WO 2004/ 092412 PCT/ EP2004/ 003356 21640 WO KN Conpositions and Met hods for
Detecting Certain Flaviviruses, Including Menbers of the Japanese
Encephalitis Virus Serogroup BACKGROUND OF THE I NVENTION 5 The famly

Fl aviviri dae and genus Fl avivirus enconpasses a nunber of viruses that are
potentially |ethal human pat hogens. Such viruses include Dengue virus,
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closely related viruses, such as 10 Japanese encephalitis virus (JEV), West
Nile virus (WNV), St. Louis encephalitis virus, Mirray Valley encephalitis
virus, and Kunj2isdowWOUN Kunjin virus is often referred to as a variant of
W\V because of the degree of sequence conservation between these two
viruses. Characterized WNV strains have been divided into two groups,
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virus. Transm ssi e Japanese encephalitis virus serogroup
ot her than WV via bl ood products remai ns undocunent ed. However,
In 1999, the first case of human WNV infection in the U.S. was reported. Since then,

annual epidemics have occurred. In August 2002, transmission of WNV via routes

other than mosquito bites was confirmed when four organ recipients were infected by a

single organ donor. The virus has since been found to be transmissible by transfusion of
20  blood products (21 confirmed cases) and by breast milk.

Detection of active WNV infection is difficult, as symptoms are non-specific and virus-
specific antibodies can usually be detected only after the viremic phase. Furthermore,
WNV-specific IgM can persist for more than a year, making it difficult to differentiate
between active infection and past exposure. More sensitive detection methods, such as
25 direct detection of viral nucleic acids, are needed. Detection of viral nucleic acids
presents a more sensitive method for the early detection of infection by WNV and other

flaviviruses than serological methods currently in use.

Other flaviviruses, including members of the Japanese encephalitis virus serogroup, are
also human pathogens. These pathogens include Japanese encephalitis serogroup

30 . members such as Japanese encephalitis virus, St. Louis encephalitis virus (SLEV), and
Murray Valley encephalitis virus, and other flaviviruses such as Dengue virus, Yellow
Fever virus, and Modoc virus. Transmission of members of the Japanese encephalitis

virus serogroup other than WNV via blood products remains undocumented. However,
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possi ble, and increasingly likely to occur as these viruses becone nore

wi despread. Therefore, new, sensitive, and specific assays that are capable
of detecting these flaviviruses that are human pat hogens are highly
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invention can be used to detect flaviviruses outside the Japanese encephalitis virus

serogroup, including, for example, Dengue virus, Montana myotis leukoencephalitis

virus, Modoc virus, and Yellow Fever virus. The oligonucleotides of the invention can

20  beused as primers and probes to detect these flaviviruses according to the methods

described herein.

In certain aspects, the invention provides a method for detecting a nucleic acid of several
members of the Japanese encephalitis virus serogroup. In the method, a detectably-
labeled oligonucleotide of the invention, described in detail below, is used as a probe to
25  detect a nucleic acid of several members of the Japanese encephalitis virus serogroup.
The probe hybridizes to a nucleic acid of SEQ ID NO.: 16 or the complement thereof,
which is a sequence of a conserved region in the 3’ untranslated region of flaviviral
nucleic acids that can be detected according to the present invention. In certain
embodiments of the invention, a template-dependent nucleic acid polymerase with 5'-3'
30  exonuclease activity fragments the probe, wherein fragmentation of the detectably-
labeled probe indicates the presence of the nucleic acid of a member of the Japanese

encephalitis serogroup.



In certain enbodi nents, the nethods conprise anplifying the nucleic acid of
a nenber of the Japanese encephalitis virus serogroup in the presence of a
det ect abl y-1 abel ed nucleic acid probe, wherein the detectably-Iabel ed

nucl eic acid probe conprises at |east 20 consecutive nucleotides of SEQ ID
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SEQ ID NO.: 18, or the conmplenent thereof. SEQID NO : 18 is an

ol i gonucl eoti deiczetn@®or t hat hybridizes to a conserved region of currently
known flaviviral nucleic acids that can be 10 detected according to the

pr eise][lt I nvteﬂt K@&rtalh@mgsal}nlent@tﬂmﬁ t}m‘@aﬁh nyAthéEﬂICRQQSid oﬁ@rﬂf&ﬁl{»e‘ie
anplifyin e ei c aci S itis virus
sglr) ogr gupgl nt ﬁgtgf)*’aggtfffceéce@ﬁ‘ﬁ Hgisé%?gé%qpy}n fhélgéefeélég %E?Ftéft% lﬁgﬁée%pr obe,
wherein the detddeaid probeatlkdreu the defbuablydahplerl sedeiSElG HrobeNompriggat last t he

conpl enent t he&@éﬁnsecutﬁléguaauugofsﬁ&n RO215BEGE Eanqp1aﬁ&1@&ea9p h§btheaci d
sequence that can to detect |.avi vi ruses ordin the present

e use
i nvention. Pn E‘QP?‘Q?‘FPtEﬁIi‘fd’&ﬁﬂFPéﬁfQé"Pnfer@ iiseheopiisicrd Q amefehe B{LQ%I e noiety.
The det ect abl e Japaidsednygephalitisbrusaerpgrded @ chiegiésencaof aatetectdbiplabeledd one of skill in

the art wt hourohg%ohml%o%tdé %erem'l:;f?er de lagelecitﬁgorﬂﬁlte%@%grw%ﬁ 19§30 be a

fl uorescent noie orescent npiety can be
sel ected from tlﬁ@réﬁéerﬂPlé@%ﬂ?fqoﬁggEQle?@ F 18 ign olgasmAleqtidapeayengs Bat
pol yhal of | uor emﬁldﬁkes‘tamcbgseﬁmglomaxae&ﬂﬂsamwmﬂmmeudna& A1tk tht cadpes,

f | e-f ¢ ]
]? g-lrjnrr:a;’ | gy e 2{61 t )félletg.ézé I'n dsacc%raﬁgﬁ% Serﬁnﬁ‘)e}{uog)y Fn s’tﬂl ?Mu%‘ %&m%mcs, t%f]g%%t%ds q oxazine

| ant hani de- f anicpsprisg peglifyiag ale Be}_iylw(dwf 3 mawb«rryf @ry@@anepemnaepbvl@ﬁ girgsed
embodi ment , th@erf)érﬂlg:l’1ﬁ$l€eq:l’1\§se1{59bﬁtdétett%ly-ﬁb&@ifrﬁ@l%ﬂﬁ&l&l?ﬂ’oﬁéiWﬁhl@m tkb In certain

erbodi ment s, ¢ e REGDE, SOSERAMRIENGS. TRk orlliEQUARERET 101 ey can

be any quencher limtation.
In certain enﬁﬁﬁlIm 28 lqmecaﬁf@n@neuclm@ts‘;que@m ﬂbécagé?lee@siéudercq%m t he group

consi sting of ﬂﬁh{dg{s&ae&tﬂng@melpﬁsdﬂQﬁentllaﬂ| yhal of | uorescein-fam |y dyes,
hexachl or of | uorescein-famly dyes, coumarin-famly dyes, rhodam ne-famly

dyes, cyanine-famly dyes, oxazi ne 30 famly dyes t hi azi ne- fam |y dyes,
squar ai ne-fam | chel at e nt hani, de Y(r) famly
dyes, and non-#%(%ﬁ%@segg’ﬂfhmﬁﬁté’ eH?é BT RES eteftﬁ %E’P{e ﬁheg lenents, the
non- f | uor escenmquﬁmlbeanmteetable@ommknm tBleaFdfskihim thcyardyelmut lmmionBI ack’ , or

Dabcyl . In a prggf &Eﬂhgl ﬁ@&@&ﬁﬂi@%letytcbﬁb%efetb%ﬁuﬂa&&t Yh deftaifey>' TM VO
2004/ 092412 PCT/ EP% 4/ 003

ments, the tﬁlorescent moiety can be selected from the group consisting of

20  fluorescein-family dyes, polyhalofluorescein-family dyes, hexachlorofluorescein-family
dyes, coumarin-family dyes, rhodamine-family dyes, cyanine-family ayes, oxazine-
family dyes, thiazine-family dyes, squaraine-family dyes, chelated lanthanide-family
dyes, and BODIPY®-family dyes. In a preferred embodiment, the fluorescent moiety is

6-carboxyfluorescein.

25  In certain embodiments, the probe comprises a quencher moiety. The quencher moiety
can be any quencher moiety known to one of skill in the art without limitation. In
certain embodiments, the quencher moiety can be selected from the group consisting of
fluorescein-family dyes, polyhalofluorescein-family dyes, hexachlorofluorescein-family
dyes, coumarin-family dyes, rhodamine-family dyes, cyanine-family dyes, oxazine-

30  family dyes, thiazine-family dyes, squaraine-family dyes, chelated lanthanide-family
dyes, BODIPY®-family dyes, and non-fluorescent quencher moieties. In certain
embodiments, the non-fluorescent quencher moieties can be BHQ™-family dyes, Iowa

Black™, or Dabcyl. In a preferred embodiment, the quencher moiety is Cy5™.



21640 WO-KN 4 In certain aspects, a nucleic acid of a nenber of the Japanese
encephalitis virus serogroup can be detected with an oligonucl eotide of the
invention. In certain enbodinents, a first oligonucleotide that hybridizes
to a nucleic acid of SEQID NO: 1 can be used as a prinmer to anplify a
nucleic acid of a nenber of the Japanese 5 encephalitis virus serogroup. SEQ
IDNO.: 1 is based on the discovery of sequences conserved anong nenbers of
t he Japanese woceephshizti s virus serogroup that can be PEBEB®HMEE3ccording to
the present invention. In certain enbodinents, the first primer conprises
at |l east 16 consecutive nucleotides of SEQID NO : 2. In other enbodi nents,
the first prin2i646pKNses SEQ ID NO.: 34 SEQID NO: 3 is a priner sequence
based on 10 the discover y of a conserved region of all currently known
sequences fronnlapainagects, € Atdduld df b membéroSthe pagscmpph@itvens t hat can be
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encephalitis serogroup nenber nucl eic adds according to the present
invention. In certain enbodinents, the first and second priners can be used
t oget her iI‘IISFYEtHﬂEHﬂﬁmenbdﬁhﬂﬂE JaRgond sligehirieotidehatlhybkidiaes t3 0 niddaeld Bf t he
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moi ety. In serogroup that can be detected according to the present invention. In certain

20  embodiments, the second primer comprises at least 16 consecutive nucleotides of SEQ
ID NO.: 10. SEQID NO.: 10 is the complement to SEQ ID NO.: 9. In other
embodiments, the second primer comprises SEQ ID NO.: 11. SEQIDNO.: 11 isa
primer sequence based on the discovery of a conserved region of all currently known
sequences from Japanese encephalitis virus serogroup members that can be detected

25  according to the present invention. In yet other embodiments, the second primer
comprises SEQ ID NO.: 15 or SEQ ID NO: 74. SEQ ID NO.: 15 and SEQ ID NO: 74 are
specific primer sequence that can be used to amplify Japanese encephalitis serogroup
member nucleic acids according to the present invention. In certain embodiments, the
first and second primers can be used together in methods of detecting a nucleic acid of a

30  member of the Japanese encephalitis serogroup.

In certain embodiments, the methods comprise amplifying the nucleic acid of a member
of the Japanese encephalitis virus serogroup in the presence of a detectably-labeled

nucleic acid probe which comprises a fluorescent moiety and a quencher moiety. In
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fragnmentati on of the detectably-I|abeled probe by a tenpl ate- dependent
nucleic acid polynmerase with 5 -3" nuclease activity separates the
fluorescent noiety fromthe quencher nmoiety. In certain enbodi nents, the
fragnentation of the probe and thus the presence of the nucleic acid of the
a nenber of the Japanese 5 encephalitis virus serogroup can be detected by
noni tori ng emw®o@nRiz fl uorescence. I n certain enbodiR¢EAPYIH/WIN/C] ei.c add
of a nmenber of the Japanese encephalitis serogroup can be detected by
hybridi zing the nucleic acid to a priner or probe of the invention that is
covalently |i nksdo W-ENsol i d support. Inscertain enbodi nents, the nucleic
acid can be detected by hybridizing a detectably-|abeled priner or probe to

the 10 nucl ei CceR@indmbbdmehl & rﬁéﬂwféhm&&ete&abs muﬁwbsew@mﬁa@- be directly
detected by i ncor oratijng ectable noieties in tﬁCI eic acid. In
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serogroup cin preepheliisciragserpgionp can bleéPtht‘ﬁ]d?Y@MnéP@g egigsiPy Pf thgresesAceassay with
prinmers and/ or probes of the invention. In yet other enbodinents, a nucleic

acid of a nenber of the Japanese encephalitis serogroup can be det ected
using a Strandiefiph aGBBAtnt \IREdIdd &ﬁtovfmeﬁses@mwamese\wcagﬁamr s of the

invention. In sti er Ie| acid o of the
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of the inventl umorpbrram}ﬁteteauabithlemtlemhodlemadh;acai nucl ei ¢ acid of a nmenber of

the 25 Japanese encephalitis serogroup can be detected using diagnostic PCR
with prinmers and/or probes of the invention. In certain enbodinents, the

first and seco otﬂér'eﬂ;s&ﬁm@rng nguc@&é)%zﬁloqgmtemgero?%@ﬁ L&& haﬂa{@ used toget her
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amplification assay with primers and/or probes of the invention. In yet other
embodiments, a nucleic acid of a member of the Japanese encephalitis serogroup can be
detected using a Strand Displacement Amplification assay with two primers of the
invention. In still other embodiments, a nucleic acid of a member of the Japanese

20  encephalitis serogroup can be detected using a transcription-mediated amplification
assay using primers and/or probes of the invention. In yet another embodiment, a
nucleic acid of a member of the Japanese encephalitis serogroup can be detected using a
nucleic acid sequence-based amplification (NASBA) assay, using the primers and/or
probes of the invention. In yetanother embodiment, a nucleic acid of a member of the

25  Japanese encephalitis serogroup can be detected using diagnostic PCR with primers

and/or probes of the invention.

In certain embodiments, the first and second primers and a probe of the invention can
be used together in methods of detecting a member of the Japanese encephalitis
serogroup. In certain embodiments, a nucleic acid of a member of the Japanese

30 encephalitis serogroup can be detected using a probe of the invention that comprises a

molecular beacon. In other embodiments, a nucleic acid of a member of the Japanese
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sequenced- based anplification assay with prinmers and/ or probes of the
invention. In yet other enbodinents, a nucleic acid of a nenber of the
Japanese encephalitis serogroup can be detected by anplifying the nucleic
acid wth two prinmers of the invention, then 5 detecting the nucleic acid
with a detectably-|abeled probe of the invention. In certain enbodinents, a
nucl eic acid ovoonemtier of the Japanese encephalitis seCUER0M4/00368N be
detected using a dot blot assay with primers and/ or probes of the invention.
In other enbodinents, a nucleic acid of a nmenber of the Japanese
encephalitis serqagmapgnNcan be detected gsing a reverse dot blot assay with
prinmers and/ or probes of the invention. In 10 still other enbodi nents, a

nucleic acid Ofen H{ﬁﬁ@% Eam%eaé%&@ea%ﬁg@ﬂ&ﬁm@lhlséqu&ce@sxsagr oup can be
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3. In still ot KePokmpHBYP ﬁéﬁ%@tl%ac'—ldtqﬁénmbqr@f@e &ewsiﬂnmb?hhs WW{?P# s SEQ I D
NO : 8. In cer uatedaedemwdv&@ac&)xblm&awﬁm BrlitferafridorpkdbEST QNS In
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position 23 of sSEEPYITanE det%tedpﬁn&aefﬁ’@laﬁkntl@mmmmdsn imee nucl ei ¢ acid
primer conprises N6-al kyl - deoxyadenosi ne at position 25 24 of SEQ ID NO.: 8.
In a specific enbodinment, the nucleic acid priner conprises N6-

tert-butyl- benzryadd%awaldwiég@in@amafowﬂﬁlpielséaamzéhueﬁ PR Pr&id¥onucdd | n certain
enbodi nents, the.nucleic, a

[l ses NG- adenosi ne at
positions 23 3881’%“8?“&%%’?8%]6 n%anul 3t Pfa%ﬁﬁétm§§8%{?| ¢ enbodi nent,
t he nucl ei ¢ addnceplalitieserogronpr Inmmmmtthymwmgxym@mmunl@ca@d pamernt i on 23 of
SEQ I D NO. : 158 35 defin Qrﬁe%kfdm{e i R8OG Yy hgﬁ@wasqg@%h qn@&naGPSI tion 24 of
SEQ I D NO. : V\QCﬁOO / 92412 PCT/EPZOO IOO 3% : 40 V\D 7%Je certain
embodi nent s, ti‘?g1 PHP: S PTEIEATFEEEs 4 PRURT ¥ ﬁ&‘?’l?fl r““f Bf 2Yetecting a

SEQID NO.: 1 In certain embodiments, the nucleic acid pr1mer comprises at least 16
consecutive nucleotides of SEQ ID NO.: 2. In other embodiments, the nucleic acid

primer comprises SEQ ID NO.: 3. In still other embodiments, the nucleic acid primer
20  comprises SEQ ID NO.: 8.

In certain embodiments, the nucleic acid primer comprises N°®-alkyl-deoxyadenosine at
position 23 of SEQ ID NO.: 8. In a specific embodiment, the nucleic acid primer
comprises N°-methyl-deoxyadenosine at position 23 of SEQ ID NO.: 8. In certain
embodiments, the nucleic acid primer comprises N®-alkyl-deoxyadenosine at position
25 24 of SEQID NO.: 8. In a specific embodiment, the nucleic acid primer comprises N°-
tert-butyl-benzyl-deoxyadenosine at position 24 of SEQ ID NO.: 8. In certain
embodiments, the nucleic acid primer comprises N°-alkyl-deoxyadenosine at positions
23 and 24 of SEQ ID NO.: 8. In still another specific embodiment, the nucleic acid
primer comprises N°-methyl-deoxyadenosine at position 23 of SEQ ID NO.: 8 and N°-
30 tert-butyl-benzyl-deoxyadenosine at position 24 of SEQ ID NO.: 8.



menber of the Japanese encephalitis virus serogroup. In certain enbodi nents,
the prinmer conprises a nucleic acid that hybridizes to a nucleic acid of
SEQID NO.: 9. In other enbodinents, the nucleic acid priner conprises at

| east 16 consecutive 5 nucleotides of SEQID NO : 10. In still other

enbodi nents, the nucleic add priner conprises SEQID NO : 11. In yet other
enbodi nents, the nucleic acid prinmer conprises SEQID NO : 15 or SEQ I D NO
74. 1 n certal woeaodi4reent s, the nucleic acid priner c®¢FEPZ8HE003356

N6- al kyl - deoxyadenosi ne at position 24 of SEQID NO: 15 or SEQID NO 74.
In a specific enbodinment, the nucleic add primer conprises N6-tert-butyl 10
benzyl - deoxyad2ied@WiteKNt position 24 of BEQ ID NO.: 15 or SEQID NO 74, In
ot her aspects, the invention provides a nucleic acid probe for detecting a
nucl eic acid D]fceﬂalf) bralbvd dithdnitsS the Frventiovi ipfdyiled W iiicleic acidiptider fortdatectrga be det ect

wth the probe. L AELUSR i ale. SOIRLE uaTRISLS, Of i (d3paneRE sncepnal itis

Vi rus ser ogr. OUp
| eukencephal i t Pmer CPI!IBHSC&WCM}G% that hygdizes o 'ft:@fcle%ilaﬁ 9’59]5@1196‘&@ rr% Hﬂs t he
probe c onpri sestha eﬂﬂb@ﬂ&ieﬁts Abkchukigia il yiihérdb &BSsed A ledst Dolenedctivaci d of  SEQ 1D

NO. : or .t he reo n certal ment s. the nucleic acid
pr obe corrprfseg cgetop? ]\isc;hgoeéufun\?g’er fﬂ%tf ﬁengfgg §I’:afjd KO, 17, or
the conpl enentommequéBQ IDINQ ‘dtl hbryebothay @inhediments, thqeu%ﬂced rimggi d probe
conprises SEQ LdhprN2sEQIB N 156hSEC IMROENE M cetthig e@Bddimédls, Heinkublei@bdi®r

enbodi nents, the nuclei.c robe 20, co se t he
conpl enent  t hePBBFT CFRUER t?ﬁ%ﬂ SRR °SIf1?fé?4'| ﬁ%t%ﬁoﬁ? 8’5&&@ a nucl ei c
aci d probe con: 34 riga specifit erdrodgurah themoileit gumdneaccqn[encsﬁérteMMeft y. In

certain emjgdi H&Q&l%em@yﬁfcn&s HdAf SRi6R04 of@EQ%Nd %589@ P84l el ative to the
guencher noi ety such that a photon emtted by the uorescent noiety is

absorbed by the quencher noiety when the probe is |nt act. 25 Fragnentation

of the probe b?/ an enzyme wth 5' nu‘fl ease. activit ﬁeparat es the
‘b e a

f1 uorescent noiEtyerEiRsH thednvgrHaRPRSRdenpnudels acid prpbe nfetertippabifidtid t ed by
t he fl uor escenfa fmivieisy FaenrBaudet sids@dt cahibe drttétemﬂa&pgmbsmdh&efdrnvent ion

provi des a kit e{ﬁ Q&&?&&%e]%nggelﬂeﬂw%%& 83‘3%09%8@5% mants t R

Japanese encepha tls VI rus serogroup cert e kit 30
conprises an off'goviteIMuana &yefs f%@%ﬂv@mvrrwnw@ow%#n@mdu ments, the
kit conpri sas ambatitaerig the probe torgiBes@mutitit cidhatthigridives toamaiclanskipsfobes of t he

[nvent i on. VO 30044082442 RCTLEFRAAIANIPT0n AAOAL MDA B ,¥amPI €1 11

one enbodi nment
probe comprises at least 20 consecutive nucleotides of SEQ ID NO.: 17 or the

complement thereof. In other embodiments, the nucleic acid probe comprises SEQ ID
NO.: 18, or the complement thereof. In still other embodiments, the nucleic acid probe
20  comprises SEQ ID NO.: 28, or the complement thereof.

In certain embodiments, the invention provides a nucleic acid probe comprising a
fluorescent moiety and a quencher moiety. In certain embodiments, the fluorescent
moiety is positioned relative to the quencher moiety such that a photon emitted by the
fluorescent moiety is absorbed by the quencher moiety when the probe is intact.

25  Fragmentation of the probe by an enzyme with 5' nuclease activity separates the
fluorescent moiety from the quencher moiety such that a photon emitted by the

fluorescent moiety can be detected.

In other aspects, the invention provides a kit for the detection of a nucleic acid of a
member of the Japanese encephalitis virus serogroup. In certain embodiments, the kit
30  comprises an oligonucleotide of the invention. In further embodiments, the kit

comprises a combination of one or more of the primers and probes of the invention.



hybridi zes to a nucleic add of SEQID NO.: 1; a second nucleic acid prinmer
that hybridizes to a nucleic acid of SEQID NO.: 9.; and a nucleic acid
probe that hybridizes to a nucleic add of SEQ ID NO. : 16, or the conpl ement
thereof. 5 In certain enbodinents, the first nucleic acid priner of the kits
of the invention conprises at |east 16 consecutive nucleotides of SEQ ID
NO.: 2. In other enbodinents, the first nucleic acid prinmer conprises SEQ

I D NO : 3. | nWoewu@pHer enbodi nents, the first nucl ei RCEAEPYPIHIBIIEr
conprises SEQID NO: 8. In certain enbodinents, the first nucleic acid
primer conprises N6-al kyl -deoxyadenosi ne at position 23 of SEQID NO : 10 8.
In a specific 2ebOWMOBNt, the first nucl& c acid priner conprises N6-nethyl-
deoxyadenosi ne at position 23 of SEQID NO.: 8. In certain enbodi nents, the
first nucl ei CFaekdngl, incaie embodimers ds kiooraprisyd « fitaanyleadandmine tat position 24

f SEQ ID NO : t d
gorrpr |Qses NG- t hyb%d%ésr}o n cge?gdqfd' ofs dﬁgﬁpﬁggﬁ% Ssmﬁég'guciew a2l tPIHHQ' t%éltc faC ISE Qp{ :DmaNrO

8. In certain b)f?ﬁ‘éﬁ?sﬁemgde“tqﬁ@ °i§EQI Np.: P}uﬂdéln@daéii‘éldlﬁpbﬁrfé%th&ﬂ%ﬁef ses

N6- al kyl - deoxy adafdsic aed 8t SERADI N®.OT6Sor2ie dRPleddntQheredBEQ | D NO.: 8. In still
anot her specific enbodinent, the first nucleic acid primer conprises
N6- met hyl - deoxyadenosi ne at position 23 of SEQ ID NO.: 8 and N6-tert-

D ey e el A RIS A By SRR iy LA
conprises at Iealatrlsqmt]@@nbﬁs@mepwe muslsbladss IFES IDINGSED Ih pthhi®@mbodignentsn ot her
e{ﬂ;)ﬂii ”fﬂt s, thﬁﬁ%@ﬁﬁm@c aaiaﬂr]ﬁiepcowrﬂessm B NOGG! Jtes@cﬁer%%dlﬁqeﬁ\d@me %qu n
sti ot her odi e secon [ ses

NO. : I'n cegbb‘?"}‘f eméﬁﬁBHPﬁeﬁ‘i’f”é’”?ﬁ%&ﬁf%@ng ﬁtf&ﬁtaé‘? lgo‘é]‘ ”%nﬁ"ﬁgf conpri ses
N6- al kyI deoxy adeiosidpeimest conpruiséstN’ afkyl2deoxhdeSBdnd aDpddttion 21 5f SEQIDANG@peci fi ¢

embodi ment ,jot hg, ﬁx%“s?&fhc@h&%cﬁfn@nt%é BhstaricliE | hé@ﬁrlﬁ&%bﬁs@sst-me yl-
N6-tert-butyl - eoxyadenosi n 24 of SEQ 15. In

enz si t :
certain enbodi H@Pﬂ’@m%‘l‘f&a meeheR 2 2&% Dplreg J(?fce‘ft%’ée‘ﬂl?‘idé‘n'ﬁlfs’gﬁgrsf nventi on
conprises at hedsd acﬁ@rmnscempﬁses\N? aﬂqy]cdeemdeﬂlesnaft pSHQn RDoMNSBQ IDINQ.: or t he

conpl enent the eQfa s e aci < be conpri ses
SEQ I D NO.: % Hl %;:Pﬁc Qlw&{ne ermngﬁﬂtsm@%?eo&p&na%llnﬁslg g Lg lequ)rrbodl ment s,

the nucleic acbﬂ‘z}ﬂr @@a@aﬂw pesitigpey of SEQNHNO. 288In?ffta‘f1t?€‘ edmertetBnt t her eof .
VIO 2004/ 092412 AREHUCER268 $t6@835Grise2 N6 ARy \Ebs#MleBodre acpstiiahspsenbogfirent s, t he

s oo e | NYEOLD RO SR 361RR 0l AATIALRRL mgﬁrsvafcfewacganm@r nucl ei ¢ acid
probe, wherein one or gore detect 0}1) e nbieties IS t ache t he nucl eic
comprises N®-methyl-deoxyadenosine at position 23 of SEQ ID NO.: 8andN -tert-

butyl-benzyl-deoxyadenosine at position 24 of SEQ ID NO.: 8.

In certain embodiments, the second nucleic acid primer of the kits of the invention

20  comprises at least 16 consecutive nucleotides of SEQ ID NO.: 10. In other
embodiments, the second nucleic acid primer comprises SEQ ID NO.: 11. In still other
embodiments, the second nucleic acid primer comprises SEQ ID NO.: 15. In certain
embodiments, the second nucleic acid primer comprises N°-alkyl-deoxyadenosine at
position 24 of SEQ ID NO.: 15. In a specific embodiment, the second nucleic acid

25  primer comprises NE-tert-butyl-benzyl-deoxyadenosine at position 24 of SEQ ID NO.:
15.

In certain embodiments, the nucleic acid probe of the kits of the invention comprises at
least 20 consecutive nucleotides of SEQ ID NO.: 17, or the complement thereof. In
other embodiments, the nucleic acid probe comprises SEQ ID NO.: 18, or the

30 complement thereof. In still other embodiments, the nucleic acid probe comprises SEQ
ID NO.: 28, or the complement thereof.



acid probe. In certain enbodinents, the one or nore detectable noieties is a
fluorescent noiety. In certain enbodinents, the fluorescent noiety can be
selected 5 fromthe group consisting of fluorescein-famly dyes,

pol yhal of  uorescein-fam |y dyes, hexachl orofl uorescein-famly dyes,
coumarin-famly dyes, rhodam ne-fam |y dyes, cyanine-famly dyes,
oxazine-famly dyes, thiazine-famly dyes, squaraine-famly dyes, chelated
| ant hani de- f amid oadyRR, and BODI PY(r)-fanmily dyes. |n a@qrmefogs490aise

enbodi ment, the fluorescent noiety is 6-carboxyfluorescein. 10 In certain
enbodi ments, the kits of the invention conprise an oligonucl eotide useful as
a nucl ei c add preapeo-KlNerei n at | east ong quencher noiety is attached to the
nucl eic acid probe. In certain enbodi nents, the quencher noiety can be

sel ected from {\&rtlh BHRLAiRERS e kit tRfinvehiAcOBReAn bBFBnLeotiOSseful as
pol yhal of | uor escei n--

fam | es, hexachl orqf| uaresceynsfam | es,
coumarin-fam | § YA fﬁrpﬁocg’é’ﬁff&?néﬁf Wre%té%tg’flel@mﬁ?féHiahéc-hfitl‘ﬁdf%}/mg%l s,
oxazi ne-f ami | yaddmsbe. tinteatainrebbdimenty, tibyms or rseradetedtabde heitics sadyes, chel ated
| ant hani de- f amp), edd3h® SoieBOR Erfhih kmb&HHhbots, ¥ BRoreRBE nRRNy; fh BOLRSRENT guencher
noieties. In ﬁgrtaln enbodi nents, the ROH_BQuor?iﬁf t quen herdnnletles can
be BHQI"' - PanfP} ﬂ&Fy%%“,P cpppgnepiupresceigyiansly I POPA O QU BFSET R il ¥thodi ment
t he quencher headigtoflwre¢mhfamilndyes, beimaeintfasilyigat hodddnee-fardpdyes,onpri ses at
| east one dete ] i ) | [ [.et:y. i | east one
quencher noi et _ﬁﬁhﬁgégﬁg%ﬁ&%%EJ%P%Qﬁ?Zﬁm#ﬁé%ﬁﬁﬁgygggPﬁ®§%F?% a%:%’rrprise a
t her nost abl e DRIlateddanthepideréanily dyescagd BQDIPYONBRIIY fiehtla 2 Prefeared her most abl e DNA

pol ymer ase has etibsdhan, thd fluaresent hdietp 3 6a@iboxsifliyresctin. cert ai n enbodi ments, the
kits of the invention additionally conprise instructions for detecting a
nucleic acid of a nenber of the Japanese 25 encephalitis virus serogroup

according t,q the . i f.] - T 0 N | so

oy ovi des i 49 altEe B PABR R I YLk Allion ORRRIERS o AL & R0 50
SEQ I D NO 31, srwlqigpadegbe WHEGI 1 lqghonaquesies moietye agachedspothg mycleigarid5, SEQ | D
NG 36, SEQ I D M3bé in oSk dniBoliied, thShuehdnat M6kt Qan H2rsel e ok thhdodP. WO

2004/ 002412 PCT| £E20041003356 . 23640 WLIN 10 The present | nventi on al so
provi des vectors comprising a péllyy?flu& g0t T8 Eonpri éY r?'g’ SEQ I D NGO 29, SEQ

| D NO 30, SEQ hpati®yrafiuoregr®-familndyes 2oungEia) firmlyNpesahrodgmae-family s34, SEQ | D
NO: 35, SEQ1kD NRnB6-fanS5QydsRxNih3miSER, bR NO38ly dPEQLR:NOE3Yly dy@l SEQ | D
NG 40. 5 The present, |NERTLAN dlSRoBou IS a9l A3NTRRL LIS (SOIpLT S N0 @
sequence of at ast

moieties. In certain embodiments, the non-fluorescent quencher moieties can be

BHQ™-family dyes, lowa Black™, or Dabcyl. In a preferred embodiment, the quencher

moiety is Cy5™. In other embodiments, the probe comprises at least one detectable

20  moiety, e.g. a fluorescent moiety and at least one quencher moiety.

In certain embodiments, the kits of invention comprise a thermostable DNA
polymerase. In certain embodiments, the thermostable DNA polymerase has reverse
transcription activity. In certain embodiments, the kits of the invention additionally
comprise instructions for detecting a nucleic acid of a member of the Japanese

25  encephalitis virus serogroup according to the methods of the invention.

The present invention also provides isolated polynucleotides comprising SEQ ID NO:29,
SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID
NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, or SEQ ID
NO:40.



10 contiguous nucl eotides that hybridizes to SEQ I D NO 29 or a conpl enent
thereof, SEQ ID NG 30 or a conplenent thereof, SEQ ID NO 31 or a conpl enent
thereof, SEQ ID NO 32 or a conpl enent thereof, SEQ I D NO 33 or a conpl enment
thereof, SEQID NO 34 or a conplenent thereof, SEQ ID NO 35 or a conpl enent
thereof, SEQ ID 10 NO 36 or a conplenment thereof, SEQ ID NO 37 or a

conpl enent thereof, SEQ ID NO 38 or a conplenent thereof, SEQ ID NO 39 or a
conpl ement theweaf40988® | D NO 40 or a conpl ement t her eBET/ER2H4QE3A36

enbodi ments, the oligonucleotide hybridizes to SEQID NO 68 or a

conpl ement of SEQ ID NO 69. In sonme enbodi ments, the oligonucleotide

conpri ses a sedl@idOdN ected fromthe gtoup consisting of SEQ ID 15 NO 64,
SEQ ID NGO 65, SEQ ID NO 66, and SEQ I D NO 67. In sone enbodi nents, the

ol i gonucl eot i d&hk pressat Redncoh dlsoqrvvidee vegtoestPmp Adhsy asgolyngd@hdéSEQphEing\IO 64, SEQ

I'D NO 65,  SEQq bﬁ c§3§9 sﬁé‘@}ﬁ%@gos?dygh%m bﬁb?@ ﬁWIﬁ’SE

ol i gonucl eoti de cl eot'r dés r esent |nvent|on al so
provi des react |I‘B?134rr§§&2lﬁ’§9 ‘3B oS P P36 éﬁQé@Wﬂ%&Iﬁgés SBR IPR#Y si ng a

nucl eoti de sequesp®@ID Natsohybri di zes to SEQ I D NG 29 or a conpl enent
thereof, SEQ ID NGO.30 or a conplenent thereof, SEQ ID NGO 31 or a conpl enent
thereof, SEQ ID NO 32 or a conplenent thereof, SEQ ID NO 33 or a conpl enent

t hereof, SEQ I D,NO 34 or D . NO. 35 o onpl enent
t hereof, SE 8 ghﬁgefgt oren: O%%%r%%ﬁ?hgtoﬁucﬁeggé& C%ﬁ%ﬂ“ﬁ‘ RE'F7e Or fat ﬁleagorrpl ement
25 t her eof , SEQO contigdy 8 Budeotidestlatrpybaidizestto SER HRNO; 29SEQorrm1qrn@B©emf a
conpl ement  t hereAb, NGBS drlalRomblethéht Hered, SEQPD ROBI lor Etﬁ&ﬂpwﬁent #hEr eSOSED

nbodi t t I t SE 68
comp| enent of EE@% R B P Sk RO RN 08 Siofy
conprises a s@@éﬁw%e@bm@@@¢m@ﬁﬁ@ﬁ@@ﬁma9®x@¢mwe& SEEDD | D NO. 64,
SEQ I'D NO 6fy 836 &) a39mblenbf thealdd sg@mm&&m 1&n§@mereem;§1ment s, the

ol i gonucl eoti d ?%%%éﬁ%ggr{*quﬁe%é 6 21640

Ei%{)] 8seI ec d from
WO KN 11 the gr %%“ng"?i“ﬁ ﬂ?ﬁ“ I D NO 66,
and SEQ I D NOMNJ:40 brr complementitlzai¢ofre It some einbodireents, the nligrhndlestidshybardipesi se an

ol i gonucl eot | dgo 38 &5 Nefled &:ATmbREeALAHR) EANGES h B OlmisERAhLR HP 64 and SEQ
| D NO 65; and an ol'i gonudeotide 5 sel ecte frog1 group consi sting of SEQ

I D NO 66 and SEGBPHYCIRRYdS fomprisesasaencs spester Fomt egr?wecomlﬁtlas)?féépé&. de has
fewer than 1900 MO6LEBQIID &K:65 SEGHENME0:66n0d SEQENNS;671 heome erabadbments, dteur es

further conpri sgeghdebikfkiARktded RREMEFoup consisting of SEQ ID NO:64, SEQ ID NO:65,
SEQ ID NO:66, and SEQ ID NO:67. In some embodiments, the oligonucleotide has

. fewer ghan 100 nucleotides.

The present invention also provides reaction mixtures comprising an oligonucleotide

20  comprising a nucleotide sequence that hybridizes to SEQ ID NO:29 or a complement
thereof, SEQ ID NO:30 or a complement thereof, SEQ ID NO:31 or a complement
thereof, SEQ ID NO:32 or a complement thereof, SEQ ID NO:33 or a complement
thereof, SEQ ID NO:34 or a complement thereof, SEQ ID NQO:35 or a complement
thereof, SEQ ID NO:36 or a complement thereof, SEQ ID NO:37 or a complement

25  thereof, SEQ ID NO:38 or a complement thereof, SEQ ID NO:39 or a complement
thereof, SEQ ID NO:40 or a complement thereof.

In some embodiments, the oligonucleotide hybridizes to SEQ ID NO: 68 or a

complement of SEQ ID NO:69. In some embodiments, the oligonucleotide comprises a

sequence selected from the group consisting of SEQ ID NO:64, SEQ ID NO:65, SEQ ID
30 NO:66, and SEQ ID NO:67. In some embodiments, the oligonucleotide is selected from



ol i gonucl eoti de that hybridizes to SEQ ID NGO 16 or a conpl enent thereof. In
sone enbodi nents, the reaction m xture conprises a DNA polynerase. 10 In
sonme enbodi nents, the detectably-Iabeled oligonucleotide conprises at |east
20 consecutive nucleotides of SEQID NO :17, or the conplement thereof. In
sone enbodi nents, the detectably-I|abel ed oligonucleotide conprises SEQ ID
NO. : 28, or the conplenent thereof. In sonme enbodi nents, the

det ect abl y- | ab 8e#0834ionudeot i de conpri ses a fl uor esEHERRBYEEFS 1 n sone
enbodi nents, the detectably-Ilabeled 15 oligonucl eotide further conprises a
guencher noiety. The present invention also provides nethods of detecting a
St. Louis encepH4PMQP-&Nirus. In some ehbodi nents, the nethods conprise
anplifying a nucleic acid of St. Louis encephalitis virus with at |east one
ol i gonucl eot i déhegemmprcpasisting of SEQEP &EX:G48EQS #eSEQIRANO:66y rd HRAPs to SEQ I D
NG 29 or a conpjeeérent thereof, SEQ ID NO 30 or a 20 conpl enent thereof, SEQ
NG 31 or a conplenent thereof, SEQ ID NO 32 or a conplenent thereof, SEQ
NO 33 or a conplenment thereof, SEQ ID NO 34 or a conplenment thereof, SEQ
NO 35 or a conpl enent. thereof, SEQ ID NO 36 or a ¢ enent, t hereof, SEQ
NG 37 o a CoNBrEmBRtmERS, Bape i ReP e gf oon i BINE {90hr cof | SEG
| D NO 39 or a ceppupremistinhefiSEQD Ner:64SEOQSEDIINSOAD; and an oldfenednotifle ment

thereof, unger s&ﬁ&@ﬁrohlocﬂé rbh ki BPJEdeﬁ'ﬂcb:@é IRREe DAY, fih Rl on of at

| east part of the_ nucl eo%l, e se _ué ce fromthe ol igonucleotide; and
detecting the &mBPdimERy theaprureotde Fﬁ,fe“teh@ﬁ%b%? ugeesiier MYSORest . Loui s
encephal i tis Vviembedim¥iDs, 2630408 ikR1rd3 Gl HeROO(P4is 0B B0GEbly-Bb84&D WO- I CN 12 I n
sone enbodi nen j [ i el ected fromthe
aroup consi st 1 noEsp I [HARKIB ERIPIRCES SeBRAHENEES, “and seq 1D
NG 67. In sone enbodi nents, the oligonucleotide is selected fromthe group
consisting of SEQ 1D NG 64, SEQ ID NO 65, SEQ ID NO 66, and SEQ | D NO 67.
In some enbodi nBrsemge empodifeents the Eraciign Frirtirs corpRyisei DA PelgmeE® | D NO 68 or a
conpl enment of SEQ ID NO 69. In sone enbodi nents, the oligonucl eotide has
fewer than 100 nucl eotides. In sone enbodi nents, the nucleic acid of St.

Loui s e_ncepm?I gié E&Té&fﬁg&imzﬁts,&m&efzﬂa'iﬂﬁ-laulédébligond&l’ebﬂiﬂ%rcoéi?ﬂiseﬁitQﬁlsltbdi omdt Pe ar OEp
conS|st|ngo . . an NG . an a Il sel ecte romthe
group consi sti ﬁ&gg?uggéwcﬁﬁl%@%égggaﬁs%q %éﬁﬁéwquwﬁegﬁsnosﬁ@eenbodi ments,

t he detecting smépdimertpthedetectablipiabeledaligenusleetisie comprises, SEQIBNQ@ @8, or the

ol i gonucl eot i deokpidhedtylithdodli 128Smé @nbdERiehis) hiAelltablo-14baIed Agphidebgat nucl ei c
acid of the nuccrlnei.c aci d oft St.. LPUSi S eng%phalti &ll S th.itabesléb ?Qd detecting
hybrl dl Zati on OP Prﬁsgsab uOOBCeSCthOmOICtY. n some embpodiments, the dete Y- cle

15 oligonucleotide further comprises a quencher moiety.

The present invention also provides methods of detecting a St. Louis encephalitis virus.
In some embodiments, the methods comprise amplifying a nucleic acid of St. Louis
encephalitis virus with at least one oligonucleotide comprising a nucleotide sequence
that hybridizes to SEQ ID NO:29 or a complement thereof, SEQ ID NO:30 or a

20  complement thereof, SEQ ID NO:31 or a complement thereof, SEQ ID NO:32 or a
complement thereof, SEQ ID NO:33 or a complement thereof, SEQ ID NO:34 or a
complement thereof, SEQ ID NO:35 or a complement thereof, SEQ ID NO:36 or a
complement thereof, SEQ ID NO:37 or a complement thereof, SEQ ID NO:38 or a
complement thereof, SEQ ID NO:39 or a complement thereof, or SEQ ID NO:40 or a

25  complement thereof, under conditions to allow for initiation of amplification of at least
part of the nucleotide sequence from the oligonucleotide; and detecting the amplified

nucleic acid, thereby detecting a St. Louis encephalitis virus.



the anplified nucleic acid. In sone enbodi nents, the detectably-I|abel ed

ol i gonucl eoti de conprises at |east 20 15 consecutive nucl eotides of SEQ ID
NO.: 17, or the conplenent thereof. In sonme enbodinents, the

det ect abl y-1 abel ed ol i gonudeoti de conprises SEQ ID NO. :28, or the

conpl enent thereof. In sone enbodi nents, the detectably-I|abel ed

ol i gonucl eoti de conprises a quorescent noi ety. In sone enbodi nents, the
det ect abl y- | al%@ 28409412 gonucl eot i de further conprises aPﬁugﬁgﬁ@?”%blety 20
In sonme enbodi nents, the quantity of anplified nucleic acid is determ ned
during the anpllfyln ep, thereby quantifying the virus in the sanple. In
some enbodlnenﬁ%ﬁﬁmﬁe%gﬁpllfying step islberfornmed in an anplification
reaction mxture conprising a tenpl ate-dependent nucleic acid pol ynerase
with 5 -3  exdnswcheasediaehisihe gligomukotide cordprisecrrsquenciselestdd diont the

tenpl at e- depen mekigd & sph R QOSAITRY R68s,IsBQNID AW hnd 1€ ID NO:67.
det ect abl y- Iab%%lg)cgl |g1 <afc?gotl de; EQTE'ghe ?ret ﬁod furtherm nP§éQ

detecting f ragr{ﬁﬁ‘i“&"c‘i“&? igrenteihe Qigprus ‘étfﬂe?s spleghed feop thegroup f:oné‘c‘,'?"’é
oli gOI’lUC| eot i ddD Nibs4 0B 110 8iD465.2S BRI NEP26) @4d SHIBIEHISO:62. 154 OmynddindéhtsThe

present ' nvesnt Q001 n@b@&epﬂaa\ﬁma%ze&otsﬁqfxﬁﬁwﬂ@t&gtce,rﬂlgm'iém oﬂ-@@)l@ NogeRhal i tis
Vi rus. sone e nment s he kits co rnse g@ugc eoti de corrpr| Si ng

a nucl eotl de semaembedimenty thegligoppsleptide hagfewerthany Oty ¥ a conpl ement
thereof, SEQ ID NGO 30 or a conplenent thereof, SEQ ID NO 31 or a conpl enent
thereof, SEQ ID NGO 32 or a 5 conpl enent thereof, SEQ ID NG 33 or a

conpl enent t herl@@dme enttQdinioni@he3shicleic aadoﬁsnmaheemﬁhahﬂ*ss;ﬁmois amflEad With BIO: 35 or a
conpl enment thereof r t ' JNO 37 or a
conp| enent t herfe6 as%%%b%"%gé%wmﬁm C%E gﬁrrgrz:jtﬂtaﬁ i NéE%% °NO 39 or a
conpl ement therIé’mefSftchte%@@ﬂlﬂ[‘iMP@H%ﬂn@fggﬁﬁ%W@dﬁmi@Np6710 In some

enbodi nents, the oligonucleotide hybridizes to SEQ ID NO 68 or the
conpl enent of SEQ I D NO 69. In sone errbodi ments, the oligonucleotide

gtégplr iDSﬁE) g%o Sgﬂ@@ﬂ@&n’lﬁﬁinﬁéﬁﬁsﬁﬂe ddiRimd P B PHEes @Bﬂ&kﬁﬁi&@ecﬁiﬁl&rmehD N0h64
oal ts, the
ol i gonucl eot i dell:‘g%nug ?lﬂcotdéaghyfbflglﬁ’?s% dBﬁﬁlggotH%? %ngnucﬁ) °NO 64, SEQ

| D NO 65, SEQ |mckoagéof %MUISEQEH@%WHW etethgémlerh@h@mf thﬁem@@ tothe kits
conprise an ol ige {fe@tidlle agel ected fromthe group consisting of SEQ ID
NG 64 and SEQ I D NG 65; and an ol i gonudeoti de sel ected from

In some embodiments, the detectably-labeled oligonucleotide comprises at least 20

15  consecutive nucleotides of SEQ ID NO.:17, or the complement thereof. In some
embodiments, the detectably-labeled oligonucleotide comprises SEQ ID NQO.:28, or the
complement thereof. In some embodiments, the detectably-labeled oligonucleotide
comprises a fluorescent moiety. In some embodiments, the detectably-labeled

j oligonucleotide further comprises a quencher moiety.

© 20 In some embodiments, the quantity of amplified nucleic acid is determined during the

amplifying step, thereby quantifying the virus in the sample.

In some embodiments, the amplifying step is performed in an amplification reaction
mixture comprising a template-dependent nucleic acid polymerase with 5'-3'
exonuclease activity under conditions that allow the template-dependent nucleic acid

25  polymerase to fragment the detectably-labeled oligonucleotide; and the method further
comprises detecting fragmentation of the detectably-labeled nucleic acid

oligonucleotide.



t he group consisting of SEQ ID NO 66 and SEQ ID NO 67. In some enbodi nents,
the oligonudeotide has fewer than 100 nucl eotides. In sone enbodi nents, the
kits further 20 conprise a detectably-1abel ed oligonudeotide that hybridizes
to SEQ 1D NO 16 or a conplenent thereof. The present invention also

provi des oligonucl eotides conprising a sequence selected fromthe group
consisting of SEQID NO 56, SEQID NO 57, SEQID NO 58, SEQID NO 59,
SEQ I D NO 60WEBG/®BINO 61, SEQ ID NO 62, and SEQ | PCYEPEM4IBHSsone 25
enbodi ments, the.oligonudeotide is selected fromthe group consisting of SEQ
ID NGO 56, SEQID NG 57, SEQID NO 58, SEQID NO 59, SEQID NGO 60, SEQ
ID NO 61, SEGPOWE@KN62, and SEQ | D N(363. The present invention also
provi des reaction nmixtures conprising an oligonucl eotide conprising a
sequence sel echépresennintentomgiloppovidenists sdridatgeting SCEGid dacddilitiSGirusSEQ 1| D 30 NO

W6 2004) 092412 “BFEBIRAIOBHB eI g e C°§§9“ﬁ%ﬁ96°@% NO63. I

sone embodi menfduenchihabhybgdiza &9 6t PRO P%Orsaé?P@B]FE’ﬁmfﬂi“’é?ﬂftsﬁ@ #Mrrconsi sti ng
of SEQ I D NO aGomSkfdt BrelNC, SEQ ID SB1 bfh dddiplenttnt théredf] PN N(5'92 oraSEQ | D NGO

60, SEQ 1D N0 fhic B0l Rboko BONCAt, SEQARN WA b SAGB,pBBPCI TEnt s, ¢ he

reaction m xtures rse |gonucleot|de
that hybri di ze§°IPE}e’SE{E)&}eE9°N§)E ED - %’i OEE)??EPF%QWM thergefy E6F 1D Ne36 o
enbodi nents, t h@nplaa&itm&oﬂsmm uD: j?@fiktﬁi{plmﬁpﬂlbx‘i@f SEQiet woBabl &/ - | abel ed

ol i gonucl eoti de ¢ | A QgﬁgA einF is
CYS, | is FAM% qn;g ih %f:széaqp-rop%%f gggé?ﬁwgfd) 'n some
enbodi nment s, tﬁ@mpleramtﬂmpoﬁq xtures furt her conprise a detectably-1abeled 10

ol i gonucl eotide that hybridizes to SEQID NGO 16 or a conplenent thereof. In
sonme enbodi nents, the reaction m xture conprises a DNA pol ynerase. In sone

e{mfjdl rrfnt Spo t hﬁanee?eﬁIbb%ems&Bw@@n&l@m@ h%dﬁ%s tb@@?‘iD @I@%sle%Ier eamdpr l rre[ hagd
a eas one Strea e re nt.l1 on oVl des ne oas
o detecting & Ferruw Ly RO ge TR SR et e st BE PRBMERE ot
conprise anpl i fssqung:eaplqmdlfrem(thwo@ cofisisjing ¢fGRQIRWEY:64y SEQED WDtoh, SEQ 1D east one
ol i gonucl eot i dm@md ﬁaq"lm RO $E U8R eniRIREhRdhE 51¢gshacnsu&rlpg41@asm&hst ing of

3 Do 6 hakiniehrps ey o e 85 BRR R A TRID o' o 1 o

for initiatiSson N@é7.anplification of at |east part of the nucl eotide sequence
fromthe oligonucl eotide; and

In some embodiments, the kits comprise an oligonucleotide selected from the group

consisting of SEQ ID NQ:64 and SEQ ID NO:65; and an oligonucleotide selécted from

the group consisting of SEQ ID NO:66 and SEQ ID NO:67. In some embodiments, the

oligonucleotide has fewer than 100 nucleotides. In some embodiments, the kits further
20  comprise a detectably-labeled oligonucleotide that hybridizes to SEQ ID NO:16 or a

complement thereof.

The present invention also provides oligonucleotides comprising a sequence selected
from the group consisting of SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID
NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 62, and SEQ ID NO:63. In some

25  embodiments, the oligonucleotide is selected from the group consisting of SEQ ID NO:
56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61,
SEQ ID NO: 62, and SEQ ID NO:63.

The present invention also provides reaction mixtures comprising an oligonucleotide
comprising a sequence selected from the group consisting of SEQ ID NO: 56, SEQ ID
30 NO:57, SEQID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO:



20 detecting the anplified nucleic acid, thereby detecting a yellow fever
virus. In sone enbodi nents, the oligonucleotide is selected fromthe group
consisting of SEQ ID NO 56, SEQID NO 57, SEQID NGO 58, SEQ ID NO 59,
SEQ ID NO 60, SEQID NO 61, SEQID NO 62, and SEQ ID NO 63. In sone
enbodi nents, the detecting step conprises hybridizing a detectably-Iabel ed
ol i gonucl eotide that hybridizes to SEQ ID 25 NO 25, or a conpl enent thereof,
to the anplif WoRow9ed4&d ¢ acid of the nucleic acid of \REIEBHOHWFBS virus;
and detecting hybridization of the detectably-I|abeled oligonucleotide to
the anplified nucleic acid. WO 20041092412 PCT/ EP2004/ 003356 21640 WO- RN 15
I n sonme enbodi AE4P WO-Khe det ect abl y-1 abelded ol i gonucl eoti de conpri ses
FGGTCTAGAI GGTTAGAGGAGACCCTCCAG, wherein Fis CY5; | is PAM Pis P04; Uis
propynyl dU;, aByaid $EQ b Keihyln-sokbe erhbdimsie, teblipdhutkntide is deleaediftérediel Ng St ep

conprises hybridi zing: - ( 'WIJ gl y}@é bridi zes
toméElQ | D 5yNOIg‘%z’§E %glgls%g%gg]ﬁﬂaﬁg%{sgf ﬁ%fgg?(,)%g%) the a&%}g; SCfj-“lerI nu’csia’gi cI alcizd of
the nucl ei ¢ acSERQH?P NOgyéQ,ﬁ%(gFI? BPesl, §5Q IANOxeandSERAPINGShybr i di zati on of the

det ect abl y-1 abel ed oligonucleotide to the anplified nucleic acid. In sone
enbodi ments, the detectably-Iabel ed oligonucl eotide conprises at |east 20
consecutive nUed &atelefBsdiAEntSIEQ réddti MGnixthifes fithet ddenpeiCileRbEH)j-labbled eof . 1 n some

10 enbodi nents, ..t he .detect abl yi.1 a i gonucl eqgti de conprises SEQ I D
R R e
det ect abl y- | abeinbeflimeritydieaeactiastmigares futhpr jompssea detegigtelsbdett noiety. In sone
enbodi nent s, t hEysdelietietnpriiaprtercTAI00TIEGOGAGRCEOTERE, WheRIH Ses a
guencher noi et .Cs‘}n SP%I?IHE?; I nent s H}Z o%g%?’nu gg&l ﬁg has fewer than 100
nucl eoti des. | ahe® “% I i RTOBY™ $1% 28 iPYHoF “atpffi ed nucleic acid
i s determ ned dwbodigernth ghe repatixini thigrfurey figthepcomphesragletectehlalabelédyi ng t he virus in

the sanpl e.jgl N BRBILIHAOBLITE B Baes mqqﬁmd:te/drqgoﬁﬁaaedt&e%tfOrm?d inan
anplification reaction mxture conprising a tenpl ate-dependent nucleic acid
pol ymerase with 5" -3" exonucl ease activity under conditions that allow the

tenpl ate dependent nucleic acid 2Q po| ynerase to a nt the

det ect abl y-1 ab ﬁ’&’ecfm%ag‘ﬁ’lﬁﬁtF’élfftrFadﬁ? P T (05 PRES ﬁBHAfH%’[}r’Epﬁgﬁe- PI’(:S(S’H‘ﬁri ses

det ecti ng fragrmhbdinems tigfredction miztues tabprise htddaet opelustreagopriroéraod atdast The
present inventi Qi SQeRf RMides kits for detecting yellow fever virus. The
kit conprises an ol gonudeotide conprising a sequence selected fromthe
group consisting of SEQID NGO 56, SEQID NGO 57, SEQID NO 58, SEQ ID NO
59, SEQ ID NO 60,

The present invention also provides methods of detecting a yellow fever virus. In some
~ 15 embodiments, the methods comprise amplifying a nucleic acid of yellow fever virus with
at least one oligonucleotide comprising a sequence selected from the group consisting of
SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ
ID NO: 61, SEQ ID NO: 62, and SEQ ID NO:63 under conditions to allow for initiation
) of amplification of at least part of the nucleotide sequence from the oligonucleotide; and

20  detecting the amplified nucleic acid, thereby detecting a yellow fever virus.

