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In vitro diagnostic kit for identification of Human Papillomavirus in

clinical samples

FIELD OF THE INVENTION

The present invention relates to an in vitro diagnostic kit and method for
identification of Human Papillomavirus (HPV) in clinical samples. The invention
also relates to apparatus for use in the kit and method.

More specifically, in preferred embodiments the present invention relates to an
in vitro diagnostic kit for specific detection of human papillomavirus genotypes
in clinical samples using probes for genotyping the HPV, a platform in which a
nucleic acid array including the probes and a standard laboratory reaction vial
are combined, a device for automatic processing of the results and a method
for diagnosis of HPV infection using the in vitro diagnostic kit.

BACKGROUND OF THE INVENTION

To date, around 100 Human Papillomavirus (HPV) types have been described.
An HPV type is considered a new type when at least 10% of the gene
sequences in the HPV regions E6, E7 and L1 differ from any previously known
type. Subtypes, or variants, differ from the primary type by less than 2-5%.
These viruses have tropism for human epithelia and have been linked to serious
human diseases, especially carcinomas of the genital and oral mucosa.

About 50 HPV types have been isolated from the anogenital mucosa. They have
been divided into low-risk types (e.g., HPV types 6, 11, 42, 43 and 44) and
high-risk types (e.g., types 16, 18, 31, 33 and 45) depending on their
association with cervical cancer. Detection and identification of HPV types is
very important since persistent infection with high-risk types of HPVs is the
main etiological factor for cervical cancer.
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Detection and identification of HPV genotypes is carried out by HPV DNA
testing. These methods can be done by direct detection of HPV DNA or by
detection of amplified HPV DNA. Among methods for direct detection of HPV
DNA are the Hybrid Capture (HC) method from Digene Corp., Gaithersburg,
Md., USA and in situ hybridisation techniques. The HC is an FDA approved
technique based on a signal-amplifying hybridization method. The hybridization
probes which are used are HPV specific RNA sequences. After incubation of
these probes with denatured HPV DNA from the clinical sample, RNA/DNA
hybrids are formed that can be detected using a specific antibody. The HC
method allows differentiation between high and low-risk HPV types, but it
cannot identify the HPV type. An additional disadvantage of this test method is
that the use of cocktail of probes frequently results in cross reactions between
HPV types from the two classes.

Methods for identification of the HPV type via amplification of the viral genome
are mainly carried out by polymerase chain reaction (PCR). Genotyping of HPY
can be done by type-specific PCR using primers that recognize only one specific
type. An alternative approach is the use of universal-primer PCR for
amplification of all HPV types. The papillomaviruses are typed by subsequently
analyzing the sequence of the amplified gene fragment. Analysis of this
sequence can be performed by different methods, such as DNA sequencing,
restriction fragment length polymorphism (RFLP) or nucleic acid hybridisation.
Hybridisation techniques, such as reverse blot hybridisation, have been
considered to be the most suitable for diagnostic purposes (Kleter et al. J Clin
Microbiol. 1999, 37: 2508-2517; Van den Brule et al. J Clin Microbiol. 2002, 40:
779-787).

Recently, microarray technology has been developed (see for example U.S.
Patent No. 5,445,934). The term microarray is meant to indicate analysis of
many small spots to facilitate large scale nucleic acid analysis enabling the
simultaneous analysis of thousands of DNA sequences. As is known in the art,
reverse blotting is usually performed on membranes, whereas microarray is
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usually performed on a solid support and may also be performed on smaller
scale. The microarray technology has been successfully applied to the field of
HPV diagnosis (see Patent Publications WO0168915 and No. CA2484681).

However, there is still a drawback with the use of microarray technology that
expensive equipment and laborious handling are required. This inconvenience is
addressed by Patent Application No. US2005064469 where an ‘array-tube’ is
provided. The term ‘array-tube’ describes a reaction vessel which has a shape
and size typical of a laboratory reaction vessel (for example, a 1.5 ml Eppendorf
tube) with a microarray arranged on its base in which microarray based tests

can be carried out.
AIMS OF THE INVENTION

In view of the above, it is an aim of the present invention to provide a reliable
method for specific identification of HPV types possibly present in a clinical

sample.

It is more particularly an aim of the present invention to provide a method for
specific identification of HPV types using the “array-tube’ platform.,

It is also an aim of the present invention to provide probes for specific detection
and/or identification of different HPV types.

It is furthermore an aim of the present invention to provide a kit for detection
and/for identification of HPV types comprising reagents, protocols and HPV
specific probes arranged on an ‘array-tube’, allowing the reliable specific
detection and/or identification of HPV types possibly present in a clinical
sample.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is provided an assay for
detecting and typing human papiflomavirus (HPV) in a sample, the assay
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comprising: performing a nucleic acid amplification reaction on a sample, the
amplification reaction being intended to amplify an HPV target sequence in a
non-type specific manner; obtaining single stranded oligonucleotides from any
amplification products; allowing single stranded oligonuclectides to hybridise
where possible with the a plurality of HPV type-specific probes provided on a
solid support, the support being located within a reaction vessel suitable for
containing the sample; and detecting hybridised oligonucieotides.

Aspects of the invention also provide an assay for detecting and typing human
papillomavirus virus (HPV) in a sample, the assay comprising: performing a
nucleic acid amplification reaction on a sample, the sample being in contact
with a solid support having a plurality of HPV type-specific probes immeobilised
thereon, the amplification reaction being intended to amplify an HPV target
sequence in a non-type specific manner; obtaining single stranded
oligonucleotides from any amplification products; allowing single stranded
oligonucleotides to hybridise where possible with the HPV type-specific probes;
and detecting hybridised oligonucleotides.

The amplification reaction is preferably PCR. Single stranded oligonucieotides
may be obtained by denaturing any double stranded oligonucleotides present,
for example by heating. Single stranded oligonuclectides are preferably aliowed
to hybridise under stringent conditions; such conditions will be understood to
those of skill in the art, but preferably include incubating denatured
oligonucleotides at 55°C with the target, in a buffer comprising 1 x SSC.

in preferred embodiments, the sample and the solid support are contained
within a reaction vessel; for example, that described in US2005064469.

Preferably probes specific for at least 5, 10, 15, 20, 25, 30, 35, 40, or 42 HPV
types are used, which are preferably selected from HPV types 6, 11, 16, 18, 26,
30, 31, 32, 33, 34/64, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 57, 58, 59,
61, 62, 66, 67, 68, 69, 70, 71, 72, 73, 74, 81, 82, 83, 84, 85 and 89. The
probes are conveniently 20 to 40 nt in length, preferably 25 to 35 nt, more
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preferably 28 to 32 nt, and most preferably around 30 nt. All probes need not
be the same length. The probes are conveniently specific to the L1 region of
HPV, Each type-specific probe may differ from probes specific to another HPV
type in at least 1, 2, 3, or preferably more than 3 nt. Preferred probes are
selected from the group comprising SEQ ID NO 1 to SEQ ID NO 133; several of
these probes detect the same HPV type as described below. Preferably a
plurality of probes are specific for the same HPV type, and more preferably at
jeast two probes specific for each HPV type to be detected are used. Mixtures
of these probes may be immobilised to the same location on the solid support,
or each type-specific probe may be immobilised in a different location. Each
probe specific for the same HPV type preferably detects a different portion of
the HPV target sequence.

The probes may be duplicated on the solid support, to provide for multiple
detection locations for redundancy.

One or more control sequences may also be detected; for example, a probe
immobilised to the solid support which does not hybridise to the target
sequence from any HPV type. The probe may be for a human genomic target
sequence; the assay may then comprise amplifying the human target sequence
from the sample and detecting whether amplification has occurred. A further
control may be introduced by using non-specific labelled sequences immobilised
to the solid support; detection of the label can ensure that the label is working
properly. A still further control may be provided by including a control
amplification sequence which may be amplified by the same primers as the
human target, but which will be detected by a different oligonuclectide on the
solid support. This control ensures that amplification is working correctly.

The invention also provides a reaction vessel including a solid support having a
plurality of HPV type-specific probes immobilised thereon. Also provided is a kit
for the detection and typing of HPV comprising such a reaction vessel, in
combination with a nucleic acid amplification mix. The mix may comprise HPY
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consensus primers such as MY(9 and MY11; and optionally HMBO1; primers for
amplifying a human target sequence; and a control amplification target
sequence including sequences corresponding to flanking portions of the human
target sequence, such that amplification of both target sequences will occur
using the same primers. The kit may also include instructions for its use.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an arrangement of probes on the surface of a microarray with
12 x 11 = 132 locations. Numbers correspond to the SEQ ID NO from the
sequence listing. Single probes were fixed at two different locations for
detection of 21 different HPV types, DNA sample quality control, and
amplification control. LR = probes for location reference (SEQ ID NO 140 + SEQ
ID NO 141).

Figure 2 shows an arrangement of probes on the surface of a microarray with
12 x 11 = 132 locations. Numbers correspond to the SEQ ID NO from the
sequence listing. Single probes or mixtures of probes were fixed at two different
locations for detection of 23 different HPV types, DNA sample quality control,
and amplification control. LR = probes for location reference (SEQ ID NO 140 +
SEQ ID NO 141).

Figure 3 shows an arrangement of probes on the surface of a microarray with
12 x 11 = 132 locations. Numbers correspond to the SEQ ID NO from the
sequence listing. Mixtures of probes were fixed at two different locations for
detection of 42 different HPV types and DNA sample quality control. LR =
probes for location reference (SEQ ID NO 140 + SEQ ID NO 141); M1 = SEQ ID
NO 76 + SEQ ID NO 77 + SEQ ID NO 78; M2 = SEQ ID NO 122 + SEQ ID NO
123 + SEQ ID NO 124; M3 = SEQ ID NO 116 + SEQ ID NO 117 + SEQ ID NO
118 + SEQ ID NO 119.

Figure 4 shows an arrangement of probes on the surface of a microarray with
12 x 10 = 120 locations. Numbers correspond to the SEQ ID NO from the
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sequence listing. Single probe or mixtures of probes were fixed at three
different locations for detection of 35 different HPV types, DNA sample quality
control, and amplification control. LR = probes for location reference (SEQ ID
NO 140 + SEQ ID NO 141); M1 = SEQ ID NO 76 + SEQ ID NO 77 + SEQ ID NO
78; M2 = SEQ ID NO 122 + SEQ ID NO 123 + SEQ ID NO 124.

Figure 5 shows an arrangement of probes on the surface of a microarray with
12 x 10 = 120 locations. Numbers correspond to the SEQ ID NO from the
sequence listing. Single probes or mixtures of probes were fixed at two different
locations for detection of 14 different HPV types, DNA sample quality control,
and amplification control. LR = probes for location reference (SEQ ID NO 140 +
SEQ ID NO 141); M4 = SEQ ID NO 100 + SEQ ID NO 101 + SEQ ID NO 102.

