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Description

[0001] This application claims priority of U.S. Provisional Application No. 61/258,404, filed November 5, 2009.

1. FIELD

[0002] The present methods relate, in one aspect, to improved methods for real-time sequence-specific detection of
target sequences generated using Loop-mediated Isothermal Amplification (LAMP).

2. BACKGROUND

[0003] Nucleic acid amplification is one of the most valuable tools in clinical medicine, for example for diagnosis of
infectious diseases, genetic disorders and genetic traits. LAMP is a simple, rapid, specific and cost-effective nucleic acid
amplification method (see U.S. Patent No. 6,974,670 and U.S. Patent No. 6,410,278). Unlike amplification methods
such as PCR, LAMP may be conducted under isothermal conditions, eliminating the need for heat denaturation of double-
stranded DNA products to promote the next round of DNA synthesis (see Notomi et al., Nucl. Acid Res. 28(12): e63
(2000) (hereinafter "Notomi et al.")). Further unlike amplification methods like NASBA (nucleic acid sequence-based
amplification) or SDA (strand displacement amplification), LAMP doesn’t require use of any enzymes in addition to the
strand-displacement DNA polymerase, which makes it more cost-effective. Conventional LAMP produces a preponder-
ance of high-molecular weight DNA, however, containing numerous copies of the original target sequence concatenated
into self-complementary hairpin structures, which, because of their high melting temperatures and strong tendency to
fold on themselves, are not amenable to detection by routine probe-based hybridization methods, such as Molecular
beacons. WO 2009/063243 A2 to Coyle et al. describes primers deployed in LAMP reactions, which are two inner primers
(FIP and BIP) (i.e., amplification primers) and two outer primers F3 and B3 (i.e., displacement primers).
[0004] There exists, therefore, a need for improvements in sequence detection using LAMP.

3. SUMMARY

[0005] The present invention relates to the embodiments as characterized in the claims. Thus, it relates to the following
items (1) to (14):

1. A method for generating a nucleic acid signal extension product during a loop-mediated isothermal amplification
reaction, comprising:

a. hybridizing a portion of a first nucleic acid signal primer, hybridizing a portion of a first nucleic acid amplification
primer, and hybridizing a first nucleic acid displacement primer to complementary portions of a nucleic acid
target sequence,
wherein the first nucleic acid signal primer hybridizes to the target sequence downstream of the first nucleic
acid amplification primer;
wherein the first nucleic acid amplification primer comprises i) a 3’ terminal portion complementary to a portion
of the nucleic acid target sequence, and ii) a 5’ terminal portion that does not hybridize but is identical to a
portion of the target sequence downstream of the target region to which the 3’ terminal portion of the first nucleic
acid amplification primer hybridizes; and
wherein the first nucleic acid signal primer, first nucleic acid amplification primer and first nucleic acid displace-
ment primer hybridize to different portions of the nucleic acid target and wherein the first nucleic acid displacement
primer hybridizes to the target sequence upstream of the first nucleic acid amplification primer;
b. extending the hybridized first nucleic acid signal primer on the nucleic acid target sequence to produce a first
signal extension product;
c. extending the hybridized first nucleic acid amplification primer on the nucleic acid target sequence wherein
such extension displaces the first signal extension product from the nucleic acid target sequence and produces
a first amplification extension product;
d. extending the hybridized first nucleic acid displacement primer, wherein such extension displaces the first
amplification extension product from the nucleic acid target sequence and produces a first displacement exten-
sion product; and
e. detecting the first signal extension product wherein the first signal extension product lacks a self-comple-
mentary hairpin structure and is generated concurrently with the first amplification extension product in a loop-
mediated isothermal amplification reaction,
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wherein the method further comprises:

f. hybridizing a portion of a second nucleic acid signal primer, hybridizing a portion of a second nucleic acid
amplification primer, and hybridizing a second nucleic acid displacement primer to complementary portions of
the first signal extension product, wherein the first signal extension product lacks a self-complementary hairpin
structure, wherein the second nucleic acid amplification primer comprises i) a 3’ terminal portion complementary
to a portion of the first signal extension product, and ii) a 5’ terminal portion that does not hybridize but is identical
to a portion of the first signal extension product downstream of the portion of the first signal extension product
to which the 3’ terminal portion of the second nucleic acid amplification primer hybridizes;
g. extending the hybridized second nucleic acid signal primer on the first signal extension product to produce
a second signal extension product, wherein the second signal extension product lacks a self-complementary
hairpin structure;
h. extending the hybridized second nucleic acid amplification primer on the first signal extension product wherein
such extension displaces the second signal extension product from the first signal extension product and pro-
duces a second amplification extension product;
i. extending the second nucleic acid displacement primer, wherein such extension displaces a second amplifi-
cation extension product from the first signal extension product and producing a second displacement extension
product; and
j. detecting the second signal extension product,

wherein the second nucleic acid signal primer, second nucleic acid amplification primer and second nucleic acid
displacement primer hybridize to different portions of the first signal extension product and wherein the second
nucleic acid displacement primer hybridizes to the first signal extension product sequence upstream of the second
nucleic acid amplification primer; and wherein the second nucleic acid signal primer hybridizes to the first signal
extension product downstream of the second nucleic acid amplification primer.

2. The method of item 1 further comprising:

a. hybridizing a portion of a second signal extension primer, hybridizing a portion of a second amplification
primer, and hybridizing a second displacement primer to complementary portions of the first amplification ex-
tension product, wherein the first amplification extension product comprises a copy of the first single stranded
nucleic acid target sequence; wherein the second nucleic acid signal primer hybridizes to the first amplification
extension product downstream of the second nucleic acid amplification primer;
wherein the second nucleic acid amplification primer comprises i) a 3’ terminal portion complementary to a
portion of the first amplification extension product, and ii) a 5’ terminal portion that does not hybridize but is
identical to a portion of the first amplification extension product downstream of the portion of the first amplification
extension product to which the 3’ terminal portion of the first nucleic acid amplification primer hybridizes; and
wherein the second nucleic acid displacement primer hybridizes to the first amplification extension product
upstream of the second nucleic acid amplification primer;
b. extending the hybridized second nucleic acid signal primer on the first amplification extension product to
produce a signal primer extension product, wherein the signal extension product comprises a loop-structure on
its 3’ end;
c. extending the hybridized second nucleic acid amplification primer on the first amplification extension product
wherein such extension displaces the signal extension product from the first amplification extension product;
d. extending the hybridized second nucleic acid displacement primer, wherein such extension displaces a newly
formed amplification extension product from the first amplification extension product, thereby producing a dumb-
bell-shaped amplification extension product comprising loop structures on its 5’ and 3’ terminals.

3. The method of item 1, wherein two or more target sequences or sequence variants are used concurrently and
hybridized to two or more nucleic acid signal primers, wherein the two or more target sequences are present in the
same contiguous nucleotide sequence or present in two different nucleotide sequences, or wherein the two or more
target sequences or sequence variants are derived from one organism or from two or more different organisms.

4. The method of items 1 or 3, wherein the first or second signal extension product is detected in real-time or closed
tube format or by a hybridization probe.

5. The method of item 4, wherein the hybridization probe is a single nucleotide difference sensitive probe, or is
fluorogenic, or is a Molecular beacon or a SERS-labeled probe.
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6. The method of items 1or 3, wherein the signal primer comprises a hybridization region and a reporter region,
wherein the hybridization region hybridizes to the region of the nucleic acid target sequence, and wherein the first
or second signal extension product is detected by means of the reporter region.

7. The method of item 6, wherein the reporter region is a fluorogenic hairpin that produces a fluorescent signal.

8. The method of items 1or 3, wherein the first or the second signal extension product is detected by means of a
modification to facilitate capture of the signal product incorporated into one of the signal primers.

9. Use of the method of items 1, 3 or 5 to detect drug resistant tuberculosis.

10. The method of items 1or 3, wherein the first or secondsignal extension product is detected post-amplification.

11. A kit comprising (i) a nucleic acid signal primer, wherein at least a portion of the nucleic acid signal primer
hybridizes to a complementary portion of a nucleic acid target sequence, (ii) a nucleic acid amplification primer,
wherein the amplification primer hybridizes to the target sequence upstream of the hybridized portion of the signal
primer, and wherein the amplification primer comprises: i) a 3’ terminal portion complementary to a portion of the
target nucleic acid sequence, ii) a 5’ terminal portion that does not hybridize to the target sequence but is identical
to a portion of the target sequence downstream of the target region to which the 3’ terminal portion of the target
nucleic acid amplification primer hybridizes; (iii) a displacement primer, which hybridizes to complementary portion
of the target sequence upstream of the hybridized portion of the nucleic acid amplification primer; and iv) a hybrid-
ization probe, wherein the hybridization probe is a molecular beacon, and wherein the signal primer comprises a
reporter region, and wherein the nucleic acid target sequence is a sequence of Mycobacterium tuberculosis.

12. The kit of item 11, further comprising (i) a second nucleic acid signal primer that hybridizes to a second target
sequence, (ii) a second nucleic acid amplification primer that hybridizes to the second target sequence, and (iii) a
second displacement primer that hybridizes to the second target sequence.

13. The kit of item 12, further comprising (i) a third nucleic acid signal primer that hybridizes to a third target sequence,
(ii) a third nucleic acid amplification primer that hybridizes to the third target sequence, and (iii) a third displacement
primer that hybridizes to the third target sequence.

14. The kit of item 13, further comprising (i) a fourth nucleic acid signal primer that hybridizes to a fourth target
sequence, (ii) a fourth nucleic acid amplification primer that hybridizes to the fourth target sequence, and (iii) a fourth
displacement primer that hybridizes to the fourth target sequence.

[0006] Moreover, in one aspect, presented herein are methods and compositions that allow real-time, sequence-
specific, detection, e.g., multiplex detection, of a nucleic acid sequence within a target nucleic acid molecule by utilizing
one or more signal primers or primer pairs in conjunction with a loop-mediated isothermal amplification ("LAMP") reaction
to generate a nucleic acid detection product comprising a target nucleic acid molecule portion of interest, or a complement
thereof, wherein the nucleic acid detection product does not comprise a hairpin nucleic acid sequence or structure,
thereby making the nucleic acid detection product particularly amenable to detection. For example, the nucleic acid
detection product can be detected by conventional hybridization of reporter probes or by incorporating a reporter group
into one or more signal primers.
[0007] In another aspect, presented herein are methods and compositions that allow real-time, sequence-specific,
multiplex detection of two or more nucleic acid sequences within one, two, or more target nucleic acid molecules by
utilizing signal primers or primer pairs in conjunction with a LAMP reaction to generate nucleic acid detection products
comprising nucleic acid target portion of interest, or complements thereof, wherein the nucleic acid detection products
do not comprise a hairpin nucleic acid sequence or structure, thereby making the nucleic acid detection products par-
ticularly amenable to detection.
[0008] For example, a nucleic acid detection product or products can be detected by conventional hybridization of
reporter probes or by incorporating a reporter group into one or more signal primers. In addition, the nucleic acid detection
products can, for example, be produced in real-time, in conjunction with, e.g., during, the LAMP process, and provide
the option of detecting multiple nucleic acid detection products within a single reaction vessel, e.g., tube, using, for
example, a real-time fluorescence format.
[0009] In one aspect, presented herein is a method for generating a nucleic acid signal extension product during a
loop-mediated isothermal amplification reaction, comprising:
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(a) hybridizing a nucleic acid signal primer to a region of a nucleic acid target sequence, wherein said target sequence
comprises at least one self-complementary hairpin structure generated during a loop-mediated isothermal amplifi-
cation reaction, and wherein said region is not situated in a loop region of the hairpin structure; and
(b) extending the hybridized nucleic acid signal primer on the nucleic acid target sequence to produce a first signal
extension product, wherein said first signal extension product comprises one hairpin structure.

[0010] The above-described method, may further comprise detecting the first signal extension product. In one aspect,
the signal primer comprises a hybridization region and a reporter region, wherein the hybridization region hybridizes to
the region of the nucleic acid target sequence, and wherein the reporter region produces a fluorescent signal.
[0011] In another aspect, presented herein is a method for generating nucleic acid signal extension products during
a loop-mediated isothermal amplification reaction, comprising:

(a) hybridizing a nucleic acid signal primer to a nucleic acid target sequence region, wherein the target sequence
comprises at least one self-complementary hairpin structure generated during a loop-mediated isothermal amplifi-
cation reaction;
(b) extending the hybridized nucleic acid signal primer on the nucleic acid target sequence to produce a first signal
extension product, wherein said first signal extension product comprises a hairpin structure;
(c) hybridizing a nucleic acid amplification primer to a loop region of the first signal extension product, and extending
the hybridized nucleic acid amplification primer on the first signal extension product to produce a second signal
extension product and a third signal extension product, wherein the second signal extension product lacks a hairpin
structure; and wherein the third signal extension product has a hairpin structure on its 5’ end.

[0012] In another aspect, presented herein is a method for generating a nucleic acid signal product during a loop-
mediated isothermal amplification reaction, comprising:

(a) hybridizing a nucleic acid signal primer to a nucleic acid target sequence region, wherein the target sequence
comprises at least one self-complementary hairpin structure generated during a loop-mediated isothermal amplifi-
cation reaction;
(b) extending the hybridized nucleic acid signal primer on the nucleic acid target sequence to produce a first signal
extension product, wherein said first signal extension product comprises a hairpin structure;
(c) hybridizing a nucleic acid amplification primer to a loop region of the first signal extension product, and extending
the hybridized nucleic acid amplification primer on the first signal extension product to produce a second signal
extension product, wherein the second signal extension product is double-stranded and lacks a hairpin structure; and
(d) hybridizing a nucleic acid signal primer to the second signal extension product, and extending the hybridized
nucleic acid signal primer on the second signal extension product to produce a third signal extension product, wherein
the third signal extension product has a hairpin structure on its 5’ end.

[0013] The above-described methods may further comprise detecting the second and/or the third signal extension
products.
[0014] In yet another aspect, the present presented herein is a method for concurrently generating nucleic acid signal
extension products during a loop-mediated isothermal amplification reaction, comprising:

(a) hybridizing a nucleic acid signal primer to a nucleic acid target sequence region, wherein the target sequence
comprises at least one self-complementary hairpin structure generated during a loop-mediated isothermal amplifi-
cation reaction;
(b) extending the hybridized nucleic acid signal primer on the nucleic acid target sequence to produce a first signal
extension product, wherein said first signal extension product comprises a hairpin structure;
(c) hybridizing a nucleic acid amplification primer to a loop region of the first signal extension product, and extending
the hybridized nucleic acid amplification primer on the first signal extension product to produce a second signal
extension product and a third signal extension product, wherein the second signal extension product lacks a hairpin
structure; and wherein the third signal extension product is single-stranded and has a hairpin structure on its 5’ end;
and
(d) hybridizing the nucleic acid signal primer to the third signal extension product, and extending the hybridized
nucleic acid signal primer on the third signal extension product to produce a fourth signal extension product, wherein
the fourth signal extension product comprises double-stranded nucleic acid.

[0015] In another aspect, presented herein is a method for generating nucleic acid signal products during a loop-
mediated isothermal amplification reaction, comprising:
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(a) hybridizing a nucleic acid signal primer to a nucleic acid target sequence region, wherein the target sequence
comprises at least one self-complementary hairpin structure generated during a loop-mediated isothermal amplifi-
cation reaction;
(b) extending the hybridized nucleic acid signal primer on the nucleic acid target sequence to produce a first signal
extension product, wherein said first signal extension product comprises a hairpin structure;
(c) hybridizing a nucleic acid amplification primer to a loop region of the first signal extension product, and extending
the hybridized nucleic acid amplification primer on the first signal extension product to produce a second signal
extension product, wherein the second signal extension product is double stranded and lacks a hairpin structure;
(d) hybridizing a nucleic acid signal primer to the second signal extension product, and extending the hybridized
nucleic acid signal primer on the second signal extension product to produce a third signal extension product, wherein
the third signal extension product is single stranded and has a hairpin structure on its 5’ end; and
(e) hybridizing the nucleic acid signal primer to the third signal extension product, and extending the hybridized
nucleic acid signal primer on the third signal extension product to produce a fourth signal extension product, wherein
the fourth signal extension product comprises double-stranded nucleic acid.

[0016] In one aspect, the above-described methods further comprise detecting the fourth signal extension product.
[0017] In certain aspect of the methods presented herein, two or more target sequences or sequence variants are
used concurrently, wherein two or more nucleic acid signal primers which hybridize to said two or more target sequences
are used. In one aspect, the two or more target sequences are sequences are present in the same contiguous nucleotide
sequence or on two different nucleotide sequences. In another aspect, the two or more target sequences or sequence
variants are derived from one organism or from two or more different organisms. In some aspects, the first, second,
third, or fourth signal extension product is detected in real-time. In certain aspects, the first, second, third, or fourth signal
extension product is detected in a closed tube format. In other aspects, the first, second, third, or fourth signal extension
product is detected post-amplification.
[0018] In one aspect, the first, second, third, or fourth signal extension product is detected by a hybridization probe.
In one such aspect, the hybridization probe is a single nucleotide difference sensitive probe. In another aspect, hybrid-
ization probe is fluorogenic. In a specific aspect, the hybridization probe is a Molecular beacon. In another specific
aspect, the first, second, third, or fourth signal extension product is detected using a fluorogenic probe or SERS-labeled
probe.
[0019] In certain aspects of the methods of the present presented herein, the signal primer comprises a hybridization
region and a reporter region, wherein the hybridization region hybridizes to a region of the nucleic acid target sequence,
and wherein the first, second, third, or fourth signal extension product is detected by means of the reporter region. In
one aspect, the reporter group produces a fluorescent signal. In another aspect, the reporter group is a fluorogenic
hairpin. In yet another aspect, the first, the second, the third, or the fourth signal extension product is detected by means
of a modification to facilitate capture of the signal product incorporated into one of the signal primers.
[0020] In one aspect, presented herein is a method for generating a nucleic acid detection product, comprising:

combining a target nucleic acid molecule and primer nucleic acids F3, FLP, FSP, RLP, RSP, and R3 under conditions
that allow complementary nucleic acids to hybridize and nucleic acid extension reactions to occur, wherein:

(i) the target nucleic acid and each of the primer nucleic acids comprises a 5’ terminus ("5"’) and a 3’ terminus ("3"’);
(ii) each of the primer nucleic acids F3, FLP, and FSP is complementary to a different portion of the target
nucleic acid molecule, in target nucleic acid molecule 3’ to 5’ order, as follows: F3, FLP, FSP;
(iii) FLP comprises, in a 3’ to 5’ order, a first portion (F2), complementary to a portion (F2c) of the target nucleic
acid molecule, and a second portion (F1c), which is identical to a portion (F1c) of the target nucleic acid molecule
5’ of F2c, but 3’ of the portion (FSc) of the target nucleic acid to which FSP is complementary;
(iv) FSP comprises, in a 3’ to 5’ order, a first portion (FS) complementary to a portion (FSc) of the target nucleic
acid molecule, and, optionally, a second portion (S1) that comprises a detectable nucleic acid sequence not
complementary to the target nucleic acid;
(v) each of primer nucleic acids R3, RLP, and RSP is identical to a different portion of the target nucleic acid,
as follows, in target nucleic acid molecule 5’ to 3’ order: R3, RLP, RSP;
(vi) RLP comprises, in a 3’ to 5’ order, a first portion (R2), identical to a portion (R2) of the target nucleic acid
molecule, and a second portion (R1c), which is complementary to a portion (R1) of the target nucleic acid
molecule 3’ of R2, but upstream of the portion (RS) of the target nucleic acid identical to RSP; and
(vii) RSP comprises, in a 3’ to 5’ order, a first portion identical to a portion (RS) of the target nucleic acid molecule
5’ of FSc, and, optionally, a second portion (S2) that comprises a detectable nucleic acid sequence not com-
plementary to the target nucleic acid,
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so that a nucleic acid detection product comprising, in 5’ to 3’ order, R1c, R2, R1, RS, FSc and (optionally) S1c is
generated, wherein S1c is complementary to S1. In certain aspects, the target nucleic acid molecule comprises a
portion, D, which is 5’ of FSc and 3’ of RS, such that the nucleic acid detection product generated comprises, in a
5’ to 3’ order, R1c, R2, R1, RS, D, and (optionally) S1c. Generally, the nucleic acid product generated comprises
only a single copy of D. In another aspect, the method further comprising detecting the presence and/or amount of
the nucleic acid detection product. In certain aspects, such a method comprises detecting the presence of D in the
nucleic acid detection product.

