in the polynucieotide feraplate between the first portion
and the second portion, and wherein the first region of the second priveer s complementary to

the third portion of the polynucleotide teroplate.

{8681} In cmbodiments, provided herein is a method for amplifying a polynucleotide
template, the method comprising incubating the polynucleotide template o a reaction mixture
comprising a first primer and a sccond primer, wherein: the polynucleotide template
comprises a first portion, a second portion and a third portion, wherein the third portion is
sttuated m the polynucieotide template between the first portion and the second portion; the
first primer comprises a first region and a second region, wherein the second region of the
fivst primer 18 complementary to the first portion of the polynoclestide template; and the
second primer comprises a first region and a sccond region, wherein the second region of the
second primer is complementary 10 a sequence which is complementary to the sccond portion

of the polynuclectide template, the first region of the second primer is complementary to the
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first region of the first primer, and the first region of the second primer is complementary to

the third portion of the pelynucieotide teroplate,

18082} In embodiments, provided herein is a method for assessing the identity of a nucleotide
at a position of interest n a nucleotide sequence in a polynucleotide template, the method
comprising: A) providing copies of the polynucleotide template in each of at least a fivst
reaction mixture and 8 second reaction mixture, whereint: the polynucleotide template
comprises a first portion, a second portion and a third portion, wherein the third portion is
sttuated m the polynucicotide template between the first portion and the second portion and
wherein the position of interest is in the third portion; the first reaction mixture compriscs
copics of the polynucleotide terplate, a first primer, and a second primer, wherein: the first
primer comprises a first region and a second region, wherein the first region comprises a &7
end of the primer, the second region comprises a 3” end of the primer, and the second region
1s complementary to a first portion of the polynucleotide terplate; the second primer
comprises a first region and a second region, wherein the first region comprises a §° end of
the primer, the second region comprises a 37 end of the primer, and the second region 18
complementary to a sequence which is complementary to a second portion of the
polynucleotide template; the first region of the first primer is complementary to the first
region of the sccond primer; and the first region of the second primer is complementary to the
third portion of the polynucieotide teraplate; the second reaction mixture comprises copies of
the polynucleotide template, a third primer, and a fourth primer, wherein: the third primer
comprises a first region and a second region, wherein the first rogion comprises 2 §° end of
the primer, the second region comprises a 37 end of the primer, and the second region 18
complementary to a first portion of the polynuacleotide template; the fourth primer comprises
a first region and a second region, whevein the first region comprises a §7 end of the primer,
the sccond region comprises a 37 end of the primer, and the second region is compleomentary
to a sequence which is coraplementary to a second portion of the polynucleotide template; the
first region of the third primer is complementary to the first region of the fourth primer; and
the first region of the fourth primer is complementary to the third portion of the
polynucleotide template; and the mucleotide sequence of the first region of the second primer
differs from the nucleotide sequence of first region of the fourth primer by a single
nucleotide, wherein the position of the different nucleotide in the second and fourth primers
corresponds o the position of the nucleotide of interest in the polynucieotide template if the
nucleotide sequence of the first region of the second primer or fourth privuer 15 oriented with
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the nucleotide sequence of the third portion of the polynuocicotide template for maxinnim
complementation of the sequences; B) incubating the first reaction mixture and second
reaction mixture under conditions without thermocyceling; and C) comparing the rate or
amount of amplification of the pelynucleotide template in the first reaction mixture to the rate
or amount of amplification of the polynucleotide template in the second reaction mixture,
wherein the rate or amount of amphification of the polynucleotide template is indicative of the
degree of complementation between first region of the second or fourth primer and the

nucleotide sequence of the third portion of the polynuclectide template.

{86831 Optionally, in embodiments provided herein mvelving a polynucleotide teraplate, the

polynucleotide template is a DNA strand.

{8084} Optionally, in embodiments provided herein involving a polynucleotide template, the

polynucleotide template is an RNA strand,

{8885} Optionally, in crobodiments provided hercin mvolving a polynucleotide teraplate, the
polynucieotide template is one strand of a duplex nucleic acid molecule. In embodiments, the

doplex mucleic acid molecule is a duplex DNA molecule or a duplex RNA molecule.

{8886] Optionally, in embodiments provided herein involving a reaction mixtare, vessel, or
kit, the reaction mixture, vessel, or kit comprises a DNA polymerase having strand

dispiacement activity.

{86871 Optionally, in embodiments provided herein involving a reaction mixture, vessel, or

kit, the reaction mixture, vessel, or kit comprises a reverse transcriptase.

{8088} Optionally, in embodiments provided herein involving a reaction mixiure, vessel, or

kit, the reaction mixture, vessel, or kit comprises a nucleie acid dye, nucleotides, or butters.

[888%] Optionally, in erobodiments provided herein imvolving a polynucleotide toraplate
containing a first portion, a second portion, and a third portion, the polynucleotide template
may have the general structure of elements, in the 3° to 57 direction, of: 1P-15-3P-28-2P,
wherein “1P” is the first portion, “15” is a first space, “3P” is the third portion, “258” is a
second space, and “2P” is the second portion. The “first space” and “second space” are
portions of the polynucleotide template which contain nucleotides which are not part of the
first portion, second portion, or third portion. In embodiments, the first portion may have, for
example, between 6 and 30 nucleotides or any other number of nucleotides as deseribed

elsewhere herein. In embodiments, the first space may, for example, between 2 and 30
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nucleotides or any other number of nuclectides as deseribed elsewhere herein, In
embodiments, the third portion may have, for example, between 4 and 14 nucleotides or any
other number of nucleotides as described elsewhere herein, In embodiments, the first space
may, for example, between 2 and 30 nucleotides or any other number of nucleotides as
described elsewhere herein. In embodiments, the first portion may have, for example,
between 6 and 30 nucleotides or any other number of nucleotides as described elsewhere

herein.

18098} In cmbodiments, in methods provided herein involving the incubation of a
polynucieotide template n a reaction mixture, a concatemer strand comprising at least 2, 3, 4,

3, or 190 copics of the polynucleotide temaplate may be generated during the incubation of the

reaction puxture.

[8891] In cmbodiments, provided herein is a method for amplifying 8 dooble stranded
nucleic acid molecule, the method comprising incubating the double stranded nucleic acid
molecule in a reaction mixture coraprising a first primer and a second primer, wherein: the
double stranded nucleic acid molecule comprises a first strand and a second strand, wherein
the first strand comprises a first portion and a third portion and the second sirand comprises a
second portion; the first primer comprises a first region and a sccond region, wherein the
second region of the first primer is complementary to the first portion of the first strand; and
the second primer comprises a first region and a second region, wherein the second region of
the second primer is complementary {o the sccond portion of the second strand, the first
region of the sccond primer is complementary 1o the third portion of the first strand, and the

first region of the second primer is complementary to the first region of the first primer.

18692} In cmbodiments, provided hercin is a reaction mixiore comprising: 8 polymicleotide
template, a fivst primer, and a sccond primer, wherein: the polynucieotide tenplate comprises
a first portion, a second portion and a thivd portion, wherein the third portion is situated in the
polynucleotide template between the first portion and the sccond portion; the first primer
comprises a first region and a second region, wherein the first region comprises a2 5° end of
the primer, the second region comprises a 37 end of the primer, and the second region is
complementary to the first portion of the polynucleotide template; the second primer
comprises a first region and a second region, wherein the first region comprises a 57 end of
the primer, the second region comprises a 37 end of the primer, and the second region s

complementary to a sequence which is complementary to the second portion of the
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polynucleotide template; the first region of the first primer is complementary to the first
region of the sccond primer; and the first region of the sccond primer is complementary 1o the

third portion of the polynucleotide template.

18893} In cmbodiments, provided herein is a kit for the amplification of a pelyoucleotide
template, the kit comprising: a first primer and a second primer, wherein: the first privoer
comprises a first region and a second region, wherein the first region comprises a §° end of
the primer, the second region comprises a 3” end of the primer, and the second region s
complermeniary to & first portion of the polyoucieotide template; the second primer comprises
a fivst region and a second region, wherein the first region comprises a 57 end of the primer,
the sccond region comprises a 37 end of the primer, and the second region is complomentary
to a sequence which is coraplementary to a second portion of the polynucicotide template; the
first region of the first primer is complementary to the first region of the second primer; and
the first region of the second primer is complementary to a third portion of the polynuocleotide
template, wherein the third portion is sitvated in the polynucleotide templiate between the fisst

portion and the second portion.

188941 Optionally, in embodiments provided herein mvolving a kit, the components of the kit

may be distributed between at least two separate fluidically isolated containers.

[8895] In embodiments, provided herein is a kit comprising two or more thudically isolated
containers, the containers collectively comprising: a first primer, a second primer, a third
primer, and a fourth primer, whercin: the first primer comprises a first region and a second
region, wherein the first region comprises a 57 end of the primer, the second region comprises
a 3" end of the primer, and the sccond region is complementary to a fivst portion of a
polynucieotide template; the second primer compriscs a first region and a second region,
wherein the first region comprises a 57 end of the prituer, the sccond region comprises a 37
end of the primer, and the second region is complementary to a sequence which s
complementary to a second portion of the polynucleotide template; the third primer
comprises a first region and a second region, wherein the first region comprises a2 5° end of
the primer, the second region comprises a 37 end of the primer, and the second region is
complementary to the first portion of the polynucleotide template; the fourth primer
comprises a first region and a second region, wherein the first region comprises a 57 end of
the primer, the second region comprises a 37 end of the primer, and the second region s

complementary to a sequence which is complementary to 8 second portion of the

kit
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polynucleotide template; the first region of the first primer is complementary to the first
region of the sccond primer; the first region of the third primer is complementary to the first
region of the fourth primer; and the nucleotide sequence of the first region of the first primer
differs from the nucleotide sequence of first region of the third primer by a single nucleotide.
Optionally, the first region of the second primer and the first region of the fourth primer are
both complementary 1o a third portion of the polynucleotide template, wherein the third
portion is sitaated in the polynucleotide template between the first portion and the second
portion. Optionally, the second region of the cach of the first primer, second primer, third
primer, and fourth primers is between 6 and 30 nucleotides in length. Optienally, the second
region of the each of the first primer, second primer, third primer, and fourth primers is

between 6 and 30 mucleotides in length.

{8096} In embodiments provided herein mvolving a kit, the kit may comprises a control
nucleic acid strand comprising the nucleotide sequence of a polynucleotide template to be

detected with reagents of the kit

{88971 In methods and compositions provided herein, optionally, a PNA probe and the dye
DiSc#(5) may be incloded. The PNA probe may specifically ameal to a target sequence for
amplification in the relevant reaction, and copics thereof, such that DNA-PNA duoplexes are
formed. Methods provided herein may include detecting a color change of the dye DiScz(5)
upon the binding of the dye to DNA-PNA duplexes. In embodiments, a PNA probe and dye
may be added to a reaction mixture provided herein after the initiation or after the completion
of the reaction. In embodiments, 2 PNA probe and dye may be added to 2 reaction mixture
provided herein at least 5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90 or 100 munutes after the
mitiation of the reaction, In embodiments, a PNA probe and dye may be added to a reaction
mixture provided herein no more than 5, 10, 15, 20, 30, 40, 50, 60, 70, 84, 90, or 100 minutes

after the initiation of the reaction.

[8898] References herein to generating a copy of or amplifying a polynuocieotide template or
nucleic acid template include gencrating a copy which contains the sequence of the
polynucleotide template / nucleic acid template, as well as gencrating a copy which contains
an analogous seqoence of the polymucleotide template / nocleic acid template, unless the
context clearly dictates otherwise. For instance, if a polynucleotide template is RNA,

generating a copy of the template can mnclude generating a copy which is a DNA molecule
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which contains the DMNA version of the RNA sequence of the polynuclectide tomplate (e, in

the DNA sequence, contains “T7s justead of “Us).
BRIEF DESCRIPTION OF THE DRAWINGS
{8098} In the drawings,

18108} FIG. 1 is a general schematic of a method provided herein; panecls 1A-1K depict steps
or teatures of the method. FIG. 1 inclades the following nucleotide sequences: 103:
AACGGTTGCTC (SEQ ID NG 1); 104: GAGCAACCGTT (SEQ 1D NO: 2); 105:
ATGGOAGC (SEQ ID NO: 3); 106: CCATAACG (SEQID NG 4y 111
ATGGGAGCAACCGTT (SEQ D NG: 5); 112: CCATAACGGTTGCTCCCAT (SEQ D
NG: 6); 13 ATGGGAGCAACCGTTATGG (SEQ IDNO: 7y, 121
CCATAACGOTTGCTCCCATAACGGTTGCTCCCAT (SEQ ID NQG: 8y 122:
ATGGGAGCAACCGTTATGGGAGCAACCGTTATGG (SEQ 1D NO: 9.

18161} FIG. 2A shows nucleotide sequences of certain primers used with methods provided
herein. FIG. 2A ncludes the following nucleotide sequences: PI primer, 37 nucleotides:
CGCCGGATGGCTCTTOGGAAACCAAACCGTACCAACC (SEQ TD NO: 10y, P
primer, 35 mucleotides: CCOGATOGGCTCTTGGOAAACCAAACCGTACCAACC (SEQ 1D
NG: 11y PUprimer, 33 nucleotides: GGATGGCTCTTGGGAAACCAAACCGTACCAACC
(SEQ 1D NO: 12); P1 primer, 31 nucleotides:
ATGGCTCTTGGGAAACCAAACCGTACCAACC (SEQ 1D NO: 13); P primer, 30
nucleotides: TGGCTCTTGGGAAACCAAACCGTACCAACC (SEQ D NO: 14); P
primer, 29 nuclectides: GGCTCTTGGGAAACCAAACCGTACCAACC (SEQ ID NG: 15);
Pl primer, 28 nucleotides: GCTCTTGGGAAACCAAACCGTACCAACC (SEQ ID NG
16); P1 primer, 27 nucleotides: CTCTTGGGAAACCAAACCGTACCAACC (SEQ 1D NO:
17); PI primer, 26 nucleotides: TCTTGGGAAACCAAACCGTACCAACC (SEQ TD NO:
18); P1 primer, 25 nucleotides: CTTGGGAAACCAAACCGTACCAACC (SEQ D NO:
19); Pl primer, 24 vucleotides: TTGGGAAACCAAACCGTACCAACC (SEQ 1D NO: 20y
P1 primer, 23 mucleotides: TOGGAAACCAAACCGTACCAACC (SEQ TD NO: 21); P2
primer, 36 naclestides: GTTTCCCAAGAGCCATCCGGCGATGCGGAATCGTACC (SEQ
1D NG: 22); P2 primer, 34 nucleotides:
GTTTCCCAAGAGCCATCCGGATGCGGAATGTACC (SEQ 1D NO: 23); P2 primer, 32
nucleotides: GTTTCCCAAGAGCCATCCATGCGGAATGTACC (SEQ IDNO: 24); P2
primer, 30 micleotides: GTTTCCCAAGAGCCATATGCOGAATGTACC (SEQ IDNG: 25);
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P2 primer, 29 nucleotides: GTTTCCCAAGAGCCAATGCGGAATGTACC (SEQ ID NO:
26); P2 primer, 28 nucleotides: GTTTCCCAAGAGCCATGUGGAATGETACC (SEQID
NO: 27); P2 primer, 27 nucleotides: GTTTCCCAAGAGCATCGCOGGAATGTACC (BEQ ID
NO: 28); P2 primer, 26 nucleotides: GTTTCCCAAGAGATGCGGAATGTACC (SEQ ID
NO: 29); P2 primer, 23 nucleotides: GTTTCCCAAGAATGCGGAATGTACC (SEQ IDNO:
30); P2 primer, 24 nucleotides: GTTTCCCAAGATGCGGAATOTACT (SEQ ID NG: 31);
P2 primer, 23 nucleostides: GTTTCCCAAATOGCGGAATOTACC (SEQ ID NG: 32); and P2
primer, 22 nucleotides: GTTTCCCAATGCGGAATGTACC (BEQ 1B NO: 33).

{8162} FIG. 2B is a graph depicting results from reactions performed according to a method

provided herein.

{8183} FIGs. 3A and 3B shows nucleotide sequences of certain primers used with methods
provided herein. FIG. 3A includes the following nucleotide sequences: C5:
ATGGCTCTTGGGAAACTGAAACCGTACCAACT (SEQ 1D NO: 34); DS:
GTTTCCCAAGAGCCATGGATGCGGAATGTACC (SEQ 1D NO: 35); Co:
GOCTCTTGGGAAACTGAAACCGTACCAACC (SEQ TD NO: 36); D6
GTTTCCCAAGAGCCGGATGUGGAATCTACC SEQ ID NG 37 CT:
CTCTTGGGAAACTGAAACCGTACCAACC (SEQ TD NO: 38); D7:
GTTTCCCAAGAGGGATGCGGAATGTACC (SEQ 1D NO: 39y CR:
TCTTGGGAAACTGAAACCGTACCAACC (SEQ D NG: 40); DE:
GTTTCCCAAGAGGATGUGGAATGTACC (SEQ IDNG: 41); o
CTTGGGAAACTGAAACCGTACCAACC (SEQ 13 NO: 42); DY
GTTTCCCAAGGGATGCGGAATGTACC (SEQ ID NO: 43); ClO:
TTGOGAAACTGAAACCGTACCAACC (SEQ ID NG: 44); D1
GTTTCCCAAGGATGUGGAATGETACC (SEQ ID NO: 45y CIL:
TOGGOAAACTGAAACCGTACCAACC (SEQ IDNO:46); DI L
GTTTCCCAGGATGCGGAATGTACC (SEQ 1D NO: 47); Cl2:
GGGAAACTGAAACCGTACCAACC (SEQ D NG: 48); and D12:
GTTTCCCGGATGCGGAATGTACC (SEQ 1D NO: 49). FIG. 3B includes the following
nucleotide sequences: Al ATGOGCTCTTGGGAAACTGCCTGAAACCGTACCAACC
(SEQ ID NO: 50); BI: GTTTCCCAAGAGCCATACAGGGATGUGGAATGTACC (SEQ
IDNG: §1); AZ GGCTCTTGOOAAACTGCCTGAAACCGTACCAACC (SEQ ID NG
52y, B2: GTTTCCCAAGAGCCACAGGGATGCGGAATGTACC (SEQ 1D NO: 33); A3

(O8]
[N
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CTCTTGCGOAAACTGCCTGAAACCGTACCAACC (SEQ ID NG: 54); B3:
GTTTCCCAAGAGACAGGGATGCGGAATGTACC (SEQ 1D NO: 35, A4
TCTTGGCAAACTGCCTGAAACCGTACCAACC (SEQ D NO: 56); B4:
GITTCCCAAGAACAGGCATCGCGCAATGTACC (SEQ ID NO: 571 AS:
CTTGGGAAACTGCCTGAAACCGTACCAACC (SEQ 1D NO: 58); BS:
GTTTCCCAAGACAGGGATGCOGAATOTACC (BEQ ID NO: §9); A6
TTGGOGAAACTGCCTGAAACCOGTACCAACC (BEQ 1D NO: 60); Be:
GTTTCCCAAACAGGGATGCGGAATGTACC (SEQ ID NO: 61); AT:
TGGOAAACTGCCTCGAAACCOTACCAACC (SEQ ID NO: 62), BT:
GTTTCCCAACAGGGATGCGGAATGTACC (SEQ ID NO: 63); A%
GOOAAACTGCCTCGAAACCOGTACCAACC (SEQ ID NO: 64); and BR:
GTTTCCCACAGGOATGCGGAATGTACC (SEQ 1D NO: 65).

{81084 FIGs. 3C and 3D are graphs depicting results from reactions performed according to a

method provided herein

18165} FIG. 4 15 a graph depicting results from reactions performed according to a method

provided herein.

18106} FIG. 5 15 a graph depicting results from reactions performed according to 2 method

provided herein,

{81071 FIG. 6 is a graph depicting results from reactions performed according to a method

provided herem.

18168} FIG. 7 is a sequence alignment depicting the nucleotide sequences of products
generated in reactions performed according to a method provided herein. FIG. 7 inclades the
following nucleotide sequences (in order from the top sequence in the alignment to the
bottom sequence in the alignment): SEQ 1D NG: 66
TCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTTGTACAGAAGGGGAA
GACCAAATTCTTGAGA; SEQID NO: 67:
TCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTTGTACAGAAGGGGAA
GACCAAATTCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTT, SEQ ID
NO: 68:
TCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTITGTACAGAAGGGGAA
GACCAAATTCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATIT; SEQ ID
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NG: 69:
TCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTTGTACAGAAGGGGAA
GACCAAATTCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTT, SEQ ID
NGO 70
TCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTTGTACTGAAGGGGAA
GACCAAATTCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTT, SEQ ID
NG: 71
TCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTTGTACAGAAGGGGAA
GACCAAATTCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTT, SEQ ID
NO: T2
TCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTTGTACAGAAGGGGAA
GACCAAATTCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTT, SEQ ID
NO: 73
TCTTGAGAGAACCUACTAACAGTAGAAGTACCATACATTTGTACAGAAGGGGAA
GACCAAATTCTTCGAGAGAACCCACTAACAGTAGAAGTACCATACATIT, SEQID
NGO T4
TCTTGAGAGAACCCACTAACAQTAGAAGTACCATACATTTGTACAGAAGGGGAA
GACCAAATTCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTT, SEQ ID
NGO 75:
TCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTTGTACAGAAGGGGAA
GACCAATTCTTGAGAGAACCCACTAACAGTAGAAGTACCATACATTT, SEQ ID
NG: 76:
GAACCCACTAACAGTAGAAGTACCATACATTTGTACAGAAGGGGAAGACCAAAT
GAACCCACTAACAGTAGAAGTACCATACATTT; SEQG ID NG: 77!
TCTTGAGAGAACCCACTAACTCTTGAGAGAACCCACTAAC, and SEQ ID NO: 78:
GGAAGACCAAATTCTTGAGA.

{8109 FIGS, 8A-BC are general schematics of features of embodiments of molecules

provided herein,

{8114} FIG. 915 a general schematic of features of embodiments of molecules provided

herein.

{8111} FIGS. 10A-10C arc general schematics of features of embodiments of molecules

provided herein.

(O8]
o
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18112] FIG. 11 is a graph depicting results from reactions performed according to @ method

provided herein.

{8113} FiG. 12 i3 a graph depicting results from reactions performed according to a method

provided herein.

{8114} It 15 noted that the drawings and elements therein are not necessarily drawn to shape

1

or scale. For example, the shapce or scale of clements of the drawings may be simplified or

.

modified for ease or clarity of presentation. It should further be understood that the drawings
and clements therein are for exemplary iHlustrative purposes only, and not be construed as
Limiting in any way.

DETAILED DESCRIPTION
18115} While the invention inclodes various modifications and alternative forms, specific
embodiments thereof are shown by way of example in the drawings and will berein be
described m detail. It should be understood, however, that there is no intent to himit the
mvention to the particudar forms disclosed, but on the contrary, the invention is to cover all
modifications, cquivalents, and alternatives falling within the spirit and scope of the invention

as defined by the claims.

{8116} In some embodiments, provided herein are methods and compositions relating to the

amplification of mucleic acids and the generation of concatemaers.

18117} In methods provided herein, generation of nucleic acid concatemers also amplifies the
pumber of copies of the nucleic acid template / particular nucleic acid in the concatemer.
Accordingly, refercoces herein to methods and compositions for the generation of

concatemers also apply to the amplification of nucleic acids.

19118} As used herein, a “polynucleotide” refers 1o a polymeric chain containing two or more
nucleotides. “Polynucleotides” inchudes primers, oligonucleotides, nucleic acid strands, cte,
A polymicleotide may contain standard or non-standard nucleotides. Typically, a
polynucleotide contains a 57 phosphate at onc termious (57 terminus”™) and 8 3 hydroxyl
group at the other terminus {3 terminus} of the chain. The most 57 nucleotide of a
polynucieotide may be referred to herein as the 57 terminal nucleotide” of the
polynucleotide. The most 3° nucleotide of a polynucleotide may be veferred to herein as the

“3” terrainal nucleotide” of the polyrucleotide.
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{8119} The term “downstream” as used hercin in the context of a polynucleotide containing a
57 terounal nuckeotide and a 37 torminal vucleotide refers o a position in the polynucleotide
which is closer to the 37 terminal nucleotide than a reference position in the polynuoclestide.
For ¢xample, in 8 primer having the sequence: 57 ATAAGC 37, the “G” is downstream from

the “T™ and all of the “A”s.

{8128} The term “upstreant” as used herein in the context of a polynucleotide containing a §
terminal nucleotide and a 37 terminal nucleotide, refers to 3 position in the polynucleotide
which is closer to the 5 terounal nucleotide than a reference position in the polvnucleotide.

For example, in a primer having the sequence: 57 ATAAGC 37, the “T” is upstream from the

“G”, the “C”, and the two “A”s closest to the “G7.

{8121} As used herein, “nucleic acid” includes both DNA and RNA ) including DNA and
RNA containing non-standard nucleotides. A “nucleic acid” contains at least one
polynucieotide (a “nucleic acid strand™). A “nucleic acid” may be single-stranded or double-

stranded.

18122} As used herein, 2 “concatemer” refers 10 a nucleic acid molecole which contains
within it two or more copies of a particular nucleic acid, wherein the copices are linked in
serigs. Within the concatemer, the copies of the particular nucleic acid may be Hoked divectly
to each other, or they may be indirectly hinked (e.g. there may be nocleotides between the
copies of the particular nucleic acid). In an cxample, the particuiar nocleic acid may be that
of a double-stranded pucleic acid template, such that a concatemer may contain two or more
copies of the double-stranded nucleic acid template. In another example, the particular
nucleic acid may be that of a polynucleotide template, such that a concatemer may contain

two or more copies of the polynucleotide tomplate.

{8123} As used herein, a “target” nucleic acid or molecule refers to a nucleic acid of interest.
A target nucleie acid / molecule may be of any type, including single-stranded or double

stranded DNA or RNA {c.g. mRNA),

18124} As used herein, “complementary” sequences refer to two nucleotide sequences which,
when aligned anti-paralle! (o cach other, contain multiple individual nucleotide bases which
can pair with cach other according 1o standard base-pairing rules {e.g. A-T, G-C, or A-U},
such that molecules containing the sequences can specifically anneal to each other. ¥t is not

necessary for every nucleotide base in two sequences to be capable of pairing with cach other
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for the sequences to be considered “complementary”. Sequences may be considered
complemeniary, for example, if at least 30%, 40%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
R5%, 90%, 95%, 98%, 99%, or 100% of the nacleotide bases in two sequences can pair with
cach other when the sequences are optimally aligned for complementation. In addition,
sequences may still be considered “complementary” when the total lengths of the two
sequences are significantly different from each other. For example, a primer of 15
nucleotides may be considered “complementary” to a longer polynucleotide containing
hundreds of nucleotides if multiple mdividual nuclectide bases of the primer can pair with
nucleotide bases in the longer polynucleotide when the primer is aligned anti-parallel to a
particular region of the longer polynucleotide.  Additionally, “complementary” sequences
may contain one or more nucleotide analogs or nucleohase analogs. As used herein,
“perfectly conplementary” or “perfect complementation” or the like refers two seguences
which are 100% complementary to each other (i.c. where there are no mis-matches between
the nucleotides of the sequences when the sequences are paired for maxinnum

complementation).

18125} As used herein, the term “isolated” as applied to proteins, nucleic acids, or other
biomolecules refers to a molecule that has been purified or separated from a component of its
natovally-occurring environment {(e.g. & protein purified from a cell in which it was naturally
produced). An “iselated” molecule may be jn contact with other molecules (for example, as
part of a reaction mixture). As used hercin, “isolated” molecules also inchude recombinantly-
produced proteins or nucleic acids which have an amino acid or nucleotide sequence which
occurs naturally. “Isolated” nucleic acids include polypeptide-encoding nucleic acid
molecules contained in cells that ordinarily express the polypeptide where, for example, the
nucleic acid molecule is at a chromosomal location different from that of natural cells. In
some embodiments, “isolated” polypeptides are purificd o at least 50%, 60%, 70%, 80%,
B0%, 95%, 98%, or 100% bomogencity as ovidenced by SDS-PAGE of the polypeptides
followed by Coomassic blue, silver, or other protein staining method.

18126} As used herein, a nucleic acid molecule which is described as containing the

s

“sequence” of a template or other nucleic acid may also be considered to contain the template
or other nucleic acid itself (e.g. a molecule which is deseribed as containing the sequence of a
template may also be described as containing the template), uniess the context clearly dictates

otherwise.
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18127} As used hergin, when a first polynucleotide is described as “anncaled”, “annealing™ or
the hike to a second polynucleotide, the entivety of the first polyoucleotide or any portion

thercof may anncal to the second polynucleotide, and vice versa.

18128} As used herein, a reference to “treating” 2 given object to a condition or other object
ot the hike refers to directly or indivectly exposing the given object to the recited condition or
other object. Thus, while a “treating” step may involve a distinet related action (e.g. adding
an enzyme to 8 vessel, shaking a vessel, etc.), not every “treating” step requires a distinct
related action. For example, a reaction involving one or more reagents can beset up in a
vessel, and once the reaction has been initiated, multiple events or steps may ocour in the
vessel without further human or mechanical intervention with the contents of the vessel. Une
or more of these vwltiple events or steps in the vessel may be described as “treating” an
object in the vessel, even if no separate miervention with the contents of the vessel occurs

after the initiation of the reaction.

18129} Embodiments of methods and compositions provided herein may be described with
reference to Figure 1. A primary nucleic acid 101 may be provided (Fig. 1A). The primary
nucleic acid 101 may contain the sequence of a nucleie acid template 102, The nueleic acid
template 102 may be a double-stranded nucleic acid containing a first strand 103 and a
second strand 104, In Figure 1, the first strand 103 of the double-stranded nucleic acid
template has an exemplary nucleotide sequence inthe 57 {0 37 direction of: AACGGTTGCTC
(SEQ D NO: 1), The first strand 103 also contains a §7 terminal nucleotide {the 57-most A)
and a 37 terminal nucleotide (the 37-muost C). The sccond strand 104 has an exemplary
nucleotide sequence in the 57 t0 37 divection of! GAGCAACCGTT (SEQ 1D NO: 2). The
second strand 104 also contains a §7 terminal nucleotide (the 53°-most G) and a 3” terminal

pucleotide (the 37-most T).

{8138] A first primer 105 and a second primer 106 may also be provided (Fig. 1B). In Figure
1, the first primer 1085 has an exemplary nucleotide sequence inthe 57 to 37 direction of!
ATGGGAGC (SEQ 1D NG 3). The first primer also contains a 57 torminal sucleotide (the
5’-most A) and a 3 terminal mucleotide (the 3-most C). The second primer 106 has an
exemplary nucleotide sequence i the 57 to 37 direction oft CCATAACG (SEQ ID NO: 4.
The second primer alse contains 8 57 terminal nocleotide (the §”-most C) and 2 37 terminal

nucleotide (the 3”-most G}, Although nucleic acid temeplate 102 of Figore 1 is 11 nucleotides
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in length and has an exemplary nucicotide sequence, these are exemplary, and not to be

considered as limiting.

{8131} The first primer 105 may comprise two regions: 1) a tail region and 1) a temaplate-
binding region (“temp” region). The tail region of the first primer 1035 may contain three
components: a) the 57 terminal nucleotide of the primer, b} an inmermost nucleotide, wherein
the mnermost nacleotide is downstream from the 57 terminal nucleotide, and ¢) a middle
section between the 57 terminal nucleotide and the innermost nucleotide, comprising one or
more nucleotides. Tn Figure 1, the tail region of the first primer 1035 has an exemplary
nucleotide sequence in the 57 to 3”7 divection of! ATG(, of which the 57 terminal nucleotide
of the primer is the A, the middle section is the middle TG, and the innermost nucleotide is
the 3’-most G, The template-binding region of the first primer 105 may contain three
components: a) the 37 terminal nucleotide of the primer, b} an inmermost nucleotide, wherein
the mnermost nocleotide s upstream from the 37 terminal micleotide, and ¢) a middle section
between the 37 terminal nucleotide and the innermost nucleotide, comprising one or more
nucleotides. ¥n Figure 1, the tenplate-binding region of the first primer 105 has an
exemplary nucleotide sequence in the 57 1o 37 direction of! GAGC, of which the 3”7 terminal
nucleotide of the primer is the C, the middle section is the middie AG, and the innermost

nucleotide is the 57 -most (.

[#132] The second primer 106 may comprise two regions: 1) a tail region and i) a template-
binding region. The tail region of the first primer 106 may contain three components: a) the
57 teroinal nuckeotide of the primer, b) an ionermost nucleotide, wherein the fnnermost
nucleotide 18 downstream from the 57 terminal nucleotide, and ¢} a middle section between
the 57 terminal nucleotide and the innermost mucleotide, comprising one or more nucleotides.
In Figure 1, the tail region of the second primer 106 has an exemplary nucleotide sequence in
the 57 10 37 direction of: CCAT, of which the 57 terminal nucleotide of the privaer is the 5°-
most C, the middle section 18 the middle CA, and the inmermost nucleotide 1s the T. The
template-binding region of the second primer 106 may contain three components: aj the 37
terminal nucleotide of the primer, by an innermost nucleotide, wherein the innermost
nucleotide is upstream from the 37 terminal nucleotide, and ¢) a middlc section between the
37 terminal mucleotide and the inmermost nucleotide, comprising one or more nucleotides. In
Figure 1, the tomplate-binding region of the second primer 106 has an exemplary nucleotide

sequence in the 5” to 3° direction of! AACG, of which the 3” torminal nucleotide of the
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primer is the G, the middle section is the middle AC, and the mnermost nucleotide is the 57-

most A.

18133} In some embodiments, the tail region of the second primer may contain a nucicotide
sequence which is complementary to the nucleotide sequence of the tall region of the first
primer, 1t the sequences of the primers are aligned such that the 57 terminal nucleotide of the
second primer is aligned with the inmermost nucleotide of the tail region of the first primer
and the §° terminal nocleotide of the first primer is aligned with the innermost nucleotide of
the tail region of the sccond primer. For example, in Figure 1, the tail region of the second
primer 106 has a nucleotide sequence in the §7 10 37 direction of CCAT, and the tail region of
the first primer 1035 has a nucleotide sequence in the 5° to 3° direction of ATGG. These
sequences arc complementary when the 57 terminal nucleotide of the second primer (C) s
aligned with the fnnermost nucleotide of the 1ail region of the first primer (G) and the 57
terminal macleotide of the first primer (A) is aligned with the imermost nucleotide of the tail

region of the second primer (T} 107 (Fig. 1B).

{8134} It should be noted that although the tail region of the second primer may contain a
nucleotide sequence which is complementary to the nucleotide sequence of the taif region of
the first primer, typically, products formed by the anncaling of the first primer to the second
primer are not desivable or useful for methods or compositions provided herein. Accordingly,
n some embodiments, steps may be taken to minimize the formation of first primer - second
primer annealed products. Such steps may include, for example, not pre-incubating a first
primer and a second primer under conditicns where the primers may interact for an extended

period of time before initiating a method provided herein.

