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ABSTRACT

A method for the selective amplification of a target nucleic aacid in a sample comprising the target
nuacleic acid and at least one non-target nucleic acid, the me*thod comprising amplifying the nucleic
acids by means of at least one oligonucleotide primer comporising: a primer region that can prime
amd extend on the target and non-target nucleic acids; and a region that is an inverted repeat of an
inkernal sequence of an amplicon of the at least one non-tar-get nucleic acid but which contains at

le=ast one mismatch to the corresponding internal sequence, if present, of an amplicon of the target
nuicleic acid.
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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 prese=nt 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 exterads to specific

applications of the method of the invention.

BACKGROUMND TO THE, INVENTION
The polymerase chain reaction (PCR) is based on repeated cycles of

denaturation of double stranded DNA, followed by oligonucleotide primaer annealing to
the DNA template, and primer extension by a DNA polymerase (eg see ‘Mullis ef a/ US
Patent Nos. 4,683,195, 4,683,202 and 4,800,159). The oligonucleotide porimers used in
PCR are design ed to anneal to opposite strands of the DNA, and are po sitioned so that
the DNA polymeerase-catalysed extension product of one primer can serv-e as a template
strand for the orther primer. The PCR amplification process results in &he exponential
increase of discrete DNA the length of which is defined by the =5' ends of the
oligonucleotide primers.

In our copending International application PCT/AUO03/002443, the entire
disclosure of which is incorporated herein by reference, we describe a method for the
selective amplification of a nucleic acid using a primer that includes a resgion that is an
inverted repeat Of a sequence in a non- target nucleic acid.

Specificity in PCR amplification of DNA is principally detemrmined by the
sequence of the primers in combination with the temperature at whiclm the annealing
step is conduct ed. For closely related sequences, additional approachhes have been
incorporated to provide selective amplification. Where a sequerice difference
corresponds to a restriction enzyme site, restriction enzyme digests can be used to cut
an unwanted se«quence and prevent its amplification. Another method of suppressing
amplification is the use of oligonucleotides or PNA (peptide nucleic a«cid) molecules
that anneal to o©ne of the DNA strands, within the region to be amplified and/or
overlapping the binding site of one of the primers, and prevent initiatior or elongation
of DNA synthesis. Such oligonucleotides are designed to preferentially a-nneal with and

suppress amplifi cation of one of two related sequences.
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We describe below a novesl method for selectively suppressing the amplification of one
or more closely related seequences while using PCR primers that can prime zand extend

on both the target and suppressed sequences.

DISCLOSURE OF THE. INVENTION
According to the invention there is provided a method for the selective

amplification of a target n ucleic acid in a sample comprising the target nucleic acid and
at least one non-target nucleic acid, the method comprising amplifying the nuacleic acids
by means of at least one oligonucleotide primer comprising:

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

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

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

The primer of the farst aspect is also referred to as the "headloop primer”

According to the -invention there is also provided a method for thee selective
amplification of a target nucleic acid in a sample comprising the target nucleac acid and
at least one non-target nuc Icic acid, thc mcthod comprising amplifying the nu _cleic acids
by means of at least one oRligonucleotide primer comprising:

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

a region that is an inverted repeat of an internal sequence of an amplacon of the
at least one non-target numcleic acid but which contains at least one mismatch to the
corresponding internal seqquence, if present, of an amplicon of the target nu cleic acid,
the inverted repeat region Ibeing 5' of the primer region.

According to the imvention there is also provided a method of species selection,
the method comprising the= steps:

a) performing selective amplification of an isolated nucleic acid sample
comprising nucleic acid is«olated from a mixture of one or more species in thee presence
of at least one primer, whe rein the primer comprises:

a region that can prime and extend on nucleic acid that is su bstantially
conserved across a range o-f species or subspecies; and

a region that is an inverted repeat of an amplicon of an intemal non-
conserved sequence characsteristic of a preselected species or subspecies; and

b) determining the presence of an amplified product.

AMENDED SHEET 6 JANUJIARY 2006
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Accoxding to the invention there is also provided 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 comporises exposing
isolated DN A to reactants and conditions for the amplification of a targe=t region within
the GSTPI gene and/or its regulatory flanking sequences, the target region being one or
more sites aat which abnormal cytosine methylation occurs, the ampl ification being
carried out ussing of at least one oligonucleotide primer comprising:

a primer region that can prime and extend on both the targest region that is
methylated and a non-target region that is non-methylated, within the isolated DNA,;
and

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

determining the presence of amplified DNA.

Accor-ding to the invention there is also provided an oligonucleo-tide primer for
nucleic acid amplification, the primer including a region that is an inver—ted repeat of a
nucleic acid sequence within a non-target amplicon but which compris es at least one
mismatch with the corresponding sequence of a target nucleic acid; and

a primer region that can prime and extend on a target nucleic aecid and a non-
target nucleic acid.

Accor-ding to the invention there is also provided a PCR kit, the k-it including an
oligonucleoti de primer according to the invention.

Any d 1scussion of documents, acts, materials, devices, articles or t-he like which
has been included in the present specification is solely for the purpose of providing a
context for thne present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general kno-wledge in the
field relevant to the present invention as it existed before the priority date of each claim
of this application.

Throu ghout this specification the word "comprise”, or variations swmich as
"comprises" oOr "comprising”, will be understood to imply the inclusion off a stated
element, integger or step, or group of elements, integers or steps, but not thme exclusion of
any other elerment, integer or step, or group of elements, integers or steps.

DETAILED DESCRIPTION OF THE INVENTION

Whilst: the present method may involve the use of a single primer, it is preferred

that the amp lification be "exponential" and so utilize a pair of primmers, generally

referred to as "forward". and "reverse" primers, one of which is compl ementary to a

AMENDED SHEET 6 JYANUARY 2006



10

15

2b

nucleic acid strand and the other of which is complementary to the complesment of that
strand. Where a pair of amxplification primers is used, either one or both gorimers may
include an inverted repeat s equence.

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

The length of the priimer, excluding the inverted repeat portion, may be of any
length suitable for the ampl-fication 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 num ber of nucleotides sufficient to allow priming o n a matched
sequence under the annealirg and extension conditions of the amplification, typically in
the range of about 5 to 30 b ases.

The method of the poresent invention has particular application in ghe selective
amplification of a target seqquence 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

AMENDED SHEET 6 JAINUARY 2006
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acid and at lesast one closely related non-target nucleic acid, the method commprising
amplifying the nucleic acids by means of at least one oligonucleotide= primer
comprising

a prim <r region that can prime and extend on the target and non-targe® nucleic
acids; and

a regioen that is an inverted repeat of an internal sequence of an amplicon of the
at least one mon-target nucleic acid but which contains at least one mismatczh to the
correspondings internal sequence, if present, of the target nucleic acid.

