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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 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 at least two single-labelled oligonucleotide sequences, wherein at least
one of the oligonucleotide sequences 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 complementary sequence
to at least one of the single-labelled oligonucleotide sequences; and

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

2. A kit for the detection of a primer extension product produced in the
presence of a polymerase lacking 3'-5' exonuclease activity, that comprises at
least two single-labelied oligonucleotide 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-labelled
oligonucleotide sequences, wherein at least one of the oligonucleotide sequences
contains at least one phosphorothioate 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
oligonucleotide sequences are of different Tm (melting temperature)

4. The method or kit according to claim 3, 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.
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5. The method or kit according to claim 3 or 4,wherein one of the first and second
oligonucleotide sequences has a Tm that is above the Ta of the primer extension
reaction.

6. 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 oligonucleotide sequence, the first and second
oligonucleotide sequences being of differing Tm, in which the first and second
oligonucleotide 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
oligonucleotide 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
phosphorothioate 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
oligonucleotide sequence; and

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

7. A method or kit according to any one of claims 1 to 6, wherein one of the
single-labelled oligonucleotides is more than 10 bases shorter than the other.

8. A method according to any one of claims 1 and 3 to 5 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.

9. A method according to any one of claims 6 to 8, wherein said other of the
single-labelled oligonucleotides has a Tm that is above the Ta.

10. A method or kit according to any one of claims 1 to 9, wherein said one of

the single-labelled oligonucleotides has the quencher label of the fluorescent
guenched pair.
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11. A method according to any one of the preceding claims wherein at least one
of the internal bases of the phosphorothioate 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.

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

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

14. A method according to any one of claims 1, 3 to 13, 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.

15. A method or kit according to any one of claims 1 to 14, 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.

16. 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.

17. A method or kit according fo 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; and/or

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

are labelled with molecules that are distance sensitive.
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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 sequendes 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 ig’ hybridised to
one of the at least two single-labelled oligonucleotide sequences,/v’;ierein at least
one of the oligonucleotide sequences contains at least one phosphorothioate group;

b) providing at least one primer and initiating thé primer extension
reaction from the at least one primer thereby generating a c‘?ﬁglementary sequence
to at least one of the single-labelled oligonucleotide sequenges; and

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

2. A kit for the detection of a primer extension product produced in the
presence of a polymerase lacking 3'-5' exonuclease activity, that comprises at
least two single-labelled oligonucleotide sequences that hybridise to one another in
free solution to form a fluorescent quepged 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-labelled
oligonucleotide sequences, wherein/at least one of the oligonucleotide sequences
contains at least one phosphorothigate group and wherein:

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

wherein the modif/ig’c{ bases are separated by at least one unmodified base,
and/or
wherein alternjké/ bases are phosphorothioates, and/or

wherein at legét three of the bases are phosphorothioates, and/or
wherein the’5’ terminus does not contain a phosphorothioate group.

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

) wherein one of the first and second oligonucleotide sequences has a Tm that is

/above the Ta of the primer extension reaction.




——4——A-method-for-the-detection—ofa—primer-extension-product-produced-in-the—
presence of a polymerase lacking 3'—5' exonuclease activity using PCR, th
method comprising the steps of:

5 a) providing a first single-labelled oligonucleotide sequence and at |éast
a second single-labelled oligonucleotide sequence, the first and 7 cond
oligonucleotide sequences being of differing Tm, in which the first and/second
oligonucleotide 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

10  oligonucleotide sequences being of a Tm that is at or below the Ta of the PCR
process, wherein at least one of the oligonucleotide sequences contdins at least one
phosphorothioate group, the at least one primer comprising at Iea/ét one unlabelled
tailed primer, the unlabelled tailed primer having a tai;;?yién, the tail region

comprising an oligonucleotide sequence compiementary to an oligonucleotide

15  sequence of the second single-labelled oligonucleotide sequence, the first single-
labelled oligonucleotide sequence being a primer fromywhich DNA synthesis is
initiated once a complementary sequence to the first ?Z;Ie-labelled oligonucleotide
sequence has been generated during the PCR process, such that the second
single-labelled oligonucleotide sequence is no Ic?ﬁer able to hybridise to the first

20 single-labelled oligonucleotide sequence, whgreby a measurable signal is
generated;

b) initiating the primer extension reaction from the at least one primer

thereby generating a complementary gequence to the first single-labelled
oligonucleotide sequence; and

25 c) measuring the detectable signal that is generated when the
complementary sequence is hybridiged to the first single-labelled oligonucleotide
sequence.

