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the use of a universal detection system but in principle this can be impacted by the detection

of non-specific amplification products.

There is a need for easy-to-synthesise, low cost and reliable, specific detection systems for
use in the detection of primer extension products, e.g. in horﬁogeneous PCR assays, which
address the problems encountered with existing detection systems for PCR. The term
homogeneous PCR assay is well known in the art, and is one where it is not necessary.
physically to separate the reaction components away from each other in order to derive the
result of the reaction. The present invention is based on the finding that selection of the
relative lengths of labelled oligonucleotide sequences that hybridise to one another to form a
fluorescent quenched pair results in improvements in nucleic acid detection assay systems,
particularly when used in a real-time setting. In the invention, the Tm of the fluor/quencher
cassette is designed to be above the Ta of the amplification such that any unincorporated
fluorescent oligonucleotide is hybridised to the quencher oligonucleotide at the fluorescence
acquisition temperature allowing the reaction to be monitored in real-time or at end point. By
adjusting the length and Tm of the quencher oligonucleotide it would be expected that the
increased stability of the fluor/quencher cassette would simply inhibit PCR. However it is
unexpectedly found that the speciﬁcity' of amplification from the fluorescent primer is
improved as shown by significant increases in the difference in Cq values (also known as Ct
values) between samples and no template controis in real-time, or reduced detection of no

template controls in end point applications.

SUMMARY

In one aspect, there is provided a method for the detection of a primer extension product, the
method comprising the steps of:
a) providing one or more oligonucleotide primer groups, each group comprising one or

more oligonucledtide primer sets, each set characterised by

i} a first oligonucleotide primer Horward-primeri-having a target-specific portion and a &

upstream fluorescence cassette-specific portion, and

ii) a second oligonucleotide primer ¢ prirer-having a target specific portion

wherein the oligonucleotide primers in a particular set are suitable respectively for
hybridisation on complementary strands of a corresporiding target nucleotide sequence to

permit formation of a primer extension product, for example a PCR product
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and wherein the first oligonucleotide primer of each set in the same group contains a
fluorescence cassette-specific portion that is capable of hybridising to the complement of the
fluorescence cassette-specific portion of the first oligonucleotide primer of any set in the
same group

b) providing one or more cassetie oligonucleotide sets, each set characterised by

i} .a first cassette oligonucieotide labelled with a fluorescent moiety thai is_a {donor mbiety}
and having a sequence that is capable of hybridisation to the complement of the
fluorescence cassette-specific portion of the first oligonucieotide primer of any set in a given

oligonucleotide primer group, and not comprising a terget specific sequence portion; and

i) a second cassette oligonucleotide labelled with an acceptor moiety (for example a

quencher moiety), wherain the sscond casselte oligonucigotide does not comprise target

specific secuence and whereln the second cassetie oligonuciectide is between 1 and 5

nuciectidas shorier than the corresponding first cassatie oligonuclectids;

wherein each set of cassette oligonucleotides hybridises to one another to form a fluorescent
quenched pair, wherein the fluorescent quenched pair has a Tm A,

c) initiating the primer extension reaction thereby generating (if the relevant target
polynucleotide is present) a complementary sequence to the relevant first oligonucleotide

primer,

such that the relevant second ¢ stor—for—sxample—quencher—iabelled—cassette

oligonucleotide is less able to hybridise to the relevant first dloerescenthlaballad)-cassette
oligonucleotide, whereby a signal is generated,; and

d) detecting the signal that is generated,

wherein the primer extension reaction is performed at least in part at a Ta that is less than

the Tm A or Tm As for the one or more fluorescent quenched pairs.
Kits suitable for use in such a methed are also provided.

In one aspect, there is provided a kit suitable for use in a method for the detection of a
} primer extension product, the-smethod-comprsing-the-steps-ofkil comprising:
a) two or more oligonucleotide primer groups, each group comprising one or more

oligonucleotide primer sets, each set characterised by

1 i) a first oligonucleotide primer Horw rrmeri-having a target-specific portion and a 5'
upstream fluorescence cassette-specific portion, and

l ii} a second oligonucleotide primer {reverse-prisnerr-having a target specific portion
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wherein the oligonucleotide primers in a particular set are suitable respectively for
hybridisation on complementary strands of a corresponding target nucleotide sequence to
permit formation of a primer extension product, for exarﬁple a PCR product