{8135} The primary nucleic acid 101 may be freated with a first copy of the first primer 105a
and a polymerase 108 under conditions such that the template-binding region of the first copy
of the first primer 105a anneals to the first strand of the nucleic acid template 103 (Fig. 1C)
and an extension product of the first copy of the first primer 111 is formed (Fig. 15}, The
polymerase 108 may catalyze the formation of the extersion product of the first copy of the
fivst primer {11, The polymerase may have strand displacement activity, During the
synthesia of the extension product of the first copy of the first primer 111, the polymerase
may displace the sccond strand of the nucieic acid template 104 from the first strand of the
nucleic acid template 103, Typically, the extension product is generated from the 3° end of

the first copy of the first primer 105a. During the generation of the extension produet of the
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first copy of the fivst primer 111, the first copy of the fivst primer 105a may be covalently
linked to the synthesized extension product, such that the first copy of the fivst primoer
becomes part of the molecule described herein as the “extension product of the first copy of
the first primer”. The extension product of the first copy of the first primer 111 18
complementary to the first strand of the nucleic actd template 103, In some embodiments,
when the first copy of the first primer 1052 anneals to the first strand of the nucleic acid
template 103, the template-binding region but not the tail region of the first copy of the first

primer 105a anneals to the first strand of the nucleic acid temaplate.

{8136} In some embodiments, conditions such that the template-binding region of the first
copy of the first primer 10352 anneals to the first strand of the nucleic acid template 103 and
an exiension product of the first copy of the first primer 111 is formed may jnclude any
condition sufficient to support polymerase-based nucleic acid synthesis. Example conditions
for polymerase-based nucleic acid synthesis are known in the art and are provided, for
example, in Molecular Cloning: A Laboratory Manual, MR, Green and J. Sambrook, Cold
Spring Harbor Laboratory Press (2012), which is herein incorporated by reference in its
entirety. In embodiments, the template-binding region of the first primer or second primer
may support template-dependent extension of the primer by a nocleic acid polymerase, which

may extend the primer from the primer’s 37 cnd.

{81371 The extension product of the first copy of the first primer 111 may be treated with the
second primer 106 and a pelymerase 108 gnder conditions such that the template-binding
region of the sccond primer 106 anneals to the extension product of the first copy of the first
primer 1 (Fig. 1E)} and an extension product of the second primer 112 is formed (Fig. 1F).
The polymerase 108 may catalyze the formation of the extension product of the second
primer 106. The polymerase may bave strand displacement activity. The polymerase may be
the same type of polyroerase as is used to generate an extension product of the fivst copy of
the first primer 111, or it may be different. During the synthesis of the extension product of
the second primer 112, the polymerase may displace the first strand of the nucleic acid
tenplate 103 from the extension product of the first copy of the first primer 111, Typically,
the extension product is generated from the 37 end of the second primer 106, During the
generation of the extension prodoct of the second primer 112, the second primer 106 may be
covalently linked (o the synthesized extension product, such that the second primer becomes

part of the molecule described herein as the “extension product of the second primer”. The
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extension product of the second primer 112 is complementary to the extension product of the
first copy of the first prumer 111, In some embodimnents, when the second primer 106 anncals
i the extension produact of the first copy of the first primer 111, the template-binding vegion
but not the tail region of the second primer 106 anneals to the extension product of the first
copy of the first primer 111, The extension product of the second primer 112 contains a 57
terminal nucleotide, a 37 terminal nucleotide, and a 37 terminal region. The final nucleotide
otthe 37 terminal region (T) is the 3’ torminal nucleotide of the extension product of the
second primer (T), and the 37 terminal region contains the same nucleotide scquence as the
nucleotide sequence of the tail region of the second primer read v the 5° to 3” direction
(CCAT).

18138} In some embodiments, conditions such that the template-binding region of the second
primer 106 anneals 1o the extension product of the first copy of the first primer 111 and an
extension product of the second primer 12 is formed may include any condition sufficient to
support polymerase-based nucleic acid synthesis, including any condition discussed
elsewhere hercin. The conditions may be the same as used to generate an extension product

of the first copy of the first primer 111, or they may be ditferent.

{8139} The extension product of the second primer 112 may be treated with a second copy of
the first primer 105b and a polymerase 108 under conditions such that the template-binding
region of the second copy of the first primer 105h anneals to the extension product of the
second primer 112 (Fig. 13} and an exiension product of the second copy of the first primer
113 is formed (Fig. 1H). The polymerase 108 may catalyze the formation of the extension
product of the second copy of the fivst primer 113, The polymerase may have strand
displacement activity. The polymerase may be the same type of polymerase as is used to
generate an extension product of the first copy of the first primer 111 or an extension product
of the secound privaer 112, or it may be different. During the synthesis of the extension
product of the second copy of the first primer 113, the polymerase may displace the extension
product of the first copy of the first primer 111 from the cxtension product of the second
primer 112, Typically, the extension product is generated from the 3° end of the second
copy of the first primer 105b. During the generation of the extension product of the second
copy of the first primer 113, the second copy of the first primer 105b may be covalently
linked to the synthesized extension product, such that the second copy of the first primer

becomes part of the molecule described herein as the “extension product of the second copy
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of the first primer”. The extension product of the second copy of the first primer 113 is
complemeniary to the exiension product of the second primer 112, In some cmbodiments,
when the second copy of the first primer 10Sh anneals to the extension product of the second
primer 112, both the icraplate-binding region and the tail region of the second copy of the
first primer 105b anncals to the extension product of the second primer 112, The extension
product of the second copy of the first primer 113 contains a 5 terminal nucleotide, a 37
terminal mucleotide, and 8 37 terminal region. The final nucleotide of the 3° terminal region
(G} is the 3” terminal nucleotide of the extension product of the second primer (G}, and the 3°
terminal region contains the same nucleotide sequence as the nucleotide sequence of the tail

region of the first primer read in the 57 to 37 divection (ATGO).

8148} In some embodiments, conditions such that the template-binding region of the second
copy of the first primer 105b anneals to the extension product of the second primer 112 and
an extension product of the second copy of the first primer 113 is formed may inchude any
condition sufficient to support polymerase-based nucleic acid synthesis, including any
condition discussed elsewhere herein. The conditions roay be the same as used to generate an
extension product of the first copy of the first primner 111 or an extension product of the

second primer 112, or they may be different.

{8141} Generation of the extension product of the second copy of the first primer 113 may
result in the generation of a molecule comprising the extension product of the second copy of
the first primer 113 and the extension product of the second primer 112, which may be
referred to herein as the “sccondary nucleic acid” 115, Within the secondary nucleic acid
118, the extension product of the second copy of the first primer 113 may be annealed to the
extension product of the second primer 112, In addition, the secondary nucleie acid 113
contains the sequence of the nucleic acid template 102, The secondary nucleic acid 115 has a
greater nucleotide length than the nucleic acid template 102 alone, as in addition to the
sequence of the nueleic acid template 102, it may include the sequence of the tail regions of
the first primer and the second primer, and complementary sequences thercof. Specifically, a
secondary nucheic acid 115 may have a first end region 116 and a second end region 117, The
first end region 116 may comprise the 37 terminal region of the extension product of the
second primer 112, and the complement thereof. The second end region 117 may comprise
the 3° terminal region of the extension product of the second copy of the first primer 113, and

the compleraent thereof,
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18142] A first copy i15a and a second copy 1135b of the secondary nucleic acid 115 may be
formed or provided (Fig. 11}, The first copy 115a and second copy 115b of the secondary
nucleic acid 115 may be generated by any process whereby a nocleic acid having the general
structure of the sccondary nucleic acid 115 may be generated, including any process
discussed elsewhere hercin. For exanaple, the fisli process as described above for generating a
secondary nucleic acid 115 from a primary nucleic acid 101 may be repeated two times, in
order to generate the first copy 115a and the second copy 115 of the secondary nuecleic acid.
In another example, the first copy 1153 and the second copy 115b of the secondary nucleic
acid may be generated from a single copy of an extension product of a first copy of first
primer 1. In this example, two copies 112a, 112b of an extension product of the second
primer may be generated from the single copy of the extension product of a first copy of 2
first primer 111, which may occur if a first copy of the extension product of the second
primer 112a is displaced from the single copy of the extension product of the first copy of the
first prisner 111, thereby permitting the generation of a second copy of the extension product
of the second primer 112b from the single copy of the extension product of a first copy of a
first primier 111, Then, for exarople, an extension product of the second copy of the fust
primer 113a, 113b may be generated from cach copy of the extension product of the second
primer 112a, 112b, respectively. Additional procedures for the generation of a first copy
1153 and a second copy 115b of the secondary nucleic acid may also be performed and used

with methods provided herein.

18143} The first copy 115a and second copy 115b of the secondary nucleic acid may be
treated under conditions such that the 3” terodunal region of the extension product of the
second copy of the first primer of the first copy of the secondary nucleic acid 113a anneals to
the 37 terminal region of the extension product of the second primer of the second copy of the
secondary nucleic acid 112b, to produce a cross-over structure 118 comprising these strands
{Fig. 11} (for simplicity, strands 113b and 112a are not shown). The cross-over structure 118
may be further treated with a polymerase under conditions such that extension products of
both component strands 112b, 1138 are formed, the extension products which may be
referred to herein as a “first concatemer strand” 121 and a “second concatemer strand™ 122,
respectively. The first concatemer strand 121 and the second concatemer strand 122 may be
annealed together, and may be collectively referred to as a concatemer 120 (Fig. 1K), The
concatemer 120 may contain two of more copies of the nucleic acid teruplate 102, Within the

concatemer 1206, some or all of the two or more copies of the nucieic acid template 102 vay

4
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be separated from cach other by the sequences of the tail regions of the first primner 105 and
second primaer 106, where the sequences of the tail regions arc anuealed to cach other. For
example, i the concatemer 120 of Fig. 1K, the first copy of the first strand of the double-
stranded nucleic acid template is separated from the second copy of the first strand of the
double-stranded nucleic acid template by the sequence, in 57-37 order: CCAT. CCAT 15 also
the sequence, 1o 57-3” order, of the tail region of the second primer 106, Similarly, in the
concatemer 120 of Fig. 1K, the first copy of the second strand of the doable-stranded nucleic
acid template 1s soparated from the second copy of the second strand of the double-stranded
nucleic acid template by the sequence, in 57-3” order: ATGG. ATGG is also the sequence, in
5°-3" order, of the tail region of the first primer 105, Within the concatemer, the CCAT of

the first concatemer strand 15 annealed to the ATGG of the second concatemer strand.

{8144 In some embodiments, conditions such that a cross-over structure 118 or extension
products of the strands of a cross-over stractore are formed may include any condition
sufficient to support polymerase-based nucleic acid synthesis, including any condition
discussed elsewhere herein. The conditions may be the same as used to generate an extension
product of the first copy of the first primer 111, an extension product of the second primer
112, or an extension product of the second copy of the first primer 111, or they may be
different.

[8145] In some embodiments, concatemers provided herein may finrther increase in length
according to the process gencrally outlined in Fig 11-1K. For exanple, two of the
concatemer molecules 120 as shown in Figure 1K may be treated such that they form a cross-
over structure similar to that shown m Figure 1] {except with longer strands), followed by
generation of a larger concatemer molecule containing four copies of the nucleic acid
template 102, In another example, a sccondary nucleic acid 115 and a concatemer 120 may
form a cross-over structure, followed by generation of a larger concatermer mwolecule
containing three copics of the nucleic acid template 102, fn some embodiments, in metheds
provided herein, multiple different concatemers of multiple different lengths may be
stmultancously generated.

{8146} In embodiments, methods and compositions provided herein may be described with
reference to Figure 8. A polyoucieotide template 800 (Fig. 8A) may be a target for
amplification. The polyrucleotide tenplate 800 15 a single nucleic acid strand. The

polynucleotide template strand may exist as a fice, single-stranded molecule, or it may exist
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as part of a double-stranded molecule, in which the polynucleotide tomplate strand is
annealed 10 a complementary strand thereof. The polynucleotide template 800 may be DNA

or RNA.

18147} The polynucleotide template 800 may contain at least a first portion 801 (also
mdicated with an “()”) and a second portion R02 (also indicated with an “(31)”). The first
portion 801 and second portion 802 may each contain any number of nuecleotides, such as less
than 1004, 500, 400, 300, 200, 100, 90, 80, 70, 60, 50, 40, 30, 20, 15, 10,9, 8, 7,6, 5,4, 01 3
nucleotides each or at least 1000, 500, 460, 300, 200, 100, 990, 80, 70, 60, 50, 40, 30, 20, 15,
13,9, 8,7, 6, 5, 4, or 3 nucleotides cach, Typically, the fivst portion 801 and second portion
802 may each contain between 10 and 30 nucleotides, although the first portion 801 and
second portion 802 roay be other lengths as described clsewhere herein, as well. The first
portion 8501 and second portion 802 may contain the same ov a different mumber of
nucleotides. In some embodiments, the polymucleotide template 800 may contain other
portions in addition to the first portion 801 and second portion 802, In other embodiments,
the first portion 801 and sccond portion 802 may constifute the entirety of the polynucleotide
template R00. The polynucleotide teroplate 800 may have the length of a nueleic acid
template described elsewhere herein. The polynucieotide template 800 may be a portion of a
primary nucleic acid. The polynucleotide template may be present in a sample obtained from

a subject.

18148} The polynucieotide tomplate 800 may be incubated i a reaction mixture containing a
first primier 810 and a second primer 820 (Fig. §B). Typically, the reaction mixture condains
multiple copies of each primer, such as, for example, at least 4, §, 6, 10, 185, 20, 50, 104,
1000, 10,000, 100,000, or | million copies or more of each of the primers, The first primer
810 may have a first region 811 {also indicated with an “(1Y”) and a second region 812 (alsc
ndicated with an “(G1)”). The first region of the first primer 811 may have 2 5° end, and the
second region of the first primer 812 may have a 3” end. The first region of the first primer
may have a nucleotide sequence which is different from the nucleotide sequence of the
second region of the first primer. The second primer 820 may have a first region 821 {also
mdicated with a “(1)”) and a second region 822 (alse indicated with a “(31)”). The first region
of the sccond primer 821 may have a 57 end, and the second region of the second primer 822
may have a 3’ end. The first region of the second primer may have a nuclootide sequence

which is different from the nucleotide sequence of the second region of the second primer.
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18148} The second region of the first primer €12 may have a nucleotide sequence which is
complermentary to the nucleotide sequence of the first portion of the polynucleotide template
R01. In Fig. 8, nocleotide sequence of the first portion of the polynucleotide template 8CG1 is
represented by the fetier A, and the nucleotide sequence of the second region of the first
primer 812 is represenied by the letter A°, where A and A’ are complementary to cach other.
The second region of the second primer 822 may have a nucleotide sequence which s
complementary to a partner nucleotide sequence 830, wherein the partner nucleotide
sequence 830 is complementary to the nucleotide sequence of the second portion of the
polynucicotide template 802, In Fig. 8, the nucleotide sequence of the second portion of the
polynucleotide template 802 1s represented by the letter B, the nucleotide sequence of the
partner nucleotide sequence 830 is represented by the letter B, and the nucleotide sequence
of the secound region of the second primer 8272 s represented by the letter B, where B and B
are complementary to each other. In other words, as indicated by Fig. §, the nucleotide
sequence of the second portion of the polynucleotide template 802 (B) may be the same as
the nucleotide sequence of the second region of the second primer 822 (B). With
compositions and methods provided hercin, a partner nucleotide sequence 830 may be
generated, for example, as part of an extension product from the 3” end of the first primer. In
embodiments, the fivst region of the first primer 811 may be complementary to the first
region of the sccond primer 821, In Fig. &, the nucleotide sequence of the first region of the
first primer is represented by the letter C, and the nucleotide sequence of the first vegion of
the second primer is represented by the letter C7, where C and O are complementary to cach

other.

{8158} In embodiments, the first primer and second primer of Fig. 8 may have any of the
characteristics of the first primer and second primer deseribed elsewhere herein {e.g. as in
Fig. 1), respectively. Also, in embodiments, the first region of the first primer of Fig. § may
have any of the characteristics of the tail region of a first primer described elsewhere herein.
In emboediments, the second region of the first primer of Fig. 8 may have any of the
characteristics of the teraplate binding region of a first primer described elsewhere herein. In
embodiments, the first region of the second primer of Fig. 8 may have any of the
characteristics of the tail region of a second primer described elsewhere herein. In
embodiments, the second region of the second primer of Fig. 8 may have any of the

characteristics of the template binding region of a sccond primer described elsewhere herein.
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{8151} In crubodiments, a reaction mixiure containing a polynucleotide template 800 and at
least two copies of a first primer 810 and at least two copies of a second primer %20 may
contain one or more other components which may support polymerase-based nucleie acid
synthesis as described elsewhere herein (e.g. polymerases, nucleotides, buffers, water, etc.).
Similarly, a reaction mixture containing a pelyoucieotide teroplate 800 and at least two copies
of a first primer 810 and at least two copies of a second primer 820 may be incubated at any
ot the reaction conditions described elsewhere herein for supporting the amplification of a

nucleic acid template or the generation of concatemers.

{8152} In embodiments, upon incubation of a polynuclectide template 800 and at least two
copics of a first primer 810 and at least two copies of a second primer 820 in a reaction
mixture as described hercin, one or more concatemer strands may be formed (Fig. 8C). In
embodiments, a formed concatemer strand 840 may have a §” end and 2 37 end, and may have
a sequence containing the general structure n the §7 10 37 divection of C-T-C-T -X-C°,
wherein €7 18 the nocleotide sequence of the first region of the second primer, T is the
sequence of the polynucleotide template or an analogous sequence thereof, and X is any
number and sequence of nucleotides, Thus, as indicated by the general structure of the
concatemer strand, a concatemer strand may contain at least two copies of the sequence of the
polynucleotide template or an analogous sequence thereof, where the copies of the sequence
of the polyoucleotide temaplate are separated by at least the sequence of the first region of the
second primer. In embodiments, T may be an analogous sequence of the polynucleotide
template. As used herein, an “analogous sequence” of a polymucleotide template refers to a
sequence which contains a similar sequence as the polymucieotide template, but which
contains one or more analogous nucleotides to a nucleotide in the polynuclectide template.
Thus, for example, if the polynucleotide template contains an RNA sequence, an analogous
sequence thereof may be a DNA version of the same sequence (i.e. the uracils in the RNA
sequence are thymines fo the analogous DNA sequence), or vice-versa. Continuing with the
example, if the polynucleotide template contains an RNA sequence of 5" UACCUG 37, an
anafogous sequence is the DNA sequence of 57 TACCTG 37,

{81583} In erubodiments, in a sequence containing the general stroctore inthe 5 t0 37
direction of C’-T-C’-T -X-(C7, X is zerp nucleotides (i.c. the T and C sequence on either side
of the X are directly linked}. In other embodiments, X is less than 10,000, 5000, 4000, 3000,
2000, 1600, 500, 400, 300, 200, 100, 90, 80, 70, 60, 50, 40, 30,20, 15, 10,9, 8,7, 6,5,4, 01 3
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nucleotides. The nucleotides (if any} in X may have any sequence. In embodiments, X
contains a sequence having the general structure jo the 57 to 37 direction of [{C°-Tix] wherein
C’ is the nucleotide sequence of the fivst region of the second primer, T is the sequence of the
polynucieotide template or analogous sequence thereof, and N is any integer less than 1800,
300, 200, 100, 50, or 10, such as an integer between 1 and 500, 1 and 200, 1 and 100, 1 and
50, or | and 16. For example, if “N” is 3 when X contains a sequence having the general
structure in the 57 to 37 direction of [({-Tha], there are 3 sequential repeats of (C"-T) in the X
position of the structure C-T-C7-T -X-C°, such that the corresponding structure could be

written as: C-T-C-T-C-T-C-T —C7-T-C7, where the underlined C’s and Ts are the O°-T

repeats of the formula [(C°-Th]. Thus, for example, according to compositions and methods
provided herein, concatemer strands may be formed which contain tens or hundreds of copies
of the polyoucieotide temaplate. In erabodiments, a concatemer strand as provided m Fig. §
may have any of the characteristics of a concatemer strand deseribed elsewhere herein. Also,
n some embodiments, during the generation of a concatemer strand, at one or more positions
ofa C or T in a sequence having the general structure CO7-T-C7-T -X-C’, a small number of
nucleotides (e.g. 15 or less, 10 or less, S or less, ot 3 or less) may be inserted between a
and T.  Also, m some embodiments, during the generation of a concatemer strand, at one or
more positions of a € or T in a sequence baving the general structure O-T-C7-T-X-C7 or a
small number of nucleotides {e.g. 15 or less, 10 or less, 5 or less, or 3 or less) may be deleted
from a C” or T sequence. Thus, concatemer strands generated according to methods provided
herein may inchade strands which have a general structure as provided herein, but which may
have a smalf number of nucleotides added or removed at one or more junction points between
different sequence cormaponents of the concatemer strand {(i.e. junctions between template
sequence and primer sequence / T and C7). Also, in embodiments, a concatemer strand as
provided herein may contain additional nuclectides (e.g. up to 3, 3, 10, 28, 50, 100, 500, 1000
or more additional mucleotides) at the 57 or 37 ¢nd of 8 molecule containing a concatemer
having a sequence with the general structure C7-T-C7-T -X-C’. In embodiments, a O of the
general structure C7-T-C7-T -X-C" may have any of the characteristics {e.g. length, sequenee)
of the tail region of a second primer described elsewhere herein. In embodiments, a T of the
general structure C7-T-C7-T -X-C” may have any of the characteristics (e.g. length, sequence)
of a polynucleotide template strand described elsewhere herein.

{8184} In embodiments, a concatemer sirand 840 generated according to method provided
herein may be part of a single-stranded molecule. o other embodiments, 2 concaterer strand
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840 generated according to method provided herein may be part of a double-stranded
concatemert, in which the concatemer strand 840 is annealed to g strand which is
complementary to the concatemer strand 350, While Fig. 8C depicts concatemer strands
having a scquence having the general structure in the §7 to 37 divection oft C7-T-C7-T -X-C°
{strand 840) or C-T°-C-T7-X-C (strand 850}, wherein X is 0 nuclootides, a concatemer strand
generated according to the schematic of Fig. 8 may have any of the characteristics of a
concatemer strand deseribed above or elsewhere herein. Also, as relating to Fig. 8C,
sequences A and B are part of the template strand, and thus arc not separately notated in the

general structure C7-T-C7-T -X-C or C-T7-C-17-X0-C,

18185} To further indicate the relationship of elements in embodiments of Figure 8, blocks
860, R62, 864, 866, and 868 arc provided in Figure 8. Block 860 (with a backslash-like fill}
mdicates the relative position of the total polynucleotide teroplate sequence (i.e. element
800), or its complementary sequence. Block 862 (with vertical ine fill) indicates the relative
position of the sequence of first portion of the polynucicotide feraplate (i.c. the relative
position of the sequence of element 801), or Us complerentary sequence. Thus, block 862
also represents the sequence of the second region of the first primer (1.c. element 812), which
is complementary to element 801, Block 864 (with vertical and horizontal line fH) indicates
the relative position of the sequence of the second portion of the polynuclectide template (i.c.
the relative position of the sequence of clement 802), or its complementary sequence. Thus,
block 864 also represents the sequence of the partner nucleotide sequence (1.¢. element 830),
which is complementary to clement 802, Block 864 also indicates the relative position of the
sequence of the second region of the second primer 822, which may be the same sequence as
the sequence of the second portion of the polynuocleotide teroplate {element 802), or a similar
sequence. In other words, in embodiments the nucleotide sequence of 822 may be the same
as or similar to nucleotide sequence of 802, As depicted, for example, in Figore 8A, in
cembodiments, there are pucieotides in the polynucieotide template which are not part of the
first portion or the second portion of the polynucieotide template. For instance, in one
example, the first portion of the polynucleotide template may contain 15 nucleotides, the
second portion of the polynucleotide template may contain 15 nucleotides, and between the
fivst portion and second portion of the pelynucieotide template ave 25 nucleotides. Typicaily,
the first portion of the polynucleotide template and the second portion of the polynucleotide
template are each between 10 and 30 nucleotides in length, although other numbers are also
condemplated. For example, cach of the first portion and second pertion of the
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polynucieotide template may be at least 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
25, 30, 35, 40, 45, 50, or 100 nuclcotides, no morg than 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 28, 30, 35, 44, 45, 50, or 100 nuecleotides, orat feast 5,6, 7, 8, 9, 14, 11,
12,13, 14, 15, 16, 17, 1%, 19, 20, 25, 30, 35, 40, 45, or 50 nucleotides and no more than 6, 7,
8.9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, or 100 nucleotides {(with
the upper limit being above the lower limit). In embodiments, in the polynucleotide template
between the first portion and second portion, there may be, for example, atleast 1,2, 3,4, 5,
6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 100, 204, or 500
mucleotides, no more than 1,2, 3,4, 5,6, 7,8, 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25,
33, 35, 40, 45, 50, 100, 200, or 500 nucleotides, oratleast 1,2, 3,4, 5,6, 7,8, 9,10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 28, 25, 30, 38, 40, 45, 5¢, 100, or 200 mucleotides and no more than
2,3,4,5,6,7, 8 9 10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 100, 200,
or SGO nucieotides (with the upper limit being above the lower hout), Block 866 (with wavy
line fill) indicates the relative position of the sequence of the first region of the fivst primer
(i.e. the relative position of the sequence of element 811 / region “C”), or its complementary
sequence. Thus, biock 866 also represents the sequence of the first region of the second
primer {clement 821 /region “C™), which 15 complementary to element 811, Block 368
{with diamond fill} indicates the relative position of the sequence of the concatemer strand
{clement 840), or its complementary sequence. Thus, block 86K also represents the sequence
of a strand which is complementary 1o the concatemer strand (clement 850). As depicted in
Figure 8C, within the concatemer strand or its complement (868), two copics of the
polynucleotide template sequence or its complement (860} are present, separated by the
nucleotide sequence of the first region of the first primer or #s complement (866). In
addition, within the concatemer strand or its complement (868}, the mucleotide sequence of
the first region of the first primer or its complement (866) flank the polynucleotide template
sequence or its complemeni {860) on both ends. Also, within the concatemer strand or its
complement (868), there are two copies of the sequence of the second region of the first
primer or its complement (862) and two copies of the sequence of the second region of the
second primer or its complement (864}, which are both present in two copies as part of the
two copies of the polynucleotide template sequence or its complement. Blocks 860, 862,
R4, 866, and 868 are not to be interpreted to as to dictate any particular required size

relationship between the elements of Figure 8; rather blocks 861, 862, 864, 866, and K68 arg
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simply to help indicate the general position of the clements of Figure 8 relative to each other

1 certain embodiments provided herein.

81586} Concatemers generated according to methods and compositions provided herein may
be of any length of nucleotides. 1o some embodiments, concatemer molecules generated
herein may be at least 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 400, 500, 600, 700,
800, 900, 1000, 1500, 2000, 3000, 4000, S060, 6000, 7000, 8000, 8000, 10,000, 15,600,
283,000, or 25,000 nucleotides in length, in some embodimenis, concatemer molocules
generated herein may be no more than 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300,
400, 500, 600, 700, 300, 9040, 1000, 1500, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000,
10,060, 15,000, 20,000, or 25,000 nocleotides in fength, In some embediments, concatemer
molecules gonerated herein may have a length selected from a range having a minimum value
of 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 400, 500, 500, 700, 800, 900, 1000,
1500, 2000, 3000, 4000, S000, 6000, 7000, 8000, 9004, 10,000, 15,000, or 20,000
nucleotides in length, and a maximum value of 40, 50, 60, 70, 80, 90, 100, 150, 200, 250,
300, 400, 500, 600, 700, 800, 900, 1000, 1500, 2000, 3000, 4000, 5000, 6000, 7000, 8000,
S300, 10,000, 15,000, 20,000, or 25,000 nucleotides in length, 1o some embodiments, at least
some concatemers generated according to a method or composition provided herein have
characteristics described above. In some embodiments, at feast 10%, 20%, 30%, 40%, 50%,
60%, T0%, 8%, 90%, or 95% of concatemers generated according o a method or

composition provided herein have characteristics deseribed above.

18157} Concaterners generated according to methods and compositions provided hercin roay
contain any number of copics of a nucleic acid template or particular mucleic acid. Tn some
embodiments, concatemer molecules generated herein may contain at least 2, 3, 4, 5,6, 7, 8,
G106, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, or 109
copies of a nucheic acid teraplate or particular nucleic acid. In some embodunents,
concatemer molecules generated herein may contain no more than 2, 3,4, 5, 6,7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, or 100 copies of a
nuclete acid template or particular nucleic acid. In some embodiments, concatomer
molecules gencrated herein may have a number of copies of a nucleic acid template or
particelar nucleic acid selected from a range having a minimum value 0f2,3,4,5,6,7. 8, 9,
10, 11, 12, 13, 14, 1§, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, or 90 copies, and a

maximum value 0f 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40,

A
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45, 50, 60, 70, 80, 90, or 100 copiecs. In some embodiments, at least some concatemers
generated according to a method or composition provided herein bave characteristics
described above. In some embodiments, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, or 95% of concatemers generated according to 2 method or composition provided

herein have characteristics described above.

[8158] Progress of a method provided herein may be monitored m multiple different ways.

In embodiments, 2 reaction may be assayed for a nucleic acid amplification product {(e.g. for
the amount of the product or the rate of ts generation). Iu other embodiments, a reaction
may be assayed for the activity of a polymerase along a nucleie acid template (e.g. for
movement of a polymerase along a template strand). Thus, in some embodiments, cvenis of a
method provided herein may observed due to the accumulation of product from a roethod
(which may be during or after completion of steps of the method), or due to detectable events

gecurring during the steps of a method.

[8159] The presence of amplificd nucleic acids can be assayed, for example, by detection of
reaction products (amplified nocleie acids or reaction by-products) or by detection of probes

associated with the reaction progress.

{8168} In some embodiments, reaction products may be identified by staining the products
with a dye. In some embodiments, a dye may bhave greater fluorescence when bound to a
nucleic acid than when not bound to a nucleic acid. In embodiments, a dye may intercalaic
with a double-stranded mucleic acid or it may bind to an external region of a nucieic acid.
Mucleie acid dyves that may be used with methods and compositions provided herein inclade,
for example, cyaning dyes, PicoGreen ®, GhiGreen ®, RiboGreen ®, SYBR® dyes, SYBR ®
Gold, SYBR ® Green I, SYBR ® Green 11, ethidivm bromide, dihydroethidium,
BlueView™, TOTO ® dyes, TO-PRO ® dyes, POPO ® dyes, YOYO ® dyes, BOBO®
dyes, JOJO ® dyes, LOLO ® dyes, SYTOX ® dyes, 3YTO ® dyes, propidium iodide,
hexidium iodide, methylene blue, DAPI, acridine orange, quinacrine, acridine dimers, 9-
amino-6-chloro-2-methoxyacridine, bishenzimide dyes, Hoechst dyes, 7-aminoactinomycin
D, actinomyein 3, hydroxystilbamidine, pyronin Y, Diamond ™ dye, GelRed™, GelGreen™

and LDS 751,

18161} In scme embodiments, reaction producis may be identified by analysis of turbidity of

amplification reactions. For example, in embodiments, mcreased turbidity may be corrclated
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with formation of reaction products and reaction by-products (2.g. pyrophosphate complexed

with magnesium).

18162} In some embodiments, reaction products may be identified by separating a reaction
performed according to a method hercin by gel electrophoresis, followed by staining of the
gel with a dye for nucleic acids. The dye may be any nucleic acid dye disclosed herein or

otherwise known in the art.

18163} In some embodiments, any method or composition known in the art for the detection
of nucleic acids or for the generation of nucleic acids may be used with methods and

compositions provided herein.

{8164} In some embodiments, a nucleic acid probe which contains a nucleotide sequence
complementary to a portion of a nucleic acid template strand {or a strand having 2 similar or
identical sequence) and which contains one or both of a fluorescent reporter (fluorephore)

and a quencher are included in a reaction provided herein.

18165} In an example, a nucleie acid probe may contain a fluorescent reporter atits 57 or 37
terminus, and a quencher at the other terminus. The probe may further have a nucleotide
sequence containing, in order, at least a first, second, and third region, where the fivst and
third regions are complementary to each other, and where at least a portion of the second
region is complomentary to g portion of a strand of the nucleic acid tenplate (the probe
“detection sequence”). In some embodiments, the length of the second region may be greater
than the length of the first or third regions. In some embodiments, the length of the second
region may be between 1} and 40 nucleotides, and the length of first and third regions may be
between 4 and 10 mucleotides. The probe may have at least two different conformations: (A)
a conformation where the probe is not anncaled to its detection sequence and where the first
and third regions are annealed to each other; this conformation may be a “stem-loop”
stracture, where the first and third regions form the stem and the second region forms the
loop, and (B) a conformation where the probe is annealed to its detection sequence; in this
conformation, the second region or a portion thereof is annealed 1o its detection sequence and
the first and third regions are not annealed to each other. In conformation (A) of the probe,
the fluorescent roporter and quencher (which are located at opposite termint of the probe / at
the outer ends of the first and third regions may be in close proximity to cach other (both
being at the end of the stem structure formed by the annealing of the first and third regions),
such that the fluorescent reporter 1s quenched. In conformation (B) of the probe, the

5
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fiuorescent reporter and quencher may not be in close proximity to cach other, such that the
fluorescent reporter is not quenched. The probe may be used to monitor accunmuiation of a
selected reaction prodact, for example, under reaction conditions where the probe may either
form a stem-loop structure or anneal to its detection sequence. In some embodiments, if the
detection sequence is present, the probe may anveal to the detoction sequence, and the probe
may fluoresce in response to light of @ wavelength of the fluorophore’s excitation spectrum.
In contrast, if the detoction sequence is not present, the probe may form a stem-loop structure,
and not fluoresce in response to light of 3 wavelength of the fluorophore™s excitation

spectrum.

{18166} In another example, a nucleic acid probe may coniain a fluorcscent reporter at its §° or
37 terrotrws, and U roay be anncaled fo a nucleic acid privoer containing a quencher. The
nucleic acid primer containing a quencher may contain the quencher at a position in the
primer such that when the nucleic acid probe is annealed to the primer, the fluorescent
reporter is quenched.  The probe may be used to monitor accunulation of a selected reaction
product, for example, under reaction conditions where the probe may cither anneal to the
primer or anneal to its detection sequence in the reaction product. In some embodiments, if
the detection sequence is present, the probe may anneal to the detection sequence, and the
probe may flucresce in response to light of a wavelength of the fluorophore’s excitation
spocirum (thus Indicating the presence of the reaction product). In contrast, if the detection
sequence is not present, the probe may remain paired with the primer, and not fluoresce in

response to light of a wavelength of the fluorophore’s excitation specirum.

