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CROSS-REFERENCE TO RELATED APPLICATION

'[0001] This application claims benefit of, and priority from, U.S. provisional
patent application No. 61/354,683 filed on June 14, 2010, the contents of which are

hereby incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The invention relates to methods of detecting a target RNA in a sample,

including detecting a target miRNA in a sample.

BACKGROUND OF THE INVENTION

- [0003] MicroRNAs (miRNAs) are small non-coding RNAs (typically about 22
nucleotides in length) thaf were discdvered as important post-transcriptional regulators of

~ gene expression in metazoans (Bartel, 2004). While expression of miRNAs are critical in
various physiological processes (Harfe, 2005; Miské, 2005; Carthew, 2006; Lindsay,
2008), dysregulation of miRNAs are imp]icated in pathélogies of fnahy human diseases
such as éancer (Visone & Croce, 2009), muscle disorders (Chen et al., 2009a) and

rieurodegeneration (Hebert & De Strooper, 2009).

[0004] Recently, mature miRNAs were found to be remarkably stable in blood,
and thus hold great prorriise as potential noninvasive biomarkers of human diseases
(Chen et al., 2008; Mitchell et al., 2008). To date, hundreds of unique miRNAs have been
identiﬁed in many species and each of thesé is predicted to regulate diverse target genes
(Bartel, 2009). With the continual discovery-of more miRNAs by both in silico prediction
and in vivo validation (Mendes et al., 2009), profiling of miRNA expression rémains an
essential tool not only for assessment of distribution and regulation of miRNAs buf also

for identification of novel biomarkers and potential therapeutic targets.



nucl eotides in length) that were di scovered as inportant
post-transcriptional regulators of gene expression in nmetazoans (Bartel,
2004) . Wwbeosxppsssi on of m RNAs are critical in varioperplagsiimbegi cal
processes (Harfe, 2005; M ska, 2005; Carthew, 2006; Lindsay, 2008),
dysregul ation of m RNAs are inplicated in pathol ogi es of many human

di seases such as cancer (Visone & Croce, 2009), nuscle disorders (Chen et
al ., 2009a) and neurodegeneration (Hebert & De Strooper, 2009).

[ 0004] Recently, mature m RNAs were found to be remarkably stable in blood,

and t hus gr eat 1 i Lhyvasi ve i rkers of human

di seases ?%‘Zﬂ et aVQ&Q%g@‘;“’?{XaB %g%&%{b)};ﬁq&% mélgg%c}r?m{f}gaﬁett%o%s'hundr eds of
uni que nm Rsugiadiecbdartiodanthodsi(egl fluprescenty cdprdoetas amhdectrdahbastd t hese i s
predicted to regul at.e diver.se target nes (Bartel, 200 Wth the

Pont | nual S0 § Eriias b e R0 0T Pl BTN on and in vi vo
val i dat i onndiiMandedingited &l low 298Rensifvigfant pod discriminZbién ang@igasi®NON r emai ns an
essential ,too] not .onld%i hor asre%)ﬁg;ent of distribution and regul ation of

m RNAs but"®FrP©gs frereweintiupt €490t novel bi omarkers and potenti al
therapeutic targets. WO 2011/ 159256PCT/ SG2011/ 000210 [ 0005] Mat ure m RNAs
can be det[@@@6]d by mdirévedetelitioe atethods intldd¢ prirharitye Noahken blidktingomighoadhy ect

detection nethods, (eq. fl e orinetric d.el ectrigal.-based

ot hods) cmretent ognsp PERRTTR, SR i Fof S rE S ranc s

t hese mnet hadmi@bofralyiard semilqimntitative agisafersBms pddr gédsitivapandrequiredirger i m nat i on
anong m RNA honol ogs Vi d in.Hunt et al., 2009). [0006]I ndirect

Gat oot i on amerro gt aied 4. Bl cheh mido R hed gy Gy SrRobarr ny and
reverse tmaRNQsiapd the poRRkil cAPhbiRGR) . abAIite guighifivdtide (Bissesedal.,ood), Nor t hern
blotting and microarray are sem -quantjtative and suffer from poor

sensi ti vi tr?feﬁtrF&‘dP’ég?W?déh‘fté‘?aé'é‘mﬁ FRaigs superierin SepsIENIAY and PG i cr oarr ays
of fer hi ghompsraus (Théh c0AL 2609b9 R e0dnt HikdmWSI Mtdsuré1fiRI0A Sthiistheg@pabi 1 ity of
absol ute quantification (Bissels et al., 2009), a recent study showed that
real - ti me FERIF Baigimet With Seips #1ocqsh bularsiaborntersive(Gheng el 209% Yap At conpari son
(Chen et al,2008009b). Recent attenpts to nmeasure m RNA with isothermal

met hods have net with some success but are |abor intensive (Cheng et al.,

gggg; ¢ IY\éllg [géﬂﬁlaf .i: i o cga%té, rla?—toironZ]R-li'QP&gtre%’léir{setﬁg r_nE)slt ggnsﬁ;gé Ia:l)n ef[‘xcelgrllatl ns the nost
method for quantification of RNA species. TagMan probe-based real-time RT-PCR has
been reported and widely used for efficient and specific detection of miRNAs. However,
due to an additional probe hydrolysis step, TagMan assays were not compatible with fast
therrho-cycling protocbls for rapid detection of miRNAs. Furthermore, with the
escalating identification df‘hundreds of candidate miRNAs By deep sequencing (Bar et
al., 2008; Goff et al., 2009), design of TagMan probe for each of the novel miRNA is not

- only cost-prohibitive but also technically challenging and faces practical difficulties

(Varkdnyi-Gasic et al., 2007).

[0008] Attempts have been made tio improve miRNA detection without reliance
on fluorescent probes (Raymond et al'.,v200,5; Shi & Chiang, 2005; Sharbati-Tehrani et
al., 2008), however, these assays usually involved multiple sample processing steps (Shi
& Chiang, 2005) and suffered from limited dynamic range of detection (Raymond et al.,
2005) and/or poor specificity against homologous miRNAs (Raymond et al., 2005; Shi &
Chiang, 2005; Sharbati-’fehrani etal., 2008). A common strategy of these assays and



met hod for quantification of RNA species. TagMan probe-based real -tine

RT- PCR has been reported and w dely used for efficient and specific

det ect i onwof20ni/iR)As. However, due to an additional probechgdneliwsezso st ep,
TagMan assays were not conpatible with fast therno-cycling protocols for
rapid detection of m RNAs. Furthernore, with the escalating identification
of hundreds of candidate m RNAs by deep sequencing (Bar et al., 2008; GCoff
et al., 2009), design of TagMan probe for each of the novel m RNA is not
only cost-prohibitive but also technically challenging and faces practical

difficulties arkonyi - Gasi t al.. .2007) ) fi t s have been nade
to inpr ové it %%@%@taf%# @ia{ OS%IfGarsécl e?g]ﬁggo‘%%oagg %fgér]'égdt;aea% St%lrlsgbes (Raynond
et al., 2Q@bgrs8hir cénicbn eemerse POR primShandlua flueréeantamobecdr amplificZ®@&hd however ,

t hese assays usual ly.inv ed multiple sa ocessing, steps (Shi &

Chi ang, 2 tﬁftlogﬁg“%‘ﬁfp#ee‘?g{}y‘?sr &ﬂf‘f‘}ﬁ‘ﬂgﬁaﬁ s nﬁjﬁagfﬁeﬁﬁﬂﬁe%%@@cti on (Raynond
e]t al ., ZQE)IE%]vearbﬁ/ah:TrfomﬁfPemgﬁinéﬁﬁmhgzy iﬁgﬁis\:]tﬁtieiﬁdmli, i@igiﬁﬂx&tiﬁ BiNAsny( Raynond et
al ., 2005; Shj & Chj , .2005; Sharbati-Tehrani et al., 2008). A common
strategy &PmPKRELE Y sF&‘?i‘%?"“%‘fin’é‘sdﬁht&be%&t&%ﬁeda‘&eg%thﬁ%ﬁs n§i°- Gasi c et

al ., 2007 captdROf edpid multipk30@ind diret i ettsQonbTInviRNIElwithbut GO0 Iatiey.er se PCR
primer and/or fluorescent probe for anplification and detection of nultiple

m RNAs. | h as , .specjficgit f real-time PCR s | y achi eved by
the f or wa®OBR pr i WAHE tGREReroL migko RN AT i variatrEspapedrtllioeat i on of many
honol OgOUSdeli’f'tiR'iﬂAﬂw,l nﬁ?ibérhﬁﬂgf&@t miRNASs &@Ectécgtolbe asieher ¥arted tholieinber t hese
assays are, capa of  rapid, Li e nd djrect ectign. of m RNAs

wi t hout RMCFE*&B‘&{%FMZG 6@6‘@?&# %%ﬁﬁf ﬁﬁz\b‘@ﬁer srﬁnqﬁ(érd?gkméﬁg ‘gv(ta'ri ous

genones amngelR),ithd dehRhdfr addeyith Heted miRNA Haw Bib&ily dlcrébkdd erent m RNA i s
expected to be as many as a few thousand. Since the Nobel. prize was awar ded

in 2006 f interference (A Z Fire & Craig C |10), .th mand for
hsays to0fBe: ' o fius thete Sr anee o dipaguie e Gior Ak HREREALN st o o
need for a4 empdd, inceidiigtdn@adRNAf detecting a target RNA in a sanple,

i ncluding an m RNA. SUMVARY OF THE | NVENTI-ON [ 0011] The i nvention provides a

net hod of Mk‘l{g &Lfﬁﬁ%%fféﬁcm eina

[0011] The invention provides a method of detecting a target RNA molecule in a
sample. The target RNA molecule may be any RNA molecule, and may be an miRNA in

some embodiments.

[0012] The methods of the present invention use a combination of reverse
transcription (RT) and polymerase chain reaction (PCR) ampliﬁcation to specifically
identify a target RNA from a sample containing the target RNA. The methods use a
combination of a modified stem-loop RT oligonucleotide and hemi-nested PCR primers
to specifically select for the target RNA. Use of a modified nucleotide within the RT
oligonucleotide provides a block for DNA polymerase to prevent mis-priming during the
amplification reaction. Thus, carry-over of the RT oligonucleotide to the ampliﬁcation.
reaction may be reduced or even eliminated, while the specificity for a target miRNA

may be enhanced even with the presence of miRNA homologs in the sampléL

[0013] The methods of the invention may provide specific and rapid detection of
target RNA species, such as mature miRNAs from precursor miRNAs and from

homologous family members. It may be possible to use a fast thermo-cycling profile (10



sanple. The target RNA nolecule may be any RNA nol ecul e, and may be an

m RNA i n sone enbodi nents. [0012] The net hods of the present invention use a
conbi nat iwo 20f1/15e@36r se transcription (RT) and pol yner asecesao1yoeaddi on
(PCR) anplification to specifically identify a target RNA froma sanpl e
containing the target RNA. The nethods use a conbi nation of a nodified
stem | oop RT oligonucleotide and hem -nested PCR prinmers to specifically
sel ect for the target RNA. Use of a nodified nucleotide within the RT

ol i gonucl eoti de provides a block for DNA pol ynerase to prevent m s-primng

during the amplificatio cLi over of the RT
ol i gonucl eo‘flng petrcy%?'?gepsuurgt P Sg?ﬁl%cﬁtylrdg%%%?%@&nay be reduced or even

elimnated, while the specificity for a target m RNA may be enhanced even
with the dﬂ%ﬁnce oThahhodlshicayelsods uied in haltipiexgbrmat,vo0dGhFHe usefuhods of the

| nventi on f”PQére%Béﬂ%gd e%?&d I iR &%Enﬂy%@g&gﬁgia?ér! g&ifh Etatﬁelgr%éous gpeci es,

such as mature precur sor fani | y
menbers. IlfbrlanbetopxbRNAbllsdamam use a fast therno-cycling profile (10
seconds per cycle) yet still retain specificity and sensitivi ty [0014] The

met hods mEt ?]SO b eT}Hesxggthédg %S\}%ht? r‘ﬁ&&f ﬂm%liorMO%Plls{ﬁF%/rqul for

screeni ng ‘and "det ect1 on rectl romce sates w t hout t he
requi renennetlicmis Rad}@medlﬁ? hagtbadonRNHe jtzyulamiimeasimd POGLE ERvessiwrt hods of t he

i nvent I on rm urem IlttS a) %r egeC{)li[]log)(I xstrt’elmrcleg' usgl%i teghn”%el:f)(g%Re I'OPF]% a ﬁ%gi'l -t I me PCR

has becong the ne expres nts and has
becone an beo«narbamlisyowseful techni que for gene profl | ng and for ‘bi omarker
di scovery. : :

- [0016] The methods may be economical, high-performance, easy to use, rapid

- and sensitive.

[0017] ‘Thus, in one aspect, the present invention provides a method for detecting
a target RNA molecule in a sample, the method comprising: reverse transcribiﬁg the -
-téfget RNA contained in the sample using an RT oligonucleotide, the RT oligonucleotide
comprising a stem-loop portion containing one or more nucleotides modified or
‘modifiable to block DNA polynierase ‘extension and a target annealing portion that is
complementary to a downstream portion of the target RNA, the target annealing pdrtion
. located 3’ to the stem;loop portion, to produce a reverse transcription product that -
comprises the RT oligonucleotide and a 3° extended region; amplifying the reverse
transcription product using (i) a first amplification primer that anneals to a downstream
~ portion of the 3; extended region of the reverse transcription product and (ii) a second
amplification primer that aﬁneals to an interface portion of a DNA strand complementary
) to the reverse transcription product, the interface portion corﬁprising a region that is
complgmentary to a 3’ portion of the RT oligonucleotide and a 5’ portion of the 3’
extended region in the reverse transcription product, to produce an ampliﬁcatibn product;
and detecting the amplification product; wherein the stem-loop portion adopts a stem-
loop structure under conditions used for said reverse transcribing but does not adopt the
stem-loop structure under conditions used for said amplifying and wherein when the
“stem-loop portion contains one or more nucleotides that are modifiable to block DNA

polymerase extension, the method further comprises modifying the modifiable nucleotide



[ 0016] The nmet hods may be econom cal, high-performance, easy to use, rapid
and sensitive. [0017] Thus, in one aspect, the present invention provides a
met hod f owodeiiesdiseg a target RNA nol ecul e in a sanpl e, pthscreti/voskio
conprising: reverse transcribing the target RNA contained in the sanple
usi ng an RT oligonucl eotide, the RT oligonucleotide conprising a stem| oop
portion containing one or nore nucleotides nodified or nodifiable to bl ock
DNA pol ynerase 'extension and a target annealing portion that is
conplementary to a downstream portion of the target RNA, the target

anneal ing portig ted 3" to the stem!|oop portion, to produce a reverse
transcripﬂ?gﬁ&ﬁ?@ u@?%mﬁ%t conpri ses the RT oligonucleotide and a 3
extended region; anplifying the reverse transcription product using (i) a
first anpllP@18ati onlrmommmbodimtentanhﬁe(aieyrmreanusﬂwm@tsmwdiﬁep@r mpdifialé t he 3'
extended r r a,second
anplifi cattlggir?gglr)l meIg hﬁlugr S\é%;(éﬁsn%n 1‘3?0 %gtrgzri]%th %)Io%gg%%? ?Igrl]((d p)ort BNA st rand
conpl enentary to the reverse transcription product t he interface portion
conpri si nd0819legi onlntskae emsodimenh, éhm&ﬂ@mﬂqppmort@nzontpm oie mofe t he RT

ol i gonucl t e reverse
transcri p?x?l%fﬁgt?degglgdﬁieé to lH(?Jk 15 gglgmtenige %&t?n?fégt ?%ﬁe@argl@g tﬂ@loogﬁgﬁget ecting

t he anpl|fﬁmmkmppmppmduztmnmheaeudanﬂensﬂéhﬁwompmpbﬂmnoquadoﬁam,@rsten}Ioop
structure(gqg . ﬂ %u@” 1Iysed for said reverse transcribing but does not
adopt the s e%}ﬁoo 8 ruc ure under conditions used for said anplifying and
wher ei n when the sten}loop portion contains one or nore nucl eoti-des that
are nodi fi[@82W t o bAterkatDrIA p@byﬁﬁma@;hm@mélnsiemﬁloom pratioretontsechsfoge bher

conpri ses mpdifyl o%g &B&ﬁ@i‘ﬁgk 618‘&'15’»1&?581 GRtds A8t d%{o'n% d 1hQ n g;l ﬁ Lifying.
[0018] I n sone e I me ‘he one or Rore nuct eot| es no or

nmodi fi abl e:omorltﬁlsowldlmtmmqﬂmbmclew@msmow thcsampjrfﬂnngmetcmme,tﬂhm | oop of

cont ai ns. GNP ABc Pt T M SRR AB b AT R AR "

ext ensi on.DNeS glyessysé. eln andstberle@applg,fthet loep eittbmthrodqmmmmqnomyrmylpumrpr ise a
nucl eot | de nggxln]z)rleeg) € es an hatdlfgmc Era‘r{ab(c):(r)]mcrrl]s% trrcla tmen Eﬁ( l e a 6
al i phatic CRET R Bﬁﬁ?ﬂ erna Vel Fh § TR S e sten}loop
portion contains one or .

[0021] In some embodiments, the target RNA is an miRNA.

[0022] In another aspect, the invention provivdes a method for detecting a target
miRNA molecule in a sample, the method comprising: revefse transcribing the target
miRNA contained in the sample using an RT oligonucleotide, the RT oligonucleotide
comprising a stem-loop por’tidn containing a dU nucleotide and a target annealing portion
that is complementary to a downstream portion of the target miRNA, the target annealing
portion located 3’ to the stem-loop portion, to produce a reverse transcription producf that
comprises the RT oligonucleotide and a 3’ extended region; modifying the dU nucleotide
by treatment with uracil-DNA glycosylase; amplifying the reverse transcription product
using (i) a first ampﬁﬁcation primer that anneals to a downstream portion of the 3’
extended region of the reverse transcription product and (ii) a second amplification
primer that anneals to an interface portion of a DNA strand complementary to the reverse
transcription product, the interfacé portion comprising a region that is complementary to
a 3’ portion of the RT oligonucleotide and a 5° portion of the 3’ extended region in the

reverse transcription product, to produce an amplification product; and detecting the



nore nucl eotide nodifiable to bl ock DNA pol ynerase extension and the nethod
further conprises nodifying the nodifiable nucleotide prior to the

anpl i fyi ngo 260r1sesanpl e, the nodifiabl e nucl eotide may Pperdd2engoihe

nodi fying may conprise treatnent with uracil DNA gl ycosyl ase. 1n anot her
exanpl e, the | oop of the stemloop portion may conprise one or nore

ri bonucl eotides and the nodifying may conprise treatnment with RNAse.

