demonstrated see, for example, Nucl. Acids Res. (2003} 31 (3): 7. doi: 10.1093/nar/gng007. Taq
DNA polymerase possesses no 3'—5' Exonuclease (Kenneth R. Tindall, Thomas A. Kunkel,
Biochemistry, 1988, 27 (16), p 6008-6013). Enhanced discrimination of single nuclectide
polymorphisms by phosphorothioate modification in the presence of a proof-reading polymerase has
also been reported. Phosphorothioation increases specificity, reducing incidences of primer-dimer
interactions, however it is reported that 3 nuclease functionality is required for the improvement to
PCR and it has been demonstrated that in conjunction with Allele Specific PCR the use of S-oligos
offer no benefit when used in conjunction with Tag DNA polymerase see, for example, Zhang, 1. and
Li, K. {2603) Single-Base Discrimination Mediated by Proofreading 3' Phosphorothioate-Modified
Primers. Molecular Biotechnology 25, 223-227.

There s 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 homogeneous PCR assays, which address the
problems encountered with existing detection systems for PCR. Contrary to conventional scientific
knowledge the present invention is based on the finding that S-oligos can be used successfully, and
result in improvements, in nucleic acid detection assay systems,

SUMMARY-GE-FHENMVENTION

According to the inventiondisclosurg there is provided a method for reducing non-specific
amplification and/or formation of primer-dimers in a template dependent primer extension reaction
comprising conducting a primer extension reaction in the presence of a polymerase lacking 3°-—3’
nuclease activity, wherein one or more of the primers contains at least one phosphorothioate group.

in one aspect, there iz provided a method for the detection of a orimer extension product produced In

the presence of a nolvmerase lacking 3'—5' exonuclease getivity, the method comprising the steps oft

al providing at least two single-abelled oligonuclectide sequences that vbridise to one angther

in free golution to form a flucrescent cuenched pair, that wpon introduction of a complementary

sequence to one or both sequences generates & measurable sigpal when the complementary seguence
is hybridised to one of the at least two single-labelled oligonucleotide sequences, wherein at least one

of the olizonucleotide sequences containg at least one phosghorothicate groun;

b} providing at least one primer gnd mittating the soimer extension reaction from the ot least one

primer thereby venerating 2 complementary seguence to at least one of the single-labelled

olieonucleotide sequences; and

¢y measuring the detectable sienal that 18 generated when the complementary seguence 1

hiybridised to one of the at least two single-labelled olivonucleotide sequences,

In one aspect, there is provided a methoed for the detection of a primer extension product produced in

the presence of a polyvmerase lacking 33 exonuclease sctivity ysing PCR. the method comprising

the steps of
a) providing a fizst single-labelled oligonucleotide sequence and at least a second single-labelled

oligonucleotide seguence, the frst and second oligonucleotide seguences being of differing Tm. in

which the first and second olizopucleotide sequences hvbridise 1o one another in Fee solution to form
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a fluorescent quenched pair and at least one primer, one of the first and second oligonucleotide

seguences being of a Tm that is at or helow the Ta of the PCR process, wherein al least aone of the

obiromcleotide sequences contains at least one phosphorothioate group. the at least one primer

comprising at least one unlabelled tailed primer. the unlzbelled tailed primer having a tail region, the

tail revion comprising an olisonuciectide sequence complementary 1o an oligonuclectide sequence of

the second sinele-labelled olivonucieotide sequence, the st single-labelled olisonucleotide sequence

being a primer from which DNA synthesis is imtiated onee a complementary sequence to the first

single-labelled oligonucleotide sequence has been penerated during the PCR process, such that the

second single-labelied oligonucleotide secuence is no longer able to hvbridise fo the first single-

Lahelled olisonucleotide sequence, whereby a measurable siemal 18 senerated;

) initiatine the orimer extension reaction from the at least one primer thereby senerating o

commlementary seguence to the fivst sinele-labelled elivonucleotide sequence; and

¢l measuring the detectable sienal that is generated when the complementary sequence is

hyhridised to the first single-labelled olizonucleotide secuence.

Kits and compositions for use in such methods are also provided.

In one aspect, there is provided a kit for the detection of 3 primer extension product produced inthe

nresence of & polvmerase lacking 3'-35' exonuciease activity, that comprises at least two single-

abelled olizonucleotide sequences that hybridise to one another in free solutionto form g

flunrescent auenched pair, that upon introduction of 2 complementary ssguence 1o one or both

senusnces penerates a measurable signal when the complementary seguence is hybridised to one of

the two singla-labelled plisonucleotide sequences, whersin at least one of the elizonuclectide

senuences contains at least one phosphorothicate group and wherein:

at least one of the internal bases of the at least one olisonuclentide seguence contains 3
shosphorothioate group, and;

wherein the modified bases are separsted by at least one unmodified base, and/or

wherein alternate bases are phosshorothicates, and/or

wherein at lgast three of the bases are phosphorothioates, and/or

wherein the 5 terminus does not contain a phosphorothicate sroun.

