1 METHOD OF DETECTING PATHOGENS USING MOLECULAR
BEACONS This invention relates to diagnostics specifically for organisms
associated with 5 sexually transmitted diseases, and more particularly to
detection of human papillomavirus (HPV) genotypes, particularly genital
human papillomavirus genotypes. Humah papillomavirus and its significance
10 According to the World Health Organization (WHO), cervical cancer is the
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HPV infection has been implicated in more than 99% of cervical cancers
worldwide. As estimated, more than BdXdd0NWomen worldwide develop
cervical cancer in 15 every year, and more than 273,000 of the cases are
fatal. Even with Pap screening programs, a significant number of women die
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develognin[vagéve cervical cancer. The fact that most HPV-infected women do
not dgve?o%pcytological anomalies or cancer underlines the importance of
factors modulating the progression of cervical 25 disease to cancer in

HPV-jnfected women. These factors include the HPV genotype and
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10co-infection with other STD agents, the immune status of the host and
environmental factors syc king. 2.Papillo iruses are small DNA
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15 every year, and more than 273,000 of the cases are fatal. Even with Pap

screening programs, a significant number of women die from cervical cancer

each year.

HPV infection is the most frequent sexually transmitted disease (STD)
20 worldwide, and up to 60% of sexually active women will be infected by HPV
in the genital tract once in their lifetime. Irrespective of HPV infection status,
fewer than 1 in 10,000 women will develop invasive cervical cancer. The fact
that most HPV-infected women do not develop cytological anomalies or cancer
underlines the importance of factors modulating the progression of cervical
25 disease to cancer in HPV-infected women. These factors may include the HPV
genotype and molecular variant, the HPV viral load, persistence of HPV
infection, co-infection with other STD agents, the immune status of the host

and environmental factors such as smoking.



the various papillomavinases. Because of the close association between the
papillomavirus life cycle and the differentiation state of the host cell, the
details of the papillomavirus life cycle 10 have not been completely
elucidated. It is known that papillomaviruses infect host epithelial basal cells,
where the viral genomes become establshed and are maintained as low
copy-number episomes that replicate in coordination with host cell replication.

AS th?dBfﬁ8fﬁQvﬁ%J§%sdéﬁf§E%9ﬂﬁ§Nﬂ%h%§%E'%H&yﬁ?f%c\’?i?dd?%& PRllied celts,

the late genes are induced, and vegetative replication of the 15papillomavirus
followsluplaglllcﬁmihﬁh@esﬁmé&ratwme \pariery oWhrimalmayclbdingdugnans. g.,

e MR ARRHOT VS NI Rl dDg Rapliam Ay HAS MINiruscs are

Alpha-, B amma-, Délta-, Mupapillomavirusan
Papillomasiridabatthe gnewa)mm@maonmeg)m $ea«ilagyftmmmédarotein

sdiseagg, Seeral URes HE haYe el UenUed DY DA SCURICE $3iun,

and él genotypes ave Been fu y Seq enced toaats. enotyplng 0
HPV thdemacuspdpNiarsegueseses of the LE E6, and E7 genes. A 10%
difference in sequence with respect to previously established strains is
sufficient to define a new type of virus. 25 The heterogeneity of the human
papillBeravit ot thel o liss g ensrailyi oe deititvechi thd e)dpliBosn 888, lifevisallegynd the
63:4898:4903, which is incorppra ed herein by reference. Th enom
nomel B ek BB RS TP AR e
10are D;ﬁ%etmastobaseﬂrcme@lmbt;selgeﬂemé ix @fgatmedthmtmzqmre@mmiéemfect

early enng S?) I‘g n 1 and L2 ons and the r

ogu 1O TEUIGH TR S Tor oGP PAEioR LRy Crr U O B o
maintained as low copy-number episomes that replicate in coordination with
host cell replication. As the infected cells differentiate into keratinocytes, viral
DNA is amplified, the late genes are induced, and vegetative replication of the

15 papillomavirus follows.

Papillomaviruses infect a wide variety of animals, including humans. The
human papillomaviruses (HPV) (including Papillomaviridae family, Alpha-,
Beta-, Gamma-, Delta-, Mupapillomavirus and unclassified Papillomaviridae
20 genera) are common causes of sexually transmitted disease. Several types of
HPV have been identified by DNA sequence data, and 96 HPV genotypes have
been fully sequenced to date. Genotyping of HPV is based on DNA sequences
of the L1, E6, and E7 genes. A 10% difference in sequence with respect to
previously established strains is sufficient to define a new type of virus.
25
The heterogeneity of the human papillomavirus group is generally described in
deVilliers, 1989, J. Virology 63:4898-4903, which is incorporated herein by
reference. The genomes of numerous HPV types have been sequenced and/or

characterized.
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5 binding sites for many repressors and activators of transcription, suggesting
that it may play a part in determining the range of hosts for specific HPV

types. El and E2, meanwhile, encode proteins that are vital for
extrachromosomal DNA replication and the completion of the viral life cycle.
The E2 encodes two proteins: one, which inhibits transcription of the early
region; and the other, 10 which increases the transcription of the early

region. A hallmark of HPVassociated cervical carcinoma is loss of the
expression of the viral E2 proteins Recently a new E2 protein, consisting of
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and colony stimulating factor. A study 4 ysing HPV 16- nfected cells found .
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amony'attaii¥papilloma virus species. The minor capsid protein encoded
by L2 has more sequence variations than that of the Li protein.

The E4 protein is expressed in the later stages of infection when complete
virions are being assembled, and is not known to have transforming properties;
however it is considered to play an important role for the maturation and
replication of the virus. The E4 protein also induces the collapse of the
cytoplasmic cytokeratin network in human keratinocytes, a situation which

may assist the release of virions from the infected cell.

The ES5 open reading frame (ORF), meanwhile, is often deleted in cervical
carcinoma cells, indicating that it might not be essential in maintaining the
malignant transformation of the host cell. When present, E5 interacts with
various transmembrane proteins like the receptors of the epidermal growth

factor, platelet-derived growth factor 8, and colony stimulating factor. A study



HPV can infect the basal epithelial cells of the skin or inner tissue linings, and
15are, accordingly, categorized as either cutaneous or mucosal (anogenital)
type. The HPV DNA is usually extrachromosomal or episomal in benign
cervical precursor lesions. However, in many cervical cancer cells as well as

in cervical cancer cell lines and HPV-trafisformed human keratinocytes in

vitro, the HPV 20DNA is integrated in the host genome. Cancer tissues may
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integration appears to occur more frequently'in HPV 13- associated cervical
canceécthvaiyin HPV 16-associated cervical cancer. 25 Integrated HPV 16 is
present in some premalignant lesions but is not always present in

carcinomas. During HPV DNA integration, the viral genome usually breaks in
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transcription an regions, has been known to resu
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Incre gtexpression of E6 and E7, meanwhile, has been observed to lead

to the malignant transformation of the host cells and to tumour formation.

HPV viral integration into the host genomic DNA is associated with

progression 5 from polyclgnal to,mgnoclonal status in.Cervical intraepithelial
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in HG-SIL (high grade SIL) and LG-SIL (low grade SIL), others, including gain
on Ig, 3q and 16q, were found frequently in HG-SIL but not in LG-SIL. There
were ggviligantyeoiare 6MNig psitiease tRld@SHesskOvngner tissue linings, and

are, accordingly, categorized as either cutaneous or mucosal (anogenital) type.

The HPV DNA is usually extrachromosomal or episomal in benign cervical
precursor lesions. However, in many cervical cancer cells as well as in cervical

cancer cell lines and HPV-transformed human keratinocytes in vitro, the HPV

20 DNA is integrated in the host genome.

25

Cancer tissues may contain both episomal and integrated HPV DNAs at the
same time, although integration appears to occur more frequently in HPV 18-
associated cervical cancer than in HPV 16-associated cervical cancer.
Integrated HPV 16 is present in some premalignant lesions but is not always
present in carcinomas. During HPV DNA integration, the viral genome usually
breaks in the E1/E2 region. The break usually leads to the loss of the E1 and E2
regions. The loss of E2, which encodes proteins including one that inhibits the

transcription of the E6 and E7 regions, has been known to result in



15 loss of the HPV16 E2 gene and in HG-SILs that subsequently recurred.
The data are consistent with sequential acquisition of CNIs in cervical SIL
progression. Higher frequency of CNI in association with E2 gene loss
supports in vitro evidence that high-risk HPV integration is associated with
genomic instability. 20 Based on the available molecular, clinical and
epidemiologic data, a subset of HPVs are unequivocally the etiologic agents
for Canyleah AP SN e PUCE OSSRV BOR CSIEGIRTD AR
90% of cervical adenocarcinomas and squamous cell carcinomas. The
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sclerosus s%uamosus cell hyperplasia, vulvar intraepithelial neoplasia,

squaiiSSRlEEI carcinoma, cervical intraepithelial 25 neoplasia, cervical
spcarcinoma, adenocarcinoma of the cervix, anal intraepithelial neoplasia,
penile intraepithelial neoplasia, adenocarcinoma of the larynx, recurrent
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cancer in men as well.
precursors. HPVs have been detected in about 90% of cervical
adenocarcinomas and squamous cell carcinomas. The majority of HPV
25 infections clear spontaneously, but persistent infection with HPV DNA has
been found in metastases arising from cervical tumours. Nevertheless known
high-risk (or oncogenic) HPV types are a significant risk factor for cervical

cancer and are increasingly recognized for their role in other cancers. Virtually

all cervical cancers (99%) contain the genes of high-risk HPVs, most
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7 Cervical cancer precursor lesions (intraepithelial lesions) or cytological
abnormalities are tested using Papanicolaou Stain, known as the Pap Smear
after the inventor George Papanicolaou. The technique involves smearing 5
cervical scrapes on a glass slide, and staining the cells obtained from the
anogenital tract with hematoxylin, a nucfar stain. The Pap smear, however,
has a lack of repeatability and it is not sufficiently predictive of impending
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10colposcopy) are suspected premalignant lesions. Histopathological
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b) Rarely, HPVS induce a proliferative epithelial phenotype recognized as a
high grade lesion and that is the proximate cytohistologic precursor of invasive

cervical carcinoma, which might involve uncontrolled E6, E7 expression.

20
To date the clinical diseases, which are associated with HPV infections and the
potential field of applications of HPV detection and typing methods include
condyloma acuminatum, lichen sclerosus, squamosus cell hyperplasia, vulvar
intraepithelial neoplasia, squamosus cell carcinoma, cervical intraepithelial
25 neoplasia, cervical carcinoma, adenocarcinoma of the cervix, anal

intraepithelial neoplasia, penile intraepithelial neoplasia, adenocarcinoma of
the larynx, recurrent respiratory papillomatosis, and epidermodysplasias
verruciformis. Recent evidence suggests that HPV may play a role in the

development of prostate cancer in men as well.
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spontaneously, others fail to progress, while a few progress rapidly. As a
consequence of the preferential role of high-risk genotypes in cervical cancer
and because of the different, consequential and characteristic type 10
patterns for the other pathological conditions, both identification and typing of
HPV is highly important. Additionally différent types of high-risk HPV pose
different risks to the affected individuals. For instance, HPV16 and HPV18
have been more consistently identified in higher grades of cervical dysplasia
and carcinoma than other HPV types. HPV16 is also more prevalent in
15sqé@mdeals eareiomrecases, BIrPingisniibedigrelealenslinor cytological
adenggay Qﬁ%%s“%?ee%eé?? Vu‘éiﬁggg@&&ﬁ&%%t&' B4RVl Y#glPap Smear
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type-specific reaction, detecting one HPV type at a time. The Polymerase
Chain reaction (PCR) has been used to amplify and detect the presence of

10 HAYd 6candid RVd&Iabla rifepaftically i gaiest HPY 1&vbheial @hd do have
cervical biopsies. A mixture of primers has beeggﬁiescribed for the specific
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PCR to detect the presence or absence of nucleic acid sequence in a
samptgear screening) is roughly 5-10% but recent studies suggest that the actual

rate may be much higher. Furthermore, in approximately 7-8% of cases, the
Pap smear demonstrates atypical squamous cells of undetermined significance
(ASCUS). In an additional 20-30% of cases, the Pap smear may be insufficient
for interpretation due to the presence of inflammatory cells. In the case of the
cervix, flat warts (visualised by colposcopy) are suspected premalignant
lesions. Histopathological progression of flat warts to carcinoma in situ and

cervical cancer has been well described.

Intraepithelial lesions are common early events among women with incident
HPYV infection, and the interval between incident HPV-16 or HPV-18 infection
and biopsy-confirmed CIN grade 2-3 appears to be relatively short. However
studies have demonstrated that infection with high-risk HPV types is usually



15 U.S. Pat. No. 5,447,839, which is incorporated herein by reference,
discloses a method for detection and typing of HPV. In this method, HPV

DNA sequences in a sample are amplified by PCR using consensus primers
which amplify both oncogenic and non-oncogenic HPV types. Thus, the
presence of HPV in the 20 sample is indicated by the formation of
amplification products. HPV is then typed using type-specific DNA probes
which, hybridizeppiththe anaplifias\ regiR f PN EREMNPERASEIS the risk of
hybridization probes disclosed in this patent are capable of identitying and
distinpusighipgamtohighharadeonitagntbglalidesrpes asidHPXAS ardesiga P V-6,
HPV-11, HPV-16, HPV-18 and HPV-33. 25 A variety of methods for detecting
high-risk types of HPV have been devised. Many of these rely on the

deteclibe pfognégsios o) il dissasahe HPYbie andnit. iF osexaatyoleyiDNtheoloss or

sRNA prabssicamplerpaniancie.adartion ghihg oenes Rl particwarhion sk
HPV Strain have been reported in the art, as useful'in 3 screening for the
presespoataheopalyicutlarstfaintoproghesis kvili/aifepapieryrssngedyU.S. Pat.
No. 4,849,332, incorporated herein by reference). U.S. Pat. No. 5,705,627.,
incorporated herein by reference, reports use of PCR to amplify and detect
HPV BNA usingqliegenefatbcoprofksnhtonsaansof pghnersk gefoltppesdilbycervical
typing using a mixture of type-specific DNA probes. Other, examples o
o e L s LR TR e R B s ype

10KletepaBeetsaior Al .cthef Patiodd@insluainddbidndldbdih 1dSiti 801808 d Tihpse: of
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reportedly has specificity problems due._to the high sequence homology of =~ .
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those parts responsible for specificity (detection by hybridisation). These .
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the teghlipiques of detection. The most often used amplification methods are
GP5+-GP6+ (general primer - GP), MY9- 20 MY11, PGMY, SPF, L1C and
the type specific PCR reactions. The most often used detection techniques
are sefugRERaRSEHIC hybridization, restriction fragment length polymorphism
(RFLP) and line probe assay (LIPA). Sometimes, but rarely, sequencing or
other methods are applied. The analytical properties of the amplifications

20vary Withip pwidedangeand sssshalasteriseth 2R RYha USRSk I pOLREStic

which can be amplified, the analytical sensitivity, specificity of the

amplifteResrila e tbreapge oty dBY anbilroprizatir dgebaigges have been
sensijyities PREG]IPILPAYDES cervical scrapes collected in parallel with samples

for routine cytology. HPV DNA probes have been used in different

hybridization-based assays such as Southern and hybrid Dot/Southern assays to
25 detect HPV DNA in clinically-derived tissue samples. Additionally, purified
biopsy DNA and in situ hybridizations in preserved tissue specimens, that is,
direct localization within the intact cell of those sequences complementary to

the nucleic acid probes have been demonstrated.



11 HPV real-time PCR Human papillomavirus-16 (HPV-16) viral load could
be a biomarker predictive of the presence of high-grade cervical lesions.
Several real-time PCR assays 5 have been developed to accurately
measure HPV-16 viral load (HPV-16 Li, HPV-16 E6, and HPV-16 E6 PG).
The methods are teaching us to perform®HPV detection in real-time, but
detecting only one genotype at a time. Identification of HPV DNA in patients

with JuVERIle:ONSREreRHLEALIaTPYRAIN AL RRRIIgmalasis wag %Vé?%%‘ll'&ting

using SYBRII) Green real-time PCR. The method is used to detect multiple
humarrgsgdilisriagihes g eeirayisds The peadedivie POR Yeddioning-fowsvebrens to
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5is 15%%&@{4@5,5. The detection method is aspecific and unable to
t

differentiate the genotypes reliably, which necessitates subsequent viral
typing using real-time PCR with type-specific primers for HPV types 6, 11, 16,

18 34,20 33 This anqin detectshe tpes Suman RBIOMAMIE Bs woes
isolates, but only one genotype at a time. Imifarly others used a metho
whereang ngpe-tpeeifiestadtieactictaotiag osed Rvdstechhaman. The Polymerase

papillomavirus enot: in a general manner. However, specific detection of
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assess both the genotypes and viral load data. The method uses GP546+ .
olyrTAPBR e PRSI RS TRNGRAL55 R BTRE BRSE disafpipdtgation
was useHd® dfdidatesiipieafed SippetypesSinvassiical asd I8 nitel 3FanesS. Pat.
samples. Viral o wer uently determined 30in scrape samples
oo Bt § G I ik AR e T CAy detect the
real-tiradcRonabaysccl GRSt /AeRBseRei @ anerai@plan amplicon of 150

bp length, enabling the application of the real-time probe based methods
ISHowever the method can not detect multiple genotypes or groups in one

reactigrs. Pat. No. 5,447,839, which is incorporated herein by reference, discloses a
method for detection and typing of HPV. In this method, HPV DNA sequences
in a sample are amplified by PCR using consensus primers which amplify both
oncogenic and non-oncogenic HPV types. Thus, the presence of HPV in the

20 sample is indicated by the formation of amplification products. HPV is then
typed using type-specific DNA probes which hybridize with the amplified
region of DNA. The type-specific hybridization probes disclosed in this patent
are capable of identifying and distinguishing among five known oncogenic
types of HPV, namely HPV-6, HPV-11, HPV-16, HPV-18 and HPV-33.

25
A variety of methods for detecting high-risk types of HPV have been devised.
Many of these rely on the detection of unique sequences in the HPV genome.
For example, DNA or RNA probes complementary to a portion of the genes of
a particular high risk HPV strain have been reported in the art, as useful in



5 A method for homogeneous real-time detection and quantification of nucleic
acid amplification was devised using restriction enzyme digestion. In this
homogeneous system detection is mediated by a primer containing a reporter
and quencher moiety at its 5' terminus separated by a short section of DNA
10 encoding a restriction enzyme recogHition sequence. In the single
stranded form, the signal from the fluorescent reporter is quenched due to

ﬂuores%?@élﬁﬁg ReNAl ﬁ%&%ﬁ!}gyotfad“ﬁfﬁ{iéﬁﬁﬂﬁraﬁflﬁlﬁﬁfgﬁ%ﬂ*ﬁmﬁrpatient

becomes incorporated’into a double stranded amplicon, a restriction enzyme

prese&&tﬂplme(kéﬁcﬁ’@h N@a@&é@mmm@@ldehﬁép@ﬂer addreuesnchked, Pat.
allowing 15 wpyestricted ﬁ\ﬁf@ﬁ%& nﬁ@r&hﬁﬁf?@f&?&%% Q{rﬁgé'rﬂe 'JE(AN df )tﬁ%(ﬁd to

using a primer specific for the E6 gene o man pap virus (HPV) 1
combingdifyithndheleiesaVidBé ENefgysiagstegdadreiand useeltomsgpisys primers,
HPV ositive DNA. The met an no, ed. for the d ian. of

5multip elpagr%gtégetgﬁrn rglsjlpg. %g%)%r:teug tlorﬁg%lé% eéssgeeé} Slfs%%nclﬁoé} dBes. Other
simulexneguss qufartifig atoseos tripremepa pitohrafdrus] typEisSadsuclate d Ak, 758,

high ris cervical cancer,has alsg Been described. A real-ti S
for th%ngeﬁlg%hﬁlg%%%n [ |catﬁ)ﬁ?o?ﬂ%?}(i%¥ fg?éfz ggo 5%2%%1?5@%\28)
-58, drltks6 Tefeasndeyvetopdsh ihkerpssaydhbasetorefbreeparallel real-time
PCRs from each patient sample: (i) reaction 25 1 detects and quantifies
HPV16, -31, -18, and -45 (HPV18 and -45 were detected and quantified
10togetdrtesing eoenproled) | wiikthibdeevdittdientfhichopheres; (n) hedcidisaton and
detects and quantifies HPV.33, -35, -39, -52, -58, and -67 (HPV33, -52, -58,
anc B B EA A i B L R A S i IS Shes pethod
fluorapporesigndaniypébite difigtdiéprodas wendd dighesk @raddiheactigry of
detects and quantjfie 5?9 amount of a human single copy gene (HMBS,
Homéoéﬁﬁigﬁg EUB etfBii&tre synthase; GenBank accession no.
M95623.1). Reaction 1 includes a total of seven PCR primers and three
probes, reactign 2 includes a total of seven PCR primers and three probes, 5
ISand rggétﬁﬁ%lﬁ@HHBLjaﬂﬁﬁdﬁéﬁhBﬂ%?&%ﬁaoﬁ 4iRgIé Frawvesinie edaativity
appliggniighdandnydiaiysiaiesspatdiserReRIIDps:td Repisa DIORly tpasficity

probes in one reaction detecting a maximum of 6 genotypes in the same

reactiéiftReteR b YbHs AR dhESR HEE R ss FHEes BeHisr amekifishgtgome

desiggecaatiansigideling priipRieaniPnOeRAMEaSs BecRHREiSAe PRAURIES ften
10identities between genotypes are limited Extension of the reaction is

restridfsd BYMNIFi§guaEBIdR fiGeS DetnféBi g dBotg i sPAMSEthddfbr W& 9-

20detectippan@gNantitgiion Qonearnighupan RaPHRMaYithiHTN WES often
previously developed by using the fluorescent 5' exonuclease assay. The

meth88ed siesecdion tﬁé%ﬁﬁcéﬁ%nséﬂ‘ée%@-QBeQQQré@ﬁiéWﬂ@%’th@%ﬁCtion
for HE R L e b (oo sebaiateh b
in coPPneives Gubprtslihrediopes peplssaycthpdsmeapaliods Tisianhgical
threeﬂ?%@ﬁ?e@%f%ﬁé%pliﬁcations vary within a wide range and are characterised
25 by the number genotypes, which can be amplified, the analytical sensitivity,
specificity of the amplification/detection of genotypes and also by the

differences of sensitivities between genotypes.



