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COVPOSI TI ONS AND METHODS FOR ANALYSI'S OF NUCLEI C ACI D

MOLECULES DURI NG AMPLI FI CATI ON REACTI ONS The present
W@ppbiitaei on clainms priority to U S. Provi si one@T/US2009/037194

Application Serial No. 61/036,953, filed March 15,

SO TTENE N R BB OR Sk VS EUEEen € 4D
syst eMMOTHAYLES BURINESA VPLIFRCATTON'REATPTIONG at | on

reactions in conbination with a detection assay (e.qg.,
cleavage assay), where the detection assay enpl oys

relative

Dal eyl B gl s TRkt s; BT AR Rhsatan ssri!
NEraH6,930, fikd gtk ab] ®ModuphieK if @toorid Riréin 8¢ iréference.

nDdlfylng enzynme (e.g., a FEN-1 endonucl ease). In sone

enbodi nents, such assays are used for target

n ot her enbodi nents, such assays

Fﬁﬁﬁyggigﬁ@%r genotyging In certain enbodlnents t he

use Tife [gescht Bvetiongiroidss Glstcowsmbhbdassblyiss fiok pé’rforrmng

i ncreased dynam ¢ range. BACKGROUND The uantlflcatlon
aneﬂhfwawryfeectw%% C‘gm'alygtl%wrthﬁé*ﬁeamn %Sé%é(% ¢lerags a1y

E f

RS A e G R S I TR S
anplytgsesife ragidny ("ADR st tagnosdsa amainjund gmewmitof ofcognizable

gl ¥ PlsEie TS0 G Hizkmerlse” GARen CBOXHEISHE s Pheome
enlB¥RAiBEAE %hcl?ﬁsshfsur@ DesaBY tabRR q@aﬁltﬁicﬁﬁ&{ Lid frostpgk by

moni toring the amunt of vitus during |FN therapy.
enTbﬂdsrn@nabuelsa&mysear@me@kfm ganohyping. H@rcammtehémodlrsents the use
red t cond| .0ns patient.

© d}%\lh%ch pcrgl%fs allog ?r (ger VY%ucli“‘ére%segc YBam%C Thportant for

di agnosi s of diseases in the future. For exanple,
earlier diagnosis can be effected by exanmi ning the
BALKGEROLEND | evel of nRNA that responds to exogenous

sti rﬂ’ﬂe daﬂﬁ{i&ﬁ:‘loﬁ I%§ ﬁ].’.ﬁélc %8 (al)s/ i?ga?é fn Etﬂﬁ(;rtan?rc’o% S’thg RIS of

exogeno ase chain reaction can

biblege apd oigadideoFontcingle, @@htﬁiﬁ@uanbf hudat iaoid.is hmmmef in
when PCR is enpl oyed, bsol ute anpunt of

cagegs|digengss A P@EEO%%%”H’S“%E?%%S %&ddng%}%l@}twf Fraggytic

effe'@% (9 Y tgey Jnlaq{It\/é)r gRIv RUA Shaﬁltl?i%hﬁjont g %p&%t &t patibidls

nplification was initiated. At first, the amount
taklhg ﬂ]FN ] he dffedt o kN nﬁar@y dayp H@@Regtéjn@luad by rnonltormg the

t . | h
oot g R s JBE B3RS TS i GG e HRHE Thnubiial Fetis
ta@bred tteclﬁmh 'cf)rhcﬁﬁ’orﬁr&%!&{ I%a%?éﬁﬁ e@@an%ﬁ@@t[dnadfﬁa g@tvﬁiclelc acid is

Thus, the final anount lified product is
impertentafar dl@g@scﬂ @sisse@ffesmélesfnmmt afexemplet earertdiganobigican

be e%fecte%ynexamlnlrrlge %%te&gr%séllvgns IGVQII th rnalil%gs 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
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
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Thi s phenonenon is referred to as the plateau effect,
whi ch shoul d be taken into consideration when
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fluorescence. Such dyes are added to the PCR reagents
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fluorescence. Such dyes are added to the PCR reagents prior to thermocycling.

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.
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sequence, and 2) no probe is required, which reduces
assay setup and running costs. The primary di sadvant age
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presence of the correct target. Such a change in probe conformation separates the
fluorophore from the quencher molecule, providing the increased fluorescence that is
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
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refldiManal yzing a target nucleic acid of interest. As
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compositions (e.g., Kits, reaction mxtures,. and the .
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wi th other known or future devel oged_technd ogies. In
it i
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N T AT S RS
1ik®), randuhiatBddsued pio®ided. 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
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
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er mal wherein
embodiments, the method ﬁthher 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
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soffeClRARA ﬁ SRE FhESat zTJEc&HﬁJrH@Q&et@Jtﬁl el p gbéﬂc@ 8HtRYarkbe

nat ure of e anal yS|s that is conducted. |In sone
nwlﬁuo@hldrbmdstpcuﬂmhanh:hw ﬁt@nmmmﬁursgsth@lanphﬁcamignirm&on In

f th t t | det ect th
SOErrr TR LR s SeBrh et PESTald on
&?Hﬁnﬁ@’%ocﬂ Jﬁ@gléa%ucl%ﬁ‘deq{bﬁqﬁéﬂpﬁﬁnﬁQ'@IEIeh@ﬁSan insertion, a

|de presence of pol ymor phi sm (e. a
regga @%wm a@bthuednétebml thertsrgsth mgelﬁlcaicmiellets@mn emé‘m iments, the
sertlon %ggeat sequ d the |i.k

antap zm&comé)(:]lseés IMing AN 1(%8%3/‘ oefa A SEEanism grog{ ‘ﬁhlch t’[he target
nu@[b@d yoid DA EOBPI FeeKa Eteerﬂ@dﬁtd@nmlmaﬁmhetofgzﬁﬁsr@m identified
at ?I{e g\rf]ellsorfnﬂ{erlgrrlgcil\ohnll %I?lyfunle c}agsr o?cger family, genus, species, sub-species,
or individual levels. In some embodiments, the analyzing comprises detecting the
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
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nucleic acid is derived. For exanple, in sone

enbodi nents the organismis identified at the | evel of
wao bwoimgdom phylum class, order, famly, gePUBPS2009/037194

speci es, sub species or individual Ievels In sone

argﬁng %I{urre tot geest ﬁé I&n Jéigr%f pultyg %géelllrs] sténq(acells
tuRieP Qéﬂs”ﬁa[iﬁ@en‘é rbﬁlg‘l’@&&féﬁ%@' aﬁ‘l’f%‘@ttlss% {1 amant saﬁfplés%{g g.,
target nucleic acid |n|t|a ly present in a sanple he

blped semm, plwmmurm, saélvaoetndl th lkféda bnyltltrh sangplarand aof or
nnature of at e ﬁarg §:I e| ! é%i c

eI HBRYFHEHELPS 1 %r“él% i Sé’PacV '%l ﬁie& VA DL LeTE A PP o m

indu8ABPHL notl MRitBd &S aﬁhmhm/ €041 Ohahndl @ﬁcH dstd Kugshnbya p1R&, a
nature of the sanple Sanples i ncl ude, butare not

bactepipg R¥ireso an¢ e fyngs a iyt @eget sugeic mafycﬂwms@% PERINA or

co%H:Jntl Lﬂfoﬁg tﬁ%?éog Thg' {a‘f‘é@t %ﬁ%lgl%’acf I'I%JllS% na ll'}ﬁgﬁpcsamd
s|nd1 e-ce

melaogitesr syathgtic nhxtlao dcidseslacnlesp basombmwdnn ehersd] v Some
and the like), a culture sanple, .and_an environnent al
crehadgnents. msihe AUErtIus eacis @& compritss RN the BI¥4 srRogyerted to

DRAY ?d}'e§5'ﬂnﬁae f{iql'el%g ’traﬁé&lgﬂﬁﬁ v&Jlt'h)ry Iregé}s Qansep%@% éﬁ%lrne The

(e.g., s a pl ant cterla,
ta@et/mualmc aciddnay ihelndd covileat bramapetovalent wiodifiwatyorsdopne siemore

or co |nat|ons hereof , The target,.nuclejc
g ) PSR HUERNS L1 SR Plge MFORS GRAgegs. e
nu%lé'i‘(t ned isCrn&Hﬁ?llaf%'d(ét 8t & BlcGRdcBBdesUnd ¢RHHaNAL iRASdes
thereof. In sone enbodi nents, where the target nucleic

deltfsnmlng dmxuss%se rRlegtch of R0 Gatiols onmethy ket mictomtides iorthe
ta 9q§ )y reverse transcription with a reverse
%?a% 3??5? se enzyne. The target nucleic acid may

I ncldeme uoatien®, tHtinslialieicabish érhslayddsistht ehedtinfls is
or nore nucl eotides or ot her parts of its structure.

a mdymérﬂma@ reaefiagp plthigh ot orimpreratprecysiies @ isotgerimpl i s
anlR R4 &{{%gh %Ein&ﬁ?l n%b?gﬁlﬁl 8&' ﬁﬁhgg?@e%gg;h% cﬁgﬂ%%%'losgies

I"NC ISt enc
enhpiﬁﬁtt pol@rn&wasﬁﬂﬂlsdrﬂd edbsdiokeo] thd @slyinterdshés 4 tiegadstable
nucleic acid. In one enbodi nents, the anplification .
Pl WRERG NSRRI 89’@8 BREN{S NCROLYBETEsS lacks i) n]i/)ﬁé?% ABGHAGtRYity.

Mrén%a&t hO8m IpﬁhEJiﬁ)ﬂchhﬂB %feste of‘{e%r%&ﬁghh{égs oAccordln%ly, n

I sot her ma fication technol ogi es be enpl oye
sorpmbwidirhéres, alnmﬂnetﬂmdaumlme ﬁreidmdab@glidmnmpﬂlggnwleotldes

. rase. n SO nbodi nents, the po
ARG RESH o aH GSama At e
pol VIRB6AS @nlbdaifsends, thcprabe 8XRAYE hs%ﬁﬁev@&t)y York¥ng dBWge
of the anpllflcatlon technol ogres enpl oy one or nore

stgetupeans] cleﬁmnﬁ e n@pyageustrust@rﬁe anbodicmbadisentshe clrevdasds

e T
foﬁﬁe&l&}e%dm@tﬁmﬁﬁ&hé egget hﬁcl&ﬁfﬁelcﬁﬂb@daﬁﬁ@ bobetahe fist @pgon of
cl eavage is achi eved by form ng cl eavage
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
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
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structure and cl eaving the cl eavage structure. In sone
enbodi nents, a cleavage structure is forned before the

Wpeobe1i3g7 cl eaved, wherein the cl eavage structRCEUS209/037194

formed by associ ati on of the target nucleic acid wth:

a) the pr t. afirs i on the target nuclelc
Sea%ttdooqlgaﬁwﬁsﬁt@ ig Bt QD ﬁrrtl HY e @&tf‘r@st yelic add gR the es
clewage arReFeNHh Joog &ﬂbdatmtttﬁ th@§&8ﬁd aygdn%ueoum lafo" primer

the second region is 3 of the first rfegion along the

lwbéngmhaamhﬁhegs®mget nucleic acid. In sone

h d d i f h
o B ORE etpotMontsy T o A0 e R B e A B Eon B ey

reltg'én%%f% Ols estrbed &t odcBstThore e TS IPROINGRe 783121038, 3'
end of e second ol i onucleotlde in the cleavi%w

7. 500900k 387, 78001 GOl CROA20 Sl St THyBOBRi 44
79014000 dehI4BT DO P 71008 2481 A6 AUC RS 0BS] Co 14 B 20

nents, thHe 3" term ha ﬁuc eot t Hesecond

6, 8)75 gma;sﬁe;stm @780398?96 7@0)‘5‘85 e, M6y 6170918h9 d w%&IS
el C acl eavage str

6 %Qﬁg‘éﬂdp ﬁéﬁ@é’”’tﬁq@%@é@ﬁ@ét“ﬁ oﬁq@@ @olt’ ﬁéé5 3§7aﬁ é%g 25,
6, W ABS 64380l "q}ﬁ%@ﬁ%‘sﬂ@é'm% 5{£M5 kN 98398, 6,090,606,

odlrrents e cl eavaestructure IS astructure or
6 W@yé 00eAGErt, %9@@69@[5;%6;56%,@8&8@81} 51866,7i1 7, D84S, 669,

s BPLE 515450 5 B S 14487 50 S5 0 S90S PP e
2068@@115365 2200@0@1&? 2$ 82700752934@36 %’670507%@ Zb’é@oz(fzs@%, 289,

20@781712128@_,62006’0(?87(349%)07604?98'655%0960552?)5@ 22@602483476),9, 819,

2 Bog 8 R 8203 B 50 "l P12 Ay 2. 905

2(@665879@9&00603&53@%0561%480 3204)50&%65% 23)4)5018314394, 149,
606, 090, 54 001, 567, 994, 069, 985, 557,

2@5@9@417@020%03&861@1%05@1@4@96@@50@6@2@ @9&007547%,71 450,

20 BHRAT 0030 S Ra S0a R Rs obadddss B Saa0er.
DT e G, T aa0aas,
20388 L6830 BUALB 035 0433 B0R03 600030, BHRGRITeas
2 RANELLEE 20 PAB5O 218 B1>420050 1967505420 0501 BE5EEN i
20050181435 20050164177 20050158716 26050130179

he260 ﬁ&bQﬁﬁ%d b IECOFANES enﬁ@@ﬁoahe@aamemmam
2 020303 040096874, 200400 4067, 030219784,
ap@@@%@fﬁé@%g@SCﬁ@@%ﬁV%&em%a@a& 3985, anégﬁ%ﬂﬁﬁm and

otRGQR3hbod S fsc i 3R ARUAAACES, RPN SR sy 3P BrARntion.
20030082544, 20030072689, 20020156255, 20020142454,

and Izcsgm@ radodBnenea die t@lfget/\hndmgupgrtmnr@the Priebo cqmialat 8ol
e hSL T ENEE1] 8, § 55 680} YD BRP aRAL Ay 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
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,
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applications al so descri be enzynes, design,

manuf acture, and detection systens, and ot her
weouwporset s useful in the methods, conpositi onBCT/EHSZH09/037194

systens of the invention. In sonme enbodi nents, the

1 a1 18 B g RE0 Y Tl AR e 5 SRR el G e
a&gngggahﬁgﬁykﬁg%>to said target nucleic acid. In sone

enbodi nents, the probe is |abeled. In other '
enmbddi snmntembOtimenpsr divedeitestingbtab eltlbdes a detestioe oligonucleotide.

enbodi nent s ob oe nat
P b osme eSS tne 57 i 0 SO B RBhEF prpriscs
asSdcidiiglenalok YnoBE 6Udald él@ad’éd‘ﬂa@ﬁfehﬁ%th 4 SyrSIiR detection
enbodi nents, the probe has a noiety at its 3" end that

oligoaydentisice tn 8018 ebeFMCAS. e émthw detqeopy plgesicotigehas a
re@%ﬂ ?gélﬁﬁém@%&%h&ﬁgp%d 1’8??195 RA: 1@@8@@@%{ s81i8 B diments,
tha snyaithmicl déeectlblm obgdmbleemimnbmmnsbsa ldbel (esg. tal\ﬂ)u(ﬁléscﬁ’ﬁlflEbel) In
(e 11, 12,13, 14, 15, 16,
sogng. enitg)dlrnglts 2]@3 syzl_tl_hetlg getegtgon czlggonggleotg@ fugber cggnpnggs a
ﬂlquesce t- querﬁchggnrrlgleé%blo d?%grrlgneinéboch eelﬁ%:igl%ée (c::lt&lH%g?%Pé HR%ctdlted by
exltﬁmsiomzué $ha:1daa/eé tpo nsiok itigodataitieo blidenuckotide xsamﬂnq;late nin

Sop RO Dt Bt R el i Jy e RoR Y Eoeq fons to
an‘é{h%fﬁ‘ﬂf‘o@ecﬁfeagﬂﬁ H}% dé’tetcﬁo@o§g/diﬁm%5ﬁ&‘e A6 @FIplRD In some

[ gOI’]UC eot i In sonme enbodi nents, the synthetic
er@tmdgncntnrthe)tlp@mdtﬂgwmsmhﬁagssacmt@g moth the synthetic detection

N N K e S

endbin@0ise.| Boonttentihimsshaddtedipl complises dedvidiahesieavige
Iabel% In some enbodi nents, the synthetic detection
stigkiugoi cempriors thepmeatic dstpsroneliganus lcpade se generate a
dd %@%pﬁé Jjoiety. In sonme enbodi ments, the cleaved
aps are detected by extension of the cl eaved fl aps,
usi ng sbine edﬁ)bdﬁﬁétmsn aﬁ) uhkyawiclaget hageiaacid it emdyatién | n
ne enbo nts, the cleaved flaps are detected b
tHOBPfVIg? et opptspidarge! Sl Gk d.riey Tk erragnp dle,

de‘t‘e?hﬁ% I gl 86t QRKAN ARG hBALIdgias a tenplate. In
some enbodi nents, the cleaved fragnents, when
ass OT:heqlTe@:anlvmttdmellsyprdes oomiEsemns and systems containing one
ol i gonucl eotide,. forma cl ea e structure that

ordp U SRR YRR BT T et Chg gt of the

mERBRA BB hetdie ﬁ&t&@ﬁ?w ICOMRY driRieb R fngolRion

cleavage structure (that conprises the synt heti ¢
coggtriset: | D g et eodi tdet}nptlléicgteqmman@rsﬁacmemﬁn%m d) a

i.gnal SONe & n.unknown target nu
P andeRead O TR S RO RTR Con B B Mo By R
speifit hottiohandatnoAlslgel goraén, Givheir@n teQtones@@pption is

determ ne an anount of the unknown target nucleic
sulgtagially non-complementary to the target nucleic acid and wherein the target

binding portion contains no more than 12 nucleotides that are complementary to the
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
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The present invention also provides conpositions and

systens contai ning one or nore conponents useful,
wmewessmsey, or sufficient for conducting any oPCT/H$2009/037194

met hods descri bed herein. For exanple, in sone

engfdi nt.s, a conposition congrises: a) a tar%ﬁt
sa RHTHIC, E?Iﬂf)r H?ceé,%gir?qgglatts b 1Bp1inﬁ%tr gf’:teqﬂongqul ment, control
soPQla¥dTBh & 8% afldlyds KRNrhs endonucl ease; and e) an
unl abel ed synt%etlc probe conprising an o
anal lptsesgeviboidiengnes; theomempoditian womptisgsy e a prygetinonleic acid; b)

ej.n_the non-target potion is.substantial

ol ieEbdReR: S A SRS R TEN A SREH B o unlabeled
sywhefie tlnl‘bbé REmbALiEE an BhdlgicN@edBE hbRIdIN @AM L IOAIardet JHRfG,

than 12 nucl eotides that are conplenentary to the )
whespigdhe narctasget paidordls spbstavigly aptreampisaegtary feethe target nucleic

S . r C ; . .

o Al By 05k OB TRHACoE BT st i
cobpiisaighi g viire: sich BEROAPOSbA I fomiiag aebahadeatisictuge bareear the

nore of the conponents), In sone enbodi nents, a system
prgbe gilthe feFimuelsicasHbUrmesn A IESARISTCRE iR glseyip Ehegirobe
witPfie el teh@&ﬁlcle%?%%ﬁ%{% SUENa ?%qgét%oﬁféiﬂilflé ﬁl@tn'oﬁﬂarget

or processing reagents or equl pnEnt, detectlon
poegen eitbaprobe pntdrdekecsof thear@yvagnptodadta anal ysi s

systens. I n sone enbodi nents, the conposition

conprises: a) a target nucleic acid; b) anplification
DRSCREPFIONOR TIPE DRARINGS!) a FEN-I endonucl ease; and

e) an unl abel ed synthetic probe conprising an

anal kigeredpmoviflieca pahemiatin dagamaohwmenbadgaentpd thd prasent

. wherein the ngon-target tipn is sybstantiall . .
inf B SHpPENeRd sy DI EE AL Byl e e g footprin
prEb&SBNinvhdiveslbdvage al so provi des nethods of anal yzing a
target nucleic acid conprising: providing such a
conposieiZenproy isiesri Aty gkrne phoaving 8ssirag ety dcprdingdn Figvec 1
r [ [
o P s v L 1 Ao PR B Tiny gf 4.2 nd
3EERE, respadivnlyc baasdetet] asigg ey @hecsana pkisor agelcpaabpdiished

contai ni ng. the non-target portion_ of the probe, .and
p%@%&ﬁtﬁ%ﬁ@%ﬁ?&@@?% Bt ?ncg@s@irw, HoPemip:
3R '14@7?,' SArRnh1REQVPIENA AR §A<1'9%gaif)ﬂ%9f(1®%)) in

enbodi ment” of the present invention conprising a
assyvhcoredinP@RFand 1.nFarsthy essey esoagean Feacts v and2Bgarget

footprint propes, for jnvasive cleavage., Fi gure 2A
ngfi it Sos BaPEGF A BB Ageriee S et abshoiegarapyme
wisthehit U@ add af alf ROt & the PCR PRES B AY INYADPRSasRfy Alctand

11 nucl eotides (calculated Tns of 34.2 and 36.2C,
laglangp EBET vesspttcscandaingttbel dagiangnechiavareer dervagetgisbges. The
e R B R AR B CEREREBs 2 SR Bigperatures (n-
gra@icdiQb&a( 329:%)., Aiﬁl@pﬁ&@@lﬂﬂéa@setﬁﬁ oerd\ath adieddo 8 U

S A, 95(4):1460 1998)%in_ '
reactions and the’amounts of probe’cleaved in the initial INVADER assay reactions

were determined by measuring cleavage of the FRET cassettes. These data show that
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
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assays according to Figure 1. For the assays shown in
Fi gures 2A and 2B, target nucleic acid was anplified
Wh0PCR32h a separate reacti on. The pol ymer aseP@nE§a989/037194
vvas heat killed and an aliquot of the PCR was used in
ssa actions | acki ng_FRET c settes and
dea%fﬂmtynm ET SRR SO SEADS 16 Fislbe | BR GRtahay thafrie
prb6R&S R [b%n%"ﬁf ASRGT 9%bfé8t1@é’s%lé6’-‘}%tt*orrﬁ£‘g%%crh§§§&‘ rédctibe
I ndi cat ed eratures (in a gradient ther cycler)
termppratyes, amcethERErfomgs@t dee@amrreoctehtém a%tthd achction temaoerature is
eact S1.a0 th unt s d.in
inEReH g IS WP B de BV E e altyism of
acHBASHE bh@rakieayAgethf prbbeh SRt 95 ahiethe 10has e 1 dsre
show t hat probes conprising ASRs of 10 or 11
prafest B shenss a Hegreass iimPeriQrnigReads tepHasIrofs ipaedset eggests that
e r
thg é?#r%%ﬁérﬁggf?olr&fgtelgeefg E&g&‘etoftrﬁg% ﬁgetétd‘:e%rea?ergidabﬁttg% &hbilize the
prEb@wtheZ,Bdesfcthspttdbe per formance of a footprint probe
havi ng an ASR of 9 nuc] eot.i des, (Tm of 45.6C cal cul at ed

acc oﬁlatlrﬁg" shgwg pd aﬁ@tqtéa@pae%mpb%e@aowwgtwea%%erm slcplgted
T of)f aﬁfa \%pe%ﬁgc e 1oﬁ§s dric @ietﬁggegﬂrg&s 08111.%.111%& rd?p%x stcrtgﬁﬁfng

data pro e conprising an
mmteud:mmh dedMGBs oTtpaemﬂmatmi Towewera calamlgedcaﬁcarémgtto dre methods

and t rf ses .npdest
s STRRaR R erhion i Ba? Th LR s eBEowR T & gt >
pelrtfoﬁhédl ROinlASV &SR reaB¥siRtat S0Pt QoM R8¢ khGMPrhe same
mechani sm of action, the observations that this probe

refidss), alemiogteating what &votpiiet probes mdmpmﬂlswgﬁﬁsbﬁabm}téﬁ cgtf@\ms
d in. t
U S RS O e

rehdi®nea@ydreiusc(shecr eased ability to stabilize the pr obe

as the ASR of the probe Figure 3 shows a Tabl e of
f ootieiistt GomuEss retwdiniupige wBRerdbe epaktima PERtdnnagive ¢lerrgge

t
ol PO AR b A ST EACADOR DB YO
mif €53 mitreRNAd These i dernahLiateathetchi@at arclimuintion ig faster in the
P TS D TR AT, B e
p?@ét"ﬁ kver &bmgﬁs g? B&t R ﬂ?th@trea%ggﬁe t(stl?tthh 18 I%?t Grobes.

howed the sane results), denonstrati ootprlnt
Rmom@ewrfolsmadgas/&smlb@ﬂ mabrartiple 3. or f ew nucl eoti des

can]%)e ﬁshgnedad wi t hout theq dto rrat hthe
Tms H8UERePRAo! IE%WC SHperagRese &yra ﬁw

SNE A FSctbsV Rie & sb@hcé ’ﬁﬁn% 9@R+tﬂda§iv5’@%¢t%% aﬁ_thveotpnnt

cl eavage using a footprint probe (Panel th a

PIOABIVAN assay (Panel B) for detection of mR 155
?CgLngR\ll\llrgtq CT mepsa?esf as{egf‘ s Ont Fi:ﬂwalhxgasgvheac eavagenassays 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
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

11
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PCR+i nvasi ve cl eavage assays, and that background in a
no-target control starts to appear in the TAQVAN

W@2®apMs73put not in the reactions using the fooREr/US009/037194
probes Reacti ons were perforned as described in

le 3. ure 5_.shows ucl tlde sequence
shisn lvf %ﬁ%ﬂl&t et wﬁﬁxyg? SV Rregt peatieie: gnd Figure
6H SHodghg 5@% 'i‘t?&tlHﬁ :gnﬂ ch&Bférélgfe%bafsesa%{owfﬁgget M\ecfuences
footprlnt pro es. Figure 6 conpares the results of

PCR+rigwasii mnare@&va@e Pl oy SNPsdategtiohen ﬁl@iaytocl ¥sgeagndy
8 t h t f I
POSFRGI R Clﬁa%%%ﬁimltasfé“%yﬂn P BRoBed Bl FRER S0 &3 by

thE@R-QM)A@\BéS‘g pgavage results (performed as descri bed
i n Exanmp with Figure 6Ashovv|ngadetect|on pl ot

for Ela@rer% & {COmPEYCS ﬁhweﬁldtsg)étde@émgem&le FcgiaFiatigrs using
R ABER S G0 S L s R G Ao

dq&‘_»cﬁbn eing ﬂ&i IN\O@BERCHssayR@EﬁGD BAyvxtl‘ar(E&tctlSﬁé gfreild égpe or Oka

Fi gures. 6D F. show t he TAQVAN assay results, with
mmaga)ﬂ of BBV ey tHpe gﬁBrhmYaébYtew&#VmedtSHwoﬁOOEpﬁl@t Pebamt

O Y 480 SRS LGRS0 9

anpl i fication pfo -type Factor V target
sequépue;9AaBdhévg trseltGEchsdvoni(wgngeonditiing b dastiibed il ot

f het . t V. { 7
Eihias b8 SOdTTanSY oIS BRCY BAb P RETHEEb e
co RN IQYCOB%h&Mﬁ%'nﬁ@leGﬁ@@Mﬁ‘% AR RofBRBRith 2 mq%%

(as described in Exanple 3)(7B) and by the TAQVAN

PrQ@%WnI(TWA)g lﬂlgllﬂoéld%lﬁwhmbdpmc@tlﬂms misgatahed &5f the target,

e ba € ar| t t ADER

"% A (Go RO L Bire RS ke RRA I AR (Vg bENARRE

émamlylnﬁmréaﬁdésrplﬁez ﬁ@nﬁdﬁéhebl%hﬁl@oﬁiclb@ (foNYAblER faiss ay
anel with detection of wild type or Cka nutation

nu@ cotjgsp last,gl%@SRémas eispriesipdRPanelVashoys acf'rCéamatgédlagranof the
te%[o c%l@&fl&t a oﬁ%ﬁ%@ﬁ%ﬁ&,@?hﬁa ﬁogﬂ gﬁ&l %o@f?%bﬁ’é Ec%n@s

arget ¢ I gure Eesult's ac |eve
mi{Ri8i RNA.ondi tions as descrl bed in Exarrpl e 3) in the
det ecti on of H man m R-2 roRI\lAvvlth affoot é;lé
pr obaSE %W&I?S &YE RGEN DR, l&éém

mﬁﬁﬁgmﬁ{ a@ﬁoo%ﬁtgﬁ?otfe‘%g ?1sﬁ‘1 lqr ge | H erghﬂgot}c%s in the

nucl eoti des oti t ched
A$Reompagdtwithanfibogprind ptobe |cnmppsm@él havleotgdesninywhidh 1

gl e el O B W6 Fres ) L/Gow Ry e Biige only 10
nekelieqs 1h(ﬂl€eSASR0(usﬁ‘1gtc@h@1|tloﬁsf asldsOideR Ek @plci 3. PQ&I@@:@OWS

was al so tested. Panel A shows a schematic di agram of
a schemptéesdiagromenffhe test makgcpanehd passh Bahowa datatfragasamples

havill e?Od']cao\f)llerg%f %sa-rnolri 1903% rmcr(gﬁl\elg oIfhese 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
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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m R-21 RNA. Figure 10A-B shows results achieved in the
detection of hsa-m R 17-3p mcroRNA with a footprint
w@e@be1Bohpri sing 11 conpl enentary nucl eot i desPCTUS1089/037194

ASR conmpared with a footprint probe conprising 11

nucl otldes in i ch nucl eoti de i I SR e
Olkgﬁau Glegt @@tseq%ﬂ%esggf HeP Y a‘@ ‘f?t%“ﬂ%l t@g@g&g target;
mﬁqﬁlﬁ@ﬁﬁﬁ%ﬁoW§oﬁ u@@%ﬁd&&ﬁh&ﬁe§ﬁRthhﬁﬁ§gQ&i&ﬁ&ﬁlF@@ﬁ

anel A shows a schemati’c di agramo
hWﬁ%&W%%@ﬂﬂﬁA@Ulﬁes and panel B shows data from

TR | 208 et of OB i Phed PR RS s PRvage apay

usihgRhé B@by kiém@@ts'ﬁoi%ﬁf&ﬁ Fiduee PREVHIE inkRaeK the fugd ofobiphint
enzynme (e 11 or 12 nucleotldes) provi des the

prgb@ﬂo Adge siﬂtacf@t @H@h|t@fgefswzg€r1d@ttedw§|fh@r%cwé yersha ey ahgynember.
ngr%gc\:/h?% eée'? % tﬁfegﬁ)oqa vJaﬁ ggsﬁéh Lﬂflat %91%0 {he %l.l&g li ea'inf? HPEogJ} number

ger 'si i eved usi
Vepsru@ ba&gét&Wdh gsea rbot@&R pfahatm Ieschkfegww flfhe requilts Iﬁc&i eable tgdd are
gure 1] A shows ollgonucleotlde sequences _f

Shawausl figi fRgowig Tieaese il 5P WeigHIFe )itk 24 (Fi&l&‘e%lm) miR-
I%nﬁgfgfy c? gjgsg Pl 129)19&&@921@%&1% nces for

etectlng t he - 155 target;
Fi gufigurt IIGAssﬂnows thfl olgonudbeatei sdgueneguione@slifyarg and detecting

| fyi d he . .h R-126 tar
g SES TESHE GEeh HonE bghth st opess R ity ing
an@'Hé{e'cﬁﬂg g BA6: d@jﬁﬁttéfggt Fﬂg%ré“mﬁhdv@ A8 B!%du@fe@ﬁ&e
ure 11 E shows i gonucl eoti de sequenhces fo

seamlccsﬁ ﬁglphfmngi@tdedﬁtterqﬁlggtthﬁefahtgnHrDMalgﬂRMWg&@étshows

| f '
bRy LRl S 0 SRt and A ALIAIER Ak g et
andFayie i1BE Bh@Mg gie bligomvl dofide Bedudales féemplERin@fand detecting the

footprint probes. The data for each target was plotted
hugaanf ¢ BNes e versus cycle nunber. For each target,

a tl’ﬁlgﬁtgqhds 383 th%sr&u% %‘f‘ d&t@?gqg%\éfo (Imltme olnllbnr?aagon If t

y nu er versus target I"evel (see bot 1 on1pane
P¢maﬁ@®mnﬁ@guéemaw@baamgauﬂﬂﬁnmﬁﬁpaﬂ&hﬁbarﬂﬁnmaee

inthe follo flgure .m R- (Fi gur
14 FPghey tﬁqml 15 G lRatpiRs2 h&w@f maswe@ﬁe “gflﬁoélg]i 2@% the
Aﬁ%ﬂﬂ%%n& g :ﬂfe%eﬁ!tz@)nle ggi‘é][SQ4é% sROVWWhe LB&its with the invasive
ol i gonucl eot de sequenc or anplifying and detecting
oligoeudléotioNAnt advfg &EN- Fiegzymee ﬂ@@r@hntws t he

ol i nucl oti de _se for and detecting
0 he HRE S b RN AR AR 6F detk e Rhae VU e G tihEiEh o
POR Iaﬂ@wﬁiv@ﬁ% Ql%a@%@ U§AG %&n&@rfo@tﬁﬁhﬂ rMb@ﬂoﬁrEi(aﬁfﬁl@Qt Fi@res
the factor Il DNA'target ure 13D shows the

15@94 Bgsbnwdh@msul@ieof %gvl thmﬂaptﬁ%smgnmdem@p@e@nt ng
FikiRaonial oy b6 BT BBl P e P LR
eniz{i@e 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
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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human U6 RNA target. Figure 14 shows the results of

detecting Factor Il with the conbination of PCR and an
WO 009317827 cl eavage assay and footprint probes PEDH$2009/037194

Exanpl e 2. Figures 14A—B show t he results of Exanple 2

w th both_t aS| nd t he Afu

FEN- 1g%rﬁg>7r?g°?ff dhtY 5 Fi?t C@&? Ei\f ngtipy of
PER AN LS indhadibe El'%@va' @‘é%%&r‘ﬁ%ng'a'fg@tﬁﬂﬁ B&GBésCf?orﬁ'EQarﬁ 2.