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

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

For example, the mecthod may be applied to DNA chemically modifsied with
sodium bisulpehite in order to allow selective amplification of methylated DN, whilst
suppressing thhe unmethylated sequences. The methylated DNA may be sequeraces of a

_ human gene, ®or example, GSTP/ gene. In International Patent application pubdlication

no. WO 99/5 5905 (the disclosure of which is incorporated in its entirety hesrein by
cross-referenc-e), we disclose a diagnostic or prognostic assay for a disease or ¢ ondition
(e.g. prostate cancer, liver cancer and breast cancer) characterised by a brormal
methylation of cytosine at a site or sites within the glutathione-S-transferase («GST) Pi
gene and/or its regulatory flanking sequences.

The assay described in WO 99/55905 is based on the use of methylation specific
primers that eare specific for methylated cytosine at a site or sites within the GSTPJ
gene and/or is regulatory flanking sequence. In contrast, the method of the present
invention is b ased on the use of primers that are capable of priming both tamrget and
non-target nucsleic 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 internal
sequence of an amplicon of the non-target nucleic acid. The method of the present
invention thuss provides an alternative to the methylation specific primer meth-odology
described in W0/9955905,

AccorcEingly, in yet a fourth aspect, the present invention provides an a ssay for
abnormal methhylation of cytosine at a site or sites within the glutathione-S-tra_nsferase
(GST) Pi gene and/or its regulatory flanking sequences, wherein the assay ccomprises
exposing isolasted DNA to reactants and conditions for the amplification of a target
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region within the GSSTPJ gene and/or its regulatory flanking sequiences, the target
region being one or more sites ai which abnormal cytosine methyJation occurs, the
amplification being caurried out using of at least one oligonucleatide primer comprising:

a primer regiom that can prime and extend on the target regior: and a non-target
region that is non—met:hyléted, within the isolated DNA; and

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

(i1)  determinincgthe presence of amplified DNA.

The target regi-on may be a nucleic acid sequence within the region of the
GSTP! gene and/or itss regulatory flanking sequences defined by (and inclusive of)
CpQG sites -43 to +55.

The isolated DINA of the fourth aspect of the invention may be subjected to
chemical modificatiora to convert unmethylated cytosines to uracil. Th.e chemical
modification may be achieved by bisulphite treatment.

The assay of tlne fourth aspect may be used as a diagnostic or pxognostic assay
for a disease or condit-ion in a subject, said disease or condition charac-terised by
abnormal methylation of cytosine. The diseasc or condition may be a cancer. The
cancer may be, for exammple, prostate, liver or breast cancer.

In a particular eexample described below, the method of the inv-ention is used for
the selective amplificaation of methylated DNA present in an excess- of unmethylated
sequences. Following treatment with sodium bisulphite, cytosines (Cs)) are converted to
uracils (Us) while meizhyl cytosines remain unconverted. In this case, the head sequence
is designed to be an inverted repeat of the downstream sequence exxpected to result
from the bisulphite coonversion 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 tlae downstream sequence is chosen to contain several CpG sites
(and which bisulphite conversion does not occur in the case of methylated DNA) there
is insufficient complemmentarity to allow self-priming and thus little o r no inhibition of
the amplification of th e methylated DNA fragments,

The method of the invention may also be used in other contexts, for instance, to
distinguish allelic veamriants or mutations, and members of gene families. DNAs
containing mutations within a short sequence region can be amplified while
suppressing amplificatzion of the wild-type sequence (eg for tumour sugppressor genes).
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T he present invention may also be applied to the selective amplification of DNA
of minor- species (eg of bacteria) in an environment, by suppression of ampli fication of
sequencess of dominant species.

Ir a fifth aspect, the present invention includes oligonucleotide p-rimers for
templates amplification, the primers including an inverse repeat of a macleic acid
sequence> within the non-target amplicon but which is mismatched with the
corresponding sequence of a target nucleic acid. ‘

T'he invention further includes a kit, the kit including at least one
oligonucleotide primer in accordance with the invention. ‘

T his invention also includes amplification methods and assays that watilize such
primers, and kits for performing such assays.

Termincology

T he terms "primer" and "primer region" as used in the present application, refer
to an oli gonucleotide which is capable of acting as a point of initiation of s=ynthesis in
the pres ence of nuclectide and a polymerization agent. The primers are preferably
single stranded but may be double stranded. If the primers are double str-anded, the
strands aare separated prior to the amplification reaction. The primers used in #the present
inventiom, are selected so that they are sufficiently complementary to thes different
strands ©f the sequence to be amplified that the primers are able to hybriclize to the
strands of the sequence under the amplification reaction conditions. Thus,
noncompolementary bases or sequences can be included in the primers provid ed that the
primers are sufficiently complementary to the sequence of interest to hybriclize to the
sequences.

T he oligonucleotide primers can be prepared by methods which are well known
in the amrt or can be isolated from a biological source. One method for sy nthesizing
oligonucleotide primers on a solid support is disclosed in U.S. Pat. No. 4,4.58,008 the
disclosuare of which is herein incorporated by reference into the present appliczation.

T he term "PCR" refers to a polymerase chain reaction, which is a thesrmocyclic,
polymerase-mediated, DNA amplification reaction. A PCR typically inclucles nucleic
acids, oligonucleotide primers complementary to each strand of the nuclelc acids, 2
thermos&able DNA polymerase, and deoxyribonucleotides, and involves three distinct
methods- that are multiply repeated to effect the amplification of the origirial nucleic
acid, Th e three methods (denaturation, hybridization, and primer extension)) are often
performed at distinct temperatures, apnd in distinct temporal steps. In many
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embodiments, however, the hybridization and primer extension methods camn be
performed concurrently.

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

template for the synthesis ©f a complementary molecule.
The "mucleic acid" may be DNA or RNA, for example,. double or single stranded DNA
or RNA or a double strand ed DNA-RNA hybrid and/or analogs and derivatives th-ereof.
Specifically, a "nucleic acid" refers to the sequence between and including thes two
primers. The nucleic acid. of specific sequence may be derived from any of a ncamber
of sources, including humans, mammals, veriebrates, insects, bacteria, fungi, polants,
and viruses. 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 mediscal or
forensic purposes such as prognosis and/or diagnosis of & disease or a cancer, sel=ective
species isolation, DNA firngerprinting, etc. Any nucleic acid can be amplified usirag the
present invention as long as a sufficient number of bases at both ends of the seq-uence
are known so that oligomucleotide primers can be prepared which will hybrid3ze 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 raucleic acid” is the equivalent region of nucleic acid from
another specics, another gene in the same species or any other related source.

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

The term "polymerization agent” as used in the present application refers o any
compound or system that can be used to synthesize a primer extension prsoduct.
Suitable compounds inchade, 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 reeverse
transcriptase.

A "thermostable polymerase" refers to a DNA or RNA polymerase enzyme that
can withstand extremely high temperatures, such as those approaching 100°C. ~Often,
thermostable polymerases are derived from organisms that live in essireme
temperatures, such as Thermus aquaticus. Non-limiting examples of thermstable
polymerases include, Taq, Tth, Pfu, Vent, deep vent, UlTma, and variatiorns and
derivatives thereof.

