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provided is a method for differentiating nucleic acid molecules having a target sequence adjacent a 3’ terminus from nucleic acid
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AMPLIFICATION OF DNA FRAGMENTS

FIELD OF INVENTION

The invention relates to differentiating nucleic acid molecules having a specific sequence
adjacent a 3' terminus from nucleic acid molecules in which the same sequence is embedded
within the molecule or is absent. The invention also relates to differentiating nucleic acid
molecules that differ in the sequence adjacent a 3' terminus. In particular, the invention relates
to a method for selective amplification of cleaved DNA in the presence of uncleaved DNA

sharing the same target sequence.

BACKGROUND OF THE INVENTION

The polymerase chain reaction (PCR) is based on repeated cycles of denaturation of double
stranded DNA, followed by oligonucleotide primer annealing to the DNA template, and
primer extension by a DNA polymerase (eg see Mullis et @/ US Patent Nos. 4,683,195,
4,683,202 and 4,800,159). The oligonucleotide primers used in PCR are designed to anneal to
opposite strands of the DNA, and are positioned so that the DNA polymerase-catalysed
extension product of one primer can serve as a template strand for the other primer. The PCR
amplification method results in the exponential increase of discrete DNA the length of which

is defined by the 5’ ends of the oligonucleotide primers.

In its standard application, primers are chosen that match sequences within the target genome
and flank the region of DNA that is to be amplified. Additionally a number of variations of
PCR have been described in which linkers are ligated onto the ends of DNA fragments and
sequences in the linkers are then used for priming DNA amplification. Ligation-mediated PCR
was first applied to DNA footprinting and sequencing reactions where the DNA ends were
generated by DNasel digestion or chemical cleavage (Mueller and Wold, 1989 and Pfeifer et
al. 1989) and extended to ends formed by restriction digestion (Steigerwald et al. 1990).
Specificity is achieved by combining primers to a specific target region with primers targeted
to the added linker. Variations of the technique have found a range of uses in genome

sequencing and DNA methylation analysis, chromosome walking, identifying sites of
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chromosome integration or recombination, studying mutation breakpoints and mRNA termini.
Ligation-mediated PCR can also be used for whole genome amplification, where the entire

population of molecules with ligated ends is amplified (Schumaker et al., 2006).

Despite the wide-ranging usefulness of ligation-mediated PCR, there is an ongoing need for
improved PCR-based methodologies that allow for selective amplification of DNAs having 3'

ends and that provide advantages of simplicity, specificity and expediency.

SUMMARY OF THE INVENTION

The present invention provides methods for differentiating a nucleic acid molecule having a
specific sequence adjacent a 3' terminus from nucleic acid molecules in which the same target
sequence is present but embedded within the molecule, or is absent. The 3' termini may be the
result of, for example, restriction enzyme cleavage or other specific enzymatic or chemical
cleavage, or the termini may be the free ends of PCR-generated amplicons, the free ends of a
naturally occurring DNA such as from a chromosome, virus or phage, or the termini may be
produced by reverse transcription from an RNA template, or produced by any other means that

generates nucleic acids having a 3' terminus.

According to one embodiment of the invention, also referred herein to as ‘end-specific PCR’
or ES-PCR, nucleotide sequences located adjacent to a 3' terminus of a nucleic acid molecule
are utilised in priming amplification reactions that proceed only when these sequences occur
adjacent to a 3' terminus, rather than when these sequences are embedded within nucleic acid

molecules.

To achieve this differentiation, an oligonucleotide (hereinafter "template oligonucleotide") is
utilised having a 3' portion complementary to the target sequence and a 5' portion that forms a
5' tail when the oligonucleotide anneals to nucleic acid. When the template oligonucleotide
anneals to target sequence located adjacent a 3' terminus, copying of the 5' tail in the presence
of a suitable polymerase by extension of the free 3' terminus can take place. When the
template oligonucleotide anneals to target sequence that is embedded within a nucleic acid
molecule, copying of the 5' tail cannot occur, due to the absence of a free 3' terminus. The

presently described oligonucleotide is referred to herein as the template oligonucleotide due to
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its 5' tail serving as a template for 3' extension of the target sequence located adjacent a 3'

terminus.

The copying of the 5' tail when the target sequence occurs adjacent to a 3' terminus results in
the addition of new sequence to the 3' end of the targeted nucleic acid molecule, which can be
utilised in subsequent selective amplification of nucleic acid molecules having the target

sequence adjacent to the 3' terminus.

For example, where a 3' terminus is a product of restriction enzyme cleavage, selective

amplification of cleaved DNA over uncleaved DNA will occur.

In one embodiment, the template oligonucleotide incorporates a modification that delays 3'
extension of the oligonucleotide, whilst copying of its 5' tail by extension of the target
sequence proceeds without hindrance. Accordingly, the nucleic acid sequence of the 3' region
of the template oligonucleotide may be chosen such that hybridization to the target sequence
will be unstable at the conditions used so that in the absence of copying of the 5' tail,
hybridization of the template oligonucleotide to target sequence embedded within a nucleic
acid molecule is inhibited. Copying of the 5' tail enhances annealing of the template
oligonucleotide to the target sequence adjacent to a 3' terminus compared with annealing of
the template oligonucleotide to target sequence embedded within a nucleic acid molecule , in

which no copying of the 5' tail occurs.

Enhanced annealing of the template oligonucleotide in turn increases efficiency with which 3'
extension of the template oligonucleotide occurs, thereby enabling amplification of the target
sequence to proceed, either in combination with another template oligonucleotide priming in
the reverse direction, or with a reverse primer complementary to sequences elsewhere within
the targeted nucleic acid molecule, to allow specific detection or amplification of the desired

molecule, i.e. that having the target sequence adjacent to a 3' terminus.

The newly incorporated sequence at the 3' terminus of a targeted nucleic acid molecule (by
copying of the 5' tail of the oligonucleotide) can also be utilised to amplify the targeted nucleic

acid molecule,

Therefore, in one embodiment of the invention, a sample is incubated with a template

oligonucleotide the 3’ portion of which contains sequences substantially complementary to
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target sequence adjacent the 3’ terminus of the targeted nucleic acid molecule, and the 5'
portion forming a 5' tail. The template oligonucleotide incorporates a modification that delays
extension from its 3' terminus. In the presence of a suitable polymerase, the 5' tail of the
template oligonucleotide is copied by extension of the target sequence from its 3' terminus. As
a result of 3' extension of the target sequence, annealing of the template oligonucleotide is
enhanced compared with its annealing to target sequence embedded within a nucleic acid
molecule, therefore promoting 3' extension of the template oligonucleotide when it is annealed
to target sequence adjacent to a 3' terminus. The template oligonucleotide itself or the newly
incorporated sequence (referred to herein as the "third oligonucleotide™ can then be used
alone or in combination with sequences within the targeted molecule to allow specific

detection or amplification of the desired target sequences, ie those adjacent to a 3' terminus.

Methods of the present invention differ from ligation-mediated PCR in that no ligation step is
necessary and sequence specificity is directly incorporated into the template oligonucleotides

that are targeted to the nucleic acid 3' termini.

Accordingly, one aspect of the present invention provides a method for selective amplification
from a sample of a nucleic acid molecule having a target sequence adjacent a 3’ terminus, in
the presence of molecules comprising the target sequence not adjacent a 3’ terminus but

embedded within the molecule, the method comprising
Q) contacting the sample with a template oligonucleotide having

(a) a 3’ region substantially complementary to the target sequence adjacent

the 3’ terminus of a nucleic acid molecule;

(b) a 5’ tail comprising a nucleic acid sequence such that a free 5° tail is
formed when the template oligonucleotide anneals to the target sequence
located adjacent a 3’ terminus or embedded within a nucleic acid
molecule, the 5' tail providing a template for extension of the 3' terminus
of the target sequence incorporating sequence complementary to the 5' tail
of the template oligonucleotide resulting in the addition of sequence

complementary to the 5' tail to the target sequence; and
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(c) a modification in the 3' region that delays 3' extension of said template

oligonucleotide;

(i)  contacting the sample with a second oligonucleotide for priming in a reverse
direction to the template oligonucleotide, and optionally a third oligonucleotide

sharing nucleotide sequence with the 5' tail of the template oligonucleotide; and

(iii)  carrying out amplification of the sample wherein

(a) annealing of the template oligonucleotide to target sequence adjacent a 3’
terminus is stabilised over annealing of said oligonucleotide to target
sequence not adjacent to a 3’ terminus by copying of the 5°tail of the
template oligonucleotide by extension from the 3’ terminus of the target
sequence in the presence of delayed 3' extension of said oligonucleotide;
and

(b) consequent stabilised annealing of the template oligonucleotide to target
sequence adjacent to a 3’ terminus enhances efficiency of 3' extension of
the template oligonucleotide compared to extension of the template
oligonucleotide annealed to target sequence not adjacent a 3’ terminus, and

(c) amplification occurs using the template oligonucleotide and/or the third
oligonucleotide in combination with the second oligonucleotide, resulting
in selective amplification of target sequence adjacent to a 3’ terminus in the
presence of nucleic acid molecules comprising target sequence embedded

within the molecule .

The nucleic acid molecules may be DNA (including ¢cDNA) or RNA, or may be molecules
comprising a combination of deoxyribonucleotides, ribonucleotides and/or analogues of

natural nucleotides.

In accordance with methods of the present invention, selective amplification of cleaved
nucleic acid molecules in the presence of uncleaved DNA nucleic acid molecules sharing the
same target sequence can be achieved, wherein as the result of cleavage, the target sequence is

adjacent a 3' terminus.
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Accordingly, a further aspect of the present invention provides a method for selective

amplification from a sample, of a nucleic acid molecule having a target sequence adjacent a 3'

terminus the result of cleavage of the molecule, in the presence of uncleaved molecules

comprising the target sequence embedded within the molecule, , the method comprising:

(M)

(ii)

(iii)

contacting the sample with a template oligonucleotide having
(a) a 3' region substantially complementary to the target sequence adjacent the

3' terminus of a nucleic acid molecule;

(b) a 5' tail of comprising a nucleic acid sequence such that a free 5' tail is
formed when the template oligonucleotide anneals to cleaved or uncleaved
nucleic acid molecules, the 5' tail providing a template for extension of the
3' terminus of the target sequence incorporating sequence complementary to
the 5' tail of the template oligonucleotide resulting in the addition of

sequence complementary to the 5' tail to the target sequence; and

(c) a modification in the 3' region that delays 3' extension of the template

oligonucleotide;

contacting the sample with a second oligonucleotide for priming in a reverse
direction to the template oligonucleotide, and optionally a third oligonucleotide

sharing nucleotide sequence with the 5' tail of the template oligonucleotide; and

carrying out amplification of the sample wherein

(a) annealing of the template oligonucleotide to target sequence adjacent a 3'
terminus the result of cleavage of a nucleic acid molecule, is stabilised over
annealing of said oligonucleotide to target sequence not adjacent a 3'
terminus in an uncleaved nucleic acid molecule by copying of the 5° tail of
the template oligonucleotide by extension from the 3’ terminus of the target
sequence in the presence of delayed 3' extension of said oligonucleotide;
and

(b) consequent stabilised annealing of the template oligonucleotide to the

cleaved nucleic acid molecule enhances efficiency of 3' extension of the
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template oligonucleotide compared to extension of said oligonucleotide
annealed to an uncleaved nucleic acid molecule, and

(c) amplification occurs using the template oligonucleotide and/or the third
oligonucleotide in combination with the second oligonucleotide, resulting
in selective amplification of target sequence adjacent to a 3’ terminus over
target sequence embedded within a nucleic acid molecule , resulting in
selective amplification of cleaved nucleic acid molecules over uncleaved

nucleic acid molecules.

In one embodiment, cleaved and uncleaved nucleic acid molecules are DNA molecules.

In addition to the differentiation of nucleic acid molecules having target sequence adjacent a 3'
terminus from nucleic acid molecules having target sequence embedded within the molecule,
the template oligonucleotide permits differentiation between nucleic acid molecules that differ
in sequence adjacent the 3' terminus i.e. differentiation between 3' termini. This is by virtue of
the template oligonucleotide comprising at the 3' region nucleotide sequence specific to a
target sequence, as is usually the case for sequence-specific oligonucleotide primers. Thus,
selection of the target sequence adjacent a 3' terminus from the various 3' termini in a sample
is achieved. Notably, due to the formation of a 5' tail when the template oligonucleotide
anneals to a nucleic acid molecule, mismatches between the template oligonucleotide and the
nucleic acid sequence adjacent a 3' terminus will hinder copying of the 5' tail, as extension of
the 3' terminus of the target DNA sequence will be hindered. This arrangement can be utilised
to design template oligonucleotides that will not only distinguish target sequence adjacent a 3'
terminus from embedded target sequence (via the 5' tail), but that will also distinguish between

3' termini where variations in sequence adjacent the 3' terminus exist.

Accordingly, a further aspect of the present invention provides a method for selective
amplification from a sample, of a nucleic acid molecule having a target sequence adjacent a 3'

terminus, in the presence of a mixed population of 3' termini, the method comprising

) contacting the sample with a template oligonucleotide having
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(i)

(iif)

(a) a 3' region substantially complementary to the target sequence adjacent the 3'

terminus;

(b) a 5' tail comprising a nucleic acid sequence such that a free 5' tail is formed
when the template oligonucleotide anneals to the target sequence adjacent a 3'
terminus, the 5' tail providing a template for extension of the 3’ terminus of the
target sequence incorporating sequence complementary to the 5' tail of the
template oligonucleotide resulting in the addition of sequence complementary

to the 5' tail to the target sequence; and

(¢) amodification in the 3' region that delays 3' extension of said oligonucleotide;

contacting the sample with a second oligonucleotide for priming in a reverse
direction to the template oligonucleotide, and optionally a third oligonucleotide

sharing nucleotide sequence with the 5' tail of the template oligonucleotide; and

carrying out amplification of the sample wherein

(a) specific annealing of the template oligonucleotide to target sequence adjacent a
3' terminus is stabilised over annealing of template oligonucleotide to non-
complementary sequence adjacent a 3' terminus, by copying of the 5' tail of the
template oligonucleotide by extension from the 3' terminus of the target
sequence in the presence of delayed 3' extension of the template

oligonucleotide; and

(b) consequent stabilised annealing of the template oligonucleotide to the target
sequence adjacent a 3' terminus enhances efficiency of 3' extension of the
template oligonucleotide compared to extension of said oligonucleotide

annealed to non-complementary sequence adjacent a 3' terminus, and

(c) amplification occurs using the template oligonucleotide and/or the third
oligonucleotide in combination with the second oligonucleotide, resulting in
selective amplification of target sequence adjacent to a 3’ terminus in the

presence of a mixed population of 3' termini.
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In one embodiment the nucleic acid molecules are DNA molecules.

The template oligonucleotide may include modified bases within its 3' region which when
hybridized at the 3' terminus of a nucleic acid molecule will block 3' extension of that

molecule.

Preferably, the 3’ modification that delays 3’ extension of the template oligonucleotide
includes the incorporation of a 3’ terminal nucleotide mismatch, a deletion or an insertion in
the 3’ region of the template oligonucleotide close to the 3’ terminus, a combination of these,

or any other modification that results in delayed 3' extension of the template oligonucleotide.

Copying of the §' tail by extension of the 3’ terminus of the target sequence leads to selective
amplification of the nucleic acid molecule having target sequence located adjacent to a 3’
terminus. In the absence of copying of the 5' tail, 3' extension of the annealed template
oligonucleotide either does not occur or occurs at an insignificant rate due to the modification
in the 3' region of the template oligonucleotide that delays or hinders 3' extension,
destabilising annealing of the template oligonucleotide. Therefore, copying of the 5' tail will
enhance annealing and thereby increase the efficiency of 3' extension of the template

oligonucleotide.

Selective amplification of target sequence located adjacent a 3' terminus can also be achieved
by blocking 3’ extension of the template oligonucleotide. Where a template oligonucleotide is
blocked from 3’ extension, an additional, third, oligonucleotide that shares sequence with the
5’ tail of the template oligonucleotide is utilised in the amplification reaction so as to allow
thermocyclic amplification to proceed. Thus, 3’ extension of the template oligonucleotide that
is annealed to target sequence embedded within a nucleic acid molecule cannot occur because
extension is blocked but more importantly because no copying of the 5' tail takes place, and,
consequently, amplification of nucleic acid using the third oligonucleotide will not amplify

target sequence located within a nucleic acid molecule.

