COVPCSI TI ONS AND METHODS FOR ANALYSI S OF NUCLEI C ACI D MOLECULES DURI NG
AMPLI FI CATI ON REACTI ONS The present application clains priority
to U. S. Rwvowoeviamer Application Serial 5No. 61/036, 953, PCIrluscoovms b4 15,
2008, which is incorporated herein by reference. FIELD OF THE | NVENTI ON
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cl eavage assay), MOWMECELUEFDORING AMPEATOA BION RISACTIORS Wi th relatively
short (e.g., 6-12 bases) anal yte-specific regions ("ASRs") to provide a

m ni rum anount of recogni zabl e duplex for a nucleic acid nodifying enzyne
(e.g., a FEN—ngndonu%leqsel. I?.sone %nggﬂgﬂﬁnts. sagg) Ssaysq ar used for
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for assays with increased dynam c range. BACKGROUND The quantification of

nucl eic acids plays an inportant role in the fields of biology and

”EdiCine'FEBLDQ5ﬁﬁﬂi§3NQHﬁ@fﬁS&CaIiOn of nucleic acid is inportant in

20cancer diagnoSis and prognosis and viral diagnosis and judgnments of

t herapeuti c ef Taepsesém igentiboprotiads ayutent], ethddSniRNAs Gt goifoifrhiagt i on i s
inportant for patients taking |FN. The effect of IEN therapy can_be
directly PHORECHCN FeRetipRT g MOHLQABIR 2 GHCGHOR 382y (¢ EnGlcaEadcep@yhpy. Thi s
enabl ' - al 1o condi tions
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di agnosi samflytdispeaSescgianst(heSR4lD tr grovidom renamphemogat ofi recoghizaglrosi s can be

ef fected exam ni ng.the, expression | evel o NA t hat responds to
exogenous SUHIP T Tt SOBTIgRE sgreclise § RN T auamidesFoinaRBEenous
stimuli. TheoMRIHREOHREGsGh@hR Js@@ﬁfr'té%@et‘iﬁﬁnt@ﬁcaﬁﬁﬂ' 86 oftRF nucleic acid
quantification. However, when PCR is énployed, the absol ute anbunt of the

30anpl i fi edbedivicaiscsugbiaskysawsispbior genaiyping! In eatfairegonbadiaceisgbatsof t he
tar gei5 nuc% el’:%@ ﬁcljtd 0Lbhat11 hasdf §xisgtsed.tﬁhnecne a (Iii fi (%atai on was initiated. At
first,>the HBART" B the Qp"‘r'oc?u%% %m%]l RN %g W%EH@%I |y exponentially
i ncreases every cycle, however, the rate of increase slows down and then
stops when the anpunt of the anplified product exceeds a certain |evel.
Thus, theBAGIRGROBYR: of the anplified product is constant regardless of

e amount o g agseh i) AR ML SHBREIELIR IR AN | et TS
consi der abiotupyvdnd meagiiEnt. i Fot ergmplee quundifivationssfplut feicedtidig ilE&tant in
20  cancer diagnosis and prognosis and viral diagnosis and judgments of therapeutic
effects (e.g., for HCV and HIV). HCV RNA quantification is important for patients
taking IFN. The effect of IFN therapy can be directly found by monitoring the
amount of virus during IFN therapy. This enables more effective IFN therapy that is
tailored to clinical conditions of each patient. Quantification of target nucleic acid is
25  important for diagnosis of diseases in the future. For example, carlier diagnosis can
be effected by examining the expression level of mRNA that responds to exogenous
stimuli in the case of a discase that results from exogenous stimuli.
The polymerase chain reaction can be employed for nucleic acid
quantification. However, when PCR is employed, the absolute amount of the
30  amplified nucleic acids does not accurately reflect the amount of the target nucleic
acid that had existed when amplification was initiated. At first, the amount of the
product amplified by PCR generally exponentially increases every cycle, however, the
rate of increase slows down and then stops when the amount of the amplified product

exceeds a certain level. Thus, the final amount of the amplified product is constant



A techni que known as "real tinme" PCRis wdely enployed for target sequence
5quantification (see, e.g., Bustin, Journal of Ml ecular Endocrinol ogy
(2000) 23’,&70]26@%111;93; Bustin and Nol an, Journal of Bi onolP€TISa009/D8Tbhi ques
15: 155-166; ABI "Essentials of Real Tinme PCR' Part Nunber 4371089 Revi sion

A, AM Priner press Softa 0 "Cettin ed GQuide" Part Number
4362460 R&gardéessyéﬁcmuﬁb@éﬁe t%r%ettnﬂrlglctaéginwﬁah C reAcHan Mgy W cur ve 1 or
each anpl irhisGAbh@RedoRli @RI e & thiak e pﬁ&@é@&%c@dxzhlé‘h SRulPbe @kédinkon of the
target nucleic acid is prepared, each sanple is subjected to PCR and the
accunul at p@mldﬂatpncvdmtqumstlﬁmgéb@ pepdinet angraifiedbyd’CR.. e. , during the course

f th i f | 1, h
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specific to the i fied 15product is first detected above background
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differents, 1 I erti and the
initial co%ﬁ&% er o iﬂgpﬁgrlpg I\Iﬁﬁ% éig%%%ﬁg“?sﬁgne%c %ggpflﬁﬁron is plotted
on a hori Egpicad Satrs 3 DO'qettﬁ@L&tertéd\@mdal Phrt ANubor 4362460 Rev. B,ahudrar get

mat eri al . _An unknown sanpl e of interest a.sanpl e suspect ed of

cont ai ni ng? Qﬁiel%%ﬁateﬁﬁlw a%htffétt“é??%}’e fq(li%'é%“ LARlTERRH OB R 9 Fisk subj ect ed
to PCR U”gfé’pa he as Hﬁl &ﬁﬂ%hto'f‘&{ésta c{lﬁ ¢ &didY I‘é arb@ea t%ﬁ nﬁgg own i s

det erm ne eca i bration curve at tar IS to determ ne
the initi albjcanzlytorﬂﬁﬁmmdfthﬁacthmulmkmoﬁ\prodactpd; éetected in redltene rar, duting t ypes

of honbgeneous fI resc eporti net ho en al .l sed. "Nonspecific"
et oot 1 onteriescbdeane teetib ebtaay BF i dEReATea predulEout 1o 25not
specific h%re@ceﬁ@é)rtﬁé%tac@lmﬁlﬁ't%?Hﬂﬁép&ﬁ@h kS @R am¥dhi & an$RBLUmferidetrget i on
nmet hods verify t accunul ation of a particular intended product.
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reagent S Qétbﬁhﬁméd) TheCMagys! fongie d@rAttdiaughs inkd otk Gallbtyedsnspeci fic, DNA
melt curves can used to check the |dent|t%/ of the anplification products
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as the reaction reporting nethod is.that the es may generate fal se
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nonspeci fi ¢ doubl e-stranded DNA. Non-specific DNA may i1 nclude 5
cont ani nathiengs@&iNa, detqomineethe dnmircbpjanmmbacfor ONapkorwasamidNA ot her than the
i nt ended targerrht hat was abI usin the rinme provided in the

reacti on. 19 AEGOYQ B 610{1}9@ grc?ﬁc‘f Erepyrt Iﬁgﬁ{lf*éfl%% &gy dyes can

nmeke quantiddi CRloh§RcBic" A¥RBGOhERE s &@rageﬁmueﬁ&l SO} I ediR6AKE Buttife amount
of si nal i s dependent on the mass of doubl e-stranded produced in the

react #on aotppedifie &eri aocrorrenmr intgadedarppitconowhile pregc'odetedtion pradastst . A | onger
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double-stranded DNA generated during the PCR reaction and emit enhanced
fluorescence. Such dyes are added to the PCR reagents prior to thermocycling.
30  Although intrinsically nonspecific, DNA melt curves can used to check the identity of
the amplification products The advantages of using dye intercalation methods include

that 1) the dyes an be used to monitor the amplification of any double-stranded DNA

sequence, and 2) no probe is required, which reduces assay setup and running costs.



fl uorophore is rel eased from quenching for each copy of the anplified

nol ecul e, regardless of the length of the anplicon. | 5Tenplate or

t ar get - speoOiI2béc11a32al ysi s general ly requires the design a&ad/usgewiesds of one
or nore custom made fluorescent probes for each PCR assay. Because the

primer sequenc ar.c incorporated.into correct and incorrect anplification
product ali ke, %E? BEREY 1@"8@%@%%‘1’?%%&%‘}?@3&% Yﬁ%/%srtgai‘f%“%rego B§i on of

the targeheaRAuenaetHthaled BaPEIneRO Al Re RItiVERIphals SUC hhdhak tBgressf ul probe
20hybri di zation confirns that the intended target sequence was anplified.

Most r epobinidatp anystoahis-utanilédZBNA wishes seqitenee Nt theyegiyy signalnsf er ( FRET)
or simlar interactions b en, donar. quencher . ul es.as the basis
of et ect B LRSS OaR e BR O SR DS RS el o

anpl i con- spRehinaGn@DORE "Brifkcl BinZ@'S artifadt DN A W MhEMNA 3thér Hangls . 1 n comon

enbodi nents such as the 25TAQVAN and ot her 5 nucl ease detection assays, the
5 nucl eaducnded sy thatevasyblei tajameli pvsabethe priswpapravsed fethereastiobhor e f r om

the quencher mp eeih s ol SR GEAARE! A1 Wes LA ofiGaRfBRES are not

cl eaved, but change conformation 1 n presence o orrec ar get .
Such a chafigenicorrpetaigetcmoicaonpldxdiecsepaliciresurit b€sihalds dglradent bnaim t he
quencher nol ecul e providing,the i ncreased f]uorescence that is

30i ndi cat e drdashiccuwaded DRvpMPicein 15 rctioramphidiertane netdhgapmber
Speci g ¢ GREBialdrhisoBlfe AAVBREAIRRTCH BrddiBl hQASREGHIL Sn@li bifg cat T on,

e.g., due to mspr ng or p imer artifact’s, does not generate a
si gnal andorsdygmoleedebynd thes fdnupnestcence sjekbthtothe sehieswoiber af es t he need

for post-PCR Sout hern bl otti ., sequence anal ysi.s, qr .nelt, curves to
conf i rm t APPSR TPOYCRORRS Hhiaiasn s b HEIOLSHG RFTUSjoUtssed SPEker cal at i ng
dyes is tRabrophecRd RRGScCREMRBchARR R eé(@h@&p?ioﬁﬂ%@%}fﬁ:ﬁegin%lédﬁ%" shabl e

reporter dyes that allow the detection of anplification products from
several dregaidhess of thgdenatle of the ampdicelyl e PCR reaction (nmultiplex). One

primaty di sadvantage of, probe-hased specific detection chemstries arc that
SARUSE Byt i s it e S R AR B S R
be det ect gghthdsABE onESS Bidkd @lsfor®imade @uorkscdnt PBes RrlchcHNMOR@Esa4371089
Revision A). The need to use different custom probes | abel ed with expensive

dye, and Baereh e nEnaEspesncesfdc Bieeipermed e ¢prrachld igedEsee bi nders as wel |,

adds a signifkca iti r '
2ol | con- SRRHAAABh SR i, BRALLED-TPERARCH o AUAREc1 o0 of s ¢ e
di ffi cul t sheitargdi stjuaguitishisigtetastat primetsated tkaguensdsl prdbd el e

di scrjim nation using PCR and hydrol ysis probes generally, i nvol ves the use
of i ther ybrghzagp Wﬁgﬁm%fg%t the fRiaKst eed SSTucaReNAhEAPAYEH i Pded to t he

‘wong' t argftno(§s@ms %tiHEeihﬁﬁ(; cddehERASAn L CorRAB] thdnké e '@leRiE"u §1]) Smiphen

hybri di zed to an %Ilele t atrlt Is not I ntended to anpli such t hat
anpl i fi catntonactahs bheveah deha and quempddeshpleonlehysdtholbyss of dgitiobes desi gned to

omcal boer e gL O endey ol shec Both pproaches of e merfect
when suchpfidBdsGH 8 céthpleRlcB®8Marget. In common embodiments such as the
25  TAQMAN and other 5' nuclease detection assays, the 5' nuclease cleaves the
hybridized probe to separate the fluorophore from the quencher molecule. In some
reaction designs, though, the probes are not cleaved, but change conformation in the
presence of the correct target. Such a change in probe conformation separates the
fluorophore from the quencher molecule, providing the increased fluorescence that is
30  indicative of successful amplification of the specific target.
Specific chemistries are advantageous in that nonspecific amplification, e.g.,
due to mispriming or primer—dimer artifacts, does not generate a signal and is ignored
by the fluorescence detector. This obviates the need for post-PCR Southern blotting,

sequence analysis, or melt curves to confirm the identity of the amplicon. Another



In light of the above, what is needed are relatively sinple and i nexpensive
honogeneous nethods for quantitating nucleic acids in a target-specific
fashi on, wo2B@®Bai27ti nre. SUMMARY OF THE | NVENTI ON | n somreTAaisR@diosHmt s, the
present invention provides detection technologies for anal yzing a target
nucleic acid of interest. As described herein, th et ectian 25t echnol ogi es
i ncl ude r &yentARREVebiE BREAX Rt (Re RTRAE, Capﬂﬂe&%?&fﬁdeval}h difforde _

quant i t at j)EnAlisEReE el Ul tahhVlowstis UERBor LR ifch GRS ploBuds frof TS,
reaction mxtures, and the like), and nethods are rOV|d%d. The systens,
conposi t i egvsral distingtestioisenmay siegleBEB reaction tivuhialdxon One phimather  known or
future deyel oped technol ogi es. |I. one. enbadi.nents, ,the present invention
brovi des derEn sk SLPRBe R Aome e RRRIFETROL TR bbb Rl IREFr obes.

wher ei 91 t bgfck@RHRIbeRts oG ERS Bf @chdFore:- sBquende 0 bY dBidBt&L r(agiure (e. g.,

dupl ex) needed for detection u5|ng§? det ecti on enzyne, me

In so
enbodi mentBssentids ofiReshTinn PEROPrdetimbards AU Idtevasien 4> Ree secdde g&a nucl ei ¢
aci d, .CO”H{ffe%r{E Qus?@lfp%ﬂe@ %1 with &l RAS e d}é\fﬂ Gh& gﬁ‘e tcH%‘r RoicRUChgASE.
recogni zes a structure conprising a nuclerc’aci dhp ex, éefernlnlng a
f oot pri nt optigpabwith emgdihgrbove hinderbas wult) 2lds e sigaifilant lgval @f addidoget nucl ei c
acid in the presence of a synthetic footprint probe and the 5 nucl ease
under conBFRNENE HERGPasehRMPHEORyRRCHE (el H1Be PER; a9elysiobdothsr ¢l eaved duri ng

a target ﬁa}}?&daﬁla@@ﬁé 40 dgﬁ@&ly Ak Eﬁﬂfr‘lg%io%el lr@ﬁ%ﬁ%_@(ﬁd@'ﬁg&?rﬂﬁﬁe wherein the
synthetic footprint probe c nprlse§ an dnal yte-specific portion and a non-
5 target poctimontionhsngPORtdnd hydrolysas gebepainicailly iisvadvdsshawei cfleititer a

anal vt o s BRBTT ot e ToRerb e I Pa et s e R RO ar get
nucl ei ¢ agiifhet fadnded tdBnpIFYIRE alilanwhdienbeialARl kdin Swdd @x¢ i gngdth for the 5
nucl ease enzyne. In preferied enbodi nent's, the nmethod further conprises

det ect i ngint¢raled teampldy) sedrtbattampdifichtiqn efttbe altgd¢ isfimpadédonr hydielysisn. | n

particularly 10preferred enbodi ts. .the target lificatiop reaction is
Aol Jhrer Risbet ASishe A EheB TR TE sy pEfrLBR! RRIP oo Ol ase i s
sel ect ed fhguitdch@is@iminpti®n)ns bsthi piin@fexnsiah Uh@probEbedvipRdanveheasen a

nodi fied FEN-1 endonucl ease, and a chinerical protein conprising at |east a

portion oivhan sycdagismgitherERPICSedonuc| ease. I n some enbodi ments, the
present | nvent hf’fri‘%ﬁiro?wegagﬁv@ Wik ﬁ%e&éq ?ﬁ“g%lé(t{\!eggsiﬂlp!eﬁin A&kheRYGL €1 ¢ acid,

conprising: a) a a’target nuclerc acid in e presence of a

synt het i chpmnopscaidmathbNol qendoatingl makéc avidkan acamgdi-dpcoifis fadhidn, ilhat t he
synthgtic probe is cleaved during an anplification reaction to generate

cl eavell fFEYH®Kts: wherein the synthetic probe is a footprint probe for the
FEN-1 endonucl ease, the footprint probe conprising an anal yte-specific
portion and a non-target portion, 20wherein the non-target potion is

subst ant i SAUMMARY CDRPFIHEERVENTTON sai d target nucleic acid and wherein, if
t he anplificat&on reactkgn i S

ort 1 on of ¢ helt SEEERT IR BrHBelnAE S dAIoC PP EA R OGP EHEH Ger ¢ hat | s
gﬁ e:‘ E?Z L | )%or@n@l?aki(ﬂ@’,a tERE eI £1i@Bl MtBede Ak /BSrided A¥eird i dtdctibn NOr €
25  technologies include real time detection capability that, if desired, can be quantitative
or semi-quantitative. Systems, compositions (e.g., kits, reaction mixtures, and the
like), and methods are provided. The systems, compositions, and methods may be
used in combination with other known or future developed technologies. In some
embodiments, the present invention provides detection systems comprising the use of
30  footprint probes, wherein the footprint probe provides, e.g., a minimum structure
(e.g., duplex) needed for detection using a detection enzyme.
In some embodiments, the invention provides a method of analyzing a target

nucleic acid, comprising selecting a 5' nuclease, wherein the 5' nuclease recognizes a

structure comprising a nucleic acid duplex, determining a footprint duplex length for



10C bel ow the tenperature at which said isothermal reaction is conducted,

or in 25enbodinents in which the anplification reaction is a thernmal
cycling rEaebivwny32the anal yt e-specific portion of the f®oTarseemw/opriobe has a
calculated T," with said target that is at least 5 C below, nore preferably
8 degrees belJow, and still nore preferabl 0C bel ow t he | owest tenperature
used in sHi°P PHEraE an&lg}ejmnﬁg,targﬁ@ﬁ 9%@%&%@%%&%&%5%%% does not

Conpri se gdihdR préic@M ehds REScadRIngtYeontitioRS S@hadhSQ etdedbsphts, the
met hod further conprises detecting the cleaved fragnerits during said

anpl i fi capioba iy dewteil doring a targetlamppidicefianuicagtion tpgefiaat sttarehiaiments.s, t he

i nventi on _provides t hods, compri si ng t.he use .of a nucl ei.,c aci,d

L oo BEm BE S TEHACES uRRIRIbE 0SS H3Rubls: oAt pfhn BHE ngp- ¢ ne

anpl i f3 catdr@n pasiay wlkreintBlc d61-26EEtQRtias KANbSAITI IySRS-dohpldmsatal t@ f oot print
probe having an anal yte-specific region of 12 or fewer nucleotides, and
further c@mgﬁqrg@m@lﬁ@ agbangf whergin g anahgerspesific porgorrfms apiehcetasgst of an

ar chaeon ] 1. > fiyi . i DNA

ol yo ns B AEXEN el RGN BRR R Rlialdr b Rl PRI Rl TS
12 nucl eofdrdiess'tnhalcastrenzioonfl g fired earpl@mneind, dreyméthod flrthegedmprisek ei ¢ aci d,
while in sone enbodj nents, the ASR of thejprqbe contains 12 nucl eoti des,

one or nofCHMAAT elsayed firgmeatraregdhr applifitign sgehes pamsrtifglailicl eoti de in
a target i j : i - br esent
invengfon8§$%§?§§gﬁﬁg?ﬁ%%§&%?“§%?F&%?ﬁﬁégq?%@g@?g%ﬁg?%??ﬂigﬁl, conpri si ng:
a) anpl i f ydangora ngrefetredembedimeasi tieiShnitdwspisaskened fimin h@argupobe and an

endonucl ease. under. condi t i such that the.pr i.s ¢l eayed during an

Sl i T Cabr DG aLe PO & FSER SPTClsrny BPI Tag S ARG e br obe
conpr i ses c@heARA prbRmSRBGIrfsing R Rk Ofbrtibn 6f at 16ast SAIBENDI HdbAIERLI On, and a
non-target portion, wherein the non-target potion is substantially

non- conpl erment &r sonmacmbasdimantgehe nies¢ndiimveatpr prandlenhenathod aflrmalyaingat  bi ndi ng
porti cont ai ns,_ no re than 12 nugleotides that .| 5Sare.conplenentary to
Phe t B gelbafBe R 4slP bombitie) alF by e’ TRl e us MRE AR Thy sai o
anpl i fi cahispithétRaGabboihd 4 FENONEhdenixeiseands cohdiiofy QIR thas the ssHftchiet i ¢

probe. In sone enbodi nents, the endonucl ease is a FEN-1 endonucl ease (e.g.,
a t her nosPebrés feved deriag Ay amalBeation gedctign frygenstate eleavedifiigmeatst o FEN- 1

endonucl e - I ] th limted by
the nat ur angr 8 R S8 R BOGRAE R be F AP IR LB R 7 1 he

anal yzi ngfeopmttipsete cdetpeisingng ahhlgtepspesi€io pertain dnde oartgeict parcbei ¢ aci d by
deteciing he.cl eaved fragnents %urinq the anplification reaction. In sone
enmbod?rentECreihiBe 2RI EFRPICR AL RNy GOPMNEHEY 3p 8de fEgctof a

POl ymY Dbk Beid-and ARt IPRRUGFAChAR RAINOARL BRIBiflerBaldelRbh e an
insertion, a 2brepeat sequence, and the l1ke) In the target nucleic acid.
I n sone enfwdgicrpediBe potien of the footprint probe has a calculated T,, with the target that
is at least 5° C below, more preferably 8° degrees below, and still more preferably
10°C below the temperature at which said isothermal reaction is conducted, or in
25  embodiments in which the amplification reaction is a thermal cycling reaction, the
analyte-specific portion of the footprint probe has a calculated Ty, with said target that
is at least 5° C below, more preferably 8° degrees below, and still more preferably
10°C below the lowest temperature used in said thermal cycling, and wherein the
footprint probe does not comprise a minor groove binder moiety. In preferred
30  embodiments, the method further comprises detecting the cleaved fragments during
said amplification reaction.
In particularly preferred embodiments, the invention provides methods

comprising the use of a nucleic acid amplification assay and a detection assay,

wherein at least one of the amplification assay or the detection assay comprises the



anal yzing conprises determning an identity of an organi smfrom which the
target nucleic acid is derived. For exanple, in sone enbodi nents the

or gani smwe 2oeentri2fii ed at the | evel of the kingdom phylPamuUseta®37196r der,
fam |y, genus, species, sub-species, or individual |evels. In sorre

enbodi nents, the analyzin r s detectin 30 anount t he target
ot el ¢ aEr! 4 o RbRETERD JA R Rt STt UL L ArAOT S KEOUBunt  of “the
target nuﬁﬁ@ﬁﬁth@fzé&nﬂrﬁbﬁ ﬂféldsé( opﬁ %ﬁf&teaéen(f & SAPPU 8- nuclease of d€irfHa88€ Nt

invention is not limted by the source or nature of the target nucleic
acid. 1 n soemkagmibdl Aenckase dfevitaogef a puictsiiel QNiPdpdlsmﬁw)atI@dom om a

Sampl o5 1 RAPRUEERRLHRTCRE R o rot i il & 08, AT ©

organi sm c&ubkw[}e@brﬁlﬂbﬂnémtaﬁiter@t %bd @Jcldlélﬁ@ﬂ \ﬁlﬁlé is.soRelchPdgemsonts kgl e- cel | ed
organi sns), tissue sanple fluid sanpl es . 0., blood, serum plasng,
urine, saAS\Ranth%EmbﬁéomiﬂlI@é)lz naCIéQﬂl(i@é,r@les%imﬂf@Of‘é(h@ anneinvi r onnent al

sanpl e. e 5i ncl udi ng,
at not 1 oEaEh Pl Ateiioril HRIEH KL AR AT 0TI

bact eri a a Vi husomedrabalimeing) the presert amgation plviies nrm)odsofrmalmnw or RNA
or conbinations thereof. The target nucleic acid, nmay npri se natural
nucl ei ¢ afdrert REflsccks coppEypg: h@tqr@plmgéﬁ%rgsfcwl%ﬁ%m 88 Prepneeditbi nat i ons

therepf Ip ﬁ%%%n&gﬂgﬂa&ﬁ@feﬁse dﬂ‘&%; Sontdtfonk %&%gﬂﬁ& RIbE id SeRled GAARE h5eS RNA,
the RNA is converte 10 DNA, for exanple verse transcription with
a rever seamphfistionptasen enggneeate dlhwetiafragetentsuwhaem thc ipcbberypmipnistseaie

coval ent or  non- cogal ent npdifi Ca%féi?lgs t o .one % nore nucl eoti des or other

parts of Fralytspeiie PUtiopgre- éiiatast Rinding reginl anda S9nARE POl nucl ei ¢ aci d
i s et hyl ahediphe A0K- tagetw@n %'b@t@ﬁﬁaq gl aRAN %S iR tln%‘éi Mf&ﬂ;e%

vfs,snoa%
determ ning the existence of, degree o | ocati on”or nethyl ated
nucl eot i degdiand Wﬂiereﬂﬁﬁlartfge@t hindhgpertias icdntains no mare theorkd nemisotiiesshats, t he

anplification r actlon l.o e t he t,hods rase chaln

Fenct [ on: s RN of MRS uREC MRS Seb iR Sl R cati on

t echnol ogi@sndidyd fiapefaion echctidanth wctdighodimn s, iteaplobdisteshtetiogi es enpl oy
a polynmerase. In sonme enbodi nents, the polynerase is a thernostable 20

pol ymer asBrobpnInsinvee embrstimarintthe cpdpauplepsgribn FEN- | gedesusicasede., @xonucl ease
activity. Hie Fﬁﬁ IRl L GAL! O Ogluh %‘Q&lt}%ghﬁﬁte?%)#ﬂﬁuf&ﬁoﬁﬁcl ReS nd

primers. CCOI’SéI ngly, 1 n sone enb he net hods
second pr froer ancdrelgealspkaed)i des. Addi tional prinmer ol igonucl eotides may al so
be us as neeﬂgd gr desire sonme enbodi nment probe cl eavage is

B e
achi e d by fol Hﬁth@riéa%r@éﬂ%@ﬁbmwaéuraﬁ tha g Sﬁg'? thecQnduglsd g
structureg Ih@elﬁ%@m%ﬁiaomb%mﬁn g&‘é%@féct?ﬁgfﬂgrp%s@ndesofftﬁé tbefore the

probe is c?eaved wherein the c eavage structure'i1s forned b assom ation
of the tang@tlc ramdlb@rl d:ct@unglthm diéaveéfragmentpdmbmg‘dlt anpllificstionrregiton. df t he

target nucleic sca[ t?l %lla .second .ol |$on cl egtide thatf associates with a
second red{Bn° PN oihg ahalyziRe EPRPTiYRN AFBIFY I ICPECSRSE Mdgion is 3' of the

first reg?&@n@kﬂﬂﬁn@ %hsshgl@g{duéahdé b@lymmﬁgm g Qioh, @Findertibf, sSome

enbodi nmen the firs second regi ons of the target nucleic acid are
cont i é%ougepmttShq@mée,a@ndtthﬁelnke) umtl@émetermtmn praecht B soate dnebpsimens thaucl eot i de

at the 3 zn?f tnrl1erlse otnd Oinl %nl cltlt%ot |aIr111 tt}?m \ﬁatge sfructure,
overl aps Wlat ag?ogli’ on® ?eﬁnlg g 71’6 elm\é 'he’ p Thiretle t ar get
nucl ei ¢ agideic hBidsoa@ivab @dt Bﬁﬂﬁ}ﬂe, ih b@ma embedlmenﬁslth@u@hﬁl@ﬁﬂ ideleafifiédhe

at the level of the kingdom, phylum, class, order, family, genus, species, sub-species,

or individual levels. In some embodiments, the analyzing comprises detecting the

30  amount of the target nucleic acid. In some embodiments, the detected amount is the
amount of the target nucleic acid initially present in a sample.
The present invention is not limited by the source of or nature of the target
nucleic acid. In some embodiments, the target nucleic acid is isolated from a sample.

The present invention is not limited by the nature of the sample. Samples include, but



13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,.,
40, .50, .. ., etc.) nucleotides in |ength. In sone enbodi nents, the
det ect i ngwetep/uri2li zes a detection oligonucl eotide. FOPCEASIM37I0HN sone
enbodi nents, the detecting of the cleaved fragnents conprises 5associating
one or nore of said cleaved fragnents with a synthetic detection

ol i gonucl KBRuT e (< GRS it an aflﬁégm,ﬁ&[tvr@d&alé%éﬁ%#ﬂs

ol i gonucl ﬁf?ﬁdr%lm@ﬁthﬁéérﬁgéiﬁglegfellé@&ﬁga&m, aIRekAhply, fh@tahQEI®R. & hairpin
structure. In sonme e h

odiments, the synthetic detection oligonucleotide
conpr i sesbwofl.afsaim,(rdasga, ueing, |salovae sekthe likahelcpltuiesamplee amhdodi nent s, t he

cuencher RO BhIE CHBSa R A% i b SRR o808 oBAEBt et ed by
ext ensg onimfudih}e bl ®AViedtcltans, anitsile of, AendehecducP 8s Phi@eMLE bRt iade as a
tenpl ate. In sone enbodi nents, the cleaved flaps arc detected by ligation

of the cl basiesth. pIVAPS ang afhegihdhe fBeiayrlsic may eqmpiie LA s (RN or

ol i gonucl de.. ﬁnﬁl . i fragnents,
when assogﬁ%ﬁé{gtl@uﬁttﬁer% e sh%tﬁ%ﬁg{@g Fe(?e Cé%B?g%bﬁg%%%%%%&%ﬁ%ga forma
cl eavage sioldsatey o synladticinticlelceavdinbeicblys,tdteombMafioentioruf: | [aasme | N some

enbodi nents, the detecting conprises cleaving the cleavage structure (that
conpri sesMhedigAishwhere throtrsst Nericisis Yovmpriset RYS) thedNAreremvarted et ect abl e

Si gnﬁ,})o 'w&r}ﬁri@ﬁh@%gqms&nﬂﬁam)%ﬁﬂ %Q/%rs@lﬁ%h&irlt ShthyinR. gml yzed in

20conbi nation w wn synthetic control target nuclerlc aci to, for
exanpl e, teganotloe aanl mapinctudofcordient wn kowwovdlarn getdificacibes © @eiod more The

resent invention also provi.des c osi tions and systens,contajning one or
hor o conpBHErRTKISEBPHPT PAEE OLUS SryERts, FOnpYATRMlenD SHEF CRBRUTERInYCany of t he

net hods dggqéic e i RlctlyhtcdRone %A MR Enudl EtRICTEN LB A TR [udds CONMpPosi tion
25conprises: a) a targét nucleic acid; b) anplification prinmers; c) a

) | ) . anp | mer
pol ymer as d¢tea)inmgFENexIstemabariudd geensy; omlndaton camatintlatbé hedeafides frethec pr obe
conprgfin an ﬁqak%tﬁﬁpecific portion and a non-target portion, wherein the
non-t ar ge %591%3 i% substantially non-conplenentary to the target nucleic

acid and wher eimsdniteerhigsdi@bntd] thel hi@lifetioh @EucEion b 1S el By MY Bethbd@is 12
nucl eoti des that are conplenentary to the 30 target nucfeic acid. In sone
enbodi nent §olyisease shpjp seaction althoughy ethen temnctsfuke ey@ing of isodwEmeinbodi ment s,

t he conposi ti: i ] , I.ni F : i ... each
nousi ng. onrbftsh shfobeieS iy beiMAlR: Ml BBl RO IR S70,
t he i nventimplyyagmpymees:. tihaomo rpbsdinicars, erechodyrecrase ivartiecradstabliconal

compopents such as_sanple purification or proc ssing reagents or .equi pnent,

det ect! onPRlgHCHIENin soERmNdinghts \AF BOIYEISERSEHICES AraPySoRULgRsE SREVILY-

Many of the amplification technologies employ one or more primers. Accordingly, in
some embodiments, the methods utilize first and second primer oligonucleotides.
Additional primer oligonucleotides may also be used, as needed or desired.
In some embodiments, the probe cleavage is achieved by forming cleavage
25  structure and cleaving the cleavage structure. In some embodiments, a cleavage
structure is formed before the probe is cleaved, wherein the cleavage structure is
formed by association of the target nucleic acid with: a) the probe at a first region of
the target nucleic acid; and b) a second oligonucleotide that associates with a second
region of the target nucleic, wherein the second region is 3' of the first region along
30  the length of the target nucleic acid. In some embodiments, the first and second
regions of the target nucleic acid are contiguous with one another. In some
embodiments, at least one nucleotide at the 3' end of the second oligonucleotide, in
the cleavage structure, overlaps with a region of hybridization between the probe and

the target nucleic acid. In some embodiments, the 3' terminal nucleotide of the



In sonme enbodi ments, the conposition conprises: a) a target nucleic acid;
b) anplification priners; c) a polynerase; d) a FEN-1 endonucl ease; and e)
an unl abeveco®symiziet i c probe conpri sing an anal yt e- spe@cfrius2ofs1ion and a
non-target portion, wherein the non-target potion is substantially

non- conpl errené)a@é/ to th& tar ucI ei c acbd The present. itgventi on al so
provi des HePROALEFCleRULS NG C%P“E 5‘?16%“’@“’%‘8& IR UCIE 3T 1% Rg:  provi di ng

such a copR@gickis@etufcOkiide @m%&ﬁiéﬁ&eth%tsé&ﬁlhlbﬂ@o&%lé/&ﬁ@ id hg PpeRer and the
target nucl ei c acid during an anplification reaction, cleaving the probe 10

with the E@mﬂmmmﬁdmnea@@ to gener ate a cl eavage pr oduct containing the
non-target portion th ti ng e cl eava roduct .
DESCRI PTI ON CF} W(ﬁfétls—’l 5%?%3‘? @&H@sl S&%‘éﬁ?ﬁqcrl E%quggr am of an
enbodi srenteaéntt beapieRaR ddsSiitidaRbhebr mergsft 1 BIPa. Weyrb7 BEXoCR and

i nvasi ve cl eavage reaction usi ngM; ootjz);l nt probes for invasive cl eavage.

Fi gure 2A73P601 Ge2% . th0agrdAo6: & 109,53k BEWRYR2%2d0I 6729 to Figure 1
f foot d lated T f
of foo prg@%ﬁ%??@@m&@t{é '?%|66\§§% 7‘)645]&}93'?‘61%%4%%%%43 8@1§%§icu ated Tms o

34.2 and rve cal’culated usin earesi-nei ghbor nodel

and publ i 636,520, @&72@871@; 6;‘780982 (DV% 585966’59%6 NRT09981,9, 6J7K)9,\8415 and
Sant aLuci a, Bi oc Sant aLucia, Proc Natl Acad

Sci U S A, 70@%@4»)6 @94’26%173/@@@@)6)164%6%%%@ 5&%@3%?@ 1Y, FifglodS1. For the
assaysg) Shewho by Fd EES 8@59@@7 344 496019445 &, 1394"?19!90'6‘(‘)9?1 6ggpPl 1 fied by PCR

in a separate reacétion. The erdse enzyne was heaf killed and an
al i quot ob 09&5432@5{)0/16%7%994;06%5\9%? A888,y780,69846, 0is 5 38B46%i ng FRET

casset o330 4516, 16 BhAES | Neel e L SFLRREL B Mes2, ™

t enper at ub@ERODI B, 90(%1‘)'0?4‘124t Dea7Rb2 36 b 637020 APBT Q@(WO@D@S IFRET cassettes
were then added to'the reactions and the ampunts of probe cleaved in the

initial | ROOVOERI209s 3§01088¢1450 RG0TNAR7 e RRAGHZAZAB2HY00MZ40# 15ng cl eavage of

11 nubt ot P8 e 2T FR PR Fad e oS R BB Sey 2 range of
reaction Q@(mmnmasr 26050271 33, D051 9EI0L 200FN.ESINderandemse from reaction
tenperature e 2B shows the Berformance of a footprl nt probe

havi ng- an2RSR1 64179, AURIOE S8 1 e 0490130 B, 360606 Hice AP0 Esor i ng Lo t he
et hods dsgiResh ! Boddie ) SORCHORHOMDY B AHIE AN bgRERAYS 20COrding (o

Figure 1 ese fa's a probé’conpri sing f 9 nucleotides
al so perf 0008209284, aoaaa)ngesasf, 20630a 84319, Le0RDE L4824 28030am3I7hat per f or mance

et enpes AT S5 B Tab R SH Ml abASBRASR, ™ ©

20030072689, 20020156255, 20020142454, and 20020128465, each of which is
herein incorporated by reference in its entirety. These patents and published
applications also describe enzymes, design, manufacture, and detection systems, and
other components useful in the methods, compositions, and systems of the invention.

25 In some embodiments, the target binding portion of the probe contains no
more than 11 (e.g., 10,9, 8, 7, 6, etc.) nucleotides that are complementary to said
target nucleic acid. In some embodiments, the probe is labeled. In other
embodiments, the probe is unlabeled. In some embodiments, the probe does not
contain non-natural nucleotides. In some embodiments, the probe consists of

30 naturally occurring nucleotides. In some embodiments, the probe has a moiety at its
3' end that prevents extension of the probe by a polymerase. The non-target portion
of the probe may be any desired length. In some embodiments, it is a single

nucleotide. In other embodiments, it is two or more (e.g., 3,4, 5,6, 7, 8,9, 10, 11, 12,



5action, the observations that this probe has a higher Tmthan the 10 and
11 ASR probes, yet shows a decrease in perfornance as tenperature is
i ncr easedworg@erR7t hat t he decrease in performance i s PCRRESAWO3T1He
enzyne's decreased ability to stabilize the probe as the ASR of the probe

0% o Lhelyt S Updti s LorBGe brd agheaE RS I B oL e afta: BB gl ex
stabi | i zi ng;MPRIdBEcSHI @8 MBs. The indicated Tns were calcul ated

according to the nethods described in the description of Figure 2A. Each of
t he probes sholWnsdanre ¢npdimedsgbe flefeetng step utlizasi detedimaptpgeudledsiei ons at

50C (tests _at 52C showed the,.sane results nstratin hat footprint
robes  col Bl aRy: RERITGeh BRUTRME hE Al oI BTRER T eal BlroiBd fred and
used v t heusbeibhig: HResH rhére BRELN cldieediBorh¢hts Wah he&dsthbNddtmpar at ure(s) .
Figure 4 conpares results usi ng either the real tinme PCR+i nvasive cl eavage

usi ng a f ebgprcketigy dbsompgadodigen, the synthatnAnicelionglicopagieqtid)has ar
detection_of m i T <) e aj e i

socumil ac T SRR 55 B Ao AOTRERLE TGt |
backgr ounchei sgnthetioddtadtipatoligomidi@ltids campasdsa lalpg €ap., b flubleecchARMAIN &ssays but

not in the reactigns using the footprint probes. Reactions. were perforned
as descri BB FROEdIERRLS cths Symthefisr ¢stestion Sligomicicgl AR BTt FIBP S8 Aences f or
anplifyin ' : i usi ng
PR+ 1 ast g ST AENRRERI Gy pomotFindleBpE ot CleaVed HBe SIETEE L3 The
resul t s ofxtPGhu oivths cleeval ity agmeaths dytsctumi olggonhdeatgleay adesplgtes Ishown i n

Figure 8, w th genotypi f t sanme,al |l e| es..usin he TAQVAN assay.

i ur s 630 SRR Bk eRva TS 3T e oy uETiopdr i O EAPES duscr | bed
i n Exanpl gncdher MbIE&UIE W SHERh OdotShiRWINGoRARIAE bl @RnblIfk. TPfokdre mutant 30
Factor V target sequence; Figure 6B show ng a detection plot for the

wi | d- t ypecimhediorenty, thgctpercdiegreends when dsseicitadevistCths spniheige detelstoact i on pl ot

for heterogeneous..Factor V targe e ces.. Figure show t he TAQVAN
nosay T osteR Pyt Enals dea el S B SRR be for the mitant
Factor V t@id@etlesRJULB6R: cinbflirR@nBRhS Aewtig: emmied tikhdad tertl@vate for the
wi | d-type Factor V target sequence; and Figure 6F showi ng an anplification

pl ot for Blacssgdaeeprsgs thesynthetyy driection @lisprusicotide) to gemgrgigrie 7 conpar es
scatter ph&%ﬁa@%- S\P detection in the Factor V gene by PCR+i nvasive

cl eavage Wt oo%rf nt probes (as described in Exanple 3)(7B) and by 5 the
TAQVAN assay (FAyome embodimegsrad BAn8Eh copgaanelriddoed isensllytal iaf det ecting

Si nglf base vari ati ogs usi ng tPe,"I NVADER Pl us", assa orrbi%ivgg PCR

anpl i £9 cafIBRNGHINWVEDKNQWP PYHhelit GHOHBEEE PROFC dSidnly: IHSXPRRIEDER assay
(panel SAcisfrifle 4RLEELAG 197 uinbnlHBE: RfclcRkAigrUL ati on of VZV using real

ti me PCR+ I nvasive cleavage using footprint probes 10(panels B and C, with
D providi ng a ihbe pasgetinveonon allsg provides compositions and systems containing one

or more components useful, necessary, or sufficient for conducting any of the
methods described herein. For example, in some embodiments, a composition

25  comprises: a) a target nucleic acid; b) amplification primers; c) a polymerase; d) a
FEN-1 endonuclease; and ¢) an unlabeled synthetic probe comprising an analyte-
specific portion and a non-target portion, wherein the non-target potion is
substantially non-complementary to the target nucleic acid and wherein the target
binding portion contains no more than 12 nucleotides that are complementary to the

30  target nucleic acid. In some embodiments, the composition is a reaction mixture. In
some embodiments, the composition is a kit (e.g., containing one or more containers,
cach housing one or more of the components). In some embodiments, a system of the

invention comprises the composition and one or more additional components such as



Figure 9A-B shows results achieved (using conditions as described in
Exanple 3) in the detection of Hunman m R-2I mcroRNA with a footprint probe
conpri si NyoRROXIIM2Zement ary nucl eotides in the ASR conpRCEAISRH00I03H94
footprint probe conmprising 12 nucleotides, in which 1 nucleotide is

m smat ched tq the.target, 15and a footprint probe having.only I

nucl eot | deTRIE PHIECAGR O RSP ISR T AU BEIRST SRisAiSh SR botaniel pl us 2
m smat chegy Mgk eflli desanafyRls systt@tal of 13 nucleotides in the ASR) was al so
tested. Panel A shows a scheimatic diagramof the test nolecules, and panel
B shows data f hosansaembaskmpaty. thg c@opostionc@iprsopi ds: tefgehiRldd a@l) 20Fi gur e
10A-B shows r.esults achieved in the detecti.on of hsa-mR-17-3 1,cr ORNA
wtn a foBrBITropeBE: ShE el R E P a S Rtardst Pl e Ask
conpar®d WrithetR grosd @intgisingl MRS aBerTicdcHic@rildn dHdcd @-fafRS portiBnvhi ch 1

nucl eotide is msmatched to the target, and a footprint probe having only
10 nucl eobhersén the nppraragiotion i gstepidivtnosreompcraeteyite i tiigcExsigit e 3) .

