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relates to nethods for the detection and quantification of RNA expression.
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conplex as part of the RNAI response to the presence of double stranded RNA
incells 10 (Khvorova, A et al., Cell 115: 209-216 (2003)). Another cl ass
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For exanple, in sone enbodinents, the present invention provides kits
conprising a 15 nucleic acid configured for formng a detection structure
when hybridi zed to an RNA target sequence. In sone enbodi nents, the kits
are configured to detect an m RNA. I n sone preferred enbodi nents, kits are
configured to detect a Let-7, mR1, mR135 mR15 nmMR16, mR |Db,

m R-124a, or m R125b m RNA. In sone preferred enbodi nents, kits are
configured to co-detect a second RNA target with an m RNA target. 20The
present invention also provides a nethod for detecting a m RNA target,

c Io mpri si ?@wpéxﬂi‘ﬁb@bé@léée}y ﬂalmd:igléech[&hgetAlée(ﬁeiu)ve aplﬁﬂolﬁcﬁies tﬂ;abmaloﬁﬁung the

o] |gonuc a secand unl a ol i cl eoti de a reverse
transcri Pt ai(‘?/&*‘ %) BPHBE sty thgab’g ghma?' Sﬁmf’lb&t)%é}

i ncubat i dlgcr(milnatlﬂig‘ sitigjlb-Have Jiffarededs beomnekint dlasely relacdd hiRNA apadiiseitis tirfic '
structure fgrr m?qq)detectrng the detection structure. In sone

embodi mefEVRSF O abel ed 25 ol | gonucl eoti de conprises a first

regi o that i Eﬂ«emm\m@man yntérfering R NA RIMRNAL p&ie savatl mgembﬂle@womredt hagI
is not cQ ntary to t ln so nt s secon
unl abel el 6 el eﬁlﬁ%’l S PRYRS v&‘%ﬁwge?aa?grﬁmogf WBBE‘%R@’&?"F‘E ntary to
a second((hé@rnoﬂ RofNithe Im:ﬂh#bldgyr Be397a509 (Q0QDY. Atk ¢lasgiod ELRINNSUS pfodnodd

cbod: monreieh e adieR o SEERTef SBRP P AR S R compla SR prsin i e
cl eavi ngcathplex avpst visthe lRexaAaag@osssertu(thmpxesen_aadf deftécstranded REACheallage 01;] t he
I Nvaghve J u r o) . 8 rt her

| Va5 o Qe ARAOR, BLALELY s 4. STR0SPOMIRY L SELRNNIGRRD ol

st ruct ur encangassae khmgdtpﬂemrsadb' 2e?3 ut with chacm@m@celmbmbhonémwhm@ enzyne
s a o E‘E&PLS%?:S@MV@?'A ?M@sé?% W&@s’}?ﬁdﬁ intdGuGAZ T FRIPLS 68 @ FEN1
nucl ease n sone enbodi nents eavr ng nvasr ve C vage structure
occurs atragsfecsioper sxpressiqrf frora epdntrdnsedyestat (BOILCC P} ef aboMatueathodi ment s,

apbr ox| ey SpernDlf25 2P 360 B0 S Fal et AP Kb B IR |1 T Gonuct eot i de
is udéd éQOPdOBﬁSil%I repgin iropeosaied b)&tﬁ@ﬂl@tm@fﬁ entirgtystonell pwiposkshelntsomet he

first unl, i in an
R i e R
present whd pempaskongamiRNsrciEltmshiv s et al, suprald dindraerusate mgthoderhod
further RSRRL I n sone
enbodi ne%t?ﬂsg& i Egﬂfc’lﬁ‘lélgtwE unl gtgéegeg&m%tagg%gcl eo'fk ?aglg s%]ﬁﬁ? E‘Le&éragggel%%gd
transcriptase 10 reverse transcribe the m RNA target. In some embodi nents,

t he bgVvesRIM RS O Bsfe TNWENTIRIget (i.e., an mi RNA cDNA target) is
anplified by the frrst unl abel ed ol i gonucl eoti de and the second unl abel ed

ol i gonucl eot i d&¢ aFREcHtABVORAR Fighiocagwopiions sl paBedsier tiedrisctienand on. I n

sone enbegiaRBlisatioh Benmblaﬁidedolra&w&r@% tm&%& E Bt ENANALtREGRlcrd OF M5 a
detection _structure_in the_presence e oligonucleotide. In 15sone

enbodi me RS (RENAY gpd EWP%HBP"&P”@I%FI Cﬁkﬁ‘@éﬁ)d@d ethepehosioncleic?dd ¢ aci d

sequence nidlsduldsNMiord piHRLRN oﬁleekgasﬁt uﬁveﬁnmﬁeateﬂonﬁlpr&eﬁerems agimeen the
ol i gonucl eotide and the m RNA target, present. invention is capabl e of

det eéPi nd€ W%%@%@ﬁier‘izﬁ“‘?f’eﬁe}g §Hﬁ‘|‘tf ‘E‘BB‘}) Qflﬁ%‘%reéprei*%‘?n exanpl e, in some

enbodi ment s, |FRSexdniyie tROPres@R ifentin Pofidés a&@ﬁamh&@rﬁehM<ﬁﬁhgds I n
somne errb(idl ments, | ess Ehan 100 copi es of %NA in a sanple are 20

det ect ed eashonegsleisaridi (g nihat confasseamge tif o0t sem erngsfﬁryctpéeq. de

?onpr :j SgSntBﬁ‘é?ﬂuﬁg IENAQ itela &ﬁ&lf]&ﬂi.‘gﬁllﬁ}él&ﬂggﬂatﬁeﬂerﬁiﬁw dR¥ecfibn ﬁﬁﬁ‘fﬁre Ondasectipgi rs i s
or ne e en the o ucl eoti de_and the.m n so

embodi ne t?‘l’i’é’“6%3&0%5%68?’88‘??@8“0%@ w&ﬁ@%&e@em ngall‘ffehlee such

t hat 38 dlb[ﬂ{ee)émbf)dﬁbﬁwt th-iARrieRSERNAl thfpet & dhQIRIA. 1€ bRe Bmbddiments, the

et

ol i gonucl |deda the RNA target or the anplified copy of the m RNA 25
target. 15 e AR s the second region of the first unl abel ed

ol i gonucl eot i qu:mebmbodmrmntss&ﬁ dateﬁﬂxdrsimnﬁé t@nprses aﬁus;eaomde@mgéi on,
wherein the frer grt l%nnasnd th econ ort on ¢ f_:‘ir ze 0 eadgh
other. | SEHE ¢ ent S, R TE %“he“ésf M °é° IR ?°6’P SGF?? t

unl abel ed olrgonucleotrde probe mhen t he frrst portion and the second
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5Figure 4 shows a third exenplary detection structure used in sone

enbodi nents of the present invention. Figure 5 shows exenplary

ol i gonucl eotides for use with the present invention. Bases of the target
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ol i gonucl eotides are in regular type. Lower case type indicates 2'-0-nethyl
residues. 10 Figure 6 shows the result's of tenperature optim zation
experinments for let-7. Figure 7 shows the results of tenperature
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Figure 38 shows the net signal generated by the |et-7a assays with probes
1716-94-1, 1717-94-10 or 1716-94-11 as a function of |let-7a copy nunber.
Figure 39 shows the net signal generated by the |et-7a assays with probes
1716-94-1 and 1717-94-11 at different ratios as a function of |et-7a copy
nunber. 5Figure 40 shows the net signal generated by the let-7a assays as a
function of let-7a, let-7c, let-7e, or let-7f copy nunber. Figure 41
shows ol i gonucl eoti des generated for the detection of m RNAs associ at ed
with cancer designed according to guidelines listed in Exanple 19(M.
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to a str e forned by hybridizing a nucleic acid (e g., an
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stranded JespirbyplsReisg qlgenpdeqtids coxprptes adigiReion tatds PFRlEPEraE te aseront hys,
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si RNAs ne$iea1ags oL BRaN Ve §tFi Yﬁ&?ﬁ?ﬁ“&fé AYBE emHB MeERlg 13 ’gj“"é %t such
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trands of the duplex 2 Thi f ferred t
o1 11 ke, PAbERr R G 45 Sehadk ot BOme SR0r TR Bl P EHES dupl ex

region of the siRNA, or "hairpin siRNA". Additional non-linting exanples
~of additional sequences present in siRNAs include stem and ot her fol ded
structures. The additional sequences may or may not have known functions;
non-limting exanples of such functions include increasing stability of an
si RNA nol ecul e, or 25providing a cellular destination signal. As used
herein, the terns "subject” and "patient” refer to any organi snms incl udi ng
pl ants, mcroorganisns and animals (e.g., mamml s such as dogs, cats,
I|vestock and hunans) As used hereln the ternt INVADER _assay reagents
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15 conprise a buffer solution. In sone preferred enbodi nents, the buffer
sol ution conprises a source of divalent cations (e.g., M2+ and/or M2+
ions). Individual ingredients (e.g., oligonucleotides, enzynmes, buffers,
target nucleic acids) that collectively make up | N\VADER assay reagents are
termed "I NVADER assay reagent conponents." In sone enbodi nents, the | NVADER
assay reagents further conprise a third 20oligonucl eoti de conplenentary to
athird portion of the target nucleic acid upstreamof the first portion of
the first target nucleic acid. In yet other enbodi nents, the I NVADER assay
r eagent smpodimieats, e eprymecemprises e FENGL hetlcasac inlsonaersbodimentbaiéavery s, t he
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nmay be poey hetfbers.NFér dXafBld ReRsaderhRidiBbnt, lef thadZ R @B LEhiIRAA MSe i N a
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| NVADER assay reagent .conponent re-dri ed wn ., desiccated or
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suppor t SO A pfBEY R Guon S 1 dohC Sy BRRRYS, § bl MR G @R o i ng
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be delivered to the int reci pi ent together or separa r ‘exanpl e,
a first stoaus isdermedyn gwmreaond unlahsiedyahgofenleatisle prabeavheagbafrst pértibe and second
contain W I~Ta] B i y igt s J.S i ntended
to encorer(%gg%a%gkﬁgglgg%?‘ﬁal?%#oﬁﬁkgﬁgﬁit%Qggggﬁﬁogﬁégg’é%%ngﬂfﬁgﬁﬂg regul at ed
under section-520(e) of the Federal Food, Drug, and Cosnetic Act, but are
not limted thereto. |Indeed, any deli vgry system conprising two or nore
separate containers that each contains a subportion of the total kit

conponents are included in the term"fragnented kit." In contrast, a
"‘conbined kit" refers to a delivery systemcontaining all of the
conponents of a reaction assay in a single container (e.g., in a single box

housi ng each of the desired conmponents). The term"kit" includes both
- fragnmented and conbined kits. In sone enbodi-nents, the present -invention
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wavel engt h, col or, absorbance, nmass, size, fluorescence polarization
properties, charge etc., or by capablllty of interaction w th another

noi ety, such as with a chenlcal reagent, an enzyme, an antibody, etc. As
used herein, the terns "conpl enentary” or "conplenentarity” are used in 5
reference to polynucleotides (i.e., a sequence of nucl eotides such as an
ol i gonucl eotide or a target nucleic acid) related by the base-pairing

rul es. For exanpl e, the sequence "5 -A-GI-3'"" is conplenentary to the
sequence "3'-T-CGA-5"." Conplenmentarity nmay be "partial,"” in which only

some of édiﬁpr'iBéQ bﬁmdla%mganbﬁ cebﬁdérearﬁ edeﬁ@g%duregoﬁefmgearbase pai ring
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acid, i. Ty f’i‘on}é o‘?hm’%‘&b WA%ete&”R' @Q& ar‘anucI eoiéh‘l?s ggquence. The
ability 0O “two ners nuch el ¢ acrd. contalrni ng ntary sequences
to find datcbtedluhmg ﬂaernwrrmosneahs a:idrmetghdhzfshe p&Bant ngrenMIemah:ﬂmgnbmtmoa
vveI | -rec n o] i Nabi . t

“bybr 1 di SSEIATH RO ATEN B 38 ik rhS SO R Lo i iR ue.
46: 453 (1960) T@n@t@@mtynmntlan also Prcryedes i comirisihg oBeior my8roblivs6uniahled )
have,phee i t ool
e A EohlRARHe e Lot BRSOl ol RARSy L AR ASBREIAY
used her e#cwnde@mls thablsawt esimpjemertredp |thiemwenarg@mene@hdgn7euelnﬂt h the

nucl ei ¢ agi g th
The 5 e anethRRBERRy Sl aard Myich 08Pl oBing MAnREIHA GBol xRl b |
-not comrmRW-"Fmgﬂi apqha Aerond sg2ionibhias aohedned emenfaiydo itreciepeialdregioniofigheriucl ei ¢
aci ds of namfp{a‘f%n; reb BNE Rk RRpEN alﬂ}@A%g,er&re @51%9'0& edaeghaf 38%n

7- deazaguani ne | ementarity néed not be perfect; %% exes may
cont &°n FRBYmME e%péhlewéﬁbauag uagle@rzthmsfmcenedhbwmmbnm@twm M@ptnon the art

of nucl eisguaeldboh@rRBOIPEVastRLILRhEE Rl UR] S¥nShdldirhiots, @Rk {scal |y
consi dering_a nunmber of variables Tncluding, for exanple, the |ength of the

ol i gonuc|ceeﬁslaed tofdedect @ sHRDY tergsh anthy leaéamerﬁwﬁegd iln6AUE| eot i de,

i oni ¢ 10 esftoBikEdns, Wekit ACbARALE] ©f defct FRUKROOA RESR sBitiehSe inASelIg@tdIEr €I N,
the term"Tn.," is used in reference to the "nelting tenperature." The
mel ting tenperature is the tenperature at which a popul ati on of

doublzg- styRSARIPTHONDE THE HRIOWERNEseS becones hal f dissociated into single
strands. Several 23';%“ ons for cal cul at‘lgﬂ)%\’t he Tm of nucleic acids are well

known in the &rure ASHPYER eemdtip J1agranmg ABERAligoppdeatides, BEphep| e esti nat e
of the Tramgahwedmys bel ERT uﬁsa&ted f6yadtdreing Qe biffenent Alléles (B, Hifferitk ¥4 % G +
O, when a nuc cid is_ in agueous solution at 1 M NaCl (see e.g.

Ander son SHHEE ‘?ﬂj‘d%ﬁ‘a'f‘rﬁr?%l%f‘?ai}té‘ml:l | ter Hybridization, in Nucleic Aci d
Hybridi zation (1985). Ot her references (e.g., Al aw and Sant aLuci a,

Bi ochem stry 36: 10581-94 (1997) i ncl ude mor e sophi sti cated conput ati ons
whi ch take structural and environmental? as well 20 as sequence
characteristics into account for the caI culation of Tm The term "gene"
refers to a DNA sequence that corrpri ses control and codi ng sequences
necessary for the production of an RNA having a non-coding function (e.g.,
a ribosomal or transfer RNA), a pol ypeptide or a precursor. The RNA or

: polypeptlde can be encoded by a fuII Iength codlng sequence or by -any
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20 that the 5 phosphate of one nononucl eotide pentose ring is attached to
the 3' oxygen of its neighbor in one direction via a phosphodi ester

| i nkage, an end of an oligonucleotide is referred to as the "5 end" if its
5' phosphate is not linked to the 3 oxygen of a nononucl eoti de pentose
ring and as the "3' end"” if its 3' oxygen is not linked to a 5 phosphate
of a subsequent nononucl eoti de pentose ring. As used herein, a nucleic acid
25sequence, even if internal ‘to a larger oligonucleotide, aIso may be said
to have 5 and 3" ends. Afirst region along a nucleic acid strand is said
t o be upstre&ingue 2 shovhar excagilan dbtfectﬁdrestﬁtcunmdﬁhﬁedﬁheomé‘embodimghtsrmfi S
before nge 5 f the second regi on when noving along a strand of

nucl ei ¢ (ﬁrﬁsenﬁmve%‘o'\’o 3" direction. Wien two different, non-overl appi ng
ol i gonucl eot iRi@ase amh@rai_abaodd Exanipaty deegtionm struekurd Qtitikel mamael i near

conpl enen arl%nemflc(l)fetkc f%cé eg ence, and the 3' end of one oligonucleotide
points t0 e BEPERT 6 & ot her, the former may be called the

" upssr eant olfhguaacshmx b thérdognemipkaey Hettttim strvetutchoed s sapedmicddimensof eot i de.
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Che s S P eR A e G Rl ttals T ST AR EPRES BT VARER [y be
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of synthesis EAMW@hQW@&IWﬁMﬁS oemmeratms’pmumpuhxmnmts fextetrisi on is
initiated. Al t LhrﬁftEJ in a
purified res'p:rlg&lj'ﬁ%e.sﬁH ﬁie%slj?ggtrs ok fdﬁ%%’%@?%ym he Tt%%!e?tl ?rylgts’iOA primer is
sel ected to Hegurel?tfbpam SHEFujts Oéewpr Rl B raXpemENts BRIRE i MEPRA i c
sequence of tﬁgukth@&@ﬂleécﬁ'itbB'?LO@JQ{})eRExeﬁtHfﬁf)ﬂrﬁﬂ@@t|y conpl ementary to
hybridize with™a tenplate strand mer elongation to occur. A priner
sequUénce needFigee 1 gg@‘é&ﬂ“ﬂh@“éi@ﬁ@ﬂEwemesgxénﬂ SFHbFemRaTiSFRR USIBE | e,

a non- copp} fNRIkAry nucl eotide fragment may be attached to the 5' end of
the primer, with the remainder of the prinmer sequence being 15

subst ant i al | Fige®gRshews ammabsqqﬁewetahmentné 62%1?+ﬁ| SEANREHETOTE A3EUSor

| onger sggiggres can be interspersed into the primer, provided that the
primer sequence has sufficient conplenentarity with the se uence of the
tenpl ate to h§iBRGedsABOWR therpBilis oy tomaicrmtare caHFIZRtian Srporspe M1 3or

syntjeesi s of fibgreadt@hwk et R6REWELOY el ArRhis T mirl138. t er m " cl eavage
structure" as_used. herein, refers to a strug%ure t hat g forr‘xed by 20 the

i nteracti on of&gEe 1|5ecg§§an§r?egrﬁqﬂrgﬁaé THTBiTHeT SotvtREc LAY © dforihel ei c
aci d, foddichignaf Bt7Us el BysaesIpr i Si ng a dupl ex, the resul ting structure

beingcleava e by a_cl eavage ne nclu but limted t.g an
enzyne. The ﬁl@&&?&é@%ﬁ@&fgr tsi° d#&%f'c‘j‘rceg feeivg Y8 by t he

cl eavagemnaa&ﬂréhnﬁe;nt rast to a nucI e| c acid molecule that is a substrate

for n- speci Ie va ent s ch as_ phosphodi.es whi ch
e e nuol oi Eiese 1 SRRl S S PO Harn POTEHOR TS RPF et ur e
(i.e., 'n'@rclﬁxﬁfr@&hll-@éh@fvﬁsWdWSI&RUthﬂuﬁlebﬁd]tﬂl red). The term

-"cl eavage neaps” cl eav as use erein refer to a neans

Chat 1 o capabh@ors e Es B B Kepriiut SRl on e PRy S B i ¢ e
to enzyn&signéﬂbsambbdme&gpedﬂl ¢ nucl eases” or "structure- speci fic enzynes”
are enzynes that r fic secon structure | ei c

mol ecul e and ci%e eavlgd:%%%‘é"géhesrte?%%tc’% BREIFRE gea;\‘llaetllon il enmen%% strllr%thlelrfl\alent| on
cl eadqe amaupxlobeancatl‘-dwrrmemlnlﬁ{ phiganasieotideadcsigns. he formati on of cl eavage _
Structures: |kt APhoIREESSANK dMBANECLABKANE, RRRD RN B AG Cavage
structure at par Icual-ar oca eC eavage Structare

cl eavageohgemnslenide designaide nucl ease acti vi ty provided froma variety of
sources including the CLEAVASE enzynes (Third Wave Technol ogi es, Madi son,

- W), the FEN-1 endonucl eases (including RAD2 and XPG proteins, and FEN-1
endonucl eases derived from archaeabacteria), Taq DNA pol ynerase and E. coli
DNA polynmerase |. The 5 cl eavage neans y include enzynmes having 5'

nucl ease activity (e.g., Taq DNA pol ynerase (DNAP), E. coil DNA pol ynerase
). The cleavage neans may al so include nodified DNA pol ynerases having 5
nucl ease activity but lacking synthetic activity. Exanples of cleavage
means suitable for use in the methods and kits of the present invention are
provided in U S Patent Nos. 5,614,402; 5,795, 763; 5,843,669; PCT Appin. 10
' Nos V\D 98/ 23774; V\D 02/ 070755A2 and W)0190337A2 each.of. whi ch is herein
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30 to a target nucleic acid at a |l ocation near the region of hybridization
bet ween a probe and the target nucleic acid, wherein the | NVADER
ol i gonucl eoti de conprises a portion (e.g., a chemcal noiety, or

 nucl eot i de- whet her conplenentary to that target or not) that overlaps with

t he region of hybridization between the probe and target. In sone

enbodi nents, the | NVADER ol igonucl eoti de contai ns sequences at its 3 end
that are substantially the same as sequences |ocated at the 5 end of a
probe ol i gonucl eoti de. The term "ARRESTOR nol ecul e” refers to an

agent added t Bigafe 21n¢hbudeékuits c@cﬁpé:mgafﬁé Eﬂ’edéé @@aagauﬁle@ztamymi&feg% to
stop one or nor action conponents fro p, icipating in a subsequent
action oFmP%%Elqe‘b{fﬁe ﬁbémﬁtgylr%élgﬂfﬁi@ ﬂ?fyprggﬁﬂ'@%WER&h@H%WWPi ng sone
reaction CorrpEil’)gaFki) 2% hoWrs thdnesittsttiifehsive cRASAreRasdys RdatediuGRES zaa.ag i %R
conponent, or indin 0 a protein _conponent). The_ term_"ARREST!

ol i gonucl eot i Eh&r g] %’Pﬁt‘%ﬁ 1§ﬁulg;| ‘?tlé’éﬂ%f’%n%"cpétqcﬁéV%g‘ngr‘?‘ﬁnﬁﬁNﬁﬁg’ie%@

cl eavmgetataldIUA Gsblated BHOMEA0 differshOissod typed.est one or nore aspects of any
reaction (e.g.. the first reaction .and/or any 10.subsequent.reactiqns or
hotions: it 1 B 24 ORRAEHTS AL TR ARSI AR T ) AR BYET SR8 o i t od 1 o
any part aitetrarproeaaid obigomicléceideli¢rnpth.st ep) . Thi S may be done by sequestering
some reaction,co nt (e.q., base-pairing to anothe ucl ei.c i or

b ndi ng Lo a FIaNeEhIRumsSRIREY PR rag o fasigleods Sitfess Kot or m
be so |i of aedROA. lowetisdsesedidires imticatd 2r -@hmethyla .r eacti on conponent i s '
sequestered. 15The term "cassette’..as. used herein.refers.to an .

ol i gg(?lucl eot i gleg%?zéz%r%fsﬁg ip(r)oﬁbe(%fwbbl @%%%‘ng |ﬁber§d’17é18%f?%%nr%% vi"(t)h generate a
det ect abdiffsenydaflap 'ermB spauesesst o cl eavage of a probe oligonucl eotide in an

| NVADER assay...ln ferre di.nents, the c ette. h 1di zes a
non-target cl géﬁ}lé%y %‘rogvde’uac%aﬁgéﬁl\cﬁn%g\’;’ggn% f’%%ésp?eoglgl %Hbﬁ{)fg rﬁégﬁ %a%@i’ de to
form a s@&2andnd¥43R2§61cremedat gl tand &0 nSuEhixtviiatnd heM asdenMemdan t hen

be cl_eavzlg( rgsoggt(i:oe?yary cl eavage reactions in sone preferred enbodi nents of
t he pres t) iOn include the use of FRET cassettes. Such nol ecul es.

nt’ raven
provisle bot h Figeedhemws thvaraligbnfchatidageobys Réth che samelld6 @ANA hybrisidihgand a
FRET | ab%I3 ed gltewai\ﬁlaglhe Seguence ajsl owi ng honogeneous detection (i.e.,

wi t hout PFOduUCT Separation oF & ereqﬁ%rhcleg'ul ation after the reaction) of the
sequenti al i nFasirey29 ehosmmchartrdeacting nopyGiumsher pemfienat sggnalplenifadimbest s use a

secondar tJ.on i.n_whic he ERET.prope.and synthetic target are
provi dedxgégggﬁ)‘éraﬁigg%}r?g@ﬁ&ﬁ? @Bielgdq&'%? %gm%?@.ﬁ@gax,gew?!tév& ‘froma primry
reacti on act &Sguregashores DtHagalepichiagtogiesumber &esasmtdipnyl plewdbd iplexiUé whi ch
t hey &i nd éi{ﬁed%gcgr opriate secondary-reaction target (SRT). |In sone
enbod? meAPS Mt ARdexd 9Bt te is a single ol i gonucl eotide comprising a hairpin
30portion (i.®&igura3t egivenvanioes eligomnieofidestgendratell diieg daskphicat of the

ol i gonucl eot i de hybri.di tQ.a second port.ion.of. e sane. ol igonucl eotide
inder T eBERERONAR (RS Bebdich P SRR rBR R O RIS ST WER P
cassette conprhiges 32tepietadlic ganorad Hesignioc Hetottictlast nai®MNox nsinggn esapl enent ary
portions that. for re i onditions. .ln.preferred
Erbodi meriPRErpRE e Pt ek, {SQThEAR AR AR R BB (G
enbodb nerenvagraassast reectionnpr i ses | abel ed noi eties that produce a

fl uorescence r r,&ﬁg - :

"substanti al | yﬁéﬁgﬁgpg&s‘ﬁl’g{%g{é&h e%%l{fse %ﬁ)nrbg Iét?fgértlggﬂggreg&%dl?él eic acid 5
substrat e nearfigurhdt shdwes neiisignplase funttwoudiderapdratuee. primarily as a single |
strand of nucl] (s N : ich
X0 o5 a5 tup Py ads ey G A drhe e R Sl PR SRL7

i nt er - st reRy PBAYE- pai ri ng i nteractions. As used herein, the phrase
"nonsgnpl i fi ed:;ollgeRNGLERL IS SAALEHHOR-2S $3¥ker Wb Blifphih Oty ARbRGI 4O assay
configured to detect the presence or absence of a particular target 10
sequence feactipn of detrdaRNANPPY pepbert sequence, etc.) that has not been '
anplified (e. Gigul¥7REERYs M¥intlQRtal GERALLN By BRNALGSp ld 3.0 1AIAGLsSequENCe. A
"non-anplified oligonucleotide detéection assay" nay, for exanple, anplify a
si‘gnal us@acﬁ%quﬁﬁ?@é’l"éyflh’é‘bﬁesence or absence of a particular target
sequence or polynorphismw thin a target sequence, so long as the target
sequence i s not copied. 15As used hereip, the phrase "non-anplifying

ol i gonucl eoti de detection assay” refers”to a detection assay configured to
detect the presence or absence of a target sequence (e.g., m RNA SNP,
repeat sequence, etc.), without creating copies of the target sequence. A
"non-anplifying oligonucl eotide detection assay" may, for exanple, anplify
a signal used to indicate the presence or absence of a particular target
sequence or -pol ynerphi sm.in a 20t arget. sequence, so |long as the target

—— M - - e



250bserved with the unai ded eye and includes, but is not limted to

bacteria, virus, protozoans, fungi, and ciliates. The term
"m crobial gene sequences" refers to gene sequences derived froma
m croor gani sm The term "bacteria” refers to any bacteri al

speci es including eubacterial and 30archaebacterial species. The term
"virus" refers to obligate, ultram croscopic, intracellular parasites

i ncapabl e of autononous replication (i.e., repI i cat i-on requires the use of
the host cell's machinery). The term "sanple” in the present

speci ficati onpgada 33 syows théndl SRMall g’énhrtafedhfyctﬂéima AERAFEWI QPrdbGElWBEMl&hd it
is-meant _to incl Lglc men or, culture m crobi ol ogi cal cultures).

On the oi?l]e7r947é98r17]t6? hesa funchon HHCUH%CWW%I ogi cal and envi ronnent al

sanpl es. A sappufe mshowa%aﬂa snalNeakARA ugimsydﬂlm«atsga s @ith kdbes 1716-94-1
Bi ol ogi cal  sanpl es fiigF Emam mal , 1 ncl udi ng human, uid, solid (e.qg.,
T

stool ) of¢ 1 Edpt-1hat uP?%fLﬁ%‘“&'?ﬂ?%F‘i’@?@é’d‘“H}l?ﬂrfeed products and

i ngregli ents spphire$ dRiwsithé h& ¥Eenaly, %ﬂ%@é&'@&hel@%aﬁd& s iPRfunBYorPéfadiTd, s, and
wast e. Bjologi cal mpl.es may be obtained fromall of the various fanilies

of donest&dCdAt Frealo§?°tg§°9@f’i‘“"é§“f eral or wild animals, including, but not
limted to, SEphradd mu&ca@owﬂnal &egenedmétrﬁor fhef‘dttech&gﬁfmmh.&s afseéiaféﬁnt s,
et c. Envi ronnent al sanpl es. i e .enyiro material such as
Surf ace Hifhaneer SanpRed ety el Aot L KRB Tk el | as sanpl os
obt ai ned fr oangne@Mm}dmdadﬂympﬂmgﬁs fog 1étatand MRIRE BG with parfyiiglisngthaefl pnent ,
utenﬂ) i S bl e nonéﬁg1 @_&)‘fsabl e.itens. These exanples are not to be
const? uef™ 5’@13| ?f’?‘ldg VRPCRELCEN i cabl e to the present
15i nventi on. F1gure43 iﬁlmmdeeamablehsjmgmﬁ difigotredi graides) BHQIT: Nast $44-2&F,ers to any
sanpl e t hat 31 et%i %g(am{:@m ds (RNA (e.g., m RNA) or DNA). Particularly
pr ef er r elFBET arge1p nucl ei ¢ acids are biol ogi cal sanpl es including,
but not I i m ted to bl ood, saliva, cerebral spinal fluid, pleural fluid,
m | k {) and senmen. 20An oligonucleotide is sai d to be present
in exce reI ative to another oligonucleotide (or target nucleic acid
sequéﬁce) i f Todbciblatqpruclestnidig df theqpressaninventicn, hingimber ofgérars and
concent r?h}% &Qagﬁﬁ%&eo Piper oligonucleotide (or target nucleic acid

en

sequencey. |gonucleot|de such as a probe oligonucleotide is
present in a dsemedpercingtistitnm " hiRNAbreders temmxrd RNA.0As heeddwretmithe teron  of

t he corrpl..&pﬁ{g, S e used
to indica h%%%tg%cfe ?ﬁ%ﬁ?g? g{é\%&ﬁ‘u‘g E:Hzg%fl Q&e@@ nt ﬁ%Iéy& ib when
present iothesxedsis acidsk Iprsotme colbodiorrnts, emlw tarddt smemeesewﬁnm 0&@ I east a

- 100- gl d b excess; typically at least 1 pnole of each probe
ol i gonucl'eoti'de woul d be used when the target nucleic acid sequence was

present at abdirusedhenei, & toymy "E¥A detection structure”/andddpieetionsirypues’ sefen
cont ai Ni RY’a sgudthfeTbrAtitbyPh m 4 Q&L a@iﬁ% gl Gndf} &u‘gﬁﬁ’u@gQQQﬁm ei ther,

both or neither target nucleic acid nolecule. The ferm"reactant” is used
her ei n i argels eBn A AEENAenuBNATHR spg cRAdImeats, éﬁrﬁplﬁles%m%ra SBEHALEIC an

enzymat i Gc{E@St, adnsrgean@di@eh&akmﬁle@ﬁamgﬂ,&l (b lggioné)eofgmowgs/rt@meol et light,

particul ar| short wavel ength ultraviolet light is known to_ break

ol i g&Aucl Eﬁwbodwma@é FuclsigRgll ISR BG PYRFIGRYES (58> that

ol i 90nUC|}@9hHﬁ€tJ e @hiRREA tf0h LRIrpRr (B, shlpfPVouble HALBRY S EerlBR In

ol i gonucl eotide is enconpassed within the term "react ant . used

herein, tiefered pnbpdimentsemiRIIA defegtion styciures e SpRAbIGOfdstectionpying k%qwn

cont am Naficid 4 @edtRMth@hods0incR¥AEDbE: not Nm$eato, ¢Hdke distRBdSherdifCONDI nant 5
CLEAVASE nucl eases are expressed in bacteri al host cells_and._the nucl eases

are purified 69S‘P‘H‘Se@ﬁﬁ%ﬁ“‘%%‘gﬁte%ﬂmﬁ?ﬁ%|aFst“rQ’FFé“%‘@ﬁE‘éFﬂl oyfing gse -
LeC orgui nﬁﬂzbnﬂiiﬁth&ﬁﬁeﬁ. Fé& etxaﬁxb%bm JoR{e eddiimérils, loA€ of HivRd @mponents oP&eUS ed
ereint eterm ortion" en erence to a protein as i n ortion
of 5 gi veIrSEeY ErIPFET IS A GRPRHE AT bha pufpgearpob TRy J5RBR s may
range in esmtz(ﬂﬁlmmohe of aidie amlmeme lofl iHeiRtedti6s sthirtirb & @Rtacted vaith AhgRei d
sequence er] gne an%‘i] 3@ 1% g 4, 5, 6, ..., n-1). The term"nucleic
acid sequidgdmateddo gu addifapal miclpicptids 6 an ol i gonucl eoti de, nucl eotide or
pol ynucl eoti de, and fragnents or portions thereof, and to DNA or RNA of
genomi ¢ or synthetic origin, which may be single or doubl e stranded, and
represent the 15sense or antisense strand. Sinilarly, "amino acid sequence”
as used herein refers to peptide or protein sequence. As used
herein, the terns "purified" or "substantially purified" refer to
nol ecul es, either nucleic or amno acid sequences, that are renoved from
their natural environnent, isolated or separated, and are at |east 60%
“free preferably 75%free and rmst preferably 20 90%free from other

e S o, o o,



5 refers only to the arrangenent of the basepairs within the duplex,

W thout inplication of continuity in the backbone portion of the nucleic

acid strand. Duplex nucleic acids with uninterrupted basepairing, but with

nicks in one or both strands are within the definition of a continuous _

dupl ex. The term "duplex"” refers to the state of nucleic acids in which the

base portions of 10 the nucl eotides on one strand are bound through

hydr ogen bondi ng the their conpl enentary bases arrayed on a second strand.

The condition of being in a duplex formreflects on the state of the bases
o:‘ a nucl ei cI Higd térm ByiRWAS" wefesfto bﬁ&ﬁd@@r&hggm?&lemd%ﬁ%{&&ﬁahmlhei c acid

~al so gene y assune the tertiary structyre of a double i X, .having a

o or CantRNARCIBPT B U x 1 doR BRI e B T oTRe P AR R e PSSyl 1 ci £ i n

t heI act nfapgamgmgs divjlt @ 8 €6125 Adclddtidel BIng) &_taaarm_ats&a?creafregasn lt:zﬁl e ﬁt rand of
nucl ei ¢ aci ch a conplenentary co [ ui | t. from nucl eosi de

" triphos pﬁ’ﬁf"eagqgh?’tﬁffﬁ”o?%%s &ék’?s\ﬁw %ga“%ﬁﬁﬁ?%@ag‘béﬁéﬁme%% €ic acid

poldy (rjser aaﬁi.ger\d%'fshhrmhwﬁﬁgrﬂmﬂ b@tﬁiﬁrﬂ'ﬂrﬁgﬁmﬁ lhﬁﬁlftdfobﬁﬁnﬂhi/reﬁ awecstfde@at theepi g t ed

an escy, as.the "bo m' strand. Simlarly, t non-t.enpl at trand is

o t en' dopieB 86 CaHTARS O RO e R tinebph sk ailirmo e PrauHe THE

| NVENTI QONteHegerpe as@nwertébimenandoin vefttirhes, dnf if aigpeshd sa@usnangpediBit ROUS for the

ol |- RS Bet Bo PR e T PRl e el e | Rivs) )

and ot hedumdoot dontiel-sraodatiegion f ABIRNAlie sibstadtidlyhias@ogous v endubstantpalivi des
‘h ecling. i i tati . Con. |

 somel oS AERBEhy s GIBLERISHAERIE, SR R AR T D R T 0 R

expr essi owlecoieps thei"aytisgdsd” syand; thecitrand hawplbgtes ta the Rt ROV Aaindldcnledethect i on.

h Lt i y ; ; e . ect )

Ui t abi o R S e gL E6pp RNV e SRS aldEl R Plle MEkIAAY

Wi | et heéovbid stomidedyregipndiesd npidd tha etagt length afithe bppogide goandghusede strand

quant i t ahj,0Ra(f atTERNGR felver RPeHt el %mbﬁfb?coﬂi?éem%m&ygﬁ%ﬁ;?‘%sgm | 3 ]9

finds use W th other short nucleic acid ecules (e.g.,
| ess1¥ hain 2 fogbblek anpl least 8¢ unfatclgg basy imtbe appdsitosiratds Que strend phthe

Var i ous 1 -0 | | S i . o _
rovever SRR L e PR o B BB B % e
smal | nugrandeprggreblirtheciensceirand mastyveet lcawt oge mismetihed se BaiLi on Structure
I'n sone enbodiERKSmaf B0 BoRER A BN ACA Héfﬂ-ﬁﬁﬁtix}ﬁ?%}&%%ieg%ffs&ﬁxner ating

m RNA detection structures to ai- detection o m RNAs are
smal | i nsequgrees mshidsdinkingsiequentes geloops.vduch cannget thapnsfendgothe duplex

nucl e@t i deson. ARG CoflsIIS AL fal ibe Wbrb @ tPQl-BRE RUGIMN LS HARARLAIGH

hybridi zat1 on net hods. | n_sone enbodi nents, the Qeihods of the 10 present

i nvent i oivhets e Prost medr fagha dARIET EqgionaRfi tae ABINED gF Ehalpim AR ARNAqditiqpal - vi a
hybri di zabh-BfhitieXéQRS1Qbf 208itibhA abdiRAtesiRe@RNaM AR it BIR GldnPhdSdthatCt Ur €.
Such detection structures can then be detected using any suitable nethod.