5. A method or kit accordihg to any one of claims 1 to 4, wherein one of the
30  single-labelled oligonucleoti% 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 timg at each cycle or after a number of cycles where the reaction
has otherwise not 3?( generated enough product to create a measurable signal by
35 lowering the temp7 ature of the reaction to allow hybridisation to occur.

7. A met
single-labelled oligonucleotides has a Tm that is above the Ta.

40 8. 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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——0——A-method-according-to-any-one-of the preceding claims-wherein-at-least-one-

of the internal bases of the phosphorothioate group containing oligonucleotide(s) is
a phosphorothioate, and/or wherein 20-80% of the bases of phosphorothioate gro
containing oligonucleotide(s) are phosphorothioates, and/or

5 wherein the modified bases are separated by at least one unmodified /base,
and/or y
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 gro 5

10
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 preced'ﬁ/g claims, for monitoring

15 the production of an amplicon via the 5' nuclease assagy, wherein the 5' nuclease

assay is being employed to perform allelic discriminatigﬁ/ reactions.

//

12. A method according to any one of claimg 1, 3 to 11, wherein the primer

extension product is monitored via the use of hybridisation only, optionally wherein

20 the primer extension product is monitored v,iéf the use of hybridisation only post
s

PCR. /
/

/

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

14. A method or a kit accin/d/iﬁg to any one of the preceding claims wherein at
least one of the bases of a fluorophore-labelled oligonuclectide contains at least one
phosphorothioate group. /U

30
15. A method or kjt according to any one of the preceding claims, wherein the
fluorescent quench o»h{go pairs are:

a) labelled one & the pair with a fluorophore and the other with a non fluorescent
35  quenching molecule; and/or

b) modif}eé to be resistant to nuclease degradation; and/or

are labelled with molecules that are distance sensitive.
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The kits according to the invention may also contain a polymerase lacking 3'—5' exonuclease activity
and/or other components suitable for use in primer extension reactions such as magnesium salts, dNTPs
etc.

In the present invention, all or at least one of primers used in the methods may contain phosphorothioate-
modified bases. The number of phosphodiester linkages replaced by phosphorothioates in any given
primer can range from one to all of the phosphodiester bonds being replaced by phosphothioates. The
primer(s) may contain phosphorothioates at the 5° and/or 3’ terminii, however it is preferred that, as an
alternative to or addition to such terminal modifications, at least one of the internal bases of the primer is a
phosphorothioate. For example 10-90%, 20-80%, 30-70% or 40-60% of the bases may be
phosphorothioates. In one embodiment the phosphorothioate-modified bases are separated by at least one,
e.g. one to three, unmodified (phosphorodiester) bases. In a preferred embodiment alternate bases within
the primer(s) are phosphorothioates.

Use of phosphorothioate modification on alternate bases of fluorphore-labelled primers (referred to herein
as semi-S modification) in conjunction with unmodified quenchers represents a preferred embodiment of

the invention as these give particularly enhanced discrimination and signal intensity of the PCR.

Examples of differing phosphorothioate-modifications which may be used in the invention are illustrated

below in primers labelled with fluorophores or quenchers, where *denotes a phosphorothioate:

Unmodified FAM Fluor: 5’-FAM- GCGATTAGCCGTTAGGATGA 3° (SEQ ID NO: 1)

3°S FAM Fluor: 5.FAM- GCGATTAGCCGTTAGGATG*A 3’ (SEQ ID NO: 2)

Semi S FAM Fluor: 5°.FAM- G*CG*AT*TA*GC*CG*TT*AG*GA*TG*A 3’ (SEQ ID NO: 3)
Full S FAM Fluor: 5°.FAM- G*C*G* A*T*T* A*G*C*C*G*T*T*A*G*G*A*T*G*A 3’ (SEQ ID
NO: 4) |