Panel A's L i : t : el B
chovs dat At A DSl SERRLE, AASBFAMSmdllil bR ShyPRLEE W88 B30 o,
These exaomhpssisfioprdvidihg sidh d @nyxition, fommAlgh ¢lbatage strinddh boeatken e opt i mal
| ength for a FEN-1 enzyne (e.g., Il or 12 pucl eotides) provides the

st r ongest PEpeE e ﬂ@ﬁargpémle}c il dyring i pRlifcaliPA geagHomSIEapme the PP per

| engt hyy but, ESLN i i r, WelaP @@(ﬁ 0

achi e\r/%d Evét:ﬁ(r%lgé)gmﬁrlo%g% Hg@?%gk(ggel%\%%y% ﬁ%tg V%tg pge 0\{/th tzgﬂlg%tﬂitl ma ‘ae%%t h.

Fi gure | pdrtishowthegirolgn and gettingehs elgaraige soduot. anpl i fyi ng and det ecti ng
the human m R- 2| target; Figure 11B shows oligonucl eoti de sequences for
anplifying and detecting the human m R- 155 target; Figure 11C shows

ol i gonuc| ppScerPBaUNe 0FEPHTODRAWINGYI Ng and detecting the human m R-126
target; Figure 11D shows ol igonucl eoti de sequences for anplifying and
detecting the Higwm! pogides RNGhaneatigatiagram @f B gubedimeBt efitbawrastitgonuc! eot i de

sequenges. for..anmplifying and .de ing.the hupan U24 snRNA target. Figure
5 TarbSe iEh SR, AhiBRt POk R MR et AN sl & 5 e
assay desp@bss forowasive cllagdiiee 11, which includes the use of footprint

probes. The data for each target was plotted as fluorescence versus cycle
nunber. For eaFigufaty@rovidestahesio|sHOWES we #1 ghesgax #eerdipg/© Hipeerdost | i near

fit of ooy fo{&ﬁmgg{:o‘é% ﬁé{ﬁ%é ALRELr }1}6’2{1‘?& 1 { i ee&;?itg% fd&le‘&f’a@@df ThE of 365 %L{é’“r €).

The resul arg arc shown in ow ng figures. 155
(Fi gure 126p°C nmespelilvel§;i gleumtedihdB)g; theh&rest Ot RBbOFNgdel end BHlish8d ( Fi gur e
12D); .and 024 (Figure 12E). . Figure 1§A shows the oligonucl eotide
sequefit es PHBMCRAHIOr Y/ u@ﬁ%ﬁ%@@@%ﬂ%‘g@wlﬁé O8NBNAC IR P IgERCMIET yur e 13B shows

the oli 9096‘:%?&%('3@@7)§§1E’d‘§£lﬁeﬁ§ucia8'13r@cnﬂ?éﬂ hhdgciand Aednai.i b Glb@éf)? getor V. DNA

target; Figure 13C shows the ol 1gonucl eoti de sequences for anplifying and
det ect i ngasshgs dcaatdorg tolFifA 1t diogdie;asfayy sitevi BiFighewn2 A bid 2Be tapgdtgonucl eot i de

sequences fqr. anplifying. ecting the GA-2I- target; and Figure
S chowsntlEe A Rgutn e P et e RGE i) 1RGP A GUEERT  ng he
hunman U6 RNAhEAKIRY-and an aliqlidt @EFR PR SA9WSediRanvesEr ss@l réRtissd | ng Fact or
Il with the conbi nation of PCR and an invasive cl eavage assay and footprint

pr obesd f r bwkiEg dikdi lece@sctich gt esin@ the tiggranand mvebize clesvdgestro¢turkadpte 2 with
both the invasive oligonu i and the Aft. FEN-1 ZVyne present, while
o our oo 1 OB e PR GRS Bl ban PRt e BERRE ng ot ¢
FEN- 1 enngEﬂidﬂOﬂleﬁﬁﬁﬁgﬂkr). AppropriatQER ET LhssstidWeert fienradded foshef det ecting

Factor V with the conbination of PCR and an invasive cleavage assay using a
f oot pri nt 9IS and dhg ERQUHHY @f Igpb@lagfeégn the initial INVADER assay reactions

were determined by measuring cleavage of the FRET cassettes. These data show that
30  probes comprising ASRs of 10 or 11 nucleotides have similar broad curves of
performance over a range of reaction temperatures, and similar performance
independence from reaction temperature.
Figure 2B shows the performance of a footprint probe having an ASR of 9
nucleotides (T, of 45.6°C calculated according to the methods described in the

10



2515A-B show the results of Exanple 2 with all the reactions conponents
present. Figures 15C-D show the results with the invasive oligonucleotide
and Afu PEBSR00%Inz32e not present. Figures |I5E-F show t h@C3ArsR0m0M3TIPE S as
Figures 15C- D, except the y-axis maximumis 10,000 rather than 60, 000.
Figure 16 shaws the resylts of detectjng GA-21-R w th the copbjnation of 30
PCR and aR°HI4R] VBN a%@gwcagi%to 186t prifiite Ry 8hi Exanpl e 2.
Fi gures 1%‘0_@05&9Wsﬁ1?@n &R Bl el albes R s WvE N RRES of REctidivasi ve

ol i gonucl eotide and The Afix FEN-1 enzyne present, while Figures 16C D show
t he resul tenparativeshad ithag gsifomnance demerstempdeitly an theAkhdgtioBEMncreuryive not
present. . Rigyre 17 sho the results of detectjng 1J6. with the
Conbi nai | Bigrebih Boim g Hs ve%el B30l BeabFGEhkEMHEEERT nt pr obes
from ExamutRn2thefobGty@fond tifkt Bris pbe hhiea hiphed T Sthah thxa@idel 12A%Rt h both the

i nvasi ve oligonucl eotide and the Afu FEN-1 enzynme present, while Figures
17- C- D shpwWbehect donisrglegicnss inperfaimangs by enticr e it inctresadesugarstythat FEN- 1
enzyme no t. 3 Ta_fagiliitat . i ng of the
ot esont |1 HecleFRaN n oot (ke o the [GoinRel boa B MUBNSIBIBRAY e

t erm " enzyrabehodicpk$Rbf thicghbede or "foot print probe" as used herein in
reference to nuclei¢c acid {)robes configured to forma structure, e.g., a
dupl ex, with, Fiurexshyse Table af (petrring prodeeshosyiae varertiepsin Glowdehs sel ect ed

to fofgn aTﬁPoFPBﬁaﬁ{gte%héHﬁE Woford€ Mone dF eEé)f)ro%esS@dn?a% dtp‘?ékeétalefiziﬁ%ZyUe
response to the structure.” I'n some enbodi nents, a footprint probe is
sel ect ed twighceviadieastNMi&Bri Theraldistadibmhsiverenmboessed ycctlingg todjt imethods

performance (.e.g.,,recognition,. binding, clLeavage, etc.), while in sone
Erbodi mentisetBed gt ARREP B ieded Satbal 5 Py s v LUSEMRan « ne. m ni ma
structur ef)él%&%i%ﬁ% Yovha @ik e OREVAIR e RELALATOPC Grests YL TNRbwk ehdR@hfcOr mance is,
for exanple, restricted, reduced, or otherwi se nade nore stringent inits

appl i cat i owultgydanegnstrhtingxhatpioetpaintiprebes ¢anmrisinggAbReof ahoahi? onfevo any

R e T N e e A T S e

| east abowdactleh Raperapatsy between a probe and target strand for optimal
recogni tion and cl eavage of the probe annealed to the target nucleic acid.
General |y, a | Bityer4 perapecy weget usigpdider thapieal meRClysigsasdea ¢legyageduci ng t he

Civiti ‘ ‘ . : . Y
S(er g, mifhs KHTERDXOR: olRToy NIy PTRGHANRG) HRhAT) SEELEARE drd) 2, V! 1Y
probe thamiRridyinde®Radi Thapahtadicploaxtrdte gt bigwdltabauhulation iRdsseade tien t he

activity aof interest of the enzy .g., prabe cleavage by the FEN-1
enzynmd) - wobRdy@HEs aﬁeﬁxﬂgﬁaﬁqaywpg?@i%ﬁﬁ@ JdiThR fodRAEt Cogtrpﬁ%%ﬁont pr obe

for this mﬁﬁ-m@% gms@aysfbg% n&t i AN a@RAQNMAL %ﬁo@m P@pgaxi mum

activity t he probe-target plex 1s at least 12 30base pairs long, a
pr obe pr oReditiogs wereepenfosmegas describedgn Examptr3.16, or nore base pairs of

probe/target duplex, woul d. not generally be.consjdered a footprint probe
Por this part | EOES shpieofe STaRIFuiRe RERPRL o acassbiiadr o Lo have
nmaxi mum agiip\ih byFaefdt W 4hR0sdgiendenRRe -HEdRtastRi@XasSwah fdfRpsdt 15 base
pairs long (e.g., a FENTroma different organism or nodified to have a

| ar ge?5 f obtgdes.nt, or used in conditions in

Figure 6 compares the results of PCR+invasive cleavage assays using the
assay designs shown in Figure 8, with genotyping of the same alleles using the
TAQMAN assay. Figures 6A-C show the PCR+invasive cleavage results (performed
as described in Example 3), with Figure 6A showing a detection plot for the mutant

30  Factor V target sequence; Figure 6B showing a detection plot for the wild-type Factor
V target sequence; and Figure 6C showing a detection plot for heterogencous Factor
V target sequences. Figures 6D-F show the TAQMAN assay results, with Figure 6D

showing an amplification plot for the mutant Factor V target sequence; Figure 6E
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which the footprint is determned to be enlarged froma smaller footprint),
a footprint probe for the second FEN-1 woul d be a probe having an ASR of 15
or fewer WOoch@dtirazeés The term "footprint dupl ex |ength" Pag/uss@d/opapei n
refers to the mninum5 length of duplex at which a dupl ex-recogni zi ng,

nucl ei ¢ aci d .nodi fyi enzyne,. e.g., a FEN-1 endonucl ease, denpnstrates
full acti WEY"gAD ﬁ%@ﬂﬁaﬁ@flﬁl%ﬁglﬁ %{3 wianetrdn™y RS AR, e FEN- 1
endonucl egp gnd\avhRE afFpKEMDNaast (bl hoterdBERoLOLaREOP @ark@r@flendip! X is at

| east 12 base pairs |ong, as discussed above, the footprint duplex |ength
of the FEN-1 ehpne’ cemparehspsticnrptsdor SNIP defegiranin thy biséorgégercddyl y provi des

ASR th 0 h | h . edi he .f ' dupl
ength of PERG BASYElehr on U RelrPinEMipables FEFRE DRt SRR oo™

her ei ng tﬂ@jt/egmﬁnﬁggayimg)iange" refers to the quantitative range of
useful ness in a detection assay ( nucl ei ¢ acid detection assay). For

exanpl e, the dyieam %Amwwesdhﬁ‘/?éﬂghé @@ie‘é@ﬁmgﬁiﬁgwe Vaiatieas pEnge bet ween
the smal | %%“HQV’%R 9qu" §§és?¥ ?&P’Qfﬁ r{gnlfadgﬁtﬁwéﬁﬁgation%Wp%ﬁ‘ﬂ-g{hﬁ[i}icﬁnﬁ the

| ar gest number of viral p cles assay can ngui sh bet ween.
As used hectettion dsing theIN¥ADHBABEY (paadlBA)paith ésttctiohelfevild @paoyOka gani snms
i ncludi ng plants, m.croorganisns_and animals (e.g., mammals such as dogs,
cats, |ivBS{BIOROf Y HepRFY imsBfke" IEptiye PravRas BSip@ QAR Hrofss

ol i gopmcl ' ' f j point of initiation of
synt h[e'(gi s%glg%p{%’dwﬁ%gyg?gﬁgﬁtl}%% e?%o |1)§h prinmer extension is
initiated. An &lgugo9id swtwsdesultpracimerdd (omyg ocwditiomsats Wiesdribgd ims i n a

Grhod ment Bl i1 8 AGEF UL UATBHR FaR 3 STSERN GrTh SroeBY Kb nuct of

acid, ext @d;}ﬁff)&ﬁngiz E&}ﬁP@ﬁf’eﬁﬁfy %ﬁile%tig@iw thé Q8$ﬁd§%?ﬁ%wit§ HeSbthiat a

conpl enent of the tenplate is forned. erm " cl eavage structure”

as used herobgompesiag 42 moclgotsdesvotwlrieh 1 hatleotalefip mwoktphedtth ¢ha tatgst.act i on of

at |l east on robe ol i,gonucl eot i and_a target, ;nucl ei cid, formng a

ot ructtr e SREh By R ReRt FEnRi%Rel RYREASR P ARkl crvable by a
cl eavage s®apemehasy) tebladdideplud Qtmikibich&bndcleotideLidysmial Bhe3 cl eavage
structure 30Is a substrate for specific cleavage by the cleavage agent, in
contrast Becleptidgs ineihe Aedd avarsiedetted. t Prael Ashews apdicmatie dfagrammehthspeci fi c

cl eavage [ ' ic acid
nnleculesg%}gﬁggpé%éggggaﬁgpggggﬁggﬁgﬁégéﬁ@giygﬁg%&Q?&&ﬁ@uggﬁﬁgbfon of a
dupl exed siiR«dtRINA.is required). The term "invasive cl eavage structure" as

used herein refers to a cl eavage structure conprising i).a target nucleic
acid,?9i) an uBg%ﬂJFeeia%-#u@P@iSée b achigyeg in t qtmﬂmﬁg@rma%ﬁa%n)eou de), and

i) a dopnshRRAMWIHG!EHH Sorfiprisify P &Rﬁalemm%ﬁg&g;b%ﬁ%’s%&ﬁé‘m and

downst ream nucl ei ¢ aci ds gﬁtﬁbe@i)é t o contiguous regio t he target
5nucl ei ¢ aSRdgongradcdnhneh e farpomerdlapcongrsmghidt meotitése iawBichdrti on of the
upstream nucleotide is mismatched to the target, and a footprint probe having only 10
nucleotides in the ASR, (using conditions as described in Example 3). Panel A shows
25  aschematic diagram of the test molecules, and panel B shows data from samples
having 6 x 10° copies of hsa-miR-17-3p microRNA. These examples show that,
while having an ASR that is both near the optimal length for a FEN-1 enzyme (e.g.,11
or 12 nucleotides) provides the strongest detection signal, using a probe having an
ASR of the proper length but comprising a mismatch provides stronger signal than is
30  achieved using a probe having an ASR that is below the optimal length.
Figure 11A shows oligonucleotide sequences for amplifying and detecting the
human miR-21 target; Figure 11B shows oligonucleotide sequences for amplifying

and detecting the human miR-155 target; Figure 11C shows oligonucleotide

sequences for amplifying and detecting the human miR-126 target; Figure 11D shows
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nucl eic acid and dupl ex fornmed between the downstream nucl eic acid and the
target nucleic acid. An overlap occurs where one or nore bases fromthe
upst r eamuoRo@oMARY r eam nucl ei ¢ aci ds occupy the sane p@®€SITILSAVINBTING r espect
to a target nucleic acid base, whether or not the overl appi ng base(s) of

t he upstream nucl eic acid arc 10canpl enent ar ith the nucl ei ¢ aci d,
bnd whot hEPER RORS vt h L T & Rt i Costhedhs BrmdioHb AR A hees. 1 n
some embogh"BRLR lltEfk%o%s o cRdtial sédﬁ%néé@%tr a&‘ﬁﬁﬂf?ﬁ&g'aﬁ&i GeRetif) thhat overl aps

wi th the downstream dupl ex is a non-base chem cal "nDi ety such as an
aromatic humgnélﬂﬁmnRNlAetarwtg , as disclosed, for exanple, in U 'S. Patent

embod mont o, ob RS e ai RSt R pRRFEE PR Wy R 0 cach

ot her, 5 e. gsing tHIR4FMHeighOMRIVENH Higurk agewBidR hchsded ued Bk 6f Bsdtghit em | oop, or
through a non-nucleic acid chemcal linkage (e.g., a nulti-carbon chain).

The term P é&v"él@fed%&wacfbﬁargeévvé&pl@géd ay mmscagcm@éwswwlémnmﬂo@f ers to any
h | b
{Tm“tse; f‘igoéz% ﬁ%‘a@%&é fth?éthg £ a{§91 ec‘hﬁﬁ%a%@‘?h Béi%%% df@@#;ﬁ@@ﬂl@a ut not

ructure- nucl eases ure-specific
enzynmes" aemngen&selt(bwbm@ﬁomezg caple Giglided. E&s:&s@larfysr sdchusietres in a
nucl ei ¢ nol ecul e and cl.eaye these structures. The cleavage agent._of the

i nvent i onshavenipele follondngfigurasiniRaby e iguse i A Y Bonsd gy heBhmiBence of a

cl eavage $h¢ 1%5}2C tué 1PBSESSarM c ihe cl eavage agent cleave the
cl eavage strgpé ure a anglg%t ?c Iarﬁoc@%n %mg)t hin the cl eavage

25structure. Theudd bhwalgmsagenhgmlepndé sedjecmgs feraseldying und yetpetongi ded from
a variety

ce Iudl he EAVASE e nes from Third.Wave
Feennor ooltBwe BRI eI ko fl P s aeS ! PrRERUE vy RADR
and XPG prgf @ét&smgamfa%&wr@NAotrargw%ﬁr@d 3EENb s BRZNIFBSu@EotiR Meri cal
enzynmes conprising at |east a portion of one or nore FEN-1 enzynes), and

enzymes Coenes figr aanlﬂifymg @hé éstectatgtthv facyor IEDAA tsgasubgencdBDathoms| A

pol Yt as o RORtl st EphEin o B LEA R Pl et o

i ncl ude nesl Figeft DR AHROk YiEsla®atclbatidengqiencey ol eapBfyand dnd deyedtitiy tﬂeackl ng
synt hetic achwé%/N Exanpl es of cl eavage agents suitable for use in the
net hod anBumpi HodENAREEHr esent i nvention are provided in U S. Patent Nos.

5,614, 402; 5,7 634 in. No
00 98] 33774 s Brmua e A gt ade AR o fBilafdlog PLT NS
i ncor por aPER doyl alhe'lfl‘ers'ﬁile(r:&aivﬁgei efsSayemIdl foetpyint rébes fe@n Bxambrr roBipadel e” when

used in reference to an enzyne, such a 5' . nucl ease, |ndlcates t hat the
enzyntl i s %&3}%%@ reﬁﬂﬂtéef ﬁwmelﬁ 2gvith ﬁ%ﬁt Fav Y Qigoapglsotide and they el evat ed

onper o s P\ i SHE T aher U, SO SROBELI e v
75C, 85C, oBguckbtdg and Afu FEN-1 enzyme not prege-rr)fr FHE O or hrgher (e-g..
Figure 15 shows the results of detecting Factor V with the combination of
PCR and an invasive cleavage assay using a footprint probe from Example 2. Figures
25  15A-B show the results of Example 2 with all the reactions components present.
Figures 15C-D show the results with the invasive oligonucleotide and Afu FEN-1
enzyme not present. Figures 15E-F show the same results as Figures 15C-D, except
the y-axis maximum is 10,000 rather than 60,000.
Figure 16 shows the results of detecting GA-21-R with the combination of
30  PCR and an invasive cleavage assay using a footprint probe from Example 2. Figures
16A-B show the results of this Example with both the invasive oligonucleotide and
the Afu FEN-1 enzyme present, while Figures 16C-D show the results with the

invasive oligonucleotide and Afu FEN-1 enzyme not present.
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10The term "cl eavage products"” as used herein, refers to products generated
by the reaction of a cleavage agent wwth a cleavage structure (i.e., the

t r eat mrentwof2o@/aravage structure with a cl eavage agent PCT/US2009/0389used
herein, the term"specifically hybridizes" nmeans that under given

hybridi zati on condit{jqns a probe o ri.me ctably hybridizes to
substantial l'y bl ﬁ’s@}?@vstt_%%évlt%@q%%ﬁ%g pﬁﬁ@dﬂﬁ] GCCOMBIAEPhE’ t he tar get
sequence prRend shheVRivieTldabhidd BB usiy HRIEFIRBI B OWBM angld on to
non-target sequences). In an anplification nmethod that conprises cycles of

denat ur at Figwresnd AaBnbaw ithgresdl tsmidixeinplea ivdth kotly the ineasgestadiganeclgntideer s or

probes, giyv ridi zation conditions..i ncl he copditions.fgr the

Pneat | gt thg N RERG s PRSP okPReEkGSS 7-Ch R SRt Msrper at ur e
sel ected aRadi0¢ begdhasicsti®d ardr £ [ated eli&prmeaadpréﬁént conditions suitable for
t he pol ynerase enzyne of choi ce. he term "anplified" as used herein

refers to an increase in the abundance of nolecule, noiety or effect. A

target nu i Koy be anplified, e.g., by in vitro replication such as
by PCR Ablﬁglﬁﬁfbgsg a detectable event or product that indicates 25the
presence of a Tarfgelitartuml@idersadiihg of the prégent@entiva); @ indmbéhe té@ismand
"anplification nethod" as used in reference to nucleic acid anplification
means a pPYaEsaroActulsddroMeal Iy anplifying the abundance of a nucleic acid
of infgrest. S o 5 (WelaB ds. o . ner. ai:n reaction,
or PCIR conpri gg@@gﬁ%ﬂ%@%ﬁ?& %Opgt ﬁrerfﬁ%t?ngt ngit)%fr%tu?%ﬁl}&o ilgonucl eoti de
30pri ner waferendd tnguutleictaenpprabes conkigunet és foramdstrustireiecg. acduplpowither ase

extension.of the anneal ed priners. ndi tion nd tinmes necessary for each
of  these B EHUMEIRet RERt TRABACIKN IR (APEDC S BIPPY LAV TR mot hode. ar ¢

conduct edg@fct@e HbOBbLy FEPRIRIMNE A BBy cd8§IREL {0l tBOSRRIIB! In sofgcunul ati on
of the products of anplification may be exponential or |inear. Sone

anpl i fi catinbedimsnisodotrrird et inppedted oardgae theeninida stratpld opesshiy

abundance .of t arget sequence, e.d. Y copying it ny.ti.mes (e.g., PCR
MnamarS i oA BRGNS Rrediufian, PibafRpMlel e IRRhik TSRt i O Cave,
| CAN, RPAcmB&lithentdADfootdrint probotis k@@ paovilie fdss thiah @it mbtimeidsruanpd i fy the

abundance of a nucleic acid species that nmay or may not contain the target
sequence, NGIgHtary fas oatipel parfoampege, sfchihatdhe pafireanesist fRecmedence of a

particul a i ti e TN § jhg circle

anplifi Cah%f}cfi&%ﬁ%@%%f‘f&@f@g@ él %ﬁ?é %ﬁeeétﬁfg%etqlg}&ﬁgeatpﬁgt stlogr e sonetines
referred to asBYysigndlcxampleiaht @at limitingrte¢ hedstionSormy pagicalar angticf i cati on
met hogs may. .i ncr ease the abund&gce of a species of][nu | eic acid by

converq i ngCd AHYINSTHZHUE R EUGIP neclepse: g, RFERY] AROMHEICETaPEY ng nucl ei ¢
acid to forkslieauaned B f94C &urpég{ of*;éfml)%ﬁ S04t MIbdst pRi¥s b&wden a

pol ynmeri zation or ligation. Ata I cation thod may be applied to
a signal pwbeeund arge sgand eCRpmmyl beognstenh dand ghravaigosf thop®be epicaeddd t he

\F/) ;?g;?t O{he%arlgietgnautcile?cl:’] écig.l 8%1\1/&%%’1, acigngne? gfotb%[t 1%tet (?ucl)ﬁég, While 53¢ Itleicggls)afilyor vice

reducing the activities of the enzyme, does not provide any further increase in activity

25 (e.g., in binding or cleavage activity of the FEN-1 endonuclease). A probe that
provides additional duplex length without an increase in the activity of interest of the
enzyme (e.g., probe cleavage by the FEN-1 enzyme) would generally fall outside the
definition of a footprint probe for this enzyme. For example, for a FEN-1
endonuclease having maximum activity when the probe-target duplex is at least 12

30  Dbase pairs long, a probe providing more base pairs, e.g., 15 or 16, or more base pairs
of probe/target duplex, would not generally be considered a footprint probe for this
particular enzyme. If a different FEN-1 endonuclease were to have maximum activity

only when the probe-target duplex is at least 15 base pairs long (e.g., a FEN from a

different organism, or modified to have a larger footprint, or used in conditions in
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As used herein, the terns "polynerase chain reaction” and "PCR' refer to an
| Senzymatic reaction in which a segnent of DNA is replicated froma target
nucl ei c aw0QR0MI1932lr 0. The reacti on general ly invol ves @KTAS2000/0311P4 a
primer on each strand of a target nucleic acid with a tenpl ate dependent

DNA pol yne e roduc y of a portiaon of that strand.
The Ghat naPaRars SiTRa S Ge B Pk b eSO B 20T B i Tne. DA
strands, Bﬂ%eﬁnhﬂegﬁ%hﬁFEN'TQ%hRMﬁQaﬁ%b@Q&Hﬁ@hﬁQSRQﬂQBHQW%@&4”Er anneal i ng
and extension, resulting in an exponential accunulation of copies of the

regi on ofnuﬁeﬁﬂhﬁget nucleic acid that is flanked by and that includes the

"t e general P ot 18 0 R B RN PR B B Gl Cah SRR <t r oo, A

used her eidngtht dTelupRk Mt WRIdhEedupdkniRaddntdng, MRt RISacidme ﬁffihg eRASNd, bat, perm t
250l i gonucl eotide primers to hybridize to tenplate nuclerc acid strands.
Condi t i ong FEd\-1 prdannelcasendemonséyateafyll otivify im thel cOngitinaeich waegjipand®rof t he

primer a“%(a%;ﬁ ,%ﬁPEFEH 14 e@&%ﬁﬂe&%%ﬁvﬁg?n&ﬂnuﬁﬁ% ﬂtfwﬂ@r% ﬁ{erﬂr&b%dtaf)gret

cal cul ate

anplifiC&ﬂﬁﬂﬁxﬂﬁﬁhﬂd]QhﬁkepmmdbﬂgﬁmKMEﬁﬂE@yﬁhmngmﬁﬂmphﬂﬁﬁmkﬁquyﬂgfthe
tenperature after a heat denaturatiqn step to a tenperature based on the
30T", of thed BVl pBrymReulemage Py 4 qqtlh%n@mtﬁ SRy PE VRS AR

annea o ”gh sa len%th%? tH%ﬁE’xﬁi%&@éeﬂm tth‘@ otoﬁ{rfﬁt dﬁﬂgk gén’gﬁpc#ﬁhé‘&?yﬁ{e%ﬁ?' d* is

used in referen 0 nucleic aci at may i ed any
anpl|f|cahmumtheprdnﬂbﬂmn$e¢ontenplated that "anplifiable nucleic acid"

will usually c i sanpl e t, at e. te r eal t me" as
ted horain’i PATRL e TR Smt SR Bl apec seiee e ASqnLiilrs Festl on of

si gnal anmpldffih&atih Q'&eﬁe@tﬁ&f é?sséf’(et@ea %ﬁ&&ﬁél@ﬂe@&lm%%e%f‘&xa%{ 14, hige
accunul ati on of products or signal in the reaction whiile the reactlon isin

progr ess, dgnagic rangeioh g virakddbeationaswy it ﬂherrme b@menrii@e sngul bkt mlenbse of on or

o oo LS e bRt e, RoRORI RS R s s hufiB¥e GISEHE pRlicBelal L Y, 14

may be a e@aptcapdisipuish@etvdcanpl e, in a pol ynerase chain reaction,
detection (e.g., of fluorescence) may occur continuously during all or part

of thermal cychimged lreing theggrme Ceubiedtt ands'ipetienty refeito neorganiBIe poi nt s
duri ng O”ﬁl ﬂ{] r?}%lgntgéﬁefcgol‘;%lmsn?soaﬁﬁ a]%‘g@&et?'(%?, {Iﬁﬁmn{a?@éuch'agﬁogg?%ﬁgt' on of PCR

is acconpll ning a uorescence a € sanme point
(e.g., a hvamxmpmnﬂummn@he cycle, or tenperature step in the cycle) in each
of a Eluralltyﬁgf cycles, or _in every cycle, Real ti QEtection of

anpl i 1 cati on” Y 'eHMs BIBET T iEfEy foath qligontclersidedhatdheanghie getingre 2

anplifi Cai}bl‘ﬂpof ﬁﬁféﬁbf? of synthesis when?ﬁadéa %ﬁd&%ﬁ&lﬁoﬁ &vIicHh rnef ever Se

transcription reverse transcribe” refer 15to the u
t enpl at e- dﬁpmniemmlp@ﬂeynﬁmaﬂgonmlmtmidUpemar”DhtAz @ctcuamiumtimsetrent ary to an
RNA tenpl a ance |c aci d"

t
ot er o T o DU FIERTOLAIER 55T 6 Pi LR HEVSERG] B Wer e g iesite pr esent
ina sanph@oﬁgo@ueau@é prichBY6is A5RARLh b SerBBR matlele dcef, 8kieR€on Of ihB ftqﬁ{ems of

mass mass unit of volunme (e.g., jigs 20per copy
nu nbeiSS ( elsqemp%Oﬂ(ﬁFp@mtﬂné§quthat 1 egroplenentorf thoigpptaterisormpest: unit  of
The term "cleavage structure” as used herein, refers to a structure that is

formed by the interaction of at least one probe oligonucleotide and a target nucleic

acid, forming a structure comprising a duplex, the resulting structure being cleavable

by a cleavage means, including but not limited to an enzyme. The cleavage structure

30  is a substrate for specific cleavage by the cleavage agent, in contrast to a nucleic acid
molecule that is a substrate for non-specific cleavage by agents such as
phosphodiesterases, which cleave nucleic acid molecules without regard to secondary

structure (i.e., no formation of a duplexed structure is required).
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volume (e.g., 1000 copies per m, 1 attonole per i.t1l). Abundance of a

nucl eic acid can al so be expressed as an anount relative to the anmount of a
st andar d WO 2kevoMm32¢oncent rati on or copy numnber. Measur elemtusedooabundance of
a nucleic acid may be on any basis understood by those of skill in the art
as being a sui&gble quantitafive 25requsent%§%pn of . nucl ejc acid
abundance, i nclTOiSY PR{SIVE SlcatrasSIpgiuts 2p HeedergR &Seis e AEloRvaRensi ty,

refracti V@tant&E%?ngrisiﬁg?)i DiaRt REQBBREIIES) arPlipsRBarh REcIBRSLRI @fg. ldie intensity
of a detectable Iabel, "e.g. a fluorescent |abel. The term "anplicon”
or "anpl i INE4DIRodigotucleotderandtin) adewgymsam roklomuastie(ag. acpwbelgamercal |y DNA,

generated_ by an anplification process,such.as the PCR process. 30 The terns
O s o R AT R SRR REBREE oo B el Bubis BRRS ST Re oo

net hods t hadlcie ApildOn dRMRerb @h YIBHRSBEms BateBerBthe MASBAtiof WAthcalpStream  The
term"anplification plot" as used in reference to a thermal cycling

anpl i fi cabpdeic peidend guplesfeimedibstwira the dewrstreamgwmealeia deid andsthp fgdtat i ve of
lificat] 0. i Wh d i
anpl | 'Cah{lé%&c aid9d Any i‘lg?lﬁé?&ﬁ@%fi’.ﬁﬁfé'o%ﬁ%} n%p}‘eeBeE%B?er%ﬁ%bﬁggﬁ%Q&rand €n usea in

reference to a non- Ification ne an anplification
pl ot genedakhytreaefmickid arids qlcopy ik shine paddomiitatrespoctab asargaaducksc a function
of tine. The term "baseline" as used in reference to an anplification

pl ot ref epddbass Wacther ot fhegVsHAPPIRD RIS PF BihursEasmbedciaagdiafs cat i on
react y®ns | - I g0t i Lmi tial
Cyol oo sTRRRELAERL P MR RIGREed M DRERSE nB 06T bageht Bl . %,
"t hr eshol Hasey ot eSn-patutas babeh elneiomei ambrodirecres ¢lee 3' @orteal oftthevepstiesrmct i on duri ng

an anplification . reaction that is thermal ,cycled refers to .the fractional
cycl e nunBesieiacidiidioverps gaitbtbe davas i YRS & nopchisecheBEd 9IS es t he

fixed thregholdn aldW AR Ry MuchiSe, LYTRIsARIKONIH Ok 110 4. gt neontrol ™
(or "NTC') as used herein in reference to a control reaction refers to a

reacti on 6:098afpliacarherateddercimby rafomnes in itsenpiteat. elngomeangetlinens, ene aci d.

It is,used to verjf i fication ality. The term "passjve

ref er Bhooo BEre Qe fuctiiB peith iy bR GG s Heh ther ey apiiehgt sPaREL 5

ref er encelifldg@rshel as midtdic &8d stefhyi@op,tdtaliroRIOY héBudBiciadidedhalical f er ence to
which a | Sreporter silgr]al (e anot her dye) can be nornalized during data

anal ysi s. liNeieedy-Bzam h‘C?@OQég@?ﬂbl ly necessary to correct for fluctuations
caused by Cha”@‘ﬁ@%e'n% '@fé@fﬁ%ﬁﬁ@aﬁlkﬂ& QeaVPeHTnt" ag psed ﬁ'efﬂ?yﬁ 6%&516‘%@' I zed

reporter” refers to the orescence em-sssion I ntensi the reporter dye
di vi ded bynchinethid in ofdiestabeaemgssdl cavaghstanrsirt yindbdinh®upastdinvieed20r ef er ence
dye. 20  enzymes. "Structure-specific nucleases” or "structure-specific enzymes" are enzymes
that recognize specific secondary structures in a nucleic molecule and cleave these
structures. The cleavage agent of the invention cleaves a nucleic acid molecule in
response to the presence of a cleavage structure; it is not necessary that the cleavage
agent cleave the cleavage structure at any particular location within the cleavage
25  structure.
The cleavage agent may include nuclease activity provided from a variety of
sources including the CLEAVASE enzymes from Third Wave Technologies, Inc.
(Madison, WI), the FEN-1 endonucleases (including RAD2 and XPG proteins, and
natural or modified FEN-1 enzymes or chimerical enzymes comprising at least a
30  portion of one or more FEN-1 enzymes), and enzymes comprising a 5' nuclease
activity, such as eubacterial PolA polymerases including but not limited to 7ag DNA
polymerase, 7th DNA polymerase and E. coli DNA polymerase I. The cleavage agent

may also include modified DNA polymerases having 5' nuclease activity but lacking

synthetic activity. Examples of cleavage agents suitable for use in the method and
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"Rn+" refers to the Rn value of a reaction containing all conponents,
including the tenplate or target. Rn- refers to the Rn value of an
un-r eact adoampl1ei27The Rn-val ue can be obtai ned from t heCgarskeongnabes of a
real tinme reaction, e.g., a real time PCR run (those 25cycles prior to a

detectabl e. increase in fluorescence),. aor froma reacti t es not
contain a \is ¢lefp pLpsent invention VRRAOV! %d mg[é'rst gat%%%qsegéﬁéap% ?ﬂéé?égm tude of
t he si gnak ggspgoat e 4 vheo9RY emdIRIT RbpA™RbL W@k L£apdi tions, e.g.,
PCR conditions. The ARn'value is determned by the follow ng fornula: (Rn+)

- (Rn-) SN AR; e Q0 1903 Kiousadoelowbich s ker¢in magspdate ¢ by eefetenect  a
st andard ﬁl,lltl’ve . %%/ runni ng standards of varying concentrations, one creates
a standar 8§ "SGPUED r om whi ch one can extrapol ate the quantity of an unknown

sanpl e; The tdr@rMerinbEt@sIBolEen asedus edfelelcd Bf@rcaRGEae, tsQck &ad 51 me
detection of an anplification reaction refers to the average standard

devi at i onnegledmp, ipdicatentabthecpzpaRisdyrgtogal enictiypliice gabperipmpeitalstiabl e

factor. The t b i - [ I af: it h an
exponenti a ang%%ﬁ%qéﬁp%%@%ggdﬁﬁfoﬁﬁg’q ée]r?lr%élfegn n%ovmc?&gﬂ%&%@glg%ﬁne reference
t 0 a quantmndyaid iv ursisayl of aftéresat o ckvs@dpIng ceattcail b (Qoagheagwn quantity
of tenplate, geonera(l)ly a sanpl e whose 5quantity one wants to determ ne,
e.g., by 6%Iq’ Prfafe e ¢fc-h guantitative assay such as a real tine PCR and/or

| NVADRR assay frfagd o teavage proditst qsé@lq{e?éiﬂ,’refepseto Bﬂ%cgss afed! | ate”

2
refers to nucleic acid originating ?roma sanpl e that nal yzed for the
presence UOfe rt4ciogef a'tlchnageaigtntasith a tloacegstuctdret(éapthattebtmeant nfad i n

reference to nucleic acid ot her than sanple tenplate that may or 10 nay not
be pr esenflef‘Yf‘gSSﬁﬁ%ﬁee".vlthmgewa@gé‘ﬁ%‘g)'of background tenplate is nost often

inadvertent. |#snRYd REcihNBe @M she@ficARHYBAYRES" Mfank thalBYdRGivie to the
presence of nucleic acid contam nants Sought to be purified away fromthe

sanpl e. Fbybradizatioheonditiensd prohe prigrifmendatestapdnhyhrilizishie sulistiatialihosls t o be

det ected y. be present as background i.n a test sanple. .l STh er ns
anal 1 e- Tpduir ROt ont Sypite &bty ik fee R RER € hoRar itk Bs used
i n referensdeteetadle hgbtigionisi t6 dbh dggetSdqlicndss)a i HMplificutiph @kghod that

ol i gonucl eoti de, or an | NVADER ol i gonuci coti de, arc used interchangeably
and r ef er cempiases sy¢leneislenatueniiopfand aneslaligs Alieydic peld, ag) BEgdando

speci fical] yhridize : I -AuUcl-el I i.n a target
nucl ei c ahllll%le%r& ('ra(?deg‘fgl%%r@é? ﬂ#&%&zF%{dé{géhgé&élﬁ%&gggloel%(gg&lrgsggg%errent s, an
anal yt e- spechfihn€steedi the aniplifitativhnirgeahod; |/ e9th dongabiyg benpeaatpleatiebted on

conpl eprentary to_the, se nt of a target nucleic acid to which it

hybr i A o1 Gy LEPYeflichch b casBIF SRS S bl IR gaeiarg 2YEEio%Sn may
conprise gpg.or nore msmatches to the segnment of a target nucleic acid to
which it hybridizes. In yet other enbodinents, an anal yte-specific region
may conpri se ofike ermiemplibed'easaned bgsin 1i2fes tg.an iconpountds abhadanhave al t er ed

hydrogen %%Te%hggmo?etcy top gflfecgoAn[grtgethIYudciegg g)ch lr)n%gl%’e atrrl%liﬁed, e.g., by in vitro

replication such as by PCR. A signal, e.g., a detectable event or product that indicates

25  the presence of a target nucleic acid

As used herein, the term "amplification method" as used in reference to

nucleic acid amplification means a process of specifically amplifying the abundance
of a nucleic acid of interest. Some amplification methods (e.g., polymerase chain
reaction, or PCR) comprise iterative cycles of thermal denaturation, oligonucleotide

30  primer annealing to template molecules, and nucleic acid polymerase extension of the
annealed primers. Conditions and times necessary for each of these steps are well
known in the art. Some amplification methods are conducted at a single temperature
and are deemed "isothermal." Accumulation of the products of amplification may be

exponential or linear. Some amplification methods ("target amplification" methods)
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the bases in the target strand. In sone enbodi ments, the entire sequence of
an oligonucleotide is an anal yte-specific region, while in other

enbodi merwe 2809/1aF32gonuci coti de conpri ses an anal yt e- spc®CTius2008431m4 and one
or nore regions not corrpl enentary the target sequence (e.g.,

non- conpl ene fl ons O The teym "substanti al |
S5 ng! o- ot FERABAA A bR EEe ¢ oPRCAERT v S 68t PRe means

that the sugA aFMA”Qt'rﬁfal{hﬁ)l@céhr%hﬁarﬂﬁﬁﬁ@ﬁbﬁ MigaSe éhatl REtRNSEAMME of nucleic
acid in contrast to a double-stranded substrate which exists as two strands

of nucl ei CAN; BPMBSBI, eHléDhetICd Wbl@feidmarbghﬁqatlem n@tméﬂdmphé’ethpal ring
interactlob 4 Oauec (i ?hrat n0 X gmﬁ %éetlpreef%rsctothe
rel ease of‘l’e{lﬁ‘&ﬁ&élﬁ |1da°|1 %pge aFP’c%‘Ph “Hr“éf FOmia s ereet PR UPRSEy e nt

such as apButahé Qﬁipliﬁ&zﬁféh|0@Wh1dan&1|@@te§ﬂfelp?éke@$e offadfar@oiddih@et Rqbencbic! ease
such that the released fragnent is _no %ger covalently attached to the

r emai nder thsfreagien ¢¢-ggemlieg eletle gaplibaient RAM ampléfigrsioghnl nlpttets used herein

reans an 9{)8@'&5 3l stoﬁw% liﬁ%’?%éef?ftr%)d 0650 ?gﬁe{l‘éﬂ%lﬂcﬁtﬁb& *i&?etfir' "é%ﬂle%ﬁna?“d

i ncl udes, 'S no 0 bactéria, ‘virus 0zoans

ci I'i at es. amplificatibhendtlesdnniay iac@bicahe glanﬁlaﬁ@quarspeaes sfafuetesc dcdd gﬁne
sequences derived from a nlcroorganlsn1 10The term "bacteria refers to any
bact eri al CSH{Ngs starting nuetpis acidy g aﬁ&%&@g the stating sugleicasildpderm

"ar chagan e&%ét re 0 any

or gan?(ssansdg?vn% P?écﬁlg% S&é&glg}ga% d?bérlc gﬁ%%grg}’g?%%n éﬁ% %m of life.
The t er m dmplifisition eficthsl thay bbbhprdetieo aﬂigmalanokemds C@g]i ECRJmaylammedm ar
parasites Ioglncwgable of uton&}ngf llctlon (i.e. 1{)Ilcatlon reqwres
the use oPCHES MYL: copas|of hepiadlcha §/§ tion, e%et"ér%‘ﬂ"t?ﬁ% 7°Pit¥g resistant”
or multipl&@c@bbgorBsd wdrgt” refers to a mcroorganismthat is resistant to

nore than one of the antibiotics or antimcrobial agents used in the
treat nent of saisased laroior hamdram " polgMieease eham tesgtion eandf 'PCR! gefier towenl ei ¢ aci d”

or et eF7 eqeLoTTRLBfiop I uER RS Ei N S PEliETet G edredliiaC™ el lafng.

but not | ket tiedinio Thkeadttios gbicraly @eseby @itetfs[linrtiﬂa Privkérn datiesteald Jfl ui d,
m 1k, lynph, sputum and senen anpl e "suspected of

cont ai ni nataractuglsic %tfbwahgé@‘@nlatetd&pg@ienhm}%emywﬁaﬂe @aﬁaeyw@@nt ain either,
bot h |
ugte d ﬁrer 2?%1}1 %ﬁwf%ﬁ%&oéogg)ggtp%gtgor?gog{tgalt%hﬁf u'l" € ch[aln reactlorﬂ ohﬁ)'hqé reactant” is

reac can conprise, for exanple,
an enzymaiteativeagianif desataladon obdhe IMRGA tsaaidspe.gl, by Ihbat(ng, followetibyavi ol et
l'i ght partlcular y short mavgleng h uItraV|oJet light is knomn to break

ol i gotilic| !ngdo ehey REICT APRPABRATC BERNTe G ting A ¢ FePORFRtil
ol i gonucl Q&thﬁ‘?atfoﬂ 0P QEHiLNSS the %@(ﬂﬁ thé ta%%et nGLIRRVR) bt i§ h%ﬂl&%ltt%z atdae

ol i gonucl eotide Is encorrpasse n thé term"reactant. used
her ei n t héhat axchndtpthetpriomet by smsrﬁﬂeneand?é\%(uargetpmotem aviq asamplnf'éd portion

of 8 9L, BER S LaTSEs LB LLaarnt of LR, Cgtel o e sequence o
pol ypeptide.  Agused herein, the term "primer annealing" refers to conditions that permit
25  oligonucleotide primers to hybridize to template nucleic acid strands. Conditions for
primer annealing vary with the length and sequence of the primer and are generally
based upon the Ty, that is determined or calculated for the primer. For example, an
annealing step in an amplification method that involves thermocycling involves
reducing the temperature after a heat denaturation step to a temperature based on the
30  Tmofthe primer sequence, for a time sufficient to permit such annealing.
As used herein, the term "amplifiable nucleic acid" is used in reference to
nucleic acids that may be amplified by any amplification method. It is contemplated

that "amplifiable nucleic acid" will usually comprise "sample template.”
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Simlarly, when in reference to a nucleic acid (as in "a portion of a given
nucl eic acid or oligonucleotide"), the termrefers to a fragnent of a
nucl ei c awoO@podn 732 refers to a sequence of nucl eoti desPChAIS2009/0BH84 t han
the conplete chain of nucleotides of the nucleic acid or oligonucleotide. A

portion may rapnge . in size from1l amno.acid or 5 cleotlde resi dues, to the
entire amno a@ﬁﬂ tegm "EAL FIBIST PYESS Qgﬁ fpreference to o hnuglgs as refers to

the stat eaﬁfahﬁé%ﬁoﬁ'o? s@ﬁal%ﬂlmcmrmférbﬁo AR 6B dnqaéasﬁifen{emeomel eoti des on
one strand are bound through hydrogen bonding the their conplenentary bases

arrayed omceamsléat@nd)f pradant.or Figealdo i tehgronofhitsethe geachnomisdu pragkes.or m
reflects on t,he sta ei.c acid ue aof base

ba
opai 11 ng® 2o e bk S iarar & Ul SutE GhRe e R sl £ ary

structar ec@ftindotyIret M) bocur REVpInEhlidy HBdiSdretd Peinds dﬂrﬁfgrthgg@‘gifeﬁs ofihe
assunption of the helical formis inplicit in the act of econlng dupl excd.