I n one p&RlestiTusheres i adeRional ReaupeessRLY DAY PRIAYF knerka BIehBeRs: PoP-Fi gure 2
i s gener atfthd SlanthdsasttsheNfuattidis t¥sde ihBrehdih Sste8TRE/ML MBRIRNA Whblecule, or
ollggnucleotLdes %Lﬁ qggealed 15 to the mRNA to forma double | oop or

" dunbbel POV9iRG2 el dfsEnatipRsigiahbbel | structure creates a |arger regi on
of doubl e- st r RAREN NeteInCG téreisCtsblye®X ki THafichtt RFerad diy Bfgahid@s RN th a
double-st{anded regi on O;W@%h opucl eotide. In _sone e oéinents, each end of

"the ni RNR!30LE, BYFENGATSHS Sdfd-> SamrRple sighps doss: satsoligstoredinent s, t he

ends of hiigad)i gonucl eotides conprise additional nucleic acid sequences

that do not hybridize to.the 20 | n some_epbodi nents, these

addi ti onal seQfFSNELRTFEy mcitﬂ?}hwmai‘%é%%c%g%@tvg.c&ayaa%mR assay
i NVasd Ve re&dgemty'agfers td ol dirBGk) redgBntS BRI ctithingl tafg kSquehdé pSiidRagdnBavage.
structures_ar.e degecteg gé-thelgNV R.assqé gSee-e.g%, belownﬂgscription).
For exampPBPUFRE SEREETBEaF BRI CHloTTBR AR BT GBI TH R I Exanpl e 18
(See, e. gresehdegifities t3iget sagmentdel [Ih Z@de tdbodiinents, thi: RNIXADER ashptaagdents t h cancer

(e.0., tgg 25 for.m an invasive cleavage structure .that can be detected by

| NVADER bt Fompri Bl age AR s ciineTBY BlRab B L T B < Rl eeatE F e 1
Figure 3 is generated for the detection of mRNAs. In this enbodi nent, one
ol i gonucl eotide is annealed to the m RNA to generate an arched structure.
The m RNA brings the ends of the oligoﬂ&cleotide together with greater
efficiency than in the absence of the m RNA. In sone enbodinents, 30 the
ends of the oligonucl eotide conprise additional sequences that extend
beyond the m RNA and do not hybridize to the m RNA. I n sonme enbodi nents,

t hese addi ti onal sequences forminvasive cl eavage structures (e.g., |NVADER
assay invasive cleavage structures). In sonme enbodi ments, invasive cleavage’

o, b R FA NP~ ~




nucl eotides are utilized. The present invention is not limted to a
particul ar nmechani sm |Indeed, an understandi ng of the nmechanismis not
necessary to practice the present invention. Nonetheless, it is

contenpl ated that the presence of 2'-0-nethyl bases increases the stability
of the hybridized detection structure and aids in further detection

met hods. 5 H. Detection of nucleic acids (e.g., interfering RNAs) I n
sonme enbodi nents, the present invention provides methods of detecting
m.RNAs. The present invention is not limted to a particular detection
assay. Anglesiaié agine). e tdmelembydibentd] theioigehucteotidel dognprizsfirst@hd sdctd ed t o,

t hose di cI 0sS referred enpodi.nents of the ent
i nventid %@ﬁ‘%@ts@gﬁ%}ﬁlﬁg{“ﬁﬁg%ﬁfgmaﬂﬂﬂg ng porijen cemplementany a1€f§‘ent| on
i's not In'egmhedtkteaa:zgemrclm@adxmandrﬁuixhﬁdtmﬁdmhgdﬁdeledndmmm&&rgsi aportiog aall t he
rrechanls not necessa e the present_.invention.. Nongethel ess,
o cont @RETeR B0 o e risrard BRPar YIS BB AT PASHTER G TS o o
assos| atdmlvnmbdmaafhﬁ/mnugﬁo@w&mmmﬁmmmnfsbﬁme&mwnmgI&aampgemﬁ@f The-
Excpr ossi R ERns Sgliapes R e R 3 e inlcotBt b Bt eiie e S o ca
(e.qg., cargetn)cler agdt abpdefmv)i enfﬁodumenas;rmee?" pomtios efftheasebardi ahigntig:ledtide
g‘;tng‘r)‘r’r; | c%?nsxrsg%fg &%ﬁe’ﬁuci.«{a\é&%‘ﬁ({n c%g}%é&%&%xtt og%t‘é t&g tql%c el%\%&f fn@%m%r esgﬁe of
expr essi @mcahmemrs,aheﬂrsmmcbsecmd:digo@weoti@s gre, co@allentmy edupddd. tp oRe m&aotml | Acad
Sci |USA, 9 20(2002), e.g., using oligonucleotides described
in E]!((J %9 B‘Jogg’ﬁéll—]}lﬁé?e 31) or to determne the effect of an intervention
(e.g., dr ug) blmomemOémf&ﬂkWAEEBtdawreérﬁmmfnéhﬁworrmesm gilidgous mi RNAs
(e.qg., f X etc. )
b o et SRBy Ty BOERRRA, YELY GunddRRgRL G P IAbE R AL RS AT By
sone enbrwdgminiess., fidveandfoz seqond |0hg@nmle@ndqawd\ﬂhbebndgfngodsorabn«tmmgas| ng a 25
parti cul RNy NALS.
enbodi rre%agﬁét he égo}%o%llgﬁor{nltghe p%ggggﬁn%g%t%@rﬁgjaégﬁda tgl St ngw sh
bet wen mﬁ@ﬁtasbwf@r gplutiqyn | Iy sernp presersedsmbadinentartby buffergolytion pmpmes i RNA.

| ysing cHME TaALeY Sei (g Mbs BPERER: Brorrrke Bl SRR Acsay 1n

sone enbaigomeciestiddshanziiNv)BEfRe@stapet hiscleis eddsﬁ)ahattdoﬂeaﬂﬂtebohmpof m RNAs. I n

sone- enb DE a ses for a nucl.eic acid
cl eavageﬁ?Yruc u%sgalf'ﬁaéenﬁu fé ng Wﬁ%@#%ﬁ%’ﬁ%&ﬁ%@%}“ﬁ target nucleic
aci d and cl ealti s“mgnetdﬁﬂaodlrmeﬂterﬂme MVADERmmea@ntsmtther&mnasa ttirdr el ease

di stynct iy v LO IVIt for e S used
o diay il FrbRIaaR-RIRNES o 2imll SosB0T T 8 bt e T W Rt prf®

cl eavagefipt pdm@n@f die ﬁrlsteal!ghew&geamd toheet otheama‘g@dlmbnﬂscﬂla MVADEmahse:;at ive
of the p[g el r [

When onelt gg two 8 Tor ea)qarg%rrg’%{dg &%& nucl %l%ceg%m gn ct)gqﬁ ]?dg}é)}r‘\%% rTBdes
bot h hy breagénte furtheacamprifete speroiddangetanictbisacidnth Bt otet ¢rabodiments.fthe m an

overl app AR ;CE:H)% i iyve

cl eavagebggn occgérsxﬁlg%” ﬁgﬁﬁ tefg%g%llr%?lhég)?‘ ﬁ&%tﬁj&a\?gg 1’g%aw eans?ig?rglf) }é :
nucl%‘hseyomﬂmn@rmtpﬂﬁré@mn of Breuscbangitthuget nucheic adidalnagencegedific can be nade
to cl eavenbhfinflaunabacasioh baRB Yl Aalddiee 8hidds bVafhilghinkbd £ dillsHEN 3 vaY

that a distinctive fragnent 1s 10 produced. Suc |rrents ave been

termed t Heset RVABERCHS %yﬂwme@tﬁqm@dm@@ﬁmbww tapgetinugleic aed sptlised i n
U S. Pat githphiQs a 52p&4ibn, Mtfereir 1252 paribn of R McdHidarsts HikleioBid 156(}198191'd543
6, 348, 314, and 6, 488, 535, WO 97/ 7 patin 428735 Lyan chev et a

Bi ot ech. oligonupigptide Jogiill ofger pmbedigients, hRSY ADSHR asspy gzrents Spthey corerress of

whi ciy i Saﬁ‘ﬁﬁ@iﬁ?(@ﬁ%&?&‘h@é(@% BYrREESPORNGGoimRIddtBegNt i rety for all
purposes). 15The | NVADER assay detects hybridization of -probes to a target

by enzymatl c @h@ﬁ\%{j‘émcﬁﬁsﬁéé?thw@teétﬁm F@B. ojgonycleotiday. vhigheses base- enzynmes
(See, ARG 9 Kch p RBeFéim?%v B & " flal atent Nos.

5, 846, 71 6, 09 %;43 6, 001 §pe 9858%%%}1 Eargéﬁzﬁtoeltgs ﬂg9%

6, 348, 31acqugsigusaingieaved grebes ad emv enf K-SaysEire Symae: 6918@2?38 Sf"SB‘i‘aW R‘ES‘CHOH

10/ 084839); 20030104378A1 (Ser. No. 09/864636); Lyam chev et al., Nat..

Bi otech., 17:292 20 (1999), Hall et al PNAS, USA, 97:8272 (2000),

W97/ 27214 and W98/ 42873, each of whi &?1 is herein incorporated by
reference in its entirety for all purposes). The | NVADER assay
detects specific DNA and RNA sequences by using structure-specific enzynes
(e.g. FEN endonucl eases) to cleave a conplex formed by the hybridization of
over | appi ng ol i gonucl eotide probes (See, e.g. Figure 1). Elevated 25
terrperature and an excess of ~one of t he probes enabl e. rrultl pI e probes to be -
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If the primary probe oligonucleotide and the target nucl eotide sequence do
not match perfectly at the cleavage site (e.g., as with the MI primary

- probe and the WI target, 25 Figure 1, panel B), the overlapped structure
does not form and cl eavage i s suppressed. The structure specific enzyne
(e.g., CLEAVASE VIII enzyne, Third Wave Technol ogi es) used cl eaves the
over |l apped structure nore efficiently (e.g. at |east 340-fold) than the
non-overl appi ng structure, allow ng excellent discrimnation of the

al l el es. The probes turn over without tenperature cycling to
produce J¥afYcribedMAES P8I, NATQGHioRMidolSEy, 1678876 L2 hefliP ncbipofldO8)) -
Simlarl each target-specific product can enable the cleavage of nany
FRET pro%@"é?ncem 1ts e é‘fg‘rqlwoﬁeNVADER assay reaction is directed agai nst
the target DNA sbfk pRifed@hhiifeits cheINVADER MsaPtea s Fsthbh@nipdtet i Ng

conponent in the first invasive_ cleavage, since the_ |INVADER and primary
probe ar€2&WHIPT eecqinefougleicaqd slsavagp Pragucts dp Spre eRPaSIRABse PRERFIBEE it i s
the rel egigReudibtiiict fithe TSVIADER hétgy rodb@fts bdigstsclatabdl GRYAREpRAGHI ONs are
perfornmed sequenti al l%;stt he fl uorescence signal fromthe conposite reaction

accunul aPBROGI RIS, P isppugiertidecompHgesidRbRlt opthenprstrmed empadimsnisai n

enb?di n&dgtcsghtirﬁmgbmmaﬁ_ lEe &ﬁﬁiﬁﬁseéaﬂg&l. h%rpaﬂtwill il 2Dt 'réﬁtn_dgk%bhiﬁ%n@,w@yg, are

performed wi accessibl e e-desi gned ol i ucl eotj des and/ or hridgi ng

BT GonuCIeBBT RSB aE & B BHE T o S PR PR e8 i Brogeeect | o

iN(r)\ u. S/ Sggdracenéb&ésaﬂaé&e eﬁc@?&s‘aﬁ% 35D, effect(, U. S. .dP%bléggl i7cat: Ion ]cSe{Ah_ ]
: : ,_an : i cations , and. ,_all ic

are 1g)peci fi caﬁ‘l quﬁgg’%’ﬁ%%?se?febv o] g?\ég%gagéggﬁsf%'etﬁge@ﬁﬂ‘?ye qférg‘.”de‘? ~In

sone pr efner predispmibgidiormrati(se., piemeasypaision gsoin at s cfthpp®cédurgwithowtatei ¢ aci d

sequence,_(e.g.. interferin e.q. ] or, si o the

o1 1 gonucrea st B e adeh i s Bmbalieih, Sedtd REV AL R b Geparat

ol i gonucteopantes aeert_dixbhenchgﬂdtspmsd«btogem!edi Ini preferred embo dinments| pwaisj:eteed

cl eavage, sy UGLUL & hSodeRls TR pRalnaen, sa] . Lar el i3 ateaction a%gx@gc! dqi

150l i gontiEreBtFae SRR Tt BSGEP oS-y TN T E P O 8 et &&i e

wheri n buatimbt limitad tovereattipamabeorst weill,tas i dg5, Cindavtitedr pigtel aincbacdomdarhge agent

to form va ugt ... enmbodi nents. the tar. sequence
(oo m Bkl SARBARIAR, Bleoioppseg pyATH Ben B RS Dirbontot ek B 88 oS

regi on dmsdeseeatedbdr Iyophiizew) irgaoeastidrovesa. first regi on, and the '

ol i gonucl eoti fes coppri.se fir cnd, al il eot i rein, at

| east a 20porﬂllso%rl?¥ eo%ﬁ{oﬁgg?r{tér’sﬂ?é %ngﬁg‘cﬁ%gagtrggﬁsga&%hﬁ%f%g ??k\lgg?r\ﬁﬁlesﬁ%nt ary
to the fhersin, therenmotkit)refetsdo aay deivenesysenchr delivanngmedteridlh eingiee condext

ol i uc j Il ' Is ' ' i.,h the 5'

por (3on PERELAR SOTR bafde Ry o RREE R Rt e AU 0 BUBTRE] Larget
nucl ei ¢ tepport] o1 delivesy off tfactiorertagentoldigveniigenudlendides, [rogymes, eft. inftke sanpl e to

the olig i @.g@é% L se i to the
ol i gonuc%ﬁ%gésbgﬁﬁnt eﬁgg)étr?{}ﬁ%n et %%ﬁgilgt(lé%ﬁEuﬁhﬁ‘g%ﬁgﬂaﬁﬁc\ﬁggtﬁ
cl eavagepretomung;the apsgy fetsr)rfEqin lone lnsetion teanpthey ef orsaguplec kitsindutdene or

ol i gonucleot ifes. b (é.g,eb&?eﬁ?@éutaﬁﬁﬂh’ﬁf}:(}‘éle gnt%a%%%mre%g@ntg aﬁaféﬁsrag Srtingher ein

the invasive cleavage structure |1s cleaved by the cleavage agent to forma
cl ea?fagempicsislic tAs ysad beymia, Berienm (fragmeptagridt’ epfeesdo delivary mistmss comprising get
sequence ;o BPhbRSIpaatkichthimd thetatcHidnda SAHRAHY FThOfal gﬁgergglsﬁ&&d

a
regi on downstream of and contiguous to said first region,

ol i gonuc TBerpraners Baytedslivered fo e dntended eripipntfossibsras sermeaelynler ei n at

| east a Bﬁ&ﬁfglg,rh st GoAtdindr ka3 cotdiIANYELRRILAR IR af 955R Sliglea &osR] ement ary
to said first portion of said tar_?et sequence and wherein said second

ol i gonuc reyeingecosipqligeaudeatides ot hg tsHn sfagmented kishis dntgpded \ip arcompasynj d 5'

port3®n ifs eoHMhRlzAnal RO sp AR (ARSIl 3acP DR Ao 20f) Shind t ar get
nucl ei¢c acid. In certain enbodj nents, resent invention provides kits

t he
for assayrAgadaedoPBs aufippungtic Act, bul asqnt gﬁ“‘ﬁ%’éﬁﬁ@ahﬂeéd’@lny geldyey cel |
| ysat es) spsith GotPNARER dlet 6t seParatelcBR@RREsShAt®abh cotihilPh ¥utpoda, ofthVADER
probe, and FRET casset ta%),. In‘{)_r eferred_enbodi nents, the kit further
conpri sedotPhEt $UTRRIEHE 25 {PAHB%eS 15 theters r FreRenteAPADER caRIE2) 2 "SAPIS sone
enbodi nents, how to apply the 1NVADER detection assay to pool ed sanpl es
from many individuals, or to "pooled" sanples frommany cells (e.g., froma.
bi opsy sanple) froma single subject. !310The present invention further
provi des assays in which the target nucleic acid is reused or recycled
during multiple rounds of hybridization with oligonucl eoti de probes and
cl eavage -of the probes wi thout the need to use tenperature cycling (i.e.,
for periodic denaturation of target nucleic acid strands) or nucleic acid
synthesi's (i.e., for the polynerization-based di spl acenent of target or

o o o ~ - o o o g,




. that does not hybridize to the target DNA (Figure 1). The 3'-nucl eotide of
t he bound | NVADER ol i gonucl eoti de overlaps the prinmary probe, but need not
hybridize to the target DNA (See, e.g., Exanples 15 and 16). The CLEAVASE
enzyme recogni zes this overlapping structure and cl eaves off the unpaired
5 -flap of the primary probe, releasing it 30 as a target-specific product.
The primary probe is designed to have a Melting tenperature close to the
reaction tenperature. Thus, under the isothermal assay conditions, prinmary
probes, which are provided in excess, cycle on the target DNA. This all ows
for mul tdtprefers td)amdﬁref}f S){sfdrﬂTw’nleﬁihQBE of liRassa@enés ofafdicticly z&&&y iDNMA, and
anplificatjon of the | eased In the s

react i osmgf ACRIST ea%ela‘ assmglF gﬁxﬁ m§e‘?a\‘?}é°£1él giﬁ‘“ S REBEnGS gn éf‘ébti de on
a fl uor ékiteincledescstinfagracnd argl/conttamsifldts. (FRET) Cassette to create 5

anot her over n ucture that .LS recogni zed eaved by the
CLEAVASE enz!’;‘hg “ng‘a%‘%démf i) i RTvS et ivenin providgs IV %chéf %Sé%tfag‘?’ﬁgﬂts
f I uos oplomprifify omnat rquerufhlﬁcoéﬁ@onattenmﬁmfcﬂ@ra@em@rtﬁé prégentigiventiah| e

fl uorescgence S r.eact the released 5 -flap
bnd -t o T Bt B el Bheqretfifes G P Suplie B AR prte P BRRE S gnal
The i ni andbr ﬁmdeasecmmiapgnmtsamb@sm to practi e LUINVEADER assayt hexe&anﬁawvel | .

10The bi. r enabl.e et ection
of two Eds%eaa gﬁ%é% %{’rﬁpgnesn‘k Snnelc f%reéafgr asgeys ‘Eégifﬂg} t‘ﬁf?t c%( L)) .
Most of tismreagdnisshemsedves couffies, eomrcd neagbn@ﬁagvaBSWMpmﬁ msitiae and négative

pol r r fferent

B o 207 RS Bbisgoht el oy, sl Bp RSkt b B5or Bty | O

differ enltstrlﬂREmS@aé @etdtuetsmf@m@howuﬂhb@rsﬂdmimgIangfooldgmtmtrea‘gemgrmhwee.. By
dest 0N, chobdifindnBh 8BRRA; £ 2] 1c8RRsIMnks, BlcMafiith 1k, B\Rinde LARRERLIN 0 RET
Cassettes to generate a target- speci Sl gna

ermbodi s srovidec besstofithe Fﬁ%ﬁ?ff @mnmmvtswberkfntltlwmwstilwghgneerarﬂlmor e of
the CONMERADLE: RRGESSASNnSREnR! Bfdohtd ditbddNfeRt 8REREs ddRYRRE HOS or Bk €Xanpl e,
t he Eresent invention provides kits for storing or deli'vering the enzynes
of the ﬁP@S@ﬁPOWtWéﬁtWIGFFIBﬁ@Hh(ﬁOHWCFh@lﬁeéaéﬂbséfp%ﬁsmmtsﬁebessary to
practice ap, a WYADER 25513 and
not int er?g‘l,ﬁw &g:?aﬁ?ﬁ ngﬁlctg%mgy@ﬁ' resent%l nvearxlltelﬁ%}r’lﬁqt@g any partl cuI ar
conf i gursa@qlﬁﬁcls@vaseﬁﬁmﬁwuatblemﬁéﬁffsr andrrentaiarb wihilg 2seeamiddexdescr i bes
one eanﬁﬁyr%Eaupf)hﬁnlﬁblEotﬁ&Hs (anmﬁm SIS nRERSERs, hBNERdoRReleotides,

In some enbodi nents, the ts of the present invention provide the

fol | ow r?@n@@r%@@'e‘ﬂtg@n“‘éi%&@@bnzyne DNA Reaction Buffer 1 Primary Probe

aigos | NVADEReQ:th'QaH:eREQE =88 B&einGefery®- aﬁy:ato'ﬁ) of Bg-gc@@mﬂrﬁb@us(e@ 18-, R
Mut ant DNA gont rols DNA contro “"No Target" Blank control - In-

ot her erf5%\d ?@ﬂ?tgﬂaf{lﬁ@Tﬁf?élbfluq‘lﬁ@ﬂﬂ@e@f&ﬁ ai“ﬁ\fl@ﬁf:%he Ytasheddtqr mighed f or

di rect deissgty @temofLaB’elé\chlliuéwnl@ketﬁotutwtdart@vayéa rhiliglabelk ls@oN RGF; Ry S:
CLEAVASE enz Rea tion Buffer Primary. Probe qligonucleotides

| NVADER Te¢'f SPﬂEﬁS af‘ef‘%s‘tf as é)gorsselrn PHBiEoniePHYSDNORgSCE’ OB ndar y
React i orflubaé tcrﬁmae&pﬂldag &gawnuaasc&f@% afonfBRESIIbifdcaGCmeRiiede 1

ARRggTOQE? onucl eotlhclié 2 .Mita ontrols Wld type DNA ¢ ntrol s "No
Tar SEREBATSF GF S™8 AT &Y StPF?Hf‘a y ‘b‘?f%fca’é‘ieafff%ﬁ“‘ﬁa I eSS
undesi r qH#REMH. ebﬁtse_lsrmsybxtoivm sfg&ﬁmqa&btablalﬂyeﬂu&m&tdeaiaﬁmsnﬁfy colonmetry,

ol i gonucl eat i in i ngl e reaction. One such effect

Car oot - FR ey S R S BB PN Gy pharacteristcs

ol i gonucdfemdsk debe}iamocefftxitahby massvik.gh MA LI ammqf -flighemadsep&ingariryi n t he

| NVADER 1SS 8 e|nt{'|Emz f the gﬁltt)lcu é r%{et %bfei{f'tg.etected. _
Separ at i on O 1t hese ofll U ’nucl SOt ERThTRL fSﬁ PTERE GO PRPENE hool s can
10b&0us etbgatovwdhhﬁga) aft fdteh’mtsze]gf lfney be clfirge htamiay Labeis an mndhhdeg:o rofdig@fi de

conbi nat| ons ca icially repr es ene am ired
target. Agarh, 8rp%ff’aetn TR 104988 %Stﬁ’% (g?f‘%cn e S@g&ﬁ? fag le’ﬁflatﬁ @g' can
al | evi at e t hi s edfefl detein, THeetethe Sdighrs:t"Gih reﬂeﬂanpes ab@gxasmate&rs(a signalstthat can be

ol i gonuc L .Seq re.a for use in.m RNA
det act i ciiBieats Bk h hifel o3 f%é&%%o? S AR Pt bt
optim zation provided herein (See e.g., the Experinent aI Section). For
exanple, in some 14




_.enb‘odi ments, the reaction tenperature is reduced (e.g., to 50-60C) to

account for the smaller regioh of hybridization. > In sone
‘enbodi nents, a kit of the present invention provides a |ist of additional
conponents (e.g., reagents, supplies, and/or equipnment) to be supplied by a

user in order to performthe nmethods of the invention. For exanple, and
Wi thout intending to limt such additional conponents |lists to any
particul ar conmponents, one enbodi ment of such a list conprises the

fol | owi ng: Clear CHILLOUT-14 liquid wax (M) Research) or RNaSe-free,
optical gaaéength,olod ab'é@ibhnd&sltﬁéﬁimz@&luoréﬂ@enc@?@ﬂﬂéiﬁon% Sﬂ@{\és 91‘?3:!@%&9)" ene
mcroplate (M Research, Cat . MSP-9601) erile

ni cr ocen?t ¥ cRpADHILAintsragipp withrather mIeE: Saeheds Withs  shemmiral f&@ﬁ%éﬁ bar rier
pi pet ti pgyndlhd irtbadnedte.pi pets (0.5-10[ 11, 2.5-20A1) 10 Thernal cycler or
ot her heat so rc&ﬁa’#1tE | ab oyen aqr heati g? bl ock) M scel | aneous

| abor at ory eq er%‘f’utbgt‘?"é’é KEOmBIPRERIATY, ‘F‘gnplﬁ‘BFlitf“é‘H Asetsed et |

mc ][ os:enfdfé:flbhl@&o pebhuekotides 9., aseghmeasﬁeae@:m sxédnmSahhalh &%ﬂfé}?nfié‘ora ]
preferre at rea r.eadi i pped wit | t ilters have
the foll gﬂﬁ? 255 kg by Bie S pRtoRriles. o Bl iR eAeRsa U ARy 485
nm 20 nrm‘&ﬁ'ols mnﬁﬁ[bmmdiyrtcsﬁxb@éqdeuaﬁfer-enrgmsmldﬁiamﬁ%ﬂnmﬁﬂa@wﬂ,"620
tun/ 40 nm rese i nvent.i on

di nent Ki t f t he
br v des b pristSSpY RS o RiseS s rpeeShod atgoling 10 Qipgtane BHGnl or
equi pmentyled. O eheseimal be dcdmyplaeusxe\tottan cb&@ﬂénhénﬁér&y petesr tenfieleitf acidie

nmet hogs the i nvent en. or 18 a and. W th i nt endi t 20
such?gpt ﬁg’ﬁa &R ?rpc TRlrmentady b blﬁ%?ratcfém gsulb rﬁ%‘ﬁg ngfﬁfﬁse odi ment
of such afﬂmabyamdrstren:gﬂsoﬂ}bbnﬂmhﬂxMengeen hichdid Aedd &rzmdlbemtsris; of pitictlgr opl at e

t | { t ti | I t )
(0ntt onaloy 0o Sy LA Gel BRI SRR BT SELRERAE o,
pr ovi des bndingtetwéenregleic aiidsc dithenternh snet}mlhebesuqu iri eefleréxycedo uﬁh'ashdmab
facili takﬁcl@&{cfcgregg&(faﬁ yo\k t&n?hc%%téxgg lynuc?eohgvergcgr%gm{xé 5gcu1ar miltiple

alternatives ar€ reparation exanpl e,
and Wht h@u@lemtmeewdungn ohgériugicptidemhy bpnm@d £¢r 1tsmmptpxlmmr$arity,st§acﬂ<dhantyf

particul syl es _the

Fol 1 oni ng; * SETRERE ifin HARETRERCTEN sina oo Lo EHhe . S  Gontra
Syst ens CENERAEhBNtPravaert the rest ghitire obgbmutlevtide sndthe aukleic, acietand.ed
protocols are [ Is} f

ssenbl y of | PURGER aomeldhP ] (HobfiloHRHie Rl SpobebBgichy. Phork iy
procedur &s pﬁmal harikology pemplem hnmx’iqayes“) partialyphamoldgehs sequepss tsmnl thzat sy 10
pref gpr e%sg%gqloﬁpﬂhgmog[gt&gge%ef %ssenbl y of reaction m xtures include
conput ational or graphical al uce risk of error in the perfornmance
of the met hodéisafsed herejsy edenm |hwramza@w"(1eu@d in refbrienee todhd paiting ofit e

cal cul at Ic%%ofeine\aeiryHsaelefam@@ag%ﬁazﬂfo%%q aﬁ&gueagihtdfﬁab iGiSRR (PDSheand

pl ate-l ayout guides to_assist in confi assay pI’at es to
cont ai n FfegthaEthgessegiatian betwspa the nl‘slleh? lselﬁﬁlﬂﬁﬂcﬁ%hr suchdagipisagihet ar y
document k@8 of eRSntafy M F AnShE Rhc1SB Ghidl, ArindRhOFSAHE Ehditford mvdi% the

preparatl on of additional reagents, or for preparation of sanples f or
and the Ty, of the formed hybrid. "Hybridization" methods involve the annealing of one

nucleic acid to another, complementary nucleic acid, i.e., a nucleic acid having a
complementary nucleotide sequence. The ability of two polymers of nucleic acid
containing complementary sequences to find each other and anneal through base pairing
_ interaction is a well-recognized phenomenon. - The initial observations of the
30 "hybridization" process by Marmur and Lane, Proc. Natl. Acad. Sci. USA 46:453 (1960)
and Doty et al., Proc. Natl. Acad. Sci. USA 46:461 (1960) have been followed by the

refinement of this process into an essential tool of modem biology.
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use in the nmethods of the present invention, are provided. In preferred
enbodi nents, suppl enentary docunentation includes guidelines and |ists of
precautions provided to facilitate successful use of the nmethods and kits
by unskilled or inexperienced users. In 20 particularly preferred

enbodi nments, suppl enentary docunentation includes a troubl eshooting guide,
e.g., a guide describing possible problens that may be encountered by
users, and providing suggested solutions or corrections to intended to aid
the user in resolving or avoiding such problens. In preferred

enbodi ment s, PrGAsierAdn® oflh hudleR Acil QIGRALS el BRfeid ifiérs €P4d espond to a
2510-pl addition, reaction. The concentration of a’'100-ng sanple shoul d

er . ) | |
be 15ng/Pigerudsersierhigh Bher pieredvite tieinyaleic acid sequence spppthaihp scindei s,
rol I'i ng dielselpgenceildaiad vl thed'Rad Sf (Y JIRdSib &Y Blip &Gl 8NEEsiatiBh ICatdugy, NJ)
are utilized for detection of -m RNA detection_structures (See e.g., -US.
30Pat entReses npf gommpniysfoyndinmpturagnucigc saids may ba pichled ithegyclgismeds @f
6, 233, 508e pRAGHT ifen¥ibh 644 inSluBE[ B BxdnHIQiRAIRLHE D¥eaz8fRRBBCE) . | N SOME
enbodi nents,. rol]li.ng circle repli cagl on (s used to detect circul ar. m RNA

det ect i Sr°BPIMEPFFBENSGH RET B REFISCH SHRPIGRVPIHACRRY AERtain PHEalehed base Pars| ngl e
ol i gonucdra@inteheaBaga) EHodeGkalediiRiA arl &F rORR: AIDREMNRGHBcanldeRran@ds of the
ol i gonuc eg%i dé}.@ébri di. za;ﬁ to t,cklle, m RNA with no overl a(s'h Thi s

ol i gonuc @5t P LR PRy £0BY FHng R Sh s blss InfHudingdon Frampig e
However ,lehdith of ttgadligonud @dide) de compByittorednidisedtice bhthk ReigpiRiRAAE, iafict he

m . In _such enbodi nents, the l.evel of circular nol ecul es detected over
ti m s -ggﬁﬁ%‘r g’?%g%'cﬁﬁwsﬂat&e@g? R Packi ng mi RNA. 51 n ot her
enbodi nent s, Abesediadseinfthd feem It nised godefetkench yb thed'meRtingteinperatir&NEhev t h
over | appi ng. ends _to generate an. invasi.ve clegvage ructure. Such.
ot uct e dRp b Rul Bl R ARl YAPER « SRR LR b RacaE G | i 1y of
t he geneadd mwiecnies bbaness helfldissocieted dito emgktstrandsurSevefabeduatigncior cl e
anplificatiQn. [ vies repl| jon of .circular singl.e-stranded 10 DNA
nmol ecul e‘é%c‘ﬁ%“@ﬁ 0? }c{) ‘lll?lgémg ?fg{: »gé}i epqwnclﬁtt}?%%&pj??ﬁ%dﬁcﬁ%y l?}f Sgénzdgrsdjt o]
ci r cl arreferehaes.a sinpld estidostewf ds: Tovhloevedy by calotlateddyche equatioepTi, eftliHn of
t he nucl einG+36i I i ng: - di ' o] rase.
Aol 111 650 SRS 00: St Rl ed8iels i ARGl TR BREMEETCR e
react i onApgersen arioY dunggQuiantihteverjsen MyhridiztionsoMNuwwldinAkgl Hybrididation| ecul es
cont ai ni 0 | el ¢ aci 4 Th ecul e
s 15 refassEpe efRERks (G, AR A GG RRERRGT 20! Tbsk M 0
enbodi nmeimchide niqye sopdwstivatdd acmputativs wigicl fake bauciwnpl rfd eyiroomegtallaREA], whi ch
| NV ObY €S, Auchl, QIR OB LBD DIk rof S BRLIaGBhPF, 1S ulilized. In the
|'i gati on operation, an probe hybridizes to its cognate target nucleic acid
sequence, if phetsant"geresr¢fonde allyNA sgaucnenthaf contpsisendmntesl andheodingor i di zed
probe 1 0 kel nb APkl oiGibn oFl #es ALAAZERHN 00 BY HRhiGn REL Dy AT Ler
ligation, a rolling circle replication priner hybridizeS to pr nol ecul es
f ol | owedribgsomsl pt Hensésr R A, g @plypenident WGWTC&PQBM onptlpeaplide capsheng - a
strand- digpkias bgg NG DA 4 BRIE A8 §uentl Bk PAdyportiddt &3ehe EQITRE 'se%lgéna@szs héig an .
open _circle probe with a target sanple, résulting in an probe-target sanple
m xt 4 e, 38 desiradstiviggon actingp gettinedet sanpl e ni xture under conditions
pronoting hybrrhdigatwaR-Hedweses g PRSP a GhdehrBditl PR hdPthe RRhrActt e br
sequence, mxing ligase wth the probe-target sanple mxture, resulting in
a i gat i B3t generqieene piodugt fsBatqleigd frae 8 nadeily ACGHR T ein e WilddMRR t i ons
pronot | n%eﬂd 9 it il is (o6t PRRBNOY b8P/ eRNiP R PopuladdH AAdAY tHARRlLifrgt | On tar get
circle (ATC), mxing a m0|klﬂﬁ CI“%LG rsgélcatlon primer §RC3P) wth the
|i gat i ondfisAatfdehe rmet”on g WilA-tXPH riPTR PT R €SRE- P Fratrasiyihe fem  Bditieg: 't he
PL I meg - IAijlg;pml%g? ufqato;gﬁﬁ&pt hiepfsi%& it@ﬁ‘%ex%eh&tgeﬂel? oaL& tﬁatla:igpmyé %ltdjdoﬁba_aanmt ween
e anplificatio rget circle, ang e rolling cir replication prinmer,
mi Xi ng DF\W“SB‘FWBP&%%“WP% PrRReTis (e 2lfeTed ShPsersticD sgﬁptcpﬁaarﬁﬁ toythe
pol yner asgrdATfe Bénelddipene pddudtn ¢LiB abled ¢hadt AguRll TR iRisg nAiEntitad by isolbeder
conditions pronmoting replication of the anplification target circle, where
‘replication of the anplification target circle results in formati on of
t andem sequence DNA (TS-DNA). C Additional Detection Methods 5The present
invention is not limted to | NVADER assay or rolling circle assay
detection. Any nethod that allows for tfie detection of ni RNA detection
structures may be utilized. Exenplary, non-limting detection assay that
find use in the nmethods of the present invention are described bel ow. 10
1. Hybridi zati on Assays In some enbodi nents of the present invention
etection structures are detected using a hybridization assay. In a
hybri di zati on assay, the presence of absence of -a given nucleic acid
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5 fluorescent reporter group. The | abeled DNA is then incubated with the
array using a fluidics station. The array is then inserted into the
scanner, where patterns of hybridization are detected. The hybridi zation
data are collected as light emtted fromthe fluorescent reporter groups

al ready incorporated into the target, which is bound to the probe array.
Probes that perfectly match the target generally produce stronger signals
than those that 10 have m smatches. Since the sequence and position of each
probe on the array are 'nown, by conplenentarity, the identity of the

t ar get rhest ededdetifidd hp}ﬂhd fack that théyehqve abiered chaycerstidaaviga compame t the I n
ot her e?%l@dl rrgnénse oA gﬁer ochip containing electronically captured

pr obes ef §ar‘(f”ff%§ © is utilized (See e.g., U S. Patent Nos.

6, 017, 696; 6me&xﬂﬂ8¢coartnhah5DNA056qtc&86s ussglder«if reflas ad Dav e sdyeemden

i ncor por.at.ed. b efe Thr qugl use e tranic ogeres

t echnol Sﬁﬁtale"r{] es“ e aé)% GEPES B ?n%‘\lllerreh?ea gﬁ’cag%‘? éﬂh&cﬁ lsgﬂﬁf[aﬁ%‘p

nol esul esﬂtemsanﬂeﬁprexmdjaqugwas eldseqmesﬂmeencode aﬂ&;smm@m&mt,m sather ochi p.
DNA capt ven ta u el egtronically '
pl aced a#’bgg’%qu reg{s&sg%lsg%“% Sg% ecTtic 5| esga‘é% ?ﬁ&? g%?: °BN i nce DNA
has a steprycsegatssuy fmtmﬂxgethmr@plmamprmf tRe caling sequam@ah laylommadum @n area

of posi V& i

i or oot SefaRLABs gl dalpl el badbl Sefilend Elb el S baRrb BTN,

sol ut i oeqEntaineceRgarly ifer diespion eprokarybies urwmd:a@brombter,tdmomlbzramnhl p. The
negapi vel [ es,
Whor2. e eRR SE Ao RS RS SIS POl aBn skl FBRARE B8 i p.
The mi cragkiqvR qwzemms,hw%wymwl%m%@weﬁ di stinct DNA pr obes
| s added unt ifnchfie, @ifgBuchlorRReE sk bdeih 18 QUARI A ADRBAS cbilips

A test sanple 1's thenanal yzed e presence of target se%uences

det er mi rfir meprofseqyribpnuciretippyroraihonueleotisiesnseferapby atdeast 5 nuflestideampere
SeqUEeNC &R efeABIyoht 96kt AL 1: N LA edtRicR hiPm e%e?aﬁ?&ﬁe@é?gb&@”?’%‘ﬁé ate target
nol ecul és to one or nore test sites on the 30-m crochip. The el ectronic
condént raciegdess Theepact sipmilhdepsad onmaany fa¢tews, yhishoe 8ym rdarﬂné oRybe i di zati on

of sanpl g NG fhdidn ©° TR STROLREMuEIRIEAY. ertﬁrc@%%ﬁu&téafﬁ%' H&a@Xn occur in
m nutes). To renpve any unbound or nonspecifically boun from each

site, tHEYFRARES (RFling¢hemierl syothesis: By I%Ct%re@aett@nwegaﬁt VER GHer eby
forci ng AdhmpbindiRuiReresr. nonspeci fically bound DNA back into sol ution away
fromthe capture probes. A | aser-based fluorescence scanner is used to
det ect bi ndi rigcause mononpeleatides arqrgadisrio raskseiieqBReleotides ing magner &8¢hol ogy

based upas thds pHesHREA A8 nitfnohlidliédiRie PBntdsd Fidd 1s5daatteaeo el BlydeH of its

differences_ in surface tension (ProtCGene, Palo A CA) 5is utilized (See
e. g. , U Seighhppin ongslirectiongg ag’hPspfodlsstgrs‘eﬂes& angmd °§aa?hs°fasle°%%&ﬁ of which

|?] hfer elrefdﬁr&a@? la@mgtecénbynt)fﬁefsejsmgwte lsl?fo@hﬁaanefl tﬁese:gc cgg.ydl ?fbased on

t he act that UL ds can e s AL, a at surface | erences in

sur f ace PEHIVGHORIERNASG S8 ﬁ%ﬁ% e@ﬁpgy}tsc?hgﬂ%"&l‘s j’t”ikf%? ace so

seEr egat gibspiakd @mwlsammdﬁmwmblesnc&rﬁn&whhgs mesecﬁherraatdxyuoqh’ic ta&tef chi 3 Ey

I N et rintin rea nts a its react elne Yy
1 i dhotah it BRRHTH St oudlg Beoid Msaiaf FORId B Rt ERg 3L Lt o

f our pi eadel acfisi egivnzrdngs, nuoheic 40bd stemdlis efid tdiee dipstrears tod antaka rEEMn ffases.