1

1

20A strategy for human papillomavirus detection and genotyping with
SybrGreen and molecular beacon polymerase chain reaction has also been
described. The assay, accomplishes general HPV detection by SybrGreen
reporting of HPVDNA amplicons, and genotyping of seven prevalent HPV
types (HPV-6, -11, - 16, -18, -31, -33, -48) by real-time molecular beacon
PCR. The two step 25method uses three differently labelled molecular
beacefisyin Qg RS PFgaction. Another method has also been described: a
degenerate HPV self-probing fluorescent primer known as Scorpion and a
mixture of Scorpions was used in conjunction with a tailed general primer. By

utiliziktyenaaispplomeriivsrdé (P possibierablivndociwde becohsensikssiedneiive
enables g Sél%'s%é%%@'ﬂ% ga%%gé‘é%\%égﬁfé’slgﬂfer%é?ﬁ be% fﬁergn@%ﬂg&says

is a two-step procedure t n theoretically detect over 4
Stypeshd@® Deemitaryelqring pnmewaﬁﬂ;ems%rn R Vst @y itielP\ad 1HPNG; 15811,

3L, 33P0 PRy @H Pé'@grpéfeﬁﬂgnrﬁgtﬁé&agpe &L {ﬁg % gg perform
specific and is 10cated at the same sequence position as that o
primerd BV Jdetotisont ial rdtheimethotddagaches mgenm@edletgphm anetlvod to
detect the presence of HPV and a type specific detection method used to

type the positive samples. It does not solve the problem of screening with
multiptixedi paabe s AHShDRGASHpptiohe wbhg‘uﬁﬁrﬂa«mh\sktyrénmaenﬂn&piratory
method ayoids using of multi probes in tion. Real-ti
el B R0 TotHBLR Gy b G GRS CR. The
TagMaethodassays! ha\tﬁataeemmmmcpapaﬁnﬂmah@%ﬁﬂﬁtypes in a real-
PCR/enz mmunoassay (ETA) to assess the huma mavirus
Joaa AR N SR o BRI 6T o G LAy ST i thr
the HRWd:GbedhdhintecprpesPatIoMEIS sméadfnphubﬁhplr@dmlmmaem@m
between these assays and the GP546+ PCR/EIA, suggesting that.the lat er
et 33ohon Gt RSP RISy BRoaT Fob AP PT e b pedjed i

5sDNA {pads: Taeepheaeredesapmined by @%ﬁm.fiﬂ%@ﬁ&wﬁ&pﬁl@maﬂd@pemﬁc

PCR detecting the two HPV gene tyﬁes at a time. . . .
and unable to differentiate ‘the genotypes reliably, which necessitates

=)

subsequent viral typing using real-time PCR with type-specific primers for
HPV types 6, 11, 16, 18, 31, and 33. This again detects the types of human

papillomavirus in isolates, but only one genotype at a time.

20

Similarly others used a method where a single-tube nested reaction was used to
detect human papillomavirus genotypes in a general manner. However,

specific detection of groups were not described.

25 Another method was used to detect human papillomavirus DNA in sex partners

3

again using a two-step approach to assess both the genotypes and viral load
data. The method uses GP5+/6+ polymerase chain reaction (PCR), followed by
reverse-line blot analysis. It was used for the detection of 45 HPV types in
cervical and penile scrape samples. Viral loads were subsequently determined

0 in scrape samples positive for HPV types 16, 18, 31, and 33 by a LightCycler-
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Consensus primer design methods Primers and probes that are used to
detect only one human papillomavirus 25 nucleic acid molecule, e.g., a
nucleic acid molecule encoding a portion of the LE can be designed using, for
example, a computer program such as OLIGO (Molecular Biology Insights
Inc., Cascade, Colo.) or Primer3. Approbtiate features of these
oligonucleotides are well known for those skilled in the art. 15 There is

extensiVEdIRERIHE OPCRE,JENR 3R MBI PR PR RMBALARIIIN. WMFRon of

have led to a number of software applications, most notably Primer3 and

variod$ @ heigitls, gnibsingyiharaipprogannhithy feehtilatardbe teatpdgmethods
D el oL AR SR SAMPRUR i s altoaRR IeYeloRgt. e BRAIaiRbne
of 5Smultiplex PCR has increased steadily over the past decade, réquifing
morersegiisticated primer selection protocols. Different algorithms may favor
particular objectives, or may be designed for particular technology platforms.
In general, the problem of identifying primer pairs to maximize the
multigleriathéel ébohamsmgiecassaydtdastize detstiomntol bptPHoorpietd. #uvleic
10approximation algorithm that eliminates 3' base. complementarity whil .
R L G R
invenhiomégeatatedsystha pkobéeonak desdyaiod) byudtiptexd? CBh&ssays a reporter
partiouiarly the design,f congensus primers. The gencral Loapproach ORI
problem i 15 esigh consensusprimers to amp ﬁy numerous target with less
primasnpaimthanrtherictiotbensfisr gets giviao e ticade dig rtivosiltelake dmided
account the design rules of multiplex PCR assays as well, exemplified by a
conodEl HE D ERDI ISR DARERTEP oS AR it Varaeagee
geneseonaeeschagsd armasiese(BREURgahevaiechybiid aligopuiieetidecomes
prime.r%éCODEgOPs) v;ﬁ?sli}%evelclggég. Shorf regions ofiproteins with high .
leveldWPOEBNGLFG RN & GSPrRds ATBL g AT B S B RG RpRyent i
alignerkprejetivaecuanceshE ONEHMRs iy aldetivestfEp e somsevBowing
sequence blocks and are used.in ) ) )
unrestricted fluorescence of the reporter. This system was tested using a primer
specific for the E6 gene of human papilloma virus (HPV) 16 combined with the
cleavable energy transfer label and used to amplify HPV16 positive DNA. The

method can not be used for the detection of multiple genotypes or groups.

A real-time PCR-based system for simultaneous quantification of human
papillomavirus types associated with high risk of cervical cancer has also been
described. A real-time PCR assay for the detection and quantification of
HPV16, -18, -31, -33, -35, -39, -45, -52, -58, and -67 was developed. The assay
is based on three parallel real-time PCRs from each patient sample: (i) reaction
1 detects and quantifies HPV16, -31, -18, and -45 (HPV18 and -45 were
detected and quantified together using one probe) with three different
fluorophores; (ii) reaction 2 detects and quantifies HPV33, -35, -39, -52, -58,
and -67 (HPV33, -52, -58, and -67 were detected and quantified together),

again with three different fluorophores and only three different probes were
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25PCR to amplify the region between them. A CODEHOP PCR primer
consists of a pool of primers each containing a different sequence in the 3'
degenerate core region where each primer provides one of the possible
codon combinations encoding a targeted 3-4 conserved amino acid motif
within the sequence block. In addition, ddch primer in the pool has an
identical 5' 16 consensus clamp region derived from the most probable

nucleptige A1 £26H PARIIBA SNEAANGINE fanraedhaming.A¢'ds fankind Bkl

targeted motif Amplification initiates by annealing and extension of primers in
the peebwigenhe(hhgst Sinklirity santivashydgenarattydbrane thethasest GenBank

template, i&?ﬁlﬂf‘%%@%&?@“@e‘w}’%ﬂ‘? RFAENRHE JRUW %P@R%?rﬁﬂ?é%and
matches the target template. Once the primer is mcorporatec?, it becomes the
templaredorsbiss ecpativnadniplifishtiontetr| e sBerakliS & aitiprémsensdataee probes,
identical in_the 5' con us cla ion, they all will anneal at hi
St A S T H R e AE TAObS, T gnethod
used appthesfiékd dfat0hydiodys asl eveth 1 theca PpiRapto s slifidrentstont thdy three
methad gtihe nyention. where speeific sequsncs blocks are uaed 1o aghieys,
efficiéjn?ampllﬁicaﬁlon oFreI%lte sequgences.xll'ﬁlelao ehog progpam finds
primesxsadoioanglifyseg btk ibhen narpets barinvorks withl proteigaseqaleteaehing to

aIignrHents inste,[a\d of Ql}lAtsequen es. 115[ﬂ'{7ere are nuUMerous me&lhods
dealirig With th&"desig\ of coMsensutidegenérate oriMets, Bt they' gensrhlfy

1ouse diffaretitalgowydnmastoypelyarbdsidally. thecaioa pfahterataodantibstiieed

15

best—{iét}!primer set for efff\cient argrglification of the related target sequences.
Coop a‘{f’b’?&?&ﬂ%@%@ﬂ FRE RO OY RTINS G account: Another approach
is theLrikigahodramor| Jhel higedRsions pad's ghgiiinaisnuseful fpcbeic human
amplification of
P Iplalz?i Ilomavirus (HPV) was previously developed by using the fluorescent 5'
exonuclease assay. The method is based on the amplification of a 180-bp
fragment from the 3' part of the El open reading frame in a single PCR with
type-specific probes for HPV types 16, 18, 31, 33, and 35. The probes can be
used separately or in combinations of up to three probes per assay. The method

was limited to three probes per assay.

20 A strategy for human papillomavirus detection and genotyping with SybrGreen

and molecular beacon polymerase chain reaction has also been described. The
assay, accomplishes general HPV detection by SybrGreen reporting of HPV-
DNA amplicons, and genotyping of seven prevalent HPV types (HPV-6, -11, -
16, -18, -31, -33, -45) by real-time molecular beacon PCR. The two step

25 method uses three differently labelled molecular beacons in one PCR reaction.

Another method has also been described: a degenerate HPV self-probing
fluorescent primer known as Scorpion and a mixture of Scorpions was used in

conjunction with a tailed general primer. By utilizing a tailed primer, it was



genomtc DNA in species where prior sequence information is not available.
25The program works with an alignment of DNA sequences from
phylogenetically related species and outputs a list of possibly degenerate
primer pairs fulfilling a number of criteria, such that the primers have a high
probability of amplifying orthologous seéfiences in other phylogenetically 17
related species. However the program does not use the concept of
COOP?)E%HPATJJ%NE%HHS@%S hREAMPIGRD RAOramyiRL designind 8&Rion o
primers on aligned groups of DNA 5sequences is a similar method The 'most
imponeaogapsiicriyndidicramphi®on e desighisisgrdwp-sisedfiec RIBR that can
rim t
P %é?@tf&}ﬁj fﬁk‘?&& SvalNAyT ﬁt%Pe Ptlttﬁvgt &! %’%‘88@9 %t%%ﬁﬁg e&ﬂners

not ampli ogous regions rom other taxo omic group
coopevetionsbétndbis prirde (SRS bt takeh&ntd adEodit 450 Shé Gedin pfimer

ampl| I cti i 1s for dete t r ate
et R R T R S T
is gempesafiyraeseibtedahdi¢che Rinfopeiseaablelmtebactioak Hétwewulpdmershes a
and the, compRitian for, amplifice %% ?%Rur"‘?eséower F‘ﬁﬁése”ds'é“’t%é’fst%%lﬁc
reactfon and more primers means Al arger Fty mispriming p

produttiteg téspenifib @l adedts e anyee ting ﬁmﬁhetefmamplees(burdm Tibe solve the
potent|albtiole of HPV testlng,l cerv1 ?Plnor]gta scr Eg\f b i
depeﬁa%n?m ? eSCerQFIHHé tras{n finical se]t?mgs i which®s 20

10effectivestval-drgéinized, mytbbzga/vbamﬂbprg)gfanmlapte platesthedssueidion.

15

20

25

whether HPV testing adds to the existing program and questions of cost

eecepsss, A cHLel, K ke G eutept paiee feme A
meffehtgt&(bpﬂaﬂs”e mtdadEHquiW qmﬂpgylmanhm&mdmptahdnm demtertional
high r&}%t@%ﬂL PCR/enzyme immunoassay (EIA) to assess the human
papillomavirus load in cervical scrape specimens. Both real-time PCR assays
determined the HPV16 load in scrape specimens similarly, but there was low
agreement between these assays and the GP5+/6+ PCR/EIA, suggesting that
the latter method is not suited for quantifying HPV DNA. Also HPV6/11 and
HPV16/18 DNA loads have been determined by real-time fluorogenic

quantitative PCR detecting the two HPV gene types at a time .

Consensus primer design methods

Primers and probes that are used to detect only one human papillomavirus
nucleic acid molecule, e.g., a nucleic acid molecule encoding a portion of the
L1, can be designed using, for example, a computer program such as OLIGO
(Molecular Biology Insights Inc., Cascade, Colo.) or Primer3. Appropriate

features of these oligonucleotides are well known for those skilled in the art.
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25inflammatory smears, the more basic questions of sensitivity, specificity,
and simplicity of testing procedures become paramount. 18 amount of HPV
DNA for some of the most frequent high-risk HPV types as determinants of
progression to cervical malignancies (CIS). The range of copy numbers per
cell does not differ between HPV types but the odds ratio for CIS in the
percentile with highest viral load is substantially higher for HPV 16 (OR 5 =
36.9: 000 & S AASH R0 Iy BPKALIOR %R IPUR il gl
HPV 18/45 (OR = 2.6; 95% CI = 1.0-6:4). Therefore, HPV viral'load may be
predictivielohdututedrigle oboeheicd ©fSvaraapplicaionsn ot antably Regativeind
for squameus alnermaliies, thassal-ims sehnologiss Afies s Asmiges to
deteme tﬁe V% igoa'd moFe @a&%}y r&ar?rt%e ei%tﬁ)g HPV dléteéﬁgn 2
methpdselOiRgaiitims¢achmuitbilioffbes sksvdredradeesitngds Dveappbcation of
existin 0 2ver no. real-time amplification.and.detecti ds
nave DT A e e Gy S e e AR aIRte
papillsopbistigsttypesivoseesatiprotddsts, hbffeathoa gasleemdgeloped to
i LN S St M ST

papillomaviruses’in 15groups in one re ction: accurate se

test chuigitark tregrroblesiiviplicatidpmgSuoha pastsapensxipiteetipossibility of
evaluating women who are otherwise ynwillin rurglfl t bmit elyic
e B T LR P AL W B A B

a S -CO
rdeve o%e ar IS WO ofrer an a

10over Hppeiiiaati pricdtioeithmateasiniacecs R dakkecbagikemntncistynwilidee,
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self-saégflin offer%an additional zliﬁtprﬁatﬁ for reaching women who refuse
to haJ€CEMR/BREHGH 1??0?5&%?@5?1 3188° 5?/“!?5\6/%63@ te in surveillance or
the monitoring after the treatment of HPV-positive cytology-negative women,
in which follow-yp testing at short intervals is needed. The 25self-samplin
pproLh TRk BB HAHHAEE b ELS0IRS BEURIE Bl R Ry B
accegsiiRlifysal/ thpsaRenya iy dgsams dSnespasipiintiiiable eacdress
these requirements technological}% The inherent simplicity of the technology
helpsRPFRRRIL T HHS BTN DI RS R R I RO SHS P UBMR THBEDETEHS
technglegiasit@ribg@iaRine the iweldime df eRiechnologiesvesdld Beash
the analytical sensitivity and more importantly the

would take into account the design rules of multiplex PCR assays as well,

exemplified by a consensus herpesvirus.

20 A particular approach to identify distantly related gene sequences based on

25

consensus-degenerate hybrid oligonucleotide primers (CODEHOPs) was
developed. Short regions of proteins with high levels of conservation can be
represented as ungapped blocks of multiply aligned protein sequences.
CODEHOPs are derived from these conserved sequence blocks and are used in
PCR to amplify the region between them. A CODEHOP PCR primer consists
of a pool of primers each containing a different sequence in the 3’ degenerate
core region where each primer provides one of the possible codon
combinations encoding a targeted 3—4 conserved amino acid motif within the

sequence block. In addition, each primer in the pool has an identical 5’



5 specificity of HPV detection, providing a more solid basis of the
improvement of the clinical counterparts of these parameters. Internal control
adds quality control capabilities to the system. In the near-patient application
of HPV detection the real-time technologies are 10 the most feasible options.
The near-patient testing would be the né&t frontier in primary screening and
the real-time technologies are already attracted significant attention in this

field Ip gaseeL GHGh Qi@t%ﬁ}ﬁt%fﬁ&%%ﬁdﬁ%‘ﬁlﬂ i Pryids Bge MalEs i RIAGHEE-

15The increased sens of real-time PCR compared to other methods, as
well gwsiieofeangrslingaif/eonsenegravided oy élantimg e Rigefedimgtif.
samp Inyog AR e Agleste oL g ATRigE RIAAHET IRdicRih,
the feasibility oﬁm%tftlamen?ﬁion of Eﬁg tegmology f(i:l)r réutiﬁr%e dl%gnogis of
humathgoaoslormaiinaty inféletidhddgetiwrattimvicrd falthedtoggt Roniplate firstealing is
aspe%’&aﬁkfﬁz%a?e e'W%BHS&E&Q%&%%?&%%B?&%}Peﬁ‘%&t%ﬂ% the. Rigsgnee of
at least one pa P{ogen comprising contacting a nucleic acid obtained¥rom a
samplempitita Seceshegrising &t 1eastpionatao,obbscnvinesdime ¢ariplofestid
probes comprises a.sgquence complementary to.a sequence from .pathogen
e ke e S R e
form acstemssiruktuerispibe, dbsealdeval hybeidizatigh tarenpectgidatig from a
pathogen, wherein said probe .is labeled with a first interacting label.an

B oMU e UK S Ry P S e B
10from sipdthygenvwdlsthcaphangd in tffstgndlcdatdctiecdtiel As thsddveeatain,
"nuclei¢ acid" refers to DNA and RNA in it tvaritﬁjs foﬂgglls.such aslg]RNA, ¢
and R PRRE S S ERR TG B RS BE s S A SR TF ST R RILAALS e
As usethhdredqurnpashope Cotibapeopialadiedk agantihasdisippisithe
normal physiology of an animal, that causes or is associated with dise

i INFREO S G5 b Py T oA S S B AR GBI
with theypaibegen produces the disease either alone, or in the presence of
one more other 10cofactors. Preferably the pathogen is an organism
associated with a sexually transmitted disease. As used herein the term

"orgamissre ass aeiaadwithethoaxdalling with the design of consensus/degenerate
primers, but they generally use different algorhythms to solve basically the

(9]

15

same problem: to identify the best-fit primer set for efficient amplification of
the related target sequences. Cooperation between primers is not taken into

20 account:

Another approach is the PriFi program (http://cgi-www.daimi.au.dk/cgi-

chili/PriFi/main). This designs pairs of primers useful for PCR amplification of

genomic DNA in species where prior sequence information is not available.
25 The program works with an alignment of DNA sequences from

phylogenetically related species and outputs a list of possibly degenerate

primer pairs fulfilling a number of criteria, such that the primers have a high

probability of amplifying orthologous sequences in other phylogenetically



transmitted disease" refers to an organism that is present in patients suffering
15 from the sexually transmitted disease. Examples of organisms associated
with a sexually transmitted disease include Chlamydia trachomatis which is
associated with chlamydia, Neisseria gonorrhoeae which is associated with
Gonorrhoea, Herpes simplex virus (HSW) which is associated with genital
herpes, Human pappillomavirus which is associated with genital warts and 20
Trepqpemg %B%W&'&%ﬁﬁéﬁ?@ﬁ?dﬁ@?&Y%‘QQ%J&%@JE‘P& ﬁeration
preferably a virus, more preferably a human pappillomavirus (HPV). The
methbdtigegreperaibly-used to detect the presence of one or more HPV
genotypes. 25Although the method of the present invention relates to the
detection of a pathogen, this method can be used to detect the presence or
abserde dfraplcorgarigranptatideseghng FaRspisnetsicn ebgteid gnarpsthAPNA
one sybiEReEleR. PLIGIRIeH QIIANIP M A3 HSRLDGIEILIEIASdRIanImS is
refer to brganisms which are from the same class, genus or species, a d
have thhilgiifpvef Eradp-gpeatic'StiRapitym preéey dily anjdest B0 NAidegitity from
more preferably 90%. The related organisms. are preferably viruses, mo
et e e L R B B e e
genetakstruaiarer8ipstekgats; e Yoopmptembetargeaguieacevak neteahen e
and F' are optional linking sequences which connect the complementary 10
account. . . ' '
sequences 10 the flanking base pairs, stem and stem'. Stem and stem' are
10the sequences formed by the complementary base pairs which form a
double-helix stem structure.in the solution. These sequences are pti)eferablg .
palind Bt RS A PRUTARD 2 BRI o PR Bl (RS Obet T i
basesumalting upclihe Stampditiatallytaarprisss Gré paiighieierablyulss2iB,the
4 or 5.C-G pairs, The 15stem preferably hasa? sequence CGCG. Itwas .
deterHIFTBRYR SUP ¥R ErinnEs 1A hESETR'E géab HBRISHRsRLG dyeractions

beacoaswden@irinierachnditheacmptiriopaisingnmplioeseaakieoialse lower the

amplification, signal over time in thg absence of detectable target DNA, which
15 sensitivity of the reaction and more primers means a larger probability of

(9]

mispriming producing aspecific products competing further for the resources.

The potential role of HPV testing in cervical carcinoma screening is highly
dependent on the existing infrastructure. For clinical settings in which an
20 effective, well-organized, cytology based program is in place, the issue is
whether HPV testing adds to the existing program and questions of cost
effectiveness, quality control, and added value to current practice come to the
fore. In contrast, for settings in which screening is nonexistent, or is ineffective
because of poor-quality cytology or inherent limitations due to a high rate of
25 inflammatory smears, the more basic questions of sensitivity, specificity, and

simplicity of testing procedures become paramount.