In ane aspect, there is provided a method or kit as defined herein. {or use in allele specific POR based

SNP Genotvping,

In ome aspect, thers is provided a method or kif as defined herein, or monitoring the production of an

i

amplicon via the 5' nuclease assay, wherein the 5" nuclease assay is being emploved to perform allelic

discrimination reactions.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a simple reaction schema for direct detection of a DNA sequence embodying the method
of the present invention.

Figure 2 is a simple reaction schema for indirect (real-time) detection of a DNA sequence embodying
the method of the present invention,

Figure 3 is a simple reaction schema for indirect (end-point) detection of a DNA sequence in SNP
Genotyping embodying the method of the present invention.

Figure 4 shows data generated using the assay described in Example 1 below.
Figure 5 shows a comparison of data generated in assay systems using oligonucleotide sequences

containing phosphorothioate groups and non-phosphorothioate containing oligonucleotides as
described in Example 2 below.,
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CLAIMS

1. A method for the detection of a primer extension product produced in the
presence of a polymerase lacking 3'--5' exonuclease activity, the method
comprising the steps of:

a) providing at least two single-labelled oligonucleotide sequences that
hybridise to one anocther in free solution to form a fluorescent quenched pair, that
upon introduction of a complementary sequence to one or both sequences
generates a measurable signal when the complementary sequence is hybridised to
one of the at least two single-labelled oligonucleotide sequences, wherein at least
one of the oligonucleotide seguences contains at least one phosphorothioate group;

b) providing at least one primer and initiating the primer extension
reaction from the at least one primer thereby generating a compiementary sequence
to at least one of the single-fabelled oligonuclectide sequences; and

c) measuring the detectable signal that is generated when the
complementary sequence is hybridised fo one of the at least two single-labelled
oligonucleotide sequences.

2. A kit for the detection of a primer exiension product produced in the
presence of a polymerase iacking 3'-»5 exonuclease activity, that comprises at
least two single-labelled oligonucieotide sequences that hybridise to one another in
free solution to form a fluorescent quenched pair, that upon introduction of a
complementary sequence to one or both sequences generates a measurable signal
when the complementary sequence is hybridised to one of the two single-iabelied
oligonucleotide sequences, wherein at least one of the oligonucleotide sequences
contains at least one phosphorothicate group and wherein:

at least one of the internal bases of the at least one oligonucleotide sequence
contains a phosphorothioate group, and;

wherein the modified bases are separated by at least one unmodified base,
and/or

wherein alternate bases are phosphorothioates, and/or

wherein at least three of the bases are phosphorothioates, and/or

wherein the 5' terminus does not contain a phosphorothioate group.

3. The method or kit according to claim 1 or 2, wherein the first and second
oligonuclectide sequences are of different Tm (melting temperature), optionally

a) wherein one of the first and second oligonucleotide sequences has a Tm that is at
or below the Ta (annealing temperature)} of the primer extension reaction, or

b) wherein one of the first and second oligonucleoctide sequences has a Tm that is
above the Ta of the primer extension reaction.
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4. A method for the detection of a primer extension product produced in the
presence of a polymerase lacking 3'—-5 exonuclease activity using PCR, the
method comprising the steps of:

a) providing a first single-labelled oligonucleotide sequence and at least
a second single-labelled ofigonucleotide sequence, the first and second
oligonucleotide sequences being of differing Tm, in which the first and second
oligonucieotide sequences hybridise to one another in free solution to form a
fluorescent quenched pair and at least one primer, one of the first and second
oligonucieotide sequences being of a Tm that is at or below the Ta of the PCR
process, wherein at least one of the oligonucleotide sequences contains at least one
phosphorothicate group, the at least one primer comprising at least one unlabelled
tailed primer, the unlabelled tailed primer having a tail region, the tail region
comprising an oligonucleotide sequence complementary to an oligonucleotide
sequence of the second single-labelled oligonucleotide sequence, the first single-
labelled oligonucleotide sequence being a primer from which DNA synthesis is
initiated once a complementary sequence to the first single-labelled oligonucleotide
sequence has been generated during the PCR process, such that the second
single-labelled oligonucleotide sequence is no longer able to hybridise to the first
single-labelled oligonucleotide sequence, whereby a measurable signal is
generated;

b) initiating the primer extension reaction from the at least one primer
thereby generating a complementary sequence to the first single-labelled
oligonucieotide sequence; and

c) measuring the detectable signal that is generated when the
complementary sequence is hybridised fo the first single-labelled oligonucleotide
sequence.