The tran t e noves along, each .of. the ro of the arra andthe
appropr Gea PRRIS AR AR BT pE Soadr i Rab S Babp R AR R "
exanpl e, sttané cfnagleic deiklén n$' W' diretiod. only to the sites where am dite Ais
to be couple uri ng at the L S.St gent s nd
washes are dg}xﬁ‘vereddf%r%n&’ 00¢ ﬁ?PgD 1?51&9%%%1 |glr¢= ce)méeﬁr a%gmaar:'%e’teﬁenglroelrsrﬁgl ng
therBly thpisane hgear Pbiaplerenesy uunlqu emﬂ sequehes, ad get3' smquﬁwmahgemg:lqonde

- conponen AP nt e Q the chip using
Pr ot ogen}(geomtsttcg‘@ no og§y8IPdT‘ﬁ ﬂ%)é) e‘IFitr %?é agét'n%g Lﬁ?t? a%an PCR-amplified
genes of olugmﬂclestude diadlth@mtaghhydnwrdtrzan’i oligonynleotided Si‘mﬂaﬂ}s, wlemowed and

hybri di Zg\tlér oﬂg&ﬁﬁl e%gdélssdrg gyﬁ‘m{zeﬁl% h‘?ebéa%x f eQrO&»rr( qﬂ?ﬁﬂgt?l%ébl%lglc acid

fl uor escence of an’i ncorpor at uor es In
yet - ot her enbodl ment s, a "bead array" is used for the detection of

pol ynmor phisns (111 um na, San D ego, 9 See e.g., PCT Publications WO

99/ 67641 and WD 00/ 39587, each of which is herein incorporated by
reference). Illum na uses a BEAD ARRAY technol ogy that conbines fiber optic
bundl es and beads that self-assenble into an array. 95Each fiber optic
bundl e contains thousands to mllions of individual fibers depending on the

di aneter of the bundle. The beads are coated with an ol igonucl eoti de
speC|f| c for. the det ectl on of a gl ven SNP or rrut at| on. Batches of beads are
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20 using miniaturized systens called mcrofluidics. Detection is
acconpl i shed by adding a | abel to the nucl eotide suspected of being at the -
target sequence | ocation. Incorporation of the |abel into the DNA can be -

detected by any suitable nmethod (e.g., if the nucleotide contains a bioti n. L
| abel ,- detection is via a fluorescent I y | abel ed anti body specific for
biotin). 252. O her Detection Assays Addi ti onal detection assays

useful in the detection of m RNA detection structures include, but are not
limted to, enzyme msmatch cl eavage nethods (e.g., Variagenics, US. Pat.

Nos. 6, JskQudd8d with SediriDligoRudBdrlidd pekitiiiiaeh tHAERE p%ah%s{%:ﬁ efgiesnce in

R e %%?@%zéﬁa LIRSS TSt §iEonEo i BPEAPAT.  Nos.
5, 849, 48ti|1e 35nd b b corkt &%naa&udamle $ir& 2SR 1ediae alag veRamé@eat ed by

reference in their entireties); NASBA (e.g 49,409, 81

hor o | HESTHT AEATEySBp aRG Hieserana cteoai e ey Hrrledier dovatin

t echnrol o(gigoﬁﬁmgmdd S. Pat. No. 6,150,097, herein incorporated by reference
inits entir , E-sensqr _technol.o {I\/b&orola U. gga Nos. 6,248, 229,
6, 221, 583, 6, e’i‘?opf“&?rd referds 28 ohgonctegtide thatis & ekpohipe ped apishee | n
their er’ﬂhiti’aﬁb:la 685 $yntitegis| wireg rgmmbendee@bmmha@yingﬂgm pﬂﬂ;l&' e:d?aislonl‘ibﬁuuéiedﬂfOS 711,
5,011, 76 nd 5 6 988 ereln | ncorporate erence

ont 1 et 155 AETEIeRR T hert N SRR &1 PP HOGUpaon st OG0,

Nos. 6, lﬂﬂpremilqedEﬁ;tﬂxétﬂ;aﬁW 5,914, 230, 5,882,867, and 5, 792 614 herein

o 8 o R Sl R S S B O R R R o

hybri di zeqhewe miétdeSpKaEh g“;pthr migsithe slialﬁimﬁa,t@&&nﬁﬂ)@ncdtm'y% hyhrnhzr;r\pmhi ated by
refer ence i iret exarrpl es
are proweajé)ga i r%r aélg orp g%elon 5 ?gt%:c%rng PUrthe qu"’?(feunsete ?‘3 tere}c?%c?&a in.

pr ef er r eekaetdequienre nf ﬁleamiplasq:)é%m sxayfiple, hem:w&sm‘l&memtmmucmhdmﬁagnmt not to
be const g ﬁg %’?‘ac}hecmo tIhQ i ngll r?m%rhegtg(%he re;LnSam €r O T%g P%lm“é? eqller%esutem&s in

Met hods OW ng I'ONS "were use or a reac
Exantf essubstastial[yuromgdemersinydo dtelmnd sNoheomph)nen%Pbaﬁaeox:loﬁganbd;WdA@ER =1

of | gonucPBoT HECPare I M tier ot RE R o Ahosns s RIS o 25 2006

denat ur i cgnplemytariiydeith @mbﬁ%b@oifﬂlmlm t@hm@hﬁ@ddb@rebyﬁona attempkateat ur e

32'; ienzyglﬁxﬁﬁm zedf%el 1t%l?l ?‘]ng);zjﬁ nt egr at ed %%cﬁnol%@?%?TﬁD%l g(r)nllj'ﬁ: (ragt I\/\gSZ

Technol ogi es Eksitepar” Flfeﬁ‘éxteéﬁugg%" adewsed heraiy refers i arsietura thitds foroteidywi se

i ndi sat ege &t@raeT&‘?of‘é%'léag%rfégprgbéoléo%&@@tﬁ&é a!'nﬁaa%' Q{h&ﬂaﬁé &Gd V%@ém&%%d (unl ess
ot herwi se noted 3 for all reactions: |§| .62.5 ' m M KC1 .125%
Tween 20stuchyrsopmprsidae dmpim tgo resuhﬁmwtrwgeml@%lm@ls biyral cdesgagst Inefm se

not ed, alrlchfdﬂacgdtgetshmaé@moa\ﬁeern&alnd Yhd QeihePbtrliRNiah s@istra b Npeki@ict he

first thermal 71 ncubation. UnleSs otherw sé€ noted, synthetic m

cont ai neéleavage Qﬂthﬁlﬁ@@gw I8 SApERST togp ARolEe reig WQSW‘J@P thatis & sERstsAredeRd vs.
unphosphgéy bgicatt awagasy e ey Fﬁ?lﬁﬁﬁl%dxé&%r&s%& 8ohiti alkatd 1RIcRidEtd NO

significant difference |n of the | NVADER assay to det ect
10t hese mMadecHies Mathent regyrgde S%’P“WFW bl e fregtiopfmdindexed FEHEERat ur e
optim zatg,ggl\n@@perl ments for let-7 and mr-1 The oligonucl eoti de design for

let-7 is shovvn In Fi %Pre 5. The, ol igonucl eot jde
‘The term " eavage means" or "cleavage agent” as used herein refers to any means

that is capable of cleaving a cleavage structure, including but not limited to enzymes.
"Structure-specific nucleases" or "structure-specific enzymes" are enzymes that recognize

30 specific secondary structures in a nucleic molecule and cleave these structures. The
cleavage means of the invention cleave a nucleic acid molecule in response to the formation
of cleavage structures; it is not necessary that the cleavage means cleave the cleavage

structure at any particular location within the cleavage structure.
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15 design for mir-1is shown in Figure 5. The following primary mixes were
made and i ncubated at 50C 10C in a 96 well plate for 30 mnutes. In-
addition, a no target master mx was prepared (addition of H20 in place of
" RNA). Al reactions were covered with mneral oil to prevent evaporation.
Primary Reaction Conmponents Stock Concentration Anount Added Primary
Reaction Buffer 2.5 X 4 pi Probe oligonucleotide (SEQID NGs: 2, 6, or 9
for let 7; SEQID NGs: 12, 16, or 19 for mR 1) 10 FM. 1 pa | NVADER

ol igonucleotide (SEQID NGs: 1, 5, or 8 for let 7; SEQID NGs: 11, 15, or

18 for m R 1)THOdENate mRhnsTh Eeh%cl@ﬁse&thw?’ﬁb‘%e&ﬁo&ge{ Wilie VASE DC.-
" enzyme or 60 ng/pl EAVASE Xl 1 enzynme O RNA 20 ng/p

Synt het | ARSI S she S1A VAS Eﬁﬂzm&%ﬁd e Toclymlogigs, IWR“ﬁl;) thoo pM 2
pi  Tot al FEXNO4dndorPAdsey (it PhERADD £ld XPE pFHtélH?-ra)id FERCT kdbnuleMes OF t he

fol l owi ng secqndary reaction m x were added and the reaction was then

r eact i ordSTE borbarchacaprsteriay af@NAEIWWﬁﬁe@dE cegd Db ey mRease £ She
Conpanentigavage FRAGERALY Aciuad eALGRE HadRo(PhudibtsE ﬁénvﬁt‘:}r(e %L@%é{ml X enzyme

assays) polymerasé: ﬁ)lMAP;QETcBIrz ODl'.?\IeA ggll}zlr?lel'ase II\I)OTh%lc)leavage: means may also include
| modified DNA polymerases having 5' nuclease activity but lacking synthetic activity.
Examples of cleavage means suitable for use in the methods and kits of the present
invention are provided in U.S. Patent Nos. 5,614,402; 5,795,763; 5,843,669; PCT Appln.
10  Nos WO 98/23774; WO 02/070755A2; and WO0190337A2, each of which is herein
incorporated by reference it their entireties.

The term "thermostable" when used in reference to an enzyme, such as a 5' nuclease,
indicates that the enzyme is functional or active (i.e., can perform catalysis) at an elevated
temperature, i.e., at about 55°C or higher (e.g:, including, but not limited to, 60°C, 65°C,

‘15 70°C, 75°C, 80°C, 85°C or 90°C). _

The term "cleavage produdts " as used herein, refers to products generated by the
reacﬁon of a cleavage means with a cleavage structure (i.e., the treatment of a cieavage
structure with a cleavage means).

The term "non-target cleavage product" refers to a pfoduct of a cleavage reaction

20  that is not derived from the target nucleic acid. As discussed above, in some of the methods
of the present invention, cleavage of the cleavage structure generally occurs within the
| probe oligonucleotide. The fragments of the probe oligonucleotide generated by this target
nucleic acid-dependent cleavage are "non-target cleavage products.”

The term "probe oligonucleotide", in the context of an INVADER assay reaction,

25  refers to an oligonucleotide that interacts with a target nucleic acid to form a cleavage
structure in the presence or absence of an INVADER oligonucleotide. When annealed to
the target nucleic acid, the probe dligonucleotide and target form a cleavage structure and
cleavage occurs within the probe oligonucleotide.

The term "INVADER oligonucleotide” refers o an ohgonucleoude that hybridizes

30  to a target nucleic acid at a location near the region of hybridization between a probe and
the target nucleic acid, wherein the INVADER oligonucleotide comprises a portion (e.g., a
chemical moiety, or micleotide-whether complementary to that target or not) that overlaps

with the region of hybridization between the probe and target. In some embodiments, the
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Secondary Reaction Target: (SEQID NGO 22 for let-7; SEQ D NGO 40 for
mR-1) 1.5 p.M1 p.1 ARRESTOR digonucletide (SEQ ID NGs: 3, 7, or 10 for
let-7; SEQID NGs: 13, 17, or 20 for mR1) 40 pM 1 pi Total 5 p.1 After
conpletion of the reaction, the plate was read in a CYTOFLUCOR 4000

fl uorescence mcropl ate reader using an excitation wavel ength of 485 nm and
em ssion wavel ength of 530 rim Results are shown in Figures 6 and 7.
Stacking of the 5 -end of the 5 I NVADER ol i gonucl eotide to the 3'-end of
the m RNA i s enhanced when the 3'-end of the | NVADER ol i gonucl eotide is

2' - 0- rreIrhryJAmBanhgdﬁuadchde @ftaind seQueiieésratlnaBr &fd thit drdisabStantally bk sithe | NVADER

ol i gonucl eot i de nere react. on ure. Extending the

2' O et ﬁif?eﬁf’g&eﬁi&? &Fﬁeeq%l\ﬁﬂﬁ??e ?%’B}rﬁ tide so that they base pair
with the fir Thetetsa "mmR&ﬁtﬁedﬁl&h@fe(sSE@ﬂaQarN@ld& tobd Aehied@2)n vs. SEQ I D
NO 23 (1496-

6- 10. de E 1496- 96- 01R let-7
ncr eas BTG LR L POTRrHA A BOnE RE PSS PP PERRPTO OB UL  does Mot
enhaiceptieipdtbgiitd :mbsecjﬁmﬂmhen 8r te@}tjone Xhéx inap h¢ dortedsy dequesf’ermlgcbrl ni R-1
15Af t d tii L f t of b
and | e[ I‘r 'KBEG ert{rrmlg somg %a@g ompon 8{ %ac ) r{némg&[e %% Y er%ng\?\:) e?elc acgg of probe

gonuc Sott deePa mnin Ing design (from
t he t enpemponang oopybmdzmuo@rprqumngmabx)t) Tietefro["ABBES Bk per i nent was set

reacti o EoigbdiiehtHo Q%‘ °I%§m9°?é"é%9 DR FiRee KGR PC
wi t h eaotdengd $tow ondregsnomego spretstof! snmmacnazmteg JAtre Girst rdhdtiedaqu:mV
ot RS8R SRR % 20
18 for Hied tq @tmmetpar x@mvmzeaxnon By MiB0anh¢ danapysseaiesterRRAC®E ng/ pl
reaction component (e.g., base-palnng to another nucleic acid, or binding to a protein
component). However, it is not intended that the term be so limited as to Just situations in
which a reaction component is sequestered.
15 The term "cassette" as used herein refers to an oligonucleotide or combination of
oligonucleotides configured to generate a detectable signal in response to cleavage ofa
probe oligonucleotide in an INVADER assay. In preferred embodiments, the cassette
- hybridizes to a nOn-t,érgef cleavage product from cleavage of the probe oligonucleotide to
form a second invasive cleavage structure, such that the cassette can then be cleaved.
20 | Secondary cleavage reactions in some preferred embédiments of the present
invention include the use of FRET cassettes. Such molecules provide both a secondary
target (Secondary Reaction Target or SRT) and a FRET labeled cleavable sequence,
allowing homogeneous detection (i.e., without product separation or other manipulation
after the reaction) of the sequential invasive cleavage reaction. Other preferred
25  embodiments use a secondary reaction system in which the FRET probe and synthetic target
are provided as separate oligonucleotides. The cleaved 5°-flaps from a primary reaction act
" as invasive oligonucleotides in a secondary reaction, in which they bind to the appropriate
secondary-reaction target (SRT).
In some embodiments, the cassette is a single oligonucleotide comprising a hairpin
30 portion (Z.e., a region wherein one portion of the cassette oligonucleotide hybridizes to a
second portion of the same oligonucleotide under reaction conditions, to form a duplex). In
other embodiments, a cassette comprises at least two oligonucleotides comprising

compleménta:\y portions that can form a duplex under reaction conditions. In preferred
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1 41 TOTAL 7.5 p.l 20 2.5 p.1 of the follow ng m RNA cOncentations were
added in triplicates or quadruplicates using the foll ow ng setup:
(m RNA)----> 1nM 100pM | OpM - 1pM 100f M 10f M H20 A B C

.10

15

20

25

30

embodiments, the cassette comprises a label. In particularly preferred embodiments,

cassette comprises labeled moieties that produce a fluorescence resonance energy transfer

(FRET) effect.

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.

As used herein, the ﬁhrase "non-amplified oligonucleotide detection assay" refers to
a detection assay configured to detect the presence or absence of a particular target
sequence (e.g., miRNA, SNP, repeat sequence, etc.) that has not been ampliﬁed (e.g., by
PCR), without creating copies of the target sequence. A "non-amplified oligonucleotide
detection assay" may, for example, amplify a signal used to indica;te the presence or absence
of a particular target sequence or polymorphism within a target sequence, so long as the
target sequence is not copied.

As used herein, the phrase "non-amplifying oligonucleotide detection assay" refers
to a detection assay con.ﬁ gufed to detect the presence or absence of a té.rget sequence (e.g.,

miRNA, SNP, repeat sequence, etc.), without creating copies of the target sequence. A

"non-amplifying oligonucleotide detection assay" may, for example, amplify a signal used

to indicate the presence or absence of a particular target sequence or polymorphism in a
target sequence, so long as the target sequence is not copied. -

The term "sequence variation" as used herein refers to differences in nucleic acid
sequence between two nucleic acids. For example, a wild-typé structural gene and a mutant

form of this wild-type structural gene may vary in sequence by the presence of single base

‘substitutions and/or deletions or insertions of one or more nucleotides. These two forms of

the structural gene are said to vary in sequence from one another. A second mutant form of
the structural gene may exist. This second mutant form is said to vary in sequence from
both the wild-type gene and the first mutant form of the gene. ) |
The term "liberating” as used herein refers to the releaée of a nucleic acid fragment
from a larger nucleic acid fragment, such as an oligonucleotide, by the action of, for
example, a 5' nuclease such that the released fragment is no longer covalently attached to

the remainder of the oligonucleotide.
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D 5 The plate was overlayed with mneral oil (10 p.1) and incubated
at 50C for 2 hrs. After conpletion of the primary reaction, 5 p.1 of the
foll owi ng was added to each well and the plates were incubated at 60C for
1.5 hrs. The plate was read using the settings descri bed above (see Exanple
2). 10 Secondary Reaction Conponents Stock Conc. Anpunt Added |-120 (or
buffer for CLEAVASE | X enzyme assays) 2 gl FAM FRET Probe (SEQ 1D NO 21) -
10 JAM 11 Secondary Target (SEQ ID NO 22 for let-7; SEQ ID NO 40 for
mR1) 1.5 gM1 gl ARRESTOR ol igonucleotide (SEQID NO 7 for let 7; SEQ ID
NCS 17 or 20 Tigy tefth RK]) adlikeq MerbirglefefOtoathe MickHelis-Menten chistaht@or quénzlyﬁ‘ie— 7 and

t est h Th . d bed_ab
N et P T R R oL T

15(dc onebmﬁﬂf&hmﬂ@ovdﬂmylw&ﬁe cd{\ﬁsmldtrsacaioﬁ shown in F| gur es 8 and
10. Using tot.{aj}fl (g t 7$ INVADchz}1 sa fdetec %ﬂe sane tissue .
expressi on pr ef"lelémagu TBITC5BE B 2S15F eé%(‘ﬁ o1 IpEEETAShendi ng on
t he sour aa:uﬁingtnwhaaadéﬁaslqmgbht ot diimisdd.to aﬂﬂ&gs&ﬁat(lﬁ@@ﬁl)éred sthoiamgpl e 4 Cross

;ﬁgf;!sylst%efrg er| ﬁﬁ??‘g{rﬁ%(’tﬁ p&%@'%/aé‘pédq g’lagcﬁ’r‘f‘?f@seotldes

di rect edw&@altmhu%dm@mtbppﬁngtoﬂﬁgmﬂdoﬁm (e.ansiches Il ainy Ise-G Ihdaom:ﬂt ocol
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used: incorporated by reference), non-hydrogen bonding analogs (e.g., non-pola.r aromatic

10  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; each of which is herein incorporated by reference); "universal"
bases such as 5-nitroindole and 3-nitropyrrole; and universal purines and pyrimidines (such
as "K" and "P" nucleotides, respectively; P. Kong, et al., Nucleic Acids Res., 1989, 17,

15 10373-10383, P. Kong et al., Nucleic Acids Res., 1992, 20, 5149-5152). Nucleotide
analogs include nucleotides having modification on the sugar moiety, such as dideoxy
nucleotides and 2'-O-methyl nucleotides. Nucleotide analogs include modified forms of
deoxyribonucleotides as well as ribonucleotides.

The term "polymorphic locus" is a locus present in a population that shows variation

20 between members.of the population (e.g., the most common allele has a frequency of less
than 0.95). In contrast, 2 "monomorphic locus” is a genetic locus at little or no variations
seen between members of the population (generally taken to be a locus at which the most
common allele exceeds a ﬁ'equeney of 0.95 in the gene pool of the population).

The term “microerganism" as used herein means an organism too small to be

25  observed with the unaided eye and includes, but is not limited to bacteria, virus, protozoans,
fungi, and ciliates.

The term "microbial gene sequences” refers to gene sequences derived from a
microorganism.
The term "bacteria” refers to any bacterial species including eubacterial and

30  archaebacterial species. _

The term "virus" refers to obligate, ultramicroscopic, intracellular parasites
incapable of autonomous replication (i.e., replication requires the use of the host cell's

machinery).
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The term "sample"” in the present speciﬁcation and claims is used in its broadest |
sense. On the one hand it is meant to include a specimen or culture (e.g., microbiological
cultures). On the other hand, it is meant to include both biological and environmental
samples. A sample may include a specimen of synthetic origin.

5 Biological samples may be animal, including human, fluid, solid (e.g., stool) or
tissue, as well as liquid and solid food and feed products and ingredients such as dairy
items, vegetables, meat and meat by-products, and waste. Biological samples may be
obtained from all of the various families of domestic animals, as well as feral or wild
animals, including, but not limited to, such animals as ungulates, ‘bear, fish, lagomorphs,

10 . rodents, etc. \ _

Environmental samples include environmental material such as surface matter, soil,
water and industrial samples, as well as samples obtained from food and dairy processing
instruments, apparatus, equipment, utensils, disposable and non-disposable itenis. These
examples are not to be construed as limiting the sample types applicable to the present

15  invention. _

The term "source of target nucleic acid" refers to any sample that contains nucleic
acids (RNA (e.g., miRNA) or DNA). Particularly preferred sources of target nucleic acids
are biological samples including, but not limited to blood, saliva, cerebral spinal fluid,
pleﬁra_l fluid, mﬂk, Iymph, sputum and semen.

20 An oligonucleotide is said to be present in "excess" relative to another
oligonucleotide (or target nﬁcleic acid sequence) if that oligonucleotide is present at a
higher molar concentration that the other oligonucleotide (or target nucleic acid sequence).
When an oligonucleotide such as a probe oligonucleotide is present in a cleavage reaction in
excess relative to the concentration of the complementary target nucleic acid sequence, the

25 reaction may be used to indicate the amount of the target nucleic acid present. Typically,
when present in excess, the probe oligonucleotide will be present in at least a 100-fold
molar excess; typically at least 1 pmole of each probe oligonucleotide would be used when
the target nucleic acid sequence was present at about 10 fmoles or less.

A sample "suspected of containing” a first and a second target nucleic acid may

30  contain either, both or neither target nucleic acid molecule.

The term "reactant” is used herein in its broadest sense. The reactant can comprise,

 for example, an enzymatic reactant, a chemical reactant or light (e.g., ultraviolet light,

particularly short wavelength ultraviolet light is known to break oligonucleotide chains).
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Any agent capable of reaéﬁné with an oligdﬁucléotide to either shorten (e.g., cieave) or
elongate the oligonucleotide is encompassed within the term "reactant.”

As used herein, the tejnn. "purified" or "to purify" refers to the removal of
contaminants fror_ﬁ a sﬁrﬁple. For example, ih some cmbodiménts, recombinant
CLEAVASE nucleases are expressed in bacterial host cells and the nucleases are purified
by the removal of host cell proteins; the percent of these recombinant nucleases is thereby
increased in the sample. '

As used herein the term "portion" when in reference to a protein (as in "a portion of
a given protein") refers to fragments of that protein. The fragments may range in size from
four amino acid residues to the entire amino acid sequence minus one amino acid (e.g., 4, 5,
6,...,n-1).

The term "nucleic acid sequence" as used herein refers to an oligonucleotide,
nucleotide or polynucleotide, and fragments or portions thereof, and to DNA or RNA of
genomic or synthetic origin, which may be single or double stranded, and represent the
sense or antisense strand. Similarly, "amino acid sequence"” as used herein refers to peptide
or protein sequence.

. As used herein, the terms "purified” or "substantially purified” refer to molecules,
either nucleic or amino acid sequences, that are remnoved from their natural environment,
isolated or separated, and are at least 60% free, preferably 75% free, and most preferably
90% free from other components with which they are naturally associated. An "isolated
polynucleotide" or "isolated oligonucleotide” is therefore a substantially purified
polynucleotide. _

The term "continuous strand of nucleic acid" as used herein is means a strand of

nucleic acid that has a continuous, covalently linked, backbone structure, without nicks or

* other disruptions. The disposition of the base portion of each nucleotide, whetﬁer

base-paired, single-stranded or mismatched, is not an element in the definition of a
continuous strand. The backbone of the continuous strand is not limited to the
ribose-phosphate or deoxyribose-phosphate compositions that are found in naturally _
occurring, unmodified nucleic acids. A nucieic acid of the present invention may comprise
modifications in the structure of the backbone, inciuding but not limited to phosphorothioate

residues, phosphonate residués, 2' substituted ribose residues (e.g., 2'-O-methyl ribose) and

alternative sugar (e.g., arabinose) containing residues,
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Let 7 FH The results are shown in Figure 9. For |et-7a design,
cross reactivity is maxi num 10 when the m RNA is of the sanme length with a
one base change away fromthe cl eavage site. In other words, m smatches at
‘the I NVADER ol i gonucl eoti de/ m RNA hybridi zing regions result in high cross
reactivity when the msmatch is furthest fromthe cl eavage site (let-7c).
Cross reactivity is the | owest when base changes are opposite (or close to)
the cleavage site. For let-7a, the worst cross reactivity is with let-7c,
which results in 25% of the signal. This 15 Exanpl e denonstrates that the

| N\VADER assa b f Nn | RN@sq4 Exanpl e
5 CLEAVASE |§H§§§§‘pne&\?¥s‘9“m§£i\}g§% g&ggﬁ%%@%srﬁ %?’hrgfda‘r‘ gécrl Bes the
opt i m zawcksie avid DUENGGRIelynpdissubtion ipdke Wrngﬂwmoﬂ%masrswm'@lﬂﬁedﬁmbbl for

t enper atg. eth@merga@tam& tﬁ@ﬁﬁflé}pﬁg nap@;t%n\é@& wcbénhﬁ)agte ayﬁngg& ng of the

CLEAVASE X enzyme (T Wave Technol ogi es, di son, 30 ng of the
CLEAVASEmXNatCérYZMG ecmfi'lrred of\fhraegipr ﬁﬁmrtvgnue%s dwwl) SO8; us f)erméheutg@a The
fol | aw nereluld:figto M@%ﬂﬁﬁ%}én@f)fﬁxgga&b tﬁ%@ﬁﬁmlmouu g%cénc?ﬁ & i mary
reaction buffer: 250 mVi KC1, 0. 125% Tweén 20 0.125%

Noni det GRpimuityIp thebackbene w&mof theyypeicac syapd.sREpIE aRS)cie agids %th buf f er :

87. 5 M Mietupkb®bisepdifnk, M Rithinfiks Wasndsasbul &Emubsre%ﬁﬂx\/ﬁ%eﬁhinoﬁﬁwe 10
2.5 X primary reaction buffer: 25 mvl MOPS pH 7.5, 62.5 inM KC1, 0.125%

Tween 20FOnBMYDSEHRIGHi det NP40, 62.5 nmM MySO4, 5% PEG 7. 5 X secondary

reaction buf fefe teﬂﬁmdu‘aw"lfa@rs&es RS StATE BE MhclfIE atias o wHiRh theade YortiBnebst her the
CLEA VASE | X or enzynes. 15 The LCD was determ ned for both enzynes.

The YesPe gudeeti ﬁsvvﬂn? Pramd g Roupd ﬂmspgmaydwm%@w the thelerpplrpqmtary
| NCr easi kigesdiFyBd 6n @fseddnd shahid. THmOBthh@mba&g a;y@duyv&;t hx&lrbha&s bineheCLEA

it héxdﬂéﬁ%fgg'éobﬁﬁts ARV T SAYF G of PEAPRFITE RESFPLY S RNBME. { he Lop
was | OV\Eﬂsd/\génlérallb%sﬁﬁWAﬁEhﬁfbrlstr@ﬂmmf a deBlem@hx Sﬂa@ﬁ@ a fh br ritba fi@icect i on of
CLEAVASEER0TS. chFy RS B O 6 taioRn HirseL it o and PBLel gn of
ol i gonucl eot i'dlgsu:ﬁﬂ téatpme" et 3% strand offﬁhulacaxxamplvandesecsmﬁeﬁzeaﬁ@ay desi gn
209 LD Rt BB S R BB SRR gL,
nucleic acid polymerase. Within a duplex the template strand is, by convention, depicted
and described as the "bottom" strand. Similarly, the non-template strand is often depicted
and described as the "top" strand.
20
DESCRIPTION OF THE INVENTION
The present invention relates to compositions and methods for the detection and
characterization of nucleic acid molecules (e.g., RNA (e.g., small RNAs such as micro
RNAs (miRNAs) and small interfering RNAs (siRNAs)) and other short nucleic acid
25 molecules). The present invention provides methods of detecting, characterizing and
quantitating miRNA expression. In some embodiments, the present invention provides
" methods of detecting miRNA expression comprising adding a nucleic acid to a miRNA to
aid in detection. The resulting "miRNA detection structure" is then detected using any
suitable me_;hod including, but not limited to, those disclosed herein. While the following
30  description focuses on the detection and quantitation of miRNAs, it should be understood
that the invention also finds use with other short nucleic acid molecules (e.g., DNA and
RNA of less than, for example, 50, 40, 30, or 20 nucleotides in length).
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ol i gonucl eoti de designs are described in Figure 5. Each of the designs
(A-D) utilizes different | NVADER and probe oligonucl eotides for the
detection of mr-135 mM RNA. 30 Results of the tenperature optim zation
experinments conparing performance of all of the designs are shown in Figure
13. Design D gave the highest signal. Results of LOD experinents using
assay design D are shown in Figure 14. Fi gure 14A presents the raw
counts generated fromfour replicate assays at each of the indicated target
concentrations. The average counts obtained with each target concentration
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repr esegiddd g of the average counts obtained at each concentration and

i ndi cates that the | NVADER assay is |inear throughout much of the
concentration range tested. B. Design of oligonucleotides to detect GAPDH

and &6 RNA | BrosRdBosk bf & WIRNPRBctibh SBRNtRE desirable to co-detect, e.g. in
a biplex assay, an 10 RNA generally present in all cells at constant | evel s
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ol i gonucl eoti de 1496-78-01 R (SEQ I'D NG 6) and | NVADER ol i gonucl eot i de
1496-78-02 (SEQ ID NO 5)- Probe 20n1\4/ | NVADER ol i gonucl eoti de 200 0.5 45
CLEAVASE XI| enzyne 60 ng/p.1 0.5 26




45 Primary Buffer 2.5 X 4 360 TOTAL 5 450 Aliquots of 5 p.1 of the
primary reaction master m x were added to the wells 20 containing the.
appropriate target or control. The plate was overlayed with mneral oil (10
p.1) and incubated at 53C for 2 hrs. After conpletion of the primary
reaction, 5 pl of the follow ng was added to each well, and the plates were
I ncubated at 60C for 1.5 hrs. The plate was read using the settings

descri bed above (see Exanple 2). |Secondary Reaction ConponentsStock Conc. |
Anmount Added H20 (or buffer for CLEA VASE | X enzyne assays) 2 p.1 PAM
FRET pr oevADER ds@x&@ee é %), beld® desMptioR). LInRER RAROFinREAS FOIRVid 2 b8 kagt SRT)
SEQID NQ 22 1.5 1 pl" ARRESTOR ol i gonucl eotide SEQ ID NG~ 7 40 pM1 pl
Total PiFnEINVADER assey|inyagivg gleavaige seugiies thedesuling ends a1s ligstrddo forpe2 aver age

count s ohfcaianegudiare. Thethd &fikddambnt WHeNigomicidotib & HSsiavedd Pfilkehh tot al
RNA and ce] | Ié‘zeat S V\&re plotted. in Figure 15. A standard curve obtained
from | NVREEE2, zﬁ?gs phthg ebapnugleates fedsought inglesedroximityie. g5 hybridipedNa was

usedst o @%Adeamicwoﬁd&mm@ﬁﬁmm&&ymemqafga&@r cell. The nunber of cells
fromwhich cel]l |ysates were generated was determ ned during the seeding

procedur e pr i Gstiflguthgriembpdiments, thedeactigp gryciurgs desgribeg) in Figues g4and 25
Bi ot echnat @eiyeratdd: Ibthd-dntodBfkh), cifheF GloBe bV RDERI AifolYcléftides grece. In this

experinment, the limt of detectjon in | lysates was_reached in the total
RNA ext r &iedled i Srefied simeknheimen togp Pg.hai%@bm@sﬁ@ﬁﬁﬁe-asgm@@p > 1)\ fpRge

An_al L er aabddifachiSdifpoRfiaeails Sostribedia it AS kel . Murd 1) bitduifoan not ed
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exanpl e. acid sequendde tieat denbshybridizeXo fi3GniRN A $Seeyeps Esasplended ahd 198)) . 1 of a
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180ul 113%& §%etected by the INVADER assay (See e.g., below description). '
In other embodiments, these additional sequences are complementary to additional
oligonucleotides added to reaction mixtures fo stabilize a cleavage structure, e.g. an
INVADER assay invasive cleavage structure (Figure 4).
20 In some embodiments, circular structures generated as described above are detected
using a rolling circle replication assay (See e.g., below description of rolling circle
replication). : ,
In still further embodiments, detection structures are generated from long
oligonucleotides (e.g., greater than 50, 100, 1000 or more nucleotides) with short region(s)
25 of homology to miRNAs. One or more miRNAs are hybridized to the oligonucleotides to
generate detection structures. In some embodiments, these detection structures are detected
by extension of miRNAs (e.g., via ligation or polymerization reactions such as RT-PCR).
In some embodiments, these detection structures are further detected by hybridization to
oligonucleotides conjugated to solid supports, such as microspheres, or other surfaces or
30  structures. In some embodiments, the non-miRNA component is extended or ligated to '
another nucleic acid and directly or indirectly detected.
In some embodiments, oligonucleotides used to fbrrn detection structurés comprise

one or more nucleotide analogs. For example, in some embodiments, 2'-O-methyl
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180p111pg/nﬂtRNA05n1 NP40 0.5 mM NP40 4 m 0.5 MMOPS 4 nl 0.5 M
MOPS-0.5 mM 1 MMCI2 NA 4.82 m H20 5.32 mis H20 10 nis 10 mi's 20

Al'l tubes were then incubated at 80C for 15 minutes to lyse the cells, and
then centrifuged to pellet debris. Aliquots of 5 p.1 of the various |ysates
wer e added to 1 NVADER reactions as foll ows. _ Primary | NVADER
reactions were as described above for let-7a; Pl oligonucleotide 5 m xes
were al so made for GAPDH (SEQ I D NOs: 41-43) and for U6 *(SEQ I D NGs: 45-47
at 50 nl 14 final concentration). Conponent Anount added per reaction Final

concent hatledideRlrealtiligan umh@pftegeﬁheld%ﬁ&mn(ls aét mhnechooa M:ﬁ&ﬁa mddBfhifm25 p- 1
0.25 ill (g:LEAVASIEXII en2£me 60 _ng/p 0.5 1 p.1 4p.1 Total 5

p.1 5 pin ﬁB:E“F‘é‘&E‘FWdﬁEOt\/V@F@S% tﬂ@&?ﬁ%@& Pmﬁ@ﬂie for let-7a;
Pl do:c i g@ﬂt&lhg@md@ﬂmesem EQonRng 1@%&@;&@6 grdl‘sé}{ce%EDP &t&EQ d)a&spk@pea.&l 43)

and for at n i nal. . concentration rimary
reacti oGt éﬁ E‘Sé’g m“fiﬁﬁﬁgﬁe%‘mﬂm&@@ ik aids ipdyrtherdefestion wethpds-he

fol | §wi ng secondary reaction mxture were then added: 15 Conponent Anount

[ n reactjon mxture
added per r ee}f.t ! O_Ii')etseecglgn% n cleﬁ: ac}ds (e.g., mterfermg RNAs)

In some embodlments, the present invention provides methods of detecting
miRNAs. The present invention is not limited to a particular detection assay. Any suitable
method may be utilized including, but not limited to, those disclosed herein.

10 In some preferred embodiments of the present invention, miRNA detection methods
 are quantitative. The presént invention is not limited to a particular mechanism. Indeed, an
understanding of the mechanism is not necessary to practice the present invention.
Nonetheless, it is contemplated that levels of a particular miRNA in the .body are associated
with a level of gene expression from their cognate genes. The present invention thus
15  provides methods of correlated miRNAs with gene expression of particuiar genes (e.g.,

) genes involved in disease states (e.g., cancer) or metabolism).- For example, in some
embodiments, the methods of the present invention are utilized to determine the presence of
abnormal (e.g., high or low) levels of a particular miRINA (e.g., miRNA expression
associated with cancer (See, e.g., Calin et al., Proc Natl Acad Sci USA, 99, 15524-15529

20  (2002), e.g., using oligonucleotides described in Example 18 and Figure 31) or to determine
' the effect of an intervention (e.g., drug) on miRNA expression. In other embodiments,
heterologous miRNAs (e.g., from expression vectors, transgenic constructs, transfection,
etc.) are detected to characterize the efficiency of miRNA expression systems.

In some embodiments, the present ixiv_ention provides methods of detecting a

25  particular miRNA (e.g., a miRNA such as mif-l or mir-135). In other embodiments, the
methods of the present invention are used to distinguish between variaﬁts (e.g.
polymorphisms or mutations) in a particular miRNA. In still further embodixneﬂts, the
present invention provides methods of lysing cells to be tested for the presence of miRNAs.

30 A. INVADER Assay
' In some ernbodlments the INVADER assay is used for the detection of rmRNAs In
some embodiments, the INVADER assay comprises forming a nucleic acid cleavage

structure that is dependent upon the presence of a target nucleic acid and cleaving the
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1.5 p.1 H0 3.5 gl. Total 5 p.I. Secondary reaction m xture included SRTs
(SEQ 1D NO 22 for let-7; SEQID NO 20 49 for GAPDH and UB) target, FRET
ol i gonucl eotides (SEQ ID NO 21 for let-7; SEQID NO 48 for GAPDH and U6),
ARRESTORs (SEQ ID NO. 7 for let-7, SEQ ID NO 43 for GAPDH, and SEQ I D NO 47
for U6) at the concentrations indicated in Exanple 7A. Secondary reactions
were run at 60C for 1 hour. Reactions were read on a CYTOFLUOR mi cropl ate
reader as described in Exanple 2. The results are presented in 25 Figure 16
and |nd| cate that presence of the GAPDH si gnal IS dependent on the absence
of sis buffer, where ns . rel atively
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st en?P ool %90} il gt @), PNAS, HEAnST: 8212 @080% WRTH2 T aE?Fl(W PPY42%43, gadkerfnat i ve
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Tenperature og_hlmzatlon expérinments were carried od?aas foll ows. A naster

nmx 5 was mad FWVQ*Pl?Pe%R;‘?Y dtects smeetic RN Arand RV secticRess by RemeShrefifeng:

St ock COB%&]EHJ&IZ s W04 m&%nﬁ&@&édwoﬁhﬁadc&ﬂ;ﬂ%mrﬁﬁhb9%c2 S X Primary
U

reaction r t he CLEA_VASE XI | nzyme (as described in Exanple 5) 4 |
pl . 1 X X éwer apping ohgonucleotlde probes (See, e.g. Figure 1). Elevated

25 temperature and an excess of one of the probes enable multiple probes to be cleaved for
each target sequence present without temperature cycling. In some embodiments, these
cleaved probes then direct cleavage of a second labeled probe. The secondary probe
oligonucleotide can be 5°-end labeled with fluorescein that is quenched by an internal dye.
Upon cleavage, the de-quenched fluorescein labeled product may be detected using a

30 standard fluorescence plate reader.