[0021] I n sone enbodi nents, the target RNA is an m RNA. [0022] I n anot her
aspect, the invention provides a net hod for detecting a target m RNA

nmol ecul e i ofy e r.Lhi t he
target m Iﬁmﬁﬁga%?ﬁ) Pmdlclftti net eh}én%aﬁr?p gljn919ad()laﬁ‘f“e&el'?11 10%{)1 Rfceé% ?Ilé&g the RT

ol i gonucl eotdititers oo smdngvasesttaamnlbmgpbupdnes nomdqmﬂteesltam -hgp atratthrauc| eot i de
and a tar%e% ann tal [ ng F%Ol‘tl i is conplenentary to a downstream
portion of ¥HEOUGPS PSRl "% get annealing portion located 3' to the
stem | oop portion, to produce a reverse transcription product that

conpri ses [00R3] RT olﬁngorncuemb@iimd&s affvolethod3 'of thy tirevenitémh, the gmphficarondi f yi ng t he dU
nucl eoti de .by treat wi.t h uracil - ycosyl ase ,he reverse
transcri ptf g%rs hral fore (i ”feoﬁdes fhyt lsgla%{hfﬂ?%sw?a%h%'l‘ﬁ}%% rlldd%le%r{ﬂ)&rﬂfe%asg ﬁ % anneal s
to a dO\AﬂS&rﬂlﬁﬂhﬁlWDtld@fF(ﬁfﬁXiﬁﬂ}ﬂe Bie rﬁmle@u'rttéehhtd'sgiamhafnat shﬂnlﬂtgwmese

transcrip r a nd lifi n prinmer that anneals
to an int i’?’é’)édd%dg%bﬁp‘o‘ﬂay 18“‘%&&’ gﬂ’c? @gﬁ%s ?féart"ba?'ﬁ to the reverse
transcription product, the interface portion conprising a region that is
conpl enenf@24]t o a 18'sopermbaiimerfts, ivindRE voiergibe BilAciotn ddRMAdthe 5’ portion of
the 3' extended. on in verse transcripti,on pr.odu Io produce an
ampl i fi Catdllsoallllceplln 612@5e9uen8e0 tge %mg fecatlont}ﬁodalllc t\ivfp the ogltlon ofc t‘hé3 wher ei n

t he st em lo6thp fipoamphficadiciopiseravteh emelaladpo tht rayeﬁsutrmsumiﬂm pfmlnctl aind ons used
for said rever transcri.bi but .doe t adopt ,the stem| 0o tructure
under - condiioaRa eEBES roai G aesnpPRRDTHEcn Fond syheR SuHES lnBeNAbnt s of
nmet hods oftrirdds from emtd Dimuclebtigesanpl i ficati on prinmers have nucl eoti des that
di splay thermal stabi Iity when hybridi zed to DNA as the 3' term nal

nucl eot i d dOfsid alggﬁ{%e emp%hm n st%ocfu%e annea gtpon%n%% tl@ler mal stability

when hybri furanose conformti on.
[0024] I n sbgcmueﬂadnaidumtmtﬁ nuclacdldesim*igngnﬂnere t he RNA is an m RNA the
di stance in the sequence of the anplification product between the position

of e 3 ERAI0T 1 sbhe Sho AL hE Sk RAI IR HhERoASRLS Lo Lhe

reverse t ription product and t sition o end of the second
anpl i fi canideptides imdengthivad tlerineapaton of thestenDivap st 4 @rid nusleftidgsin- 4 to 5
nucl eot i d‘?e%'gth[ 0025] I n sone enbodi nents the target annealing portion of the

[0027] In some embodiments the second amplification primer anneals to a
sequence coinplementary to 13 to 24 nucleotides of the stem-loop portion of the RT
oligonucleotide, S to 15 nucleotides of the target annealing portion of the RT '
oligonucleotide and 1 to 5 nucleotides at the 5* end of the 3’ extended region of the

reverse transcription product.

[0028] In some embodiments the first amplification primer is 12 to 27 nucleotides
in length.
[0029] In some embodiments the detecting comprises detecting with a fluorescent

intercalating dye. For examplé, the fluorescent intercalating dye may be SYBR Green or

Eva Green.



ol i gonucl eotide is 5 to 15 nucleotides in I ength. [0026]In sone enbodi nents
the stem portion of the stemloop is 4 to 6 nucleotides in |length and the

| oop portwononfisbdze stemloop is 4 to 12 nucl eoti des i npcesghbni/opea@7] ! n
sone enbodi nents the second anplification priner anneals to a sequence
conplenentary to 13 to 24 nucl eotides of the stem|oop portion of the RT

ol i gonucl eotide, 5 to 15 nucleotides of the target annealing portion of the
RT oligonucleotide and 1 to 5 nucl eotides at the 5 end of the 3' extended
region of the reverse transcription product. [0028]1n sone enbodi nents the

first anplhddifati onprimner. | 2.10 nucl eot | LRy engt h. 29] I n sone
erbodi mont@OAf1e. der QF! At Ak AaEeRIM i W joERRL boatef?

i nt er cal atto thgsedhyferdikapy slaéh antpé ert updnaefibw of the fdlwingdeseripibmbdf spgeiflye nay be
SYBR G een Qr .EvatlsGétcﬁen. Vt\O 2011/.15 256PC‘[1/ SG&2011/ 000%0 [ 0030] O her
aspects artBoPUIE SEBEFVERENIP ELUEIPHYER R BEEHPPTY MR EHE appar ent

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The tables and figures, which illustrate, by way of example only,

embodiments of the present invention, are as follows.

[0032] Table 1. Discrimination between mature and precursor miRNAs
using stem-loop or linear real-time RT-PCR. 10° copies of each synthetic mature
miRNAs or in vitro transcribed pre-miRNAs were reverse transcribed with either stem-
loop or linear RT oligonucleotide and quantified using the same PCR primers.
Discrimination between mature and precursor miRNAs was expressed as ACt.valpes

. (ACt = CtPrecursor - CtMature)-

[0033] ’- Table 2. Primer sqhences for cloning and real-time RT-PCR of miRNA

precursors.
-[0034] Table 3. Primer séquences for detection of mature miRNAs.
[0035] Table 4. Comparison of stem-loop and linear RT oligonucleotides. The

most stable secondary structure was adopted to calculate AG for linear RT
oligonucleotides. Sequence differences between stem-loop and linear RT

oligonucleotides for each miRNA are underlined.

[0036] Table 5 lists the various sequences set out in Tables 1to 4 and in the
Figures, assigning a SEQ ID NO for each sequence.

[0037] Figure 1 is a schematic representation that provides an overview of the

reverse transcription stage of the method of the invention.

[0038] Figure 2 is a schematic representation that provides an overview of the

amplification stage of the method of the invention.



to those of ordinary skill in the art upon review of the foll ow ng
description of specific enbodi nents of the invention in conjunction with

t he acconwenyiimgefssgur es. BRI EF DESCRI PTI ON OF THE DRAVWNESGROGRd)2Thne

tabl es and figures, which illustrate, by way of exanple only, enbodinents
of the present invention, are as follows. [0032] Table 1. Discrimnation
bet ween mature and precursor m RNAs using stemloop or linear real-tine
RT- PCR. 109 copies of each synthetic nature m RNAs or in vitro transcribed
pre- m RNAs mere reverse transcrlbed mnth ei t her sten}loop or linear RT

ol i gonuc ge andg H?erg llle%]atlﬁﬁﬂ&g rgwgmgesselaw%%ar[;\%ﬁodu{len%gf t21m nat_l on

bet ween and ecur's
CtPrecursonmﬁmMMMMmEWmﬁQOSS]TabIe 2. Prlner squences for cloning and
real -ti me RT-PCR of niRNA precursors. [0034] Table 3. Prinmer sequences for

det ection [9{1 (g‘;t ur g NAFE%? U3 Anbitd DR BRI R YY) XA 3o §HELEOP and

i near nucle | des

[0041] Figure 5. Schematics for the design of a hemi-nested real-time RT-PCR

assay. Pf, forward primer; Pr, reverse primer.

[0042] Figure 6. Placement of first amplication (Pf) and second amplification

(Pr) primers, showing gap or overlap.

[0043]  ‘Figure 7. Comparison of size of loop. Small loops (4 bases) perform

comparably to larger loops (12 bases).

[0044] Figure 8. Flow Chart and example for designing hemi-nested real-time
RT-PCR assay.

[0045] - Figure9. Performance of miR-21 hemi-nested real-time RT-PCR assay.
(A, B) miR-21 cDNA (108 to 10 copies) were amplified by real-time PCR assay ﬁnder
fastcycling conditions compared to standard cycling protocol. (C, D) Dilutions of
synthetic miR-21 miRNA (10° to 107 copies), (E, F) dilutions 'o.f total RNA from A172
cells (100 ng to 1 pg) and (G, H) total RNA isolated from dilutions of U251 cells
(100,000 to 10 cells) weré reverse transcribed with miR-21 RT oligonucleotide. The

- cDNA samples (10% V/V) were amplified by real-time PCR along with non-templafe_
control (NTC). Amplification plots (A, C, E, G) and standard curves (B, D, F, H) Qf the
assay were shoWn. Standard curves were plotted as Ct versus Log (starting material per
RT). |
‘[0046] Flgure 10 Quantlﬁcatlon of synthetic let-7d and let-7e mlRNA d11ut10ns
with U251 total RNA spike-in. Standard dllutlons (10°, 10% and 10’ coples) of synthetic
let-7d (A) or let-7e (B) were spiked with 100 ng of total RNA isolated from U251 cells.
Control miRNA dilutions or_total RNA spiked-in miRNA dilutions were reverse
transcribed with let-7d or let-7e¢ RT primers. The cDNA samples (10% \}/v) were
amplviﬁed by real-time PC»R. Staﬁdard cﬁrves were plotted as Ct versus Log (input cDNA .



nost stable secondary structure was adopted to calculate AG for |inear RT
ol i gonucl eoti des. Sequence differences between stem | oop and |inear RT

ol i gonuclwottesefser each mi RNA are underlined. [0036] Teblrscoiijosézsot he
vari ous sequences set out in Tables 1 to 4 and in the Figures, assigning a
SEQ I D NO for each sequence. [0037]Figure 1 is a schematic representation
that provides an overview of the reverse transcription stage of the nethod
of the invention. [0038]Figure 2 is a schenmatic representation that

provi des an overview of the anplification stage of the nmethod of the

i nvention. .. 20134.359256PCT/ SG2011/ 000210 [0039] Fi gure 3. Schenatic

di agram prpow ing overview of an enbodi ment of the nethod of the invention.

[0047] Figure 11. Discrimination of human let-7 homologs. A) Sequence
alignment of the eight let-7 family miRNAs. B) Relative detection (%) of e.a‘ch let-7
miRNA by specific hemi-nested real-time RT-PCR assays.

[0048] Figure 12. Dynamic range and efﬁcieﬁcy of miR-24 (A, B), miR-92 (C,
"-D) and miR-218 (E, F) real-time RTPCR assays. Standard dilutions of synthetic miR-24,
-92 and -218 were reverse transcribed with miRNA-specific RT oligonucleotide. The
cDNA samples (10% v/v) were amplified by real-time PCR along with non-template
control (NTC). Amplification plots (A, C, E) and standard curves (B, D, F) of the assay
‘were shown. Standard curves were plotted as Ct versus Log (input cDNA per PCR

reaction).

[0049] Figure 13. Specificity of hemi-nested real-time RT-PCR assay using dU-
incorporated RT oligonucleotides. A) Sequence comparison of dT and dU RT '
oligonuéleotides. The dU residues are underlined. B) Relative detection of let-7f miRNA
by let-7a assay. 109 copies of let-7a or let-7f were reverse transcribed using 100 nM or
250 nM of dT, dU1 or dU2 RT oligonucleotide. The cDNA samples (10% v/v) were
treated with or without UDG and amplified using let-7a specific PCR primers. Non-
specific ampliﬁéation of let-7f miRNA was calculated and expressed as % of relative
.detection.k Error bars indicate standard deviations of quadruplicate ﬁeasurements.

' Signiﬁcant differences in relative detection between UDG-treated and non-treated

samples were calculated by Student’s ¢-test. **p<0.001.

[0050] - Figure 14. Gel électrophoresis of miRNA real time RT-PCR products.
Real time RT-PCR assays were performed with 10 copies of synthetic miRNA (a), 10 ng
U251 total RNA (b) or non-template control (c). U6 was émpliﬁed from 10 pg of U251
total RNA. The ainpliﬁed products and the 25bp marker (M) were resolved by 4%
agarose gel. Product sizes: miR-7 (37bp), miR-21 (38bp), miR-218 (36bp), let-7f (45bp),
let-7g (42bp), let-7i (38bp) and U6 (94bp).

[0051] ' Figure 15. GDNF regulated miRNA expressions in U251 cells.



[ 0040] Figure 4. DNA bl ock (dU) inhibits DNA extension by DNA pol ynerase.
[0041] Figure 5. Schematics for the design of a hem -nested real-tine RT-PCR
assay. Pfwohorvaeepri mer; Pr, reverse primer. [0042] Fi garscéoiiBbe@aenent of
first anplication (Pt) and second anplification (Pr) prinmers, show ng gap
or overlap. [0043]' Figure 7. Conparison of size of loop. Small |oops (4
bases) perform conparably to |larger |oops (12 bases). [0044] Figure 8. Flow
Chart and exanpl e for designing hem -nested real-tine RT-PCR assay.
[0045]Figure 9. Performance of m R 21 hem -nested real -ti ne RT-PCR assay.

(A B) m % ]Iag gr)ll\lc'% sgl 3@({1&1 tufe m&RPAse(i) Wgr%tqlai fﬁle 9% blynegt%da rea[ 1&1@ PCR assay

under fastcy i ons conp ared I'ng protocol. (C, D)
Di | uti ons Rf- P@Rrah&e:tprasemal&fcﬂachan% ﬁdJOQtlmlﬂat&d)é’omopsaeﬁa)es Hrior bEx)s di l utions

of total al RNA isol at ed

Prom d | ut PO SPaapdvaos tirdend BerpmeB s byhidirkiepisd afesa®t r ansor | bed

with m R 2&phdsicl bethHahl&Ez&ﬂi indeontid)Samf ¥ AvGa st Bged ByOSMuddny} et € anplified

by real -time PC? o&g with non-tenplate control (NTC). Anplification plots

(A C, E 08 T4 ard curves (B, Db F, H of the assay were shown.

Standard curves were plotted as & versus Log (starting material per RT).
[0052] . Figure 16. UDG treatment of dU-incorporated RT oligonucleotide

>prevented it from serving as PCR primer after RT. A) Sequence of standard (dT) and dU-
incorporated (dU) RT oligonucleotides for miR-21. Synthetic miR-21 (109 copies) were
reverse transcribed with of dT (B) or dU (C) RT oligonucleotides. The cDNA samples ‘
(10% v/v) were then treated with (red amplification curves) or without UDG (blue
amplification curves) and subjected to real-time PCR with both forward and reverse
primers (+ Pr) or forward primer alone (- Pr). D) RT oligonucleotide with RNA

sequences in the loop with or without treatment with RNAse.

[0053] - Figure 17. Multiplexed quantification of the six GDNF regulated
miRNAs. Expressions bf miR-7 (A), miR-21 (B), miR-218 (C), let-7f (D), let-7g (E) and
let-7i (F) was quantified by multiplexed real-time RT-PCR assays of 24 miRNAs.
Regulation of these miRNAs was expressed as fold changes to non-stimulated control
samples. Error bars indicate standard deviations of triplicate measurements. Significant
differences in gene expression between treated and control samples. were calculated by

‘Student’s t-test. *p<0.01; **p<0.001.

[0054] Figure 18. GDNF-induced signaling activation in U251 human
glioblastoma cells. Control and GDNF stimulated U251 cells were lysed with 2% SDS.
Total protein lysates were quantiﬁed using ﬁlicroBCA protein assay (Pierce, Rockford,
.IL, USA). Total protein (10 pg) were separated by SDS-PAGE and probed with
antibodies against phospho ERK1/2 (Cell phospho-Signaling Technologies, Danvers,
, MA, USA). The blots were striped in Western Blot Stripping Buffer (Pierce) and re-

probed with total ERK1/2 (Cell Signaling Technologies) to verify equal loading. -

. Chemiluminéscenée was im'aged and analyzed by ChemiDoc system (Bio-Rad). A)

Time_—coursebf ERK1/2 MAPK activation by GDNF (100 ng/ml) in U251 cells. B)
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[ 0046] Fi gure 10. Quantification of synthetic let-7d and |let-7e m RNA
dilutions with U251 total RNA spike-in. Standard dilutions (109, 108 and
107copi esyoebispmseetic let-7d (A or let-7e (B) were spcksd2uiion2l®0 ng of
total RNA isolated fromU251 cells. Control m RNA dilutions or total RNA
spi ked-in m RNA dilutions were reverse transcribed with let-7d or let-7e RT
primers. The cDNA sanples (10%v/v) were anplified by real-tine PCR
Standard curves were plotted as & versus Log (input cDNA per PCR
reaction). [0047]Figure 11. Discrimnation of human let-7 hom)l ogs. A

Seq uence %ﬁﬁﬁ&ced%b%l}ﬁ\s%;%tws}onaé lnrHIbI%fl %1& plefTe Be)nFT% | ve detection

(9% of ea hem - nes rea - PCR assays.
[ 0048] Fi gunhebitb2 U0DBeN@EmMM). r ange and efficiency of m R-24 (A B), mR92 (C
D) and m R-218 (E, F) real-tine RTPCR assays. Standard dilutions of

SInCnet L (RNZ", Ay LS BB AR PSSR 1 PR pec 1

RT ol i gonac were anp y real -tinme
PCR al ong Uai51 bells@nkiredrinl %t weells @antarohs deNdi€) (10,A90) I(XOD,c]a)ODQ)mdaJOOO(H) @ehs C, E)
and st andard rves curves were

F) ;of th ndar
oot ted adeey e M Pt TPl A S e HBBRR B our e 15
Speci fi ci tnyiRNA KiEamgomeaécﬁidesr dat eIDNABarRﬁleR(ZB"/as/s)agena&teﬂgrodi}solatﬁctor porated RT
ol i gonucl i des. A) Se uence .c S al onucl eoti des.
The U T e SN Sl s R AR aas B Craa B pa SRER T redtinedt 051 B by

| et - 7a asasyys. $ARdLOPIres fGlflsdlﬁEd RBAOKert plottdd asv@versi eV@y (8@lstpeAREBRT | bed usi ng
100 nM or 250 nM.of .dT, dU or dU2 RT oligonucl eotide. The cDNA sanpl es
(10% v/ v) "Wer'e®sef iOH with or without UDG and anplified using let-7a
specific PCR prinmers. Nonspecific anplification of let-7f m RNA was

cal cul at ecuomm exprEgmeaQué}mﬁtatfoﬁbaGDW dgilaed inﬂINAElS)r@ﬂigld%ﬁl‘eSed ndi cat e

standard de ns, of n| ficani fferences
T renati 6 apBERTRHEEE TR et Dadl B R et s OB LYY ver o
cal cul at edinpl¢ nSRNAEspeciSic Rﬂoﬁ@bnucfeﬁ@d@ﬂbﬁﬂ&lme[sp&a@];Rx@dl RT 14 Gel
el ectr Opho[lgosnluglec?tgdegn(rw nes)eq"l]e c]BIqR samplEsC\Belp I:[l%gl%%antlﬁed for express1ons of
(A) miR 218 and (B) let 7i. Regulation of these miRNAs was expressed as fold changes

to non-stimulated control samples.

DETAILED DESCRIPTION

[0057] There is presently provided a method for detection of RNA from a sample.
The method méy be used to detect any RNA species, and may be useful in detecting
mature miRNA, including direcﬂy from a cell containing the miRNA.

[0058] The method is an RT-PCR (reverse transcription-PCR) amplification
method that combines an RT oligonucleotide primer designed to have stem-loop

secondary structure and a nucleotide modified to block DNA polymerase during an
amplification reaction together with a pair hemi-nested amplification primers in the

amplification reaction.

[0059] Figures 1 and 2 provide a schematic representation of an overview of the
‘method; the 5’ and 3’ end of each nucleic acid molecule depicted is indicated. Figure 1
represents d reverse transcription reaction and Figure 2 represents an amplification

reaction.
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Real tinme RT-PCR assays were perfornmed with 106 copies of synthetic m RNA
(a), 10 ng U251 total RNA (b) or non-tenplate control (c). U6 was anplified
from 10 pgoeb1lddsiset ot al RNA. The anplified products andctrise2@amponar ker
(M were resolved by 4% agarose gel. Product sizes: mR7 (37bp), mR21
(38bp), m R-218 (36bp), let-7f (45bp), let-7g (42bp), let-7i (38bp) and U6
(94bp). [0051] Figure 15. GDNF regul ated m RNA expressions in U251 cells.
Regul ation of selected mature m RNAs (A, B) were quantified by hem -nested
real -time RT-PCR and expressed as fold changes to non-stimul ated control

A L R R e T

nmeasur ene icant € ’‘express ween treated
and cont r-otacdanpix@se M @ncilschd tatgettRNA 162 thdeintd Ise revdredtanscribed).afd 2
* % .

p<0. 001.