Figure 6 shows a schematic representation of recombinant plasmid pPG44 used
in the PCR reaction as amplification positive control.

Figure 7 shows a photograph of an ‘array tube’ used in the present invention.
DETAILED DESCRIPTION OF THE INVENTION

The method for specific detection and/or identification of HPV types comprises

following steps:

(i) Amplification of sample DNA: DNA obtained from clinical samples is
amplified, preferably by PCR, using universal primers for all HPV known types
which flank a genome region variable enough to allow further genotyping.
Although the PCR is the preferred amplification method, amplification of target
sequences in a sample may be accomplished by any other method known in the
art (ligase chain reaction, transcription-based amplification system, strand
displacement amplification, etc). In an embodiment of the present invention,
primers MY11 and MY09 have been used (Manos et al., Molecular Diagnostics
of Human Cancer; Furth M, Greaves MF, eds.; Cold Spring Harbor Press. 1989,
vol. 7: 209-214), which amplify the variable L1 region.
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A label is introduced in the amplified DNA during its amplification to allow
further detection, preferably a label that provide a signal that may be detected
by colorimetric methods. In a preferred embodiment, at least one of the
primers used is labelled at the 5’ end with biotin. However, any other kind of
label known in the art may be used (e. g. digoxigenin). Furthermore, labelling
of amplified DNA may be alternatively achieved by adding modified nucleotides
bearing a label (e. g. biotinylated or digoxigenin dUTP derivatives) in the PCR
mixture. Radioactive labels may be used, or fluorophores, in certain
embodiments,

(i) Hybridization: amplified DNA from step (i) is denatured (e.g. by heat) and
applied to an ‘array-tube’ with one or more probes from those shown in Table 1
(SEQ ID NO: 1-133). Other ways to prepare single stranded DNA after
amplification may be used as well. Each probe shown in Table 1 (SEQ ID NO: 1-
133) is capable of specific hybridization with the amplified L1 region from step
() of only one HPV type, and thus enables specific identification of this HPV
type, when this type is present in a biological sample. The different types of
HPV in a sample can be identified by hybridization of amplified DNA from said
types of HPV to at least one, but preferably more than one probe.

(iii) Detection: DNA hybrids may be detected by recognition of the label by
specific binding to a ligand or by immunodetection. In the preferred
embodiment, biotin label is detected by specific binding to streptavidin
conjugated with horse-radish-peroxidase (HRP) and the subsequent conversion
of tetramethylbenzidine (TMB) to a blue pigment that precipitates in the
concrete location where corresponding specific probe was bound. Other kind of
conjugates well known in the art may also be suitable for purposes of the
present invention (e. g. streptavidin-Au conjugate). Fluorescently Ilabelled
detection systems may instead be used, either indirectly or directly labelled.
Alternatively, other enzyme-based systems may be used.
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(iv) Analysis and processing of the results: ‘array-tubes’ so processed can be
read using simple optical devices, such as an optical microscope or ATR01 and
ATS readers manufactured by CLONDIAG chip technologies GmbH (Jena,
Germany)

In an alternative embodiment, the amplification and hybridisation steps may be
performed in the same array-tube; that is, a sample is added to the array-tube,
which sample is then amplified and hybridised to probes within the tube,

One process for preparing the ‘array-tube’ is disclosed in Patent Application No.
US2005064469. In a preferred embodiment of the present invention, 5 amine-
linked oligonucleotide probes are bound to the surface of a solid support in
known distinct locations. Said probes may be immobilized individually or as
mixtures to delineated locations on the solid support. In a preferred
embodiment, two type specific probes are used for each HPV type, which
provides additional assurance that all HPV will be typed correctly including
variants where nucleotide changes in the region of one type specific probe have
occurred. Preferably two type-specific probes are employed that are capable of
hybridizing in separate regions of the amplified product.

Said probes or mixtures of probes may be immobilized in a single location of
the solid support, preferably in two distinct locations of the solid support and
more preferably in three distinct locations of the solid support. Figures 1 to 5
exemplify schematic representations for different arrangements of probes on

the surface of the microarray.

The ‘array-tube’ used in the present invention may comprise one or more HPV
probes selected from nucleotide sequences from the sequence list (SEQ ID NO:
1-133). In addition, it may comprise one or more probes for specific detection
of controls such as PCR reaction control or adequacy of the DNA from the
sample control. Furthermore, it may also comprise one or more labelled

oligonucleotides (e.g. biotin modified oligonucieotides) for positive control of
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the detection reaction and for positioning reference so that all remaining probes
can be located.

Specific probes for HPV type identification were designed as follows. Sequences
for all reference HPVs deposited in GenBank, including known variants, for the
amplified L1 region were aligned using a conventional nucleic acid alignment
program, such as Biokdit (4.8.6. version; Hall. Nucl Acids Symp Ser. 1999,
41:95-98) and most variable sequences regions among different HPV types
were located. Potential sequences of oligonucleotides to be used as specific
probes were selected from these variable sequences regions, preferably having
following features: length of 20 to 40 bases, preferably an approximate length
of 30 bases; preferably with no secondary structures or strings of consecutive
same nucleotide longer than 4; preferably with a G+C ratio of 50% and a Tm
as much similar among all selected probes as possible; and preferably with the
mismatched nucleotides among the different HPV types sequences as much in
the centre of the oligonucleotide sequence as possible.

Each potential probe sequence selected as aforementioned was compared
against all known HPV sequences in the amplified L1 region using the BLAST
program form the NCBI webpage (Altschul et al. Nucleic Acid Res. 1997, 25:
3389-3402). Finally, probes having at least three nucleotide mismatches when
compared with all known HPV types (except when compared to the HPV type
that the oligonucleotide probe is specific for) were chosen, with a preference
for probes with greater than three mismatches.

The present invention provides probes for specific detection of the 42 most
clinically important HPV types: 6, 11, 16, 18, 26, 30, 31, 32, 33, 34/64, 35, 39,
40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 57, 58, 59, 61, 62, 66, 67, 68, 69, 70,
71, 72, 73, 74, 81, 82, 83, 84, 85 and 89 (Table 1; SEQ ID NO 1-133). Probes
sequences are represented as single stranded DNA oligonucleotides from the 5'
to the 3" end. In a preferred embodiment of the present invention, probes
sequences correspond to the antisense strand, but it is obvious to anyone
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skilled in the art that any of these probes can be used as such, or in their
complementary form, or in their RNA form (wherein T is replaced by U). The
probes of the present invention can also be prepared by adding or changing
one or more nucleotides of their sequence without dramatically affecting its
functionality.

Table 1:
Probe

S8EQ ID NO name HEFV type Sequence (5' -> 3')
1 6A1-AS 6 TGTATGTGGAAGATGTAGTTACGGATGCAC
2 684 ) CATGACGCATGTACTCTTTATAATCAGAATT
3 11R21-AS il TGTATGTAGCAGATTTAGACACAGATGCAC
4 i1B1 il CATGGCGCATGTATTCCTTATAATCTGAAT
5 16A i6 GTAGATATGGCAGCRCATAATGACATATTT
6 16E-AS 16 TTCTGRAGTAGATATGGCAGCACATAATGA
7 16C3 16 CGTCTGCAGTTAAGGTTATTTTGCACAGTT
8 i6C4 16 CRAARATAGTGGAATTCATAGAATGTATGTAT
9 i6C5 16 CTATARGTATCTTCTAGTGTGCCTCCTGEGG
10 1BA1-AS 18 ATCATATTGCCCAGGTACAGGAGACTGTGT
1z 1BB3 18 CTTATTTTCAGCCGGTGCAGCATCCTTTT
12 18c2 18 AAGTTCCAATCCTCTAARATACTGCTATTC
13 18C3 18 TCCTTTRRATCCACATTCCARARCTTTAACT
14 26A1-AS 26 TGETTTAARTGGAGTGGATGCAGATGCTGC
15 26B2 26 ATCTTCCTTTEGCACAGGAGGGGCGTTACG
16 26C1 26 CATATTCTTCGCCATGTCTTATARRTTGTT
17 26C3 26 TCCTCCAATATGGAGGCATTCATTARATGT
i8 26C4 26 GATCTTCCTTTGGCACAGGAGEGGLGTTAC
19 30A1 30 CTTGTGGCAGCTGGGGEGTGACAATCCARTA
20 3081 30 GATARCGTTTGTGTGGTTGCAGATATAGTC
21 30C1 30 TTCCAGCCCTCAAGTARAGTGGAGTTCATA
22 31A-A5 31 TGTAGTATCACTGTTTGCAATTGCAGCACA
23 31B5 31 BGARACCTGAGGCAGGTGTGGTCARTCCAAA
24 3icz 31 TCAAATTCCTCACCATGTCTTAAATACTCTTTA
25 31C5 31 BAAATAGCAGGATTCATACTGTGAATATATG
26 32A1 32 AGTTAGTAGACTTGTATGTGTCTTCAGTTGTT
27 32B1L 32 TTCCCARAATGAATAGTCAGAAARAGGATC
28 33A2 33 TACTGTCACTAGTTACTTGTGTGCATARAG
29 33Bi-AS 33 GTATATTTACCTRAAGGGGTCTTCCTTTTCC
30 33CL 33 ARTGTATATTTACCTAARGGGGTCTTCCTTT
31 33C3 33 TTCTGCAGTTARGGTRACTTTGCATAGTTG
32 34/64A1 34/64 ATATGGTGGAGTTGTACTTGTGGATTGTGT
33 34/64B1 34/64 TCCTTAGGAGGTTGCGGACGCTGACATGTA
34 35A1-A8 35 GTCACTAGARGACACAGCAGAARCACACAGA
35 35B1 35 ARTGGATCATCTTTAGGTTTTGGTGCACTS
36 35C4 35 TPACATAGCGATATGTCTCCTCTAAGGTAC
37 35¢CT 35 TTTGACARGTTACAGCCTGTGATGTTACAT
38 39A1~-AS 39 GGTATGGAAGRCTCTATAGAGGTAGATAARTG
39 3981 39 GTATCTGTARGTGTCTACCAARCTGGCAGA
40 35C2 39 TAGAGGTAGATAATGTAAAGTTGGTACTAC
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41 38C3d 33 GTARATCATACTCCTCCACGTGCCTGRTAT
42 39C4 39 CATCAGTTGTTARTGTGACAGTACACAGTT
43 39C4d 39 CATCAGTTGTTAATGTKACAGTACACAGTT
44 40A1-AS 40 CTTGARATTACTGTTATTATATGGGGTTGE
45 40B1 40 CCTCCRARCAACGTAGGATCCATTGCATGRA
46 421 42 GTATATGTATCRACCAGATGTTGCAGTGGCA
47 42B1-AS8 42 TAGCCTIGACAGCGAATAGCTTCTGATTGTA
48 4zcl 42 TGACAGCGAATAGCTTCTGATTGTACATAC
49 42C5 42 TCCTCTAATATGTTAGGATTCATATTGTGTA
50 42C6 42 TTCTARRGTTCCTGAAGGTGGTGGTGCARAC
51 43A1 43 ATATCTACTGGGCACAGTAGGGTCAGTAGA
52 43B1-A5 43 ARAGCAGAGGCAGGTGGGGACACACCARAAT
53 44a1 44 TATATGTAGACGGAGGGGACTETGTAGTGG
54 44B1-AS 44 CGCATGTATTGCTTATATTGTTCACTAGTAT
55 4581 45 CTGCTTTTCTGGAGGTGTAGTATCCTTTT
56 45B4-A3 45 GGCACAGGATTTTGTGTAGAGGCACATAAT
57 45C1d . 45 TACTATASTGCTTAAACTTAGTAGGRTCAT
58 45C3d 45 CCACYRAACTTGTAGTAGGTGGTGGAGGKA
55 45C4 45 CAGGTAACAGCAACTGATTGCACARAACGA
60 5121-AS 51 TAAATGTTGGGGARACCGCAGCAGTGGCAG
61 51B1 51 TCGAGGGGTGETCCTTTTGACAGCTAGTAGC
62 51C3 51 ATGGTAGGATCCATEGTGTGTARATRAGCT
63 51C4 51 CCACTGTTCAAGAATGGTAGGATCCATTGT
64 51C5 51 CCARACTAGCAGACGGAGGTAATGTTAATC
65 52A1-AS 52 TTATATGTGCTTTCCTTTTTARCCTCAGCA
66 52B2 52 GTGTCCTCCARAGATGCAGACGGTGGETGE
67 53al1 53 BACCTCAGCAGACAGGGATATTTTACATAG
68 53B1 53 AAGCTAGTGGCAACAGGAGGCGACARRCCT
69 54A1 54 GCTATCCTGCGTGGATGCTGTAGCACACAR
70 54B1 54 ARCTACTTGTAGCTGGGEGGGETTATACCARA
71 54C1 54 ATCTGCTGTAAGGGTTATGGTACATARCTG
12 56A1 56 TETCTARGGTACTGATTARTTTTTCGTGCA
73 56B1 56 TTTATCTTCTAGGCTGGTGEGCCACTGGCGE
74 57A1d 57 TATAATTAGTTTCTGTGKTTACAGTGGCAC
75 57B1 57 AGTCCTCTAGCARCCGCGCATCCATGTTAT
76 58A1 58 ATATTCTTCAACATGACGTACATATTCCTT
7 58Bla 58 TCTTCTTTAGTTACTTCAGTGCATAATGTC
78 58B1b 58 CCTTCCTTAGTTACTTCAGTGCATAATGTC
79 50R2 59 CTGGCATATTCTITTAARACTGCTAGGTGTG
BO 59B1-AS 59 TCCTGTTTRACTGGCGGTGCGETGTCCTET
81 59C3 3d 59 GARGVAGTAGTAGRAGCACACACAGARAGA
B2 59C4 59 TTCCTCCACATGTCTGGCATATTCTTTARA
83 58Cé 59 GTGGTATTCATATTATGAATGTATGACATT
84 61A1 61 TATATTCAGATACAGGGGGGGATGTAGCAG
85 61B1 61 ATAACTTGGCATAGCGATCCTCCTTGGGCG
86 61B2 61 ATATTCCCTAAAGCTTGTGGCTTTATATIC
87 621 62 GTGGAAGGGEGAGGTARARCCCCARAGTEC
88 62B1 62 ATACGGGTCCACCTTGGGACGGGTRAGGCAG
Bo 62B2 62 ARRTGTCATTTGCGCATACGGGTCCACCTT
S0 66A1 66 GTTAATGTGCTTTTAGCTGCATTARTAGTC
91 66B1 66 TGECGRAAGGTATTGATTGATTTCACGKGCA