In some embodiments, the oligonucleotide is selected from the group consisting of SEQ
ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID
NO: 61, SEQ ID NO: 62, and SEQ ID NO:63. In some embodiments, the detecting step
comprises hybridizing a detectably-labeled oligonucleotide that hybridizes to SEQ ID
25  NO:25, or a complement thereof, to the amplified nucleic acid of the nucleic acid of
yellow fever virus; and detecting hybridization of the detectably-labeled oligonucleotide

to the amplified nucleic acid.



25 SEQ ID NO 61, SEQ ID NO 62, and SEQ I D NG 63. In sone enbodi nents, the
ol igonucleotide is selected fromthe group consisting of SEQID NO 56, SEQ
IDNO 57, SEQID NO 58, SEQID NO 59, SEQID NO 60, SEQID NO 61, SEQ
ID NO 62, and SEQ ID NO 63. WD 2004/092412 PCT/ EP2004/ 003356 21640 WO KN
16 In some enbodi ments, the kits further conprise a detectably-I|abel ed

ol i gonudeotide that hybridizes to SEQ ID NO 16 or a conplenent thereof. In
sone enbodi memtos200403312 kit s further conprise a det ect abtGIHPZIEIEEH6

ol i gonudeoti de that hybridizes to SEQID NG 25 or a.conplenent thereof. In
sone enbodi nents, the kits further conprise a 5 detectably-Iabel ed

ol i gonucl eot i d&l66®W-KNi ng FGGTICTAGAI GBFTAGAGGAGACCCTCCAG, wherein F is
Cy5; | is PAM Pis P04; Uis propynyl dU, and Eis 5-nethyl-dC. 1In sone
enbodi ment s, theomeatbédifent, e detectabbilpbeed @igonuddtidpadmprigesase. | n sone

embodi ment s, tﬁ?@géﬁ @%@ﬁ&k&&ﬁ&x&@ﬁ?&t&é vﬁ%{eineﬁﬂ:y@@% wbnsw primer and

at least 10 oné dBWN3 i nventi o SO provides

ol i gonucl eot i d¥ds reemiprlid); eyl Bis S-eepthyhde @é?@%@@@@%fﬁhﬁ feipHtieP consi stin g
of SEQ ID NO &hp rﬁe'fs QybAAiING ad@?ecta@ﬁ@oél@ INgdnudiBotideli(at h)andﬁthogﬁQIlﬁEQ I D NO

15, QDI ¥ & %@@fﬂ”%&‘g?ﬁ?ﬁ% e SRBoERe bt &3 | D g 55
In sonme enbodi ylpw ;fﬁverchES; o detrting hebridization ef theedetegtalytlabelesaligpruclegtidsup

consi sting of &Qd@ﬂﬁ@n&ﬂemaa&mDNO 42, SEQ ID NO 43, SEQ ID NO 44,
SEQ ID NO. 45, SEQ ID NO 46, SEQ D NO 47: SEQ ID NO 48, SEQ ID NO 49, SEQ

I D NO 50, SEQ ID NO 51, SEQ ID NO 52, SEQIDN053 SEQ I D NO 54, and SEQ ID
NO 55. 20 The present vention al rovi des rea t| on m xtur conpri si ng
an ol i gonucl eot? &€ CEIB??{;’I"F’&?’ ﬁl'ﬁ%étegé’gfugh%él Eé‘]né}&lf ‘inbprﬁs‘fsﬁéle@sf%q.lp consi sti ng
of SEQ I D NO 4dhsec®E@ nubeotile of 88Q IIENQ.:1 oG cofiplenBECQherEDING sotd, SEQ | D NO.

45, SEQ I D{HO flfodindd h@d@!@tab 14beledicfdn b1 Ndé Smprsddsk IWO‘LQ& OSEQ I'D NQ._50,
SEQ | D'NG 51, SEO.ID and I'D NO 55.

In some enbodi FEFRIETenE re?% I‘bf"i“&c?ﬁ’g ‘i“ﬂéhﬁdgteété‘? @%ﬂicrhs group
consi sting of 8kKGprist3 aMUoresktnt nBh«Y. IIIsd?:l@ embd@imeBts(Phé @td&@ly«dﬁ)elecSEQ | D NO 44,

SEQ 1D NG 45, gQ IR ifco Dhertoiery. SEQ 1 D NO 48, SEQ 1 D NO 49,
SEQ I D NO 50, S D NGO 51, SE D 152, SEQ1D NO53, SEQID NO 54, and

SEQ I D NO 55.
In some embodiments, the oligonucleotide has fewer than 100 nucleotides. In some
15  embodiments, the quantity of amplified nucleic acid is determined during the
amplifying step, thereby quantifying the virus in the sample,

In some embodiments, the amplifying step is performed in an amplification reaction
mixture comprising a template-dependent nucleic acid polymerase with 5'-3'
exonuclease activity under conditions that allow the template dependent nucleic acid

20  polymerase to fragment the detectably-labeled oligonucleotide; and the method further
comprises detecting fragmentation of the detectably-labeled oligonucleotide.

The present invention also provides kits for detecting yellow fever virus. The kit
comprises an oligonucleotide comprising a sequence selected from the group consisting
of SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60,

25 SEQID NO: 61, SEQ ID NO: 62, and SEQ ID NO:63. In some embodiments, the
oligonucleotide is selected from the group consisting of SEQ ID NO: 56, SEQ ID NO:
57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 62,
and SEQ ID NOQ:63.



In some enbodi ments, the reaction m xtures further conprise a

det ect abl y-1 abel ed 30 oligonucleotide that hybridizes to SEQ ID NGO 16 or a
conpl enent thereof. In sone WO 2004/ 092412 PCTI EP2004/ 003356 21640 WO- KN 17
enbodi ments, the reaction mxture conprises a DNA pol ynerase. In sone

enbodi nents, the reaction m xtures conprise at |east one upstream priner and
at |l east one downstream priner. The present invention al so provides nethods
of detecting woDew@ema1f ever virus. In some 5 enbodi merRCGI/ERRMHEIOSE hods
conprise anplifying a nucleic acid of Dengue fever virus wth at |east one
ol i gonudeoti de conprising a sequence selected fromthe group consisting of
SEQ ID NO 41, 2BEOWM®KNO 42, SEQ ID NO 143, SEQ ID NO 44, SEQ ID NO 45,
SEQ ID NO 46, SEQ ID NGO 47, SEQ ID NO 48, SEQ ID NO 49, SEQ ID NGO 50, SEQ
| D NO 51, SEQ Ibsoh@emBodiBEs, [t KNOfDBer cBmGYide® dbiextably-labeial dBE@utlEptitle NO 55
under condi ti ORSy ffiflzb:QYSEQID NBHbRE iodibleenfBBESH i e QRLAiméts, heaSt part

of the nucleot]de sequence fromthe ol i gonudeoti de; and detecting the
anplified nucl gt%fugéqragmprméfigtbc}t,abiygftgkfl P\%ﬁjn‘égﬁé‘hb%ét ngg?esmﬁeép In sone
enbodi ment's, t NO:26adr A eemplernéd erereod i sdnseembhdibenid,ithd g fathdedoeptisdal y- | abel ed

ol i gonucl eot:i d g i i D NO 16 to the anplified Dengue
fever virus > 1?e%%%ﬁye¥gg£eggg‘%%%§ﬁ%ﬂaeéﬁgé{sﬁﬁ hybridi zati on of the

ol i gonucl eot i d@%@CFh@WAﬁA&@WC&Tgcégi whergin FisSrve: kB Liehes, the

ol i gonucl eot i dey i froppiybdil;afd £ isGrméthe-dgr oup consisting of SEQ ID NO 41, SEQ
ID NO 42, SEQID NO 43, SEQID NO 44, SEQ ID NGO 45, SEQ ID NO 46, SEQ
ID NO 47, SEQ ID NG 48, SEQ ID NG 49, SEQ ID NGO 50, SEQID NO51, SEQID
NG 52, SEQ I D NO 53, SEO | r 54.. and, SEQ | D NO-35. 20 | 0 enbodi nment s,
the nuch o aciGne ot oo SRSIe Smnglsd oDk pefymerlle BB 0AC |

| east one downsmbedimens theapactiommixbyies cemprisd pirieast agie upsirsard primenaap piledsabel ed

ol i gonucl eofyg dene@imisir&asprater] €ast 20 consecutive nucl eotides of SEQ ID

NO.: 17, or the conplenent thereof. In some enbodi nents, the

det ect abl y-1 abel ed ol i gonucl eotide conprises SEQ ID NO :28, or the

conpl enment thereof. In sone enbodi, ts, the 25 detectabl y-I|abel ed
o1 bonucl ot  ddHEBifisPl SEERGn FR P AR BpHARPEdS ot B A B Wt 5. ¢ he
det ect abl y- | abdtoguthogrognrme g iotREQ W NOelt, FOPrNQel, EQIDEWQHErSEQIDI ety. | n
Sﬁbrred_errbogl rretntm; 4&,@Q9b'l\ﬁ§!'15’,%@9}11)?&):Qé%EéWO:HﬂQEQ}I@@JO?%B?é@QiD des. In s fhrre
enbodi nent s, . 0 [ c.a ( r | _during the
30 anplifying Qf%%éjgﬁﬁ é&floqnd Tt I}@gﬂé‘%ﬁ%ﬁﬂ%@@# ﬁﬂg’g’s@ﬁg})&?&?ﬂ sone
enbodi ment s15 t lred SEQID NO:55. In some embodiments, the oligonucleotide is selected from the

group consisting of SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44,

- SEQID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO:48, SEQ ID NO:49, SEQ
ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, and SEQ ID
NO:55.

20  The present invention also provides reaction mixtures comprising an oligonucleotide
comprising a sequence selected from the group consisting of SEQ ID NO: 41, SEQ ID
NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO:
47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52,
SEQ ID NO:53, SEQ ID NO:54, and SEQ ID NO:55. In some embodiments, the

25  oligonucleotide is selected from the group consisting of SEQ ID NO: 41, SEQ ID NO:
42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47,
SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID
NO:53, SEQ ID NO:54, and SEQ ID NO:55.

In some embodiments, the reaction mixtures further comprise a detectably-labeled

30 oligonucleotide that hybridizes to SEQ ID NO:16 or a complement thereof. In some



WO 20041092412 PCTI EP2004/ 003356 21640 WO-KN 18 anplifying step is
performed in an anplification reaction m xture conprising a

t enpl at e- dependent nucleic acid polynerase with 5 -3" exonucl ease activity
under conditions that allow the tenpl ate dependent nucl eic acid pol ynerase
to fragment the detectably-Iabeled oligonucleotide; and the method further
conpri ses detecting 5 fragmentation of the detectably-I|abel ed nucleic acid
ol i gonucl eot i dhen 20Tm924p% esent i nvention al so provides kiRGEHHYHERRCti ng
Dengue virus. In some enbodinents, the kit conprises an oligonucl eotide
conprising a sequence sel ected from the group consisting of SEQ ID NO 41,
SEQ I D NO 42, 28(20WOKYO 43, SEQ ID NO1744, SEQ ID NO 45, SEQ ID NO 46,
SEQ ID NO 47, SEQ ID NG 48, SEQ ID NG 49, 10 SEQ I D NO 50, SEQ I D NO 51,
SEQ I D NO 52, SkfRodibeMe)thedeacbrCnixinréionipdises a DA p[BE@etaE} Niosdpe | n sone

embodi ment s, t@g% mmgé gg&aﬁﬁmes%ﬂn %@@leas{o%@h Barf pRMEr anqqnaststl ng of

SEQ | D NO 41 3, SE NO 44, SEQ | 45,

SEQ | D NO 46, °S8E W‘B“N@‘PIH‘TCI SEQ I D NO 48, SEQ ID NG 49, SEQ ID NOSO SEQ
ID NO51, SEQID NO 52, SEQID NO53, SEQID NO 54, and SEQ ID 15 NO55. In
sone enbodi ments, the kits further conprise a detectably-I|abel ed

ol i gonucl eoti defheﬁ)hz@éntﬁ}/@fﬂbldbl?cﬂﬁoﬁ&s eQodddf Béclifbg @Der@u@i@f@bﬁiﬁﬁlﬁiso’iﬂaer eof. In
sone enbodi r’gent act m Xt ure e. In sone

I onpr S a
enbodi ment s, (ﬁdbg fnef‘tls’ca rfl%drll dgtcc’"bp 1% anﬁpeh (r??a nudlelc aqid, %‘1 FIT

er an |nt ernal or
an 20 externalWlén@mten&gpnng:@deotdemanpr@@eawsuqnamhfte .ﬂs,gzpm, 774 and

5,219,727, whi thﬁdhﬁgoﬂSlEQQDM at,88Qy NCRLE SEQ B No43, B [D &0k 44, 8EY ID BRI EF

AR U E RS TN T

sequence, identl
t he genomes of N@&0,SEQUP WNQ:UsEEQ HDHe: 5@>§ﬁQHﬂéW%&ﬁ%@ﬂ@l%@nﬂﬁm@omom tions

and net hodsif NbEs RERSQRAtitbAME AlowdBr iRk dnALmAHRa 8 obmeasi oﬁth@rl mer  of

t he inventi on. sent.s the n 1. WO
20041 052412 PCTERAS O Ss an BB PRE R R SR B e g on of
conserved sequehaeyy dedeimgiafDenghe &gerSEB. I D NO.: 9, in the 3' untranslated

regi on of the genones of the flaviviruses that can be detected using the
conpositions and net hods of the present invention and that can be bound by a

priner of the fjRyANHRRimeIER Retdd furth cbARIESEBLGbNLakQEB ARAL Of SEQ 1D
NO 9. oligonucleotide that hybridizes to SEQ ID NO:16 to the amplified Dengue fever virus
15  nucleic acid; and detecting hybridization of the oligonucleotide to the amplified nucleic
acid. In some embodiments, the oligonucleotide is selected from the group consisting of
SEQ IDNO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, SEQ
ID NO: 46, SEQ ID NO: 47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID
NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NOQ:54, and SEQ ID NO:55.

20  In some embodiments, the nucleic acid is amplified with at least one upstream primer
and at least one downstream primer. In some embodiments, the detectably-labeled
oligonucleotide comprises at least 20 consecutive nucleotides of SEQ ID NO.:17, or the
complement thereof. In some embodiments, the detectably-labeled oligonucleotide
comprises SEQ ID NO.:28, or the complement thereof. In some embodiments, the

25  detectably-labeled oligonucleotide comprises a fluorescent moiety. In some
embodiments, the detectably-labeled oligonucleotide further comprises a quencher

moiety.

In some embodiments, the oligonucleotide has fewer than 100 nucleotides. In some
embodiments, the quantity of amplified nucleic acid is determined during the

30  amplifying step, thereby quantifying the virus in the sample. In some embodiments, the



5 Figure 3 presents a region of conserved sequence, identified as SEQ ID
NO.: 16, in the 3 untranslated region of the genones of the flaviviruses
that can be detected using the conpositions and nmethods of the present
invention and that can be bound by a probe of the invention. SEQ ID NO : 17
represents the conplenment of SEQID NO: 16. In SEQ IDNO 16 Nis either
absent, Aor C In SEQID NO 17 Nis either absent, T or G 10 Figure 4
presents an awogpesmizof t he nucl ei c acid sequences of RCAEPHPYYIA%iCI eot i des
of the invention with nucleic acid sequences of Japanese encephalitis virus
serogroup nmenbers. Figure 5 presents an alignnent of the nucleic acid
sequences of tHEOWBBNucl eotides of tHE invention with nucleic acid
sequences of. detectable flaviviruses that are not nenbers 15 of the
Japanese encepaapliftingstepiis mfosmddg proamplifigatigu react®n prigsenpmpasiqg aot  of

normal i zed fl Uﬁﬁl‘ﬁﬁ&e&ﬁ&d\!ﬁrﬁk@c egise DS 3f ex@éﬁcleega actfMphfRr Showi ng
det ecti on of serlcia,l | extra éﬂi?h"“? the'fr ol |r&§_ﬁucl eoti des
of the inventi gFdtep ?té % e‘kté‘&ﬂ@ﬁi‘ e iragRet fiEs| at ed

reg| on of the dewntbiydateled aligogundde@tide; 2@ thé m8hédfurtberlcampsset drrdctiggan be det ect ed
using the C9rm9§gn§ehgﬂ§%mﬁeas&wa%baédﬁda@m o8 BREREclRuENt 1 on and that can be

bound by a priner e I nvention. Sequences for t follow ng isol ates
are depicted: BFS1750 (SEQ I D NG 29), 1750 Std (SEQ I D NGO 30), TD6-4G (SEQ
I D NO 31), CoaVr50 (SEQ I D NO 32), L695121.05 (SEQ ID NG 33), TNW71K (SEQ
ID NO 34), NSI The Rreseehinventiqn lsg providesipts for detecting Bengar W, [msmenav608 ( SEQ | D
NO 37), TBH- 28erfialdihdn, tHOki8 8gmpriékilad 6hgon et MNPrisiflg 2 seqidihce seleadoain ( SEQ | D

NO 40). WD 200 4 0

DESCRI P O OF EF B0 KRR 1 pat raeia o Socea o [NO2e i is, (-

t hr oughout t he4s PR 1P NOatT BRI NOa£% PEQ B NRet7eriQ H%N@s‘wo?ﬁ%ﬂl‘i@ﬁﬁ specific
nucl eot i de 19eqEEQIENOBOESHJID N@ﬂveBQiIDmi szomz 1138151055 SEQIDaND:84, ees. Thus,

when 5 incl udegh b el ebe AGhd LIg. Nl %%2@ SULHERS ROG06) N9

nucl eoti des ar pbr'evi a o' cyt osi ne
(O, thym ne (Tonsighing ofiPR I NOt A1, SHQ%NO @rﬁF&@B r QD Npeth $EHQWP nucl ei ¢
aci d sequencesNOhad, SEQ € Nepis; SEQIB Hoasy, SEGBY NemsfEQamaNOh4s sk@pabbr evi at i ons

feaction 1ot NP Vet PRTBHS & s P iR St et S E ey "

15 NO:55.

In some embodiments, the kits further comprise a detectably-labeled oligonucleotide
that hybridizes to SEQ ID NO:16 or a complement thereof. In some embodiments, the

reaction mixture comprises a DNA polymerase.

In some embodiments, a quantification step is performed using either an internal or an
20  external control nucleic acid. See US Patent Nos. 5,476, 774 and 5,219,727, which are

incorporated by reference in their entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 presents a region of conserved sequence, identified as SEQ ID NO.: 1, in the 3'

25  untranslated region of the genomes of the flaviviruses that can be detected using the
compositions and methods of the present invention and that can be bound by a primer
of the invention. SEQ ID NO.: 2 represents the complement of SEQ ID NO.; 1.



type of reaction) that results in increased copies of a tenplate nucleic
aci d sequence or increased signal indicating the presence of the tenplate.
Amplification reactions include, e.g., the polynerase chain reaction (PCR)
and ligase chain reaction (LCR) (see U.S. Patents 4,683,195 and 4, 683, 202;
PCR Protocols: A Guide to Methods and . 15 Applications (Innis et al., eds,
1990)), strand displacenent anplification (SDA) (Wal ker, et al.
Nucl ei cAci ds Reg20020¢4}: 1691-6 (1992); Wil ker PCR Met hoBEI/Fg3ple/oBpsh) : 1- 6
(1993)), transcription-mediated anplification (Phyffer, et al., J. din

M crobiol. 34:834-841 (1996); Vuorinen, et al. , J. din. Mcrobiol.

33: 1856- 1859 (280bwWo-Kmucl ei ¢ aci d sequence- based anplificati on (NASBA)
(Conpton, Nature 350(6313):91-2 (1991), rolling circle 20 anplification
(RCA) (Lisby, %§h%9 /. ( to alhe 3' CeNet .

Anal . 15(2): 35&{%11&8 ?&%@ réénncgjc%(sgrxedé%&gﬁaﬂgg&ﬁasSmgltg:m c?r? 9(%[5}1!\?,6?) (I gbal et
al., Ml. Cel I‘m‘P?nélB@%re&@(‘%*%&ﬂ‘}o@?@f(hf@@‘gﬂusﬁﬁl&t@@éﬁ edprmghee’ (Li zar di

et al., Bi o/ Teebpdsitighs anf mkihdds c(fﬂ&aﬁasant uASnﬂmeﬂdmetroembeboands;admhﬁé'r refers to
any substance canlalnlag Sfo R RBUAHel S bRl BlBie PUE) B Ro36! 0. The sanple
can be of natufal  or Sy nt ?IC orlgl can be o y““any means
known to those of Skl|| inthe art. The sanple can be a sanple of tissue or
fluid isolated froman individual or individuals, including, but not limted
to, for exanplFguresiiraentyd mgomof comsemyed sequrodeciditifiedlss SEQIIDANO.fll6uindhe 35enen,

sem nal fl uid, I [# cells,
organs, tunors “h%g}gﬁtéﬁué%gf %éﬁ%k&léf\tﬂaegﬂg‘l“qvb& e Con b5 85 Qe BR B OO G033
21640 WO- NN 271 SBRBPSHIoBL™ alege e pafsent ipvition and et car b Raypd DraRrebs Hfuent s

(i ncl uding but tieqivehiidh. t&E‘QIDCNO cOmepresentsthd cormplerbet 6£SEQI IDINQ): far lrBEQhe gr owt h

of cells in cel e I nponents). A
nucl eic acid cghNgg 0 fayﬂggb#g%ﬁfgéqggg?oglca?ﬁgéﬁ% eq%ﬁﬁeﬁgpgrocedure

known in the art. 5 As used herein, the terns "nudeic acid"

"pol ynucl eoti de" and "ollgonucleotlde" refer to priners, probes ol i gomer
fragments ti§ bdigeadersesenss anslignyennir! thomncleisiegd gaqrengesiofthe Pligenudioidesion g

ol i goners and it igRA€sd ﬁtHﬁcchﬁ@@-!feq@éhl:ééWa nede eﬂ&bhﬁﬂ@ﬁ){ﬁﬁﬁ keﬁfg&ﬂ@ eot| des
(contai ning 2- deo%¥ D-ri bose), polyribonucl eotides (containing D-ribose),
gry

and any ot her NgFycosi de of a purine or pyrimdine base, or nodified
purine or pyrimdine 10 bases. A nucleic acid, polynucleotide or

ol i gonucl eoti de can conprise phosphodi ester |inkages or nodified |inkages
i ncl udi ng, but Figyte 3 presentech dignmend sishonuclesatid sequenlsesopthe pligonddotides of i | oxane,
carbonate, car hyvERESYViESHRIeic 288 SlgadHc ARt EetectaBle AR tHahir@8dthedmbeRr | dged

15  ofthe Japanese encephalitis virus serogroup.

Figure 6 presents a plot of normalized fluorescence versus number of amplification
cycles showing detection of serially diluted extracted WNV RNA using the

oligonucleotides of the invention.

Figure 7 presents the sequence of the 3’ untranslated region of the genomes of a number

20  of SLEV isolates that can be detected using the compositions and methods of the
present invention and that can be bound by a primer of the invention. Sequences for the
following isolates are depicted: BFS1750 (SEQ ID NO:29), 1750-Std (SEQ ID NO:30),
TD6-4G (SEQ ID NO:31), CoaV750 (SEQ ID NO:32), L695121.05 (SEQ ID NO:33),
TNM771K (SEQ ID NO:34), MSI-7 (SEQ ID NO:35), Kern217 (SEQ ID NO:36),

25  CoaV608 (SEQ ID NO:37), TBH-28 (SEQ ID NO:38), VR1265 (SEQ ID NO:39), and
CoaV353 (SEQ ID NO:40).



phosphoram dat e, bridged nethyl ene phosphonate, phosphorothioate, 15

nmet hyl phosphonat e, phosphor odi t hi oate, bridged phosphorot hi oate or sul fone
| i nkages, and conbi nati ons of such |inkages. A nucleic acid, polynucleotide
or oligonucleotide can conprise the five biologically occurring bases
(adeni ne, guanine, thym ne, cytosine and uracil) and/or bases other than
the five biologically occurring bases. These bases may serve a nunber of
pur poses, 20 woQoos0d2a12St abi |l i ze or destabilize hybri di zatricemwp4dossspr onot e or
i nhi bit probe degradation; or as attachment points for detectable noieties
or quencher noieties. For exanple, a polynudeotide of the invention can
contai n one orgwWonag fied, non-standagd, or derivatized base noieties,

i ncluding, but not limted to, N6-nethyl-adenine, N6-tert-

butyl - benzyl - adeni ne, i mdazg| %gﬂﬁ i 'ghg@é@f 5-fl uorouracil,

5-bromouracil, 25 5-chorouracﬁﬁ?D -|0%§E¥§§€Tg ypoxant hi ne, xant hi ne,

4- acetyl cytosine, 5-(carboxyhydroxynethyl)uracil,

5- car boxymnet hyl am nonet hyl - 2-t hi ouri di ne, 5-carboxynet hyl am nonet hyl uraci |,

di hydr our aci | ,1. bet dblpewgatioatt osyl queosi ne, inosine, N6-isopentenyl adeni ne,

1- net hyl guani ne, 1-nethylinosine, 2,2-dinethyl guani ne, 2- nethyl adeni ne,

2- met hyl guani ne, 3-nethyl cytosine, 5-methylcytosine, N6 30 nethyl adeni ne,

7- met hyl guani niée abhragatiops used ﬁm{acﬂ?}h& Fpseififatiomto refer to nucleic acids comprising

geCtT ?%32/88142003 E%ﬂc%?%{fg@%a&icésgrzm@E@nﬁ@iﬂwgﬁyétﬁumsﬁvﬁeons5]rhmwo41092412
. xycar boxymet Ur acl .

5- net hoxyurgci e udf-d et 'ﬁ‘i/cfefcﬁflgl-\gkﬁa‘qat‘f@%ﬁgcﬁ%éénﬁfp?’f el ﬁinﬁg%louldﬁsraéecﬁbf){eg? t(%gl(yac etic

acid (v), wybuasdtiows adeningdblierning (¢ sytagine ) thpming (Pripd aracibgindlsos-

met hyl - 2- t hi OUgRG] dtherdist Pe@filadsicleic adid tellhQds Atk hre reprdd@itdaak bl bedied df.ondll aci | - 5-

oxyacetic acidmethyl ester, 3-(3-am no-3-N-2-carboxypropyl) uracil, (acp3)w,

2,6 5 di am noﬂmqrﬁ@re%n@!wra%%@lw%ﬁrﬁ drefon-ox her exanpl es of nodifi ed,

non- standard, or derivatized base noieties nay be found in U S. Patent Nos.

6, 001, 611, 5, 955,589, 5, 844,106, 5,789,562, 5,750, 343, 5,728,525, and

5,679, 785, each of Defuifibnsi s incorporated herein by reference inits

entirety. Furthernore, a nucleic acid, polynucleotide or oligonucleotide can

conprise one or 10 nore nodified sugar noieties including, but not limted

t o, arabi né8e, AR*anfplifiaticareadiontiefers toxadyutaction, (e.andhe@ichicenppmaatic) dr other not

| ntended that {0e.lesitl AXRIH00:aR8 itk LBt OMS %gT&te& nucl ei ¢

acid, polynucleotide of oligonucleoti nucl el ¢ _acjd, ynudeoti de or
ol i gonucl eot i dBcrezsetsignal indigatingthe areerced the semprisreHnRlEFMbR reagiongny ot her
organi sm or daeudeelgfthepolymerase chain reaction (PCR) and ligase chain reaction (LCR) (see

U.S. Patents 4,683,195 and 4,683,202; PCR Protocols: A Guide to Methods and . .

15 Applications (Innis et al., eds, 1990)), strand displacement amplification (SDA) (Walker,
et al. Nucleic Acids Res. 20(7):1691-6 (1992); Walker PCR Methods Appl 3(1):1-6 (1993)),
transcription-mediated amplification (Phyffer, et al., J. Clin. Microbiol. 34:834-841
(1996); Vuorinen, et al. , J. Clin. Microbiol. 33:1856-1859 (1995)), nucleic acid sequence-
based amplification (NASBA) (Compton, Nature 350(6313):91-2 (1991), rolling circle

20  amplification (RCA) (Lisby, Mol. Biotechnol. 12(1):75-99 (1999)); Hatch et al., Genet.
Anal. 15(2):35-40 (1999)) branched DNA signal amplification (bDNA) (Igbal et al., Mol.
Cell Probes 13(4):315-320 (1999)) and Q-Beta Replicase (Lizardi et al., Bio/Technology
6:1197 (1988)).

As used herein, a “sample” refers to any substance cbntaihing or presumed to contain
25  nucleic acid. The sample can be of natural or synthetic origin and can be obtained by
any means known to those of skill in the art. The sample can be a sample of tissue or
fluid isolated from an individual or individuals, including, but not limited to, for
example, skin, plasma, serum, whole blood, spinal fluid, semen, seminal fluid, lymph

fluid, synovial fluid, urine, tears, blood cells, organs, tumors, bronchio-alveolar lavage,



15 any reconbi nant source, synthesized in vitro or by chem cal synthesis. A
nucl ei ¢ acid, nucleotide, polynucleotide or oligonucleotide mybe DNA, RNA,
CcDNA, DNA-RNA, |ocked nucleic acid ('LNA), peptide nucleic acid (PNA), a
hybrid or any m xture of the' sane, and may exist in a double-stranded,
singl e-stranded or partially double-stranded form A nucleic acid may al so
be a derivative nucleic acid as described in U S. Patent 20 No. 5, 696, 248,
whi ch i s her el 2%aoespor at ed by reference in its entiraetcp/EPIh€sise| ei c
acids of the invention include both nucleic acids and fragnents thereof, in
purified or wunpurified forns, including genes, chronosones, plasmds, the
genones of bi aliegp wakkNmat eri al such as2m croorgani sns, e.g., bacteria,
yeasts, viruses, viroids, nolds, fungi, plants, aninmals, humans, and the

i kle- 25 T_hgr eanumls@g, shxlaaes{u#gﬂviﬁa &ll'cilﬂ_ﬁltré &Hsdtﬂﬁisﬁaahmpﬁt\ﬁ@%i%eheo ter _rr:sl ]
nucl ei ¢ acid, pol.ynycleotide.and ol jgonude e, .an ese terms w e
used int erchan@&g‘ﬂgﬁfaf‘?ﬁ’é@ées“ﬁtﬂ\g%ﬁ“ﬁt ‘gﬁr W‘g"gﬁfh’b‘f’é@lﬁ%ﬁﬂreﬂe Y- st randed DNA,
as wel |l as doutstogsbimntieBd and kdlotnparedall A fMdRic adifh eantterohtaineéfomduae” as used

herein refers 9,3y g@pggeprgged‘g@%miﬁmegﬂa‘nucl eic add as 30 defined
above. A residue Can any ‘nucl eoti de known to one of skill in the art

wi t hout WO 2004/ 092412 PCT/ EP2004/ 003356 21640 WO-KN 23 limtation,
including all of tcgg bi ol ogi cal Iy, occurring nucl eotides and non-biol ogically
occurring nucl &gt 1%8?6‘?‘%&%569&3 Peb@utleqtifs agf | Hgprucieatider efardp an

ol i gonucl eot i dgrinadis, plobessoligapaditagments @bk detertedSoligomper cohiralé andiunliabélait i on of

pol ynucl eoti d i ; I | ofr S-S when placed 5
under conditi g‘ﬁlg t taatﬁédggefs%lkgﬂ%f/%{llglgog?lgﬁ%?ly@&gkﬁr?@rd ext e??llglglgdrgﬂf)sr oduct that is
conpl enent ary {conteiniag 2uagsya1-ebase) Belyribompreotides (reptaining Dhebesph 21d8H from a
reconbi nant south&eN-gld@sitlélofa pptifid drip@imides bise, 0k hdBifitd RgiRBE pyrivdidiné oduced

synt het i caH)y.bast’ri nmer extension conditions typically include the presence
of four differé&nt deoxyri bonucl eosi de tri phosphates and an agent with

pol yneri zation activity such as 10 DNA pol ynerase or reverse transcriptase,
in a suitable buffer (a "buffer™ can include substituents which are
cofactors, or hnhdticasid palnugleptide gnelisomsicleetifigicin corprise)phogphediester inkagesi t abl e
tenper i’nl_t ure. T&Qn&gﬁe@ﬁﬁkdgé% illgmlm&@tmbm Ii5difeg tﬁﬂ,s%ihaﬁa{é&&, ﬁmepﬂam&ii&aﬂdén ef f 138 ioency
In anplitication, Pripers of, the vention . e, €. . pet n to

nuct eot i des. SRR B ST RRA e Y S L oo b $8884° 50 36 5o,
40, 50, 75, or phasphotanidaie budaedl dethylarihosphpreteeplicsphorothieate 500, 300, 200, 100,
90, 80, 70,1560memPphdtPhond@, phdsphoiHithicdle, BHEROPHMSDrothioate or sulfone linkages,

and combinations of such linkages.

A nucleic acid, polynucieo’cide or oligonucleotide can comprise the five biologically
occurring bases (adenine, guanine, thymine, cytosine and uracil) and/or bases other
than the five biologically occurring bases. These bases may serve a number of purposes,

20 e.g., to stabilize or destabilize hybridization; to promote or inhibit probe degradation; or
as attachment points for detectable moieties or quencher moieties. For example, a
polynucleotide of the invention can contain one or more modified, non-standard, or
derivatized base moieties, including, but not limited to, N°-methyl-adenine, N°-tert-
butyl-benzyl-adenine, imidazole, substituted imidazoles, 5-fluorouracil, 5-bromouracil,

25  5-chlorouracil, 5-iodouracil, hyboxanthine, xanthine, 4-acetylcytosine,
5-(carboxyhydroxymethyl)uracil, 5-carboxymethylaminomethyl-2-thiouridine,
5-carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine,
Né6-isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-
methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-

30  methyladenine, 7-methylguanine, 5-methylaminomethyluracil, 5-

methoxyaminomethyl-2-thiouracil, beta-D mannosylqueosine, 5'-



The term ' hybridi ze"tefersto binding of a single-stranded nucleic acid or a
| ocally single-stranded region of a doubl e-stranded nucleic acid to anot her
single-stranded nucleic acid or a locally single-stranded region of a

doubl e-stranded nucl eic acid having 20 a conpl enentary sequence. As one of
skill in the art is aware, it is not necessary for two nucleic acid strands
to be entirely conplenentary to hybridize to each other. Depending on the
hybri di zati on wOReON2es, a nucl eic acid can hybridi ze PETEPHO/WEBAO| enent
even if there are few, sone, or many m snmatches, deletions, or additions in
one or both strands. In certain enbodinents, the priners and probes of the
invention 25 cdfMhYWPErkNi ze to an at |eag? partially conplenentary nucleic
acid selectively, as defined below In certain enbodinents, the prinmers and
probes of the ixﬁbtﬁdsﬁy'ta@tmx;z:aéthﬁmbﬁ]i, SHethoxtuact 2-raéthythRENG-@ptritalylagenine,

compl eent ary SGAMENGEURIRle 9 MAASMLnE RNl O Jue B d8kBRSLpE! OV The

terns "stringen hot e
hybri di zati on @@hﬁ@rﬂﬂoﬂa@h@ tb‘PulP@K/\ﬁﬂB‘PHf%Fﬂsi"FléfhdmdhHHCLHPWQCE%er ature, as
is well known |d'¢1dtrﬁ}ﬁ1yﬁ§tér, -@eamnwm@x:aﬂmtyg mna&ll §1c1§3t)w,512] 6-, 1989, Mol ecul ar

Cl oni ng: A Labor.at or
oCT EPS00a) Goastanbtte s et snT e i et tProtinofs i o 0gy.

1988, ed. Ausubwdndand, giderivatized iise mpiefiesIagyde frubd in U.S.Batgntwinsks,004:441. Ti j ssen,

1993, Techni que§955r58é3lsfsﬁ1ﬁm%stzaﬂdsd\ﬂb %cm a5, Bida|spayss; edk Bzt i on wi th
Nucl eic Add Pro of hybridization and the

strategy of nuc‘lné‘?reor&% %E’é’&? Fren elﬁbﬁeﬂg‘f%(l\hl ch is hereby incorporated by

reference. 5 Generally, stri ngent conditions are selected to be about 5-30 C
| ower than the thermal nelting point (Tm for the specified sequence at a
defined ionic sEurthegtdre, amdclgd-hcid, palyracleatide vedligonisleotidegarndompoisdineioons ar e

sel ected tojpe &Q&%od%e&@&&&%e?, ink &R g, bBEnot [AREI) ardRlokd, B9 point (Tm for
efined ionic strength and pH The Tmis the

t he specified sequence at

t enperat ure (un@'&I aa%*ffmf'eml‘asmae dapegstgt h, pH and nucleic acid 10
concentration) at which 50% of the probes conplenentary to the target
hybridi ze to the target sequence at equilibrium (as the target sequences
are present in Em&smtendxetd tHanthepBdent diverttiog bpliniedy dresowrecafpinedeiatcid,

equi  Tbrium . Foh eXa0mi G olgbﬁdcﬂ&?d%t A*PMB& iz g%hﬁl@leo&g%gbﬁsgb% eottid | be those

in which the sat concentration 1S |ess t m _(or other
salts) ion, typfadefgmabymen oF tpp- }tua’aaﬁammakowaa}enmw eoiEet i on at
about 15 pH153. OadyqecablibntbhrSe, §nehadzet hevitr@ofbe khdmitabsyhthesd Al maleic asibout 25 C

for short pr Obeﬁucﬁe%u@e %olynjugle(?]tﬂe 5%%@5‘&1&?&&%2 ?NQ‘S@&Anggif DRROM S5 C for

| ong probes (e. con tlons may
al so be modifie clﬁdpﬁclgﬁqgﬂa(aﬁﬁ{ ipeptidg pucleic acid (PNA), a hybrid or any mixture 6 the

same, and may exist in a double-stranded, single-stranded or partially double-stranded
form. A nucleic acid may also be a derivative nucleic acid as described in U.S. Patent
20  No. 5,696,248, which is hereby incorporated by reference in its entirety. The nucleic
acids of the invention include both nucleic acids and fragments thereof, in purified or
unpurified forms, including genes, chromosomes, plasmids, the genomes of biological
material such as microorganisms, e.g., bacteria, yeasts, viruses, viroids, molds, fungi,

plants, animals, humans, and the like.

25  Thereis no intended distinction in length between the terms nucleic acid,
polynucleotide and oligonucleotide, and these terms will be used interchangeably. These
terms include double- and single-stranded DNA, as well as double- and single-stranded
RNA.

The term “residue” as used herein refers to a nucleotide or base within a nucleic acid as

30  defined above. A residue can be any nucleotide known to one of skill in the art without



hybri di zati on destabilizing agents such as formam de. The terns "sel ective"
or "selective conditions", as used herein, denote hybridization 20
conditions for the primers and/ or probes of the invention that permt
anplification, detection and/or quantification of a detectable flavivirus
nucleic acid in a sanple that may contain additional nucleic acids not
derived fromthe detectable flavivirus, or derived fromunrel ated regi ons
of the fiaviviwvapwgeasize. Detectable flaviviruses are 8BEFEPIHIPPel ow. 25
The "conpl ement” of a nucleic acid sequence, as used herein, refers to an
ol i gonucl eoti de which, when aligned with the nucleic acid sequence such that
the 5 end of 0 WedMence is paired wieh the 3' end of the other, is in
anti-parallel association. The conplenent of a nucleic acid sequence need
not exactly matlphitagye includinglak of thelgologicallneccursing medrotides sndidnebidogitaixes nmay
contai n m smat cREAiRASRIBEIE SesHbedliWyRE ched bases, 30 Those skilled in the
art of nucleic acid technology can determ ne duplex stability by
enpirically considering a nunber of variables including, for exanple, the
| ength of the oligonucleqtide, base conpgsition and sequence qf the
ol i gonucl eot i delhetsm; Brimey &gt 19,20 ohgnausleptifieiehictsis eapabls SrplingRetPYALE pairs. WO
2004/ 092412 PCThERZ0A pElGR 36t de 2tkesis MEhgliNeatShadddid dcidystradd whenplatedi ¢ aci d
dupl ex is neas e i 0 r I .. T. of a
particul ar n%clt%ll%% Cg%{clh%&gﬁﬂl? E%Jnﬁgﬁi‘?%gg@?ﬁegﬁﬁ%é‘ﬁ%?ﬁd‘éﬁy{é the tenperature
at which hal f @mpteﬁ@ntwtt@ﬁvie&rpl%%rén%éﬁhﬁ grigerecap peepdainadifiomeal. As used
ger Fi n, the teronbifbesouicghehns phﬁﬁ?mes&id'ig:omgﬁieﬁgbi ﬁec(iju/&bd ghthetaﬁmilf. orma
uplex 5 structure wt reai on ofy a ic acid, to conplenmentarity
0 Tat 1 enst. ondt R el Bl BBl F e bles Bl drro iUl COTD STENt L
probe, pref er ablepxyriferslepside triphosphatenand ag agpnitherdismgsization Attty suchas equence( s)
gf a prinmerio f\SDNA§61WﬁﬁIQQob@vﬁ%tra%ftﬂpta&[iﬁb@uiﬁ&l@bbﬁqr't()ﬁtbﬁff&dcﬁﬁndlﬁﬂte?-ba e]g. tEhe
" termnus of the probe.can " bl oc "e10 ro I t. Lhcorporation o e
robe 1 ntoa priHErRRs AEicE AR e Beath R e i e R Yl (T GRERS 20 D
usi ng non- conpl witehi tamperifuree Theprinyey ispaeéraily wngtestnanded (formpriximum effidéncas  biotin
gr a ghOSDhate itgraﬁl'ﬂ@ﬁcflﬁ)or;. beinﬁ}s_ohmﬁlﬂéadonafaysé)e.g.:,@eﬁ&eeﬁg@d SR hLdetidwhi ;:_h may,
ependi ng upon e selected noiety, serve a r nose so acting as a
| abel for subsaé@d’é??f“eﬁg%gg‘f”ie%tﬁw@%%e&b{eﬁf ¥ 6‘?%%’%&@1 %"l?érc]l%h attached to
the | abel . BF ockickgtideamd/alhges féyer theh beVIE, 209, 10@ B0, G0nE0, 20, 3h2Brooxyl or by
usi ng a nucl eotjdgdehftes. | acks a 3' 15 hydroxyl such as a di deoxynudeoti de.
The term "det ectabl e noiety” as used herein refers to any atom or nol ecul e
whi ch can

The term “hybridize” refersto binding of a single-stranded riucleic acid or a locally -
single-stranded region of a double-stranded nucleic acid to another single-stranded
nucleic acid or a locally single-stranded region of a double-stranded nucleic acid having
20  acomplementary sequence. As one of skill in the art is aware, it is not necessary for two
nucleic acid strands to be entirely complementary to hybridize to each other.
Depending on the hybridization conditions, a nucleic acid can hybridize to its
complement even if there are few, some, or many mismatches, deletions, or additions in
one or both strands. In certain embodiments, the primers and probes of the invention
25  can hybridize to an at least partially complementary nucleic acid selectively, as defined
below. In certain embodiments, the primers and probes of the invention can hybridize
to an at least partially complementary sequence under stringent conditions, as defined

below.

The terms “stringent” or “stringent conditions”, as used herein, denote hybridization
30  conditions of low ionic strength and high temperature, as is well known in the art; see
for example Maniatis et al., 1989, Molecular Cloning: A Laboratory Manual, 2d Edition;

seiamtam v L om-



be used to provide a detectable (optionally quantifiable) signal, and which
can be attached to a nucleic acid or protein. Detectable noieties may
provi de signals detectable by fluorescence, radioactivity, colorinetry,
gravinmetry, X-ray diffraction or absorption, 20 magnetism enzymatic
activity, and the |ike. Convenient detectable noieties for the present
invention include those that facilitate detection of the size of an

ol i gonucl eot i q200408%int . The term "fl uorescent noi et WCTER20LWISher ei n
refers to a chemcal noiety that can emit |ight under conditions
appropriate for the particular noiety. Typically, a particular 25
fluorescent mlistywoakiNem t |ight of a particul ar wavel ength foll ow ng
absorbance of light of shorter wavel ength. The wavel ength of the |ight

emtted by a peifiddd plobdcols fn'M&EcQﬁE&BIogWS@te)d AsukhaRR gyt $dns pibly hat
noi ety. Thus, @?‘gg?f g@&s\,‘éﬂbj&rfﬁ%ﬁ?‘g‘}‘?m%‘: é’m r)g dl?\?oléjc‘éfa l%]«[ed by detecting

light of an ap eng Tt on CHe™ 1 uor escent
moi ety with | |§thd@hﬁgmﬂtwlewé¢@lpém ﬁOveEXWIPGBCIPJFS of hthd@stmmpdso noi et i es

t hai[ gan Be usgd sﬂreﬁegs' Pﬁnu@?t@lt: Q&&j%s@ﬂdeamhtéh%ﬁ 1Q£or§ct}9cecpﬁyer$ﬁféhcé nvention
i ncl ude u imted e
pol yhal of | u%)r e f:néf Y’FEWﬁ‘inycod@@gn“\’iﬁ 6%?35%@?%@%2%&%%‘5’61 21640

WO- KN 26 hexachkltingpdintdTas bethe sfeaified sequiyes a dfioeipninstfeagthlayd pies,

rhodarm ne-f am i sty s RYAPEABRBATE e AR be 637408 T ki,

t hi azi ne-fam | squar |ne- mly %e%te | ant hani de-fam |y
dyes, and BODI éwﬂﬁ melgipg paptifmefor épefléF emtfa@ﬁ&h jppit strength agded herein
refers to a chphiTeiTonipihe teynpehanitre Gaderakfed nicstrengey; pif asdinicleddcidy a
fluorescenty ”Dto%kéﬁtééffﬁ aixb}ﬁch%‘d%rb?% éarc%‘éé c%irbélehx%néﬁ}fté {hG‘c &gﬂrﬁnﬁgéﬁ the the

fl uorescent noi et or e guencher uor escent
moi ety are | i [ESESeaysnse a&?ﬂﬁ%ﬁu’ﬁ&%ﬂ?ﬁfﬁ‘éﬁﬁq&@m&ﬁﬁ REesgdmeRseshdhI s 0%ener al | y
known in the abtthésrobds hieot@mpiedfttequikixding e eanplegyriigedmgbidizatiol-RET" ) . A
quencher noi et y, Gan, [ @n%@lh%?eﬁxﬁ‘%ﬁﬁm@m%o@cﬁﬁparu?gﬂ1efsJ tﬂm a%OL étﬂh%&iﬁ&lt i ety

in a signal characterlstlc hus guencher
can al so be a Grrlomsmgﬁmtmﬁﬂéﬁ‘gpmomtpébwaﬂM/@rlvmlancqﬁe@ﬁematﬁ‘iﬂ%ty nmay
di ssi pate tihe gAY aRASEH bedname&h@erﬁdumm&ammouﬁm €l fyr abrt Pdes (eg/s def i ned

herein, "5' t 01(?’ 58 clleeo?ﬁ%%an% al IeasE&f)out%r?&Fm locr‘légro% S(ggégmvelﬁha%[xr Or efers to

t hat act|V|tyo mthe 5 end
of an oli gonuewéwflii@abSﬁnﬁgealt@@d@emmaanakﬁhmeélﬁe&m@tBe additigegbe activity can

be a 5' to 3' hfbrRKNAHe@RTRIngGEdnkishich a®forrBarbide.t 0 3' endonucl ease activity.
For exanple, many tenplate-specific nucleic acid polynerises exhibit a 5
to 3'_ exonucl ease activi ty that i s tradi ti onal |y associated with some DNA

pol yner ases, (i lThe tetms selecgve or selecB C%HE{I SR% , as used’iherem, denote hybridization

20  conditions for the primers and/or probes of the invention that permit amplification,

detection and/or quantification of a detectable flavivirus nucleic acid in a sample that
may contain additional nucleic acids not derived from the detectable flavivirus, or
derived from unrelated regions of the flaviviral genome. Detectable flaviviruses are
described below.

25  The “complement” of a nucleic acid sequence, as used herein, refers to an
oligonucleotide which, when aligned with the nucleic acid sequence such that the 5' end
of one sequence is paired with the 3’ end of the other, is in anti-parallel association. The
complement of a nucleic acid sequence need not exactly match every nucleotide of the
sequence; stable duplexes may contain mismatched base pairs or unmatched bases.

30  Those skilled in the art of nucleic acid technology can determine duplex stability by
empirically considering a number of variables including, for example, the length of the
oligonucleotide, base composition and sequence of the oligonucleotide, ionic strength,

and incidence of mismatched base pairs.



this activity whereas the Kl enow fragnent of E. coli DNA pol ynerase | does
not). The 5° to 3" exonuclease activity can also cleave a substrate nucleic
acid nore than one 20 phosphodi ester bond (nucleotide) fromthe 5 end of
the substrate. Al though not intending to be bound by any particular theory
of operation, it is believed that this aspect of 5 to 3 exonuclease
activity associated with DNA pol ynerases, which leads to release of cleaved
ol i gonudeot i dewpp@gmasies from probes, can depend upon t RET/ERRAMLODIB ar

nucl eoti de conposition of the probe. For instance, the nunmber of matches or
25 m smat ches between nucl eoti des of the oligonudeotide and tenpl ate nudeic
acid, particulzas4opwatkKN he 5 end of the2®ligonucl eotide, can influence this
activity, as described, for exanple, by Holland et al., 1991, Proc. Natl.
Acad. Sci -TESA %ﬂlmﬁnaaexcm&iplek&b méaﬂl@ddrbpﬂ{e&ﬁ@&hgh&ﬁﬁ'kdﬂurb,)br B BTI‘Bé’l](Ee inits
entirety. e ter ntrol s’ n gase; reac n S u n.refers to a
5' nucl ease rea@urp Ha.rg%ar nud G ac“y% %ders o ed?foﬁdl on\fvmgtﬁetﬁgg(%%vh\fq gm)u t,
e.g., copy nunt)’éldcbhélffoéthﬁmfﬂéliakbamadsWlmm@@Mlz PCTI EP2004/ 003356 21640
WO KN 27 of a detectable flavivirus. The anount of fluorescence emtted by
such a reaction can be conpared to a reaction perforned on a sanple with an

unknown quant i tas y9dd Hareltk fe ®drfn “pABETefefs tFanbARHUEIRS 8 WERR BA fbrind SdupldkUS
serogroup to assess the anpunt. of SUC{} ucleic. acid B'gifftl ent inthe sanple.
et

5 The term "adj HoghEW! & TR A BR L epe S CTPIIE Ap BMioRG of the primer
with respect tsequehe ipthe pmbewith heqs@nein the regien. dberplobaprefeasbly, ddes atd of t he

tenpl ate nucl el Guagldequlhi® cofbilBiar? Rile QR) SRREAGARLEA vBYw TR © L han

about 150 nucl eoti des, nore out 125 nucl eoti des, nore t han about 100

nucl eot i des, noFebechbE lghslfépr wabeledicThedt teigainus qfrﬁiﬁ@rqbﬁsa@bs beskeddo

nucl eot i deS, nflj’r&ubxhﬁhﬂor@&@ﬂlﬁn dIthepriste @6 & pi@xFer efristonPodubia MBlakk@ig cahbe
nucl eoti des about 30 ucleogldes

n
nucl eot i des,1 by aﬁvegg TP E Ao Auc Sesc{rb&g;%n cnenﬁlca%Po%E%sugn%out 10
nucl eot i des, orblotmacyathcpsehattdzgroabmuh@hm'dmmkdﬁémlasﬂrfuclieotldeswldéxsmaryed to detect a

flavivirus ”UC|&B&dﬁg uﬁo%@ %&ted%ﬁe\’y”l%we%%h‘ﬁﬂrgb&ﬁ@&&ﬁ asIQ'ia‘BQI‘?&S, the

probe is preferabl eparated fromt'he probe 'Elh Egheoab_out 10
nucl eoti des. | rf“’f’ﬁ%ueﬂb AR S SRR 08@&%‘?‘?&&1‘9‘1&‘5& eflafel Plockipg e e, a PCR

anplification adg bdeihastd tenBEMRQHS3 BRdr&FLGDY uhief Sludleotidi¢haplaea 3may
hybri di ze t t he .det.ectabl e .nucl ej c.acid anywhere within the sequence to be
anplified hhdgxgow%‘a gldeox?ﬁ“ %a?el mer, thus allow ng prinmer extension to
position the pol ymerase so that the probe is fragnmented. The term

"t hernost.abl e nucleic acid polynerase” refers to an enzyne which is
relatively The term detectable m01et)f asused herein refers to any atom or molecule whxch can

be used to prov1de a detectable (opt.wnally quan'uﬁable) signal, and which can be
attached to a nucleic acid or protein. Detectable moieties may provide signals detectable
by fluorescence, radioactivity, colorimetry, gravimetry, X-ray diffraction or absorption,
20  magnetism, enzymatic activity, and the like. Convenient detectable moieties for the
present invention include those that facilitate detection of the size of an oligonucleotide

fragment.