[0021] In another aspect, the method further comprises generating a nucleic acid detection product comprising, in 5’
to 3’ order, S1 (optional), FS, RSc, R2c, and R1. In certain aspects, the target nucleic acid molecule comprises a portion,
D, which is 5’ of FSc and 3’ of RS, such that the method further comprises generating a nucleic acid detection product
generated comprising, in a 5’ to 3’ order, S1 (optional), FS, Dc, RSc, R2c, and R1, wherein Dc is complementary to D.
Generally, such a nucleic acid product generated comprises only a single copy of Dc. In another aspect, the method
further comprising detecting the presence and/or amount of the nucleic acid detection product. In certain aspects, such
a method comprises detecting the presence of Dc in the nucleic acid detection product.
[0022] In certain aspects, methods are presented for generating a plurality (for example, two, three, four, five, six,
seven, eight, or more) of different nucleic acid detection products from a plurality of different target nucleic acid molecules,
wherein a separate set of nucleic acid primers (F3, FLP, FSP, R3, RLP, RSP) as described herein is utilized for each
target nucleic acid molecule of interest. In certain aspects, the plurality of nucleic acid detection products is generated
in a single reaction vessel, e.g., tube or well. In other aspects, a plurality of different nucleic acid detection products is
detected, e.g., detected in a single reaction vessel, for example, in a tube or well, e.g., in a closed tube format.
[0023] In such aspects, primer nucleic acids FLP and RLP are amplification primers suitable for use in LAMP nucleic
acid amplification reactions. Without wishing to be bound by any particular mechanism or theory, such methods comprise
FLP and RLP mediated LAMP nucleic acid amplification reactions.
[0024] In such aspects, primer nucleic acids FSP and RSP are examples of signal primers.
[0025] In such aspects, primer nucleic acids F3 and R3 are examples of displacement primers.
[0026] In another aspect, provided herein is a method for generating a nucleic acid extension product, comprising:

combining (i) a target nucleic acid molecule comprising a 3’ and a 5’ terminal hairpin structure, and (ii) a nucleic
acid primer (FSP) comprising, in a 3’ to 5’ order, a first portion (FS) complementary to a portion (FSc) of the linear
nucleic acid molecule 5’ of the 3’ hairpin structure and 3’ of the 5’ hairpin structure, and, optionally, a second portion
(S1) that comprises a detectable nucleic acid sequence not complementary to the target nucleic acid molecule,
under conditions that allow complementary nucleic acids to hybridize and nucleic acid extension reactions to occur,
thereby hybridizing FSP to the target nucleic acid molecule, and extending FSP, so that a nucleic acid extension
product comprising, in a 5’ to 3’ order, FSP and a nucleic acid sequence complementary to substantially all of the
5’ terminal hairpin structure, is generated. In yet another aspect, the nucleic acid extension product generated further
comprises a 3’ terminus that is complementary to substantially all of FSP.

[0027] As used herein, a 3’ hairpin structure refers to a self-complementary hairpin structure that comprises the 3’-
terminus of a nucleic acid molecule. Likewise, as used herein, a 5’ hairpin structure refers to a self-complementary
hairpin structure that comprise the 5’ terminus of a nucleic acid molecule. Thus, a nucleic acid molecule that comprises
a 5’- and a 3’-terminal hairpin structure contains self-complementary hairpin structures at each end of itself.
[0028] In certain aspects, such a method can generate a plurality (for example, two, three, four, five, six, seven, eight,
or more) of different nucleic acid extension products from a plurality of different target nucleic acid molecules, wherein
a separate FSP is utilized for each target nucleic acid molecule of interest.
[0029] In another aspect, provided herein is a method for generating a nucleic acid detection product, comprising:

combining (i) a target nucleic acid molecule comprising a 3’ and a 5’ terminal hairpin structure, (ii) a nucleic acid
primer (FSP) comprising, in a 3’ to 5’ order, a first portion (FS) complementary to a portion (FSc) of the linear nucleic
acid molecule 5’ of the 3’ hairpin structure and 3’ of the 5’ hairpin structure, and, optionally, a second portion (S1)
that comprises a detectable nucleic acid sequence not complementary to the target nucleic acid molecule, and (iii)
a nucleic acid primer (RLP) comprising, in a 3’ to 5’ order, a first portion (R2), identical to a loop portion of the 5’
terminal hairpin structure, and a second portion (R1c), which is complementary to a portion (R1) of the target nucleic
acid molecule 3’ of R2, within the hairpin section of the 5’ terminal hairpin structure, under conditions that allow
complementary nucleic acids to hybridize and nucleic acid extension reactions to occur, so that a nucleic acid
detection product comprising, in a 5’ to 3’ order, RLP (R1c and R2), R1, and a nucleic acid sequence complementary
to substantially all of FSP, is generated. In another aspect, the method further comprises generating a nucleic acid
detection product comprising, in a 5’ to 3’ order, FSP (S1 (optional) and FS), FS, RSc, R2c, and substantially all of
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R1, wherein RSc is complementary to RS, and R2c is complementary to R2. In another aspect, such methods can
further comprise detecting the presence and/or amount of a nucleic acid detection product.

[0030] In certain aspects, the target nucleic acid molecule comprises a portion, D, which is 5’ of FSc and 3’ of RS,
such that the method comprises generating a nucleic acid detection product comprising, in a 5’ to 3’ order, RLP (R1c
and R2), R1, D, and a nucleic acid sequence complementary to substantially all of FSP (S1 (optional) and FS). In another
aspect, the method further comprises detecting the presence and/or amount of the nucleic acid detection product. In
another aspect, such a method comprises detecting the presence of D in the nucleic acid detection product. In another
aspect, such a method can further comprise generating a nucleic acid detection product comprising, in a 5’ to 3’ order,
FSP, Dc, RSc, R2c, and R1, wherein Dc is complementary to D. In another aspect, the method further comprising
detecting the presence and/or amount of the nucleic acid detection product. In certain aspects, such a method comprises
detecting the presence of Dc in the nucleic acid detection product.
[0031] In certain aspects, such methods can generate a plurality (for example, two, three, four, five, six, seven, eight,
or more) of different nucleic acid detection products from a plurality of different target nucleic acid molecules, wherein
a separate set of nucleic acid primers (FSP and RLP) as described herein is utilized for each target nucleic acid molecule
of interest.
[0032] Also provided herein are kits for generation and detection of secondary LAMP products as presented herein,
comprising (i) a nucleic acid signal primer, wherein at least a portion of the nucleic acid signal primer hybridizes to a
region of a first target sequence, (ii) a nucleic acid amplification primer, wherein the amplification primer comprises a 3’
terminal portion which hybridizes to a first target sequence region 3’ of the target sequence region to which the signal
primer hybridizes and a 5’ terminal portion which comprises substantially the same nucleotide sequence as a region of
the first target sequence 5’ of the target sequence region to which the 3’ terminal portion of the amplification primer
hybridizes, and (iii) a displacement primer, which hybridizes to a region of the first target sequence 3’ of the target
sequence region to which the 3’ terminal portion of the nucleic acid amplification primer hybridizes.
[0033] In a certain aspect, any of the above-described kits further comprise (i) a second nucleic acid signal primer,
wherein at least a portion of the second nucleic acid signal primer hybridizes to a region of a second target sequence,
(ii) a second nucleic acid amplification primer, wherein the amplification primer comprises a 3’ terminal portion which
hybridizes to a second target sequence region 3’ of the target sequence region to which the second signal primer
hybridizes and a 5’ terminal portion which comprises substantially the same nucleotide sequence as a region of the
second target sequence 5’ of the target sequence region to which the 3’ terminal portion of the second amplification
primer hybridizes, and (iii) a second displacement primer, which hybridizes to a region of the second target sequence
3’ of the target sequence region to which the 3’ terminal portion of the nucleic acid amplification primer hybridizes.
[0034] In another aspect, any of the above-described kits further comprise (i) a third nucleic acid signal primer, wherein
at least a portion of the nucleic acid signal primer hybridizes to a region of a third target sequence, (ii) a third nucleic
acid amplification primer, wherein the amplification primer comprises a 3’ terminal portion which hybridizes to a third
target sequence region 3’ of the target sequence region to which the third signal primer hybridizes and a 5’ terminal
portion which comprises substantially the same nucleotide sequence as a region of the third target sequence 5’ of the
target sequence region to which the 3’ terminal portion of the third amplification primer hybridizes, and (iii) a third
displacement primer, which hybridizes to a region of the third target sequence 3’ of the target sequence region to which
the 3’ terminal portion of the nucleic acid amplification primer hybridizes. Further, contemplated herein are kits wherein
4, 5, 6, 7 or more target sequences are amplified and detected using the methods described herein.
[0035] In one aspect, any of the above-described kits further comprise a hybridization probe. In one specific aspect,
the hybridization probe is a molecular beacon. In some aspects, the signal primer in any of the above-described kits
further comprises a reporter region. In one aspect, such reporter group produces a fluorescent signal. In one specific
aspect, the reporter group is a fluorogenic hairpin. In one aspect, the nucleic acid target sequence in any of the above-
described kits is a sequence of Mycobacterium tuberculosis.
[0036] Applications for the methods, compositions, and kits presented herein include, for example, detection of mi-
croorganisms, diagnosis of diseases, e.g., infectious diseases, genetic disorders and genetic traits. For example, the
methods and kits presented herein may be used in any biological or clinical application wherein the real-time detection
of a particular nucleic acid or nucleic acids, e.g., gene, gene sequence, or gene mutation (e.g., a deletion, an insertion
or a point mutation), RNA, e.g., mRNA or rRNA, in a biological sample is desirable. In one specific aspect, the methods
and kits presented herein, can be used to detect drug resistant tuberculosis via, e.g., detection of the presence of
particular rpoB mutations of Mycobacterium tuberculosis in nucleic acid from a biological sample.

4. BRIEF DESCRIPTION OF THE DRAWINGS

[0037]
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FIG. 1 shows LAMP reaction with a signal primer (FSP), an amplification primer (FLP) and a displacement primer
(F3), wherein the extension products P1, P2 and P3 are produced.
FIG. 2A shows LAMP reaction using P1 as a template with an amplification primer (RLP) and a displacement primer
R3, wherein the extension products P1.2 and P1.3 are produced.
FIG. 2B shows LAMP reaction using P1 as a template with a signal primer (RSP), an amplification primer (FLP) and
a displacement primer (F3), wherein the extension products P1.1, P1.2 and P1.3 are produced.
FIG. 3A shows LAMP reaction using P2 as a template with an amplification primer (RLP) and a displacement primer
(R3), wherein the extension products P2.2 and P2.3 are produced.
FIG. 3B shows LAMP reaction using P2 as a template with a signal primer (RSP), an amplification primer (RLP)
and a displacement primer (R3), wherein the extension products P2.2 and P2.3 are produced.
FIG. 4 shows an amplification reaction using LAMP-generated P2.2 product as a template with a signal primer
(FSP), wherein the extension products P2.2.1, P2.2.2 and P2.2.2.1 are produced.
FIG. 5 shows an amplification reaction using LAMP-generated P2.2.2.1 product as a template with an amplification
primer (RLP) and a signal primer (FSP), wherein the extension products P2.2.2.1.2, P2.2.2.1.3 and P2.2.2.1.1 are
produced.
FIG. 6 shows an amplification reaction using P2.2.2.1 product as a template with a signal primer (FSP), wherein
the extension product P2.2.2.1.1c is produced.
FIG. 7 shows a region of the M. tuberculosis rpoB gene (SEQ ID NO: 36).
FIG. 8 shows a region of the M. tuberculosis katG gene (SEQ ID NO: 37). The nucleotides depicted correspond to
nucleotides 771-1112 (numbered from the first coding nucleotide of the katG gene (locus tag "Rv1908c") of GenBank
accession number NC_000962 Region: complement(2153889..2156111).
FIG. 9 shows a region of the M. tuberculosis inhA gene (SEQ ID NO: 38). The nucleotides depicted correspond to
nucleotides 1673281-1673580 (non-coding nucleotides located in a regulatory region of the fabG1 (aka mabA) gene
(locus tag "Rv1483"), which is part of an operon containing the inhA gene, of GenBank accession number NC_000962
Region: 1673440..1674183.
FIG. 10 shows a region of the M. tuberculosis gyrB gene (SEQ ID NO: 39). The nucleotides depicted correspond
to nucleotides 412-720 (numbered from the first coding nucleotide of the gyrB gene (locus tag "Rv0005").
FIG. 11 shows use of a fluorophore/quencher pair linked to FLP-gyr and QP-gyr, respectively to detect the presence
of a target sequence during the LAMP reaction.

5. DETAILED DESCRIPTION

5.1. Terminology

[0038] As used herein, the following terms and phrases are used as follows:
[0039] As used herein, the terms "about" and "approximately," unless otherwise indicated, refer to a value that is no
more than 20% above or below the value being modified by the term.
[0040] A nucleic acid refers to a molecule composed of two or more monomeric nucleotides, and can include, for
example, ribonucleic acids (RNAs), e.g., pre-mRNA, mRNA or rRNA molecules, deoxyribonucleic acids, e.g., cDNA or
gDNA, single-stranded nucleic acids, double-stranded nucleic acids, or nucleic acids comprising deoxyribonucleotides,
ribonucleotides, naturally occurring nucleotides, analogs of naturally occurring nucleotides, analogs of nucleotides, or
a combination thereof. Nucleic acids can include, for example, peptide nucleic acids (PNAs).
[0041] A "nucleic acid primer," or "primer," refers to a nucleic acid molecule comprising a 3’-terminal -OH group that,
upon hybridization to a complementary nucleic acid sequence, can be extended, e.g., via enzymatic nucleic acid repli-
cation. A nucleic acid primer generally comprises about 10-200, about 20-100, about 20-50, about 30-100, about 30-50,
or about 20-30 nucleotides. Generally, at least 10 contiguous nucleotides of a primer are complementary to, e.g., fully
complementary to, a target nucleic acid molecule.
[0042] A "signal primer," or "nucleic acid signal primer," is a nucleic acid primer comprising at least a first portion which
is complementary to, and hybridizable to, a portion of a target nucleic acid molecule 5’ to a portion of the target nucleic
acid molecule to which an amplification primer (see below) is complementary and hybridizable. A signal primer optionally
comprises a second portion, 5’ to the first portion, that is not complementary to the target nucleic acid molecule. A signal
primer comprises a 3’-OH group which can, for example, be extended, e.g., by DNA polymerase, when the signal primer
is hybridized to a target sequence with the target sequence used as a template for the extension. Upon hybridization of
the signal primer to the target nucleic acid molecule and extension of the hybridized signal primer, an extension product
is produced an comprising a sequence complementary to the portion of the target nucleic acid used as a template during
extension. A signal primer may further comprise one or more detectable moieties, e.g., one or more labeled reporter
molecules, for example, fluorescent molecules. Exemplary signal primers, FSP and RSP, are depicted in the diagrams
at Figures 1, 2B, 3B, and 4-6. When used in conjunction with one or more amplification primers, a signal primer or
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primers can be added to a reaction comprising a target nucleic acid molecule prior to, concurrently with, or after addition
of the amplification primer(s).
[0043] An "amplification primer," or "nucleic acid amplification primer," is a nucleic acid primer suitable for amplification
of a target nucleic acid molecule during a LAMP reaction. The LAMP reaction, in general, is described, e.g., in U.S.
Patent 6,974,670, U.S. Patent 6,410,278 and in Notomi et al., Nucl. Acid Res. 28(12): e63 (2000) (hereinafter "Notomi
et al."). An amplification primer comprises, in 3’ to 5’ order, a first portion, complementary to a portion of the target nucleic
acid molecule, and a second portion, which is identical to a portion of the target nucleic acid molecule 5’ of the portion
to which the first portion of the amplification primer hybridizes, but is 3’ of the nearest portion of the target nucleic acid
molecule to which a signal primer hybridizes. An amplification primer comprises a 3’-OH group which, for example, is
extendable by DNA polymerase when the first portion of the amplification primer is hybridized to the target sequence
with the target sequence used as a template for the extension. Upon hybridization of the amplification primer to the
target nucleic acid molecule and extension of the hybridized amplification primer, an extension product is produced
comprising a sequence complementary to the portion of the target nucleic acid used as a template during extension.
This extension product comprises the amplification primer and a nucleic acid sequence complementary to the second
portion of the amplification primer positioned a sufficient number of nucleotides away from the amplification primer portion
that a hairpin structure can be formed by hybridization of the nucleic acid sequence and the amplification primer portion
of the extension product. As such, such an extension product comprises a hairpin sequence and is capable of forming
a hairpin structure. Without wishing to be bound by any particular theory or mechanism, upon hybridization of an ampli-
fication primer and its nearest signal primer to a target nucleic acid molecule, the relative positions of the hybridized
primers along the target nucleic acid molecule are such that extension of the hybridized amplification primer displaces
the hybridized signal primer and its extension product from the target nucleic acid molecule. Exemplary amplification
primers, FLP and RLP, are depicted in Figures 1-3 and 5.
[0044] Amplification products, amplified products or amplicons are copies of the target sequence generated by hy-
bridization and extension of an amplification primer. These terms refer to either single stranded and double stranded
amplification primer extension products which contain a copy of the original target sequence, including intermediates of
the amplification reaction.
[0045] Secondary amplification products or secondary products are copies of the target sequence generated by hy-
bridization and extension of a signal primer. A secondary amplification product or secondary product comprises an
internal segment of the amplified target sequence. These terms also refer to either single stranded and double stranded
extension products of signal primers, including intermediates in the process which generates the final double stranded
form.
[0046] A "displacement primer" is a nucleic acid primer complementary to, and hybridizable to, a portion of a target
nucleic acid molecule downstream of an amplification primer. One or more displacement primers can, for example, be
used in conjunction with amplification primers for performing or initiating LAMP reactions. Without wishing to be bound
by any particular theory or mechanism, upon hybridization of a displacement primer and its nearest amplification primer
to a target nucleic acid molecule, the relative positions of the hybridized primers along the target nucleic acid molecule
are such that extension of the hybridized displacement primer displaces the hybridized amplification primer and its
extension product from the target nucleic acid molecule. Exemplary displacements primers, F3 and R3, are depicted at
Figures 1-3.
[0047] A "target nucleic acid molecule," can refer to any nucleic acid that can contains a nucleic acid of interest that
can be detected via the methods described herein. For example, a target nucleic acid molecule can be used to generate
a nucleic acid extension product and/or a nucleic acid detection product as described herein. In certain aspects, a target
nucleic acid molecule is a deoxyribonucleic acid (DNA). A target nucleic acid molecule can refer to the nucleic acid taken
from a sample, or can refer to nucleic acids derived from the original nucleic acid obtained from a sample, e.g., nucleic
acids produced by one or more rounds of replicating, amplifying, e.g., via isothermal amplification, for example, one or
more LAMP reactions, and/or reverse transcribing of the original nucleic acid obtained from the sample. A target nucleic
acid molecule can comprise a portion, D, or its complement, Dc, of particular interest for one or more detection applications.
Unless otherwise noted, the terms "target nucleic acid molecule," "target nucleic acid," "target nucleic acid sequence,"
and "target sequence" are used interchangeably herein.
[0048] A target nucleic acid molecule can be present, for example, in a biological sample. A biological sample can
include, for example, animal, plant or microbial tissues, cells, cultures and excretions, or extracts therefrom. Such
microbial samples, can include, but are not limited to biological samples such as bacterial, viral or mycoplasma samples,
and can, for example, comprise genomic DNA, RNA, mRNA, rRNA and the like. A biological sample can be from a
subject sample or patient sample, such as, for example, a bronchoalveolar lavage, bronchial wash, a pharyngeal exudate,
a tracheal aspirate, a blood sample, a serum sample, a plasma sample, a bone sample, a skin sample, a soft tissue
sample, an intestinal tract specimen, a genital tract specimen, breast milk, a lymph sample, cerebrospinal fluid, pleural
fluid, a sputum sample, a urine sample, a nasal secretion, tears, a bile sample, an ascites fluid sample, pus, synovial
fluid, vitreous fluid, a vaginal secretion, semen, and urethral samples. In some aspects, two, three or more samples are
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obtained from a subject. In specific aspects, two or more samples are obtained from two or more tissues, organs and/or
secretions from a subject.
[0049] A "nucleic acid detection product," as used herein, is a nucleic acid molecule comprising a target nucleic acid
molecule portion of interest, or a complement thereof, wherein the nucleic acid detection product does not comprise a
hairpin nucleic acid sequence or structure. For example, a nucleic acid detection product can comprise a target nucleic
acid molecule portion, D, or its complement, Dc, of particular importance in one or more detection applications. Generally,
a nucleic acid detection product will not comprise the entire target nucleic acid molecule. Nucleic acid detection products
will generally comprise all or substantially all of a signal primer, or complement thereof.
[0050] Two nucleic acids are "complementary to" each other when a sufficient number of nucleobases of one nucleic
acid can hydrogen bond with the corresponding nucleobases of the second nucleic acid such that pairing ("base pairing,"
generally Watson-Crick base pairing) between the two nucleic acids can occur. "Complementarity", as used herein,
refers to the capacity for pairing between nucleotides of a first nucleic acid and a second nucleic acid. Non-complementary
nucleobases between two nucleic acids may be tolerated provided that the two nucleic acids remain able to specifically
hybridize to each other. Moreover, a first nucleic acid may hybridize over one or more segments of a second nucleic
acid such that intervening or adjacent segments are not involved in the hybridization event. In certain aspects, a first
nucleic acid, e.g., a nucleic acid primer, or a specified portion thereof, is at least, 70%, 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% complementary to a second nucleic acid, e.g.,
a target nucleic acid molecule, or specified portion thereof.
[0051] In certain aspects, a primer, or a specified portion thereof, is fully complementary (i.e., 100% complementary)
to a target nucleic acid, or specified portion thereof. As used herein, "fully complementary" means each nucleobase of
one nucleic acid is capable of precise base pairing with the corresponding nucleobases of a second nucleic acid. For
example, a 20 nucleobase primer is fully complementary to a target sequence that is 400 nucleobases long, so long as
there is a corresponding 20 nucleobase portion of the target nucleic acid that is fully complementary to the primer. Fully
complementary can also be used in reference to a specified portion of the first and /or the second nucleic acid. For
example, a 20 nucleobase portion of a 30 nucleobase primer can be "fully complementary" to a target sequence that is
400 nucleobases long. The 20 nucleobase portion of the 30 nucleobase primer is fully complementary to the target
sequence if the target sequence has a corresponding 20 nucleobase portion wherein each nucleobase is complementary
to the 20 nucleobase portion of the primer. At the same time, the entire 30 nucleobase antisense compound may or may
not be fully complementary to the target sequence, depending on whether the remaining 10 nucleobases of the primer
are also complementary to the target sequence. The location of a non-complementary nucleobase or nucleobases may
be at the 5’ end or 3’ end of the nucleic acid, e.g., the primer. Alternatively, the non-complementary nucleobase or
nucleobases may be at an internal position of the nucleic acid, e.g., the primer. When two or more non-complementary
nucleobases are present, they may be contiguous (i.e., linked) or non-contiguous.
[0052] As used herein, "portion" refers to a defined number of contiguous (i.e. linked) nucleobases within a target
nucleic acid molecule or primer. A portion of a nucleic acid sequence can refer to any fraction of the whole sequence,
but will generally refer, at a minimum, to a length of the sequence that can hybridize to a complementary nucleic acid
sequence, e.g., at least 5-8 nucleobases.
[0053] Percent complementarity of two nucleic acids can be determined using routine methods. For example, a nucleic
acid primer in which 18 of 20 nucleobases of the primer are complementary to a portion of a target nucleic acid molecule,
and would therefore specifically hybridize, would represent 90 percent complementarity. In this example, the remaining
noncomplementary nucleobases may be clustered or interspersed with complementary nucleobases and need not be
contiguous to each other or to complementary nucleobases. As such, a primer which is 18 nucleobases in length having
2 (two) noncomplementary nucleobases which are flanked by two portions of complete complementarity with the target
nucleic acid would have 90% overall complementarity with the target nucleic acid. Percent complementarity of these
two nucleic acids can be determined routinely using BLAST programs (basic local alignment search tools) and Power-
BLAST programs known in the art (Altschul et al., J. Mol. Biol., 1990, 215, 403 410; Zhang and Madden, Genome Res.,
1997, 7, 649 656). Percent homology, sequence identity or complementarity, can be determined by, for example, the
Gap program (Wisconsin Sequence Analysis Package, Version 8 for Unix, Genetics Computer Group, University Re-
search Park, Madison Wis.), using default settings, which uses the algorithm of Smith and Waterman (Adv. Appl. Math.,
1981, 2, 482 489).
[0054] "Hybridization" refers to the annealing of complementary nucleic acid molecules. When two nucleic acids "hy-
bridize to" each other, or when one nucleic acid "hybridizes to" another, the two nucleic acid molecules exhibit a sufficient
number of complementary nucleobases that the two nucleic acid molecules can anneal to each other under the particular
conditions (e.g., temperature, salt and other buffer conditions) being utilized for a particular reaction. The most common
mechanism of hybridization involves hydrogen bonding (e.g., Watson-Crick, Hoogsteen or reversed Hoogsteen hydrogen
bonding) between complementary nucleobases of the nucleic acid molecules. Hybridization can occur under varying
conditions. Stringent conditions are sequence-dependent and are determined by the nature and composition of the
nucleic acid molecules to be hybridized. Nucleic acid hybridization techniques and conditions are known to the skilled
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artisan and have been described extensively. See, e.g., Sambrook et al., Molecular Cloning: A Laboratory Manual 2nd
ed., Cold Spring Harbor Press, 1989; Ausubel et al., 1987, Current Protocols in Molecular Biology; Greene Publishing
and Wiley-Interscience, New York; Tijessen, 1993, Hybridization with Nucleic Acid Probes, Elsevier Science Publishers,
B.V.; and Kricka, 1992, Non-Isotopic DNA Probe Techniques, Academic Press, San Diego, California.
[0055] As used herein, when two nucleic acid sequences are referred to as being "identical" to each other if the first
nucleic acid sequence is sufficiently complementary to the complementary sequence of the second nucleic acid sequence
that these two sequences (i.e., the first nucleic acid sequence and the complement of the second nucleic acid sequence)
would specifically hybridize with each other. In certain aspects, two identical nucleic acid sequences or specified portions
thereof, are 100% identical, that is, share an exact nucleobase match with each other.