92 66B2 66 CACATGGCGAAGGTATTGATTGATTTCACG
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93 56C3d 66 CCAATRTTCCARTCGTCTAATARAGTATTA
54 66C4 66 CTGTGCTTTTAATATACCTATATTTATCCT
95 67A1 67 TCTTCCTTTGCTGTTGGAGGGGATGTTTTT
96 &7B1 67 TGGTGTGTATGTATTGCATAACATTTGCAG
97 6782 67 GTTTTCATTTTTGTATGTAGCCTCTGATTT
58 68R1-AS 68 AGGTGCAGGGGCGTCTTTTTGACATGTAAT
89 68B1 68 AGCGGTATGTATCTACAAGACTAGCAGATG
100 68C4b 68 TACATCAGTTGACRATGTTATAGTACACAAC
101 68C4c 68 TRACATCAGTGGATRATCTTATAGTACACAAC
102 68C7 68 CARGACTAGCAGATGGTGGAGGGGCAALCAC
103 £9A1 69 ATGGTTTARAAGTGGCAGATGCAGATTSTG
104 69B1 69 TGTGCAGGGGCATCGCGTTGACATGTAGTA
105 70A1-AS 70 ARACTTTGTAGGGCTATATACAGCAGGTAT
106 70B1 70 TGGTGGAGGEETARCTCCTATATTCCAATT
107 T1AL 71 AATATTCCATGARACTAGAGGCTTTATATG
108 T1B1 71 TTTTTCTGCAGGAGGAGGACTGTTTTTCTG
109 T2R1 12 TCTGATACAGAGGACGCTGTGGCAGTACAR
110 72B1 12 GTGGCGRAGATACTCACGAARATTAGARGCT
111 73A1 13 TAGRGTTGGCATACGTTGTAGTAGAGCTAC
112 T3R2 73 GAGTTGGCATACGTTGTAGTAGAGCTACTA
113 7381 73 BGGAGGTTGAGGACGTTGGCAACTAATAGC
114 73C3 73 TCCACTCTTCCAATATAGTAGAATTCATAG
115 73C4 73 TTCCTCTARAGTACCTGACGETGETGGEET
116 T4Rla 74 TTARRTTTGCATAGGGATTGGGCTTTGCTT
117 T4Alb 74 TTARATTGGCATAGGGATTAGGCTTTGCTT
118 74Bla 74 AGCAGAAGGCGATTGTGAGGTAGGAGCACA
119 7481b 74 AGCAGGAGGGGATTGTGTAGTAGGCGCACA
120 81Aal 81 TTCTGCAGCAGCAGATGTAGCTGTGCAARAT
121 8181 81 CTGTCCARAATGACATGTCGGCATAAGGGT
122 B2AZa~-AS B2 TGCRACAGATGGAGTAACAGCAGTGCTAAT
123 82AZ2b~AS B2 TGCAACTGATGGAGTAGCAGCAGTGCTAAT
124 B2B1 82 TGTAGAATCCATGGTGTGCAGGTAAGCCAT
125 g3Al 83 TTCATTRGCCTGTGTAGCAGCAGCTGARAAT
126 83Bld 83 CACTCATCYARTARATGTTCATTCATACTAT
127 84A1 B4 ATATTCTGATTCGGTGTTGGTAGCAGCACT
128 84B1 g4 AARTAGGACATGACCTCTGGAGTCAGACGG
1289 85A1 B85 ATATAGATGGARCTGGATTAGTAGTTGCAG
130 85B1 B85 CCTTTTTTTGTGGAACAACCACATCCTTCT
131 89Al 89 TCCTTARRGCGTGTAGRACTGTATTCTGTG
132 88B1 89 ATCTCAGGCGTTAGGTGTATCTTACATAGT
133 gacl 89 ARTGGCCCGAGAGGTAAGARAGCGATAGGT

Nucleotides of the sequences are designated as follows: G for Guanine, A for
Adenine, T for Thymine, C for Cytosine, Rfor Gor A, Y for Tor C, M for Aor C,
KforGorT,SforGorC, WforAorT,HforAorCorT,BforGorTorC,V
forGorCor A, DforGorAorT, and finally, N for G or Aor T or C. The
nucleotides as used in the present invention may be ribonucleotides,
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deoxyribonucleotides and modified nuclectides such as inosine or nucleotides
containing modified groups which do not essentially alter their hybridization

characteristics.

The probes of the present invention can be obtained by different methods, such
as chemical synthesis (e. g. by the conventional phosphotriester method) or
genetic engineering techniques, for example by molecular cloning of
recombinant plasmids in which corresponding nucleotide sequences have been
inserted and can be latter obtained by digestion with nucleases.

For some HPV types, probes were designed from a sequence region that
contained distinct nucleotides at a concrete position for different variants of the
mentioned HPV type. In these cases, degenerated probes were used that is,
mix of oligonucleotides each containing alternative nucleotides at the
mentioned position. This is the case for probes 39C3d [SEQ ID NO 41], 39C4d
[SEQ ID NO 43], 45Cid [SEQ ID NO 571, 45C3d [SEQ ID NO 58], 57Ald [SEQ
ID NO 74], 59C3_3d [SEQ ID NO 81], 66B1 [SEQ ID NO 91], 66C3d [SEQ ID
NO 93], and 83B1d [SEQ ID NO 126]. Alternatively, equimolecular mixtures of
two oligonucleotides comprising exactly the same sequence region but differing
on nucleotide composition for certain positions were used as a single probe
(mix of oligonucleotide 58B1a [SEQ ID NO 77] and 58B1b [SEQ ID NO 78];
68C4b [SEQ ID NO 100] and 68C4c [SEQ ID NO 101]; 74Ala [SEQ ID NO 116]
and 74A1b [SEQ ID NO 117]; 74Bla [SEQ ID NO 118] and 74B1b [SEQ ID NO
119]; and mix of oligonuclectide 82A2a-AS [SEQ ID NO 122] and 82A2b-AS
[SEQ ID NO 123].

All probes disclosed in the present invention have been proved to specifically
hybridize to their target sequences under the same hybridization conditions in
the ‘array tube’ platform. This fact makes possible the use of these probes for
simultaneous identification of 42 different HPV types using this microarray
platform. The high number of HPV types identified by the use of the ‘array tube’
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developed in the present invention makes this methodology is also considered
as a direct detection method, since remaining HPV types are clinically irrelevant.

One of the weak points of diagnostic methods is the appearance of false
negatives. In the case of the present method, false negatives can be caused by
poor quality DNA samples or by the presence of DNA polymerase inhibitors in
the samples to be analyzed. The present invention illustrates the way of
gliminating these false negatives via the use of two types of controls.

One control consisting of amplification of the patient's own DNA is preferably
used to assure the good quality of DNA sample. Any sequence fragment from
human DNA can be used as target for this purpose. A fragment from a single
copy gene, such as the CFTR gene, was considered a specially suitable target
for positive control of DNA quality in the present invention. Primers CFTR-F4
(SEQ ID NO 134) and CFTR-R5 (SEQ ID NO 135) were designed for
amplification of an 892 bp fragment from CFTR gene. The use of a single copy
versus a multiple copy target and the bigger size of the quality DNA control
amplified product compared to the HPV amplified fragment, that is 892 bp.
versus around 450 bp respectively, allowed the inclusion of primers for CFTR
amplification in the same reaction mixture that the used for the amplification of
the L1 region of the HPV genome with minimal competition effects. Therefore,
quality DNA control may be simultaneously run in the same reaction tube where
the sample is analyzed without affecting to the sensitivity for HPV detection.