Unmodified HEX Fluor: 5°.HEX- GTCGGTGAACAGGTTAGAGA 3’ (SEQ ID NO: 5)

3’ S HEX Fluor: 5"-HEX- GTCGGTGAACAGGTTAGAG*A 3° (SEQ ID NO: 6)

Semi S HEX Fluor: 5°.HEX- G*TC*GG*TG*AA*CA*GG*TT*AG*AG*A 3’ (SEQ ID NO: 7)
Full S HEX Fluor: 5°-HEX- G*T*C*G*G*T*G* A*A*C*A*G*G*T*T*A*G*A*G*A 3° (SEQ ID
NO: 8)

Standard FAM Quencher: 5" CCTAACGGCTAATCGC -3'Dabsyl (SEQ ID NO: 9)

Semi S FAM Quencher V1.0: 5’ C*CT*AA*CG*GC*TA*AT*CG*C -3'Dabsyl (SEQ ID NO: 10)

Semi S FAM Quencher V2.0: 5 CC*TA*AC*GG*CT*AA*TC*GC -3Dabsyl (SEQ ID NO: 11)

Full S FAM Quencher: 57 C*CHT*A*A*C*G*G*CH*T*A*A*T*C*G*C -3'Dabsyl (SEQ ID NO: 12)

Standard HEX Quencher: 5 AACCTGTTCACCGAC-3’Dabsyl (SEQ ID NO: 13)

Semi S HEX Quencher V1.0: 5° AA*CC*TG*TT*CA*CC*GA*C-3’Dabsyl (SEQ ID NO: 14)

Semi S HEX Quencher V2.0: 5° A*AC*CT*GT*TC*AC*CG*AC-3’Dabsyl (SEQ ID NO: 15)

Full S HEX Quencher: 57 A¥A*CHCHT*GY¥T*T*C*A*C*C*G*A*C-3"Dabsyl (SEQ ID NO: 16)
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Where a range of values is provided, it is understood that each intervening value, to the tenth of the
unit of the lower limit unless the context clearly dictates otherwise, between the upper and lower limit
of that range, and any other stated or intervening value in that stated range, is encompassed within the
invention. The upper and lower limits of these smaller ranges may independently be included in the
smaller ranges, and are also encompassed within the invention, subject to any specifically excluded
limit in the stated range. Where the stated range includes one or both of the limits, ranges excluding
either or both of those included limits are also included in the invention.

All publications mentioned herein are incorporated herein by reference to the fullest extent possible
for the purpose of describing and disclosing those components that are described in the publications
which might be used in connection with the presently described invention.

The invention will now be described by reference to the following examples which are for illustrative
purposes and are not to be construed as a limitation of the scope of the present invention.

EXAMPLE 1

Abbreviations:

FAM: 6-Carboxy Fluorescein

HEX: 2'4'5'7'.1,4-hexachlorofluorescein
Dabcyl : non-fluorescent dark quencher

Seven oligonucleotides were designed and their sequences can be found below, where *denotes use of
S-modification:

1) Semi S FAM fluorescently-labelled oligonucleotide:
5’-FAM-G*CG*AT*TA*GC*CG*TT*AG*GA*TG*A3’ (SEQ ID NO: 3)

2) Semi S HEX fluorescently-labelled oligonucleotide: 5’-HEX-
G*TC*GG*TG*AA*CA*GG*TT*AG*AG*A3’ (SEQ ID NO: 7)

3) Standard FAM Quencher: 5 CCTAACGGCTAATCGC -3'Dabsyl (SEQ ID NO: 9)
4) Standard HEX Quencher: 5’ AACCTGTTCACCGAC-3’Dabsyl (SEQ ID NO: 13)

5) Allele specific primer 1:
5’GCGATTAGCCGTTAGGATGACTGAGTGCAGGTTCAGACGTCC3’ (SEQ ID NO: 17)