5. A method or kit according to any one of claims 1 to 4, wherein one of the
single-labelled oligonucleotides is more than 10 bases shorter than the other.

6. A method according to any one of claims 1 and 3 wherein the PCR process
is monitored in real time at each cycle or after a number of cycles where the reaction
has otherwise not yet generated enough product to create a measurable signal by
lowering the temperature of the reaction to allow hybridisation to occur.

7. A method according to any one of claims 4 to 6, wherein said other of the
single-labelled oligonucleotides has a Tm that is above the Ta.

8. A method or kit according to any one of claims 1 to 7, wherein said one of

the single-labelled oligonucleotides has the quencher label of the fluorescent
quenched pair.
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9. A method according to any one of the preceding claims wherein at least one
of the internal bases of the phosphorothicate group containing oligonucleotide(s) is
a phosphorothioate, and/or wherein 20-80% of the bases of phosphorothioate group
containing oligonucleotide(s) are phosphorothioates, and/or

wherein the modified bases are separated by at least one unmodified base,

and/or '

wherein alternate bases are phosphorothioates, and/or

wherein at least three of the bases are phosphorothioates, and/or

wherein the 5’ terminus does not contain a phosphorothioate group.

10. A method or kit according to any one of the preceding claims, for use in
allele specific PCR based SNP Genotyping.

11. A method or kit according to any one of the preceding claims, for monitoring
the production of an amplicon via the &' nuclease assay, wherein the 5’ nuclease
assay is being employed to perform allelic discrimination reactions.

12. A method according to any one of claims 1, 3 to 11, wherein the primer
extension product is monitored via the use of hybridisation only, optionally wherein
the primer extension product is monitored via the use of hybridisation only post
PCR.

13. A method or kit according to any one of claims 1 to 12, wherein the
fluorescent quench oligo pairs range from 6 bp to 100 bp, optionally range from 6 bp
to 100 bp but are not matched in length.

14. A method or a kit according to any one of the preceding claims wherein at
least one of the bases of a fluorophore-labelled oligonucleotide contains at least one

phosphorothioate group.

15. A method or kit according to any one of the preceding claims, wherein the
fluorescent quench oligo pairs are:

a) labelled one of the pair with a fluorophore and the other with a non fluorescent
quenching molecule; andfor

b) modified o be resistant to nuclease degradation; and/or

are labelled with molecules that are distance sensitive.
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CLAIMS

B L. A method for the detection of a primer extension produet produced in the presence of
pofymernse locking 3'—5' exonuclonse activity, the methed comprising the steps off
z) providing at Jeast two singledabelled oligenucleotide vequenoey” thul
hybridisa to one another in free solution to Jorm & fluorcscent quencied pair, tbé‘é Lty
Introdustion of s complementary sequence £ one or both sequsnces generates a peasurable
10 signnl when the complementary sequence is hybeldised ta one of the ot least two single-
lubelled oligonslentide sequences, whereln at loast one of the oligonuclestide sequences
vontning ot least one phosphorothioste group;
Ty b) providing ut fendt ans primer and Initiating the primt:rc? nsion repction fom
oo the ot isnst one primer thioreby generating & complamentary sequencd w o least one of the
15 single-libelled oligonncleatide pequences; sod
1] mensuring the detectable signal that is generaied when the complemeantary
sequence is hybrlidised w one of the st ieast two singledabelled oligonuciootide sequences.

2 A kit for the detectlon of a ptimer extsnslon protuct i:mducz:d in the prasence of &
20 polymerase facking 3'—5' exonuclease netivity, thint comprises at fest two single-fabelled
oligoauchwetide sequences that hybridiss to one nnotfier I free solwion ta form o fluorescont
guenched pait, that upon Infroduction of & compleimentary sequencs to ona of both sequences
generates n measumble signal when the mm%em&y seguence |5 hybridised to ane of the
twao singlednbelled oliganucisotide sequenoés, wherein at fexst one of the oligonucieotide
25 sequences contafns ot lenst one phosphorpiiionte group.

i ‘The method or kit accordifig to claim 1 or 2, whersin the first and sceond
oligonucicotlde sequenses nre of differant Tra (melling femperature).