FEN-1 enzynme not present ure 15 shows the results

Figgreel &7 &d3 shogv Fhacr@mlts of fkarhple Iiewetb oihntae inasive oPgRugtdtide

s RGNS SR BE S R R CAE MR Bl B R i he

infasa I RoRudédtiicahl AHEENS a@ﬁ;w@n& paRemnent s present.
Figures 15C-D show the results with the invasive

oI i gonucl eotide and Afu FEN-1 enzyne not present.
,ﬁ NOE-F show the same results as Figures 15C- D,
excep he y-axis maxi mumis 10, 000 rather than
60, ODOfacttitge ae uddersthiodisg dhibe pesuhttisvantioned @ahber@f terms and
GA-21-R with the conbination of PCR and an invasive
phepses degletinedbgloysi ng a footprint probe from Exanple 2.

Fi I 96

ot n et ey R 86 drd ipritnPotiel BRI ikdhiin
refemenento pudsentid pdlick eoligued® fo6Tabrattow, tlge ardselslmb(t with,

wth the invas eoI| 0 eotjde and Afu FEN-I . nme
fop St S G e el S9 TSRl TR el Bty
stﬂd@tu%c\é&sta@ fobg scieall RALI AnSYmELBpaNd téihd viesity e[n some

cl eavage assay using a footprint robes from Exanpl e
enzoodﬂngfmé etstprAanrsh@w $h:9tedés ptqufedhe Bl strtyi tnhcessary
fo t1 tlhe nvascle\f O eon(k "fl V. tehetc'/_)\f uh{: ome

éﬂ%fﬁ%p& SSBHI"; %.F &HS Ped"I7eC BV oW t'hE rl%gltﬁtms
erbddiméie al fam@smvproeé isgRerUtle®biovedcanst tAfritht BNinim L BEYdTRre

not pr esent. DEFINITIONS To facilitate an

negpitaySORMRIITY PSHORMCEr sk fat thewnsHorma#nceas, Mrﬁ%émp@f
re%tﬁ&t@ﬁ 2 Hhcgraostﬁei'w?sre Qfaefth&gg rR% t\gtemtyaagpﬁc%ﬁ ‘enzyme

ootprin pfobe ootprln used 'herein
i n ref engot exetnﬁplﬂ amﬂ eotdinaicihg theriotxasion mﬁﬁ;gpuredllﬁrmdctm&n

a struycture, e. up|l ex, with, for exanple
aci gty HE ENene, a@@alcuﬂééet}lslqaée rolfdENH| @dp Bl T

ha¥e BbdH FBrmtAddUB o a%ﬁfe%%@ LY 1chQlabdutSel st fdrs t%‘t’\%enoaf

enzynme response to the structure. [n sone enbodi nents,
prabd a:xmitprgenurqnd(ﬂmeoptmwé edoeghitidn od pleavedgd of t%@mbmanmaaled to

ructure. nec for optlrra erf or man

t0F s e e I BB gabe BRES FuTR vl it apspssariy
re@megith%eﬁﬁne@offtﬁ@bﬁmm dédsalee pfosmfe%?%ﬁl@ertl&r@ars% gkQivity

| ess than the mnimal structure
(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
base 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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necessary for optinmal performance, such that the
performance is, for exanple, restricted, reduced, or
wW@rhenvizge nade nore stringent in its appli catPOnUSEYI/037194
way of exanple and not Iiniting the invention to any
articular. nucl eic. a enz , -8 _par ic | ar.
wh2h HrcPedual S defrhindtnd Prluiato Mot e iy PR Bedrin
pra6e B Lot OFERMOK oRd BRI pBsbefavits a!ne&ﬁ( o2 POYL fe%%r base
pairs between a probe and target strand for optina
nuckotiden. t i on and cl eavage of the probe anneal ed to the

t t l 1

upt die S PefeiF ufuecRREhR i YedhefRETm S BEFORRRES
le@dth bhguRex é{tm?hlcﬁi@Gﬁpl@f?—tredbgﬁﬁzh@en@d’léﬁcfa@ﬂtdi&ﬁfyhﬁg?étﬁgﬁﬁ e.g.,

in activit .g., In bi or cleavage activity of
a K- 1FEENDIlu<‘é¢ﬂ§@ oaatsatys fufl aﬁ?lwbselmtheﬁorpﬁmnswé g reaction. For
exﬁ&gié !f%qrbali'FfIg qp%n@?glg ?&19% H%\Wéé ngyitmﬁﬁ] Elétﬂfq{y%?e% thg pltolgg -target

dupll@ay aQIEadﬁ)l 2bhe fRaNHnge ag &ﬁﬁiss@tbaﬂode,gbﬂ eyoapring dbiplek length of
tside the definition of a footprint probe for thi
th% HEWe enzygic g adptcglaip o fRotpint Pm@ﬁ 66‘??@%1%@%“1%% ﬁéR that

ha aSW‘EJ bt inby ey&‘é@{o%ﬁl% fBBtg c‘i@léﬁﬂ%n%}l R dnSy @k with

base pairs e providing nore” base
wipah tte, prebais to bSusmd. 16, or nore base pairs of
uld not be conS|dere%

prob /target .du Iex," ge | ]
£ ot BRARETSH St S Y inc Fiee a0 R AARITAY e gnec o
usefuﬁﬁeeg Bl dé%gé&oh A8NYQRYC Ia%@élelcvu%[@dét&uhﬁ\éesawwmmple the
activity only when"the probe-target duplex'is at | east

dmmba@egfpeﬁ 7 wirdl datgciien apsay & thENngqr betwaclthefseralpgt number of

or nodifi.e ayve a larger .footprint
il 8RR Lo TR R AR AR BT it PR s
asb4y da@ destinghigedetiwcem a smal | er footprint), a footprint
probe for the second FEN-I woul d be a obe havi ng an
ASR 2 uspg hereid, dhgeterms cublset” gad "patisat’ tfé%ﬁo OB

in Hﬁ)m ﬁ)la{n?sn %{ﬂroo ﬁﬁ CinH Eﬁlgda (;egf Sham st sﬁgn 5@ Jggguéyts

eng mhlc ["€x-Tecogni zi ng
anWQbEumdaﬂnﬂnﬂndlfylng enzyme, e.g., a FEN

endonucl ease, deno strate f ul ivity in the |
condi Gt Sﬁ%§16?m%tfeF SettP gR ol g@}uce@aﬁﬁrhét lst@xPaﬂ’é eEagting as o
pRRMIPUELERSS o g)ﬁehbﬁwﬂ@ffgﬁefa @fdel Yod i MR wWhildh primer

probe target duplex is east 12 base pairs long, as
extiinsons s atiadbvaen otipeuklrotige Mprimatll piag)ocbm*r@tlhral@f ab Imea

P e By, DRt sy R TR B SR B Pedipgats.

anrmtgoﬁwe&fhewntéﬂes featih Menphupd fxc1éie B&Hhex%nsidﬂleofthe primer
enzyme with which the probe is to be used. As used

is preppit depéndente puph thigt raneiny leragng of thedérapletetip farmed.
q uanf Iettgt Inﬁc [ %g gtrl?cgurg'zi? flgslte? %ﬁreéng g f%ssqo tﬁgg : Itolrne tﬁ?t 18

fohh@d slyneﬁhterabamgef Aflcadt Nndlﬁbba@lﬁgeﬁmtleauca:saﬁw thfpet ﬁe:lelc
range between the small est nunber of

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

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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viral particles (e.g., copy nunber) and the | argest
nunber of viral particles that the assay can

wa@lz@diirgei sh betvveen. As used herein, the ternBCT/US2009/037194
"subj ect” and "patient” refer to any organi sns

i ncl udi n ants, m croorgani sns and ani (e.q.,
gty &a BV Gdgyase urf%sewegﬁremaw rht?naaﬂgavage
strlBird @Jﬂﬁnﬂg ?‘ﬁrtargétel{u%fe?c ﬁch EH) aRlpSRAUEHRMLiE g@ldt(é‘ 8t ahs
capabl as a point of initiation of

H\E%DEB@ihsonnhlewdp] asédi) @rﬁﬂ)@\mstrcﬂm ntwlgln@cxdr(e \8h |aq11i0kgfr)4 whgre
ex ensi on initi ucl eo tide
TR Pl h fic o RGBS poRfAsaR the targor
nuéic@esdid, Qind Fardeh BFedldp EarehsBeRi atth€ @Bl portidofStBBBpstream
embodi rrents an ol |q§;onucl eotide priner is used wth a
nuclonpicad anchdunles formed Betwesn heslopmssean peclejeiagidrant ghe target
e e
o BTPI A8 SASRER R urHER: b0 Ao EHIRAARER Inclstllfin ana
dovastediehetlbic acil ecsupyahasaid pusttwnewﬁlhatspecs td ©tangd nbMelc
the interaction of at |east one probe oligonucleotide

acithbpsg, WhathROr RACINE PECTHIPHIS tasHM qfdh%\u%%trﬁa@tw@w acid are
%ﬁma rE?ng%?n @M}* gé(t’nuu%fc dcsBuhd Wﬁg}h%i St baﬁd%e hasge@ dre natural
eava y a cleavage neans, includ I ng but
balsesmr‘m@d raquralrbasesz }Insoma’hmbodilmssgéleﬁ partibol DﬁtheSlpatrearn

e s PR DI BB B G T SRR Demieal Mofety
sueMRSiA AbRafiOtinPRuGRRCE. E' Gs 315@1@&’6@9 for QXarﬁﬁl%nﬁlSU Supfte@No.

phosphodi est er ases, whi ¢h cl eave nucleic acid
6,0, %@un@gmmfttb@mremé@apﬂ:ﬂme setoeniaety. dn seroe embodimeats, one

no fa ucture is reqguired). The
orgyrs S MRS Ryt ci Rt ENEEpEL LA O Rt G dMAuRER Fo e
linkag€fiihtag nacleice@ida@an 36dpy of thir@ughynksicge hoid @hdraicget

nucleic acid, ii) an upstreamnucleic acid (e.g. , an

linkpensER, pMuljosaibPreehdinle), and iii) a downstream

nucl ecteﬁﬁ "cqeegvﬁ Qmeat?s” OHSQV %’gggn?’ Jisnﬁe&‘ Bétte{ne[%fgr%dany

downstréam Aucl B 6 ac) s ARneal “to cont guous regl ons
medns e i @pglet ofivlehehg a abbadageand ctohe il ading@bernoamited s

betweep, the a 3' portion of the upstream nucleic acid
CIZRACH Ut t‘élﬁmf%ﬁl??éﬁpodé{c%@%%o%ét@ﬁ%meégm I HEEmet ragiames

th&Heddhtels ?&gﬁé S&Hﬁéa‘?& Str@Ghds if ¥ nQYEE lnib@ecgl‘fé:éﬁdsclélmg ffese

one Or nore bases rom e upstream and downstream
strvoickesi d hac:ila;isagwcgamyoﬁth@nsrammgvbs ) nuc/lmb hcides@eatle i
nucl ei ¢ acj her or no

t b
rehpabt Qpr R Becaray | Gy RGeS oS o TrsPar Bithe devase
age AL BRI dbatalé Sthudnlle at Atyorti oW 18 fioA G ithin BRGlcavage

whet her or not those bases are natural bases or
stmewrqiat ur al bases. I n sone enbodi nents, the 3 porti on
of t eclf stream ucI el

deavaged rnag 1nc(flh(%cﬂugle%£]ea§cﬁlg¥[n§ [ l %E)cf%i %rn a Varl%ty of
downs b8 n-pase c iety“stlc
soaﬁ:eﬁﬁlcﬁfdﬁ&_fgiﬂhb CUBAMASE legfrhisefrore Third WsvedT &BheI8£ds, Ther
exanple, in US. Patent No.
(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
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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6, 090, 543, incorporated herein by reference inits
entirety. In sone enbodi nents, one or nore of the
wozbeizs2aci ds may be attached to each ot her, BCTUS2009/037194

t hrough a coval ent |inkage such as nucleic acid

T S B o S ha0R Sy Ry P s

5, 8435 6 8982 BaANs | 51082, ﬁh&ﬁ@@%lﬁlﬁl%s W@S98J§?ﬁ74hW(§' n
fers to any nmeans that is capable of cleaving a

02(5@7&36 aye agler@@dJ?@WlAdc pagdiof gvhinel is hotein ingdrpethtadoby reference
i BNZyes “Structure- speC|f|c nucl eases" or

LS ETIEY ur e- speci fic enzynmes" are enzynes that

I €COpHY tZ2€n SPEEhdstablSepRNAREY inStefdiGicd k€ 8n bk yeho) SdheisG 5"

nol ecul e and cl eave these structures. The cl eavage
nv&&}‘@ﬁﬁ, ingficatesehatrileenayse is fungtiennl ar peibiedi-¢. e R?Tﬁ‘?ﬁp@é@b’éls)

he, pr&; f I
at ia efegﬁtﬁgt@e?& ee%%tutgea?e %t ?Htcfs e or glag\?}ele %Ylasgglﬁt% &‘d@%&% the
en@jllﬁavsi@lﬁcﬁdﬂahﬁﬁ attiee at arﬁﬂyvaﬁa’rﬁen@aﬂaarre bbsﬁ’o arhigiict (.4,
cleavage structure. The cl eavage agent nmay include

7%ﬁk$%§s%5§é€¥01ty provided froma variety of sources

i ncl t € [

Tex h”l;]l%: tglg? e‘gga\'g%c_ '\§/§%I eg%lynsgg ﬁenj;efno p%fyﬁ td o\ﬁﬁytg generated by
the m}homzrcd)@aslewagé agdntidiithg dwl@ag@stdlc)@@(zm dhetrnastmeaim:f a

nat ur ified FEN-1 .enzynmes or chinerica

cleays nggﬁﬁ?ﬁ A vaec 14588 a portion of one or nore

FEN-As @RAVERS, thAREn e ¢IRAlI¢ A d1§ésn %e@nsﬂhaﬂﬁﬁﬂeﬁ@%@n
activity, such as eubacteria A pol yner ases

hybmdlzat!@rngoﬂgimonﬁ @tpwbemrtpéuinetrdewa@bwmbpdlzym@b@tantwlfy only
rase

th%DPlg%% ga%ueg&e 2 sam )ple ?og%prlshtgql\lmgg%y cqyence BﬁAthere % little or

noPddtauiEdl @B eI diRYIbA G Bon-AkHed e&fen&sy. | Midnantilifich@sikndiod that
synthetic activity. Exanples of cleavage agents
cogppirsaheys!asof derpsuriaion ped snaerl emarictosacist ehdaiges sant

riYEBE bR R s I9KBE g lon R AL N aRichs e
anABeﬂiﬂg stdpas tMQBBIZ3Tidd meWodO2¢. OatDatb AR tamgerature selected on
WD019 each of which is herein incoyporated by
thy Bpsy %tfaf%dlpﬁed Tesashieltiop ltwfrmuliaékerfpf "t P haras cazyme of
chhen used in reference to an enzyne, such as a 5'
nucl ease, indicates that the enzynme is functional or

act i Ve temm Bampldad" pe nfcdrheraatretn $o a1 umteaamuﬁheablmddnce of

o0 Rkt PTGt OREPS BRDGRL o450

refliQvidh SEcht KrRar@t. UAeméHal @53061 RtedMBO8Fent 6r oducz heindicates
50C, 950C, étc.). The term "cl eavage products" as

th@Q@ﬁﬁWépéQWHgﬁéﬁ@k%S%@dproducts generated by the

g eaCAé %neﬁ% efelny al%ehg\r/r?lgg@pﬁfecattlon met oad"%ls GAH % eltreqluc qre

nuclelc a01d 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
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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cl eavage structure with a cl eavage agent). As used
herein, the term"specifically hybridizes" neans that
waenigeven hybridi zati on conditions a probe BCT/PSi0nE037194
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ol i gonucl eoti de prlner annealing to tenplate

rml etuissd herond thasistnes ¢ Oéwn@tamkytrrenea@@ 20 'r'mE,GR)” recﬁffr to an
ed pr dj mes N
ery JaG0RRAP P RULTPE PeapRLONAR BilSals oty RERER R
acRDIBiAGPTh fcaddidOfentRllN Ao s @ xGaRdHof & drialer 8n §ad1h9it1%nd of
tenperature and are deened "isothermal." Accumul ation

a fgfeet neclgie eidorith viemphgie ﬁ@pe@é@mg?wwlwr@@ﬁ@ REaucaR or
colrﬂr%&%ntarg :g'g% grp néélftloﬁ %;‘ Lap ftp%)t(/i ﬁ%{% cg da%ﬁélé cognprlses

itdrativgetyclee qfidamaeiratéongf thdPNCOgyndg) d 4., brelmatihg eHowed by |

PCR, NASBA, TMA, strand dlsplacene t applificatio
copfip el loaprmeTeagacs gy and gfsnsipeaRsu tﬂé@g«\m @mxnonw

ac@ ﬁul)atlo%f &cﬁolecsmheat@@ onfdfe Ig:[ﬂa@%t RuAe Qadfﬁ‘mh@! fldnkkd By and

undance a nucl erc acid species that may or may
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o Seken AR O Bt d o g o PR DDV Epr staRd I°"
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are sonetines referred to as "signal anplification”
olrgetlh@dzndemm@rsmry@rldmm feindete inpelowecilodrsndnyConditions for

oo A 2P RS SRS o oy el Sl 28 el
COnverting ‘as 8%??80" By ¢redvi*Hy
ba%é'tﬁuﬁdn&h& TREhAUCHRérenided ¢t daufsesdfor 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
Tm of the 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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cl eavage products, or by extending it by, e.g.,

pol yneri zation or ligation. A target anplification
woreiohot’3eny be applied to a signal nol ecul e (ePQI/US20POIR7194
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ohqmﬁﬁ&ﬂ&yﬁ@aﬁkbﬁxKﬁmﬂﬁ@t denaturation step to a
tenperature based on the Tm of the priner sequence,
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ererence UC|eIC acl

geaoqlly fréfededio 1anmrqcﬂrmafss Cag.l pgs)bdi@dr uhit of €olume (e.g., pgs
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CORAGTTRTIPR, QT FoPY Y : eiawrﬁtp%t& nee o 0 %amd may be
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offacRedctdI: 1aB&l €614d ﬂﬁbré@e@t lab&f fluorescence) nay occur
continuously during all or part of thermal cycllng,
it e teEe Lamplicens Pepmfificg preshist defepploa ssemantso d@ﬁhem

acl)Generally DNA, generated by an amplification process such as the PCR process.
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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or nore cycles. In sone enbodinents, real tine
detection of PCR is acconplished by determning a
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an anplification process such as the PCR process. The
copeqriEgtign er ¥elymeused in reference to RNA segments

prodygced by, anm .
pol ylrff&elr %g elbs{0 su%:%({ ag&It'\%&SEe&E% %%%lel{og&gﬁ]ﬁg% kn g%ls}rd]% Nﬁ‘tcnsny of

the esppltei dyeativided py dic"flimscsdsad chfissicf i@tcaniceof the padsher nal

1regchl [ ng anplification reaction refers to the plot of

Y¥¥ai9¥¢-hat is indicative of anplification, e.g.,
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ca Y%lla%fy ehlnlavt\éwl ch there is I|i ttI e change in signal. The
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r ef eaicert’ @clfaﬁﬁi” refe®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
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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detection during an anplification reaction that is

thermal cycled refers to the fractional cycle nunber
W@roophi7msk7 t he detected signal (e.g., fluorescePCEYS2009/037194
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m@y ﬁ&%ﬁdr%nﬁﬁ%tsﬁh?léj gl"l%' ﬂre&ﬁ@%@f( ouﬁc{‘fe\'@?’i@% &53 ro]ften

e or targe Rn- referstot
1nudverte1atc tlenha$ aepleaesulte cmryvadr;m itany be dobtoathe b sérce mf
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nucRSE £3&ERbM ofrédﬁ%?ss(ﬁﬁémﬁ?)n th8se tb rb@ 'H‘e@cfe@ g‘ &rbrki%ﬁ{ as

does not contain any tenpl ate.

balc]egremsdtncﬁﬁeﬁt@am@mtude of the si gnal gener at ed by t he

0 e TR B SO0 g BT porion
asfulbd BveftGerfcotdTal dligdniBoledtide, 6iRMrgs aPranetad frobe SEPRIOtIde,
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ora I AIRER oljgpnusiposideridapepd l@ﬁerc\hamgﬁahlg apdrefentorat i ons,
regl%fulpgh?q aot%Zan% 128%%%%{[@? ﬁéié%ﬁ@ fs@@}( Wﬁ% z%qgﬁll)artlcular

mtc&licmtcuﬂ boqasial id'a tagetunetti¢ acid of et efitaegdt ﬁucflelalacidsnﬁl some
detection of an anplificatiogn reactlon efers to the

er%hpéaraags &péﬁalmsp&e\ﬂca?gl% obfn pHEonyFicelife may pgcompletely
ﬁtﬁg 1to ﬂ%ﬁtecq ab&(r @%Lﬁ@dl@ §51@|EH ®hichGt lﬂrbrldy%§ whlle n
t res sho

be set in the region associ'ated wi
othm emi:pdnmtts ah agalgatmtdpemﬁc mﬂ)rpm@yl gomprichenctagmmre rmsrnatches

oty SRt R B AT AT TR U ISan Ty “of
erhIRh&tte an GRSt JoVifR rSAHP hﬁy%ﬂ@ﬁse one or more base analogs,
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).

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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quantity one wants to determ ne, e.g., by perfornmance
of a quantitative assay such as a real tine PCR and/or
WO MUADER2ASssay reaction. As used herein, the tBCTS2009/037194
"sanple tenplate"” refers to nucleic acid originating

from.,a sanple that is al yzed. for the presence of .
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a 1 e QpkPO IR Pl 9hy GRRYEN §otjde sel ected to
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to which it hybridizes, while in other enbodinents, an
anal Thegegpévirds” ecfersdo ohligeas; ubtoampicioseopon éntorce helpeparasites

. msmatches to the segnment of target .nucl ei c idto
infeRR o Aot o b SoBER 2 e siBh EFAY o€ of s hobCeeirs
méadhadeyy)e- specif ¢ region may conprise one or nore base
anal ogs, e.g., compounds that have altered hydrogen
bondTlﬁ»‘gt,err@rmtlhla@ruaée%@nth%m@@@&ﬁ-@@gd?m&t@tt FrECBaBRs in
rnfcponr Mgk ttl}a‘? fs 24 antI t0 i qgﬁ}aﬁﬁgg%%%&lﬁblob@?oteaﬁ]ﬁlh{lgr bial
sequence of an o |gonuéieo I'de I's an analy e-speC|P|c
ageegiueed inwh¢ treatinontadfieid reivhwdgamoni.s an ol i gonucl eot i de
comprises an anal yte-specif ¢ region and one or nore
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stantially si | e-stra en used | ref erence
art biodogiead bangleanicthdsngh butrrat immed s blohdt satihe cswebstl spna fluid,

nol ecul. e ists. primarily as a single strand of

PGt g AR VPRbCOHIPR&1T®R doubl e- stranded
subsh sahleWhispBct8KbSdontASinE R fisd hANE Se@hd Rt RiuslcRCIcH
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mpyeatzis eitbarsbother neither targdaneleicrgid meleagled herein

refers to the release . of a nucleic acid fragment from

a 1 apGerhirerd SR Prafhiddls oo sscyd e Todtlant Gl
cotdpriBeuetemipldan cayyhiie @edthiiNa HemibtdlreRxRipt Behtde D!,

nucl ease such that the rel eased fna?nent_ls no | onger
ultraviolet light, particularly short wavelength ultraviolet light is known to bréak
oligonucleotide chains). Any agent capable of reacting with an oligonucleotide to
either 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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covalently attached to the remai nder of the

ol i gonucl eoti de. The term "m croorgani sm' as used
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, ultraviolet light, particularly short

nqnate@p%mndu& oTag dsipiated angiesereber o ilie ttep "titeadk
ol i I o} I
o BROURUROL Nl ER TADRRL L, TSELL A
inGbmaeabodimeaks) ngﬁhﬁaﬁthe ilidgarpetierhiod eulitwe €0g.0 nrp assed
W|th|n t he reactant sed herein the, t

micgplyielpgigal %ﬁf@ﬁ i WhGreasdp @I‘fb@ée@g ‘gmﬁfl@t’éﬂsrfm(:%{% tq Wcﬁlrélg]both
biBBEIch O dUny BoSth¥aN Akt gie%l(a ) fsﬁsgmagcg og g)lngprisa@ggm%etof

that protein or a sequence”o that 15 | ess
setiirance,t dvec ootrpipidte). dhaome embadinmatsae isasplofmayheclude a

SBORERL R ptben, L1 el st ance, L il 81
completely purified or otherwise processed.

The present invention is not limited by the type of biological sample used or
analyzed. The present invention is useful with a variety of biological samples
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
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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or oligonucleotide"), the termrefers to a fragnent of
a nucleic acid, or it refers to a sequence of
woewbeoBedes that is | ess than the conpl et e cheCTUsF009/037194
nucl eotides of the nucleic acid or oligonucleotide. A
rtion may ran ize from1 amno_acid or
it VRSl S %ﬁé%eatﬁ B SR B asegal apples may be

oURHAELREMAA TR fefﬂihﬁe§ &f dBmAHPLKnald, 8§ RER ab permhﬁ wild
state of nucleic acids in which the base portions of

animalsnocludiogi g sobhmiadtos suchrringle apoundatesh beargfish,

b/%n g onl g the their conplenentary bases arrayed
B AP LR and The condition of being in a dupl ex
for fBlefgllcﬁ%zﬁnlﬂéb dleinshuat ®idphict Bed Q@%@%dﬂi@n@(e"@l CBi6psy or
acid. By virtue of base pairing, the strands of

sepli &f temgp iggoviihs tshd Aeaen. Y1 agig firecmbedded sedtigps), medical or

SR L L P B P 08 s
sWafﬂi'pd:dr&brbspuﬁaltﬂm&i @dﬁum‘lfﬂuhtE@mtﬁ oglostyrh ey agh, spneurt,8fomitus,

enpl ate" refers to a strand_of nucleic acid on whi ch
bilg. SRSk BARIRSaF Y BRI AN ﬂwﬂolﬂﬁl% sipgbaiigand sweat),

labdrhd i se(g #dgﬁgé&lmaﬁ' %c@&{s @ﬁs@sa eples\/&{e blood or

t enpl-at nt nucl el c ac yneras
tisdugpleex, sphtteertoe myHicated Imtrraaddkms:ellbyommnmgntuphm aodamlacntled
ndlde ri bed s ﬁh ttom strand. Simlarly, the
oI s B O L ot i e R aser | ben as
the Eﬂ\@ﬂ%nm%hfaﬁﬁﬂiin 18SinkiB8E JuehRind hfnti‘t%d bR AVirG AR mdtSrial
used inits broad%st sense. For exanple, in some

sughrboslirfasa etter, soil svaterdnt. . tfsshweteuefs cawated cilgen lighens,

C Itu e .0..,. mcrobiolo 'cal cul ture). ereas . in
o<t St s B SR p QR Bb e oo RERR, T
in&isori ) Ghudples, AR Gy eiNisi e AP Bb AN FrHh &b d(ed Hairy pRoteRARt ed

of conprising a target sequence, gene or tenplate).

m@wnéhﬁbmrﬁ%tegmpale@hrvtﬂnéﬂmi}spp laand ngnsienos e lt@ms
synt #@p&f 6f931&og1§?1rqahl%¥es%u&’eeba%%‘é 'ﬁfgﬁ%c%o%%)’erﬁe(e g.

partia or conpretely purifred or ot
Aq@zrnoa@saeﬁrthzﬂbeczpf efSﬁ"mebumﬂnM (0.,IC5 diviithdriae)) Bbcdhyctenkim

type of biol ogi qgle used or analyzed Th%
(eﬁr’é‘ééﬁf?e"F ghen M I e PP R AT &ty

St;'y % §: azllarﬁ)% (%}n ' (,ﬂ%dégblﬂgﬁzs fc %’n%uﬁlgitzzaw @%Bi%?)a%%rza

ssue (e.g., organ (e.g., heart, Tiver, brai | 'ung,

D@tz@crmczhs (eigntTdstriime(e.gs ol eqmtzdas)dnléymchzm aie eaBucidintk.g., B.
ctive '

du kin,
gl Rl oS ke iy sh b R s Bt (ol
mJ)mpJ@g@;yetsﬁ hﬁ[o)é&&'i@(ié/g eS’,au%’o%CSee bhnidid, 4ADK. cel I,

in cel gas, bodily fluid g., blood or
hagmobitigins )t ﬁfewémterl@,elfmrﬁpbmtagw fod uRac{q@tsuéMnhmg@mmwdales

Bcﬁﬁﬁ{%ﬁ (%%'_’ é’: ?ergzg& ,?Velisrgfrésrg?e,s)(s v\ el%oro e?zene?j Nf rrzenzngztzdzs),
EdteroBactefialel {Lg., PRULEEMa (e.g., E. coli), Klebszella, Plesiomonas, Proteus,
Salmonella, Shigella, and Yersinia), Legionellales, Pasteurellales (e.g., Haemophilus
influenzae), Pseudomonas, Vibrio (e.g., V. cholerae and V. vulnificus),
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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nouse, rat, dog, pig, cat, horse, and the like). In

sone enbodi nents, biological sanples may be solid food
w@ewpet73teed products and/ or ingredi ents such BGI/US2009/037194

dai ryi tenms, vegetables, nmeat and neat by-products, and

wast e. Bi ol ogi cal | es . be _obtai ned fromall of
AqiarigEIsi o PP R Wé%r@e %@%WCR%Z?ZM@ Aé@m%ft (e-gs
pyfzﬁlmk Mdeszl qagwnaﬁ%, aﬂdr@&r%ﬂb%))? kwngnfbt g Ibmaegp;;y%s
such anl mal S as ungu at es bear I‘p

Fysagdiemt é’enlew’lam Bncb&tcghwmysahpﬂ’lesmal(@gx Mtgn@l@keﬂhmadp@ es

VGRS S o0 S P AR Pl BRGRuER” T

C@@%pmhm PR&6AhnQe.gh s W&@hr@armh Foxdffadia), and
i ncludin but not limted to, blood sanples, saliva,

Mpigeienudas\kety, O Jardisn Dsidngiruses (¢.g, dgPEAranuses (@igd, ni | k,
Bt?c%r?o?y anAdIeIYJWVU ?{éfé&zrtxﬁ?@b%}fﬁﬂ?%alﬂ dz’daéc' eijy?rbmav%rzdaie and

cervica ur i
P(hafrfdaan obsmwruesl (alkn ﬂ?aﬁfﬂrw/rz&&mSeM{ eirgses (iadlodak! ul ar
fractlons} and forensic_sanples % bl ood or
Reaviidee)- {BISeRNAsricsesehe. Sor crrégfiﬂafa@;e Aﬁ pYirigae) BERAVIEEREs

C(?%\E;QME RS, PidGhSFida A0 #h c%‘?éld%g (?% Rﬁ%”ﬁh?s%s

g fossilized or gani sns, tlss
(e@n\BarmmeJMaaIFzleamﬂhe,soammyxwzmdd@uﬂhzdmbvmmkzej Bzmytzwadzdtze; and

08 Vi ron ntallggéerlal such surfa% tter, ﬁsﬁ
rRyropEdige). sy r{ﬁ?é‘ir%f‘r“%‘ﬁc’% 8%/5%%6)5 <& §aoViy
dsWA-‘i’&}e%l tr Qi ES virdie§ (£8 ni—l@;bdynﬂglrﬂ% 8hd @bb?lomovzrzdae))
containing nucleic acids, crystals, and industria

sanptaseple a@y\lvelplrepasedslfafrmllyebsm i sniseb|¢ msthodo dul sem
RS SRR SR MR e PORR LMy rBlR OBt gpmpies

ush}gflﬁé nifhodk @b@gﬂbédi{n S3TPheBub.IBekiH€o bA0Ee 186388 chelein
Acti nobacteria {e. % Act i nonyces, Art hr obact er,
1

ingyspyiaEddptreicranes feityentirgty. di pht heri ae)), Mycobact eri um

{e.
br opy i Bae Par o Loy IRt hor RRUGRLp b coed s timiing
thékanpld |(@g fepected & conaBhpnadaiget sodeke, @a&wmﬁn}aleﬁe (e.g., the
anob teria, |noc ccus {e. g Ther mus {
prgs(ﬁ:ggq ‘i) sjt)ce of V\m dg‘@nﬁme Bél@g |ths co{nép0§1tlongand methods

ofqnifrr ?&E) )VG@MQT??%?FSQ‘ apﬂﬁcaﬁl@ %H {h@ %De%gﬁt' ifiver®@Bf. B.

nocyt ogenes),
St apT'lysI tenmémwbeoﬁide gnalo@' ”m]r Hﬂtsral"Sor éqondnatlmlﬁy sqcuam” as

usip PRI B ok el b @ batuig miclar faes pd s Sotcn

anBRYeh HB® hSn-nathiell 88RE hdh@IediReinclue AN AR AL RN ibes
meningitidis), Enterobacteriales {e.g., Escherichia

an{ielog-natlEaH}cmcluynngmwb)s)tléqss, snchplingshu m@hh@ltequ@ms that have

alti_e,r gtn?alfr lrl:gﬁh etac 1?ns Sélch af ddﬁgzea;ﬁsuin%lgsa ? ﬁf i rall%%l ?ﬁl 24 7-deaza-

dGPERY ﬂma@légs Mltb ralt@m{aﬁveghydr(\éen%ﬁhﬁg@Gnﬁ@dat\bns (e.g., such as
vul ni ficus), Canpyl obacterales {e.g | obacteria

is¢-€ gd is@EGj Ja@plﬂﬁhef nogﬁ@nﬁ.@mb@m]{s@esc{r@e@ i Upp. Patent No.
6,001,983 to S. Benner, and the selectively binding base analogs described in U.S.
Patent No. 5,912,340 to Igor V. Kutyavin, et 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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pylori)), and Spirochaetes {e.g., Leptospira, B.
bergdorferi, and T. pallidum); Archaea {e.g.,
wodoohemseeri a and Met hanobacteri a); Eucarya {eP@r/pS2009/037194

Animalia {e.qg., Annelidia, Arthropoda {e g.,

(s%%eal[sl”g nﬁﬂg | a dgg Zeﬁ)legt?vefy,? gggg,seta ﬁ]ﬁﬁ eic Ac1ds Res.,

19301 121193$73- @0‘3%3010'@)% bk T@uole%%cﬁ@ﬂie@r 31992 ,20'“5'10!@-:’91'5@).
Aves, Chondri cht hyes Reptilia, and Manmalia {e.