The term theawmmlification ispetion, eit aythearr@mbinationl Eptegainic.oma walyarerase

conpl erm“!:l?aﬁ% re%gtﬁé(n 'd?te t‘r'&l pg[e ng*ﬁut%%'e%tﬁ%gj rﬂﬁ%&d E’@&ﬁﬂﬁ%ﬁﬁg hﬂ@é”g'l%ﬂ the

activity o n a dupl ex

t he tenpl pﬁreoﬂﬂlreﬁmj cyshngbysr t eyeRtiofnsitapy,cit ede MOquﬁﬁﬂitB bedngend he
"bottom' strand. Slnllarly, the non-tenplate strand is. often deplcted and
descri bedOa@0t g cles o saipg gRppdiments, re%lsﬂra% edfeHionAt FCR a@ceupphshedpl e i s

used !l ' Eiétel%lﬁﬁ%%sltevél%?ﬁﬁ%eg%c@ HPEeﬁ'ne (ﬂnts 7 OF@Q? fﬁttﬁft%ctle' s neant

to inc ude a specimen or culture (e.qg., ré), whereas
i n ot her entsogicragnt stepiit tHesynkeant cach of mplunarlﬂy bbtyridsi ot mg:velazl cyaled

envi r onmeqt ecte ri sing a target. sequence,
gene or tBﬁ%ﬂ5¥%$R@§Wn§§ﬁ§mbﬁB SO@?%%%BﬂéOﬁé dFﬂ%th%ﬂgg @8cinen of
synt heti c,@piifédtion PHEBLES NMBY be unpurlfed or may be partially or
conpletely purified or otherwi se processed. 25The present invention is not

limted by theAtsylp@i ldfreibj Tdile@gmsatevsaﬁﬂlaesommédn'bandam@»{eyszétanscrﬁv@” prfesent
i nvention, i usef u var| of bi Ies i ncluding, but are
ot 1 i st SEE Lot Ao Rt ot et BRRGER: o DR PR, 1) 0 1S

st onach, b@hpﬁﬁhﬁgqm@nhqanA¢&h @Qy pancr eas, and reproductive (e.g.
ovarles) organs) gl andul ar, and nuscle tissue), cell (e.g., blood

cell (e.g., Aﬁwmlwéelarthsmtahmtﬂy@wfnm@m Crefdrs to Besmorriafa and ski n
cell), gaﬁr%mQ 1:a¥%/eft thlgﬁ (a&d%eque% le%(g&{t HPQE&T%@Q o{r Qﬁ(i}%?f ThEGhbiHe P! asma,
se n, sa

urine, | es obtalined from a
human (e. generdbudeferrednd anﬁerms)dsf Iﬁm‘@r(yg) ugg), ankapdr upé.of Voluﬁmt('@JgE; ugeoul try,
nouse, rat, dog, pig,. cat .and the |ike) me enbodi nent s,

bi ol o8fl caPet slﬂmo@x nghes. gs&%9§ CORIEY | amele) f%é&PbPBWB%I?r&HHP br

i ngr edi ent§, 1GP 023 08@ESHes per ml, 1 attomole per ul). Abundance of a nucleic acid
can also be expressed as an amount relative to the amount of a standard of known
concentration or copy number. Measurement of abundance of a nucleic acid may be
on any basis understood by those of skill in the art as being a suitable quantitative

25  representation of nucleic acid abundance, including physical density or the sample,
optical density, refractive property, staining properties, or on the basis of the intensity
of a detectable label, e.g. a fluorescent label.

The term "amplicon" or "amplified product” refers to a segment of nucleic
acid, generally DNA, generated by an amplification process such as the PCR process.

30  The terms are also used in reference to RNA segments produced by amplification
methods that employ RNA polymerases, such as NASBA, TMA, etc.

The term "amplification plot" as used in reference to a thermal cycling
amplification reaction refers to the plot of signal that is indicative of amplification,

e.g., fluorescence signal, versus cycle number. When used in reference to a non-
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itens, vegetables, neat and neat by-products, and waste. Biological sanples
may be obtained fromall of the various famlies of donestic animls, as
wel | as fwoabown7al d ani mal s, including, but not |imte@dTius2008194ani nal s
as ungul ates, bear, fish, |agonorphs, rodents, etc. 5Biological sanples

al so |ncI de bi opsi es t.issue section bi opsy or. secti on of
tunor, gr BiAA! e %amﬁfg“&ﬁ%ﬂle %P@Pﬁﬁ% ol dstrebe ign g  pREai cal or
hospi t al §ﬁﬂEE|a§§Jrﬁlﬁatﬁbn ofl siilalisl J‘ﬂmcﬁ’éﬁ oftthe | imted to, blood sarrpl es,

sal iva, buccal swab, cerebr osp| nal fluid, pleural fluid, mlk, colostrum

| ynph, sput um Thetrmi'dascbing'eq L@@dwmefay@wytt@@n awphfitasiah plasirefers taid ot i ¢
fluid, ur| t.ool,, hair.and s t Ol aboratory. s |l es .(e..d..

(L, U 2L 20k ol 80, U080 R SRGR RLOSBTRLER o (o o
spattes Opr, ieficdd&) of FER, rmmoinﬁial By &, IrswkieR i QlisNBtl Oelengt ¢ agils) , and

ar cheol ogi cal sanpl es g ., fossilized or(?anl snms, tissue, or cells).

Envi ronnent al  $heisiad Gr'her (ereshalidieycke” asrised harpintia cfersnccsigveel simeent al

mat eri al S fy , , r ter or

seawat er) ﬁ&%{ho% du%% ﬁ%ﬁgj m&éoféloﬁe%éﬁloé tﬁlwﬁl Tn(laq Cg%llfe(ri krcf%%? éé"?hm ng materials
cont ai ni ngfamtﬁﬂam}cclealmdﬁer aCWhﬁ:ha]heSdetedwﬂ $1QM$& gl fhossuptOpasastiwel | as
sanpl es ohtained fromfood and dairy processing instrunents, apparatus,

equi pnent fixed @resneld.  gj sposabl e and non-di sposabl e itens. Q her types
of Dbi gjogical gg 'nb RGhMIE BRESIELhE " Srabhet c&ﬁf“dl‘”&ﬁ’a t[‘%*% §s8d9:
Acti not nyces, Art acter, Corynebacterium C. cliphtheri ae))

Mycobader hdrin7ih réfdfoacgto, a dintrot tebeti@ulchss ® ealrwdctﬁdn orlseppkehat does not
Pr opi oni bact eri

T o homt Fan el et RS RAL SR SV B A6, Ther mus

(e.g., T. aquatthfteh) paﬁ[\fe%f%%n‘%@' z{seusgd m Baghhdeito ﬁ%e&ctlotﬁea&fbtn%ﬁgd s, B
cereus, B. thuringiensis, and B. subtilis)), Listeria (e.g.,

t nonocyt ogvem@e)rencstraqihlyalowh@ag dye.that, pr@ldmﬂneu@masref@pn@etpmlwh g, and S.
25 ha tolvti.nts Fttso rla Pr ot eobact RlckettS|aIes
Sphi n§ FRQSH e Sé%ﬂaééﬁf%t & cr & C)tan bg nopgy hzteggiuél?g gﬁ%%%%%?l?sm es (e.g., N
gonorr hoeN@nﬁﬁl@lzahlon fﬁﬂgl’ln&@llﬁllned:éiéary Ené@rebagfRtivalies dassaay dbhgs(e. 9., E.
coli ) Kl ebsi el l a, Plesionbnas, Pnteus, Sal nonella, Shigella, and

Yer si ni a) COILCé@ﬁf@f?élqua’pB@e Pastettrell al es (e.g., Haetnophilus |uenzae),

Pset al omonas, {?r s Peﬁnfgtze@i/er]rggPthlrgf toqgg?yorgweﬂg érﬁ*ds%n ntensn& of

30Canpyl obactera es obacteria

Hel i cobactherreffertey dye Hiviqugdlbgrthd JluorasdnGpémiscibaditesity &f Qle,pals&‘mﬁt ospira, B.
ber gdﬁl feri, and T. pallidum); Archaca (e.g., Halobacteria and

Vet hatdbatds Brre) S dyegycar ya (e.g., Anitnalia (e.g., Anneliclia, Arthropoda

(e.g., Chelice “@ﬁﬁgewf 1ARORA val 1%%? GQlractiBh gorgﬁﬁﬁr? féﬁ&) é)aM% | usca,

Nentatoda( e.g ' egans, T. spiralis) ta (e.g.,
Act i nopt empggiding thepdmilate,or frgst, Chondrichthyes, Reptilia, and Matntnalia

(o0, Primat e, RRdSn! ARG RN 2% GAL B hiufHRGE (9

obtained from the early cycles of a real time reaction, e.g., a real time PCR run (those

25  cycles prior to a detectable increase in fluorescence), or from a reaction that does not
contain any template.

"ARn" or "delta Rn" refers to the magnitude of the signal generated by the

given set of amplification conditions, e.g., PCR conditions. The ARn value is
determined by the following formula: (Rn+) — (Rn-) Standard A sample of known

30  concentration used to construct a standard curve. By running standards of varying
concentrations, one creates a standard curve from which one can extrapolate the
quantity of an unknown sample.

The term "threshold" as used in reference to real time detection of an

amplification reaction refers to the average standard deviation of Rn for the early PCR
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Fusariutn, Pena:Blum and Saccharomyces); Plantae (e.g., Magnoliophyta
(e.g., Magnollopsida and Liliopsida)), and Protista (e.g., Apicotnplexa
(e.qg., 50vopp@gpo27di utn, Plasnodium (e.g., P. falcijoaPClAS2@9037194

Toxopl astna), and Metanonada (e.g., G lanbia))); and Viruses (e.g., dsDNA

viruses (e.q., Bacteriophage, enovirjdae, rpesvincli ae, .

Papi | | pmwcg?sdg&lﬁlfﬁi&mﬁpégmaﬁgef?ﬁaﬁd %@Wﬁaaﬁwdge BRAT hofesioe. g.
Parvovi I i dagdiatcd SN AVdpUR&RIal bRRGkIEF POR Beict i dae) , (+) SSRNA viruses
(e.g., Coronaviridae, Astroviridae, Brotnoviridae, 10Conoviridae,

Fl avi vi ri dae, Phetsrmavhkiatae,asand! Mogavdnct taejiyanfitative sRATeErsUses (e. g.,
Bornavi ridae,, Piloviridae, Paratnyxovirkl Rhabdovi ri dae,. Bunyavi ri dae,
and Or t hot RO SPHERins) 4 WkpRiR ALUPLAT [Pt SRRy SrvplEdesty T

Ret rovi ri gaglity andwasDNAdd@Uens @. o, aNkefothmt@ of hiqus@fai @ Bsay dleRagnavi ri dae
and C: attlotnoviridae)). Saqsle may be prepared by any desired or suitable
met hod. | Frakbmme PCEe INMRBERpgsyar#ctiagi ds are anal yzed directly from

bodily fluid : WS [ ' . Pat.
Pub.  Sori al - No > 40uR 0 8Ba0E o SRR Bl P aPEo BORis et O°
entirety. from a samjfiethabBwaalgestfor bechrescaopbBargete’ NoEontlaenwehaekgrotiad be

construed as limting the sanple (e.g., suspected of conprising a target
sequence, fgElEcoOP Usehiy iatesence fyynuclgip acid other deamamplyrtemplagsiRat By ohi ch can

be dejgr gﬁ&ggg’f’zé ?%Sétn}lqﬁl £ 8l ’T%lén’@-é%sé}{ég offﬁédﬂ%%n;?_frt]eethélgtegg fRSfidanvention))

types ap e present ntion. erm "nucl eoti de
anal og", I!mdwverteat.ult aldy,beghe tanolhohetrgoatd, gr o otayrtrei dug'to e ussedcdafr ei n refers

to nucl eoti des other than the tural .nucl eotides, and hases. Such anal ogs
and non- nYGIFISRCH £SRemiptRBe R P uriE AL TRERF PURPIRAT O ST ot i des

25and nonppatidhalds YroRLEghRisMY ofMEEIR8R S o bd MGt M8y Belprel@itaki M ted to
anal ogs that have altered stacking interactions such as 7-deaza purines

(i.e., 7-HekzrovdATPatastisdmmreazadGIP); base anal ogs with alternative

hydr ogen bondi onfl,qurations.(e. d., Skuch,as |s0-C and i.so-G.and ot her
non Sfndar d- badetomt r EHALPREd Ry o KSR MR T, 2
Benner, angudclién sgtefdd te@hlibomaidogidoaseh anabamsr, desesd dpdnidleddids, 30Pat ent

No. 5,912,340 to lgor V. Kutyavin, et al.); non-hydrogen bondi ng anal ogs
(e.qg., noft§oblNYA %Bdﬁ&pm@dﬁﬂéke@§ﬂ@@iEﬁﬁﬂﬁﬁgaiﬁbﬁﬂﬁ@f?}%adifIuorotoluene,

D.
descri bed . | . F : g 9,
7238- 7242?%@&%@%% é@%ﬁnggﬁlfgﬁ&eﬁiégﬁé spylificel1 ol ?c%‘?a%%%, 117,
1863- 1872hucléivatidacgante hasasges uadiciagacia-aristtrditagded mickindacdsnilhsopyr r ol e; and
uni versal purines and pyrimdipes (such aﬁ " K" ang "P" nucl eoti des,
r espetd i venpodipenigapanabytespeciiig epionof Ap pligomreicotidq guy be ompigtely 3- 10383, P.
Kong et al l.ei i Q@%% : = : =leqt | al ogs
i ncl ude nggPﬁggﬁﬁ%g%ﬁghgézdeo§3$%%%%ﬁgﬁgg??%égngééﬁg?P agh%%bgﬁg%?gotides.
" Non- nat upthkt erabatlithaots;- anednatyad-bpecdocagionmyly dvagese andonmotesvisicehedar ¢

speci fi cal |y not L mht ed, 60, SHen, BASes:i35: 2 Bilieke o', QHfd 1 nat ure.
embodiments, an analyte-specific region may comprise one or more base analogs,

25  e.g., compounds that have altered hydrogen bonding, or that do not hydrogen bond, to
the bases in the target strand. In some embodiments, the entire sequence of an
oligonucleotide is an analyte-specific region, while in other embodiments an
oligonucleotide comprises an analyte-specific region and one or more regions not
complementary the target sequence (e.g., non-complementary flap regions).

30 The term "substantially single-stranded" when used in reference to a nucleic
acid substrate means that the substrate molecule exists primarily as a single strand of

nucleic acid in contrast to a double-stranded substrate which exists as two strands of

nucleic acid which are held together by inter-strand base pairing interactions.
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processes such as nucleic acid danage can give rise to "natural" occurrence
of bases that are nonethel ess not generally considered to be part of the
set of "rmaDup@lr1732acl eoti des as defined herein. For exampras20003@9€an be
found in oxidatively danaged DNA. Such non-natural bases and their

behaviors in replicatjon and other 10nucleic acid syntheses have been
xt onsi vel y st 0F B HiOEBREEXRL RO R e L P BLEie AT nough ¢ he
conpounds 3k Qe qreh b MRgcdRRRAd Red HshBg dichf8heBligIRRRBRIALY R FOr

exanpl e, the ribonucl eoside conprisin the i soguanosi nc basé has been
referred egianmft foe ckdmple.an Amecleancisodsipt ts rele@ed ifreg@entiis oo Bnges oguanosi nc;

2- hydroxyadenine: 2-qgxoadeni ne; 2-hydrox . d 2-0H A The
15d¢oxyrié@ﬁ%?ﬁgggfégﬁé%_ HF%?H@GVHEMTQ@%%Qﬁggﬁﬁﬁ_base has been referred to
variously as: T tdr®0@iciodlalfom"ds XM 15PcifPimdBOXY biSRivANOs sMEN to be

2- hydr oxydeoxyadenosi ne; 2- hydroxy dA; and 2- OH Adc. o Still other
nuci eot i debsgpadorsh thaangided eind ineludesy bt 1ppotdEbitsd tobepigat.cotisdes as wel |
as ribonu i ri | i gonucl eoti des of the present invention
(e.g., a ﬁ%ﬁ%%?%§?$“%$%8§H§W%|NVADER ol i go) may contain nucl eotide anal ogs.
The terms "nucllTaé eracindc®bilganrescqandes” mefelsetb @eae scduamlce detie’d fasn used
herein refer to an oligonucl eotide, nucleotide or polynucl eotide, and

f ragment s"8YOYEEPENs t hereof. The terns enconpasses sequences that include
anal ogs of DNATg 216k 08 Sy ibach Mg Beijthose |isted above, and al so
inclug?ng, but ngﬁﬂﬁ?@??éﬁ ﬁgfﬁﬂﬁ g%%c%%y?é@%%%?ne,

8- hydr oxy- N6- nghhidrimd Emrokicad,"amhaqal dpavydsc'y'amdacan; apd Gudvicbatgiadsirae,

5- (car boxyhydr oxyl - ne I racil, 5-fluorouracil, 5:br uracil,

S~ car boxy TRHYREFAGRBRr 5 R ebdunt oGRS SR MO nyl ur aci |

dihydroura&hﬁn&ﬂH@¥Bﬁmmﬂ%jsopentenyladenine, 1- met hyl adeni ne
1- met hyl pseudour aci 1- met hyl guani ne, 1-nethylinosine,

2, 2-di net hyl - gmhﬁteﬂm:”vzfuﬁﬁpfvys nddhigate, ullamBaessopig] mtraerllubar parasites
3- | - i - hyl si ne, Ne6-met hyl adeni 7- hyl i ne,
e LR L T TR T

bet a- D- napnesytgyeosi ne, 5' -net hoxycarbonyl met hyl uracil, 5-nethoxyuracil,
2- net hyl t hi o- N6-i sopent enyl adeni ne, uracil-5-oxyacetic_acid nmethylester,
uracil -5- oxyad8¢ feEmaaiulti-desg seiserio Sir pulltipedienighisent’ reigirdesi ne,
2-t hi ocyt Qs - - 2- L O ' -thi of -t .hi il,
5-nethy|ugggﬁﬁgaﬁfﬁ$%%¥%Képgiggggpgghgk?ﬁnﬁgk%@ﬁggtg??gﬁygggﬁﬂgﬁoxyacetic
aci d, pseugtoty@ed lin thgueashene of Zid hi@oyigasisme, 2, 6- di am nopurine, and

razol op, 4- rimdines such as guani ne anal ogue 6 ami no ,
% py?%z& of 3], %Tﬁm ﬁ?l&%ofﬁfegqy nwﬂ@ceﬁg%r ?rSrﬁv»%ly e dahedntays and t he
deni 5 . i . dj . Th
adeni ne ﬂﬁ'ﬁ%l@gyﬁs @H@m d}%ﬁ{xb.fwrﬂé?hﬁﬂ} ﬁﬁ?égii]e%ys%%lfgtéj{)fgt?r PRAIGE BB e

xant hi nc anal ogue pyrazol o[ 5, 4d] pyt -dione (ppX) can
al so be usedioldpiesisahpds iariadiogbes notiheiedoddant, salivaarerdiralgpmat fleidt i de,

strengt hen hybridi zati pn and i nproye m smatch discrimnation. A

tautoneriBRP%$HE“%F3@38@H§fﬁyggggﬂgf?ﬂﬂlbasesz modi fi ed bases and base

anal ogues nay Resahiptd udgstcicd o?@@nt@i'rﬁr%oﬁ%kt%ﬁb@%c&@(%@@eﬂﬂﬂﬁ§ a@fi the
u

invention. Qher nodified bases usef in the present invention include
6- ani Ad- 3Py epntringiiper, bothyarmepherdagriop®ldce aipyalepulii ne- 4- one, PPPG  6-

am no- 3- ( 3- hydroxyprap-1-vny.) 1- 5-hydr opyrazol o[ 3, 4- rim di ne-4-one,

FPPPG. 6. am notar. Sty g R A R RORSLnss ol B futhelf o o ne- a-

" one, NHZRRRGe, for@Rhmpte3ar @-9Pradic Yoy QBY bakehhBredctaitay lighi @igne, PPPA;
-am no-

ultraviolet light, particularly short wavelength ultraviolet light is known to break
oligonucleotide chains). Any agent capable of reacting with an oligonucleotide to
30  cither shorten (i.e., cleave) or elongate the oligonucleotide is encompassed within the
term "reactant.”
As used herein the term "portion" when in reference to a protein (as in "a
portion of a given protein") refers to a fragment of that protein or a sequence of amino

acids that is less than the complete chain of amino acids of the polypeptide.
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153-(3-h ydrox yprop-1-yn yl)pyrazol o [3,4-d]pyrim dine, HOPPPA,
4-am no- 3- (3- am noprop-1-ynyl)pyrazol o[ 3, 4-d] pyri m di ne, NH2 PPPA,
3- prop- 1-wongeypmrrzol o[ 3, 4-d] pyri m di ne- 4, 6-di am no, ( NPFRTAISPRPA37194
di am nopyr azol o[ 3, 4 d] pyri mdi n-3-yCethyn-1-ol, (NH2) 2 PPPACH, 3-(2-

oy BB gD AQUSEH Ricta n Pgporton 0 e nicleicaci: PP
5-(3- hydr QKMPgo%Bcleotdey jl-)the]{e§n rédt RN ﬁ%éﬁieﬁi Sl anrﬁlc%lcof%:di& Q66 refdePld a

6- am no- 5- pr op- 1- yny1-3- di hydr opyri m di ne-2- one

6- am no- SSﬁ(qaelh;@de@nylpDWIh%tm%/IﬁSﬂth&l dlelvpmpéﬁ}ﬁ@/cham df mesl@tideeof tHoPC:  and
2-one, NH2PC 544-

6- am no- 5- am dro r|m

o no- 3. (ST ERTB R B ASRILS oo i S S PR i e o Ry 24 is0 RO oy
25et hy{ ) ox@dledtidBr&diductHo thPEIPAe amino acid or nucleotlde sequence

6- am no- 144- hydr oxy-5-(h dr oxynet hyBoxol an- 2- (h met hoxypr op- 1-yny-

0- 5- hydropyrazEhe[egnudaplsyrieﬁqr@ﬂmthas@tﬁeof D@PIBPGM s in which the base
4, (4, 6-Di A
A L e S e e T A

no; 5- ( 4tH‘e}{Cb‘ompyenhmttarblbym Ia)rajld'd- @4 batold seand, ArhdiconditioSupeding in a

3-io0do- 1H pyrazol o[ 3, 4- IlL yrimdi ne-4, 6-di am nel_q%NHZ)ZPPAI)
3- br ono- 1ALY§* g%llrsﬂectwa}w Hepihaeases ofjp anlpis acidnip) viBpRBF hase

3-chl
3 oo 3, PHREIAE Oty Sr Qudit WA Bodn b AT AR, (R SFEAor o

3- Bronpl Hdmyaiahdim h3vidg dnpyori amdci minds gﬂoam n€hg BRMBpiion afittie helical form

3-chl oro- 1H- pyrazo 3,4- d |n4ylamne(PPACI) I n addition
to the nnlfllf'ﬁ’éal 'y %C%%ftbé’ﬁ(lrﬁ%‘@\fgp SFd-gonucl eoti des of the invention can
have a backbongn@fersugasnplok" géfa@@@a@lﬂrﬁldr@n%ueﬁsampéﬁvﬁfcﬁtal y 2-
deoxyri bof uranosi des wherein all internucleotide |inkages are the naturally

occur r i ngcgrhplspisnidieetpors buitienye sucleesidd triphosphitoe theodbdherestivitytdwever , t he

2-d - 3-D-_5r bof f
exarpl b, EemeRosa e e R HRRMRSe, SOLTEE Apilst el SHERRE: or esen
wherei n t he c@dmhtioH, dteb@teﬁlah@%l@sdiﬁbb@hé/thlegb@tltdfﬂ'| ataad. Wirhilardy, Gie al kyl group
(2-(0--C16 alkyl) rlbose) or with a C2 6 al kenyl group (2-(0C2_6 al kenyl)
ri bose), Ben-fesplepstpkisiojicn denicied a@f# éessrlbgiarﬂt e'r'f@p ﬁf%lé) Rel at ed

ol i gomer - f-or mi Ad u§&9ﬁerr§1nut%8ftér¢|&'h§?g g‘ﬁ{‘ft%tﬂ&\a{&éﬁh O, K g@&ﬁ% that arc

10"l ocked", i.e., contaih a etween - oxygen
at om at CﬂQsomecariﬂmdlmugant onaht mndoﬁ@aspdaireemﬁdmltbmt(rejgdl zat| on of the
ol i gopucl eqti de. can al so be used, Ir11d arc known to those  of (fkl| in the

art, tthel GuFABolagigal AYturek beeas i enthodupsiL ils H158a1 igdrciude both
ci - 21- deoyidAof Y ABRHAREA s@npldleed %ﬁ@@aefe% of &%ﬂ%gg%%é@nos' des.

A i gonucl eot1des contai ning a- Da i"nof nosi es can be Ibprepared as
descr i bedsdquehdeSgeratr teriolatel, Ikl?SZ)mle%nbo@lmgamwcslaemie wepincbreai ning 2', 31-

di deoxy- 31- am norJ bof ar.anosi d¢s arc described.in Chen et al. Nucl ei c Aci ds
Res. 5% JBSTIHE TGOS OBy SHEDI T GG et o ¢ aci de
(Si ngh et c&h QMNP othefR e HR%clst898) ; Wengel J., Acc. Chem Res.

32 301- 310 ( and ol i gonucl eoti des cont ai ni ng

- hal®gen- 2' Eéenwﬁb&iw&ms&@éb@@ébm@atyec ogbiologival spghensed 27: 216
o B B AT RLPE L1 PSP R e, oo | o
including, but are not limited to, tissue (e.g., organ (e.g., heart, liver, brain, lung,

stomach, intestine, spleen, kidney, pancreas, and reproductive (e.g., ovaries) organs),
glandular, skin, and muscle tissue), cell (e.g., blood cell (e.g., lymphocyte or

30  erythrocyte), muscle cell, tumor cell, and skin cell), gas, bodily fluid (e.g., blood or
portion thereof, serum, plasma, urine, semen, saliva, etc), or solid (e.g., stool) samples
obtained from a human (e.g., adult, infant, or embryo) or animal (e.g., cattle, poultry,

mouse, rat, dog, pig, cat, horse, and the like). In some embodiments, biological

samples may be solid food and/or feed products and/or ingredients such as dairy
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ol i gonucl eoti des contai n phosphorot hi oate |inkages and/ or

nmet hyl phosphonat es and/ or phosphoroam dates (Chen et al., Nucl. Acids Res.,
23: 2662- 28620@91928Y) . Conbi nati ons of ol i gonucl eoti de | pakAe@®IAsBIAl SO
within the scope of the present 25invention. Still other backbone

nDdlflcatlons are known to those of skill n the_a
enbodi menttEMS5get ﬁ@a% g %a ?%%&H%E’Pé‘ien Baqlgglfﬂéawakﬂsgwﬁﬁ S nto PNA

and DNA/ Phiya it fRpAS1 spth@%ﬁ&gqa&he% o@agmegtfevaznﬁﬁalgr%lv&éueﬂ felal SORUGI cot i des
havi ng i mproved m smatch discrimnation. Various nmodified forns of DNA and

DNA anal oguewlshnebidyee buusd diniifed4e tseapasimal aswagelotes, twondisbf t he 30
disadvant es of tha yse of DNA nol ecul es as probes and priners. Anong
t hese are2%8 ﬂ%@lﬁ E1&i% aci ds (PNAs, al so known as pol yam de nucl eic

acids)s N el seBifbgiod] sapiceaBE irdddelis éhEaQQ n@&&%énmﬁwg BRPERALN

heterocyclic base units, as found in hat are Ilnked by a
pol yani desdsserbbhenor; gf@WéadaScbf Hthélogugaqarqfﬁ@@mbad@edtﬁaémhén@h@ﬂ gtteristic

of DNA a“ﬁ Slé%e sa 1&&1?&%“11%%%%% b ZAbbP LurkifeC % SR QLATY DNA and

RNA t arge quen es 26 o7 & rongly an a

cor r esponghvatg cambfoepmalaﬂ:md mewhefluidhailkydoldyaams mﬁplPMé\ltoﬂm ganiliss and
reactive nnnoners used in the Sénthe5|s of PNA ol i gomers have_ been
descri bedPilé Seme, gegytes. gewicat cggampiptic dlutdy aring ptook, hatrangd pyeaty, 736, 336 and

55, 766, 85 a esi s and
o5 o8 S54SR, PP AREDRTC R o0t ENAKRNA R FPE oAb S

Chem | nt tissad (e. g?m&?@ﬁemﬁiﬂu@lﬁéﬁﬁand skdzcoaflkslicngﬂaming meleis ecidf), amly conbi nati on
of nor mal ﬁ‘ﬁ qnsub&tltut§§gﬁ% zoIo%S 4- %Lgﬁ |ne bases (e.g., PPG
and Ppa) , 2%healpgicalisapples (o5 FROEIYFH S rmdl fied purinc,

nodi fied pyri mqbl%mélxal%%gt& fdcludeeButRYE hc;mgm&%sto HRiYRRSALl HAGES, Sugar
modi fi cation, backbone nodification or a mnor groove binder to bal ance the

Tn., of asWkAs sPNicconatDNAOENAaCh @B ﬁieshsvatem ot h@w@e@p@lgafs, lidhims,i nventi on.

The synt heti,c tho neces ntheS| difi base

Jipge R : R e e o P ERE AL TP R R S el

synt hesi simu§triaV@indpddyl & well bhreanddlés obtsdifedROMGISd hritl dditySpragebingat i on and

| SUnl mann et al. Angew. Chem Int. Ed. 37:2796-2823 (1998 A nucleic

aci d sequENEBEMERS APPBETHseCHARMEY. wRpsilsy dismeaablpandnerdspesehlsriicersor synt het i c

origin, that g%é?%gfa%l%l Qi call QR Cllhgs ﬁ%fuﬁggggenaﬁge%rfc@fn%ﬁﬁ&én& ?ense or

anti sense str nuclelrc a sequence nma m xed

SSDNA, m XemhddsONA 4 rdsbhikraraderyinbbaa: s 8NE. . ,eC.gdzphfhbma)a;g Aoyeebadrevgym
denat ring, 20 hell ses, etc.), A, B-, or Z- triple-stranded DNA,
& RN%g Qs Efnd M iy Lpﬁww@l@mﬁrwd@&, At BCESRNA (e.g., via

neltlng g S somal RNA
(rRNA) tra % &é} hlaﬂ?iiz‘agﬁé§cgt gfjfﬁto}ng tlg%&@n B rﬂg)mi%gbaCgéry}?d[;rot ein

nucl ei c aﬁedzo(fmw (ed hﬁhqmasémg Vnuematicion), IFS’nnaltesI (erg tedilbyfeghd. t ype or
source of nucleic acid 255e nee ecul e .,g. target sequence
and/ or ol YBHiEEY of?ﬁ@%&yﬁﬁTngf@&S iﬁ%ﬁp k?ﬁ@mﬁﬁ%}é?c acid sequence
ey be anplhbdeshents)CS@ahestos8AUERCS. hfrels, S. @ﬁ%ﬂnfz&lz@aéﬂd@ or creation of
nucl ei ¢ acid Sequence via synthesis (e.g., polynerization (e.g., priner

ext ens} onh@@%dytlcwumwcrwm Pcptmhaﬁ@rzat(egh Rothetiyybes amlingemengdles,

transcript, 0 f or a I|f|c ti.on
pol yner as?g 7 eal ) (e%., B. pertusszs), I{}ezsse% 3 (e gono oedé SN, mengngztgdzs),

Enterobacteriales (e.g., Escherichia (e.g., E. colz), Klebsiella, Plesiomonas, Proteus,
Salmonella, Shigella, and Yersinia), Legionellales, Pasteurellales (e.g., Haemophilus
influenzae), Pseudomonas, Vibrio (e.g., V. cholerae and V. vulnificus),

30  Campylobacterales (e.g., Campylobacteria (e.g., C. jejuni), and Helicobacter (e.g., H.
pylori)), and Spirochaetes (e.g., Leptospira, B. bergdorferi, and T. pallidum)),
Archaea (e.g., Halobacteria and Methanobacteria), Eucarya (e.g., Animalia (e.g.,
Annelidia, Arthropoda (e.g., Chelicerata, Myriapoda, Insecta, and Crustacea),
Mollusca, Nematoda,( e.g., C. elegans, and T. spiralis) and Chordata (e.g.,
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30reaction (PCR), rolling circle anplification (RCA), nucleic acid sequence
based anplification (NASBA), transcription nediated anplification (TMY),

| i gase chaiDreoeveacizron (LCR), cycling probe technol ogy, @chassacmwepliivease,
strand di spl acenent anplification (SDA), branched-DNA signal anplification

Lorme * nutlp et e Bl i B e BRIy e in |

ref erencePFz%a@esnR&Jle%ﬁ @@o@z&ﬁﬂ#%ﬂ&@arﬁ%rﬁﬁ}) F{i!ﬂ’g&@ e@e%f)i%mtése herein.
The term "ol i gonucl eotidé" as used herein i's defined as a nolecul e

conpri si ng"uiwnerl’eml@nn@edé’a@ahde@nxceS)gPlalegr Mlﬁ@gmébleimta tes, or

b . f t. 5 t f bl t
[ cast - abotlstg b R G Tadhng BEPb el b IGHIR ¢ &ast Bbout 15 1o 30

nucl eos i desypréy; ohgn@ﬁw&s%gzmm gﬂg IRVl RPLnOaRl wxeplay;@upahdl y less than 200
residues long (e.g., between 15 and 10 nucleotldes) however, as used

herei n, ﬁ@mW@W%Mhéeab§bhﬂm¥@hhéﬂdﬁ@méﬁdéﬁpéQQBVbﬁ@@ﬁsbhgynucleotldc
chai ns). ?Qgteﬁf )e(ﬁ\ﬁf}élg S)l&e%m\”r dlae q%}é nsqz r%[’)ﬁ ?611 o%clv%cfde »@Jg&naznd}zy raﬁii de pen d

on the ul U1 mat unctiron or’us onucleoti oriucl eot i des
are of t enPoefiedagd ssNAwitube(d.g.| B&vgbhrsz@c dﬂmmmes@ (B ludexs due
ollgonucleotlde is refen-ed to as a "24-nmer". Aigonucleotides can form
secondar y R&pdr¢ent (FarsR N vieesfes QW%W”’H%‘WWW% Bromeyirniiasr i di zi ng t o

ot her ;pol tﬁ%bﬁ%b qﬁlﬁvzv§%9 Pz"c&)h%z‘r‘fa% ngo'igB%z‘dQ%S(? MK GidlQhs 1imited to,

dupl exes, hairpins, cnciforns, bends, I gonucl eoti des may
be 15gene(ezag eﬂonnnvzamye rfﬁz‘mmzdae; ﬁmrawdmca\grzd&zze mhahdiomydnehé’snmvzrm;& and

replicati rever.s tlon ation,t I n sone
it oo oY o RR A R bR e aine e py G ot A AR FOEC r ebar o
generatEddMﬁNﬁnkgéﬁéﬁQMwﬁgmgvnug%(@ét?ﬁ?b&ﬂn@%ﬁ@aﬁﬂkﬁ%ﬂmﬁ@#ﬁ% nzymatic
ext ensi on reactlong Becausé nononucleoti des are reacted to make

A

ollgonucleotldégm@ Whﬂmmmmﬁ®bﬁamhd®MEd0tﬁembbph@b@hdméoaﬁ one

one. ol ecrrBRRER ATk sRBt S o 2R RRsbE ook YO ShorstRulRcor i ae 1 <

referred hﬁngi&letrfi@hocfs desditbediifh U s Pab ' PuBhSSRNAIL 20850006598, hker to the 3
oxygen of a nononucl eoti de pentose ring and as the "3 end" if its 3'
oxygen |sﬂweﬂmﬁﬁﬁk@ﬂ“ﬂ@fﬁmanﬂﬁﬁ@@ﬁﬁate of a subsequent nononucl eot i dc

pentosc ring. Ag e d%?crg)%a%k%}n%@ ?'h%w%%rt to RO da%é%@hh% | nt “ nal

to a | arger ollgonucleo € said nds.

first regﬂmmaﬁ@nnggasﬁgﬁb&d@fammﬂnshgamﬂgﬁSe@&mda@@n@&ﬁmp@kﬂ@@n;aheanother
reglon if the 3 end of the first regiqon js before the 5 end of t he second
r egi of whBFFSTRSGORBOSENesef Yahigh Fahbr GCTRLRS NNEBF GOMHOSIES 3 ethodsy act | on.

