DETECTI ON OF NUCLEI C ACI DS FI ELD OF THE | NVENTI ON The present invention
relates to conpositions and nethods for the detection and 5characterization
of nucleic acid nolecules (e.g., RNA (e.g., small RNAs such as m cro RNAs
(m RNAs) and small interfering RNAs (siRNAs)) and other short nucleic acid
mol ecul es). More particularly, the present invention relates to methods for
the detection and quantification of RNA expression. The present invention
further provides for the detection of m RNA and si RNA nutants (e.g.,

del etion mutants) and variants. 10 BACKGROUND OF THE | NVENTI ON

M croRNAs (m RNAs) are a REFECRANGOF NIKJJIGAGHME, which are encoded as
short inverted repeats in the genones of invertebrates and vertebrates
(Anbr os . p&2 3P & Falk NTY3®& 826, Mdss (2002) Curr. Biol. 12, R138-R140).
m RNAs are nodul ators of target 15nRNA transl ation and st abi I|ty, al t hough
nmost target riIRAseseRinyontion reates egomipositigns sndRathodetprdhrcdstestesiahd cal | y
cont 5ol ch&@&%hééaoarbf%amraeﬁtm&% @, gl %%% %&a? RNE&s Qbn 80kLgENSe

conplenmnentarity in 3" untranslated regl ons mbr os, supra; l\/bss,

supra; Fayostmitanad snakh mfer ferppdyASSIRNAS) 204 oﬂ%ahca“swcla_caemét al .
(2001) SedieRf&s) 20bre %f?ﬁmﬁ i, thFrefint BlventidadBRds 195 RIS 19 Me 882c:R84) - 20

M RNAs may al so i nhi gene expressi on by other nechanisnms (See, e.g.,

Pillai epdgpantficplioioet 96 expression 7Ehq poss) mvmm;hﬁlépgr repvides for freoc Nai |
Acad Sudezé%nl@@map@@&m 38960 rk2000k)e, delorion nRAUREA VS, SUCh as let-7
RNA, mR-1, mR34, mR60, and mR-87, are highly conserved between
mvé?tebrat es and vertebrates, inplicating that they may 25 recogni ze

mul tipl @mk@;@gﬁﬁp@ﬁmﬁmmmm@f@ﬁt s of presumably conserved function
(Lagos- Qui ntana et aI supra; Lau et al suEra Lee et al., supra;

Pasqui nel | | AICERN NEHe# %3%918358@)“0“ g RdiAs: W@%?B@Ff’aﬁfncmﬂ%a
(st R_NAsport idﬂ*el"cecﬁf&@edt@in‘tﬁe E&Rﬁﬁ%ﬁiﬂ@ﬁé&@@k &&&v@febﬂ&t@\@ﬁnﬂrgﬁ Readih ediiby

Donel oy dEP AR b e LD Bl BT SEnTOHON S Srms R et ng 20

of meur emahl A][tﬁWblﬁh&gandmﬂﬂity{] Ameagh ﬁarom&taﬂgennzzmg@n{aﬁ{ ﬂﬂi&kh@éﬁnﬁ@?? the 4
termnal . erentiation o oder e t.ypica yexcnse
from GOmeAf@eﬁW%ﬁlf‘ic I%Fé‘%ﬁfgl? g&%ﬁ%‘&?% Q}P‘é@g iRt ar e
sonet i mestisdaicc@inglemtntide 1@E‘Sﬁraﬁﬂatad%n@r ecursor expression (Gishok et

al ., 1 23- 34; Hutvagner. et al 2 ci ence 93, 834-838;
Kett i ng?@&FﬁeAH@i‘Bﬁf?W@Wﬁ BiaRFa: {i‘%"s%@ﬁ%@é %S%Llﬁs‘ﬂﬁeégﬁr%ésg% of
very abwoadand!. md@ﬂ;\s@eﬁ@gm @B—-Bﬁfagrléhe%t aIa,|(20015}lmfeﬁca h%; 86t-ggky., supra; Lee

on one r ands t he h i.rpip precursor
o B AR GRS st S ohe ey e St 2 e Gbe o od by
assom atedngy 309e 1 53~ fmrmﬁll}%, Hegpheas etan., Proeasa] peddaddi WsO10m, ekedins may
medi at e g%&ép% | ati onal suppression. The m RNA precursor processing
reacti oh ) ' Dicer RNase HI and Argonaute fam |y nenbers (Gishok et

al ., supra; Blerteraslgm®N o, svaiha,slstupRHA KaR 11, rrgRefizi &11R—60$H¢rha)R-8V,rnraddi tionto

their i t on expressi ) Iﬁg\lAts Rlé\lAs §NAS in the range
of 18- 25Fuci%80 rgq;[‘é? 3tw ?E)ramv?m%da tﬁst%%lxie?elrﬁ e%rnené’ maotf‘ngttﬂ%t pelty cs and 10dr ug
di sﬁoverepogie‘zegmuagﬁdmug anfﬂmgﬁu&p@rta@tspﬁ@rmmw wateraginbajon (Thgs; in sone

CI rcums tan a X f..each
. DOeR e of e, FREES R by (SR TRBRA LB, B U Pl

Fur t her A &6) dlestrialenpordl RRYM r(ﬂ@l)ﬂAa} lioH aoﬂ leti Ridpregan esulrdase ofieen
associ eukem a (CLL)),
provi d?ﬁgﬁgwﬁgﬁe&ﬁ%?i%&tg%géﬁ&aﬁl? Slg@ eﬁ%&%}gﬁﬁet PP%L‘ ?{%r acterize m RNA
expr essiloslopgeatially regulatghing dematlves Pnel deelopmentd! SoeraugAsuch 9 iBEm- 15529
(2007) - o MuSRUIPrAARRS Dilkr HE, BLARAC DRIhARLn s GRBALEy eVel S of 7 A

i fferent tlssue pes o ore an ter application of a stinulus,
e. g. a éllﬁf@mnéaﬂrorb@ffywédmal cqllst erventi on. Because rel ated si RNAs and ni RNAs
may be presep _ abﬁﬁ t hods of
detection be %%J%Ssengﬁl?ig\%é%h Hé&%glc{ij@ o 76 nh?&%\?deeﬁgﬁ%bﬁ f‘aﬂ}%mgg%
appl i caytiushses, whitheye prmesprstdetgesd atﬂﬁlelqyé?’ftofﬁyRWé\t mreeseEkprbtien f or hi gh
t hr oughgiisnse eleam(mﬂ?]@e@ 705.90GLNRAUSIELRO U500 1T WldhPL 8X @d4RIghods, or
those suitable to highly parallel autonmated mani pulation and Iinited
tenperature changes. Although m RNAs play inportant roles in the regulation
of gene expression, 25 effective techniques for the detection and '
guantitation of m RNA expression are |acking. Methods used for quantitation
of m RNAs have been based on gel electrophoresis. The m RNAs are detected
either by Northern blotting or by the presence of radioactive
RNaser esi st ant dupl exes. Northern blotting and chip hybridizati on net hods
have rel atively | ow anal yti cal sen5| t| VI ty (Kr| chevsky et aI 2003), SO
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in cell defense, e.g. against viral RNA, via a response termed RNA
interference (RNAi) (Cullen, B.R, Nature |munology, 3: 597-599 (2002)).
One cl ass of siRNAs is produced through the action of the Dicer enzyne and
RNA-i.nduced silencing conplex (R SC) protein conplex as part of the RNA
response to the presence of double stranded RNA in cells 10 (Khvorova, A
et at, Cell 115: 209-216 (2003)). Another class of siRNAs is synthetic and
enconpasses short dupl exes, usually 21-23 at with characteristic

di nucl eoti de overhangs (El bashir, SSM et al., EMBO J. 20: 6877, 6888
(2001)) Ketingdusied2eb1n %hbsyDéu’]UG 2aH4l-3630) ar SANs&getdsdh dBReSiddupgskon from

(2002) | BN LEERoai f1ah MnEt et B R b0t ETDS AOAE At AT

i ncor-por aieast thy sttakie beihe Aairpinipkuesol niobdeylcfioexdbdd mdrapasesites, |pﬂe§1ﬁfm1yc ases,

711 noti oNCANG LB AROERES bHoPeC oA TERBIUR A B bgt Lhoe Buray |

Ef fi & enproedxk zasywrea:taaa thetrinoiisioadl Sﬁppﬁﬁdicbmgl‘mmmﬁﬁéﬁuﬁfet provgss( 0. ,

NVENT] CRPTR TR or ROURP oy driariiet B05 sseies Siihas r?gt%fas for the

det ecti oﬁumgk]@haala@hm; Keatihgat 4f, spraj.ei ¢ acid nol ecules (e.g., RNA (e.g.
small RNAs s erferl RNAS (S|RNA5))
and ot her sho ﬁ glegc]tna’act(qne%m?a 8%"“’51\5/‘5)(?%Smﬁlh{{ll\P b S8y ﬂﬁ‘f‘ésoﬁr esent

i nventi amRIeh&ﬁzeﬂletrmgemﬁﬂMéchumtebhmg nﬁ&yrﬁztchﬁ:ﬂﬂﬁdiemeﬁ:st dftherapshtics and

charact e tion yant i |cat|§2 Rl\ﬁex

exarrlgjl e, JIPﬁglsc?veegéﬁﬁfglaﬁgg‘l i s&;‘g% es aceunc n@ée@wlng%e hybrl d| zing
at | eastc:mamstmcése itds m@oalta(xtapgnpmwatommmhw medgueheehiRNA exisein

conpl e e e ) to ainterfering RNA target to
gener at e&gg&é’% db‘q‘;ﬁfgﬁaﬁ‘%‘é@%ﬁ etecting the detection structure. In

sone enbodi rreﬁ"“urﬁxenntme dab¢tamt end dgwRkignlbbogef miRN Argentstiide bban Beowdthdr

enbodi i hterfer nbodi pent s,

t he si Eﬁ&ﬁrﬁgaﬁﬁgﬁﬁé %tcrrﬂg mﬁ soh@gﬁe %%&@L%{%\h&ag? ‘?@nﬁgﬁt ucture
conpisi sets bamblawdstwgandlwmatgaz@mmmmsﬁw (¥pcaepl, eCalmrﬁtsb,erMaﬁdl ment s,
t he nucl C I figured to
Form an b 88 UL BETTA-08 o528 BlooR L IO e b MR bR Pl come
enbodi megempare leweln aﬁmem&Aas Ciffarentbisfurdypes orrbrzﬁtre md @Cﬂn@pple@tmdef zonfi gured
to form v 1 combination with said m RNA. In
some errt)Sglgrdrlrllt;alsnt?’%I Xg%&ﬁlgiﬁﬁg%ﬁ%ﬁ%iég%ﬁég%%l de conprises a 5 portion and a 3'
porti on, 5mhe$@aﬁsesraiatﬁd31m}56mx miRNAs @y hpurresdnt o lhyenicgintsen edllss iitel t ar get
Seq %”Cedesﬁﬁ_frie WaeERhRas 8t &’eté:noﬂ%ﬁab%ehe?m»?@ﬁfd %H&‘E@ VR ddQL:, g)(—t&re}tghze to

said target sequence. In sonme enbodi nents enpl yrng secon

ol i gonucdreBeatgas, it may sebeieiicisl fogdenitly asthasie seahle fos dighahsughprtt i on and a 3'
por ti on, s WaRMSI Mo Siinthgenedd idifids] Ptk HaBbdt Or MYRE Qb ttoch-.gﬂ#d target
sequence, and wherer nsaid 3 portionis confi %Héed to not hybridize to
sai d t arnged %é‘&ﬁ@ﬁ@ém@w%wafél’@ﬁﬁédﬁ’ﬁ%ﬁﬁwe‘t g¥et ecting step conpri ses
use of an | NVAERASSAKAS pl AnSRIR igiRed g:ﬂartt 8t on

A Spaylmp leotl cgegeglﬂ?o sald smal | RNA

structure conprises a circular_ oligonucl
0 generchieetivy Erhriges fordhe detesting g ayertifpion qfﬁn e&m&%ﬁ%ﬁt@ inghe

det ecti n@e@b@puééaﬁwqm&aﬁ&eoﬂmmﬁghwmeﬁ bigli@nlgRPLleaadphoRks@SBRY. | n some
enbodi nment t he dete tjon struckge re conprises a nucl e;éliagam d nol ecul e

15wi t h dRfTEes are dejqcigr GURFToN YOrfhemRlod g bEhearTsings AbTdwact v RiNaser enpl at e
depende%szaxﬁmgldieg I\Hﬁﬁeﬁhﬂotﬁ_&g andle6lp $OBEERA RN rEetdbdsalivk Yel @fvelyidiv eCt | Y

et <o o b SRRkt 0% LS LA SRR CoTRLL g vo°

pol yonerfaﬁﬁmmag Andresak, tRis RS Sﬁsyrﬁail hNthltd r‘&aztslcafmmaayépmmysbrswdtrz ation

assays e ing a probe co rrentar croarray assays,
bead ar rrg@' g‘ﬁ%‘?f@?’ %HWFU‘?& IHB'ht G ?‘rﬁhstﬁﬁ‘t M@r’
assays, dlafeatlmxhﬁﬂt}imyibbasdﬂ sARMNIBe fabayse ;d&éﬁB&@gsmaﬁmm ;ﬁctuzlsa rEuhﬁap on
assays, cyclin e ass se chain reaction as i nvasi ve

cl eavagd® %ﬁ’? h%s%ﬂlsgl B’s ggﬁﬁ%‘l %?gﬁwyﬂgﬁamé’ %W%@B‘%F‘&‘PE&‘H on assays.
In sone preferred enbodi nents, the detecting step is carried out in cell

| ysate. 251 n sone enbodi nents, the nethods of the present invention
conprise detecting a second nucleic actfd target. In sone preferred

enbodi nents, the second nucleic acid target is RNA. In sone particularly
preferred enbodi nents, the second nucleic acid target is U6 RNA or GAPDH
MRNA. I n sonme enbodi ments, the nucleic acid used to formthe detection

structure 30 conprises a tenplate with one or nore sites sufficiently
conpl ementary to the small RNA so as to allow the RNA to hybridize to the




15 nucleic acid configured for formng a detection structure when

hybri di zed to an RNA target sequence. In sone enbodi nents, the kits are
configured to detect an m RNA. In sone preferred enbodi nents, kits are
configured to detect a Let-7, mR1, mR-135 mR15 mMR 16, m R-1Db,

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,
conprising providing (i) a mRNA target; (ii) a first unlabled

ol i gonucbewickalBotyphd ézbselay FRAONE s@d}ﬂe?b@.'@éﬂti@%@ﬁ@aﬁ%ﬁ%ﬁeﬂl&ﬂm the€Ver se
transcri pt. , ). a polynerase; and _(vi)_ a probe oligonucleotide;
heubat i MRS b tustighSyrne drrdarc B4 BRelRetRn PR EY | on

st ruct ur @istimimiing Siflgldeiaec tiffatenb b etheé Bl 0s01Y BIAETHIRIGA shébidON8s time

enbodi ments, the first. unlabeled 25 oligonucl eotide conprises a first
regi on t AAPUPEHMFRATSFary to the ni RNA target and a second region that

i's nog conpl enBREARNAY shbl inteifdRNA RIAAQ BERNIAR) SR80S inidiufes ik Rgvaecond

unl abel ed ol.i ganucl eoti de co es,a first region that is conplementary to
s eoona U GHEREE et LT TNl B Bebia e S eTRes ROt Brerirenee (SN A
Cﬁbrrpljenettfxareyi, B?&.H?ﬁ“u&ﬁﬁﬁﬂﬂm_ Jl&g] &gswtggmgom)méo é@é@%ﬁi}i}t&ﬁ%&dutced t

enbodi mept s, ecting. c rises for an nyasj ve cl eavage structure,
e R S S R A R S LA g0 ¢ he
i nvasi Ve(:tﬂﬁlﬁiaﬂgg@rsbﬁ’ﬂ:l_ﬁRWA&.redpﬂnﬁﬂﬁﬁhﬁmﬁﬁﬂm?a@?biﬁﬂﬁdémmghﬁhio@gﬁ further
conpsj ses.J ncubatin t ] e..0 eayi. a.detect.ion
strugéLu' W%E“Fa%kﬁ%%y%ﬁﬁﬁﬁgfggéﬁgg%@@ﬁngmﬁﬁ“§§ﬁ%3%%@%é?ﬁEﬁP etig pad onzy e

is ab euohpases s dpléxes senaly Hatiol wigntisradtérestie dayRotdaproisags a FEN- |

nucl ease n, so e | C V] j nvasi ve .cl eavage structure
Cceur's a{EléaSPghg'g?'aﬁggﬁgé@%%? aleéegﬁ%é?%g (%(’2)3 )%’ﬂge.auﬁeﬁ durg lﬂﬁbcc?gF Yent s,

cl eavi ngtréséecting as expeessioadioag en Strodutadnecoe Ruud, @QP. & al.eNmereat ur e of

appr oxi 1d4)<S i fhe first..unl abl ed ol igonucl eotide
is used ngiso%%g%?ggé(r}' 5;63 rﬁrgg(\%g(?j’gg% ?5%@@%?%‘#58 A &)Phhcsag e R]Ié’ hbodi nents, the
firstS un2sV®d86]1 340 hacireatogerdal hyseterase anité bvABEToodll gepoebedhiscd@ei N an

i nvasi ve ea act.l L0 odinents. (i) through. (vi),. are
oresent SPPR ROTR: LR Bt B AR SERAANT B it I BIEL  HRbR o
furt her zwnprimetioprtomikNAg (EMash)r, 8.MegehdsuprabEffpidny emliglcentd mehodswisone

nbodi ; fi ilell I N d ' ! :
Cransor ot auab i P Bhetlh o SRR BRI 4P PRV MR Bt 0 rnt s

the reverse transcribed m RNA target (i.e., an m RNA cDNA target) is

anpl4 i eﬁwigi%_, ' %EJ%W | i gonucl eotide and the second unl abel ed
oli giod;mc eot 1 de a?g{? e plgﬁgﬁgrase in a polynerase chain reaction. In
some enbodi mehbspresdneinanptianiclaths tevenpesitiona ned mdieds frRh#ddtestigetand or s a
det ect Ohadlofalehiilifor fholciladpl £RRRGES gé.%.,h RRADCD Sl ORYGl R G, 1 Tosome

enbodi nents, the first unlabel ed oligo ide conprises nucléeic acid
sequenc eRNAS i A s hand sadinistierpmBIN A6-(FiRDESY) pad otkerishorft orateid abidt ween t he

ol i gonu i ] : ol i %ﬁ i i bl e of
detect i %8%1&%%% IairB fegsﬁeaﬁt?(f [ n%‘”’;}ﬁéﬁg‘f‘f’%@é’ﬁ rﬁ% tet? S. g%d rgé}glr)r%ﬁ fg?&?n somne
enb&di eption @y Clﬁﬁ%ﬁﬁe%g%ﬁﬂﬂ-e@m@ﬂﬁ?ﬁtﬂw%\of RN& examgsbienare detected, In

some enbodi Meft$xahfRSihk RaRek Qv aBh gﬁ)vﬂfes Hinhhd, Qfﬁpﬁlﬁgglh‘%ﬂ&i% Qget ect ed.

I n some enbodi nents, the second unl abel ed ol 1 gonucl eoti de coqgél es nucleic
aci d sec&here BULHC pridle g Eirbrentains seayere that phae.complesngntary rthed bet ween
the ol i gaueligeRiNGg ta_tadnﬁerf@ﬁ,{%m;alag'eg@}tgen&até@a@ec%ﬁ@ghém@taﬁd dkigidy obe

ol i gonuc| eoti de conprises nucleic acid sequence such that a dupl ex of about
8- 10 badhe pelrsion siueigrsely speRebadiptats megaﬁﬁﬁem%w&etaegwl&aﬁ@lm ar get
or e apdrichitedingaRy dof intdh@ring RNA 2Btal08lsiRNA . 30 ¥Bme eheskiiRAtShet he
second reﬁqiqon_ of the first unlabel ed oligonucl eotide probe conprises a
first povEN6rs 4AEPIs seadsfid portion, wherein the first portion and the

second porti gA s6@e ehpbiingintg tHeQleRBBIN Shltaire chpS YTan SVRGWE BRAMfaze a hairpin
structure is fggned in@the firg&PHnlabeled og}gqudeotlde E%Ob when t he
first poFPPYR> il SEHBP SRR TBILHEREy B et 390 eorenrisst st ang seeeishe
enbodi nents, the second regi on of the second unl abel ed 300l i gonucl eoti de
probe conprises a first portion and a second portion, wherein the first
portion and the second portion can hyb?idize to each other. In sone

enbodi nents, a hairpin structure is forned in the second unl abel ed

ol i gonucl eoti de probe when the first portion and the second portion
hybri di ze to each other. In some enbodi nent, the nmethod further conprises
providing (vii) an oligonucl eotide conplenentary to a region of the first
unl abel ed ol i gonucl eoti de probe. In sone enbodi nent, the method further

r



Figure 2 shows an exenplary detection structure utilized in sone

enbodi nents of the present invention. Figure 3 shows a second

exenpl ary detection structure utilized in some enbodi ments of the present

i nvention. SFigure 4 shows a third exenplary detection structure used in
sonme enbodi ments of the present invention. Figure 5 shows exenplary

ol i gonucl eotides for use with the present invention. Bases of the target

m RNA are underlined in | ower case. DNA residues in probe or | NVADER

ol i gonucl eotides are in regular type. Lower case type indicates 2'-0-nethyl
residu e&ligdﬂlcﬂﬁogﬂeseccﬁlf%hmdﬂo fdren arcigudd® favh garparcatry irecafbingai chatitiothe

experi mepn fo | et - Fi ure?shwstheresults of ,te ture
optim za @n expsemeneer% Od“g%nrts’lﬂé mfzam%rc oS aﬁrstt(ﬁl@e%le(gﬁq%idg of limt of

det ect i eonfifos) toeﬁoperanmaswei:bavdgtstrﬁcmﬁ 1gmomb9mhmm&¢slaﬂ miBNht & of cross

reacti vig ' resul ts of
LCD expertisSREanTE, Rt/ ighfadedih olipatee U Botbn RIS B avase
enzyfres WhireimeaiX Bl pcbopirdosbpged i Indrideeq szmi RIget sequence, afil glberei @idhows a
partial <& RNA 0 i SNB.

Fi gure fsﬁ @ﬁgﬁ‘fs e reg‘&?{%ﬁ%h@cnxpgg tefléﬁ zrﬂla;é%%%gl%gb%ﬁ{e%nt s fo

m r - 135 enBinga secodd shgwsiclebiide; éwlec@doﬂlgumleome comprite of 3 portion-afd5s.

Fi gure i n W aobt,ai ned
for t h%ﬁﬁﬁ%ﬁﬁ\fﬁ %%@@biﬁhgf@%ﬁgﬁfg **%qiﬂ?’ SRl GhlRe i
resul t s “dferam aregtiorRNAoRfigured fo hop dislbredizeniot dai mmdqhmqe RiNgmee A

LT €3h e Rybo Bl dbfecTOUS, BERHILS ull of MW ABERSBYAJE assays comparing
t he effectbg 05‘}: %n(h d%ec H?W%; i‘l?tﬁ ° shorteng %%?—9{%

ol i gonucl eot ijewne emhodlmﬁnfgdhe ditsctmcwqreme@scmulmhxenmlm@e

opt | M 284400, GXBRI IR MR 10 God difte AR0BULASLANN HESHH BEubD Foure 16.
Figure 19 shows the results of tenperature optim zation experinments using
t he 10- <Bbofstenis hisaletngting stepreampriagARERe vl o vwudickoepiratige gisghs .

Figure 20 Sh%xﬁ@énﬁ@cﬁhﬁleﬁ@ @ a8xBRk %Bﬂi& é&nz‘%%p%@dm%mh%e&ﬁetm
alternative ol |§onucl eot | de desi gns. gure hows results conparing the

ef f &%t s Vi afigsstQH eTavg ﬂzatsﬁ% ed éyﬁcmbsgmr@%e (§@mierppiaig|depgidenthe

2" -0- WEﬁ%ﬁsz&r@%@%ﬁt&&@%@@%@é@s aneetNYARER Al lugepug! eotides. Figure 22
shows the results of_ invasive cl eavage assays to detect m R 124a. Figure 23
shows the re&usqme %ﬁb@eﬁémﬁn%ﬁfi%teﬁtwg&&pé‘atcowesmwP@# EPECHANRRIEYs peci es i n
Stotal ENAdisObal e i QedidbBERBay, ipoiHSrhyN$8in reaction asdaygur € 24 shows
results_of experinments testing the ef Fect on m RNA detection of altering:
probe aRWwHliralionassexs yhadization apsays employipg yiyobe semplepratapk EriRERlioT.nvasi ve
cl e@ofagﬁnaloh@gmgé}@%éad@nqﬁagsa gf'lﬁfer dakRGdd ARaff @il i atch QBT deaSEe

resi dues indicate 40- et Fi gure 26 shows tvvo probes with the sane

| et - 7a ASPBYS BTRFhRE- ffb@gﬁd&aﬂ%eﬂm NARES avsars mplecplag BGHCQF RESE¥L GUBHEes .

Fi gure 3rbbshawss &g@ﬁ@:&ihhrd@ﬁdtﬁhh@@y@Qﬁ)%sﬁﬂdm{/agéﬂiﬁﬂﬁzré@tsaﬁl 8Rraks for probes

1544- 82-01 f”ﬂ?ﬁ k% are mxed at a 1 KiVl, and 10 nIvI(gmx vii) and

1 p1M afifes TREEPRATRE! YO SABEPEHTECBOAEI Y ffey dotecting

oli gOﬂU@tbﬁfbtdaﬂﬁbdmwhﬁéeIWygd”ﬁet he same U6 RNA hybrijdizing- region but with

d|f rent 5 -fla seq nce re 29 sho a chart i.cting copy
er versul® 8{) @%eﬁ %mf‘a‘gjr”d gtg‘ggreiﬁén%e\gﬁﬁﬂc%’ﬁﬁmfﬁ?p%gﬁl are

m xed asecand nudkia add 4argedV ifrisdme pﬁaeasdtammidynems the second miclgipli®d 80gghows a

chart depi.cti er _Versus et,. s Iot r. b, Oand

Let - 7a ﬁm%t' ﬁomgg“gc‘%‘éﬁ’fegﬁ% gﬁ’ ‘i?g%ﬁb ‘%S%Eﬁﬁ%’l’cé‘g air%FéUG% ner at ed

during HBMedndﬁHEmeRNﬁhe present invention for the detection and

characteri Zafl on ated . wit t}o ancer re 32 depicts

u
t he general eglméane b“““ae‘% ég“? %ucllel? mdﬁf\f&} ts? ng f’fgé%y cogfﬁ?l sing a

r eVHY secdm@aissc h itquinlon wxéamﬂ @morasipsl syffeiatly oohqﬁamenm to e saald RANA | nvasi ve
2501 cava0s BARBY AR Ao FhAMLea RS0 RRE REANAl, UELRUS e COPY
nunber O a per teaction. OWS ne gnal™as a function of
t enper ateact®n. In some eﬁbgdﬁmn%thsbamsmh geachem magimn@rasel abhinfeactieact i ons
plotte RV, RHERE ] raw

si gnal d\g?&? nllé%? Hfg‘gg?{ iag% u%%dag a| repl n a%%o@’g’ E{ﬁ?y??&pﬁg&amﬁn%&?l on of

| et-7a RNA copy nunber. Figure 37 shows the net signal generated by
the 1-step and 2-step let-7a assays ag a function of let-7a copy nunber.




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 . 5Fi gure 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

wi th cancer designed according to guidelines listed in Exanple 19(M.

Fi gure 4Zushansodatelitt,isonadle 698 bORBIA ihdd RitwddotitidnibiRthkGemblafd ¥ BFdtidtg

| engt hs of %gvﬁringanggobe and PCR pr.inmer _h bridizing regl ons.

Fi gure 43RV HEE FALSPEonRIIFYy BiAhSrMysHIR S o ssmordiApargased

144- 285, as et v ehoh enttsiinéis, Bxadapdctiod 9f arlRnbMidatoNSroitosifaakd bat e an
understandig&wof t he presen nvention, .a, nu ternms and ghrases are

I nber, I
defi ned BEF of the two Owggi{a}%e‘f‘ ?ﬁmﬁ%(lfeﬁmmlﬁmww%ﬁ%a& 0 SHP4 o RNA.
As gss:g h&midg maiythe snilefedi RN@aﬁe&ﬂl&Qtrea?ﬁaﬂﬁn&ﬁé'thé ?i{iRN&sta@ed GsellaRMA that is
to be det.ect (e.q.,..in the presence of o r._pucl ei,c aci . .In sone
bbodi moliEges SlidiiaontdlaL it sns BRRGRehts DR t5Rl § SETRMRET As_ueed
herein, biwdification of RikedRin@ohiphi 18ldxtpbiohof a dhicther debacitilan: sdt srahsir e” refer
to a str uFe formed by hybridizing a nucleic acid (e.g., an

ol i gonuc a0 an RNA target, e.g., an m RNA or siRNA. I n sone
enbodi ment s, hhsnehBidimatsdhé tethol icB@bisdiliztetion afi PlutBitgof mRN.AS BY

: s . . odim . ity of mi . ] s of e . )
" ofher b st PR deidahy SR B PR e e o g
that hybmiilNze Ihothdemisb&nntso the@iurality bdintiRNA(@ngprisessdi figteat @IRWALID] e
nre apnlfEr BRHaRhay R R T S PB4 Sy oy BEERR IR hots. -
i ncl udi ng, butThaptesdrit iaveatdon glgo plookies Hitstor oswihchiag enynof the alseenaidaidi nent s,
RNA detegtion structures are further nodified foll ow t he 30
b i 3 5Pt S, §P A SRl e bR oklcBfor okt Rl e o
conpbhentisclat atiieocdBteed fofosting e Heteetipr Wnicthes waed bylpidated 16 att R&I magdton by

a nucl ei I [ . I n. oth i n ne or_.Jous.e .conponent s of
oGt R O LHAELRARSgimiclhe U e SERBAKATRA By o SRS o8 hnifTRC 1RO
addi t i onptefarted|emitodagérds, kits are confiFired toadatect 2 JicRNASIR A1 e 4 3 §,0niBh LT, t

interfer n e i { S I pl ex, ..or
double-sb?gﬁ'é rééi%ﬁ?ﬂaﬁ Eggg%gﬁ%s %gﬁ%F%f§¥ﬁ%&§%ﬁ%ﬁgﬁ?@@%ﬁﬁéﬁk@%ﬁFon is
about 18cerdiREdiachabtactiesechnhBNA fagetiwithlag nsifNahthegktr egi on can be as short
as 1 and as~ - - i I I.S..det erm ned
by the 5 anti giéﬁgxgs%t%? angt.l&@t?%%%g_ %%ggﬁgfﬁg?%%%\aﬁ%ﬁ&%é\ﬁ%ﬁt o four

unpai r edogmprlisteg j?rdé'gﬁlw (il m@i@éém%fiﬂ@a@ﬁt miﬁfdﬁ_ﬂ@limnmﬁ@pﬁ_ém sqognd

funct | Onu@ﬁbéf@a/o%g&aﬁae@@de?gefa teedst LAGREDLAG: RV LALSELEL GRE i} Dprobe.
invertebrates and in vertebrates, and in triggering sequenc ;sng|?|c RNA
degr adat Plgrngcleptide; prsbating(Odhiopgh Gnbindge pendifions seehngal mdgeciion strugipre] east

one strapgdrofadinRidiint &% RlecdBhRnel " BNIRE HAAARAL, 1R AisFutefed
substanti ally honol ogous to _or substantially 10 conpl'enmentary to a target

RNA %! eeligasuclypiidesqompmigecd st esiant thetys egmpicmsriget ohemilbN A digizet 408 2t he

" ant i senggonPlebRAGhatlibRoSdobdMn oD PG USRI thget! &8 Ol KMABRERSWHE 1S the
"sense" strand and is also conplenentary to the si RNA antisense strand. One
strand ofecprbugahaiedeoligonyplgeiifccegippacs et Trsionhatiheoral gmentpgrig elieesndt he
0pposi t erepldhFthe MiTUSA 1238 Slil8eoMBYeiBA R &lndt @@z%%leﬂﬁﬁtafyeéﬂ%e fdeheot i des

than the opposite poggl enmentary strand, resulting 15 in a "bubble" or at

| east onEEFRAL d@repty 1p BRME BHBRMEnSt feFinE CRBPETSSIMIIBE 27 he

doubdee- sinvaheteddedvags SPudhes tbifingdi8e BXaGTE MeSRUFR ke dectiletRpposi t e
strand; thus, thﬁgstra_nd, preferably the seg%g $,trand, .y have at | east
one m snEfEREHH EGEVP .CI"’@YWE“?%&- 3P s GRPaTimeatiafaq B’H‘é‘Pm‘é‘%MWées;
non- | i M &indgisexHAbLm caFitiSaCizoRg vapbRsofi cehiige dddtkbn grsedet eRCRSkingr

| oops, whi.ch connect the two strands of the dupl 20 regi,an. This |[eant of
o PR T R e 1 BT R B Re SUSTIE = PR SRUE ST o ¢ he

short refers to the duplex region of the si RNA, or "hairpin si RNA".