5.2. Methods for generation of nucleic acid detection and secondary LAMP products

[0056] Although generally performed in conjunction with LAMP isothermal nucleic acid amplification, the methods
presented herein allow for the generation of nucleic acid detection products that lack the problematic concatenated
secondary structures (e.g., stem-loop DNAs with several inverted repeats of the target nucleic acid molecule and cau-
liflower-like structures with multiple loops formed by annealing between alternatively inverted repeats of the target
molecule in the same strand, each with high melting-temperatures and strong tendencies to fold back on themselves)
present in nucleic acids produced using conventional LAMP. For example, in one aspect, presented herein are methods
and compositions that allow real-time, sequence-specific, generation and detection of one or more nucleic acid sequence
within one or more target nucleic acid molecules by utilizing signal primers or primer pairs in conjunction with a LAMP
reaction to generate a nucleic acid detection products comprising target nucleic acid molecule portions of interest, or
complements thereof, wherein the nucleic acid detection products do not comprise a hairpin nucleic acid sequence or
structure, thereby making the nucleic acid detection products particularly amenable to detection. For example, the nucleic
acid detection product or products can be detected by conventional hybridization of reporter probes or by incorporating
a reporter group into one or more signal primers used to generate the nucleic acid detection product(s). In addition, the
nucleic acid detection products can, for example, be produced in real-time, in conjunction with, e.g., during, the LAMP
process, and provide the option of detecting multiple nucleic acid detection products within a single reaction vessel, e.g.,
tube, using, for example, a real-time fluorescence format.
[0057] In one aspect, presented herein is a method for generating a nucleic acid detection product, comprising,
combining a target nucleic acid molecule and displacement primer nucleic acids F3 and R3, amplification primers FLP
and RLP, and signal primers FSP and RSP, under conditions that allow complementary nucleic acids to hybridize and
nucleic acid extension reactions to occur,

(i) the target nucleic acid and each of the primer nucleic acids comprises a 5’ terminus ("5"’) and a 3’ terminus ("3"’);
(ii) each of the primer nucleic acids F3, FLP, and FSP is complementary to a different portion of the target nucleic
acid molecule, in target nucleic acid molecule 3’ to 5’ order, as follows: F3, FLP, FSP;
(iii) FLP comprises, in a 3’ to 5’ order, a first portion (F2), complementary to a portion (F2c) of the target nucleic acid
molecule, and a second portion (F1c), which is identical to a portion (F1) of the target nucleic acid molecule 5’ of
F2c, but 3’ of the portion (FSc) of the target nucleic acid to which FSP is complementary;
(iv) FSP comprises, in a 3’ to 5’ order, a first portion (FS) complementary to a portion (FSc) of the target nucleic
acid molecule, and, optionally, a second portion (S1) that comprises a detectable nucleic acid sequence not com-
plementary to the target nucleic acid;
(v) each of primer nucleic acids R3, RLP, and RSP is identical to a different portion of the target nucleic acid, as
follows, in target nucleic acid molecule 5’ to 3’ order: R3, RLP, RSP;
(vi) RLP comprises, in a 3’ to 5’ order, a first portion (R2), identical to a portion (R2) of the target nucleic acid molecule,
and a second portion (R1c), which is complementary to a portion (R1) of the target nucleic acid molecule 3’ of R2,
but 5’ of the portion (RS) of the target nucleic acid identical to RSP; and
(vii) RSP comprises, in a 3’ to 5’ order, a first portion identical to a portion (RS) of the target nucleic acid molecule
5’ of FSc, and, optionally, a second portion (S2) that comprises a detectable nucleic acid sequence not complementary
to the target nucleic acid,

so that a nucleic acid detection product comprising, in 5’ to 3’ order, R1c, R2, R1, RS, FSc and (optionally) S1c is
generated. In certain aspects, the target nucleic acid molecule comprises a portion, D, which is 5’ of FSc and 3’of RS,
such that the nucleic acid detection product generated comprises, in a 5’ to 3’ order, R1c, R2, R1, RS, D, and (optionally)
S1c. In another aspect, the method further comprising detecting the presence and/or amount of the nucleic acid detection
product. In certain aspects, such a method comprises detecting the presence of D in the nucleic acid detection product.
[0058] In another aspect, the method further comprises generating a nucleic acid detection product comprising, in 5’
to 3’ order, S1, FS, RSc, R2c, and R1. In certain aspects, the target nucleic acid molecule comprises a portion, D, which
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is 5’ of FSc and 3’ of RS, such that the method further comprises generating a nucleic acid detection product generated
comprising, in a 5’ to 3’ order, S1, FS, Dc, RSc, R2c, and R1, wherein Dc is complementary to D. In another aspect, the
method further comprising detecting the presence and/or amount of the nucleic acid detection product. In certain aspects,
such a method comprises detecting the presence of Dc in the nucleic acid detection product.
[0059] In certain aspects, methods are presented for generating a plurality (for example, two, three, four, five, six,
seven, eight, or more) of different nucleic acid detection products from a plurality of different target nucleic acid molecules,
wherein a separate set of nucleic acid primers (F3, FLP, FSP, R3, RLP, RSP) as described herein is utilized for each
target nucleic acid molecule of interest. In certain aspects, the plurality of nucleic acid detection products is generated
in a single reaction vessel, e.g., tube or well. In other aspects, a plurality of different nucleic acid detection products is
detected, e.g., detected in a single reaction vessel, for example, in a tube or well, e.g., in a closed tube format.
[0060] In such aspects, primer nucleic acids FLP and RLP are amplification primers suitable for use in LAMP nucleic
acid amplification reactions. Without wishing to be bound by any particular mechanism or theory, such methods comprise
FLP and RLP mediated LAMP nucleic acid amplification reactions.
[0061] In such aspects, primer nucleic acids FSP and RSP are examples of signal primers.
[0062] In such aspects, primer nucleic acids F3 and R3 are examples of displacement primers.
[0063] While, in the above aspects, a signal primer pair was used, the methods provided herein also allow for use of
single signal primer in such reactions.
[0064] In such aspects, the signal primer or primers can be combined concurrently with the displacement primers and
amplification primers. Alternatively, the signal primer or primers can be combined at a separate time, e.g., either prior
to or subsequent to, the displacement primers. For example, in certain aspects, one or more signal primers can be added
about 1 minute, 2 minutes, 3 minutes, 4 minutes, 5 minutes, 1-5 minutes, 5-10 minutes, 10-15 minutes, 15-20 minutes,
20-25 minutes, 25-30 minutes, 30-60 minutes, or 1-2 hours after the amplification primers and the displacement primers,
e.g., after initiation of the hybridization and extension reactions.
[0065] Reaction conditions for the methods described herein will vary somewhat, e.g., depending upon the particular
target nucleic acid molecule and primer molecule sequences and hybridizing lengths, and the particular extension product
reaction chosen, but such conditions would be well known to those of skill in the art, and can routinely be chosen. In
general, the conditions suitable for the methods described herein are conditions that would be suitable for performing
conventional LAMP reactions. See, e.g., US Patent Nos. 6,974,670 (see, especially, cols. 4-7), and 6,410,278, and
Notomi et al.
[0066] Also provided herein are methods for detecting amplification products of LAMP reactions by real-time primer
extension. In one aspect, identification of a target sequence by LAMP is detected by simultaneously generating a
secondary amplification product, the production of which is tightly coupled to amplification of the target sequence. In
certain aspects, this secondary amplification product is produced during the LAMP reaction without requiring any addi-
tional amplification steps or manipulations. In one aspect, once generated, the secondary amplification product does
not interfere with or inhibit normal LAMP of the desired target sequence. The methods of the present are therefore useful
for real-time monitoring of LAMP and detecting amplification of the target sequence, especially in situations where real-
time detection of multiple target sequences or sequence variants within a single-tube format is desirable.
[0067] In certain aspects, amplification primers for LAMP are hybridized to a target sequence and the target sequence
is amplified generally as described by U.S. Patent 6,974,670, U.S. Patent 6,410,278 and Notomi et al.. As described in
these references, the LAMP method amplifies DNA with high specificity, efficiency and rapidity under isothermal condi-
tions by employing a DNA polymerase and a set of four specially designed primers that recognize a total of six distinct
sequences on the target DNA. As described in Notomi et al., during the LAMP reaction, an inner primer ("an amplification
primer") containing sequences of the sense and antisense strands of the target DNA initiates LAMP. See, Notomi et al.
Then, strand displacement DNA synthesis primed by an outer primer ("displacement primer") releases a single-stranded
DNA. Id. This serves as template for DNA synthesis primed by the second amplification and displacement primers that
hybridize to the other end of the target, which produces a dumb-bell shaped stem-loop DNA structure. Id. This stem-
loop DNA then serves as the starting material for LAMP cycling. Id. In subsequent LAMP cycling, one amplification
primer hybridizes to the loop on the product and initiates displacement DNA synthesis, yielding the original stem-loop
DNA and a new stem-loop DNA. Id. The cycling reaction continues with accumulation of 109 copies of target in less than
an hour. Id. The final products are stem-loop DNAs with several inverted repeats of the target and cauliflower-like
structures with multiple loops formed by annealing between alternately inverted repeats of the target in the same strand.
As a result, LAMP produces a high molecular weight DNA consisting of numerous copies of the original target sequence
(and compliments) concatenated into self-complementary hairpin structures, which, because of their high melting tem-
peratures and strong tendency to fold back on themselves, are not amenable to detection by routine probe-based
hybridization methods. Further, the steps of the LAMP reaction are described in detail in, for example, U.S. Patent
6,974,670, columns 4-7.
[0068] However, provided herein is the LAMP reaction which further comprises at least one signal primer which results
in simultaneous or concurrent generation of a secondary amplification product for use in detecting, monitoring or localizing
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amplification products produced by the LAMP reaction. In some aspects, the secondary amplification products may also
contain features which facilitate their detection, capture or immobilization.
[0069] The secondary amplification products are produced in the LAMP reactions described herein by inclusion of at
least one signal primer in the reaction mixture. In some aspects, it may be preferable to include two signal primers that
hybridize to sites located between the priming sites of the forward and reverse LAMP amplification primers. In yet other
aspects, three, four, five, six, seven, eight or more signal primers are used, wherein such signal primers can simultaneously
detect two, three, four or more target sequences or sequence variants.
[0070] In certain aspects of the present methods, the signal primer or signal primers hybridize to the target sequence
downstream of the hybridization site of the amplification primers. In one aspect, such primers are extended by polymerase
in a manner similar to extension of the amplification primers. The signal primer hybridizes at a site in the target sequence
such that extension of the amplification primer displaces the extension product of the signal primer. In one aspect, the
3’ end of the signal primer comprises a sequence which hybridizes to the target sequence. In certain aspects, the entire
signal primer may hybridize to the target sequence, for example when it is unmodified or chemically modified for detection
by addition of a reporter group, label or affinity ligand. In other aspects, the 5’ end of the signal primer may comprise a
sequence which does not hybridize to the target sequence but which contains special nucleotide sequences (often
involving structural features) which facilitate detection or capture of the secondary amplification product). In some aspects,
such chemical modifications and special sequences are incorporated into the secondary amplification products when
the signal primers are hybridized and extended on a template.
[0071] In one aspect, the template for the reaction is the nucleic acid having complementary nucleotide sequences
linked in a single-stranded chain. A single-stranded chain is a strand not separated into two or more molecules upon
dissociation of base pairing. In another aspect, a nucleic acid which serves as a template in the reaction contains a
nucleotide sequence for forming a loop between the complementary sequences in a chain or chains. In one aspect, the
complementary nucleotide sequence of the template can form base pairing or can anneal in the same chain. In some
aspects, the template nucleic acid comprises a loop/hairpin sequence wherein there is no base pairing at a bent hinged
portion.
[0072] The term complementary as used herein in the context of two nucleic acid sequences does not require complete
complementarity, but merely sufficient complementarity to allow the two nucleic acids to anneal under the conditions used.
[0073] The primers utilized herein, generally comprise nucleic acids that provide an -OH group at the 3’-terminus that,
upon hybridization to a complementary nucleic acid sequence can be extended, e.g., via enzymatic nucleic acid replication
in, for example, nucleic acid amplification reactions. In certain aspects, the primer is an oligonucleotide comprises
sufficient nucleotide length as to be capable of base pairing with a complementary chain and to maintain necessary
specificity under the given environment in the various reactions of synthesizing nucleic acid. In some aspects, a primer
comprises about 5 to 200 nucleotides, more preferably about 10 to 50 nucleotides. In one aspect, the methods described
herein employ signal primers which do not function as amplification primers in the LAMP reaction. Any extension products
formed through errant extension of such signal primers on non-target templates will not undergo subsequent amplification.
In certain aspects, signal primers may be added to the amplification reaction prior to initiation of amplification with no
apparent increase in background signal levels. This can greatly simplifies the detection procedure and makes possible
homogeneous real-time analysis of LAMP reactions.
[0074] A target nucleic acid sequence may, for example, be contained in or obtained from a biological sample. A
biological sample can include, for example, animal, plant or microbial tissues, cells, cultures and excretions, or extracts
therefrom. Such microbial samples, can include, but are not limited to biological samples such as bacterial, viral or
mycoplasma samples, and can, for example, comprise genomic DNA, RNA, mRNA, rRNA and the like.
[0075] In certain aspects, nucleic acid is amplified by a single enzyme under isothermal conditions. In a specific aspect,
the methods herein can utilize a polymerase catalyzing strand displacement-type synthesis of complementary chain.
[0076] In certain aspects, the methods described herein are conducted in the absence of temperature cycling. In
aspects wherein the nucleic acid to be used as a template is double-stranded, the nucleic acid may, at least initially,
undergo heat denaturation, to allow for primer annealing.
[0077] The methods described herein can allow for detection of more than one target, for example, concurrent or
multiplexed detection, in a sequence-specific manner. In some aspects, detection of two, three, four, five, six or more
target sequences or sequence variants is performed.
[0078] The present methods include, in one aspect, methods for generating a nucleic acid signal extension product
and amplification in a loop-mediated isothermal amplification reaction, comprising:

(a) hybridizing a first nucleic acid signal primer, a first nucleic acid amplification primer, and a first nucleic acid
displacement primer to regions of a nucleic acid target sequence;
wherein at least a portion of the first nucleic acid signal primer hybridizes to a target sequence region downstream
of the target sequence region to which the 3’ terminal portion of the first nucleic acid amplification primer hybridizes;
wherein the first nucleic acid amplification primer comprises i) a 3’ terminal portion that hybridizes to a target sequence
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region upstream of the target sequence region to which the first signal primer hybridizes, and ii) a 5’ terminal portion
that comprises substantially the same nucleotide sequence as a region of the target sequence downstream of the
target sequence region to which the 3’ terminal portion of the first nucleic acid amplification primer hybridizes; and
wherein the first nucleic acid displacement primer hybridizes to a target sequence region upstream of the target
sequence region to which the 3’ terminal portion of the first nucleic acid amplification primer hybridizes;
(b) extending the hybridized first nucleic acid signal primer on the nucleic acid target sequence to produce a first
signal extension product; extending the hybridized first nucleic acid amplification primer on the nucleic acid target
sequence such that extension of the first amplification primer displaces the first signal extension product from the
nucleic acid target sequence; and extending the first nucleic acid displacement primer, such that extension of the
first nucleic acid displacement primer displaces a first amplification extension product from the nucleic acid target
sequence.