The INVADER assay detects specific sequences, mutations, and SNPs in
unamplified, as well as amplified (See, e.g., Example 19, Figure 32), RNA and DNA,
including genomic DNA. In the embodiments shown schematically in Figure 1, the
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1 41 1M 100 p. M | NVADER ol i gonucl eotide* 1 ul 104M 60 ng/ gl CLEAVASE 12 0.5
p.1 30 ng H20 2.5 p,1 VA 30 pM m RNA (for the 11-ner tenperature

optim zations) OR 10 nlVI m RNA (for the 10-mer probe/12-nmer | NVADER

ol i gonucl eotide tenperature optimzations) 1 p.1 3 pMOR 1 nlYl 20 nWil
tRNA (for no target controls only) 1 gl 2 ng TOTAL lo p.1 *Vari ous
conbi nati ons of probe and | NVADER ol i gonucl eotides were used in this
experinment as indicated in Figures 16-17. 10Secondary reaction m xes were
as described in Exanple 3 for let-7. Where appropriate, ARRESTOR sequences

were nma | t it . I L. ions of the
b obe iR arel T s Ry by RORUARY el deal SORES, 1T, | 0
case of geheratepndnthentte applifit the targaptspedifiasigoal. &opeorivenience, thealiptes imihy
reactio . haur I 5 1 ondary
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t he 12- AerminRsDiTesaiot apply tordl genklieivariations t Indhe primexyy neasiioat(FE0redl; for 15

m nutes I . ] GRAASH MR i . o sults
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speci f i PPBFEGNCABEIENY o tlPRage OftHSECORICIRGHTS FERItIP apfRCTPAYADER. of 37C.
I'n ti5i s Masecertepipidichisd the Presénde e tHNVALEER Qb SRBKE bRt ifdke fsRNA

interactiop confers inprov q assa eFlformance on this desi gtg _However, for
the |et -C?agﬂ‘é@?é% ?H‘r‘%ﬁ‘? E‘EP %%ﬂﬁééa\%é g deigetalle sichpla [\ReRISEgbggliments, -

ol i gonUERBT pdss hahdnd@iffErent aBell B & etscIRBLd by GiffeRALONSerRiksibh 6r &6Ration

ol i gonuc] eot i des have . appr.oxi mat el uivalent Tins. In this case, .the

desi gn i‘ﬁav\ﬁ}ﬁ“ S’o?{trﬁs%‘ﬁ% Wuté’f‘%'ﬁetsf’%@g%P?S?@Bﬁgﬁcm?%ﬂ‘ae%fm Eed of

| et - 7a uslelegoriivens ab bedetaited, sudathatghs diFferep anéleRat I6civanh Bedefectd® s descri bed
in anple.3 to.conpare the LCD of, the double | oop desi and the single

| Do o BRI TGt Bt e FTABER B P BRI TR e et SR oo

st ruct urpeobes may beRemsineia atsingitedsedyyianewln@Ronpatsdnust thésiguas fropl dacmt e.

React i o'nln]' xtyres .cant ained the follow ng reagents (final concentrations):
20 allele or locts in the same Sample.

If the primary probe oligonucieotide and the target nucleotide sequence do not
match perfectly at the cleavage site (e.g., as with the MT primary probe and the WT target,

25  Figure 1, panel B), the overlapped structure does not form and cleavage is suppressed. The
structure specific enzyme (e.g., CLEAVASE VIII enzynﬁe, Third Wave Technologies) used
cleaves the overlapped structure more efficiently (e.g. at least 340-fold) than the non-
overlapping structure, allowing excellent discrimination of the alleles.

The probes turn over without temperature cycling to produce many signals per target

30  (i.e., linear signal amplification). Similarly, each target-specific product can enable the
cleavage of many FRET probes. _

The primary INVADER assay reaction is directed against the target DNA (or RNA)

being detected. The target DNA is the limiting component in the first invasive cleavage,
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St ock concentration Volume per reaction Final concentration 2.5 X Primary
reaction buffer for CLEAVASE XIl enzyme 4 M 1 X 10 JAM probe/ 200 WM

| NVADER ol i gonucl eotide m x (sequences as indicated in Figure 20) 0.5 M
1111\ 4 probe/ 20M | NVADER ol i gonucl eoti de 60 ng/ glCLEAVASE Xl | enzyne 0.5 ul

30 ng Total Sul Aliquots of 5 gl of m RNA were added to the wells
containing the reaction mxtures at the final concentrations indicated in
Figure 20. Primary reactions were run. for 1.5 hours at the optinal

tenperatures for each designed as determ ned in Exanpl e 8B (50C for-the 25
| ooped | ASRRY p design).
The sec%%ggrggnﬁgactlons% g)g&?é QQa‘?}%ggg} e&&%ﬁ'ﬁ%% ge‘:Lu(})&)and 3 and
run for MVABYE claavaggd is the releasadeﬂapetbul ig bnnmlgFu\lﬂmeﬂ@@s Moml\ﬁavege ®agivak

Pr G du@efto bRl @y, WL o Rlocil ol o i B6ARLEANARTHET | N2, P OLS
‘indicated that nore signa roma gi veh anount m RNA

usi ng th%ﬁc}lmmmqe@?bpwﬁbﬁsgﬁﬂﬂ%ﬁw tﬁligGhDNkﬁeaml@u‘m e loop design. Simlarly,
an exan nat i ofy QftaiMtodlhéntd, I hSHABE %foaskigﬁh{:@&x@lsn\%cﬂf%hdé h& éu%das%gr ~Z€ro
val ues at each m RNA level are greater for "the sin eS|gn

desi gns M&aTiowRed itk agoessihle ite- ofigenycipptides @'@r‘mé‘mdmgl ons test ed,
2.68 X 191@&&1@5% Qﬁcrz&eéoa@em@r@ﬁr% and® &)Fg% RIS ateQiedBita V 16,000

nol ecul es. Ful | th vS. Shortened ESTOR O 1 gonuc eotl

Exper i mefl84 ’\?\é? &, Q?érﬁ?&c? , $37, &84 Rast ApnlicationPer: N\?eo—“d&?if,%ﬁmm%c@f _ _
ful'l -1 engbhi ABBE%B@D&@%&WO@LQ@%ﬁ%HWH Bre b Qi &Ry Indfsbrdkéd bjy N Whi ch
t he ARRESTOR mol ecul es, extend at their 5 ends around the | oop, throughout
t he ]qbngfelferﬁ’f‘cet’ﬂé}“?ﬁmwﬁ specific region of the probe and into the 5

flap region ve s&ﬁﬂir&ﬁ%@eﬂg&ﬁ&% {Héleﬂﬁégnﬁgsofttﬁégarﬁﬁl@(&g”ﬁﬂ&gggélary only to
the m RNA-specific . region of the probe andggart of | ap but do not

extend i ﬁ‘fqb‘e'i“f‘?ée o P ENIN O g RN A s fﬁ??st"%‘é‘@ét‘dﬁfﬁ‘dﬁ% athe ons t o

detect syl e&mﬁndeeexﬂoam@mm;ﬁame eugmﬁtc&e{ads@m&ﬂé k@dnt @fiefBRHEM oradded
per react :hon Pl m x robe SEQ ;. I NVADER ol i gonucl eot i de SEQ I D NO

5) 10 ul ¥ eﬁ?frb%fbmgm %meﬁ“w fsgfaﬂmedpket@ewxéerset pequgnapARd said

15  oligonucleotides if said target sequence is present in said sample, wherein said invasive

cleavage structure is cleaved by said cleavage agent to form a cleavage product
In some embodiments, the target sequence (e.g. miRNA) comprises a first region
and a second region, the second region downstream of and contiguous to the first region,
and the oligonucleotides comprise first and second oligonucleotides, wherein at least a
20  portion of the first oligonucleotide is completely complementary to the first portion of the
target sequence-and -wherein the second oligonucleotide comprises a 3' portion and a §'
portion, wherein the 5' portion is completely complementary to the second portion of the
target nucleic acid.
In some preferred érnbodiments, the exposing of the sample to the oligonucléotides
25  and the agent comprises exposing the sample to the oligonucleotides and the agent under
conditions wherein an invasive cleavage structure is formed between the target sequehce
and the oligonucleotides if the target sequence is ;Qresent in the sample, wherein the invasive
cleavage structure is cleaved by the cleavage agent to form a cleavage product.
In some particularly preferred embodiments, the target sequence comprises a first
30  region and a second region, said second region downstream of and contiguous to said ﬁfst
region, and said oligonucleotides comprise first and second oligonucleotides, wherein at
1east a portion of said first oligonucieotide is completely complementary to said first portion

of said target sequence and wherein said second oligonucleotide comprises a 3' portion and
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(60ng4t1l) 0.5 pi 1420 0.5 p.1 Primary Reaction Buffer 2.5 X 4 pi Total
6..1.1. 20 Aliquots of 6 p.1 of the primary reaction m x were added
‘to the appropriate wells of a microtiter plate followed by aliquots of 4
p.1 of syntheticlet-7a m RNA or 4 pi of 10 ngiul tRNA in dH20 at the final
concentrations indicated in the table below. Primary | NVADER reactions were
I ncubated at 53C for 1.5 hours. 25Ali quots of secondary reaction m xtures
were added. as follows: Full-length ARRESTOR Conponent Stock concentration
Anmount added ARRESTOR 40uM 1 p.1 SEQ ID NO 7 for full length ARRESTOR,

SEQ I D ARR | D, NOY pLM
11(1?1 FREM‘IQ p%&%ﬁ%&ﬁ%&ﬁg g%llé %81}'%&%?@;&%%%%&5?93 é%‘(‘? i© ns wer e
i ncubat eeidgarge0mcledg acid.5 hours. Mcrotiter plates were read as described in
Exanp! @ 2. - T bkl bhBodiflefisAhe B vknbibO B qlzmsTPese LRSY fdgndi cate

that there is no signiticant ener at 1 onesPe
' sample (e.g., a pooled blood sample or pooled cell lysates) using INVADER detection

5  reagents (e.g. primary probe, INVADER probe, and FRET cassette). In preferred
embodiments, the kit further comprises instructions on how to perform the INVADER

assay, and in some embodiments, how to apply the INVADER detection assay to pooled
samples from many individuals, or to "pooled” samples from many cells (e.g., from a
biopsy sample) from a single subject. _

10 The present invention further provides assays in which the target nucleic acid is
reused or recycled during multiple rounds of hybridization with oligonucleotide probes and
cleavage of the probes without the need to use temperature cycling (i.e., for periodic
denaturation of target nucleic acid strands) or nucleic acid synthesis (i.e., for the
polﬁnerization—based displacement of target or probe nucleic acid strands). When a

15  cleavage reaction is run under conditions in which the probes are continuously replaced on '

- the target strand (e.g. through probe-prob_e displacement or through an equilibrium between
probe/target association and disassociation, or through a combination comprising these
mechanisms, (Reynaldo et al., J. Mol. Biol. 9.7: 511-520 (2000)), multiple probes can
hybridize to the same target, allowing multiple cleavages, and the generation of multiple

20 cleavage products.

The INVADER Assay Reaction:
In preferred embodiments of the INVADER DNA assay, two oligonucleotides (a
discriminatory primary probe and an INVADER Oligo) hybridize in tandem to the target
25  DNA to form an overlapping structure, The 5'-end of the primary probe includes a'S‘I-ﬂap
that does not hybridize to the target DNA (Figure 1). The 3'-nucleotide of the bound
INVADER oligonucleotide overlaps the primary probe, but need not hybridize to the target
DNA (See, e.g., Examples 15 and 16). The CLEAVASE enzyme recognizes this
overlapping structure and cleaves oﬂ' the unpaired 5'-flap of the primary probe, releasing it
30  asatarget-specific product. The primary probe is designed to have a melting temperature
close to the reaction temperature. Thus, under the isothermal assay conditions, primary

probes, which are provided in excess, cycle on the target DNA. This allows for multiple
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5 1init of detection when full-length or shortened ARRESTOR |
ol i gonucl eoti des conplenentary to the m RNA-specific portion of the probe
are used in the secondary | NVADER reaction. B. Alternative designs using
| i near probe and | NVADER ol i gonucl eoti des 10Al ternative designs were tested
in which both the probe and | NVADER ol i gonucl eoti des contain a universal
sequence, and neither oligonucleotide forns a hairpin. A schematic of the
design is presented in Figure 4. The universal sequence is present on the
5' end of the I NVADER ol igonucl eotide and on the 3' end of the probe oligo.
A short, - GRRPLESEALY Yobd ARivEEETor SAdnAQNMEDRAL 18 alufli ' ri sed
of 2'-0- Fret hyl 15 %Igspi\f%ues, a Ig\l;\,i ng ?{Eéfo pt’onota{élﬁlég-g%g’ﬂg?&gtdac h%ﬁg@i n the
pr esencerd¢aseh&-flAPRNA (e.g. SEQ ID NO 60). Designs were created for both
M R-15 (SEQ | R MO8ccdiBa’ LRy hln Al SRR LSEQLL D NOB ). Initial
designs, while | eaa? ngar?oehi g’ﬁ’ non-spggzll?i]%%backggrv%u% si\é%g) In the
absence @hgoAuritptidaeyefluorssnsaetierensncs entrgaransfardFRET) Casstiéawidndate t 0 det ect
m RNAS W i U BriiliveaRurCamt 116 %L.izg@ L@Q«tcid%gﬁh RAAER ffect of
i %@f I r'ouesth&l’helopse%:E

2' -0-net hyl ation nucl eot1 de resi nt IS exanp escri bes
exper i meftigugilpe YWhen tha ERET Gagsettp és degvsdsthe fluetgphenet(F} andgguencher €)are -

resi dues séfifat& BBn&htind dettabld WuckescOnd i AL, §i8Siad UPHe iMGABR%BLEH1 N the
probe and 25 | NV, : onucl eotides used for detecting m RNAs. All of the

ADER .
desi gns prleasehtdéen ﬁldfthﬁl‘egRBI&aé%ﬁﬁﬁgwﬁerﬁﬁﬂé%g inpepplified fluogespencp signglesi dues

in the | q8Ridi§4i00 Se@ndaSTEctiBETh RofXAFRNS idthe BXREWfENt S Were conduct ed
to test the effect of su stltutlng % deoxy residues _for sone or all of the

2' - 0dfet hyl r 8¢ BIRLEX formetpf th BridN Ay D tsay spatiesiirapianerersictestion ghed t o
det ect t o DNA dayuehdRlih a iR (Seb RONSE dnep1 8001 iride@(LE)x;.t Madt 8fs, ans. SEQDD
NGs: 5-6.contain 2' -0- trly, restdues, as described in ,ar%Je 2. The design
in SEQ I Iﬂ“fﬂ?%es detgcton Qf fye aiaHans ot BEricplaspolymerrhisnyq g e RS Thed t hose
i 3_ SEQ 1&&&%&&&% two clliefef:aDtE gy&ﬁxﬁiﬁﬁi:dﬂdeﬁniaﬂ' PraBes) 04dhi Wifisa eﬁiqﬁéle-fﬁetpgns |
adj acent to the tar reactlions were sef up to.co re the signa
gener at i .Sﬁg évﬁ%lg’lf%ﬁ%'g %&Fﬁﬂ reST0te SEP “bfa Wﬁ%’aﬁlﬁﬂéséma'i ‘E?Oé?%tfwgglg% ?‘Qﬁﬁ%“

Reac tt5 onsheveteasedS'-dlapewilbeidd onlytth ehdirGEsges fie¢ FRETCasseftefdoogenbateth argdt-

i ncl uded Slgcl)ﬁ(pé\l/l synthetic mMRNA, 1 |.J.M probe, and 10 ul V1 | NVADER

ol i gonucl%o FaeS P | mary reactions were run for 15 mnutes at the

t enper at ur es iImshmatmtodinentsniliapyesen dmtantos piweides kith cdaprifngonedresorat 60C.
The resulo%ﬁleogonit heeAtWAQ%R atssa%(as .ar e shown }SnvFit ure, 21 %@ i.ndi cat<ta t hat
t he 15deSt §IF CHPRAFERNEHEDt R PIASBE E IR FITRLRVEITT, 105 Frampie:dhe Broseit ot hy |
resi dues igventids ptolvadesligs fogisgmiak or ficivesing thdynzitnes dethe gresent inventddn dtForbases
adj aggnt t arge : ised of 2. -0- hyl resi he

oli ggﬁuclt%%{e%%g? co ﬁb?‘ggegecg%tg?ﬂglpﬁg% eﬁ-%leaéa e;% %%él(le'é’ug‘ie%éﬁe gge"a“tyhe

| onest | Breway of exsihmpha knd Aotfintendieg tekmitalie kirpeitherpresent nentdlestogned t o t est
addi tion i .atl 2 I oy NVADER .

ol i gonucﬁgg%?%gg&vel %At% 00??' grfl Sﬁg‘bg’ﬁésm%\g?% tg’ tg%gd{%&%ﬁﬁ‘gﬁ?fl%sgﬁﬁ?l GGt i des
Wi t h nor emhodishent pHa ki fenrpraciicingrthepiesesitynvgntibnishor t er | oops, probe and

| NVADER ol i go 0L AESmM, - £S5 Primry
reactions wer gﬂ g"l’el?gtﬁ%gtgo te{é?&l ggét}é(g%?%%?eggn tﬁggﬂﬁ%négo%%ﬁs*‘g@ﬁ% foll ow ng
pr ob&@h| Nv&ERsol i gonucl eoti de conbi nati ons were tested. Probe | NVADER
oligo 1544-71-01 SEQ ED NO 55 1544-71-02 SEQ ID NO 56 1544-71-01 SEQ ID

NO 55 1796-43-02 SEQ I D NO 68 1544-71-01
CLEAVASE enzyme Primary Probe Oligos

DNA Reaction Buffer 1 INVADER Oligo
' FRET Cassette 1 {e.g., F)
FRET Cassette 2 (e.g., R)
Mutant DNA controls
Wild type DNA controls
"No Target" Blank control
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SEQ JD NO 55 1796-43-04 SEQ ID NO 70 1544-71-01 SEQ ID NO- 55 1796-43-06
SEQ ID NO 72 1796-43-01 SEQ ID NO 67 1544-71-02 SEQ ID NO 56 1796-43-03
SEQ ID NO 69 1544-71-02 SEQ ID NO 56 1796-43-05 SEQ ID NO 71 1544-71-02
SEQ ID NO 56 1796-43-03 SEQ 133 NO 69 1796-43-04 SEQID NO 70 Primary
reaction m xes were nmade as follows. Primary Reaction Conponent Stock
Concentration Amount Added Probe oligonucleotide (as indicated in above

table) 40 gM0.25 pl I NVADER oligo 40 gM 0.25 gl CLEAVASE XI| enzynme - 60
ng/gl 0.5 p.1 Primary Reaction Buffer 2.5 X. 4 p.1 Total

- In other embodiments, the kits of the present invention are configured for direct detection of
RNA.. These kits may prov{de the follbwing reagents:

CLEAVASE enzyme _ Primary Probe
oligonucleotides

DNA Reaction Buffer 1 - INVADER Oligo

| FRET Probe 1 (e.g., F)

FRET Probe 2 (e.g., R)
Secondary Reaction Target 1
Secondary Reaction Target 2
ARRESTOR oligonucleotide
1
ARRESTOR oligonucleotide
2
Mutant DNA controls
Wild type DNA controls
"No Target" Blank control

5 An additional consideration has to do with undesired effects resulting from
particular combinations of oligonuéleotides in a single reaction. One such effect is target-
independent generation of background signal. Certain oligonucleotides in combination with
others may generate signal in the -INVADER assay in the absence of the particular target
being detected. Separation of these oligonucleotide combinations into different pools can

10  be used to alleviate this effect. . Similarly, certain oligonucleotidé combinations can
-artificially repres\s'signal generation from a desired target. Again, separation of these
combinations into different pools can alleviate this effect.
The designs of the probes sets (e.g., the oligonucleotides and/or their sequences) are
adapted for use in miRNA detection assays using the guidelines for reaction design and |
15  optimization provided herein (See e.g., the Experimental Section). For example, in some
embodiments, the reaction temperature is reduced (e.g., to 50-60°C) to account for the
smaller region of hybridization. _
In some embodiments, a kit of the present invention provides a list of additional

components (e.g., reagents, supplies, and/or equipment) to be supplied by a user in order to
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5 pl Aliquots of 5 pl of Primary reaction m x were added to 5 pl
of synthetic mR-15 5 RNA at the followi ng final amounts: 0, 0.1 anole,
0.33 anmoble, 1.09 anple. Prinmary reactions were incubated at 52.5C for 2
hours. Secondary reaction m xes were nade as follows. Secondary reaction
conponent Concentration Anount Added FAM FRET ol i gonucl eotide (SEQ I D NO
21) and Secondary Reaction Target (SRT) (SEQ ID NO 40) 13.4 p.1 FAM FRET 2
JIM SRT 0. 75p.1 ARRESTOR ol i gonucl eotide (SEQ ID NO 66) 54 uMO0.75 pl H20
3.5 pi Total . 5pl Aliquots-of 5 p.1 were added and the

react i ONgerdftaBBLRMhARL ofAfe ihMntAs. FhrikabSie, E@wmoﬁtmh&ﬁ%m‘ Boft§haf i ve

fl uorescent units (RFUs) are presented bel ow. Probe
1544- 71- gdditional campeyentsdisls tp any particplprreqmpopents, one embodiment of such a list

comprises the following:

= Clear CHILLOUT-14 liquid wax (MJ Research) or RNase-free, optical grade mineral
-5 oil (Sigma, Cat. No. M-5904)

»  96-well polypropylene microplate (MJ Research, Cat. No. MSP-9601)

= Sterile 1.5-ml or 2.0-ml microcentrifuge tubes

= Sterile, DNase/RNase free disposable aerosol barrier pipet tips

*  Multichannel pipets (0.5-10pl, 2.5-20ul)
10 .= Thermal cycler or other heat source (e.g:, lab oven or heating block).

* Miscellaneous laboratory equipment (tube racks, micropipetors, multichannel pipet,

microcentrifuge, vortex mixer).

*  Fluorescence microplate reader (a preferred plate reader is top-reading and equipped

with light filters have the following characteristics:

15
Excitation Emission
(Wavelength/Bandwidth) (Wavelength/Bandwidth)
485 nm/20 nm 530 nm/25 nm
560 nm/20 nm - 620 om/40 nm

In some embodiments, a kit of the present invention provides a list of optional
components (e.g., reagents, supplies, and/or equiprnent). to be supplied by a user to facilitate
performance of the methods of the invention. For example, and without intending to limit

20  such optional components lists to any particular components, one embodiment of such a list
comprises the following: '
= Sterile 8-tube strip or microplate (optional)
" Disposﬁble plastic trough (optional)
= Plate sealing tape (optional)
25

In some embodiments, a kit of the present invention provides a list of required

components to be supplied by a user to facilitate performance of the methods of the

invention for which multiple alternatives are acceptable (e.g. sample preparation kits). For
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example, and without intending to limit such optional components lists to any particular
components, one embodiment of suéh a list cofnprises the following:
e QIAGEN QIAAMP Blood Kit
e Gentra Systems PUREGENE Kit
'5 e  Gentra Systems GENERATION Products

In some embodiments of a kit, detailed protocols are provided. In preferred
embodiments, protocols for the assembly of INVADER assay reactions (e.g., formulations
and preferred procédures for making reaction mixtures) are provided. In particularly

10  preferred embodiments, protocols for assembly of reaction mixtures include computational
or graphical aids to reduce risk of error in the performance of the methods of the present
invention (e.g., tébles to facilitate calculation of volumes of reagents needed for multiple
reactions, and plate-layout guides to assist in conﬁgun'xig multi-well assay plates to contain
numerous assay reactions).

15 In some embodiments, supplementary documentation, such as protocols for ancillary
procedures, e.g., for the preparation of additional reagents, or for preparation of samples for
use in the methods of the present invention, are provided. In preferred embodiments,
supplementary documentation includes guidelines and lists of precautions provided to
facilitate successful use of the methods and kits by unskilled or inexperienced users. In

20  particularly preferred embodiments, supplementary documentation includes a
troubleshooting guide, e.g., a guide describing possible problems that may be encountered

" by users, and providing suggested solutions or corrections to intended to éid the user in
resolving or avoiding such problems.
~ In preferred embodiments, samples are diluted to concentrations that correspond to a

25  10-pl addition per reaction. The concentration of a 100-ng sample should be 15ng/pl.

B. Rolling Circle Replication
In other embodiments, rolling circle replication methods (Amersham Biosciences,
Piscataway, NJ) are utilized for detection of miRNA detection structures (See e.g., U.S.
30  Patents 6,344,329; 6,143,495; 6,316,229; 6,210,884, 6,183,960 and 6,235,502; each of
which is herein incorporated by reference). In some embodiments, rolling circle replication
is used to detect circular miRNA detection structures generated from the annealing of the

ends of a single oligonucleotide annealed to a miRNA. In some embodiments, the ends of
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the oligonucleotide hybridize to the miRNA with no overlap. This oligonucleotide can be
ligated in the presence or absence of miRNA. However, the ligation reaction is more
efficient in the presence of the miRNA. In such embodiments, the level of circular
molecules detected over time is compared to a control reaction lacking miRNA.

In other embodiments, the ends of the oligonucleotide hybridize to the miRNA with
overlapping ends to generate an invasive cleavage structure. Such structures are cleaved
prior to ligation, thus improving the specificity of the generation of the circular detection
structure.

Rolling circle amplification (RCA) involves replication of circular single-stranded
DNA molecules. In RCA, a rolling circle replication primer hybridizes to circular nucleic
acid molecules followed by rolling circle replication of the nucleic acid molecules using a
strand-displacing DNA polymerase. Amplification takes place during rolling circle
replication in a single reaction cycle. Rolling circle replication results in large DNA
molecules containing tandem repeats of the nucleic acid sequence. This DNA molecule is
referred to as a tandem sequence DNA (TS-DNA).

In some embodiments, ligation-mediated rolling circle amplification (LM-RCA),
which involves a ligation operation prior to replication, is atilized. In the ligatioh operation,
an probe hybridizes to its cognate target nucleic acid sequence, if present, followed by
ligation of the ends of the hybridized probe to form a covalently closed, single-stranded
nucleic acid. After ligation, a rolling circle replication primer hybridizes to probe molecules
followed by rolling circle replication of the circular molecules using a strand-displacing
DNA polymerase. Generally, LM-RCA comprises mixing an open circle probe with a
target sample, resulting in an probe-target sample mixture, and incubating the probe-target
sample mixture under conditions promoting hybridization between the open circle probe
and a.target sequence, mixing ligase with the prbbe-target sample mixture, resulting in a
ligation mixture, and incubating the ligation mixture under conditions promoting ligation of
the open circle probe to form an amplification target circle (ATC), mixing a rolling circle
replication primer (RCRP) with the ligation mixwre, resulting in a primer-ATC mixture,
and incubating the primer-ATC mixture under conditions that promote hybridization
between the amplification target circle and the rolling circle replication primer, mixing
DNA polymerase with the primer-ATC mixture, resulting in a polymerase-ATC mixture,

and incubating the polymerase-ATC mixture under conditions promoting replication of the
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amplification target circle, where replication of the amplification target circle results in

formation of tandem sequence DNA (TS-DNA).

C. Additional Detection Methods

5 " The present invention is not limited to INVADER assay or rolling circle assay
detection. Any method that allows for the detection of miRNA detectioﬁ structures may be
utilized. Exemplary, non-limiting detection assay that find use in the methods of the present
invention are described below.

10 1. Hybridization Assays-

' In some embodiments of the present invention, detection structures are detected -
using a hybridization assay. In a hybridization assay, the presence of absence of a given
nucleic acid sequence is determined based on the ability of the DNA from the sample to
hybridize to a complementary DNA molecule (e.g., a oligonucleotide probe). A variety of

15 hybridizaﬁdn assays using a variety of technologies for hybridizatioﬁ and detection are

available. A description of a selection of assays is provided below.

a. Detection of Hybridization Using "DNA Chip" Assays
In some embodiments of the present invention, sequences are detected using a DNA.
20  chip hybridization assay. In this assay, a series of oiiéonucleotide probes are affixed to a
solid support. The oligonucleotide probes are designed to be unique to a given target
sequence (e.g., component of a detection complex). The sample of interest is contacted
with the DNA "chip" and hybridization is detected. .
In some embodiments, the DNA chip assay is a GeneChip (Affymetrix, Santa Clara,
25 CA; See e.g., U.S. Patent Nos. 6,045,996, 5,925,525; and 5,858,659; each of which is herein
\ incorporated by reference) assay. The GeneChip technology uses miniaturized,
high-density arrays of oligonucleotide probes affixed to a "chip.” Probe arrays are
manufactured by Affymetrix's light-directed chemical synthesis process, which combines
solid-phase chemical synthesis with photolithographic fabrication techniques employed in
30  the semiconductor industry. Using a series of photolithographic masks to define chip |
exposure sites, followed by specific chemical synthesis steps, the process constructs
high-density arrays of oligonucleotides, with each probe in a predefined position in the

array. Multiple probe arrays are synthesized simﬁltaneously on a large glass wafer. The
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wafers are then diéed, and individual probe arrays are packaged in inj ection-molded plastic
cartridges, which protect them from the environment and serve as chambers for .
hybridization.
" The nucleic acid to be analyzed is isolated, amplified by PCR, and labeled with a
5  fluorescent reporter group. The labeled DNA is then incubated with the array using a
fluidics station. The array is then inserted into the scanner, where patterns of hybridization |
are detected. The hyEridization data are collected as light emitted from the fluorescent
reporter groups aiready incorporated into the target, which is bound to the probe array.
Probes that perfectly match the target generally produce stronger signals than those that
10  have mismatches. Since the sequence and position of each probe on the array are known,
By complementarity, the identity of the target nucleic acid applied to the probe array can be
determined.
In other embodiments, a DNA microchip containing electronically captured probes
(Nanogen, San Diego, CA) is utilized (See e.g., U.S. Patent Nos. 6,017,696; 6,068,818; and
15  6,051,380; each of which are herein incorporated by reference). Through the use of
| microelectronics, Nanogen's technology enables the active movement and concentration of
charged molecules to and from designated test sites on its semiconductor microchip. DNA
capture probes unique to a given target sequence are electronically placed at, or "addressed"
to, specific sites on the microchip. Since DNA has a strong negative charge, it can be
20  electronically moved to an area of positive charge. '
| First, a test site or a row of test sites on the microchip is electronically activated with
a positive charge. Next, a solution containing the DNA probes is introduced onto the
micrbchip. The negatively charged probes rapidly move to the positively charged sites,
where they concentrate and are chemically bound to a site on the micfochip. The microchip
25  is then washed and another solution of distinct DNA probes is added until the array of
specifically bound DNA probes is 'éomplete.
| A test sample is then analyzed for the presence of target sequences by determining
~which of the DNA capture probes hybridize, with target sequences. An electronic charge is
also used to move and concentrate target molecules to one or more test sites on the
- 30 microchip. The electronic concentration of sample DNA at each test site promotes rapid
hybridization of sample DNA with complementary capture probes (hybridization may occur
in minutes). To remove any unbound or nonspecifically bound DNA from each site, the

polarity or charge of the site is reversed to negative, thereby forcing any unbound or
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nonspecifically bound DNA back into solution away from the captdxje probes. A
léser-based fluorescence scanner is used to detect binding,. | '

In still further embodiments, an array technology based upon the segregation of
fluids on a flat surface (chip) by differences in surface tension (ProtoGene, Palo Alto, CA)
is utilized (See é.g., U.S. Patent Nos..6,001,311; 5,985,551, and 5,474,796; each of which is

herein incorporated by reference). Protogene's technology is based on the fact that fluids

‘can be segregated on a flat surface by differences in surface tension that have been imparted

by chemical coatings. Once so segregated, oligonucleotide probes are synthesized directly
on the chip by ink-jet printing of reagents. The array with its reaction sites defined by
surface tension is mounted on a X/Y translation stage under a set of four piezoelectric
noziles, one for each of the four standard DN A bases. The translation stage moves along
each of the rows of the array and the appropriate reagent is delivered to each of the reaction
sites. For example, the A amidite is delivered only 1o the sites whiere amidite A is to be
coupled during that synthesis step and so on. Common reagents and washes are delivered
by flooding the entire surface and then removing them by spinning.

DNA probes unique for the target sequence (e.g., component of a detection
complex) of interest are affixed to the chip using Protogene's technology. The chip is then
contacted with the PCR-amplified genes of interest. Following hybddizaﬁon, unbound
DNA is removed and hybridization is detected using any suitable method (e.g., by
fluorescence de-quenching of an incorporated fluorescent group).

In yet other embodiments, a "bead array” is used for the detection of polymorphisms
(lllumina, San Diego, CA; See é. g., PCT Publications WO 99/67641 and WO 00/39587,
each of which is herein incorporated by reference). Ilumina uses a BEAD ARRAY
technology that combines fiber optic bundles and beads that self-assemble into an array.
Each fiber optic bundle contains thousands to millions of individual fibers depending on the
diameter of the bundle. The beads are coated with an oligonucleotide specific for the
detection of a given SNP or mutation. Batches of beads are combined to form a pool
specific to the array, To perform an assay, the BEAD ARRAY is contacted with a prepared
subject sample (e.g., nucleic acid sample). Hybridization is detected using any suitable
method. |

b. Enzymatic Detection of Hybridization
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In some embodiménts of the present invention, hybridization is detected by
enzymatic cleavage of specific structures. | _ _ '
- In some eni_bodiments, hybﬁdization of a bound probe is detected using a TaqMan
assay (PE Biosystems, Foster City, CA; See e.g., U.S. Patent Nos. 5,962,233 and 5,538,848,
5  each of which is herein incorporated by reference). The assay is pérformed during a PCR
reaction. The TagMan assay exploits the 5'-3' exonuclease activity of the AMPLITAQ
GOLD DNA polymerase. A probe, specific for a given allele or mutation, is inclﬁded in the
PCR reaction. The probe consists of an oligonucleotide with a 5'-reporter dye (e.g., a
fluorescent dye) and a 3'-quencher dye. During PCR, if the probe is bound to its target, the
10 5'-3'nucleolytic activity of the AMPLITAQ GOLD polymerase cleaves the probe between
the reporter and the quencher dye. The separation of the reporter dye from the quencher dye
results in an increase of fluorescence. The signal accumulates with each cycle of PCR and
can be monitored with a fluorimeter.
In still further embodiments, polymorphisms are detected using the SNP-IT primer
15  extension assay (Orchid Biosciences, Princeton, NJ; See'e.g., U.S. Patent Nos. 5,952,174
and 5,919,626, each of which is herein incorporated by reference). In this assay, SNPs are
identified by using a épccially synthesized DNA primer and a DNA polymerase to
selectively extend the DNA chain by one base at the suspected- SNP location. DNA in the
region of interest is amplified and denatured. Polymerase reactions are then performed
20  using miniaturized systems called microfluidics. Detection is accomplished by adding a
label to the nucleotide suspected of being at the target sequence location. Incorporation of
the laBel into the DNA can be detected by any suitable method (e.g., if the nucleotide

contains a biotin label, detection is via a fluorescently labeled antibody specific for biotin).

25 2. Other Detection Assays
Additional detection assays useful in the detection of miRNA detection structures

include, but are not limited to, enzyme mismatch cleavage methods (e.g., Variagenics, U.S.
Pat. Nos. 6,110,684, 5,958,692, 5,851,770, herein incorporated by reference in their
entireties); polymerase chain reaction (See, e.g., Example 19 and Figure 32); branched

30  hybrdization methods (e.g., Chiron, U.S. Pat. Nos. 5,849,481, 5,710,264, 5,124,246, and
5,624,802, herein incorporated by reference in their entireties); NASBA (e.g., U.S. Pat. No.
5,409,818, herein incorporated by reference in its entirety); molecular beacon technology

{e.g., U.S. Pat. No. 6,150,097, herein incorporated by reference in its entirety); E-sensor
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technology (Motorola, U.S. Pat. Nos. 6,248,229, 6,221,583, 6,013,170, and 6,063,573,
herein incorporated by reference in their entireties); cycling probe technology (e.g., uU.s.
Pat. Nos. 5,403,711, 5,011,769, and 5,660,988, herein incorporated by reference in their
entireties); Dade Behring signal amplification methods (e.g., U.S. Pat. Nos. 6,121,001,
5 6,110,677, 5,914,230, 5,882,867, and 5,792,614, herein incorporated by reference in their
entireties); ligase chain reaction (Barnay Proc. Natl. Acad. Sci USA 88, 189-93 (1991)); and
sandwich hybridization methods (e.g., U.S. Pat. Nd; 5,288,609, herein incorporated by |

reference in its entirety).

10
EXPERIMENTAL
The following examples are provided in order to demonstrate and further ﬂlust:rate
certain preferred embodiments and aspects of the present invention and are not to be
construed as limiting the scope thereof.
15 .

Example 1
Materials and Methods
¢ The following final concentrations were used for all reactions in Examples 1-18,
(unless noted otherwise herein):
20 Probe =1 uM
' INVADER =1 uM
ARRESTOR = 2.67 uyM
CLEAVASE XII enzyme = 30 ng
All synthetic miRNA oligonucleotides were purchased from Dharmacon and gel purified on
25 20% denaturing acrylamide. Synthetic miRNAs were used to determine temperature optima

(see below) and LOD. _

e INVADER, probe, and ARRESTOR oligonucieotides were synthesized either by ,
Integrated DNA Technologies (IDT) or Third Wave Technologies and purified on 20%
denaturing acrylamide, unless otherwise indicated.