Nl gatide @salooiehdi aodid @hﬁdeoamb@amhpv@qsal)s Well; Las

w0 Gy bRl ERE DR g bkl Ry apl o B

ard/BgRE daP SbdiamASHolsutbh Bms 8@k mePGoli Oini rahie { Ra@iral
Api conpl exa {e.g., Cryptosporidium Plasnodium {e.

PrECEsEIs SUERRUMC AN LI d 0D RIaREY VC Ttedo B tHIHS HRcgrITeRoc T bases
e ng. ,
th ar% g@gﬁ%&& nota%%g%ég g%%ﬁsggéggd E?ebe p&z%%kég WP el Gt
n&&ptlhématéﬁﬁecdmem%by etaav1¢,iista6, caad f&md\/lnrob(dﬁﬁifely
sDNA vi rues Par vovi r| daeL dsRNA vi ruses

damargeqi DAi‘hg S‘F@éldiﬂnrlilaa‘éréB basesanddpRnbehavipge i epliggtion and other
nuefiONAY k}iﬁtﬁ@@ a%%.tbregﬁl 3 c}bﬁjs?\eel ﬁﬁ&’l@@Yﬂ Edng@}&s such gs DNA
movi r | aV| VITI I cornaviri

dafioga siudicd adthough thessRINOuM srans ssndtendg. d,escB[hed aving idofderent

Fi | ovi ri dae, Par OVI ri dlg Rhabdovi rtkdae base h

°§Eﬁ’i‘§/]§\}}r? | E%reexaaw TRV 9%1?%?03%13“51%% RAOBBYGS g base has
beteﬁ TS REd R A NVIEHBES vhSoBly asRRE QG kslar sog@itbsine; 2-

dsDNA-reverse transcribing viruses {e

9.
hﬂdﬁp@ddﬁmﬂq’, PetaoaderdncCathydnovi Ai aid@ OH-SarPice may be

d b
AR RSPt R REThS GF i sl B RS st 8 T Riaysly
asbigslii$9G;fisdld A Sd ok y 86T s ARl gR8ndisicN 8- HydRoxyBEIX9Egenosine; 2-
descrl bed in US. Pat. Pub. Serial No. 20050186588,

hyerxgi d\iander@braded by reference in its entirety. The
abov, 119&3@ ﬂ&?e%tlﬁ% M&@%m&ﬁ&e &ﬁal’f%ﬁ PR ded Cﬁ)%aud?otldes

construe I'ng The sa susp
aseoatipdasi riiongclaotides g¥arisepl goaaclcgiiee oﬁfhetp@mhtaheet{tfane. g.,a
t he presence_or absgnce of whi.ch can dbe det er m ned

PTEITH TR LDPYLE R PGB i CRttiA Uit d Halogh esent
| nvertd @ml9 "¢ RES:cAPRIGLGRRY 8nd Gichee RGiERBIMculcMYEMddMWerein

The term "nucl eot1 de anal og' non-natural ™, or
refon emamaligematleytidee oueleatilg or @SIYIIIEGidOthEE endhfraghertsor ortions

nuc tides other than the n nucl ot and
g SRR oot Oaiauiee fat el HheERs g FR AR rya

nuRHetes ifdarliddhbitdestdPbol b agdRabUh@bding! qiu% abi e ScPad4-
non- naturally occurring nucl eoti des |nclud|ng but not

ackiyfaytasthet 8- hadwxaé% sty lavignesing, @élrléulyim/atsmeag

ISR B SR SIMLRI"s S gy oo,

5-adrbetyhadthylembioeicagen-baneidig 5 cambk guedli-aimotR iy luracil,
such as_iso-C and iso-G and ot her non-standard base
dlbgjrpgra%émsinﬁeal6r1ﬁongn§ny]a§@1§ﬁ@, Ingethyladenine, 1-methylpseudo-

uracil, 1-methylguanine, 1-methylinosine, 2,2-dimethyl-guanine, 2-methyladenine, 2-
methylguanine, 3-methyl-cytosine, S-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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6,001,983 to S. Benner, and the selectively binding
base anal ogs described in U S. Patent No. 5,912,340 to
WO gwe/1V32Kut yavin, et al ) ; non-hydrogen bondP@yUs2009/037194
anal ogs (e.g., non-polar, aromatic nucl eosi de anal ogs
thiRrA fgg,)é‘rad g ru%@gl'o %ﬁ‘;}hylﬂ%%grﬁ%%%ﬁ oxisatic agd
mgtl'%?'l%stzlzﬁ?acﬂ% @x a d,388uddnehck: dﬁxeoﬁﬁ@lz-thgocytdg{ﬂe 2,6-
Soc, 117, 1 63-1872) "universal " bases
dlsrumpatsnes and pYYQZ(ﬂdBI,‘éthYdHBdlnﬁﬁ fmbys gednanc anatbgue 6 armno

D BB B R AEFOBIG P RERG HET S Bir Hlpnffaliadenine

anAlolgts 4 Rasno 1H zoﬂoB 44P9dridiaSGpA & PIKONIriRtxadthine
Nucl ei ¢ Aci ds 199 20, 5149-5152). Nucl eoti de

angleghe dE-myiedolele, 4ﬁhmr11rmém A B (75D- ch@@&pp?(b eHudPebe 1evds
Tlf'e%e %ge a 91% b&/ﬂ@f? hl%géﬂt ﬂ)‘?glb%l sgglﬂclggttldg gt:r g?l{%gehgbg(rhéatlon

non-na y occurrin and nu
mﬂpﬂ@hﬁk@ﬂ&ﬁmwh@Mwhnﬂmﬁﬁd<ADtam@hmﬁaﬂﬁﬁsaﬁnanﬁﬂyamemﬁng
found in nature. Natural processes such as nuclelc-
bages, modHirddasesamnd rieeanafogacy may Rainghugded 1%@@@1%%%6

co@ﬁ%ﬁt%s Bhﬁ%e &R Gh 8&1%65] ) seg % lallnltﬂe ?ﬁio

e part e set of "natura eotld
intledebamifkomB- peoq&ﬂrpilngl, 54hsdro@ytaanlobae4-fddmmnhndmee%eombaiPPPGI; ﬁ

orE B PN PRI P BRI R O CHBI B st-gre,
H@PPPGeé-%ﬁuﬁtﬁS'%Qﬁﬁﬁbﬁéfﬁ @ryilym% %&Bpﬁhﬁﬂomm -ERYEiXdife-4- -

such damage studi €s, he conpounds are
ongoNHQPHB@ él@gnm Bégm@sl mgvlbpywzehéﬁﬂ -dpyremislize, BPBA; fremino-

PR b -y DR e SRRk A ER IR R 1 OBP P AT mino-3--
anhinbBOBLIU S/ )p@FdzOME3 Y- dqt@nml@nel NOIGPPPA93 Brop-1-

i soguanosi ne: 2- hydroxyadeni ne; 2- oxoadeni ne;

ymylmygenolsly, 4l Dy dncaho Allanie, @HMWP%&&‘} éosi de
dl&ﬁ{mgg@&ggm ﬂ@%ﬁaﬁg’-%&ﬁy %-So‘? O@ﬁ%?ﬁﬁ%bﬁ grped to

varl SO

arﬁeoetyyrg@mymom[he d]ﬁymmdrmxgmdmyamm);j PRRARH,; 5-prop-1-
Stil] other nucleotlgg
oti des

yné(%éﬁo‘éjw HEYT&FB@H%%#“T‘ﬁ iQng. Py id3 &wd@éva. Ikl
?ﬁ}ﬁmﬁﬁwrl hanie! aewpiLd %Saml}{arsl I%E 1 y Hf o(gelsg»rﬂﬁﬁme-z-

e present invention e or
oﬂel\R(AjERmaxia -5r63- hydity)xypmpdl-yny)ucii émydxﬂ)qayamahmgé -onthidOPC;

d d
ol GRS e B Phs VSR s i B P ia REERE -
anﬁH@JSG(thQﬁonpr@@'l mz%ﬁ@w[m -d@Rlinki ARG TN dRSxym-

portions thereof enconpassées sequences t hat

ethyliixobie-ank C5G ORIP Digsaming- RMahyirexe st(hytexymetby etiotan-2-
ylj-? g? e&fl(%sxta/%go a g\ég tl?/-l%rlg d?oI Sy?azopo% Eidd]pygrlrmtgin% 4no(1)1te CH;

OBPIPY g, oxg-DiNemite t 1y bﬁd@dﬂ@@l na]pyalzmdmda -ayleyBosi nel, Super A,
pseud0|socytos ne, 5-(carboxyhydroxyl-nethyl) urac
6-BNQrdr@ehydeaxy-bus: lbyrbz Liplhyydro- pyrazolo[3 4- d]pyrlrmdln 4-0- ne; 5-

(4-hydroxy-but-1-ynyl)-1H-pyrimidine-2,4-dione, Super T; 3-iodo-1H-pyrazolo[3,4-
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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5- car boxynet hyl am nonet hyl - 2-t hi ouraci |,

5- car boxynet hyl - am nonet hyl uraci |, di hydrouracil,
WO pw9f11is27 N6- i sopent enyl adeni ne, 1- et hyl adeni P@&F/US2009/037194

1- net hyl pseudouraci |, 1-net hyI guani ne,

1- yl .2-dj h
2. a0 e et EHEbRG Bt AR, Alinumplspids o8diene,
1n5eﬂﬁ%h '&h’,ﬂl ﬁé/xteoa%a{éﬁboﬂ\ﬁoﬂiﬁgiwr %%Bélﬂfe mdictidEpRYHbInL ne,
- met hyl am nonet hyl uracr |

desxymbqf@myo@msn;d;mgn hyllntg@h]egudea](mk[ages are the naturally occurring

D |
P R Bl GG sk dimenis o sty 2adepry$:D-
ribEFtRANbdehirOuNGrd &9&@&1 fitt loate Bigues, fwe%@mbi&ﬁQX-MQﬁiraﬂ‘ose In
aci d net gl ester, uracil-5- oxyacetic acid
B

adgditipubdXk pﬂléano&@@m &a p@ﬁ@ﬁm Wh?a@@ S Obbof th sbgtcoaping, is
T e

grotE- (05{1% wieayl) eibagd)dr 1@&@%6@ bae Iﬂuorcqgteﬁp (mﬁuororlbose)
2-thigcytosine, 2,6- diamnopurine,

RWP‘AEB%P@ orging HEHS H5GHBLN IO PFesEat gwsﬁm%ara thase sk %
"1@&5&@'0 i BMERZ0hQ ;n;leﬁ@'i)ﬂ o B dLdh Aok & ggprpg%oﬁ{at co

al'so Super G adeni ne ana 4 am no
Othet mgaamoieupsce&d@qnﬂota withlhpleridipgpianef t@RA)gonirﬁeotthah ialse be

i st Bl ol et idulun bbb e
arPi8SRAnokiReLB- PJdb&%%hﬁ%dsﬁﬁs osh AN 3
hybri di zati on and i'nprove m smatch di scrinination. All

ampigontinferanesifieyr filigohuelaotidea cpgtaiven-br- wgblbaﬁle@omdes can be

prpRgt i GRS SR S S e 2 IR RS FEE e

dig@stiyt3' adllxha&ﬁ&rmidéls afdldels&lﬂoddﬁﬁ €06k of 1VIRHEIERM didcRatde
6- am no- 3- prop- | -ynyl dr opyrazol o[ 3, 4-d] pyri m di ne
232664 088 . §ynt éﬁﬁlq@mge gesHoloskstor L@ﬂﬁlc acids EISmgh et al,

C%%ﬂl6 28 %8 ??Q?gf\!\’gné]egg : g&ﬁg%@y&ﬁ r%eg' 18361976 (1998)) and

am no-
oligoyadl epideazaitoin[ng, 24hail]o|w- 'Adedix pebaturanoddes, (PAHRPRPE;, 7.

Clg:ggb 21 6;};(]11(9%2,)3 %alie 2)1/1 een gczr‘i)bleg[ "13he4phdo]sgl¥arté ga]lcibone of the
rn§d1§‘1§d BMQ&I&%%B&&’& de?c}fﬁ%h)h@éﬁrﬁéﬂ MobAmbdimya samidt fe.

-am no-
ol@urnmdpmm#es Eentaiyiphpspharchioptd ikades yand/or dicthy]phdkithoRPRA,

BBl YR Oh S PR LT Sfh DR

C&h&ﬁhﬁtﬁﬂ)ﬁ&‘@ﬁ%&rﬁ{cf@oﬁdg lidgefhidiato3vitih @ ¥Bpd othe ptiéiz)
2 PPPACH, 3-

mmntme&ﬁi/ oy wmwl rapd figatiing yre leriogMnrfe tpse of pleiimehe art.
SRy opg g R Bog R bives desgrives ey nsgpepped
1n£b-BN)5(|a}1d DINBPNA Blyieceq)ib lbmlaﬂ¢d’113‘1n323nﬂ-pﬂd)\€iﬂ@moﬁiﬂ%@
6- am no- 5- 1-ynyl - 3-di hydropyri m di ne-2- one

olgogpslersidss Ewﬁg{ HRRRY Y Bpmatsirdiyarjmigatinmy st mqﬁlfé@dqf@ms

ofé)l@ﬂ%nd ’@%ﬁnﬂg e 61rméep been use(} in atgg:mé)lt%to C?Vglbc)gpnle Some of of t
dlsmleanth\&@ Cthchusk 41 W‘A ol ules -asrptdh)es(yrmlﬁmners Among these are
peptlgen 1){1llclep1)c/ ragi S I(llNAs also )Illro{)vrr? ag ng yla;mc%e nucYe(ilcr gc)i(){ r)Ttetl\lrlléllse)n 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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oxol an- 3-ol, CH3 OPPPA;
6- am no-| - [ 4- hydr oxy- 5- (hydr oxynet hyl ) oxol an- 2- vyl ]
WO 00317132t hoxyprop- 1-yny- 1)-5-hydropyrazol o PGI/US2009/037194
, 4- d]pyrlnldln 4- one, CH3 OPPPG

r . 4-d rimdin yl )z but-3
hyb{»ﬁlqaﬂeﬂ o GaRmad TR e R A B s R e agh )
hy%n@m@'n'iﬁ&g rs@oﬂ%w ?f?aﬁla(boh%s pohd RbRNEICH fidprdbe- TREsynthesis of

(4- hydr oxy-b -ynyl) H-pyr| m di ne- 2 4- di one,” Super

PN‘A oBgpmdis-anHgagting tloopBeis- uselc} mythe syrdihaves-of PN Alpligdmers have

oo L 2FRAL o REOrEs iy s3a0lal & 4 A1 ik i

5, 26688 DT MitdrihtB Y3 A HRE B PN A M DNAHNRE cHinfr &by dMdIB and
((NH2) 2PPAC):

menqrerss fariNyy sestbts] 1Biva bagosumimatacd- Whipanmichal. (meaw) Chem.

In?’nEg g‘i@k?‘éo §3 @'_é% ?gg’coﬁ oﬁ%@% rth@};?é 3k aiiy%hﬁl%ﬂﬁiaﬂ BF ﬁ%)ai

ba(s&%ﬁu)astitntea@@ratzbmm t-al]pyramicine faksd e g PPEG znmitIERA)a Bov e,
onucleotldes of the invention can have a backbone

Sueftltwg Ryragelof].grddirapidings reediged pying grghieg pyrimidine, 5-
sugﬁﬁﬁﬁé[iggﬂflﬁﬁlﬁ&oﬁhlqgr%alm? ek a@h{odifﬁtaﬁ&ﬂ %%!:]ﬁ%gb %dlﬁcatlon
I'1 nkag

are the natura ccurring phosphodi ester
orlai minageg®ové hlndbttterhahamce/‘éleéﬁmm PNAL BNAooveDNA/PNAehimera is

RSB S RSP RS e RASER B o

m@&iﬁb& b&’s@ m&ro%&ic%ftk‘ Eé%ﬁlﬁé@ fdﬁﬁﬁcf&f‘c RICPRN aMFNR/IﬂNIAhe
of the ribose noiety is al kylated with a G

ch@mmﬁ S}gﬁhﬁﬁp? groayadabic i tha deiy Isye mithodsein this applidatian @Zd 6
| K
u @ﬁgg e%l ‘éi/lg W((ﬁlfgl} g?ﬁuﬁ%‘?y z?zg Q)?&éose) o Rlelsat ed

ol | gQmBEleicictd RGuéied 3F oltealetthayl Be DN& MIRSANGS cither genomic
invention are those that are "l ocked", i.e., contaln a
orphthglieergins thefgaabe viagls oodauble pgndad.gwgd gemesnbibe agnse or

anr%s/%}l %Igif ir”l;)h?#%ﬁf e]';'gécg{ll eﬁ&m%{ B@hﬁ)%tg NA, mixed

nucl eot i de can’ al'so 'be " used,
sSDIN, avieedk BONNAT dBDNIASﬁ%ldafmﬁlSBIDNAI (e.¢ hBroagh meitirgd, dehaltlgmg,
eglut not limted to, a-Darabi nofu dralgnosn des,

caes ok i BorotiFaRokh dBBIcotTandedNG, fRkypsRNA, dsRNA,
mAEY ORI PRIRN ANRRNIEFrd Ak IARIEA £ % IBIARRE AeRhiliing

D- ar abi no uran05|des can be prepared escrib ed in
hellic&es JRat.), rINrssen§¢ﬂRNAl(ﬁﬂ%NM |r1jpomm¢1éﬁtIA(ﬂﬂ§\IAbmtaasﬁar RYA

‘.3 - di -3 m nor fransd e bed
BN IR oA AR BatrSa e b dER R gos)
Sy ntmtpr@seaf &esﬁwne@ némmit&pﬂg%e &Issm@@ bdﬁucﬁéb raglh (e.g.,
et al Comm , 455-456 (1998 Wengel J

secm@w ORé@lecut?Ze 30trBt @equ@@@@n}i/ Oéi @ﬁg@imctmﬁd@» étjhmﬁle Jor

cont n|n - h €0 furan |des P | issa
exa{npa rﬁ? squenc‘ffgay( aq}r creg, seg%e eg.
nﬁ&ﬂﬁﬁﬁtl&ﬁﬂr cr&hﬁm[ﬂf@ﬁ@lﬁﬁt aeldO@qké:me Gmps‘ynﬂi&@ls @ g , pol§eherization

ol i gonucl eoti des descri bed herein can al so be nodified

(eo PEMRAY CKigBSiON (¢ BN eBNAIBEbrEpHES HePROEN bradd e Watce
tra{nsﬂlﬁﬂg)%s(e%r] (M R‘NA[TER@ HNOA‘)? ﬁﬁ)&%}pﬁ}lﬁ?ﬁcanon (e.g., polymerase chain

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).

29



10

15

20

25

30

and/ or phosphoroam dates (Chen et al., Nucl. Acids
Res., 23:2662-2668 (1995)). Conbi nati ons of
W@bkdogeriet eoti de |inkages are al so within the BCOP$2009/037194
the present invention. Still other backbone
nodi ficatiopns are known to,those of skill in the art.
In sfﬂ?ete%%mﬁ@m%,anmé%aﬁemss@%%{g@glga@éﬁéWﬁﬁs{éased in
refBERE o Ah8c1biGefdReA@neE unts® ifdWatANAhPNNCRA £ NI mer as
to balance Trms and provide nodified oligonucl eotides
haviHig termp i digeduetcstrds!’ ehustidderdimisndefinod as &/molaguls comprising

dified f f I b
ot ERp 8B Boer Dona Lot s IRy PR RAEBR B0

leds8 nusRodes NG PrEREADI LS 185t MU E6- 18R cIRbIidR 8 d nfyFONg
these are peptide nucleic acids (PNAs, also known as

prpfsrapinttdeashalauéil & tadd aeglcotides|os danget (eed. . olgenueieetides are

54 7 ' i a
R0 (RPN BRI POl
aspetd/ Bereiethb aekbrnése intesdeiad coforhhss fugar phiparhwtige chains).

backbone characteristic_of DNA and RNA. PNAs are .
Thegrash sezeor Wydsprf onmpey fackprs ovisteivgHinspemshan s tizrgpte
fuhﬁ{cﬂle&r wREIFHE %ﬁgo thotitl t)ﬁg&mc *ﬁ&ésdegé %ftgﬁf&eﬁ&f tB'T%!tMeir

than a correspondi ng nuclei ¢ acid probe. The synthesis
ledth PRér edainpbae 24 raanhic mdgedicletide mogtarnsd us eda '24#-tke'.

OR3-S DR, R, SRR AR U o,
hy?ﬁﬁiz%gﬂ@%t&@ olyfuéigstRL e Sﬁﬁpﬂﬁﬁﬁﬂﬁsscg?\l&naﬁ%, B0 PNGY lRed

i mera synthesis and nononers fo _synthesis have
topdphexssrhaprping edtuci@nvabandestand|tripl Axege W21igohesteotides magde
e e A
trafErdtdnOPBR 4010 ribifAtiintBerdas a8 sb®e @mboliiitenandli leotides

3- substituted pyrazol o[ 3,4-d] pyrimdines, nodified
th@tlfpm E1Vapygl ic]fep@gergypptﬁfe@ jaFfegensrateg ig $treeaiios de.g., by extension

vt dj j, . sugar nodification,

Ofgdé% L@gg (r:yé gﬁ%%zl}}fﬂlmé%% %ge%glgﬁ %}%ﬁn"%r groove binder to

bal aBsauidreonionuolcoaddONA; reBMAd ar mERAS IRISAuclhbtidRs dn & snainfier

the scope of this_invention, The synthetic nethods ,
Suﬁ@&@%ﬁ‘&rss Pl?‘bgpfl%tﬁ ef g%mﬁ@%w168?9%@}@%&1%%&%% inibr e
ox?%bﬁ Sf HEOHEHHRH irf Me NHEti! Gia?agﬂgl;g%plfo%sép ﬂnfd&%{ &M of an

I meras synthesis are aval in the art’, see
olipetddtsidens tdfiérscdatppb ifedS! onl” afigs Diphosphateas natl linkad gethe 3'

Chem .Int. Ed 7:2796- 2823 (,1998),.,, A nucl ei c aci d.
0@8%8&%@%@%@@9&p%ntﬁw%a"%m%%% , 1g’ft§ SipReg s not
1ifk@A&Th &' fHosShard bret dubsQfubt Mondnidfeo iy pddoss irig! AsQised

doubl e stranded, and represent the sense or antisense
hoseipaenclernegid servwened, vt enteragluendergangligsaud spings, also may

in

oo} Gl Rl A el e K MR S 8 sy
uphtreanBof arthefredif the B'RIn€ of tHeAgiedgiohlds LD, ths S'TINA.of the
segosnsil\ll‘@éion when moving along a strand of nucleic acid in a 5' to 3' direction.
When two different, non-overlapping oligonucleotides anneal to different
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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m xed ss and dsRNA, dsRNA made into ssRNA (e.g. , via
mel ting, denaturing, helicases, etc.), nessenger RNA
W@ 2fNA) 7327 | bosormal RNA (rRNA), transfer RNA (tIRNEYS2009/037194
catalytlc RNA, snRNA, m croRNA, or proteln nucleic

ac. The n vention i S not ted by,
thgliis %Iff@m Seg Reig e W&'}éh%seael?%ole%mgcleog a%cﬂ@a%o?nd of
thgﬁks@ %Hk@m{cfeogde Isafy Qﬁéaﬁ §FHENC& dBTThOSecond oligonucleotide, the

ol i gonucl eot i de) ut| i zed. For exanple, the nucl ei ¢
firscolipogud eatiitenasale dréled s’ upste@né'rolkgpeml@ﬂlds@qd: thecsecond

|if , t f d
oliBathlsr By AT R Bt on " (erq. |
pri neg uythensh, @Rt mg" compRMedi by JﬂHo'nifaleﬁﬁénﬁ!ﬁ\[ty” are used in
technoloqr)) and reverse transcription
reforense BNRLyneghentides el 3 Sqended tye ogmorqow%mﬁa%@ g., an
ol%gg@%le&%% 'a%}gét ie»lc &k hkeﬁ% ggﬂeeoaégg%&&g ‘eé OFor

Se(q U

ex@N@&Bﬂn)e Setﬂﬁ@ﬁs CTMpG ﬁirB r‘rmlctoamﬂeknaﬁmiyl th lthbaaeqmncé TMN) C-A-

ase chain reaction (LCR), cycling probe technol ogy,

O benplemeplaripamay b%tpaé%l dn g\énl%hd@}laé MM&APINE ARe'giciagHT bases
I ﬁ@%} "

aré?@r i Eg%t?%?g% 15%'@ | case eggn enétlggly 6 plete” or

"tataflcomipteatdntmity bétevete themut lvucdcpbbasde” Tlandbgtdzasfe" are

used i nter han eabl y used. in.re e to )
cof B AR DO Seyht R g v it D O g efficiency
an'&%[r@hg’[h oifh%ﬁoﬁmon%ﬁ&%ﬁ WakigRdcHestradds. UBIRS 1sftﬁfp‘ahrbula%
defi ned as nol ecul e conpr|S|ng two or nore
importheastin dwhfleatg)n regBiony; ras b\@lﬂw@ Idet@t:m@emethpds that depend upon
i bonucl eo S) referab nucl egt

thf kRGO 8l A rngrBPELEL iy hgy EBler BB A B Rip in
ref@érRe S Bidanall Mudtot RaSdspeddalytwillfintie cfhtdxd6f pollhet@sotides.

or |onger (e. 3» oI| onucl eoti des are t%flca y |l ess
Farlgasmplgoa pasreaeay ¢ pathén an ¢ligoppelgotids mapba egsed for its

co ‘f&ﬁ&h{l&ﬁ% a t\ﬂglyegf to Qﬁu&?&gdem%lﬁh gnothgenutcfeﬁéqdl& sequence
SO I'n 0 encdnpass longer polynucleoti
(e(ghau tagpt sefibence) ac torsiazeorwiohlpad spreto dhocompliyieiitad tydresween
whi ch_in urn gpggnd on the ultjipmate function or use
the,fest %thep igyHGtecdes mkthe apelgismgd sevsdes are often
ref efl{ee&l)n{ erﬁéhttoh §inficl l?ﬁrbgi quéHCG %&@{8&' Herdn ?e‘fetrs eshdue
ol i gonucl ot| eis referred to as a 4-mer
ol@onydentcicadticld egheo ah ghal wtls ﬁl’cmuldmwacahsbquellctel saclythat the 5'

it aRe SR BUredath it Ak BE ofhe oY Bl fct

astiatRNe® NQElebtidd 4@tk Oas di’ééﬁks%ﬁ @Bovd) fHay B Moluded in the nucleic
cruci forns, bends, and triplexes. O I gonucl eoti des may

acisls ogf éhfeprawgdmvanwnﬁamimle Coraplaaicnigriheasi egt be perfect;
up %eg ’rnaé/ r‘FSlnj[;?é F%Srr]n %he?ggéeeﬁ/a]?rﬁso? Brrn%{éﬁc({ fafs% O?hose
skﬂlddg@ fhecdre@tiudtse ddi@techaslogy M&%tétﬁmﬁ‘d ‘Y@(%ablhty empirically
structures are generated in a reaction K
copsifaiiag pRUBberpf yarighles inplugingefos granple, tészieélﬁsh Qfrihe

olfg%ﬁ&élé&ﬂi)e, base composition and sequence of the oligonucleotide, ionic strength

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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Because nononucl eoti des are reacted to nmake
ol i gonucl eotides in a manner such that the 5
webwepiisete of one nononucl eoti de pentose ri ng PGI/US2009/037194
attached to the 3 oxygen of its neighbor in one
adi ester |] nk%% an end of an

m e?@smfé%ls%%t a@ﬂﬁ%@ S@ﬁhfarsraewnm%e crgentary clere acyds

m&lecRBEIRMRIRidiAn PR a ol 2KBELILIE aéllae The iEh1Yig6R oPh lﬁfldlzatlon of
nononucl ecti de pentose ring and as the "3 dy its

thg coropigtebincarsplamentaiymicguaence taths' targhtcsgglhmce n@[y bg exarmned

i SR R R (T BB R R MRl s R B ey

anldah @Bke) @hd@%ﬁ@in@ﬁﬁ bﬁl@w lisnbRY ARabsaitihlll hoh)
and 3' ends. A first region alonqaa nucl el ¢ aci

seqeqngp ar pobs aiild cempee fopadiakibt dic indinaés-gs @glhﬁhrldlﬁatﬂqiﬂé of
a tg’oglcpqgt lyqforﬁgf(ﬁgof ' rnﬁ&lefc%gldorﬂo eg'ulg ?cf % [a?gét l&gdé coﬁ&‘@ipﬁg 01119%

stiqugictlcy. nTl&s % ndt @ ﬁly tdatr cﬁﬁﬁﬂtl@ﬁs oﬁ/lb&/nstrﬁlngndy ffesneinthat non-
non-over | appi ng ol i gonucl eotides anneal to different