Addi tional non-limting exanpl es of additional sequences present in siRNAs
i ncl ude stem and ot her folded structures. The additional sequences nay or
may not have known functions; non-limting exanples of such functions

i nclude increasing stability of an si RNA nol ecule, or 25providing a
cellular destination signal. As used herein, the terns "subject” and
"patient” refer to any organi sns including plants, mcroorgani sns and
animals (e.g., mammual s such as dogs, cats, l|ivestock, and humans). As used

B A P g




In sone enbodi nents, the | NVADER assay reagents further conprise a third
200l i gonucl eoti de conplenentary to a third portion of the target nucleic
acid upstreamof the first portion of the first target nucleic acid. In yet
ot her..enbodi nents, the | NVADER assay reagents further conprise a target
nuclei c acid. In sone enbodi ments, the | NVADER assay reagents further
conprise a second target nucleic acid. In yet other enbodinents, the
| N\VADER assay reagents further conprise a third oligonucl eotide conprising
a 5' portion 25conplenentary to a first region of the second target nucleic
aci d. | gmbodmenire Hicfangymmbountprisnstad’ EN-h eugleasgo lh isome efbbitienenisi ¢ldaving
ol i gonug, Ql%'sqtge b é’&lw?c!?ﬁ ] i Eteadt leig acid. In
ot her spé%ﬁflc en%gggnenps,e%ﬁéhgecoﬁﬁgﬁggggﬁﬁﬁﬁg%%#ggggéﬁpﬁﬁFgﬁ%r
conpr i ségmg egtogigrantsopteaving ti invashis oieavpes tiugtire boquireatsgenpetaties gt  nucl ei ¢
acid is fnlf'eit 1 59|0t i i i s, .t NVADER
assay re %‘gﬁts fgrthe??%g&rrgglgég gg%ﬁ’%@é‘?@f@%ﬁg ujglg&@ﬂé.lg,usﬁ TOR
ol i gonu@rawst fdeyverse transcrifffeoni. Ag busé enbedin@htspthedinstyinkabéal oNRESTERM e is
ol | gonuel&OlslAaRiy MBER BiiRbRudAREe RRkT Bladi difa a8 FACH0E! RREMS
target-specific region and partially toits - Fap region, sequesters
uncl eavéeubpdigisats, Hhthronshehtase Mesmt withinr tbe soneratapioon vesséthée sesondar y
reactiog b@ﬁwﬁﬁs%{inb&ﬁdﬂ;gﬁ ek HEA! iohcbdotaB 76
(2001), ﬁ%?ein inqgrpor%te Eicré?%r%ﬁ%@ﬁyﬁsvﬁg9%%%??g%ég¥%#ﬁé%%%%§3gposes.
I n sone Iptasperpeeliantsdhrbngtsnlabpled piemmpERoGds aryl the ageriedrahsariplree  conpri se
reagent Sevefi tdRI@HE MIMARTUGLSLC BGhile ,Qgﬁ@&'iﬁﬂﬁm?&%q%%ég}mm

t he I NVA assay reagents

enbodi nents, one or nore 5ol i gonucl eotides in

conpr i sBTBNAeBEet (ien 28 BN ePb¥Y Erzedrinaupiied BY thediret ynlabstedol i gonucl eot i de
conpri sgfgdhubRBgle aldnothBhd Bﬁ%ﬁlééé I@ﬁ%o%’&@ﬁgﬂi&@ﬁd%e @wg g%l%gg%n

ol i gonucl eotide conprises a label. In particularly pre _ o%:li ment s,
t he rea§ePsrass AR &achon. | ngomefarodinenth thegrepliffpdrairentingeritedbel ed with

NDi et i efmikNAL taffcO RS adelctOf ABRARE & 1hE %ﬁé@&ﬂfe%f?ﬁ@%r%ﬁe bhighabiesadd kT
effect. 10l n sone enbodi nents_one or nore the | NVADER assSay reagents may be

prold dedPifeEdiRgnisJon Sy upbbaisf obgepuclsplidrenmpreds petleigseidispaugnst ep of t he

pr oceduk@hWhdtRQkbIdk & ABEE -2 BB paRS is' Brrdé BRSNS AL oli binRRBREHR0EL MENt S,
sel ect ed 1 NVADER assay reagent conponents are _m xed and predi spensed

t oget hePiRNA ipiest etheatiewhbBaFHEm S cansble’deeripamaRN dyprrssagencriconpbnent s
are pregigynenseeh, e%.rﬁ%@! RAkbARGMbAdRdnRA sk B1An'OE $6pick bMRITUGA Bg, 15bUt  not
limted to.a reactigon_tube or_a well, as_in , amcrotiter plate). In

part i TS At detesietodn sqtBe T Ratments Jeshan b P iy ADRR A ssyrmmiagent

Ccongpneddtsctéd. EnGbine GrbRWindrs, fhe sc0@ il Glaefd MachYdeflideicgBghisdshudlefceact i on
ves In so enbodi m? ts &he IN\/ADI?R assay reagents are provided
H‘Ef?l, 0 MQ

sel. . -
as a ki o1 BAUFASEFURR uplgg pye-paing i fosmed befiRpenEe very system for
del i ver bify@nuwit@idening thd MiRNG 1@psi. Dlsomd @nbbeiRtdnts) hedR Sy SigoatigindR! i very
systens_incl ude Z.ste t hat al b%f of ]:ehe storﬁ transport, or delivery
of 1 oacTIBSFRAANE Sf degrence el B 2I0uBler GE 200 A2\ Herse-PRIFLS fyfethe
appr oprﬁ;@ﬁveerm?abﬁigm?c&bﬁ_aﬁdﬁcmﬁesmw {at gt ontk @fdpakisd étlﬁp}goﬂth@hifﬂﬁh& WL itten
i nstructions. for perfarmn e assay. etc. rom.qn cation to another.
For extiges. mes P ket the SR REoR st oR ey SRy o8 a8 ni ng
t he r el @wnanises #fict pomion @ad entcnadpditam, shppdr the figst 2brihent @lcsecds! used

herein,_t r,f ment e it" refers to deliver) stens .conpr.i sing two
or " rror PLET S Deri BRI b ol HEDal S PR BHBLGT SFRERGR ¢ o o

kit conpehsnusiabdlhé cbgmtmicotidsproby when thel firvigroedort md the sécohépeaeidnr eci pi ent
togeth Ia: t gFor e first container nmay .contajn an
enzyne%yggdﬁ%??gnﬁao?’%s%as%mvﬁl | eirgenstsgé%ensgg%noér:ﬁe PhéT “Cotit é}dﬁlsnpatbdeg

ol B§onudigentdlendie PTdte dosrmists ¢ fyhpentied akd & $edosd pottiendetiertia thanienpass 30
kKits c i.Nj peclfi ) | at.ed under. section
520( &) ToT T hEPEaGaTENd BodRfita) il ERGERLE, MR ko be M LR B o

t her et girupttkcie dormpdyn e sependunishsiasmliconprleatidn grabsovien thefist pepan atd

contai g SechPhortdh ByGORLAId hefl oFUPPAIb Y nfloaldifhc B BlegluimapaPOnent s are

included In the term "fragnmente I'n contrast, a "conbined Kkit"
refers to a delivery systemcontaining all of the conponents of a reaction
assay in a single container (e.g., inga single box housing each of the

desired conponents). The term"kit" includes both fragnented and conbi ned
kits. In some enbodi nents, the present invention provides | NVADER assay
reagent kits 5Sconprising one or nore of the conponents necessary for
practicing the present invention. For exanple, the present invention
prevides kits for storing or delivering the enzymes and/or the reaction
conmponents necessary to practice an | NVADER assay. The kit may include any



As used herein, the term"distinct” in reference to signals refers to
signals that can be differentiated one from another, e.g., by spectral
properties such as fluorescence em ssion wavel ength, color, absorbance,
mass,...si ze, fluorescence polarization properties, charge, etc., or by
capability of interaction with another noiety, such as with a chenical
reagent, an enzyne, an antibody, etc. As used herein, the terns

"conpl enmentary” or "conplenentarity” are used in 5 reference to

pol ynucl eotides (i.e., a sequence of nucleotides such as an oligonucl eotide
or a tar lelGaa6l . ; -pal I I exanpl e,
the sequeriiigrioRge §‘%1’>f£‘%2‘%?§%é%ﬁ% O PRRRPREY o Ll i £QE ZA0EP
Conpl enehtigb¢led ohggruplsotigeproba| In'somg sipbiodimenhl the sstheddhrthéreompeisei ¢ aci ds’
bases ar g-vdicHed;) a6 bAECHRRolife Eé}ﬁpl%éﬁm%bwre ioh W 8% sefdnd dnilefedM™BY_De
"“conplete” or T"total"™ Conplenentarity between e nuclerc acrds. 10 The
degr ee ofligyslcsHanpigbet It v pdedipentsicleagisedheinvasivsclhzkege bigritie ehmt
effecs %J;e@ﬁ%%wﬂagmﬁgﬁapéo%?@m&mg ﬁ@MR&'dﬁ@cﬁﬁﬁhﬁ%PQ‘?rtéé‘E&@e fL&! C

acid strands is is of particular inmportancé In a icatton feactli ons,
as wel | akhorghothar sumpeeRiseianehbe S%p@d&swsqﬂmﬁmegguf&@mnnm esic

aci ds. Erdrh@fined Poriiithafled OnREmYSRBolihenR! GECNGE: skguéffagé WSk valgleot i des,
especially within the context of polynucleotides, For exanple, a particular
15 nucl eBERBésABHinglamedrs. gbrrguiesatiodinnty insacasigdle pocetragion of the
conpl enepidEiolifonlectiaéthciddfds @R senki@ivRty BHE&RInldRe Wik iN3ROtR]kmAuUC] ei ¢

acid strand, .in contrast or conparison to the conplenentarity between the
rest 1bf  ERBOHRSY St FdRaEBRE e defgetrdi 8 semepmiadiRents, detecting The t erm

" honol ogy¥ompiiées OS] 10BQErobel Bf ortlerfoodgiRe RS 1abdel bidh¥ is ARGERARY be
parti al porml o%%/ or conpl ete honpl og%. A partially honol o%gus _sequernce is
one t hat 1aP§led0 1 yune epbadimerse thelheled arobeds candienes foebiRER datectign. 8ed
herein, &8 &QbORINRNE] thellBbafel PRObe s UIRE chiforBAEENEE AR hihdipad Hig of
conpl ene bridizatj.on .and the strength_ of

ntary nucl ei c, aci_ds. . W4 .
hybr i di 2Ot Bhan] 3 second cmraal FRCR hY bHLZE G0 in BEREBROF RN EF e ¢
aci dmy i mbelRl hrsbaeRRHRY insttabed Med&cEn@SvidnyBAGZERIOf 16D | BERtaRy bet ween

the nucleic acids, stringency . t he condj tiions involved, 25 and the T. of
the for n’é’ﬁeﬂ%’r‘is&f)““flvﬁ{.l%’d‘ihfﬁlm Q%Tt%g%d??ﬁﬂﬁl"%etyﬁ miRNASIRE® of one
nucl ei ¢ aatded Gsignokhonposiaoml eavnitacds ofuel RéntiBientidn icindidgMiehei ¢ aci d

el o1 ¢ WG o NERT~ P oo ety B e MR Formifoif: e e o

anneal t hr ougThbpeeenp diventiteh alsd groaiies O RiticSmAriviAE bné 6£HRI aradirpheiMbl@Non.

The jnitial obser i.ons of th 0 "hybri.di zation" proces Mar mur, and
by iorRERRAba gt { o trmioeiins SR g PG AR A TR &
Nat | . AcsgonSaigionUbd idHotdbhplch9adyry hathe nbiBAA fddt:ovedofyudlieeligdef | nenent  of
this progcess into essentjal .t ool . of dem hi ol ogy. The '
corp! ereie b i RaRs Rt e o IR CRPRIRY o apgrpdrgaighof the
ol i gonuci&RN Aderswharcly seodreiregiondging ds mottchmpleenentsey @i the acdodld sefpredite such
t hat the_5; i e ce is jred with the 3" end qof the other, is
i TR ARl a2 R SEacks PR Selullels: et iRy ottt e ur o
nucl®i ¢ acyds capablbef dervingdedkteationigustuel ér sorae edbodifnehisgthpdeteetivta | nvent i on
and i ncl [ %FEI L: i - de i . Co enentarity need
not be per g%%?&gﬁg e ﬁﬁ%%gggggﬁﬁégggﬁwgi%§%%§%§#§§%5wg§@%3g§f?s or
unmat cheebnifgueed to detogta w4 dagétrant heleastono ptheuBNe wrgeti th foewhnol ogy can
det er m ng dupl.ex. stabibi htd Ak ' j e i abl es
i ncl udi ng, foltn Btgticé’arrpfaé,Eg ﬁg@%ﬁé‘%ﬁ o#tx}tlfﬁgﬁ%\lkgg%ﬂﬁ%%egé%%g&5%%@(%%%@0& tion
and sequence of the oligonucleotide, ionic 10 strength and incidence of

I st cheg M@NéFﬁEWW@é n, the teiin "T." is used in reference
tothe"mengtamaaune"‘hermHiE%%aEMQUMeisthetamaaUHeat
whi ch a popul Bighwsn Hpwd e ehenasicrdigaterd of DERaelighnpdleeiddss.agobecones hal f

di ssoci afigRnhRbMidek B ﬁililﬁ’?’ E@@@!ﬁes_ éﬁxﬁe&ingwa a&ﬁf&a%_ah%s g@%g&k@ﬁhggy h§5Tr 0

of nucleic acids are wel nown in the art. As indicated Dby standar
r ef er encidigle gudptisiebingstingiarecé®rt he T. val ue may be cal cul ated by the
equation: T. = 81.5 0.41(%), when a nucleic acid is in aqueous sol ution

at 1 MNaCl (see e.g., Anderson and Young, Quantitative Filter

Hybri di zation, in Nucleic Acid HybridiZation (1985). O her references

(e.g., Allaw and Santalucia, Biochemstry 36: 10581-94 (1997) include nore
sophi sticated conputations which take structural and environnental, as well
20 as sequence characteristics into account for the calculation of T..

The term "gene" refers to a DNA sequence that conprises control and coding
sequences necessary for the production of an RNA having a non-codi ng

——k ) A



nei ghbor in one direction via a phosphodi ester |inkage, 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 eotide 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, also may be said to have 5
and 3' ends. Afirst region along a nucleic acid strand is said to be
upstream of another region if the 3 end of the first region is before the
5' end of the&igeednidowsgn exeruflany deetiogstalcong valizéd @mndmeferbodigines @i d in a
5 to 3', direct i.on.ﬁV\hen two different, non-overl apping ol igonucl eoti des
anneal tt%e%‘ief?népgﬁfj ?régi ons of 30 the sane |inear conplenentary nucleic

aci d sequenceiigand shbes 3'second epémplaey ditdcjon sichaote widizpdinmet owar ds t he 5
end of th ?t hert ttttﬂe for ner eﬁgx be called the "upstreant oligonucleotide
and t he T4 g?erﬁ'n% GEVREL A OB | gonuel eotide. Simlarly, when two

over bappi ng diggerubbest ildeke@npldry detech aietiutturé heedsagemné embadiments of

conpl e tar nu%l ei.c acid sequence, with the first oligonucleotide
positio PETFR TR Y ts 5 end is upstream of the 5 end of the second

ol i gonucl eot iKgyre antowh exéiplaydlighmidieviiiey ot ued ivith thechresint e enttonupaseseam of

the 3' e of the. ond ol igonucleotide, fi.r.st .ol igonu ' may be
ol | od the el FIRSRR! R ERIS I S T Bt i iR e Ty e
cal | ed tdhigothehdoumiglty maid régolar gorudoeet tdbe type indicated R'eOtnaatig] teidueer " refers
to ol i gonyg| i at__ i bl e . of tLng as._a point.of .i-nitiation of
synthest s whaieSF §el Bsehulis CERAHCR e Bt AR ABRPRR eflertl |
initiated. AfFightJohoet beotreaidts b rmperitungmytiveetion gapainaddisfor &%-7 n a
purified restg] ¢l I . nduc j.cal AJO0A priner is
selected to t%‘%&%ﬁ%g?\gént&%%ﬁu&% O% er‘rig%ftg{%hy@q%ﬁ%/t trgglr?géoﬁ%rylgtp;eici fic
sequence of tHigore 8hbws te resulis pfreosaesetiviiy espéfinentensing le-Gpiféient ary to
hybri di ze w gﬁﬁgetzg %@Jtﬁe?ﬁhﬁ@%i@b& Eﬁ’iﬁént?'f?qgﬁ%-h.on to occur. A priner
ot

sequence nee reflect the exact sequence of the tenplate. For exanple,
a ndh- conpl edegrady shrved o r¢syls pf GHFAMA Sgnaymes X aoh &d! coonnamieom usingd of
the priRBLs R the remainder of the prinmer sequence being l5substantially
conpl ementary to .the strand. Non-conpl enent art\-/] bases or |onger sequences
can be i nt er SpEns éd shawsor paydaleiipance abgravang el UOHINA sheuepeds fenm segyence has
suffici %p%mg?,{gpl enentarity with the sequence of the tenplate to hybridize
and thereby forma tenplate prinmer conplex for synthesis of the extension
product of t Hégye i frehowsThe reseltppf Eppsipige ortitpizetion expegisnegsder meErdidn, refers
to agstruct urgnlhak showd QE PRAIDYF BE8DNGpbh a6 Rin-185. at | east one probe

ol i gonucl eoti de and a target nucleic acid, formng a structure conprising a

f
dupi ex, the FeEUf P fepiins agraphicabeprrgentiemLisveragy cornis dusiagbfondins

i ncl udi REkebitn HOLt-F idTddadsak. an enzyne. The cl eavage structure is a
substrate for_specific cleavage by _the cleavage neans in contrast to a

nucl ei ¢ aci d FABITe L0 PRV THAE resels okt fane iy Ade Aelk ysetes Meb endavthoe by
agent s saedkeas sph@sphodi est erases, which cl eave nucleic acid 25nol ecul es
wi thout regard to_secondary structure (i.e., no formation gof a dupl exed

ot r B0t ur e o FBERT T SRS TR e U Cleg U S B b LSRR gant - as
used henghningherenil BshoRBRISARRESTOR dippatdiectifes.Cl eavi ng a cl eavage
structure, i C|Ud$€%bet not 4iq%ted to enzynes. "Structure-specific

nucl eases" or '#8¥f QP FEBIY PR HES PR N, FREE PR Psipg P%e 30
speci f i desgoohdatiedsd Figkat®s in a nucl eic nol ecul e and cl eave these
structures. The c vage, nea of the invention.cleave a nucleic gcid

ol bcul e i FESEOIEETE BRESPE SHePBRbre SRR SPrirenf bnenk €' ot
necesd s atier bl ahti @ 2 ehadNagDBR alizgonlcbaiide 8ol eavage structure at any
particular |gcati within the cleavage structure cl.eavage ans may
Phcl ude. nuct Sk 2t sl BBPF oS S s e B ol g (e
CLEAVASHlignayiesdg ddsignd. 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), Tag DNA pol ynerase and E. colt DNA
polynerase |. The 5 cl eavage neans may i nclude enzynes having 5 nucl ease
activity (e.g., Tag DNA pol ynerase ( F'), E. coil DNA polynerase 1). The
cl eavage nmeans may al so i nclude nodified DNA pol ynerases having 5 nucl ease
activity but lacking synthetic activity. Exanples of cleavage neans
suitable for use in the nethods 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 WO 98/23774; WD 02/ 070755A2; and WO0190337A2, each of which is herein
incorporated by reference it their entireties.




The term "I NVADER ol i gonucl eoti de" refers to an oligonucl eotide that
hybri di zes 30to a target nucleic acid at a |ocation near the region of
hybri di zati on between a probe and the target nucleic acid, wherein the

| NVADER ol i gonucl eoti de conprises a portion (e.g., a chem cal noiety, or
nucl'eoti de- whet her conplenentary to that target or not) that overlaps with
the region of hybridization between the probe and target. In sone

enbodi ments, the | NVADER ol igonucl eotide contains sequences at its 3' end
that are substantially the same as sequences |located at the 5 end of a

probe ol i gonuEERRE b 0hows results chiBaliNPthe AREESIERWIBI BN L E ded:8f REi8udsFodN

agent added to or _included in an invasive_ cleavage reactionin order to
stop oneSoe fbpikof g metahiraiunt & the piebs and NV ADER phigpueleatidashsequent

action or reaigR22 Titives tHBYesBs SIARCash) SQULESIREFsNY dbfect RACI2MAL I Ng sone
reaction corrp%nent bi ndi ng or base-pair] n% a nucleic acid

e.qg., by , -
conponent, or r%?%ﬁ‘?"r‘fff the regulty oheaPrRERHD trdiet IveRiivent miRNRRESPERIn
ol i gonuetratRAR isd1gb@fdnd T @ffeftht GROYE/pQt i de included in an invasive
cl eavage reac%l on 'én or der%uiéé@t op or arrest one_ _or nore_ aspects of any

reaction (e.gli8uFhed fhomsre PHITIHESIPstiRg the effect 5 BBy detedionidbns or
acti ons; altdridgSpro®d anddigRdededidatedgae ARRESTOR ol i gonucl eotide be limted to
any particul ar. I ea i.on or ref:\cti on ,stelp%. Thj.s may he done by sequestering
sone reaction %‘ﬁ‘bg%%br‘l’tws(eé‘?@?’ A R BINAF P IE® P{ig%m‘ﬁileﬁ'@&e feFemsitRr degsgon or

bi ndi ng bbarBsiRNL, Giotvet 0fRe@edie} indroE€Y e, méthyll S not intended that the term
be sp limted_as to just situations |n which_a reagtion conponent is
sequg%t'ered. f?f‘ﬁeegq STEQPE at‘;@“&‘afbe Hehé? EV]?Fdrc‘%‘f‘%'F%g‘?%g‘&r’r‘”th

ol i gonucligftrénd &"-finp tombisapichan. of ol i gonucl eoti des configured to generate a
detectabl e signal inh.response to cleavage qf a probe oligonucleofjde in an
| NVADER assayglquﬁe %?Wé‘fsraec&a&r?ﬁ%ﬁ%ﬁ?pﬁﬁg Eﬁrg'é%?e?élgﬁﬁl%% B E%H‘%“ a

non- t ar get-otlaaagage2poedichiddam ¢heavages ai e vay ekel oM genaishvestd de to

forma second invasive cleavage structure, such that the cassette can then
be cl eavEd)- "PHEIEGHdary cl eavage reactions in sone preferred enbodi nents of

the pFesent i RiQRA 2DshoiRGvY @l gbhiRIdbS8e plobERRIEh CRsmal 166 RNSUBbrimligeul es
provi de both a se&g{g&a% '3.{3} e;,téné"Secondary Reaction Target or SRT) and a
FRET | ab&&y Bted & Te%' c & 8RRy hompgeneous detection (i.e.,
wi t hout_ pr oduBiguseradhaiisarchan dofibeig mgnﬁibaf b@a?safat eignézigpwgnbﬁﬁgﬁhm% of the
sequent i vasi v eavage reaction, er preferred 25 enbodi ments use a
secondar @Eﬁégt'ﬁfﬁﬂ‘?g@éf%‘?ﬁ?ﬁr%ﬁxé a‘t%é“ﬁ’hﬁ’lﬁ{‘bg%@‘xaﬁﬁpwﬁ’{f’Weti c target are
provided as sSpparsdEsHokisGUnbE @esitaascopiiRnble etk et sithaRkott KRMiglePTMRI Y
reaction act as |nvasive oligonucleotides in a secondary reaction, in which
t hey?bi ntPd et ReletgsBPdpri at e secondary-reaction target (SRT). In sone
enbodi ment s, FiparLHASGOs&akiSustolipbRGEtilel BOTMEEE I dalLOBBRbS dFgha hai rpin
30 portionﬁ%ﬁi .e.,.a fegrifgtgﬁv\hergécg one portion_ of the cassette
ol i gonucP &S Y& R 194 hon L AP S EREPD A B AR asaratel Mgt eot | de
under reacti ORigaf Bl ddpeiisSthe lbndrall dBsign dodeotlion bAnAR NAIusgipRodiseBNt s, a
cassette conprises at | east. two ol i gonudgeotides, conpri.sing, conpl enentary
TS, Bl i i

portions® T EP RIS BE X AR Ry & PEREIT B CBHRATICHENEN $hinypEY S 1 ed
enbadi mecit@agt hesag amsedt.e conprises a label. In particularly preferred

enbodi nents, gasselte compri.ses | abel ed noi eties.th roduce a
P ooy o conee FREE Sofa TRl b ohy val e Collbh Sld e e L A8 R ORER,
"subst anti al | igsreaifl howts mardgd] asvnEmctise df tempefwee.ence to a nucleic acid 5

Strand of nuch B Berave AR S @hFo BT S s P Rb b Rl o B 2oL 80

exi sts aspywernder.ands of nucleic acid which are held together by

i nt ey St rand oL i s i r.el I, hr ase

" noﬁ’foarrpl ifi eﬁggﬁ%i %?%E%P%ﬁet%g%gt %@@?%ﬁ% 735?%/?;%?%?{ %?@m? gsagé }(I;]ié)ft %@%Si %n assay
conf i gurkuiction efdefe’ta RiNAecqpyeverer or absence of a particular target 10
sequence (€. ggipn 0 t 3 k S

anplified (e%lg?@b%%gg%vﬁ ﬁ%gatﬁ gcelr%%gt:élﬁ% %(l:eoglg{eég%%(; Et% %gh%;%g%a};sg%ggence. A
" non- anplupsticadeidet- (perpdevmbge det ection assay” may, for exanple, anplify a
signal used to indicate the presence or absence of a particular target
sequence or polynorphismw thin a target sequence, so long as the target
sequence is not copied. 15As used herefn, 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

~ M~ 2




10nucl eosi de anal ogs such as 2, 4-difl uorotol uene, described by B. A
Schweitzer and E.T. Kool, J. Og. Chem, 1994, 59, 7238-7242, BA
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-ni‘trioi ndol e and 3-nitropyrrole; and universal purines and pyrimi dines
(such as "K' and "P" nucl eotides, respectively; P. Kong, et al., Nucleic
Acids Res., 1989, 17, 1510373-10383, P. Kong et al., - Nucleic Acids Res.,
1992, 20, 5149-5152). Nucl eotide anal ogs include nucl eoti des having

modi fi cati on P88 Sluﬁi’dthgﬁét%lgﬁal édm@ﬁt@oﬁhé Q&M AL Qi e aNds-04-1
2'-0-meth nucl eotides. Nucl ggn g{}al ogs i ncl ude nodi fied foknis o
CF‘PBB

deoxyrlbé%ﬁ%?@d?ﬁﬂégl%§4ﬁéﬁPa EI7REPFNBETOFhe t er m " pol ynor phi ¢
locus” is a | Gotife Y Ei5RAithe ﬁet%:@@pgﬂn%idtéﬂEﬁth@%tsﬂC&éb‘ayyWith@irbm 1296 between
menber s of tgﬁ&£¥ﬁ¥ éﬁ%é ﬁﬁ nost _..co n allele has a frequency of
| ess thafPd! Tatigs &5, ORBIHAR 181 B EQRY YR genetic | ocus at
little or no vagdr@am m&aeﬂetb@xﬂe@ﬁmm@rt&e@ét-ﬁa%m@@wé alnlcesh ooRpeLal |y
taken to b cu at mhlch the most common al l el e exceeds a frequency of
0.95 in Fﬁg é&hg 6%&%’ SEOPRERSEYl ati on). The term ' nicroorgani snf as used
he(r]I ein Imegns argueéb YREHEB cltiigenmd ided %eﬂa&z&aabwm;mﬁ bhmikre Al ado]gﬁ&deye g
and incl udes ut i.mted to.bacteria, virus ot ozoans, fungi, an
ci | i at es™ith cancer d’fﬂ%"?% “dtﬂgé?gﬁdslneﬁg 1iErddn Loram e?ge 3‘90%1‘ ers to gene
sequences der Fipgee 47 ghiova aditiondrdgaighsitr let-7a and miR-16 WHE viuginp lehekd €F | a"
refe to .any bact C L hcl udi ng eubacterial and 30archaebacteri a
Specﬁis fhady pr gﬁ ‘{§¢ﬁﬁ%V}f§§ FEPEIL'TS obl i gate, ultram croscopic,
i ntracel | ul ar Fipmrasi pesiden e apdblistingfall aligoneiaiikies, §HG TaNCOan1 44-285,
repllcatlonaﬁg,U|r%§ L Re use f the host cell's machinery). The
term "salpr R’ Phe Hréden pecification and clains is used in its
broadest sense. On the one hand it is nmeant to include a specinmen or
culture %&% 6 oblologlcal cultures). On the other hand, it is neant to
h b o

i ncl ude oglcal and environnmental sanples. A sanple may include a
spectien of sYottiwlitae anningbnstanding of thBipotsegt ivatnteanphesbaysy tdvmsand mal |

includingng&ggp &£% I|d (e.g., stool) or tissue, as well as liquid
and sol i 5 products and ingredients such as dairy itens,
veget abl es, mamsediterenathe bymgngRbet g sfeantd nuimst BNAB; 44 @sgﬂ Gegeins drpbms may be
obt ai neds ]ﬁg@ f ; 11;@@: i I |1 as
feral or I%/lvl %}ge&egﬁéﬁ?%c%ﬁédp o tlh‘r%lgatQt Iﬁotf Hd(ie SHI PE csevégs
ungul at egthebesiteic agidd), In agammmea@;weﬁiﬁé,tmts_equence is Evﬁﬁanbfutfrm nt al
&S hfwlhude environmental material such as surface matter, soil, water

and industrial sanples, as well as sanples obtained fromfood and dalry
processi ng i nds gn, the pamat RYA datpstipnsmecturel end 'detection stpatab! wiand
non- di spasabhgnirt %edtp%?sn&wgalﬁmwmmt te afgtoﬁgaé»&t{dum z@t%uhhm ting
the sanpl e types applicable to the present f%lnve ion he term

"sour ce 'BtEebargyern MURNAice seYAy Iy sopes embpadiimenytsSherphadeie Aeid l%®ﬁpéﬁr$§61QWCl eic
aci ds (%(eeg a lar Bué)em%d% szlaatt tég%tt (%E tygustts%%&saem&ﬁ@s of target

nucl ei ¢ aci ds are biol ogi cal sanples including, but not ITnmted to bl ood,

sal 4P, BERH)-aln %tb‘?frf‘éfllboldluﬂ'?rﬂs the) Ripieas aqifl GPrEPTITAS (RO ﬂtl%lﬁiﬁ eids ﬁw utheind
senen. Z0Anidole!td Mil@@l\&@ SortnSa Badpth (ec%' bgngé 8§§61Ib1é ﬁhxrpﬁiﬁ%ﬁrﬁt@ture?l egative to

anot her ollgonucleotlde ar tar%et nucl eic acid sequence) if t

ol i gonudrebTied enibedisncads RN SFlaGHgR SFUGRIICE ATeCIREdn P datslian LpaL ktlﬁ‘én ot her

ol i gonuchepsit 884 Gelech@f B8tho) 8lcRidn@ GLth& HGURAGE) thosdBRIABI REkgOnuc! eot i de
such as a praobe oliggnucleotide i s present in a ¢l eavage reaction in excess

rel ative to tHSOREEEINGIEEIS RO dptReiRyr RSy thenmgdified follasyiae e d

S eqltmcalybhg&aaéﬁ eRp! F@tne)ﬁﬁif)leb@l mﬁierm)duﬂau@aﬁae ok %r@éﬂ?ﬁ&mﬁte@tfs of iR target
nucl ei ¢ Aci resent. prese in excess, .the

o1'F gont i ss0p RGeS ProH s elent B ArRDSGRPY & PHUG RO G certh Siber

t ypi cal lemtaidiheastond oplfmirec@ﬁp@aﬁd@ off kiRt ctibg etiitthre o dotencndulith HEgdssed when
t he targgh nucl.ei c agé ﬁg ance was present at about 10 finales or |ess.

A sanpl &¥J1EE5470 &7 2g¢i0ay Bfﬁfﬁﬁ a first and a second target nucleic acid
may 30contain elther, both or neither target nucleic acid nolecule. The
term"reactant” is used herein in itség{oadest sense. The reactant can
conprise, for exanple, an enzymatic reactant, a chem cal reactant or |ight
(e.g., ultraviolet light, particularly short wavel ength ultraviolet |ight
is known to break oligonucleotide chains). Any agent capable of reacting
wi th an oligonucleotide to either shorten (e.g., cleave) or ‘el ongate the

ol i gonucl eofide is enconpassed within the term"reactant." As used
herein, the term"purified" or "to purify"” refers to the renoval of

R —



20 90% free from ot her conponents with which they are naturally associ at ed.
An "isol ated pol ynucl eotide" or "isolated oligonucleotide" is therefore a
substantially purified pol ynucl eoti de. The term "conti nuous strand
of nucleic acid" as used herein is neans a strand of nucleic acid that has
a continuous, covalently |inked, backbone structure, w thout nicks or

250t her disruptions. The disposition of the base portion of each

nucl eoti de, whet her base-paired, single-stranded or m snmatched, is not an
element in the definition of a continuous strand. The backbone of the

conti nuous st TaaennS'sIRVAS" refeb£1d shért & ferinp TS APN S e €ndiments,

deoxyri bose: phosphate conposifipons that are found in natyrally occurring,
o 11 SR HERCIRBIREaG 2 I bnon g0 Pl tros i o pry RRSHG PRQeThent L BrdeB oy
conpr i sest3hdedehighdnciataboutd 8ita 25 heclsdttdes langerhefdoubr-daakdDrgionicacbeisl Ng but

not limted ta pho or ot hi oat e residues sphopate resjdues, 2'
Cobst | ¢ Ut 75 Yehatd RIghE 60es Base po5R Uik S ner A0S RAGHAE Boternet Y et i ve
sugars ( eajisens@rsehhd) @hftgn SRNBAIcOMEG FF@S bk Swo to four unpalitd rEleslides @ntenuous
dupl ex" sed herein r. rs to r.egi.on_of doubl e stranded nu ic acid
P wh cndrd P Sped S, ROk o FBliEH miketBiemennish Mgk KN 0”1 he
dupl ex (intefererichén hasgctpaies andinorgelidtas,ding i€ ¥igtefing 0équethsd petieid RINDA
accomodat e a..gap, .bul ge or msmatch with. the confipes of the region of
ont 1 nuotesuaPe By mhes etk bR AR bR orie, A GrR gt Boeph T e
ar r angenméuntic:oér ddnblebasepal regionidf hisiRI A ds dibvplaetisllwhdralogmisng bi adkiatialDf
contjpnuity i.n_the hackbon rtiQn.of.fhe nycleic acid strand. | ex
nucl iedlqc %%? S ER ur{i}“ll%%r gt(rafr{ﬁp “e‘%l% ué%‘e%%? Sﬁ?aﬁé,cog‘l??m\ﬁnttﬁy%? %Iaéég“it#%‘ﬁe or both
st rands wwotecwietihibe "aitscds istatd; g sohndherocibgouonshaltayptce RNATheldceiens theupl ex"”
refers tgq e ' ' [ | ortlons ,of...10 the
nucl eot i gégéo ﬁ§%ﬁd;&g '?‘ % 31%%!5@@&8%%%5 thtg%lyj}g#%édﬁ} %ﬁ%ra]s%%g%dpiﬁég&?%g otfﬁeﬁ r
conpl enedtuplystihadebregionayped norbedhs etohidngth of thk: opplsitcoraditthon coé stheidng in a
dupl ex f f : [ C| By virtue
of base %%ﬁfavﬁeg%t?%ﬁm%ﬁ% %E‘es&%%hﬁ%c %ﬂ; tt'cgl%é‘f@ﬁédﬁe; %I Cgéipgeeﬂn%%rfftgmggg%%ﬁ he
t er ti%ar yingt Toybblat er @ifleast emavineat¢hed brse hakd ppositpeifand. &g siamd pidhe gr oove.
The assuy P _ . AL b 2 _ . :
dup! oxod pk paled R B Rl LY Pedrifoh Gy 8 o (el REA0 G
whi ch a eunpl rerksribly thecopy sirandy gidythat ¢ rieast ohewsinguchedigbromshat es t hr ough
Lhe activity gknastelPhal GsdsReREita SUELRLS A6l SRRl aRERSBe cithi NI N 2

epi ct an

duplex the tenplate strand i's, by convention, descri bed as the
" bot t oni seqp¢ngagincRdailinkmgpequenesspeioprmpibitheosnedd iy twe stfadspfdepiuded and

desciy bedsR3 tRG fohAR RN RANay BOrdREmER, PELIEN IQEA{HEhéJF'g% gﬂﬁé\:eptw The

present invention relates to conpositions and nethods f etection and
char act evheratheghogreisticp dpcdupedregion o€ thestRN 4, gr Thaknin FBNG, AdditiopalRNAs
such as JBrChRitAMARabBleRIASddiRGHAl SiBbAcel BleEd: 88 LiRGARNRSIAS WENARE buRRd Ot her

short nucleic acid 25 nol ecul es). The present invention provides nethods of
det ect i ngldegREPHETET ITRF AP HARR! STUGRETP PHYI ORI TRARR WdmosgshasionsRoso e
enbodi MR SingleR8nPes SLAlhifNERh ROIRE Mk A6is g TRl 31 of sif@lLtbldaGleRNA
expression conprising .,adding a nucleic acid to a mMmRNA to aid in detection.
The es PV HFEaReRNAT detisiomnendy ucture” is then detected using any

sui tabl e met hoghuded Gletish, ek teRid "0Bfect" 1208 t Sk ch® refePRSAydrs£l@Sad Rl N.
VWi | e th? foll owi ng 30 description focuses on the detection and

quant i t StFEh THFTIRTERIIETS 4o¢ a8HRALE EF Sy SPEb e {288t cAthdVesREntIDn al so
finds usfnmwnk)d ot her short nucleic acid nolecules (e.g., DNA and RNA’of

| ess than, foy example, 50, 4 r 20 nucleqtides in length). Various
enmbodi ments drEHF %%5@%@%8{%\%&&%@% rﬁfﬁnéésp ogﬂmgﬁ}ﬁ)qlgavgg% Per: it
shoubd heagende ratead ohd ot mbhrecifhRFESdAEBYinh Cargfipbl@thcés) sOt hperagal | nucl ei c
acid nol ecul es. ? I .Fgr r,;r%ti on on %fm' RNA Det ecti(gn Structure, I n sone
enbodi mERFETSPRSTEP AN ARAYIC Oh “BFOVE HoQVARYHIEY 287 STEREF t g mi RNA

det ect i gitesshedialthic @Sgdt equietdcd. Intshi@e debeditvears, tife INVANAER agdaRiNAgesse snmal | in
size (approximtely 21 nucl eotides.(e.q., around 18- nucl eoti des)) and
e thodue PR e v farlt er bt Piclenee BF LR AYR? PR R s
sone enbodi nents, the nmethods of the 10 present invention conprise adding a
nucleic acid nolecule to an m RNA (e. 3 , Vvia hybridization, extension, or
ligation) to generate a detection str dture. Such detection structures can
then be detected using any suitable nmethod. In one particular enbodi nent,
the detection structure described in Figure 2 is generated for detection of
m RNAs. In this enbodi nent, two ol igonucl eotides are anneal ed 15to0 the

m RNA to forma double | oop or "dunbbell” |ike structure. The dunbbell
structure creates a |l arger region of doubl e-stranded nucleic acid by




I n sone enbodi nents, the ends of the oligonucleotides conprise additional
nucl ei ¢ acid sequences that do not hybridize to the mRNA (See, e.g.,
Exanpl es 190 and 1911). In sone enbodi nments, these additional sequences
form.invasive cleavage structures (e.g., 15 INVADER assay invasive cl eavage
structures). In some enbodi ments, invasive cleavage structures are detected
by the I NVADER assay (See e.g., belom/description). I n ot her

enbodi ments, these additional sequences are conplenentary to additional

ol i gonucl eoti des added to reaction mxtures to stabilize a cl eavage

struct ur zeGie@vage agm)l Wéaﬁaem&aiynehﬂ;yaﬁioﬁgoﬁimﬂgﬁc(&hﬁm@tﬁiﬁtemﬁ kbqmae 4) .