{8167} In probes containing a fluorescent reporter and quencher pair, the thiorescent reporter
and quencher may be selected so that the quencher can effectively quench the reporter. In
some embodiments, a fluorescent reporter 18 paired with a quencher where the emission
maximum of the fluerescent reporter is similar to the absorption maximum of the quencher.
Fluorophores that may be used as the fluorescent reporter include, for example, CAL Floor
Gold, CAL Fluor Orange, Quasar 570, CAL Fluor Red 590, CAL Fluor Red 610, CAL Fluor
Red 610, CAL Fluor Red 635, Quasar 670 (Bioscarch Techroelogies), VIC, NED (Life
Technologies), Cy3, CyS, Cy5.5 (GE Healthcare Life Sciences), Oyster 556, Oyster 645
{Integrated DNA Tochnologies), LC red 616, LC ved 610, LC red 640, LC red 670, LC red
705 (Roche Applies Scignce), Texas red, FAM, TET, HEX, JOE, TMR, and ROX,

(Juenchers that may be vsed inclade, for exanple, DDG-I, DDO-H (Eurogentec), Eclipse
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{(Epoch Biosciences), lowa Black FQ, lowa Black RQ {Integrated DMNA Technologics), BHQ-
1, BHQ-2, BHQ-3 (Bioscarch Technologies), Q5Y-7, Q5Y-21 (Molecular Probes), and
Dabeyl

18168} In some embodiments, a probe used with a composition or method provided herein
may be a peptide nucleic acid (PNA) probe.  Peptide nucleic acids are synthetic DNA analogs
1 which, for example, the phosophodiester backbone s replaced by repetitive units of N-(2-
aminoethyl) glycine and to which the purine and pyrimidine bascs are attached via a methyl
carbonyt linker. Optionally, 2 PNA probe may be provided in a reaction provided herein
which further contains a dye which binds to PNA-DNA duplexes, and which changes color
upon binding to PNA-DNA dupicxes. An example of such a dye is 3,37~
dicthylthiadicarbocyanine wodide [D15e(5)]. DhiScx(5) changes color from blue to purple
upon binding to PNA-DNA duplexes, and this color change may be observed, for example in
a spectrophotometer, by image analysis, or by an unaided homan eye. The use of PNA
probes and DBiSca(3) for detection of PNA-DNA duplexes is described, for example in
Wilhelmsson ct. al, Nucleic Acids Rescarch, 2002, Vol. 30, No.2 ¢3, which is herchy
meorporated by references for all purposes. In embodiments using a PNA probe, typically,
the PNA probe will be designed to be complementary to a sequence that is to be amplified in
the relevant amplification reaction. Thus, if the sequence is successfully smplified, the PNA
probe will anneal to DNA strands containing the amplified sequence, and this anncaling can
be detected (e.g. by chserving the color change in DiScx(5) when it binds to PNA-DNA
duplexes). Use of 3 PNA probe with embodiments provided herein thus may aid in
accurately deterndning reactions in which a sequence is successtully amplified, and 1o
differentiating these reactions from reactions which have non-specific amplification of
nucleic acids. To use a PNA probe with embodiments provided herein, optionally, the PNA
probe may be included in a reaction mixture provided herein at the start of the reaction. In
other cxamples, the PNA probe may be added to the reaction mixture at a time afier the
nitiation of the reaction or after the completion of the reaction. A dyve may be addedtoa
reaction mixture at the same time a PNA probe is added, or at a different time. For cxample,
m embodiments, a dye may be added to the reaction mixture at the start of the reaction, and
the PNA may be added at point after the mmitiation of the reaction. In embodiments, a kit
provided herein may firther contain a PNA probe which is complementary to a nucleotide

sequence to be amplified by reagents of the kit, and dyc which binds to PNA-DNA duplexes.
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18169} In some embodiments, a reaction performed according to a method provided herein
may be monitored in an apparatus containing a light source and an optical sensor. In some
situations, the reaction may be positioned in the path of light from the Hght source, and light
absorbed by the sample (c.g. in the case of 3 turbid reaction), scaitered by the sample {c.g. in
the case of 2 turbid reaction), or covtied by the sample (¢.g. 11 the case of 2 reaction
containing a fluorescent molecule) may be measured. Tn some embodiments, a method
provided herein may be performed or monitored in a device or module therein as disclosed in
U.S. Pat. App. Ser. No. 13/769,779, filed February 18, 2013, which is herein incorporated by

reference in its entirety.,

{8178} Using methods provided herein, specific amplification products of a nucleic acid
template of interest may be identified within, for example, 30 seconds, 1 minute, 3 minuates, 5
mingtes, 10 mingtes, 15 minutes, 20 minutes, 30 nunutes, 45 nunutes, 60 minutes, 90
minutes, 120 minutes, 180 minutes, or 240 minutes of initiation of an amplification reaction.
In other examples, using methods provided herein, amplification reactions which are positive
for a nucleic acid template of interest may be identified when as fow as 10, 50, 100, 300,
1060, 5000, 10,000, 50,000, 100,000, 500,000, or 1,000,000 copies of the template are
generated. In other examples, using methods provided herein, the presence of a nucleic acid
template of interest in a sample containing as few as 1,2, 3, 4, 5, 10, 15, 20, 23, 30, 44, 50,
100, 200, 500, 1060, 5000, or 10,000 copices of the template of interest at the start of the

method may be identified.

{8171} In crubodiments, methods provided hercin may be used to assay a sample for a target
nucleic acid of interest. In certain embodiments, the presence or quantity of a target nucleic
acid of mterest in a sample may be determined by a method involving determining an
imflection time for nucleic acid amplification in a reaction. An inflection time / inflection
point is & time ot a point where an amplification reaction is determined as being positive fora
nucleic acid template. An inflection time / pomt may be identified by one or more mdicators,
such as for example, the thme post-initiation of a reaction when a selected quantity of nucleic
acid has been generated 1o the reaction, the time when the rate of amplification in a reaction
changes from a bascline phase to an exponential phase, or the time when the rate of
amplification in a reaction changes from an exponential phase to a plateau phase, cte. In
cmbodiments, an inflection time / point may be identified based on a change in fluorescence

or absorbance of a reaction, or upon the fluorescence or absorbance of a reaction reaching a

(2]
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selected value. Tn certain cmbodimenis, the presence or quantity of a target nucleic acid of
mterest in a saraple may be determined by a method fnvoelving comparison of an inflection
time for mucleic acid amplification of a reaction of which has an onknown amount of target
nucleic acid of interest versus one or both of: 1) a reaction which is known to lack the target
nucleic acid of interest (i.¢. a negative control) or 1) a reaction which is known to contain the
target nucleic acid of interest (1.e. a positive control).  In embodiments, both a reaction
which contains the target nucleic acid of interest and a reaction which does not contain the
target nucleic acid may be measured for a selected flection time. In embodiments, the
presence of a target nucleic acid of interest in a samiple may be determined based on a method
which involves evaluation of the difference in time between intlection of a reaction
containing a sample which may or may not contain a target nucleic acid of interest, and a
fime of inflection of one or more reactions with known target nucleic acid of interest status
(e.g. which are known 1o contain or not contain the target nucleic acid of interest). For
example, a sample may be identified as containing a target nocleic acid of interest if the
inflection time of the reaction according to a method provided herein is at least 3, 5, 10, 15,
24, 30, 40, 50, 60, 90, 120, or 180 minutes carlicr than a corresponding reaction which is
known to not contain the target nucleic acid of interest. In another example, a sample may be
identified as containing a target nucleie acid of interest if the nflection time of the reaction
according to a method provided herein is no more than 3, 5, 10, 15, 20, 30, 40, 50, 60, 90,
120, or 180 minutes later than a corresponding reaction which is known to contain the target

nucleic acid of Interest.

18172} Methods provided berein may be performed for any length of time. Typically, the
method will be performed for a length of time sufficient to monitor, for example, the rate of
nucleic acid replication, the ocaurrence of polymerase activity, or the accumnlation of
amplification product. In some embodiments, a method provided herein may be performed
for a total of less than 10 seconds, 30 seconds, 1 nunute, 5 nunutes, 10 nunutes, 20 minutes,
30 mimutes, 45 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 6 hours, 8 hours, 12 howurs, 16
hours, or 24 howurs, by which time the rate of nucleic acid replication, the occurrence of

polymerase activity, or the accumulation of amplification product is measured.

181731 Methods provided herein may be terminated in various ways. In one embodiment,
steps of a method may end upon the reduction in concentration or complete consumption of

one or more reagends mvolved in one or more steps of the method (e.g. ANTPs). In another
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embodiment, sieps of a method may end upon inactivation of one or more enzymes involved
m one or o1 steps of the method {c.g. polymerases). Enzymes may be inactivated by
various ways. For example, enzymes may gradually lose enzymatic activity over time duc to
random events that affect the structure of the enzynie, or enrymes may be exposed to a

condition to accelerate the inactivation of the enzyme activity (e.g. high heat, extreme pH,

gte. )

18174} In some embodiments, a primary nucleic acid may be single stranded or double-
stranded. A single stranded primary nucleic acid may also be referred 10 herein as a “primary
polynucleotide™. A primary nucleic acid may be hincar or circular. A primary nucleic acid
may comprise a nucleic acid template. In some embodiments, the entirety of a primary
nucleic acid may be & nueleic acid template. o other embodiments, a primary nucleie acid
may contain one or more nucleotides which are not part of a mucleic acid template (e.g. the
primary nucleic acid may be of a greater length than a nucleic acid template contained within
the primary nucleic acid). In some embodiments, a primary vucleic acid may contain two or
more copies of a nucleic acid template. A primary nucleic acid may contain DNA, RNA, ora
mixture thereof. A double-stranded linear primary nueleic acid may have blunt ends or sticky
ends (“sticky ends” refer to ends having an overhanging strand having one or more unpaired

nuclootides).

{81751 A primary mucleic acid may be of any length of nucleotides. For example, a primary
nucleic acid may be at least 2,3, 4,5, 6,7, 8,9, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 45, 50,
643, 70, 80, 90, 100, 150, 200, 230, 300, 350, 400, 500, 750, 1000, or 1500 mucleotides in
length. In another example, 2 primary nucleic acid may be between 2 and 100,000, between
5 and 100,000, between 10 and 100,000, between 15 and 100,000, between 28 and 100,000,
between 25 and 100,000, between 30 and 100,000, between 50 and 100,000, between 70 and
100,000, between 100 and 100,000, between 200 and 100,000, between 2 and 10,000,
between 5 and 10,000, between 10 and 10,000, between 15 and 10,000, between 20 and
10,000, between 25 and 10,000, between 30 and 10,000, between 50 and 10,000, between 70
and 10,000, between 100 and 10,000, between 200 and 14,000, between 2 and 5,000, between
5 and 5,000, between 10 and 5,000, between 15 and 5,000, between 20 and 5,000, between 25
and 5,000, between 30 and 5,600, between 50 and 5,600, between 70 and 5,000, between 100
and 5,000, between 200 and 5,000, between 2 and 3,000, between § and 3,000, between 10

and 3,000, between 15 and 3,000, between 20 and 3,000, between 25 and 3,000, between 30
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and 3,000, between 50 and 3,000, between 70 and 3,000, between 100 and 3,000, between
200 and 3,000, between 2 and 1,000, between 5 and 1,000, between 10 and 1,000, between 15
and 1,000, between 20 and 1,000, between 25 and 1,000, between 30 and 1,000, between 50
and 1,000, between 70 and 1,000, between 100 and 1,000, between 200 and 1,000, between 2
and 500, between 5 and 500, between 10 and 500, between 15 and 500, between 20 and 500,
between 25 and 500, between 30 and 500, between 50 and 500, between 70 and 500, berween

100 and 500, or between 200 and 500 nuclootide bases in length.

18176} In some embodiments, a nucleic acid template may be single stranded or double-
stranded. A single strand of a nucleic acid template may be referred to herein as a
“polynuclectide teraplate”. A “polynucieotide template” as referred to hergin is not
precluded from binding 1o a complementary sequence thereof. In other words, a
“polynuclectide template” may be, for example, the entirety of a single-stranded nucleic acid
template, or it may be one strand of a dosble-stranded nucleic acid template. A nucleic acid
template may be contained in a primary nucleic acid molecule. In some embodiments, a
nucleic acid template may corstitute the entirety of a primary nucleic acid molecule. 1n other
embodiments, a nucleic acid template may be contained in a primary mucleic acid which
contains one or more nucleotides which are not part of the nucleie acid template (e.g. the
nucleic acid template may be of a shorier length than the primary mucleic acid which contains

the nucleic acid tomplate),

181771 A nucleic acid terapiate may be of any length of nucleotides. For example, a nucleic
acid template may be at least 2, 3,4, 5,6, 7, 8,9, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 45, 30,
60, 70, 86, 90, 1006, 150, 200, 250, 300, 350, 400, 500, 750, 1000, or 15300 nucleotides in
length. In ancther example, a nucleic acid template may be between 2 and 100,000, between
5 and 100,000, between 10 and 100,000, between 15 and 100,000, between 20 and 100,000,
between 25 and 100,000, between 30 and 100,000, between 50 and 100,000, between 70 and
100,000, between 100 and 100,000, between 200 and 100,000, between 2 and 10,000,
between 5 and 10,000, between 10 and 10,000, between 15 and 10,000, between 20 and
10,000, between 25 and 10,000, between 30 and 10,000, between 50 and 10,000, between 70
and 10,000, between 100 and 10,000, between 200 and 16,000, between 2 and 5,000, between
5 and 5,000, between 10 and 5,000, between 15 and 5,000, between 20 and 5,000, between 25
and 5,000, between 30 and 5,000, between 50 and 5,600, between 70 and 5,000, between 100

and 5,000, between 200 and 5,000, between 2 and 3,000, between 5 and 3,000, between 10
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and 3,000, between 15 and 3,000, between 20 and 3,000, between 25 and 3,000, between 30
and 3,000, between 50 and 3,000, between 70 and 3,600, between 100 and 3,000, between
200 and 3,000, between 2 and 1,000, between 5 and 1,000, between 10 and 1,000, between 15
and 1,000, between 20 and 1,000, between 25 and 1,000, between 30 and 1,000, between 50
and 1,000, between 70 and 1,000, between 100 and 1,000, between 200 and 1,000, between 2
and 500, between 5 and 500, between 10 and 500, between 15 and 500, between 20 and 500,
between 25 and 500, between 30 and 500, between 50 and 500, between 70 and 500, between

100 and 500, or betwoen 200 and 500 nucleotide bases in length.

{81781 A “primer” as used herein may refer to a polynuclectide which s 1) capable of
hybridizing to an original nucleic acid strand and 1) acting as a point of initiation for the
synthesis of a new nucleic acid strand, wherein the new nucleic acid strand is an extension
product of the primer and is complementary to the original strand. A primer may have a free
-~ group at s 37 terminus, which may serve as the origin of synthesis for the extension

product,

{81791 A primer may contain standard nucleotides [e.g. standard DNA deoxyribonucleotides
{deonyadenosine monophosphate, deoxyguanosine monophosphate, thymidine
monophosphate, deoxycytidine monophosphate) or standard RNA ribonucleotides (adenosine
monophosphate, guanosine monophosphate, uridine monophosphate, cytidine
monophosphate}], alternative nucleotides {e.g. mosine), modified nuclectides, nucleotide
anafogs, or a combination thereof. For example, an oligonucleotide primer may include
peptide nucleic acids, morpholines (e.g. phosphorodiamidate morpholine oligos), locked
nucleic acids {see, for example, Kaur, H, et. al, Biochemistry 45 (23}, 7347-55 {2006},
glycol mucleic acids, or threose nucleie acids. A primer may have a backbone, including, for
cxample, phosphodicster linkages, phosphorothioate linkages (3 non-bridging O is replaced
with sulfur), or peptide linkages (as part of a peptide nucleic acid).  Aliernative nucieotides,
modified nucleotides, and nucleotide analogs may be referred to collectively herein as “non-

standard nucleotides.”

{8188} The presence of a non-standard nucleotide in a primer may affect various properties
of the primer. In some cmbodiments, inclusion of a non-standard nucleotide in a primer may
increase or decrease the thermodynamic stability of a primer to a complementary sequence
thercof. For example, a primer having increased thermodynamic stability may contain a

locked nucleic acid. A primer having decreased thermodynamic stability may contain, for
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example, inosine (described by Auer et al,, Nucl Acids Res. 24; 5021-5025 {1996}y or a

negatively charged chemical group, such as a carboxylic acid.

{8181} A first primer or a second primer provided herein may be of any iength. The first
primer and second primer may countain the same number of nucleotides, or & different number
of nucleotides. In some embodiments, a first or second primer may be at least 2,3, 4, 5, 6,7
8,9,10, 11,12, 13, 14, 15,16, 17, 18, 19,20, 21,232, 23, 24, 25,26, 27, 28, 29, 34, 35, 44,

45, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 500, 750, 1000, or 1500 nucleotides

2

m length. In some embodiments, a first or second primer may be no more than 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21,22, 23, 24, 75, 26,27, 2%, 29, 30, 35, 40,
45, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 500, 750, 1000, or 1500 nucleotides
n tength. Insome embodiments, a first or second primner may have a length selected from a
range having a mimnuwm value of 2,3, 4,5,6,7,8, 9, 18, 11, 12, 13, 14, 15, 15, 17, 18, 19,
24,21,22,23,24, 25,26, 27,28, 29, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150, 200, 254,
300, 350, 400, 500, 750, or 1000 nucleotides in length, and a maximum value of 3,4, 5, 6, 7,
8,9, 10, 11,12, 13, 14, 15, 16,17, 18, 19,20, 21,22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40,
45, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 500, 750, 1000, or 1500 nucleotides

in length.

{8182} The tail region of a fivst primer or a second primer provided herein may be of any
length. Typically, the tatl regions of a first primer and a second primer divected to the same
template contain the same number of nucleotides. In some embodiments, the tail region of 2
first or second primer may be atleast 2,3, 4,5, 6,7, 4,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20,21, 22,23,24, 25,26, 27, 28, 29, 30, 35, 40, 45, 50, 60, 70, 80, 80, 100, 150, 200,
250, 300, 356, 400, SO0, 750, 1000, or 1500 nucleotides in length. In some embodiments, the
tail region of a first or second primer may benomore than 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,26, 27, 28, 29, 30, 35, 40, 45, 50, 60, 70, 80, 90,
100, 150, 200, 250, 300, 350, 400, 500, 750, 1000, or 1500 nucleotides in length. Insome
embodiments, the tail region of a first or second primer may have a length selected from a
range having a minimum value of 2, 3,4,5,6,7, 8,9, 10, 11,12, 13, 14, 15, 16, 17, 1§, 19,
20,21,22,23,24,25,26,27, 28,29, 30, 35, 40, 45, 50, 640, 70, 80, 90, 100, 150, 200, 250,
300, 350, 400, 500, 750, or 1000 nucleotides in length, and 2 maximum value 0£3, 4, 5,6, 7,

8,9, 10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21,22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40,
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45, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 500, 750, 1000, or 1500 nucleotides

m length.

{8183} The template-binding region of a first primer or a sccond primer provided herein may
be of any length, The template-binding regions of a first primoer and a second primer divected
to the same template may contain the same nomber of nucleotides, or a different number of
nucleotides. In some embodiments, the template-binding region of a first or second primer
may beatleast 2,3,4,5,6,7, 84,9, 10, i1, 12, 13, 14, 15, 16, 17, i, 19, 20,21, 22, 23, 24,
25,26,27,28, 29,30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 560,
750, 1000, or 1500 nucieotides in length. In some embodiments, the template-binding region
of a first or second primer may be no more than 2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 1§,
17,18, 19,20, 21, 22, 23, 24,25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150,
200, 250, 300, 350, 400, 500, 750, 1000, or 1500 nucleotides n length, In some
embodiments, the template-binding region of 8 first or second primer may have a length
selected from a range having a minimum value of 2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26,27, 28,29, 30, 35, 40, 45, 530, 60, 70, 80, 90, 100,
156, 200, 250, 300, 350, 400, 500, 750, or 1000 nucleotides in length, and a maximum value
of3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24, 2§, 26, 27, 2§,
29, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 500, 750, 1000, or

15300 nucleotides 1o length.

{8184} In some embodimenis, a primer may be of any length and contain any nucleotide
sequence which permits sufficiently stable and specific annealing of the primer to us
complement at the temperature being used for a method or step thereot mvolving the primer.
The exact length desired of a primer may depend on a variety of factors, including the
temperature of a reaction, the chemical compuosition of the primer, and the reaction involving
the primer. 1o some embodiments, the template-binding region of a primer may be of any
length and contain any nucleotide sequence which permits sufficiently stable and specitfic
annealing of the template-binding region of the primer to its complement at the teraperature
heing used for a method or step thereof involving the primer. The exact length desived of the
template-binding region of a primer may depend on a variety of factors, inclading the
temperatare of a reaction, the chemical composition of the template-binding region of the
primer, and the reaction involving the primer. The inclusion of one or more non-standard

nucleotides in the primer may change the desired length of the primer for use n a method
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provided herein, as compared to the length of a corresponding primer lacking a non-standard
nucleotide. For example, if with a method provided herein it is desired to have a primer with
a certain melting temperature (“Tm”), in some embodiments, 8 primer with the selected Tm
may be of a shorter iength if the primer contains at least some non-standard nucleotides, as
compared to if the primer condains ondy standard nucleotides. Generally, “melting
temperature” of a nucleotide sequence refers to the temperature at which 50% of nucleic
acids having the nucleotide sequence are based paired to a complementary sequence thereof
(i.e. are i a double-stranded molecule), and S0% of nucleic acids having the nucleotide

sequence are in single-stranded form.

{8185} In some embodiments, one or both of a first primer or second primer provided hercin
may be designed to contain a nucicotide sequence in the tail region of the primer which is
complementary to an internal motif (i.e. a nucleotide sequence) within a target nucleic acid
sequence. For example, referring again to Figure 1, the tail region of a first primer 105 may
contain a nucleotide sequence which s complementary o an internal motif in a second strand
of a double-stranded nucleic actd template 104, an extension product of a first copy of the
fivst primer {11, or an extension product of a second copy of the first primer 113, Similarly,
referring still to Figure 1, the tail region of a seccond primer 106 may contain a noucleotide
sequence which is complementary {o an internal motif in a first strand of & double-stranded
nucleic acid teraplate 103 or an extension product of the second primer 112, In at loast some
circomstances, having a nucleotide sequence in the tail region of a primer which is
complementary to an internal motif within a target nucleic acid sequence may increase the

speed or specificity of a reaction as described herein,

18186] Withowt being bound by theory, it is believed that having a nucleotide sequence in the
tail region of a primer which is complementary to an internal motif within a target nucleic
acid sequenee may increase the speed or specificity of a reaction according the mechanism
outhned 1o Figure 9. For brevity, Figure 9 and this mechanism is described only with
reference fo a first copy of a first primer, but cqually may apply to a second copy of a first
primer, a second primer, or the like, as appropriate. Also, Figure 9 and this mechanism is
described only with refevence o an extension product of a first copy of the first primer 111
which is annealed to an extension product of the second primer 112, but equally may apply to
other molecules containing an extension product of 3 primer described herein, Turning now

to Figure 9, at least a portion of the tail region of a first primer moay coutain a mucleotide
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sequence 901 {checkerboard filly which is complementary to an internal motif 902
{(hackslash-like fil}) in an extension product of a fivst copy of the first primer 111 and that
fivst primer may be integrated into the extension product of the first copy of the first primer
{as described elsewhere herein) 111, The extension product of the first copy of the first
primer 111 may be anncaled to an extension product of the second primer 112, During the
“breathing” of a duplex nucleic acid contaiming the extension product of the first copy ofthe
first prisner 111 and the extension product of the second primner 112, the tail region of the
primer 901 may move towards and may temporarily anneal to the internal motif 902 present
1 the extension product of a first copy of the first primer.  After temporarily annealing 1o the
mternal motif 902 in the extension product of the first copy of the first primer, the tail region
of the primer 901 may move back to its original position anncaled to the extension product of
the second primer 112, and optionally, it may repeatedly move back and forth between these
configurations (depicted by the arrows in Figure 9). During the time that the nucleotide
sequence of the tail region 901 is anncaled to the internal motif 902, one or more nucleotides
at the 37 terminus of the extension product of the second primer 112 may be un-anngaled, and
available for binding to a new copy of a first primer or to a complementary sequence in
another duplex nueleic acid (e.g. a secondary nueleic acid). In the event that one or more
nucleotides at the 37 terminus of the extension product of the seccond primer 112 binds to a
new copy of a first primer or {0 a complementary sequence in another duplex nucleic acid
{e.g. a secondary nucleic acid), cither of these cvents roay increase the rate of a reaction as
described elsewhere herein, for example, by the generation of a new extension product of the
first primer (which displaces the original first primer extension product during its gencration).,
Also, even without there being a mucleotide sequence 901 in the first primer which is
complementary to an internal motif 902, there may still be “breathing” between
complementary sequences in a duplex nucleie acid tn methods provided herein. However,
the amount of time during which a duplex nucleic acid may “breathe”™ may be increased when
there 1s a mucleotide sequence 901 in the first primer which is complementary to an internal
motif 902, and this may in turn increase the rate of a reaction aceording to 8 method provided
herein.

{8187} In embodiments, an internal motif may contain at least 2, 3,4, 5, 6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 38, 40, 45, 54, 75, or 100 nucleotides. In embodiments,
an internal motif may contain no more than 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 25, 30, 35, 40, 45, 50, 75, or 100 nucleotides. In embodiments, an mtemal motif

66



WO 2015/076919 PCT/US2014/056151

may contain atleast 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35,
40, 45, 50, or 75 and nomore than 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
25,30, 35, 40, 45, 50, 75, or 100 nuclectides (in which the upper value is above the lower
vafue). Typically, the nucleotide sequence in the primer which is complementary to the
mternal motif contains the same number of nucleotides as in the mternal motif. Also, the
nucleotide sequence in the primer which 18 complementary to the internal motif may be
perfectly complementary to the internal motif, or there may be one ¢r more mismaiched
nucleotides between the nucleotide sequence in the primer and the infernal motif. The start of
the internal motif may be separated by any distance from the 3 terminal nucleotide of the
primer which 1s extended to form the primer extension product which contains the internal
motif, but typically may be separated from the 37 terminal nuclestide of the primer, for
cxample, by atleast 2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35,
44, 45, 88,75, or 130 nucleotides. In embodiments, the start of the internal moif may be
separated from the 37 terminal nucleotide of the primer which is extended to form the primer
extension product which containg the internal motif by no more than 2, 3,4, 5, 6,7, 8, 9, 10,
11,12, 13, 14, 15, 16, 17,18, 19, 20, 25, 30, 35, 40, 45, 50, 75, or 100 nucleotides. In
embodiments, the start of the internal motif may be separated from the 37 terminal nucleotide
of the primer which is extended to form the primer extension product which contains the
imternal motifby atleast 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14,15, 16, 17, 18, 19, 20, 25, 30,
35,40,45, 80, or TS and nomore than 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 156, 17, 18, 19,
20,25, 30, 35, 40, 45, 50, 75, or 100 nucleotides {(where the upper number is greater than the

fower number).

{8188} As used herein, in the context of a single target nucleic acid strand / polynucicotide
template, an “internal motif” is a portion of the target nucleic acid strand to which the tail
region of one primer of a primer pair to amplify the target mucleic acid provided herein is
complementary, and which has the same or a similar nucleotide sequence as the tail region of
the other primer of the primer patr. Thus, for example, if the internal motif in a target nucleic
acid has the nucleotide sequence, in the 57 t0 37 direction of GGGATGGA, the tail / first
region of one primer of a primer pair used to anmplify the target nucleic acid according to 2
method provided herein will have the nucleotide sequence, inthe 5° to 37 direction of
TCCATCCC {or a similar sequence), and the tail / first region of the other primer of the
primer pair will have the sucleotide sequence, inthe 57 to 37 direction of GGGATGGA {(ora
similar sequence). Inthe context of a double stranded target nucleic acid, the torm “internal
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motif” refers to the relovant region of cither of the two strands, as described above fora
single strand. In the context of a primer extension product described hercin, an “internal
motif” refers to the portion of the extension product which is complementary to the portion of
the primer extension product which corresponds to the tail region of the primer that was
extended to form that particular primer extension product. Also, if reference is to be made to
a nucleotide sequence n a different strand which 1s complementary to the “internal motit” in
a particular strand, that complementary sequence may be referred to as herein as an “internal
motif complement”. Of note, in situations where two complementary nucleic acid strands arc
present (e.g. as in a double-stranded molecule containing two complementary primer
extension products), cach strand will have a different “internal motif” (the “internal motif’s
of the different strands will be complementary to each other}, so the description of an
“internal motif” provided herein may be qualified with reference to the relevant strand or
primer, where appropriate. For example, a double stranded nucleic acid may be described,
wherein the first strand of the nucleic acid has, in §°-3° order, portions C7-B-C-A-C’, and the
second sirand of the nucleic acid has, in 5°-3° order, portions C-A™-C’-B7-C, where portion
¢ of the first strand is amoesled to portion C of the second strand, portion A of the first
strand s anncaled to portion A7 of the second strand, ete. 1 portion C of the first strand
corresponds to the tatl region of a primer provided herein, and portion €7 is complementary
to portion C, then portion C of the first strand may be referred to as the “internal motif” of the
first strand, and portion €7 of the second strand may be reforred to as the “internal motif
complement” in relation to the first strand. At the same time, if portion C of the second
strand also corresponds to the tail region of & primer provided here, and it is complementary
to portion 7, then portion C of the second strand may be reforred to as the “internal motit”
of the second strand, and portion C of the first strand may be veferred to as the “internal motif

complement” i relation to the second strand.

18189} In combodiments, methods and compositions provided herein may be described with
reference to Figure 10. Features of Figure 10 may be described in generally the same way as

Figure 8, except that the template of Figure 10 also includes an internal motif,

{81941 A polynucleotide template 1000 (Fig. 10A) may be a target for amphification. The
polynucleotide template 1000 is a single nucleie acid strand. The polynuocleotide template

strand may exist as a free, single-stranded molecule, or it may cxist as part of a double-
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stranded molecule, in which the polynucleotide template strand is annealed to

complementary strand thereof. The polynucleotide teraplate 1000 may be DNA or RNAL

{8191} The polynucleotide template 1000 may contain at least a first porton 1001 {also
ndicated with an “(3)"" and [etier “A”) and a second portion 1002 (also indicated with an
“(11)” and letter “B”). The first portion 1001 and second portion 1002 may cach contain any
number of nucleotides, such as is described for the first portion and second portion of the
template in Figore 8. The first portion 1001 and second portion 1002 may contain the same
or a different sumber of nucleotides. In addition, the polymucleotide temiplate 1000 may
contain a third portion 1003 (also indicated with an “(111)” and letter “C”), which may also be
referred to as an “internal motif.” The internal motif typically contains between 6 and 10
nucieotides, although optionally may contain other numbers of nucleotides, such as at least 4,
5,6,7,8, 9,18, 11, or 12 nucleondes, no more than 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, or 20 nucleotides, or at least 4, 5,6, 7, 8, 9, 10, 11, or 12 nucleotides and no more
than 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides (with the upper vahse
being larger than the lower value). The internal motif 1003 typically is separated from the
fivst portion 1001 and the sccond portion 1002 on cither side by between 2 and 25
nucleotides, although may be separated by other mumbers of nucleotides such as at least 1, 2,
3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15§, 20, 25, 30, 35, 40, 45, or 50 nucleotides, no more
than 1,2,3,4,5,6,7, 8 9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, or 60 nucleotides,
orbetween 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,20, 25, 30, 35, 40, 45, or SO
mucleotides and 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 20, 2§, 30, 35, 40, 45, 50, or 60
nucleotides (with the upper value being larger than the lower value). In embodiments, there
may be the same mimber of nucieotides between the fivst portion 1001 and the internal motif
1003, as compared to between the second portion 1002 and the internal motif 1003 {e.g. there
may be 6 nucleotides between the first portion and the internal motif and 6 nucleotides
between the second portion and the internal motif). In other cmboduments, there may bea
different number of micleotides between the fivst portion 1001 and the internal motif 1003
than between the second portion 1002 and the internal motif 1003 (e.g. there may be 6
nucleotides between the first portion and the internal motif and ¥ nucleotides between the
second portion and the internal motif). In embodiments, there are no nucleotides between the
mternal motif and the first portion 1001 or the second portion 1002 {(e.g. 1n embodiments, the
imternal motif may be directly next to one or both of the first portion 1801 or second portion
1002).
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18192} The polynuclectide template 1000 may be incubated in a reaction mixture containing
a first primer 1010 and a second primer 1020 (Fig. 108}, Typically, the reaction mixiure
containg multiple copies of each primer, such as, for example, at least 4, 5, 6, 10, 15, 20, 50,
100, 1000, 10,000, 160,000, or | million copies or more of cach of the primers. The first
primer 1010 may have a first region 1011 (also indicated with an “(3)") and a second region
1012 (also indicated with an “(i1)”). The first region of the first primer 1011 may havea
end, and the second region of the first primer 1012 may have a 3” end. The first region of the
first primicr may have a nucleotide sequence which is different from the nucleotide sequence
of the second region of the first primer. The second primer 1020 may have a first region

1021 (also mdicated with a “(3)”) and a second region 1022 (also indicated with a “(11)”). The
fivst region of the second primer 1021 may have a §” end, and the second region of the second
primer 1022 may have a 37 end. The first region of the second primer roay have a nucleotide
sequence which is different from the nucleotide sequence of the second region of the second

primer.

19193} The second region of the first primer 1012 may have a nucleotide sequence which is
complementary to the nucleotide sequence of the first portion of the polynucleotide template
1001, In Fig. 10, nucleotide sequence of the first portion of the polynucleotide template 1001
is represented by the letter A, and the nucleotide sequence of the second region of the first
primer 1012 is represenied by the leiter A”, where A and A” are complementary to each other.
The second region of the second primer 1022 may have a nucleotide sequence which is
complementary to 8 partner nucleotide sequence 1034, wherein the partner nucleotide
sequence 1030 is compleomentary to the nucleotide sequence of the second portion of the
polynucleotide template 1002, In Fig. 10, the nucleotide sequence of the second portion of
the polymicleotide template 1002 is represented by the letter B, the mucleotide sequence of
the partner nucleotide sequence 1030 is represented by the letter BY, and the nucleotide
sequence of the second region of the sccond primer 1022 is represenied by the letter B, where
B and B’ are complementary to cach other. In other words, as indicated by Fig. 10, the
nucleotide sequence of the second portion of the polynucicotide teraplate 1002 (B) may be
the same as the nucleotide sequence of the second region of the second primer 1022 (B).
With compositions and methods provided hevein, a partner nucleotide sequence 1030 may be
generated, for example, as part of an extension product from the 3° end of the first primer, In
cmbodiments, the first region of the first primer 1011 may be complementary to the first

region of the second primer 1021, In Fig. 10, the nucleotide sequence of the first region of
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the first primer is represented by the letter C, and the nucleotide sequence of the first region
of the second primer is represented by the letter C°, where C and C” are complementary 1o

each other.

18194} In addition, the first region of the second primer 1021 may be complementary to the
miernal motif 1003 in the polynucleotide template. In Figure 10, the nucleotide sequence of
the mternal motif 1003 of the polynucleotide template is represented by the lotter C, wheve C
and 7 are complomentary to cach other. Thus, as indicated by Figure 10, in embodiments,
the first region of the first privger 1011 may have the same nucleotide sequence as the infernal
motif 1003 of the polynucleotide template, while the first region of the second primer 1021
has a scquence which is complementary to the internal motif 1603, In addition, the first
region of the second primer 1021 is complomentary to both the first region of the first primer
1011 and the nternal monif, while the first region of the first primer 1611 1s complementary

to the first region of the second primer 1011 and to the mternal motif complement.

{8195} In crobodiments, the first primer and second primer of Fig. 10 may have any of the
characteristics of the first primer and second primer described elsewhere herein {c.g. as in
Fig. 1 or 8), respectively. Also, in embodiments, the fivst region of the first primer of Fig. 10
may have any of the characteristics of the tail region of a first primer described clsewhere
herein. In embodiments, the second region of the first primer of Fig. 10 may have any of the
characteristics of the template binding region of a first primer described elsewhere herein. In
embodiments, the first region of the second primer of Fig. 10 may have any of the
characteristics of the tail region of a second primer described clsewhere herein In
embodiments, the second region of the second primer of Fig. 10 may have any of the

characteristics of the template binding region of a second primer described elsewhere herein.