A second control may be used as amplification positive control that detects PCR
reaction failures due, for example, to the presence of DNA polymerase
inhibitors. In a preferred embodiment, amplification positive control consists of
a recombinant plasmid that can be amplified using the same primers and the
same PCR conditions than those used for amplification of the CFTR gene
fragment. Both size and internal sequence to the primers are different between
PCR products resulting from amplification of CFTR gene and from amplification
of recombinant plasmid. In this way, both types of amplification products can



10

15

WO 2007/017699 PCT/GB2006/050231
16

be easily distinguished via ge!l electrophoresis or via hybridization with specific
probes. Figure 6 shows a schematic representation of recombinant plasmid
pPG44 having these characteristics.

Plasmid pPG44 was constructed by molecular cloning technigues. Briefly, a DNA
insert consisting of the 1162 bp fragment from position 124 to position 1285 of
vector pBluescript® II SK + (Stratagene, La Jolla, CA, USA) flanked by CFTR
primers, CFTR-F4 and CFTR-R5, was cloned into pGEM®-T Easy Vector using
the commercially available kit from Promega Corporation, Madison, WI, USA. A
purified preparation of obtained recombinant plasmid pPG44 was further
characterised by the use of restriction enzymes and by sequence analysis.
Plasmid pPG44 was used as positive control of the amplification process in a

linearized form.

The presence of a positive control as the mentioned recombinant plasmid in the
same PCR amplification mixture where the sample is analyzed prevents the
occurrence of false negative results, that is it prevents a negative result from
being given even in the presence of the target HPV genome in the sample,
because when none of the amplification products are generated it must be
assumed that the PCR amplification has not properly worked and a conclusion
cannot be drawn as to the presence or absence of the HPV genome in the

sample.

Probes for specific detection of the two types of positive controls described,
that is DNA quality control and amplification reaction control, are provided in
table 2 (SEQ ID NO 136-139 and SEQ ID NO 145-147). Oligonucleotides
sequences with no significant homology to any of the ampiified products of the
present invention are also provided in this table 2 (SEQ ID NO 140-141). When
immobilized to the surface of the microarray, biotin modified oligonucleotides
SEQ ID NO 140 and SEQ ID NO 141 serve as positive control of the PCR
products detection reaction and as positioning reference so that all remaining
probes can be located.
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Table 2:

5EQ

ID NO Probe name Control type Sequence (5'-3")

136 CFTR-A1-AS Sample DNA Quality TTCTCCACCCACTACGCACCCCCGCCAGCA

137 CFTR-B3 Sample DNMA Quality  GGGCTCAAGCTCCTAATGCCAARAGACCTACTACTCTG

145 CFTR-B1-AS Sample DNA Quality  CAAGCTCCTAATGCCARAGACCTACTACTC

146 CFTR-B2 Sample DNA Quality GGGCTCAAGCTCCTAATGCCARAGACCTACTACTC

i38 CIR1~AS PCR reaction CTCATTAGGCACCCCAGGCTTTACACTTTAT

139 CIAZ-AS8 PCR reaction TCACTCATTAGGCACCCCAGGCTTTACARCTTTATG

147 CIA3-AS PCR reaction GAGTGAGCTGATACCGCTCGCLGCAGCCGRACGRC
Detection &

140 Marker-1 location GCAGTATAAGATTATTGATGCCGGAAC
Detection &

141 Marker-2 location GTCAAARCCTGGGATAGTAGTTTTACT

The present invention also relates to an in vitro diagnostic kit for specific
detection of HPV fypes in clinical samples. Preferably, the mentioned kit would
include any or all of the following components: amplification mix, including
amplification buffer, dNTPs, primers, and control plasmid; wash buffer;
detection reagents; array tube including a solid support including HPV type-
specific probes; reagents for obtaining and preparing a sample. The particular
components will depend on the exact conditions under which the kit is intended
to be used, although the skilled person will be able to determine suitable kit

components and buffer compositions.
EXAMPLES

The examples provided below merely illustrate the invention and in no way limit
the scope of the accompanying claims.

EXAMPLE 1: preparation of ‘array-tubes’

‘Array tubes’ of the present invention were manufactured at CLONDIAG chip
Technologies GmbH {Jena, Germany) as follows. A standard reaction test tube
from Eppendorf made of polypropylene and having a nominal receiving volume
of 1.5 ml was modified by re-melting, so that, an opened recess for the
microarray support with an adhesive edge was modelled into the tube.
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Microarrays to be inserted into these tubes were produced by using a MicroGrid
IT Arrayer (BioRobotics, Cambridge, Great Britain). Probes consisting of 5 end
amino-modified oligonuclectides having a sequence from the sequence list were
deposited at defined sites on an epoxidized glass surface of a slide (slide size:
75 mm x 25 mm) and covalently immobilised. A singie microarray included 12 x
10 = 120, or 12 x 11 = 132 concrete locations at which oligonucleotides could
be deposited. These locations have a spacing of 0.2 mm, so that the DNA
library included in each microarray covered an area of 2,4 mm x 2.4 mm and, in
total, more than 100 identical DNA libraries could be produced in this way per
slide. Depending on the type of experiment, either one single probe or a
mixture of them could be deposited at each one of these locations. Usually,
single probes were deposited at each location when specificity and sensitivity
experiments for probes selection were carried out. Once the probes have been
validated, mixtures of probes capable of hybridizing in separate regions of the
amplified product of a specific HPV type could be deposited in the same location
when identification of HPV genotypes assays were performed. Figures 1 o 5
show different arrangements of probes within microarrays used for this
invention. Two or three replicates for each probe or mixture of probes were
included in each microarray.

Besides specific probes for HPV genotyping and for detection of amplification
control and adequacy of DNA control, microarrays included reference markers
at several locations consisting of 5 end biotin modified oligonucleotides
(Marker-1 [SEQ ID NO 140] and Marker-2 [SEQ ID NO 141]) with no significant
homology for any of the amplified sequences from this invention. These
reference markers served both for verifying proper performance of the
detection reaction and for optical orientation of the image by the reader so all
remaining probes can be located and the data analyzed.

All oligonucleotides were deposited on the slide from a ix QMT Spotting
Solution I {Quantifoil Micro Tools GmbH, Jena, Germany). Total concentration
of oligonucleotides in each spotting solution ranged from 2.5 uM for reference
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markers to 20 uM for specific probes. Oligonuclectides were then covalently
linked to the epoxide groups on the glass surface by baking at 60°C for 30
minutes followed by a multi-step washing process. Dried slides were cut into
3.15 mm x 3.15 mm glass pieces which, strictly speaking, are what we name
microarrays. In the final step for ‘array tubes” manufacturing, these microarrays
were then inserted into the aforementioned modified Eppendorf tubes and
glued to the adhesive edge. Figure 7 shows a photograph of an ‘array tube’
produced as specified in the present example.

EXAMPLE 2: preparation of DNA samples
2.1. HPV DNA standards

HPV DNAs used to assess the specificity and sensitivity of type-specific probes
were either recombinant plasmids containing the amplified L1 region (HPV
types 6, 11, 13, 16, 18, 26, 31, 33, 35, 39, 40, 42, 44, 45, 51, 52, 53, 54, 56,
58, 61, 62, 66, 68, 70, 71, 72, 73, 81, 82, 83, 84, 85 and 89) or DNAs extracted
from clinical samples which amplified L1 region was further characterized by
DNA sequencing. Recombinant plasmids were constructed by molecular cloning
techniques. Briefly, amplified L1 region from each HPV type was cloned into
pGEM®-T Easy Vector using the commercially available kit from Promega
Corporation, Madison, WI, USA. A purified preparation obtained from each
recombinant plasmid was further characterised by sequence analysis. From 1 to
10 pg of plasmid DNA were used in assessment of specificity experiments.

DNA from the K562 cell line (Catalogue No. DD2011, Promega Corporation,
Madison, WI, USA) served to assess the specificity and sensitivity of CFTR

specific probes.
2.2. Clinical samples

For the purpose of detecting HPV, it is first of all necessary to separate DNA
from remaining biological material. Preparation of DNA procedures vary
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according to sample source. Specific examples are provided for preparation of
DNA from samples from a variety of sources:

A. Swabs: samples were taken with a clean, dry, cotton swab. Cells from clinical
swabs were recovered by addition of 1.5 mi of saline directly to the container
with the sample and vigorous vortexing. Sample material was transferred to a
1.5 ml Eppendorf tube and pelleted by centrifugation. The supernatant was
discarded and the precipitated cells were suspended in 100 ul of lysis buffer
containing 10 mM Tris-HCl (pH 9.0 at 25°C), 50 mM KCl, 0.15 mM MgCly, 0.1 %
Triton® X-100, 0.5 % Tween 20, and 0.25 mg/ml Proteinase K. This mixture
was incubated at 56°C for about 2 hours, and the proteinase K was heat-
inactivated by incubating the mixture at 100°C for 10 minutes. Detritus was
pelieted by centrifugation and supernatant was transferred to a clean and
sterile tube. An Aliquot of 5 pl was subsequently used in the PCR reaction.

B. Cell suspensions: this type of sample refers to that used in cervicovaginal
liguid based cytology tests. Cervical specimens were taken with a brush or
spatula and resuspended in PreservCyt solution (Cytyc Corp., Marlborough, MA,
USA). An aliquot of 1 ml was centrifuged and the pellet was resuspended in 1
ml of saline. After a new centrifugation step, pellet was resuspended in 100 pl
of lysis buffer as that used with the swabs samples in paragraph A and protocol
was continued in the same way as in that section.

C. Formalin fixed and paraffin-embedded biopsies: several tissue sections of 5
um in width were used in the present method, typicaily 2-5 sections, depending
on the surface area from the biopsy. Sections were placed in a 1.5 mi sterile
tube and 100 pl of lysis buffer as that used with the swabs samples in
paragraph A were added. Protocol was continued in the same way as in that
section, except that incubation with Proteinase K was carried out for 3 hours.

Alternatively, a commercial kit (NucleoSpin® Tissue kit Catalogue No. 635966
from BD Biosciences Clontech, Palo Alto, CA, USA) designed for DNA isolation
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from samples from a variety of sources was used to process swabs, cell
suspensions or formalin fixed and paraffin-embedded biopsies samples. In this
case, the beginning of the DNA isolation protocol was as specified in sections A,
B and C. Instead of 100 ul of lysis buffer, 180 ul of Buffer T1 was added to the
sample. Protocol was continued following manufacturer specifications for
isolation of genomic DNA from cells and tissue.

Whatever it was the type of clinical sample or the DNA preparation method,
negative controls were run in parallel with each batch of samples. These
negative controls constituted of 1 ml of saline were processed in the same way
as in section A.