6) Allele specific primer 2:
5’GTCGGTGAACAGGTTAGAGACTGAGTGCAGGTTCAGACGTCT3’ (SEQ ID NO: 18)

7) Common reverse primer: 5° CTCCCTTCCACCTCCGTACCAT3’ (SEQ ID NO: 19)

It will be noted that in this example the FAM-labelled quenching primer has a 16mer oligonucleotide
sequence and is more than 2 nucleotides shorter than the FAM-labelled primer/reporter probe and
similarly the HEX-labelled quenching primer has a 15mer oligonucleotide sequence and is more than
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The kits according to the invention may also contain a polymerase lacking 3'—5' exonuclease activity,
and/or other components suitable for use in primer extension reactions such as magnesium salts,
dNTPs etc.

In the present invention, all or at least one of primers used in the methods may contain
phosphorothioate-modified bases. The number of phosphodiester linkages replaced by
phosphorothioates in any given primer can range from one to all of the phosphodiester bends being
replaced by phosphothioates. The primer(s) may contain phosphorothioates at the 5 and/or 3
terminii, however it is preferred that, as an alternative to or addition to such termina}’'modifications, at
least one of the internal bases of the primer is a phosphorothioate. For example 1 ’—[90%, 20-80%, 30-
70% or 40-60% of the bases may be phosphorothioates. In one embodiment the/phosphorothioate-
modified bases are separated by at least one, e.g. one to three, unmodified (phdsphorodiester) bascs.
In a preferred embodiment alternate bases within the primer(s) are phosphoyothioates.

Use of phosphorothioate modification on alternate bases of fluorphore-labelled primers (referred to
herein as semi-S modification) in conjunction with unmodified quencghers represents a preferred

embodiment of the invention as these give particularly enhanced di
the PCR.

crimination and signal intensity of

Examples of differing phosphorothioate-modifications whiclf may be used in the invention are
illustrated below in primers labelled with fluorophores or guenchers, where *denotes a
phosphorothioate:

Unmodified FAM Fluor: 5’-FAM- GCGATTAGCCGTTAGGATGA 3’

3’S FAM Fluor: 5’-FAM- GCGATYAGCCGTTAGGATG*A 3’
Semi S FAM Fluor: 5’-FAM- G*CGYAT*TA*GC*CG*TT*AG*GA*TG*A 3’
Full S FAM Fluor: 5-FAM- G*CFG*A*T*T*A*G*C*C*G*T*T*AG*G*A*T*G*A 3’

Unmodified HEX Fluor: 5-HEX- GTCGGTGAACAGGTTAGAGA 3’

3’ S HEX Fluor: 5-HEX/ GTCGGTGAACAGGTTAGAG*A 3°

Semi S HEX Fluor: 5°-HEX- G*TC*GG*TG*AA*CA*GG*TT*AG*AG*A 3’

Full S HEX Fluor: X- G*T*C*G*G*T*G*A*A*C*A*G*G¥T*T*A*G¥*A*G*A 3’

Standard FAM Quencher: 5> CCTAACGGCTAATCGC -3'Dabsyl

Semi S FAM Quencher V1 ,0: 5° C¥*CT*AA*CG*GC*TA*AT*CG*C -3'Dabsyl

Semi S FAM Quencher V2.0: 5° CC*TA*AC*GG*CT*AA*TC*GC -3'Dabsyl

Full S FAM Quencher: 5° C*CH*T*A*A*CH*G*G*CH*T*A*A*T*C*G*C -3'Dabsyl

Standard HEX Quencher: 5> AACCTGTTCACCGAC-3’Dabsyl

Semi S HEX Qugncher V1.0: 5° AA*CC*TG*TT*CA*CC*GA*C-3"Dabsyl

Semi S HEX Quencher V2.0: 5> A*AC*CT*GT*TC*AC*CG*AC-3"Dabsyl

Full S HEX Quencher: 5" A¥AXCHCH¥T*GHFT*T*C*A*C*C*G*A*C-3’Dabsyl
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Where a range of values is provided, it is understood that each intervening value, to the tenth of the,
unit of the lower limit unless the context clearly dictates otherwise, between the upper and Iowerjllﬂnit
of that range, and any other stated or intervening value in that stated range, is encompassed within the
invention. The upper and lower limits of these smaller ranges may independently be include}:l’ in the
smaller ranges, and are also encompassed within the invention, subject to any specifically e¢xcluded
limit in the stated range. Where the stated range includes one or both of the limits, rangg;s/ excluding
cither or both of those included limits are also included in the invention. //