18196 In cmbodiments, a reaction mixture containing a polynucleotide temeplate 1000 and at
least two copies of a first primer 1010 and at least two copies of a second primer 1020 may
contain one or more other components which may support polymerase-based nucleic acid
synthesis as described elsewhere herein {e.g. polyraerases, macleotides, buffers, water, ctc.).
Similarly, a reaction mixture containing a polynucleotide template 1000 and at least two
copics of a first primer 1010 and at least two copies of a second primer 1020 may be
incubated at any of the reaction conditions described clsewhere herein for supporting the

amplification of a nucleic acid template or the gencration of concatemers.
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181971 In ombodiments, upon incubation of a polynuclectide template 1000 and at least two
copies of a first primer 1010 and at least two copies of a second primer 1020 in a reaction
prxture as described herein, one or more concatemer strands may be formed (Fig, 10C). In
cmbodiments, 3 formed concatemer strand 1040 may have a 57 end and 2 3° end, and may
have a sequence containing the general structure o the 5" to 3° direction of: C-T-C°-T -X-C,
wherein € 15 the nucleotide sequence of the first region of the second primer, T 1s the
sequence of the polynucleotide template or an analogous sequence thereof, and X is any
number and sequence of nucleotides. As further indicated by Fig, 10C, within the sequence
of the polynucicotide template of strand 1040, i the 87 to 37 direction, the sequence of the
following portions of the template are present: B (the second portion of the polynucleotide
template), C (the internal motif), and A (the first portion of the polynucleotide template).
Thus, as shown in Fig. 10C, the sequence of the internal motif / internal motif complement
occurs at multiple positions in a concatemer strand in embodiments provided herem.
Specifically, in strand 1040, the sequence of the inlernal motif complement () appears in
the concatemer strand between the two copies of the sequence of the polynucicotide template
and at the ends of the strand, and the sequence of the internal motif {(C) nccurs in the same
strand within the sequence of the polynucicotide template. Thus, as indicated by the geneval
structure of the concatemer strand 1040, a concatemer strand may contain at least two copigs
of the sequence of the polynucicotide template or an analogous sequence thercof, where the
copies of the sequonce of the polyoucleotide template are separated by at least the sequence
of the first region of the second primer. In embodiments, T in the general strocture CO-T-C7-

T -X-{7 provided above may be an analogous sequence of the polynucleotide template.

{8198} In embodiments, a concatemer strand 1040 generated according to method provided
herein may be part of a single-stranded molecule. In other embodiments, a concatemer strand
1040 gencrated according to method provided herein may be part of a double-stranded
concatemer, 1o which the concatemer strand 1040 ts anncaled to a strand which is
complementary to the concatemer strand 1050, While Fig. 10C depicts concatemer strands
having s scquence having the general stracture i the 57 to 37 direction of: C-T-C-T -X-O7
(strand 1040) or C-T7-C-T7-X"-C (strand 1050}, whercin X is § nucleotides, a concatemer
strand generated according to the schematic of Fig. 10 may have any of the characteristies of
a concatomer strand described above or elsewhere herein. Alsg, as shown in Fig. 10C,
sequences A and B and C are part of the template strand, and thus are not separately notated
in the general structure C7-T-C7-T -X-C or C-T7-C-T7-X7-C.
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{8199} To further indicate the relationship of clements in embodiments of Figure 19, blocks
1060, 1062, 1064, 1066, and 1068 are provided in Figure 10, Block 1060 (with a backslash-
Like fill) mdicates the relative position of the total polynucleotide template sequence (1.e.
clement 1000}, or its complementary sequence. Block 1062 {with vertical line {ill} indicaies
the relative position of the sequence of first portion of the polvrucleotide template (i.c. the
relative position of the sequence of element 1001), or its complementary sequence. Thus,
block 1062 also represents the sequence of the second region of the first primer (Le. clement
1012), which is complementary to element 1001, Block 1064 (with vertical and horizontal
line fill) indicates the relative position of the sequence of the second portion of the
polynucleotide template (1.e. the relative position of the sequence of element 1002), ov its
complementary sequence. Thas, block 1064 also represents the sequence of the partner
nucleotide sequence (i.c. element 1030), which is complementary to element 1002, Block
1064 also indicates the relative position of the sequence of the second region of the second
primer 1022, which may be the same sequence as the sequence of the second portion of the
polynucieotide template (element 1002), or a similar sequence. In other words, in
embodiments the nucleotide sequence of 1022 may be the same as or sindlar o nuclectide
sequence of 1002, As depicted, for example, in Figare 10A, in embodiments, there are
nucleotides in the polynucleotide template which are not part of the first portion, second
portion, or third portion (internal motif) of the polypucieotide teruplate. Block 1066 {(with
wavy line filly indicates the relative position of the sequence of the first region of the first
primer {1.e. the relative position of the sequence of element 1011/ region “C”), or its
complementary sequence. Thus, biock 1066 also represents the sequence of the first region of
the second primer {element 1021 / region “C™), which is complementary to clement 1011, In
addition, block 1066 also represents the sequence of the internal motif or its complementary
sequence. Of note, the sequence of the internal motif or its complementary sequence 1s both
in the template sequence, as well as in the tails of the first and second primers. As described
clsewhere herein, the internal motif may be directly adjacent to oune or both of the first
portion or the second portion of the polynucleotide template, or there may be additional
nucleotides between the internal mofif and the first portion or the sccond portion. Block 1068
(with diamond fill) indicates the relative position of the sequence of the concatemer strand
(element 1040), or its complementary sequence. Thus, block 1068 also represents the
sequence of a strand which is complementary to the concatemer strand (element 1050}, As

depicted in Figure 10C, within the concatemer strand or its complement (1468), two copies of
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the polynucleatide template sequence or its complement (1060} are present, separated by the
nucleotide sequence of the first region of the first primer or its complement {1066}, This
sequence separating the copies of the polynueleotide template s also the sequence of the
mternal motif or its complement (1066). In addition, within the concatemer strand or Us
complement (1068}, the rucleotide sequeonce of the first region of the first primer or its
complement (1066} flank the polynucieotide template sequence or its complement (1060) on
both ends. Also, within the concatemer strand or its complement {1068), there are two copies
of the sequence of the second region of the first primer of is complement {1062) and two
copies of the sequence of the sequence of the sccond region of the second primer or its
complement {1064}, which are both present in two copies as part of the two copies of the
polynucleotide template sequence or its complement. Blocks 1060, 1062, 1064, 1466, and
1068 are not to be interpreted to as to dictate any particular required size relationship between
the clements of Figure 10; rather blocks 1060, 1062, 1064, 1066, and 1068 are simply to help
mdicate the general position of the clements of Figure 10 velative (o each other in certain

embodiments provided herein.

{82681 A primer provided hevein may be prepared by any suitable method. For exanmple, a
primer may be chemically synthesized. In ancther example, a naturally occurring nucleic
acid may be isolated, cleaved (e.g. with restriction enzymes), and/or modified to generate or

te become part of a primer deseribed herein,

182081} In some embodiments, a label may be attached to a primer. Labels fnclude, for
example, binding ligands (e.g. digoxin or biotin}, enzymes, fluorescent melecules /
fluorophores, luminescent molecules, quencher molecules, or radioisotopes. In other
embodiments, a base of an oligonucleotide may be replaced with a fluorescent analog, such
as 2-aminopurine (see, for example, Proc.Acad. Sci. USA, 91, 66446648 (1994}, which is

herein incorporated by reference in ifs entirety).
o 7

{8282} In some embodiments, conditions such that: 1) a template-binding region of a first
copy of a first primer anneals to 2 strand of 2 nucleic acid teroplate, 1) a torplate-binding
region of a second primer anmeals 1o an extension produet of a fivst copy of a first primer, 1)
a template-binding region of a second copy of a first primer anneals to an extension prodact
of a second primer, or iv) 8 3° terminal region of an extension product of a second copy of a
first primer of a fivst copy of a sccondary nucleic acid anneals to a 3° terminal region of an

extension product of a second primer of a second copy of a secondary nucleic acid, to
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produce a cross-over structure comprising these strands, may cach include (i.c. any of i}, i),
1i1), or v} may include) incubating the nucleic acids at a temeperature such that the strands of
double-stranded nocleic acid molecules “breathe” (1Le. undergo brief periods of localized
rupture of hydrogen bonds connecting base pairs} to a degree sufficient to facilitaie the entry
of a primer or diffevent nucleic acid strand between the strands of a double-stranded
molecule, and sufficient o permit the annealing of the primer or different nucleic acid strand
to one of the strands of the opened double-stranded nucleic acid molecole. In some
embodiments, methods or steps thereof may be performed or incubated at a tomperature of at
fcast 10, 15,20, 21,22, 23,24, 25,26, 27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42, 43,44, 45,46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 37, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68,69, 70,71, 72,73, 74,75,76,77,78, 79, 80, 81, 82, 83, 84,85, 90, or 95 C. In
some embodiments, methods or steps thereof may be perfomled or incubated at a fomperature
of no greater than 10, 15, 20, 21, 22, 23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38,39,40,41, 42,43, 44, 45,46, 47, 48, 49, 50, 51, 52, 53, S4, 55, 56,57, 58, §9, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73,74, 75,76, 77, 78, 79, 80, 81, 82, 83, 84, &5, 90, or
95 C. In some embodiments, methods or steps thereof may be performed or incubated at a
temperatare between 10, 15, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36
37.38,39,40, 41,42, 43, 44, 45,46,47, 48, 49,50, 51,52, 53, 54, 55,56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68,69, 70,71, 72,73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, or
90 Cand 15,20, 21, 22, 23, 24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 3§, 39, 40,
41,42, 43,44, 45, 46,47, 45, 49, 50, 51, 52, 53, 54, 55, 56, 87, 58, 59, 60, 61, 62, 63, 64, 65,
66,67, 68,69, 70,71, 72,73,74,75,76,77, 78,79, 80, 81, 8Z, 83, 84, 85, 90 0r 95 C.

~~4
~1

{82631 In some embodiments, for a method or steps thereof provided herein, the step or
method is performed at a temperature below the melting temperature (Tmy) of the relevant
potentially paired mucleotide strands, or regiouns thercof {e.g. the template-binding region of
the first primer to the first strand of a nucleic acid template, the template-binding region of
the second primer to the extension product of the fivst copy of the first primer, the fivst primer
to the extension product of the second primer, the 37 terminal region of the exiension product
of the second primer to its complement, the 3”7 torminal region of the extension product of the
first copy of the first primer to its complement, ete.}. In some embodiments, for a methed or
steps thereof provided herein, the step or method is performed at a temperature above the Tm
of the relevant potentially paired nucleotide strands, or regions thereof {e.g. the template-

binding region of the first primer to the first strand of a nucleic acid teraplate, the teraplate-

~3
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binding region of the second primer o the extension product of the first copy of the first
2 b
primer, the first primer to the extension product of the sccond primer, the 37 terminal region

9

of the extension product of the second primer to its complement, the 3° terminal region of the
extension product of the first copy of the first primer to its comploment, cic.}. In some
cmbodiments, for a method or steps thereof provided herein, the step or methed s performed
at a temperature at or within +/~ 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 20, or 25 C of
the Tm of the relevant potentially paired nocleotide strands, or regions thereot (e.g. the
template-binding rogion of the first primer to the first strand of a nucleic acid template, the
tenmplate-binding region of the second primer to the extension product of the first copy of the
fivst primer, the first primer to the extension product of the second primer, the 3”7 terminal
region of the extension product of the second primer to is complement, the 37 terminal region

of the extension product of the first copy of the first primer to #ts complement, otc.).

18204} In some embodiments, a nucleic acid polymerase is included with a method or
composition provided herein. A polymerase may generate an extension product of a primer.
The primer and extension product thercot may be complementary to a temaplate nucleic acid
strand. Generally, a mucleic acid polymerase will initiate synthesis of an extension product of
a primer at the 3° end of the primer. In some embodiments, a BDNA polymerase is included
with a method or composition provided herein. As used herein, a “DNA polymerase™ refers
te a nucleic acid polymerase which bas primary or exclusive pelymerase activity on DNA
templates. In some embodiments, a reverse transcriptase is incloded with a method or
composition provided herein. As used herein, a “reverse transcriptase” refers o a nuocleic
acid polymerase which can synthesize a DNA strand from an RNA template. Insome
embodiments, an ENA polymerase may be included with a method or composition provided
herein. As used herein, 3 “RNA polymerase” refers to a nucleic acid polymerase which can

synthesize an RNA strand from a DNA or RNA template.

[8205] In some embodiments, a polymerase provided herein may have strand displacement
activity. Polymerascs having strand displacement activity include, for example, cxo-Bea
DNA polymerase, phiZ9 DNA polymerase, Klenow Fragment of £, cofi DNA Polymoerase |,
Ventr DNA polymerase, Deep Venta DNA polymerase, 9°Nm DNA polymerase, Bst 2.0
DNA polymerase, and Large Fragment of Bst DNA Polymerase. Other polymerases having

strand displacement activity may also be used.



WO 2015/076919 PCT/US2014/056151

182067 Modified versions of polymerases may also be used with the methods and
compositions provided herein, provided that the modified polymerase has sequence-
dependent nucleic acid synthesis activity. A modified version of a polymerase (“modified
polymerase™) may have, for example, 100 or fewer, 70 or fower, 50 or fower, 40 or fower, 30
or fewer, 20 or fower, 10 or fewer, 5 or fower, 4 or fower, 3 or fewer, 2 or fewer, or 1
different anmyino acid from the sequence of the parent version of the polymerase. Tn some
embodiments, a modified polymerase may contain no more than 1000, 700, SO0, 460, 304,
200, 100, 54, 40, 30, 20, 140, or 5 greater or fower amine acids than the parent polymerase. In
some cmbodiments, a modified pelymerase may comprise a fragment of 2 parent polymerase.
In some embodiments, a modified polymerase may comprise a chimeric pelypeptide with a
portion dertved from a polymerase and a portion derived from a non-polymerase protein. In
some embodiments, a modified polymerase may have, for cxample, fncreased catalytic
activity, increased stability, or increased thermostability as compared to the parent

polymerase.

{92671 In some embodiments, a polymerase provided herein is thermostable. A thermostable
polymerase may have, for example, a half-hife of at least 5, 10, 185, 20, 30, 40, 50, 60, 90, 120,
or 180 minutes at 8 temperature of up to 25, 30, 35 40, 45, 50, 55, 60, 65, 70, 75, &0, 8S, 90,

or 95 C. In some cmbodiments, a modified polymerase may be thermostable.

[8208] In some embodiments, methods and steps thereof provided herein include or are
performed under conditions sufficient to support polymerase-based nucleic acid synthesis.
Example conditions for pelymerase-based nucleic acid synthesis are known in the art and are
provided, for example, in Green and Sambrook, supra. Non-hmiting components fora
polymerase-based mucleic acid synthesis reaction may inchide one or more of: polymerase
enzyme {at a concentration between, for example, .01 and 11 units enzyme per 50
microliters reaction volume, or any range therein jncluding, for example, between 0.01-1,
0.1-10, 0.1-5, 0.5-10, 0.5-5, 0.5-2, 1-10, or 1-5 units enzyme per 50 microliters reaction
volume, where 1 unit of enzyme will incorporate 15 umol of ANTPs into polymerization
product tn 30 minutes at 75 C); template (at a concendration of at least, for example, 1, 10,
100, 1,000, 10,000, or 100,000 copics per reaction); primer (at a concentration between, for
example, 0.01 and 10 micromolar, or any range therein including, for example, between .01~
1,0.1-310, 6.1-5, 0.5-5, or 0.5-2 micromolar); dNTPs {e.g. dATP, dTTP, dGTP, and dCTP, at

a concentration between, for example, 50 and 500 micromolar cach of JATP, dTTP, dGTP,
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and dCTP, or any range therein including, for example, between 50-354, 100-500, 100-300,
200-500, or 300-400 micromolar cach of dATP, dTTP, dGTP, and dCTP); salt {¢.g. Kl or
potassivm acetate, at a concentration between, for example, 1 and 200 millimolar, or any
range therein including, for example, between 1-100, 1-50, 1-20, 1-10, 10-20, 10-50, or 10-
200 milimolar); buffer (e.g. Tris-HCI or Tris-acetate, pH 7.8 - 8.5, at a concentration
between, for example, 1 and 160 millimolar, or any range therein including, for example,
between 1-50, 1-20, 1-10, 1.5, 1{-100, 20-100, or $0-100 milimglar); and magnesiom ions
(at a concentration between, for exanple 0.1 and 10 millimolar, or any range therein,
mcluding, for example, between 0.1-5, 0.1-1, 0.5-10, 0.5-3, or 8.5-2.5 millimolar).
Additional non-Emiting components for a polymerase-based mucleic acid synthesis reaction
may ncrease the speed of the reaction, increase the fidelity of the reaction, or increase the
stability of enzymes or DNA in the reaction, and may include one or more of: gelatin {at
concentration between, for example, 0.0001% and 0.1% w/v), BSA (at a concentration
between, for example, 0.01 and 1 microgram per microliter), sacrose {(at a concentration
between, for example (.01 molar and 0.8 molar), trehalose (at a concentration between, for
example 0.01 molar and 0.8 molar), DMS0 {at a concentration between, for example, 0.01
and 10% v/v}), betaine (at a concentration between, for example, 0.1 and 10 molar),
formamide {at a concentration between, for example, 0.1 and 10% v/v), glycerol (at a
concentration between, for example, 0.1 and 20% v/v), polyethylence glycol (at a
concerdration between, for example, 0.1 and 20% v/v), non-ionic detergents {e.g. NP-40 (at a
concentration between, for example, 0.01 and 1% v/v}, Tween-20 (at a concentration
between, for example, 0.01 and 1% v/v), or Triton X-100 {at a concentration betwoeen, for

I

example, 0.01 and 1% v/v)], ammonium ious {e.g. anmmordum sulfate {at & concentration

between, for example, 1 and 100 milhimolar)], and EDTA (at a concentration between, for
example, 0.001 and 0.1 millimolar). Other reagents may also be present in a polymerase-
based nucleic acid synthesis reaction provided herein. For exarpie, reagents sufficient to
synthesize RNA reaction products or reaction products containing non-standard vucleotides
may be used. Conditions sufficient to support polymerase-based nucleic acid synthesis may
include a varicty of temperatures and pH values. For example, the pH of a polymerasg-based
nucleic acid synthesis reaction may be between, for example pH 6.0 and pH 10.0, such as
6.5,7,7.5,7.8,7.9,8, 81,82, 83,9, or 9.5. The termnperature of a polymerase-based nucleic
acid synthesis reaction may be constant or varied. A constant temperature may be between,

for example, 10 C and 95 C, such as 20, 25, 30, 35, 37, 40, 42, 45, 50, 55, 60, 65, 70, 75, 80,

~3
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or 85 C. A varied temperature may be two or more different temperatures between, for
example, 10 C and 95 C, such as two or more teraperatures selected from 20, 25, 30, 35, 37,

40, 42, 45, S0, 55,60, 65,70, 75, 80, or 85 .

18209] Methods provided herein may be performed at a variety of tomperatures. Insome
embodiments, all steps of a method are performed at the same temperature. Thus,
temperature cycling such as in PCR s not necessary with methods disclosed heren. In some
embodiments, methods provided herein may be performed at two or more different
temperaturcs. In some embodiments, & reaction mixiure containing reagents for a method
provided herein is incubated at two or more different temperatures. In some examples,
different {cmperatures may be selected (o optimize the rate, accuracy, or other feature of
different steps of a method provided herein. For example, & temperature may be selected 1o
merease the enzymatic activity of a polymerase. In some examples, different temperatures
may be sclocted to tncrease the binding speeificity of a primer to a template or to increase the
accessibility of a template to a primer {c.g. higher temperatures may promote the separation
of duplex template nucleic acids). In some embodiments, all of the steps of a method
provided herein are performed at a temperature of no greater than 80, 70, 64, 58, 40, 30, 20 or
10 °C. In some cmbodiments, a method provided herein is performed at a temperatore
between 20-60, 30-70, 40-8{, 20-40, 30-50, 40-60, 50-70, 60-80, 30-40, 35-45, 40-50, 45-55,
30-60, 55-65 °C. Incertain embodiments, a sample containing a target nucleic acid may be
heated to a temperature greater than 40, 50, 66, 70, 80, 90, or 95 C before the initiation of a
method provided herein. In cortain embodiments, a reaction mixture provided herein may be
heated one time to an clevated tomperature greater than 40, 50, 60, 70, 75, 80, 85, 90, or 95 C
before or after the initiation of a method provided herein. After heating the reaction mixture
i the elevated temperature, it may be maintained at a lower temperature as provided
clsewhere herein {(e.g. at a tcraperature between 48-70 C) for the remainder of the
performance of the method. In embodiments, if a reaction mixture or sample is heated to an
elevated temperature before the nitiation of a method provided herein, a mucleic acid
polymerase may be added to the reaction mixture or sample afier the reaction mixture or
saraple has been heated to the clevated temperature, and the reaction mixture or sample has
been returned to a lower temperature as provided herem.  Methods disclosed herein may be

performed with or without a thermocycler.
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18218} As one consideration, the tomperature used for a method or step thereof provided
herein may be selected to be appropriate for the enzyme(s) being used in the step of the
method.  In some embodiments, for methods i which a polymerase is used, the
temperature(s) of the reaction is selected such that it dogs not significantly impair the activity
of the polymerase {¢.g. the tomperature of the reaction may be selected such that polymerase
has a half-life ofat least 24, 12, 6,4, 3,2, 1, 0.75, 0.5, 0.25, or 0.1 hours). Alernatively,
methods may be performed at a temperature that impatirs the activity of the enzyme(s) being
used in the method {¢.g. the temperature of the reaction may be selected such that an cnzyme
i the reaction has a halt-life of no more than 24, 12, 6,4, 3,2, 1, 0.75, 0.5, .25, or 0.1
hours). In some embodiments, if a method is performed at a temperature or other condition
{c.g. pH) that bmpairs the activity of one or more enzyme(s), additional enzyme may be added
to the reaction at one or more infervals afier the initiation of the method to supplement the

activity of the impaired enryme(s).

18211} In some embodiments, one or more steps of a method provided herein occur in the
same reaction vessel (e.g. tube, tip, container, cte.}). In some embodiments, all of the steps of

a method occur in the same reaction vessel.

{8212} Reagents for methods provided herein can all be provided together at the start of a
reaction, ot they may be added sequentially, where after one, two, or more steps new reagents
are added to a reaction. In some circumstances, new reagents {¢.g. enzymes, primers) may be
added to a reaction vessel during the course of the reaction, to increase the amount of
reagents available to act on substrates or to replace the function of reagents that have beconme
mactivated {e.g. enzymes). New reagents may be added 1o a reaction at one or more selected
fime intervals after the inttiation of a reaction of a methad provided herein (for example, at 1,

3,5, 7,10, 15, 20, 30, 43, or 60 minutes afier the intiation of & reaction).
, 3 b , 2 s

{8213} In some embodiments, one or more steps of & method provided herein may occur
simulancously. For example, after the generation of a single copy of an extension product of
a first copy of the first primer, multiple copies of an extension product of 2 second primer
may be sequentially generated from that single copy of an extension product of a first copy of
the first primer. As copies of the extension product of a second primer are sequentially
generated from the single copy of the extension product of a first copy of the first primer, the
ndividual copies of the extension product of a second primer may, for example, serve as a

template for the formation of an extension product of a second copy of the fivst primer, be a

8¢
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component of a secondary nucleic acid, be a component of a cross-over structure, or may be
an inttiation point for the formation of an extension product of an extension product of 2
second primer / first concatemer strand. In another example, two copies of a secondary
nucleic acid may form a cross-over structure at the same time that an extension produciof a
first copy of a first primer is generated from a first strand of a mucleic acid femoplate. In
another example, one copy of an extension product of a fivst copy of a first primer is
generated from a first strand of a nucleic acid template at the same time that an extension
product of the second primer is generated from a different copy of the exiension product of a
first copy of a first primer. Other steps provided herein may also occur simultancously. In
addition, in methods and compositions provided herein involving a double-stranded nucleic
acid template, either strand of the nucleic acid template may be considered a “first strand”,
and either primer of a primer pair provided hercin may be considered a “fivst privoer”.
Accordingly, in some examples, both strands of a double-stranded nucleic acid may be
simulancously used as “first strand” of a nucleic acid according to a method provided herein,
with opposite primers of the primer pair serving as the “fust primer” for the different “first
strands”. Also, various structures generated according to methods provided hercin may
optionally enter different pathways of methods provided herein. For example, n
embodiments, a first secondary nmuecleic acid may pair with a second secondary nucleic acid to
form & cross-over structure as described elsewhere herein, In other cmbodiments, & first
secondary nucleic acid may be invaded by 2 first primer, and the extension product of the
second primer may serve as a template for the generation of a new extension produet of the
first primer. In order to gencrate the new extension product of the first primer, the extension
product of the first primer which is part of the secondary nucleic acid is displaced. In another
example, in embodiments, a first concatemer may pair with another concatemer to form a
cross-over stroctare. In other embodiments, a first concatemer may be mvaded by a first
primer, and the first concatemer strand may serve as a iemplate for the gencration of a new
sccond concatemer strand. In order to generate the new first concaterner strand, the first
concatemer strand which 1s part of the concaterer is displaced. Other similar events may

also occur during methods provided herein,

{8214} Reactions and compositions provided herein may contain multiple copies of first
primers, second primers, primary nucleie acids, secondary mucleic acids, extension products
of a first copy of the first primer, extension products of a second copy of the first primer,
extension products of the second primer, cross-over structures, concatemers, and the like.
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Accordingly, methods provided herein may include processes wherein multiple steps
provided herein occur simultaneously, and such steps may occur with multiple copies of the

relevant molecules.

{8215} In some embodiments, two or more sets of first and second primers are provided ina
method or composition provided hercin, where each set contains a first primer and a second
primer, and where different primer sets are complementary to different mucleic acid
templates. The template-binding region of both the first and second primers in a set may be
complementary to different strands of the same double-stranded nucleic acid template,
Typically, the tail regions of the first and second primers in a given set have different, non-
complementary sequences from the tail regions of the first and second primer of other primer
sets to be used in the same methed or composition, so that the primer tails from the different
primer sets are not comnplementary. This may be desirable in order to prevent the formation
ot hybrid cross-over stractures containing strands derived from different nocleic acid
templates. Alternatively, tail regions of the fivst and second primers in two or more different
primer scts may have complementary sequences, i order to create hybrid cross-over
structures and concatemers containing strands derived from diffevent mucleic acid templates.
Inclusion of two or more primer sets in a method or composition provided herein may
support the simultancous amplification of multiple different nucleic acid templates in the
same reaction vessel. This may be usctud, for example, for anplifying multiple teroplates of
mnterest in a sample, or for assaying for the presence of multiple different templates in a
sampie. In some embodiments, §,2,3,4,5,6,7, 8,9, 10, 15, 20, 25, 30, 40, 50, 690, 70, 100,
200, 500 or more sets of first and second primers are provided 1o a method provided herein,
in order to amplity or assay forthe presence 0f 1,2, 3, 4,5, 6,7, 8,9, 10, 15, 20, 25, 30, 40,

58, 64, 70, 100}, 200, S00 or more different nucleic acid templates.

{8216} In some embodiments, in a method provided herein, a nucleic acid teowpliate may be
amplified rapidly. For example, in some embodiments, a nucleic acid template may be
amplified at least 50C-fold within 0.1, (.5, 1, 3, §, 10, 15, 20, 30, 40, 50, 60, 90, 120, or 180
minutes of starting the method. In another example, in some embodiments, a mucleic acid
template may be amplitied at least 10,000-fold within 0.1, 0.5, §, 3, 5, 10, 15, 20, 30, 40, 59,
64, 90, 120, or 130 mimites of starting the method. In ancther example, in some
embodiments, a nucleic acid template may be amplified at least 5, 10, 25, 30, 100, 250, 504,

1,006, 5,000, 10,600, 50,000, 100,000, 500,000, or 1,000,000-fold over the original amount

82



WO 2015/076919 PCT/US2014/056151

of the nucleic acid template present in a veaction mixture at the start of the method within 0.1
minute, 0.5 nuoute, 1 minute, 3 minutes, § minutes, 10 minutes, 15 minutes, 20 minuies, 30
minutes, 40 minutes, 50 minates, 60 minutes, 90 minutes, 2 hours, 3 hours, 4 hours, 6 hours,
8 hours, 12 hours, 16 hours, or 24 hours of initiation of the method. In some emboediments,
when a method is initiated, all of the reagents for the first step of the method are n a vessel
contaiming the reaction mixture for the method. In some embodiments, when a method s
mitiated, all of the reagents for all of the steps of the method are in a vessel containing the

reaction mixiure for the method.

{82171 In some embodiments, in a method provided herein, a mucleic acid teroplate may be
amplified at greater than s linear rate. In some embodiments, in a method provided herein,
nucleic acid template may be anplified exponentially. In some embodiments, o a method
provided herein, a nocleic acid template may at least double in number every 1, 2, 3, 5, 10,
15, 20, 25, 30, 45, 64, 90, 120, 180, or 240 minutes after the tnitiation of the method. In
some embodiments, a nuckeic acid tomplate may amplified at least §, 10, 25, 50, 100, 250,
500, 1,000, 5,000, 10,600, 50,000, 100,600, 500,000, 1,000,000, or 10,0600,000-fold over the

original amount of the nucleic acid template present in the reaction at the start of the method.

18218} The presence of multiple copies of a nucleic acid template in 3 concatemer generated
according to 8 method provided hereim may contribute to the rapid amplification of nucleic
acid templates according to methods provided herein. In particular, since multiple copies of a
strand of a nucleic acid template may be present in a single concatemer strand, the loading of
a single polymerase ondo a single concatemer strand may result in the generation of sultiple
copies of a strand of the nucleic acid template as the polymerase moves along the concatemer
strand. In some situations, the time reqaired for nucleic acid polymerases to encounter and
load onto pucleic acid stvands may significantly impact the overall speed of an amplification
reaction. For example, if cach nucleic acid strand that a polymerase encounters during a
replication reaction only contains a single copy of a strand of a nucleic acid template, 8
polymerase may need to encounier and load onto a now template strand afier each copy of the
strand of the tonplate is gencrated. In countrast, with a concatemer, after the polymerase
encounters and loads on a concatemer strand, 1t may synthesize nuidtiple copies of a strand of
the template without needing to leave the concatemer strand or encounter and load onto

another strand.
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18219} In some embodiments, provided herein are methods and compositions for the
generation of a double-stranded DNA concatemer from a single-stranded or double-stranded
RNA template. The method may be performed as described herein, except that a reverse
ranscripiase enzyme (e.g. AMV reverse transcriptase, M-MLV reverse transcriptase,
Superscript 1 ™ reverse transcriptase, Superscript T ™ roverse transcriptase, or
ThermoScript™ reverse transcriptase} s also included with the methods provided herein.
The first copy of the first primer may anneal to the RNA template, and the reverse
transcriptase enzyme may generate the extension product of the first copy of the first primer,
which 1s formed as a DINA strand by the process of reverse transeription. Methods and
conditions for reverse transeription of RNA are known in the art and are disclosed, for
example, in RNA: A Laboratory Manual, D. Rie et al,, Cold Spring Harbor Laboratory Press
{2011), which is berein incorporated by reference in its entirety, After the generation (from
an RNA strand) of the extension product of the first copy of the first primer (which 1s a DNA
strand) by a reverse transcriptase enzyme, the rest of the steps for the generation of a

concatemer may be the same as described elsewhere herein.

{82281 In some embodiments, methods and compositions provided herein may inclade one or
more “bumping primers”. Bumping primers may be used with methods and compositions
provided herein to, for example, increase the rafe or specificity of generation of reaction
products by, for example, increasing the rate at which a second strand of nucleic acid
template is displaced from a first strand of nucleic acid template, mcreasing the rate at which
g first strand of a nucleic acid template is displaced from a first primer extension product, or
mereasing the rate at which a first primer extension product is displaced from a second
primer extension product.  As used herein a “bumping primer” refers to a primer which is
complementary to a sequence on a first strand or second strand of a nucleic acid template
which is downstream from a sequence on the same strand {0 which the template-binding
region of a first privoer or second primer binds. Thus, when a bumping primer is annealed to
the same nocleic acid strand that 8 first primer or second primner is annealed to, the 37
terminus of the bumping primer is oriented towards the 537 terminus of the first primer or
second primer (i.e. the 57 terminal nucleotide and tail region of the first primer or second
primer). When imcubated with a mucleic acid polymerase and under conditions to support the
generation of primer extension products, an extension prodect of a bumping primer may be
formed by the polymoerase, from the 37 terminus of the bumping primer. Since the 37
terminus of the bumping primer is oriented toward the 57 terminus of the first primer or
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second primer, as the extension product of the bumping primer increases in length, it may
eventually encounter the 57 terminus of the first primer or sccond primer as the extension
product. The polymerase may then displace the first primer or second primer from the strand,
as well as any extension product of the first primer or second primer. Accordingly, bumping

primers may accelerate reactions provided herein.

{8221} In some embodiments, provided herein is a vessel containing one or mors enzymes,
primers, or other reagents provided herein. Vessels may include any structure capable of
supporting or containing a Hquid or solid material and may include, tubes, containers, tips,
cte. In some embodiments, a wall of a vessel may permit the transmission of light through
the wall. A vessel may be optically clear. A vesscl may contain, for example, any one or
more of an isolated nucleie acid polymerase, an isolated DNA polymerase, an isolated
reverse transcriptase, a first primer, a second primer, a nucleie acid dyve, or a nucleic acid
probe, as described elsewhere herein. Any number of copies of any of the contents of a
vessel may be provided {¢.g. 2 first copy, a second copy, a third copy, etc.) The contents of a
vessel may be in fluid communication. In some embodiments, a vessel may further contain a
nucleic acid template. In some embodiments, a vessel may further contain nucleotides,
buffers, salts, water, or other reagents provided herein for the amplification of nucleic acids.
In some embodiments, a vessel may contain two or more scts of primers, wherein cach
primer set comprises a first and sccond primer, and the different privoer sets are

complementary to different nucleic acid templates.

18222} Two or more reagents useful for a method provided herein may be packaged and
provided as a kit. For example, a kit may inclade any two or more of: a nucleic acid
template, a first primer, a second primer, a nucleic acid polymerase, a DNA polymerase, a
reverse transcriptase, buffers, a mucleic acid dyes, a nucleic acid probe, or dNTPs, as
described elsewhere hercin, Within the ki, the two or more reagents may be packaged in
separate vessels or the same vessel. In some embodiments, a kit may further contain
nucleotides, buffors, salts, water, or other reagents provided herein for the amplification of

nucleic acids.

182231 In embodiments, a first primer and second primer as provided herein may be provided
together as a primer set. The primer set may be provided as a stand-alone kit or composition,
or the primer set may be provided in a kit with one or more other reagents tor performing a

method provided herein.

o)
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18224} In some embodiments, a nucleic acid ligase may be included with 2 method or
composition provided berein. Ligases catalyze the formation of phospbodicster bonds
between nucleotides, typically between the §7 phosphate of one nucleotide, and the 3
hydroxyl group of another nucleotide. A reaction provided hercin may amplify a target
nucleic acid at a greater vate with the inclusion of a ligase in the reaction, as corapared to the
reaction without the inclusion of a ligase. A ligase may, for example, increase the size or

number of concatemers present in a vreaction provided herein.