A variation of the method in which 3’ extension of the template oligonucleotide can occur, but
selective amplification according to the invention is still achieved, involves the use of a
template oligonucleotide modified within the target sequence to prevent copying back through

the oligonucleotide upon amplification. Modifications that prevent copying include the
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insertion within the 3' region of the template oligonucleotide of one or more base analogues or
one or more abasic sites, or any combination of these, that hinder or block copying of the
oligonucleotide by the particular polymerase employed in the assay. As a result, extension
products of the template oligonucleotide cannot be copied in a subsequent PCR cycle. For
example, if Taq DNA polymerase is used in the amplification of DNA, the substitution of
DNA nucleotides with RNA nucleotides such as 2 — O-methyl RNA nucleotides will still
allow hybridisation of the template oligonucleotide with target sequence. However, copying
back through the template oligonucleotide will be blocked or inefficient due to the presence of
the modified nucleotides. The incomplete copies will not participate in further amplification
cycles. In order to allow thermocycling to proceed, a third oligonucleotide that shares
sequence with the 5’ tail of the template oligonucleotide is utilised, and thus only nucleic acid
molecules having target sequence adjacent a 3’terminus, which is extended 3’ complementary

to the 5’ tail, will be amplified.

Accordingly, a further aspect of the present invention provides a method for selective
amplification from a sample of a nucleic acid molecule having a target sequence adjacent a 3’
terminus in the presence of molecules comprising the target sequence not adjacent a 3’

terminus but embedded within the molecule, the method comprising
) contacting the sample with a template oligonucleotide having

(a) a 3° region substantially complementary to the target sequence adjacent the

3’ terminus a nucleic acid molecule ;

(b) a 5’ tail comprising a nucleic acid sequence such that a free 5’ tail is formed
when the template oligonucleotide anneals to target sequence located adjacent a
3’ terminus or embedded within a nucleic acid molecule, the 5 tail providing a
template for extension of the 3' terminus of the target sequence incorporating
sequence complementary to the 5' tail of the template oligonucleotide resulting
in the addition of sequence complementary to the 5' tail to the target sequence;

and

(¢) a modification in the 3' region that blocks 3' extension of said template

oligonucleotide, or, a2 modification in the hybridizing region of the template
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oligonucleotide that permits 3° extension but hinders or blocks copying of said

oligonucleotide in the 3’ region of said oligonucleotide;

(i)  contacting the sample with a second oligonucleotide for priming in a reverse

direction to the template oligonucleotide;

(iii)  contacting the DNA sample with a third oligonucleotide sharing nucleotide

sequence with the 5' tail of the template oligonucleotide and from which 3'

extension proceeds unhindered; and

(iv)  carrying out amplification of the sample, wherein

(a) annealing of the template oligonucleotide to nucleic acid molecules in the

sample is followed by copying of the 5' tail of the template
oligonucleotide when the template oligonucleotide anneals to target
sequence adjacent a 3' terminus but not when the template oligonucleotide
anneals to target sequence embedded within a nucleic acid molecule , in
the presence of blocked 3' extension of the template oligonucleotide, or, in
the presence of unhindered 3’ extension of a template oligonucleotide

from which subsequent copying is hindered or blocked; and

(b) amplification proceeds with the second and third oligonucleotides,

selectively amplifying target sequence located adjacent a 3' terminus by
virtue of the copied 5' tail, amplification of target sequence embedded
within a nucleic acid molecule not proceeding due to the absence of
copying of the §' tail and either blocked 3' extension of the template

oligonucleotide, or blocked copying of the template oligonucleotide.

According to a further aspect, the present invention provides a method for selective
amplification from a sample, of a nucleic acid molecule having a target sequence adjacent a 3'
terminus, the terminus being the result of cleavage of the molecule, in the presence of
uncleaved nucleic acid molecules comprising the target sequence embedded within the

molecule, the method comprising:

(i) contacting the DNA sample with a template oligonucleotide having
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(iv)

12

(a) a 3' region substantially complementary to the target sequence adjacent the
3' terminus of a nucleic acid molecule;

(b) a 5' tail comprising a nucleic acid sequence such that a free 5' tail is formed
when the template oligonucleotide anneals to cleaved or uncleaved nucleic
acid molecules, the 5' tail providing a template for extension of the 3'
terminus of the target sequence incorporating sequence complementary to
the 5' tail of the template oligonucleotide resulting in the addition of
sequence complementary to the 5' tail to the target sequence; and

(c) a 3' modification that blocks 3' extension of said template oligonucleotide;

or, a modification in the hybridizing region of the template oligonucleotide

that permits 3’ extension but hinders or blocks copying of said

oligonucleotide in the 3’ region of said oligonucleotide;

contacting the sample with a second oligonucleotide for priming in a reverse

direction to the template oligonucleotide;

contacting the sample with a third oligonucleotide sharing nucleotide sequence
with the 5' tail of the template oligonucleotide and from which 3' extension

proceeds unhindered; and

carrying out amplification of the sample, wherein

(a) annealing of the template oligonucleotide to target sequence adjacent a 3'
terminus the result of cleavage of a nucleic acid molecule is followed by
copying of the 5' tail of the template oligonucleotide but not when the
template oligonucleotide anneals to target sequence embedded within an
uncleaved nucleic acid molecule, in the presence of blocked 3' extension of
said oligonucleotide, or, in the presence of unhindered 3’ extension of a
template oligonucleotide from which subsequent copying is hindered or
blocked; and

(b) amplification proceeds with the second and third oligonucleotides,
selectively amplifying target sequence adjacent a 3' terminus by virtue of

the copied 5' tail sequence, amplification of target sequence embedded
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within an uncleaved molecule not proceeding due to the absence of copying
of the 5' tail and either blocked 3' extension of the template oligonucleotide,
or blocked copying of the template oligonucleotide, resulting in selective
amplification of cleaved nucleic acid molecules over uncleaved nucleic acid

molecules..

According to a further aspect, the present invention provides a method for selective
amplification from a sample of a nucleic acid molecule having a target sequence adjacent a 3'
terminus, in the presence of a mixed population of molecules having differing 3' termini, the

method comprising
(i) contacting the sample with a template oligonucleotide having

(a) a 3' region substantially complementary to the target sequence adjacent the

3' terminus;

(b) a 5' tail comprising a nucleic acid sequence such that a free 5' tail is formed
when the template oligonucleotide anneals to the target sequence adjacent a
3' terminus, the 5' tail providing a template for extension of the 3' terminus
of the target sequence incorporating sequence complementary to the 5' tail of
the template oligonucleotide resulting in the addition of sequence

complementary to the 5' tail to the target sequence; and

(c) a modification in the 3' region that blocks 3' extension of the template

oligonucleotide, or, a modification in the hybridizing region of the template

oligonucleotide that permits 3’ extension but hinders or blocks copying of said

oligonucleotide in the 3’ region of said oligonucleotide;

(i)  contacting the sample with a second oligonucleotide for priming in a reverse

direction to the template oligonucleotide;

(iif)  contacting the DNA sample with a third oligonucleotide sharing nucleotide
sequence with the 5' tail of the template oligonucleotide and from which 3'

extension proceeds unhindered; and
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(iv)  carrying out amplification of the sample, wherein

(a) specific annealing of the template oligonucleotide to target sequence is
followed by copying of the 5' tail of the template oligonucleotide when the
template oligonucleotide anneals to target sequence adjacent a 3' terminus but
not when the template oligonucleotide anneals to non-complementary
sequence adjacent a 3' terminus, in the presence of blocked 3' extension of the
template oligonucleotide, or, in the presence of unhindered 3' extension of a
template oligonucleotide from which subsequent copying is hindered or
blocked; and

(b) amplification proceeds with the second and third oligonucleotides selectively
amplifying target sequence located adjacent a 3' terminus by virtue of the
copied 5' tail sequence, amplification of non-complementary sequence
adjacent a 3' terminus not proceeding due to the absence of copying of the 5'
tail and either blocked 3' extension of the template oligonucleotide, or blocked
copying of the template oligonucleotide, resulting selective amplification of
target sequence adjacent a 3' terminus in the presence of a mixed population

of 3' termini,

In one embodiment the nucleic acid molecules are DNA molecules.

The template oligonucleotide may include modified bases within its 3' region which when
hybridized at the 3' terminus of a nucleic acid molecule will block 3' extension of that

molecule.

Preferably, the 3’ modification that blocks 3’ extension of the template oligonucleotide
includes the incorporation of one or more non-extendible moieties or nucleotide analogues at
the 3’ terminus, for example, a single 3’ terminal non-extendible base or base analogue, a
combination of a 3’ terminal non-extendible base and nucleotide mismatches in the 3’ region
of the template oligonucleotide close to the 3’ terminus, or the incorporation of abasic sites in
the 3’ region of the template oligonucleotide close to the 3’end. More preferably, the non-
extendible base is selected from a 2°, 3’ dideoxynucleotide, a 3> C3, C18 or other length

spacer, a 3’ phosphorylated nucleotide, a “peptide nucleic acid” base, a "locked nucleic acid"
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(LNA) base, a nucleotide amine derivative, uracil treated with Uracil DNA glycosylase, RNA
or a 2’ O-Methyl RNA residue, or a combination of these.

It will be appreciated by the person skilled in the art that other methods of blocking extension
may be suitable depending on the identity of the polymerase utilised. For example, a
phosphorothioate base in combination with a nucleotide mismatch could be used to block

extension in cases where a proofreading polymerase is desired to be used.

Preferably, the second oligonucleotide is either a further template oligonucleotide i.e. having
features of the template oligonucleotide, or is a non-templating oligonucleotide, for example,
consists of a single region of nucleotide sequence complementary to the extension product of
the template oligonucleotide in the case where 3’ extension of the template oligonucleotide is
only delayed rather than blocked, or, consists of a single region of nucleotide sequence
complementary to the extension product of the third oligonucleotide in the case where 3’

extension of the template oligonucleotide is blocked.

In a preferred embodiment, the 3’ terminus of a DNA molecule amplified by ES-PCR is the
result of cleavage by sequence-specific restriction endonucleases. More preferably, the
restriction endonucleases are sequence-specific methylation sensitive restriction enzymes,
allowing for selective amplification, according to the methods of the invention, of
unmethylated DNA over methylated DNA, or vice versa, depending on the use of restriction
enzymes inhibited by DNA methylation, such as Hpall, Hhal, Bstul, Notl, Smal and Sacll, or
restriction enzymes that selectively cut methylated DNA, such as Glal, and Bisl. In this
manner, the methods of the invention allow for the detection of differences in methylation
state between two DNA samples, providing an approach for the detection of diseased tissue
where a change in methylation is associated with a diseased state. For example, changes in
methylation state involving both demethylation of DNA, and hypermethylation of other
specific DNA sequences are associated with the transformation of cells to the cancerous state.
Accordingly, in a further aspect, the present invention provides a kit for the selective
amplification of cleaved DNA from a DNA sample comprising cleaved and uncleaved DNA,
the kit comprising (i) a template oligonucleotide, (ii) a second oligonucleotide, and (iii) a third

oligonucleotide; according to the invention.
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In a further preferred embodiment, the site of cleavage of DNA is selected to distinguish the
presence or absence of a restriction site, thereby allowing for the detection of sequence
differences between DNA samples, such as the detection of single nucleotide polymorphisms
or mutations. Accordingly, the methods of the invention allow for genotyping for the purposes
of genetic fingerprinting or the diagnosis of genetic disease associated with alterations in

genomic sequence or detection of specific mutations that may be indicative of cancer cells.

The detection of instability in simple nucleotide repeats, including mononucleotide repeats,
such as the deletion of one or more base pairs, may be achieved according to a further
embodiment of the invention. The presence of a restriction enzyme recognition sequence near
a mononucleotide repeat for a restriction enzyme which has a cleavage site at a defined
distance outside its recognition sequence, herein referred to as a 'flanking cutter', can be
utilised to distinguish the presence of deletion variants. If such a restriction site is not
conveniently located near a mononucleotide repeat, it can be introduced, by a first round of
PCR, for example. Where a deletion of base pairs has occurred between the cleavage site and
the recognition sequence, the product of digestion of non-deleted repeat DNA will differ in
nucleotide sequence adjacent the 3' terminus from the product of digestion of deleted repeat
DNA. This is because the deletion of one or more base pairs will result in a shift in the 3'
direction of the cleavage site, necessarily resulting in a change in sequence at the cleavage
site. Thus, the design of template oligonucleotides that specifically anneal to deletion variants

can be used to detect such variants.

For example, the template oligonucleotide may incorporate a length of complementary
mononucleotide repeat that matches that of a DNA fragment resulting from digestion of a
deletion variant in which at least one base pair has been deleted from the repeat sequence. The
repeat sequence of the template oligonucleotide will allow annealing to a complementary
repeat sequence adjacent the 3' terminus of a digestion fragment, but will only permit 3'
extension of the digestion fragment of the deletion variant. This is because the fragment
arising from non-deleted repeat DNA will necessarily have a nucleotide sequence distinct
from that of the deletion variant, resulting in one or more mismatches between the template
oligonucleotide and the 3' terminus of the digestion fragment, and thereby preventing 3'

extension of the digestion fragment of the non-deleted repeat DNA. This design of the
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template oligonucleotide will not alter its ability to selectively amplify a target DNA located
adjacent a 3' terminus over the same target sequence embedded within a DNA molecule , but

demonstrates the added ability to distinguish between DNAs having certain 3' termini.

Whether the restriction site is located within a repeat sequence or downstream of the repeat
sequence, a change in the length of a repeat sequence will result in a change in the site of
restriction enzyme cleavage, resulting in a fragment having a different sequence to the

fragment generated from repeat DNA that did not undergo a deletion.

The detection of instability in mononucleotide repeats such as the deletion of one or more
repeats provides an approach for measuring microsatellite instability, as is noted to occur in
the microsatellites of tumour cells. It would be clear to a person skilled in the art that this
particular embodiment of the invention applies equally to the detection of instability in
dinucleotide or other repeats such as, trinucleotide and tetranucleotide repeats where a

restriction enzyme recognition site is appropriately located (or introduced) as described.

Embodiments of the invention that utilise flanking cutters may also be applied to detection of

an insertion of base pairs in a nucleic acid molecule.

Where a nucleic acid variant results from the insertion of base pairs, a shift in the cleavage
site in the 5' direction will occur, thereby resulting in a different sequence adjacent the 3'
terminus resulting from cleavage than if no insertion existed. It would be apparent to a person
skilled in the art that the use of flanking cutters could be applied to the detection of a deletion
or insertion in any nucleic acid molecule, and that the application of flanking cutters is not
limited to detecting deletions in mononucleotide repeat sequences but equally applies to any
nucleic acid molecule variant resulting from of a deletion or insertion of one or more base

pairs.

Accordingly, a further aspect of the invention provides a method for detecting the presence or
absence of a deletion or insertion in a nucleic acid molecule in a sample wherein the deletion
or insertion occurs between a restriction enzyme recognition site and its cleavage site located

outside the recognition site at a defined distance, the method comprising
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@ digesting the sample with the restriction enzyme having a cleavage site outside its

recognition site at a defined distance, and

(i)  determining the nucleotide sequence adjacent a 3' terminus generated by cleavage
wherein the nucleotide sequence adjacent the 3' terminus will depend on the
presence or absence of a deletion or insertion, and wherein a shift in the cleavage
site either in the 3' or 5' direction will occur in the presence of a deletion or

insertion, respectively.

Determination of the nucleotide sequence adjacent a 3' terminus resulting from cleavage by a

flanking cutter can be achieved by ES-PCR, or by other selective amplification approaches.

In a further embodiment, methods of the invention may be utilised for the detection and
quantitation of RNA transcript variants. mRNA copied to ¢cDNA will comprise a population
of cDNAs having a range of 3' termini according to their corresponding 5' mRNA sequence.
Where exon sequences are known, template oligonucleotides can be prepared that will
distinguish between alternatively spliced mRNAs, according to the sequence identity of the

first exon.