EXAMPLE 3: PCR amplification

PCR amplification using consensus primers MY11l and MY09 (Manos et al.,
Molecular Diagnostics of Human Cancer; Furth M, Greaves MF, eds.; Cold
Spring Harbor Press. 1989, vol. 7: 209-214) was performed. A third primer,
HMBO01, that is often used in combination with MY09 and MY11 to amplify HPV
type 51 which is not amplified efficiently with MY09 and MY1l alone
(Hildesheim et al., J Infect Dis. 1994, 169: 235-240), was also included in the
PCR reaction. Briefly, PCR amplification was carried out in a 50 pl final volume
reaction containing 10 mM Tris-HCl pH 8.3, 50 mM KCl, 1 mM MgCl,, 0.3 pM
each primer MY09 and MY11 (SEQ ID NO 142 and 143), 0.03 pM primer HMB01
(SEQ ID NO 144), 200 uM of each dNTP, 4 units of AmpliTag Gold DNA
polymerase (Applied Biosystems, Foster City, CA, USA), and 5 pl of each HPV
DNA standard from Example 2.1. or clinical sample DNA from Example 2.2. To
test the suitability of sample DNA, 0.08 uM each primer CFTR-F4 and CFTR-R5
(SEQ ID NO 134 and 135) was also added to the reaction mixture. Additionally,
to check amplification process and eliminate false negatives results due to
reaction failure 20 fg of internal control pPG44 was included in the same
reaction tube in which the samples were analysed. All forward primers used in
the PCR reaction (MY11 [Seq ID NO 143] and CFTR-F4 [Seq ID NO 134]) were
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biotin modified at the 5" end so that any amplified DNA could be subsequently
detected.

Negative controls constituted of 5 pi of blank samples from Example 2.2. or 5 pl
of deionised water were processed in parallel with the samples DNA. The use of
these kinds of negative controls serves to check that contamination does not
occur at any point in sample handling or in PCR reaction setting up and all
positive results represent true presence of DNA in the sample.

PCR reactions were run in a Mastercycler thermocycler (Eppendorf, Hamburg,
Germany) programmed with the following cycling profile: one initial denaturing
cycle at 95°C for 9 minutes, 45 cycles of 30 seconds at 94°C, 60 seconds at
55°C and 90 seconds at 72°C, and one final extension cycle at 72°C for 8
minutes, After amplification, 5 pl of each reaction were used for subseguent

detection with specific probes.
EXAMPLE 4: simultaneous identification of HPV genotypes using ‘array tubes’

‘Array tubes’ were pre-washed just before its use by addition of 300 pl of 0.5X
PBS-Tween 20 buffer to each tube and inverting them several times. All liquid
from inside each tube was removed using a Pasteur pipette connected with a

vacuum system.

Amplification reactions from Example 3 were denatured by heating them to
959C for 10 minutes and, immediately after, cooling them down for 5 minutes
on ice. Five microlitres of denatured amplification reaction were applied to the
‘array tube’ prepared in Example 1 together with 100 ul of hybridization solution
(250 mM sodium phosphate buffer, pH 7.2; SSC 1X; 0.2% Triton® X-100; 1 mM
EDTA, pH 8.0). Hybridization reaction was carried out in a Thermomixer
comfort (Eppendorf, Hamburg, Germany) by incubating the ‘array tubes’ at
550C for one hour with shaking at 550 rpm. After incubation period,
hybridization reaction was removed using a Pasteur pipette connected with a
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vacuum system and a washing step with 300 pl of 0.5X PBS-Tween 20 buffer
was carried out.

Hybridized DNA was detected by incubation in 100 pl of a 0.075 pg/ml Poly-
MRP Streptavidin (Pierce Biotechnology Inc., Rockford, IL, USA) solution at
30°C for 15 minutes with shaking at 550 rpm. Then, all liquid from the ‘array
tube’ was quickly removed and two washing steps as that aforementioned were
carried out. Colour developing reaction was performed in 100 pl of True Blue™
Peroxidase Substrate (KPL, Gaithersburg, MD, USA), which consists of a
buffered solution containing 3,3’,5,5-tetramethylbenzidine (TMB) and H,O,, by
incubation at 25°C for 10 minutes. The coloured precipitates so produced cause
changes in the optical transmission at concrete locations of the microarray that
can be read using an ATRO1 or an ATS reader manufactured by CLONDIAG chip
technologies GmbH (Jena, Germany). Optionally, ATS reader may have specific
software installed for automatic processing of the sample analysis result
obtained with the ‘array tube’ developed in the present invention.
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<110>

<120>

<130>
<160>
<i70>
<210>
<211>
<212>
<213>

<220>
<223>

<40G0>

SEQUENCE LISTING
GENOMICA S.A.U.

in vitro diagnostic kit for identification of Human
Papillomavirus in clinical samples

GBP290470

141

PatentIn version 3.3
1

30

DHA

Artificial

Probe

1

tgtatgtgga agatgtagtit acggatgcac

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

<220>
223>

<400>

2

31

DA
Artificial

Probe

2

catgacgecat gtactcotita taatcagaat t

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

<220>
<223>

<400>

3

30

DA
Artificial

Probe

3

tgtatgtage agatttagac acagatgcac

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

<220>
<223>

<400>

4

30

DHA
Artificial

probe

4

catugegeat gtattcctta taatctgaat

<210>
<2l1>
<212>
<213>

5

30

DNA
Artificial

PCT/GB2006/050231
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<220>
<223>

<400>

gtagatatgy cagcacataa tgacatattt

<210>
<Z2Ll1i>
<212>
<213>

<220>
<223>

<400>

ttctgaagta gatatggeag cacataatgs

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

<220>
<223>

<400>

aactgtgcaa aataacctta actgcagacg

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

<220>
<223>

<400>

atacatacat tctatgaatt ccactatiti g

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

<220>
<223>

<400>

cccaggagge acactagaag atacttatag

<210>
<Z11>
<212>
<213>

<220>
<R23>

<400>

Probe

5

&

30

DNA
Artificial

Probe

6

7
30

DA
Artificial

probe

7

8

31

DNA
Artificiel

probe

8

g

30

PHA
Artificial

probe

9

10

30

DNA
Artificial

Probe

10

PCT/GB2006/050231
25

30

30

30

31

30
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atcatattge ccaggtacag gagactgtgt

<210> 11

<211> 29

<212> DNA

<213> Artificial

<220>
<223> Probe

<400> 11
cttattttca googgtgeag catcetttt

<210> 12
<211> 30
<212> DHA

<2i3> Artificial

<220>
<223> probe

<400> 12
gaatagcagt attttagagg attggaactt

<210> 13
<21i> 31
<212> DNA

<213>» Artificial

<220>
<223> probes

<400> 13
agttaasagtt ttggaatgtg gatitzaasgg a

<210> 14
<211> 30
<212> DHA

<213> Artificial

<220>
<223> Probe

<400> 14
tggtttaaat ggagtggatg cagatgetgc

<210> 15
<211> 30
<212> DHA

<213> Artificial

<220>
<223> Probe

<400> 15
atcttcecttt ggcacaggay gggcgttacg

<210> 16
<211> 30

PCT/GB2006/050231
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30

29

30

31

30

30
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<212>
<213>

<220>
<223>

<400>

DA
Artificial

probe

16

aacaatttat aagacatggc gaagaatatg

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

<220>
<223>

<400>

17

30

DNA
Artificial

probe

17

acatttaatg aatgcctcca tattggagga

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

<220>
<223>

<400G>

18

30

DNA
Artificial

probe

18

gtaacgeccee tectgtgoca aaggaagatc

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

<220>
<223>

<400>

19

30

DNA
Artificial

Probe

18

cttgtggeag ctgggggtga caatccaata

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

220>
<223>

<400>

20

30

DNA
Artificial

Probe

20

gataacgtit gtgtggttge agatatagtc

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

<220>
<223>

21

30

DNA
Artificial

Probe

PCT/GB2006/050231
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30

30

30

30

a0
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<400>

21

ttccageecct caagtaaagt ggagttcata

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

<220>
<223>

<400>

22

30

DNA
Artificial

Probe

22

tgtagtatca ctgtitgcaa ttgcagcaca

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

<220>
<223>

<400>

23

30

DHNA
Artificial

Probe

23

agaacctgayg ggaggtgtgg tcaatccaaa

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

<220>
<223

<400>

24

33

DA
Artificial

probe

24

taaagagtat ttaagacatg gtgaggaatt tga

<23i0>
<211>
<R12>
<213>

<220>
<223>

<400>

25

31

DNA
Artificial

probe

25

catatattca cagtatgaat cetgetattt ¢

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

<220>
<Z23>

<400>

26

32

DRA
Artificial

Probe

26

agttagtaga cttgtatgty tcttcagttg tt

PCT/GB2006/050231

30

306

30

33

31

32
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<210> 27
<211> 30
<212> DRA

<213> Artificial

<220>
<223> Probe

<400> 27
ttcccaaaat geatagtcag asaasaggatc

<210> 28
<211> 30
<212> DNA

<213> Artificial

<220>
<223> Probe

<400> 28
tactgtcact agttacttgt gigcataaag

<210> 29
<2i1> 30
<212> DNA

<213> Artificial

<220>
<223> Probe

<400> 29
gtatatttac ctaaggggtc ttecttttce

<210> 30
<21l> 30
<212> DUNA

<213> Artificial

<220>
<223> probe

<400> 30
aaaggaagac cccttaggta satatacatt

<210> 31
<211> 30
<212> DHA

<213> Artificial

<220>
<223> probe

<400> 31
caactatgca aagttacctt aactgcagaa

<210> 32
<211> 30
<212> DHA

<213> Artificial
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<220>
<223> Probe

<400> 32
atatggtgga gttgtacttg tggattgtgt

<210> 33
<211> 30
<212> DHA

<213> Artificial

<220>
<223> Probe

<400> 33
tecettaggag gttgcggacy ctgacatgta

<210> 34
<211> 30
<212> DNA

<213> Artificial

<220>
<223> Probe

<400> 34
gtcactagaa gacacagceg aacacacaga

<210> 35
<21il> 30
<212> DNA

<213> Artificial

<220>
<223>» Probe

<400> 35
aatggatcat ctttaggttt tggtgcactg

<210> 36

<211> 30

<212> DNA

<213> Artificial

<220>
<223> probe

<400> 36
gtaccttaga ggacacatat cgctatgtaa

<210> 37

<21i> 30

<212> DHNA

<213> Aartificial

<220>
<223> probe

<4G0> 37
atgtaacatc acaggetgta acttgtcaaa
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30
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<210>
<21l>
<212>
<213>