201 n Song, e nts é ul ar1 ctures, rated as ?escrlbed bove are
det ect ed” t%?i“ﬁ e‘& o151 dn‘%r THEOPRCF st CEE‘PPBIH 89”‘("3@8‘1’8 SGrentaraio

descri pticgionaff tlra):laz}geﬂ:g,md:ew sdié and plid sabohd bligonucleotide bditnﬁflisnké a B‘lyohhﬁxrand

enbodi nent,s, detec%5 slructures are gener ted frg lgﬁﬁ Ieotldes
(e.g., otedlE Y/ bef’mli GO REPERIILESE© g’]se’) (i r egi on( s)
25 of5 hodmimegyarh of Bmd%dﬁwgu@‘seo dite fiver wortibiRNAS oafetenibdiin etz gk 3'@0&1&1&1 of

ol i gonu ner, a det ectj.on ruc d| ment s,
P heoo i E BT Sub ARARIEL i aTE R o SR el AhER pod iR eRE & g i a
| i gat i ontaxget podigicecid z & preferred apthodimsensy de %poﬁBnl%(ﬂR)e sek:mds@@nMMkarTent S,

t hese dete SELHCE U arefu her . det ect b bridization to

ol i gonuci’é %ésé’ga e ntfé:!aeoé Y e SRH % tIC“ e, %cheé ?ﬁ‘é %QBW& es, or
ot her sumfitagigseras, rBee)ﬁst m;bﬂaumzeﬁohgonudemmiee aﬂmﬁbwaknﬂﬁ cotpiel to@ne BRJRINA

co ne i e r ligated to another nucleic acid and directly or

i ngﬁgec%ﬁ"?&%}e&%’%ggﬁgﬁ In some enbodi ments, oligonucleotides used to
form detecti dnssmﬁwutbudi@sanmoﬂ;ﬁmmﬁﬁ a@saymgnmfcﬂtmtdod@nmmxgs For
exanpl e, .| o iddzed. The
pr esent i €m§t ?%ne%gn | W Ted d?gélgﬁ %gér qecruuflq%(r%% gﬁ Ofléféeﬁsayan
under st analicnt (ek., thng ané/oh mpsdmhg)moleom sdstrey btidgipe ac nmm‘mdmmy esent

i nventi e It 158 r 0- met hyl
bases |%§t}a‘éﬂ§gg§h%h%ﬁ§t§ Iﬂﬁoﬁt s8@@%ﬁ%ﬂ%ﬁ{)§ga€ﬂz&:};§r\}dﬂ§ e%a?%a egts rhe and
ai dd5i n dogiprise e bueraohition. ﬁe@%dyef@e@@n@odmntmﬂxmdﬁmsduam Qtsn::(resega

interferin ent _jnvention
provi des® W%F H%IA’? geatspt ??@PB%& r%W Rﬁf@or b@@%éﬂ&l"%ﬂeﬁw&%ﬁntﬁe fot linited
to a pardliconbadotides, entymds, REERY, tarheymaleid ai@d@ R CHIOG ey rid@eupi | | zed

i ncl udi not limted t t I osed herein. 10ln some preferred
enbod il PAGER ptey,sreh g s TS A R et SasBEHbls ar o
quantitati ve.nThae pmsamentsnﬂﬁmmnﬁﬂ afhay rédglhds E6ktHed compiadeld @iriar

ni sm nde ndi of.th chani s ot necessary to
pr agﬁl cehtgﬂ%ucg?oggSH oﬁ) ‘hgﬂé’f’ﬁ&ne&he freet gu‘ggc'}ﬁla e ?fs yI evel s
of a parfirstquokidon ofi tFR\Arst targdﬁﬁuﬂed)acﬁir dn gsislvdradnetthdivhédis, ahd BIMEADBR gere

expressi_on fr% 1% |r cognat e h resent i.nve 0 rovi des
met hods rQ =° 1(lftcs)r Fel atedr m %\%&gm g?ﬂeweaﬁ;ég Z‘)l(g‘?%ess %’ﬁé %ab‘??lgbp‘;%%@ﬁg%

(e.q. gmstmfmﬂnﬁmenhpnm dsesme:r@t atdsic @adg Ip yeanb@rembodinnetsabe! i sn) . For

| i
bz R e AR M LR R oo R SR Sioh o v <

of as parcpinplensmtary Ri\ﬁt\ﬁ(ser@on ofi (R con tamIlwiezaﬁsnic ﬂa&mde wet:iﬁcc ancer ( See,

0 (2002
o5, uer it me ThOfNRind AL, ﬁ%%i sttt B3SO
det er m mesesthiaickeic ared. Iofothay spevibe vemdlmnntééhg Secoeid Cﬁggetmchicw_ fexhtvressi on.
I'n ot he%o&BﬁQéi'a@g&:%nnh\%&[e@tﬁ@@%n%ﬂ%ﬁ {Rofld tar &Bﬂ&lﬁ?&%ﬁﬁ%b@%ﬁm ors,

transgen|c constructs, transfection, etc ar e ected to characteri ze the

effici eﬁbﬁo%ﬁww&%ﬁ icavpodipamisythe [NV AJORR aemamgmﬁtf@‘ther hempriss ent

i nvent | %Aﬁ(l@ﬂﬁgﬁn&ﬁ&éﬁ@éjégOfAﬁﬁhg@‘b'Rr@g%n@ée& ?' cular mRNA (e.g., a
m RNA such as mr-1 or mr- 2 her enbog ments, the nethods of the

present i nvedbp e efse @“ltﬂethd atadj %&E@ﬁOMIWGWIWﬁG&m@CK ae hage-
pol ynor Bti'i'r&ﬂﬁng ko %%b@@ﬁgeasgem&gﬁwaﬁa pmtﬁh'ﬁto tsp? Sthdplrbgibir t her

enbodi nment s resent invention ovi des net hods of lysing cells to be
tested FHCHARE uﬁf«'@é‘&mow 2l RRgaEILs géﬁsﬂcmwmnp& pifre SECosdarE TeaBenli nent s,
the I NVADER assay is used for the detection of m RNAs. In sone enbodlnents
t he | NVADER assay conprises formng a_pucleic acid cl eavage structure that

i s dependent upon the presence of a té?get nucl eic acid and cl eaving the
nucl eic acid cleavage structure so as to rel ease distinctive cl eavage
products. 5 nuclease activity, for exanple, is used to cleave the

t ar get - dependent cl eavage structure and the resulting cl eavage products or
t he cl eavage of the cleavage structure is indicative of the presence of
specific target nucleic acid sequences in the sanple. \Wen one or two (or 5




The | NVADER assay detects specific sequences, nutations, and SNPs in
unanplified, as well as anplified (See, e.g., Exanple 19, Figure 32), RNA
and DNA, including genonmic DNA. In the enbodi nents shown schematically in
Figure 1, the |NVADER assay uses two cascadi ng steps (a primary and a
secondary reaction) both to generate and then to anplify the
target-specific signal. For convenience, the alleles in the follow ng

di scussion are described as wild-type (W) and nutant (MI), even though
this term nol ogy does not apply to all genetic variations. In the primary
react i ona{ dds@ibied id Bister RAMRhtufY) Biotde8ndMe R b BRBY6 1I(Q0@1 ) ol eih REc oL NYARER

ol i gonucl eoti de hybridize in tandemto the target nucieic acid to forman
over | appf ﬁf§Fﬁﬁ€¥§W§ﬂy A #hBEPPES “flap” is included on the 5 end of the

WE primary prob@mehréfefridbMbEdisRas] fhk INOBIYETE bRy GeagdehtS fieVARE@NZY e,
Third Wave Technal O%lgqes) recogni.zes the overlap and cl eaves off the .
unpai r ed"FESHS foF dptacinefderg actq cleayagaradyst i I semsrasrhdiments, ope gr Matondar y
{ﬁacs/s\;r o??ligdﬁhﬁe@ﬁ@QMeMRh&@%atg@&s &fsmﬁﬁ?el Vwégg%@bﬁegmt @otide on

e uor escence, r esonance enerqy transfer - probe to again
create tHBROAITERETHY féfc‘giﬁﬁ‘?‘é‘éa‘“ti{? tomerisesajabel dn gt Prefred FRpREIREhel  A) .
When t hesdidvhidygigoniticdtige aghpﬁﬁaﬁfam.ob@aaﬁau&gp?w&ﬁa bofInRAYAGR:
(i ndicated fl uorescent signal above

by the arrqow in_ Fil gur.e , a . detecta
s e e e Balor BB o eI ERtE IHRaIoA with SSRhire Tt PTHEE: & o
St r uct ur fudrestdhdeSredonaidt dnBgfyeaseret (FRIBMN dftescence, indicating the presence
of the W allegle tant allele if t is configured for, .t

oLl o o) oG e s e it s R BR R ast RSB bR <. FRET

probes hiaw predishenbel forhatl (abepren{eesiged foe aad imahdtep dfthe pfdcedien &thow redm ssi on

or excitation wavel engths,. aor resolvable by tinme-r I fl uorescence

et oot 1 PR St Ralipepgpel SR e HRPe T, s LA R e 1t ha
t he di f f @meninestk hedezedrnd pedispaned ®gaibdte chedeferred eRBodinfegiseprediapdnsah. | n
such errba(l)sdi rreegtes,t,cthe [J%{lgsrg% o {Sobeefaentdsargndovt?eg di ffaer.entV Fgrl_:é}cgr bes may
be conbi el *HEE STHYIE assagf, SPTEW AS CORPRPTESR agPatRe veys “Fom each
al | dl5e dutlhoclimitedtotdreasmneuisaond well, as in, e.g.,laf midnastitpr plamd. yingrmehelarly

ol i gonuc] ept | nd the target n i equence do not rmatch rfectly
ot he- PERTEEEBRRarE, bROAEL QN IO RRECHSTIRISS SRaRiulB PRt ar gt
25 Fi gurfe.gl, depiacestd 8)lyophilézedy by 4 mpqech vebselict ur e does not form and cl eavage
IS suppresse r e s%ﬁ} } e ASE, VI L.l _enzyne,
Third Wave Tce%%:lﬁéo%ggﬁ)gg e&éségl C ea%/ﬂggRI% Egea}!’oq\%aeéeﬁtas%ﬁ%%m&%rg\gg ?JIG’e' ﬁ%ru 8“‘2

ef fi ci enttdrgingthe rrmdkit! sders (@4 dadive)y sybtam fohdelbenng westdraabp i In ghesdomtext ur e,
allonn I LSGI 1 F ' . I he probes turn
ove%wvx,i ?(F]fg)éz?c%f) Jé%pe?'sgtg %‘%‘ede?ygﬁ%{gﬁ’g@ gg%cﬁ%usgggﬁ)ﬁg};a gp%"r‘]’af?rsth%gro algg’r get 30(i
.e., |irnemspat, gndelivenpbT ferctiomi rorgentsSe.mi, lolipdnuclentides, tamyysis: gpdcilfd ¢ product

can ena pgﬂ% o T i ] say
reacti o%l'g ?tregé(?tﬁ%ydﬁgsggﬁé{gt t gﬁﬁg}gﬁ%&%ﬁﬁ"%b@%&{ﬁgﬁﬁg & ectfggl. The
target DNaformsingithe pssa ¢ticn grovoopolesitonity andtherf iHos exdmpladiitganadbdsaage, since
t he | NV. i L i ] : second
nvasi v saaasfi (L boRb Al SRR Al Lo BhpE RN bl PoCe o
cl edVagempiends.i Oassadherprrthotaved Toeraend kal rofers théelivenoyssassempstigaal from
the COMRQRId:Ends& Il lcAREHIN Lkt 8%l doRGRLltuBbfloh B2BEGhtel Bt LipdiBh@el DNA

amount. 5In certarn enbodi nents, t| NVADER ‘assay, or ot eoti de
det ect | oFhexosteiners mavbedeliveraddd the intendectwspiant togsihepoxiweppigirbd For

ol i 90nUCéx@&xﬁ:legg%rﬁ@@ﬁt@ihe%hﬁ%ﬁﬂn%'eﬁ%ﬂﬁ@fo@%é Qlea%-as%&%ﬁ% hodsa procedures
and conpositions are described in U S Pat. 6,194,149, 6, 358,691, 6355,
437, T. [costainsycontains pliganvalisotidss. TR terpg/fmgmented kity iinagedyo smeetapasns
W98504Q3ss BAdinMOARBH3 bpecdfid redkethl A4R 8) RgIRRAIhEEA L orl 008 REHAL ed by
10reference in their entireties. In sonme preferred enbodi nents, the
exposi ng egerat Feeds g and Logmetiq et Briarapetdinibgl ibmee- (Bdepd; anyifielivedr i ng RNA
(e.9., mEyRbiH RiopsisibiV br Hdrd fipatkd GRARLKIEOM:OESH B 1B @ TYRMCOME | Ses
exp05|nq t he sangle to the ollgon-uclqltldes ﬁgg“the aggnt under conditions
~wher ei n ‘8R! KHEHEPAENE PERPEGESS I R tPe TR FUPEt "ot REEAS SR AT et -
sequence and said 15oligonucleotides if said target sequence is present in
said sanpl e, wherein said invasive cl eavage structure is cl eaved by said
cl eavage agent to forma cl eavage prodéct. In sone enbodi nents, the
target sequence (e.g. m RNA.) conprises a first region and a second region,
t he second regi on downstream of and contiguous to the first region, and the
ol i gonucl eoti des conprise first and second ol i gonucl eoti des, wherein at
| east a 20portion of the first oligonucleotide is conpletely conplcinentary
to the first portion of the target sequence and wherein the second

N p——



.pol ynmeri zati on- based di spl acenent of target or probe nucleic acid strands).
When a 15cl eavage reaction is run under conditions in which the probes are
continuously replaced on the target strand (e.g. through probe-probe

di spl.acenent or through an equilibrium between probe/target association and
di sassoci ati on, or through a conbination conprising these nechani sns,
(Reynaldo et al., J. M. Biol. 97: 511-520 (2000)), nultiple probes can
hybridi ze to the same target, allowi ng nmultiple cleavages, and the
generation of nultiple 20cl eavage products. The | NVADER Assay Reacti on:

| n pref dit" ecfesnbadicheny syodm cheainhgNIER thiNAorasawyis dl\adetdibg amaglieat | des (a

di scrimpatory. prinary.prob nd.an .l NVA A i go) .hybri di I andemto
the t ar GREISRTEEY P RFe 08 HPspR Hof Pt ks HReoinbl e {7 e
pri mary "pitbbhehidecbott ésgmebted bhd porhbiatd Bises not hybridize to the target DNA

Fi 1). The 3'- .eotjde of t bound | NV i | eoti de . I
thepr i mary ob SHEe BHFORRR RsPratirirs et i oae 1hn pRlR ey faisen By | °P°
Exanpl esotfpriaing 016 pr mbreco ThELNASneats 2pomsare Cagrracttsnd thic praaestihempbng

struct ur nd. gl eaves off the unpaired. 5.-flap _of .the prinmar r obe,
rel easi r?g“'u’t‘ e’gtge Bls%eélﬁé%te? g%% 1{%%(%3 g\’% ld oﬁgﬁﬁédﬁﬁeﬁéﬁweﬁ% % s desi gned
t 0 have aadiwe e ragrtive nfpepatantenackssey tb @rdchies sre BVAMER aaper thaltiemayhus,

under t i sot her sa onditions,. pri [ r obes,,. whi ch ar.e.provi ded
e oA RSB Rl BELTRE KooREOBE Rl o sy A
pri mary thr whgentd hemagess] buffasclentrelirgetenbNA g., disshcasapipldsi paitivernndnegdtivenunber

of |l e L : i rel eased

5 - ? ?ap%gﬁdg%r %‘!e‘ﬁ%?n‘é‘ﬁe‘f‘ﬁﬁﬁlé‘@’ %‘F’?‘gﬁﬁﬁgﬁqﬂ%ﬁ%&%ﬁ&g%’a%ﬁé@ é‘ﬁce resonance

teﬂe { gy tirdmshiess a(ﬂi@s&?c{j@&emd;egti@;jkw lebﬁingg@dheldmvfﬂ mpgﬂntagis@z@mt u { ﬁ
at is Lecognls z LAY en the

FRET Caée;slglgt el sgcfeavség%'gaég’ il %or o%ﬁgpgé?@‘ é%g érg%nc{er %ﬂgatrs’et

separ at &dfs prrends atibrgt efcthe saabed compencatsc whereinsit grripectsi that toe vser wille

initial JLeaCtlORmal A (ehRARRY. B sdhdihmBRtnthe HREL g%ﬁﬁ%%%o%ygo?e

resultinginh anplified fl'uorescence signal. The initial” and secondary

reaé?i oneparda ceyREEMEIRESiy cpgh qoptaings eusge p subsebahide sppbenentsdpiat of the

| NVADER 40NA. A8 S l.e ' 3 [ t :lq% egUeRGES in a

single vc\lleljl | (é%e%% %&Sﬁ{e’ %xﬁgértrp%%ﬁ%‘;@a%zd%%%%? C%N/agi%nég%en, "%s'h! S | n?/_ol ves

det ect i aPecafic elgryaga przamesingrsuiiaiia Forasa by ffepaidaestairs fibile agecondbog i RNA) .

The bip o2l ghPeS edtRs @k £ @reADFH SIEonibiRaH AL ' Lok&s, each

with a lljlﬁc%yque a5' f1 ap, ;ndsgém% di f ferent %RETeCasssglgr'?gt?ﬁée&ggﬁem th a

spect r alcpyirelitgestriicopidentsishefe) By design, 15the released 5 -flaps wil |

bi ngyonl'y t o Tl MARPeEhisYEn&BE kefetsSid Ahy 8fnt 6 SERLARER: Bal B §&k1o SPeci fic
si gnal . mbodi nent s, the present invention provides kits

) In sone e .S, :
conpri sPHRYi&RAGFCRIE @referabheavasifehiel fitech apd dwh pin borttaghaddtoiadiuslyia he
present abiaveptdiein. LEBdls BXAR] But atd o BinREE NS, dyvey @RdibRPeIR k@ MAE%p; lgiddnd or
storing or delivering, the enzg/rres Qf the present invention and/or 20 the
reacti ofﬁ%ﬁ%ﬁﬁéﬂﬁhﬁsébl??éé BERISRS, Yo abf“&é’w s AURIOERHGPQERhRSCH QT t he

| NVADER flassapdic nidetaymds @38t Suoreftdntdies bidhe Bein@nitindioiviitd Meiekkd s of
i nvention._t articul configuration or conbi nati on of

t he_present tﬁ any.

con%gne can 1RRPTeSt PGV S BRI Y B EEU TSRV HER TP kit for
pract i C{FRET)) eLabeRSeM provide Bignal8 detectable by fluorestdhcs 0BiorNOE] dRGiGety, he Kits
of the present inventjon._.provide the foll gwi ng 25reagents: .CLEAVASE enzyne
DNA Roa BT GREBGPTEY SLEREHHR Py A PP BHEn P T \APRRL RS FRETESSEER o ]
(e.g., bfmkREF Heasdet dftecRd(be.ass (KY., MATEDT tibALEBgitnodss spchrombype DNA
control $ " No T@éﬁc‘ﬁ%"’z I%I lg.ﬂk ne.r ol iag 1oth r e odidment?s thte kits of the
present “PRVEHT o> a7 e e faf“g S St 128F R Pe YRR IITROST BRIV Pese kit s
may3(pr oveghtive bkarke) draltemgiivetp oot Ise clEtdeAASH. dnbyiveabiNAldde ae tomist BOf fer 1
Primary_Pr.obe ol igonucl eotides | NVA Qi go FRET .Prohe e.qg., F) FRET
pr obe. S7paeg oy BAE EROR 0 NG gk “Srbukh i Tl & stels gor 2
ARRESTOR ol i gemued Ewtindbe terARKESNOR intafgromech ezhikdeeRrsivbsignsls DA caoid r ol s
Wid t ygﬁfe%age%rgnre%lo% another, e.g., by spectral properties such as fluorescence emission
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"No Target" Blank control 5An additional consideration has to do with
undesired effects resulting fromparticul ar conbi nati ons of

ol i gonucl eotides in a single reaction. One such effect is
target-independent generation of background signal. Certain

ol i gonucl eotides in conmbination with others may generate signal in the

| N\VADER assay in the absence of the particular target being detected.
Separ ation of these oligonucl eotide conbinations into different pools can
10be used to alleviate this effect. Simlarly, certain oligonucleotide

conbi nat mnsieﬁg&n @Mr; Stiseitahbe nfa€)) kRS SIEIrERalcedRIRIALbPProbbtilk Angigs] &ed
tion of these _combinations into different pools can

target.
al | evi at 8 %ﬁP@’aggil? intepgftion FethARQthst MOERLY. Spelh 8% with g shergical reagang an
ol i gonucbﬁ}h&@&ﬁaﬁﬁtﬁﬁgjew,hel r sequences) are adapted for use in m RNA

detection ass ys %ﬁln%&tﬁe %quell es for reaction design and

150pti ni zat i o ol g CReRfary” of e CERBlEEHER A RTREeE ibn) . For

g)é agg$c)e rdf&‘eﬁ@fm ;ﬁ:lﬁ?ﬂdﬂeﬂmh HsSi.e. ] t?@qﬁ&@@@fﬁﬂcléﬁjﬂ@%@@%&n'oﬁgﬁﬁﬂﬂ%@e Gﬁ?g , to
unt r .t er re ridization n sone

enbodi rreh’f%e nﬁc RiGaC r‘?lﬁtggﬁygieé??ﬁe? g f#&h %‘?"O%‘FJEPB » A1 segiense "ag¥iG- onal

conponents3'( &. cgmplermmtcszhesmhme'ss'mm—s’r" €obRARMaYitf MaPBe SphRfpd)ined by a

user in ordgr to s[%erf vention. For exanple, and

m t
wi thout FhYVEACHY Y59 H m’s“ff'd%a“é g?ﬁeﬁﬁ‘é?lm%t &g tp fissbasepaRps

parti cul ades dnq;mwntnsy be hengitetod sl "Q;brr@wﬁztbr@aﬂty Sktween il rﬁﬂ&xdz&b&is
foll

opt 1 301 " P ey fePaEa T e B i RS St P Gy ene

m cr opl atficfdulif aﬁéﬁﬁﬁgﬁh}f HybtidizMion BdbPeGit)eic &€ Etrdls. 1 This it oDfartearm

f ub Ste I | bath
o1 pet ¢t BePorry R ifsRh T et Lorp o e Aetes S SeRe 85 P REPSTycl o or
ot her hebindbglreteschawgleic dcais. Griber torm hegtalsog edisod k) referddcs te lddanaons
| abor at oL clgcg"élcp "% ccm{ii L{pﬁun Ckshteg’f CfEPdrI) e ﬁgéaﬁa%yg%ﬁg& nneéaétg%ﬁar(

tni crocen X M Xe r

pref&¥r eduqidacatde withddl e oligoniiolpatideadanbe amtdd &g utsppeglamednkarity, glatackithdresfs have
the foll S 5 i.on (Mavel e t h/ Ba dt h) 485
ot 20 L AIERBE IR Lkl r’%“‘"‘%”“é‘%&? 6018 ﬁ"’tg‘ﬁ"}s &Pﬁ‘j R s 630

nm 40 ri eemplementarityrbesoran therbrotofitbe bhgo:mclenﬂ:d@&ndthenmlas ecit stravent i on

provides a |i fn@ £ e e and/ or
equi pnent) to§{5e supg{)l g@%y&%&e}% (fgomg 5 ee%fi %lde ﬁgehb

met hods bf partial Homvdedsi @reonipdste bamoioke., Aarmzahl_ﬁﬁmmulogms eeq;hmcga it oné thm is
20s 0@%&?@506‘% %Qttﬁahétﬁ&sseé@en% y particular conponents, one

enbodi nent of such st conpris e following: Sterile 8-tube strip or
mcr opI ate (ops nﬁﬁ@e)'em,mlsmdbv@ubzmi'éﬁuSﬁ(d)ugtcfe(rcxpiEitmﬂalp)amr@aﬂ e seal i ng
tape (Opédngﬁ\ow %tgn? nucjeic acni@ E@?%J@x@%&en 5f f%quléagg ?

i nvention {93 requur conponent e suppl y a user
to facilsireaed ¢fdke srpeiriee twedndhernedieid scigs) is Ixréluemf@lrtm soah f@torm tth

mul ti pl eqd-tLSMNBhIpYESerirs bBGEER LR Rk Eadis, %@é %Woﬂ&ftf&ﬂs n@b{\ést SF‘”

exanpl e, and wt hout intending to limt suc conmponent's to

any rt?‘@&hﬁ?mé’éﬂﬁofﬁ%?% yheide "Sibodizainy’ n@fﬂl@gehvcéver thsnnsslipg pEee t he
fol | oW NghicieiCh AN HMANR Bl Rk A tnuc RS - 2Y ﬁﬁlﬁ&gm%m Ki't

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 modern biology.
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5 GCentra Systens GENERATI ON Products In sone enbodi nents of a kit,
detail ed protocols are provided. In preferred enbodi nents, protocols for

t he assenbly of | NVADER assay reactions (e.g., fornulations and preferred
procedures for making reaction mxtures) are provided. In particularly 10
prefierred enbodi nents, protocols for assenbly of reaction m xtures include
conputational O graphical aids to reduce risk of error in the performance
of the methods of the present invention (e.g., tables to facilitate

cal cul ati on of volunes of reagents needed for nultiple reactions, and

pl ate-l ayout -ged gesplb@ed@eFhsbiclelt R Geick Bgusad HoreiRdtbrsagsay pl ates to

contain Cgumerous‘ ssay, reacti. . 15I'n sone enbodi nents, supplenentary

ons) .
docunent #tEeBRSetfe Ve SPhsh dEgned WEh theuclelepd prayerguel thabig 5T eqdnf t he
prepar at &:@rsegﬁenae 6 paied alithltBagenti of e oth@ is Bk eRapatdlleNabcigamp! esndigr use
in the t hods of the present invention, are provided. In preferred
enbodi ng'ffﬁ%% n%&sw%@aﬁ I RATRARRCAEP 871d] Wévﬁaegciﬁﬁf‘daﬂ}%@%mﬁﬁ%ft s of
pr ecaut i e pragéirelpboh and Rciukik ot exon€ ea&ind mﬂsﬁdéﬁcza%f&id@t hods and kits

by unskill ed or jnexperienced user I 0 particul ar preferred .
o o Sl Renla B e 0 SR e e SRR AL Sen 2 T GBI Bef BERIPAGS gui de.
e.g., a @undendrRthid THoRAEAIif HY AbbEBitdRlid RNndSgrheQenkaied by

users, anpd.provi.di ng suggested.solutions or corrections to intended to aid
the. userduPIER aBIY SR R ORI FPe RHF G Y Sables ncluding, for cXypls Eat oy r ad
enbodi maBhgh of &Eigsnad@tide) hike GorhPositiCaid iskalidnod 81 thaaligtRicda%ipeishito a

2510Q0-ul addition.per reagction. .The concentration of a 100-ng sanple-should
be c1&§nt I‘ﬁ%'le?gté.aﬁgI”Fﬁlieélcﬁff‘ﬁsén%'ﬁp?’E%ﬁl?abrﬁ‘ I n other enbodiments, rolling
circle repli cashgsd heatihabkste{rAMNEL, 'S Basad Bi iekcinence te "Richg] tamgyranikl ) Ths e

utilized f.or detection of .m det.ect.i,on_structur ee e, g. . S.

Sopat entetAhe SRSk i B kA el SOl S Sk i B Fa Sl

6, 235, 502jd makules badoneh hilf divesdated ime singlesatads. [Beveref equatiess)for | N sone
enbodi nmen raollipg circle r.eplicatd LS ed t ect..circul ar m RNA
ot oot | ohichiaringhd B8 oEhlGE piEPHe SR bvlnlo UEEH, s Bl i, T 10N
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20chi p hybridi zation assay. In this assay, a series of oligonucleotide
probes are affixed to a solid support. The oligonucl eoti de probes are
designed to be unique to a given target sequence (e.g., conponent of a
detection conplex). The sanple of interest is contacted with the DNA "chip"
and ‘hybridi zation is detected. In sonme enbodi nents, the DNA chip assay is a
GeneChip (Affyrnetrix, Santa Cara, 25CA; 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 technol ogy uses mniaturized,
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b. Enzymatic Detection of Hybridization I n sone enbodi nents of the
‘present invention, hybridization is detected by enzymatic cl eavage of
specific structures. In some enbodi ments, hybridization of a bound _
probe i s detected nsing.a TagMan assay (PE Bi osystens, Foster City, CA, See '
e.g., US Patent Nos. 5,962,233 and 5,538,848, 5 each of which is herein-
i ncorporated by reference). The assay is perfornmed during a PCR reaction.
The TagMan assay exploits the 5 -3" exonucl ease activity of the AN PLI TAQ
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0. 125% Tween 20 0. 125% Noni det NP40 62.5 i nM MyS 04 5% PEG 5 Unl ess

ot herwi se noted, all reactions were overlaid with 10 tlI mneral oil prior
to the first thermal incubation. Unless otherw se noted, synthetic m RNAs
contained a 5 OH. Experinents conparlng detection of 5 phosphorylated VS.
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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 products” as used herein, refers to products generated by the
reaction of a cleavage means with a cleavage structure (i.e., the treatment of a cleavage
structure with a cleavage means}).

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

20  that is not derived from the target nucieic 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 oligonucleotide and target form a cleavage structure and
cleavage occurs within the probe oligonucieotide.

The term "INVADER oligonucleotide” refers to an oligonucleotide that hybridizes

30  to atarget 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 nucleotide-whether complementary to that target or not) that overlaps

with the region of hybridization between the probe and target. In some embodimenis, the

19



Secondary Reaction Conponent sSt ockAnount 43  Concentrati on Added H2O (or
buffer for CLEAVASE | X enzyne assays) 2 pl PAM FRET probe (SEQ ID NGO 21)
10 p,M 1 pl Secondary Reaction Target (SEQ ID NO 22 for let-7; SEQID NO
40 for mMmR-1) 1.5 pl YL 1 pi ARRESTOR O igonucletide (SEQID NGs: 3, 7, or
10 for let-7; SEQ ID NOs: 13, 17, or 20 for niR-1) 40 p.M1 pl Total 5 pi
After conpletion of the reaction, the plate was read in a CYTOFLUOR 4000
fluorescence mcroplate reader using an excitation wavel ength of 485 rim
and em ssion wavel ength of 530 rim Results are shown in Figures 6 and 7
St acki ngNMADER of geranitodtic theaibs kMJARERanQ Pend glag afd substhtialifehSsaneend of

the mMmRNA i s enh?nc g Wl-?ns‘t hg Eﬁ f l. N\/ADER ol i gonucl eotide is

21- 0- e PATRERTS TRIAR e B eRgiERBHEB! (he 5' end of the | NVADER
ol i gonucl eot iThe tei:rﬂc*rmBESTohenbleaﬂé'l flers @mperghtadded kxbranduogl e 21- 0-

met hyl at ed bas s. of h% %ﬁ&) I gonucl eoti de so that t ey, base pair with
the firdTaPS CFALES T81°0PRA" A §%ﬁ§‘ 1D TSR 68T . SEQ ID NO
23 ( i49@aﬂf;‘:1;ﬁﬂ)1g ima shﬂ:sekg&ngmBE@r kdactii. Thif ﬂ:&g&e%ne biRbequbstetie o)

I ncreas t i um, of escribed reaction but..does not
enhance?’%ﬁ Ve entgegﬁj J ac ﬁ%‘?gne?qk%’%p%&inﬁ@ﬁtb SRR Y qgﬁécﬁdr ni R-1
15Af t er cohepenant, mrlbgmrhihmg)maprateinmﬁdmm)t@h@mrmtwmmm’()ﬁach set of probe
A YRR LGOI e LR B ARG h IR B MG B, des] on (11 om

the tenperature optim zati A" was set
up to detdsr i step Dhmésoiheocbr mhe adw:mgsf ausu‘mueym@eﬁnecﬁrﬁméacwhend/o#m ng

20 LR RSB L1, Al U SrEERT BRSO
react i otinfitgfifte pnPpatioaidr xpacti%mccb eecaBEMN st@a)l\ldhuﬁmhm be ldete By SEQ:4t@ingGon®6 or 19
for m RidactOn ngﬂDﬂ%ht (e.g.. base-pairing 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 reacﬁon component is sequestered.