0052] Fi.qur e ... UDG trea t of dU-i.nco rated RT
ol gonuci SBEra Lt EdS pieraird eI Oy S e RERE el R )
Sequence afanstipfishaesbtionl TRT ahigbnaltlestizie r1p4 hat s&th-(0dppoftidn 006 ganagéteot | des f or
m R-21. Synt thi cC mR 1,}1%09 co id.e.s V\e%}%ALeverse transcri bed with of dT
(B) or dU?®P ‘W‘N‘?‘@d’ﬁu Frihgreeoditippisg SENIPREETTILU TP Rer e t hen
treated wfbdexbmhpld aaértion te@pérare FFUbME ST @ theWtenNRYp pbdden (68 iwen anpl i fi cation
curves) and subjected to real-ti PCR with both forward and reverse
primers (-Puppled senfprnaian Baving hlem-qopiauqturessydepipipd prkighedontbeSEBt i de wi t h
RNA seque N6PSpottidntl06 cdprﬁﬁﬂs Metoh mofe ﬁMcfebﬁﬂéE 110 padifedbr Iﬁbdiﬂamf’tﬂ‘ock
[ 0053] Figure 17. Multiplexed quantification of the six GDNF regul ated

m RNAs. BEHiVepelypp@seiXtegsipt7 (A), niR-21 (B), nm R-218 (C), let-7f (D),
let-7g (E) and let-7i (F) was quantified by nultiplexed real-tinme RT-PCR
aﬁsays of [@de1 Rl\lASInltIRﬁGl&drébttfaﬁﬁbrilpfioﬁ ﬁeclmnmERﬂi%argaSn@smge@%md_ s foljd .
changes to non-stinmul ated control sa es. rror. pbars | nadlcate stanaar
devi gt i ondnpselsto p dpyestieam ﬁ@agmwﬁ%rgg Ry 4y h9% ?‘@éﬁ?‘e'aF’ftT'@F%h%%?VFrﬁe gene
eXpr essi OfrahRtip@e tnky ek dbsa ROEE Rins&rifiih BodudtaN £ tHabddaiprisdsadr by
Student's t-test. *p< * %0.001. L]?ﬁ054] Figure 18. GDNF-induced

0.01; ** .

si gnal i ng Oéi%‘fq“f}’ﬁ?tidﬁﬁoi‘ And B exisndediiegier bt ast oma cel I's. Control and GDNF
stinulated U251 cells were lysed - with 2% SDS. Total protein |ysates were
quanti fi ecln%oﬁsa:]ng m'Iﬁ&lﬁh&ﬁ&li}ﬁbﬁbﬁis@gﬁ%ﬁ%ﬁ;@&ﬁheﬁ&ethB’@,gKé falivel rﬁhdti,on_USAé_. Tot al

rotein ri wer e. separat e ) - robed. with antibodies
Do st pOSHCORRRER DS OB Ersp SHR SR GHAF 113, o Be AOTISEA 193 Ptiihy or 5. - M
USA) . The 202 9idsa 36661 asiplitiRidn pAmWERI4E TN additith, @b idifd rdagtidduhiake 200 er ce) and
re-probed with total ERK1/2.(Cell Sjgnaling, Technol ogies) to verify equal
| oadi ng. GHERSP GARHBSBHRE olignup 30éﬁ%rﬂs41%1‘fey§@’a thyrevsidni Doc system

& ?52 Rafll) -traﬁaériatiidme&ﬂuﬁ,saﬂn&fmm AAsoMOPAS adftnieY. AU tRYeofdMbnswd&i0nng/ n) in
cells.
the arr?pliﬁcation reaction, for example a reaction temperature of about 50°C or higher,
the stem-loop portion 106 is'in a melted conformation that does not have a stem-loop |

structure, as depicted in Figure 2.

[0063] In the first round of amplification B1, the reverse transcription product
114 acts as a template and the first amplification primer 202 binds to a downstream
portion 206 of revérse transcription product 114. A DNA polymerase enzyme extends
first amplification primer 202 until nucleotide 110 is reached, blocking further extension,
thus producing a complementary DNA strand 208 that is complementary to the reverse
trahscription product and that has a 3’ end in the vicinity of the complementary position
to nucleotide 110. Complementary DNA strand 208 has an interface portion 210 that

comprises a region that is complementary to interface in reverse transcription product 114
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GDNF- i nduced ERK1/2 MAPK activation was inhibited by pre-treatnent of MK
i nhibitor U0126 (5 p.M. [0055]Figure 19. Direct and nultipl exed detection
of mi RNAswbnomyelss | ysates. U251 cells cultured in 96- welrlse2ati/ov@1d ous
density (10, 100, 1000, 10000 and 100000 cells per well) were directly

| ysed and reverse transcribed in reaction m xture containing 24 m RNA RT
ol i gonucl eoti des. The cDNA sanples (2.5% v/v) generated fromisol ated RNA
or cell lysates were anplified by (A) mR21 and (B) m R-222 real -tinme PCR
assays. Standard curves for isolated RNA were plotted as & versus Log

(cells per.RI),. ;s se 1 nhi Qi toer. quls Fi . td.f] i on of
GDNF- r egulfg “é‘%ﬁ‘ b%%ﬂ?”%@f%se #‘Y\ege g]-eg I 51>1<de(L an(glgr(r)hw%oglfiég%"da Q#Z%Igt ielrlr% - PCR
Tot al U2513’Rhéndedmgplieslber e reverse transcri bed by single m RNA-specific RT
ol i gonucl eotide (black lines) or 24-plexed RT oligonucleotides (red lines).

The cDNA is[%gges VW frGhd Q?&}aﬂgggit (inf{ahﬁlggéa%%n B3P 8&1%8@%3&%?% @émgii 734218 and

(B) let 7i% gul atton o was ekﬁress S changes to
non- st i nulaanheads to ooxtiplemersamBING strdDE 2A8 atfiDeDSORItiOT 20N ahd OG5 ldhertayi s

presently vj.d t hod f tion of RNA fraoma.sa . The net hod
may be uselgl{l%e S{HH@? ggta cquﬁ%,a tﬁﬂﬂfa{sepfggllsgép(’?ﬁn rar?ﬁﬁ)ug\%swﬁlg(éf) U ucle%‘gt ecting
mat ure m Riénd 212CISimde ok anegiflcytidnrpoimnea 2041s lthus apdtad inifrog thérenddfRNA.

[ 0058] The nmethod is an RJ-PCR.(rev transcription-PCR) .anmplification
rethod ¢ ndPre BT ARSI 98, B PUUATG g AEOHPT A SEFR LS have
stem | oop tEacwipHat yrodice UDE biitds shdeterethailiel e tralecriptio prodett I DL bl ock DNA
pol ynerase during an anplification reaction together with a pair

hemi - nest e[ﬂo?fa‘]p it ﬁlaégli)s%aue%{ }omlaéssof iarrrllpfigceati(a)‘rvﬁg,i tflristca?n‘tpiliﬁ(r:]at{og }a)‘l%tnler
and second amplification primer 204 will anneal to available DNA template strands.
When first amplification primer 202 anneals to DNA strand 212, the complementary
DNA strand 208’ that is formed is shorter than complementary DNA strand 208. DNA
strand 212 and complementary DNA strand 208 thus form amplification product 214.
'Although some longer DNA strands such as reverse transcription product 114 and
complementary. DNA strand 208 will be present to serve as template, as the amplification
reaction progresses through multiple rounds, more amplification product 214 is produced,
due to the inclusion of nucleotide 110 and due to the nesting of second amplliﬁcation

primer 204.

[0066] A further schematic depiction of the method is provi.ded in Figure 3.
Figure 4 depicts the effect of the modified nucleotide to block DNA polymerase on the

specificity of the amplification reaction.

[0067] Ina n.umber of previous reports (Chen et al., 2005; Raymond et al., 2005;
Shi & Chiang, 2005; Duncan et al., 2006; Varkonyi-Gasic et al., 2007; Sharbati-Tehrani
et al., 2008; Yang et al., 2009), reverse ampliﬁcatién primers were designed to annéal
-directly to sequences in the RT oligonucleotide. To achieye specificity in such methods, a
unique miRNA-specific fluorescent probe is required to discriminate the targets from
nonspecific amplicons (Chen et al., 2005). In the case of some TaqMan-based assays,
. this specificity was compromised for the convenience of throughput by using one '

common probe for detection. In contrast, in the method as described herein, increased = -
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[ 0059] Figures 1 and 2 provide a schematic representati on of an overvi ew of
the nmethod; the 5 and 3' end of each nucleic acid nolecule depicted is

i ndi cat edwoBhpurse2s§ represents a reverse transcription peagiGzon/casndo Fi gure
2 represents an anplification reaction. W) 2011/ 159256PCT/ SG2011/ 000210
[0060] In the reverse transcription stage (Figure 1) of the nmethod, the
initial reaction mxture 100 contains the target RNA 102 that is to be
reverse transcribed, and a reverse transcription (RT) oligonucleotide 104
that acts as a primer for the reverse transcription reaction. RT

ol i gonucl es%%ﬁ@&?ét%ﬁ??&%ie@éf& Jéé%%ﬁing%rh%!nflﬂesi‘é&@e\?e&g PR fHiler @APG2! 1 NG porti on

108. Under I ons u he reverse transcription reaction, for
exanpl e a desigeddi to anrtealntp paradithe reyérsatvanstriBisColigdnecisotelmprioepamggnattiobn 106 i s
in an anneal ed confornati.on Vi a steml.gop structure, as depicted in
Figure 1. %g e%‘feggﬁcfr(%lﬁn %Srpf?%g%t 0?8%'6{35%% £ () glog'ne or nore nucl eotides 110
modi fied or nodifiable to bl ock DNA pol ynerase extension. [0061]In the
reverse tr[@068Iri pti brconwast to quantihtjvetrépd-timgPERt methorsathe mgthoddescobed108 anneal s

to a dom%’}eg‘eeﬁ? {3 Og)ttrleac?u@re jﬂg‘ezusgf f eg A& tcen'?'r\)lﬁ‘)b%‘,oa% t}%m%mii-%esttebiergve?)g ended by a
reverse transcriptase*enzynme to produce’a reverse transcription product 114
t hat conprangdisic4kibn primgoenhah@othe desayl fpbcidindy, an@map xllengedtifiegpoof 616.

[0062]In t a i fjcation stage.(Fiqgure of the t hod, the initial
Foactton e B abaspls Rl pmalk P RUCTATHRE R o Sirsk RalFBi Mo alh AT 1. s
first anplSYBR Gidean upder ipid tR&zhoadydliig; @adidow. anpl i fication prinmer 204. In
addition, the initial reaction mxture 200 may al so contain sonme RT

ol i gonucl 'ésile 104.carried over, fromthe reyv transcriptj r.eaction,
whi on may RSY° a1 o T gl s BHG IR SR G PRARLALANNIRT
anpl i fi catdsampleeacti on, for exanple a reaction tenperature of about 50C or

hi gher, the stem | oop portion 106 is in a nelted conformati on that does not

have a st g%hﬂo‘) st ﬁ"Heclrn%Flgd %cﬁ@)rggspi rg$e%% tiaﬂsc'ékﬂ&ﬁ x%acgi'on.[ qu\;%]rgen the first

round of fication reverse transcription product
transcription reaction is performed on a sample that contains the target RNA, using an RT

oligonucleotide as a primer for the reaction.

[0071] Aswill be _appfepiated, the RT oligonucleotide thus acts as primer for a
reverse transcriptase enzyme that uses the target RNA as a template and extends the RT
oligonucleotide to form a reverse transcriptibn product that comprises the RT . '
oligonucleotide at the 5 end and an extended region at the 3’ end of the reverse

transcripton product.

[0072] The RT oligonucleotide comprises a stem-loop portion and a target

annealing portion located 3’ to the stem-loop portion.

[0073] | Thus, the RT oligonucleotide used in the reverse transcription reaction is a
DNA oligonucleotide that is designed to have a 5’ portion that contains a stem-loop
structure. As will be understood, the stem-loop structure is a self-annealing structure that
has complémentary base sequences_thét vpair together to form a short duplex DNA stem.
The loop is formed by nucleotides. that intervene betwegn the two complementary regions
that form the stem-and forms a single stranded section at one end of the stem, connecting

the two poftions that form the double stranded stem. -
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114 acts as a tenplate and the first anplification primer 202 binds to a
downstream portion 206 of reverse transcription product 114. A DNA

pol ymer aswoenmysgsext ends first anplification priner 202cusiGzoiineeheot i de
110 is reached, blocking further extension, thus producing a conplenentary
DNA strand 208 that is conplenentary to the reverse transcription product
and that has a 3' end in the vicinity of the conplenentary position to
nucl eoti de 110. Conpl ementary DNA strand 208 has an interface portion 210
that conprises a region’that IS conplenentary to interface in reverse

transcriptd produ C e en end of RT
ol i gonucl e[gp ?o]e 104%%%% #1008§g%0nd5y de%lgged e %Pngle e?’e{gl rlfifgeem[d(%M] In the
second roumdmo&mam@iﬁfmeahbmaUBﬁmqsemOananpkmmngamkomepmuMmms204 anneal s

to conpl ene 08 a rface .por | enent ary
DA ot Fand O bEP L D AR Emze by kR BRE b S baties BRERS R  or ocuce
DNA str andafﬁ&ﬁ)N&lséUbﬁda&ﬁﬁﬁmdlr@mhidhfardxﬂlbl;emno périmitethe 20eksd tsankdiipsasaiest ed i n

fromthe end of c enment ar nd 208, as- a portion of
{he e quer e IEYRPE B PP o SHUI DL TR TP SRBRES t han
reverse t radsdesipiddit®mepfo@ eikdt adopd the [sQQﬁBM RnRUPS QAMEME coraunEs uel

anplification B3, first anplification p 2 and second anpl.ification
primer 2040%ihe pmplififation reertioy a7 fispysisd BRI énfﬁﬁ ﬁwée@tﬁ?%&e SRALPPTTOT st

anpl i fi catrhgnoeRbledBd to2kcal MRk MpératuNeSior AErs@ kensclifiRnGAETMigEENt ary DNA
strand 208' that is forned is shorter than conplementary DNA strand 208.

DNA st r and2igngintrengidsrpfion ey ant bt\i&@??dafr*mlsz‘wsnotttmgleﬂ@f feanpl i fi cation

product  21dy, Mt RN YoS AR flo G EackN agdih %ﬂﬁn%ughngaatorc%yﬁaesalom@ﬂscrl ption
product 114 and conpl ementary DNA strand 208 wil| be present to serve as

t enpl at e, ralqunh@lféﬁﬁﬁmdvtw@atF%ﬁxawatthWWW@rpes@esnawms&wsrﬁm {oPpl e rounds,

mor e anpl i, GafelaO§7BT R WL, b fhay RotRhRAMEGEm fﬂeaemowaubmé dgbqp of
nucl eotide 110 and due to the nesting of second anplification prinmer 204.

[ 0066] A f hOfGerhigkdiemati ¢ depiction of the nmethod i's provided in Figure 3.
Figure 4 depicts the effect of the nodified nucleotide to bl ock DNA

pol yrmer asqo@rs]t he SPRCitdn- fdo%:éh@i%n'bhﬁe a1 Bﬁ&%tl&HTinElﬁd’éétaiDN% [0067]In a
nunber of previous reports en et al. % Raynond et al ., 2005; Shi &

Chi ang, 20’(9‘3/1“6!15?1&'5%1‘1@& pogftion. Eb@@NA\MWWbmgmap%t%lsapW in

Shar bat i - Iﬁ@é‘t@}ﬂ'loo%treﬁé)n thatleg«gr 1iné&3d §hd Rt adoptiRP Bk steheNEP Stfucar@béd i cation
priners were designed to anneal dlrectlztto sequences in the RT
3

ol i gonuc! ¢oeiblpsk forgn glongasins Difepqlymerpseythgt is extrapedas ampdiSication pHmgLB

m RNA- spegjd éxﬁplfdc%n@@&:ﬁ@ﬁ ubk C%Ql% rév%rs'é%ghgcflg% tﬁodjl'ctsafsra'téﬂlﬂ%e the targets
from nonspecific anplicons en et al . I'n the case of sone

TagMan- based assays this speC|f|C|ty was conpronlsed for the convenience

of t hrougHP®f6lby usThrPBpdleckivgprasiicoBy begrostferedany yhere pihiadhasiest . in the
net hod as lgcﬁﬁﬁ)hlld?ﬁq R b EonhdIHiBASEDne embodiment, the DNA blocking position

is positioned within the loop of the stem-loop portion.

[0077] ~ The DNA blocking position can be any modification to the stem-loop |
region fhat blocks primer extension by the elongating DNA polymerase. For éxample,
the DNA blocking position may be a modified nucleotide that cannot be read by the DNA
polymerase, for exampls ﬁsing a derivative of a DNA nucleotide or a modified DNA

nucleotide haVing an attached chemical group.

[0078] " The modlficatlon may be an altered structure of the nucleic base of the
modified nucleotide; that is it may be an analog of A, G, C or T which DNA polymerase

cannot use as a template or extend past.
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specificity can be achi eved by designing a hem -nested reverse PCR priner
that is designed to anneal to part of the reverse transcription

ol i gonuclwottesptsener and part of the 3' extended regi earisceonrooskuet of
reverse transcription. [0068]In contrast to quantitative real-tinme PCR

met hods, the nethod described herein does not require the use of a
fluorescent probe, as the hem -nested reverse anplification prinmer enhances
the assay specificity, and may allow quantification of as little as

subzept onpbl e anpbunts of m RNA using a fluorescent intercal ating dye such as

SYBR & 6620679:]mder "fhaepl giftica{aci;r{ IHC?(IZIB/? ngrg%)eﬁlgt ?Stsﬂb? ent 8%&%&1&%’& I'n one

aspect thereTs prOV| |ng sanpl e.
[ 0070] The tlmEIDMA(tblo@bilrrp posml achidingasien-nndeside gmup,cnnd maa(bb Rpendaft r ever se

transcrlptlon re o) rfor ins the target
RN, s hg IR oRFAG Pt EBRtR BBt BeRRed ok BF e KR pFERER on. (G071 e
will be appgeatlasteid ba&l&bend?‘lFo@bxagmwﬂieemﬂAdmchhgn;somm@&epn thevsopl Or a

reverse transcriptase. enz # the ta terrpl ate and

e
ext ends t KeSigEndmay dnglndeape r&]‘ét‘?f)ar ‘QCP%‘%?’%JWPID& §%t tf‘? on product that

conpr i ses ekdu@pI&d COLlighaNLIEH@N I THIE, thd mbdificabion anad 1r&nﬂe ﬂﬁo@&faﬁﬂld@ﬁh regi on at
the 3' end of the reverse transcripton pr t}?%ﬁl [ 0Q72] The RT
t

ol i gonucl &8% PﬁféeoélﬂﬁﬁrPP%é%d‘éfh%&‘é?ﬁrP%BtandﬁtP ckhoge-dn pegaplogkneal i ng
portion | eg@isish b3 DNA pbRfefak&m | oop portion.

[0080] In some embodiments, the DNA blocking position may be élready :
modified so as to block DNA polymerase when the RT oligonucleotide is added to the
vtranscription reaction. For example, modified nucleotide 2-amino-5-(2°-deoxy-b-D-
ribofuranosyl) ;ﬂyridine-S’-triphosphate (d*CTP) or 5-(2’-d_eoXy-b-D-ribbfuranosyl)-3-
methyl-2-pyridone-5’-triphosphate (d*TTP) may be used. Both modified nucleotides
‘have been demonstrated to exhibit strong inhibition in PCR catalysed by Taq polymerase
(Guo et al., 1998).

[0081] In other embodiments, the DNA blocking position may be a nucleotide or
group that is modifiable upon treatment to block DNA polymerase. That is, when added
_ to the RT reaction, the modifiable nucleotide or group is further treated in order form a

modified nucleotide at the DNA blocking position.

[0082] For example, in one embodimen\t the modifiable nucleotide is a dU
nucleotide, which is treated with uracil-DNA glycosylase (UDG). In another
embodiment, the modifiable nucleotide may be a ribonucleotide, which is treated with
RNase. In both caées, the modification treatment results in a modified nucleotide,
including cleavage of the RT oligonucleotide, effectively preventing extension by DNA

polymerase.

[0083] The modification of the modifiable oligonucleotide is performed prior to

the amplification reaction, and may be performed after the RT reaction.