When two_ g Sk inAORY SRR AGLRI el FPHIdRRAnneal to diff erent

30regi ons of the sane ar conpl ementary nuclelic acid sequence, and the
3' end of one dh¢ gpomioheottiddanplight "sot-owmrd's drﬁmorshatemﬂyof:cmheg'basher t he

forner call ed the stre n1 oI| Ieo de ,and tter t he

" downst ol Tl B SRR LSRR wih YR TR R OB oS TRy et

ol i gonucl gedbglemdHoR-nnkil Fs&efdhaclkbtd SaBudd ﬁe&iﬁe@ﬁma@ﬁeaé&més nucl ei c
acid sequence, with the first oligonucl eotide positioned such that its 5

end i35 upsnd eenmasrailii@cairring gua¢otides ineluding bol Mému@ldé@tamjegs thatchavhe 3' end

of the f|r onucl eot.i de | ream of the end econd
ol i gonucl &6 re&d)%ta i THgrPiony IS]f &S{ieaz% P'ﬁlréneﬁéile TdAng[ %n(ﬁ § ¥t eant
ol i gonucl garpyleasnshaldps vaepmdlaelvb BOMIGEC S Hdeke; mxﬁgbeneﬂd (eaf), subleas
"downstreant ol igonucl eotidc
i50-C and i50-G and other non-standard base pairs described in U.S. Patent No.
6,001,983 to S. Benner, and the selectively binding base analogs described in U.S.
30  Patent No. 5,912,340 to Igor V. Kutyavin, ef al.); non-hydrogen bonding analogs

(e.g., non-polar, aromatic nucleoside analogs such as 2,4-difluorotoluene, described

by B.A. Schweitzer and E.T. Kool, J. Org. Chem., 1994, 59, 7238-7242, B.A.

Schweitzer and E.T. Kool, J. Am. Chem. Soc., 1995, 117, 1863-1872); "universal”

bases such as 5-nitroindole and 3-nitropyrrole; and universal purines and pyrimidines
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5As used herein, the terns "conplenentary" or "conplcnentarity" are used in
reference to pol ynucl eotides (e.g., a sequence of two or nore nucl eotides
(e.qg., arwologdane2eoti de or a target nucleic acid)) r elPaTAS209/08 1104

base- pairing rules For exanpl e, the sequence 5 A—G—T 3," is
conplenen ar equence
‘partial, SuF ﬁj 3‘“%18%‘1661‘ retSIP‘F@“ﬁ?}& %llio%Ftoal %éﬂgﬁﬁﬁt ched

accor di nglggp t1'76163@§3109@3 rp @oﬂ%’ét% Nﬁ%lelctm&ﬁRéBiYI%Q 205 8THd Sﬁ?z) or "total”
conpl ementarity between t'he nucleic acid bases. The degree of

conplenenﬁhﬁkovwb@mk@@mumuﬁheo®ﬁa¢ﬁunsmféﬁdeﬂhasuéwgmm$a&wmma$ffects on the

ffici d N d Thi
*s of par HPanIPHIEDS Mo o E R AT AR B Snifipfipphggnes T S

det ectj onamw@fiealtyfm helﬁﬂé@%isumcvasek&tsfa& A5 8Pfual iPRat@le. NMRur@r nore nucl eic
acid strands. Either termmy al so be used in reference to individual

nucl eot i de®cesspuchab nyclgjcapidflaniige eghgieg tisyfo w@Wﬁu@c%ﬁen%@f basgsy exanypl e,
a parti Cukh%f YL &REL §L ng%&ra (fébn? del%‘a%'ﬁ%; é&ft bflfhe fbﬁatﬂpaﬁ'ed for its

conpl ementarity, or 0 a nucr 8ot rde wht hi n-anot her nucl ei ¢
aci d sequemﬂeot(desgsdefﬁletiaegﬁt Beaguenpk) isoiGcaod foasd irosxidaiviehr i son to the
conplenentarlty betmeen 20t he rest of the. ali onucleotldc and the nucleic
aci d sequé#feagcd DNA. Spghnershpueirantes gpd Qlemh?h%wersa% FPlisainedOtid used

hereipr eflﬁcrlélcta&d%g}nlﬁlﬂeg%ﬁw&%ﬁ %ﬁsﬂ%ﬁk%&dﬁ’(‘ﬂﬁ%oﬁﬂek@ e ﬂ'lﬁISAt he nucl ei c

aci d sequence such ne sequence Is paired with the 3'
end of t héarnageestudwss a]tlnoughrnhe qanaiungs arasemeilmbs desctibdducirepdiffdenanal ogs, as

di scussed abov in ed.in the nuclei.c. 25aci ds of .t esent
Mvent | oniRERTEreu e Cesshi e HPaIel P BT R e B arirete st B IE qupl exes
may Contab&mﬂ%&%@ﬂ@pﬁﬂh@ﬁﬁﬁm&%Hh%oﬁﬂyHQW@I%B@dmgﬂ§ﬁéo Eﬁ&%ﬁ:%k'||ed in the
art of nucleic acid technol ogy can determ ne duplex stability enpirically

consi der i hydraxyadebiae; bbxaedeiiapl 22Bydraxy ddrmd2-GbA. eXhepl e, the | engt h of the

Cont T4t BRbL APunRRSR SRR LR ACARRRERSS Lo Far S ERIH RS °°
" honol ogyas:i€f B66; 156 d&; degiyeR-Qf démmbgmaﬁlﬁé IZ-bfydra_fﬁi’GSXMEnd%ﬁlepaﬂ i al

honol ogy or conplete honDIogy (| e., identity). A partially honol ogous
sequence hydreredfngnd 2-OH-445. t han 100@6|dent|cal to another sequence. A

parti _al ly _COWD ﬂfe?{l%{ﬂgfﬁﬂ{aé,?lﬂ? §§ F%I‘ude?no y | ﬂﬂ§ %@(ﬁéo\ﬁgﬁg&m %gﬁ&f?sy

nucl eic acid nD ecule parti conplete

conpl enentawyll audbeiuvclcadies. Mdrus bEgdiueiotifdydfdhe pragent mvanti@r @t , ucl ei c
acid. _The inhibit] on of hybr i |zat|on of . the coHpIeter conpl enent ary
seque%%e PUMEREPTPRT Bk é VY IS8N@CfOH v 8R4ieESa hybri di zati on assay

(e.g., Southerfpofe "ﬁ&‘?&@a&h%qcueﬁé’é"%tioﬂuéiéﬁPrabﬂ'rﬁ&%élﬁ’é" RN h&iein! 1 ke)

under condi tions of ow stringen substantial |y honol ogous sequence or
pr obe mn|hﬁcdnpebegmmmkandenmhkbhdeommﬂ@mmﬁmnge@ed@agm®Mthpbmmd$zation) of

a conpl et el onpl us nucleic acid cule to ondi tions
ot “Tow ot MIeHgendJe AP SnRETHSNeS G eag T Ha L L eHfd PO AT A G SV ngency ar
such t hat nABSRRE '1f1é1ﬁd19% Hs8 Bstleé ab&feThid £5b hehMing, bienot AWiRH fd,AgeNCy
conditions may be such that the 10bi nding of two Sequences to one anot her

be a 3pechdatydcytesige, 8-kulrent-Noapethyladengsing oxrjridinylcytosine,

pseudoisocytosine, 5-(carboxyhydroxyl-methyl) uracil, 5-fluorouracil, 5-bromouracil,
5-carboxymethylaminomethyl-2-thiouracil, 5-carboxymethyl-aminomethyluracil,
dihydrouracil, inosine, N6-isopentenyladenine, 1-methyladenine, 1-methylpseudo-
uracil, 1-methylguanine, 1-methylinosine, 2,2-dimethyl-guanine, 2-methyladenine, 2-
30  methylguanine, 3-methyl-cytosine, 5S-methylcytosine, N6-methyladenine, 7-
methylguanine, 5-methylaminomethyluracil, 5-methoxy-amino-methyl-2-thiouracil,
beta-D-mannosylqueosine, 5'-methoxycarbonylmethyluracil, 5-methoxyuracil, 2-
methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid methylester, uracil-5-

oxyacetic acid, oxybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-
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The absence of non-specific binding may be tested by the use of a second
target that is substantially non-conplenentary (e.g., |ess than about 30%
i dentity)woizaoones2absence of non-specific binding the pPobasanNlo3T1o

hybri di ze to the second non conpl ementary target. |SWhen used in reference
to a double-str. ddnu cid sequence. h a cDNA or. gcnom c cl one,
the term hé%%‘flggftgéﬂuﬁf e 613555 ARt ST BRI an hybr i di ze
to either ;i RQtd &Eélﬁﬂiﬁyéﬁeu& B@iddl%éﬁdi&lr%d aﬁ&%ﬁlenﬁl%ﬁ&ﬁoﬁﬁé d @Squence

under conditions of |ow stringency as descri bed above. Wien used in
r ef er encedrpmiromiringl adpyramtddd4rijeranicines sechsaspuenioe andlegiey amino

s conpl a3 TRIrRERY R SRR BGITRoR. 81E subfeo LR RIH S ' O

condi t3 ongndbgleamarsing 1FOENEN01SS, 4GS TrideR (9@&\6@ PPA) The X4@hiher ns "t ar get
nucleic acid" and "target sequence,” refers a cleic acid of to be

det ect ed @malmﬂﬁremmz wdlpﬁ@nldamﬂ@&)%ﬂlé) é@ngme)cs:abélselbgmiswbm shed from
250t her gés%'b%seaaﬁ{ § ﬁ%‘n"rg%s‘ént%ﬁ'aﬂ oﬁ&&ﬁﬁf&%‘??e s'f%%g ﬁSHJ Rizapggn used in

reference 10 an a reac fer-1o the
nucl ei c aamdmmro@@mimmmdlso’mmhemm adi dutohtic bints dfelaamajly bicaekidyy t he
reaction, while when used jn reference tq a pol ym)rphlsm t hey may refer to

the porti Brcomeiiiebbasst aidbpsg 2aalegice tay bsany udiddnitagolisprusicolided
referggceg &g %‘Jg?s'dﬂ IV EntfInC BYIRY trJIRRGH a0 usk ‘?%ﬁ}l]l%g)m%nﬁﬂ&&fn%ﬁ to a

nucl ei ¢ aci ecul e contal ning a sequence t | east parti al
conpl enmentmhide\b-aminh-3aprobeagtyl - Iﬂydrqiyrmmdﬂ[éﬂed]gymmdrm ¢out PR - probe

ol i gonuci coti d al.so p i al Ierrentarlty with a

Second nuthitoc LR nET ety Sy by FRomBERO G G DT GO RaEr. Coner ui 1y, |t he
target nUPﬂ(ﬁ’P@’Cﬁ%'—Qn1(1@-3g(3»arﬂﬂh€§1%511 Wlﬂjl‘smlydfo%?{a%l%@ flfd%’glrm@iﬂfﬂeféimd from or
anplified fromor wthi anpl e ol ogi cal or environment al

sanpl e)) pee, NFTRRRE: - arhmn 3a(ptr@ﬂ' éeftnylr)mglami%’%rfﬁd]ps(rlnd@nm HRP4Y|dearying- t he

2T E i ST e e AR B R FOM P A o P SRTc! oot de and
| NVADER 0bin@ptigl Eghiis)raiole(B, 4L@]p§iﬂ1ﬁ&iiﬂé)|I\H{2tBP%C3| -ppage agent. Target

nucleic 5 acids froman organismarc not limted to %;nomc DNA and RNA.

Tar get nuEhdperaaRipdst-f InypmadinerguniksvmayHeb BBPAs 8-(48y nucl ei ¢ aci d

riag. st r AT PRS-« Mt S A AR G D AR L ae. SnRnas,

si RNAs an%mwﬁgﬂﬂﬁ@rémlﬂ%d]pyﬁﬁodm@4g dlammepeﬁdi)@@PPJASIHzPatpeasﬁ 1-
Appl |§at| on Ser. 10/ 740, 256,. filed 12/18/ 03, 10which is incorporated

her ei byy?ﬁf]e} Qﬂ’é’érqpﬁrlml‘ém%ﬁt"i ih@fl? PUA 5 NYPrP-dervidedas a r egi on of
nucI eic aﬁf 2d¥&g§rﬁhﬁdlﬁ@§ 4L dﬁBIg@tHélqu@ Qﬁlﬁlo 5- 8r0&)c l@-ﬁﬁyﬁﬁ{p hﬁmdﬂi@@ term

"probe ol i gon eotide,™ reférs to an olig |dc interacts with a
t ar get nuoh®iPE; &eintino-G-Beryuraxygeipe tyyapl h3<1h)lmnﬂr@ynnhldm5 -hood, BERC;cl eavage

izgﬁ%/;oﬁﬂgﬁlde %P’Eitg)eﬂ @ 'N%’Zéps' é’ngﬂg 3f‘§ﬁ§‘!§9pA ét}ae§ ﬁ? &\Saﬁ&préo[ggvage occurs
W thin t hemp{oohes- ﬁie’ttﬁ&%’&beloﬁgiiﬁ)yrdzﬂlﬁQfﬂﬂpﬁﬁﬂiﬁﬂﬁy\;\[ﬁﬁl(ﬁydréfﬁnﬁonm ex between

a probe and target is detect it exists l'e in some enbodi nents,

t he f3Y macthghoxstlan-pel d&iﬂp@BRPﬁa&aﬁenQ:lét[éélﬁ/é@kaﬁe@ydtoxmmetm}bgmla@ﬂr ts, e.g.,
DY e oL B oAyt IR i G o0 a0 & resul
OPPPG; 4,(4,6-Diamino-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-but-3-yn-1-ol, Super A;
6-Amino-3-(4-hydroxy-but-1-ynyl)-1,5-dihydro-pyrazolo[3,4-d]pyrimidin-4-o- ne; 5-
(4-hydroxy-but-1-ynyl)-1H-pyrimidine-2,4-dione, Super T; 3-iodo-1H-pyrazolo[3,4-

30  d]pyrimidine-4,6-diamine ((NH;) ,PPAI); 3-bromo-1H-pyrazolo[3,4-d]pyrimidine-
4,6-diamine (NH); PPABr); 3-chloro-1H-pyrazolo[3,4-d]pyrimidine-4,6-diamine
((NH,) ,PPACI); 3-lodo-1H-pyrazolo[3,4-d]pyrimidin-4-ylamine (PPAI); 3-Bromo-
1H-pyrazolo[3,4-d]pyrimidin-4-ylamine (PPABr); and 3-chloro-1H-pyrazolo|3,4-
d]pyrimidin-4-ylamine (PPACI).
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20The term "1 NVADER ol i gonucl eoti de" refers to an oligonucl eotide that
hybri di zes to a target nucleic acid at a | ocation near the region of
hybri di zavpenodatrieeen a probe and the target nucl ei ¢ acipdT/ush@o®BT194 he

| NVADER ol i gonucl eotide conprises a portion (e.g., a chemcal noiety, or

nucl eoti de, whether .conp] enentary to that target or not) that overlaps with
the region of ltm%fattfﬂ%ﬁ{ogéféﬂééwstnﬁ@%ﬁﬂﬂB}s%@sw@&ﬁé&&ﬁ? n sone

enbodi Ment§endidifeanMYAPE B QbbBOBEG L8RS HPcHRRIK RbRSIcS ggs-at its 3' end
that are substantially the same as sequences |ocated at the 5 end of a

probe ol i domycbedringsides whereirikintesnunlcotids sivkagss arcabe nstorhllyexceimingef ers to

an ol i gonuygl enti.d r conbi nation of oli.gonucleotides nf i ed to

qener ate. Bherared S inRhnll chmPg sulot Rt IR Ao RGPy M PE e

ol i gonsicl gBbfueiosd ProRp£Are i ERetca I tIBNuSars | 08 c LaSHELH-B-M0Tiladoseet t 0 a

cl eavage product from cl eavage of the probe oligonucleotide to forma
second i n9ddiiion PcPethodganesempst ke escatiwheredhe EHeH o4 theatbose wiety Hen be

cl eaved. i asse I, i | i | eoti de
conpri si néﬁzﬁ‘ﬁ%@?%ﬂ&% 9 %)%mmt) _?%((?--?1_? %%%rﬁl% ﬁ%@?gwhg‘n%%%%ﬁg’gn of the
cassette gloug@IO-e01j deecryyhtibode )z esistreplacesdsantiugro pioupn2 dfuctdrébosare

ol i gonuci coti de under reaction conditions, to forma duBI ex). In other
enbodi menRglated aligeugt-famuingsigasachyl 1 B preseydnyntigp Atrdthesstth#lese conpri si ng

conpl et BLyeqPOr S | QRS ﬂg&gﬁ@sﬁg‘cb?ﬁ@% Betdiph e gﬂ@g@g@gt&&ﬂ af@ndi tions. In

preferred enbodi nents, t tte conprises a n Sparticularly
pr ef er r ed Oéirdp suigamemtistjes tchmpetalss etithehybordpaiicest thabb@diclroiidt capsalichiat pr oduce

a fluorescence yesonanc ner transfer (FRET) effect..An oligonucleotide
s sard t 6BetihaE BRowT i g gkl ffe iy belbn Binet g shacioor | de. (o
target nU%aﬁin@f@@ﬁd@i&@,%i?%)(yﬂiﬁoﬂlﬁﬁési@ésiCQQQS'Cdi@&)tXFIqﬁ is present at a

hi gher nolar concentration than the other oligonucleotide éﬁor tar get
nucl ei ¢ aginthoripsbyuwscley.. Olipemicinetidés orimwhe otD-debmedirangsiéesgrobe

Conoontr apran g SREHESER wrehRaRy PATERS FORR DD EBRRuRETStre 0

reacti on gri¢oe3 useidotiBofidbsiadseart BescabRUIM Clth o BE Nuale@teAcidyRkei ¢ acid
present. Tg/pi cal | when present in excess, the probe oligonucicotide wll

be preseng3PAd 1a26$/8§s@§95)a Lefig PEpordiay fastedksd nuglgisiasigls (§ingh et dast 1 prol e
o, s2ch 18RLRey o aanurl ) 0L, ety o 5 oA gL, 21
"gene" rebBgautlzoaddsuchriming?ididgeng'-deddNAbofraposides (Palissa et al., Z.
20  Chem., 27:216 (1987)) have also been described. The phosphate backbone of the
modified oligonucleotides described herein can also be modified so that the
oligonucleotides contain phosphorothioate linkages and/or methylphosphonates
and/or phosphoroamidates (Chen et al., Nucl. Acids Res., 23:2662-2668 (1995)).
Combinations of oligonucleotide linkages are also within the scope of the present
25  invention. Still other backbone modifications are known to those of skill in the art.
In some embodiments, the modified bases described herein are incorporated
into PNA and DNA/PNA chimeras to balance Tp,s and provide modified
oligonucleotides having improved mismatch discrimination. Various modified forms
of DNA and DNA analogues have been used in attempts to overcome some of the
30  disadvantages of the use of DNA molecules as probes and primers. Among these are
peptide nucleic acids (PNAs, also known as polyamide nucleic acids). Nielsen et al.
Science 254:1497-1500 (1991). PNAs contain heterocyclic base units, as found in
DNA and RNA, that are linked by a polyamide backbone, instead of the sugar-
phosphate backbone characteristic of DNA and RNA. PNAs are capable of
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that conprises codi ng sequences necessary for the production of a

pol ypeptide, precursor, or RNA (e.g., rRNA, tRNA). The pol ypepti de can be
encoded byoa06%l1r3220 | engt h codi ng sequence or by any p®cCTiuseo09f031ibe codi ng
sequence so long as the desired activity or functional properties (e.g.,

enzymati c, act VII | i gand bi ndj transducti on nogeni city,
cre)) of “bRgdaoliepfRcaeTePabNar e e et waustes fak it Ft The term
al so enCOH?&%ﬁE‘@me&%tr%ﬁQl‘yﬂHaﬂ £84:RRpHdif: ﬂ&&@hé{ﬂ%kotﬁe%e% h&d"@ofsequences
| ocat ed adj acent to the Coding regl on on both t ‘" and ends for a

25di st anc BNéf olggomers andisagive maorenisis eictl rmetheémulthsm: hf Plﬁétoltghmegsetwe

The. coot nBcreEra ai R delOon e RN hrA L - P a7 b T 42 0 ©

non- trﬁns5%6@559M’c@1@1@%&}pp§ﬁ6h&%%?§m RPDRA/BNAGhidewnghtheamuef the coding
region and present on the nRNA are referred to as 3' non-transl ated

sequencesmonn@GItSépﬁPNéesorethe@ﬁé@wdwgé@ma@flﬁect blmamyetad ArgevniChcmor ns of a
gene. Gt e | on
o r upt S B OF o Ra oL RueBERE u G B Y AR REh Wb RRITE g
regi ons" bises |unts1€5smam¢d11gzrmﬂm{em;@]@ynmhdmas barsss @rg, BRGarhPBAQf3-a gene that
are transcrihed jnto nucl ear ) ; I nfrons pay.contain

r egul at or yubsfiByidRYEa70d0(4.4- dlam@fﬂé@ssﬁnodnfwérpaﬁge,é%dlﬁ@m diie. 5spl i ced out”

from jhe &Hﬁhﬁ%‘ ﬁ nlﬁﬁln%?ru)ﬁn?&&?ﬁ&s Héh%ar 11H‘<§J199a?1ohh€a[c§f>&{eefn8&1ﬁc@cﬁﬁe”t in the

messenger transcript. unctions during translation to
specify thea smqn@rmre/edmndmrdﬁlvalmfcealm MOﬁEmlHNAonMﬁNﬁpdhmpmpsl de. As

used herein, the term 'heterolgous_ gene fers to e hat i.s not in
e snat uitnhe StReRS M oy BRRRIEES Bepos Fetesutu B SRS mimer olics o gene

from one ﬁi@)ﬁfﬂeﬁfbabé‘ﬁlbﬁ&ﬁ&@uﬂlf&tr@%lﬁf&tfﬂﬁﬁu&&@ﬁél@SPI(IR a9d PN/ DINARI  or
bacterial gene present within a human (e.g., extrachronosonmally or

i nt egr at edhimstas syhdcsiosic' agaibitly in. thpatetce muthogle irs thiseanwligdtam dndc| udes a gene

added T MG ok st p At TR0 TRttt DoP8EG) ot ory105equences.

etc). In some arRbid®id SequendtedrensltaQgOnay G MaN & aR RbE\, df $ithdtgéhshiRd from
endogenous genes in that tqhe het er ol o(%ous ene sequences are typically
j oi ned t ooDNAthetigeeiatethat may bastgiarr doyblsdiardads d sppeesedéhieatcadr @i th t he

gene sequengescd Mahferfiy RidIsiC 13% ql?ern%‘e a9 B ClRHRA ‘é‘é&ﬁﬁAp ffd¢ons of the

chr onosone noﬁ found inn genes expresse OCI where the

gene is n@iDmemdeH}dsENw dsBud) madleSAﬁo ssmm heg.eihnoughhecltieg, ehgearirg,

expressi og refers to the pr ocei? of convertl n enetl o |g{§or mat i on encoded
Pnele

ina lirpeesRris) (& -, o1
"transcri Hﬁié?irbs aﬁg JLRRATBOBNA Gl 1nt\sls§RNt\e(e%n%xm%1tﬁl§a&éda%nf an RNA

polynerase protein encodi ng genes,”into protein through
"transl at hdnﬂasezsf etmRJ\messémeeRNPp(mﬁNlﬁomlmanmlabRNég(mRNrﬁédtratsfmﬁ‘yAst ages in

t he proce 20r Iat' " ar " ation" refers egul ati on t hat
| ner bases (TR FECE R ohk §ana e o BrPtEh st EtS T IRAS B or

protein), whilepe Efé%ﬁﬁ&ﬁhé‘ﬂ {saidt lifited bYRELSHE %soumf&fn%cm dcedilat i on that
decrease production. Ml ecules (e.g., transCription factors) that are

i nvol Y&d isemualpcer@gmlaqulfo@ gartare@t\mque@g@alat/mmilg@n@clmttd@w wdizP@dForact i vat or s"
and "repressors ect.i,vel 251 n addl hhe@or 989 @t ainin |gnt rons,

genoni c f SrHRP lg?fth%mé ﬁ% aﬁ&ﬁﬁ% J&° TRE] uafenp sequenceqe

amplification or creation of nucleic acid sequence via synthesis (e.g., polymerization
(e.g., primer extension (e.g., RNA-DNA hybrid primer technology)) and reverse
transcription (e.g., of RNA into DNA)) and/or amplification (e.g., polymerase chain
30  reaction (PCR), rolling circle amplification (RCA), nucleic acid sequence based
amplification (NASBA), transcription mediated amplification (TMA), ligase chain
reaction (LCR), cycling probe technology, Q-beta replicase, strand displacement
amplification (SDA), branched-DNA signal amplification (bDNA), hybrid capture,

and helicase dependent amplification).
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sequences | ocated on both the 5 and 3' end of the sequences that are
present on the RNA transcript. These sequences are referred to as

"f 1l anki ngvOoegumn2es or regions (e.g., these flanking sequamsc@s/03an be
| ocated 5 or 3' to the non-transl ated sequences present on the nmRNA

transcript). The 5 flanking regjon may contain regul ataory 30, sequences
such as pronnt&ﬁ%“%ﬁﬁ @ﬁﬁﬁﬁ@%r@giﬁﬁgfé%$P¥zPn%VmW%%thﬁgg%ﬂﬁ@jF¥anscription
of the gepferedfifio? nublcdeideqLEHOMmIBRYnEONtRbMcRAWIRRERS that direct the
termination of transcription, post-transcriptional cleavage and

pol yadenyl at i ohe term "oligpraicteetide™ agiused hgrpiaris defirmdsistaanelcgaa eoroprigeme

product isolated fro nat ur af | ccurring source. A.wld-t ene is
Phat whi chg & o FRldters AsnRalECtoies BB antngEPig

arbi trari leastdesictdeided, Aore pRIfFEblY aPleast\Wbbt- 10y PRnud@tidePind higregene. 1 n
contrast, the term"nodified" or "nutant"” refers to a gene or gene product

t hat di spPejablpdt fepgiabpeins th 30gwglgetides. erengr (¢ gneligunslcopdespeeties (e. g.,
| tered : LSt i |
altere Cfs@ﬁc%%%s'ts gﬁ&@gggﬁg% Ecggo(i%r e h0chg ili8o %ﬁ@%o&f‘e@)g h85veg«%ne

product . 1'S° N0 occurri nga mut a can Be I sol ated

(e.g., i deniudetiihectihyhd feam fiwadto infaided toeghcbmyessdbigr edlyabdeaticahnidt). cs (e. g.,
al tered nucl eic acid _sequences) when con'ﬁar ed to the wild-type gene or gene
product ) . The exact sigewilbdepond g8 many dactoiisewhigs sy turp derand ondhe wl§metucl ei ¢ aci d

e.d.10" a4 i t e’ . de"..or "an
i(solga%%d ﬁﬁfgﬁgl# ?g%iogk%%%%%{ég%ﬁ(%moel eOP gél?@ic%& ﬁ%eﬁ%“%%@%ﬁ%%ﬂﬁlgﬁce t hat

i s separ ateadthf rfomeaimple a¥ ronducapoondpdtideris cadarrahtoraaat 2hintdr" . whi ch it is
ordinarilérasso?ialed iq?its naaural %ource. Thus, an i cleic acid

|.at ed
Vs presenDIERMUEIGOGRS AN TOBT SrRRCTHARd TR SRR bY ASKTOREDZNG WY ch it i

found in p Miﬁn%otﬁ%&lﬁﬁicleoﬁ@&t iR k8uiY ehLine A6, 1S aRY Rt KAl C aci ds
such as and found in the state they exist in nature. For exanple, a

gi ven DNAtol Bgplquesnbaries, grucifarngehedsi end toiphedcnrOligenukisstidesahdy ehr omosone i n

proximty to neighborin enes,. RNA sequences h _as speci fic MRNA
cequelte. EHEGHTHE B Lpmer TR ding Khomced PR PN B Rer e i xt ur e
Wit h nuneaeskriptiie PORRNAS cbMBia8ee tlecod. Mdnd diflfodhe s, Wligbigclcddavever

i sol ated nuclelc acid encoding a given protein includes, by way of exanple,
such nucl Biat foap igvasiyecdeavagoHEHCHEeS 419 2engsrted ¥ hipaotams i ek tgps®hei n wher e

t he nucl ej 1d . is i g 9@? tion different fromthat of

nat ur al céﬁ@?hlgﬁnlag%gﬁg%\?\% se Fdﬂﬁ%%l%gg a different nucleic acid sequence
t han that foun8ctdustiaionoruclcbiided &oladced toueclkeiotiganicttotidts ig@anuaineot i de, or
pol ynzcl eoti de rrﬁxy be present in single-stranded or. double-stranded form

When gh i ghdhadhgydheprhateqfgne grangapgietidsmepesoring b ajftacraddeticat is to be
utilized Bng%Mearf%ﬁe@hﬁ&qﬁ%h@dﬁ&émn%g@é %&g?ﬁ&d%%hg&aga aRQhyhrg| eotide will

contain at @ m nimumthe sense or codin rand (e.g., the oligonucleotide
or pol ynuoligmtucktetidman réferrsd togdsehst ¥ andled )ts Shplospheaye sowt hnkedgothe 3'he sense

and anti-sense strands i(e‘e. , t%e al i go uscr:ﬁbeq Jde, ar. pel ynucl eoti de may be
Goubl o- st paviaad) = mbopudgefisinsnitSe fre LTS Thsh Mas N el & Rur i 1y whon
used in rghrIEBES' hRosPhADDAABERc{Rnd mondnUBBAN hEntb& Bhg. As @l ei ¢ acid or
am no_acid sequence)) refers to
25  herein, a nucleic acid sequence, even if internal to a larger oligonucleotide, also may
be said to have 5' and 3' ends. A first region along a nucleic acid strand is said to be
upstream of another region if the 3' end of the first region is before the 5' end of the
second region when moving along a strand of nucleic acid in a 5' to 3' direction.
When two different, non-overlapping oligonucleotides anneal to different
30 regions of the same linear complementary nucleic acid sequence, and the 3' end of one
oligonucleotide points towards the 5' end of the other, the former may be called the
"upstream" oligonucleotide and the latter the "downstream" oligonucleotide.

Similarly, when two overlapping oligonucleotides are hybridized to the same linear

complementary nucleic acid sequence, with the first oligonucleotide positioned such
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removal (e.g., isolation and/or separation) of the sanple fromits natural
environnment. The term "substantially purified" refers to a sanple (e.g.,

nol ecul e WO.2009/4732acl ei ¢ acid or am no acid sequence) t raT/Usa®9l98am4 r enoved
(e.g., isolated and/or purified) fromits natural environnment and is at

| east 60%.free,, preferabl % free, .or nost preferably 9Q% or, re free
from ot hef3EBhphdnt WSt q%ﬁ?ec% ofq of e ﬁmﬂgﬁg\}n%i%é%@g R Lol at ed
pol ynucl egfel 8" olQonud SR REGpsPleh ST RRhY HLthe @@ébnﬂ%ﬁ%@ﬁ&'lé’oti@@, the
substantially purified if it is rendered free (e.g., 60% 75%or nore

pr ef er abl {fir9obgaucleotidd mhy bencaliddethe Cunsproareholsgomutlotndd anid the sdcendhat ural |y
associ ated,. 5Th resent i iPp is not,limted to any particul ar neans
of “pur 11 clieTuARpBASHET by LLATb Pl o B el ®ant T al Ty puri £1 ed

nol ecud es (e. gAs ubCheEif, @6 tdnSeasiaplefhthry"ldrde@tplemen@fityetaye @ed in
purification techniques may be utilized including, but not limted to,

cent ri f ugkfprepcqte .pglxnupl%tgi&‘é M§-£., 2 seaUSIQIWo ay il aneleotided (g fer ent i al
centrifugat.i e 1S, [ . apt e trophoresis),
gol 11117 S eiRtregBALE{ SRAPREILE ok Bty AOCLS AU AEPESE ORI LG,
capture, prgnst,ithc sepati@t'BeA-GIT-W i ybmpRhreytarptacths eguenae3spaciA-i ¢
hybri di zati on array capture As used herein, the term "hybridization"

i's used i A EPBIPKHILIEY (Y bsapritialy’ B whighpnkmemeat jhemncleds icidbrys.
Hybr i P(bz%ﬂeqlﬁat@l% a%@@rdﬁ%g&@'ﬂ%%‘as@g%il ﬁg;i“ﬁl_gé.zéﬂ'ﬂ?é?e y&e’mc&ﬂ shrength of the

assocli ati on between the nucleic I's inpacte suc actors 15as the
degr ee of "toaifthbécemdanartyritydiciveesn thheualeic hadbasesi dbe dsgree nfjency of the

conditions involved, the T," of the formed hybrid, dthe GCratio within
Che et eremBlEmat ey Gt ettnueictdr sriTanes hRGeRt Bt RIS TEEAN omont ar v

nucl ei ¢ aghdgraothldhybkidiz8idiisd Wb mld@hdd k@akB. T8R! ohypfibdhzed. " As used
herein, the term" T,"" is used in reference to the "nelting
20t enper atropatancdineanificanion reentansatsuwel asdaténtion emplendaithat depandwivosh a

popul at i op of doubl e-.stranded nucl.ei ¢ .aci lecul es bhec s half

G oeolt a Dy ot B P B AGRDRRACh G0 PEar BURSHE T aPSol0R5 M8 ¢ ng

t enper at Urderdfdeato ihdieduliyhue Rbtitdsatdpetially Githirt@e poitsiteElpobadeienids of

conpl ementary nucleic acids, along with factors of reaction conditions
(e.g., saFer eenpihematticotr negpetederwishin gnoligpnuckrotido Mgy dewatedfor it r ands in a

25m xture - ' f at | ng: t nuecl.ei Lds are
el | knongo TR EARLLF SUREk Aed 36 (s POl BL WM B P Eh o R UE A ¢
esti mate @fgtherddtBecquahe, imayniast oatapaised tdyhe chapkeieatarionbetvicon = 81. 5 +

0.41(% G + O, en a nuclejc acid is in aqueous solution at 1 M NaCl ( See,
e.g.,z&buﬁﬁl'ﬁ@f d%%@gﬁﬁetﬁ@éﬁ ﬂﬁﬂ“ﬂﬁ@?%F@S%E?HmHybridisation: A Practica

Appr oach (Hamesh & bhg9hdge of‘%%p)eicp&idlée‘qgllnce! RlusEl £&Sin rg'fg?%%hd) . Other

conputations for calculating T", are known in the art and take structural
and envi r ohgentkbtidawhisk) Whasalppgdentbehecmanlac hedissqucose suchohadiootint ( See,

e.g., Allaw,.H T. and Sant al uci -, .. Biochem stry 36, 10581-94
(1597)) antf YMESL UL 1SpYE a5 B e IS 1@5@(%%?@3610 (1998)).

As used hggsgtiBtior. NeNdcRiotide hAWARER disSaYed SRYES bd RERHS] INGhOREISE NDre
reagents for detecting target sequences, said reagents conprising nucleic

aci d Avl eeufles! thapedsen infenpan pa€inghudengompldneminiity opedofotan peeetsi ve
cl eavage SLbMGEE L 06 Rh ERSREGHEl vh05al £ AR SGLHRAGE: ThB.Om®

skilled in the art of nucleic acid technology can determine duplex stability empirically
considering a number of variables including, for example, the length of the
oligonucleotide, base composition and sequence of the oligonucleotide, ionic strength
30  and incidence of mismatched base pairs.
The term "homology" refers to a degree of complementarity. There may be
partial homology or complete homology (i.e., identity). A partially homologous
sequence is one that is less than 100% identical to another sequence. A partially

complementary sequence that is "substantially homologous" is a nucleic acid
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5conprise all of the nucleic acid nol ecules needed to forman invasive

cl eavage structure in preformed configuration, while in sonme enbodi nents,

| N\VADER asea90w®aaipent s provi de or, are used in conjunct iPOm/US2Q00/08T184 Or nor e
additional reagents (e.g., priners, polynerizing enzynmes, |igases,

nucl eases ha |l ow the { tion of nucleic acid nolecules . ysed in
Form ng. aolsiolefvat beatvahombiet remd Eoih  SOREmENBBd i &4t he | NVADER
assay reagRMcalel firh RShriGOMP b & Barg&t rRORM acdt P TIEhBHIHAD Y BridizasRnge of an

i nvasi ve cl eavage structure (e.g., a cleavage agent). In sonme enbodi nents,

t he nucl eths caviplctelylcemplessnirsyrpegusece torthy targeti sgmentednay bgenanuhesbt | des, sai d

reqi on_of HBPPHUE A B ser g dRar S Teat 8RR ST ab At e tae
conpr i $i ngn@tht Iike) BRIt toMitRE o Iy sPRBEAGN.A ﬁaisﬁnﬁéuypmﬁdl@gb@orml enentary
to a second region of the target nucleic acid downstream of and conti guous

to the fi pespucpssraripsehe witl copmstedeparl wbibiisthe binding (egorthq ybrighizatine) afecond

ol i gonucl j j aberm I i I ary to the
Car gor nusrerERErRBRb R8sy Syufiord SHEHER e SR B AIPLa AR SPRR Y 2 ond
ol i gonucl s@ihpeleyc dhs is hist tofsaptitt oglditionsoff &ot stdagarly a2Oswanipdtesent ary to the

target nucl eic acid. | NVADER assay reagents may be found, for exanple, in
U.S. Pat eitccNissbindingisgepmittedde ggshailgy: stngsgay egulitigusaery, tsesrch gaoths 881; and

6, 090;543,; 7 98[ 42878, i At (o PUblaccNOS (20050014163,
200500@475@%58’0%\%%@611 o@gl%%%se,r bg&?%éz?o%&esg: ggzeocoly% ?864%1%81?5 gnd
200501641 TH¢ alidefice *faton-sppgfin biSerg mMobe kited 6§ tH2@se cdnde@bdytangeicthavis et al . |

Nat. Biotech,, .17:292 (1999), Hall et ., P o, UDA,. 97: 827 2000), each
of which P Sf‘?é‘Pé'I%n‘?l}i&Q(j’P@S‘P)ﬁ?té’éY (Jﬁy%’- ﬁ%@%@@wﬁb Mi‘en&m%e Wéﬁ?gtfsg}mall)

pur poses. of ﬁbrﬁﬁiﬁé@iﬂ%rﬂ?ﬁﬁh@ﬁﬁgﬁ@bé WYAFRyBSSi2Y td tBRI&DHE ndk-LompRidcatted to
detect a target nucleic acid sequence conprising first and second

non- cont i tugdls singl e- 30 stranded regions separated by an intervening
regi on. conpri si a doubl e-stranded .rregji on. Il n certajn enbodi pents, the
TNVADER assay PoRganrditdshiriesd & ayiagirieg rgsksbsoiase sighies. of

bi ndi ng t eDN&A 6t dohbsiic @bk, SRCOnE "NOREARALY IHHISgIsNEférs 5 é@%ﬁﬂe itegi ons of
a target nucleic acid sequence. In particularly preferred enbodi nents,

ei t her or cabbrigizedaicdhdrior dpthagndsyofdhs doubbesnandsd nedpigaridoenerase of sai d

| NVADER a t i.dqi | eot i des. I n sone
enbodinen?§?¥fﬁ%ﬁﬁﬁﬁﬁﬁégk§2§§$ﬂ33§3§%%£ ?Eﬁ?ﬁ%r conprise a solid support.
For exanpl e, i WimanBceimoftirsrentsa sinple-snedal nusvieadd sgponal, érttedes of the
Sassay reagents (e.qg., first and/or second oligonuc) eotide, whether

bri dgg(hg o%u%ﬁaﬁual&yrhoa@lwﬁ STl {EHGRObS habs B8R §ugpbrt. The one or

nore ol i QQ&H@L@%&;H {ﬁﬂﬁti%%ﬂie sﬁrtcgﬁ-st%éﬁ%d hEAGERAER s@%%n@@uhéléi”&@ ilifnd dr8owol 1 d

support dire 0 dire (e.g., via a spacer nolecule (e.g., an
ol i gonucl stongele)y)as dEsceipd alvoresol | d phase i nvasi ve cl eavage reactions are
described in UTE. Pat ,, PUE. WQS. 0050164177 and 20030143585, .herein
10i ncor por at ed | BY '8 efEsre BuSINCaRidi And fgehiqaagnee.” reterS RATICICE 3T i n, a

"solid suppericdetcttcAdy afBYSsd. athuk @b "faBicht B kHisht tSbSNRR RIS Frogs Say
conditions, and that can be separated froma |1quid phase. Supports that
mai nt 2% n pthei rucddie peidherrichie adié sequgneks. Fadewdpls,twhes usethingrisienced t hat

{1 o1l RO MBS 0hcn SRLRUMEL LR BRomulRYe R $558IiRoPO! 1
nucleic acid that will be amplified by the reaction, while when used in reference to a
polymorphism, they may refer to the portion of an containing a suspected
polymorphism. When used in reference to an invasive cleavage reaction, these terms

30 refer to a nucleic acid molecule containing a sequence that has at least partial
complementarity with at least a first nucleic acid molecule (e.g. probe
oligonucleotide) and may also have at least partial complementarity with a second

nucleic acid molecule (e.g. INVADER oligonucleotide). Generally, the target nucleic

acid (e.g., present within, isolated from, enriched from, or amplified from or within a
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15can be separated froma liquid phase. The present invention is not

limted by the type of solid support utilized. Indeed, a variety of solid
support s wWpelpinreapl ated to be useful in the present i BR¢EAISR@9/08T64 udi ng,
but not limted to, a bead pl anar surface, controlled pore glass (CPG, a

wafer, glass, silic rmnd ra | as ar amagneti c . bead,
magnet i o Buade U & &Rt o U RarT AR FL Tolbstitd BB TG Bt bpeads,

m crof | ui Qﬁd?ls(i&@nl@iﬁaﬁlesdld 1h€ Rl fofmdN 1l 6 IRRs R ici@vadd dWuefufPinat ¢ wel | a
silica gel, a polyneric nmenbrane, a particle, a derivatized plastic fil a
gl ass beadombmatll(unvvltha@fﬁ%d@@@@é@uclam agldmplequlgéd-g., aropololigervsteatiide,

Dol o ety BV ADER SRR GO BRSFAM o syt B dieisica,
cel | ul pseacidefkbmam, orsinddrt bre Mok GRlided t@g@ﬁmla DN YEOBBIA. w%étqmepeﬁd n,
ar

25mannan, inulin, nitrocellul ose, diazocellulose or st polynerlc
M cr opar t PEfleTOBENyOTEHTiEn PRANSOENESS BB JUeke @01@ apeciqy) meldyig g notst yr ene,

mul ti-wel r O

hydr ophi | .hféﬁ)"%@rto en?’%ﬁ?ﬁ@%@@.@s’%ﬁ@ %gl?%ﬁ% gu‘rr@% Sg@%rrpany,
Meri den, ﬁio;thI\)'As fahbemald RINAs sughak EISRNASl SEIENAS aﬁ@ngcroREEéQﬁ«M)Asi.l | | um na,
San Diego, CA ), described in U S Pat. %@ 2005 41771% smal |

parti cl esSeirérbreanmsading . sPatgntiApplicatign$ s nironi &40, 3?1@ pded k/k§fét ni ol - gol d

| ayer n S, b YOG, i de-
i ITTYDbﬂ?I z?ﬁb&%%&@g& t%@?&ées@qg%?ﬁéém RS. é}{tfr@% A %@%%0%5019%%6%?. In sone
enbodi nentegjort dfeusielid abidwithorthe tssgatcequedcar t h a bi ndi ng | ayer or materi al

(e.g., gold, dianond, treptavidi one enbodi nent.s, the

| NVADER assay Aodgeiesdh, B raR Bisindleanue eqride OBy en GHEomi Stk

pref err ediRIRRGhAE A B a thidet mfl&@am&% FrinQNISQIEYIE Sifplex SR GBcledscdi val ent
cations (e.g., 1\41121 and/or M2l ions). Individual ingredients (e.g.

ol i gonucl eb@v@egssaéﬁwms thebUTAQMAN assayged theudy \eADERGisshy) thetraebeac ol | ecti vel y

o ol o el bR A R SR AR T B bR T i BARREL BRAEY W IBRRTS ¢ v ¢ ner

conpri se frobbiofigorclc@@ifelCireiidentaifpeRIRRE &npltobéwkebi h @rqdelahion of the
target nucleic acid upstreamof the first portion of the first target

nucl ei ¢ atirget (edgectedawhilit kEistsowhige Muemsombpdanents. thy grmationef @abodi ment s,

t he | NVA t. e, cid. In
some. enbod HERE SR e R oS PR ioh S LB e 85 Or
target nuekkacagaciveht) that yeturrot her renhod fdfﬁﬁtlsn of the prdBARNZRt amsiglyx.r eagent s
further conprise a third oli ucleotl rising a portion

conpl rent ary 18e Erpy J@M%‘?aﬂg%u%eﬁe g t%aar%epnvfgiqt@%haéc. d. In some
specific ﬁix‘i?@cﬂk&%ta%ar?ﬁ%cf&c R & a%caﬁfontn!%% hBkEHoPbt mglﬁ.gaﬁﬁ% ide is

covalently nked to e second target nuclelc acid r specific
enbodi nenbstwetine pedeand theanget nunlat ecld wibérdinfthe IMEADERplidomesleatid®  porti on,

wherein the 5. portion of th sec arget nucl ei cid the third

o'+ gonuci EarPisS A P GreR PR s uclSp e AR ilehyTrbhgent s
further cenphi a8 ARREATGR!I \%ﬁyhe iof of hSHFE=TER velv @anmeheeé i de) . In
sonme enbodi nents one or nore of the DER assay reagents or 20 | NVADER

assay2y eag%targ@@nbﬂo&@emegnbmiymmes ﬁh@lNHé@E&\olsgoenel@tyiﬁeqmewaseqweq e.g.,
prenmeasur ed, f e t of t he procedure nea urement or
re-di spen%ti 15 en(?ﬁlat o] %%r%n%f)ll etSame BPEE e IWiﬁzgtass yor gagent
conponent §ro@eehg¢mgdgoaael pr edi spensed t oget her In prefer red enbodi nent s,
predi spensed assa¥ r eagent gonponents arc predi spensed. and arc, provided in
a reaction vesdby lq®."gassetss) wcisgdnargin 15thrs ot oligenvdertids, or gombaetivnn t ube
or a well r 1@9@ ment s,
Che | NV. AD%f?& ggcl@?tjéﬁaeg ecﬁﬂigélgéde B p&%gli)aéa'e%&él?%&%le §1lgﬁ'alq{1 ?Jsﬁ&ﬂs%q!o €

30  of a probe oligonucleotide. In preferred embodiments, the cassette hybridizes to a

cleavage product from cleavage of the probe oligonucleotide to form a second
invasive cleavage structure, such that the cassette can then be cleaved.
In some embodiments, the cassette is a single oligonucleotide comprising a

hairpin portion (i.e., a region wherein one portion of the cassette oligonucleotide
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m crofl ui di c devices such as those described in U S. Pats., 6,627, 159;

6, 720, 187; 6, 734,401; and 6,814,935, as well as U S. Pat. Pub.

