WO 2011/ 009117PCT/ US2010/ 042426 Detection of short RNA sequences Field of
the I nvention 5Di sclosed is an assay for detection of short sequences of
RNA i n a wornbhetopa7or clinically isolated sanple. Parti ealras2eiefoexdesnce i s
made to detecting RNA based pat hogens, focusing on H5 influenza. Background
of the Invention 10A current assay used widely is Nucleic Acid
Sequence-Based Anplification (NASBA). A drawback to the NASBA technique is
t he secondary structure of target gﬁl ecg! es. These can either hinder or
conpl etely stop an anplifi A SequUences \pj or probl em i n
medicine is creating a sensitive, point of care device for RNA pathogens.
Faster and nore efficient diagnosis would |lead to nore efficient treatnent
of 15patients. Polynerase chain reaction (PCR) assays require precise

equi p t t. i s pot conducive to a point of care solution. Nucleic Acid
Sequeﬁg&i@i?@%l%ﬁﬂﬁ??i cation (NASBA) may currently be the best choice for a
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| asting only 90 m nutes. NASBA, however, has previously not worked as
expectisdatpdsaniic| Byoeaaoiojerengeds madertpddiectiag &NA based pathaegnssfacusingpe Hin t he
RNA tl?gﬁue%rz vents 20 efficient prinmer binding and enzynme progression.

Di agnosi' s Of" I nfluenza A H5N1 Many techni ques have been utilized in
order to diagnose influenza. Hi storically, there are two ways to confirm

t he presence of the virus: detection of a person's inmune response to the
vi r us Bickgeauadiqf She pvengignyi rus itsel f. Four techni ques that cover antibody
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These anti bodi es havetetl hei régeakﬁhevel s occur between four to seven weeks
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retrospectively. These techni ques, especially virus NI 30and H assays,
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if one were to try to utilize viral antibody detection [33]..
may currently be the best choice for a point of care device as it involves using an isothermal
amplification step lasting only 90 minutes. NASBA, however, has previously not worked as
expected in our laboratory, and it may be due to secondary structure in the RNA that prevents
20  efficient primer binding and enzyme progression.
Diagnosis of Influenza A H5N1
Many techniques have been utilized in order to diagnose influenza. Historically, there
are two ways to confirm the presence of the virus: detection of a person’s immune response to
the virus or detection of the virus itself. Four techniques that cover antibody detection, or the
25  immune response, are virus neutralization test (NT), hemagglutination inhibition (HI), enzyme
immunoassay (EIA), and complement fixation. These tests check for influenza antibodies in an
individual. These antibodies have their peak levels occur between four to seven weeks after
infection. Thus, these techniques are not widely used for clinical applications but can be
important in analyzing and diagnosing retrospectively. These techniques, especially virus NT

30  and HI assays, have been utilized to identify subtypes of influenza. Despite the high specificity

of virus NT and HI assays, these techniques are extremely labor intensive and take at least some



Detection of the virus could be considered a nore inportant approach for
clinically relevant applications. There are three general approaches in

t hi s brarwb 20fr/@etiect i on: 5i munospeci fi c assays for vi pall/usnei0yes2e
detection, viral isolation, and nucleic acid testing. The first group,

i mmunospeci fic assays, enconpasses two categories: rapid antigen tests and
i munof | uor escence m croscopy [ 33]. Rapi d antigen tests provide a
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strains and subtypes o I'n e In conventional test culture, a
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dealing with highly pathogenic strains of influenza [33]. It has been
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(plaque forming units). Thus, the sensitivity for this assay is greater than the rapid antigen tests.
Furthermore, it allows for laboratories to increase their stocks of virus for further studies [37]. In

30  addition, viral culture continues to be an important method in providing critical information

about circulating strains and subtypes of influenza. In conventional test culture, a patient’s



bet ween 18 and 48 hours. This techni que may cause the virus to becone

nonvi abl e. Thus, passaging cells becones an issue, especially when a lab is
utilizi ngvoebivmadivure to i ncrease viral RNA for nucl ei eCadaisdoimeiIné ques.
15A test directly detecting viruses is nucleic acid testing (NAT). In
general, NAT works by specifically anplifying DNA or RNA or both in the
presence of a speC|f|c sequence of nuclelc aci d. For |nfluenza typlcally

anplification o in th rese V|raI i nfl.uen

onsi deBl TPatSbtLier iy CohBUERE cifenahe ks it BenEEE Bt obRtoPAMiE e
Caseseﬂ%mh@ﬁniﬁBﬁ@%@Q@V&*&&whﬁp&ﬁﬁﬁﬁﬂhﬂﬁh@mﬂﬁﬁ@ﬁ%ﬂ&@m§%?Wﬂﬁkﬂzaé@m@dd't'0”
because nucleic acid is targeted and 20anplified, both Viable and nonviabl e
VI r us etfaet dop bn sled ta mn@mb%mfazy'use'sh éoafirroetm lq@escaélb'sp@rfgrm@i viawahadyat or s

ti.on not the e but also a nce
o v SReifRafP AR e Mty RS E IR R mB el Bl eb e R e e
Wi §hi Rtrhepy idctudSite RALIhST tilo Feeh@dsrewilt, WhicH dinGaleAlLeauyalyklake Aded foised
and researched wi dely are reverse transcrlptlon pol ymer ase chain reaction

(RT- P@Pe%wed&@hélcéana&ede@émﬁé Ivees stablermpruss andhe seed(fRpashly qeggfied 25pPCR
f. d
s G BRAS8) BN AL OGS PRSI ASIRLUL Wn SORRRLLAG, 20

usualﬂyﬂlnvolves heatlng the sanple to 950 Heat denaturatlon of nucleic
acids is reversible, unlike other nethqds such as chenlcal denat ur at i on.
The denat urbhasdisersteppriad thawg“fﬁ@efiﬁﬁl%%gﬁ%%m@@aéﬁ@ﬁ%%wr% dnfere et cet-i ner s
ang s t egent ary
LR Rt e s R S R G S LSl

t enperanuthés enbhnak thﬁaaenssvrﬂyepﬁmd icniguronddctrasiDiléheatinde prguired &r ai hlagnodisito t o

al |l ow,for anneal,i cur The Ia ste ext ensi on, of . WO
D015 BoSerp et BotiRo A Bic s s e 2B e B LR aR Thia
pol ymepas my&@nmb%oﬁﬁyaﬁis@ﬁb% esp%lcfag KNRWA 185 is LAtiZRQ! KITRURSE to HREaROVYATET ase

extends t prinmers in a dlrectlon Thi s step occurs at about 72C,
mhlchIﬂﬁAéme@herwn@ﬁwmeEQYe than the anneal ing step but a | ower

B0 ety hison bl SEERRET R Sl T G P B GRE N Paad®on” o

t ake Rbés fcallytangiifying BN A9r RN AA80bdte agﬁletpsesbﬁ&]of aAptMAL S&uchdcdfaubrigt h i s
between three and five mnutes, with a total of 20 to 40 cycles, thus the
t ot al acidndiok lﬁfbwnmnl@llmmhﬁyatm gacrsan dhearretcneeel Hen insﬂl{eega RNA. NATp

not ed t L i

Rover 48 skt CER W o pECt Ban SERE DL KD R SOEDEER 01 RPEE: o
t he stvanat isolgtiombes redidrene stdndatd. 10 aRiNAon dicharse hhelnicAL is @&gﬁe@hﬂ@/ an ssDNA

primer h zes. 1o a sp eC|f|c section of RNA and then i xt ended by an
eﬁQyné‘mpi]%Sﬁcl&é h %ig lﬁﬁnﬁyemblp §198 P B ysgd it e esee Thesmiss mﬁt%%agsq ANK/- RT)
or 'Vb'lﬁ’&b%‘b{%d%ws uﬁ%nh@&&ﬁea!%ﬁt Yot oH th@!@Jt ﬁurt ANSGNbRE ?&%eétw‘:é/aﬂz)ms fhgot her
variation RT- PCR that has beén deve IS nu t|p e CR. Ih these

assaysan hubongdfeer pmphBrateat Reanles g dd obtanltfelrwnﬂun folette sixi hmgrsmilr wa plethodenes

of a si.nal at hoge r sub or for, det ectln 15 nul t ubt es of
i ushDEn B Pt el breined Sl sl S kTS ROOP T RN T n o
mul ti phex rEkHBFR TIRtR J anfl n@cl%icrm@sehu&%e baRA MG FRhtidNEN ASBAS [mdl ng for M
H5, and Ni. This coul becone useful in surveillance as mutations could be
ndbed in a PR isantyche pmcpss[cnm]lstlﬁghtf thige sigps: dgpatuiang, ennealipg.csndRRtRIREhas
been to.be e to diffe en . N, and N2;
and v%r]us 1ng the Rﬁ% &V%IVES §§:Para 8 ?rﬁlg rsg’an(i,\sﬁ gls ucs)%;alﬁalhyoal?le etatné%][hles NASB A
It is shiRpRIth @9"@ hatatNASBAoh bf 8XRSBaBHL & deVerdiBR, hﬁ%écﬂﬁ&%@ch&ﬂstsﬁl@lﬂﬁs

tenperature cycling, between 37C and 41C. Thus, [ ess sophi sti cat ed
equi p@mloﬁbdﬂm@blé@mr 37F h[emnam@}lon NesBHows e t@@ peinzeiry ip an@qa‘ht@ s PM¥der cycl es

than PCR to ac i ch reduc e Ie f the
oont o e S SRTE s o A bt A e SR b G MO L
i Bodetsgehidsad behmpufied Pripislch @oBUrY awﬁm%(dﬂﬁ}é}atﬁm‘}vhlctﬂlvynés cﬂefia%ﬂldm B4l the
influenza A virus of all HA subtypes [49]. yIg‘gcall , NASBA requires three
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formation of RNA in the 5 -> 3" direction, and a non-specific endonucl ease
and catal yzes the cleavage of RNA. Exanples of each are AMV-RT (al so e.qg.
Mol oney nurine |eukemia virus (MWLV-RP) and H V-RT), T7 RNA pol ynerase

(al so, e.g., T3, and SP6



30 polynmerases), and RNase H. NASBA al so requires nucl eosi de triphosphates
(both dNTPs and rNTPs), two DNA priners, and the correct buffer conditions.
A di agr amwof2otimeorieacti on is WO 2011/ 009117PCT/ US2010/ @¢2ARG010M04HRg. 1.
The first part runs non-cyclically. The target RNA, RNA (+), binds to
prinmer 1, and AMV-RT extends the priner. It is inportant to note that
primer 1 contains a pronoter region for T7 RNA pol ynerase. RNAse H, which

sel ectively degrades RNA i - hybrids, degrades the RNA, |eaving the
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as ot anal ggues,such as TNA , and PNA). Locked nucleic acid (LNA),
of ten ré?fgruts'éagg‘t%ﬁtgg Olvﬁratﬁﬁeé’}é)%s! @!QNA is a nodified RNA nucl eotide. The
ribose noi & }otedl vartatloNATPAR €lied €or detdtbtli RN sdtfubhce8 s RXIFGR bREEGR

connecting the 2' oxygen and 4' carbon. The bridge "l ocks" the ribose in
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devel apéthdnds stkedddbysinphegadwineh adadarf mgxloblastosiI Rt erdvanse theRfipaose
successful attenpts at nultjpl ex NASBA, where nultiple NASBA priners are

used i(ﬁM‘ﬁé*Ts)w?@llammaﬂne lorkerpinivinus gverss drapparmbrge (MMIEBIR By Apthsti ¢ |
viT Us%n%ﬁ’m{t%qih-ﬁ’@k tﬁatf}{)}lgfogﬁ c_iéifg\ﬁ)g&?f‘s’}ngﬁ%ﬁﬁ.g S}‘trgeﬁle[gése*&%g%' Iﬁﬁlﬁgt%tp\#éliiéfs an

rotavirus sinmultaneous rotoc al'so been reporte
anpl i fsewardiMad egherdgoNASRANg Badapls gctdsef atsimiedsatiodgcDNAsuhigpe drefos dggectaiged

first, ninitial enaturing, step at i eeded. | uor escen in.
L85 ocim Bitpte Sty Py o S NaEh AR shr B 120 g NEHT Mg b g olP s Taeuhin & o
si ngl en@tipRRegdpORAhAeR ¢ hdeh@n'R¥RE 88 LARLAMLARY H0ahd K€l Thign its