The 5' tail of the template oligonucleotide according to the present invention provides a
template for extension of the 3' terminus of the target sequence only when the template
oligonucleotide anneals to nucleic acid molecules having target sequence adjacent a 3'
terminus. Extension of the 3' terminus of the target sequence complementary to the 5' tail of
the template oligonucleotide results in the addition of sequence complementary to the 5' tail to
the target sequence. Thus, following reaction conditions that allow annealing of the template
oligonucleotide to target sequence and 3' extension of the target sequence complementary to
the 5' tail of the template oligonucleotide, nucleic acid molecules in the sample originally
having target sequence adjacent a 3' terminus now also include further sequence 5' of the
target sequence that is complementary to the 5' tail of the template oligonucleotide. This
sequence complementary to the 5' tail can be utilised to detect those molecules that originated

in the sample as having target sequence adjacent a 3' terminus.

Accordingly, a further aspect of the invention provides a method for detecting in a sample a

nucleic acid molecule having a target sequence adjacent a 3' terminus, the method comprising;
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contacting the sample with a template oligonucleotide having

(a) a 3'region substantially complementary to the target sequence adjacent the

3' terminus of a nucleic acid molecule,

(b) a 5' tail comprising a nucleic acid sequence such that a free 5' tail is formed
when the template oligonucleotide anneals to the target sequence located
adjacent a 3' terminus, the 5' tail providing a template for extension of the 3’
terminus of the target sequence incorporating sequence complementary to
the 5' tail of the template oligonucleotide resulting in the addition of

sequence complementary to the 5' tail to the target sequence, and

(¢) a modification in the 3' region that delays 3' extension of said template

oligonucleotide;

providing reaction conditions to allow annealing of the template
oligonucleotide to the sample, wherein annealing of the template
oligonucleotide to target sequence adjacent a 3' terminus allows for subsequent

3' extension of the target sequence complementary to the 5' tail;

providing reaction conditions to allow 3' extension of the target sequence
complementary to the 5' tail, in the presence of delayed or blocked 3' extension

of said oligonucleotide; and

detecting nucleic acid molecules having target sequence adjacent a 3' terminus
by

(1) detecting the nucleic acid sequence complementary to the 5' tail of the
template oligonucleotide resulting from 3' extension of the target

sequence adjacent a 3' terminus; or

(2) utilising the nucleic acid sequence complementary to the 5' tail of the
template oligonucleotide resulting from 3' extension of the target
sequence adjacent a 3' terminus, to copy the nucleic acid molecule

having a target sequence adjacent a 3' terminus.
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The detection of nucleic acid sequence complementary to the 5' tail of the template
oligonucleotide may be achieved through any known means of detecting a nucleic acid
molecule of known sequence, for example, by direct labelling of the 3' extension reaction of
the target sequence complementary to the 5' tail with a radiolabeled or fluorescently labeled
nucleoside triphosphate such as a*2P-dCTP or Cy5-dCTP or a biotinylated nucleoside
triphosphate, or capture of the incorporated complementary sequence with a sequence specific
probe through hybridisation, or through direct capture of the nucleic acid sequence

complementary to the 5' tail of the template oligonucleotide.

The nucleic acid sequence complementary to the 5' tail of the template oligonucleotide may be
utilised in copying nucleic acid molecules having a target sequence adjacent a 3' terminus by a
variety of means. For example a primer complementary to the incorporated sequence can be
used to prime synthesis that will extend back through the target sequence. Alternatively the 5°
tail of the template oligonucleotide may provide a promoter and start site for a polymerase
such as T7 RNA polymerase such that the addition of sequence complementary to the 5' tail
provides a template for copying through the target sequence by the polymerase. Copied
nucleic acid molecules having target sequence adjacent a 3' terminus can be detected by any
known means of detecting a nucleic acid molecule of known sequence, such as the approaches

cited above including hybridisation and PCR.

It would be abundantly clear to a person skilled in the art that cDNA copied from RNA is a

suitable nucleic acid for the purposes of the present invention.

Throughout this specification, unless the context requires otherwise, the words "comprise,"
"comprises" and "comprising" will be understood to imply the inclusion of a stated step or
element or group of steps or elements but not the exclusion of any other step or element or

group of steps or elements.

The articles "a" and "an" are used herein to refer to one or to more than one (i.e. to at least
one) of the grammatical object of the article. By way of example, "an element” means one

element or more than one element.

BRIEF DESCRIPTION OF THE FIGURES
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Figure 1: Schematic outlining the principle of end-specific PCR to selectively amplify
cleaved DNA over uncleaved DNA.

Figure 2: Primer sites for 21gTFMLHC/T and 21qTRC on BstIU-cleaved DNA and
uncleaved DNA (tandem repeat sequence on human chromosome 21 in band 21¢22.3.),
corresponding end-specific oligonucleotide primer having a 3' terminal nucleotide mismatch,
and a second oligonucleotide primer for priming in the reverse direction, according to an

embodiment of the present invention.

Figure 3: Amplification curves and Tables showing Ct values for (i) fully methylated
DNA (CpGenomeTM, Chemicon International, Inc.) and K562 hypomethylated DNA; (ii)
DNA from matched normal and colorectal tumour tissue samples 29/99 and 30/99,
respectively; (iii) matched normal and colorectal tumour tissue samples 34/03 and 35/03,

respectively.

Figure 4A: Primer sites for forward primer 21qTFMLHC/T and reverse primer
21qTRM13, both end-specific template oligonucleotides, in a tandem repeat sequence on

human chromosome 21 in band 21q22.3.

Figure 4B:  Table showing Ct values and SYBR Green amplification curves showing
detection of hypomethylated K562 DNA well ahead of fully methylated DNA. A level of
0.1% K562 DNA sample, a single genome equivalent) is clearly detected 7 cycles before the
sample containing only fully methylated DNA.

Figure 5A:  Primer sites for MycRMI, an end-specific template oligonucleotide having a 3
terminal nucleotide mismatch and reverse primer MycFC1, within the Myc gene targeted at a

Hpall site found to be hypomethylated in colorectal cancer (Sharrard et al. 1992).

Figure 5B: Table of Ct values and amplification curves showing detection of
hypomethylated myc DNA in K562 DNA compared to the fully-methylated DNA of
CpGenomeTM. : and the detection of reduced methylation at the Hpall site in colorectal tumour

tissue 35/03 as compared to its matched normal sample 34/03.
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Figure 6A: Primer sites for targeting the 5'(promoter) region of LINE retrotransposable
element, corresponding insertion template oligonucleotides acting as forward and reverse

amplification primers, and the nucleotide sequence of the HEX-labelled LPAHex probe.

Figure 6B:  Amplification curves and Tables showing Ct values for amplification from
substantially hypomethylated K562 DNA or from fully methylated DNA, as detected with
either SYBR Green or the HEX-labelled probe.

Figure 7A:  Primer sites for targeting the first BstUI site in the consensus sequence of Alu
elements with a template oligonucleotide blocked from 3' extension by a phosphate group, and
corresponding second oligonucleotide primer for priming in the reverse direction, and
JOELUX primer for priming in the forward direction, according to an embodiment of the

present invention.

Figure 7B:  Amplification curves and Table showing Ct values for amplification from

substantially hypomethylated K562 DNA or from methylated CpGenome DNA.

Figure 8A:  Primer sites for targeting methylated DNA through a Glal site within the CpG
island of the hMLHI gene. The template oligonucleotide incorporates 3 mismatches at its 3'
end, two of which are converted to abasic sites when digested by uracil DNA glycosylase,
corresponding MLHRev3 reverse primer, and forward LUX primer, according to an

embodiment of the present invention.

Figure 8B:  Amplification curves and Table showing Ct values for amplification of

methylated CpGenome DNA or unmethylated DNA.

Figure 9A: Detection of a point mutation in the BRAF gene. First round PCR primer
BRFMX used to introduce an Xbal restriction site dependent on the presence of the T to A

transversion at the mutation site (underlined within target sequence).

Figure 9B:  Detection of a point mutation in the BRAF gene. ES-PCR primer BRFU used

in combination with an outer overlapping JOELUX primer and a reverse primer BRF2,
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Figure 9C: Amplification curves showing selective amplification of the mutated BRAF gene
in the colorectal cancer cell line WiDr.

Figure 10A(i): Products of restriction enzyme cleavage in a mononucleotide repeat adjacent

to a Bbr71 restriction site.

Figure 10A(ii) and 10A(iii): Products of extension of the bottom strand of cut molecules

using terminal transferase and primer annealing to the extended products.

Figure 10A(iv): Template oligonucleotide for ES-PCR annealing to the cut bottom strand

from the short and long molecules shown in Fig.10A(i).
Figure 10B(i): Molecules with repeats of nine or ten As adjacent to an Mmel restriction site.
Figure 10B(ii): Products of cleavage of the molecules of Fig. 10B(i) with Mmel

Figure 10A(iii): Linker ligation showing specific ligation to cut ends of the molecule of Fig.

10B(ii) originating from the molecule with nine As (Fig.10B(i)).

Figure 10B(iv): Template oligonucleotide for ES-PCR annealing to the cut bottom strand

from the “nine” and “ten” molecules.

Figure 11A(i): The NR22 microsatellite region showing the location of an Mboll site and

reverse primer sequence.

Figure 11A(ii) and 11A(iii): Sequences of two template oligonucleotides FINR22-0 and
J5NR22-4 for amplification of mononucleotide repeats of different lengths in the NR22

microsatellite following digestion with Mboll.

Figure 11B(i) and 11B(ii): Amplification curves showing results of amplification of blood
DNA and DNA from HCT116 cells that carry deletions within the NR-22 microsatellite.

Figure 12A: Scheme showing digestion with a restriction enzyme having a cleavage site at a
defined distance outside of its recognition sequence, and a shift in the cleavage site due to a

4bp insertion between the recognition sequence and the cleavage site. 3' extension of digested
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DNA will only occur if an insertion exists between the recognition sequence and the cleavage
site due to the presence of 2' O-methyl nucleotides (underlined) in the template
oligonucleotide that block 3' extension of the digested DNA when the 2' O-methyl nucleotides
hybridise at the 3' terminus of digested DNA. In the case of DNA having an insertion, the site
of cleavage is shifted such that the 2' O-methyl nucleotides of the template oligonucleotide no

longer hybridise at the 3' terminus.

Figure 12B: Oligonucleotides utilized in ES-PCR selective amplification of an insertion
mutation of 1bp or 4 bp. The template oligonucleotide employs 2' O-Methyl nucleotides to

block 3' extension from the 3' terminus of cleaved target DNA.

Figure 12C: Amplification curves showing selective amplification of DNA including a 1bp or

4bp insertion over DNA having no insertion, i.e. "Normal" DNA.

Figure 13A and 13B: Sequence of test DNAs representative of "uncut" and "cut" DNA, a
reference template oligonucleotide AluPhB blocked for extension by a phosphate at its 3'
terminus and second and third oligonucleotides, utilized in a series of ES-PCR experiments to

assess the effect on ES-PCR of modifications in template oligonucleotide (Figure 13B).

Figure 13C: Amplification curves showing results of ES-PCR when using the various

template oligonucleotides given in Figure 13B.

DEFINITIONS

When used in the context of the present invention, the term "sample" refers to any biological
sample that comprises nucleic acid molecules, typically comprising DNA and/or RNA.
Samples may be tissues, cells or extracts thereof, or may be purified samples of nucleic acid
molecules. Use of the term "sample” does not imply the presence of target sequence either
adjacent a 3' terminus of a nucleic acid molecule or embedded within a nucleic acid molecule.
The presence in a sample of target sequence embedded within a nucleic acid molecule is not
required for selective amplification of target sequence adjacent a 3’ terminus. Thus, the

template oligonucleotide will serve to amplify a nucleic acid molecule having target sequence
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adjacent a 3’ terminus regardless of whether or not the target sequence is also present in the

sample, located embedded within a nucleic acid molecule.

When used in the context of the present invention, the term "target sequence" refers to a
nucleic acid sequence to which the template oligonucleotide of the present invention anneals
with specificity by virtue of the template oligonucleotide having nucleotide sequence at its 3'
region substantially complementary to the target sequence. When located adjacent a 3'
terminus the target sequence is representative of nucleic acid molecules selectively amplified
by ES-PCR.

As used in the context of the present invention, the term "adjacent a 3' terminus" refers to the
region of nucleotides immediately 5' of the 3' terminus and extending 5' of the 3' terminus of a
nucleic acid molecule, typically including the terminal nucleotide. The region "adjacent a 3'
terminus" beginning from the terminal nucleotide of a nucleic acid molecule having a 3'
terminus, corresponds in length to the 3' region of the template oligonucleotide

complementary to the target sequence.

As used in the context of the present invention, the phrase "embedded within a nucleic acid
molecule" refers to a location not adjacent a 3' terminus as defined above, but displaced from a
3' terminus by a least one nucleotide 5' of the 3' terminus. Thus, the target sequence embedded
within a nucleic acid molecule may be located within a nucleic acid molecule the distance of

one or more nucleotides from the 3' terminus.

When used in the context of the present invention, the term "targeted molecule" or "targeted
nucleic acid molecule" refers to a nucleic acid molecule having a target sequence located

adjacent a 3' terminus resulting in its selective amplification by methods of the invention.

When used in the context of the present invention, the term "cleaved nucleic acid molecule" is
intended to refer to a molecule that has been digested by restriction endonucleases or any other
enzymes that generate nucleic acids with 3' termini, and encompasses DNA digested by

restriction endonucleases or other enzymes generating 3' termini.

When used in the context of the present invention, the term "template oligonucleotide" or
"templating oligonucleotide" refers to a nucleic acid oligonucleotide that comprises a 5' region

that forms a 5' tail when its 3’ region anneals to nucleic acid and that allows 3' extension of a
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target sequence to which it anneals when located adjacent a 3' terminus of a nucleic acid
molecule. In certain embodiments of the invention, the template oligonucleotide is
incorporated into PCR amplicons because 3' extension of the oligonucleotide takes place. In

such cases, the template oligonucleotide serves as a forward primer.

In other embodiments, the template oligonucleotide is not incorporated into PCR amplicons
because 3' extension of the oligonucleotide is blocked, or because copying of the 3' region of
the oligonucleotide is blocked. In these settings, an additional 'third' oligonucleotide sharing

sequence with the 5' tail of the template oligonucleotide is used as a forward primer.

The template oligonucleotides of the invention may comprise non-DNA nucleotides, such as
RNA nucleotides, nucleotide analogues, or other non-nucleic acid molecules that can be
incorporated into the oligonucleotide in order to delay or block 3' extension, or to block
copying from the oligonucleotide. A person skilled in the art will appreciate that any means of
delaying 3' extension or blocking 3' extension or copying of the oligonucleotide can be applied
to a template oligonucleotide according to the present invention, provided that the chosen

means does not prevent 3' extension of the target sequence.

When used in the context of the present invention, the term "substantially complementary"
refers to complementarity between nucleic acids such that adequate hybridisation occurs to
achieve selective amplification of a nucleic acid molecule having target sequence adjacent a 3'
terminus over target sequence embedded within a nucleic acid molecule, according to the
present invention. Thus, not all bases in an oligonucleotide need be complementary to the
region of a molecule to which it will hybridise; the oligonucleotide need only contain
sufficient complementary bases to enable the oligonucleotide to recognize and hybridise with
it's 'target' molecule. Thus the term "substantially complementary" encompasses nucleic acids
that incorporate one or more mismatches, deletions, insertions, combinations of deletions and
insertions, or any other sequence modification that does not abolish annealing of nucleic acids

with specificity.

As used in the context of the present invention, the term "delayed 3' extension" refers to 3'
extension of the template oligonucleotide that is hindered from proceeding but not blocked, so

that 3' extension of the oligonucleotide occurs less efficiently than if the modification to delay
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3' extension were absent. Thus, in this setting the template oligonucleotide will act as a

forward primer in the amplification reaction.

As used in the context of the present invention, the term "blocked 3' extension" refers to the
absence in practical terms of 3' extension of the template oligonucleotide, such that the
amplification reaction will not proceed, or proceeds at an unworkable rate, unless an
additional 'third' oligonucleotide is added to the reaction, this oligonucleotide sharing
sequence with the 5' tail of the template oligonucleotide and from which 3' extension will

occur.