The term “fluorescent moiety” as used herein refers to a chemical moiety that can emit
light under conditions appropriate for the particular moiety. Typically, a particular

25  fluorescent moiety can emit light of a particular wavelength following absorbance of
light of shorter wavelength. The wavelength of the light emitted by a particular
fluorescent moiety is characteristic of that moiety. Thus, a particular fluorescent moiety
can be detected by detecting light of an appropriate wavelength following excitation of
the fluorescent moiety with light of shorter wavelength. Examples of fluorescent

30  moieties that can be used in the methods and compositions of the present invention

include, but are not limited to, fluorescein-family dyes, polyhalofluorescein-family dyes,



20 stable to heat when conpared, for exanple, to nucleotide polynmerases from
E. coli and which catalyzes the polynerization of nucl eoside triphosphates.
General ly, such enzynmes are obtained from organi snms consi dered by those in

the art to be thernmophilic organisns. Generally, the enzyme will initiate
synthesis at the 3' end of a priner annealed to the prinmer binding
sequence, and will continue synthesis of a new strand 25 toward the 5 end

of the tenpl ald20Mf09%Ke pol ymer ase possesses a 5 to 3'PEFEHEHYBSactivity,
it can hydrolyze intervening probes annealed to the tenplate to rel ease-both
| abel ed and unl abel ed probe fragnents, until polynerization term nates or
all probe fragkdé WO-ENssoci ate fromtheeénucleic acid to be detected. A
representative thernostable enzynme isolated from Thermus aquaticus (Taq) is
descri bed i n Uh&achRabfluoMdeceindfad BPdyB Sovautin dardily dyest thodhrfiae-fausly dyps,i t 1 n

convent i onal , 487-91.
Anot her represg?nig?fa@t%&%?)%ldeagﬁw‘éjnsz’%r%ﬂ%ﬁaé‘rﬂjygzé S?Eﬁ%lﬁnggdﬁ’él g%?es Z05 DNA
pol yner ase. Seghelageddanthapjde fanylydyessangd DéP e WO 2004/ 092412

PCT/ EP2004/ 003356 21640 WO- KN 28 Tag DNA poI yrrer ase has a DNA

synt hesi s-dependent, strand replacenment 5'-3' exonuclease activity (see

Gel fand, "Taq @h@teﬁ@"‘c}ﬁ@iﬁ:’h@c&ﬁolety’fhs RéRhdeinherat RG)heredl Rividpf 185 cadbsApp! | cat i ons

for DNA Amplificat Pre Chapt
S Thas, oa ErensEaly 3 itst mpist ey R AuE RS SeiesupmdepRy e 0 EP o
unbound to tenﬁieéluerewmomefwexamFleSthndmhéh%@en@mnd(ﬂnbrewntalombcalrel c aci d

primer or pr obﬁnlieaft@zr&n&&ntﬁagnu&&qaamslggeho&fenﬁ lpgeaagllﬁ&ia%m &eat4s0 the

nucleic acid en the Dri fe % E’v’l ei.c acid %ol ner ase
having 5 to 3""MHEFEESEAETURL A ST YR “HIE &P in detail
bel ow. Such r eawtrgyehrizd fofpadudresmntirhuiepindeignal Fltﬁed:tqnstlcwoshathmnchdﬂos
6,214,979, 130 %o&@ﬂarﬁ?tﬁms a%uér&ﬂer%?amrbdaSﬂL?eléQathléme@aCmté;ﬁatwm qh IS her eby

i ncorporated by r rence in its entlre%sylv%ipr ﬂgmnen&p

conpl ement ari t y#¢76 em‘p’)’éefyc‘ﬂﬂ dissipat the FRpreygpsorRie ERTA fuprescary et%@ @nces t he
sequences are aligned for optiml conparison purposes (e.g., gaps can be
introduced in the sequence of a first nucleic acid sequence for opti mal
alignment wit hAadétﬁecsmamds fﬂMﬂn&i:l&se?dkhﬁtyS&Q‘l’i’ﬁﬁhﬁleése achibiey” neferk ®ahdtdes at

correspondi ng nuvle tioons . are then c en a position in
the first sequéfit® ?ft§ w HeRyyPugleotdg AL ré%ﬁﬁ% tﬁﬁ%le‘\é%?fqﬂe as the
correspondi ng pﬁ@inhﬂ&iﬁde1r11atsé@exﬂﬁbﬁﬂ&esdmue'mdeasé;{teﬂtyc'aﬂnbe atoexul es are

conpl enent Ly at t tio i kew se, en position in the first
ceqhence i a5y Staprdi el et iEROFARIY. BB B8Bbnai ng posi tion i n

t he second template-specific nucleic acid polymerases exhibit a 5’ to 3' exonuclease activity that is

traditionally associated with some DNA polymerases, (i.e., E. coli DNA polymerase I has
this activity whereas the Klenow fragment of E. coli DNA polymerase I does not). The 5
to 3' exonuclease activity can also cleave a substrate nucleic acid more than one

20  phosphodiester bond (nucleotide) from the 5' end of the substrate. Although not
intending to be bound by any particular theory of operation, it is believed that this
aspect of 5'to 3' exonuclease activity associated with DNA polymerases, which leads to
release of cleaved oligonucleotide fragments from probes, can depend upon the
particular nucleotide composition of the probe. For instance, the number of matches or

25  mismatches between nucleotides of the oligonucleotide and template nucleic acid,
particularly at the 5 end of the oligonucleotide, can influence this activity, as described,
for example, by Holland et al., 1991, Proc. Natl. Acad. Sci. USA 88:7276-80, which is

incorporated herein by reference in its entirety.

The term “control 5' nuclease reaction” as used herein refers to a 5' nuclease reaction

30  performed as described below on a known amount, e.g., copy number, of a nucleic acid



20 sequence, then the nolecules are identical at that position. The percent
conplenentarity (or percent identity) between the two sequences is a
function of the nunber of conplenentary positions (or identical positions)
shared by the sequences divided by the total nunber of positions conpared
(i.e., %conplenmentarity = nunber of conplenmentary overl apping
positions/total nunber of positions of the shorter 25 nucleotide x 100% and
% identity = nuifBeso3412i dentical overl appi ng positi ons/ PETEF20049033fer of
positions of the shorter nucleotide x 100%9. The determ nation of percent
identity between two sequences can al so be acconplished using a

mat hemat i cal al2ge0iWasKN A preferred, non2Timting exanple of a mathemati cal
algorithmutilized for the conparison of two sequences is the al gorithm of
Karlin and 30 Afka&&tdble flAd0fhs. FieQaouNaf Auordcénde enittéd byldudh aheacBdn Znb4- 2268,

nodified as in |.in an 412 LEP2004/ 00 WO KN 29
A tschul 1003 SBpheltoRReeR et d R le s A Rty orghig.
algorithmis iepiéef plepanessanqephalitis ires MEIERSP t?)?séfgfrth?ﬂf@ﬁunfﬁﬂ’ft%‘@mﬂeléﬁﬂél , 1990,
J. Mol. Biol. Zl&eft@3the sakdpR. practice of the present invention wll enploy,

unl ess otherw se indicated, conventional techniques of nolecul ar biol ogy,
m cr obi ol ogy and reconbi nant DNA 5 techni ques which are within the skill of

the art. chni qu re expl ai ned ful i terat ee, e.g.,
Sanbr 0ok ot i The K05 SRR B R e e P Aok AR PR U P aRD, ¢
Edition, Cold Spthemgobleian ﬂmrsamferbdreapmplymﬁrtwstra@@f tie Bpwplatecpuklsic bad., Theew  Yor k;

Olgonucleotld r e spa m
b o satTon eprﬁ%?%ﬁ}&ﬁbb%xﬁdylb rﬁeah: &@thanl&ﬁﬁisoﬂaeétﬁhscnﬁgrtgacn“Cal i de

eds 4
Bt On B pieagss spif o) Rocs e e B gt | ©
Enzynol ogy ( Acadelevtalemesesthan about)60 nleoNdies] reore thag elsbuP$d muglestidanand?y obes f or

and Cer tai n 01 re p Dl pA SRNE baR At R nulBRRE SR eI 0 | & Seroqroup

ol i gonucl eot | dé?%%‘?ﬁk%@“ tf’?r‘é‘i”%xg‘i‘i’dﬁ %’f}b ahoyt Lfgheyt 10 %F?H%es’pﬂ’esence of

a nucleic acid rodycharenhrmmonoefnothae Iﬂlapdwescbtoelmeeplﬂashmms suddicagil wigraogr oup and
certain-other %@% %ﬁgﬁ-i&déﬁ‘en%@ cﬂ fhe g\fd ﬂ%refé%@%ﬁ?%ﬁcﬂﬁ tHelpPdve USE.

These S priners probes are scrib |s not ed t hat

while the pri mgtyed °‘8|1§%%P§§’e18nﬁé?°é’??f Hhs?ebféwa%?tw:ﬁewdgg PERSEsBifetul arly usef ul
for anplifying aappleaiPCRlamplificdiisriimd dytpeiof enethods A¥\eaght Nedeid, the probe m@F EV, Dengue
virus, yellow f@‘éﬁélﬁ th E#%ete&{b@e Quclel’fc'agd Lk Wﬁﬁiﬁ &%Qfﬁgr%cﬁ%egelﬂrwiiggd anpl i fyi ng

ot her viruses a I gonucl eqgt I'des usefu e net of the

i nvention rmaybeh#fdsioymeEramefa E‘Hﬂiﬁr#‘%séuﬂ‘ﬁlég BEpFgEersianie pesition ther  conpl enent s
thereof, that agdynpnsertia thelpedbessdngmented.

The term “thermostable nucleic acid polymerase” refers to an enzyme which is relatively

20  stable to heat when compared, for example, to nucleotide polymerases from E. coli and
which catalyzes the polymerization of nucleoside triphosphates. Generally, such
enzymes are obtained from organisms considered by those in the art to be thermophilic
organisms. Generally, the enzyme will initiate synthesis at the 3' end of a primer
annealed to the primer binding sequence, and will continue synthesis of a new strand

25  toward the 5' end of the template. If the polymerase possesses a 5' to 3’ nuclease activity,
it can hydrolyze intervening probes annealed to the template to release both labeled and
unlabeled probe fragments, until polymerization terminates or all probe fragments
dissociate from the nucleic acid to be detected. A representative thermostable enzyme
isolated from Thermus aquaticus (Taq) is described in U.S. Pat. No. 4,889,818 and a

30  method for using it in conventional PCR is described in Saiki et al., 1988, Science
239:487-91. Another representative thermostable enzyme includes Thermus species Z05
DNA polymerase. See, e.g., U.S. Patent No. 5,674,738,



different strains of Flaviviruses or that are conserved between two or nore
menbers of the Japanese encephalitis virus serogroup or other nenbers of
the genus Flavivirus. 25 digonucleotides that conprise sequences conserved
between different strains or nenbers of a serogroup or genus nay be useful,
for exanple, as priners or probes that nmay be enployed to detect the
different strains or nenbers, thereby reducing the nunber of priners or
probes necessavg2mgogatect the different strains or nenBEFER2004033%er ved
sequences may include, for exanple, at least 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 30 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 40, 50, or nore
conti guous nucnﬁﬁnwﬂbémthat are WO 2004/102412 PCT/ EP20041003356 21640
WO-KN 30 conpletely (i.e., 1009 or substantially identical between the two

or nore strai nsl’aQDNth‘alyn{afasémg enm@ﬂe&sa ehdngt, J@Qﬁ@éﬁi&erﬁ&@?@“a' itis virus
serogroup or other nbers of ‘Emd q,enﬂﬁ gaw Vi [ US éiJ ntially identical
sequences i ncl G’(‘,ﬂ-{"“fF?é"saéu‘(‘ﬁ'a(feegF S5oymergsey n 879204~ 93% 94%
95% 96% 97% Pﬁa&blemd%%cautmafqr@amﬂnephﬁ@emn,tﬂmcﬁm Vivockton BresseNSt r ai ns
across the abo @sbs)' p@erggmugwmﬁ% ﬁafage%és not degiade M BIdBE GhiGlidl Primers
Prinmers Based ' none aspec the i nvgntl on provides nucleic
acid primers tmgabourgdie wePREdN4n et hods "of detecting menbers of the
Japanese encephalitis virus serogroup. In certain 10 enbodi nents, a first
nucleic acid primer that can be used to detect a nenber of the Japanese

encephalitis VIm@&rIﬁey'aga&w&e&aaﬁWdfse&le&alafd(plr@ief:oxaﬁwir&faatothe/brl di zes to a

nucl eic acid of or..a.c enent, .t ,
presented in %SB“P i‘ Fﬁ‘@dﬁ)% geaﬁ‘flw 8?%3@&5&%%?@% n the 3
unt ransl at ed I‘agtléiﬂadﬂpcﬂ)hﬁrasghﬂmgﬁ’stoefnuﬂ%eichﬂlw,wd”eﬂlsﬁabcbvhaﬁdd:e@dmbkrb det ect ed

usi ng the comPQs}iiANG, AL TELRAAS. At 5 108 AIASENS U KA D1e SHQ | D NO
oY %b 7 iR )

2 represents th ch enbodi ients’ of the
i nvention, he 5fgp‘f'%7t5 ﬁé&?%ﬁzén‘é%?]& ?F%me%h‘ah?’fﬁhﬂuéf@fﬂ%ée béfé‘?fﬁE}S‘:Ftl on,
i.e., cheni cal isitydnitet €, that allows it to hybridize under the defined
conditions to a nucleic acid of SEQID NO.: 1. In sone cases, each

nucl eotide of a pri rrer that hybridizes to a nucleic add will form base-pair
conpl ements wi dcleotide of the nucl q& 0 a primer
containing a srfﬁegl’nﬁter fcg(’)ttcfnaglemf%arqy OIb?CIC(fmz‘g% § °F“V6 o )eﬁgllc u‘g in the

nucl ei ¢ aci d ofseqSELes, Ebemuencis ashhighed meémd c@nparEgh BIIHBOSF-‘h(eE hgapeesnbespondi ng

posi tion. Thus,intodatddGh &akd &c&@fatmenaa@&aeidee@@h&f&fo &E@ahgamemmhal defines
t he nucl eot 5de sfco%% ci:e a t her ef he, exa structure of the

primer. In iai fecpreshd, 8“‘“ R CPFFF@P“ é%““élle%%ieg?)sr‘r%‘%nl se

non-st andard  are then compared When a position in the first sequence is occupied by a
. cornplementary nucleoude as the corresponding position in the second sequence, then

the molecules are complementary at that position. Likewise, when a position in the first
sequence is occupied by the same nucleotide as the corresponding position in the second

20 sequence, then the molecules are identical at that position. The percent
complementarity (or percent identity) between the two sequences is a function of the
number of complementary positions (or identical positions) shared by the sequences
divided by the total number of positions compared (i.e., % complementarity = number
of complementary overlapping positions/total number of positions of the shorter

25  nucleotide x 100%; and % identity = number of identical overlapping positions/total
number of positions of the shorter nucleotide x 100%).

The determination of percent identity between two sequences can also be accomplished

using a mathematical algorithm. A preferred, non-limiting example of a mathematical

algorithm utilized for the comparison of two sequences is the algorithm of Karlin and
30  Altschul, 1990, Proc. Natl. Acad. Sci. U.S.A. 87:2264-2268, modified as in Karlin and



25 nucl eotides according to the definitions of oligonucleotide and priners
recited above. Certain of such non-standard nucl eotides can also bind to

ot her standard or non- standard nucleotides to forma base-pair. For
exanpl e, the nonstandard nucleotide inosine can pair with uracil, cytosine,
and adeni ne. G ven the known correl ation between hybridization and chem ca
structure, one of skill in the art can easily recognize WD 2004/ 092412

PCT/ EP2004/ 009®3604023840 WO- KN 31 t he standard feat ur ePCHEPIPADOFHBS mer s of
the invention. Exenplary enbodinents are described in detail below 1In
certain enbodi nents, the first nucleic acid prinmer that hybridizes to a

nucl ei ¢ aci d o03164BWQ-KI® NO : 1 can be ag9short as about 6 nucleotides. In
ot her enbodi nents, the first 5 nucleic acid priner can be as | ong as about
80 nucl eot i desaltskkul,a893 Biod. NethOAd. ISBINU S, A. b03B73-6877S Buch s higorithmad d pri mer
conprises about 10, about,.,1l ut 14 15, ut 17, about
T8 about 1o BsabeBotpotpLay Hipdtpr A5l anoghelq dy. oy R T Do
about 26, about 27, about 28, about 29, about 30, about 35, or about 40

nucl eotides. In sone enbodi nents, the first nucleic acid prinmer wll

conpri se fewer Theparretidadd the@eeseny (rventipg wilemply, urdegs othqywisoldicgtad, or 20

nucl eotides. ThRvinRBd RcididhecTHRRSME Bblogf michBioliz) IR redoaibidift BROSEN tO give

sufficient _thernmdyna stabi Lity.to.en hybri di zati pn the primer to
Che {1 avivi { al CHIFED e s y i die Ko B RS 8 PRl S8 Bkl AF, B!

whi ch depend othelitmtutetSeeeigoSambeedkatial., 2691 0doleralaf Cloping A IRberatexanpl e, pri mers
wht ht modlt L l ed{ Ma&m,%ftr}ﬂéﬁﬁ&,, C@lﬁ_sﬂﬂﬂ% HﬁBérF.ﬁlQ)tréltéry@%J, esiisgas; fg@w&m&plnger or
shorter an ose W conventi o ucl eot i de 1| e, _having simlar

t her modynami ¢ ﬂ g;r(i)ltﬁo’i‘éﬂef"é% Sﬁ?‘%ﬁ@?&i% ?‘t’éa%ﬂéé“%‘?c ‘&%‘z:ﬁ%ﬂﬁlﬁi“gqns( andar d- base
may be found i D. HafSes #4t e fligghie.sds. 098004 PRGcal6iuidedo BORBculG, M@ingSBl, and

5, 990, 303, 1gaCPpf, 1‘9@)}%%5&&'8@&@&&&9%9&%[0@} G@Qacﬁ}ﬁicr Bigngnce in its

entirety. As another “exanple, priners Wwth C-rich sequences may anneal to
target sequences at higher 20 tenperatures that a prinmer of simlar length
with AAT-rich sequences. Thus, in certain enbodinents, the first nucleic
acid prinmer conprises nodified, non-standard, or derivatized bases, as

defi ned above. 3.1 n Q@lekidnid @ritrerd ntidbProbes foir Detedting 8 NudlelcAdd af Addéntbepafitheer

conpri ses at | east Jefmpest Eddgphatitinfemgnoup wel Gertainduhdr GagivipisesSEQ | D NO.: 2. SEQ
ID NO.: 2, as shown in Figure 1, is the 25 conplenent to SEQID NO.: 1. In
ot her enbodi nents, the first nucleic add priner conprises at |east about 18
consecut i ve nuéhewtsentdnventfongEgyideppligonucleptides psefil 4s|primststaad probestiodéterent s, t he
first nuclakc afipthsdtict SRMuAQETRId 518 Snetiber ¥ B8R YapaRt9dkncedlaliR N QG D

- - and certain-other members of the genus Flavivirus, and methods of their use. These- -

primers and probes are described in detail below. It is noted that while the primers
discussed herein may be designated as particularly useful for amplifying a particular
virus type (e.g., West Nile virus, SLEV, Dengue virus, yellow fever virus, etc.), the

! 20  primers an be useful for amplifying other viruses as well.

The oligonucleotides useful in the methods of the invention may be designed to
comprise nucleotide sequences, or complements thereof, that are conserved between
different strains of Flaviviruses or that are conserved between two or more members of
the Japanese encephalitis virus serogroup or other members of the genus Flavivirus.

25  Oligonucleotides that comprise sequences conserved between different strains or
members of a serogroup or genus may be useful, for example, as primers or probes that
may be employed to detect the different strains or members, thereby reducing the
number of primers or probes necessary to detect the different strains or members.
Conserved sequences may include, for example, at least 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,

30 16,17,18,19, 20, 21, 22, 23, 24, 25, 30, 40, 50, or more contiguous nucleotides that are



nucl eotldes of SEQID NO: 2. In yet other enbodinments, the first nucleic
acid prinmer conprises at |east about 22 consecutive nucl eotides of SEQ ID
NO.: 2. In still other 30 enbodi nents, the first nucleic acid prinmer
conprises at |east about 24 consecutive nucleotides of SEQID NO: 2. WO
2004/ 092412 PCT/ EP2004/ 003356 21640 WO-KN 32 In certain enbodi ments, the

I nvention provides nucleic acid priners that can be used to detect a nenber

of the Japanesgoshfmfsial itis virus serogroup. These pri weigpmHodnokss
structural ly defined by reference to their nucleic acid sequences, as

presented in Table 1. Table 1 N SEQ ID NO.: 3
GNz XAWCCN-NYN' UgBiANoIAY ~CN' ) N SN yNzOTg§025 Japanese Werein N2 is T or
A, N5 is Gor C Nsis T or absent; N at encephalitis virus position 9 is C

or G NIO is T or 12 o 3. N15 is
Aor C N7is Cﬁmé’Ftdlﬂ 108 ("ﬁoréu%s%]éﬂ%'l\?fg&ﬁag%%éh&ﬁ wdgc{rg&%ldfo OE%T;

N25i sAor G anszsl@ﬁomvmbgsz@thqjamse enpeptRlits GDONCIOEOCRA Do mRersaftha West

Ni | e virus WWerghgs Msivirs. 3064k alB idehtical\NbQueh&s ihcble hoseNBarese.g], 80%, C; and N20

IJZpaEe!sge{/\herelﬁ%/Ngo’("?%g %&’%@"l\%ai ?%@Agl\%h 0 %Ep\olrgboﬁﬁ% “‘i;g”ﬁl‘fé“ Gor A

encephal i ti s5 vitwaor Moie strainGicooss the atpmellis@Gontguahsaucliotidey i mer 1 SEQ ID NO.: 6
GAAAGCCTCCCAGAN CCGTN CGGAA Murray Valley Wherein N15 is A or C and N20 is
Cor T. encephalitis virus Primer 1 SEQ ID NO. : 7 GIAAGCCCTCAGAACCGTCTCGGAA
Kout ango Vi rus £5i ngf, b RERpkileNO. © 8 GTAAGCCCTCAGAACCGTCTCGGAA  Exanpl e
Primer 1 SEQID NO: 11 N CCN AN N TN N N CCAGGTN TCAA Japanese Wierein N
is Tor C Nis Cor T, N6is Gor C Ns is Cor A

Primers Based On SEQ ID NO:1

In one aspect, the invention provides nucleic acid primers that can be used in methods
of detecting members of the Japanese encephalitis virus serogroup. In certain

10  embodiments, a first nucleic acid primer that can be used to detect a member of the
Japanese encephalitis virus serogroup comprises a nucleic acid that hybridizes to a
nucleic acid of SEQ ID NO.: 1 or a complement thereof. SEQ ID NO.: 1, as presented in
Figure 1, represents a region of conserved sequence in the 3’ untranslated region of the
genomes of the flaviviruses that can be detected using the compositions and methods of

15  the present invention. SEQ IDNO.: 2 represents the complement to SEQ ID NO.: 1.

In such embodiments of the invention, the first nucleic acid primer has a nucleotide
composition, i.e., chemical structure, that allows it to hybridize under the defined
conditions to a nucleic acid of SEQ ID NO.: 1. In some cases, each nucleotide of a
primer that hybridizes to a nucleic acid will form base-pair complements with a

20 nucleotide of the nucleic acid. For example, a primer containing a standard nucleotide
that hybridizes to a C residue in the nucleic acid of SEQ ID NO.: 1 should have a G
residue in the corresponding position. Thus, hybridization to the nucleic acid of SEQ ID
NO.: 1 defines the nucleotide sequence and therefore the exact chemical structure of the
primer. In addition, the first nucleic acid primer can also comprise non-standard

25  nucleotides according to the definitions of oligonucleotide and primers recited above.
Certain of such non-standard nucleotides can also bind to other standard or non-
standard nucleotides to form a base-pair. For example, the nonstandard nucleotide
inosine can pair with uracil, cytosine, and adenine. Given the known correlation

between hybridization and chemical structure, one of skill in the art can easily recognize



encephalitis virus N10O is Aor T; N' is absent or T, N12is Tor C N3is C
or T; and serogroup Prinmer N20 is Gor A 2 SEQID NO: 12 N
CCTAGTCTATCCCAGGTN TCAA West Nile virus Wierein N is Tor Cand N 9is G
or A Prinmer 2 WD 2004/092412 PCT/ EP2004/ 003356 21640 WO-KN 33 SEQ I D NO. :
13 CCCN A TN ATN N CCAGGTGICAA Japanese Werein \dis Cor T, N6 is Gor C
N8 is Cor AL N12 is T or C encephalitis virus and N13 is Cor T. Prinmer 2
SEQ I D NO. : 1woR@@#a@EC=CCCAGGTGTCAA Mirray Val |l ey en®EPREAHOIS6/i r us
Primer 2 SEQ ID NO : 15 TCCTAGICTATCCCAGGTGTCAA Example Prinmer 2 SEQ ID
NO.: 74 TCTCCTAGICTATCCCAGGIGICAA Exanple Prinmer 2 In certai.n enbodi nents,
the first nucl 2640 WedKpr i mer conprises any of SEQ ID NOS.: 3- 8. In certain
enbodi ments of the invention, in order to inprove primer specificity, the 5

primers can CofpkthsdrdiBRureof fRpanRtskythaimwehtionChemblatambatimphtsBRar its 3’
end. For i nsta$c%ﬁ65n Cteﬁﬁfi" n enbodi ments, first nucleic acid priner

conpri ses SEQ d§ “herein the residue at position 23 is

N6- al kyl - deoxyadenosine. In a specific enbodinent, the first nucleic acid
primer conprises SEQ ID NO : 8, wherein the resi due at position 23 is

N6- et hyl - deox&l&d@mmsnb@mdnm@eﬁtsamwleeﬁbédmﬁbgthrHezeﬂOIasmclq!G)aqtdmfI eic acid

conpri ses SEQ $H9) N0 Bcan¥2 8§ BbR agdaeutrseﬁu@dbaesatxn malembeasn%dtsltﬁeﬁﬂﬁ al kyl -
deoxyadenosine. In a .specifi enbod|% élf‘l%]e i ril:tl nucl e aci d _conpri ses

SEQ ID NO. > 8luqfferidPHmERRR Pewsilongas ofiflesn Ja cegtain embodiments, thie
N6-tert-butyl - ﬁlenm;clercdeabmymdenmgnmeabohﬂo abeuttlajahowribatiourdfitaboutilbie fir st

nucleic acid pgoIefy %%Fﬂg' abbm 15%@0&@0 '}lﬂ?outzﬁabd/&%% %bdlu 23, Bouk ?45 Lihihe at
position 23 is N6-al eoxgypa eng%f)ne and the, residue at tion 24 is 15

N6- al ky! - deoxy%?elékf?b‘é? ghou§ (> 3papt 28 ASP Hedf: a@ﬁ%‘ép’fa}"&méﬁ’t%d?% nuc pladet.; ¢ st
nucl ei ¢ aci d Jrsoite emb@iiménts the HSERYcled aNDptim&;, mu\/a@mmsnfetvb:ethatremomﬂﬂoat

position 23, sgd\gy, T8 BHY521 or 20 nudleotides.

The length and composition of the primer can be chosen to give sufficient
thermodynamic stability to ensure hybridization of the primer to the flaviviral nucleic
acid under the appropriate reaction conditions, which depend on the detection method
to be performed. For example, primers with modified, non-standard, or derivatized

15 nucleotides may be longer or shorter than those with conventional nucleotides while
having similar thermodynamic hybridization properties. Examples of such non-
stanidardbases may befouurid ifi U.S. Patent Nos. 6,320,005, 6,174,998, 6,001,611, and ~
5,990,303, each of which is hereby incorporated by reference in its entirety. As another
example, primers with G/C-rich sequences may anneal to target sequences at higher

20 temperatures that a primer of similar length with A/T-rich sequences. Thus, in certain
embodiments, the first nucleic acid primer comprises modified, non-standard, or

derivatized bases, as defined above.

In certain embodiments, the first nucleic acid primer comprises at least about 16
consecutive nucleotides of SEQ ID NO.: 2. SEQ ID NO.: 2, as shown in Figure 1, is the

25  complement to SEQ ID NO.: 1. In other embodiments, the first nucleic acid primer
comprises at least about 18 consecutive nucleotides of SEQ ID NO.: 2. Instill other
embodiments, the first nucleic acid primer comprises at least about 20 consecutive
nucleotides of SEQ ID NO.: 2. In yet other embodiments, the first nucleic acid primer
comprises at least about 22 consecutive nucleotides of SEQ ID NO.: 2. In still other

30  embodiments, the first nucleic acid primer comprises at least about 24 consecutive
nucleotides of SEQ ID NO.: 2.



deoxyadenosi ne and the residue at position 24 is

N6-tert-butyl - benzyl - deoxyadenosine. U.S. Patent No. 6,001, 611,

i ncorporated by reference above, describes N6-al kyl - deoxyadenosi ne as wel |
as the identity of the alkyl noieties that can be used with such 20
non- st andard nucl eoti des. For exanple, in certain enbodi nents, the alkyl

noi ety conprises C to about Cl O branched or unbranched al kyl. In other
enbodi nent s, tWwe20a@ioky¢i2 noi ety conprises Cl to about C2@CHERNC48ESOr
unbranched al kyl . WD 2004/ 092412 PCTI EP2004/ 003356 21640 WO-KN 34 In

anot her aspect, the invention provides a second nucleic acid primer for
detecting a nedtb€dWOFKINhe Japanese encepRal itis virus serogroup conprising
a nucleic acid that hybridizes to a nucleic acid of SEQID NO.: 9 a

conpl ement  t herla@értaiSekbddindié, the fhverdtidn pfvidsaiitled adidiphimgsithet dn be wpi @sent s a
regi on of conse eguen i n he genones
of the flavivi r%egegga ﬁlg?erggtﬁejﬁgangg'? IécgeF hag’&}\ﬁr% §er%%|&g %mrsg%h qtq%}%%g bt and net hods
of the present stgtaraly definedhygefersne teythsis n’sqmﬁldtsmlﬁncﬁa H“B“NEE}“‘ Talge 1.
represents the conplenent to SEQID NO : 9. In such enbodi nents of the

i nvention, the second nucleic acid priner has a nucl eotide conposition,
i.e., cheni cal [struct ure, rhat—al T ons |q~abqpl nyorl dize To a nucreic acid of
SEQ 10 ID NO.: A A ] i1 = -.eot i de
that hybridi zes ) shoul d
have a G residye |riapalnesecorré‘ﬁ;&mndN’mﬂpmlelsd}\orCrhﬁsTdnszsentdﬂmat| on|to the
nucleic acid of Cng%Ha&sNQus %ofﬁ’o%'l@@%ré'}@{s“f%k@f’rg"zﬁ%o?%q}@@&@oﬁ&d tiherefore

the exact chem structure addi tiqn cond nucl eic
aci d primer can ®FSPREPIF s& Hbﬁpé@dﬁdﬁpd’rfﬁ‘l &&@&»Ndé%rr%cﬂ d‘Fﬁg to the
definitions of |oli gonucl eotl de’S IéﬁdAm&Gnﬁde\IZ?xefAlowd above Certain{of such
non- st andard nu S Z e ket — indar d
nucl eotides to for hase- pai i { exa 1%e nons; andard nucl eqtide _

i nosi ne can_pai eriVFSﬁNdf—’Vlé’rsl V@}FE%N abs%rﬁdf'éd‘bnlﬁﬁ@fci@véﬂ" or Feanddbwis
correl ation. et V\ﬁ&ﬂné’ﬂybl‘l dICZ(ﬂtD on and chem cal structure, one of gkill in
the art can easjity : 20-he %&Ws of the
i nvention. Exenpl3 i S arg’ aesc ¢ A %Ablow I nijcertain
enbodi nents, the sd@m@enucl Shereire Nts Bror N’ it dhaenti his Adr GeN” is6 er Audl ei ¢
acid of SEQ | O DephafliGans Pa'BiS coPPrdnd 8 ip@out. 6 nucl eotides. I n other
enbodi nents, the srteconq nucl ei ¢ aci d priner can be as long as about| 80

nucl eotides. In| certd 25 enbodi ments, the second nucleic acid priner
conpri ses about 1SEQEEbN0t:612,GAam@ﬁCTm,CAGabIBGCGIEI,‘”TGGGﬂA 16, about 17, about

18, abOUt,_ 19, apOMun_%QVa]ﬂpom\'\ﬂ?e}einﬁb%ﬂor%%ancﬁﬁlgﬂtCorT. e i e

encephalitis virus

Primer 1
SEQID NO.: 7 GTAAGCCCTCAGAACCGTCTCGGAA

i Koutango virus

Primer 1
SEQID NO.:8  GTAAGCCCTCAGAACCGTCTCGGAA
Example Primer 1
SEQIDNO.:11 N'CCN*AN°TN'INN'N"ZNPCCAGGIN™TCAA
Japanese Wherein N' is T or C; N*is C or T; N°is G or C; N® is C or A;
encephalitis virus N%is A or T; N* is absent or T; N*?is T or C; N®is Cor T; and
serogroup Primer N*is G or A.
2
SEQIDNO.:12 N'CCTAGTCTATCCCAGGTN"TCAA
West Nile virus ~ Wherein N is T or Cand N*? is G or A,

Primer 2
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enbodlnents t he second nucleic acid priner
SEQ
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Apsertaisgmhedimens, shefii apdeieaciddpaimey earmprises 2aYief SEQLP RS- 3
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instance, in certain embodiments, first nucleic acid primer comprises SEQ IDNO.: 8, _
wherein the residue at position 23 is N°-alkyl-deoxyadenosine. In a specific
embodiment, the first nucleic acid primer comprises SEQ ID NO.: 8, wherein the
residue at position 23 is N®-methyl-deoxyadenosine. In certain embodiments, the first
nucleic acid comprises SEQ ID NO.: 8, wherein the residue at position 24 is N°-alkyl-
deoxyadenosine. In a specific embodiment, the first nucleic acid comprises SEQ ID
NO.: 8, wherein the residue at position 24 is N-tert-butyl-benzyl-deoxyadenosine. In
certain embodiments, the first nucleic acid primer comprises SEQ ID NO.: 8, wherein
the residue at position 23 is N°-alkyl-deoxyadenosine and the residue at position 24 is
NC-alkyl-deoxyadenosine. In yet another specific embodiment, the first nucleic acid
primer comprises SEQ ID NO.: 8, wherein the residue at position 23 is N®-methyl-
deoxyadenosine and the residue at position 24 is N°®-tert-butyl-benzyl-deoxyadenosine.
U.S. Patent No. 6,001,611, incorporated by reference above, describes N°-alkyl-
deoxyadenosine as well as the identity of the alkyl moieties that can be used with such
non-standard nucleotides. For example, in certain embodiments, the alkyl moiety
comprises C; to about Cyp branched or unbranched alkyl. In other embodiments, the
alkyl moiety comprises C; to about Cy branched or unbranched alkyl.

es SEQ | D
conpri ses
d nucleic
n ot her

t Be ISR AN embetit&ritCof dle iflentini 1ﬂBEdeE®Hn@EHVE)pm§& spdttfichy, theor e
al kyl ated nycl eotides at ar

s, the



NO 74, wherein the residue at position 24 is N6-al kyl -deoxyadenosi ne. In
certain enbodi nents, the alkyl noiety conprises C to about C o branched or
unbranched 30 al kyl. In other enbodinents, the al kyl noiety conprises C to
about C20 branched or wunbranched alkyl. In a specific enbodi ment, the
second nucleic acid prinmer conprises SEQ ID NO: 15 or SEQ ID NO 74,
wherein the residue at position 24 is N6-tert-butyl- benzyl - deoxyadenosi ne.
WO 2004109241 P01/sR2004/ 003356 21640 WO- KN 36 The nudd@TER2@#90835pr i ners of
the invention may additionally conprise nucleic acid sequences that are not
conpl enentary and/ or do not hybridize to a nenber of the Japanese
encephalitis v2icd@WEEKNgr oup. These addi3#i onal , sequences can be sel ected by
one of skill in the art to, for exanple, assist in the detection of the
menber of the ahaghareset, haaephiah iptdvitlesd seedad sedagicidppimeMet Haetsingd det ecti ng
B el € 2ST OmehBlople ifloe AUELEE GG Ohod JRIREL: SlockhSqd fppnese

encephal itis V|rus ser ext en ctions 4.2 and

4.3, bel ow. Th@@@dwt%@sd%'épﬁf&mﬂ ?h@na&mem@ﬂa@f SEREP DCe 9% d

sequences t hat ,cahted e E?glﬁéﬁPéprés&téah@glmk@ds&ve’ac‘skcfhewehmé 9 Wfradsheedl nventi on
as well as rre?hods tgf usi ng .t hese additi ongf:6 ence to detect a nenber

of the Japanesksiongf ﬁ%“é‘ﬁ’i’iasloiff}}e avyipuses thabeag ?ﬂ@g EPRPSTHgRY g primers
may be prepar edudbyetbcmyo&hepm&ehtamrreﬁckmmglmdwhoslmw@ﬂﬁtSB‘QB)(NOI 10in thelart

wi thout [im taiépﬁ%ts'\tﬁégaﬂug&rw@&rtoE’E(S’ﬁf‘ﬁgng ol i gonucl eoti des of defi ned
t

sequence are we nown the art include, for exanple, cloning and
restriction of appropriate sequences and direct chem cal synthesis.

Chem cal synthesis nethods & 15 i ncI ude, for exanple, the phosphotriester
met hod descri bEcupyemberisgtsof the inventipn;the secopd ppdrisacidiprimes haraingesetds: 90, t he
phosphodi est er conpiosieioh, dk. S&klﬁ&ﬂdtﬂbﬂfurartmoﬂloﬁﬁs it&d hybridizéxé Q nullkit fpdisf SEQ

E | 8: h B

ot oty om0 TEY RO b forth bty BARSRORL B b P RRG g ’E"E@?‘FJ Ratnod .. .
di scl osed i n UCSesidngin thepycleis agid of SFQFD NQ: Hhgnld heyg 2 Greddueiiz®ei ons to t he
above- descri bedori’e@pdﬁaingp&ﬁmaf TﬁasmYBﬁ&tﬁloH&,ythb@cu&aeidbesB@wN@bby i mpact

enzerE behaVI of ﬁMetLtl]Le nuc?e ge sequence C?th %égreQI?Sngc emll ?rrl}.&(l:nl‘ee?El deS For
exanpl e, i ncorporastl on cﬂ]‘e a" os hodt nka

phosphor ot hi oapémenrge mdltpndbmmémedelc ack @mmmsel aqneprlse norbmrahtﬁp hos phat e)
or |inkagegsot hgdeotindAcBrdtpas e akmiitfona 6t cﬁigoxﬂ@édti\d@stah& BrimBys fecA&H above.

ol i gonucl eoti de _nma e useg r e at.a se ted site. In 25
addi tion, the ggréa'%?gﬂch “£ﬁ1s%893ﬁ§aTc¥”§%‘ é’%f’ Eg'ﬁé ?therts%n#aé‘ilc/%r 287 spl acement
over di gest i onstaugard tnglegfiidegjioriersl aase-Rhér- \theeﬁarhla)bﬂledlmz@@dﬁld racletideei ¢ acid

that is al so thRsiheaRpait Rith &acil, cytosine, and adenine. Given the known correlation.

between hybridization and chemical structure, one of skill in the art can easily recognize

20  the standard features of the primers of the invention. Exemplary embodiments are
described in detail below.

In certain embodiments, the second nucleic acid primer that hybridizes to a nucleic acid
of SEQ ID NO.: 9 can be as short as about 6 nucleotides. In other embodiments, the
second nucleic acid primer can be as long as about 80 nucleotides. In certain

25 embodiments, the second nucleic acid primer comprises about 10, about 12, about 14,
about 15, about 16, about 17, about 18, about 19, about 20, about 21, about 22, about
23, about 24, about 25, about 26, about 27, about 28, about 29, about 30, about 35, or

about 40 nucleotides.

The length and composition of the second primer can be chosen to give sufficient
30  thermodynamic stability to ensure hybridization of the primer to the flaviviral nucleic

acid under the appropriate reaction conditions, which depend on the detection method



synthesis of a new nucleic acid strand. Dengue Virus Prinmers Additional
primers of the invention hybridize to the Dengue virus 3 UTR Exenplary 30
prinmers useful for anplifying and/or detecting Dengue viruses nucleic acids
i nclude those depicted in Table 2 (5 -* 3"). WO 2004/092412

PCTI EP2004/ 003356 21640 WO KN 37 Table 2 Sequence Comments SEQ ID NO
GAGCCCCGTCCAAGGACGTAAAAAGAA Dengue virus consensus upstream 41 priner.
GAGCCCCGT CCAAK bl dAMAAGA] Dengue Vvirus consensus upstrcaaepeebo03§ssi ner .
GAGCCCCGTCCAAGGACGTAAAAAGEJ Dengue virus consensus upstream 43 primer.
GAGCCCCGTCCAAGGACGTAAAATGAA Dengue virus type | upstream 44 priner.
GAGCCCCGT CCAAGCERIWIMNTGAJ Dengue virussgd ype | upstream 45 primer.
GAGCCCCGTCCAAGGACGTAAAATGEJ Dengue virus type | upstream 46 primer.

GAGCCCCGT CCAAGACGL éﬁé@ ggﬁmy R ream primer.
GAGOCCOGT COAAGEAGE oL Fp grlﬁ\ﬂerg t%h {n)ﬂ@lﬁ& hén &aﬂda}d % derﬂr!ﬂ%idr eam pr mer
GAGCCCCGTCCAAG@A@%WW@EJ’HES‘@ ﬁgi?@ftv|¢ﬂ9§hﬁsﬁg&cqnﬂe“§°ml pug eé’“ﬂf‘ﬁg’ ®am pri ner.
ATTGAAGT CAGCCCAGTG iR thefinsutynianiv hybuiigizition @rdpertie Sixareples b Buch pon-ner .

AT A O T %E'fwﬁd I Back o Q2R £ AR 100 D6 R

ATTGAAGT CA! CIPG ue Vvirus type pstream 52" pri mer,
5 5,990,303, each of which is hereby 1ncorporated by reference in its ent1rety As another

example, primers with G/C-rich sequences may anneal to target sequences at higher
temperatures that a primer of similar length with A/T-rich sequences. Thus, in certain
embodiments, the second nucleic acid primer comprises modified, non-standard, or

derivatized bases as defined above.

10  In certain embodiments, the second nucleic acid primer comprises at least 16
consecutive nucleotides of SEQ ID NO.: 10. As shown in Figure 2, SEQ ID NO.: 10
represents the complement of SEQ ID NO.: 9. In other embodiments, the second
nucleic acid primer comprises at least about 18 consecutive nucleotides of SEQ ID NO.:
10. In still other embodiments, the second nucleic acid primer comprises at least about

15 20 consecutive nucleotides of SEQ ID NO.: 10. In yet other embodiments, the second
nucleic acid primer comprises at least about 22 consecutive nucleotides of SEQ ID NO.:
10. In still other embodiments, the second nucleic acid primer comprises at least about
24 consecutive nucleotides of SEQ ID NO.: 10.

In certain embodiments, the second nucleic acid primer comprises SEQ ID NO.: 11. In

20 other embodiments, the second nucleic acid primer comprises SEQ ID NO.: 12. In yet
other embodiments, the second nucleic acid primer comprises SEQ ID NO.: 13. In still
other embodiments, the second nucleic acid primer comprises SEQ ID NO.: 14. In yet
other embodiments, the second nucleic acid primer comprises SEQ ID NO.: 15 or SEQ
ID NO: 74. In certain embodiments, the second nucleic acid primer comprises non-

25  standard or derivatized nucleotides. In other embodiments, the second nucleic acid
primer can comprise one or more alkylated nucleotides at or near the 3' end. In certain
embodiments, the second nucleic acid primer comprises SEQ ID NO.: 15 or SEQ ID
NO: 74, wherein the residue at position 24 is N-alkyl-deoxyadenosine. In certain
embodiments, the alkyl moiety comprises C, to about Co branched or unbranched

30  alkyl. In other embodiments, the alkyl moiety comprises C; to about Cq branched or
unbranched alkyl. In a specific embodiment, the second nucleic acid primer comprises
SEQID NO.: 15 or SEQ ID NO: 74, wherein the residue at position 24 is N6-tert-butyl—
benzyl-deoxyadenosine.



GATCTCTGGTCTPTCCCAGCGICAA Dengue virus downstream priner. 53

GATCTCTGGTCTI TCCCAGCGTCAJ Dengue virus downstream priner. 54

GATCTCTGGTCTf TCCCAGCGTCEJ Dengue virus downstream prinmer. 55 Definition of
prinmer suffixes: J = t-butyl-benzyl-dA E = nmethyl-dA;, U= ethyl-dC In sone
enbodi nents, one "upstreant prinmers and a "downstreanmt priner are used in
conbination to anplify a Dengue virus nucleic acid. In sone enbodi nents nore
than one upstWe@2Wp/I24ither is used in conbination wth aRCYEPAH/0G336
downstream priner to 5 detect one or nore Dengue virus nucleic acids. The
use of nultiple upstreampriners in. a single anplification reaction allows
for the anplifrosbmvomkand/ or detection ofg different Dengue virus nucleic
acid variants. For exanple, in some enbodinments, a first WO 2004/ 092412

PCTI EP2004/ OOBﬁﬁnuc?e;thélq gMQaKUf B8ivaRibh 8RBy cﬁﬁﬁhﬁq-ﬁ;agc fdom SEQ ID

NO 41, SEQIDNO42 nd, a dustr i mer
(sel ected from '§I“—_‘E’j‘cf €50" “°8@ e[‘fa%ﬁé"%?r do gﬁé’é%‘ ?fotgere used in
conbi nati on wi ﬂdwaa@swng:hdxtwwuserdmtﬁhe&mdq;mnmqeqt(eecegca,n bes@dcedbyed froma

pH)mér cotrrpri Sioﬂgof%a@ul the mo%{ e)él%@te,la\@tlsmtﬁédete@%cﬁﬁgrﬁe%ﬂépo@ S -{heze 3
enbodi nents _are use o detect an ngue Vvir es 1, 2, 3,
or 4. Vel I Gw Regpase w‘fabg t%wwéfrgsrm.hém%# J&Fﬁ‘%@“ﬁ*mfﬂ e on
hybri di ze to t heclsiedddsfaiember of thefigpaiése ddédphalitisxiewsptragrpupare emensiveigef ul  f or
anplifying and | hose
depicted in Tag?srcn%g%rggt&&gé%ﬁw&@ bFl %Mﬁ%ﬁ%dg d%oﬁ&sbmh tﬂ%@%ﬁﬁﬁh
AACCGGGAT AAAAACTFAE RS EIyS wth%w BoPTEStdR ﬂ\9 mpgec sk Rite lmmms
AACCGGGATAAAAA@EE\mmgﬁekd additibeV @Fuevites tsdetdosd haalher bfthe Japanese. - _. . . .
0 - eRlenbREL TAAAAACTACGGGTGGAGE] Yel | ow fever virus.
upst ream 58 pr| mer. Ylu CGGGTGGAGAACCGGA Yel | ow fever virus upstream

59 primer. ATAAAAACTACGGGTGGAGAACCGE Yel | ow fever virus upstream 60
pri mer.

The nucleic acid primers may be prepared by any suitable method known to one of skill
in the art without limitation. Methods for preparing oligonucleotides of defined
sequence are well-known to the art, and include, for example, cloning and restriction of
appropriate sequences and direct chemical synthesis. Chemical synthesis methods may

15  include, for example, the phosphotriester method described by Narang et al., 1979,
Methods in Enzymology 68:90, the phosphodiester method disclosed by Brown et al.,
1979, Methods in Enzymology 68:109, the diethylphosphoramidate method disclosed in

- . Beaucage et al., 1981, Tetrahedron Letters 22:1859, and thesolid support method ...

disclosed in U.S. Pat. No. 4,458,066. In addition, modifications to the above-described

20  methods of synthesis may be used to desirably impact enzyme behavior with respect to
the synthesized oligonucleotides. For example, incorporation of modified
phosphodiester linkages (e.g., phosphorothioate, methylphosphonates,
phosphoamidate, or boranophosphate) or linkages other than a phosphorous acid
derivative into an oligonucleotide may be used to prevent cleavage at a selected site. In

25  addition, the use of 2’-amino modified sugars tends to favor displacement over digestion
of the oligonucleotide when hybridized to a nucleic acid that is also the template for

synthesis of a new nucleic acid strand.

Dengue Virus Primers

Additional primers of the invention hybridize to the Dengue virus 3' UTR. Exemplary
30 .primers useful for amplifying and/or detecting Dengue viruses nucleic acids include

those depicted in Table 2 (5' — 3").



ACTCCGGTCTTTCCCTGGCGICAA Yel | ow fever virus downstream 61 primer.
ACTCCGGTCTTTCCCTGECGTCAJ Yel | ow fever virus downstream 62 priner,
ACTCCGGTCTTTCCCTGECGTICEJ Yel | ow fever virus downstream 63 prinmer. 10

Suffi xes see Table 2. In sone enbodi nents, one "upstreant prinmers and a
"downstreant prinmer are used in conbination to anplify a yellow fever virus
nucleic acid. In sonme enbodi nents nore WO 2004/ 092412 PCT/ EP2004/ 003356
21640 WO- KN 39wphemousd upstream primer is used i n conbiPRHEPHMRFH at | east
one downstream prinmer to detect one or nore yellow fever virus nucleic
acids. Miultiple upstreampriners may be used in a single anplification
reaction. For exafgpoWe-KNn sone enbodi nengg, a first wupstreampriner (e.g.,
selected from SEQ ID NO 56, SEQ ID NO 57 and SEQ ID 5 NO 58) and a second
upstreamprinmer (e.g., selected from SE@pleld NO 59, SEQ ID NGOG 60, and SEQ I D
NG 61) are used dn conbination with a yell er virus down m pri nmer
(e.g., selected Sﬁu%nr?fa primer conprising SE%"J %YSNQ 62 and SEQ 3 .?ﬁNQ 63) .
Primers Based On The Sequences O 'Figure 7 10 Additional prinmers of the

i nventi on hybr i (IAGECCOGECRAAGGACABA/SAGGAM Cc e Denjegiros conpensks UPitgeme 417 (e. g., SEQ
ID NO 29, SEQ ID NO 30, SEQ ID NO 31, SEQ binddO 32, SEQ ID NO 33, SEQID
NO 34, SEQ ID AARES] D . ﬁgﬁ? , 49EQ I D

NGO 39, SEQ ID %A}%Cfﬁ%ﬁ:%ﬂ@% enent {*therg(%g?e%n er er%%r?%ﬁe%gnséto al l ow for
primng of an anplification reaction. In s8f&cases, these primers are
useful for 15 amfAGCCECATCARMGCALCTRAAGEINg Pergheiigs Qusewrss wpstsem SI4BV. Li ke t he
primers that hybridize to SEQ ID NO 1 descpiihed above, priners that
hybridize to a Sydeeh gt ed.d i al conpri se
non- st andar d nuyA§§;cF§§§C§ﬁg\?gg?§?ng ?gk%he%éllégp?ﬁu%ﬁg&g%ﬁgl [ g?%ucl eoti de
and priners recited above. The length and &BWPosition of the primers that
hybri di ze to anyCAHCCCRETSENEHEETAZATHDI cDarbut YiuFyppd rst'ecan #& chosen to
give sufficient thernodynamc stability topsmaure hybridization of the
prinmer to the f'c@x\@d@ctakc@mcsb@m%yﬁdebeﬁgﬁmp@geqeﬁsh@ahﬁ reagtion

condi tions, which depend on the detection nethod to be perforned. For
exanple, prinmers with nodified, non-standdf8" or derivatized nucl eoti des

=3

maybe | onger or GAGCCCCGTCCAAGGACGTTAAAAGAA  Dengue virus types IT & III 47
upstream primer.
GAGCCCCGTCCAAGGACGTTAAAAGA] Dengue virus types IT & III 48
upstream primer.
GAGCCCCGTCCAAGGACGTTAAAAGE] Dengue virus types II & III 49
L upstream primer.
—AﬁéﬁéfC’AGGCCACTTGTGCCA Dengue virus type IV upétream 50
primer.
ATTGAAGTCAGGCCACTTGTGCC) Dengue virus type IV upstream 51
primer.
ATTGAAGTCAGGCCACTTGTGCU] Dengue virus type IV upstream 52
primer.
GATCTCTGGTCTTTCCCAGCGTCAA Dengue virus downstream primer. 53
GATCTCTGGTCTTTCCCAGCGTCAJ Dengue virus downstream primer, 54
GATCTCTGGTCTTTCCCAGCGTCE] Dengue virus downstream primer. 55

Definition of primer suffixes: ] = t-butyl-benzyl-dA, E = methyl-dA; U= ethyl-dC

In some embodiments, one "upstream" primers and a "downstream" primer are used in
combination to amplify a Dengue virus nucleic acid. In some embodiments more than
one upstream primer is used in combination with at least one downstream primer to

5  detect one or more Dengue virus nucleic acids. The use of multiple upstream primers in |
a single amplification reaction allows for the amplification and/or detection of different

Dengue virus nucleic acid variants. For example, in some embodiments, a first



shorter than those wth conventional nucleotides while having simlar

t hernrodynam ¢ 25 hybridi zation properties. Thus, in certain enbodi nents, the
second nucleic acid prinmer conprises nodified, non-standard, or derivatized
bases as defined above. Priners that hybridize to any of the sequences
depicted in Figure 7 can conprise at |least, e.qg., 4, 5, 6, 7, 8 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 40, 50 or nore
cont i guous nucWealMEE4120f any of the sequences depi ct ed PCHERRHIPESGT or a
conpl ement 30 thereof. WD 2004/092412 PCTI EP2004/ 003356 21640 WO RN 40
Those of skill in the art will appreciate that priner pairs can be desi gned
using SEQ I D NIaPwoSEQ | D NO 30, SEQ I BgNO 31, SEQ ID NO 32, SEQ I D NO 33,
SEQ ID NO 34, SEQ ID NG 35, SEQ ID NG 36, SEQ ID NGO 37, SEQ I D NO 38, SEQ

|fD g&g& | SEQ I@sté&i{% r%‘gzéé_r‘?seﬁffm frboh fﬁ@ﬁbN@@kl,m@N@f %z fdypiibev@as)UTR (r]I egi on
0 . In sone 5 e iments, a, firs r V. on ridizes
to TTGACACCTGCERAAGKENEIRERD %‘E&jﬂ(ﬁieﬂé frggn S P gloééé’cw&%ﬂn‘%% i di zes

to the conpl enelit NOS2)EAAASDOCOTTATIOOGAG TEREE vir SEIQWnBrdi@ prig®) (egnder
conditions to ald.qu f&h a Bfime? d%%pﬁ_ﬁin@ﬁ@mlld):ﬁé,féﬁé'lﬁ'Nd:ﬁl?&“ﬁdQQ-ID%S@Q] ary
prinmers for etﬁstl ng and/ or an%lﬂll f%l ng SLEV i rB:I ude  t hose egl cted in 10
Tabl e 4. Tabte e§e“-q‘tg}’8 N BAHHEH e Ebgﬁt?ﬁt anyhe Deagicaisaropes T HEEAACTCGEEA
St. Louis encephalitis virus 64 upstream prinmer. CAAAGCCCCTCATTCCGACTCGEGE]
St. Louis encephalitis virus 65 _, ... . ., _ _ . _ .... _ upstream
primer. TCTCCTGICT VéllowXeked GHEAMnBts. Loui s encephalitis virus 66 downstream
primer. TCTCCTGICTTTCCAGGTGICAJ St. Louis encephalitis virus 67 downstream
prinmer. Suffixes see Table 2. 3.2. Nucleic Acid Probes In another aspect,

t he i; _nventi on m@iﬁdm@rmwd}dgiﬁ\@ntidnhvpﬁtﬁzee@thhwﬂowffevarw‘meB'éHtR. aci d of_
certain flavivi gU3ehy Jrlfr Mbaibrb: IMhhRlan @61 diectdlibeng@VitiEntificoched with the

probes of the
include those depicted in Table 3 (5' —> 3').

Table 3
Sequence Comments SEQID
NO:
AACCGGGATAAAAACTACGGGTGGAGAA  Yellow fever virus upstream 56
primer.
AACCGGGATAAAAACTACGGGTGGAGA]  Yellow fever virus upstream 57
RN i e ~+ - primer; SR
AACCGGGATAAAAACTACGGGTGGAGE] Yellow fever virus upstream 58
primer.
ATAAAAACTACGGGTGGAGAACCGGA Yellow fever virus upstream 59
primer.
ATAAAAACTACGGGTGGAGAACCGG] Yellow fever virus upstream 60
primer.
ACTCCGGTCTTTCCCTGGCGTCAA Yellow fever virus downstream 61
primer.
ACTCCGGTCTTTCCCTGGCGTCA] Yellow fever virus downstream 62
primer.
ACTCCGGTCTTTCCCTGGCGTCE] Yellow fever virus downstream 63
primer.

10 Suffixes see Table 2.

In some embodiments, one "upstream” primers and a "downstream" primer are used in

combination to amplify a yellow fever virus nucleic acid. In some embodiments more



15 invention are described in Sections 3.3 and 3.4, below The probe can be
any nucleic acid probe that can be used to identify the presence of a

nucleic acid of a detectable fiavivirus known to one of skill in the art
without limtation. Typically, the probe conprises a nucleotide sequence
that hybridizes to a region in a nucleic acid of a . flavivirus to be

det ected. WO 2004/ 092412 PCT/ EP2004/ 003356 21640 WO KN 41 The probe

nucl eoti de sewoepmsmeo2¢an be of any |length sufficient toPEPERIYEEPGy bind a
nucleic acid of a flavivirus to be detected. In certain enbodinents, the
probe conprises at |east about 6 nucleotides. In certain enbodi nents, the
probe conpri sesishewer-kithan about 140 nugl eotides. In certain enbodi nents,
t he probe can be about 18 to about 25, 5 about 25 to about 35, or about 35

to about 45 nugh&'@&élﬂa&afn ribRP Lkd 1Jéz,ﬁ1bhﬁﬂ&mt}m;&ast gmgt}eaﬁrprfa{ert he probe
can be chosen to, give sufficient thernmodynam Ca/i‘iﬁa |I| ensure

hybri di zati on GrdeRrEnpITgREe YOV Fryerirs uslerc apds, ylanlcunshe Ii’fﬁﬂeéf Mihe
appropri ate rieactdiaa singeaahplificaton resbiicnh Faegemde, matrhemdechmextts, firsiet hod to be

performed. For, Eéa%ﬁgﬁrﬁer (P%%Q@c’ie Vq]oﬁabsﬂ% ﬁb%@'s&ﬁ?ﬂ‘t\ﬁ SNAGHo 9" derivatized

nucl eot i des ma nger or shorter than those w th conventi onal
nucl eot i des®wh péBhad\SilaﬁffC’%‘i‘ﬂﬁsF%ﬁfn PG ($rdspraadi AR P RaP96R 1Br oper t i-es.
Exanpl es of suNb:e00mdSEQIDINOk1has asd irpgsmbéatidronitith yiellovteGer villast ent  Nos.