All publications mentioned herein are incorporated herein by reference to the fullgs’t extent possible
for the purpose of describing and disclosing those components that are »describegtf in the publications
which might be used in connection with the presently described invention. /

s
7/
/
IJ . . 0
The invention will now be described by reference to the following examples which are for illustrative
purposes and are not to be construed as a limitation of the scope of the p/resent invention.

4

/

e

EXAMPLE 1 /

Abbreviations:

FAM: 6-Carboxy Fluorescein

HEX: 2'.4',5',7',1,4-hexachlorofluorescein
Dabcyl : non-fluorescent dark quencher

Seven oligonucleotides were designed and their sequences can be found below, where *denotes use of
S-modification:

1) Semi S FAM fluorescently-labelled oligonucleotide:
5°-FAM-G*CG*AT*TA*GC*CG*TT*AGYGA*TG*A3’

2) Semi S HEX fluorescently-labelled oligonucleotide: 5°-HEX-
G*TC*GG*TG*AA*CA*GG*TT*AG*AG*AY’

3) Standard FAM Quencher: 5> CCTAACGGCTAATCGC -3'Dabsyl

4) Standard HEX Quencher: 5’ AACCTGTTCACCGAC-3’Dabsyl

5) Allele specific primer 1:
5’GCGATTAGCCGTTAGGATGACTGAGTGCAGGTTCAGACGTCC3?

6) Allele specific primgr 2:
5’GTCGGTGAACAGGTTAGAGACTGAGTGCAGGTTCAGACGTCT3’

7) Common reveyse primer: 5° CTCCCTTCCACCTCCGTACCATS’

It will be notéd that in this example the FAM-labelled quenching primer has a 16mer oligonucleotide
sequence and is more than 2 nucleotides shorter than the FAM-labelled primer/reporter probe and
similarly/the HEX-labelled quenching primer has a 15mer oligonucleotide sequence and is more than

1.
LI



<110>
<120>
<130>

<140>
<141>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

1583611 1

SEQUENCE LISTING

KBIOSCIENCES UK LIMITED

Polymerase chain reaction detection system

WOP6799

PCT/GB2012/050645
2012-03-22

19

PatentIn version 3.5
1

20 -

DNA

Artificial Sequence

Labelled primer
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<210>
<211>
<212>
<213>

<220>
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<220>
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<223>

<400>
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-DNA

Artificial Sequence

LabelTled primer

modified_base
(19)..020
phosphorothioate linkage

2

gcgattagcc gttaggatga

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
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Labelled primer
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
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<222>
<223>

<220>
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<220>
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modified_base
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modified_base
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phosphorothioate linkage

modified_base
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phosphorothioate Tlinkage

modified_base
(13)..(14)
phosphorothioate 1linkage

modified_base
(15)..(16)
phosphorothiocate linkage

modified_base
(17)..(18)
phosphorothioate linkage

modified_base
(19)..020)
phosphorothioate Tinkage

3

gcgattagce gttaggatga

<210>
<211>
<212>
<213>

<220>
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<220>
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<220>
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Artificial Sequence

Labelled primer

modified_base
..

phosphorothiocate Tinkage

modified_base

(2)..03)