30 e The following 2.5 X primary reaction buffer was used (unless otherwise noted) for all
reactions:
25 mM MOPS pH 7.5
62.5 mM KCl
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0 anpk 115 109 111 These results suggest that the designs in which the
probe ol igonucl eotide contained a shortened hairpin and a highly stable
tetra-l1oop conprised of 2'-0-methyl residues in conbination with the
original | NVADER ol igonucl eotide design (2'-0-nethyl residues, 5 = | oop,
|.ong hairpin) may generate a sonmewhat higher FOZ val ue. Ot herw se, none of
.the alternative design oligonucleotide sets offered any inprovenent over
the original designs. It is noteworthy that the conbination of an all-DNA
| NVADER ol i gonucl eotide with the original chimeric probe oligonucleotide
gave FQZ vghpes 1aRes 051 mat el y equi val ent to those obtained with both
chimeric probe and | NVADER ol i gonucl eotides. In sone 10 applications,

subst i t ut i &h23e Napidet NPARA | NVADER ol i gonucl eot i de may be desirable to
reduce ol i goaumiagidele synthesis costs and may be nmade without sacrificing
limt of detection. Further experinments denonstrated that it is possible to
conpensat e’ PdFEGub- opti nal signal generation with particul ar

ol i gonuGl eghiedeotigivisehbtddil ?&cﬂpﬁsew%éﬁ?wﬂ!hﬁﬁﬁg%néél cﬂgﬁlgﬂ 64 ot al

RNA, synthetic m RNA) to fhe reaction. Simlarly, addition experinents .in

whi ch var i BFSSrPYanubritt i des (i.e. probe, INVADER ARRESTOR or various
conbi nate OpalesdEth&Mide e s@fthetRUDIRN RLcR%itlRELS "di-?.d]f:.kﬁhrﬂ@xm#né%{ilhg di cat ed

that standard gel purification of all three types of "ol I gonuclec es

gi ves maxi fHpction@hal phasphorylagrdasi pmbosrhord afpd vinthetigrmiRN A tasgefs indinatedi mat el y
equal to 1t h@t e wllnol sl SnthiRrGReb iPtE biliffo 400 PEY ATER BRaPid Wltect

ol i gonucl eoti des, _i.e. the | NVADER and ARRESTOR ol i go-nucl eoti des, are
desgpt ed fBeEsomofitfersnt pees of synthetigmglesuleh Detection of nmi RNA expression in
total RNA fromnultiple tissue types This exanpl e descri bes experinents
carried out to test the suitability of the | NVADER assay to detect

di fferent ni RNA species in total R¥Xa8RI¢Acted from di verse 10tissue types.

In order to eval uafegnpdrafil#e opbiikdtich SPeANRYE RF HtONand AEPNEr at ure optima
and LODs wer flrstlﬁﬁ%grnlned or each desjign. 1. [INVADER and probe

ol i gonuel eot i g¥ Weysirotide design for lgby/Apyho v K184 5 s AligRY Uretidfier e -
desiignediekign dertmizt1 it Bigowh i-Figlre 37 Thelblloviing pHifnaiy Mixled MerérmBiNAarspeci es. The
designs for these assays are é&ﬁ enteg in anyre 5...The designs for let-7a
and i RiBGDigdar SUCCE e 40 EHRaT Bl Iop 3 mimbies., BAJGOR Ahq target master

Det er m naixd Wiy Hépdr@iNRediabsl bEHID tih PRcAGIRMNARS ATIGERELAS WeR RPREkdiwadL | ON
experinments re conducted for each of these 200ligonucl eotide sets as

descri beQmerR! pR Anpesens eVaROEHIO%: i nary reaction included | aM of the targeted

m RNA drehim@s ReattioneComgtineh@r 15 i nut 5@k ¢ @iteekaion! €S| Aadghii@dddaom 50
9C. Secopylasry ReRaidn BiiferWer € as descriheds xn Exanpl'e 2 apgywere run ffor 1
to 1.5 NEdbS oBdonBblboti EEE%‘TD NERPE'AbH89 Mgre as 1ol Towsy ,fet-7a 5 C
mi R 15 58 fde et BedfD366s:M2R14250 053L |
miR-1)
INVADER oligonucleotide (SEQ ID NOs: 1, | 10 uM 1 pl
S5,or§ forlet 7; SEQID NOs: 11, 15, 0r 18
for miR-1)
CLEAVARSE IX or XII enzyme 40 ng/ul CLEAVASE 0.5 ul
' IX enzyme or
60 ng/ul CLEAVASE
XII enzyme
tRNA 20 ng/pl 1.5 pl
Synthetic miRNA (SEQ ID NO: 4 for let-7a; | 100 pM 2 ul
SEQ ID NO: 14 for miR-1)
Total : 10pl
20 After completion of the primary reaction, 5 pl of the following secondary reaction

mix were added and the reaction was then reaction incubated at 60°C for 10 - 15 minutes. .

| Secondary Reaction Components | Stock | Amount |
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A was added prior to the primary reaction, no signal was generated,
consistent with the previous results.
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(23

fle BRABCaGLLb&E

E quencher,

Nan

ogen,

Inc., Sa#Ponr ws Exemple Bequence Nunber Description Sequence 5'-3' Notes
1544r32-01 (SEQ ID NO 124) Probe M Arm CCGTCGCTGCGICTACTACCTCA- NH2

2343- 25

-01 (SFQ 1D NGO

125) Probhe MY Arm CCGIC

COCCTCCTACTACCTCA-NH

1496- 78
AACTATA
MD5- ar m

15

\

L Yerorgary Roagion 126) | ROSBERYS! i go mGrGCi {na@edr44dsfr nUnGrunannC
Cegmpongnts 2' . 0. npt hyll 1581-63-01 (SEQIDINO_127) Arrestor fot
pQ e baffeshnGrGTUMAt nOTUMANGTANCHG | nCnikd WG
LEAVASE IX enzyme
assays)
FAM FRET Probe (SEQ ID | 10 uM 1l
NO: 21) .
Secondary Target (SEQID | 1.5 uM 1ul
NO: 22 for let-7; SEQID :
NO: 40 for miR-1)
ARRESTOR 40 uM 1
oligonucieotide (SEQ ID
NO: 7 for let 7, SEQ ID
NQOs:17 or 20 for miR-1)
Total Syl

The LOD for let-7 and mir-1 was next tested on human RNA samples. The protocol

described above was utilized. 50 - 100 ng of tissue specific total human RNA samples

(Clonetech, Palo Alto, CA) was used. Results are shown in Figures 8 and 10. Using total

RNA the let-7a INVADER assay detects the same tissue expression profile as seen before

for let-7a expression levels depending on the source of tissue (Pasquinelli et al., 408:86

(2000)).
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m = T-0-met hyl 2343-25-02 (SEQ ID NO 128) Arrestor for MJ4-arm probe
MUMGMANGTGTUMANI Ghi UMANMGnGMArnG narCnG in - 2'-0-net hyl 23-182(S EQ I D NO
129) FAM FRET probe for M)5 SRT YCACXTGCTTCGIGG Y = 6FAM X= Z28 quencher
2343-23-0 | (SEQ ID NO 130) FAM FRET probe for M)4 SRT YCACXTCGAACGTCG Y =
6FAM X= Z28 quencher 2343-23-02(SEQ I D NO 131) MA SRT

CGAGGT TCGAAGTGGAGGCGTGACTGGTU | 1107-10-02(SEQ I D NO. 132) M5 SET
CCAGGAAGCAAGTGACGCACCGACTGMTGM U Let-7a (SEQ ID NO 133) Let-7a synt hetlc
RNA UGAGGUAGUAGGUUGUAUAGUU 5 and. are shown in Figure 26. Reaction
conditions tested were as follows: 2.5 X Reaction Buffer 25 nM MOPS pH 7.5,
62.5 TWA KClI, 0.125% Tween 20, 0. 125% Noni det P40, 62.5mM MgSH, 5% PEG

t RNA Carrier 20 ng/ul tRNA yeast i n ¥rampledr ee wat er CLEAVASE Xl | enzyme 60
ngi ul CLEAVASE Xl | eng%d& ?Sfjeicﬂl g,iqmq;v#o];r,asﬁlgeaagdﬁo nmv KCl', 03%.
Tween 20, 0.5% Noni det P40 50%g ero A, Primary Let-7a

| N\VADER r eact TeinExgmple dgmbﬁsmaq@yseﬁ_oﬂtb%@p%mctﬁ@w of preheaind@f ni ne 10pr obe
concentr elested
cor e% I"I\F\'/RDE‘RO&%&)BM&%%% at%%d}réc{]%aﬂ{sp{ﬁ?e %_» @&ﬂ@M a4t afe.e@g ;2&53 o
(iii) 1 '}mr@rocabﬁor\S:rmﬁs@éetimlmswpénvn sdwl E@IMG-”(‘YW}HIM Higarsf
probe. 239 @l olikdhlciboldd el 2herolf %sgmwseaigdvésqge &i12./1 of
2343-25-01, (] m. M of 1544-82-01 10 nM
of 2343} 25-01, (v. 1OuMy Vit i DRI 510 PM Jrlgpls 100 YL h M BY 1529 8h- 01
and 4 tfMof— 3431, ) 3 4 5 6 7 3

Let7A |A
Let7 A
Let7C
Let7C
Let7E
Let7E
Let7F
Let7F

mc)*nmtj_ow

The results are shown in Figure 9. For let-7a design, cross reactivity is maximum
10  when the miRNA is of the same length with a one base change away from the cleavage site.
In other words, mismatches at the INVADER oligonucleotide/miRNA hybridizing regions
result in high cross reactivity when the mismatch is furthest from the cleavage site (let-7c).
Cross reactivity is the lowest when base changes are opposite (or close to) the cleavage site.
For let-7a, the worst cross reactivity is with let~7c, which results in 25% of the signal. This
15 .Example demonstrates that the INVADER assay is able to differentiate between very
similar miRNAs.

Example 5
CLEAVASE IX enzyme vs CLEAVASE XII enzyme
20 This Example describes the optimization c_if CLEAVASE enzymes for use in
miRNA assays. The protocol for temperature optimization described above was utilized.
Either 20 ng of the CLEAVASE IX enzyme (Third Wave Techﬁologies, Madison, WT) or
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15 25-01. In addition to these probe oligo concentrations, the reactions
contained 1 p. M of |NVADER oligo 1496-78-02,30 ng of CLEA VASE Xl | enzyne,
and 10 mM MOPS pH 7.5, 25 mM KC1, 0.05 % Tween 20, 0. 05% Noni det P40, 25
mVI MpSH, and 2% PEG For each probe concentration conditions,
Let-7a synthetic RNA were added to the reaction mx at final concentrati ons
of 6 x 109, 6 x 108, 6 x 107,6 x 106,6 x 105,6 x 104,6 x 20103, and O
copi es -per reaction. Let-7a RNA dilutions were nade in a solution of 20
ng/pl tRNA diluted in Rnase-free water. The reactions were assenbled in a

96-vel | 1) 3 65 ABEIEhvAS e (th bl OwAg

pr event evgéoratlon ﬁ' SP e Was gﬁﬁ%$§ﬂi?&ﬁ5§8?§g£gg%%er %Fs§$ock and
i ncubat efhe MwlmblﬁfﬂwswsfmﬁoeﬁleCLEAVASEfE(e&nZVmeubat| on was conplete, 5
41.., of a secondary reaction mx containing 0.3 p.Mof secondary reaction

tenplates 1107-10-02 and 2343-23-01, 8 AM O ARRESTOR 5 oli gonucl eoti des
1581- 63- 3% *aprdmpngagtionuifes 2p MMQHS PRETS, 366 bdd KGL, 0425% vee8 89, 23-01

wer e @dd@@2@}3@q&rﬁl@etm@t3p@5mw ypateps.at 60 C for 90 mnutes. After
conpletion of the reaction, the ate was transferred to a fluorescent

pl ate re&der WWF%?‘?“EWd&FéWMM{S@m red by reading the fluorescence
using the an excitation and em ssion wavel engths of 485 nm and 535 nm
respectively with a gain setting of 43. 10The raw and processed date

gener at efhofedloging it V@?“iﬂd%a‘eﬁ%%ﬁYétSElﬁlééﬁ% Probe conc Mx # i ii
Lii iv v wvi vii viii ix 6 X 109 21731 16970 35383 18062 36419 19680 33594

19297 28291 6 X 108 20369 14201 29797
5 X primary reaction buffer: 25 mM MOPS pH 7.5, 62.5 mM KC], 0.125% Tween 20,

0.125% Nonidet NP40, 62.5 mM MgSOq, 5% PEG.
7.5 X secondary reaction buffer: H,O

The LOD experimental protocol was used with either the CLEAVASE IX or XII enzymes.
15  The LOD was determined for both enzymes. The results are shown-in Figure 11.

' Signal increased linearly with increasing amounts of the let-7 miRNA when éssayed
with either the CLEAVASE IX enzyme or the CLEAVASE XII enzyme. However, R?
values were greater in the CLEAVASE XII enzyme, indicating greater linearity. Moreover,
the LOD was lower with the CLEAVASE XII enzymé. The net signal for the detection of

20 2.5 amoles was 20 céunts with the CLEAVASE IX enzyme and 66.75 with the
CLEAVASE XII enzyme.

Example 6
miR-135, GAPDH and U6 RNA
25 A, Design of oligonucleotides to detect miR135
This example describes assay design and LOD determination for miRNA miR135.
Experiments were performed as described in Examples 2 and 3.for miR-1. The
oligonucleotide designs are described in Figure 5. Each of the designs (A-D) utilizeé
different INVADER and probe oligonucleotides for the detection of mir-135 miRNA.
30 | Results of the temperature optimization experiments comparing performance of all of the
designs are shown in Figure 13. Design D gave the highest signal. Results of LOD

experiments using assay design D are shown in Figure 14.
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16429 35792 18103 28532 18419 25425 6 X 107 19752 3772 7247 15969 32775
15128 22546 10576 21604 6 X 106 11535 997 1452 4548 13603 3419 11830 1998
10654 6 X 105 3500 726 787 1254 2941 1084 2759 923 2540 6 X 104

Figure 14A presents the raw counts generated from four rcplicate assays at each of
the indicated target concentrations. The average counts obtained with each target
- concentration are indicated as are the net signal and fold—c’wer-zero (FOZ). The limit of
detection of the miR-135 target in this experiment was 164 imoles, equivaleht to 98,743
5 molecules. Figure 14B contains a graphical representation of the average counts obtained at
each concentration and indicates that the INVADER assay is linear throughout much of the
concentration range tested.
B. Design of oligonucleotides to detect GAPDH and U6 RNA
' ~ In some circumstances, it may be desirable to co-detect, e.g. in a biplex assay, an
10  RNA generally present in all cells at constant levels along with one or more miRNA.
sl;ecies, which may be expressed in a tissue-specific manner. INVADER assays were
therefore designed to two distinct RNAs generally found in all cell types: human
- glyceraldehydes-3-phosphate dehydrogenase (h\GAPDH) and U6 RNA.
_ In the case of hGAPDH, the following oligonucleotides have been used in biplex
15 miRNA detection assays: INVADER oligonucleotide (SEQ ID NO: 41); probe (SEQ ID
NO: 42); ARRESTOR oligonucleotide (SEQ ID NO: 43); SRT oligonucleotide (SEQ ID
NO:49), FRET oligonucleotide (red dye) (SEQ ID NO: 48).
In the case of U6, sequence alignments of the U6 RINAs of 8 diverse species from C.
elegans to mouse to arabidopsis to humans to identify a region suitable for the design of a
20  ‘“universal” INVADER assay. The alignment is shown in Figure 12; the oligonucleotide
sequences created to detect this sequence are SEQ ID NOs: 93-95.
Initial experiments carried out with these oligonucleotides on cell lysates using SEQ
ID NOs: 45-47 demonstrated that signal from U6 reactions reached sa‘cufation well before
miRNA signal, possibly owing to large quantities of U6 RNA in cells. ' Therefore, titration
25  reactions were carried out to determine whether diluting the probe and INVADER
oligonucleotide concentrations would render this probe set suitable for use in biplex miRNA
detection assays with INVADER and probe final concentrations ranging from 1 pM to 12.5
"nM. Final concentrations of the INVADER and probe oligonucleotides between 12.5-50
nM were suitable for biplex miRNA detection for miR-1d and let-7a. ARRESTOR, SRT,
30 and FRET probe concentrations were as described in the previous examples. Further
experiments demonstrate that detection of U6 RNA with the “universal” U6 RNA

oligonucleotides (SEQ ID NOs: 93-95) is comparable to detection with SEQ ID NOs: 45-
47.
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1415 638 675 751 .1053 750 972 726 1050 6 X 103 840 652 665 666 841 671 770
690 756 638 635 637 6 X10 661 800 658 731 694 698 2- Processed data
Let-la copies Probe cone Mx # i if ili iv v

,' Example 7
Detectlon of let-7 GAPDH and U6 RNA in cell lysates
A. Detection of let 7a in cell lysates _

5 This example describes detection of the let-7 miRNA directly in total cell RNA as
well as in uninduced fibroblast cells from a human osteosarcoma cell line, MG63 (Third
Wave Technologies, Madison, WI; catalog number CRL-1427). Total cell RNA was
extracted using TRIZOL (Gibco-BRL), as previously described (Chomezynski et al:, Anal.
Biochem. 162: 156-156 (1987)), and cell lysates were prepared as described by Eis et él.,

10 Nature Biotechnology, 19: 673-6 (2001); both publications are herein incorporated by
reference.

Reactions were set up as follows. Aliquots of 5 pl of either cell lysate, synthetic'
miRNA target in lysis buffer (Eis et al., Nature Biotechnology, 19: 673-6 (2001)) at the
indicated concentrations, or 5 pl of 20 ng/ul of tRNA (for the no target controls) were

15 pipetted into the appropriate wells of a microtiter plate. A primary réécﬁon master mix was

made for 96 reactions containing the following reagents.

Reagent Stock concentration | Amount per reaction | Total added to
(1)) Master Mix (ul)

Mixture of Probe Probe 20uM/ 0.5 "1 45

oligonucleotide INVADER

1496-78-01 R (SEQ | oligonucleotide 200

ID NO:6) and uM

INVADER '

oligonucleotide

1496-78-02 (SEQ

ID NO: 5) '

CLEAVASE XII 60 ng/ul . 0.5 ’ 45

enzyme . :

Primarv Buffer 125X 4 360

TOTAL 5 450

Aliquots of 5 pl of the primary reaction master mix were added to the wells
20 containing the appropriate target or control. The plate was overlayed with mineral oil (10
pl) and incubated at 53°C for 2 hrs. Afier completion of the primary reaction, 5 ul of the
following was added to each well, and the plates were incubated at 60°C for 1.5 hrs. The

plate was read using the settings described above (see Example 2).

| Secondary Reaction Components | Stock Conc. | Amount Added |
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Vi vii

viii ix 6 X 105 , 21093 16335 34746 17401 35619 19022 32863 18603

27593 6 X 105 19731 13566 29160 15768 34992 17445 27801 17725 24727 6 X~
105 19114 3137 6610 15308 31975 14470 21815 9882 20906 6 X 105 10897

10

15

20

H20 (or buffer for CLEAVASE 2pl
IX enzyme assays) :
FAM FRET probe (SEQ ID NO: 10 uM 1ul
21) . ' :

Secondary Reaction Target (SRT) 1.5pM- 1
SEQ ID NO: 22 ' '
ARRESTOR oligonucleotide SEQ |40 pM 1pl
IDNO: 7

‘Total Sul

All targets were assayed in quadruplicate. The average counts obtained for the
differenf numbers of cells assayed for both total RNA and cell lysates were plotted in Figure
15. A standard curve obtained from INVADER assays on known quantities of synthetic let-
7a miRNA was used to extrapolate the let-7a copy number per cell. The number of cells
from which cell lysates were generated was determined during the seeding procedure prior
to cell lysis as described in Eis ez al., Nature Biotechnology, 19: 673-6 (2001), herein
incorporated by reference. In this éxperiment, the limit of detection in cell lysates was
reached in the total RNA extracts obtained from 156 cells.

B. Lysis in absence of Mg"™

An alternative lysis procedure was developed as follows. It had been noted that
when the above lysis procedure was used, long r;xR.NAs, i.e. from GAPDH, were not being
detected in the quantities expected. Experiments were carried out to examine the effect of
Mg on exfraction of RNA in lysates. Extracts lysed in the presence or absence of MgCl,
were compared to total cell RNA extracts prepared using TRIZOL as described above in
this example. | |

Hela cells (7.5 X 10° cells) were suspended in 100 pl of a solution of 10 mM MOPS
buffer, pH 7.5, with 100 mM KCI. Aliquots of 10 pul were added to separate tubes and lysed
with 100 pl of two different lysis buffers prepared as follows:

MOPS lysis w/Mg™ MOPS lysis w/out Mg~
180ul 11 pg/ml tRNA 180ul 11 pg/ml tRNA
0.5 ml NP40 0.5 m! NP40
4 mi 0.5 M MOPS 4 ml 0.5 M MOPS
0.5ml 1 M MgCl, N/A

| 4.82 ml H,O ' 5.32 mis H,O

110 mis 10 mls
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362 815 3887 12803 2761 11099 1304 9956 6 X 105 2862 91 150 593 2141 426
-2028 229 1842 6 X 104 777 3 38 90 253 92241 32 352 6 X 105 202 17 28
11041 1339 .4 58 and is presented in Figure 27. Results denponstrate that a
dynam c range of >6 | ogs was achi eved when probes

All tubes were then incubated at 80°C for 15 minutes to lyse the cells, and then
centrifuged to pellet debris. Aliquots of 5 ul of the various lysates were added to
INVADER reactions as follows.

~ Primary INVADER reactions were as described above for let-7a; PI ohgonucleotlde

5  mixes were also made for GAPDH (SEQ ID NOs: 41-43) and for U6 (SEQ ID NOs: 45-47
at 50 nM final concentration). | |

Component : Amount added per Final concentration
' reaction
PI oligonucleotide mix* 0.25 ul 1 uM each*
H,0 0.25ul 0.25 pl
CLEAVASE XII enzyme 0.5 ul 0.5l
60 ng/ul
4 ul 4 ul
Total 5 ul 5 ul

*Primary INVADER reactions were as described above for let-7a; PI oligonucleotide rnlxes
10 were also'made for GAPDH (SEQ ID NOs: 41 —43) and for U6 (SEQ ID NOs: 45-47 at 50
nM final concentration).

Primary reaction mixtures were incubated at 49°C for 1 hour. Aliquots of the following
secondary reaction mixture were then added:
15

Component : Amount added per reaction
Secondary reaction mixture* 1.5 pl

Hzo 3.5 N

Total Sul

Secondary reaction mixture included SRTs (SEQ ID NO: 22 for let-7; SEQ ID NO:
20 49 for GAPDH and U6) target, FRET oligonucleotides (SEQ ID NQ: 21 for let-7; SEQ ID
NO: 48 for GAPDH and U6), ARRESTORSs (SEQ ID NO:7 for let-7, SEQ ID NO:43 for
GAPDH, and SEQ ID NO: 47 for U6) at the concentrations indicated in Example 7A.
Secondary reac.tions were run at 60°C for 1 hour. Reactions wereread on a
CYTOFLUOR microplate reader as described in Example 2. The results are presented in
'25  Figure 16 and indicate that presence of the GAPDH signal is dependent on the absence of
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5 1544-82-01 and 2343-25-01 are mxed at a 1 mMand 10 nM(mx vii) and 1
rnMand 4 nMmx (ix), respectively. Exanple 16 Optim zation to extend the
dynam c range of U6 RNA detection 10ln an attenpt to extend the dynamc
range of U6 RNA detection using the I NVADER assay, two oligonucl eotide
probes with the sanme U6 RNA hybridi zing-region, but wth different 5 -flap
"arm' sequences were designed. The different 5 -flaps or arns report to
FRET cassettes that are designed to generate RED signal upon cl eavage. The
ol i gonucl eoti de sequences were as follows (RED dye refers to REDMOND RED,

oo 5Ly SO e, PRI B Y SLHRUSEES &
CCgCCgagatihamETonts 6TMEFET SEATiohbiZxp@ A8 GorfitmeBEQt bDRNGLs w6 cfReable ER4
ar m AAGCA! J CIGIAT- NE2 796- 59- 01( SE D NO 13

Syt ot 1 2 10 G OISR ek s UMM PEP Iy PP e SF M

UGG OUGOGOAAGEAUGU U U 1796-53-02(SEQ ID NO. 137)
| \VARER ol i go CATc:CTTGCGCAGGGGCCAT%/:’{Ce 1796-53-03 (SEQ I D NO 138) Arrestor
for probe 1796-53- 01 mATUMATCTAr nGIRMEMRMATGTAr nUnrm AnGrGmnGmAmUnC m =
21- 0- net hyl 234BeB(aizd ISVADER Mexay kizSigné\foredetentiohaf veriobemiBNAs30- 01
MATUMANCMANGMATGMAMANGIMAT nUnm Ar nGrenUnGnCnnG m = 21- 0- met hyl  23- 181( SEQ
ID NO 140) RED FRET probe for 562- 863 arm YCTCXTTCTCAGTGCG .

A. Alternative designs for detection of let-7A .

This example describes the creation and testing of alternative oligonucleotide
10  designs for detection of the let-7a miRNA. In one series of experiments, a set of alternative
designs was created in which the target specific regions of both the INVADER
oligonucleotide and the probe oligonucleotide were eleven nucleotides long. A second set
of designs was created in which the target specific regions of the probe oligonucleotides
were 10 nﬁcleotides long and.the target specific regions of the INVADER oligonucleotides

15  were 12 nucleotides long.

1. Oligonucleotide designs
a. 11-mer probe and INVADER oligonucleotide designs
Figure 5 shows sets of alternative oligonucleotide designs for detection of the let-7a
20 miRNA in which the target specific regi'ons of both the probe and INVADER
oligonucleotides are 11 nucleotides long. SEQ ID NOs: 50-51 provide a design in which
both the INVADER and probe oligonucleotides are linear. SEQ ID NO: 6 contains a probe
oligonucleotide that forms a stem-loop structure); SEQ ID NO: 5, an INVADER
oligonucleotide that forms a stem-loop structure); SEQ ID NOs: 5-6, both probe and
25 INVADER oligonucleotides with stem-loops.

b. 10-mer probe and 12-mer INVADER oligonucleotide designs
Figure 5 shows a set of alternative oligonucleotide designs for detection of the let-7a
miRNA in which the target specific regions of the probe comprise 10 nucleotides, and those
30 ofthe INVADER oligonucleotides, 12 nucleotides. SEQ ID NOs: 52-53 provide a design in
~ which both the INVADER and probe oligonucieotides are linear. SEQ ID NO: 2 contains a
probe oligonucleotide that forms a stem-ldop structure); SEQ ID NO: 1, an INVADER

oligonucleotide that forms a stem-loop structure).
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y = Red dye and x = Z28 2343-30-02( SEQ I D NO. 141) RED FRET pr obe for ER4

arm YCTCXTGCATAGICCG y = Red dye and x = Z28 23-183(SEQ I D NO 142) 562-86B
SRl CGCAGTGAGAATGAGGTGATCTCGECntarGm U 2343 30-03(SEQ ID NO 143) ER4 SR
CCGAGTATGCCATGAGAE GCTCCGTGCUnUm U and are shown in Figure 28. The

reaction conditions were as follows: Reagents: Reaction Buffer 25 nM MOPS
pH 7.5, 62.5 mM KC1, 0.125% Tween 20, 0.125% Nonl det P40, 62.5mM MgSH, 5%
PEG tRNA Carrier 20 ng/ul tRNA yeast in RNase free water CLEAVASE Xl |
enzynme 60 ng/ul CLEAVASE Xl | enzyme diluted In 20 MM Tris pH 8.0, 50 nM
KCl, 0.5% Tween 20, 0.5% Noni det P40, 50% gl ycerol, 0.1 ng/m BSA.

5Primary | NVADER reactions were setup in 10 pL vol unmes contai ni ng probe
concent FatTemnperature optimiztion/DSilS-oJ hltdroztive oligpnedeo tRiz4Bsigds 6, or 1 p. M
and 4 ri M 3-30-01, respectively. In addition, these
reacti ons %3%%“3’.33’33'? ﬁ}7§ilg’%f&eé| NVADER ol i go 1796-53-02, 30 ng of CLEA VASE
Xl enzynme, AA0PEBOwE AptiVDRSIQHEXPeBments werdbacdad o, a@gol%vw/e%mazi@rn@x 05%
Noni glet robe concentration
cond?jtl gj:ggla%gfésp?r?ﬁy%tﬁ?}gs RNA é{%@ggodrééﬂggi‘r}eﬁ’gﬁ%{gx t| on mx at final
concentrations of 102 x 109, 102 x 108, 102 x 107, 102 x 106, 102 x 105

102 X [Qfhck EoRcehradon 10, 200, 5, 100,
synthetic RNA dilutions were made in

ZVSH PP &PPT €5 PRlpa] €actign. U6
utIflgonaof1 20 oBehhratiogNA di lluted in

I_lalna%- Hixprate and 19 ul of
wel |

. )
cl ear @gﬂAggm qgggiesggb&qﬁh to 15 prevent evaporation. The
plate WasahRRKtransferred to a thernpl-block at incybated at 50 C flor 90

M Nut €570 WM probeV L €F I ncubarton I's COR{ ere; 5 P. C 0f gySecondary rieaction
m x_comgh IMENVADER MBhudeGRIEdary TERE{ 10N tenpraregoggy 163 and |

2343- 3( 8% 4 1 STOR O Tgo 1§ HTUL des— 179 3005 3- 30- 04,
and 1.4% ) _ 18T —amnd 29, foc;s 30-02 FWAU'E ledulUl pl ate
was t hemy g ek After—comph Ly UYL

reacti ( O a fluorescent |pla

1 he OFd- Gk e rea er

(Cytofl Ligr readi ng the fl uor escence using i{the an
excitatig o:%ﬁgeog |y %@&1 ﬁs)of 560 nm and 620 nm respectivegly with
a gain . retegwas—as fotiay 25— t6tcopi es
Cxn 10 2 A no td é‘é‘t&%ls%ﬁ% %(?EJ 2N

*Various combmatmns of probe and INVADER ollgonucleotxdes were used in this
experiment as indicated in Figures 16-17.

10 Secondary reaction mixes were as described in Example 3 for let-7. Where
appropriate, ARRESTOR sequences were made to compliment the entire loop and target
specific regions of the probe and extending 6 bases toward the 5” end of the probe.

In the case of the 11-mer temperature optimization experiment, the primary
reactions were run at 50 £ 9°C for 1 hour followed by a 15 minute secondary reaction at

15 60°C as described in Example 2. As for the 10-mer probe, with the 12-mer INVADER
oligo, the primary reactions were run at 50 + 9°C for 15 minutes followed by a 15 minute
secondary reaction at 60°C.

Results for the designs in which the target specific portions of the INVADER and
probe oligonucleotides were 11 nucleotides long are presented in Figure 18. Figure 18A

20  shows the temperature optimization profiles of each design. Figure 18B shows the
normalized maximum performance of each design, including the optimum temperature for
each. Results for the designs in which the target specific portion of the probe
oligonucleotide was 10 bases and that of the INVADER oligonucleotide was 12 are
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102 X 106 102 x '10/102 x 106 102 x 106 102 x 104 102 x 10610, 200 5,100

2,550 0 O Probe conc 1796-53-01 1 uM 1174 1343 1282 1205 958 235
77 51 45 40 3131 1347 '

presented in Figure 19. Figure 19 A shows the temperature optimization profiles, and
Figure 19 B, the normalized maximum pérformance of each design.
Examination of these results suggests that which design results in maximum

performance varies depending on both reaction conditions and the relative stability of the

5  miRNA-oligonucleotide hybrid formed. For example, when the target specific regions of
both oligonucleotides are 11 bases long, the probe target specific region has a predicted Tm
of 49°C and that of the INVADER, of 37°C. In this case, stabilization of the INVADER
oligonucleotide-miRINA interaction confers improﬁed assay performance on this design.
However, for the let-7a designs in which probes were 10-mers and INVADER

10 oligonucleotides, 12-mers,, the target specific regions of the two oligonucleotides have

approximately equivalent Tms. In this case, the design in which both oligonucleotides are
" looped works best.

3. LOD of let-7a using two alternative designs
15 Experiments were set ﬁp as described in Example 3 to corhpare the LOD of the -
double loop design and the single loop design, in which the INVADER oligonucleotide
forms a stem-loop structure.
Reactions to determine LOD were run in quadruplicate. Reaction mixtures

contained the following' reagents (final concentrations):

20
Stock concentration Volume per reaction Final concentration
2.5 X Primary reaction 4l 1X
buffer for CLEAVASE ' '
X1l enzyme _
10 pM probe/200 uM 0.5l 1 uM probe/20uM
INVADER : INVADER
oligonucleotide mix oligonucleotide
(sequences as indicated in
Figure 20)
60 ng/pl CLEAVASE XII |} 0.5 pl 30 ng
enzyme '
Total Sul

Aliquots of 5 pul of miRNA were added to the wells containing the reaction mixtures
at the final concentrations indicated in Figure 20. Primary reactions were run for 1.5 hours
at the optimal temperatures for each designed as determined in Example 8B (50°C for the

25 looped INVADER oligomucleotide design and 53°C for the double loop design). The

54



13591286 1211094 280 9550 47 42 3633 Averag e 1260.5 1351' 1284
12121026 257.5 6650.5 46 4133.5 32  Net 1227.75 1318.251251. 25
1179. 25993. 25 224. 75 53.2517.7 13.25 8.25

~ secondary reactions were set up as described in Examples 2 and 3 and run for 1 hour at

60°C. _
The results in Figure 20 show net signal produced as a function of moles of miRNA.
The linear ranges of the plofs indicated that more signal was produced from a given amount
5  of miRNA using the INVADER loop design than from the'double loop design. Similarly,

an examination of the table in Figure 20 indicates that the fold-over-zero values at each
miRNA level are greater for the single loop design. Both designs resulted in éufﬁcient FOZ
at the lowest concentrations tested, 2.68 X 10° moles, or 26.8 zeptomoles, equivalent to
approximately 16,000 molecules. |

10
4. Full length vs. Shortened ARRESTOR Oligonucleotides

Experiments were conducted to evaluate the relative performance of full-length
3 ARRESTOR molecules, e.g. as shown in Figures 4 and 12, in which the ARRESTOR
molecules extend at their 5° ends around the loop, throughout the length of the miRNA-

15  specific region of the pfobe and into the 5° ﬂaj: région vs. shortened ARRESTOR molecules
that are complementé.ry only to the miRNA-specific region of the probe and part of the 5’
flap but do not extend into the loop region or beyond. Reactions were set up as follows to
detect syntheticlet-7a miRNA:

Component Stock concentration Amount added per reaction
PI mix (probe SEQ ID NQO: | 10 pM probe 1l
6; INVADER 50 pM INVADER oligo
oligonucleotide SEQ ID
NO: 5)
CLEAVASE XII enzyme (60ng/ul) 0.5 ul
H,O 0.5 ul
Primary Reaction Buffer 25X 4 pl
Total 6 pl.
20
Aliquots of 6 pl of the primary reaction mix were added to the appropriate wells of a
microtiter plate followed by aliquots of 4 ul of syntheticlet-7a miRNA or 4 pl of 10 ng/pl
tRNA in dH,O at the final concentrations indicated i_n the table below. Primary INVADER
reactions were incubated at 53°C for 1.5 hours.
25 Aliquots of secondary reaction mixtures were added as follows:
Full-length ARRESTOR
Component Stock concentration | Amount added
ARRESTOR 40uM 1
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'2343-30-01'4 nM 838 865762 348101 481434038 36 3229 819 924794 204110
55494142 36 3528 Averag e 828.5

SEQ ID NO: 7 for fall
length ARRESTOR, SEQ
ID NO: 54 -
for shortented ARRESTOR
MO5 SRT 1.5uM 1nl
(SEQ ID NO: 22)

FRET FAM (SEQID 10pM 1ul
NO:21)
H,0 2ul

Secondary reactions were incubated at 60°C for 1.5 hours. Microtiter plates were read as
described in Example 2. The results were as' shown in Figure 17.
These results indicate that there is no significant different in signal generation or
5l limit of detection when full-length or shortened ARRESTOR oligonucleotides
complementary to the miRNA-specific portion of the probe are used in the secondary
INVADER reaction.

B. Alternative designs using linear probe and INVADER oligonucleotides
10 Alternative designs were tested in which both the probe and INVADER
oligonucleotides contain a universal sequence, and neither oligonucleotide forms a hairpin.
A schematic of the design is presented in Figure 4. The universal sequence is present on the
5° end of the INVADER oligonucleotide and on the 3° end of the probe oligo. A short,
complementary “capture” oligonucleotide is added and is comprised of 2°—-0O-methyl
15  residues, allowirig it to promote co-axial stacking in the presence of the miRNA (e.g. SEQ
ID NO: 60). Designs were created for both miR-15 (SEQ ID NOs: 58-59 and 61) and mir-
135 (SEQ ID NOs: 63-65). Initial designs, while leading to high non-specific background
signal in the absence of miRNA target, nonetheless indicate that it is feasible to detect
miRNAs with such universal capture oligonucleotides.
20
Example 9
Effect of 2°-O-methylation of nucleotide residues in the loops
This example describes experiments aimed at assessing the effect of substituting 2°-
deoxy residues for some or all of the 2°-O-methyl residues incorporated in the probe and

25 INVADER oligbnucleotides used for detecting miRNAs. All of the designs presented in the
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894. 5778 276105.5 51.54640. 540 3633.5 28.5 Net 797.863.574724574.5

20.5159.511 5 1796-53-01 1 uM and 193412142203316081523 4041156857
47 3230 2343-30-01 4 nM 16852113194714831174 3041106648 41 3429

preceding examples include 2’-O-methyl residues in the loop regions as described in
Example 2. Experiments were conducted to test the effect of substituting 2° deoxy residues
for some or all of the 2’-O-methy1 residues in the INVADER and probe oligonucleotides
designed to detect the let-7a miRNA. ' |
5 Figure 5 shows the modified let-7a designs. SEQ ID NOs: 5-6 contain 2’-O-methyl
residues as described in Example 2. The design in SEQ ID NOs: 73-74 contain 2’deoxy
residues at all positions; and those in SEQ ID NOs: 75-76, 2’-O-methyl residues in the
portions of the stems adjacent to the target.
INVADER reactions were set up to compare the signal generation and temperature
10  optima of the three different designs. Reactions were as described in the LOD experiments
in Example 8 and included 100 pM synthetic miRNA, 1 pM probe, and 10 pM INVADER
oligonucleotide. Primary reactions were run for 15 minutes at the temperatures indicatéd§
secondary reactions were run for 5 minutes at 60°C.
The results of the INVADER assays are shown in Figure 21 and indicate that the
15  design in which the stem loop structures are comprised of 2°-O-methyl residues yields the
most signal, followed by the design in which the bases adjacent to the target are comprised
of 2’-O-methyl residues. The oligonucleotides comprised entirely of 2°-deoxy residues
generated the lowest levels of sigﬁal. '
A further set of experiments was designed to test additional design variations as
20  follows: probe and INVADER oligonucleotides with shorter hairpins, probe and INVADER
oligonucleotides with more stable loops or, alternatively with shorter loops, probe and
INVADER oligonucleotides with only three 2°-O-methyl residues. Primary reactions were
set up to test detection of miR-15 as follows.

The following probe/INVADER oligonucleotide combinations were tested.

Probe _ INVADER oligo

1544-71-01 SEQ ID NO:55 | 1544-71-02 SEQ ID NO: 56
1544-71-01 SEQ ID NO: 55 | 1796-43-02 SEQ ID NO: 68
1544-71-01 SEQ ID NO:55 | 1796-43-04 SEQ ID NO: 70
1544-71-01 SEQID NO: 55 | 1796-43-06 SEQ ID NO: 72
1796-43-01 SEQ ID NO: 67 | 1544-71-02 SEQ ID NO: 56
1796-43-03 SEQ ID NO: 69 | 1544-71-02 SEQ ID NO: 56
1796-43-05 SEQ ID NO: 71 | 1544-71-02 SEQ ID NO: 56
1796-43-03 SEQ ID NO: 69 | 1796-43-04 SEQ ID NO: 70
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Averag e 1809.2127.519901545.51174354112. 56752.5 44\ 33,29.5 Net

1778. 22096. 251958. 751514. 251142, 75322. 7581. 2535. 7521. 25 12.75, and is
shown in Figure 29 as copy nunber versus net signal plots.

