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1
Headloop DNA amplification
FIELD OF THE INVENTION

The present invention is concerned with the selective amplification of a template
molecule, especially a nucleic acid. In a particular aspect, the present invention is
concerned with, but not limited to, a method for the amplification of DNA and novel

primers for use in the method. The present invention also extends to specific
applications of the method of the invention.

BACKGROUND TO 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 ef al
US Patent No.s 4,683,195, 4,683,202 and 4,300,159). 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 process results in the
exponential increase of discrete DNA the length of which is defined by the 5” ends of
the oligonucleotide primers, |

In our copending International application entitled “Nucleic acid amplification™
filed on 25 February 2003, the entire disclosure of which is incorporated herein by
reference, we describe the of method for the selective amplification of a nucleic acid
using a primer that includes a region the is an inverted repeat of a sequence in & non-
target nucleic acid.

Specificity in PCR amplification of DNA is principally determined by the
sequence of the primers in combination with the temperature at which the annealing
step 1s conducted. For closely related sequences, additional approaches have been
incorporated to provide selective amplification. Where a sequence difference
corresponds to a restriction enzyme site, restriciion enzyme digests can be used to cut
an unwanted sequence and prevent its amplification. Another method of suppressing
amplification is the use of oligonucleotides or PNA (peptide nucleic acid) molecules
that anneal to one of the DNA strands, within the region to be amplified and/or
overlapping the binding site of one of the prlmers, and prevent initiation or elongation
of DNA synthesis. Such oligonueleotides are designed to preferentially anneal with and
suppress amplification of one of two related sequences.
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We describe below a novel method for selectively suppressing the amplification
of one or more closely related sequences while using PCR primers that can prime and
extend on both the target and suppressed sequences.

DISCLOSURE OF THE INVENTION

In a first aspect, the present invention provides a method for the selective
amplification of a target nucleic acid in a sample comprising the target nucleic acid and
at least one non-target nucleic acid, the method comprising amplifying the nucleic acids
by means of at least one oligonucleotide primer comprising:

a primer region that ¢an prime and exiend on the target and non-target nucleic
acids; and :

a Tegion that is an inverted repeat of an internal sequence of an amplicon of the
at least one non-target nucleic acid but which contains at least one mismatch to the
corresponding internal sequence, if present, of an amplicon of the target nucleic acid.

Preferably, the inverted repeat is an extension at the 5' end of the primer.

The primér of the first aspect is also referred to as the “headloop primer™

DETAILED DESCRIPTION OF THE INVENTION
Whilst the present method may involve the use of a single primer, 1t 13 preferred

that the amplification be "exponential" and so utilize a pair of primers, generally
referred to as "forward" and "reverse" primers, one of which is complementary o a
nucleic acid strand and the other of which is complementary o the complement of that
strand. Where a pair of amplification primers is used, either one or both primers may
include an inverted repeat sequence. |

The amplification may be performed by any suitable amplification techmique
such as, for example, PCR. The PCR may be real fime PCR.

The lengith of the primer, excluding the inverted repeat portion, may be of any
length suitable for the amplification method, typically between about 15 to 35 bases.

The inverted repeat portion of the primer (alternatively referred to herein as the
head) may comprise a number of micleotides sufficient to allow priming on & matched
sequence under the annealing and extension conditions of the amplification, typically 1n
the range of about 5 to 30 bases.

The method of the present invention has particular application in the selective
amplification of g target sequence from two or more closely related sequences.

Accordingly, in a second aspect, the present invention provides a method for the
selective amplification of a target nucleic acid in a sample comprising the target nucleic
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acid and at least one closely related non-target mucleic acid, the method comprising
amplifying the nucleic acids by means of at least ome oligonucieotide primer
COMprISing

a primer region that can prime and extend on the target and non-target nucleic
acids; and

a region that is an inverted repeat of an internal sequence of an amplicon of the
at least one non-target nucleic acid but which contains at least one mismatch to the
corresponding internal sequence, If present, of the target nucleic acid.

In one embodiment of the present invention, the nucleic acid may be a
methylated nucleic acid. Thus the method of the invention may be used fo enable
selective amplification of either methylated or unmethylated DNA.

Ac¢cordingly, in a third aspect, the present invention provides a method
according to the first or second aspects in which the target and non-target nucleic acids
are formed by chemical modification of nucleic acid prior to amplification.

For example, the method may be applied to DNA chemically modified with
sodium bisulphite in order to allow selective amplification of methylated DNA, whilst
suppressing the unmethylated sequences, The methylated DNA may be sequences of a

 human gene, for example, GS7P7 gene. In International Patent application publication

no. WO 99/55905 (the disclosure of which is incorporated in its entirety herein by
cross-reference), we disclose a diagnostic or prognostic assay for a disease or condition
(e.g. prostate cancer, liver cancer and breast cancer) characterised by abnormal
méthylation of cytosing at a site or sites within the glutathione-S-transferase (G8T) Pi
gene and/or 1ts regulatory flanking sequences.

The assay described in WQ 99/559035 is based on the use of methylation specific
primers that are specific for methylated cytosine at a site or sites within the GS7FI
gene and/or its regulatory flanking sequence. In contrast, the method of the present
invention 18 based on the use of primers that are capable of priming both target and
non-target nucleic acid but owe their selectivity for amplification of target nucleic acid
to the use of a primer including a region that is an inverted repeat of an iniernal
sequence of an amplicon of the non-target nucleic acid. The method of the present
invention thus provides an alternative to the methylation specific primer methodology
described in WO/9955905,

Accordingly, in yet a fourth aspect, the present invention provides an assay for
abnormal methylation of cytosine at a site or sites within the glutathione-S-transferase
(GST) Pi gene and/or Its regulatory flanking sequences, wherein the assay comprises
exposing isolated DNA to reactants and conditions for the amplification of a target
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region within the GSTPI gene and/or its regulatory flanking sequences, the target
region being one or more sites ai which abnormal cytosine methylation oceurs, the
amplification being carried out using of at least one oligonucleotide primer comprising:

a primer region that can prime and extend on the target regron and a non-target

5 region that 1s non—methyléted, within the isolated DNA; and

a region that is an inverted repeat of an internal sequence of an amplicon of the
non-target region but which contains at least one mismatch to the corresponding
internal sequence of the target region; and

(iii)  determining the presence of amplified DNA.

10 The target region may be a nucleic acid sequence within the region of the
(zSTP1 gene and/or its regulatory flanking sequences defined by (and inclusive of)

CpG sites -43 to +55.

The isolated DNA of the fourth aspect of the invention may be subjected to
chemical modification to convert unmethylated cytosines to uracil. The chemical

15 modification may be achieved by bisulphite treatment.

The assay of the fourth aspect may be used as a diagnostic or prognostic assay
for a disease or condition in a subject, said disease or condition characterised by
abnormal methylation of cytosine. The disease or condition may be a cancer. The
cancer may be, for examplé, prostate, liver or breast cancer.