and wherein the first oligonucleotide primer of each set in the same group contains a
fluorescence cassette-specific portion that is capable of hybridising to the complement of the
fluorescence cassette-specific portion of the first oligonucieotide primer of any set in the
same group ; and

b) two or or more cassetie oligonucleotide sets, each set characterised by

i) a first cassette oligonucleotide labelled with a fluorescent moiety that is 2 {donor moiety}
and having a sequence that is capable of hybridisation to the complement of the
fluorescence cassette-specific portion of the first oligonucleotide primer of any set in a given

oligonucleotide primer group_and not comprising a target specific sequence portion: and

i) a second cassette oligonucleotide labelled with an acceptor moiety (for example a

guencher moiety), wherein the second cassette oligonucleclide does not comprise tarost

specific segusnce and wherein the second cassetie oliconuclectide is betwesn 1 and 5

nucleotide shorter than the corresponding first cassette clinponuciectide:

wherein each set of cassette oligonuclectides hybridises to one another to form a fluorescent
quenched pair, wherein the fluorescent quenched pair has a Tm A,

wherein each of the Tm As for the fluorescent quenched pairs is above a temperature
suitable for use as the Ta of a primer extension reaction using the oligonucleotides of the kit,

for example above a temperature between 46 and 65 °C, for example between 50 and 60 °C.

In one aspestembodiment, there is provided a method for the detection of a primer extension
product, the method comprising the steps of:

a) providing one or more oligonucleotide primer groups, each group comprising one or
more oligonucleotide primer sets, each set characterised by

i) a first labelled oligonucleotide primer (forward primer) having a target-specific portion and
a 5’ upstream fluorescence cassette-specific portion, and

if) 2 second oligonucleotide primer (reverse primer) having a target specific portion

wherein the oligonuclectide primers in a particular set are suitable respectively for
hybridisation on complementary strands of a corresponding target nucleotide sequence fo
permit formation of a primer extension product, for example a PCR product

and wherein the first oligonucleotide primer of each set in the same group contains a
fluorescence cassette-specific portion that is capable of hybridising to the complement of the
fluorescence cassette-specific portion of the first oligonucleotide primer of any set in the

same group
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CLAIMS

1. A method for the detection of a primer extension product, the method comprising the
steps of:

a) providing one or more oligonucleoctide primer groups, each group comprising one or
more oligonucleotide primer sets, each set characterised by

i) a first oligonucleotide primer having a target-specific portion and a 5 upstream
fluorescence cassette-specific portion, and

ii) a second oligonucieotide primer having a target specific portion

wherein the oligonucleotide primers in a particular set are suitable respectively for
hybridisation on complementary strands of a corresponding target nucleotide sequence to
permit formation of a primer extension product, for example a PCR product

and wherein the first oligonucleotide primer of each set in the same group contains a
fluorescence cassette-specific portion that is capabie of hybridising to the complement of the
fluorescence cassetle-specific portion of the first oligonucleotide primer of any set in the

sarme group

b) providing one or more cassette oligonucleotide sets, each set characterised by

i} a first cassette oligonucleotide labelled with a fluorescent moiety that is a donor moiety and
having a sequence that is capable of hybridisation to the complement of the fluorescence
cassetie-specific portion of the first oligonucleotide primer of any set in a given

oligonucleotide ptimer group, and not comprising a target specific sequence portion; and

i) a second cassette oligonucleotide labelled with an acceptor moiety (for example a
quencher moiety), wherein the second cassette oligonucleotide does not comprise target
specific sequence and wherein the second cassetie oligonucleotide is between 1 and 5

nucleotide bases shorter than the corresponding first cassette oligonucleotide;

wherein each set of cassetie oligonucieotides hybridises to one another to form a fluorescent

quenched pair, wherein the fluorescent quenched pair has a Tm A,
c) initiating the primer extension reaction thereby generating (if the relevant target
polynucleotide is present) a complementary sequence to the relevant first oligonucleotide

primer,
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such that the relevant second cassetie oligonuclectide is less abie to hybridise to the
relevant first cassette oligonucleotide, whereby a signal is generated; and

d} detecting the signal that is generated,

wherein the primer exiension reaction is performed at least in part at a Ta thaf is less than

the Tm A or Tm As for the one or more fluorescent quenched pairs.

2. The method of claim 1 wherein the Tm A of the fluorescent quenched pair or pairs is
less than or equal to 15°C, optionally between 1 and 15°C; or iess than or equal fo 10°C,

optionally between 1 and 10°C above the Ta of the primer extension reaction.