2002/ 006486200%tde3270f which is herein incorporated by r@CEUSa@e/08T1941t S
entirety. In particularly preferred 30 enbodi nents, predi spensed | NVADER

assay reagent. .conponents are dried do esi.ccated or hilized)
in a reacg%ifh?ﬁéggélsecona pomanPfjé kgépﬁ‘g?ﬂt@d ¢ under YF?\?\VRBERH 8 reagent s
or |NVADEB %%Wduﬁ)f‘&geﬁiotﬁ&mﬁh&tﬁraecaﬁe%b&ﬁﬁn% aflekitltwoAS used herein,
the term"kit refers to any delivery systemfor delivering materials. In

t he cont egligwfucleetidesicompaiswigyrompudntate ppitiony they sanefesmiantipledemndyst ens t hat

allow for the stor ran ar,. del react.i on nts (e.g.,

o1 1 gonuct ESETIEeAafy L FERRN 3l N b Rl SO RBHR SRS Bt or
supporj i ngaﬂﬁaﬁlaﬂ¥ pleFert & @nbodautdtgrihe calbdtict @mpriRSs labléd ﬁl@&ti%@ﬂlaper form ng
the assay etc romone |location to another. For exanple, kits include one

or nore SBlfﬂéill%%lﬂé%feﬁ@n@e reseisesyncEantransiir (GRERcifedtevant reacti on reagent s
and/ or suppor t | ﬂ%h@%@&éﬂd@ is é%t?d %Sbeeﬂ;rg'%Bann"exéeQ? HRER: %&%{@nt ed kit”

refers to dellv syste re sep araecontalners t hat

each cont ahgtmualesudim@lf targen mﬁletmld Set]aéncle) if theo @hg@&mt@nda' beresent #ianer s may
be delivered to the intended, recipient together or separately. For exanple,

a first cBignglmelr mee%ﬁt%tha%we@m ﬁag%lﬁlee%e QSIS EARId whi | e a
secong COQéq%bﬁ‘é’eg v&%h%h Qﬁdc%ﬁﬁskﬁéﬁtds% obeTélggpfnﬁél nc{e i§ f&&h?ﬁ’ kit" is

i ntended to enconpass contai ning Anal yte-specific re gents regul at ed
under sectlcovagb28cedn of eKChSS Fadec &l thEomd:enlmwgl, ofa}ndcdﬂmﬁm'emtaryAatget but arc

Separ at e COHPARHEPCHNET (Bl EBHOSY P oetdSHRERs G Beuir oot
conponent §u@éig ablac‘ﬂrwéﬁﬁ Tﬁmﬂaﬁ [ RBerd SHedent M@&eﬁnih%r&etohgohﬁu&m%r ast, a
“conbined kit" refers to P,I very system containing all of the corrponents

of a reacwilbhe psen in at 1aaS$ B d@Oéoldomlan IXELSS( ‘e'pg:ally phlcastdipmagle obenchhousi ng

each the.,desired, c one t" i.ncl.udes bot h fragrrent ed
o cohi AREe B EeR R OER RETR e d el Ml hustdin it SoRRPRoNebr oot dos
| NVADER a§§e§@maﬁ)5&@ge@fmgﬂegsf&@§mrl sing one or nore of the conponents

necessary for practicing the present invention. For exanple, the present
i nvention providaseddareins he taymoieene) refery®l4 wiqlc‘n@cldﬁﬁegeﬁ qegme? or t he

reaction L, he kit may

i ncl ude aﬁl%pgn C&ﬁn% C@n Csetsglggeésgg'rﬁ?fe%?& W 33'50%§%gay§ i ncl udi ng,
but not | prectuser, boRNtAhee & RNt NAe nibe | pobgeptidd fadrte, encatedbgla A8r eagent s
(e.g npl es, positive and negative control target

oli go%QJcl Eﬁ‘é‘fé%o‘@glngé%u%nce 8bPY #sRAHS? 98316|Ca P SSAURAER %Ogﬁn%lﬁ%l‘/hﬁr pi ctori al

| nstr uct | R At AL GActioRb IR, J ,Srmmt@a Sotiv t9b1§gah&gu@w or detection

reagents, package environnental (e.g., Ice es| ccants, etc. ), and
t he |i ke. signalsameduetrhodmmemogenitite eki o the ol-ldegth os fliagmemt p@ﬂynepeder equi red

conmponents, wher i s . expected that the user he

ormt i ng iR ABnd bt i SR taP TR HaER ot YBREITSETE U or ror e
separate ﬁfé%@ﬁe‘ﬁ@éﬁo%@d éﬁbeﬁﬁfohh@@&hﬁg REIonALISAE tiRt 3 URS Stenaf fdrfae
conponents to be delivere For exanple, a first container (e.g., box) may

cont ath adistingyekabost §kb osmorceneithes p@tquhéhaif teagcag sownsppnds forthes sui t abl e
storage bi"engﬁlrof"%ﬂe fu(floleng rr‘x%EI)JA %equences located 5' of the coding region and

present on the mRNA are referred to as 5' non-translated sequences. Sequences
located 3' or downstream of the coding region and present on the mRNA are referred
to as 3' non-translated sequences. The term "gene" encompasses both cDNA and

30  genomic forms of a gene. A genomic form or clone of a gene contains the coding
region interrupted with non-coding sequences termed "introns" or "intervening
regions" or "intervening sequences.” Introns are segments of a gene that are
transcribed into nuclear RNA (e.g., hnRNA); introns may contain regulatory elements

(e.g., enhancers). Introns are removed or "spliced out" from the nuclear or primary
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second box may contain oligonucl eotides (e.g., |INVADER oligonucl eoti des,
probe ol igonucl eotides, control target oligonucleotides, etc.). I n
sonme prefworew/wn2edi nents, the -1 NVADER assay reagent s PCUUSk@9/030pri se
reagents for detecting a nucleic acid cleavage product. In sonme 5

enbodi nents, ane.or re onucl eotjdes in t assa reagents
conpri se Emmﬁﬁgﬁ“ﬂﬂwsgﬁwap f 8p§eBtingd Hﬁﬁﬁﬁﬁ?ggqégkﬁgigi%?“ tgonucl eot i de
conpri sesTge heA fuldfioRd H‘ﬁ{n Eﬁﬂcsﬁﬁﬁﬁ% §EBRFHRRE Foncs 8 GkdbMbf fhnino

ol i gonucl eoti de conprises a label. In partlcularly preferred enbodi nents,

t he reageantids monmstea palybeptte. and/or a third ol i gonucl eoti de | abel ed Wi th
noi eti es that odu e af res, ce 10resonance ener t ransfer. (FRET)
erfoct o RSO ar b RS R A SRR R MR Uty e .
chem cal spefil @ﬁx)lrdn'ﬂféht CEdt REm! ng%t gatefblous @tnd gl déa gen‘éGﬁth babl e
response. In some preferred enbodi ments, detectlon of a | abel provides
quanti fi ameélqs mt&dﬂﬁ@d B, anogliss et e Se agiigl Rkasierigbgeastaesent wishiagy . such
as, for e a ligand
(e, blg ik g?m t%%ﬁf %o&ﬁ %h ﬁﬁx%medﬁﬁbﬁﬁgmﬁﬁqih iﬁtlcle ot

i mpart s ahetetodsioab gﬁlm:id)lﬁl)sludés ehg@te&iatl(/etogp.n, orgargax gesn hay heea atraigd ih abel |

| at ex beads, netal partic]es, a paranmagnetic, |abel, a | um nescent conpound
(e.g., bi éﬂrHWﬁﬁé%nmu%ff%@%éﬂéé@%mle@Ppléﬁélﬁvk%mI}?@sl%?élﬁ? $PYY or a

f I uor ?(?Ce@éqtu%@é“é@%&d %ﬂlgg@‘o Ogn’&ef h%ﬂ?ég?uggéﬁéah%efa su‘l:)wgﬁsﬁ&lct ly, to an

ol i gonucl eot 1 de or ot er I ca D rect ng can occur
t hr ough bﬁndsnmpgmmmegaﬁsnmﬁsnﬂhammhﬂngnmngnéaﬂamumsakhgpmamgmnudheot|de

i ncl udi ng val ent b s _or on coval |nte ns such as hydrogen
bondt ng. R SHORES (A G e rAG POttt M R SRR B

chel ates @Eroﬁf%%rﬁé BR4dk %‘so‘é&'iﬁéﬂ \@Pﬂ?ﬁombﬂﬁbﬂ’ 186 bhilboAR8bh B Ao CRMNPECHuk hr ough use
of a bridging noiety or "linker", such as an anti body or additional

ol i gonucl lﬂ%@@}?xpr%@\dhudhcu whexe éleamheanﬂmpemllywxcmeswdm rectly | abel ed.
Label s. can be ys n .cqonbi nat i N _suppress
(o0, 15 quanch) ASEReltgOR e bl SREPLIREG R B Blsrb@Ro i BlpufRg ™ (P ™
f 1 uor escepertic asbrantR @b6d@)in bransines RNARE] ) mRNA rRABEKRNA, 6: , 2

| um nescent | abel). As used herein, the term"FRET" refers to fluorescence

r esonanceSERSAYhrahy HieasaEtion’ ofrthe aens (ewg. \wWha BB creBticestipr ofan RNA
fl h t "
uorop O{)Sl?l%ne}arsg)n ﬁltm? ﬁr??oet&gﬁegrgoecﬁ?%gg{'g?ngto qdagﬁﬁh%%{&%% Brﬁnﬁla[tgo(ﬁmPn some

fl uorophote or op
circunstaﬁﬁeﬁa.EEEHémﬁmmkma&nalrqyﬁﬂt&dndmnon%khumme@hﬁmﬁ;vlansferr|ng
energy to a | ower-epergy. acceptor fluorophore via a shaort-range (e.g.,
about ¥QLO Fﬁ%ulﬂnop eq's )aCHY%S’SPeTQf?ﬁ%‘? Eﬁg}lﬁf@? ﬁ@f FIHFPaS?Sﬁﬁ%PWé{PCt&nr (BYBt ances,
FRET 1 nvoLy@susford R50uch (o[d UOURSE SRACING AR bR A HRRO or AfhflohnCT ease i
quorescené§.$nn§ﬁ acce é%r fl uorop gfe ' In stil g?‘%)ther forﬁs ? FRET,

ener gy carefbs tereghhnge that derrean peoductied Moleonles (a.lg ofphreceptian factors)

non-f | uor Iecule uenchln nol ecu RET i n

Those of - Tt i Tripsianapregiiions daiheaublo Beditathned Rtvirt BB et %l
51978, Anm%]B@yﬁsE%£E§§Nb1 47:819; Selvin, 1995, Methods Enzynol ., 246: 300
Orpana, 2004 Bi onol X 45-50; divier, 2005 Mutant Res 573, 103-110,
each &1 which Irsaddmtmtp@pataédngn@trenh gbpom@fferr@mfea ganeimay aémmﬁlelﬂsl)

sequences located on both the 5' and 3' end of the sequences that are present on the
RNA transcript. These sequences are referred to as "flanking" sequences or regions
(e.g., these flanking sequences can be located 5' or 3' to the non-translated sequences
present on the mRNA transcript). The 5' flanking region may contain regulatory

30  sequences such as promoters and enhancers that control or influence the transcription
of the gene. The 3' flanking region may contain sequences that direct the termination
of transcription, post-transcriptional cleavage and polyadenylation.

The term "wild-type" refers to a gene or gene product isolated from a naturally

occurring source. A wild-type gene is that which is most frequently observed in a
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As used herein, the term "unl abel ed" as used in reference to a probe

ol i gonucl eotide refers to a probe oligonucl eotide that does not conprise
any non- WO 20acl1832¢ aci d noiety, e.g., a chronorphore oPCTIuseeOpBTIPL, tO
facilitate detection. An unl abel ed probe nay conprise nodi fications, such

as 3' Hocki 0 prevent exte b rase sed herein
the term p%ﬁ%}? fl%T&]é" f‘@“ﬁarﬂ%détl@%éh nno“é' ?QEQW@HEXP%)fOWSf Lﬂ]“ébsor bs at a
first “ﬁVg&ﬁﬁgthﬁﬁﬁt%ﬁékﬁnahmaﬁﬁﬁcQﬁqﬂu&ﬂm9&£nM@!%kﬁ@gﬁ neﬁhﬁmkﬁrm

15" acceptor" refers to a noiety such as a fluorophore, chronophore, or
quencher thtldisplays ingdidighizonsan adypionds androe fmrctm@ltprmemmegmaltt:@d energy from

t he donor mhen i S near the 0 icall e 0. n An
ocentor el g S DR witd-BrR deht B G ko RRE PR Shtad 88 2 ool on
spect ram niR@yalcbytring hndtdis @maRntslhtel $e.a, fdeH@fQPBWMS fadt thdt AR Hac em ts at

athird, still |longer wavelength; if it is a 20 chronophorc or quencher, it
rel eases dliscdpargoratisotee dlicreshauckc ok srquanenbberepAntparedyioghphot on. In

sonme pref eration in energy |levels of donor and/or
%ldg[? eg&ar egg&{@cfi%&} [ [

accept or (e.g., via neasuring energy transfer (e.g.,
by detecting | irgéltermnh@featw‘t)wmﬁtuexe@m 1@tatibh @i dodieic acidrdgQramizo Rpddor
moieties). In some preferred enbodi nents, the em ssion spectruntof an
accept or ﬂb&qwleped%og 'Isalatednoiynsicleofde i’ §%iseklt%dptet°l%%ﬁl PCRERENbr noi ety

such jhat ﬁ&]a $5h ﬁﬂccle&gggcseﬂ%n]ce HPEs @gﬂg il ﬂ‘?ﬁtgéfe)sﬁgﬁeoﬂarﬁﬂb%em&t ies can be

di stingui she g., y resol rom eac I n some
enbodi ne ntcmtaramarmrwrth mbichtiyisicsdingely assoccatabinngtiadmalwoutee niihus, |ah e acceptor

noi eti es erred enbodi nent ono i S.uUs i nation
50 wi t 12 RBERGT Cas Ry eaner et st ks O oF whBet v such
that wheniitibg,ud@nehatiRi &h YohtPasH A8E-i{oat8d nudI&E %fl@g\ arb BRI U dsQUCHTRY €
preferably, between 1-25 nm or even nore preferably around 10 nmor |ess)

to the qu@abanemd RNpsfoand int theistate they exians eturadiarexemplequghvehéMNAi et y

rat he than t he acceptor i ety uencher noiety is renoved
Cor 15 by e B GO By ong B Bo T b e R SFGRTRE Y anf erred 1o
an accept AEigBYrRlodaents) R&‘D@Eeq%ﬁée@rd’ueﬂ a@ﬁ’@p&[ﬁﬁﬁiﬂRNA Ssde@ncddipgmut he
accept or nolety is detected (e.g., using wavelength s |ft|§%,no ecul ar
beacons) fIS&HIC proteimgegfoundin the coll agt BEUR] wtleermepeygthaemRNeg that( 2000) ;

Vol anga. 2o Nel TR e SA0HEL NA0RRP 1o dBta A1deic QLR 2O0R UL ant Feos

i ncor por apekih érchides thy waf eff sxangld, budhtiuckid adiéinygells ordinarilPukjpratyie

fluor hores .include e li.m. ted fluor celn odam ne, REDMOND
RED d hRHEITR DPRic W\Hﬁ?@‘ TH@%&“C?’H%F%“@I %%588} ‘g%‘ fregey dye,
Cy3, Q/3 that Sty c%ué ordfl ch%me ﬂankedg?r a different nuclelc acid sequence than

4, 4-di fl uoro-5, 7-di phenyl- 4- bor a3a, 4a- di aza- -s-1 ndacene- 3- propi oni ¢ aci d,
4, 4-difl udrat)fdil,nti-lmmlthmtx)ﬂbllaesqldtedlnlluﬂclaacﬁw&gomaeleotlde or polynucleotide

diaza-s-inda ene- 3- propi oni c |qu 0- 5- ryl-4-bqra-3a, 4- adi az-
o e b e propnian s Rebindad eaiult SanpibliSny vEh & RoRRA e

N, N, N, Nr- tﬁar&f@hﬁméotﬁm oF PORARVERRRFNIY utiiLxaso Bqﬂess%qﬁbt@m fHeuor escei n,

4, 4-di fluoro-5 henyl- 4-bor a3a, 4a- di aza- s- i ndacenc- 3- propi oni ¢ aci d,

, 4- d25 | uohgﬂrwcta@oe@m@r)mbﬁewtﬁptlde ot aorafanzahmnamamm thedeseree cgdipg opi oni ¢ aci d
and 4, 4- dlst];altn eg .,th l}léo%ucléelotllocperoq’ p%%inuc et d rnaySbe single-stranded), but may

contain both the sense and anti-sense strands (e.g., the oligonucleotide or
polynucleotide may be double-stranded).
As used herein, the terms "purified"” or "to purify” when used in reference to a
30 sample (e.g., a molecule (e.g., a nucleic acid or amino acid sequence)) refers to
removal (e.g., isolation and/or separation) of the sample from its natural environment.
The term "substantially purified" refers to a sample (e.g., molecule (e.g. a nucleic acid
or amino acid sequence) that has been removed (e.g., isolated and/or purified) from its

natural environment and is at least 60% free, preferably 75% free, or most preferably
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15i ndacene- propioni c acid, 6-carboxyfluorescein (6-FAM, 2,4',1,4,-
tetrachl orof l uorescein (TET), 21,4',51,7',1, 4-hexachl orof |l uorescei n (HEX),
21, 7' - diwetbexy73e7, 51- di chl or o- 6- car boxyr hodam ne (JCOEPCT/US2009/037194
21-chl oro-51-fluoro-7', 8 -fused phenyl - 1, 4-dichl oro-6-carboxyfl uorescein
(NED), 2'-chloro-7'.-phenyl-1, 4-dichl oro-6-. .carboxyfl yorescein (VIC),

{1 o es oo NCE AR ik AR GngHOTEPIoRS BT kY R 10T PGBIEsddl n. ' Texas
red, nitroR&Rzddolydtdiedt® G %8l -otibNBRoti dSOMAREH e folkairsybstait0 i de,

am no-net hyl coumarin (AMCA), Erythrosin, BODI PY dye, CASCADE BLUE dye,
OREGON GRp&ENigllié it ipyandened fice $6 anb, 7Xamr heme sreferebly $0hes:, moxafiomes,
phycoeryt hpin ANTUM.DYE, . 1 hi.azol e ..orange- et hi di um het erodi ner, and the
| i ke. Sui 9{&87 %O%é]ﬁgﬁé’?@ ﬁ%ﬁ%d%?atﬂwlyﬁse&%?&l imted to, cyanine dyes,
e.g., £y3, Cy3The Bl%@éﬁ@ﬁve%dén B nodNehitel to aﬂ’il WA A1 S Bf p@rifdeation _
tetramet hyl- 6- car boxyr hodam ne (TAMRA) and tetrapropano-6- carboxyrhodam ne

(ROX), DABSYLtodsgacratgaROIcd @y substaptinily Burgfjessmolspilesters awslcc dide (NTB),

ant hr aqui I i i tr ot hi . Lol m conmpounds,
GBv7 (ol e By Bk SRR e et AR ol e SRRSO O
CA), and bixendt likgted Anakyisifisggatibn {agt Bopyits htSQasal ahrasdiehanckdiffottnaail Ssi on
spectra of various nplecules in selection of pairs or groups.of noieties

for use i ACHERERAUQINT SlgGITORNPISHIS (¢-&-» gl and eARMiATY Jeativpbereds). gkl filration.t he art .

Det ectgd on : b - the | abel s)
can bie(b rreg%&}}!e%ﬁﬁg?’négar r?uﬁdfetcfﬁgé 0 lﬁt?rg’g‘ﬁ n&?gd ega,pglg;e/’srtﬁgé%\éhgﬁ%a?rﬁelto ods known
i n the ar tlowkytonestgnphdseqachabspkcifirafybedidetoacteg chetomuse t he | abel provi des
detectabl e fluqrescence (e.qg., .sinple flyoresgence, FRET, tine-resolved

T uor escence, FUOTLRROACE® n HPHGZ ot BEEaRELCrsBr P BEpIIERE OB c. ) |

radi oact i hhylemeh@R) htRiPeSae Bﬁ%ricﬁkﬁﬁhraﬁﬁ m@éﬂtﬂeﬁgahrm%ﬁ&&aﬁdaﬁcw@!\,h

colorimetry, gravinetry, Shyrbridization (e.g., To a seg;gnce ina
hybri di zathestrepgthoédici asspcaasoapptwen tiagnubldi¢ peids)iipmmmpacteddyocuph fagtors

magneti s nzymati ¢ activit characteristics. of nass or.behavior affected
by ekt (ks FERRE bf cPinthsh TR L BTG e 4B e 11 ke, s
used her ebénditihstigFdived, fHeel st thy GorhB @k brid ehetise G Atioakitlin faueRid wo or
nore 10conponents that interact so as to produce a detectable effect. The

i nt eract i &fids.sAnbla medepdld thag canfyinp apiting of semplgmgpiariorudleie apide withi. The

interactigpof .t he Aa?ﬁ)%lbec‘g@l?-‘ﬁg?ﬁ'%ﬁ Jmy be via direct contact, e.g., a
coval ent or non-coval ent conta efveen two noieties (e.g., a
pr ot ei n- pr ot ei Asaeed laetin, the tarol '| T.§1 vuadd @nefegynct taths M'akltingt ween pr oxi mal

nmoietjes); it may conprise resonance energy transfer (e.g., hetween 15one
or mot® d§Fé‘§’,er%\1rebe?ag@ﬁﬁ’élgd%P%{ﬁf&realsdlﬂﬁe‘i‘fH}%W%?EWF"@&)*‘;POPFIaH%O onpri se a

di f fusi Ond@tﬁé’-%ﬂrand%d Quel,efé’%%fd%@le&ﬁ%@c@ﬂf&halﬁ Hﬁ%&té@ﬁﬁaﬁgge@ﬁ%s“ ng at

the site of one |abel diffuses to the site of another to create a
det ect abl & 'eflcelated T ecoonpanecltisg timmmtimrtdetcamincd dylcalvslationjrobeththe sane

01 e e e BRIl iR e 0 G Yl &1
al t er nat i ¥&lditions (e.g., salt concentration, concentrations of the complementary strands in a
25  mixture). Several equations for calculating the Ty, of nucleic acids are well known in
the art. As indicated by standard references, a simple estimate of the Ty, value may be
calculated by the equation: Ty, =81.5 +0.41(% G + C), when a nucleic acid is in
aqueous solution at 1 M NaCl (See, e.g., Young and Anderson, (1985) in Nucleic Acid
Hybridisation: A Practical Approach (Hames & Higgins, Eds.) pp 47-71, IRL Press,
30  Oxford). Other computations for calculating Ty, are known in the art and take
structural and environmental, as well as sequence characteristics into account (See,
e.g., Allawi, H.T. and Santalucia, J., Jr. Biochemistry 36, 10581-94 (1997)) and
Santalucia, Proc Natl Acad Sci U S A., 95(4):1460 (199%)).
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may be charge neutral. Labels can include or consist of nucleic acid or
protein sequence, so long as the sequence conprising the label is

det ect abl w0 2pev/g@3ze enbodi nents, the | abel is not nucl elPCTASR@IO871p4 ot ei n.
In some enbodi ments, a | abel conprises a particle for detection. For

exanpl e, 25in %grre nbo.dl nts, ﬁg]e ticle is a F Eﬁhor article. An
exanpl e of a phdSPHLITPEr I ('i?rgl il asygyreagentyofeters i ¢ 1B an
up- ConVerFéaQ&tQHﬁ%’f&Qﬁn%)ﬁfédt §éc§1eﬁc%‘§esa1@reg gont RIS ETucldi £R@r at i on and

properties of infrared-to-visible conversion phosphors. Metall. Trans.
752, 747- 76®lqcul3 typabld of rutimapasimgonl formatien of ar mvesnve ¢Healoge strestwrani c

B eI BOPISDBRGS e SRR TP 155 el

up- cony/er tmrifRNPISdIRE nii &b aeil dgeduldis eedddto Bing bin Hiva§i0OVIRATdgBY phosphor s
transfer low energy infrared (IR radiation to high-ener visible |ight.

Al t hough &fRuqtiyreér Bickaiaicd gonfigurpeonyadiant 80me empeAimgaisldy PEBcﬁspafYact ice the
present '{:E\éﬁéﬁt%]g%vﬁﬁdort e Fefdeﬁ%Bfuuh&Yo%%fﬂ? néd<|§r IHS{e adkiﬁ?eoh%%.?ﬁ%ep Y vert s

particul ar

infrared (d. ghprlmasvpcﬂyrhblezlhg gindynivy, ligistd, npdiedsey) thhatdoptthoformadosobsequent
em ssion of dopant - dependant phosphorescence (See, e.g., U S Patent No.
6, 399, 3971UglgiR agénp@ Ipgudes used i) formppe 4 BVAST S AaNARR StTUCBIS) - 273-6 (2001)
Corstjgns, et T ARGRAQ @%g%)e, each

i ncor p(gr at ed b;i:/H ?@ee%@ﬁ%gﬁglﬁﬁﬁﬂ] its 5en¥fe}g%§gmgré usaeld her ei n,
t he ter m 4ghing fornietettingtheghescrerod anonisiyral v g, gructuod (conge deawgee | abel s)
refers to si ?[Isthat cnbe iffe entl @ﬂfonefrom oth e by
spectral Eﬁ%’% Pus‘é@%ﬁ‘éﬂ Nt cgules FomaRySe TR Sei‘:‘lﬂ

absor bancgijg d?ﬁ%ﬁeotl&észﬁnd H&@Hg&ﬁl‘%féﬁﬁd@éﬂrﬁ‘ﬁﬂﬁﬁé S”rboPt'icQP@Jrﬁﬁl@rﬁent%% ge etc.,
or by capablllty of interaction with 10anot her noiety, such as with a

chem caI p diagieegion ahthe targeteucleir aend drtsodyd seeond ollgonuclemdetmed)mmgeq n, the

termy] hetj.c” ce to ucl eotide .0

o 1 gohtier e vy Botlios iy HoEREr ooy BB B e Bhar s 1 1
cell-fr eetdr@et‘ﬁh&l&fé deRPddwiBfiear? 0§ and acrhngﬁau/srfatthe:ﬁ@f péitiem fadongy nt hesi s
reaction. Exanples of enzymatic formation of a synthetic nucleic acid

i ncl ude f emhedimsatspific Serarfipe of b segapd Higericleptideicomerisesaty sum{naénpl at ed or

non-t enpl m nucl ei c
aci d | nel ROtide PR Pmefiaf o HERRL g Ruitic BT 1 B BHCH R8s,
phosphot r ilest portioh eﬁtl&tseé(ﬁﬁi, olfgbﬁﬁqidétﬁfd&mbﬁhlitEOQﬁl singfepllnolephdmaite,

chem gt ries, et C. ﬁ%gl{féeaggt hods. i n_ Mol ecul ar Bi ol ogy, Vol

20 :
Pr ot oedl s¢Bp e@eP‘Q%‘i?é clgisgcidn dNYGEPER 2sspgseaesatmey bedfeundl | Ed. |
Humana Pr ﬁﬁﬁﬁ@@%u SOPigRNNs. 8 QU il €55, %15 ) 5ARl0BIUEH01 S Fr act | cal

Appr oach Eckstein, Ed.’ . —and Uhl manii” aind Peyman,
supr a. Agﬁ%SSb,rmhdl@@O 54GuWO 9@@72143 VBD(SXSé@ISB a8J. SlEat( R@E5Nps.and Anti - sense

199%)  BedtEAREPLG 07w iR, 200 it Pl ires e 200n0 g 185, (Tos1). and
Agr avel aaob@@w knd 20030188177, NS, Pas. Wppin/ 38r. Ne?92)66 703 sae enbodi ment s,
25 synthetic ol i gonucl eotides are introduced into a reaction pre-forned,

whi | €23 n Swemickebeldil ardlat. Siotsgint We@?%(IQP?)anU@t dotHMAe% @, YT¥4¥8d or
modi f i ed gog)a}?%ach ?ef vglﬁ 1(1:“ Orém 1nc%rpor%§d er% e in 1ts%?1#¥e%?f0%saﬁ | gase,

cl eavage Fei" erm"FEN-1" in
ref erenceptposiy. enzynme ref ers to a nonpol yrrer ase flap endonucl ease from a
eukaryote or archaeal organism 30As used herein, the termFEN-1 activity
refers to any %em@ £ty NV AIPER assay reagents are configured to detect a

target nucleic acid sequence comprising first and second non-contiguous single-

30  stranded regions separated by an intervening region comprising a double-stranded
region. In certain embodiments, the INVADER assay reagents comprise a bridging
oligonucleotide capable of binding to said first and second non-contiguous single-

stranded regions of a target nucleic acid sequence. In particularly preferred
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FEN-1 enzyme, including but not limted to flap endonucl ease (FEN), nick
exonucl ease (EXO, and gap endonucl ease (GEN) activities (see, e.g., Shen,
etal ., BiwBe@yd7320l ume 27, |ssue 7, Pages 717- 729, inecrgse@vss’iberei n by
reference). As used herein, the term"identifying the presence of a

pol ynor phi s refers to th of inferrin he identi f .

nucl eot i dgmg%dlgleﬁﬁs?lfl}%ﬂﬁﬁ th gF g4 3@3 b&l@%ﬂ%ﬁ%ﬁ%@ﬁ oiddidsr@n. 1n some
enbodi menpgy ADIR 9§s§§€é&§&1t95re%riﬁ§fntg'ngbﬁ‘lEcl&Qﬂderph' smor mutation is
directly detected, €.g., the presence of the pol ynorphi sm5causes a

det ect abl e eveht sanee @nmdlmélets,ghe IMVA@EERMSW d:agetttai ﬁnrthelpmblem&@la@@hége
nucl eic acid tag%et or nal a

enbodi ment¥P°th b?’éaélélﬂ%é ?mﬁengi’%%?}l%h hSr%hSPr H’«?{ ?lﬂ%oﬁluﬂﬁ?/“ 8 © &Hq‘eerred

fromthe aﬁ&%%&gerﬁé (2g. Pﬁfst hitdbrecondcdIR@hiidleotile, GRSHENKRIgR]g dtheot | des
(e.g., the absence of w | d-type nucleotide in a ?05|t|on in a nucleic
aci d sequbridgngksis aﬁaqhﬁ@ t%%?@%ﬁolwifsupn@“t presener ngreglippnuginotides afipel ymor phi ¢

nuct oot dg.al 08k RASbE18Red 1o the ol ApHEE DTSl Mg KRG LM et o7 m i ng

an identi norg nls asse
identifi Caiaceﬂ‘tnbl&cﬂl (@ggamoﬁgmmtlebnd@) eE;te,mplanylsutid pgasbumva@ﬂzb cldamgeed to
identification of a unjq i_ndi vi dual or a variant anong a

popul at i oFPaeﬁwanélrea@@eﬂb?dglaM Snkat: B Nos- %ﬁ’é@é@‘\‘lﬂgéﬂg 890%914%85@}16% sm

15e. gjg by, SRROTESby B See ih i tPkler . etc. ldentity of an organi smmay
be by phengtﬁﬁé or genotfﬁg. 1SCRIPTICN OF THE | NVENTI ON The present

i nventi on reIaﬂﬂswﬂbmnanugénhdsummmﬂhsmBWBMasdayanﬁmnmnhemdhmgnnwen 200f

anplified nucleic.acid, fied one enpodi ments, the
P bbes ustat bt gk Bittahioe S ORd Bome e SORHEIBE. whi | o i n
sone enbogj iRrih $heifdHa @ﬁeéaqm%é ﬁgldanna&heﬁ@scédnv&nﬁ%@%k ABxisKSt em such as
fl uorophore and quenc noi eties. In yet other enbodi nents, the nethods

and syst enslyokers sueh ps eesfmhydmw elrainso mayde uged @ﬂo@lhédumsw%logg eciheyc probes,
coupl

ol ooy Ege ST e EHER 8T 8 SREE S, B PR RS RSB bE afrcon

provi des pedlidtsupportigfilest] dicorthaahtusi s38d SiFone af@mnwmmate@tc%@s haVI ng
short anal yte-specific regions. The footprint probes of the present
i nvent i onusafid igdiveprasony inysepn incladingy bu satilimitedh to, ¢ haed, akamansurfasaper at ur es

far in 5 nelt%@lgé% 1% é&b@?htx%% g rggatss%”sﬁ?coﬁ,‘;%m‘c’sn&’ OdhhiTte: lcul ated using

st andard e ne nei g ant pu i shed
paraneterpmﬁ@@g@Nﬁkﬂﬂ@hﬁﬁy&ﬁdh@ﬁ;hnmlkhhambm@mdnﬁgmﬁaunamqﬂmﬁhquﬁenistry,
36: 10581 (1997), d Santalucia, Proc Natl d Sci .US A 5(4): 1460
(1998%5 ué%adésrm %ﬁilﬁ P SHESN Flﬁpo‘é%cé?fi%ﬁe c Sl eﬁa?raele@r‘iv%liﬁ%waprov. des

a more s ekgcg by nREE AembAMd, § pRRfcld, b AblivABed PRATHRNL Qs bRadYuHRr L1 cul ar

nmechani sm of
a plastic bead, an alumina gel, a polysaccharide, polyvinylchloride, polypropylene,

polyethylene, nylon, Sepharose, poly(acrylate), polystyrene, poly(acrylamide), polyol,
agarose, agar, cellulose, dextran, starch, FICOLL, heparin, glycogen, amylopectin,
25  mannan, inulin, nitrocellulose, diazocellulose or starch, polymeric microparticle,
polymeric membrane, polymeric gel, glass slide, styrene, multi-well plate, column,
microarray, latex, hydrogel, porous 3D hydrophilic polymer matrix (e.g.,
HYDROGEL, Packard Instrument Company, Meriden, Conn.), fiber optic bundles
and beads (e.g., BEADARRAY (Illumina, San Diego, CA.), described in U.S. Pat.
30  App. 20050164177), small particles, membranes, frits, slides, micromachined chips,
alkanethiol-gold layers, non-porous surfaces, addressable arrays, and polynucleotide-
immobilizing media (e.g., described in U.S. Pat. App. 20050191660). In some
embodiments, the solid support is coated with a binding layer or material (e.g., gold,

diamond, or streptavidin).
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action, data suggests that the selectivity cones not only fromthe use of
stringent hybridization conditions (e.g., elevated reaction tenperatures),
but al so woamyhes2fact that any dupl ex fornmed nmust supplPg¢TaSSWeOEHS4 ul
footprint for enzyme recognition and cl eavage. 50ne surprising result of

the instant inyention is.that th jonality of .the footprint probes has
et 6 or o obbuRieHEReR e PUUALEH Syaeretodt ftier promEe <dstRbng. as
the probesaeidRi IMSoReraeHELEhbOBRILA, @ LR dofutlodrBhiphiBedy QRfect AT get

dupl ex. An inportant aspect of this |ack of dependence on sequence is that

the T," offiveleat catiahyteeg sWaci dndéoridgi dons|.dewdisrduahexgredierds (e. by the sequence

content of,.the ASR) does 10not..infl uence the. formance.of the probe in
Che. det ec Pl SRS oRTYBE T AR i cicdg iR T Lo Lauko R Feact  on i s
per f orsred v ADHERRIREY Alapéfs sbshRat TRVIAD D e%ey thageabiipbadegd" T, " of the
probe-target duplex. Thus, in gr ef erred enbodi nents, one can choose a probe

based al nost sbl e gpbadi@entarige ANYADRER gssperrgeents Birdiet eampréseiidhihe known

f oot print i i ’ or fewer
15nut cot PReat P RoRRE Tk Ao 1SRk pbiin SE RS BN ARSI Bpfrend?) 2L oo
T," of thef épdiryttpertiipasfithé first egicdnubeicarkl (preqeaedikagliohbicltdteiedetiact i on
assay. Thi s _aspect of the instant invention is a dramatic departure

from t r adV¢tiWHAICTHPEER R Sied NGRS askay repgcalt ferthgsrapeseataagire and probe
modi figat hodsic AR, 43 $6hé embB&diGkhtsad mggaﬁmggsa E&%@ﬁs%er@{iﬁpﬂ% abl e at

particul ar reaction tenperatures. For exanple, I'n nany priof art assays,
e. g., thesccagiigS nuolacl aeak dnyssayicrommisamecesiiba MEADERodssisheagdADER and

| N\VADER PLUS assays, rt.icul ar .operati.ng t erature for the assay is
chosen as T FERTGiean I oSS PHE SmBuRs & F gRrbohAT HIEGUED Rdac | on
tenper at Ukt kidH s SRLAE IR td8cleRaCd. Malsomb 8Pectc EhBSdiNAR! @WS' di f ferent
experiments can be designed to be perfornmed together, e.g., i1n the sane

25t her mal peiohef therthird e hpertugleotidniseomalerstyplankst de theateanddprgei mieldis chosen,

pr obe pri. s _and/ aor..at her nucl ei,c aci d .conponents .qf. the assay are
esi ghbd Far poe Parwdel houihen e Rk ERTERRRN Bif owitf cBRaesd,

di f f er ent a bapdEedn, SAFREN ERSS pbRN T eReRcatthaiict ARdlSic adid iadicwsited, e.g., in
| ength, G C basepair content, and/or by the attachnment of stabilizing

noi eti es SliguglsotBsingtill wasr icabogigrangs, thed NVasDER esazacagsagtiarted probes
sel ected r.at er, . [ ifferent,

dependi nggﬁﬁgﬁﬁea%sﬁ%%%ggﬁdﬁgmg?%?‘géﬁﬂus?ldei?éh cg}u\éfe() ﬁdﬁ , Whether it is
G C rich or ATIx o) embmlimeets 888 buinbie afebé DMV ABHEReassamizagsitobr assays

configured to operate at the sanme tenperature (or in.the sanme thernal
Cycl i Al s DYVaPHR ey ERREPESPPERTHY! BRY E%PW@H%_Q 1P§P6€fdﬂsé’ﬁn§?§2€lmilaﬁ?§-&e desi gn
process. E%e%&ﬁ@?fcﬁ’usﬁ‘gpidétgﬁoﬁ'hQ?Y&E&ﬁ@ WAl A& RcdsifemdRt bARE EXpress”

sof tware package tor t esign of priners and primer/probe conbinations
for use i disPAGMAN Enens embakimentsuselecetrd eNNER IR ssopg réagent. compohentpr obe- based