15 The term "cassette” as used herein refers to an oli gonucleatide or combination of
oligonucleotides configured to penerate a detectable signal in response to cleavage of 2
probe oligonucleotide in an INVADER assay. In preferred embodiments, the cassette
hybridizes to a non«t;:xrgd 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 embodiments of the present
invention include the use of FRET casseties. 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 (I.e., a region wherein one portion of the cassette oligonucleotide hybridizes to a
second portion of the same oligonucieotide under reaction conditions, to form a duplex). In
other embodiments, a cassette comprises at least two oligonucleotides comprising

complernentary portions that can form a duplex under reaction conditions. In preferred

20



| NVADER oligo SEQID NO 5 for let 7 SEQID NGO 15 or 18 for mR-1 10 p.M1
pl CLEAVASE XIl enzynme 60 ng/pl 0.5 pi TRNA 20 rig/pd Itil TOTAL 7.5 p.1
20 2.5 ul of the followi ng m RNA concentations were added in triplicates
or quadruplicates using the follow ng setup: (niRNA)----> [ n. MLOOpML
OCpMLpMLOOf | VI 10f MH20 A 5 The plate was overlayed with mneral oil (10 ill)
and i ncubated at 50C for 2 hrs. After conpletion of the primary reaction, 5
pl of the follow ng was added to each well and the plates were incubated at
60C for 1.5 hrs. The plate was read using the settings described above (see

Exanpl e %hlbo&%e‘ﬁ%?ﬂi&dﬂsﬁét@e&ﬁﬁﬁ&gam%%ﬁa@: fePiRg enDIBMAdded H20
(or buffer for ASE DC enzyne assays) “AM FRET Probe (SE | D

21) 10 p CﬁﬁSiﬁf‘p‘FO@&SSﬁHQF&?d TLHGjist tyabpegdpes N@lm?icerlfﬁ Tes@ange e@m s
for m R IPRATPefladM 1 | A ARRESTOR ol | gonucl eotide (SEQID NO 7 for | et 7,

SEQ I D NGs: 17 20 for mR-1) 4 M 1 Tot al
Q T%e term "substantially glngle-stranded" then used in reference to a nucleic acid

5  substrate means that the substrate molecule exists primarily as a single strand of nucleic
acid in contrast to 2 double-stranded substrate which exists ag two strands of nucleic acid
which are held together by inter-strand base pairing interactions.

As used herein, the phrase "non-amplified oligonucleotide detection assay" refers to
a detection assay configured to detect the presence or absence of a particular targst

.10 sequence (e.g., miRNA, SNP, repeat sequence, cte.) 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 indicéte the presence or absence
of a particular target sequence or polymorphism within a target sequence, so long as the
target sequence is not copied.

15 As used herein, the phrase "non-amplifying cligonucleotide detection assay" refers
to a detection assay configured to detect the presence or gbsence 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 2 signal used
to indicate the presence or absence of a particular target sequence or polymorphism in a

20  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-type 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 nucteotides. These two forms of

25 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 release of a nucleic acid fragment
from a larger nucleic acid fragment, such as an oligonicleotide, by the action of, for

30  example, a 5' nuclease such that the released fragment is no longer covalently attached to

the remainder of the oligonucleotide.
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5 pl The LOD for let-7 and mr-1 was next tested on human RNA sanples. The
prot ocol described above was utilized. 50 - 100 ng of tissue specific total
human RNA sanpl es 15(C onetech, Palo Alto, CA) was used. Results are shown
in Figures 8 and 10. Using total RNA the let-7a | NVADER assay detects the
sanme tissue expression profile as seen before for let-7a expression |levels
depending on the source of tissue (Pasquinelli et al., 408:86 (2000)).
Exanple 4 Cross reactivity experinents for let-7 a,c,e, and f This Exanpl e
descri bes an analysis of the cross reactivity of probe and/or 5 | NVADER

ol i gonucl eot i UAS tedin"8GI" @6 ua@dicrsih raftre 16 tHe-Niepeelof Megitn dodstint B ALRAEyme
2ut VP TR el S0 o L S Sl 18, LA SeUp SerErl bed L
f ol | ow ngnghaf #s sRkinpieslotisest an entPnt cithllzedMekObHM 10 pM 1 pM 100 fM 10
M H20 12 ’:}”hé:1 te?:na‘ngcigot&'deetanzloé' ﬁ\s used herein refers to modified or non-naturally
5  occurring nucleotides including but not limited to analogs that have altered stacking
interactions such as 7-deaza purines (i.e., 7-deaza-dATP and 7-deaza-dGTP); base analogs
with alternative hydrogen bonding configurations {e.g., such as Iso-C and Iso-G and other
non-standard base pairs described in U.S. Patent No. 6,001,983 to S. Bemner and herein
incorporated by reference); non-hydrogen bonding analogs (e.g., non-polar, aromatic

10 nucleoside analogs such as 2,4-difluorotoluene, described by B.A. Schweitzer and E.T.
Kool, J. Org. Chem., 1994, 58, 7238-7242, B.A. Schweitzer and E.T. Kool, . 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, er 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 micleotides. Nucleotide analogs include modified forms of
deoxyribonucieotides 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, a "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 frequency of 0.95 in the gene pool of the population).

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

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

The term "microbial gene sequences" refers to gene sequences derived from a
Tnicroorganisim,
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.¢., 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.

Bioclogical 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,
rodents, etc.

Environmental sampies include environmmental material such as surface matter, soil,
water and industrial samples, as well a5 samples obtained from food and dairy processing
instruments, apparatus, equipment, utensils, disposable and non—disposable items. These
examples are not to be construed as limiting the sample types applicable to the present
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,
pieural fluid, milk, lymph, sputum and semen.

An oligonucleotide is said to be present in "excess” relative to another
oligonucleotide (or target n;dcleic acid sequence) if that oligonucleotide is present at a
higher molar concentration that the other oligonucleotide (or target nucleic acid sequence).
When an oligomucleotide 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
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
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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Let 7 F G Let 7 F 14 The results are shown in Figure 9.

For let-7a design, cross reactivity is maxi mum 10 when the mRNA is of the
sanme length with a one base change away fromthe cl eavage site. |In other
words, msmatches at the | NVADER ol i gonucl eotide/ nmi RNA hybridi zi ng 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 Adgmgasitdapitas of eattidgheitt NMVARERudssade tosithbl sotien (. 4.f @ear) bat e

bet ween ver imlar m . Exanpl e .5 .CLEAVASE | X enzyme vs CLEAVASE Xl |
enzyne fg)?ﬁ%!tg%@%ﬂﬁﬁ’lngcr’%%? B‘é‘?“}%e{%ﬁ‘f"%ﬁ PSLPTh TEROHEAVASE enzymes for
use in m RNAAzssay Bereibhthepei Gaoificl Osr 'teppefvatrees t0fid sdinoadlign described -
above was_.utili. - Either 20 ng of the CLEAVASE LX enz Third Wave :
Technol 8&?‘%@}%@?‘%’8&@%’%—% T e’%@‘}:ﬂ% 13?°Tﬁ§%‘éﬂ\‘7ﬁ§§sﬁf’fl¥‘g§ﬁ Yne (Third Wave
Techmol agiBzsyASAaslamkes We)expassadde Bactdue hbeal deivhimthbuiitledsewas gusigddaf or t he
CLEAVAS enz : 2.5 X primary reaction butfer: 25 rnM,MOPS pH 7.5,
250 | nPKEE SBOY T beshsal mseteins e ASRHRD Ao eoRPAtpATuchasi HFSOY, 105
PEG 7. moeassatmrbasampleacti on buffer: 87.5 nM MgSO4 The fol | owi ng buffer
was used for ,the EAVASE Xl I, enzyye: 10 2.5 X prinmary. reaction buffer: 25
M MOPS pH 7%,“5%%‘%‘3‘ TR R P SR RTSrice 6 § PRUFRG ot PRISRS 262, 5
MSH, B%WRE@Grotein") refers to fragments of that protein. The fragments may range in size from

10 four amino acid residues to the entire amino acid sequence minus one amino acid (e.g., 4, 5,
6,...,n-1)

The term "npucleic 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 doubie stranded, and represent the

15  sense or antisense strand. Similarly, "amino acid sequence” as used herein refers to peptide
or protein sequence,

As used herein, the terms "purnified” or "substantially purified” refer to molecules,
either nucleic or amino acid sequences, that are removid from their natural environment,
isolated or separated, and are at least 60% free, preferably 75% free, and most preferably

20 90% free from other components with which they are naturally associated. An “isolated
polynucleotide” or "isolated oligonucleotide" is therefore a substantially purified
polynucieotide.

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

25  other disruptions. The disposition of the base portion of each nucleotide, whether
base-paired, single-stranded or mismatched, is not an element in the definition of a
confinuous 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 nucleic acid of the present invention may comprise

30  modifications in the structure of the backbone, including but not limited to phosphorothioate
residues, phosphonate residues, 2' substituted ribose residues (e.g., 2'-O-methyl ribose) and

alternative sugar (e.g., arabinose) containing residues,
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7.5 X secondary reaction buffer: 1120 The LOD experinental protocol was
used with either the CLEA VASE | X or XlII enzynmes. 15 The LOD was determ ned
for both enzynmes. The results are shown in Figure 11. Si gnal
increased linearly with increasing anounts of the let-7 m RNA when assayed
withieither the CLEAVASE | X enzyne or the CLEAVASE XI| enzyne. However, R2
val ues were greater in the CLEAVASE Xl | enzyne, indicating greater
linearity. Moreover, the LOD was |ower with the CLEAVASE Xl | enzyne. The
net signal for the detection of 20 2.5 anoles was 20 counts with the
CLEAVASE | X e a

MR 135, CAPDHESST® e&“&’@{’@d‘%i&h = Pﬁeﬁ %%X%S?%%lrg%@g&mt ARG | ias
Thi s exaPyflec aed dn phich thegdynqdisiughonindhe pRwRssion il hasepars WishiniheRivplen R135.
Exper i mepls iekLe pafsfawg&e%\apgeﬁfemo@agtd&d%a\%&nﬁﬁo&t@@g? bﬁgg 3{11 R-1. The

ol i gonuc eoti de designs are described in Figure 5. Each esi gns

(A-D) ut Psaeh with ﬂt?r@ﬁﬁnﬁ\ﬂfm@a’ﬁd}fﬁ%%@ow feplptle | Asotsed berefnohe tave
det ec{ i ORfRE ofliyto I3Dr it BNent 30 R34 ﬁsaithmﬁehﬁﬂﬂeﬁrm& <'ﬁ0 Qbgaf i on

experinents, conparing performance of al| of the designs are wn I n Figure
13. Desi trtipeiuinghe hckipneatios phthsmucledgid raps. epyeleicmsifssvithsi ng
assay degiifiRrinted besepBioNB, b} wilLHER id dne or both stradds QM QitdifAhPEEREMSothe raw
counts generated fromfour replicate assays at each of the indicated target
concent r §FBHS dpRleXaver age counts obtained with each target concentration

are indi cat edr@stedh ed&;h@x"rteferssaoqn@éta@@@lnﬁaéxe B8 i WaIR ﬂﬁﬁ%& porHdgs b m t - of
detection of the mR 135 target in this ex(grerl nment. was 164 znol es,

equi VAl ethe npojedisiey 41 ong strande Pawnd throygh Bydragenbanding e theifcoptiapgntary
r epr esenbzkd aﬂay@& oh R& MR BGRI. COM YondRidh A Bt c 34 2 BBEIBx GRACRALSALL Bk and

i ndi cates that ass is linear throu ut much. of the
concentrﬁ??é’%ﬂ"r‘%’ﬁ "?V@ﬁm@‘ &%Y’@'ﬁw(??g?ﬂe o The ctratoipyclgisastt Gappl: 1
and 136 Wgéﬂeﬁﬂl@‘&sﬁhﬁ&ﬂiﬂﬁérﬁﬂ@%ﬁusﬂﬁe dmxﬂobeledﬁﬁkr@bh% ataﬂaﬁ@aﬁtei gedor €. 0. inN
a bipl ex assay,, an 10 RNA eral | resent.in all s at const nt | evel s
al ong wi FROGhe! EraSTHETRFGH n%%’&ﬁllf 0 3IPEGT R (Pagst %ﬁiﬁ‘

ti ssie- speci fTig B8RAA n&mpzdt&MAEaEﬂoa»&ﬁm of\@icheit haﬁemmcidesszgﬂeﬂhem@r}t wo

0l yoer al HEhy R ApR Bt Habipabtfiuen KRRy SZh PO R e case

of hGAPDHcldidhiacid pbllymataze, wltkg@md@;blé@&:edﬁﬁplhﬁ:\ﬂﬁah&&mbys@;dvehtrbrbidpgneﬁédﬁ m RNA

detection A 0l,i ucl eot (SEQ I D, NO 41) obe EQ ID
NO 42): R%E%’#‘Efza%w %‘é 8‘??“§e% %@6&31 %‘ Q& lategpgan |1§ ‘?ﬁf?ﬁpﬁg“t de (SEQ
| D NO 4%nd déREfBedlasgmn‘ttqd"aﬁ’amde (red dye) (SEQ I D NO 48) . In the
case, of U6, sequence alignnents of the U6 RNAs of 8 diverse species fromC.
el egans to nouse to arabidopsis to humans to identify a region suitable for
t he desi@ESGRIBTEDNLmF\ZﬁiEaNVENJ}mER assay. The alignnent is shown in
Figure 12; t Q ot i ed t et t hi s.sequence
are SEQ ID N&h }Jé%&%ﬁ{;lﬂgerﬁmn ggﬁ}@% ?‘% T'a pogiméls gmg%?r t%d‘set?ﬁmwa? t hese

ol i gonucdheeriedesicamicakleid aghtmekculss tcgg,%@l(@ghl@m]l@ﬂ?s@hrmmcmat ed t hat

signal f r RNA si,gnal ,

possi bl yﬁlg‘\l/q\n}’ #gﬂ{l@g a@ﬁg&%gﬁ%ﬁ? e@éﬁ g%k%\jfn&cgﬁl? Sﬁmi’ﬂterké1 3%1 titration
25 rRéactmaasuieer ghe presénddaeution prodiziee methods mﬁéetth@ngdmamqangu@mdpr obe and

| NVADER n sui tabl e
For Use Th Bra e AP Ry Akl Rk S R 2
concent r@@ﬁ@i@fﬂﬁ%ﬁ%@ﬁt@m qrpLeApn eomiprisingydding napcliee ﬁ@!ém e &tiRdistoof t he

| NVADER a0, {4 &Q06n. OThQEH%H&bE@ﬁM@ﬁﬁ deﬁ‘écm@ﬂm;&ur'é« %Ehai\éee@c&%@mftoﬁgl e for

bi pl ex m RNA detection for let-7a. ARRESTOR, S d FRET
probe cdridNe pgihiodriaciuding g n@l@é‘"ﬁ’tﬁ?‘b‘éd‘hpﬁ’ disgoser hgreiiy s Wil thel felowingr t her

expeapi @&@ﬁ%ﬁ%&é@&ﬁn&h@&cﬂﬁiﬁa it 0 ord-§r FRNAAL, tuhshbbﬁ belRb¥ehsal " U6
RNA ol i gonucl eoti des (S 3-95) s conparable to detection with

SEQ I D ihegigventipn algoy |Uée W“bé‘ti’@éﬁlil%wnt?ﬁm agid mol guiEite. g.a FANAJBARNA i n
cel | | ysatgefibss BRESRE Q8 ﬁﬁAémoé@ bmeldeditedingsn ’\]hAl s exanpl e descri bes
detection of the let-7 m dlrectfy in total cell as well as in

uni nduced fibroblast cells froma hunman osteosarconma cell |line, M3%3 (Third
Wave Technol ogi es, Madison, W, catal og number CRL-1427). Total cell RNA
was extracted using TRIZOL (G bco-BRL), as previously described
(Chontzynski et al., Anal. Bi ochem 165: 156- 156 (1987)), and cell lysates
were prepared as described by Es at al., 10 Nature Biotechnol ogy, 19: 673-6
(2001); both publications are herein incorporated by reference.

Reactions were set up as follows. Aliquots of 5 td of either cell |ysate,
synthetic mRNA target in lysis buffer (Eis at al., Nature Biotechnol ogy,
19: 673 6 (2001)) at the |nd|cated concentratlons or 5 al of 20 ng/p.1 of

2 ek I A




Probe 20pM | NVADER ol i gonucl eoti de 200 PM 0.5 45 CLEAVASE Xl | enzyne 60
ng/pl 0.5 45 Primary Buffer 2.5 X 4 360 TOTAL 5 450 Aliquots of 5 ul of
the primary reaction naster m x were added to the wells 20 containing the
appropriate target or control. The plate was overlayed with mneral oil (10
pi) 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 Conponents Stock

Conc, Anount  Adgg i 5%@ %M{? 2 ul
FAM FRET probe (@SisEég}laodnlﬁ%Qts(a% ugk&aft&{bélwu%condarygéggctl ‘?%rget ’( SRT)

SEQ | D Righopbi be undersigd thyt ﬂm&mﬂ%@wbwﬂ@@w&w@@u@w@w? 40 uM 1 ul’
Total  Sndibeules. Al'l targets were assayed in quadruplicate The average
counts obtained for the different nunbers of cells assayed for both total
RNA and cell lysates were plotted in Figure 15. A standard curve obtai ned

f r omg | NYADER 13 8@ian QP a GBRNK BH4aRiibh iseiclfreSynthetic let- 5 7a m RNA was
used to extrapolate the |et-7a copy number per cell. The nunmber of cells

from whi ch cd® pomgembelimgpls dhe errsriBwnlipRP@aidss msaisdieprsmtinge seedi ng

procedur@RBIA eétest@n@ahémiem §idas HlQRELHHEEF miRKAS, ﬁhRNAs a4 Iin size
Bi ot echnol o 673-6 ‘gZOOCg herei n incorporated by reference. In this

exper i ?ﬁpr‘?’flﬁ’éte ¥ 4 Fuckot 1 85o10dnt 827 pugientiden)) apgare s HEWULH t he t ot al
RNA ext da@tbsusal selnaedifel 0bA&Batd héthods. In some embodiments, the methods of the

10  present invention comprise adding a nucleic acid molecule to an miRNA (e.g., via
hybridization, extension, or ligation) to generate a detection structure. Such detection
structures can then be detected using any suitabie method.

In one particular embodiment, the detection structure described in Figure 2 is
generated for detection of miRNAs. In this embodiment, two oligonucleotides are annealed

15  to the miRNA to form a double loop or "dumbbell® like structure. The dumbbell structure
creates a lérger region of double-stranded nucleic acid by extending the ends of the miRNA
with a double-stranded region of oligonucleotide. In some embodiments, each end of the
miRNA is extended between 2 and 5 nucleotides. In some embodiments, the ends of the
oligonucleotides comprise additional nucleic acid sequences that do not hybridize to the

20 miRINA. In some embodiments, these additional sequences form invasive cleavage
structures (e.g., INVADER assay invagsive cleavage structures). In some embodiments,
invasive cleavage structures are detected by the INVADER assay (See e.g., below
description). For example, in some embodiments, oligonucleotides described in Example
18 (See, e.g., Figure 31) are utilized to detect miRNAs associated with cancer (e.g., that

25  form an invasive cleavage structure that can be detected by INVADER assay).

In other embodiments, the detection structire described in Figure 3 is generated for
the detection of miRNAs. In this embodiment, one oligonuclentide is annealed to the
miRNA to generate an arched struncture, The miRNA brings the ends of the oligonucleotide
together with greater efﬁciency than in the absence of the miRNA. In some embodiments,

30  the ends of the oligonucieotide comprise additional sequences that extend beyond the
miRNA and do not hybridize to the miRNA., T some embodiments, these additional
seguences form invasive cleavage structures (e.g., INVADER é,ssay invasive cleavage

structures). In some embodiments, invasive cleavage structures are detected by the
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10 B. Lysis in absence of MC An alternative |lysis procedure was
devel oped as follows. It had been noted that when the above |ysis procedure
was used, long ritRNAs, i.e. from GAPDH, were not being detected in the
guantiti es expected. Experinments were carried out to exam ne the effect of
My + on extraction of RNA in |ysates. Extracts lysed in the presence or
absence of MyCl 2 15 were conpared to total cell RNA extracts prepared using
| Rl ZOL as described above in this exanple. Hela cells (7.5 X 106
cells) were suspended in 100 ul of a solution of 10 tri M MOPS buffer, pH

I7 5, dwn tH\’\lQDEIM\ASKﬁ?l(SeAE |ggtu?t?s; @B‘scrz@m@b Mﬁtfﬁ?ﬁﬁﬂﬁm&&@ &g‘@d\a{&f clle?db@% angp S
sed Wit twa di fferent ers prepared._as fol | ows:
1 Veis w o e G RS T, ATy AR GY A i85 QP 3t RN
Rv 5nm 821819:&12@ sﬁrucfﬂarch?éGth@r ghb%ﬁxﬁxeMsJ\&ﬂeféhﬁoﬂ&cl&tﬁeM MR i£kd S0 BimikNM NQCﬁ2

A 4. 5 1 e then
i ncubat eﬁln%fh%%@ ETné? n%léler?ﬁﬁ?ﬂué’?n}}a ?éo%a)ﬂe“b@??es}’,mﬁﬁﬁmd‘i@nlﬁé’gﬂ@’??‘{ ¥ged to

pel | et d@i}d{deﬁtm&teioqu&t&‘tﬁénﬁkmh)aﬁdﬁﬂaehenafg'a&ws Iysat es were added to
f ol | ows rinmar ctlon wer e as

deser | bed- aboieuNdp i eTpLtspsy e 5ot RIS ATREeBGS AP S TSGR 1 or
GAPDH ( SEQgbh2rMes.: Infthisdd)bodiflerdt,0sithObpioBER MNQER dAfpofhéciadtided antM f i nal
concent ik 8nly, CAIPSISHN, AUk SUIAL P KEfE L L. A1 B cengeniialy on P
enzyne Gémmghihbhts,blizopudeddidbs ddskribell ip Ekadhpld 1 sTwea,le.@, H&guﬁ Al are utilized

10 to detect miRINAs associated with cancer (e.g., that form an invasive cleavage structure that
can be detected by INVADER assay). '

In some embodiments, the ends of the oligonucleotides comprise additional nucleic
acid sequences that do not hybridize to the miRNA (See, ¢.g., Examples 19G and 19H). In
some embodiments, these additional sequences form invasive cleavage structures (e.g.,

15 INVADER assay invasive cleavage structures). In some embodiments, invasive cleavage
structures are detected b}-r the INVADER assay {See e.g., below description).

In other embodiments, these additional sequences are complementary to additional
oligonucleotides added to reaction mixtures to 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 detecied
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  ofhomology to miRNAs. One or more miRNAs are hybridized to the oligonucleotides to
generate detection structures. In sorne 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 nueleic acid and directly or indirectly detected.

In some embodiments, oligonucleotides used to form detection strucmés comprise

one or more nucleotide analogs. For example, in some embodiments, 2'-O-methyl]

27



*Primary | NVADER reactions were as descri bed above for let-7a; PI

ol i gonucl eofi de m xes 10 were al so nade for GAPDH (SEQ I D NGs: 41-43) and
for U6 (SEQ ID NGs: 45-47 at 50 nMfinal concentration). Primary reaction
m xtures were incubated at 49C for 1 hour. Aliquots of e follow ng
seCondary reaction mxture were then added: 15 Conponent Ampunt added per
reacti on Secondary reaction mxture* 1.5 al 1120 3.5 itl Total 5 pl
Secondary reaction mxture included SRTs (SEQ ID NO 22 for let-7; SEQID
NO. 20 49 for GAPDH and U6) target, FRET oligonucleotides (SEQ ID NO 21
for 1let -an;:leSE@slaEb mzed8Tﬁ®pre'&9d?DHeﬁﬁkd1ﬁ nﬂ:ﬁbxmx%ﬁ%uléﬁﬁ%ﬂaﬂsh@ 7 for

| et -7, NO 43 f PDH, and. NO 47 for UB). t he concentrations
i cat ST T RE SRRy PUARP! RS RET Rt ERor 1 hour
React i onsvangne Neacheessait @Yﬁaﬁnuﬂﬁednmf thplpﬂésénd&damm-ro AStIEbaE: BRfbakdd
Exampl e 2. . The r | .t re.present n 25 Ei nd i ndi cate that

pr esencég%?ta}flﬁ%' @%ﬁﬁ’gﬁ %efegh %@ﬁ@é%?n oﬂdg %mB’F m‘%ﬁ’gﬁ fromthe
| ysi§ buffer, whereas U6 RNA signal remains relati veI y constant regardless
of the prese e of dd| L ona xper I rrred that all RNAs
were detecta %%PSP ?gf‘F ﬁé\"é Bﬁtp‘gﬁ%ﬁ e to those obtai ned
fromlysis i rinsdsree aﬂnsﬁhtmnmj thb@rdsbnt 15Enaumbmv8deélme&h¢me\d&ed:ﬁMDER assay

desi gns _{. ction_of varioQus atlve desi g
det ect | on%\*‘gﬁ L]ﬁ‘ef’ﬁ\es?ﬁt Vet mtg}e {\leAﬁ e afthcé‘?acg FESPF BTN ’Q‘%Wﬁaieof
al t er nametpdragbautilent intdtuditg ést gridinfied tdethest dierowt] htvn. I et-7a mRNA. In

one;series of rnative,.desi created.in
vvhiclz the tar ggﬁﬁﬁg% %n}bgsdxﬁmg%%soét% %)%r%ﬁent%ﬁnv ﬁ%@%ﬁﬁ*l g%ﬁhé‘l% g?%f’e and
t he prolbee @langehivel ’élm prdwnv\mvente:}revam limaitéceiota pm’scdlmﬂgechmﬂac Gmdkededn of

desi gns t he probe
ol i gonuc eot t%%[g% \ﬁgtrhg %ﬁ%&lﬁi‘%@g@%&ﬁ&g&géﬁme 9érs eng? n‘%ﬁ%m ‘fic regions
of the NewvabERsslitigormicheletedes laskmte pﬁﬂl@@l@@ﬁ\lﬁdasﬂxbbn@ arg associated

d i gonu I %PE% i de designs
Fi gure ng %f\?rg&gg?%%aﬁgﬁg%nha ?/1890??& cl"éotid é%éf’gﬁg off%%jet ection of
t held et PRyiPB matheda of powdiich miﬂélﬁtsawgezer@p%meﬁmn p‘égtromar(genmmg t he probe

and | NV i r 50-51
provide~a elg\fdéﬂéalxg%v\?ﬁ?%h%g g?ﬁé&cemé%l ﬁﬁ% lgexﬁﬁﬁ’g(’)nu th des are

| i near. e@@lmnmhe@%hﬂﬂs@if ﬂp mewbﬂa@mmqng@mnh@dttp detetrhiat teqressnee of

stem | 0QpshiabEldiI 8 m%EQ) !{Qemfa%t&'ﬂlat ﬁ%ﬁ% ée ﬁ'eﬁﬁm that forms a

stem | oop structure
ol i gonué$5@étareéé’§ﬂv\ﬁaﬂh3f§§@?nel%d§ﬁm ghal. ]R!O*PIN@?I Pgﬂﬁé@@ aﬁd, 22-1@24~HMER
ol i gonueimel ide das cgi%%nucieondes FLaMb& R %ﬁiﬁﬁe e el Fu%{)raal’ollfy Sf@a&elté#&%

ol i gonudeot i de  desi g for detection of the'let-7a mRNA i n whi

target 8pedfertef aﬂégﬁeawgn@? (ahedrpetemdNprapressionniicttbanandedimentsd t hose 30
of the } u® i RRUeL, %Ohloﬁﬁéq é‘s@mﬂ%&t@ﬂt i8R %eniobhdudcNPansResgs Provi de

a design |n ich botht probe ol'1 gonucl eotides are |inear.
SEQ | D Ri®) 2 ¢gptef R éfaﬁtﬁﬁﬁ%ﬁ’ﬁleﬁabﬁlfé’ CEFHRIE PrEESSIBSHEEES st ei n- | oop

structure); ﬁE@nL&rﬁianﬂaem@ﬂhé W&&ﬂx&%ﬂcﬁ@?ﬂeﬁ%d& bRdetd@hb® a stemloop

structur nper at ur.e timzation pro iles of alternpative

ol i%o nuEas')é’St‘lﬁ’d’é‘ﬁﬁgél(ﬁﬁs = FHR N PR ST 0O FHE 1P 7 Qthef faqaodiments, the

Tenper ahié&ﬁ)d@ﬁfihﬁ‘pi&%&ﬂztﬁﬂv@ﬁﬂﬁléfma&&) asair%umrﬂdxeébnmahaﬁs 48l 1ows. A master
mx5vvas made .f or 24reactons chr nféll 1}chgrtﬁalne;bdt efoIIovvlng

St ock cBY S WFW gt Pgrligylas er embodiments, the

present invention provides methods of 1ysmg cells to be tested for the presence of miRNAs.

30 A. INVADER Assay
In some embodiments, the INVADER assay is used for the detection of miRNAs. 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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concentration 2.5 X Primary reaction buffer for the CLEAVASE Xl | enzyne (as
described in Exanple 5) 4 pd 1 X 10 ules/I| probe* 1 ul 1 uM100 ti.M

| NVADER ol i gonucl eotide* 1 ul 10 uM 60 nWil CLEAVASE 12 0.5 pa 30 rig EI 20
2.5121 NVA 30 pMm RNA (for the 11-mer tenperature optim zations) OR 10 nM
m RNA (for the 1 ul 3 pM OR 1 nM 10-ner probe/ 12-mer | NVADER

ol i gonucl eoti de tenperature optim zations) 20 ng/ul tRNA (for no target
controls only) 1 ul 2 ng TOTAL 10 ul *Vari ous conbi nati ons of
probe and | NVADER ol i gonucl eotides were used in this experinent as .

i ndi S bed i
Earpi ¢ 40 B G gl uned S5 TR R e et SRR (o "
conpl i mesttivithefoe ptdmmse, Izs)mp:dam dlea‘eer tgetargq:te:b’péﬁdmt egaags smtictmﬂamz@ kiebe and

ext endi n &sﬁ?gﬁpﬁgvﬁ\ﬁ@g cl{s o?ﬂ% eav e of ttne Eleﬁ)vgfg sfrﬁcture is IlradI;cataPzeé 8@ gase of

t he 11-nmer ion~experi Eh’eons wer e
run at GS@resedCe bﬁxrpetsﬂwdalgethmclmm kmuanc% 1rmhmsmp1$edﬁheimry: drmotmxon at 15
I6(|3l\c/: ADER Oﬁg% sgaraas of n@ielmcn% gr ol@nucgé%'{eér%% baog}] :&Eﬁotggtéariggt nug rilc%lc% t éger

f ol | owedstiapd audGthatg thent @mwmvdﬂargpmm&&mmleava@@@rucmra as deReieli bslofgr t he
desi gns i i f 0 n R apd probe

ol i gonucblzek(l)s)t{k’:;|e QQaJ gc azgcgnuc’}lslg ‘g’hdﬂe-‘% rﬁ%ﬂ%%ﬁo%rcgf rleeats‘%ﬁ? Eé%fmfﬁ%:’i ggr e 18.

Fi gure 1@1&18@@@@%}1& mht@npbgmkeetié@ﬁhmlzwg@ agqmt ofi bemadd tomheﬂusi gn.

ol udi o RaeHE cHEnDROIR: beflodi LARE! RLARHER BB AR s | |
whi cli¢ tha‘ﬂﬂlmegeﬁus‘fpetebfﬁdlme{#@ﬁlwmeoftem @WWWGMIW@V%S 10 bases
and thatrababiBge M@gﬁ&&bﬁgﬁm% SR RS 346 31 £ 5 USRI g%béb Figure 19.

Figure 19 A sh tenperature optlm zation ure 19 B,

t he nor rﬁﬂ@lzé@ e 0P Qaé‘%&&“rrﬁﬁt@4é$ SacHORHT g4 \EQaﬁ’rﬁ,/‘l'?&ﬁ Bdwamwh@'fese
results é'ﬁﬂ%@ﬁ%tﬁgﬁtgﬁt Wiosh 1%%2'1@&11 Le3ubhgsl ﬁs’l@éﬁ@%@ﬁﬁ}g F@l{‘ })f(l@fi' €s

dependi ng_on reaction c itions and t rélative sta the 5
m RNA- ol Q@ﬁmqne@ppa@&mpfe@meﬁmemwwf@xaéhw'eos%en the tar get specific

regi@ns of both. @iv IBRUCLER!dHRE ﬁa&h&?@ﬁpﬁn NGt thgfe%?\ﬁn& @ get

specific region has a predicted T of 49C and at o} R, of 37C.
I n this dervage et wpspific shuirerns by swmvmmmr@mﬂm BYY ABERYSRIYA, Third

i nt er actyaR. ?Q&Tﬁn@fo@xésnﬁe@§% BSPAUNNDESES. 9@&@@@‘?56 860, 544, % dé@%ls@“s ogypNer,
for the let-7a de % ch probes 10-ner S~ and’ | NVADER
5,994,069; 6, 090 43; 6 348 314 6,458,535; U. S Patent App. Nos. 200301 86238 (Ser. No.
10/084839); 20030104378A1 (Ser. No. 09/864636); Lyamichev et al., Nat. Biotech., 17:292
20 (1999), Hall et al., PNAS, USA, 97:8272 (2000), WQ97/27214 and WQ98/42873, each of
which ig herein incorporated by reference in ifs entirety for all purposes).