3. A method according to claim 1 or 2 wherein the method prevents or reduces

detection of non-specific amplification.

4, A method according to any one of the preceding claims wherein the signal is

measured in real-time,

5. A method according to any one of claim 1, 2 or 3 wherein the signal is measured at

the end point of the reaction.

6. The method of any one of claims 1 to 5 wherein the or a first cassette oligonucleotide
labelled with a fluorescent moiety is capable of acting as a primer in a primer extension

reaction.

7. The method of any one of claims 1 to 6§ wherein the or a first cassette oligonucleotide
labelled with a fluorescent moiety is not capabie of acting as a primer in the primer exiension

reaction.

8. The method of any one of claims 1 to 7 wherein the interaction beiween the
fluorescent donor labelled fluorescence cassette oligonucleotide and the acceptor labelled
fluorescence cassette oligonucleotide is less stable than the interaction between the
fluorescent donor labelled fluorescence cassette oligonuclectide and the extension product
complementary to the 5 upstream fluorescence cassette-specific portion of the first

oligonucleotide primer of each primer set of the relevant group.

38



9. The method of any one of the preceding claims wherein each oligonucleotide primer

group comprises one oligonucleotide primer set.

10. The method of any one of the preceding claims wherein there are 1, 2, 3, 4, 5, 6, 7,

8, 9 or 10 oligonucleotide primer groups and corresponding cassette oligonucieotide sets.

11. The method of any one of the preceding claims wherein one or both of the cassette

oligonucleotides contains a single label.

12. The method of any one of the preceding claims wherein both of the cassette

oligonucieotides contain a single label.

13. The method according to any one of the preceding claims wherein
the fluorescent labelled cassette oligonucleotide confains a fabel at or within the 5 end of the

oligonucleotide.

14. The method according to any one of the preceding claims wherein
the quencher labelled cassette oligonucleotide contains a label at or within the 3’ end of the

cligonucleotide.

15. The method accerding to any one of the preceding claims wherein at least one of the
bases of at least one of the oligonucleotides, for example at least one of the cassette
oligonucleotides, optionally the fluorescent labelled cassetie oligonuclectide, is &

phosphorothioate-modified base.

16. The method according to claim 15, wherein 20-80% of the bases of at least one of
the ofigonucleotides, for example at least one of the cassette oligonucleotides, optionally the

fluorescent labelied cassette oligonucleotide, are phosphorothioate-modified bases.

17. A kit suitable for use in a method for the detection of a primer extension product, the
kit comprising:

a) two or more cligonuclectide primer groups, each group comprising one or more
oligonucleotide primer sets, each set characterised by

i) a first oligonucleotide primer having a target-specific portion and a 5 upstream
fluorescence cassetie-specific portion, and

ii} a second oligonucleotide primer having a target specific portion
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wherein the oligonucleotide primers in a particular set are suitable respectively for
hybridisation on complementary strands of a corresponding target nucleotide sequence to
permit formation of a primer extension product, for example a PCR product

and wherein the first oligonucleotide primer of each set in the same group contains a
fluorescence cassette-specific portion that is capable of hybridising to the complement of the
fluorescence cassette-specific portion of the first oligonucieotide primer of any set in the

same group ; and

b} two or or more casselie oligonucleotide sets, each set characterised by

i) a first cassette cligonucleotide labelied with a fluorescent moiety that is a donor moiety and
having a seguence that is capable of hybridisation to the complement of the fiuorescence
cassette-specific portion of the first oligonucleotide primer of any set in a given
oligonucleotide primer group and not comprising a {arget specific sequence portion; and

i) a second cassetie oligonucleotide labelled with an acceptor moiety (for example a
quencher moiety), wherein the second cassette oligonucieotide does not comprise target
specific sequence and wherein the second cassette oligonuclectide is between 1 and 5
nucleotide bases shorter than the corresponding first cassette oligonucleotide;

wherein each set of cassette oligonucleotides hybridises o one another to form a fluorescent
quenched pair, wherein the fluorescent quenched pair has a Tm A,

wherein each of the Tm As for the fluorescent quenched pairs is above a temperature
suitable for use as the Ta of a primer extension reaction using the oligonucleotides of the kit,