FULL VELCOCI TY. assay by. Stratagepe, La Joll a, . to be run 5i resel ect ed
thormal oYEITGY CRNPRTAPIEY BRORFT-l ProFS B TEoRRENBEREL Provi dos ¢ he
| NVADERCr eabeft csfipbM@iSart PbcdiPefictia@l aRY prbNYAPER: félaét%n\%ée@gé de /probe
conbi nati ons for detection assays to be run at a presel ecte enperature
(e. g. 25 630@rluding, but not limited to, a reaction tube or a well (e.g., a microtiter plate)). In
certain preferred embodiments, the INVADER assay reagents are provided in
microfluidic devices such as those described in U.S. Pats., 6,627,159; 6,720,187,
6,734,401; and 6,814,935, as well as U.S. Pat. Pub. 2002/00648835, each of which is
herein incorporated by reference in its entirety. In particularly preferred
30  embodiments, predispensed INVADER assay reagent components are dried down
(e.g., desiccated or lyophilized) in a reaction vessel.
In some embodiments, the INVADER assay reagents or INVADER assay

reagent components are provided as a kit. As used herein, the term "kit" refers to any

delivery system for delivering materials. In the context of reaction assays, such
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The conpositions, nethods, systens, and kits of the present invention
obviate 10 the need for such conpl ex assay design steps and software.
| denti fi cwiDI2009/1af32f 00t pri nt si ze As di scussed abowveT/ush@9psagLnt
i nventi on makes use of enzyne footprint probes. ldentification of a

recognitiqn.footprint. for a duplex-recognizing nucleic acid 15 di fication
enzyme | o OeliieBy pstsariads sysiams haa gyt opfhcsto A FraRypeY.; or Loyt ren 1

endonucl easeson fRYEYEle:g. LR h RMESHdeORnEPm OO s inthé _@ﬁbr&ﬁrieft@@&ﬁéih&fs) probes
desi gned for use Wi th these enzymes. One of skill in the art would be wel |
abl e to appl/er supportiagenaweriabcled. duifices, whidten mattpsiiensddr pdréoraatd thit y

requi renments o her nucl ei c _aci i fying enzynmes., 20A three-di nensi onal
rodel | of pie S iepEpad B ARl T Rl R AR pRLAORs om

Pyr ocogcagndlodukdsqs iot, Hokdk) Eét&aﬁﬁ?lh@i‘elé’*ﬁahhre%nh@@géﬁ%dﬂfr@ 4gsee, e.g.,
U.S. Patent Appl. Ser. No, 10/783 557, and Allaw, et al., Journal of

Mol ecul ar HBieéla&gyAﬁwse@QgFBI) thgoms biagrana) bit" refees wolelverysysemed on t he

k X- I t . ' : i achemi d
ot eoul ar CHyRATAERHE S Bors SRR OTR AR P bl o BUBRREGR ST
bet ween t healdizopmpoaads.t e EMAainél Riagdiesichedrag entht hecdedfrtdpicendonucl ease

and t he sugar-phosphate backbone of the overlap flap substrate were
i dent i fi efPZGUChY WAYPHRY - deqrickprinylead S5y SOMAINSTHAY Fattaia agjeppyme for use
met hy|phogp ile 2 seQrdRL M4 nes UBShink i teofih&s. BN SR, f oot pri nt
ext end(g 2-4%%?@832? res Sﬁ%s?t reamnaengé?%t-lgE ga%(gﬁgaeior Q&doms%}lraleam of the
cl eavage Sfrggmentdiligt"asueended t@Encbpd S hssenpaiing Aohlythugicentic DbhigentEhe

footprint d i t. with | 10 whi th trate i s bound
|t he. DNEEEHIiS HECGREBUE S S0Ek L haF e TasdrOritckid GUPREE Atk BR4Gt s with
the hel i xpbaihpddhbeld. XndRldl inyPdcIvBE S ®mrsidpad ok eRork Q&aghte t hough,

that, when used in conjunction with a"probe or hairpin providi ng'an
upst r eam duphiests it ebascontans pyubppdionaf dovinkd ki gomdonpsingxare mdudedimnge of 6

to 12, nhucl.eqti dg i . e...ptrqbes that ,have 6-12, nucl eoti,des of

tar got 3 s Ut TRasinfia PR it PRk OB G R RRAHEREL stema sy e
recogni ti eshtainihigaill flteascagsondstsoie réRHah hssay irtdhahylkeostier {d €, mequence
approaches_about 12 nucl eotides when tested with the FEN-1 and

pol yner as&nglsrioydgusng pasd| of dkedesirggh rorapensnisip Flog/erenkit| mckidpebathge i s seen

for duple . gt h (see, e.g., Kaiser, et al., J Biol Chem
Vol . 274, ﬁ?§%§§¥§%é%?é§%%4 July 23, 1999. Thus, in preferred
enbodi ment s of Irt fvengerels@tiinchtombe predtht idvchoo provides PRUB®HROAssage W th t he

FEN-1_and pol yneraseder.ived 5 nucl eases provi des an anal yte-specific region
of up*{o ?&Sﬁﬁtﬁ@ CORIETIERE PHRSr ALY ol Hak Wmﬁ%leﬁtéﬁéﬁs%bg‘&m?wcé@rtg%i n

embodi men féI%SGIR W eRfiodOF & &famgtb?tﬂéﬂarés‘égt]igvétgﬁﬂ &Aldd88 or

non-conpl ementary to the target strand. In preferred e od?mants, t he
f oot pri nt dgrebes tler ezymeslan dlordba faanicdn crmminehts ancasbdrgonpetectande (e.g., a

primer or_| ol i gonucl eoti.de) that provides an upstream dupl ex. Use of
Poot pri nt "BV SRS ek Kt G iiidsseayel pErptpen St hepandateChor
f oot pri nt (3120098 ifcRMiE bUSEHA lintltcANB) thé t@BENOheARSIRYS buffers, control

25  reagents (e.g., tissue samples, positive and negative control target oligonucleotides,

etc.), solid supports, labels, written and/or pictorial instructions and product
information, inhibitors, labeling and/or detection reagents, package environmental
controls (e.g., ice, desiccants, etc.), and the like. In some embodiments, the kits
provide a sub-set of the required components, wherein it is expected that the user will
30  supply the remaining components. In some embodiments, the kits comprise two or
more separate containers wherein each container houses a subset of the components to
be delivered. For example, a first container (e.g., box) may contain an enzyme (e.g.,

structure-specific cleavage enzyme in a suitable storage buffer and container), while a
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even in the presence of prinmers having higher nelting tenperatures, and
even in reactions in which the "annealing tenperature" used in thernal
cycling iwowetd11a2o6ve t he cal cul ated Tm of the ASR of tRETfUSePBTIP4 pr obe
(calculated, e.g., using standard methods in the art, such as t he nearest
nei ghbor rmdel and ubl i

h f . | t Al | i
And Sant abend bORTY sant ?ygog%e%@%&%agﬁﬁz‘fgggw SR At TR W
Acad Sci B@cﬁtuclegééég c&%@ta@é&%ﬁﬁonu%o'ﬂ@e@@fc it ng the present invention

to any particular mechanismof action, it appears that the FEN-1 enzynme nmay
be a factor inlifsoond pm&n‘nedgmbhémmmme&iqIhij’ﬁalaERcalsm\rawntsfquh@rt probes at

tenperatures we ei.r calculated Tns. In fact, experinental data

br v ded Sane B gz SThENS Sl Er EiTres oo Bk oRBRe. et hods- of t he
presems i BvmBAdihRAtsCaRt dEmpeatibbmfldoades inithd NVADBROasdSPRA e on the

cal cul ated Tns of the ASRs of the probes used. In sone enbodi nents a probe

that is teomBprislalabdd In porahpreésipdsambetimeiss, gaiddustiadigonedeatidsn and having a
short ana#éﬁl nsseQFi l:{eﬁ 1y r%qﬁ rﬁar?%f%% gOdll’n%nljSZScfQ& ﬁ’lrd'o%&gﬁ@cq ide! N conj uncti on

wi th an ol'i gonuc i'de zes I e OWnst ream of t he pr obe
(downst r easmpiisang libed I@fag@ctulaly'm&naﬂ@nmpaﬁmfmmmreﬁgmts&omﬂe af the ASR
of the probe) To formthe cleavage structure, an upstreamnucleic acid

(e.g., anifsnbere hiidgplisapydentidgdidbeled withyoisigs that bﬁOéHWe PTEFAtFe of the

shor t 1 Pr oh&onance energf g gggg cfBlthods, conpositions, and systens of the
present invention a?c esc inthis Description of the Invention, and

in the Sunmar yAtsﬁszllmrelnwhattemn"l@hmﬂﬂ efers ® dnyouoipyr(aie dhérercel dpgcicsf erence),
i n connec rtaln i fic empodi nents, e.qg., i.n the context of
the ol y it e i Tiichn BT T HEeBp e eangte daSoRE It bn, 1t 1s (o be
appr eci at @ﬁb&alﬁienish@etédﬁb%tﬂa%en ﬁrom&es hh&ﬂtifﬁgletlﬁfo&ﬂ@ﬁ&l andRiiaRnEs. The
embodi ment's di scussed bel ow are provid éway of exanple, and not to

limt theainkeavwi dﬁiec@ﬂ@n@letsewbddm@negamn asyseercy volabele.gpr esent

A sobs o riSrlitS Y AaERn B ChiptB o RO, LA BB LOE L RRE b £ or

det ect i ngtHaalrgieirtsangRtdctabaddi @, Aspanse.gs ldiegbxgsnﬂ?panmsiabal ldték be@db, tinme. In
sonme enbodi nents, the present invention provides systens, nethods ‘and Kkits

for 15per PstakpGClearagearampgrIcic labst iAdWMESSePPE CAMPRHEF-SabIodHMIsdet ect i on
assays (e enpl oys probes
with rel aP??/Sngﬂeg%}éﬁ(?‘EF gﬁlglﬁﬁ%esi%ﬂg%glesg ?Ie%ﬂ%ﬁ%‘}ghg%bﬁ Of%?'%:{ regions. In
preferred enbodilabritnsay Uehjemed pfiebes onindireahy, tcgaur elibonaclpstidd detiecr

probe/ anal yte .d pI X at or r .the mni ngt h of. dupl.e hat

effi cé(ént 595 %} - DIt ¢ bgne e %ﬁurgfgwﬁ bang; or igfepact a%% 61g{fent such
as a 20FEpL,puied ﬁ@%ﬁgoﬁi&%tlﬁga}ﬁclﬁﬁlﬁg%évaﬂ&ﬁ%@h@sdorttfbntc%'ifgl%ﬁt Wt tigndm smat ch

in sequence to
such as hydrogen bonding, hydrophobic and ionic interactions, or through formation

of chelates or coordination complexes. Indirect labeling can occur through use of a
bridging moiety or "linker", such as an antibody or additional oligonucleotide(s),
25  which is/are either directly or indirectly labeled.
Labels can be used alone or in combination with moicties that can suppress
(e.g., quench), excite, or transfer (e.g., shift) emission spectra (e.g., fluorescence
resonance energy transfer (FRET)) of a label (e.g., a luminescent label).
As used herein, the term "FRET" refers to fluorescence resonance energy
30  transfer, a process in which moieties (e.g., fluorophores) transfer energy e.g., among
themselves, or, from a fluorophore to a non-fluorophore (e.g., a quencher molecule).
In some circumstances, FRET involves an excited donor fluorophore transferring
energy to a lower-energy acceptor fluorophore via a short-range (e.g., about 10 nm or

less) dipole-dipole interaction. In other circumstances, FRET involves a loss of
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the anal yte-specific portion of the probe are not cleaved with full
efficiency or at all. In such enbodi nents, detectable cleavage from probes
hybri di zewlOt2009mi1232dt ched target nucl ei c acids i s reduce@CraspeEws719o

det ect abl e cl eavage from pr obes hybri di zed to target nucleic acid that is
perfectly_.c Ierrentar to t anaAS te- 255 |f|c ortion of the probes,

and the ags%? °HEY %‘lﬁ‘}g femg - qonppgn FrfeP%Pi URHGF eF‘b%?CCB%tSRground

The i nvenfj,@RphSreN®t sthil %Eﬁfénh?oﬁFKE’PaéﬂetMaﬁrbe%%th[!ﬁ’t@b&Pr”bf?tf anl d¥RftQY ed
specificity and/ or reduced background through the use of the footprint

probes of d@m ﬂumrélmq forn. nma@uqs@etgtmelfeculﬁﬁr ovedugpsiginaeeufe) SR e

sel ecti ve. atro ar ded hor used N strrngent

oobrrdi valrhedh Bt 8RR R R R B s PiRATS e P SRaR e %omt cul at ed
T," ofs t heoA) At Rew mE6EHNE, 4370819 eervet 19h8 NIEBBE) EnSu, boasomnl y perfectly
mat ched probes tend to anneal to a target strand while in sone

enbodi men an,an%ﬂOﬂ@gmpéEgg 25 4va30: K¥ivie2QQy Mpe@t Reg bk L6 L b9 caclepleavage
enzyme be y mat ched probe/target
dupl exes. nglt]?te s?%éc%/hﬁﬁl%g%e\?)ée}l gﬂe?sg% #y is through the use of
probes confi guAsdis¢édhgreiayind germ 'dmtalbebed\mitlisetihlerdférb@amded prébicget that is at

or near the mnjmum duplex length for efficient cleavage of the probe by a
5 nucl eaelégonéwljotldf‘areﬁfem a Iéfr??? ragonuslestidnthahdnsainpbsrmapriseany ﬁ@n-

anal yi@- SREQii afighRRbikiyOD ¢k RRE of: AudHopREH ABeLLiliftd A ki 5in one
or nore nucﬁqelota?1 e |olo1!¥O gons? h)L?'?tdgﬁS ngcﬁeasg cl eavagle of tehCl up ex wll be
subst ant i ahlabeledpobe thagrcoatpsisntmodifivapanst suchlaadl hloghing eroupsitogprboxit ment s, t he
FEN-1 is a therm)stabl e FEN-1 from an archaeal speci es. The effect of
probe/ tar FEEIRIHPRX PP (al so referred to as "downstream dupl ex |ength,
in contrast tOAé%sedllﬂb%lheﬁ@t&Hp'd%ﬁor”%t‘éﬁ t@%rho'ﬁet?/r(gg' detioRphofe)hat an 10

| NVADER ol i gonucl eoti de or a priner oligonucleo on cI eavage efficiency
of cl eavagksossratetfusteravelength, andevutsiay e seﬂoeadaggerstawabngthegﬁem been

studi for a varigty of 5' nuclease enzynes, See,, e.q., Kaiser et al., J.
3ol Cheneedb P35 EhYendten gk EEERubRETR e GincRe e SREE Iy Per ei n
by ref erenneis d58) 9@bs@¥ 3B edmobivfehd eaited @herigy load thardesdr Wyl i€k usi ng
substrates with downstream dupl ex | engt hs of between 6 15and 16 base pairs

for an ovaedrdiplangr eroap (sisstly detwvern Luki0crnk Hen wRsspipemay daysi &k (e.g., an

I NVADER |
Experi meft)lfl lgs%gé(l{é)% ﬁgﬁh%ﬁthr%ﬁé‘rgegﬁg gﬁ% (@Eﬁ SV\%%%%%??& r omcime]?él b’ %Lers1 ( Af UFEN) ,
P. furi osusepiat rHNoropliore jibthoa sebinits (1 ﬁhE'EJ\@tl,ll laﬂghrNavelehgthmfau"s at rophi cum

(MhFEN), two eubacterial polynerase | enz fromT. aquaticus (TaqPol)
and 120t héli‘rPH’SBH‘?IFr% ApeNchg HBBleysea iy ORkEYS! orded &aeéhaeﬂ%ﬂrﬂvlthou fTagPol
(referred oifsa PRGN Oln soihd preRedtARiboGhEER alT@er'?&l n vedkid be

overl apping flap substrates at rates | ndependent of t ream dupl ex

| engt h i ndote ané/ngecdepmrmtbﬁbttes arkGleheatoel (p@t vsg méaqHog enetrgmrenisfttﬂ(e 210 base

pai r subs te a ximately five ti ower than t base pair

Pabet ot obv BooRRRte hITRLY vitkés S SR Bl ke BE skt Rer Trho & base
pair domgm&w&é@%&&uﬁaﬁﬁﬁ@aﬁls%@ sﬁéc&ﬁhtfdf%ﬁ%&éf)t&ﬁﬁ&q@q whenctt he

dupl ex I ength was reduced to bp, although the FEN-1 enzynes of M aFEN and

M hFERS wefremetbe emission] spestaing h%a dortes meaety sught that aneisgoa@e. dilighdownst r eam

duplex. Th NitPor eunse?gyc))ffro% te)enr?me Elae\élcg Bls{mgulshed (e.g., spectrally resolved) from

cach other.
In some embodiments, a donor moiety is used in combination with multiple
acceptor moieties. In a preferred embodiment, a donor moiety is used in combination
30  with a non-fluorescing quencher moiety and with an acceptor moiety, such that when
the donor moiety is close (e.g.. between 1-100 nm, or more preferably, between 1-25
nm, or even more preferably around 10 nm or less) to the quencher, its excitation is
transferred to the quencher moiety rather than the acceptor moiety, and when the

quencher moiety is removed (e.g., by cleavage of a probe), donor moiety excitation is
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anal yte-specific regions provides an additional |evel of discrimnation
beyond t he nechanics of hybridization in that, even if a short probe

anneal s twoaomwanmerched 30target nucl eic acid, cleavagePb¥/s2@9/081164 ease

wi |l be reduced conpared to the sanme probe hybridized to it matched target
sequence.  Thus, for these enzynes, the use of probes havi.ng 12 or fewer
bases conPPEHEFGEP I A6CPHE r{l%%“g:e?n ARIE? BiederzRd %%Oﬂlrflﬁas,gﬁaﬁ%é@a&&q fic
portion ofcdeh@r B{o@&fiﬂe@éﬂt&ﬂ%g%h@ﬁfgf\b%% ﬁ%\ﬁ%ﬁgmc%%eédaﬁ?t{s@e,of probes
of nore conventional design, when one of ?hese enzynes is used in the

cl eavage egadiyrgnct ab; dlabe Bovigehingiogy 18HAPT (204D klaggrewidi Melmtsys.ons have

accays. - sault SR 35 IR3ZEL BN Ryroos R Gy STRCIBIRERREYS 4 Bowever, 1n
view of | ang- BmRebtd 7HBeshch F 8%idhas irﬁbﬁi@eaté’&iﬁérfgi% gg&&ifetkﬁl%b irf itSEntiied, pCt i on

met hods in anplification reactions such as it IS surprising that
probes having SwuibleHueropisrsincligpbei atp ngt lntesbio Hugssceig. dagimsucst abi | i zi ng

noi eti es N or:! t | qti e RN inN
assays per ?Nngquﬁﬁedﬁ%é???ﬁ%}gq{\%e H%%%éﬂ%%ﬁlrgr& ﬁdﬁg& t glr’rgg@gtk%r es of

10t he pr obgs ROXdyparf3oOyauicCydHfCihe nad Glydbed-diBu@s{set-tphbyylsibg@al sing W th
respect to reactions such as PCR amplifications, in which the extension of
a primer AaGRAGZE RilyHErCr3-Propeilie 2gd. Bisibtaser iumsteryRisny ht-bpobe bi ndi ng
site gito el i L LA ng. I 4 i HGLl ar
rr\e\cha?\(l5 smgg’gyagﬁz%,lh(?dr?&go%ydgﬁ%ﬂéglgﬁg’%g d%@%?%&%%? aepa%tgg%?o% of the
present i Bvieddacennpropiogic acad, FENoxyrX yrhedanmay, NN Heearh&thikeof oot pri nt

robe-target dupl ex,. such that shor r obes, gan,.ann bef or.e, ext ensi on of
GRS 8 R O S U IR b T SR ot el
exceed t hej iy ORIZLIs NEJACBRRSI,RHEMRS a Y, £8NRMRIro BGOERESyMEn IS Bora-3a,4a- AS
di scussed in the Backgroung section, one comonly used nethod for real tine
det ect i ondiapa-PORlacenc heropgmioicid kubd ds@warpyp-stalyet dradalgdazedeci fi c

hydrol ysi s 20 probes .in the reaction. In CO nly used net hods, a
oLyt s BReeraRar B el & chBRE A Bessh B AR 4 T ons at T on aet ity
(e.g., TaguRbfor@luyressasE)ERNdl£]5eaViagkexathlbRElupfabEn QGEN), ' as t he

pol ymerase_extends the PCR primer and encounters the hybridized probe (see,
e.g., U S. dmgthowy-NG-dishlpre-6gadpoxgrhodsminedi PBhd-tlomgts - luprpd’, 8'Keef.  Acad.
Sci . USA 88 (276, (s . ' I : ckions, the
pol ymer as Eﬁ%ﬁ/g ]5‘-"ﬁﬁcﬁgﬂléé)&%‘@rxg’ﬁg&géﬁyeﬁﬁ@@é)’ gé%@?%f Z%%rg%ﬁgﬁnéélﬁlg%gg Phi DNA
pol ynmer as earaody fR¥oresEEN( Y I@) doowesdctasethiock mdth @ 1Ma),te6-cabotyraethwt i on, the
pol ynerase extends the pri.mer tq the poj.nt where the probe is partially

di sprﬁ%edﬁgwe%}%g CE I ORI b Ul SYBRY: e orERnad8R e and t he
probe ol gaulige lafitRRH %&)@%ﬂirp@M@)Fﬁ%&oéiﬁ%D?P‘ﬁd ¢ AscRpfent  Nos.

6, 528, 254 and 6, 548, 250, 30 FULLVELOCI'TY Q PCR Mast er X Instruction

Manual ReBiL$ifodyet ORAIIBIN (RIEEN alye ey r@ey pssamiitd, kMELDEH, X riQREs, PERzIMsS t er M X

I nstruction Manual | Si j.siqQn #114005,. Strat agene rp..),. I n
both et noteogeda KR I5ER DT S piate R pRe R TE i e s s ay
desi gn t hghitduheqindh@b HelhilcPhiRhe: R IRnReabedahipedhss, Lar,agl, s453nd before

the priner is ' '
25  Cy5, Cy5.5, and Cy7, rhodamine dyes, e.g., tetramethyl-6-carboxyrhodamine

(TAMRA) and tetrapropano-6- carboxyrhodamine (ROX), DABSYL dye, DABCYL

dye, cyanine dyes, nitrothiazole blue (NTB), anthraquinone, malachite green,
nitrothiazole, or nitroimidazole compounds, QSY7 (Molecular Probes, Eugene, OR),
ECLIPSE quencher (Nanogen, San Diego, CA), and the like. Analysis of factors such
30  as absorbance and emission spectra of various molecules in selection of pairs or
groups of moieties for use in FRET configurations is well known to those of skill in
the art.
Detection of labels or a detectable response (e.g., provided by the labels) can

be measured using a multitude of techniques, systems and methods known in the art.
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extended. For this reason, hydrolysis probes for use in these real tinme PCR
nmet hods (i ncl udi ng FULLVELOCI TY net hods) are selected to bind to the target
nucl ei c awpaoemnes2gtably (i.e., with a higher nelting tecparsawana;19er Tm

than the prinmers used in the anplification reaction. See, e.g., U S. Patent

No. 5,210,015, SS ol i ftwarefromApplled

Bi osystengor Wpﬂ%gg?@?&y%ﬁpgﬁﬁﬁégF gg‘ %ﬁ?ﬁgm" SyletcpeRe Met hods and
Appl i cat | alsrefhéefe.d NidifRANRr QQLRRVEREPNiACRAANLA GRBNLLGL, 2004 by
Stratagene n sone real tine PCR assay designs, the stability of the
probe is éngn@sc@dcebque@elmagxﬁluvge@mcamﬂ%rtzeu@p@m)ﬁradlcmct)ti@' sequence havi ng

| engt h and, sequence corrgI nllose q%% r}g tn of abotve t hat of
the pri met&MHVEEHEPS 88&“&1825‘ Bﬂlénes%%?’t ]9’&» bcé’lzorg?ee%%aa 5l the

mel ting tﬁﬁﬂbﬁﬂ%ﬁé@(@g fohscRile il $hyaEatioRprabdRahg®i, Xeat he probe of a
dupl ex stabilizing noi ety I'n particular, noieties that bind dupl ex DNA,
such as niHl 6@0@11&5@@5%1)% magnetEBE Ny Majiseactisityy charaptegstics o8 1RSSO

Kut yavi n, 5-661, and
ABI Pri rreP %)Earffggggb nuaﬁéé raﬁﬁggrfeipggﬁg)%@ay&gspeaggme%dr t?/lgl S probes
for use itik¢.eal time PCR Conjugation of an MOB to an oligonucl eotide

dramatically increases the stability of the hybrid fornmed between the
ol i gonucl eot i désafef herginths (Gan "pécractive lghel” 1ofazs toea lahdl haging teaoy M%), et

al ., $yPrédm &{%ﬁ{sefﬁ%tqlqtels&%% b¥rdduc€a deﬂe@t%l%% ?g\g ﬁt@ 9{1 %8k di zat i on)

IS manlfeste In a higher gterrperatureo exes 20 forned
by such I\/ﬁﬁitediltcgmm[n}im@ﬂardramronf ingras@®n. (Tdmmamfadtld:moﬁtho@éef ornmed by an
unconj ugated ol i %onucl eatide of jdentical |ength and sequence. This effect

i s particHPAPYRFIBIBROMERFIFHCOLREE £8olkiSYSHERTB APNEaLleY Cgntacy s t han

about 21 BMWG@@%W@%@U@S ee§ o4 ?aotelﬁ’-@%téﬁh lcBMBCS HEH QG A gﬁ'érgﬁi traRgEL
ol i gonucl eoti de probes, o about 12 nucl eoti des, t he design

i nper at i vbstwisen hmg@lnmmst@) lhml@y e@merlmlasozma@@wsgy tlran@fer (w bétwgen he
targ% nuclelrc arcesdd I é@ X ay th a(g > RLIBLS (oo 1Prlmsr Express
Sof twat e V&t & BRCEYE>P ?ttw ﬁ% S5 rP %1‘1“%15 HmpisH de Mg ﬂ%lp;SP obes and
priners f giffuskalcflebtye.gRGRcaeh et irodudo adath RactidieoctiMaNt fe sieofease probe
cl eavage assa instructs that probes should al ways have a hi gher Tm t han

t he pri melabel Efpsesstathslséte of arqt d&@tqﬁéﬁﬁw/mect@%&ﬁchs ffaeight as optinally

opt i mai 1y cfagonsaforaiEREftabel vy G dio i (e 1 FrhRB RS20 %0n The
probe (e. molechmrorakdrﬁéjcbrahdlm@ybﬂﬂﬁ&frémn) t he manual instructs that a probe

Tmof 65 Cto 67C shoul d b used with prinmers having Tns of between 58 C to
60 C.2%Wth or % Raybest rquﬁwatymﬂww NEEHLS C%?’F&?? PLRlteENatYEY- a probe

used i ¥ RRY bEichE:cD nBURl RIS ML HRIEChR IR FRALLE RNR Folin at Teast 5

to 10 'V higher than the Tns of the priners it I1s to b d with. For
assays i nsagoende, schienpab Wmeqmcandnﬁl‘lslngjﬁieédxaélsodemw@@e lasbingi ti es are

provi ded as ar z e re. dation is the sane (see, e.g.,
FULL VELﬁnl?Qf?% ﬁ’%ﬁ%ﬁﬁ% éﬁf%@%qi}ﬁéf OrIWgr}elInnst ructi on Manual s, 5supra).

As di scussed ahpysne érh@od@[&l@ﬁ@maba\esﬁfph@& a%@t{a@l%@f deTaRFON efor &3 {d, me
detecti on assays conpri sing hydro ysi s Ero es having short anal ytpe specific

regi of3 sé1 @cl:neefdnlncmilrpfﬂmuthl@parhelem tphesp ‘bromtmli: nAn@apmeb@ of @ phosphpor a FEN- 1
enzyne. t.he ar SI S praobe C S n TAQVAN
assays anB ri IJ—‘Eﬁ_E L Ilsl'@th?l egiot 'anVS]tS[ p%PS %Oréa 10%({8?715 gp?r esent

i nvent i onO8feem&@r ef%pa:iaﬁi(ﬁl a[iquitbp"di‘tlém 1ﬁﬂﬂﬁéa%msltﬂ@g¢ﬂveﬁsﬁoxpmmﬁdrar get

dupl ex t hat permts sui tabl e Eer ormance of the FEN-1 enzyne in the

reacti on. Metal. ﬂé@spﬁ?nﬁ 4hri5B8d 4900 t sopecestrdimenft pare 6?1“%&91@?%I ting
tenper at upgs FURSEARE L ALLY RN HOPBhrtiest PRodpft i B! Saybl Betdthgh

30 by any suitable method, including but not limited to up-converting phosphor
technology (UPT), in which up-converting phosphors transfer low energy infrared
(IR) radiation to high-energy visible light. Although an understanding of the
mechanism is not necessary to practice the present invention and the present invention

is not limited to any particular mechanism of action, in some embodiments the UPT
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they are used. In sone preferred enbodi nents, the probes have

anal yte-specific 15 portions of 12 or fewer nucleotides. Although |abels
and ot herweueaty/agszponents may i nfluence the stability ofPCa/use@bmstias get
duplex, in particularly preferred enbodi ments, the probes of the 1, nstant

i nvention do not contain a non | ei.c aci.d noie rovid for the pur pose
of i ncr ealPigNYaHE ! a!iﬂgwo effsﬁtqﬁ@gl&bm raylticphogen a Ol%tlﬁafm@ hSeIeBi nder) .

The eXa”pEﬁ%sﬁh%'d@ﬁ%tﬂ@ﬁ&idﬂn%més@é&e Q@et egﬂev Shpit@nth\Qp%W%@@ robes of

20 the instant invention provide clean sig ring real tine
det ect i onyambt Rijkictatlab, E@t@kﬁdﬁl@tﬁ@hnqlel%ﬁ) 273 6(2®1ad&uatlﬁnamt@h I(HE signal in

- l,s j 4) .. As L di F De
25Anot hor PGpeEro B ofig! o Filared (AR et EPEURG R B RERH R ™t e "

detectjone@mfgﬂpl|f|cation reacti ons, when conpared to standard hydrolysis
probe-based met hods. As discussed above TAQVAN-t ype assays cl eave
hydrol ysi s proBéeisedsheicipy theigrny 'slissine @ el axferanestig segnwr(ggt, of Angoyerce of PCR

{emper at i eefin & QR AR HT5/00 fed bt Ran®e PGP br'ovi de a

secondarypﬁmeamagﬁm&wéhbmmhﬁmehﬁnﬁnmbhadkmgﬂpbaavagﬁnbhwbhﬁmhyﬁtaly5|s
probe during PCR See, e.g., US Patent No. 6,893,819, in which a 5 flap
froma hydpeteysnee ml%@twaﬁwe&tteéa@}@&ge Pl & by capabi ity of mgragtiongviffet ect i on

reacty@en. addifierf 8& p§dcg%5 with %{eﬁp&?gea Entl & éﬂz?m%e&? iolEayage structure

conpri si ng anot probe, to release afnot her ap, and so’on. However, in
such an as s ay A rmeectlh@aua@e tgmoBucthetic”amusdieinarfeginnako hyayohotaitslie event t he

5 flap, con@ g&d in the é and reac nd d es n%L contribute to
addi ti onaP iguelepidis(e-garf OPRIIE eé%totati‘élciﬁ‘%%cé £re ‘ﬁ Sht FIRTCE M Y Br ovi de
detecti on Qa8 $. g W ehat G &6&%&3@%&& Ofctidgt ﬁ‘i&ﬁpﬂe%ﬁé&@%anbs not
dependent on or Iimted by the thermdl 5cycling of the concufrent PCR

assay. FoﬁﬂewaﬁwbéaSmﬁhnwemekﬂewubmbmdﬁﬂvnw@om ywﬁﬁﬂﬁNQSEﬁﬁﬁvmventlon a
cl eav pduc%to 1n§q§§ f&g t&}!%ﬁf JY fIC ﬁ wher it is
annealad PO %éPg@et RErany’ “ar?&ll%an% \?Sg 6%1““8& Phely 6%1 ticipates
in the fosmmdscsrbf@lhclmrh)cmsmbﬁlaau@mre abelavagetost. gua@hwpﬁs@heﬁelgan,d wth FRET
cassettes as depicted in Figure 1. In sone enbodi nents, the initial

cl eavage ph%b@t@’leiit@f Hemiftyies, nb@spmgr&mléﬁwddﬂmhﬁ@h@n@awé@@lwe% Be. second and
zl‘jbfﬁg“fglk ga)(zf‘eg}?oﬁ% WEH %sz{?‘agy Yol 1’20 O?JE(%CO% 00, gjo%ézeot%h jyteration

avage pro duict er cleava pri mer exten3|on)
does not ﬂnmgﬂpp t168- 180 t(8r Rgraival, tEidaIHurha&ﬁ\mm, sy cNighiatacpided wnd pating in
t he ffrnatlo seconq¥2nd subsequent cleava@ structures. In particularly

pref eft ed8 gfeﬁSnér{’rgm drrigaeh dPid - W& efefetin dideal/44 s and Uhlmann
and Peyman, supra. Agrawal and Iyer, Curr. Op. in Biotech. 6: 12 (1995); and Anti-

sense Research and Applications (Crooke and Lebleu; Eds., CRC Press, Boca Raton,
1993), Beaucage and Caruthers, Tetrahedron Lett. 22: 1859-1862 (1981), and
Agrawal and Zamecnik, U.S. Pat. No. 5,149,798 (1992). In some embodiments,

25  synthetic oligonucleotides are introduced into a reaction pre-formed, while in some
embodiments, synthetic oligonucleotides are formed or modified within the reaction,
e.g., by action of a polymerase, ligase, cleavage enzyme, or the like.

As used herein, the term "FEN-1" in reference to an enzyme refers to a non-

polymerase flap endonuclease from a eukaryote or archacal organism.

30 As used herein, the term FEN-1 activity refers to any enzymatic activity of a
FEN-1 enzyme, including but not limited to flap endonuclease (FEN), nick
exonuclease (EXO), and gap endonuclease (GEN) activities (see, e.g., Shen, et al.,

BioEssays Volume 27, Issue 7, Pages 717 — 729, incorporated herein by reference).
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15structures are configured such that they can form and di ssociate w t hout
reliance on the PCR tenperature cycling, such that nmany cl eavage structures
can formwoaolerigizeaved at all times that the tenperatuPeTafS2e00m3T100Ct i ON
is within the range at which at |east sonme of the detection cleavage

structures can for Wien so cop of the ¢ i on

cl eavage strucéaﬁé%ela hatf‘é‘a\/é@e"? m%ﬁerpre%a @’éam{zémpmhf%ﬂe%a eavage
product, ?ovﬁi}rﬁ&hédf'Efﬁl?&Hﬁ% t';}fel’lﬂéht@%ofQﬁudl@&%'a@@p@ﬁ@r?oﬁi‘ﬁﬁ?&@e& he t her nal
cycl es of thé concurrent In this way, the signal anplification from

t he det ecpdivhofagematyc waridtionc humnmrebcrﬁmmentsabﬁ dregenchafi agedieniar at i on of the

anpl i con, era n IS th stan drol,ysi s probe
cl eavage, P@Wﬂ%ﬁ@ﬂﬂgg&@ﬂ%ﬁ%g a@?f%%‘%gsa%sﬁ%ﬁﬂ%ﬁP%ﬂ) h%p$. Jgr%leavage
producsy i sauseNsdeedatlathan td beir (€. UsieBe hyhiapitidn ShrobatlcatgtMilchid on al | ows
nore sensitive detection, and earlier tine-to-result. Assays Providi ng

Lower Costgd target or signplorer]ifigetion el meviic intpthos embadincatss gwnaercagseaf of

pr obe- bas e doRRREHILE HIFhERIh PRIy (R 6AL HLTERRER [ o the need to

use differ rising expensive Uencher s and,

opt i onal | yuclddtis, orfs@{ueﬁ@a:dsfrﬁhlcrebed@r(e gamlad z}’dsenc&&ﬂlaavl&ﬁtypb muele@tedeemaodl ments,
present invention provides real tine detectlon nmet hods that conprise use of
an anal yt BOSpRIEIN IEJCEﬁ*‘b%Céd BHRIENGeAs 19 1Bdedtarof the pseatse Wl f A @ ondar y

det ect{d on onucl eoti des, such that the need to
fo Ré]ﬁ‘yﬁﬁ m@nﬁa el plagl g&& &Héf e)g

produce a speC| I C probe led with expensive noieties i s avoided.
Assays Provi d| Ag uberpliareie dthByarantideteRanges Siltdentmgtolionlsrgahisttie pr esent

invention arc not limted b t he %%RF ﬁé ég et nucleic aC|d For exanpl e,
t he tar gef™RA%RIE a’é%@&“?ﬁi;? vty ls Yt e gﬂ)f‘%orgﬁ%@é% SISyt eri al
prepared f{iamin bueeslihavd RoidamifR¥og eﬂ@ﬁﬁque'r yﬂml%hénbr e RINA {sar get
sequence will be converted to a cDNA nolecule th ;5% he action of a

qafi

reverse t Vet pinpn@e eopeaigon ﬁenlawétoegaresm@ ynd/pecla ion gtamorgeniewt i on

assay, s I ncor oratlon present inyention wll

o shde fRe ARt efgantp o0 itk R ERER el Bces to a

br eadt h nﬁﬁa@Q@Mk@g&kﬁm&eaS|ble In sone enbodi nents, the target sequence
is a synthetic sequence. For exanple, a fragnent generated in an enzymatic
reaction (e , arestriction fragnent a cleaved flap froman invasive

o avage SRR b RN RS oo 0 8 Lot 1gseauence Tn oore
separate tar getrhepmhmt@nmtldn falae tothoatogtiissieal thrat hsageipu dratavasn
20  of amplified nucleic acid, e.g., PCR amplified DNA. In some embodiments, the
probes used comprise detectable moieties such as fluorophores, while in some

embodiments, probes comprise an interactive detection system, such as fluorophore
and quencher moieties. In yet other embodiments, the methods and systems of the
present invention use unlabeled analyte-specific probes, coupled with a detection
25  system configured to detect products of the cleavage of the analyte-specific probes.
The present invention provides real time detection methods using enzyme
footprint probes having short analyte-specific regions. The footprint probes of the
present invention are generally used in assay conditions that are at temperatures far in
excess of the melting temperatures of the probes as calculated using standard
30  methods, e.g., the nearest neighbor model and published parameters for DNA duplex
formation, Allawi and Santalucia, Biochemistry, 36:10581 (1997), and SantaLucia,
Proc Natl Acad Sci U S A., 95(4):1460 (1998).
Use of footprint probes in detection and characterization provides a more

selective assay. While not limiting the invention to any particular mechanism of
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generated. For exanple, in an invasive cleavage reaction, a cleaved flap
froma primary reaction may be detected with first and second probes that
are FRET wazsextigx?7 The FRET cassettes differ in sonme clRrarast@iostive (e.g.

| ength, etc.) such 20that the cleaved flap differentially hybridizes to the

first and second probes. B ng bot h FRET cas ettes a th|rd fourth,
ety t hetign i Sigeang drepther RlsSuRttara oL of e bt ust OF st (o

embodi mengpridiRfionRbAAHSNOfe. o, @eda’f&d@@édﬂ@ﬁ té}ﬁﬁer&tﬁﬁ‘e‘é) bt AGNHMGhE BRe Wi th
methods to further increasethe dynam c range of deétection. See, e.g., US.
Pat ent 25Apphiscétplonfogeed met, supply3guRdsssfulnoghint ori emwnpmcagmdomn@ by

ref erence., For exanple in some enbodi nents, the present invention is used
in conj unﬁltf‘oai% Wi th nmethods that achieve greater dynam c range of detection
through the use)n@fsu@h&ﬁlgrr@smtloaﬂthd iavehtsin@dntioAM hbi waFiRAoR]lity 6gihens of a
target nucleic acid g no anplification, linear anplification at one or
nore ef fi EqopTEItdsObey @lﬁ/btﬁle@;zp@ﬁ%ﬁ@l}cew&h@pﬁeﬁm@a@%ﬁce&ﬁ thgprobe. sfor e

efficienc )

conj unct | St {1 hrEBTEAETR L LA Lot PASRRO o EME B ale® M58 o1 o

t hrough t he inpertadt appaebesthiv ltutk @H debenicante dstykrrqluelmcz:aﬁ thanthpﬂqnﬁrthe es to one or
nore anal yte-specific regions of a target nucleic acid_or target nucleic

acids. In %@é}ﬁté-sa?féﬁ%r%éal (ERISERINGBH S, bxWésmtfepéff eatens PEHS ARSI £ f er ent
ASRs, 60 Hétq}{ﬂﬁi&c@ d}{é’ﬁ%&lﬁnﬂ&né&%& roﬁé‘ﬂf tRE d geti eg’%‘gﬁ%s bPRLRE LSy, © 9.,

for c eavage etection reagent. In pre diment's, conbi nati ons
of two or emmrlétlmfdetdaaomrmahmdms@leefomnqﬂ ajyxednpﬁ@ﬁureeMmah‘eally abosotte preferred

enbodi rrent robe . three, .fo etc.) are contacted
R e Sl Tomt Aol Boss dbBieS: Tt YT St bR TidnyE ple B

Sanplifi C@ﬁd&@a pkdbefb‘a% a‘-lﬁ'l%ﬁ't s%[@P;QQﬁ RNEfLth ?@%Q IBﬁﬁﬂ’é‘elQ&é‘&fo@B&ﬁet he sane
type of signal so that one si rrplg/ detects t signal generated by the
Pesc

r eact i onskndefaotiringof theeengyme &t bgesediin thedistestion asvayife.g. d2 gefewrncl ei ¢ aci d
over br ga erj ments co uring the
devel bRt R B TIRE chlnE e o R B P GRIRE Torr ) £
detect tan@eytcRPedifé Eegdsi Lfbre PRORadRL O5thdhé H@edtm dsthylOover ei ght | ogs of
copy nunber of target nucleic acid originally present in the sanple.