20 In a particular example described below, the method of the invention 15 used for
the selective amplification of methylated DNA present in an excess of unmethylated
sequences. Following treatment with sodium bisulphite, cytosines (Cs) are converied to
uracils (Us) while methyl cytosines remain unconverted. In this case, the head sequence
is designed to be an inverted repeat of the downstream sequence expected to result

25 from the bisulphite conversion of an unmethylated DNA fragment. After it has been
copied, the added sequence causes selfpriming on fragments derived from
unmethylated DNA, leading to inhibition of the amplification of unmethylated
fragments. Because the downstream sequence is chosen fo contain several CpG sifes
(and which bisulphite conversion does not occur in the case of methylated DNA) ihere

30 1is insufficient complementarity to allow self-priming and thus little or no inhibition of
the amplification of the methylated DNA fragments,

The method of the invention may also be used in other contexts, for instance, t¢
distingnish allelic variants or mutations, and members of gene families. DNAS
contgining mutations within a short sequence region can be amplified while

35 suppressing amplification of the wild-type sequence (eg for tumour suppressor genes).
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The present invention may also be applied to the selective amplification of DNA.
of minor species (eg of bacteria) in an environment, by suppression of amplification of
sequences of dominant species.

In a fifth aspect, the present invention includes oligonucleotide primers tor
template amplification, the primers including an inverse repeat of a nucleic acid
sequence within the non-target amplicon but which Is mismatc:.hed with the
corresponding sequence of a target nucleic acid.

The invention further includes a kit, the kit including at least one
oligonucleotide primer in accordance with the invention.

This invention also includes amplification methods and assays that utilize such
primers, and kits for performing such assays.

Terminology

The terms "primer" and "primer region" as used in the present apphcation, refer
to an oligonucleotide which is capable of acting as a point of initiation of synthesis in
the presence of mucleotide and a polymerization agent. The primers are preferably
single stranded but may be double stranded. If the primers are double stranded, the
strands are separated prior to the amplification reaction. The primers used in the present
invention, are selected so that they are sufficienily complementary to the different
strands of the sequence to be amplified that the primers are able to hybridize to the
strands of the sequence under the amplification reaction conditions. Thus,
noncomplementary bases or sequences can be included in the primers provided that the
primers are sufficiently complementary to the sequence of interest to hybridize to the
sequence,

The oligonucleotide primers can be prepared by methods which are well known
in the art or can be isolated from a biological source, One method for synthesizing
oligonucleotide primers on a solid support is disclosed in U.S. Pat. No. 4,458,008 the
disclosure of which is herein incorporated by reference into the present application.

The term "PCR" refers to a polymerase chain reaction, which 1s a thermocyclic,
polymerase-mediated, DNA. amplification reaction. A PCR typically includes nucleic
acids, oligonucleotide primers complementary to each sirand of the nucleic acids, a
thermostable DNA. polymerase, and deoxyribonucleotides, and involves three distinct
methods that are multiply repeated to effect the amplification of the original nucleic
acid. The three methods (denaturation, hybridization, and primer extension) are often
performed at distinct temperatures, apd in distinct temporal steps. In many
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embodiments, however, the hybridization and primer exiension methods can be
performed concurrently.

A "nucleic acid" refers to a molecule of specific identity that can serve as a

template for the synthesis of a complementary molecule.
The "mucleic acid" may be DNA or RNA, for example,. double or single stranded DNA
or RNA or a double stranded DNA-RNA hybrid and/or analogs and derivatives thereot.
Specifically, a "nucleic acid" refers to the sequence between and including the two
primers. The nucleic acid of specific sequence may be derived from any of a number
of sources, including humans, mammals, veriebrates, insects, bacteria, fungi, plants,
nd vimses. In certain embodiments, the target nucleic acid is a nucleic acid whose
presence or absence can be used for purposes including but no limited to medical or
forensic purposes such as prognosis and/or diagnosis of a disease or a cancer, selective
species isolation, DNA fingerprinting, etc. Any nucleic acid can be amplified using the
present invention as long as a sufficient number of bases at both ends of the sequence
are known so that oligonucleotide primers can be prepared which will hybridize to
different strands of the sequence to be amplified. In the context of PCR, a “target
nucleic acid" may represent a fragment or fraction of the nucleic acids added to the
reaction. A “non-target nucleic acid” is the equivalent region of nucleic acid from
another species, another gene in the same species or any other related source.

The term “deoxyribonucleoside triphosphates” refers to dATP, dCTP, dGTP,
and dTTP or other analogues.

The term “"polymerization agent” as used in the present application refers to any
compound or system that can be used to synthesize a primer extension product.
Suitable compounds include, but are not limited to, thermostable polymerases, E. coli
DNA polymerase I, Klenow fragment of E. coli DNA polymerase I, T4 DNA
polymerase, T7 DNA polymerase, T. litoralis DNA polymerase, and reverse
transcriptase.

A “"thermostable polymerase" refers to a DNA or RNA polymerase enzymeé that
can withstand extremely high temperatures, such as those approaching 100°C. Often,
thermostable polymerases are derived from organisms that live m exireme
temperatures, such as Thermus aquaticus. Non-limiting examples of thermo stable
polymerases include, Tag, Tth, Pfu, Vent, deep vent, UlTma, and variations and
derivatives thereof.

"E, coli polymerase I" refers to the DNA polymerase I holoenzyme of the
bacterium Escherichia ¢oli,
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The "Klenow fragment" refers to the larger of two proteolytic fragments of
DINA. polymerase I holoenzyme, which fragment retains polymerase activity but which
has lost the 5-exonuclease activity associated with intact enzyme,

"I7 DNA polymerase” refers to a DNA polymerase enzyme from the
bacteriophage T7.

An "amplicon" 1§ a polynucleotide product generated in an amplification
reaction,

Reference to "a migmatch” in the context of the present invention includes the
case where a nucleotide in the inverted repeat region (head) of the primer does not or
cannot patr through Watson-Crick base pairing with the corresponding nucleotide in the
target amplicon derived from that part of the target nucleic acid corresponding to the
internal sequence of the non-target nucleic acid (from which the inverted repeat region
is derived). For example, adenine in the inverted repeat region would form a mismatch
with adenine, cytosine, or guanine in the corresponding sequence in the target
amplicon. In addition, a mismatch occurs when a first nucleotide ¢annot pair with a
second nucleotide because the second nucleotide iz absent (i.e., an unmatched
nuc¢leotide) or be the result of additional mucleotide(s). The inverted repeat region may
contain more than one mismatches. The absent or additional nucleotides could be either
in the head of the primer or in the internal sequence in the target nucleic acid

In order that the present invention may be more readily understood, we provide
the following non-limiting embodiments of the present invention.

For the purpose of allowing a better understanding of the present invention, but
without wishing to limmit the present invention in any way, the general principle of a
preferred embodiment of the present invention is outlined in Figurg 1. A 5' extension
("head") 15 added to one or both of the primers used in PCR. The sequence of the head
1s an inverted repeat of an internal sequence within the amplicon; it is designed to
match with the sequence whose amplification is to be suppressed but to mismatch
significantly with sequences that it is desired to amplify.