6,320,005, 6, 11403080 801 £ e dMbet 900 303 B3SHOR NS shG e oby

i ncor por at ed bhre its entir er exanpl e, probes with
G CGrich seque y anneal to target sequences at higher tenperatures

that a probe 15 of simlar length with A/T-rich sequences. Typically, the
portion of the probe nucleotide sequence that hybridizes to the detectable

nucleic acid is |dqmme§@hse&)0nqmm11@mm)qrggmt7o the region of the detectable
nucleic add to " which the probe hybridizej._ However, this portion-of

| hepr obe can have | ess than | OQ% sequence identity or conplementarityto the
regi on of tlbe ﬁ%ﬁ@ﬁﬁbhﬁr&ﬂfﬂ&hnﬁﬂt@drﬁiﬁncﬁ&itdaﬁyQ)fﬂ12@eq%ﬂc@sl’ﬂefub_ed pirfadiee

The por 1 on of /{3 Sl Otps R E DB SmpaR e

the portion of
acid can haves%%g%ﬂﬁ%%i@ B EER 112 iSx6, AP NREUSEQEDNQitH kR Y39 about
90% about 85%0emy, MN@@%&Qr&mngmaﬁtalﬁdrdoy,uﬁaert&iﬂ%hiwaIl@wfdﬂe regi on of

the detectabl e yi [ng ofet aﬂm%!hﬂaﬁor?x%ac%oﬁ OIn gasgs,qgesp%r?rg$ol}¥g£e (ijlfo%es 25 In

certai n enbodi REn I nventi on prov ctl ng a menber
of the Japaneswplifringssr detpasing nydleic asids o SUBY- conpr i si ng a nucl ei ¢ aci d t hat
hybridizes to a nucleic acid of SEQ ID NO: 16. SEQID NO : 16, as
presented in Figure 3, represents a

Like the pr1mers that hybridize to SEQ ID NO:1 described above, pnmers that hybrlalze
to any of the sequences depicted in Figure 7 can also comprise non-standard nucleotides

according to the definitions of oligonucleotide and primers recited above.

The length and composition of the primers that hybridize to any of the sequences

20  depicted in Figure 7 can be chosen to give sufficient thermodynamic stability to ensure
hybridization of the primer to the flaviviral nucleic acid under the appropriate reaction
conditions, which depend on the detection method to be performed. For example,
primers with modified, non-standard, or derivatized nucleotides may be longer or
shorter than those with conventional nucleotides while having similar thermodynamic

25  hybridization properties. Thus, in certain embodiments, the second nucleic acid primer
comprises modified, non-standard, or derivatized bases as defined above. Primers that
hybridize to any of the sequences depicted in Figure 7 can comprise at least, e.g., 4, 5, 6,
7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 40, 50 or more
contiguous nucleotides of any of the sequences depicted in Figure 7 or a complement

30  thereof.



regi on of conserved sequence in the 3 untranslated region of the genonmes of
the flaviviruses that can be detected using the conpositions and net hods of
the present 30 invention. Figure 3 also shows that SEQ ID NO.: 17 represents
the conplenent to SEQ 1D NO: 16. WD 2004/092412 PCT/ EP2004/ 003356 21640
WO KN 42 I n such enbodi nents of the invention, the probe has a nucleotide
conposition, i.e., chemcal structure, that allows it to hybridize under

t he defined cowdhdoyomszt o a nucleic acid of SEQ | D NO. pct/Bp2o64ep33ssxanpl e, a
probe containing a standard nucl eotide that hybridizes to a C residue in
the nucleic add of SEQ ID NO.: 16 nust have a Gresidue in 5 the

correspondi ng pQsdotw8hey Thus, hybridi zatjon to the nucleic acid of SEQ ID
NO.: 16 defines the nucl eoti de sequence and therefore t he exact chem cal

structure of 't El%loge of L in the L) L;;r{}rce()cglte L%x%gn rt‘;e §ESIgg?£‘%{TB%E§?%I coti de

non-standard n eot i des “acto I Ni

and priners red¥Q:dY SEQN &O: Mﬁ%ﬁqﬁ‘l@ﬁl§§@@M13%§%21H%N@33rﬁf&lgdf@éés can
also bind to otsinenpat@astaEQmNmmmtmm SBQCh et:3gdleR) tONDEY/BER 1base 10

pair. For exa tandard nucl ept}, i_nosi air with uracil,
cyt osi ne, ang%(gé%toﬁgmp%%gséred feﬂ‘éenﬁeﬁgrv\ﬂ%%odr ﬁﬁé‘fﬁmﬁ QM%E PHybri di zati on
and cheni cal5 smbodiments, a fasiepriofer ofchd inventiont lybridiees tean easily recogni ze the
standard feat urmAﬁAddt@Mmem@AGm )%H)’ﬁb%s%ida@é rihef hfHARd] ments are

described in detail bel ow. es .t hat can

nybr i dize 1o setseRernvter CabEiodu kR EERIE I Rea o 88l 127 anou
15, about 16, abnditiors7q alkiydortprib8ng cfboutplifiestioalbaction. 20, about 21, about 22,
about 23, about 24, about 25, about 26, about 27, about 28, about 29, about
30, about 32, about 34, about 36, about 38, about 40, about 42, about 44,
about 46, abOUtExélﬁ Q%%rs?@r deépt tanég’b uﬂ:ﬁ@vﬂg sﬁﬁ’v 1n@1999&105@%eﬁ&9&'1tn 70, abOUt
75, o about 80 nug rtaln iments, the probe conprises
modi fi ed, n&h- P8leét andard, or derlvatl zed bases, as defined above. In
certain enbodi nents, the probe conprises at Ieast about 20 consecutive

nucl eoti des of SEQ ID NO: 17. In other enbodi nents, the probe conprises at
| east about 22 consecutive nucl eotidesTfe4aSEQ ID NO.: 17. In still other
enbodi ment s, the,eqqgrgpe conprises at |eagdnAlRuUt 24 consecutigggpucl eoti des
of SEQ I D NO 17. In yet other 25 enbodi nents, the probe conptises at | east
about 26 consecutive nucleotides of SEQ ID 'NO 17. In still Other

embodi ment s, t hEAMBEECTSHBFFSRACTSECEA st [apipmeerbaitivdis ecut | V&  nucl eot i des
of SEQID NO: 17. In yet other enbodi nmeustssamipkimerpr obe conpri ses at | east

about 30 consecuisaXecotCtARATtEETOEGEEQ $tRoNQincepllafits difds St 11 &8t her
enbodi nent s, the

upstream primer. e e e

TCTCCTGTC’I’I‘TCCAGGTGTCAA St. Louis encephalitis virus 66
downstream primer.
TCTCCTGTCTTTCCAGGTGTCAJ St. Louis encephalitis virus 67

downstream primer.

Suffixes see Table 2.

3.2.  Nucleic Acid Probes

In another aspect, the invention provides a probe for the detection of a nucleic acid of
certain flaviviruses. Flaviviral nucleic acids that can be detected with the probes of the
15  invention are described in Sections 3.3 and 3.4, below. The probe can be any nucleic
acid probe that can be used to identify the presence of a nucleic acid of a detectable
flavivirus known to one of skill in the art without limitation. Typically, the probe
comprises a nucleotide sequence that hybridizes to a region in a nucleic acid of a .

flavivirus to be detected.



probe conprises at |east about 32 consecutive nucl eotides of SEQ ID NO : 17.
In yet 30 other enbodi nents, the probe conprises at |east about 34
consecutive nucleotides of SEQID NO.: 17. In still other enbodi nents, the
probe conprises at |east about 36 consecutive nucleotides of SEQ ID NO. :
17. In yet other enbodi nents, the probe conprises at |east about 38
consecutive nucleotides of SEQID NO.: 17. In still other W 2004/ 092412
PCT/ EP2004/ 003350414640 WO- KN 43 enbodi nents, the probecuempsiess at | east
about 40 consecutive nucleotides of SEQID NO: 17. In certain enbodi nents,
the invention provides particular nucleic acid probes that can be used to
detect a nenbernigf wbaayapanese encephal yfis virus serogroup, as well as 5
certain other flaviviruses. These probes can be structurally defined by

reference to t e 5. Table 5
SEQ 1 D NO. ¢ 18 B @%@ﬁ%%f%ﬁéﬂé%%%%%%ﬁqﬁg@‘%“mm e
N3 is A or T Ngclpig acid efia figviviggs do bedetectgd. Inrcerfaip gmbogimepts, tire prog caipptitef yses A,

or absent; N26 atkasGabotlt 6 Kuclebtides g @éttain dNbAdingnts; théprolle coiB,pnﬂ:E fewadibant ; and N28

is G C A T, I T N NN
Probe for Det eédt8 %‘quﬁ'%md%ggg CthNpembO&% %&T@g\% ﬁ%ﬁ “or T; N27
is Gor T; Jaﬁhﬁé & toahe @ PRt Ppqus 3nieabayd 45 nusleesids “rlfeng*ch rTie lexgth &gt oup

Menbers S ID N@npo%n@@&@ﬁ%ﬂﬁ?ﬁﬁﬁﬁﬁ@@@ﬁm ﬁﬂiﬁoﬁi]ﬂbﬁ‘c chbﬂlt)Det ecting

West Wherein Na iS IS and le Virus SEQ
B o 5T Conerietiindiaphia b Oatie B bttt e brrorlit o No6 1 S
C or T. Japanegeactprceopfitipis Which dpengdson tigietertiony@thodzto be Performed For

GGACTAGAGGT TAGRH AR BFebENathCnoddid@bgont sein d 28 o2 Qbrivagke Vi @YidYalal 6¥longer

Enc e}p haliti 0 v orr Rorter than those with conventional nudeotides while having similar

thermodynamic hybridization properties. Examples of such non-standard bases may be
found in U.S. Patent Nos. 6,320,005, 6,174,998, 6,001,611, and 5,990,303, each of which
is hereby incorporated by reference in its entirety. As another example, probes with
G/C-rich sequences may anneal to target sequences at higher temperatures that a probe

15  of similar length with A/T-rich sequences.

Typically, the portion of the probe nucleotide sequence that hybridizes to the detectable
nucleic acid is identical or complementary to the region of the detectable nucleic acid to

o __which the probe hybridizes. However, this portion of the probe can have less than 100%
sequence identity or complementarity to the region of the detectable viral nucleic acid to

20  which the probe hybridizes. In certain embodiments of the invention, nucleotide

sequence of the portion of the probe that hybridizes to the detectable viral nucleic acid
can have about 99%, about 98%, about 97%, about 96%, about 95%, about 90%, about
85% or about 80% complementarity or identity to the region of the detectable viral
nucleic acid to which the probe hybridizes.

25  In certain embodiments, the invention provides a probe for detecting a member of the
Japanese encephalitis virus serogroup comprising a nucleic acid that hybridizes to a
nucleic acid of SEQ ID NO.: 16. SEQ ID NO.: 16, as presented in Figure 3, represents a
region of conserved sequence in the 3’ untranslated region of the genomes of the
flaviviruses that can be detected using the compositions and methods of the present

30  invention. Figure 3 also shows that SEQ ID NO.: 17 represents the complement to SEQ
ID NO.: 16.



SEQ I D NO.: 23 AATAN GIGGATTACATGAN CAN TGAAG Probe for Detecting Wierein N5
iIs Tor C N9 is Gor C and N24 is T or C.  Kunjin Virus WO 2004/ 092412
PCT/ EP2004/ 003356 21640 WO-KN 44 SEQ I D NO : 24 GGACTAGAGGTTAGAGGAGACCCCN N
N N Probe for Detecting Wierein N25 is Cor T; N26 is Cor G N2' is Cor G
and N28 is Dengue Virus G Cor A SEQID NO: 25

GGTCTAGAGGT TAGAGGAGACCCTCCAG  Probe for Detecting Yellow Fever Virus SEQ I D
NO : 26 GGACTA@MOBRIYAGAGGAGACCCCTTCC Probe for Det ect i FfgHBREHARS Myot i s
Leukencephalitis Virus SEQ I D NO : 27 GGACTAGAGGTTAGAGGAGACCCCCGEC  Probe
for Detecting Mddoc Virus SEQ ID NO : 28 GGACTAGAGGT TAGAGGAGACCCCGCGEG

Exanpl e Probe 2188HQEMNNO. : 70 GGGTCTCCTETAACCTCTAGICCTTCCCCC Fl avi vi rus
anti-sense probe 1In certain enbodinments of the invention, the probe

conpri ses any @ suskenbddidkdts of tHe8aveRBonpthe pidbe has a aodgtidnmntpesitibret.eof . 5 The
nucl eic acid pr | ' Lti O caoldl er nucleic
aci d sequencescgét?ﬁgatl churc{exﬁﬁgi[a{‘ e\% %%‘@?@ﬁ%ﬁ%{%?&%éd%g%&% lrtcfsﬁlldze%nt 0 a

nucl ei ¢ aci d ofcig of SREHNO o 16- FRexImPlaridsebe sortapnat fitdardaurigeide diabgr oup or
anot her fl avi vihybidideh@ta Crasiddeén thd ath@dd £ ofSEQID NO.: dé sothsed Guedthedn These

ddi ti I l.ei i ds. ne . - N I.hk in th
2t o provitde TeerPRaiy AMRE R BB oR® BERERCLIIRAID KOS The

nucl ei ¢ aci d prdstirssthe anclensifpienisacesag therefpathe gwef rhrpied strystitre efithgviebenpr oved
met hods of det @gtddition, Y vt €8 alkd cdfipiiesont Satlard AGclbdBRtDEligAdiHe onal
nucleic acid sggquences .or can.otherw se be.adapted for. use In t%g probes,
met hods, - and_ kieeapearatons BBt PR R abRE Fen LB o e
6, 323, 337, 6, 24®clegtles @gn AHhindtp othgr starida@ds non-standard nucleotides to form a base-
10  pair. For example, the nonstandard nucleotide inosine can pair with uracil, cytosine,
and adenine. Given the known correlation between hybridization and chemical
structure, one of skill in the art can easily recognize the standard features of the probes

of the invention. Exemplary embodiments are described in detail below.

In certain embodiments, the probes that can hybridize to SEQ ID NO.: 16 comprise

15  about 10, about 12, about 14, about 15, about 16, about 17, about 18, about 19, about
20, about 21, about 22, about 23, about 24, about 25, about 26, about 27, about 28,
about 29, about 30, about 32, about 34, about 36, about 38, about 40, about 42, about
44, a}b_(_)g'g 46, about 48, about 50, about 55, about 60, about 65, about 70, about 73, or__
;B;ﬁt 80 nucleotides. In certain embodiments, the probe comprises modified, non-

20  standard, or derivatized bases, as defined above.

In certain embodiments, the probe comprises at least about 20 consecutive nucleotides
of SEQ ID NO.: 17. In other embodiments, the probe comprises at least about 22
consecutive nucleotides of SEQ ID NO.: 17. In still other embodiments, the probe
comprises at least about 24 consecutive nucleotides of SEQ ID NO.: 17. In yet other

25  embodiments, the probe comprises at least about 26 consecutive nucleotides of SEQ ID
NO.: 17. In still other embodiments, the probe comprises at least about 28 consecutive
nucleotides of SEQ ID NO.: 17. In yet other embodiments, the probe comprises at least
about 30 consecutive nucleotides of SEQ ID NO.: 17. In still other embodiments, the
probe comprises at least about 32 consecutive nucleotides of SEQ ID NO.: 17. In yet

30  other embodiments, the probe comprises at least about 34 consecutive nucleotides of
SEQ ID NO.: 17. In still other embodiments, the probe comprises at least about 36
consecutive nucleotides of SEQ ID NO.: 17. In yet other embodiments, the probe
comprises at least about 38 consecutive nucleotides of SEQ ID NO.: 17. In still other

ETY7 N WO N



6, 090, 552, 5, 866,336, and 5,723,591, each of which is hereby incorporated by
reference 15 in its entirety. Further, nethods of detecting a nucleic acid,
i ncluding a nucleic add of a WD 2004/ 092412 PCT/ EP2004/ 003356 21640 WO |1 Qd
45 menber of the Japanese encephalitis virus serogroup or other detectable
flaviviruses are extensively described in Sections 4.2 and 4.3, bel ow.
Certain of these nethods al so use additional nucleic acid sequences t hat
can be presentwéeot#sennucl eic acid priners of the inveRETERFONEMEHR

addi tional nucleic acid sequences and nethods of using these additional 5
sequences to detect a nenber of the Japanese encephalitis virus serogroup
are descri bed 216400M0-Kie nucl ei ¢ add preébes of the invention can be
prepared by any nethod known to one of skill in the art without limtation.
In particul ar, dnfbadipRhBoESprdSeBmiptisephit@dastiabout BRconddtlive nGclastidel opSEQHY s of the
i nvention descr|8e97above may al so be used to prepare the 10 nucleic acid
probes of the |nvent|on In addition to the probe nucl eotide sequence, the
probe can conprise additional nucleotide sequences or other noieties that
do not inhibit the nethods of the instant invention. In convenient

enbodi ment s of Inisertdimepehodinesnts, thhinventioprovides pevieplal nyeleicagld probesibat canucl eot i de

sequences of Otm%Eid@H&Edfﬁleﬁabétogﬂﬁ% Lrle%)efﬁl@e Bah%sﬁﬁlsb&g o, Iastvfeﬂa3-5 lnszant
I nventi on. | NSt a e n e, C er nus
revent undbsi ¢han At RGP r%%%“raﬁusﬂvr Hond Byt RBE W o,

nmoi et i es maybe nusleizscdtequernicsi a3 ptesemtedrimbabletShat st abi i ze or destabilize
hybri di zati on of the probe or probe fragnents with the nucl eotide sequence.
The probes of the invention can al so conprise nodi fi ed, non-standard, or
derivati zed nugteotides—as—defined—above abfeuj et Lai m—enbodiments—oft he

i nventi on, the_pLQbe_gan_cnanLse_ardeLegtah noi e The det ectabl e
moi ety can be pny Y&EtNAni% nn|%@VCEHGWhGQQTéﬁéG%¢Gé@@¢N NnNt NeNar t

Wi thout i mitali oProbéfof Dbtedting t hewda’elawf&bdcﬁmﬁsmbrcraw“m:dlen,elé‘tlatb,lce Dy any
means known tp oneg B&wgd&s' | in % ?at?kgét s oyt | Ml AN g EOL 1egampl e, the

detectable noipty can be detectab W% pecfr coplc phot'6chéni cal ,
byt @pehh

bi ocheni cal , ifmunochenical, or b ééfchééﬁ§faAﬂWarlety of detectable
noi eties that can 50 UPKO.: 19 det@GAch@qﬁmsmmm@W well as

met hods for the rob N cl.ude,
but are not | %ﬁgﬂggggg”n§ne§“@gwﬁﬁlw &rﬁaés%ﬁﬁébﬁ d“ho?séradish
per oxi dase) anf anmwﬂﬁmaﬂbbﬁrateﬁlqra@wm§ct|ve noi et i es, quorescent

noi eties, chromphgraSerog@ushem | um nescent | abel s, electrocheniluninescent
| abel s, such as Crlgbp"' glgen)

o SEQTD NO.: 20 GGACTAGN'GGITAGAGGAGACCCCNZCGNT
Probe for Detecting West Wherein N¥isA or T; N®is Gor A;and N®isGorT.
Nile Virus

SEQID NO.: 21 GGACTAGAGGTTAGAGGAGACCCCGN“GG

Probe for Detecting Wherein N* is C or T.

Japanese Encephalitis
Virus

SEQID NO.: 22 GGACTAGAGGTTAGAGGAGACCCCACTC

Probe for Detecting
Murray Valley

Encephalitis Virus
SEQ ID NO.:23 AATAN’GTGGATTACATGAN"TTCAN“TGAAG

Probe for Detecting Wherein N°is T or C; N is G or C; and N*is T or C.

Kunjin Virus
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In certain embodiments of the invention, the probe comprises any of SEQ ID NOS.: 18-

28 or 70, or complements thereof.

The nucleic acid probes of the invention can additionally comprise other nucleic acid
sequences that are not derived from and/or do not hybridize to a nucleic acid ofa
member of the Japanese encephalitis virus serogroup or another flavivirus that can be
detected with the disclosed probes. These additional nucleic acid sequences can be
selected by one of skill in the art to provide desired functionality to the probes. For
exarmple, the nucleic acid probes can comprise additional sequences that allow improved
methods of detection. Examples of probes that can comprise additional nucleic acid
sequences or can otherwise be adapted for use in the probes, methods, and kits of the
invention can be found in U.S. Patent Nos. 6,323,337, 6,248,526, 6,150,097, 6,117,635,
6,090,552, 5,866,336, and 5,723,591, each of which is hereby incorporated by reference

in its entirety. Further, methods of detecting a nucleic acid, including a nucleic acid of a
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that antigen can be used to detect the presence of the antigen and therefore
t he probe. WD 2004/ 092412 PCT/ EP2004/ 003356 21640 WO-KN 47 Ot her specific
bi ndi ng partners that can be used as detectable noieties include biotin and
avidin or streptavidin, 1gG and protein A, and numerous ot her
receptor-ligand couples well-known to the art. Still other exanples of
detectable noieties that are not fluorescent noieties can be found in U S.
Pat ent Nos. 5,80204684125, 464, 746, 5,424,414, 5 and 4, 948CBER2004088% of which
is hereby incorporated by reference in its entirety. The above description
of detectable noieties is not neant to categorize the various labels into
di stinct cl asseges0a80tire sane | abel may gerve in several different nodes.

For exanple, 1251 may serve as a radioactive noiety or as an el ectron-dense

reagent. Hor S%é?ﬂe?@ftﬁﬁra %Q%ﬁ&p]ﬂ@ﬁs VHRE yeeoga&l QP hERIRE RS IARLgeRef Or a

nmonocl onal anti bod r.t her ne . v ous t abl e

noi eties for déeﬁeP%‘Eleé%?cé‘ Lé Pm@)é‘gr?ﬁggg bGﬁg etg %F‘%%gs *with

bi otin, and detadditiond Suqhmmelrsecmemet tﬂlatamhhmeshxalneﬂxeduolwctdmdbwers ofthe with an
anti-biotin m)qg&hf?&?&gﬁQ&dr{?&ﬂvndc@ié%@%qmntcé} aH@&%ﬁB&%'f&JﬁngﬁJs@éﬁdﬁ%ﬁﬁ Q her

pernutations_an 0sSiI ties wl| bhe readily apparent to those of ordinary
skill in the a?F‘iue“%fﬁH’ dsfegt acpsrerieflad 2pagese GRIFRAFIIANTITYS SRIOBIAUR 2 esdRedpe of t he
i nstant inventitelew. 15 The met hod of |inking or conjugating the detectable
noiety to the probe depends, of course, on the type of detectable noiety or
noi eti es used and the position of the _3efectable noiety 6n the probe. The

det ect abl ¢ mol o TRk Dy BIACHAL ol e blEuY QRG0S e BE AR ¥ DY

variety of tec ues ectable noiety
used, the detec® alﬂlll & t&zemmmh%%v%ehlmtﬂéﬁﬂﬁmﬁ@és wed tgpreparedied of t he

probe, | ocated dulerfatiadbtiderds Bf thbBivitioh Geséribed bislveRky 4 bs Agd @dsreparthe at t ached

to spacer apims QLEM%EHOH>uof %%“%q%nconp05|t|ons to facilitate signa
interactions. USIH ORITBI C alry avai | abl e phosphoram dite reagents, one

can produce ollgonucleotldes containing functional groups (e.g., thiols or
prinmary amnes) at either termnus via an appropriately protected
phosphor ani di t eln ad¢itiorcterihexFoketnugledtid seduense thelprebegan compriselrddiions! usi ng

protocol s descrﬁ&eslndersequt&@s &m&em&@& dFRALN the méh@slod@letr@taMet hods and
Appl i cati ons, Met hods for

P Pr oduci g ol + Bismit dBEPRESFUREPYURETY 9 B rhETE e srPE in P PBRTce. one. o
nmor e sul f hydr yl additiohal oudeotidgstqesnyds onesthesmiaisties thatdadilitese the ingthndscifdhst | de pr obe

sequence, t t " - p g P
2 o014 210, X5 IXRM%?AHE k! ety T(t)}gfgalbg H%cf%b%ﬁgeg%ﬁl oSl dprved?

undesued nucleic acid polymerlzatlon pnmmg by the probe. Also, m01et1es s may be
present t within the probe that stabilize or destabilize hybrldrzatron of the probe or probe
fragments with the nucleotide sequence. The probes of the invention can also comprise

modified, non-standard, or derivatized nucleotides as defined above.

20  In certain embodiments of the invention, the probe can comprise a detectable moiety.
The detectable moiety can be any detectable moiety known by one of skill in the art
without limitation. Further, the detectable moiety can be detectable by any means
known to one of skill in the art without limitation. For example, the detectable moiety
can be detectable by spectroscopic, photochemical, biochemical, immunochemical, or

25  chemical means.

A variety of detectable moieties that can be used to detect the probes of the invention, as
well as methods for their linkage to the probe, are known to the art and include, but are
not limited to, enzymes (e.g., alkaline phosphatase and horseradish peroxidase) and
enzyme substrates, radioactive moieties, fluorescent moieties, chromophores,

30  chemiluminescent labels, electrochemiluminescent labels, such as Origin™ (Igen),



21640 WO- KN 48 group can be introduced as a radi oi sotope by using

pol ynudeoti de ki nase and [ ganma- 32P] ATP to provide a reporter group. Biotin
can be added to the 5 end by reacting an am nothym di ne resi due or

al kylam no linker, introduced during synthesis, with an

N- hydr oxysucci ni m de ester of biotin. O her nethods of attaching a
detectable noiety, 5 including a fluorescent noiety, to the probe can be
found in U S wWatesindp. 5,118,802, which is hereby i nREYER3I4PEHhHY
reference inits entirety. It is also possible to attach a detectable noiety
at the 3' termnus of the probe by enploying, for exanple, polynucleotide
term nal transf2eé64320&N add a desired noaety, such as, for exanple,
cordycepi n 35S-dATP, and biotinylated dUTP. 10 d i gonucl eoti de derivatives
are al so det ectigiidehsRig@pdciBis binbiag paaidrsiR abi@hkrlabelt that piydheact withiehdhods and
kits of the present i vengli on. .Far. exagmlglig et heng'I?A and et heno- A are
known f1 uor esc e REBRARRe G OT SBHMILEERAT S CVE B T AL SHREFRIEHF RS 0 an

ol i gonucl eot i deefiorateé usisfy athéramobtyhle BNA@nlpmekaseiatelevaed repemtvadsabe t hat coul d be
used in  Probe oiBhBeslsy s R BDfer 0 Biner/il raiiela Buileobycey daf | vat | ves
can be degraded to release nonondcl eotides that are nuch nore strongly
f1uorescent X hakvateterprraiies-probe by, for exanple, a polynerase's 5 to 3'
nucl ease activity. In certain enbodinments of the invention, a probe can be
| abel ed with nore than one detectable nmoiety. In certain of such

enbodi ment s, eda bertiet @bbdiblents thd dteytablamoles can ech fuotbsi@hd oiey.t Bzhed t o

o1 er et basesgle bNGAEoRE vkt ADNGT SROPLIEA S HHAIAE0 one

detectabl e noi ety can be 0 the sane base ) e. In certain
enbodi ment s, t Héthgatlsitation. dn geiert Juerasen mojstiesatthatide Sokendifsareend of t he
probe. | n ot herprefr@illoRing the ubd o derbmetkR itk i@ Athér hianmbeochichalee t 0 the
probe at a 1d'lesi ue that. 1s.wthi 11, 12,

I 1..2,.3 .4 6 v a8aq.9, 10,

13, 14, 18, 10 g i Feresityestackey of ermcigh. If‘f_&‘,t"‘“b‘i{“?”"%f?e“;eﬁhe Gupesed’ 55" 50
about 35, or abmeitty 40 beeddcttd fomithagrpuptrendstingofdluotesceingarnily dyesdbdegrated cert ai n
enbodi nents, t heNAetBASIGRInATEALVIG BY), Riyhablashiesh-tagily Bps,3' end of  the
probe. In other errglodl ment Sy thxﬁddet ect abl £ ﬂoldete/ can; bgr gttIached to the
probe at a resiETBOffugrescEh-fmily;dies coumaringtamyly dyes (Molecylar grobes, Ingy "1 © 1.
13, 14, 15, 16,Eugthe, @8, thadymimefamidyidyes (ditegrata] D94 TechBologi, Inp % cyapie- 29, 30,
about 35, OE)S abmwly ﬁst Bﬁ&hdﬁﬁﬁlyﬁié,ﬁ}ﬁm&fﬁﬁﬁlﬁd}@s_, quaﬁah@-faxﬁ[y@&; chIlla@%et ectabl e
moi ety can be attack to an .a.residue. o e e.
20041092412 PC??‘E%’&%%?‘B’%@%%%“%%J% K4 FC“&EW%FSeI,“ES'ﬁgadet ect abl e
noi ety can be atrefardiethbodmantsihg duorespind Bplerrties-cagroxpfiwessceimi ety of a
hucl eotide in thgyeabRerald DRIMGEMRIBRRY IS Nbfber LhGpIderaGsARLE nftRIELY can

that can be used in the probes, methods, and kits of the invention can be found in U.S.

20  Patent Nos. 6,406,297, 6,221,604, 5,994,063, 5,808,044, 5,880,287, 5,556,959, and
5,135,717, each of which is hereby incorporated by reference in its entirety.

In other embodiments, the detectable moiety can be a detectable moiety other than a
fluorescent moiety. Among radioactive moieties, *P-labeled compounds are preferred.
Any method known to one of skill in the art without limitation may be used to

25  introduce P into a probe. For example, a probe may be labeled with **P by 5 labeling
with a kinase or by random insertion by nick translation. Detectable moieties that are
enzymes can typically be detected by their activity. For example, alkaline phosphatase
can be detected by measuring fluorescence produced by action of the enzyme on
appropriate substrate compounds. Where a member of specific binding partners are

30  used as detectable moieties, the presence of the probe can be detected by detecting the
specific binding of a molecule to the member of the specific binding partner. For
example, an antigen can be linked to the probe, and a monoclonal antibody specific for

that antigen can be used to detect the presence of the antigen and therefore the probe.



be attached between two residues of the probe. In certain enbodi nents of the
i nvention, the probe can conprise a fluorescent noiety 5 and a quencher
noiety. In such enbodi nents, the fluorescent noiety can be any fluorescent
noi ety known to one of skill in the art, as described above. Further, the
guencher noi ety can be any quencher noiety known to one of skill in the art
without |imtation. In certain enbodinents, the quencher noiety can be

sel ected from WMOR0049p241p consi sting of fluorescein-fani IRFTEIEE4/003356

pol yhal of | uorescein-fam |y dyes, 10 hexachl orofl uorescein-famly dyes,
coumarin-famly dyes, rhodam ne-fam |y dyes, cyanine-famly dyes,

oxazi ne-fam |y peEWQ-KNazi ne-fam |y dyest’? squarai ne-famly dyes, chelated
| ant hani de-fam |y dyes, BODIPY(r)-famly dyes, and non-fl uorescent quencher
moi eti es. | n ceotht specfidtattingRiattters thateambauséd 49 detesabiehoietieeinclnée biothi et i es can

be BHQT"'-fam yves (incl udi C ' [ L1 1/ 86001),

| owa Bl ackt m 1?80219%%61%(%%%‘*&%’ gg;raaj? EH’% Qgéﬁnﬁgﬁgsqt%eg?gfﬂﬁ% ) % her

exanpl es of speequpleewellknown &y the i Silliogher examplare detecigbleanoighss at geRotnot by way
of limitation, AdVRAentMolhidycadbefoln@lis BISERAMAL N6s. 5,605016% 5i4sn0a575 m)414,Mol ecul ar

Probes, Inc.), D Y| - 4 -di.neht.yl agi i noph azo) benzoic. gcid), low _ 1l4c
c {Integrat e%i Dﬂ'ﬁ%%‘lkﬁﬁdzé%%%ﬁjwohg% éssl?/erfi%ﬂg{c?fpgrégegﬁ fefeﬁ%ngeglfl zlit?(%n H%NA

Technol ogies, Inc.) or Cy5' TM (Integrated 20 DNA Technologies, Inc.). In a
preferred enbodi nent, the quencher noiety is Cy5 . Qher exanples of
quencher noi et i ke abheetdesssiptidpeof defecthblermaitiies ipnetimessnt toreatdgorizs thavadoysilabsls of t he
invention can bgd @ik ddisedlasthe Bade BBE MY Servdin 982138 %ren®mddd, BR6, 6, 080, 068,
and 5,707, 813, eaCE1 which is hereb |.%or£%§t§g tg% reference inits
entirety. In cePPEPH ehBBETREAT S2IPHE IR AL PPy CHG "B At t ached to the
3' end of the pHobreradistpferdxidagetoheysereads eukiyme nt 2 antighwfog @ eodronalanitibedy. can be

attached to lbheFﬁmg%néﬁaﬁcoﬁﬁaﬁjeQ%us hfiatableSnoletiesor @sirdleffett. r e}Zampﬁ; 9, 10,
11, 12, 13, 14, 15, 24, 28, 29,

, 17, 18, .19, 20, 21, 22, 23, 24, 25, »
30, about 35, oP"%Bi§ iogfy trahe ity B ERG et Wi af"ﬂ’éﬁihﬁég@’.‘thl P certain
enbodi nent s, t her witteacihebiatininenydeahartibodytldbaledeith barsetddish Perogidabe. oPthehe pr obe.
In other = embodyagntsondia pAENGASH BRERLY s §ind6 udld AERAL RuiiRGPr ODE at a
resi due that is 30 Wlt?'ll n, E 2, 3, 4, 5, . 7, 8, 9, 10, 171, 12, 13, 14, 15,
16, 17, 18, 19, and o5 consisleredas equiialensevithinipe scope of she insisgt inggptionhout 35, or
about 40 residues fromthe 3 end of the probe. In a preferred enbodi nent,
the fluorescent noiety is attached to the 5° end of the probe and WO
20041092412 1PCTTEPReBdd aflidbHor caljagiiiny e Kétechibletnltgetytoaleciralie depines,pf i S

attached to a resj.du i '; in.. 9. 'ggﬁﬁ . ' end of the
probe. The Clueng.,ffr_l',’%@g%ﬁ%fgﬁt%gmaﬁ%lggﬁﬁqu&gg%ii/_por%?‘%ﬁltoggf%er esi due of

t he “detectablée moiety on the probe.

The detectable moiety may be attached to the probe directly or indirectly by a variety of
techniques. Depending on the precise type of detectable moiety used, the detectable

20  moiety can be located at the 5’ or 3’ end of the probe, located internally in the probe’s
nucleotide sequence, or attached to spacer arms of various sizes and compositions to
facilitate signal interactions. Using commercially available phosphoramidite reagents,
one can produce oligonucleotides containing functional groups (e.g., thiols or primary
amines) at either terminus via an appropriately protected phosphoramidite, and can

25  attach a detectable moiety thereto using protocols described in, for example, PCR
Protocols: A Guide to Methods and Applications, ed. by Innis et al., Academic Press,
Inc., 1990.

Methods for introducing oligonucleotide functionalizing reagents to introduce one or
more sulthydryl, amino or hydroxyl moieties into the oligonucleotide probe sequence,

30 typically at the 5" terminus are described in U.S. Pat. No. 4,914,210. A 5' phosphate



probe. For exanple, the quencher noiety can be attached to a sugar,
phosphate, or base noiety of a nucleotide in the probe. In other

enbodi ments, the quencher noiety can be 5 attached between two residues of
the probe. While not intending to be bound to any particular theory or
mechani sm of action, it is believed that when the probe is intact, a photon
emtted by the fluorescent noiety can be absorbed and thus quenched by the
guencher noi et WO 204@92412encher noi ety then either rel eaPETEPHWR/WEIEF gy of t he
photon as a photon of different wavel ength or as heat. 10 Thus, the quencher
noi ety can also be a fluorescent noiety. As described above, this

phenonmenon i s tAReMEWOFKNOr escence resonamge energy transfer ("FRET").

Cl eaving the probe between the fluorescent noiety and quencher results in a

reduction in g &sﬂuaﬂgem%dﬁcb&asfalrm&@ﬁ&peeyuamyp@tynuc%oaa@mae@bnﬁlgaa{r@ascence by

t he quencher CGeneral ly, transfer of ener ween the, fluorescent
noi ety and the qﬁéﬁgf‘%ﬁ‘mﬁﬂ?%’t‘e Tte] gopR FFPaR Be atdﬂg‘ytﬁlﬂéetsaﬁ@é’ybeéﬁﬁ@éﬂ t he
fl uorescent noiatigothpsidineeesijuesciighminmiliaky, ianeiuctdinriag iyhthesd, with ansf er

di stance of theyh; ?%&u Hécﬁqﬁmifde ?err%ﬁtﬁ&%}a IR e ogyoef@&ilg{né gﬁét?c%le%?dlgty, The

critical transfer tance racteristic. an or’’a given
f1 uor escent 3 noingpdi nmﬂwowcw mRiely, fgithegmobg erkeeyndim U St Batent-Npt5Hd$:80% he

spatial rel ati onsiti Ph&bbytin@rpdriteiiyesraente ilBiealityl N reference to the quencher
noi ety can be nore sensitively 20 determ ned when the critical transfer

di stance of the fluorescent rml ety-quencher noiety pair is close to the

di stance betweep.the rescent . noi and uencher. ety
Accordingly, the' PP?Sé‘gfg 1 feloste le\éﬁﬁtysaéfhﬁgttg?‘ﬂ% ?%Pg’gﬁgynt moi ety and
t he quencher nengoyng for bamleapo&mutlemt: tetmiassfagsferghe 81 add @ destrivhbolety, cl ose. to
t he di stance s&gggsafo}ggm Qeco;& qlpsgsmp gggb%% fa{eg pe quencher noiety on

the probe. Critical 25 tr nsfer |stances t| cul ar fluorescent

noi ety-quencher noiety pairs are well knovvn |n the art and can be found,
for exanple, in an article by Wi and Brand, 1994, Anal. Biochem 218:1-13,
which is her®byOligraarissidaderatygs wesliordeisetabls moietics thahiap pepsyd in thy Prebescriteri a
for section of pathbdseul Rits Ifihepraat antntiohi Bdr yxaipbehéo-diingetherf@ah b | Ncl ude,

for examle. g HHIbAIY ALt Sl Llier B35S0y SLIRLAN, R dyhe {1 uor escent 30

noi ety; the wave uo escence em uor. escent noi ety the
extinction coephaoemc@ﬁtldecﬁroktehémqlaéheﬁem Hfpis apapher FIP?@SMEQ‘@@

fluorescence, i froBfignthes. Theprobas cbﬂﬂnm&ﬂﬁﬂ&ﬁwavmlcﬁ%%g}bw3856 21640

WO-KN 51 qquCh 2] sréorﬂo%toXucl oggles}ha?arg Y ngg' orescen er.'tat m peS! on, Hf
any, by the quenc et n 1T guen c |s also a

fluorescent noi b;tjorexahraaleqme@ivheasesmo @tnyclamjacnh@' fI uor escent rml ety~ can
preferabl’y be selected so that fluorescence

In certain embodiments of the invention, a probe can be labeled with more than one

detectable moiety. In certain of such embodiments, each detectable moiety can be

individually attached to different bases of the probe. In other embodiments, more than
20  one detectable moiety can be attached to the same base of the probe.

In certain embodiments, the detectable moiety can be attached to the 5' end of the
probe. In other embodiments, the detectable moiety can be attached to the probe at a
residue that is within 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25, 26, 27, 28, 29, 30, about 35, or about 40 residues from the 5' end of the

25  probe. In certain embodiments, the detectable moiety can be attached to the 3’ end of
the probe. In other embodiments, the detectable moiety can be attached to the probe at
a residue that is within 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25, 26, 27, 28, 29, 30, about 35, or about 40 residues from the 3’ end of the
probe. The detectable moiety can be attached to any portion of a residue of the probe.



emtted by one can easily be distinguished fromfluorescence emtted by the
other. 5 Further guidance on the selection of particular fluorescent

noi et y- quencher noiety pairs may be found in a review article by
Klosterneier and M Il ar, 2002, Biopolyners 61:159-179, which is hereby
incorporated by reference inits entirety, Exenplary conbi nati ons of
fluorescent noieties and quencher noieties that can be used in this aspect
of the invent iy@rodsolsppde, but are not limted to the flp¢areenesnssseoi ety 10
rhodam ne 590 and the quencher noiety crystal violet. A preferred

conbi nati on of fluorescent and quencher noieties is the fluorescent noiety
6- car boxyf | uor ggeeive.gQd the quencher ngiety Cy5"4. Qther exanples of
fluorescent noiety- quencher m)l ety pairs that' can be used in t he probes,
met hods, and k{ts_of .the t|o ent No.

6, 245, 514, whi (R TR E‘éS ed?"d%?’%af’é’ﬁ %CL‘? 30 dse %h"sﬁ’?‘a e rety. 15
Exanpl es of noinexct}rIOésthhamdeclaﬁle D@bgsbwﬂaserdmdhnefnl:su'@ip égeﬂéqbie mapietyiga@nc her

noi eties in FRER.IHREDUHEN bhd QLGRS 6f the prBbar boxyf | uor escei n,

2' 7' -di met hoxy-4'5'-dichl oro-6- car boxyfl uor escei n, rhodam ne,

6- car boxyr hodam ne, 6-carboxy-X-rhodam ne, and

5-(2' -am noet ) am nonapht hal ene-1-sul foni¢c acid (ED Wiet her a

f1 uor escent n%icé‘tt%}“ prab %‘Tﬁﬁ‘ﬁcﬂf g’dl‘n"ﬁ‘ﬁ“’&c epe° ‘?caP§°‘BIérstn85‘Z’5‘§e“ltf"§leE(x0| tation
and emi ssi ofi spelatquenchamtbiep It behfeinbodimsne e firoieetnt mmetthcawlbemy it is paired.
For exanple, F i vel engt h of
488 nm and emﬁsiti\asres e%tﬁgé&nkﬁwda&ggggsglgnufﬂég rtt’gpdep&lbu%% nm an gv:n em ssi on
maxi mum of 525%4AFheNBeIsY diRFIa)Y QUSARIFIMDPISty Anawr to 2Bt @f skifl in e s vkt noj ety f or
use with, for Emamhelnwﬁuheﬂwmm&ﬂqmeﬁwmomceﬁyesemhecr:fﬁmhas at |L S
exciitation maximum 51 | n nts oW ng probe
variants are u%roapconﬁ%}ﬂ&&ﬁﬂﬁ&e?&ﬁ%%@%@ (f%ﬁllly{fﬁ is a variant of
SEQ I D NO198) hexpebloagtiyargsge WEEE&EWS(Wﬁqu Bmily degpsi ant of SEQ
ID NO 28) ; FGyalicd G6lily GldWiiziiela Jﬁﬁﬁ@@@ﬁrxﬁwﬂy& h;q!xa?alﬂe ﬁamy aﬁt of SEQ 1D

NG 70): e

._..-n'- LS, 8. var |ng qﬁ 30 SEQ I D
‘ Yﬁfn P TR B4 55241 2
PCTUEP200410033@8t1es2lmnmmb@dlrs@ts/ﬁmnamﬂuqxtsc@quqngleN@otesgs canbe al | of the

gbgveNpr IObeS AEHQ“CM%l Jiyes-(uFoﬁMn Rhequerers Blsscrlbﬁ@fnqpbr@)w%@ﬂlj) I(ﬁva:Blé}t’WEt hyl\/ dQ) .
Ser ogr gﬁpe ThgrI %Mélﬂ’gegraﬁﬁmsﬁ IFP@?% znc% efif’%&‘ % éﬁeé nce%‘ﬁh?ﬁr Ionl Zr e T
useful for thendetiesdtduln fafexample, but not by way of 11n11tat10n TAMRA (N,N,N’,N’-
tetramethyl-6-carboxyrhodamine) (Molecular Probes, Inc.), DABCYL
_(4-(4'-dimehtylaminophenylazo)benzoic acid), Iowa Black™ (Integrated DNA . .__
Technologies, Inc.), Cy3™ (Integrated DNA Technologies, Inc.) or Cy5™ (Integrated
20 DNA Technologies, Inc.). In a preferred embodiment, the quencher moiety is Cy5™.

Other examples of quencher moieties that can be used in the probes, methods, and kits
of the invention can be found in U.S. Patent Nos. 6,399,392, 6,348,596, 6,080,068, and
5,707,813, each of which is hereby incorporated by reference in its entirety.

In certain embodiments, the quencher moiety can be attached to the 3’ end of the probe.

25 In other embodiments, the quencher moiety can be attached to the probe at a residue
thatis 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, about 35, or about 40 residues from the 5’ end of the probe. In certain
embodiments, the quencher moiety can be attached to the 3’ end of the probe. In other
embodiments, the quencher moiety can be attached to the probe at a residue that is

30 within 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, about 35, or about 40 residues from the 3' end of the probe. Ina

preferred embodiment, the fluorescent moiety is attached to the 5’ end of the probe and



certain nenbers of the genus Flavivirus. In particular, the priners, probes,
nmet hods, and kits are useful for detecting nenbers of the Japanese
encephalitis virus serogroup. For exanple, the nenbers of the Japanese
encephalitis virus serogroup that can be detected according to the present
invention include, but are not limted to, Japanese 10 encephalitis virus,
West Nile virus, Murray Valley encephalitis virus, SLEV, and Kunjin virus.
I n several inswawemnsaihe conpl ete sequence of at | east rmEpsle/@sizs of sone
of these viruses has been determ ned. These sequences maybe found by
reference to the GenBank accession nunbers presented in Figure 4, which
presents an a'“ﬁ@ﬂﬁ@%»ﬁﬁ nucl ei c acid sgguences of Japanese encephalitis
virus serogroup nmenpbers with the 15 oligonucl eotides of the invention. The
nucl ei ¢ acid sequences of  each flaviviral genonme. jdentifijed accessi on
nunber in Fi gur@® PEEeHEPERYS "Fﬁ&*ﬁ?t&’&f&%‘@a ﬂ%{/” ?"ggl&ahﬂ"gg resigupsof 8%3 net“:‘ir ety. The
conpl et e nucl ei of tleqircbes Eheiqradsr mbiety an bgetawhwizo afiy mwirtierof mesvides of tif t he
Japanese ence j trl i r i i Loui s
encophal i t1 5. vi oy pEetinbi3pS ARy Sy sl DR pliBE, o ese Hoeen
det er mi ned. Non@PEE|oEszucleptide iy ths grabe. 18 gthenepbodipentsy thaayeachenmoisspR_e of t he
present inventiancheybetveinaeo t@ideRafhagebe.t hat have a high degree of
conservation with all nenbers of the Japanese encephalitis virus serogroup.

Further, one of skill in the art can easily recognize that the prinmers and
probes can  hybyjdi 2640, nuElelgs add, L1 am.one. of, LhS.as, kel dngsauenced
menbers fol | owi ng 25 Jeter v nat] on of Yhe fuchere ach sequences of these

viral genones. balieved tabivhendhdroolieieintes; 2 photmaemiied by iedluotescentmeaitiipeanof  t he
Japanese encephgd dbbdrBed\hd tiis SBEHRE bPIR qEAthePRoNG! ThE QidncheNmbiet)@en

erbod! s, 8 )bl 0t PO SRR R S =
det ect ed. | A0 st Thus, th¢ uencheninoidiy rarrlo be aflyarestant moityi ds ddscribedphiove.vhis us 30 can

be detected. | n,pabmoAS te/2HED AL BRI S resRakted EhebdyGraddir IRETMI i @VinYale | €Y
encephalitis V\Opz 04/ 092%§BPCTI EP2004/ Q03356 21640 KN 53 virus can be

detected. In yeProBE prEyeeR PSSP GRotely and apedicher reggts it 2 wfgshop JAvsRchifget ect ed.
In still other efithoftlionerehimoiaty’s eroitted fucaestet cadfy thkapenvberen@etgephal i ti s vi rus,
West Nile virus, SLEV or Murray Valley encephalitis virus can be detected.
The nucleic acid to be detected can be any nucleic acid froma detectable

flavivirus as  8edengRad Pelefl BerwddiRhdifolaent et L Guellefrablelyl De 2
si ngl e- stranded as the viviruses to be detected have plus-strand
singl e strandediomepisga thsfistence Rsipesgribe luqrereent meieiand eiadenchermOidiEtEct ed can
al so be DNA cor the sfitisaltrdngfer dist@e€iefelegarticilatfiuofdtdnt moiety-quencher moiety pair.
The critical transfer distance is both characteristic and constant for:gi.vé.r‘lﬁabrer:;gn’t’
moiety paired with a given quencher moiety. Further, the spatial relationship of the
fluorescent moiety in reference to the quencher moiety can be more sensitively
20  determined when the critical transfer distance of the fluorescent moiety-quencher
moiety pair is close to the distance between the fluorescent moiety and the quencher
moiety. Accordingly, the skilled practitioner can select the fluorescent moiety and the
quencher moiety to have a critical transfer distance that is close to the distance
separating the fluorescent moiety from the quencher moiety on the probe. Critical
25  transfer distances of particular fluorescent moiety-quencher moiety pairs are well
known in the art and can be found, for example, in an article by Wu and Brand, 1994,

Anal. Biochem. 218:1-13, which is hereby incorporated by reference in its entirety.

Other criteria for section of particular fluorescent moiety-quencher moiety pairs
include, for example, the quantum yield of fluorescent emission by the fluorescent
30  moiety; the wavelength of fluorescence emitted by the fluorescent moiety; the extinction

coefficient of the quencher moiety; the wavelength of fluorescence, if any, emitted by the



genone of a flavivirus that can be detected. Such DNA can be prepared, for
exanpl e, by reverse-transcribing the viral RNA as described in Section 4.1,
bel ow. 10 The presence of a nucleic acid of a detectable flavivirus can be
detected in a sanple from any source known to one of skill in the art
without limtation. For exanple, the viral nucleic acid can be detected in
a biological sanple, as defined above. The viral nucleic acid can be
detected in avegymwl @415 OMm any natural source, includi ngp@ErmBsol6Rs5at € ani mal,
such as a fish, anphibian, reptile, bird, or manmal, and an invertebrate
animal , such as 15 insects, crustaceans, arachnids, etc. In addition, the
sanple to be teshE QKPEQ be froma non- I§V|ng source, such as a water or

soi|l sanple or“a’sw pe sanple, such as i derived ‘ern testing a surface.

It certain enbodi nents, of t e |nventl the nucleic gcid t etected can
be anplified SEEHFEPRETEY RGO CBtI™ LRl bY P RERr £ Tho
anplification nahqbénaﬁmpenfmtm&ddprmoquQmﬂeﬂemkmannamﬂpﬂﬂhmgmh@ t he

met hods descri R%Qtyggﬁﬁle'ﬁu%s&&l%mwkbéﬂ bQQel&&Hs(f)ﬁaﬁﬁ%ife&’éﬁE%d concurrently

with detection as scrib gr el n a nucl eic acid
are described BBIEhPEGHS carreasily e distinghished ff°$‘aﬂ“|9fe“§{‘“ "-E’Fttedbi gthexsci ence
239: 487- 91, 5t heurdenguidinge dfthedelectionaf partitae Byorésomompiatyajueskheymsiaf er ence  in

their entir et yyy 2% fpdouhelShfndihidy Mo hok: sEVARL ARb L Ayl T uses The

probes, nethod e I nvention can tect a
nucleic acid Frbfri@dmdichisheiebyincorgerated byveferrareipits enirethot |inited to, Dengue
virus, Montana nyotis |eukoencephalitis virus, Mdoc virus, and Yell ow
Fever virus. As with nenbers of the Japanese encephaliti s virus ser ogroup,

the nucleic aCEﬁnﬁ%ﬂ&ﬂﬁ)ﬂﬁh@fiS odHudr@ast m@l@@esiﬁd leRched mmlezaﬁﬂda%@és“éa
PCTI EP2004/ 003356. @iv r,u as been determ ned.

4
These sequence$ ast)g E%lfjlr?&e“oﬁ?n }“éﬁlg‘ggﬁ & nolt gmﬁ‘ﬁd fo S ?Elgrsefcﬁ?f Mitber s
present ed ilA Fﬂgadaremg 590w the qpensher modetyanystel Viglrthdrpreferfedrsompigition ofici d

sequences of th@&@scﬂ@ﬁ&ﬁ*u@ﬁﬂh@r théigties ié&He%@ﬁsc&ttxﬁh&?@cdr&xm&e@cem-lhﬂi nucl ei ¢
acid sequences of e

I Vi r eno ent i accessi on
nunber in Fi gur® B r Ohegfébsy |(ﬁ%%gffgi’l’ge 8}nﬂj Scfggtflg?l%tﬁ@geeeﬁerﬁoéewentl rety. As
di scussed herebairsﬂ[mtpwénessesfitthe@rdﬂa mdthwdSSE@kit@fN@mvmuorSE@d founddn 43, SEQ

ID NO 44, SE D whloh NRereBinc A SEOLLD NO 48, SE
ID NO 49, SElegoﬁ)ﬁ%@gB%s‘lég 'D %b“&csgl 6@% T tﬁ%@ége efs%Q %%%953 SEQ | 5

NG 54, and SEQID NO 55 are useful for arrpl i fying and/ or detecting Dengue
virus and prlners (?IP . 5% SE IR 57, SEQ ID NO,6 58, SEQ I D NO
59, SEQ | D E ecules that can be used a5 both fluorescent or quencher moieties in

FRET mclude fluorescein, 6-carboxyfluorescein , 2’'7’-dimethoxy-4’5'-dichloro-6-
"7 Carboxyfluorescein, rhodamine, 6-carboxyrhodamine, 6-carboxy-X-thodamine, and
5-(2’-aminoethyl)aminonaphthalene-1-sulfonic acid (EDANS). Whether a fluorescent
moiety is a donor or an acceptor is defined by its excitation and emission spectra, and
20  the fluorescent moiety with which it is paired. For example, FAM™ is most efficiently
excited by light with a wavelength of 488 nm, and emits light with a spectrum of 500 to
650 nm, and an emission maximum of 525 nm. Accordingly, FAM™ is a suitable
fluorescent moiety for use with, for example, with TAMRA as quencher moiety, which

has at its excitation maximum 514 nm.