<220>
<223>

<400>

ggtatggaag actctataga ggtagataat g

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

<220>
<223>

<400>

38

31

DHA
Artificial

Probe

38

39

30

DNA
Artificial

Probe

39

gtatctgtaea gtgtctacca aactggcaga

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

<220>
<223>

<400>

40

30

DNA
Artificial

probe

40

gtagtaccaa ctttacatta tctacctcta

<210>
<Z21l>
<212>
<213>

<220>
<223>

<400>

41

30

DNA
Artificial

probe

41

ataycaggca cgtggaggag tatgatttac

<2i0>
<211>
<2L2>
<213>

<220>
<RIA3>

<440>

42

30

DNA
Artificial

probe

42

aactgtgtac tgtcacatta acaactgaty

<210>
<211>
<212>

43
30
DA

PCT/GB2006/050231
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<213>»

<220>
<223>

<400>

Artificial

probe

43

aactgtgtac tgtmacatta acaactgatg

<210>
<211>
<212>
<2i3>

<220>
<223>

<400>

44

30

DNA
Artificial

Probe

44

cttgaaatta ctgttattat atggggttgg

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

<220>
<223>

<400>

45

30

DNA
Artificial

probe

45

cctcecaacaa cgtaggatcc attgcoatgaa

<210>
<211>
<212>
<Z213>

<2202
<223>

<4(G0>

46

30

DHA
Artificial

Probe

46

gtatatgtat caccagatgt tgcagtggea

<210>
<211>
<212>
<2i3>

<220>
<223>

<400>

47

30

DNA
Artificial

Probe

47

tagcctgaca gegaataget tctgatigta

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

<220>
<223>

48

30

DNA
Artificial

probe
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<400> 48
gtatgtacaa tcagaagcecta ttegctgtca

<210> 49
<211> 31
<212> DNA

<213> Artificial

<220>
<223> probe

<400> 49

tacacaatat gaatcctaac atattagagg a

<210> 50
<211> 30
<212> DHA

<213> Artificial

<220>
<223> Probhe

<400> 50
gttgcaccac caccticagg aactttagaa

<210> 51
<2il1> 30
<212> DHA

<213> Artificial

<220>
<223> probe

<4Q0> 51
atatgtactg ggeacagtag ggtcagtaga

<210> 52
<21i> 30
<212> DNA

<213> Artificial

<220>
<223> probe

<400> 52
aagcagaggce agghtggggac acaccaaaat

<210> 53
<211> 30
<212> DRA

<213> Artificial

<220>
<223> probe

<400> 53
tatatgtaga cggaggggac tgtgtagtgg

<210> 54
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<211>
<212>
<213>

<220>
<223>

<400>

cgeaetgtatt gottatatig ttcactagta t

<210>
<21i>
<212>
<213>

<220>
<223>

<400>

31
A
Artificial

probe

54

55

29

DNA
Artificial

Probe

53

ctgectttict ggaggtgtag tatcctttt

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

<220>
<223>

<400>

56

30

DNA
Artificial

Probe

56

ggcacaggat tttgtgtaga ggcacataat

<210>
<Z11>
<212>
<213>

<220>
<223>

<400>

57

30

DA
Artificial

probe

57

atgaycctac taagtttaag castatagta

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

<220>
<223>

<400>

58

30

DNA
Artificial

probe

58

tmcctccace acctactaca agtttrgtgg

<210>
<2il>
<212>
<213>

<220>

59

30

DRA
Artificial

PCT/GB2006/050231

31

30

30

30



10

15

25

35

40

45

50

55

60

65

WO 2007/017699

<223> probe

<400> 59
tecgtttigtyg caatcagtte ctgttacctg

<210> 60
<211> 30
<212> DWNA

<213> artificial

<220>
<223> Probe

<400> 60
taaatgttgyg ggaaaccgca geagtggcaq

<210> 61
<211> 3G
<212> DNA

<213> Artificial

<220>
<223> probe

<400> 61
tggaggggtyg tccttttgac agotagtage

<210> &2
<211> 30
<212> DHA

<213> Artificial

<220>
<223> probe

<4G0> 62
ggcttattta cacacaatgg atcctaccat

<210> &3
<211> 30
<212> DNA

<213> Artificial

<220>
<223> probe

<400> &3
acaatguyatc ctaccattet tgsacagtgg

<2i0> 64
<211> 30
<212> DNA

<213> Artificial

<220>
<223> probe

<400> 64
gattaacatt accteccgtect getagtttgg
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

65

30

DA
Artificial

Probe

65

Etatatgtge tttcectttti aacctcagea

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

<220>
<223>

<400>

66

25

DNA
Artificial

probe

66

gtgtcecteca aagatgcaga cggtgagtgy

<210>
<2il>
<2i2>
<213>

<220>
<223>

<400>

67

30

DA
Artificial

probe

67

aacctcagca gacagggata ttttacatag

<2i0>
<2il>
<212>
<213>

<220>
<223>

<400>

68

30

DA
Artificial

probe

&8

aagctagtgyg caacaggagy cgacaaacct

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

<220>
<223>

<400>

69

30

DNA
Artificial

Probe

69

gctatcctge gtggatgoty tagcacacaa

<210>
<21i>
<2125
<213>

70

30

DNA
Artificial

PCT/GB2006/050231
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<220>
<223>

<400>

Probe

70

aactacttgt agctggggygg ghtataccaa

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

<220>
<223>

<400>

73

30

DNA
Brtificial

probe

71

atctgctgta agggttatgg tacataactg

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

<220>
<223>

<400>

12

30

DNA
Rrtificial

Probe

72

tgtctaaggt actgattaat ttticgtgca

<210>
<21i>
<212>
<213>

<220>
<223>»

<400>

73

30

DA
Artificial

probe

73

tttatcttct aggctyggtgg ceactggcgg

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

<220>
<2235

<400>

T4

30

DNA
Artificial

Probe

74

tataattagt ttctgtgktt acagtggcac

<210>
<211>
<212>
<2i3>

<220>
<223>

<400>

15

30

DA
Artificial

Probe

75

PCT/GB2006/050231
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agtcctectag caaccgegea tocatgttat

<210> 76

<211> 30

<212> DHA

<213> Artificial

<220>
<223> probe

<400> 76
atattcttca acatgacgta catattcctt

<210> 77
<211> 30
<212> DNA

<213> Artificisl

<220>
<223> Probe

<400> 77
tcttotttag ttacttcagt geataatgte

<210> 78
<211> 30
<212> DHA

<213> Artificizl

<220>
<223> FProbe

<400> 78
cehicettag ttacttcagt geataatgtc

<210> 79
<211> 30
<212> DNA

<213> Artificial

<220>
<223> Probe

<400> TS
ctggecatatt cittasaact ggtaggtgtyg

<210> 80
<211> 30
<212>  DHA

<213> Artificial

<220>
<223> Probe

<400> 80
tcctgttitaa ctggcggtge ggigtccottt

<210> 81
<2il> 30

PCT/GB2006/050231
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<2i2>  DHA
<213> BArtificial

<220>
<223> probe

<4006> 8l
tctttectgtg tgitgettcta ctactbettce

<210> 82
<211> 30
<212> DHRA

<213>» Artificial

<220>
<223> probe

<400> 82
tttaaagaat atgccagaca tgtyggaggaa

<210> B3
<21i> 30
<212> DWA

<213> Artificial

<220>
<Z23> probe

<400> 83
aatgtcatac attcataata tgaataccac

<210> 84
<211> 30
<212> DHA

<213> BArtificial

<220>
<223> probe

<400> B4
tatattcaga tacaggyggg gatgtageag

<210> BS
<2il> 30
<232> DHA

<213> Artificial

<220>
<223> probe

<400> 85
ataacttggc atagcgatcc tccttgggeyg

<210> Bé
<211> 30
<212> DNA

<213> Artificial

<220>
<223> Probe

PCT/GB2006/050231
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<400> 86
atattcccta aagcttgtgg ctittatatte

<210> 87
<211> 30
<212> DNAR

<213> Artificial

<220>
<223> probe

<400> B7
gtggaagggyg gaggtaaaac cocaaagttce

<210> 88
<2il> 30
<21i2> DHA

<213>» Artificial

<2Z0>
<223> probe

<400> 88
atacggutece accttgggac gggtaggcag

<210> 89
<211> 30
<212> DHA

<213> Artificial

<220
<223> Probe

<400> 89
aaatgtcatt tgcgcatacyg ggtccacctit

<210> 80
<211> 30
<212> DNA

<213> Artificial

<220>
<223> Probe

<400> 80
gttaatgtgec ttttagctge attaatagtce

<210> 91
<211> 30
<212> DHA

<213> Artificial

<220>
<223> Probe

<400> 91
tggecgaaggt attgattgat ttcacgkgea

PCT/GB2006/050231
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

g2

30

DHNA
Artificial

Probe

52

cacatggcga aggtattgat tgatttcacg

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

<220>
<223>

<400>

93

36

DHA
Artificial

probe

93

taatacttta ttagacgati ggaayattgyg

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

220>
<223>

<400>

94

30

DNA
Artificial

probe

84

aggataaata taggtatatt asaagcacag

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

<220>
<223>

<400>

95

30

DINA
Artificial

Probe

85

tctteotttyg ctgttggagg ggatgtittt

<210>
<21l>
<212>
<213>

<220>
<223>

<400>

86

30

DA
Artificial

Probe

96

tygtgtgtat gtattgcata acatttgcag

<210>
<211>
<Z212>
<213>

a7

30

DNA
Artificial
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<220>

<223>» Probs
<400> 97

gtettecattt ttgtatgtag cctctgattt

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

<220>
<223>

<400>

98

30

DNA
Artificial

Probe

o8

aggtgcaggg gegtettttt gacatgtaat

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

<220>
<223>

<400>

%9

30

DA
Artificial

Probe

29

agcggtatgt atctacaaga ctagcagatg

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

<220>
<223>

<400>

gttgtgtact ataacattgt caactgatgt a

<Z210>
<211>
<212>
<213>

<220>
<223>

<4Q0>

gttgtgtact ataacattat ccactgatgt a

<210>
<211>
<2l2>
<Z213>

<220>
<223>

<400>

100

31

DH&
Artificial

probe

100

101

31

DNA
Artificial

probe

i0

102

30

DNA
Artificial

probe

102

gtgttgececece tccaccatct geotagtcottg

PCT/GB2006/050231
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<210> 103
<211> 30
<Z12> DHA

<213> Artificial

<220>
<223> Probe

<4Q0> 103
atggtttaaa agtggcagat gcagattgtg

<210> 104
<211> 30
<212> DNA

<213> Artificial

<220>
<223> Probe

<400> 1G4
tgtgcagggyg catcgegttg acatgtagta

<210> 105
<211> 30
<2i2> DHA

<213> Artificial

<220>
<223> probe

<400> 103
aaactttgta gggectatata cagecagygtat

<210> 106
<211i> 30
<212> DNA

<213> Artificial

<220>
<Z223> ©probe

<400> 106
tggtggaggyg gtaactccta tattccaatt

<210> 107
<211> 30
<212> DHNA

<213> Artificial

<220>
<223> probe

<400> 107
azatattccat gazactagag gctttatatyg

<210> 108
<211> 3G
<212> DHNA
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<213>