for example above a temperature between 46 and 65 °C, for example between 50 and 60 °C.
18. The kit of claim 17 wherein the first oligonucleotide primers are unlabelled.
19. The method or kit according to any one of the preceding claims, for use in allele

specific PCR based SNP Genotyping, gene expression studies or. copy number variation

studies.
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1. A method for the detection of a primer extension product, the method comprising the
steps of:

aj providing one or more oligonuclectide primer groups, each group compriging one or
more oligonucleotide primer sets, each set characierised by

i} a first oligonucleotide primer (forward primer) having a target-specific
upstream fluorescence cassette-specific portion, and

fluorescence cassette-specific portion that is capable of 2\(
fluorescence cassette-specific portion of the first oligofiuclectide primer of any set in the
same group

b) providing one or more cassette cligonuclectide sets, each set characterised by
i) a first cassette oligonucleotide labelled with a fluorescent moiety (donor moiety) and

having a sequence that is capable of hybridisation to the complement of the flucrescence

cassette-specific portion of the first
oligonucleotide primer group; and
iy a second cassette oligonucleotide labelled with an acceptor moiety (for example a
gquencher moiety)

wherein each set of cassette oligonucleotides hybridises to one another to form a fluorescent
quenched pair, wherein the flydrescent quenched pair has a Tm A,

c) initiating the primet/extension reaction thereby generating (if the relevant target
polynucleotide is presen) a complementary sequence to the relevant first oligonucleotide
primer,

such that the relevant second (acceptor, for example quencher, labelled) cassefte
oligonucleotide is Jess able to hybridise to the relevant first (fluorescently labelled) cassette
oligonucleotide, whereby a signal is generated; and

d) ing the signal that is generated,

w
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wherein the primer extension reaction is performed at least in part at a Ta that is less théen
the Tm A or Tm As for the one or more fluorescent guenched pairs. ‘

2. The method of claim 1 wherein the Tm (Tm A) of the fluorescent quenched pagit or pairs is
less than or equal to 15°C, optionally between 1 and 15°C; or less than or gqual to 10°C,

optionally between 1 and 10°C above the Ta of the primer extension reactiory

3. A method according to claim 1 or 2 wherein the method prevents/or reduces
detection of non-specific amplification. '

4. A method according to any one of the preceding cldims wherein the signal is
rmeasured in real-time.

5. A method according to any one of claim 1, 2 or 3wherein the signal is measured at
the end point of the reaction.

6. The method of any one of claims 1 to 5 whergin the or a first cassette oligonucleotide
labelled with a fluorescent moiety is capable of acting as a primer in a primer extension
reaction. ‘

7. The method of any cne of claims 1 tg' 6 wherein the or a first cassette oligonucleotide
tabelled with a fluorescent moiety is not ¢apable of écting as a primer in the primer extension
reaction,

8. The method of any one of claims 1 to 7 wherein the interaction between the fluorescent

{donor) labelled fluorescence gassette oligonucleotide and the acceptor (quencher) labelled
fluorescence cassette oligonucleotide is less stable than the interaction between the
fluorescent (donor) labelied fluorescence cassette oligonucieotide and the extension product

complementary to the § upstream flucrescence casseﬁe-speciﬁc portion of the forward

oligonuclectide primer/0f each primer set of the relevant group.

9. The method of any one of claims 1 to 8 wherein the acceptor labelled oligonucleotide is
between 1 angd 5 nucieotide bases shorter than the corresponding first (fluorescentiy
tabelled) cassétte oligonucleotide.
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10. The method of any one of the preceding claims wherein each oligonuclectide’ primer
group comprises one oligonucieotide primer set.

11. The method of any one of the preceding claims wherein there are 1, 2, 3,4, 5,6,7,8, 9

or 10 oligonucleotide primer groups and corresponding cassette oligonuclegtide sets.
12. The methed of any cne of the preceding claims wherein one of both of the cassette
oligonucieotides contains a single label.

13. The method of claim 12 wherein both of the casseitg cligonucieotides contain a
single label.

14.  The method according fo any one of the preceding claims wherein the fluorescent
labelled casseite oligonucleotide contains a label at or within the 5 end of the
oligonuclectide,

15.  The method or kit according to any/one of the preceding claims wherein the
quencher labelled cassette oligonuclectide dontains a label at or within the 3' end of the
oligonucleoiide.