"E. coli polymerase I" refers to the DNA polymerase I holoenzyme of the
bacterium Escherichia coki,
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The "Klenow fragment'® refers to the larger of two proteolytic fragments of
IDNA polymerase I holoenzymes=, which fragment retains polymerase activity but which
has lost the 5-exonuclease activ-ity associated with intact enzyme,

"T7 DNA polymerase™ refers to' 2 DNA polymerase enzyme from the
bacteriophage T7.

An “"amplicon" is a polynucleotide product generated in an amplification
reaction,

Reference to "a mismatcsh” in the context of the present invention includes the
case where a nucleotide in the Enverted repeat region (head) of the primer does not or
cannot pair 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-tar-get nucleic acid (from which the inverted repeat region
is derived). For example, adenirae in the inverted repeat region would form a mismatch
with adenine, cytosine, or giuaanine in the corresponding sequence in the target
amplicon. In addition, a mismaatch occurs when a first nucleotide cannot pair with a
second nucleotide because the second nucleotide is absent (i.e., an unmatched
nucleotide) or be the result of a«lditional nuclectide(s). The inverted repeat region may
contain more than one mismatclaes. The absent or additional nucleotides could be either
in the head of the primer or in time internal sequence in the target nucleic acid

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

For the purpose of allowsng a better understanding of the present invention, but
without wishing to limit the pressent invention in any way, the general principle of a
preferred embodiment of the present invention is outlined in Figure 1. A 5' extension
("head") is added to one or bothm of the primers used in PCR. The sequence of the head
is an inverted repeat of an intemal sequence within the amplicon; it is designed to
match with the sequence whosse 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 complemmentarity to the downstream sequence. This would give
rise to a long hairpin loop struccture 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 suich a head extension the PCR reaction includes three
regions determining specificity of amplification - the forward and reverse priming sites



10

15

20

25

30

35

and the head priming site_ By including a head on both the forward and reverse gorimers,
four regions of selectivity” can be incorporated into a single PCR reaction.

Whilst the formati on of hairpin structures that lead to synthesis of unexgoectedly
high molecular weight fragments has been observed previously (V Potaman
BioTechniques 27 1110-1114 (1999)) hairpin structures have not been uti lised to
provide for selective ampolification. 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 et al/, Nucleic Acids Res. 23: 1644 (1995)). T his does

not involve head loop primming within the target sequence.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic drawing of amplification of a target sequence uasing an

embodiment of the method of the invention;

Figure 2 shows sequences of the amplified region of the 16S ribosomal RN_A genes
from E. coli (SEQ ID NO: 34), S. acidophilus (SEQ ID NO: 3J), and
Sulfobacillus thermosulfidooxidans (SEQ ID NO: 36) are aligned. Bases
identical in all three species are shaded black and those identical im two of
the three in grey. The sequences corresponding to the primers amd to the

headloop target regions are indicated.
Figure 3 Diagram of EHL48 Headloop Priming.

Figure 4 Mixtures of E. coli DNA with either S. acidophilus or §.
thermosulfooxidans rDNA amplicons were prepared in the amount s shown
above the panels. Amplifications used the reverse primer NR-RRIi with
either the non-selective forward primer NR-Fli or headloop primers
EHL48, EH1.64 or SAHL as indicated in the panels. In Panel An MgCl,
was at 1.7mM, primers at 200nM. In Panel B MgCl, was at 13mM,
primers at 400nM and for Panel C MgC1,; at 1.5mM, primers 400nM. At
the end of P CR reactions melting curve analysis was done by momnitoring
the change in SyberGreen fluorescence with increasing temperatur-e (in an
ABI Prism 7 700 real time PCR instrument).

Figure 5 All PCRs wrere done using primers SAHL and NR-RIli at 400n" M, with

ratios of input rDNA amplicons as shown above the panels. WPanel A
shows the melting profiles of PCR products from reactions in wohich the

AMENDED SHEET 6 JANUARRY 2006



10

15

20

25

30

33

WO 03/072810

Figure 6

PCT/AUB3/00244

MgCl, concentration wwas 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, MgCly
was at 1.5mM. The lowvering of the melting temperature in the presence of
betaine is evident.

shows amplification o either methylated or unmethylated plasmid DNA

- using different headloop primers.

Figure 7
Figure 8
Figure 9
Figure 10
Figure 11

Figure 12

Figure 13

shows dissociation cuzves of PCR products obtained from methylated,
unmethylated and & mizcture of DNAs using the control CLUR-F2 primer;

shows dissociation cumves of PCR products obtained from méthylated,
unmethylated and a rmixture of DNAs using ‘the headioop CLUH-EF2
primer;

is a2 comparison of ameplification by control and headloop primers from
plasmid DNA mixture s using Tagman detection of unmethylated PCR
products,

is a comparison of am plification by control and headloop primers from
plasmid DNA mixture using Tagman detection of methylated PCR
products. ,

is a comparison of amgplification by control and headloop primers from
genomic DNA mixtur< using Taqman detection of methylated PCR
products;

is a comparison of amplification by control and headloop primers from
genomic DNA mixtures using Tagman detection of unmcthylated PCR
products, and

is the sequence of the (GSTP1 gene from 64 bases upstream to 96 bases
downstrean of the tran scription start site, either unmodified (upper) or
following bisulphite comversion and PCR amplification, assuming CpG
sites are methylated (lowwer, B-M). Positions of CpG sites -7 to +10 are
shown above the sequensce. The position of forward primer F52A is shown
(note the base mismatchm at CpG site-3). The position of the base primers
for the headloops Hliniz5-10Ni (GSTintR11i) and Hlint5-10 and 5-10X
(GSTintR1) are shown Weneath 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 j oins to its primer part as shown by ihe arrows.

Figure 14 A mix of two plasmids sencompassiug the region to be amplified and
5 derived from methylated and unmethylated bisulphite-treated DNA was
" prepared in a ratio of 1000 unmethylated:] methylated molecule.
Amplifications were done using F52A and the headloop primer shown;
cycling conditions as described in the text with MgClz at 1.1 mM. Melting
curve profiles are showra; the peak corresponding to the methylated

10 sequence is to the right.

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 Hlint5-10Ni.

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

Figure 16 PCR amplifications using F52A and the headloop primer Hlint5-10 were
dope on plasmid mixes Tepresenting 10° 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 Figure 17 is a schematic of loopback priming on “unmethylated” DNA following
copying of primer LUH-F2 during reverse strand synthesis.

EXAMPLES

30
Example 1

Headloop PCR selective for different bacterjal 168 ribosomal RNA genes.