T
two ends. This 25creates a Eal rpin shape with a stemregion and a | oop
r egi ovouliithecemd gsednlan sodictlianck asunhtatiort coulebdreadgedainfd aworcatssem [42agThed t he
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conpl eMeM 1adnd N, shb&ifuatyges Acdnd B §43I],onger than the stemsection. In the
presence of the target nucleic acid, the beacon will anneal to the target,

arf the twd\nots nisthaddfer paakibentian(is NASR . aliéyrepoteddhntddaABO Wdk . This | eads
0, L SEEOSF N G PR 1 LRGPPl 72 e
2011/ QOfHididRtel/ et 3428 8ary [44, 45]. NASBA also generally requires fewer cycles than
PCR to achieve the same amplification, which reduces the length of the reaction to between 1.5
and 2 hours [46]. Finally, NASBA has been utilized in detection of human papilloma virus
25 (HPV)[47], HIV-1 [48], and influenza A virus of all HA subtypes [49].
Typically, NASBA requires three enzymes (a reverse transcriptase, an RNA polymerase that
catalyzes the formation of RNA in the 5'— 3' direction, and a non-specific endonuclease and
catalyzes the cleavage of RNA. Examples of each are AMV-RT (also ¢.g., Moloney murine
leukemia virus (MMLV-RT) and HIV-RT), T7 RNA polymerase (also, e.g., T3, and SP6
30  polymerases), and RNase H. NASBA also requires nucleoside triphosphates (both dNTPs and

rNTPs), two DNA primers, and the correct buffer conditions. A diagram of the reaction is



Summary of the Invention The net hod described is an extension of the
Nucl ei ¢ Acid Sequence Based Anplification (NASBA) protocol. The nethod

di scl osedwpD=0us®pulr t o exponentially anplify strands of PREAS2G00uRenent ary
to at least a portion of a Target nucl eotide sequence (i.e., RNA, DNA and
O her Nucel eotides) if the Target nucl eotide sequence is present in a
sanple. "Sanple" is used in reference to an aliquot, suspension, or

fraction.th contains the nucleqtigde (e. RNA or ), under
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sequences shall be understood to mean Left as to a nucl eotide or nucleotide
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FNbring and Primer2 are designed to mnimze the secondary structure of
the RRA %ﬂ\é‘é{cﬂ%@ax‘ieﬂdﬁt the Bripsh e dNAN e THAMWE RPRINMG2SS COMPYie tBE RYTlhEY
engrg 1] € of : i : an be
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EeoneotRepicie S8a TR S TG alierrEafo funtases BN S harce. that oout d be
used ighdifie] RRACKIRMIdERaHREE nRNy B APERAGICIGaRe Q@n@diﬁ@@dﬁﬂﬁn%xfr&?ﬁ ion

m x containing a DNA |igase that ligates the fragments if and only if they
are adyridgeponneotingibh 200%ygen wid #'ecarbpbr Thig bradizet "tbocks chapibeseintthe 3'-DA or RNA
seque a30(Eig. . 2A) To fagilitate this juxt [ ti th Probeleft and
o Sbem i) B Hiagni i s isa dbiCioeht Aab RN bt B ofite FTFEES 1 he
sequenges PENAJGURY, 6l @NA Exasnteiscftein@asiber NM2lcotides.” _

2011/ 009117PCT/ US2010/ 042426 include E. coli DNA |igase, Tag DNA |igase,
and T4 DNA LikgyBSR. thegsrhagp hegn yariaomy qraNASRG ¢oyslpped hgakg BisquaeRdurcomere hat
perm i i i i t ProbelLef t
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descr iNdeSBAgrrenais adeangl in thés@and tegetssm, Oas utiliecs|thgaicihod ts iaplifyeontdre vdaised ed
out in_the folution 5condi tjons descrihed above and optinmally at about the

i dBct ilehlayhi eeqpﬁg]sépﬁsrl%eep &se tﬁéierqcb]ég)@‘_uU%A virus and rotavirus simultaneously [51]. A
protocol has also been reported that amplifies DNA using NASBA. Because the strands of DNA

must be separated first, an initial denaturing step at 95°C is needed.
Fluorescence in detection is utilized with molecular beacons [54]. Molecular beacons are
single stranded DNA designed to be reverse complementary to itself on its two ends. This
25  creates a hairpin shape with a stem region and a loop region. The ends are modified such that
one has a fluorescent tag and the other has a fluorescent quencher. Thus, when the hairpin is
closed, no fluorescence is emitted. The loop section of the DNA strand is reverse
complementary to the target and is longer than the stem section. In the presence of the target
nucleic acid, the beacon will anneal to the target, and the two ends of the beacon will move away
30  from each other. This leads to fluorescence that can be quantified via a fluorometer. Real-time

detection is a feature of this technique. [55].



reaction time of about 10-90 minutes at such tenperature (e.g., about

16- 65C, depending on the ligase). As a caution, it is noted that various
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reaction conditions for the ligase in a separate tube or container, and
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Onse teh/ph@hdatdrpfo zﬂaéasc@gb%n ofla TRRZY Hﬁcl&itiﬁe@@ﬁlﬁe@bé\(i@g RMA, DRWEhBE Other
trancriptase (AMV-RT), T7 RNA polynerase (T7Pol), RNaseH, and T4 DNA Li gase

2

i s addascleatidese ifdhe Tirigehnuctaetide prausageus prsentdn pspaplat “S&TIEDEs used i nut es.

T4 | o) [ | n f nts
(hat drEREER irDERo0sRPSRANRS, Aakin B DaBEM BERANAEREL . BN, O BT
Pr obeRingttinidstigativch. onl'y i f, the Target sequence is present to make one
conbi ned ol i gonucleotide ("5 - Primer2-Target RC- HybridSeqRC - 3',
"Probe"). THE I%%dqﬁ%zr@tch'( inpeR cbpdivesit Pap oy ngRatipl 8HCON 124 RTADE he

fgh! ow I i y bridzed to
R, N A o e TS PR i cn 1 s
dest royed. Probakeft "3 HildygétBiCiest -2h/bridSbhqE ebe (Hybri dSeq +Hybri dSeqRC) .

AW- RT reads prinmed_single ran .RNA_and DNA sequences to synthesize DNA
in the 5--i§°&%$§§c§rdﬁ%ngﬂgﬁEgﬁgﬁggﬂﬁ-éoub|e stranded DNA with one strand
with the seguertess 7L SefSep Tanget RCG- Primer 2RC-3' . The T7 regi on of

the sequence is the highly conserved T7 pol ynerase pronoter sequence. This
acts as a Meicwyhition site for the T7 polynmerase to begin in vitro

transcription of .an \ sequence., Transcr i,pt. i 0 i eved to..occur by
0805 ng PhdBaR SEP A SRS Sen S TREHLE R abf it DR S FEhplpRian
transes i RarAglcRIeA RNAT986 ReSHE s QORI iR Rlidtfet @t hetakNPs&fubARd shdlnbd he case
of doubl e- WD 2011/009117PCT/ US2010/ 042426 stranded DNA tenplates, this
means UNHErSIRNA tes mearh Befl as forencicade sbauentilc saquches pasitiingd closeigo dha Hrrpdof
DNA. The . R6J: gt r - thess

ool ¥ m?@g‘ﬁ#ﬁ[ﬁ ﬂn%ekg etQ?rﬁian?é;% P%%Q&éﬁieﬁm{?s g{%&%&@&w BEIHENGAR 058P0 RES

Hybri @¢béqg- Target RC-Primer2RC-3'". Since the transcription is not

pr.imer - dependent, the poaol ynerase makes multiple copies of the RNA for 5each
téfpl ate t ﬁ&fgqt%ckﬁg éI.K? TrigemiRighiyue phastseqrences gt iedevarts complapagary

transghirptd = f & r ' : trand
o e SREPAL B AN, iy LR R Y P R 1 L
sequemgieimithile sexpulagndtivatury oflp RINA psodRbdédl iashia repetwin, nghileumibetairohg as DNA
tenpla%es ﬁrg.creagﬁﬁ. The grqgres iontof this reaction is nonitored with
mol ecdiaPe BBREFECTENAP S TIFE TSP BN Sequences that form a hai r pi n

structure. PekRHlHWRRRALLK R PR dih BOLPSIAENGRh AHANEABRaIFERLIBA. PRAESES Of
t he beacon sequence. As a result, fluorescence is not observabl e when the

habr piand PsoticRight grepfingdedtrandad &NAgequcscwisissignedisugh dint when sgtiend ef i s open.
The | f. the.s €, S C l.e tar .target RNA.or DNA seguence,
oni 1 ¢ o tisi R BIEE LR RO AT BsTotul e U § S e ire Sy ool
sequengaticsl to &g OB sGpchdahattiiildbodidddn ereegitionl PidReA@Ad PeobeR$ght

conplenment is slightly greater than the . ) ) )
can be placed in areaction mix containing a DNA ligase that ligates the fragments if and only if
they are adjacent to each other while hybridized to a complementary DNA or RNA sequence.
30 (Fig. 2A) To facilitate this juxtaposition, both ProbeLeft and ProbeRight usefully contain

sequences that are reverse complements of the sequence being detected. Examples of ligases



15bi ndi ng energy of the stemto itself This creates a very specific and
sensitive reporter for the conplenent to the | oop sequence. In this

reacti on,wohetlimwanon i s desi gned to detect the presencePofi/UBRINBIRARC.
Primer2RC i s produced when the reaction is successful. A non-sequence
specific method of assaying RNA synthesis (like R boGeen) nmay al so be used
to evaluate the progression of the reaction. 20This protocol detects

mul tipl ence as dif enot ypes associ at.ed with the
Came. Bl Lol ERIGASE Tu iR e i £ Bl BERQ' ¥R RelRah hdiae by
varyi RgndifgnsTat gsﬁdlﬁ@rwﬁacp%nm rdBnKARRI TG uE186 I WIBY tBeiR B Rich @ BeBhscs.
sequences unchanged. This is believed to provide nore favorable

anmpl i ficat |P(n®b€t1h€trantddi’y¢mﬂ%ﬂgi3 atdmaﬁxllymddai torﬂmetacttpllnemeNQSBAlln@d@trﬁmstS whi ch
are I%Ps gijC|enH duet 1 @P p % $.RLese tF (ﬂdgtlon t he
25use S5t el PR B‘é%‘@b 4 ‘(%%%er%s 5 ‘tg% '%h e%P“r%l FEPEY 88{’&: fanvon Thi's
I ngentchAditic MRt aﬁoa@am@tﬁﬁal bbcw tﬂ_eaﬂuﬁetﬁorﬁl\lt%nﬁ)@fﬂﬁhb%ﬂﬁe h@@estpeps of
i ntroduci ng at | east one Ta%%ﬁ influenza) to a sanple

cont airpAcHgn Hrsisd aheet] 18010 i cféﬁuqhyﬁmp@ﬁa%ﬁr%@ Boeut | ohAz°C.iapneling authg

T t dsS
rer 9o SPGB RR\ A AOPALIL NERS W SOLR B! PR RIS, Soo
sai d fat aisdut AeYl.pht;widnd unW@s20d 17100 &b&ﬁmwma@d Q¥@42be inactivation pointa t hird

regi on bein ion contjguous wth said second region; and,

sel ectthsre P9%%A§a§l§ir5mg§r%@s2%hi?§9ww d afigrdherligajion stana Altearetiysbs SAAPICANdet ect i ng
ang/ orp &u&%h'aww%k t%Qﬂploé fdaBld BMbr thdot eﬂlcai?d}ﬁéns%ﬁ BE A8 grad/ or

guant i |cat|on is ectrophoresi s or y | uor escence. Part|cu arly
notedsemndemﬁ@um@nmanﬂt@ndqmnnbfﬂn&mhﬁmmmu&umgb5mhka¢uhdauhﬁhh©ﬁ&aphhmt|ple

nol ecu] ar beacons are useful to.detect and/or quantify nultiple Target
thePmePﬁygﬁgﬂéﬁ%Hﬁ?W§h?H®fKPﬁe met hod the anplifying of step (ii)

cormrl ses 1[h3ns %b@dﬂﬁn@ﬂ@dl%'oﬁ@éieo"fﬁir g@ﬁe A0 1o Priglpwpdied phremaadidNA. - The
i nstant nethod al so usef é 3 pri mer contalnlngda T7 pronoter
\p

sequem@etamg:Mgﬁﬂhdisthmﬁhneﬁ@l pmcdwl qsmbatﬁsn seemmupigoh trzp@osplnateher

AT RPVSOLRRF i Rl T TERAEn Rl 8 BE R nahasles SRRl e ®ER whi ch
creat ascofmdﬁiwla&ﬁrémm tién cHolke e 16@rORIEIRELIRIdN ha@%louréumgl dnizs @ik bi ng
said resulting double stranded DNA i nt o RNA. One noted net hod” of

t r ans EPRBinieE AYHyevigesshenegptasy (RVAY goly hd Rava pelyateresst(ATKode KRN aveHf @idmat i on
f R b f | ud
on y DN BT acicg o IRGolRfin, 4t RS RAGL0 Pl ey TR CSE JOHBIRS, TP, oV S