When copied, the head gives rise to a 3' terminal sequence that is capable of
self-priming due to its complementarity to the downstream sequence. This would give
rise to a long hairpin loop structure that cannot be efficiently used as a template for

further rounds of amplification causing inhibition of the amplification of the unwanted
fragment.

If one primer contains such a head extension the PCR reaction includes three
regions determining specificity of amplification - the forward and reverse priming sites
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and the head priming site. By including a head on both the forward and reverse primers,
four regions of selectivity can be incorporated into a single PCR reaction.

Whilst the formation of hairpin structures that lead to synthesis of unexpectedly
high molecular weight fragments has been observed previously (V FPotaman
BioTechniques 27 1110-1114 (1999)) hairpin structures have not been utilised to
provide for selective amplification. A different application of hairpin priming, where
priming occurs within the primer, has been used to suppress spurious "end-repair”
priming in PCR walking (Devon e? al, Nucleic Acids Res. 23:1644 (1995)). This does

not involve head loop priming within the target sequence.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1  is a schematic drawing of amplification of a target sequence using
an embodiment of the method of the invention;

Figure 2  shows sequences of the amplified region of thel6S ribosomal RNA genes
from E. coli, S. gcidophilus and Sulfobacillus thermosulfidooxidans are
aligned, Bases identical in all three species are shaded black and those
identical in two of the three in grey. The sequences corresponding to the
primers and to the headloop target regions are indicated.

Figure 3 ~ Diagram of EHL48 Headloop Priming.

Figure4  Mixtures of E. coli DNA with either § acidophilus or .
thermosulfooxidans rDNA amplicons were prepared in the amounts shown
above the panels. Amplifications used the reverse primer NR-R1i with
either the non-selective forward primer NR-Fli or headloop prnimers
EHIL A48, EHL64 or SAHL as indicated in the panels. In Panel A MgCls

was at 1.7mM, primers ai 200nM. In Panel B MgCl; was at 1.3mM,
primers at 400uM and for Panel C MgCl; at 1.5 mM, primers 400nM, At

the end of PCR reactions melting curve analysis was done by monitorng

the change in SyberGreen fluorescence with increasing temperature (in an
ABI Prism 7700 real time PCR instrument).

Figure 5 All PCRs were done using primers SAHL and NR-R11 at 400nM, with
ratios of input rDNA amplicons as shown above the panels. Panel A
shows the melting profiles of PCR products from reactions in which the
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MgCl, ¢concentration was either 1.3mM or 1.5mM. In both Panels B and C
the optimum MgCl, concentration of 1.3 mM was used. Panel D shows
reactions done in the absence or in the presence of 0.6M betaine; MgCl,

was at 1,5mM. The lowering of the melting temperature in the presence of
betaine 1s evident.

shows amplification of either methylated or unmethylated plasmid DINA

. using different headloop primers.

shows dissociation curves of PCR products obtamed from methylated,
unmethylated and a mixture of DNASs using the ¢control CLUR-F2 primer;

shows dissociation curves of PCR products obtained from méthylated,
unmethylated and a mixture of DNAs using 'the headioop CLUH-F2
primer;

is a comparison of amplification by control and headloop primers from
plasmid DNA mixtures using Tagman detection of unmethylated PCR
products;

is a comparison of amplification by control and headloop primers from
plasmid DNA. mixture using Taqman detection of methylated PCR
products.

is a comparison of amplification by control and headloop primers from
genomic DNA mixture using Taqman detection of methylated PCR

products;
is a comparison of amplification by control and headloop primers from
genomic DNA mixture using Tagman detection of unmethylated PCR

products, and

is the sequence of the GSTP1 gene from 64 hases upstream to 96 bases
downstream of the transcription start site, either unmodified (upper) or
following bisulphite conversion and PCR amplification, assuming CpG
sites are methylated (lower, B-M). Positions of CpG sites —7 to +10 are
shown above the sequence. The position of forward primer F32A 18 shown
(note the base mismaich at CpG site-3). The position of the base primers
for the headloops Hlint5-10Ni (GSTintR11i) and Hlint5-10 and 5-10X

(GSTintR1) are shown beneath their target sequences. The head regions
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for the primers are shown under their target sequences. For each headloop
primer the head sequence joins to its primer part as shown by the arrows.

Figure 14 A mix of two plasmids encompassing the region to be amplified and

5 derived from methylated and unmethylated bisulphite-treated DNA was
~ prepared in a ratio of 1000 unmethylated:1 methylated molecule.
Amplifications were done using F52A and the headloop primer shown,

cycling conditions as described in the text with MgCl, at 1.1 mM. Melting

curve profiles are shown; the peak corresponding to the methylated

10 sequence is to the nght.

Figure 15 PCR amplifications were done on plasmid mixes representing 10°
unmethylated:10° methylated molecules, Amplifications were done using
F52A. and the headloop primers Hlint5-10 and Hlint3-10N1

15 Concentrations of MgCl, were as shown in the panels.

Figure 16 PCR amplifications using F52A and the headloop primer Hlint5-10 were
done on plasmid mixes representing 105 unmethylated:10° methylated
molecules. Amplifications were done in an Eppendorf Mastercycler
temperature gradient PCR machine and denaturation profiles of the PCR

20 products analysed in an Applied Biosystems ABI 7700 instrument
Denaturation profiles of PCR products from reactions done at the
indicated temperatures and either in the absence or presence of 800 mM
betaine are shown.

25 TFigure 17 is a schematic of loopback priming on “unmethylated” DNA, following
copying of primer LUH-F2 during reverse strand synthesis.

EXAMPLES

30
Example 1

Headlgop PCR selective for different bacterial 16 ribosomal RINA genes.

35 Amplification of 168 ribosomal DNAs is often used in the identification of bacterial
species and sequences of a large number of species have been determined. The
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presence of certain highly conserved regions has allowed the design of primer pairs for
ihe amplification of essentially all bacterial ribosomal DNAs. Figure 2 shows the
sequences of the target region of 168 ribosomal RNAs of the bacterial species. £. coli,

Sulfolobulus acidophilus and Sulfolobuhzs thermosulfidooxidans and the regions to
which the “universal”primers, NR-R1i and NR-F1i, bind. The forward primer NR-L11
was used as the base for design of headloop primers for inhibition of amplification of
DNA of either £ coli (BHL prefixes) or S. acidophilus fDNA (see Table). An example
of headloop priming for the EHL48 primer is shown in Figure 3. After the initial
priming cycle, in a subsequent cycle extension of the reverse primer leads 1o
incorporation of sequences complementary to the EHL48 “head” at the 3’ end of the
synthesised strand. These head sequences can loop back and anneal 1o their
complementary target sequences within the amplicon. The head forms & perfect match
to the E. coli target sequences and so can prime and extend to form an extended halrpin
loop structure. Tt is expected that such structures will be refractory to further
amplification, For the §. acidophilus amplicon the head sequence has four mismatches

to the complementary region, preventing priming and leaving the strand available for
further rounds of PCR.
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- e
PRIMER o HEAD o Priming region

Ealshetimenniall B o |

I NR-RLi | I  GAG CTGICGACIICCATGCA |

NRFL GTA GTC CI¥ GCLITA AAC GAT
EHL 48 | GACTTAACGCGTITAGCTC i GTA GTC CIY GCYLITA AAC GAT

EHL 64 | GACTTAACGCGTTAG CTCCGGA GTA GTC CU GCTITA AAC GAT
GTA GTC CII GCIITA AAC GAT

ACAACCTCCAAGTCGACAT
CGACACCTCGTATCCAT

GTA GTC CI GCITTA AAC GAT

I = ingsine

(In the above table, head and priming region are shown separately, however it will be

clear that the head is 57 to the primer region and contignous with it.)