35 Amplification of 163 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 h=as allowed the design of primer pairs for
the amplification of essentially all bacterial ribosomal DNAs. Figure 2 shows the
sequences of the target region of 16S ribosomaal RNAs of the bacterial species. E. coli,
Sulfolobulus acidophilus and Sulfolobulus tFaermosulfidooxidans and the regions to
which the “universal”primers, NR-R1i and NR2-F1i, bind. The forward primer NR-L1i
was used as the base for design of headloop rimers for inhibition of amplification of
DNA of either E. coli (BHL prefixes) or S. aci.dophifus 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 extemsion of the reverse primer leads to
incorporation of sequences complementary to the EHLA48 “head” at the 3’ end of the
synthesised strand. These head sequences can loop back and anneal to their
complementary target sequences within the amplicon. The head forms a perfect match
to the E. coli target sequences and so can primes and extend to form an extended hairpin
loop structure. Tt is expected that such stoructures will be refractory to further
amplification. For the §. acidophilus amplicon the head sequence has four mismatches
to the complementary region, preventing prim_ing and leaving the strand available for
further rounds of PCR.
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PRIMER o HEAD o Priming region
NR-R1i GAG CTG ICG ACI ICCATG CA
(SEQ ID NO: 1)
NR-F1i GTA GTC CII1 GC1ITA AAC GAT
(SEQ ID NO: 2)
EHL 48 GACTTAACGCGTTAGCTC GTA GTC CII GCI ITA AAC GAT
SEQ ID NO: 3) (SEQ ID NO: 4)
EHL 64 GACTTAACGCGTTAG CTCCGG A GTA GTC CII GCIITA AAC GAT
(SEQIDNO: 5) (SEQ ID NO: 6)
EHL2a GTA GTC CII GCIITA AAC GAT
ACAACCTCCAAGTCGACAT (SEQ ID NO: 8)
(SEQ ID NO: 7)
SAHL CGACACCTCGTATCCAT GTA GTC CI1 GCI ITA AAC GAT
(SEQ ID NO: 9) (SEQ ID NO: 10)
I =inosine

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

that the head is 5' to the primer region and co ntiguous with it. )

Standard PCR reactions were set up imm 25 pl containing

2x PCR master Mix (Promega) 12.5 ul
Forward primer (400 nM final) 1.0 ul
Reverse primer (400 nM final) 1.0
DNA 1.0 pl
SyberGreen (1:1000 dilution of stock) 0.2 ul
Water 9.5l

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

95° 1 min
95° 30sec
58° 30 sec } 40 cycles
72° 30 sec

AMENDED SHEET 6 JANUARY 2006
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Following the amplification cycles the melting prrofile of reaction products was
determined by measuring the change in SyberGreen fluorescence as the temperature was
raised from 60°C to 100°C over 20 minutes.

A.MENDED SHEET 6 JANUARY 2006
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Suppression of E. coli rDNA amplification

Mixtures of E coli DNA with DNA of either S. acidophilus or .
thermosulfooxidans were amplified using the non-selective primers NR-F1i and NR-
R1i, or with the headloop primers EHL48 or EHLcS8 and reverse primer NR-R1i
(Figure 4). Amplification products were analysed by determining their melting profiles
— the E.cofi IDNA product melts at about 77°-78°C, w=vhile both 8. acidophilus and §.
thermosulidfooxidans amplicons melt at about 91°C. N ote that the control PCR product
is shorter than the headloop PCR products and so meltss at a slightly lower temperature;
slight differences due to tube position in the block are a 1so seen.

Starting with a 1:1 mix of DNAs the ratio of PC_R producis was about 1:2 for £
coli . S. acidophilus when non-selective primers wesre used. Both the EHLA48 and
EHL64 headloop primers effectively inhibited amplificsation of the E. coli amplicon as
the melting curve of products showed only the preserace of the S. acidophilus IDNA
(Panel A). Likewise EHI48 effectively suppressed ampmlification of E. coli IDNA in the
presence of an equal amount of S. thermosulfidooxidems DNA (Panel B). When the
ratio of DNAs was increased to 50:1 (Panel C), sumbstantial enrichment of the §.
thermosulfidooxidans amplicon was seen. Another Theadloop primer, EHL2a, that
targets sequences adjacent to th¢ PCR priming sifte showed a greater level of
enrichment of S. thermosulfidooxidans DNA, the meltirg profile in the region of the £,
coli DNA indicates formation of aberrant DNA structur-es.

The headloop primer SAHL that targets the sam_e region as EHIL.48 and EHL64,
but is designed to anneal with and prime on the §. acidophilus sequence was also tested
for its capacity to suppress ampification of the S. acidophilus fDNA (Panel D).
Starting with a 50:1 mix of S. acidophilus to E. c-oli tDNA, amplification of S.
acidophilus DNA was strongly suppressed and product=s showed a slight excess of the
E. coli amplicon.

Effects of Magnesium concentration and betaine on hecadloop suppression PCR

In optimising a number of headloop PCR s we noticed that the selectivity of
amplification was improved if the final concentration of free Mg®* was lowered. In the
example shown in Figure 5 the selectivity of amplifsication of E. coli DNA in the
presence of a fifty fold excess S. acidophilus DNA usin_g the SAHL headloop primer is
significantly improved when the Mg®* concentration is lowered from 1.5 to 1.3 mM.
The sum concentration of dNTPs 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 /=_.co/i IDNA in the
presencee of 250 and 500-fold excesses of S. acidophilus fDNA is showwn.

BRetaine 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 Figur-e 3, Panel D the proportion of the E. coli amplicon is significantly increased in
the reac-tion containing 0.6 M betaine.

Whese examples demonstrate the function of headloop PCR primers in
suppresssing amplification of chosen target DNAs, either E, coli or S. acidophilus 168

tONA, and demonstrate effectiveness of headloop suppression wrcith target regions

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

Example?2

Headloop PCR selective for methylated DNA
T o analyse or detect methylation of DNA, it is first treated with bisulphite, a

procedu re that results in the conversion of C’s to U’s (and thus ultirmately to T’s after
copying-). However, any C’s that are methylated (normally at CpG positions) are
resistan® to this conversion. Because the methylated and unmethylatec forms of a DNA
fragmemt will now have different sequences, it is possible to de sign primers that
specifically amplify the methylated form.

The sections of the primers used here responsible for primin g are designed to
work or both methylated and unmethylated forms of the DNA, -with no bias. To
achieve this, regions of the target DNA fragment that lack CpG's ar-e chosen. In such
regions, the DNA sequence that results from bisulphite conversion will be the same
regardlesss of the overall methylation status of the fragments.