RNas e DINA Tigasd fesub & iphgspbdificstr tamd bicsvdeh edjapernt MAGA i dighh catsphatrmes hyetiridized 3

end and the transcription process. is repeat d W th AW-RT, ranscription
prBdude PNt abﬁﬁ%stgapﬁ%nﬁ%la?lsms Probeks P%f FR@H {xlmnéiwniwf 13830 mer ase

tr ans%%&%e %rbr&% to In'i‘akterb‘ﬁe %Eﬁbﬁ%g ”%&ﬁﬁfkohﬁ@ isly Dp i ¢l é%r%oteg' on, Target

regi on and ‘sard Priner 0 regi oR each rlse ron1 ut 8 to about
35 baéﬁﬁxmﬁethﬁﬂﬁbﬁmobS)tEheamhmnegs6nnwmynmeUMhemsﬁnkﬁcn4mﬂfﬁement I n

ddi t d t' I | ar . b b

Pybr i PRI YR8 BB B RSP A oD AT Y HAt=3F A Pplbabdret hod of
det ectprfig: degtigRE 1§1§égh1@%lf¥tﬁn SRR diHll RWA, which 1s(de)4tr§9%ﬁo$"r1'ﬂ&r rnebabetd

nucl eoti des and ProbeRi ght nucl eoti des under hybridizi ng 25conditions to a

PR8be-vsfeliob¢ (:HYbrgt%e +Hybr1dSeqP(¢)| )AMé’rRiFtrtsadﬁg)rmegasnﬂgh@gsttﬂndsémﬁmmﬁéﬂéf t
and Prs(e)clfueeﬁlc&qo syn !cs?zoetlblq Sm'tﬁe 8 @% (alreé/tlon and creates a double stranded DNA with

one strand with the sequence 5,-T7-HybridSeq-TargetRC-Primer2RC-3’. The T7 region of the
sequence is the highly conserved T7 polymerase promoter sequence. This acts as a recognition
site for the T7 polymerase to begin in vitro transcription of an RNA sequence. Transcription is
30  believed to occur by reading the DNA strand that the T7 promoter is hybridized to and
transcribing the RNA sequence complementary to the DNA strand. In the case of double-



they are adjacent to each other while said ProbeLeft and ProbeR ght

nucl eoti des are hybridized to a conpl enentary nucl eoti de sequence; and,
(1i1) detwotzonigpoand/ or quantifying the presence or absemrceg/uskowaiz2é i gat ed
ProbelLeft 30 with ProbeRi ght nucleotide. WO 2011/ 009117PCT/ US2010/ 042426
Brief Description of the Draw ngs Fig. 1. Fig. 1 is a schematic of
both the non-cylic and cyclic phases of the NASBA reaction. Wavy |ines

t d st ht | 2 Fig. 2
o henatir iGN A alglen Bhepea” T 7B Ghderembesyme Hiugicen Ty iy fon
di agr araRd bPDNAeWh@EoEﬁfeQ%EBSBIQﬁTcoﬁnﬁs R 9L RGeS, égydsz Rpr&lzﬁl%ﬁhs& 0 a

sanpl e RNA Fig. Fig. 3. is a schematic of the SMA robe with
the varillanike the fvélowm&RNHestrasdaé‘ Wbmdx%equargetRCmemcﬂRC -Bi’gSidee thé g. 4 is a

schemati c of. the ificatio ep,.to Fig 5is
2 o acrfrHisha i MRaics EReRD HeiPurteshikinith FHETs Roiins ék/%&%?%gay for
regl - th&metcHPlRE tHabR-made. The RNA sedienédsGue @niptatés Bl Edvidrse t@hscaipgeh by r om Cel
el ectrophore3| s of the initial testing of the anplification step. Fig. 7.

Fig. AMY-RTgérr primingdty Rivpedi yeish mekeyp P@\Ubﬁﬁswdc\@m thetseauanen >’ FPdmaer
oo Al o0k BRSSPl RS RBEn AP Bl yoitd T

con c e @frdj\ﬁlfng @ﬂﬂﬁlb@]f oﬂ‘octsm«BA g@nﬁlatemﬂeeietatetd) The ghiigraskioh o€ &ﬁbre@bﬁﬁ@ i6 eushiitbredn

gro a gel plot of an experinment varyi Tri s-HCl1 pH.
Pour wﬂﬁmﬂeewgr Bﬁfacmsna PORBAES RN RIS it Irgmehairpppst urqunM 1 nM

aqg 0 leMO %feean'alérTIJd? sc@ﬁc%hqf in‘:lf% ng'otn' tH@encﬁ oQtI?é)be%QSh géﬁ enc-gh%s a result,

concentrations of probe go from eft toright wmth eac group.
Fi g. dluoscsecrgelis mdt@bsemffabéd: when thpeheirpmiis iroits slascdotase, r’wciseulbseraed wher thet he
SVART Assa usi

ol et BB HroR o TBE ogh of e Py dommlemenitrite s At B EMNA DA wi ¢ h T7

RNA pQEyBEQShile4RES Gnd b thcSseatlerRh RCddnaRNBEAGT TR Plen@f ThOtQRARAEL T ONS.
The fi rqsi{&r eactlleon (1 |nght raea)shows a reactfgﬂéﬁE W th ,%\M\/-RTéglﬁey. The

s econdieiilglm@i qwhatnhgbmﬂmgmm of e loeptat 1twmplcmemwslrghﬂarmeam thal’hféef i nal
% SRR EPAERERYR GOREeRRL e CYE RS e belh e PR R it %t e
Pr obe cbm@mBni@it tolthe loop sequence. In this reaction, the beacon is designed to detect the presence
of Primer2RC. Primer2RC is produced when the reaction is successful. A non-sequence
specific method of assaying RNA synthesis (like RiboGreen) may also be used to evaluate the
progression of the reaction.
20 This protocol detects multiple target sequences (such as different genotypes associated
with the same clinically relevant phenotype) with the same molecular beacon by varying the
Target sequence while keeping the Primer2 and HybridSeq sequences unchanged. This is
believed to provide more favorable amplification thermodynamics than typical multiplex
NASBA reactions, which are less efficient due to the number of primers present. In addition, the
25  use of a single beacon lowers costs and simplifies detection.

This invention comprises A method of amplify Target RNA comprising the steps of
introducing at least one Target RNA (e.g., H5 influenza) to a sample containing probe nucleotide
under hybridizing conditions;

wherein said Target RNA comprises three regions,
30 said first region being a Hybrid Seq RC region; and,

a second region, being a Target RC regions contiguous with said first region; and



30Fig 13 is a design of a chip for SMART assay utilizing el ectrophoresis
detection. Red areas denote a heating inplenent for a constant tenperature.
WO 2011/ WO ARCTI1WS2010/ 042426 Det ai | ed Descri pti on of PChaSkewamts2on The
assay presented here, coined a Sinple Method to Anplify RNA Targets
(SMART), 5 involves amplifying a probe engineered for inproved binding to
primers as well as mnimzing the secondary structure of nucleic acids to
be amplified. In some enbodi megts, this technique util.izes isothermal,
Syclic amplificathEheeruaangaPHRST Aresion Seuelh with 4ii Soong foolY andet ¢ i ngs
as SUGRIcERREY hhpINSidP tt RN of B8l EHYLPRRAL afESStonali dPRERHCHAlRY: qﬁgmﬂginge nts,
the disclosed assay 1s enployed ina mcrofluidic chip platform 10The work
pr eserheanplgicl RAL ilo sdme embadinestsidstactipn aedignquastificdtmngeby g¢ln addi ti on and

wi t hou imtatio he nethod, i s useful wth any RNA base t hogen

' ool 2 S0 e o datfi bt e B SR BB cpes ¢
an 5 RNAndladugttbeaddheN Mullple Rl e@s &dadong BeSusaful tS@ht@s bhd/6f YuaalB) inlitpik r at her
than the target RNA itself being anplified as is typical in the SBA

pr ot odérget 8N4t i vel y anplifying shall be 15 understood to mean that at

| east about 9 r rafar % 0 r of the
RNA synthenggé%@%O@ﬁrgugﬁg?gwgp F@g%¥P%§§§‘§‘%§#§E§Q§K&%§ﬁ8&%§ﬁﬁ%guous

r egi omsbfidized Target BNArie@ dvubradrahbéd ONpe gitenhstant rhethgdEsd asdiiigr @aplong
advant age of these probes is that thgélarg short Snd can be,engine%fgd to
have MIFSHEPaB IR/ Prasngteicearce M biadsyfpdhs prepe RNs Theingtafiyngtho

nygl eqtinde. ion: - i £ 1=y i ul

e o S e B e R P B s S T e My T

el ect nopedrles irsnswribé h uorescempéeminderpblNes st@renbeabohsreadsiadD NAVIRNAI on wi | |

be better. ,upnderstood with resort.to the.foll ow ng .definitions;: ) A.
" ahor 0P RERATE e imethEhding St R Lo ating dpubls HeTied DN duig
(al so freA Meshe MEElIaRthOEST tBdns@iBing Y BymBatslof GHRAIA pETyRICRIE ehat Cat@sstthd O OF

n
about 18 to 25 nucl eotides. 25 T%IS termis partlcﬁﬁérly‘directed to the
Tar getf@@giontof BNAfn thad'-SMARTeq0obén aspect of fhe NI fysihobmcludesenly the

ol,i.go eot i de h iagr.ammatical ly in Fig, hawvi var i.abl rms
o5 oF T SEHE ST ONGRED, PP BT e ety Bk RnefEH, Fe KERUAR AL ZD,
from abast isAhenOrird&Puith A Qrivder abOUB’ 38d 4 8BS t@hscPiption proResiidepeaag ithOne
said variable armis ternmed Hybrid Seq. RC and one is ternmed Prinmer 2. As

to sudMVYaRTadraseiipton nredycss g deehls ssayled RiNA G o dapirem eduehht Rive
seque . Ldjzing Prinmer 1 or Prinmer 2 to the Probe sequence
may iﬁ@ﬁﬁﬁgiggﬁ'Q%FQgggkggéuence being tested for in the Probe sequence.
WO 2011/ 0094 1heRCHMIS 20108 D2 4R6rid Seq R(GreglpbTagieSRE redrbh sinbsdid Peair 2

sequence on the 3' end of the Probe_sequence that is sufficiently
cofipl SREAR 8367 comPring fram ghqyt §io ghouhdy bases W%FF%WFI&GE%S fQrfael reeaapippe the

condi ki OBr different. Pn 2fitiBR Encﬂ-olﬁtmlaily DR@AM @e RIS 2 GOIPHLShIY oﬁ'lmé'y bRronot er

region for an RNA polynerase that catal yzes the formation of RNA"in the
5' -> 3dybddizetto tbaafplifjed RINA. RNA

The invention further includes a method of detecting target nucleotide comprising

(1) exposing ProbeLeft nucleotides and ProbeRight nucleotides under hybridizing
25  conditions to a Probe-specific ligase;

(i)  permitting ligating of said ProbeLeft and ProbeRight nucleotides if and only if
they are adjacent to each other while said ProbeLeft and ProbeRight nucleotides are hybridized
to a complementary nucleotide sequence; and,

(i)  detecting and/or quantifying the presence or absence of said ligated ProbeLeft

30  with ProbeRight nucleotide.



5 polynerase) and a HybridSeq on the 3' end that hybridizes to the 3' end
of the Probe sequence to enable the creation of a doubl e-stranded DNA
sequence W9 2a11Dr1dependent DNA pol ynerase (e.g., AW RPLTiUS2000/0use6l as
tenpl ate for a DNA-dependent RNA pol ynerase. E. Primer 2 shall nean
an ol i gonucl eoti de sequence conplenentary to the 3' end of RNA transcri bed
fromthe DNA tenplate synthesized in "D', which will hybridize to this 10

seque ermt e transcription of a DNA:RNA hybrid catal yzed by an
RNA-dQ?Ié‘?fEI%“ﬁF Bt&sﬁ’mg &{such as AW-RT). F. Target RC shall
nmean a shorg ol ifgENUGlaQekd AR STDENES nBH-%Szhé and SXEE ?ﬁas%%pdh@mm)w (RO to

a sequence on a Target RNA sequence. ProbelLeft and ProbeRi ght
shal | reastian.s Wayly dinss r@@r@emmaséqw@gh@mede@rgﬂmwm$ such that when the

5'-end of o the 3 elLeft, the conpleted
Ilgated se&@%%ég!ggi L?%% (ﬁéé ?ﬁ@ﬁ??@gloﬁggﬁﬂghgbgﬁg’sequence t hat
wogl d be ugeg JANsHONG o EaGhinBatic They POTHERTURiEGaLE TargghROLhes Wbddifed he

region described as TargetRC It is noted that in sone enbodi nents of the
|nstaﬁ@aﬁﬁVEhﬂﬂ$ﬁ the step of using magneticstreptavidin coated beads bound

hybr i i 21 n0 e ‘R oboct TaC PR PP SFLARK B y AL AR SRR SRR ERIRIEGT o

probe&fﬂ&ckﬁﬂﬁpbﬂﬂn Beads are one such nethod. CIher useful nethods include
capturing the target. RNA on another surface, Ilk§1a nlcrofIU|d|c channel .