[0079] As used herein, the term "downstream" refers to the direction or region toward which an extension product
extends from the primer being referred to, e.g., as in (a), above, the first nucleic acid amplification primer. As used herein,
the term "upstream" to the region or direction away, or opposite, from the direction or region toward which an extension
product extends from the primer being referred to, e.g., as in (a), above, the first signal primer.
[0080] In some aspects, the above-described method further comprises:

(a) hybridizing a second nucleic acid signal primer, a second nucleic acid amplification primer, and a second nucleic
acid displacement primer to regions of the first signal extension product;
wherein at least a portion of the second nucleic acid signal primer hybridizes to a first signal extension product
region downstream of the first signal extension product region to which the 3’ terminal portion of the second nucleic
acid amplification primer hybridizes;
wherein the second nucleic acid amplification primer comprises i) a 3’ terminal portion that hybridizes to a first signal
extension product region upstream of the first signal extension product region to which the second signal primer
hybridizes, and ii) a 5’ terminal portion that comprises substantially the same nucleotide sequence as a region of
the first signal extension product downstream of the first signal extension product region to which the 3’ terminal
portion of the second nucleic acid amplification primer hybridizes; and
wherein the second nucleic acid displacement primer hybridizes to a first signal extension product region upstream
of the first signal extension product region to which the 3’ terminal portion of the second nucleic acid amplification
primer hybridizes;
(b) extending the hybridized second nucleic acid signal primer on the first signal extension product to produce a
second signal extension product; extending the hybridized second nucleic acid amplification primer on the first signal
extension product such that extension of the second amplification primer displaces the second signal extension
product from the first signal extension product; and extending the second nucleic acid displacement primer, such
that extension of the second nucleic acid displacement primer displaces a second amplification extension product
from the first signal extension product.

[0081] Further provided herein are methods for generating a nucleic acid signal extension product and amplification
in a loop-mediated isothermal amplification reaction, comprising:

(a) hybridizing a second nucleic acid signal primer, a second nucleic acid amplification primer, and a second nucleic
acid displacement primer to regions of a first signal extension product;
wherein at least a portion of the second nucleic acid signal primer hybridizes to a first signal extension product
region downstream of the first signal extension product region to which the 3’ terminal portion of the second nucleic
acid amplification primer hybridizes;
wherein the second nucleic acid amplification primer comprises i) a 3’ terminal portion that hybridizes to a first signal
extension product region upstream of the first signal extension product region to which the second signal primer
hybridizes, and ii) a 5’ terminal portion that comprises substantially the same nucleotide sequence as a region of
the first signal extension product downstream of the first signal extension product region to which the 3’ terminal
portion of the second nucleic acid amplification primer hybridizes;
wherein the second nucleic acid displacement primer hybridizes to a first signal extension product region upstream
of the first signal extension product region to which the 3’ terminal portion of the second nucleic acid amplification
primer hybridizes;
and wherein the first signal extension product is generated concurrently with an amplification in a loop-mediated
isothermal amplification reaction;
(b) extending the hybridized second nucleic acid signal primer on the first signal extension product to produce a
second signal extension product; extending the hybridized second nucleic acid amplification primer on the first signal
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extension product such that extension of the second amplification primer displaces the second signal extension
product from the first signal extension product; and extending the second nucleic acid displacement primer, such
that extension of the second nucleic acid displacement primer displaces a second amplification extension product
from the first signal extension product.

[0082] In one aspect, presented herein is a method for generating a nucleic acid signal extension product during a
loop-mediated isothermal amplification reaction, comprising:

(a) hybridizing a nucleic acid signal primer to a region of the nucleic acid target sequence, wherein said target
sequence comprises at least one self-complementary hairpin structure generated during a loop-mediated isothermal
amplification reaction, and wherein said region is not situated in a loop region of the hairpin structure; and
(b) extending the hybridized nucleic acid signal primer on the nucleic acid target sequence to produce a first signal
extension product, wherein said first signal extension product comprises one hairpin structure.

[0083] The above-described method, may, for example, further comprise detecting the first signal extension product.
In one aspect, the signal primer comprises a hybridization region and a reporter region, wherein the hybridization region
hybridizes to the region of the nucleic acid target sequence, and wherein the reporter region produces a fluorescent
signal. In another aspect, the signal primer lacks a reporter group.
[0084] In another aspect, methods are provided for generating nucleic acid signal extension products during a loop-
mediated isothermal amplification reaction, comprising:

(a) hybridizing a nucleic acid signal primer to a nucleic acid target sequence region, wherein the target sequence
comprises at least one self-complementary hairpin structure generated during a loop-mediated isothermal amplifi-
cation reaction;
(b) extending the hybridized nucleic acid signal primer on the nucleic acid target sequence to produce a first signal
extension product, wherein said first signal extension product comprises a hairpin structure;
(c) hybridizing a nucleic acid amplification primer to a loop region of the first signal extension product, and extending
the hybridized nucleic acid amplification primer on the first signal extension product to produce a second signal
extension product and a third signal extension product, wherein the second signal extension product lacks a hairpin
structure; and wherein the third signal has a hairpin structure on its 5’ end;

[0085] The above-described method may further comprise detecting the second and/or the third signal extension
product.
[0086] In yet another aspect, presented herein is a method for generating nucleic acid signal extension products during
a loop-mediated isothermal amplification reaction, comprising:

(a) hybridizing a nucleic acid signal primer to a nucleic acid target sequence region, wherein the target sequence
comprises at least one self-complementary hairpin structure generated during a loop-mediated isothermal amplifi-
cation reaction;
(b) extending the hybridized nucleic acid signal primer on the nucleic acid target sequence to produce a first signal
extension product, wherein said first signal extension product comprises a hairpin structure;
(c) hybridizing a nucleic acid amplification primer to a loop region of the first signal extension product, and extending
the hybridized nucleic acid amplification primer on the first signal extension product to produce a second signal
extension product and a third signal extension product, wherein the second signal extension product lacks a hairpin
structure; and wherein the third signal extension product is single-stranded and has a hairpin structure on its 5’ end;
(d) hybridizing the nucleic acid signal primer to the third signal extension product, and extending the hybridized
nucleic acid signal primer on the third signal extension product to produce a fourth signal extension product, wherein
the fourth signal extension product comprises double-stranded nucleic acid.

[0087] In one aspect, the above-described method further comprises detecting the fourth signal extension product.
[0088] In certain aspects, two or more target sequences or sequence variants are detected concurrently, wherein two
or more nucleic acid signal primers which hybridize to said two or more target sequences are used. In one aspect, the
two or more target sequences are present in the same contiguous nucleotide sequence or on two different nucleotide
sequences. In another aspect, the two or more target sequences or sequence variants are derived from one organism
or from two or more different organisms. In some aspects, the first, second, third, or fourth signal extension product is
detected in real-time. In certain aspects, the first, second, third, or fourth signal extension product is detected in a closed
tube format. In other aspects, the first, second, third, or fourth signal extension product is detected post-amplification.
[0089] In one aspect, the first, second, third, or fourth signal extension product is detected by a hybridization probe.
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In one such aspect, the hybridization probe is a single nucleotide difference sensitive probe. In another aspect, hybrid-
ization probe is fluorogenic. In a specific aspect, the hybridization probe is a molecular beacon. In another specific
aspect, the first, second, third, or fourth signal extension product is detected using a fluorogenic probe or Surface-
enhanced Raman scattering (SERS)-labeled probe.
[0090] In certain aspects, the signal primer comprises a hybridization region and a reporter region, wherein the hy-
bridization region hybridizes to the region of the nucleic acid target sequence, and wherein the first, second, third, or
fourth signal extension product is detected by means of the reporter region. In one aspect, the reporter group produces
a fluorescent signal. In another aspect, the reporter group is a fluorogenic hairpin. In another aspect, the signal primer
lacks a reporter group. In yet another aspect, the first, the second, the third, or the fourth signal extension product is
detected by means of a modification to facilitate capture of the signal product incorporated into one of the signal primers.
The methods herein described may be used to detect, for example, drug resistant TB.
[0091] In one aspect, a signal primer or primers are added after initiation of the LAMP reaction. For example, a signal
primer or primers may be added 1 minute, 2 minutes, 3 minutes, 4 minutes, 5 minutes, 1-5 minutes, 5-10 minutes. 10-15
minutes, 15-20 minutes, 20-25 minutes, 25-30 minutes, or 30-60 minutes, or more than 1 hour after the initiation of the
LAMP reaction.
[0092] In yet another aspect, a signal primer is added to the LAMP reaction simultaneously with the addition of an
amplification primer/s and/or displacement primer/s, or simultaneously with the initiation of the LAMP reaction.
[0093] The present methods can also include a method for concurrently generating signal extension products and an
amplification in a loop-mediated isothermal amplification reaction, comprising:

(a) hybridizing a first signal primer to a first strand of a target sequence;
(b) hybridizing a first amplification primer to the first strand of the target sequence upstream of the first signal primer,
wherein the first amplification primer comprises a 3’ terminal portion which hybridizes to the first strand of the target
sequence and a 5’ terminal portion comprising substantially the same nucleotide sequence as an arbitrary region
of the first strand of the target sequence;
(c) extending the hybridized first signal primer on the first strand of the target sequence to produce a first signal
extension product and extending the hybridized first amplification primer on the first strand of the target sequence
such that extension of the first amplification primer displaces the first signal extension product from the target
sequence;
(d) hybridizing a first displacement primer to the first strand of the target sequence upstream of the first amplification
primer, and extending the first displacement primer from its 3’ end to displace the first amplification extension product
from the target sequence;
(e) hybridizing a second signal primer to the displaced first signal extension product;
(f) hybridizing a second amplification primer to the first signal extension product upstream of the second signal
primer, wherein the second amplification primer comprises a 3’ terminal portion which hybridizes to the first signal
extension product and a 5’ terminal portion comprising substantially the same nucleotide sequence as an arbitrary
region of the first signal extension product;
(g) extending the hybridized second signal primer on the first signal extension product to produce a second signal
extension product and extending the hybridized second amplification primer on the first signal extension product
such that extension of the second amplification primer displaces the second signal extension product from the first
signal extension product; and
(h) hybridizing a second displacement primer to the first signal extension product upstream of the second amplification
primer, and extending the second displacement primer from its 3’ end to displace the second amplification extension
product from the first signal extension product.

[0094] In one aspect of such methods, the first signal extension product and the second signal extension product lack
self-complementary hairpin structures. In another aspect of such methods, a 5’ terminal portion of the first signal primer
does not comprise substantially the same nucleotide sequence as an arbitrary region of the first strand of the target
sequence; and a 5’ terminal portion of the second signal primer does not comprise substantially the same nucleotide
sequence as an arbitrary region of the first signal extension product.
[0095] In certain aspects, the method further comprises hybridizing the first signal primer to the displaced second
signal extension product and extending the hybridized first signal primer on the second signal extension product such
that a double-stranded signal product is generated.
[0096] In one aspect, the method further comprises:

(a) hybridizing the second signal primer to a second strand of the target sequence;
(b) hybridizing the second amplification primer to the second strand of the target sequence upstream of the second
signal primer, wherein the second amplification primer comprises a 3’ terminal portion which hybridizes to the second
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strand of the target sequence and a 5’ terminal portion comprising substantially the same nucleotide sequence as
an arbitrary region of the second strand of the target sequence;
(c) extending the hybridized second signal primer on the second strand of the target sequence to produce a third
signal extension product and extending the hybridized second amplification primer on the second strand of the target
sequence such that extension of the second amplification primer displaces the third signal extension product from
the target sequence;
(d) hybridizing a second displacement primer to the second strand of the target sequence upstream of the second
amplification primer, and extending the second displacement primer from its 3’ end to displace the third amplification
extension product from the target sequence;
(e) hybridizing the first signal primer to the displaced third signal extension product;
(f) hybridizing the first amplification primer to the third signal extension product upstream of the first signal primer,
wherein the first amplification primer comprises a 3’ terminal portion which hybridizes to the third signal extension
product and a 5’ terminal portion comprising substantially the same nucleotide sequence as an arbitrary region of
the third signal extension product;
(g) extending the hybridized first signal primer on the third signal extension product to produce a fourth signal
extension product and extending the hybridized first amplification primer on the third signal extension product such
that extension of the first amplification primer displaces the fourth signal extension product from the third signal
extension product; and
(h) hybridizing the first displacement primer to the third signal extension product upstream of the first amplification
primer, and extending the first displacement primer from its 3’ end to displace the fourth amplification extension
product from the third signal extension product.

[0097] These methods may, for example, further comprise hybridizing the second signal primer to the displaced fourth
signal extension product and extending the hybridized second signal primer on the fourth signal extension product such
that a double-stranded signal product is generated.
[0098] In certain aspects, two or more target sequences or sequence variants are used concurrently, and signal
products and amplification products are generated for each of said target sequences or sequence variants. In such
aspects, the signal extension products of two or more targets or sequence variants may be detected. In some aspect,
the signal extension products are detected by probe-based hybridization methods. In a specific aspect, the signal ex-
tension products are detected by molecular beacons.
[0099] In certain aspects, the signal products are detected in real-time. In other aspects, the signal products are
detected post-amplification. In a specific aspects, the methods described herein may be used to detect drug resistant TB.
[0100] Some aspects of the above-described methods further comprise detecting the signal products by means of a
chemical modification or special nucleotide sequence incorporated into one or more of the signal primers. In one aspect,
the signal products are detected by means of a reporter group incorporated into one of the signal primers. In a specific
aspect, the reporter group is a fluorogenic hairpin. In another aspect, the signal primer lacks a reporter group. In yet
other aspects, the method further comprises detecting the signal products by means of a modification to facilitate capture
of the signal product incorporated into one of the signal primers.
[0101] In one aspect, the signal primers do not function as amplification primers in the LAMP reaction in which they
are employed. In such aspects, this feature may allow the signal primers to be added to the amplification reaction mixture
without promoting the high levels of background signal generated by other primer-based methods. High levels of back-
ground signal are believed to be due to non-specific priming and subsequent amplification of spuriously primed non-
target DNA when the primers are capable of functioning as amplification primers.
[0102] Figures 1, 2A, 2B, 3A, 3B, 4, 5, 6 and 7 illustrate certain aspects of the methods presented herein, for example,
aspects in which a pair of signal primers is used for detecting amplification of a target sequence. Without wishing to be
limited to any particular mechanism or theory, it is believed that the displacement, amplification and signal primers may
simultaneously hybridize to a target sequence in the presented target generation scheme, such that extension of each
upstream primer displaces the extension product of the downstream primer and simultaneously generates amplifiable
target fragments and secondary amplification products.
[0103] FIG. 1 illustrates an aspect wherein a signal primer FSP is included in the LAMP reaction mixture and hybridizes
to the target sequence downstream (as used herein and as illustrated in this figure, this term refers to the direction or
region toward which an extension product extends from the primer being referred to, in this case, the first amplification
primer) of a first amplification primer by hybridization of the FS portion of the signal primer to the FSc region of the target
sequence. The S1 portion of the FSP signal primer sequence depicted includes a reporter group or label, or is a structural
feature to facilitate detection or capture. S1 may or may not hybridize, but is shown here as not hybridizing to clarify the
different functional features of the signal primer. For the purposes of this illustration, S1 will contain a reporter group,
but may contain other chemical modifications or structural features. In some aspects, signal primers utilized herein lack
S1 and/or S2 regions depicted in Figures 1-6. FLP is a LAMP amplification primer which hybridizes to the target sequence
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upstream (as used herein and illustrated by this figure, this term refers to the region or direction away, or opposite, from
the direction or region toward which an extension product extends from the primer being referred to, in this case, the
signal primer) of the signal primer. FLP contains the F2 portion and the F1c portion, wherein the F2 portion hybridizes
to the target sequence, and wherein F1c portion is complementary to a region of the newly synthesized strand such that
it forms a loop structure upon displacement of the amplification primer extension product from the target sequence (see
structure P2). Both amplification primer FLP and signal primer FSP are extended by DNA polymerase using the target
sequence as a template. The signal primer extension product P1 is displaced from the template by extension of ampli-
fication primer FLP. The amplification primer extension product P2 is in turn displaced from the template by extension
of a displacement primer F3, yielding P2 and P3 products. The F1c region of the amplification primer extension product
hybridizes to the F1 region in the same strand thus forming a loop-shaped structure on its 5’-terminal. The signal primer
extension product P1 is a product uniquely generated using the methods described herein.
[0104] Figure 2A illustrates an aspect wherein a second LAMP amplification primer (RLP) and a second displacement
primer (R3) hybridize to signal extension product P1 (produced in the amplification process depicted in Figure 1). The
R2 portion of RLP hybridizes to the R2c region of P1, and it is extended by DNA polymerase using the first signal
extension product as a template. The second amplification primer extension products are displaced from the template
by a second displacement primer R3 producing products P1.2 and PI.3. The R1c region of the PI.2 product hybridizes
to the R1 region in the same strand thus forming a loop-shaped structure on its 5’-terminal.
[0105] Figure 2B illustrates an aspect wherein a second signal primer (RSP), a second LAMP amplification primer
(RLP) and a second displacement primer (R3) hybridize to signal extension product P1(produced in the amplification
process depicted in Figure 1). The RS portion of RSP hybridizes to the RSc region of P1 target sequence downstream
of a second amplification primer. The S2 portion of the RSP signal primer sequence includes a reporter group or label,
or is a structural feature to facilitate detection or capture. S2 may or may not hybridize to P1 (in Figure 2B, S2 does not
hybridize to P1). RLP is a second LAMP amplification primer which hybridizes to the target sequence upstream of the
signal primer. RLP contains the R2 portion and the R1c portion, wherein the R2 portion hybridizes to the target sequence,
and wherein R1c portion is complementary to a region of the newly synthesized strand such that it forms a loop structure
upon displacement of the amplification primer extension product from the target sequence (see structure P2). The
products are extended by DNA polymerase. The signal primer extension product P1.1 is displaced from the template
P1 by extension of amplification primer RLP. The amplification primer extension product P1.2 is in turn displaced from
the template by extension of a displacement primer R3, yielding P1.2 and P1.3 products. The R1c region of the ampli-
fication primer extension product P1.2 hybridizes to the R1 region in the same strand thus forming a loop-shaped structure
on its 5’-terminal. A key feature of P1.1 is its lack of hairpin structures that would impede detection of target sequences
by means of fluorogenic hybridization probes such as molecular beacons. As a result of this lack of hairpins, a mutation
(e.g., a single nucleotide difference or SNP) or a sequence variation in such secondary LAMP product can be detected
by molecular beacons or other probe (e.g., SNP sensitive probe).
[0106] Figure 3A illustrates an aspect wherein a second LAMP amplification primer (RLP) and a second displacement
primer (R3) hybridize to amplification extension product P2 (produced in the amplification process depicted in Figure 1).
The R2 portion of RLP hybridizes to the R2c region of P2, and it is extended by DNA polymerase. The second amplification
primer extension products are displaced from its template by a second displacement primer R3 producing products P2.2
and P2.3. The R1c region of the P2.2 product hybridizes to the R1 region in the same strand, thus forming a loop-shaped
structure on its 5’-terminal. Because P2 template contains a loop structure on its 5’-terminal, the resulting P2.2 product
features loops on both 5’- and 3’- terminals, producing a dumb-bell-shaped structure.
[0107] Figure 3B illustrates an aspect wherein a second signal primer (RSP), a second LAMP amplification primer
(RLP) and a second displacement primer (R3) hybridize to signal extension product P2(produced in the amplification
process depicted in Figure 1). The RS portion of RSP hybridizes to the RSc region of P1 target sequence downstream
of a second amplification primer. The S2 portion of the RSP signal primer sequence includes a reporter group or label,
or is a structural feature to facilitate detection or capture. S2 may or may not hybridize to P2 (in Figure 3B, S2 does not
hybridize to P2). RLP is a second LAMP amplification primer which hybridizes to the target sequence upstream of the
signal primer. RLP contains the R2 portion and the R1c portion, wherein the R2 portion hybridizes to the target sequence,
and wherein R1c portion is complementary to a region of the newly synthesized strand such that it forms a loop structure
upon displacement of the amplification primer extension product from the target sequence (see structure P2.2). The
products are extended by DNA polymerase. The signal primer extension product P2.1 is displaced from the template
P2 by extension of amplification primer RLP. The amplification primer extension product P2.2 is in turn displaced from
the template by extension of a displacement primer R3, yielding P2.2 and P2.3 products. The R1c region of the ampli-
fication primer extension product P2.2 hybridizes to the R1 region in the same strand thus forming a loop-shaped structure
on its 5’-terminal. Because P2 template contains a loop structure on its 5’-terminal, the resulting P2.2 product features
loops on both 5’- and 3’- terminals, producing a dumb-bell-shaped structure.
[0108] Figure 4 illustrates an aspect wherein a first signal primer (FSP) hybridizes to extension product P2.2 (produced
in the amplification process depicted in Figures 3A and 3B), wherein P2.2 contains dumb-bell loop structures on its 5’