The INVADER assay detects specific DNA and RNA seguences by using structure-

specific enzymes (e.g. FEN endonucieases) to cleave a complex formed by the
hybridization of overlapping oligonucleotide 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~-guenched. 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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100l i gonucl eoti des, 12-ners" the target specific regions of the two

ol i gonucl eoti des have approxi mately equivalent Tns. In this case, the
design in which both oligonucl eotides are | ooped works best. 3. LOD of

| et-7a using two alternative designs 15Experinments were set up as descri bed
in Exanple 3 to conpare the LOD of the double | oop design and the single

| oop design, in which the I NVADER ol i gonucl eotide forns a stem| oop
structure. Reactions to determ ne LOD were run in quadruplicate.
Reaction m xtures contained the follow ng reagents (final concentrations):

20 St 0CkNGQSER bl hass t\@dagt%dn rste%@?e%ﬂtﬁéky@n@?al sze&t&anteaatdn Botd:

Primary reaction buffer faor enzyne R/I probe/ 200
gM | NVABERET8{ci 258t e Grrdiéy ﬁtetare%teqaeﬁe gignals OHSP%WC% shealiplgsdn fis) 0. 5

il 1p fMt@mgets%QgsMﬂ MVARERL& tm@&@%%@%ﬁ%@ﬁ&éﬁ%@élmenzyrre

0.5 p.1 30 rig Total 5gl Al i'guot s of al RNA were added to
the wel ["CTHEIPSY ﬁ?eﬁgwt P@iv i3l puRtinTaaieRs I&tth? ﬁemnrwcfm@mﬁr htions

i ndi gat @andim)FHBUWNe 2lnarPpidbRENd HRANN ANBR WBEEmidb e tlyﬂmﬁzétenaédeﬁtt t he
opti mal terrperatures f or’ each designed as determined in Exanple 8B (50C for

the 25 ISCiIEESt PARRBARACH RO EHERIBE HENIWR AMdpaEsd Gfap Aohadst o | oop

desi gn) thelH@nd §?ﬁﬁﬁﬁ@rﬁm'i£§19¥db@ N& meﬁresgectﬁ% as e%gg;l Reer i EXgaD! es 2
and 3 and run for. 1 hour at 60C he results in Figure 20 show net

si gnal [REENR dditdsVave Terkpplogiegrecagnizes Bre aysiirmpnd qipaves pffdhe vingitgds of t he

plots i me cp@tae@tn lft% arfﬁ?trg@t § B lprobRSt. Hh AUICBInd P BaBigH, VIR R ProRucPf
m RNA usin oop design than fromthe double | oop desi

Si nitPar |S§Wg~°a f#&? 1g8fm‘t1‘t?é‘d? 8Btk Wi @f‘ﬁﬁ?“@ﬂ%eﬁwwf’e%%W‘%E he

f ol d- ov@WZERBTY pidbeso @ém@@&ﬂe@ﬂ%cfu@é’ﬁbo@ﬁfe@ﬁ@%@fm&@ﬁe sb@&ﬁebft@he | oop
desi gn. Botgﬁge ns, resu ed in s fIt!g; FOZ at the | owe

concent (&A% f &R 79 qyss qo p &N Qgr%se?%rﬁfﬂrhﬂ“é%ava%‘%ﬁﬁq}%t%t to
appr oxi mgtied &ro’bﬁtﬂﬂ@uﬂﬂ)?@d&t&ﬁabi&ﬂu&esdﬁﬂﬂ dighe® APEVE BaSk orOiRd fleResbeARRESTOR

Olgonuel ticfle E(ﬁerlrre S wer onducted t.o evaluate the rel ative
per f or mBH é"’ ' (?‘Eﬂsf’g“feélﬁﬁt BERES IL%ﬁ gc?ﬁ?%‘é“e ESYS A LRERRC [T Fi gures 4
and1312, fiuoreabdncd) ibdieatigRES ke beihis| T aﬁklte@dﬂﬂm&tant fl&dl¢ ifhe fBglsisar ound the
| oop, t hr ho he | engt ﬂaof t he nﬂﬂgRl\% specific reqgio f the probe
and | nt G EHEREH or g APl SeEtalFER Cieckiie ot 0B o, 6
conpl emEREAY probss| having different IRMs- &pe Césbiv@tbh‘e&:gi diffezeﬁcd enfissthcoanditpnt of
the 5 twlag c%éﬁ do er;g vaﬁtx | %gov c?ﬁu op [ on 0 beyon ., /Reactions
were set -up ¥6F 5 Aty Rt hetT Veet :P% Ref“" st ock
concent nile onioﬁns)tm:te ceticbe, pmh ﬂiz&alﬁt diffaret alkdlos o(rrhdsa:i leen BERtEdAND 2 6; | NVADER
ol 96 nugmgptrlezgc%o§ Egl Isu%hl\leronboé)me]ﬂgs rPrrItaC)t'_‘)t} %ro%e SQM W%A%ger%t }gIQE+ pi
_ probes may be combined in a single assay, allowing comparison of the signals from each
aliele or locus in the same sample.
If the primary probe oligonucleotide 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 VIIT enzyme, Third Wave Technologiés) used
cleaves the overlapped structure more efficiently (e.g. at least 3~40-4feld}_ 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  (ie., linear signal amplification). Similarly, each target-specific product can enabie 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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CLEAVASE X1 enzyne (60n4d) 0.5 pl H20 0.5 ul Primary Reaction Buffer 2.5
X4 Rl Total 6 id 20 Aliquots of 6 pi of the primary reaction m X
were added to the appropriate wells of a mcrotiter plate foll owed by
aliquots of 4 gl of syntheticlet-7a m RNA or 4 pl of 10 ng/pl tRNA in dH20
at the final concentrations indicated in the table below Primary | NVADER
reactions were incubated at 53C for 1.5 hours. 25Ali quots of secondary
reaction m xtures were added as follows: Full-length ARRESTOR Conponent

St ock concentration Anount added ARRESTOR 40p.M1 pl SEQID NGO 7 for full
| engt h ARRESHORY: (TN (SEQ I D
NO: g22) 1.5 uM 11?%%&?%' AMQ?SIM‘?‘Sﬁ ‘&Q ‘21%8 10 u%@%@lgb&{%@&%condary
react i on¥EVaEYeciEr@En dt dbaelagend ﬂ@rﬂiﬁ 1511Wé§mgs Witk these tvey clgvagesagtnne r ead
as descr h&?@ﬁbﬁn@%&@é&mﬁy tﬁ@ﬁuér@@éﬁéeﬁmgﬁ ﬁoﬁ?th%@@%oézfé Eadype 17. These
results indicate that there is no si cant different in signal
generatlﬁ‘ﬁ’u%"t“af)esl lngpty with d%ipéﬁttt?g}?t%éfrp?%lqmqﬂ@ﬁgth or shortened ARRESTOR

ol i gonucl eot i fesrtain embodiments, the INVADER assay, or other nucleotide detection assays,
are performed with accessible site-designed oligonucleotides and/or bridging

oligonucleotides. Such methods, procedures and compositions are described in U.S. Pat.

6,194,149, 6,358,691, 6355, 437, U.S. Pat. Application Ser. No. 09/882,945, and PCT

Applications WO9850403, and WOUO198537, all of which are specifically incorporated by
10 reference in their entireties.

In some preferred embodirﬁents, the exposing of the sample (e.g., nucleic acid
sequence {e.g., interfering RNA (e.g., miRNA or siRNA))) to the oligonucleotides and the
agent comprises exposing the sample to the oligonucieotides and the agent under conditions
wherein an invasive cleavage structure is formed between said target sequence and 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 oligonucieotide is completely complementary to the first portion of the
target sequence and .wherein the second oligonucleotide corxiprises a 3" portion and a §'
pottion, wherein the 5' portion is completely complementary to the second portion of the
target nucleic acid.

In some preferred embodiments, the exposing of the sample to the oligonuoléotides

25  andthe agent comprises exposing the sample to the oligonucleotides and the agent under
conditions wherein an invasive cleavage structure is formed between the target sequence
and the 'oligonucleotides if the target sequence is ﬁresent 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 first
region, and said oligonucleotides comprise first and second oligonucleotides, wherein at
least a portion of said first oligonucleotide is completely complementary to said first portion

of said target sequence and wherein said second oliponucleotide comprises a 3' portion and
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conplenmentary to the m RNA-specific portion of the probe are used in the
secondary | NVADER reaction. B. Alternative designs using |linear probe and
| NVADER ol i gonucl eotides 10Alternative designs were tested in which both

t he probe and | NVADER ol i gonucl eoti des contain a universal sequence, and
nei t her oligonucleotide forns a hairpin. A schematic of the design is
presented in Figure 4. The universal sequence is present on the 5 end of
t he | NVADER oIigonucIeotide and on the 3' end of the probe oligo. A short,
conpl ementary "capture” oligonucleotide is added and is conprised of

2' - 0- et r d t he
pr esenceah% Oftﬁg ﬁﬁ%ﬁld ?-Ipbﬁ%qgcdrk%t:@l@pé %}%e’gf‘g% vvg?lg S(E:érog%&! %ﬂ%n ¢ bot h
m |t - 15 SeipayerpnNte age- 59 and 61) and n1r135 (SEQ ID NOs: 63-65). Initial

desi whi 118 . Ao ol Lgls |
esigns, whilg cLgadl Hﬂ &ﬁ‘émsgthe &eﬁﬂﬁ% fHbft phA e tﬁ rﬁ{lg?gﬁ%%?% Oei&?g det ect

absence of m RNA tar nonet hel ess 1 ndi ca

ni RNAs iftRlegeh ans %%9 waplareooldgeh isriest nmm%D@Radmcéiog Ef f ect of
2" - OsmetByd-atsi(08 AN NGe ATRS HUES, ol | e descri bes
experi rrernts? al(rredﬁ?a:r%1 assreSS| ng the ef ?ect g?su%&tlt &Tgeoxy

r esi due TSRS ty kipfirther CWSES inglrapsions pn he‘éllf@me@mnﬂmriﬁb’rﬁébm in the
probe angds:¢5.ddNWARRR RitSRe! ﬁwtas%w%W@ggt%%cg&ga&mq@ 4y | of the

desi gns presented I'n the precedi ng exanples inc resi dues
in the |Séep@ﬁ§r@m§nsa§1da@etﬁlﬁ» BEW "PRolESt avApRdesiroE e i criintesg-afeere aconduct ed

to test H}&tﬁyg%ﬁ@jﬁ-gﬁlééﬂi%&bﬁ dtng 2' deoxy residues for.sone or all of the
2'-0-nmethyl residues int ADER_and probe olla}nucl eoti des designed to

det d8t the | dthepEesaRidpentisifigrthes prpvides wgsayhia Whigh fhedargeeruciric eridigns. SEQ
| D NGs: ré:s@d ﬁﬂf&:?él&i durfdr Iﬁﬁft@l@ robed! d?‘%?Emﬁﬁamﬁh Qﬁ&ﬂu@le@f@é%@es%nd-rhe

desi gn | D NOGs; 73-74 contain 2' deoxy residues at all positions; and

t hose i r?? |9 tRgRrobeaswiflput she. @eﬁE{WIth%P%%qulﬁgﬁf?e fﬁb?‘%f}%‘i’r"s of the

stemns a@eammmﬁafﬁa’fgethemaefamdls%&ﬁiaﬁaﬁméhaa%yffﬁés@s @8l fsHind 0 conpare the
si gnal erature 10 optim of fhe three different desi gns.

ener at | on and te
Reacti o § E"éEQMSB Be’?‘??tﬁﬁﬁ'r%e@" RO PPAgIstasid srapdain By eng and
i nch ﬂdefilek%eﬂbécﬁﬁmﬁm&lhﬁdéﬂ dahl&moﬁs M ERBR pratid atdcdnfiNd¥MARERced on

ol i gonucgl eotide. Prinma i ons run for 15 m nutes_at the

t enper a%ﬁf’rt@‘ég ef St Af 5&5‘2/@"@% r%fﬂ’%@ﬁﬁ?‘&?ﬁ?%’f Grough ap Grubibaym heeeear  60C.
The res pkdt@/tmfgettdseodxw%@daﬁmmuaﬁ @r Glowgh 4 Borfbightich dinpRith Itﬁ@kecat e that
the 15 desjgn |n the S truc are conprise

2' - 0- mefHfy gﬁ’ ot gl #S@%@’é’? 9? é}ﬁ ‘% &@PPBV@HHW&RTH}?S&@& gn in

whi ch t lhgbrlixﬁsfeﬁ: tﬁdﬁﬁﬁ@ﬁi‘g& Gillblvengd angiple cﬂéa@aﬁ&ﬂ&id %6 Geiradiib i yle
res'g?ues The Ol‘é}é&nUd eotides conprised entirely of 2'-deoxy residues

gen at 8GR Y | evel s of signal. A further set of experinents was
designed to test addl tional design variations as 20 follows: probe and

| NVADER ol i ef+la] orter hairpins, probe and | NVADER

ol i gonucl eot i ges WI Eﬁoésgaégﬁﬁ‘fq:éonl oops or, altt,tuatively with shorter

| oops, pr obelmprefdridAbDBRdEhdngorfithé BOVADER Mas@ﬁglr ywb bligenu2leofidagb hy|

resi due i Imml re etecti f,mR-15 as

o | ows isaleRlcy sRRE LOUE mF e mEERPER, Ol SV bR b RubF bheer o

t est®ed. Dw&beforrhwmmmmmcmd4ms &hd SEQeliDioNOy pobE Sridudet aR2A5EQ | D NO

o6 1544pilall SERARND, BoadLPBNS 2SR TR NFucRBidPdfnd o0k SEQ 1D
INVADER olzgonucleotlde overlaps the primary probe, but need not hybridize {o the target
DNA (See, e.g., Examples 15 and 16). The CLEAVASE enzyme recognizes this

overlapping structure and cleaves off the unpaired 5'-flap of the primary probe, releasing it
30  as atarget-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 muliiple
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1544-71-01 SEQ ID NO 55 1796-43-06 SEQ ID NO 72 1796-43-01 SEQ I D NO 67
1544-71-02 SEQ ID NO 56 1796-43-03 SEQ I D 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 SEQID NO 70 Primary reaction mxes were nmade as foll ows.
Primary Reaction Conponent Stock Concentration Amount Added Probe

ol i gonucl eotide (as indicated in above table) 40 tiMO0.25 pl I NVADER ol igo
40 pt1Vl 0.25 ul CLEAVASE Xl I enzynme .60 ng/gl 0.5 ul Primary Reaction '
Buffer 2.5 X 4 ul Total 5 ul Aliquots of 5 ul of Primary

react i onydiings Wep®m et&eéagelfo?feaéytaiglaﬁbm 2l BnbAfica N le ddifhet 0F | OW ng

final anmpunts: O, 0.1 anole, 33 anol e, 1.09 anole. Prinary reactions were
i ncubat effleasedd-awst or 2 hours.

In the secondary reaction, each released 5'-flap can serve as an INVADER

oligonucleotfide on a fluorescence resonance energy transfer (FRET) Cassette to create

5 another overlapping structure that is recognized and cleaved by ﬂ:e CLEAVASE enzyme
(Figure 1). When the FRET Cassette is cleaved, the fluorophore (F) and quencher (Q) are
separated, generating detectable fluorescence signal. Similar to the initial reaction, the
released 5'-flap and the FRET Cassette cycle, resulting in amplified fluorescence signal.
The initial and secondary reactions run concurrently in the same well.

10 The biplex format of the INVADER DNA Assay enables simultaneous detection of
two DNA sequences in a single well (See, e.g., Examples 17 and 19(L)). Most often, this
involves detection of two variants of a particular polymorphism (e.g.. in a miRNA). The
biplex format uses two different discriminatory Primary Probes, each with a unique 5'-flap,
and two different FRET Cassettes, each with a spectrally distinct fluorophore. By design,

15  the released 5'-flaps will bind only to their respective FRET Cassettes to generate a target-
specific signal. ,

In some embodiments, the present invention provides kits comprising one or more
of the components necessary for practicing the present invention. For example, the present
invention provides kits for storing or delivering the enzymes of the present invention and/or

20  the reaction components necessary to practice a cleavage assay (e.g., the INVADER assay).
By way of example, and not intending to limit the kits of the present invention to any
particular configuration or combination of components, the following section describes one
embodiment of a kit for practicing the present invention:

In some embodiments, the kits of the present invention provide the foliowing

25  reagents:

CLEAVASE enzyvme 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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Secondary reaction m xes were made as follows. Secondary reaction conmponent
Concentrati on Arount Added PAM FRET ol i gonudeotide (SEQ ID NO 21) and
Secondary Reaction Target (SRT) (SEQ ID NO 40) 13.4 ul PAM FRET 2 uM SRT
0. 75311 ARRESTOR ol i gonucleotide (SEQ ID NO 66) 54 isMO0.75 }Il H20 3.5

ul Total 5pl Aliquots of 5 ul were added and the reactions
I ncubated at 60C for 45 minutes. The 10 results, in relative fluorescent
units (RFUs) are presented bel ow. Probe 1544-71-01 1544-71-01

| NVADE 1544-71-02 NET FOZ 1796-43-02 NET

In other embodiments, the kits of the present invention are configured for direct detection of
RNA. These kits may provide the folléwing 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 conirols
Wild type DNA controls
"No Target" Blank control

5 An additional consideration has to do with undesired effects resulting from
particular combinations of oligonuéleoﬁdes n a single reaction. One such effect is target-
independent generation of background signal. Certain oligonucleotides in combination with
others may generate signal in the KINVADER 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 oligonucleoﬁdé combinations can
-artificially repress 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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perform the methods of the invention. For example, and without intending to limit such
additional components lists to any particular components, one embodiment of such a st
comprises the following:
® Clear CHILLOUT-14 liquid wax (M} Research) or RINase-free, optical grade mineral
5 oil (Sigma, Cat. No. M-5904)
& 96~-well polypropylene microplate (MJ Research, Cat. No. MSP-9601)
s Sterile 1.5-ml or 2.0-m! microcentrifuge tubes
w  Sterile, DNase/RNase free disposable aerosol barrier pipet tips
= Multichannel pipets (0.5-10ul, 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 nm/40 rm

In some embodiments, a kit of the present invention provides a list of optional
components (e.g., reagents, supplies, and/or equipment) 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)
» Disposable plastic trough (optional)
. Pl.ate 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 himit such optional components lists to any particular
components, one embodiment of such a list comprises the following:

s  QIAGEN QIAAMP Blood Klit

¢ Gentra Systems PUREGENE Kit

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 procedures for making reaction mixtures) are provided. In particularly
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., tables to facilitate calculation of volumes of reagents needed for multiple
reactions, and plate-layout guides to assist in configuring multi-well assay plates to contain
numerous assay reactions).

In some embodiments, supplementary docomentation, 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
particularly preferred embodiments, supplementary documentation includes a
troubleshooting guide, e.g., a guide describing possible problems that may be encouniered
by users, and providing suggested solutions or corrections to intended to aid the user in
resolving or avoiding such problems.

In preferred embodiments, samples are diluted to concenirations that correspond to a

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

E., Relling Circle Replication

In other embodiments, rolling circle replication methods (Amersham Biosciences,
Piscataway, NJ) are utilized for detection of miRNA detection structures (Seec eg., U.S.
Patents 6,344,329, 6,143,495; 6,316,229; 6,210,884, 6,183,960 and 6,235,502; each of
which is hergin 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 2 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 miIRNA. 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.

5 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

10 DNA molecules. In RCA, a roiling circle replication primer hybridizes to circular nucleic
acid molecules followed by rolling circle replication of the nucleic acid molecules using a
strand-displacing DINA 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

15 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 utilized. In the 1igatioh operation,
an probe hybridizes to ifs cognate target nucleic acid sequence, if present, followed by
ligation of the ends of the hybridized probe to form a covalently closed, single-stranded

20  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

25  and atarget sequence, mixing ligase with the prébe—target sarmple 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 cirele (ATC), mixing a rolling circle
rephication primer (RCRP) with the ligation mixture, resulting in a primer-ATC mixture,
and incubating the primer-ATC mixture under conditions that promote hybridization

30  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 detection 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 hybxidizatidn assays uSing a variety of technologies for hybridizatioﬁ and detection are

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

2. 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 oligonucleotide probes are affixed to a
solid suppert. The oligonucleotide probes are designed to be unigue 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; Seg eg., 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 Hight-dirccted 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 simultaneously on a large glass wafer. The

38



1.09 anpk 676 688 693 579 6.43 1.09 anok 625 562 579 501 6.69 0.33 anok 274
275 264 164 2.54 0.33 anpk 229 215 204 128 2:45 0.10 anok 153 137 143 38
135 0.10 anpk 126 121 112 32 1.36 0 anpole lii 107 102

wafers are then diced, and individual probe arrays are packaged in injection-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 hyﬁﬁdization data are collected as light emitted from the fluorescent
reporter groups already 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 arré.y 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 ¢.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
microchip. The negatively charged probes rapidly move to the positively charged sites,
where they concentrate and are chemically bound to a site on the microchip. The microchip

25  is then washed and another solution of distinct DNA probes is added until the array of
specifically bound DNA probes is complete.

A test sample is then analyzed for the presence of target sequences by determining
which of the DNA capture probes hybridize, with target sequences. Axn 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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nouspecifically bound DNA back into solution away from the capture probes. A

laser-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 e.g., U.8. 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 segregaied, 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
nozzles, one for each of the four standard DNA 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 to the sites where 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 hybridizaﬁOn, 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
(Ilhumina, San Diego, CA; See e.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 oligonucleofide specific for the
detection of a given SNP or mutation. Batches of beads are combined to form a3 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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l'im t5 of cadRo€GMidls herein incorporated by reference). The assay is performed 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
fiviorescent dye) and a 3'-quencher dye. During PCR, if the probe is bound to its target, the

10 5-3'mucleoiytic 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, NJI; 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 specially synthesized DNA primer and 2a 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
labetl to the nucleotide suspected of being at the target sequence location. Incorporation of
the iaBeI into the DNA can be detected by any suitable methdd (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  hybridization 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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In orgergt©08yR sbl@qtzxegat{ﬁ §4E 8519%11B'?@Z%@@%&&Erﬂﬁﬁ&&wB%E?Sié‘{eéé%%élpt' ma
and LODs were fi rst det er mi ned for each desi

. R and probe
ol | gonuePIBEfes Ttsess i reaction (BempexGARER 28 A890-Sic] U8 8- PHIELAD; and
desi gnedsdnawiel8btialAgombas (48, Ry paaid, §5_3§156’9 brerln BcBNO- RS €S- The
designs for these assays are presented in Figure 5. The designs for |et-7a
and ni R-TE8gengedn #8§8H1BAd in Exanples 2 and 6, respectively. 2.
Det erm nation of tenperature optinma and LODs Tenperature optim zation
experiments were conducted for each of these 20oligonucl eotide sets as
desctd bed in Exanpl e 8. Each primary reaction included 1 nMof the targeted
m RNA and was carrl ed out for 15pRPMHBSERTAlrenper atures rangl ng from 50

9C. Secondary, _ye i ons as described in anp were run for 1
to 1.5 hours rg{‘ W“E%)?’?E’fﬁﬂi‘istaé?ﬁw’é?ﬁ F%?%W?%WE‘T‘F Bﬁﬁgfaﬁlhé"t ilpgiraig

m R- 15 5&1‘@1&@:@5&1&d5ﬁ§0@4ﬁ&1182€5ﬁ abpdotMifnd psdh trvedBEN SR &b RodtemREr at Ur e
opti ma were o% %h IthDs wer e daeerm' ned for each rai RNA species as
descri be®P? " 8 “HONCPPL re < 30 zeptonoles. 3. Gene expression
profisding Gene expression profiling was carried out on total RNA
extracted from 20 different ti ssueuﬁ%g‘%s Total RNA was purchased from
Clontech (Palo Alto, CA catalog n Pledoos- 1, Human Total RNA Master

Panel 11). For let-7a, SOng of Mﬂhﬂhls%mﬁxthSted in each reaction; for

t he ot her eci_es, 100 ng of total RNA was tested. Al reactions 5
were set® up™8 REI‘ﬁH’é’E‘Eg BRI FoPRENERty Fer uss foRal) TeReonE Ioempeel {8 at t he

t enper at ur eu@dsindeed Aherlvide Haai)S; secondary reactions were as descri bed
above. TheP%ﬁJne ?xgéessi on profiles for each m RNA species are presented in
Fi gure &se’ F88ults indicate that the | NVADER assay can be used to
exam ne IMVRABEaxpt @dsion in different tissue types. These data further

suggest th < LA 1 R-125b are expressed in a wide variety of 10
tissues; %%ﬁgéﬁm%” eci es appear to be nore specific toalimted

nunber OILEAYASE XYipmsymbExd@iPnige 11 Effects of variabl e oligonucl eotide
length AT L%%ﬁﬁég%h%g tu%?etoiﬁﬁgg \%re rigil.lfél\l'a‘sf::!iSfmm Dharmacon and gel purified on
25  20% denaturing acrylamide. Synthetic miRNAs were used to determine temperature opuma
(see below) and LOD,
s 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 = 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 KCI
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Thi s exanpl e descri bes the inpact of alterations in probe and | NVADER

ol i gonucl eotide I ength on detection of the let-7a 22-nt rniRNA. In

particul ar, these experinments conpare detection of an m RNA that forns
perfect stacking interactions between the ends of the probe and | NVADER

ol i gonucl eotides to detection of an m RNA 20that fornms both 5 and 3'
overlaps as well as to 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
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of m RNA from precursor RNA and fr ¥ i ng DNA Experinments were carried

out to detern ne whahfiuul3apkhMARESR SidRbihas for 165644 Rspal od the mi RNA

target itself_fromboth jts precursar RNA and_fromthe DNA encoding the

i ni RNA. A PrEtuigapudisasde dﬁ%&%fqr\}?tt'&wt%%‘vn ipsFieEeeuY sBie qligonelapiale( SEQ | D

NO 187) d@@i@ntféﬁﬁﬁclhhbﬁéivmﬁxpigﬁ{e@ Mﬁnabmggﬁn%ﬁﬁﬁqlwéémasé% rophoresi s
to determ ne whether it contained fragments that mght mimc the let-7a

mi RNA. THEDERSA e %AHt%m 3t PRY pl%@ﬁéﬂtrmwa@s eBta0gifioaga pe tasget master

appr oxi HEdxakas Hopdadd (ab@Bok @aasa@@aawa%m RISCALLBS WaradvEeaGhnPed in
Exarrpl e 3 at precursor or synthetic 5 P let-7a m-RNA concentrations as

i ndi cat S8IMFT PH&C PIEBTTE SHHIOBMIONPI i xes 20 contai ned 10 ! AM probe SEQ | D NO.

6 and TGipd, RIWAJRRC ShhdRRMCT ot T de SEQdd) M¥dcerratidhl BT YmbBmCAddES] Wer e

run at [3idarl WeadtiddBilferS€CONAAr y 1eact |2Qn§ Were run ar our
W t h SeGORREE VeohBAEIH LTS N@@S@@;[ LAty ¥ A% described T %}G‘mm'e—T( FRET
probe S$EQ) R Eéjﬁil@&f lb@)r 22, and ARRESTOR SE(Q \ NO 7). iThe

resul tg Hfr-ihi s experi msnt | nd| cated that this rni RNA asijsay is

appr oxi Wﬂﬁﬂ‘&xﬁéxﬁé&o'ﬁﬁ@ B D W0s: 40 | {OGNPT ECUTSOr RNAT IS,
Di scri msnat & a5 167 BNG NN ,3is08aig Raeactl ons were run to detect legt-7a
m RNA i rfop@lﬁgyysates as described in Exanple 7. Prilo_r tio detection w th
the | NV RISBEK AUy mel PI_Of 8 PULY %&\/Asaa SIS aan-) re
added to 80 pi of cell lysate and incubaked,@ghed/C for 2.25 hours. The

R NAse[A 30 treated sanples failed to cygn%%qQ;Lmﬁggna above background,
i ndi cating that signal generated in ass$ayped.3akl Ng RNAse A arises frlom

det ect il gRNG] € m arget _and not 1§ g np/ig 0dT My DNA (rli:g e 16)|Further

exper i MEFLEMELER VAN BREFTPND: Lo R RGeeMY was added gy [ner—prior to the
pri mary greans Nen 19 himiyto the secondary reaction. Wdn RNAse A as

added priggyi TO the prinmary reaction, no signalr was generaitogg,—tonsi 3t ent

Wi th the previous results.  Wien RNASE A Was added subsequent tothe primary
reaction, no | oss of signal was observed, further indicating that the

si gR&I bei ng AftT cPRBIgLPE Ofihe PR aRKIRAgHRR. S APt thedplowisg Aesondrrsrenstion f ect of

RNAse o ﬁusam% adc%@%dl &b 1SR &eaatrﬁen r@aammabgegét é&é&aﬁzﬁniyﬁﬁm@ appl e 13

occurrlng anth one 21 nt in Iength and the other 22 nt.

Tenperature optimn zation reactions were set up, essentlally as described in
Example 3, using 1 nMof synthetic rafRNA target, 25 primary reaction and a
15 m nute secondary reaction. The oligonucl eotides used in these reactions
are listed in Figure 5 (SEQ ID NGs: 90-92). Tenperature profiles for the
two different Iength m RNA targets are shown in Fig. 1522 and indicate that
t he sane ol i gonucl eoti de designs can be used to detect both targets.
Exanpl e 14 A igonucl eoti de designs for detection of an si RNA Approaches



Exanple 15 Optim zation to extend the dynam c range of |et-7a m RNA
detection In an attenpt to extend the dynam c range of |et-7a m RNA | NVADER
assay 30detection, two oligonucl eotide probes with the sanme let-7a

hybri.di zi ng-regi on were designed, but with different 5 -flap "arnf
sequences. The different 5 -flaps or arns report to FRET cassettes that are
desi gned to generate FAM signal upon cl eavage. The oligonucl eotide
sequences were as follows (1128" refers to the ECLI PSE quencher, Nanogen,
Inc., San Diego, CA): Sequence Nunber Description Sequence 5 -3" Notes
1544-82-01 (SEQTD NO 124) Probe MXb Arm CCGI Lk G ACTACIGEGA- N
2343- 255D (0PbEoNOL ERAPA SE TR REzWEMasfiy®), CCGTCACGCCTCCTACTAGETCA- NIt 12
1496- 78-AENISER T IS EGGD NOWVARER 01'1 O MGG\ UmUn U1 O C
AACTAT AGRBE i 2k R paction 9 NyT T 581-63- 01 (SEJ T Ngr 127) [Arjestor § or

MOS- ar mREORS® T EMALN MFENATTS | NCVAING m = 2¢0- net hyl
2343- 25 DR kSFBR' 28] (% §0F, G- A

MUNGIATGRIRAE ) éh ST S’wg 530 0- st EW 23- 182030 1D No 129)
MM FRET Rk [be Tor |vu) b“T“YCAO(T&, T CGTGO™ Y = 6FA|‘v‘; XTa=Zg8quericher
2343-23-01(SEQ I D NO. 130) MM FRET prohe for M4 SRT_YCAQC CGTOG Y =

6FAM X= 228 quencher 2343-23-02(SEQ ID NO 131) M4 SRT
After completion of the reaction, the plate was read in a CYTOFLUOR 4000

fluorescence microplate reader using an excitation wavelength of 485 nm and emission
wavelength of 530 nm. Results are shown in Figures 6 and 7. Stacking of the 5'-end of the

5 INVADER oligonucleotide to the 3-end of the miRNA is enhanced when the 3'-end of the
INVADER cligonucleotide is 2'-O-methylated. In addition, 2'-O-methylation of the 5'-end
of the INVADER oligonucleotide increases the reaction temperature, Extending the 2'-O-
methylated bases of the INVADER oligonucleotide so that they base pair with the first two
bases of the miRNA {(SEQ ID NO: 8 (1496-96-02) vs. SEQ D NO: 23 (1496-96-03) in

10 design SEQ ID NQO: 9 (1496-96-01R of let-7a) increases the temperature optimum of the

described reaction but does not enhance the detection.

Example 3
LOD experiments for let-7 and miR-1
15 After determining the optimal reaction temperature for each set of probe and
INVADER oligonucleotides and determining the best working design (from the temperature
optimization net signal), the following experiment was set up to determine the LOD of the
design using synthetic RNA. The following reaction mix was aliguoted info a 96-well plate

{see plate setup below) with each well containing:

Component Stock cone, Amount Added
Primary reaction buffer 2.5X 4 ul
Probe 10 uM 1

SEQ ID NO: 6 for let 7
SEQ IDNO: 16 or 19 for miR-1
INVADER oligo 10 pM 1 ul
SEQIDNO: 5 forlet?7
SEQ IDNQO: 15 or I8 for miR-1

CLEAVASE X1l enzyme 60 ng/pl 0.5 ul
TRNA 20 ng/ul il
TOTAL : 7.5 pl

20
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CGAGOT TCGAAGT GOACFCGCGTGACNGTGEM |

1107-10-02(SEQ I D NO 132) MX% SKI

CCAGGAAGCAAGTOACOCAOCCGACTGM™OM U Let-7a (SEQ ID NO 133) Let-7a synthetic

RNA  UGAGGUAGUAGGUUGUAUAGUL I

conditions tested were as foll ows:

5 and are shown in Figure 26. Reaction

2.5 X Reaction Buffer

25 I nM MOPS pH 73,

62.5 mM Ka, 0.125% Tween 20, 0. 125% Noni det P40, 62.5mM MeSO4, 5% PEG. t RNA

Carrier
ngt ol

concentrati on condi ti ons.

20 ng/ al
CLEAVASE Xl |
Tween 20, 0. 5% Noni det P40. 50% gl ycerol ,

t RNA yeast

in RNase free water
enzyme diluted in 20 nM Tris pl148.0, 50 mM KC1, 0.5%
0.1 maim BSA.

CLEAVASE X |

enzyne

60

: : _ Primary Let-7a
| NVADER § €3¢ L+ Q0S50 WR¥i8y SERMA tdhodfatitins WRACAddRASn biicBrel OF RhaaRipibhiage 10probe

The ni ne probe concentration conditions tested

were: (iYysing Grfdiowipspun544-82-01, (ii) 1 ti Mof probe 2343-25-01, (iii) 1
uM or both probes 2544- 82-01 and..23

1

uM of _nrobe 1544-8

rdeafll.> (i v) 100 nM of probe

-01 and . 100_iilwv

of_23

3-25-01

2343- 25

- 0] (\)
X7

(vi)

10 nM of 2343-2590bA, (yiP§pM (MM 1544p8b. 01] AAM O hM 2348D5. o,
(vii) 4 RMof 2343-25-PI, and (T X) T piMOof 1I5424-82-0L and & UiTVvi. of 2343-
1525-01 ln addition.t these probe olligo contentratijons, the reactibns
contained 1 ! AV of | NVADER olilgo 1496478-02, BO rig of CLEAVASE Xl | enzyne,
and 10 IT(]_-:M VOPS pH 737 25 v KCL,— 0705 % Tween 20,0 05% Nonidet—P4D, 25
mv MpS4, _and 2% PEG. F‘or each probe concentration conditions
Let - 7a isiynt hetijc RNA were added to the reaction mix $ final Jconcentfations
of 6 x 1096 %1086 x 107 6 X 106, 6 x 1056 x 104, 6% 20103 —amnd

copies per reaction. Let-7a RNA dilutions were made in a solution of 20

ng/ n® t RNA diluted in Rnase-free water. The reactions were assenbled in a

96- wel | ' [ Efaﬁ}d a Il to
pr event rgﬂ\l/ég%gtf gr{}?é)%gﬂa#ﬁg “gﬁla@g%\aﬂhgfq(ﬁgﬁ%?(glﬁi&l ié\%%(g toégo%%glghgﬁeﬁ?ock and
i ncubat egbmapletir® of thoprigaryreantivass ul of the folipwang watulsad topachaglicodthet e, 5
tiL of ¢ Y RAGH 6B 1r1, $RA! 2hOhRe: DacreRa iRk nRSER Hact ion
t enpl at 2%%18’%?%-02&%2%5%%23-01, gngbigte was eARRI%S%‘tO? S&Qgﬁ%ﬁ%c eot i des
1581- 63-appvafige E3a8r29)02, and 2 uM of FRET probes 23182 and 2343- 23-01
wer gqadded and the reaction plate incubated at 60 C for 90 m nutes. After

completion of the reaction the plate was transferred to_a fluarescent
pl at e rieSasendarcReadtionor) andStek&omas acquired hyvpewfisdfedhe f| uor escence
usi ng tlHecmponeRisitation andl em ssion wavel engthd of 485 nm and 535
r espect i B=P {orutfhr #rgain setting of 43. 10The rgwind processed date
gener at e@LE\A?’Aé@ Potnzyms: 11 Raw data Let-7a copgies Probe cone Mx #

assays

FAM FRET Probe (SEQID | 10 uM 1ul

NO: 21) ‘

Secondary Target (SEQID | 1.5 uM 1 pl

NO: 22 for let-7; SEQ ID

NO: 40 for miR-1)

ARRESTOR 40 pMi !

oligonucleotide (SEQ ID

NG: 7 forlet 7; SEQ ID

NQs:17 or 20 for miR-1)

| Total 5

The LOD for let-7 and mir-1 was next tested on human RNA samples. The protoco!
described above was utilized. 50 - 100 ng of fissue specific total human RNA samples
15 (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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bioiii v vvi vii viii ix 6X109 21731 16970 35383 18062 36419 19680 33594
19297 28291 6 X 108 20369 14201 29797 16429 35792 18103 28532 18419 2542%
6 X 107 19752 3772 7247 15969 32775 15128 22546 10576 21604 6 X 106

Example 4
Cross reactivity experiments for let-7 a,c,e, and f
This Example describes an analysis of the cross reactivity of probe and/or

5 INVADER oligonucleotides directed against one sub-type of let-7 for another sub-type.

The protocol for synthetic let-72 miRNA 'se‘fup described in Example 3 was utilized. Figure

5 shows the oligonucleotide designs. The following plate setup was used:
I0oM jInoM [100pM | 10pM |1 pM | 100M | 10fM | H20
i 2 3 4 5 6 7 8

Let7 A
Let7 A
Let 7C
Let7C
Let7E
Let7E
Iet7F
Let7F

L@ ) m g o) W e

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-7¢).
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-7¢, which results in 25% of the signal. This
15  Example demonstrates that the INVADER assay is able to differentiate between very

similar miRNAs.