The real-time PCR technology offers features which fulfil and even exceed the

requirements in both scenarios described above. A recent study determined the



20 seems to depend on the on-off rate of the stem structure. Occasionally
five-base pair stem molecular beacons need to be used to optimise the
reaction. Beacons with longer stems both in singleplex and multiplex
detection exerted uncontrollable false amplification signals. Shorter stemmed
beacons usually have too low melting téfperatures to be useful in real-time
amplification 25reaction. The term "interacting label" as used herein refers to

one of, 2 Al of 1PSISNUCT ARG a&?%h‘é"%&ef%&&én?f}{;%%ﬂ?s‘fé 9f e types as

labels. This cooperation occurs when the labels are in closé proximity, s

as whistethenobed hengressR seeprridopl shalignracithér e TProsenge of copy
hybrid | leic acid, rati ;

anel Ee bR GO HED s B el I S SR SR b or 15
increaiséek Peredatkisvatle kitthestedrad thadpsohbstantath lsghffthd i ¥bk) (OR

fere [ or agdj t /| 3 b that f
S o G 1 mbt T I th (ahots 376 AAaniel poviaad”

that aHdhangedin gihat ean Be%detdctetl Wwhidn thieprtive, dHBNgesdtdoadnay be
°°r!forr@éfé?{s‘zéoo%“f%to%%{s&aeﬂ é%%@'é%‘i?%f@% $0bRS FlANge Insianal can be. .
an increase in S|gna}1whent e probe is’in the open position .e. when it'is

hybr@dtglmﬂmma abnmiaaiﬂiﬁaryfhacigm-adré sgqhmﬂogidor(ﬁfmnthe fromiken to
O g b gL es e A e e e el aeing abehogs

Alternat e Change n signal ¢an be a decrease in=signal when the probe

10is in tReadpanepasitinol vgye o ifdss hydurselr el tad g pleen ethtaryxintigiaatithds.
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sequence, for example where the fitst interacting Jabel.causes a signal to be
oG ind ol hber AEATI G, 28 SRl ed EHBOUAM digen
interagdingophibistact aahREEdanae ahkhalcosrkspandingi il iagcepie in one
FRET technology (see, for ex le, U.S. Pat. Nos. 4,996,143, 5,565,322, 20
5 54985l B e B B RO LB R BAEIF S GO Portant
corregpaupdingr ageepiaisfuaeskrntivloiety aihnesitianedwipaifilfogeaiises in
distance of each other, energy transfer takes place between the two
fluoreNOMRE tMABEEEAHIREan be visualized or otherwise detected and/or
quantitated. As used herein, the FRET technology format utilizes molecular
beacon technology 25 to detect the presence or absence of a human

papillomagmE Al canPleh o et aBl) e ca IR g igRe Such a

labellgdtwithrR d?ﬂﬁé thecspsaenbMAistyaang avaeaeRkY BRGNS MMIRYIing
The fluorescent labels are typically located at each end of the probe.

Mole&ildn3dasp sHERhOIRgyvisesapieinsiibRudredtidapsdintsas this would

205€quREes fhah peIMifose CRiRFANSTEUEILEE IHUPRUONIn arcas where organized

25

screening is in place, self-sampling offers an additional approach for reaching
women who refuse to have conventional screening and also may have a role in
surveillance or the monitoring after the treatment of HPV-positive cytology-
negative women, in which follow-up testing at short intervals is needed. The
self-sampling approach with near-patient testing capabilities could improve the

quality and accessibility of the screening programs.

A HPV test, which targets both the conventional and the primary screening
market, should satisfy all of these needs. Real-time PCR technology is
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23 (e.g., a hairpin). As a result of secondary structure formation within the
probe, both fluorescent moieties are in spatial proximity when the probe is in
solution. After hybridization to the target nucleic acids (i.e. the HPV genotype
nucleic acid), the secondary structure of the probe is disrupted and the
fluorescent 5 moieties become separatd¥ from one another such that after
excitation with light of a suitable wavelength, the emission of the first
fluoreseeprmoisty 8 diffPrantio hakdsireird jo e ARsRNSa AR MAleifherent
acid from a HPV genotype. As used herein with respect to donor and
correspopldiry atdeptoelinadegsderipsito radistas tastrueBpordintyryefeatdtits afso
acoepiol IHRIARRE T ISR AL AT ISSIPRRPS I el RUARR D P R
excitation spectrum of the donor fluorescent moiety. The wavelengt
maxirteahnologtieseonisisi drpspie tiru mnalfy tiwalasoegpton fjuendsoent nwigtytantly the

f | t 100 t h - h '
o the B L B T e

efficierft thornchadtativewerengpyrty arfsfeescapabemtodudettthele etekedds quality
Fluorggﬁgn 939% rﬂ%ﬂ% §§ﬁ%ogogtrcnoieties are generally chosen for (a) high
efficiency Forster energy tran er;%) a large final Stokes shift (>100 nm); (c)
20 shift of the emission as far as possible into the red portion of the visible
speciurp,(~000 niml and (c) Shft of theeuission (0,8 higher wavelengilic, ure

than the Raman‘water rescent emission produced by excitation a

10donotlexaitat densvblecdingits. Fbe exampleacat desiorefiwords dendhmnistyfoanioein

15

chosen.that has its excitatio r%axim m.near a as?r line (for exirmegie, J
HeliuR ™S8 C SRS 43 Aim BF AYGorIAEs HiRiRY RRIF iR chdH COeftaste
a highighidiiatin atietdi anth algo it ldverlep obits fleoreatent emisdiopuldtipibede
excitation spectrum of the corresponding acceptor fluorescent moiety. A
corregﬂgﬁgﬁ‘?ﬂ]‘lﬁﬁdﬁﬁ&?ﬂﬁ%rescent moiety can be chosen that has a high
extinction coefficient, a high quantum yield, a good overlap of its excitation

24 Witfl?th,e emission of the donor fluorescent moiety, and emission.in the red

part of Hid S BIE PRSI SUGBANR SS B EHBRRECH P A Breieday as Well

moietigstthat&anrbeinppeh i arigiesigeacsgpiosflivre FeeRt MENgdiag iRample
FRET technology include fluorescein, Lucifer Yellow, B-phycoerythrin,

9-acriiRESERSIHCcJaHatea L iRifedgisbRny S, doe amplificd prodict indicate the
acetafpigpifirysothinpryaeatastosngns kcisnbeniecrchitine diagnosis of human
7-diethylamino-3-(4'- isothiocyanatopheny1)-4-methylcoumarin, succinimdy!l
1-pyrepiiberatsus infeeigng do theisbmtatiaiiétibene-2, 2'-disulfonic acid

soderivatives, optionally 10 substituted pyrenes, anthracenes, naphthalenes,

25

acridines, stilbenes, indoles, benzindoles, oxazoles, benzoxazoles, thiazoles,

benzéthiigoftst asagsindle- PressHEABYSIGIO PR YidSoR e edidsdetecting the
carbgeyanine S CATRASNIS RREBEY UBmRNIRY R IERaANIBrARIRIER A24I6PGed
perylenes, pyridines, quinolines, coumarins, polyazaindacenes, xanthenes,
oxazifies) BessmiNg it a set comprising at least four probes wherein each of said
probes comprises a sequence complementary to a sequence from pathogen
flanked by four or five pairs of complementary bases, wherein said bases form
a stem structure in the absence of hybridization to a nucleic acid from a
pathogen, wherein said probe is labeled with a first interacting label and a

second interacting label such that hybridizing of said probe to a nucleic acid

from a pathogen causes a change in the signal detected.



15carbazines, phenalenones, benzphenalenones, carbazines, oxazines,
4-bora- 3a,4a-diaza-s-indacene s, fluorophoresceins, rhodamines, rhodols, 5-
carboxyfluorophoresceins (FAM), 5-(2'-aminoethyl)
aminonapthalene-Isulfonic acids (EDANS), anthranilamides, terbium
chelates, Reactive Red 4, Texas reds, ¥ TO dyes, EVO Dyes, DYO Dyes,
Alexa dyes and BODIPY 20dyes. Representative acceptor fluorescent
moieties, depending upon the donor fluorescent moiety used, include
LC.TM.-RED 640 (LightCycler.TM.-Red 640-N-hydroxysuccinimide ester),
LC.TMsRED hosLigmClakealill. -Réds 28 TDSAPhodghdraidite)yayeusniorms
dves sy, as XA i iseRmIDAoRamiag B.siandeIadss: doule
tetramethyl rhodamine isothiocyanate, rhodamine x isothioCyanate,
etythisdsindeidothiocyanate, fluorescein, diethylenetriamine pentaacetate or
other chelates of Lanthanide ions (e.g., Europium, or Terbium). Donor and
acceptor fluorescent moieties can be 25 obtained, for example, from
Mole Adarsedolbasi(Jangtavnogity, Grags) abBitpadhemicaiaCdis(Bptd thaisormal
Mo.). Preferably, the acceptar fluorescent moiety is encher. As.used
nereif S S Rec LA L E iy R Mo ESaiegh W e a0d MRfa The
by thedthogeaaany [abel cdinstinelagtes, cemipletaiand Hapil dnhibitlotheptibogen
emission, of the fluorescence,. The degree of inl&iltgitiorésignrégt ierortant as Ior}(l;e
e

gﬁo Uces tﬁe 1sease _either alo OII': Hl one more o
as a cnange In fluorescence can be aeétected once thé guenchner IS remove

1010Theofaohing moiety is preferably selected from the group consisting of

15
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optionally substituted phenyls, naphthyls, anthracenyls, benzothiazoles,
benzoxazoles, or benzimidazoles, pyrenes, anthracenes, naphthalenes,
acridipesesiibetespinkiotes, ivenzidasnasolesdoeitaoxazolasytitazalgsed
benzathiazole ,4-am'n%—nitro enz-2-oxa-1,3-diazoles, cé)l/anines 15

carbd¥ysiified SatBELeSiEhdAShyFE, AR ATR0R A atddhy A sfaaly

perylgnasniyedionsagutinefireso cauvrasinsnpayazaindseanespxasihenadering

oxazines, henzoxazines, carpazines, phenalengnes, benzphenalenones, .
carba A BAEHHLY TR ARSI SRSk vith 4

rhodagingsy rhegedmikearamesomrhare scinayoid) tfadRomarisoaiimith  is
20 amino%ggthalene-l-sulfoni.c acids EDANngF,ganthranilamides, terbium ]
chelateOped ivEReY UM YdBey INetPSIFr 9oL ReaR S Y fe cifsosiateds with

reds, diHiyehssze PREp A THR ¥R SvEXQIRY Y. WiYich Dyesssoiex@dxesiARenital
BODIhPerpgg/,esHuman pappillomavirus which is associated with genital warts and
Treponema pallidum which is associated with Syphilis. The organism is
preferably a virus, more preferably a human pappillomavirus (HPV). The

method 1s preferably used to detect the presence of one or more HPV

genotypes.

Although the method of the present invention relates to the detection of a
pathogen, this method can be used to detect the presence or absence of any
organism, particularly organisms which contain more than one sub-species, or
related organisms. As used herein, "related organisms" refer to organisms

which are from the same class, genus or species, and have a high level of
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25The selection of suitable pairs of FRET donors and acceptors or

guenchers is within the knowledge of the skilled person. 26 papillomavirus
nucleic acid molecule the presence of a human papillomavirus infection in the
individual is indicated. Hybridisation of the probe to the nucleic acid increases
the distance between the donor and acéptor moiety, and thus the FRET
interaction is reduced. The change in wavelength emission detected can 5

be an,(aeicasHlFY ST AILAMIENAN 8ha AHRHFA MAYRIAOI-BIFORS,. The
when a quencher Is Used. Alternatively there can be a decrease in émission

or emigeied atcagdifisrent ezselengfirabhen sinsasqueneching pisfrsrklyce promnan
is usgg ﬁ?fﬁﬁ%?&&ﬁm analysis can be carried out using, for example, a
photon %ountlng epifluorescent microscope system (containing the

appropriate dichroic mirror and filters for monitoring fluorescent emission at
the paligul angeh. BRRlon coNAd pRIplRlgrsystem. or a
fluorometer. Excitation to initiate energy fransfer can be carried out with an
argon ion laser, a high intensity mercury 15 (Hg) arc lamp, a fiber optic light
source, or othey, high intensity{ight sopirce appropriately filiered for excitation

in the desired range.n?he donor anlal%ccepr)ltor luorescent moieties are
preferably attached to the probe on the linking sequences. The donor and

acceptor flugrescent moieties . 20 can be attached to the apprppriate grobe
cgo b et i S ITRE) LA SRR of SEH G B <y R chenary

10imporenicas:the |thkefl arkisgnwbd effpairtheteistand s teatlvSamthemdanan' are the

15

fluorescent moiety and the acceptor fluorescent moiety. The |ength of g linker.
arm (5 A BB e A ORI TEhE IR RSB helx
(ANGoréranatthetinichieotitte sedo. thadldosegoanicR arngriferibigepaliad@mic.
linker_arm is from abqut 10 to about 25 ANG._ The linker arm may be of the
ine SR BBETTF (VDb 535 AW BB 4E BB SR B o the
attachkipg ltsesrabipschPRIsic dlat Pacte OpAERanes] and3alsfoF attaching. The
fluorescent moieties to a linker arm. 27 The probe must have a sufficient

level Wﬁ&ﬁﬁfﬁrﬁﬁfﬁ fas Hhecierrensa SHhE pathogen or organism associated

with a sexually transmitted disease so that it can hybridize with nucleic acid
from one or more pathogens or organisms associated with a sexually

transhhittéd driEHREEhde o8 ERET KRFRiRiHHYE. e bour base pair -stem molecular

beacons do not interact with each other causing unforeseeable false

amplification signal over time in the absence of detectable target DNA, which

20 seems to depend on the on-off rate of the stem structure. Occasionally five-base

25

pair stem molecular beacons need to be used to optimise the reaction. Beacons
with longer stems both in singleplex and multiplex detection exerted
uncontrollable false amplification signals. Shorter stemmed beacons usually
have too low melting temperatures to be useful in real-time amplification

reaction.

The term "interacting label" as used herein refers to one of a pair of labels
which cooperates with the other of the pair of the labels. This cooperation

occurs when the labels are in close proximity, such as when the probes have a



5 single-stranded nucleic acid is said to hybridize to another if a duplex forms
between them. This occurs when one nucleic acid contains a sequence that

is the reverse or complement of the other (this same arrangement gives rise

to the natural interaction between the sense and antisense strands of DNA in
the genome and underlies the configuradfon of the double helix). Complete

10 complementarity between the hybridizing regions is not required in order
for a dupley 13 fQrL i QoiCRERESSAMIRLIRG mRer of RRIESRASS SHS teic
sufficient to maintain the duplex under the hybridization conditions used. It Is
often afédirdisl e aopszaieooriwiorastothentidelatshdisnbasedrothee weyaé rompietely
the pﬁ%k{ﬁ]ea@igtg%% %fe[%&leﬁl%ﬂl‘%sfﬁfn‘é}%a?@&h gﬂ% NaddlSal% Qﬁﬁ@ﬁé&‘% e plobes

prevent the 15 formation of unwanted secondary structures within the pr
Thusdhaaab prdfefrid pmbeodimederatiy etgrenterumimpeentotthdpatnapementary
within_the pro ntain least ane mi .ch with the genomi

S the B O e B s, S are
persaritakilteld prothidealrttifadraexhamgie 0 258 G166 SEScatdd vikn(fdre probe
conditions of mederate. 20 suingeney) a06,0.1 S8G,3408 €. ffor cndipnze.
of hlg(ﬁ strmgency). %asﬁlng can be carried out using onfipone Fihe
conditiosigmgilzem be eachoéibe inanglitib meheanhbeprsediffor taxaoppheposition i.e.
washi forth-ESbm(i{nu(tlgs each in the order liste abov.%). Any or all.of the )
wash&< can Be Tepeated: SptifarLonaitons Wi vary Shd caH be defrined ©

10empirdadly byethetskiledgérsein gaénthes dagrerailidentityire tweean thetgtebag
and t athogen's nycleic acid will vary depending on the function of th
orobd el O HBHIE BoGL AR £ JHBE 6 Ry GIEPrSaBrE difen the
sub-spetiessahttie patiopesitifor ekamile al bikv.gé not pesipleméticircaseleic
the probe will have a sequence which willﬁs hybridize to a S?a uence fram
regioASY (R MRRGEid YR WHRLR YRIGHK ﬁégﬁ'}g&%&%@r‘? PUGRE HEigRY, to
such gs diiftivegeraty pRSscBid hacasniag tisedlto detect the presence of
pathogens, e.g. HPV genotypes, 5 from a certain risk group, e.g. high risk or
low risk genotypes or others. The sequence of the probe will be designed
accomhinglyrdferrexamyednspbehcameadasionssklo driectiRETrigknor and a
genotypes which can bind to types 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68,
and POBEPABEMSIRE LRGSR other genotypes. These are referred to as
"risk group probes". 10 Alternatively each probe can have a sequence which

has a high level of similarity to a variable region of a one specifiﬁé;%enot%pe,
so th&dREdyperhiselosryefa Micksaarie: idm: that gDifsty & 26Uds probed322,

20are C@[@ﬂ)_lwoyﬂe GRESIH3 Tﬁ?ﬁ&@é@bﬁ{stﬁét@&ch%ﬁ&@%ﬁb‘i&”'ﬁ’rﬁ%ﬁwsand a
type-specific probes can 15hybridize within defined genotype-specific )
regiofSITEFERIIAIBEY RESEIEDMBINERIECSE SN @IS: BestHISY owithin a certain

amp"ﬁr‘%@a@é‘%f%@&"&%%?%ﬁ&%?%&ﬁ%ﬁﬁl@é@ BR OBRIRIBAMEONRI IR Gescent
sequence selected from SEQ ID. NOS: 33 to 52 or SEQ ID. Nos. 105 to 117.

Thes&8Eiseridas fafrPallNdryskiress theotaiiasaleinfied wdite paesieisd2a s
used herein, the FRET technology format utilizes molecular beacon technology

25 to detect the presence or absence of a human papillomavirus. Molecular beacon
technology uses a hybridization probe labelled with a donor fluorescent moiety

and an acceptor fluorescent moiety. The fluorescent labels are typically located

at each end of the probe. Molecular beacon technology uses a probe

oligonucleotide having sequences that permit secondary structure formation



The set of probes comprises at least four probes, preferably 5, 10, 15 or 20
different probes. The probes are carefully designed so that the sequence
contained with the "loop" of the stem loop structure, not only hybridise with
the desired sequence in the nucleic acid to be detected, but so they do not
form 25secondary structures with sequédces in the loops of other probes.
Thus the sequences for the loop part of the probes are generally not just a

Seq“‘ié‘. € Whigh, %1000 ?9@9'8?&%@@&@%}@%&89?@8{?&&0&? SARNPME Robe,

be detected. Preferably, the human papillomavirus type-specific probes can

hybridirid Withinsdefinee istiss-spsetifipatiglamex prétie rabiy tthe s dumpHisivedution.
SEQ %%te'yg T %ztgtl@gg t%ot%eo Ea?é@tlﬁ)cl&lg %C%(%Sgé%ééé. ryn%qé(%g%e&cleic

embodiment each probes comprises a sequence
NOS2a88lio th2 srSEGID sNostutdDfothd Priva pardiswipidyl pradethedfluorescent

S S IR HRRRECATRIRRE B ther sueh ghat aflg, excitation with
"TETiGE GCGCREAA AT n, T 581G AA AR GG MDal ' moiety is
TET CCOaATCACCETTATTACTCTATTACAAACGRG Do 3
o S R AT B AR A e Y Enotype.

5'TET-CCGGACGACCAGCAAACAAGACACCCGG-Dabcy1-3'

105'FAM-CGGCCAATAACAAAATATTAGTT.CCTAAA CCG-Dath}/]ﬁB' ¢

5 FAMCEEGTATE ME CTPRT T EUREBECEE IRy Aegeceptor Tltorescen
105'FAMEIG16E; CEOTAEHONNAA T TCHAC AR THCEBOLChrbrabayit-Bioiety having an

5'FAM-GCCGTTTTTTAGCGTTAGTAGGATTTTTCGGC-Dabcyl-3.

5 FAMEEEE ARRACRA SR T TE PRI ARKA TAERRE CBEEHHBey-3the  donor

155" FMr&ca Chd RAA BTG AGAADGTN GO EmPabayh& trum of the
5'FAM-CCGG§CTGTTCCTAAGGT T CGCCES-D&EC 1-2' h

o ANEECCAEATEICor s RSP A GEpshlg. 100 nm ereater than
5'FAMIE Ge/eiRbptT TbAmMUEC BIGAA GGt e bl Getifen @Pa¥ié-donor fluorescent

5'FAM-CCCGCTGTGACTAAGGACAA‘I@{CCAAACGGG-Dabcy1-3'
15205 FARICE G AeoPirgaT C KRR ROCRHANA AR B ER A fAsbe produced

there between.