[0084] The stem loop portion may be of einy suitable length to provide the stem-
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[0073] Thus, the RT oligonucleotide used in the reverse transcription
reaction is a DNA oligonucleotide that is designed to have a 5 portion

t hat contwonsassisem | oop structure. As w || be under st eoascob@/ssgo | oop
structure is a self-annealing structure that has conpl enentary base
sequences that pair together to forma short duplex DNA stem The loop is
formed by nucleotides that intervene between the two conpl enentary regions
that formthe stemand forns a single stranded section at one end of the
stem connecting the two porti‘ons that formthe double stranded stem WO
2011/ 15029 6B T 2R M PAISLOAIRLALT R & LRI ARPHRIRblifGbS dGRhaned to
adopt the stemTloop structure under conditions used for the reverse

t ranscri ptilooexampég the entire wesribopstupdermiyhte foentl toi 8nscleotglesioh lamgth.he buf f er,
salt and tenpperat.ure c i tions .and.any other rgneter that would affect
o secondirreanifuPE M e APl S AT heR Y AT b Ik

transcri ptlage. dizoneenmisdindnts, tha doapearttion ofi theatedilobp miag bé frumrdse 12

t i ptiagn.. Th t L i desi dt | t. t t
adopt 1 ho TEHIFDBICERT S B8 Rrep R SR T SHE R e he

anmpl i fi cakn®wn,a8@Edoh Rifer pfogtinSsaha el cdlallgwannbhlig, tethp@atsRqoiengieenof t he stem
portion may be sel ect ﬁd to anneall at the tenperature used. for reverse

transcri pttBRmcson At hlssieaRFHE- 1P MR Yrucusionesatn BRA AR COXIDRHE buf f er

condi ti ongvailible, 0PExalPlAVIROBD saftwirBe At tiRAfedabéve, the ealﬁé&& ofiiBlsfefni Cat i on
reaction, again includi ngftakl ng into consideration the rel evant buffer

condi t i on®ortieg maybs deyigned fqpanea! ahthe t5BIRCT3BIG 1S5 fordRe IEVRBIsranEIPEP M | 0op

struct ur e r@ktich/fat & mbIONR tem PiturdBYed Y0f thd BfifRicatiéh feddht he stem | oop
structure at about 50C or higher. [0075] The stem | oop portion of the RT

ol i gonucl jdJe includes a pol ~ase bl ocki osition. The DNA
pol ymer asz&i#sicki ngAngtF%%'}?% the %’gg{%qnaﬂe?tﬁef%@%gf 21319°b31°2'¥8i on t hat
when | i neabitsedThROErgeOinnaddRHhbition is16cafdd@md @O Remllbdiddichanded S as a bl ock

for an elongating DNA pol ynerase that is extended an anpljfication prinmer
in the am3Fy'#ncd &t besompiamepiaphto atﬂgrvﬁt}reewéwrwgf%terga&% [3t°BA product as a

tenpl ate. eﬁq@@cﬂ&kfﬁbmew@et%&@hﬁ%m&mm BRYonBEe RIS id I BNSGuaBtiBEr € W t hin
the stem | oop portion of the ol i gonucl eoti de. In one enbodi nent, the

DNA bl ockith§"#bsi tion is positioned within the loop of the stem! oop
portion. [0077] The DNA ‘bl ocki ng position can be any nodification to the
stem | oop [0086]  Thus, following the reverse transcription reaction, the reverse transcription

product is produced, the reverse transcription product comprising the RT oligonucleotide
at the 5” end of the RT product, and an extended region 3’ to the RT oligonucleotide that
is complementary to a downstream portion of the target RNA, downstream of (or located

3’ to) the region to which the target annealing portion of the RT oligonucleotide is

compleméntary.
- [0087] An amplification reaction is performed on the reverse transcribed sample.
[0088] The PCR methods used may include real-time PCR methods, as are known .

in the art. Such methods involve the use of a fluorescent probe to detect the amplification

product as it is produced.

[0089] As will be appreciated, the amplification reaction is conducted using a pair

of amplification primers, a forward primer and reverse primer.

[0090] The first amplification primer (i.e. forward primer) is designed to anneal
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region that blocks primer extension by the el ongating DNA pol ynerase. For
exanpl e, the DNA bl ocking position may be a nodified nucl eotide that cannot
be read hyotha/BMAcpol ynerase, for exanpl e using a deri patrisGeoafooe@1®ONA
nucl eoti de or a nodified DNA nucl eoti de having an attached chem cal group.
[ 0078] The nodification may be an altered structure of the nucleic base of
the nodified nucleotide; that is it may be an analog of AL G C or T which
DNA pol ynmerase cannot use as a tenplate or extend past. WO

2011/ 159256PCT/ SG2011/ 000210 [0079] The nodification may be a group that is

a substi tg??gowsn%alﬂﬁigﬂng%hﬂ?sa&ténﬁ?d B%Qx‘é'ﬁT&Qo&%?'l‘He Hme} Ag) pdi ng a

non- nucl e e group endant grou e attached to two
nucl eot i demy switabled¢ngthite agueaan tﬁecﬂesnnedpmrtionwlf thelPé enbndgdmgmnemthedéf backbone.

For exanple I k|n Qsi tion be | i on and may
i ncl ude arf” ‘1 {;ﬁraltlf leng@aogb orP ClFaMmiY et artln?é/term’ ev‘\i/(r)i)yrgﬂc aﬁﬁﬁr&%e e exanpl e a
C6 al i phatand caedditions chidaets Tlteidésngm@ﬂainpdnﬁtatron prrmyrslfmdnudﬂmg tocodepiedat | on of a

non- nucl eot i de u udi oratlon i nt the’b ckbone, in order
ool ook Sxp e biDy e i HER kRO dorrme BBt Er FBht s t he D
bl ocki ng pagilificaion pHebie fahr@acy7 ﬁﬁxdéofhkiéﬂinﬂi@gﬁls to bl ock DNA poI ynmer ase
when the RT oligonucleotide is added to the transcription reaction. For

exanpl e, i ed n cl eoti.de of ur anos

e i me- DO oF oo F R Relfitp el sERROMRET A5t SRaTN - 5.

met hy1- 2- py an thesrfaedportisn qfhmﬂaﬁﬁld(cdﬁlmﬂ)antﬁ@ytoﬂﬁleSﬁdducBOTﬂ‘e inectadei ed

nucl eoti des have _been denons |b|t st i bi |on ain PCR

cat al ysed ASYPORS thﬁ(?f’?ﬂlgwgi%téry% S%?ndé'i‘&u ° 8 &gjon t%agb%fﬂpﬂ FSPRE ®enbodi ment s,
t he DNA blpaﬁkmmgreml preBudtBinsitonafromcheRT bH@nOéle@fd@hmothhat extendeddi f i abl e

upon treat ment bl o¢ nmerase. That is, added tq,the RT
reacti on, Hoﬁé’nné-g?sf fhﬁb’Pt%r?l’f‘f\lg\Bg%‘B FYRPTGFS ‘b?eél?ﬁt}iaélsfcﬂ?‘i’ B’me“ryéglf‘ d in order

forma m)qioftloﬂd)f e RTedlgbfieledtidd 1R aBBNPoion 6Kihe g’ @@éﬂdéd Rpion [DASRIFor exanpl e,
in one enbodj nent the nodifiable nucleot |fple i S

product. In some embodiments, the second amplification prlmer 1s demgned to anneal to

a sequence complementary to 13 to 24 nucleotides of the stem-loop portion of the RT

oligonucleotide, 5 to 15 nucleotides of the farget annealing portion of the RT

oligonucleotide and 1 to 5 nucleotides at the 5’ end of the 3° extended region of the

reverse transcription product. In some embodiments, the second amplification primer is

from 13 to 24 nucleotides in length.

[0092] In some embodiments, including where the RNA is an miRNA, the
distance in the sequence of the amplification prdduct between the position of the 3’ end
of the first amplification primer when annealed to the reverse transcriptioﬁ product and
the position of the 3” end of the second amplification primer when annealed to the DNA
strand is from -4 to 5 nuéleotides, meaning there may be an overlap of from 1 to 4
nucleotides between where the 3” end of the first amplification primer anneals to the RT
product and where the 3’ end of the second amplification primer anneals to the DNA
strand that is complementary to the RT pfoduct, or there may be a gap of from 1 to 5
nucleotides, or there may be an alignment between the 3” ends of the afnplification

primers when annealed on the respective template nucleic acids.

[0093] Either or both of the amplification primers may have a nucleotide that
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nucl eotide, which is treated with uracil-DNA glycosylase (UDG . In another
enbodi nent, the nodifiable nucleotide may be a ribonucleotide, which is
treated vwORoRNaEs®6 | n both cases, the nodification treatmsckonssedios in a
nodi fied nucl eotide, including cleavage of the RT oligonucleotide,
effectively preventing extension by DNA pol ynerase. [0083] The nodification
of the nodifiable oligonucleotide is performed prior to the anplification
reaction, and may be perforned after the RT reaction. [0084] The stem | oop
portion may be of any suitable length to provide the stem |oop structure
during r chﬁsrp‘Pa%‘/s el Slabitly @lﬁbn%@gn&li’edr{@th/Qé&rthé‘Q thenARBlLddaeat i on reaction.
For exanple, the entire stem| oop structure may be from 12 to 24

nucl eot i ddaclpsion efrsyeitn thenmal gatde aveirotiieelloms ferrise of anngreased welting t he

stem| oop the | oop
por U1 on- of CTREE e pH AP Skl BT el B AOF PG HaTAAS o g
of ol i gonuoleatd NNkt dbomet aclodesnch e opclatidackurcsamgle.kiowsleotided conput er
prograns that g te r sequence or
that wll E%gfsgqﬁy%thg a%{lflﬁfltg‘%[g rLd?%d}ofrgﬂger aleﬁo‘g(%éllegﬂ gondl tions are
avai | abl e,fufagose emamhagioh/FOLD softvvar e. As indicated above, the sequence of
the stemportion may be designed to anneal at the tenperature used for the

t t d f th
ol 11 catl o chct T T DORET AR} ok R Rt AREMERMSRIUCTL o] S0t | e

i ncl udes oredcget anneal ing portion. The target annealing portion is

| ocated 3' to the stem | oop portion and is designed to be conpl enentary to
a downstr ggfagyor tio n&fmélﬁﬁ ﬁfﬁs@&thaﬂ}&n pkSIuSQITR iCHbPsdRAL S the target
anneal i ng port| on o RI ol i gonucleotide 18 5 to 15 nucleotides in

| engt h. [00 Thus, foIIovm ng the reverse transcription reaction, the
reverse t rl9P%8Jr i pt i Beteging dircamnlisicasion prrduet mavHavalva sy ssthod of detestigi on

pr oduct cqmﬁduzg ﬁgeiahﬁwlﬂglbﬁhi'z gmnﬁp%bgr%nfﬁodw%ﬁlarﬁmfbaaﬁy L gRT product,
and an extended region onucl eotid i's conpl enentary
to a domgmﬂ@hﬁv%ﬂmmm%farx Wauqna%g@@e Watlmtt%alﬁwfsw(w gebcated 3' to)
the regi ondQopMatesh of B6nd RAGGEe POR GRiNBGtoRRILH tBNafliflc RonRlodtict fanucl eot i de

is conplenentary.
is being produced.

[0097] - Defecting may comprise detecting the ampliﬁcatidn product with a
fluorescent intercalating dye. For example, the fluorescent intercalating dye may be

SYBR Green or Eva Green.

[0098] In one embodiment exemplary of the method, there is provided a method
for defecting a target miRNA molecule in a sample, the method comprising: reverse -
transcribing a sample containing the target miRNA usiﬁg an RT oligonucleotide, the RT
oligonucleotide comprising a stem-loop portion cohtaining a dU nucleotide and a target
annealing portion that is complementary to a downstream portion of the target miRNA,
the target annealing portion located 3’ to the stem-loop portion, to produce a reverse
transcription product that comprises the RT oligonucleotide and a 3” extended region;
modifying the dU nucleotide by treatment with uracil-DNA glycosylase; amplifying the
'éamp]e containing the reverse tran'sqription‘ product using (i) a first ampliﬁcationvprimer
that annealé to a downstream portion of the 3’ extended region of the reverse

transcription product and (ii) a second amplification primer that anneals to an interface
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[ 0087] An anplification reaction is performed on the reverse transcri bed
sanpl e. [0088] The PCR net hods used may include real-tinme PCR nethods, as
are knowwonotieomst . Such net hods i nvol ve the use of aPpCinsoresmeonto pr obe
to detect the anplification product as it is produced. [0089]As will be
appreci ated, the anplification reaction is conducted using a pair of
anplification priners, a forward priner and reverse priner. [0090] The first
anplification prinmer (i.e. forward prinmer) is designed to anneal to a
downstream portion of the 3' extended region of the RT product. The priner

may be any_ sui t abl I I 1.0 3

ext ended #@@%@ﬁﬁgﬁﬁ?ﬁggﬁﬁu%%@8§§?$9*%%8f%%%?ﬁ§%¥ﬁﬁﬁ€eﬁ%ﬁﬁé@eﬁg?”gg partly
det er m nedpotjontdompeisingategivg thae spematemestanrtd aBodpattibn ofitbe Bfiosen. The ‘desi gn
of anplificgatio i mers.for. annealing to, a desited sequence within a
Cenptat e rieiRofid a3 bifinh Re Satd A TLhe v RaU SR ) 1 Feat i on
primer is groduat, iPproduce dn aaplifeationdesdict) ahddgéding fHeAmb]ifiueios podnd;

anplification.pringr (i.e. .reverse primer) is designed.to annegal to an
rer f ace WO B B honRgri et ARG 5 BmsPahdne ey SR Rd e BRORLLE Cho

i nterface paideltRRsPibing et dbespdt@da@d tharsyenlNNbp stucairelundet tondRidnause@@ron that is
conpl enentary tg point where the RT product transitions fromthe RT
oIigonucIé@f%ﬂ@ﬁ7ﬂ$0 the 3' extended portion. Thus, the interface portion
conprises a region that is conplenentary to a 3' portion of the RT

ol i gonucl €0099le andTke fesepianéth@l acf fuithe edémpdified bgedy e futlovingtioe- RT

pr oduct . Hn.sone enbodi nents, the second anplification priner is designed
to anneal T3 ¥@HWSHce conpl ementary to 13 to 24 nucl eotides of the
stem | oop portion of the RT oligonucleotide, 5 to 15 nucl eotides of the
target anrEXIAM®LESti on of the RT oligonucleotide and 1 to 5 nucl eoti des
at the 5 end of the 3' extended region of the reverse transcription
product. I[00t60Je enBNAMME $, the second anplification priner is from13 to
24 nucl eotides in length. [0092]In sone enbodi nents, including where the

RNA Is an [Bbﬁ;\ﬁ" t hﬁigh Performance Quantification Of Mature MicroRNAs By Real-
Time RT-PCR Using Deoxyuridine-Incorporated Oligonucleotides And Hemi-

Nested Primers
[00102] Materials and Methods -

[00103] Mature and precursor miRNA templates and sequence analysis. Mature
miRNAs were synthesized by Proligo (Sigma, St Louis, MO, USA) or Integrated DNA
Technologies (Coralville, IA, USA). T7 promoter sequenced tagged PCR primers were
used to clone precursor. miRNAs (Table 2). The purified PCR products were validated by
sequencing end subjected to MEGAscript T7 Transcription kit (Ambion, Austin, TX,
USA) for in vitro transcription of precursor miRNAs according to manufacturer’s
instructions. Both mature and precursor miRNAs were quantified by spectrophotometry
_and diluted to desired concentration to serve as standards. Sequence alignment and
phylogenetic analysis of miRNA homologs were performed using Vector NTI software
version 8.0 (Invitrogen, .Carlsbad, CA, USA).

[00104] Cell culture and total RNA isolation. Human glioblastoma cell lines
A172 and U251 were cultured in DMEM supplemented with 10% fetal bovine serum
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di stance in the sequence of the anplification product between the position
of the 3' end of the first anplification prinmer when annealed to the
reverse twensowispisson product and the position of the 3'pcend2efiobéaosecond
anplification prinmer when annealed to the DNA strand is from-4 to 5

nucl eoti des, neaning there may be an overlap of from1l to 4 nucl eotides
bet ween where the 3' end of the first anplification primer anneals to the
RT product and where the 3' end of the second anplification primer anneals
to the DNA strand that is conplementary to the RT product, or there may be

a gap of f ta 5 nucleot) Fent ABE S B REnAR gL 900Nt Het ween the
3' ends o#ﬁﬁﬁg%%W§ﬁP??@g?ﬁgﬁhpgi%%f%mﬁﬁgﬁg%nne gaﬂ%ﬁ ?ﬁgmgﬁgﬁékﬁive
t enpl at e QA leinddified thsubafdd@OB]°Ei UPHr cetls whetsteded att200,080mxdlls percwadll iar6- pri ner s

may have a nucl ept | t hat i.S h stabi | it en., h idized to
oA ao ¢ har B PigERheh et feyhai B PSRRI BrEdnd - BIEMRERT: avi o

nuc:c eot i devend ﬂha\nﬁin’lmartedm?h 0(:]0 1@/ mi crfcmm&fsﬁﬂ defedipagodseififige af DMEMIRsUl ting in
preferenti anneal i ng of t anplification. pri he DNA as conpared
to DNA thﬁ%c‘iﬂ&‘?‘?&fm%ﬁ%F}l?c?éﬁss‘ﬁ%ﬁp’&"ﬂﬂ@f’@@f"l“ﬁé.”%EQPE&@F%‘?%?’ the nucl eoti de
t hat di spinagassoh W1, M8 A)Fbd3i thintiy DMV phyboiGIDNIE stinfifat[INA ToeY Rb& frésked in an
N-type furanose conformation, [0094] The anplification reaction is perforned
and’ yi el d¥nterted R GUN T Beatesielighlasioras celfs oo spiafedasing dRIzobIeA%sME at | on has been

produced, (intvitiogeﬂ)memegws@fﬁ& 6fho | HHPRlResRALh8 (AhBioRyRLdrfiing &l hen product

may involve any nethod of detecting, including for exanple hybridizing the

anpl i fi cathaREpREES&strUitioRs dhrPEraskA RAYA saplagrraebiuanyied wivsapl enent ary
sequences sp&hrdfhodiRayahll 12 ittSri el SR LIURSaHERIAR oBRllecRbfHotdsRPNOr esi's or

using real -time PCR nethods to detect the anplification product as it is
being broqerly [ O0RLL 02! St iy ORI AR S5 ECL LAY AP BRP! 11 et on

RNase-free DNase I (Promega) at 37°C for 30 min. The DNase was inactivated at 80 °C

for 5 min. For RT of primary and precursor miRNAs, 100 ng of DNase I treated total

RNA or dilutions of in vitro transcribed precursor miRNA standards were initially heated

at 80°C in the presence of 150 nM of gene specific reverse primers for 5 min, snapped

chilled on ice and reverse transcribed [1x buffer, INTPs (10 mM), dithiothreitol (DTT), .

RNase inhibitor, Thermoscript (15 U)] as specified by the manufacturer (Invitrogen). The

reverse transcription was carried out at 60°C for 45 min and terminated by a further

incubation at 85°C for 5 min. For the detection of precursors, both RT and real-time PCR

were carried out with pre-validated gene-specific primers as reported previously (Jiang et

al., 2005).