18225] Nucleic acid ligases melude £, cofi DNA ligase, Tag DNA ligase, T3 DNA ligase, T4
DNA ligase, T7 DNA lLigase, Ampligase ™, T4 RNA hgase |, and T4 RNA ligase 2.

18226} In order to catalyze the ligation reaction, certain ligases require ATP {c.g. T4 DNA
ligase) or NAD+ (E. coli DNA ligase). In some embodiments, a ligase may Ligate nucleic
acids having blunt ends. In some embodiments, a ligase may ligate nucleic acids having
sticky ends. In some cmbodiments, a ligase may ligate nucleic acids baving both blunt and

sticky ends.

18227} Modified versions ligases may also be used with the methods and compositions
provided herein, provided that the modified ligase has the ability to catalyze the formation of

fee

phosphodiester bonds between nucleotides. A modified version of a Higase (“modified
ligase™} may have, for example, 100 or fower, 70 or fewer, 56 or fewer, 40 or fewer, 30 or
fewer, 20 or fewer, 10 or fewer, § or fewer, 4 or fower, 3 or fower, 2 or fower, or | different
amino acid from the sequence of the parent, naturally occurring version of the ligase. In
somie embodiments, a modified ligase may contain no more than 1000, 700, 500, 400, 300,
200, 100, 50, 40, 38, 24, 10, or § greater or fewer aming acids than the parent ligase. In some
cmbodiments, a modified ligase may comprise a fragment of a parent ligase. In some
cmbodiments, a modified ligase may comprise a chimeric polypeptide with a portion derived
from a ligase and a portion derived from a non-ligase protem. In some embodiments, a
modificd gase may have, for example, increased catalytic activity, increased stability, or
mereased thermostability as compared to the parent ligase.

182281 In some embodiments, a ligase provided herein is thermostable. A thermostable
ligase may have, for example, a half-life of at least 5, 10, 15, 20, 30, 40, 50, 60, 90, 120, or
180 minutes at a teroperature of at up to 25, 30, 35 40, 45, 50, 55, 60, 65, 70, 75, 80, 45, 90,

or 95 C. In some embodiments, a modified ligase may be thermostable.

86



WO 2015/076919 PCT/US2014/056151

182291 In some embodiments, a Hgase included with methods and compositions provided
herein may be a modified hgase referred to hercin as “p50-Tth”, which has the amino acid
sequence:
MGHHHHHHHHHHSSGHIEGRASADGFPYLOILEQPKUORGFRFRYVUEGPSHGGLPGASS
ERNKESYPOVKICNYVGPARVIVOLVINGRENIHLHAHSLV GKHCEDGICTVTAGREDMVY
GFANLGILHVIKKKVEETLEARMTEACIRGYNPGLLVAPDLAYLOAEGGGDROLGDREK
ELIRGAALQOTRKEMDLSVVELMFTAFLPDSTGSFTRRIEPYVEDATYDSKAPNASNLKIVRM
DRTAGCVIGGEEIYLLCDKYORKDDIQIRFYEEEENGGYWEGFGDFSPTDVHRUFAIVFKT
PRYKDINITKPASVEVQILRRESDLETSEPKPFLYYPRIKDKEEVORKROKGSSGTRGGGESG
GOMTLEEARKRVNEELRDUIRYHNYRYYVIEADPEISDAEYDRELLRELKELEFERFPELK
SPRSPTLOVOARPLEATIRPVRHPTRMYSLDNAINLDELKAFEERIERALGRKGPFAY
TVEHKVDGLSVNLYYEEGVIVYCGATROGDOGEVGEEVTONLETIPTIPRRLKGYPERLE
VRGEVYMPIFAFLRINEELEERGERIFKNPENAAAGSLROQEDPRITAKRGERATEYAL
GLOLEEVEREGVATOFALEHWIKPKGFPVEHGYARAVGAEQVEAVYQODWEKRKRR
ALPFEADGVVVKLDELALWRELGY TARAPRFAIAYKFPAREKETRLLDVVFQOVGRT
ORVIPVGUEPVFLEGSEVSRVTLHNESYIEELDIRIGDWVILVHKAGGVIPEVERVLKE

RRTIGEERPIRWPETCPECGHRLLEEGEVHROPNPLOPARKRIEAIRHFASREAMDBIOGL,
GEKLIFRELFEKGEL VKDVADEYRERKEDLVGLERMGEKSAONLLROIEESKKRGLERD

LYALGLPGVOEVLARNLAARFONMDRLEEASLEFELEVEEVGELTARAILETLKDPA
FRDLVRRLKEFAGVEMEAKEKGGEALKGETFVITGELSRPREEVEALLRRLOAKVTRS
VARKTSYLVVOENPOSKLEKARALGVPTLTEERLYRLLEARTGKKAFELY (SEQ ID

NO: 79). Ligase pS0-Tth has thermostable blunt-cund ligation activity at temperatures of at
least 60 C. Ligase p50-Tth is a chuweric pretein which comprises a His10-containing leader
sequence, a pSO sequence from the human NF-kappa-B protein accession number

NP 003989 amino acids 40-366 {indicated in ntalics), a flexible glycine rich sequence, and a
Tth BNA ligase sequence, from Thermus Thermophifus HBS, accession YP 144363
(indicated with underlining). In some embodiraents, a modified version of pS0-Tth ligase
may be used with methods and compositions provided herein (¢.g. with 100 or fewer, 70 or
fower, 50 or fower, 40 or fower, 30 or fower, 20 or fower, 10 or fower, 5 or fewer, 4 or fower,
3 or fewer, 2 or fower, or 1 different amino acids from p50-Tih ligase). In embodiments, a
ligase used with a composition or method provided herein may be a ligase described in LS.

Provisional Patent Application No. 61/802,124, filed March 15, 2013 or PCT Application No.
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PCT/US14/30003, filed March 15, 2014, both of which are herein incorporated by reference

1 their entivety for all purposes.

{8238} The vartous methods and compositions provided berein for the amplification of a
nucleic acid teraplate / the generation of a concatemer containing at least two copics of the
template can fulfill many of the functions that have previously been carried out by other
methods and compositions for isothermal and thermocycler-dependent nucleic acid
amplification. A oucleic acid template for amplification according to methods provided
herein may also be referred to herein as a “target nucleic acid” or the like. Methods and
compositions provided herein may be used, for example, for selation and cloning of nucleic
acids of interest, gene expression analysis, diagnostic identification of nucleic acids, synthesis
of novel rucleic acids, nucleic acid probe synthesis and labeling, forensic identification of &
subject, allele identification from a subject, genetic screening, nucleic acid sequencing, and
related applications. A target nucleic acid molecule may be of any type, including single-
stranded or double stranded and DNA or RNA (e.g. mRNA). A target nucleic acid may be of
any fype or fimetion {c.g. a protein-coding sequence, a regulatory sequence, au jotron, ic.).

A target nucleic acid may be the entirety of a gene, or a portion thereof.

18231} In some cmbodiments, a method or composition provided herein may be used to
detect the amount of a target nucleic acid in a sample (incloding the presence or absence of
the target), to measure the amount of an amplification produet of a target formed from a
sample in a sclected period of time, or {o determine the amount of time nocessary to gencrate
a cortain number of copies of a template from a sample. Sanples which may be used with
methods and composttions provided herein are described elsewhere herein, and may include,
for example, a bodily floid, a secretion, or a tissue of a subject. In embodiments, a sample
may be processed prior to use of the sample in an assay to amplify a target nucleic acid in the
sample according to a method provided hercin. Processing of the sample may include any
processing step as described elsewhere herein, and may include, for example, sonication or
chemical lysing steps.

18232} In some embodiments, a method provided herein may be performed to simultaneously
assay foratleast 2,3,4,5,6,7, 8,9, 10, 12, 15, 20, 25, 30, 35, 48, 45, 50, 75, 100, or more
different target nucleic acids in the same reaction vessel. Typically, for cach farget nucleic
acid of interest, a first primer and a second primer are provided, cach being complementary to

a strand of the nueleic acid target, or a complement thereof. The amphification of the
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differcnt target nucleic acids in the same vessel may be monitored, for example, by the use of
nucleic acid probes having sequence specificity for detection sequences in the different target

nucleic acids, and different fluorophores.

18233} In some embodiments, a method or composition provided herein may be used to
detect the presence or absence of a particular nuecleotide of interest in a target nucleic acid
(e.g. in the case of a mutation or SNP). For example, a fivst or second primner may be selected
which sclectively binds to a region in a target nucleic acid which inchudes or is adjacent to the
nucleotide of imterest. The primer may be designed such that i selectively either: 1) binds to
the vegion when the region contains the nucleotide of interest, or 11} does neot bind to the
egion when the region contains the nucleotide of inferest. A method as described hercin may
be performed with the selected primer, and the outcome of the amplification reaction may
provide information regarding the presence or absence of the nucleotide of interest in the
target nucleic acid. For example, if the template-binding region of a first primer is designed
to have a mucleotide sequence which is complementary (o a sequence in the target nucleic
acid which includes a particular nucleotide of interest (c.g. a mutation), successful
amplification of the target nucleic acid with the selected primer from a sample may ndicate
that the sample contains a target nucleic acid having the particular nucleotide of interest. In
some embodiments, a primer used for analysis of a nucleotide of interest in a target nucleic
acid may contain z critical nucleotide (i.c. 2 nucleotide which corresponds to the same
position of a nucleotide of interest in the target nucleic acid) at the 3”7 terminus of the primer.
In such 3 case, the anpealing of the 37 terminal mucleotide of the primer may be dependent on
the presence of the nucleotide of interest in the target mucleic acid. Ifthe 3” terminal
nucleotide of the primer does not anmeal with a nucleotide in the target nucleic acid {e.g. due
to a mismatch between the nucleotides), the mismateh may significantly impair a nucleic acid
polymerase from synthesizing an extension product from the primer. Accordingly, i some
cmbodiments, a primer having a 37 terminal nucleotide which corresponds to a nucleotide of
mterest may be usefil for determining the presence or absence of a particudar nucleotide in a
target nucleic acid. In such embodiments, in some situations the critical nucleotide at the 37
terminus of the primer may be selected to be corapiementary the nucleotide of interest in the
target nucleic acid, and in some other situations the critical nucleotide at the 3” terminus of
the primer may be selected to be non-complementary the nucleotide of interest in the target
mucleic acid. The nucleotide of interest may represent, for oxample, a wild-type form, 2
matant form, or 2 polymorphisto of a target nucieic acid.
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18234} In other embodiments, a particular nucleotide of interest in 3 target nucleic acid (c.g. 2
mutation ot SNP) maay be detected by selecting primers such that the nucleotide of interest is
present in the target nucleic acid i a region which 1s not complementary to a template-
binding region of a first or second primer. For cxample, the nucleotide of interest may be
approximately i the middie of a target vucleic acid sequence. Tn cmbodiments, the
nucleotide of interest may be i an “internal motif” described elsewhere herein, Whena
nucleotide of nterest is in an internal metif, in embodiments, a primer pair may be prepared
to contain a nucleotide sequence in the tail region of the primers which is complementary to
an internal motif or the complement thereot, and which may be used 1o assay for the presence
or absence of the nucleotide of intevest in the internal motif in the target sequence. As
explained elsewhere herein, the temporary annealing of 8 nucleotide sequence in the tail
region of a primer to an internal motif in an extension product of that primer may ncrease the
rate of a reaction provided herein. In some circumstances, the greater the affinity of a
nucleotide sequence i the tail region of a primer to the internal motif in an extension product
of that primer, the faster the reaction may occur. Also, typically, the greater the number of
nucleotides in the ruclootide sequence n the tail region of the primer which can bind to
nucleotides in the internal motit in the extension product of the primer, the greater the affimity
of the nucleotide sequence in the tail region of the extension product for the internal motif in
the extension product. Thus, with compositions and methods provided herein, in
embodiments, the presence or absence of a nucleotide of interest in a target sequence may be
determined through the use of primers which have a nucleotide sequence 1n the tail region of
the primer which can bind to the internal motif in the target sequence or a complement
thereof, and which, within the tail region, do or do not have a nucleotide which specifically
binds with the particular nucleotide of interest in the internal motif or its complement.
Typically, the reaction will occur faster when the nucleotide sequence n the tail region of a
primer contains a nucleotide which is complementary to the nucleotide in the extension
product of that primer which correspounds io the nucleotide of interest i the target, than when
the relevant mucleotide in the tail region of the primer is not complementary to the nucleotide
in the extension product of that primer which corresponds to the nucleotide of interest in the
target. For example, the internal motif of a wild-type version of a target nucleic acid strand
may have the nucleotide sequence: 3 TATTGCAT 3. However, the “G” in the sequence
may frequently be mutated to an “A” in many individuals in the population. In order to

ctermine whether a particolar target nucleic acid contains a “G” or other nucleotide in the
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sequence, 2 primer may be prepared which contain a nuclectide sequence in its tail region
having the sequence: S"TATGCAATA 37, If this primer (and an appropriate second primer} is
ased to amplify the target nucleic acid according to a method provided herein, the
amplification reaction may bave a certain reaction rate if the “G” is present in the interpal
moif, versus if a ditferent muclootide is preseot at the position of the “G™ n the internal
motif, This is because the nucleotide sequence n the tail region of the primer will be
perfectly complementary to the internal motif if the “G” is present in the internal motif, but 1t
will not be if a nucleotide other than a “G” is present at the G's normal position. Generally,

BELS

1 this cxample, if a “(” is present in the internal motif, the tail region of the primer will
armeal to the internal motif more frequently than if the “G7 is not present, and this may in
tirn lead to a faster reaction rate if the “0” is present than not present. With systems and
methods provided herein, primers may be prepared to assay for cither the presence or absence
of a nucleotide of interest {e.g. primexs can be prepared such that the reaction occurs more
quickly if a mutated version of 8 nucleotide 1s present than if a wild-type version of the
nucleotide is present, or vice-versa). Also, in embodiments, primers may be propared so as to
deternine the identity of an unknown nucleotide in a posttion of interest ju an internal motif
m a target. For example, four different primer pairs may be prepared, each containing either
an A, T, G, or C as appropriate comesponding to 8 nucleotide of interest in a target nocleic
acid. In cmbodiments, the primer pair which yields the fastest reaction resulis may indicate
which nucleotide is present in the position of interest in the infernal motif in the target nucleic
acid.  For instance, a target nucleic acid may have an internal motif which commonly has
the sequence, in the 57 to 37 direction oft GTAACGAG. Howeves, different variants of the
target nucleic acid may have different nucleotides in the 5™ position in the internal motif (i.e.
the position of the “C”). Continuing with the example, if a sample containing the target
nucleic acid is provided, wherein it is unknown what nucleotide is in the 5% position in the of
the internal motif, the sample can be divided into at feast 4 portions, and the four portions can
be used for a first reaction mixture, a sccond reaction mixture, a third reaction mixture, and a
fourth reaction mixture, To the first reaction mixture, a fivst primey pair is provided, where
the primers have tail regions with the sequences, in the 57 to 37 direction: CTCGTTALC and
GTAACGAQG, respectively. These tail regions will be perfectly complementary 1o the
internal motif or complement thereof, if a “C” is present at 5% position in internal motif,
Thus, if the target is amplificd most quickly in this reaction mixture, it indicates that a “C” 18

present in the position of the mucleotide of interest in the internal motif in the target. To the
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second reaction mixture, @ second primer pair is provided, where the primers have tail regions
with the sequences, inthe 57 to 37 dircction: CTCATTAC and GTAATGAQG, respectively.
These tail regions will be perfectly complementary to the internal motif or complement
thercof, if a “T™ is present at ™ position in internal motif. Thus, if the target is amplified
most guickly in this reaction mixture, it indicates that & *T7 is present in the position of the
nucleotide of mmterest in the mternal motif in the target. To the third reaction muxnure, a third
primer pair is provided, where the primers have tail regions with the sequences, mthe 5” t0 3’
direction: CTCCTTAC and GTAAGGAQG, respectively. These tail regions will be perfectly
complementary to the infernal motif or complement thereof, if a “G™ is present at 5 position
m internal motf. Thus, if the target 1s amplified most quickly in this reaction mixtore, it
mdicates that a “(3” is present in the position of the nucleotide of interest in the tnterpal motif
in the target. To the fourth reaction mixture, a fourth primer pair is provided, where the
primers have tail regions with the sequences, in the 57 10 37 divection: CTCTTTAC and
GTAAAGAQG, respectively. These tail regions will be perfectly complementary to the
internal motif or complement thereof, if an “A” is present at 5 pogition in internal motif,
Thus, if the target 15 anplified most quickly 1u this reaction mixture, it indicates that an “A”
is present in the position of the nucleotide of interest in the fnternal motif in the target. In
embodiments, methods or compositions as generally described above may optionally be
prepared with only 2 or 3 reaction mibxtures with primer pairs corresponding to ondy 2 05 3
options for a nucleotide at a position of interest, if for example, it is not desired to screen all
possible nucleotide variants (for instance 1f only 2 different nucleotides are typically found n

g position of interest).

{8238} In erbodiments, a samople containing a target nucleic acid may be divided into at least
a first and a second portion, where the first portion s incubated in a first reaction mixture
with g first primer pair, and the second portion is incubated in a second reaction mixture with
a second primer pair, according to methods provided herein. In embodiments, the first primer
pair and the second primer pair differ from cach other by only a single nucleotide in the
respective tail / first regions of the primer {e.g. the sequence of the first region of the first
primer of the first pair differs from the sequence of the first region of the first priroer of the
second pair by only a single nucleotide). The single nucleotide which is ditferent in the tail
region of the primers may correspond to the position of a nucleotide of interest in the target
nucleic acid. By comparing the rate or guantity of amplification of the target nucleic acid in
the first reaction mixture to that in the second reaction mixture, the identity of a nucleotide of
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nterest in the target nucleic acid may be determined. In ermbodiments, the method outlined
above may be performed with a fivst, second, third, and fourth portion of the sample, and with
a first primer pair, second primer pair, third primer pair, and fourth primer pair, wherein the
first primer pair, second primer pair, third primer pair, and fourth primer pair differ from cach
other by only a single nucleotide in the respective tail / first region of the primers, as

described above.

18236} In ombodiments, at least a first target nucleic acid and a second target nucleic acid
may be provided, wherein the first target nucleic acid and the sccond target sucleic acid differ
by a single nucleotide at a position of interest in an internal motif as described elsewhere
herein. In embodiments, the first target nucleic acid may be incubated in a first reaction
mixture containing a primer pair described herein and the second target nucleic acid may be
meubated in a second reaction mixture containing the same primer pair, according to methods
provided herein. By comparing the rate or quantity of amplification of the first target nucleic
acid in the first reaction mixture to that of the second target nucleic acid in second reaction
mixture or to an absolute value, the identity of the nucicotide in the position of interest in one
or both of the first target nucleic acid and the second target nucleic may be determined,

according to principles described elsewhere herein.

{8237} In addition, in embodiments, compositions and methods desceribed herein for detecting
a single nucleotide of interest may also be vsed to deteet multi-mucleotide mutations or

polymorphisms.

{8238} Methods and compositions provided herein may be used to amphify a nucleic acid
from any sample which may contain nucleic acids. Examples of samples may inchude
various fluid samples. In some instances, the sample may be a bodily {luid sample from a
subject. The sample may inchude one or more fluid component. 1o some instances, solid or
semi-solid samples may be provided. The sample may include tissue collected from the
subject. The sample may include a bodily fhiid, seerstion, or tissue of a subject. The sample
may be a biclogical sample. The biological sample may be a bodily fluid, 2 seerction, ora
tissue sample. Examples of biclogical samples may include but are not limited to, blood,
senum, saliva, arine, gastric and digestive fhid, tears, stool, semen, vaginal fhiid, interstitial
fluids derived from tumorous tissue, ccular fluids, sweat, mucus, earwax, oil, glandular
secretions, breath, spinal fluid, hair, fingernails, skin cells, plasma, nasal swab or

nasopharyngeal wash, spinal fluid, cerebral spinal fhiid, tissue, throat swab, biopsy, placental
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fluid, amnictic fiuid, cord blood, emphatic fhuids, cavity fluids, sputum, pus, microbiota,
mecontum, breast miltk or other excretions. The sample may be provided from a human or
antmal. Samples may be from a plant, microorganism (e.g. virus, bacteria), or other
biclogical material.

[8239] In some embodiments, methods and compositions provided herein may be performed
at or used at point of service locations {e.g. a subject’s home or work, grocery stores, drug stores,
clinics, schools, efc.). Methods and compositions provided herein may permit the rapid
amplitication of mucleic acids in a sample from a subject, in order o aid in the diagnosis or
treatment of a subject. For example, methods and compositions provided here may be used
test a sample from a subject for the presence of nucleic acid from a pathogen, such as a virus

{e.g. influcnza) or bacteria {o.g. streptococcus).

18248} In embodiments, methods and compositions provided herein may be used to detect a
pathogen, or a featore of a pathogen (e.g. & gene or gene variant within the pathogen).
Pathogens or features thercof which may be detected with a method or composition provided
hevein may inchude, for example, Acinetobacter baumannii, blaROB resistance gene, blaTEM
resistance gene, Bondetalla holmesii, Burkholderia cepacia, Candida albicans, Clostridium
difficile, Clostridium sordellii, Enterobacter aerogenes, Enterobacter cloacae, Enierococcus
Jaecaelis, Enterococcus faecium, Eschervichia coli, Klebsiella pneumoniae, KPC 1esistance
gene, Legionella preumophila, voecA resistance gene, meeC resistance gene, Moraxella
catarrhalis, Mycobacterium abscessus, Pseudomonas aeruginosa, Serratic marcescens,
Staphylococcus aureus, Staphyiococcus aureus (Vancomycin-resistant) VRSA, Swrepiococcus
agalactiae (Strep B), Streptococcus preumonia, Strepiococcus pneumonia (penicillin-

sene, Adenovirus

<

sensitive), Strepiococcus pyogenes, vanA resistance gene, vanB resistance

¥
]

B, ddenovirus O, Adenovirus E, Bocavirus 1+3, Bocavirus 2+4, Bordetella parapertussis,

Bordetella pertussis, Chlamydia prewmonia, Clostridium sovdellii, Coronavirus 229E,
Corongvivus HKU L, Coronavirus MERS, Coronavirus NL63, Coronavirus OC43, Human
metapnenmovirus A, Human metapneumovirus B, Influenza 4 — MP, Influenza B - MF,
Influenza HINT 2009), Influenza HINT (zeasonaly, Influenza HIN2, fnfluenza HINI,
Influenza H7NY (HA4 gene), Influenza HING (N4 gene), measies virus, mumps virus,
Muyvcobacterium fuberculosis, Mycoplasma pmeumonia, Parainfluenza 1, Parainfluenza 2,
Parainfluenza 3, Parainfluenza 4a, Parainfluenza 4b, Respiratory svucytial virus 4 (RSV 4},

Respiratory syncytial vivus B (RSV B), Rhinovirus A, Rhinovirus 8, Rhinovirus C, rubella
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virus, Strepiococcus pyogenes, Candida albicans, Chiamvdia trachomatis, human papilloma
virus, HPV i6, HPV I8, HSV-1/2, mycoplasma genitalium, Neisseria gonorrhoeae,
Treponema paliidum (syphilis), Trichomonas vaginalis, Vavicella-zoster virus, Epstein-Barr
Virus, Hepatitis A, Hepatitis B, Hepatitis C, Hepatitis D, HIV, HIV-1 group M, HIV-1 group
OF, HiV-§ group O3, HIV-2 group A, HIV-2 group B, Mycoplasma hominis, Proteus
mirabilis, Proteus penneri, Proteus vulgaris, S. saprophyticus, Ureaplasma urealyticum,
Bacillus anthracis, Yersina pestis, Dengue virus, Plasmodium, Tryponosema cruzi (chagas),
West Nile Viruy I, West Nile Virus 2, Norovirus lineage 1, Norovirus lineage 2, Ebola virus.
In embodiments, 1, 2, 3, 5, 10, 20, 30, 50, or more of such pathogens or features thercot may
be assayed for from a single sample from 2 subject using a method provided herein. In
embodiments, any of the nucleic acid amplification-based assays or assay panels as described
in fnternational Application No. PCT/US2014/54424, filed Septomber 5, 2014 or ULS.
Provisional Patent Application MNe. 62/001,050, filed May 20, 2014, which are hereby
mcorporated by reference in its entirety for all purposes, may be performed vsing a method
for nucleic acid amplification described hercin. Similarly, any of the pathogens or features
thercof described in International Application No. PCT/US2014/54424 or UK. Provisional
Patent Apphication No. 62/001,050 may be assayed for with a nacleie acid amplification

method provided herein.

18241} In embodiments, an nfluenza panel may be performed using methods provided herein
for amplification of mucleic acids from one or more strains of influenza. For example, using
methods provided herein, one or more nucleic acids from one or more of Influenza A,
Influenza A H3NZ, Influenza A HSN1, Influenza A H7N9 - HA gene, Influcnza A HTNG -
MNA gene, or [nfluenza B may be amplified. Other pancls that may be performed using
methods provided herein inchude, for example, a respiratory panel, a sexually transmitted
discasc pancl, a blood-bome pathogen pancl, or a hospital acquired infections panel. Auy of
these panecls may include assays for at feast 2, 3, 4, 5, 10, 15, or 20 different pathogens or

genes.

18242} In crubodiments, methods and compositions provided herein may be used for

Influenza A virus detection and sub-typing. Influenza A subtypes are defined by the type of

two viral genes, hemagglutin (HA) and newaminidase (NA). Presently, there are 18 known
1A genes (H1-HI18) and 11 kaown NA gones (N1-MN11). These genes are encoded on

different molecules inthe Influenza A virus, and thus @ is possible for an Influenza A subtype

O
o



WO 2015/076919 PCT/US2014/056151

to carry any combination of different HA and NA gene. In order to accurately detect and
type an Influenza A virus, 1 may be desirable 1o test a sample which may ov is known 1o
contain Influenza A virus for at least two and up to all of the 18 known HA genes and at least
two and up to all the 11 known NA genes. in embodiments, a single sample from a subject
may be divided o two or more portions, and the portions roay be incubated under reaction
conditions provided herein with primer pairs having template-binding regions specific for
each of the I8 known HA genes and 11 known NA genes (Le. 29 different primer pairs). In
embodiments, a single sample from a subject may be divided into at least 29 different
portions, wherein the first portion is incubated under reaction conditions provided herein with
a primer pair having template-binding vegions specific for Hi, wherein the second portion 1s
imcobated under reaction conditions provided herein with a primer pair having template-
binding regions specific for H2, wherein the third portion is incubated under reaction
conditions provided heremn with a primer pair having teraplate-binding regions specitic for
H3, wherein the fourth portion is incubated under reaction conditions provided herein with a
primer pair having template-binding regiouns specific for H4, wherein the fifth portion is
meubated under reaction conditions provided herein with a primer pair having template-
binding regions specific for HS, wherein the sixth portion 1s incubated under reaction
conditions provided herein with a primer pair having template-binding regions specific for
H6, wherein the seventh portion is incubated under reaction conditions provided herein with a
primer pair having template-binding regions specific for H7, wherein the cighth portion is
meubated under reaction conditions provided herein with a primer pair having template-
binding regions specific for HE, wherein the ninth portion is incubated under reaction
conditions provided herein with 2 primer pair having template-binding regions specific for
H9, wherein the tenth portion is incubated under reaction conditions provided herein with a
primer pair having template-binding regions specific for H10, wherein the eleventh portion is
incubated under reaction conditions provided berein with a primer pair having teruplate-
binding regions specific for H11, wherein the twelfth portion is incubated under reaction
conditions provided heremn with a primer pair having teraplate-binding regions specitic for
H12Z, wherein the thirtcen portion is incubated under reaction conditions provided herein with
a primer pair having template-binding regions specific for H13, wherein the fourtecnth
portion is incubated under reaction conditions provided herein with a primer pair having
template-binding regions specific for H14, wherein the fifteenth portion is incubated under

reaction conditions provided berein with a primoer pair haviog termpiate-binding regions
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specific for H1S, wherein the sixteenth portion is incubated vader reaction conditions
provided herein with a primer pair having template-binding regions specific for H16, wherein
the seventeenth portion is incubated under reaction conditions provided herein with a primer
pair having template-binding regions specific for H17, wherein the cightecuth portion is
ncubated under reaction conditions provided herein with a primer pair having template-
binding regions specific for HIR, wherein the nineteenth portion is incubated under reaction
conditions provided herein with a primer pair having template-binding regions specific for
N1, wherein the tweunticth portion is incubated under reaction conditions provided herein with
a primer pair having template-binding regions specific for N2, wherein the twenty-first
portion is incubated under reaction conditions provided herein with a primer pair having
template-binding regions speeific for N3, wherein the twenty-sccond portion is incubated
under reaction conditions provided herein with a primer pair having template-binding regions
specific for N4, wherein the twenty-thivd portion s incubated vnder reaction conditions
provided herein with a primer pair having template-binding regions specific for NS, wherein
the twenty-fourth portion is incubated under reaction conditions provided herein with a
primer pair having template-binding regions specific for N6, wherein the twenty-fifth portion
i incubated under reaction conditions provided herein with a primer pair having template-
binding regions specific for N7, wherein the twenty-sixth portion is incubated under reaction
conditions provided berein with a primer pair having teraplate-binding regions specific for
NE, wherein the twenty-seventh portion 18 incubated under reaction conditions provided
herein with a primer pair having template-binding regions specific for N9, wherein the
twenty-cighth portion is incubated under reaction conditions provided herein with a primer
pair having template-binding regions specific for N10, and wherein the twenty-ninth portion
i incubated under reaction conditions provided herein with a primer pair having template-
binding regions specific for N11. In some cmbodiments, primer pairs for 2, 3, 4, S, or more
different HA or NA subtypes may be incubated with a single portion of 3 sample from a
subject (e.g. 1o a common vessel), and the amplification reaction products may be identified
using a sequence-specific probe {e.g. DNA probe or PNA probe), as described elsewhere
herein. In embodiments, a pancl may be performed wherein a single sample is used for
amplification reactions with primer pairs foratleast 2,3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15, 20, 25, or ali 29 of the HA and NA subtypes described above. In embodiments, a panel
may inclode reactions to amplify one or more of HE, H2, H3, HS, H7, or N9. In

cmbodiments, 3 pancl or method described hercin for the detection of Influenza A or sub-
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types thereof may further include reagents or reactions to detect, for example, Influenza A
matrix protein geoe (this is present in all Influenza A subtypes, and thus may be used to
identify Influenza A in a sample), human RNaseP (to ensure adequate sample collection from
a buman subject; for non-human subjects, other appropriate species-specific control genes
may be used}, or a spike-in nucleic acid control, which may be added at one or more poiots
during a sample collection or processing step, n order to ensure adequate sample collection
or processing. In embodiments, kits may be provided to perform any of the methods or for

anry of the pancis provided above.

{8243} In embodiments, using methods provided herein, a single pair of primers may be used
o amplify a greater varicty of target nucicic acid sequences than may be amplified with a
single pair of primers using other nucleic acid amplification rmoethods (e.g. PCR or LAMP).
For example, in embodiments, the template-binding regions of primers provided hercin may
sufficiently anneal to templates to amplify the templates according to methods provided
herein oven when there are 1, 2, 3, 4, 5 or more nucleotide mismatches between the template-
binding region of the primuer and the template. In cmbodiments, methods provided herein
may be performed when at least 6, 8, 10, 12, 14, 16, 18§, 20, 22, or 24 % of the nucleotides in
the template binding region of at least a fivst primer and optionally also the second primer
used in a method provided are not complementary to corresponding nucleotides in the
template sequence. Use of primers and methods provided herein, therefore, may facilitate the
amplification of multiple similar but different sequences by the same pair of primers. For
nsiance, primers and methods provided herein may be oseful for the detection of multiple
different strains of influenza A, where the strains bave similar but different nucleotide
sequences. For example, there may be two different strains of Influenza A, where both
strains are defined as HINI sub-type, but the strains have slightly different H1 or N1
nucleotide sequences. Using compositions and methods provided berein, in embodiments,

both the first strain and the second strain may be amplified using the same primer pait,

18244} In addition, primers used for the amplification of nucleic acids from pathogens may
be selected based on bighly conserved regions in nucleie acids of pathogens, to further aid in
the detection multiple different strains of a pathogen with the same privoer pair according to
methods provided herein, Such highly conserved regions may be identified, for example, by
sequence alignment of a gene of interest across multiple strains of a pathogen. For instance,

HAZ3 sequences with Genbank D numbers: AEK98400, ABG47862, AEOQ06RY, ABF17954,
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AFQG99237, AFGY9027, ABG33069, ABE12623, AFGT2790, AAABTS53, AAZ3E60S,
AFNIOT00, ABBO4371, ABC39805 are from different isolates of H3NZ Influenza A virus.
These HAJ gencs cach have shightly different nucleotide sequences. Nonetheless, through
carcful selection of primers, ali such HA3 genes may be amplified with the same set of
primers accerding to a method provided herein. For example, a portion of the HA3 gone
having the sequence, in §°-3° grder:
AACCTCACTACCTAAGTCTTCGACGTAAACCGOTTACCCALGTAGACTAGAGTAATA
ACTCOAAAAGCGUT (SEQ 1D NO: 91) may be sclected as a target for amplification

according to a method provided herein (the sequence is provided in DNA, rather than RNA
form). Describing this sequence, inthe §7 10 37 direction, the first underlined sequence the
second portion of the template, the second enderlined sequence is the internal motif, and the
third underlined sequence is the first portion of the template, as these ferms are used, for
example in Figure 10. o this and other such examples, both the total target sequence for
amplification, as well as the particolar sequences to function as the first portion of the
template, second portion of the template, and internal motif may be selected such that primers
as described herein may be used to successfully amplify a wide range of related sequences
according to methods provided herein. In embodiments, a first primer as described herein
may be provided wherein the template binding region of the primer is complomentary to the
first portion of the above template, and a sccond primer as described herein may be provided
wherein the teraplate binding region of the primer is coropicmentary t0 a partnet scguence
which is complementary to the second portion of the template. Optionally, the primers may
further have tail regions which are complementary to the internal motif or a complementary
sequence thereof. Such primers may be provided, for example, in compositions or methods

provided herem.

{8245} With methods provided herein pathogens or genes may be positively identified at
concendrations as low as, for example, less than 1000, 500, 100, 50, 10, 5, 2, or 1 copy per
microliter in a sample or a reaction mixture. In emwbodiments, methods provided herein may
specifically amplify nucleic acid from one type of pathogen or gene and not amplify nucleic
acid from a related pathogen or gene. For example, assays provided herein to amplify
Influenza A matrix protein gene may amplify this gene from multiple different strains of

Influenza A, but not amphlify genetic material from Infhienza B
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18246} In crubodiments, methods provided berein may be successfully performed in the
presence of one or more potentially interfering substances. Examaples of potentially
mterfering substances inclode BSA, glucose, bilirubin, nitrites, beta-hCG, acetone, low pH
conditions, high pH conditions, acetaminophen, aspirin, progestin, ethinyl estradiol, urine
preservatives, seuunal fluid, personal lubricants, contraceptive jellies, spermicides, feminine
powders, hemorrhoid creams, miconzole, human genomic DNA, lotions, universal fransport
media (viral), amies transport media (bacteria), blood, macin, acyclovir, cold sore treatments,
uring, foces, hemoglobin, triglycerides, EDTA, heparin, cholesterol, gamma-globulin,
ampiciilin, nicoting, cotinine, nasal sprays, vasal drops, or any combination thercof. Tn
embodiments, methods provided herein may be performed in the presence of a potentially
mterfering substance which is at a concentration of up to at least as great as provided in U.S.
Provisional Patent Application No. 62/001,050, filed May 20, 2014, which is herchy
meorporated by reference for all purposes. In embodiments, methods provided herein may be
performed in the presence of a potentially interfering substance which is at a concentration of
up to at least 10%, 25%, 50%, or 100% greater than provided in U.S. Provisional Patent

Application No. U.8. Provisional Patent Application No. 62/001,050.