Results denonstrate that a dynam c range of >6 | ogs was achi eved when
probes 51796-53-01 and 2343-30-01 are mixed at a 1 RMand 4 nlVI m X,
respectively. Exanple 17 Optim zation to extend the dynam c range of Let-7a
and 1.16 detection in a single reaction vessel 10ln an attenpt to extend
the dynamic range of both let-7a m RNA and U6 RNA detection in a biplex
| N\VADER assay, several paraneters were tested and evaluated. Primary

| NVADER reactions were setup in 10 uL vol unes containi ng probe
concentrati orf!;‘irndl'yxeattibrwrr@ﬁeswmﬁnﬁae &1:6011QW} tMof 1544-82-01, 4 ri M of

1200

2343- 308t AWl 23432 NVADER 6=53=62—4nd
1496- 78-%31,15'@6{&%/& c?f CLEAVAsErbTée%f‘?eﬁgﬁ{z‘ydne anqi‘%és pH 7.5, 25 mM
KCl, O. @%m%n 20, 0.05% Noni det P40,25 m M MgSOH4,  and 2% PEG Dupl i cate
reacti e Ut -6 d—tet=7amRNA trattoms—of—6—x 109,
1.2 x 1080 RN G 13@““& 6 x 106, 1.92 %108, 384,000, 76, 8#00

15, 360, lgdﬂmdlramvgtab&ﬁbl es per reaction. Reactijons were assenbled ijn a

96- vel | R BER W0 P Of L&A mrerat—or e Ioiéd" fded—to—each—wel| to

prevent evapora_tl gn The pl ate was then transfer 0 a thermal - bl ock at
I ncubat |cdLBAVASECXHenz@0e mi n60 eg/bAf t er i ncubat i 916-Snals corrpl ete, 5111, of a

secondary; ont g 03 of —secondanyreaction—tenptat
1107- 1(]-55.{53?&?6’ ‘%‘gff 23- gé Fg.nd 2343- 30- 03; ".%dl 1./vl 5 of ARRHSTORS
1796- 53-DBaland 1581- 63-01, &nd 30 nlvl of ARRESTORd 2343-30-04 and

ol | e aXalW, Ka)

2343- 250621 5AMof-—FRETprobes—23=181—2343--360=02—23=182—and
2343-23-01 were added. The reaction plate was then incubated at 60 C for 90
m nut es. Aft ehligeipdst ﬁklmfP@hnarheeapé@rcnﬁroweretaldéeqoﬂoeﬁud qﬁasnthcpta:rmﬂbﬂﬁed toa

fl uoresc ) ﬁ% adi ng the
fl uorsgsc%ﬁ%eﬁh%féllgfﬁ%q@%%gﬁ%#g& em’ssli on vvave eng@% g%mgyo 10 tun
and 620 nemonsw;ﬁa@cmhﬂ&d;atSWSfﬁfQZJMMs setting of 45 for Red dye and

excitation ang. g ﬁgkf‘g}‘%&%h%ﬁ@é alBRows m and 530, respectively, with

a gain setting atﬁjeneialgd was as follows:
Let - 7a/ | $8ondasy ceactimn 6. 00ET G@ndenPBESD9 2. 40E* 0§ AMSBESGHed. 60e* O6

component _
FAM FRET oligonucleotide | 13.4 ul FAM FRET 0.75ul
(SEQ ID NO: 21) and 2 uM SRT

Secondary Reaction Target
(SRT) (SEQ ID NO: 40)

ARRESTOR 54 pM 0.75 pl
oligonucleotide (SEQ ID
NO: 66)

Mo _ ; ' 35l
Total A5

Aliquots of 5 pl were added and the reactions incubated at 60°C for 45 minutes. The

10  results, in relative fluorescent units (RFUs) are presented below.

Probe  1544-71-01 1544-71-01

INVADE 1544-71-02 NET FOZ 1796-43-02 NET FOZ
l1{.09 655 658 662 566 7.13 1.09 amole 706 738 777 636 7.12
gr.ggle 314 262 256 185 3.00 0.33 amole 281- 287 290 182 2.75
?)r.rllgle 122 138 134 39 1.42 0.10 amole 149 150 153 47 1.45
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1.92e*6 3.84e*05 7.68e*04 1.54e*04 3.07e03 0 Dye channel FAM

14133 13249 9947 9102 4204 1177 701 466 427 397 389 13569 12336 9942 7759
3159 1020 577

amole
0 amole 88 93 96 0 amole 104 101 107
Probe  1796-43-01 ' 1796-43-03
INVADER 1544-71-02 NET FQz 1544-71-02 NET FOZ,
1.09 1689 1744 1895 146 1.09 1.09 amole 882 869 847 782 5.27
amole :
0.33 1655 1717 1817 99 1.06 0.33 amole 335 341 341 175 2.06
amole .
0.10 1692 1693 1695 63 1.04 0.10 amole 196 209 196 36 1.22
amole ) :
0 amole 1636 1601 1654 0 amole 169 165 159

1544-71-01 1544-71-01

1796-43-04 NET FOZ 1796-43-06 NET FOZ
1.09 676 688 693 579 6.43 1.09 amole 625 562 579 501 6.69
amole : .
0.33 274 275- 264 164 254 0.33 amole ’ 229 215 204 128 2.45
amole ’
0.10 153 137 143 38 1.35 0.10 amole 126 121 112 32 1.36
amole :
0 amole 111 107 102 0 amole 94 87 83

1796-43-05 1796-43-05

' 1544-71-02 NET FOZ 1796-43-06 NET FOZ

1.09 806 824 773 708 B8.64 1.09 amole 772 752 704 631 6.65
amole '
0.33 280 280 262 181 296 0.33 amole 260 252 251 143 2.28
amole
0.10 144 145 139 50 154 0.10 amole 140 142 139 29 1.26
amole ‘ ) )
0 amole 91 95 92 0 amole 115 109 111

These results suggest that the designs in which the probe oligonucleotide contained a
shortened hairpin and a highly stable tetra-loop comprised of 2’-O-methyl residues in
combination with the original INVADER oligonucleotide design (2°-O-methyl residues,

5  TTTT loop, long hairpin) may generate a somewhat higher FOZ value. Otherwise, none of
.the alternative design oligonucleotide sets offered any improvement over the ori ginal
designs. It is noteworthy that the combination of an all-DNA INVADER oligonucleotide
with the original chimeric probe oligonucleotide gave FOZ values approximately equivalent
to those obtained with both chimeric probe and INVADER oligonucleotides. In some

10  applications, substitution of an all DNA INVADER oligonuéleotide may be desirable to

reduce oligonucleotide syntliesis costs and may be made without sacrificing limit of
detection.

Further experiments demonstrated that it is possible to compensate for sub-optimal
signal generation with particular oligonucleotide sets by adding more RNA (e.g. lysate,

15  purified total RNA, synthetic miRNA) to the reaction. Similarly, additional experiments in
which various oligonucleotides (i.e. probe, INVADER, ARRESTOR, or various

combinations thereof) were gel purified as described in Example 1 indicated that standard

59



447 422 397 364 | Aver age 13851 12793 9945 8431 3682 1099 639
457 425 397 377 Net 13474 12416 9568 8054 3305 722 262 80 48

gel purification of all three types of oligonucleotides gives maximal signal. It is possible to
achieve signal levels approxiinétely equal to the maximal levels with gel purified probes if
the other oligonucleotides, i.e. the INVADER and ARRESTOR oligonucleotides, are
desalted following synthesis. '

Example 10
Detection of miRNA éxpression in total RNA from multiple tissue types
This example describes experiments carried out to test the suitability of the
INVADER assay to detect different miRNA species in total RNA extracted from diverse
10  tissue types. In order to evaluate tissue specific gene expression, temperature optima and

LODs were first determined for each design.

1. INVADER and probe oligonucleotide designs :
INVADER assay oligonucleotides were designed to detect the miR-15, miR-16, and
15 miR-125b miRNA species. The designs for these assays are presented in Figure 5. The

designs for let-7a and miR-135 are described in Examples 2 and 6, respectively.

2. Determination of temperature optima and LODs _
Temperature optimization experiments were conducted for each of these _
20  oligonucleotide sets as described in Example 8. Each primary reaction included 1 nM of the
. targeted miRNA and was carried out for 15 minutes at temperatures ranging from 50+ 9°C.
Secondary reactions were as déscribed in Example 2 and were run for 1 to 1.5 hours at

60°C. Optimum temperatures were as follows:

let-7a ) 53 °C
miR-15 53°C
miR-16 56 °C
MiR-125b 52 °C
MiR-135 45 °C
25 Once the temperature optima were obtained, LODs were determined for each

miRNA species as described in Example 8. All LODs were < 30 zeptomoles.

3. Gene expression prqu\l_iAng
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20 ' | Red 17353 15351 10722 4140 1219 429 322 257
237 235 237 '

Gene expression profiling was carried out on total RNA extracted from 20 different
tissue types. Total RNA was purchased from Clontech (Palo Alto, CA, catalog number
K4008-1, Human Total RNA Master Panel II). For let-7a, 50 ng of total RNA was tested in
each reaction; for the other miRNA species, 100 ng of total RNA was tested. All reactions

5  were set up as described in Examplé 8; primary reactions were run at the temperature
optima for 1.5 hours; secondary reactions were as described above. The gene expression
profiles for each miRNA species are presented in Figure 23. These results indicate that the
INVADER assay can be used to examine miRNA expression in different tissue types. '
These data further suggest that let-7a and miR-125b are expressed in a wide variety of

10  tissues; the other miRNA species appear to be more specific to a limited number of tissue

types.

Example 11
Effects of variable oligonucleotide length on INVADER assay detection of miRNA
15 | - |
This example describes the impact of alterations in probe and INVADER
oligonucleotide length on detection of the let-7a 22-f1t miRNA. In particular, these
experiments compare detection of an miRNA that forms perfect stacking interactions
between the ends of the probe and INVADER oligonucleotides to detection of an miRNA
20  that forms both 5’ and 3’ overlaps as well as fo one that results in a single nucleotide gap at
both the 5° and 3’ ends.
Figure 24 shows the results of analyzing three different types of designs. SEQ ID
NOs: 5-6 shows a perfect stack between the 22-nt target and the flanking ends of the looped
probe and INVADER oligonucleotides. In SEQ ID NOs: 8§3-84, both the probe and
25 INVADER oligonucleotides are extended by a single base, resulting in both 5” and 3°
overlaps. In SEQ ID NOs: 85-86, both the probe and INVADER oligonucleotides are
shortened by a single base, relative to the designs in SEQ ID NOs: 5-6, resulting in a single
nucleotide gap at both ends. |
INVADER assays were set up to test the performance of these oligonucleotide sets
30 for detection of synthetic let-7a miRNAs. Reactions were carried out as described in
o Example 8 and included 100 pM synfhetic let-7a miRNA, 1 pM probe and 10 uM

INVADER oligonucleotide. Primary reactions were run for 15 minutes at 53°C; secondary
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16785 14299 10317 3780 936 3781, .285 245 217 234 226
17069 14825 10520 3960 1078 404 304 251 227 235 232 Net 16837

reactions, for 5 minutes at 60°C, as described in Example 2. The results are presented in

Figure 24,

Aver age

These data indicate that in this experiment, a single nucleotide overlap at both ends

of the miRNA target resulted in an approximately 30% decrease in signal generation as well

5  asareduction of 2°C in optimal temperature. A one nucleotide gap at both ends of the

target, however, did ‘not reduce signal generation, though it did reduce the optimal reaction

temperature by 5°C.

Example 12

10 Discrimination of miRNA frem precursor RNA and from encoding DNA
Experiments were carried out to determine whether the INVADER miRNA. assay
discriminated the miRNA target itself from both its precursor RNA and fromthe DNA

encoding the miRINA.

A. Precursor cross-reactivity test

15 Precursor let-7 RNA (SEQ ID NO: 87) was transcribed in vitro and analyzed by

capillary electrophoresis to determine whether it contained any fragments that might mimic

the let-7a miRNA. The shortest contaminating fragment was estimated to be approximately

45 nt. LOD reactions were run essentially as described in Example 3 at precursor or
synthetic 5’ P let-7a mi-RNA concentrations as indicated in the table below. PI mixes

20  contained 10 uM probe SEQ ID NO: 6 and 100 uM INVADER oligonucleotide SEQ ID
NO: 5. Primary reactions were run at. 5.3 °C for 1 hour; secondary reactions were run at 58

°C for 1 hour with secondary reaction mixes essentially as described in Example 3 (FRET

probe SEQ ID NO: 21, SRT SEQ ID NO: 22, and ARRESTOR SEQ ID NO: 7). The results

of this experiment indicated that this miRNA assay is approximately 4% cross reactive vs.

25  the precursor RNA.
B. Discrimination of RNA vs. DNA signal

Reactions were run to detect let-7a miRNA in cell lysates as described in Example 7.

Prior to detection with the INVADER assay, aliquots 1 pl of 8 pg/ul RNAse A (Qiagen,

Inc.) were added to 80 pl of cell lysate and incubated at 37°C for 2.25 hours. The RNAse A

30 treated samples failed to generate any signal above background, indicating that signal

generated in assays lacking RNAse A arises from detection of the miRNA target and not the

encoding DNA (Figure 16). Further experiments were carried out in which RNAse A was

added either prior to the primary reaction or prior to the secondary reaction. When RNAse
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14593 10288 3728 846 172 72 19 -5 3 15 and is shown in Figure 30 as copy
nunber versus net signal plots. - Results denponstrate that a dynam c
range of >6 |.ogs was achieved for biplex U6 and Let-7a detection. 20
Exanpl e 18 Conpositions for the detection of m RNAs associated with and
prognostic for cancer Del eti ons and downregul ati on of m RNA genes
have been associated with cancer (e.g., - B-cell chronic | ynphocytic |eukem a
(CLL)) (See, e.g., Calin et al., Proc Natl Acad Sci USA, 99, 15524-15529
(2002). Thus, various oligonucleotides were designed herein for the

detectio These
cot ect) oR BRI S AR A0 Lol NS RE LRI LA ARG S o0
ri bose (previonsivesalts WMRNs%tseAdwasfadBw\)ﬂ)bse@eanpl tee p¥mafymesiAn et bss ofon
ST N0 ANBRS Bhs SOIM L P RURS Bl dBUBEN LR LEACL W00t RNROUTHRL S
chain reatiion-and an’invasive cle&avage perlnents
wer e conttexstiedo adveapsedkffect of RiéAsxen ather nehta:roanmpemonmtsnel@\lﬁs CISEAYASEver se
tran%cri i ol (RT), polynmerase chain reaction (PCR) and invasive cl eavage
react’ion assay (e.g., in a two-step or -single-step reaction (e.g., in a
single tube)). Chem stries 15utilized for these assays (e.g., single-step
RT, PCR and invasive cl eavage reac?}gp‘ﬁéeg_gye descri bed, for exanple, in
U S. Patent Nos. 6,913,881; 6,875, , 0,872,816, and 7,011,944, and U.S.
Pat ent Application No. 11/ Pe@crogof # dualifonmi¥A 3, 2005, each of which is
hereby i ncor peyighfeidital BEAER MeEe Lrarkl Sor R 1 £4 - mm%%%ﬂ%@dnd@%m for.

detection of m using this nethodology 1s shown I n ure . Briefly, a
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in a tworgbdh. aﬁ&aaibgogﬁcxs&mewgeam {ngsd ﬁa&xonslaﬂe mt&naﬁg&@sqsﬁem(mg ina
single t ynmerase chain reaction 5 mer ol i gonuc|eoti de and

ube
DNA pol W%&B&%p@tﬂ%ow fop the o) different heeﬁhalﬁl taEgsiEarp SR B Fig: t he
pr esefce 29 hndirdiFateth tRO Sanbkd 6, g%iiﬂcléiﬁﬁ@ de@nd GnBRsedo ettt Both f&rbEON
- structure (e.g., that can be tected by an invasive cl eavage reaction
assay). During devel opment of the present invention, nultiple factors were
exam ned and characterized in or demﬁ&nﬂpuum ze m RNA detection capability
and sensitivity using an 30 assay_ that conpr|ses a reverse transcription

reaction, a pol ymeras&® Eﬂ?&PFPe?'é%Fc‘?‘is g dprdetrctan R eavage assay
reaction. The%@ptdh@hék%nﬂﬁlﬁo k1RBE ibctiBedin, thé Bfe@étﬁﬁlg etdnGOeUs Jesﬁﬁxhldﬂy gesign)

grat \5\2‘2 n Rés d?S“*b%E%”ﬁa |F|‘%“Ef) l ‘%X Hé‘%%g@“’éﬂﬁ*%é’ia%? tﬂ\ﬁ%@ﬁ%@%ﬂ é‘iﬂ‘é‘s fgr a

sanpl e f Qetest@iLsttd @Jacmt QRNA enﬂg JaRm g desdrive® wh&msmmc&eo&mﬂg desiign) of

the PCR forward upl ex. orrred‘g % ‘% en g’a‘gnd 10 (e.qg.,
bet ween PCisAEF I} b‘%?é@ ‘?é?r(%gm) cgﬁ‘?:%‘ﬁ‘l%?’a“ﬂ’fﬁ?e pd Fricaeinhe pense Apdantisensy:;

react i on sir@REEiP &y dli g¥iictddt AssToY SetEtinig Ghid GIROPA AHLI B inlFidurt D6,/ SEMCe Oof

st acker qlli onucl eotl des (e.g., oligonucleotides that bind to the RT pri mer
511 NVAD@T%? -6P6-pCR pri msr) use of oligonucleotides that formhairpin
struggures; the use of a single-step or two-step assay configuration; the
ef fect of | NVADER primary probe length (e.g., between 8 and 10) base pairs;
the ability of the assay to discringnate h tvveen variants (e.g., nutants)
of a single nm RNA species; and the%’ﬁ?‘f‘? W2of the assay to detect nore than
one MRNA in a Gbﬂghﬁltfo&aﬁtekﬂﬂd(tﬁe Qynaxbicp'laﬁge 6f1e6y3 miRNANjdtedtirioh Of

RT-primer / ari ous r / m RNA
dupl exes wer eq"P gﬁn]gtr{a eéﬁﬁ‘? g‘&dé(f’?:?’édangleo tjtl%t;]?d Tﬁg&%ﬁ&% %{re
pri men- nidabdétich) pive xlipemngidotidé probedneitiatiel satng 1éte7adebe dizing ieilén were

designed, but with different 5'-flap "arm" sequences. The different 5'-flaps or arms report to '

FRET cassettes that are des1gned to generate FAM signal upon cleavage. The
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ol i gonucl eoti des were designed for use as RT priners such that dupl exes of
6 or 7 base 15 pairs fornmed between the RT priner and m RNA. These priners
were tested for performance in triplicate using varying levels of |et-7a

m RNA nol ecul es per reaction (e.g., 300,000, 50,000, 8,333, 1,389, 231, 39,
and 0). Reactions were performed in 25 uL volunmes containing 0.5 1.tM of
forward PCR prinmer 2343-16-01, 0.034 units/4 native Tact pol ynerase, 2
units/p.1 of MWLV reverse transcriptase, and 6.67 ng/ul of CLEAVASE VIII 20
enzyne in a buffer containing 10 mM MOPS, pH 7.5, 7.5 inM MyCl12, and 25 uM
dNTPs. F&fgohﬁ@e@ti@%étg.\eﬂ@ésrwge Bl ?&imw%&@EZiB" Eer AWM OECTb W dulthEneg343- 14- 01,
0.51.1 M probe 2343-14- 05, 0.25 AM FRET probe 23-211 were” added to the
react i onNAfogen.Hge., BaeDiegdsd):pai r dupl ex length, 0.5 uM of RT pri ner
2343-03-01, 0.5 1. 1M probe 2343-14-08, 0.25 i.t.M FRET probe 23-755 were
added to the reaction m x. Reactions were assenbled in a 96-well 25skirted

pl at e, oWt 10 T e ok Rinte 5.3:e pHatewas—thenggubiect to
single %ﬁ‘mﬁﬁﬁkfgﬂbéro ) cT‘E@P—?r:SCH g%?{{rmur (253 Efi%g:(. Sasguﬁcmwmmd&w 2 T]Nﬁ%[ €5,._and 30
CyCl €s o 'i~ ‘o! NO- ol iy r\Ca GAC Cé U ;%A-U GmCmC e e 1 S
After conple ' t he Akhatacamdr pl ate was neat £d %’o'mét@ Clfor
10 m nut BE-SE-HEEFEOEI 120 | dowrr i YOO ﬁ@ﬁZ%QQWWHHNEUWWNéhmw@aU onz-amept of{l uor

N M -l mb . 1 C L bl L | o - fa¥Way

pl at e T EAHEE TG TR |t o CRiSAR NS N R E ki mcR D PR = Homafard 620
urn, re:znprLi_ vely with %EBJLQPTti nngnin 45 Dat.a gpqp%afadglsaing a
RT ol i gbRUBFEYPIMEEZbr i mafe: cantT gl edAS PP 6VIde a 7 base- pal LadiB e vi t h
m RNA t p¥sgpes-01sae iDAS: 10D | [[FOMERET protaer | RIACETEARECTE@L - 7a dupl ex | Y=6FaM, X=228

H MO4SRT - 00 O0A AN ANnC=2 _aana %7___
copi es/ %%%%: N SRIOUNTS | oAGGPREGAAGEOSIRGGEGETS ACHGITmU L
0

50, 000 - Q B38: 17 MOS5 SRT CCAGGAAGCAAGTGACGCAGCGACMGmMGm
u
_Let-7a (SEQ ID NO: 133) Let-7a synthetic RNA | UGAGGUAGUAGGUUGUAUAGUU

5
and are shown in Figure 26. Reaction conditions tested were as follows:

| 2.5 X Reaction Buffer 25 mM MOPS pH 7.5, 62.5 mM KCl, 0.125%

Tween 20, 0.125% Nonidet P40, 62.5mM

MgS04, 5% PEG.
tRNA Carrier 20 ng/ul IRNA veast in RNase free water
CLEAVASE XII enzyme 60 ng/ul CLEAVASE XII enzyme diluted in

20 mM Tnis pH 8.0, 50 mM KCI, 0.5%
Tween 20, 0.5% Nonidet P40, 50% glycerol,
0.1 mp/ml BSA.

Primary Let-7a INVADER reactions were setup in 10 uL reactions for a total of nine
10  probe concentration conditions. The nine probe concentration conditions tested were: (i) 1-
uM of probe 1544-82-01, (ii) 1 uM of probe 2343-25-01, (iii) 1 uM or both probes 1544-
82-01 and 2343-25-01, (iv) 100 nM of probe 2343-25-01, (v) 1 uM of probe 1544-82-01
and 100 nM of 2343-25-01, (vi) 10 nM o0f 2343-25-01, (vii) 1 uM of 1544-82-01 and 10 nM
of 2343-25-01, (vii) 4 nM of 2343-25-01, and (ix) 1 uM of 1544-82-01 and 4 nM of 2343-
15  25-01. In addition to these probe oligo concentrations, the reactions contained 1 uM of
INVADER oligo 1496-78-02, 30 ng of CLEAVASE XII enzyme, and 10 mM MOPS pH
7.5, 25 mM KCl, 0.05 % Tween 20, 0.05% Nonidet P40, 25 mM Mg804, and 2% PEG.
For each probe concentration conditions, Let-7a synthetic RNA were added to the
reaction mix at final concentrations of 6 x 109, 6 x 108, 6 x 10’ 6 x 10° ,6x 10° ,6.x 10* 6x
20  10°, and 0 copies per reaction. Let-7a RNA dilutions were made in a solution of 20 ng/ul

" tRNA diluted in Rnase-free water. The reactions were assembled in a 96-well plate and 10
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431 8,333 178 178 174 177 72 1,389 121 118 114 118 13 231 108 110 110

109 4

10

1- Raw data
: Probe

Let-7a cone )
copies Mix # i ii iii iv v vi vii viil ix
6 X 10° 21731 | 16970 35383 18062 36419 19680 33594 | 19297 | 28291
EX 10¢ 20369 | 14201 29797 16429 35792 18103 28532 | 18419 | 25425
16 X 107 19752 | 3772 7247 15969 32775 15128 22546 { 10576 | 21604
6 X 10° 11535 997 1452 4548 1 13603 3419 11830 1998 10654
6 X 10° 3500 726 787 1254 2941 | 1084 2759 923 2540
6 X 10* 1415 638 675 751 1053 750 972 . 726 1050
6 X 10° 840 652 665 666 841 671 770 690 756

X 10° 638 635 637 661 800 658 731 694 698

39 105 106 107 106 1 - 102 108 109 105

ul of clear mineral oil were added to each well to prevent evaporation. The plate was then

~ transferred to a thermal-block and incubated at 49 °C for 90 minutes.

After incubation was complete, 5 pL of a secondary reaction mix containing 0.3 pM
of secondary reaction templates 1107-10-02 and 2343-23-01, 8 uM of ARRESTOR
oligonucleotides 1581-63-01 and 2343-25-02, and 2 uM of FRET probes 23-182 and 2343-
23-01 were added and the reaction plate incubated at 60 °C for 90 minutes. After
compleﬁon of the reaction, the plate was transferred to a fluorescent plate reader (Cytofluor)
and data was acquired by reading the fluorescence using the an excitation and emission
wavelengths of 485 nm and 535 nm, respectively with a gain setting of 43.

The raw and processed date generated was as follows:
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- 104 102 105
configured to provide a 6 base-pair duplex with m RNA target was as

follows: 5 6ner RT priner Let-7a duplex

counts

10

15

Dat a generated using a RT oligonucl eotide priner

copi es/rxn

Aver age Net

300, 000 10061958 757 907 813 50,000 436 413 358 402

2- Processed data

and is presented in Figure 27.

Probe
cone
Mix # i il - ili iv v vi vii wviil ix
| 21003l 16335 34746 17401 35619 19022 32863 18603 27593
19731 13566] 291600 15768] 34992 17445 27801 17725 24727
19114) 31371 66100 15308] 31975 14470] 21815 9882 20906
10897 362 815 388 12803 2761{ 11099 1304 9956
2862) 91 150 593 2141 42612028 229 1842}
777 3 38 90 253 92 241 32 352 .
202 17 28] 10 41 13; 39 o] ) 58

Results demonstrate that a dynamic range of >6 logs was achieved when probes

1544-82-01 and 2343-25-01 are mixed at 2 1 mM and 10 nM (mix :vii) and 1 mM and 4 nM

mix (ix), respectively.

Example 16

Optimization to extend the dynamic range of U6 RNA detection
In an attempt to extend the dynamic range of U6 RNA detection using the
INVADER assay, two oligonucleotide probes with the same U6 RNA hybridizing-region,

but with different 5'-flap "arm" sequences were designed. The different '5'—ﬂaps or arms

report to FRET cassettes that are designed to generate RED signal upon cleavage. The
oligonucleotide sequences were as follows (RED dye refers to REDMOND RED, Nanogen

CGGAGTATGCATGAGGTGCTGCGTGCmMUmMUm
U

Inc, San Diego, CA):
Sequence Number Description Sequence 5'-3' Notes
1 1796-53-01 (SEQ ID NO: 134) Probe 562-86B ccgecgagatcacCTAATCTTCTCTGTAT-NH2

Arm

2343-30-01 (SEQ ID NQO: 135) Probe ER4 arm AAGCACGCAGCACCTAATCTTCTCTGTAT-NH2

1796-59-01(SEQ 1D NO: 136) U8 synthetic rUrlrUrsArUrArCrArGrArGrArArGrArUrUrArGrCrAr
target UrGrGrCrCrCrCrUrGrCrGrCrArArGrGrArUrGrurUr

. U

1796-53-02(SEQ ID NO: 137) INVADER oliigo CATCCTTGCGCAGGGGCCATGA

1796-53-03 (SEQ ID NO: 138) Arrestor for mAmUmMAMCMAMGMAMGMAMAMGMAmMUmMUm m = 2'-O-methyl
probe 1796-53- AMGMGmMUMGMAMUmMC
01

2343-30-04(SEQ ID NO: 139) Arrestor for mAmMUMAMCMAMGMAMGMAMAMGMAMUMUM | ‘m = 2'-O-methyl
probe 2343-30- AMGMGMUMGMCmUmMG
01 )

23-181(SEQ ID NO: 140) RED FRET YCTCXTTCTCAGTGCG y = Red dye
probe for 562- and x = Z28
86B am

2343-30-02(SEQ ID NO: 141) RED FRET YCTCXTGCATAGTCCG y = Red dye
probe for ER4 and x = 228
arm

23-183(SEQ ID NO: 142) 562-86B SRT CGCAGTGAGAATGAGGTGATCTCGGCMGmGm

U
2343-30-03(SEQ ID NO: '143) ER4 SRT
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308 8,333 143 151 139 144 50 1,389 103 101 102 102 8 231 100 94 95 96
2°39 95919293 -2 - 97 93 92 94

and are shown in Figure 28.

The reaction conditions were as follows:

Reagents:
Reaction Buffer

25 mM MOPS pH 7.5, 62.5 mM KCY,
0.125% Tween 20, 0.125% Nonidet P4Q,

62.5mM MgS04, 5% PEG.

tRNA Carrier . 20 ng/ul iIRNA yeast in RNase free water

CLEAVASE XI! enzyme ] 60 ng/ul CLEAVASE Xl enzyme dliuted

- In 20 mM Tris pH 8.0, 50 mM KCI, 0.5%
Tween 20, 0.5% Nonidet P40, 50%
glycerol, 0.1 mg/ml BSA.

5 Primary INVADER reactions were setup in 10 pL volumes containing probe
concentrations of 1 pM of 1796-53-01, 4 nM of probe 2343-30-01, or 1 uM and 4 nM of
1796-53-01 and 2343-30-01, respectively. In addition, these reactions contained 1 pM of
INVADER oligo 1796-53-02, 30 ng of CLEAVASE XII enzyme, and 10 mM MOPS pH
7.5,25 mM KCl, 0.05 % Tween 20, 0.05% Nonidet P40, 25 mM MgS04, and 2% PEG.

10 For each probe concentration conditioﬁs, U6 synthetic RNA were added to the
reaction mix at final concentrations of 102 x 109, 102 x 108, 102 x 107 ,102x 1Q6 , 102 x 10°
,102 x 104, 102 x 10°, 10,200, 5,100, 2,550, and O copies per reaction.. U6 syﬂihetic RNA
diiutions were made in a solution of 20 ng/ul tRNA diluted in Rnase-free water. Reactions
were assembled in a 36-well plate and 10 ul of clear mineral oil were added to each well to

15  prevent evaporation. The plate was then transferred to a thermal-block at incubated-at 50 °C
for 90 minutes.

After incubation is complete, 5 pL of a secondary reaction mix containing 0.3 uM of
secondary reaction templates 23-183 and 2343-30-02, 7.5 uM o_f ARRESTOR
oligonucleotides 1796-53-03 and 2343-30-04, and 1.5 uM of FRET probes 23-181 and

20  2343-30-02 and the reaction plate was then incubated at 60 °C for 90 minutes. After
completion of the reaction, the plate was transferred to a fluorescent plate reader (Cytofluor)
and data was acquired by reading the fluorescence using the an excitation and emission
wgvelengths of 560 nm and 620 nm, respectively with a gain setting of 45. -

The data geherated was as follows:

25
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99 92 92 Thus, the present invention provides that, when conparing
t he sanme copy nunber of | et-7a per reaction, the net signal is higher for 7
base-pair RT primer-ni RNA dupl ex than for the 6 base- pair RT primner-m RNA
dupl ex, although a shorter duplex provides |evels of 10signal sufficient
for detection. Accordingly, in sonme enbodi nents, assays of the present
invention (e.g., conprising a reverse transcription reaction, a polynerase
chain reaction, and an invasive cl eavage assay reaction and a detection
structure) are able to detect m RNA targets when oligonucleotides with
short (e.g., less than 10 nucl eotides; |less than 8 nucl eotides; or |ess
than 7 nucl eoti des) regions of honol ogy between RT prinmer / 15 | NVADER

ol i gonucl eotides and m RNA target are used. In sone enbodi nents, the RT
primer / | NVADER ol igonucl eotide conprises other sequence that does not

form a {dupl el (€0, thgt isjnot |conplermentary) with the tFrget ' . In
0

sone enhodi nent gon t fgax 10 tezr10ts e 0tfrbea ho' ieverg*h eza o’ foaeo pllex forms a
hai r pi -&ePucenre (b g1 seqhence within tthe sequence th does nhof forma
dupl ex [REROUAY L ar et A Ble {4 of beidk—anlbifld-§ thibBl shel f) |

. N . : 1347 ,135 286 - 1084 2280 | 5,8 SIO.
Accor dimgty, T s B

o TN 1A 13043

L,

. 4 47, 36 33
odi ,_Rafz—%mﬂ 1HWADER g nglud‘e t1des are
desi gngd such t raﬁa Hgase-' alr du Iiex | § Torired betwgen rhe
: T " 4212 | 10 L ot By o 46 Tt
ol i gonucreottjae eI 1;2 f I

: T e 37°75 . 1318.25 . 1251, To125| | 993.2 _,2475"'%52; 8 Ciabs agsl! [ TG

ol i gonucteotidey arg degir g hthat d |7 base- pa1r_qupf gx 15 1ol med

bet weenz3:ha-o0L JONULT €eddl dasesANT7LNE 438 RNAW[T ar GET . Al { NGUGER DaR a1 2

under stlandi nd of| th S M rw Nob4 IS S aksy to:aél}graati et t kbssppesent
ted to

i nventilon-and t nresent inventilon i%$ notl lim

cul ar
mechani jsm of |acth 6| amsi neisased | eadt hos@lf dug| exaf oxomLath n & é@_én the RT
primer @and_miRNANet af gesrspr e a2 nms e meadizk se Ef égﬁ‘-

St r uct upeeEE gum when—the—RT or-Aer—oli-goduc! dSt:g\, i-s-al-sp-uspdias the
1

fa)

. 4 Lo L 193 4 T 203 g1527 . | | 404l —15... 6867 . o A7h 32 30
pr i ey AP o ori-egii e s dBIET pea i FiljreBaafi b S g urn
provi des a , (10 [ net— spgnat] compar ed to $horter dupr €Xes
of low{evels o Avma EXJgerl ments To determn ne7fne SCO

) et ection
| | L 1808.5  2127. 19 1174 pe OTfthe 5
evel of —detectifm i iz Al Yl us. e vnl 2 ggz,yrr&?@r;s ey rom 3 x
106 to Z copies per reacrtion tested using 25 pJ

T

Reactions were se M of prine 2343703 05 and 2343- 03- 06,
0.67 }J.fdd¥s %WBM%%@Q"W“ “2‘f§rsb§Reéf‘g‘E§E?“pr obe 23-210, 0.034 units/pi
native Taq pdleyyiedemastrie thafiatdyhapdic oﬁlgd\wlzvlmwwewdaﬂsnpmpesase and 6. 67

ng/ulsoflﬁs%é\\éﬁ\%é&k Iao%ﬁl;aémﬁxéd@t@l O o8 Y% nf AR A GeBet0 ™ MOPS, pH 7.5,
7.5 tnlVI Mgd 2, and 25 uM dNTPs. Reactions were "assenbled in a 96-wel |

skirted plate and covered W|th 10 }AL of mmneral oil. 20 The plate was then
subj ect ed to singl e steps of 42 Exdmyle #5 m nutes fol l owed by 95 C for 2

m nut es, t.ﬁﬁza@i £loGesedl ¢ q%ﬁayi;amrﬁﬂ%mﬁa%%u&o%@cm{m%% conds, 72 C

for 60 seconds After co Ion o cycl es e reaction plate was
heated to 99 C for 10 minutes tF@RHO6F€H down to 50 C for 30 minutes then
readion a Cytiokh ai@mppbaktendrtbadi@imicsanpe ofbot lbEtaintiRNANGd @FIRMNA on wavel engt hs

of 485 rh&éﬁ@ﬁm@%?%{ 'lf@VAb%ipa%& s\éx‘?ér&i ’p%r%lgtg's @veﬁ%sﬂed%g& Ng@g[ %f 43. 25Data

generated was_ as | ows: m R rxn 3, 00 120, 000
24,000 4, 800 HBEF19Y Fef@%“f)wre 2 0 ul. volumes containing probe
concentrations of 1 pM of 1796-53-01, 1 uM of1544 82-01, 4 oM of 2343-30-01, 4 nM of

2343-25-01, 1 utM of INVADER oligos 1796-53-02 and 1496-78-02, 30 ng of CLEAVASE
15 XII enzyme, and 10 mM MOPS pH 7.5, 25 mM KCl, 0.05 % Tween 20,' 0.05% Nonidet

P40, 25 mM MgSO04, and 2% PEG.