<220>
<223>»

<400>

Artificial

pProbe

108

tttttectgeca ggaggaggac tgtttttctyg

<210>
<2il>
<212>
<213>

<220>
<223>

<400>

108

30

DNA
Artificial

probe

109

tctgatacag aggacgctgl ggcagtacaa

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

<220>
223>

<400>

110

30

DA
Artificial

probe

110

gtggcgaaga tactcacgaa aattagaagc

<210>
<21i>
<212>
<213>

<220>
<223>

<400>

111

30

DNA
Artificial

Probe

111

tagagttggc atacgttgta gtagagctac

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

<220>
<223>

<400>

1i2

3C

DA
ABrtificial

Probe

112

gagttggcat acgttgtagt agagctacta

<210>
<211>
<21Z2>
<213>

<220>
<223>

113

30

DA
Artificial

Probe

PCT/GB2006/050231
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<400> 113
aggaggttga ggacgttggc aactaatagce

<210> 114
<2il> 30
<212> DNA

<213> Artificial

<220>
<223> probe

<400> 114
ctatgaattc tactatattg gaagagtgga

<210> 115
<211> 30
<212> DHA

<213> Artificial

<220>
<223> probe

<400> 115
accccaccac cghceagygtac tttagaggaa

<210> 116
<211> 30
<212> DNA

<213> Artificial

<220>
<223> Probe

<400> 116
ttaaatttgc atagggattg ggectttgctt

<210> 117
<211> 30
<212> DNA

<213> Artificial

<220>
<223> Probe

<400> 117
ttaazattyggce atagggatta ggetttigett

<2i0> 118
<211> 30
<212> DNA

<213> Artificial

<220>
<223> Probe

<400> 118
agcagaaggc gattgtgagg taggagcaca

<210> 133

PCT/GB2006/050231
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<211>
<212>
<213>

<220>
<223>

<400>

30

DNA
Artificial
Probe

1.2

agcaggaggg gatigtgtag taggcgeaca

<210>
<21i>
<212>
<213>

<220>
<223>

<400>

120

30

DA
Brtificial

probe

120

ttctgecagea gcagatgtag ctgtgcaaat

<210>
<211>
<212>
<Z213>

<220>
<223>

<400>

121

30

DA
Artificial

probe

121

ctgtccaaaa tgacatghtcg geataagggt

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

<220>
<223>

<400>

122

30

DA
Artificial

Probe

122

tgcascagat ggagtaacag cagtgctaat

<210>
<21i>
<212>
<213>

<220>
<223>

<400>

i23

30

DNA
Artificial

Probe

123

tgcaactgat ggagtagcag cagtgctaat

<210>
<211>
«212>
<213>

<220>

124

30

DA
Artificial
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<223> probe

<400> 124
tgtagaatcc atggtgitgca ggtaagccat

<210> 125
<211> 30
<212> DHA

<213> Artificial

<220>
<223> Probe

<400> 125
ttcattagce tgtgtagcag cagctgaaat

<210> 126
<211> 31
<212> DNA

<213> BArtificial

<220>
<223> probe

<400> 126
cactcateya ataaatgttc attcatacta t

<210> 127
<211> 30
<212> DNA

<213>» Artificial

<220>
<223>» Probe

<400> 127
atattctgat tcggtgttgg tagcagcact

<210> 128
<211> 30
<212> DUHA

<213> Artificial

<220>
<223> ©probe

<400> 128
agataggaca tgacctctgg agtcagacgg

<210> 129
<21il>» 30
<2i2> DNA

<2i3> Artificial

<220>
<223> probe

<400> 128
atatagatgg sactggatta gtagttgceag
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<210> 130
<211> 30
<212> DHA

<213> Artificiel

<220>
<223> probe

<400> 130
cecttttittg tggaacaacc acatccttect

<210> 131
<211> 30
<212> DRA

<213> Artificial

<220>
<223> probe

<400> 131
tccttaaage gtgtagaact gtattctoty

<210> 132
<211> 30
<212> DNA

<213> Artificial

<220>
<223> probe

<400> 132
atctcaggecg ttaggtgtat cttacatagt

<210> 133
<21i> 30
<212> DHNA

<213> Artificial

<220>
<223> Probe

<400> 133
aatggcccyga gaggtaagaa agcgataggt

<210> 134
<211> 20
<212> DA

<213>» Artificial

<220>
<223> Primer

<400> 134
actaggatca tcgggasaaqg

<210> 135
<211> 20
<212> DNA

<213> BArtificial
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<220>
<223>

<400>

Probe

135

tggctctcta ttcaatcage

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

<220>
<223>

<400>

136

30

DA
Artificial

Probe

136

ttcteccacco actacgcace ceocgcocagca

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

<220>
<223>

<400>

137

37

DNA
Artificial

Probe

137

49

gggctcaage tcctaatgecc saagacctac tactotg

<210>
<2il>
<2iad>
<2i3>

<220>
<223>

<400>

ctcattagge accccagget ttacacttta t

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

<220>
<223>

<400>

tcactcatta ggcoaccccag getttacact ttatg

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

<220>
<223>

<400>

138

31

DNA
Artificial

Probe

138

139

35

DA
artificial

Probe

139

140

27

DNA
Artificial

Probe

140
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geagtataag attattgatg ccggaac

<210> 141
<211> 27
<212> DHA

<213> Artificial

<220>
<223> Probe

<400> 141
gtcaaaacct gggatagtag ttttacc

<210> 142
<2il> 20
<212> DNA

<213> Artificial

<2Z20>
<223> Primer

<400> 142
cgteeomarrg gawactgatc

<210> 143
<21i> 20
<212> DHA

<213> Artificial

<220>
<223> Primer

<400> 143
gomcagggwe ataayaatgy

<210> 144
<2ll> 20
<Z1Z2> DNA

<213>» Artificial

<220>
<223> Primer

<400> 144
gogacccaat gcaaattggt

<210> 145
<211> 30
<212> DHA

<213> Artificial

<220>
<223> Probe

<400> 145

caagctccta atgccaaaga cctactactce

<2i0> 146
<211> 35
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<212> DHA
<213> BArtificial

<220>
<223> Probe

<400> 148

gggctecaage tcctaatgeoc aaagacctac tactce

<210> 147
<211l> 35
<212> DNA

<213> Artificial

<220>
<223> Probe

<400> 147

gagtgagetg ataccgcteyg ccgeagocga acgac

<210> 148
<211> 30
<212> DNA

<213> BArtificial

<220>
<223>» Probe

<400> 148
gtagatatgg cagcacatat tgacatattt

<210> 149
<211> 30
<212> DNA

<213> Artificial

<220>
<223>» Probe

<400> 149
gtagatatgg cagctcataa tgtcatattt

51
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Claims

1. An assay for detecting and typing human papillomavirus (HPV) in a
sample, the assay comprising:

performing a nucleic acid amplification reaction on a sample, the
amplification reaction being intended to amplify an HPV target sequence in a
non-type specific manner;

obtaining single stranded oligonucieotides from any amplification products;

allowing single stranded oligonucleotides to hybridise where possible with
the a plurality of HPV type-specific probes provided on a solid support, the
support being located within a reaction vessel suitable for containing the
sample; and

detecting hybridised oligonucleotides.

2. The assay of claim 1 wherein said HPV type-specific probes comprise
DNA.

3. The assay of claims 1 or 2 wherein the nucleic acid amplification step is
carried out on the sample within the reaction vessel in contact with the HPV
type-specific probes on the solid support.

4, The assay of claims 1 or 2 wherein the nucleic acid amplification step is
carried out on the sample prior to introduction of the amplified sample to the
reaction vessel to contact the HPV type-specific probes on the solid support.

5. The assay of any preceding claim wherein the probes are selected to
specifically bind to the HPV target sequence under the same hybridisation

conditions for all probes.

6. The assay of any preceding claim wherein probes specific for at least 20
HPV types are used.

7. The assay of any preceding claim wherein probes specific for at least 20
of HPV types 6, 11, 16, 18, 26, 30, 31, 32, 33, 34/64, 35, 39, 40, 42, 43, 44,
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45, 51, 52, 53, 54, 56, 57, 58, 59, 61, 62, 66, 67, 68, 69, 70, 71, 72, 73, 74,
81, 82, 83, 84, 85 and 89 are used.

8. The assay of any preceding claim wherein the probes are 20 to 40 nt in
length.

9, The assay of any preceding claim wherein the probes are 25 to 35 nt.
10. The assay of any preceding claim wherein the probes are 28 to 32 nt.

11. The assay of any preceding claim wherein the probes are around 30

nt.

12. The assay of any preceding claim wherein the probes are specific to
the L1 region of HPV,

13. The assay of any preceding claim wherein each probe differs from
probes specific to another HPV type in at least 2 nt.

14, The assay of any preceding claim wherein each probe differs from
probes specific to another HPV type in at least 3 nt.

15. The assay of any preceding claim wherein one or more of the probes
are selected from the group comprising SEQ ID NO 1 to SEQ ID NO 133.

16. The assay of any preceding claim wherein all of the probes are
selected from the group comprising SEQ ID NO 1 to SEQ ID NO 133,

17. The assay of any preceding claim wherein a plurality of the probes are
selected from one or more of the following groups of SEQ IDs : 1 or 2; 3or4; 5
t0 9; 10 to 13; 14 to 18; 19, 20, or 21; 22 to 25; 26 or 27; 28 to 31; 32 or 33;
34 to 37; 38 to 43; 44 or 45; 46 to 50; 51 or 52; 53 or 54; 55 to 59; 60 to 64;
65 or 66; 67 or 68; 69, 70 or 71; 72 or 73; 74 or 75; 76, 77, or 78, 79 to 83;
84, 85, or 86; 87, 88, or 89; 90 to 94; 95, 96 or 97; 98 to 102; 103 or 104; 105
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or 106; 107 or 108; 109 or 110; 111 to 115; 116 to 119; 120 or 121; 122, 123,
or 124; 125 or 126; 127 or 128; 129 or 130; 131, 132 or 133.

18. The assay of claim 17 wherein a probe is selected from each of the

said groups.

19. The assay of claim 17 wherein each probe is selected from the said
groups, and at least one probe is selected from each of the said groups.

20. The assay of claim 17 wherein two or more probes are selected from

each of the said groups.

21. The assay of any preceding claim wherein the probes are selected
from the following SEQ IDs : 2, 4, 7, 8, 9, 12, 13, 16, 17, 18, 19, 20, 21, 24,
25, 26, 27, 30, 31, 32, 33, 36, 37, 40, 41, 42, 43, 45, 48, 49, 50, 51, 52, 53,
54, 57, 58, 59, 61, 62, 63, 64, 66, 67, 68, 70, 71, 73, 74, 75, 76, 81, 82, 83,
84, 85, 86, 87, 88, 89, 91, 92, 93, 94, 95, 96, 97, 100, 101, 102, 103, 104, 105,
106, 107, 108, 109, 110, 112, 114, 115, 116, 117, 118, 119, 120, 121, 124,
126, 128, 129, 130, 131, 132, 133.