As used in the context of the present invention, the term "amplification" refers to making one
or more copies of the targeted molecule, and includes, but is not limited to the amplification of
nucleic acid molecules by the polymerase chain reaction (PCR). PCR may refer to linear, non-
exponential amplification of DNA in addition to exponential amplification of DNA, where the
person skilled in the art would recognize that either form of amplification is appropriate for

the purpose of the invention.

As used in the context of the present invention, the term "flanking cutter" refers to a restriction

endonuclease that cleaves nucleic acid at a defined distance from its recognition sequence.

DETAILED DESCRIPTION OF THE INVENTION

The principle of end-specific PCR or ES-PCR as embodied by the present invention is shown
in Figure 1. ES-PCR depends upon the use of at least one oligonucleotide, herein referred to
as the template oligonucleotide, that is in some way partially or completely blocked from
extension. The template oligonucleotide is designed to overlap the 3’ terminus of a nucleic
acid molecule generated, for example, by restriction digestion. The 3’ portion of the template
oligonucleotide substantially matches the specific sequence adjacent the cleaved end of the
nucleic acid molecule while the 5° portion contains nucleic acid sequence that forms a tail

upon annealing of the template oligonucleotide to nucleic acid molecule.

Upon annealing of the template oligonucleotide to a cleaved nucleic acid molecule, elongation
of the template oligonucleotide is delayed or blocked, but the 3' terminus of the targeted

molecule is able to be extended to allow copying of the 5’ tail of the template oligonucleotide.
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Target sequence_that is embedded within a nucleic acid molecule, because for example it has
not been cleaved by a restriction enzyme at a desired restriction site, can anneal with the
template oligonucleotide however 3' extension of the target sequence to allow copying of the
5' tail of the template oligonucleotide cannot occur due to the absence of a 3' terminus at the
site of annealing . Importantly, the nucleotide sequence added to the target sequence by
extension of the free 3’ terminus complementary to the 5' tail of the template oligonucleotide
is subsequently used in the amplification of the targeted nucleic acid molecule. The added
sequence also allows for modifications of ES-PCR, for example, the incorporation of a tag
such as a biotinylated nucleotide that could be used to selectively capture molecules
containing extended 3’ sequences. Use of two different template oligonucleotide types is
demonstrated, however, it would be clear to a person skilled in the art that any design feature
incorporated at the 3’ end of the template oligonucleotide resulting in delayed or blocked

extension could be used to achieve the methods of the invention.

Typically the nucleic acid molecules to be analysed in accordance with the invention comprise
DNA. However those skilled in the art will readily appreciate that methods of the present
invention are also applicable to other nucleic acid molecules, such as RNAs, with the
provision of the appropriate reagents, for example, RNA polymerases or reverse
transcriptases, appropriate for amplification or copying of RNA. It will also be readily
appreciated that the incorporated tail formed by copying of the 5' region of the template
oligonucleotide may be detected directly or used to copy the target nucleic acid sequence by

other means than thermocycling.

In one embodiment, the template oligonucleotide is able to anneal weakly to the target
sequence, but is designed such that 3' extension from the template oligonucleotide is poor
because of a deliberate mismatch with the target sequence at its 3’ end. If the template
oligonucleotide anneals to the target sequence adjacent a 3' terminus, however, the nucleic
acid, for example, genomic DNA, can be extended 3' using the template oligonucleotide as
template. The subsequent increased length of the hybridizing region between the template
oligonucleotide and targeted nucleic acid molecule stabilises hybridisation of the template
oligonucleotide and greatly enhances the efficiency with which it now primes and extends on

the target nucleic acid molecule. Once the mismatched template oligonucleotide is
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incorporated into the amplicon, PCR continues efficiently, as the originally mismatched
template oligonucleotide now fully matches its target sequence. In one example, priming on
uncleaved DNA is limited through the combination of a short 3' region of the of template
oligonucleotide and a terminal mismatch on the template oligonucleotide. As well as a
terminal mismatch, other means can be used to limit priming from the template

oligonucleotide.

In an embodiment of the invention utilizing a terminal mismatch, extension is inefficient
unless copying of the 5' tail of the template oligonucleotide has occurred. Any other
modifications that reduce or delay extension of a template oligonucleotide could be used to
achieve ES-PCR, eg incorporation of a deliberate short deletion or insertion in the template

oligonucleotide.

In a further embodiment of the invention, the template oligonucleotide can terminate at its 3'
end with a non-extendible base, or can include modifications that will prevent 3' extension. In
the case of completely end-blocked ES-PCR oligonucleotides, an additional third
oligonucleotide is needed in the reaction to allow for eventual extension of the targeted nucleic
acid molecule. The additional third oligonucleotide may consist of the nucleic acid sequence
of the 5' tail of the template oligonucleotide or may overlap with the target sequence to include
some target-specific sequence. If the third oligonucleotide primer used for amplification
consists only of sequence of the 5' tail of the template oligonucleotide, it is possible to
multiplex amplification of different nucleic acid molecules using a set of template
oligonucleotides that are gene or fragment-specific but contain a common extension. In this
embodiment any means of blocking extension can be used, including, but not limited to a C3
spacer, termination with a dideoxynucleotide, phosphorylation, the use of amine, abasic sites,
uracil (combined with incubation with uracil DNA Glycosylase) and/or 2° O- methyl RNA
residues. In the case of using DNA analogues that cannot be copied by DNA polymerases, ES-
PCR can be achieved despite 3' extension of the template oligonucleotide. Combinations of
blocked and mismatch template oligonucleotides are also possible variations that can be used

in accordance with the present invention.
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The template oligonucleotide may include modified bases within its 3' region which when
hybridized at the 3' terminus of a nucleic acid molecule will block 3' extension of that
molecule. This allows for selective amplification of target DNA having a target sequence
adjacent its 3' terminus that does not hybridise at its 3' terminus with the modified bases of the

template oligonucleotide, thereby not being blocked for 3' extension.

The template oligonucleotide may comprise nucleotide sequence complementary to target
sequence that spans more than one possible location at which hybridization of a 3' terminus of
nucleic acid molecule may occur. Thus, depending on the location of hybridization of a 3'
terminus on the template oligonucleotide, the resulting 5' tail of the template oligonucleotide
may or may not include sequence complementary to targeted nucleic acid molecule. Modified
bases blocking 3' extension from the 3' terminus of a hybridised nucleic acid molecule may be
positioned in the template oligoﬁucleotide at one or more of the possible locations for 3'
terminus hybridization representative of hybridization of 3' termini of non-targeted nucleic
acid molecules, such that 3' extension of a nucleic acid molecule occurs only from the location

of hybridization distinctive for the 3' terminus of the targeted nucleic acid molecule.

As with other amplification methods, conditions such as annealing times, extension times,
and temperatures are dependent on specific sequences and require individual optimization.
The inventors have found two or more stages useful in PCR reaction to allow greater
flexibility in the design of ES-PCR. In general, lower hybridisation temperatures and longer
incubation times are typically used in the first stage because priming of the target on the
usually short (low Tm) part of the template oligonucleotide is expected to be relatively
inefficient. In the case of mismatched and insertion/deletion template oligonucleotides, a
prolonged incubation period is typically .used in the first stage to allow eventual extension
after binding has been stabilized by the 3' extension of the target sequence. After the initial 5
cycles it is expected that the PCR is being driven largely by oligonucleotides that match their
target along their entire length and so a higher temperature (and usually shorter incubation
times) can be employed in the second stage. Shorter denaturation times (and in some cases
lower temperatures — not shown in these examples) can be employed in the second stage
because the PCR product that now dominates the reaction is much more easily denatured than

the various DNA molecules expected to be important during the first stage. Shorter
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denaturation times are advantageous in that there will be less inactivation of Taqg DNA

Polymerase.

However, the use of two stages is not a requirement for ES-PCR. By the use of longer
complementary regions in the template oligonucleotide(s), particularly for the fully blocked

template primers, a one-stage PCR can be developed.

Restriction enzyme digestion of sample may be carried out in a separate reaction prior to ES-
PCR, or may be carried out in a single digestion-amplification reaction mix immediately prior
to PCR.

As with other methods in which a common sequence is added to the ends of DNAs to be
amplified (Elnifro, EM et al. 2000; Wittwer, CT et al. 2001) ES-PCR can be readily adapted
for multiplex PCR.

ES-PCR products may be detected by standard methods well known to those skilled in the art
including, but not limited to, including gel electrophoresis, realtime monitoring using non-
specific DNA binding dyes such as SYBRGreen, sequence specific fluorescent probes or

hybridisation to arrays.

In order that the invention may be readily understood and put into practical effect, particular

preferred embodiments will now be described by way of the following non-limiting examples.

Example 1: Use of a single mismatched template oligonucleotide to select for cleaved
DNA

The region targeted is a tandem repeat (consensus size of 74 base pairs,
GCGTGGCTGTCTCCACTGAGTCCCGGGCACGGGTCAGGCTAACCGCGGGAGGAATTTAATCTA
GAGTTTAACTT) present on Human chromosome 21 in band 21q22.3. In the Human genome
(May 2004 assembly) the genomic size of the repeated region is 2218 base pairs,
chr21:46536826-46539043. The restriction enzyme Bstul was used to cut genomic DNA at
the underlined CGCG site. Cutting by BstUI is blocked by cytosine methylation so restriction

ends will be formed only from unmethylated DNA,

In this example the template oligonucleotide also acts as the ‘Forward’ primer and has a 3’

terminal mismatch with the target, genomic DNA. The sequence and primers used are shown
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in Figure 2. The forward, mismatch primer and template oligonucleotide is 21qTFMLHC/T, 5’
CACTCCCACTCGGGAGGAATTTAATCTAGC 3’ and the reverse, completely matched
primer is 21qTRC, 5> ACCCGTGCCCGGGACTCA 3’. Underlined bases are the ones that do

not match the initial target sequence.

PCRs were carried out in 25 microlitres of 20 mM Tris-HCI (pH 8.4), 50 mM KCl, 2.7 mM
MgCl,, 0.2mM dCTP, 0.2 mM dGTP, 0.2 mM dATP, 0.4 mM dUTP, 200 nM primers,
1/125,000 dilution of SYBR® Green I (Molecular Probes Cat. No. S7563) 20 nM fluorescein
calibration dye (BioRad) 1 unit of BstUI (New England Biolabs) and 0.5 units of Platinum
Taq Polymerase (Invitrogen). A Corbett RotorGene 3000 was set to run at 60C for 5 minutes,
95C for 2 minutes then 5 cycles of 95C 15 seconds — 65C 3 minutes, and then 40 cycles of
95C 5 seconds - 65C 30 seconds. BstUI digestion occurs during the initial 5 min incubation at
60C. The longer extension time in the first 5 cycles is to allow for extension of the target DNA

under conditions where target/primer annealing is unstable.

The fluorescein is present because reactions were sometimes run in a BioRad Icycler, and this
machine requires a trace of fluorescein (or some other dye) for calibration purposes. This low

level is not expected to have any significant effect on the results.

DNAs used for amplification were CpGenome DNA (Chemicon) that was enzymatically
methylated at all CpG sites and DNA from the human chronic myelogenous leukemia cell line
K562 as well as DNA from two pairs of matched colorectal tumour and adjacent normal colon
DNA. The first panel of Figure 3 shows the amplification curves for fully methylated DNA
and for K562 DNA that is substantially hypomethylated at many repeat sequences.
Amplification is highly selective for unmethylated DNA with K562 amplifying about 13
cycles ahead of fully methylated CpGenome DNA. Two examples are shown in panels B and
C of colorectal cancer DNA and DNA isolated from adjacent normal tissue. In both cases the
earlier amplification of the cancer DNA (by 2.5 to 3 cycles) is indicative of hypomethylation

relative to the normal tissue.



15

20

25

WO 2007/109850 PCT/AU2007/000389

33

Example 2: Both forward and reverse oligonucleotides are template oligonucleotides
having a 3’ terminal mismatch.

The same repeat sequence from Chromosome 21q was amplified using both forward and
reverse mismatch template oligonucleotides as primers. PCR conditions were the same as for
Example 1 except that the probe 21qTRHEX 5° HEX- CCGTGCCCGGGACTCAGTGG BH1
(From Sigma) was included at 100 nM and the reverse primer was 21qTRM13, 5’
CCCTCACACTCGGTTAGCCTGACT. 3' Underlined bases are the ones that do not match

the initial target sequence.

Real time PCR was carried out using a Corbett RotorGene 3000 with the program: 60C for 5
minutes, 95C for 2 minutes then 3 cycles of 95C 15 seconds — 65C 3 minutes, and then 60
cycles of 95C 5 seconds - 65C 15 seconds. 3 ng/ul. human genomic DNA containing different
proportions of K562 DNA (known to have reduced levels of CpG methylation) and
CpGenome DNA (artificially methylated DNA) were made by making dilutions in TEX (10
mM Tris HCI pHS, 0.1 mM EDTA, 0.01% Triton X100). 1 uL of the DNA mix was added to
each 25 uL reaction.

The SYBR Green results are shown in Figure 4. In this experiment the extra specificity
afforded by using a specific probe gave no advantage and the results were similar to the SYBR

Green results and thus are not shown.

Amplification from the K562 DNA is detected more than 20 cycles ahead of fully methylated
DNA and a level of 0.1% K562 DNA sample (3pg, a single genome equivalent) is clearly
detected 7 cycles before the sample containing only fully methylated DNA.

Example 3: Targeting of a Hpall site within c-myc — single copy gene

A Hpall site (underlined) within the c-myc gene sequence
GAGCGCCAGAGGAGGAACGAGCTAAAACGGAGCTTTTTTGCCCTGCGTGACCAG
ATCCCGGAGTTGGAAAA , chr8:128,822,153-128,822,223 in the human genome HG17
Build is targeted in this example. The Hpall site was found to be hypomethylated in

colorectal cancer by Sharrard et al 1992, The sequence of the region and the template

oligonucleotide (MycRM1) and primer MycFC1 are shown in Figure 5A.
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The DNA samples were cut with Hpall in a separate reaction. Digests were carried out for 2
hours at 37C in New England Biolabs Buffer 1 (10 mM Bis Tris Propane-HCI, 10 mM MgCl,,
1 mM DTT (pH 7.0 at 25°C)) + 100 ug/ml BSA. 30 nanograms of DNA was cut with 5 units
of Hpall in a volume of 30 uL. After a 20 minute heat treatment at 70C, 24 uL of TEX (10mM
Tris pH7.4, 0.1mM EDTA, 0.01% Triton X100) and 6uL. 50 mM EDTA was added giving
equal final concentrations of magnesium ion and EDTA, and 0.5 ng/ul. final DNA

concentration. 2uL. of these samples were used for each PCR.

PCRs were carried out in 25 microlitres of 20 mM Tris-HCI (pH 8.4), 50 mM KCl, 2.7 mM
MgCls, 0.2% glycerol, 0.2mM dCTP, 0.2 mM dGTP, 0.2 mM dATP, 0.4 mM dUTP, 200 nM
primers, 1/125,000 dilution of SYBR® Green I (Molecular Probes Cat. No. $7563) 20 nM
fluorescein calibration dye (BioRad) and 0.5 units of Platinum Taq Polymerase (Invitrogen).
A Corbett RotorGene 3000 was set to run at 95C for 2 minutes then 5 cycles of 95C 15
seconds — 65C 3 minutes, and then 45 cycles of 95C 5 seconds - 65C 30 seconds.

The mismatch primer MycRM1 allows detection of hypomethylated myc DNA in K562 DNA
compared to the fully-methylated DNA of CpGenome. It also allows the detection of the
reduced methylation at the Hpall site in the colorectal cancer tumour sample 35/03 as

compared to its matched normal sample 34/03. (See Figure 5B).

Example 4: Insertion template oligonucleotide.

This example shows that selection can be achieved without using a terminal 3> mismatch in
the primer, but rather an insertion placed several nucleotides from the 3’ end. Such ‘insertion
template oligonucleotides may be particularly suited to cases in which the targeted restriction

site is present in a repetitive sequence that might vary in sequence at the point of extension.