Example 3
CLEAVASE IX enzyme vs CLEAVASE XII enzyme
20 This Example describes the optimization of 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 Technologies, Madison, WIj or
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11535 997 1452 4548 13603 3419 11830 1998 10654 6 X 105 3500 726 787 1254
2941 1084 2759 923 2540 6 X 104 1415 638 675 751 1053 750 972 726 1050

6X30'

10

i5

20

25

30

840 652 665 666 841 671 770 690

30 ng of the CLEAVASE XII enzyme (Third Wave Technologies, Madison, WI) was used.
The following buffer was used for the CLEAVASE IX enzyme:

2.5 X primary reaction buffer: 25 mM MOPS pH 7.5, 250 mM KCl, 0.125% Tween 20,
0.125% Nonidet NP40, 31.25 mM MgS8Qs, 10% PEG.
7.5 X secondary reaction buffer: 87.5 mM MgS0,

The following buffer was used for the CLEAVASE XII enzyme:

2.5 X primary reaction buffer: 25 mM MOPS pH 7.5, 62.5 mM KCl, 0.125% Tween 20,
0.125% Nonidet NP40, 62.5 mM MgS04, 5% PEG,
7.5 X secondary reaction buffer: H,O

The LOD experimental protocol was used with either the CLEAVASE IX or XII enzymes.
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 assayed
with either the CLEAVASE IX enzyme or the CLEAVASE XII enzyme. However, R?
values were greater in the CLEAVASE K11 enzyme, indicating greater linearity. Moreover,
the LOD was lower with the CLEAVASE XII enzyme. The net signal for the detection of
2.5 amoles was 20 counts with the CLEAVASE IX enzyme and 66.75 with the
CLEAVASE XII enzyme.

Example 6

miR-135, GAPDH and U6 RNA

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) utilizes
different INVADER and probe oligonucieotides for the detection of mir-135 miRNA.
Results of the temperature optimization experiments comparing performance of all of the
designs are shown in Figure 13. Design D gave the highest signal. Resulis of LOD

experiments using assay design D are shown in Figure 14.
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756 6X109 638 635 637 661 800 658 731 694 698 2- Processed data Let-7a
copies Probe cone Mx # i i 1it iv v vi vii viii ix SXIO 21093 16335
34746 17401 35619 19922 32863 18603 27593 6 X 106 19731 13566 29160 15768

Figure 14A presents the raw counts generated from four replicate 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-over-zero (FOZ). The limit of
detection of the miR-135 target in this experiment was 164 zmoles, equivalent 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 oligonucieotides 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
species, which may be expressed in a tissue-specific manner. INVADER assays were
therefore designed to two distinct RINAs generally found in all cell types: human
giveeraldehydes-3-phosphate dehvydrogenase (hGAPDH) and U6 RINA.

In the case of hGAPDH, the following oligonucleotides have been used in biplex

15  miRINA detection assays: INVADER oligonucleotide (SEQ ID NO: 41); probe (SEQ ID
NO: 42); ARRESTOR oligonucieotide (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 RNAs of 8 diverse species from C,

elegans to mouse to arabidopsis to humans to identify a region suitable for the design of a
20 “umiversal” 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
D NOs: 45-47 demonstrated that signal from U6 reactions reached saturation well before
miRNA signal, possibly owing to large guantities 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 INVADIER and probe final concentrations ranging from 1 pM to 12.5
nM. Final concentrations of the INVADER and probe oligonucieotides 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 demonsirate that detection of U6 RINA with the “universal” U6 RNA
oligonuclectides (SEQ ID NOs: 93-95} is comparable to detection with SEQ ID WNOs: 45-
47,
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34992 17445 27801 1772% 24727 6 X 11# 19114 3137 6610 15308 31975 14470
2181 9882 20906 6 X 106 10897 362 815 3887 12803 2761 1109 1304 9956 6 X

106 2862 91 150 593 2141 426 2028 229 1842 6 X 104 777 3

5

10

15

20

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

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 {Chomeczynski et al., Anal.
Biochem. 162: 156-156 (1987)), and cell lysates were prepared as described by Eis et al.,

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

reference.

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

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

made for 96 reactions containing the following reagents.

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

Mixture of Probe Probe 20udM/ 0.5 45

oligonucleotide INVADER

1496-78-01 R (SEQ | oligonucleotide 200

ID NO:6) and M

INVADER

oligonucleotide

1496-78-02 (SEQ

ID NO: 5)

CLEAVASE XII | 60 ng/ul 0.5 45

enzyme

Primary Buffer 25X 4 360

TOTAL 5 450

Aliquots of 5 pl of the primary reaction master mix were added to the wells

containing the appropriate target or control. The plate was overlayed with mineral oil (10

ul) and incubated at 53°C for 2 hrs. After completion of the primary reaction, 5 pl 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 Cone.

I Amount Added
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38 90 253 92 241 32 352 6 X 101 202 17 28110 41 13 3 -4 58 and is
presented in Figure 27. Results denobnstrate that a dynamic range of >6 |ogs
was achi eved when probes 5 1544-82-01 and 2343-25-01 are mxed at a 1 nM

and 10 nM (mx vii) and 1 mMand 4 itMmx (ix),
Optinmization to extend the dynamic range of U6 RNA detection 10l n an
attenpt to extend the dynam c range of U6 RNA detection using the | NVADER

assay,

respectively. Exanple 16

two ol igonucl eotide probes with the same U6 RNA hybri di zi ng-regi on,

but with different 5'-f|ap "arrn" sequences were designed. The different

S' - f| aps—py—pr-B-tepol F-eassettes—that ﬂrzgﬂ@skgnedng_geneLa;e RED
signal U @F@ﬁ@%@g’c%ﬁ%r%%PgonLcleotlde sequen were as fol l ows (RED
dye refe RED l\Iar}og\q 15 lne-San—Dilege,  CA): Sequence mber
Descri pti ) e?@r%ms 17653. 01 (SEQ IfD WO 134) Probe 562 868
arm AAG(;E RSPHRT ¢ AT-INHEM 1796-59-01198Q I D NO. 136) UG
Syﬂtheti_v a . IrllrlerrIIr'Ar Cr-ArGAr- G ArAr G A e Lk Ar G Cr Ar
waaoﬁﬁ?ﬁ@@@@%ﬁ&@ﬁ%@uu Ipl

Total 5ul

All targets were assayed in quadruplicate. The average counts obtained for the

different numbers of cells assayed for bbth total RNA and cell lysates were plotted in Figure

- 15. A standard curve obtained from INVADER assays on known quantities of synthetic let-

10

15

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 experiment, 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 mRNAs, i.e. from GAPDH, were not being

detected in the quantities expected. Experiments were carried out to examine the effect of

Mg"" on extraction 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 KCl. Aliquots of 10 pl 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

180u] 11 pg/ml tIRINA

180ul 11 pg/mi tRNA

0.5 mi NP40

0.5 ml NP40

4 mi 0.5 M MOPS

4 ml 0.5 M MOPS

0.5ml 1 M MgClL

N/A

1 4.82 ml H,O

3.32 mls H,O

110 mis

10 mils

20
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1796-53-02(5W I D NO 7) 1NVADER ol i go CATCCTTGCGCAGGGGECCATGA 1796-53-03
(SEQ ID NO 138) Arrestor for probe 1796-53- 01 -
MAMUMATCTANGTANGTMAMATGTANUNUmM AnGnGnir nGr nAmunC m = 21- 0- et hyl
2343-30-04(SEQ I D NO 139) Arrestor for probe 2343-30- 01
MATUMATCmAMGTATGMAMANGMANUNTUM  AnGnGnunGrCrr nG m = 21- 0- met hyl  23- 181( SEQ
| D NO 140) RED FRET probe for 562- 868 arm YCTCXI 1CTCAGIGCG y = Red dye
and x = Z28 2343-30-02(SEQ I D NO 141) RED FRET probe for ER4 arm
YCTC) Cr GCATAGICCG v = Red dye and x = Z28 23-183(5W I D NO 42) 562-868 SRT
COCAGT CAGAAT CAGRLGATELOREEIRNRN Y a: A3 30295 DUSEQ NI, 147) pBRASRT
CGGAGTATGCAT GAGGT GCTGCGT GO are shown | igure’ The
react i oncawiidiced bnreligedebriss Pﬁ’ﬁppfé\ﬁé5 MR@%thEN%%ﬁUSRE'%QSWWSBdMGGP 25 mM MOPS
pH 7.5, @vapM KGhiodR al 23%wkween 20, 0. 125% Nonl det P40, 62.5mM MbSH4, 5%

PEG tRNA Carrier 20 ngiul tRNA yeast in RNase free water
Primary INVADER reactions were as described above for let-7a; PI oligonucleotide

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

PJ oligonucisotide mix® 0.25 ul 1 uM each*

H,O G.25 Wl _ (.25 ul

CLEAVASE XII enzyme 0.5ul ' ' 0.5l

60 ng/pl .
4 ul 4 ul

Total S5ul 5 ul

*Primary INVADER reactions were as described above for let-7a; PI oligonucleotide mixes
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 1
Secondary reaction mixture* 1.5l

H:O 35ul

Total 5l

Secondary reaction mixture included SRTs (SEQ ID NO: 22 for let-7; SEQ ID NO:
20 49 for GAPDH and UG6) target, FRET oligonucleotides (SEQ ID NO: 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‘.cions 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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CLEA VASE XI'lI enzyne 60 ng/ul CLEAVASE XI | enzyne diluted in 20 nM Tris pH
8.0, 50 niMKClI, 0.5% Tween 20, 0.5% Noni det P40, 50% gl ycerol, 0.1 noim:
BSA. Primary | NVADER reactions were setup in 10 p.L vol unes

cont ai ni ng probe concentrations of 1 pMof 1796-53-01, 4 ri M of probe
2343:30-01, or 1 MM and 4 nMof 1796-53-01 and 2343-30-01, respectively. In
addition, these reactions contained 1 pll4 of |INVADER oligo 1796-53-02, 30
ng of CLEAVASE Xl | enzynme, and 10 mM MOPS pH 7.5, 25 nM KC1, 0.05 % Tween
20, 0.05% Noni det P40, 25 rnM MgS™, and 2% PEG 10For each probe
concentration.conditions,. U6.synthetic RNA were added to the reactjon mx
at 11 nal MBHCEPE VEROUEET 165t Sg’éé%ﬁfiélﬁ’“?* regins rpiatively gonstapheggrdiess, 102
x 105 , w&dgmk%e &ngegmm&ad_'ﬁi&ﬁy a@ﬁﬁnén&&en%ﬁnéﬁ@at aamlaN@._sm ]ghi%dgﬁﬂel |
reacti on, S tl I lutlons were na In_a_ solution o ng/ u
CRa 1 i G0 T R & Teveleo RS R DT JENE e e el |
plate and 10 ul of clear mneral oil were added to each well to 15 prevent
evaporation. The plate was then trapsferred to a thermal -bl ock at i ncubated
at 50°C for 90 ninutes. Afte XFWB[Fo%tion is conplete, 5 ME of a
secondary reaciilRindtive NONADER ©i¥aPd&ighAbodcteetionopvaricRaniinNg t enpl at es
23-183 and 2343-30-02, 7.5 AM of ARRESTOR ol i gonucl eoti des 1796-53-03 and
2343-30-04, and 1.5 AM of FRET probes 23-181 and 20 2343-30-02 and the
reacti onaApl sli@nuase désiygnsi foe dbetbsich afleBPAC for 90 m nutes. After conpletion
of the reactigp, the plate.was transferred.to | uorescent pl ate reader
(Cyt of | uor) aﬁ%s(%‘?‘gpl\fadges?cbﬁ e&?%‘;‘;“?‘é‘%%?ﬁ%?ﬁﬁ%ﬂ%ﬁ?@@%%‘& Oﬁé‘? ng the an
exci t@t i designdorditssioo pf Wanel- BngiRIEA ofn &Glserien oAaxbefRBnRNg sdt @S fleshdtivel vy

with a gain_settin f.4..T€lgdata ener at ed S I - 25 U6
copi co 1 ERIEaGY AR BE b AR, 1880 i NV AR 02 10. “To2
| e 10 200ligdnutieotids H80Ghe pdbPoipemcntde were eleven nucleotides long. A second set

of designs was created in which the target specific regions of the probe oligonucleotides

were 10 nucleotides long and the target specific regions of the INVADER oligonucieotides

15  were 12 nucleotides long.

1. Oligonucleotide designs
3. 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 regions 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 oligonucieotides with stem-joops,

b. 10-mer probe and 1Z-mer INVADER oligonucleotide designs
Figure 5 shows a set of alternative ofi gonucleotide 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 IID WOs: 52-53 provide a design in
which both the INVADER and probe oligonucleotides are linear. SEQ ID NO: 2 contains a
probe oligonucieotide that forms a stem-loop structure); SEQ ID NO: 1, an INVADER

oligonucleotide that forms a stem-loop structure).
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2. Temperature optimization profiles of alternative oligonucieotide designs for

detection of the Jet-7a miRNA

Temperature optimization experiments were carried out as follows. A master mix

was made for 24 reactions. Each reaction contained the following:

Stock concentration Volume per reaction Final
concentration
2.5 X Primary reaction buffer for the 4 ul X
CLEAVASE X1 enzyme (as desctibed in
Example 5)
10 uM probe* ipl 1 M
100 uM INVADER oligonucleotide* 1 ut 10 pM
60 ng/ul CLEAVASE 12 0.5 1l 30 ng
H,O 2.5 ul N/A
30 pM miRNA (for the 11-mer temperature | 1 pl 3pMOR 1 nM
optnnzations) OR 10 oM miRNA (for the
10-mer probe/12-mer INVADER
oligonucleotide temperature optimizations)
20 ng/ul tRNA (for no target controls only) | 1 ul 2ng
{ TOTAL 10 ut

*Various combinations of probe and INVADER oligonucleotides were used in this

experiment as indicated in Figures 16-17.

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
60°C as described in BExample 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.

Resulis for the designs in which the target specific portions of the INVADER and

probe oligonucleotides were 11 nuclectides long are presented in Figure 18. Figure 18A

shows the temperature optirnization 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

33
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presented in Figure 19. Figure 19 A shows the temperature optimization profiles, and
Figure 19 B, the normalized maximum performance 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
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 improved assay performance on this design.
However, for the let-7a designs in which probes were 10-mers and INVADER
oligonucleotides, 12-mers,, the target specific regions of the two oligonucleotides have
approxXimately equivalent Tms. In this case, the design in which both oligenucleotides are

looped works best.

3. LOD of let-7a using two alternative designs
Experiments were set up as described in Example 3 to compare 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);

Stock concentration Volume per reaction Final concentration
2.5 X Prmary reaction 4 ul 1X

buffer for CLEAVASE

X1 enzyme

10 uM probe/200 uM 0.5 ul 1 pM probe/20uM
INVADER : INVADER
oligonucleotide mix oligonucleotide
{sequences as indicated in

Figure 20)

60 ng/ul CLEAVASE XTI : 0.5l 30 ng

enzyme ‘

Total Sul

Aliguots of 5 ul of miIRNA were added to the wells containing the reaction mixtures
at the final concenirations 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
looped INVADER oligonucleotide design and 53°C for the dor;ble loop design). The
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46 43 4 3E 36 322 81692 794 204 11' 49 41 42 36 3528 1 Aver ag
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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 plots 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 sufficient FOZ
at the lowest concentrations tested, 2.68 X 10 moles, or 26.8 zeptomoles, equivalent to
approximuately 16,000 molecules.
10
4. Fulllength vs. Shortened ARRESTOR Oligonucleotides
Experiments were conducted to evaluate the relative performance of full-length
ARRESTOR moiecules, 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 probe and into the 5° flap région vs. shoriened ARRESTOR molecnies
that are complementary 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 synthetic let-7a miRNA:

[ Component Stock concentration Arnount added per reaction
PImix (probe SEQ [D NO: | 10 uM probe 1l
6; INVADER 50 uM INVADER oligo
oligonucleotide SEQ ID
NO: 5)
CLEAVASE XIl enzyme {60ng/ul) 0.5 ul
H»O . 0.5t
Primary Reaction Buffer 25X 4pl
Total 6l
20
Aliquots of 6 pul of the primary reaction mix were added to the appropriate wells of a
microtiter plate followed by aliquots of 4 pl of syntheticlet-7a miRNA or 4 ul of 10 ng/pl
tRNA in dH;O at the final concentrations indicated in the table below. Primary INVADER
reactions were incubated at 33°C for 1.5 hours.
25 Aliquots of secondary reaction mixtures were added as follows:
| Full-length ARRESTOR
Component Stock. concentration | Amount added
ARRESTOR 40pM 1l
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Net 797.863. 747 245 74. 20.5 15 9. 9 5 1796-53-01 1 u and
1932142 2033 16081523 404 115 68 57 47 3230 2343-30-01 4 nNl 18852113 1947

1482 117 304

SEQ ID NQ: 7 for full

{ length ARRESTOR, SEQ
IDNO: 54 .
for shortented ARRESTOR

| MO5 SRT 1.5 uM 1l
(SEQ ID NO: 22)

FRET FAM (SEQ ID 10pM Tl
NO:21)
H;O 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
5  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 oligonucieotides
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 “captuare” oligonucleotide is added and is comprised df 2’~O-methyl
15  residues, allowing 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 oligonucleotides used for detecting miRNAs. All of the designs presented in the
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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 ;’Z’-O—methyi residues in the INVADER and probe oligonucleotides
designed to detect the let-7a miRNA.

5 Figure 5 shows the modified let-7a designs. SEQ 1D 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 NQs: 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 uM INVADER
oligonucleotide. Primary reactions were run for 15 minutes at the temperatures indicated;
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 vields 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 signal. '
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
i 1544-71-01 SEQ ID NO:55 | 1796-43-04 SEQ ID NO: 70
1544-71-01 | SEQID NO: 55 | 1796-43-06 SEQID NO: 72
1796-43-01 SEQID NO: 67 | 1544-71-02 SEQ ID NO: 56
1796-43-03 SEQ ID NO: 69 | 1544-71-02 SEQID NO: 56
1796-43-05 SEQID NO: 71 | 1544-71-02 SEQ ID NQ: 56
1796-43-03 SEQ ID NO: 69 | 1796-43-04 SEQIDNO: 70
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and is shown in Figure 29 as copy nunber versus net signa

pl ots.

Resul ts denonstrate that a dynam c range of >6 | ogs was achi eved when
probes 51796-53-01 and 2343-30-01 are nixed at a 1 p-1\4 and 4 nM m X,
respectively. Exanple 17 Optim zation to extend the dynam c range of Let-7a
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Secondary reaction Concentration Amount Added
component
FAM FRET oligonucleotide | 13.4 u! FAM FRET 0.75ul1
(SEQ ID NQO: 21) and 2 uM SRT
Secondary Reaction Target
(SRT) (SEQ ID NO: 40)
ARRESTOR 54 uM 0.75 pl
oligonucleotide (SEQ ID
NO: 66)
| H20 3.5l
Total A5

10

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

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

Probe 1544-71-01 1544-7101
INVADE 1544.71-02 MNET FOJZ 1796-43-02

R

1.09 655 658 662 566 7.3 1.09 amole 706
amole

0.33 314 262 256 185 300 0.33 amole 281 -
amole

010 122 138 134 39 142 0.i0 smole 149

58

NET FOZ

<738 777 636 7.12

287 290 182 2.75

130 153 47 145



FAS54 14133 13249 9947 9102 4204 1177 701 466 427 397 389 13569 12336
9942 7759 3159 1020 577 447 422 397 364

1G

15

amole
0 amole 88 93 26 0 amole 104 1010 107
Probe 1796-43-01 1796-43-63
INVADER 1544-71.02 NET FOZ 1544-71-D2 NET FOZ
1.09 1689 1744 1895 146 1.09 1.09 amole %82 869 847 702 5.27
amale
0.33 1655 1717 1817 99 1.06 0.33 amole 335 341t 341 175 2.06
amole
0.19 1692 1693 1695 63 1.04 .10 amole 196 209 196 36 .22
amole ’
0 amole 1636 1601 1654 0 amole 169 165 159

1544-71-01 1544-7T1-01

1796-43-04 NET FOZ 1796-43-06 NET FOZ,
1.09 476 688 693 579 643 1.09 amole 625 582 579 501 6.69
amole .
0.33 274 275 264 164 254 (.33 amole ‘ 225 215 204 128 2.45
emole
0.10 153 137 143 38 1.35 0.10 amole 126 121 1i2 32 1.36
amole
0 amole 111 17 i02 0 amole 94 87 83

1796-43-05 1796-43-05

15447102 NET FOZ 1796-43-06 NET FOZ
L.o9 806 824 773 708 B.6d  1.09 amole 772 752 704 631 6.65
amole
0.33 280 280 262 181  286¢ (.33 amole 260 252 251 143 2.8
amole
0.10 144 145 139 50 1.54 0.10 amole 140 142 139 20 1.26
amole
0t amole 91 a5 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,
TTTT loop, long hairpin) may generate a somewhat higher FOZ value. Otherwise, none of
the alternative design oligonucleotide sets offered any improvement over the original
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
applications, substitution of an all DNA INVADER oligonucleotide may be desirable to
reduce oligonucleotide synthesis 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,
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
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12436 9568 8054 3305 722 262 80 48 20

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

Example 10
Detection of miRNA eﬁ:pression 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 exiracted 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 olizonucleotide 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-133 are described in Examples 2 and 6, respectively.

Z. Determination of temperature optima and LODs
Temperature optimization experiments were conducted for each of these
20 61igonucleotide 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 described in Example 2 and were run for 1 to 1.5 hours at

60°C. Optimum temperatures were as follows:

let-7a 53 °C B}
miR-15 53 °C
miR-16 56 °C
MiR-125b 32 °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 zeptomnoles.

3. Gene expression profiling
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Gene expression profiling was carried out on total RNA extracted from Zﬁ different
tissue types. Total RNA was purchased from Clontech (Palo Alto, CA, catalog number
K4008-1, Human Total RNA Master Panel I). For let-7a, 30 ng of total RNA was tested in
each reaction; for the other miRNA species, 100 ng of total RNA was tested. All reactions
were set up as described in Exampie 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 miRINA 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

tissues; the other miRNA species appear t0 be more specific to a limited number of tissue

types.

Example 11
Effects of variable oligonucleotide length on INVADER assay detection of miRNA

This example describes the impact of alterations in probe and INVADER
oligonucleotide length on detection of the let-7a 22-nt miRNA. In particular, these
experiments compare detection of an miRNA that forms perfect stacking interactions
between the ends of the probe and INVADER oligenucleotides to detection of an miRNA
that forms both 5° and 3’ overlaps as well as to 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: 83-84, both the probe and
INVADER oligonucieotides 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 1o 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
for detection of synthetic let-7a miRNAs. Reactions were carried out as described in
Example 8 and included 100 pM syn{hetic let-7a miRNA, 1 uM probe and 10 uM

INVADER oligonucleotide. Primary reactions were run for 15 minutes at 53°C; secondary
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Average 17069 14825 10520 3960 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
nunber versus net signal plots. Resul ts denonstrate that a dynam c
range of >6 | ogs was achieved for biplex U6 and Let-7a detection.

reactions, for 5 minutes at 60°C, as described in Example 2. The results are presented in
Figure 24,
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 as areduction 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 from 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
435 nt. LOD reactions were run essentially as described in Example 3 at precursof 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 53 °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  theprecursor 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 ng/ul RNAse A (Qiagen,
Inc.) were added to 80 ul of cell iysate 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 RINAse 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 cither prior to the primary reaction or prior to the secondary reaction. When RNAse

62



20 Exanple 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., Cahn et al., Proc Natl Acad Sci USA, 99, 15524-15529
(2002) . Thus, various oligonucleotides were designed herein for the

det ecti on and characterization of tni RNAs associated with cancer. These

50l i gonucl eotides are depicted in Figure 31 (where m= 2'-0-Methyl; r =
ribose (to indicate RNA instead of DNA)). Exanple 19 10tni RNA detection

usi ng an ,assa a reverse transcription reactian, mer ase
chain re&ctt oynddeﬁgg% Mﬁ%ﬁ%’?‘%’ rﬁ?‘%ﬁ@’aﬂf %’éaiﬁp Slggré?f?tle‘gr?onsmwnt W‘%ﬁ(‘ﬁ‘ riments
wer e condm\;ftoeld résnltar Uaen RN Adetleohs ahidd glisseqedr td #e plﬁkﬂali%&abtsdm go l®¥erse

transcri t| I as hai.n, r.eact.i (P e cJ eavage
react i onglgfsl a(sa&av&? f%’t erﬂﬁg a@f‘%f}‘a& eﬂﬁ?&?&‘é@ e?tﬁcg’c,st‘#% ﬁgf‘ﬁl an‘ftg
single ttltm&):&mo@ﬂeemséﬁfccesf RBust bn pher faacnddmﬁﬁpc&&ﬁta,yesg (tee QLEASIARE e- st ep
RT PCR and i nvasi ve cl eavage reactions) are described, for exanple, in

at &P"Nos. 6,913, 881; 6,875,572, 6,872,816, and 7,011,944, and U.S.
Patent Application No. 11/266, 723, fi I ed Novenber 3, 2005, each of which is
hereby incorporated by reference in.its eg#irety. The general design for
detection of m RNA using this nmeth §*fs shown in Figure 32. Briefly, a
reverse transcri ption 20 (%ﬁmﬁmﬁa@lai@nnudﬁﬁﬁz&de (that, in preferred
enbodi ment s, BB8nASLLEE o hIferl WARER CLIAINC! O dfedlB:d BBV
cl eavage reacti 6n ass VErse ranscrlptase Verse
trankkri bedte de@cﬁmwdtmcgmnamRMwnﬂmlermttd@ndshbs‘é:quéatﬂty (e.qg.,
in a two-stept | §=1) . 1N a
single tube)), Q,%ﬁ%% yéfjré T ase er"%turoe%f:vtf%ﬁ“(‘é%ﬁ%nﬁ%n%r 0 %?)?1%0 I'’de and
DNA poly Azl m@fmﬁeﬁ@mwambn A Qvamaunrcg‘ttaqnw@d@DrﬂAnmm@cmdaw t he

g{ ?3 g{‘ﬁ rezg;:?:éu&}{ I-FIRS (% ag(BBQQ@ot d@?ﬁ BXn %ﬂé’ ehBhrk QrIBELOR 19 %ur g%@%b‘ 298s:

can e ecte an invasive C e reaction
assay) . h gT@@ﬁémmnﬁle@fortthfempr@ﬁerﬁ@t lengtb meiRSY: tangsts d4rp sl@wramt%gs wer e
exam yied,angh &B@a@c%arthz%w B\Q&éot%dg dgﬁ%s@aﬁ%erﬂs% H8LL64h 9ReGapabi | i ty
and sensitivity using an ay that coRfprises a reverse tran%crlptlon
reaction, a pol ynerase chaln reaction and an invasive cl eavage assay
reaction. These include the Iengthﬁggngﬁelghrough ol i gonucl eoti de desi gn)
of the RT primer / rni RNA dupl ex for g., between 4 and 10 (e.g.
bet ween 6 and 7) base%@ﬂ@‘)‘emd@e&gwfmﬁﬁ@tl@fOfrﬁﬂRWévai lable in a
sampl e for dehaplohils shijfar b A6 Res:fodin tﬁém&qmg)égammg%aﬁ&mﬁgdsé' gn) of

t he PCR forward priner ex forne ) et we 4 an (e.qg.,

bet wibn ¥sedriel d%‘ﬂ%&%@%ﬁt@;ﬂ Z%Iélﬁ%t@ﬁﬁe&tafplaétﬁn@fl%ﬂwém ey dpsignp §ad;
reacti ongLenRerahy. Qctizi U SING ITh?sss?I]@Mzi. i€ ayslcﬁbb@ prg%aﬁﬁ §des hﬁ)ﬂfﬁk& lo?'%_?ﬁe of

stacker ol i gonucl eot i . onucl eot | that bind to primer
51 NVADER@@G; bt 615513@’9'16%) 30ﬁg)r )Gnm!felgafks prepgeeiLitor evhitbegenshand dngsenshai r pi n
structur ReM t he
effect o &%/%E&ﬁgﬁ%%ﬁ BIE%{%S%%I%%&BRéﬁgS;§E bet %Ezir@l%g%gg% 10§@Ease pairs;
t he abllﬂ?iﬂ%fmcl %assay to discrininate between variants (e.g., nutants)
of assingle m RNA species; and the ability of the assay to detect nore than
one MRNA in a single reacti on (e.g., biplex assay). 10 A)Length of
RT-primer / m RNA dupl exes Vari ous Iengt hs_of RT-primer / m RNA dupl exes
were tested and characterized. To EG@fRInESeffect of RT primer-nmi RNA dupl ex
length with t heymrbhdzhtivn (Pedaieale dpnah%r@igegﬁwciae@imdgﬁev&ﬁsndem gned for

use as PT pripers such that dupl exes of base 15 pairs forned between

the RT pri mer RfRPismRAR cxfepddpe M%‘F%Pg{ef@ NN YR PEBace i n
tripdg Ca&&edﬁ%h@v&ﬁf@hﬁ@e&@é@k&e@fm&%c z@ndneamhymi@ﬁhg-e@cpﬁ&%eact i on

ber  of metFFeB TR el SO ST Rho B i I dapCR 5% Aot

2343- 16- PRET Qafd3desithiit=s¢ tdsighad to/gentmed FAM sipndnpsecledvageal T8¢ p1l 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 nM MyCl2, and 25 uM dNTPs. For
the 6 base pair duplex length, 0.5 uMof RT prinmer 2343-14-01, 0.5 ttM
probe 2343-14- 05, 0.25 AM FRET probe 23-211 were added to the reaction

m X. For the 7 base pair duplex lengthg3 0.5 uMof RT prinmer 2343-03-01, 0.5
uM probe 2343-14-08, 0.25 ; AM FRET probe 23-755 were added to the reaction
m X. Reactions were assenbled in a 96-well 25skirted plate, covered with 10
uL of mneral oil. The plate was then subjected to single steps of 42 C for
30 mnutes followed by 95 C for 2 mnutes, and 30 cycles of 95 C for 15
seconds, 60C for 15 seconds 72 C for 45 seconds After conpletion of the
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copi es/ rxn

118

10

15

20

Aver age Net counts
50,000 549 520 538 536 431 8,333 178 178 174 177 72

300,000 1307 1257 1191 1252 1147

1,389 121 118 114

oligonucleotide sequences were as follows ("Z28" refers to the ECLIPSE quencher,

Nanogen, Inc., San Diego, CA):

Sequence Number Degcription Sequence 5'-3' Notes

1 544-83-01 {SEQ 1D ND: 1243 Prehe MOS Arm CCGTgGCTGCGTCT ACTACCTCA-NH2

2343-25-01 (SEQ 1D NO: 125) Probe MO4 Arm CCOTCACGCCTCCTACTACCTCA-NH2

1456-78-02(SEQ 1D NO: 126) INVADER oligo mGmGmCronAmCalmuUmUmUmGmUmGmCmC | m=20O-methyl

AACTATACAACT

1581-63-01 (SEQ 1D NO: 127) | Asvestor for MOS-amn | mUmGmAMGmGMUmAMRGIUMAMGMAMCMG | m= 2-O-methy}
probe mCmAmG

2343-25-02 (SEQ ID NO: 128) 1 Arrostor for MO4-arm | mUmGmAMGmGmUmAmOmUmAMGMGmMAMG | m = 2-O-methyl
probe mumCmc

23-182(SEQ D NO: 129} FAM FRET probe for | YCACXTGCTICGTGO Y = 6FAM, K= Z28
MOS5 SRT quencher
2343-23-01(SEQ 1D NO: 130) FAM FRET probe for | YCACXTCGAACGTOG Y = 6FAM, X=Z28

MO4 SRT

auencher

2343-23-02{SEQ 1D NO: 131)

MO4 SRT

CGAGGTTCOAAGTGOAGGCGTGACMGmMGmL

1 107-10-C2(SEQ 1D NO: 132)

MOS SKT

CCAGGAAGCAAGTOACGCAGCGACMOGmMGm
U

Lot-78 (BEQ I NO: 133)

Let-7a synthetic RNA

UGAGGUAGUAGGUUGUAUAGUU

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 KCI, 0.125%
| Tween 20, 0.125% Nonidet P40, 62.5mM
MgS04, 5% PEG.

tRINA Carrier

20 ng/ul tRNA yeast in RNase free water

CLEAVASE XII enzyms

60 ngit CLEAVASE XII enzyme diluted in
20 mM Tris pH 8.9, 50 mM KCl, 0.5%
Tween 20, .5% Nonidet P40, 50% glyceral,
0.1 mg/m] BSA.

Primary Let-7a INVADER reactions were setup in 10 uL reactions for a total of nine

probe concentration conditions. The nine probe concentration conditions tested were: (i) 1
HM 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 pM of probe 1544-82-01
and 100 oM of 2343-25-01, (vi) 10 nM of 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-

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 MgS04, and 2% PEG.