5 standard PCR reactions were set up in 25 ul containing
2x PCR master Mix (Promega) 12.5 1l
Forward primer (400 nM final) 1.0 pul
Reverse primer (400 nM final) 1.0 pl
10 DNA 1.0 ul
SyberGreen(1:1000 dilution of stock) 0.2 nul
Water 0.5l

Reactions were run on an Applied Biosystems ABI Prism 7700 instrument with the
15 following cycling conditions.

@5° 1 min
95°  30sec |
58* 30 sec } 40 cycles
20 72°  30sec
Following the amplification cycles the melting profile of reaction products was

determined by measuring the change in SyberGreen fluorescence as the temperature
was rased from 60°C to 100°C over 20 mimites.
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Suppression of E. coli rDNA amplification

Mixtures of E coli DNA with DNA of either S. acidophilus or 9.
thermosulfooxidans were amplified using the non-selective primers NR-F11 and NR-
R1i, or with the headloop primers EHL48 or EHLGS and reverse primer NR-RI
(Figure 4). Amplification products were analysed by determining their melting profiles
~ the E.cofi tDNA product melts at about 77°-78°C, while both 8. acidophilus and .
thermosulidfooxidans amplicons melt at about 91°C. Note that the control PCR. product
ig shorter than the headloop PCR products and so melts at a slightly lower temperature;

slight differences due to tube position in the block are also seen.
Starting with a 1:1 mix of DNAs the ratio of PCR products was about 1:2 for E.

coli - 8. acidophilus when non-selective primers were used. Both the EHL48 and

EHI.64 headloop primers effectively inhibited amplification of the E. coli amplicon as
the melting curve of products showed only the presence of the 5. acidophilus TDNA

(Panel A). Likewise EHI.48 effectively suppressed amplification of E. coli IDNA i the
presence of an equal amount of S. thermosulfidooxidans DNA (Panel B). When the

ratio of DNAs was increased to 50:1 (Panel C), substantial eprichment of the A
thermosulfidooxidans amplicon was seen. Another headloop primer, EHLZ2a, that
taroets sequences adjacent to the PCR priming site showed a greater level of
enrichment of S, thermosulfidooxidans DNA,; the melting profile in the region of the £.
coli DNA indicates formation of aberrant DNA struciures.

The headloop primer SAHL that targets the same region as EHL48 and EHL64,
but is designed to anneal with and prime on the S. acidophilus sequence was also tested
for its capacity to suppress ampification of the S. acidophilus TDNA. (Panel D).
Starting with a 50;1 mix of S. acidophilus to E. coli fDNA, amplification of o.
acidophilus DNA. was strongly suppressed and products showed a slight excess of the
L. coli amplicon.

Effects of Magnesium concentration and betaine on headloop suppression PCR

In optimising & number of headloop PCR s we noticed that the selectivity of
amplification was improved 1f the final concentration of free Mg was lowered. In the
example shown in Figure 5 the selectivity of amplification of E. co/i DNA in the
nresence of a fifty fold excess S. acidophilus DNA using the SAHL headloop primer is
significantly improved when the Mg®" concentration iy lowered from 1.5 to 1.3 mM.
The sum concentration of ANTPs in the reaction was 0.8 mM, leaving a free Mg
concentration of 0.5 mM, For this amplification, lowering of the free Mg*" further to
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0.3 mM inhibited any amplification. In Panels B and C detection of .coli tDNA 1n the
presence of 250 and 500-fold excesses of S. acidophilus tDNA 1s shown.

Betaine has been previously shown to improve the amplification of G+C rich
DNAs. Addition of betaine was also found to increase the selectivity of headloop PCR.
In Figure 3, Panel D the proportion of the E. coli amplicon is significantly increased in
the reaction containing 0.6 M betaine.

These examples demonstrate the function of headloop PCR primers in
suppressing amplification of chosen target DNAs, either E, coli or 8. acidophilus 168

tDNA, and demonstrate effectiveness of headloop suppres sion with target regions

adjacent to the PCR. priming site and up to 40 bases away.

Example 2
Headloop PCR selective for methylated DNA

To analyse or detect methylation of DNA, it is first treated with bisulphite, a
procedure that results in the conversion of C’s to U’s (and thus ultimately to s atter
copying). However, any C’s that are methylated (normally at Cp( positions) are
resistant to this conversion. Because the methylated and unmethylated forms of a DNA
fragment will now have different sequences, it is possible to design primers that

specifically amplify the methylated form,

The sections of the primers used here responsible for priming are designed to
work on both methylated and unmethylated forms of the DNA, with no bias. To
achieve this, regions of the target DNA fragment that lack CpG's are chogen, In such
regions, the DNA sequence that results from bisulphiie conversion will be the same
regardless of the overall methylation status of the fragments.

Selective enrichment of the methylated form is achieved by the inclusion of a 57
extension in one or both of the primers used in the PCR. The sequence of the head 1s an
inverted repeat of a downstrearn sequence in the DNA fragment that is to be selected
against. When copied the head gives rise to a 3° terminal sequence that is capable of
self-priming due to its complementarity to the downstream sequence, This gives rise to
long hairpin loop structure that is not expected to be efficiently used as template for
further rounds of amplification causing inhibition of the amplification of the unwanted
fragment. The head sequence is designed to be an inverted repeat of a downstream
sequence expected to result from the bisulphite conversion of an unmethylated DINA
fragment. Afier incorporation the added sequence causes self-priming on iragments
derived from unmethylated DNA, leading to inmhibition of the amplification of
untnethylated fragments, Becanse the downstream sequence is chosen to contain
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several CpG sites (at which bisulphite conversion does not occur in the case of
methylated DINA) there is insufficient complementarity to allow self-priming and thus
little or no inhibition of the amplification of the ‘methylated’ DINA fragments.

5 Plasmids used in these Experim ents:
The plasmids #77 and #58 were used in this work. They resulted from the
insertion into pGEM-T (Promega) of PCR products dertved from the amplification of a
GST fragments from bisulphite-treated human. The sequences of the inserts in these
plasnﬁds are shown below.