SPEEYF GHWling 1Sﬁ’ﬁ1ém§tﬁﬁir£f i thedow sBingrRaYeRnatipny ey 8F sudicingt the
REHRSTSR ATEL, i APfPbs RERsPl, QUUELEDI] oo
Thmdblsantetolﬁ eoti-gpxificeniling Irmag'dmledtecbby the vandf 4 h@ohchtargrt that is

sl G R oG e iy L0 by LSS thaf Gl Rty o frebiEnce

oﬁﬁﬁpéélﬂg BIndGRRE BAMRLAL YoM rRIiL ta%edse@&wm@ommfeﬁlemary
irst oligonucl eotide positioned suchthat its

taggat i s upstrean1of the 5 end of the second
ol i ucl e L d nd,of the fi.rst
ol i gontielEst ! gbregc%tﬁsat ‘foé‘gﬁ% ?anfi%‘{ nugleig gjd spaycpge such as a
c[PeL o deirhig @Muie| B0 ki subdintially Hibmeldggasrueteaniol g pigt that
be called the "upstreant oligonucleotide and the

cag dybridizefq gjhsuer b e dney theedoghicrsgnderenucironpdd pesasnce
un?i { &Qﬂ'a%o'nﬁ k| Wstrlﬁ‘ge,nlég 5 fi&%hﬁ%c{]abo%e terms

ement ar enentarity"” are used in
r ef eWham: asdddn pﬁkgenw:ﬂommgie strérﬁieg nuclaicsegienoencof tht vedm
., or nnrﬁ ucleot|Qes (e.g., a i gonucl e tlée or a
subytguie Ty iemelogoutiteffys toénkp SHERR AR Ihg
&gﬂl&ﬁentg‘zrto)etﬁ@ gﬂb%ustﬁaﬁ&ecﬁﬁﬂ:%@ chd sélueﬁ:ecﬁn-ae?’condltiﬁls of low

mpl enmentary to th e sequence -1-CG A-
stiGgepteaeddsanbddabory. be "partial ," in mhlch onIy sone

of the nuclegic acid.bases ar, tched agcardin

pas el PG B eI il oo o prated nifioic sid
of tb Bt @btecte® BPARIRRN AThy, tllibe'ttéﬁ%@ﬂ“ i fRehUeIRIdestAGhdhed from

bases. The degree of conplenentarity between nucleic

otbfzru ngclotq apdboor maslers agid feiquenses. qur@@ﬂ@panhh@u@ﬁfm mfemyte to
aaip a’{ﬁl L& grg%eggth I‘E}Ye?er{ diz at Itsjl(%nflﬁr t% t glg(:l 1%' of p%ﬁlon of

nu@['ﬂ@d adid et Wanbé @fapﬁﬁamy th@i’feabﬁbﬂl v@lﬁldiﬁlﬁéi’ﬁdsle@ih Bdrbadso a
t hat depend upon the a3300|at|on of two or nore
PodyRPRh s e ey iafrado theinoréan efenroriining 8 suspecteded in

po{lﬁ{ég@ﬁﬂﬁf Wﬂe plla‘h g%*@l{en@éjt% da?lq}l{’?g% cleect%ﬁ’gectlegétlo\ﬁ Wiebdefins

ont ext poI cleoti
refer to a nucleic a01d rnolecule 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

32



10

15

20

25

30

For exanple, a particular nucleotide within an
ol i gonucl eoti de nay be noted for its conplenentarity,
w@eroobatk2t hereof, to a nucl eotide w thin anot hBET/US2009/037194
nucleic acid sequence (e.g., a target sequence), in
trast ar conp arison to the c nentarjty between.
RLE (et PIogitAl O STgEATR PRk FeTeIb TR it ggion
and§§ iﬁ%ﬂﬁﬁablér ba tﬁ@t&k@s@ﬁm ForffatiBn BE&H ﬁl'vﬁsﬁé:blgavsagg Q@ﬁ&@re@ﬁ
used herein refers to an oligonucl eoti de whi whe
coabiigptiod witht hfirshenchieebed Buckait deid empjecnxbfe(e@mmbmdtgmheleotlde

ongyn OERER PREn R  sRRUTCRL itatalS et T8r Rl nuctei

achsat@Rbh dRraaiRAl 890t [AGitel HCLHEMEL BROVA KX, BRirget nucleic
included in the nucleic acids of the present I nvention

acilydramen QEEenisTORpY eprBperany pugledicitbtpepies. peelpdiag but not

htﬁttépt!o eggtcheﬁﬁis q&% oRg\gA]sIS ﬁt Pequ %E sﬂu@@?aq TlﬁﬁAg §1b850rnal

ases ‘e ar ucl e
andQRNAsEMﬂQ&N%@udEis@thNXES dllRMf@(atﬁitrﬁbrdRNAs (rmRNAs)
|r|caIIX consi dering a nunber of vari
p

qen%gua?ﬁ@n -2 Patpt éPPtltt’élopéﬁthO olfO/?‘We?% Rled 12/18/03,
Wfﬁlch SonMGHhEREdd ren*? ?et&%ﬁpé)ﬁ' ifs e‘ﬂﬂreg;p daS§ ¢€is gfeﬁﬁ&?as a

ol 1 gonucl eot I de, |c strength and i nci ence of
regios wh hudled abmlsmttpalthestargEthUettcm honol ogy"” refers to a

d egﬁ&g@%fd&%%gg ement a'r | ﬁ% IOB% eogga y F“g%rﬁ? art | 91agoA'1ucleot1de

th3hictAtd \yltthszt@gagl%em%mrfeﬁn h%le@@ﬁbfe%htp‘le% |I§%5ndcllh%§e
100% i dentical to another sequence. A partially

clmﬁgﬁt evertsacly asibg Jeviod AMhatsay end @a@bﬁ\fa&ﬂlﬂélawy, the probe
i.c. aci,dmol e, that at
ol ST G RY hlifi B1G¢ By Ao R EEM RishIfleaRniahip e
pra6é oligophelestid. fIﬁ@BﬁnB)éﬂibeﬂnZdnfsgtlie%oﬁtp‘le’akrl@@sbedﬁtwlbtﬁb@and
acid. The inhibition of hybridization of the

taggghis|dstestog vdulept @ﬂ@wﬂﬂ&ﬁ 8 sgije sERodimantre thegpeation of the

copFFREgRERanE SHETN MG ot BPg B SH A0 BRarPSRR ..
a tybrape bzt ) tha cmngkrédt&s d ﬂelmlﬂ) oﬁtﬂodﬁfncﬁmfdhé probs/tagetlcomplex.
tringen A t ant no] 0go equence
Zr o'bjét?estﬁt% "%\%u : Q%O'ngﬁaoytt%h FEIFiS 16 ABOEaly P?@“%‘%th@t
h;ﬁoﬁﬁlzﬁé’ R{ d th[?e@hhél&)c affd o a FRTRLEh& ¥R g? {\E& il ©

acid nolecule to a target under condi Tion
bet\t/eanrvgmnbg andTthie sarpst mnotelot zaut ametdmthedNWEEBMgoﬁudlmmde

t f
coBTs BetioR (e i e EeR: AL e mireth S omplsmagtary
to gm laargaaﬁ nbt) €hdd |0K}Qtllaﬁﬁ vath ttlw@egs&ﬂ@ﬁ%e&ztaﬁo@ﬂ&w@apthla%obe

e a specif WSD ., selective) interaction).
anéﬁ@,r@ntc én@bmn@ Q@lemnf&, thed NYA IR Rmélgomwlftoélsi@ e@lntbhyls sérences

at 1t8§ enéi tﬁittsa?réo tan? %lgrt etsgrfattgsl%‘ssetqﬁgr?csetg oca eaghée 5'end of a
prbv@mgotnmleoﬁl@ t he absence of non-speci f i ¢ binding the

probe will not hybridize to the second

non-B@rﬁﬁ% NEASSRAeY ap alﬁejiel;erem refers to an oligonucleotide or combination
of oligonucleotides configured to generate a detectable signal in response to cleavage
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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When used in reference to a doubl e-stranded nucl eic
aci d sequence such as a cDNA or genom c clone, the
W@ eoopitisebst anti al | y honol ogous” refers to anyP@r/oham09/037194
that can hybridize to either or both strands of the
oybl e- stranded nucl ei.c aci d .sequenc er canditions
mgrdpssiost 1o m}%gf e SaPp QUESTGIRCe UHish rercam popdstions
to ff@rfn% %ﬂﬁl@x)t Qn ik Eﬂl‘b@dﬁeﬁ%ﬂg @%s&%@éo%;ﬁls%ét%és?% nce,
the term"substantially hormol ogous” refers to any
olmoob@ethas coraprisiybeordplzmeiiterygportipns thatimsh dersme dwpyicx ohder
e sin d nucl ei.c
rebiRatp P g S RS PR & RS P e OGS A teogt, g
pak@dulE |y prefcal chibolidchtsa BictasRiE corphgelalRAUBHEEss that
refers to a nucleic acid of to be detected or
PrafideyZBIPresTes resonancereapigtiranpisr @&Fgﬂt ficgt-be .
0 o ARGHIGIER OO NS be BHELRT 1 BELHS LGB GoAC! ¢
sequence ed’in erence

ol@ﬁ’phctléotmt(motrargeeﬁ@cﬂelo Acidisb@sacd)af that @Iigbnnel%mdet i® pteent at a
nucl ei.c acid or, partion of nucleic acid that wil| be

&bﬁmqlarec&nbfgpt&aﬁen theg dhg ofher Qipopucloptids (psterect pucleic acid
se &gn%é)e% fh B RRLVIRBE RN S s E %ﬁ% ﬁﬁ&ftld& Es ﬂrgé%nt in a
ecte 1'Ssm

ortion of an c ntaining a sus ynor p
clétvege wegetibn in exefse rdatce tb theaconicentesion ef tHeeauwpipanentary target

act . n these terns ref r C|el aci d |.ecul e
io 5 ai ) iy aces s retden i oenied B infliaic e ng oF the TSt
n&fé‘i@é&&rﬁfy’s&{t' Wpl‘é’hl‘l}h v@Henlp?éh%ﬁt if e&&ers§ tth@Hl%lb@ bﬁg&ﬁﬂcl%otlde

nol ecul e % probé ol i gonucl eot i de) may al so
c

wildhveepragent @aaé aptear 1 Q0afold mopir ereass; atvpltcglllmttlwstal swobmaf cach

d de
ol P s B it hOMRRTR Ll R GG Db
prédehhatiiboiitsidl ik ey enri ched from or arrpl ified

fromor within asanple (e.g. , a biological or

envi Mowied Meein, damisia)' gen(es r¢teisde e duaicicHici (g &.dPTyAd sequence
th%tec%hg)?ls&“é%dﬁg §eﬂ&&1tc%§ ﬁ&gésgpy foft tie %o?d‘é ﬁ%ﬁi Bhlﬁfpeptlde,

ion of =an i nvasi Ve cl’eavag ure’l

precmtnrn@tRNA (ngt RR M Af, tRINA ).amfte p@lgpqﬂlde weh B¢ encdediby a full
no| ec : probe ol igonucl epti de and | NVADE

le%gtlﬂ a& ﬁ%‘FP%FeC)r R ERSRY @é%mdéanaﬂ&eéa%@ea She

d ?ﬁ‘?%%ﬁ‘?gg B P R V2 A4aT, PRl Galil

s@nabtramducﬂcga rrnmunmwiom‘rgnwc ) s€tharfyll hengfteorciragnant polypeptide

T R T
thé %%%nce@'l’&afe‘aﬂﬂd acEAS t@%ﬁl@%eéﬁﬁmotlﬁﬂhgﬁ%d@ €nds for a

m cr oRNAs (m RNAs) . e.dg., co-pending U S. Patent
disspiciot abowrl Idbeer. mave. onmhmdzsseh theaf the genearsssp@dsimiheh

Qrper at d?ﬁk b refer enti.ret A
lenéh 8? ﬁlﬁ:tfﬁﬁ I¢n %@% ggqlén?eg 1? dg f oﬁﬁlcel codir ng Legign held
prédehhomthichER NAr ge tefoeaiions &: ndiﬁtr&tﬁ;ﬁiﬂed‘@ﬁﬁéﬂ&es t Subede

"probe oligonucleotide,” refers to an oligonucl eotide
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
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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that interacts with a target nucleic acid to forma
detectabl e conplex. In 5 nuclease cl eavage assays

we w1821 he TAQVAN assay and the | NVADER assapCT/Ufz®09/037194
pr obe oligonucleotide hybri di zes to the target nucleic

aci d and cl e occurs .wi.thin the b )
eSS NREPRY 2 R %’6?1‘%} 1%%68?%&%&“%@6 trggscript.

TMR@%fﬁc@&%Qﬁnﬁ@ @raﬁﬁﬁt@cﬁlt to' IspedBt BE L&MMR dr®ridr of amino

exi sts, while in Sone enbodi nent's, the formati on of
Mmhenamwwmekmﬂﬂymbéedetected when it no Ionger exits,
e.g.,..b et ecti on of,
overtdy TR GE b Puf n@Oe R0l s Pesprs o by G is ppgin s
naRIrA&NroR @6kt FRRBk&¥ple, HiRtdrBloBbud MYMEMERIdes a gene from one
ol i gonucl eoti de" refers to an oligonucl eotide that
SPRYiBY Ingipdeasdiipfoanpthiepeecintitd-@i ¢ viseia ba@teraallg@@%\pwwt Ragin a
0 t he
il oS BB Bl HnREI RGPS D0
hetdrblg@ouscdono tilsd éndwdepai gg @S na@iveas ah orgapBngthat had bebreatierad in
noi ety, or nucleotlde whet her _conpl enentary .to that
sofer bt Cecgr Regheds dled ¢ s t@&‘scqm%hlelﬁé tp agp é‘ﬁ“Yﬁ regulatory
t
e R L ol O B E AT 2% e P
free qnd{rgeasu@enes m tBat thablettdofdgoas gerfewqueames at kypitahly joined to

nme as se uences, | ocat ed t t he. of a probe

DR R R o g Fotrioang bty sbwbiafed w1l pefe Mie@REen in the
ch'i@rﬁ@sro%let& 802 Rbéi9Ra %ﬂhﬁﬁkﬁ&% B th LB ORI Okt Pdund in nature

ol i gonucl eotides configured to generate a detectable
(esgi.qpangs qurasa@iporh@m wherecthe gvmﬁgl@ nof n(a’m@ilw l@epressed)

ol i gpnucl preferred

o s ST VGRS Sh, ol Pl b By STLRRHU RS pref of converting
gepbRaMaethatibn ER®dRE aPeg&lc igRMICA]ol, GeRNA, fRONA) ®RI$LCLHN

i nvasi ve cl eavage structure, such that the cassette

snRAH Xk theowgh atrenseantan” of thosgane (egbbidithepzymatip actiopsef@ntRNA
po p%?%agé%,n%d%gtof)ﬂoge%] g&éoﬁﬁl fie$ &'}H%ko%lﬂ ght%u%ﬁf“‘t? ' I{A'H%n” of

a régionwherein one porti
mRAYS eGEe aXiptgoion chrebd fdg&]'a;ddrat tiang Stapes ia tbepmnekspOUpi o n

of the sane, ollgon cleoti (gﬂtger reactlon condi ti
reg‘b‘atfl%} A a2 diyplie)re elf%todﬁ‘ rHihaidnReatcs thepreductiop gene
x@PéEBBh }?E?o?iu@trs )Sé gaﬁNA ¥PpBldigonuat G&Hvlzﬂj?e%g&%ﬁ* bS8 ession”

onpl enent ar ortions that’ can form a upl ex under
refepmiotreguatoonttiatt deoresse prodpatshe Madcwderiedi ,manssiptihdactors)

cassett r a lahel. In particularl r,ef e
go R & i HeatuBu of favisrn Rt AB31 ol febhles and
"rélj}ggsoﬁrvvqg%@tr@e@l uorescence resonance energy transfer

(FRET) effect. An oligonucleotide is said to be

pr eslaraddition’ t@ geaigingriatresi genonyc 1owieda gene may also 1nclude
seﬁ%el & %gelltg?;? g th(tﬁ%%ta%rg gel ncf1 olﬁk e'%f%lugl&'ﬁ? ﬂ}%? qr%fpgi(’:%)“ 3 the

Ot | esen

RNAREMBEARL TﬁébetsB@&ntéﬁr@té’féﬁed)ﬂol Qg0 ﬂuﬂhﬁgﬂ deg@erlc® or regions
t arﬁ‘3 et nucl eic acid sequence). \Wen an oligonucl eoti de
(egudhesadlankipe semicnsss ganbie lasater deoi X tgthegenttranplaigd sequences

present on the mRNA transcript). The 5' flanking region may contain regulatory
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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cl eavage reaction in excess relative to the

concentration of the conplenentary target nucleic acid
wGa2yoerse] the reaction may be used to indi catBCT/H§2009/037194

amount of the target nucleic acid present Typical ly,

when present in excess, . r.obe onucl eof i.de
PO@QFaBPE% st F“ﬁs %‘{Pmiaélg}’ iesh‘%nigﬁpef gra™ Pg lii (b s form ofthe
e‘h¥ pl&@dnktﬁstafhelt@t%?tmédlﬂg@‘l & "AlutBRCRLRE APLgene or gene product
ol'i gonucl eoti de woul d be used when the target nucPelc
thatadisplaysqueshentinns inpregsenet and oeﬁmgtnorm@pmettes (ag., hlwed
As uUse " refers
ctgBiclfFilee] Wh%wp%rsahoe{tw?ﬁtgpe 5P iSet Pefyfin! K nbied tat
naS AU BERSMESBRERIYN belisoldel @r otu@rtﬂﬂw fth@fact that they have
pol ypepti de, precursor, or R ( g., NA, tRNA). The
aligeidygharscicasticsd s ghaltensd @u@@w@yldaseﬂmnces)et@momamdgo the
ortion of the coding sequence so
4Wﬁ§ﬂg%g§ﬁ?g{g%%gﬁgéﬁsact|V|ty or functional properties
(e. dr'he tenz YiRalthicd" atitn vsddyin rd:latgﬁmd atnuabhmg;ld &.gnaln isolated
transduction, |nnunoFen|C|g¥ of the full-length
oligonyglegfidener enlitsd peivaucisetider of aanﬁé%latetﬁéclﬁeﬁ%daae%ence )
d
R S R R i G S
cobGinhinarteviti whinlkl it3% oﬂimdmlf assoaiacti st anseucd S(abcmtTthskttn

. qr re on ejther end uch t hat rres

il RUF G 1 EeD f JP PEGE oG G0 GRELGa i Which

it [sF6 @t B mitur®f Irf é&trﬁﬁdh&glsbﬁgéd%cFé[tdao?dsea?r@ﬁﬁcléle atlhe such as
MRNA are referred to as 5 non-translated sequences.

D]Sécﬂmérﬁi‘éé fowshingle gategheyduu st nasare dior exrendodi gigen DNA
referred to

sehfiep oot abisa e yng e L8 oA b Sukb Hnidifiaces

neehbbriaObénBNRINgeRg R ecd, 8lidHasef spacifie RERNA gt ndodin® a
or._clone of a gene contains the coding region

spr¢ifie Praipinedre fpune in e cedlais agnisBe sibewmespurether mﬁlﬂéﬁ grat
¢ ‘B&%e 4 BLRlY&NS otreﬁlg %?vev&f 1sola@€%oﬁ1{ VR ch Y iven
ﬁ ments o %

rons are s a gene ar e ransc
prbf&ttﬂllnﬁl;udése by IwEiMf @Eargple, slmnRhlé%lelclantdn;i mslllsrmylt imaaiht &phessing

regul atory el e n enhancers ntrons
the gy QEPTER Wlsemn?e élaclsmwd'rts Ihit £ramegemaldpcaion différent from

thiX R4 @P§ OF itherbile' R BEL ﬁft?err&tt %@lef%ba%f’d% qlihck Aan

nessenger RNA (nMRNA) transcript. The nmRNA unctlons
thattfnumrgmtnaansl abh¢ onlatel mipkod dopd, tdhtgommhfrmndc,earqmolwmdleotldn‘

ey Dbt b e SrARBIT yaRSe X PERls i SndRga ke fucteic

acttpbllgéhucte%ua@bﬂls@t&n&twuﬁ@ B e utifigéd t%@ﬁ%s@a pfdtein, the
het ef ol ogous g,ne i ncludes a gene from one species
(1]

oliganvdenitledripabyouelnetideerillsatsineat a(remgmum the yansapr eading

erial gene ent th n
g 1 SEn P ISR g R pilt by G Ba TS VREL b Gy but may
cotfy) DothAhd&hes ﬁimm@ngmﬁnad & thebligercRogénsr nati ve
to an organi smthat has bheen altered in
polynucleotide may be double-stranded).

As used herein, the terms "purified"” or "to purify” when used in reference to a
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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somre way (e.g. , nutated, added in nultiple copies,
I'inked to non-native regul atory sequences, etc). In

W@ ave/1Eiv0di ments, a heterol ogous gene can be PCT/US2009/037194
dlstlngU|shed fron1endogenous genes in that the

erolo uences typi cal | oined t
O SO e SOt v B Rl eyl otag b ean
"i 148 factl mﬂ:@éb%d%egﬂ%&ﬁéd bﬁ%chﬁﬁleGﬁdlé” RACMErcfire BE @ubstantlally
assocl ated with portions o he chrondsone not found

purified af it iseredered fre@@@&%p%é/s geaoiapreiseblnher ntnge) from

ene is n t rmally. ex used herein, the
oG Rmngafie: R { R RRET E %05 e oy ocoss of
CONVEd fre@ng@Redtion i ﬁt)mrﬁﬂéd @nGPEARAMr hitads &qﬁﬁlﬂcaﬁ&l
RNA (e.qg. MRNA, rRNA, t RNA, or snRNA) throu%
(exg, rtagsmr@tgpmﬁed o subpiantipdkyepugidice molwuéPSt(ﬁg anglgivecidc
segwgngsﬁ) %, &Qi W%&g omﬁ %)op tfcgﬂls { ng gL ﬁpf‘@ﬁﬁ&%ﬂg,
blﬁﬁaelnﬁxatmssemmfuganmrb(e: g agjﬁyaﬁleﬂraai-zcﬂﬁhgre&iﬁa@,&ﬁldidlﬂfférbﬁlal
process. "Up re%glatlon ‘activation" refers
Cefltébfugaétopb flacHaphqrawiy @.ea%e&el fpECap iy e{e%ﬁp@rresgséf&el filtration,

chgﬁtﬁfé) @lra(}% geﬁ)‘fﬁr% 1§1§ss Ftu%\lAnt%od?e g ké'])ma %ﬁé ﬁ% aration,

own-regul a repr essi on rs’to reg tlon
ﬂdvm aytodﬁtxy,eﬂasle;eme(mduspacnﬁn hyMnidezcaubm srr@ecag)tqre

transcri n factors t are.involve

Lo Rl SR By GBS SRy fstrie 4 fhggeiring of
co%ﬁﬁérhé’rﬁ&@&ﬁcle%ﬂsr Wﬁ%ﬁ% and §8 @@@ﬂgﬂ\{ ef Hybrfd'i‘zatlon (e.g.,

addition to containing introns, genomc forms

the etm@gﬂwf the gssoplﬁbbmbl@twsetqth@ rmlelglol aset) Qdmpﬁctbd)bh smqlnefa@brs

o AR e e RS B GREE IrAR Th S E PR e
conflit@AkKinvglved etﬁbl m@eﬂmﬂbnﬁ@cghmﬁi 6ed the .G:Chesewithandkk Rgcleic
sequences can be located 5 or 3" to the

aciflyn /s vingls naal el s hgieomitadns privreeft copplementarmgacleic acids within
its scu%@ﬁl&tr fs%gu)d 'to -Bgese?f 53; Su%’dng region may contain

regulatory sequence as pronoters and enhancers
th atAmmtirh@feuQ rthd tafrh Udne es tded it rreadd ptthotmefing he
gene, The 3' flanking region may contain sequenc

tePRgiR LR T R RN PGV Gh NG FOPERES $13thigiha bopulation of
dRBRLAIPAIAL LABRoICRARAT AN RALGEARAYR! R stk

term"w -ty pe refers to a gene or gene pro UC
Ai'sdtdited Tan oafera to amﬁltaig tympmzamre detgrnsioed becaldulation from the

el st R bl ton Hirirls aSenaba i ingprs f reaction

cofl8Rio8H & B coR@nfi@tion, QonceMrbordydehe EpTeRinthy&naBNEIn a
In contrast the term"nodified" or "mutant" réfers to

migtyeh eSeUrcraé ecmtlpnfoﬂm @@lcullaatlg meéfpi (ﬁy@cwwm@ W@H &npyn in

th% ﬁlg lr’l gn 1?aq?d[ @\g ital\ll;lélar% re(%eg e{%{e 8?1 ’?im(a?ei (%‘ t{l?/T % %gay be

caliulg&dey m%@qumon I, + 81 sai (Edl(P/i'ﬂ at+ G;gtwtteal d mucwi@atﬁd isig
mut ant s can be i sol at ed Fg identified b fact
aqupeis sehsignghl M Nafb(eg: ¢fa QEF%FIF%{\P@@S%.UQ%Q ingVuddeigdcid

HPWELElon B HaSRINERHSELn WIS IR E4Q) bP97-71, IRL Press,

Oxford). Other computations for calculating T,, 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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wi | d-type gene or gene product). The term "isol at ed"

when used in relation to a nucleic acid (e.g., "an
wo sQDD/aIBm ol i gonucl eoti de" or "isol ated pol ynurdBG8300%037194

or an i sol ated nucleic acid sequence"”) refers to a

nucl I d.sequence S separated, fromat | east
one g%‘@rﬁl 0, SR e ﬁﬁ?ﬁiﬂ% R GSPRISHETIEN TFiery 1@ one or more
reé’geg’ts%f Hété‘ctﬁ‘l%st%btasteﬁgeﬂc@s Ishid rORlHs %bm%ﬁkhhg Qucldiugid an
i sol ated nucleic acid is present in a formor setting
rnolneules @pdblfefOé panticiphtiegrint floamation aflsinghvastvei Oi;eafvagﬁrﬂﬁrupmre in
nat u ast, non-isol ated.nuc
Rl o e RRhen D R RO S PR s frgagonts
cotiiée @M bSthel Iﬁhcléﬁi dbi®mofcRlilesxédtiet € formAinvifasN A lcavage
sequence gene) is found on the host cel

str@nwéfhmsmnérmnd mréieiurﬁtroy vhilha; sgaisembegirgenis SN VRNRER assay
re BRI Se oF HE 28 1P SHELGh SN T BE AR SRA PRl 08
(e, tpiRines T DunserizidpeanzpmbiAdi ghdea nuefvaod @ that atldw tHelfdemafon of
rotelns However, isolated nucleic acid encoding a
nug Ieierrith rolestles uped indeaminggn jpyasiye cleR¥EEISEUCH e h
nuc @i 6@ Ghfbobiitn G, lthce A BRR ddsyagf%@éeﬁ% Rfe 3 pdi
protei n where the nucleic acl n a chronoso
agemtc[bt dctnctmgfthepemncé b an {ivasivotlematzasaiicteel (b.g,, a@lcavage
ot nrse flanked by a different nucleic acid seqguence
oSBT HRE FrORET o DYCic FHE TG e G G A pegond
ol@ohﬁ&é&fde@ %ﬁiddf?rst &fgoﬁ@él&(&ﬁfél c%%hgﬁgw p@@loﬁ 8B Hmdnfhry to
SI ngl e- st randed doubl e-stranded form Wen an
a ﬁrebtegtoeldafnlumﬂaege@ nmirld acid| amg@aidcsr:@mﬂrozﬂleomrcleotlde comprising a

3 oI nuc e be .uti ess rot

> BRUR R § hotTiohsalss Bl R e P K Eh Fednd Rt e
talagemﬂwéw aeitl Aewa sRRen O anddhfigucb kdhe & pdrtiort A some

ollgonucleotlde or pol ynucl eoti de ngg be

er%b%igrlent&,tth% d@&}on dhe rREgn¢ ek aualcpdoantuisse n decrmigal

ﬂ\]to'tldec' O Pﬁ) dﬁ[e rmy h% tar {Inﬁ & ﬁcg C}Lrgfse‘h'eg %gl%odlments

ynuc ran
thh BYm@irtion cbifthe beaond oh@mtfudeloﬁde C(ﬁrs1sfstdf apim{glé yiiclydiele nosed
in reference to a sanm é Egﬁ a _nol ecul e

. g.
CORRLFraFTHary ¢p we&rrgshr%eleerl oeHEeyssay eqaé?é S gy be found,
fof e@e@& n(le 9. Patdr? Nodt 4 Q4% ANA5 R 5SBPAS @%4 069: 62011988

sarrp e fromits nat ura enV| ronrrent er m
6,9 KRR and bADD 54 HUWOF IR 1MW 98/4287, ERSmitae Rubl.dNas.

(BROFHAE. ABafor @abvilsShEssge, S SRR b BB T ey

20‘0&0@184189 HAt200801630177,"ORMBAL ABPE. S&. Rb. 11&@@6 780%d r ee,
pr ef erably 75%free, or nost preferably90% or nore

Lfansehcfvrap dﬁﬁeBlOé@hpdﬁe?ﬁ%l% Halhetoh., NASs Ulbalt QF&QV%

oci at .sol at ed nuc eotlde ed
CEPgSifir st Rl P Rbr AR BECs T i By B
pwpsefied if it is rendered free (e.g., 60% 75@6or
nore preferably 90% or nore) from ot her conponents
wi t Howamesmbedingenin {NVADER awaneqagerdy are configured to detect a

target nucleic acid sequence comprising first and second non-contiguous single-
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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The present invention is not limted to any particul ar
means of purification (e.g., to generate purified or
waubsneisei al |y purified nol ecules (e.g., nucl ePCT/ES1009/037194

sequences)). | ndeed, a varlety of purification

e t@%llﬁrgl %J %?thgfag%tho é 1rs ?Ill %;,Sgl%: sggongq%tg_oggcﬁgqt{c{ys to? gaid
IW&QER%say%Qge%er@Bﬁ&glhgbhgﬁﬁ%rebﬁ&&at ion),

el ectrophoresis (e.g., gel and capillary
el ednrsophombsiligentyéic INVADERI assny maegontsfughgtagmprise a solid
charg pt u nmass
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spaﬁdrmhﬁleduiie {erga,aantcﬂrgobyclemme))f &B{bmpisarﬁSoltdllﬂlad@gw&ﬁ'veliéleavage
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gragposatkab%&e;&%%mefr@hareh@s? nucleic acids. A single

ecul e"that contains pairing of conplenmentary
nucl & gscd diettsn, wi "sdilichsuppert's tsramytmﬂtemal shas ajathtdios eshape under
sel f

bridized. " use rei term"” Tl is
oSG TR e Gl S Bt B KRB AT AGTaebhErS: Shwors
miRabd MPirsRARERY b b 13 e, deeaRers %Bﬁ‘t%ﬁlpﬁltted"tﬁhtcﬂ[bx%le

popul ati on of doubl e-stranded nucleic acid nol ecul es

pobgoorsschs| cfarhshhsé@tﬂ cémam, inay be siadgis eolsd suppdss, splong as they

candEri LG ot Luf§ Phies Tof pERb kST RAAR i B oy che tvve
of@bli€ gm@bﬁmmtzad ylnaeksd e lv@nagloqis@hoamppgrtm& Rohempita ofbe
reacti on Condl t | ons Q(g%l sal t concentrati on,

usgh dethe méﬁspmngmttwtl ms:l baveoit wpijedsor abed. plana surface

t
oSl s LR SR 05, (o PRI Ll
pabymadnaticlacad, megﬁert&rhee&, latax $ead) bepegsdramadretiobedd) plu'fz[hty of

val ue e calcyl.ated.by the equation: Tm= 81
begdy “f%fg’?‘@ I aHETPIE élr%ﬁcaosa%eoﬁﬁlﬁe § micgeplas vl a silica

| Z
TR AR 58 e K 0 o]

a Pppircdzad, a@lHéllmma&eHlagpglymaqchm polypingTehiatidel pilyopglsne,

PR S R RS SR o R, potyo,
agBibsk [ BBl @bsc, ask Ml ita@ﬁ ﬂmqn%'epaqhﬁgg@b 1, el fopectin,
I nto account (See e. g. , ant aLuci a,

m@jnnanJmulu&t@t@sM}h;bse )dlag@celtpd)@g pr starch] palypprig mjcropartlcle

po, }_fl_arg%rgc)l‘lirjl%r&@fanggpgo Nat | %e'?‘ c qfﬁsg fge %ty%fA Hﬁgth()vﬁl lajte column,

miceR@RR! atex! Bf kel tpz)r@rsesmhydf@plﬁhe palyait matrdt (edéet ecting
%a et sequences, said reagents conpr|3|f%,nucle|c

Grl-Jagkard Tesipmmsng Compamy. (Nlerdsat o), AibEboRtsthugdles
an@ bRl de%\./,aEEX®}€Ih§ﬂmﬁnﬁﬂ15,u§Jn%l%g6,rCA.), described in U.S. Pat.