182471 The assays and methods disclosed herein may be performed on a device, orona
system, for processing a sample. The assays and methods disclosed herein can be readily
incorporated into and used in a device for processing a sample, or a system for processing a
sample, which may be an automated assay device, or may be an automated assay system.
Such a device, and such a system, may be useful for the practice of the methods disclosed
herein. For example, a device may be useful for receiving a sample. A device may be usctul
for preparing, or for processing 4 sample. A device may be useful for performing an assay on
a sample. A device may be useful for obtaining data from a sample. A device may be useful
for transmitting data obtained from a sample. A device may be useful for disposing of a

sample following processing or assaying of a sample.

18248} A device may be part of a systom, a component of which may be a sample processing
device. A device may be a sample processing device. A sample processing device may be
configured to facilitate collection of a sample, prepare a sample for a chinical test, or perform
a method with one or more reagents, as disclosed herein. A sample processing device may be
configured to obtain data from a sample. A sample processing device may be configured io

transmit data obtained from a sample. A sample processing device may be contigured to
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anafyze data from a sample. A sample processing device may be configured to communicaie
with another device, or a laboratory, ov an individual affiliated with a laboratory, 1o analyze

data obtained from a sample.

18249] A samiple processing device may be configured to be placed in or ou a subject. A
sample processing device may be configured to accept a sample from a subject, cither
directly or indirectly. A sample may be, for example, a blood sample {e.g., a sample obtained
from a fingerstick, or from venipuncture, or an arterial blood sample), a urine sample, a
biopsy sample, a tissue shce, stool sample, or other biological sample; a water sample, a soil
sample, a food sample, an air sample; or other sample. A blood sample may conmprise, e.g.,
whole blood, plasma, or serum. A sample processing device may receive a sample from the
subject through a housing of the device. The sample collection may occur at a sanple
collection site, or elsewhere. The sample may be provided to the device at a sample

collection site.

[9258] In some embodimentis, a sanple processing device may be configured to accept or
hold a cartridge. In some embodiments, a sample processing device may comprise a
cartridge. The cartridge may be removable from the sample processing device. In some
embodiments, a sample may be provided to the cartridge of the sample processing device.
Alternatively, a sample may be provided to another portion of a sample processing device.
The cartridge and/or device may comprise a sample collection unit that may be configured to

accept a sample.

{8281} A cartridge may nclude a sample, and may include reagents for use i processing or
testing a sample, disposables for use in processing or testing a sample, or other materials. A
carfridge may contain reagents disclosed herein for the performing a method disclosed herein.
Following placement of a cartridge on, or insertion of a cartridge indo, & samaple processing
device, one or more components of the cartridge may be brought into fluid communication
with other components of the sample processing device. For example, if a sample is
collected at a cartridge, the sample may be transferred to other portions of the saraple
processing device. Similarly, if one or more reagents are provided on a cartridge, the
reagents may be transferred to other portions of the sample processing device, or other
components of the sample processing device may be brought to the reagents. To some

cmbodiments, the reagends or components of a cartridge may remain on-board the cartridge.
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In some cmbodimenis, no fluidics arc inchided that require tubing or that require maintenance

{(e.g., manual or automated roaintenance).

18252} A sample or reagent may be trapsferred to a device, such as a sanple processing

evice. A sample or reagent may be transferred within a device. Such transfer of sample or
reagent may be accomplished without providing a contimuous fluid pathway from cartridge to
device. Such transtfer of sample or reagent may be accomplished without providing a
continuous fluid pathway within a device. In embodiments, such transfer of sample or reagent
may be accomplished by a sample handling system (e.g., a pipetic); for exanmple, a sample,
reagent, or aliquot thereof may be aspirated into an open-tipped transfer component, such as a
pipette fip, which may be operably connecied to a sample handling system which transfers
the tip, with the sample, reagent, or aliquot thereof contained within the tip, 1o a location on
ot within the sample processing device. The sample, reagent, or aliquot thercof can be
deposited at a focation on or within the sample processing device. Sample and reagent, or
multipic reagents, may be mixed using a sample handling system in a similar manner. One or
more components of the cartridge may be transferred 1o an avtomated fashion to other

portions of the sample processing device, and vice versa.

{82583} A device, such as a samaple processing device, may have a fluid haodling system. A
fluid handhing system may perform, or may aid in performing, transport, dilution, exiraction,
aliguotting, mixing, and other actions with a fluid, such as a sample. In some embodiments, a
fivid handling system may be contained within a device housing. A fluid handiing system
may permit the collection, delivery, processing and/or transport of 2 fluid, dissolution of dry
reagents, mixing of liquid and/or dry reagents with a hiquid, as well as collection, delivery,
processing and/or trapsport of non-fluidic components, samples, or materials. The fluid may
be a sample, a reagent, diluent, wash, dye, or any other fluid that may be used by the device,
and may include, but not limited to, homogenous fluids, different bquids, enmwuilsions,
suspensions, and other fluids. A fhnd handling system, including without Hmitation a pipette,
may also be used (o fransport vessels (with or without fluid contained therein} arcund the
device. The fluid bandling system may dispense or aspirate a fluid. The sample may include

one or more particulate or sohid matter floating within a fluid.

182584} In embodiments, a fluid handling system may comprise a pipette, pipette Hp, syringe,
capillary, or other compouent. The fluid handling system may have a portion with an interior

surface and an exterior surface and an open end. The fluid handbing system may comprise a
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pipette, which may include a pipetie body and a pipette nozzle, and may comprise a pipette
tip. A pipette tip may or may not be removable from a pipetic nozzie. In embodimenis, a
fhid handling system may use a8 pipette mated with a pipette tip; a pipette tip may be
disposable. A tip may form a fluid-tight seal when mated with a pipette. A pipette tip may be
used once, twice, or more tines. In embodiments, a fiuid handling system maay usc a pipette
ot similar device, with or withowut a pipetie tip, to aspirate, dispense, mix, transport, or
stherwise handle the fluid. The fhad may be dispensed from the fluid handling system when
desired. The fhuid may be contained within a pipette fip prior (o being dispensed, ¢.g., from
an orifice in the pipetie tip. In embodiments, or instances during use, all of the fluid may be
dispensed; in other embodiments, or instances during use, a portion of the fhud within a tip
may be dispensed. A pipette may selectively aspirate a fluid. The pipetic may aspirate a
sclected amount of thaid. The pipette may be capable of actuating stirring mechanisms to nux
the fluid within the tip or within a vessel. The pipette may incorporate tips or vessels creating
continuous flow loops for mixing, imchuding of materials or reagents that are in non-liquid
form. A pipette tip may also facilitate mixture by metered delivery of multiple fluids

stmultancously or in sequence, such as in 2-part substrate reactions.

[8285] The floid handling system may include one or more thadically isolated or
hydraulically independent units. For example, the fluid handling system may inclade one,
two, or more pipetie tips. The pipette tips may be configured to accept and confine a fluid.
The tips may be fluidically isolated from or hydraulically independent of one another. The
fiuid contained within each tip may be fluidically isolated or hydraulically independent from
fluids in other tips and from other fluids withinthe device. The fluidically isolated or
hydrautically independent units may be movable relative to other portions of the device
and/or one another, The floidically isolated or hydraulically independent units may be
imdividually movable. A fluid handling system may comprise ong or more base or support. A
basc or support may support one 0T moTe pipette or pipette units. A base or support may

connect one or more pipettes of the flaid handhing system to one another.

18256] A sample processing device may be contigured to perform processing steps ot actions
on a sample obtained from a subject. Sample processing may include sample preparation,
mchuding, ¢.g., sample dilution, division of a sample nto aliquots, extraction, contact with a
reagent, filtration, separation, centrifugation, or other preparatory or processing action o1

step. A sample processing device may be configured to perform one or more sample
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preparation action or step on the sample. Optionally, a sample may be prepared fora
chemical reaction and/or physical processing step. A samaple preparation action ot siep nay
mchide one or more of the following: centrifugation, separation, filtration, dilution, enriching,
purification, precipitation, incubation, pipetting, transport, chromatography, cell lysis,
cytometry, pulverization, grinding, activation, ulivasonication, micro coluran processing,
processing with magnetic beads, processing with nanoparticles, or other sample preparation
action or steps. For example, sample preparation may include one or more step to separaie
biood mto serum and/or particulate fractions, or to separate any other sample into various
components. Sample preparation may include one or more step to dilute and/or concentrate a
sample, such as a biood sample, or other biological samples. Sample preparation may include
adding an anti-coagulant or other ingredients to a sample. Sample preparation may also
nchude purification of a saraple. In embodiments, all sample processing, preparation, or assay
actions or steps are performed by a single device. In embodiments, all sample processing,
preparation, or assay actions or steps are performed within a housing of a single device. In
embodiments, most samaple processing, preparation, or assay actions or steps are performed
by a single device, and maay be performed within a housing of a single device. In
embodiments, many sample processing, preparation, or assay actions or steps are performed
by a single device, and may be performed within a housing of a single device. In
cmbodiments, sample processing, preparation, or assay actions or steps may be performed by

more than one device.

182571 A sample processing device may be configured to run onc or more assays on a
saraple, and 1o obtain data from the sample. A sample processing device may perform
methods provided herein, as well as additional assays. An assay may include one or more
physical or chemical treatments, and may inclade running one or more chemical or physical
reactions. A sample processing device may be configured to perform oneg, two o more assays
on a small sample of bedity fluid. One or more chemical reaction may take placcon a
sample having a volume, as described elsewhere herein. For example, one or more chemical
reaction may take place in a pill baving less than fomioliter volumes. 1n an instance, the
saraple collection unit is configured to receive a volume of the bodily fluid sample equivalent
to 4 single drop or less of blood or interstitial fluid. In embodiments, the vohume of a sample
may be a small volome, where a small volume may be a volome that is Iess than about 1000
pl, or less than about 500 pl., or less than about 250 gl or less than about 150 gL, or less
than about 100 pl., or less than about 75 pl, or less than about 50 ul, or less than about 40
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wl, or less than about 20 ul, or less than sbout 10 yb, less than about § pl, less than about 1
ul., tess than about 0.5 ul., less than about 0.1 pb, or other small volume. In embodiments, all
sample assay actions or steps are performed on a single sample. In embodiments, all sample
assay actions or steps are performed by a single device. In embodiments, all sample assay
actions or steps are performed within a housing of a single device. Tn embodiments, most
sample assay actions or steps are performed by a single device, and may be performed within
a housing of a single device. In embodiments, many sample assay actions or steps arg
performed by a single device, and may be performed within a housing of a single device. In
embodiments, sample processing, preparation, or assay actions or steps may be performed by

more than one device.

18288] A samiple processing device may be configured to perform a plurality of assays on a
sample. In some embodiments, a sample processing device may be configured to perform a
method provided herein and one, two, or more additional assays. In embodiments, a sample
processing device may be configured (o perform a plorality of assays on a single sample. In
embodiments, a sample processing device may be configured 1o perform a plurality of assays
on a single sample, where the sample is a small sample. For example, a small sample may
have a sample volume that is a small volume of less than about 1000 L, or less than about
500 pL, or less than about 250 pl., or less than about 150 pl., or less than about 100 gL, or
less than abowt 75 pl., or less than about 50 ul., or less than about 40 pl, or less than about
24 ul., or less than about 10 ul, less than about § ul, less than about 1 gL, less than about
(3.5 pl., lcss than about 0.1 pl, or other small volume. A sample processing device may be
capable of performing vwiltiplexed assays on a single sample. A plorality of assays may be
run simultancously; may be run sequentially; or some assays may be run simultaneously
while others are ron sequentially. One or more control assays and/or calibrators {e.g.,
imciuding a configuration with a conirol of a calibrator for the assay/tests) can also be
ncorporated into the device; condrol assays and assay on calibrators may be performed
simuliancously with assays performed on a sample, or may be performed before or after
assays performed on a sample, or any combination thereof. In embodiments, all sample assay
actions ot steps are performed by a single device. In embodiments, all of a plurality of assay
actions or steps are performed within a housing of a single device. In embodiments, most
sample assay actions or steps, of a plorality of assays, are performed by a single device, and
may be performed within 8 housing of a singie device. In embodiments, many sample assay
actions or steps, of a plurality of assays, are performed by a single device, and may be
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performed within a housing of 2 single device. In embodiments, sample processing,

preparation, or assay actions or steps may be performed by more than one device.

18259} In embodiments, all of a plurality of assays may be performed in a short time period.
In embodiments, such a short time period comprises less than about three hours, or less thag
about two hours, or less than about one howr, or less than about 40 mimates, or less than about
30 mimutes, or less than about 25 minutes, or less than about 20 minutes, or less than about 15
minutes, or less than aboui 10 minutes, or less than about § minutes, or less than about 4
minutes, or less than about 3 minutes, or less than about 2 minutes, or less than about |

mine, or other short time period.

18268} A samiple processing device may be configured to detect one or more signals relating
to the sample. A sample processing device may be configured to identify one or more
properties of the sample. For instance, the sample processing device may be configured to
detect the presence or concentration of onc analyie {e.g. a target nucleic acid) or a plurality of
anafytes or a discase condition in the sample {e.g., in or through a bodily fluid, seeretion,
tissue, or other sample). Alternatively, the sample processing device may be configared to
detect a signal or signals that may be analyzed to detect the presence or concentration of one
or more analytes (which may be indicative of a discase condition} or a discase condition in
the sample. The signals may be analyzed on board the device, or at another location.

Running a clinical test may or may not include any analysis or comparison of data collected.

18261} A chemical reaction or other processing steps may be performed, with or without the
sample. Examples of steps, tests, or assays that may be prepared or run by the device may
mclude, but are not limited to immuncassay, nucleic acid assay (e.g. methods provided
herein), receptor-based assay, cytomeiric assay, colorimetric assay, cozymatic assay,
clectrophoretic assay, clectrochemical assay, spectroscopic assay, chromatographic assay,
microscopic assay, topographic assay, calorimetric assay, turbidimetric assay, agghitination
assay, radioisotope assay, viscometric assay, coagulation assay, clotting time assay, protein
synthesis assay, histological assay, culture assay, osmolarity assay, and/or other types of
assays, centrifugation, separvation, filiration, dilution, enriching, purification, precipitation,
pulverization, incobation, pipetting, transport, cell lysis, or other sample preparation action or
steps, or combinations thereof. Steps, tosts, or assays that may be prepared or run by the
device may inchide imaging, mcluding microscopy, cytometry, and other techniques

preparing or utilizing images. Steps, tests, or assays that may be prepared or run by the device
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may further include an assessment of histology, morphology, kinematics, dynamics, and/or

state of a saraple, which may jnclude such assessment for cells,

18262} A device may be capable of performing all on-board steps (e.g., steps or actions
performed by a single device) in a short amount of time. A device may be capable of
performing all on-board steps on a single sample in a short amount of time. For example,
from sample collection from a subject to transmitting data and/or to analysis may take about
3 hours or less, 2 hours or less, 1 hour or less, 50 minutes or less, 45 minutes or less, 40
minuies or less, 30 minutes or fess, 20 minutes or less, 15 mimates or fess, 10 nunutes or fess,
5 munutes or fess, 4 mumstes or fess, 3 nunutes or fess, 2 mimstes or fess, or 1 munute or less.
The amount of time from accepting a sample within the device io transmitting data and/or to
analysis from the device regarding such a sample may depend on the type or mumber of steps,
tests, ot assays performed on the sample. The amount of time from accepting a sample within
the device to transmitting data and/or to analysis from the device regarding such a sample
may take about 3 hours or less, 2 hours or less, 1 hour or fess, 5O minutes or loss, 45 minuics
or less, 40 minutes or less, 30 minutes or less, 20 nunutes or less, 15 minutes or less, 10
mngtes or less, 5 minutes or less, 4 minutes or less, 3 minutes or less, 2 minutes or less, or 1

minute or less.

{8263} A device may be configured to prepare a sample for disposal, or to dispose of a

sample, such as a biological sample, following processing or assaying of a sample.

18264} In crubodiments, a saraple processing device may be configured to transmit data
obtained from a sample. In embodiments, a sample processing device may be configured to
communicate over a network. A sample processing device may include a commumnication
module that may interface with the network. A sample processing device may be connected
to the network via 2 wired connection or wirelessly. The network may be a local area
network (LAN) or a wide area network {WAN) such as the Internet. In some embodiments,
the network may be a personal avea network. The network may include the eloud. The
saraple processing device may be counected to the network without requiring an intermediary
device, or an intermediary device may be required to conmect a sample processing device to a
network. A sample processing device may commuinicate over a network with another device,
which may be any type of networked device, inchuding but not limited o a personal
corapuier, server corapuier, or laptop computer; personal digital assistants (PDAs) suchas a

Windows CE deviee; phones such as collular phones, smartphones (e.g., iPhone, Android,

107



WO 2015/076919 PCT/US2014/056151

Blackberry, ctc.), or location-aware portable phones {(such as GPS); a roaming device, such as
a network-connected roaming device; a wireless device such as a wircless email device or
other device capable of conumicating wireless with a computer network; or any other type
of network device that may communicate possibly over a network and handle electronic
transactions. Such communication may include providing data to a cloud computing
mirastructure or any other type of data storage infrastructure which may be accessed by other

devices.

[8265] A sample processing device may provide data regarding a sample to, e.g., 4 health
care professional, a health care professional location, such as a laboratory, or an affiliate
thereof. One or more of 8 laboratory, bealth care professional, or subject may have a network
device able 1o receive or access data provided by the sample processing device, A sample
processing device may be configured to provide data regarding a sample to a database. A
sample processing device may be configured to provide data regarding a sample to an
clectronic medical records system, to a laboratory information system, to a laboratory
automation system, or other system or software. A sample processing device may provide

data in the form of a report.

18266} A laboratory, device, or other entity or software may perform analysis on data
regarding a sample in real-time. A software systers may perform chemical analysis and/or
pathological analysis, or these could be distributed amongst combinations of lab, clinical, and
specialty or expert personnel. Analysis may inchide qualitative and/or quantitative cvaluation
of a saraple. Data analysis may include 2 subscquent qualitative and/or quantitative
evaluation of a sample. Optionally, a report may be generated based on raw data, pre-
processed data, or analyzed data. Such a report may be prepared so as to maintain
confidentiality of the data obtained from the sampie, the identity and other information
regarding the subject from whom a sample was obtained, analysis of the data, and other
confidential information. The report and/or the data may be transmitted to a health care
professional. Data obtained by a sample processing device, or analysis of such data, or
reports, meay be provided to a database, an electronic medical records system, to a laboratory

mformation system, to a laboratory mutomation system, or other system or software.

18267} Description and disclosure of examples of reagents, assays, methods, kits, devices,
and systemes which may use, or be used with, roethods, compositions, or other reagents

disclosed herein may be found, for example, in ULS. Patent 8,088, 593; U.S. Patent R 380,541;
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U.S. Pat. App. Ser. No. 13/769,794, filed February 18, 2013; 1.5, Pat. App. Ser. No.
13/769,779, filed Febraary 14, 2013; U.S. Pat. App. Ser. No. 13/244.,947 filed Sept. 26, 2011;
International Application Neo. PCT/US2012/57158, filed September 23, 2012; US
Application Serial No. 13/244,9446, filed September 26, 2011; U.S. Patent Application
13/244.,944%, filed September 26, 2011; and U.S. Application Serial No, 61/673,245, filed
September 26, 2011, International Apphication No, PCT/US14/30034, filed March 15, 2014,
and U.S. Patent Application No. 14/214,850, filed March 15, 2014, the disclosures of which

patents and patont applications are all herchy incorporated by reference in their entiretics.

18268} This application claims the benetit of, and priority to U.S. Provisional Patent
Application No. 61/908,027, filed November 22, 2013; U.S. Provisional Patent Application
No. 62/001,050, filed May 20, 2014; U.S. Non-Provisional Patent Application No.
14/214,850, filed March 15, 2014; and International Patent Application No.
PCT/US14/30034, filed March 15, 2014, the disclosure of cach of which is herehy
incorporated by reference in its entirety for all purposes.  The disclosure of U.S. Provisional
Patent Application No. 61/800,606, filed March 15, 2013 is also hercbhy incorporated by

reference in its entirety for all purposes.

18269} Examples
{82781 The following examples are offered for illustrative purposes only, and are not

ntended to limit the present disclosure in any way.

18271} Example 1 — Amphification of a template nucleic acid with primers of variable tail

region length

18272} A method as provided herein was used to amphify a target nucleic acid. Reactions
were prepared to assay for about an 102 nucleotide portion of target nucleic acid TI124A1,
which is a 464 nuclectide portion of an influenza A virgs hemagglutinin (HA3) gene (an
RNA molecule). The nucleotide sequence of T124A1 s provided in SEQ D NO: 89, 12
variauts of a first primer (P17} and 12 variants of a second primer ("P2”) were prepared.
The sequences of all of the primer variants are provided in Figure ZA. All ofthe primers
contained a template-binding region 15 nucleotides in length. The sequence of the tomplaie-
binding region of all of the variants of the first primer was: CAAACCGTACCAACC (SEQ
1D NO: 80) {in the 57-3” direction). The sequence of the template-binding region of all of the

variants of the second primer was: ATGCGGAATGTACC (SEQ ID NG: 81) (inthe 5°-3°
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direction). The different primer variants contained tail regions ranging from 8 t¢ 22
nuclootides in length, specifically §, 9, 10, 11, 12, 13, 14, 15, 16, 18, 20, or 22 nucleotides in
length. The tail region of the first primer had a base sequence of:
COCCGOGATGGCTCTTGGGAAAC (SEQ 1D NO: 82) (inthe 57-3° direction). The base
sequence is 22 nucleotides 1o length; the shorter tail regions of the first primer have the same
sequence, minus the appropriate number of nucleotides from the 57 end of the tail region {e.g.
the primer with the 18 nucleotide length tail region has a tail region with the same sequence
as the base sequence, minus the first 4 nucleotides (CGCC) of the base sequence). The tail
region of the sccond primer had a base sequence of: GTTTCCCAAGAGCCATCCGGCG
(SEQ ID NO: 83) (in the 5°-3” direction). The base sequence is 22 nucleotides in length; the
shorter tail regions of the first primer have the same sequence, mimis the appropriate nomber
of nucleotides from the 3° end of the tail region {e.g. the primer with the 18 uucleotide length
tail region has a tail region with the same sequence as the base sequence, minus the last 4

nucleotides (GGCG) of the base sequence).

18273} 150 mdcroliter reaction mixtures were prepared, cach containing: 50 mM potassium
acetate, 20 mM Tris-acetate, pH 7.9, 16 mM magnesium acetate, | mM DTT, 30 ug bovine
serum albumin (BSA}, 3.8 M betaine, 1.4 mM cach of dATP, dTTP, dGTP, and dCTP, 2 uM
SYTO ® 59 (Life Technologies), 0.8 units / ul Bst DNA polymerase (New England
BioLabs), 0.016 gatis / pl AMV reverse trancriptase enzyme (New England Biolabs), 1 unit/
pl murine RNase inhibitor (New England Biolabs), 0.8 uM of a first primer variant, 0.8 uyM
of a second primer variant, and 100,000 copics T124A1 template per microliter, and
incubated at 39 C for 100 minutes in a CFX 96 Touch instrument (Bic-Rad). The inflection
poinds for the assays were determined using a single-threshold method with CFX Manager
software (Bio-Rad), and are shown in Figure 2B, The X-axis provides the length
nucleotides of the tail region of the first and second primer used in the reaction, and the Y-
axis provides the inflection fime (in moinuies) of the assay. For cach tail region muclootide
length, two adiacent bars are shown: the left bar is the inflection time for the reaction
containing template, and the right bar 1s the inflection time for the reaction lacking template
[“no tempiate control” (“NTC™)]. For inflection times over 90 minutes, no bar is shown. As
shown o Fig 2B, under these reaction conditions, prumers with tail regions of 8-15

nucleotides, and, more particularly, 8-11 nucleotides supported the fastest inflection times.
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The no template control reactions eventually show an inflection time; this is due to

background non-specific products that are formed over time.

18274} Example 2 — Amplification of a tcmplate nucleic acid with primers of variable tail

rerion length and vanable template-binding vegion length

{82751 A method as provided herein was used to amplify a target nacleic acid. Reactions
were prepared to assay for target mucleic acid T124A1, which is described above in Example
1. Two differcnt groups of first primer and sccond prumer pair sets were prepared. o the
first group of primer pairs, each of the primers had a template binding region 20 nucleotides
in length (the “20 nucleotide template binding region” groop). In the sccond group of primer
pairs, cach of the primers had a template binding region 16 nuclootides in length (the “16
nucleotide template binding region” group). Within each group, first and second primer pair
sets with 8 different tail region lengths were prepared: 7, 8,9, 10, 11, 12, 14, and 16
nmucleotides. Figure 3 provides the nucleotide sequences of the different primer pair sets for
the 16 nucleotide tomplate binding region group (Fig. 3A) and the 20 nucleotide tomplate
binding region group (Fig. 3B). In Figs. 3A and 3B, the “tail” scquence refers to the 1ail
region, and the “primer” region refers to the template-binding region of the primer. The

sequences of the primers are shown in the 57-37 direction.

{82761 110 microhier reaction mixtores were prepared, each containing: 50 mM potassivum
acctate, 20 mM Tris-acctate, pH 7.9, 10 mM magnpesium acctate, T mM DTT, 30 ug bovine
serum albumin (BSA}, (.8 M betaing, 1.4 mM cach of JATP, dTTP, dGTP, and dCTP, 2 uM
SYTO ® 59 (Life Techmnologies), 0.8 units / ul Bst DNA polymerase (New England
BioLabs}, 0.016 units / il AMYV reverse trancriptase enzyme (New England Biolabs), T unit/
pl murine RNase inhibitor (New England Biolabs), 0.8 uM of a first primer variant, 0.8 uM
of a second primer vartant, and 100,000 copics T124A1 template per microliter, and
meubated at 56 C for 100 mimites in a CFX 96 Touch instroment (Bio-Rad).  The inflection
points for the assays are shown in Figures 3C (20 nucleotide template binding region group)
and 30 (16 nucleotide tomplate binding region group). In both Figures 3C and 3D, the X-
axis provides the length in nucleotides of the tail region ot the first and second primer used 1o
the reaction, and the Y-axis provides the mflection time (in ounutes) of the assay. For each
tail region nucleotide length, two adjacent bars are shown: the left bar is the inflection time
for the reaction containing template, and the right bar is the inflection time for the reaction

lacking template. As shown in Figure 3, under these reaction conditions, reactions containing
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primers having relatively shorter tail regions showed faster inflection times and greater
separation between the inflection time of reactions containing feroplate versus reactions
withouot template. For example, for both the 16bp and 20 bp primers, reactions containing
primers having a tail region length of 7, &, or 9 nucleotides showed faster inflection times

than reactions containing primers having a tail region length of 12, 14, or 16 nucleotides.

182771 BExample 3 - Amplification of a template nucleic acid at variable temperatures

{9278} A roethed as provided bhercin was used to amphity a target mucleic acid. Reactions
were prepared to assay for target nucleic acid T124A1, described above in Example 1. First
primer “RLX0892” {sequence: 5 TTGOGAAACCAAACCGTACCAACC 37)SEQ ID NG:
20y and second primer “RLX0893” {sequence: & GTTTCCCAAATGCGGAATGTACC
3TWSEQ ID NO: 32) were used to amplify T124A1. Both of these primers havea 8
nucleotide tail region, RLX0892 has a 15 mucleotide temmplate-binding region and RLX0863
has 8 14 nucleotide template-binding region. The tail region of RLX0892 is: &7
TTGGGAAAC 3 (SEQ 1D NO: 84) and the tatl region of REX0E93 1s: 8 GTTTCCCAA Y
(SEQ ID NO: 85).

{8279} 40 microliter reaction mixtures were prepared, cach containing: 50 mM potassium
acetate, 20 mM Tris-acetate, pH 7.9, 10 mM magnesium acetate, T mM DTT, 20 pg bovine
serum albumin (BSA), 0.8 M betaine, 1.4 mM each of JATP, dTTP, dGTP, and dCTP, 2 uM
SYTO ® §9 (Life Technologies), 0.8 units / ul Bst DNA polymerase (New England
BioLabs), 0.016 units / pl AMYV reverse trancriptase enzyme (New England Biolabs), 1 unit/
b murine RNase mhibitor (New Hangland Biolabs), 0.8 uM of first primer RLX (892, 0.8 uM
of second primer RLX0893, and 10,000, 1,000, 100 or 0 copics T124A1 template per
microliter, and incubated in triplicate at 52, 52.7, 54, 55.9, 58.4, 60.3, 61.4 or 62 C for 100
minutes i 2 CFX 96 Touch instrument (Bio-Rad). The inflection poinis for the assays are
shown in Figure 4. The X-axis provides the incabation temperature of the reaction, and the
Y-axis provides the inflection time (in minutes) of the assay. For cach temperature, 4
adjacent bars are shown, from left to right: 10,000 copics tcmplate / microliter, 1000 copies
template / muicrokiter, 100 copies template / ndcrolter, or no template control. As shown in
Figure 4, under these reaction conditions, the assays effectively amplified the template at
1000 copies template / microliter across the full range of temperatures from $2-62 C, and at
some temperatures, at concendrations of teraplate at least ag low as 100 copies template /

mcroliter.
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16286} Example 4 - Areplification of a tenplate nucleic acid inthe presence of human

genomic DNA

18281} A method as provided herein was used o amplify a target mucleic acid. Reactions
were prepared to assay for target nucleic acid T124 A1 (described above) in the presence of
humen DNA. First primer “RLX0892” {described above) and second primer “RLX0R93”

{(described above) were used to amphify TI24A1.

19282] 160 microlifer reaction mixtures were prepared, cach containing: 50 mM potassung
acetate, 20 mM Tris-acetate, pH 7.9, 16 mM magnesium acetate, | mM DTT, 20 ug bovine
serum albumin (BSA), 0.8 M betaine, 1.4 mM cach of JATP, dTTP, dGTP, and dCTP, 0.4 x
SYTO ® 59 (Life Technologies), 0.8 units / ul Bst DNA polymerase (New England
BioLabs), 0.016 gatis / pl AMV reverse trancriptase enzyme (New England Biolabs), 1 unit/
pl murine RNase inhibitor (New England Biolabs), 0.8 uM of first primer RLX(892Z, 0.8 uM
of second primer RLX0893, and 1,000, 100 or G copies TI24A1 template per microliter, and
0,1,2.5, 5, or 10 nanograms human genomic DINA, and incubated at 56 C for 100 minutes in
a CFX 96 Touch instrument (Bio-Rad). The inflection points for the assays are shown in
Figure S. The X-axis provides the quantity of human genomic DNA (“hDNA”) in the
reaction, and the Y -axis provides the inflection time (in minutes) of the assay. For cach
guantity of hBDNA, 3 adjacent bars are shown, from et to right: 1000 copies teraplate /
microliter, 100 copies template / microliter, or no template. As shown in Figore S, under
these reaction conditions, the assays effectively amplified the template at 1000 copies
template / microliter in the presence of at least 10 ng hDNA.  Also, the addition of hDNA the
reactions caused only a relatively small decrease in NTC jnflection times, even at

concentrations of 5 or 10 ng hDNA.

18283} Example 5 — Amphification of a template nucleic acid from a viral lvsate cluate

182841 A methoed as provided herein was osed to amplify a target nuecleic acid from two
different samples containing the target. Target nucleic acid T124A1 was prepared in two
samples: 1) a sample containing tsolated T124A1 RNA molecule (as tn Examople D, and 2) =
sample containing isolated nucleic acids from an influenza A H3INZ vival sample. T124A1 is
a portion of the HA3J gene, and therefore is expected to be present in a sample of isolated
nucleic acids from infloenza A H3NZ vires. Influenza A viral lysale was prepared with a

Chemagic viral DNA/RNA kit (PerkinElmer), according to the masufacturer’s instructions.
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The conceniration of T124A1 in the two different sampies was quantified by gPCR, and the
saraples were diluted to normalize the concentration of T124A1 in the samples. Fust primer

“REX0892” and second primer “RLX0893” were used to amplify Ti24A1

18285] 25 microliter reaction mixtures were prepared, cach containing: 50 mM potassium
acetate, 20 mM Tris-acetate, pH 7.9, 16 mM magnesium acetate, 1 mM DTT, 20 ug bovine
serum albumin (BSA), 0.8 M betaine, 1.4 mM each of JATP, dTTP, dGTP, and dCTP, 2 uM
SYTO ® 59 (Life Technologies), (0.8 units / ul Bst DNA polymerase (New England
Biolabs), 0.016 units / pl AMY reverse trancriptase enzyme (New England Biolabs), 1 unit/
ul murine RNase inhibitor (New Eogland Biolabs), 0.8 uM of first primer RLX0892, 0.8 uM
ot second primer RLX0893, and 10,000, 1000 or 0 copics T124A1 template per microliter,
and incubated at 56 C for 100 minutes in a CFX 96 Touch instrument (Bio-Rad). The
mflection points for the assays are shown i Figure 6. The X-axis provides the copies of
template / microliter in the reaction, and the Y-axis provides the mflection time (in mimites)
of the assay. For cach quantity of copics of template / microliter, 2 adjacent bars are shown,
from: foft to right: isclated T124A1, and influenza A viral lysate. The inflection point for the
NTC is also shown. As shown in Figure 6, under these reaction conditions, the assays
effectively amplified both isolated T124A1 template, as well as T124A1 template in an

influenza A viral lysate,

162861 Example 6 — Amplification of 8 template nucleic acid

18287} A method as provided herein was used to amplify a target mucleic acid. Reactions
were prepared to assay for a 54 vucleotide portion of T129031, which is a 298 nucleotide
portion of an influenza B virus hemagglutinin (HA) gene {an RNA molecule). The
nucleotide sequence of T129D1 is provided in SEQ 1D NG: 90, First primer “AR”
{nucleotide sequence: 57 TCTTGAGAGAACCCACTAAC 37) (SEGQ 1D NO: 86) and second
primer “BR” Gmcleotide sequence: 57 TCTCAAGAATTTQGTCTTCC 37) (SEQ ID NO: 87)
were used to amplify T129D1. In both of these primers, the first 8 mucieotides (from the §7
termings) are the tail region, and the last 12 nocleotides are the template-binding region.