10

#77 ‘Methylated GST fragment’ or ‘M’
CGGGATCGTAGCC G A e el C GCGATGT ¢

t.C_.GGC_GC_GttAGTTC,_GtTGELGtAtAtTTC_GtTGELGGTttTt

15

”tQGGGGAtTttAGGGC_GttttTtTGC_GGtQ_GAQ_GttCLGGG
GTGLAGLCGGLLGLLGGGEGTLTGGGG LR GGLGEGRAGTLILGLGE
GALEttEtTLTLAGAAGAGCGGLLGGLCGECCGTGAETLAGTATTGG
GGCGGAGCGGGGLGGGALEALEEt TTATAAGGCTCGGAGGLEL

20 GCOGGAGELELTTOGETGGAGTTTICGTLCGELGEAGTETTCGELA
EEAGTGAGTALGLCGLGGTLEOGLGTEEEL

This sequence corresponds to the sequence expected 1o result from amplification
of bisulphite-treated human GST fragment when the DNA. is methylated at CpG
25 positions, For simplicity, referred to as ‘Methylated DNA’.
The full gequence of the insert is shown. The first CpG in the DNA fagment 18
—41 and the last (most 3° in the diagram) is CpG +10.
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#58 ‘Unmethylated GST fragment’ or ‘U’

-39
Rt Gt GATG Tt EEGGEGEGET
Primeyxr F2 |
LUHFZ Head - AAAACACTACARAAAACCACAKL
CLUHFZ2Z Head AAAACACTACAAMAACCACACK
FTFZ Head AAARCACTACAAAACCACACAA

10
AGTTLGTLTIGtEtGEtALtALTTLGETGEGGTEETETTEETGLETG

Mg

T e A TR AT I A T A AT gLy T ‘
R BT
oY L ”i ! @\1 V& Iwlu “J! ) ’E ] Ja

15 Primer RI1T

Qe ot
RETA Tl A
PRI

This sequence corresponds to the sequence expected to result from ampliﬁcation

of bisulphite-treated human GST fragment when the DNA is not methylated at CpG

20 postitons. For simplicity, referred to here as ‘unmethylated’ DNA. The sequence of the
insert within the amplified region is shown, from CpG site —39 to —-29. Sequences of the
forward primer F2 and the reverse primer R1T target region are boxed. The head
portiong of the headloop primers LUH F2, CLUH F2 and FT F2 are shown beneath
their inverse complement sequences. Symbols used in the sequences are-

25
IT: T resldue in the original sedquence
t : T residue expected to result from bisulphite conversion of a C residue in the original

sequence.
C.: C residue that was methylated (because part of a CpG sequence) and thus resistant

30 tio conversion by bisulphite treatment.
t : T residue resulting from conversion of a C that was unmethylated despite being in a

CpG sequence,

Primers Used:
35 Conversion-Specific primers
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Conversion-specific primers are designed to regions that include several
converted t's (arising from conversion of C’s) so that they will selectively amplify
DNA fragments that have been successfully converted by the bisulphite treatment. By
avoiding regions containing Cp( sites these primers should be able to amplify DNA
fragments regardless of their methylation status at Cp( residues, 1.¢. both methylated
and unmethylated forms of the fragment should be amplified equally well.

F2: 5" GGTETTAGGGAATTTTECLLE
RIT; 5° CACCTTTCCCAaaTCCCCAR
Bases (a & t) in lower case cotrespond to converted C's 1n original sequence,

The regions to which these primers hybridize to the target fragment are boxed in
the diagram above. The regions to which the primers bind ar¢ identical in the
methylated and unmethylated forms of the DINA fragment.

Headloop Primers:

Selection against the unmethylated form of the fragment is achieved by
including a special 5° extension in one or both primers. To show clear proof of
principle only one primer was made with the special 3° extension. Obviously if both
primers are modified then any effect reported here would be expected to be greatly
magnified, F2 was chosen as the primer to modify for these tests. 5° extensions (boxed)

were added to the F2 primer as shown below:

LUHF2 :
mTCaCaaaaGGTTtTAGGGAATTTttttt
CLUHF2
| CaCacCCazaACATCaCaaaalcGTTETAGGGAATTTEEEEL
CLUR F2
CCATCAACABAAAACACACA[GGTTETAGGGAATTTLELLE
FT F2

AACaCaCCaaalACATCaCanaaalGGTTEtTAGGGAATTTEELELTE
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LUH F2, CLUH F2 and FT F2 all have 5’ extensions that are an inverse repeat of a
sequence within the unmethylated DNA fragment. Thus for LUH F2 the 5° extengion of

1aCaCCaaaACA_TCaCaaaa[ta;rgets the ttttGEtGATGTELEtGGEGE

5 sequence downstream of the F2 prinming site. Bases are shown as:

A: A complementary to T in original sequence
a: A complementary to converted C (U) in original sequence, not part of CpG site.
a. A complementary to converted C (U) in original sequence, part of Cp( site.

10 The CLUR F2 primer is a control. It has the same number of A’s, C’s and T’s in its 5’
extension as has CLUH F2, but int an order that does not match any sequence within the
relevant region of the GST gene.

Method

15 Real time PCR was done using an Applied Biosystems 7700 machine. The same
‘reverse’ primer R1T was uwsed throughout. Amplification was monitored using
Sybergreen.

The reverse primer R1T was used at 1 M. F2 was used at 200 nM. All of the

other primers were used at 40 nM. The hot start system based on Platinum Tag

20 Polymerase (Invitrogen) and buffer supplied were used.

DINA 1nput;

M= 10° molecules of #77, methylated plasmid

U= 10° molecules of #58, unmethylated plasmid

M*U 10* #77 plus 10° #58 (mixture, 10,000X excess of unmethylated plasinid).

25 |
Resulis |

Methylated (10° molecules) or unmethylated (10° molecules) plasmid was used

in PCR reactions with the three different headloop primers, LUH-F2, CLUH-F2 and
FT-F2 in combination with the reverse primer R1T and amplification monitored with

30 Sybergreen (Figure 6). All three primers amplified the methylated plasmid with similar
efficiency. With unmethylaied plasmid the appearance of PCR product was
significantly delayed despite the use of 100 fold more plasmid in reactions. Primers
LUH-F2 and FT-F2 gave the greatest differential in amplification between methylated
and unmethylated DNA. When either the short bisulphite conversion-specific primer F2

35 or the ptimer CLUR-F2 that containg an unrelated 57 extension sequence were used in
combination with RI1T as the reverse primer, both methylated and unmethylated
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sequences were amplified, Amplification products obtained using primers CLUR-F2
and R1T were assessed by melting curve analysis; their dissociation curves are shown
in Figure7. |

The samples were heated and the reduction in Sybergreen flnorescence that
occurs when the DNA. strands separate was monitored, The two forms of amplified
DNA can be distinguished because of a difference in melting temperature; the
unmethylated fragment iy less GC rich and thus melts at a lower temperature, ~76°C,
than the methylated DNA ~80°C. The mixture of plasmids (10000X excess of
unmethylated) gives a PCR product similar to that given by the unmethylated plasmid,
indicating that as expected the ‘unmethylated’ product predominates. Note that position
of sample in the Applied Biogystems 7700 block affects results slightly, so positions of
melting curve peaks are not expected to be identical even in duplicate samples.