In cases where a repeat sequence class has great sequence heterogeneity, a mismatch primer
designed to a consensus sequence may actually completely match a significant number of
mutant sequences. This would cause selective enrichment of the mutants and reduce the
selective power of ES-PCR. For such cases a modification of the method was developed that
involved designing primers that have short insertions or deletions compared to the repeat class
consensus sequence. It was reasoned that very few or no mutant sequences would have the

same length deletion or insertion with the same sequence and at the same position. Although
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some of the 3° bases match the target (6 in the case shown) the deletion (or insertion in the

case shown here) will prevent proper positioning of the 3’ end, thus delaying extension.

In this example, two Hpall sites within the 5° (promoter) region of LINE retrotransposable
element is targeted. Selection for sequences that have been cut at both Hpall sites is achieved

by using two insertion template oligonucleotides/primers as shown in Figure 6A.

5 ng of DNA treated with Dral (recognition site TTTAAA, not methylation sensitive) and
Hpall (CCGG, methylation-sensitive) was tested. PCRs were carried out in 25 microlitres of
20 mM Tris-HCI (pH 8.4), 50 mM KCl, 2.7 mM MgCl,, 400 mM Betaine, 0.2mM dCTP, 0.2
mM dGTP, 0.2 mM dATP, 0.4 mM dUTP, 10nM MLHIJ65 selective primer, 200 nM insertion
primers, 50 nM HEX-labelled LPAHex probe, 1/125,000 dilution of SYBR® Green I
(Molecular Probes Cat. No. S7563) 20 nM fluorosein calibration dye (BioRad), and 0.5 units
of Platinum Taq Polymerase (Invitrogen). A Corbett RotorGene 3000 was set to run at 95C for
2 minutes then 5 cycles of (95C 15 seconds, 60C 20 seconds, 65C 3 minutes), and then 50
cycles of (95C 15 seconds, 65C 30 seconds).

As seen in Figure 6B amplification from substantially hypomethylated K562 DNA was seen
approximately 14 cycles ahead of amplification from fully methylated DNA.

Example 5: 3'blocked template oligonucleotide.

The first BstUI site in the consensus sequence of Alu elements was targeted using the template
oligonucleotide and primers shown in Figure 7A. The template oligonucleotide BAFMLJ15 is
unable to be extended due to being blocked with a phosphate group at its 3> end. The part of
the oligonucleotide that is boxed has the same sequence as the JOELUX 'third' oligonucleotide
and allows the eventual incorporation of JOELUX into the PCR product. JOELUX carries a
JOE fluorescent moiety attached near the 3’ end whose fluorescence increases when present in
double stranded DNA.

PCRs were carried out in 25 microlitres of 20 mM Tris-HCI (pH 8.4), 50 mM KCI, 2.7 mM
MgCl,, 0.2mM dCTP, 0.2 mM dGTP, 0.2 mM dATP, 0.4 mM dUTP, 40 nM AluRev21, 10
nM BAFMLIJ15, 60 nM JOELUX primer, 1/125,000 dilution of SYBR® Green I (Molecular
Probes Cat. No. S7563) 20 nM fluorosein calibration dye (BioRad) 1 unit of BstUI (New
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England Biolabs) and 1 unit of Platinum Taq Polymerase (Invitrogen). A Corbett RotorGene
3000 was set to run at 37C for 5 minutes, 95C for 2 minutes then 5 cycles of 95C 1 minute —
60C 40 seconds, and then 45 cycles of 95C 15 seconds - 68C 20 seconds.

Using the single phosphate-blocked template primer amplification from substantially
hypomethylated K562 DNA is delayed by over six PCR cycles relative to amplification from
the methylated CpGenome DNA.

Example 6: Use of ES-PCR in selection of methylated DNA
The region targeted is a Glal site within the CpG island (chr3:37009233-37010360 in hgl7
freeze) of the hMLHI gene (Figure 8A). According to a publication of the company

Sibenzyme  (http:/science.sibenzyme.com/article8 article 11 1.phtml ) Glal cuts the
sequence GCGC only when the internal C is methylated. Full activity of Glal is only seen
when all four C’s of its recognition site are methylated. Thus Glal only exhibits full activity on
fully methylated DNA at the sitt CGCGCG. This site is found at position chr3:37,009,348-
37,009,353 within the CpG island of the htMLHI1 gene.

Fully methylated DNA ‘CpGenome’ was obtained from Chemicon. This DNA had been
enzymatically methylated at all CpG sites and was treated with Glal. As a control,
unmethylated DNA was isolated from blood and treated with the restriction enzyme Hhal,
This enzyme recognizes the same site but only cuts when the site is unmethylated. (Note that
there are two Hhal sites next to one another at this location.) The template oligonucleotide
used to select for cut ends was MLHJ65. This oligonucleotide has a 5° extension that allows
incorporation of a JOE-labelled LUX primer, JOELUX. It also has 3 mismatches at its 3’ end,
two of which are converted to abasic sites when digested by uracil DNA glycosylase. An

unmodified primer MLHRev3 served as reverse primer (see Figure 8A).

1 ug of fully methylated DNA (from Chemicon) was treated with 16 units of Glal for 2 hours
at 37C in 50ulL of 1XSEBuffer Y (33 mM Tris-acetate, 66 mM potassium acetate,
10 mM magnesium acetate, 1 mM dithiothreitol pH 7.9 @ 25°C) + 100 ug/ml Bovine Serum
Albumin. 20 units of a second restriction enzyme, Dral was also included in the reaction. This
enzyme recognizes the sequence TTTAAA and thus cuts DNA regardless of methylation
status. After heat inactivation (70C for 15 minutes) 140 uL. TEX (10 mM Tris HCI, 0.1 mM
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7 EDTA, 0.01% Triton X-100) and 10 uL of 50 mM EDTA was added, giving 5 ng/uL

concentration of DNA. The uncut control was treated in the same way, except that 50%
glycerol was added in place of the restriction enzyme. Blood DNA cut by Hhal was prepared
in the same way, except that New England Biolabs Buffer 3 (50 mM Tris-HCl, 10 mM MgCl,,
100 mM NaCl, 1 mM DTT (pH 7.9 at 25°C) and 20 units of Hhal was used.

5 ng of cut or uncut DNA was tested. PCRs were carried out in 25 microlitres of 20 mM Tris-
HCI (pH 8.4), 50 mM KCIl, 4 mM MgCl,, 800 mM Betaine, 0.2mM dNTPs, 10nM MLHJ65
selective primer, 200 nM MLHRev3 reverse primer, 40 nM JOELUX fluorescent LUX
primer, SYBR® Green I (Molecular Probes Cat. No. S7563) 20 nM fluorescein calibration
dye (BioRad), 0.02 units of Uracil DNA Glycosylase (New England Biolabs) and 0.5 units of
Platinum Taq Polymerase (Invitrogen). A Corbett RotorGene 3000 was set to run at 95C for
90 seconds then 5 cycles of (95C 30 seconds, 60C 10 seconds, 72C 30 seconds), and then 55
cycles of (95C 1 second - 60C 10 seconds, 72C 30 seconds). Tests were done in triplicate.

Methylated DNA that had been cut with Glal amplified an average of 6 cycles ahead of uncut
methylated DNA. The control unmethylated DNA cut with Hhal amplified an average of 8.4
cycles ahead of uncut DNA. The data show that in both cases where the DNA was cut to
produce specific ends amplification was significantly favoured compared with uncut DNA.
The earlier amplification of the Hhal-cut DNA may relate to the different cutting efficiencies

of the Hhal and Glal enzymes.

Example 7: Detection of a point mutation in the BRAF gene

Mutation in the BRAF gene is common in colorectal cancer and nearly always involves
V600E mutation caused by a T to A transversion (Chan et al. 2003). ES-PCR was used in a
two step procedure to differentiate mutant and normal sequences in DNA from blood and the
colorectal cancer cell line WiDr respectively. In the first PCR round a prirher BRFMX
containing  two  mismatches (Figure = 9A(i);  mismatches  underlined) 5’
CCTCACAGTAAAAATAGGTGATTTTGGTCTAGCTCTAG 3’ was used to introduce a
Xbal restriction site that depended on the presence of the A base at the mutation site (Figure

9A(ii); mutation site underlined).
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Primer BRFMX was used in PCR with a reverse primer BRFR1, to amplify the target region.
The sequence of the resultant amplified DNA is shown, with the Xbal site underlined in
Figure 9A(iii).

In the second round, The ES-PCR primer BRFU was used in combination with an outer
overlapping JOELUX primer and a reverse primer BRFR2 (Figure 9B). The copied top strand
is not shown in Figure 9B because Xbal gives a 4 base overhang which when copied will give
multiple mismatches with the selective oligonucleotide BRFU and thus should not be involved
in the reaction. The bottom strand is written 3° to 5’ for BRAF-A after cutting with Xbal and
denaturation. Extension of the BRFU foligo is inhibited by the 3 terminal base mismatches
(underlined); no Uracil DNA Glycosylase was used in this experiment so extension of BRFU

is only prevented by the 3 terminal mismatches (Figure 9B).

2 uL of a 1/100 dilution of each of the first round products was digested with 5 units of Xbal
in NEB2 buffer plus BSA for two hours at 37°C. 1 uL of each of the digested products was
used in the ESPCR. PCRs were carried out in 25 microlitres of 20 mM Tris-HCI (pH 8.4), 50
mM KCI, 4 mM MgCl,, 0.2mM dNTPs, 10nM BRFU selective oligonucleotide, 100 nM
BRFR2 reverse primer, 40 nM JOELUX fluorescent LUX primer, SYBR® Green I
(Molecular Probes Cat. No. S7563) 20 nM fluorescein calibration dye (BioRad) and 0.5 units
of Platinum Taq Polymerase (Invitrogen). A Corbett RotorGene 3000 was set to run at 95°C
for 90 seconds then 5 cycles of (95°C 30 seconds, 50°C 40 seconds, 65°C 10 seconds), and
then 40 cycles of (95°C 5 seconds, 65°C 15 seconds). Tests were done in duplicate.

Amplification, measured by JOE fluorescence is shown in Figure 9C. The earlier
amplification seen in the case of the sample derived from WiDr shows that ES-PCR can be

used to detect a mutation.

Example 8: Use of restriction enzymes that cleave outside their recognition sequence in
the generation of nucleic acid molecules that differ in sequence adjacent their 3'

terminus.

A number of restriction enzymes (Type IIs, Type III and Type IV) cleave DNA outside their

recognition sites at defined distances, herein referred to as “flanking cutters”. The 3' termini
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generated by flanking cutters therefore differ between sites and depend on the sequence
flanking the enzyme recognition site. At a given cleavage site, such an enzyme will also
produce different ends if there has been an insertion or deletion of bases between the
recognition site and the cleavage site. The different sequences produced adjacent to the
cleavage site provide a basis for selective amplification of deletion or insertion forms using
ES-PCR or other selective amplification approaches. Previously, methods, for the detection of
a deletion or insertion have relied on changes in DNA fragment length féllowing restriction
enzyme digestion. The approach presently described utilises the difference in nucleic acid
sequence of restriction enzyme fragments, resulting from the presence of a deletion or an
insertion between a restriction enzyme's recognition sequence and its cleavage site causing a
shift in the cleavage site for restriction enzymes that cleave at a defined distance from their

recognition sequence.

8.1 Determination of a deletion or insertion in a short homopolymer run.

8.1.1. A deletion or insertion in a short homopolymer run of As adjacent to a Bbr71
restriction site (GAAGAC (7/11) (Figure 10A(i)) is detected using either ES-PCR (Figure
10A(iv)) (see Section 8.1.1.1 below) or by using a specific primer following extension of the
3’ terminus using terminal transferase (Figures 10A(ii) and 10A(iii)). The primer shown in
Figure 10A(iii) matches the product of the shorter original DNA molecule and will prime
effectively, while it forms a 3 base mismatch with the product of the longer molecule and will
not prime. The product of the shorter molecule can be then amplified using a suitable reverse
primer from within the sequence.

8.1.1.1 Amplification by ES-PCR. The cleaved lower strand from the short molecule
(‘'short sequence', Fig. 10A(i)) will prime effectively on a template oligonucleotide having
complementary nucleic acid sequence in its 3' region and an amine blocked 3’ end. The newly
incorporated terminal sequence resulting from 3' extension of the targeted molecule can be
used in combination with an internal second oligonucleotide for amplification during ES-PCR.
In contrast the cleaved end from the long molecule ('long sequence’, Fig. 10A(i)) has a 3 base
mismatch, and will therefore not prime on the template oligonucleotide and so be refractory to

amplification.
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8.2. A second example is shown in Figure 10B. Most enzymes with cutting sites outside their
recognition sequence cleave to give staggered ends which can act as substrates for linker
ligation and subsequent PCR. In the present example an Mmel site (TCCGAC (20/18)) is
adjacent to a short mononucleotide run (Figure 10B(i)). The cut site is 20 bases from the
recognition site on the top strand and 18 on the bottom strand. Variants of the sequence with
10 or 9 Ts are shown. The ends generated when cut with Mmel are shown in Figure 10B(ii).
To selectively amplify the "nine" molecule a linker with a CA 3' extension as shown can be
ligated, as shown in Figure 10B(iii). This molecule could be detected by PCR, wherein the
forward primer would have the sequence as shown in Fig. 10B(iii) in combination with a
reverse primer from within the region to be amplified. The alternate “ten” molecule gives a
mismatching end that will ligate poorly and its amplification will be further compromised by
mismatching with the primer.

8.2.1 Amplification by ES-PCR. Alternatively, the 3' termini generated can be
discriminated using ES-PCR with the template oligonucleotide shown in Figure 10C. The
“nine” molecule perfectly matches the 3' region of the template oligonucleotide and will
therefore prime on it, while the “ten” molecule produces a mismatch at its 3’ terminus, thereby
preventing 3' extension complementary to the 5' tail of the template oligonucleotide, and

thereby failing to be amplified in the reaction.

In many instances an endogenous site will not be suitably located for a restriction enzyme that
cuts outside its recognition sequence. In such cases it is possible to introduce an appropriate
site either using a primer to introduce mutations to produce a site flanking the region of
interest and to analyse the resulting PCR product as a two step procedure. Alternatively, if
there is another closely located restriction site, a new site can be introduced by cutting with the
first enzyme and ligating an adaptor containing the desired enzyme site. In the example of
Figure 10B the sequence shown is derived from a site within the TGFRB2 gene, where a
single base deletion in the sequence of a stretch of ten As is common in colorectal cancer. The
Mmel site is notionally introduced by cutting at a flanking EcoRII site and ligating an adaptor

containing the Mmel site.
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Microsatellite sequences provide an example of clinical relevance where it is desired to detect

instability of short simple repeats, normally by detecting the presence of shorter, deleted forms
(Example 8.3.)

The presence of an insertion can also be detected as shown in Example 8.4

8.3: Detection of deletion in microsatellite NR22.

The microsatellite NR-22 was described by Suraweera et al (2002). An Mboll restriction site
is located next to the mononucleotide repeat of the microsatellite (Figure 11A(i)). Mboll cuts
at a distance from its recognition site, GAAGA, 8 nucleotides from the end of its recognition
sequence on the top strand and 7 nucleotides away on the bottom strand. The sequence
adjacent to the resulting new end will depend upon the length of the mononucleotide repeat. In
Figures 11A(ii) and 11A(iii) only the bottom strand is shown for simplicity. In practice, the
upper strand is also taken into account because during the PCR it is copied, giving a new,
extendable 3’ end. Examples are shown for the length of 22 (normal) 20, 18 and 16 base pairs.
(Cloning and sequencing of this region from the colorectal cancer cell line HCT116 gave

lengths of 16 bp and 18 bp for the NR-22 mononucleotide repeat.).

Two templating oligonucleotides are shown in Figures 11A(ii) and 11A(iii), respectively,
aligned with the Mboll cut DNA (bottom strand) derived from mononucleotide repeats of
different length from 16 to 22 bases. Extension of the template oligonucleotides on genomic
DNA is prevented or reduced by the presence of mismatches at the 3’ end, as well as abasic
sites after cleavage by Uracil DNA Glycosylase of the U-containing oligonucleotides. Figure
11A(ii) shows the control template oligonucleotide 04FNR22-0. Products of cutting repeats of
different length are all able to prime on FINR22-0 and the extended product will subsequently
be amplified by the LUX primer, FAMLUX]1. Amplification from the shorter repeats may be
less efficient due to the shorter length of the hybridizing region. The second template
oligonucleotide JSNR22-4 is designed to selectively allow amplification only from shorter
repeat sequences. The underlined bases at the 3’ end of the Mboll-cut DNA from repeats of 20
or 22 bases form mismatches with the template oligonucleotide and will prevent their

extension. In contrast, the ends derived from shorter repeats of 16 or 18 bases will prime
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efficiently leading to subsequent ampliﬁcatibn by the JOELUXS primer and detection by JOE

fluorescence.