Two SMART dd&dy §%t‘§15fac§f~‘h%at}crﬁ ithec#pplihigatian siep t@the SMART a3y nore effi ci ent
tRgn Set 2 S .5

Ol ol £ ar a5 o ReiGRAP AR SRLE (RE LRy or BLfEBH b Al SMART.
favorabdagfaf\béalsminédbuecmbmg (-4.2 kcal /ol for Set 1 vs. -5.2 kcal/nol for

Chi s | ndi ol o> (b apoHaary POk BB PR Gkl hie Beor eator

effec&m@hﬁamammqpn eff|C|ency than priner-priner interactions. In addition,
it appeare t Tris- HC1 buffer s 30about 8. .S 1S

| over t han%ﬁ%p(a ﬁlgt e’usét%? %%‘8%“’?“81? VRRSEA DR‘Z#QQ?P%‘PP atiqry a%‘bé%‘r“ﬂ‘d‘“{shat
opsl ”@fd@h@@t%@ﬁ'&%ﬂﬁﬁ&is‘&?r%s 16PUt 13- 3%, /0%, an® nM, were run for each DMSO
2011/ 009117PCT/ US2010/ 042426 Usi ng gel electroghore3|s it was confirmed

t hat tch@ce@krp@@t & priothiet Bhamenecnirat ducefchroiogetomdeft kenglsrsithweach DIWSGN t o
be a vi %# tion for detection at concentrations in the fentonol ar range.
5The SR gﬁ is an inprovenent over nucleic acid nmethods for detection

and pernit Fi@ @ Nitel plot ©ALR cRYiInRt vAUSBArisSHTS P NesuFRbndifiend yfiiffakehty runs
at arelatively low tenperature (41C) and reportedly down to about 37C.

Al so rerEatraiensaf arobshl @) mal 0 sVad M endi OmlYlevvess rpg forgarh pHeordisignes0i n t he
rggct i enbodi nents, exact
R e e L S T P ST
addl tion, tHig %igplgef ploadf dect®pi@resionl NABBA nuealsicucfdarin 2 SMARITEAssay using
Experlnents have shown that it is difficult to find NASBA priners that
yi el d the JBBURNES 582Y- Wi t hout bei ng bound by any particular theory it is
bel i eved t lbhﬁﬁ%Q@HL§%eﬁ9ﬁi Hgﬁ&ﬂ kﬁ%@&nﬁQoBNﬁméﬁQ%BQW&&Pcbﬁﬁﬁand
especially ih a seguence as s 1 nfluenza which I's approximtély 1700
bases,cDik@sthi 7 INAf padyiinerafor priners to consistently bind at sone pl aces.

15The characteri.stic short ification ti and an |.sot her nal

et on addtdddr i SEeforksarR Pt CL e taavicas, g aUar b ERETEPIBIEm of
NASBA ;a8 5a%8 willeA M- R Tl dif %fﬁfétsleé/&m IIREdARSEAN SheRs heGeRMBh WitheSMANR T

engi neer ed grobe rather than the RNA target itself. This probe binds to the

RNA t anddt/sTh¢ fingddims éblack)aeriesants thpecagtigysinaalving dl\thyggshermesvay ot her wi se.
Fig. 12. is a plot of relative fluorescence versus time for many dilutions of the Probe from
Set 1.
30 Fig 13 is a design of a chip for SMART assay utilizing electrophoresis detection. Red

arcas denote a heating implement for a constant temperature.

10



In a specific enbodi nent, nmagnetic, streptavidin-coated beads are bound to
bi oti nyl ated 20capture probes via the streptavidin-biotin bond. The capture
probe i s woverg®Inonpl enentary to the RNA target in onePCEQJiSeno/0Fiiee

engi neered NASBA probe is reverse conplenentary to another region, which is
selected to be a nore favorable binding site. Wth a series of washes, the
unbound probe is substantially washed away and thus will have limted
anplification. The separation step is presented in Fig. 2. 25In Fig. 2, RNA
is shown by a wavy line, and DNA is shown by a straight |ine.

Streptavi din-coated nagneti c beads are added to a sol ution contai ning

bi oti nyl ated capture ol igonucl eotides, or capture probes. These capture

pr obePesnided Bessripéion ofphenyrntioy to t he target RNA strand. 30In a specific

oo oot | e TS e b3 e ST R GA B AT 50 RPRR CRRARI D, er ce
coBpl eRRIN&raynpli¥ngQ %M&%éﬁ%&@llf&ﬁa@l&/&%&%gswﬁmé@ a$ (el B\ifiziAg er est .

The m ddl e section, which can vary from about or about 10 or about 18 to

25 or thEBsosprdasybtiugiee Qﬁéu‘ﬂ@lctaﬁlés §pleamplifiady Iaﬁ@lmbpﬁ@pdﬂgle@f% thas t@ﬁl@yqleresu red,

iss i ry
wpout iz ERTRRTSER: bl fGebE T SR A St hByse T RREEER JUBRNETY
t he | sugt toridékoms mlmmz@me@qmtmtehf md@.ohq&m@larle&nﬁoﬁﬁn&ﬁ@@tﬁ&dﬁtclb@d@y@pl ong

it my fold onto itself. thgs sltgvm ng down reactions. Its design also
refled%%rnaob’%‘hﬁ‘t%mt%oﬂfé@’éc ImRlptener gy sufficient to stay bound through

vapi ous was.ng, 8RRt Here PRHicharly Aofes 365 ﬁﬁué&alégqt% getdﬁm ! Su?#f?hﬂcﬂ' ng

specificity. Thus, armleng I's select to 1 nprove/ perm I cl ent
anpl i fwiteiut bmltammeme nibtbyd asruscib wiithiang RN A basefifpathoged. bi nding in order to

push the reaction for are. 10 optim,zed to reduce its
b seconddh PILEnBE CPaTGR e STHARL Sssy JasHEnE e SHASA B0 1€ Pl ¢ 1 onal
NASBA rres m}ga Thes qteeé@tﬂeereuﬁm%t@m Riechildy a liﬁed rathdr fhdnl tHe ta:§ ct RIEA
variable end has the sane sequence as Priner 5 he other vari abI e end is

cal | edtsellﬁlbbmgdn@é&e@@ isagpifal 1111 ﬁlerl‘é&@Béaor@t@mﬂ é?hrtmtlafrly amplifyiseghelie of
Pr e ons delin din

" il B g PRE ARl el BT R BBk OBk b TP B ®
the NASEA REA ngh@t’amzé'@lw&ﬁl@rczclb df EHaBidrGE TORct RNA Sidajohtifigub 268&is (i.6., an

engi neered probe strand rather than the positive strand RNA. 1n SONE
i nstarﬁf@sfegl?hén%ﬁ%@fé%i??h@sff%én%Bﬂeafe used. AW-RT extends DNA priners

that are hﬂ{&%ﬁrﬁg%et & atﬁ%ﬁg&? h@f th essﬁ R4 Ban P en@%léel%(altg 'ﬂEx{ease

transcri bes downs om a specific pronoter site.
RNas e ninsedl aeddndedyystidegradiss tshﬁstﬁl@tMthmsmplah@elaﬁwehmeoﬁo{léﬁihe A desi gn

of the version of th ction is shown in seen in
F§. p@%@ Rycleigeacd ip yge gﬁ}éﬁ@f@tﬂtﬂﬁ@@@é@tﬁt@ﬁ b“leP‘ﬁé? mfdt)P%ferso Stttsld@ﬁ*e Pr obe,
and A%/etﬁgas %‘él%?ectrghl%rglﬁ@éﬂ ﬂldrggcgnééwabhl%le%hfa?ﬂga%gnw In this exanple,

Primer 1 contains pronot er sequence. doubl e stranded DNA serves
as the tenhatievémionTWillRidkeped mrsamd w1ﬂ5rea<pmltct the f@lhwylng defimtieny: i bes

I tipl t ds..of RNA. RNA h than th
o gi hal RO T SREE PN SRBERES BFTCRE SN S PRt COIRaR (1BP | mor 2
t hen Qérﬂii\ﬁ ntu@lebt"&‘es %Nﬁt)st;v[tﬁ '@Qrtﬁﬁﬁr kFeR%ELRG88uton) ANBbErs tON-IREIcati &R,
creating a Y he RNA strand of this hybrid is then degraded

by S RNades tierm y§ I@IY‘GI@H@ Badimclfﬁéirto PhrobagORA partiamdd ha$MAREMreRs- a cyclic
exponent i al B.' ea(gtMgRT probe is an oligonucleotide as shown diagrammatically in Fig. 3. having

variable arms on either side of the center portion (“Target RC”). The variable arms vary from
about 5, or about 10 or about 18 to 25 or 35 nucleotides each. One said variable arm is termed
Hybrid Seq. RC and one is termed Primer 2. As to such variable arms, it is understood and

30  contemplated that the sequences used for hybridizing Primer 1 or Primer 2 to the Probe sequence

may include part of the sequence being tested for in the Probe sequence.
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30 Real -tinme detection is achieved with nol ecul ar beacons or anot her
sequence-specific fluorescent probe. As an exanple of a nol ecul ar beacon,
one i s created/mwelbind at the Primer 2 WD 2011/ 009117 PETTUS200040242426
binding site but with fewer nucleotides to bind to, thus Priner 2 wll
likely bind nore readily to the site than the nol ecul ar beacon. In this
exanpl e, noted is that the concentration of beacons is |ower than Priner 2.
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RNA t ed t d t hod
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nmukt i pofnkeaepisd mbb@s&ﬁmﬁe 3t endlihbf beididcatthb 8t WRESf haPtsHeScHRAVERC ES

bei ng assayed in a S|ngle reaction or specific to the engi neered

sequersdc ehsmiptionof aldoublastrpn NApcqisics by a ENEA-dependent B NAertipacigse

assay e {0 eval uate the

progregglon of ﬁg%ééggf%ﬁg p@%%ﬁ?ﬁ%ﬁ@ég%?&u@%ﬂ%ﬁﬁ,ngfoves upon prior

met hods i n H.ittiPegndriReshel peah ad o fapelcofidd kteluah% @ pidnicngdiy ¥ethedn end of

exponential reaction fol]lowed by a |inear eg}on bﬁ nndellng tqﬁ bi ndi ng
chy vhi foafhis

and efRymincridee fom e &%ﬁenmlﬁfé s¥RetEsddn & hyRedigs and
Mgphhodsq e & 1tEﬁ@@%ggﬁ%%&lﬁ@ef%glg%?%]ﬁ%'s@@ﬁ?%rataﬁfz@&B af D%B;fmpr obe

pr|ners and ecul ar rom’l ntegrate
Techndnmgmesmuhmm(akm¢$dﬂﬂxehfbdinents synthetic target DNA or RNA

sequences | ste of uences | oIa ed f om clini cal | es mere

enpl oyed. he prébe Bgfgﬁﬁﬁm@Bﬁﬁ hg%%y‘Pﬂd?ﬁ@WﬁgﬁJPWd?P was chosen as
it hagoh® %&Ea@%'(l@gﬂoya fQOMeeRATdrEet WNA sBqRfcd 0 viral RNA [57]. Two
|terat|ons of t robe were created by varying the segment "Hybrid Seq

." A secdénd zs’rdrqhqrﬁtrand Pv@tmRmeldehalbmhgﬂbwngipzseamdﬁdt% Wé%@ﬁ@ﬂ)@sg@q@ence
P p
ol sord 190y FaRmE - LRla bRk Bin G hTRE AR bb e I Riunisiat

per f onigedByquestpran a@&?ﬂeﬂ@e fdehtiian @ the Photle\RRatsttanwoiig Haludédvkel the Ser ver ,

RPI Bioinformatics). Analysis of binding between different strands was
perfo rrﬁ%sa%yﬂten@nsta%lg@tm shal e vithdyticnggian gescredes BigctRéncent rat i on,

e
nucl e Is&elamldnﬁctora&ddﬁadlsrbanhd ﬁdbllonnjzlh‘ed rceptatd pobds balskfl fiyst sieppvticad soned

letters are variable 11/ 09117PCT/US 010/.042426 and_ correspond to the
ertls Sretherkofdiys 121%%16 prabsfosthe fggetBNA apd iwaphing gway s UhRy biidged rrales

letters, ﬁﬁecfiel@@aﬂg% orf%@u&ﬁ‘ﬁle%h%g@th ‘%ﬂéﬁ[‘ﬁl%thgg M&ﬁldB %ﬁnn%ﬁl@t% ¢RNA

Sel f - b|n I ng thernodynam cs for S|ng e stranded nucleic acids in the SVART
assay .on another surface, like a microfluidic channel.