The equivalent experiment was repeated using the headloop primer CLUH-F2

since it has the same length extension as CLUR-F2 (Figure 8). Separate amplifications
of methylated and unmethylated plasmids produced PCR products wath the expected
dissociation curves, The product of amplification of a 10,000:1 mixture of
unmethylated and methylated plasmids dissociated with 2 melting curve indicative of a
mixture of methylated and unmethylated DNA, with methylated DINA predominating.

Thus, the methylated form is successfully amplified despite the initial presence of an
excess of 10,000 fold of the unmethylated plasmid.

Use of Tagman Probes to confirm efficacy of Headloop Primers

Tagman probes allow monitoring of PCR products during amplification. Probes
selective for detection of methylated and unmethylated GS7TPI sequences were
prepared.

Probe PRB M

s FAM BTG lciAR AT TG ﬁ’f G

This is a Tagman probe, designed to be cleaved during a PCR 1f 1t 15 able to
hybridize to the amplified product. Cleavage results in an increase in fluorescence of
the FAM dye.

FAM = Carboxyfluorescein , TAMRA = Carboxytetramethylrhodamine
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Probe PRB U e e o
s TET Brchciaiadrricirciicarliiirir

TAMRA

- This is a Tagman probe, designed to be ¢leaved during a PCR if it is able to
hybridize to the amplified product. Cleavage results in an increase in fluorescence of

‘the TET dye,

TET = Tetrachlorofluorescein, TAMRA = Carboxytetramethylrhodamine

Results

Mixtures of unmethylated and methylated plasmids were amplified using
control, conversion-specific, primers F2 and CLUR-F2 or the two headloop primérs,
LUH-F2 and FT-F2, in combination with the R1T reverse primer. Amplification of
unmethylated and methylated products was monitored using the PRB-U and PRB-M
probes (Figures 9 and 10). Amplification of unmethylated DNA is substantially (FT-
F2) or almost completely (LUH-F2) suppressed, compared with the control primers.

As shown in Figure 10, when the amplification of methylated DNA is detected
by using PRB M, it is clear that methylated DNA is selectively amplified by the test
primers LUH F2 and FT F2, even though the originai input DNA contained a 10,000
fold excess of unmethylated form. Using the control primers methylated DNA is not
detected since 1t forms such a small proportion of the product.

Example 3
Amplification from Bisuiphite-treated Genomic DNA

DINA was isolated from LNCaP prostate cancer c¢ells in which the GS7PI gene
15 methylated and from Placenta that is expected to be unmethylated in the GSTPI
gene.,

Bisulphite-treated DNA from LNCaP and Placenta was amplified by primers
that He outside the region of interest. The primers GSATAS6 | C
GTTTTGTGAAGAGGOGTGTGTAAGTTT) and R4

(AAAACCTTTCCCTCTTTCCCAAA)were designed to amplify bisulphite-treated
DNA regardless of methylation status and lie outside the region amplified by the

headloop primers and R1T.
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A mixture of the two can be used to mimic the situation in which a small
amount of tumour-derived DNA (methylated GSTP1) might need to be detected despite
the presence of an excess of normal (unmethylated GS7FI) DNA. The mixture used in
the following experiment was referred to as ‘LP(1:100).): 1/10,000 dilution of 1% round

5 PCR product amplified using GSTAS56 and R4 from bisulphite-treated LNCaP DNA
plus 1/100 dilution of 1* round PCR product amplified using GSTAS56 and R4 from
bisulphite-treated Placental DNA.

This mixture was used as input for a Realtime PCR experiment designed to
show how the new primers allow sufficient emrichment of methylated DNA for

10 detection despite the starting material having a large e¢xcess of unmethylated DNA, The
results are shown in Figures 11 and 12,

When the control primer ¥2 is used, almost all product is derived from the
unmethylated DNA (as detected by PRB U), However, when the headloop primers with
the 5° extensions are used, the methylated DNA is selectively amplified and only low

15 levels of unmethylated DNA are made.

Example 4
Headloop suppression PCR on a second region of the GSTP1 pene

Headloop primers were designed to bisulphite-treated DNA of a region within
20 the transcribed sequences of the GSTPI gene. Sequences of the primers are shown in
the table below. Inosine is included in primers GSTRI11i and GSTHLint5-10N1 at a
position corresponding to a Cp( site at which the bisulphite-converted DNA may be
either a C or U depending on the state of methylation. Similarly the F52A primer
contains a deliberate mismatch (A) at the position of a C in a CpG site 50 as not to bias

25 amplification of methylated or unmethylated DNA.
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@ HEAD @& Priming region

GGGATTATTTTTATAAGGTTAGGAGGT

GSTintR1
HLint53-10

- CCCATACTAAAAACTCTAAACCCCAT
TGTGTGGTTTGTGTTITTG CCCATACTAAAAACTCTAAACCCCAT

HLint5-10X | TGTGTGGTTTIGTGTTTTITGGGGATG | CCCATACTAAAAACTCTAAACCCCAT

’ HILant5-10N1

GATG | CCCATACTAAAAAC
GETinR1 1 :  CTCTAAACCCCATCCCCIAAA

—— T A r—————— e e e e S

TGTGTGGTTTGTGTTITTG CTCTAAACCCCATCCCCIAAA

| I I = inogne -

All PCR reactions used F52A as the forward primer, Headloop primers use either
GSTintR1 (HLint5-10 and HLint5-10X) or G8TintR11i (HLint5-10N1). The position of
the primers 15 shown on the sequence of this region of the GSTP1 gene in Figure 13.
PCR using these primers was used to identify factors contributing to optimal selective
amplification uging headloop primers. Primers were at a final concentration of 200 nM
and other reaction components as described above. PCR c¢ycling conditions, unless
otherwise indicated were;

followed by dissociation curve analysis over 20 minutes across the temperature range
60°C 1o 95°C.

The efficacy of the three headloop primers was compared using plasmid DNAs
derived from cloning of amplified bisulphite-treated DNA and corresponding to either
methylated or unmethylated GSTPI sequences. Plasmid DNAs were mixed in a ratio of
10" ynmethylated: 10* methylated molecules and amplified using the different headloop
primers in combination with the FS2A forward primer (Figure 14). Enrichment of 1000
fold or more for the methylated sequences was seen with the three headloop primers,
with HLint5-10X showing the greatest level of suppression of amplification of
unmethylated sequences.
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The effect of varying the concentration of Mg®" ions is shown in Figure 15.
Amplifications using either HLint5-10Ni or HLint3-10X were done m the presence of
1.1, 1.3 or 1.5 mM MgCl,. In both cases there was a concentration-dependent
improvement in selectivity with decreasing levels of MgCl,. This effect has been seen
with a number of different headloop primers. Optimal headloop selectivity is
consistently seen at the lowest Mg** levels used that allow PCR, amplification of the
target sequences. In most cases this has corresponded to a level of free Mg ions of 0.3
miM.