EP 2 496 705 B1

20

5

10

15

20

25

30

35

40

45

50

55

and 3’-terminal ends generated during a LAMP reaction. The FS portion of FSP primer hybridizes to the FSc portion of
P2.2, and it is extended by DNA polymerase. The extension product is displaced by internal 5’ to 3’ extension as illustrated
in Figure 4 to produce P2.2.1 and P.2.2.2, wherein P.2.2.1 product is double-stranded and P2.2.2 signal extension
product contains a loop on its 3’-terminal end and may be extended by DNA polymerase to form a double-stranded
product P.2.2.2.1.
[0109] Figure 5 illustrates an aspect wherein a second amplification primer (RLP) hybridizes to extension product
P2.2.2.1 (produced in the amplification process depicted in Figure 4), wherein RLP hybridizes to the sequence inside
the loop region of P.2.2.2.1, the region which does not form base pairing with an opposing strand. The R2 portion of
RLP primer hybridizes to the R2c portion in the loop of P.2.2.2.1, and it is extended by DNA polymerase to generate
P.2.2.2.1.2, wherein such extension opens up the loop region of P.2.2.2.1 to form P.2.2.2.1.2. Further, a first signal
primer (FSP) hybridizes to P.2.2.2.1.2, wherein the FS portion of FSP hybridizes to FSc and the S1 portion hybridizes
to S1c, and is extended by DNA polymerase, wherein such extension displaces extension product P.2.2.2.1.1 from
P.2.2.2.1.2 and also produces a double-stranded product P.2.2.2.1.3. P.2.2.2.1.1 is single-stranded.
[0110] Figure 6 illustrates an aspect wherein a first signal primer (FSP) hybridizes to extension product P.2.2.2.1.1
and is extended by DNA polymerase to produce double-stranded product P.2.2.2.1.1c.
[0111] In one aspect, a signal primer or primers (e.g., FSP and/or RSP depicted in Figures 1-6), is added after initiation
of a LAMP reaction, for example, after 1 minute, 2 minutes, 3 minutes, 4 minutes, 5 minutes, 1-5 minutes, 5-10 minutes.
10-15 minutes, 15-20 minutes, 20-25 minutes, 25-30 minutes, or 30-60 minutes, or more than 1 hour after the initiation
of the LAMP reaction. In some aspects, a signal primer/s and a LAMP amplification primer/s are not added to the
amplification reaction simultaneously. In one such aspect, signal extension products depicted in Figures 1, 2B and 3B
are not generated because, at the time of addition of a signal primer/s, all DNA in the LAMP reaction is converted either
into double-stranded products such as P3 (see Figure 1) or into products such as P2.2 (see Figure 4). In another such
aspects, signal extension products of the type depicted in Figures 4, 5 and 6 are generated. In some such aspects, all
signal extension products generated have at least one structure substantially similar or identical to that of one of P.2.2.1,
P2.2.2 or P.2.2.2.1 (as depicted in Figure 4), or that of P.2.2.2.1.2 or P.2.2.2.1.3 or P.2.2.2.1.1. (as depicted in Figure
5), or that of P.2.2.2.1.1c (as depicted in Figure 6). In other such aspects, the methods do not generate signal extension
products such as P1 (depicted in Figure 1), P1.1 (Figure 2B) or P2.1 (depicted in Figure 3B).
[0112] Figures 1-6 are presented for illustrative purposes only, and do not show all of molecular species produced
during the LAMP reaction, nor do these figures show the variety of secondary products formed when secondary primers,
such as FSP and RSP, are included in the LAMP reaction. Likewise, Figures 1-6 only exemplify some of the products
of the LAMP reaction and some of the secondary products produced during the LAMP reaction of the methods. Further,
extension products of the amplification reactions presented such as, for example, P1.1, will be produced through many
pathways involving various intermediaries during a LAMP reaction.
[0113] The methods present herein further contemplate use of loop primers in the LAMP amplification reaction such
as loop primers. See, e.g., Nagamine et al. (Mol. and Cell. Probes 16, 223-229 (2002)). Such loop primers generally
hybridize to the stem-loops of the LAMP amplification reaction products, but do not hybridize to loops to which amplification
primers hybridize. Use of such loop primers can, for example, substantially reduce LAMP reaction times. In such aspects,
the present methods can, for example, additionally contain a loop primer or primers. For example, the methods can
utilize one or two loop primers for amplification of one target sequence or, e.g., can utilize three, four, five, six or more
loop primers depending on the number of the target sequences to be amplified and/or detected. Such loop primers may
hybridize, for example, to the single-stranded loop in P2 between regions F2 and F1 in Figures 1, 3A or 3B; or to the
loop in P1.2 between regions R2 and R1 in Figures 2A or 2B; or to the loop in P2.2 in Figure 3A or 4.
[0114] The present methods can, for example, comprise generation and/or detection of secondary LAMP signal ex-
tension products in less than 10 minutes, less than 15 minutes, less than 20 minutes, less than 30 minutes, less than
45 minutes, less than 50 minutes, less than 60 minutes, or less than in 1.5 hours or less than 2 hours, or less than 3 hours.

5.3. Methods for detection of nucleic acid detection and secondary LAMP products

[0115] A key feature of the nucleic acid detection products and secondary LAMP products described herein is the
absence of hairpin, potential hairpin structure, or hairpin sequences capable of forming a hairpin structure, which would
hinder detection of customary LAMP products via conventional techniques such as molecular beacons. As such, any
technique known to the skilled artisan for detecting a nucleic acid sequence, e.g., via probe or other sequence hybridization
can routinely be used to detect the nucleic acid detection products and secondary LAMP products described herein.
Presented below are exemplary, non-limiting examples of techniques that can routinely be used for such detection.
[0116] In one aspect, specific target sequences contained within sequence D of the secondary products generated
as described above and illustrated in FIGs 1-6 may be detected by hybridization probes. A hybridization probe may be
any nucleic acid that hybridizes to a target nucleic acid sequence and facilitates its detection. Generally, a hybridization
probe is a fragment of nucleic acid of variable length (e.g., from about 10, 25, 50 or 100 bases, and up to about 200,
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300, 400, 500, 600. 700, 800, 900, 1000, 1200, 1500 or 2000 bases long), which is used to detect in nucleic acid samples
the presence of nucleotide sequences (the DNA target) that are complementary to the sequence in the probe. In some
aspects, the probe works by hybridizing to single-stranded nucleic acid whose base sequence allows probetarget base
pairing due to complementarity between the probe and the target. In certain aspects, to detect hybridization of the probe
to its target sequence, the probe is tagged or labeled with a detectable marker. A detectable marker may, for example,
be a radioactive isotope, an antibody-based marker, a fluorescence-based marker, or any other marker. In one aspect,
the molecular marker is non-radioactive. In another aspect, the probe is labeled with a fluorescent label. In a specific
aspect, target detection methods using hybridization probes employ fluorescence quenching technology. In some as-
pects, the labeled probe is first denatured (by heating or under alkaline conditions) into single DNA strands and then
hybridized to the target nucleic acid. In a specific aspect, the molecular marker used is suited for monitoring the synthesis
of specific nucleic acids in real time.
[0117] In one aspect, specific target sequences may be detected using an oligonucleotide containing the donor fluor-
ophore and the acceptor fluorophore such that there is a detectable difference in the fluorescence properties of one or
both when the oligonucleotide is non-hybridized vs. when it is hybridized to its complementary sequence. In this format,
donor fluorescence is typically increased and energy transfer/quenching are decreased when the oligonucleotide is
hybridized. For example, a self-complementary oligonucleotide labeled at each end may form a hairpin which brings the
two fluorophores (e.g., the 5’ and 3’ ends) into close proximity where energy transfer and quenching can occur. Hybrid-
ization of the self-complementary oligonucleotide to its complement on a second oligonucleotide disrupts the hairpin
and increases the distance between the two dyes, thus reducing quenching. Such hairpin structure is known to be very
stable such that conversion to the unquenched, hybridized form is often slow and only moderately favored.
[0118] In a specific aspect, specific target sequences may be detected using molecular beacon/s. Molecular beacons
are nucleic acid probes that undergo a spontaneous fluorogenic conformational change when they hybridize to their
targets. Tyagi and Kramer, "Molecular Beacons: Probes that Fluoresce upon Hybridization," Nature Biotechnology 14,
303 - 308 (1996). Molecular beacons are hairpin shaped molecules with an internally quenched fluorophore whose
fluorescence is restored when they bind to a target nucleic acid sequence. Specifically, a molecular beacon is a hairpin
containing a detector sequence in the loop between the self-complementary arms of the hairpin which form the stem.
The base-paired stem must melt in order for the detector sequence to hybridize to the target and cause a reduction in
quenching. Molecular beacons are particularly suited for monitoring the synthesis of specific nucleic acids in real time.
Id. When used in nucleic acid amplification assays, gene detection with molecular beacons is homogeneous and sensitive,
and can be carried out in a sealed tube. Id. A typical Molecular beacon probe is about 25 nucleotides long. In such typical
probe, the middle about 15 nucleotides are complementary to the target DNA and do not pair with one another, and the
5 (about 5) nucleotides at each end are complementary to each other and not to the target DNA. However in the present
methods, probes that are from 10, 15, or 20 nucleotides long to 30, 40, 50, 60, 70, 80, 100, 150, 200, 300 or up to 500
nucleotides long may be used, and the length of the middle region and the end regions of such probes may be varied.
Use of Molecular beacons is particularly advantageous for the detection of SNPs.
[0119] In certain aspects, "double hairpin" probes may be used, and methods of using such probes are described by
B. Bagwell, et al. (1994. Nucl. Acids Res. 22, 2424-2425; U.S. Pat. No. 5,607,834). These structures contain the target
binding sequence within the hairpin and therefore involve competitive hybridization between the target and the self-
complementary sequences of the hairpin.
[0120] In other aspects, SERS-labeled hybridization probes are used (e.g., SERS no-wash assay). Such probes are
discussed in detail in, for example, Natan, Proceedings of the NanoEurope (2008). In yet other aspects, detection
methods for use with signal primers described in U.S. Patent No. 5,550,025 (involving incorporation of lipophilic dyes
and restriction sites) and U.S. Patent No. 5,593,867 (involving fluorescence polarization detection) are used.
[0121] In certain aspects, a hybridization probe, such as a molecular beacon, can be used to detect single-stranded
nuclei acid products. If a product is double-stranded it may be subjected to heat or other methods of denaturation to
convert it to a single-stranded product. In a specific aspect, a hybridization probe hybridizes to a single-stranded signal
extension product, a double-stranded signal extension product subjected to denaturation, but not to a hairpin-containing
double-stranded product. A key feature of such products as P1.1 is their lack of hairpin structures that would impede
detection of target sequences by means of fluorogenic hybridization probes such as molecular beacons. As a result of
this lack of hairpins, a mutation (e.g., a single nucleotide difference or SNP) or a sequence variation in such secondary
LAMP product can be detected by molecular beacons or other probe (e.g., SNP sensitive probe). Also, Molecular beacons
can bind to P1.3 (see Figure 2B) or P2.2.2.1.3 (see Figure 5), if such sequences are subjected to heat denaturation.
Molecular Beacons can also bind P1.2 because the D sequence in P1.2 is single-stranded (see Figure 2B). In other
aspects, Molecular beacons preferentially bind to such extension products as P2.2.2.1.1 (see Figure 5) because such
product is single-stranded.
[0122] In some aspects, the secondary LAMP products may be detected in post-amplification formats. In such aspects,
hybridization probes described herein are added to the reaction mixture upon completion of the LAMP amplification
reaction described herein. In some aspects, hybridization probes are added at least 5, 10, 15, 20, 30, 45 minutes or 1
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hour after initiation of the LAMP reaction described herein. In other aspects, hybridization probes are added to the
reaction after termination of the amplification reaction. In some aspects, the LAMP reaction is stopped by heat denaturation
prior to addition of a hybridization probe, e.g., a Molecular beacon.
[0123] In yet other aspects, the secondary LAMP products may be detected during the amplification reaction. In some
aspects, hybridization probes described herein are added to the reaction mixture at the same time as at least one signal
primer. In yet other aspects of the present method, at least one LAMP amplification primer, at least one signal primer
and at least one hybridization probe are added simultaneously to the reaction.
[0124] In one aspect, the signal primers used in the present methods may themselves function as reporter groups.
[0125] In certain aspects, the 5’ end of the signal primer may comprise a sequence which does not hybridize to the
target sequence but which contains special nucleotide sequences (often involving structural features) which facilitate
detection or capture of the secondary amplification product. Examples of chemical modifications include affinity ligands
(e.g., avidin, streptavidin, biotin, haptens, antigens and antibodies) and reporter groups (labels, e.g., radioisotopes,
fluorescent dyes, enzymes which react to produce detectable reaction products, and visible dyes). Examples of special
nucleotide sequences include (i) sequences which will form a triple helix by hybridization of a labeled oligonucleotide
probe to the double stranded secondary amplification product, and (ii) recognition sites for double-stranded DNA binding
proteins which become capable of binding the double-stranded DNA binding protein when rendered double stranded
during amplification (e.g., repressors, regulatory proteins, restriction endonucleases, RNA polymerase).
[0126] In one aspect, the signal primer may contain either a capture group or a reporter group, and the target sequence
itself or an amplification primer may optionally provide a second capture or reporter group. Alternatively, when both a
capture and reporter group are required, the signal primer may contain both a capture and a reporter, group which act
in conjunction only when the signal oligonucleotide becomes double-stranded. This structure is formed only when the
presence of target sequences induces priming, extension, displacement and re-priming. Such bi-functional signal primers
may also form the basis for a variety of homogeneous detection methods such as fluorescence anisotropy or fluorescence
energy transfer.
[0127] When the methods employ two signal primers which hybridize to opposite strands of a double stranded target
sequence, one of the signal primers may comprise a special nucleotide sequence or chemical modification to facilitate
capture or immobilization of the secondary amplification product and the other may contain a detectable reporter group
or label for detection of the captured or immobilized secondary amplification product. The use of labels and reporter
groups for detecting nucleic acids as well as the use of ligands, chemical modifications and nucleic acid structural features
for capture or immobilization of nucleic acids is well known in the art.
[0128] In one aspect, the signal primers used in the present methods may themselves function as a reporter group.
In some aspects, sequence S1 of primer FSP and/or sequence S2 of primer RSP (see FIGs. 1, 2B, 3B, 4, 5 and 6) may
function as reporter groups. In a certain aspect, a reporter group of a signal primer contains a fluorophore. In a specific
aspect, a reporter group of a signal primer contains a fluorogenic hairpin. In other aspects, a reporter group of a signal
primer is not a fluorogenic hairpin. In one aspect, the signal primer contains a reporter group (e.g., a fluorogenic label)
wholly or partially at one end of a single-stranded region of the signal primer and a target-binding sequence at another
end of a single-stranded region of the signal primer. In yet another aspect, the target-binding sequence of a signal primer
is contained in the middle of two fluorophore-containing regions of a signal primer, such that a target-binding sequence
is contained within the intramolecularly base-paired secondary structure prior to its hybridization to the target.
[0129] Fluorogenic hairpin technology was described in U.S. Patent No. 5,928,869. Such technology employs a detector
oligonucleotide for detection of nucleic acid target sequences by reducing fluorescence quenching in a target-dependent
manner. In such method, the target binding sequence is located wholly or partially in a single-stranded "tail" region. The
secondary structure (e.g., a hairpin) therefore need not unfold in order to initially hybridize to the target. The detector
oligonucleotides form an intramolecularly base-paired secondary structure and contain a donor/acceptor dye pair linked
such that fluorescence quenching occurs in the absence of target. Unfolding or linearization of an intramolecularly base-
paired secondary structure in the detector oligonucleotide in the presence of the target increases the distance between
the dyes and reduces fluorescence quenching. Unfolding of the base-paired secondary structure typically involves
intermolecular base-pairing between the sequence of the secondary structure and a complementary strand such that
the secondary structure is at least partially disrupted. In one of the aspects of such technology, a restriction endonuclease
recognition site (RERS) is present between the two dyes such that intermolecular base-pairing between the secondary
structure and a complementary strand also renders the RERS double-stranded and cleavable or nickable by a restriction
endonuclease. Cleavage or nicking by the restriction endonuclease separates the donor and acceptor dyes onto separate
nucleic acid fragments, further contributing to decreased quenching.
[0130] In one aspect, the sequence S1 of primer FSP and/or sequence S2 of primer RSP contains a fluorogenic
hairpin. If sequence S1 of primer FSP contains a fluorogenic hairpin, it will become unfolded during the extension process
as shown in Figure 2B (extension product P1.3), Figure 4 (extension product P2.2.2.1), Figure 5 (extension product
P.2.2.2.1.2 and P.2.2.2.1.3) or Figure 6 (extension product P2.2.2.1.1c), and will thus produce a fluorescent signal.
[0131] Contemplated herein are methods of detection of target amplification via a signal primer or primers containing
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a reporter group, such as S1 or S2, wherein the reporter group may contain a fluorescent label, and wherein such reporter
group produces fluorescent signal when double-stranded, but is inert when single-stranded. For example, in such aspects,
a reporter group will produce a fluorescent signal when product P.2.2.2.1.3 (see Figure 5) or product P2.2.2.1.1c (see
Figure 6) are generated.
[0132] Further, fluorogenic secondary products may also be produced with hairpin-bearing primers that hybridize and
are extended from target sites R4 and F4 (see Figures 1-5).
[0133] In any of the methods employing fluorescence quenching technology, associated change in a fluorescence
parameter (e.g., an increase in donor fluorescence intensity, a decrease in acceptor fluorescence intensity or a ratio of
fluorescence before and after unfolding) can be monitored as a indication of the presence of the target sequence.
[0134] In one aspect, a hybridization probe or a reporter group may produce a luminescent signal.
[0135] Alternatively, in other aspects, the signal primer may be unmodified, e.g., without reporter groups, capture
groups or structural features to facilitate detection or capture of the secondary amplification products. The secondary
amplification products may then be detected based on their size, e.g., by gel electrophoresis and ethidium bromide
staining.
[0136] The present methods can greatly simplify the procedures for primer-based detection methods, which previously
relied on two consecutive amplification reactions to attain high sensitivity and specificity, the second reaction being
performed with internally nested signal-generating amplification primers.