[00106] For RT of mature miRNAs, 100 ng of DNase I treated total RNA or

. diiutions of synthetic human mature miRNA standards were reverse transcribed using
100 U of Improm II (Promega) and 100 nM of either stem-loop' or linear RT
oligonucleotide in a total volume of 10 pl for 30 min at 42°C. The reaction was
teminated by heating at 70°C for 5 min. For multiplex RT of 24 mature miRNAs, 100 ng
of DNase I treated total RN A samples were reverse transcribed using 400 U of Iniprom I
and 100 nM of each RT oligonucléoﬁde (2.4 uM of total) in a total volume of 40 pl for
30 min at 42°C. The cDNA samples were then used for real-time PCR using miRNA-

specific primers. Primers for both RT and real-time PCR were listed in Table 3. Linear
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fluorescent intercalating dye. For exanple, the fluorescent intercalating
dye may be SYBR Green or Eva Green. [0098] 1 n one enbodi nent exenplary of

t he nmet hosto svherse2ses provi ded a method for detecting a targeronioRidho

nol ecule in a sanple, the nethod conprising: reverse transcribing a sanple
containing the target m RNA using an RT oligonucl eotide, the RT

ol i gonucl eoti de conprising a stem| oop portion containing a dU nucl eotide
and a target annealing portion that is conplenentary to a downstream
portion of the target m RNA, the target annealing portion located 3' to the
stem | oop ion, . t. [ . rse transcription product that -

conpri ses @ﬁé}gﬁ%%(lﬁolhg%sﬁﬁegggsg‘fgql gragir%?'a 3' extended region; nodifying the dU
nucl eotide by treatment with uracil-DNA gl ycosyl ase; anplifying the sanple
cont ai ni ngjoﬁ%e?]r ev ebmeiliNch Gbicoylaseo UG ideasments R pligpnuclgotides stith
anplificatj | t. : At Bk t the 3

ext ended rdgg{}gﬁ&g?&{%é&?j \(/)ga?lsgga;{eféas @g%ﬂ%? pgz&t%g?%g%ggkair}egﬂ?o%%l&a second

anpl i fi catRepersqirans@iptivhais penfoeatdsastdescaibed atoree. flhe eDNPosamplss wefe thenDNA st r and
conpl enentary,t verse. transcriptd on produ t he - erface portion
conpri si ngt]re%%? ggPén@Pﬁgt@egeEé‘ékﬁ g}%&r?tg ’a]%eyertl%’gﬂﬁﬁ}sﬁfgrai] %OFQIS {({rﬁlél' RT

ol i gonucl| dat raetiandhsandstivapal dt O6C fof 1Q mé Bid sebjeaaitodeal-igiedTR. N t he reverse
transcription product, to produce an anplification product; and detecting

t he ampli frhedighOon p P i . red C stem | oop
structure[g%#glr] conbdlgt?(iq%%sf uéed? ?’3’5’“@?‘5’? §\%¥l§'gp??%n%ggplbgi%nggm%tgdoes not
adopt t he astazions cediplesditias€t Utod OlUcedle percwatidl veieoveshedsande fvith PBRelysedphd f yi ng.

[ 0099] The present thpds,are further ex ifi.ed by way of..the follow ng
on- 11 m e85 Soirhed T b 0T PSR B0 ot Tihatia Bieror nance
Quant i fi caf-1@n(TeErnivRtisheeSdmtifio RMASUBKY), Re@U-Imbrame IIRIFroRERY) dad mep nM
Deoxyuri ding. | RGIRSN A3 Haca AR YFLERh BR5ré0 e M DER L FANRL! BT S

inhibitor SUPERase-In (1 U/pl, Ambion) for 30 min at 42°C. For comparison, total RNA

from the identical densities of cells were isolated and reverse transcribed in the same RT

mixture. The cDNA samples were then used for real-time PCR.

[00109] Real-time PCR. Real-time PCR was pérformed on the CFX96 system |
(Bio-Rad, Hercules, CA, USA) using SYBR Green I. Real-time PCR for precursor
miRNA and U6 snRNA was performed according to previous reports (Schmittgeh etal.,
2004; Jiang et al., 2005). Fast thermo-cycling of miRNA cDNAs Was performed after 10
miniinitial denaturation at 95°C followed by 50 cyclesof 5s denatliration at95°Cand 5 s
anneéling/extension at 60°C. One ul of each cDNA sample was subjected to realtime.
PCR bibn a total volume of 25 pl in 1X XtensaMix-SG™ (BioWORKS, Singapore),
containing 2.5 mM MgCI2, 100 nM of each primer and 1.25 U KlearTag DNA |
polymerase (KBiosciences, Hoddesdon, UK). The threshold cycles (Ct) were calculated
automatically using the CFX manager software (Bio-Rad). Where applicable, all miRNA

expression levels were normalized to U6 snRNA expression.

[00110] Calculation of real-time RT-PCR assay efficiency and specificity.
Efficiency and specificity of real-time RT-PCR were determined as previously described
(Too, 2003). Briefly, 10-fold dilutions of miRNA were subjected to real-time RT-PCR.
Standard curve of the miRNA were obtained by plotfing Ctvs Log (cdpies) of synthetic
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[ 00102] Materials and Met hods [00103] Mature and precursor m RNA tenpl ates
and sequence analysis. Mature m RNAs were synthesized by Proligo (Sigma, St
Loui s, MwousA)1sersel nt egr at ed DNA Technol ogi es ( Cor al vi lPlce/SGeéy,1/0uBA) . T7
pronot er sequenced tagged PCR prinmers were used to clone precursor. m RNAs
(Table 2). The purified PCR products were validated by sequencing and
subjected to MEGAscript T7 Transcription kit._(Anbion, Austin, TX USA) for
invitro transcription of precursor m RNAs accordi ng to manufacturer's
instructions. Both mature and precursor m RNAs were quantified by

spect r ophal;aR@Y §ikitigfd allal ViRl Pw A BB RFEOLIGL i BYe PhedES Uas 3S
standards. Sequence alighnent dand phylogenétic analysis of m F\;NA honol ogs
wer e per f dhensdepees thagtaydard ourvNFpr eadduiatian ef speei§icibn idgntdeal amapints(d@en, Car |l sbad,
CA, USA). Ht \ | ' Lobl ast oma
cell lines L&%Igeégﬁh{ﬁ%&w{r‘ %Cl%g??lit}gé “f‘%ﬁé%ﬁl’s‘ﬁ%k e'?rse‘g%}gg%vr\ﬁ F hcplo% fetal
bovi ne semymeal-{iFBR T-BLRM0t veasthearhictlhtod ATEtdrd Q) Qadubs RN EBINGInkhdin and 100
pg/rnl strept in).in a 5% hym.gi.fi ed [ncubat.qr.at. 3d@€. 1 cells
et seadattoi gt bt el el g MRN8 [RF PABhEEL S 1075 1B

i ncubated with FBS-free DVEM nedium for 12-16 h. The cells were then
stinul at edOQ 11 100Resyltsr1 of GDNF for defined periods of tine in DVEM For
MEK i nhi bitor studies, the.cells were pre-incubated with 5 pM U0126
(Promega, (bHa30N, WervitlSt) ndudlnehBa Pallrily® RRVEMR BEuRY 1ntifRe GRS hldymul at i ons.
Total RNAfromuntreated or GONF treated glioblastoma cells was™i sol at ed
usi ng TRI 2 havedggigned ¢ simpletmpaslepd fpr spacifipdetention efimatursfmiRN 4siby /hami-| i near

acryl am de, (L AnRLAHe REPRRYFML 9. IRRTRIMLARLUNER ity AARKS UGkbRR. The

extracted sanpl es were then quantifi &d usi ng spectrop onetry and the
i ntegrity repodtsiGled ebal., dédaReymony eRAA 20@1; Skl & CihranpdP&dPuncar] @LO5] Rever se

(Pr omoga) 00 3B by OB A EARER AR oL AEBOE vihd 2T T T,

For RT of rpwerse®CR munbrwere dessaned mi drbhid dirdd@ip) togpqudncBNage RT t reat ed total RNA

or dilutions of, in vitro.tran i.bed pr r.m. ndar ds. were

Cri 1 a1y HErRbbfe Byt BRSPS E MRS RLpI M ALBINBIAS T C o er e
prinmers fmquﬁedmndisﬁmm@gihchtgetsef@mmdsmifa%radlpﬂimK@@nte; al_r;QQ@i)Uadhe[ | x _
buf fer, dIéI;I'SFe)SOnglOe 'F%{&\/Bangit;[atewagstahg Iig Opleci 1chET%vas C%Na?oemils qulob éor , Thermoscri pt
(15 U)] as*§pedits ed oy e Ranuf acthirer (i MPogeny”. *The reverse

t ranscri ptcoorenitas of groughputbytusiag ofdéontnoin pEobenfor denettive Wie ingbthesibed a f urt her
i ncubati o t 85C for.5.mn.. For.t det.ectiopn of precurso bot h RT and
oal 1 e et e R L aR bt B g S Ren R ERCEERPERT i rer o as
reported fisesdd ofissing a cbimditg o2 uni@érsal r@5 PCR[ kb 6Figare 6denainstiamdsulice m RNAs,
100 ng of DNase. |l treated total RNA or .dilution synt heti ¢ hunman mature
T RNA st P DL se Ty ey Pomstion 8T g feesth bt BSEr (r o)
and 100 nMeoF efdstdiesichriaier bOMp deiiblé-kt@asd thplatel Figure 7 edwsdiatian- a t ot al

vol une of 10 ] .n até&élés%' The reacti onf_ s term nated by heating

at 70C f or*ms“%lﬁpfogé Pg‘fqriﬂrpld%iﬁ %t asp4arge peRO I RRREI9ED0 ng of * DNase |
treated total RNA sanples were reverse transcribed using 400 U of Inproml]l
and 100 nipp@f13gach Ritealthighypotlesqtniaere RN ApPMs Girst reve sk Jransoritiedtaot al  vol une
of 40 pl f49‘!’C by RT oligonucleotide which adopted a stable stem-loop secondaryvstructure during
RT. The cDNA sample was thenvampliﬁed using a tagged forward primer (Pf) and a
hemi-nested reverse primer (Pr), where 3-5 nucleotides extend beyondvthe RT
oligonucleotide. Amplification of the cDNA sample was monitored in real-time PCR
using SYBR Green 1. RT oligonucleotide can be incorporated with deoxyuridine (dU)
residues and the cDNA generated was subsequently treated with Uracil-DNA

Glycosylase (UDG) at 37°C before amplification. To assist in the user defined designs of
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30 min at 42C. The cDNA sanples were then used for real-time PCR using

m RNAspecific prinmers. Primers for both RT and real-tine PCR were listed in
Tabl e 3. wonear159/8¢ ol i gonucl eoti des were listed in TablPeTAG2011/000210

[ 00107] Uraci | -DNA d ycosyl ase (UDG treatnent. RT oligonucleotides with
deoxyuridine (dU) incorporation were synthesized by Integrated DNA

Technol ogi es. Reverse transcription was perfornmed as descri bed above. The
CDNA sanples were then treated with 5 U UDG { New Engl and. Bi ol abs, Beverl ey,
MA, USA) at 37C for 10 min. The reaction was inactivated at 95C for 10 mm

?ggl at P{)ﬁ%ﬁgﬂﬁ EIJSP%Q%%’P%?‘LQW S?t%sig/‘g%‘! it é‘ﬁ%ﬁ‘%ﬁes (10 to 105

cells per mv@l—ll))awaambf(&zumﬁ)e vvlth PBS, |ysed and reverse transcri bed
directly in the wells with 40 I A of RT m xture containing 0.5% Triton X-100

(Ther mo E[I[ﬁgﬁ Acs)(r:]'ugf&yjr nc{@th%t%eﬁg@r&l-}lﬂpmé‘k a‘sﬁ)j; Offgga) and 100 nM

of each eot | 41aM of total) 1n the presence or absence of
RNase i nhipsiformran@UpERalamiinast¢direalttine PORbisaniyvas finst c3aluptiedusing miR=21 For

conpari so ﬁ{!\(@ } t f. I re isol ated

and reverrs}:e]\{rgﬁls?((:)r dalr]%%faﬁglggﬁ%c%@rﬁnggﬁﬁaea%@%S% r[ﬁ&les}égr]p es were then
used for rcbadturailmnﬁ(b‘ﬂs a{n&@nwe]mibnltlmmomﬂmgl%&aﬂiles iFheasegRxhibsteer f or med

on the CFX96 S Her cul S Geen |.

Real -ti nme @f%(t dtry nanrl e(%n 38? memundeg%%%?lﬁ%ipgﬁlgs (IF% i %Fyge%&’ according to
previ ous rdemonsttmmﬁ@mb\mbmtg@moﬁthmalssay fo4pd ddemng oﬁmlm{IAs Ta@%t)ate Fast

t her no- cy of m for med te

denat ur at ﬁ)b ‘ 0”5%’66 f%“b%%e@@oﬁ%@l ersTE{ 6%1agas Jllél‘ge‘e(ralé’tv ﬁ&a‘frl or?loat 95C and 5
s anneal i ngdgaitid($09010 180 c@KS.pefRE) ld qointitiad by bdiN/estadmriabimedT-BAR] ected to
realtlrrePCR natotal volu of 25 ill X Xt.ensaM x- SGT'm ( Bi 0WORKS,

Si ngapor e) XC%'EHE léﬂeﬁ'i‘tﬁ@fﬁleétaﬁi@'@’?sugﬁﬁ&dﬁmtg]}e“é’ C aﬁ?aiyryﬁ’éfa 1.25 U

Kl ear Taq @Hmmelraﬂgewz&eeaéﬂﬁbmhwesle tdHgidessdown as L) copikbe -t hr eshol d cycl es
(Ct) were calcul ated a mat | cal.J t he CFX manager software

( Bi 0- Rad) .(S‘&ﬁ?ﬁ“ﬁ“(ﬁ ?rgg"‘g’feé‘:t‘oﬁﬁlgﬁf%ﬂgxpr ession levels were nornalized to
U6 snRNA expression. [00110] Cal cul ation of real-tinme RT-PCR assay

effici enc>{0a11t5]specWeineitteyamEéd the iperfidipaarecf gyeasdyi iﬁidétycting niRHA-t i me RT- PCR

P W SR T
the m RNAtm&lrlH\mbstowtddeﬁbnbyoqqlmtt& i el Figare 9y HY) oo qasitifiel usiyniniret i

21 heminested real-time RT-PCR assay. The standard curves again showed excellent

linearity (Figure 9F,H), suggesting that this assay was capable of reliably detecting

miRNAs from a minute amount (1 pg) of total RNA or from as few.as 10 cells. The |

capability of this assay in quantifying mature miRNA from total RNA without RNA

fractionation was further supported by total RNA spike-in experiments. Here, 100 ng of

total RNA from U251 cells, which did not contain let-7d and let-7e (data not shown), was

spiked with varying amounts of synthetic let-7d or let-7e miRNAs. The presence of total

RNA did not affect the quantification of mature iet— 7d/let-7e miRNAs (Figure 10).

[00116] . Hemi-nested real-time RT-PCR assays for three other miRNAs (miR-24,
miR-92 and miR-218) were also evaluated (Figure 12). All the three assays showed
excellent dynamic range (at least 7 logs), sensitivity (10°-10* copies pef RT) and RT-PCR
efficiency (88%-100%). Furthermore, these assays showed specific amplifications 6f

target miRNAs from both synthetic standards and total RNA samples. The sizes of the
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WO 2011/ 159256PCT/ SG2011/ 000210 m RNA dil utions. Assay efficiency was
calculated by (101) x 100% where S was the slope of the standard curve.
For cal cuwetznomsefsespeci ficity, identical amounts (109 eopise:0p®nodRT) of
perfectly matched mi RNA and m s-matched m RNAs were quantified by real-tine
RT-PCR. ACt was then calculated as Ciperfectly matched =RNA Ctrns- nat ched
m RNA. Rel ative detection of m s-natched m RNAs was then cal cul ated by
10Ac115 x 100% [00111]Results [00112] Overview of hem -nested real -tine
RT- PCR assay. In the present study, we have designed a sinple nethod for
specific ' r '5Nﬁ§ - ] ed real -tinme RT-PCR (Figure
5). Ini ti% p?/ﬁ&%/\s/e%rr]égﬁrg%{ljw %’Eﬂel n ao}r%lrsrgggﬁ%?aéirevi ous reports (Chen et
al ., 2005; Raynond et al., 2005; Shi & Chiang, 2005; Duncan et al., 2006;
Var konyi - d881t7let afpecifiz@lorpctioniof mednre ageinstanécuesor giRNAg OB, capabilfy et al . |
2009), the { i 3 r -0 | to
sequences(Fgﬁ¥ﬁ§§E?ﬁgﬁFgé%E§$§g??§§?9$§&%2%ﬂgéggg%@%?%%%f{§?&%¥ﬁnique

m RNA- s peochiRiNAsfwaro mestigated yringtfematgrermei@iNAsadd theirgpsesppimdirggrecursoss t ar get s
O an PSRk S IPh L £R05(EhER . a1 s 20R0De | AR89 50108, PO

[
TagMan- based assays, this SbECI?I cr'ty was ‘¢conprom se e ‘conveni ence

of t hr oughpuipatispnret ye alve e duaadinpar@ieolfgonudietidestthayido nyotmy pot hesi zed t hat

i ncreased specificity can be achieved b esi.gni a, hem - nested reverse
POR pr 1 e R SRR Bl DG e heBUBP S BB | ot
Figure 6 dempmsdohah&s sieheo6eRT ghigddhiclkftRle aidwh¢iflcarshonevglif@r RTi Mers in this

method with different distances between th ends of ea primer on the
doubl e- st roéasa%leeaﬁ?r-‘a|~v§fee{!semsv%?é) SHEBY fralases Sy F e égﬁ%f 4

nucl eot i d&gentigal T Ednte@CAd\ini®s Téh (<APQRAfFdr&Hep) datl 31 BavR idh 8 B URGuentH0113] To
test this hypothesis, mature m RNA was first reverse transcribed at 42C by

RT ol i gonueltbsanrerriffrestndaygprddyPGRst abl e stem | oop secondary structure
during RT. The cDNA sanple was then anplified using a tagged forward prinmer
(Pt) and go0ber8]- nesThkame b (P°icBEiEs fdPR)T) ofhigne iR ARUGH pet | des ext end

beyond the RT oligonycleotide. Anpljfication of the c S l.e was

moni tor ed TRV MHEfeRy %Pﬁ@d%ﬁeefeééﬁmrlfww B‘Fi‘%gﬁﬂ@ﬂgg’ﬁ de can be
i ncor por atiRstedvichitiePER UDdpdhdifs it} 9 pRSHIRIESs SafidebonaliinigEnemated was
subsequent lé treated with U ml -DNA d ycosyl ase (UDG) at 37C before
ampl i fi catdetshted 1 4 gudpsdpverage ofi8-dcyelesh pHsr tEPé’erﬁ' fis using stem-

loop RT oligonucleotides. In contrast, the assays using linear RT oligonucleotides were
less discriminative (average ACt of 4.8 cycles) and failed in discriminating some mature

miRNAs from their precursors such as pre-miR-21, pre-let-7f-1 and pre-let-7i (Tablé 1).

[00119] Discrfmination of human let-7 miRNA homologs. ‘Several miRNA _
families (eg. hsa-let-7, hsa-miR-30) consist of highly homologous miRNAs which differ
by only a single or a few nucleotides. The eight let-7 family miRNAs sﬁare up to 63.6%
-overall sequence identity, among which lét-7a and let-7é, let-7a and let-7f, let-7b and let-
7£ differ only by a single nucleotide (Figure 11A). In this study, hemi-nested real-time
RT-PC.R assays for each let-7 miRNA weré designed.