Together, these primers target a 54 nucleotide portion of T129D1

[8288] A 100 microliter reaction mixture was prepared, containing: 5{ mM potassium
acctate, 20 mM Tris-acetate, pH 7.9, 10 oM magnesium acetate, 1 mM DTT, 20 ug bovine

serum albumin (BSA}, 0.8 M betaine, 1.4 mM cach of dATP, dTTP, dGTP, and dCTP, 0.4 %
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SYTO ® 59 (Life Technologies), 0.8 units / ul Bst DNA polymerase (New England
Biol.abs), 0.016 vous / pl AMV reverse trancriptase enzyme (New England Biolabs), 1 voit/
ul rouring RNase inhibitor (New England Biolabs), 0.8 uM of first primer AR, 0.8 pM of
second primer BY, and 100,000 T129D1 template per microkiter, and incubated at §8 C for
100 minutes ina CFX 96 Touch instrument (Bio-Rad). Atier the 100 momutes, a sample was
taken from the reaction, and lgated info cloning vectors. Vectors containing reaction
products were sequenced using vector-specific primers, directed to toward the cloning site. A
portion of the results from vwltiple example sequencing reactions are shown in Figure 7. The
sequencing results show that concatemers having the expected structure are formed.
Speeifically, in these examples, in a single strand of the reaction product, multiple copies of
the targeted 54 nucleotide sequence from the T129D1 gene are present, separated by the
sequence of the tail region of the AR primer (57 TCTTGAGA 37} (SEQ 1D NG: 88}, In
Figure 7, only a portion of the second (from left to vight) occurrence of the T129D1 1s shown;

the sequences continue beyond the nucleotides shown in the figure.

16289} Example 7 — Primers with Tails Complementary to an Internal Motif

18298} To further describe embodiments provided herein in which a primer ail coniains a
sequence which is conplementary to an internal motif within a target vucleic acid, an
example with exemplary nucleic acid sequences will now be provided. A polynucleotide
template of 54 nucleotides total length may be provided ("Example 7 Template™). Example 7
Template corresponds to element 1000 of Figure 10, The sequence of the Example 7
Template is as follows: 57
TCOCTTOAACTGAGGACTTAGCGCCTAGAAACTTGOCTCAGGTAACCAACTGOT

37 (SEQ 1P NO: 92). Describing the Example 7 Template, in the §” to the 37 direction, the

first underlined sequence is the second portion of the polynucleotide template (¢.g. similar to
glement 1002 as provided in Figure 10), the second underlined sequence 1s the internal motif
(e.g. corresponding to element 1003 provided in Figire 10), and the third underlined
sequence is the first portion of the pelyouciecotide template {c.g. corresponding (o clement
1001 provided in Figure 10).  Specific sucleotides of the Example 7 Template and other
sequences provided hercin may be referred to in regards to their position in the respective
sequence read in the §7 to 37 divection. Thus, for example, the “T7 at the §” end of the

~
‘
7

Example 7 Template is in the 19 position, the “C” adjacent to the “T" at the 57 end is in the

2% position, and 8o on. A first primer of 24 nucleotides total length may be provided

115



WO 2015/076919 PCT/US2014/056151

(“Example 7 First Primer”). Example 7 First Primer corresponds to clement 1010 of Figure
10. The sequence of the Example 7 First Primer 15 as follows: 57
CTAGAAACACCAGTTGGTTACCTG 37 (SEQ ID NO: 93). The underlined sequence is
the first/ tail vegion of the Example 7 First Primer {corresponding to element 1011 of Figure
10}, and the nen-underlined sequence is the second / template-binding region of the Exanple
7 First Primer {corresponding to element 1012 of Figure 10). Also of note is the fact that the
first region of the Example 7 First Primer has the same nucleotide sequence as the internal
motif of the Example 7 Template. Example 7 First Primer can anneal to the Exanple 7
Template as follows: When the Example 7 Template and Example 7 First Priumer arc
oriented so that the 3° end of the Example 7 Template and the 57 end of the Example 7 First
Primer face the same direction, the non-underlined sequence of the Example 7 First Primer
{rcad in the 5” to 3’ direction, as in ACCAG. ..} is anncaled to the first portion of the Example
7 Template (read in the 3° to 57 direction, as in TGGTC.). More specifically, the “A” i the
9% position of the Example 7 First Primer pairs with the “T” in the 54" position of the

~99

Example 7 Template, the “C” in the 10™ position of the Example 7 First Primer pairs with the
“G7 in the 53" postiion of the Example 7 Template, the “C” in the 11 position of the
BExample 7 First Primer pairs with the “G” in the 52" position of the Example 7 Template,
ctc. When the Example 7 First Primer 18 anncaled to the Example 7 Template, a polymerase
having strand displacement activity may extend the Example 7 First Primer, as described
clsewhere herein, to generate an Example 7 First Primer Extension Product. The Example 7
First Primer Extension Product will have the nucleotide sequence m the 57 to 37 divection of:
5
CTAGAAACACCAGTTIGOTTACCTGAGCCAAGTTTCTAGGCGCTAAGTCCTICAGTY

CAAGCGA 37 (SEQ ID NO: 94).  Describing the Example 7 First Primer Extension Product
, inthe 5” to 3” direction, the first non-underlined sequence is the sequence of the first region
of the Example 7 First Primer, the first underlined sequence is a sequence which is
complementary to the fivst portion of the Example 7 Template, the second underlined
sequence is the sequence of the internal motif of the Example 7 First Primer Extension
Product, and the third underlined sequence is a sequence which is complementary to the
second portion of the Exampie 7 Template. In embodiments, when the Example 7 First
Primer Extension Product is annealed to the Example 7 Template, in some circamstances, the
portion of the Example 7 First Primer Extension Produet which is the sequence of the first

region of the Example 7 First Primer may temporarily anncal to the internal motif of the
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Example 7 First Primer Extension Product, such that the “C” in the 1 position anneals to the
“G i the 380 position of the Example 7 First Primer Extension Product, the “T in the 27
position anneals to the “A” in the 37% position, the “A” in the 3" position anneals to the “T7
in the 36" position, etc., up to the “C” in the 8 position annealing to the “G” in the 315
position. When the portion of the Example 7 First Primer Extension Product which is the
sequence of the first region of the Example 7 First Primer temporarily anneals to the portion
ot the internal motif of the Example 7 First Primer Extension Produet, the portion of the
Example 7 First Primer Extension Product between these portions {including, for example,
the sequence which 1s complementary to the first portion of the Example 7 Template) may
become un-annealed from the Example 7 Template, thus facilitating, for example, the binding
of ansther copy of the Example 7 First Primer to the Example 7 Template, and the

subsequent generation of additional Example 7 First Primer Extension Products.

{82911 A second primer of 24 nucleotides total length may also be provided (“Example 7
Second Primer”). Example 7 Second Primer corresponds to clement 1020 of Figure 10. The
sequence of the Example 7 Second Primer is as follows: 57
GTTTCTAGTCGCTTGAACTOAGGA 3 (SEQ ID NO: 95). The underlined sequence is
the first region of the Example 7 Second Primer {corresponding to element 1021 of Figore

~
‘
7

10}, and the non-onderlined sequence is the second region of the Example 7 Second Primer
the Example 7 First Primer Extension Product as follows: The “T” in the 9% position of the
Example 7 Second Primer pairs with the “A” in the 62* position of the Example 7 First
Primer Extension Product, the “C” in the 10% position of the Example 7 Second Primer pairs
with the “G” in the 61 position of the Example 7 First Primer Extension Product, the “G7 i
the 11" position of the Example 7 Second Primer pairs with the “C” in the 60V position of the
Example 7 First Primer Extension Product, etc. The Example 7 Second Primer may be
extended by a polymerase baving strand displacement activity as described clsewhere hereiy,
to vield an Example 7 Second Primer Extension Product. The Example 7 Second Primer
Extension Product will have the nucleotide sequence in the §7 o 37 direction oft 57
GTTTCTAGTCGCTTGAACTOAGOGACTTAGCGCUTAGAAACTTGGCTCAGQOTAACC

AACTGUTOGTTTCTAG 37 (SEQ I3 NO: 96). Deseribing the Example 7 Second Primer

Extension Product, in the 37 to 37 direction, the first non-underlined sequence 1s the sequence
2 , gt

of the first region of the Example 7 Second Primer, the first underlined sequence the
sequence of the second portion of the Exanple 7 Template, the second underlined sequence
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1 the sequence of the internal moetif of the Example 7 Second Primer Extension Product, the
third underlined sequence s the sequence of the first portion of the Example 7 Template, and
the fourth non-underlined sequence is the sequence of the first region of the Example 7
Second Primer and the sequence of a soquence which s complementary to the first region of
the Exarmple 7 First Primer. In embodiments, when the Example 7 Second Primer Extension
Product is amnealed to the Example 7 First Primer Extension Product, in some circumstances,
the portion of the Example 7 Sccond Primer Extension Product which is the sequence of the
first region of the Example 7 Second Primer may tomporarily annecal to the intemal motif of
the Exanple 7 Second Primer Extension Product, such that the “G” o the 19 position anneals
to the “C” in the 40" position of the Example 7 Second Primer Extension Product, the “T” in
the 2°4 position anneals to the “A” in the 39* position, the “T” i the 3™ position anneals to
the “A” in the 38" position, efc., up to the “G” in the 8™ position annealing to the “C” in the
33 position. When the portion of the Example 7 Second Primer Extension Product which is
the sequence of the first region of the Example 7 Second Primer temporarily anncals to the
internal motif of the Example 7 Second Primer Extension Product, the portion of the Example
7 Second Primer Extension Product between these portions (fncluding, for exanple, the
sequence of the second portion of the Exarople 7 Template) may become un-amnealed from
the Example 7 First Primer Extension Product, thus facilitating, for example, the binding of
another copy of the Example 7 Second Primer to the Example 7 First Primer Extension, and
the subseguent generation of additional Example 7 Second Primer Extension Products,
{8292} In crubodiments, methods provided clsewhere herein may proceed according to the
general mecharnisms cutlined above. Auy of the descriptions and details provided elsewhere
hevein for primers, target nucleic acids, reaction conditions, reaction products, cte. may apply
to reactions involving the general mechanism described above in Example 7.

18293} Example 8 — SNI* Detection

[8294] A method provided herein was used for identifying a SNP / nustation in a target
nucleic acid. Two versions of the target nucleic acid were provided, which differed by a
single nucleotide. The first strand of Version 1§ of the nucleic acid template (“Version |
Template”; also referved to as the “wild-type” sequence) has the sequence, inthe 57 to 3
direction:
GCATTCATCACGTTITTGCGAGTCCTTICCATCCCACCAACAGCAGGGATTCTGA
AGAGATQGQOACAGTT (SEQ ID NG: 97). Deseribing the Version 1 Template, inthe 5
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to 37 direction, the first underlined sequence is the second portion of the Version 1 Template,
the second underlined sequence is the intemal moetit of the Version 1 Tenplate, and the third
anderlined sequence is the first portion of the Version 1 Template. The first strand of
Version 2 of the nucleic acid template (“Version 2 Template”; also referred o as the “SNP”
sequence) has the sequence, in the 57 to 37 divection:
GCATTCATCACGTITTTCCOGAGTCCTTICCTTCCCACCAACAGCAGGGATTICTGAA
CGAGATGCOGACAQGTT (SEQ ID NQ: 98). Describing the Version 2 Template, in the 57 to

3’ direction, the first underlined sequence is the second portion of the Version 2 Template,
the second underlined sequence is the internal metif of the Version 2 Template, and the third
underlined sequence s the fivst portion of the Version 2 Template. The Version | Template
and the Version 2 Template sequences differ only in a single nocleotide in the internal motif
sequence of the respective Tonplates. Specifically, the Version | Template has an “A” in the
31° position in the sequence (emphasized with bold and italicized font), whereas the Version
2 Template has a *“T7 in the 31% position in the sequence {emphasized with bold and talicized
font). A first primer and 2 second primer were also provided to amplify the Template
sequences. The fivst privaer (“Example 8 Primer 1) has a sequence of: 57
FTCCATCCOCAACTOTCCCCATCT 37 (SEQ 1D NO: 99). The underlined sequence is the
first / tail region of the Example 8 Primer 1, and the non-underiined sequence is the second /
template-binding region of the Example 8 Primer 1. The second primer (“Example 8 Primer
27"y has a sequence oft 8 GGGATGGAGCATTCATCACGTTT 37 (SEQ 1D NO: 100). The
vnderhined sequence s the first / tail region of the Example & Primer 2, and the non-

underlined sequence is the second / template-binding region of the Example 8 Primer 2.

{8298} Separate amplification reactions as described elsewhere herein were performed for
cither the Version | Template or the Version 2 Template, with the reactions for both the

Version 1 Template and the Version 2 Template using Example 8 Primer 1 and Example 8
Primer 2 as the prigers. Multiple reactions under the same conditions were performed for

each Template.

19296} In the Version | Template reactions, upon the annealing of the Example 8 Primer 110
the Version | Template and the generation by a polymerase of an extension product of the
Example 8 Primer 1 (“Version | Template Primer 1 Extension Product™), the Version |
Template Primer 1 Extension Product will bave a sequence as follows: 57

TCCATCCCAACTOTCCLCCATCTCTTCAGAATCCCTGCTGTTGOTOUUATGUAAAG
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GACTCOCAAAAACGTOATCAATGC (SEQ ID NG: 101). Describing the Version |

Template Primer 1 Extension Product, in the 57 to 37 dircetion, the first non-underhined
sequence ts the sequence of the fivst / tail region of the Example 8 Primer 1, the first
underlined sequence is a sequence which is complementary to the first portion of the Version
1 Template, the second underlined sequence 1s the sequence of the internal motif of the
Version | Template Primer | Extension Product (where the bold, italicized “T7 is the
nucleotide of interest), and the third underhined sequence is a sequence which is
complementary to the second portion of the Version | Template. According to methods
described herein, in crubodiments, the portion of the Version 1 Temaplate Primer | Extension
Product corresponding to the sequence of the first / tail region of the Example § Primer |
sequence may temporarily anneal to the interpal motif of the Version | Template Primer |
Extension Product, such that the *“T™ in the 19 position anneals to the “A™ in the 52" position,
the “C” in the 279 position anneals to the “G” in the 51% position, the “C” in the 3% position
anneals to the “G” in the 50™ position, etc., up to the “C” in the 8™ position annealing to the
“G7 in the 45Y position. Of note, the portion of the Version 1 Template Primer 1 Extension
Product corresponding to the sequence of the first / tail region of the Example § Primer 1
sequence is perfectly complementary to the internal monf sequence of the Version |
Template Primer 1 Extension Product (1.e. there are no mis-matches between any of the 8 sets
of paired nucleotides).

{82971 In the Version 2 Template reactions, upon the annealing of the Example 8 Primer 1 to
the Version 2 Template and the generation by s polymerase of an extension product of the
Example & Primer 1 (“Version 2 Template Primer 1 Extension Product™), the Version 2
Template Primer 1 Extension Product will have a sequence as follows: 5
TCCATCCCAACTGTCCCCATCTCTTCAGAATCCCTGCTGTTGGTGGGAAGGAAAG
GACTCGCAAAAACGTCATOAATGC (SEQ 1D NO: 102). Describing the Version 2

Template Extension Product , jo the 5 to 3° direction, the first non-underlined sequence s
the sequence of the first / tail region of the Example 8 Primer 1, the fivst underlined sequence
is & sequence which is complomentary to the first portion of the Version 2 Template, the
second underlined sequence is the sequence of the internal motif of the Version 2 Template
Primner 1 Extension Product {where the bold, italicized “A” 15 the nucleotide of interest), and
the third underlined sequence s a sequence which is complementary to the second portion of
the Version 2 Template. According to methods described hercin, in embodiments, the
portion of the Version 2 Tomplate Primer | Extension Product corresponding to the sequence
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of the first / tail region of the Exampie 8 Primer 1 sequence may {cmporarily anneal to the
wmternal ootif of the Version 2 Template Primer 1 Extension Product, such that the “T” in the
15 position anneals to the “A” in the 52 position, the “C” in the 2% position anneals to the
“G” in the 51% position, the “C” in the 3™ position anneals to the “G” in the 50T position, ete.,
up to the “C™ in the 8" position annealing to the “G™ in the 457 position. Of note, the portion
ofthe Version 2 Template Primer 1 Extension Product corresponding 1o the sequence of the
first / tail region of the Example & Primer 1 sequence s not perfectly complementary to the
nternal motif sequence of the Version 2 Template Primer 1 Hxtension Product, as there is a
mis-match between the “A” in the 4% position and the “A” in the 49" position. Thus,
comparing the Version 1 Template Primer 1 Extension Product to the Version 2 Template
Primer 1 Extension Product, the portion of the respective Extension Produoct comvesponding to
the first / tail region of the Example & Primer 1 will have greater complementation to and will
more stably anneal to the internal motif in the Version 1 Template Primer | Extension
Product than in Version 2 Template Primer 1 Extension Product. In particular, the sequence
“TCCATCCC” in the Version 1 Template Primer 1 Extension Product is perfectly
complemeniary to the intornal motif in the Version 1 Template Primer 1 Extension Product (8
out of 8 nucleotides can properly pair), whereas the sequence “TCCATCCC” in the Version 2
Template Primer 1 Extension Product is not perfectly complementary to the internal motif in
the Version 2 Template Primer 1 Extension Produci {only 7 out of 8 nucleotides can properly
pair}). Typically, greater complementarity between the portion of an Extension Product
corresponding to a primer tail and an internal motif in the Extension Product results in a more
stable annealing between these two portions. When an Extension Produet is configured such
that these two portions are annealed, it may accelerate the rate of a reaction provided berein,
for example, by permitting the binding of a new primer to un-annealed nucleotides in a
complementary strand exposed by the internal annealing of regions of an Extension Product

or by the increased rate of concatemer formation according to methods provided herein

[8298] A similar mechanism as described above also occurs for the Version | Template and
Yersion 2 Temaplate Primer 2 Extension Products, where the portion of the ail region of the
Extension Produets is perfectly complementary for the Version 1 Template Primer 2

Extension Product, but is not perfectly complementary for the Version 2 Template Primer 2

Extension Product.

121



WO 2015/076919 PCT/US2014/056151

18299] Figure 11 shows the results of the amplification reactions with these templates and
primers, where the X-axis shows time and the Y -axis shows relative flucrescence units (RFU}
{indicating amplified DNA). As shown in Figure 11, the amplification reactions with the
Verston 1 Template (“wild-type” sequence) occurred more quickly than reactions with the
Version 2 Template (“SNP” sequence). Thus, these results show that raethods provided
herein can be used, for example, to distinguish between sequences having single-nucleotide

variations.

18308} Example 9 — SNP Detection

183611 A methoed provided herein was vsed for identifying a SNP / motation in a human
target nucleic acid. The Q356R variant of the BRCA1 protein may be associated with an
mereased risk of cancer. The Q356R vartant may occur, for example, when the codon
(nucleotide sequence CAG) encoding the glutamine at the 356 amino acid position of the
wild-type BRCA{ protein insiead has the nucleotide sequence CG(, so that the codon

encodes an arginine instead of glhitamine.

18362 Four different versions of a portion of the BRCA L genomic sequence which contains,
among other nucleotides, the codon for the 356 amino acid position were obtained. The first
version (“Wild-Type Target™) contains the wild-type codon encoeding the glutamine at the
356 amino acid position {sequence CAG), and has the nucleotide sequence, tnthe $7 10 3°
direction:
AAGATOTTCCTITGOATAACACTAAATAGCAGCATICAGAAAGTTAATGAGTOGETT

TTCCAGA (SEQ 1D NO: 103). The second version (“Q356R Target”) contains a codon

—~

encoding an arginine at the 356 amino acid position (sequence CGG), and has the nocleotide
sequence, inthe 57 to 37 direction:
AAGATGITCCTTIGOATAACACTAAATAGCAGCATICGGAAAGTTAATGAGTGGTT
TTCCAGA (SEQ ID NG: 104). The third version (“Q356F Target”™) contains a codon

encoding a proline at the 356 amino acid position {sequence CCQ), and has the nucleotide
sequence, in the 57 to 3° direction:
AAGATOTTCCTTOUATAACACTAAATAGCAGCATTCCGAAAGTTAATCGAGTGOTT
TTCCAGA (SEQ 1D NO: 105). The fourth version (“Q356L Target”) contains a codon

encoding a leucine at the 356 amino acid position (sequence CTG), and has the nucleotide
sequence, inthe 57 1o 37 divection:

AAGATGTTCCTTOUATAACACTAAATAGCAGCATICTCAAAGTTAATGAGTGGTT
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A {(SEQ ID NO: 106}, In cach of the above four Targets, in the 57 to 3” direction,
the first underlined sequence is the second portion of the Target, the second underlined
sequence ts the internal motif of the Target, and the third underlined sequence is the first

portion of the Target.

{8383] The above four Target sequences differ by only a single nucleotide in the internal
motif sequence of the respective Targets. Specifically, the Wild-Type Target has an “A” in
the 37 position in the sequence (emphasized with bold and ialicized font), whereas the
Q356R Target has a “G” 1 the 37% position io the sequence, the Q336 Target has 2 “C” in
the 37 position in the sequence, and the Q3561 Target has a 77 in the 37 position in the
sequence. A first primer and a sccond primer were alse provided to amplify the Target
sequences. The first primer ("Example 9 Primer 17) has a sequence off 57
ATTCAGAATCTGOAAAACCACTC 37 (SEQ ID NO: 107). The underlined sequence is
the first / tail region of the Example 9 Primer 1, and the non-ondertined sequence 1s the
second / template-binding region of the Example 9 Primer 1. The second primer (“Example 9
108). The underlined sequence is the first / tail region of the Example 9 Primoer 2, and the

non-underlined sequence is the second / template-binding region of the Example ¢ Primer 2.

{8384} Soparate amplification reactions as described herein were performed for cach of the
above four Targets, with the reactions for all four Targets using Example 9 Primer | and
Example 9 Primer 2 as the primers. The conditions for the reactions were as follows: 50 mM
potassing acetate, 20 mM Tris-acetate, pH 7.9, 10 mM magnesium acetate, 1 mM DTT, 0.8
M betaine, 2 uM SYTG ® 59 (Life Technologies), 0.8 units / ul Bst DNA polymerase (New
England BioLabs), 0.8 uM of Example 9 Primer 1, 0.8 uM of Exarple 9 Primer 2, and 10
copies Target molecule / ul. The reactions were held at 56 C for 96 mimutes, and the
mflection point of each reaction determined using a single-threshold method with CFX
Manager software (Bio-Rad). Multiple reactions under the same conditions were performed

for cach Target.

{8363} The amplification reactions occurred by mechanisms described elsewhere herein, for
example, as in Example 8 For example, Example ¢ Primer 1 and Example 9 Primer 2
extension products were formed from each of the above Target nucleic acids, in cach
respective reaction, to form, for example a Wild-Type Target Example 9 Primer 1 Extension

Product, a Q356R Target Example 9 Primer § Extension Product, a Q356P Target Example 9
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Primer 1 Extension Product, and a Q356L Target Example ¢ Primer 1 Extension Product, and

corresponding extension products from cach target from Example @ Primer 2.

{18386} Of note, whereas the portion of, for example, the Wild-Type Target Example 9 Primer
1 Extension Product corresponding to the first / tail region of the Example 9 Primer 1 is
perfectly complementary to the internal motif in the Wild-Type Target Example 9 Primer |
Extension Product, the portion of the Extension Product corresponding to the first / tail region
of the Example 9 Primer 1 for each of the Q356R Target, Q356F Target, and Q3561 Target
Primer 1 Extension Products 15 not perfectly complementary 1o the imternal motif jo the
respective Extension Product. Specifically, there is a single-nucleotide mis-match at the
position involving the nucleotide in the 37* position of the target sequence, as described

above. This mismatch may affect the rate of a reaction provided herein,

{83871 The average mflection time of the assays with each of the different Targets was as
follows: Wild-Type Target: 24.5 minutes; Q356R Target: 49.5 minutes, Q356P Target: 55.7
minutes, and Q3561 Target: 59.8 minutes. Thus, as indicated by the inflection times of the
assays, the reactions can readily difforentiate between targets which vary by a single
nucleotide in an imternal motif. The significantly faster inflection time of the assay with the
Wild-Type Target as compared to the other Targets may be a result of, for cxample, the
perfect conmplementation between the portion of the Wild-Type Target Example 9 Primer 1
Extension Produet corresponding to the first / tail region of the Example 9 Primer | and the
nternal motif in the Wild-Type Target Example 9 Primer 1 Extension Product, in contrast o
the imperfect complementation between the portion of the Q356R Target, Q356P Target, and
Q3561 Target Example 9 Primer 1 Extension Product which corresponds to the first / tail
region of the Example 9 Primer | and the mtermal motif in the respective Example 9 Primer |
Extension Product. A similar reasoning also applies to the extension products of the Primer 2

Extension Products.

18308] Example 10 - Influcnza N9 Gene Amplification

{83091 A method provided herein was used to amphfy a portion of the neuraminidase gene
(MG} from a sample containing Influenza A viras, sebtype H7N9. The target sequence from
NG was, in the 5” to 37 direction (in DNA form):
AACTTTAAGGACGAACAAGAGAGAAGGTAAACCTACAACCACTACAAACAAAGT
AATATTATCAACAAATAATAACAAACCGAACACAACCAACAAAGT (SEQ ID NG

109). The first primer vsed to amplify the template had the sequence, inthe §"t0 3
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primer, the vnderfined region is the tail / first region of the primer and the non-underlined
region is the second / template-binding region. The second primer used to amplify the
template bad the sequence, inthe 57 to 37 direction: AATGGAAGTTCGAAATTCCTGCTTG
(SEQ 1D NO: 111). Describing the fivst primer, the underlined region is the 1ail / first region
of the primer and the non-underlined region 15 the second / template-binding region. Multiple
reactions as described herein were performed using the first primer and second primer, where
the reactions cither contained template sequence or did not contain template sequence. The
reactions containing the template had 250,000 copies template sequence per reaction. The
results of the reactions are provided in Figure 12, The mumbers on the X-axis are minutes,
and the Y-axis vahugs are relative fluorescence anits (RFU). As shown in the graph, in the
templated reactions, the REFYU rapidly rises at about 20 nuoutes, indicating the amplification
of the template sequence. The fncrease in RFU in the no template reactions at about 60

minutes and later is a result of non-specific background products.

19318} Nucleotide and amino acid sequences provided berein are artificial sequences, unless

otherwise noted.

18311} While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are
provided by way of example only. The foregoing deseription is not mtended to be exhaustive
or to limit the invention to the precise embodiments disclosed, and other modifications and
variations may be possible in light of the above teachings without departing from the
mvention. Any feature, whether preferred or not, may be combined with any other feature,
whether preforred or not. 1 should also be anderstood that while the tnvention provided
herein has been described herein using a imited number of terms and phrases for purposes of
expediency, the invention could also be described using other terras and phrases not provided
herein which also accurately describe the invention. The appended claims are notto be
wnterpreted as including means-plus- function limitations, unless such a limitation is explicitly
recited in a given claim using the phrase “means for.”” It should be vnderstood that as used in
the description herein and throughout the claimg that follow, the meaning of "a,” "an,” and
"the” inchudes plural reference unless the context clearly dictates otherwise. For example, a
reference to “an assay” may refer to a single assay or multiple assays. Also, as used in the

description herein and throughout the claims that follow, the meaning of "in" includes "in”
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and "on”" onless the context clearly dictates otherwise. As used in the description herein and
through the clabus that follow, a first object described as containing “at least a portion” of a
second object may contain the full amount of / the complete second object. As ssed in the
description herein and throughout the claims that follow, the terms “comprise”, “inchude”,
and “contain” and related tenses are inclusive and open-eunded, and do not exclude additional,
unrecited elements or method steps. Also, the presence of broadening words and phrases
such as "one or more,” "at least,” "but not Hmited to” or other like phrases in some nstances
shall not be read to mean that the narrower case is intended or required in instances where
such broadening phrases may be absent. Finally, as used in the description herein and
throughout the claims that follow, the meaning of "or” jncludes both the conjunctive and
disjunctive unless the context expressly dictates otherwise. Thus, the term "or” includes

“and/or” unless the context expressly dictates otherwise.

312 is document contains material subject to copyright protection, The copyright owner
#312] This d i cont terial subject t vright protection. Th yright
‘Applicant herein) has no objection to facsimile reproduction by anyone of the paten
Applicant } 3t biection to f i duction by am fthe patent
documents or the patent disclosure, as they appear in the US Patent and Trademark Office
patent file or records, but otherwise reserves all copyright rights whatsoever, The following

notice shall apply: Copyright 2013-14 Theranos, Inc.
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We claim:
1. A method of copying a polynoclestide terplate, the method comprising:

ncubating the polynucleotide template in a reaction mixture comprising a first primer

and a second primer, wherein:

the first primer comprises a first region and a second region, wherein the second
region of the first privaer comprises a nucleotide sequence which is complementary to a first

portion of the polynucleotide tenmplate;

the second primer comprises a first region and a second region, wherein the second
region of the second primer comprises a micleotide sequence which is complementary to 2
partner naclestide sequence, wherein the partner nucleotide sequence is complementary to a

second portion of the polynucleotide template; and

upon incubation of the polynucleotide template with the first primer and the second
primer, at least one concatemer strand s formed, wherein the concatemer strand comprises a
5" end and a 3° end, and comprises a nuclootide sequence having the general strocture in the
3" t0 37 direction of C°-T-C’-T -X-C7, wherein: C represents the nucleotide sequence of the
first region of the second primer, T represents the nucleotide sequence of the polynucleotide
template or an analogous sequence thereof, and X represents any number and sequence of

nucleotides.

2. The method of claim 1, wherein the concatemer strand is a first concatemer strand, and
wherein upon incubation of the polynuecleotide template with the first primer and the second
primer, a second concatemer strand is also formed, whercin the second concatemer strand
comprises a 37 end and a 3 end, and comprises a nucleotide sequence having the general
structure in the 57 10 37 divection of: C-XC-T°-C-T7-C, wherein: C represents the nucleotide
sequence of the first region of the first primer, T” represents a nucleotide sequence which is
complementary to the polynucleotide template, and X7 represents a nucleotide sequence

which is complomentary to the nucleotide sequence of X,

3. The method of claim 1, wherein X contains a sequence having the general structure inthe

ries

5710 3 direction of [{C7-T)n] wherein C represents the nuclootide sequence of the first
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region of the second primer, T represents the nucleotide sequence of the polynucieotide

tenplate or an analogous sequence thereof, and N is any integer between 0 and 1000,

4. The method of claim 1, wherein X represents zero nucleotides.

5. The method of claim 1, wherein the reaction mixture forther comprises a DNA polymerase

having strand-displacement activity.

6. The method of claim 5, wherein the reaction mixture further comprises a reverse

transcriptase.

7. The method of claim 1, wherein the polynucleotide template 1s an RNA molecule

R. The method of claim 7, wherein the T represents the nucleotide sequence of a DNA
3

sequence which is analogous to the RNA sequence of the polymucleotide template.

9. The method of claim 1, wherein the polynucleotide template comprises one strand of

double-stranded vucleic acid template.

10. The method claim 1, wherein during the incubation of the reaction mixture, the

temperature of the reaction mixture does not exceed 80 C.

11. The method of claim 1, wherein the first region of the first primer contains between 4 and

25 nucleotides.

12. The method of claim I, wherein the first region of the first primer and the first region of

the second primer contain the same number of nucleotides.
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13. The method of claim 1, wherein the polynucleotide template contains between 10 and

1000 nucleotides.

14. The method of claim 1, wherein the reaction mixture further comprises a nucleic acid dye.

15. The method of claim |, wherein the number of copies of the polyoucleotide template in
the reaction mixture is increased at least 10-fold within 60 nunutes of imitiation of the

method.

16. A method of assaying for a target polynacleotide template in 2 biological sample, the
method comprising:
A} mcubating the biclogical sample or portion thereof in a reaction mixture
comprising 3 first primer and 8 sccond primer, wherein
the first primer comprises a first region and a second region, wherein the
second region of the fivst primer comprises a nucleotide sequence which is
complementary to a first portion of the polynucleotide template;
the second primer comprises a first region and a second region, wherein the
sccond region of the second primer comprises a micleotide sequence which is
complementary to a partner nucleotide sequence, wherein the partner nucleotide

sequence is complementary to a second portion of the polynucieotide template; and

upon incubation of the polynucleotide template with the first primer and the
second primer, at least one concatemer strand is formed, wherein the concatemer
strand comprises a 5" end and a 3” end, and comprises a micleotide sequence having
the general stracture in the 5 to 3” divection of: C"-T-C"-T - X7, wherein: 7
represents the nucleotide sequence of the first region of the second primer, T
represents the nucleotide sequence of the polynucleotide template or an analogous

sequence thereof, and X ropresents any number and sequence of nocleotides; and
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B) measuring an amount of amplified nucleic acid in the reaction mixture of A) at one or

more potats afior the initiation of the incubating step of Al

17. The method of claim 16, wherein the measuring an amount of amplified nacleic acid in

the reaction mixture of comprises determining a level of fluoorescence in the reaction mixture.

18. The method of claim 16, further comprising determine an inflection time for mucleic acid

amplification in the reaction mixture,

19. The method of claim 16, wherein the biclogical saraple or portion thercot is from a

human.

20. A method of generating a concatemer comprising at least two copies of a double stranded

nmucleic acid template, the method comprising:

meubating in a reaction mixture at least a first template molecude and a second

template molecale, wherein:

the first teraplate molecule comprises a first nucleic acid strand and a second nucheic

actd strand, wherein:

the first nucleic acid strand of the first template molecule comprises a
nucleotide sequence having the general structure in the 5° to 3° direction of: H’-8-Y -
H’, wherein: H represents the nucleotide sequence of a first homology sequence, S
represents the nuclectide sequence of a first strand of the double stranded nucleic acid

teraplate, and Y1 represends any number and sequence of mucleotides; and

the second mucleic acid strand of the first template molecule comprises a
nucleotide sequence having the general structure in the 5 to 37 direction of H-Y1*-58’-
H, wherein: H represents the nucleotide sequence of a second homology sequence,
wherein the first homology sequence and second homology sequence are
complementary to cach other, Y1 represents a nucleotide sequence which is

complementary to the nucleotide sequence of Yy, and 8° represents the nucleotide
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scquence of a second strand of the double stranded nucleic acid teruplate, wherein the
first strand and second strand of the double stranded nucleic acid template are

complementary to cach other; and

the second template molecule comprises a first nucleic acid strand and a second

nucleie acid strand, wherein:

the first nucleic acid strand of the second template molecule comprises 2
nucleotide sequence having the general structure o the 5° to 3° direction of H’-8-Y2-
H’, wherein: H represents the nucleotide sequence of the first homology sequence, 8
represents the nocleotide sequence of the first strand of the double stranded nueleic
acid teroplate, and Y2 represents any number and sequence of mucheotides; and

the second mucleic acid strand of the first template molecule comprises a
nucleotide sequence having the general structure in the 5 to 37 direction of H-Y2-58’-
H, wherein: H represents the nucleotide sequence of the second homology sequence,
Y2’ represents a nucleotide sequence which is complementary to the nucleotide
sequence of Yz, and §” represents the nucleotide sequence of the second strand of the

double stranded nucleic acid template; and

upon incubation of the first template molecule with the second template molecule in
the reaction mixture, at least one concatemer comprising at least two copies of the
double stranded nucleic acid template is formed, wherein the concatemer comprises a
first concatemer strand and a second concatemer strand, wherein the first concatemer

9

strand comprises a 5° end and a 37 end, and comprises a nocleotide sequence having
the general structure in the 57 to 37 divection oft H'-8-Yo-H’-8-Y1-H’, wherein cach of
H’, Y1, 8, and Y2 represent nucleotide sequences as described above; and wherein the
second concatemer strand comprises a2 87 end and a 37 end, and comprises a sequence
having the general structure inthe 57 to 37 divection of H-Y"-S™-H-Y2'-5-H,

wherein cach of H', Y, 8, and Y2 represent nucleotide sequences as described above,

21, The method of claim 20, wherein at least one of YY) and Y2 reprosents O nucleotides.