25  In some embodiments, the following probe variants are used:
FGGACTAGAIGGTTAGAGGAGACCCCGCGGP (which is a variant of SEQ ID
NO:28); FGGAEUAGAIGGUUAGAGGAGAEEEEGEGGP (which is a variant of SEQ ID
NO:28); FEGGGTCTCCITCTAACCTCTAGTCCTTCCCCCP (which is a variant of SEQ
ID NO:70); FGGGUEUEEIUEUAACCTCTAGTCCTTCCCCCP (which is a variant of

30  SEQID NO:70); and FGGTCTAGAIGGTTAGAGGAGACCCTCCAGP (which is a



ID NO 61, SEQID NO 62, and SEQ I D NO 63 are useful for anplifying and/or
detecting yellow fever virus. 3.5. Multiplex Anplification Reactions To
Detect Different Vitus Variants O Different Viruses 15 The priners and

probes of the invention can be conbined in reactions to detect nore "-than
one viral niudeic acid. For exanple; iii sone cases,infiltll Teupstream
and/or -- nmultiple dowmstreampriners are conbined in one reaction m xture

for use in detwonpngoddi fferent viral variants (e.g., tRSIERIMAE33(0t be
detected, or would only be poorly detected by a single prinmer or prinmner
pair). In sone enbodinments, nultiple upstream 20 and/or nmultiple downstream
prinmers are coris4edOlKNoONne reaction m xgpre to detect nore than one virus.
In such enbodi ments, priners specific for each virus to be detected are

included in the,figaectEQIDNELIN & all ST&abMe plobOVE BEYEQ= FRNRIF £ pogti-on of each

viral nucleic acid present in npl e. For exanple, any conbination of
primers for ar{ﬁ?ﬁ’f‘ﬁé@fﬁaﬁ“ﬁ@%? Nile Virus, SLEV, Dengue virus and yell ow

fever virus can be 25 included depending on what virus is desired to be
detected. Detection of nultiple viruses using a single reaction is useful,
for exanple, weh sodudaniddy of Daedubleddenshappf tie fapaneieEnapladicis Vagses wher e
contamination with &erggresiprus i's all that needs to be detected. Probes of
the invention can be used in the reactions descri bed above. Dependi ng on
what result is desired, a single probe capable of detecting any possible
viral nucleit aBie@rig@rspprobbscrethodn abvbkitsobde inngntion argtupefid for thedettctidnef ent pr obe

that specifi caldeptaifl ¥iRinbets S Be deRusd@RVirlO 12 PAALLR, inh¥es] pEBEOREHO3356 21640
WO | CN 55 possi bId LViral mgpcl ei ¢ acl dlzfgrggijgt can bhe %ed. I n such cases, it
can be useful t% Z‘Hiﬁrw‘e ORI RPERT™ AL A I AP REST SEPPANH Y HUSHOR B obe,
thereby al | owi niprxampti the evemhers oftheadapaptse viaeptialitisviros siogreapitiht pmdducts. In
2ol ds 5 usi g Tiec g Kbt B e ot e ror
anplificati&h amgpGRIs Ercter Bﬂe ts’lfusﬁﬁwm}f)a@evﬁbfe%ﬂ}éf B BV g»gim s in the
same reaction. _\Sme, In@evgra] infRiRes, (RREdvhHete Aq&eﬁmﬂfﬂéﬁt\bnmwﬂﬁbfs()& efftheabach_, ed.
1995) Col d Spri g HRLAQE, £iESheq FRASSRE ddbe difld SPHR-GEDRGTEN S, Pr i MBr'S

for the detection_of botfl Nile vitus an | are 0 used. In sone
enbodi nents, prFHERRk FEEsiqnumess Beesintd Iy Figig S rhignpEesepty apebengpeptof and  Dengue
Vi rus are used.ndclicaadeeqecoadi ipaties, en@phalies €ruk edtogrdip makedbeestwithnthof West Nl e

¥i) : Uts e SLEVys angighfald Oifiel SMEL inVehbiths e SuddiEflid skdhe R QT AN IR QS me P 1 TET S
identified by accession number in Figure 4 is hereby incorporated by reference in its

entiretx. N

——— o~ —r ey

The complete nucleic acid sequences of the genomes of other members of the Japanese
encephalitis virus serogroup, e.g., Cacipacore virus, St. Louis encephalitis virus, Usutu
20  virus, and Youende virus, have not yet been determined. Nonetheless, it is believed that
the primers and probes of the present invention hybridize to sequences that have a high
degree of conservation with all members of the Japanese encephalitis virus serogroup.
Further, one of skill in the art can easily recognize that the primers and probes can
hybridize to a nucleic acid from one of the as yet unsequenced members following

25  determination of the nucleic acid sequences of these viral genomes.

In certain embodiments, a nucleic acid of a member of the Japanese encephalitis virus
serogroup can be detected. In other embodiments, a nucleic acid of Japanese
encephalitis virus can be detected. In yet other embodiments, a nucleic acid of West
Nile virus can be detected. In still other embodiments, a nucleic acid of Kunjin virus

30  canbe detected. In yet other embodiments, a nucleic acid of Murray Valley encephalitis



detection of West Nile virus, SLEV, yellow fever and Dengue virus are used.
In sone cases, the nultiplex reactions further conprise at |east one probe
as described herein. 15 4. Methods for Detecting and/or Quantifying a
Nucleic Acid of a Menber of the _ Japanese Encephalitis Serogroup and
certain other Flaviviruses In certain aspects, the present invention

provi des nmethods for using nucleic acid prinmers and probes to detect a

nucl ei ¢ add ofvocewtosgerz f | avi vi ruses. | n other aspects, RCAEP20B4/(9335qt

i nvention provides nmethods for using nucleic acid prinmers and probes to 20
quantify a nucleic acid of certain flaviviruses in a sanple. Any nethod for
usi ng nucl ei ¢ 2140 wakiner s and probes ts§ detect a nucleic acid known to one
of skill in the art without Ilimtation can be used to detect a nucleic acid

of a detectabl & flaMe\Metettss. Iﬁ?etgﬁlwbg@%en@l%%é@lelc Léd se%m@wlb%rrbod' ments, the
met hods provi d§%u5| ngéa prime probe to _detect a_ nucleic_acid of a

menber of the tll ﬁ@éfpﬂwﬁlwgtsmwﬂgc a4 S Jrpansse encepbalitiy grusp By est

enbodi nment s, tNﬁae\rim‘s,fmmomwamnemfaghﬂmmswﬂfesieaaeﬂa probe to detect a
nucleic acid of a nenber of the Japanese encephalitis virus serogroup. In
still other enbodinents, the nethods provide using a probe to detect

certain 11 avi Viguises .08 WSREALASHLSl B V02004 92442 oRET £22004] 002356

21640 WO-KN 56 4.’ NuCl ease Reac I'ng and/ or
Quant i fyi ngSa faseribed kereipcTipically, the peghireacidayill bwmx&wﬁ@é Ri¥Acwspibral i ti s
Serogroup I n cadviviruies mae&&edqfavéﬂ]@ W@ﬁﬁgleqﬂm&mmmém H@W@éﬂ, se
detecting a nu&l el %lam

ese_ence Lid,S Virus
serogroup wi'th 5P %lﬂgﬁad&cggﬁ%‘e&o Ji’ﬁégé coréesﬁgrf#nﬁdg Se@%??é&ﬁl”‘f’ Flonpri se
contacting a pginame ofpflavivigistbal cancpedeteaiast Siiah DA chndbke peeparedvifeexantiple, he Japanese

encephal i tis Vidiéife-SAEQBIRWR WhIRNAAR 80ZHeaE Wehidh £, basie! ease activity. The
enzyme with 5 nuclease activity then fragnents a probe hybridized to the

nucleic acid of the nenber of the Japanese encephalitis virus serogroup in a

5' nucl eas ction. The prohe cap be | abel ed et ectapl e noiety
Dhar onai 98 uEbGutRE ot oo gl iRt VIS b vh et P BRI dS. a ¢
based on t hoseayssore bwen itorond ofskillRa the art MitboutGip@tatdqrO For example4h&iital 5, 487, 972

and 5, 210, 015, nﬁ’@&&cf&fcar\(‘tﬁ cféﬂct.'e&mﬁ%‘i&&}éal shrHﬁQraP@Jﬁﬁléc%ioQY TheHR] RigR 1N i TS
entirety. In a % nucl ei ¢ id, prinmer and probe can

\ﬁjc ease  react lﬁw%r‘]?
be contact ed mlfhcaa § deteated I saRRis P MARY Bﬁ%‘alﬂ’“@&l“? “di“ﬁ at"Fféebéﬁt‘E anigalhave 5 to
3" nucl ease actuchiaga/fishj adpbilbian r'eptile, bird,at masmal] el amomértthrna&malesuph af erabl y

chosen to per mfnfsech guﬁéeha)ﬁggfaaﬁﬁdst &c.Gh ERfon! t!ﬂ@sa.gﬂ:'ieq LELERSH L2 Plurality
of fragments o romthe nuclelc ari erreé
non-1 1v1ng source, such as a water or soil sample or a swipe sample, such as is derived

from testing a surface.”

Ead ey e =

It certain embodiments of the invention, the nucleic acid to be detected can be amplified
according to methods known to those of skill in the art. The amplification can be

20  performed prior to detection according to the methods described herein or the
amplification can be performed concurrently with detection as described herein.
Methods of amplifying a nucleic acid are described below and in, for example, Saiki et
al., 1988, Science 239:487-91, the contents of which are hereby incorporated by reference

in their entirety.

25 3.4. Nucleic Acids of Other Detectable Flaviviruses

The probes, methods and kits of the invention can also be used to detect a nucleic acid
from other flaviviruses, including, but not limited to, Dengue virus, Montana myotis
leukoencephalitis virus, Modoc virus, and Yellow Fever virus. As with members of the

Japanese encephalitis virus serogroup, the nucleic acid sequences of at least one strain of



enzymeswith 5' nucl ease activity-inctude tenpl at e=dependent nucleic acid
pol yfnera es. Known native and reconbi nant fornms of such pol ynerases

i nclude, for exanple, E. coli DNA polynerase | (Fernentas, Inc., Hanover,
MD), Bacillus stearothernophilus DNA 20 pol ynerase, and Thernobcoccus
littoralis DNA polynerase. In preferred enbodi nents, the enzynes with 5
nucl ease activity are thernostable and thernoactive nucleic acid

pol ynmeri ses. ®@chostoparnost abl e pol ynerases i ncl ude, butPCIEB200449835¢ | mi t ed t O,
native and reconbi nant forns of polynerases froma variety of species of

t he eubacterial genera T7ternus, Thernmatoga, and Thernosi pho. For exanpl e,
Ther nus 25 spericeswioekyner ases that can she used in the nethods of the

i nvention include Thernmus aquaticus (Taq) DNA pol ynerase, Therm us

thler nophi | us (%E#ﬁf%vﬁ@ée%ﬁéﬁ%eteﬁnﬁﬂéﬂ% f'TH%e&Qﬁ‘&.l:é%%g;ggfoﬁb )r_e%ues ot

pol ynerase, an ermys species spsl.7_(sp as escri be n U S .

Nos. 5,405, 774 ,33?25,1‘666‘?1%8{5@?9? 2?F1§?r8§gv}%ﬁ‘é’fes%{t%6’6“,ﬁ§§‘i€“t °f15’,“éi‘ , 711,

5,674, 738, andach sé@fepat6af the@addtecablefiiaiidiusds svith BEQ I diCetée Théwrckicacily r ef er ence

3010 TLs entl {chohces AGLITLO0A sARIKTRARADY COant 226y HAFHL H‘Fi%ul?f's met hods
e, f é e|y |5NA 0

of the invention 1nclude, Tor exanple, Thefmatoga maritina ymer ase
and Ther mat dgalsWseBIdoRrRYgsetty referenqeipibFalisl3356 21640 WO- KN 57 neapoi it ana
DNA pol ynerase, while an exanpl e of a Thernosi pho pol ynerase that can be
used i s Thernosi pho africanus DNA pol ynerase. The sequences of Ther matoga
maritima and ThedissastdhreeinbfimelSBQ IDNG: pSFQED Noes2, SE@ 1PNk 435 bEQIID n

| nt er nati onal B?%EE@(P ﬁ\pﬁblp%s}ag%(gg) ﬁ@r 4e$%£[€)fr§%/ B? ﬂ"&{)ﬂg,%ﬁaﬁbca“ on No. WO

92/ 06200, whi CRI ncor a refetence inTts entirety. The
sequence of Th¥PHtFEAD Neah SERIRAKR: HafEQR FQGASERADING:&: A% [N 54Pat ent

Publ'i cati on NoandMBQAD/ NI®4Dake udbhill fob amplfyihga@lop QétakiggDbgelifus Byd p:8h&s ence in

its entirety. ' C clj ris tl t ugleic acid
Lo be det adbea iy IR ROCH, B ARG o0 EASORE b0 il

nucl ease acti v NO: ¢in s INAH6% arshfEQ IR NQ:6B ashisefn! fohamplifyingandnd t he probe
hybridi ze to tB&ediHE )W fed vilus. CONPOnents of a 5° nucl ease reaction can

contact the nucleic add to be detected in any order, e.g., the prinmer can
contact the nucleic acid to be detected first, followed by the probe and

enzynme with 5 _nuclease actiyvity, or alternativel e enz with 5
nucl ease acti vity %@;@gg&%ﬁ“ﬁf’ﬁ5%&’152598%%%%”yé”ﬂeaf'éggg’a first,
foll owed by the pro and prinmer. In 15 certain enbodi nents, nore than one

priner or probe naybe added to a 5 nuclease reaction. In certain preferred
enbodi ment g4 a_TQ%gr of . pri mer n_cont

nucl ease reactio .nnﬁrnseangrp fortr’ﬁsr(%ggeﬁmg%n%lncgg%ﬁCltopr?eirn@%lglgglcﬁ%moca%rﬁ{ IP%O%Q a DNA

T “~tham ofie Vital hucleic acid. For examiple, in some cases, multiple upstream and/or ~—
multiple downstream primers are combined in one reaction mixture for use in detecting
different viral variants (e.g., that would not be detected, or would only be poorly
detected by a single primer or primer pair). In some embodiments, multiple upstream

20 and/or multiple downstream primers are combined in one reaction mixture to detect
more than one virus. In such embodiments, primers specific for each virus to be
detected are included in the reaction mixture, thereby allowing for amplification of each
viral nucleic acid present in a sample. For example, any combination of primers for
amplification of West Nile Virus, SLEV, Dengue virus and yellow fever virus can be

25  included depending on what virus is desired to be detected. Detection of multiple
viruses using a single reaction is useful, for example, when screening the blood supply or

in other cases where contamination with any virus is all that needs to be detected.

Probes of the invention can be used in the reactions described above. Depending on
what result is desired, a single probe capable of detecting any possible viral nucleic acid

30  product can be used. Alternatively, a different probe that specifically hybridizes to each



syn[Fiesis reaction: \Were only one priner is used, the prinmer shout
hybridi ze to the nucleic acid upstreamof the probe, i.e., the 3 end of
the primer should point toward the 20 5 end of the probe. The 3' end of the
primer can hybridize adjacent to the 5 end of the probe, or the 3' end of
the prinmer can hybridize further upstreamof the 5 end of the probe. Were
nore than one prinmer is used, at |east one prinmer should hybridize to the
nucl ei ¢ aci d twobms/aediect ed upstream of the probe, as deeDErbB&oasove.
Certain enbodi nents of the 5 nuclease reactions of the present invention
are based on 25 several 5 nuclease reactions that are known to those of
skill in the aRl40PX@iKN es of such reacfions are described in detail, for
instance, in U S. Pat. No. 5,210,015, the content of which is hereby

i ncor por at ed byodsibleairaln@eleic Bcid prdd@ntanbenysd. Mrshef dayes, it can be Wefult emplag e
reaction, a tar nuel el o I 1 y . . 1probe
under conditi oﬁgﬁ%ﬁm%ﬁ%h&f%&ag?tl&l%%C?l%gotr?g’%%%g\glmog&gg%ugﬁgg%@gnd of the
30 nucl ei ¢ add nuditieagdprp@ycts- aci d, prinmer and probe are also contacted with
an enzyme, for WD 2004/092412 PCTI EP2004/ 003356 21640 WD KN 58 exanple a
nucl ei ¢ acid pol ynerase, having 5 to 3' nuclease activity. Nucleic acid

EOLy ng_r asgst potslﬁm'emf%eh@, rﬁ'am%m?ﬁn s@&sk%/dotdxte&m@ﬂmm&ta% a@lﬂ@ge .
ybridi zed to the .nucleic acid. str 0 rinmer...The 3',end o e
oY Pher - pr ovide i iie U RERs S eLPen SRR G Tel hignaisttie sEl “pased
upon the tenpl adeectivuof miltipRepinisicotidedramenicih dhesameiedction! eargalER As t he

pol ymerase ext @Rflgs AT sBEWORMAMRIAC (1Bictidlbach] edCTIO DU ESpRing H®orPregNd Of the
probe and begins to cl ﬁave fragnents fromthe probe. The prinmer and probe
can be desi gned®*&E8EH that they hybridize to the target nucleic acid in
close proximty to each other such that binding of the nucleic acid
polynerase to the 3" end of the primer puts it in contact with the 5 end
of the probe. IInsdor embpdideesprinfts fontbé drtectiaded bethtVgasNibavinusamd®LEV equi red to
bring the nycl i 3LitheRAILYARIAS, rihu@lts‘?cfrﬁﬁ’esdele'cﬁ%ﬂl oé?/\gest%ﬁmi LI%V, Lpe cl eavage.

The term "pol yneri zati on-1 ndependent, cl eavage” r rs to this process.
Alternatively, Qepguegupis hed BeempsrehadimampeRiimeyfonibe detertigr ansyﬁéepaced
regi ons of the virig)SLEV, anduyeilehy fered @iresiate Bt I ¥dn@ereaibodintenis tprioesifor thef or e t he
nucl ei ¢ acid pc&e%%%%?\/estwﬁ%&s?#%he);eﬁo& Rer 2nd ﬁé}lgué)&mEF&%u [{OREsonteS the
pol ymeri zati on conti nues, the polynerase . _progreéssively cleaves
f r agment s- f r om<as§e thsmuliiplexgeactions fusthsrromprish aéleéi?é%\ﬂr?@éb ¢ribadBereinynt i |t he
remai nder of the probe has been destabilized to the extent that it
di ssociates fromthe tenplate nolecule. The term "pol yneri zati on- dependent
cl eavage” ref ers t oMethdilsSoDabk eySind/or Quantifying a Nucleic Acid of a Member of the

‘ " Japanese Encephalitis Serogroup and Certain Other Flaviviruses

In certain aspects, the present invention provides methods for using nucleic acid
primers and probes to detect a nucleic acid of certain flaviviruses. In other aspects, the
present invention provides methods for using nucleic acid primers and probes to

20  quantify a nucleic acid of certain flaviviruses in a sample. Any method for using nucleic
acid primers and probes to detect a nucleic acid known to one of skill in the art without
limitation can be used to detect a nucleic acid of a detectable flavivirus, as described
above. In certain embodiments, the methods provide using a primer and a probe to
detect a nucleic acid of a member of the Japanese encephalitis virus serogroup. In other

25 embodiments, the methods provide using two primers and a probe to detect a nucleic
acid of a member of the Japanese encephalitis virus serogroup. In still other
embodiments, the methods provide using a probe to detect certain flaviviruses, as

described below.



20 One advantage of polynerization-independent cleavage lies in the
elimnation of the need for anplification of the nucleic acid. In the
absence of priner extension, the strand of the nucleic add is substantially
singl e-stranded. Provided the primer and probe are adjacently bound to the
nucl eic acid, sequential rounds of oligonucleotide annealing and cl eavage
of fragnments can occur. Thus, sufficient anounts of the probe 25 can be
fragment ed t owgpizetddozsazdet ect abl e signal, thereby perm PCTEBRIOBEG i on in the
absence of polynerization. In either process, a sanple is provided which
contains the nucleic acid. If the nucleic acid is double-stranded, it

shoul d first bH6HEWStKNed, e.g., the stblnds of the nucleic acid separated
from each other. Any suitabl e denaturing nethod, including physical, WO
2004/ 092412 PCE 1. EP3QQ#knL R3mtion-Based AssapEfoKNetading diorCRlantifping & Nayéiat i ¢ neans,
known to one of skidkH of aMerhier afithe Mpdriase Bcebhabitis $eragomwpcan be used to separate
the nucleic acid strands. A preferred physical neans for strand separation
is heating the nudeic add until it is conpletely (>99% denatured. Typical
heat denat ur at ingertdimaspéctsed the énvpsioat the msthodrginpuse fdeterting boudei@@idOfe 0 about 105

C, for 5 about 1 gf:tﬂpﬂﬁante& eﬂ&?h‘atlmggru% S withS: ﬁhe@ﬂﬁ el ¥hest O

denat ur ati on, the nuclga eX|st ﬁ’ Eﬂﬁ% rand d formin the
sanpl e, such a®ethpdsgene ﬁﬁqnépns%f‘ﬁ‘&%“gasﬂ‘l‘r&ﬁ bgd drugppedd ¥dses. 1t shoul d
be noted that ﬁll&ﬂbé«fbfﬂ:l8ﬁ§a1ie§k&hce§ﬁdlmbﬁnﬁ%r@@&®dmwa'fnhniyhﬁu@tﬂulsrmj’cli‘asepl‘ obes

met hods, and kits, o the |n@ﬁht|on are slgglg strandeg?ggus sh

viruses. 10 A‘&'S‘B‘FYd gty ardesesqiay tep Jagmemisarr pri | s not
required to defficadi oﬂtﬂl@-ﬁ%lnbérlo@dle‘}’dpﬁﬁlse egedpams wmwugbup infa Stﬁlﬁnlgﬁbgtl ve vi r?I
genone is revers nscr.i be nt o C n.e iments o
the i nvention, 21'3 ﬁﬁé’aobﬁéfi“gtv?/l bdﬁgw’%\m‘? g?cgagl:% nb°fle%f %‘%t eﬁ%&ﬁs%?tecéﬁnv?r al nucleic
acids is né@eséwnpmxmf thecprehet Sechimsthogh arhbastreon these descibed irdU SrRebes of t he

invention. 15 Kbs bDBR,97616|804,67526 487,970 akEs5, £10108%; bR of WhilNhert}e RNA can ei t her
be used as an RNA a 5 nuclease reaction as descri bed above,

or the RNA canmﬁ%rp?fétéggé’éeémcedﬁlﬁ??”f“éet’f oi ieverse-tianscfp"fioii into cDNA
or both sintaneously. In certain JY enbodinents, the RNA can be detected
Wi t hout reverse-transcription into cDNA using the nethods of the invention.
Pol yner i zat i ontd 48lepiadeaictia, &ﬁma@ecamttﬁmd&aadsprzse dadecdninrid aithuey ar e

RN can be 11 r SErPEgisrEer pre ST Py DR TRePh eSS BN of A pr obe,
and then tHé cDhN#tatipnodhedonditionsizes puietrady ddseadeparaititlyy potyntetyee toelehvotls of t he
probe and release a plurality of fragments of the probe from the nucleic acid. Preferred
D ~—enzymes with 5' nuclease activity inctude template-dependent nucleic acid polythérases.
Known native and recombinant forms of such polymerases include, for example, E. coli
DNA polymerase I (Fermentas, Inc., Hanover, MD), Bacillus stearothermophilus DNA
20  polymerase, and Thermococcus littoralis DNA polymerase.

In preferred embodiments, the enzymes with 5' nuclease activity are thermostable and
thermoactive nucleic acid polymerases. Such thermostable polymerases include, but are
not limited to, native and recombinant forms of polymerases from a variety of species of
the eubacterial genera Thermus, Thermatoga, and Thermosipho. For example, Thermus
25  species polymerases that can be used in the methods of the invention include Thermus
aquaticus (Taq) DNA polymerase, Thermus thermophilus (Tth) DNA polymerase,
Thermus species Z05 (Z05) DNA polymerase, and Thermus species spsl17 (sps17), as
described in U.S. Pat. Nos. 5,405,774, 5,352,600, 5,079,352, 4,889,818, 5,466,591,
5,618,711, 5,674,738, and 5,795,762, each of which is incorporated herein by reference
30 initsentirety. Thermatoga polymerases that can be used in the methods of the

invention include, for example, Thermatoga maritima DNA polymerase and Thermatoga
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invention. In still other enbodi nents, the RNA can be reverse-transcribed in
the presence of a probe, simultaneously produci ng cDNA that can
subsequently be 25 anplified and/or detected and detecting the presence of
the RNA by assessing fragnentation of the probe as described herein. \Were
the RNA is reverse-transcribed in the absence of a probe, the RNA can be
reverse transcribed into cDNA by any nethod known to one of skill in the
art. The produwegge41zuch reverse transcription can t hBEI/BR0MENERGt ed_| i ke
any detectable nucleic acid 30 according to the nethods described herein. WO
2004/ 092412 PCTI EP2004/ 003356 21640 WO KN 60 Where the RNA is
reverse-transcrilpddVOrKN he presence of aSprobe, the RNA can be
reverse-transcri bed by a DNA pol ynerase with 5 -3' nuclease activity that
can use RNA aseapolipnpDHA@olymerafoNsikstan endpkyhit Hesheiphdsolymdrise that caknown DNA

pol yrer ase syNtiesiets rRGsihd dif s AL, HAULIE 1S oS bR esence of a
pl’l ner, such as th ose desc

% herein. The L%L{%ilnﬁﬂ}alp at _.can use
RNA is a tenpl dt@™ 3t dhamatge %FWB@Y@CMR%CE feprationd c| es of
denat ur at | on arhtdniNApsigatioh &%l BCTIHED 1600 C15rwithi Publirationtiés W® §2/06200, twm:hpnol yImer ase.

Fur t her, Mr%ﬁ&é#b%ﬁ&gnée% 1tsr e%‘éﬁ‘e'ifs‘irg%e SJ dethiRRogaAn  Ppreferably

al so syntheS| ner ases re descrlbed

in, for exanpl gtarglitgna P&)?@ﬁ?umlntesna@eaﬂ Patept @FW%W%?WQ%“ which

hydr ogenf or mansis ildkpdiatef BeryinBY Refeence in it9ERirefR9 ( Ther nosi pho afri canus DNA
pol ymerase), 5,736,373 (Bacillus pallidus DNA pol ynerase), 5,674,738
(Thermus speci es 205 DNA poI ynmerise), and 5,407,800 (Thernus aquaticus and

Ther nus t her noppj 0l ynerases), .ea h of . ich is jncorporated herein
by reference i # %"ﬁ‘?’ie?‘g’f’ COmRises Goft g e ‘{l%‘b"&m@ Eeu‘&eteéj%‘}ﬁﬁ'géiatl ons for
reverse tI'anSCrprhhd’ﬂ,gapﬁbbeﬂ)iﬁaﬂﬁﬁzﬁ;@eﬁavidgertﬂgﬁgﬁ]biset@% ey EoRIdRDAS ﬁhg \é\ngg h517
reverse transcription activ cribed in at ent

5, 561, 058, ‘0@1‘7@%”“3“?8‘%5%6@5’6?3‘ He@élzen“élﬁlaa% Pé’%?““&gc% of which is
i ncor por at ed hemsleasebgacuomeimoetacteha mucleic acié tutberdetbgted 1Wne;d1ddrl¥l%@1e DN&,
the-denitu. S nyyghéict Bl 8 4B adidto b*aaae&éarﬁr&%i@&ea%&le Job@ana Priner and

a probe under I dization conditions ena rlner and probe
20 to bind to t%’éYfﬁ‘U‘@F}é'? BueseACttyoR alterafivebiethe enzymeyithod PREsTseACtivilSapr i mer

can be used to @mpithyniche st e lRideteqted fst, followed 6{ithe PRBE adBinger. hhe t WO
priners can %e sel ect d so that _their rel atl% g_‘p éltlo s al ong the nudeic
acid are subh tHEHERAR %&P@H@F&?ﬁetbarrbclfﬁgflmers‘yﬁf 6 0p bepddedite gttt ner, after

the extension preadids.elnicartaepafeatdsthbbdiorenis apair effrinsdrecan cenapthemedéy , can
serve as a te rrp:lcuf it afS nucltear}sgreg)&tog nfhe%glm%}c- catn %g an%tp?i%er glpabrlreof pnmn}/g aeIBIgA an
~synthesis Téaction” Where only one primer is used, the primer should hybridize to the
nucleic acid upstream of the probe, i.e., the 3' end of the primer should point toward the
20  5'end ofthe probe. The 3'end of the primer can hybridize adjacent to the 5' end of the
probe, or the 3' end of the primer can hybridize further upstream of the 5' end of the
proBe. Where more than one primer is used, at least one primer should hybridize to the

nucleic acid to be detected upstream of the probe, as described above.

Certain embodiments of the 5' nuclease reactions of the present invention are based on

25  several 5' nuclease reactions that are known to those of skill in the art. Examples of such
reactions are described in detail, for instance, in U.S. Pat. No. 5,210,015, the content of

which is hereby incorporated by reference in its entirety.

Briefly, in a 5’ nuclease reaction, a target nucleic acid is contacted with a primer and a
probe under conditions in which the primer and probe hybridize to a strand of the

30  nucleicacid. The nucleic acid, primer and probe are also contacted with an enzyme, for

M AAR NP O i e e



25 anplified product of defined |length. The I ength of the product depends on
the length of the sequence between the two priners and the length of the
two primers thenselves, Because the conplenentary strands are typically

| onger than either the probe or priner, the strands have nore points of
contact and thus a greater chance of finding and binding each other over any
given period of tinme. A high nolar excess of probe and 30 priner helps
shift the equiworewmaszoward prinmer and probe anneal i ngPEHEFBM/00En

tenpl ate reanneal i ng. WO 2004/ 092412 PCT/ EP2004/ 003356 21640 WO-KN 61 The
primer should be sufficiently long to prinme the synthesis of extension
products in tha6grWoefde of the agent f&B pol ynerization. The exact |ength
and conposition of the prinmer can depend on nany factors, including

tenperature of d&haplaRRgddid £ ;fogaﬁiaheomamgsquBqﬁc@ﬂda&qmmwcteicaad of the
priner, proximty of the probe annealing.site to t r ang}gallng

site, and rati oP eﬁﬂﬂsfsrPéfsesﬁ‘PE)Béo?:é‘H "Fté‘t“iyé*ﬁl d‘i’—%"rt{'}@?{&hﬁ@ zeddp @S di ng on

the conpl exity @fdelcREd I6RMERLE of B prihdr. gmmcéna@mg@nﬂa pYBYidds ¥ Pibetadté Y

cont ai ns about 15-30 .nuc] eoti des, ‘{PFB it E% contai.n f w[%% or nore

nucl eot i des. EexsinR Pl R oficlgtacid g ppog ‘g’r?f’l RIBF BReTie % sel ectively
anneal to thgirnuckspedpblymerast AathdpolandaSE@rtmdsﬂ:abb\enuhlqm agideis encdnté&Each pri mer
can be selecte strand of the

nucl ei ¢ aci d. %Ege?ﬁ?%e@g&ﬁfé&@%g#d ?l{aQJ‘Pnghe exact l5s%eﬁaeuence of the

tenpl ate, but nmust be sufficiently conplenentary to selectively hybridize
to their respective strands under the appropriate reaction conditions. Non
conpl enent ary bheasimsr andamehercaseaflstigned such thet thpehybridies to thertarget npdleivacihe pri ner

or located at tmloem&uaity tofkedmtmémch tHAF OIMdiResE tltlfhﬁlcﬂ@irc hHEﬁolﬂrﬁerﬁs@Ecﬁth@s
sufficient conpl, eﬁr:;ntarlt wWwth its tenplate strgﬁd fotgma st abl e dupl ex
(?é%beo

therewith. The h&M ASFATERRERMSHEIP QORFSY |ﬂ6"95 e KEhFh mer s may

i ncl ude resor i mideizncidrRayisHngd xtoeﬁequxﬁddyomfgthmqaleﬁmﬁ&paymermmitepdssitd)ﬂ
sequences are p referably
hybridi zes to t O%EC%E@’F%%/%C %31.%&}, gtgﬁg%%g éﬁ%}e‘f] eﬁg&ﬁg{ g%gfflgscg 20

bi nds the nucl el#PERFE and primer and begl ns to extend the new nucleic acid
strand from the primer based upon the tenplate of the detectable nucleic
acid. It is possible for the polynerase to bind the priner and nucleic acid
to be detected Jalea‘rﬁuheely‘z hl&h@ﬁrﬁﬁb@aﬁctp&bl&(‘ahﬁeal to Adréldittatty shcel ragiedseff theaci d;
T TS ChiARASAEALIE A0, LRSHoh o IRF PAARGE RLARE. [ AGIERt 2L | o1

unl ess nultlple cyc pri ensi on are ina 25
preferred PCR basetditSSthnﬁcs%héaétheprehﬂ:thwnpahmd!wum tvatinyzs timpolyAeoer di ngly, it
is

—— —progressively cleaves fragments-from-the 5 end-of the probe:- This cleaving continues—
until the remainder of the probe has been destabilized to the extent that it dissociates
from the template molecule. The term “polymerization-dependent cleavage” refers to

this process.

20  One advantage of polymerization-independent cleavage lies in the elimination of the
need for amplification of the nucleic acid. In the absence of primer extension, the
strand of the nucleic acid is substantially single-stranded. Provided the primer and
probe are adjacently bound to the nucleic acid, sequential rounds of oligonucleotide
annealing and cleavage of fragments can occur. Thus, sufficient amounts of the probe

25  canbe fragmented to yield a detectable signal, thereby permitting detection in the

absence of polymerization.

In either process, a sample is provided which contains the nucleic acid. If the nucleic
acid is double-stranded, it should first be denatured, e.g., the strands of the nucleic acid
separated from each other. Any suitable denaturing method, including physical,



preferable that the probe hybridize to the nucleic acid to be detected
before prinmer extension by the polynerase begins. A variety of techniques
known to one of skill in the art can be enpl oyed to enhance the |Iikelihood
that the probe will hybridize to the detectable nucleic acid before priner
30 extension polynerization reaches this duplex region, or before the

pol ynerase attaches to the upstream oligonudeotide in the

pol yneri zat i owoizepdiezendent process. For WO 2004/ 092412 PPTEPRENO$HAI 003356
21640 WO- KN 62 exanpl e, short prinmer nol ecules generally require cooler
tenperature to form sufficiently stable hybrid conplexes with the nucleic
aci d. Ther ef or 2164 WO-KNobe can be desidgfed to be | onger than the priner so
that the probe anneals preferentially to the nucleic acid at higher

t enper at ur es r éleadaly er dngynpitic meansdmawa td ang of EillOmthe ex withdrg dimirgtionpen beer s and
probes havi ng Qge& {oes'é%p[?zfté @k n&éwazﬁ'suﬁdém gie%eyre@a%elal HIRAR forlsBEId nudeot . de

conposi tion. exa obe can ve greg ter
content and, cf?ﬁ%rétéﬂi‘éhlﬁﬂl”g tb‘? é?ra‘“fi HatilitEs C°§%ngb$51 ® %%/ o} deaptutefe ’fﬂ“ia]mer
Al'ternati vel Yy hat denatiltatiboimablies fenpetiés rining figBcibbutdd °C nesboat BWHAG T Or

derivat i ZedS % ota ﬁ)es§ or;@syto %ouhid\%ﬂ](l&g)r.ﬂtag%térﬁ'atugﬁt%rdlem&tm thQBQQe%:S to result

in either greate Ison to priners or
probes havi ng Efrbﬂsaawteéfﬁvemsmg}ﬁaqra opR ethe saa?bnsaﬂee for exaealeﬁmﬂsdl fied,

non- st andar d oktradesd R4 bieNdA biases may be found in U S, Patent Nos.

6, 320, 005, 6,174,998, 6,001, 611, and 5,990, 303, each of which is hereby

i ncor por at ed by reference inits entirety. Further, the tenperature of the

reaction cana d 10 take, advant f..t .15 dlfferentlal
thermal st abi | | ty cfb nrg'){ed%hat%xewrusas thgtcanab fl%ece&)wgt(h Ee anerfs(ﬂrcr T ng
denat ur ati on atneﬂnp%altdémpeﬂthftluvqagomgedeétmab@ﬂd Phb@'f\?@d RMfevirusesct i on can be

i ncubated ap ﬁccrokdlﬂg,ﬂ}eﬁérﬁ{u@ﬂioﬁbﬁhé ﬁ‘éiiv@@faﬁéeh&h@ls hoﬂrbq&r@d REdetktas probe but not
primer biffdiii foll Efﬁﬂ % ﬁ'rt erf%tf erat re reduction toﬂjpgrmt prlner
anneal i ng and YOBRRNGELHR! £R98% VerA Yif BHTVRBT $e“81}3?;}3§%ver8‘? THEhEYt o pri ner
concentrati on amDNAsccobding ts edtatroenhodinene pf thainvsntioR @efcebedibeloiwvndi ng of t he

probe before th&,aaﬁma%fth&&ﬁltm@& GRS neQRCRIAL £ ALde QAT pASS0 BRI Y tHen  the
range of about 2t time her than the respective primer

concentration, PW‘i‘F‘éﬁn ?rgbegj@%B?‘zE ?’5’7‘% 5-5 x 10-7 M Tenpl at e- dependent
ext ensi on of the ol i gonudeotide prinmer(s) is catalyzed by a DNA pol ynerase
in the presence of adequate anmounts of the four deoxyri bonudeosi de 25
tri phosphatiss (foieliRicleid GhiePto tt @&t tedsin ENA RERN A canceithér bg 8sed @s :gLRthlUTP, as

di scussed ab OYe?ﬁplat&o?‘a & g&éa%e reacp‘grgis sc%ed%gove, or 12 IﬁUAI &f ge Qsed BJK he appropriate

salts, netal e
emﬁlaté'for feverse-transcription into cDNA; or both simultaneously. In certain’

embodiments, the RNA can be detected without reverse-transcription into cDNA using
the methods of the invention. Polymerization-independent cleavage methods as

20  described above are particularly well-suited for such embodiments. In other
embodiments, the RNA can be first reverse-transcribed into cDNA in the absence of a
probe, and then the cDNA product can be detected according to the methods of the
invention. In still other embodiments, the RNA can be reverse-transcribed in the
presence of a probe, simultaneously producing cDNA that can subsequently be

25  amplified and/or detected and detecting the presence of the RNA by assessing

fragmentation of the probe as described herein.

Where the RNA is reverse-transcribed in the absence of a probe, the RNA can be reverse
transcribed into cDNA by any method known to one of skill in the art. The products of
such reverse transcription can then be detected like any detectable nucleic acid

30  according to the methods described herein.
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and pH buffering system Suitable polynerizing agents are enzynes known to
catalyze priner and tenpl ate-dependent DNA synthesis and possess the 5 to
3" nuclease activity. Such enzynes include, for exanple, Escherichia coli
DNA pol ynmerase |, Therm us 30 thernophilus DNA pol ynerase, Bacill us

st ear ot her nophi | us DNA pol ynerase, WO 20041092412 PCTI EP20041003356 21640
WO KN 63 Thernococcus littoralis DNA pol ynerase, Thernus aquati cus DNA

pol ynmer ase, anwo208/092MA pol ynerase. Further, the react iROA/ERZA4I08ISONS f or
perform ng DNA synthesis using these DNA pol ynerases are well known in the
art. To be useful in the nethods of the present invention, the polynerizing
agent shoul d pods#sWO=KNnucl ease activityOthat can 5 efficiently cleave the
ol i gonudeoti de and rel ease | abel ed fragnents so that a .detectable signal
is directly or WB&EE}EQINAMS g:ea&ntadnedﬂlbedﬁhﬁlem@dueb&;mébetdheRNysmimlmi S are

dupl ex nol ecul es _co 5| st &t[Ahe te rﬂﬁ tra ds .a dtha?c gse

ext ensi on st rand¥. erse f‘cf)l P9y er ym 25 PSP B B PRGN whi ch
can consi st of aamemmlalcfe»rBNArmnd-syntUetsw Agwithodlikgown R pelytriethee synthesisent s. I n

10 preferred enbogdiOBRtSsynfheRGadfds tﬁyﬁles%&eq%aﬁ@aauda@;slme dREeg and pri mer
anneal i ng, and pr.1ner exten5| on and cle robg%%wn be perforned,

resulting in° eXdherEillA prlwpssaie et BRus éaﬁﬁ‘ﬁ afeflﬂgﬂfe Feftblened by
the priners andso i poiltipid dyelés ofdemetusitibmmddIINA shdleddeah bagneitiat déSteling epeat ed
thermal cyclin a chain
reaction (PCR g&lgg?l?‘ﬁ&ge H%e}( ﬁg\?}ggblﬁ&%%&d ?0? rJer?edtP anlsc)@ﬁhl %\&:}e fr agrrent a
suf fi ci ent anoubfe CBPIYE’]H%SYB?"S%QNﬁ‘éf%ﬁﬂwglﬁlaﬁSo%‘i%P@éme%é‘ﬁdﬁﬁ% edj "e. . the
nucl ei ¢ aci d t oinpfer geplef @6, Ha&nmcﬁsm,ﬁa‘ (Carboxydghdrinichyigafortns DNA €., the
] S 4 ARG Il B3l pRBII SRS Mg,

a. uegati ve reackdligys DNA polymergse,S167473% @r@t&speews Prémlgase red PCR

reaction is carsmckowmheﬁ@s Bduafiddl 1TEtHeshus AOrmdpIREDNAWalyBlerabds), bdcE@f a

t her nost abl e enz rogess the reaction m.xture is . | ed t hrough
a denaturing st eﬁﬁ”i?ls 1nc0188ralce% hgreln% re%erencemlts Ientlrety nagé&:lon aneth %’dﬁes' s step,

wher eby cl eav ag@f@@dtlms§?ﬂ ra\@asr@mscrdxgregup RﬁArmmg aﬁémFayle\DNMPqumWP dependent
tenpl at e extiensifikrevéisclth@EchBliorCatVi® are ddeHbLdas UlshRatéNBNos3 5863, 51 611 068,

w th a her mat %955%%9%09 Ly o58aq el i SR SRl e ER (" o

enbodi nents of teﬁaeenpmeﬂatmtmty the nucleic acids to be detected can be
anplified in the absence of a detectably-Iabel ed probe, followed by
detection of the anplification product in a separate reaction.

Al ternatively, m%mW@meﬁ%éiﬁnit%g@ﬁud@cta%ﬁtsﬁgldqmerb&n?a@}éhjﬂth@d in the

presence “of t hep rlx’u(e)rbanc’l a probe ump ghybrldlzatlon conditions, which enable the primer and probe

20  to bind to the nucleic acid strand. In certain embodiments, two primers can be used to
amplify the nucleic acid. In such embodiments, the two primers can be selected so that
J their relative positions along the nucleic acid are such that an extension product
synthesized from one primer, after the extension produce is separated from its template
(complement), can serve as a template for the extension of the other primer to yield an
25  amplified product of defined length. The length of the product depends on the length of
the sequence between the two primers and the length of the two primers themselves.

Because the complementary strands are typically longer than either the probe or primer,
the strands have more points of contact and thus a greater chance of finding and
binding each other over any given period of time. A high molar excess of probe and

30  primer helps shift the equilibrium toward primer and probe annealing rather than

template reannealing.



anplification and detection in a single reaction. 30 Tenperature stable

pol ynerases are preferred in this automated process because the preferred
way of denaturing the doubl e stranded extension products is by exposing them
WO 2004/ 092412 PCTI EP2004/ 003356 21640 WO-KN 64 to a high tenperature
(about 95 C) during the PCR cycle. For exanple, U S. Pat. No. 4,889,818

di scl oses a representative thernostable enzyne isolated from Ther nus

aquat i cus. Adwbptecanghizr epresent ative tenperature stabl @CpEPYMMEORSEs | ncl ude,
e.g., polynerases extracted fromthe thernostable bacteria Thernus fl avus,
Therm us ruber, 5 Thernus thernophilus, Bacillus stearothernophilus (which
has a sonmewhat 216ad0-KNenper at ure opti mgnthan the others fisted), Thernus

| act eus, Thernus rubens, Therrnotoga maritinma, Thernococcus littoralis,

Met hanot her ”USTﬁegerﬁegb}%uld%@@lfﬁ’&én‘ﬂ?% tSprintelthd s?ﬁtﬁ@sw(o&:fte%h@ﬂ?ﬁﬂuctﬂ-iﬁ Jol | a,

CA). As descri abov cer n_.of these her es can
synt hesi ze DNA P{)ef‘ﬁnéﬁﬁ g%ﬁp?ﬁ”@ CriZgORy %%L&gtﬁﬁ CZ%%‘FP y%n?@gelo be
det ect ed accor pliimey cerodepbral qmnm(ﬂastom intlhding Wmecmumf the aph¢alingotactiemase t hat

can  synthesi zg, [y, { foiPodforBithetpeinht, %}d?amltyo?the pYdbt Bnde QR LREo kieaNSCr i ption
activity, should be u EEd&el n, ot. he{ as t he met hods of the present

i nvention can BB 2pRe £ BHaAtarmF 8‘?‘? e%?ﬁﬁ‘?ﬁ‘ﬁfmod‘f T AYRPEI ¢ acid of a
menber of the deppalimse thnoepleaity ¢fitls sequenrs, aeliggodentide primer tificaBanpl e. 1| n such
net hods, a 5' %@Jlﬁﬁﬁ&tﬁﬁ%ﬁﬁc%u@é u&%ﬁit%?c&x@zﬁx‘(f%wkﬁor%é le[cﬁﬁiid s.and the

anount of fl uorescence produced Is he anount ugr escence
can be quanti FreRIBS %Wb?%ﬁﬂﬁﬂﬂwg\?}?“?%ta’aﬁ%seﬁftwélﬁF’Pfl‘eall th thelg gesBgtiveni t hout
limtation. | nsteaddaaidformastable@dplasent s, tht ai nount

of f|l uot escence-em tte&can_bedt,a nti f led with.a I norometer. This anount of
fl uorescence can be conpared to the anobunt of fluorescence emtted by 20 a

cont rol reqgti itn ol SO0 LALd R38N, APLSLSLARL, BErLOLB th the same

reagents and e rea e sanple
with a known aPrt‘féﬁ*ﬁaCldoffhﬁUEP@f peeg aptaefiset the %ﬁﬁsveneqoftthfée%lﬁ&rb@s@ust
encephal itis vbé Mﬁﬁc&ﬁﬂﬁ@ﬁ@l&ﬁmemﬁd—y&eEd[baﬁi\!ehﬁﬂily%dlzeEMelafEEpt&ive@&anﬂb e scence
emtted by the f ! uorlé)ena(t\'eergaECUO co%Eh¥10 s. rilon comqrg])ent bases oflonger & uQ‘chs Gyrve
plotting fl uorescg% ) net “Wirar nicl e aC|aéyconcent? on. AR5

representati vebsmmaﬁ@ I@GMIWI mle‘@t@d?@be ¢nds ¢fitha primes, Pr@udeﬂlﬂ@rpﬂglﬂ dance in
quantifyings aPetﬁ‘mmhe&fcoﬁpmsﬂtﬁhgwm@itﬁe@fﬂatastmab@fonﬁfa stfatkledu&a&anese

encephal itis virus 0 un bl ished U S

Aopl | cat i on’ Publ L DHHE PopfsBreigs suis s ihaBiis ot SeFp SREE 1 128
780, 1 138 783 restistionlensy38: sit@4 AnYWD2O0zpl@@R Ry uEETidERZ004 Q638 Eerably

_not at the 3’ end of the primer... .

The probe preferably hybridizes to the nucleic acid to be detected before the polymerase

20  binds the nucleic acid and primer and begins to extend the new nucleic acid strand from
the primer based upon the template of the detectable nucleic acid. It is possible for the
polymerase to bind the primer and nucleic acid to be detected before the probe contacts
the detectable nucleic acid; however, this arrangement can result in decreased probe
fragmentation unless multiple cycles of primer extension are performed, asin a

25  preferred PCR based 5' nuclease reaction as described below. Accordingly, it is
preferable that the probe hybridize to the nucleic acid to be detected before primer
extension by the polymerase begins.

A variety of techniques known to one of skill in the art can be employed to enhance the
likelihood that the probe will hybridize to the detectable nucleic acid before primer
30  extension polymerization reaches this duplex region, or before the polymerase attaches

to the upstream oligonucleotide in the polymerization-independent process. For



21640 WO-KN 65 4.2. O her Methods For DetectingA Nucleic Acid O AMenber O
The Japanese Encephalitis Serogroup That Use One Or More Priners And A
Probe In addition to the 5 nuclease reactions described above, the
invention further provides other nethods can be used to be used to detect a
nucl eic add of a menber of the 5 Japanese encephalitis virus serogroup, as
descri bed below. In certain enbodi nents, any nethod known by one of skill in
the art that uwesowmmge4iznucl eic acid priners and a nucl elPETEEI0M/08336be t O
detect a nucleic acid can be used to detect a nucleic add of a nmenber of

t he Japanese encephalitis virus serogroup. The nucleic acid prinmers and
probes descri bel68WOHNs 3.1 and 3.2 caw2be used in any such 10 net hod
known to one of skill in the art, without limtation. Exenplary
anplification dxeagit,isRispriféimdlaletRndislgtedule cRleeinptiatiratb f@m nucl ei ¢ aci ds

i nclud , t
(LeR (see U 5 RRHEE 485 vl Gl SAY N ol "hed IO BE pEBh 0L 00,
Met hods and Appieplglmdﬁ@bslorqgemhialgthepruapr so thag|the probe@inyals preferentinlly i tp| acenent

anplification (sl alidéd Kgier tefd exatares MGV rif¥et hgedieg. 20 (7):1691-6 15
(1992); Wwal ker PCR Met hods App 3 (1):1-6 (1993)), transcription-nedi ated
anplification (Phyffer et al . . Cin. Mcrobiol. 34:834-841 (1996);

\ t_al 856 859 I d
sequence. bastd QFSER Ak PHffes e%%@asi hivisg dieceRa e g phisd SR 5
(1991), rol i ngtheir nedestidaqonpbsitecmt Forex{rR@A)he P@Qhesbybe Ch/tslen tomiavet geehbap| .

érZ(aﬁz:hZ‘g ?)%A( i—?@@c)onteh{aatngrblogsrgtt?gn I%Q%emﬁl%bﬂl é%%l%&;&t&%?% ) el |
Probes 13(4): 318 33%0@9@95 97 0T "eglg%\'gorre&aqe Eda‘gélgf(‘ﬁf‘?g%ﬁ‘* Rages gjay be

Bi o/ Technol ogy Brdp@dted (ntOBBhers orPrabectoassplt in either greatar orédsieo thermad stabmdyl fying a
nucl ei ¢ add;9f @ HRPRREN prnrrr{l?s ot ﬂfb@&%ﬁ ng Silly &W&Hl?éﬁhbﬁal BNABLLY rl&&'rﬂpl@é’&

detecting the presen uc el¢c a I 25
mol ecul ar beacofi<h @83‘% dgl“ Eﬂﬂ’éFYh"a efla?sése‘{‘ayiégfb‘ggi’ﬂ%r?a?éh‘ﬁ%snce that can
hybridi ze to a §b2Kked, 1%9&80&@15&%&3\3%Os&qwhoﬁshltmaherﬁaﬁncbq:bmt@lblyal rpin.

The nol ecul ar hgacon tfetl | UOrescent noi ety and a quencher noiety on
opposi te ends o% g&he prgll) etI'Hybri di zati on of the nolecul ar beacon to the

nucleic acid of a menber of the Japanese encephalitis serogroup separates

the fluorescent _noiety fromthe quencher 30 noiety allow ng detection of the
f1 uorescent noi Birther, fedempperasure efBarepsiign c4nelsp pe © tge advapteganiéheei ¢ acid of

a menber of 1f hed&aﬁm&&n@mmh@bﬂmdp&oﬁe&mgﬁm&moﬁimlﬂé @ewilz the invention

may be used in uch e d|t S ral n the 5
WO 2004 /VQQ,Z 412 66&?%‘(} sas% crlbedggove, the r%acgon can b mc&jb ?e%i 9

—an inferifiediate temperafure “which permits probe but nét primer bindinig; followed by a

further temperature reduction to permit primer annealing and subsequent extension.

A high molar excess of probe to primer concentration can also be used to preferentially

20  favor binding of the probe before the primer. Such probe concentrations are typically in
the range of about 2 to 20 times higher than the respective primer concentration, which
is generally 0.5-5x 107 M.

Template-dependent extension of the oligonucleotide primer(s) is catalyzed by a DNA
polymerase in the presence of adequate amounts of the four deoxyribonucleoside

25  triphosphates (dATP, dGTP, dCTP, and dTTP) or analogs, e.g., dUTP, as discussed

. above, in a reaction medium which is comprised of the appropriate salts, metal cations,
and pH buffering system. Suitable polymerizing agents are enzymes known to catalyze
primer and template-dependent DNA synthesis and possess the 5' to 3' nuclease activity.
Such enzymes include, for example, Escherichia coli DNA polymerase I, Thermus

30  thermophilus DNA polymerase, Bacillus stearothermophilus DNA polymerase,



21640 WO- KN 66 and 3' ends of the probe that one of skill in the art

recogni zes as capable of formng a hairpin structure. Further guidance in
sel ection and use of nol ecul ar beacons may be found in an article by Tyagi
and Kramer, 1996, Nat. Biotechnol. 14:303-308, which is hereby incorporated
by reference inits entirety. 5 1In "still another exanple, two priners and a
probe of the invention may be used to detect a nucleic acid of a nenber of
t he Japanese ewoe@hWadzizi S serogroup using nucleic add PEHWERNCHIIIAEed
anplification. Nucleic acid sequence-based anplification (NASBA) is a

robust anplification technology that can be used to detect a nucleic acid of
a nenber of th¥l6edayan€NSe encephalitis séBogroup. | n NASBA net hods, three
enzynmes are used, 10 including reverse transcriptase, T7 RNA pol ynerase, and
Rl\l?se_ H The f!IV&Fmorrl:é’cBm|liitf>ﬁal|?\&ﬁﬂlﬁﬂﬁ(|)lﬂfl@£ﬁblﬂﬂ1_eﬁrﬁls ﬁcjuB@JuEBerpal?dﬁﬂseWh Z(MS][ 'hf a g

pol arity opposi that o n | | e det.e : : ifie
RNA product c anbﬁé P 8@?5%%(’3%“ %herr ’glﬁf rﬁacﬁ ﬂ%%églgo%sg Olgperftgﬁélﬁé{)ﬁgﬁén&e% g{ff?c%pt ure
probe bound to a4 rolymearasesareselliknowroinjtherset To ke wiefuhinghe methedsiof then | abel ed
detector probe gadnafvehfisd, m%@&eﬁiﬂkﬁgéé%ﬁld%é’s@s%ﬂnu@l!e&@@étih%it P capable
of nmeasuring_elegtrochem | u ,nesgen,ce (EgL). ternatively, RNAFag@pI ified by
NASBA can speci fidenty gleaye thysligenpdeptifeandacsass labeled frosmenty so et g dstestableu) ar

beacon probes i signalibhéireatipdriifidirety gemeratelact i on, as descri bed above. Further
gui dance on use of the prinmers andjrQoes ¥ the icyptio ayd e frn,nd ;n
articles by Cnlrlpton 1991. Natuze350 9L 92 and Kievits et al., 1991, J.