22. The assay of any preceding claim wherein a plurality of probes are

specific for the same HPV type.

23. The assay of any preceding claim wherein a plurality of probes are
specific for each HPV type to be detected.

24, The assay of any of claims 22 or 23 wherein each of said plurality of
probes is immobilised to the same region of the solid support.

25. The assay of any of claims 22 to 23 wherein each of said plurality of
probes is immobilised to a distinct region of the solid support.

26. The assay of any of claims 23 to 25 wherein each probe specific for
the same HPV type detects a different portion of the HPV target sequence.
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27. The assay of any preceding claim wherein at least one probe is present
on the solid support in at least two distinct locations.

28. The assay of any preceding claim wherein all probes are present on
the solid support in at least two distinct locations.

5 29. The assay of any preceding claim further comprising detecting one or

more control sequences.

30. The assay of claim 29 wherein the control sequence comprises a probe
immobilised to the solid support which does not hybridise to the target

sequence from any HPV type.

10 31. The assay of claim 29 wherein the control sequence comprises a

human genomic target sequence.

32. The assay of claim 31 wherein the human target sequence comprises
at least a portion of the CFTR gene.

33. The assay of any preceding claim further comprising amplifying a
15 known control sequence, and detecting the amplification product.

34, The assay of any preceding claim comprising combining an
amplification reaction mix with the sample to perform the amplification reaction.

35. The assay of any preceding claim, wherein the amplification reaction is
PCR.

20 36. The assay of any preceding claim, wherein single stranded
oligonucleotides are obtained by denaturing any double stranded

oligonucleotides present.

37. The assay of claim 36, wherein said denaturing step is carried out on a
sample contained within the reaction vessel.
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38. The assay of any preceding claim, wherein single stranded
oligonucleotides are allowed to hybridise under stringent conditions.

39. An assay for detecting and typing human papillomavirus (HPV) in a
sample, the assay comprising:

performing a nucleic acid amplification reaction on a sample in a reaction
vessel comprising a solid support having a plurality of HPV type-specific probes
immobilised thereon, the amplification reaction being intended to amplify an
HPV target sequence in a non-type specific manner;

obtaining single stranded oligonucleotides from any amplification products;

allowing single stranded oligonucleotides to hybridise where possible with
the HPV type-specific probes; and

detecting hybridised oligonucleotides;

wherein the amplification reaction takes place in the sample in contact
with the solid support.

40. A reaction vessel for performing an assay for detecting and typing HPV
in a sample, the vessel comprising a solid support having a plurality of HPV
type-specific probes immobilised thereon, and being suitable for containing a
sample in contact with the solid support.

41, The vessel of claim 40 wherein the vessel is suitable for performing a
nucleic acid amplification reaction on a sample in contact with the solid support.

42. The vessel of claim 40 or 41 wherein the probes are selected to
specifically bind HPV target sequences under the same hybridisation conditions
for all probes.

43. The vessel of any of claims 40 to 42 wherein the probes are selected
to specifically bind HPV target sequences in a sample comprising a reaction mix
suitable for carrying out a nucleic acid amplification reaction.
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44, The vessel of any of claims 40 to 43 wherein said HPV type-specific
probes comprise DNA.

45, The vessel of any of claims 40 to 44 comprising probes specific for at
least 20 HPV types.

5 46. The vessel of any of claims 40 to 44 comprising probes specific for at
least 20 of HPV types 6, 11, 16, 18, 26, 30, 31, 32, 33, 34/64, 35, 39, 40, 42,
43, 44, 45, 51, 52, 53, 54, 56, 57, 58, 59, 61, 62, 66, 67, 68, 69, 70, 71, 72,
73,74, 81, 82, 83, 84, 85 and 89.

47. The vessel of any of claims 40 to 46 wherein the probes are 20 to 40
10 ntin length.

48. The vessel of any of claims 40 to 47 wherein the probes are 25 to 35

nt.

49, The vessel of any of claims 40 to 48 wherein the probes are 28 to 32
nt.

15 50. The vessel of any of claims 40 to 49 wherein the probes are around 30
nt.

51. The vessel of any of claims 40 to 50 wherein the probes are specific to
the L1 region of HPV.

52. The vessel of any of claims 40 to 51 wherein each probe for a specific
20 HPV type differs from probes specific to another HPV type in at least 2 nt.

53. The vessel of any of claims 40 to 52 wherein each probe for a specific
HPV type differs from probes specific to another HPV type in at least 3 nt.

54, The vessel of any of claims 40 to 53 wherein one or more of the
probes are selected from the group comprising SEQ ID NO 1 to SEQ ID NO 133.
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55. The vessel of any of claims 40 to 54 wherein all of the probes are
selected from the group comprising SEQ ID NO 1 to SEQ ID NO 133.

56. The vessel of any of claims 40 to 55 wherein a plurality of the probes
are selected from one or more of the following groups of SEQ IDs : 1 or 2; 3 or
4:5t09; 10 to 13; 14 to 18; 19, 20, or 21; 22 to 25; 26 or 27; 28 to 31; 32 or
33; 34 to 37; 38 to 43; 44 or 45; 46 to 50; 51 or 52; 53 or 54; 55 to 59; 60 fo
64; 65 or 66; 67 or 68; 69, 70 or 71; 72 or 73; 74 or 75; 76, 77, or 78; 79 to
83; 84, 85, or 86; 87, 88, or 89; 90 to 94; 95, 96 or 97; 98 to 102; 103 or 104,
105 or 106; 107 or 108; 109 or 110; 111 to 115; 116 to 119; 120 or 121; 122,
123, or 124; 125 or 126; 127 or 128; 129 or 130; 131, 132 or 133.

57. The vessel of claim 56 wherein a probe is selected from each of the

said groups.

58. The vessel of claim 56 wherein each probe is selected from the said
groups, and at least one probe is selected from each of the said groups.

59. The vessel of claim 56 wherein two or more probes are selected from

each of the said groups.

60. The vessel of any of claims 40 to 59 wherein the probes are selected
from the following SEQ IDs : 2, 4, 7, 8, 9, 12, 13, 16, 17, 18, 19, 20, 21, 24,
25, 26, 27, 30, 31, 32, 33, 36, 37, 40, 41, 42, 43, 45, 48, 49, 50, 51, 52, 53,
54, 57, 58, 59, 61, 62, 63, 64, 66, 67, 68, 70, 71, 73, 74, 75, 76, 81, 82, 83,
84, 85, 86, 87, 88, 89, 91, 92, 93, 94, 95, 96, 97, 100, 101, 102, 103, 104, 105,
106, 107, 108, 109, 110, 112, 114, 115, 116, 117, 118, 119, 120, 121, 124,
126, 128, 129, 130, 131, 132, 133.

61. The vessel of any of claims 40 to 60 wherein a plurality of probes are

specific for the same HPV type.

62. The vessel of any of claims 40 to 61 wherein a plurality of probes are
specific for each HPV type to be detected.
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63. The vessel of any of claims 61 or 62 wherein each of said plurality of

probes is immobilised to the same region of the solid support.

64. The vessel of any of claims 61 or 62 wherein each of said plurality of

probes is immobilised to a distinct region of the solid support.

5 65. The vessel of any of claims 62 to 64 wherein each probe specific for
the same HPV type detects a different portion of the HPV target sequence.

66. The vessel of any of claims 40 to 65 wherein at least one probe
species is present on the solid support in at least two distinct locations.

67. The vessel of any of claims 40 to 66 wherein all probe species are

10 present on the solid support in at least two distinct locations.

68. The vessel of any of claims 40 to 67 further comprising one or more

control sequences on the solid support.

69. The vessel of claim 68 wherein the control sequence comprises a
probe immobilised to the solid support which does not hybridise to the target
15 sequence from any HPV type.

70. The vessel of claim 68 wherein the control sequence comprises a

human genomic target sequence.

71. The vessel of claim 70 wherein the human target sequence comprises

at least a portion of the CFTR gene.

20 72. A kit for the detection and typing of HPV comprising the reaction
vessel of any of claims 40 to 71, in combination with one or more of the
foliowing:

i) reagents for DNA extraction and/or purification;
i} a nucleic acid amplification mix;
25 ili) reagents for use in visualising hybridisation of nucleic acids to

the probes of the reaction vessel,
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73. The kit of claim 72 wherein the amplification mix is provided in a
separate reaction vessel from the reaction vessel comprising the solid support
with HPV type-specific probes.

74, The kit of claim 72 wherein the amplification mix is provided in the
5  reaction vessel comprising the solid support with HPV type-specific probes.

75. The kit of any of claims 72 to 74 wherein the amplification mix
comprises labelled dNTPs.

76. The kit of any of claims 72 to 75 wherein the amplification mix
comprises HPV consensus primers which hybridise to portions of the HPV target

10 seguence.

77. The kit of claim 76 wherein the HPV consensus primers comprise MY09
and MY11; and optionaily HMBO1.

78. The kit of any of claims 72 to 77 wherein the amplification mix

comprises primers for amplifying a human target sequence.

15 79. The kit of claim 78 wherein the human target sequence is of a

different iength to the HPV target sequence.

80. The kit of claim 78 or 79 wherein the human target sequence is at
least a portion of the CFTR gene.

81. The kit of claim 80 wherein the primers comprise at least one of CFTR-
20 F4 (SEQ ID NO 134) and CFTR-RS (SEQ ID NO 135).

82. The kit of any of claims 76 to 81 wherein the primers are labelled

primers.

83. The kit of any of claims 72 to 82 comprising a control amplification

target sequence.
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84. The kit of claim 83 wherein the control amplification target sequence
includes sequences corresponding to flanking portions of the human target
sequence, such that amplification of both target sequences will occur using the

same primers.

85, A probe for detecting and typing HPV, the probe being selected from
SEQ ID NO 1 to 133.

86. The probe of claim 85, selected from the following SEQ IDs : 2, 4, 7,
8,9, 12, 13, 16, 17, 18, 19, 20, 21, 24, 25, 26, 27, 30, 31, 32, 33, 36, 37, 40,
41, 42, 43, 45, 48, 49, 50, 51, 52, 53, 54, 57, 58, 59, 61, 62, 63, 64, 66, 67/,
68, 70, 71, 73, 74, 75, 76, 81, 82, 83, 84, 85, 86, 87, 88, 89, 61, 92, 93, 94,
95, 96, 97, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 112, 114,
115, 116, 117, 118, 119, 120, 121, 124, 126, 128, 129, 130, 131, 132, 133.

87. A primer for use in amplifying CFTR, the primer selected from CFTR-F4
(SEQ ID NO 134) and CFTR-R5 (SEQ ID NO 135).
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