For each probe concentration conditions, Let-7a gsynthetic RNA were added to the

reaction mix af final concentrations of 6 x 10°, 6 x 10%, 6 x 107 6 x 10%,6 x 10° 6x 10" 6%

107, 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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13 231 108 110 110 109 4 39 105 106 107 106 1 102 108 109 105
104 102 105 Dat a generated using a RT ol igonucl eotide priner

configured to provide a 6 base-pair duplex with m RNA target was as
follows: 5 Orer RT primer Let-7a duplex

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 uL of a secondary reaction mix containing 0.3 uM
of secondary reaction templates 1107-10-02 and 2343-23-01, 8 uM of ARRESTOR

5  oligonucleotides 1581-63-01 and 2343-23-02, 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
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

wavelengths of 485 nm and 535 nm, respectively with a gain setting of 43.

10 The raw and processed date generated was as follows:
i- Raw data
Probe

Let-Ta cone

lcopies Mix # i i iif iv v vi vii viii ix

6 X 16° 21737 16970 35383 18062 36419 19630 33594 15297 28291
5 X 10* 20369 | 14201 | 29797 | 16429 | 35792 | 18103 ! 28532 | 18419 | 25425
lex 1 19752 | 3772 | 7247 | 15060 | 32775 | 15128 | 22546 | 10576 | 21604
6 X 10° 11535 | 997 1452 | 4548 | 13603 | 3419 | FIB30 | 1998 | 10654
6 X 16° 3500 126 787 1254 2941 1084 2759 923 2540
6 X 10° 1415 | 638 675 751 1053 750 972 | 76 | 1050
6 X 10 840 | 652 663 666 841 671 770 | 6% 756
5 x 10° | 638 | 635 | 637 | el 800 | 658 | 731 | 694 | ¢98
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copi estrxn

10

15

2- Processed data

Aver age 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

Probe

5:;:&2: ;:i‘;c# i i iii iv v vi wii Vil ix

5 X 16° 210931 163381 34746 17401 35619 19022] 32863 18603 27593
6 X 10° 19730 135660 291600 15768 34992 17445 2780l 17725 24727
6 X 107 10114 3137 6610 15308 31575 14470 218181 9ggd 20906
16 X 16° 10897 362 815 3887 12803 2761 11099 1304 9956
5 X 10° 2862 81 150 593 2141 426 2028 229 1842
6 X 18! 777 3 38 9g 253 92 241 32 352)
G X 108 202 17 28 10} 4] 13 3 - 58

and is presented in Figure 27.

Results demonstrate that a dynamic range of >6 logs was achieved when probes
1544-82-01 and 2343-25-01 are mixed at a 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 atterupt 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

U

Inc, San Diego, CA):
1 Sequence Number Description Seguence §5-3' Notes
1 1786-33-01 (S8EQ [D NO: 134) Probe 562-868B cepecgagatcacCTAATCTTCTCTGTAT-NH2

Arm

2343-30-01 (SEQ D NO: 135) Probe ER4 arm AAGCACGCAGCACCTAATCTTCTCTGTAT-NH2

1796-58-01(3EQ 1D NO: 136) U6 synthetic rUrLirUrArUrArCrArGrarGrarArGrael rUr ArGrCrAr

: target UsGr@rCrCrCrony GrerGrerArArGrGrAd rGrirr
8]
1796-53-02(8EQ 1D NQ: 117) INVADER oligo CATCCTTGCGCAGEGRCCATGA
1796-53-03 (SEQ IDNO: 138} Arrastor for mAmUmAm CmAMGmAMGMAMAMGmAmMmUmMUm m = 2-O-methyl
: probe 1786-53- AmGmMGmUMGMAmMUMG

01

2343-30-04(SEQ ID NO: 139) Asrestor for mAMLUMAMCMAMGmAMGmAMAMGMmAMUMUM | m = 2-O-methyl
probe 2343-30- AMGMEMUMGMCMUmMG
01

23-181(SEQ I NQ: 140) RED FRET YCTCXTTCTCAGTGCG vy = Red dye
probe for 562- and x = Z28
868 am

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

23-183(SEQ 1D NO: 142) 562-868 SRT CGCAGTGAGAATCAGGTGATCTCGGOMGMGmM

y
2343-30-03(SEQ ID NO: 1433 ER4 SRT CGGAGTATCGCATGAGETGCTGCETECmUMUmM

06




231 100 94 95 96 2 39 9591 92 93 -2 - 97 93 92 94 99 92 92

Thus, the present invention provides that, when conparing the sane copy
nunber of let-7a per reaction, the net signal is higher for 7 base-pair RT
primer-m RNA dupl ex than for the 6 base-pair RT priner-m RNA dupl ex,

al t hough a shorter dupl ex provides levels of 10 signal sufficient for
detection. Accordingly, in sone 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
structur, l; ect” m RNA targets when oligonucleotides with
short (gﬁgaﬁgﬁgggifﬁggkﬁﬁgnucleotldes | ess than 8 nucl eotides; or |ess
than 7 nucIe6ﬂWd@§P0n@gk@wgwdﬂfh@ﬂﬁﬂbgy between RT prinmer / 15 | NVADER

oli gonucﬁeg%&ges and m RNA target are used. In sone enbodinents, the RT
pri mer [fkede R—otTgonucteot 29§M?«8#§’;L e s Ot gr—sequence t hat does not

formaduplex (e.g., that is |nQbsGQ @gga;@hmtwmtr1the target mRNA. In
sonme enbodi nents, t he ot her @ggﬂn@ﬁoxh@haﬂoes not forma duplex forns a

haifpi”%%?yxfﬁa’% (oG ce that does not forma

(I)

dupl ex | W Eh The Target RNA i S cableh b Ont bind with 20itself).
Accordingly, in sonme enbodi gﬂwbl Eyﬁg@ﬁwﬂﬁmﬁNVAgER ol i gonucl eoti des are
desi gnet—suchthat—a 6 base~ uupucx s—formed-bet.ween t he

ol i gpnucl eotide an h RNA tar odlnents RT primer
ol i gdnucl eot |P5‘é‘éar3éﬂ\é{fég) AtHU r‘f FFéi‘Ep’& @Tﬁaé’% P‘“&fﬁ’ﬁ}”&&’r?‘%e f or med

bet ween chi@nghti@RREe! BOLE tecanslol Nenml SN oHear 381 30- rﬁ ,oPOYAN 2B M of
understandlng of the mechanismis not necessary to practlce t he present

i nvent i 3F°@md-A Had g7 &aM01; Tesattiveln insaddiion, these sgctensaspiaped i kMIoAr
mechani savefnEe bii 17@53 0.@@%6:@6&%(’5@9%5@&11%&;%& faﬁgfmmwé?&gﬁe” the RT

primer and m RNA rovi des a nore readle%t ornmabl e detectl

D ot U8 28 M K GInBRS PhIwRAD 301 e Slomiststietd. myMi8 OF) 51 216 88 t he
pripgry | NVAPEReRh ihaHueheQlidten e@cﬁkﬁﬁﬁw@%th&zﬁmw»@aé%&éaﬂa&hé n rum

provi de?‘ea%hc])}? ml;lﬁli gthfgal ng}cegtlra Egls 0% ?O X 10 102 x 109r1t0§ rx ldy 102 X IO6 102 x 10°
, 102 x 10%, 102 x 10°, 10,200, 5,100, 2,550, and O copies per reaction. U6 synthetic RNA
dilutions were made in a solution of 20 ng/ul tRNA diluted in Rnase-free water, Reactions
were assembled in a 96-well plate and 10 ul of clear mineral 0il 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 uL. of a secondary reaction mix containing 0.3 uM of
secondary reaction templates 23~183 and 2343-30-02, 7.5 uM of ARRESTOR
o_ligonuclectides 1796-53-03 and 2343-30-04, and 1.5 pM of FRET probes 23—181 and

20 2343-30-02 and the reaction plate was then incubated at 60 °C for 90 minutes. Afier
completion of the reactidn, 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 560 nm and 620 nm, respectively with a gain setting of 45.

The data generated was as follows:

25
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B) Det ection of |ow | evels of m RNA Experinments to determne the
scope of the level of detection utilized various levels of MR 16 m RNA
ranging from3 x 106 to 2 copies per reaction tested using 25 11L reaction
15vol unes. Reactions were setup with 0.5 pMof prinmers 2343-03-05 and
2343-03-06, 0.67 ui Mof probe 2343-03-07, 0.25 p. M of FRET probe 23-210,
0.034 units/pi native Taqg pol ynerase, 2 units4pl of MWV reverse
transcri ptase, and 6.67 ng/ul of CLEAVASE VIII enzynme in a buffer
containing 10 nM MOPS, pH 7.5, 7.5 m M MyC1l2, and 25 uM dNTPs. Reactions
were assenbled in a 96-wel| skirted plate and covered with 10 pL of m neral
oil. 20 The plate was then subjected to single steps of 42C for 45 m nutes
followed by 95 C for 2 mnutes, and 30 cycles of 95 C for 15 seconds, 60C
for 30 seconds, 72 C for 60 seconds. After conpletion of the cycles, the
reaction plate oJleated to)99 Cfor {10 n nute's t hen ctoled dcvvg tb 50 C

[ t dt o

1

for 30 mnutes. t aad] 13 R 100 W ad2lk ey o2 Ob*adze 1¢* ieadels, 6 s BXC| bn and
em ssi opRmawelcemnt he .of 485 nm_angd 53 nm rpgldp(‘ti ely, wlth g n

set t i ngHREPH 1 EDgti g H&her! 12 ! 1 owd® ni B 165 opfles/4nred331000, 000
600, 0001126066 p4-86674 adﬁggﬁaﬁmwﬂ #39°0040 219880%34 2319

»)
[ U
2359 2041073 1R4R59T8 R75 1208772161 225‘4—?2‘??3?1 2{527 2263 s21;]18'_ 309
297 301 12605 1351 1284 4212 1028 257, 86 505 48  4i3s.s 32

MNet 1227.75 1318.25 1251.25 1178.25 993.25 224.7?3!1 53.2 17.75 13,25 8.25/

2243-30-01 | 4 nM 838 ges 72 348 101 48 a3 a0 38 38 3 o9
819 ozd 704 204 110 55 49 41 42 26 3d 28
tverag
A 828.5 804, 778l 278 1085 518 48 405 40 3635.528.5
- 797.5) aezj 747, 248 748 20, 18] g.gp g 5
1796-53-01 | 1 uM
and 1934 2142 203 160811523 404 118 s8 571 a7 ag s3g
23433001 | 4 1] 1685 2113 1947 1483 1174 304 110 68 a8 a1 24 29
verag
f: 1809.5  2127.5 19000 1545.5 1174 354 11z, 7 52, 44l 33205
et | 1778.28 2093.23 1958.75_ 1514.26 1142.75 32273 a1.2_§ 35,75 21.23 1zrs ||

and is shown in Figure 29 as copy number versus net signal plots.
Resulfs demonstrate that a dynamic range of >6 logs was achieved when probes
5 1796-53-01 and 2343-30-01 are mixed at a 1 pM and 4 nM mix, respectively.

Example 17
Optimization to extend the dynamic range of Letw.7a and Ub detection in a single
reaction vessel
10 In an attempt to extend the dynamic range of both let-7a miRNA and US RNA
detection in a biplex INVADER assay, several parameters were tested and evaluated.
Primary INVADER reactions were setup in 10 ul volumes containing probe
concentrations of 1 uM of 1796-53-01, I uM of 1544-82-01, 4 oM of 2343-30-01, 4 M of
2343-25-01, 1 pM of INVADER oligos 1796-53-02 and 1496-78-02, 30 ng of CLEAVASE
15 Xilenzyme, and 10 mM MOPS pH 7.5, 25 mM KC, 0.05 % Tween 20, 0.05% Nonidet
P40, 25 mM MgS04, and 2% PEG.
Duplicate reactions were setup at U6 RNA and Let-7a miRNA concentrations of 6 x 10,
1.2x10°,2.4x 10°,48x 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

68



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

oil were added 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 5L of a secondary reaction mix contaiming 0.3 pM
of secondary reaction templates 1107-10-02, 2343-30-02, 23-183 and 2343-30-03, 7.5 uM
5 of ARRESTORs 1796-53-03 and 1581-63-01, and 30 nM of ARRESTORSs 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 fluorescence using the excitation and emission wavelengths of 560
10 nm and 620 nin, respectively, with a gain setting of 45 for Red dye and excitation and

emission wavelengths of 483 nm and 530, respectively, with a gain setting of 43 for FAM

dye.
The data generated was as follows:
Let-7a/ U6
copies/mmn |6.00E*0% |1 20E%09 |2 40E*D8 [4.80ER07 [9.60c*06 {1.92e*06 [3.84¢*05 17.68e*04 |1 54604 [3.076™03 g
Dye
charel
FAM 14133 13249 5947 9162 4704 1177 701 466 427 397 339
13369 12336 994 7759 3159 1020 577 447 422 397 364
Average 13851 12793 9945 8433 3682 1099 639 457 425 397, 377,
Nt 13474 12416 9568 8034) 3308 722 262 80 48 20
Red 17353 15351 10722 4140 1219, 429 322 257 237 235 237
16785 14200 10317 3780 936 378 285 245 217 234 226
Averape 17069 14825 10520 3960 JO7E; 404 304 251 227 235 232
f Net 168371 145930 10288 3728 846172 72 9 -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 pregnostic for cancer
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2018 1871 725 366 164 Thus, using conpositions and nmet hods 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 nmeasure m RNA speci es whose copy nunbers are
as low as 5 about 38-192 copies. Thus, in sone enbodi nents, the present

i nvention provides conpositions and net hods for detecting and
characterizing m RNAs that are present in | ow copy nunbers (e.g., less than
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to reverse transcribe (into cDNA) a target RNA {(e.g., miRNA), and, subsequently {(e.g., in a

fwo-step assay) or concurrently {e.g., in a one-siep assay (e.g., in a single tube)), a
polymerase chain reaction (PCR) primer oligonucleotide and DNA. polymerase are used for
25  amplification of the cDINA 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 to optimize miRNA dete;;tion 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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3,000 1608 1662 1634 560 1206 843 230 225 219 1,500 1453 1490 1578 735 221
231 240 231 222 750 948 1277 1035 490 259 365 238 230 231 375 970 959 1374

347 224 226 238

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 oligonucleotides (e.g., oligonucleotides that bind to the RT primer
5 /INVADER oligo or PCR primer); use of oligonucleotides that form hairpin structures; the

use of a single-step or itwo-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 in 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 miRNA molecules per reaction (e.g.,
300,000, 56,000, 8,333, 1,389, 231, 39, and 0). Reactions were performed in 25 ul
volumes containing 0.5 pM of forward PCR primer 2343-16-01, 0.034 units/uL native Tag
polymerase, 2 units/pl of MMLV reverse transcriptase, and 6.67 ng/ul of CLEAVASE VI

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 puM of RT primer 2343-14-01, 0.5 pM probe 2343-14-
05, 0.25 uM FRET probe 23-211 were added to the reaction mix. For the 7 base pair
duplex length, 0.5 uM of RT primer 2343-03-01, 0.5 uM probe 2343-14-08, 0.25 pM FRET
probe 23-755 were added {o the reaction mix. Reactions were assembled in 2 96-well

25  skirted plate, covered with 10 uL of mineral oil. The plate was then subjected to single
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, respectively 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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238 232 188 669 859 612 218 233 383 214 240 222 94 594 728 894 338 227 233
238 242 230 47 511 561 437 225 230 247 241 241 240 686 189 519 223 227 221

228 228 227

7mer RT primer
Let-7a duplex
copies/rxn Average |Net counts
300,000 1307 1257 1181 1252 1147
50,000 549 520 538/ 536 431
B,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
- 102 108 108 105
- 104 102 105

Data generated using a RT oligonucleotide primer configured to prbvide a 6 base-

pair duplex with miRNA target was as follows:

5
Gmer RT primer
Let-7a duplex
copies/rxn ‘ ‘Average {Net counts
| 300,000 1006 958 757 907 813
I 50,000 436 413 358 402 308
8,333 143 151 139 144 50
1,389 103 101 1020 102 8
231 100 o4 g5 96 2
39 95 91 92 93 2
- °Yd 93 g2 a4
- 99 92 82

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-pair RT primer-miRNA duplex, although a shorter duplex provides levels of

10  signal sufficient for detection. Accordingly, in some embodiments, assays of the present
invention (e.g., comprising a reverse transcription reaction, a polymerase chain reaction,
and an invasive cleavage assay reaction and a detection structure) are able fo 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 is not 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

sequence that does not form a duplex with the target RNA is able to fold back and bind with
20  itself).
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5 Processed data: Priner-m RNA length (b.p.) 9 8 7 Net Net Net
m R-16 counts counts counts (nolecul es/rxn) Averaoe (RFU) Average (RFU)

Average (RFU) 3,000 1635 1170 870 646 225 -3 1,500 1507

Accordingly, in some embodiments, RT primer / INVADER oligonucleotides are
designed such that a 6 base-pair duplex is formed between the oligonucleotide and the
miRNA target. In some embodiments, RT primer oligonucieotides are designed such that a
7 base-pair duplex is formed between the cligonucleotide 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 uM of primers 2343-03-05 and 2343-03-06, 0.67
pM of probe 2343-03-07, 0.25 pM of FRET probe 23-210, 0.034 units/uL native Tag
polymerase, 2 units/pl 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.
Reactions 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 setting of 43.

25 Data generated was as follows:

miRk-16
copies/rxn | 3,000,000 {600,000 [1206,000 | 24,000 | 4,860 {960 | 192 38 8 2 | tRNA

2039 2040 2128 2134] 2319 2359 2014 10731 1040} 918 2758
2087 2161 2254 2236 2351 2327 2203) 1185 309 297 301
2079 2099 2212 22601 23641 2315 2311|3101 083] 204 282
1953 2140 2249 2257 2311 2236 2121, 1496] 295 309 295

Net counts 1748, 1819 1918 1931] 2055 2018 1871] 725 366 164
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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

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 chain reaction and an invasive cleavage assay reaction and a detection
structure), it is possible to measure miRNA 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 miRINAs 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 30 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 embodiments, 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 cleavage 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 2
target miRNA.

<) Optimization of length of PCR forward primer / miRNA 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 base 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 pM of RT primer 2343-03-05, 0.67 uM or probe 2343-03-07, 0.25 uM of
FRET probe 23-210, in a 25 uL reaction containing 0.034 units/iL 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 MgCl,, and 25 uM dNTPs. Reactions were
assernbled 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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224 228 Thus, the present invention denonstrates that the performance of
detection assays 10for mM RNA (e.g., conprising a reverse transcription
reaction, a polynerase chain reaction and a invasive cl eavage assay
reaction and a detection structure) decreases as the PCR priner-m RNA

dupl éx 1 ength decreases from9 to 7 base pairs. Thus, in sonme enbodi nments,
PCR prinmer oligonucl eotides are designed such that a dupl ex of about 9
base-pairs is formed between the priner oligonucleotide and the target

m RNA. hi sone 15 enbodi nents, the prinmer oligonucleotide conprises other
sequence t @ ' : r W th
T N e Y A S L

ot her se§udsie vaedengteo! A8% nincngh 535 dap respedtorpliswith algainrssttingsxfdict ur e

(e.g., sequengg.udbia .t BRicsgauence that does not forma duplex with the
target sequence or cDNA generated therefromis able to fold back and bind
with itself). BB 4atPet ection of Let-7a mi RNA using single or multiple
probes Levelrsof—tet=7amrRNA Tamgrmg—rom3—xr-10 o 3 nol ecul es per
reaction vv@f'@‘le;‘ B dnpl dying the fpl | dwirg tio jpr otbes 2343-14-02 at 115
pM and 2B43- 11?5__' at 404nM gn| rgachilons \wWpere jope off the probes was present
or bot h. [For af T Teactjiony, Tndrvitoat—gr onb{'r‘rre'd—arobes at the above
stated cpncenf,fzald ons jwer¢ m xed {in 25 pL Vol unes; 10cont ai ni ng t he

appropri gt gndi@x@lsiaf) Let-Ta, 0.5 JpMjof prirfers| 2343-[14-01 and 2343-16- 01,
and 0. 25{ MM of FRBhoprietes1683}1234) sand 285382430 imz@ 2laif f er containing 0, 034
units/tii _native Tapopokssnemaseysi2asimaigepload|2bVle¥zir ever se transcri pt ase,
and 6. 67{ ng/ul of QI5BA MWASE7YIDBS enryass, (3d0238 [PAP 241 [MOPS, pH 7.5, 7.5 nM
MyC12, apd 25 uM dNFPS.97R:869 | 10R4| 3wkl 244825 ads leds leeeja 96-wel | skirted

pl ate, chvered wit#880 66¢ | 855 nfiRdiead; 293 38318 Fha4NPazle was t hen subjected to
singl e steps.of 42 @4f|d®4 43528y 8f4 338 {4V | EBH4n83qT for 2 minutes, and 29
cycles of95C for 1%7dd3hn8%1 | SIC2EYr2305247a2bHd41 |1290C for 45 seconds. After
conpl etion of the cycWsss | §8hl $IEARET IRR7 pER 2281328 B2 At ed to 99C for 10

m nut®s then cool ed down to 50 C for 30 minutes then read on a Cytofl uor

pl ate reader #H&csEcdLatat ati on and emni ssi on wavel engths of 485 am and 535

nm respeectively —wi-th a.gal-n—setting—of 43— 20kl yorescence-data generated
was as fol Powsr-miRg - 1a Prijobe (ol ecirxp), 3.8+08 3. §+07 3. 8+06
3.8+05 3. 8+04en3tB+03 3. 8+02
{b.p.} g 8 7
Net Net Net
miR-16 counts counts ’ counts
{moieculiesfrxn) Average (RFUH | Average (RFU)} | Average  (RFU)
3,000 | 1835 1170 | 870 846 225 -3
1,506 | 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 g
47 | 503 38 234 10 241 13
ol 465 224 228

Thus, the present invention demonstrates that the performance of detection assays
10 formiRNA (e.g., 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 to 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 cDINA generated
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3.8+01 3 2343-14-02 2056 2129 2035 1643 599 315 266 281 255 262 0.5 uM
2071 2144 2061 1681 548 323 233 250 295 252 Average 2064 2137 2048 1662
574 319 250 266 275 257 Net counts 1807

therefrom. In some embodiments; the other sequence that does not form a duplex forms &
hairpin structure (e.g., sequence within the sequence that does not form a duplex with the
target sequence or cDNA generated therefrom is able fo fold back and bind with itself).

5 1)) Detection of Let-72 miRNA using single ox 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 uM 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 franscriptase, and 6.67 ng/ul of
CLEAVASE VIl enzyme, 10 mM MOPS, pH 7.5, 7.5 mM MgCly, and 25 uM dNTPs.
Reactions were assembled in a 96-well skirted plate, covered with 10 uL, of mineral oil.
15  The plate was then subjected to single steps of 42 °C for 45 minutes foliowed by 95 °C for 2
mimates, and 29 cyeles of 25 °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 1o 50 °C for 30 minutes then read on a Cytofluor plate reader using excitation

and emission wavelengths of 485 nm and 535 um, respectively, with a gain setting of 43.

20 Fluorescence data generated was as follows:

( Let-7Ta ’

Probe fmolecirxnl| 3.E+08 3.E+07 3.E+06 3.E+05 3.E+04 3.E+03 3 E+02 3 E+D1 3 0

[2343-14-02 2066 2129 2035 1643 £99 315 266 281 255 262

0.5 uM 2071 2144 2061 1681 548 323 233 280 285 252
Average 2064 2137 2048 1662 574 31e 250 266 278 257
Net counts 1807 1880 1791 1405 397 62 «B 9 18

12343-14-03

140 nivt 1425 1357 822 289 205 180 191 180 188 188,

1448 1383 858 303 205 198 188 198 192 18

lAverage 1437 1375 840 296 205 194 185 193 180 188
Net counis 1248 1187 652 108 17 6 7 5 2

[2343-14-02

‘(6.5 uif) & 32463 3022 2563 1931 851 804 442 343 415 400,

[2343-14-03 2873 2880 2450 1872 348 540 4389 472 437 417

(40 ni) (Average 3088 2856 2507 1902 BS0 572 466 408 426 409
Net counts 2679 2547 2098 1493 441 163 87 =2 17

and is shown in Figure 32.
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1880 1791 1405 317 62 -8 9 18 2343-14-03 40 nM 1425 1357 822
289 205 190 191 190 188 188 1448 1393 858 303 205 198 199

Thus, the present invention provides that a combination of probes 2343-14-02 (0.5
uM) and 2343-14-03 (40 nM) results in an extended dynamic range of > 6 orders of
magnitudes for miRINA detection. Accordingly, in some embodiments, a miRNA 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 temperatare 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 S“GACGCGGCAGTACAACCTAC-HEX
1716-94-2 Primary Probe S-GACGCGCAGATACAACCTAC-HEX
1716-94-3 RT/Primer/INVADER | 3-CACGGTCCAGCGAACTAT

11716-94-5 RT/Primer/INVADER | 5-CACGGTCCAGCGAACTA

1716-04-6 PCR Primer SSCCAGTGCCGATGAGGTAGTA
1716-94-8 Stacker $'-CGCTGGACCGTG-HEX-3'
Let-7a RNA - . Target S-UGAGGUAGUAGGUUGUAUAGUU

2. Let-7a amplicon generation: let-7a amplicon was generated in RT-PCR reaction

20  including 0.4 1M 1716-94-3, 0.4 uM 1716-94-6, 0.4 uM 1716-94-8, 0.5 M let-7a RNA, 2
vnit/pl MMLYV, 0.033 unit/ul TagPol in 20 pl 10 mM MOPS pH7.5, 7.5 mM MgCls, 0.25
mM dNTP each. PCR cycling profile: 37 C for 30 min followed by 28 cvcles of 95 C for 30

s and 60 C for 1 min.
3. Schematic of the Let-7a amplicon RT-PCR.
let-7a 5'-UGAGGUAGUAGGUUGUAUAGTU

1716-94~6 5'-CCAGTGCCGATGAGGTAGIA 3 ~TATCRAGCGACCTGGCAC 1716-94-3
CGCTGGACCGTG~HER-3" 1716~84~8

4, INVADER assays: INVADER reactions with 1716-94-1 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-
94-1, 0.4 uM 1716-94-3, 1 ul of 10-fold diluted let-7a amplicon used as a target, 2 unit/ul

25
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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 (0.5 uM & 3203

10

15

20

25

MMLYV, 0.033 wmit/ul TaqPol, 6.7 ng/ul CLEAVASE VIII enzyme at 99 C for 10 min then
at 45-60 C temperature gradient for 1 h. Afier 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-CATCCAACAT-GAGGCGCAG-5"' 1716-%4-]
5' ~CCAGTGCCGATGAGGTAGTAGGTTATATAGTTCSCTGGACCGTE let~7a amplicon
3'-TATCAAGCGACCTGGCAC 1716-94-3

6. INVADER reactions with 1716-94-2 probe were performed in 18 ul 10 mM MOPS
pH7.5, 7.5 mM MgCl, 0.25 mM each dNTP including 0.67 uM 1716-94-2, 0.4 uM 1716-
94-5, 1 pl of 10-fold diluted let-7a émplicon 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
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. For
no target control' 2 ul HoO was used instead of the amplicon.

7. Schematic of the INVADER. assay with 1716-94-2 probe

3T -HEX-CATCCAACATA-GAGGCGCAG-5"' 1716~94-2
8’ ~CCAGTGCCGATGAGETAGTAGGTTGTATAGTTCGCTGGACCETG 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., comprising a reverse {ranscription 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 sligonucleotides on RT-primer and PCR forward primer

oligonucleotides
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3022 2563 1931 851 604 442 343 415 400 2343-14-03 2973 2889 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

Experiments were designed and conducted to test the effect of a stacker
oligonucleotide on both the RT primer/invader oligonucleotide and the PCR forward
oligonucleotide primer oligonucleotides.

Oligonucleotides for the let-7a assay:

[ 1716-94-9 | Stacker | 5-TCGGCACTGG-HEX ]

i. Schematic of the lei-7a assay

3 -REX-~CATCCAARTAT-GRAGGCGCAG 1716-94~1
let~7a S'-UGAGGUAGUACSUUGUATAGUU
1716~84~6 5'-CCAGTGCCGATGRGSTAGTA 3 '-TATCAAGCGACCTGECAS 1716-94-3
3'-HEX-GGTCACGGCT CGCTGGACCGTG-HREX~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/pl TagPol, 6.7 ng/ul CLEAVASE VIII enzyme; 0.25 uM 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 37 C 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.

Raw signal 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 of a stacker oligonucleotide on
the PCR forward oligonucleotide primer did not appear to confer any positive benefit on the
reaction, and may actually reduce signal 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 hairpin-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. Oligonucieotides for the INVADER assay:
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-2 17 and is shown in Figure 32. Thus, the present invention provides
that a conbi nation of probes 2343-14-02 (0.5 pM and 2343714-03 (40 nN1)
results in an extended dynam c range of > 6 orders of nagnitudes for m RNA
detection. Accordingly, in some 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 nore than one (e.g., two, three or nore) probe oligonucleotides in
order to increase the sensitivity of detection (e.g., of |ow copy nunber

m RNAs). E)| ! é44MA%d¢&HggggiLnaiﬁ?;wiﬂxﬂiJmLLh_ShOFt
regi ons of RYyBrrady; S-GUBASEY CARSAGERAAE AT { o
determ ne t| ature sensitivithy (nr l.ack ther F\nf) af assays usi ng

primary probes with short regiaons ofjtarget hybri di zati on. Two primary

probes, with FFrEREaA thestadepietish Pathalfhra #F3%t i on were exanined across a
range of incubation tenperat 8@ {3PEAtA45KT ERFFOERE 1B16E2E1 gonucl eot i des for

t he | NVADER, assay: s 17360417 CPREGHEAEY ACAACCTAC- HEX
1716-94-2 Pii rary Br g%%“%é&%&ﬁﬁ%&%ﬁ@%@% e eodg
RT/ Pri mer,/ 1NV. I CCA T .1716-94-5 RT/ Pri mer/ 1NVADER
5 | CACGGTOCA °%§‘%‘%§%’-‘%g‘ Tfi@’_’gﬁ F Skl > CEAGTGOOGATGAGGTAGTA 1716-94- 8
St acker 5'- CGCTGGACCGIG: X: 3, —E%%Eéi ﬁ%ﬁ%@%ﬁﬁ%@é@i\dﬂA@@U&Aw&u

pit

2. Let-7a janpldcen sgenakab@iie 7 anpli-eeh s, generated in RT- PCR
reaction 20 including 0.411M 1716-94-3, 0.4 uM 1716+94-6) 834-aM 1716-94- 8,

0.5 fMlet-7a RNA, 2 unit/pl MWLV, 0.033 unit?pEeFREEPSin 20 p! 10 mv MOPS
PH7.5, 7.45 trilei7a Mgkp assdy 2Bs mirid[BR: in2Phyl 1PGRVCYICIFISEDS,01.5 vt Mgl f or

schomt | S T ERhet ey anaRe By R ek o it AR Badivacay
1716- 94- & 101, OGATI SOOGSEGARGEAGEACR b7 AT ANGOONAS ECEEAG 2 hik60 94181 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 pumber 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 I-step vs. 2-step reaction configurations
Experiments were designed and conducted to compare 1-step vs, 2-step reaction
configurations. In the I-step configuration, each of the reverse transcription reaction,
polymerase chain reaction, and invasive cleavage assay reaction is performed in sequence,
with no reagent additions to the reaction vessel. By conirast, 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 MgCl,, 0.25 mM each dNTP including 0.67 uM 1716-94-1, 0.4 pM 1716-
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25CCCTGGACCGTG HEX- 3" 1716-94-8 4. | NVADER assays: | NVADER reactions with
1716-94-1 probe were perforned in 18 pl 10 mMNI MOPS pH7.5, 7.5 in, M MgCl2,
0.25 nM each cI NTP including 0.67 ;AM 1716- 94-1, 0.4 pM 1716-94-3, 1 pl of
10-fold. diluted let-7a anplicon used as a target, 2 unit/gl IvIMYV,
0.0331linithil TagPol, 6.7 ngiul CLEAVASE VIl enzyne at 99 C for 10 nmin then
at 45-60 C tenperature gradient for 1 h. After this, 2 Rl 23-210 arm 3- FAM
FRET cassette was added to the tube and reaction was continued at 95 C for
1 mn and then at 54 C for 10 min. 5 5. Schematic of the | NVADER assay wth

1716-94- 1 praobe ' - HEX- CAT CAT- GAGGCGCAG 5' 1716-94-1

5 CACT AT AT AG AP AL PR G107 R Taghol, 6.

3" - TATCAAGHPAPEIIRAE 5943 MNERA ' j FAEE pr obe
were perforned in 18 t\/tallﬁjéi%%m?/l%l\/%é%mﬁ 5, 7%@%\1}&%‘%&&%%5%%%%@H dNTP
i ncl udi n§-8906500mw nPne Gomas of letg7aRRY M. Temperague profile yhs 3T Cifor 3@ man:#5I1Wt ed
let-7a . | J6P : ' MM, : ELARL - TagPol ,
6.7 ng! o ERRLE T Prune T A mgfot i Dinglie'e 3 R Bo it Wi

t enpe? at ur e grlagraen let-Ge assah Fing step wehperformed i 20 20 BE M radwian buFET

andhon CarmeRO0RAhRg oL AUPBRINTTPE LN IBReFOP Y MG Bg Raomily” ™ "

i nst ead dMMILNewzinpD000,6,0007 50Bahematchpicodf eh@a RINAABDER Gsedd0 mirt MMXTY6- 94- 2
pr obe L = HEX- CCAACATA- GA 5,1716- 94-

B oA R RS S AT T RGP PEeT A COeTe ot 2 T e

153" - ATCARGGGAGGTIRAGAAC!,1 T 26 n9M-dach ANTP inaxhteng\etélnu\gﬂgism_n ]pa ;lwil\mlilERf
reactjon i rq 716- 94- n 716-94- 2 otted as yunction o
{onpbb ot S BaREITR s Bragid 783 S4m 0033 et fraeedh 6 el LA VS des
that usevaft REFHBIN2 PLAIES2 W 4 3-B8AGL FREN S E KNI ST ORSt Abp Lc@n 11
bases functions well across a broad range of tenperatures. 20 Accordingly,

in sone &EMEd FRRTrAureprelisrEs @AC fosdani dhoysenafPe <L 30 sabem§ Crfy |

det ect i Nghifd FONAFLEL00min; 908PHF SO REn.a reverse transcription reaction, a
pol yrnerase chain reaction and an invasive cl eavage assay reaction, and a

det ecti on st r GBt BetjoEbaperaed bnide bt sranda-tiap it 7R aeraEs vt Bmettmaefdetefizy ne

(e. 015 ChAMASEH LR )in Fgude $ENPEr at ure between 45 and 60C (e.g., in some
preferred enbodi nents, at 50C, in other preferred enbhod| msnt§éat 2549C, in

still other pfE¥eMeRIeERHBYFMHORIEC RSB, WhFR) corecting fafdhe HAT diprp of

g gg o]gi rrer&hg;mb ;rfltt?x@)z.-stiﬂj écﬂﬁiguf&ftio?{[tg&’é% zg&i'gm;ﬁamltde@é}%% ig & gﬁa-d@fghgtﬁ,gr and
or r nter olir.gonucl eotl aes PErl nts were esl| gne an
conduct e mt“d&rtdlﬁ?fm?rhé’r SV TS VRILRE ST JErut PRt 7 8EP 6F72Bot h t he RT

primer/i vdlieratiohi gwnLGh 66he GabedithehREhPPR st iAIE oR bicd Ry GbRolder pr i Mer
S TR poldd oY R 46 bt TR AV Ay gL comprisas & roverte ) !
' H(I;X—9 W%éﬁ@%gﬁé&m@%wﬁiﬁe OHaid ré@ti%x%ina'm CCEWA@W el géé%%i!d
1716-94-6,5' - T 1- TAT GCC%A 1716-94- 3,

3 X Ot B ST POl TR el DA SR et AR, SIS A 89 o 2,
Let - 7a apsiaptialéis seapld @atonihation Ad/olmididndidd. MoRGSmp ihbbdindens, fdaésta; (125
10 ni M each . ANTP including 0.67 uM 1716-94-1, uM 1716-94-3,. 0.4 uM
1716- 94- B V5 R’?‘G‘F}eﬁ\)ﬁﬁ?‘?ﬁt{%ﬁ."éégﬂﬁ%nﬂlf © E"Fédq‘écﬁ-’%léf‘#eﬁgﬁﬂwkﬂ%@ VI
enzyhe; &s2pthaM@3prkd a asverss-thAMripBEl rees o ot i@l yib@aQBainGefidn, £0Gnor none
copies of | ef- i .presence. . of 16:-94-8 .and.1716-94-9

e hcker Shmvedits Aoy EHR by ERE B FAA0EERE) BRI AR AT Pegields i e o

t he st aclees.scliahebtainte Mper atayewse proferipiomescidnh @if isns@Oinnmub8&auatitpf or 1

30 el 2pofinlcPle i il b e Blach Mg Bt a8 S % et on of

| et-7a RNA copy nunber are shown in Figure 35. Thus, the present

i nv i O Pr ogjs . ckers is-
prefejtyr abl'e tgﬂr'{gﬁ%?’ g’?ﬁ%‘?ﬁ‘k‘glggf@‘é‘? g%%\%ﬁ\%??%%%%? agst(%f%%%rr gr) of target
m RNA) . | n 205urmsimeswsoueieensignedandisiogdeaicd tevest the(eblegt of diffpryntmrinmey) of

t ar get i ks - RNA) L E‘Hﬁgﬁ i1 by r

si gnal . %It%iégheg%ﬁ g:‘lggﬁﬁg&éﬂﬁe%_ ol ira%dﬁl‘ﬁ% goti _e#%%gsﬁﬁag{ n%%clelgcfnt?ﬁ}\)glﬁ o8

ol i gonuctegivep ge8:pt ffel0 bserrabt indppsh warptepish it SERYNDOSPERveadtienef it on t he
reaction, and may actually reduce signal in sone instances. In contrast,
the use of a stacker of the RT primer/&nhvader oligonucl eotide provided an
enhanced sensitivity for the assay. 25 G Conparison of stacker

ol i gonucl eotide vs. use of a hairpin-formng RT-priner Experinents
wer e . desi gned and conducted to conpare the use of a hairpin-formng region
of the 5 end of the RT/priner/invader oligonucleotide versus the use of a
stacker oligonucleotide in the same region. 30




1. digonucl eotides for the | NVADER assay: 2343-03- | RT/Primer/ 1NVADER

5¢c GCTACCAAGACACGTAGCCAACTAT 2. Schematic of the stacker design for the
| et - 7a assay: 3'-HEX- CATCCAACAT- GAGGCGCAG 1716-94-1 let-7a

51- UGAGGVAGUAGGULI GUADAGUU 1716-94-6 5"- CCAGTGCCGATGAGGTAGTA 3!