22. The method of claim 21, wheren both of Y1 and Y2 represent ( nucleotides.
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23. The method of claim 20, wherein Y1 contains a sequence having the general stracture in
the 5° to 37 direction of [(H-S)wi} wherein H represents the nucleotide sequence of g first
homology sequence, S represonts the nucleotide sequence of a first strand of the double

stranded nucleic acid template, and N1 s any integer between  and 2000,

24. The method of ¢claim 20, wherein Y1 contains a sequence having the general structure in
the 5° to 37 direction of [(H-S)wi} wherein H represents the nucleotide sequence of g first
homology sequence, S represonts the nucleotide sequence of a first strand of the double
stranded nucleic acid template, and N1 is any integer between ( and 2000, and wherem Y2
contains a sequence having the general structure n the §” t0 37 divection of [(H*-Shvi]
wherein H’ represents the nucleotide sequence of 3 first homology sequence, S represents the
nucleotide sequence of a first sivand of the double stranded nucleic acid template, and N2 is

any integer between (G and 2000,

25. The method of claim 24, wherein N1 and N2 are different integers,

26. The method of claim 25, wherein N1 is 0, and N2 is an integer between 1 and 2000.

27. The method of claim 20, wherein the first template molecule and second terplate

molecule are both double-stranded DNA molecules.

28. The method of claim 20, wherein the first homology sequence contains between 4 and 25

nucleotides.

28, A method for generating a concatemer comprising two or more copics of a double-
stranded nucleic acid template, the method comprising:
(A) treating a primary double-stranded nucleic acid comprising the double-stranded nucleic

acid template with a first copy of a first primer and a polymerase under conditions sach that
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an extension product of the first copy of the first primer is synthesized which is annealed o a

first strand of the double-stranded nuclsic acid template,
whergin

the first primer comprises a 57 ternunal nucleotide, a 3° terminal nucleotide, and two

regions:
(1) a tail region comprising
{a) the 5’ termival nucleotide of the primer
{b) an innermost nucleotide, wherein the mnermost nucleotide is
dowustream from the 57 terminal nucleotide

{c} a muddie section between the 57 terminal nucleotide and the
mnermost

nucleotide, comprising one or more micleotides, and
(ii} a template-binding region comprising

{a} the 3" terminal nucleotide of the primer
{(b) an ionermost micleotide, wherein the innermost nucleotide is
upstrcam

from the 3 terminal nucleotide

{c} a muddie section between the 37 terminal nucleotide and the

mnermost
nucleotide, comprising one or more nucieotides, and
the template-binding region of the first copy of the first primer anneals to the first
strand
of the double-stranded nucleic acid template,
(B) treating the extension product of the first copy of the first primer of step (A) with a
second primer and a polymerase under conditions such that an extension produoct of the
second primer is synthesized which s annealed to the extension product of the first copy of

the first primer of step (A),

wherein
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the second primer comprises a 5 terminal nuclectide, a 37 terminal nucleotide, and
2 ,

WO Tegions:
(i} a tail vegion comprising
{(a) the 5 terminal nucleotide of the primer
(b} an innermost nucleotide, wherein the innermost nucleotide is
downstream from the 57 terminal nucleotide

(¢} a middle section between the 57 terminal nucleotide and the

nnermost mucleotide, conprising one or more nucleotides, and
(i1} a template-binding region comprising
{a} the 3" torminal nucleotide of the primer

{b) an innermost nucleotide, wherein the innermost nucleotide is

upstream from the 37 terminal nucleotide

{¢} 2 middle section between the 37 terminal nuclestide and the

innermost nucleotide, comprising one or more nucleotides,

the tail region of the second primer contains a nucleotide sequence which is

complementary to the nucleotide sequence of the tail region of the first primer,

the template-binding region of the second privaer anncals to the extension product of

the first copy of the first primer of step (A), and

the extonsion product of the second primer contains 2 57 terminal nucleotide, a 3
terminal nucleotide, and a 37 terminal region comprising the 3”7 terminal nucleotide, wherein
the 37 terminal region contains the same nuclectide sequence as the nucleotide sequence of
the tail region of the second primer read inthe 57 to 37 direction, and the final nucleotide of
the 37 terminal region is the 37 terminal nucleotide of the extension product of the second
primer,

(C) treating the extension product of the second primer of step (B) with a second copy of the
fivst primer and a polymerase under conditions such that an extension product of the second
copy of the first primer is synthesized which is anoealed to the extension product of the

second primer of step (B}, to produce a first copy of a secondary nucleic acid comprising the
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extension product of the second primer of step (B) and the extension product of the second

copy of the first primer,
wherein

the extension product of the second copy of the first primer contains a 57 terminal
nucleotide, a 37 terminal nucleotide, and a 37 terminal region comprising the 37 terminal
nucleotide, wherein the 3° terminal region contains the same nucleotide sequcnce as the
nucleotide sequence of the tail region of the first primer read inthe 57 to 3 direction, and the
final nucleotide of the 37 terminal region s the 3 terminal nucieotide of the extension

product of the second primes,

(D) repeating at least step (C) one or more additional times 1o generate at least a second copy

of the secondary nucleic acid of step (O},

() treating the first copy of the secondary nucleic acid of step (C) and the second copy of the
secondary nucleic acid of step (D) under conditions such that the 37 terminal region of the
extension product of the second copy of the first primer of the first copy of the secondary
nucleic acid anncals to the 37 terminal region of the extension product of the second primer of
the second copy of the secondary nucleic acid, to produce a cross-over structure comprising
the extension product of the second copy of the first primer of the first copy of the secondary
nucleic acid and the extension product of the second primer of the second copy of the

secondary nucleic acid,

{F) treating the cross-over struchure of step (E) with a polymerase under conditions such that
an extension product of the extension product of the second copy of the first primer of the
first copy of the sccondary nucleic acid is synthesized and an extension product of the
extension product of the second primer of the second copy of the secondary nucleic acid 1s
synthesized, to produce a concatemer comprising two copies of the doable-stranded nucleic
acid template of step (A}, wherein the concatemer comprises the extension product of the
extension product of the second copy of the first primer of the first copy of the secondary
nucleic acid and the extension produoct of the extension product of the second primer of the

second copy of the secondary nucleic acid.

30. The method claiin 29, wherein the nucleic acid polymerase of step {A) 15 a DNA

polymerase having strand-displacement activity.
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31, The method of ¢laim 29, wherein all steps of the method are performed at a temperature

of no greater than 80 C,

32. The method of claim 29, wherein two or more of the steps occur simultaneously.

33. A method for generating a concatemer comprising two ot more copics of a polynucleotide
template ot an analogous sequence thereof, the method comprising,

(A} treating a primary nucleic acid comprising the polynucieotide template with a first copy
of a first primer and a polymerase under conditions such that an extension product of the first

copy of the first primer is synthesized which 15 annealed to the polynucieotide template,
wherein
the first primer comprises a 57 terminal mucleotide, a 3° terminal pucleotide, and two
regions:
(1) a tail region comprising
{a) the 5’ termival nucleotide of the primer

{b) an innermost nuclestide, wherein the inmermost nucleotide is

.

downstream from the 57 terminal nucleotide

{c} a muddie section between the 57 terminal nucleotide and the

nnermost nueclectide, comprising one or move nucleotides, and
(it} a teoplate-binding region comprising
{a) the 3" torminal nucleotide of the primer

{b) an innermost nucleotide, wherein the innermost nucleotide is

-

upstream from the 3”7 terminal nucleotide

{(c) a middle section between the 37 terminal nucleotide and the
mmermost nucleotide, comprising one or more nucleotides, and the tenplate-
binding region of the first copy of the first primer anneals to the

polynucleotide template,
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(B) treating the extension product of the first copy of the first primer of step (A) with a
second primer and a polymerase under conditions such that an extension product of the
second primer is synthesized which is annealed to the extension product of the first copy of
the first primer of step (A},
wherein
the second primer comprises a 57 terminal nucleotide, a 37 terminal nucleotide, and
WO Tegions:
(i} a tail vegion comprising
{(a) the 5 terminal nucleotide of the primer
(b} an innermost nucleotide, wherein the innermost nucleotide is
downstrearn from the 57 ferminal sucleotide
{c) a middle section between the 57 terminal nucleotide and the
nnermost nucleotide, comprising one or more nucleotides
(i1} a template-binding region comprising
{a} the 3" torminal nucleotide of the primer
{b) an innermost nucleotide, wherein the innermost nucleotide is
upstream from the 37 terminal nucleotide
{¢) a middle section between the 37 terminal nucleotide and the
innermost nucleotide, comprising one or more nucleotides,
the tail region of the second primer contains a nucleotide sequence which is
complementary to the nucleotide sequence of the tail region of the first primer,
the template-binding region of the second prumer anncals to the extension product of
the first copy of the first primer of step (A), and
the cxtension product of the second primer contains 2 57 terminal pucleotide, a 3
terminal nucleotide, and a 37 terminal region comprising the 3”7 terminal nucleotide, wherein
the 37 terminal region contains the same nuclectide sequence as the nucleotide sequence of
the tail region of the second primer read inthe 57 to 37 direction, and the final nucleotide of
the 37 terminal region is the 37 terminal nucleotide of the extension product of the second

primer,
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(C) treating the extension product of the second primer of siep (B) with a second copy of the
first primer and a polymerase under conditions such that an extension product of the second
copy of the first primer is synthesized which is annealed to the extension product of the
second primer of step (B}, to produce a first copy of a secondary nucleic acid comprising the
extension product of the sccond primer of step (B) and the extension product of the second

copy of the first primer,
wherein

the extension product of the second copy of the fivst primer contains a §7 terminal
nucleotide, a 37 terminal nocleotide, and a 37 terminal region comprising the 3 terminal
nucleotide, wherein the 37 terminal region contains the same nucleotide sequence as the
nucleotide sequence of the fail region of the first primer read in the 57 to 37 divection, and the
B

final nucleotide of the 3” tevminal region is the 37 terminal nucleotide of the extension

product of the second primer

(D) repeating at least step (C) one or more addition times to generate at least a second copy of
the secondary nocleic acid comprising the extension product of the second primer of step (B)

and the extension product of the second copy of the first primer of step (C),

(B} treating the first copy of the secondary nucleic acid of step (C) and the second copy of the
secondary nucleic acid of step (I3} under conditions such that the 37 torminal region of the
extension product of the second copy of the first primer of the first copy of the secondary
nucleic acid anneals to the 37 terminal region of the extension product of the second primer of
the second copy of the secondary nucleie acid, to prodoce a cross-over structure comprising
the extension product of the second copy of the first primer of the first copy of the secondary
nucleic acid and the extension product of the second primer of the second copy of the

secondary nucleic acid,

(F} treating the cross-over structure of step (E) with a polymerase under conditions such that
an extension product of the extension product of the second copy of the fivst primer of the
first copy of the secondary nucleie acid is synthesized and an extension prodact of the
extension product of the second primer of the second copy of the secondary nucleic acid is
synthesized, to produce a concatemer comprising two copies of the polynucieotide teraplate
of step (A), wherein the concatemer comprises the extension product of the extension product

ot the second copy of the first primner of the first copy of the secondary nucleic acid and the

138



WO 2015/076919 PCT/US2014/056151

extension product of the extension product of the second primer of the second copy of the

secondary nucleic acid.

34. The method claim 33, wherein the nucleic acid polymerase of step (A) 1s a DNA

polymerase.

35. The method of claim 33, wherein the mucleic acid polymerase of step (A) is a reverse

transcriptase,

36. The method of claim 33, wherein all steps of the method are performed at a temperature

of no greater than 80 C.

37. The method of claim 33, wherein two or more of the steps occur simultanecusly.

38. A method for generating a concatemer comprising two or more copies of a double-
stranded nucleic acid template, the method comprising,
(A) preparing a reaction mixture comprising:

(1) a primary nucleic acid comprising the double-stranded nucleic acid tenplate

A 5

{11) an 1selated nucleic acid polymerase,

{111} a first primer comprising a 57 teroival nucleotide, a 37 ferminal nucleotide, and
two regions:

{(a) a tail region comprising
{1) the §7 terminal nucleotide of the primer

(2) an tonermost mucleotide, wherein the tmermost nucleotide is

downstream
from the 57 terminal nucleotide

{3 a middle section between the 57 terminal nucleotide and the
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inncrmost nucleotide, comprising one or more nuclootides, and
{b) a template-binding region comprising
(1) the 37 terminal nucleotide of the priver

{2y an innermost nuclestide, wherein the inmermost nucleotide is

upstream
from the 37 terminal nucleotide
(3) a middle section between the 37 terminal nucleotide and the
mnermost nacleotide, comprising one or more nucleotides,

wherein the teraplate-binding region is complementary to a fisst strand of the

nucleic acid template,

{iv} a sccond primer comprising a 37 terminal nucleotide, a 37 terminal nucleotide, and

two regions:
{(a) a tail region comprising
{1) the 57 ternunal nucleotide of the primer

(2) an ionermost micleotide, wherein the innermost nucleotide is

downstream
from the §° terminal mucleotide
{3) a middle section between the 57 terminal nucleotide and the
innermost mucleofide, comprising one or more nucleotides, and
(b} a template-binding region comprising
{1} the 37 torminal nucleotide of the primer

{2y an innermost nucleotide, wherein the innermost nucleotide is

upsircam
from the 3° ternyinal nucleotide
{3) a middle section between the 37 erminal nucleotide and the

mnermost micleotide, comprising one or more nucleotides, and
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whercin the template-binding region is complomentary to a second strand of

the nucleic acid template, and

wherein the tail region of the sccond primer condains a nucleotide sequence
which 1s complementary to the nucleotide sequence of the tail region of the

first primer, and

(B) incubating the reaction mixture at a temperature of no greater than 80 C for at least 3

minuies.

39, A method for generating a concatemer comprising two of more copies of a

polymucleotide template, the method comprising,
(A} preparing a reaction mixture comprising:

{1) a nucleic acid comprising the polymucleotide template

{i) an isolated nucleic acid polymerase,

(iit) a first primer comprising a 57 terminal nucieotide, a 3” terminal nucleotide, and
WO Tegions:

{a) a tail region comprising
(1) the 57 terminal nucleotide of the primer

{2) an inncrmost nucleotide, wherein the inmermost nucleotide is

downstrearn from the 57 torminal nucleotide
{3 a middle section between the 57 terminal nucleotide and the
nnermost nucleotide, comprising one or more nucleotides, and
(b} a template-binding region comprising
{1) the 3” ternunal nucleotide of the primer

(2) an ionermost micleotide, wherein the innermost nucleotide is

upstream
from the 3 terminal nucleotide

{3) a middle section between the 37 terminal nucleotide and the
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inncrmost nucleotide, comprising one or more nucleotides, and

wherein the template-binding region is complementary to the polynucleotide

temaplate,

{iv}) a second primer comprising a 57 terminal nucleotide, a 37 terminal nueleotide, and

two regions:
{(a) a tail region comprising
(1) the 57 terminal nucleotide of the primer

{2y an innermost nucleotide, wherein the imnermost nucleotide is

downstream from the 5 terminal mucleotide
{3) a middle scction between the 57 terminal nucleotide and the
mnermost micleotide, comprising one or more nucleotides, and
(b} a template-binding region comprising
{1} the 3” terminal nucleotide of the primer

{2} an innermost nucleotide, wherein the innermost nucleotide is

upstream
from the 3° terminal nucleotide
{3) a middle section between the 37 erminal nucleotide and the
mmermost micleotide, comprising one or more nucleotides, and
wherein the template-binding region is complementary to a nucleotide
sequence complementary to the polynucleotide tomplate, and
wherein the tail region of the second primer contains a mucleotide sequence
which is complementary to the nucleotide sequence of the tail vegion of the
first primer, and
{B) incubating the reaction mixture at 3 temperature of no greater than 80 C for at least 3

tnutes.
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4{). The method of any of claims 29-39, wherein the double-stranded nucleic acid template or
polynucicotide template is amplified at least 10-fold within 60 minutes of initiation of the

method.

41. The method of any of claims 29-39, wherein the tail region of the first primer contains

between 4 and 25 nocleotides.

42. A vessel, comprising in fluid communication therciw

a first primer, wherein the first primer comprises a first region and a second region,
and wherein the second region of the first primer comprises a nucleotide sequence which is

complementary to a first portion of a polynucleotide template;

a second primer, wherein the second primer comprises a first region and a second
region, and wherein the second region of the sccond primer comprises a nucleotide sequence
which is complementary to a partner nucleotide sequence, wherein the partner nucleotide

sequence is complementary to a second portion of the polynucleotide template; and

at least one concaterner strand, wherein the concatemer strand comaprises a 5” end and
a 3 end, and comprises a nucleotide sequence having the general structime inthe S t0 3°
divection of: C-T-C°-T -X-C7, wherein: C represents the nucleotide seqaence of the first
region of the second primer, T represents the nucleotide sequence of the polynucleotide
template or an analogous sequence thereof, and X represcots any minuber and sequence of

nucleotides.

43. The vessel of claim 42, wherein the concatemer strand is a first concatemer strand, and
the vessel further comprises a second concatemer strand, wherein the second concatemer
strand comprises & 3" end and a 3” end, and comprises a nucleotide sequence having the
general structure in the 57 10 37 direction of: C-20-T7-C-T7-C, wherein: C represents the
nucleotide sequence of the first region of the first primer, T7 represents a nuclootide sequence
which is complementary to the polynucleotide template, and X represents a mucleotide

sequence which is complementary to the nucleotide sequence of X,
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44, The vessel of claim 42, wherein X contains a sequence having the general structure in the
5710 3 direction of [(C°-T)n] whercin O represents the nucleotide sequence of the first
region of the second primer, T represents the nucleotide sequence of the polynucleotide

emplate or an analogous sequence thereof, and N is any ioteger between § and 1000,

45, The vessel of claim 42, wherein X represents zeoro nucleotides.

46. A vessel, conprising in fluid communication therein:
{A) an isclated nucleic acid polymerase,
(B} a nucleic acid template comprising at least a first strand,

{C} a first primer comprising a 57 terminal nuclectide, a 37 terminal mucleotide, and

two regions:
(i) a tail region comprising
{a) the 57 terminal nucleotide of the primer

{b) an innermost nucleotide, wherein the innermost nucleotide is

downstream
from the 5 terminal mucleotide
{c} a middic section between the 57 terodnal nucheotide and the
mnermost micleotide, comprising one or more nucleotides, and
(it} a teoplate-binding region comprising
{a) the 3”7 terminal mucleotide of the primer

{b) an innermost nucleotide, wherein the innermost nucleotide is

upstream
from the 3 terminal nucleotide
{¢} 2 middle section between the 37 terminal nuclestide and the

mmermost muicleotide, comprising one or more nucleotides,
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wherein the template-binding region is complementary to a first strand of the

nucleie acid template, and

{D) a second primer comprising 8 5 terminal nucleotide, a 37 terminal mucleotide, and

WO regions:
(i) a tail region comprising
{a) the 57 terminal nucleotide of the primer

{(b) an ionermost micleotide, wherein the innermost nucleotide is

downstream from the 5 terminal nucleotide
{¢} 2 middle section between the 57 terminal nuclestide and the
innermost nucleotide, comprising one or more nuckeotides, and
{11} a template-binding region comprising
{(a) the 3’ terminal nucleotide of the primer

(b} an innermost nucleotide, wherein the innermost nucleotide is

upstream
from the 37 terminal nucleotide
{(c) a middle section between the 37 terminal nucleotide and the
inncrmost nucleotide, comprising one or more nuclootides, and

wherein the template-binding region is complementary to a nucleotide

sequence complementary to first strand of the nucleic acid template, and

wherein the tall region of the second primer condains a mucleotide sequence
which 1s complementary to the nucleotide sequence of the tail region of the

first primer.

47. The vessel of any of claimg 42-46, wherein the vessel comprises a DNA polymerase

having strand-displacement activity.

48. The vessel of claim 47, wherein the vessel further comprises a reverse transeriptase.
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49. The vessel of claim 42, wherein the polynucleotide template is an RNA molecule.

50. The vessel of claim 49, wherein the T represents the nucleotide sequence of a DNA

sequence which is analogous to the RNA scquence of the polynuclestide template.

51. The vessel of claim 42, wherein the polynucleotide template is a DNA molecule.

52. The vessel of clatm 51, wherein the polynucheotide template comprises one strand of

double-stranded nucleic acid template.

53. The vessel of claim 42, wherein the first region of the first primer contains between 4 and

23 nucleotides.

54. The vessel of ¢laim 42, wherein the first region of the first primer and the first region of

the second primer contain the same number of nucleotides.

55. The vessel of claim 46, wherein the tail region of the first primer contains between 4 and

28 nuclectides.

56. The vessel of claim 46, wherein the tail region of the first primer and the first region of

the second primer contain the same number of nucleotides.

37. The vessel of any of claims 42-56, wherein the vessel further comprises a nucleic acid
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58. The vessel of any of claims 42-57, wherein the vessel further comprises mucleotides and

buffer.

59. The vessel of any of claims 42-58, wherein the vessel further comprises at least a portion

ot a biological sample from a subject.
60. The vessel of claim 59, wherein the subject is a human.

61. A kit comprising two or more fluidically isolated containers, the containers collectively
comprising:

a first primey, wherein the first primer comprises a first region and a second region,
and wherein the second region of the first primer comprises a nucleotide sequence which is
complementary to a first portion of a polyoucleotide template;

a second primer, wherein the second primer comprises a first region and a second
region, and wherein the second region of the second primer comprises a nucleotide sequence
which is complementary 1o a partner nucleotide sequence, wherein the partner nucleotide
sequence ts complementary to a second portion of the polynucleotide template; and

an isolated DINA polymerase having strand-dispiacement activity; whercin:

the first region of the first primer and the first region of the second primer are

complcrentary.

62. A kit for detecting a target nucleic acid of interest comprising at least & fivst strand, the kit
comprising two or more fhidically 1solated containers, the containers collectively

comprising:
{A) an 1selated DNA polymerase having strand-displacement activity,

{B) a first primer comprising 2 57 terminal nucleotide, a 37 terminal mucleotide, and

WO regions:

(1) a tail region comprising
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{a) the 57 torminal nucleotide of the primer

{b) an innermost nucleotide, wherein the innermost nucleotide is

downstream
from the 5 ternyinal nucleotide
{c) a middic section between the 5 terminal nucleotide and the
mnermost micleotide, comprising one or more nucleotides, and
(it} a teoplate-binding region comprising
{a) the 3”7 terminal mucleotide of the primer

{b) an innermost nuclootide, wherein the imnermost nucleotide is

upstream
from the 3 terminal nucleotide
{¢} 2 middle section between the 37 terminal nuclestide and the
innermost nucleotide, comaprising one or more nucleotides,

wherein the template-binding region is complementary to the first strand of the

target nucleic acid, and

{C) a second primer comprising a §° terminal nucleotide, a 37 terounal mucleotide, and

two regions:
(1) a tail region comprising
{a) the 5’ terminal nucleotide of the primer

{b) an innermost nucleotide, wherein the mnermost nucleotide is

downstream from the 5 terminal mucleotide
{c} a muddie section between the 57 terminal nucleotide and the
innermost mucleofide, comprising one or more nucleotides, and
(i1} a template-binding region comprising
{a) the 3" torminal nucleotide of the primer
{b) an innermost nucleotide, wherein the innermost nucleotide is

upsircam
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from the 3”7 terminal mucleotide
{c) a middle section between the 37 terminal nucleotide and the
nnermost nucleotide, comprising one or more nucleotides, and

wherein the template-binding region is complementary to a mucleotide

sequence complementary 1o the first strand of the target nucleic acid, and

wherein the tail region of the second primer contains a nucleotide sequence
which is complementary to the nucleotide sequence of the tail region of the

first primer.

63, The kit of claim 61 or 62, further comprising a reverse transcriptase,

64. The kit of claim 61, wherein the first region of the first primer contains between 4 and 25

nucleotides.

65. The kit of claim 62, wherein the tail region of the first primer contains between 4 and 25

nucleotides,

66. The kit of any of claims 61-65, further conprising & nucleic acid containing the

nucleotide sequence of the target mucleic acid of interest.

67. A method for copying a polynuciectide template, the method comprismg:

incubating a reaction mixture comprising the polynuciootide teruplate, a first primer,

and a second primer under conditions without thermocycling, wherein:
the polynucleotide template comprises a first portion and a second portion;

the first primer comprises a first region and a second region, wherein the first region
comprises a 537 end of the primer, the second region comprises a 37 end of the primer, and the

second region is complementary io the first portion of the polynucleotide template;
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the second primer comprises a first region and a second region, wherein the first
region comprises a 57 end of the primer, the second region comprises 2 37 end of the pruger,
and the second region is complomentary to a sequence which is complementary to the second

portion of the polynucleotide template;

the first region of the first primer s complementary to the first region of the second

primer; and

multiple copies of the polynucleotide teraplate are generated.

68. The method of claim 67, wherein the polynucleotide template further comprises a third
portion, wherein the third portion is situated in the polynacieotide template between the first
portion and the second portion, and wherein the first region of the second primer is

complermentary to the third portion of the polyoucieotide template.

69. A method for amplifying a polynucleotide template, the method comprising incubating
the polymucleotide template in a reaction mixture comprising a first primer and a second

primer, wherein:

the polynucieotide template compriscs a first portion, a second portion and a third
portion, wherein the third portion is sttuated in the polyrucleotide tomplate between the first

portion and the second portion;

the first primer comprises a first region and a second region, wherein the second
region of the first primer is complementary to the first portion of the polynucleotide template;

and

the second primer comprises a first region and a second region, wherein the second
region of the sccond primer is complementary to a sequence which 1s complementary to the
second portion of the polynuocleotide teraplate, the first region of the second primer is
complementary o the first region of the first primer, and the first region of the second primer

is complementary 1o the third portion of the polynucieotide template.

70. A method for assessing the identity of a nucleotide at a position of inferestin a

nucleotide sequence in a polymucleotide template, the method comprising:
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A} providing copies of the polynucleotide template in cach of at icast a first reaction

mixture and a second reaction mixture, wherein:

the polynucleotide template comprises a first portion, a second portion and a third
portion, wherein the third portion is situated 1o the polyoucleotide template between the first

portion and the second portion and whercin the position of interest is in the third portion;

the first reaction mixtore comprises copies of the polynucieotide template, a first

primer, and a second primer, wherein:

the first primer comprises a first region and a second region, wherein
the first region compriscs a 57 end of the primey, the second region conprises
a 3" end of the primer, and the second region is complementary to a first

portion of the polynuclectide template;

the second primer comprises a first region and a second region,
wherein the first region comprises a §7 end of the primer, the second region
comprises a 37 end of the primer, and the second region is complementary {o a
sequence which is conplementary to a second portion of the polynucieotide

template;

the first region of the first primer is complementary to the first region

of the sccond primer; and

the first region of the second primer is complementary to the third

portion of the polynuclentide template;

the second reaction mixhure comprises copics of the polynucleotide template, a third

primer, and a fourth primer, wherein

the third primer comprises a first region and a second region, wheren
the first region comprises 2 57 end of the primer, the second region comprises
a 3" end of the primer, and the second region is complementary to a first
portion of the polynucleotide template;

the fourth primer comprises a first region and a second region, wherein
the first region comprises a 57 end of the primer, the second region comprises
a 3* end of the primer, and the second region is complementary to a sequence

which is complementary to a second portion of the polynucleotide template;

151



WO 2015/076919 PCT/US2014/056151

the first region of the third primer is complementary to the first region

of the fourth primer; and

the first region of the fourth primer is complementary to the third

portion of the polynucleotide template; and

the nucleotide sequence of the first region of the second primer differs from the
mucleotide sequence of first region of the fourth primer by a single nucleotide,
wherein the position of the different nucleotide in the second and fourth primers
corresponds to the position of the nucleotide of interest in the polvnucleotide template
if the nucleotide sequence of the first region of the second primer or fourth primer is
oriented with the nucleotide sequence of the third portion of the polynucleotide

ternplate for maximum complementation of the sequences;

B) incubating the first reaction mixture and second reaction mixture under conditions

without thermocycling; and

C} comparing the rate or amount of amplification of the polynuclestide template in
the first reaction mixture to the rate or amount of amplification of the polynucieotide template
m the second reaction mixture, wherein the rate or amount of amplification of the
polynucleotide template is indicative of the degree of complementation between first region
of the second or fourth primer and the nucleotide sequence of the third portion of the

polynucleotide template.

71. The method of any of clairas 67-70, wherein the polyoucleotide teraplate is a DNA

strand.

72. The method of any of claims 67-70, wherein the polynucleotide template is an RNA

strand.

73. The method of any of claims 67-70, wherein the polynucleotide tempiaie is one strand of
3 poty p

a duplex DNA meoleaule.
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74. The method of any of claims 67-73, wherein the first portion and second portion of the

polynucicotide template are cach between 6 and 30 nucleotides in length.

75. The method of any of claims 67-74, wherein the third portion of the polynucieotide

template is between 4 and 14 nucleotides in length.

76. The method of any of claims 67-75, wherein the number of copies of the polynucleotide
template in the reaction mixture is increased at least 10-fold within 60 minutes of initiation of

the method.

77. The method of any of claims 67-76, wherein a concatemer strand comprising at least
three copies of the polynucheotide template is generated during the jncubation of the reaction

Hxne.

78. A method for amplifying a dogble stranded nucleic acid molecule, the method
comprising incubating the double stranded nucleic acid molecule in a reaction mbdure

comprising a first primer and # second primer, wherein:

the double stranded nucleic acid molecule comprises a first strand and a second
strand, wherein the first sirand comprises a figst poriion and a third portion and the second

strand comprises & second portion;

the first primer comprises a first region and a second region, wherein the second

region of the first primaer s complementary to the first portion of the first strand; and

the second primer comprises a fivst region and a second region, wherein the second
egion of the second primer 1s complementary to the second portion of the second strand, the
first region of the second primer is complementary to the third portion of the first strand, and

the first region of the second primer is complementary to the first region of the fivst primer.

79. The method of any of claims 69-78, wherein the reaction mixture is incubated without

thermocycling.

i
RN
(e



WO 2015/076919 PCT/US2014/056151

8. The method of any of claims 67-79, wherein the reaction mixture further comprises a

nucleic acid dye.

81. The method of any of claims 67-80, wherein the reaction nixture further comprises 4

Teverse transcriptase.

82. A reaction mixtyre comprising:
a polymucleotide template, a first primer, and a second primer, wherein:

the polynucieotide template compriscs a first portion, a second portion and a third
portion, wherein the third portion is sttuated in the polyrucleotide tomplate between the first

portion and the second portion;

the first primer comprises a first region and a second region, wherein the first region
comprises a 87 end of the prumer, the second region comprises a 37 end of the primer, and the
second region is complementary o the first portion of the polynucleotide template;

the second primer comprises a first region and a second region, wherein the first
region comprises a 87 end of the primer, the second region comprises a 37 end of the primer,
and the second region is complomentary to a sequence which is complementary to the second
portion of the polynucleotide template;

the first region of the first primer is complementary to the first region of the second
primer; and

the first region of the second primer is complementary to the third portion of the

polynucleotide template.

83. The reaction mixture of claim 82, wherein the reaction mixture further comprises a DNA

polymerase having strand-displacement activity.

84. The reaction mixture of any of claims 82-83, wherein the reaction mixture further

COMPTISEs 8 TEVerse ranscriptase.

154



WO 2015/076919 PCT/US2014/056151

8S. The reaction mixture of any of claims 82-84, wherein the reaction mixture further

comprises a nucleic acid dye.

86. The reaction mixture of any of claims %2-85, wherein the reaction mixture further

comprises nucleotides and buffer,

87. The reaction mixture of any of claims 82-86, wherein the pelynucleotide template is a

DNA strand.

Qo

%, The reaction mixture of any of claims 82-87, wherein the pelynucieotide template is an

RNA strand.

0

89. The reaction mixture of any of claims 82-88, whercein the polynucleotide template s part

of a duplex DNA molecule.

G0. The reaction mixture of any of claims 82-89, wherein the first portion and sccond portion

of the polyoucieotide temaplate are cach between 6 and 30 nucleotides i length.

81. The reaction nyixture of any of claims 82-90, wherein the third portion of the

polynucleotide template is between 4 and 14 nucleotides in length.

92. A kit for the amplification of a polynucieotide template, the kit comprising:
a first primer and a second primer, wherein:

the first primer comprises a first region and a second region, wherein the first region
comprises a 87 end of the prumer, the second region comprises a 37 end of the primer, and the

second region is complementary to a fivst portion of the polynucleotide template;

the second primer comprises a first region and a sccond region, wherein the first

region comprises a 87 end of the primer, the second region comprises a 37 end of the primer,
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and the second region is complementary to a sequence which is complementary (o a second

portion of the polyrucleotide tonmplate;

the first region of the first primer is complementary to the first region of the second

primer; and

the first region of the second primer is complementary to a third portion of the
polynucleotide template, wherein the third portion is situated in the polynucicotide template

hetween the first portion and the second portion.

93, The kit of claim 92, wherein the first primer and the second primer are in separate

floidically isolated containers.

84, A kit comprising two or more floidically isolated containers, the containers collectively

comprising:
a first primer, a second primer, a third primer, and a fourth primer, wherein:

the first primer comprises a first region and a second region, wherein the first region
comprises a 57 end of the primer, the second region comprises a 37 end of the primey, and the

second region is complementary to a first portion of a polynucleotide template;

the second primer comprises a first region and a second region, wherein the first
region comprises a 3 end of the primer, the second region comprises a 3° end of the primer,
and the second region is complementary to a sequence which is complementary (o a second

portion of the polyrucleotide tonmplate;

the third primer comprises a first region and a3 second region, wherein the first region
comprises a §” end of the primer, the second vegion comprises a 37 end of the primer, and the
second region is complementary to the first portion of the polynucleotide template;

the fourth primer comprises a first region and a second region, wherein the first region

comprises a 57 end of the primer, the second region comprises a 37 end of the primer, and the
second region is complementary o a sequence which is complementary to a second portion

of the polynucleotide template;
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the first region of the first primer is complementary to the first region of the second

primer;

the first region of the third primer is complementary to the first region of the fourth
primer; and

the nucleotide sequence of the first region of the first primer differs from the

nucleotide sequence of first region of the third primer by 3 single nucleotide.

83, The kit of claim 94, wherein the first region of the sccond primer and the first region of
the fourth primer are both complementary to a third portion of the polynucieotide template,
wherein the third portion 1s situated in the polynucleotide template between the first portion

and the second portion.

96. The kit of any of claims 92-95, wherein the kit further comprises a control nucleic acid

strand comprising the nucleotide sequence of the polynucleotide template.

§7. The kit of any of claims 92-96, wherein the kit further comprises a DNA polymerase

having strand-displacement activity.

98. The kit of any of claims 92-97, wherein the kit further comprises a reverse transcriptase,

69, The kit of any of claims 92-98, wherein the kit further comprises a nucleic acid dye.

104, The kit of any of claims 92-99, wherein the kit further comprises nucleotides and

buffer.

101, The kit of any of claims 92-100, wherein the second region of the cach of the first
primer, sccond primer, third primer, and fourth primers is between 6 and 30 nocleotides in

length.
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102. The kit of any of claims 92-101, wherein the first region of each of the first primer,

second primer, third primer, and fourth primers is betwoen 4 and 14 nucleotides in length.