In summary, the normal length of the NR-22 microsatellite is expected to only give FAM
fluorescence in the PCR whereas deletions of NR-22 such as 4bp or 6pb will give both FAM

and JOE fluorescence.

PCRs were carried out in 25 microlitres of 20 mM Tris-HCI (pH 8.4), 50 mM KCl, 4 mM
MgCI2, 0.2mM dNTPs, 2 nM FINR22-0, 10 nM J5NR22-4, 80 nM NR22R1, 80 nM
JOELUXS fluorescent LUX primer, 20 nM FAMLUX1 fluorescent LUX primer, 0.04 units of
Uracil DNA Glycosylase (New England Biolabs),0.5 units Mboll restriction endonuclease
(New England Biolabs), 0.5 units of Platinum Taq Polymerase (Invitrogen). A Corbett
RotorGene 3000 was set to run at 37C for 5 minutes, 95C for 90 seconds, then 5 cycles of
(95C 10 seconds, 60C 40 seconds, 70C 10 seconds), and then 60 cycles of (95C 5 seconds,
70C 15 seconds). JOE and FAM fluorescence was monitored. Tests were done in duplicate. 5
nanograms of DNA isolated from either the cell line HCT116 or from blood of a normal

subject were added to the reactions.

As seen in Figure 11B, in the case of FAM fluorescence (Figure 11B(i)), the blood DNA is
amplified ahead of the DNA from HCTI116 cells that carry deletions within the NR-22 .
microsatellite. Also, FAM fluorescence in the case of the blood DNA is higher at the end of
the reaction. This suggests that this assay could be developed into an end point assay, one that
does not require access to a real time PCR machine. In the case of HCT116, both FAM and
JOE reactions will occur because the deletions in this cell line will allow copying of both of
the template oligonucleotides in the reaction. However the template oligonucleotide that is
specific for the deletion-carrying DNA is used at a higher concentration so biasing toward the
JOE reaction. Because the reverse primer NR22R1 is used at only 80 nM it is expected that
the two reactions will compete with one another, explaining the difference in ultimate FAM
signal between the two input DNAs, In the case of the JOE signal (Figure 11B(ii)), only the
deleted DNA from HCT116 gives Mboll-cut strands able to prime on the JSNR22-4 template
oligonucleotide carrying the tail that allows JOELUXS5 incorporation.
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8.4: Detection of Insertions.

In Figure 12A, only the bottom strand of a DNA fragment is shown for simplicity (although it
should be remembered that restriction enzymes in general cut double stranded DNA). The
location of a restriction enzyme recognition site (not to scale) is shown. An example of a
restriction enzyme that cuts outside of its recognition site is Acul, which cuts at a distance of

14 from the end of its recognition site when considering the ‘bottom’ strand.

A template oligonucleotide is designed such that when after hybridization to the cut end,
extension on the template oligonucleotide is reduced or blocked by the presence of one or
more 2’ O-Methyl nucleotides. Other means to block extension are well known to those
skilled in the art, such as use of abasic sites in the template oligonucleotide or the use of
mismatches (as described herein). Extension is prevented in this case because the 3’ end of the

cut DNA hybridized not to a DNA nucleotide but to a 2° O-Methyl nucleotide.

An example of an insertion mutation is shown in the bottom part of Figure 12A. Insertion of 4
base pairs between the recognition site for an outside cutter such as Acul and its cut site will
shift the cut position 4 base pairs to the left. When the resulting cut DNA hybridizes to the 2’
O-Methyl-containing template oligonucleotide the resulting complex has a stretch of 4 DNA-

DNA matched nucleotides thus allowing extension of the cut 3’ end.

Data to show the efficacy of this approach were obtained by employing synthetic
oligonucleotides that mimic the different cut bottom strands that would be generated from

cutting either ‘normal’ DNA or DNA containing either a 1bp or 4bp insertion (Figure 12B).

The PCR is eventually driven by the two outside primers, JOELUX and CommRS5. JOELUX
is a LUX primer labelled with JOE. It matches 15 nucleotides of the template oligonucleotide
and is thus incorporated after the template oligonucleotide is copied. CommR5 has 11
nucleotides in common with the test oligonucleotides and can become incorporated after

JOELUX copies a test oligonucleotide.

PCRs were carried out in 25 microlitres of 20 mM Tris-HCI (pH 8.4), 50 mM KCI, 4 mM
MgCl;, 0.2mM dNTPs, 10nM template oligonucleotide, 40 nM JOELUX fluorescent LUX
primer, 200 nM CommRS5, 10 test oligonucleotide, 0.04 units of Uracil DNA Glycosylase
(New England Biolabs) 0.5 units of Platinum Taq Polymerase (Invitrogen). A Corbett
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RotorGene 3000 was set to run at 37°C for 5 minutes, 95°C for 90 seconds, then 5 cycles of
(95°C 30 seconds, 55°C 40 seconds, 65°C 15 seconds), and then 55 cycles of (95°C 5 seconds,
65°C 15 seconds). JOE fluorescence was detected. Tests were done in triplicate. The 5 minute

incubation at 37°C was to allow time for digestion with Uracil DNA Glycosylase.

It can be seen in Figure 12C that amplification of 10 test oligonucleotide (continuous lines)
that corresponds to the bottom strand of ‘Normal’ DNA after cutting with the outside cutter is
only evident after cycle 30. Test oligonucleotides corresponding to insertions of 1 base pair
(dotted lines) or 4 base pairs (dashed lines) are amplified about 10 cycles earlier, showing that

this experimental setup could be used to selectively amplify DNA from insertion mutants.

Example 9: Template oligonucleotide designs.

A model system was used to assess modifications of template oligonucleotide for usefulness
in the methods of the invention. Two test DNAs were prepared and used as targets. The target
DNA named ‘Cut’ corresponds to the bottom strand of an Alu element that has been cut by the
restriction enzyme BstUI. Successful cutting of Alu elements at the BstUT site only occurs if
this site is unmethylated. In this experiment no restriction enzymes are used because target
oligonucleotide ‘mimics’ are employed. The second target DNA is called ‘Uncut’ and is a
mimic of a fragment cut or broken at a position different from where BstUI cuts, having an
extension of 5 Ts. Both target oligonucleotides are shown in the 3’ to 5’ orientation in Figure
I3A. AluRev is the reverse primer. It fully matches its target sequence and is also shown in

the 3° to 5’ orientation.

AluPhB and a series of related oligonucleotides were used as templating oligonucleotides
(Figure 13A) . These are shown in the 5’ to 3’ orientation. Extension of AluPhB is prevented
by the presence of a phosphate at the 3’ end instead of the normal OH group. AluPhB has a 5°
tail (underlined, Figure 13A) that once copied by extension of a target sequence adjacent a 3'
terminus, allows incorporation of the JOE-labelled outer primer called JOELUX. PCR
amplification was monitored by JOE fluorescence as the primer becomes incorporated in the
PCR product.
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" PCRs were carried out in 25 microlitres of 20 mM Tris-HCI (pH 8.4), 50 mM KCI, 4 mM

MgCl2, 0.2mM dNTPs, 10nM template oligonucleotide (AluPhB or other), 40 nM AluRev, 40
nM JOELUX fluorescent LUX primer, 0.04 units of Uracil DNA Glycosylase (New England
Biolabs) 0.5 units of Platinum Taq Polymerase (Invitrogen). A Corbett RotorGene 3000 was
set to run at 37°C for 5 minutes, 95°C for 2 minutes, then 5 cycles of (95°C 10 seconds, 60°C
40 seconds, 70°C 5 seconds), and then 40 cycles of (95°C 1 second, 65°C 15 seconds). JOE
fluorescence was detected. Tests were done in duplicate. The 5 minute incubation at 37°C was
only included so that cycling conditions were identical to other experiments in which
restriction enzyme digestion prior to PCR was required. This made comparison of results from
the different experiments more straightforward. The Uracil DNA Glycosylase (UDG) was
added to the reaction to digest the template oligonucleotide that contains U nucleotides. To

each reaction either 107 Cut or 10'° Uncut target DNA were added.

The reference template oligonucleotide AluPhB has a 23 base hybridising region with the
“cut’ target sequence and is blocked for extension by a phosphate at its 3° end. Figure
13C(i)shows amplification from 107 “cut” molecules and 1000 fold higher amount of the
“uncut” molecule. If there were no selectivity we would expect about a delay of about 10
cycles in amplification from the “cut’ molecules. Amplification at an equivalent cycle number
is indicative of about 1000 fold selectivity. The degree of selectivity may be limited either by
extension of the template oligonucleotide (eg if the 3’ phosphate is removed or if the template
oligonucleotide is nicked) or by mispriming of the “uncut’ molecules on the template
oligonucleotide, in this case by mispriming on AluPhB. Alternative template oligonucleotides

have been developed that show improved selectivity because of certain incorporated features .

The series of alternate template oligonucleotides differ in the 3’ modifications designed to
prevent extension of the template oligonucleotide. The modifications shown include
incorporating a C7 amine or a C3 spacer or a 3 base terminal mismatch (AluUUG, where the
two Us will form abasic sites after UDG treatment) and/or internal modifications that provide
a block to extension if there is aberrant priming from upstream of the proper priming site.
These include 2° O-Methyl modified bases in AluMeAm and AluMeMult (bold lower case),
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inclusion of an abasic site (X in AluAbSp) or of uracil bases that can be converted to abasic

sites by treatment with UDG (Figure 13B).

Incorporation of extension blocking modifications in the template oligonucleotide
substantially inhibited amplification from the “uncut” molecules, leading 1000 fold or greater
selectivity. Comparison of AluMeAm and AluMeMult shows a selectivity with a greater
number of modified bases, though their presence is probably also reducing the efficiency of

correct priming.

The sequence of AluHL is such that its 5° and 3’ ends can form a hairpin structure (with the 3’
end having multiple mismatches with the target “cut’ molecule that will prevent it priming.
The hairpin structure possibly prevents both mispriming by the template oligonucleotide and

mispriming on the template oligonucleotide by the “uncut” nucleic acid molecule.

These experiments show that template oligonucleotides can be prevented from extension in
different ways, and modifications that reduce or prevent copying of the hybridizing portion of

the templating oligonucleotides can increase the specificity of the ES-PCR.
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'THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for selective amplification from a sample of a nucleic acid molecule having a

target sequence adjacent a 3’ terminus, in the presence of molecules comprising the target

sequence not adjacent a 3’ terminus but embedded within the molecule, the method

comprising

(i) contacting the sample with a template oligonucleotide having

(a) a 3’ region substantially complementary to the target sequence adjacent the

3’ terminus of a nucleic acid molecule;

(b) a 5’ tail comprising a nucleic acid sequence such that a free 5° tail is

formed when the template oligonucleotide anneals to the target sequence
located adjacent a 3’ terminus or embedded within a nucleic acid molecule,
the 5' tail providing a template for extension of the 3' terminus of the target
sequence incorporating sequence complementary to the 5' tail of the
template oligonucleotide resulting in the addition of sequence

complementary to the 5' tail to the target sequence; and

(c) a modification in the 3' region that delays 3' extension of said template

oligonucleotide;

(i)  contacting the sample with a second oligonucleotide for priming in a reverse

direction to the template oligonucleotide, and optionally a third oligonucleotide

sharing nucleotide sequence with the 5' tail of the template oligonucleotide;

(iif)  carrying out amplification of the sample wherein

(a) annealing of the template oligonucleotide to target sequence adjacent a 3°

terminus is stabilised over annealing of said oligonucleotide to target
sequence not adjacent to a 3’ terminus by copying of the 5’ tail of the
template oligonucleotide by extension from the 3’ terminus of the target
sequence in the presence of delayed 3' extension of said oligonucleotide;

and
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(b) wherein consequent stabilised annealing of the template oligonucleotide to

(©

target sequence adjacent to a 3’ terminus enhances efficiency of 3'
extension of the template oligonucleotide compared to extension of the
template oligonucleotide annealed to target sequence not adjacent a 3’
terminus, and

wherein amplification occurs using the template oligonucleotide and/or the
third oligonucleotide in combination with the second oligonucleotide,
resulting in selective amplification of target sequence adjacent a 3’
terminus in the presence of nucleic acid molecules comprising target

sequence embedded within the molecule.

2. A method for selective amplification from a sample, of a nucleic acid molecule having

a target sequence adjacent a 3' terminus the result of cleavage of the molecule, in the presence

of uncleaved molecules comprising the target sequence embedded within the molecule, the

method comprising:

(¥

(ii)

(iii)

contacting the sample with a template oligonucleotide having

(a)

a 3' region substantially complementary to the target sequence adjacent the

3' terminus of a nucleic acid molecule; and

(b) a 5' tail of comprising a nucleic acid sequence such that a free 5' tail is

©

formed when the template oligonucleotide anneals to cleaved or uncleaved
nucleic acid molecules, the 5' tail providing a template for extension of the
3' terminus of the target sequence incorporating sequence complementary
to the 5' tail of the template oligonucleotide resulting in the addition of

sequence complementary to the 5' tail to the target sequence; and

a modification in the 3' region that delays 3' extension of the template

oligonucleotide;

contacting the sample with a second oligonucleotide for priming in a reverse

direction to the template oligonucleotide, and optionally a third oligonucleotide

sharing nucleotide sequence with the 5' tail of the template oligonucleotide;

carrying out amplification of the sample wherein
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(a) annealing of the template oligonucleotide to target sequence adjacent a 3'

terminus the result of cleavage of a nucleic acid molecule, is stabilised over
annealing of said oligonucleotide to target sequence not adjacent a 3'
terminus in an uncleaved nucleic acid molecule by copying of the 5’ tail of
the template oligonucleotide by extension from the 3’ terminus of the target
sequence in the presence of delayed 3' extension of said oligonucleotide;

and

(b) wherein consequent stabilised annealing of the template oligonucleotide to

the cleaved nucleic acid molecule enhances efficiency of 3' extension of the
template oligonucleotide compared to extension of said oligonucleotide

annealed to an uncleaved nucleic acid molecule, and

(c) wherein amplification occurs using the template oligonucleotide and/or the

third oligonucleotide in combination with the second oligonucleotide,
resulting in selective amplification of target sequence adjacent to a 3’
terminus over target sequence embedded within a nucleic acid molecule,
resulting in selective amplification of cleaved nucleic acid molecules over

uncleaved nucleic acid molecules.

3. . A method for selective amplification from a sample of a nucleic acid molecule having

a target sequence adjacent a 3' terminus, in the presence of a mixed population of molecules

20 having differing 3' termini, the method comprising

) contacting the sample with a template oligonucleotide having

(a) a 3' region substantially complementary to the target sequence adjacent the 3'

terminus; and

(b) a 5' tail comprising a nucleic acid sequence such that a free 5' tail is formed

25 when the template oligonucleotide anneals to the target sequence adjacent a 3'

terminus, the 5' tail providing a template for extension of the 3' terminus of the

target sequence incorporating sequence complementary to the 5' tail of the

template oligonucleotide resulting in the addition of sequence complementary

to the 5' tail to the target sequence; and



5

10

20

25

WO 2007/109850 PCT/AU2007/000389

51

(c) a modification in the 3' region that delays 3' extension of said oligonucleotide;

(i)  contacting the sample with a second oligonucleotide for priming in a reverse
direction to the template oligonucleotide, and optionally a third oligonucleotide

sharing nucleotide sequence with the 5' tail of the template oligonucleotide;

(iii)  carrying out amplification of the sample wherein

(a) specific annealing of the template oligonucleotide to target sequence adjacent a
3' terminus is stabilised over annealing of template oligonucleotide to non-
complementary sequence adjacent a 3' terminus, by copying of the 5' tail of the
template oligonucleotide by extension from the 3' terminus of the target
sequence in the presence of delayed 3' extension of the template

oligonucleotide; and

(b) wherein consequent stabilised annealing of the template oligonucleotide to the
target sequence adjacent a 3' terminus enhances efficiency of 3' extension of the
template oligonucleotide compared to extension of said oligonucleotide

annealed to non-complementary sequence adjacent a 3' terminus, and

(c) wherein amplification occurs using the template oligonucleotide and/or the
third oligonucleotide in combination with the second oligonucleotide, resulting
in selective amplification of target sequence adjacent a 3' terminus in the

presence of a mixed population of 3' termini.