phosphorothioate Tinkage

modified_base
(3)..(4) ,
phosphorothioate Tinkage

modified_base
®..(5 . .
phosphorothioate linkage

1583611_1

Page 2

20



<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

modified_base
(5)..(6) _
phosphorothioate

modified_base
6)..(7)
phosphorothioate

modified_base
(7..08) .
phosphorothioate

modified_base

8)..(9

phosphorothioate

modified_base
(®»..(100
phosphorothioate

modified_base
(10)..(1D
phosphorothioate

modified_base
an..a2
phosphorothioate

modified_base
(12)..(13)
phosphorothioate

modified_base
(13)..(14%8
phosphorothioate

modified_base
(14)..(15
phosphorothioate

modified_base
(15)..(16)
phosphorothioate

modified_base
1e)..7)
phosphorothioate

modified_base
(17)..(18)
phosphorothioate

modified_base

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

1583611_1
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<222>
<223>

<220>
<221>
<222>
<223>

<400>

(18)..(1% )
phosphorothioate Tinkage

modi fied_base
(19)..(20) )
phosphorothioate Tinkage

4

gcgattagcc gttaggatga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

20

DNA

Artificial Sequence

Labelled primer

5

gtcggtgaac aggttagaga

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

6

20

DNA

Artificial Sequence

Labelied primer

modified_base
(19)..020) )
phosphorothioate Tinkage

6

gtcggtgaac aggttagaga

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

7

20

DNA

Artificial Sequence

Labelled primer

modified_base
.. . ]
phosphorothioate linkage

modified_base
3. ] )
phosphorothioate Tinkage

modified_base
(5)..(6) ] .
phosphorothioate linkage

modified_base

1583611_1
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20

20

20



<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

(7)..8 ,
phosphorothioate linkage

modified_base
(..o _
phosphorothioate linkage

modified_base
(1D..(12)
phosphorothiocate Tlinkage

modified_base
(13)..(4
phosphorothioate 1inkage

modified_base
(15)..(16) i
phosphorothioate Tinkage

modified_base
17)..(18) _
phosphorothioate Tinkage

modified_base
(19)..020)
phosphorothioate Tlinkage

7

gtcggtgaac aggttagaga

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

8

20

DNA

Artificial Sequence

Labelled primer

modified_base
.. ) _
phosphorothioate linkage

modified_base

2)..(®» ) )
phosphorothioate Tinkage

modified_base
3.4 .
phosphorothioate 1inkage

modified_base
.. | _
phosphorothioate linkage

modified_base

15836111
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20



<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

(5)..(6) ] _
phosphorothioate 1inkage

modified_base
6)..(7) _ i
phosphorothiocate linkage

modified_base

(7)..(8 . .
phosphorothioate 1linkage

modified_base

@®)..(9

phosphorothioate 1inkage

modified_base
(9)..(10) )
phosphorothioate 1linkage

modified_base
(10)..(11D
phosphorothioate linkage

modified_base
a1n..a2
phosphorothioate Tinkage

modified_base
(12)..(13) .
phosphorothioate linkage

modi fied_base
(13..(149
phosphorothiocate linkage

modified_base
(14)..(15
phosphorothioate 1linkage

modified_base
(15)..(16)
phosphorothioate 1inkage

modified_base
ae)..@an
phosphorothioate linkage

modi fied_base
(17)..(18)
phosphorothioate linkage

modified_base
(18)..(19
phosphorothioate Tinkage

1583611_1
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<220>
<221>
<222>
<223>

<400>

modified_base
(19)..(20)
phosphorothioate 1inkage

8

gtcggtgaac aggttagaga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

9

16

DNA

Artificial Sequence

Labelled primer

9

cctaacggct aatcgc

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

10

16

DNA

Artificial Sequence

Labelled primer

modified_base
0..(2 _
phosphorothioate Tinkage

modified_base
3)..4d ) i
phosphorothioate 1inkage

modified_base
(5)..(6 ) _
phosphorothioate linkage

modified_base
(7)..(8) _
phosphorothioate linkage

modified_base
(9)..(0) i
phosphorothioate linkage

modified_base
1n..a12
phosphorothioate Tinkage

modified_base
(13)..(14
phosphorothioate linkage

15836111
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<220>
<221>
<222>
<223>