Virol. Methods X - |l I r . § G by
reference in itgl?éepﬁ‘?drﬁrc gt% glt.hg%?lﬁleegrgaeri\gur%elt)zéds&eglfngss?gg%suﬁg?ﬂhtg%tg&%5% gst he &'

nucl ease react i ¥Hitheriragiegensioatrands| Rygrofuctygfdhipsynihaeit aseprobsdgerts of such

met hods i ncl udewhidiptanfcbmat dfamittiredf Adad-SdiCandligh-@hcleotideBa@ntsOfn t he Japanese

encephal L1 §oSeLAAreNR Lok YR R TR Oy I SAL L il g d bY

detection of "th - Tiu cacid w e 0 e rnvention. Still
25 ot her exanpl &l pyfmes ersepsinp erbdrsvaghefithemigbetsan baspeformedautspliingdn by one of
skill N In the ar Epr@enﬁde.t:&ﬁ{ulaamwgh@dr@f 1ifl€d regi6H %Jeﬁgmﬂgﬂ.ﬁéprﬁﬁeriﬁa % aganeggg
encephalitis virus serogrou. ound in. U S ten S.. :
6556, 152 | 5, onorBuA s SURE e ghliE. Sikn fiptieed Bl oble B0y at e
by reference i nkpawniethejartas the polymesasa ehainenadstion tRERY) sSuffgignt evslehwad bknown by one

of skill in jshepafdmbdBlacHis® Fagndtifdudictent aaDuCdrhdPrbitRs disdtiuih posaivel ¢ aci d
probe to detect a nuclei

tﬁ ac C. rtl l?e usecfi. to de%rect a.. hucl eic, a?’&d of a
menber of the JEREIPBELSH “c’é‘b‘kéﬂaf itebe Aetete S RIEHGP JOP neadhige 15t EPRY £&d% d WO
2004/ 092412 PCThERO0H/t0bSBEGted B 1eriFesd KinG7lly, positive reactions will exhibit a

_signal that is several orders of magnitude greater than a negative reaction, ___. .

e =

In certain preferred embodiments, the PCR reaction is carried out as an automated

20  process which utilizes a thermostable enzyme. In this process the reaction mixture is
cycled through a denaturing step, a probe and primer annealing step, and a synthesis
step, whereby cleavage and displacement occur simultaneously with primer dependent
template extension. A thermal cycler, such as the ABI 3700 (Applied Biosystems, Inc.,
Foster City, CA), which is specifically designed for use with a thermostable enzyme, may

25 beemployed. In certain of such embodiments of the invention, the nucleic acids to be
detected can be amplified in the absence of a detectably-labeled probe, followed by
detection of the amplification product in a separate reaction. Alternatively, the nucleic
acids to be detected can be amplified in the presence of the probe, allowing

amplification and detection in a single reaction.

30  Temperature stable polymerases are preferred in this automated process because the

preferred way of denaturing the double stranded extension products is by exposing them



primers and probes described Sections 3.1 and 3.2 can be used in any such
met hod known to one of skill in the art, without Iimtation. In certain of
t hese net hods, one of skill in the art will recognize that a prinmer of the
invention may al so be used as a probe, and a probe of the invention used as
a prinmer. 5 For exanple, a nucleic add of a nmenber of the Japanese
encephalitis virus serogroup can be hybridized to a priner of the invention
that i s boundwbaowmomel2i d support. A detectably-I| abel ed@CHEBI4/08I35¢ he
invention can then be hybridized to the nucleic acid to be detected,
thereby indicating the presence of the nucleic acid. Alternatively, the
probe can be DOEhWOXBNt he solid supporté4and used to capture the nucleic
acid, and then the 10 priner can be detectably | abel ed and hybridi zed to the
nucl ei ¢ aci d, ﬁoh@xﬁgﬂib@tnﬂefﬂﬁir@&bblﬁgs °C)hdaripg 48 POR eyctef Férleganmple UES. Batalio.d. A net hod
usin robes b Qnﬂﬁ 829 and EP 420
260. gAﬁother e§§%%$§88 s&% hgﬁ ?Fkﬁmxggﬁ%%;ﬁ?ﬂd&@dé@ﬁ?ﬁ%ﬁ%gand a probe to
detect a nucl @iuéﬁ'ﬁ&%|Adld{§‘Pmér%ﬁﬂ§'é¥W?)‘iemPﬁémEFaﬁhlﬁE%lém@ﬁs@élﬁﬁl&ﬂq’E‘Bs Vi rus

serogroup i nvopslfferisB@xtifeted Glom tAStherdiveable bictekie Therhilk MG THIBAR @kber, t WO
ol gonUdEOtg deﬁef g)he{m?pég PRI, tearoth?ao@l ilys (fév&a:ﬁ Ia[])s\ér%g&l%a??’wet hat can

hybrldlze to d (o€ 6 ect€d are
coval ' ent |y | itemperdtutepptimupghinghadtherelisted), 'I‘M@us Inctane Therrs vhbens, ' ar e

contarr&wtl :jr Tﬁkﬁm'g@atggﬁg? ThQ‘fnoébcdif?ﬁm?ﬂzs,wfetﬁah?he;rﬁ&%%ﬂﬁﬁs ﬁﬂ%ﬁ%&dst i's Vi { us
serogroup undef . i di za e ei ¢ aci S presen
Che aucl 6 o adbb irias O R EROM AR DR R B STt Defaer el b
nanoparticl es, Pqimmmgsyaﬂﬂemewmze@mREA tmmlaghtWhe@mqﬂlé&ntohaﬂe st be

det ?ﬁt ed. t-ﬂ?et E%{E%ﬁefa&@tﬁltngg)ntﬂgﬁl@ﬁg&%tfgﬁéF\rﬁ'@ﬁ‘aog‘%tl?}ﬂéﬂg& %&ﬁseetﬂgaéc&ne of skill
inthe art w [ [ i

det ected by pr S'Bﬁ‘ﬁ?‘%eéﬁ#“b B f0 ?‘Iﬂét &S, ME’JFYBW&WIBHFP&’QHE@VHHW%MS of
usi ng nanoparbéwded in connection with the primers and probes of the

invention may be found 25 in Taton et al., 2000, Science 289(5485):1757-60
and U.S. Patent Nos. 6,506,564, 6,495,324, 6,417, 340, 6,399, 303, and

6,361,944. In yg ?&Q@%&Q@%%ﬁﬁ#&gr&éherp%s&tﬂg'erﬁlo%% eals%%@'uéehé&@*ah@@aﬁn RCA") can

be used as part o et'ect |ng a nucleic ac nber of the
Japanese encepaPYY P& RcFigacid dferpamtstip thaapaeet encerbalitiiyst PEABEWPAR 2 RCA

met hods, a IE)NAsa(ﬁipileC h@sdcﬁméﬂﬁ@cﬁ ; afs'addéaye réLti0ds MesRritg @b ¥ tspagbrafd nd a
conplenentary i nvent.i on can be

b f h
Coon e i of Biertrate o R K ko PP EES TR 8] o it it e
2004/ 092412 PCltaERRGI(y 20088561 khogn &0 aneokikillss the prtwithowtdimitatierd In pestainde, f or

exanpl e, |igat kRgodifE e Smbiint af AN esERLQ Gtk AOGLLEIEARIEA fluorometer.

This amount of fluorescence can be compared to the amount of fluorescence emitted by

20  acontrol reaction. The control reaction is preferably performed with the same reagents
and at the same time as the reaction performed with the sample with a known amount
of nucleic acid of a member of the Japanese encephalitis virus serogroup. Alternatively,
the amount of fluorescence emitted by the fluorescent moiety can be compared to a
standard curve plotting fluorescence against viral nucleic acid concentration. A

25  representative standard curve is presented in Figure 6. Further guidance in quantifying
an amount of a nucleic acid of a member of the Japanese encephalitis virus serogroup
can be found in published U.S. Patent Application Publication No. 2002/0058262 and
European Patent Nos. 1 138 780, 1 138 783, and 1 138 784.



conditions which favor intranolecular ligation. The single-stranded product
concat aner product can then be detected by any nethod of detecting a nucleic
acid known to one of skill in the art without Iimtation. For exanple, the
concat amer 5 product can be detected using a detectably-I|abel ed probe of the
invention. OQther exanples of nethods of detecting a nucleic acid of known
sequence are extensively described herein. In other enbodi nents of RCA a
second pri mer wegospsappsed that is conplenentary to thecxmremd/@ass product .
This prinmer allows exponential anplification of the sequences present in
the circular DNA tenplate. The products of 10 the anplification can still be
detected, for mEsanmpiceKNby using a detectegbl y-1 abel ed probe of the

i nvention. Further guidance on using the priners and probes of the invention
in RCA net hodgaf oroRle Wesloif i Betabiak RiNGiciae HEld OF A MDY ThOfapides: Japanese
encephal i tis Virus Ensphdl@i Setpprsipying: Us0 OREIOT Mo PSmeB&h&ﬂtPrdﬂ@S 6, 344, 329,

6, 350, 580, 6, 221, 603, 6,210,884, 5,648,245, and 5, 714, 320 and i nternati onal
patent publication no. W95/35390, each of 15 which is hereby incorporated

byI reference ip a'dgﬁoﬁlfbgthé 9hyc1ea§etﬂe4cho@rae5ch&rd Bt ﬁvéﬁﬁoxﬁﬁiﬁtﬂeﬂ]ﬂ%wﬁ&ﬁiz | IsI the
pol yneri zati on- nuc actign descri ove. Sti

ot her exanpl es® %f ‘Wg}ﬁoﬁé SPsﬁﬂé?tfﬁeg“S?tﬁrdFtﬁ‘SFnﬂﬂﬁcaél BBE Vﬁ’g?’ ran he used or
adapt ed. by- ®neJapineslentdphalitis vihe agrogroup, gleleedbeddbelvwnber - of -t he j apanese-

encephalitis virus serogroup are described in U S. Patent Nos. 6, 316, 200,
6, 268, 128, 20 6, 180, 338, 5,716,784, and 5,573,906, each of which is hereby

i ncor por at ed b%JeﬁLﬁ%ﬁE‘ﬁcﬁdetQaﬁ)lrﬁ tﬁaatuneswyoderafaarmeqnﬁmggwts any

assay known by one o uses acid priners
that can anpl i FYFleif asidprigiers agd p gudey agidipagbe tq #éecmmc}é}ceﬂ wPeastdiBe used to
detect a nucl ed@ecaghitledfacid ofieniember of the Japanksyratepbaitievions pdiedrovp. Shei r us

ser ogr oup.  They, o i ehterAGh - BLIGIRIG. A0 PP h FREL Pndnfip be used

in any such net e art imtation. In
addi ti on, dRe Wthgﬂkmqwntﬁovwslahn%mmtb%b@ﬁﬁtp@ Exemplasy BRRBEAOR t he
i nventi on may gahabnbhattaebe @sd @ dléﬂ’ettfﬂlﬁkl’wrhlﬁluel&t hadsindide tel}ye pelymemaichthals. 1 n one

exanpl e of such !:I%::'EP&%) anghgasechgljn%eaatmg g )[(geewpecent IG%SH?S‘]%panese

encephal itis VI r'us 'sero I'ng the nucleic

acid with at | é-é%%zoéwrP&Rp‘f*Ptﬂfek A ﬁéﬁto%ﬂ?p‘?slasééw&c%a’iﬁr(b!ﬂﬁ el r‘tﬁéatlﬁ?‘B scont ai ni ng
a fluorescent Effﬁn&ﬂ}épla&ﬂleﬁt APERGHEN (SYR) Bﬂ%r%am&zeﬁqﬂd&emﬁe’m Q83356 21640

MO KN 69 roicet o e Beailth ol Al TRk EGULE o hOSREROARIOD O the pr rer

into the anpll tion n se fUorescent noi ety
fromthe quenc hr@phﬁ@gti@t(y yﬂ"aq, ptchi Ingfin. Microbiol. 34:834-841 (1996); Vuormen, etal ,].

Clin i\izcrg_lzwl 33:1856-1859 (1995)), nucleic acid sequence-based amplification
TI;I’ASBA) (Compton, Nature 350(6313):91-2 (1991), rolling circle amplification (RCA)
(Lisby, Mol. Biotechnol. 12(1):75-99 (1999)); Hatch et al., Genet. Anal. 15(2):35-40
20 (1999)) branched DNA signal amplification (bDNA) (see, e.g., Igbal et al., Mol. Cell
Probes 13(4):315-320 (1999)) and Q-Beta Replicase (Lizardi et al., Bio/Technology 6:1197

(1988)).

One example of such methods is amplifying a nucleic acid of a member of the Japanese
encephalitis serogroup and detecting the presence of the nucleic acid with a probe that is

25  amolecular beacon. Such probes contain a target recognition sequence that can
hybridize to a flanked by complementary sequences that can form a hairpin. The
molecular beacon has a fluorescent moiety and a quencher moiety on opposite ends of
the probe. Hybridization of the molecular beacon to the nucleic acid of a member of the
Japanese encephalitis serogroup separates the fluorescent moiety from the quenicher

30  moiety allowing detection of the fluorescent moiety, and thus revealing the presence of
the nucleic acid of a member of the Japanese encephalitis serogroup. Any probe of the

invention may be used in such methods with the addition of several residues on the 5’
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detection of the fluorescent noiety. Detection of the fluorescent noiety
reveals the presence of the nucleic acid of a nenber of the Japanese
encephalitis virus serogroup. 5 One of skill in the art will easily
recogni ze the use of the prinmers or probes of the invention in such nethods
by incorporating additional residues in the prinmer or probe to formthe
necessary hairpin structure. Further guidance in design and sel ection of
such priners wogoghehes nmay be found in Nazerenko et alPCI/ERDOHO033{gic| ei ¢ Adds
Res. 25:2516-2521 and in Thelwell et al., 2000, Nucleic Acids Res.

28: 3752-3761, each of 10 which is hereby incorporated by reference inits
entirety. | n abio#h¥iO-BNanpl e of such netééods, a nucleic acid of a nenber of
t he Japanese encephalitis virus serogroup can be detected using Strand
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noi ety, and anfoundineertisly by Ewgidnd Kroner 599 Nete Bigreghrioh d4:309308 1 whichibi et i es. One
of skill in thgegylinealorR@AdyrdfertRe fRIAGeHOW t 0 modify any of the priners
or probes of the i'nvention for use in SDA’ In a first anplification reaction
used in SDA, the prinmer is used to anplify the nucleic acid of a nenber of
t he Japanese encephaljtis serogroup in the presence of, for exanple, 20

t hi o- dCTP, éheires&ﬁav B PROPL HoPTIHE aﬁ?Fﬁ@bg?fﬁle%weﬁeorawhefuf%é?H@?ftproduct.
Then, a restri ehudeic eidddnmeinbaséthe fapadese anseptialitio semgeduptusiag naddaacdt i on site in
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anpl,i fi cation mbaﬁawl}ﬁ%‘il%rq%y?lo tgan hetised e deterba nygleiqag 02%@5@ Foy the

ni ck can be useém Jipangd¢ énvephalitia eatogralpy IR NASBA methodsetheske iemapmet aeusedy 25

di spl aci ng ;thhe. ponti . ' e, ni fik O tenpl ate
strand. Di sﬂgl aclzrgﬂnléﬁrlﬁg?Jg?rg{tﬁaét_kg??agghgﬁgggg?ﬂgﬁg%%%g %ﬁ'e@%ﬁl}}? noi ety fromthe
quencher noi et gmplificpigngpgdughissiaginstirpded R crithigpobritrapapyite dubefdle wekeict ed by
the f Ihu Io_r escenkcid lﬁHytectéBh'EhehaﬂqﬁE&i RNAgiodudtande H&Eﬁg@ll’thﬁﬁgﬂ dhépsfl‘@ﬁgngs e
encephalitis serogroup ¢ t e detec and/ or guant,i fi ed by
measuring the gar%s?necczlec%ﬁ{&fﬁr%ﬁ'ﬁ%ﬁ?mé&??%ﬁ%?rgglgseuﬁf:({en?unlgﬁ?rf‘ﬂg‘ra 30 gui dance on
sel ection and mEBmiymdabeleddetsrtoppioheand ap ingtrpmerts &8udligens Bepder; bioMgriewrhy be

I; 0 ggg i224Li 115:1 | @apble gﬁrré%aszulﬁg Qlecﬁ@:l:cldﬂlﬂu_ﬁilﬁﬁﬁaen&ﬁEmﬁl%ﬁﬁti@df;dRNA&ngﬁﬁkH%@t f Nos.

: : an : ich s .her i_neor.porat e reference
T i s ent et DASBEACRE R st i s s BB RIS T anot her
exanpl e, a nudé&ieamplification wacpmisedesaibed shove) Fprhrs guidense ephsgiof the Brimens ogr oup
maybe det ect i Ngndiskbd of thaMS iR ijaPhe FRd ia bRl ik GALIONATTMNIL. TMA i
an RNA 92 and Kievits et al., 1991, J. Virol. Methods 35:273-86, each of which is hereby

20  incorporated by reference in its entirety.

Other examples of such methods include the 5' nuclease reactions described extensively
above. Another example of such methods include amplification of a nucleic acid of a
member of the Japanese encephalitis serogroup with two primers of the invention,
followed by detection of the amplified nucleic acid with a probe of the invention. Still
25  other examples of such methods that may be used or adapted by one of skill in the art to
detect a nucleic acid of a member of the Japanese encephalitis virus serogroup may be
found in U.S. Patent Nos. 6,403,339, 6,329,152, 5,952,202, and 5,387,510, each of which

is hereby incorporated by reference in its entirety.

In other embodiments, any method known by one of skill in the art that uses a nucleic
30  acid primer and a nucleic acid probe to detect a nucleic acid can be used to detect a

nucleic acid of a member of the Japanese encephalitis virus serogroup. The nucleic acid



transcription anplification systemthat uses RNA pol ynerase and reverse
transcriptase to anplify the nucleic acids to be detected. In the nethod, a
prinmer of the invention 5 with a pronoter for RNA polynerase is used to
prime reverse transcription of an RNA of a nenber of the Japanese
encephalitis virus serogroup. The RNAse activity of reverse transcriptase
then degrades the RNA tenplate, releasing the cDNA strand. Second strand
synthesis i s pwonwgoaath a second prinmer of the inventi eararaospetssd yzed by
reverse transcriptase. RNA pol ynerase then recogni zes the pronoter

synt hesi zed in the 10 second strand and catal yzes nultiple cycles of RNA
transcription fuuemwb&»second strand. Tée RNA product can then be detected
or can serve as tenplate for another round of anplification. The RNA

ItOL Oduct Oll‘ TMVA peiferstahe ob@ d@@h&qts@&ho&ys mmsrmammt skI1R Wl dueh ﬁEttﬁodéf s{ﬂh Il in
e ar n cer ain e ct _can e a
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det ect ed wit h akifirothbeartilirroghizetkatz pimendf the invamtionaeay alsabetsediaswiprdbean

acri di ne- ester ,habglobé RR:i¥eARSh ustd s aprim@) Di ego, CA). Such | abel s can be
chem cal ly renoved from unhybridi zed probe while |abels on hybridized

probes remai n undi sturbed Thus, in such enbodi nent s, - presenct. of-a- nucleic
acid of a nenber of tr pane enc I|t| S Virus serogroup can be

det ected by 20 fgExagple léaﬁ ebcr ﬂE‘HéPaa?fF PREFERTRUS TN SSOEYP . Fur t her
gui dance in usicmgbdﬂybnqhzednu primaéthp invbeien dfat i heundny e slid swpport. AMA- based
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inits entiret y:anR&duﬁd;b&hemhd)idpﬁdirtﬁ*kd&ﬂ@llt&;ap&ué\th@ln&dﬁcﬁdﬂarﬁlftheﬁlthenber of the
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I n such net resenc el c ac i ndi cat ed
by the successftqurFSéﬁﬁﬁloéf#’én idehmethgdptingnrebes beymd éﬁasaldm#aswoduct.

General |y, the didirddit ys o,p3xhea AR 90 peduct can be determned fromthe size
of the PCR product; successful anplification of the nucleic 30 acid to be
detected will generally result in a PCR product of known size. Methods for

determ ning the SI%IQ %xging pug eds a ahuaelc ac1dﬁ)r1me(53.rr%R &Q(abqu ﬁetfec]t are
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serogroup incl dﬂ
"’é?ﬁé'lenﬂy linked toa nanioparticlé. "The Manoparticlés are coftacted with 3 muicleicacid

of a member of the Japanese encephalitis virus serogroup under hybridization
conditions. If the nucleic acid is present, the nucleic acid will bind to the

20  oligonucleotides attached to the nanoparticles, producing a large molecular weight
complex that can be detected. The complex can be detected by any method known to
one of skill in the art without limitation. In certain embodiments, the complex is
detected by precipitation of the complex. Further guidance on methods of using
nanoparticles in connection with the primers and probes of the invention may be found

25  in Taton et al., 2000, Science 289(5485):1757-60 and U.S. Patent Nos. 6,506,564,
6,495,324, 6,417,340, 6,399,303, and 6,361,944,

In yet another example, rolling circle amplification (“RCA”) can be used as part ofa
method for detecting a nucleic acid of a member of the Japanese encephalitis virus
serogroup. In certain embodiments of RCA methods, a DNA circle is amplified by

30  polymerase extension of a complementary primer. Any of the primers or probes of the

invention can be used in such methods. Methods of circularizing DNA are well known



speci fic DNA binding dyes. For exanple, SYBR(r) G een (Ml ecul ar Probes,
Inc., Eugene, OR) can be included in the anplification reaction, which
allows the detection 5 and quantification of any doubl e-stranded DNA
generated during PCR Exanples of such methods maybe found in U S. Patent
Nos. 6, 323,337 and 5, 863, 753, each of which 1is incorporated by reference in
its entirety. Finally, other nethods that can be used or adapted by one of
skill in the av@20¢0282 the priners and probes of the PEVEHIPIERN300 detect a
menber of the Japanese encephalitis 10 virus serogroup are described in

U S. Patent Nos. 6,528,632, 6,475,729, 6,361,944, 6,329, 152, 6,270, 967,

6, 258, 546, 6, 06368080-KN 057, 099, 6, 040, 166, 5, 914, 230, 5, 843, 650,

5,747, 255, 5,747,251, 5,731,146, 5,712,386, 5,635,347, 5,554,517, 5,409, 818,
5,384, 242, 4, %6%hek8Sand4ndBi8, fdOkample, Bigdling B endirola BNAGS] &8k togethertundér wWhi ch i s
her eby i ncor por by .. LIt S,.entdr . r enbodi nents,
any assay knomC%E(éq%rﬁ)éth? ?%Ef’ﬁﬁgllgﬂ!e{‘lﬁéﬁ%?@nt%gg Béeégga%g%ds}frg% g_ nucl ei c acid
pri mer or probecopépiamer prodps) s thenke detscted hygay mpthodefdgtesting dandei¢ adche nucl ei ¢

- ]: acr:]i d- =be used<rfown&<e<lsretot skﬂﬁhﬂieﬁhﬁvii%ﬁtdinﬁtfaﬁohrﬁ&%bﬁlﬁmple, the co(rjlcata.mer |

of t he7i panesg-enc al L tisV Serogr whhe nuclel ¢c_aci. j rers an

pr obes descrfbe‘t’:fo‘?‘{r%p 8:‘3 fle?)en&%,% 1n%%§§§8§19é%>ﬁl ecg%rogﬂ%ecf llmﬁn{é ny%sth%h nmet hod
known to one of exaikpleq ofimsthofeofdetectingp pidpig acidiofknoamisemyence are2@ensiveliyt i on, one of

skill in the ardesdMbld her&s Od dt%LehibAimatsRE RO s@ond PEmrERd ds@ithsBy al so be
used as a probe on _used, as a pri.ner in certain of

and a prohe of the inyen .
t he descri bed ‘lr?éripﬂegﬁgt.ag'lf?)a’eé%ﬁtﬁpgpr& Ut PR MSHR{oYF exRo er of the
Japanese encephahplificasion pf thesegesnogy presept ingheridodard i & timpthtel Theprodugwrdfner t o
initiate a p§i NGRE 2BNRADNREh #ABEhAQRd, IPMGERSIS bY hisifpa &Y AP 1BRePirobdie Pri Mer
by a nucleic aci ?]EBOI émergse i ndj.cates the epr,esencg ofb tt} .nucl ei,.c aci d of
2 menber of t heotiAatraten. HERTRELRIE & TRt RISTPE ot BIEHERIORR  ansi on
product that i nRCA akethsdsfhedepripgamueeioficidofrmandoder affthd]iyandapaephslitisonngephal iti s

Virus_serogroupserafbultnag 6t REAEH 1Y paBN NTRIRAE 330004 586 629E6f 6, Biksiskd, 1N the
art. For exanple, t e&(gél ner _ext.ensi on react;ygg can incorporate 32P-1 abel ed

or fluorescent | y94836> PabT ¥d 2 trd insrrennal paifps BEB%HID2% 1O BER Er2do2l 003356
21640 WO KN172 whibes haxgripdogsradéd lyireferee pritseeptiregr  pr obe det ecti on net hods

that describe nmethods that can be used as descri bed or adapted by one of

skill in the art to detect a nmenber of the Japanese encephalitis virus

5. 369, 724, "6, 36 TSR aste Gy S M ipol e figensgag Bt © 705 505
reaction described above. Still other examples of methods of using a primer and a probe
e ..thatcapbe used or adapted hy one of skill in.the art to detect-a-member.of-the Japanese-
encephalitis virus serogroup are described in U.S. Patent Nos. 6,316,200, 6,268,128,
20 6,180,338, 5,716,784, and 5,573,906, each of which is hereby incorporated by reference
in its entirety.

In certain embodiments, any assay known by one of skill in the art that uses two nucleic
acid primers that can amplify a nucleic acid to detect the nucleic acid can be used to
detect a nucleic acid of a member of the Japanese encephalitis virus serogroup. The

25  nucleic acid primers described in Section 3.1 can be used in any such method known to
one of skill in the art, without limitation. In addition, one of skill in the art will
recognize that a probe of the invention may also be used as a primer in certain of these

methods.

In one example of such methods, a nucleic acid of a member of the Japanese encephalitis
30  virus serogroup can be detected by amplifying the nucleic acid with at least one primer

that comprises a hairpin structure containing a fluorescent moiety and a quencher



5 6,261,784, 6,177,249, 6,140,055, 6,130,047, 6,124,090, 6,121, 001,
6, 110, 677, 6,054,279, 6,022,686, 5,981,176, 5,958, 700, 5, 945, 283,
5,935,791, 5,919,630, 5,888,739, 5,888,723, 5,882,867, 5,876,924,
5, 866, 336, 5,856,092, 5,853,990, 5,846, 726, 5, 814,447, 5, 808, 036,
5, 800, 989, 5,795,718, 5,792,614, 5,710,028, 5,683,875, 5,683,872, 5,679,510,
5,641, 633, 5,597,696, 5,595,890, 5,571,673, 5,547,861, 5,525,462,
5,514,546, 5,wi@oddR125, 437,977, 10 5,294,534, 5,118, 6651/ER0040B35684,
4,994,373, 4,851,331, 4,767,700, and 4,683,194, each of which is hereby
incorporated by reference in its entirety. Certain of the above-referenced
U S. Patents digolvpssnNret hods that can gse either one or two prinmers, or
either one or two priners and a probe. The above description is not meant
to categorize such net t ti c |ng, for
15 exanpl e, t \moiefy 2 atn}?e 5h en%r 6% %9&1? ﬂziﬂ%&? tf g Pgmﬁat o%e aélgpgl(ll;?aihgl?
providing a met etcarﬁ@uentmretetherﬂgorascmenoeﬁ%frmﬂmqumChﬁgnepl%mﬁwgpr| rrer are
al so i ncor por at@dioR%f the fies:80GEmdiee. DeRkidARf #he 8Gbrwcdn mlofe€, rBvehlfBES, probes,
and kits of thelnvestélon a Nucleic Acid of a

Member of t he PIAPSHE fié‘ﬁ%‘éﬁﬂ‘i?f %T%n%es%ﬁtﬁﬁﬁmﬁse%Cap%gﬁaﬁseagﬁ%?
Fl avi virusés @iengskil iPthplag wilDeabily recdghiteitioruse of theprinesssapsobeoet thitet ect i ng a

nucl ei c aci d QfyeRudMBARRE nffholts d&&%&‘ﬁrﬁ@ad&%ﬁﬂ&ﬁhb&h ale\gnmeﬁo S1R9r oup
descri bed above, the i1nvention further_provi ecting a

es
nucl ei c acid & PEmARARSESFSagh alfmsfa%ﬁaﬁe@é %‘rgt-,‘\é‘b?fﬁﬂ‘{eﬁén%}}drsﬁ‘?“@w group and
certain ot her stdheptinersrari§ @obes hing bt foavd in Nazaetkotetat 199amdale1cdeideREsed accordi ng

to these 29‘3?169{521 %%%x?ﬂléﬂ?eﬂ et dl, %StNIREIC%CﬁS RAPAYSs; 2R, ’ﬁ'a“th Ggreain

enbodi nent s, one inthe art uses a nucleic
aci'd probéel Oto‘ﬂ’é‘thé%}tereéyﬁ’ﬁ%fP%?@dhﬂ’{ffeé@ﬁ“Bé“ﬂ%ﬁyto detect a nucleic acid of a
menber of the Japanese encephalitis virus serogroup and certain other
flaviviruses. Nucleic acid probes that can be used to detect nucleic acids

of nenbers of Ihb@tﬂ@?ﬁﬂ@&&)fﬁﬁlﬁﬁﬁ&@ﬂd,ﬁhﬁcleidéiciﬁléﬁaﬁl%ﬁ)@bﬂtﬁalzvﬂdsecertai n ot her

flaviviruses are gﬁgcr.i bed in Secg% &rt\ected sin I%DH%J/&%C[ZD?I?{l rﬁl 1£c1an1on

PCT/ EP2004/ 003358 1648 *SE R 937 T cér t € probes of the
i nvention can (5¥AJ$da such Imhoé%ﬁmnbﬁqdﬂapanqsmncepélelmaémléﬁésroefbumumlém c acids of

menbers of theaq&@ﬂ@&&éc@ed%?ﬁ@&‘ﬂ@ﬂah&d & a‘éinﬁlle@trﬁﬁéd)ﬂ{rﬁ)éﬂﬂla@w;n r8&Mht ai n ot her
fIaV|V|rus gresent in a eterm i.f the rgbes bind to
tha' Vi T o TS iRt rtma bR P Mo pere et SmerBes Bt 1 on can
be acconpli sthO&mﬁm@naOﬁblﬂl ipthe brt fareawly recogmize hew thohodify ety dfdlerat , t he

unl abel ed a”D'ﬂrfrﬁ&sdori?d%PJ&ﬂie%vQM%rJspln%D';XO' id support, such as a nenbrane,
t he menbrane incubated with | abel ed probe wunder suitable hybridization

condi tions, the unhybridized probe renoved by washi ng,

In a first amplification reaction used in SDA, the primer is used to amplify the nucleic
acid of a member of the Japanese encephalitis serogroup in the presence of, for example,

20  thio-dCTP, thereby incorporating the primer into the amplification product. Then, a
restriction endonuclease can be used to nick the restriction site in the primer. The
restriction endonuclease cannot cut both strands of the amplification product because of
the incorporation of thio-dCTP in the amplification product. Finally, the 3’ end of the
primer created by the nick can be used to prime a new polymerization reaction, thereby

25  displacing the portion of the strand 3' to the nick from the template strand.
Displacement of the strand separates the fluorescent moiety from the quencher moiety,
thereby preventing quenching of fluorescence emitted by the fluorescent moiety. The
nucleic acid of a member of the Japanese encephalitis serogroup can thereby be detected
and/or quantified by measuring the presence and/or amount of fluorescence. Further

30  guidance on selection and modification of primers and probes for use in SDA may be
found in Little et al., 1999, Clin. Chem. 45-777-784 and U.S. Patent Nos. 6,528,254 and
6,528,632, each of which is hereby incorporated by reference in its entirety.

P s



and the filter nonitored for the presence of bound probe. Wien multiple
sanples are analyzed with a single probe, the dot blot format is quite
useful . Many sanples can be 10 i mmobilized at discrete |ocations on a single
menbrane and hybridi zed sinultaneously by inmersing the nenbrane in a
solution of probe. An alternate nethod that is quite useful when | arge
nunbers of different probes are to be used is a "reverse" dot blot format,
in which the EW@HOM?E ,sequence contains a |abel, and pbgrpinhesssss bound to
the solid support. This format would be useful if the assay 15 net hods of
the present invention were used as one of a battery of nethods to be
performed simil{gnpResky on a sanple. In-fyhis format, the unlabel ed probes
are bound to the nmenbrane and exposed to the | abel ed sanpl e under
appropriately ringent bndization..cenditions.Unhybridized. . sanmple is
Chen Femoved by "ararfg i s BRAGCRRET b8 e TPt roRt RS ES DO P, 5
i s then nonit ormey Hedeteeting upinganseiptio-medigtedroplification (RéLS. THALentENA f or war d
and reverse dOttri?lls&fpti%%ﬁﬂﬁi_cﬁ@ﬂ_sﬁé%mctﬁe{th.ke@ﬁNﬁ?Blyﬁx@ﬂyeeaﬂH?é%rlsé’trin&r tasdl Crotiter
pl ate; see U.S. Patﬁ{;t B]Ie,l caél ogﬁ\%l?.tg?f,o 2é fdlr| ed |va¥ 3, 11%@1, which is
a CPof US 'RaF& HKS% e AP SRDNS TGS A Eopmethqd 2P ST thS inventigBg  gr ant ed
US patent 53 23Ritl82prometc for BNAwmhiymbrasess userd:to ppiowe atverde trasa@iptionyf an&Ney ence i n
its entirety. The Rrohes teYafafile G&eﬁ{aﬁtﬁ%ﬂﬁ’é’seﬁo&oﬁﬁ"ﬂh@ﬁN%ﬁ‘era‘d{i‘Oi@!opxléO@{L (BSA),

for exanple, which adheres to the mcroliter plate, therepy’i bilizing
the probe. Anot FE¥crRiasHBerdegradss W%ﬁmalﬁteﬁ{eﬁ&gg“pﬁb%\e’“ﬂd?tsﬁ@n nvention to
det ect a nucl ei graad sydthedd is préabwith aakcohd prinerfed the Sevetiva@ph adtdlyizedsbyvi r us
serogroup and c i . (RIS i i i Pat.ent No.
o 339, 756, i ol pe cur GHO8L: RAKCHiHER B opins B bRAM b hrble IBHRD L und o
a menbr ane, &nadseatideRandand itdyzes ptRle e BN AgjAnfEpoekrm thesecrrd  entirety.
WD 2004/ 092412 fahd ER2G0W $1083béan thth 64 etddfad Kh\cadderhdns asnppildiefor axotiepl e, a
nucleic acid ofrognggmg)ﬁﬁ f..4 he Japanese encephalitis virus serogroup can
be detected using branched-DNA- based nmethods. In such nethods, a dendrinmer
nmononer i s constructed of two DNA strands that share a region of sequence
conplenentarity located in the central portion of each strand. Wen the two

strands 5 annealheRNA prodvat hET M pasrthen bedeteqteddiylany methed known e enetpdskilhincent r al
doubl e- st r andedthe gRNIErtNREARSIBHenRY th QMR pSid@] fn BE deRBL@HitR NESbe & tBendr i mer

can be assenbled from noner s.. by . hyb i zation of . the,singl e stranded ends
of the nonordr slntv‘ff‘tl@%[clﬁ‘%gtfeﬁ%fc’d"@\%‘itsr %‘e é# PFOPE£0T ﬁegdeifﬁﬁ}wbtggﬁﬁoag %{tﬁ%nded
ends free. Thes&véntior that egbeendabreladrlititianenriting ester label (Gen-Probe, Inc., San Diego,

CA). Such labels can be chemically removed from unhybridized probe while labels on

__hybridized probes remain undisturbed. Thus, in such embodiments, presence ofa
nucleic acid of a member of the Japanese encephalitis virus serogroup can be detected by
20  detecting the presence of the acridine-ester label. Further guidance in using the primers
and probes of the invention in TMA-based methods may be found in Arnold et al,,
I 1989, Clin. Chem. 35:1588-1594, Miller et al., 1994, J. Clin. Microbiol. 32-393-397, and
U.S. Patent Nos. 6,335,166 and 6,294,338, each of which is hereby incorporated by

reference in its entirety.

25  Inyet another example, a nucleic acid of a member of the Japanese encephalitis virus
serogroup can be detected using diagnostic PCR. In such methods, the presence of a
nucleic acid to be detected is indicated by the successful template-dependent
amplification of a PCR product. Generally, the identity of the PCR product can be
determined from the size of the PCR product; successful amplification of the nucleic

30 acid to be detected will generally result in a PCR product of known size. Methods for
determining the size of a nucleic acid, such as a PCR product, are well-known to the art

and include, for example, gel and capillary electrophoresis, among others.



have the sequences of any of the prinmers or probes of the invention. A
dendrinmer can 10 be detectably-labeled with any detectable noiety known to
one of skill in the art without Ilimtation, as described above in
connection with the probes of the invention. Dendrinmers can then be used as
a probe, in, for exanple, the "dot blot" assays described below In
addition, a dendriner can be used as a probe in any nethod known to one of
skill in the wotooumozeddi ch the probe is directly detect ATVERRO@00I38 | S
directly detected when 15 the presence of the probe can be determ ned

wi t hout any subsequent reaction or nodification, such as a dot blot or
Sout hern hybr i 2lic2aW®@KN Furt her gui dancefion the selection and use of
dendrinmers as probes to detect a nucleic acid of a nenber of the w Japanese

encephal i ti s SOIRIMOMBAL ddch su@L«a;s&@&aﬁhiﬁ@m%h a¥d RAN pro@sct thereBy de@idingh NJJ. S.
Patent No. 6,261,779 a i n, Ni t . et.ical Biol ogy

en et a 97, J. Theo B
187: 273- 284, 2B BEBRCTR aélte"’zEFr.Qf%gﬁﬁanﬁi&%ﬁc"éﬁh?l:‘%sﬁé?%%“%&g‘?%e USBEB9% 21e, Wang et
al ., 1998, J. swifiCANMbing8g dyes 1B e8@@le, SBR® Greand Mplengardirobws, Inc., 1998,

El ectr Oana! ysi Eug@Qe(, &k) emde PrfideSAGR: agiplim{i&neicﬁon,%[cﬁgyodsmeﬁ_&{cﬁt ed by
reference in its,entiret

y. .One of skill in the art will recognize that the
probes of the PHV/ERRGHGH! é’ﬁa’ﬂéoﬁlg%&rainﬂed@g‘?‘rﬁﬁn fef gprmg HGR- E’ﬁif‘gﬁ?sio r that
sel ecti vel y hylichdietheds hay te faund irsU SHatentldos. §32338T ecit5e8d3,725eanh diwlidhe pr obes

of the inventigqn, COL RGL Ynce IntitsleStirkipt €nded that net hods of detecting a
detectable flavivi 3’5 vc\ln%b'ﬁgé nﬁ?cr)lbltéeo%r t?'he invention in conbination with any

primers that selectively hybridize to a detectable flavivirus fall within

the scope of the present invention. Any nethod that uses a single priner or
probe that canFisalvuetber methodethaiceen be wedorafeptaddy gne FokiBin the sretoee thef t he
20041 062412, PCEL 800, 003000 51 O H KN T SRRV, s e fag W {h a prob

. with a probe
of the i nvégti gﬁustsgroggfl%%f §%‘frhb§%m1ﬂ$%v|a\ﬁlﬁrmboss'e6éﬁg’géslzg?’flé52@9’%§6ﬂ ection 3. 4|,O
above. 5. KitsOPA.BACHHBPOTaEHBANS: 6106B6Q3r ®EEAD0: BAYLIEEH 483 hPeeS0ki t s t hat
can be used tosgdetels,Aa7psCk #I10146,5,735398, 3435347 8BS S, ODERDHSE4 b S Vi I us

serogroup nenber / rtal ther flaviviruses.. . The .nenbers,.of the
Japanese encep%’g?ﬁblg’s‘g%’ﬁﬁsB"gdeoﬁggrag%b(s%hlg ’e%%ﬁ‘flﬂglahlépg& YO He  Kkits of
the invention afaemteddisientéretyi n Section 3.3, above, while the nucleic acids

of other flaviviruses that can be detected with the kits of the invention
are described in Section 3.4, above. 10 In certain enbodi ments, the kit

conprises aspr gbgh&fendbb@mieftY, 8RY ds@P kndwh ByQHEOf skill in the art that uses a single
nucleic acid primer or probe that can hybridize to a nucleic acid to detect the nucleic
~—acidcan be used to detect aTicleic acid 6f a member of theJapanese éncephalitis virus
serogroup. The nucleic acid primers and probes described in Section 3.1 and 3.2 can be
used in any such method known to one of skill in the art, without limitation. In
20  addition, one of skill in the art will recognize that a primer of the invention may also be
used as a probe, and a probe of the invention used as a primer in certain of the described

methods.

For example, a nucleic acid of a member of the Japanese encephalitis virus serogroup
can be detected using a primer to initiate a primer extension reaction. Successful

25  extension of the primer by a nucleic acid polymerase indicates the presence of the
nucleic acid of a member of the Japanese encephalitis virus serogroup. A primer
extension product that indicates the presence of a member of the Japanese encephalitis
virus serogroup can be detected by any method known to one of skill in the art. For
example, the primer extension reaction can incorporate **P-labeled or fluorescently-

30 labeled nucleotides.



enbodi nents, the kit conprises a prinmer of the invention. In sone

enbodi nents, the kit conprises a conbination of one or nore of the priners
and probes of the invention. For exanple, in one enbodi nent the kit
conprises a first nucleic acid priner that vyhradizes to a nucleic-acid-of
SEQ I D NQ - 1- and-a second-nuel ei eac-id priner-thaF 15 hybridizes to a
nucleic acid of SEQID NO: 9. In other enbodi nents, the kits conprise a
prinmer (e.g., WO220048834120ne upstream and/ or one downst r eBET/BPRGRIPIPS6CoNpri si ng
a polynucleotide that hybridizes to SEQ ID NO 29, SEQ ID NG 30, SEQ ID

NO 31, SEQ ID NG 32, SEQ ID NG 33, SEQ ID NG 34, SEQ ID NG 35, SEQID

NO 36, SEQ | D 2N@OIWO-KBEQ | D NO 38, SEQ D NO 39, SEQ ID NO 40 or a

conpl ement thereof. 20 Exenplary priners maybe selected from e.g., SEQID

Nho Gif SEQ | D I¥théd xampiedof sidgld¥enfebor potit d&E@/otheNQdﬁﬂlat destriboiethedstiedi ment s,
the kits conpris st O st Qr |rrer

sel ected from$ ell’ﬁedl\Té%esﬁ?Lb fi‘ag tﬁéﬁﬁneﬂg&néﬁ t?\%\@mé%mg@gbo NO 44,

SEQ I D NO 45, Jorwmst @cmbahuwlrusecggqom) mbemndsEQﬂHatewws@MQE@ | D NO. 49, SEQ
25 1 D NO 50, SkE@ré 838N 63803, 8363,71, A1 924, 6,552325 13,3061 £536,3 130608, b Psd\38p4, or SEQ

ool mont % ReSkTHeo LBl SR T 00 B Beaah s Mot B et r

pri mer sel ect ed,0R2,686 SHP, 176 51N968,7163,94SE6), b,EBINOL, 5519,6 DERBA8I3NGI88SB3, SEQ | D NO.
59, SEQ ID NOs 8§98% 96'9@4,@,@66% 5@%@9ﬂ, E,sé\é%o@?&%%, §E@4‘4P5"§&@3% In sone

of the above-descri 5 n’g nucleic acid 5
probe that hybritdp %96955 f?? 7é8 ﬁJ@? @14 51810318 o833 S8R, - 67196510 5154]( #2> conpl ement
thereof, as desor,s95e85956896,i5(571,673, 8471861, B,5E5MB0,H,318,6465 5,4211063,614BBITONPr i se t wo

nucl ei ¢ aci g pry '2%?5?4 AL 635, BUGA, PaC '39'3 1REORE, LAY 761)‘311x&?1(34tds@hr?]@"‘ea.'Eh'Sﬁi eic acid

of a menber of f nése en Ce hal Tl T s 2Set o eic acid
primers that cafpithds r@ﬁﬂ?ﬁ%‘rﬁ’@ﬁf"’ Yref‘l‘i‘ié‘cklint“éelﬁffett'he 10 |nvent| on are
extensively described in Section 3.1, above, while the nucleic acid probes
that can be a conmponent of the kits of the invention are described in
Section 3.2, almwein oft‘ﬁbebd%@éfa&cecan scmtén@rdaubsy mfeehol ey ceslua sitltte 564 drbed

above. In Cer t (’%wn Pg.rrgx?rg, olr %er one or two pr{nr';I n%o n‘pobe ts'ﬁblabov srgrnpgs)tfo%% neot DNA

pol ymer ase. odriment’s, nerase has
reverse tr anscrmtpmtgnﬂmmwﬂw@@@éﬂbqis nf@C@rrﬁmFlmem@usmgh@r kits conprise

instructiongs f Q&arﬂ}ﬂ& e&& brﬁlﬁer@pﬂ&%@&ﬁh 5 U@pﬁexﬁthaﬁs d&hﬂﬁ& adr6vidifid AMbthbd US
accor dl ng tot t}er c[nf:'ectmg a nuqexc ac1§us1ngvaes1r1]1§g € pnmer are al SO mcorponigedclayrreference atcpe kl ts

can be used with the primers, probes, and kits of the invention.

4.3.  Methods for Detecting a Nucleic Acid of a Member of the Japanese Encephalitis
Serogroup and Certain Other Flaviviruses using a Probe

20  Inaddition to the assays for detecting a nucleic acid of a member of the Japanese
encephalitis virus serogroup described above, the invention further provides methods
for detecting a nucleic acid of a member of the Japanese encephalitis virus serogroup
and certain other flaviviruses. The flaviviruses that can be detected according to these

methods are described in Section 3.4, above.

25 In certain embodiments, any method known to one of skill in the art that uses a nucleic
acid probe to detect a nucleic acid can be used to detect a nucleic acid of a member of
the Japanese encephalitis virus serogroup and certain other flaviviruses. Nucleic acid
probes that can be used to detect nucleic acids of members of the Japanese encephalitis

virus serogroup and certain other flaviviruses are described in Section 3.2, above.



conprise instructions for detecting a nmenber of the Japaesee encephalitis
virus serogroup. In other enbodi nents, the kits conprise one or nore
containers to hold the conponents of the kit. 20 In certain enbodi nents,
the kits can contain a conposition conprising a prinmer of the invention.
The kits can al so contain a conposition conprising a probe of the invention.
The kits can further contain a conposition conprising a thernostable DNA

pol ymer ase. Weo0appesi tions conprising a prinmer or prESTEPHYP4/BEB6 | nventi on
or a thernostable DNA polynerase can further conprise additional reagents.
For exanple, the 25 conpositions can conprise suitable preservatives prevent
degradati on of 20648 W@dosition, suitabl® buffers to nodulate the pH of the
conposition, suitable diluents to alter the viscosity of the conpositions,
and the like. Theerﬂﬁinteﬁlediﬁleﬁlﬁ,dhdﬂrdfbabﬂtye iaeffen e beheéro dengmpifsirdlor carryi ng

out a 5 nucleag a kits can
corrprl se reagen?qs%eécgs 33? {I('sa{cét éflgﬁgbce;?g&géa?g@%?e%lﬁé ?l ﬂg%ﬁs:%n%m{lg%d r obe t hat
i ndi cates the eedeetber lotivignsesged Ragsent iicd semple by deygyoomogif thg prpbes bind to the

PCT/ EP2004/ 003 338 seqhidR4 rMEnthiNhé darskd BoR%EN 1) &ﬂra!a@hiohlc& Bélal’:dé& Bedgr oup

menber. Kits that ¢ aci ned sequence
are described "™ %Jag&b%gfé‘ﬁ?tdﬁotg ‘ﬂ’gg fhr%gﬁj ?afgb?d %e&) %6 89884 2nd

5, 641, 864, eaco afolidisipphrtisych a1g orepbraae, &tk hrarbeing ulwbatei\eﬂvdm&dpmbpt S
entirety. One qfndélshlkablelh%ﬁdmn@{Jon&ashseam bﬂtlﬁfédtph%e wmmﬁ,“amngor obes of

the invention to di f d| scl osure Patents to design
addi ti onal kit &g ﬁﬁgﬁ “é[‘f’"se Qhitherpresence ﬁé’c’?:‘?:doifggeoﬁrhfﬁgl SEPRIS ent i on.
Summari zi ng, t haalvzadmrlhasmglq okt the dotebtbt fapmat ingtite askfifl Mangedraglésicagbea nucl ei ¢

acid of a ﬂ?”Q&hogﬁlzédﬁﬁdn]c?&@le&%@ns%'ﬁ%%ﬂgé ﬂe&'bl%né/ Nl bécﬁie‘a%ﬁ!{&eoﬁmr' si ng:
a) contacting e wth detect abl y aee n | ei ¢ add probe that

hybri di zes to %Yemﬁ‘e’ﬁﬂ&f-}@l“? E"i“ﬁ“t?f“’@ﬁ@?lﬁr or the conpl enent
thereof, a primer that hybridizes to a nucl ei ¢ aC|d of SEQID NO.: 1, or
t he conpl enent thereof, and a tenplate-dependent nucleic acid pol ynerase
with 5 -3 exoniddamseteaethod kiayis quirdseful whemblige namnBert bfaliffetdnk pobdsae: to

t enpl at e- depen dq%r&%fdr?&d TN e THeN d& ?clr%%? ﬁ%ﬁc&&@?ﬂ@g(gjﬁaﬁéuenzengntﬁns a label,

det ect abl y-1 ab nuc el c acid pr ragment ati on of
the det ect abl y-andheipatbe e fo thesphil sypesisie Thigosmat wouldrhe Ha#s9h of the
det ect abl y- lﬂbahadodabahepmdulﬁv&hmwdaeussdﬁsbea@tab@fterybﬂnmbalsw& -acid _of-a

et o0h .t e aRANSS S RRERAA A AHE BB il ISLEI S8tk STRGEAIENTS.  he

to the membrane and exposed to the labeled sample under appropriately stringent

e __hybridization conditions. Unhybridized labeled sample is then removed by washing

under suitably stringent conditions, and the filter is then monitored for the presence of

20 bound sequences.

Both the forward and reverse dot blot assays can be carried out conveniently in a
microtiter plate; see U.S. Patent Application No. 695,072, filed May 3, 1991, which is a
CIP of U.S. Patent Application No. 414,542, filed Sep. 29, 1989, granted US patent
5,232,829, each of which is incorporated herein by reference in its entirety. The probes
25  canbeattached to bovine serum albumen (BSA), for example, which adheres to the

microliter plate, thereby immobilizing the probe.

Another example of a method of using a probe of the invention to detect a nucleic acid

of members of the Japanese encephalitis virus serogroup and certain other flaviviruses is

described in U.S. Patent No. 6,383,756, which provides a method for detecting a nucleic
30 acid bound to a membrane, and which is hereby incorporated by reference in its

entirety.



consecutive nudeotides of any of SEQ ID NO. :17, SEQID NO :18, SEQID
NO. : 28, or 20 the conplenent thereof. Preferably, the detectably-Iabeled
probe conprises a fluorescent noiety. The fluorescent noiety is
preferentially selected fromthe group consisting of fluorescein-famly
dyes, pol yhal of | uorescein-famly dyes, hexachl orofluorescein-famly dyes,
coumarin-famly dyes, rhodam ne-famly dyes, cyanine-famly dyes,
oxazi ne-f am lwodweez4it hi azi ne-fam |y dyes, squarai ne- f BE7ER20@PEII56 25
chel ated | ant hani de-fam |y dyes, and BODI PY(r)-fam |y dyes. A very preferred
fluorescent noiety is 6-carboxyfluorescein. For the preferred enbodi nent of
a TagMan(r) asx&y) WwichgNdet ect abl y-1| abel ed probe further conprises a
guencher noiety. The quencher noiety is preferably selected fromthe group
ﬁOHSI f”tl ngf Iof fn'aﬂ%ﬁseﬁfﬁhﬁle,lfaﬂmléiélac@y&§ meﬁ%r)bh;ﬁk%fp%ﬂé%&@@pﬁhlﬂﬁfvﬁm l'y d%/esz | 30
exachl or of | uor escei n-fa es, cqu n-f a yes, rhodam ne-famly
dyes, cyani nes_ef%muwarblg;gi'gt,egtgﬂ%%ghggx%;ﬁl\gfx-hvgg]rpeti{%ga heh ?’ﬁtﬂ'?@ya dyes,
squar ai nef ani | gendsimer, morpiet & tadtricedtdf v ISA fteamild thatdlrasa reBEDbRV¥(uehee ani | y
VoI N 7o ena e D e e ol 040
Preferred non- NGB IuER Hie mogame, "e‘}“‘ﬁi‘ﬁ'\gé??‘é‘ge "rsécg"é‘iaje%’t?‘éh'sé??ﬂ%@t he group of
BHQ' " -fam | y dseasr bdrased Bl faurksingle GtrandEdbdadly | A dddBsiinepnebedsseatbled dionf | uOr escent
guencher noi et] BHATS, Doz and BHQ'
-3. In Taghan(r gﬁ%@‘ggb@ L?@%ggn%{’\{tgﬁ%%%gg{d? ﬁ%d%&&lét _ectoart%ﬁ'r Sytjélé%é’f%a probe by
a tenpl at e- dephitpstll lepying reany siggle-etrand el ards fase These feesinglg strandad pndseam activity
fsepar ates the fl:#vuﬂfﬁeﬁﬁi&[&s df&iy&fcfj}hefpfiﬁﬁisfogﬁrolﬂédeﬂ@lb&Waﬂtﬁh.e}x%dlendﬁliﬁf emabl y,
ragment at i,on e I ' t | aser i ndu orescence. More
preferabl y,18 t ,eede%ﬁcﬁlg)l é%glgdn%"%rraﬁl?g?t ;g/&?eogelrﬁ%lgtfg?ogvr?etao?eeﬁ%q]} 1\?etH [ ‘f’%éouguencher
moi ety such t hBmitgtiopirsdesaribed pbave imgopnectiqrevith) thenrelaes efthe wwéndipy. i s absor bed by
t he quencher noiety when the probe is 10 intact, but fragnmentation of the
probe by an enzyne with 5 -3'-nuclease activity separates the fluorescent
noi ety from t hpegisRRenen tRRbALsY &4 phobk,itfordxkpMd, B2 “@dtibldregdsay Hdesdibed

fl uorescent nojety can,pe detected. |n a,nethqed.the nucl.eic acid of a nenber
of e S apanoabik JBaRRF F Eendriraccen b i S prate n i perpHEnwE Bt ot
primer that coskltingesartin whish 8ie probe isdliredtiatetbryddr Mgirobess dingetly datedtbdivieenl5 aci d of
SEQ ID N?-h :13,- er?qsﬁfc%ﬁlgé}%%&:caﬁﬁkgieﬁﬁﬁih@d WithRG Qxy'sl?oséqﬂf’r_ltgéak%fdﬁ“ tE g ?Df 'NB st ,
primer at comqri ses at | eas onsecutiye .nucl eotides o ) 2.
Most pref er abl 8%© aélonfsmaeaﬁ?titb}?éf’f@8%@?@%%@@-%%@%@%9@& ID NO. : 8.
When nodi fi ed sesiichmd userd desleiohersps mbless &bdefectshmcleie séidiofm ra¢miposithé on 23 of
SEQ ID NO.: 8

Patent No. 6,261,779 and in Nilsen et al., 1997, ]. Theoretical Biology 187:273-284,
20  Capaldi et al.,2000, Nucleic. Acids Res., 28(7):21e, Wang et al., 1998, J. Am. Chem. Soc.
120:8281-8282, and Wang et al., 1998, Electroanalysis 10(8):553-556, each of which is

) hereby incorporated by reference in its entirety.

One of skill in the art will recognize that the probes of the invention can be used in
combination with any primer that selectively hybridizes to a virus that can be detected
25  with the probes of the invention. Accordingly, it is intended that methods of detecting a
detectable flavivirus with a probe of the invention in combination with any primers that
selectively hybridize to a detectable flavivirus fall within the scope of the present

invention.