- Betaine was shown to improve the selectivity of headloop amplification of 168
ribosomal RNA gene sequences. The effects of betaine and variation of the
annealing/extension temperature on selective amphification of methylated and
unmethylated sequences from bisulphite-treated DINA are shown in Figure 16. Betaine
at 0.8BM substantially improves selectivity of headloop PCR; the optimal effecis of
betaine are seen across the range of 0.6 to 1.2 M, The effectiveness of the HLin{5-10
headloop is also seen to depend on the annealing/elongation temperature,

Discussion:

The principle of suppression of PCR amplification through headloop priming ig
shown diagrammatically in Figure 1 and with specific sequence examples in Figures 3
and 17. Afier the 5" extension becomes incorporated and then copied, 4 3° end is
produced that is capable of base-pairing with a region downsiream in the same DNA
strand, as shown, The efficiency of this base-pairing and priming 1s expected to depend
on the length and sequence composition of the head region and the¢ exactness of 1ts
maich to the internal sequence within the amplicon. For the EHL48 headloop primer,
the difference in complementarity between the E. coli sequence (perfect match) and the
5. acidophilus amplicon (4 mismatches) is sufficient to provide for selective
amplification of the S. acidophilus TDNA. For the LUHF? headloop primer (Figure 17)
those bases underlined in the downstream region correspond to potentially methylated
C’s in Cp( sequences in the original fragment. In the case of CpG-methylated DNA,
the underlined positions would contain (F's rather than A’s in the downstream position,
and no intramolecular duplex would be expected to occur.

If the stractures shown schematically i Figures 3 and 17 are able to form during
a PCR it is reasonable to assume that extension will occur from the base-paired 3° end,
leading to single-stranded fragments that that have long inverted repeats. Such
fragments are likely to form a hairpin loop by “snapback’ after denaturation, before a
primer is able to hybridize, thus preventing synthesis of fresh copies and amplification
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of the fragments. Because formation of the hairpin structure is dependent on efficient
headloop annealing and priming, sequences that share the same base primers but do not
match sufficiently with the incorporated head sequences will continue to be amplified.
For selective amplification of methylated DNA as shown in the experiments reported
above, efficient headloop priming and suppression of amplification occurs only for the
unmethylated form. For selective amplification of methylated DNA, the headloop
primer method can be used separately or may be combined with other methods for
selective amplification, such as “methylation specific PCR” (Ferman et al., Proc Natl
Acad Sc1U S A, 93: 9821-6 (1996)).

In the examples shown the position of the target sequences within the amplicon
has varied with respect to the position of the primer on which the head forms an
extension. In the case of the EHL48 and EHL64 headloop primers the target region for
headloop priming was about 40 bases downstream of the base primer. For other
headloop primers the target sequence was close to the priming end of the base primer
(Hlint5-10) or overlapped the primer by 3 to 5 bases (EHL2a, SAHI, LUHF2,
CLUHF2, FTF2, Hlint5-10Ni and Hlint5-10X).

For a number of headloop primers we have identified that the selectivity of
amplification is improved at lower concentrations of free Mg™" ions, or in the presence
of betame. Selectivity can also be improved by lowering the concentration of the
headloop primer. Other reaction conditions such as annealing temperature (Figure 16),
cycling times and buffer components may also alter the efficiency of headloop PCR.

Experiments described have involved addition of the 5° head extensions to just
one of the primer pair resulting in three points of specificity in the PCR. It is possible to
incorporate heads on both forward and reverse primers, providing four points of
specificity, increasing selectivity further, |

Throughout this specification the word "ecomprise”, or variations such as
"comprises" or "comprising", will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other ¢lement, integer or step, or group of elements, integers or steps. '

Furthermore, any discussion of documents, acts, materials, devices, articles or
the like which has been included in the present specification is solely for the purpose of
providing a context for the present invention. It is not to be taken as an admission that
anty or all of these matters form part of the prior art base or were common general
knowledge in the field relevant to the present invention as it existed in Australia before
the priority date ot ¢ach claim of this application.
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Finally, it will be appreciated by persons skilled in the art that numerous
variations and/or modifications may be made to the invention as shown in the specific

embodiments without departing from the spirit or scope of the invention as broadly

described. The present embodiments are, therefore, to be considered in all respects as
5 illustrative and not restrictive.
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CLATMS:
--1r A method for the selective amplification of a target nucleic acid m a sample

comprising the target mucleic acid and at least one non-target nucleic acid, the
method comprising amplifying the nucleic acids by means of at least one
oligomucleotide primer comprising:

a primer region that can prime and extend on the target and non-target nucleic
acids; and

a region that is an inverted repeat of an internal sequence of an amplicon of the
at least one non-target nucleic acid but which contains at least one mismatch to the
corresponding internal sequence, if present, of an amplicon of the target nucleic
acid, the inverted repeat region being 5° of the primer region..

A method according to any one of the preceding c¢laims, wherein the
amplification step uses at least one forward primer comprising the primer and
inverted repeat regions.

A method according to any one of the previous claims, wherein the
amplification step uses at least one reverse primer comprising the primer and an
inverted repeat region,

A. method according to any one of the preceding claims where forward and
reverse primers are used, wherein each comprises the primer and an inverted repeat -
region. '

A method according to any one of the preceding claims, wherein amplification
is by PCR.

A method according to claim 5, wherein the amplhification téchnique 1§ real time
PCR. or the like.

A method according to any one of the preceding c¢laims, wherein the primer,
excluding the inverted repeat portion, is about 15 to 35 base units in length.

A method according to any one of the preceding claims, wherein the inverted
repeat sequence of the primer is about 5 to 30 bases units in length
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9. A method according to any one of the preceding claims, wherein the inverted
repeat portion of the primer comprises sufficient nucleotides to allow priming on a
matched sequence under the annealing and extension conditions of the

5 ampliﬁcéﬁon.

10. A method according to any one of the preceding claims wherein the selectivity
of amplification is conirolled by catrying out amplification at a preselected free
Mg*" concentration.
10 :
11, A method according to claim 9, wherein the amplification 18 ¢arried out in the
presence of free Mg”" at a concentration below about 0.7 mM.

12. A method according claim 10, wherein the free Mo*" concentration is about 0.5
15 mM or less.

13. A method according to claim 12, wherein the free Mg® concentration is about
0.3 mM.

20 14. A method according t0 any one of the preceding claims, wherein the
amplification 18 carried out in the presence of betaine.

15, A method according to claim 14, wherein the betaine is present in an amount of
from about 400 mM to about 1.2M.

25
16. A method of species selection, the method comprising the steps:

a) performing selective amplification of an isolated nucleic acid sample
comprising nucleic acid isolated from a mixture of one or more species in the
presence of at least one primer, wherein the primer comprises:

30 a region that can prime and extend on nucleie acid that is substantially

conserved across a range of species or subspecies; and
a region that is an inverted repeat of an amplicon of an internal non-
congserved sequence characteristic of a preselected species or subspecies; and
b) determining the presence of an amplified product.
35
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13.