Duplicate reactions were setup at U6 RNA and Let-7a miRNA concentrations of 6 x 10°,

12%10°, 2.4% 10° 4.8 x 107, 9.6 x 10°, 1.92 x 10°, 384,000, 76,800, 15,360, 3,072, and 0

copies per reaction. Reactions were assembled in a 96-well plate and 10 pl of clear mineral

@
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2040 2128 2134 2319>2359 2014 1073 1040 918 275 2087 2161 2254 2236 2391
2327 2203 1185 309 297 301 2070 2099 2212 2260 2364 2315 2311 310 983 294
292 1953 2140 2240 2257 2311 2236

oil were adde& to each well to prevent evaporation. The plate was then transferred to a
thermal-block at incubated at 49 °C for 90 minutes
After incubation was complete, 5 uL of a secondary reaction mix containing 0.3 utM
oi‘ éécgcl)ndary reaction templates 1107-10-02, 2343-30-02, 23-183 and 2343-30-03, 7.5 uM
5 of ARRESTORSs 1796-53-03 and 1581-63-01, and 30 nM of ARRESTORs 2343-30-04 and
2343-25-02, 1.5 uM of FRET probes 23-181, 2343-30-02, 23-182, and 2343-23-01 were
added. The reaction plate was then incubated at 60 °C for 90 minutes. After completion of
the reaction, the plate was transferred to a fluorescent plate reader (Cytofluor) and data was
acquired by reading the ﬂuoresgenc_:_e‘using the excitation and emission wavelengths of 560
10 nm and 620 nm, respectively, wifh a gain setting of 45 for Red dye and excitation and
emission wavelengths of 485 nm and 530, respectively, with a gain setting of 43 for FAM

dye. )
The data generated was as follows:
Let-7a/ U6
copies/rxn |6.00E*09_}1,20E*09 2.40E*08 |4.80E807 [0.60e*06 |1.92¢*06 [3.84%05_[7.68e*04 |1.54e*04 [3.07¢%03 o
Dye
ichannel
FAM 14133 13249 9947 9102 4204 1177 701 466 427 397|389
13569] 12336 95942 7759 3159 1020 577 447 422 397|364
Average 13851) 12793 9945 8431 3682 1099 639 457 425 397t 377
[Net 13474 12416 9568 8054 330s] 722 262) 80 48 20
Red 17353 15351 10722 4140 1219 429 322 257 237 235|237
16785] 14299 10317 3780 936 378 "285 245 217 234 22j6
Average 17069, 14825 10520 3560 1078 404 304 251 227 235) 232
Net 16837 14593(  10288] 3728 846 172 72 19 -5 3
15 :
and is shown in Figure 30 as copy number versus net signal plots.
" Results demonstrate that a dynamic range of >6 logs was achieved for biplex U6 and
Let-7a detection.
20

Example 18

Compositions for the detection of mIRNAs associated with and prognostic for cancer
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2121 1496 295 309 295 _ Net counts 1746 1819 1918 1931 2055 2018
1871 725 366 164 Thus, using conpositions and nethods of the
present invention-(e.g., using an assay (e.g., single-step or two-step
assay) conprising a reverse transcription reaction, a polyrnerase chain
reaction and an invasive cl eavage assay reaction and a detection
structure), it is possible to neasure m RNA speci es whose copy nunbers are
as |low as 5 about 38-192 copies. Thus, in sonme enbodi nents, the present

i nvention provides conpositions and nethods for detecting and

characterizin 1 .RNAS at_ar resent,.Jn | ow co number e.dg.. less than
500 copi es. | DelPipn e dginuBiuln St Gk s e st BEBG e ipfiaot0o
copi es; KegsBtdeHrRhiddk yamphesyticllakentiheTLD) (Sepe.gs )Calil &t ADRhc diatl Acad
under st apdi of. t ' i S, not necessary.tq.practice. th resent
vent | oncbgarse 1552 ETS AR ToRe venah bkt R SR REpBREIPE,
nmechani sthendetativh amd chatacaimtienbhOdiRIeAS sssotihed wdth cahca. Rheger i ner
ol i gopucl eotide t.hat ig also.used t he | NV, lj.gonucleotide (e .g., in
on SoSay fEmEfehiG st Peuduplis FiEke ] (BEroh T Lo B ot TeHa &
react i onRNw imsreal Y BINAX. cl eavage assay reaction) provides the proper
anount of association for extension (e.g., froman m RNA tenplate) as well
as for recognition by a invasive cl eavage enzyne (e.g., 15 CLEAVASE enzyne)
involved in the generation and detection of a detection structure capable
of detecting of very | ow copy nunbeé%n£§¥q9, | ess than 100 (e.g., less than
en

50)) of a target m RNA. C) Optim zatTon gth of PCR forward priner /
m RNAOdupl exmiRNA 8¢tegtien 9sifig b sssayazomgyrising a reveyier transeriptivs [reacifony2 R- 16

m RNA ranging frg / . . i 0 ' to test the
optimal m RNA aﬁ%ﬁoﬁggfwﬁ-zﬁwﬁe%%ﬁ&&% g‘g%"&%g’fwﬁ?ﬁ‘?ﬁ. zi ng region
| engt hs of 7, Experiments wsasseongustedin(dyder tp deferteandeoharagteriz miRISAS using 1\ . 4 of
each of | i -03- ~ 39 ),
2343- 10- to‘%%%*‘%‘“%ﬂ*ﬂ’?@kﬁ?’?gﬁ rioifd °8%§q§?°&?n§¥ ﬁ%”%ﬁ%ﬁ%&%& %%—eg%tfbno. 67
1.0, 4 or apsayli{e g2 3UBHSSEP or gngls-stapireastiof KES., By dijpele fubr)o Chiemigrios | AL
reactykon M) i L i : ids/p. 1 of
LY oo e R e R o R Mt 28 o
buf f er ofdes@ibed NonorRSIDIBHR 1.5 PaensNen AHICI8B1; 4:8d5382. M @NtPsandReact i ons
vere asseipliathal hdPu R0 pURhi ASMIEESENG! Al/Sss, PRV BlRNWehibed ) 2005] dacRbt M ner al

oil. The plate was then 30 subjected to single steps of 42 C for 45 m nutes
f ol | owed WHiclHis hersby dpcorpgrpted by sefergner ingtsoptiresy The ganeral deyigmHr deteefitds, 60 C

for 15 SERQRRNA ddn 'Qﬁxéﬁgdéggﬁﬂ@ﬁowﬁfiﬂ BlpufeOi| B d R0 a odveldGrat¥iphSn t he
' eaCtZIOO " (%T?tpsimvé?(s)ligoen?xtd%gtictleo(thgat, ir? piecf)‘érrél-doen%ondlijrtngx?ts,tarllseonsel(':v%g Iase gle.lNVADER
oligonucleotide in an invasive cleavage reaction assay) and a reverse transcriptase are used
. to réverse transcx_'iBe.(—into cDNA) a target RNA (e.g., miRNA), and, subsequently (e.g., in a
two-step assay) or concurrently (e; g., in a one-step assay (e.g., in a single tube)), a
polymerase chain reaction (PCR) primer oligonucleotide and DNA polymerase are used for
25  amplification of the cDNA product in the presence of primary probe thereby enabling
formation of a detection structure (e.g., that can be detected by an invasive cleavage
reaction assay).
During development of the present invention, multiple factors were examined and
characterized in order (0 optimize miRNA dete'ction capability and sensitivity using an
30  assay that comprises a reverse transcription reaction, a polymerase chain reaction and an
invasive cleavage assay reaction. These include the length (e.g., through oligonucleotide
design) of the RT primer / miRNA duplex formed (e.g., between 4 and 10 (e.g., between 6

and 7) base-pairs);. the copy number of miRNA available in a sample for detection; the
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down to 50 C for 15 mnutes then read on a Cytofluor plate reader using
excitation and em ssion wavel engths of 485 run and 535 nm respectively
with a gain setting of 43. Results were as follows: Raw data: Primner-m RNA
l ength (b-13-) 999888 7 7 7 mR16 (nol ecul es/rxn) 3,000 1608
1662 1634 560 1206 843 230 225 219 1,500 1453 1490 1578 735

length (e.g., through oligonucleotide design) of the PCR forward primer / miRNA duplex
formed (e.g., between 4 and 10 (e.g., between 7 and 9) base-pairs); concentration of
oligonucleotides used; reaction temperature at which assays could be conducted; the
influence of stacker ol1gonucleot1des (e g ohgonucleotldes that bind to the RT primer
5 /INVADER oligo or PCR primer); use of oligonucieotides that form haxrpm structures; the .
use of a single-step or two-step assay configuration; the effect of INVADER primary probe
length (e.g., between 8 and 10) base pairs; the ability of the assay to discriminate between
variants (e.g., mutants) of a single miRNA species; and the ability of the assay to detect
more than one miRNA 1in a single reaction (e.g., biplex assay).
10
A) Length of RT-primer / miRNA duplexes
Various lengths of RT-primer / miRNA duplexes were tested and characterized. To
test the effect of RT primer-miRNA duplex length with the ability to detect miRNA,
oligonucleotides were designed for use as RT primers such that duplexes of 6 or 7 base
15  pairs formed between the RT primer and miRNA. These primers were tested for
performance in triplicate using varying levels of let-7a miRINA molecules per reaction (e.g.,
300,000, 50,000, 8,333, 1,389, 231, 39, and 0). Reactions were performed in 25 uL
volumes containing 0.5 uM of forward PCR primer 2343-16-01, 0.034 units/uL native Tag-
polymerase, 2 units/pl of MMLYV reverse transcriptase, and 6.67 ng/ul of CLEAVASE VIII
20  enzyme in a buffer containing 10 mM MOPS, pH 7.5, 7.5 mM MgCl,, and 25 uM dNTPs.
~ For the 6 base pair duplex length, 0.5 uM of RT primer 2343-14-01, 0.5 uM probe 2343-14-
0'5, 0.25 uM FRET probe 23-211 were added to the reaction mix. For the 7 ba_sé pair
duplex length, 0.5 uM of RT primer ﬁ343-03-01, 0.5 uM probe 2343-14-08, 0.25 uM FRET
probe 23-755 were added to the reaction mix. Reactions were assembled in a 96-Wt;ll
25  skirted plate, covered with 10 uL of mineral oil. The plate was then subjected to sihgle
steps of 42 °C for 30 minutes followed by 95 °C for 2 minutes, and 30 cycles of 95 °C for 15
seconds, 60 °C for 15 seconds, 72 °C for 45 seconds. After completion of the cycles, the
reaction plate was heated to 99 °C for 10 minutes then cooled down to 50 °C for 15 minutes
then read on a Cytofluor plate reader using excitation and emission wavelengths of 560 nm
30  and 620 nm, respectiveiy with a gain setting of 45.
Data generated using a RT oligonucleotide primer configured to provide a 7 base-

pair duplex with miRNA target was as follows:
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221 231 240 231 222 750 948 1277 1035 490 259 365 236 230 231 375 970 959

1374 347 224 226 238 238 232 188 669 859 612 218 233 383 214 240 222 94 594
728 894 338 227

7mer RT primer
Let-7a duplex
copies/rxn Average |Net counts
- 300,000 1307 1257 1191 1252 1147.
50,000 . 549 520 538 536 431
8,333 178 178 174 177 72
1,389 121 118 114 - 118 13
231 108 110 110 109 4
39 105 106 107 106 1
- 102 108 109 105
- 104 102 105

Data generated using a RT oligonucleotide primer configured to provide a 6 base-
pair duplex with miRNA target was as follows:

5
6mer RT primer
Let-7a duplex
~___copies/rxn . -‘Average |Net counts
300,000 1006 958 757, __ 907 813
50,000 436 413 358 402 308
8,333 143 - 151 139 144 50
1,389 103 101 102 102 8
231 ' 1001 94 85 26 2
39 95! 91 92 93 2
- 87 93 92 94
- 99 92 92

Thus, the present invention provides that, when comparing the same copy number of
let-7a per reaction, the net signal is higher for 7 base-pair RT primer-miRNA duplex than
for the 6 base-pa{r RT primer-miRNA duplex, although a shorter duplex provides levels of

10  signal sufficient for detection. Accordingly, in some embodiments, asséys of the present
invention (e.g., comprising a reverse transcriptior reacﬁ@n, a polymerase chain reaction,
and an invasive cleavage assay reaction and a detection structure) are able to detect miRNA
targets when oligonucleotides with short (e.g., less than 10 nucleotides; less than 8
nucleotides; or less than 7 nucleotides) regions of homology between RT primer /

15 INVADER oligonucleotides and miRNA target are used. In some embodiments, the RT
primer / INVADER oligonucleotide comprises other sequence that does not form a duplex
(e.g., that islnot complementary) with the target miRNA. In some embodiments, the other
sequence that does not form a duplex forms a hairpin structure (e.g., sequence within the

seqixence that does not form a duplex with the target RNA is able to fold back and bind with
20  itself). '
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233 238 242 230 47 511 561 437 225 230 247 241 241 240 0 686 189 519 223
227 221 228 228 227 5 Processed data: Primer-m RNA |length (b.p.) 9 8 7
Net  Net

Accordingly, in some embodiments, RT primer / INVADER oligonucleotides are
designed such that a 6 base-pair duplex is formed between the oligonucleoﬁde and the -
miRNA target. In some embodiments, RT primer oligonucleotides are designed such that a
7 base-pair duplex is formed between the oligonucleotide and the miRNA target. Although

5  anunderstanding of the mechanism is not necessary to practice the present invention and
the present invention is not limited to any particular mechanism of action, an increased
length of duplex formation between the RT primer and miRNA target provides a more
readily formable detection structure (e.g., when the RT primer oligonucleotide is also used
as the primary INVADER oligonucleotide as described in Figure 32) that in turn provides a

.10 higher net signal compared to shorter duplexes.

B) Detection of low levels of miRNA
Experiments to determine the scope of the level of detection utilized various levels

of miR-16 miRNA ranging from 3 x 10° to 2 copies per reaction tested using 25 pL reaction

15 volumes. Reactions were setup with 0.5 pM of primers 2343-03-05 and 2343-03-06, 0.67
pM of probe 2343-03-07, 0.25 uM of FRET probe 23-210, 0.034 units/pL native Taq
polymerase, 2 units/ul of MMLYV reverse transcriptase, and 6.67 ng/ul of CLEAVASE VIII
enzyme in a buffer containing 10 mM MOPS, pH 7.5, 7.5 mM MgCl,, and 25 uM dNTPs.
Reac’déns were assembled in a 96-well skirted plate and covered with 10 pL of mineral oil.

20  The plate was then subjected to single steps of 42 °C for 45 minutes followed by 95 °C for 2

minutes, and 30 cycles of 95 °C for 15 seconds, 60 °C for 30 seconds, 72 °C for 60 Séconds.
After completion of the cycles, the reaction plate was heated to 99 °C for 10 minutes then
cooled-down to 50 °C for 30 minutes then read on a Cytofluor plate reader using excitation

and emission wavelengths of 485 nm and 535 nm, respectively, with a gain setﬁng of 43.

25 Data generated was as follows:

miR-16
copies/rxn | 3,000,000 | 600,000 | 120,000 | 24,000 |4,800 {960 |192 | 38 8 2 | tRNA
2039 2040 2128 2134 2319| 2359! 2014} 1073 1040]{ 918 275
2087 2161 2254 2236 2391 2327| 2203) 1185] 309| 297 301
2070! 2099 2212 2260| 2364) 2315/ 2311] 310] 983| 294 292
1953 2140 2240 2257] 2311] 2236| 2121| 1496] 295| 309 295

Net counts 1746 1819 1918 1931| 2055 2018] 1871] 725/ 366 164
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Net m R-16 counts counts - counts (nolecul es/rxh) Aver age (RFU) Average
(RFUy Average (RFU) 3,000 1635 1170 870 646 225 -3 1,500 1507 1042 396 172
231 3. 750 1087 622 371 147 232 4 375 1101 636 266

Thus, using compositions and methods of the present invention (e.g., using an assay
(e.g., single-step or two-step assay) comprising a reverse transcription reaction, a
polymerase ;ihain reaction and an invasive cleavage assay reaction and a detection
structure), it is possible to measure miRINA species whose copy numbers are as low as
5  about 38-192 copies. Thus, in some embodiments, the present invention provides
compositions and methods for detecting and characterizing miRNAs that are present in low
copy numbers (e.g., less than 500 copies; less than 400 copies; less than 300 copies; less
than 200 copies; less than 100 copies; less than 50 copies). Although an understanding of
the mechanism is not necessary to practice the present invention and the present invention is
10 not limited to any particular mechanism of action, in some émbodiments, the use of a RT
primer oligonucleotide that is also used as the INVADER oligonucleotide (e.g., in an assay
comprising a reverse transcription reaction, a polymerase chain reaction and an invasive
cleavage assay reaction) provides the proper amount of association for extension (e.g., from
an miRNA template) as well as for recognition by a invasive cleav'ége enzyme (e.g.,
15 CLEAVASE enzyme) involved in the generation and detection of a detection structure

capable of detecting of very low copy numbers (e.g., less than 100 (e.g., less than 50)) of a
target miRNA.

O Optimization of length of PCR forward primer / mlRN A duplex (7, 8, and 9
20 _ base-pairs) ' '

Various levels of miR-16 miRNA ranging from 3,000 to 47 mdlecules per reaction
were used to test the optimal miRNA and PCR forward primer hybridizing length.
Hybridizing region lengths of 7, 8, and 9 ’basé pairs (b.p.) were tested using 0.5 pM of each
of the following primers 2343-03-06 (9 b.p.), 2343-10-05 (8 b.p.), 2343-10-06 (7 b.p.),

25  mixed with 0.5 uM of RT primer 2343-03-05, 0.67 pM or probe 2343-03-07, 0.25 uM of
FRET probe 23-210, in a 25 uL reaction containing 0.034 units/uL native Taq polymerase,
2 units/pl of MMLYV reverse transcriptase, and 6.67 ng/ul of CLEAVASE VIII enzyme and
a buffer of 10 mM MOPS, pH 7.5, 7.5 mM MgCly, and 25 uM dNTPs. Rcactioné were
assembled _in a 96-well skirted plate, covered with 10 pL of mineral oil. The plate was then

30  subjected to single steps of 42 °C for 45 minutes followed by 95.°C for 2 minutes, and 30
cycles of 95 °C for 15 seconds, 60 °C for 15 seconds, 72 °C for 60 seconds. After

completion of the cycles, the reaction plate was heated to 99 °C for 10 minutes then cooled
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42 236 8 188 713 248 278 54 225 -3 94 739 274 266 42 237 9 47 503 38 234 10
241 13 0 465 224 228. Thus, the present invention denonstrates that the
performance of detection assays 10for m RNA (e.g., conprising a reverse
transcription reaction, a polyrnerase chain reaction and a invasive

cl eavage assay reaction and a detection structure) decreases as the PCR
primer-m RNA dupl ex | ength decreases from9 to 7 base pairs. Thus, in sone
enbodi ments, PCR primer oligonucleotides are designed such that a dupl ex of
about 9 base-pairs is forned between the primer oligonucleotide and the
target m i o ' | TRy | 0 ] ri ses
other - sednohe SPr & san R el fon b CFthb L Bletedlo B Skl SR

conpl enewrtassion waveenigthe of 48 Hem amd RRA no, resphttivgbneitiag gain setisgef4dm | n sone.
enbodi ments, the QIPEL SEHdGRAce that does not forma duplex fornms a hairpin
structure (e.g., sequence Wthin the sequence that does not form a dupl ex
with the targ&tavsdsjaience or cDNA generated therefromis able to fold back

£ TN |

and bi ndpwttr—ttset-f )15 pbetectjonrof Let’jTA? mRNA usi ng single or

nultipIeLprP(S' -miRNA" Y| evel s pf Llet-{7a ni RNA rlanging from3 x 108 to 3

nol ecul es per eg‘ ction yenegtesd edgenmd dyp tihe [fol]l owi ng two probes
2343- 14- j‘z—ar‘ﬁ%in a2 S b Bal b P T ri—Felact | ons wher e one of

the probes wag;pyesent| or |both. For pall reagtions, ndi vi dual or comnbi ned
probes af ih&e nStlat ed concenfrations rel mixed in 25 | AL vol unes
3,000 {1608|1662|1634]560 | 1206 |843|230|225(219
1,500 |1453)1490|1578|735| 221 | 231240231222
750 | 948 |1277]1035]|490| 259 | 365|236 | 230 | 231
375 | 970 | 959 | 1374|347 | 224 | 226|238 238|232
188 | 669 | 859 | 612 {218| 233 |383|214 1240|222
94 | 594 | 728 | 894 |338| 227 |233|238|242|230
47 | 511 | 561 | 437 |225| 230 |247]241]241]240
0| 686 | 189 | 519 |223| 227 |221]|228|228|227

5
Processed data:
Primer-miRNA
length
(b.p.) 9 8 7
Net Net Net
miR-16 counts counts ’ counts
{molecules/rxn) Average (RFU) | Average (RFU) [ Average (RFU)
3,000 1635 1170 870 646 225 -3
1,500 1507 1042 396 172 231 3
750 1087 622 371 147 232 4
375 | 1101 636 266 42 236 8
188 | 713 248 - 278 . 54 225 -3
94 | 739 274 266 - 42 | 237 9
47 503 38 234 10 241 13
0 465 224 228

Thus, the present invention demonstrates that the performance of detection assays
10 for miRNA (é. 8., comprising a reverse transcription reaction, a polymerase chain reaction
and a invasive cleavage assay reaction and a detection structure) decreases as the PCR
primer-miRNA duplex length decreases from 9 t0.7 base pairs. Thus, in some
embodiments, PCR primer oligonucleotides are designed such that a duplex of about 9 base-
pairs is formed between the primer oligonucleotide and the target miRNA. In some
15  embodiments, the primer oligonucleotide comprises other sequence that does not form a

duplex (e.g., that is not complementary) with the target miRNA or cDNA generated
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10cont ai ni ng the appropriate Ievel of Let-7a, 0.5 p.Mof prinmers 2343-14-01
and 2343-16-01, and 0.25 AM of FRET probes 23-210 and 23-204 in a buffer
containing 0.034 units/p.L native Taq pol ynerase, 2 units/.| of MWV
reverse transcriptase, and 6.67 ng/ul of CLEAVASE VIII enzyme, 10 rri M
MOPS, pH 7.5, 7.5 mM MgC12, and 25 uM dNTPs. Reactions were assenbled in a
96-wel |l skirted plate, covered with 10 p.L of mneral oil. 15 The plate was
t hen subjected to single steps of 42 C for 45 mnutes followed by 95 C for
2 mnutes, and 29 cycles of 95 C for 15 seconds, 60 C for 15 seconds, 72 C
for 45 seconds. After conpletion of the cycles, the reaction plate was
heated to 99 C for 10 m nutes then cooled down to 50 C for 30 m nutes then
read on a Cytofluor plate reader using excitation and em ssion wavel engt hs
of 485 r mithedfidmb BbsoRErmicdbRes | the@ley seqitintethal d@8uhdd feRtatdbplek orims4 3.

20Fl uores eaSud o5 10 ex with Probe
(ol eci rxg,;glp&,emq@g,@gg%@ 1B Gkt g 8o 80 By oS ol sl iy 3 E+01 3 0

2343- 14- 03“EH LS @50@%‘%&3*‘%@9‘“?@“%%“2’8"1‘ %‘3}”“2@2‘1 163@

5 D) Detection of Let-7a miRNA using single or multiple probes
Levels of Let-7a miRNA ranging from 3 x 10° to 3 molecules per reaction were
tested employing the following two probes 2343-14-02 at 0.5 pM and 2343-14-03 at 40 nM
in reactions where one of the probes was present or both, For all reactions, individual or
combined probes at the above stated concentrations were mixed in 25 uL volumes
10  containing the appropriate level of Let-7a, 0.5 uM of primers 2343-14-01 and 2343-16-01,

. and 0.25 pM of FRET probes 23-210 and 23-204 in a buffer containing 0.034 units/uL
native Taq polymerase, 2 units/ul of MMLYV reverse transcriptase, and 6.67 ng/ul of
CLEAVASE VIII enzyme, 10 mM MOPS, pH 7.5, 7.5 mM MgCl,, and 25 uM dNTPs.
Reactions were assembled in a 96-well skirted plate, covered with 10 puL of mineral oil.

15  The plate was then subjécted to single steps of 42 °C for 45 minutes followed by 95 °C for 2
minutes, and 29 cycles of 95 °C for 15 seconds, 60 °C for 15 seconds, 72 °C for 45 seconds.

- After completion of the cycles, the reaction plate was heated to 99 °C for 10 minutes then
cooled down to 50 °C for 30 minutes then read on a Cytofluor plate reader using excitation

and emission wavelengths of 485 nm and 535 nm, respectively, with a gain setting of 43.

20 Fhuorescence data generated was as follows:
Let-7a } : '
Probe (moleci/rxn)| 3.E+08 3.E+07 3.E+06 3.E+05 3.E+04 3.E+03 3.E+02 3.E+01 3 0
. 343-14-02 2056- 2129 2035 1643 599 315 266 281 255 262
" l0.5uMm 2071 2144 2061 1681 548 323 233 250 205 252
: IAverage 2064 2137 2048 . 1662 574 319 250 266 275 257
| Net counts 1807 1880 1791 1405 317 62 -8 9 18
12343-14-03
140 nM 1425 1357 822 289 205 190 191 190 188 188§
1448 1393 858 303 205 198 199 196 192 188,
|Average 1437 1375 840 296 205 194 195 193 190 188,
Net counts 1249 1187 652 108 17 6 7 5 2
2343-14-02 . .
fo.5umy & 3203 3022 2563 1931 851 604 442 343 415 400
[2343-14-03 2973 2889 2450 1872 848 540 489 472 437 417
(40nM) |Average = 3088 2856 2507 1902 850 572 466 408 426 409
' Net counts 2679 2547 2098 1493 441 163 57 2 17 '.

and is shown in Figure 32.
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2071 2144 2061 1681 548 323 233 250 295 252 Average 2064 2137 2048 1662

574 319 250 266 275 257 Net counts 1807 1880 1791 1405 317 62 -8 9 18
2343-14-03

| Thus, the present invention provides that a combination of probes 2343-14-02 (0.5
M) and 2343-14-03 (40 nM) results in an extended dynamic range of > 6 orders of
magnitudes for miRNA detection. Accordingly, in some embodiments, a fniRNA detection
assay of the present invention (e.g., the comprises a reverse transcription reaction, a
5  polymerase chain reaction and an invasive cleavage assay reaction) utilizes more than one
(e.g., two, three or more) probe oligonucleotides in order to increase the sensitivity of

detection (e.g., of low copy number miRNAS).

E) Effect of reaction temperature using primary probes with short regions of
10 target hybridization
Experiments were conducted to determine the temperature sensitivity (or lack
thereof) of assays using primary probes with short regions of target hybridization. Two
primary probes, with 10 and 11 bases of target hybridization were examined across a range

of incubation temperatures from 45°C to 60°C.

15
1. Oligonucleotides for the INVADER assay:
1716-94-1 Primary Probe 1 5-GACGCGGAGTACAACCTAC-HEX
1716-94-2 Primary Probe | 5-GACGCGGAGATACAACCTAC-HEX
1716-94-3 RT/Primer/INVADER | 5'-CACGGTCCAGCGAACTAT
11716-94-5 RT/Primer/INVADER | 5-CACGGTCCAGCGAACTA
1716-94-6 - PCR Primer 5'-CCAGTGCCGATGAGGTAGTA
1716-94-8 Stacker 5'-CGCTGGACCGTG-HEX-3'
Let-7aRNA - . Target 5'-UGAGGUAGUAGGUUGUAUAGUU
2. Let-7a amplicon generation: let-7a amplicon was generated in RT-PCR reaction

20  including 0.4 uM 1716-94—3, 0.4 uM 1716-94-6, 0.4 uM 1716-94—8, 0.5 M let-7a RNA, 2
unit/pl MMLV, 0.033 unit/ul TagPol in 20 pl 10 mM MOPS pH7.5, 7.5 mM MgClz, 0.25
mM dNTP each. PCR cycling profile: 37 C for 30 min followed by 28 cycles of 95 C for 30
s and 60 C for 1 min.
3. - Schematic of the Let-7a amplicon RT-PCR

1 et-7a 5'-UGAGGUAGUAGGUUGUAUAGUU

1716-94-6 5'-CCAGTGCCGATGAGGTAGTA  3'~TATCARGCGACCTGGCAC 1716-94-3
55 ; . CGCTGGACCGTG-HEX-3' 1716-94~8

4, INVADER assays: INVADER reactions with 1716-94-1 probe were performed in
18 ul 10 mM MOPS pH7.5, 7.5 mM MgCl,, 0.25 mM each dNTP including 0.67 uM 1716-
94-1, 0.4 pM 1716-94-3, 1 ul of 10-fold diluted let-7a amplicon used as a target, 2 unit/pl
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40 nM 1425 1357 822 289 205 190 191 190 188 188 1448 1393 858 303 205
198 199 196 192 188 Average 1437 1375 840 296 205 194 195 193 190

10

20

25

MMLYV, 0.033 unit/pl TaqPol, 6.7 ng/ul CLEAVASE VIII enzyme at 99 C for 10 min then
at 45-60 C temperature gradient for 1 h. After this, 2 pl 23-210 arm 3-FAM FRET cassette
was added to the tube and reaction was continued at 95 C for 1 min and then at 54 C for 10
min, . '

5. Schematic of the INVADER assay with 1716-94-1 probe

3'-HEX-CATCCARCRT~-GAGGCGCAG~5' 1716-94-1
5'-CCAGTGCCGATGAGGTAGTAGGTTGTATAGT TCGCTGGACCGTG let-7a amplicon

3.!'-TATCAAGCGACCTGGCAC 1716-94-3

6. INVADER reactions with 1716-94-2 probe were performed in 18 pul 10 mM MOPS
pH7.5, 7.5 mM MgCl,, 0.25 mM each dNTP including 0.67 pM 1716-94-2, 0.4 uM 1716-
94-5, 1 pl of 10-fold diluted let-7a amplicon used as a target; 2 unit/ul MMLYV, 0.033
unit/pl TagPol, 6.7 ng/ul CLEAVASE VIII enzyme at 99 C for 10 min then at 45-60 C
temperziture gradient for 1 h. After this, 2 pl 23-210 arm 3-FAM FRET cassette was added
to the tube and reaction was continued at 95 C for 1 min and then at 54 C for 10 min. For
'no target contro!’ 2 ul H,O was used instead of the amplicon. -

7. Schematic of the INVADER assay with 1716-94-2 probe

3'-HEX~CATCCAACATA-GAGGCGCAG-5' 1716—-94-2
5'-CCAGTGCCGATGAGGTAGTAGGTTGTATAGT TCGCTGGACCGTG let-7a amplicon

3'-ATCAAGCGACCTGGCAC 1716-94-5

The net signal of the INVADER reactions with probes 1716-94-1 and 1716-94-2
plotted as a function of temperature are shown in Figure 34.

Thus, the present invention provides that use of primary probes with target
hybridization regions of 10 or 11 bases functions well across a broad range of temperatures.
Accordingly, in some embodiments, the present invention provides that assays for detecting
miRNA (e.g., combrising a re\.'erse transcription reaction, a polymerase chain reaction and
an invasive cleavage assay reaction, and a detection structure) comprise incubation with an
invasive cleavage enzyme (e.g:, CLEAV ASE enzyme ) at a temperature between 45 and
60°C (e.g., in some preferred embodiments, at 50°C, in other preferred embodiments at
49°C, in still other preferred embodiments at 48°C, and in further preferred embodiments at
47°C).

F) Effect of stacker oligonucleotides on RT-primer and PCR forward primer.

oligonucleotides
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188 Net counts 1249 11137 652 108 17 6 7 5 2 2343-14-02 (0.5
uM & 3203 3022 2563 1931 851 604 442 343 415 400 2343-14-03 2973 2889

Experiments were designed and conducted to test the effect of a stacker
oligonucleotide on both the RT primer/invader oligomucleotide and the PCR forward
oligonucleotide primer oligonucleotides.

Oligonucleotides for the let-7a assay:

[ 1716-94-9]  Stacker | 5-TCGGCACTGG-HEX - ]

1. Schematic of the let-7a assay

3'~HEX-CATCCAATAT-GAGGCGCAG 1716-94-1
let~7a 5'-UGAGGUAGUAGGUUGUAUAGUU
1716-24-6 5'-CCAGTGCCGATGAGGTAGTAR 3'~TATCAAGCGACCTGGCAC 1716-94-3

3'-HEX-GGTCRACGGCT CGCTGGACCGTG-HEX-3" 1716-94-8 Stacker
Stacker1716-94-9
2. Let-7a assay was carried out in 20 pl 10 mM MOPS pH7.5, 7.5 mM MgCl,, 0.25

10 mM each dNTP including 0.67 uM 1716-94-1, 0.4 uM 1716-94-3, 0.4 uM 1716-94-6, 2
unit/ul MMLYV, 0.033 unit/ul TagPol, 6.7 ng/ul CLEAVASE VIII enzyme; 0.25 pM 23-210
arm 3-FAM FRET cassette; 60,000, 6,000, 600 or none copies of let-7a RNA in the
presence of both 1716-94-8 and 1716-94-9 stackers (8+9), 1716-94-8 stacker (8), 1716-94-9
stacker (9), or none of the stackers (none). Temperature profile was 37C for 30 min; 95 C

15  for 1 min; 28 cycles of 95 C for 30 s then 60 C for 1 min; 99 C for 10 min; 49 C for 30 min.

' " Rawsi gnal of the let-7a reactions plotted as a function of let-7a RNA copy number
are shown in Figure 35.
Thus, the present invention provides that, in some embodiments, use of any stackers
is preferable to no stacker (e.g., at low levels (e.g., copy number) of target miRNA). In

20  some embodiments, at higher levels (e.g., copy number) of target nucleic acid (e.g.,
miRNA), use of a stacker results in higher signal. The use ofa stacicer oligonucleofide on
the PCR forward oligonucleotide primer did not appear to confer any positive benefit on the
-reaction, and may actually reduce si gnal in some instances. In contrast, the use of a stacker

of the RT primer/invader oligonucleotide provided an enhanced sensitivity for the assay.

25
G) Comparison of stacker oligonucleotide vs. use of a héirpin—forming RT-primer -
Experiments were designed and conducted to compare the use of a hairpin-forming
region of the 5’ end of the RT/primer/invader oligonucleotide versus the use of a stacker
oligonucleotide in the same region.
30

1. Oligonucleotides for the INVADER assay:

79



2450 1872 848 540 489 472 437 417 (40 nM Average 3088 2956 2507 1902 850
572 466 408 426 409 Net counts 2679 2547 2098 1493 441 163 57 -2 17 and
is shown in Figure 32. Thus, the present invention provides that a
conbi nati on of probes 2343-14-02 (0.5 p.M and 2343-14-03 (40 nM results
I n an extended dynam c range of > 6 orders of magnitudes for m RNA
detection. Accordingly, in sone enbodi nents, a m RNA detection assay of the
present invention (e.g., the conprises a reverse transcription reaction, a
5 polynerase chain reaction and an invasive cl eavage assay reaction)

utilizes opne {(e. g —tw three or por tides in
order to i r[']c?ré‘éé'é)é't R/ Remel INVARERy 5'0@?@6@%@&#.9G'54Gm'5§rnunber
m RNAs). E)Effect of reaction tenperature using prinary probhes wit short

regions qf 10target. hybridization Experinents were conducted to determ ne

the t enpér at urERLRATS K thyg §3ekepiesigaclRr the let-7a assay:

3'-HEX-CATCCBACAT~GAGGCGCAG 1716-94-1
let-7a 5'-UGAGGUAGUAGGUUGUAUAGUU
1716-94-6 - 5'~-CCAGTGCCGATGAGGTAGTA 3'-TATCARAGCGACCTGGCAC 1716-94-3
CGCTGGACCGTG~HEX~3'1716-94-8

3. Schematic of the hairpin design for the let-7a assay:

3'-HEX-CATCCRACAT-GAGGCGCAG 1716-94-1
let-7a 5'-UGAGGUAGUAGGUUGUAUAGUU
1716-94~-6 5'-CCAGTGCCGATGAGGTAGTA 3'-TATCAACCGATGCACA
SRRy ) 2343-3-1
5 5' -GGCTACCARG

4, Let-7a stacker assay was carried out in 20 pl 10 mM MOPS pH7.5, 7.5 mM MgCl,,
0.25 mM each dNTP including 0.67 pM 1716-94-1, 0.4 uM 1716-94-3, 0.4 uM 1716-94-6,
2 unit/pl MMLYV, 0.033 unit/pl TagPol, 6.7 ng/ul CLEAVASE VIII enzymé; 0.25 uM 23-
210 arm 3-FAM FRET cassette; 60,000, 6,000, 600 or no copies of let~7a RNA in the

10  presence of 1716-94-8 stacker. Temperature profile was 37 C for 30 min; 95 C for 1 min; 28
cycles of 95 C for 30 s then 60 C for 1 min; 99 C for 10 min: 49 C for 30 min.

Let-7a hairpin assay was carried as described for the stacker assay except 0.4 uM
2343-03-1 was used instead of 1716-94-3 and 1716-94-8.
| The raw signal of the let-7a stacker and hairpin assays plotted as a function of let-7a
15  RNA copy number is shown in Figure 36.
Thus, the present invention provides that no significant difference in detection
capability (e.g., sensitivity) is observed between using a stacker versus a hairpin-forming

‘oligonucleotide.

20 H)  Comparison of 1-step vs. 2-step reaction configurations
Experiments were designed and conducted to compare 1-step vs. 2-step reaction
cbnﬁgurations. In the 1-step configuration, eacﬁ of the reverse transcription reaction,
pblymerase chain reaction, and invasive cleavage assay reaction is performed in sequence,
with no reagent additions to the reaction vessel. By contrast, in the 2-step configuration,
25  following the reverse transcription reaction step, 1/10™ of the reverse transcription reaction
volume is added to a reaction vessel containing the reagents for polymerase chain reaction
and invasive cleavage assay reaction.
1. One-step let-7a assay. Let-7a 1-step assay was carried out in 20 pl 10 mM MOPS
pH7.5, 7.5 mM MgCls, 0.25 mM each dNTP including 0.67 uM 1716-94-1, 0.4 uM 1716-
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t hereof) of assays using primary probes with short regions-of target

hybri di zation. Two primary probes, with 10 and 11 bases of target

hybri di zati on were exam ned across a range of incubation tenperatures from

45C to 60C. 15 1.digonucleotides for the | NVADER assay: 1716-94-1 Primary

Probe 5' - GACGCGGAGTACAACCTAC- HEX 1716-94-2 Primary Probe

5' - GACGCGGAGATACAACCTAC- HEX 1716-94-3 RT/ Pri mer/ | NVADER

5' - CACGGTCCAGCGAACTAT 1716-94-5 RT/ Primer/ 1 NVADER 5' - CACGGTCCAGCGAACTA

1716-94-6 PCR Prinmer 5'-CCAGIGCCGATGAGGTAGTA 1716- 94 8 Stacker
GUAGGUUGUAUAGU 2.

Let - 7a aPph DA G GEHEPAT Bt Ylde 16 Hbnd P MRS Vo Q1483 BBG TATkeh BOR

t 7 .
1776- 0a- B b CEERNASS I taRpil. bt t/pﬁ'ﬂ&oﬂé’améééﬁa‘%?ﬁ@g HiQ O i n 20

p. 110 69084508 05angcop;essofdﬁthzmsze@pqgmrmmpﬁm‘meﬁcﬁ TorrXORmigy €6 iChg
profile: f34 finf 89 C%em@sf@'fﬁ%%%é%@é fSﬂyﬂrﬁﬁ ¢ 9&\ 16 Iﬁiﬂf 4@@ for 30'ehi®0 C

for 1 min. 3. Schematic of t Let-7a anplicon RT-

51- UGAGCUAGOAGEDIGgRTG Rssay. First step] wagpaiprged in WW%WA

assays: (ROREER adied sl ety SRk oG T EolE 0 Ayt eSS wigag ) 5
in. M I\/CPMMFV \El;c_h ?O,BO(D SN @0R0r I(hnﬁﬁoplgﬁlt 3%?3%“7@ fni‘B@gnﬂ Wﬁlsﬂeé7ig- .
94-1, 0.4

Car get 2R RAETRIS e v e St B rmmien S S o R ERE

2 P tzg;ret ﬁ:pHQS Q‘.Sfmlgi MEOHIDIZISmﬂ\I;Iaa‘ac}ﬁgN?_B 1@11?1(3??916&;?{ eém-gm eou ;jg\mmls-hénd
reactPon? %é’s%éd"fln\% lﬁié%‘*g‘t{ ‘&AMJJ? 95 8\11%233 tﬁﬂﬁ%“%‘ﬁ gg “é}“?ﬁ%&‘ggﬁ 5

5. Schemaiig eabyrh 1.2 NI pe&ay3-RAMI FRETCcaBtttd with®@ of the first step reaction
3' - HEX- CATCC2ACAT- GAGGCGCAG 5' 1716-94-1

5' - CCAGT SRS T LoRpsT Ao e iraias PAGT RederiasAterstes ¢1db.G forafs theppf C for 1

3, - TATCAAMTM;{LM@%%IH& IN\/ADER reactlons Wi th 1716-94-2 probe
were perforned_in 18 0 10 nM MOPS p mM MgC12, 0.25 nM each dNTP

i ncl udi ng 0. 6%3“#%%8“@%“&"”5‘64 S}tw@?%tepéﬁt =18 asspypasy fupgtignypidelda ut ed
| et - 78 . @pp) heMberus StbvasinFigaeget, 2 unit/H 1 MWLV, 0.033 10 unit/ill

{erpor bt Ui ¢ QB hE PR Eoq eV Eh s, when cogeony o e YIGA GsRERt |

casset t e iaglaRGal ek I-Geb b@nﬁgﬂ&ﬁloﬁﬂﬁet’eﬂ@ﬁb kipRi fitaht diﬂél’éhdﬁiﬁd]@hl Sfenghfor 1 mn
and then_ at. 54, C f.or 10, m n, o targemher%]tf 2.0 H20 was used

i nst ead élr:m{ ?]fedeéeﬁblpp,ccgﬁlynamm range en usm -step or 2-step assay
configuration. Thus, in some embodunents, the present invention provides detection of a

20  target nucleic acid (e.g., RNA (e.g., miRNA)) using an assay that comprises a reverse
transcription reaction, a polymerase chain reaction, and an invasive cleavage assay reaction
allin a singlé step (e.g., in a single tube), thereby saving time and expense and reducing the
potential for sample contamination and/or mishandling. In some gmbodifnents,-the present
invention provides detection of a target nucleic acid (e.g., RNA (e.g., miRNA)) using an

25 - assay that comprises a reverse transcription reaction, a polymerase chain reaction, and an
invasive cleavage assay reaction in a two step reaction, wherein a portion of nucleic acid
(e.g., cDNA) obtained from a reverse transcription reaction step is used in a subsequent step

that comprises a polymerase chain reaction and an invasive cleavage reaction assay.