[00120] Each assay was used to amplify all eight syhthetic let-7 miRNAs and the
relative detection was compared. Briefly, specific reverse trénscriptibn of each let-7
miRNA (109copieé pér RT) was first achieved using stem-loop RT _oligonucleotide
targeting the less homologbus 3’ region. Discrimination of let-7 ImiRNAs was further

- improved by a miRNA-specific forward PCR primer and a hemi-nested reverse primer
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any real -time RT-PCR assays, a flow chart was presented in using hsa-m R 21
(hereafter mR-21) as an exanple (Figure 8). [00114] Perfornmance of the
hemi - nestw0 20gals9issme RT- PCR assay. The perfornmance of whe/sceniirness ed
real -tinme PCR assay was first evaluated using m R-21 cDNA dil utions under
both fast (10 s per cycle) and standard (75 s per cycle with 15 s
denaturation and 60 s anneal i ng/ extension) therno-cycling profiles. The
assay exhi bited excellent dynam c range and linearity under both cycling
profiles (Figure 9A B), denonstrating the robustness of this assay for
rapi d detect ENAS val ua h RT and PCR,
synt hetic mfl a@?[w‘th M IAu?pe(c:i'%(%getrae 1n£1 8‘% egceogﬁlr?géhﬁ %?ICP?T%B)gto 100 copl es
per RT) anbowgdatélfehtatischiyhinatinh agaiist hxdncrle@lu’s miRN ATwRICRss e &)l ent |inearity

of the standard.c hat th had -a dynami c

P hnge of - pripedns iR ERE ke Tagre P Gur kAT RRRHAER Bahag e

(su ?z ept omel(mfgiquﬁﬂll;) FFBr fe@d@iiRNASs (it Giffe£byPTnkleotilEt izﬁ)}éll‘ﬂles‘eastsayex?m ned t h?
performance of this etectl tal RNA sanples. Tota
P G 1ot it Guspoegang daitet He e AL cts R e Stost SR | Bl ot ed f rom
100, 000 t ampAficdtioh SThisre gl sRg6is Ihat R hem Dbkttt irdal-Gthe RI-POR Bisk2Wadieni nest ed
real -time RT-PCR assay. .The standard curves aglal n showed excel | ent

li nearity “¢H4 &Lﬂfélsg‘lﬂnﬂ?t‘ngs}u%%g?’f’ﬂ@g‘t“ﬁé’c‘R]t‘IﬁF§ geelsfpmpabledani e of reliably

det ecti ng foRNASt frbbaded HeMUtirfe RIMPYRLaséals Qhen ©f all 2663, VAWAnSpedsivem as few.
as 10 cells. The cap abl|lt%/ of this assay in quantifying mature m RNA from
9

total RNASWBRSen Rigtedtipnehemifiat i on was further supported by total RNA
spi ke-in experinments. Here, 100 ng of total RNA from U251 cells, which did

not cont ai[eo12- 7d BipoveliasstP pbifevnantdby ahm;)pormzwphg@dcmﬁdz varyi ng
amount s of Sﬁ]thetlc let-7d or let-7e mRNA% resence of total RNA did
not af f ect?f kP Greatiers Ditcrigrnagien hefgsnecertap ‘g}"H'/l}o ologgussn IS @i gure 10) .

[ 00116] Herpe fiteret Rihrévea lusihg FRoWRT stRdgy 3ot drixil- DRA &&}hﬁ;é (UDBNAs (M R- 24,
rni R-92 and m R-218). were al so eval uated (Fi gg\re 12 the three assays

showed exd@pERE lafiinsiidy. Marbwredthat @agwo‘?ﬂtw E)Ollg%@ﬁlsPtfqe%F%ryect 103- 104

copi es pelovéthasabld t(R;éTwPecBaﬁlfpflﬁéHn@ﬁ'FMmélggl{ﬁ A, -althdligh RehiPabRr t hese assays
showed specific anplifications of target m fromboth synthetic

st andar ds cHiienenEigunils). dnjerpstogly, quFétféﬂ‘t'z‘é%t "ijh YIRE. dUniRspiresifd Rder e verifi ed
by gel el gtIran Gﬁécﬁﬁbl@otﬂé'bgyﬂcﬁ sthfidard ﬁ@%ﬁkﬁﬂ%h&dl&)tlﬁ@%@ﬁdt QRe@f mature

agai nst precursor m RNAs. The capabilit em -nested real -tine
RT- PCR assefye prrewirsechGRypriger (ngmlﬁl},@) é%faihﬁ%bypﬁl?hé@éﬁdstb%t disPrRRmatiqger e

i nvesti ga t rsors
Ay %@%_eux? 08 rrgRﬁﬁ Hahr%ldgg E?Mf% ﬁmﬁe,t l%wve& Qith @ﬁﬁ@pgfag@yngggeuaf 59

let-7g, | e’thllvﬁyandanGdeBMgﬁrs@hotIMOhla%a féﬁp‘yed @taaméﬂt@?ﬂon PFR&I% RT
ol i gonucl %gélgg?e% 7ERat %&mﬁf 8 anntgy&fd@sbm é@%ﬂ%@f‘aﬁoé %ﬁhérq&g, structures

during RT etter conpari ese stem | oop RT
ol i gonuc! éd l)dnestemr(dUﬂreglpn wenerswgf@nmiyrigssIchm&rofmpssaamg}cfwmg leegfi des were

desi gned ool Glin BOCRidhyd1, BORSR: RL7d NEWR oL PRE bidhyaRel dent | cal

content and sim rence have i sequence
so that saveee gbild tn’e)rlgwcmrsberauﬁ;e'gthnrpf RERa equally well (data not shown)

[00122] Application bf multiplexed assays to identify GDNF-induced miRNA
expressions in U251 cells. To evaluaté the robustnesé of this miRNA detection method,
hemi-nested realtime RT-PCR assays were designed and applied to identify GDNF- v

- regulated miRNAs in U251 cells. A total of 26 miRNA were examined including 18
miRNAs (miR-7, -10b, -15b., =21, ;124, -128,-137,-139, -146b, -181a, -181b, -181c, -
218, -221, -222, -425, -451, -486) reported to be dysregulated in human glioblastoma
(Pang et al., 2009) and the 8 let-7 family miRNAs. Twenty miRNAs (except for miR-
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[ 00118] The sane amount (109 copies per RT) of mature m RNAs and pre- m RNAs
were individually quantified using either stemloop or linear RT and

hem nest eslorzealsbisee PCR. Dependi ng on the 9 pre-nm RNAS pexacogmpoo21@t ur e

m RNAs were detected 3-14 cycles (average ACt of 8.7 cycles) earlier than
pre-m RNAs using stem | oop RT oligonucleotides. In contrast, the assays
using linear RT oligonucleotides were |ess discrimnative (average ACt of
4.8 cycles) and failed in discrimnating sone mature m RNAs fromtheir
precursors such as pre-m R-21, pre-let-7f-1 and pre-let-7i (Table 1).

[ 00119] Di I m nat.i,on n let-7 m onol ogs. Se | .m famlies
Ceg. hoar nap PO Bl B BT BTl Pl OS SF Py IR 2T ki ch

di f f er by notdhywa). Stimglagornsf the deflvwithi GDANR indeed tiklealepéngbrit abtéstation fam | y m RNAs

share u % overall sequen identity, Ni let-7a and | et-7c,
o 7 and R SRR Shithived R By bRt og RIEK By Mo CHaigR e oot 1 de

I(Fi ggre. éﬂl&). wd ﬂﬂetfj Jjﬂaﬁtiﬁédgﬂe/teglg&gi m@tﬂﬁt’?}cﬂd)fkﬁ;ﬁéssiohﬂ&ftﬁ@ée@@ﬁi&ﬂ%@?ﬁ ff)lr_ eacﬂ
et-7 m wer € : ch. assay.was used to anpli all eight
synt het i cl\Llﬁzéll 991?5@’ Iﬁ‘rs@gp'jﬁtﬂm%tﬁ’é}yr |§7‘€‘“§"é‘f’éé‘f%8"ﬁl %%e%eaﬁ?igﬁ@d. yBri ef | y?
speci fic reuekise of HISCD1,PL 18 Figake €S0 unl &t-77, -1d, RNAF{ghAOSBYI s per RT) was
first achieved using stem | oop RT_oligonucleotide targeting the |ess

honol ogousgiggifica geeyfptionpkihe pheiaIRNG} WS obgarved- ni RNAs was further i nproved
by a m RNA-specific forward PCR primer and a hem -nested reverse priner
prefer ablh)[om'dm m W@t&ﬂaﬂ_@%ﬁd@d_3'mﬂtﬁﬂdﬁema§sg)sﬁ)ﬂbigﬂﬁ@?eoﬁd fevédfe t he el _gh:] : et-7
assays showed excel | ent discrimnatiqn-agajnst honol ogous RNAs wi t ess
Chan 1% nSBISERYG & ﬂ&é@@&%ﬂﬂ&?&@%ﬁmﬁ&? % Bf-ova%glga@%%&ap 1.778% rel ative
det ect i on s@geduest dekeRtion’8r iAdTviged] ikl R)by he@i-néstidréal HinRRVAR . AR thls bder by 2
nucl eoti des or nore, these assays were able to specifically detect the
target ni RIGKafiey+ve fourd thatyip-resulaion ofthe GmiRhs bar?ﬁ?w Weafffeeﬁvelymi s result

suggest s tikiabitetiBg phe@dtmepirar c)éﬁ@kfi_tKUUF%Rg[rgE n2EHAMERESRK pabl e of
di scrim nating hi %hl y honol ogous m RNAs at [ evels conparable to fluorescent

pr obe- bas éignpligipathivae wartepeiredfes@D N F(itdysed BiRNh exprosgiony (Fighre A7) nexpensi ve
SYBR G eeRjthil¢ds8k Wa®Bbt&i&MbySddndard sk ARHANRE niRSAY aRERL-GTBNCE Dy

dU-i ncorporated RT oligonucleotide and UDG treatnent Discrimnation between
certai n hicgmplex{&iggred®us mi RNAs can be further inproved using a novel
strategy involving uracil-DNA glycosylase (UDG treatnment. In this study,

we observegotdagt t hBirad Rk inubipldR HelbidUFwiRNAL ieH Ifsarek.| Pdetver was able to
serve as anplificati onrfpri mers during PCR, .although with poorer efficiency

(Fi gure 1@¥tectionol paRNA feamycelldyfetes can avgiddaptimeeensubing muistsPRNA por at ed RT

(dU-RT)  olido@@iok pro8Qt htedrPMbtidARy intleAdrdRd #rdBihdud I thd dss&). vaomsicfupgéd de was not
able to serve as reverse PCR priner (Figure 16B Cg. t hen hypot hesi zed

that di scrtveptieater $he ceeabiisenl hehenrnesirapsahibne RAJICHhagasie direrianér i npr oved
W th_sim |nﬁﬁt§ﬁ$£(?ﬁﬂﬁ¥0ati$mﬁNA‘é’fﬂohﬁl(ﬁt‘i)alﬁﬁi,@('j(ﬂc&tq;@i U351 0hilsapv6ialaot | de for

| et-7a showed relative detection of 0.03% against let-7f m RNA, let-7a RT
ol i gonuc| éwlatefdstal RN fepn thezeselbor e nesd aarondiolsier quasiiratienuSimigrr it em (dU2)
regi on veigy gk O Licemnt ihyeahf;f%% tHeRRD) 184n@ miR 295 SaAIIRd LlVdsR@isbflea /T af ter
treatment wth UpG (Figure 13). Both the let-7a dT and dU RT

ol i gonuc| &tA gdrolasnggested that miRYAsrpan petedinke qpantifist fromitetalRMA | et - 7a equal |y

‘é’%:\l:: |( ﬁgb ?’é‘ﬁ;“zﬁﬁdﬁwfew LOPH- &k ﬁﬂQHe%S.ihﬂﬂor%ﬂ{J}ﬂo{H &iﬁ%ﬁﬁd%ﬁ% to identify
can be detected equally well from lysates of 10-1000 cells using this multiplex assay, as

compared to isolated RNA cohtro_ls. Howeuver, it is worthy to note that direct

quantification of miRNAs was compromised with lysates from near confluent (104 cells/

well) or over confluent cell densitiés (10° cells/ well). Interestingly, no significant

difference was observed in detection of miRNAs from cell lysates with or without RNase

inhibitors, suggestive of remarkable stability of mature miRNAs.
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expressions in U251 cells. To evaluate the robustness of this m RNA
detection nethod, hem -nested realtinme RT-PCR assays were designed and

appl i ed twoidemtspfsyg GDNFregul ated m RNAs in U251 cel | s. PATISOR@l1/00621€6 nm RNA
were exam ned including 18 mRNAs (m R 7, -10b, -15b, -21, -124, -128,

-137, -139, -146b, -18l1a, -181b, -181c, - 218, -221, -222, -425, -451,
-486) reported to be dysregulated in human glioblastoma (Pang et al., 2009)
and the 8 let-7 famly m RNAs. Twenty m RNAs (except for mR 137, -146b,
-181c, -451, let-7d and let-7e) were found to be expressed in U251 cells

(data not W ion of the cells with CGDNF induced tine-dependent
activati or{ 1/%”% fé’ whi ch was inhibited by pretreatnent of MK

i nhibitor U0126 (Figure 18). W then quantified the tenporal regulation of
expr essi orf80A6] t hesleis2owrknRrAthat miRIPAd plexintportayt ralpNm. madulaingganengl y, GDNF
stinmulati R - I, -218 (Figure
15A) and %g?ljeg}g td%‘-ﬁgijbtfhhs-n%?g%gégﬁ%h¥%§)ts%%§%n%eg§na§ tr ete? ¥| on of the

ot her m RNABN\AasFrdﬂdmnved 2([(190)M'@l]méirtcmam MEVeetmplwxaremmrtprpﬂilexdd assay for

si mul t anequs rever.s CloLP 0 of .t b Ql? ing to 24 RT
ol i gonucl eo?‘N(rj r)ap1 us,? sdecotSJteerﬁeCt(le&née 85‘”0 erqeﬁl\f?ﬂ(gf tur SJ‘[?)y

hem - nest aek higldy ddsirabde. H@Rhemlsnds@dirdmil-smﬁm m]k)!,ssaysssEW1bwdahdrﬂu metret hat

o et r oat meHEPISP CETE" B Tt e ST Rg TRy Y SRR 21 gnal i ng

pat hway walssigrecflany edRINAE tHalihky beiderai#dd in thelAimaxpr essi ons (Figure 17).
Simlar result was obt ai ned by st andard si ngl e- pl ex assay using m R-218 and

| et -7i [Qdﬁﬁl es Fth etlc 1RI§[AQ Zé]tﬁ)erect gﬁﬁre éﬁjr%Rld ectlon of

m RNAs in | ysa es rec etection 0 rom cel | fdtes can
avoi d t he showag- Vﬂdﬂd)mmnmgamgstldfla’slbﬂp7 I?igAhlgtﬁeammty qﬁlamfbm lammohbpwlasatl cally

i ncrease th u of t he f Lhyesti gated the
capabi | i tfe&{“ gzeﬁg)ﬁ\ eﬁb@‘f‘%‘é&r@?eﬁ SR %rstaan 9O/néer(téct and
mul ti pl ex rguadriguirtidiaitioarnf afiRINA R8s ssidnOtie $thtlievic hﬂRN(A(bﬁhndarBst coublhldd251 cel | s
in 96-wel | om t hese.ce e ed, as controls for
quanti fi c&ﬁ?‘ﬁﬁgsogiterﬁqaﬁ?foﬁaﬁoqﬁ%ﬁé{%?fresﬁ%gf”?’é‘ht?l I%ﬂ?%éﬁ?}?sl Y0P HE i R 21
and nm R prﬁtlaﬁmgafeﬁomrn\ﬁaslmﬁeant&mé MEdss%manwérebSrfcﬁmggeﬁdeed t hat m RNAs
can be relja 5) guantl II ed ﬁ[eor;nf# ot RNA acte ero as f w as 10 cells
(Figure 16naardgmoselioe piables! 4 fo. D1 BeREYel Q1839 ol Bk HaLBLFed equal |y
1o 1 0l at o A pomt o] R e e P gt oot e
quant i fi caa 6ipaple a}m cling b SR SHEIeM 901 wﬁf igadiop P@fﬁ?ﬁ%@ar conf | uent
(104 cel | sixtoRk| Dhe Fist-Oycding 64pabilitiedTithis &shy ©BNHIpait 88 aftddtedeetleshorvel | ) .
I nt eresti ngl no_significant difference was observed in detection of

o

mi RNAS fr@mpgm(ﬁ(y gererafpd by hsmispesterRiimamerddanio Arefeicshes 2Qst i ve of

renmar kabl g st BRIdbdn witholBthéh& e fitROSTobe MBrARsl/ 159256 PCT/ SG2011/ 000210
[ 00125] Di scussi on [00126]1t is now known that m RNAs play inportant roles

'n modul at[b(p%S?en Specific and sensitive quantification of mature miRNA from total RNA
samples usually requires size-fractionation and pre-amplification, respectlvely It has
been reported that besides additional sample handling steps, size-fractionation can result
in consistent loss of miRNAs (Wang et al., 2007) and pre-amplification efficiency is
significantly affected by number of A bases in miRNAs (Mestdagh et al., 2008). With our
miRNA quantitative assay, small amounts of total RNA (1 pg to 100-ng) and total RNA
isolated from as few as 10 cells can be efficiently detected without the need for
fractionation or pre-amplification. Previously, Megaplex miRNA assays for simultaneous

reverse transcription of 220 to 450 miRNAs has been applied to quantify miRNA

28



expression and it has been suggested that up to 60% of human genes are
targeted by m RNAs (Friedman et al., 2009). Wth the increase interest in

t he expreweizon/peti | es of m RNAs, rapid, robust and cogrisGheatoneao nmet hods
for the detection of mature m RNAs are highly desirable. The hem -nested
real -ti me RT-PCR assays described herein were sinple to design and showed
excel l ent performance and provided the flexibility for the design of any

m RNAs that may be .identified in the future. [00127]Wth synthetic m RNA
targets, the hem -nested real-tine RT-PCR assay showed w de dynami c range

of at |easf f Je

(subzept ono rzss)m%gf?ldén EUQJEC %ﬁ@%ﬁfté{t‘f‘#%‘?é’ﬁggglgg gﬁg@é&%@%’?ﬁi Igg"{t‘ﬁ g@em des
relative cpltlalnﬂms)cﬁecaum noich danNAorempra@igu;bﬂhT otigwu@yottdhentais usemfcﬁl\iép}st andar ds
coul d al SO 1 OWreaa thlJatlon uaésl% qur!: arti(;r eol mrp: %es [~ w en s&é{?m total RNA
sanpl es. P8P previ ou f eporf a5 rpea )f gatssays

whi ch vvereotpmlﬁmlmst_thund}so ngIIamldastddy, hemhave shywh mhagmpltmfemloézzbmlmm 0 75 s
per cycle en. et al., 2005;: Ra 2005;

e bat | - e capdigions SRt IGR TR Pitied ssspreoug RS R Eas, capabi e of
fast ther radigéniclebtide ((oﬂt&nt‘ratﬂﬁhl’or eealeedssityi df bfﬂaﬁmﬁmﬂhﬁdncmdrﬁ‘ﬁrepﬁe reaction

m xtures. The fast- b|| f thl may in

attri but ecf“%%f’s'ttﬁ@ "é‘ii%ﬁ ‘gﬁﬂﬂ 5%“‘85’)0 ﬁgﬁggﬁ tTi?X‘ﬁ@ E‘H’é‘it ed priners
and rapid rEddd@E&%ﬁ@ﬂﬂQea?g@ﬂ%cﬁilkin@ﬂ 288 ySS¥BEv Q1aBe qham&twtofhlhmnecesa ty of
probe hydrol ysi s [ 00128] SpeC| fic and sensitive uant| fication of mature

m RNA f r orihedsmuliipied assays ea furthenbs \}seiiiqmrr?%guw igatiop oL milNAt r8R and

pre-anmpl i foug@bd 8dlis if RSREEE TNREMre, Iht nltBDd hgRRAed BRREH iRdpithads rBRbledes
addi ti onal sanpl e handli n steg} size-fractionation can result in

consi st entrapihand hjgh ‘r‘i‘f%ﬂh@‘ averH e prafiling Sfog N Aamrareptiensanpeily fremt i on

ef fi ci encymihste 3Bt bGHMUbYRRAL 868D d¥tIUPRCTy s&f cefls RARAS tHe e fBNAS
(Mestdagh et al., 2008). Wth our mi RNA quantitative assay, snmall anmounts
of total Rebripus. frecopsumingrmpthoss af RYAL$OIFM i sol ated from as few as 10
cells can be efficiently detected without the need for fractionation or

pre-anpl i floeadg)on. RN ks IsyecifRBRBIEXoMANOMARS AY FrofPrecttsBidlid aneous
reverse transcri ptl on, of 220 to 450 m RNAs has been applied to quantify

m RNA  expeesddn R digomicirotidesarith fam-lnep seseafanyiipuchire. Slthened el | (Tang et

al ., 2006;exMesichagiseif pilcursordfRR)As JRGR B81FatdWRR maRWEHIFOOAC@AaLiA atdion of RT
ol i gonucl eoti de was used for each m RNA, pre-anplification was required

prior to rd88h-Schipiteprs absiN0d), #lit %thf%‘iné}’%ﬁ“ﬁ@“r?t&“eﬂf mRRPRAjcan pess t han 350
ng. In thig uﬁt&ﬂyheréﬁfy M\i@&ﬂ%é@é& eﬁ*@sﬁédﬁiu@?ﬁef?fmaaﬂe FOriRNRerer esul ted in

concl usi ons conparable to sin exed assays W thout reduction of RT

ol i gonuc!| eBdtersabialfermeseial &ngertCh?@l ptab o209 1 Wulsrynst al.20PT:i Schuiteen.