Fluorescent donor and acceptor moieties are generally chosen for (a) high
efficiency Forster energy transfer; (b) a large final Stokes shift (>100 nm); (c)
20 shift of the emission as far as possible into the red portion of the visible
spectrum (>600 nm); and (d) shift of the emission to a higher wavelength than
the Raman water fluorescent emission produced by excitation at the donor
excitation wavelength. For example, a donor fluorescent moiety can be chosen
that has its excitation maximum near a laser line (for example, Helium-
25 Cadmium 442 nm or Argon 488 nm), a high extinction coefficient, a high
quantum yield, and a good overlap of its fluorescent emission with the
excitation spectrum of the corresponding acceptor fluorescent moiety. A
corresponding acceptor fluorescent moiety can be chosen that has a high

extinction coefficient, a high quantum yield, a good overlap of its excitation
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5'FAM-CGGCAAAGGTGGTAATGGTAGACAGGGCCG-Dabcy1-3'
5'FAM-CGGCAATCTGGTACCAAAACAAACATCGCCG-Dabcy1-3'
5'FAM-CGGCTTAAGGTTCCTATGTCTGGGGGCCG-Dabcyl1-3' and 5'

(Texas Red)-TTTTTT-(fluorescein)-
25CGGCTGACATAGATCCCCATAGACAGTTGCCG-Dabceyl-3' The

presence of pathogens from a particular risk group can be detected in two
ways I Hal AR AIORGRFIN B NSAIEI0 ARl JRRSEHAAIRNES par
contains more than one type of risk group probe, wherein each type Is
differehtizdlyikiblsiisptcRometfiplena) high risk group probe can be
distinguished from a low risk probe. Therefore the presence of a pathogen,
such as HPV, from either risk group can be detected. Alternatively the set of
prob&epm@aimbr@seigmmtﬂpersmﬁm@bi@s thaerein abiethesedomathfovarious

st S A A e s g

preseYicdaw, nﬁ pby@&d&lmnmlﬁembrhhnﬂmﬂmgmwm dgefwtypellfooméS, 4-
certal QUG £ RO e I B el e R e e e Otho 3.4

furthet comprises determining emperatureb t
strandeﬂhmu;}emmlﬂemd)e@mmwmmmmnesutsampgdbdsmzmdlebutyrate 4-

com Iement ucleic acid obtained fr am le. each of th
p amlgoy 4{1 -1S0O 10 anatosél cne- 8 TEL %a 01’11 I:ICIQA erivat VeS ip{honally
probes as 8 Certain nuciead sequence e me empera rre S

10doublaisttantied pyucless, mmmoéaeulmﬁpmmwygheqﬁrmlﬁes, annidihiess, indoles,

| id obt d d for 10
il M s e A s S
exampiecbaet-2fganbiydesprsific pegbemésr a ceaitatﬁtylakl@er@up ceatthstyryls,

used to ascertain if enotypes fro that gr are presen The meltin
temp BTN i (e A Sver A BEN R Bty G CHIE 58ty A s

preseqitinbhiddie coathedf goleeatingddbhdypaanndividualty fassb®enzoxazines,
perform d after the method has been performed to detect human .

Spapill Hs raRRRPalA0ES 0 PEREDREBICOSRE I EHPRARShe FREHISS ta*-bora-

detect hym@nRapitemaviess. 2Alforptesere prakrlimised, theywesn,  5-
preferably be distinguished from one

carboxyfluorophoresceins (FAM), 5-(2'-aminoethyl) aminonapthalene-1-
sulfonic acids (EDANS), anthranilamides, terbium chelates, Reactive Red 4,

Texas reds, ATTO dyes, EVO Dyes, DYO Dyes, Alexa dyes and BODIPY

20 dyes.

25

Representative acceptor fluorescent moieties, depending upon the donor
fluorescent moiety used, include LC.TM.-RED 640 (LightCycler.TM.-Red
640-N-hydroxysuccinimide ester), LC.TM.-RED 705 (LightCycler.TM.-Red
705-Phosphoramidite), cyanine dyes such as CY5 and CYS5.5, Lissamine
rhodamine B sulfonyl chloride, tetramethyl rhodamine isothiocyanate,
rhodamine x isothiocyanate, erythrosine isothiocyanate, fluorescein,
diethylenetriamine pentaacetate or other chelates of Lanthanide ions (e.g.,

Europium, or Terbium). Donor and acceptor fluorescent moieties can be
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another, i.e. each probe emits a detectably different signal when excited at a
certain wavelength. Thus is two probes are used, one will emit at a
wavelength when it is hybridised to nucleic acid from the pathogen that can
be distinguished from both the probes in solution (i.e. not hybridised to the
25 nucleic acid from the pathogen such?®s the HPV genotype) and the other
probe when it is hybridised to the nucleic acid from the pathogen. This allows

the prgsenea abpAl RReR YIRS R ﬁ%ﬂ%‘é‘%’bﬁiﬁ&féﬂ @it?%(é}%‘%?"é?@@na

the same time. Alternatively the two probes are labelled with
interdctippietldlo;, (Gt dxampIMPRET donors, which are excited at different
wavelengths. 31 This can be achieved by using different combinations of
interacting labels, such FRET donors and acceptors. The selection of suitable
combireftwalslpf theeractipigiabedscscenutineittythe persorriskill ¢k inged betein, a
5The methpd preferably. detects the presence af foyr ath Qr
genot%l/lf)%gsc,H L%iliésln% fcr)]ftlj(){lmy m\c))vﬁcpro#ecsr. %’g:eesfe%razla%l)fl %h%reé?gé%ee: aerneﬁggé]n ytothe
a solithphresesuliy¢hakleachciydesof prphbedsiad papiatiablyi bicfimec |dwationssion
which i distnuishaple ram e oier progs laeations, This. Alows RI9BSS o o
labelled with the same or similar %ﬂeracting 13BEIS Which pr(%)uce a S|gna1ga%
the sahamgtGrofisimitacneavale hg s dotdbamsedhevipilst Siidl iy ovidingd means
for distinguishing the signal produced by each probe. Alternatively the probes
can be labelled so that different signals are produced by each type of probe.

10The SKiltedjperdangvithoisderstedithably rasigawf pasaible sgtichpupparitsiape of

in common ysage in the area of arrays and any of these "sulstrates" can be
TR e SHEBURTI oP By o BROMEL et HrasiM i BRRGHTRPIe5
one efiesedashodimebtizarddszoteyidas remethathfbraconsiructinighehalenes,
reaction.for the detection targeting of numerous, related detection targets
i STRAE O PR ARl Te LABF DU BHOERE T B ORMAlGw, FHevoles.
methegnZftincivides the salegtion-of pirestehinlisghsitgsddet?enining thganines,
sequence of probes which satisfy the usually applied criteria on probes (e.g.
c%?ﬂBPé]ﬁ%‘i‘?ﬁarﬁ%i&BeS’
Primgy&) aimdadpipaibrsesqpiefambly doumarifive basasatadheseguensdéics,

probe, at both ends, rendering them to be complementary and capable to

form BOHHRES: 25 RPEANRATSE MsHIPERIG ex RAFPUR M ver) SrRESRIRRONES,
samegHgMteotidesiddiesesstiiataresaadm aeaari Grited fauseisiBresceins,

molecular beacons. Additionally the melting point of the probe sequence

shoulthpaRIIssr tHiaslohe MR puitosPRherstsrinstr (BN, whbh-AiBHsHEYD

202t negheguiiBivm heatingrand cogliag rated ANS)foun hasensiamdBQleci®um

beacons are generally 32 _ ' '
chelates, Reactive Red 4, dabcyls, nitrotyrosines, malachite greens, Texas reds,

dinitrobenzenes, ATTO dyes, EVO Dyes, DYO Dyes, Alexa dyes and
BODIPY dyes.

25 The selection of suitable pairs of FRET donors and acceptors or quenchers is

within the knowledge of the skilled person.

Generally, when the FRET is detected in an amount, which is statistically

different from the amount of FRET in a sample lacking the human
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advantageous over other stem length having shorter on-off rates than the
longer stems, and having higher melting temperature than the shorter stem
molecular beacons. 5Generally, the members of the probe mixtures hybridize
to the amplification product within a certain defined type-specific region. The
probes are typically labelled with a don@®fluorescent moiety at one end and
at other end they are typically labelled with a corresponding acceptor or

qUe”g&QSﬂfHﬁ?&@ﬁﬁ@%Qi‘été(ciﬁ‘fﬁ%'i‘é@u?&lﬂg ﬁ'é?é}}éet%‘? Q%G%a%uﬁﬁﬁﬁ?&%vims

moiety may contain a 10 specific complex of fluorescent dyes, including so

calledreeviestis dgeisdividhift thindiavestbridyhiodisasienéshsrpostiécpiubeudeic
provi ‘Siéé"nld%éé% {\Jggoa?agﬁ@é BIARRLICHISGEICM Qc%éfﬁfélr‘gggeéﬁf‘gﬁd thus the

includes detecting the presence, absence or change in resonance
enerdyRFENsitr(FRET hedwesh e dbangdluorescdnnghvietyissmhttetected can

acceptor or. cher fluorescent 15 moiety, Th enceof or.cha in
e TS e SV YR R 20 SO, e

sampie quditthehei absedceAdfeERETely itldicatinem ofthe alossrase af hmssion or
papilomavins in ihe plolagical sample- Generally, (e URISIe 8GiEIS:cccoror is
hybriglzeé With the: probe and excied ata 20 wavel%nélt% absorbed Sy {He
donoufkibrescent moiety. The presence or absence of the bound probe is
detected by visualizing and/or measuring the wavelength emitted by the

acceptor or quencher fluorescent moiety. Alternatively it can be detected by

10quantiiaitinestbet iR YsiR Thn dredaretel rea exibgdforentdinglapeleloagicdcounting

15

obtained.from a sample is amplified prjor to being contacted with sajd set of
orobcb VSTERSER, HRIS RIS (SRR 1S RHeP NG s BsdCc R
reactioni (PCeR) fdhacaptiigalios ¢easti@misayibet e R{sem taranae)piephoton
U.S. Patents Nos. 4,6?3, 95 and 4,683,202, and Innis et al, editors, PCR
Prototdfat B%%tﬂﬂ&“ Y8518 RPN K GBS o it SR8 Q) A ey
Cloningn$fecent bélitamic(Cold FtingnHagbauiohalacsataryiMhew eyl 2@y
PCR will can also be used when RNA has been isolated gn,d converted,

prefefbis HY sé HRREARBoHSHS SBNES: BF9thehR/E é‘ﬁ%&&rh@%toiﬂ“‘:e
usingappebhivfe BPRHURAY asics:@ Batiynpitae d¥{RerkdngEImer, Norwalk,
Conn.). Taq polymerase can also be obtained from MBI Fermentas, Perkin
Elmer, Boehringer Mannheim and Beckman Instruments. An equivalent,

prefergRlydhigsmasiahie . RBARRIMBRIRS tB1aNea| SR Breraduly thaneiaad ahe

the present invention, such as Tfl (Thermus flavus) polymerase (Gut et al,
Viro|_m%t]?qd)r_ﬂgrp&gequences. The donor and acceptor fluorescent moieties

20 can be attached to the appropriate probe oligonucleotide via a linker arm. The

25

length of each linker arm also is important, as the linker arms will affect the
distance between the donor fluorescent moiety and the acceptor fluorescent
moiety. The length of a linker arm for the purpose of the present invention is
the distance in Angstroms (ANG) from the nucleotide base to the fluorescent
moiety. In general, a linker arm is from about 10 to about 25 ANG. The linker
arm may be of the kind described in WO 84/03285. WO 84/03285 also
discloses methods for attaching linker arms to particular nucleotide bases, and

also for attaching fluorescent moieties to a linker arm.



10(1999)). Alternatively, the amplification reaction may be RT-PCR (Yajima

et al, Clin. Chem, 4402): 2441-2445 (1998); Martell et al, J. Clin. Microbiol.,
37(2): 327- 332 (1999); Gut et al, Virol. Methods 770): 37-46 (1999);
Predhomme et al, 15Leukemia, 13(6): 957-964 (1999)), in which RNA is
reverse transcribed into cDNA which is #en subjected to PCR amplification.
As is well-known, PCR involves the extraction and denaturation (preferably

by hepf).of 3iAmple 195@'%&%&!}{{* e AP ‘Eﬁ%ﬁf AIORRUCICINLE of the
20primers Is added, along with a polymerase, which may be heat-stable, and
dNTH@fmgmgrm@@mpme@w@queﬁh@ Thadlydrosiedtidedsinwrsatbat it
desig [ | f r
e B e Therms REGEC T orsopiams
DNA @eSpcMQdemﬂo al@nwglpkkydtmwnwmbldlse@m mﬂvnkwﬂebbecdnélpﬂme@ne

s25Th 1111% fRl iR Age‘é"}lu& ”C'éf 881§hsealt g'%“%ﬁ’ci Sa%@t%épeftw%uéme A orms

stran enatured and a Secon ymerlsatlon ISC
out (fbctesmmnpmlenbyﬂhwe]mgrmwnempecahunée)lchtmd@smlllaufsﬂaessqum that is
roun }IIS the two original strands I?{flgsproducts from th first roun

€ IevVerse or, {np ément of 1y fl men VeS, I‘ se b the
two new long products'(pro uced rom e original stran and
productsiraB4mpeoaticed Hawetine ﬂlomgqmmd aaths aﬁhmslmﬂr&rpio@fc&l‘ﬁ‘@vm the

the sequence of het el seguence e or ense |th
each% 3 For® each a‘ledgltllonaﬂamﬁqE lﬁrgnl%uﬂd {%e rau21 o?l%fbort Splete

10producisipkawshexigrientiaty, thadiylmuimirgmdgmmitwmta@qmmxaﬁﬂomier for a

15

rodugts and
P cF pleax toaform it is only necessary that the number of paired bases is sufficient

to maintain the duplex under the hybridization conditions used. It is often
desirable to have one or more mismatches between the sequence of the probe
and that of the genome of the pathogen. This is necessary to prevent the
formation of unwanted secondary structures within the probe. Thus in one
preferred embodiment the sequence unique to the pathogen within the probe
contains at least one mismatch with the genomic sequence of the pathogen.

. Suitable hybridization conditions are well known to the person skilled in the

art. For example 0.2xSSC/0.1% SDS at 42° C. (for conditions of moderate

20 stringency); and 0.1xSSC at 68° C. (for conditions of high stringency).

25

Washing can be carried out using only one of the conditions given, or each of
the conditions can be used (for example, washing for 10-15 minutes each in the
order listed above). Any or all of the washes can be repeated. Optimal

conditions will vary and can be determined empirically by the skilled person.

The degree of identity between the probe and the pathogen's nucleic acid will
vary depending on the function of the probe. For example the probe can be
used to identify the presence of all sub-species of the pathogen, for example all

HPV genotypes, in which case the probe will have a sequence which will



5number of short products equal to the sum of the long and short products
remaining at the end of the previous round. Oligonucleotide primers can be
synthesised by a number of approaches, e.g. Ozaki et al, Nuc. Acids Res. 20:
5205-5214 (1992); Agrawal et al, Nuc. Acids 10Res. 18: 5419-5423 (1990) or
the like. Conveniently, the oligonucleotid® probes are synthesised on an
automated DNA synthesiser, e.g. an Applied Biosystems, Inc, Foster City,

Califqrigimode) 39205304 DONAMRNA sypthasiser g lich is highly

chemlgéi?és such as phosphoramidite chemistry (Beaucage and lyer,
Tetrapeithonefthap2engl JubrgeRjct) Sueh R Y 2 cIe4g86460, 4725677,
4415732, 4458066 and 4973679). Alternative chemistries, including
non-natural backbone groups such as phosphorothioate and
phosphorahtidatebenasedisodetcempiopedenrovitipdthegttise hgbHii¥ageortypes,
efficiencies of the resulting oligonu tides not agdv ffected, The
Sorecis e S AR HER A8 S R A o e
20pobkanuelastide tie edmplifibte Fsignadinctoediegdyh Iodit e A pripnels isin
in the range 10 to 6Q nucleotides and more preferably in the range 15 to

or 26 1 QB P RIS TR s, B 3 o5
monittfed 525 toritubbisiB ASAse’] herdi 3 martitare dnoeidio uatidly fromansher

that then%rtnogsptﬁeasgn 1rlifil?ee e%g(gycg Sis,,rpS asruqled onb%Sr,eguIar basis. For
exam%ﬁe ey ading can BETAKEN afte? the first a?r%lﬂlcatibn cycle, and
10thereafter after every one, two, or five cycles. Alternatively measurements of

the ampunt of amplified product present can be t fter a.certain time
periof ERVSTY B0 RAGEH SRS SNBSS R B LD cess
to be gimomiiorecia viealblicne sidihefpesaormkilled dorbw syt wabid Whdbridaed
that the level of signal r%duce by the boung obes will fluctyate as the
cycleS BAdSas WA B A AT AL, SEAGE! M LB AR ScrenaePe
denaupddific". The members of the human papillomavirus type-specific probes can
15 hybridize within defined genotype-specific regions, preferably those
comprising SEQ ID. NOS: 53 to 103 on the amplified DNA. The HPV
genotype specific probes preferably comprise a sequence selected from SEQ
ID. NOS: 33 to 52 or SEQ ID. Nos. 105 to 117. These sequences form all or

part of the sequence unique to the pathogen.

20
The set of probes comprises at least four probes, preferably 5, 10, 15 or 20
different probes. The probes are carefully designed so that the sequence
contained with the "loop" of the stem loop structure, not only hybridise with
the desired sequence in the nucleic acid to be detected, but so they do not form
25 secondary structures with sequences in the loops of other probes. Thus the

sequences for the loop part of the probes are generally not just a sequence
which is 100% complementary to the sequence in the genome to be detected.
Preferably, the human papillomavirus type-specific probes can hybridize within

defined type-specific regions, preferably those comprising SEQ ID. NOS: 53 to



5 Conventional PCR methods in conjunction with FRET technology can be
used to practice the methods of the invention. In one embodiment, a rapid
thermocycler such as LIGHTCYCLERTm instrument is used. A detailed
description of the LIGHTCYCLERTmM System and real-time and on-line 10
monitoring of PCR can be found on Rode's website. The following patent
applications describe real-time PCR as used in the LIGHTCYCLER.Tm.

techn%gg;{; yﬁg fB/ %(YSOKOWQ ?1?%7&%%&%4%%%%@5&%&%& probes

LIGHTCYCLERTm instrument is a rapid thermocycler combined with a
micros@hpriec dordaieteeasiiziigdnigmabiB B phiéaS Thigeagi@n SEQ ID. Nos.

thermﬂfé’% g€ ﬂ%‘%ﬁb‘&ﬁ?@“ﬁﬂ&éﬁ%&gﬂ%‘ﬂ%’&ﬁ%@ﬁtr %Csté?% gi%so%'é

Heating an coo ng e react er are controlled by alternating
heatezbadisasibient air. Due to the low mass of air and the high ratio of

S“rfa%eﬁa'%aé& BOE LIRS CUveles e MBeTaMINS gxshange
rates gg % §$ Aqrér;ﬁ B %?-X%I % rg alle 0\1\/? the

PCR
A % ss Her opﬁ’cs%

serve S
S
B

carou g | sgrumen‘iyl ¥

J %§£§eR

Ther
Clea %r
caro

i

AN ey
Bigais SGERRERGERLs
;ahmcl)tt [& ] S _: ! s ‘5‘- s, ‘8/' ssed
ralf i% nr ids .' ' '}' A - Je'f%a,rably
oL AN ! D,
20six-codur Mefetfitn lAid<alén rﬁé@?&%@éﬁ@&ﬁ‘&%& Qr)??cﬁ‘hé

pres &Frﬁ%r%ﬁ}céﬁ&%%pﬁ%ﬁm %gq
comn?e?éé‘ﬂy%@g%ﬂﬁﬁ% e PAGAD ﬁﬁu@éb&ﬁf&é er
cych§ @% 52 f@gﬁ%ﬁ%&é}&ﬁ&i@@ gg&q&?&ﬁf&ﬂ?o Iting
curv ﬁ%ﬁ;ﬁ hich samplg{gfrequency is
25depe§(ﬁ%ﬁ g@%‘ﬁ:}TM ehdsybeall samples

after defined temperature 10 interval. The thermocycler is preferably

operatgd Sﬁﬁéﬁkgl@epo@ piarkstationand panistilizeR VRIS NTQReERINGN two

system. Signals from the samp les are obtained as the machine positions the

capill 38 SBsinti 'émktgféklﬁlwepéﬂ?@a%ﬁltbqﬁéegof?\%ﬁ%aé&ﬁ Hisphsy geprobes

fluoresgaAcR Sﬂﬂ&%‘%}ﬁﬁeehem%én@pfﬂ@ﬁelgra r@%@ MERSMIEMERh type is
Fluorescent a;wlsmon time is 10-100 15 msec. r each cycling step, a

30quantistprendiatiyayldrelifske dcaincexosnigcela ntwgiberighn oW nfiFelkdlycan be
updatgdfor alRAnRES, The Hﬁ%%ﬂ%@eﬁq{&%ﬁ?@ e srosestiosfurifiogen, such

analysis. “In a preferred embodiment the nucleic acid is amplified utlllsmg at

least #hH PYpfiioiaradiected gopnsedy (Benlssceted 32 terprt ywiardralsit asippkes
Primer Mixtis, &%"geﬂawgﬁg%&%%%&b&@ %hé?eﬂ?%l%ﬁf?ﬁfo%@é%?%ﬂ%%es

the method utilises™an artificial or natural iriternal
from a certain risk group, e.g. high risk genotypes are all labelled with the same

35 interacting labels. Thus the identity of the specific genotypes present can not be
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control DNA, preferably by detecting signal or FRET emission at a different,

25 distinguishable wavelength or regardless of the emission wavelengths

used detecting, the emission changes at a spatially distinguishable location of
solid phases bound probes. 37 The above-described methods can further
include preventing amplification of contafhinant nucleic acids from previous
amplification reactions. Preventing such unwanted amplification can include
perforing,the ARl steR dhsPresenss of Uiasll andieatingdhe can be
biological sample with uracil-DNA 5 glycosylase prior to a first amplification
step. ¢ardddigdn, the cycling step can be performed on a separate control
sample, to confirm proper amplification conditions. A control sample can
include a portion of the human papillomavirus nucleic acid molecule.
Alterdativetyreserceda aobhodinsenhgle cansthedrfiplified ewimyiscpaitetdrovning the
primegs ang uiidizecusina? BIiS! 4050019l proReRf SRSk formed by
amplification product Is produce it contro template 1s present in the sample,
and theecohteod probes dydbridizpl tontimeacy miroleacryslifl catiompidduot sdidesample.
methads of fhe present inventan are garied autan nugleic acids obigingd
15 from aﬁ)lologlca sample. Representative biologica samﬂhles mnclude £
cervicahperapingpbibpsiesheneandedoanaltin tisslmskctibnirathéd byciappmgbes
of anawal sitesl where human papill nhe%\aﬂr%%i?fection ({akes lace and

. a (¥ ementary nucleic dci 101 Sald .Sa E)e 1S _unique for
urine. rre eracbolr)?%e sampie IS se]Iec e %I‘OI’IC ial asplragé%, urine, d

10prostatelimasbateT kigcthatspucifio gathngdepetrigahotyivaprenals genitad, didrtted.

