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Claims:

1.

10.

86

A kit comprising:

(a) asingle-stranded probe oligonucleotide A,, capable of forming a first
intermediate product with a target polynucleotide sequence, said intermediate
product being at least partially double-stranded;

(b) aligase;

(c) apyrophosphorolysing enzyme capable of digesting the first intermediate product
in the 3’-5’ direction from the end of A, to create a partially digested strand Aj;

(d) a source of ions to drive the pyrophosphorolysis reaction, wherein optionally the
ions are pyrophosphate ions; and

(e) suitable buffers.
A kit as claimed in claim 1, further comprising positive and negative controls.

A kit as claimed in any one preceding claim, wherein the 5’ end of A, is rendered
resistant to 5’-3’ exonuclease digestion and wherein the kit further comprises a 5’-3’
exonuclease.

A kit as claimed in any one of claims 1 to 3, wherein the kit further comprises
deoxynucleotide triphosphates (dNTPs), a polymerase and buffers for the initial
amplification of a target polynucleotide sequence present in a sample.

A kit as claimed in claim 4, wherein the kit further comprises a dUTP incorporating high
fidelity polymerase, dUTPs and uracil-DNA N-glycosylase (UDG).

A kit as claimed in any one of claims 1 to 5, wherein the kit further comprises a
proteinase.

A kit as claimed in any one of claims 1 to 6, further comprising a ligation probe
oligonucleotide C.

A kit as claimed in any one of claims 1 to 6, further comprising a splint oligonucleotide
D.

A kit as claimed any one of claims 1 to 6, further comprising a ligation probe
oligonucleotide C and a splint oligonucleotide D.

A kit as claimed in claim 7 or 9, wherein the ligation probe oligonucleotide C comprises
a 3’ or internal modification protecting it from 3’-5’ exonuclease digestion and the kit
further comprises a 3’-5’ exonuclease.



10

15

20

25

30

35

40

WO 2021/130495 PCT/GB2020/053362

11.

12.

13.

14.

15.

87

A kit as claimed in claim 8, 9 or 10, wherein D comprises an oligonucleotide region
complementary to the 3’ end of A; and a region complementary to either the 5’ end of
oligonucleotide C or to the 5’ end of A,.

A kit as claimed in claim 11, wherein D is unable to undergo extension against A; by
virtue of either a 3’ modification or through a mismatch between the 3’ end of D and
the corresponding region of A; or C.

A kit as claimed in any one preceding claim, wherein the kit further comprises at least
one single-stranded primer oligonucleotide that is substantially complementary to a
portion of Ay, an amplification enzyme, dNTPs and one or more oligonucleotide binding
dyes or molecular probes.

A kit as claimed in any one preceding claim, wherein the kit further comprises multiple
A,, each selective for a different target sequence and each including an identification
region.

A kit as claimed in any one of claims 1 to 12, wherein the kit further comprises:

- two or more Ligation Chain Reaction (LCR) probe oligonucleotides that are
complementary to adjacent sequences on A; wherein when the probes are
successfully annealed the 5’ phosphate of one LCR probe is directly adjacent to the
3’0OH of the other LCR probe; and

- oneor more ligases;

16. A kit as claimed in claim 13, wherein the amplification enzyme is the same as the
pyrophosphorolysis enzyme.

17.

A kit as claimed in any one of claims 1 to 12, wherein the kit further comprises
- Aligation probe oligonucleotide C;
- Asplint oligonucleotide D;

wherein C has a 5’ phosphate, the 3’ end of a splint oligonucleotide D is complementary to the 5
end of Cand the 5’ end of D is complementary to the 3’ end of A; such that A; and C are capable

of being ligated together to form A,.

18.

A kit as claimed in claim 17, wherein the kit further comprises:

- A hairpin oligonucleotide 1 (HO1) comprising a fluorophore-quencher pair, wherein
HO1 is complementary to A, and when annealed to A, the hairpin structure of HO1
opens and the fluorophore-quencher pair separate; and

- Ahairpin oligonucleotide 2 (HO2) comprising a fluorophore-quencher pair, wherein
HO2 is complementary to the open HO1 and when annealed to HO1 the hairpin
structure of HO2 opens and the fluorophore-quencher pair separate.