Ther ef Ore’etXYeﬁMg%%}defr RAadischitid b epee ihd 1B AN EL Y RIBY hroPldBiRELEnLT M RNAS
wi th this method coul d reduce sanple and reagent requirenent and yet allow
reliable quessretidn enseifionssafs firl wmatuwwrwswrplﬂ‘é&éécpr%@gldyée%rahlefurt her be
used for 1ifar BTN (OIS B RENE RlbiSe 1 N 96-wel | .
Therefore%é ﬁ)gh?rgﬁﬂﬂ%h E%H&Hgl earrgrn I's ucaep‘n%)ﬁge% reWab% ? rapid and

hi gh t hr oughgaibeduatntei butingt peecprsarfmiRiNAg. Bife StanRIAP ekpegysws bees not only from
m nute a f I Iﬁl%g ell's w thout
t he need”&?&ﬁ@g@gﬁ%&sﬁ‘&c’? %rfre con%géﬁ‘tﬁ%}é:%%% 4 &Ipltl E{‘F\T%mles%?rgﬁfgn [00129] I n
this st udy@plspiérgirétrqynde(malr etrnl oiOQGhthaebmnmstﬁdﬂlmlmeerc&T sors is achieved
by RT ol igenucl eot M thst n r though t he
xpr eset ot PgeRRldsE Sioutd dehaf £ R BREAR SR O eIl Faneid B oo Fias
(Calin et efficignt R9Ede trﬁshmttohgématate iRNAsZBOymgndiet ali, §O®fotThmxoommn t hat

mat urati o ‘

expr cesed BOTTTREP VIR 2P T e UG E B L RAPBLaE oar . 2003

M chael etrmRNA-spEElﬁBnudetldésymeﬁtm ehiis stud20i8 TikelHed el duk gethe éteffdiens 2008) . In
order to discrimnate b tvveen tﬂﬁé ulatlon of mlt?lAB ess| ng and

mat ur at i oﬁeveésﬁér@i‘ﬁ"flemé’s Rpdure gy W"lﬁ‘? it H’&pbervéodlﬁ & g 5 are highly
desi r abl e.al.\¥05 ) Théke rdratks ﬁg@mhmpthbutemmebp techriary sitlictolei ngysudilzet i des
preferentially reverse transcribed mature but not precursor m RNAs. The
stem | oop strategy has been previously applied successfully for specific
reverse transcription of sense strand%f replicating retrovirus (Anwar et

al ., 2006). It has been suggested that |inear RT oligonucleotides should
contain at |east 7 nucleotides of m RNA-specific sequence for efficient
reverse transcription of mature m RNAs (Raynond et al., 2005). The poor

di scrimnation of mature against pre-m RNAs by |inear RT oligonucleotides
(with 6 m RNA-specific nucleotides) used in this study, is likely to be due
to the |neff|C| ent ‘reverse transcription of mature m RNAs, consistent with

e r -



al ., 2005). These results suggested that the stem| oop secondary structure
may stabilize the short base-pairing between RT oligonucl eotide and the
mat ure mwROAuIsHIEg reverse transcription. [00130] M RNApcarse2@mn®mugeae i nto
famlies (eg. let-7 famly) based on identical seed sequence that spans 2-7
nucl eotides at 5 of m RNAs, which is a critical determ nant of target
recognition (Lewis et al., 2005). Although m RNAs of the sane famly are
likely to share sone common targets and functions, specific nmenbers of the
famly may be involved in certain physiological processes and di sease
states. Faof_ ihstance..let-7 S..found t speci fi cal.ly -r |ated with
26 and r QLR ARG e Yol RERIREHPRoIGk B8 P RAGE}H RN HRE |8t Do ey

al ., 2008)trankmiptiexpr essi on of |et-7d was suggested as prognostic marker for
head and neck squanous cell carcinoma (Childs et al., 2009), and let-7i was
identifie novegln i rker pi .t I ' cer (Yang
et al . 20887308 ag o SHRRASHR i iped o fAUTRD(EPIE P Bk B pRYE DL AL L R
i's requir eded syuenbethaspais@pmarteotdeshi HnumkBNA s awmiticl B csiticall He@grmoment he

bi ogenesi s .of m RNAs.. Previ qus| I SGrimd najd, en | et -.7_honpl ogs was
nchieved retreTsaRA ot AYisthE Eaosd Riou HROU ot R PR R e £ ¢
RT, a commikelyrtestearsnercomeion MagettiadduicpibndEécdiodnembeisiiieSpeidy by TagMan
probe was required for. discrimnation ( n et al.,. 2005). ays with

B ar oA Bl i e T PHE Plrg et Ehepe sBissrobropkse: CETT ¥R 1 om
si gni f i cantbling tpbesREifidalBaipiiguaed @ith ode dnbl @esh@isible foptheldegmed Rayreind et al .,
2005; Shi Chi ang, ..2005; S i -Tehrani et ., 2008). We hypot hesi zed
and showed® ﬁwwgl?@e%%mef i“ygﬁw% EREY (S 8§ﬁt‘ W?frsaﬁ%s{eﬁéﬂi pr9etitanced by a
hfem;c | nest eﬂhrkérif&r%édb sfaaeti §q@arhh@é3:éﬂ eaﬁagiinpﬁmi etatlfIlQZ(ﬁ)?), AR let-@igudsr ebt he use
0 uor escent_ probe. ing this nethod, ,.all the let-7 m can be

speci fi callfi§ptig w@aelﬁ?w@quﬁwﬁm ERiBekalgpargnsaper (,Ywmlei%‘m ent

di scri m natd Qbh, sFRIMAA QLA ARl ddlecHONBS HAS RERNAY RSl Bfed i@ thdre TagMan

real -time RTPCR (Chen et _al., 2005). [00131] The presence of excess RT

ol i gonuc! sy§lepment afrpiarasriers and fopsratieseondhs biggeetiyof MENISRPreviRPh wi | |

contri but gidcAmiANoS PaEL f h&n(ﬁk@lv@afs h&AdVe® With TAyMIah RaPiRPREMIR Ls@speci al |y
when the forward prinmer in PCR can al so hybridize to shared sequences (eg.
cDNA f r om HisrSY a§eusiRiiARMpssiic RA. & eompen fsvaee préeertvss padifgR @R #i s problemi s
to reduce fiRKACHLNOTRIME prille Vhd rBQRNE FGAdcHRTalYn @k Ed a'i‘.ﬁz(}b@}\.'A sanpl es
after RT. However, this approach wll invariably reduce the assay

sensi ti vi tAssaysspdsimilar ytragggyput withous the memefdbiloteseegrpropgsRafiiered frgip | ow

abundance s'fg[nm'gﬁtly fddfer BREMinkton It tHeL7 AN GRayNondRALT Yod3Ishile RT
ol i gonucl eoti1des 'wth deoxyuridine residues and treating the cDNA wth UDG

prior to r@angt1008; $herbati{io@anies ak.i208%). Perhypothesized apd showed thatand f ound abl e
to cl eave [ I i ADNA i h: <oy A #7). Rel ease
of uracil S'Péec??dé%eofg{h?g%s%fsta%h!b%g%g{??%%-g?}h| C sl{yHeﬂsqgﬁlesttﬁtem%m Sé?/gliﬁgh can

bl ock t he rewepieiPER privwer yd GNwt prguyerthe aseofdlnoreseenPERbY. Using thiemethpd,. 1990) . It
is likely UDG. [ . | A .eot i des
from ser viaﬁgﬁetalgtumglg@g%p%ﬁ?g@ ‘Zeq%fwsaﬁ'rsrggﬁ g %lgfg% tgﬂl_ gékt(?l\ggew%gjgﬁoach in

si t uat i onsxvdhlentalisgeimination, spepdrhleardyin sgnelesés; syenor tolite drgMamepl-on i s

difficult to ﬁ%ﬁlgl&e%{ 'l—pg?aggl(eg. | et-7a and let-7f share i denti cal 3

sequences t’fm& imng 32] 1t is known that m RNAs are

differenti al Ig/ expressed in glioblastona as
[00131] The presence of excess RT oligonucleotides can serve as reverse primers

during PCR, which will contribute to non-specific amplification. This is problematic
especially when the forward primer in PCR can also hybridize to shared sequences (eg. |
cDNA from homologous miRNAs). A common practice to mitigate this problem is to
reduce the carryover of RT oligonucleotides by diluting cDNA samples aﬁer RT.

~ However, this approach will invariably reduce the assay éensitivity, especially with low
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conpared to norrmal brain and many of these dysregulated m RNAs are invol ved
in glioblastoma growth, invasion and chenoresistance (Law er & Chiocca,
2009; Li wb2811/1593%009). Usi ng the hem -nested real -ti nepBTsE2R1as®ays for
sel ected m RNAs, GDNF was found to regul ate the expressions of mR-7,
mR-21, mR-218, let-7f, let-7g and let-7i through MEK-ERK1/2 NMAPK

signal i ng pathway. The functl onal significance of these CGDNF-induced m RNAs
remains to be investigated. Using the rapid and high throughput nethod
devel oped herein, it is now feasible for drug screening by profiling

changes i XQr [ RAAREY, % I blic
domai n cu??@rq tﬁ &nﬂﬁf\@ g‘r:i:é)rr] (%g;%gg ? glzonargéheésigg]il I %Hslﬂlggﬁg%w]mll) and
expect ed uImdlfyumg d&déf Wgohudkmtlbeswutlsdeloxmldpreeehlctneis aml teeatng the vDNA val i dati on

such as dee uenci onti nuou for ression
anal ysi s, e[ﬁﬁ(gﬁ{lor t8§‘i%é8mf EQIR p%% "?}(ﬂﬂrlgg‘ggy b i r?bfﬁlgs st udy
provi des alehveghaq@mdmnMM@tthMA O_ﬁndahEstB,ﬂBW)aRdedsebflabchE det ecti on of

e T e Sl Banmatine e orars BNR e EEh bl s AR ARD LS | tach

i ndi vi dualDNIpbly@ataieaturiag PERI(ESigoapHl,i1090) IR melyehe&pmfréaeaéﬂty and
|nd|V|duaIly| i cate tob i ncor 8 ted b refe ence. The citation of any
publ i cat i dﬁa]? §rnyse AR, {ggreﬂc E §sgfont friipgeast RW@“?I%{tTe“Sdﬁd shoul d not

be const rU%leﬁﬂa&fhoﬁ&ﬁﬂﬁﬁh&ﬂmkh@dﬁohbﬁh@é S Lfum dibb‘@ﬂ&lty(lﬁldésiredl@xt entitled to
ant edat e such publ ication by virtue of prior_invention. 00135JA5 used |n

this specidfsPimtpign isdtifiguido apveys JuaneR bishs let-7handdetys shass 1depficak , "an"

and "t he" Sédﬁgﬁ&dﬁ)rp\mﬁrﬁ,{mg)eference unl ess the context clearly dictates
ot herwi se. As used in th| s specification and the appended clainms, the terns

"conprise nprisin " CONMpI.i ses” d ot er for hese ternms are
i nt ended .[9P1t3§£ norft ISiRpYR gt "ﬁwwegﬁ‘%eﬁg@ Y pespoel 1 gcitOB SRR AYe
parti cul acompdréd ©Ghoh BRI Sdant ORPRATVESgAtNARNAX St UloRgd any ot her
el enent or conponent As used in this specificatiagn and the appended

claims, aeliofagpmasraythy jnygsionaad shepparesistance damia &Chigeaofi0dy Lighg! -

i nt er medi ab®) IAinEhe herh BERd Rial-BRY RTWUR 8dsays IoH s@leBed mikIeA & IGDNIURLES S
defi ned ot hervvl se all technical and scientific terns used herein have the

same nmeanifigd ssregwadin sxrisedns of iRy 7t Bikohb "HR-DEdPnHr t-dandlet T the art to

whi ch thi %rbﬁg\ﬁEMEKQERI@l@i Nﬂ!ﬂﬁ(m%&%@é&tﬁ\b&h@Haﬁnét%aféﬁnﬁgﬁh&%ﬂtﬁwnt' on has
been described in sonme detail | lustration and exanpl e for

pur poses SONI-#dpged myR N d@‘i‘@lﬂséﬂ & H’qesqgﬁteﬁl Using4bi 1apidapsh hieh H"tm‘{&bpt‘those of
ordi nary $feiol deviid @hé}Ef(n it B loWorBssitd fob Bx%gts&@&h] MW Spr&filidehagepent i on t hat

certain chaRges an difications may be made thereto without departing
fromthe §p Atexmesssfébpe of the appended cl ai ns.

-[00133] The number of miRNAs in the public domain currently is more than
17,000 (Kozomara & Griffiths-Jones, 2011) and expected to increase with both in silico
prediction and in vivo validation such as deep sequencing. With the continuous demand
for miRNA expression énaly‘sis,the hemi-nested real-time RT-PCR assay presented in
this study provides a high performance method for the rapid and reliable detection of

functional mature miRNAs.

| [00134] All publicationsand patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application
were specifically and individually indicated to be incorporated by reference. The citation

of any publication is for its disclosure prior to the filing date and should not be construed

31



REFERENCES Anbros V, Lee RC, Lavanway A, WIllians PT, Jewell D. 2003.

M croRNAs and ot her tiny endogenous RNAs in C. elegans. Curr Biol

13: 807- 8180 200W@n25h, August JT, Too HP. 2006. A stem | opprmediatoestio ever se
transcription realtime PCR for the selective detection and quantification
of the replicative strand of an RNA virus. Anal Biochem 352:120-128. Bar M
Wman SK, Fritz BR, Q J, Garg KS, Parkin RK, Kroh EM Bendoraite A
Mtchell PS, Nelson AM Ruzzo W, Ware C, Radich JP, CGentleman R -

Ruohol a- Baker H, Tewari M 2008. M croRNA di scovery and profiling in human

enbryoni c em cel I deep s C I Stem Cel | s
26: 2496- 2%%%] art el ha?)é’ p%bsg% 13%#@&0‘&&&5 lﬂemﬁ‘lmgs uICiCl) 63heC?sltl sn b, mechani sm
and funct ivotue onnhdr 1ﬂ.v2bﬁt1(ﬁf31 297. Bartel DP. 2009. M croRNAs: t ar get
recognition and regulatory functions. Cell 136:215- 233. Bissels U WIld S,

Tomi u_k S é(f(ﬂl) e A’A“?sf m}ylsgezﬁﬁgpdn a];d ﬂ%oi)gghd cl;g}% the'sbigélﬂllr

quantific n"of mecr a universa CallnGA
Liu CG Sé&wi, gménnd Ghe’ﬁecln@qﬂural\;}efel?eebé unleds tHowontexticld@gy dfstutemozlwerbe C mm no A,

ZUpO. S.' ’E)/% &e’%m%ﬁpe?ggaﬁog I\ﬁ'fhe ded citlaninI %l?e tgltnlls PmK 2PS T, B!Jl lrich F,

Negr i ni 1o R pro ng r eVed °stinct si gnat ures
in B cel | “cuppiRing”,|“yorpprizey’tand otheuﬁoem @3hesPreps Natnited&edldl tbe horlJSA
101: 11755l 11760 ]Cart hew | % Gene rle t?r% | t%g/ m croRNAs. Curr Opin
Genet Doy RGN SOitgs. U I BT SURLF RS PP oae DH Nguyen
JT, Barbi Sulﬂho&t’lexé(udlﬁﬁ.anymm\éﬁk\aﬁt oVBompundet FansédRn thiaspeki@catlonwakthdl, Cuegl er
KJ. 2005. Realtjine quantification of mcro by stem.| oop RT-PCR Nucleic
Aci ds Res a@??“%@féa'm@‘i‘gﬁanﬁﬁs, Orcits ap §’V‘T”Eare\}ﬁﬁr?é@§£ C%WQ%‘?' ‘WT@S\QNAS and nuscl e
di sor der s valde 6ihhgeRR lanyl diBlidt IomBined therein. Unless defined otherwise all technical

and scientific terms used herein have the same meaning as commonly understood to one

of ordinary skill in the art to which this invention belongs.

[00136] Although the foregoing invention has been described in some detail by

- way of illustration and example for purposes of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in light of the teachings of th1s invention that
certain changes and modifications may be made thereto without departing from the spirit

or'scope of the appended claims.

REFERENCES

Ambros V, Lee RC, Lavanway A, Williams PT, Jewell D. 2003. MicroRNAs and other
tiny endogenous RNAs in C. elegans. Curr Biol 13:807-818.

Anwar A, August JT, Too HP. 2006. A stem-loop-mediated reverse transcription realtime
PCR for the selective detection and quantification of the replicative strand of an RNA

virus. Anal Biochem 352:120-128.

Bar M, Wyman SK, Fritz BR, Qi J, Garg KS, Parkin RK, Kroh EM, Bendoraite A,
Mltchell PS, Nelson AM, Ruzzo WL, Ware C, Radich JP, Gentleman R, Ruohola Baker

-'H, Tewari M. 2008. MicroRNA discovery and profiling in human embryonic stem cells
by déep sequencing of small RNA libraries. Stem Cells 26:2496-2505.

32



Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, @Quo J, Zhang Y, Chen J, @Quo X, Li
Q Li X, Wvang W Wang J, Jiang X, Xiang Y, Xu C,  Zheng P, Zhang J, Li R
Zhang H, wbaong/és2séong T, Ning G Zen K, Zhang CY. 2008pcECsaneqlesigati on
of mcroRNAs in serum a novel class of biomarkers for diagnosis of cancer
and ot her diseases. Cell Res 18:9971006. Chen Y, Gelfond JA, MManus LM
Shireman PK. 2009b. Reproducibility of quantitative RT-PCR array in m RNA
expression profiling and conparison with mcroarray anal ysis. BMC Genomi cs
10: 407. Cheng Y, Zhang X, Li Z, Jiao X V\ang Y, Zhang Y. 2009. Highly

sensitive nched
rolling- m?%i%@?. fl\?{(‘:l'g"(tilfN (f{r? g‘%ﬁ% %ﬁ%erﬂgﬁ ?{ %ﬁathl':s H{P@ ‘3%8‘?{@72 Chi | ds
G Fazzarillgi28kafpy G Kawachi. N, Brandwei n-Gensl er M McLenore M Chen Q
Burk RD, Smth RV, Prystowsky MB, Belbin TJ, Schlecht NF. 2009. Low evel

expressi o 5%’5 7 ] R [ %W of head
and neck g%qag%lrrgtgogel cgﬁ:‘l}sn%r%p%ﬁ%nﬁi&%gg ﬂ%ﬁla%ﬂ@%&% ) Bﬁgggn DD,
Eshoo M BE8au C, Freier SM Lollo BA 2006. Absolute quantitation of

m croRNAs with a PCR-based assay. Anal Bi ochem 359:268-270. Friedman RC,

Farh KK, 1Barg IJ:? AL0R. pMast nﬁg’gl ap served
targets 01%&#5%3 Téelu %9 %@ %5 TI%E?& DaV|9[ agflomé%werdel MR,
Moore JC, c@@lhté'waﬂn,ofvmcrbRN&ahy\lﬁpg Halnlverm.refﬂem@.RMOZ i munopr eci pitation
identifies predicted mcroRNAs in human enbryonic stemcells and neural

precur sor %ahﬁ'{ﬂ@ L@@G4S<§17g11%1% .C, fdRadiiM, F'!elh‘ibﬁﬁﬁtr@(ml—%%ﬁ% Q‘Z;lmnM:eraUth in

LW and Waring 98. i bi'tion of DNA po yrrerase reacti ons by
pyri m di ned, rﬁy@P §oPi>Iu>eMaHél é@}u@sML»a’th?rr{b Rapsentp LkKipps §F BylriciNgdegrisi Aci ds

Resear ch, ]‘%Gé%u C&@@&Ml@gomr frcﬂilﬁ ‘rev%QlQﬁrstth %éf?%lnlﬂqce‘{l%ﬂo%p:r ate

devel oprrent Ddv 15°4 S, De Strooper B. 2009.
Al terati odxmdiocymmlewhwaswcm@ﬂv@a&S@Mé IAbUFBdedéeier at i ve di sease. Trends
Neur osci 32: 199- 206.