15

20

25

or laryngeal 20cytological samples, scrapings or bjopsies. In a second aspec
the b TIVN fort biOvRIEE KR R RSO B G TAUCt RILE b aEn De
whereité¢achaefsaithpiiobeyp gonopyisssieoseqhengs epragiemaertaryTtieamelting
sequence from a pathpgen flanked by four pairs.of 25 complementary bases,
o or ST B T P S PR A O b EE GRS EARPPeS dte
nuclejgeaeid.from a pathogen, wherein said probe is labeled with a first

interacting label and a second interacting label such that hybridizing of said
probe to a nucleic acid from said pathogen causes a change in the signal

detecte@d. md&hod of detecting HPV types individually can be performed after the
method has been performed to detect human papillomavirus family, genera or

groups or concurrent with the method to detect human papillomavirus.

If more than one probe is used, they can preferably be distinguished from one
another, 1.e. each probe emits a detectably different signal when excited at a
certain wavelength. Thus is two probes are used, one will emit at a wavelength
when it is hybridised to nucleic acid from the pathogen that can be
distinguished from both the probes in solution (i.e. not hybridised to the
nucleic acid from the pathogen such as the HPV genotype) and the other probe
when it is hybridised to the nucleic acid from the pathogen. This allows the
presence of both probes hybridised to the nucleic acid to be visualised at the
same time. Alternatively the two probes are labelled with different interacting

labels, for example FRET donors, which are excited at different wavelengths.
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The preferred embodiments of the first aspect relating to the probes apply to
the second aspect. 5As described above, the sequences that form the "loop”
part of the probe are selected so that they not only hybridize with the desired
sequence in the target organism, but also so they do not form secondary
structures with the loop regions of otherSprobes. Thus in the third aspect the
present invention provides a nucleic acid sequence comprising any one of
SEQ {8;Nos, 88 101 2l BE QRidd dRrNes: JARetdhi 66 RUEEh 2 els, such
sequences can be used in"other methods to detect the presence of one or
more BT gdaneypesnd nagsehtopresdm inviention adospithitiestiebiiations of
nuclejg acid AL Y RIIOR for JRlEGing NARIETERGR. O absence of at least
one HPV gelngtype. Pre ergéy tgle nﬁ%’l}leic a% |gs use ein a method which
continuously monitors the amplification of nucleic 15acid obtained from a

sample. Suc th inclu QMANI'm technal the use of
e e A R8T Wlsses o
20TAGRAIGY tedimagofppdetents ¢he @reseRogforblystdwege dfamnre bound to a
amplification product, and hence, the presence or abhsenc human .. .
I AT G S L S S ithion which
hybridizéisanguricbeblabietied thitlhv thieo ficredoestionsidiles. Alihes ardlbsts labelled
fluorescent moiety is excited with light uitable wavelength, th a? rbed
enerc) 1 T S OB A AL hoee) el g ame

10principtesiafikR E¥avihengdoond flioraseéntwhdligtysisipgnerading quemehes for

15

molecule. During the annealing step pf the PCR reaction, the labelled

o a5 BT s o TSN D SR Yy PGS can
exonbelé¢aisdladtbatyhaf tefdrant Ralymerasepdoding dhieysedisegyendf probe. The
elongatjgn phase. As g result, the excited 39 flugrescent moiety and the :
S oo Bt T B LAl E5 0 e TS SRREy, g in
a consaghRcasipoinexeitation of thedirstdidomscent maietysibthatalsenaebe
of the second fILéorescent,, the fluorescence emission from the first fluorescent

moieflZ5giHL b Rrafislion b AR I8P 8 AL LS AW A FALBIELEEM moiety

is a quencher, the fluorescence emission from the first fluorescent moiety
increases and thus can be detected. By way of example, an ABI PRISMTm

7700 '8 eefife RE S BROSYBE Bspplis PGB lingt e fneifting
uses (LAQIMANT fderalogaaRa s SHiRpIR A ecleraine:oaINLAROMS {Ring

detectin% human papillomavirus. Information 10on PCR amplification and
detectolsarsiferadsaBPRIBRITTHI 27 BesPEIdH0 e IBeORfuRRRBHOAp BiRsgmethod

20BiosyslamE WERsEsec B (ﬁ'xﬁ?(%%pﬁﬁwl}% PERSE N IYAREIRRLPIRYIdESRNce of

25

method of identifying a minimal set of primers which amplify nucleic acid
Sequmw@i‘ﬁ i dre usually applied criteria on probes (e.g. checking the

probes against a computer program at full complementarity like Primer3) and
adding bases, preferably four or five bases, to the sequence of probe, at both
ends, rendering them to be complementary and capable to form double-
stranded stems involving exactly the two very ends of the same
oligonucleotides. These structures are generally called four-stem molecular
beacons. Additionally the melting point of the probe sequence should be higher
than the melting point of the stem structure, when measured at near equilibrium

heating and cooling rates. The four base-stem molecular beacons are generally



15related organisms comprising: (a) Identifying primer binding sites which
have at least 30% identity between said organisms; (b) Designing a set of
primers capable of initiating amplification at the primer sites identified in (a),
wherein each of said primers has no more than 3 20 mismatches to a primer
binding site in at least one of said organtdms and wherein each of said

primers differs from each of said primers by 4 or less nucleotides; (c)
Deterninifg dbs.solesti s Rhpimarseaied ISk I0eRRE tonger
possible nunmber of said organisms; 25(d) Determining the relative amount o%
each peimerarshbived grhsghdrprnialeng éemeperasure ibgnaharsiplifiecasiemontiiecular
nucleﬁ%&%gssequences from all of said organisms. 40 As used herein,

"related organisms" refer to organisms which are from the same class, genus
or species, and have a high level of genetic similarity, preferably at least 80

%% idegliv moraRraferably.ablegst 8% Idsity. Theslaked OTaaNSMA Alkion
prefera ywrﬁses, more preferably human 5 papillomaviruses. The primers
prefepabdiipenwplifyrteckiteeyidefofed unmmspagiflomeaariuis&b e Thebeeroertypically
'de”t‘be%h%V(;(ow?%hchet? Agldmauences iSidgtened | a%'('PQt'g‘&ﬁQ{eead they. are
sequences for optimal comparison purposes (e.g., gaps can be introduced’in
10 theyfirstibpglabatiedomithstaalignregrinditty the spoguerce jjaachem flanng cent
the nuclec%tid S at corres 0|adineq1 o%tions. Thﬁ "best alilgnmertu" is an .
alignment Of tWo SEqusnces Which resSuftS'in the 'Righest pereent idéntity " 1he
10perceaspletd intitynsplietest hwct dy ¢he dyesbeichiddgnticatdilecldatidesién thes, to
sequepges being coampared (i.e., % identity =.nymber of identical. .
s AHER Ao ok HE R Tty e Ao BR B Seftrniane
identifjubeiween divasefnedeesttan Qe method further includes detecting the

(9}

presence, absence or change in fluorescent resonance energy transfer (FRET)
between the donor fluorescent moiety and the acceptor or quencher fluorescent
15 moiety. The presence of or change in FRET is indicative of the presence of
human papillomavirus in the biological sample, while the absence of FRET is

indicative of the absence of human papillomavirus in the biological sample.

Generally, the nucleic acid is hybridized with the probe and excited at a
20 wavelength absorbed by the donor fluorescent moiety. The presence or absence
of the bound probe is detected by visualizing and/or measuring the wavelength
emitted by the acceptor or quencher fluorescent moiety. Alternatively it can be

detected by quantitating the FRET.

25 In one preferred embodiment the nucleic acid obtained from a sample is
amplified prior to being contacted with said set of probes. Preferably the
amplification is carried out using the polymerase chain reaction (PCR). The
amplification reaction may be PCR (see for example U.S. Patents Nos.

4,683,195 and 4,683,202, and Innis et al, editors, PCR Protocols, (Academic



accomplished using a mathematical algorithm known to those of skill in the
art. An example of a mathematical algorithm for comparing two sequences is
the 20 algorithm of Karlin and Altschul (1990) Proc. Natl. Acad. Sci. USA
87:2264-2268, modified as in Karlin and Altschul (1993) Proc. Natl. Acad.
Sci. USA 90:5873-5877. The NBLAST &3d XBLAST programs of Altschul, et
al. (1990) J. Mol. Biol. 215:403-410 have incorporated such an algorithm.

BLAST ucleqlae, 3£ 2[686S SRS R AIMAG Wit e MR A ST RIBERR 0 R

score = 100, wordlength = 12 to obtain nucleotide sequences homologous to

nucle{€ alsic pritiig dideleont thebpmatmiioNcTo obiailP§appdtRigihthestaker be
compari r S ili i '
Ao e SRS B P
PS|-Btass@aptios, useddispeRorfera yidtaR dsswarsid witiclyidg t€agslRibtant
relatignships. hetwee g 1d.). Wheg utilizi AST,-Gappe
SBLAST RS B i e R e X ST R fherase
progremsi@dps XBLMET ferrd MBILASTMaaashBakedt notHdvadxampple of a

mathematical algorithm, utilized for the comparison of sequences is the
aiaor T B &8 LA e SRS oSy R AT g arostable
(versiONA.Pplyhictuss pary ofsthbeG(d sedwancchadgritientrsséivwanegpaickagech
has incorporated such an alggrithm. Other algarithms for se analysis
oo g Lo T B kDAL A s RS T i
10Robofliqa®94) Comput. Appl. Biosci., 10 :3-5; and FASTA described in
Pearson and Lipman (1988) Proc. Natl. 10 Acad. Sci. 85:2444-8. Within
FASTA, ktup is a control option that sets the sensitivity and speed of the
searchltérnaiivelq] et ahphifiaisols @ &eiodf payies RIGRERNG figastnalleShin.
number of primers requir, ify nucleic acid_sequepces fro a
el s AL R B 0 R SRy Cona
a corsxiorpoimenvdiial \sikideNtehedstra| prisngudifiegendasdirinarreti,
primers zT‘%a Elarticular primer binding site. The correction primers sh%létlfﬁ,
ot o

I5have HE ke8I H3FPIn Pod TARhhALCHAL 1B YR A vy SSsaRsest

are depiENed kcaGt thoe adsliian e carresHylinEaies helps to produce a
level of sensitivity in 20 detection which is at least two orders of magnitude

or greater for all of the organisms intended to be detected e.g. all human

papillANAWYERE& AMUPERNBTRIN cISMAIEhCt TS SHAMARMR RBs dfefably by
primer does not form a base-pair according to the Watson-Crick base pairing

rules MR 8T 253BRle AN HRE Wihe Brakseckrsanrf shigorusiratdech is
20formegiwhes & thedbuoganesRandghasasdy ArhGariosHa the.Wyatsen-

Crick criteria e.g. C-T, G-A. The mismatches are preferably within the half of

the pAMEPHE ghesnphes seatsgsly IdemigenReckatidtopripsss are
beforgdfigi &achPhRIMEl> opposite ends of the sequence desired for

amplification. In the first round of amplification, the polymerase replicates the
DNA to produce two "long products," which begin with the respective primers.
25 The total DNA, which includes the two long products and the two original
strands, is then denatured and a second round of polymerisation is carried out
(for example, by lowering the temperature). The result of the second round is
the two original strands, the two long products from the first round, two new

long products (produced from the original strands), and two "short products"



42 Each of the primers in the primer set only differs from the each of the
other primers in the set by four or less nucleotides. Thus if the primers are all
15 nucleotides in length then 11 nucleotides in one primer are identical to 11
nucleotides in each of the other primers. The identical nucleotides are
5preferably not continuous. In one preféifed embodiment there is provided a
method for constructing a highly complex multiplex reaction for human

papi"BEHéNHé@f?SHPH(ﬁ@ﬂil%:p%'aﬁéﬁ?“i‘ﬁgs@%‘dﬁe&)r&ﬁ&&’m@{hg%&%ﬁ%@ﬁ

primer binding sites (less than 10 70% variability) at an appropriate

proxithieytamges qmnfexcbiﬁ@m sitestsicostdl wfethcg:m'engma_a@i@nm froneeetch
Otheratﬁ’gﬁéﬁﬁﬁaﬁﬁghﬁ@a 1'8815‘8?{1{9‘%@%5?B?%B%ﬁ'[ﬁ?o%ﬂ%%%‘éﬁdg ' ore

Preferably an amplicon of 30-160 nuc es in length Is pro
preferaiplyndatiaily, 66:1 60y18DPEQdorNQ-BOrstslsotitd dand emeducampdieons

sb‘?t""%%%épo%%ﬂcgﬁﬁ&&% SOQ%?% 13 i1 %tlﬂg %?%%@ﬁ%%&%ﬂ%x@ﬁr@&’ﬁ% The

primers form part e amplicon generated. rs are prefera
10-30awzientideslia tedgih fimerepeeferalohd.12-25, 15-22 or 18, 19, 20 or 21
nucleotides in length. The sequence of a complete set of primers where
primers are satisfying the usually applied criteria for primers (e.g. checking
the pfhegmmageinstespoomputen prognatiresiséd by 0 comipde ofepariychke, e.g.
s Al Reielaehandyhe amalet passioie Suiel of AR e

designéd having only thirée mismatches, prefera ne end or'the primer,
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papillomavirus types, which are intended amplified. Additionally the
OO BRD A8 HRCTES B AT HOGLY S BERETES vk A M Ghan
three Bidsmasaie $n & Urthesr aiplilicatforn diffeseaceslase IBNDNIERDYA
changin Btrf;ngrelatrilve con {en r%ion.oflheﬁr'mers The resultin sensltivrigy of
detecHBANE BYrir Aty WASHFCR TGS SHEBARBSRATAT I aerist
orgarnigmscapel abIie, MetmainenemluBnanree ines.ovhjcuseataigndied to
be detected. 43 This is a s%qant ach|eé/n%£nent over the techniques in,

[

recerit ATt Whetee8qteftiat AtrifionSOPhaNgr e/ dha MeraHlve s hpmistries,
methass.arie dallsesu e devses saihoskReRs Hos M IRHen AR

minimum. There are corrected 5 priming efficiencies against all targets,

resulPRGSAPRIGHK Bt A 2A T CStRRPleYRhivRRIL Xttt Ra Ry T prdisability

of migpripningiis IIHE ek B ke MRshiRgBHMArsPiRfesabbryialieRUthe R

end tg?ergigg length and sequence of the DNA primers will depend on the target
polynucleotide to be amplified. Preferably, the length of the DNA primers is in
the range 10 to 60 nucleotides and more preferably in the range 15 to 30 or 25

nucleotides.

Preferably, the production of the amplified nucleic acid is monitored
continuously. As used herein "monitored continuously" means that the amount
of amplified product is measured on a regular basis. For example a reading can
be taken after the first amplification cycle, and thereafter after every one, two,
or five cycles. Alternatively measurements of the amount of amplified product

present can be taken after a certain time period, e.g. every one, two, five or ten



The mixture of primers is capable of amplifying at least one human 10
papillomavirus type Li region, preferably comprising Seq ID Nos. 53 to 103. It
preferably includes at least one forward primer from the group Seq Id Nos. 1
to 16 and at least one reverse primer from the group Seq ID Nos 17 to 32. In
a seventh aspect the present aspect prévides a set of primers obtainable by
15 the method of the sixth aspect comprising at least one primer selected

from oedil NgFlaifgR- ﬁéeé%@@! %CBéTl‘l%ﬁﬁ%l%H'?ﬁsﬁgﬁﬂi‘}%Wa“ﬂ}&r i{@}gon

from the group Seq Id Nos. 1to 16 and at least one reverse primer from

grouplSedinNbs a1t ty @ddMorstetdrably heoksisels Sl Drodbsadtoazhe
20In %JH%@?E@&&%IL@&E‘E&%%WH%%%TeE(ﬁé’é?e%st SR g%%% %hﬂggé’sf of

more one or more pathogens comprising a set of probes-as define
secondshegt. Ayl ikicprefe atdlydfuatiengomprises a set of primers identified

5ac:c:ording to the method of the sixth aspect. 25In addition, the invention

provides a kit for detecting one or more pathogens comprising a set of
primersidentifieal AEcRrdiagredsthe enejhoctiohthetkiKiRES pedinoldeR efetablysed
the kits can be used to detect one gre more grganijsms associated with a .
soxuily DAl el o TR R R revic
probebaompyidera sehuence KlEEEWEIORR S qitBimose 7 ito 88edTha sdttfled

P E{EIADN CoMPYSe At P33 PR pedueqce sciepted 0 e JNOR,

15to ore preferably at least one selected’ to 16 and
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il i it R s i AL G TIRRE
packagshirgesgyhawwg ingdetions tiveé@on Totarsing Hiel mixtore &)/abprinershe
and'pﬁ@ﬁfﬁ%? 10 cé%tsgct the é%se%n(%%)or at %?’?l?%% hurglanl?. do Ph a
papill i olo 15 18 THPits c6RIpEE DR
compengotalsHeh agueagrRs raguisgtoforhigh quality optics. This  rapid
thermocycling technique uses thin glass cuvettes as reaction vessels. Heating
and cooling of the reaction chamber are controlled by alternating heated and
ambient air. Due to the low mass of air and the high ratio of surface area to
volume of the cuvettes, very rapid temperature exchange rates can be achieved
within the thermal chamber. The instrument allows the PCR to be monitored in
real-time and on-line. Furthermore, the cuvettes serve as an optical element for
signal collection (similar to glass fiber optics), concentrating the signal at the
tip of the cuvette. The effect is efficient illumination and fluorescent
monitoring of microvolume samples. The carousel that houses the cuvettes can
be removed from the instrument. Therefore, samples can be loaded outside of
the instrument (in a PCR Clean Room, for example). In addition, this feature
allows for the sample carousel to be easily cleaned and sterilized. The
fluorimeter, as part of the apparatus, houses the light source. The emitted light
is filtered and focused by an epi-illumination lens onto the top of the cuvette.

Fluorescent light emitted from the sample is then focused by the same lens,



PCR. Such reagents include buffers, a suitable DNA polymerase, and dNTPs
such as dATP, dCTP, dGTP and dTTP. The kit components can be
presented in a number of vials or other containers. The reagents may be
lyophilised for later reconstitution prior to use. Alternatively the components
can be provided in 20 suitable buffered38olutions ready for use. Such
solutions may contain suitable preservatives. Unless otherwise defined, all

technj lentifig. ' '
%%@é&ﬂﬁlﬁﬁigﬁ gilehoR Hﬁ%ﬁ%ﬁ&é&%ﬁ?ﬁlﬁéﬁgﬁggﬁﬁ%@& onto data-

commonly understood by one of ord.inary skill'in the hich this
inventidiebengnplotalthbigh Mt adisanenih ancthalsnsinvitagndmeejigiadloningudes
those,dlescrhed Netein ean BS¢ st InAahaglee 9 BRINBARBreserl
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the mtexdtis) aretsodsrafthercmples anquiliistrativé @y Hid mosdntansiedtion,
sbe linfina Al PrOlietpns BaISAPPIGAANS, RAISS: ANAINETAP availabie
references mentioned herein are incorporated by reference in their entirety.

In casesofiommflid)ataccptbstionspetoifiicatioh) dachndnged efimitiog stepilhvontooing,
The inygntion i3 llustrateg v the fpllowing nanslimidng exmples, QMher, g
5feature¥, 0%]60{15, and a gantsagéjs of fiid invention will be a areﬁYef‘rom%H'e ’
drawicggiandudetaitgding SénipiibivhasahipbmgtHeeqlaimy. ExdeppteldntRealstimple
PCR detection of high risk and low risk HP Al he total

renc U R S SO Ok N T roh i s B fpaespaye

10clonehidiR¥ DN, th8iidcpolymerpsddoabler dfioakadnseryratid vesristition and

TRIS-HC1 ﬁ)BH:&%.T%;PM DTE, 50 mlt\/l KC1,7 mV\%.Mﬁ%% 1%tTween- 0
(SIGNTAD, ol PAOSGB Y SsP U aieio DAFp o he pgmptes are
TTP)brameday, D sjibhoteasitionneis:cof@arils MQudntially over the optical
unit. The software can display the fluorescence signals in real-time
immediately after each measurement. Fluorescent acquisition time is 10-100
15 msec. After each cycling step, a quantitative display of fluorescence vs. cycle
number can be continually updated for all samples. The data generated can be

stored for further analysis.

In a preferred embodiment the nucleic acid is amplified utilising at least one
20 primer selected from Seq Id Nos 1 to 32, more preferably using a primer

mixture comprising Seq Id Nos 1 to 32.

In one preferred embodiment the method utilises an artificial or natural internal
control DNA, preferably by detecting signal or FRET emission at a different,
25 distinguishable wavelength or regardless of the emission wavelengths used
detecting, the emission changes at a spatially distinguishable location of solid

phases bound probes.