10

15

20

25

30

35

WO 2021/130495 PCT/GB2020/053362
88

19. A kit as claimed in claim 18, wherein the kit further comprises a plurality of HO1 and
HO2.

20. A kit as claimed in any one of claims 1 to 12, wherein the kit further comprises:
- an oligonucleotide A comprising a substrate arm, a partial catalytic core and a
sensor arm;
- anoligonucleotide B comprising a substrate arm, a partial catalytic core and a
sensor arm; and
- asubstrate comprising a fluorophore quencher pair;

wherein the sensor arms of oligonucleotides A and B are complementary to flanking regions of A,
such that in the presence of A,,oligonucleotides A and B are combined to form a catalytically,
multicomponent nucleic acid enzyme (MNAzyme).

21. A kit as claimed in any one of claims 1 to 12, wherein the kit further comprises a
partially double-stranded nucleic acid construct wherein:

- one strand comprises at least one RNA base, at least one fluorophore and
wherein a region of this strand is complementary to a region of A; and
wherein this strand is the ‘substrate’ strand; and

- the other stand comprises at least one quencher and wherein a region of this
strand is complementary to a region of A; adjacent to that which the
substrate strand is complementary to, such that in the presence of A; the
partially double stranded nucleic acid construct has a greater double-stranded
portion

22. A kit as claimed in claim 21, wherein the kit further comprises an enzyme for removal of
the at least one RNA base.

23. A kit as claimed in any one of claims 1 to 12, wherein the kit further comprises:

- an oligonucleotide complementary to a region of A, including the site of
ligation, comprising one or multiple fluorophores arranged such that their
fluorescence is quenched either by their proximity to each other or to one or
more fluorescence quenchers;

- adouble strand specific DNA digestion enzyme;

wherein, in the presence of A, the labelled oligonucleotide is digested such that the fluorophores
are separated from each other or from their corresponding quenchers, and a fluorescent signal,
and hence the presence of A,, is detectable.

24. A kit as claimed in any one of claims 1 to 23, wherein the kit further comprises a
phosphatase or a phosphohydrolase.

25. A kit as claimed in any one of claims 1 to 24, wherein the kit further comprises a
pyrophosphatase.
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26. A kit as claimed in any one of claims 1 to 25, wherein the kit further comprises an
enzyme for the formation of DNA from an RNA template.

27. A device comprising:
a fluid pathway between a first region and second region, wherein the first region comprises one
or more wells, wherein one or more well comprises:
a single-stranded probe oligonucleotide A, which is capable of forming a first intermediate
product with a target polynucleotide sequence, said intermediate product being at least partially
double-stranded;
a pyrophosphorolysing enzyme capable of digesting the first intermediate product in the 3’-5’
direction from the end of A, to create a partially digested strand A;; a source of ions to drive the
pyrophosphorolysis reaction forward, wherein optionally the ions are pyrophosphate ions;
and
one or more ligases capable of ligating A; to create an oligonucleotide A;;

wherein the second region comprises one or more wells.

28. The device of claim 27, wherein the 5 end of A, is resistant to 5’-3’ exonuclease

digestion and wherein the wells of the first region further comprise a 5’-3’ exonuclease.

29. The device of any one of claims 27 or 28, wherein the device further comprises a third
region comprising one or more wells which is joined to the first region by a fluid
pathway and wherein one or more wells of the third region comprises:

dNTPs;
at least one single-stranded primer oligonucleotide; and

an amplification enzyme.

30. The device of claim 29 wherein:
the dNTPs of the third region are dUTP, dGTP, dCTP and dATP;
the amplification enzyme is a dUTP incorporating high fidelity polymerase; and

one or more wells of the third region further comprises uracil-DNA N-glycosylase.
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The device of claim 29 or claim 30 wherein the device further comprises a fourth
region, located between the first and third regions, comprising one or more wells,

wherein one or more wells comprises a proteinase.

The device of any one of claims 27 to 31, wherein one or more wells of the first or

second regions further comprises a ligase and a ligation probe oligonucleotide C.

The device of any one of claims 27 to 31, wherein one or more wells of the first or
second regions further comprises a ligase and a splint oligonucleotide D which is

complementary to a region of A,.

The device of any one of claims 27 to 31, wherein one or more wells of the first or
second region further comprises a ligase, a splint oligonucleotide D and a ligation probe

oligonucleotide C.