Two SMART assay sets for HS influenza were tested. Set 1 was more efficient than Set
25 2. Set 1 had more favorable Primer 1 dimer formation (-8.5 kcal/mol for Set 1 vs. -4.2 kcal/mol
for Set 2) while Set 2 had more favorable RNA self-binding (-4.2 kcal/mol for Set 1 vs. -5.2
kcal/mol for Set 2). Without being bound by any particular theory, it is believed that this
indicates that secondary structure of binding sites has a greater effect on reaction efficiency than
primer-primer interactions. In addition, it appeared that the optimal Tris-HCI buffer pH was
30  about 8.0. This is lower than many literature sources for NASBA. Similarly, it appeared that

optimal DMSO concentration was about 15% v/v.
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I dentification Sequence (5 to 3') Length dG (kcal/nol) T, (C) Set 1 Probe
TCAAGAGTAGACACAGGATCAGCATaggcaat agat ggagt cac GTAATCAGATCAGAGCAATAGGICA 69
-0. 6 49. 2vBrom09t 7 TAATACGACT CACTATAGGT GACCTATTGCTCTGAT PCT®ATNIAGA4 2146 - 1. 4
56. 4 RNA made GGEUGACCUAUUGCUCUGAUCUGAUUACgugacuccauc

uauugcc uAUGCUGAUCCUGUGUCUACUCUUGA 71 -4.2 50.6 Beacon 1

/ 56- FAM CGC& caagagt agacacaggat cCGCH 31 ABlI k_FQ

10

15

20

25

30

Using gel electrophoresis, it was confirmed that the expected products were produced.
Molecular beacons were shown to be a viable option for detection at concentrations in the

femtomolar range.

The SMART assay is an improvement over nucleic acid methods for detection and
permits a point of care device. NASBA is isothermal and typically runs at a relatively low
temperature (41°C) and reportedly down to about 37°C. Also noted are available heat-stable
equivalents for all the enzymes in the reaction which function up to about 70°C. Indeed, in some
embodiments, exact temperatures are not necessary to NASBA as compared to PCR [44, 45]. In
addition, the amplification step for NASBA lasts for 90 minutes. Experiments have shown that
it is difficult to find NASBA primers that yield a good result. Without being bound by any
particular theory it is believed that the complex conformation that an RNA strand can take,
especially in a sequence as long as influenza which is approximately 1700 bases, makes it
difficult for primers to consistently bind at some places.

The characteristics of a short amplification time and an isothermal reaction are useful for
a point of care device. To overcome the problem of NASBA assays that are ineffective, the
instant method amplifies an engineered probe rather than the RNA target itself. This probe binds
to the RNA targets, if present, and will be substantially washed away otherwise.

In a specific embodiment, magnetic, streptavidin-coated beads are bound to biotinylated
capture probes via the streptavidin-biotin bond. The capture probe is reverse complementary to
the RNA target in one region. The engineered NASBA probe is reverse complementary to
another region, which is selected to be a more favorable binding site. With a series of washes,
the unbound probe is substantially washed away and thus will have limited amplification. The
separation step is presented in Fig. 2.

In Fig. 2, RNA is shown by a wavy line, and DNA is shown by a straight line.
Streptavidin-coated magnetic beads are added to a solution containing biotinylated capture
oligonucleotides, or capture probes. These capture probes are reverse complementary to the

target RNA strand.

In a specific embodiment of the invention , the engineered NASBA type probe has two,

25 nucleotide long arms on each end with a middle section that is the reverse complementary
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28 -1.4 54.5 Set 2 Probe TCAAGAGTAGACACAGGATCAGCATaggcaat agat ggagt
CacAGCCATATAGAGAGTCAGACAGGAG 69 -0.6 49.2 Prinmer 1

TAATACGAGYGACTHADMGECT CCTGTCTGACTCTCT ATATGCCT 44 - 1.0 50CT/URhAmeaies
GGECUCCUGUCUGACUCUCUAUAUGCCUgugacuccauc uauugccuAUGCUGAUCCUGUGUCUACUCUUGA 71
-5.2 50. 3 Beacon 2 /56- FAM CGIC& caagagt agacacaggat caCGACG / 31 ABlk_FQ@ 31
-2.7

part to the RNA of interest. The middle section, which can vary from about 5, or about 10 or
about 18 to 25 or 35 nucleotides due to the specificity and binding efficiency desired, is small in
comparison to the two, variable arms. The arms can also vary about 5, or about 10 or about 18 to
25 or 35 nucleotides each. Engineering the length takes into account three concepts. If the

5  segment is overlong it may fold onto itself thus slowing down reactions. Its design also reflects a
length to have binding energy sufficient to stay bound through various washing steps, but not so
long so as to unduly degrade binding specificity.

Thus, arm length is selected to improve/permit sufficient amplification speed. They are
optimized for efficient binding in order to push the reaction forward. Furthermore, they are

10 optimized to reduce its own secondary structure, which addresses one the concerns about
traditional NASBA methods. A schematic is shown as Fig. 3.

In Fig. 3, one variable end has the same sequence as Primer 2. The other variable end is
called “Hybrid Seq RC” as it is reverse complementary to a segment of Primer 1. Useful aspects
of these regions are further delineated in the amplification steps.

15 The design of the amplification step is similar to the NASBA reaction. However, in
distinction, the starting target is an engineered probe strand rather than the positive strand RNA.
In some instances, the same enzymes as NASBA are used. AMV-RT extends DNA primers that
are hybridized to either DNA or RNA segments. T7 RNA polymerase transcribes double
stranded DNA downstream from a specific promoter site. RNase H selectively degrades the

20  RNA in an RNA-DNA hybrid [46]. A design of the SMART version of the reaction is shown in
Fig. 4.

As seen in Fig. 4, during the first step of the reaction, Primer 1 binds to the Probe, and
AMV-RT turns this hybrid into double stranded DNA. In this example, Primer 1 contains the T7
promoter sequence. The double stranded DNA serves as the template for T7 RNA polymerase,

25  and the enzyme transcribes multiple strands of RNA. The RNA created has a different sequence
than the original RNA in that region except for the segment in the center. Primer 2 then binds to
the RNA strand and is extended by another AMV-RT step, creating a DNA-RNA hybrid. The
RNA strand of this hybrid is then degraded by RNase H, yielding another Probe DNA strand and

creating a cyclic exponential reaction.

30
Real-time detection is achieved with molecular beacons or another sequence-specific

fluorescent probe. As an example of a molecular beacon, one is created to bind at the Primer 2
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60.1 Both Sets Priner 2 TCAAGAGTAGACACAGGATCAGCAT 25 0.7 30.3 b5Table 2
characterizes the binding energi es between the beacons and ot her single
strands twoOenswmgliwwhat the beacon woul d substantial |y bipaa/useomloe24RNA
target. The data for both sets are showmn with the far left columm as the
strand binding to the beacon. Note that the last line is the beacon binding
to anot her strand of beacon and not itself, which is shown in Table 1.

Tabl e 2: .Bi ndi,n ner gi es en th | ecul ar nd, ot her l e
T e i e e R S i oT S Ftr 2or AR ) Bolrsadingid
BeaconndlsiteaRsh %cﬂ@éu@arfb%co%eqn higELinsNOWAddas tlﬁ?ﬁfé%n&ntra@@ﬁ oflbeasénsas

| dentification dG (kcal /mol) T, (C) dG (kcal/mol) T,

2011/ 009t IROTinS2D 1 BitwauxenEeandrbyPnyiperticalag theory, it is beheved that Fig. 5

shows how the beacon fluoresces in the assay. Furthermore, it will be understood by one skilled

5  in the art that molecular beacons can be designed and bound at virtually any site.

A molecular beacon or another sequence-specific probe is useful to detect the
amplification of RNA generated during the reaction. The beacon [or other detection method] can
be specific to the sequence being detected by the assay (in which case multiple beacons may be

10 used to differentiate between various sequences being assayed in a single reaction), or specific to
the engineered sequences common to all the probes. A non-sequence specific method of
assaying RNA synthesis (like RiboGreen) may also be used to evaluate the progression of the

reaction.

15 The present method improves upon prior methods in fitting the expected shape of the
RNA growth curve, an exponential reaction followed by a linear region by modeling the binding
and enzymatic steps to create the expected curve shape.

Materials and Methods
DNA SMART Probe, Primers, and Molecular Beacon

20 The SMART probe primers and molecular beacon were purchased from Integrated DNA
Technologies, Inc. In some embodiments synthetic target DNA or RNA sequences instead of
sequences isolated from clinical samples were employed. The probe portion complementary to
the HS viral RNA was chosen as it has been previously shown that it will bind to viral RNA [57].
Two iterations of the probe were created by varying the segment “Hybrid Seq RC.” A second

25  Primer 1 was made to hybridize to the new probe sequence. Primer 2 was shared for both sets of
Primer 1 and SMART probe. Characterization of each of these strands and the resulting RNA
was performed by using an online folding tool (UNAFold on The DINAMelt Server, RP1
Bioinformatics). Analysis of binding between different strands was performed by the same
software, assuming a 50 nM strand concentration, which is the concentration of molecular

30  beacon used in the assay. The table below shows the self-binding data for each of the single

stranded nucleic acid strands involved in the reaction (Table 1). Capitalized letters are variable
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-1.8 -3.3 -8.6 Beacon-Priner 1 -3.7 -17.9 -5.3 14.8 Beacon-Priner 2 -4.3
-1.8 -3.3 -8.6 Beacon-RNA made -20.7 59.6 -20.6 60.6 Beacon-Beacon -4.8 7
-5.7 6.4 W0 2011/009117 PCT/US2010/042426

and correspond to the ends of the probe, the primers, and the stem of the beacon. Lowercase
letters are dependent on the target sequence of the probe,

Table 1: Self-binding thermodynamics for single stranded nucleic acids in the SMART assay.

Identification Sequence (5’ to 37) Length dG T
(kcal/mol) | (°C)

Set 1

Probe TCAAGAGTAGACACAGGATCAGCATaggcaatagatggagt | 69 -0.6 49.2
cacGTAATCAGATCAGAGCAATAGGTCA

Primer 1 TAATACGACTCACTATAGGTGACCTATTGCTCTGAT | 44 -1.4 56.4
CTGATTAC

RNA made GGUGACCUAUUGCUCUGAUCUGAUUACgugacuccauc | 71 -4.2 50.6
nauugccuAUGCUGAUCCUGUGUCUACUCUUGA

Beacon 1 /56-FAM/CGCGtcaagagtagacacaggatcCGCG/31ABlk FQ/ 28 -1.4 54.5

Set 2

Probe TCAAGAGTAGACACAGGATCAGCATaggcaatagatggagt | 69 -0.6 49.2
cacAGGCATATAGAGAGTCAGACAGGAG

Primer 1 TAATACGACTCACTATAGGCTCCTGTCTGACTCTCT | 44 -1.0 50.5
ATATGCCT

RNA made GGCUCCUGUCUGACUCUCUAUAUGCCUgugacuccauc | 71 -5.2 50.3
nauugccuAUGCUGAUCCUGUGUCUACUCUUGA

Beacon 2 /56-FAM/CGTCGtcaagagtagacacaggatcaCGACG 31 -2.7 60.1
/3IABlk FQ/

Both Sets

Primer 2 TCAAGAGTAGACACAGGATCAGCAT 25 0.7 30.3

5  Table 2 characterizes the binding energies between the beacons and other single strands to ensure
that the beacon would substantially bind to the RNA target. The data for both sets are shown
with the far left column as the strand binding to the beacon. Note that the last line is the beacon
binding to another strand of beacon and not itself, which is shown in Table 1.

Table 2: Binding energies between the molecular beacon and other single strand nucleic acids in
10  the assay. The data for Set 1 are shown with Beacon 1, and the data for Set 2 are shown for

Beacon 2.

Set 1 Set 2
Identification dG (kcal/mol) T, (°C) dG (kcal/mol) Ty (°C)
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Each single stranded nucleic acid present in the assay was checked for
bi nding to other single stranded nol ecules. Nearly all of the data show
t hat t herwoigiwiopiimal i nteracti on between singl e strandedTmnsedieios242€i ds
that are not engineered to bind to each other, except for a possible

5interaction between different strands of Priner 1. Tabl e 3 shows the
data for each probe and prinmer set. Note that Set 2 was made specifically
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ner 1 strands in both
I
1

ggabte 4 shows the

Each single stranded nucleic acid present in the assay was checked for binding to other single
stranded molecules. Nearly all of the data show that there is minimal interaction between single
stranded nucleic acids that are not engineered to bind to each other, except for a possible
5 interaction between different strands of Primer 1.
Table 3 shows the data for each probe and primer set. Note that Set 2 was made
specifically to address the possibility for Primer 1-Primer 1 interaction from the first step.