The conposi t i oRBis afpachetihe it Egntigi adrematys depreuiedian tipdiontle usef ul

for the dgfgchlon A0 S/ qﬂ%\ﬁﬁé %thﬁogéﬂ‘g? taﬂg pY(?Je'n% ﬁga{tloﬂygl.le%sgd geid

targets. € conposi t'i'ons an e present rnvention arc
parti cul asdlyctuﬁ@’ccoﬂstrhotrprbm thatant oficadtiloat i tiovldrabactian gehpenatatesi Eoaci ds

(e.qg.,..viral pathogens) npl ary vjral 15nuc|e|c acids for which a
clini ¢ s%am@%éaﬁ@ﬁmél@aarﬁaﬁsa%é gdéb%Eﬁ.Q%\AABIfS HUelSRG@SIAINGEOBE Vi r al

concent r aEﬁlBB'c‘ﬁn{eﬁtsQ)f’therN’\%DER%h INVAER PLRIY asdlyfs, 1 B&rtlkhl'a?{} éﬁ‘éiath% human

i mmunodeficiency virus (H'V) and other retroviruses, hepatitis C7virus
(HCV), hepatpictitgreBonthe ussay HBMoscrthespafiist step A dﬂsrgnmg(dﬂAma,y foumaew

(Fev) - et B fopeBer a7 ey b A S PRz |

bact er i ophEEesht cRpFimen @8l RERA to @3@&@%&&@%%@@@ ligptc ghicuses. I'n
ot her enbodi nents, the conpositions and nethods of thé present invention

find e thermplecydist ecincuhntest (e tademperpairgof opseatien deelwsor. poelisser i a

| nport ant pllrlrrrllers and/or other nucleic acid components of the assay are designed for

performance in the selected temperature conditions. For different target sequences,
the probes and primers are adjusted, e.g., in length, G-C basepair content, and/or by
the attachment of stabilizing moieties such as MGBs or peptide nucleic acids. The
30  length of probes sclected to operate at the same temperature may be very different,
depending on the sequence of the target nucleic acid (e.g., whether it is G-C rich or A-
T rich).
To successfully design large numbers of assays configured to operate at the

same temperature (or in the same thermal cycling set of temperatures), complex
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commerci al and research applications). Exanples include, but are not
limted to, Chlatnydia sp., N gonorrhea, and group B streptococcus. 25The
guant i t atworro@f11trrget nucl ei ¢ aci ds using the net hods &ad/useempo3iws ons of
the present invention are utilized in a variety of clinical and research

applications. For exa in some enbodi nents he detection assays with
i ncr eased® Fnlst:Ofe 84 B thFHSS%‘FB@é?ﬁS FRU Bt ARUCTEDYEmS o e

det ection ﬁﬁﬁm@%ﬁﬁﬁ%&ﬁ%EQ&eQ?58&%%%;ﬁ@kﬂ&g&ﬂﬁeH&n@yﬂﬁﬂnﬁaﬁﬁhﬁs The
detectlon assays of the present invention are 30 Suitable for use with a

vari et y oprlmar/pmbedomhmamufpr wseatl TMAIASS anchgimildi Mgruclsate MR asseyi t ed to,

urine, erred odi nents, the
det ect i ontags 2P pHaT S g0 PER RSk s BaPiSnr doF IR AT he
presence of proQsdct@thbinal bicipighemp&ahedhidanss  THREWASE getlidbgagsays of the
present invention find use in research applications including, but not

limted terovu’fea&leslé\}\é‘éﬁﬁﬁé}r%aéorgsoftwmfoaﬁﬂwloa@amyﬁﬂﬁﬁa lg%mck@gé%s)
ani mal gﬁ‘lﬁe fmﬁhﬁ%ﬁ? ?oroa‘r%&gtcll?{g%s\éh;% 8 tIYAPES %@Igée;?&tegﬁxﬁﬁl%&ﬁ% cpugleic acid

(e.0., térial, vir nuclerc
oligonu0|6@{Ddes of the present invention f|nd use in a variety of nucleic

aci d detection_assays including, but not limted to, those descrjibed bel ow.
I't should be uﬁaeﬁel%%%ﬂqqﬁame%lﬁ?fs SYRSTBS, @nd K30 HBE PRSP YRILIABALYIRt enpl oys

hybri ¢j za t hods of the present
[ nveng(lb oniﬂe%e%x%%égapwg lei 5&&% E%%?Méésgagﬁr gﬂg] %? follows, the follow ng

abbrevi ati ons apply: Ex. (Exanple), Fig. (Figure);C (degrees Centigrade); g
(gravitati naJ field hQur); mn (mnute); olio (oligonucicotide); rxn
(reaction§ “ngabQ%PLﬁ¥§p“ ?%e(melght to volunme); \iv (volune to vol une);

BSA (bovi ne senyni@liQedhidve, %@%s@é&ﬁ%ﬁﬂoﬁ%&l&%& iy arephe e de) ;. HPLC
(high pressure liquid chronatography) DNA (deoxyri bonucleic acid); p

(pl asm d) propes. (hlmtnf&ﬂahoe pE) recagnifipi Iqutlbmlttéms?) dupi@ (ecegrogingmeyleici sio!

i Mol A Mol
ot oLt abiisHes Magiett B0 be TR Ao 4% budihRES et A or ovet ar):
( nanoret egsdonukidades.( Kblvedka! ih@ Migyenti6Pis(replit@l t¢lR1dsprint proteDILigRyt ene

di am ne 20tetra-acetic aC|d) F1TC (fluorescein isothiocyanate) FAM

(fl u8r escesqyith dps envicsnDasabeill i therasiwuld ke POl abkdeianplyphosat e) :
NP- 4
(phenyfEgptgﬁéhF(ﬁﬁ%F?%ggg?é%%aa¥géq%gé’ %éﬁé?Mﬁ%%ﬁ¥¥g§J&M%%%¢ffygbuffer

titrated wndyimeddoric acid rather than HCI and contai ning EDTA); PBS

(pho ate buffered saline); PPBS (phosphate bu fer d 255aI|ne cont ai ning |
w%# PAGEA( Eﬂeyfi ’9/%1%%1 a@dslefrf( tg‘i’ @&%sﬁa?féé? é) TR clease

(FEN-1) from Pyrococcus furiosus in its complex with DNA has been proposed (see,
e.g., U.S. Patent Appl. Ser. No. 10/783,557, and Allawi, et al., Journal of Molecular
Biology v. 328(3):537-554 (2003)). The model is based on the known X-ray structure
of the enzyme and a variety of biochemical and molecular dynamics data utilized in
25  the form of distance restraints between the enzyme and the DNA. Contacts between
the 5' flap endonuclease and the sugar-phosphate backbone of the overlap flap
substrate were identified using enzyme activity assays on substrates with
methylphosphonate or 2'-O-methyl substitutions. The enzyme footprint extends 2-4
base pairs upstream and 8-9 base pairs downstream of the cleavage site, thus covering
30  10-13 base pairs of duplex DNA. The footprint data are consistent with a model in
which the substrate is bound in the DNA-binding groove such that the downstream
duplex interacts with the helix-hairpin-helix motif of the enzyme.
It had been found, though, that, when used in conjunction with a probe or

hairpin providing an upstream duplex, probes that provide a downstream duplex in the
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(pol yoxyet hyl ene-sorbitan); Red or RED (REDMOND RED Dye, Epoch Bi osci ences,
Bot hel | WA) Z28 (ECLI PSE Quencher, Epoch Bi osci ences, Bothell, WA); Pronega
(Pronega,wGan/1173¢8di son, W); G en Research (d en Rese®&CthiS2@®v@siivng, VA);
Coriell (Coriell Cell Repositories, Canden, NJ); Third Wave Technol ogi es

VR LA e T R e
provi ded idyuehds HethOn HArDRSIARE ¢n BRFatbybt BEYmE I dsshiiBhandet ERIVigRREf erred
enbodi ments and aspects of the present invenhtion and are not to be

const r uedthedengtinpt anadyte-hpecsicogguetve rrppfoaclBEXPVRLE nuclgetidesfwirndessed nt  Pr obes

in an | NVA y, During PCR , . This exanple describes a quantitative
nssay comboba BFY ERTTHET FonIgi od T PIARER IS A) THRS PO e | NVADER
assay §s 61@Eiﬁhgéﬁ§§beﬂﬂféﬂhu%m%@5éybhdIﬂ{a@b&@tﬂd@@é, elavigaisdh ot/ anBlot Caempeci fi ¢
regi ons (e. 11 to 12 bases). The use of such the 10 short enzyne

f oot pri nt VQE@BésIS@fe 30021 387v2R0f oiba P 3.0 adhih ét prgbastedpybadirecntadige for t he

conbi ned “élgﬁgg%ﬁ S i, ! | i ) Lf..c.mechani sm
and whi | e ot necléﬁggle{fbé ’ ?%O%é%“ép ?chgq{)%%geiruﬁ{t/kg%te ::P%:I’Il\? Ti)éfl& p@g’g{eeka%%ved t hat the
use of probesds hiclehel progidas yi eradyrespddific reg@inataipita aboutild\nasicvtds| eavage

assay such as the | NVADER assay allows for an increased dynam_c range of
target detel6bgBnAsdiotdebpke 11 S dh FBROHMSBESORFPIHBRIC oA the P 2wi t h t he PCR

reacti®n. WAl i env. bes, since the
@ nE&%otﬁ?é?HB Be nbh-c}oélpﬁes%érn?ag?goeﬁllagé%rgét@?raﬁél. h Iﬁg%o L8 Yy

arc short, 1) arc ndot stab therefore not inhibit PCR
pri mer extmhsediowntsathd f@)tpamcraloesrot ugdtin eortjemdieod withpanogegohyclestideart of t he

PCR reaction. in thi e,. the faoll ow six targets re enpl oyed:
R o1l asBmsgorNT BIERligoaccigsS ehbroSidhs t8u i SREA o1 ot ng 10X
A igo mxes were used for each target: reverse priner at 4 uM forward

primer at 4 uM priner-stacker at 4 uM probe oligo at 5 uM and FRET oligo
at 2.5 uMUsgpEfoptprintpreded inamphification dssdyser was used for each reaction:

100 MOPS, pH.7..5. 75 C12; and 250 uM dNTP. . A 40X.enzyme m x was
2l 5o Ibeq tor SACHanmel il St Ton AL PRRer Mol s i gy RIS Fone 1
endonucl eas®;inthadgresbncé sflgrrhn@@ haaiel g Rodhy P B ter8PerbifitdsS dntlle Vil 1 ever se

Transcri ptase; and 7 nM DIT. The specific probes, primers, invasive
ol i gonuc| E@eiiesdn v thrEnnealingdempesageietied in therme gyplingis gell ap¥e as shown

for ampl + 1 calsTHEEH T GRASITORHE Foddyih AT b Pa6l S0THEE HohBiFq poT TS
t he ol i gongdiodeir tie agegichns @x ifearcsamgpgtiboy imodeleand padtisedipagndigs farman

m R- 155 target; Figure 11C shows the oligonucl eatide sequences for
anpl i #9i n§MNehaURIEY LT H Wﬁ%éﬁ%@%@@&fre@%ﬁf&?ﬁ&&ggl UPB7518%s the
ol i gonucl gofth 0gis PINEREE A hPKATRIA | M.‘s@%lmﬂgl?gkf%ﬁgnmﬁm@iﬂ UG SnRNA

target; and Figure 11E shows the ol I gonucl eo e sequences for anplifying
and det ecpresgnttiivenhomranydértsuRindchageh of hetiang gappearothef haFENELA, as an

exanple, the identjty_.of th equences is..as follows: probe EQ. 1D NG 1);
m R 21 aF b St N RS Spisiar anpRee: PBERRIORGN)  revel s
primer/i nkagicVRulb WaRRYE! et delclivE@ TR NORA), exprid@Bital HaBCie8Yid¢ PEQ | D
NG 5); and FRET cassette sequence (SE
25  herewith shows that the temperatures at which the methods of the present invention
can be practice have little or no dependence on the calculated Ty,s of the ASRs of the
probes used.
In some embodiments a probe that is to be cleaved in the course of the
detection reaction and having a short analyte-specific region of, e.g., 6-12 nts, is used
30 in conjunction with an oligonucleotide that hybridizes immediately downstream of the
probe (downstream along the target strand and upstream of the 5' end of the ASR of

the probe). To form the cleavage structure, an upstream nucleic acid (e.g., an

INVADER oligonucleotide) is provided to promote cleavage of the short probe.
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5D NO6). Inregard to the primer-stacker (SEQ ID NO 5 shown in Figures
11A-C), this sequence serves to stabilize the RT-prinmer,/mcroRNA hybrid.
I n gener avp 208% @32y t hi s sequence, the | evel of detecti @OTARR0LI08T194
dramatically (-100 fold). It is noted that rather than a primer-stacker,
one coul d enpl a reyerse prinmer that |ogps back.on itsel.f farmng a
hai rpin at |t s AhOughhC eyl otnop it g VYRS R er gt BYEIAT B x of
each m RNAcdcab&Eh tﬂ@ﬁ)é@%@ﬁiﬁtofkh@%@ﬂ%n@aﬁ Bth& S@fnfaBeotic #Rdndde4 RNA
P

targets was nmade at 5 Next, aliquot duplicates of° 10 uL of targets at
LX concentwlith enscaneragy hdid byt ictarenaghrie comgetiomwih geigdn wedcifipl at e. Next was

added 10 ul,of. t no-target, co ol .(20 ng/ul tRNA) fo a oligo mx to
et ost ot meRuRRy. v-8ain 6 oS Wl holtiBrrocidn iebin mOhef AL R 0
reaction Biin?liﬂ@aiioﬁpims%‘é agfarebifa@dft@altItwinﬂanmrmﬁ&qnhﬁe:d td thidseof 10X A i go

(0}

m x, 2 ul 10X reaction buffer; 0.5 ul of 40X enzyne mx; and 5.5 ul of
wat er . Fi aabpgimeptse Thie spbodimensydiscusend taipve aearergded byipapof prmpind was t hen
pl aced in k: cycler programmed for: 42 'V - 30 min; 95 - 2
m n; and 2%&%&%%%&&5%@9@5@20 seconds --> 50 -45 seconds --> 60 'V -30
seconds) . Dat aSaedldneodinnmtyasl sptéctf of thepetsaft imadhod8 dischSscdeconds st ep.
Dat a was BI otted as fluorescence versus cycle nunber as shown in Figures
12A-E. FoPclg¥eh target, a threshold was assigned that gave the nost |inear
fit ofgcopy nunmber versus cycle threshold (see bottom panel in each
figure). The results for each target arc shown in the follow ng figures

m R- 155 ( Rissays Habv2ud ImpirdRed Bpeéifigilye 2512B); m R-126 (Figure 12C); U6

(Figure 12D); and U24 (Fiqure 12E).. These data show f aci l rapid
et a6t on of ' A8 BBhet DRUSCUVRIORIE Travge SR e G et - hunber
usi ng t he omiihRdareef achNEidaries 8hyd, BYGNSIFR a&dVRHEa 2RO El] &6fc Of Various
Conmponents of the PCR-1nvasive d]eava e Reaction Thi s exanpl e

descri bescmhedigwnts, thy pecsoft IPGR{PN Passildes sgiteay.ageh®isaadikindoras Exanpl e 1,
excepi15 cerérgi nico&gé)ene&tﬁlagtc Iaegt out oF tiondgtﬁlﬁ 5 (49 Lest t he various
conpohent B8 Mg Lt 4D fiEaiOR assas Mhyfrabingr y dl fstiey PAP3LtE wer e
enpl oyed: cROvIRNAssalH); RheddWs ddtagioarasddyslodntloted Gl relativEAhot 0Xg 0l i go
m xer were generated for each target as foll ows: reverse prinmer at 4 uM
forward pPilRgiasest amalyRpspeaifiasigiansOln geefatedembodingnithase arabss ager t ai n

diti i i : i t i 2.5 uM
oL oo artb R S pRESARSIC ARl Br ek ASIERIEh bERyAL, 2.5 ¢
makeup: 1£HD¢2I Wfﬁm&ly rﬁ_bbg}h_izﬁi;bleﬂgz) mﬂé&é&gﬁ)ﬂizgeﬁnd gZEQlaaMgél‘d'ant(mnﬁl asf ed L or o eh
rt n naitions as 1 Nnail cat . enz m X. was SO e oyed, 1 C
\(/:vgs g-%(?mgggﬁ'tm‘ﬁ??ée’fsb‘ﬁilg\ﬂfﬁ@%%%ﬁ%ﬁlégf%@r g?thgvra@m&fcaa}#muq@e(fa?n tted for

cortain cqRdhi RSB AMEALAR jrobe 1% KALLSLLCRTAG! BRLAEr 858 uinat v Tas

DNA pol ymer ase, rp. O units/ulMWMLV reverse Trdnscriptase 10

(om tted fosuchAbbdingets Jicteatable ¢laakhdoTiom probes hiftrelisqlgoinfiismatohabes,

rimers, |nvasive. oligonugl eati des nd FRET cassette seguyences for each
P ot~ ar e B iRl f e o PR isgan el R PR P e

hybridized to target nucleic acid that is perfectly complementary to the analyte-
25  specific portion of the probes, and the assay thereby has greater specificity and/or
lower background.

The invention is not limited to any particular mechanism of improved
specificity and/or reduced background through the use of the footprint probes of the
invention. One aspect of improved specificity is more selective hybridization

30  afforded by short probes used in stringent hybridization conditions (e.g., at
temperatures greater than the calculated Ty, of the analyte specific portion of the
probe), such that only perfectly matched probes tend to anneal to a target strand, while
in some embodiments, improved results may be due to discrimination by a cleavage

enzyme between perfectly matched and imperfectly matched probe/target duplexes.
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t he ol i gonucl eoti de sequences for anplifying and detecting the 1J6 DNA
target; Figure 13B shows the oligonucl eotide sequences for anplifying and
det ect i ngwOReo1BfRct or V DNA target; Figure | 3C shows wPh&/uskéogosmesd eoti de
sequences for anplifying and detecting the factor 11 DNA target; Figure 13D

shows the oli onucle tide s nces f d detecting the
GA- 21- R DRRC th gct Q&ﬁ@p’f—q"agq@ ?Etyéﬁg\ﬂg he ) ﬁi% S&BR l%e‘i Byuences for
anpl i fyi ngroazmé éjﬁfp@&JWﬁEtﬂehﬁteﬁ&mﬂrg%ﬁhM at & 98} the2RANRuh RpIck dHrer e set

up as follow. A prem x was nmade at 1 nM of synthetic targets or I00 ng of
genoni c tﬁm@éﬁcsentmé@atvag%nf thmpitobdhjalaﬁcauCé@sgfe gloa BENoff enzaimgets sech | x
concentrat| t ions.into.a 9 pl at e r 10 ul mx
of "t rna o PATBRR gl b gRa et i GeonsRy B TR o i x
to be g esteshe oTQn&@(ﬁhclwthde,po%&oﬁé tRd S'TiRehicleavugd & tBe dopladdedbé o each
wel |, where the 25reaction mx is conposed of the follow ng conponents: 2

ul of 10xswbisiagBalhy sedugedidr absent.oly pagieeularty paforisd enpodingntsy (% FiNdrigyme ni x:
and 5.5 u pun for 30 seconds at 1200 rpm

t hen pl acggpeifr%lg%mrﬁégPNﬁ(t&mﬁ%f%a%F g?/lc ‘er programmed for: 95 C -2 mn and
40 cycles of (%he Efe0f prbofiatget-duplcaQéhgtd lalsaetontd to ad" @Mstr8n seconds) .
Data is cqllected at the end of each 50C -45 30seconds step Dat a was
plotted aduRlpxsngde dRcantast d&Pé‘Ir@nhG%@? sygh gwmovlﬁeqﬂ?sgﬁ@sanm 17. The

resul f oy ures 14A-B

show %(ﬁe res%ly[yt é%f%&gﬁmﬁlﬁé&h&gw odt g {)%\glag\?d %QT%I%ES%I eoti de and
t he FEN- 1clemmgﬁetrp¢te®em g., Wivadiec Ehegmgestrd@t@eﬁ) Isldectt stedice sarlatwrmafyt h t he

i nvasi ve 2009/ 117327PCJT/ U S2009/ 037194 al j gonuc i 1 enzyne
ot ot el T TR AR s e-5e Rangrowbr 1 gl CRaer b b IS b Sanl e

1 bel ow. "ﬂ@‘é?%ﬁnc@ﬁ 1ﬁh%%ﬁor@t%ﬂ%efeﬁf E}{/\ielf%r@nc%f K FfNedarbincdOR dfekts@@se.

5Table | Factor Target Level Per The results for the Factor
V tar get ameéﬁekumhxmsgxgrssbst@m vAth w@mﬂtr@@mmﬁel lgrtptlw aftbstwessfl ts of this

the 1 boul AU btverdEs F9Gel PAaFRERRTERAEP HER BNk PR 99Me? RGe- or csont.
Fi gures 1GENFVADBR bl n@amndeemget &u}ﬂéx)ﬁl@lmﬁﬁe baidCnDen@X CERperini@ty - axi s
maxi mumis 10, 000 rather than 60, 000
examined four archacal FEN1 enzymes, from A. fulgidus (AfuFEN), P. furiosus
(PfuFEN), M. jannaschii (MjaFEN), and M. thermoautotrophicum (MthFEN), two
cubacterial polymerase I enzymes from 7. aquaticus (TaqPol) and 7. thermophilus
20  (TthPol) and the 5' nuclease domain of TaqPol (referred to as TagExo). All enzymes,
except TaqPol, cleaved the overlapping flap substrates at rates independent of
downstream duplex length in the range from 10 to 16 base pairs; TaqPol cleaved the
10 base pair substrate approximately five times slower than the 12 base pair substrate.
For most enzymes, cleavage activities decreased for the 8 base pair downstream
25  duplex substrate and significantly dropped when the duplex length was reduced to 6
bp, although the FEN-1 enzymes of MjaFEN and MthFEN were able to cleave the
substrate with the 6-base pair downstream duplex. Thus, use of probes having short
analyte-specific regions provides an additional level of discrimination beyond the
mechanics of hybridization in that, even if a short probe anneals to a mismatched
30 target nucleic acid, cleavage by a 5' nuclease will be reduced compared to the same
probe hybridized to it matched target sequence. Thus, for these enzymes, the use of

probes having 12 or fewer bases complementary to the target nucleic acid in the

analyte-specific portion of the probe provides significant advantages over the use of
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The results for the corn trans gene GA-21-R target are shown in Figures
16A-D. Figures 16A-B show the results of this Exanple with both the

i nvasi ve W8200%1go3racl eoti de and the FEN-1 enzyne presenPCTMsR000/0F11g4ur es |
6C-D show the results wth the invasive oligonucleotide and FEN-1 enzyne
not present et level of each well. for GA-21-Ris .shown in Table 2

tar
bel ow, %mf/e@ RERRHORRIASHGN 0 haooneRfihese sngyAncs s prof4p Nunber Per
Vel Afu Eehbagl rdtvasi ve Aigo 123 4567891011

Probes comprising short analyte-specific regions have been used in certain
embodiments of invasive cleavage assays, e.g. INVADER assays. See, e.g., U.S.

5  Patent No. 5,985,557, to Prudent e a/. However, in view of long-established rules for
probe design for real time detection methods in amplification reactions such as in
PCR, it is surprising that probes having such short ASRs, especially probes lacking
duplex stabilizing moieties such as MGBs, can be made to work for real time
detection in assays performed at temperatures well above the melting temperatures of

10  the probes. The performance of these probes is especially surprising with respect to
reactions such as PCR amplifications, in which the extension of a primer having a
higher T, would be expected to occlude the probe binding site altogether. While not
limiting the invention to any particular mechanism of action, in some embodiments an
enzyme in the reaction of the present invention, e.g., a FEN-1 enzyme, may stabilize

15  the footprint probe-target duplex, such that short probes can anneal before extension
of a primer occludes the binding sites, and can be used at temperatures that exceed
their melting temperatures by several degrees or more.

As discussed in the Background section, one commonly used method for real
time detection in PCR is the use of fluorescently labeled analyte-specific hydrolysis

20  probes in the reaction. In the most commonly used methods, a polymerase is used
that includes a 5' nuclease "nick translation" activity (e.g., Tag DNA polymerase) and
cleavage of the probe occurs as the polymerase extends the PCR primer and
encounters the hybridized probe (see, e.g., U.S. Patent No. 5,210,015, and Holland et
al., Proc. Natl. Acad. Sci. USA 88:7276 (1991)). In some types of 5' nuclease PCR

25  reactions, the polymerase and 5' nuclease are provided as separate proteins (e.g., Pfu
DNA polymerase and Pfu FEN-1 endonuclease). In the latter configuration, the
polymerase extends the primer to the point where the probe is partially displaced so as
to create a structure recognized by a FEN-1 enzyme and the probe molecule is then
cleaved by the FEN-1 (see, e.g., U.S. Patent Nos. 6,528,254 and 6,548,250,

30  FULLVELOCITY Q-PCR Master Mix Instruction Manual Revision #114005,
Stratagene Corp., FULLVELOCITY QRT-PCR Master Mix Instruction Manual
Revision # Revision #114005, Stratagene Corp.).

In both methods described above, it is considered imperative in the assay

design that the hydrolysis probe be annealed to the target strand before the primer is
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extended. For this reason, hydrolysis probes for use in these real time PCR methods
(including FULLVELOCITY methods) are selected to bind to the target nucleic acid
more stably (i.e., with a higher melting temperature, or Ty,) than the primers used in
the amplification reaction. See, e.g., U.S. Patent No. 5,210,015, Primer Express®
5  oligo design software from Applied Biosystems, Stratagene's "Introduction to
Quantitative PCR" Methods and Applications Guide, IN #70200-00/Revision
#084001 Copyright 2004 by Stratagene.
In some real time PCR assay designs, the stability of the probe is ensured by
selecting an analyte-specific probe sequence having length and sequence composition
10 selected to have a Ty, of above that of the primers. In other assay designs, shorter
probes are used, but the melting temperature of the probe is raised by attachment to
the probe of a duplex stabilizing moiety. In particular, moieties that bind duplex
DNA, such as minor groove binders ("MGBs") (see, e.g., U.S. 6,312,894, Kutyavin,
et al., Nucleic Acids Research, 2000, Vol. 28, No. 2 655-661, and ABI Primer
15  Express manual, supra) are commonly used on hydrolysis probes for use in real time
PCR. Conjugation of an MGB to an oligonucleotide dramatically increases the
stability of the hybrid formed between the oligonucleotide and its target (see, e.g.,
U.S. 6,312,894, Kutyavin, ef al., supra). Increased stability (i.e., increased degree of
hybridization) is manifested in a higher melting temperature of hybrid duplexes
20  formed by such MGB-oligonucleotide conjugates, compared to those formed by an
unconjugated oligonucleotide of identical length and sequence. This effect is
particularly pronounced for short oligonucleotides (e.g., less than about 21
nucleotides in length), and allows such conjugated short oligonucleotide probes, down
to about 12 nucleotides, meet the design imperatives of homogenous 5' nuclease PCR
25  assays, i.e., to bind the target nucleic acid more stably than the primers.
The Primer Express Software Version 3.0 "Getting Started" guide for
designing probes and primers for real time PCR detection based on the TAQMAN 5'
nuclease probe cleavage assay instructs that probes should always have a higher Ty,
than the primers. For example, a standard (non-MGB) probe is taught as optimally
30  having a Tp, of between 68 °C to 70 °C, while the primers are taught as optimally
having Tys of between 58 °C to 60 °C. When an MGB is used on the probe (e.g., for
allelic discrimination), the manual instructs that a probe Tp, of 65 °C to 67 °C should
be used with primers having Tp,s of between 58 °C to 60 °C. With or without a

stabilizing MGB, the manual instructs that a probe used in real time 5' nuclease assay
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detection should have a T, at least 5 to 10 °C higher than the Tps of the primers it is
to be used with. For assays in which the polymerase and 5' nuclease cleavage
activities are provided as separate enzymes, the recommendation is the same (see,
e.g., FULLVELOCITY Q-PCR and QRT-PCR Master Mix Instruction Manuals,

5  supra).

As discussed above, the present invention provides improved real time
detection assays comprising hydrolysis probes having short analyte-specific regions
selected to provide the minimal footprint duplex, e.g., for a FEN-1 enzyme. In
contrast to the hydrolysis probes typically used in TAQMAN assays and

10  FULLVELOCITY methods, the footprint probes of the present invention are selected
to provide the shortest length of probe/target duplex that permits suitable performance
of the FEN-1 enzyme in the reaction. The footprint probes of the present invention
have melting temperatures substantially below that of the PCR primers with which
they are used. In some preferred embodiments, the probes have analyte-specific

15  portions of 12 or fewer nucleotides. Although labels and other such components may
influence the stability of a probe/target duplex, in particularly preferred embodiments,
the probes of the I, nstant invention do not contain a non-nucleic acid moiety provided
for the purpose of increasing the stability of the duplex (e.g., a minor groove binder).

The examples provided herein demonstrate that the short footprint probes of

20  the instant invention provide clean signal during real time PCR detection, with little
background (e.g., little accumulation of signal in no-target controls; see, e.g., Figure

4).

Assays Providing Faster Detection

25 Another aspect of the present invention is to provide faster real time detection
of amplification reactions, when compared to standard hydrolysis probe-based
methods. As discussed above, TAQMAN:-type assays cleave hydrolysis probes as a
primer is extended along a target in a cycle of PCR. Thus, the rate of signal
accumulation is tied to, and limited by, the temperature cycling of the PCR.

30 Assays have been described that provide a secondary cleavage event that is
enabled by cleavage of the hydrolysis probe during PCR. See, e.g., US Patent No.
6,893,819, in which a 5' flap from a hydrolysis probe, once cleaved, is used as a
primer in a detection reaction. The flap-primer is extended to form a second cleavage

structure comprising another probe, to release another flap, and so on. However, in
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such an assay, the cleavage product from the original hydrolysis event, the 5' flap, is
consumed in the second reaction and does not contribute to additional reactions.

An aspect of the present invention is to provide detection assays in which the
accumulation of detectable signal is not dependent on or limited by the thermal
cycling of the concurrent PCR assay. For example, in preferred embodiments of the
present invention, a cleavage product is release from the analyte-specific probe when
it is annealed to the target strand, and the cleavage product then participates in the
formation of many subsequent cleavage structures, e.g., with FRET cassettes as
depicted in Figure 1. In some embodiments, the initial cleavage product is not further
altered during cleavage of the second and subsequent cleavage structures, while in
other embodiments, any alteration of the initial cleavage product (e.g., further
cleavage, primer extension) does not prevent the altered initial cleavage product from
participating in the formation of second and subsequent cleavage structures.

In particularly preferred embodiments, the second and subsequent cleavage
structures are configured such that they can form and dissociate without reliance on
the PCR temperature cycling, such that many cleavage structures can form and be
cleaved at all times that the temperature of the reaction is within the range at which at
least some of the detection cleavage structures can form. When so configured, many
copies of the detection cleavage structure may be cleaved for each copy of the initial
cleavage product, even as the temperature of the reaction moves through the thermal
cycles of the concurrent PCR. In this way, the signal amplification from the detection
assay will accumulate more rapidly than accumulation of the amplicon, and more
rapidly than is possible with standard hydrolysis probe cleavage, or with secondary
detection assays in which the initial cleavage product is consumed rather than re-used.

Rapid signal accumulation allows more sensitive detection, and earlier time-to-result.

Assays Providing Lower Costs

As noted above, one of the primary disadvantages of probe-based specific
detection chemistries for real time PCR is the need to use different custom probes
comprising expensive dyes, quenchers and, optionally, MGBs, for cach different
analyte sequence. In some embodiments, present invention provides real time
detection methods that comprise use of an analyte-specific probe that is unlabeled,

coupled with a secondary detection reaction using labeled oligonucleotides, such that
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the need to produce analyte-specific probes labeled with expensive moicties is

avoided.

Assays Providing Improved Dynamic Range

The methods of the present invention are not limited by the type of target
nucleic acid. For example, the target nucleic acid may include, for example, nucleic
acid material prepared from viruses having an RNA genome. Typically, the RNA
target sequence will be converted to a cDNA molecule through the action of a reverse
transcriptase, and then detected by the nucleic acid detection assay. Incorporation of
the methods of the present invention will increase the dynamic range of detection of
RNA target sequences to a breadth not previously feasible.

In some embodiments, the target sequence is a synthetic sequence. For
example, a fragment generated in an enzymatic reaction (e.g., a restriction fragment, a
cleaved flap from an invasive cleavage reaction, efc.) can be considered a target
sequence. In some such embodiments, the detection of such a molecule indirectly
detects a separate target nucleic acid from which the synthetic sequence was
generated. For example, in an invasive cleavage reaction, a cleaved flap from a
primary reaction may be detected with first and second probes that are FRET
cassettes. The FRET cassettes differ in some characteristic (e.g., length, etc.) such
that the cleaved flap differentially hybridizes to the first and second probes. By using
both FRET cassettes (or a third, fourth, efc.), the dynamic range of the reaction is
improved.

In some embodiments, the methods of the invention are used in conjunction
with methods to further increase the dynamic range of detection. See, e.g., U.S. Patent
Application Ser. No, 11/338,244, which is incorporated here by reference. For
example, in some embodiments, the present invention is used in conjunction with
methods that achieve greater dynamic range of detection through the use of
differential levels of amplification of regions of a target nucleic acid (e.g., no
amplification, linear amplification at one or more efficiencies, and/or exponential
amplification at one or more efficiencies). In some embodiments, the present
invention is used in conjunction with methods that achieve greater dynamic range of
detection through the use of probes with different hybridization properties to one or
more analyte-specific regions of a target nucleic acid or target nucleic acids. In some

preferred embodiments, the different probes have different ASRs, to provide a range
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For example, in some preferred embodiments, two or more probes (e.g., three, four,
etc.) are contacted with first and second amplicons obtained via different levels of
amplification. In some such embodiments, each probe generates the same type of
signal so that one simply detects total signal generated by the reactions. The
collective signal permits detection of target nucleic acid over a broad dynamic range.
For example, experiments conducted during the development of the present invention
have demonstrated the ability to detect target nucleic acid from samples differing in
over eight logs of copy number of target nucleic acid originally present in the sample.

The compositions, methods, systems, and kits of the invention are useful for
the detection and quantitation of a wide variety of nucleic acid targets. The
compositions and methods of the present invention are particularly useful for the
quantitation of viral target nucleic acids (e.g., viral pathogens). Exemplary viral
nucleic acids for which a clinical or research need for the detection of a large range of
viral concentrations (e.g., viral load) include, but are not limited to, human
immunodeficiency virus (HIV) and other retroviruses, hepatitis C virus (HCV),
hepatitis B virus (HBV), hepatitis A virus (HAV), human cytomegalovirus, (CMV),
Epstein bar virus (EBV), human papilloma virus (HPV), herpes simplex virus (HSV),
Varicella Zoster Virus (VZV), bacteriophages (e.g., phage lambda), adenoviruses, and
lentiviruses. In other embodiments, the compositions and methods of the present
invention find use in the detection of bacteria (e.g., pathogens or bacteria important in
commercial and research applications). Examples include, but are not limited to,
Chlamydia sp., N. gonorrhea, and group B streptococcus.

The quantitation of target nucleic acids using the methods and compositions of
the present invention are utilized in a variety of clinical and research applications.
For example, in some embodiments, the detection assays with increased dynamic
range of the present invention are utilized in the detection and quantitation of viral
pathogens in human samples. The detection assays of the present invention are
suitable for use with a variety of purified and unpurified samples including, but not
limited to, urine, stool, lymph, whole blood, and serum. In preferred embodiments,
the detection assays of the present invention are suitable for use in the presence of

host cells.
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In other embodiments, the detection assays of the present invention find use in
research applications including, but not limited to, drug screening (e.g., for drugs
against viral pathogens), animal models of disease, and in vitro quantitation of target
nucleic acid (e.g., bacterial, viral, or genomic nucleic acids).

5 The probe oligonucleotides of the present invention find use in a variety of
nucleic acid detection assays including, but not limited to, those described below. It
should be understood that any nucleic acid detection method that employs

hybridization can benefit from the systems and methods of the present invention.

10 EXPERIMENTAL
In the disclosure that follows, the following abbreviations apply: Ex.

(Example); Fig. (Figure);°C (degrees Centigrade); g (gravitational field); hr (hour);
min (minute); olio (oligonucleotide); rxn (reaction); vol (volume); w/v (weight to
volume); v/v (volume to volume); BSA (bovine serum albumin); CTAB

15  (cetyltrimethylammonium bromide); HPLC (high pressure liquid chromatography);
DNA (deoxyribonucleic acid); p (plasmid); ul (microliters); ml (milliliters); ng
(nanograms); ug (micrograms); mg (milligrams); M (molar); mM (milliMolar);uM
(microMolar); pmoles (picomoles); amoles (attomoles); zmoles (zeptomoles); nm
(nanometers); kdal (kilodaltons); OD (optical density); EDTA (ethylene diamine

20  tetra-acetic acid); FITC (fluorescein isothiocyanate) FAM (fluorescein); SDS (sodium
dodecyl sulfate); NaPO4 (sodium phosphate); NP-40 (Nonidet P-40); Tris
(tris(hydroxymethyl)-aminomethane); PMSF (phenylmethylsulfonylfluoride); TBE
(Tris-Borate-EDTA, i.e., Tris buffer titrated with boric acid rather than HCI and
containing EDTA); PBS (phosphate buffered saline); PPBS (phosphate buffered

25  saline containing 1 mM PMSF); PAGE (polyacrylamide gel electrophoresis); Tween
(polyoxyethylene-sorbitan); Red or RED (REDMOND RED Dye, Epoch Biosciences,
Bothell WA) 228 (ECLIPSE Quencher, Epoch Biosciences, Bothell, WA); Promega
(Promega, Corp., Madison, WI); Glen Research (Glen Research, Sterling, VA);
Coriell (Coriell Cell Repositories, Camden, NJ); Third Wave Technologies (Third

30  Wave Technologies, Madison, WI); Microsoft (Microsoft, Redmond, WA); Qiagen
(Qiagen, Valencia, CA).
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The following examples are provided in order to demonstrate and further
illustrate certain preferred embodiments and aspects of the present invention and are

not to be construed as limiting the scope thereof.

EXAMPLE 1
Use of Footprint Probes in an INVADER Assay During PCR

This example describes a quantitative assay composed of a combination of an
INVADER assay and PCR. The INVADER assay is conducted with footprint probes
that have short analyte-specific regions (e.g., 11 to 12 bases). The use of such the
short enzyme footprint probes of the invention allows an increased dynamic range for
the combined INVADER-PCR assay. While not limited to any specific mechanism,
and while not necessary to practice the invention, it is believed that the use of probes
with short analyte-specific regions in an invasive cleavage assay such as the
INVADER assay allows for an increased dynamic range of target detection, since the
cleaved probes do not interfere with the PCR reaction. For example, it is believed
that the cleaved probes, since they are short, 1) are not stably hybridized and therefore
do not inhibit PCR primer extension, and 2) and do not get extended improperly as
part of the PCR reaction.

In this Example, the following six targets were employed: miR-21; miR-126;
miR-21; miR-155; U6 RNA; and U24 RNA. The following 10X Oligo mixes were
used for each target: reverse primer at 4 uM; forward primer at 4 uM; primer-stacker
at 4 uM; probe oligo at 5 uM; and FRET oligo at 2.5 uM. The following 10X reaction
buffer was used for each reaction: 100 mM MOPS, pH 7.5; 75 mM MgCl,; and 250
uM dNTP. A 40X enzyme mix was also used for each reaction, which was composed
of: 200 ng/ul Afu FEN-1 endonuclease; 1.33 units/ul Go Taq Polymerase; 80 units/ul
MMLYV reverse Transcriptase; and 7 mM DTT.

The specific probes, primers, invasive oligonucleotides, and FRET cassette
sequences for each target are as shown in Figure 11. Specifically, Figure 11A shows
the oligonucleotide sequences for amplifying and detecting the human miR-21 target;
Figure 11B shows the oligonucleotide sequences for amplifying and detecting the
human miR-155 target; Figure 11C shows the oligonucleotide sequences for
amplifying and detecting the human miR-126 target; Figure 11D shows the
oligonucleotide sequences for amplifying and detecting the human U6 snRNA target;

and Figure 11E shows the oligonucleotide sequences for amplifying and detecting the
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human U24 snRNA target. In regard to Figure 11A, as an example, the identity of the
sequences is as follows: probe (SEQ ID NO:1); miR-21 target sequence (SEQ ID
NO:2); forward primer (SEQ ID NO:3); reverse primer/invasive oligonucleotide
(SEQ ID NO:4); primer-stacker (SEQ ID NO:5); and FRET cassette sequence (SEQ

5 IDNO:6). Inregard to the primer-stacker (SEQ ID NO:5 shown in Figures 11A-C),
this sequence serves to stabilize the RT-primer/microRNA hybrid. In general,
without this sequence, the level of detection may drop dramatically (~100 fold). It is
noted that rather than a primer-stacker, one could employ a reverse primer that loops
back on itself forming a hairpin at its 5'-end.

10 The reactions were set up as follow. A premix of each miRNA target was
made at 1 pM and a premix of the U6 and U24 RNA targets was made at 5 pM. Next,
aliquot duplicates of 10 uL of targets at 1X concentrations and 5X dilutions were
made into a 96 well plate. Next was added 10 ul of tRNA no-target control (20 ng/ul
tRNA) for each oligo mix to be tested. Then, a reaction mix was added to each well,

15  where the reaction mix was composed of the following components: 2 ul of 10X
Oligo mix, 2 ul of 10X reaction buffer; 0.5 ul of 40X enzyme mix; and 5.5 ul of
water. Finally, the plate was spun for 30 seconds at 1200 rpm, and was then placed in
real time PCR thermocycler programmed for: 42 °C — 30 min; 95 °C — 2 min; and 40
cycles of (95 °C — 20 seconds --> 50 °C — 45 seconds --> 60 °C — 30 seconds). Data

20  collection was set for end of each 50°C - 45 seconds step.