The device of claim 32 or claim 34, wherein the ligation probe oligonucleotide C

comprises a 3’ or internal modification protecting it from 3’-5’ exonuclease digestion.

The device of any one of claims 33, 34 or 35, wherein D comprises an oligonucleotide
region complementary to the 3’ end of A; and a region complementary to either the 5’

end of oligonucleotide C or to the 5’ end of A,.

The device of any one of claims 27 to 36, wherein one or more wells of the first region
comprises at least one or more different Ay, each selective for a different target
sequence.

. The device of claim 37, wherein the wells of the second region comprise:

an amplification enzyme;

oneorm
a means

multiple

ore oligonucleotide binding dyes or molecular probes; and
for detecting a signal derived from A; or a portion thereof, or multiple copies of A; or

copies of a portion thereof.
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39. The device of any one of claims 27 to 36, wherein the wells of the second region further

comprise:

two or more Ligation Chain Reaction (LCR) probe oligonucleotides that are
complementary to adjacent sequences on A; wherein when the probes are
successfully annealed the 5’ phosphate of one LCR probe is directly adjacent to the
3’0OH of the other LCR probe; and

one or more ligases.

40. The device of any one of claims 27 to 36, wherein the wells of the second region further

comprise:

A ligation probe oligonucleotide C;

A splint oligonucleotide D;

wherein C has a 5’ phosphate, the 3’ end of a splint oligonucleotide D is complementary to the 5’

end of C and the 5’ end of D is complementary to the 3’ end of A; such that A; and C are capable

of being ligated together to form an oligonucleotide A,.

41. The device of claim 40, wherein the wells of the second region further comprise:

A hairpin oligonucleotide 1 (HO1) comprising a fluorophore-quencher pair, wherein
HO1 is complementary to A, and when annealed to A, the hairpin structure of HO1
opens and the fluorophore-quencher pair separate; and

A hairpin oligonucleotide 2 (HO2) comprising a fluorophore-quencher pair, wherein
HO2 is complementary to the open HO1 and when annealed to HO1 the hairpin

structure of HO2 opens and the fluorophore-quencher pair separate.

42. The device of any one of claims 27 to 36, wherein the wells of the second region further

comprise:

- an oligonucleotide A comprising a substrate arm, a partial
catalytic core and a sensor arm;

- an oligonucleotide B comprising a substrate arm, a partial
catalytic core and a sensor arm; and

- asubstrate comprising a fluorophore quencher pair;
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wherein the sensor arms of oligonucleotides A and B are complementary to flanking regions of A,
such that in the presence of A;,oligonucleotides A and B are combined to form a catalytically,

multicomponent nucleic acid enzyme (MNAzyme).

43. The device of any one of claims 27 to 36, wherein the wells of the second region further
comprise a partially double-stranded nucleic acid construct wherein:

- one strand comprises at least one RNA base, at least one
fluorophore and wherein a region of this strand is complementary
to a region of A, and wherein this strand may be referred to as
the ‘substrate’ strand;

- the other stand comprises at least one quencher and wherein a
region of this strand is complementary to a region of A; adjacent
to that which the substrate strand is complementary to, such that
in the presence of A, the partially stranded nucleic acid construct
becomes substantially more double-stranded; and

wherein the wells of the second region further comprise an enzyme for removal of the at

least one RNA base.

44. The device of any one of claims 27 to 36 wherein one or more wells of the second
region further comprises:
an oligonucleotide complementary to a region of A, including the site of ligation, comprising one
or multiple fluorophores arranged such that their fluorescence is quenched either by their
proximity to each other or to one or more fluorescence quenchers;
a double strand specific DNA digestion enzyme;
wherein, in the presence of A, the labelled oligonucleotide is digested such that the fluorophores
are separated from each other or from their corresponding quenchers, and a fluorescent signal,
and hence the presence of A,, is detectable.
45. A device as claimed in any one of claims 27 to 44 wherein one or more wells of one or
more regions further comprises a pyrophosphatase.
46. A device as claimed in any one of claims 27 to 45 wherein one or more wells of one or
more regions further comprises a phosphatase or a phosphohydrolase.
47. A device as claimed in any one of claims 27 to 46 wherein one or more wells of the first

region further comprises an enzyme for the formation of DNA from an RNA template.
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48. A device as claimed in any one of claims 27 to 47 wherein the first and second regions

are combined.