32, 0,18 jtM each of molecular beacons SEQ. ID. NO:33-52, and 7,5 U
AmpliTaq Gold DNA polymerase (ROCHE) ). The reaction was carried out in
LightCycler 2.0 PCR thermal cycler, with the following parameters: Step 1: 10
minutes at 95 C; 20Step 2: 5 minutes at 55 C; Step 3: Cycles 1-37: 30
seconds at 95 C, 60 seconds at 42 C - Sihgle detection mode, and 30
seconds at 72 C; The high risk HPV genotypes were detected by molecular

beacqis G5Re RediibdPmitnbie Q&i?"ﬁ?ﬁt%‘?tiﬂéf&‘d\é’%ﬁ%\?e?ﬂﬁféeﬂrﬂﬁﬁﬁgg% of

25The low risk HPV genotypes were detected by molecular beacons SEQ.
ID. No»a@mBhanhatidereswadt deta peewiooHcurgdi AcFEONreaThenedbwyanting

int . | : .52 The. -
fuore e B R e A e M i the
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35,39, 45 52..56, 58, 66 nd internal ¢ ol. SExampl
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(-0,2pg).gloned HRV DNA, 18itl polymerase. byffer (final 10.concentration: 90
TN S e e el R S R
Tweepe il §816/Mds) nlittekicoid 16| BMR:,. 286:itMtbati ddRR: @5TRpCSERmple can
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i oRen AL e A SRS RS it biaigs ife & i of
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amplification product.

The methods of the present invention are carried out on nucleic acids obtained
15 from a biological sample. Representative biological samples include cervical
scraping, biopsies, smear or paraffin tissue sections, other scrapings of
anatomical sites where human papillomavirus infection takes place and urine.
Preferably the sample is selected from bronchial aspirates, urine, prostata
massate, ejaculatum, blood and cervical, vulvar, anal, genital, skin or laryngeal

20 cytological samples, scrapings or biopsies.

In a second aspect the present invention provides a set of probes comprising
least four probes wherein each of said probes comprises a sequence
complementary to a sequence from a pathogen flanked by four pairs of
25 complementary bases, wherein said bases form a stem structure in the absence
of hybridization to a nucleic acid from a pathogen, wherein said probe is
labeled with a first interacting label and a second interacting label such that
hybridizing of said probe to a nucleic acid from said pathogen causes a change

in the signal detected.



Step 1: 10 minutes at 95 C; Step 2: 5 minutes at 55 C; Step 3: Cycles 1-37:
30 seconds at 95 C, 60 seconds at 42 C - single detection mode, and 30

seconds at 72 C; 20The HPV16 and HPV18 genotypes were detected by
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molecular beacons SEQ. ID. NO:38-39. The fluorescent data were collected

at 530nm. The HPV6 and HPV11 genot$es were detected by molecular
beacons SEQ. ID. NO:33-34. The fluorescent data were collected at 560nm.
The reaction internal control was detected by molecular beacon SEQ. ID.
25N0:52. The fluorescent data was collected at 610nm. The following
genotlbe prwtaeasu eodsfdimaisteviabe 16vstriato¢st telytingliorigic (R®bES)aanty to
internal rol. ppendix 1 Forward primers: SEQ. ID. NO:1 KP-F/1
CGC%&%%A%?:AABITS eTér‘TTATT 5SEQ. ID. NO:2 KP-F/2
CGCACAAGCATCTATTATTA SEQ. ID. NO:3 KP-F/3

CGC ; JTTTATIC . 4 KP-F/4, "

COCAS G Apnis A seaen S IR g oo parc o the probe are
CGCALTANRG CATHRT ACT ATAIBBEChrDiZB @it KR [diired sequence in the target
CGCACCAACTACTTTTAC 10§E9. IEE. NO:7 KP&F/7 ‘th the 1
CGT AN | Tallif)Ti(\)C Gy do” ot Torm™secondary structures with the loop

regions of other probes. Thus in the third aspect the present invention provides

a nucleic acid sequence comprising any one of SEQ ID Nos. 33 to 52 or SEQ
ID Nos. 105-117. These nucleic acid sequences can be used in other methods to
detect the presence of one or more HPV genotypes. Thus the present invention
also provides the use of a nucleic acid of the invention for detecting the
presence or absence of at least one HPV genotype. Preferably the nucleic acid
is used in a method which continuously monitors the amplification of nucleic

acid obtained from a sample.

Such methods include TAQMAN™ technology, the use of the sequences as

part of a molecular scorpion, and other PCR based methods.

TAQMAN™ technology detects the presence or absence of an amplification
product, and hence, the presence or absence of human papillomavirus.
TAQMAN™ technology utilizes one single-stranded hybridization probe
labelled with two fluorescent moieties. When a first fluorescent moiety is
excited with light of a suitable wavelength, the absorbed energy is transferred
to a second fluorescent moiety according to the principles of FRET. The
second fluorescent moiety is generally a quencher molecule. During the
annealing step of the PCR reaction, the labelled hybridization probe binds to
the target DNA and is degraded by the 5' to 3' exonuclease activity of the Taq

Polymerase during the subsequent elongation phase. As a result, the excited



SEQ. ID. NO:8 KP-F/8 CGCACAGGCATATATTACT SEQ. ID. NO:9 KP-F/9
CGCACCAACATATATTATCA SEQ. ID. NO: 10 KP-F/10
CGTACCAACCTGTACTATTATG SEQ. ID. NO: 11 KP-F/11
GCACCAACTTATTTTACCAT 15SEQ. ID. NO:12 KP-F/12
ACCAACCTCTTTTATTATGG SEQ. ID3N0:13 KP-F/13
AGCACAAATATATATTATTATGG SEQ. ID. NO: 14 KP-F/14
COCAREEOATATATIAGT SEQ. 1B. NP AR KRN mojc
CGCACAAATATTTATTATTATGC SEQ. ID. NO:16 KP-F/16
CGGxpaaad GrTTATTABGS0 Reversenseitnense SEDNI RXN@LDN (ofGhe first
TACQ@E@%IA%&%&QA’ %T%%E% &Ptﬂ\é(%é]c%ﬁtﬂﬁaorescent, the fluorescence
TACCCTAAATACCCTATATTG 25 SEQ. ID.’NO:19 R1

AAT TOTAMANOTOT ETACGTGSEQ. 1Di¢f02 ddReBably altered. For example if

STACCFTARMURERERRHA P IS BNS, [t guorescence emission from

TATTHET AisA TROCCTE TATITE BEQaIDs NC:BBR42n be detected. By way of

AACTCTAAATACT, 3 .dD. NO:24 R44 . .
CATCTHARRARC AT ARRLE SEGTD, REbEL R iebion System (Applied
AAC BEFAAADRA EGET CTATTBi SEQes I ANDVRENRY4technology, and is suitable

AACGCGAAAAACCCTATAT GfSE .ID. NQ:27 RO5 . . )
TACCE AR N (G meA Sier t?ﬁtl _%%%aplllomawrus. Information
10AAC TG PORATAGHECHATAGT Get3btSE Qsil. MY RRISM™ 7700 system can
AACGTGAAATACACGATATTG SEQ. |ID. NO:30 RO8
CACE&%’E@‘EA%’@%@F%%@&?L%?NO:M R54
CACCCTAAACACCCTATATTG SEQ. ID. NO:32 R85
AACCCGAAACACTCGATACTG 40Prohe sequences SEQ,ID,NQ;33 . _ .
HPV6B3 Wbb@ﬂ%ﬁ%ﬁ@&ﬂﬁ%ﬁ’@ﬁbﬂ@?&’%%i fifying a
GG GAAA GA A piiAtert hAchGADfBucleic acid sequences from two or more

15 related organisms comprising:

become spatially

(a) Identifying primer binding sites which have at least 30% identity
between said organisms;
(b) Designing a set of primers capable of initiating amplification at the
primer sites identified in (a), wherein each of said primers has no more than 3
20 mismatches to a primer binding site in at least one of said organisms and
wherein each of said primers differs from each of said primers by 4 or less
nucleotides;
(c) Determining the smallest number of primers required to detect the
largest possible number of said organisms;
25 (d) Determining the relative amount of each primer required in said
primer set to ensure equal amplification of the nucleic acid sequences from all

of said organisms.



SEQ.ID.N0:35 HPV42B2: GGTCACCCTTATTACTCTATTACAAAA
SEQ.ID.N0:36 HPV43B2: CACCCATATTTCCCCCTTAAA SEQ.ID.N0:37
HPV44/55B2: ACGACCAGCAAACAAGACAC SEQ.ID.N0:38 HPV16B5: 5
SEQ.ID.N0:39 HPV18B8: SEQ.ID.NO: 40 HPV31B5: SEQ.ID.N0:41

HPV33B7: SEQ.ID.N0:42 HPV35B2; SE®.ID.N0:43 HPV39B3: 10
SEQ.ID.N0:44 HPV45B3: SEQ.ID.N0:45 HPV51B2: SEQ.ID.N0:46

HPV%B% (%E&Ilgnl\mrzellaﬂé'&) %?%%?SH%EQGIQYNQ %?g%éﬁ@%lc}ﬁare from the
SEQ.ID.N0:49 HPV59B2: SE NO:50 HPV66B2:°SEQ.ID.N

HPV68BE: C@ASAT%‘A@AWANEAWS’A@QTT@@G'AA]Agh level of genetlc similarity,

TAT T C 0
AT S S SRR e, e
TTAAAGTEGOTANSHA TGS T PEEEHIE TTACKAAGEIAT@EEerably  human
SAGCAC AG [TAAGTT nge GGT

oo P R AR PR ARAREIE T iR of human
AAAPHIBBRMATEG TAGACAGG AATCTGGTACCAAAACAAACATC
TTAAGGTTCCTATGTCTGGGG SEQ.ID.N0:52 HPV-ICB2:
TGACATAGATCCCCATAGACAGTT 20SEQ.ID.N0:53 >Hpv2a cgga
ctaatdttapttaceatgnggcadtteta ggclMcaddgstgggmeascisatmmmiomidaaghgning

gagtaataat aa ccc tatct tac caat tatttca
oS D DE L0 50 oA A ANARAter GobokyRet Byt galuced in

10ccototgtdardectigqiitngetficdesa alignment with the sequence) and comparmg the

15

nucleotides at corresponding positions. The “best alignment” is an alignment
of two sequences which results in the highest percent identity. The percent
identity is determined by the number of identical nucleotides in the sequences
being compared (i.e., % identity = number of identical positions/total number

of positions x 100).

The determination of percent identity between two sequences can be
accomplished using a mathematical algorithm known to those of skill in the art.

An example of a mathematical algorithm for comparing two sequences is the

20 algorithm of Karlin and Altschul (1990) Proc. Natl. Acad. Sci. USA

25

87:2264-2268, modified as in Karlin and Altschul (1993) Proc. Natl. Acad. Sci.
USA 90:5873-5877. The NBLAST and XBLAST programs of Altschul, et al.
(1990) J. Mol. Biol. 215:403-410 have incorporated such an algorithm.
BLAST nucleotide searches can be performed with the NBLAST program,
score = 100, wordlength = 12 to obtain nucleotide sequences homologous to
nucleic acid molecules of the invention. To obtain gapped alignments for
comparison purposes, Gapped BLAST can be utilized as described in Altschul
et al. (1997) Nucleic Acids Res. 25:3389-3402. Alternatively, PSI-Blast can be

used to perform an iterated search which detects distant relationships between



aatcttctaa ttccaagatg gatattccta aggtgtccgc ctttcaatat agagtgttta gggtg
30SEQ.ID.NO:55 >HPV6 cgcacca acatatttta tcatgccagc agttctagac ttcttgcagt
gggtcatcct tatttttcca taaaacgggc taacaaaact gttgtgccaa aggtgtcagg atatcaatac
agggtattta aggtg 35 SEQ.ID.N0:56 >hpvll cgcacc aacatatttt atcatgccag
cagttctaga ctccttgetg tgggacatce atattactét atcaaaaaag ttaacaaaac agttgtacca
aaggtgtctg gatatcaata tagagtgttt aaggta 49 SEQ.ID.NO:57 >HPV13 cgtac

caacqigill igicatggty gcﬁ%ﬁtﬁﬂiﬁ%ﬁﬁgt%%@ﬁg Eftﬁitﬁlg%taﬁﬁ?cﬁqﬂbf’igia._last

caaaacaaaa ctgttgtccc taaggtatct ggttatcagt ttagggtatt taaagtt SEQ. 1D .N

58 >HiFogI &ty dhcadefudtaparateisty calg e acapsctiyacmtagtavadetggatBicdS T
tattticgla {@sRARRGCIARERAIEAE 22RARMA0UGHBRAGE ACRAHRIA FAR R RTHEm

tatttagaat a
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utilized for the comparison of sequences is the algorithm of Myers and Miller,
CABIOS (1989). The ALIGN program (version 2.0) which is part of the CGC
sequence alignment software package has incorporated such an algorithm.
Other algorithms for sequence analysis known in the art include ADVANCE
and ADAM as described in Torellis and Robotti (1994) Comput. Appl. Biosci.,
10 :3-5; and FASTA described in Pearson and Lipman (1988) Proc. Natl.
Acad. Sci. 85:2444-8. Within FASTA, ktup is a control option that sets the

sensitivity and speed of the search.

A minimal set of primers is a set of primers containing the smallest number of
primers required to amplify nucleic acid sequences from as many related
organisms as necessary. The set of primers can optionally contain a correction
primer which is used to control priming differences between the primers at a
particular primer binding site. The correction primers should have no more
than three mismatches to the primer binding site where they are designed to act.
The addition of correction primers helps to produce a level of sensitivity in
detection which is at least two orders of magnitude or greater for all of the

organisms intended to be detected e.g. all human papillomaviruses.

As used herein "mismatch" refers to when a base in a primer does not form a
base-pair according to the Watson-Crick base pairing rules with a
corresponding base in the primer binding site. A mismatch is formed where the
two corresponding bases do not conform to the Watson- Crick criteria e.g. C-T,
G-A. The mismatches are preferably within the half of the primer nearest the 5'

end, more preferably forming the 3 nucleotides before the 5° end of primer.



SEQ. ID .NO : 59 >HPV18 c ccacaagcat attttatcat gctggcagct ctagattatt
aactgttggt aatccatatt ttagggttcc tgcaggtggt ggcaataagc aggatattcc taaggtttct
gcataccaat atagagtatt tagggtg SEQ. ID .NO : 60 >HPV26 cgcacc ggcatatatt
attatgcggg cagctctcgt ttattaacat taggacatcc atatttttcc atacctaaaa ctggccaaaa
ggccgaaatt cctaaggtat ctgectatca gtacadggta tttagagtg SEQ. ID .NO : 61
>HPV27 cggacgaatg tctattacca tggtggcagt tctaggctcc tcactgtcgg ccacccatat

tattctgdag, Faglaga ﬁM@QE@Q&‘Mﬁ?QQ&%HQ%%%%f the other
taccgtgtat ttcac SEQ.ID.NO: 6 >HPV28 cgca ccaatattta ttattatgca

ggca@ﬂtnm*@gttgﬁtg@@tcglsgégu‘:aztrcbﬁamclc@ad@@télalascétébecnraa@@a@@ca@ 15
AGIGHEAR ANIIEEICRIC30LA!a PIRIALGHAIY SROPRNP-ER JhhYed Go 11

gcacaaatat ttattattat gcaggcagtt ctcgcctgct cactgtgggt catccacatt attcaattcc
caaatvethtqutesatangerthgagttee rthgytgtemgeattithyt weatggftithecytyides are

5 preferably not continuous.

In one preferred embodiment there is provided a method for constructing a
highly complex multiplex reaction for human papillomavirus amplification.
The method includes the selection of conserved primer binding sites (less than
10 70% variability) at an appropriate proximity. The primer binding sites should
be located at a distance from each other to ensure that an amplicon of the
appropriate size is produced. Preferably an amplicon of 30-160 nucleotides in
length is produced, more preferably 40-120, 50-100, 60-90 or 70-80
nucleotides in length. Amplicons between 130 and 160 nucleotides in length
15 are particularly preferred. The primers form part of the amplicon generated.
The primers are preferably 10-30 nucleotides in length, more preferably 12-25,
15-22 or 18, 19, 20 or 21 nucleotides in length. The sequence of a complete
set of primers where primers are satisfying the usually applied criteria for
primers (e.g. checking the primers against a computer program at full
20 complementarity like Primer3) is then determined, and the smallest possible
number of primers are designed having only three mismatches, preferably on
one end of the primer, more preferably the 5' end, to all of the related
organisms, such as human papillomavirus types, which are intended to be
amplified. Additionally the primers should bind to a nearly equal number of
25 types with no more than three mismatches. Further amplification differences
are controlled by changing the relative concentration of the primers. The
resulting sensitivity of detection is preferably within at least two magnitudes
for all related organisms, such as the human papillomavirus types, which are

intended to be detected.
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SEQ.ID.N0:64 >HPV30 cg caccaatata tthatcatg caggcagctc acgtttgctt
gctgttggac atccatatta ttctatttct aaggctggta attccaaaac agatgttccc aaggtgtctg
catttcagta tagggtcttt agggtc SEQ.ID.NO:65 >HPV31 cg aaccaacata tattatcacg
caggcagtgc taggctgctt acagtaggcc atccatatta 50 ttccatacct aaatctgaca
atcctaaaaa aatagttgta ccaaaggtgt caggéfaca atatagggta tttagggtt
SEQ.ID.N0:66 5>HPV33 cgcacaagca Matta tgctggtagt tccagacttc ttgctgttgg
ccatccatat ttttctatta aaatcctac taacgctaaa aaattattgg tacccaaagt atcaggcttg
caatataggg tttttagggt ¢ SEQ.ID.NO:67 10>HPV34 cg cacaaatata tattattatg

caggfhbtadsaegstencfiyyagthisyananiconsnathectachaiay emtiactesgnt art, where

ttact - t t
g%%?%%@@%? 5%8591%%%@%%&%9@ 1952 RIPGAG9GIRIRIABIR are followed.

The devised method keeps the competition at a minimum. There are corrected
priming efficiencies against all targets, resulting in highly equal amplification
sensitivities. Additionally the probability of mispriming is reduced by keeping
the primers preferably variable at the 5° end thereof.

The mixture of primers is capable of amplifying at least one human
papillomavirus type L1 region, preferably comprising Seq ID Nos. 53 to 103. It
preferably includes at least one forward primer from the group Seq Id Nos. 1 to

16 and at least one reverse primer from the group Seq ID Nos 17 to 32.

In a seventh aspect the present aspect provides a set of primers obtainable by
the method of the sixth aspect comprising at least one primer selected from
Seq.ID. Nos 1 to 32. Preferably it comprises at least one forward primer from
the group Seq Id Nos. 1 to 16 and at least one reverse primer from the group

Seq ID Nos 17 to 32. More preferably it comprises Seq.ID. Nos 1 to 32.

In a further aspect the present invention provides a kit for detecting one or
more one or more pathogens comprising a set of probes as defined in the
second aspect. The kit preferably further comprises a set of primers identified

according to the method of the sixth aspect.

In addition, the invention provides a kit for detecting one or more pathogens
comprising a set of primers identified according to the method of the sixth

aspect.



15>HPV35 cgcacaaaca tctactatca tgcaggcagt tctaggctat tagctgtggg
tcacccatac tatgctatta aaaaacaaga ttctaataaa atagcagtac ccaaggtatc
tggtttgcaa tacagagtat ttagagt SEQ.ID.N0:69 20>HPV39 ¢ gcacaggcat
atattattat gctggcagct ctagattatt aacagtagga catccatatt ttaaagtggg tatgaatggt
ggtcgcaage aggacattce aaaggtgtct gcatdfcaat atagggtatt tcgegtg
SEQ.ID.NO:70 25>HPV40 cgcaccag tttatattat catgctggta gtgccaggtt

actgasiarg-9a9cAlc talaCiiano il RA2RRAGLEE BRI RGA LGAIgSH PRI ed
ggacatcaat acagggtatt tagggta SEQ.ID.NO:71 30>HPV42 cgcacca actactttta

ccatgetige sgytteidy denanggeddiseteacosteaablptdR Viegsanaeray Jisderatlaghe
acatc %%%&%%@E%%%@ (30 E%F&Q@@@B&%@%Eﬁ%@s!%\'%7?3. The set of

35>HPV43 cgcaccaact tattttatta tgctggcagt tcacgtitgc tigcagtggg fcacccatat
ttcccquimaapaticrably gtanprsa acigatore aggutomgostimdadtfiomgSeddtaNos 1

Sgagtt%%g'}%r'\éoﬁZgTe‘%lel&' Fa)l‘y I%g'st one selected from Seq ID No 1 to 16 and at least

one selected from Seq Id 17-32. Most preferably the primer mixture comprises

the primers of Seq Id Nos. 1-32.

Preferably the kits further comprise an internal control.

10

The kit can also include a package label or package insert having instructions
thereon for using the mixture(s) of primers and pair(s) of probes to detect the

presence or absence of human papillomavirus in a biological sample.

15 The kits can further comprise other components, such as reagents required for
PCR. Such reagents include buffers, a suitable DNA polymerase, and dNTPs
such as dATP, dCTP, dGTP and dTTP. The kit components can be presented in
a number of vials or other containers. The reagents may be lyophilised for later
reconstitution prior to use. Alternatively the components can be provided in

20 suitable buffered solutions ready for use. Such solutions may contain suitable

preservatives.

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art
25 to which this invention belongs. Although methods and materials similar or
equivalent to those described herein can be used in the practice or testing of the
present invention, suitable methods and materials are described below. In
addition, the materials, methods, and examples are illustrative only and not

intended to be limiting. All publications, patent applications, patents, and other



cgc accaacatat attaccatgc tagcagttct agacttcttg ctgtgggcaa cccttatttt
gccatacgac cagcaaacaa gacacttgtg cctaaggttt cgggatttca atatagggtt tttaagatg
SEQ.ID.NO:74 51 >HPV45 cgcaca agcatatttt atcatgcagg cagttcccga

ttattaactg taggcaatcc atattttagg gttgtaccta atggtgcagg taataaacag gctgttccta
aggtatccgc atatcagtat agggtgttta gagta $SEQ.ID.N0:75 >HPV51 cgc
accggcatat attactatgc aggcagttcc agactaataa cattaggaca tccctatttt ccaataccta
aaactloaRn JRolaciih ol SRRRRA R IEINRUHREF BrIOR URIUAOURIR dftircry. In
SEQ.ID.NO:76 >HPV52 C gcacaagcat ctattattat gcaggcagtt ctcgattact
aacagtaggd cendictahetroestnbsnecifinetiagt uglgdinadetritianaaytiticagttote
aaggtgtctg gcctgcaata cagggtattt 15agaatt SEQ.ID.NO:77 >HPV53

cgcaccact atattttatc atgctggaag ctctcgcttg cttaccgtgg gacatcctta ttaccccatt
20tctddmtony gndiaagtadgiustiatedtdng thty it cntng aytathnyotgtitagapjes. Other

5 features, objects, and advantages of the invention will be apparent from the

drawings and detailed description, and from the claims.