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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the presence of the target sequence. In sone

enbodi nents, | NVADER assay reagents conprise all of
wao bwonuskei c acid nol ecul es needed to form an PCWHSI00¥E037194

cl eavage structure in preformed configuration, while

in some enbodi nents, | assay reagents provide

or, BrEMESEYOMINYEh j“l?rM ﬁsw%ﬁ%gea?s fﬁﬁﬁg compris¢ a buffer
soRfdnt 1O GGHhe ﬁl‘%?é}{?erdte?n‘t{oﬁirﬂents, Pid BETS solRAbY B8&thpEdedd source of

enzynes, |igases, nucleases) that allow the formation

divflerigetienisdegciMn mehdouMss ieseld Individunhingrgdantsi(agasi ve
cl eavage, structure..ln so enbodi. s, the. | NVADER
ol ol R RTheah Y Poter. G pRIE SIS hfcobirvab ey
INVIEDBRES§)GBaghtsAe tofivad ' eV ADBRVAGSE Shgda€ Eothor(cBtsT.
a cl eavage agent). In sonme enbodi nents, the nucleic

aci dnrsemecuibedinegitp e YAPER assry rsegeprdfurther comprise a third
o RSSO h21 1 B BB i s
ofttegfisnpatioh b€ tHedTrgrahrgotimlobdic acid  dg.andtasiairdligeneimtides). In
ol i gonucl eot i de congrising 3" portiaon and a 5'
F

yehether enbodaeptssthe By VAR a&?@s CHEME AHr{PCt GOBPREOAEES
nlcRY Q4 Ofn AR f{nﬁfecglﬁerﬂkﬂcfheeh@\/ﬂ%ﬁ{l %Q%ng@ﬁ%sgrise a

contiguous to rst portion.
setdrel t3tgepoudéioncidf It he osler emdbo dimegosn thel INGIAIIER assayreapests

o L A A 0B TSR
ﬁI@P{regiioﬁQ)f Ae JBSnBRERNFuALE 98RUT §3hd dReARNSARDUEN s, Fhe 3'

singl e nucl eotide not conplenentary to the target '
pamtier ef the duiddoligonnABRRIcas sevplanda dimked tonthy s¢send tanget nutlsic

e Le, in.M S . Patent S.. 5,846, 717: .5 9 57, .
ookl Q0P i b Loy, & Secpnq MGt dtfreigis T Rum ggmprises
a 9 podiodldhedfa B8/54553idn ofthSseddatl tarBetlucleNOseid is the third

20050014163, 20050074788, 2005016596, 20050186588,
olzgoudewEE3 %N stlbothgoasambmentp.tho BB ATHR Fspay rgagentphirther

ool S ARREN WAGRE; R PRESTRDIER ) ™
97: 82 %3me26M0Yimeacdneafr mdrt ofitheINVAXRER akgagaeqpenatoed
eference in its entirety for .

hy r || . purpgses. |n so
H‘%‘%‘%‘BEW@%@?%W“&%@&%@%@ sd HrePeonPIer Emag@-g»
pr8GE&GFeddol ARk s&;scd,f%i%lggioglﬁe;ﬁsm@ms.r&qgmanéﬁm rbd rst

and second non-contigu estranded regi ons
dispepsing) dd sbme ambodinemse séloged BV AR ERompay shgent aomponents
doubl e- trggded re %bodinent

lopn. Ln certain e t h
ot RRpAoER T e Bistior: SR pTQEE g iy Prodispensed assay
refddnfOsHEdRAL 8 peaRpktsed aid At tﬁb@ddﬂ&:dtiﬁ aS8dctioh ivessk! @nd
~second non-conti guous singl estranded regi ons of a
ingladiget buimet bingedit, d repstjoe Ade or RAveblde gt @uhigratiger plate)). In
ref err edenbodi.ment s | r_both of said first
o<l BT PSR ERAb o e AN R bref etk
mRESBNJiC dagiedy sicRaStHIEE AGLABDnilg8NPGs OB TES); 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
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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We@nivodiisent s,

In some enbodi nents, the | NVADER assay reagents

further conprise a solid support. For exanple, in sone
the one or nore oligonucl eoti desPCF/U$1989/037194
assay reagents (e.qg. , first and/ or second

1N onucleot whet [ or nonbrid
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entireties. As used herein, a "solid support” is any

misarielp; A userbliereini the s fraggented et infersto delévayy systems
t
R Q0 R0 B SRS PR ST Bubi o e

tofail gn dompowtk@ex , THetcohgireenineypé aéleuérddhatthe‘ inexnidbd eecipient

ymers such as carbqghydrate chains be used as
tog%h@fd)f@ﬁﬁﬁ%ﬁ% Fog gxanyey aafarst Wl%@%é@é@%ﬁ%ﬁ%mfewe

1n%§/1 atk%g' \gh@é@@e%ona- B&J&h@ﬁ&ﬁ?aﬁﬂ%&hﬁ&@odo&s n‘?fle J[elrrﬁ] ted

type of solid support utilized. Indeed
”fmgmeete;i kaf isiotendedtopmootpasakés conthiamg Maéyte{spedmﬁc reagents '

reliet 8t oc HprbU) Opf o Ptk BRI RASPELe B uter

ndd lhﬁﬁ&d (PG, 1RIAAS 8K deBl@$ Syst&th |cbﬁ19ﬂsmg rRFBPFhore separate
graphite, plastlc par amagneti c bead, nmagnetic bead,

conteirexs thetxeich @glpiemp arsahmgh@lt oﬁthb e, klmqnmmncnty atsfincluded in
ads,.. mcro iwdjc. c can, .Cr 0SCQ
thgflnal o ‘fragmﬁ{ltgfi %]p n co\l\grﬁﬁ a cognqnllec ] tg erFfePs’ to pao(mlxgrly sgstgrn
cONBAHINR Ak of ﬁheﬂﬁﬁipbﬁélﬁs offa @attionadskAeid apimsd bentdihdie.¢a i 1n a
gl ass bead, cotton, a plastic bead, an alum na gel,

Slfpﬁi? Denbeyrar aeh omle;dwm CORIOnETHe), TsItgipt Jpy |1@¢1@des ‘both
ﬁ%%%%&%ﬂ%h%g%ml ]¥ Sephar ose, poly(acrylate),

styrene acryl am de), polyol, agarose, agar,
cel lulsose entbedinicuts, tist aeseht 1nEbﬁ@anrohd¢zamVﬁAD@Ryas@egen
anyl opecti n, . mannan, |nuI|n ni trocel | ul ose

reggeab BESIANMTER Qi S imgre AT S SPYReRsTES mceﬁsaaaﬁof pEacticing the
rQ&lny fﬁ%éﬁtfbnnqjg? E%ﬁrle pcﬁ %ng%ﬂt angtﬁjuon E% té gd? stogltngx

styrene, nulti- col umm, croarray,
delhy cnmygythk en@un@uasld@)lf)tﬁwrdacﬂmhl cbnmop@itglmssaat toipradtiec gn ,

NV BB RSt T ity B bty e D g oAl Ay o deshred

fof hdshyhBladin gal'iht RoeBRite &, the @@g%%fs' tﬁ&ﬂsdl%s Uputfer§@bntrol
App.~ 20050164177), snal | particles, nmenbranes, frits,

reagantiele.g. . miseirecRmphis neasitesi and negdtiva rv:emmldarggmltgoma@/le@tgies

et O RO LIRS JSRE Rns AR ST AR Ry stiops ARG progdietye
infotmbkién, ilabitordRbeliAQAROBLL A&6&)on rb@eﬁ@@a&ﬁ@@&ivﬂfbﬁﬁﬁntal
the solid support is coated with a blndlng | ayer or
1

copipls(p-g1» 1qeedepiccapis] ¢fc.), and the like. In some embodiments, the kits
provide a sub-set of the required components, wherein it is expected that the user will
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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di anond, or streptavidin).ln some enbodi nents, the
| N\VADER assay reagents further conprise a buffer
waalatiser | n sone preferred enbodi ments, the BUF/82009/037194
sol ution conprises a source of divalent cations (e.g.,

Wh2+ and/or 2+ i ons I ndi v ipngredients (e.q.,

seipicsR st dasliamalraaet ot ANADEE b go R Rtitse Hrobe
olRbhSoddia oo bl kI Y TBHEI | WVADER assay
reagents are terned ADER assay r eagent

conploseme preferred @oh@dlmnbt@dhcréNVéDEHq esshINGGAREIRs Axthay

reagents furt omprise a third oli cleotide
coRBRF Sregrty Elre iR RS detitiafe pRENS ITRNG o) o o
enfSodén &S toh€ dhdke I)lﬁ‘@nﬁbl%&ﬁidd@@tﬁ tHedN VA DERQsalyr6dgchRr get

nucleic acid (e a stacker oligonucleotides). In

coptisp g thabel e}ntﬁ@mermﬁﬁeged embodingnpERIG §shgligemglsatide
furt
oDl EE SRS PR S 8 e dBovee

coapiised shbal. Sﬁqmnﬂutaﬂ@zgﬁéfemtthﬁb@mﬁemﬁ thé Reageiits odhptise a
enbodi nents, .the | N\VADER assay reagents further

firsodrqr aghigd PHE‘?IHPC@PP@%HB%IF% Bttihdrolg ??dh’f‘téﬁrﬂ‘bucﬁ agluorescence
el hé@&eiﬁr"ﬂn@f@?gﬁ%ﬁy i first region of the second
l'e

target n IC a n some specific enbodi nents, the
3 p@s tdedrherfin ttlhmterrhl”lrabeldlrefgmrtu eheobiate (.8, devatd rspd:cyes)

38 BF (EERGEFRUREL' 4 WASSUL RIS ot “REREHei d

erﬁwd'irﬁ@ﬂts CRMRIbSE8a RbS pro@iitd QlntiMSE %ﬂfanﬁanr%nS LaB&as baPbe
of the second target nucleic acid is the third

an@lhngwn@@tee@bledemetyn swrthias) footemple,rﬁﬂ@dloﬁetmeslabetl heg.,

rol M B AR 01T A GBI DGuT of  Gg R Pt

thethpaise détsctoble cOlor)YRhepteh (4. AedicbVARER, assaylabdagertbeads,
or I NVADER assay reagent conponents may be provided in
metabpastclep & permapsetitalebglea pminesseperpgredi(dHr bigheningsoent,

pidLAR kel it ¢ gz&mﬂfﬁregecem b ort BT ORI uRl )\ oer

I 'Spensi ng T'n sons e
assay labehmanbe puingbh daodts @ariadirdcdedtoandligoedispidasedther

t oget In efer d enbodi nent s, redlspensed assa
bl?@gﬁéﬂmolee 0 éfﬁt”sla{%\f‘ﬁ’é‘gﬁﬁ’é are hieugh ‘@mﬂi S QF Bigjpefiang dhp ¥mk
thé b8l OIRCSI uh’l%étff‘@é nfcﬁxﬂnvé?dvﬁf(‘elny%tﬂig or RS -c Ol et ifthla88bns

to, a reaction tube or a e.g., a mcrotiter
suph at ydrogdnrbondingahyurppleber aneldosirihatdianeertssor thivegh XvALERN

rea ts.ar rovid r of di c devi ces
of R oF Ep LAl Gt Tl Fhig gt/ Mplef 6% ofa
brRiglOmdB i or81iAR4" AVdh adiiflafindd op&ﬁiltlé%fal @ﬁ‘édnu@&oﬁhe(é\s)
Pat .- Pub.” 2002/ 0064885, each of which is herein

whigl ovaye ehesdlitogtly erfindiesntly labeldck s ent i r et y In

t I f d .enb t
par ;{lﬁéﬁlsgcg‘}% y r gagr [ e or 11? Oﬁ n Slth%l(rﬁ?l 1e(§r%§ag\%n Elg)press
(e.,g.,dfaélll&f) adxetle, o tﬂaﬁﬁEIth d zgﬁ(ﬂ) drrﬁss@orf §Refrd . VRSSEcence

resonance energy transfer (FRET)) of a label (e.g., a luminescent label).

As used herein, the term "FRET" refers to fluorescence resonance energy
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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In sonme enbodi nents, the | NVADER assay reagents or
I N\VADER assay reagent conponents are provided as a
Whkeao9/1/s2used herein, the term"kit" refers toPEKHYS2009/037194
del i very systen1for delivering materials. In the
context of action ass . suchdelivery systens
flyqrescerse egﬁ%y f‘ a?oraanﬁ&vvurca?%? e E‘?%?%B - NN R0 |
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may be delivered to the intended recipient together or
Olgesﬁqlgﬂt&eyefersép agrebrstligonycleqtidsrthat ReaneicPmpEy© BB n
lo 4S Y
R IR SRRSO 3, BERRRE . an
unlfbebgmeotedak catpiis modiodeds tsocle acs ek smgkdrowps to prevent
Xiontalnl Anal&%e-specif c reagents ' regul ated under
dstondy BYT4%t the Federal Food, Drug, and Cosnetic
Act , ADled BERIN e dok"H&brt REESTPa rﬂo‘f@ﬁ €y, ANYordBhdr¥ fh)it
system conmprising two or nore separate containers t
ab@@rbh at@ﬁtsamselangﬁhj brbemitoat afeconte langeavakdlengtlo n"ﬁhmf@rrns
"a2lptd fersgo t he cte mﬁlfor%?pent Eld koi gm "e Iop ngher.a
SERANG a gy N iy oGRS efiSmolare Vel YFrEY e ath
th@aRbile 6 Agsodt $on®f ort st @Qfﬂ%‘l’lﬂﬁﬂ&(ﬁe@frg}aﬂbﬁaﬁé d&Mor agRalt is
in a single container {e. in a single box housing
negp g denon greuRiexpicdly lzfzﬁwg@hbrw% pm).ThHa ap@qmqrm%t have an
ab'e gﬁj %éecpfﬁﬁﬂ{l%t Rias b ttﬁ%j d@t{bq G ﬁ&esgegtk& e's I ﬁﬁ/i the

e pr I nventi on provi

acaggavyis héagesphold, ftshenompmiisd 41g thind soll lompeewabelétygh; if it is a
conpanent s necessa for practic the pr

chrfpeRphor L quess eéxléﬁ%?aées tha&ngIEs %féwrgqurfm ttheocﬁnar Bithes
eritttrd d SHotci. OhisBhe Prefgld YBhIMAREURRANIES eﬁ&%%kgfg%?

reaction conmponents necessary to practice an
domes ayd/orTvecrkont mogtics are Ideltdetedl (kyg ane nadaburtmenpengntrasfer (e.g.,

n e or desired for s 'ncI din but naot

by el ciBa Bt RO R Rt e and B R er magHEY o fin
sohRGEERHSd tRb8dimchisS e %nﬁ@ﬁm s?%etnﬁﬁ oF Iuh y&e%d nﬁ@g@tsl M&Qinct

control target ollgonucleotl e etc.), sol

freyn plmm@swm amﬁ@trgm Qi domehmaw@/ @mhéhaéteﬁmseans (e g., of light

IR ShiRY) BRG B moBt SR PeBhiRbef CoibigahihteSoved) fom
caR¥thepnment al controls {e.g., ice, desiccants, etc.),

and the like. In sone enbodinents, the kits prOV|de
sub-18@pmsrembrdineap deaoTIBASHHE HEd! IngREbEIaoD tvithgnultiple

ac@épqgrcﬁlggtlégj ah tﬂ?@feﬂ@@ Em%éhhlent, a donor moiety is used in combination

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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supply the remai ni ng conponents. |In sone enbodi nents,
the kits conprise two or nore separate containers
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retdes-dichlorarGragihprerhedamine (JOR, 1w aesCanero-7'8-fused

pHERYE? QUM A 1Grd6- c?rbp!é)gﬁle‘]kﬁs?%s'&glﬁc(g‘%ﬁ)uf’ NARRGGY. ﬁﬁe‘iﬁf_ﬁ%ﬂ%ggm%o-o

I'um nescen orescent
cattabgtluomycche(V10) fadresdeihaaithiyp cjiHhatel‘(ﬂIT(é)C Bloycartioxyatethyl
ol i gonucl eoti de _or ot her b ol ogi % nol ecul e. Direct
flyosgrepinn fexag i @Embe%?-o%ﬂw Haide-oy! (IR} sevmey dapst!

childrfife, Sifhol rﬁptﬁkll dRinfaliR QJM@QF‘ m%shfj BODIPS él’ﬂ:' @%SCADE

coval ent bonds or non-coval €nt”interactions such
BhyBrdyge®RBOAN G ERN dyo phee.dissardine orinthenex, acraxhnew nsgzines,

Sl BES0 AL 8% SeF e P8 S oP DS D

S@tane' cﬁ@haﬁrmuﬁw HRf are'ﬂoﬂﬁﬁﬁted tcS @9&@@@%@ ant C?S’ Ay P8,
addi t1 onal ollgonuc eotide(s), which is/are e

Cxfi, Ceétdh, 9n<b€y7, piageing dy¢sapel, é@ramedbéi%caélmyﬂ@da@w

(T%&\gpr and tetracr%%?ﬁon tl noxvglﬁrﬁ ami)lllee@( ynks Sfﬁ?ge DABCYL

dy&h¢§fahhle€ti%§ siitesthiapsie ngru@ (Nerfg antfﬁﬂath@efss; m@&hfte g@eﬁgn ce
energy transfer (FRET)) of a |abel (e

nifrofi aFalec iitrpipdazole compounds, QSY7 (Molecu ar Probes Eugene, OR),
ECLIPSE quencher (Nanogen, San Diego, CA), and the like. Analysis of factors such
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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As used herein, the term"FRET" refers to fluorescence
resonance energy transfer, a process in which noieties

W@ 2009117381 uor ophores) transfer energy e.g., anRCyUS2009/037194

t hensel ves, or, froma fluorophore to a

non- f | uorpphore (e.g., uencher .nol ecul e). I n.sone
PR COE, A OB oD aSrehe LabE] Rt Caosretabls
ﬂJdré’s‘éé&QQ@%@ st R0 1li6FcEd Bk, $RETTY YinteQreBol vV QP ore RBA &Y

acceptor fluorophore via a short-range (e.g., about 10
flyomgssendeamischaig dlueredéquot poliantatioaceric duradioactotityer

ci rcunst ances,, FRET invol ves a fluorescence.
S R AT WS N ERRR T S
hy2bridegRBl(ek., ftd b OERIPAE i8.-a Hybridizklidn pobetiod &4saF), XErafRET,

‘energy can be exc an%ed froman excited donor
diffagtiep Rorhsornsion. magnetismy ezagetin gotinlye ehifrectgrestigs of mass or

i le). ks [

o AE R B B ATRERLU B I ol e oBleg Kl ene
lilet al., 1978, Ann. Rev. Biochem, 47:819; Sel vin,

1995, Methods Enzynol, 246:300; O pana, 2004 Bionol

Eng Asuseddiersin theytfrg dpterashpslabel seferse e lapekhavipgtvwo qigmore

| LSl t j i

G R S R TR
limsettoiany peftenkn ogtuteoofanterashen.oThgmmuadteatof dee lnkfler s t o

a probe oligonucl eoti de that does not conprise a
coRHEET B DTG Eactee §: @ SV ACHY OrBMBHOPASG portct
bk &I 1 RRNAGBtiest (. of, aFrble @b Bt E & Ldt B -coMRiohR] @Relyedhnsfer
probe may conprise nodifications, such as 3' blocking
begw eanpyoximap mevaties); ehmaneingispycsanpuk gnengs siansips(eys dgtween
herein, ,the term"donor"” refers to a nojet e. .0, . a
o il ey FiTEort 86 o her e b & it Foring
diffaRibs cfibct fe. § £6ABE@IN the PARIICWRYR 8B BN ofh@rih€hthe site of one
"acceptor" refers to a noiety such as a quorqﬁggre,

labl difiissniortle sis ofpnethen fbekiagrearat detsctallr effed. abiwor b
confid] crth o%{nﬁegéﬁﬁié?ab%ﬂntag g)g {l?ens%h%y(ﬁ];g{i ‘?@é &P 8109@{1‘%88@-99

S near onor gro ypi ca tween
moleule Anatasy epthey nwBybehdffercan absor pti on spectrum t hat

over| aps,the donor's em ssion spectrum Generally, if
t he %if’@’éb%}’ b & Charged, BYOdih OSILIVE OF Prgaive hargph alfprmgtively,

mhythd ehargéh hdukral. ?L'&S&F céﬁ@M@ﬂuﬁﬁ 8F Bonslst of ﬁ%ciléc Scig BF ?ﬁ%@ﬂor €

or quencher, it releases the energy absorbed fromthe
seqaamoe, soiloipast the séqueneegoapisoigahe label is dotectpblef é&r see

odi S [.teration in ener | evel s of donor

cr B SdResba Bl BBt 8 Wt d (o ., Vi
NMeasilsbRg cAHBHBYenkd, 8MHcEEorhfri@s a pAdticttefopattedttbr. IFdRtxample,

em ssi on) between or from donors and/or acceptor

ingome cndeliimants, wrmartlefser phodphoripadicke M cxantpde efd pasphor
spectrum of an acceptor mpeity is .distinct fro e
pTELT oS P B FER:G e, BRGp ot Bk Bhefbr AT SR, .
O BinsSER PSecplatatidn and pfopeitllof aifehal-toevisibRydon{ érdidh thhesphors.
noi eties can_be distinguished (e.qg., spectrally
Me@l ol 5pagl) 752 Bhi-755 (1971)). In some embodiments, rare earth-doped
ceramic particles are used as phosphor particles. Phosphor particles may be detected
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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each other. In sone enbodi nents, a donor noiety is
used in conbination with nultiple acceptor noieties.
WO poog/1pi3ef erred enbodi ment, a donor noiety i s RGEUSINI/037194
conbi nation with a non- fluorescing quencher noiety
and wi th _.an tar ch t hat . when the donor
UDYRTES 1n£raaqd3§€iﬂt? Vl@lbm@% s R hofR ghioTgon Kleubseduent

en%ﬁé@&p&&&\m- s%ﬁofé%en@é (R¥en ore M@t Rbakbyo,397;
ar ound nm or ess o the uencher its exci tatl on

vand¢ Raks febalr, dture Batbteckq@é d&(ﬁémﬁrﬁ @091) gotsgiens, kbal., 1RB
t th h
PeOE R o RSt Yiso EAiea o By Bn BRERRATCA B ketistndeosgip in s

eniX¥&itation istransferred to an accept or noiety. In
sone preferred enbodi ments, emnission fromthe acceptor
moi ehyuscd hgenim dheigrm ddigtinet) i iefronse éo signalh (s ok gnegr more

T
D BERR 30kt BE RGeS Bl b rp b
prapéicd\eichad fudbsceAb3erdiddipn Glavylicegth, AIESatotlante, Ress, size,

573, 103-1 10, and U.S. Pat. App. 20030228703, each of
flygrescpngePolarizatiofPrapadch shaige: 45 PTdhetapRluibty of integaction with
anPitek ﬁﬁ)‘iéf'%, su?lwﬁ #hh§ cfléﬂ{&[éﬁv%g 0§ ! eﬂ%Eﬂig %nbdﬂhb@([f zQOt
nIlmted 0

uor escel n m’ne,
YAKI Adusel b towl, diyetert éssadtindtiol as fisedom eﬁﬁfcrencn: toﬁmvﬂ%mud},eetlde or

ROX dye, 3, . 5, : .5, and 7, oo
Olwoaufﬂ%(?t}dﬁi‘?s 8 Pk bﬁ%ﬁ? a Ui e REEeaRt iyl free i vitro
maeﬁfolnnéj ?C 8RN n3 1aic OP LRHhiCaldGhhesis reaction. ExarnzPles of enzymatic

[ uor o-'5, p- net hoxyphényl - 4- bor a-
fodn@m of 4 S[yd‘@l@‘eqneucgelc pﬁldpn@mlq;fogmat@pn by restriction digestion,
4-di f.lu a, 4- adi az-
eycrbiah BB iRt BN B i veBintsn ofghomicel
syDkhbsiNof ﬁ{lclélehéldﬁﬁdlfﬂd/d bt arcCidt b@ﬁeﬂh@d@gﬂ ﬁlﬁ)spﬂ_cﬁ%@&r Red,
eosin, fluorescein, 4,4-difluoro-5,7-di phenyl -4-bora-

ph%pmmweéfhe@wtrwda@m@@arm@sua@ﬁ iHephgsplignate, chemistries, etc.
Se% dMI: h39§ zéol%cz%ﬁg?bw elﬂ'g) 204 pr%t@co?s%’m‘} B %&Yeotzdes and

ene pro
Aréhlélgs(ijpf 665189 6. Sigw\ydtl Bd. bH[lﬁlaBaPlfbas doaze-GFHiguackngdes and
propi oni ¢ acj

A@log&es ]fél Eractngl(zﬂ;gg%q?q%? gg(ply %lz, N §§ ZéCFrei:lkgtﬂ(g%Ed I\/P)91) and Uhlmann
ana]Pe?maé oy éra Agflavl?ﬁ ARE gyleﬁ) rﬁ‘?ﬁ ecggch( BEX g995), and Anti-
r'o-6-car

di met hoxy- 0 oxyr hodani né
se I Fsearzh aell prbcc&ionj ((EllDDb@ Qﬁd, Bebldw $idel, PREMBress, Boca Raton,

15934 EieirigS 30 ERERAR e brboe: Sk BYAMPELY ke

AGHWED) andf Z4HQIRAC 1.9 Pa$. Q‘JJ”SOIQMW% {?9425' Tf8ome embodiments,
6- carboxynethyl fluorescei n, Texas red, nitrobenz-2-

syosbatlc otzg@ual@ctld% -ay¢ intrBm)cd iniourraadtion pd%rf@medcwhléﬁr moﬁeme

e iy BT e A O 50 g S Lo,

e. g(@b\;t H@iﬁ)ﬁf‘o.f a0 lyntir RS ligR¥ adédvase er&lymoefrtw: fiké.n, QUANTUM
DYE, thiazol e orange-ethidi um heterodi ner, and t he
i keAs &g ﬂéﬁf@ﬁ& BEN-1"riB refgeence g anggnayme refersie g agn-

poqﬁnergyea@éf&dg}ﬁ&easg fi¥m a %ryo%’gr aAtchaeal organism.

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).

46



10

15

20

25

30

Cy5, Cy5.5, and Cy7, rhodam ne dyes, e.g.,
t et ranet hyl - 6- car boxyr hodam ne (TAMRA) and
W@ 2i0pApiBYpano- 6- car boxyr hodam ne (ROX), DABSYRCTIU£2009/037194
DABCYL dye, cyanine dyes, nitrothiazole blue (NTB),
ant hy aqui,none, Iachlte reeg Pnltrot |az

ni t r'ot Wcd st RotrpBuiget MSPREE 3|P°g'PHHBI%M1 refers
to %H? %[bg%od%)mfegggl tﬁ§ﬁieﬁﬁﬁrmq{ucfeblﬁﬁl@g%os§ﬁﬁ dPa8lpected

I Ke. Analysis of factors such as
poassdigbasiceyasatore ninseins rengodinands, difc rascnouiel apdrbculhies

f i n.
o PSRt g0y B bR R RS pEPiRoE S RgeliiForpfiom
cah&@ a&feﬁecta@ﬁt &&hi ©bcoir (kah %lr&bequbﬁdiiﬁﬁ@& tpadee1da98RONGEcic
, provided by the | abel s) can be neasured using

acgd teTdet Pr yigeal @mplifeiong eré s) wiyls fippiiciaerabefbmpetssh& arwpnce of
o flu PR o Al IR B ek R Ron Y B0 AEOE et

nuckogde osdcqpéree folf uaclestaien (:eEg fheEbsentt oka néldalpetucleotide in a

fl uorescence, fluorescence, quenching, fluorescence
pastioarin 3 apelsis acisk S@qylenCF &% HEiGaarof thegessnrepd ey kREhee,

pogﬁ&?hgqﬁg%w%t CR9EEN. RAMAN, col orinetry,

vinetry, ization (e.g., to a sequence in a
hybrAﬂhgﬂﬂmnmnpmnmenfdﬁmmaas@ymiddumayfdlmgmmmnfon or

b t t It
T AP AR AT g eyl e e icAT o e ialigm obiptsrets
inflﬁdﬁrg ,buM%{@mﬁédrr@ 1&E‘nnhkét£ﬂﬁtoﬂﬁ&ﬁq&?%tsﬁmbf@éhsnﬁ@% as a

used herein the term"interactive
Vari@ﬂfeansongcﬁ mnuéﬂfm@h offi salitad organisms, srolar %&smﬁoﬁm@ atnmamsm
er %p% sonasft01$ gpucz q q%te %ableaef ect Ef
e%n SEIRSEITP R P TBHY PTAV L MR 9T Bk PIERRISTAP %2‘? e of
pH&ﬁ@%@ﬁﬁg@m the interaction of the | abel conponents
e via |rect contact, e.g. , a covalent or
non- coval ent cont act betmeen two noieties (e.g., a

gekq Tlﬁﬁﬁlmﬁq&% {(91(1 col i si onal energy

rans ween proximal noieties); it nmay conprise
r esOliangescanargitidnrralaskes h¢raogenous, hedl weemssdys for thedetection
dyes,. or betmee a dye and uencher noi eti
Ofr%ayp%é?agrﬁp? §i6 3g1dy P QRoﬁnglﬂf%‘éjglPNAe Iy, Son\ﬂﬁ@fbeﬁwetnﬁse the
[ e
prpBRANEL ooeh AReRicl Al ADICACAUER oD BuBlophnif, SR RLoRED
enebadehes, giodtes edfnpuse arlineradivpdaention ©fstean sicht asrfarophere

g R NGHETist oy e S PO eRS. (B pahcgls and jy FerpgpT the

prERYit R€cRiohNAE A/ALERYH @ﬁa{y&%g@dlﬁe BRLE, cB@IQQ& W ac(fé@é'cﬁsﬁ
or alternatively, @¥ arge neutral. Labels can

sybtes még@ﬁedé@d@tﬁ@,tpr uckhud|tled @lea@g@ ofthe pnalytsispecific probes.
sequgnce

is dels g? er) Vetr n?psr%\tél €S reaelot%lnelg ee[e&%qlpr{létﬁoc{]s%sgn%eenlzgr%gl
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
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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enbodi nents, the label is not nucleic acid or protein.