30 0 Primary probes in a low temperature invasive cleavage assay reactions '
Experiments were designed and conducted to test the effect of different primary
probe lengths in a low-temperature reaction. Primary probes having target hybridization
regions of 8, 9 and 10 base-pairs in length were tested in a 50°C INVADER reaction.
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7. Schematic of the I NVADER assay with 1716-94-2 probe

3' - HEX- CATCCAACATA- GAGCCCCAG 5" 1716-94-2

5' - CCAGTGCCGATGAGGTAGTAGGT TGTATAGT TCGCTGGACCGTG | et - 7a anpl i con :
153" - ATCAAGCGACCTGGCAC 1716-94-5 The net signal of the | NVADER
reactions with probes 1716-94-1 and 1716-94-2 plotted as a function of
tenperature are shown in Figure 34. Thus, the present invention provides
that use of prinmary probes with target hybridization regions of 10 or 11
bases functions well across a broad range of tenperatures. 20 Accordingly,
in sone enbodi nents, the present invention provides that assays for

det ecting-rni I@‘!ﬂ@(‘%"l@ondeﬁ ‘?E"f%DﬁRrWr se transcription reaction, a
pol ymerase chain reaction and an invasive cl eavage assay reaction, and a

detecti on_st[GqEB4EI0 qONPrnEey PREDA] SABCACAGARCTRGARCE GLRAVAGE] enzy e
(e. 9., CLEAVATE6EQZMTE ) PRinasy PRIVRE! JiMic ACERRIGTRCANCEPNHE. 0. | in sone
preferred enbodiments, at 50C, In other preferred embodiments ar 25 49C, in
still other prS’efx&ﬁ&t%’onH@I&ﬂVﬂEﬁE?w@&p‘}&Qso?@ﬁféréhtflél{giﬂ‘er preferred

~enbodi ments at 47C). Effect of stacker oligonucleotides on RT-prinmer and
PCR forward primer ol igonucl3obsXtEATCCAACAT-CAGERGSaE| ITaAtH-er e desi gned and
conducted.to test the effect 30fNH3-BRCRRKBF-SPFEFREA€6194de? on both the RT
~prinmer/invader oli gonucl eoti dé' aH4- “E%éAqﬂTGQAF‘Eﬁ‘\‘R}ér]dlBT%“gbhucl eoti de prl mer

| gonucl eot i d Suc | SE FHREAGH I ¢
O oo et s e LTt T O kR e mmsgy: | LiAG- 90

- HEX- AT T- 94-1 | et-7a

1716- 94- g %%@%ﬁﬁﬁ b‘éwasﬁ‘?“bﬂ‘;&\‘é&ﬁ%"w{gﬁ%ig 94-3
3" - HEX- %’%@ﬁ%ﬁmm&&u&ﬁé@%ﬁ 1St asier, oA @Wkleflé-bhfi} P4 9 2.
Let-7a assay _was carrie In p.110 rri M MOPS mv MyC12,

0.25 10 rHrMWéé@ﬁ“‘dRﬁwMﬂéllﬁraﬂﬁgZomﬁmlwww %QUPYP%T&QBM 47 1894-3, 0.4

uM 1716- ey ALY |f A NEa RO | s VASE
Vi enz%@A})’&S@Mﬂ Y e AN D i R ANIRE et O B0 G 1000 o

none 18opi €5, &p00, £00.74, Fapene sopise oflede RA. Femperapire puilo 3ag 42 Afor 71 6- 94- 9

stacker s £8+83 ¢ fbf 1A Boyelackos (8) 20 LG 684: R)rﬁtxﬂ&kgé 3} 6 nith; 5&)069 of
the stackers (none). Tenpérature profile was for nm 95 C 15 for 1

mm 28 cyfer¥dmir 95 C for 30 s then 60 C for 1 mn 99 Cfor 10 mn; 49 C

for 30 mg. Let-7a ag?agbv@ﬂl @l!)esolfﬂB@gr 1|Oe(f§ 1976 bg??‘*"%hus @cﬁ%ﬁ‘%@ﬁl B mCt L on

of let-7a RNA copy nuhber "are shown in Figure present
i nvent i orMpPPonHES, 1hedM Mgtls GRS mNbcnd:i‘nrdNﬁ’ﬁ’spcluémg@fmany 5l &K el0ori S

v 170 DA oo GerHrE 0l 8% g R RRY. o ¢ O

t ar get nun0 enidigl TaqPel, .7, nngNeaAvm )i} @z@mpms pmssu:ms atrh 4k grer

o1 Pgonuct 00 B Wik 5304 ot & PekPO Foh 7 nopfyoptse o MY BOb i ¢ on t e

react i on, Taytkratane ;ﬁﬁﬁluaﬁdsyﬂfzr(eﬂinee SinQgPRC fornl /ATERSId38lefBELS C fHIMEHMER 86t

the use o St ac r/invader oligonucleotide provided an
enhanced ég sll?l’kh%?y %or r?lﬂegsgggéﬂlﬁ?%n G) Conpari son of stacker

ol i g@oucl eot i dEhenset sigaa gaﬁeratehabzrtm ]&t—f]ﬁ)ﬁﬂ%ﬁgmmi‘plrd-%ﬂ 1716-94-1(E>@pe716¢ent S
wer e desi and conduct ed ) he u ha| pi n-form ng region
&n ﬂjpro ei ?.ls a%ﬁl tion ofI let fgf:r la Sﬁ%%? gxo \§

of the 57 end 0 rlrrerlln rsus the use of a
st acker oli gon’ﬁmiseﬂlt: |pd®entnn‘tdnaos armncteeghampnma@ frobks lgic\vmgih@,et hydbeidizhton t he
| NVADER %ﬁ%s (e.g.?’t%gf Rocidre with target nucleic acid (e.g., miRNA)) of 8-10 base-pairs in

length function at different levels in the assays. Specifically, as the length of the primary

25 . probe increases, the signal strength also increases (See, e.g., Figure 38, probe 1716-94-1),
and when the primary probe length decreases there is also a decrease in the signal strength
(See, e.g., Figure 38, probe 1716-94-11).

")) Probe length and concentration
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RT/ Primer/1 NVADER | 5' - GCTACCAAGACACGTAGCCAACTAT 2. Schematic of the
stacker design for the |let-7a assay: 31-HEX- CATCCAACAT- GAGGCGCAG 1716-99-1
| et-7a 5, - VGAGGUAGUAGGUUGUAVAGUU 1716-94-6.

5' - CCAGTGCCGATGAGGTAGTA3' - TATCAAGCGACCTGGCAC 1716-99-3

CGCTGGACCGTG HEX- 3' 1716-94-8 3. Schematic of the hairpin design for the

| et - 7a assay: 3' - HEX- CATCCAACAT- GAGGCGCAG 1716-94-1 let-7a
5' - UGAGGUAGUAGGUUGUAUAGUU 1716-94-6 ‘

S' - CCAGTGCCGATGAGGTAGTA37- TATCAACCGATGCACA 2343-3-1 55 GG4ALAAG) 4.
Let-7a stack ass was carried.o in 2 H7. 5, mM
MyCl2, 0. 25 TREEHD RS FridU t?ﬂﬁ(@gt}e © Y '&‘ﬁg‘ gl\(ﬂnim“’d 34}611&%583594 3,
0.4 t.i Ico‘ﬂtlcﬂ.'ﬂd.ﬁtpﬁﬂdéﬂ,ﬂtﬁ)ugnﬂie'usb of prifiha; preb&?lﬁviﬂgldiff&knﬂ_laﬁg?@d of thrgét N9/ j i |
CLEAVAS L.l .enz ssette;

6, 000, gbgngtz‘%r st é% “8? Cﬂs&gz‘?saléﬂiﬁ"f"‘ﬁ t‘tsﬁe& ﬁb%‘? E he Speentiet @né’gg’é’

st acker . 10Ngnpettahing @ripfady ptobe was vafedC for 30 m n 95 Cfor 1 mn; 28 cycles
of 9 then 6Q C fo mn, 99 C fo mn_ 49 C for 3 in.

Let- 7a hgu rplalgeta&aé?ayv%‘gh @g?q{egéygagmgé@g& "Baécfaf"qu PhHi & ﬁkﬁ?e‘?’%@’%%é}% except
0.4 11M R343; ‘ﬂgrrﬂMM§Clé,5@ﬂ5 % taRdINIP ik{éﬂtﬁh@gfle&ﬁnﬂn’lﬂsl@fr 940,867, 0.167, or

The raw si e let-7a stacker and ha in assa Iotted as

function® 3?“%!7%94%1’%“%})?%%%&4#&4 &% 0. rlé 63%4 -8,2 unlUt’dl'hus
the presei vy 88 babuPrawodesy hhal cneav At {ing 3Rty fof £, (168410 Agtect i on

capabi I i tg e.g., sensitivity) 135 observed between ysing a stacker versus a
hai r pi n-F %wyb%é%am #EAM FRE T enssrites with 6050°,16 30 10 6,000560%

reactg one@qptlbw&@tésqtﬁet@s@atAW&t N rgﬁf%'vgatt% @R 3oq91ttd9'§bqﬁrt%u&0”pafe

1-step vs. 2-step'reaction conf % atio I'n the 1-step configuration,
0:

each of t’-ﬁéyqlf@\ﬂf%@ for2Rschen0 © rﬂe@@bﬁ@r@ f%élmﬁ%éfefoc%mreactl on, and
i nvasive cl eatﬁaﬁet@fgsa/ga@a&h'%é &t-ﬁs%a&mﬁhllalé%q%ﬁn&@mﬂ]gmésagent
additions to the reaction vessél. By contfast, in 2-step configuration,
25 fol | otekeryairdierepizatia as 2 funaten phei- ?mccrwamhmlsahewn in Figgre3®f the reverse
transcripti OnAE&ﬁgﬁth'nm‘é%éégﬁt lhsexﬁtaﬂ%%\t@eswt%ﬁéen&an&s%?f@hnﬁpﬂﬁb@' ng the
reagent s for nmerase chain reaction and 1 nvasi ve cl eavage assay

r eactd onfrom, CCE@-PX\@EFS) 334M Fenctien iythe pesayyef the present mssationaherain saue out i n

2011 RS ES Byd SoSTey0 MSAgPNE lsn, 0 ©

1716- 94- Btezemm\ut}pﬂf thévasvay chrﬁz&fﬂedmiusi!ngzhllom&mcgmt&tmnmggl mx)sutmvmsfs, VI
enzyne; %s%% )] b%x cnq AMIFF§E'I'S c s}gettee 000, 600 or
none copies Of Tet-7a R atc?é“?g ‘?'fctng °§? épf’ff’raqéﬁm ¥5 C for
1 mm 27deypcioasisedy (3., @oinpnmﬂQ ase\temenrdﬁ@cr(ﬁtmmreabnom mpcﬂﬁnéﬁaﬁecnhaﬁo mn: 49 C

for d-in 20 | A
oDy e Bad hE Bradlhs (888 ey Habiln S LaBRARSELORIRELR el |,
1716- 94- Biventdorpaligrs (2 £1,6nGdasss) tbemsrttlﬁuﬂtolwlgveammh 60, 000, 6,000, 600 or
none copies of let-7a RNA at 37 Cfor 30 mn. MWV was inactivated at 95 C
for 1 mn. Second step was carried out in 20 pl 10 M MOPS pH7.5, 7.5 nM
MgCl2, 0KA5 nivpedfit digpriminatiinuef Ley-7Os@forms M 1716-94-1, 0.4 |.LM 1716- 10
94-3, 0.4 p. 7 3 6.7 ng/ul
CLEAVASE VI | Wﬁ%@“n‘%&s g'erzegkdigg b g edo e S GE AL TR0 By 1o 7 10/ UL
t he 2% rsﬂlssm@mﬁ@thFWlwW@tedﬁewfp@fa@Up@ Heah.ilet-7wasags). C for 1 mm 27
cycles of 95 %3%7%%&Q%‘§&Cfor 1 mn; 99 Cfor 10 min; 49 Cfor 30
he net signal generated by the 1-step and 2-step let-7a
assays aslat-f"/usgéct:@a of let-7a 15 copy nunber is shown in Figure 37.

Thus, the present invention provides that, when correcting for the 1110th
di l ution %Ft‘t7é‘nt5‘FAeFtGEA‘|"%GF’WéGU Ug_‘%’p configuration, there is no significant

eb=7C Fom—eZm— oL .
differencg_in _signal _strength h.o Timt of detectlon or dynam c range, when
using eit g{'ﬁhe_ ~Sstep gr_2-step assay conflguratlon Thus, in sone
enbodi | nents, the present invention prOV|des detection of a 20 target
nucleic acid (e.g., RNA (e.g., M RNA)) using an assay that conprises a
reverse transtei-pi assmysr\eaet:axﬁad ot me)mHDaﬁM Mhm’srpHmCM M MyTL,, AR5

i nva |ve cl eava ct| n s|n le ste in a single
Ubes® 't aVERs: SSHT s Hane0 8t Bianads T WL dots 300t Spdi i P fr
sanpl e contam nation and/or m shandl i ng. I n some enbodi nents, the present

i nvention provides detection of a targ88 nucleic acid (e.g., RNA (e.g.,

m RNA)) using an 25 assay that conprises a reverse transcription reaction,
a polynerase chain reaction, and an invasi ve cl eavage assay reaction in a
two step reaction, wherein a portion of nucleic acid (e.g., cDNA) obtained
froma reverse transcription reaction step is used in a subsequent step
that conprlses a polyrnerase chaln reactlon and an |nvas|ve cleavage

g, S ~NN oA oy o



Primary Probe 5'- CCACGGACGTACAACCTA-NH2 1716-94-11 Primary Probe 51-
CCACGGACGTACAACCT- NH2 2. Schematic of the let-7a assay wth probes of
different length 3" -HEX- CATCCAACAT- GAGGCGCAG 1716-94-1 3

- NH2- ATCCAACAT- GCAGGCACC 1716-94-10 3

- N32- TCCAACAT- GCAGGCACC 1716-94-11 let-7a 5 ' - UGAGGUAGUAGGUUGUAUAGCIU
1716-99-4 5 - CCAGTGCCGATGAGGTAGT3' - TATCAAGCGACCTGGCACL716-94-3
5CCCTGGACCGTG HEX-3 ' 1716-99-8 3. Let-7a assay with 1716-94-1 probe was
carried out in 20 p.1 10 ni M MOPS pH7.5, 7.5 nM MyC12, 0.25 m M each dNTP

1756 oa PR A ROV iR e BN RS i T P
enzyne; @anzfme; 6.2512 23 1 0N 33F RMFRIRE Lassefie Rith 1P 161, 4,060, 660160 or 6
ngne copi es f | et-7a RNA. Tenperature proflle

10104, 6,000, 600, 60, ng
was 42 Cherscoprrsfjet- 95!8‘&% bymmergige profile Was) 42.C §ar 39gmig: Pof fopl mikieh 60 C
for 1 m gy cl&,%f@sfcofor&orﬁtﬂené@c@mfpﬁnﬁi@wn@Ii’ormﬂm,hgb%asa&ﬁﬂy W th probes

1716-94-10 or 1716-94-11 was carried out in 20 S pd7.5, 7.5
L2 oo ST P RrPed Ry (Bt edee 80 Sinchon O6lk-Th 167 Tor M Teeros. 15
0.4 pM 1T&1 6dpy3nurfbet iPdotialia FOArd40.0. 4 pM 1716-94-8, 2 unit/plMWLV, 0.033
uni t/ul TagPol , 6. 7. ng/ ul . CLEAVASE VLI | enz - 204, 4- FAM
FRET cassett e [APHAISPIEHE! Iyeqiim pravidesythain a‘éégegGBMAo %I es of
let-7a Rlﬁétectmrmﬁ}&f(blge cmpﬁslhgamrsé&aﬁscﬁ@hoaeemm a%l}%ér@sre cham n, 25
cycl es of 9? 8 0 {a 3"&%‘ ;or 30 mMm
20The nef*Pghard § H&’r"%‘t"&& eBVgFﬁésaVé?“‘?an el 3 gite "c“tfﬁf?‘i‘é")g‘ﬁscfbei TE94- 10,
or 1706- d®plaih mo%hBSpa&ﬁmty foradrigetmuoleid &fid fag. cD@Y7ah usrhpired & wfi@wn i n
Figure 38 E7 resent invention provides that primary probes
havi ng tﬁ?c&‘&’ceﬁ%‘ﬁo %&t egi ons (e.g., that associate with target
nucleic acid (e.g., mRNA)) of 8-10 base-pairs in length function at

di fferent,lev §:R§P f the primry
25 probe Pncr?l le“asstaﬁ%pﬁﬁél S r‘%%h‘ﬁ a sé?sﬁ%%lrlgg%@g %}gﬁ (ae g., Figure
38, probe 1716‘3xgdnm9=ntsMdda@nedh@wﬂmp@tqoﬁestbktdcemgbﬁvwethrmm there is

al so d g'gé R Re r pr obe
1716184 %%lg‘g’lf%o%@m{r&% 1tq%ggnd concen ratllgbﬁlthéx%éerr &tﬁ’t%s\%a%?e conducted to
det er mi né- wheShkematlgeofdpnlehi’e assanyehektcnfed megaepodinigdo FaMpoadbdo t hr ough
t he use r g different |lengths of target hybridizing
regi on. %N;?rﬁsg?géggﬁx%t%ﬁlﬂﬁﬁ pr was tested. In addition, the
concentration of the 10 bp containing primary probe was varied. 5 1.Let-7a
assay with extended dynam c range wast-Tedastdayed out in 20 [ A 10 nM MOPS
pH7.5, 7.5 mM MyC12, 0.25 nmM EQCQHZQMAB\TIGQA(ELCQdIIQQ_QO 67 12M 1716-94-1; 0.067,
0.167, or 0.33 gl VI 1716;94- 1D -uRcrfccinet Bdsr 0.4 1.1.M 1716- 94- 4,
0.4 |.LINA 1716- Q4eBes 2 - diirtdat oo AL Ecﬁ&&cdﬂ&&bﬁ&/ls]ﬂ TaeB0! g1.pbher 7

ng/ 41CLEAVASE VI || enzyme; 0.251.1M 23- 210 8RS #AM aHY 0. 25 12M 23- 204
arm 4- FAM FRET cassettes with 6 106Y6@sssg5, 6 104, 6,000, 600, 10 60, or
none copies of let-7a RNA Te nperat ure proflle was 42 C for 30 mn; 95 C

16-96-4 GATA

for 1 mnj, 52§Gc&y£3c£§sc,(a;fmémsf&&u@ﬁmm&ntm&cé&cﬁ BB Cooor 6
50 C for 30 mn. The net signal generated b)‘/"”icﬁfé"“‘ic’é’tm'?a”*cis“says W th

1716294- 2. and Le78 2558y biplged path YaRencaried orfiar2@nil 10 mMMAESaHMmdty on of
let-7a c e |

i nventi o%r%gggéb 2? %nl\?[@%%cggﬁ rll:lgq?ll%%s@%? }‘[ﬁ’rl';:fr%%f%jb}ﬂQ 533 Lﬁ ﬁ om 81’00647RM -
0. 334M f WMtITDGROK4B, DAQUNISTag46f, ot4hmpr7es®mts |om/;emt1|7cm-96vmem uUNIN 736me

enbodi ne [ r, cong e (e.g., Q. rovides
an incr ez:bts6 4’|0F1bs4 a@gr?g&_h%e Wh s"a‘i}“‘z%%g}’éldﬁgd‘gagfﬁg%éw PS
concentrawménz&@egozsgwﬁi-mo/hmimm 0B5&ME3&M@%MMFI@'FQ{d®QS(e g.,

i ncr easi g%g t he concentration of a primary probe in a detection assay

(e. 92> comfrra’iRER PegEes dligpe sentpipinedmone-ameusnof lgt-Poratde ROWA enigish 20

react i on,giaARGAR diﬁb&‘&ﬁ ¥ &ieE ( CRHRED RS ﬁyedrﬁ%ﬁﬁnb%@ msipeaatdﬁtp%&mk% 42C
structure % of the p ent invention alte creases
y

sensi ti vifey3omin;ife cl: clt‘F‘B’nzo Syrdes 9ti% Qif%’c?r‘} Srﬁ’%ﬁ(? €rf°’o¥ nE’?et9)9'F fog SmBings
Exper i memdgsc win@ desi gned and conducted to test the ability of a Let-7a
assay to 25discrimnate between closely related isoforrns of Let-7 (e.g.,
Let-7 variants). The let-7 variants used were: let-7 species let-7a
UGAGGUAGUAGGUUGUAUAGUU let-7c G let-784 |et-7f A




Let-7a assays were carried out in 20 1 10 raM MOPS pH7.5, 7.5 ni M MyC12,

0. 25 30mM each dNTP including 0.67 1.J.M 1716-94-1, 0.4 1..LM 1716-94-3,
0..4 tM1716-94-4, 0.4 }AM 1716-94-8, 2 unit/t1MWV, 0.033 unit/111
TaqPol, 6.7 ng/ul CLEAVASE VIII enzynme; 0.25 uM 23-210 arm 3- FAM FRET
cassette with 6 105, 6 104, 6,000, 600, 60, or none copies of |et-7a RNA
Tenperature profile was 42 Cfor 30 mm 95 Cfor 1 mn; 25 cycles of 95 C
for 20 s then 60 Cfor 1 mm 99 Cfor 6 mm 49 C for 30 mn 5The net signal
generated by the let-7a assays as a function of let-7a, let-7c, let-7e, or

I f
or vt dec b har A s AR sl o vy ok BRSSPy

(e.qg., ceelgwi sing a reverse transcription reaction, a polynerase chain
reaction, and an invasive cl eavage assay reaction and a detection

structure).etdﬁssqgadaﬁﬂ hﬁu;degv % P! ame%tajn(agmf o %&R@& of [V oror target

nucl ei ¢ acl dg 6. ared Ia es thereof (e.g.
Let-7c). L)Biptes assay fouzpet-7a m F{l\&@g U6 RNAggs an i nternal
st andar d. 2.4E+05 Expergarent s wer e g¢legrgned andsmmonducted to test

det ection of48&®4f | uor escer®4 15si gnal A.84@8h correspmndi ng to a separate
m RNA, in th%s%%{’@e reacti ontvessel. 19-8¢ct9Bmatic of2tthe | et-7a assay wth

ext ended ran portl ng to1FAM dye and®®3§5 RNA assa>71report| ng to RED dye.
Let- 72 aS§aVer ook’ - NH2- TCCAA L4 1716- 94-
3. - HEX- CAL GGOGCA4 1716 ol i UGg,@GUAGUAGGUUGUAUAGUU

1716-94-4 5' m@,‘éTGCCGATGKﬁEAGTS' TAT%AQ;CGACCTCIBC@@ 61.3

CGCTGGACCGT G HiexX- 3' U6 assag? 1716- 94tar ET- pri ner sg7716- 94- 8

1716- 96- 45" - CHAGAATTGGAACGHBACAZGCUTTCALAET- CCl VCEOBE 5' Arnv 2716-96-5 U6
5, - GUGCUCGCUtaxBEEACCACAUADAGBUAAAAUUGGARIEAUACAGAGAAGRUUAGCAUGGCCCCUGCGCAAGG
AUGACACGCARAUJEB&J@AAGCSUUCC&TI MAAJ UUPTMSTGIGFTTAI . dCAETTCG 5' 1716-96-8 20

2. Let-7a assé;g pl exed wi tH U6 was caF“P’i"é’d out in p. 110 i nM MOPS pH7. 5,
7.5 mM MIGIRRE D95, M each 'gRTP |nclg§f % 7 }AM £716-94-1; 0.33 }AM
1716-94-11, Se iof AM 1716- 9443, 0.4 ! 4-4, 0Og4h ' AM 1716-94-8, 0.4 uM
1716-96-5; 0.0&ud AM 1716- 9% 4; 0.04 lAM,JJlG 96- 8; 2& unit/ Il MWV, 0.033
unit/ p. 1 Tagiealive6. 7 ng/} 1141CLEAVASE Vethilivenzyne; 0285 ! AM 23-210 arm
3-FAM 0. 2%dehei2Bn@204 ar m 4*9Al VI FREdresaidlafid 25 25 pg8M arm 7- RED cassettes,
Ali quot s cGAfvaviialg known afount of Faivaryglanthd U6 RRE or total RNA from

di fferent ti oy (CI ont echi® were used™®iSanpl es. ¥&hperature profile was
42 C for 30 mn; Cfor 1 min; 20 cycles of 95 C for 20 s then 60 C for |
mn; 9 C forABSli‘H"FP “’5‘@3 gatp gpoviy the preseniinyentioppreyides thatdpe distinet si gnal s

gener at eghiliy Als@hn Bebiilteheuely aggﬂm&d aﬁ@d&eawnb@é@ e-s{e%tre&ﬁoﬁg@gdﬁm Net

| et-7a signal Ug stand rd Net signal 6.0E+06 11 OE+08 2E+06
432 1. 2E§_ € reaction vessel

M) Designs for the detection 6f a miRNAs associated with cancer
10 Several oligonucleotides were generated during development of the present
 invention that are capable of detecting a variety of miRNAs associated with cancer. The
oligonucl_eotides were designed according to the following guidelines:
1) RT primer-miRNA hybridizing region of 6 base pairs.
2)  RT primer form a co-axial stack when hybridized to the targeted miRNA using three

15  methods:
a. 5'-end of RT primer folds back on itself to form a hairpin that stacks to the 3'-
end of the miRINA.

.b. A DNA oligonucleotide is added to hybridize the RT primer forming a co-axial
stack with miRNA once hybridized to it.
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942 2. 4E+05 93 2. 4E+07 878 4.8E+04 24 4.8E+06 600 9.6E+03 1 9. 6E+05 210
1.9E+03 1 1.9E+05 71 3.8E+02 -2 3.8E+04 12 d ontech sanples d ontech

sanpl es

heart 1064 heart 840 ki dney 1212 k|dney 842 liver 467 |iver 597

| ung 1150 lung 774

10

15

c. A 2-O-methylated oligonuclieotide is added to hybridize the RT primer

forming a co-axial stack with miRNA once hybridized to it.

3) PCR primer cDNA hybridizing region of 9 base pairs.

INVADER probe of 10 and 8 base pairs complementarmes to the miRNA using arm 3 and
4, respectively,

Oligonucleotides designed according to these guidelines are depicted in Figure 41.

Additional designs for Let-7a and miR-16 with varying lengths of primary probe and
PCR primer hybridizing regions are shown in Figure 42.

A list of all oligonucleotides used in this Example are depicted in Figure 43.

All publications and patents mentioned in the above specification are herein
incorporated by reference. Various fnodifications and variations of the described method
and system 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
as claimed should not be unduly limited to such specific embodiments. Indeed, various
modifications of the described modes for carrying out the invention that are obvious to
those skilled in molecular biology, genetics, or related fields are intended to be within the

scope of the following claims.
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trachea 73 trachea 158 bone marrow 9 bone marrow 48 thynus 17 thynus 514
prostate 168 prostate 95 skeletal nuscle 4 skeletal "nuscle 52 testis 45
‘testis 324 uterus 33 uterus 288 fetal liver 41 fetal |iver 265 adrenal

- gland 19 adrenal gland 266 salivary gland 27 salivary gland 257 thyroid

~

" CLAIMS
We claim:

1. A method for detecting an miRNA target, comprising:
5 E a) providing;:
i) an miRNA target;
i1) a first unlabled oligonucleotide that comprises a first region that is

complementary to said miRNA target and a second region that is not complementary

to said miRNA target;

10 iii) a second unlabeled oligonucleotide that comprises a first region that
is complementary to a second region of said miRNA target and a second region that
is not complementary to said second region of said miRNA target; '

iv) a reverse transcriptase;
v) a DNA polymerase; and
15 vi) a probe oligonucleotide, wherein at least a portion of said probe

oligonucleotide is complementary to at least a portion of said miRNA;

b) incubating components (i) through (vi) under conditions such that a detection
structure forms; and
20

c) detecting said detection structure.
2. The method of Claim 1, wherein said detecting comprises forming an invasive
cleavage structure comprising said probe oligonucleotide, cleaving said invasive cleavage

25  structure, and detecting the cleavage of said invasive cleavage structure.

3. The method of Claim 1, wherein said first unlabeled oligonucleotide isused as a -

primer for reverse transcription.

30 4. The method of Claim 1, wherein said first unlabeled oligonucleotide is used as an -

INVADER oligonucleotide in an invasive cleavage reaction.
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30 thyroid 273 5As shown in the data above, the present invention provides
that two distinct m RNAs can be sinmultaneously anplified and detected in a
single-step reaction (e.g., in a single reaction vessel). MDesigns for the
detection OF a m RNAs associ ated with cancer 10Several oligonucleotides
wer e generated during devel opnment of the present invention that are capable
of detecting a variety of m RNAs associated wi th cancer. The ‘

ol i gonucl eoti des were designed according to the foll ow ng guidelines:

1) RT primer-m RNA hybridizing region of 6 base pairs. 2) RT priner
forma cp-axi st ac n _hybridi.zed to the.targeted m usi.ng..t hree 15
ot hods: 5. The gl of Sifm Y Sietesf Fimbohenito' Bioleh b e Sempites Wi o

hai r pi n §dued resdtmks@sdebptibicto3aid inaubhatidig.t he m RNA. b. A DNA

ol i gonucl eotide is added to hybridize the RT priner form ng a co-axi al
stack with m RNA once hybridized to it. c. A2 -0-nethylated

ol i gonucbeot i ke msthaddE Cldim 1)wierdn zed pleidilg furthee corthprises popviding (dijianal
stack,wi th m RNA.gnce -hybridi.zed.to it. 3).PCR priner ¢ hybri di zi ng

Feqi o oP s epnd b Fatiihg &Rl rare baresh Bl SR i R R b

conpl eneattavityt i es to the m RNA using arm 3 and 54, respectively.

A i gonucl eoti des designed according to these guidelines are depicted in
Figure 41. Additional designs for Let-7a and m R-16 with varying | engths  of
primary fr obeThaichefOR of iGlaer 6, lwherdinl s eyzynegcapableaf elestiopn detectiorgur e 42. A
list of al L 9o | I ~used in this Exanple are depicted in Figure
43. 10Al Fn%clﬁff%%ﬁﬁgnﬁ&%%g%atents mentioned in the above specification are
hereil® incorporated by reference. Various nodifications and variations of
t he descgi bed of. t LOovent fed oL rent to those
skilled £h IR ﬁ’fﬁ%%%“ﬁ?%“ﬁéﬁ? P%%etqﬂ%l’g‘g°é%mé‘d%hsg‘gﬂs%‘1%?@t of the

i nvention. Although the invention has been described in connection with

speci fi ¢ opr ef ght GlopmRadhRN ,ﬁv&:ﬁr&%}nﬁgﬁ!ﬂrgc bR Bb ARG} EAnd D6 | nVent T on.

15 as cl ai med sho | ITmted to such specific enbodi ments.

| ndeed, VeMerssransastASE EeMerssiTangribelsaid dpifdYA kraget 1o tosdusann mHFNAicRiNdut t he
[ nveq?i o, pdat are obvious to those skilled in nolecular biology, genetics,
or related fields are intended to be within the scope of the foll ow ng
claims. CLAIMS W claim 1.A nethod for detecting an m RNA target;

conpri si n@; 5ahPnRhdl dFd1aim 9, whereih fhARINERNDON A% 48tis amplified by dald frsf 1 7 St
unl abl ed ol i %onuql eotide that conprises a first region that is

conpl eneMnkpyied gligenuglentidmand sidyeeconthenlsbedwcelagnpegtisis and s2id DNA ot

conpl enenffYerdse i§g?g1ym§mechﬁﬁgggcﬁo&0i ii)a second unl abel ed

ol i gonucleotide that conprises a first region that is conplenentary to a
"secorfl region of said mi RNA target and a second region that is not

conpl enenyary 1he nsehdll sracians 10,8eh<p8n efe SAb1hATRNAA BDBR! tardeY formseVer se
transcriptase; v) a DNA pol%msrase; and 15vi é‘g%%{{pbe ol i gonucl eoti de,

wherei n S€TePReRsiTugtyR 1 thg prosence ot gaif pophe disP 1980t i de i s conpl enent ary

to at least a portion of said m RNA; b) incubating conponents (i) through
(vi) under, conditions such that a detection. structure forms; and 20 c)
ot bot | nd2sar d actened GHOGE dovien seid S o G S PR sBher o1 n
sai d2det efitleitrciDygguéere sufiohal Ndupisk offubast 6+€0 bhrPairg & HirhehatwesrCQnpr i Si ng
said proté))?. ol ic?on.gcl e(gb_%de,R&ﬂeavi ng said i nvasive cl eavage 25structure,
and det e Y ERTYTLIE R PRAPEIR B58Y i nvasi ve cl eavage structure. 3. The
- method of Claim1, wherein said first unlabel ed oligonucleotide is used as
a. pri nelr3. f OrThreFi"r\l/e g(? oft él%.lnnsl?,r vlv et:rlelgns'aid second regions of either or both of said first

and said second unlabeled oligonucleotide probes comprise a first portion and a second

30  portion, wherein the first portion and the second portion within a second region can
hybridize to each other to form a hairpin structure. ‘
.14.  The method of Claim 1, further comprising providing (viii) an oli gor_mcieotide
complementary to a region of said first unlabeled oligonucleotide probe. o
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30 4. The nethod of Claim1, wherein said first unlabel ed ol igonucleotide is
used as an | NVADER ol i gonucl eotide in an invasive cl eavage reaction. 5.
The nethod of Claim1, wherein conponents (i) through (vi) are conbined in
t he sanme reaction vessel Prior. to said incubating. 6. The net hod of
Caim1l, wherein said providing further conprises providing (vii) an 5
enzyne Capabl e of cleaving a detection structure, wherein said enzyne | acks
pol ymerase activity. 7. The nethod of Claim6, wherein said enzyme capabl e
of cleaving a detection structure is a FEN-1 nucl ease. 10 8. The nethod of
Caim1l, wherein said probe oligonucleotide is unlabeled. 9. The net hod
of aim1, wherein said first unl abel ed ol i gonucl eotide and said reverse
transcri pﬁasememt}aﬂ dfrc—lmcr |faﬁhé‘raiodmpmﬁi@@réxad@gtwi@a@bl@ghnueleot&?db m RNA
cDNA 15t ar CDNA target is
Aol | 11 e GPH PR 19 L ee oL B aeeeat uthaler SDEP T eeliBE oA second uni abel ed

ol igonucl eotide and said DNA pol ynmerase in a polynerase chain reaction. 20

L ol TGt o, PRBELR SR LSS S R gL o7 o

The net hod of Claim1, wherein said first unlabel ed oligonucl eotide

conpri se cI e| C seguence .suc t, a du Iex of 10 base -
pairs |s% orne © et W V\Bdg(r:]flcgal CuRo e N geé il o?begeélpé?me ﬁ%nng'ﬁ‘ﬁﬁ g#&@t 13. The

met hod ofdefebtdorm 1, wherein said second regions of either or both of said
first and said second unl abel ed ol igonucl eoti de probes conprise a first
portion and a second 30 portion, wherein the first portion and the second
portil®n St hi r'fhanmmﬂmf Cleig bywhexeinlsgdihiRiNA it selestedifram Hhergroup fomsisting

hairpin %tf'LPF& hik-1 é;?qnlﬁe‘][?%R?f;Grgiﬁllﬁblmlkuf& Q&;Fm%f%“ sing providing

(viii) an'o |g’onuc eot| e ’co on<or "said Tirst unlabel ed
- ol i gonucl eoti-de-probe. 15.The nethod of Caim1, further conprising

providingg(Vviig Li;ganucl eotide conplenentary to a region of said
second unl abel e?ﬁl g‘ﬁ"g (e

‘i'gonucl eoti de probe. 516.The nethod of Claim1, wherein
sai d detecting conmpti se firstanisbled oligoapedotisicdhat comprivgsea finst iesigndiat & ai m 16,
wher gin Sai d I8l LAY B bR QANLIQUERTh {Bnd RELIMEL ho@BmpMhchirT P

nmet hod of Claim ? nerrgl nasamg LllI%Arlﬁfsjasefm ]%El}nf rom-t tq:Bmtpoup g%—;rll-m sting
of Let-7, mi Rs3idmiRNA t@eeti ni R 15, ni R 16, mi RL25b, mi R-1d, and ni Ri24a.

19. A kit conpri si ng; asecodd)m@abfelele%h%dﬂﬁci’éﬁnﬁg 12k b&ﬁ{?ﬂ&k%%&t%‘g&h&fat
conprises a first région that is 15co enentary to a RNA target and a
second regi on 18 pBPIFEHERSEY f@@rﬁﬁP@WEﬁglaﬂy’fﬁﬂd% PfﬁaFNAaQCh? grepnd fegwn thatj j ) g
second unl abeligfotQokPaneha9kd Qﬁdgaahd %mm%@ﬁwm& gktegi on that is |
corrpl enentary to a_second region of said rni RNA target and a second regi on
t hat 2Ps not conpl edBht arafe’t"’dses‘é?rﬁ"%@éif’nd regi on of said m RNA target;
20iii)a reverse trag crlaqgﬁgepolwgrage DNA pol ynerase; v) a probe

ol i gonucl eotide; and vi) an enzyne capable of cleaving a detection
structure. 25 20. TH@ ki taRSbed’léﬁ‘ﬁﬁ‘P&lgO“%é’i‘%l n said detection structure

corrpr ises an invasiwg Claana@fe sigalldicfeaving a detection structure.

25 20.  The kit of Claim 19, wherein said detection structure comprises an invasive cleavage
structure.
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