SSelective enrichment of the methylated form is achieved by thes inclusion of a 57
extensiomn in one or both of the primeérs used in the PCR. The sequences of the head is an
inverted. repeat of a downstream sequence in the DNA fragment thast 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 hai'rpin loop structure that is not expected to be efficiently use=d as template for
further r-ounds of amplification, causing inhibition of the amplificatiom of the unwanted
fragmen t. The head sequence is designed to be an inverted repeat of a downstream
sequencee expected to result from the bisulphite conversion of an uramethylated DNA
fragmen t. After incorporation the added sequence causes self-prim-ing on fragments
derived from unmethylated DNA, leading to inhibition of the amplification of
unmethyslated fragments, Becanse the downstream sequence is ¢Jhosen to contain
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several CpG sites (at which bisulphite conversiom does not occur in the case of methylated
DNA) there is insufficient complementarity to allow self-priming and thus little or no
inhibition of the amplification of the 'methylated' DNA fragments.

Plasmids used in these Experiments:

The plasmids #77 and #58 were used in th is work. They resulted from the insertion
into pGEM-T (Promega) of PCR products der-ived from the amplification of a GST
fragment from bisulphite-treated human. The se quences of the inserts in these plasmids

are shown below.
#77 'Methylated GST fragment' or 'M' (SEQ ID NO: 11)

CGGGATCGTAGC[GGTtTTAGGGAATTTtLELLEE|ICGCGATGTEL
CGGCGCGttAGTTCGEtTGCGtAtAELTTCGEtTGCGEGGTEETETT
ttTGtTGTtTGTTTAtTttt TAGCStttCGtTGGGGAttTGGG]
AAAGIAGGGAAAGGLtTTtttCGGE TtAGEtTGCGCGGCGALETECG
GGGAtTttAGGGCGttttTtTGCGGECGACGLEtEtCGGGGTGEA
GCGGtCGtCGGGGtTGGGGLtCGGCGGGAGTECGCGGGALLEELT
ttAGAAGAGCGGtCGGCGtCGTGAtTtAGEtAtTGGGGCGGAG
CCGGGGCGGGAttAttt TTATAAGCGEtTCGGAGGLtCGCGGAGLE
TTCGtTGGAGTTTCGtCGtCGtAGTETTCGEEtAttAGTGAGT
ACGCGCGGttCGCATtEEC

This sequence corresponds to the sequence expected to result from amplification of
bisulphite-treated human GST fragment when tlme DNA is methylated at CpG positions.
For simplicity, referred to as 'Methylated DNA'.

The full sequence of the insert is shown. T he first CpG in the DNA fragment is -41
and the last (most 3' in the diagram) is CpG +10.

AMENDED SHEET 6 JANUARY 2006
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#58 ‘Unmethylated GST fragment’ or ‘U’ (SEQ ID NO: #2)

-39
tGCGTLtTTAGGGAATTTEELLLL|tGEtGATGTLEEGGEGEGET

Primer F2

LUHF2 Head AAAACACTAC AAAACCACAK
CLUHF2 Head AAAACACTAC AAAACCACACK
FTF2 Head AAAACACTAC AAAACCACACARA

AGTTEGLTGEGELALtALTTEGETGEGGTE tTEtTTLEETGLTG

-29
TtTGTTTAtTttt TAGGttttGEtTGGGG-ATtTGGGAAAGH

Primer R1T

This sequence corresponds to the sequence expected to result from amplification of
bisulphite-treated human GST fragment when the DNA is mot methylated at CpG
positions. 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 regiom are boxed. The head portions
of the headloop primers LUH F2, CLUH F2 and FT F2 are shown beneath their inverse

complement sequences. Symbols used in the sequences are=-

T: T residue in the original sequence
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 s equence) and thus resistant to

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

CpG sequence.

Primers Used:

Conversion-Specific primers

AM_ENDED SHEET 6 JANUARY 2006
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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 thesy will selectively amplify DNA fragments
that have been successfully converted by the bisulphite treatment. By avoiding regions
containing CpG sites these primers should be a_ble to amplify DNA fragments regardless
of their methylation status at CpG residues, i.e. both methylated and unmethylated forms

of the fragment should be amplified equally welll.

F2: 5> GGTtTTAGGGAATTTttttt (SEQ KD NO: 13)
RIT: 5 CACCTTTCCCAaaTCCCCAa (SEQ I'D NO: 14)
Bases (a & t) in lower case correspond to conver—ted C’s in original sequence.

The regions to which these primers hybmridize to the target fragment are boxed in
the diagram above. The regions to which the pr-imers bind are identical in the methylated
and unmethylated forms of the DNA fragment.

Headloop Primers:

Selection against the unmethylated form eof 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 5° 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’ extensiors (boxed) were added to the F2 primer as

shown below:

LUHF2 (SEQID NO: 15)

facaCCaaaACATCaCaa=3alGGTTtTAGGGAATTTtEtLL
CLUH F2 (SEQID NO: 16)

[CaCaCCaaaACATCaCaaaa]GGTTtTAGGGAATTTttttt
CLURF2 (SEQIDNO:17)

[CCATCAACAAAAAACACACA |GGTTtTAGGGAATTTELLLELL
FT F2 (SEQ ID NO: 18)

IAACaCaCCaaaACATCaCaaaajGGTTtTAGGGAATTTttttt

AMENDED SHEET 6 JANUARY 2006
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LUH F2, CLUH F2 and FT F2 all have 5’ extensions that are a-n inverse repeat of a

sequence within the unmethylated DNA fragment. Thus for LUH F<2 the 5° extension of
lacaCCaaaMmCATCaCaaaal (SEQ DD NO: 1.9), targets the

ttttGEGAT GTtttGGtGt (SEQ ID NO: 20) sequence downstream
of the F2 primingg site. Bases are shown as:

A: A complemertary to T in original sequence
a: A complemen-tary to converted C (U) in original sequence, not par—t of CpG site.
a: A complemen_tary to converted C (U) in original sequence, part of CpG site.

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 in an order that does not match an—y sequence within the
relevant region ofthe GST gene.

Method

Real time PCR was done using an Applied Biosystems 7700 machine. The same
‘reverse’ primesr R1T was used throughout. Amplification wwas monitored using
Sybergreen.

The rever-se primer R1T was used at 1 pM. F2 was used at 2080 nM. All of the other
primers were usscd at 40 nM. The hot start system based on Platinum Taq Polymerase
(Invitrogen) and buffer supplied were used.

DNA input:

M= 10° molecules of #77, methylatéd plasmid

U= 10® molecules of #58, unmethylated plasmid

M*U 10* #77 pelus 10® #58 (mixture, 10,000X excess of unmethylated plasmid).

Results

Methylatezd (10° molecules) or unmethylated (10® molecules") plasmid was used in
PCR reactions wvith the three different headloop primers, LUH-F2, CLUH-F2 and FT-F2
in combination wvith the reverse primer R1T and amplification moni tored with Sybergreen
(Figure 6). All —three primers amplified the methylated plasmid w-ith similar efficiency.
With unmethylated plasmid the appearance of PCR product was significantly delayed
despite the use ©f 100 fold more plasmid in reactions. Primers LUH-F2 and FT-F2 gave
the greatest diffferential in amplification between methylated andl unmethylated DNA.
When either the= short bisulphite conversion-specific primer F2 or the primer CLUR-F2
that contains an unrelated 5° extension sequence were used in combination with R1T as
the reverse pritmer, both methylated and unmethylated sequeraces were amplified.