18.  The method according {o any gne of the preceding claims wherein at least one of the
bases of at least one of the oligghucleotides, for example at least one of the cassetie
oligonuclectides, optionally the fluorescent labelled cassefte oligonucieotide, is a

phosphorothicate.

17.  The method according to claim 16 wherein 20-80% of the bases of at least one of the
oligonucleotides, for example at least one of the cassette oligonucieotides, optionally the

fluorescent labelled gassette oligonuclectide, are phosphorothicates.

18. A kit suitable for use in a method for the detection of a primer extension product, the

method comprising the steps of:
a) twg/él: more oligonuclectide primer groups, each group comprising one or more

otigonuciaotide primer sets, each set characterised by
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i} a first oligonucleotide primer (forward primer) having a target-specific portion and a &
upstream fluorescence cassette-specific portion, and _
i) a second oligonucieotide primer (reverse primer) having a target specific portio

wherein the oligonucieotide primers in a particular set are suitable rgspectively for
hybridisation on complementary strands of a corresponding target nucleptide sequence to
permit formation of a primer extension product, for example a PCR prod
and wherein the first oligonucleotide primer of each set in the sarhe group contains a
fluorescence cassette-specific portion that is capable of hybridising {6 the complement of the
fluorescence casseite-specific -portion of the first oligonucleotide’ primer of any set in the

same group ; and

t characterised by
scent moiety (donor moiety) and
having a sequence that is capable of hybridisation to/the complement of the fluorescence

b) two or or more cassetie oligonuciectide sets, each
i) a first cassetie oligonucleotide labelled with a fluor

cassefte-specific portion of the first oligonuclegtide primer of any set in a given
oligonuciectide primer group; and

ii) a second casselte oligonucleotide labelled with an acceptor moiety (for example a
quencher moiety)

wherein each set of cassette oligonucieotidés hybridises to one another to form a fluorescent
quenched pair, wherein the fluorescent annched pairhasa Tm A,

wherein each of the Tm As for the Kuorescent gquenched pairs is above a tempersature
suitable for use as the Ta of a primef extension reaction using the oligonucieotides of the kit,
for example above a temperature between 46 and 65 °C, for example between 50 and 60°C.

19. The kit of claim 18 wherein the first oligonucleotide primers are unlabelled and wherein
the quencher labelled casseée oligonuclectide is between 1 and 5 nucieotide bases shorfer
that the fluorescent labelled casseite oligonucleotide.

20. A method for the detection of a primer ektens’ion product, the method comprising the
steps of,

a) providing’ one or more oligonucleotide primer groups, each group comprising one or
more cligong/c eotide primer sets, each set characterised by

i) a first labelled oligonucleotide primer (forward primer) having a target-specific portion and
a 5 upstpéam fluorescence cassettéwspeciﬁc portion, and

ii) a se¢ond oligonucleoctide primer (reverse primer) having a target specific portion
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wherein the oligonucleotide primers In a particular set are suitable respectively for
hybridisation on complementary strands of a corresponding target nucleotide seguence to
permit formation of a primer extension product, for example a PCR product

and wherein the first oligonucleotide primer of each set in the same group contains a
fluorescence cassette-specific portion that is capable of hybridising to the co plement of the
fluorescence cassette-specific portion of the first oligonucleotide primer of any set in the

same group

b) providing one or more cassette oligonucleotide sets, each sey/characterised by

i) a first cassette oligonucleotide or cligonucleotides labelled with &/fluorescent moiety (donor
moiety) that is the first iabelled oligonuclectide primer or primery (forward primer or primers)
of a primer group

i) a second cassette oligonucleotide labelled with an
quencher moiety)
wherein each set of cassette oligonucleotides hybridises io one another to form a fluorescent
quenched pair, wherein the flucrescent quenched pairhas a Tm A,

c}  initiating the primer extension reaction thereby generating (if the relevant target
polynucleotide is present) a complementary seduence to the relevant first oligonucieofide
primer,

such that the relevant second (acceptor, for example quencher, labelled) cassette
oligonuclectide is iess able to hybridise to'the relevant first (fluorescently labelled) cassette

* oligonucleotide, whereby a signal is genérated; and

d) detecting the signal that is genérated,

wherein the primer extension ref ion is performed at least in part at a Ta that is less than
the Tm A or Tm As for the one or more fluorescent guenched pairs.

21.  The method orgt according to any one of the preceding claims, for use in allele
specific PCR based
studies.

P Genotyping, gene expression studies or copy number variation
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