I 4 The method or kit decording to claim 3, wherein ons of the first and second

oligonuctentide sequences Hos a Tm that is at or below the T (annesling temperaturs) of the
primer extansion react

{cf kit according to efaim 3 or 4, wherein one of the first and second

5 The meﬂ?

35 oligonucleotide géquences lms a Tre that is cbove the Ta of the primer extension reacrlon,
. A niethod for the detection of n printer extension prodict prodused in the preseace of
a polyinefase facking 3'+5 exonticlonss activity using PCR, the method comprising the steps
ofi

40 a0y  providingu first single-labelfed oligonusicotide segnance and ot least o second

nle-labelled oligonucfeotide sequence, the first and ssoond nligonucleatids sequenaes being
of differing Tm, It which the first ond sevond oligonucteotide sequences hybridise to one
anather in free splutlon to form s fluorescent quenched palr and at least one primen, onv of
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the first and gecond oligonucieotide sequences belng of o Trm that is at or below the T of the

PCR process, whetein st lesst one of the ofigonncleotide sequences contalng at ledst one
phosphorothioats group, the ot feast one primer comprising at least one unlabetled twiled
primer, the ublabetled talied primer having 8 tail reglon, the tail region comprising en

§  pligonueleotide sequence complementary to an oligonuclentide sequence of the second slagie
labeited oligunuciestide sequence, the first single-labelled ofiponucieotide sequence bging o
primer {rom which DNA synthesls s inltlated once & complementary sequence to /ﬁ!ﬁ: first
ginple-labelled aligonucleotide sequence has been generated during the PCR process; such that

the second single-labelled oligonucleatide soquance s no longer able to hybrldise to the first

10 aingle-labelled oligonucieotids sequence, whereby o measurahle signel is gedetated!

3] Initiating the primer extension reaction from the at leas:/ofc primer thereby

- generpting n complemetitary sequetice to the Tiest slngle-inbelled oli{g/u uclentide sequence;
atid

] measuring the detestable signal that is general?!féhcn'thc complementary
15 sequence is hybridized to the first single-labelied oligonucleotidé sequence,

7 A mathod or kit ascording to any one of claimg/! to 6, wherein ane of the single~
labelled oligonucleatides Is more than 10 basss shortesthan the offter.

tmonftored n renf time at spch yele or afier’s numbet of cycles where the reaction has

othefwvise not yet penarated enough produe( to crente & mensurable signat by lowering the
temperature of the reaction to allow hybyi

20 8 A method according %o eny one of ;ytﬁ; I, 3 to 5, whereln the PCR process [s

isatinm 0 ooour,

25 9. A miethod accerding 1o any one of claims 6 to 8, whereid said other of the single-
Tabelled oifgonucieatides has o T thet Is shove the Ta.

10. A method or kit sozording to any one of algins | o9, wherein eeid one of the alngle.
{abzHed oligenuetectides’hos the quencher label of the fluoreseent quenched pair,

30
1. A methoddr kit sncording to any one of the preceding elulms wherchn at least ong of
the internnl bufes of the phosphorothioate group containing ollgenucheotide(s) is a
phospharothjdste.

as i method or kit according 1o any ane of fhe preceding elvims whersin 20.80% ofthe

basgr of phospharathioste group cortuining olizonutlsatde(s) dre phasphorothlontes.

13, A method orkitacesrding to any oae of the preseding claims, for use In allele spesific
PCR based SNP Gonotyping.

14, A muthod or kit aceording to any one of the praceding claims, for monitoring ths
production of an amplicon via the 5° nuclease assay.

1]
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{5, A method gocording to claim 14, wherein the 5 inelense aseay is belng employad to ¢
perform ablelin diseriminetion renctions, /’

16, A method according to any one of claims 4, 3 to 15, wherein the primer exiension /
5  product is manitored via the use of hybridization anly. /

_f"
ry
'
’/‘

17, Amethed sceording to any one of the preceding claims, whersin the primer nxtﬁnslon

product is monitored via the use of hybridisation only post PCR. Ve
1 18, A method or kit necording 1 any one of claims 1, 10 17, whereln t}{& finorescent
quench otipo palts range from 6 by to 100 bp, : /
/
. 19. A mathod of kit according to claim 18, whereln the ﬁuuwsmat guench oligo palrs
range from 6 bp to 160 hp hut are not matched in leagth, /f‘
15

f
20. A method or » kit according to any ons of the prccadmg claims whoreln at loast one
of the bases of » flucrophare-labelizd oliponuclentide cnntﬁms ut feast one phosphorathicste
group. f
7
20 21, Amethod orkit aceording to any ane of the gireceding claims, wherein the fluarescent
quench olizo pairs are labellad one of the paiy wfh a Nuorophore and the ather with 2 non
fluorescent quenching moleculs, f’/
H/!’!‘
22, A method or kit pecording to an)‘rlénn of the preceding cloims, wherels the fluorescent
25 nuench olige pairs ore madified fo baf;‘é"slstant 10 huclense degrodation.
. },-'/:
23, Amethod or kit necording to any one of the preceding clnlms, whorein the fluorescent
quensh oligo pairs are labelled With molecules tha are dietance sensitlve,
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