AMENDED SEHAEET 6 JANUARY 2006
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Amplification products obtained using primers CLUR-F2 an.d RIT were assessed by
melting cur-ve analysis; their dissociation curves are shown in Fi_gure7.

The samples were heated and the reduction in Sybergree=n fluorescence that occurs
when the IDNA strands separate was monitored. The two forms of amplified DNA can be
distinguishesd because of a difference in melting temperature; t"he unmethylated fragment
is 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 unmethylaated) gives a PCR product
similar to that given by the unmethylated plasmid, indicat-ing that as expected the
‘unmethyla ted’ product predominates. Note that position off sample in the Applied
Biosystems 7700 block affects results slightly, so positions of nelting curve peaks are not
expected to be identical even in duplicate samples.

The equivalent experiment was repeated using the headlo=op primer CLUH-F2 since
it has the same length extension as CLUR-F2 (Figure 8). Separate amplifications of
methylated and unmethylated plasmids produced PCR pro ducts with the expected
dissociatior curves. The product of amplification of a 10,000: 1 mixture of unmethylated
and methyBated plasmids dissociated with a melting curve iradicative of a mixture of
methylated and unmethylated DNA, with methylated DNA predeominating.

Thus, the rmethylated form is successfully amplified despite —the initial presence of an
cxcess of 1€,000 fold of the unmethylated plasmid.

Use of Taqanan Probes to confirm efficacy of Headloop Primer—s

Tagrman probes allow monitoring of PCR products dumring amplification. Probes
selective fo T detection of methylated and unmethylated GSTP/ s equences were prepared.
Probe PRB M (SEQ ID NO: 21)

¥ ; g N ity 139
SFAMT TGCGTATATTTCGTTGCGGTTTTITTITT TAMRA

This is a Tagman probe, designed to be cleaved durirag a PCR if it is able to
hybridize to the amplified product. Cleavage results in an incresase in fluorescence of the
FAM dye.

FAM = Car-boxyfluorescein , TAMRA = Carboxytetramethylrhosdamine
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Probe PRB U (SEQ IID NO: 22)

£ LT - e
5 TET TTGLGTATATTTTGLTGTGGTTETTTT TTTGTTG

TAMRA

This is a Tagmman probe, designed to be cleaved during a PCR if it is able to
hybridize to the ampli fied product. Cleavage results in an increase in flucorescence of the
TET dye.

TET = Tetrachloroflucrescein, TAMRA = Carboxytetramethylrhodamine

Results

Mixtures of un_methylated and methylated plasmids were amplifiesd using control,
conversion-specific, pximers F2 and CLUR-F2 or the two headloop primers, LUH-F2 and
FT-F2, in combinatior with the R1T reverse primer. Amplification of ummethylated and
methylated products vwas monitored using the PRB-U and PRB-M probe s (Figures 9 and
10). Amplification off unmethylated DNA is substantially (FT-F2) or alamost completely
(LUH-F2) suppressed.. compared with the control primers.

As shown in F3gurc 10, when the amplification of methylated DN A 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 original input DNA contained a 109,000 fold excess
of unmethylated form . Using the control primers methylated DNA is not detected since it
forms such a small proportion of the product.

Example 3
Amplification from Bmsulphite-treated Genomic DNA

DNA was isolaated from LNCaP prostate cancer cells in which thee GSTP!/ gene is
methylated and from Placenta that is expected to be unmethylated in the (GSTP! gene.

Bisulphite-treated DNA from LNCaP and Placenta was amplifiecd by primers that
lie outside thes region of interest. The primer-s GSATAS6
(GTTTTGTGAAGAGGGTGTGTAAGTTT) (SEQ ID NO: 223) ad R4
(AAAACCTTTCCCHECTTTCCCAAA) (SEQ ID NO: 24), were desi_gned to amplify
bisulphite-treated DMA regardless of methylation status and lie ou-tside the region
amplified by the head loop primers and R1T.

AMENDED SHEET 6 JANUARY 2006
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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 GSTP/) m-ight need to be detected despite
the presence of an excess of normal (unmethylated GS7 P1) DNA. The mixture wsed in
the following experiment was referred to as ‘LP(1:100).D): 1/10,000 dilution of 1% round
PCR product amplified using GSTASS6 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 Real-time PCR experiment designed to
show how the new primers allow sufficient enrichrment of methylated DNA for
detection despite the starting material having a large excess 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 selesctively amplified and only low
levels of unmethylated DNA are made.

Fxample 4

Headloop suppression PCR on a second region of the GSTP1 gene

Headloop primers were designed to bisulphite-twreated DNA of a region within
the trenscribed sequences of the GSTP! gene. Sequenc=es of the primers are shown in
the table below. Inosine is included in primers GSTR_11i and GSTHLint5-10Ni at a
position corresponding to a CpG site at which the bistalphite-converted DNA may be
cither a8 C or U depending on the state of methylatiom. Similarly the F52A primer
contains a deliberate mismatch (A) at the position of a C in 2 CpG site so as not to bias
amplification of methylated or unmethylated DNA.
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PRIMER w HEAD o Prisming region
F52A GGGATTAT TTTTATAAGGTTAGGAGGT
(SEQ ID NO= 25)
GSTintR1 CCCATACT_AAAAACTCTAAACCCCAT
(SEQ ID NO:z 26)
HLint5-10 TGTGTGGTTTGTGTTTTTG CCCATACT.AAAAACTCTAAACCCCAT
(SEQ ID NO: 27) (SEQ ID NO: 28)
HLint5-10X TGTGTGGTTTGTGTTTTTGGGGATG | CCCATACT.AAAAACTCTAAACCCCAT
(SEQ ID NO: 29) (SEQ ID NO: 30)
GSTintR11i CTCTAAACSCCCATCCCCIAAA
(SEQIDNO: 31)
HLint5-10Ni TGTGTGGTTTGTGTTTTTG CTCTAAACCCCATCCCCIAAA
(SEQIDNO: 32) (SEQID NO: 33)
I = inosine

All PCR wmeactions used F52A as the forward primer. Heeadloop primers use either
GSTintR1 (HLint5-10 and HLint5-10X) or GSTintR11i (HLant5-10Ni). The position of
the primerss is shown on the sequence of this region of the GSTP1 gene in Figure 13. PCR
using thesee primers was used to identify factors contributing to optimal selective
amplification using headloop primers. Primers were at a final concentration of 200 nM and
other reacti_on components as described above. PCR cycling c onditions, unless otherwise

indicated wrere:

95° 2min
95° 15 sesc }
60° 1 m-n 50 cycles

followed bwy dissociation curve analysis over 20 minutes across the temperature range
60°C to 95°«C.