19.

20,

21,

22.

23.

24,

25.

26.

28

A method according to claim 16, wherein the species is selected from animal
species, bacterial species, fungal species and plants species.

A method according to claim 16 or 17, when used for the selection of one or
more species i a population of species,

A method according to claim 18, when used for the selective amplification of
isolated nucleic acid that is a mixture of nucleic acid from a munor species and a
dominant species, wherein the inverted repeat region of the primer is an inverted
repeat of a non-conserved internal region of an amplicon of nucleic acid of the
dominant species.

A, method according to aany one of claims 16 to 19, wherein the nucleic acid 1s
DNA.

A method according to Claim 20, wherein the DNA is part of the genes
encoding ribosomal RINAs.

A method according to any one of ¢laims 16 10 21, wherein the species 15 a
bacterial species,

A method according to claim 21 or 22, wherein the inverted repeat portion of
the primer is an inverted repeat of a region within the amplicon of 168 rbosomal
DNA of a preselected species. |

A method according to any one of claims 16 to 24, comprising 4 method
according to any one of claims 1 to 15,

A method according to any one of claims 1 to 15, when used to distinguish
allelic variant(s) or mutations between member(s) of a gene family,

A method according to any one of the preceding claims, wherem the at least one
target nucleic acid or the at least one non-target nucleic acid contains methylated

nuclelc acid.
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27. A method according to any one of the preceding claims, wherein selective
amplification of either the methylated or unmethylated nucleie acid 13 performed.

28, A method according to claim 27, wherein selective amplification of methylated
nucleic acid is performed.

29, A method according 10 any one of the preceding claims, wherein the at least one
of the target or the at least one non-target micleic acid is subjected to a modification
step prior to the amplification.

30. A method according to claim 29, wher¢in the non-target nucleic acid 13
modified during the modification step.

31. A method according to claim 29 or claim 30, wherein the modification siep 15 a
chemical modification.

32, A method according to ¢laim 31, wherein the modification step converts
unmethylated cytosines to another nucleotide capable of forming a base pair with
adenine while methylated cytosines are unchanged or are converted to a nucleotide
capable of forming a base pair with guanine, |

33. A method according to claim 32, wherein the modification step converts
unmethylated cytosines to uracil.

34. A method according to any one of claims 31 to 33, wherein the chemical
modification step is a bisulphite treatment.

35. A method according to any one of the preceding claims, wherein the inverted
repeat portion of the primer comprises a sufficient number of nucleotides to allow
annealing and extension on a matched sequence of the modified non-target nucleic
acid and sufficient mismatches not to allow annealing and/or extension of the
unmodified target nucleic acid. |

36.  An assay for abnormal methylation of cytosine at a site or sites within the
glutathione-S-transferase (GST) Pi gene and/or its regulatory flanking sequences,
wherein the assay comprises exposing isolated DNA to reactants and conditions for
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the amplification of a target region within the GS7P7 gene and/or its regulatory
flanking sequences, the target region being one or more sites at which abnormal
cytosine methylation occurs, the amplification being carried out using of at least
one oligonucleotide primer comprising |
5 a primer region that can prime and extend on both the target region that is

methylated and a non-target region that is non-methylated, within the isolated
DNA: and

a region that is an inverted repeat of an internal sequence of an amplicoh of the
non-target region but which contains at least one migmatch o the corresponding

10 internal sequence of the target region; and
determining the presence of amplified DNA.

37.  An assay according to claim 36, wherein the target region is within the region of
the GST-Pi gene and/or its regulatory flanking sequences defined by (and inclusive
15 of) Cp( sites -43 to +3535.

38.  An assay according to claim 36 or 37, wherein the isolated DNA 1is subjected to
chemical modification to convert unmethylated cytosines to wracil prior to
amplification,

20

39. Anassay according to claim 38, wherein the chemical modification is achieved

by bisulphite treatment.

40.  An assay according to any one of claims 36 to 39, when used as a diagnostic or
25 prognostic assay for a disease or condition in a subject, the disease or condition

being ¢haracterised by abnormal methylation of cytosine.
41,  An assay according 1o claim 40, wherein the disease or condition is a cancer.

30 42, A method according to claim 41, wherein the ¢ancer is prostate, liver, or breast
cancer.

43,  An oligonucleotide primer for nucleic acid amplification, the primer including a
region that Is an inverted repeat of a nucleic acid sequence within a non-target
35 amplicon but which comprises at least one mismatch with the corresponding
sequence of a target nucleic acid; and
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a primer region that can prime and extend on a target nucleic acid and a

non-target nucleic acid.

18. A PCRkit, the kit including an oligonucleotide according to claim 47.
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Figure 1. Principlé of Headloop Suppression PCR
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Ficure 3

EHL48 headloop priming on E. coli sequence

Loop: 37 bases
plus primer

AGGCCTCGATTGCGCAATTCAGCT -5/

EERRERERRRRRREEEE

7ac GAGCTAACGCGTTAAGTC>

=AC
elele

Head

Complement of
forward primer

EHL 48 headloop priming on 5. acidophilus DNA

AGGCCTCGATTGCGTGAGTCATCT —57
BRRRREREREAESRRE:

Tac GAGCTAACGCGTTAAGTC>
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Figure 4

Panel A 1pg E.coli: 1pg S. acidophilus
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Figure 5

Fanel A $0pg S. acidophilus : 1 pg E. coli, SAHL headloop primer
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Figure 6
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Figure 13

(*STFI Intragenic Region Primers

~7 -6 -5 -4 -3
CAGCACTGEGG GCGGAGCGEGE GCAGGACCAC CCTTATAAGG CTCGGAGEEC
TAGTATTGGG GCGGAGCGGGE GCGGGATTAT TTTTATAAGE TTCGGAGGTC B-M

GST F522 GGGATTAT TTTTATAAGG TTaGGAGGT:>

-2 -1 > 1 2 3 4
GCGAGGCCTT CGCTGGAGTT TCGCCGLCGC AGTICTTCGCC ACCAGTGAGT
GCGAGGTTTT CGTTGGAGTT TCGTCGTCGT AGTITTCGTT ATTAGTGAGT B-M

hoo 7 g 9 10
ACGCGCGGLCC CGCETCCCCGE GGGRATGGEGGEC TCAGAGCTCC CAGCATGGEGEG
ACGCGCGGTT TGTGTTTTTG GGGATGGGGT TTAGAGTTTT TAGTATGGGG B-M
<AAATC CCCATCCCCA AATCTC+# 5-10Ni base pr

TGTGTGGTT TGTGTTTITTG E-10N1 & 5-10 head
TGTGTGGTT TGTGTTTTTG GGGATG 5-10x head

<TACCCCA AATCTCAAAA ATCATACCC
5-10 & 5-10x base pr
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Figure 135

Headloop primer HLINTA-10
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