Table 3: Binding energy between different Primer 1 strands in both Set 1 and Set 2.

Set 1 Set 2
Identification dG (kcal/mol) T, (°C) dG (kcal/mol) T, (°C)
Primer 1-Primer 1 -8.5 36.7 -4.2 16

10 Table 4 shows the binding energies between nucleic acids that should bind to each other. The
data show that these strands should readily hybridize in the given conditions.

Table 4: Binding energies for the important binding steps for SMART amplification.

Set 1 Set 2
Identification dG (kcal/mol) T (°C) dG (kcal/mol) Ta (°C)
Probe-Primer 1 -24 64.5 -26.1 68.4
Primer 2-RNA made | -26.3 68.3 -26.3 68.3

Performing the Assay in a Thermal Cycler and Gel Electrophoresis
15 Three separate mixes are prepared: the reaction mix, the nucleic acid mix, and the
enzyme mix. The concentrations for the reaction and enzyme mixes were based on Collins, et al.
[44]. 10 uL of reaction mix is made with the following concentrations: 80 mM TrisHCI (pH 8.0),
24 mM MgCl,, 140 mM KCI, 10 mM DTT, 2 mM each dNTP, 4 mM each rNTP, 30% DMSO,
and 400 nM each primer. Salts were purchased from Ambion, DTT and NTPs were purchased
20  from NEB, and DMSO was purchased from Sigma-Aldrich. 5 uL of nucleic acid mix contains

variable concentrations of the sSDNA Probe in water. Heating and cooling is performed by a
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I dentification dG (kcal/nmol) Tm (C) dG (kcal/nmol) Tm (C) Probe-Priner 1 -24
64.5 -26.1 68.4 Prinmer 2-RNA made -26.3 68.3 -26.3 68.3 Performng the
Assay i n wOTBhavaead17Cycl er and Gel El ectrophoresi s 15Thr @€ TASpENAIR261 XES
are prepared: the reaction mx, the nucleic acid mx, and the enzynme m Xx.
The concentrations for the reaction and enzyne m xes were based on Collins,
et al. [44]. 10 ilL, of reaction mx is made with the follow ng

Corc e R P P A A
‘Ig’ﬁ/lrse RHA GBASE R é§°g’$f“§"ﬂ{i{? Ninddeh B8 %W%uﬁl@ﬁé fowritéFidased 605 b amN6Rioand

O was purchase rom Si gma- Al dri ch. , of nuclelc acid mx contains
var i abheteapoe@uit tatdacintheafrgtihtempsiaiife. Brdbef énxywatrgik.is plephicd gvichnid3 TO@Li ng i S
performed by a WD 2011/009117PCT/ US2010/ 042426 thermal cycler (M Cycler,

Bi 0 ReYLV-FHcl. GHBE VSR O/ BT BNA Belyiomis ad @. Bdesl beyee hemand

heat ed 0, 89S 0p R 1Dy AQARE PER. LS, LEIRAL Biale sl QUL 6. LoudlGidor 8

m nutes to enpera 0O reac ar ge enper

enzympeflb&, and tiRy RRG&I0RAs VArtiBd dutokhol nidM4 IRT, Thedecddtivh iFNGsRA By MRocdinhnd- T7
RNA pol yrrfarase, and 0.42 ug/uL bovi ne serum
samples.

Gel electrophoresis is the first method used to analyze results. Two assays, the RNA
Nano 6000 and Small RNA Assay, are both used on the Bioanalyzer 2100 (Agilent), a
10 microfluidic chip platform for electrophoresis. The RNA 6000 assay is used as a qualitative
assessment to determine whether amplification occurred, while the Small RNA assay is used to
more precisely evaluate the size of RNA and DNA fragments generated during the reaction.
Manufacturer’s (Agilent) directions are followed as in the protocol for each assay, except that the
samples used for the Small RNA Assay are diluted 1:5 because the assay is extremely sensitive
15  to salt concentrations. The results are visualized in both a standard gel plot as well as
electropherogram plots, generated from the program provided by Agilent for the Bioanalyzer
2100.
Performing the Assay in a Fluorometer and Real-Time Detection
The concentrations for the reaction mix, nucleic acid mix, and enzyme mix are the same
20  as above except that molecular beacon is exchanged for some of the water in the reaction mix to
give a 100 nM beacon concentration. The volumes of the mixes are increased to 40 uL of
reaction mix, 20 uL of nucleic acid mix, and 20 puL of enzyme mix. The reaction mix and
nucleic acid mix are first heated to 65°C for 5 minutes and then cooled to 41°C for 5 minutes in a
thermal cycler. During this period, a new, disposable cuvette (UVette, Eppendorf) is placed into
25  afluorometer with a temperature control for each reaction. The temperature is set to 41°C, so
that the cuvette itself can be equilibrated to the reaction temperature as much as possible. At the
end of this period, the enzyme mix is added to the reaction. The cuvette is then removed from
the holder, and the total reaction mix is transferred into the cuvette, which is inspected to ensure
that no bubbles appear. The cuvette is placed back into the fluorometer, and the reaction is run

30  for 90 minutes.
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r eact it tispainidis Rubrigiage plotteld pd selagive Tlupresgenge agasept imes5C for 5 mi nutes and

then cool e ; -fo ] i : ra pyri this period, a
nggv, di spogli)a?'gﬁ %ag{%t ”é’g"(’%zl?% ?Sk%ggﬁn&g@jrqwélws&%@a%gén%tdg%g%é{pf | uor onet er
with a tegpﬁemﬁelrfer ﬂﬁrahrpbiﬁcmrlrnf @@ﬁ&hd{)realctﬁﬂl@?etgafhﬁ %sﬁfmﬁ dslﬁwmebeiamseztzast o
41C, so that the cuvette its can be equilibrated to the reaction.

t enperciirdgisiig Madih-AR (Phys¥p @rkSAin%)r?éldiﬂﬁh@mtm @V%g“ﬁlﬂl&%ﬁse%rﬁlé Tagd e mi x
S _addegr@ibie hAREH HRNclRE URULELTGR b Dol RIRYAMOAL OMd O Ro! der . and
the total reaction X I1stransferred 1nto the cuvette, Ich 1s inspected
t 0 enpuesenteth atithrtbe fllobliesnatpiear . The cuvette is placed back into the

fl orgjmatlgr and the reaction is run 30for 90 m nutes. WO

2011/ 66SIHPPET/ US2010/ 042426 The fluorometer is set to an absorbance of 494
nm ang139paMcs$i on of 518 nm This data is the peak absorbance and em ssion
for the fluorescent nolecule, 6-FAM[58]. The fluoroneter is set to acquire
dat a d\es¥Yriden2nutes, starting at time O minutes. Five data points are
takenréorb each time point. The data fromthe first tine point, O mnutes,
is not” Pre&®fted in the final results 5as it was found that there is a

spi ke RN0A fid theIRe$A ey, gt ween the first two time points, probably due to
the m xes and cuvette ag}ﬁuilibrating to 41C. The reaction is run for 90

n2Aut dsDNhis thiadenbig-gtranded PO thet sryves avtliLtapide fostl tRNAvnohdp@atthe 5 dat a
points for g i 0] r . 1 i J I | time
points to t%gggégltﬁ% gﬁ%vgo Jt)ﬂir}%se;)sgﬁ%[s,emg%gotg%ggf Bfa%ﬁgtr%é@ogt ghﬁ%at&i%ﬁbe&ftﬁérrst tinme
poi nt (i.s POP1 Bahds far Brodk ahd Peings 1 belad togethtl)UDliesaavmeragaparsicd intow®.
10Quantification and Mddeling of SMART anplification and real-tine

det ectdifdgent steps: A ppdel for the anplification step and real -time detection
usi ng eyl ar P ns was created using MATLAB (The Mat hworks, Inc.) and
Mat henlnnﬂ cg#(W)I ?%OResear ch, Inc.) in order to iterate through the steps
of25t he. Pect iAo, pedNarm t he cal cul ations. The data is presented with the
followi ng notations: 15Pr is Probe,

3.dsDNA — 5 dsDNA + RNA
4a. P2 + RNA — 5 P2RNA
4b.B+RNA — 5 BRNA
5.P2RNA 2%, DNARNA

30 6. DNARNA =< , pr
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Pl is Prinmer 1, P2 is Prinmer 2, Bis beacon, RNA is the RNA made, and 20
dsDNA i s the doubl e-stranded DNA that serves as the tenplate for T7 RNA
pol yner aswo 2 100opa7ex of two of these species i s denot e@CbyuSpdaoiu23ge t he
short hand nanes together (i.e. PrPl stands for Probe and Prinmer 1 bound
together). The reaction was separated into 6 different steps: 1. Pr + P1

PrP1 252. PrP1 AWV -Rl1-> dsDNA 3. dsDNA T7 > dsDNA + RNA 4a. P2+ RNA 4b.
+ RNA 4c.

10

15

20

Aélig'other4 eev'ents>arep go%%ered to be negligible. In general, there were two types of

steps: binding steps and enzymatic steps. The binding steps (1 and 4) can be described in similar

ways. The equation for step 1 is shown below, where x is the change in concentration of Pr or P1

during a small time step, and 4, is the equilibrium constant for step 1 (Eq. 1):
[PrPl]+x B

([Prl-x)([P1]-x)

After finding x, the concentrations of the species are adjusted by the concentration x. Step 4

1)

involves competitive binding of Primer 2 and Beacon to the RNA molecules. It differs from step
1 as two equations must be solved simultancously. Equations 2 and 3 describe these binding
events, where x is the decrease in concentration of Primer 2 or the increase of the complex
Primer 2-RNA, and y is the decrease in concentration of Beacon or the increase of the complex

Beacon-RNA, and the sum of x and y represents the decrease in concentration of RNA.
[P2RNA]+ x s
([P2]-x)([RNA]-x—y)
[BRNA]+x s
([B]-x)([RNA]-x—-y)

The enzymatic steps are all described in similar ways as well, using the Michaelis-

)]

©))

Menten equation. One assumption is that the two enzymes that polymerize nucleic acids, AMV-
RT and T7 RNA polymerase, are saturated with NTPs through the reaction. Calculations show
that this is true during the period of beacon binding. For rNTPs, a base count on the RNA
created in the reaction shows that U is the most used base. Since no RNA is in the sample in the

beginning, the following is noted:

IRNA
27UTP

Thus, 74.1 uM of RNA is made. This is on the order of 10° greater than the beacon

2mM UTP =0.0741mM- RNA ="74.1uM- RNA )

concentration (50 nM), so rNTPs are not limiting. Again, without being A similar analysis can
be done for ANTPs. For a conservative estimate, assume that the entire Probe begins as Primer 2,
and thus the double stranded DNA starts from Primer 2 and Primer 1. A base count shows that T

is the limiting base for the reaction. Thus, a similar equation can be used as above:

1dsDNA
31TTP

ImM- TTP

=0.0323mM- dsDNA = 32.3uM- dsDNA (5)

20
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> BRNA 5. P2RNA AW -RI). DNARNA 30 6. DNARNA
Rivas' Pr WD 2011/ 009117PCT/ US2010/ 042426 Al'l other events are

consi der edot2o1imonegl i gi bl e. 1 n general, there were twoPCYAS3010/04BI2€PS:

bi ndi ng steps and enzymatic steps. The binding steps (1 and 4) can be
described in simlar ways. The equation for step 1 is shown bel ow, where x
I's the change in concentration of Pr or Pl during a snmall tine step, and k1
is the equilibriumcagnstant for step Eq. 1):. [PrP1]+ x - k(1) ([Pr] -
x) ([ PIHY tﬂlw@@m@@ﬁ *hevief QNAtlﬁ%ree%%c éH&C? atli)“&ﬂ§ sg#nds 196 RoYsb e41elee %ﬁiﬁ

adj us 1 ' : | L4 L.ndt of
pr mor 3 e FRBLACRFBR, B BRRAISFAARNE L WPbYERATRTBE AR, T
equat ibeftse dN3Ps,lze dOIRseule sotrheliteddonising in Egustrisoms Bednatod. descri be t hese

bi ndi ng events,. where x is the dec i.n concentration of. Priper 2 or the
e eage. oI BR: aB e AT o they N e ReMGates saduion sollipses
cogcentihakd AMoRindeangsopr the increase of the conplex 10 Beacon-RNA, and
the sumof x and 'y represents the decrease in concentration of RNA

[ P2RNA] + x ([PE}],-_XMX[ﬁ\IA_] k. XEILS)) [BRNA] + x The enzymatic steps are
all described in i | aig)Ways agspel |, using the MchaelisMenten &uati on.
One assunption is thdt the tWo enzynmes that pol ynerize nucleic acids, AWRT
and TWIRNAV e hydrsyasethe Michsdiswoastads vii.d s thiT Bsnetdi rata gbnstdne foreactétmn.or

Eglr ¢ lrJ :{%Jt é{?lﬂilg%?leg)\ie\éfldgz&l ;[sghes ?Ii%z(nﬁt rP&uRgcecril'flrral‘lcig ) a&lg ?S f i% r‘dlleosqlb(s)t];rat!c3 ggncc%Qtra?tileql ng.