In sonme enbodi nents, a | abel conprises a particle for
wa@lzaoeatizon. For exanple, in sone enbodi nents, BEEUS2009/037194

particle is a phosphor particle. An exanple of a

acﬁgo Fﬁh O,Sér J|8E$55i% IhC | gg 5%%('}&%&?09{1}2? tgotl((%]ég grogl tbén ugeeodf sttr?nge%tn
hy BB A TEY @Jndlt%n‘?a Qé‘% atlcOReARDREPREMEIEFOf but also from the fact
i nfrared-to-visiblé conversion phosphors Met al

thatrampsluptes Fornd 7m s Sugplp 7 syocessiul feotrntioh ouiymerresognitiameand
ggrth doped ceram c particles are used as phosphor
%VP%?cles Phosphor particles may be detected by any

sui teRd Qirpminofbsult BEIhY GhhgRght BRitenfi6t islthaAithefint®@onality of the
up-convertlng phosphor technology (UPT), in which

fopiprigbprpbes hasditiersisispsndananon gic nregiscessarggipe ohthearreks, so
101(1%@ the gob%t gﬁdﬁh?&?ﬁ:o? fé‘ﬁ% ofVAS%i l;%' f%rﬂllt n]% ggéa‘ltatrgé%lﬂgglex

I'St an ani smis not SS

Ap [rﬁp‘drta(heastpbet qcfrtleas ¢aek of dygonidenoe oandqidnec priestahd T, ofthe
inpvention is not limted to any particul ar nechani sm

angfytersReCHI, reginn §¢Riemunish a@n@mt%e %%ertﬂﬁm]ateebm%? fisR) does
nolt %{ﬂd’%ﬁ@éjthls o dm%?lbg bkl ?036' e &Xecg}flh tdac RN Ghe in entlon,

sorption an seque Rt em ssion dopant - epen
evphosthb detestammesctioBeep erﬁargmd ath Smpeattentsubidant]Ig 9@0@&%

Ri t | it | 273-6
colooBieR] T S oyt et A1 PR gecieReh B P e can
ch@a@% @ﬂro@@bé%@ QARhost %1@1'9 dnﬁﬁ@ (At ha(%%da R ol HERICRIAGS be the

herein inits entiret used ereln, the term
kntoghinsfopipeint of the ﬁ@fyeérreetncb@ usoi withndétect{om. agsay; of. bher lgwer

re,l eI f rs,to . signals that ,can bhe
e Rt MY ERRGhE b griRaaiDfieens B0 RN R slaulpiesfm of e
an@Iy@R§dci fRSre§idh beSe plodeddas el Bt @sibe assagvel engt h,
col or, absorbance, nmmss, size, fluorescence

pol afliy a%neowfpshwéﬁam BECtiORdY ¢ dranggis depaturg from traditional
pr%@fﬁﬁg& %%%5(%00 Rk fe?a%‘bta?@so‘%ﬂe ANOBIGE H{S‘a{fﬁéﬁ%sséfg p%e_%ﬁo

reagen an enzyne, an an
sehst aRladnk@ic iprobet ﬁtat areroperablenit peiticalar factige@dmipbratures. For

reference to.a polynucleotlde ol i gonucl eot i de
exe@pge In ARy BRIt aPEse-gothy TAGMAY shidetes Bsreer 1ome,

n‘?ﬂddllm&{t §f {h@ IN'VtArI?EI( SRS INOADIR gLU %Qs 2 éu@ar?ﬁaeratlng

en1ca synt hesis reaction. Exanp enzymat
tefnpenature Gor thff asaa351ys mhhmuas arfurst] seipan aleslglmng eh askay for a new
tion tri.ct stion i zation
tareb b e A e B mrben Bt fool Bl
dlﬁfsreﬁh&aﬁeﬁﬁﬂenﬁxcaﬁ beaésgRll thYe beiferneitdedtng! Meeibut sahe
not limted t phosphodi est er and

theyned p%@rrqreocwémtoc hgm:%@ tamneratpie s pp@aam tichescanprobes,

pr%ef%h o /gr og Tjus geyhce gﬂ %;orrlggosﬂen rogtt%ecagsg@le?rg rdbmgnedhf%ds in

peﬂohg@mqh aat detteedandpAnalog@mdffons 166 dhﬁgrehﬁtarg%@ E&j@hces,
Ed., Humana Press, 1993).; digonucl eotides an

thppeabeyprsprimerspgcadivssed, agprin learth, Gop ba@palmentem and/or by

thEGH SR ofEs@aMhz]h?gg TbictiRD 8L M TREBs or peptide nucleic acids. The
length of probes selected 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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and Peyman, supra. Agrawal and lyer, Curr. Op. in
Biotech. 6 : 12 (1995); and Antisense Research and
wWo\pebitaei ons (Crooke and Lebl eu; Eds., CRC PreGSEUSBOYE@37194
Rat on, 1993), Beaucage and Caruthers Tet r ahedr on

sk 130 Aot RS e 205 GHRSHE 2 GRIEG
proviatd@tk "‘Prlﬁlleﬂgéfﬁ?és?l’ %\*fﬁ@ﬁa&{age le‘ttl'ié)&jésfg%%f'pﬁ%r§and

reaction pre- or ned, e in sonme enbodi neEnt s,
prgwfmebq @ndlinggons &rem@ um@éQMéNfamdmmlarrS modédst @GR assays

(o B BRELLERE Rty S8 Sl ing L ERIERT e ron

intph@cleefetthdriabt dyclihg tdnﬁfe@dt@ﬂé%oﬁl@s AThadayse T&heslsgilkd a
nonpol ynerase fl ap onucl ease from a eukaryote or

prayidpsias IIN?a’lAé%\Eﬁ\@WtOMOﬁM@G foreseaction pHEN Y APRERFggopucleotide
PR R BT AL PSR FE TS
63°€EN), ni ck exonucl ease (EXO, and gap endonucl ease

(GEN), activities (see Shen, et al Bi oEssays

Vol ubke compopidiops n‘yethcrv%ig%@%ﬁwand kitsopt the\prgpens fnyeridon obviate
i r he term
th@ :ﬁtéjeginf?f %Clhncgtjfpae p%'sﬁlgg%%? s 96 fewrfag% phisnt refers to
any nethod of inferring the |dent|ty of a nucl eotide

05|t AQn of .a, suspected point of genetic
Id\‘?ﬁ?fﬁfﬁ P?ﬁtp§’(5‘ﬁ1§‘z8rrbod| ments, the presence of a

par tAwﬂsé\{ss&pibW@ rtﬁ@pl%sé& inVOHEGH fn‘alaes' e @F &%ﬂe\’footpnnt
detected, e.g., the presence of the pol ynorphi sm

probass é@er@lﬁ@@tnmfatﬂeeo gteant foptprint toy ra d(ugleg-recqgnm nucleic acid

rng%/ gﬁ%donze%%ilr%? quI‘@:hedch {eeal\lll%?ee & n # nIlugfl gerst SaurC FEN-I
enﬁﬁﬁﬁiﬂéa@@?tlﬁowéﬁﬁ the BSemed 1@Botallrﬁﬁéd/ﬂa§%&lphﬁf®1@bes designed for
nmut ati on may be inferred fromthe absence of a

usg avith thescanzivney. dong efeskdl ingdbe e meoaldpe welt pllete arpdy the same
prén% é)lq?s’ tottlpeeatﬁg%?srbﬁheoéct@u récgmt&ﬁ%ﬁts YGIRPhLAS a&dqnodn:_}lfmg

ion in nucl ei ¢ ac Uence as can i ndi cat of
enkhi@epr esence of a nutant or ponnDrphlc nucl eoti de at
t hat positijon. ) the term."det

an i AdHes-dimarions TBP%jHif g}ﬂrs%égfewggf@si Hag e e?éﬂ?}]@rgé‘%?
(FENS!I)GI%IHQ{W&%@E& t/bﬁ@stds%‘lts €o pngse KO A 1RE bbat I%Ec?sted (see,

I ncl'uding”but not limted entification of
e. gmUcﬁJ @atenndppli HeraNoot @83, §5ﬁ apd g\l],awaagt al. ,\/J@unmhbf Ieliobneglar

BEIGES: pAaRPuRo s CUMSE gBhreerE byl Sy RE peeyparay sructre

ofgs@@&yn{eaaﬂuIawaﬁé%"f,blcech@mlclaﬂﬁmmbnécmar B GakSM1RY in
enot ype. DESCRI PTI OF THE

be by phenotype or
fwm?p méem@@gwtwméﬂmen@ﬁm @ndatﬁle@ths E@ﬁ@g@ﬂ@@t}@een
| fi 1.5

th%gaflll 1(1:1f,c 23 gnc{ &re st ne. ﬁ%ﬁ C#e baaklﬂ{t& e ovg ﬂap

suﬁsfiw@w&ﬁnﬁ&ltlﬂeﬁelsmg 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
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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probes used conprise detectable noieties such as
fluorophores, while in sonme enbodi nents, probes

w@epnizse? an i nteractive detection system sSucPCEES2009/037194

fl uor ophore and quencher noieties. In yet other

enbodi ne ts et hod and s ste t esent
ra%mfé fo Hﬁ?sa(bél’ 3%1%'91&% eép@ufcﬁe@ﬂg%‘g’égrget-spwﬁc
seﬁ@éﬂ%%rﬂnﬁﬂa‘c@ ng;%a%% nQhe BYSIE 'Ehﬁﬁﬁ‘é +QYERGod 911(9@4 &&dvage as
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thp fenlgthsof aihlytopspesidistseiupnentirapacheroatioge $2 nedtottdewhen tested

W OBl Bl B SR IRt PP S S

cl@&‘vag@ﬁ sBéreRe Gﬁplbi%é&i&&bﬁkh@tr Bn&f m%a& J?y Klalfs@ﬁl el ., 3FH8YChem,
conditions that are at tenperatures far in excess of

Velnd74vdssur 48, 218fped dttdely ?e’>f 199 Prspagrefsred pabedimsats of

Rl i S G
d&l@ématnwfeaseélﬂrmﬁesamdm%ztﬁ qieldtﬁcaengh ofhera sioy ]2 nucleotldes
36: 10581 (1997), and Santalucia, Proc Natl Acad Sci
indength. A5 patpd akonsom ceger cmbggdameits, foastobmom olfhp RO .1%
i
nSEOSELLAL, SOENTQRERALE AL TR
enabglitpents, itheifomtprime plvdmas snmusédamt qomju,ncti@tt anth uggégommucidoatle

t he sel ectiv s not anly from.the use of
(e TGRSO YRS P teaRE ey g et e

reaction tenperatures), but also fromthe fact that

any duplex fornmed nust supply a successful footprint
Useof fevt:pyim preb&sgniammmcaﬁqn @S@m’age One surpri sing

res nis at_t.he .. :

fumL:JIItt .lsoSﬁgw.n hfir“ %S“ff%o pﬁ? eﬁrcé‘%%% Upean Amplifigatigp 530y,
evee Pefhd §Rcen @b iphendds mlﬁgehlgﬁ&uﬁaﬁﬁg impchgures, el ev&in

|l ong as the probe contains the correct length of ASR

reggsiony imvhish th ‘gpecaliag deparipreexscdin therpwt exmingaspel pbove
thgft,algz L d TG ol A§ﬁ%‘}‘?ﬂe gorﬁ{{‘ﬁr%?g g%'ﬂ&?atéé gtéﬁ %Is&g'k‘?aélﬁﬁ}d

e andl yt e-'specl erm née
méthedssiaghient,sucion thaheatstibghBGRhodtdasd potlished baremeers for
t he pfrformance f t he §robe in_th

d
DN&uplrfermtion, &llawy and Pl usize Biggne B ecé@ i@i%lo@%ﬂ and
Saﬁlﬁfl%kiaoprdcwﬁAFéarm% Qs DA BHPROL Mﬁr W&Q{%trﬁmlhﬁﬂlﬁ@’the

above the cal culated Tnof the probe-target duplex.
prdseusinvemtioorte faey pwcelabmdchmmmsof amtlen,aamppthtsahze the PENble

cngapE ST R IRk Mot arik g e R PR prapepat

tetPO@trés WH LR kit U ARERY ;. eIn&Iactl@xﬁéfmfeﬁw Bata provided
nucl eotides for Afu FEN-I endonucl ease) and one need

hemycfltlesl@wsdbatéhﬂ tempcthtiref attrtdclatiginyateodsipd dhef presanegivertion
cap) %%Ee{ectlgé R elqjtl% g{ \é\ﬁ%%igplethl@egn dlet %‘ft a?cul%?cg % ?f]:[ﬂe ASRs of the
prd@@afswr e f romtraditional pr obe based assays, in

whi ch el aborate software and probe nodjfjcations are

us ednsgme 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
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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sel ect and construct probes that are operabl e at
particul ar reaction tenperatures. For exanple, in many

w@erioon1zmetr assays, e.g., the TAQVAN 5 nucl easeCEHES#99/037194
or some enbodi ments of the INVADER and | NVADER PLUS

assa Iar oper.atin erat for the .

assdglslil%lgéﬁ@%@ﬁt ¢S SoPPputionsy g 3%y e&@ﬁf;ﬁﬁ?ﬁ HGSSHhIIySig are
db@ibed iR ek D@Milﬁ)hon Beacth@hiibe, %@ﬁﬁ&ﬂ& SurhBai9f e Invention

selected as the first step so that nunerous different

(wargheis umoemosatcéhetb dydeisiagpnedin wnbectiparfidr ersdin spgeifiaer

at or . C a
SR A N Sl SR o %@#ﬁlﬁ?@?@ﬂget
angﬂﬁ‘fc@ﬁm@tlﬂg o 19@@1& bGatd€ tHdt HRAPRMELH S W likhiRdas &rye ar e
esi gned for ormance in the selected tenperature

enghgdinentynghe @@bochmremé dessussedpelew asenigitied dy wayeofsrampels.
an@%%t%rﬁr{{ﬁz‘iﬁe ?bg}t{%ﬂ justed, e.g. , inlength, GC

asepai r con and/ or by the attachnment of
st atdebﬂl agbodiehisead asieiotsas thdGBsscat inpepiondae dischsed
acids. The length of probes selected to operate at the
tenperature may be very different, dependi ng on
t he sequence of the target nucleic acid (e.g., whether
it is GCrich or AT rich). To successfully design
Assanganmlgﬂar[nﬂonéd ﬁpemﬁet}confi gured to operate at the
same, te in the. sane thernal l i set
o TN BuRE O BB et are Sy isdeR Fome
delRshg Ehr@ét%ﬁﬁﬁ%catf&f as@&&@ NRIcR as POR! 45865 B 38 $fRIBin some

provi des the "Pri mer EXpress" software’ package for the
entfeslimgenta fthppicsant s1vanidorppriowisies pirstines, osthsidnand bitsfof or

5
el iR RG34 Mool indorPHELER S TR BBl G
cléaaﬂag@ass@%) Wikr®ehelddtection pNsep e[hprbyggrdbbﬁmlrelaﬁiﬁily Eibrt (e.g.,
tenperature profiles.. Third Wave Technol o

6-h? besctleanabyieSIONADERCPS a];ndrfe@ﬁ‘ﬁﬂ fewpadimentss e&fz:mrpb% 9
cohgﬂg@gﬁ ﬁioggfsggl;iﬂhﬁeq Entqejﬁ af lg%) gta&gggfs tgl? Cﬁ@ﬁmﬁ ?erngth of duplex

thatesrpfficadndy @edognigable 63&@)etecﬁh1e a@ANRQS) 4 tlonage apdrioad, as a
]ﬂiSte , and kits of the present inventi.on Ob\/l ate the

ddUCERSS Sedh BEEplss anals igdaeghvidh & pusmMah dhveaueics to
thé Q@ﬂw g&qh& ?S‘m% of %tﬂ% b bre SbZ&cARd %ﬁlcmﬁ%%ak%% at all,

the present invention es use of enzynme footprint
Ingsndbesbodmhemtm datewaethl@deufaga froecpghest liybnidfzed tpmismatéhed
| ex-r.eco ng nucleic acid. . nmodification nzyme
tafbel HEASH PGSR Fofrae Ll s Aty oBavagh HouaBieB™ Len
hy®$idZeltd taBd a6k @8RIQRat ltpmeeﬁp ,coﬁlb%rﬂeﬁ’bﬁ@ﬁ td @B ahﬁyféOt
limted to footprint (Pro es deSigned for use with

smeﬁés podionynithe probes, ad dikiaplay |th¢r@hyehaargtfea\mmp@mﬁ@twdvor
1 I§E< gglythe sane
OWGI' ackgrou

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
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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principles to the analysis of the activity

requi renents of other nucleic acid nodifying enzynes.
wobnes2di nensi onal nodel of the structure-speCi/ibw0%5037194

fl ap endonucl ease (FEN-1) from Pyrococcusfuriosus in

t | e th DNA be d .,
Arger R AL Pt BerT R 10 Ba SRS of Bty ifitedde
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pai rBhetnf&bf @fam)mmr@t aulhias &nptil (aBo defarrsd teeamdofvnitiam
cleava%e site, thus covering 10-13 base pairs of

BEIHRAN Corfiast g gnp Ppsﬁliea@adc“@leér 8uiids Broaied vy pgaan
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of T Pyt s bt dpmSageet AP Biot' Ot 2022502 87

94U(9399‘)3@mc@%’hﬁ&popeft&pﬁe?elhhﬁtreﬁf&l\éé dKaﬁeld@i\éﬁﬁﬁerdetﬁ@bffects of
dupl ex in therange of 12 nucl eoti de

probaseesst thplex hsive subsmteﬂ mﬂhei@wnd@@rm fluplex @agth's opbeivERLo

t.h f

PG FlioriOEmuy or g iSRRG il R i SN .

andNA ADBRSig6hld| €otRiequeBcRIpRRP a8 6 base gdguh Ichdth. Experiments
nucl eoti des when tested w t h the FEN-1 and

expoinadepusaclpsel KigN! snzyimigs| derek fulgidns ARG ENIDP dvdnstit

(Pflge}dg\ll)eﬁ‘)’ za%aa @? QFET% aﬁH Rk ?%%%O Pﬁ%%%g{”c%kwt%ﬁ two
eubS&Ht@alCﬁﬂlyrﬁ’e]:%?I-eﬁiﬁﬁé& frdml?S/ adizatick®A2qPdasd Ti sthermophilus
R SRSt e R T e
ex@ﬁétmf’@ls edgvdiugd ov'serlagﬁfﬁg %B &ab é?lra%\é Il iecﬁesq{idelf endent of

| yt'e-8pecific regi p to about 12 nucleotid
downstrearg tihplexdengtt iedhatmoge froimnl (cterlitdiase partyo dagqh tc&avahme

16 s B s eaP e N et G 4T thy 2 Bpssrmaiiwstrate.

FRHRQHERBRLCS, clémgé SAtvRIdsHeclRERRES: AL 8 bﬁ§ee1‘5’au* fownstream
conJ unction wt an ol 1 gonuc eot | r| ner or

upmmm argbmmﬁe@tthyd’éqmeﬁa’fheprtm/d'né@ langthﬁmsrr@émed to 6

f footprl lificat

b G PR R R EMRIT B MRS AR B e

sub@tfat@entusmwbmeqjml domngatdre aulﬁs;s.ayﬁus, a;seeﬁ probds mﬁvmg short
presence_of priners havin ?her nelting .

anggfﬁ%g}e&t Ierregiongpr@visige an pélitional level of discrimination beyond the
mechanics of hybridization in that, even if a short probe anneals to a mismatched
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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reactions in which the "annealing tenperature"” used in
thermal cycling is well above the cal cul ated Tm of the
WQRBRIe1732he footprint probe (cal cul ated, e.g.,PCEUSP09/037194
standard nethods in the art, such as the nearest
nei ghbor nodel an %b“ hed E g%rreters for DNA. dllj1 pl ex
TP PRG3R COTR SR 4 CH1o0E PAThos GBI sxtsyd in the
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ction, it. appears that
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calculated Tms . In fact, experinmental data provided
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dupflRsstadiilizigempicoibe suci e MGBB, can e nellb oslivoenfos real prebe
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. eam t he end .0 he ASR.of. th obe) . .
nigl e e oS Pl s 0 Parbeeiipesin fibergk Witgnor
lithRing the A0 tIMARDER, ?ﬁﬂtl@ﬂﬁ#ﬁﬂe@&hisﬁﬁéf dcBioR) rlﬁ‘ébﬁg @nfb@dlrnents an
pronote cl eavage of the short probe. Al though t

cnpmh oIt reastipo of theqm@enfamlvjemybgt egsaEN-h en:pfrn@; @rw stabilize

o R SR e PR S el B o RS hRbARE) BB eaion

oflaSprici&@cpRi e e bhirg dit¢s, @l @heBE 8ded at FengGRANEGERE tHAR cXdctd
certain specific enbodi nents, e.g., in the context of

thein Bl temperaBIeshy severahdqeress ordidd of t ar get
?‘”p' A{ liﬁéﬂské%ﬂn tftwé ]F%t%g%c%&ﬂ%ea r 81% &ﬁrﬂgﬁlﬁiﬁe{& ngtlnﬁd for real

invention 1S no ése e

tuﬁasrttaekttmnh POR scluseedfflabrscatls 1fetad ahelytdypeatic lyirolysis
and not tolimt th]?}' [ nvent| on. Several .

pre dE'J h?éﬁ%@loanan thepgaest sogpop fyeussd Eds; HRARDEZHC Lruged

th&H 1ﬁ8H§e°sead5 'ﬂﬁél@é(!e "HRR W4fsI HRH Mt LRI iR Igdh;rkl&%é?éq

aspect of the present Invention i's {0 provide
cleavdgaret the geobk @ccude tetheipotymaagektcadpthefA(FRapiimar askays,

sc S, inreal tinme. Iln s odi s
CrE RS Qa6 (55T G e Y Sl S TP RO dlgland e
alKbPtox. Natl, Reld selrrUIsg, gy DRt (199D Tl ©ald t9fesdFSaNic1dalc PCR

conbi nation with detection assays (e.g., cleavage

reagivag.she poliiecese pred §ewelcasearic proyeded appinsyaie prosties(ad. + Fu

Dl(ﬁ&l paotlglr}lleerlaXG anlgiolsftu P(E%I-g ‘ehdonuclease). 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,
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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6- 12 bases) anal yte-specific regions. In preferred

enbodi nents, these probes are configured to provide a
wpeobeliaeal yt e dupl ex at or near the m ni num | BCKYUSR009/037194

dupl ex that is efficiently recognizable by a detection
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m ni mum dupl ex I ength for efficient cleavage of the

stapilbtyof He hybsid faumeqdebetweenethe oligepuelerfide enlijarect e et
URTRegh %55‘ tIéut Lin té? gl.t H?t %&Qa%%{i gﬂaﬁlhg}pg ' %‘cr@a{se& Hggree of
o"the targe

probe 1s ’'ms Hat che
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fopge W:%HCQrMQBp‘?léﬂoéP‘flé‘EP‘]érPSBﬁHgﬁ@ﬁtC@mpﬁﬁé terEhgst f qrgle by an

untcpﬁﬁg:’tﬁé% ?ﬁ’%r élggﬁ'f idle & 18RRI l%ﬁﬁﬁ%ﬁ@k%(ﬁl?gfés. Chis %@&t is

target dupl ex” | engt oreferred to
paascul arbvgrehoweand ﬂuph@x ohgngnc]repﬁdesr(e @ori¢ss dstn aboutadl

rea | ex;' s is provided by, e.g., a
nelRREERT ) Bbeau ok PT oY et neifis by, down
toQBo ! 12aNRESi&I heb@RE Yedin FhRAUALE 0PRIHEIMHESS (feBase PCR

i nvasi ve cleavage structures) has been studied for a

asgeysi iedt yto @tnda‘he tﬂngfrtélagl@weq@zcyme@ stagéjethae tlge prirgeisser et

al , ol 3 27 éé, l? 98

ot T REhR s R o e Ve AP DR buret iR
degXaifigRebds iaad pfifRed Br efal fifne @@H aét@@tondiapéde@h e MAMAN 5'

substrates with downstream dupl ex | engt hs of between 6
nuclease probe cleavage assay instructs that probes should always have a higher Tp,
than the primers. For example, a standard (non-MGB) probe is taught as optimally
having a Ty, 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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and 16 base pairs for an overlapping flap substrate in
whi ch the upstream duplex (e.g., an | NVADER
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foir ﬁletp'ﬁ?po%g 89%1%%%515? ARl §té30n11 Prf(t’lp e&uéa &I‘@ g d,s‘d fhor ?&%igi(f% binder).

anal'yt'e- speci egi ons ave in ce
enb oﬂtdmlah@le@fprcm&@lshe«@n clbmangtg]ee thasthy shore fcg;tprlﬂWAlBERof

assays, See, e. U. S.. Pat ent .
thpp A vERUGH ProYidhe Fan Sign ds}lf“@&/r%?fl tlrrwr?f% deiaiians  lttlc

ba"cHér%ﬁncf (e o PEARGcABRIIEAD f&*mgrn%fiﬂn ol tHFge%j@&ﬁl%'ié Qéb re‘%‘ 9gRe

i n-anp cation reactions such as in PCR

4)surpri sing that probes having such short ASRS
especi ally probes | acking duplex stabilizing nDieties
such as M3Bs, can be made to work for real tine

A&ﬁ&ﬁpid@ﬁngmﬁ&%weo@ﬁhf ormed at tenperatures wel|
above the nel tln&@tenperatures of the probes. The

p e r f@mqfhﬁ@épm of spéessmdbré@tuog isloeeyide fagtos peap fimsidgtgction

PN
mm&)'dlsd fb@dl@@(ﬁ%ﬂt&dvé a mmm@yﬁd‘lﬁsa@@ ekavOhyibygis prdtRs as a

al toget her. \Wile not I|n1t“§ﬂ?the i nvention to any
priagtes extraded miaiegpesel e aels frPCRnThgnEcamtsed |S}ﬁ@ﬁlt s an

accumulation is tied to, and limited by, the temperature cycling of the PCR.

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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enzynme in the reaction of the present invention, e.g.,
a FEN-1 enzyne, nmay stabilize the footprint

wpembeiBar get dupl ex, such that short probes cRCI/HS200H037194

bef ore extension of a prinmer occludes the binding

tes, can be u t te er.at s t hat excee )
sugh et Rispiths FERvaa s e By e U oy Sl g5 e, i
colSurfERUES €D o hdrdalioBARKH HACkoR BRI OR adain SIOTHRLY,

used nethod for real tine detection in PCRis the use
of fAwespssicdrih¢ preba eﬂV@dtl@naltq pmvscbectﬂtéctlon hgsaysainwshush the

' h
Rl Ordoi RER LS wodebdReRbe ooy 4t imal
cydHEs 6PHE coMduelent PERSLAY] 6y ex@@lbleVint Prefetred embddigh AT the

pol ynerase) and cl eavage of the probe occurs as the
Prpwnyserna. egleayies mwcp@melmserfmm tecnalyéosnecdicrebrewhen

i DAL B UL LERT S REE an i e bR R en Wigicppresg e
folifidh8f f2afy sub&Yhignt.cldanagammctuygdes. gofvith FREL taastes RER
reactiaons, the polynerase and 5' nuclease are provided
degicteddin diigre 1p|118)§%m?1 gmbedigientsphg Imip GhesvpePadect anpptprigher
o T 1o bR e R R g ™
otm@bﬁ)oﬂfmms 2103 hltgratmbrsq)ﬂ the adtid @leasageprodweaf @g.afurther

structure rec n|z a FE t he
IS RS HE SV eI Aoas Paeyrar fhs et ggea dee Prodgigrom
paﬁ% P%%fnéam $he Brmafdnloricdiid Ad %ﬂ’&eaﬁ_’&t cﬁ%gvgjﬁ‘%h%
ster M X Instruction Manual Revi sion # 114005
St r almngetrc@la@crmefengdjamtr@h@@nfswhgaércommwg@hsequdm gleavage
tructlo Rews on # 400 .
e AL ROt e Y Y RO et B 0eFiend ol sames o
thé PCROBSpERTRE cydHpe Qich Vigat infany RRadERAYrubREds@an Fdiat add e
hydrol ysi s probe e anneal ed to the target strand
clesepd piealt racpthphibe tgmporatarsd dhe weaptiqnyp svithigdigmange at which at

e [
e8P E Bl ORP eIt Byt Sl LGB Sl BofRred. spany
copes oif fat deectibe clte&vajgetstmmieena:y beeldavedrfer gichlbobyyy ¢f the initial

with a her nelting tenperature, or Tm than_ t
clwa&eep@gw%e%vems thedeRpgRfure eﬁ@*? 6WCF1%%810|V6W ragigh tﬁ%thﬁrmal
cyk‘:]le§0f E@tc%%urf\gﬂt P?R2 R ﬂgg-'éﬁa Fﬁlé flal lﬁﬁ%&) ertln' tH@detectlon

desi gn software from Ap I &d sys me, Stratagene's
asSdynwillogaehilate more@aqadtyl thatt aqoanﬁ(aﬁbn Mﬁtl’rmaahspla;nd and more

cations 00-00/ Revi,si on #084001
fa@@Eyﬁhﬁ@ PostblE "6‘3" %?qﬁfibv@ﬁalyw RTG ey agf, Of ViR Sgrgadary
de@e%‘ﬁaﬁ{ a@@?d BRShich he ﬁﬁﬁbéllewage ?fodﬁ@ﬁs BERRBcH $atBASHAER -used.

by selecting an anal yte-specCiiic probe sequence having

Ripath gighalanenmdatiemdoveonpiesesitive datction erdtesrlisatimedoTasult.
of above that of the priners. In other assay designs,
shorter probes are used, but the nmelting tenperature

Asshyd PEovidiaB . dveri@seed by attachnment to

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 probe of a duplex stabilizing nmoiety. In

particul ar, noieties that bind duplex DNA, such as
worR@dni1geoove binders ("M3Bs") (see, e.g., U SPCT/US2009/037194

6,312,894, Kutyavin, et ah, Nucleic Acids Research,

2000, Vol No. 2 .655-661 nd ABI Priner Express
thiarrstip Pradyse 35‘31}5tF'e“P8%ﬁﬁB¥ﬂ%§s o8 PTNFIPSICrbibes
avbffequse in real tinme PCR Conjugation of an M3B to an

ol i gonucl eotide dramatically increases the stability

of the hybrid formed between the oligonucleotide and

its 312, 894 Kut yavi n, et
Asgﬁyst ‘g ggﬂ?&?‘é“é&@&“”s‘?&a]‘ﬂgi y (i.e., increased

degree Iﬁéthbdfsmﬂ thé BrRbdr@ MvehBorTae lnbeﬁﬁlﬁsd byt thhObRkrget
neltlng tenperature of hybrid duplexes formed by such
g

nuetes: #iq.gbefuxkepta. e taisa) mg;éﬁl‘é acid ewprpeglede. for axpmple, nucleic

C i.d
T
tarpeoseguame beﬂdm coharted @b b gDINJC hﬁtﬁculéetﬁro@gh the, acheﬁ of 4 hrse

about 2 1 nucleotides in | ength and. al | ows such

trefseineRs: Y WA AtCHEd BoHTAUE S %Péd BiteHies astpywingosPegaiRR of
th% cfidat §PiHe ?&ent"?@éntﬂoﬂ%vlﬁqﬁdr%e't (f}fn%'lé’ ﬁﬁg@%f deéchﬁn of

onobgenous ease PCR assays, 1. €
IUNAH@@ttwnn@ﬂﬁsﬁn&hﬂmﬂbmetmtabhyyﬁhmﬂﬂahe prinmers. The

Pri Ex Sof t \Y [ 3.0 tt St d"
qui 8 SPBY S BRIy B BIBE L HEP 5 g et e
efoﬁBléj girRghicAABsed ifRn the nAVAN ton (9%0 5@@3%1%t%qpa%ment a

cl eavage assay instructs t’hat probes s oul d al ways
cl¢rerge flap Iﬁloghfer nypsitchelenviaperqaetions es:.) o e enemgdred a target

s bR of s e EboBERRG:. U RN pRicf R IR e

dd@@iepmt@tafgemhdmc hadiffgn WitkchQhe Q&ﬁme @e@&na@wta@ 60
0C. When an MEB is used on the probe (e.g.,

geapratadi o pxnnled ip 4t ipive pl@évmﬁa%ﬂtlonn%@lw@ﬂélap Hepm @

prfth Teabibl s s b B St MR o B R ER B Ot
ca&eﬂgaa lehd IZREQ c&@xestd‘nﬁemla RoAL chzﬁﬁcttbrgélic&(e kh aéngﬂ}] r@rcf))(kjmch

t
thﬁéﬁ%cllagmrﬁke@tp § ﬁ%@ml@ély{‘tv 1@%@@35% ap gq?'ogqrﬂ giob, By using
bk ERBT AR &ed (for b $hikf f&ﬁ'thu %ﬁ: Pnarﬁf%rra AR5 Re telcA¥H igh

the pol ynerase and 5" nucl eaSe cleavage activities are
inprawedded as separate enzynes the recommendation is

Nt BoRE e TORU i s RARGATShe CERIOT A dpagection

wilP B Ehodt REfUPhESIBBlcadHE By hfic @5@5 Io@la&ebtﬁm sveq. gk')e@ls Patent
time detection assays conprising hydrolysis probe

Aprlicetign S¢roNe, hHad %42 s\é@@x B |11Lcorr@gatg<ﬂ1 Berg @Wé@ﬁee@w oFor

€ Bf OYI gne otnli]ee rn n rn nt tg {Jerslnr‘gtl duP 1S COn n ‘b nw1th
EREST eIV ot a8ty e %y&ré?%u S b"r8 &5

métiedLCrhhd a}éhtdasre grdat’a:r AN ragg ) Je@BtEon 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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FULLVELOCI TY net hods, the footprint probes of the

present invention are selected to provide the shortest
wo sooguir3ef probe/target duplex that permts suP@EDS209/037194

perfornance of the FEN-I enzynme in the reaction. The

bes. of .t he rese i.nvention have nelting

of @Bl st Sppiseh ot 5 ol OGS bY S ettt oo
prfc@® Eﬁlb%lhﬁn’t’kh b&ﬁblhﬁ‘t?dhs%'f BwdidLRhord &F (ROMRIRUE AR oyed.
enbodi ments, the probes have anal yte-specific portions

Fagfexapplor infsemerprefanté ombodimenta) twourghotegivelics (agdthoeddour,

ch co onen i nfl enc the .stabijlit
ot 5 s AP SRS TR o iichitSo R RS kil frgnlevels of
an@pTHRAliGE NihSsondeRacPEmbeginehts! &ieh probRleadrhtek MEeAteARper
not contain a non-nucleic acid noi ety provided for the

signgt pothat ofe simplyedesqctigotah sigsal gsnerpteg béift ¢ Feacténms) dke
ol QAR SRR RS TS BRI DRI e

FdrReampist édpleriineus mbndmtqnhﬁwm@eh@hmmpmegnaf thel pfelsélg ineakion
time PCR detection, with little background {

hav demansiiagadiiie abifibriogietest Grast nycicigge affog%f»arelblﬁ% digfeging in
ov%f" @1 hﬂogs of é:dg?%ﬁlb%) of ta Asg%g%f&clﬁ 16 QUi i &aﬁ??&%nt in the sample.

her aspect e pres vention is
t o pTlmnod@oﬁmsne matheads, syistoensdedelatsi athofmventpini dr¢ satfildor

ctions, red to sta dar d. hydr ol
thfﬁ%ﬁ B AR AOILOL S8 a1 SUEy S PPy pe
oné are%ethbw&fqhy PheSeh ﬁﬁ%ﬁo@&e%aﬁ[du[@[y dséful for the
extended along a target in a cycle CR. t he

queatitetio OEVIQGA &rgetowated anidsda.gi, gl mﬂhqg@nS)a rfdcempiﬁrr eual

n‘%}e/%gcg‘g e%ecg‘aai ﬁ%?caﬁ?%?%gc eetgrc%%r tgcﬁeteﬁoéia%%g%rg&}%‘%ﬁe of

vitad @bndehtr@me I(eg bﬁtalCIbﬁﬁ\i@cQ@deBuﬁd?r@nBMdﬁ@éd/t%I Burfdrobe
during PCR See, Pat ent No. 6,893,819, in

mmmr@ﬁefémsncml% (Hl%hmi Q’&Wrr@‘lf%ﬂ’éesp henséitis EneasdHENed,
he#o? S8 Vil I@BQ5 %?egcﬁcg eAd @%rgseéfg&rw %ﬂn{aﬁ%%{glrr?ﬁ@alo$ﬁ'ﬁs (CMV),

ap -prlne I s”’eX a seco eavage
Estainbirims BBP, Ininn@ papidlohervipisgHeV )i lerpasl s&ﬁplex airad (HSV),
fIaE% and sp o

h
Ve gﬁge YHH%‘{ZYF?W%%P%Eg ergaﬁ)%ﬁgéﬁla}@% g%l\pé(ﬁ}lses and
leﬁtﬂgnées fih @pher | 'eﬁlbﬁ&%?e'ﬂfﬁe Jﬁn{pﬁﬁtﬁﬁsc%qnétﬁ@&st df9Re gﬂ%gient

does not contribute to additional reactions spect
ingéntiohdindruss enthe |dnts¢etmm afibacerib Ge.pr, pathdgend et bwermnlportant in

assays.i n, whic at n of det ect abl e,.si I
oAl HBLEEh ArBTc BT draai By o pES pHEt g S
cmtzmme spONC g&ﬁ&mea%}r& g%ﬁqt@n stifeploc8%aspl e, in preferred

di ment s of presen I nvention, a cl eavage

pr odU@tqantltraeoe a%@rget ovslein eCIéﬁ amyg éhegpetbods aéldppﬁmesmons of

o PR ' B BROE el ut Fieb PP has] Ao R ol oy
Fdf&ﬁa’rnpllébﬁl%@ﬁﬁr&nb‘ohﬁﬂémg eheSddtettibheRys Fitl mcrwsb@ d¥riinic
rarcl:gesosfgc%lé glf’esgls{ 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.