5.4. Kits for generation and detection of secondary LAMP products

[0137] Provided herein are kits for generation and detection of nucleic acid detection products and secondary LAMP
products, comprising (i) a nucleic acid signal primer, wherein at least a portion of the nucleic acid signal primer hybridizes
to a first target sequence region, (ii) a nucleic acid amplification primer, wherein the amplification primer comprises a 3’
terminal portion which hybridizes to a second target sequence region upstream of the first target sequence region to
which the signal primer hybridizes and a 5’ terminal portion which comprises substantially the same nucleotide sequence
as a third region of the target sequence downstream of the second target sequence region to which the 3’ terminal
portion hybridizes, and (iii) a displacement primer, which hybridizes to a fourth target sequence region upstream of the
second target sequence region to which the 3’ terminal portion of the nucleic acid amplification primer hybridizes.
[0138] Also provided herein are kits for generation and detection of nucleic acid detection products and secondary
LAMP products, comprising a first component and a second component, wherein the first component comprises LAMP
reaction ingredients and the second component comprises ingredients for production of nucleic acid detection products
and secondary LAMP products. In one such aspect, the first component of the kit comprises (i) a n amplification primer,
wherein the amplification primer comprises a 3’ terminal portion which hybridizes to a first region of the target sequence
and a 5’ terminal portion which comprises substantially the same nucleotide sequence as a second region of the target
sequence downstream of the second target sequence region to which the 3’ terminal portion hybridizes, and (ii) a
displacement primer, which hybridizes to a third target sequence region upstream of the first target sequence region to
which the 3’ terminal portion of the nucleic acid amplification primer hybridizes.
[0139] In such aspects, the second component of the kit can comprise a nucleic acid signal primer, wherein at least
a portion of the nucleic acid signal primer hybridizes to a fourth target sequence region, which is located downstream
of the first target sequence region to which the amplification primer hybridizes. In one aspect, (the first component
contents can be combined and the LAMP reaction initiated. In one such aspect, the reaction is initiated by addition of
DNA polymerase possessing strand displacement activity. Further, in such aspects, the second component can be
added, e.g., added later, to the reaction mix, e.g., after 30 seconds of reaction initiation, after about 1 minute of reaction
initiation, after 1.5 minutes, after 2 minutes, after 3 minutes, after 4 minutes, after 5 minutes, 6, 7, 8, 9, 10, 11, 12, 3, 14,
15, 20, 25, 30, 35, 40, 45 minutes or up to 1 hour after the LAMP reaction initiation. In yet another aspect, the first
component and the second component are combined prior to the initiation of the LAMP reaction. In yet another aspect,
the first component and the second component are combined at the time of the initiation of the reaction, e.g., wherein
the first component, the second component and DNA polymerase are combined to start the amplification reaction.
[0140] In certain aspects, any of the kits can further comprise (i) a second nucleic acid signal primer that hybridizes
to a second target sequence, (ii) a second nucleic acid amplification primer that hybridizes to the second target sequence,
and (iii) a second displacement primer that hybridizes to the second target sequence.
[0141] In another aspect, any of the kits can further comprise (i) a third nucleic acid signal primer that hybridizes to a
third target sequence, (ii) a third nucleic acid amplification primer that hybridizes to the third target sequence, and (iii) a
third displacement primer that hybridizes to the third target sequence. In yet another aspect, any of the kits can further
comprise (i) a fourth nucleic acid signal primer that hybridizes to the fourth target sequence, (ii) a fourth nucleic acid
amplification primer that hybridizes to the fourth target sequence, and (iii) a fourth displacement primer that hybridizes
to the fourth target sequence. Further, contemplated herein are kits wherein 5, 6, 7 or more target sequences are
amplified and detected using the present methods.
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[0142] In one aspect, any of the kits can further comprise a hybridization probe. In one specific aspect, the hybridization
probe is a molecular beacon.
[0143] In some aspects, the signal primer in any of the above-described kits further comprises a reporter region. In
one aspect, such a reporter group produces a fluorescent signal. In one specific aspect, the reporter group is a fluorogenic
hairpin.
In one aspect, the nucleic acid target sequence in any of the above-described kits is a sequence of Mycobacterium
tuberculosis.

5.5. Uses of kits and methods

[0144] The methods and kits described herein can allow, for example, multiplex detection of two or more (potential)
targets or sequence variants. Specifically, the present methods and kits can allow such detection of (potential) targets
in a real-time and single, closed-tube formats.
[0145] Applications of the present methods can include, e.g., detection of genetic material of interest in a sample, for
example, detection of particular microbial nucleic acids in a sample. Applications can include, for example, diagnosis of
infectious diseases, genetic disorders and genetic traits. Specifically, the methods and kits presented herein may be
used in any biological or clinical application wherein the real-time detection of a gene, a gene sequence, a mutation in
a gene (e.g., a deletion, an insertion, a point mutation or an SNP) in a biological sample is desired. More specifically,
the kits and methods can be particularly advantageous where detection of two or more genes, gene sequences, or
mutations in a gene or genes in a biological sample is desired.
[0146] For example, in one exemplary, non-limiting example one application of the methods and kits presented herein
is detection of bacterial, viral or parasitic nucleic acid in a sample, e.g., a patient sample. For example, the methods and
kits presented herein can be used in the detection of mutations associated with drug resistance in bacteria. In one
specific aspect, the methods and kits described herein may be used to detect presence of mycobacteria (e.g., M.
tuberculosis, M. avium, M. leprae, M. africanum, M. intracellulare, M. smegmatis, M. microti, M. bovis, M. fortuitum,
and/or M. peregrinum) or detect drug resistant mutations in mycobacteria. Mycobacteria are responsible for considerable
human morbidity and mortality worldwide, specifically as a consequence of resurgent infections caused by M. tuberculosis
and the emergence of M. avium complex (MAC) disease in patients with AIDS (see Musser, Clin. Microbiol. Reviews
8(4):496-514 (1995)). In a more specific example, the methods and kits herein described may be used for the detection
of drug resistant mutations in M. tuberculosis as described in Examples 1 and 2.
[0147] Thus, the methods and kits presented herein may be used to diagnose tuberculosis, and/or other infectious
diseases associated with mycobacteria, to diagnose presence or absence of drug-resistant strains of mycobacteria
and/or identify specific mutations responsible for such drug resistance. In another specific aspect, the present methods
may be used for simple and cost-effective diagnosis of MAC or other infectious disease in a patient, and/or to identify
the basis of microbial resistance of MAC in a patient. In one aspect, the patient is a human. In another aspect, the patient
is an AIDS patient.
[0148] The following examples are set forth to assist in understanding the subject matter presented.

6. EXAMPLES

6.1 EXAMPLE 1

[0149] This example illustrates use of a signal primer and the methods presented herein in a LAMP reaction to generate
a nucleic acid detection product that facilitates detection of mutations in the rpoB gene associated with the resistance
of Mycobacterium tuberculosis to the antibiotic Rifampin.
[0150] Figure 7 shows a region of the M. tuberculosis rpoB gene to be amplified by LAMP (only one of the two
complementary target strands is shown; GenBank accession no: L27989, nucleotides 2211- 2546) (SEQ ID NO: 36).
Sequences recognized by the various primers are indicated (designations are those used in Figures 1-6a), as is the
target region of interest (Dc). In this example, Dc represents an 81 nucleotide "core" sequence that encodes the active
site of RNA polymerase enzyme in M. tuberculosis. Ninety-five percent of M. tuberculosis strains known to be resistant
to the antibiotic Rifampin contain mutations within this core sequence. Furthermore, all known mutations in this core
sequence are known to be associated with rifampin resistance in M. tuberculosis (Musser, Clin. Microbiol. Rev. 8,
496-514, 1995). The majority of these resistance-associated mutations are single-nucleotide changes.
[0151] LAMP primers to the rpoB target sequence were designed in view of guidelines provided on the Eiken Genome
Site (http://loopamp.eiken.co.jp/e/lamp/index.html). So-called loop primers, which accelerate the overall LAMP reaction
as described by Nagamine et al. (Molecular and Cellular Probes (2002) 16, 223-229), were designed to recognize loop
sequences F4 and R4. The signal primer was designed to recognize a sequence complementary to region depicted as
FS in Figure 7.
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[0152] The DNA oligonucleotide sequences for the various primers are as follows:

Forward LAMP primer, FLP (SEQ ID NO:1): 5’ACCACCGGCCGGATGTTGGATGACCACCCAGGACGTGGAG-
GCGAT

Reverse LAMP primer, RLP (SEQ ID NO:2): 5’CCGGCGGTCTGTCACGTGAaGGCCGTAGTGtGACGGGT-
GCACGT

Forward outer primer, F3 (SEQ ID NO:3): 5’CGGGTCGGCATGTCGCGGATGGAGC

Reverse outer primer, R3 (SEQ ID NO:4): 5’CCCTCAGGGGTTTCGATCGGGCACAT

Forward signal primer, FSP (SEQ ID NO:5): 5’CGCCGCGATCAAGGAGTTCTTC

Forward loop primer, FLoop(F4) (SEQ ID NO:6): 5’ATCAACGTCTGCGGTGT

Reverse loop primer, RLoop (R4) (SEQ ID NO:7): 5’CCGGGCTGGAGGTCCGC

[0153] Nucleotides depicted by lower case letters in SEQ ID NO:2 (Reverse LAMP primer) differ from the GenBank
sequence at those nucleotide positions. These changes were designed into the primer in order to disrupt potentially
problematic secondary structure within the primer, while still permitting hybridization to and loop-mediated amplification
of the target sequence.
[0154] Under reaction conditions suitable for LAMP (see below), this collection of primers amplifies the desired target
region (D and its complementary sequence, Dc) bearing the 81 bp core of rpoB, through the series of extension and
displacement steps depicted in Figs 1-6. The presence of signal primer, FSP, in these reaction steps, results in formation
of molecule P2.2.2.1.1 and its complementary strand (P2.2.2.1.1c) (Figure 6). These secondary LAMP products each
contain a single copy of the 81 nucleotide rpoB core sequence (either strand), which may or may not contain mutations
associated with rifampin resistance, depending on whether such mutations were present in the genomic target sequence,
prior to amplification. A key feature of these secondary LAMP products is the absence of potential hairpins that would
cover the rpoB core sequence and thereby hinder detection of this target sequence by means of conventional hybridi-
zation-based probes such as Molecular beacons.
[0155] As described by El-Hajj et al. (J. Clin. Micro. 39, 4131-4137 (2001)), a set of 5 differentially labeled molecular
beacons may be used to detect the presence of any mutation within the 81 rpoB core sequence, in a closed, single-tube
assay. The assay relies on the fact that molecular beacons only hybridize to target sequences that are perfectly com-
plementary to the probe. Thus a fluorescence signal is only produced when a target sequence is perfectly complementary
to the probe-as little as a single nucleotide change in the target sequence will prevent the molecular beacon from binding,
leaving the beacon folded in a non-fluorescent hairpin state. The presence of any mutation within the 81 bp core sequence
may be detected by employing a combination of 5 molecular beacons that together span the entire core sequence, with
each beacon bearing a different colored fluorophore and each designed to be complementary to the wild-type sequence
within a different segment of the core sequence. In the presence of wild-type target, all molecular beacons will bind to
their respective target segments, and-with each beacon fluorescing a different color-five distinct fluorescent signals will
result. A mutation in any given segment will preclude binding of the beacon corresponding to that segment and leading
to an absence of the corresponding fluorescent signal, while beacons corresponding to the remaining wild-type segment
will continue to bind target and fluoresce. Thus absence of any one of the 5 fluorescent signals indicates the presence
of rifampin resistant M. tuberculosis. The presence of signals from all 5 molecular beacons indicates sensitivity to rifampin.
[0156] The following molecular beacons (taken from J. Clin. Micro. 39, 4131-4137 (2001)) may be used to detect
mutations in the rpoB sequence contained in LAMP secondary products.

Probe A (SEQ ID NO: 31): 5’-Texas red-TTTTTT-fluoresescein-CGAGCTCAGCTGGCTGGTGCCTCG-dabcyl-3’

Probe B (SEQ ID NO: 32): 5’-tetrachlorofluorescein-GCTACGAGCCAATTCATGGACCAGACGTAGC-dabcyl 3’

Probe C (SEQ ID NO: 33): 5’-tetramethylrhodamine-TTTTTT-fluorescein-CCGACGCCGACAGCGGGTTGT-
TCGTCGG-dabcyl-3’

Probe D (SEQ ID NO: 34): 5’-rhodamine-TTTTTT-fluorescein-CCACGCTTGTGGGTCAACCCCCGTGG-dabcyl-3’

Probe E (SEQ ID NO: 35): 5’-fluorescein-CCTGCCGCCGACTGTCGGCGCTGGCAGG-dabcyl-3 ’
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[0157] The underlined sequence of each probe is complementary to wild-type sequence within the rpoB core. Probes
A, C and D hybridize to strand Dc of the wild-type sequence, while Probes B and E bind to strand D or the wild-type
sequence. Molecular beacons other than those listed above may be used in place of those shown here. It may be
possible to cover the 81 bp core sequence with fewer than 5 molecular beacons. The key feature is that, taken together,
the combination of molecular beacons should span the 81 bp core sequence and that each individual beacon (or probe)
must be capable of distinguishing any single-nucleotide changes within the sequence of its intended target segment.
For a single-tube assay, each beacon must also be labeled with a dye that can be distinguished from the dyes labeling
the other beacons used in the assay.
[0158] A closed-tube, homogenous assay for mutations within the 81 bp core sequence of the rpoB gene may be
performed as follows: Genomic DNA from M. tuberculosis is prepared from bacteria contained in sputum samples or
positive growth cultures as described by Down et al. (J. Clin. Micro. 34, 860-865. (1996)). Resulting genomic DNA
samples are then subjected to LAMP amplification reactions. Amplification may be performed in 96 well microtiter plates
with each well containing a total reaction volume 50 uL consisting of the following components: 1 M betaine (Sigma),
20 mM Tris-HCl (pH 8.8), 10 mM KCl, 10 mM (NH4)2 SO4, 4 mM MgSO4; 0.1 % tritonX -100; 400 uM each of dATP,
dCTP, dGTP, and dTTP; 16 units of Bst DNA polymerase target fragment (New England Biolabs); primers FLP and
RLP, 800 nM each; primers F3 and F4, 200 nM each; loop primers F4 and R4, 400 nM each; signal primer FSP, 800
nM; molecular beacon Probes A, B, C, D, and E, 200 nM each; and Target sample (5uL). Following assembly of all
components, reaction wells are hermetically sealed prior to incubation at 60 deg. C on an Applied Biosystems 7700
Prism spectrofluorimetric thermocycler. Amplification is carried out for 60 min, and fluorescence is measured in each
well throughout the course of the amplification reaction. The background fluorescence of each probe is determined from
readings taken between the 3rd and 6th minute following commencement of amplification, and these values are used as
a baseline for each probe.
[0159] After the mixtures have incubated for 60 min at 60 deg C, it may be advantageous to heat the reaction mixtures
to 90 deg C briefly, which terminates the LAMP process, and may facilitate hybridization of the molecular beacon probes
to the LAMP secondary products resulting from the signal primer.
[0160] Results expected from the LAMP assay of a variety of known rpoB mutations are shown in Table 1.

Table 1. LAMP assay results expected for various known mutations of rpoB*

rpoB* genotype 
(codon change)

Fluorescent signal indicating hybridization of Molecular 
beacon

Susceptibility to Rifampin 
determined by Assay

Probe A Probe B Probe C Probe D Probe E

1294-1299 deletion 
GGCACC (433-434)

no yes yes yes yes resistant

1305G>T 
(Gln435His)

no yes yes yes yes resistant

1307T>C 
(Leu436Pro)

no yes yes yes yes resistant

1310G>C 
(Ser437Thr)

yes no yes yes yes resistant

1313A>T 
(Gln438Leu)

yes no yes yes yes resistant

1320G>A 
(Met440Ile)

yes no yes yes yes resistant

1322A>T (Asp441 
Val)

yes no yes yes yes resistant

1340C>T 
(Ser447Leu)

yes yes no yes yes resistant

1351C>T (His451 
Tyr)

yes yes yes no yes resistant

1351C>G 
(His451Asp)

yes yes yes no yes resistant
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6.2. EXAMPLE 2

[0161] This example illustrates use of signal primers in LAMP reactions to facilitate simultaneous detection of mutations
associated with isoniazid-resistance in Mycobacterium tuberculosis. Mutations in either codon 315 of the katG gene or
ribosomal binding site of inhA transcripts are known to account for up to 75% of resistant strains (Piatek et al., 2000,
Antimicrob. Agents Chemother. 44: 103-110). By employing two target-specific LAMP reactions and associated signal
primers and molecular beacons, the assay described in this example is designed to detect the katG and inhA mutations

(continued)

rpoB* genotype 
(codon change)

Fluorescent signal indicating hybridization of Molecular 
beacon

Susceptibility to Rifampin 
determined by Assay

Probe A Probe B Probe C Probe D Probe E

1367C>T 
(Ser456Leu)

yes yes yes yes no resistant

1373T>C 
(Leu458Pro)

yes yes yes yes no resistant

Wild type yes yes yes yes yes sensitive

*Note: mutations listed in Table 1 are taken from Musser, Clin Microbiol. Rev., 1995, 496-514; however, the numbering
scheme provided in that publication is designated on the basis of alignment of the translated E.coli rpoB sequence
with a portion of the M. tuberculosis sequence (provided original by Telenti et al. (Lancet 341, 647-650, 1993), and
are not the true positions of the actual M. tuberculosis codons/nucleotides. The numbering system in Table 1 has
been corrected to reflect the actual positions of nucleotides and codons within rpoB of M. tuberculosis, using the
complete gene sequence of rpoB as the reference sequence (determined by Miller et al., Antimicrob. Agents Chem-
other.38, 805-811, (1994); GenBank accession no. L27989). Positions of the mutations as shown in Table 1 are
relative to the 1st nucleotide of the 1st codon in the M. tuberculosis sequence. Table 2 contains a comparison the
number schemes of Telanti/Musser and Miller et al. Also shown in Table 2 is the molecular beacon probe designed
to detect (by failing to hybridize) mutations in the indicated codons.

Table 2. Comparison of rpoB numbering systems

Codon 
numbering of 
Musser / 
Telenti et al

Codon numbering 
of Miller et al 
(GenBank acc. 
no. L27989)

Nucleotide positions in GenBank 
Ref Seq. (accession # L27989),
which includes 1064 noncoding 
nucleotides prior to the first codon.