Given the assumption above, the substrate is treated as the nucleic acid to which the enzyme

binds rather than the NTPs. For each iteration, V' is multiplied by the iteration time step so that
10 the actual change in concentration of the substrate can be calculated for an iteration. From this,
the concentration of the substrate and product involved in the enzymatic reaction is changed by
the amount calculated for the iteration. Equation 6 is the general equation used for all of the
enzyme steps (2, 3, 5 and 6).
The main assumption for the Michaelis-Menten equation is the steady-state assumption,
15  which states that /ES/, or the concentration of the enzyme bound to the substrate, does not
change with time [60]. In the reaction as a whole, this is not true. Since the reaction is carried
out iteratively, this statement can be treated as approximately true for each iteration, and thus the
velocity of the reaction will change with time.
To solve the equation, k.., Kas, and [E] are needed. For each enzyme, values were found
20 in literature for k., and K, and in some cases k.. 1S found by using the relation that k., =
Ve [E] . Since this reaction is different from other reaction conditions in literature, the final
values used were estimated. For AMV-RT, it has been shown that the initiation step is the rate
limiting step [61]. Therefore, the values for initiation were used. These values vary depending
on the identity of the end base pair. For this reason an average was taken, with the value of k..
25  as 5.625*%10° s and Ky as 8.5%10° M [62]. To estimate k.o for T7 RNA polymerase, Arnold et
al. provided values for k., which describes the amount of nucleotides transcribed per time while
taking initiation, elongation, and termination into account. According to Arnold, the rate
constant can vary between about 5 s and 630 s for the plasmids they used. The RNA created

in the assay is much shorter than a plasmid. As such it is believed that initiation and termination
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15created in the reaction shows that Uis the nost used base. Since no RNA
isin the sanple in the beginning, the following is noted: 1RNA 2mM UTP =
0. 0741nMWNAOHWITIIM RNA(4) WO 2011/ 009117PCT/ US2010,02A%2@ 0BYy242611 S
calculation a 32.3 i,IMof DNA is created. Since nmultiple strands of RNA
can be made fromone tenplate of DNA it is probable that rNTPs will be
used in polynerization reactions before dNTPs, so dNTPs are not believed
limti in conparison to t ce the enz urated with
NTPo. Mich R ATE 1R i b Cies 1D 57 Fitee PRy b BRTHgTRGr m
[59] : £¥ctbrSh kmb ElrdtSkondMt Ts[c%]oséﬂ\AS‘E[lslvﬁﬁh INRQIRI ¥Pi71, MBGergtivhf BE RNAfhade,

M chael i s-constants, k"t is the general rate constant for a reaction or the
limit |tngetls¢@ohoﬁnaltkpm, [vEjich deschibe taaymbecohwelstulas inads parvdcdng] Thss, thee
substra onc at i Qn, emth ssu tion.a ove tr

U eat UG SRORE TtArad TV S i S THERGH IS ERE SR’ ¢ b Mgk Fohe s,
Fog emetBﬁq@JnlyoralueyWeﬁe probided He@(ﬂdmg o'fnhﬁ‘e bises picb@it. IisREtHS DV ST tthat

10t he act ual change in concentration of the substrate can be cal cul ated for
an it @vereeonl theyeoralyasivere taken.c Bhceiee B konusef wand 6SUBs sy ati@hawalqsr@o&a

i nvol " ct for
he I;égg g‘tslrbo %HQE)? %@%lﬁ% fbP AR ah8?<évﬁ1§se8*t?{h9%9' @%%&Ege 99& beﬁﬁxlvg?hf\%%ﬁ’
enzyndalgt emme(@data&sedﬁn tawdocﬁl)for erhenmmtmmlﬂt an@hﬁq‘amn rtahtemM chael i s- Ment en
equation is tlg;1 eauy state ‘%Exén t7om 15 wh KII(M)L ates ttat—ES] , or the
concentration the enzyme houn Q the subst dneq not change with
time [60]. In %WRrTeactl on as |d9%%95118. this is %t 1¢r ue. Since |the reaction
is carried outTarel Aliyneky, th|7$)4$t1(at enent can pe*t(weat ed as approxi mat el y
true for each—terati+en—and—thys 1* he—veleeity } react+en—wW | | change
with time. To sofVe the equatldé E"t Km and FEZI gre needed. |[For each
enzyne, vaI ues were found 20 in I|terature for k"t and Km and in sonme

cases k" und by using the relation that k" . Since this
rdfct .V&ftuqssfooﬂtifvéffre Relerlpisehusing dhe knoxet mupbe of Btnttﬁ/aﬂ%lmerpf |eﬁ%tramteén thene
final , he
i 1 AR R REOER & Bk dank Wi e prliti AR RERDIa BB (Bt £,

i niti atdronbtamce froseNew Higbad\Biblaby Th&sy Vdmpepdm@ednonvﬁeidndﬁ finitsfvobfmd he
end base gal r. For this reason an average was taken, with the val ue of kat
25as BNESBRCCHAUONS. and KM as 8.5* 108 M [62]. To estimate kat for T7 RNA
pol yMer,8&ex: D@ seribihg dpordi® phidBidtey@ton 8Sch atzytﬁefftp th¥WRIMVAR Hl@aRpIiFBARNt he
anount of nucleotides transcribed per tine taking initiation,
elldngatdcting. and term nation |nto account Accor d| ng to Ar noI d, the rate
constrant_—can—vary 4636 pl ""'T: S Lllcy gsed.
The RNA”Creat ed |nu[? tsyc('):fumeotﬂﬂf)' npt?mﬁc Xﬁwn}{ er tiﬁ) 1emﬂarwﬁl o gﬁj such it|is
bel i eved that init|ation and te fHmati on WO 2@@1%/@@)9117PCT/ US2010/ 0424p6

AMV-RT 3.25* 10° 4% 10* 1.58 * 10° 5.14 * 108
T7 RNA Polymerase | 1.6 * 10° 7.4%10° 9.8 * 10* 2.21%107
RNase H 5% 10° 1.1*10° 1.85 * 10* 2.46 * 10710

The final parameter to be chosen is the time step. Since the binding steps do not contain
the value ¢ for the length of an iteration of a time step, the time step represents approximately
how long it takes for the binding events to reach equilibrium. For solution-phase kinetics, DNA

20  with minimal secondary structure will nearly completely equilibrate by 60 seconds [63]. Thus,

the time step chosen for the model is 60 seconds.

Results
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play a larger role in those exanples. Considering that these are nore
likely to be the limting factor, a small rate constant is chosen, 5 s-1,
whi ch i s wovodadotay 71, the | ength of the RNA nade, to Perniseme/oudses fi nal
k"t, which describe the nunber of nol ecul es nade per second. Thus, the

val ue chosen for k"t was 7.04*10-2 s-1, and KM was used as in the paper,
6.3*10-9 M[59]. For 5 RNase H, many val ues were provi ded dependi ng on the

bases present. As with, AW:RT, t aver age. of these val ues ret n. The
Vaiue for e ibaLeakcgs6e mellfedig g0l av dorgr i sl FEemibha
The valygse bMoK it thd Wk pivhdaeded NwhEsc@PAC)ostiR DHIFTRKIZERalfInaRat( Tabl e 5).
Table 1: Kinetic data used in the nodel for each enzyne in the SMART

anpl i fcostainicd alloé detrcegentsEdongmeitk ¢08 nVso MIIMART RpbathRTindl @pegtration- 2 8. 5 *

10-8 R Pol ynerase ,7.04 * 10-2 6. *.10-9 R * 10-1 7.32 *
To-5 T o sl RE et morinidicairly el AT Ft T PRNga gt
Unit s/pyidhddTeaf P@@aei? . &hd ¥IsRtrbphd ks ise@Cthe RN ANGna 6000 SisBgwhOrdn) endihetoerol

along with specific activity and nol ecul ar wei ght (val ues were obtai ned
f r om NeRyiEhgvandiBbol abs) These val ues pernitted conversion of Units/vol une

Lo Concenttataliiagie:s TAIL A RAACTETE A A bRRL RGO RALAR o= O
(U L) copemirhiien Miuclid ycid Wasgesdh) aonl ki ghdwh.Dihe RWATAYo 6000 assay
did not separate small strands of nucleic acids, less than 100 bases. Removing either of the
10 enzymes or Primer 1 shows that the amplification does not occur when any of these reagents are
missing. This agrees with the design of the assay, as AMV-RT was needed to make the template
for RNA transcription. T7 RNA polymerase was the enzyme involved in transcription, and
Primer 1 contained the promoter sequence for the T7 polymerase. Thus, absent any of these
reagents, RNA was not polymerized. The final lane, which does not contain Primer 2 in the
15  reaction, shows that while amplification occurred, it did so at a diminished rate. This is shown as
the bands were lighter, and fewer nucleic acids were made compared to the positive control.
This also follows the design as removing Primer 2 did not allow for a cyclic, exponential
reaction, but it still allowed for RNA transcription. It is important to note that 100 nM Probe was
a relatively high concentration, and thus Primer 2 is still an important part of the reaction for
20  lower concentrations of Probe.

To optimize some of the conditions of the reaction, DMSO concentration and TrisHCI
buffer pH were varied. For both experiments, Set 1 was used. DMSQO is believed to reduce
nonspecific interaction between different nucleic acids as well as disrupting secondary structure
of the template and primers [52]. DMSO is also reported as difficult to work with as reagents

25  can precipitate out of solution. Since the length of the product has been decreased, it was
hypothesized that a lower DMSO concentration could be a viable option. The reaction was
performed with the normal 15% DMSO final concentration and with 5% DMSO final
concentration in a thermal cycler and was analyzed with gel electrophoresis with the RNA Nano
6000 assay

30
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[E] (M AW-RT 3.25 * 105 4 * 104 1.58 * 105 5.14 * 10-8 T7 RNA Pol yner ase
1.6* 106 74* 105 9.8* 104 2.21 * 10-7 RNase H5 * 103 1.1 * 106 1.85 * 104
2.46 * 10w0Qoirmieel1f7i nal paranmeter to be chosen is the tipocE/tst@p/o4826ce the
bi ndi ng steps do not contain the value t for the length of an iteration of
atinme step, the tine step represents approximately how long it takes for

the binding events to reach equilibrium For solution-phase kinetics, DNA

I e A T I R R

Resul tegr thW@ RQdk/TNISDIOREH B O R4 BBt shows that the reaction was hindered by 5%
DMSO. Throughout all of the experiments, even if some reagents precipitated out of solution at
15% DMSO, heating and mixing could put them back into solution and did not appear to affect

5  the results of the reaction.
Initial tests used Tris-HCI pH 8.0, but others have reported using Tris-HCI pH 8.3 and 8.5

[44, 54]. As an experiment, Tris-HCI pH was also varied at pH 8.0 and pH 8.3. Three
concentrations of probe, 100 nM, 10 nM, and 1 nM, and a negative control, 0 nM probe, were
run at each pH level. The results of the gel plot are shown in Fig. 7. Lanes 1-4 correspond to

10 Tris-HCI pH 8.0, and lanes 5-8 with pH 8.3.

The results as shown in Fig. § are that although the reaction continues to work at the
higher pH level, the efficiency of the reaction drops due to the higher pH. Because of this, Tris-
HCI pH 8.0 was used for all subsequent reactions to maintain efficiency.