<400>

mod1ified_base
(15)..(16) )
phosphorothioate Tinkage

10

cctaacggct aatcgc

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

11

16

DNA

Artificial Sequence

Labelled primer

modified_base

2)..(3 . .
phosphorothioate Tinkage

modified_base

(4)..(5)

phosphorothioate linkage

modified_base

6)..(7M _ ]
phosphorothioate linkage

modified_base

(8)..(9 ,
phosphorothioate linkage

modified_base
(10)..(11 .
phosphorothioate linkage

modified_base
(12)..(13
phosphorothioate 1linkage

modified_base
(14)..(15) )
phosphorothioate linkage

11

cctaacggcet aatcgce

<210>
<211>
<212>
<213>

<220>
<223>

12

16

DNA :
Artificial Sequence

Labelled primer

15836111
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
'<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

modified_base
.. _ _
phosphorothioate Tinkage

modified_base
..

phosphorothioate linkage

modified_base
(3)..(4 _
phosphorothioate Tinkage

modified_base
4)..05) | )
phosphorothioate linkage

modified_base
(5)..(6) i ]
phosphorothioate linkage

modified_base
©6)..(7> | )
phosphorothioate Tinkage

modified_base
(7)..08 . )
phosphorothioate Tinkage

modified_base
®)..» ] _
phosphorothiocate linkage

modified_base
(9..ao0 )
phosphorothioate Tlinkage

modified_base
(10)..(1D
phosphorothioate Tinkage

modified_base
an..a2
phosphorothioate linkage

mod1i fied_base
(12)..(13)

phosphorothioate Tinkage

modified_base
(13..(148
phosphorothioate linkage

modified_base
(14)..(15)

1583611_1
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<223>

<220>
<221>
<222>
<223>

<400>

phosphorothioate linkage

modified_base
(15)..(16)
phosphorothioate linkage

12

cctaacggct aatcgc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13

15

DNA

Artificial Sequence

Labelled primer

13

aacctgttca ccgac

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

14

15

DNA

Artificial Sequence

Labelled primer

modified_base
2)..(3) ) ]
phosphorothioate Tinkage

modified_base

(4)..(5)

phosphorothioate linkage

modified_base
6)..(7D ,
phosphorothioate Tinkage

modified_base
@..(9 ] i
phosphorothioate Tinkage

modified_base
(10)..1n
phosphorothiocate Tinkage

modified_base
(12)..(13)
phosphorothioate linkage

modified_base
(14)..(15)
phosphorothioate Tinkage

14

15836111
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aacctgttca ccgac

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

15

15

DNA

Artificial Sequence

Labelled primer

modified_base
.. _ )
phosphorothioate linkage

modified_base
3.4 )
phosphorothioate linkage

modified_base
(5)..(6) i )
phosphorothioate linkage

mod1ified_base
(7)..(8 . ]
phosphorothioate linkage

modified_base

(9)..0)

phosphorothioate Tinkage

modified_base
(1D ..(12) i
phosphorothioate linkage

modified_base
(13)..(14) _
phosphorothioate Tinkage

15

aacctgttca ccgac

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

16

15

DNA

Artificial Sequence

LabelTled primer

modified_base
.. .
phosphorothioate Tinkage

modified_base

(2)..(3

1583611_1
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

phosphorothioate

modified_base
(3)..(&
phosphorothioate

modified_base
@..(5 )
phosphorothioate

modified_base
(5)..(6 _
phosphorothioate

modified_base
®)..(7N) )
phosphorothioate

modified_base
(H..(8 )
phosphorothioate

modified_base
®)..» )
phosphorothioate

modified_base
(9)..(10)
phosphorothioate

modified_base
(10)..(11
phosphorothioate

modified_base
(11D ..(12
phosphorothioate

modified_base
(12)..(13)
phosphorothioate

modified_base
(13)..04
phosphorothioate

modified_base

(14)..(15)
phosphorothioate
16

aacctgttca ccgac

<210>
<211>

17
42

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

Tinkage

15836111
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1583611_1
<212> DNA
<213> Artificial Sequence

<220>
<223> primer

<400> 17
gcgattagcc gttaggatga ctgagtgcag gttcagacgt cc

<210> 18

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 18
gtcggtgaac aggttagaga ctgagtgcag gttcagacgt ct

<210> 19

<211> 22

<212> DNA

<213> Artificial sequence

<220>
<223> primer

<400> 19 |
ctcccttcca cctccgtacc at

pPage 13

42

42

22