Example 1
Real-time PCR detection of high risk and low risk HPV DNA

10
The total reaction-volume was 20 pl, including the following

components: 2ul (~0,2pg) cloned HPV DNA, 18ul polymerase buffer (final
concentration: 90 mM TRIS-HCI (pH=8,0), ImM DTT, 50 mM KCI, 7 mM
MgCl,, 1% Tween-20 (SIGMA), 1% Ficoll, 1% PVP, 250 uM each dNTP

15 (ATP, CTP, GTP, TTP)(Promega), 0,28 uM of each primers: SEQ. ID. NO: 1-
32, 0,18 uM each of molecular beacons SEQ. ID. NO:33-52, and 7,5 U
AmpliTaq Gold DNA polymerase (ROCHE) ). The reaction was carried out in
LightCycler 2.0 PCR thermal cycler, with the following parameters:
Step 1: 10 minutes at 95 °C;

20 Step 2: 5 minutes at 55 °C,;
Step 3: Cycles 1-37: 30 seconds at 95 °C, 60 seconds at 42 °C — single
detection mode, and 30 seconds at 72 °C;
The high risk HPV genotypes were detected by molecular beacons SEQ. ID.
NO:38-51. The fluorescent data were collected at 530nm.

25 The low risk HPV genotypes were detected by molecular beacons SEQ. ID.
NO:33-37. The fluorescent data were collected at 560nm.
The reaction internal control was detected by molecular beacon SEQ. ID.

NO:52. The fluorescent data was collected at 610nm.



SEQ. ID .NO : 78 >HPV54 cgcaca agcatatact atcatgcaag cagctctaga
ttattggctg ttggacatcc atattttaaa 25gtacaaaaaa ccaataataa gcaaagtatt
Cctaaagtat caggatatca atatagggtg tttagggtg SEQ.ID.N0:79 >HPV55 cgc
accaacatag tttaccatgc tagcagttct agacttcttg ctgtaggcaa cccttatttt gccatacgac
30cagcaaacaa gacacttgtg cctaaagttt caé@atttca atatagggtt tttaaggtg SEQ. ID
.NO : 80 >HPV56 cgcacta gtatatttta tcatgcaggc agttcacgat tgcttgccgt

aggaqqfeg) ﬁ%&ﬁﬁggeﬁgfﬁg%&‘%&%asﬁ@%@ﬁﬁﬂf%sa%ﬁc%% ‘}fs%a@“iﬂ‘ﬂ 42 43,
tgcatatcaa tatagggtat ttagggta SEQ.ID.NO :81>HPV57 egg acgaatgttt

attatcitgtp igbeglytisk chocidotdd caytadgyca teuatdttalictitad®asd, 66, 68) and

aaagtgacaa gﬁggggtg tctgtgccca aggtatcggg ctaccagtac cgtgtgttce atgtg 40
SEQ. ID.NO

5 Example 2
Real-time PCR detection of HPV16, HPV18 and HPV6, HPV11 HPV DNA

The total reaction-volume was 20 pl, including the following
components: 2ul (~0,2pg) cloned HPV DNA, 18ul polymerase buffer (final
10 concentration: 90 mM TRIS-HCI (pH=8,0), 10mM DTT, 50 mM KCI, 7 mM
MgCl,, 1% Tween-20 (SIGMA), 1% Ficoll, 1% PVP, 250 uM each dNTP
(ATP, CTP, GTP, TTP) (Promega), 0,28 uM of each primers: SEQ. ID. NO: 1-
32, 0,18 uM each of molecular beacons SEQ. ID. NO:33, 34, 38, 39, 52, and
7,5 U AmpliTaq Gold DNA polymerase (ROCHE) ). The reaction was carried
15 out in LightCycler 2.0 PCR thermal cycler, with the following parameters:
Step 1: 10 minutes at 95 °C;
Step 2: 5 minutes at 55 °C,;
Step 3: Cycles 1-37: 30 seconds at 95 °C, 60 seconds at 42 °C — single
detection mode, and 30 seconds at 72 °C;
20 The HPV16 and HPV18 genotypes were detected by molecular beacons SEQ.
ID. NO:38-39. The fluorescent data were collected at 530nm.
The HPV6 and HPV11 genotypes were detected by molecular beacons SEQ.
ID. NO:33-34. The fluorescent data were collected at 560nm.
The reaction internal control was detected by molecular beacon SEQ. ID.
25 NO:52. The fluorescent data was collected at 610nm.
The following genotypes were succesfully detected: low-risk (6, 11), high-risk (16,

18) and internal control.



>HPV58 C gcacaagcat ttattattat gctggcagtt ccagactttt ggctgttggc aatccatatt
tttccatcaa aagtcccaat aacaataaaa aagtattagt tcccaaggta tcaggcttac
agtatagggt ctttagggtg 52 SEQ. ID .NO : 83 >HPV59 cgtaccag tattttctac
cacgcaggca gttccagact tcttacagtt ggacatccat attttaaagt Sacctaaaggt
ggtaatggta gacaggatgt tcctaaggty tctgcétatc aatacagagt atttagggtt
SEQ.ID.N0:84 >HPV61 cgcaccaact tattttatta tggtggcagt tcccgtctgce ttactgtagg
acatcg:ﬂ@%r}gfgqtttgc 10agcttgatgg gctgcagggc aagaaaaaca ctatccccaa
ggtgtciggc tatcaatata gggtgtttag ggta SEQ.ID.N0:85 15>HPV62 cgcacca
accttthieawerygygesageteecgcc ttettactgt gggacatcea tattgtactt tacaggttgg
ccagggtaaa cgggccacca ttcctaaggt gtctgggtat cagtacaggg tgtttcgtgt

10

15

20

25

30

35

40

SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.

NO:1
NO:2
NO:3
NO:4
NO:5
NO:6
NO:7
NO:8
NO:9

KP-F/1
KP-F/2
KP-F/3
KP-F/4
KP-F/5
KP-F/6
KP-F/7
KP-F/8
KP-F/9
NO:10 KP-F/10 CGTACCAACCTGTACTATTATG

CGCACCAACATATTTTATT
CGCACAAGCATCTATTATTA
CGCACAAGCATATTTTATC
CGCACCAGTATATTTTATCA
CGCACAAGCATTTACTATCA
CGCACCAACTACTTTTACC
CGTACCAGTATTTTCTACCAC
CGCACAGGCATATATTACT
CGCACCAACATATATTATCA

NO:11 KP-F/11 GCACCAACTTATTTTACCAT
NO:12 KP-F/12 ACCAACCTCTTTTATTATGG

NO:13 KP-F/13 AGCACAAATATATATTATTATGG

NO:14 KP-F/14 CGCACCGGATATATTACT

NO:15 KP-F/15 CGCACAAATATTTATTATTATGC

NO:16 KP-F/16 CGGACGAATGTTTATTACC

Reverse primers:

SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.
SEQ. ID.

NO:17 L1C2 TACCCTAAATACTCTGTATTG
NO:18 LIR2 TACCCTAAATACCCTATATTG

NO:19 R1

NO:20 R45
NO:21 R11
NO:22 R16
NO:23 R42
NO:24 R44
NO:25 R03
NO:26 R04
NO:27 RO5
NO:28 R06
NO:29 R07
NO:30 R08
NO:31 R54
NO:32 R85

Probe sequences

SEQ.ID.NO:33 HPV6B3: GGGTCATCCTTATTTTTCCATAA
SEQ.ID.NO:34 HPV11B2: GGGACATCCATATTACTCTATCAAA

AATTCTAAAAACTCTGTACTG

TACTCTAAATACTCTGTATTG
TACCTTAAACACTCTATATTG
TATTCTAAATACCCTGTATTG
AACTCTAAATACTCTGTACTG
CATCTTAAAAACCCTATATTG
AACCCTAAACACCCTGTATTG
AACGCGAAAAACCCTATATTG
TACCCTAAAGACCCTATACTG
AACTCTAAATACCCTATACTG
AACGTGAAATACACGATATTG
CACACGGAACACCCTGTACTG
CACCCTAAACACCCTATATTG
AACCCGAAACACTCGATACTG



20SEQ.ID.N0O:86 >HPV66 cgtacca gtatatttta tcatgcaggt agctctaggt tgcttgctgt
tggccatcct tattactctg tttccaaatc tggtaccaaa acaaacatcc ctaaagttag tgcatatcag
tatagagtgt ttagggta 25 SEQ. ID .NO : 87 >HPV67 cgcacaag catttactat
tacgctggta gctccagact tttagctgta ggccatcctt acttttccat tectaatccc tccaacacta
aaaaggtgtt agtgcccaag gtgtcaggtt tgcag‘iﬁtag ggtatttagg gtt 30 SEQ. ID .NO :
88 >HPV68 cgcactggca tgtattacta tgctggtaca tctaggttat taactgtagg ccatccatat

tttaa §iqLsi99 ﬁg@%ﬁ?ﬁamﬁgw&@?@g@q*ﬂ@ﬁ@q%q{%@@mggtgt
tagogit SIS NG NPT 3383 Ve c cRFATIEER R IEFHRINAAT9
cagelgiegaaigaciiigqalsalsn slaliesaaticeipaal APClagHRRak@gcagaaatt
cctaaggiyy A A RBII AUCHE RELA R NI AT (tTAAA

SEQ.ID.NO:40 HPV31B5: CATACCTAAATCTGACAATCC
SEQ.ID.NO:41 HPV33B7: TTTTTTAGCGTTAGTAGGATTTTT
SEQ.ID.NO:42 HPV35B2: AAAACAAGATTCTAATAAAATAGCA
SEQ.ID.NO:43 HPV39B3: TTAAAGTGGGTATGAATGGTTG
10 SEQ.ID.NO:44 HPV45B3: GCTGTTCCTAAGGTATCCG
SEQ.ID.NO:45 HPVS51B2: AGCACGCGTTGAGGTTTTA
SEQ.ID.NO:46 HPV52B2: AGTTTTAGTTCCCAAGGTGTC
SEQ.ID.NO:47 HPV56B2: CTGTGACTAAGGACAATACCAAA
SEQ.ID.NO:48 HPV58B2: TTCCATCAAAAGTCCCAATAAC
15 SEQ.ID.NO:49 HPV59B2: AAAGGTGGTAATGGTAGACAGG
SEQ.ID.NO:50 HPV66B2: AATCTGGTACCAAAACAAACATC
SEQ.ID.NO:51 HPV68B2: TTAAGGTTCCTATGTCTGGGG
SEQ.ID.NO:52 HPV-ICB2: TGACATAGATCCCCATAGACAGTT
20 SEQ.ID.NO:53
>Hpv2a
cgga ctaatgtgta ttaccatggt ggcagttcta ggcttctcac tgtgggtcat ccatattact ctataaagaa
gagtaataat aaggtggctg tgcccaaggt atctgggtac caatatcgtg tatttcacgt g
25 SEQ.ID.NO:54
>HPV3
cgc accaacattt attattatgc aggcagttct cgettgetga ccgtgggtea tecttatttt getatcceca
aatcttctaa ttccaagatg gatattccta aggtgtccgc ctttcaatat agagtgttta gggtg
30 SEQ.ID.NO:55
>HPV6
cgcacca acatatttta tcatgccage agttctagac ttettgecagt gggtcatect tatttttcca
taaaacgggc taacaaaact gttgtgccaa aggtgtcagg atatcaatac agggtattta
aggtg
35
SEQ.ID.NO:56
>hpvll

40

SEQ.ID.NO:39 HPV18B8:

TATCCTGCTTATTGCCACC

cgcacc aacatatttt atcatgccag cagttctaga ctecttgetg tgggacatce atattactet
atcaaaaaag ttaacaaaac agttgtacca aaggtgtctg gatatcaata tagagtgttt aaggta



53 cgta caggcatata ttattatgct ggaagctctc gcttattaac agtagggcat ccttatttta
aggtacctgt aaatggtggc cgcaagcagg aaatacctaa ggtgtctgca tatcagtata
gggtatttag ggta SEQ.ID.N0:91 5>HPV72 cgcacca acctctatta ttatggtggc
agttctcgtc tactaactgt aggacatcct tactgtgcca tacctctcaa cggacagggc

aaaa

aaaaca ccattcctaa ggtttcgggg tatcd&taca gggtgtttag agta 10SEQ. ID .NO

: 92 >HPV73 agaaca aatatatatt attatgcagg tagcacacgt ttgttggctg tgggacaccc

atatttige

gtottt

aaag
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b?fﬁ?ﬁ@ﬂé‘%t ctcaaaaacg taaaaccata gttcctaaag tttcaggttt gcaatacagg
agastj45SEQ. ID .NO : 93 >HPV74 cgcacc aacatctitt atcatgctag

aag vel

Cagtt%%g@ 5&9&}{9&{%@9%%&3&%&&@& %%Ea%éﬁﬁé@%%%%@?&&%&&@%%@%a
getart

AR AT RY

SEQ.ID.NO:58

>HPV16

cgcacaa acatatatta tcatgcagga acatccagac tacttgcagt tggacatccc tattttccta
ttaaaaaacc taacaataac aaaatattag ttcctaaagt atcaggatta caatacaggg tatttagaat a

QigllAaggld ke

SEQ.ID.NO:59

>HPV18

C ccacaagcat attttatcat gctggcagct ctagattatt aactgttggt aatccatatt ttagggttcc
tgcaggtggt ggcaataage aggatattcc taaggtttct gcataccaat atagagtatt tagggtge

SEQ.ID.NO:60

>HPV26

cgcacc ggcatatatt attatgcggg cagcetctegt ttattaacat taggacatcc atatttttce
atacctaaaa ctggccaaaa ggccgaaatt cctaaggtat ctgectatca gtacagggta tttagagtg

SEQ.ID.NO:61

>HPV27

cggacgaatg tctattacca tggtggcagt tctaggetee tcactgtcgg ccacccatat tattctataa
agaagggtag caataatagg ttggcagtgc ctaaggtgtc cggctaccaa taccgtgtat ttcacgtt

SEQ.ID.NO:62

>HPV28

cgca ccaatattta ttattatgca ggcacttctc ggttgctgac cgtgggtcat ccttattttc ccattcctaa
atcatccact aacaaagcag atgtgcccaa agtgtccgec tttcagtata gggtattccg ggtg

SEQ.ID.NO:63

>HPV29

C gcacaaatat ttattattat gcaggcagtt ctcgectgcet cactgtgggt catccacatt attcaattce
caaatcctct ggtaataagg tagatgtgcc taaggtgtct gecatttcagt acagggtttt ccgtgtg

SEQ.ID.NO:64

>HPV30

cg caccaatata ttttatcatg caggcagctc acgtttgctt gctgttggac atccatatta ttctatttct
aaggctggta attccaaaac agatgttccc aaggtgtetg catttcagta tagggtcttt agggtc

SEQ.ID.NO:65
>HPV31
cg aaccaacata tattatcacg caggcagtgc taggctgctt acagtaggcec atccatatta



cgcacc aacctttttt attatggggg cagttcccgc cttcttactg tagggcatcc atattgtaca
ttaactattg gtacccaagg aaagcgttcc actattccca aggtgtctgg gtatcagtac cgggtgtttc
gtgtg 25SEQ.ID.N0:95 >HPV82 cgc accggcatat attattatgc aggcagttcc
agacttatta ccttaggaca tccatatttt tcaataccca aaaccaatac acgtgctgaa
atacctaagg tatctgcctt tcagtatagg gtgttta@@g ta 30SEQ.ID.N0:96 >HPV83 cg
caccaacctc ttttattacg gtggcagctc cagacttctt accgtaggac atccatatta tcctgtacag

gttaatgol: RY 8@&@%@&&8&%&%@&?& tgcﬁ%%%%%‘?‘éé%%@&ﬂ%& att

35SEQIND:97 >

V84 cgcaccaac ttattttatt atg tagttctcgcectg cttactgtgg

gacatccafta ttattctgtt cctgtgtcta cccctgggca aaacaacaaa aaggccacta
tccccagggysigogiat caatacaggg tgtttagggt ¢ 40 SEQ.ID.N0:98 >HPV85 54
scgta c tacatt ttatcatgct ggcagctcta ggcttctaac cgttggacat ccatactata

aaguaGelc AANIOUANYRCARRR5EPR AT AR AN Gk RGP AR fatta

gagtgggé:tgoq ttaacgctaaa aaattattgg tacccaaagt atcaggcttg caatataggg tttttagggt ¢

10

15

20

25

30

35

40

SEQ.ID.NO:67

>HPV34

cg cacaaatata tattattatg caggtagtac acgcttgctg gcagtaggac atccctatta tcctataaag
gatactaatg ggaaacgtaa gattgctgta cctaaagttt caggtttgca atacagggta tttagaata

SEQ.ID.NO:68

>HPV35

cgcacaaaca tctactatca tgcaggcagt tctaggctat tagetgtggg tcacccatac tatgctatta
aaaaacaaga ttctaataaa atagcagtac ccaaggtatc tggtttgcaa tacagagtat ttagagt

SEQ.ID.NO:69

>HPV39

C gcacaggcat atattattat gctggcagct ctagattatt aacagtagga catccatatt ttaaagtggg
tatgaatggt ggtcgcaage aggacattcc aaaggtgtct gcatatcaat atagggtatt tcgegtg

SEQ.ID.NO:70

>HPV40

cgcaccag tttatattat catgctggta gtgccaggtt actgactata ggacatccat actttgagtt
aaaaaaaccc aatggtgaca tttcagtgcc taaggtttct ggacatcaat acagggtatt tagggta

SEQ.ID.NO:71

>HPV42

cgcacca actactttta ccatgccage agttctagge tattggttgt tggtcaccct tattactcta
ttacaaaaag gccaaataag acatctatcc ccaaagtgtc tggtttacag tacagagtat ttagagtt

SEQ.ID.NO:72

>HPV43

cgcaccaact tattttatta tgctggcagt tcacgtttge ttgcagtggg tcacccatat ttceccectta
aaaattcctc tggtaaaata actgtaccta aggtttctgg ttatcaatac agagtattta gagtt

SEQ.ID.NO:73

>HPV44

cgc accaacatat attaccatgc tagcagttct agacttcttg ctgtgggcaa cccttatttt gccatacgac
cagcaaacaa gacacttgtg cctaaggttt cgggatttca atatagggtt tttaagatg

SEQ.ID.NO:74



SEQ.ID.N0:99 5>HPV86 cgtaccaac ctattttatt atggtggtag ttcccgcttg cttactgtgg
gccatccata ttatcctgtt actgtttcct ccagccctgg acaaaacaac aaaaaggcca
atattcccaa ggtttcgggg tatcaataca gggffittag ggtg 10 SEQ.ID.N0:100 >HPV87
cgcaccaac ttattttatt atggtggcag ttctcgcctg cttactgtgg gtcaccctta ctatccagtt
actgttacca cccctggtca gaacaagaaa tccaatattc caaaggtgte tggcetatcag
tacagggtgt 15ttcgggtg SEQ.ID.N0:101 >HPV89 cgtaccaac ctgtactatt
atggagge]g stccecgectt attacagttg gecaccctta ttatactgta 20caggtcaatg

g9 e @%&gﬁﬁaﬁe @é% st qgagtfga&gg 2 aggLaiag
o gatcct%%l:g)[g 20 eortiaasRaRtitteda Rl Srosralipagebiona

SEQ.ID.NO:75
>HPVS51
cgc accggcatat attactatgc aggcagttcc agactaataa cattaggaca tccctatttt ccaataccta
aaacctcaac gcgtgcetgct attcctaaag tatctgceatt tcaatacagg gtatttaggg ta
10
SEQ.ID.NO:76
>HPV52
C gcacaagcat ctattattat gcaggcagtt ctcgattact aacagtagga catccctatt tttctattaa
aaacaccagt agtggtaatg gtaaaaaagt tttagttccc aaggtgtctg gectgcaata cagggtattt
15 agaatt

SEQ.ID.NO:77

>HPVS53

cgcaccact atattttatc atgctggaag ctctcgettg cttaccgtgg gacatcctta ttaccccatt
20 tctaaatctg gtaaagcaga catccctaag gtgtctgeat ttcagtatag ggtgtttaga gta

SEQ.ID.NO:78
>HPV54
cgcaca agcatatact atcatgcaag cagctctaga ttattggctg ttggacatcc atattttaaa
25 gtacaaaaaa ccaataataa gcaaagtatt cctaaagtat caggatatca atatagggtg tttagggte

SEQ.ID.NO:79

>HPVS55

cgc accaacatag tttaccatgc tagcagttct agacttcttg ctgtaggcaa cccttatttt gccatacgac
30 cagcaaacaa gacacttgtg cctaaagttt caggatttca atatagggtt tttaaggtg

SEQ.ID.NO:80
>HPV56
cgcacta gtatatttta tcatgcaggce agttcacgat tgcttgeegt aggacatccc tattactctg
35 tgactaagga caataccaaa acaaacattc ccaaagttag tgcatatcaa tatagggtat ttagggta