The efficacy of the three headloop primers was comp ared using plasmid DNAs
derived frorm cloning of amplified bisulphite-treated DNA ard corresponding to either
methylated or unmethylated GSTP/ sequences. Plasmid DNA s were mixed in a ratio of
107 unmethzylated:10* methylated molecules and amplified using the different headloop
primers in combination with the F52A forward primer (Figure 14). Enrichment of 1000
fold or mores for the methylated sequences was seen with the three headloop primers, with
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H Lint5-10X showing the greatest level of suppression of amplification of unmethylated
sexquences.
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The effect of varying the concentration of Mg** ions is shown in Figure 15.
Amplifications using either HLintS-10Ni or HLint5-10X were done in the presence of
1.1, 1.3 or 1.5 mM MgCh. In both cases there was a «concentration-dependent
improvemerat in selectivity with decreasing levels of MgCl,, T his 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 PECR amplification of the
target sequerces. In most cases this has corresponded to a level of free Mg?' ions of 0.3
mM.

Betaime was shown to imiprove the selectivity of headlosop amplification of 16S
ribosomal RRNA gene sequences. The effects of betaine and variation of the
annealing/extension temperature on selective amplificatiorn of methylated and
unmethylated sequences from bisulphite-treated DNA. are show~n in Figure 16. Betaine
at 0.8M sub stantially improves selectivity of headloop PCR; the optimal effects of
betaine are s=een across the range of 0.6 to 1.2 M. The effectiveness of the HLint5-10
headloop is a_lso seen to depend on the annealing/clongation temaperature.

Discussion:

The prrinciple of suppression of PCR amplification through headloop priming is
shown diagra.mmatically in Figure 1 and with specific sequence examples in Figures 3
and 17. After the 5’ extension becomes incorporated and theen copied, a 3’ end is
produced that is capable of base-pairing with a region downstreeam in the same DNA
strand, as sho-wn. The efficiency of this base-pairing and priming is expected to depend
on the length and sequence composition of the head region arad the exactness of its
maich to the dnternal sequence within the amplicon. For the EXJL48 headloop primer,
the difference in complementarity beiween the E. coli sequence (perfect match) and the
§. acidophili4s amplicon (4 mismatches) is sufficient to -provide for selective
amplification of the S. acidophilus rDNA. For the LUHF?2 headloop primer (Figure 17)
those bases uriderlined in the downstream region correspond to potentially methylated
C's in CpG sequences in the original fragment. In the case of CpG-methylated DNA,
the underlinedd positions would contain G’s rather than A’s in thee downstream position,
and no intramelecular duplex would be expected to occur.

If the sgructures shown schematically in Figures 3 and 17 anre able to form during
a PCR it is reasonable to assume that extension will eccur from tthe base-paired 3° end,
leading to simgle-stranded fragments that that have long in-verted repeats. Such
fragments are likely to form a hairpin loop by ‘snapback’ after edenaturation, before a
primer is able o hybridize, thus preventing synthesis of fresh copies and amplification
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of the fragments. Because formation of the hairpin structure is dependesat on efficient
headloop annealing and priming, sequences that share the same base primeers but do not
match safficiently with the incorporated bead sequences will continue to be amplified.
For selecctive 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 nmethod can be used separately or may be combined with other- methods for
selective amplification, such as “methylation specific PCR” (Flerman et al., Proc Natl
Acad Sci U S A. 93: 9821-6 (1996)).

Irm the examples shown the position of the target sequences within the amplicon
has variexd with respect to the position of the primer on which the hesad forms an
extension. In the case of the EHIL48 and EHL64 headloop primers the tar—get region for
headloop- priming was about 40 bases downstream of the base primesr. For other
headloop primers the target sequence was close to the priming end of thes base primer
(Hiint5-1 0) or overlapped the primer by 3 to 5 bases (EHL2a, SAML, LUHF2,
CLUHFZ, FTF2, Hlint5-10Ni and Hlint5-10X).

For a number of headloop primers we have identified that the selectivity of
amplifica tion is improved at lower concentrations of free Mg”" ions, or in_ the presence
of betaine. Selectivity can also be improved by lowering the concentsration of the
headloop primer. Other reaction conditions such as annealing temperature (Figure 16),
cycling tizmes and buffer components may also alter the efficiency of headleoop PCR.

Exzperiments described have involved addition of the 5* head exterasions to just
one of the primer pair resulting in three points of specificity in the PCR. It Sis possible to
incorporatte heads on both forward and reverse primers, providing fo—ur points of
specificity/, increasing selectivity further.

Th roughout this specification the word "comprise", or variations such as
"comprisess" or "comprising", will be understood to imply the inclusion of a stated
element, i teger or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.

Fuxthermore, any discussion of documents, acts, materials, devices, =articles or
the like which has been included in the present specification is solely for thee purpose of
providing a context for the present invention. It is not to be taken as an adrission that
any or all -of these matters form part of the prior art base or were common g-eneral
knowledges in the field relevant to the present invention as it existed in Austzralia before
the priority date of ¢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 m odifications may be made to the invention as sho-wn in the specific
embodiments withowut departing from the spirit or scope of the inven#ion as broadly

described. The pressent embodiments are, therefore, to be considered in all respects as
5 illustrative and not restrictive.
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CLAXIMS:

A method for the selective amplification of a target nucleic acid in a sample
comprising the target nucleic acid and at leasst 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 can prime and ex®end 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 sequemce, if present, of an amplicon of

the target nucleic acid, the inverted repeat region being 5' of the primer region.

The method according to claim 1, wherein thme amplification step uses at least

one forward primer comprising the primer and inverted repeat regions.

The method according to either claim 1 or cLaim 2, wherein the amplification
step uses at least one reversc primer comprising the primer and an inverted

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

repeat region.

The method according to any one of the preced ing claims, wherein amplification
is by PCR.

The method according to claim S, wherein tlme amplification technique is real
time PCR or the like.

The method according to any one of the prece=ding claims, wherein the primer,
excluding the inverted repeat portion, is about R 5 to 35 base units in length.

The method according to any one of the prececling claims, wherein the inverted
repeat sequence of the primer is about 5 to 30 b ases units in length
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The method according to any one of the preceding cl-aims, wherein the inverted
repeat portion of the primer comprises sufficient nuclesotides to allow priming on
a matched sequence under the annealing and extension conditions of the

amplification.

The method according to any one of the preceding cladims wherein the selectivity
of amplification is controlled by carrying out amplification at a preselected free

+ .
Mg?* concentration.

The method according to claim 9, wherein the amplifi_cation is carried out in the

presence of free Mg®* at a concentration below about ©.7 mM

The method according claim 10, wherein the free Mg2+ concentration is about 0.

5 mM or less.

The method according to claim 12, wherein the free M1g** concentration is about
0.3 mM.

The method according to any one of the precedling claims, wherein the

amplification is carried out in the presence of betaine.