Any method that uses a single primer or probe that can be used to detect a nucleic acid

30  of a member of the Japanese encephalitis virus serogroup described in Section 4.2,



-s 10 al kyl =deoxyaden6-s ine br tTie residue at position 23 of SEQ ID NO. :8
is Na-nmethyl- 20 deoxyadenosi ne or the residue at position 24 of SEQ ID
NO.: 8 is N6-al kyl deoxyadenosi ne, nost preferably is

N6-tert-butyl-benzyl - deoxyadenosi ne More preferred the residue at position
23 of SEQ ID NO :8 is N6-nethyl-deoxyadenosine and the residue at position
24 of SEQ ID NO. :8 is N6-text-butyl-benzyl -deoxyadenosi ne. Preferably, the
second priner wongeieer a nucleic acid that hybridi zes PETEPHUOBPC aci d 25
of SEQID NO:9, nore preferably at | east 16 consecutive nucl eotides of SEQ
D NO :10, nost preferably conprises SEQ ID NO; 11 or 15. Wen nodified
resi dues are usxé40 WorkiliNer ably the secondspri ner conprises

N6- al | ryl deoxyadenosi ne at position 24 of SEQ |ID NO :15, nost preferred
N6-t ert - butyl besayd, cal®exydaeh @apidbe of thl inGaRbEtorktettbiifer A66RL6E dgcribed inhe
invention are psrtl ner.s ?d probes as used in the 30 nethod as descri bed
above. Dependen %5‘&’1 Fivetr position and sequence, prinmers can be used as
probes or vice versa. Preferred oligonucl eotides contain at |east 16
consecutive nucleotides contained in any of SEQID NGs 2, 9, and 17, or the
conpl ement s t hefeof Kitx her preferred oligonucl eotides contain at | east 16
consecutive WD 2004/ 092412 PCT/ EP2004/ 003356 21640 WO KN 79 nucl eoti des
contained in any of SEQID NGs 3, 4, 5, 6, 7, 8, 11, 12, 13, 14, 15,18, 19,
20, 21, 22, 23napdtheragpectphe preFent mn@ugxsproudeStkhethe@n@b@mwet@ﬁerné‘é@c

Preferred ki §S £QNATL Sendd\@ciphafits Rrii&der@érbﬂpﬂ&ﬁﬂ)é%@ﬁd/&%%rtéﬁ oﬂﬂ‘é‘r%h@iﬂi%& above.
Mor e preferre t he kit Ehogglses

first nulelca r that
hybri di zes to *ﬁd’&?ﬂ?ﬁeﬁs of the S‘Fes%"ﬁﬁfplh%?t’f\l@msfer8$r°'ép Etocﬁ?)Pee%éeﬁtF‘P nﬁ’fgof b) a
second nucl eic latmoﬂthpmvcrﬁmntafeadteschbddnn BHcti@s3.3, abaye,windé thie oudals adidobf BED | D NO. : 9
or a COITp| errenﬁav%vﬁ%e?@ﬁtoang@&jet&ked @ﬂtﬂ%lkﬁé & tl?eqﬁlveﬂﬁapa‘?e &J@&fbe&)’x%@éﬁqhzes to a

nucl ei ¢ acid of 6, 10 conpl enent thereof. Most preferred
Kits conprise t ‘é b‘?"éf erred pri rrers and probes, optionally or preferably
| abel ed and nodified as descri bed above. Furthernore, the kit additionally
conprises a thernostabl e DNA pol ynerase. Such thernostabl e DNA pol yner ase
may have rever sk cen@msmebodicherts) thekit cothprises aphots of theétvemphall semBNA pol yner ase

with reverse ”gagb%‘aﬁhé?&é &@hﬁ‘%d&ﬁﬂs&% nﬁlep&"’c‘ﬁe%\‘f‘e%érf ILYoxﬂe'Sen%% Erfeeﬁﬁclhé romthe

group of Carbox er mus g}e r mans rnosi pho
af ri canus DNA pBt i@ cop ft}oméowrmomtfammevap%@la%ét e iNENtiRBs speci es
Z05 DNA pol yrrerase_Therrms arc uaticus DNA

For example, in one embodiment the kit comprises a first nucleic acid primer that
~—hybridizes to a nucleicacid-of SEQ ID NO::-I-and-a second-nucleic acid primer-that——

15  hybridizes to a nucleic acid of SEQ ID NO.: 9. In other embodiments, the kits comprise
a primer (e.g., at least one upstream and/or one downstream primer) comprising a
polynucleotide that hybridizes to SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ

) ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID

NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40 or a complement thereof.

20  Exemplary primers may be selected from, e.g., SEQ ID NO:64, SEQ ID NO:65, SEQ ID
NO:66, and SEQ ID NO:67.

In some embodiments, the kits comprise at least one upstream and/or one downstream
primer selected from SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44,
SEQID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO:48, SEQ ID NO:49, SEQ

25 ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, or SEQ ID
NO:55.



pol ymerase, Thernus thernophilus DNA pol ynerase, and Thermus spsl1l7 DNA

pol ynerase. 20 The kit can additionally conprise instructions for detecting
a nucleic acid of a menber of the Japanese encephalitis virus serogroup.
Anot her subject of the invention is a conposition for detecting a nenber of
the Japanese encephalitis virus serogroup conprising a nucleic acid priner
that hybridizes to a nucleic acid of SEQID NO. :1 or a conpl enent thereof
and a buf fer.wPreferzsadd 25 prinmers and probes are as d@STEPHEPIBBHOVe.

Anot her subject of the invention is a nethod for detecting a nucleic acid of
a nenber of the Japanese encephalitis virus serogroup or of a Dengue virus,
a Yell ow fever21640We;KM Mddoc virus, or6a Mntana nyotis | eukencephalitis
virus in a sanple, conprising: a) contacting the sanple with a nucleic acid
probe that hyuhiodiezaﬁbddﬁneSEQhélatsl‘d@n A at leadbna DPst\dh 204H) 47 (39 Advtidtream

PTI EP2004/ 003356 21640 0-EN AR ke ook, Lha YRS Lilgatp R 8l the

nucleic acid ro uclei caci apariése

encephal itis vﬁEQI@ N@TEFERIP MNP: 64SEQ IDAVYG@ ov SFQE) NR:63vel | ow Fever virus, a
Mbdoc virus, or a Montana nyotis |eukencephalitis virus, thereby detecting
the presence of the nucleic acid of a nenber of the Japanese 5 encephalitis

ViTus Serogroup sGhe &thehbbROANSHI dnbddinfinty| %J Héé’af@éb‘?r[ riéd { MRleic@ciyodoc  virus,

or a Mont ang encephalitis, vi sub ect of the invention
75 & ot hod 1 obobbe e sgesto RderH Rt SHY B0 NG B b Bt SO lewﬂaﬂseaeﬁgﬁ%se
encephal i tis vdesaibedlerengr oup i n a sanple, conprising: a) anplifying the

nucl eic acid of a nenber of the Japanese encephalitis virus 10 serogroup in
the presence of a nucleic acid probe that hybridizes to SEQID NO: 16 and

a tenpl ate-de Q M YRRty iE ?sscgﬁggéttwﬁﬁﬁleﬁ%cﬁégﬂxgﬁ ar‘?@éﬁlde?cca jvity; and

b) detecting t ragnentation o etecting the presence
of nucleic acPfﬂ bedpr detesiinasducleir agigef W&’ﬁ@g@eé%éﬁﬁﬁ}qerha%tls\ﬂfﬂﬂs ser ogr oup.
15 Anot her subjessgtoupf Thdtrucleio ¥@dprirdéts that can b doafpohdant oftht e bfthg a nucl ei c aci d

of a menbey,of ;16 a]r@Q&ef-n?%Sy &@&ﬁ:@&‘%‘s'e&iogs‘('aw&ef %ﬁfe%er iR a?C]&’EPoh!:ss' ng:

contacting ?he sanp I C_ acl bridizes to
any of SEQ I DhNGQn be_L‘f1 cogiporjent @fythepidts Oflﬁh@m@nﬁ% e d?fEFé?eé Frtseéfé,qﬂé ZpPl?ONEr or probe
is coval ently ThdpasiRelcan@pforSiD} bedabsld® RQedcribdadBveC N@itdih @MBodiatts, @lel ow a
nucleic acid Olf(its%orpx‘grrigggghepr}cxostable DNA polymerase, In certain embodiments, the

thermostable DNA polymerase has reverse transcription activity. In certain

15 embodiments, the kits comprise instructions for detecting a nucleic acid of a detectable
flavivirus according to the methods of the invention. In other embodiments, the kits
“comptise inistructioris for detecting a member of the Japanese encephalitis virus

serogroup. In other embodiments, the kits comprise one or more containers to hold the

components of the kit.

20  In certain embodiments, the kits can contain a composition comprising a primer of the
invention. The kits can also contain a composition comprising a probe of the invention,
The kits can further contain a composition comprising a thermostable DNA polymerase.
The compositions comprising a primer or probe of the invention or a thermostable
DNA polymerase can further comprise additional reagents. For example, the

25  compositions can comprise suitable preservatives prevent degradation of the
composition, suitable buffers to modulate the pH of the composition, suitable diluents

to alter the viscosity of the compositions, and the like.

The kits can additionally comprise other reagents for carrying out a 5' nuclease
reactions, as described above. In addition, the kits can comprise reagents to facilitate the

30  detection of a fragmented probe that indicates the presence of a nucleic acid of a



20 the Japanese encephalitis virus serogroup to hybridize to the nucleic
acid prinmer or probe; b) contacting a detectably-|abeled priner or probe
that hybridizes to any of SEQID NGs.: 1, 9, 16 or 29 but is not the sane
prinmer or probe that is covalently attached to the solid support to the
solid support; and 25 c) detecting the nucleic acid of a nenber of the
Japanese encephalitis virus serogroup by detecting the hybridization of the
det ect abl y- . | ab@boedospiz ner or probe to the nucleic aci BCTHEP2)48B3er of the
Japanese encephalitis virus serogroup. WO 2004/092412 PCT/ EP2004/ 003356
21640 WO-KN 81 Anot her subject of the invention is a method for quantifying
an amount of a2M8MEP&EN acid of a menber7bf the Japanese encephalitis virus
serogroup in a sanple, conprising: a) contacting a sanple to detect a
menber of the Japemeseephnlitiyited sedopouymensersKitatatoarpbenisédto detect a nucleic

fl thy-1, t 5 | ei
acid of SEQ | 0RO Fan i ELE AULHBHIR0 S MR PGS AES BR8P, 2. "dependent

nucl ei ¢ aci d p&IOgPRes: a@é5&#%%4:5@3)”@%&%%9@9@@ herein\py Fif“'fe’tff gkt ect i ng an
amount of fr agrmnte@t Dafofakill irhde irk mre&ﬂﬁﬁameplhﬁhahdaﬁroau@&memvaﬁtloel to pr obe by

the. templ at o depondBnts,0uGlebenagtd POLWTBLARE Widdlaflis s SXANGLERSS

activity, Wnere rrent uorescently-1I abel ed
probe is 10 prélmfFQHe@ﬁ'éPPteéfn’élﬁém&%unt of the nucl eic acid of a nmenber of
t he Japanese encephalitis serogroup present in the sanple; and c)
determning the amount of fragmentation of the fluorescently-I|abeled probe

by comparing anmaaBkAg tRfinvehftRiESFE0LH QRAHRIATS debcddda nhties&ssmnt | y- | abel ed
probe to an anou t of  fl uorescel%ﬁgttsﬁgptted bg.ct he .f1 uorescently-1| abel ed
t

probe in a 15 5‘?)"15‘{ 19t thedapanpsg Fuce SS§W§T°B OBPTi§RES i nvention is a method
for detecting a nucl eic acid of a nmenber of he J panese encephalltl S virus
ser ogr gup~_c~ny# |sF‘W@“ﬁngasawplamﬁflsich?QlYthhsleﬁeéql%ﬁ'ft?lda%?tlftbﬁ* hgpridigaier of t he
Japanese enmephal i & hiléid dcidof SKRIIDNORISPSr tRéoplebi¢ht thédbdf) af@inder that

det ect abl y-1 abel ed}ﬁ@n@ggs tghg§che1 a gdlogélgcgg) lgﬁclgoﬁgﬂc I\I(Pernen§‘chereotI anda anpl i fi ed

nucleic acid of a ne iSrSer . and ¢)
detecting the det e@!@bltwqumS’@Pté’GdE}F M@OIW@W st @étﬂilcifgsetalﬁﬂéﬂ%u@ﬁ@l c acid

of the nenber of tdaﬂltxbap@a&ﬂm&eee&qm& dépbiflest@inleit 8diPpolMN@isB @ fragahect  of
the invention is ap, il aheth A NAUCLGRLbE GO I 81 Ng SEQ 1D

15 b) detecting fragmentation of the detectably-labeled nucleic acid probe, wherein
fragmentation of the detectably-labeled probe indicates the presence of the nucleic

—acid-of-a member.of the Japanese encephalitis-serogroup. -

In preferred embodiments, the detectably-labeled probe comprises at least 20

consecutive nucleotides of any of SEQ ID NO.:17, SEQ ID NO.:18, SEQ ID NO.:28, or
20  the complement thereof. Preferably, the detectably-labeled probe comprises a

fluorescent moiety. The fluorescent moiety is preferentially selected from the group

consisting of fluorescein-family dyes, polyhalofluorescein-family dyes,

hexachlorofluorescein-family dyes, coumarin-family dyes, rhodamine-family dyes,

cyanine-family dyes, oxazine-family dyes, thiazine-family dyes, squaraine-family dyes,
25  chelated lanthanide-family dyes, and BODIPY®-family dyes. A very preferred

fluorescent moiety is 6-carboxyfluorescein.

For the preferred embodiment of a TagMan® assay, the detectably-labeled probe further
comprises a quencher moiety. The quencher moiety is preferably selected from the
group consisting of fluorescein-family dyes, polyhalofluorescein-family dyes,

30  hexachlorofluorescein-family dyes, coumarin-family dyes, rhodamine-family dyes,
cyanine-family dyes, oxazine-family dyes, thiazine-family dyes, squarainefamily dyes,
chelated lanthanide-family dyes, BODIPY®-family dyes, dyes, and non-fluorescent



25 NGO 29, SEQ ID NG 30, SEQ ID NG 31, SEQ ID NG 32, SEQ ID NG 33, SEQID

NO 34, SEQ ID NGO 35, SEQ ID NGO 36, SEQ ID NGO 37, SEQ ID NG 38, SEQID

NO 39, or SEQ 1D NO 40. Another subject of the invention is a vector
conprising a polynucleotide conprising SEQ ID NG 29, SEQ ID NO 30, SEQID
NO 31, SEQ ID NO 32, SEQ ID NO 33, SEQ | D WD 2004/ 092412 PCT/ EP2004/ 003356
21640 WO- KN 82 NGO 34, SEQ ID NO 35, SEQ ID NO 36, SEQ ID NO 37 EQ ID

NO. 38, SEQ | oN@MB9412 or SEQ I D NO 40. A further subj S ESEMBS nyention is
an ol i gonucl eotide conprising a sequence of at least 10 contiguous

nucl eoti des tha brjdizes to SEQID NO 29 or a conplenent thereof, 5 SEQ
ID NO 30 or a? ifht t hereof, SEQ I NO 31 or a conpl enent thereof SEQ
D NO 32 or a co enment thereof, SEQ ID NO 33 or a conpl enment thereof, SEQ
D NO 34 or &uews "I;‘EIWH% Moenreferred qoencher proigty i8Sy TT- Paclertsdppr-ffaerescetier eof, SEQ
B % 36 or FueRARInRSERIeS art ftktie@from Ble@dup oNEHG - i@mﬂﬁdﬁQE@IaMEdktM bher eof , SEQ
D

38 or nt thereof, SEQ
10 NO 40 oIba% OSIT%%H?‘III%%M?&E%RHDIIII moé%ﬁsc T8 se eCtae pr gIE &1 Abl y has | ess

han 100 nucIOéBHQB’éb BHIQW-@»@ﬁ@f@’%bllyTaql\#é‘%ﬁ?i@dfﬂﬂ@le@tmqnwémﬁybr| di zes to
SEQ I D NO 568 defectably-béidd 208y a @dmphieldidpbhdlid RleRhcid paififlers@fih 5SS a sequence

selected fromt consi st f SE 64 SE SEQ ID
NG 66, and SEGFERIPEY R & %P&Cﬁ?té?m% fpo Phrsigiohs Qﬁ%’f BT <

sel ect ed fromftagmergstonpt dl@pmbstmdﬁrgct@lfbygi@m@ceﬂa‘lumamme Mgi©pteferiil, 65 SEQ ID
NO 66, and SEQ, E&oméeﬁ?mm&?% ;J&Hﬁénem&aft@é fo@ck uQAah&CIHM QIchEIﬁﬁ gont he

ol i gonucl eot i des cted fromthe p,consi sting of SEQ 64 and SEQ
ID NO 65 or freBWite§§© HURESEE %W@%@oqgef Wégwenﬁﬁwﬂlé?f Eﬁ‘biI‘éB’EO ¥ the

i nvention 16 dntaedot fragmeniaxidoniofehapolpby sn ergyraeyitio$'-3-heclakavtivity

ol i gonucTeot i I es a

det ect abl y- | aéiﬁmég% ﬂu%ﬁ?{;%tﬁﬂm%%{'l&ﬂ% qﬁg&B&ﬁIt%qucggIa&gghgggmgtﬁo 16 or a
conpl ement  t hew &srluoresqent mytely eandgrsfedtsdy of the | abel ed probes as descri bed
above, preferably for TagMan(r) assay use. Most preferred, the reaction

m xt ure conpr ilgesmethopitbk qudkiy ati¢ efeenembemaf itkerapsotst erstphghtistvres serogmwmpison i s a

met hod of det ea%I;JhBEH ﬁm&tﬁrstlpgwesthmeﬁphﬁiaﬁdcﬁlc%tlauﬁt hybSi8RR b Shitdkic25

anpl i fying nu sence halitis yiru th at |east one
1T gonudoot dacishpia BHE- L Mt rebebadShEER RS emt R edrs Batt Sro 1 D
NG 29 or a ccahylcemprises at keast @@ onseSi{Ye hixldi@ies Of &BQ@N@rq;l\/bmferaMenleof, SEQ I D
NG 31 or a first primer comprises SEQ ID NO.:3. or SEQ ID NO.:8.

I
I
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I
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When modified residues are used, preferably the residue at position 23 of SEQ ID NO.:8
~js Né=alkyl-deoxyadendsine or The résidie at position 23 of SEQ ID NO.:8 Is‘ﬁg:‘n—l‘ezf;}i
20  deoxyadenosine or the residue at position 24 of SEQ ID NO.:8 is N°-alkyl-
deoxyadenosine, most preferably is N°-tert-butyl-benzyl-deoxyadenosine More
preferred the residue at position 23 of SEQ ID NO.:8 is N°-methyl-deoxyadenosine and
the residue at position 24 of SEQ ID NO.:8 is N°-tert-butyl-benzyl-deoxyadenosine.

Preferably, the second primer comprises a nucleic acid that hybridizes to a nucleic acid

25  of SEQID NO.:9, more preferably at least 16 consecutive nucleotides of SEQ ID NO.:10,
most preferably comprises SEQ ID NO.:11 or 15. When modified residues are used,
preferably the second primer comprises N®-alkyldeoxyadenosine at position 24 of SEQ
ID NO.:15, most preferred N°-tert-butylbenzyl-deoxyadenosine.

Oligonucleotides according to the invention are primers and probes as used in the

30  method as described above. Dependent upon their position and sequence, primers can
be used as probes or vice versa. Preferred oligonucleotides contain at least 16
consecutive nucleotides contained in any of SEQ ID NOs 2, 9, and 17, or the

complements thereof. Other preferred oligonucleotides contain at least 16 consecutive



conpl ement thereof, SEQ ID NO 32 or a conplenent thereof, SEQ ID NO 33 or a
conpl enent thereof, SEQ ID NO 34 or a conplenent thereof, SEQ ID NGO 35 or a
30 conpl enment thereof, SEQ ID NO 36 or a conpl enent thereof, SEQ ID NO 37 or
a conplenment ther eof, SEQ I D NO 38 or a conpl enment ther eof, SEQ I D NG 39 or
a conplenment thereof, or SEQ ID NO:40 or a conpl enent thereof, under
conditions to WD 20041092412 PCT/ EP2004/ 003356 21640 WO-KN 83 al | ow for
initiation of veorphédorgati on of at |east part of the nucPEHERMOBEquence from
the oligonucleotide; and detecting the anplified nucleic acid, thereby
detecting a St. Louis encephalitis virus. Preferably, the oli gonudeotl de
conprises a se(fdé‘if?cvg N ected from 5 thé® group consisting of SEQ I D NO 64,
SEQ I D NO 65, SEQ ID NO 66, and SEQ ID NO 67 and nore preferably is sel ected
fromthe group ml@lngidsidontginedl ingEyf SHQND NI 3, KB 711 INES. 85, 1436081 19, o 66, and
SEQ I D NO 67. Misiy, M@J% ablz¢ a8l b&) opihe bEIAIAS thénapr | di ze to SEQ I D NO 68 or

a conpl enent of SEQ D . The ol i gonucl eotide preferably has |ess than
100 nucl eoti de t 10 fromthe
group consi sti fngreff)) ‘%&)%E%%]l %QN% %ghéxgﬁ%fagtcgﬁéll\?r%r sel ected

from the group REefersidsthp CQEITPUSEQ | D NO 66 and SEQ I D NO 67. The net hod
preferably conprises a detecting step conprising hybridizing a detectably-
| abel ed ol i gbnug! eafiistiguctelvatid pyiiner tHatgiridizes GRQuilex Md FEEQEDNE:1anmpl i fi ed
nucleic acid of th Uedelreegei d of St. Louis encephalitis virus; and
detecting hybridi za(ﬁi%ln o? t he probe 15 to the anplified nucleic acid.

Pr ef d b d b d,ab f lified
nucl of ¢ actd | Dldop SFHTECAAR R EHEIFFP Ah Lt e R D Nl eff ba | &°
t he TagMan(r) net hoanplementtheteef;asdibj ect

of -t he-invent-ion-is-alert-conprising-theoligonutl eotides-nentioned--- above
[ In rel at: on tg ct)hearﬂie&m@ald@&eﬁwhmfmzwlbhewel&n‘adtdﬂemmvmt i@orthe an f
ol i gonucl eot i de ri;sin rou onsi sting o

SEQ 1D NO. &%, - SEQ- TP RipsH fdreBiias e TP EELRg Peipldfa Bt D na 60,

SEQ ID NO 61, SEQPrdbeseptiogally oamfesmlqbsiemda@ daqof%eeqvépc}@aveol i gonucl eoti de
i's selected from tlperEl-@bR, OKEddditiondly @bmprised al thbrMektatMODNBBElymEm:eNO. 57, SEQ

100 52 SEub i Rl b Sk Ew?a%&rg%%ipﬁ’g% b7 B Chose
ol i gonucl eot i des, pheefheﬁtaéhtm‘éi polymdrase with reverentpanicoiptien astidertisrsefeontially abel ed
ol i gonucl eof§ de t hadlechBoindhZ@8ug 6 CatskldBthermus hydrogenformans DNA
polymerase, Thermosipho africanus DNA polymerase, Bacillus pallidus DNA
polyge_r_;ase, Thermus species Z05 DNA polymerase, Thermus aquaticus DNA__

polymerase, Thermus thermophilus DNA polymerase, and Thermus sps17 DNA

polymerase.

20 The kit can additionally comprise instructions for detecting a nucleic acid of a member

of the Japanese encephalitis virus serogroup.

Another subject of the invention is a composition for detecting a member of the
Japanese encephalitis virus serogroup comprising a nucleic acid primer that hybridizes
to a nucleic acid of SEQ ID NO.:1 or a complement thereof and a buffer. Preferred

25  primers and probes are as described above.

Another subject of the invention is a method for detecting a nucleic acid of a member of
the Japanese encephalitis virus serogroup or of a Dengue virus, a Yellow fever virus, a

Modoc virus, or a Montana myotis leukencephalitis virus in a sample, comprising:

a)  contacting the sample with a nucleic acid probe that hybridizes to SEQ ID NO.:16;
30 and



NG 25 or a conplenment thereof. Mrre preferably, the detectably-Iabel ed

ol i gonucl eoti de hybridizes to SEQID NGO 16 or a conpl enent thereof. Most
preferably, 30 the detectably-Iabel ed oligonudeoti de conprises the sequence
FGGTCTAGAI GGTTAGAGGAGACCCTCCAG, wherein Fis CY5; | is FAM Pis P04; Uis
propynyl dU; and E is 5-nmethyl-dC. Preferably, the reaction m xture
conprises at |east one upstream priner and at | east one downstream priner.
WO 2004/ 092413y 8%edd/fs03904/ 003356 21640 WO- KN 84 Anot hepcseragoasdsssef t he
invention is a method of detecting a yellow fever virus, conprising
anplifying a nucleic acid of yellow fever virus with at |east one

ol i gonucl eot i delemWwoOlLIN Ng a sequence seggcted fromthe group consisting of
SEQID NGO 56, SEQID NO 57, SEQID NGO 58, SEQID NO 59, SEQ ID NO 60,
SEQ ID NO 5 61, SEQecln M%yb@%m@a%ﬁ&&a& mp@&e%d@&m&aamdtdfens to allow

for initiation of tion o e nucl eoti de sequence
g?s@f

fromthe oligonucl 8§ anedeeef‘é?g?lﬁtf@v’f”ﬁéergﬁﬁ TR ¥ 0&1 Feef 8% %aci d, thereby
detecting a yel | owYéllewdievey virussa MM girusperafMomdlaagyotifleukehdepmhiticlinet | de is

sel ected from the g{eféUPd&&ﬂﬁ%ﬁL'\gaQn&fof &EQIJ]AR JEQ of§ﬁ1emb§%@ch| lﬁpmgse 57, SEQ 1D
NO 58, SEQ ID NO 59 Jﬂgg [Rél\qlg 62, and
SEQ I D NO 63 Pref érrcamhayus ViTp3,SeEPEEOuR Of ?f@ §’e@ﬁ VEMY? o e‘ﬁpm%ﬁ PG a

det ect abl y- | abel edvials| ganaltaatmydes ledkaicephdhidsivituges to SEQ | D NO 25, or a
conpl ement thereof, to the anplified nucleic acid of the nucleic acid of

yel l ow fever Vidnther @fbfct ﬁﬁk%@ﬁlﬁg 1srb}f£€iﬁda|f@ﬁfeﬁe@t{h_FanuElQ@a&t%f%%e?tWeVofl abel ed

ol i gonucl eotide to the a h nucl ei.c aci fj he, det ect abl y- | abel ed
ol i gonucl eot i ddMPrRAEFSBY %‘8%?&" $FEPTQEPLT @ PEPLE, ComPrising:
GGTCTAGAI GGTTAGAGGAGACCCTCCAG- 3" - P, wherein Fis CYS; | is FAMand P is

PO4; : or hybr|dlaiesalflbthEQthl‘N@%OfE)?ﬂelabe@ﬁ*bP@me@ﬁ@hé@FW“Prfereably, t he
det ect abl y- i@bel eds@&@r@.@ﬂﬂﬂie@%hﬂ@of@@ﬁ&ﬁt f@ipraie thRA Aptrid?es 9 GPQED UL | Ve

nucl eoti des of SE | enent th f 5 SO rises SEQ ID
NO : 18, or the co%pﬂdeg%%qatflﬂ%ate'd‘fpen&nw g gﬁ‘@t?%kﬁ% e F°f he

conpl ement t her eof acti®dy; andhe preferred 20 - TagMancI | - assays
t he- det ect abl y--1 abel ed nltgontucl 6ti de preferabl3 conprises a" fluorescent
noi ety and a quencdeectinpitetiygmditaibe bxhe probd, therebjpidundctitigthopre@iniqelof hudktk nucl ei ¢

acid is determ nedagij gaq_gerﬁgggotqﬁg)]ldéafn&%ggrﬁl%,wrwgyogﬁ(‘aguanti fying the virus

in the sanple. The or detecting yellow fever S corrprl ses the

ol i gonucl eot j de ntioned _above, 25 fo met, hod. not ect of the
Civenton & ar R SR SO BE ioa TR bR e AT L e mber

the Iapanese encephalitis virus serogroup, compnsma

- —a) " cOntacting thie sample With a nucleic acid primer or probe that hybridizes to any of
SEQ ID NOs. 1, 9, 16 or 29, wherein the nucleic acid primer or probe is covalently
linked to a solid support under conditions that allow a nucleic acid of a member of

20 the Japanese encephalitis virus serogroup to hybridize to the nucleic acid primer

or probe;

b)  contacting a detectably-labeled primer or probe that hybridizes to any of SEQ ID
NOs.:1, 9, 16 or 29 but is not the same primer or probe that is covalently attached
to the solid support to the solid support; and

25 ¢)  detecting the nucleic acid of a member of the Japanese encephalitis virus
serogroup by detecting the hybridization of the detectably-labeled primer or probe

to the nucleic acid of a member of the Japanese encephalitis virus serogroup.



fromthe group consisting of SEQID NGO 41, SEQID NO 42, SEQ ID NO 43,
SEQID NGO 44, SEQID NO 45, SEQID NGO 46, SEQ ID NO 47, SEQ ID NG 48,
SEQID NG 49, SEQID NGO 50, SEQ ID NGO 51, SEQ ID NGO 52, SEQ ID NGO 53, SEQ
I D NO 54, 30 and SEQ I D NO 55. Preferred, the oligonucleotide is selected
fromthe group consisting of SEQ ID NO 41, SEQID NO 42, SEQ ID NGO 43,
SEQ ID NO 44, SEQID NGO 45, SEQID NG 46, SEQ ID NO 47, SEQ ID NG 48,
SEQ 1 D NO 49, woHadheh4NO 50, SEQ 1D NO 51, SEQ | D NO 5ZctiiPfgod/@3ise 53, SEQ
I D NG 54, and SEQ I D NO 55. WD 2004/ 092412 PCTI EP2004/ 003356 21640 WD KN 85
Anot her subject of the invention is a reaction mxture conprising such

ol i gonucl eot i dgjgsoR¥@ikar abl y, the oligonggcl eotide conprises a detectable

| abel . Anot her subject of the invention is a method of detecting a Dengue

fever virus, = GQURLSHDS AIDLLINENG Gl Gadifish BRGNS haer Vi TS

with at |east one |gonuc eot | risi equence selected fromthe
group consi st i @gdefa meaber pf thajapangse enségﬁpwlwver%zoupﬁvw lengOMPARINE'SEQ | D NO,
44, SEQ ID NO 45, SEQID NO 46, SEQID NO 47, SEQID NO 48, SEQID
NO. 49, SEQ | D ND 5@nta8EQalsBnplerditect ;3@ beDoiN@ JERnesSEQepRliti@IES, SEQ | D

NO 54, and SEQ ID g W%'ﬁu&@%@ltﬁ'l&@ﬁd B&lel@alch%%lje%at hytkibiz&lth on Of

arrpllflcatlon of at ['east Eart of e nucl eo e fromthe 10

ol i gonucl eot’i de; aPfleferid ot THRYH N Lony the Gomw eﬂ’lﬁ’&‘ﬂtg‘?rﬁ" ﬁatemc Teby detecting
a Dengue fever vi dependeRrmitieic adid yolyrhidrese with B'eld efoundidagzracdwatypr i ses hybri di zi ng
a detectably-1labeled oligonucleotide that hybridizes to SEQID NO 16 to

the anplified NOGRechi RV ArambuhilT fragthénkBbf oBRd ﬂmré@&gﬂfjﬁbﬁ&ﬁduﬁﬁc hydpri di zati on

of the oligonucleoti t he a |ed ucl ej c det ect abl y- | abel ed
ol i gonucl eoti de pr %‘ngbgﬁﬁ?teTB%;? Beé’geréﬁéfﬁlﬁcﬁé°wef)"fe ‘él-trnlg ce(’f?fbli%ﬁsé nt
t hereof . More pr ef stivigdwheréie thelaimgontof fregoientition of tixefluerssenithyf-laletadipnebedsy oup

consi sting g SEQ biGphRkndto s RPN oibRic s SFQ R ok uSERE1 D N 44,

SEQ ID NO 45, 4 QID NO 4

SEQ ID NQ 50, SEQQI}CE?%%%?EWSEEQ’IFWN&N*%MI%‘EWE D NO 53, SEQ I D NO 54, and
SEQ ID NG 55. The nucleic acid is anpl' fied with~ilesstsneltgstr eamr;m
r An i ar | eastihnedgominaihe aeunt pf fragmentatnef the Aitrgscentlydabded probalil y- | abel ed

ol i gonucl eoti de C0%ﬂaﬁﬁ§a@&nouh€&$lhox%ﬁe&@&ﬁﬁ@&l§)ltl»i@ﬂt[Bﬂ&l:éﬁQ{r la8@&d bbeSEQ | D

NO : 17, or the conpl enent t or the

conpl ement therem[TP P 2T g esﬁﬁ?ﬁf?rﬂ%ystg%ﬂm{fgmghf\p&eg%?% feht t her eof .
For TagMan(}) and eﬂpémtlletcapmon assays, the above nentioned preferred
features apply. 25 Another subject of the invention is a kit for detecting

Dengue virus, tAtHet subearopthi sivergtion is a method for detecting a nucleic acid of a member of
_the Japanese encephalitis virus serogroup, corprising;..

a)  amplifying the nucleic acid of a member of the Japanese encephalitis virus

serogroup;

) 20 b) Thybridizing a detectably-labeled probe that hybridizes to SEQ ID NO.:16 to the

amplified nucleic acid of a member of the Japanese encephalitis serogroup; and

c)  detecting the detectably labeled probe, thereby detecting the nucleic acid of the

member of the Japanese encephalitis serogroup.

Another subject of the invention is an isolated polynucleotide comprising SEQ ID

25 NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34,
SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, or SEQ
ID NO:40.

Another subject of the invention is a vector comprising a polynucleotide comprising
SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQID NO:33, SEQ ID



an ol igonucl eotide as nentioned above for the nethod. WO 2004/092412

PCT/ EP2004/ 003356 21640 WO-KN 86 EXAMPLES Exanple 1: Anplification and
Detection of West Nile Virus RNA. A lysate of virus-infected cell culture
supernatant was received fromDr. R Lanciotti of the Centers for Di sease
Control and Prevention. Nucleic adds were purified fromthe 5 |ysate using
reagents fromthe @ Aanp Viral RNA Mni Kit (Qagen Inc., Valencia, CA
accordi ng to twe2eeseefiact urer's instructions. Serial 10P¢TFRIOUIOPE ons (10-2
-10-7) of the purified nucleic acids were made. Fifty mcroliters of each
dilution were anplified in 5 nucl ease reaction assays using TagMan(r)
reagents and netRYHYOR¥NRT-PCR in 100 | 8Reactions containing 1 pM priners
(each of SEQID NO S and SEQ ID NO 15), 55 mM 10 Tricine (pH 7.7, Sigmma,
cat T-5816), 4580&%.SKRRED N3k REQID HATP, SEQEPRYOAPEY IR N: 38R FED PR3P maci a) ,
2.7 nM manganesg saeabatiesd. Fl uka, cat 63537), 135 nM potassium acetate
(Fluka, cat 60035), 7% (v/v) DMSO (Sigma, cat D8418), 6% (V/V) gl ycerol
(USB, cat 16347 unj.t aci |l -N-gl ycosyl as Roche Di agnosti . 40 units
b5 DA oty S8l o B Rty Bt SERMLARFas BRG] AR ) g

| abel ed wi th PANIcostiguaus nuvisgtidetbatdylridizes to$EQAP PIQ:20ror Permplemen dhiefeofimed in a
COBAS TagMangm ¢ NOBObr { Baplhtel (RGEISEQAD NIb E@ S 36thflBmerterdég iSRG t he

follow ng then ) aranmeters: ' s, at 50C - 30 m s at 59C
2 ey e of EOE B meley oot SpRUD R g complemen airof SBINES " 12
seconds at 91C, N6G4secomplengnt 5L EQADNE] ax complemoCtheraf,eRQARI e of the
anpl i I! cat Ihon rﬁé!éls%(ﬁja ¢odnpHd bﬁ%g&hgrrﬁofﬁw{b@ﬁ(ﬁaz&qc}{ﬁblgﬁb&ﬁ d%?é%?,@E@@Dt S OI tged
i nvention have n described, r ons a exa e i ntende
Lo be 111 ustr at MOS0 OrS P PO AP S i roRPlrmeTt AL oF SRR, 11w I}
be apparent 10 0 NO@8er ofonghdnient theredfHEhealigonttiatidaprefefably dtslonthamidd be nade to
the various enmbadiBRAL &t plelfibly MERILRARIHERHyDRERS WgﬁbﬁBFN@.%@@H' ng from

the spirit of the _Invention_or sco?e t he appende forth

of cl ai ns _ set
bel ow. 25 Each ToSPMsRtY SERIBY G and %mﬁﬁfeéﬁifq‘i‘ﬁ‘iﬁwlﬁ%‘?&f%thﬁﬁr%@f erence in
its entirety. 8dbnsiWHADESER ICLMDIEDBEQED ND:65ASEQ ID NOr66.tahé SEeIRNO:INEeh a

1 o R SRRSO ) Sl

conprising: a) ol 1 gonucl eot |
second ol i gdﬁucN@éﬁi%@I%‘g‘G?l%QinaN?é@’%“SSEQAH Q7 Theanest etesesh 1D NO ;9 or

a oligonucleotides are the oligonucleotides selected from the group consisting of SEQ ID
NO:64 and SEQ ID NO:65 or from SEQ ID NO:66 and SEQ ID NO:67.

Another subject of the invention is a reaction mixture comprising any of the above

~oligonudeotides. The reaction mixture preferably further comprises a detectably-labeled
20  oligonucleotide that hybridizes to SEQ ID NO:16 or a complement thereof, more
preferably any of the labeled probes as described above, preferably for TagMan® assay

use. Most preferred, the reaction mixture comprises a DNA polymerase.

Another subject of the invention is a method of detecting a St. Louis encephalitis virus,

comprising

25 amplifying a nucleic acid of St. Louis encephalitis virus with at least one
oligonucleotide comprising a nucleotide sequence that hybridizes to SEQ ID NO:29 or a
complement thereof, SEQ ID NO:30 or a complement thereof, SEQ ID NO:31 or a
complement thereof, SEQ ID NO:32 or a complement thereof, SEQ ID NO:33 ora
complement thereof, SEQ ID NO:34 or a complement thereof, SEQ ID NO:35 or a

30  complement thereof, SEQ ID NO:36 or a complement thereof, SEQ ID NO:37 or a
complement thereof, SEQ ID NO:38 or a complement thereof, SEQ ID NO:39 or a

complement thereof, or SEQ ID NO:40 or a complement thereof, under conditions to



conpl ement thereof; and c) a detectably-labeled third oligonucl eotide that
hybridi zes to a nucleic acid of SEQID NO : 16, or the conpl enent thereof.
2. The kit of claim1l, wherein the residue at position 24 of SEQID NO.:8 is
N6- al kyl - deoxyadenosine. 3. The kit of claim1, wherein the
detect abl y-1abel ed third oligonucl eotide conprises SEQID NO :28, or the
conpl enent thereof. 4. The kit of claim3, wherein the detectably-I|abel ed
third ol i gonusNGseqB1zonpri ses a fluorescent noiety. BVEPMBABE6of claim
4, wherein the detectably-1labeled third oligonucleotide further conprises a
guencher noiety. 6. The kit of claim4, wherein the fluorescent noiety is
sel ected from BHEOIFQEY consisting of florescein-famly dyes,
pol yhal of | uorescei n-fam |y dyes, hexachl orofl uorescein-famly dyes,
coumar i n-f ani | playfesinititiendefrmphidten dfgt lepstamrt of tha mheleotiflegeinepcafyamsthe
oxazi ne-fam |y o;ghi@8eotiiagi Ne-fam |y dyes, squaraine famly dyes, chelated
| ant hani de-fam |y dyes, and BODI PY(r)-famly dyes. 7. The kit of claim4,
wherein the fluorescent i.e i.S ar r in. 8. The kit of
claimb5, wherein the qug%g nélé%r%fng?ﬁeﬁinggés%e(ﬁedé@grcfs’?gegéﬁg?%%& Lroglﬁp consi sting
of fl uorescei n-eheenhalitis irpe Prefesafilys Higlobgdnydeatide eqmprisesgis¢quenty esfected from
gexachl or of |5U0rt&3§&iprt8xflsi’sﬂhé MSEbexc%;s@sui@m gofsam t MDAYE86, aﬁchsgdzlam ne-famly

yes, cyani ne-fan es Xxazi ne- es, thiaz - | es,
squar ai ne fani Wy%‘g,‘%éﬁ%rfﬁ’i@ﬁlslsgﬁctt%g?fryeg $r§‘ﬁ? fopst yéé’%%\%ﬁg-fam |y
dyes, and nonf D& &R IRNOHead SER IR NOLT . Most pifrsable digerfucledtidesm 8, wher ei n
the non-fl uor e%‘}@rﬁﬁize%%{?ﬁﬁlﬁo%@b?& 3bniplentBhi@E MG A N5t IR SDligork@¥RidBl ackTM  or
Dabcyl . 10. The gl t 1011; % ailmg V\%Teégl t he quencLFec{) noi ety is % TM 11. The
kit of claim 1Praaeiitisients Lome ST LA RATGLRS S ase. 12
The kit of ¥ aifronithe grabperoaiisting kE€SRCIEY NO$4 sl SEQDRAYQ63; ks primerisdected| ect ed
fromthe group fgo?ﬁth%%ﬁﬁ%ﬁ%?%ﬁﬂ@lﬂ%@%@%@@lmﬁw pol yner ase,

po

Ther nosi pho afri canus ynerase, Bacillus pallidus DNA pol ynerase,

Trer s spec) oy 2R QAR IR s o J0GLI S SRR pRIIRR %S
Ther mat oga neapdleled gisanwikatidrrhat drghritizes to §45Q ID Nexl6to thegpwplified nppligic pad 9firer ase.

13. The kit of tgd Ricicheid aElliTohid BitlephaliGaArRs; bsd dbgechimSybidiaionss thoproblet ecting a
nucleic aci 95 Ofto the amplified nucleic acid. Preferred probes are described above. Preferably the
quantity of amplified nucleic acid is determined during the amplifying step. Most

preferred is the TagMan® method.

~Anether-subject of the-invertion-is-a kit comprising-the oligonucleotides mentioned——

above in relation to the method.

20  Another subject of the invention is an oligonucleotide comprising a sequence selected
from the group consisting of SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID
NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 62, and SEQ ID NO:63. A
preferred oligonucleotide is selected from the group consisting of SEQ ID NO: 56, SEQ
ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID
25 NO:62,and SEQID NO:63.

Another subject is a reaction mixture comprising those oligonucleotides, preferentially
further comprising a detectably-labeled oligonucleotide that hybridizes to SEQ ID
NO:25 or a complement thereof. More preferably, the detectably-labeled
oligonucleotide hybridizes to SEQ ID NO:16 or a complement thereof. Most preferably,
30  the detectably-labeled oligonucleotide comprises the sequence
FGGTCTAGAIGGTTAGAGGAGACCCTCCAG, wherein F is CY5; I is FAM; P is POyg;
U is propynyl dU; and E is 5-methyl-dC. Preferably, the reaction mixture comprises at

least one upstream primer and at least one downstream primer.



menber of the Japanese encephalitis virus serogroup. 14. The kit of claim1,
wherein the second oligonucl eotide conprises SEQ ID NO :15. 15. The kit of
claim 14, wherein the residue at position 23 of SEQID NO : 15 is N6-al kyl -
deoxyadenosi ne. 16. The kit of claim 14, wherein the second oligonucl eotide
conprises SEQID NO :74. 89 17. A nmethod for detecting a nucleic acid of a
nmenber of the Japanese encephalitis virus serogroup conprising: a)
contacting thwosampbmizni th a first oligonucl eotide thatPCEERPPHYEE6 SEQ | D NO
8 and a second ol i gonucl eoti de that hybridizes to a nucleic acid of SEQ ID
NO 9 or a nPI enent thereof, wherein said first or said second

ol i gonucl eot i d@1648 WQ¥A ently |inked to%a solid support under conditions
that allow a nucleic acid of a nmenber of the Japanese encephalitis virus
serogroup to hyboptheliseliedt of theinzentibn ige method of dettetingty)yellomtfevgrvifuag a

o t HPBtYe@s‘i 4o a nucleic acid
of SEQ 1D NO %rﬁﬁ'lstir% afrﬂ!h@ingggmg;é RRUIE Aok Rt vt}w 0

: | ément thereof to th d c)
det ecting. t he REgPEfi¢ot ‘E:?OH‘P(S‘Pm%la fravAgEs selgfted fram g‘ﬁé’éﬁﬁ%% st %@6%‘1%9@“ s virus
serogroup by %166 SEQGD Nte 5THBBQ I NLas$, SBQ b NU’@,&EQHEN@I@G@SEQH@N@C!

ol i gonucl eotsi dg; t ot I fan
encephal it |tsb,- w%%usg éfg?qd]?%&ﬁag%ﬂﬁwg(s?lez PCT/tEP %04/ 00 35&01“2 640 WO KN

Page 1/23 SEQ@ERifcatiq F‘N@St Ratt pthe padepldqseansAes o ige oti nn- La
Roche AG <120> deietting Hietaimplifiedancleiddrid) @b dﬁtecﬁlqee,enow@veeemsaMnreFl avi vi ruses,

21640- o <1505 1Bty 4514848538, SIGERRSH b foud BB RRUBIRING 3" e
<151> 2004- 03- SEQIBN: SHSEREP Nt 58 SEQAR 30y pL 8EQ H%§@>602ém1%§022 SHQ@o> 74
10  ID NO: 62, and SEQ ID NO:63. Preferably, the detecting step comprises hybridizing a
detectably-labeled oligonucleotide that hybridizes to SEQ ID NO:25, or a complement
thereof, to the amplified nucleic acid of the nucleic acid of yellow fever virus; and

detecting hybridization of the detectably-labeled oligonucleotide to the amplified

nucleic acid. The detectably-labeled oligonucleotide preferably comprises F-5'-

15 GGTCTAGAIGGTTAGAGGAGACCCTCCAG-3’-P, wherein F is CY5; I is FAM and P
is POg; or hybridizes to SEQ ID NO:16, or a complement thereof. Prfereably, the
detectably-labeled oligonucleotide comprises at least 20 consecutive nucleotides of SEQ
ID NO.:17, or the complement thereof, comprises SEQ ID NO.:18, or the complement
thereof, comprises SEQ ID NO.:28, or the complement thereof. For the preferred

- 20 ~TaqMan®-assays; the detectably-labeled oligonucleotide preferably comprisesa
fluorescent moiety and a quencher moiety. Preferably, the quantity of amplified nucleic
acid is determined during the amplifying step, thereby quantifying the virus in the

sample.

The kit for detecting yellow fever virus comprises the oligonucleotides mentioned above
25  for the method.

Another subject of the invention is an oligonucleotide comprising a sequence selected
from the group consisting of SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQID
NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO:48, SEQ ID
NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54,

30 and SEQ ID NO:55. Preferred, the oligonucleotide is selected from the group consisting
of SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45,
SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ
ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, and SEQ ID NO:55.



<170> Patentln version 3.2 <210> 1 <211> 35 <212> DNA <213> Arti

<220> <223> Regi on of conserved sequence in 3

genones of flaviviruses <220> <221> msc feature <222> (8). (B)

<221> m sc_feature <222> (5) (8) <223>nis a ¢, g, or t <400>1

gt aagccnct cagaaccgtc tcggaaggag gaccc 35 <210> 2 <211> 35 <212>
<213> Artificial <220> <223> Conplenent to SEQ ID NO:1, first prinmer <220>
WO 2004/ 09241 voPamfobR2004/ 003356 21640 WO KN Page 2/ 2PCTERZNHSECc f eat ure
(28) <223> it =g, a, c or t <400> 2 gggtcctcct tccgagacgg
ttctgagngg cttac 35 <210> 3 <211> 26 :

<222> (28) _.
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Another subject of the invention is a reaction mixture comprising such oligonucleotide.

Preferably, the oligonucleotide comprises a detectable label.

Another subject of the invention is a method of detecting a Dengue fever virus,
comprising amplifying a nucleic acid of Dengue fever virus with at least one
oligonucleotide comprising a sequence selected from the group consisting of SEQ ID
NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO:
46, SEQ ID NO: 47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51,
SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, and SEQ ID NO:55 under conditions to
allow for initiation of amplification of at least part of the nucleotide sequence from the
oligonucleotide; and detecting the amplified nucleic acid, thereby detecting a Dengue
fever virus. Preferably, the method further comprises hybridizing a detectably-labeled
oligonucleotide that hybridizes to SEQ ID NO:16 to the amplified Dengue fever virus
nucleic acid; and detecting hybridization of the oligonucleotide to the amplified nucleic
acid. The detectably-labeled oligonucleotide preferably comprises SEQ ID NO:24 or a
complement thereof. More preferred, the oligonucleotide is selected from the group
consisting of SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID
NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID
NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, and SEQ ID
NOQ:55. The nucleic acid is amplified with at least one upstream primer and at least one -
downstream primer. Preferably, the detectably-labeled oligonucleotide comprises at
least 20 consecutive nucleotides of SEQ ID NO.:17, or the complement thereof,
comprises SEQ ID NO.:18, or the complement thereof or comprises SEQ ID NO.:28, or
the complement thereof. For TagMan® and quantitation assays, the above mentioned

preferred features apply.

Another subject of the invention is a kit for detecting Dengue virus, the kit comprising

an oligonucleotide as mentioned above for the method.

ficial

untransl ated regi on of the

<220>

DNA



<212> DNA <213> Artificial <220> <223> Japanese encephalitis virus

serogroup Primer 1 <220> <221> m sc feature <222> (8). (8) <223>

or absent

<400> 3 gwaasccnsy crranctysyy tcggrw 26

<210> 4 <211> 26

It =t
<212>

DNA <213> Artificial <220> <223> West Nile virus Priner 1 <220> <221>

m sc feature

<223> Japanesavemeeprat itis virus Primer 1 <220> <221>PGHEP200#/803356r e

(8).

(8)

<222> (8). _(8) <223> it =1t or absent <400> 4 gtaagccncy
cagaaccgyy tcggaa 26 <210> 5 <211> 26 <212> DNA <213> Artificial

<220>
<222>

<223> it = absent <400> 5 WD 2004/092412 PCT/ EP2004/ 003356
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EXAMPLES

Example 1: Amplification and Detection of West Nile Virus RNA.

A lysate of virus-infected cell culture supernatant was received from Dr. R. Lanciotti of
the Centers for Disease Control and Prevention. Nucleic acids were purified from the
lysate using reagents from the QIAamp Viral RNA Mini Kit (Qiagen Inc., Valencia, CA)
according to the manufacturer’s instructions. Serial 10-fold dilutions (102 —107) of the
purified nucleic acids were made. Fifty microliters of each dilution were amplified in 5'
nuclease reaction assays using TagMan® reagents and methods by RT-PCR in 100 pl
reactions containing 1 pM primers (each of SEQ ID NO:8 and SEQ ID NO:15), 55 mM

Tricine (pH 7.7, Sigma, cat T-5816), 450 pM dNTPs (each of dATP, dCTP, dGTP, and
dUTP, Pharmacia), 2.7 mM manganese acetate (Fluka, cat 63537), 135 mM potassium
acetate (Fluka, cat 60035), 7% (v/v) DMSO (Sigma, cat D8418), 6% (V/V) glycerol
(USB, cat 16347), 5 units uracil-N-glycosylase (Roche Diagnostics), 40 units ZO5 DNA
polymerase (Roche Diagnostics), and 0.15 pM probe (SEQ ID NO:28, labeled with FAM
and CY5). Reverse transcription/PCR was performed in a COBAS TagMan™

_Instrument (Roche Diagnostics, Pleasanton, CA) using the following thermalcycling

-~ -

parameters: 4 minutes at 50°C — 30 minutes at 59°C — 2 cycles of 15 seconds at 95°C,

50 seconds at 58°C — 60 cycles of 15 seconds at 91°C, 50 seconds at 58°C — 2 minutes
at 40°C. An example of the amplification results is shown in Figure 6.

Various embodiments of the invention have been described. The descriptions and
examples are intended to be illustrative of the invention rather than limiting. Indeed, it
will be apparent to those of skill in the art that modifications may be made to the

various embodiments of the invention described without departing from the spirit of the
invention or scope of the appended claims set forth below.

Each reference cited herein is hereby incorporated by reference in its entirety.



21640 WO- KN Page 3/ 23 gaaasccnct crraacygty tcggaa 26 <210> 6 <211> 26
<212> DNA <213> Artificial <220> <223> Murray Valley encephalitis virus
Primer 1 <400> 6 gaaagcctcc cagantcgty tcggaa 26 <210> 7 <211> 25 <212>
DNA <213> Artificial <220> <223> Kout%ggo virus Primer 1 <400> 7

gt aagccctc agaaccgtct cggaa 25 <210> 8 <211> 25 <212> DNA <213>
Artificial <220> <Z23>' NXa"aifi Te 1'ra7mer f- <4D0> 8 gtaagccctc
agaaccgtct cggaa 25 <210> 9 <211> 52 <212> DNA <213> Artificial <220>
<223>-Regi on of conserved sequence in 3" untranslated region of the genones
of flaviviruses

WHAT IS CLAIMED IS:

1. AKkit for the detection of a nucleic acid of a member of the Japanese encephalitis virus

serogroup, comprising:
a) afirst oligonucleotide that comprises SEQ ID NO.:8;

b) asecond oligonucleotide that hybridizes to a nucleic acid of SEQ ID NO.:9 ora

complement thereof; and

¢) adetectably-labeled third oligonucleotide that hybridizes to a nucleic acid of SEQ ID
NO.:16, or the complement thereof.

2. The kit of claim 1, wherein the residue at position 24 of SEQ ID NO.:8 is N-alkyl-

deoxyadenosine.

3. The kit of claim 1, wherein the detectably-labeled third oligonucleotide comprises SEQ ID
NO.:28, or the complement thereof.

4.  The kit of claim 3, wherein the detectably-labeled third oligonucleotide comprises a

fluorescent moiety.

5.  The kit of claim 4, wherein the detectably—labeled third oligonucleotide further comprises a

quencher moiety.

6.  The kit of claim 4, wherein the fluorescent moiety is selected from the group consisting of
fluorescein-family dyes, polyhalofluorescein-family dyes, hexachlorofluorescein-family
dyes, coumarin-family dyes, rhodamine-family dyes, cyanine-family dyes, oxazine-family
dyes, thiazine-family dyes, squaraine family dyes, chelated lanthanide-family dyes, and
BODIPY®-family dyes.

7. The kit of claim 4, wherein the fluorescent moiety is 6-carboxyfluorescein.



<220> <221> msc feature <222> (29) _. (29) <223>n =g, a, c or t <400>
9 caacaaaaca gcatattgac acctgggant agactaggag atcttctgct ct 52 21600 WO
Foreign text KN WD 2004/092412 PCT/ EP2004/ 003356 21640 WO KN Page 4/ 23
<210> 10 <211> 52 <212> DNA <213> Artigg cial <220> <223> Conplenent to
SEQ I D NO 9, second prinmer <220> <221> misc feature <222> (24)_.(24)
<223> n =g, a, c or t <400> 10 agagcagaag atctcctagt ctantcccag gtgtcaat at
getgttttgt tg 52 <210> 11 <211> 24 <212> DNA <213> Artificial <220>
<223> Japanese encephalitis virus serogroup Priner 2 <220> <221> m sc
feature <222> (11) _. (11) <223> n =t or absent <400> 11
yccyaasf nt w' nﬁ/yc'catgqt.r tcaa 24 o o
8.  The kit of claim 5, wherein the quencher moiety is selected from the group consisting of

fluorescein-family dyes, polyhalofluorescein-family dyes, hexachlorofluorescein-family

dyes, coumarin-family dyes, rhodamine-family dyes, cyanine-family dyes, oxazine-family

dyes, thiazine-family dyes, squaraine family dyes, chelated lanthanide-family dyes,

BODIPY®-family dyes, and nonfluorescent quencher moieties.

9.  The kit of claim 8, wherein the non-fluorescent quencher moiety is BHQ™-family dyes,

Iowa Black™, or Dabcyl.
10. The kit of claim 5, wherein the quencher moiety is Cy5™.
11. The kit of claim 1, additionally comprising a thermostable DNA polymerase.

12.  The kit of claim 11, wherein the thermostable DNA polymerase is selected from the group
of Carboxydothermus hydrogenformans DNA polymerase, Thermosipho africanus DNA
polymerase, Bacillus pallidus DNA polymerase, Thermus species Z05 DNA polymerase,
Thermus aquaticus DNA polymerase, Thermus thermophilus DNA polymerase,
Thermatoga maritima DNA polymerase, Thermatoga neapolitana DNA polymerase, and

Thermus sps17 DNA polymerase.