4. The method according to any one of claims 1-3, wherein a modification in the 3' region
of the template oligonucleotide that delays 3' extension of the oligonucleotide is

selected from the group consisting of
(i) the incorporation of a 3’ terminal nucleotide mismatch,

(ii) the incorporation of one or more nucleotide mismatches in the 3'

region of the template oligonucleotide close to the 3' terminus,

(iii) the incorporation of a deletion in the 3' region of the template

oligonucleotide close to the 3' terminus,
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(iv) the incorporation of an insertion in the 3’ region of the template

V)

oligonucleotide close to the 3’ terminus, and

any combination of modifications (i)-(iv).

5. The method according to claim 4, wherein the modification in the 3' region of the

template oligonucleotide is the incorporation of a 3' terminal nucleotide mismatch.

6. The method according to claim 4, wherein the modification in the 3' region of the

template oligonucleotide is the incorporation of an insertion in the 3' region of the

template 4oligonucleotide close to the 3' terminus.

7. A method for selective amplification from a sample of a nucleic acid molecule having

a target sequence adjacent a 3’ terminus in the presence of molecules comprising the target

sequence not adjacent a 3’ terminus but embedded within the molecule, the method

comprising

(1) contacting the sample with a template oligonucleotide having

(a) a 3’ region substantially complementary to the target sequence adjacent the

3’ terminus a nucleic acid molecule ; and

(b) a 5’ tail comprising a nucleic acid sequence such that a free 5’ tail is formed

when the template oligonucleotide anneals to target sequence located
adjacent a 3’ terminus or embedded within a nucleic acid molecule, the 5'
tail providing a template for extension of the 3' terminus of the target
sequence incorporating sequence complementary to the 5' tail of the
template oligonucleotide resulting in the addition of sequence

complementary to the 5' tail to the target sequence; and

(c) a modification in the 3' region that blocks 3' extension of said template

oligonucleotide, or, a modification in the hybridizing region of the template
oligonucleotide that permits 3’ extension but hinders or blocks copying in

the 3’ region of said oligonucleotide;

(i)  contacting the sample with a second oligonucleotide for priming in a reverse

direction to the template oligonucleotide;
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(ili)  contacting the DNA sample withr a third oligonucleotide sharing nucleotide

sequence with the 5' tail of the template oligonucleotide and from which 3'

extension proceeds unhindered;

(iv)  carrying out amplification of the sample wherein

(a) annealing of the template oligonucleotide to nucleic acid molecules in the

sample is followed by copying of the 5' tail of the template oligonucleotide
when the template oligonucleotide anneals to target sequence adjacent a 3'
terminus but not when the template oligonucleotide anneals to target
sequence embedded within a nucleic acid molecule, in the presence of
blocked 3' extension of the template oligonucleotide, or, in the presence of
unhindered 3’ extension of a template oligonucleotide from which

subsequent copying is hindered or blocked; and

(b) wherein amplification proceeds with the second and third oligonucleotides,

selectively amplifying target sequence located adjacent a 3' terminus by
virtue of the copied 5' tail, amplification of target sequence embedded
within a nucleic acid molecule not proceeding due to the absence of
copying of the 5' tail and either blocked 3' extension of the template

oligonucleotide, or blocked copying of the template oligonucleotide.

A method for selective amplification from a sample, of a nucleic acid molecule having

a target sequence adjacent a 3' terminus the result of cleavage of the molecule, in the presence
of uncleaved nucleic acid molecules comprising the target sequence embedded within the

molecule, the method comprising:

() contacting the DNA sample with a template oligonucleotide having

(a) a 3' region substantially complementary to the target sequence adjacent the

3' terminus of a nucleic acid molecule; and

(b) a 5' tail comprising a nucleic acid sequence such that a free 5' tail is formed

when the template oligonucleotide anneals to cleaved or uncleaved nucleic
acid molecules, the §' tail providing a template for extension of the 3'

terminus of the target sequence incorporating sequence complementary to
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the 5' tail of the template oligonucleotide resulting in the addition of

sequence complementary to the 5' tail to the target sequence; and

(c) a 3' modification that blocks 3' extension of said template oligonucleotide;
or, a modification in the hybridizing region of the template oligonucleotide
that permits 3’ extension but hinders or blocks copying in the 3’ region of

said oligonucleotide;

contacting the sample with a second oligonucleotide for priming in a reverse

direction to the template oligonucleotide;

contacting the sample with a third oligonucleotide sharing nucleotide sequence
with the 5' tail of the template oligonucleotide and from which 3' extension

proceeds unhindered;

carrying out amplification of the sample in which

(a) annealing of the template oligonucleotide to target sequence adjacent a 3'
terminus the result of cleavage of a nucleic acid molecule is followed by
copying of the 5' tail of the template oligonucleotide but not when the
template oligonucleotide anneals to target sequence embedded within an
uncleaved nucleic acid molecule, in the presence of blocked 3' extension of
said oligonucleotide, or, in the presence of unhindered 3’ extension of a

template oligonucleotide from which subsequent copying is hindered or
blocked; and

(b) wherein amplification proceeds with the second and third oligonucleotides,
selectively amplifying target sequence adjacent a 3' terminus by virtue of
the copied 5' tail sequence, amplification of target sequence embedded
within an uncleaved molecule not proceeding due to the absence of
copying of the 5' tail and either blocked 3' extension of the template
oligonucleotide, or blocked copying of the template oligonucleotide,
resulting in selective amplification of cleaved nucleic acid molecules over

uncleaved nucleic acid molecules.



20

25

WO 2007/109850 PCT/AU2007/000389

55

9. A method for selective amplification from a sample of a nucleic acid molecule having

a target sequence adjacent a 3' terminus, in the presence of a mixed population of 3'

termini, the method comprising
(i) contacting the sample with a template oligonucleotide having

(a) a3'region substantially complementary to the target

sequence adjacent the 3' terminus; and

(b) a 5' tail comprising a nucleic acid sequence such that afree 5' tail is
formed when the template oligonucleotide anneals to the target sequence
adjacent a 3' terminus, the 5' tail providing a template for extension of the
3" terminus of the target sequence incorporating sequence complementary
to the 5' tail of the template oligonucleotide resulting in the addition of

sequence complementary to the 5' tail to the target sequence; and

(c) a modification in the 3' region that blocks 3' extension of the template
oligonucleotide, or, a modification in the hybridizing region of the
template oligonucleotide that permits 3' extension but hinders or blocks

copying in the 3' region of said oligonucleotide;

(i)  contacting the sample with a second oligonucleotide for priming in a

reverse direction to the template oligonucleotide;

(iii)  contacting the DNA sample with a third oligonucleotide sharing nucleotide
sequence with the 5' tail of the template oligonucleotide and from which 3'

extension proceeds unhindered;
(iv)  carrying out amplification of the sample wherein

(a) specific annealing of the template oligonucleotide to target sequence is
followed by copying of the 5' tail of the template oligonucleotide when
the template oligonucleotide anneals to target sequence adjacent a 3'
terminus but not when the template oligonucleotide anneals to non-
complementary sequence adjacent a 3' terminus, in the presence of

blocked 3' extension of the template oligonucleotide, or, in the presence
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of unhindered 3' extension of a template oligonucleotide from which

subsequent copying is hindered or blocked; and

(b) wherein amplification proceeds with the second and third

oligonucleotides selectively amplifying target sequence located adjacent
a 3' terminus by virtue of the copied 5' tail sequence, amplification of
non-complementary sequence adjacent a 3' terminus not proceeding due
to the absence of copying of the 5' tail and either blocked 3' extension of
the template oligonucleotide, or blocked copying of the template
oligonucleotide, resulting in selective amplification of target sequence
adjacent a 3' terminus in the presence of a mixed population of 3'

termini.

10. The method according to any one of claims 7-9, wherein the modification in the 3'
region of the template oligonucleotide that blocks 3' extension of the template

oligonucleotide is selected from the group consisting of

(i) the incorporation of one or more non-extendible moieties or nucleotide

analogues at its 3' terminus,

(ii) the incorporation of a combination of a 3' terminal non-extendible
moieties or nucleotide analogue and one or more nucleotide mismatches in

the 3' region of the template oligonucleotide close to its 3' terminus,

(i) the incorporation of one or more abasic sites in the 3' region of the

template oligonucleotide close to its 3' terminus, and

(iv) the incorporation of a combination of one or more abasic sites and one
or more nucleotide mismatches in the 3' region of the template

oligonucleotide close to its 3' terminus.

11. The method according to claim 10, wherein the one or more non-extendible moieties

or nucleotide analogues are selected from the group consisting of
(i) a2’, 3’ dideoxynucleotide,

(i) a3’ C3, C18 or other length spacer,
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(ili) a3’ phosphorylated nucleotide,

(iv)  apeptide nucleic acid base,

v) an amine linker ,

(vi)  one or more uracils treated with Uracil DNA glycosylase,
(vii) RNA,

(viii) one or more 2’ O-Methyl RNA residues, and

(ix)  any combination of (i)-(viii).

The method according to claim 11, wherein the non-extendible base is an amine

linker.
The method according to claim 11, wherein the non-extendible base is a C3 spacer.

The method according to claim 11, wherein the non-extendible base is one or more

uracils treated with Uracil DNA glycosylase.

The method according to claim 11, wherein the non-extendible base is one or more 2’
O-Methyl RNA residues.

The method according to claim 10, wherein the non-extendible base is one or more

abasic sites in the 3' region of the template oligonucleotide close to the 3' terminus.

The method according to any one of claims 7-9, wherein a modification in the 3'
region that that permits 3’ extension but hinders or blocks copying in the 3’ region of

said oligonucleotide is selected from the group consisting of

(i) the insertion within the 3' region of the template oligonucleotide of one or

more base analogues,
(ii) the insertion of one or more RNA nucleotides,
(iii) the insertion of one or more abasic sites, and

(iv) any combination of (i) — (iii).
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The method according to claim 17, wherein the modification is the insertion of one or

more base analogues.

The method according to claim 17, wherein the modification is the insertion of one or

more abasic sites.

The method according to claim 9, wherein the 3' termini of the nucleic acid molecules
in the sample including the 3' terminus of the targeted nucleic acid molecule, are a

result of digestion of the sample with a flanking cutter restriction endonuclease.

The method according to claim 20, wherein the modification in the 3' region that
blocks 3' extension of said template oligonucleotide is the incorporation of one or
more base analogues, one or more abasic sites or any combination of these at its 3'

terminus.

The method according to claim 20 or 21, wherein the template oligonucleotide further
incorporates a modification in the 3' region that blocks 3' extension of the target

sequence.

The method according to claim 22, wherein the modification is the incorporation in

the 3' region of the template oligonucleotide of one or more base analogues.

The method according to claim 23, wherein the template oligonucleotide incorporates
a 3' terminal nucleotide mismatch, one or more abasic sites and the incorporation of

one or more base analogues.

The method according to any one of claims 1-24, wherein the second oligonucleotide

is a further template oligonucleotide.

A kit for the selective amplification of cleaved DNA from a DNA sample comprising
cleaved and uncleaved DNA, the kit comprising (i) a template oligonucleotide,
(i1) a second oligonucleotide, and (iii) a third oligonucleotide; as defined according to

the method of any one of claims 1-25.

The method according to any one of claims 1 to 26, wherein the nucleic acid

molecules comprise DNA.
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The method according to claim 2 or claim 8, wherein cleavage of the nucleic acid

molecule is the result of cleavage by a sequence-specific restriction endonuclease.

The method according to claim 28, wherein the restriction endonuclease is a

sequence-specific methylation sensitive restriction endonuclease.

The method according to claim 29, wherein the methylation sensitive restriction

endonuclease is inhibited by DNA methylation.

The method according to claim 30, wherein the methylation sensitive restriction
endonuclease is selected from the group consisting of Hpall, Hhal, Bstul, Notl, Smal
and Sacll.

The method according to claim 29, wherein the methylation sensitive restriction

endonuclease cleaves methylated DNA.

The method according to claim 32, wherein the methylation sensitive restriction

endonuclease is selected from the group consisting of Glal and Bisl.

The method according to claim 28, wherein the restriction endonuclease is chosen to
distinguish between the presence or absence of a restriction site in the nucleic acid

molecules in the sample.

A method for the detection of a single nucleotide polymorphism or mutation

according to claim 2 or 8.

A method for the detection of instability in simple nucleotide repeats according to

claim 3 or 9,

A method for the detection of instability in simple nucleotide repeats according to

any one of claims 20-24.

A method for the detection of instability in simple nucleotide repeats according to

claim 24.

A method for the determination of methylation status of a sample comprising nucleic

acid molecules, the method according to any one of claims 29 to 33.



WO 2007/109850 PCT/AU2007/000389

60

40. A method for detecting the presence or absence of a deletion or insertion in a nucleic
acid molecule in a sample wherein the deletion or insertion occurs between a
restriction enzyme recognition site and its cleavage site located outside the

recognition site at a defined distance, the method comprising

5 () digesting the sample with the restriction enzyme having a cleavage site

outside its recognition site at a defined distance, and

(ii) determining the nucleotide sequence adjacent a 3' terminus ~ generated
by cleavage wherein the nucleotide sequence adjacent the 3' terminus will
depend on the presence or absence of a deletion or insertion, and wherein

10 a shift inthe cleavage site either in the 3' or 5' direction will occur in the

presence of a deletion or insertion, respectively.

41. The method according to claim 40, wherein step (ii) is achieved by a method

according to claim 3 or claim 9.

15
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K562  CpGenome (Methylated DNA)

Morm. Fiuoro,
ot|
0.05]
Threshold
o ==
fa

Cyele Mumber

3 ng input DNA

SUBSTITUTE SHEET (RULE 26) RO/AU

Ct Ct Average Difference
K562 19.7 18.6 19.1
CpGenome (methylated) | 31.8 32.8 323 13.2
FIGURE 3A
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Matched Normal 29/99  Tumour Sample 30/99
Natm. Fluaro.
04
0.05|
Threshald
o '5 g 15 i20 b5 l3n 35 i
Cycle Number
3 ng input DNA Ct | Ct Average Difference
29/99 normal matched to
30/99 31.2 30.9 31.0
30/99 tumour sample 28.6 28.4 28.5 2.5

FIGURE 3B

SUBSTITUTE SHEET (RULE 26) RO/AU
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Matched Normal 34/03 ~ Tumour Sample 35/03
sorm. Fluors, }
; |
|
04]
0.05]
! Threshold -
o '5 o 5 20 a5 30 35
Cyele Number
3 ng input DNA Ct Ct Average Difference
34/03 Normal matched to
35/03 29.9 29.7 29.8
35/03 tumour sample 26.7 26.9 26.8 3.0

FIGURE 3C

SUBSTITUTE SHEET (RULE 26) RO/AU
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Forward end-specific template primer 21 TFMLHC/T

Reverse end-specific template primer 21gTRM13

CACTCCCACTCGGGAGGAATTTAATCTAGC > 21gTFMLHC/T

57 CGGGAGGAATTTAATCTAGAGTCTAACTTGCGTGECTEGTCCCCACTGAGTCCCGEGECACGEGTCAGGCTARCCE 3
21QTRM13 < TCAGTCCGATTGGCTCACACTCCC

FIGURE 4A
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% K562 % CpGenome SYBR Green
(Methylated) Ct
1 | 100 0 6.4
I 10 90 30.0
L 1 99 33.6
I 0.1 99.9 40.2
L 0 100 47.3
' No DNA added 56.0

SYBR Green Amplification Curves:

Herm, Fluore,

0.05

% K562 > 100 -

Threshold

[ o 20 a0 40 e Cycle

FIGURE 4B
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Hpall site within Myc gene targeted by mismatch primer.