15 Further studies were carried out to identify each individual strand as shown in Fig. 8 on a
gel or electropherogram plot. For this purpose, the Small RNA Assay from Agilent was used in
various experiments. Set 1 was used for this experiment. To identify known products, the
individual DNA strands in the reaction, Probe, Primer 1, Primer 2, and combinations of the
primers were added to a reaction mix without enzymes. In addition, the double stranded DNA

20  expected from the reaction after the AMV-RT step was purchased and added into a mix without
enzymes and with only the T7 RNA polymerase to identify the double stranded template DNA as
well as the RNA produced in the reaction. Probe concentration was 10 nM in the reaction. The
gel plot, Fig. 9, shows that the starting concentration of Probe is too low to be detected via gel
electrophoresis. In addition, the combination of Probe and Primer 1 bound together show up

25  where Primer 1 alone appears. Adding Primer 2 to this mix simply adds a band where expected
for Primer 2, which seems to confirm that Primer 2 is not binding in significant amounts to either
the Probe or Primer 1. Given the known lengths of these segments, the bands seem to come
more quickly than the assay calculates via the ladder in the left most lane. This could be due to
the high salt content of the reaction conditions. Furthermore, the cDNA band comes even quicker

30  than expected. Thus, double-stranded species come quicker than expected, most likely due to

their minimal secondary structure, which would slow their migration through the gel. The final
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The initial test checked if the anplification reaction was correctly

desi gned and could be a viable option. In this experinent, Set 1 was used.
A posi ti weocomtaeil7was a reaction that contained all of PChaSc@ageste al ong
with 100 nM of SMART Probe in the final concentration. The other conditions
i nvol ved renoving one of the follow ng: AW-RT, T7 RNA pol ynerase, 5 Priner
1, and Prinmer 2. Cel electrophoresis using the RNA Nano 6000 assay was run,
and the gel plot is.sh Figq. 6. The first lane in Fig. hows t he
o5 ¢ s ont e i B DisdieiS st eds: t G cireroae BrdRtnuct ef ¢
aci d WaSeaRRAREMNY-is I PERIER (G EBNH ONBortiTO Brodhifs hienwt GREMASS Mthdtrdanot
separate snmall strands of nucleic acids, less than 100 bases. Renovi ng

ei t hemobfmarires,x0d ¢mmsythis s oot aRabsefor tomdeowsT tehdectiopberagmahi 6f thistdatan Fiind8, not

occur en_any of.these.re ts are mssing. ..Thi.s rees wth t desi gn
ot neNETadfbtesR il SE8r GERAF R GRA R, ThiRk A, 4N B IRF g RS
trans %b&hé&?@ggeﬁ?ﬁﬁh@a e YORRY Bfecban@lct MEis eRBNERhatRdrVeehlich RNARSONAL I on,
and Priner cont ai ned the pronoter sequence for the T7 pol ynerase. Thus,
absentPregigtsorere plse anade dyeing ghe rrRpghionelekahvts syt ingempletreansenipgion) fgge a
whi ch,dges, not contain Primer 2 in the 1l5reaction, shows that while
anplification occurred, it did so at a dimnished rate. This is shown as
the bands Vikebbigditeire shovin fireihe rclgetiopledograac bEiBigwer. eWithdert liiplaouad byo t he
positive control. This also foll gws the design . as renoving Prinmer 2 did not
al | ow?hppakicplpe thepry ipsdsherrd tﬁ@t Figaldi gseblishsganiincregse i efficieaqethey
tneNSGi (RO deshhte b ?elhﬁ%ﬁf]ﬁ%ﬁtsta nEé"é%tn%eﬁtﬁ?iBn %?Prd%/!aﬁ& BPRERABS: A fﬁ&li?artésvel y
t'hus P r 2 1s stil t he

hi gh concentration, and ri an inportant part o

r eact itimrehaion2 Hrewer stoode artmakédmsFigf1 IPFghé] cdidiroptthatitzeres i ofkds hiee
condi tjops, of, the reactian O concentration and TrisHCL buffer pH were
vari eg{ﬁlgém%tﬁ‘ﬁ“égﬁﬁgl?%ﬂ%@ &t 1 was used. DMBO is believed to reduce

nonspeci f i GlidbRERE HARWRIBS) 1dink a8 ofMuc] @ﬂ&i@gbﬂgmw\g{dbeagom _
di srupting secondary structure of the tegl ate and prinmers [52]. DVBO is

al so msepovaretstad. Hegdtiveusontrelowssorkennist ARdgembs Phedata prrdst foii& downout

f .sol.ut.i ' he | h of th d has b ol
Pt HEEISda FRARE shitGnaf Bhendtie e ntbars GBS SER-T2 5 BRE T9gn® the
react ipon ands @ the linedfimtchhit tHegom OTHB locdrPedDVBE st ied et &R GE S RddromeRnd

with 5% DVBO final concentration in a thermal cycler and was anal yzed with
gel elbseamoperedi Singe relati veeflygsepeasds slotiad.d4beugh, aul thybackground signal at 5

of 1# ] Sl RGN SEACR djfrcront TS 1M ok that BecrbNCER, GAIERALr at! ons
concenrbna&ntratien ofrebgkhd pd dicreabwaving tvadchiche theaaaicilovel wAfudresudece dnhlye 5%

DVSO. . Thr oughou Il of th xperinments, even if sone reagents precipitated
og? ofm%%ﬂtﬁﬁaﬁﬁth% OVYL%%W@%} ﬁﬁ@ﬁt@ﬁ%@ﬂé oy OHY E@BF-dF’;&ﬂtzg glsethopadhatiant o

sol uf[ icﬁ'fbrﬁ)'ﬁqbldé S s?@%ﬁ%&sage& gé(t %ﬁ%uﬂl@@e t'irﬁés"‘tlhE %ri@fnaf &f‘ckgﬁﬁﬁ& El Hal

Initial tests u eél 'Igr , but others have~ report using Tris-HCL
pH 8. Icamdp&ding wath aFdlhtiveABuamscengerfi e htourdmeétsic @k iptbefidsn &btho vari ed at

pH 8.0 an H 8. 3. Thr.ee concentrations of probe, 100 nM 10 nM and 1 nM
and aqﬁglﬁg IV%a%‘g%?aﬂlelYe@eW?W%’e, were run at each pH level. The results

of the gel PhfidrofhidicSdMMAchipoFdtilg tife predinefeliod afiBhs ESRORH-E@ective option as
25  minimal reagents are used and facilitating uses in a point of care device. A chip design is
presented in Fig 13. This example incorporates a section for the capture step in addition to the
amplification step.
In Fig 13, gray areas in the schematic denote apparatuses for either heating at a constant
temperature (two on the left) or for a detector (right). In this schematic, the left side will vary
30 pressures so that plugs of samples will sit in the heating and capture portions of the chip for

appropriate lengths of time.
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10Tris-HC1L pH 8.0, and lanes 5-8 with pH 8. 3. The results as shown in
Fig. 8 are that although the reaction continues to work at the higher pH

| evel , thwoebfliwpancy of the reaction drops due to the IRCghiSeolpiou24Because
of this, TrisHC1 pH 8.0 was used for all subsequent reactions to maintain
efficiency. 15Further studies were carried out to identify each individual
strand as shown in Fig. 8 on a gel or electropherogramplot. For this
purpose, the Small RNA Assay from Agilent was used in various experinents.
Set 1 was used for this experinent. To identify known products, the

i ndi vidual BNArghi @BUR showh REthr- et homtivEpRRGure BRd 7Bhd L.foffdsiRk add and
conbi nations of the priners were added to a reaction m x w thout enzynes.

| n addicgiton, chaiges il dectaphoigeid pDNaN2d tlexgsetyt ed from the reaction after
the AM/-RT step was purchased and added into a m x w thout enzynes and with
only the T7 RNA polynerase to identify the double stranded tenplate DNA as
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mar ked on Ribg.gkl. Fig. 11 confirms that the reaction nmakes the RNA strand
that is designed to be nade. Fl uorometer data was taken by using a
seri ed.of Melistati Rui.j ans, bo/SMbRIdlolesy Bdtflvesnt 4 Hienes. Mastobblodledat | ve

control wasg, taken SMA obe. The data for Set 1 is shown 15in Fig.
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A mcrofluidic chip incorporating the present nethod allows for a
cost-effective option as 25m ni mal reagents are used and facilitating uses
in a poi woabiigmer7devi ce. A chip design is presented i RCEU$2018/042HRé S
exanpl e incorporates a section for the capture step in addition to the
anplification step. In Fig 13, gray areas in the schematic denote
appar at uses for either heating at a constant tenperature (two on the left)

or for In t schemati.c, e left r
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3370 3077, Bs° GEORE D BeT CRb S b HSR &P g prdtd ditligdlla g o
ampl i fy Tangeér HYNAJEAEIngitidgs t he steps of (i)introducing at |east one
Target RNA to a sanpl e containing probe nucl eotide 5under hybridizi ng
conditions ; whevherein saifl danget BNA FNRPIESHPHPSESIONBr ee regi ons, said first
regi on being a Hyhrd r egihan; o a second region, being a
Target RC regi o%llacfi)r%ttrf§ lggl%n%%%% %Qlqu‘?é?glor%gaflg’n; and a third region
being a Prinmer 2 scegidapgion tdigiolsrged RO regbnk eadgnshsaei said figntbgion; and
10(ii)selectively anplifying the RNA of said Target RNA. 2. The net hod of
daim1 further aBEHFEZEITHRFIEE BERIChG TEEPHCAMSEPYS wigh raighsecond region; vR¢ et hod
ofinCl aim 2 erej j : i i : of gel electrophoresis
03015fluoréggenggEC§ﬁﬁ¢%@ﬁ% g&%g?ﬁgg%§?$%¢gF%?%@§ﬁérein sai d detection by
fluorescence is by nol ecul ar beacon. 5. The method of Caim1l wherein

S, T BT Bk PR 5PSH Bl B QUL 70 e,

containing a T7 pronoter sequence binds to said probe RNA

3. The method of Claim 2 wherein said detecting is by the method of gel electrophoresis or

15 fluorescence

4. The method of Claim 3 wherein said detection by fluorescence is by molecular beacon.

5. The method of Claim 1 wherein said amplifying of step (i) comprises transcribing

20  hybridized Target RNA into double-stranded DNA .

6. The method of Claim 5 wherein a promoter containing a T7 promoter sequence binds to said

probe RNA.

25 7. The method of Claim 5 wherein said transcribing is by means of a reverse transcriptase.

8. The method of Claim 7 wherein said reverse transcriptase is AMV-RT.

30 9. The method of Claim 5 further comprising transcribing said resulting double stranded

DNA into RNA.
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257. The nmethod of Claim5 wherein said transcribing is by nmeans of a
reverse transcriptase. 8. The nethod of Caim?7 wherein said reverse
transcri pyvase1v®IrAm/- RT. 30 9. The net hod of O ai m5 f ur Ph@Uuscanpriszé ng
transcribing said resulting double stranded DNA into RNA. WO

2011/ 009117PCT/ US2010/ 042426 10. The nethod of Caim9 wherein said
transcribing is by nmeans of an RNA pol ynerase that catal yzes the formation

of RNA in e 5'-> 3. _direction palynerase formng a trand, DNA- RNA
nybr i 4O 51 T heaethast ffcioish Sathercin F60 SRET BRSSP H THaADS AR A RS e
pol ynmeh@dhees he -fa}%@atﬂ&ﬁfo@mh&fn t@%%i—mﬁgirm&h%[&n%%% f_éﬁﬁi@l %%ﬁréﬁ)@l@/ﬁ- a
DNA- RNA Hybrid is degraded. 10 13. The nethod 'of Claim 12 wherein said

degr add¥Adpbod. said RNA strand is by RNase H 14. The nethod of Claim1
wherein said Hybrid Seq RC region, Target RC region and said Priner 2
regi on each conprise fromabout 8 to about 35 bases which nunber as to each

regi onimay e rhdifo B Elaih 10whkRieMid pd§melRe isTire7 RAIApelyaferdstai m 1 furt her
conpri sing binding a nol ecul ar beacon to the anplified RNA. 16. A nethod

of detecting target nucl eotide conprising 20(0exposi ng ProbelLeft

nucl eqt,i des r i.ght ti . r redical 1.ikens to a
Probefitszpeci?]?é;&ﬁﬁaggg&a??i 1)0321%%1&9 tolnﬂéé%ll(?ga |Sr¢g]‘%gfo Tga'ljflx'l d"g %{rlﬁ%gg%#l{i%and
ProbeRkeghtlediucl eotides if they are adjacent to each other while said
ProbelLeft and ProbeRi ght nucl eotides are hybridized to a conpl enentary

nucl eoti de sequence; and, 25(iii)detecting the presence or absence of said

lijgat ad Pr ahel&fifodbAdafh 99 SR shd ﬁéfﬁ%dtlgﬁ ‘of said RNA strand is by RNase H.

14.  The method of Claim 1 wherein said Hybrid Seq RC region, Target RC region and said
Primer 2 region each comprise from about 8 to about 35 bases which number as to each region
may be the same or different.

15
15.  The method of Claim 1 further comprising binding a molecular beacon to the amplified

RNA.

16. A method of detecting target nucleotide comprising
20 (1) exposing ProbeLeft nucleotides and ProbeRight nucleotides under hybridizing
conditions to a Probe-specific ligase;
(i)  permitting ligating of said ProbeLeft and ProbeRight nucleotides if they are
adjacent to each other while said ProbeLeft and ProbeRight nucleotides are hybridized to a
complementary nucleotide sequence; and,
25 (iii))  detecting the presence or absence of said ligated ProbeLeft with ProbeRight

nucleotide.
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