13. The kit of claim 1, additionally comprising instructions for detecting a nucleic acid of a

member of the Japanese encephalitis virus serogroup.
14. The kit of claim 1, wherein the second oligonucleotide comprises SEQ ID NO.:15.

15. The kit of claim 14, wherein the residue at position 23 of SEQ ID NO.:15 is N(’-alkyl-

deoxyadenosine.

16. The kit of claim 14, wherein the second oligonucleotide comprises SEQ ID NO.:74.



<210> 12 <211> 23 <212> DNA <213> Artificial <220> <223> West N le virus
Primer 2 <400> 12 ycctagtcta tcccaggtrt caa 23 <210> 13 <211> 24 <212>
DNA <213> Artificial <220> <223> Japanese encephalitis virus Priner 2
<400> 13 cccyastnta tyyccaggtg tcaa 24 640 WD Foreign I n%KN WO

2004/ 092412 PCTTEP2004/ 003356 21640 WO Page 5/23 <210> 14 <211> 24
<212> DNA <213> Artificial <220> <223> Murray Valley encephalitis virus
Primer 2 <400> 14 tcctagtctt ttcccaggtg tcaa 24 <210> 15 <211> 23 <212>
DNA <213> Artificial <220> <223> Exanple Prinmer 2

17. A method for detecting a nucleic acid of a member of the Japanese encephalitis virus

serogroup comprising:

a) contacting the sample with a first oligonucleotide that comprises SEQ ID NO: 8 and a
second oligonucleotide that hybridizes to a nucleic acid of SEQ ID NO: 9 or a
complement thereof, wherein said first or said second oligonucleotide is covalently
linked to a solid support under conditions that allow a nucleic acid of a member of the

Japanese encephalitis virus serogroup to hybridize to said oligonucleotide;

b) contacting a detectably-labeled third oligonucleotide that hybridizes to a nucleic acid
of SEQ ID NO: 16 or a complement thereof to the solid support; and

c)  detecting the nucleic acid of a member of the Japanese encephalitis virus serogroup by
detecting the hybridization of the detectably-labeled oligonucleotide to the nucleic

acid of a member of the Japanese encephalitis virus serogroup.



<400> 15 tcctagtcta tcccaggtgt caa 23 <210> 16 <211> 37 <212> DNA <213>
Artificial <220> <223> Region of conserved sequence in 3- untranslated
region of the genomes of flaviviruses <220> <221> mi Bc feature <222>
(1). (37) <223>n =g, a, c or t <400> 16 ggcganaagg actagaggtt agaggagacc
nccgcgg 37 <210> 17 <211> 37 <212> DNA <213> Artificial <220> <223>
Compl enment of SEQ I D NO: 16, nucleic acid probe <220> <221> msc feature
<222> (1). _(3Woadsmmn = g, a, ¢ or t <400> 17 WO 2004/TEP204/003356

PCTI EP2004/ 021336W O-KN640 WO- KN Page 6/ 23 ccgcggnggt ctcctctaac ctctagtcct
tntcgcc 37 <210> 18 <211> 28 <212>PEBA1/2213> Artificial

SEQUENCE LISTING

<110> Roche Diagnostics GmbH
F. Hoffmann-La Roche AG

<120> Compositions and Methods for Detecting Certain Flaviviruses,
Including Members of the Japanese Encephalitis Virus Serogroup

<130> 21640-WO

<150> US 60/459,491
<151> 2003-03-31

<150> US 60/Not yet assigned
<151> 2004-03-12

<150> US 60/Not yet assigned
<151> 2004-03-22

<160> 74
<170> PatentIn version 3.2

<210> 1

<211> 35

<212> DNA

<213> Artificial

<220>

<223> Region of conserved sequence in 3' untranslated region of the
genomes of flaviviruses

<220>
<221> misc_feature
<222> (8)..(8)

) <220>
<221> misc_feature
<222> (8)..(8)

<223> n is a, ¢, g, or t

<400> 1
gtaagccnet cagaaccgte tcggaaggag gacce 35

<210> 2

<211> 35

<212> DNA

<213> Artificilal

<220>
<223> Complement to SEQ ID NO:1, first primer

<220>



<220>

<223> Probe for detecting flaviviruses
<222> (25)_.(25) <223> n
<222> (26) _.(26) <223> n
<222> (27) _.(28) <223>
tt agaggaga cccynnnn 28

<220> <221> m sc feature
=g, c, t, a or absent <220> <221> misc feature
=c, t, g or absent <220> <221> m sc feature
nisa c¢, g, t or absent <400> 18 ggactagwgg
<210> 19 <212> DNA <213> Artificial <220> <223>

Probe for detecting Japanese encephalitis virus serogroup nenbers <400> 19
ggact agwgg ttaggqgmgg%ncccrykk 28 <210> 20 <211> 28 <PCDEPR033%D 13>
Artificial <22 QAIB> Probe for detectin  Vest Nile virus <400> 20
ggact agwgg ttagaggaga ccccrcgk 28 <XPR¥S 342%211> 28 <212> DNA

<221> misc_feature

<222> (28)..(28)

<223> n =g, a, cor t

<400> 2

gggtectect tecegagacgg ttetgagngg cttac 35

<210> 3

<211l> 26

<212> DNA

<213> Artificial

<220>

<223> Japanese encephalitis virus serogroup Primer 1

<220>

<221> misc_feature

<222> (8)..(8)

<223> n = t or absent

<400> 3

gwaascensy crramcysyy teggrw 26

<210> 4

<211l> 26

<212> DNA

<213> Artificial

<220>

<223> West Nile virus Primer 1

<220>

<221> misc_feature

<222> (8)..(8)

<223> n = t or absent

) <400> 4

gtaagcency cagaaccgyy teggaa 26

<210> 5

<211l> 26

<212> DNA

<213> Artificial

<220>

<223> Japanese encephalitis virus Primer 1

<220>

<221> misc_feature

<222> (8)..(8)

<223> n = absent

<400>

5



WO 2004/ 092412 PCT/ EP20041003356 21640 WO- KN Page 7/23 <213> Artificial
<220> <223> Probe for detecting Japanese encephalitis virus <400> 21

ggact agagg ttagaggaga ccccgygg 28 <210> 22 <211> 28 <212> DNA <213>
Artificial <220> <223> Probe for detecting Murray Valley encephalitis virus
<400> 22 ggactagagg ttagaggaga ccccactc 28 <210> 23 <211> 29 <212> DNA
<213> Artificial <220> <223> Probe for detecting Kunjin virus <400> 23

aat aygt gga tt aomiooeme41z cayt gaag 29 -/ <210> 24 <211> EGUERMEISHNA  <213>
Artificial <206% 3> Probe for detecting Dengue virus <400> 24

ggact agagg ttagaggaga ccccyssv 28 <2183 ¥33<211> 28 ‘

gaaasccnct crraacygty tcggaa 26

<210> 6

<211l> 26

<212> DNA

<213> Artificial

<220>
<223> Murray Valley encephalitis virus Primer 1

<400> 6
gaaagcctcc cagamccgty tcggaa 26

<210> 7
. <211l> 25
! <212> DNA
<213> Artificial

<220>
<223> Koutango virus Primer 1

<400> 7
gtaagccctc agaaccgtct cggaa 25

<210> B8

<21ll> 25

<212> DNA

<213> Artificial

<220>
<I2Z3ISEXample Primer i1

<400> 8

gtaagccctc agaaccgtct cggaa 25
) <210> 9

<211> 52

<212> DNA

<213»> Artificial

<220>

<223> Reglon of conserved sequence in 3' untranslated region of the
genomes of flaviviruses

<220>
<221> misc_feature
<222> (29)..{29)

<223> n =g, a, cor t

<400> 9
caacaaaaca gcatattgac acctgggant agactaggag atcttctgct ct 52

21640 WO Foreign text KN



<212> DNA <213> Artificial <220> <223> Probe for detecting yellow fever
virus <400> 25 ggtctagagg ttagaggaga ccctccag 28 <210> 26 <211> 28 WO
2004/ 092412 PCT/ EP2004/ 003356 21640 WO KN Page 8/ 23 <212> DNA <213>
Artificial <220> <223> Probe for detecting Montana nyotis | eukencephalitis
virus <400> 26 ggactagagg ttagaggaga ccccttcc 28 <210> 27 <211> 28 <212>
DNA <213> Artificial <220> <223> Probe for detecting Mddoc virus <400> 27
ggact agagg ttwageggagaaizcccccgge 28 <210> 28 <211> 28 ELTER0MH3SKD ]3>
Artificial <20WOBN3> Exanple Probe 1 <400> 28 ggactagagg ttagaggaga

ccccgagg 28 <210> 29 Page 4/23
<210> 10
<211l> 52
<212> DNA

<213> Artificial

<220>
<223> Complement to SEQ ID NO:9, second primer

<220>
<221> misc_feature
<222>  (24)..(24)

<223> n =g, a, cor t

<400> 10
agagcagaag atctcctagt ctantcccag gtgtcaatat getgttttgt tg 52

<210> 11

<211> 24

<212> DNA

<213> Artificial

<220>
<223> Japanese encephalitis virus serogroup Primer 2

<220>

<221> misc_feature
<222> (11)..(11)
<223> n = t or absent

<400> 11
YcEYastmew Hyyccaggir tcaa 24

<210> 12
<211l> 23
<212> DNA °
j <213> Artificial

<220>
<223> West Nile virus Primer 2

<400> 12
ycctagtcta tcccaggtrt caa 23

<210> 13

<211l> 24

<212> DNA

<213> Artificial

<220>
<223> Japanese encephalitis virus Primer 2

<400> 13
ccecyastmta tyyccaggtg tcaa 24

21640 WO Foreign text KN



<211> 418

t he genone
ttgccaccgg
t caaagccaa
gtaggctgga
gctgtctgta
aaccat ggag
t t ggcaaggc
agaccccttg

2004/ 092412 PCTI EP2004/ 003356 21640 V[)KN Page 9/23

<212> DNA

genone of St .<2iuizz encephalitis

ttgccaccgg
t caaagccaa
gt aggct gga
gctgtctgta
aaccat ggag
t ggcaaggcc
<212> DNA

<212> DNA <213> Artificial
of St. Louis encephalitis
at gt caggt a aacggtgctg
t ct ggccgag t gcaaagccc
gaggacgcaa aagtcagacc
cat gccccag gaggact ggg
tggg? d@&ﬂ2ggcgtaagg
c tcgaagctgt
ccgttaacgc aaacaacagc

<220> <223> 3' untranal ated regi on of
virus (SLEV) isolate BFS1750 <400> 29
tctgtaacct ggccccaggt gactgggtta 60
ctcattccga ctcgggaggg tccctagcac 120
agaaat gcca cctgaaagca tgctaaaggt 180

ttaacaaagc ttaacagccc cagcggccca 240
act agaggtt agaggagacc €ﬂ@%§3@%€“300
aggtt agagg 360

aga%gcggggzgaaggactag
at atth ctggaaagac aggagatc 418 WO
<210> 30 <211> 342

<223> 3' untransl ated region of the
virus (SLEV) isolate 1750-Std <400> 30
atgtleagdgt a aacggtgctg tctgtaacct ggccccaggt gactgggtta 60
tég gﬁ .t gcaaagccc ctcattccga ctcgggaggg tccctagcac 120
gaggacgcaalaagtcagacc agaaat gcca cctgaaagca tgctaaaggt 180
catgscccag gaggactggg ttaacaaagc ttaacagccc cagcggccca 240
t geybg eyt Yoty eagghadttiagdggt priagaggagacc ccgcgcaact 300
caggacccgcet cgaagctgta gagacggggg as 342 <210> 31 <211> 418

tectagtett tteccaggtg tcaa 24

<213> Artificial <220>

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

15

23

DNA
Artificial

<220>
<223> Example Primer 2
<400> 15

tecctagtcta teeccaggtgt caa 23

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

16

37

DNA
Artificial

<220>
<223> Region of conserved sequence in 3' untranslated region of the

genomes of flaviviruses

e

<220>

<221> misc_feature
<222> (1)..(37)

<223> n =g, a, cor t

<400> 16

ggcganaagqg actagaggtt agaggagacc nccgegg 37

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

17

37

DNA
Artificial

<220>

<223> Complement of SEQ ID NO:16, nucleic acid probe

<220>
<221>
<222
<223>

misc_feature
(1)..(37)
=g, a, cor t

<400> 17



<213> Artificial
Loui s encephalitis
at gt caggt a
t ct ggccgag
gaggacgcaa
cat gccccag
t gcgt gacca

<220> <223> 3
virus (SLEV)
aacggtgctg cctgtaacct
t gcaaagccc ctcattccga
aagt cagacc agaaatgcca
gaggact ggg ttaacaaagc

tg ogolaydizact agaggt t
ccaaacccgc t gﬂgﬂgkgglagagatgggg
ccgttaacgc aaacaacagc atattgacac
<212> DNA <213> Artificial
of St.
at gt caggt a aacggtgctg cctgtaacct

<220> <223> 3'
Loui s.gRcaRMakidot Saad kdtSqdSt EMcgbs0l at e CoaV750 <400> 3231t gccaccgg

untransl ated regi on of the genonme of St.

i sol ate 1D6-4G <400> 31 ttgccac' cgg
ggccccaggt gactgggtta 60 tcaaagccaa

ct cgggaggg tccctggcac 120 gtaggctgga

cct gaaagca tgctaaaggt 180 gctgtctgta
ttaacagccc cagcggccca 240 aaccat ggag
agaggagacc ccgct gcaac P§&EP20 Y hagge

ga %g%zg3aggttagagg 360 agaccccttg

ctg agac aggagatc 418 <210> 32 <211> 342
untransl ated regi on of the genone

ggccccaggt gactgggtta 60 WO 2004/ 092412

PCT/ EP2004/ 003356 21640 WO KN, Page 10/ 23 ccaaagccaa tctggctgag tgcaaagccc

ctcgttccga tdygdhog tccctggeac 120
agaaat gcca céﬁgaagﬁpa t gct aaaggt 180

tt aacaaagc ttmnacageg@eiqdagcggccca 240
act agaggtt agaggagacc ccgcgcaact 300

gt aggct gga gaggacgcaa aagt cagacc
gctgtctgta catgccccag gaggact ggg
aaccat ggag tgcgtgacca tggcgt aagg
t ggcaaggcc aaaacccgct cgaagctgta

gagat ggggg as,,342

<210> 33 <211> 418 <212> DNA <213> Artificial <220>

<223> Probe for detecting flaviviruses
<220>
<221> misc_feature
<222> (25)..(25)
. <223> n =g, ¢, t, a or absent
)
<220>
<221> misc_feature
<222> (26)..(26)
<223> n = ¢, t, g or absent
<220>
<221> misc_feature
<222> (27)..(28)
<223> n is a, ¢, g, t or absent
<400> 18

ggwctagwgg ttagaggaga cccynnnn

<210>

28

19

<211
<212>
<213>

<220>
<223>

<400>

ggactagwgg ttagaggaga ccccrykk

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

<220>
<223>

<400>

ggactagwgg ttagaggaga ccccrcgk

<210>
<211>
<212>

28
DNA
Artificial

Probe for detecting Japanese encephalitis virus serogroup members

19
28

20

28

DNA
Artificial

Probe for detecting West Nile virus

20
28

21
28
DNA



<223> 3' untransl ated region of the genone of St. Louis encephalitis virus
(SLEV) isolate L695121. 05 <400> 33 ttgccaccgg atgtcaggta aacggtgctg
tctgtaacct ggccccaggt gactgggtta 60 tcaaagccaa tccggctggg tgcaaagccc
ctcattccga ctcgggaggg tccctggcat 120 gtaggctgga gaggacgcac aagt cagacc
agaaat gcca cctgaaagca tgctaaaggt 180 gctgtctgta catgccccag gaggact ggg

tt aacaaagc ttaacagccc cagcggccca 240 aaccatggag tgcgtgacca tggcgtaagg

act agaggtt agsggamasmixccgct gtaac 300 ttggcaaggc ccaaad®SEge04@3agct gt
agagacgggg gaafgywer-BYy aggttagagg 360 agaccccttg ccgttaacgc aaacaacagc
atattgacac ctggaaagac aggagatc 418 ReI03I/33 <211> 418 <212> DNA <213>
Artificial <220> <223> 3' untranslated region of the genone of St. Louis
encephalitis \3/i rust,QSLFj\/) i solate TNMF71K <220> <221> nisc feature <222>
(384)..(384)**285 §" 2%y, a, c or t <400> 34 ttgccaccgg atgtcaggta
aacggtgctg teket aacct ggccccaggt gactgggtca 60 tcaaagccaa tctggctggg

t gcaaagccc cieatt ecPa F cggagygyidrenet ggeabali2s vifuaggct gga gaggacgcac

aagt cagacc agaaat gcca cct gaaagca tgctaaaggt 180 WO 2004/ 092412

PCT/ EP2004/ Q 3@@519921@%995}4@ KN.c Q%e 11/ 23 gctgtctgta catgccccag gaggact ggg
tt aacaaagc ttaacagccc cagcggccca 240 aaccatggag agcgtgacca tggcgt aagg

act agaggtt agaggagacc ccgctgtaac 300 ttggcaaggc ccaaacccgc tcgaagct gt
agagacgggg g=dfyaétag aggttagagg 360 agaccccttg ccgttaacgc aaanaacagc

at att gacac cﬁég?a%ﬁgc aggagatc 418 <210> 35 <211> 418

<213> Artificial

<220>
<223> Probe for detecting Murray Valley encephalitis virus

<400> 22
ggactagagg ttagaggaga ccccactc 28

<210> 23

<21ll> 29

<212> DNA

<213> Artificial

<220>
<223> Probe for detecting Kunjin virus

<400> 23
aataygtgga ttacatgast tcaytgaag 29

' <210> 24
<211l> 28

<212> DNA

<213> Artificial

<220>
<223> Probe for detecting Dengue virus

<400> 24
ggactagagg ttagaggaga cccceyssv 28

<210> 25

<211l> 28

<212> DNA

<213> Artificial

<220>
<223> Probe for detecting yellow fever virus

<400> 25
ggtctagagg ttagaggaga ccctccag 28

<210> 26
<211> 28



<212> DNA <213> Artificial
genone of St.
ttgccaccgg
t caaagccaa
gt aggct gga
gctgtctgta
aaccat ggag

<220>
Loui s encephalitis
at gt caggt a aacggtgctg
t ccggct ggg t gcaaagccc
gaggacgcac aagtcagacc
cat gccccag gaggact ggg
t gootzgmoalzt ggcgt aagg
tt ggcaaggc cZA4aWELHY t caaagct gt
agaccccttg ccgttaacgc aaacaacagc

<223> 3' untransl ated region of the

virus (SLEV) isolate Mbl-7 <400> 35
tctgtaacct ggccccaggc gactgggtta 60
ctcattccga ctcgggaggg tccctggcac 120
agaaat gcca cctgaaagca tgctaaaggt 180
ttaacaaagc ttaacagccc cagcggccca 240

act agaggtt agaggagacc PEEEFEIBHNEES 300
agagacg%a% gaaggact ag aggttagagg 360
at at® 3ct ggaaagac aggagatc 418 <210>
36 <211> 405 <212> DNA <213> Awtif|C|aI <220> <223> 3' untransl ated
regi on of the en of St. Louis encephalitis virus (SLEV) isol ate Kern2l7
<400> 36 Cngﬁ gtg@mgg&g@acggt gctgtctgta acctggcccc aggtcactgg gttat caaag
60 ccaacccggc tgggtgcaaa gcccctcatt ccgactcggg agggtccctg gcacgtaggc 120
t ggagaggac ge¥caagt ca accagaaat gccacct agcat gct aa aggtgctgtc 180

t gt acat gcc céﬁégag q@??ﬁﬁ&%”&ﬁ@ﬁ%?&’éﬁlﬁgfﬁﬁﬁﬁﬂd&“cﬁﬁaéaccat 240
ggagt gcgt g acgat ggggt aaggact aga ggttagagga gaccccgctg taacttggca 300
aggcccaaac cegetLaangradagiaagagastgggggaagga ct agaggtta gaggagacces 360
cttgccgtta acgcaaacaa cagcatattg acacctggaa agaca 405 WO 2004/ 092412
PCTIEP2004/09§§§62721640 WO KN Page 12/23 <210> 37 <211> 375 <212> DNA
28

DNA
Artificial

<211>
<212>
<213>

<220>
<223> Probe for detecting Modoc virus
<400> 27

ggactagagg ttgagggaga cccccggc 28

28

28

DNA
Artificial

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

<220>
<223> Example Probe 1
<400> 28

ggactagagg ttagaggaga ccccgagg 28

29

418

DNA
Artificial

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

) <220>
<223> 3' untranslated region of the genome

virus (SLEV) isolate BFS1750

of S5t. Louis encephalitis

<400> 29

ttgccaccgg
tcaaagccaa
gtaggctgga
gctgtctgta
aaccatggag
ttggcaaggc

agaccccttg

atgtcaggta
tctggccegag
gaggacgcaa
catgccccag
tgcgtgacca
ccaaacccgc

ccgttaacgce

aacggtgectg
tgcaaagccc
aagtcagacc
gaggactggg
tggcgtaagg
tcgaagctgt

aaacaacagc

tectgtaacct
ctcattccga
agaaatgcca
ttaacaaagc
actagaggtt
agagacgggg

atattgacac

ggccccaggt
ctcgggaggg
cctgaaagca
ttaacagccc
agaggagacc
gaaggactag

ctggaaagac

gactgggtta
tecctageac
tgctaaaggt
cagcggccca
cecgetgcaac
aggttagagg

aggagatc

60
120
18Q
240
300
360

418



<213> Artificial
Loui s encephalitis
tgggttatca
ctggcacgta

t aaaggt gct
cggcccaaac
ctgtaacttg
t t agaggaga
375 <210>

aagccaat cc ggct gggt gc
ggct ggagag gacgcacaag
gt ct gt acat gccccaggag
cat ggagt gc gt gaccat gg

gc

c&g%%t @' tt aacgcaaa caac%%cagfgt
38 <211> 411 <212> DNA <2¥5>" /it
untransl ated regi on of the genone of St.

<220> <223> 3
virus (SLEV)
aaagcccctc
t cagaccaga
gactgggtta
cgt aaggact

fJP12acccgct ca aagcet gt aga

Loui

untransl ated regi on of the genonme of St.
i sol ate CoaV608 <400> 37 cccaggcgac
attccgactc 60 gggagggtcc

aat gccacct 120 gaaagcatgc
acaaagctta 180 acagccccag
agaggttaga 240 agaccccg
gacgggggaa Qgﬁmnggﬁg?ﬁgagg

t gacacctg 360 gaaagacagg agatc
ificial <220> <223> 3
s encephalitis virus (SLEV)

i sol ate TBH 28,540Q> 38 ttgccaccgg atgtcaggta aacggtgctg tctgtaacct

ggccccaggt
ct cgggaggg
cct gaaagca
ttaacagccc
agaggagacc
gaaggact ag

ctggaaagac a 411

gaeiggatsa 60
t géta

<210> 39 <211> 402

t caaagccaa cccggctggg tgcaaagccc ctcattccga
t cetd>g ¢ 120 gtaggccgga gaggacgcac aagtcagacc agaaatgcca

gggfﬁfgﬁ gctgtctgta catgccccag gaggact ggg ttaacaaagc
cagsggccca 240 aaccatggag tgcgtgacca tggcgtaagg act agaggtt
CCcgei-gt atntIbd1atek 0B6 BAJERC t 1L garats 6fGel agangedgphaagagacgggg
aggt t agages 368V) dgelececrigseicgt t aacgc aaacaacagc at attgacac
<212> DNA <213> Artificial

<220>

<223> 3' unt rzéglgszggitzgggat@g&ig% f ol PEAGIR. O oRlccclBtiScgRgaRNal idis Vvirus

(SLEV)

i sol ate” VR1

tcaaagccaa tctggecgag tgcaaagccc ctcecattcecga

gtaggctgga gaggacgcaa aagtcagacc agaaatgcca

gctgtectgta catgeccccag gaggactggg ttaacaaage

aaccatggag tgcgtgacca tggcgtaagg actagaggtt

tggcaaggcce caaacccgct cgaagctgta gagacggggdg

<210> 31

<211> 418

<212> DNA

<213> Artificial

<220>
<223> 3' untranslated region of the genome

virus (SLEV) isolate TD6-4G

<400> 31

ctcgggaggg tcecctagecac 120
cctgaaagca tgctaaaggt 180
ttaacagcce cagcggccca 240
agaggagacc ccgcgcaact 300
aa 342

of St. Louis encephalitis

" ttgccadcgg atgtcaggta aacggtgctg cctgtaacct

tcaaagccaa tctggccgag tgcaaagccc ctcattcega

gtaggctgga gaggacgcaa aagtcagacc agaaatgcca

gctgtctgta catgcecccag gaggactggg ttaacaaagce

aaccatggag tgcgtgacca tggcgtaagg actagaggtt

tcggcaaggce ccaaacccgc tcgaagctgt agagatgggg

agacceccttyg ccgttaacge aaacaacage atattgacac

<210> 32

<211> 342

<212> DNA

<213> Artificial

<220>
<223> 3' untranslated region of the genome

virus (SLEV) isolate CoaVvV750

<400> 32
ttgccaccgg atgtcaggta aacggtgctg cctgtaacct

ggccccaggt gactgggtta" 60
ctcgggaggg tceetggcac 120
cctgaaagca tgctaaaggt 180
ttaacagccc cagcggecca 240
agaggagacc ccgctgcaac 300
gaaggactag aggttagagg 360
ctggaaagac aggagatc 418

of St. Louis encephalitis

ggccccaggt gactgggtta 60



<400> 39

aggt gactgg gttatcaaag 60
agggtccctg gcacgtaggc 120
agcat gctaa aggtgctgtc 180
gccccagcgg cccaaaccat 240
gaccccgctg taacttggca 300

WD 2004/ 092412 PCT/ EP2004/ 003356 21640 WO KN Page 13/ 23
ccggaagt ca ggt aaacggt gctgtctgta acctggeccc
ccaat ct ggc tgggtgcaaa gcccctcatt ccgactcggg
t ggagcggac gcacaagt ca gaccagaaat gccacctgaa
t gt acat gcc ccaggaggac tgggttaaca aagcttaaca
ggagt gcgt g accat ggcgt aaggact aga ggttagagga
aggcccaaac ccgﬂlwgg%gﬂbtgtagagac gggggaagga ct agaggt t a RAFEFAYHEBE6 360
cttgccgtca 2284 . cagcatattg acacctggaa.ag 402 <210> 40 <211> 374
<212> DNA <213> Artificial <220> <29%35*%“2untransiated region of the
genone of St. Louis encephalitis virus (SLEV) isol ate CoaV353 <400> 40
cccaggt gac tgggttatca aagccaatct agctgagtgc aaagcccctc attccgactc 60
gggagggt cc cigacacgt actggrbayagagagac geaantga teagasgagacaabgecaccio 120
gaaagcat gc taaaggt gct gtctgtacat gccccaggag gactgggtta acaaagctta 180
ac9ccccag gIYEeEAAHC ITHRFGAT PIHREAREY 2P¥E ‘-’{j@a_(‘ffﬁiag%?ﬁéat@t’?aé‘ﬁ%‘ﬁgt t 28940

ggagaccccyg ciAgaagtd trgeRae ghdacR8s ceaehflc a0t HH-a0R,873688999aa 300
ggact agagg ttagaggaga ccccttgccg ttaacgcaaa caacagcata ttgacacctg 360

gaaagacagg axpatatdgap tacpidisca]tgoc@liabyy A7tagaPtP BofdAgace XFBcgcAedti f | 89%l <220>

$223> Dengue, JYLLYS.CONIENSHS YRSLRETRILIEL o <400> 41 gageceeglp, caaggacgta

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

33

418

DNA
Artificial

) <220>
<223> 3' untranslated region of the genome

virus (SLEV) isolate 1.695121.05

of St. Louis encephalitis

<400>

33

ttgccaccgg
tcaaagccaa
gtaggctgga
gctgtctgta
aaccatggag
ttggcaagge
agaccccttg
<210>
<211>

<212>
<213>

34
418
DNA
Arti

<220>
<223>

atgtcaggta
tceggetggg
gaggacgcac
catgccceccag
tgegtgacca

ccaaacccege

aacggtgectyg
tgcaaagccc
aagtcagacc
gaggactggg
tggcgtaagg

tcgaagctgt

tctgtaacct
ctcattcega
agaaatgcca
ttaacaaagc

actagaggtt

agagacgggg

ggccccaggt
ctcgggaggg
cctgaaagcea
ttaacagccc
agaggagacc

gaaggactag

gactgggtta
tccctggeat
tgctaaaggt
cagcggecca
ccgectgtaac

aggttagagg

60
120
180
240
300

360

ccgttaacge

ficial

aaacaacagc

atattgacac

3' untranslated region of the genome

virus (SLEV) isolate TNM771K

<220>
<221>
<222>
<223>

(384
n =

<400> 34

misc_feature

}..(384)
g, a, ¢ or

t

ttgccaccgg atgtcaggta aacggtgctg tctgtaacct

tcaaagccaa tctggctggg tgcaaagccce ctecattcecga

gtaggctgga gaggacgcac aagtcagacc agaaatgcca

ctggaaagac

of St. Louis encephalitis

ggccccaggt

ctcgggaggg

cctgaaagca

aggagatc

gactgggtca
tcecectggcac

tgctaaaggt

418

60

120

180



<210> 42 <211> 27 <212> DNA <213> Artificial
PCT/ EP2004/ 003356 21640 WO- KN Page 14/23 <223> Dengue Vi rus consensus
upstream prinmer <220> <221> misc feature <222> (27) . (27) <223> n =
t-butyl -benzyl -dA <400> 42 gagccccgtc caaggacgta aaaagan 27 <210> 43 <211>

<220> WO 20 0 4/0 9 2412

27 <212> DNA <213> Artificial <220> <223> Dengue virus consensus upstream
primer <220> <221> msc feature <222> (26) .(26) <223> n = nethyl-dA
<220> <221> nweouemure <222> (27) .(27) <223> n - PSUFW"“B’&?&‘EM -dA
<400> 43 gagBétt¥Klcgt a aaaagnn _ Z7-- 210> 44 <211> 27 ~<212> DNA
age

gctgtctgta catgccccag gaggactggg ttaacaaagc ttaacagcce cagecggccca 240

aaccatggag agcgtgacca tggcgtaagg actagaggtt agaggagacc ccgctgtaac 300

ttggcaaggc ccaaacccgc tcgaagctgt agagacgggg gaaggactag aggttagagg 360

agaccccttg ccgttaacgc aaanaacagc atattgacac ctggaaagac aggagatc 418

<210> 35

<211> 418

<212> DNA

<213> Artificial

<220>

<223> 3' untranslated region of the genome of St. Louis encephalitis

| virus (SLEV) isolate MSI-7

<400> 35
ttgccaccgg atgtcaggta aacggtgctg tctgtaacct ggccccaggc gactgggtta 60
tcaaagccaa tccggctggg tgcaaagccc ctcattccga ctcgggaggg tccctggcac 120
gtaggctgga gaggacgcac aagtcagacc agaaatgcca cctgaaagca tgctaaaggt 180
gctgtctgta catgccccag gaggactggg ttaacaaagc ttaacagccc cagcggccca 240
aaccatggag tgcgtgacca tggcgtaagg actagaggtt agaggagacc ccgctgtaac 300
ttggcaaggc ccaaacccgc tcaaagctgt agagacgggg gaaggactag aggttagagg 360
agaccccttg ccgttaacgc aaacaacagc atattgacac ctggaaagac aggagatc 418
<210> 36
<211> 405
<212> DNA
<213> Artificial

) <220>

g <223> 3' untranslated region of the genome of St. Louis encephalitis

virus (SLEV) isolate Kern2l17

:2gg;tgiza ggtaaacggt gctgtctgta acctggcccc aggtcactgg gttatcaaag 60
ccaacccggc tgggtgcaaa gcccctcatt ccgactcggg agggtccctg gcacgtaggce 120
tggagaggac gcacaagtca gaccagaaat gccacctgaa agcatgctaa aggtgctgtc 180
tgtacatgcc ccaggaggac tgggttaaca aagcttaaca gccccagcgg cccaaaccat ’240
ggagtgcgtg accatggcgt aaggactaga ggttagagga gaccccgctg taacttggca 300
aggcccaaac ccgctcaaag ctgtagagac gggggaagga ctagaggtta gaggagaccc 360
cttgccgtta acgcaaacaa cagcatattg acacctggaa agaca 405



<213> Artifi

gagccccgt c caaggacgta aaatgaa 27

Artificial <
m sc feature
Page 15/ 23
aaat gan 27

cial <22
220>

<222>
<223> n

<210> 46 <211> 27

0>

(27)

Dengue Vi rus tw@eookonqgt r eam pri nmer

(26) _. (26)
(27) <223> n

LDE/IWR-KN net hyl -dA  <220> <221> nisc feature
t - butyl - benzyl - dA

<223> Dengue virus type |
<210> 45 <211> 27
<223> Dengue virus type |

upstream pri ner

<400> 44

<212> DNA <213>

upstream pri ner
_.(27) WD 2004/ 092412 PCT/ EP2004/ 003356 21640 WO KN
t - butyl - benzl y-dA <400> 45 gagccccgtc caaggacgta
<212> DNA <213> Artificial

<2

<220>

20>

<221>

<223>

<220> <221> mi sc f BEI/ER2804/0033%7

Page 12/23

3' untranslated region of the genome

virus (SLEV) isolate CoaVvé08

<210> 37

<21l> 375

<212> DNA

<213> Artificial
<220>

<223>

<400> 37

cccaggcgac tgggttatca aagccaatcce

gggagggtcce
gaaagcatgc
acagccccag
ggagaccccg
ggactagagg

gaaagacagg

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

38
411

Art

<220>
<223>

ctggcacgta
taaaggtgct
cggcccaaac
ctgtaacttg
ttagaggaga

agatc

DNA

ificial

ggctggagag
gtctgtacat
catggagtgce
gcaaggccca

ccccttgecg

ggctgggtgce
gacgcacaag
gccccaggag
gtgaccatgg
aacccgctca

ttaacgcaaa

3' untranslated region of the genome

virus (SLEV) isolate TBH-28

<400> 38
ttgccaccgg

tcaaagccaa
gtaggccgga
gctgtctgta
aaccatggag
ttggcaaggc
agaccccttg
<210>
<211>

<212>
<213>

33
402
DNA

<220>
<223>

atgtcaggta
cccggetggg
gaggacgcac
catgceccag
tgcgtgacca
ccaaacccgc

ccgttaacgce

Artificial

aacggtgctg
tgcaaagccc
aagtcagacc
gaggactggg
tggcgtaagg
tcgaagctgt

aaacaacagc

tctgtaacct
ctcattcecga
agaaatgcca
ttaacaaagc
actagaggtt
agagacgggag

atattgacac

3! untranslated region of the genome

virus (SLEV) isolate VR1265

of St. Louis encephalitis

aaagcccctc
tcagaccaga
gactgggtta
cgtaaggact
aagctgtaga

caacagcata

attccgactce
aatgccacct
acaaagctta
agaggttaga
gacgggggaa

ttgacacctg

&0
120
180
240
300
360

375

of St. Louis encephalitis

ggcccecaggt
ctcgggaggg
cctgaaagca
ttaacagccc
agaggagacc
gaaggactag

ctggaaagac

gactgggtta
tccetggcecac
tgctaaaggt
cagcggccca
ccgctgtaat
aggttagagg

a

60

120

180

240

300

360

411

of St. Louis encephalitis

<222> (27)



<400>
<213>
<400>
<213>
<220>
<400>
21640

<211> 27
and |11

<212> DNA
upstream pri nmer
<211> 27 <212> DNA

46 gagccccgtc caaggacgta aaatgnn 27 <210> 47
Artificial <220> <223> Dengue virus types |
47 gagccccgtc caaggacgtt aaaagaa 27 <210> 48
Artificial <220> <223> Dengue virus types Il and Il upstream priner
<221> m sc feature <222> (27) _. (27) <223> n = t-butyl-benzyl-dA

48 gagccccgtc caaggacgtt aaaagan 27 WO 2004/ 092412 PCTI EP2004/ 003356
WO KN PH90M®IRE <210> 49 <211> 27 <212> DNA ZETEROMARBIS cj al <220>

<223> Dengue2p#tWO-Kipes |1 and 111 upstream primer <220> <221> misc
feature <222> (26) _ . (26) Page 13/23
<400> 39
ccggaagtca ggtaaacggt getgtctgta acctggccce aggtgactgg gttatcaaag 60
ccaatctgge tgggtgcaaa gcccctcatt ccgactcggg agggtccctg gcacgtaggc 120
tggagcggac gcacaagtca gaccagaaat gccacctgaa agcatgctaa aggtgctgte 180
tgtacatgce ccaggaggac tgggttaaca aagcttaaca gccccagegg cccaaaccat 240
ggagtgegtg accatggegt aaggactaga ggttagagga gacccecgectg taacttggca 300
aggcccaaac ccgctecgaag ctgtagagac gggggaagga ctagaggtta gaggagaccce 360
cttgcecgtca acgcaaacaa cagcatattg acacctggaa ag 402
<210> 40
<211> 374
<212> DNA
<213> Artificial
<220>
<223> 3' untranslated region of the genome of St. Louls encephalitis

virus (SLEV) isolate CoaV3is3
<400> 40
cccaggtgac tgggttatca aagccaatct agetgagtge aaagccccte attecgacte 60

gggagggtcc ctggcacgta ggctggagag gacgcaaaag tcagaccaga aatgeccacct 120

gaaagcatgc taaaggtgct gtctgtacat gccccaggag gactgggtta acaaagctta 180

acagcececcag_cggceccaaac catggagbtge gbgaccatgg cgtaaggact agaggrbtaga 240

ggagaccccg ctgcaacttg gcaaggccca aaccecgcteg aagctgtaga gacgggggaa 300

ggactagagg ttagaggaga ccccttgceg ttaacgcaaa caacagcata ttgacacctg 360

gaaagacagg agat 374

<210> 41

<21l1ls> 27

<212> DNA

<213> Artificial

<220>
<223> Dengue virus consensus upstream primer

<400> 41

gagccecgtc caaggacgta aaaagaa 27

<210> 42

<211l> 27

<212> DNA

<213> Artificial

<220>



<223> n = methyl-dA <220> <221> msc feature <222> (27) _. (27) <223> n =
t-butyl - benzyl -dA <400> 49 gagccccgtc caaggacgtt aaaagun 27 <210> 50 <211>
24 <212> DNA <213> Artificial <220> <223> Dengue virus type |V upstream
primer <400> 50 attgaagtca ggccacttgt gcca 24 <210> 51 <211> 24 <212> DNA
<213> Artificial <220> <223> Dengue virus type |V upstream prinmer <220>
<221> m sc feature <222> (24) . (24) <223> n = t-buty I-benzl&/ dA <400>
51 attgaagtca g@@w@m@t gccn 24  <210> 52 <211> 24 <2 PSTERHQNI003356 3>
Artificial W31 Q9412 PCT/ EP2004/ 003356/ 21640 WO-KN Page 17/23

Page

<223> Dengue virus consensus upstream primer

<220>

<221> misc_feature

<222> (27)..(27)

<223> n = t-butyl-benzyl-dA

<400> 42
gagcccecgte caaggacgta aaaagan 27

<210> 43

<211 27

<212> DNA

<213> Artificial

<220>
<223> Dengue virus consensus upstream primer

<220>

<221> misc_feature
<222> (26)..(26)
<223> n = methyl-da

<220>

<221> misc_feature

<222>  (27)..(27)

<223> n = t-butyl-benzyl-dA

<400»> 43
_ gagccccgte caaggacgta aaaagnn 27 )

<210> 44

<211> 27

<212> DNA

<213> Artificial

<220>
<223> Dengue virus type I upstream primer

<400> 44
gagcceegte caaggacgta aaatgaa 27

<210> 45

<211> 27

<212> DNA

<213> Artificial

<220>
<223> Dengue virus type I upstream primer

<220>
<221> misc_feature
<222> (27)..(27)



<220> <223> Dengue virus type |V upstream prinmer <220> <221> mec feature
<222> (23) _.(23) <223> n = ethyl-dC <220> <221> misc feature <222> (24) _
. (24) <223> n = t-butyl-benzyl-dA <400> 52 attgaagtca ggccacttgt gcnn 24
<210> 53 <211> 25 <212> DNA <213> Artificial <220> <223> Dengue vVirus
downstream priner <400> 53 gatctctggt ctttcccagc gtcaa 25 <210> 54 <211>
25 <212> DNA - <til13"> t--TfThidT <220> <223> Dengue virus downstream

primer <220>waEddaethmsc feature <222> (25) _ . (25) <AABEP2004/003356
t - butyl - benzyle4dWO00> 54 gatctctggt ctttcccagc gtcan 25 <210> 55 <211>
25 Page 15/23

<223> n = t-butyl-benzly-dA

<400> 45
gagccccgtec caaggacgta aaatgan 27

<210> 46

<211> 27

<212> DNA

<213> Artificial

<220>
<223> Dengue virus type I upstream primer

<220>
) <221> misc_feature
<222> (26)..(26)
<223> N = methyl-da

<220>
<221> misc_feature
<222>  (27)..(27)

<223> n = t-butyl-benzyl-da

<400> 46
gagcecccgtc caaggacgta aaatgnn 27

<210> 47

<211> 27

<212> DNA

<213> Artificial

<220>

<223> Dengue virus types II and III upstream primer

<400> 47
gagccccgtc caaggacgtt aaaagaa 27

<210> 48

<211i> 27

<212> DNA

<213> Artificial

<220>
<223> Dengue virus types II and III upstream primer

<220>
<221> misc_feature
<222> (27)..(27)

<223> n = t-butyl-benzyl-da

<400> 48
gagcccegtc caaggacgtt aaaagan 27



<212> DNA <213> Artificial <220> <223> Dengue virus downstream pri nmer
<220> WD 2004/ 092412 PCT/ EP2004/ 003356 21640 WO KN Page 18/23 <221> m sc
feature <222> (24) .(24) <223> n = methyl-dA <220> <221> m sc feature
<222> (25) _.(25) <223> n = t-butyl-benzyl-dA <400> 55 gatctctggt ctttcccagc
gtcnn 25 <210> 56 <211> 28 <212> DNA <213> Artificial <220> <223> Yell ow
fever virus upstream prinmer <400> 56 aaccgggata aaaactacgg gtggagaa 28
<210> 57 <211zycRoaosni2> DNA <213> Artificial <220> <RAAP209e08356%v f ever

Vi rus upstreajgpupwomN <220> <221> misc feature <222> (28) .(28)

Page 16/23
<210> 49
<211l> 27
<212> DNA

<213> Artificial

<220>
<223> Dengue virus types II and III upstream primer

<220>

<221> misc_feature
<222> (26)..(26)
<223> n = methyl-dA

<220>

) <221> wisc_feature
: <222>  (27)..{(27)
<223> n = t-butyl-benzyl-da

<400> 49
gagccccgte caaggacgtt aaaagnn 27

<210> 50

<211> 24

<212> DNA

<213> Artificial

<220>
<223> Dengue virus type IV upstream primer

<400> 50 e
attgaagtca ggccacttgt gcca 24

<210> 51
<211l> 24
\ <212> DNA
) <213> Artificial

<220>
<223> Dengue virus type IV upstream primer

<220>

<221> misc_feature

<222> (24)..(24)

<223> n = t-butyl-benzly-da

<400> 51
attgaagtca ggccacttgt gecen 24

<210> 52

<211l> 24

<212> DNA

<213> Artificial



<223> n = t-butyl -benzyl -dA <400> 57 aaccgggat a aaaactacgg gtggagan 28
<210> 58 <211> 28 <212> DNA <213> Artificial <220> <223> Yellow fever
virus upstream primer <220> <221> msc feature <222> (27) . (27) <223> n
- methyl -dA <220> WD 2004/ 092412 PCT/ EP2004/ 003356 21640 WO KN Page 19/ 23
<221> m sc feature <222> (28)_.(28) <223> n = t-butyl-benzyl-dA <400> 5B
aaccgggat a aaaactacgg gtggagnn 28 <210> 59 <211> 26 <212> DNA <213>
Artificial <22Qg20058342 Yell ow fever virus upstream pri REFEP200400335659

at aaaaact a cggeptogy@giNaccgga 26 <210> 60 <211> 26 <212> DNA <213>
Artificial Page 17/23

<220>
<223> Dengue virus type IV upstream primer

<220>

<221> misc_feature
<222> (23)..(23)
<223> n = ethyl-dC

<220>

<221> misc_feature

<222> (24)..(24)

<223> n = t-butyl-benzyl-dA

<400> 52
attgaagtca ggccacttgt gcnn 24

<210> 53

<211l> 25

<212> DNA

<213> Artificial

<220>
<223> Dengue virus downstream primer

<400> 53
gatctctggt ctttecccage gtcaa 25
<210> 54
<211> 25

<212> DNA
T 213> ATtificial

<220>
<223> Dengue virus downstream primer

<220>

<221> misc_feature

<222> (25)..(25)

<223> n = t-butyl-benzyl-da

<400> 54
gatctctggt cttteccage gtcan 25

<210> 55

<211l> 25

<212> DNA

<213> Artificial

<220>
<223> Dengue virus downstream primer

<220>



<220> <223> Yellow fever virus upstreampriner <220> <221> m sc feature
<222> (26) . (26) <223> n =t-butyl-benz rLI-dA <400> 60 ataaaaacta

cgggt ggaga accggn 26 <210> 61 <211> 24 <212> DNA <213> Artificial <220>
<223> Yel |l ow fever virus downstream prinmer <400> 61 actccggtct ttccctggcg
tcaa 24 <210> 62 <211> 24 <212> DNA <213> Artificial <220> <223> Yellow
fever virus downstream priner WO 2004/092412 PCT/ EP2004/ 003356 21640 WO KN
Page 20/23 <8@0mo4n@Adl> nisc feature <222> (24) _. (28CTEPIIHO0PISEe

t - but yl - ben2AM40FRO-KA00> 62 act ccggt ct ttc;:ct ggcg tcan 24 <210> 63 <211> 24
<212> DNA : Page 18/23

<221> misc_feature
<222> (24)..(24)
<223> n = methyl-da

<220>
<221> misc_feature
<222> (25)..(25)

<223> n = t-butyl-benzyl-da

<400> 55
gatctctggt ctttcecage gtenn 25

<210> 56

<211> 28

<212> DNA

<213> Artificial

<220>
<223> Yellow fever virus upstream primer

<400> 56
aaccgggata aaaactacgg gtggagaa 28

<210> 57

<211> 28

<212> DNA

<213> Artificial

<220>
<223> Yellow fever virus upstream primer

<220>

<221> misc_feature

<222> (28)..(28)

<223> n = t-~butyl-benzyl-dA

<400> 57
aaccgggata aaaactacgg gtggagan 28

<210> 58

<211> 28

<212> DNA

<213> Arxrtificial

<220> .
<223> Yellow fever virus upstream primer

<220>
<221> misc_feature
<222> (27)..(27)

<223> n = methyl-da

<220>



<213> Artificial <220> <223> Yellow fever virus downstream priner <220>
<221> msc feature <222> (23) _ . (23) <223> n = methyl-dA <220> <221>
msc _feature <222> (24)..(24) <223> n = t-butyl-benzyl-dA <400> 63
actccggtct ttccctggecg tcecnn 24 <210> 64 <211> 25 <212> DNA <213>
Artificial <220> <223> St. Louis encephalitis virus upstream priner <400>
64 caaagcccct cattccgact cggga 25 <210> 65 <211> 25 <212> DNA <213>
Artificial <22002004P23% St. Louis encephalitis virus upREWEPAW/HBISer <220>
<221> nmi sc fHSUWE-KND222> (25) . (25) <223> n mt-butyl-benzly-dA <400> 65
WD 20041092412 PCT/ EP20041003356 2F586 Wi2A N

<221> misc_feature
<222> (28)..{28)
<223> n = t-butyl-benzyl-da

<400> 58
aaccgggata aaaactacgg gtggagnn 28

<210> 59

<211l> 26

<212> DNA

<213> Artificial

<220>
<223> Yellow fever virus upstream primer

<400> 659
ataaaaacta cgggtggaga accgga 26

<210> 60

<211> 26

<212> DNA

<213> Artificial

<220>
<223> Yellow fever virus upstream primer

<220>
<221> misc_feature
<2225 (26)..(26)

— <223> n = t-butyl-benzyl-da
<400> 60
ataaaaacta cgggtggaga accggn 26
<210> 61
) <211> 24
<212> DNA

<213> Artificial

<220>
<223> Yellow fever virus downstream primer

<400> 61
actccggtet ttececctggeg tcaa 24

<210> 62

<21l> 24

<212> DNA

<213> Artificial

<220>
<223> Yellow fever virus downstream primer



Page 21/ 23 caaagcccct cattccgact cgggn 25 <210> 66 <211> 23 <212> DNA
<213> Artificial <220> <223> St. Louis encephalitis virus upstream pri ner
<400> 66 tctcctgtct ttccaggtgt caa 23 <210> 67 <211> 23 <212> DNA <213>
Artificial <220> <223> St. Louis encephalitis virus upstreampriner <220>
<221> m sc feature <222> (23) _ . (23) <223> n = t-butyl-benzyl-dA <400>
67 tctcctgtct ttccaggtgt can 23 <210> 68 <211> 23 <212> DNA <213>
Artificial <2202004®282 St. Louis encephalitis virus (SPEVEPHWMOEBS6Hr | ner
conpl ement IBOW@EKN t gacacct g gaaagacagg aga 23 <210> 69 <211> 24 <212>
DNA <213> Artificial Page 20/2

<220>

<221> misc_feature

<222> (24)..(24)

<223> n = t-butyl-benzyl-da

<400> 62
actceggtet ttececetggeg tcan 24

<210> &3

<211> 24

<212> DNA

<213> Artificial

<220>
<223> Yellow fever virus downstream primer

<220>

<221> misc_feature
<222> (23)..(23)
<223> n = methyl-da

<220>

<221> misc_feature

<222> (24)..(24)

<223> n = t-butyl-benzyl-da

<400> 63
actccggtcet ttcectggeg tenn 24

<210> 64

<211> 25

<212> DNA

<213> Artificial

<220>
<223> St. Louis encephalitis virus upstream primer

<400> 64
caaagccccet cattcegact cggga 25

<210> 65

<211l> 25

<212> DNA

<213> Artificial

<220>
<223> St. Louis encephalitis virus upstream primer

<220>

<221> misc_feature

<222> (25)..(25)

<223> n = t-butyl-benzly-dA

<400> 65



<220> <223> St. Louis encephalitis virus (SLEV) second primer <400> 69
caaagcccct cattccgact cggg 24 <210> 70 WO 2004/ 092412 PCTI EP2004/ 003356
21640 WO KN Page 22/23 <211> 30 <212> DNA <213> Artificial <220> <223>
Fl avivirus anti-sense probe <400> 70 gggtctcctc taacctctag tccttccccc 30
<210> 71 <211> 100 <212> DNA <213> Artificial <220> <223> Region of
conserved sequence in 3 untranslated region of the genones of

fl avi viruses, whil683a2 <220> <221> misc feature <222>PCTEPR2000A@EF -<223> n
= g, a, C Or2m40WADEN 71 caaccccagg aggact gggt gaacaaagcc gcgaagt gan
tccat gt aag ccnctcagaa 60 ccgtct cggaPassgadd CcCc cacatgttgt aacttcaaag 100
<210> 72 <211> 183 <212> DNA <213> Artificial <220>

caaagceccet cattcegact cgggn 25

<210> 66

<21ll> 23

<212> DNA

<213> Artificial

<220>
<223> St. Louis encephalitis virus upstream primer

<400> 66
tctectgbcet ttccaggtgt caa 23

<210> 67

<211> 23

<212> DNA

<213> Artificial

<220>
<223> St. Louis encephalitis virus upstream primer

<220>
<221> misc_feature
<222> (23)..(23)

<223> n = t-butyl-benzyl-dA

<400> 67 .
tctecetgtet ttececaggtgt can 23

"<210> 68
<21l> 23
<212> DNA
<213> Artificial

<220>
) <223> St. Louis encephalitis virus (SLEV) first primer complement

<400> 68
ttgacacctg gaaagacagg aga 23

<210> 69

<211> 24

<212> DNA

<213> Artificial

<220>
<223> St. Louis encephalitis virus (SLEV) second primer

<400> 69
caaagccccet cattececgact cggg 24

<210> 70



<223> Regi on of conserved sequence in 3" untranslated region of the genones
of flaviviruses, AP196835 <220> <221> m sc_feature <222> (1) (183) <223>
n=g9g, a c or t <400> 72 gaagctgtag gtcaggngga aggactagag gttagtggag
accccgtgcc acaaaacacc 60 acaacaaaac agcatattga cacctgggan tagactagga
gatcttctgc tctngcacaa 120 cnncagccac acggcacagt gcgccgacaa tggtggctgg

t ggt gcgnna gaacacagga 180 tct 183 <210> 73 <211> 120 WD 2004/ 092412

PCT/ EP2004100385804/0386410 WO KN Page 23/23 <212> DNA <2RGBEPRQHPBISE; 51  <220>
<223> Regi on 240 YAk} ved sequence in 3' untransl ated region of the genones
of flavi.viruses, AF196835 <220> <22§a>9‘~°m2§22?eature <222> (1). _(120) <223>
n=g9, a c or t <400> 73 acgcggccct agccnccgng tannnnatgg tgnnnttaac
ncagggcgan aaggactgga 60 ggttagagga gaccnccgcg gttnntnnnn nnaaagtgca
nncggcccag cepdp.gamhn 120 <210> 74 <211> 25 <212> DNA <213> Artificial
<220> <223> <BcanpireiReiarer 2

<220>
<223> Flavivirus anti-sense probe

<400> 70
gggtcteccte taacctctag tecttecccee 30

<210> 71

<211> 100

<212> DNA

<213> Artificial

<220>
<223> Region of conserved sequence in 3' untranslated region of the
genomes of flaviviruses, AF196835

<220>
<221> misc_feature
<222> (1)..(100)

<223> n =g, a, cor t

<400> 71
caaccccagg aggactgggt gaacaaagcc gcgaagtgan tccatgtaag ccenctcagaa 60

ccgtectegga aggaggaccce cacatgttgt aacttcaaag 100

<210> 72

<211> 183

<212> DNA

<213> Artificial

<220>
) <223> Region of conserved sequence in 3' untranslated region of the
} genomes of flaviviruses, AF196835

<220>

<221> misc_feature
<222> (1)..(183)

<223> n =g, a, c or t

<400> 72
gaagctgtag gtcaggngga aggactagag gttagtggag accccgtgec acaaaacacc 60
acaacaaaac agcatattga cacctgggan tagactagga gatcttctge tctngceacaa 120

cnncagccac acggcacagt gecgccgacaa tggtggctgg tggtgegnna gaacacagga 180

tct 183

<210> 73
<211> 120



<400> 74 tctcctagtc tatcccaggt gtcaa 25

WO 2004/092412 PCT/EP2004/003356
21640 WO-KN o

<212>
<213>

<220>
<223>

Page 23/23

DNA
Artificlal

Region of conserved sequence in 3!' untranslated region of the
genomes of flaviviruses, AF196835

<220>

<221> misc_feature

<222> (1)..(120)

<223> n =g, a, cor t

<400> 73

acgcggccct agecenccgng tannnnatgg tgnnnttaac ncagggcgan aaggactaga 60
) ggttagagga gaccnccgeg gttnntnnnn nnaaagtgca nncggcccag ccenntgactn 120

<210> 74

<211> 25

<212> DNA

<213> Artificial

<220>

<223> Example Primer 2

<400> 74

tctecctagte tatcccaggt gtcaa 25