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

A method of species selection, the method comprising the steps:

a) performing selective amplification of an iso’lated nucleic acid sample
comprising nucleic acid isolated from a mixture of o-ne or more species in the
presence of at least one primer, wherein the primer cormprises:

a region that can prime and extend on nucleiic acid that is substantially
conserved across a range of species or subspecies; and

a region that is an inverted repeat of an am-plicon of an internal non-
conserved sequence characteristic of a preselected species or subspecies; and

b) determining the presence of an amplified prod. uct.

The method according to claim 16, wherein the speciess is selected from animal

species, bacterial species, fungal species and plants spescies.
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19.

20.

21.

22.

23.

24.

25.

27.

28

The mnethod according to either claim 16 or clainx 17, when used for the
selecti on of one or more species in a population of species.

The m ethod according to claim 18, when used for the selective amplification of
isolate«d nucleic acid that is a mixture of nucleic acid from a minor species, and a
dominant species, wherein the inverted repeat region off the primer is an inverted
repeat of a non-conserved internal region of an amplicon of nucleic acid of the

dominant species.

The mesthod according to any one of claims 16 to 19, wherein the nucleic acid is
DNA.

The mesthod according to Claim 20, wherein the DA 1s part of the genes

encodirg ribosomal RNAs.

The me=thod according to any one of claims 16 to 21, wherein the species is a

bacterial species.

The me=thod according to either claim 21 or claim 222, wherein the inverted
repeat reegion of the primer is an inverted repeat of a regmion within the amplicon

of 16S ribosomal DNA of a preselected species.

The me—thod according to any one of claims 16 to 23, comprising a method

accordirg to any one of claims 1 to 15.

The method according to any one of claims 1 to 15, when used to distinguish

allelic variant(s) or mutations between member(s) of a gesne family.

The method according to any one of the preceding clairms, wherein the at least
one targ et nucleic acid or the at least one non-target nucleic acid contains

methylat-ed nucleic acid.
The metlhod according to any one of the preceding cla_ims, wherein selective

amplification of either the methylated or unmethyRated nucleic acid is

performe-d.
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31.

32.

33.

34

35.

36.

29

Thee method according to claim 27, wherein selective ammplification of

methylated nucleic acid is performed.

The method according to any one of the preceding claims, wherein the at least
one= of the target or the at least one non-target nucleic acid is =subjected to a

moadification step prior to the amplification.

The method according to claim 29, wherein the non-target nwucleic acid is

modified during the modification step.

Thes method according to claim 29 or claim 30, wherein the modification step is

a chmemical modification.

The method according to claim 31, wherein the modification step converts
unmaethylated cytosines to another nucleotide capable of formin_g a base pair
witlh adenine while methylated cytosines are unchanged or are c onverted to a

nucleotide capable of forming a base pair with guanine.

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

The method according to any one of claims 31 to 33, wherein the chemical

mod_ification step is a bisulphite treatment.

The method according to any one of the preceding claims, whereir the inverted
repeaat region of the primer comprises a sufficient number of n ucleotides to
allowwv annealing and extension on a matched sequence of the mmodified non-
targest nucleic acid and sufficient mismatches not to allow annesaling and/or

exterasion of the unmodified target nucleic acid.

An assay for abnormal methylation of cytosine at a site or sitess within the
gluta_thione-S-transferase (GST) Pi gene and/or its regulator-flankine g sequences,
wher-ein the assay comprises exposing isolated DNA to reactants arad conditions
for tthe amplification of a target region within the GSTP/ geme and/or its
regul atory flanking sequences, the target region being one or more s-ites at which
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37.

38.

39.

40.

4]1.

42.

43.

30

abnormal cytosine methylation occurs, the amplification being carri ed out using
of at least one o ligonucleotide primer comprising:

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 amplicon
of the non-target region but which contains at least one mismatch to the
corresponding internal sequence of the target region; and

determining the presence of amplified DNA.

The assay according to claim 36, wherein the target region is withi n the region
of the GST-Pi1 gene and/or its regulatory flanking sequences defimed by (and
inclusive of) Cp G sites -43 to +55.

The assay according to either claim 36 or claim 37, wherein the isolated DNA is
subjected to chemical modification to convert unmethylated cytosires to uracil

prior to amplific ation.

The assay according to claim 38, wherein the chemical modification is achieved

by bisulphite treatment.

The assay according to any one of claims 36 to 39, when used as a dliagnostic or
prognostic assay for a disease or condition in a subject, the disease @r condition

being characterised by abnormal methylation of cytosine.
The assay according to claim 40, wherein the disease or condition is aa cancer.

The assay according to claim 41, wherein the cancer is prostate, livesr, or breast

cancer.

An oligonucleotide primer for nucleic acid amplification, the primer including a
region that is an inverted repeat of a nucleic acid sequence within & non-target
amplicon but which comprises at least one mismatch with the comresponding
sequence of a tar get nucleic acid; and

a primer region that can prime and extend on a target nucleic acid and a

non-target nuclei ¢ acid.
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Figure 1. Principle of Headloop Suppwession PCR
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Figure 3

EHL 48 headloop priming on E. coli sequence

Loop: 37 bases
plus primer

AGCGCCTCGATTGCGCAATTCAGCT =57

RN NRRA RN
TPaC GAGCTAACGCGTTAAGTC>

v

Head

Complement of
forward prinaer

EHL 48 headloop priming on S, acidophilus DNA

AGGCCTCGATTGCGTGAGTCATCT —57
BERERERARE S RSN RE
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Figmrye 4
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Figure 5

Panel A 50pg S. acidophilus : 1 pg E. coli, SAHL headloop priFner
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Figure 6
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Figure 8
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Figure 11
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-5 -4 =3
GCGGGACSCAC CCTTATAAGG CTCGGAGGCC

-7 -6
CAGCACTGGG GCGGAGCGGG

TAGTATTGGG GCGGAGCGGG

GST F52A

-2
GCGAGGCCTT
GCGAGGTTTT

567
ACGCGCGGCC

-1 >
CGCTGGAGTT
CGTTGGAGTT

g 9 10
CGCGTCCLCCG
TGTGTTTTTIG

GCGGGATITAT
GGGATTAT

1 2 3
TCGCCGLCTCGC
TCGTCGICGT

GGGATGGEGGC
GGGATCGGGT

TTTTATAAGE TTCGGAGGTC B-M
TTTTATAAGG TTaGGAGGT>

4
AGTCTTCGCC ACCAGTGAGT
AGTTTTCGTT ATTAGTGAGT B-M

TCAGAGCTCC CAGCATGGGG
TTAGAGTTTT TAGTATGGGG B-M

ACGCGCGGTT

<AAAIC CCCATCCCCA AATCTC+#5-10Ni base pr

5-10Ni & 5-10 head

5~10% head
<TACCCCA AATCTCAAAA ATCATACCC

5-10 & 5-10x base pr

TGTGTTTTTIG
TGTGTTTTTG

TGTGTIGGTT
TGTGTGGTT
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Figure 15

Headloop primer HLINTS-10
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Figure 16
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