Data was plotted as fluorescence versus cycle number as shown in Figures
12A-E. For each target, a threshold was assigned that gave the most linear fit of copy
number versus cycle threshold (see bottom panel in each figure). The results for each
target are shown in the following figures: miR-155 (Figure 12A); miR-21 (Figure

25  12B); miR-126 (Figure 12C); U6 (Figure 12D); and U24 (Figure 12E). These data
show facile and rapid detection of the target RNAs over a wide range of initial target

numbers using the methods of the present invention.

EXAMPLE 2
30 Effect of Various Components of the PCR-Invasive Cleavage Reaction
This example describes the same type of PCR-Invasive Cleavage Reactions as
Example 1, except certain components are left out, or included, to test the various

components of the assay. In this Example, the following targets were employed: U6
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RNA; GA-21-DNA; Factor V DNA; and Factor Il DNA. 10X oligo mixer were
generated for each target as follows: reverse primer at 4 uM; forward primer at 4 uM;
invasive Oligo at 0.4 uM (omitted for certain conditions as indicated); probe oligo at
6.7 uM; and FRET oligo at 2.5 uM. A 10X reaction buffer was used for reaction

5 which had the following makeup: 100 mM MOPS, pH 7.5; 75 mM MgCl,; and 250
uM dNTP (omitted for certain conditions as indicated). A 40X enzyme mix was also
employed, which was composed of the following components: 200 ng/ul Afu FEN-1
(omitted for certain conditions as indicated); 1.33 units/ul GoTaq Polymerase (native
Taq DNA polymerase, Promega Corp.); 80 units/ul MMLYV reverse Transcriptase

10 (omitted for DNA targets); and 7 mM DTT.

The specific probes, primers, invasive oligonucleotides, and FRET cassette
sequences for each target are as shown in Figure 13. Specifically, Figure 13A shows
the oligonucleotide sequences for amplifying and detecting the U6 DNA target;
Figure 13B shows the oligonucleotide sequences for amplifying and detecting the

15  factor V DNA target; Figure 13C shows the oligonucleotide sequences for amplifying
and detecting the factor II DNA target; Figure 13D shows the oligonucleotide
sequences for amplifying and detecting the GA-21-R DNA target; and Figure 13E
shows the oligonucleotide sequences for amplifying and detecting the human U6
RNA target.

20 The reactions were set up as follow. A premix was made at 1 nM of synthetic
targets or 100 ng of genomic targets. Next, aliquot duplicates of 10 uL of targets at
1X concentrations and 5X dilutions into a 96 well plate were made. A 10 ul mix of
tRNA no-target control (20 ng/ul tRNA) was also made for each oligo mix to be
tested. To each well, 10 ul of reaction mixture is added to cach well, where the

25  reaction mix is composed of the following components: 2 ul of 10X Oligo mix; 2 ul
of 10 reaction buffer; 0.5 ul 40X of enzyme mix; and 5.5 ul of water. Next, the plate
is spun for 30 seconds at 1200 rpm, then placed in a real time PCR thermocycler
programmed for: 95 °C — 2 min; and 40 cycles of (95 °C — 20 seconds --> 50 °C — 45
seconds --> 60 °C — 30 seconds). Data is collected at the end of each 50°C — 45

30  seconds step.

Data was plotted as fluorescence versus cycle number as shown in Figures 14-
17. The results for the Factor II target are shown in Figures 14A-D. Figures 14A-B
show the results of this Example with both the invasive oligonucleotide and the FEN-

1 enzyme present, while Figures 14C-D show the results with the invasive
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oligonucleotide and FEN-1 enzyme not present. The target level of each well for
Factor II is shown in Table 1 below. "Cleavase" as used here refers to Afu FEN-1

endonuclease.

5 Table 1
Factor II: Target Level Per Well

Target level (g)

The results for the Factor V target are shown in Figures 15A-F. Figures 15A-
B show the results of this Example with all the reactions components present. Figures
10 15C-D show the results with the invasive oligonucleotide and FEN-1 enzyme not
present. Figures 15E-F show the same results as Figures 15C-D, except the y-axis
maximum is 10,000 rather than 60,000.
The results for the corn trans gene GA-21-R target are shown in Figures 16A-
D. Figures 16A-B show the results of this Example with both the invasive
15  oligonucleotide and the FEN-1 enzyme present, while Figures 16C-D show the results
with the invasive oligonucleotide and FEN-1 enzyme not present. The target level of

each well for GA-21-R is shown in Table 2 below.
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Table 2
GA-21-R Target Number Per Well

Afu
FEN- | Invasive
1 Oligo 1 2 3 4 5 6 7 8 9 10 11 | 12
A 6.00E+10 | 6.00E+09 | 6.00E+08 | 6.00E+07 | 6.00E+06 | 6.00E+05 | 6.00E+04 | 6.00E+03 | 6.00E+02 | 6.00E+01 | 6.00E+00 0
B 6.00E+10 | 6.00E+09 | 6.00E+08 | 6.00E+07 | 6.00E+06 | 6.00E+05 | 6.00E+04 | 6.00E+03 [ 6.00E+02 | 6.00E+01 | 6.00E+00 0
+ + [o 6.00E+10 | 6.00E+09 | 6.00E+08 | 6.00E+07 | 6.00E+06 | 6.00E+05 | 6.00E+04 | 6.00E+03 [ 6.00E+02 | 6.00E+01 | 6.00E+00 0
+ + D 6.00E+10 | 6.00E+09 | 6.00E+08 | 6.00E+07 | 6.00E+06 | 6.00E+05 | 6.00E+04 | 6.00E+03 [ 6.00E+02 | 6.00E+01 | 6.00E+00 0
Target
copies/rxn
5

The results for the U6 target are shown in Figures 17A-D. Figures 17A-B
show the results of this Example with both the invasive oligonucleotide and the FEN-
1 enzyme present, while Figures 17C-D show the results with the invasive
oligonucleotide and FEN-1 enzyme not present. The target level of each well for U6

10  is shown in Table 3 below. "Cleavase" as used here refers to Afu FEN-1

endonuclease.
Table 3
U6 RNA Target Number Per Well
— i e e ettt
iCleavase :Qligo ; : ; : : i § 5
- - W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12

W13 W14 W15 W16 W17 W18 W19 W20 W21 W22 W23 W24
W25 W26 W27 W28 W29 W30 W31 W32 W33 W34 W35 W36
W37 W38 W39 W40 W41 W42 W43 W44 W45 W46 W47 W48

Imasive (U6 Copies :Ub Copies U6 Copies (U6 Copies :U6 Copies U6 Copies U6 Copies U6 Copies UG Copies U6 Copies :UB Copies :U6 Copies

‘Cleavase ‘Oligo perrxn__ iperrxn__ iperrxn _ iperrxn _ ‘perrxn__ perrxn__ perrxn per rxn perrxn perrxn  iperrxm  iperrxn

: 6.00E+09| 6.00E+08|  6.00E+07| 6.00E+06]  6.00E+05  6.00E+04|  6.00E+03|  6.00E+02 60 6.0 0.6
6.00E+09| 6.00E+08|  6.00E+07| 6.00E+06]  6.00E+05  6.00E+04|  6.00E+03|  6.00E+02 60 6.0 0.6
6.00E+09| 6.00E+08|  6.00E+07| 6.00E+06]  6.00E+05  6.00E+04|  6.00E+03|  6.00E+02 60 6.0 0.6
6.00E+09| 6.00E+08|  6.00E+07| 6.00E+06]  6.00E+05  6.00E+04|  6.00E+03|  6.00E+02 60 6.0 0.6

In light of the above results, it is clear that essentially no signal is generated
when the FEN-1 enzyme and the Invasive oligo are absent, even though the

polymerase enzyme comprises a 5' nuclease activity.

20
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Factor V is shown in Figure 5.

The wild-type and mutant reactions were set up as follows. An aliquot 10 ul
10 of genomic DNA (1 ng/ul) or tRNA no-target control (20 ng/ul tRNA) in placed in a
96 well plate. 10 ul of reaction mixture is added to each well, where the reaction
mixtures (as well as the 40X enzyme mix) is as described in Example 1. The 10X
oligo mixture, which is part of the reaction mixtures, is composed of the following

sequences as shown in Table 4.

15
Table 4
10X Oligo Mixture
. 10XQrlnvader FV Oligo mix=
20 10X conc -
S | Oigo# (M
21497007 4
e 27497006 4
2749-70-05 0.4:
2749-70-04 5
25
The plate was spun for 30 seconds at 1200 rpm, then placed in a real time PCR
thermocycler programmed for: 95 °C — 2 min; and 50 cycles of (95 °C — 20 seconds --
> 52 °C — 60 seconds). Data was collected at the end of each 52°C — 45 seconds step.
30 Data is plotted as fluorescence data versus cycle, as shown in Figure 6. The

results for the mutant target detection are shown in Figure 6A, the results for the wild-
type target detection are shown in Figure 6B, and the results for heterogenous target
detection are shown in Figure 6C. For each target, a cycle threshold (Ct) that gives

the least cross reactivity for each genotype is assigned. Data for detection of the same
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wi | d- typesp ayget 2@@4)9)@7”%@ @Elﬁbvﬁ{‘fﬂm s EDQ‘}FG 6B, and the results for
het er ogenous target detection are shomn in Figure 6C. For each target, a

cycle threshol Higut ] shaveta giatterslotind thedata fronds@er@a@tql \,(p@r}ﬁl #dr each
genotype is assh ned, ectio a | el.es using the
Faovk asbayPRE BLER YR o KA SRR Fpw A FRTCR Th@iFE, 1y 50, ' Mo, 4
(2004)s 7831'63@&%6h1§1n§ff66"ﬁ)rinﬂp15|bgyra§«‘§es@ﬁb&1:here (panel B). Ol SachoPOVS a scatter
plot of the data from Luderer, et al. (panel A), conpared to a scatter plot

of FAM Ct determained fasel owtley Cf dycrassigmosnt.+ilmbatkinaacls &y @eﬂ\,%gbe nlslréwgls]‘ oot print
b d
probes, ag, deser hmeﬁj?{fﬁha@@f‘:ﬁﬁler B he-[)Acﬁ gﬁgﬁe‘}g sh&wr? | b cgﬂ %ﬁ?e on

the Ct dye assi ane in the
upper | ef halhﬂmﬂnei‘@lfﬂﬁtrpl@lf Ihlpenqjlpqtthe wétérdgénepes teSulsfscsmwnmthleelppat tomright
hand coner, of the panel A, the heterogeneous result is shown in

t he upper !ghighhile \WhPa}Uél Bnthsélﬁ@rogsneq%ée%ﬂwféﬁ@wgd%bw&% [oft hagdshown in the
bot t ofg | efs&m@?&‘ihé'g%? 1§ rfheox{o {a t%rﬁ}ols %tﬁ %lﬁﬁvé@d@m&@ﬁtf I's are
ed A and “upper r

simlarly 1 nvert I"ower or pane corner of
t he pl ot pmmlpamdhmBWWuAnmmmuhknaaﬁhbmpbaﬂmp@mﬂéﬁts nentloned in the above
specification arc herein incorporated by reference. Various nodifications
and variations of the described 15conpositions and nethods of the invention

wi |l be apparent) J8lithRne aﬁ&pétleﬁglmean&m 1ﬁrtﬁe Mol B OpHcifsianas hicn@rdif om t he
scope and spirit of the invention. Although the invention has been

descr i bediricarposedby Tederendet H\/m@@@ nmddiq@hemwde@rlemdqfrﬂmﬂ@rlqu shoul d be
underf ood that,.the inv

h fi
emboa rent@rpjitsdnt PYFRAA ST HBIRYSrLaP NG sbPEl ol e RuBRER P!

carrying @athout departing from the scope and spirit of the invention. Although the invention
has been described in connection with specific preferred embodiments, it should be
understood that the invention should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for carrying out
20  the invention which are obvious to those skilled in the relevant arts are intended to be

within the scope of the following claims.
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20t he i nvention which arc obvious to those skilled in the relevant arts arc
intended to be within the scope of the following clainms. MCSLLP CLAI MS:
1. A nethod of analyzing a target nucleic acid, conprising: a) anplifying a
target nucleic acid by polynerase chain reaction in the 5 pred&hgid.Fof a
synt heti €CLgiidiss and a FEN-1 endonucl ease under conditions such that said
synthetic probe is cleaved during an anplification reaction to generate

cl eaved fragnents; wherein said synthetic probe is a footprint probe

conpri si ng ani.anal yhetigydedifdgigpor targehnaniec acidomwntraisget portion, wherein

said non-target porti ogﬁjhi%és%pg%_%n%‘ggcg%gggac%r é:?h%rﬂe%t}/ontigt}%ai d target
- Cc porti

nucl ei ¢ acid and ViH&P® on 1S no nore than 12

10nucs eop i dese b $8RatHD prodd dnEHRERL Nshdupucdasd @nden chridnd eschithatsaidr e

conpl enentary to said target_ nucl ei ¢ aci d, wherein sai c{ anglgyt e-specific
portion stheti grobedt Peavad dyinsye Fmpdiligation TEplgp &y 2eperatq ey og g P4 get  t hat
Is at leagl B G tﬁ{gﬁéﬁlﬁ?éﬁwﬁ% M RotRlcoMpriGiha 3R al L@ AbOSHTHribeatld on i S
conduct eg, or |]fd ai nplification reaction is a thermal cycling reaction,
sai d anahot-egpepifibe yerdih erid odn-gegedpéoion provhstapiadl soraemplewsMeiH @t ed T,

with said.target that .is at.|east..5 - l tepper ature used
in said f%‘%e?aﬁ%t RSt A ,amgﬁaerﬁl)n S%‘éita%’%?}% F\Sg)gislglxva&gfl%gés\%}%ﬁﬁeégnent s during

sai dj@nphiddcgiatd @Nedp@achd &miains Uphe 10eiubiodidcs thok aienohplontvetaes 1o ssilitarget

anal yzi ng conprises detecti ng t he. _(?re e&lcfg of. said tar gef 1ntéglgei c acid
by det ecRIGHic axs.avharan sud aral Ygmeas i Reg fh?js s@id; TGOpEAHEPYS R AT S8 det i on.
3. The ”Emggaiﬁfmrg&%am o |M0EF R BhISRUL @RpdNEHNE vIRIRidSeShérdRNtckEtonng t he
presence of a polynmorphismin said target nucleic acid, 254, The method of

cl ai m 1, iswhedueied, ol shidmmpliiiation teaehsni is a shegnelayaiing 19actaR, SRy of an

organt sm, Lr oM Ml &M L8 féq%gﬁhm%%gseg Cal@fhed TS I8 hMeGpe@haiea RIS Of

clai m 1, RiFer& ana g conprises det@écting t
15  C below the lowest temperature used in said thermal cycling; and

b) detecting said cleaved fragments during said amplification reaction.

2. The method of claim 1, wherein said analyzing comprises detecting the
presence of said target nucleic acid by detecting said cleaved fragments during said

20 amplification reaction.

3. The method of claim 1, wherein said analyzing comprises identifying the

presence of a polymorphism in said target nucleic acid.

25 4. The method of claim 1, wherein said analyzing comprises determining an

identity of an organism from which the target nucleic acid is derived.

5. The method of claim 1, wherein said analyzing comprises detecting the

amount of said target nucleic acid.

30
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anount of said target nucleic acid. 30 MCSLLP 6. The net hod of
claim1, wherein said target nucleic acid is isolated from aV§&8hpfe.

; The ?ethodfof C|?:ﬁ]6 wherein said sanple is selected fromthe group
consisting of a ce a tissue sa a fluid.s

sanpl e, and af- eanhWﬁ*@gg af Cl@ﬁhbl"\éherem Smg&%ﬁ nijg{gic A H%’g‘r’rlg ﬁdﬁl(’% ?(Enmlt e

wher ei n target nucleic acid is froman organi smsel ected fromthe
group consisting of: an aninmal, a plant, a bacterium a virus, and a

fungus. 10 9. The method of claim1, wherein said target nucleic

aC|d i s DNA. The t hod .of .cl i
Seid s e Ts11 Tremitnoe o g fo™ Mg MRLERG bl dlshrpgn  Snel ¢

conprk Se%oﬂs&@ln%bﬁﬁccﬂf sabr@%L b $i€sule kafnplerd Piidgasplieda KRiArd sahglhd pri or to or
concurrent with said anplification. 12.The method of claim1, wherein said

poIynera§@“&ﬁ§¢ﬁw%%ﬁﬁ¥¢on conprises using a polynerase lacking 5 to 3
exonucl ease activity. 20 13. The nmethod of claiml, wherein said
FEN-1 endonucl ease is a thernostable FEN-1 endonucl ease. 14. The
met hod of claBm 1, Thieribbhobdiith FErpeteiepribiiact audeic pgidfiy Boman cseiizeal

25speci
P eseleeted from the group consisting of: an animal, a plant, a bacterium, a virus, and a fungus.

10
9. The method of claim 1, wherein said target nucleic acid is DNA.
10.  The method of claim 1, wherein said target nucleic acid is RNA.
15 11.  The method of claim 10, wherein said method further comprises the step of
reverse transcribing said RNA into DNA prior to or concurrent with said amplification.
12.  The method of claim 1, wherein said polymerase chain reaction comprises
using a polymerase lacking 5' to 3' exonuclease activity.
20

13. The method of claim 1, wherein said FEN-1 endonuclease is a thermostable

FEN-1 endonuclease.

14, The method of claim 1, wherein said FEN-1 endonuclease is from an archacal

25  species.

15.  The method of claim 1, wherein said amplifying employs first and second

primer oligonucleotides.

30 16. The method of claim 1, wherein a cleavage structure is formed before said

probe is cleaved, wherein said cleavage structure is formed by association of said target
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15. The method of claiml, wherein said anplifying enploys first and second
priner oligonucleotides. 3016. The method of claim1, whereina@agleavage
structure is forned before said probe is cleaved, wherein sald cl eavage
structure is formed by association of said target MCSLLP nucleic gcid

Wi th: a)nsddidaqd pisk: alsaid frpbsat afagiresionp! i @rachpedtc audl ®HO) 4859 and b) a
second o @#@}q %#%ggﬂag%sw%s %ﬁﬁ?{%&%&l&%ﬂg%nt& sgidstgx%gl%creﬁg%@r_egﬂcsaﬁﬁ' d target

nucl ei c, © I'd"second region I's downstream of said first region.
517. The gmbhindgioh iscdoaingirddn ofast Bistregiand second region is contiguous with
said first region. 18. The nmethod of claim 16, wherein at |east
one nucleotide at the 3' end of the second oligonucleotide, in said

cl eavage strugt ur epn-QNEhd@arsldmtib, Rhéreigiseid sefondybribtiszahdigoud Ohktaden sai d
probe and said target nucleic acid. 19. The method of claim 18,
wher ei n fitseregiont er mi nal nucl eoti de of said second oligonucl eotide is not
conplenentary to said target nucleic acid, in said cleavage structure.
1520. The et hod of claim 16, wherein said second oligonucleotide is also a
primer used iT8.saiTheamghddfofichgn 121wireinmelehs ¢ne hudpaiidmat the dhadeif thesaj d

target binding. portion of sai r abe nt aj - . nugl eoti des
that ar eseew?fgﬁ%h%ﬁﬁ‘ff@%??@e’t% S%@F%a?agf gsgltl&%ﬁ’c ‘}éeﬂ%psgg]iﬂgm%b&%%y %" “The met hod
of ci@i NMhekwedth@ldgirfbesaildaiiairgatnubleftdicily portion of said probe contains no
nore than 10 nucleotides that are conplenentary to said target nucleic

acid. 23. The nmethod of claim 1, wherein said target binding portion
of said probegy  Themethod of claim 18, wherein the 3' terminal nucleotide of said second

oligonucleotide is not complementary to said target nucleic acid, in said cleavage structure.

15 20.  The method of claim 16, wherein said second oligonucleotide is also a primer

used in said amplifying.

21, The method of claim 1, wherein said target binding portion of said probe

contains no more than 11 nucleotides that are complementary to said target nucleic acid.

20
22, The method of claim 1, wherein said target binding portion of said probe

contains no more than 10 nucleotides that are complementary to said target nucleic acid.

23.  The method of claim 1, wherein said target binding portion of said probe

95 contains no more than 9 nucleotides that are complementary to said target nucleic acid.

24.  The method of claim 1, wherein said target binding portion of said probe

contains no more than 8 nucleotides that are complementary to said target nucleic acid.

30 25, The method of claim 1, wherein said target binding portion of said probe

contains no more than 7 nucleotides that are complementary to said target nucleic acid.
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25contains no nore than 9 nucl eotides that are conplenentary to said target
nucl ei ¢ aci d. 24. The method of claim 1, wherein saif@Sthifget binding
portion of said probe contains no nore than 8 nucl eotides that are

conpl enmentary to said tanget nucl ei.c aci d, 302g The nmet hod aof claim1,

wher ei n sai d 2@r getheoneibiochgl ort . grhetstn sil rast BagHRTnRL sHO PP e t han 7
nuct eot | g8, LAl v BfnGPTRLALTRALARN 4 OcERIENtALYRD sY gk hudbideid, MCSLLP

26. The ﬁ%%_od of clarm 1, wherein said target "binding portion of said
probe contains no nore than 6 nucl eotides that are conplenentary to said

t ar get ”“C'EifgaCiFhemmag%a%ﬁéﬁhggﬁgﬁﬂ%gﬁgvﬁﬁ%ﬁ}@h&k%d-“herEi” sai d probe

i s unl abel ed. erein said probe does
'aﬁt cgntaindnon-natural nucl eot i des. 29. The nmethod of claiml,
erein said non-target portion of said obe i s at 10l east 10 nucleotides
'n length. 25 B mothed ANBG. SRS BO0GAR doh SN FERE ng sai d
cleaved f1a pts conprises associating one or nore of said cleaved
fragnments Wth a synthetic detection oligonucleotide. 15 31. The
met hod of claim 30, wherein said synthetic detection oligonucleotide has a

region of sel £§.CO lleerggtﬂ(t)oa &‘ il 1@ %Jhe;eg{ AT Qonh@@epf-)&tﬁﬁ bEGEMEBbe is at

10 least 10 nucleotides in length.

30.  The method of claim 1, wherein said detecting said cleaved fragments
comptises associating one or more of said cleaved fragments with a synthetic detection

oligonucleotide.

15
31.  The method of claim 30, wherein said synthetic detection oligonucleotide has

a region of self-complementarity that forms a hairpin structure.

32.  The method of claim 30, wherein said synthetic detection oligonucleotide

20 comprises a label.

33. The method of claim 32, wherein said label is a fluorescent label.

34.  The method of claim 33, wherein said synthetic detection oligonucleotide

25  further comprises a fluorescent quencher moiety.

35, The method of claim 30, wherein said cleaved fragments, when associated

with said synthetic detection oligonucleotide, form a cleavage structure that is cleavable by

said FEN-1 endonuclease.

30
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35: The rethog of claim 30, wherein said synthetic detection

ol i gonucl eotide 20conprises a | abel. 33. The netho aim 32,
wherein said | abel is a fluorescent |abel. 34. The%Mﬂihgg of claim
33, wherein said synthetic detection oligonucleotide 25further conprlses a
fl uorescent denclide mnﬂnceitcy claim 35, whea@n sqtd deteatirporisey AFHI80% dwher ei n
said cl egved fragnents ssoci.at S t tection

ol i gonucﬁ'éaéffiged%mg‘?lﬁ? ?ﬂn?frts 11@6?\31 i tﬁ%%u%?e Sﬁ%ﬁ ph%cﬁlh?lg&g%égggﬂe?aetggy said FEN-1
endonuclgﬁﬁg&kﬁggmNCSLLP 36. The met hod of claim 35, wherein said detecting
conprises cleaving said cleavage structure conprising said synthetic
detection oligonucleotide to generate a detectable signal. 537. The net hod

of claim 1, wher eifadnevr cpd'fmqn@vh&femaa &Y% h hetdugt aniynokid @anhgel targuc| ei ¢

acid s al so anal yzed. . The nethod of claim 37, wherein the
analyzed@s&m;hmiw@be@nﬁvvﬁ-target nucleic acid is used to determ ne the
anount of said target nucleic acid. 10 39. A conposition conprising:

a) a target nucleic acid; b) anplification primers; c) DNA pol ynerase,;
38,  The method of claim 37, wherein the analyzed syntheuc control farget nucleic

acid is used to determine the amount of said target nucleic acid.
10
39. A composition comprising:

a) a target nucleic acid;
b) amplification primers;
c) DNA polymerase;

15 d) a thermostable FEN-1 endonuclease; and
¢) an unlabeled synthetic probe comprising an analyte-specific portion and a
non-target portion, wherein said non-target portion is substantially non-
complementary to said target nucleic acid and wherein said analyte-specific
portion is no more than 12 nucleotides in length, and contains up to 12

20 nucleotides that are complementary to said target nucleic acid, wherein said
analyte-specific portion of said footprint probe has a calculated Ty with said
target that is below the calculated Ty, of at least one of said amplification

primers with respect to said target nucleic acid.

25 40.  The composition of claim 39, wherein said analyte-specific portion of said
footprint probe has a calculated Tm with said target that is at least 5 °C below the annealing

temperature of at least one of said amplification primers with respect to said target nucleic

acid.

30 41,  The composition of claim 39, wherein said composition is a reaction mixture.
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15d) a thernostable FEN-1 endonucl ease; and e) an unl abel ed synthetic probe
conprising an anal yte-specific portion and a non-target portigosiiwherein
said non-target portion is substantially non-conplenentary to said target
nucl eic acid and wherein said anal yte-specifi¢c portion.is no nore than 12
nucl eoti des 2. en"&%erp‘?’nﬁ’lﬁiém@%ﬁf@%‘ﬁ’s3%bvk‘leﬁ‘ﬁ?“§?ﬂ%ﬁqs@6’f‘ﬁ%§’ that are
conplenentary to said target nucleic acid, wherein said anal yte-specific
portion of said footprint probe has a cal cul at ed Tn, with said target that
is bel ow the €&l cullat@ehpbsitiond! daim Fasthersiresast kléa@f@lpl‘aiﬁw ploradift Pon pri mers

ith t, t dt t 0 39,
R

cal cuf at egnTmadbhit]&aé, dnd aﬁlg@dleddjzathelﬁpﬁ)be.l east 5 C bel ow t he anneal i ng
tenperature of at |east one of said anplification prinmers with respect to

said target nucleic acid. 3041. The conposition of claim39, wherein said
conposition ig a regg cﬁhﬁ;@sﬂb%BWIﬁm 39VeBletelh said target nucdede acki@ fpOsi tion of
claim 39, wherein said conpositionis a kit. 43. . The conposition
of cl ai mod@pismiveleeted fromi the fiotip comisting ef an ainlar PRy PG IR 2naRS: #busi ng
one or nore of the target nucleic acid, anplification priners, polynerase,
5FEN-1 ehd8Wlitl ease, and unl abel ed synthetic probe. 44. The

conpogi tion of claim39, wherein said target nucleic acid is froman

organi sm sel ect ed from t he .group .co i n an animalh 2 plant, a
bacterium a %rust ea“ﬁalpéISifig‘i‘l@ﬂ‘g?mﬁ wherel Sau{%‘éget q"hcém%%rr%%m tion of claim
39, wherein said target nucleic is DNA 46. The conposition of
claim 39, wherein said target nucleic acid RNA. 1547. The 03| tion of
claim 39, furdther Bomemipsiingn aquﬁvﬁ%&mﬁmﬁafﬂ%%‘& eé‘h%‘i}ﬁ?rg M8. The

conposition of claim39, wherein said polynmerase is a thernostable

15 47.  The composition of claim 39, further comprising a reverse transcriptase
enzyme.
48.  The composition of claim 39, wherein said polymerase is a thermostable
polymerase.
20
49.  The composition of claim 48, wherein said polymerase lack 5' to 3'

exonuclease activity.

50. The composition of claim 39, wherein said FEN-1 endonuclease is a

25  thermostable FEN-1 endonuclease.

51.  The composition of claim 39, wherein said FEN-1 endonuclease is from an

archaeal species.

30 52.  The composition of claim 39, further comprising a second oligonucleotide

configured to form a cleavage structure with said probe in the presence of said target nucleic,
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pol ynerase. 20 49. The conposition of claim48, wherein said

pol ynerase lack 5 to 3' exonucl ease activity. 50. The conpaqsition
of claim39, wherein said FEN-1 endonucl ease i s a 25t hennost abf%e® 1
endonucl ease. 51. The conposition of claim 39, erein said FEN1
endonuc| ehsenissidfcicomagayragtelsae Brmepby pweciatmysy sHqdrgdmysEicdc nw‘gl?' Yl ai m 39,

further commrys|\%3 SSE0DALLR! HAQTHE SoLidlens 81 Liiauies bushonmiaicakeavage

structur® e’in presence of said target nucleic, MCSLLP
wher ei N &abdhied ity ageosd reudhwf eaid sarfoonddchybasiscaidaedona regionsisi d t ar get
nucleic acid with'%ag% sai d. probe at a first region of said target nucleic
aci d; arﬂf"’ﬁ}gu’%aé‘ilﬁf B5te8°tgonucl eoti de that associates with a second
regi gn of said target nucleic, wherein said second region is downstream of
said first region. 5 53, The conposition of cl.aim52 wheret'hn sai d
second regi ord s CONCPHROUSONR A WhFTPRysaidagpQR] region 1s comfigpous Rt

conposi tsia?dqf%{r gfogi m 51, wherein at | east one nucleotide at the 3' end of
10t he se€bnd of gonucl eotide, in said cleavage structure, overlaps with a
regi on of hybridization between said probe and said target nucleic acid.

55. The conposj ti of clalm . rei  Lerm ot of said
second ol i gon%’lcl e e&8mipg$€ﬁ%}05%%ar%\?§h§%%§r &?%%Stsogllggﬁ%lg(?lgdg? Pﬁhgl ‘%ar}dg?aci d, in
sai di¢! e@vagend BBidnuckatid, in said cleavhf stlib@re onplips witbn refiocdFiviridatiather ei n
sai d anal yte-specific portion of said. probe contains no nore than 11

nucl eot i biweantatd pipke a4 %% %ai d target nucleic acid.

55, The composition of claim 52, wherein the 3' terminal nucleotide of said

second oligonucleotide is not complementary to said target nucleic acid, in said cleavage

15 structure.

56.  The composition of claim 39, wherein said analyte-specific portion of said

probe contains no more than 11 nucleotides that are complementary to said target nucleic

acid.

20
57.  The composition of claim 39, wherein said analyte-specific portion of said

probe contains no more than 10 nucleotides that are complementary to said target nucleic

acid.
58.  The composition of claim 39, wherein said analyte-specific portion of said

25  probe contains no more than 9 nucleotides that are complementary to said target nucleic acid.

59.  The composition of claim 39, wherein said analyte-specific portion of said

probe contains no more than 8 nucleotides that are complementary to said target nucleic acid.

30 60.  The composition of claim 39, wherein said analyte-specific portion of said

probe contains no more than 7 nucleotides that are complementary to said target nucleic acid.
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20 57. The conposition of claim 39, wherein said analyte-spgiLLic
portion of said probe contains no nore than 10 nucl eoti des t hat M

conpl ementary to said target nucleic acid. 58. The conposition of
claim 39, wherein said anal yte-specjfic portion of said.25probe. contains no
more than 9 n@El eof POIEIRORAPD §F 2P H d‘fagytg'ﬁf’ﬁl Ca‘?dgﬁ?n %ﬁféﬁei c acid.

59. The @Hﬁ@%§ﬁt‘éﬂn? Ro HorLthdh Bhddeoteel & S@hMleaRAaN Bs8ReGLEH facRRI&idon of
sai d probe contains no nore than 8 nucl eotides that are conplenentary to

said target nucleic acid. 3060. The conposition of claim39, wherein said
anal yte-specific portion of. sai At al: -Mfifelqan 7 nucl eotides
that are conp%%nen?%ﬁ?H$%8§§$§t&ggégg%ﬁ%c1e?%@ %ﬁgfﬁa{ et 61. The
conposition of claim 39, wherein said anal yte-specific portion of said

probe contains_no pore than 6 nucl eptides.that are .conplenentary to said

t ar get nucleiéaaciEﬁeCmnmmnm%ﬁfa?W%8%8ﬂ§5§??? H“’?dgﬁggﬁ?§ ?nﬁ%éPgFﬁ?said
probe is,unlakeled. 5 63. The conposition of claim 39, wherein said
probe does not contain non-natural nucleotides. 64. The conposition
of claim 39, wherein said non-target portion of said probe is 10at |east 10
nucl eotides ip,lenglh.,, osition oPainy 56 WIRIAPSHE haPler 6L:BbALBRIA hidbt e
conprising a synthetic detection oligonucleotide having a region
conplenent lasy 10 audadtideninrierigir.get portion of said probe. 1566. The
conposition of claim®65, wherein said synthetic detection oligonucleotide
has a region of self-conplenentarity that fornms a hairpin structure.

67. The conpogsi.ti ophedonogitioh 6BclaihY, Giithes adrapi$yng Netnileriddteatidnon

ol i gonucl eotide conprises a |abel. . ) .
oligonucleotide having a region complementary to said non-target portion of said probe.

15 60. The composition of claim 65, wherein said synthetic detection oligonucleotide

has a region of self-complementarity that forms a hairpin structure.

67. The composition of claim 65, wherein said synthetic detection oligonucleotide

comprises a label.

20
68.  The composition of claim 67, wherein said label is a fluorescent label.
69.  The composition of claim 68, wherein said synthetic detection oligonucleotide
further comprises a fluorescent quencher moiety.
25
70. A system comprising the composition of claim 39.
71. The system of claim 70, further comprising a detector.
30 72.  The system of claim 71, wherein said detector detect fluorescent signal.
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68. The conposition of claim67, wherein said |abel is a fluorescent | abel.
69. The conposition of claim®68, wherein said synthetic det eﬁ' rl
ol i gonucl eotide further conprises a fluorescent quencher noi %lﬁ“ P 70.
A system conprising the conposition of claim 39. 71. The system of
claim 70, furfther sconpppsiimyeompdieingct or. 3072. The system of claim 71,

wherei n sai d detect.or detect.fl|lugrescent signal. MCSLLP 73. A conposition
t nucfeic. amcp

conprising: a) a t%}rad%rtgenuc eic acid; b) anplification priners; c) a DNA
pol ynerase; 5d) a #hemnssidblpeinte\- 1 endonucl ease; and e) an unl abel ed
synthetic probe conprising an anal yte-specific portion and a non-target
portion, wherein sﬁia@ﬁﬁﬁp{yﬁ‘}e@@f” portion is substantially non-conplenentary

to satd target nucheiGedfokdple WRRL EEfonatithsanaldyt e- speci fic portion of said
footprint probe has a calculated T", with said target that is_ 10bel ow the

cal cul ated Tm of at) aheakbelohengietis aiake sApPiifing an iwytprpasicPofiarodspect to
jculated Tm of athes anpbyy o kg .
said target nucl el uagld pold8ne sg\aﬁdn%ﬁ%ﬁ,ga{ﬁg% NubQarfill) M/ 3, wherei n

sai d anal yt e-specil%ci C ﬁ I on’of sal ootp as a calculated T,
with said target tdvatplinsensdry loeast tafget nioédiowid heheiGapmé atdlyigspenfper at ur e of

at least one of saidamplification rimers wihnespect: o sehd Lar get

10 below the calculated Ty, of at least one of said amplification primers with

respect to said target nucleic acid.

74 The composition according to claim 73, wherein said analyte-specific portion
of said footprint probe has a calculated Ty, with said target that is at least 5 °C below the
15  annealing temperature of at least one of said amplification primers with respect to said target

nucleic acid.

75. A method of analyzing a target nucleic acid comprising: providing the
composition of claim 73, forming a cleavage structure between said probe and said target
20 nucleic acid during an amplification reaction, cleaving said probe with said FEN-1
endonuclease 10 generate a cleavage product containing said non-target portion of said probe,

and detecting said cleavage product.

76. A method of analyzing a target nucleic acid, comprising:

25 a) amplifying a target nucleic acid by polymerase chain reaction_in the presence of a
synthetic probe and a FEN-I endonuclease under conditions such that said synthetic probe is
cleaved during an amplification reaction to generate cleaved fragments; wherein said
synthetic probe is a footprint probe for said FEN-1 endonuclease, said footprint probe
comprising an analyte-specific portion and a non-target portion, wherein said non-target

30  portion is substantially non-complementary to said target nucleic acid and wherein, if said

amplification reaction is an isothermal reaction, said analyte-specific portion of said footprint
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75. A nethod of analyzing a target nucleic acid conprising: providing the
conmposition of claim73, formng a cleavage structure bet ween¥§&iL8Pprobe
and said target 20nucleic acid during an anplification reaction, cleaving
said probe with said FEN-1 endonucl ease to generate a cl eavage product

cont ai ni prybe bis qabsmlatey Gewithand teaget 91t $41 B0 hebe Ay etfé‘?‘@%rf“i%‘}?gfﬁ?g‘i‘%‘

cl eavage pk %g’fggtmal reaction it QondcBI N aBNHNAALDBaidndk 8 elerfMCh8lig aci d,
conpri si nNg: a]) anpfl?yl ng a target nucleic acid by pol ynerase chain
react i onidactidnesad asbneepofficgosymt distid doppiiieretredaa aENnlzicé dgoTiticiashse under

diti h that saj het | s, ¢l |
i 11 catsebtetsaber FohintrareSeRaR Ry e EATE RN R

synt het i ghaeRbgid BoPrifQRsR dodt nfircob@rifor mémi drdokNbindendeiyc hese, sai d
footprint probe conprising an anal yte-specjfic rtion and a non-target
portion, wher®idstes@igsabricavas §aemays g@?‘%i Bif q@iﬁﬁggcewﬁqvgm y

non- conpl enmentary to said target nucleic acid and wherein, if said
amplification reaction is an isothernmal reaction, said analyte-specific
portion of said fddtepndtmd of NS TS, prhetsén snitbanglersragiligtrogtion ol sedt h sai d
target that is at least.5 I : - Whi R0 RY er mal
reactio np"r’lO f%?i?f& &% {’%Scfi Calgh ial%dbg%ﬁgh t%%g faltr%i{@%l?% %E@gg%t;%%&%&si@gﬁ ?eﬁ!é‘r% %Jﬂ

cycl img icepelahefat wilildsaxhbiitenas peciid is cpehutiednoraf sesdamplifoetipr iepttiopr obe has
a calculated Tmw th said tar,(gg{% t hat i{s at . | e%st. 3 (% betl ov%the | owest

t enper at rdhggakey g ieacn s hatal iRl PO & SHTdPEPHTIRYY 8¢t pri nt
probe do%ﬁcxﬁ"ﬂéd FOWRE 558 (R OkicAERANA i DANERT 3TO belby; ekt ch)eflpdraatd ng sai d
cl eaved fragnments during Said anplification reaction. 77.The method of

C ai m 76ysediresadd theweal dyaimal yt e- specific portion of said footprint probe has
a calculated "En, with said target nucleic acid that is at |east 8 C bel ow
the 10tenperature at which said isothermal reaction is conducted, or if

sai dianpl i fi czt i oMheedthiddoof Gleina?d, el saglaial g spreeistrioofen of giid

anal yte-gspecific portio f id. footprin roQ e calcylated Tmwith
said taré’@ﬂ’“ﬁh@PB&&asé‘c‘iai}uF%Sﬂi ‘5“%?31{1 gaé%ett %’!?PE aggﬁagc}\?lv%t ebe?t’c‘fyw{éﬁgt t enper at ur e
used in galpdratudesmlicieded isb@ernkbrdcddias baidiodd ofr iGlaal amplficatdreraitionsai d

anal yte-specific portion of said footprint probeéipgs a.calculated Tmw th
sai dt arigetthamakcyckingieagtions $aid gagy (grgn cSHICTE W BiF dPUPRYORRHIR A sai d

i sot henngl ¥ eacti O, ksid GARGUCE &y 188 b SRidy MERbkEd: GaleRiut @aetihoadi s a
thermal cycling teaction, “sald anal yte-specific portion of said footprint
pr ob# hatemnatejativkated T," with said target that is at |least 10 C bel ow the

| owest tenperature used in said

79. A method of analyzing a target nucleic acid, comprising:

a) selecting a 5' nuclease, wherein a said 5' nuclease recognizes a

structure comprising a nucleic acid duplex;
25 b) determining a footprint duplex length for said 5' nuclease;

c) amplifying a target nucleic acid in the presence of a synthetic footprint
probe and said 3 nuclease under conditions such that said synthetic probe is cleaved during a
target amplification reaction to generate cleaved fragments, wherein said synthetic probe
comprises an analyte-specific portion and a non-target portion, wherein said non-target

30  portion is substantially non-complementary to said target nucleic acid and wherein said
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20t hermal cycling. 79. A method of anal yzing a target nucleic acid,
conprising: a)selecting a 5 nuclease, wherein a said 5 nuéEHdd recogni zes
a structure conprising a nucleic acid duplex; 25b)determ ning a footprint
duplex length for_said 5. nucl ease; . c)anmplifying. [ get

nucl ei ¢ wgﬂeiswf#ep%%@ﬁeéa B]FO%E‘t%r§?§th8]tef‘év l?losﬁf%ﬁa%{ nuf)%/eécb%“g%} ﬁg glgd 5'

nucl ease;4danh,fanidolPns dsHeeh AR torsaildd' sydtdiethanpes obe is cleaved during
a target anplification reaction to generate cleaved fr nts, wherein said

synthetic probe copri séetcctng spiditlpred disepicpi QuHBE $31% AMBINEFAHOMBACHEr get
portion, wherein said non-target 30 portion is substantially

non-conpl enentary to said target nucleic acid and wherein said MCSLLP anal
yt e-speci fic part i hehobsobClpmobe-wiargesaid tpgeemplifipatairerctian &t nucl ei ¢
acid that is no longer than said footprint duplex length for said 5

nucl easeP@HPIES Y HERSY ng sai d cl eaved fragments during said
anplification reaction. 580. The nethod of Caim?79, wherein said target

anplification reaction is a polynerase chain reaction. 81 The nethod of
daim 79, whebkin Bl meod ARICRERLS T IeTaB PUd D Sef P tHectet %‘BIB the group

consi sti ng, 0fin 2o PARHEA] FERN chaGRARALE h safticar TR ichigflc BN, dndandonuct ease,

and a 10chimervcal protein conprising at |east a portion of at |east one
FEN- 10 endiamesita asecin comprising at least a portion of at least one FEN-1 endonuclease.
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