Myc Uncut 5’ GAGCGCCAGAGGAGGAACGAGCTAARACGGAGCTTTTTTGCCCTGCGTGACCAGATCCCEGGAGTTGGAARR

MycFCl CGCCAGAGGAGGAACGAGCTAA 3' >>
Myc HpalII-cut GAGCGCCAGAGGAGGAACGAGCTAAAACGGAGCTTTTTTGCCCTGCGTGACCAGATCC 3
<< 3’ CCGCACTGGTCTAGGTCCCTGCTCC
MycRM1

FIGURE 5A
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I ng Hpall-cut DNA SYB Ct SYB Ct Average SYB Ct Average Ct
Difference
K562 (hypomethylated) 29.0 27.8 28.4
CpGenome (Methylated) 33.9 43.3 38.6 10.2
34/03 (matched normal) 27.8 27.5 27.6
35/03 (tumour sample) 23.6 23.7 23.6 4.0

K562 (grey) CpGenome (Black)

Norm. Fluoro.
mm‘:ﬂ
04] . : L ’{’////4‘ 3
;
{.
‘ V4
KB62 &
0.05] ‘o CpGenome
LA
N ?‘
A
{,/
: / CpGenome
ol @ Threshold e W ‘_______/
M,,M:“‘"”W"‘“ " - - ; .
o ' "o s ‘20 b5 I3p I35 lan c

34/03 (Normal, Black) 35/03

Cyucle Number

(Tumour, Grey)

Norm. Fluoro. i i
: i
0.1_ ; | //
/ f
3503 ,/f’/ ‘
003 # 34103
b g’)’
0 Threshold _
o 5 "o 5 20 125 0 135 a0 C

Cycle Number

FIGURE 5B
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LINE uncut DNA, Hpall sites in bold
57 NNNNCCGGTCTACAGCTC- - - CCAGCGTGAGCGACCCAGAAGACCGEGTCATTTCTGCATTT - - -CCATCTGAGGTACCGGNNNN 3/
3/ NNNNGGCCAGATGTCGAG- - ~-GGTCGCACTCGCTGCGTCTTCTEGCCCACTAAAGACGTARA ~ - ~-GCTAGACTCCATGECCNNNN 5/
LINE HpaII-cut (and copied)

5’ CGGTCTACAGCTC---CCAGCGTGAGCEGACGCAGAAGACGGGTGATTTCTGCATTT- - -CCATCTGAGGTACCG
3’ GCCAGATGTCGAG~-~GGTCGCACTCGCTECGTCTTCTEGCCCACTAARGACGTAAA~ ~ -CGEGTAGACTCCATGGC

HEX- CGACGCAGAAGACGGGTGATTTCTG BH1 5’ LPAHex Probe

CACGCAGGGTCGGTCTACAGCTCgtgCCAGCG L1IFES3-6 >>

<< L1RE13 CGTAAActgGGTAGACTCCATGGCTCCGACGTCC

FIGURE 6A
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SYBR Green Results
Sng DNA SYB | SYB | Av Diffn
Ct Ct
2 | K562Hpall | 233 | 23.0 232 [149
4 | CpGenHpall | 385 | 37.5 | 38.1
TEX - — -
orm, Fluoro,
SYBR oy : 24 i
Fluorescence Kaﬁ/
0.05| o - : CpGenome, )
) Threshold ™ ; ;z-la__ . NoDNA
'5 10 5 ;20 T ;30 '35 40 5 c;;-
Cycle Number
HEX Probe Results
5 ng DNA HEX | HEX | Av Diff
ct Cct n
2 | K562 Hpall | 26.5 | 26.2 | 26.4 | 14.5
4 | CpGen
Hpall 41.8 | 40.0 | 40.9
3| TEX - - —
Jorm. Fluoro, ¢
0.05|
JOE
Fluorescence
0 Thres_rl&:_{d | o =
1E , == = =" No DNA
5 10 i15 20 5 30 I35 40 a5 cycle
Cycle Number

FIGURE 6B
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JOELUX CACAGGTTCTCACCATTCCGCCCTGTG >>

BAFMLJ15 [CCATTCCGCCCTGTGTCEGTGGCTCACGCCT Phosphate

BstUI-Cut target 5! CGGETGECTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGG- -~
3’ GCCACCGAGTGCGGACATTAGGGTCETGARACCCTCCGECTCCGCC- -~

<< AluRev2l TCGTGAAACCCTCCGGCTCCG 5'

FIGURE 7A

3'
5[
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Ing DNA JOE Ct JOE Ct Average JOE Ct Difference
K562 (hypomethylated) 19.3 19.7 19.5
CpGenome (Methylated) 25.7 26.1 25.9 6.4
No DNA control 33.6 33.9 33.7
Norm. Fluoro.

0‘1-— . njji'
' 1 ‘ ; Ksszﬁ’f | |

005, A ‘ SRR S

Threshold s
/Lff
af -
'o 5 “0 M5 '20 '25 30 '35 40 45 C
Cycle Numbetr

FIGURE 7B
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Table showing Ct values
DNA JOE Ct Average | Difference
Ct due to Glal
1 | CpGenome Fully Methylated DNA + Glal 39 | 40 | 37 38.6 6.0
2 | CpGenome Fully Methylated DNA, no Glal | 46 | 42 | 46 44.5
3 | No DNA control 48 | 47 47.2
4 | Blood DNA + Hhal 36 | 36 | 37 36.1 8.4
0.5
JOE
Fluorescence

04]

0.05]

1=

o Cycle Number

/ 1 Methylated DNA + Glal / 3  No DNA control

-~ 2 Methylated DNA not cut 4 Unmethylated DNA + Hhal

W
.\
v

e

FIGURE 8B
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Figure 9A(i)

BRFMX
5/ CCTCACAGTAAAAATAGGTGATTTTGGTCTAGCTCTAG>

CCTCACAGTAAAAATAGGTGATTTTGGTCTAGCTACAGTGAAAT CTCGATGGAGTGGGTCCCA
CCTCACAGTAAAAATAGGTGATTTTGGTCTAGCTACAG&GAAATCTCGATGGAGTGGGTCCCA

Figure 9A(ii)

BRFR1

5’ AATGGATCCAGACAACTGTTCARACT 3’
Figure 9A(iii)

BRAF-T(WT)
COTCACAGTAAAAATAGCTCATTTTGGTCTAGCTCTAGTGAAATCT CGATGGAGTGGGETCCCA

BRAF-A (Mutant)
CCTCACAGTAARRATAGETCATTTTGETCTAGCTCTAGAGAAAT CTCGATGGAGTGGGTCCCA

FIGURE 9A

BRF2 << ACCCAGGGTAGTCAAACITG
BRAF-A << TCTTTAGAGCTACCTCACCCAGGGTAGTCAAACTTG
BRFU 5’ CCGCCCTGTGCAGAAATCTCGATGGUUG
JOELUX 5' CACAGGTTCTCACCATTCCGCCCTGLG >>

FIGURE 9B
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Norm. Fluoro.

Cycle
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Fig.10A(i) Restriction enzyme cleavage
Short sequence . .GAAGACACTTTTT-3'..... TTTTTTTCAGCCTTCTG. .
. .CTTCTGTGAAAAAAAAA. ...3'-AAAGTCGGAAGTC..
Long sequence . .GAAGACACTTTTT-3' TTTTTTTTTTCAGCCTTCTG. .
. .CTTCTGTGAAAAAARARA 3’ -AAAAAAGTCGGAAGTC. .

|

Fig. 10A(ii) Terminal transferase (bottom strand)

Short sequence 37/ -TTTTTTTTTTAARAGTCGGAAGTC. .
Long sequence 3/ -TTTTTTTTTTARAAAAGTCGGAAGTC. .
Fig. 10A(iii) Selective priming
Short sequence ' 3/ -TTTTTTTTTTAAAGTCGGAAGTC. .

5/ AAAAAAAAAATTTCAG> priming
Long sequence 3 - TTTTTTTTTTAAAAAAGTCGGAAGTC. .

5/ AAAAAAAAAATTTCAG> no priming

Fig. 10A(iv) ES-PCR

Short sequence 37- <AAAGTCGGAAGTC. .
Template oligo 5/ ACCATTCCGCCCTGTGCGGATTTCAGCCTTCAG-NH2
Long sequence 37- AAAAAAGTCGGAAGTC., .
Template oligo 5/ ACCATTCCGCCCTGTGCGGATTTCAGCCTTCAG-NH2

FIGURE 10A
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Fig. 10B(i)
Ten Ts:

CCGCETTATCCGACCAGGCITTTTTTTTTICCTTCATAATGCACTTTGGAGAAGCAGC CA....
GGCGCAATAGGCTCGGTCCGAAAAAAAAAAGGAAGTATTACGTGAAACCTCTTCGTCGT. ...

Nine Ts:

CCGCGTTATCCGACCAGGC TTTTTTTTCCTTCATAATGCACTTTCGGAGAAGCAGCA... .
GCCCCAATAGGCTGETCCeAAAAARAAAGGAAGTATTACGTGAAACCTCTTCGTCGT. ..

Fig. 10B(ii)

3' termini generated when cut with Mmel:

Ten 57 ATAATGCACTTTGGAGAAGCAGCA....
3’  AGTATTACGTGAAACCTCTTCGTCGT...

Nine 57 TAATGCACTTTGGAGAAGCAGCA....
3’ GTATTACGTGAAACCTCTTCGTCGT...

Fig. 10B(iii)

linker
CACCGACCGTCGAGCA TAATGCACTTTGCCAGAAGCAGCA....
GTGGCTGGCAGCTC GTATTACGTGAAACCTCTTCGTCGT....

Forward primer
CACCGACCGTCGAGTCATAATG

Fig. 10B(iv)

3’ AGTATTACGTGAAACCTCTTCGTCGT
5/ ACCATTCCGCCCTGTGCGGAACATAATGCACTTTG-NH2

3’ <GTATTACGTGAAACCTCTTCGTCGT....
5/ ACCATTCCGCCCTGTGCGGAACATAATGCACTTTG-NH2

FIGURE 10B
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Figure 11A(i): NR22 microsatellite region:

57 GAAGATTTTTTTTTTTTTTTTTTTTTAATATGCAGTTTGTAAGAACAAAACTGGATGGCATCAG
3 CTTCTAAAAAAAAAAAAAAAAAAAAATTATACGTCAAACATTCTTGTTTTGACC’TACCGTAGTC

Mboll Reverse primer site NR22R1

Figure 11A(ii): Annealing to control template oligo FINR22-0:

22 37 AAAAAAAAAAAAAATTATACGTCAAACATTCTTGTTTTGACCTACCGTAGTC
5’ CAGATCCTCTTCCTCCGTGAGTTTTTTTTTTTTTTAATATGCAGTTTGGEUUC 37

20 3¢ AAAAAAAAAAAATTATACGTCAAACATTCTTGTTTTGACCTACCGTAGTC
5! CAGATCCTCTTCCTCCEGTGAGTTITTTTTTTTTTTAATATGCAGTTTGGUUC 37

18 3’ AAAAAAAAAATTATACGTCAAACATTCTTGTTTTGACCTACCGTAGTC
5/ CAGATCCTCTTCCTCCGTGAGTTTTTTTTTTTTTTAATATGCAGTTTGGUUC 3’

16 3’ AAAAAAAATTATACGTCAAACATTCTTIGTTTTGACCTACCGTAGTC
5' CAGATCCTCTTCCTCCGTGAGTTTITTTTTTTTTTAATATGCAGTTTGGUUC 3/

5’ CACGGTCCAGATCCTCTTCCTCCGTG >> FAMLUX1

Figure 11A(iii): Annealing to test template oligo JSNR22-4:

22 37 AAAAAAAAAAAAAATTATACGTCAAACATTCTTGTTTTGACCTACCGTAGTC
5/ QGCTGGACGCATCGTAGAGTTTTTTTTTTAATATGCAGTTTGGUUC 3’

20 37 QAAAAAAAAAAATTATACGTCAAACATTCTTGTTTTGACCTACCGTAGTC
5!/ GGCTGGACGCATCGTAGAGTTTTTTTTTTAATATGCAGTTTGGUUC 3’

18 3¢ AAAAAAAAAATTATACGTCAAACATTCTTGTTTTGACCTACCCTAGTC
5/ GGCTGGACGCATCGTAGAGTTTTTTTTTTAATATGCAGTTTGGUUC 37

16 3/ AAAAAAAATTATACGTCAAACATTCTTGTTTTGACCTACCGTAGTC
5/ GECTGCACGCATCGTAGAGTTTTTTTTTTAATATGCAGTTTGGUUC 3’

5’ QTACGAGTGGCTGGACGCATCGTAG >> JOELUX5

FIGURE 11A
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11B(i)

Morm. Fluoro.

11B(ii)
JOU
0,05 -
© ;‘
g HCT116 emire-
=2 : ‘
- Normal Blood v eew-n- -

Cycle

FIGURE 11B
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cut
e T—
"Normal 3 NG G C C .CCGAGTGCGGACATTAGGGTTAGARGAGGC 5!

¥ CCGAGTGCGGACATTAGGGTTAGAAGAGGC &'
2' O-Me containing template oligonucleotide  5' CCATTCCGCCCTGTGTCGGTYYCUCACGCCTGTAATCCCTIUG

2 0-Wa

cut
Resogniion Ste 14 eremmeeans
;?m'qm::@g Cutler I —

Insertion .
Mutation

L —————— CC C ACC GAGTGCGGACATTAGGGTTAGALGAGGC 5!

insertion
<<<< GCCACCGAGTGCGGACATTAGGGTTAGAAGAGGC §!

2 O-Me containing template oligonucleotide  5' CCATTCCGCCCTGTGTCGGTIgOUCACGCCTGTAATCCCTUUG
2" 0-Me

FIGURE 12A
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Hormal 37 CCGAGTGCGGACATTAGGGTTAGRAGAGGC 57
Ingert lbp 3* ACCGAGTGCGGACATTAGGGTTAGARGAGGC 57
Insert 4bp 3" GCCACCGAGTGCGGACATTAGGETTAGAAGAGGC 57

Tenplate 0ligonucleotide CCATTCCGECCTGTGTCGGTYgouCACGCCTGTAATCCCTUUG 37
JOELUX 5% CACAGGTTCTCACCATICCGCCCTGTG >> << TTAGAAGAGGC GGAGCGGAG 5% CommR5

Oligonucleotides used in Example 8.2.
2’ O-Methyl nucleotides in the template oligonucleotide are underlined as are the DNA

nucleotides in the cut DNA that hybridize to them.

FIGURE 12B

JOE Fluorescence

| | | | ‘
i ;
! 4 bp ingertion
: » ‘ !
. 1 bpiinsertion —----/
2 014 , . s
_S_ .
&
E
(=
=
0.05 4

| Threshold '

Ca

FIGURE 12C
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AluRev <<TCGTGAAACCCTCCGGCTCCG 57

Uncut 3/ TTTTTGCCACCCAGTGCGGACATTAGGETCGTGAAACCCTCCGGCTCCGCC 57
Cut 3’ GCCACCGAGTGCGGACATTAGGGTCGTGAAACCCTCCGGCTCCGCC 57
AluPhB 5!/ CCATTCCGCCCTGTETCGETECCTCACGCCTGTAATCCCPE 3
5' cacaggTTCTCACCATTCCGCCCTGTG >> JOELUX

FIGURE 13A
AluPhB CCATTCCGCCCTGTATCCETCECTCACGCCTEGTAATCCC 3’ phosphate

AluMeAm CCATTCCGCCCTETGTCGETGEGCTCACGCCTGTAATCCC 3/ C7-amine.
AluAbSp CCATTCCGCCCTGTCTCGXTGGCTCACGCCTGTAATCCC 3" C3 spacer

AluHL CCATTCCGCCCTETGTCGETGGCTCACGCCTGGCGGAATGG 3
AluMeMult CCATTCCGCCCTGTGTCgguggCTCACGCCTGTAATCCC 37 C7-amine
AluUUG CCATTCCGCCCTGTGTCGGUUGCTCACGCCTGTAATCCCTUUG 3

FIGURE 13B
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Fig. 13C(i) Fig. 13C(ii)
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