- TATCAAGCGACCTGGCAC 1716-94- 3 CGCTGGACCGTG HEX -3' 1716 -94-6 3. Schematic
of the hairpin design for the |let-7a assay: 3" - HEX - CATCCAACAT
- GAGGCGORG 1716-94-1 let-7a 5" - UGAGGUAGUAGGUUGUAUAGUU 1716-94-6

51- CCAGTCCCGATGACGTAGTA 3' - TATCAACCGATGCACA 11111])2343-3-1 55

- GGCTACCAAG 4. Let-7a, stacker _assay was carried out in 20 al 10 nmM MOPS
pH7. 5, 7.5 m \piggrggicotiios soriRe BRKALIRR 492 ncl udi ng 0. 67 MV 1716-94-1, 0.4
MM 1716-94-3, 0.4 aM 1716-94-6, 2 unit/al MWV, 0.033 unit/al TagPol, 6.7

ng/ al CLEAVASE ¥ ETZY MRy PRonéM 13- cChC GGRCETANAARIIT LASSET T ¢,
60, 000, 6, 000,7168R-0OF [NO peRiire Brdde | 415 CLANGAACETRCHIABEESEHEE Of _
1716-94-8 stacker. Tenperature profile was 37 CTor 30 mn, 95 CTor 1 mn;
28 cycl eg, of %@h&nﬁtﬁoﬁﬂeEt—?@@ﬁa?%ﬂ;ﬂr@ées%fﬁlf%rer%%@t or 10 min: 49 C for
30 mn. Let-7a hairpin assay was carried as described for the
stacker assay except 0.4 MVZ34B-0BrCEAWRS-MSededrasti@acPofl 1716-94-3 and
1716- 94- 8. The r &WSRgHECAEPTIRACFRACC 7 18t Heker and hairpin
assays plotted as a functl on éf- “*IHétTC‘?aACTS'qQNﬁG%Ey”ﬁErn%eil is shown in

Fi gure 36 Hes ;7% Ae Y57 e AT S HYREATAS rov t hat sj gni ficant
di ffer ence T o6et éctcicéﬁm&ﬁ PEFRGT ( eH3 ﬁgﬁcgﬁ&%ﬁ 3 GE oS gbgglrgy%ﬁ%bet ween

Kk f I I d f
e Chep verosTerdpuRRutn R E 8T GRS A e Bﬁtﬁﬁeﬁﬁﬁéow@«@égw & and

conduct eck 4 M MPTay, ®.25- zﬁmcu ANTZ-i418RinE 0 AN 7§ 818kl 19 WAk 0S 6-5ks_ ohe
1- st ep conf éﬂur atlon, of the reverse transcri pt I on reacti on,

pol yner as@t dhkh- ﬂ""f*e‘éﬁt@éﬁ”%ﬂﬂ'gr AVESIN MM ¥a 0438 uatha FaaRelce 7 o8/Hl s

per for W@Lm@ﬁguaﬁ%ﬂzwne Ny 89, LLEASTY axgrgﬁj erﬁ{ﬁ’locats teVARES hOM e BS Tl - BY
contrast, the 2-step conf ur at1on, oW n e reverse

trand@ri ﬂ@l:érﬁoﬁe@(& ﬁ@mrsmepcomgswilht ZﬁRNHeTmmena@ee profivswed 43 Cdor ¥eact i on
vol ume i $,;adeed 6,0 A a%gagyowé%r é?c%ﬁl?ﬁe B0 2970t REnih CaPEMES6 frQK; 5

pol yt nerase chain reactio I nvasi ve cl eavage assaS/ reaction. JQ One-step
| et - 7a ad¥ad. mitet - 7a 1-step assay was carried out in 20 ul 10 mM MOPS

1716 of-s. Gk ity Ry TR E M I AT Rl i o M

uni t/ p 1 M@EFP@H? 567'15 migl MgmlszAWE:abﬂ ANTR mzoluding 0.62 NI W BR392-10 oar m 3- FAM

FRET 6 0] ' f, Let-
Tompbt at 0ot 14 s o83 0 ol 1 GO+geBE BGR e o, 2 Soibf i Ver 05 o
}‘or 17303 phen uﬁg/uCTEt@Poljémn@/ul air;fﬁxvmsgmxxraaﬂyqné% l\/%L fior 23004 %5]}?@ step
et-7a a irst st erfor V reaction_buffer
(Pr onega%i%ﬁ& Eﬁ?ftﬁéi“%‘ égoﬁy\%ﬁﬁ)dggcllqu{ﬁ% 6@9 Qolofl%’lﬂfﬂp%ﬁ oles7a BNA. n1 M
é@)& 6- 9438¢m5eﬂmré pipE1dMVMANCHBr $OxB0 G5 Cﬁfdﬁngnﬁgg cﬁéﬂ?sﬂﬁ@? (@ﬂﬁlzg% ﬂ@éndéoet 7a
at ctivated at or mm Second step
was carri%efC 5)&}‘“ 9% ‘gg‘]’rpél%/l@ r?pnla(ﬁ/fﬂﬁ%%ﬁﬁ? 5, 7.5 mM MyCl2, 0.25 mM each dNTP
i nclz@i ng O. 6Th@nMsig‘blaBgs914ra1¢d @zmewmmys mzmw@,y} 1P18W4. 18659446, 0.4
p. M 1716; 8 033 Pol 7 nWil. CLEA [l enzyme; 0.25 pM
23-210 a?gl}é E%I\E?Is CEI 8“6293\,1(’?1’#%%?6{6%81_‘9%' Bt %eré/%'ep reaction sanpl e.
Tenper at ure prbhy, be mn%v&tfmrpr&wﬂtﬂha@ﬁr@@tp petbephiabhg Grgabhylﬁﬂizfatitohen 60
C for 49 G for. .30 . he net .signal
gener at e%ﬂng%ﬁé &'%E ?Ssgmmedv 1 epesh n?°1?1°‘?°181£ Ea%fﬂa’?}%"%%??ﬁ&?aw " et-7a 15
copy nu nbegﬂm fendivovan dlffﬁrﬁlt deowels 18 'ﬂm ASSAYS. Spﬂ'dlﬁsa,llyg fethp ﬁc&gﬂmt‘ theyprémstyon
provides - f ilutio t in the
D atsh cBSpr AR R YEEF ki) o biaderShe' Pt ERe P T
st r engt hand whext thgbnd@rsemob@ Eﬁpgﬁrd@;mmtherc A a dvkmaselm thg sngnalm'rmgme
1-step o e@ S epl f1'798”9§t12 Thus, in sone enbodi nents, the
pr esent nven rov det ection of a 20 target nucleic aci d (e.g., RNA
(e.g., MRNA)) u5| ng an assay that conprises a reverse transcription
reactiong a p@}mgﬁ&g Hddohcdfifgidon, and an invasive cl eavage assay
reactionall 1n a single step (e.g., in a single tube), thereby saving tine
and expense and reducing the potentl al for sanple contam nation and/ or
m shandl i ng. I n sone enbodi nents, the gfesent invention provides detection
of a target nucleic acid (e.g., RNA (e.g., mRNA)) using an 25assay that
conprises a reverse transcription reaction, a polynerase chain reaction,
and an invasive 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 conprises a pol ynerase




30 1)Primary probes in a | ow tenperature invasive cl eavage assay reactions
Experinents were designed and conducted to test the effect of different
prinmary probe lengths in a |lowtenperature reaction. Primary probes having
target -hybridization regions of 8 9 and 10 base-pairs in length were
tested in a 50C I N\VADER reaction 1. 2. digonucleotides for the | NVADER
assay: 1716-94-10 Primary Probe 5' CCACGOACGTACAACCTA-NH2 1716-94-11
Primary Probe 5'- CCACGGACGTACAACCT-NH2 Schematic of the let-7a assay with
probes of different length 3'-HEX- CATCCAACAT- GAGGCGCAG 1716-94-1

3"- NR2- AT T- GCAGGCACC 1716-94-10

31 - N142- T%ﬁ“&ﬁﬂéﬁﬁ%@é" E49 detgropipe whsther thedrapmiciange i/ ARG
1716 94- dould b EAERGFAGANGAHTAGDHS prirhés B ilﬂlkﬁgtﬁécﬁtarget

G. HEX- 3' 6-94-8 3 et 7aass Wi th 1716-94-1 probe was
car ri ed %updfzﬁnng?gtﬂn ]IIB%H‘M:WEJ;SVSpI-H B was testegh 3?; %‘éﬁ% fhe%e?w0§£éﬂ1€dmp
i ncl udi ng)ﬁp&ﬁﬁhdnﬂatﬁnzﬁ#pﬂqbe@%évmédlnG 94-3, 0.4 p.M 1716-94-4, 0.4 p, M

cnzyiior D 25 AR preR AR Pgs i i R PR BBLOBM NP 10104,

6, 000, 5005wVt M CoPIRE th dretp fRrddiA 0.8 42 C
for 30 ?1&? 95 C forgﬂsm n: 25€c cles of 95 C f’grmgg?tﬁ?%g%m@@cbfqg?aéf mn;

99 C for0-3 Wivh1 7156941 1:ft4 B Hi16:943 0.4 8M TH 62844y0. i 1 Preores, A maigub4- 10 or

i oach ANBE | ot i o, B e iy B e SN P b 5 e P MRghe . O 25

1716- 94-BAMnd 004 511711@-9@:4 arm HFAM E/Rmcass&ﬂeﬁwztn GO 16 LOMVLY, 6@00,3@0

uni ty~ul T, 4 FAM
FRET s tong b e R e B s 0 i R AP Eb s of
| et - 7a mycﬁnﬁéﬁéif@réﬂpﬂ@mﬂﬂ@ Wad midy @Etﬁorﬁ@mmiﬂcgérmmm 1 m n; 25
cycles of 95 f anQ:C for 30
m n. 20The ne@%%%%ﬁ al glﬁ%rgéaggegt%lgpz ;ﬁg%s%gg g?s%a%/‘gﬁvz\'ng fl {J!i?%g%fr?es
1716- 94-taken 3(’9‘rhf_f_@rqrs-ramaﬂafl_ﬁlpﬁmbﬂe@iﬁs’/aepomrnl@m'b@mscshwmm Figued® nunber is
shown in Fig t

ot Ty pr obas aariy e prestit iicoh P it AR Blay LINER AR BERERESTNE. o1
wi t B5t arfye OI%EMM-C()@@HM fuactipn inrhaRINAYY)s affthfaarﬂébnbawentpxm wheteninl sengt h

function af IeveIS| asthelength of
the pri %an?)y d%’éénpt)go 558 Oncemtr%lé’nsq (gtgg%?gﬁ‘hbaﬂrg%‘dﬁa@rlg%@%e T See,
e.g., FithuseasiBiBitypf ﬂmséazdoﬁn@érem)m usngl a\MileeE}  coheertaii bR (eyg. PU.OORNIE rrgid@
decreases t here |§,

reaselnt naI strength (See, ,
i qur o 98 SO BRRoG e Ro ARy (o 6q FRFBOEE G GEHC A EoCEP P Pipe e
Experi rreiet@eummagzcmgiumms&fg mtfﬁ'lgmrﬁle;cvib@dﬂlﬁ:&cﬂdﬁ% gynamise tiige of the

ass cou Xpanded t h 't he use r obe V|n di fferent
Ieng%sh a’rggt Yot i© Eeaﬁ raéﬁy(fﬁa&'lo ﬂ?éﬂ geag%néc%] g)"rfl W&E t est ed.
I n addi unmtmm h&ters(mgemcreakas})thc@énsﬁth&tymm@reaml ning pri rrary pr obe was

varied. 5 1.Let-7a assay with extended dynam c range was carried out in 20
gl 10 MVl MOPS pH7.5, 7.5 mM MyC12, 0.25 mM each dNTP i ncl uding 0.67 gl vl
1716- 94-KD; 0 Spedific@iskbiimination) oBBetgMsdioktrs94- 11; 0.4 ttM 1716-94-3, 0.4 gM

1716-94-4, O. 8,2 / 3 it aqPol , 6.7
ng/ p. 1 CLEAV. E%Eg‘%ﬂ“%‘gé%w des@B‘yi‘é‘} ‘%%E%%o"eﬁf B b G I i 23- 204
ar n2a- PANCERERIchgtyeen ebsehv tehated ﬁ@ﬁ’rméoinﬁtﬁ 6. 4.04st-Tovad20ts). 600, 10 60, or
none copies t EENAL@T erature profile was 42 C for 30 min; 95 C
for 1 mn; Zgﬁlgyéc\twfeg&o 9 dc%gR 20 s then 60 Cfor 1 mn; 99 Cfor 6 m n;
50 C for 180-Mmispecies The net signal generated by the let-7a assays with
1716-94-1 and 1716-94-11 probes taken at different ratio as a function of
| et - 7a cﬁgg 7ﬁuH‘5%ﬁG8f*§UP§%§8WPAPﬁG‘ﬁ gure 39. Accordingly, the present

i nvention_pridvides that” Concentr:

let— 7f ~~~~~~~~~~~ Am e i

Let-7a assays were carried out in 20 pl 10 mM MOPS pH7.5, 7.5 mM MgCl,, 0.25
30 mM each ANTP including 0.67 UM 1716-94-1, 0.4 M 1716-94-3, 0.4 uM 1716-94-4, 0.4
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15 from 0.067gM - 0.33p.Mfunction in the assays of the present invention,
where, in sone enbodi nents, using a higher concentration of probe (e.g.,
0.33m\V) provides an increase in the sensitivity of the assay conpared to
using a | ower concentration (e.g., 0.067gM. Thus, in sonme enbodi nments,
altering (e.g., increasing) the concentration of a primary probe in a
detection assay (e.g., conprising a reverse transcription reaction, a

pol ymerase chain 20reaction, and an invasive cl eavage assay reaction and a
detection structure) of the present invention alters (e.g., increases) the
sensitivity of the reaction. K') ﬁﬁgCifiC di scrimnation of Let-7 isoforns

Exper i mert¥ 1(g§-84cfe 2igitat MME . 9 apiwin! 1398 s 6 7ed A EAY 0SBIVIL Let - 7a
assay to &éﬁhé@iﬁhﬂ?@ﬁzhﬁ&&@?@w @&%&ycaE@@%ﬁ%s%@f 8110R%, b, §6% 66, &€ 9.
Let-7 vari ants) -7 variants used were: let-7 speC| es |ef
UGAGGUAGIRaeReseiAai(z REA. Temperatugg propéile was 427€ far 30 min; 95 C for linein; 25 assay's
wer e car rd.gd b MRS 25 30 nM each
GNTE | el T %Sf% 02@09%’1%@4, P oy Lg%g@‘% R 7 16 o4 4, 0.4
p. M 1716- 94- 8, f@r@htlngdgemmd bﬂtf@é@-lﬁﬁ$¢ﬂ$PSF§qM10n @ let-Tagleh ICLEAMASE VI | |
enzyne,; qeizﬁc%@ggmgg‘qsgﬁggngm rngT cassette with 6 105, 6 104, 6,000,
600, 60, or none copies l et - RNA. Tenperature profile was 42 C for 30
mn; 95 C for Thugithe p@é@fé%\{@é@ﬂl@aﬁmweﬂhﬁbm@% apildp 26 BNA faog., miIRNAY 99 C
for 6 m 'Eeteé@m&é‘s@g?s @% 'Eoﬁlprrﬁlﬁg a@@&ers%'t%%n 'ﬂ% ‘3 ot%ﬁﬁrgéeeé Hafid assays
as a function of let-7c, let-7e, et er 1s shown in
Fi gure 4Geadl‘ﬁ‘ﬁrsandtaﬁé“‘ﬁ#%&ﬁav%&%ﬁb’lTB%F“SE@W G@tﬂm SWSF@F@l deserihied hersiny . |

RNA (16 9-displyRND0- folle§Re1d RD fASE@YSicRidacid GOIPTESTd) YoRpheY & SRiant

transcription reaction, ol ynerase chain reaction, and an I nvasive
cl eavage SE&€ESFsBeERf (6% &r?él"?é)ydet ection structure) described herein

10di splay a 100-fold specificity for target nucleic acid (e.qg., Let-7a)
conpared_to vari ant se ences t her eof Let-7c). L)Bipl ex assay for

| et-7a i MRNA ﬂ'&*@@saﬁ A PRY| %B%o%sr%f‘mtemﬂ‘ standard. Exper i nent s
wer e desi gned mpat@amwee&st@et &ﬁccﬁ&ﬁ@@&t&ﬁstﬁetécﬂ@nBfﬂﬂfﬁﬁﬁ&%nt155i gnal s,
each orres ond| eparate m RN%{I}T e sane reaction vessel.

. sch matgtgf':l Hgo’ir%stpm?% gé%%vp@ﬁafﬁr@ © FURGEAForiehg to PAM dye
and 116 RNA asshaymitRpdlithe g 74 @ssﬁgEthﬁyemen&etrade 258aMg to FAM dye and U§
3f-NH2-T CAT- GCA 6- 94- 11 3*- HEX- CATCCAACAT- GAGGCGCAG 1726-94- 1
let-7a 5 CEUARS BV 1716- 94- 4
51- CCAGTGCCGATGACGTAGTS' TATCAAGCGACCTGCCAC 6131716-94-3 AT-pri ner
C6CTWACCGTG 85x-3, 1116-94-8 116 as$ay7a assa
1716- 96- 45. - CTAAART766ANc GATACA6 GCCOTTOCTACT- CC1OCGCGC- 51 Arniv 1716-96-5 U6
5. - W@%UAVAC%MNW%@BB&A@WA&AWG
GAVGACACGCAAAU RGO A T AT P e, LT AACCACTI Lf15-96-8 20
2. Let-7a assay bi p exed W th G\/}\755 carri ecd“%ggtgs?f Fﬁh%ﬂgt%%oa rza M MOPS
p117.5, 7.5 InM MyC12, 0.25 nM eachudhlsyi ncl uding 0.67 p, M 1716-94-1; 0.33
it 1716-94-11; 0.4 W 1716-94-3, 0.4 pM 1716-94-4, 0.4 uM 1716-94-8, 0.4 hM
1716 96 5 50 1 GO A [ACI; :zzﬂ:;z::gcm4 hAGcA]fSCZ; CQUGCG;G'TEngnzzTGEFF;ﬂ:CfU/Aﬂ‘ WC.!;_QYS '(}0 033
uni t/ n1TaqPol Q46n7yglé/2§? %6 ASE TN PT:JVIenzL;L A ST AR PAM
0. 252hM 23- 2one1a7mséaweﬁaﬁuam ansZ&nQ&i qmt% aom 70 %@mmgﬁt%7 sAli quots

containin no 6 RNA or_total om di fferent
tissues F&%tﬂ% ?f&‘éJ&\?tF nglé' gé)s e estial: é)%"rb%‘@]ﬂéﬁ%sl 494¢ for
30 min; B Qiféogm 3 (MMM 2@1&?&6@4 abv 9710481 0,498, 4 PEN0ES, @oit Qtvl 1'?‘?@3 99 C
for6mn' 50 C Let-7a and U6 specific si ghal s bel ow
bi pl ex agg—éy() O éﬁ\gp@w&tﬁ 8 2 umt/pl MMLV, 0.033 unit/p] TagPol, 6.7 ng/ul CLEAVASE

VIH enzyme; 0.25 uM 23-210 arm 3-FAM, 0.25 uM 23-204 arm 4-FAM FRET and 0.25

25  uMarm 7-RED cassettes. Aliquots containing known amount of let-7a and U6 RNA or total

RNA from different tissues (Clontech) were used as samples. Temperature profile was 42 C

for 30 min; 95 C for 1 min; 20 cycles of 95 C for 20 s then 60 C for 1 min; 99 C for 6 min;

50 C for 10 min.
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generated by let-7a/U6 |let-7a standard Net |let-la signal U6 standard Net
U6 signal 6.0E+06 1101 6. 0E+08 952 1. 2E+06 432 1.2E+08 942 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 Contech sanples Contech sanples heart 1064
heart:

3. Let-7a and UG specific signals generated by let-7a/U6 biplex assay are shown
below:
let-7a standard Net let-7a signal UG standard Net U6 signal
8.0E+06 1101 8.0E+08 982
1.2E+08 432 1.2E+08 942
2.4E+05 83 2.4E+07 878
4.8BE+04 24 4.8E+086 600
9.6£403 1 9.6E+05 210
1.8E+03 1 1.8E+05 71
3.BE+02 -2 3.8E+04 12
LClontech samples Clontech sampies
heart 1064 heart 840
kidney 1212 kidney 842
ver 467 tiver 507
lung 1150 tung 774
trachea 73 ' trachea 158
bone marrow g bone marrow 48
thymus 17 thymus 514
prosiate 168 prostate a5
skeletai muscle 4 skeletal muscle 52
tastls 45 testis 324
vierus 33 uterus 288
fetal liver 41 fetal liver 265
adrenal gland 18 adrenal gland 266
salivary gland 27 salivary gland 257
thyroid 30 thyroid 273
5 As shown in the data above, the present invention provides that two distinct

miRNAs can be simultaneously amplified and detected in a single-step reaction (e.g., ina

single reaction vessel).

M) Designs for the detection of 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
oligonucleotides 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 miRNA.

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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840 kidney 1212 kidney 842 |iver 467 liver 597 lung 1150 lung 774 trachea
73 trachea 158 bone marrow 9 bone marrow 48 thynmus 17 thynus 514 prostate
168 prostate 95 skeletal nuscle 4 skeletal mnmuscle 52 testis 45 testis 324
uterus..33 uterus 288 fetal I|iver

10

15

¢. A 2-O-methylated oligonucleotide 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 complementarities 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 shouh:"i 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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41 fetal liver 265 adrenal gland 19 adrenal gland 266 salivary gland 27
salivary gland 257 thyroid 30 thyroid 273 As shown in the data
above, the present invention provides that two distinct m RNAs can be

simul taneously anplified and detected in a single-step reacti oMG&Lig?, in a
single reaction vessel). M Designs @At\l\gg detection of a m RNAs associ at ed
wi th cancer 10Several oligonucleoti re generated during devel opnent of
the present invention that are capable of detecting a variety of m RNAs
associated with cancer. The oligonucl eotides were designed according to the
fol | owi ny gui dehéthekfor detecting ap mRBAN{AFIgEE CORMPIA &y bri di zi ng regi on of 6
base pairs. Zg.dRT_pri mer forma co-axial stack when hybridized to
the targeted H RNAPGENE t hr ee 15net hods: a. 5 -end of RT priner

fol ds; back on itsehf touf@INA thaetr,pi n that stacks to the 3-end of the

m RNA. b. A DNA ol {ﬁgonucl eotide |s . da]ed to h%/bri Ai‘tz~e 1 h% I,E?;J; pri mer
formng a co-axi al ikt ackfiv bR apeRRASHIE Oﬂaﬁ A PUBRIISH st regton AL A
21-0-methyl ated ol iga i ' 5Q b &bZ hat RendREoRpieiRAtalOr M ng
a co-axi al st%oﬁﬁ%m?ﬁgﬁﬁkﬁﬁgngﬁé\gﬁ@ riedg%{%g‘é@%r??. 3) PCR pri ?rer ch\Blg\
hybri di zi ng reghapimi{NA thaste pairs. | N\VADER pr obe of 10 and 8 base

pairs conplenentarities to the m RNA using, ar nd 54 ] .
O i gonucl eot i des didid] gn%EFCBE‘EB‘Flg%"ﬂBd ?%g"c‘wg‘fgﬁggiﬁa@f% emsse%lgL ?%Z%‘%%@é% n
Figufe 41. Adg'htoga%'f%%ugﬁzsé 9RSnd Rlgidsdi-shrl BIRN AltiRpbiGniatsacoralrgfiog theenigt hs  of
primary probe and PCR priner hybridizing regions are shown in Figure 42. A
list of all ohitgometdgeos icdes! srsertl fagianhifsaibaipl 4 t3ee: depi cted in Figure
43. 10AI |l publicatj ?ns and II%a ent s. geﬁrg_ti oned in the above specification are
herein incor porat et/ by #EVEFENER &P ous nodifications and variations of
t he descri bed net hg)d angwﬁg@mfase;he invention will be apparent to those
skilled in the art ‘without deFarti ng fromthe scope and S@éﬁ%lg}c OE t he
i nvention. Al thoughit hea prebentitonciatdpadirreas stlrBedParirt RP8H with
specjfic preferred enbodi nent i oyl der : . e invention
15as]SI:I ai med @WP&G%% eiﬁgolﬁﬁ%meiﬁalrf% #é%s?%p%gﬁ Ozéﬂgﬁl?ﬁﬁ%@di ment s.
| ndeed, various nmogif i catthds obforthiodéds compédngredesrhonl patipyi weerdntt t he
invention that are obvious to those skill egl i n.nol ecu{ ar Fi okog* .(%elgeti Ccs,
¥ 19 Bl

or rel atastithed dermsipal nonienefedid dagker Wigercple s copeSHren Wi 'fig
cl ai ms. LLP | , ' RN diak 8L4aid first
conpri si g A BT %%&él:\%%l lﬁﬁm&gﬁfﬁ%&?(g%%?‘%b??)tg%ﬁst CEAH O aid firs

ol i gonuceeitcieotidat conprises a first region that is conplenentary to said
tm arR gl\ﬁ)[ t arget g)nd ainggbca%gg C(rn% L)r?er};ts;[ g)atthrcl)usghqgﬁ) t%‘é&ﬁ!ar%%%@% g})rl‘t\(iiﬁo%s %%hdthgﬂ LNA
detection structure forms; and

c) detecting said detection structure.

2. The method of claim 1, wherein said detecting comprises forming an invasive
25  cleavage structure comprising said probe oligonucleotide, cleaving said invasive cleavage

structure, and detecting the cleavage of said invasive cleavage structure.

3. The method of claim 1, wherein said first unlabeled oligonucleotide is used as a

primer for reverse transcription.

30
4. The method of claim 1, wherein said first unlabeled oligonucleotide hybridizes next

to said probe oligonucleotide to form an invasive cleavage structure in an invasive cleavage
reaction.
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a second unl abel ed ol i gonucl eotide that conprises a first region that 10is
honol ogous to a second region of said m RNA target and a secongcgiegt on t hat
is not honol ogous to said second region of said m RNA target;

iv) a reverse transcriptase; v) a DNA pol ynerase; vi) a probe

ol i gonucl_eoti de, erein,at |east .a rii f i r i P oti de
i s conpl énent &sﬁqmég’ogtOfﬁgggtl’g o7t Fag%m&&{s}%g by ﬁp@%’% POl DS 1 vii)
a st ackegnflnh oopHelk 80bicens amBlet ShgnRtbe, Wiesrsinnald @oiinicoacks phBneiraseat

| east the 5 termnal portion of said stacker oligonucleotide is

conpl enenttanty. to a region in said second region of said of first

ol i gonucl eoti de adjacent to said first region of said first

ol i gonucl eoti de. 20b)i ncubating conponents (i) through (vii) together under
condi$i ogs sughehtr@odrdetRcs, wdRrsit sid trryend cpable dntbacidet detdcking sai d
detection structure. 2.The nethod of claim11, wherein said detecting

conpr i sestriaigiing FEN-1 AVEesGe 25cl eavage structure conprising said probe

ol i gonucl eoti de, cleaving said invasive cl eavage structure, and detecting

t he cl eavage of said invasive cleavage structure. 3. The method of claiml,
wherein gai d flhe stethudl cfobtied , ethiegan swd potbcddgpsudswdeasudapredrer f or
reverse transcription. 30 4. The nethod of claim1l, wherein said first

unl abel ed ol i gonucl eoti de hybridi zes next to said probe oligonucleotide to
for g Bl S The H%V&“%nﬁtm WHEHEE sdi figf uhRYaRH W hiRpAge ah@asd kaBrse

MCSL 5. The nethod of claim 1, wherein said prOV|§|ng further conprises
provi di ngagseiipiaye mvesa zyneribapad s ROFA tiresive prpdacelen meRNSnclANAdeneet e,
wherein said enzyne | acks pol ynerase activity. 56. The nmethod of claimb5,
wherein said enzyne capable of cleaving a detection structure is a FEN-1
nucl easeg 7. Thge pRIHMAG FRfai6! S Redkin WRGHIRINA SBINA pit @hes ahplgailist @it fide i s

unl abel ed. 108. The nethod of claim 1, wherein said first unlabel ed

ol i gonuchelebéldéohgmuslepide aeaiescepnthurrhghedalizanasieptde $1daaEbPNde sai d

m RNA. target to produce an m. RNA target. 9. The nethod of claim 8,
whor B n_ PRI ¢ eéars‘ég}t’m%eaaﬁp% fied by said first unlabel ed

ol i gonucl eoti de and said second unl abel ed ol i gonucl eoti de and said DNA
15pol ynerase in a pol ynerase chain reacti nmet hod of claim?9,

on. 10, T
wherein fhe adpt pretied arickia % Wf@%?h@@ﬁnﬁl&gﬁén@%?gc BRELtYicture in the
presencedgLﬁ%ﬁE%gﬁéggﬁtﬁégﬂ@%ﬂ%B?Q%B%ﬁﬂw%@%%mﬂﬁ&ﬁﬁ%?hOd of claim1, wherein

said firs ol 1gonucl eoti1 de conprises nucleic acid sequence such
that a duplex of about 6-10 base pairs is forned between said

ol i gonucl eotide and the M RNA target. .12. The nethod of .claim1l, wherein
sai d?secbhd r &b 810810 &l W Frag‘bf%d ngt §5]iag‘_°“elﬁi P ggo%_%ﬁ&g% STAPEEE ond

unl abel eﬁl%ﬁéib 90RUELRALS dRnREADERPEABILLSE @16 bi®tpaROES fo@lc@PetwRerse6ONd
portion, erein the Tirst portion and the second portion within a second

regi on cahgdmyblebddezanditbe eaBN otat@t. to forma hairpin structure. 13. The
met hod of claim1, further conprising providing (ix) an oligonucleotide
30conpl enentary to a region of said first unl abel ed ol i gonucl eoti de probe.

14. The F@I hog, 0 fheflodi e fhim fIYHBRYn SRAPEdBH R Rfs@fiettherdr(boih efkaid first
ol i gonucl eoti de conpl enentary to a region of said second unl abel ed

oli g?:fhuchmbiaﬁcﬂwcpn(bb@abeimig_qnucleotide probes comprise a first portion and a second

portion, wherein the first portion and the second portion within a second region can

hybridize to each other to form a hairpin structure.

13. The method of claim 1, further comprising providing (ix} an oligonucleotide

30  complementary to a region of said first unlabeled oligonucleotide probe.

14. The method of claim 1, further comprising providing (x) an oligonucleotide

complementary to a region of said second unlabeled oligonucleotide probe.
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15. The method of claim1l, wherein said detecting conprises use of a

| abel ed probe. 16. The nethod of claim 15, wherein said | abeled probe is
configured for FRET detection. 17. The method of claiml, wWhET it sai d
m RNA is selected fromthe group consisting of Let-7, mR1, m R 135,

mR-15, rTSR_ 16I'herpn§f]i§c? (l))f claritl]me,]wqiereaiQ (gaiH] d'gt]égtlilr?g' comprises use of a labeled probe.

16.  The method of claim 15, wherein said labeled probe is configured for FRET

detection.

17.  The method of claim 1, wherein said miRNA is selected from the group consisting

of Let-7, miR-1, miR-135, miR-15, miR-16, miR125b, miR-1d, and miR124a.
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