SEQ.ID.NO:81>HPV57
cgg acgaatgttt attatcatgg tgggagctct cggetectca cagtaggeca tccatattat tctataaaaa
aaagtggcaa taataaggtg tctgtgecca aggtatcggg ctaccagtac cgtgtgttee atgtg
40
SEQ.ID.NO:82
>HPV58
C gcacaagcat ttattattat gctggceagtt ccagactttt ggetgttgge aatccatatt tttccatcaa
aagtcccaat aacaataaaa aagtattagt tcccaaggta tcaggcttac agtatagggt ctttagggtg



aagcaatcag gaaaaaaccc tatagtggtt cccaaggtgt ctggatatca atatagggtg
tttagggta SEQ.ID.N0:103 >HPV91 30cgcacc aacttatttt accatgctgg cagttcccgt
ttactggctg tgggccaccec tttttttcct ataaaaaata attctggtaa agtaattgtt cctaaagttt
caggtcacca atatagggtg tttagagtt SEQ. ID .NO : 104 HPV-IC 35
CGGACGAATGTTTATTACCAGATAGARTAGAGATAGATACCCATATA
CAGATAATGACATAGATCCCCATAGACAGTTTATACAGATCAGTAG
CAGTTTTTATATATGAGATGATGATAGCAATACAGAGTATTTAGGGT A 40

SEQR
SEQ

b

TGCTAATG SEQ ID NO 111 HPV56B3.
TCCCAA SEQ.ID.N0:112 HPV59B3:

ATA
TAT

CCA

mvnsyz AAAACAGTTGTACCAAAGGTGTCTG
106 HPV42B1.: CAAAAAGGCCAAATAAGACA SEQ.ID.NO:107

é;i%% A@&I‘FT t %TAC T@%@% 53@%&)%'\{0 383 "F'g (R tagtttge

ccc&%" ERERE ?%?ﬁ&é%gé%‘???& éﬁt&c Baﬁ%gﬁ'ﬁt %té%atata geglgtitag

ATAR

ARCGGGCTAACAAAA SEQ.ID.NO:116 HPV26B1:

TACCTAAAACTGGCCAAAAG SEQ.ID.N0O:117 HPV35B4:

ATTCS%W'I;AG CAGTACCCAAG
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>HPV62
cgcacca acctttttta ttatggggoc agetcccgec ttettactgt gggacatcca tattgtactt
tacaggttgg ccagggtaaa cgggccacca ttcctaaggt gtctgggtat cagtacaggg tgtttcgtgt

g

SEQ.ID.NO:86

>HPV66

cgtacca gtatatttta tcatgcaggt agctctaggt tgcttgetgt tggecatect tattactetg tttccaaate
tggtaccaaa acaaacatcc ctaaagttag tgcatatcag tatagagtgt ttagggta

SEQ.ID.NO:87

>HPV67

cgcacaag catttactat tacgctggta gctccagact tttagetgta ggccatcctt acttttccat
tcctaatcce tccaacacta aaaaggtgtt agtgcccaag gtgtcaggtt tgcagtatag ggtatttagg gtt

SEQ.ID.NO:88

>HPV68

cgcactggca tgtattacta tgctggtaca tctaggttat taactgtagg ccatccatat tttaaggttc
ctatgtctgg gggccgecaag cagggcattc ctaaggtgte tgcatatcaa tacagagtgt ttagggtt

SEQ.ID.NO:89

>HPV69

cgcac cggatatatt actatgcagg cagctctcga ttattaactt tgggtcatce ctattttcca attcctaaat
ctggttcaac agcagaaatt cctaaagtgt ctgcttacca atatagggtt tttcgtgtt

SEQ.ID.NO:90
>HPV70



15

56 CLAIMS 1. A method of detecting the presence of at least one pathogen
comprising contacting a nucleic acid obtained from a sample with a set
comprising at least 5 four probes wherein each of said probes comprises a
sequence complementary to a sequence from a pathogen flanked by four
pairs of complementary bases, whereinSaid bases form a stem structure in
the absence of hybridization to a nucleic acid from pathogen, wherein said

EL?PGC 429 g%tgtmﬁﬁténf ;%59 Uf&@e'@@@é@%@ 4 é@é&ﬂ%@{é&%g %l%%ktgt
causes ge |Er:cg(tl ignal detectegt B%%e{%t]et agéégﬂll claim 1

wher% qig ﬂlréténteractlng label and said second interacting label are a
FRET nd FRET acceptor. 15 3. The method as claimed in claim 2

\(/)vr:lsr rgga gcﬁdc&g%ﬂfg}%;%} e Jé%ct‘a‘aéi %egga?@é%?g "L%g L%mtrtzcgey

?@)9

from a ge oge cte {6 Said palrf entary

either 8nd by Ilnklng sequences 5. The method as claimed in any one of
10claimg ?ﬂ WB%S"‘ said pairs of complementary bases comprise C-G

paII‘S> V73
agaaca aatatatatt attatgcagg tagcacacgt ttgttggetg tgggacaccc atattttcct
atcaaggatt ctcaaaaacg taaaaccata gttcctaaag tttcaggttt gcaatacagg gtgtttaggce tt

SEQ.ID.NO:93

>HPV74

cgcacc aacatctttt atcatgctag cagttctaga ctacttgetg taggaaatcce ctatttcect
ataaaacagg ttaacaaaac agttgttcct aaagtgtctg gatatcaatt tagggtgttt aaggtg

20 SEQ.ID.NO:94

>HPVS81

cgcacc aacctttttt attatggggg cagttcccge cttettactg tagggcatcc atattgtaca ttaactattg
gtacccaagg aaagcgttcc actattccca aggtgtetgg gtatcagtac cgggtgtttc gtgtg

25 SEQ.ID.NO:95

>HPV382

cgc accggcatat attattatge aggcagttcc agacttatta ccttaggaca tccatatttt tcaataccca
aaaccaatac acgtgctgaa atacctaagg tatctgcctt tcagtatagg gtgtttaggg ta

30 SEQ.ID.NO:96
>HPVE&3

cg caccaacctc ttttattacg gtggcagctc cagacttctt accgtaggac atccatatta tcctgtacag
gttaatggtc aaggaaaaaa agccactatc cccaaggttt ctggctacca atatagggtg tttcgeatt

35 SEQ.ID.NO:97

>HPV84

cgcaccaac ttattttatt atggtggtag ttctcgectg cttactgtgg gacatccata ttattctgtt
cctgtgtcta cccctgggea aaacaacaaa aaggcecacta tccccaaggt ttctgggtat caatacaggg

tgtttagget ¢

40

SEQ.ID.NO:98
>HPVS85



6. The method as claimed in claim 5 wherein said probe comprises the
sequence 3' - CGCG-F- sequence unique to pathogen -F' - CGCG -5'

wherein F and F' are optional linking sequences. 57 7.The method as

claimed in any one of claims 1 to 6 wherein the sequence unique to the
pathogen within the probe contains at I@4st one mismatch with the genom ¢
sequence of the pathogen. 5 8. The method as claimed in any one of claims

1to 7C§{Q%r&ﬂ gﬁﬁmﬁfﬁé@tpgg%%?&% @éﬁ%ﬁgggﬂp&a@?&!}té’ﬁ%ﬁaecw

other f
Wherg?ir? @% éz)c?zngi%a%%gr bes is attac (z!a o) ic? %3(5 o%'?égti{ggd%#r?ed

5

15

20

25

30

35
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locati EQlﬁD};ng@@ethod as claimed in any one of claims 1 to 9 wherein said

comprises at least 10, at least 15 or at least 20 probes.

1511.The method as claimed in any one of claims 1 to 10 wherein said

885‘% rc(fgtrt::tlféﬂseﬁgéq ‘%e;![%‘){r{ﬁ]@e%&r’gg;g}%% a%gb%ﬁ{é‘ég{ft%}éﬁ%g‘)“b'e

?c et LEa36 ctr(f?%ac aake)lcaac %afla I‘%gcca a Qg%éi%ca%%% tatcfﬁatgca
comp erﬁ[gtﬁtaar)%%‘| cleicacid obtained from-said sample. . method as
claimedhin a

a sanéyﬁla iﬁDa%I_i{i&g prior to being contacted with said set of probes.

% of claims 1 to 11 wherein said nucleic acid obtained from

>HPV87
cgcaccaac ttattttatt atggtggceag ttctcgectg cttactgtgg gtcaccctta ctatccagtt
actgttacca cccctggtca gaacaagaaa tccaatattc caaaggtgtc tggctatcag tacagggtgt

ttcgggtg

SEQ.ID.NO:101

>HPV&9

cgtaccaac ctgtactatt atggaggcag ctccecgcectt attacagttg gccaccctta ttatactgta
caggtcaatg gtgctaacaa aaaggccaac atacctaagg tatcagggta tcaatacagg gtatttaggg
ta

SEQ.ID.NO:102

>HPV90

agaacaaacata tattattatg caggcagttc ccgactgtta actgttggcc atccttattt tgctatcaaa
aagcaatcag gaaaaaaccc tatagtggtt cccaaggtgt ctggatatca atatagggtg tttagggta

SEQ.ID.NO:103

>HPVO1

cgcacc aacttatttt accatgetgg cagttcecgt ttactggetg tgggccaccc tttttttcct ataaaaaata
attctggtaa agtaattgtt cctaaagttt caggtcacca atatagggtg tttagagtt

SEQ.ID.NO:104
HPV-IC
CGGACGAATGTTTATTACCAGATAGATAGAGATAGATACCCATATA
CAGATAATGACATAGATCCCCATAGACAGTTTATACAGATCAGTAG
CAGTTTTTATATATGAGATGATGATAGCAATACAGAGTATTTAGGGT
A

SEQ.ID.NO:105 HPV11B3/2: AAAACAGTTGTACCAAAGGTGTCTG
SEQ.ID.NO:106 HPV42B1: CAAAAAGGCCAAATAAGACA
SEQ.ID.NO:107 HPV43B6: CCCCCTTAAAAATTCCTCT
SEQ.ID.NO:108 HPV44/55B1 ATACGACCAGCAAACAAGAC



13. The method as claimed in claim 12 wherein said amplification is carried
out 25utilizing the polymerase chain reaction (PCR). 58 15.The method as
claimed in any one of claims 12 to 15 wherein said amplified nucleic acid is
contacted with said set of probes after one cycle of amplification. 516.The
method as claimed in any one of claims®®2 to 15 wherein said amplified
nucleic acid is contacted with said set of probes after each amplification

Syciesd HRMERT IR ARG ABITEEARGE wherein said

10a riigA /Ry t r ARkes. 18. The
metn\ggafs}?}B q@dse}% o R%g&gi%@@&fﬁ‘% é | method further
COMPEISES @%ﬁffglgﬂ, ;e} L@s claimed in
5Ny 0ge 121 f»‘r%A m A é AL eic acid
'S preyeryg gﬂ% f 2445 A% Hgie é&

ampli £3ie i HUgIgIc agl Yepie eg XR?J orming the
ampli '?BW hﬁ g‘g £ $ |med in claim
20 fu a e
prior to & '%qrﬁejatlon iéne ho %5 clalmed in any one o wr%saf to

21 wherein said sample
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is selected from bronchial aspirates, urine, prostata massate, ejaculatum,
blood and cervical, vulvar, anal, genital, skin or laryngeal cytological samples,
scrapings or biopsies. 59 23. The method as claimed in any one of claims 1
to 22 for detecting an organism associated with a sexually transmitted

disease. 24. The method as claimed in®8ny one of claims 1 to 23 for

detecting the 5presence of at least one HPV genotype 25. The method as
claimed in claim 24 for detecting high gigk\ K jew risk HPV genotypes.
1026.The method as claimed in claim 24 or claim 25 wherein said set of
probes comprises at least one probe comprising at least one of the

sequences sgl ﬁir % E % 5 | r% - o
27. The met o%%%%: a?rf:l% %?lél ytj%%éro %gg?rrﬁ %{4%5%8% é%%? %Zi prisimg
15nuclBitaaiit abtaier fromh chtidsahipionis sanplifies tnitisieigcatipasingnas least

primer selected fr Ngs..k to 32. . The method laimed in
Gl 0 ot e tAch O St ol cSyTIE MRS SO thary
a prirher reeqiunecedinoprisipgtBegpiDlMbésd bR GtoiB paiBSo Acsstpdé proley bases,

Compvrv'ﬁ%r‘r%iﬁts'aelﬁ%é{%’é” Probes whergin a&“iﬁftﬁ%'db%%%%gso%?}"@” Zation to a
sequence comp emen%aryr{rcl) a sequence from a patahogen fIANKS byzf%ur

pairs widemplenieffitany Ipadesgenhesdiersaidsbaksgsdbemia dtdbric@Svwetthucturbrst
in the. absence qf hybridization to a.nucleic acid,from pathogen, wherein said .
o AR I AR TR AR e SR e G e
such platbdybrigiaing it saidd pfiobe taid pacheigeacichfivem saibapathageahe signal
caus%%t%&ggnge in the signal detected.

2. The method as claimed in claim 1 wherein said first interacting label and

said second interacting label are a FRET donor and FRET acceptor.

3. The method as claimed in claim 2 wherein said FRET acceptor is a
quencher.
4. The method as claimed in any one of claims 1 to 3 wherein said

sequence complementary to a sequence from a pathogen is connected to said

pair(s) of complementary bases at either end by linking sequences

5. The method as claimed in any one of claims 1 to 4 wherein said pairs of

complementary bases comprise C-G pairs. .

6. The method as claimed in claim 5 wherein said probe comprises the
sequence
3’ — CGCG-F- sequence unique to pathogen -F’ - CGCG -5’

wherein F and F’ are optional linking sequences.



60 30. The set of probes as claimed in claim 29 wherein said first interacting
label and said second interacting label are a FRET donor and FRET

acceptor. 31. The set of probes as claimed in claim 30 wherein said FRET
acceptor is 5a quencher. 32. The set of probes as claimed in any one of
claims 29 to 31 wherein said sequence 2bmplementary to a sequence from a
pathogen is connected to said pair(s) of complementary bases at either end

by linking sequences. 10 33. The set of probes as claimed in any one of
claims 29 to 32 wherein said pairs of complementary bases comprise C-G
pairs7.  3EhThededofsprobasdmcainead if claims3Btwherdireiadheofospience
probes.: ' .- o ' ]
patha D g N e g o T O MG AR e
35. Thenomtiofspepbascas thaipathioigeany one of claims 29 to 34 wherein the

5ZOSequence unique to the pathogen within the probe contains at least one
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mismatch with the genomic sequence of the pathogen. 36. The set of probes
as cldmddénmethahesof laianes @29ainy Inwié rdmiresdhtof saitiprobesdarbsid
distin uoigged fr%ren szatch 0 her sa bes..25 37. The set of probes

f the |£
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attached to a solid support at a defined location.
9. The method as claimed in any one of claims 1 to 8 wherein each of said

probes is attached to a solid support at a defined location

10.  The method as claimed in any one of claims 1 to 9 wherein said set of

probes comprises at least 10, at least 15 or at least 20 probes.

11.  The method as claimed in any one of claims 1 to 10 wherein said
method further comprises determining the melting temperature of the double
stranded nucleic acid molecule formed by one of said probes and

complementary nucleic acid obtained from said sample.

12.  The method as claimed in any one of claims 1 to 11 wherein said nucleic
acid obtained from a sample is amplified prior to being contacted with said set

of probes.

13. The method as claimed in claim 12 wherein said amplification is carried out

utilizing the polymerase chain reaction (PCR).

14.  The method of claim 12 or claim 13 wherein the production of amplified

nucleic acid is monitored continuously.
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61 38. The set of probes as claimed in any one of claims 29 to 37 wherein
said pathogen an organism associated with a sexually transmitted disease.
39. The set of probes as claimed in claim 38 where n sa d organism is a
virus. 5 40. The set of probes as claimed in claim 39 wherein said virus is
human pappillomavirus. 41. The set of $ftobes as claimed in claim 40
wherein each of said probes 10comprises a sequence which is

compjemenigy @ aNHRY JRANPSn 44y TR It AhLRIRDES 85 ?B’J"Wﬁ&éﬂl said

claim 41 wherein said each of said probes comprises a sequence which is
compleméfitshntslainighidisk simiagedowesdid «8 of adwsotfrobes agcle of
clalmgﬁj'}%ﬁ@tlr% 41 wherein said each of said probes comprises a sequence
which is’complementary to a low risk HPV genotype. 2044.The set of probes
as claimed in any one of clalms 40 to 43 wherein said set of probes

scompyises b r| |n at least-0 ft nc .
select{egd frﬁr]ﬁ%ég% 58 2l or (Snl?)?ifl a%f%% r]1%3%4 nggsrg%nofs aid
probesnpldlain Iam:hmermrdem:mpméumdf seithsetidf prvbes 3Bobesprifes @ach

sequgpﬁ:pql%ﬁ%g% frC m SEQ ID Nos. 33 to 52 or SEQ ID Nos 105- 117.

17.  The method as claimed in any one of claims 12 to 16 wherein said

10 amplification is carried out in the presence of said set of probes.

18.  The method as claimed in any one of claims 12 to 17 wherein said

method further comprises amplification of an internal control.

19  The method as claimed in any one of claims 12 to 18 wherein

amplification of contaminant nucleic acid is prevented.

20. The method as claimed in claim 19 wherein said amplification of
contaminant nucleic acid is prevented by performing the amplification in the

20 presence of uracil.

21.  The method as claimed in claim 20 further comprising treating said

nucleic acid with uracil-DNA glycosylase prior to amplification.

22.  The method as claimed in any one of claims 1 to 21 wherein said sample
is selected from bronchial aspirates, urine, prostata massate, ejaculatum, blood
and cervical, vulvar, anal, genital, skin or laryngeal cytological samples,

scrapings or biopsies.



62 47. A kit for detecting one or more pathogens comprising a set of probes
as claimed in any one of claims 29 to 46. 48. A kit as claimed in claim 47
wherein said pathogen is an organism 5associated with a sexually
transmitted disease. 49. A kit for detecting one or more HPV genotypes
comprising a set of probes as claimed if%ny one of claims 29 to 46.
1050.The kit as claimed in any one of claims 47 to 49 further comprising an

interngy CoRUrgh Ao HNgsMERLCLEIAP bie AdAHAMAIY CRMPAISHO IPR&IRR an
of heating to about 55c¢ for about 5 miriutes prior to amplification. 15
organism associated with a sexually transmitted disease.

24.  The method as claimed in any one of claims 1 to 23 for detecting the

5 presence of at least one HPV genotype

25.  The method as claimed in claim 24 for detecting high risk or low risk

HPYV genotypes.

10 26.  The method as claimed in claim 24 or claim 25 wherein said set of
probes comprises at least one probe comprising at least one of the sequences

selected from SEQ ID Nos. 33 to 52 or SEQ ID Nos. 105-117.

27.  The method as claimed in any one of claims 24 to 26 wherein said
15 nucleic acid obtained from said sample is amplified utilising at least one primer

selected from Seq ID. Nos. 1 to 32.

28.  The method as claimed in claim 27 wherein nucleic acid obtained from
said sample is amplified utilising a primer mixture comprising Seq ID. Nos. 1

20 to 32.

29. A set of probes comprising at least four probes wherein each of said
probes comprises a sequence complementary to a sequence from a pathogen
flanked by four pairs of complementary bases, wherein said bases form a stem
25 structure in the absence of hybridization to a nucleic acid from pathogen,
wherein said probe is labeled with a first interacting label and a second
interacting label such that hybridizing of said probe to a nucleic acid from said

pathogen causes a change in the signal detected.
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30.  The set of probes as claimed in claim 29 wherein said first interacting

label and said second interacting label are a FRET donor and FRET acceptor.

31.  The set of probes as claimed in claim 30 wherein said FRET acceptor is

a quencher.

32.  The set of probes as claimed in any one of claims 29 to 31 wherein said
sequence complementary to a sequence from a pathogen is connected to said

pair(s) of complementary bases at either end by linking sequences.

33.  The set of probes as claimed in any one of claims 29 to 32 wherein said

pairs of complementary bases comprise C-G pairs.

34. The set of probes as claimed in claim 33 wherein each of said probes
comprises the sequence
3’ — CGCG-F- sequence unique to pathogen -F’ - CGCG -5’

wherein F and F’ are optional linking sequences.

35. The set of probes as claimed in any one of claims 29 to 34 wherein the
sequence unique to the pathogen within the probe contains at least one

mismatch with the genomic sequence of the pathogen.

36.  The set of probes as claimed in any one of claims 29 to 35 wherein each

of said probes can be distinguished from each of the other said probes.

37.  The set of probes as claimed in any one of claims 29 to 36 wherein each

of said probes is attached to a solid support at a defined location.
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38. The set of probes as claimed in any one of claims 29 to 37 wherein said

pathogen an organism associated with a sexually transmitted disease.

39. The set of probes as claimed in claim 38 wherein said organism is a virus.

40. The set of probes as claimed in claim 39 wherein said virus is human

pappillomavirus.

41.  The set of probes as claimed in claim 40 wherein each of said probes

comprises a sequence which is complementary to an HPV genotype.

42.  The set of probes as claimed in claim 41 wherein said each of said
probes comprises a sequence which is complementary to a high risk HPV

genotype.

43.  The set of probes as claimed in claim 41 wherein said each of said

probes comprises a sequence which is complementary to a low risk HPV

genotype.

44.  The set of probes as claimed in any one of claims 40 to 43 wherein said

set of probes comprises at least one probe comprising at least one of the

sequences selected from SEQ ID Nos. 33 to 52 or SEQ ID Nos. 105-117.

45.  The set of probes of claim 44 wherein each probe of said set of probes
comprises a sequence selected from SEQ ID Nos. 33 to 52 or SEQ ID Nos 105-
117.

46.  The set of probes of claim 44 or claim 45 wherein each probe of said set

of probes comprises a sequence selected from SEQ ID Nos. 33 to 52.
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47. A kit for detecting one or more pathogens comprising a set of probes as

claimed in any one of claims 29 to 46.

48. A kit as claimed in claim 47 wherein said pathogen is an organism

associated with a sexually transmitted disease.

49. A kit for detecting one or more HPV genotypes comprising a set of

probes as claimed in any one of claims 29 to 46.

50.  The kit as claimed in any one of claims 47 to 49 further comprising an

internal control.

51. The method of claim 13, additionally comprising the step of heating to

about 55°c for about 5 minutes prior to amplification.