58



10

15

20

25

30

depicted in Figure 1. In sone enbodi nents, the initia

cl eavage product is not further altered during
web@anege? of the second and subsequent cl eavageCT/US2009/037194

structures, while in other enbodi nents, any alteration

of the initial.cleavag rooduct (e.g., further . .

cl edb e embpﬁﬂg}ené&fh&@f%ﬂ?n e ofdhe prea HEVCpgn find use in
re@lat @ HPlitdtiohl MclhfR¥a0%t PARYGS, drhO5B&fitd @ Lol Bigh N

the formation of second and subsequent cleavage
ageinstiaral pethogéns), parmal cuddsts| of discedes pndei \airb quidnigation, oftidrget

nsgcond ?nd @u%slea?uenf cl eavalge sltruachiu es are

“é_eh“r?‘%% ed SUCH“rRat CheY TR "Por“alid’ di ssoci at e
Wit ot proed bladdmaclestidl @ f BepréRAPaK altiohEimist I8 vasdtg bf
that many cl eavage structures can form and be cl eaved

nugteigiqid detaetiontaseays inrdudivgnbat petdimaitasitos thesq deseribedrbejogv. It

Lo ; . N

sttt RR R B0 o) nTE A Pt EE3A pRPER Gy

hybeidfzagon eh, bemafiyfromphes/steinstang ntkeheistof it [teavagention.
structure may be cleaved for each copy of the initial
cl eavage product, even as the tenperature of the

EXPRRIMANTRYES through the thermal cycles of the
concurrent PCR In this way, the signal anplification
f r onintthediddbeact ihah fdesaythaifdllovaog abbrtateomopely: dpi.dl y

RSP 0 R B RN A8 oun,
mfrl @AN@ER 01i8 (oY dnllcISSERNARN YreHaI RGP (vASHAY S/ (‘we‘!l%ht%
the initial cleavage product is consuned rather than

valeme)s ey, (vRlapicdo siobymad); BEA (benieg seowmalliuovis); ki B

GUEERETATRY Toni ARG BB ple 85 L IR pogpony

DNR&dpsyMBbiudiéis acidH @Eemidf upheibeiaseehl sRiGliftsy; ng
detection chem stries for real time PCRis the need to

(ngregrgnyf be ERtCregrsmeher @bBrasnpM Erdy)erMemaiiMolgpas\

: ' I . ' t
oFHEREE) uf RBH A, dnfote ol R oFRES A RORE: m
(niumonesteds R ed pir (Qild?dﬁt@nﬂ;)e@:l) (optieal dlei_if‘gfl);i EiHTJgI{éihﬁkéﬁe tifaatine

r , n anal yte- r t hat :
te@ﬁgrggﬁéf@fag@is%eqﬁpﬁﬂgar%ﬁwysat _ aantar A BBt DS (Gefum
dddB ] ulcBE NGB! (SRRHTHE G 7P SYERohet bp):Tegd Lo

prdduce anal yte-specific probes |abeled with expensive
(tmadhetro:ggnétBylgamirbekthate s S IP(henglinghyllsyhfooy o ige)a i BE
e T thods.of th resept, inventign are t
(TR T i e it EAPGae el et feg T and
co%ﬁﬁﬁﬁ% eDTLAEPBS(BIRIspRAE beitSre@SdIthe NP B\ GhodRatcRiffered
exanple, nucleic acid nmaterial prepared from viruses

sahae pange ning ANAVGEMSHE, PAG Bi(pely 4oy lamits srhelegtaonfercsis); Tween

PRIt B GBI G (R oM GRDOR PBTE ERagt BRYhees,
Bsthélew 207 18/(BA19 PRE €h12h ehed CEsbct Bi6idnoss, BHERY, WA); Promega
(Plror}Icl:ggrang%t.,l h%arl]disogn, WI); Glen Research (Glen Research, Sterling, VA);
Coriell (Coriell Cell Repositories, Camden, NJ); Third Wave Technologies (Third
Wave Technologies, Madison, WI); Microsoft (Microsoft, Redmond, WA); Qiagen

(Qiagen, Valencia, CA).
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the nethods of the present invention will increase the

dynam c range of detection of RNA target sequences to
w@2mpeteh not previously feasible. In sone  PCT/US2009/037194

enbodi nents, the target sequence is a synthetic

seq C For exanp ra enerated in
enzyﬁﬁﬁowg@ﬁﬁeﬁ ¢ @regpmw&eﬁ? el e o}ty Turther
mﬁétea@e/@éhaiﬂ AR MM dinRSInNE sFLLAYALE pf@f iR tio R hitd dre
can be considered a target sequence. In sonme such
no¢ fbbri¢amsirtesd astlineitie tlecicopnthefeoSuch a nol ecul e
indirectly detects a separate target nucleic acid from
whi ch the synthetic sequence was generated. For
exanpl e, in an invasi VeExXAa4VBBg reaction, a cl eaved
flap froma prlnag¥ reaction may be detected with

first HalokEeunrinPoekes in HﬂtINM@ERE’iSS@hMmg&CRThe
FRET, e
| en ?ﬁ?g%t%cél§ a%sgighés 2{1%1%31% |a§e;sg g@%fn?%g%tfh%o&l%ugtwn of an
IWA]DER&JSMy&dnH)PGW UThd:iINZ‘éADE(R dskey ik icbﬁducaﬂddwﬁlefnmtpimt probes
bes. By using both FRET cassettes (or a

th?t&W? phorggnalyte- Sp%ﬁfds?a%%ﬁ te-g-ahhto b baske- Té‘ﬁélﬁ‘? %fnsuicg the

shb%ﬁ%g foot uﬁg o6 BPRLiARALSH alid\es ﬁ?ﬁ@&g§dqaln5ﬁfc range for
i nventi on sed in conjunction w th nethods

thé vormbiaed IN¥ACHSRe PCReassayn dWhde natrigeitaf todey epddfanmeSeejsm,

. g.., U S Patent | ication. Ser 3 244,
ar Tl 05 Ressooi b B e aoHGS VBt ds Bessad 31 D R obes
witR SRR B aBIRGSH IR e Siont BEAPIMOSSN cLEVEENAIsANsilch aysiRd 1N
conj uncti'on with met hods that achieve greater dynanc

IN%@Ech‘ssacYeetllewtsufwm ihersagd dtyhemwsrengﬁf Ofdalfgﬁtedeéfmtlpa,l since the

| ev ation of a targ
O R G T At e e T i i
th@trtﬁe OleavBaARoRsf dikdcaney &% shamdl)are @t@@rﬁgnﬁybaﬂdlzed and therefore

nplification at one or nore efficiencies). In sone
dOetms oellibieRER, primes osicasient andr) @nd deRoi get gsigadgdrimproperly as
0 h nmet hods that achi eve greater dynam c

I”%éﬁﬁ%@g¢kg (%% ion through the use of probes wth

d| f flarteis Exbhiylpld, ieZallowingpixopeyets ese empliyed oniR 1 emiR-126;

o S G SO U O a e
usE!i] %r‘%‘a?ﬂ fak trepér%)ﬁ%n&aéf@r i fo%@tﬁt ritRiEat 4 LR Ff)‘iﬁ)ﬂ’e'r d&cRer

rangeof op and/ or sub-opti mal footprlnts e.g.
atﬂoﬂ\/l,c[bre‘m/al@ Eb)5 M detddtR EDnligeatgbhuM. IThepﬁpowmgeld)X reaction

b R oot @t a%ﬁ{}g%fﬁ‘é‘ﬁ ' Bl B 73 Sﬁn:g%ﬁ/@?& Apd|250

N HRAgH. MR ADS, enky¥Ae Bix FRE 8158 uSERr t&hGeactioh r\@ﬁbch @4 omposed
etc.) are contacted with first and second anplicons

ofoPAGngieldA b BEN If dndpeysl casevled Sumts/vd igsl T4q Radymerase; 18 units/ul
nbadi nent s obe generates the sane
N[yper%F“§|§%§Fﬂgpe ﬁ3?75ﬁgn%?ﬁply detects total signa

generiat pdciby pidies,n 1, AfvasivEbeig6Mldl@eides, @nd FREA] cassette

permts detection of target nucleic acid over a broad
SCHYGIS P tor g.‘rlpgtérget 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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For exanpl e, experinments conducted during the

devel opnent of the present invention have denonstrated
wQ bwapiskity to detect target nucleic acid froreBHSIDEE37194

differing in over eight |ogs of copy number of target

nucl ej i d originall sent .in the sa Ie. The.
el RN Tt D et L BITERE 11 Anes ) @nghe. Hhggidontity of the
seh{ﬂéh%é% i5Q8 fcﬁ[o‘%vsuﬁﬁﬁbH'(SEQ IVIDtl‘@@ ﬁemm eR é%@gquence (SEQ ID

quantitation of a wide variety of nuclelc aci d

N2y gersard prienas ¢hpQd DLINQS; lan@rsmmmgdmvgﬁvq dlegoprelsetide
[Wa\V; i-on_ ar.e rtic anti tati

SER'GTNG Bl Shenef RO MRS dng 1] PRSP Eh LR

IDEXOD| af Yegdtd @l thpiemer-Sadk ISED oD NisGRown G FipuEl!118LC),
research need for the detection of a |arge range of

thigiseguenedprruesttp atabding theeR §-prinyarzproRON Ny prik | lacisnenglyt

Wiglgo tg}cf%seéqhgﬁcteegletl&el HP&@ tlon%lagrocg’gﬁzd&hﬁ%gm }_‘;\})Hé f((l'cﬂ Mhi is

rettoviruses,

ndiepihbi fathsr Bau Iafphjﬁne(r*dﬁ‘dker blm:)@iulld e@plBy\ai rE‘iLBse(Ihlﬁds{ér, that loops
human cgtonegaIOV|rus Epstein bar virus (EBV),

bagk R AsPRRTMIREHRN Wﬂ?%%t%%#wﬁm«herpes si npl ex virus
( HS\'?he r\éﬁétioﬁg Lot %@?15 &L fofoliSa E%\& of PARLERNR RFG&Syas

phage | enovi ruses 'entiviruses.
made amtlrmsﬂ apdrb (pdannm rmtf the Iﬂ@ encUAHENA tamgczts aasimad¢ htodpMofNext,

t he present ipven on f|n se | he de tion of
aligag BiFespot DGt ffksty i 1ag iPBS §1HpoY (Lo vere
m&RITHR @9@%&1@%@( es8aneR a8kl I(PéltdeRN)A ndﬂﬁ?é‘&? k&strol (20 ng/ul
i nclude, but are not |limted to, | anydi a” sp.

tRyGdpr pash olign ajmg tobpteBedt ffbpn,@d@@;ttlug MmiYhveas qdéﬁnt tpteach wall,

et nucl ei ¢ aci ds
wits U ol 5k g B0 R e B o R A0S pLargox,
oagcmu th o0l 0XIrédetie@buferd 0rsag @810X cap@hé ft;ia0dS.5 HAT
exa in sone enbodlnents the detection assays

WapH. lnfﬂbfr ehenlefe gyas SPHTCIOF AR gecoptls a0 reBetnd Wantben ploped in
reglrtﬁn%f’tkl &ﬁloc clgﬂﬁ’ﬂgﬁhﬁ?etd 131 4%”’% _I_?]{?Hltl t9§t°bon2 f‘H‘m and 40

vira pat ogen sanpl €s. ét’'éct’i on assays
cyofes bh 695p’CE—SE(DIEecbﬁ&£-nI> BORCarse sudridabi>e6d W — 36 8ecuintlk). ata

Oéarlety of purifi % énpurlfl d sanpl es i ncl udi ng,
GEtLRoYas Sehior éad eac P 13 586ONIS $gph, whol e bl ood,

and 584 WQS Pld?te@ L€ ﬁﬁ&%@&n@@@&?ﬁs feSunitRe aﬂ %tlh ®oures

assays of the present |nvent|on are suit for use
12/ Et ter paobgengee adiirciiodd weehdsgnbathot beve thﬂbmdtl lireat 8t of copy

t he detecti n as of s.ent e n find _.use
il S i AR RO s B el PR R et BERL TS it 0 Sacn
tatg@t ard lsHEwS &l BEMbINBvih e ﬁgures fRIR-95 3105 g@gaD AT M- B(Figure
pat hogens), ani mal nodels of disease, and in vitro

12@)&1@13\11 36 l(lﬁgu@f12C€)r@é(Flgul®l 1800; ansh 624 Eigure 18ELt Brdsadata
s Gt BB Sut 6 B B @EaNAL U RoPR FPen gt et e
nmbewmseﬁg/th@fmdamS @Emqueﬁndmbaﬁtdnon assays i ncl uding,
but not limted to, those described below It
EXAMPLE 2
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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shoul d be understood that any nucleic acid detection

nmet hod t hat enpl oys hybridi zati on can benefit fromthe
waywpers2and net hods of the present inventi on.PCT/US2009/037194

EXPERI MENTAL I n the disclosure that follows, the

R el e cilas 3L DRI P P TN g B i eprafivere
eﬁlbﬁte@)for @d’ch(til‘@é'tr a)s folldws: (VAL FoimeP4ti4aM; forward primer at 4 uM;
(ol i gonucl eotide); rxn (reactlon vol {volume); wv

ingagiicgPligce & Orbh )nlttewl fir Curtlinipenditéons ob invagatedgptobe oligo at

6. ARt B PR Bt il AT E R b B ST St

whitihé dg@xyNsbianuedkeis 180 MOPSPPBSTH; d5;mIll MgCly; and 250
]\glmcrollters m (mlliliters); n (nanograrrs)

NFolgiutted tor geptainicondiignsrs yn 1‘]\?!“? e 90X cpayme mlxwv%as also

eng}ﬂ%*é bé?l ?tr as%%ecd' c?fl\(ﬁé ?C}'ll)(avvug%rpd nufon(egzﬂsC%H)Aggﬁl)AﬁJ FEN-1

(oﬁﬂmbﬁﬁﬂi‘bﬁfaﬁﬁ corlditddns (ak i ddehad d) 0N 3) ini@ll(G@pltdqdilymerase (native
density); EDTA (ethylene diam.ne tetra-acetic acid);
Taq I?EA(qunB?régec @FQ@‘F%*&%P S isEY MBIV reverss Ssmssriptase

(0§ﬁ%§3 ate aﬁgﬁ%ngdﬂﬂ @"lel) NaPO4 (sodi um

Noni det P-40); Tris
( tr |El(dspdmﬁx}orcdteh}{jrl)mamlmm%hﬂlger)uclﬂtﬁﬁs, and FRET cassette

h t hyl sul f IfI BE ( TL.i t e- EDT.
sef RO b AR AR Moot bk 18 ospeei il PLBhET 2 Ry
thél(;hg(ﬁﬁele%aé @qﬁé&gs EPEﬁ)phfylﬁgaﬁcpaa@&ﬂ@ttﬁe YA esget;

sal i ne); S (phosphate buffered saline containing

Flgw IBBSh)wvs ﬂmﬂlg@pmlwtdey’bwq@ fgeameh%vmgr adristasgng jhe

fad R TR b KRN 50 SR LR B Byl R{iS Sonbgoct B BTy ing

anQuRtEehigs theEpashI Bros eirgae BfgureBpIm sldws tHépligdriuersBade
(Promega, Corp., Madison, & d en Research CEGI en
SCREFERT amstléfrlmg #hgl doverying ehsr G AL 1-R EJY Adpngetcang Figure 13E

shOFRTR Bpb £t TR e Cttr Bl MR RE R IR Us
R\ Mtergesof t, Redrmond, WA); Q agen (Q agen, Valenci a,
CA) . The foll ow ng exanpl ?s are pravided in order

demﬂ&rﬁﬁt@néw&r@r F phay fallopy <t P%X@@.Sﬂ%dﬁ apt @%\%?ﬁ%«atheﬁc
ta R 0B Bg%fg&ﬁ)nﬁé @a‘%%é@ ﬂExtt Qﬁ ﬂ:tate's R_Y ?@hLQﬁ'taﬁ'g&? at

are not t constrted as t| n the scope ther
DEMM@htEatﬂonBJaed 6K dHoobpyinft a % b plataware thad¢ADER) Absias/of

Rt 5o RTRERRITUAS B 4R Medafimrabep HRyoRes.

teskb® TM&@E%I?%%YM RaSNAHKEEE ivMddBd tPalcR "\xl'e'l‘lt w@é&hﬁ@
that have short anal yte- specif ¢ regions 81 11 to
120

reggtiopagiady compascd gbthgffoldawing chmponents: 2 ul of 10X 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
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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15

short enzyne footprint probes of the invention allows
an i ncreased dynam c range for the conbi ned

WO MADERRPCR assay. Wiile not imted to any SPEDU$1009/037194

mechani sm and while not necessary to practice the

i nvention, it _is believed that e use of probes wth
01@98?5@%@3@9@@?%&&%%@ B GrGRRL T O BY S %é'llﬁ%e
FRBTAYisSHGM ASTAIE 1 bIVADER 18838y a8lb@MRerd Rifer@f Afu FEN-1

i ncreased dynam c range of target detection, since the
endpeanleade.pr obes do not interfere with the PCR reaction

For exanple, it is believed that the cl eaved probes,

since they are short, 1) are not stably hybridized and

therefore do not inhibit PCRpsgplggr extension, and 2)

and do not get extended inproperly as part of the PCR
reaction. In this Ehagipnl: kagetbevebRenyell x targets

: ;m _1%tlm|8721; AAAAAA m XN : ;
'5 Tbasfoldmvmngoa@‘édlgo “““ m xes were

.5.uM. .;and FRET®0l i g at. 205 uM!oqHRe

20 ol.lowing 10X ...
.r-eaction-buffel wasilised ¥ -o-r--§----e-a1|- ‘

- D -------eac-t---l--on-:-------l-O-O----.trM-

(((((( I\/ODS,pH??S,lean ézaﬂdé%}ZUMdmpAélOX

g e'nZ'y'n’e§""mgX""' sgaal“ésogyse'dq 'or'§""ea(5 ﬁeactlon,\Ahlchwas
: 200 ngkul” Afas FEN-looeepadonucl ease;” ‘

— ! {ei %nx;es:mfué)rw’éacéhwt;ar‘getu}ar@ewaswshjovvnwiunwFimgAuruewl‘l;} ~~~~~

AAAAA \gs peCig?lcally’tlgure1|Ashov\5theo{lgonucleotlde
~sequences foranplifying andrgigtieek kit AcRSmiISRB R DNA 35 PCR cycles
m -21target, """ Flgure """ 1 IBshowsgthengonucleotlde """""""""" g

sequences for an%I i fying and detecting the human
c

m R-Tigsesyisdert the Fagfar ¥ tarpet aypshewvn ineligpicy datrdi- dogpige 15A-

| } .
B e B Bt S B S TR Bt PR Eigures
1 5XeDuhoGake featltewih ifeyihngivandigdeddeaitide gnd IFENA U BRIy mdonot
SNRNA target; and Figure 1l E shows the_oligonucleotide
preseglirigwss 1 SE-Fashgpi thy sampe s tastaguren L& b ryraph thepgaxis
m?)ﬂﬁ% ffsqb%b Tatk&tth%g@é’g()do Figure 11 A, as an exanpl e,

e Identity o e sequences is as follows: probe
( SEQ HeDetN@s Byr; thricn2ans aege6 As2lgBamget {rSE@WIDINNGE@)s 16A-

f ar war rj r (SEQ I.D 1 .3). reverse i mer/invasive
D ek I o Yoy R e g e it b8P ey D | B
oll¥eh®lcotARAnE HETFIERSSEL | Be %%ﬁb’ﬁ[‘%ﬂé B dsD 6D Ghow kiKE results
Wi:ﬂ;:ggrd to the primer-stacker (SEQ ID NGO 5 shown in

newsivicAligpnuddatide ge¢ iENe berzymeawt presetadihg itargettl el of

T_ pridTer/im chLORNA hybri |, without thi
e R ATHER A R it By ar op. dr arat i cal 1y
(-100 fold). It is
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noted that rather than a primner-stacker, one could
enpl oy a reverse prinmer that |oops back on itself

WO a0opitiiig2a hairpin at its 5 -end. The reacti onBCTHES09/037194
set up as follow. A prem x of each m RNA target was
made at 1 pMand a premi x of the U6 and U24 RNA
targets was nmade at 5 pM Next, aliquot duplicates of
10 uL of targets at | X copggetrati ons and 5X dilutions
were made into a 96 well plate. Next was added 10 ul
of t RNA no-t ar g&tA2tR Tatget 2umbgrufert¥Wld) f or each
oligo mx to be tested. Then, a reaction m x was added
to each well, where the reaction m x was conposed of

Ml Uhe follbw nglcomppnents: 2 bl of [10X Ohigo[mx, [2 ul
f |10X reaction bufferi|0.5s5ul of |40X;énzyge mi x| angd 1 | 12

1 oligo
A Lhbe+1OT .on@b € Eooe+ob| Eudekol Y/ 5.00ek0B1 € 640+ 08T €00l S 6.BeRdel N 65035 | Bkde+o1 | 6.00E+00

@G o&6kso Atooedo@ D Eboeko M.00e O 6. 00606 | §.0%606) | Posed € Clood+8) | 16.08d2 | To.bod3® | 6.00E400

PCR_toites Mueye | Eobe+op [ QugioR TEI3EEhe T €Xoeos 4 ool | 5.00636) | IBdodAs2 | Dboe+dd € 6.00e+00

o |lo |o |e

0d eRj | eobkehs A Eboeey C b.sor OF.ooekod D 6.5 1 6.08dhs $ @G U B.00mv02 P 60601 | 6.00E400

C|- 45 seconds - » 60 DC - BO seconds). Dafa

+
+
Ol |lwnlen

ol|I'&et i on was set|for end of each 500C - 4% seconds

copiesFrxn

3 tep. Data was plotted as fiUOrescence Versus cyclre

nunber as shown in Figures 12A-E. For each target, a

t hr éBlieakeshiitvedsr ths di6gardt drhahowyaueFighes MBALD] F[gﬁ&t‘s f7A-B

of copy nhunber versus cycl hreshol d.(see bo
Shﬁ‘émﬁ? P%Hltseﬁﬁwfﬁxaawﬁﬁ whilt e e eheaekotds g YehthgFEN-
1 éﬁgi’ﬂ% Prébehth Qhile 'F%%%snﬂxf D%%@ﬁthe F@sﬁ’tslv"x_?ﬁh (i 18%5%@1 2A) ;

Fi gure 6 (Figure 12C); Ue (Figure

olf_g@m)lqlecarqid alpd FEN-I Qﬂl}@lel@E)presé’Me%edagat lshwf taahi wal tmdJ6

. rapid. ction of, the target RNAs range
10 is gy Fai s bt " itbend S B orstela Bt BRI o
cndbRE@dke | nvention. EXAMPLE 2 Effect of Various
Components of the PCR-1nvasive Cl eavage Reaction This
exanpl e descri bes the sanme type of PCR-Invasive
Cl eavage Reactions as Ex 1, except certain
conponents are left out, oOr i ncluded, to test the
various conponquNQfThfg@tmmrHemWhﬂs Exarrpl e, the

'Cleavaselif)@pto 'V DNA; and Factor T DNA 1OX ol i go m xer vveré :
¥iat edwzf of [each [Gar g@s_as [ ol | pwe: ever Be privher Wi [in

WM or watd piitrer Yt 4 WM YHvas[Ye flgo #%2 Q. A8 W4
W@% + W26y £ W7 r-avv\‘zsai A WO o W0 B WSR2 e RS T gy (W34 W35 W36
LA L SN Rl AN Dl . A 1At L WO 17 1
g O T gu dl: o 7 uivt anu r—-<E of Tgo dat 2. UIVl A 10X :

per R N p \R T rxn, pgzxn5 pe17rx:q grr)m/h eryxn perrxn perrxn
~ 5.00E+08] | 6. B.0pE+07] .~ FOPEH6], 6.0 EtOSE; e.ofaloi 6O0E+D3] " 6qQoe+pf T Ze0] T T 6.0 06 -
-’—~6de+0 'V'GMM"GOOEW“ bobeFoR!  5.0b&fos| C Eabedattt defsP TiediEbol OTTSq @S 4 0.6
i [C awel ) 6.006Rs] 2 CA+0E N Z0yE FHDENS WalG+040 | @032 NgOdE+@ly €0, 60 Wi G 06
. céW@i%éQﬁF’fO%f SEHE  $OEHY GOPE &0 oFIERH SEUERN0 n¥yl/ 1l 60 06
Afu FEN- |

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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(omtted for certain conditions as indicated); 1.33

units/ul GoTaq Pol ynerase (native Taqg DNA pol yner ase,
wer@aetd2TCor p. ); 80 units/ul MWV reverse TranBCYUptoases7194

(omtted for DNA targets); and 7 nM DIT. The specific

probes, priners, invasi ucl eoti des, and FRET
cassette sequences for ﬁé&'#gﬁg’et are as shown in
Fi gure 1Bse PSifdrk Peahdsin aEIINV@DﬁﬁAasﬁsoe@nﬁg\e

ol i gonucl eoti de sequences for anplifyi'ng and detectlng
the U6 DNA t ar getfor SNgUDetedtBB Bidng POR

£ he SFHS BT Ro B FRTRE of Glop B ibs P aPPHaSRIAAL Hifbn
(12 b gRM 0 Rk driife Sia G SRR ¢ fcfav @lilshd % icBAd AR deing PARBr

the factor Il DNA target; Figure 13D shows the
geapiygtweu dihe derzeien shig Haamals is Bactermp! i Figi specifin arabss.dimiany

o1 GO A G OO B A 0B

Fdctee Vhisshowhen Ridrd Bir get . The reactions were set up as
follow. A prem x was nmade at 1 nM of fynthetlc targets
or 10t Wid-6ipegaa StantreacapsveResk up ap foliews. Abglifed84l

f .

O () AP URRi [ R SSIEEAs R AAR R pecsin

96ofvell ﬂl&lﬁ& nd-l af getticromixtale 1Q 2ddedgd aachtWﬂA)thhalr@mtion

miRitSs (of ausBR A0S B R s ey b i Bymte e 0%

oliddEnixBAE, W 1A {:@p?ért'o? tl’?@r@@@cﬁ%%&tur@sl"@s éd?ﬁﬂ&% Hthe following
conponent s: adigo mx; of 10 reaction

sebuﬁn&gsrass@o@numTabjx%f enzyrre m X; and 5.5 ul of water.
Next, the plate is spun for 30 seconds at 1200 rpm
then placed in a real tinme PCR thernocycler progranmed
for: 95 0C - 2 mn; and 49Pappal es of (95 0C - 20
seconds - > 50 OC - 45 seconds_--> 60 0C - 30
seconds). Data is col IEeQdigoMixtwe end of each 500C -
45 seconds step. Data was plotted as fluorescence
ver sus cycle nunber as shown in Figures 14- 17 ~The

14A-D. Fi gur es 14A- B ‘show the” resui ts Exanpl e
with both the i nvasro ge)'fpl i gonucl eot i de. t e FEN- 1
enzyne present ires-14C-D-show the; results

with the i nVasr veol g eot i-de-and-FEN-1--enzyme not

Ofoxtds

en:
present. The- t-arget 6ot each wel |- ~f-or- F?:'xctor Il
is shown in Table 12 r<9v9 "Cl eavase" as us 4 here
refers to Afu FEN-| 2E8d0fdcl ease. Table 1. Faétor Il

Tar get Level ,,,,,, Per WeRT49-70-03 D :
Arm 6 FAM FRET 2.5§

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.