Coding Nucleotides 
(numbered beginning 
with first nucleotide in 
first codon)

Molecular 
Beacon Probe 
that covers 
codon

507 432 2358 - 2360 1294 - 1296 Probe A

508 433 2361 - 2363 1297 - 1299 Probe A

510 435 2367 - 2369 1303 - 1305 Probe A

511 436 2370 - 2372 1306 - 1308 Probe A

512 437 2373 - 2375 1309 - 1311 Probe B

513 438 2376 - 2378 1312 - 1314 Probe B

515 440 2382 - 2384 1318 - 1320 Probe B

516 441 2385 - 2387 1321 - 1323 Probe B

521 446 2400 - 2402 1336 - 1338 Probe C

522 447 2403 - 2405 1339 - 1341 Probe C

526 451 2415 - 2417 1351 - 1353 Probe D

531 456 2430 - 2432 1366 - 1368 Probe E

533 458 2436 - 2438 1372 - 1374 Probe E
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simultaneously in a single reaction tube. The reaction tube also contains primers and probes for a third LAMP reaction
designed to amplify a region of the M. tuberculosis gyrB gene as a means of verifying the presence of DNA from the
bacterium. LAMP-based detection of the gyrB target is accomplished by displacement (during the LAMP process) of
quencher-tagged oligonucleotide hybridized to the 5’ end of a fluorescently labeled forward lamp primer.
[0162] Figures 8-10 show regions of the M. tuberculosis katG, inhA, and gyrB genes that are to be amplified by LAMP
(only one of the two complementary target strands is shown) (SEQ ID NOS: 37-39). Sequences recognized by the
various primers are indicated (designations are those used in Figures 1-6a), as is the target region of interest (Dc). In
this example, Dc represents a region of either the katG gene or RBS of inhA known to contain mutations for isoniazid.
These resistance-associated mutations are single-nucleotide changes.
[0163] LAMP primers to the various target sequence were designed in view of guidelines provided on the Eiken
Genome Site
(http://loopamp.eiken.co.jp/e/lamp/index.html). So-called loop primers, which accelerate the overall LAMP reaction as
described by Nagamine et al. (Molecular and Cellular Probes (2002) 16, 223-229), were designed to recognize loop
sequences F4 and R4. The signal primer was designed to recognize a sequence complementary to region depicted as
FS in Figure 8 and 9.
[0164] Table 3 contains a list of the primers and probes used in this Example. Molecular beacons MBP-kat and MBP-
inh were taken from Piatek et al. (Antimicrob. Agents Chemother. 44, p.103-110, (2000)). The underlined portion of each
molecular beacon is complementary to the wild-type sequence within that target segment. Target sequences containing
a mutation in the target segment will not hybridize to the molecular beacon, and will not produce a fluorescent signal.
The fluorophores labeling the molecular beacons (MBP-katG and MBP-inh) and primer FLP-gyr are selected so that
they may be observed independently within the same tube. One suitable combination of fluorophores in Table 3 is:
dye1=fluorescein; dye2=tetrachlorofluorescein; dye3 = rhodamine.
[0165] With the exception of the flourescent label on FLP-gyrB and the quenching probe, QP-gyr, LAMP primers for
the gyrB target were taken from Iwamoto et al. (J. Clin. Micro. 41, p. 2616-2622, 2003).

Table 3. Oligonucleotides for LAMP-based amplification and detection of katG, inhA, and gyrB targets

Name SEQ 
ID 

NO:

Sequence (5’→  3’) Description

FLP-kat 8 Forward LAMP primer for katG

RLP-kat 9 Reverse LAMP primer for katG

F3-kat 10 Forward Outer primer for katG

R3-kat 11 Reverse Outer primer for katG

F4-kat 12 GAGCAGCCTCGGGTTC Forward Loop primer for katG

R4-kat 13 ATGGGACAACAGTTTCCT Reverse Loop primer for katG

FSP-kat 14 Forward signal primer for katG

MBP-kat 15 Molecular beacon for katG
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[0166] Under reaction conditions suitable for LAMP (see below), through the series of extension and displacement
steps depicted in Figs 1-6, this collection of primers will amplify target regions (D and complement, Dc) bearing potential
resistance-conferring mutations in codon 315 of katG and the ribosomal binding sequence inhA. The presence of signal
primer, FSP, in these reaction steps, results in formation of molecule P2.2.2.1.1 and its complementary strand
(P2.2.2.1.1c) (Figure 6). These secondary LAMP products each contain a single copy of the targeted katG or inhA
sequences (either strand), which may or may not contain mutations associated with isoniazid resistance, depending on
whether such mutations were present in the genomic target sequence, prior to amplification. A key feature of these
secondary LAMP products is the absence of potential hairpins that would cover the targeted sequences and thereby
hinder detection by means of conventional hybridization-based probes such as Molecular beacons.
[0167] The gyrB target is detected during amplification by a LAMP-mediated separation of a fluorophore/quencher
pair linked to FLP-gyr and QP-gyr, respectively. Figure 11 depicts the steps involved in this process. QP is complementary
to the F1c sequence located on the 5’ end of FLP, and in the absence of target these two oligonucleotides hybridize to
each other, bringing the quencher, dabcyl, into close proximity with flourophore (dye). In this configuration, fluorescence
is quenched. If target is present, FLP is extended and the extension product P2(duplex) is displaced from the template.
At this stage, probe QP is still temporarily hybridized to the F1c segment of the FLP extension product. However, an
equilibrium will exist between this quenched, duplex form of P2 (P2-duplex), and the hairpin form of the FLP extension

(continued)

Name SEQ 
ID 

NO:

Sequence (5’→  3’) Description

FLP-inh 16 Forward LAMP primer for inhA

RLP-inh 17 Reverse LAMP primer for inhA

F3-inh 18 ATCCGTCATGGTCGAAGTGT Forward Outer primer for inhA

R3-inh 19 GAGCCAGCCGCTGTGCGATC Reverse Outer primer for inhA

F4-inh 20 GGGAACTTTCGCACT Forward Loop primer for inhA

R4-inh 21 ACCCCCATTCGTATC Reverse Loop primer for inhA

FSP-inh 22 ACGCTCGTGGACATACCGATTTC Forward Signal primer for inhA

MBP-inh 23 Molecular beacon inhA

FLP-gyr 24 Forward LAMP primer for gyrB 
(note 5’ dye label)

QP-gyr 25 Quencher probe for gyrB (note: 
binds to 5’ end of FLP-gyr)

RLP-gyr 26 Reverse LAMP primer for gyrB

F3-gyr 27 GCGATATCTGGTGGTCTGC Forward Outer primer for gyrB

R3-gyr 28 CGTGGTTTCGAAAACAGC Reverse Outer primer for gyrB

F4-gyr 29 TTGATCTCGACTTCGAGCC Forward Loop primer for gyrB

R3-gyr 30 CCTCAAGCAAGGGGCG Forward Loop primer for gyrB
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product (P2-hairpin). Formation of a hairpin by the FLP extension product results in displacement of quencher probe
QP, separating dabcyl from fluorophore and producing a fluorescent signal. In the case of the gyrB LAMP products, a
thermodynamic analysis (not shown) indicates that, at equilibrium, the F2-hairpin is strongly favored over F2-duplex
provided concentrations of QP are < 100 micromolar.
[0168] A closed-tube, homogenous assay for mutations within the 81 bp core sequence of the rpoB gene may be
performed as follows: Genomic DNA from M. tuberculosis is prepared from bacteria contained in sputum samples or
positive growth cultures as described by Down et al. (J. Clin. Micro. 34, 860-865. (1996)). Resulting genomic DNA
samples are then subjected to LAMP amplification reactions. Amplification may be performed in 96 well microtiter plates
with each well containing a total reaction volume 50 uL consisting of the following components: 1 M betaine (Sigma),
20 mM Tris-HCl (pH 8.8), 10 mM KCl, 10 mM (NH4)2 SO4, 4 mM MgSO4; 0.1 % tritonX -100; 400 uM each of dATP,
dCTP, dGTP, and dTTP; 16 units of Bst DNA polymerase target fragment (New England Biolabs); primers FLP and
RLP, 800 nM each; primers F3 and F4, 200 nM each; loop primers F4 and R4, 400 nM each; signal primer FSP, 800
nM; molecular beacons MBP-kat and MBP-inh, 200 nM each; quencher probe QP-gyr, 1600 nM; and Target sample
(5uL). Following assembly of all components, reaction wells are hermetically sealed prior to incubation at 63 deg. C on
an Applied Biosystems 7700 Prism spectrofluorimetric thermocycler. Amplification is carried out for 60 min, and fluores-
cence is measured in each well throughout the course of the amplification reaction. The background fluorescence of
each probe is determined from readings taken between the 3rd and 6th minute following commencement of amplification,
and these values are used as a baseline for each probe.
[0169] After the mixtures have incubated for 60 min at 63 deg. C, it may be advantageous to heat the reaction mixtures
to 90 deg. C briefly, which terminates the LAMP process, and may facilitate hybridization of the molecular beacon probes
to the LAMP secondary products resulting from the signal primer.
[0170] Results expected from the LAMP assay of a variety of known isoniazid resistance-conferring mutations are
shown in Table 4.

Claims

1. A method for generating a nucleic acid signal extension product during a loop-mediated isothermal amplification
reaction, comprising:

a. hybridizing a portion of a first nucleic acid signal primer, hybridizing a portion of a first nucleic acid amplification
primer, and hybridizing a first nucleic acid displacement primer to complementary portions of a nucleic acid
target sequence,
wherein the first nucleic acid signal primer hybridizes to the target sequence downstream of the first nucleic
acid amplification primer;
wherein the first nucleic acid amplification primer comprises i) a 3’ terminal portion complementary to a portion

Table 4. LAMP assay results expected for various known mutations in katG and inhA loci

Genotype 
of katG 
codon 315

Genotype of 
ribosomal binding 
sequence in inhA 
locus

Fluorescent signal of indicated 
probe/primer Presence of M. 

tuberculosis DNA 
detected (gyrB)

Susceptibility to 
Isoniazid indicated 
by Assay

MBP-
kat 

(Dye1)

MBP-
inh 

(Dye2)

FLP-gyr 
(Dye3)

AGC>A CC Wild type no yes yes yes resistant

AGC>A AC Wild-type no yes yes yes resistant

Wild-type -16A>T yes no yes yes resistant

Wild-type -15C>T yes no yes yes resistant

Wild-type -8T>A yes no yes yes resistant

Wild-type -8T>G yes no yes yes resistant

Wild-type Wild-type yes yes yes yes sensitive

Wild-type 
or mutant

Wild-type or 
mutant

no no no no Indeterminate 
result (failed 
amplification)
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of the nucleic acid target sequence, and ii) a 5’ terminal portion that does not hybridize but is identical to a
portion of the target sequence downstream of the target region to which the 3’ terminal portion of the first nucleic
acid amplification primer hybridizes; and
wherein the first nucleic acid signal primer, first nucleic acid amplification primer and first nucleic acid displace-
ment primer hybridize to different portions of the nucleic acid target and wherein the first nucleic acid displacement
primer hybridizes to the target sequence upstream of the first nucleic acid amplification primer;
b. extending the hybridized first nucleic acid signal primer on the nucleic acid target sequence to produce a first
signal extension product;
c. extending the hybridized first nucleic acid amplification primer on the nucleic acid target sequence wherein
such extension displaces the first signal extension product from the nucleic acid target sequence and produces
a first amplification extension product;
d. extending the hybridized first nucleic acid displacement primer, wherein such extension displaces the first
amplification extension product from the nucleic acid target sequence and produces a first displacement exten-
sion product; and
e. detecting the first signal extension product wherein the first signal extension product lacks a self-comple-
mentary hairpin structure and is generated concurrently with the first amplification extension product in a loop-
mediated isothermal amplification reaction,

wherein the method further comprises:

f. hybridizing a portion of a second nucleic acid signal primer, hybridizing a portion of a second nucleic acid
amplification primer, and hybridizing a second nucleic acid displacement primer to complementary portions of
the first signal extension product, wherein the first signal extension product lacks a self-complementary hairpin
structure, wherein the second nucleic acid amplification primer comprises i) a 3’ terminal portion complementary
to a portion of the first signal extension product, and ii) a 5’ terminal portion that does not hybridize but is identical
to a portion of the first signal extension product downstream of the portion of the first signal extension product
to which the 3’ terminal portion of the second nucleic acid amplification primer hybridizes;
g. extending the hybridized second nucleic acid signal primer on the first signal extension product to produce
a second signal extension product, wherein the second signal extension product lacks a self-complementary
hairpin structure;
h. extending the hybridized second nucleic acid amplification primer on the first signal extension product wherein
such extension displaces the second signal extension product from the first signal extension product and pro-
duces a second amplification extension product;
i. extending the second nucleic acid displacement primer, wherein such extension displaces a second amplifi-
cation extension product from the first signal extension product and producing a second displacement extension
product; and
j. detecting the second signal extension product,

wherein the second nucleic acid signal primer, second nucleic acid amplification primer and second nucleic acid
displacement primer hybridize to different portions of the first signal extension product and wherein the second
nucleic acid displacement primer hybridizes to the first signal extension product sequence upstream of the second
nucleic acid amplification primer; and wherein the second nucleic acid signal primer hybridizes to the first signal
extension product downstream of the second nucleic acid amplification primer.

2. The method of claim 1 further comprising:

a. hybridizing a portion of a second signal extension primer, hybridizing a portion of a second amplification
primer, and hybridizing a second displacement primer to complementary portions of the first amplification ex-
tension product, wherein the first amplification extension product comprises a copy of the first single stranded
nucleic acid target sequence;
wherein the second nucleic acid signal primer hybridizes to the first amplification extension product downstream
of the second nucleic acid amplification primer;
wherein the second nucleic acid amplification primer comprises i) a 3’ terminal portion complementary to a
portion of the first amplification extension product, and ii) a 5’ terminal portion that does not hybridize but is
identical to a portion of the first amplification extension product downstream of the portion of the first amplification
extension product to which the 3’ terminal portion of the first nucleic acid amplification primer hybridizes; and
wherein the second nucleic acid displacement primer hybridizes to the first amplification extension product
upstream of the second nucleic acid amplification primer;



EP 2 496 705 B1

32

5

10

15

20

25

30

35

40

45

50

55

b. extending the hybridized second nucleic acid signal primer on the first amplification extension product to
produce a signal primer extension product, wherein the signal extension product comprises a loop-structure on
its 3’ end;
c. extending the hybridized second nucleic acid amplification primer on the first amplification extension product
wherein such extension displaces the signal extension product from the first amplification extension product;
d. extending the hybridized second nucleic acid displacement primer, wherein such extension displaces a newly
formed amplification extension product from the first amplification extension product, thereby producing a dumb-
bell-shaped amplification extension product comprising loop structures on its 5’ and 3’ terminals.

3. The method of claim 1, wherein two or more target sequences or sequence variants are used concurrently and
hybridized to two or more nucleic acid signal primers, wherein the two or more target sequences are present in the
same contiguous nucleotide sequence or present in two different nucleotide sequences, or wherein the two or more
target sequences or sequence variants are derived from one organism or from two or more different organisms.

4. The method of claims 1 or 3, wherein the first or second signal extension product is detected in real-time or closed
tube format or by a hybridization probe.

5. The method of claim 4, wherein the hybridization probe is a single nucleotide difference sensitive probe, or is
fluorogenic, or is a Molecular beacon or a SERS-labeled probe.

6. The method of claims 1 or 3, wherein the signal primer comprises a hybridization region and a reporter region,
wherein the hybridization region hybridizes to the region of the nucleic acid target sequence, and wherein the first
or second signal extension product is detected by means of the reporter region.

7. The method of claim 6, wherein the reporter region is a fluorogenic hairpin that produces a fluorescent signal.

8. The method of claims 1 or 3, wherein the first or the second signal extension product is detected by means of a
modification to facilitate capture of the signal product incorporated into one of the signal primers.

9. Use of the method of claims 1, 3 or 5 to detect drug resistant tuberculosis.

10. The method of claims 1 or 3, wherein the first or second signal extension product is detected post-amplification.

11. A kit comprising (i) a nucleic acid signal primer, wherein at least a portion of the nucleic acid signal primer hybridizes
to a complementary portion of a nucleic acid target sequence, (ii) a nucleic acid amplification primer, wherein the
amplification primer hybridizes to the target sequence upstream of the hybridized portion of the signal primer, and
wherein the amplification primer comprises: i) a 3’ terminal portion complementary to a portion of the target nucleic
acid sequence, ii) a 5’ terminal portion that does not hybridize to the target sequence but is identical to a portion of
the target sequence downstream of the target region to which the 3’ terminal portion of the target nucleic acid
amplification primer hybridizes; (iii) a displacement primer, which hybridizes to complementary portion of the target
sequence upstream of the hybridized portion of the nucleic acid amplification primer; and iv) a hybridization probe,
wherein the hybridization probe is a molecular beacon, and wherein the signal primer comprises a reporter region,
and wherein the nucleic acid target sequence is a sequence of Mycobacterium tuberculosis.

12. The kit of claim 11, further comprising (i) a second nucleic acid signal primer that hybridizes to a second target
sequence, (ii) a second nucleic acid amplification primer that hybridizes to the second target sequence, and (iii) a
second displacement primer that hybridizes to the second target sequence.

13. The kit of claim 12, further comprising (i) a third nucleic acid signal primer that hybridizes to a third target sequence,
(ii) a third nucleic acid amplification primer that hybridizes to the third target sequence, and (iii) a third displacement
primer that hybridizes to the third target sequence.

14. The kit of claim 13, further comprising (i) a fourth nucleic acid signal primer that hybridizes to a fourth target sequence,
(ii) a fourth nucleic acid amplification primer that hybridizes to the fourth target sequence, and (iii) a fourth displace-
ment primer that hybridizes to the fourth target sequence.
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Patentansprüche

1. Verfahren zum Erzeugen eines Nucleinsäure-Signal-Verlängerungsproduktes (nucleic acid signal extension pro-
duct) während einer Schleifen-vermittelten isothermalen Amplifikationsreaktion (loop-mediated isothermal amplified
reaction), umfassend:

a. Hybridisieren eines Teiles eines ersten Nucleinsäure-Signalprimers, Hybridisieren eines Teiles eines ersten
Nucleinsäure-Amplifikationsprimers und Hybridisieren eines ersten Nucleinsäure-Verdrängungsprimers an
komplementäre Teile einer Nucleinsäure-Targetsequenz,
wobei der erste Nucleinsäure-Signalprimer an die Targetsequenz stromabwärts des ersten Nucleinsäure-Am-
plifikationsprimers hybridisiert; wobei der erste Nucleinsäure-Amplifikationsprimer umfasst: i) einen 3’-termina-
len Teil, der komplementär ist zu einem Teil der Nucleinsäure-Targetsequenz, und ii) einen 5’-terminalen Teil,
der nicht hybridisiert, aber identisch ist zu einem Teil der Targetsequenz stromabwärts der Targetregion, an
die der 3’-terminale Teil des Nucleinsäure-Amplifikationsprimers hybridisiert; und
wobei der erste Nucleinsäure-Signalprimer, der erste Nucleinsäure-Amplifikationsprimer und der erste Nucle-
insäure-Verdrängungsprimer an unterschiedliche Teile des Nucleinsäure-Targets hybridisieren, und wobei der
erste Nucleinsäure-Verdrängungsprimer an die Targetsequenz stromaufwärts des ersten Nucleinsäure-Amp-
lifikationsprimers hybridisiert;
b. Verlängern des hybridisierten, ersten Nucleinsäure-Signalprimers auf der Nucleinsäure-Targetsequenz, um
ein erstes Signal-Verlängerungsprodukt zu erzeugen;
c. Verlängern des hybridisierten, ersten Nucleinsäure-Amplifikationsprimers auf der Nucleinsäure-Targetse-
quenz, wobei diese Verlängerung das erste Signal-Verlängerungsprodukt von der Nucleinsäure-Targetsequenz
verdrängt und ein erstes Amplifikations-Verlängerungsprodukt erzeugt;
d. Verlängern des hybridisierten, ersten Nucleinsäure-Verdrängungsprimers, wobei diese Verlängerung das
erste Amplifikations-Verlängerungsprodukt von der Nucleinsäure-Targetsequenz verdrängt und ein erstes Ver-
drängungs-Verlängerungsprodukt erzeugt; und
e. Nachweisen des ersten Signal-Verlängerungsproduktes, wobei das erste Signal-Verlängerungsprodukt keine
selbst-komplementäre Haarnadelstruktur hat und gleichzeitig mit dem ersten Amplifikations-Verlängerungspro-
dukt in einer Schleifen-vermittelten isothermalen Amplifikationsreaktion erzeugt wird,

wobei das Verfahren des Weiteren umfasst:

f. Hybridisieren eines Teiles eines zweiten Nucleinsäure-Signalprimers, Hybridisieren eines Teiles eines zweiten
Nucleinsäure-Amplifikationsprimers, und Hybridisieren eines zweiten Nucleinsäure-Verdrängungsprimers an
komplementäre Teile des ersten Signal-Verlängerungsproduktes, wobei das erste Signal-Verlängerungsprodukt
keine selbst-komplementäre Haarnadelstruktur hat, wobei der zweite Nucleinsäure-Amplifikationsprimer um-
fasst: i) einen 3’-terminalen Teil, der komplementär ist zu einem Teil des ersten Signal-Verlängerungsproduktes,
und ii) einen 5’-terminalen Teil, der nicht hybridisiert, aber identisch ist zu einem Teil des ersten Signal-Verlän-
gerungsproduktes stromabwärts des Teiles des ersten Signal-Verlängerungsproduktes, an den der 3’-terminale
Teil des zweiten Nucleinsäure-Amplifikationsprimers hybridisiert;
g. Verlängern des hybridisierten, zweiten Nucleinsäure-Signalprimers auf dem ersten Signal-Verlängerungs-
produkt, um ein zweites Signal-Verlängerungsprodukt zu erzeugen, wobei das zweite Signal-Verlängerungs-
produkt keine selbst-komplementäre Haarnadelstruktur hat;
h. Verlängern des hybridisierten, zweiten Nucleinsäure-Amplifikationsprimers auf dem ersten Signal-Verlänge-
rungsprodukt, wobei diese Verlängerung das zweite Signal-Verlängerungsprodukt von dem ersten Signal-Ver-
längerungsprodukt verdrängt und ein zweites Amplifikations-Verlängerungsprodukt erzeugt;
i. Verlängern des hybridisierten, zweiten Nucleinsäure-Verdrängungsprimers, wobei diese Verlängerung ein
zweites Amplifikations-Verlängerungsprodukt von dem ersten Signal-Verlängerungsprodukt verdrängt und ein
zweites Verdrängungs-Verlängerungsprodukt erzeugt; und
j. Nachweisen des zweiten Signal-Verlängerungsproduktes,

wobei der zweite Nucleinsäure-Signalprimer, der zweite Nucleinsäure-Amplifikationsprimer und der zweite Nucle-
insäure-Verdrängungsprimer an unterschiedliche Teile des ersten Signal-Verlängerungsproduktes hybridisieren,
und wobei der zweite Nucleinsäure-Verdrängungsprimer an die Sequenz des ersten Signal-Verlängerungsproduktes
stromaufwärts des zweiten Nucleinsäure-Amplifikationsprimers hybridisiert; und wobei der zweite Nucleinsäure-
Signalprimer an das erste Signal-Verlängerungsprodukt stromabwärts des zweiten Nucleinsäure-Amplifikationspri-
mers hybridisiert.
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2. Verfahren nach Anspruch 1, das des Weiteren umfasst:

a. Hybridisieren eines Teiles eines zweiten Signalverlängerungsprimers, Hybridisieren eines Teiles eines zwei-
ten Amplifikationsprimers und Hybridisieren eines zweiten Verdrängungsprimers an komplementäre Teile des
ersten Amplifikations-Verlängerungsproduktes, wobei das erste Amplifikations-Verlängerungsprodukt eine Ko-
pie der ersten einzelsträngigen Nucleinsäure-Targetsequenz umfasst;
wobei der zweite Nucleinsäure-Signalprimer an das erste Amplifikations-Verlängerungsprodukt stromabwärts
des zweiten Nucleinsäure-Amplifikationsprimers hybridisiert;
wobei der zweite Nucleinsäure-Amplifikationsprimer umfasst: i) einen 3’-terminalen Teil, der komplementär ist
zu einem Teil des ersten Amplifikations-Verlängerungsproduktes, und ii) einen 5’-terminalen Teil, der nicht
hybridisiert, aber identisch ist zu einem Teil des ersten Amplifikations-Verlängerungsproduktes stromabwärts
des Teiles des ersten Amplifikations-Verlängerungsproduktes, an den der 3’-terminale Teil des ersten Nucle-
insäure-Amplifikationsprimers hybridisiert; und
wobei der zweite Nucleinsäure-Verdrängungsprimer an das erste Amplifikations-Verlängerungsprodukt strom-
aufwärts des zweiten Nucleinsäure-Amplifikationsprimers hybridisiert;
b. Verlängern des hybridisierten, zweiten Nucleinsäure-Signalprimers auf dem ersten Amplifikations-Verlänge-
rungsprodukt, um ein Signalprimer-Verlängerungsprodukt zu erzeugen, wobei das Signal-Verlängerungspro-
dukt eine Schleifen-Struktur an seinem 3’-Ende umfasst;
c. Verlängern des hybridisierten, zweiten Nucleinsäure-Amplifikationsprimers auf dem ersten Amplifikations-
Verlängerungsprodukt, wobei diese Verlängerung das Signal-Verlängerungsprodukt von dem ersten Amplifi-
kations-Verlängerungsprodukt verdrängt,
d. Verlängern des hybridisierten, zweiten Nucleinsäure-Verdrängungsprimers, wobei diese Verlängerung ein
neu gebildetes Amplifikations-Verlängerungsprodukt von dem ersten Amplifikations-Verlängerungsprodukt ver-
drängt, und damit ein hantelförmiges (dumb-bell-shaped) Amplifikations-Verlängerungsprodukt erzeugt, um-
fassend Schleifen-Strukturen an seinen 3’- und 5’-Enden.

3. Verfahren nach Anspruch 1, wobei zwei oder mehr Targetsequenzen oder Sequenzvarianten gleichzeitig verwendet
und an zwei oder mehr Nucleinsäure-Signalprimer hybridisiert werden, wobei die zwei oder mehr Targetsequenzen
in derselben zusammenhängenden Nucleotidsequenz vorhanden sind oder in zwei verschiedenen Nucleotidse-
quenzen vorhanden sind, oder wobei die zwei oder mehrere Targetsequenzen oder Sequenzvarianten aus einem
Organismus oder aus zwei oder mehreren verschiedenen Organismen stammen.

4. Verfahren nach Anspruch 1 oder 3, wobei das erste oder zweite Signal-Verlängerungsprodukt in Echtzeit (real-
time), oder in einem geschlossenen Gefäß-Format oder mit einer Hybridisierungssonde nachgewiesen wird.

5. Verfahren nach Anspruch 4, wobei die Hybridisierungssonde eine Sonde ist, die sensitiv bezüglich dem Unterschied
eines einzelnen Nucleotids ist (single nucleotide difference sensitive probe), oder fluorogen ist, oder ein Molecular
Beacon oder eine SERS-markierte Sonde ist.

6. Verfahren nach Anspruch 1 oder 3, wobei der Signalprimer eine Hybridisierungsregion und eine Reporterregion
umfasst, wobei die Hybridisierungsregion an die Region der Nucleinsäure-Targetsequenz hybridisiert, und wobei
das erste oder zweite Signal-Verlängerungsprodukt durch die Reporterregion nachgewiesen wird.

7. Verfahren nach Anspruch 6, wobei die Reporterregion eine fluorogene Haarnadel ist, die ein fluoreszierendes Signal
erzeugt.

8. Verfahren nach Anspruch 1 oder 3, wobei das erste oder zweite Signal-Verlängerungsprodukt durch eine in einen
der Signalprimer eingebaute Modifikation nachgewiesen wird, um das Binden des Signalproduktes zu erleichtern.

9. Verwendung des Verfahrens nach Anspruch 1, 3 oder 5 zum Nachweisen von arzneimittelresistenter Tuberkulose.

10. Verfahren nach Anspruch 1 oder 3, wobei das erste oder zweite Signal-Verlängerungsprodukt nach der Amplifikation
nachgewiesen wird.

11. Kit, umfassend: (i) einen Nucleinsäure-Signalprimer, wobei zumindest ein Teil des Nucleinsäure-Signalprimers an
einen komplementären Teil einer Nucleinsäure-Targetsequenz hybridisiert, (ii) einen Nucleinsäure-Amplifikations-
primer, wobei der Nucleinsäure-Amplifikationsprimer an die Targetsequenz stromaufwärts des hybridisierten Teiles
des Signalprimers hybridisiert und wobei der Amplifikationsprimer umfasst: i) einen 3’-terminalen Teil, der komple-
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mentär ist zu einem Teil der Ziel-Nucleinsäuresequenz, ii) einen 5’-terminalen Teil, der nicht an die Targetsequenz
hybridisiert, aber identisch ist zu einem Teil der Targetsequenz stromabwärts der Targetregion, an die der 3’-
terminale Teil des Target-Nucleinsäure-Amplifikationsprimers hybridisiert; (iii) einen Verdrängungsprimer, der an
einen komplementären Teil der Targetsequenz stromaufwärts des hybridisierten Teiles des Nucleinsäure-Amplifi-
kationsprimers hybridisiert; und iv) eine Hybridisierungssonde, wobei die Hybridisierungssonde ein Molecular Be-
acon ist und wobei der Signalprimer eine Reporterregion umfasst, und wobei die Nucleinsäure-Targetsequenz eine
Sequenz aus Myobacterium tuberculosis ist.

12. Kit nach Anspruch 11, des Weiteren umfassend: (i) einen zweiten Nucleinsäure-Signalprimer, der an eine zweite
Targetsequenz hybridisiert, (ii) einen zweiten Nucleinsäure-Amplifikationsprimer, der an die zweite Targetsequenz
hybridisiert, und (iii) einen zweiten Verdrängungsprimer, der an die zweite Targetsequenz hybridisiert.

13. Kit nach Anspruch 12, des Weiteren umfassend: (i) einen dritten Nucleinsäure-Signalprimer, der an eine dritte
Targetsequenz hybridisiert, (ii) einen dritten Nucleinsäure-Amplifikationsprimer, der an die dritte Targetsequenz
hybridisiert, und (iii) einen dritten Verdrängungsprimer, der an die dritte Targetsequenz hybridisiert.

14. Kit nach Anspruch 13, des Weiteren umfassend: (i) einen vierten Nucleinsäure-Signalprimer, der an eine vierte
Targetsequenz hybridisiert, (ii) einen vierten Nucleinsäure-Amplifikationsprimer, der an die vierte Targetsequenz
hybridisiert, und (iii) einen vierten Verdrängungsprimer, der an die vierte Targetsequenz hybridisiert.

Revendications

1. Méthode de production d’un produit d’extension de signal d’acide nucléique durant une réaction d’amplification
isotherme à médiation par boucle, comprenant :

a. l’hybridation d’une partie d’une première amorce signal d’acide nucléique, l’hybridation d’une partie d’une
première amorce d’amplification d’acide nucléique, et l’hybridation d’une première amorce de déplacement
d’acide nucléique à des parties complémentaires d’une séquence cible d’acide nucléique,
dans laquelle la première amorce signal d’acide nucléique s’hybride à la séquence cible en aval de la première
amorce d’amplification d’acide nucléique ;
dans laquelle la première amorce d’amplification d’acide nucléique comprend i) une partie terminale en 3’
complémentaire d’une partie de la séquence cible d’acide nucléique, et ii) une partie terminale en 5’ qui ne
s’hybride pas mais est identique à une partie de la séquence cible en aval de la région cible à laquelle la partie
terminale en 3’ de la première amorce d’amplification d’acide nucléique s’hybride ; et
dans laquelle la première amorce signal d’acide nucléique, la première amorce d’amplification d’acide nucléique
et la première amorce de déplacement d’acide nucléique s’hybrident à des parties différentes de l’acide nucléique
cible et dans laquelle la première amorce de déplacement d’acide nucléique s’hybride à la séquence cible en
amont de la première amorce d’amplification d’acide nucléique ;
b. l’extension de la première amorce signal d’acide nucléique hybridée sur la séquence cible d’acide nucléique
pour produire un premier produit d’extension de signal ;
c. l’extension de la première amorce d’amplification d’acide nucléique hybridée sur la séquence cible d’acide
nucléique dans laquelle une telle extension déplace le premier produit d’extension de signal à partir de la
séquence cible d’acide nucléique et produit un premier produit d’extension d’amplification ;
d. l’extension de la première amorce de déplacement d’acide nucléique hybridée, dans laquelle une telle ex-
tension déplace le premier produit d’extension d’amplification à partir de la séquence cible d’acide nucléique
et produit un premier produit d’extension de déplacement ; et
e. la détection du premier produit d’extension de signal dans laquelle le premier produit d’extension de signal
manque d’une structure en épingle à cheveux auto-complémentaire et est produit simultanément avec le premier
produit d’extension d’amplification dans une réaction d’amplification isotherme à médiation par boucle,

dans laquelle la méthode comprend en outre :

f. l’hybridation d’une partie d’une deuxième amorce signal d’acide nucléique, l’hybridation d’une partie d’une
deuxième amorce d’amplification d’acide nucléique, et l’hybridation d’une deuxième amorce de déplacement
d’acide nucléique à des parties complémentaires du premier produit d’extension de signal, dans laquelle le
premier produit d’extension de signal manque d’une structure en épingle à cheveux auto-complémentaire, dans
laquelle la deuxième amorce d’amplification d’acide nucléique comprend i) une partie terminale en 3’ complé-
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mentaire d’une partie du premier produit d’extension de signal, et ii) une partie terminale en 5’ qui ne s’hybride
pas mais est identique à une partie du premier produit d’extension de signal en aval de la partie du premier
produit d’extension de signal à laquelle la partie terminale en 3’ de la deuxième amorce d’amplification d’acide
nucléique s’hybride ;
g. l’extension de la deuxième amorce signal d’acide nucléique hybridée sur le premier produit d’extension de
signal pour produire un second produit d’extension de signal, dans laquelle le second produit d’extension de
signal manque d’une structure en épingle à cheveux auto-complémentaire ;
h. l’extension de la deuxième amorce d’amplification d’acide nucléique hybridée sur le premier produit d’exten-
sion de signal dans laquelle une telle extension déplace le second produit d’extension de signal à partir du
premier produit d’extension de signal et produit un second produit d’extension d’amplification ;
i. l’extension de la deuxième amorce de déplacement d’acide nucléique, dans laquelle une telle extension
déplace un second produit d’extension d’amplification à partir du premier produit d’extension de signal et pro-
duisant un second produit d’extension de déplacement ; et
j. la détection du second produit d’extension de signal,

dans laquelle la deuxième amorce signal d’acide nucléique, la deuxième amorce d’amplification d’acide nucléique
et la deuxième amorce de déplacement d’acide nucléique s’hybrident à des parties différentes du premier produit
d’extension de signal et dans laquelle la deuxième amorce de déplacement d’acide nucléique s’hybride à la séquence
du premier produit d’extension de signal en amont de la deuxième amorce d’amplification d’acide nucléique ; et
dans laquelle la deuxième amorce signal d’acide nucléique s’hybride au premier produit d’extension de signal en
aval de la deuxième amorce d’amplification d’acide nucléique.

2. Méthode selon la revendication 1 comprenant en outre :

a. l’hybridation d’une partie d’une seconde amorce d’extension de signal, l’hybridation d’une partie d’une deuxiè-
me amorce d’amplification, et l’hybridation d’une deuxième amorce de déplacement à des parties complémen-
taires du premier produit d’extension d’amplification, dans laquelle le premier produit d’extension d’amplification
comprend une copie de la première séquence cible d’acide nucléique simple brin ;
dans laquelle la deuxième amorce signal d’acide nucléique s’hybride au premier produit d’extension d’amplifi-
cation en aval de la deuxième amorce d’amplification d’acide nucléique ;
dans laquelle la deuxième amorce d’amplification d’acide nucléique comprend i) une partie terminale en 3’
complémentaire d’une partie du premier produit d’extension d’amplification, et ii) une partie terminale en 5’ qui
ne s’hybride pas mais est identique à une partie du premier produit d’extension d’amplification en aval de la
partie du premier produit d’extension d’amplification à laquelle la partie terminale en 3’ de la première amorce
d’amplification d’acide nucléique s’hybride ; et
dans laquelle la deuxième amorce de déplacement d’acide nucléique s’hybride au premier produit d’extension
d’amplification en amont de la deuxième amorce d’amplification d’acide nucléique ;
b. l’extension de la deuxième amorce signal d’acide nucléique hybridée sur le premier produit d’extension
d’amplification pour produire un produit d’extension d’amorce signal, dans laquelle le produit d’extension de
signal comprend une structure de boucle sur son extrémité en 3’ ;
c. l’extension de la deuxième amorce d’amplification d’acide nucléique hybridée sur le premier produit d’exten-
sion d’amplification dans laquelle une telle extension déplace le produit d’extension de signal à partir du premier
produit d’extension d’amplification ;
d. l’extension de la deuxième amorce de déplacement d’acide nucléique hybridée, dans laquelle une telle
extension déplace un produit d’extension d’amplification nouvellement formé à partir du premier produit d’ex-
tension d’amplification, produisant ainsi un produit d’extension d’amplification en forme d’haltère comprenant
des structures de boucle sur ses extrémités en 5’ et 3’.

3. Méthode selon la revendication 1, dans laquelle deux ou plus séquences cibles ou variants de séquences sont
utilisés simultanément et hybridés à deux ou plus amorces signal d’acide nucléique, dans laquelle les deux ou plus
séquences cibles sont présentes dans la même séquence nucléotidique contiguë ou présentes dans deux séquences
nucléotidiques différentes, ou dans laquelle les deux ou plus séquences cibles ou variants de séquences sont
dérivés d’un organisme ou de deux organismes différents ou plus.

4. Méthode selon les revendications 1 ou 3, dans laquelle le premier ou le second produit d’extension de signal est
détecté en temps réel ou dans un format en tube clos ou par une sonde d’hybridation.

5. Méthode selon la revendication 4, dans laquelle la sonde d’hybridation est une sonde sensible à la différence d’un
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seul nucléotide, ou est fluorogène, ou est une balise moléculaire ou une sonde marquée par SERS.

6. Méthode selon les revendications 1 ou 3, dans laquelle l’amorce signal comprend une région d’hybridation et une
région rapportrice, dans laquelle la région d’hybridation s’hybride à la région de la séquence cible d’acide nucléique,
et dans laquelle le premier ou le second produit d’extension de signal est détecté au moyen de la région rapportrice.

7. Méthode selon la revendication 6, dans laquelle la région rapportrice est une épingle à cheveux fluorogène qui
produit un signal fluorescent.

8. Méthode selon les revendications 1 ou 3, dans laquelle le premier ou le second produit d’extension de signal est
détecté au moyen d’une modification pour faciliter la capture du produit signal incorporé dans l’une des amorces
signal.

9. Utilisation de la méthode selon les revendications 1, 3 ou 5 pour détecter une tuberculose pharmacorésistante.

10. Méthode selon les revendications 1 ou 3, dans laquelle le premier ou le second produit d’extension de signal est
détecté après amplification.

11. Kit comprenant (i) une amorce signal d’acide nucléique, où au moins une partie de l’amorce signal d’acide nucléique
s’hybride à une partie complémentaire d’une séquence cible d’acide nucléique, (ii) une amorce d’amplification
d’acide nucléique, où l’amorce d’amplification s’hybride à la séquence cible en amont de la partie hybridée de
l’amorce signal, et dans lequel l’amorce d’amplification comprend : i) une partie terminale en 3’ complémentaire
d’une partie de la séquence d’acide nucléique cible, ii) une partie terminale en 5’ qui ne s’hybride pas à la séquence
cible mais est identique à une partie de la séquence cible en aval de la région cible à laquelle la partie terminale
en 3’ de l’amorce d’amplification d’acide nucléique cible s’hybride ; iii) une amorce de déplacement, qui s’hybride
à une partie complémentaire de la séquence cible en amont de la partie hybridée de l’amorce d’amplification d’acide
nucléique ; et iv) une sonde d’hybridation, ladite sonde d’hybridation étant une balise moléculaire, et l’amorce signal
comprenant une région rapportrice, et la séquence cible d’acide nucléique étant une séquence de Mycobacterium
tuberculosis.

12. Kit selon la revendication 11, comprenant en outre (i) une deuxième amorce signal d’acide nucléique qui s’hybride
à une deuxième séquence cible, (ii) une deuxième amorce d’amplification d’acide nucléique qui s’hybride à la
deuxième séquence cible, et (iii) une deuxième amorce de déplacement qui s’hybride à la deuxième séquence cible.

13. Kit selon la revendication 12, comprenant en outre (i) une troisième amorce signal d’acide nucléique qui s’hybride
à une troisième séquence cible, (ii) une troisième amorce d’amplification d’acide nucléique qui s’hybride à la troisième
séquence cible, et (iii) une troisième amorce de déplacement qui s’hybride à la troisième séquence cible.

14. Kit selon la revendication 13, comprenant en outre (i) une quatrième amorce signal d’acide nucléique qui s’hybride
à une quatrième séquence cible, (ii) une quatrième amorce d’amplification d’acide nucléique qui s’hybride à la
quatrième séquence cible, et (iii) une quatrième amorce de déplacement qui s’hybride à la quatrième séquence cible.
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