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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15

20

Vel | Target level (g) 1 13 25 37 1.00E-06 2 14 26 38
1. 00E-07 3 15 27 39 1. 00E-08 4 16 28 40 1.00E-09 5 17
WQ@004/117327 00E- 10 6 18 30 42 1.00E-1 1 7 19 3 1r@BUS2009/037194
1.00E-12 8 20 32 44 1.00E-13 9 2 1 33 45 1.00E-14 10

S 4811%3' g&&%ég aiiélayza% d%sSqui\e;gél} ]38(? 16 1 4n§cgl éﬁermstry

50TN09¢Y(20@13;@%7§8 hﬁsd«npﬁﬁl@mlem@p of FII DNA 35 PCR
cycles ~ ug The results Tor the Factor V target are

showrigung 7Félhgws escdtBApfot ofthg uirdélsfrmﬁ ABdeteowr thépanekd).t s

cofinatslhip o SERGE Py S ERMECL i TR SO R MR
clédM@shisig Rlot gﬂ%bmt astees @it d el (pa@N B)METHhB @EndyRSIENt .

F| gures 15E— w the same results as Figures 15C D

ped gn theiCE diyagssignmans Inohatippanchs A apd By e mutant is

U M s RS, SR A o
hahbeomesof ths pm‘t IthpeﬁleEAaﬂi]alhetemgehedlﬁtrbwﬂﬂ’le showraisi theupper
al i gonucl eoti de. and the FEN-I enzyne present,

right gipigsinpgee! B . dhplstenacncaugtesalt i shawp ﬁ%therh%rgWéft hend
o%ér%@ﬂfécﬂlgto% cgt?ne ﬁeq%tlé\;%\lfollnt@ﬁza}@ﬁnpﬁh %\%ﬁ%ﬁglow-gpféft for

target leve eac or GA—21 IS S

panalbA en@ upsdr oighTladldecotheGaé the-photTar greel Bunber Per Wl |
The results for the U6 target are shown in Figures
17A-D. Figures 17A-B show the results of this Exanple

Wi t ha B8hitidabi6nd zﬁl\de})%'téﬁ@s Iﬁkﬁtgjﬂ@&"?ﬂ ﬁd@tabgv‘?e REkf Eﬂf‘onl:aﬂ\lher%m

enzyne present, le Figures 17C-D show the results
ing@rppratadedyi mfﬁmcv eVarlous rnodlﬁcatlons and variations of the described
compositions and methods of the invention will be apparent to those skilled in the art
without 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

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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ol i gonucl eoti de and FEN-1 enzynme not present. The

target |level of each well for U6 10 is shown in Table
w@2mehomse7 " Cl eavase” as used here refers to AfRCTESR0DI/037194

endonucl ease. Table 3 U6 RNA Target Nunber Per Well

“@ép@“&l go Invasive U6 Copies U6 Copies U6 Copies U6
Copi es U6 Copies U6 Copies U6 Copies U6
Copi es U6 Copies U6 Copies U6 Copies Ceanse Aigo per
rXn perrxn perrxn perrxn perrxn per rxn perrxn per rxn
perrkn peh metrpdodranzlyzipgrartsagetisiclaic Mi@,mor@frisinlge apbove
s, Gl ea at__essent '
orf e AR reR e e PR P RO R & FER- o
en@b@o@&%@ﬁﬁder QYR ER tHah Saidd @ﬂ'ﬂﬂ@fcgﬁ&) ERZWABed during an
rises a 5 nuclease activit EXAMPLE 3 Use of

Toptiqu @@@tsoni 9 ggRcTR\APERd &ggrag‘/ntsoﬁhlqrga seid sry@thetwobe s
a 1%8{ ‘?ﬁl‘t bl%% %og gﬁaﬁeﬁ 2 Eé@fgg b:ég%ﬁ%ﬁ& %‘834!2@% ﬂg)ztzoe L

ana Ic re

W]lldielhhﬁaﬁl Iﬁnaangleeponoln 1asubsmmaslilwmoxr;&cﬁﬂpda@enta@3ta)ssld target
conduct ed during PCR for genotypi.ng, The target in
nyclgicaqig é%wéeregl BHLABEY I7SDEEHE RYERY 15i10 fB‘Pf@B]é%n 12 nucleotides

mgéed -land cbr;’[éﬁ% Bg?o P hEaa e Bt 48%0 %&@t&%ﬁ%"r &

uénces tecting t & SNP in ctor I's sho
nuicleidaqdirand ) dTteeting dadt ¢lyped drngments ailutlng ezld tamptiﬁcwtmne
t up as follows. An aliquot 10 ul of genomic DNA ( 1
reﬁcglioﬂl) or tRNA no-target control (20 ng/ul tRNA) in
placed in a 96 well plate. 10 ul of reaction mxture
is added to each well, where the reaction m xtures (as
vvel |2 as t Fee m@oenfglaien hi whereis saisl adelyzimiglsenpriscsiicsaving the

Prpssne P o PR SRS oY 8RR o pliforing sa

nfilﬂﬁl&ﬁ@le&a@ﬁonshom in Table 4. Table 4 10X A igo
M xture 10X QI nvader FV digo mx = 10X cone

3. The method of claim 1, wherein said analyzing comprises identifying

the presence of a polymorphism in said target nucleic acid.

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.

6. The method of claim 1, wherein said target nucleic acid is isolated

from a sample.
7. The method of claim 6, wherein said sample is selected from the group

consisting of a cell sample, a tissue sample, a fluid sample, a culture sample, and an

environmental sample.
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Aigo # (uM 2749-70-07 4 2749-70-06 4 2749-70-05 0.4

2749-70-04 5 2749-70-03 5 Arm 6 FAM FRET 2.5 Arm 4
wWOor200bw3PRET 2.5 The plate was spun for 30 secRCIBES209/037194

1200 rpm then placed in a real tinme PCR thernocycler

roqra for;: 95.0C -.2 mn; and 50 cycl.es.of (95 0OC
P z%r-sg?ﬂzfsm@thgg 8%86‘@ L, %@3@8@6 et pefeic geid is from an
orE il GtiIede@trolBe gfbdllp%nﬁﬁﬁ{g ot2kn anifhal, 29N ASHR SR, a

tais plotted as fluorescence data versus cycle, as
vighvowd 4 flunfisgure 6. The results for the nutant target
detection are shown in Figure 6A, the results for the
wi | dt ype target detection are shown in Figure 6B, and
t he g esul Tig thethod6f &6 ENONGcindbdRLrgdEhRIdiE 8¢1d & BNA.
shown in Figure 6C. For each target, a cycle threshold
(Ct) that gives the least cross reactivity for each

gen pe + j . Dat ’ t ' .

SenelyPe L ASPREFinD ko0 UAEL ARt adl s
Luderer, et al., Cinical Chemstry 50, No. 4
(2004):787-788 is shown in Figures 6D 6F, Figure 7
showk-a stiimehodpbelaigr 19 rrehcgen saif mesthed fygthgrr congrisgs the

stéygﬁjrgl\ﬁr% W?I%G?iﬂﬂg ed RNAR iR BN L ?PB} Rtor¥bn &M vitd §EiFUS

e PCR +invasive eavage usi ng foot
anpplifchtipr.obes, as descri bed here (panel B). The
genotype is determ ned based on the Ct dye assignnent.
In both panels A and B, the nutant is shown in the
upper | efthandog8f A8im ‘P,fwﬁé}@in%hfata;mﬁﬂﬂriﬁﬁthﬁﬁrihe% ashown
in the bottomright hand corner of the plot. |In pane
polymerse dheinsicagfmeous result is shown in the upper
right, while in panel B, the heterogeneous result is
shown in the bottomleft hand corner of the plot, and
the 130- t arigahetGoMbf ehitn &N eh&tiMshrdmplifpvg einptbylslaower
| eft for panel A and upper right hand corner of the
pohyraeraser panel B). All publications and patents
mentioned in the above specification are herein
i ncorporated by reference. Various nodifications and
var i Bt i orBheahcthbé ofldsien i hacheanpaidipolyomsasarisla fetinostsble
f the invention will be apparent to those skilled in
PAHECT4?G wi t hout departing fromthe scope and spirit of
the invention. Although the invention has been
described in connection with specific preferred
enbold. merifls, method hbelbih bg wherein said polymerase lack 5' to 3'

exonuclease activity.

16. The method of claim 1, wherein said FEN-1 endonuclease is a

thermostable FEN-1 endonuclease.

17. The method of claim 1, wherein said FEN-1 endonuclease is from an

archacal species.

18.  The method of claim 1, wherein said amplifying employs first and

second primer oligonucleotides.
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understood that the invention should not be unduly
limted to such specific enbodi nents. |ndeed, various

woremvfilsat i ons of the described nodes for car rBGCTGSW09/037194
t he invention whi ch are obvious to those skilled in

the releyv re. i tended to be within the sc

of the fo tﬁ@g ef Spige [N ATear Szep FRbip i lgpmed betore
saﬁf‘lﬁjob!@ isrwea@ed I Hedin BME |cfe'a§ag%“s'tﬂctu§@1‘§%ﬂn%drtgf as@ciation of said

anplifying a target nucleic acid in the présence of a
tarpghmivdei¢ ecigvathe aanddaorqiﬁl\at k festdegion bé%@tangﬂﬂ encleic acid; and

condi ti S synt.heti c probe
oo SeaRRlids O SRR e sl 3o G o
whdraig Eeiatssconahesioh s ditbusyitonedil ¢irpreheni s a foot print
probe conprising an anal yte-specif ¢ portion and a
non-target portion, wherein said non-target potion is
sub nti-all ' t i.C .
el dnd WieleRar oL AT, SRR shilsftnd abOR ol E i
saitbfigt tegn. 12 nucl eot i des in Iength and contains up to
12 nucl eotides that are conplenentary to said target
nucl ei ¢ acid; and b) detecting said cl eaved fragnents
during saf V\Iﬁ: rﬁgtﬂbd bt @l a1 v!}l?e'ri‘é}th l,PRast ne AR ORINP thedf end
claim1, erein sal anal yzi ng conprises detecting
ofttlnfesqoomtelumtuolbomw d1 $aad getvago strmtureamdﬂlapg/wdhtaeegmm of
id cIe ved fragnents during sai fication
PR e Bt e Ribhaad S et pisietait ei - sa o
anal yzing conprises identifying the presence of a
pol ynorphismin said target nucleic acid. 4. The

met Wd of Thel ragthed of olhier &l .rwhsadia tltﬁrﬁa’ltﬁgrmimﬁglj nudn@td@smfsﬁaid

id
scf A EoRly Pt i T oripleyton: G0 S48 Bl B AR, i
d&“mgbgﬁghﬁesald anal yzi ng conpri ses detectlng t he

anmount of said target nucleic acid. 6. The nethod of
claim1, wherein said target nucleic acid is isolated

fro 3 Saﬂ%‘ eth d 85- P%ﬁﬁé %r&ft sgld%emnﬁ’otl %Igt[cg%o@l@?ﬂ %i?o a

sanpl e I s se rom t’he group consit s a ce

ﬁﬂﬂﬁhainﬁmhiaﬁMﬁym@nple a fluid sample, a culture
sanpl e, and an environnmental sanple.8. The nethod of

claim1l1l, wherein said target nucleic acid is froman

or gay sm ﬂ?é REHEH of %191’% § r\?h&&ﬂ‘é&d‘%?r%%i lﬁhéhﬂ@ g@ftron%? said

ani mal , | ant, acterium a vi fungus.
prébe d’dmalmemmmdredham: I Anncldgtidek drag hre cxaalpébrmemtwtto seud taegat

g s DNA

25.  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.
26. The method of claim 1, wherein said target binding portion of said

probe contains no more than 9 nucleotides that are complementary to said target

nucleic acid.

69



10

15

20

25

30

10. The nmethod of claim1l, wherein said target nucleic
acid is RNA. 11. The nethod of claim 10, wherein said
woreiobot73tur t her conpri ses the step of reverse PCT/US2009/037194
transcribing sai d RNA into DNA prior to or concurr ent
tion The. met hod
whern SHiRed PFORTD cofrinoad S egonyae fediodinnid
prr)s@@dﬂtéaﬂs n&&oreTﬂﬁsn g%ha@@n&% gt areneo%lpwmgrtﬁryno sal @arget
anpl i fying enpl oys a pol ynerase. 14. The net hod of
nuglead #id.3, wherein said polynerase is a thernostable
pol ynerase. 15. The nethod of claim 13, wherein said
pol ynmerase lack 5 to 3' exonucl ease activity. 16. The
met hoyd  of Tid raéthivd of VAR €] Wh&ainGafiENpbt RGAR YeHRASH shid
a thernostabl e FEN-1 endonucl ease. 17. The nethod of
preba¢antains yheped thais AingclFptides tha dermoembesentary te pajehtaget
1nﬁ&&p§§§l species. 18. The nethod of claim1, wherein
id anplifying enploys first and second pri ner
olrgonucleotrdes 19. The nmethod of claim1l, wherein a
cl eavage structure_is forned before said probe is

cl eaddfed, Thserenpd ehslaing | e‘ﬁhﬁé@]@ Sgrdrtar(gﬁhlwédlrlg ppBioed sy
pr@ﬁé%&hzﬂﬁé el Bfe Hat @ nha%&?(%es M érﬂeﬂ%rﬁrho s&d téﬁgétd

probe at a First region o sal d tar et nuclerc acl
nuzhdk &id.a second ol i gonucl eotide that associates with a

second region of said target nucleic, wherein said

second region is downstreamof said first region. 20.

The et hothOhethb@bMidigh 1vwﬁ*ér@maﬁraprgbesl%ﬁﬁ@ere@gl on is
contiguous Wth said first region. . The net hod of

claim 19, wherein at Ieast one nucleotlde at the 3

SoT R r fheFERPE P TNEhS RN GR rab S GBb Raf B RIE G-

nabebMercosidtgdl probe and sald target nucleic acid. 22.
The nethod of claim 21, wherein the 3' term na
nucl eoti de of said second oligonucleotide is not

CODY e e 3P AR 5y 5P o
at\dasrr B muckaitidesiademgh.ol i gonucl eotide is also a

33.  The method of claim 1, wherein said detecting said cleaved fragments
comprises associating one or more of said cleaved fragments with a synthetic

detection oligonucleotide.

34.  The method of claim 33, wherein said synthetic detection

oligonucleotide has a region of self-complementarity that forms a hairpin structure.

35.  The method of claim 33, wherein said synthetic detection

oligonucleotide comprises a label.
36. The method of claim 35, wherein said label is a fluorescent label.

37.  The method of claim 36, wherein said synthetic detection

oligonucleotide further comprises a fluorescent quencher moiety.
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primer used in said anplifying. 24. The nethod of

claim1l, wherein said target binding portion of said
w@e@be13ont ai ns no nore than 11 nucl eoti des t hBET/HEW09/037194

conpl enentary to said target nucleic acid. 25. The

met hod of claim11, wherein said target binding portion

of said probe contains no nore than 10 nucl eoti des

t hatzgar e BITREGHEOE @hin 89, wiiréln kARG vEHEhEh&nt@GI

26. The nethod of claim?, wherein said target binding
asmettecbmtbfsaléay@thptnco@ﬁéecmntoagn@dﬂ@tldmferm hateagage structure

d
PR ST R L RBIRIERET ol 21 m 1. “wher of 1 sai d

target binding portion of said probe contains no nore

than 8 nucl eoti des that are conplenentary to said

tar g8 nubheanethad phclaipg38 Wi@fﬁéﬁﬁédietﬁﬁtl%g egmprises cleaving

t r

sa%ﬁ%a@agsﬁ%%ﬁ% ?é ?{11519 329 %e?&tlgﬁaﬁg&gw%oﬁggto
genomp edraitably sigpalsai d tar get nucl eic acid. 29. The

nmet hod of claim 1, wherein said target binding portion

of said probe contains no nore than 6 nucl eoti des that

ar e RPMPLAREALALY of BaitPl dAGE A kBUA! Fidunf6E £ynifiric BBftrol

met hod of claiml, wherein sai probe is un abel ed.
tafgttnwh@ca@ﬁlmaismana@zadm 1, wherein said probe does not

contai n nonnatural nucleotides. 32. The net hod of

claim1, wherein said non-target portion of said probe

is afp eaﬂ{e h&hbY 6 881k 98 Swileteih @RIy Z3P syn-[lii@lcrﬁ%hﬂQHarget

of claim1, wherein said detecting said cl eaved
nmteuQMtwschtﬁpdqt@esnfa@@@moam afgadiierget nupirieagfl. sai d

cl eaved fragnents with a synthetic detection

ol i gonucl eoti de. 34. The nethod of claim 33, wherein

sai 423y nt AebinBodedeedrhsribind: IzQQﬁbegbﬁ@ldléi@aélago)atrﬂlﬁ@ic@ﬂibn
of sel f-conpl enent arli\]y that forns a hairp
priyagrgicd) @melynagaseTba RENhbendsnuelpascns sis) aw’qlelrabph@d swithetic

t e
UL o 5 G 0L 8 SEIBILAGS ALl
ndnktuggcepatmtis ketzedntially non-complementary to said target nuclelc a01d and
wherein said analyte-specific portion is no more than 12 nucleotides in length, and

contains up to 12 nucleotides that are complementary to said target nucleic acid.

43.  The composition of claim 42, wherein said composition is a reaction
mixture.

44.  The composition of claim 42, wherein said composition is a kit.

45.  The composition of claim 44, wherein said kit comprises a plurality of

containers housing one or more of the target nucleic acid, amplification primers,

polymerase, FEN-1 endonuclease, and unlabeled synthetic probe.

46.  The composition of claim 42, wherein said target nucleic acid is from
an organism selected from the group consisting of: an animal, a plant, a bacterium, a

virus, and a fungus.
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37. The nethod of claim 36, wherein said synthetic
detection oligonucleotide further conprises a

W0 bwoneseent quencher noiety.38. The nethod of PCI/EEI909/037194

33, wherein said cleaved fragnents, when associ at ed
with said synthetic detection oligonucleotide, forma
cl eavage structure that is cleavable by said FENI

endopucl epgeondsitibh®f BRIR Y, \Qﬁe_rein%}am 3%t MWRELSISDRAI d

T
detecting conprises cleaving said cleavage structure
conprising said synthetic detection oligonucleotide to

genefat e det ect abl e.si gngl. 40.. The net hod, of cl

T o PR ENTOa R TN e whesRORG PRl B péia VA

target nucleic acid is also analyzed. 41. The nethod

of claim40, wherein the anal yzed synthetic contro

tar % nubheegornpesitignof claye 424 yrthet mmrbg HEveEduUNnt  of
Uﬁ@%ﬂﬁ&%%%%&nQUC|eic acid. 42. A conposition

conprising: a) a target nucleic acid; b) anplification

prinmers; c) a polynerase; d) a FEN-1 endonucl ease; and

e) an unl abel ed synthetjc probe conprising an ,

anal 3% e- sPscgonnosisisp of sl Ad. wheysn-spi RpAYMeFaa s 6,
thREEH S HeAgn-target potion is substantially

non- co enentary to said target nucleic acid and

wherein said anal yte-specific portion is no nore than

ol ot bl Previeg e AokEary b reliee e et 5 o 3

cxOHGAI8IsE a8%if. 43. The conposition of claima42, wherein
sai d conposi'tion is a reaction m xture. 44. The
conmposition of claimd42, wherein said conposition is a

kit._4b. he co si ti.on. of,.cl ai m 44 r.ei said kit
ot o asT oo ReRh o fhind Skt sEN SRRt
themiRtable HEN- Itaadagicleage] ei ¢ acid, anplification

prinmers, polynerase, FEN-I endonucl ease, and unl abel ed
synthetic probe. 46. The conposition of claim42,

whergd n Sald Al d8hn BEClafth G2 a\%&eljnssa{drmﬁr%nﬁ&gﬁcﬁgagms

sel ected from the group conSisting of: an ani nmal,
frgdhantarchacddapdotirsi um a virus, and a fungus. 47. The

conposition of claim42, wherein said target nucleic

is DNA. 48. The conposition of claim42, wherein said

target NURL &l RGHidn BNtairft 9o, TRGeCmRRRId LRcHd Cl al m

42, further conprising a reverse transcriptase enzyne.
oligonuclbmide@opbgirtd nfooh acdleivagel@ructite mathrsasigirabe in the
prgs%lngerrg ar ta{rgset guglehlg,rw esfgi%télal% c‘feoalvggee structre is formed by
association of said target nucleic acid with: a) said probe at a first region of said
target nucleic acid; and b) said second oligonucleotide that associates with a second
region of said target nucleic, wherein said second region is downstream of said first

region.

55.  The composition of claim 54, wherein said second region is contiguous

with said first region.

56.  The composition of claim 54, wherein at least one nucleotide at the 3'
end of the second oligonucleotide, in said cleavage structure, overlaps with a region

of hybridization between said probe and said target nucleic acid.
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51. The conposition of claim50, wherein said

pol ynerase lack 5 to 3" exonuclease activity. 52. The
w@wposizei on of claim42, wherein said FEN-1 PCT/US2009/037194

endonucl ease is a thernostable FEN-1 endonucl ease. 53.

The conposition of claim42, wherein said FEN-I

endonucl ease is froman archaeal species. 54. The

conposi tip QmpokioMof Elairh YL HEEMANP S 1SinliBalue REGMIo T
ol i gonucl eotide configured to forma cl eavage
sagt yegendelezonii¢lhotsdsi is nplr eoiepl¢mentiny tpsaid earge noflegadodd, in said
lggrggt ny%leic, wherein said cleavage structure is
“§oF %ngﬁl%ssociation of said target nucleic acid
with: a) said probe at a first region of said target
nucl eic acid; and b) said second oligonucl eotide that

assott at eEhagonposition ob algim dgi wherein sqil apalyta-groeific portion of
S LT SR TR R U ST

nusheds s&didh sai d second region is contiguous with said
first region. 56. The conposition of claimb54, wherein
at |l east one nucleotide at the 3' end of the second
ol i ucl i i Ld: gl : r
R T e s R L ons R of
saghprdb¢ eomans muoloed thamd 0 dudgotidek ¢hat ervposipl¢roentaf to bad marget
54, wherein the 3' termnal nucleotide of said second
’“HF?%%ﬂicleotide is not conplementary to said target
nucleic acid, in said cleavage structure. 58. The
conposition of claim42, wherein said anal yte-specific
por tGlon oFhesawingpopitiobe@f cloim &2 nehereinspideanalysmspetific portion of

I ' h | en id )
sof P BP RS R b Blgr i S SRR B st ot o5 W saip gyoger
nehidaadal yt e-specific portion of said probe contains

no nore than 10 nucl eotides that are conplenentary to
said target nucleic acid. 60. The conposition of claim

42, er ej ' nal - clflG: L ' .
or ot cont s s AR oL bR A2 b EiRRld dy R pedRictbortion of
satppbecmitiias yo tnorsthiha Stnatigetid R ukdt erccongpleme@ry tdBaid target
conposition of claim42, wherein said anal yte-specific
lnﬁg?QW%ﬁ of said probe contains no nore than 8
nucl eotides that are conplenentary to said target

62.  The composition of claim 42, wherein said analyte-specific portion of
said probe contains no more than 7 nucleotides that are complementary to said target

nucleic acid.

63.  The composition of claim 42, wherein said analyte-specific portion of
said probe contains no more than 6 nucleotides that are complementary to said target
nucleic acid.

64.  The composition of claim 42, wherein said probe is unlabeled.

65.  The composition of claim 42, wherein said probe does not contain non-

natural nucleotides.
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nucl eic acid. 62. The conposition of claim42, wherein
sai d anal yte-specific portion of said probe contains
Wm00adt82T han 7 nucl eoti des that are conpl emenkGir/ys1009/037194
said target nucleic acid. 63. The conposition of claim
42, erein sai d anal yte-specific. portion of said .
pr ot cont i MRS TIRB 8 kiR 12 6™ RTENEBId pastatashpotigngortion of
sa%’fﬁb@ﬁ%@le%ﬁmdr%c?e_%'ti@e&ﬁﬁ&%‘th.nUC| eic acid. 64. The

conposition of claim42, wherein said probe is
unl abel ed. 65. The conposition of claim42, wherein

sai ro does not cantain,n at ur al . nucl eot,i des. 66.
The ©ompodissgoation ] Fiith 12 Rtk tuial e SAeGF Jagtion
olRehi@EotRIRMal/RB aGbgisalcEmpleaRRatarptoaid @RStargk® potion of said
nucl eotides in length. 67. The conposition of claim
prabe. further conprising a synthetic detection
ol i gonucl eoti de having a region conplenentary to said
non-target potion of said probe. 68. The conposition
of adsai mBhe, contpesigion of alathh 8y W hatinGaidedyatictiodetection
ol i gonuc] eoti de .has_a_ regi on of self-conplenentarit¥
oligegcleqijdediag a fiegiopphscrqainplepentasy that frmsahisedin $tHIs WS-
claim67, wherein said synthetic detection
ol i gonucl eoti de conprises a |label. 70. The conposition
of ocd%i mBe, compesition of aladn 6Abeheremn saidf dynthees detnttion
1Iabel. zé. The conpgéjtion of claim 70, wherein said
olgORPHEtidE cQBPEETS BRODI i gonucl eoti de further conprises
a fluorescent quencher noiety. 72. A system conprising
the conposition of claim42. 73. The system of cl aim
72, Tur t hBre aomosition of claim 6P ewharein saudl labiles & {lgeresncof label.
claim 73, wherein said detector detect fluorescent
signal. 75. A conposition conprising: a) a target
nuclai. ¢ aphctionthosidR loff tlabA 70 ORh@EinNRIdSsynthkti@detection
pol ynmerase; d) a FEN-I endonucl ease; and e) an
oliganadieatild fugharisempeisgsraobeoressapfrqusnelgr gigicty.
anal yte-specific portion and a non-target portion,
wherein said non-target potion is substantially
non-7onpl £rptracympdsiagitet doatpgeitionwt ckeire 4aci d. 76. A
nmet hod of anal yzing a target nucleic acid conprising:
provi ding the conposition of claim75, formng a

cl eavage Pid Yol & REMEL RufiRl CoRpRify 20GesBH.d

74.  The system of claim 73, wherein said detector detect fluorescent

signal.

75. A composition comprising: a) a target nucleic acid; b) amplification
primers; ¢) a polymerase; d) a FEN-1 endonuclease; and ¢) an unlabeled synthetic
probe comprising an analyte-specific portion and a non-target portion, wherein said

non-target potion is substantially non-complementary to said target nucleic acid.
76. A method of analyzing a target nucleic acid comprising: providing the

composition of claim 75, forming a cleavage structure between said probe and said

target nucleic acid during an amplification reaction, cleaving said probe with said
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target nucleic acid during an anplification reaction,
cl eaving said probe with sai dFEN-1 endonucl ease to

wQ@emensse’ a cl eavage product containing sai d neCFUSRIGE37194

portion of said probe, and detecting said cleavage

t net hod of anal ng a, target. nucleic
Ffﬁ‘&q BE‘PFEW%?W\%}“@%& c %ﬁﬁi“f%@ PFP&“% ‘ioafa&élflg sid pan éar&%ﬁ pgrtion
of! sﬁldtﬂ?deO LRS 8NEQIR saRl QYRhEE bBuAr Obe and a FEN-I

endonucl ease undér conditions such that said synthetic
probe is cleaved during an anpllflcatlon reaction to

(1o
robl 1 s A RESERRs el PR Ao °

an@sFpRE Gl t@@étenucw geifl apthp pkddbndRr TheyROBRE hobBen@R FEN-1
anal yte-specific portion and a non-target portion,

englpaca¢ase yada Cﬁ@hﬁ@%rsgé]@ thepsaid pyntheticumehcaint cav¢dduring an

an\%i[ef' cé&%ﬁ’l‘e%?rt%htt% nérg el a@e(ﬁ %net%%l!legﬁﬁlsgﬁl gntﬁgtqc probe is

a fopgirine probk foreant IFEN 1 ﬁﬂbﬁiucﬂfﬂﬁé,)shﬁl fop@eint probp osrhprisinghn
said foofprint probe has a calculated Tnwith said

anglyferapectijcgortion %ﬁd 3 RstrEst poien owherRie seiResrtatest Rotign is

1
Sué@?@halﬁogfdloc t on ggc tgé? %%dr és? ngélte er rra%tdcyc %glf said
annlﬂﬁ'matlmnreastmtds an aﬂoy&temnslpeadtfoincsqnd) atalyta-spéciSapattion of said

ropRp P peBi ey STt g TG R B Bl & e e

teﬁlﬁeﬁﬁirgatt\hﬁemld B Gl reAASn IS RIuBLed Adrdf {0@hMPlifitation
probe does not conprise a mnor groove binder noiety;

reamﬂmm a d@n@@lt qyngnsmadtm, eaid @dalme@@n@ﬁt: podignioh galéafo@prmt
&#)ﬁ; 45,3 { i & cgill a eda Iglagt:h éal %rZ%%% thgthlg gt sr%ﬁd § feéQS‘\!v%eWoweSt
tefnPeraRiré 03cdph odie tlﬁb’iﬁlaﬁcﬁﬁhg tdnatvﬂférérmlti fﬂoc&ﬁﬂlﬂ prélbc0®es not
nucleic acid that is at least 8 C below t
copgyise A ANINPEraevainéd eipry: pbistaeting padelopped fragments
t anplification reaction is a
dﬁﬁg%ﬁi %gﬂlf%%ltﬁ%gl}eggi:otqﬁ on, said anal yte-specific
portion of said footprint probe has a cal cuI ated Tm

V\nthsaldtarg n ic_acjd that,is, at t 8.C
bel off- t hel dngg}lﬁé‘?gt / uWVBCTGEeH ] Hpabyds apqc &y ppgfion of said

foS%)?lln{ be Kgs g 154 IT’O Qiftf sag ﬁ}%]t Kgclelwa@lﬂqwﬁ iS&1ehst 8° C

e-specific porti'on of said foofprint probe has a
beba dwl tampdafﬁmttvhhlsla sadd uwt@analtlh@cttlonss ainduetad,toriDsafsl

the te ure at i ch .said. jsot hernal .
a@@ﬁo@ﬁ%rq&gﬂ b foﬂmgfeagm s wrﬂnﬁlﬁyrec%%"w portion of
sal RGP piode Rad HELIBhtcd G W iRDsai®Aeddt AlclcR AL that is at least 8°

anal yte-specific portion “of said footprint probe has a

C belopithatadesriempcraturs abal inapigehemnbeydliggat | east 10 C
bel ow the | owest tenperature used in said thernal
cycling. 80. A nmethod of analyzing a target nucleic

aci d79. conpid rBbthed 8) CReh g0t whgkch faid adblesseifivpetien of Qid
said 5 nuclease recognizes a structure conprising a
fog‘qp@p@pr@b@ég@a %tf}}l@tﬁd Tm with said target that is at least 10° C below the
temperature at which said isothermal reaction is conducted, or if said amplification
reaction is a thermal cycling reaction, said analyte-specific portion of said footprint
probe has a calculated Ty, with said target that is at least 10° C below the lowest

temperature used in said thermal cycling.

80. A method of analyzing a target nucleic acid, comprising:
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b) determning a footprint duplex length for said 5

nucl ease; c) anplifying a target nucleic acid in the
wpemserse’ of a synthetic footprint probe and seCTUS2009/037194

nucl ease under conditions such that said synthetic

probe is Ieave duri tar t lifi¢

reaction & o ge%‘?gﬁCH%a |Ia%s ?Aﬁﬁg nﬁée%ﬂale@ﬁ%regagrazesa
su%mw@dmm@ﬁgapﬁu&amlu%@@lean anal yte-specific portion

and a non-target portion, wherein said non-target

potion i b)substetarmizhg 9 fwmInrmmpleeidergﬂafqr spid S audcasc;

I V\,h 1 fi
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dupl ex length for said 5 nucl ease enz

clepered étmmg;a gagq apIpEAGEPIfIE0B @ ge@mtf: ﬁéavs%iu fgagments, wherein
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r eaction

wipetiyineidana-tetpai potioads sub@mntlﬁzy nohéonitinottasf toGhiditag80,
wherein said 5 nuclease is selected fromthe group

nuetsic s PGB skt sl te-ppqific @ﬁa%fmnééé)éobeata?ﬁ?a Fi‘flﬁl%l
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d) detecting said cleaved fragments during said amplification

reaction.

15 81.  The method of Claim 80, wherein said target amplification reaction is a

polymerase chain reaction.

82. The method of Claim 80, wherein said 5' nuclease is selected from the
group consisting of a natural FEN-1 endonuclease, a modified FEN-1 endonuclease,
20 and a chimerical protein comprising at least a portion of at least one FEN-1

endonuclease.
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