Carthew RW. 2006. Gene regulation by microRNAs. Curr Opin Genet Dev 16:203-208.

Chen C, Ridzon DA, Broomer AJ, Zhou Z, Lee DH, Nguyen JT, Barbisin M, Xu NL,
Mahuvakar VR, Andersen MR, Lao‘KQ, Livak KJ, Guegler KJ. 2005. Realtime
quantification of microRNAs by stem-loop RT-PCR. Nucleic Acids Res 33:€179.

Chen JF, Callis TE, Wang DZ. 2009a. microRNAs and muscle disorders. J Cell Sci
122:13-20. '

Chen X,BaY,MalL, Cai X, Yin Y, Wang K, Guo J, Zhang Y, Chen J, Guo X, Li Q, Li
X, Wang W, Wang j, Jiang X, Xiang Y, Xu C, Zheng P, Zhang J, Li R, Zhang H, Shang
X, Gong T, Ning G, Zen K, Zhang CY. 2008. Characterization of microRNAs in serum: a
novel class of biomarkers for diagnosis of cancer and other diseases. Cell Res 18:997-

1006.

Chen Y, Gelfond JA, McManus LM, Shireman PK. 2009b. Reproducibility of
quantitative RT-PCR array in miRNA expression profiling and comparison with

- microarray analysis. BMC Genomics 10:407.

33



Hunt EA, Goulding AM Deo SK. 2009. Direct detection and quantification of
m cr oRNAs. Anal Biochem Jiang J, Lee EJ, Qusev Y, Schmttgen TD. 2005.
Real -t i newexpriessisen profiling of mcroRNA precursors i pchmscamimasser cell
i nes. Nucleic Acids Res 33:5394-5403. Kozomara A, Giffiths-Jones S
(2011) m RBase: integrating m croRNA annotation and deep-sequenci ng data.
Nucl ei ¢ acids research 39(Database issue), D152-57 Lawl er S, Chi occa EA
2009. Energing functions of mcroRNAs in glioblastonma. J Neurooncol
92:297-306. Lewis BP, Burge CB, Bartel DP. 2005. Conserved seed pairing,

often fla y i pe  RA] t ! human genes are

m cr oRNA ?&?ﬁ%?gz'%%g?ﬁoih%ﬁw"%"%E‘LZ‘@‘?‘E‘. 2@?%&%‘8%5& WY, He C Hu G
Liu H Chelatedninkiéonbf m¥eroRINAIRDQ tarjdtprioildnlratchegetlngtdridfel P1 and

contri butes {t. M 26 resi st iLn, ol i0bl oma nultifornme. Brain Res

1986, 13- 18Tl 81%'|A6"¥?WE”ﬁ’ﬁZ’%u%%s%”g‘s‘?észfggégﬁ' W Nyberg B, Sperens B. 1977.
DNA N-gl ycosi dases: properties of uracil-DNA glycosidase from Escherichia
coli. J Bi@ildOAeFaz26PM3R86: G2Ravachi MBraydwein-Gaipld M, M deoRNAY, €hed t he | nune

response. JffRn] SHHIRY FSaddih 8 mebB e B0 20A0ELMIGy, Hor tley IL.

1990. Use uraci cosylase’ 1o control carry-over contam nation in
pol ynmer asexphsion of @aabRNAS Jet-Gé asd AR -10%ard 2@ gndvbBaoheskeNDf héadand asckAT, Sagot

M. 2009. Current .tool.s for tﬂgz i g Jé{?l tion of m RNA genes and their
Car get's. RO AR ma Ay el Bl g PR
Duncan DD, Eshoo M, Esau C, Freier SM, Lollo BA. 2006. Absolute qﬁantitation of
microRNAs with a PCR-based assay. Anal Biochem 359:268-270.

Friedman RC, Farh KK, Burge CB, Bartel DP. 2009. Most mammalian mRNAs are
conserved targets of microRNAs. Genome Res 19:92-105.

Goff LA, Davila J, Swerdel MR, Moore JC, Cohen RI, Wu H, Sun YE, Hart RP. 2009.
Ago2 immunoprécipitation identifies predicted microRNAs in human embryonic stem

cells and neural precursors. PLoS One 4:67192.

Guo M, Hildbrand S, Leumann CJ, McLaughlin LW and Waring MJ. 1998. Inhibition of
‘DNA polymeraée reactions by pyrimidine nucleotide analogues lacking the 2-keto group.

Nucleic Acids Research, 26(8): 1863—1869.

- Harfe BD. 2005. MicroRNAs in vertebrate development. Curr Opin Genet Dev 15:410-
415. ’

Hebert SS, De Strooper B. 2009. Alterations of the microRNA network cause

neurodegenerative disease. T rends Neurosci 32:199-206.

Hunt EA, Goulding AM, Deo SK. 2009. Direct detection and quantification of
microRNAs. Anal Biochem.

Jiang J, Lee EJ, Gusev Y, Schmittgen TD. 2005. Real-time expression profiling of

microRNA precursors in human cancer cell lines. Nucleic Acids Res 33:5394-5403.

34



Mestdagh P, Feys T, Bernard N, Guenther S, Chen C, Speleman F, Vandesonpel e
J. 2008. Hi gh-throughput stem|loop RT-gPCR m RNA expression profiling using
m nut e anwonbs/BHh2ssnput RNA. Nucl ei ¢ Acids Res 36: el43. piéirsicael/obizio SM COC,
van Hoi st Pel |l ekaan NG Young GP, James RJ. 2003. Reduced accunul ati on of
specific mcroRNAs in colorectal neoplasia. Ml Cancer Res 1:882-891. M ska
EA. 2005. How microRNAs control cell division, differentiation and death.
Curr Opin Genet Dev 15:563-568. Mtchell PS, Parkin RK, Kroh EM Fritz BR
Wman SK, Pogosova- Agadj anyan EL, Peterson A, Noteboom J, O Briant KC,

A o R oo STANT e AP SR Pl ot S

as st abl e debpeduairigdataaNkddis adidr recante9(Dribast isma), DPSDS7 Nat | Acad Sci USA
105: 10513-10518. Nishino J, Ki mI Chada K Morrison SJ. 2008. Hnga2

pronot es neur e by reducing
pl 61 nk4a ;an\iVler 'PCC@XCES‘AL ezg@f%:n %]:ﬁ n‘i@gs g%ﬁy'&slﬂa% IO@%%"% 9k VWK, Chen Z,
Ng HK. zomrmwgéapmoml e of mcroRNAs in brain tunors. Acta Neuropat hol

/] 7:599-611. Raynond CK, Roberts BS, Garrett-Engele P, LimLP, Johnson JM

2005. Si i rect nonitoring
of m cro%g’land%%% (?élér??tg fé?i%%%%d%ﬁ% %%’7?&@“&% ci)gchn‘i ttgen TD,
Jiang J, ladenoQinesyamigpates tha0Bdusamdsiof irmarhgeoesgdrp microfN Adatgeto Gelid2€:05- t he

expr essi or&oof m cr oRNA precursors. Nucleic Acids Res 32:e43. Schmttgen TD,
Lee BEJ, Jitahg J, Sarkar A, Yang L, Elton TS, Chen C. 2008. Realtinme PCR
quantlfl cation of precursor and mature m cr oRNA. Met hods 44: 31- 38.

Shar bat i - Téh, &aW, SankWt kv KoHe 61 Hu B, LBl fBeendr HRY, YSdhAWW@MgroREMEpani er R

2008, ' Ryl PRKPHr A 001k ARl (E VBT P AR AR LRl MR RERE 99 31,07

profilin es suc ex sanple. BMC
Mol Bi ol Re34286:13-18.

Lindahl T, Ljungquist S, Siegert W, Nyberg B, Sperens B. 1977. DNA N-glycosidases:
properties of urécil-DNA glycosidase from Escherichia coli. J Biol Chem 252:3286-3294.

Lindsay MA. 2008. microRNAs and the immune response. Trends Immunol 29:343- 351.

Longo MC, Berninger MS, Hartley JL. 1990. Use of uracil DNA glycosylase to control

carry-over contamination in polymerase chain reactions. Gene 93:125-128.

Mendes ND, Freitas AT, Sagot MF. 2009. Current tools for the identification of miRNA
genes and their targets. Nucleic Acids Res 37:2419-2433.

Mestdagh P, Feys T, Bernard N, Guenther S, Chén C, Speleman F, Vandesompele J.
2008. High-throughput stem-loop RT-qPCR miRNA expression profiling using minute
amounts of input RNA. Nucleic Acids Res 36:e143.

Michael MZ, SM OC, van Holst Pellekaan NG, Young GP, James RJ. 2003. Reduced

accumulation of specific microRNAs in colorectal neoplasia. Mol Cancer Res 1:882-891.

Miska EA. 2005. How microRNAS control cell division, differentiation and death. Curr
Opin Genet Dev 15:563-568.

35



Shi R, Chiang VL. 2005. Facile neans for quantifying m croRNA expression by
realti me PCR Biotechni ques 39:519-525. Tang F, Haj kova P, Barton SC, Lao
K, Suraniw®ro1126056 M cr oRNA expression profiling of siRgr&Gamaloeo2aorbryoni c
stemcells. Nucleic Acids Res 34:e9. Too HP. 2003. Real tinme PCR
quantification of G-FRal pha-2 alternatively spliced isofornms in nmurine brain
and peripheral tissues. Brain Res Mol Brain Res 114:146-153. Varkonyi-Gasic
E, W R Wod M Walton EF, Hellens RP. 2007. Protocol: a highly sensitive
RT- PCR nethod for detection and quantification of mcroRNAs. Plant Methods

3:12. Vis A n
174: 1131- %%é‘a“&\%:%ﬁ&? ﬁ%%%diﬁtr W“ﬁn@ﬁ Bitlosovachaafty se%‘glh ve m RNA

profil i ngPetesom IAoWOiehmJthlﬁladnt RNAAHRNA, bigDW1Urbao N, edsehey GWsG, Sm rnova L,
Rybak A, %n nglBg Stﬁ‘\ékgl%ggoé;éntg {}'k”(}?ém&%? ’Neﬁtoﬁ ?Elﬁa%}n D%'”[’g;@

Schumacher i tsC transcriptional tegulation ofl the let-7
m cr oRNA 2008y Gieulatihg merdRNAesisfabdldodrbasdd ASERrd Rt caht&-déRBtionyang H,

Schmuke J &%gcalalgla 5(& (}53188§ @lken EM Ivashuta 'S, G| bertson LA,

Ar st rong ristian novel real-tine polynerase chain .
reacti on net hod for high throughput quantification of small regul atory
RNAs. Pl aiNishBioot BohhdThada R; Ririso5 8D 2008 hign gl picenstes 8eurgloitdmneedl S, Greshock J,

Lassus H, ' ' n ne

Chon v CHTERANySund b0 Ry kB ey p R R BOA gl ROCHEN® 0
CM Coukod3&27Zh¥ng L. 2008. McroRNA mcroarray identifies Let-7i as a
novel bi omar ker and therapeuti c target 'in human epithelial ovari:an cancer.

Chang QG BB n 2R 1 oo o N . (7 o

based on itwwoirhetcralVeureuaiifol EEA39rblanpl i fication. RNA 15:1787-1794. WHAT IS
CLAI MED | S:

Raymond CK, Roberts BS, Garrett-Engele P, Lim LP, Johnson JM. 2005. Simple,
quantitative primer-extension PCR assay for direct monitoring of microRNAs and short-

interfering RNAs. RNA 11:1737-1744.

Schmittgen TD, Jiang J, Liu Q, Yang L.2004. A high-thfough_put method to monitor the |

expression of microRNA precursors. Nucleic Acids Res 32:¢43.

Schmittgen TD, Lee EJ, Jiang J, Sarkar A, Yang L, Elton TS, Chen C. 2008. Realtime
-PCR quantification df precursor and mature microRNA. Methods 44:31-38.

Sharbati-Tehrani S, Kutz-Lohroff B, Bergbauer R, Scholven J, Einspanier R. 2008. miR-
Q: a novel quantitative RT-PCR approach for the expression profiling of small RNA
molecules such as miRNAs in a complex sample. BMC Mol Biol 9:34.

Shi R, Chiang VL. 2005. Facile means for quantifying microRNA expression by realtime
PCR. Biotechniques 39:519-525. ’

Tang F, Hajkova P, Barton SC, Lao K, Surani MA. 2006. MicroRNA expression

profiling of single whole embryonic stem cells. Nucleic Acids Res 34:¢9.

Too HP. 2003. Real time PCR quantification of GFRalpha-2 alternatively spliced

- isoforms in murine brain and peripheral tissues. Brain Res Mol Brain Res 114:146-153.

36



1. A nethod for detecting a target RNA nolecule in a sanple, the nethod
conprising: reverse transcribing the target RNA contained in the sanple
usi ng an W 20l1/gesycl eoti de, the RT oligonucl eoti de comprirsicagiiaostien | oop
portion containing one or nore nucl eotides nodified or nodifiable to bl ock
DNA pol ynmerase extension and a target annealing portion that is
conplenentary to a downstream portion of the target RNA the target

anneal i ng portion located 3' to the stem|oop portion, to produce a reverse
transcription product that corr’pri ses the RT oligonucl eoti de and a 3"

ext ended R r ns duct. usin i) a
first arrpl i3 Onélt?%s% z&’ﬁa}rieal%“(lzr {{el m%&g??%g%caor@ighlﬁ of gt ge) 3
ext ended reagitiva RAFPCH e;etheav ﬁrrslete&troa ragd fugatificaiop bOolisedR g PQam Mesho8econd
arrplificati_gn primer that anneals to an interface portion of a DNA strand
conpl enen & y to the reverse transcription product, the interface portion
conprising a region that is conplenentary to a 3 portion of the RT

ol i gonucl &btanel®, Grede VG 200 MiRDAs @fid taneer34m &Htagiod €1#: Y18 yi1088.iWarighte r ever se

the anpl | ABRYD 6 oAt PReR AP S PrEm Bt R BipE Bl R abishls & st om | oop

structureRNMQa’NAcmmltllsens used for ~said reverse transcribing but does not
adopt the stemloop structure under conditions used for said anplifying and

her o e AN SRR AR BB A AR RE R0 SEp RS PHSLSRL (oo tha

are nodif merase”’ ext ensi on her

conpri ses SaikdiA, ﬁclmynatclm SnUdsduRmDW Rogiteodcrigtonal tegulatiam Fahiedetalhpl i fyi ng. 2.
The net hod .of h nucl eoti des nodified or

modi f i abl é‘“%mg d&?“bﬂﬁ‘%&f’@ﬂ’éﬁgg‘g“’gx B s S e Wi thin tho | oop of
the stem|oop portion. WD 2011/159256PCT/ SG2011/000210- 3. The nethod of
claim 1l orfYascgHi ﬁclm;ukm/mbn‘@gglu\h@omrsrﬂq O8pn Py hiaghtchilitbentondde or nore

nucl eot | d%srmrsrtlr)c%lgf”[lAe,q}h;i(s)tiatr)rlef 50% rH) DR AR po%e?&% R4 reaction method
for high throughput quantification of small regulatory RNAs. Plant Biotechnol J 7:621-

630.

Yang N, Kaur S, Volinia S, Greshock J, Lassus H, Hasegawa K, Liang S, Leminen A,
Deng S, Smith L, Johnstone CN, Chen XM, Liu CG, Huang Q, Katsaros D, Calin GA,
Weber BL, Butzow R, Croce CM, Coukos G, Zhang L. 2008. MicroRNA microarray
identifies Let-7i as a novel biomarker and therapeutic target in human epithelial ovarian

cancer. Cancer Res 68:10307-10314.

YaoB,LiJ, Huang H, Sun C, Wang Z, Fan Y, Chang Q, Li S, Xi J. 2009. Quantitativé
analysis of zeptomole microRNAs based on isothermal ramification amplification. RNA

- 15:1787-1794.
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4. The nmethod of claim3, wherein the | oop of the stem| oop portion
conprises a nucleotide nodified with an aliphatic carbon chain. 5. The

nmet hod ofwol2aiimsdz2ser cl aim 2, wherein the stem| oop portcesceenioas?ns one or
nore nucl eotides nodifiable to bl ock DNA pol ynerase extension and the

met hod further conprises nodifying the nodifiable nucleotide prior to said
anplifying. 6. The nethod of claim5, wherein the nodifiable nucleotide is
dU and sai d nodi fying conprises treatnment with uracil-DNA gl ycosyl ase. 7.
The nethod of claimb5, wherein the |oop of the stem|oop portion conprises

one or NDMEfy Igﬁgq es and said nodifying conprises treatnment with
RNAse. S.ﬁliiﬁé[qﬁe%ol 0 féany ‘one of clainms 1 to 6, wherein the target RNA

is an m RNA.. 9. A nethod for detecting a target m RNA nolecule in a

sanpl e, the nmetnodhebiopdétentinga targey RNSempleenls trd spinply, thhaethad get i RNA

cont ai ned jp Lhe.sanple using an RT oligonucleotide, the RT oligonucleotide
Lo pr1 : . S .

conprising a's e | oop portion containing a dU nucl eotide and a target

anneal ing portion that is conplenentary to a downstream portion of the

target m RNA, rdverse tangetibingthe trget FNdosonfagned imhasaeplgusingant ke st em | oop

portion, to pr v, : | : 3 nprises the RT
ol i gonucl eot i dgqgﬁgdgﬂg‘g’ tﬁi?ﬁﬁhé@?@g?%ﬁbﬁﬁggﬁgg%{% 1%%3}03%9nucl eoti de by
treat nent wi t hcentaiging oBNKX ngdry sesdsoltidesenodafingsl drimddifgbieie blodvBNde t ranscri ption
product using (| i . i fi I riner downst ream
portion of theg)g]&mgrﬁgée%%éalggg%q %eﬁlcg%“n? %Bﬁg\%lpggﬂ?%gﬁgglr%?% ] 20 gr oduct and
(i) a second dowphstreang aoitiomofthe faeget RNAL thenareetlagneabingporiiont lecaftealde tport i on of

a DNA strand couml eRnl Al ol % hBGudSYEIRE dah ANSEL! DO MW RIBGNEL Lhe
interface portion conprising a region that 1S Conpl ensn ary 0" 3 portion
of the RT ol i gdrRl d@bnedeotinelaral 833’ epiondedoegiaf, t he 3' extended region in the

reverse transcription product, to produce an anplification product; and

amplifying the reverse transcription product using (i) a first amplification primer
that anneals to a downstream portion of the 3’ extended region of the reverse
transcription product and (ii) a second amplification primer that anneals to an
interface portion of a DNA strand complementary to the reverse transcription
product, the interface portion comprising a region that is complementary to a 3°
portion of the RT oligonucleotide and a 5° portion of the 3” extended region in the

reverse transcription product, to produce an amplification product; and
detecting the amplification product;

wherein the stem-loop portion adopts a stem-loop structure under conditions used for said
reverse transcribing but does not adopt the stem-ldop structure under conditions used for
said amplifying and wherein when the stem-loop portion contains one or more
nucleotides that are modifiable to block DNA polymerase extension, the method further

comprises modifying the modifiable nucleotide prior to said amplifying.

2, The method of ¢laim 1, wherein the one or m‘ore‘nucleotides modified or
modifiable to block DNA polymerase extension is located within the loop of the stem-

' loop portion.
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detecting the anplification product; wherein the stem| oop portion adopts a
stem | oop structure under conditions used for said reverse transcribing but
does not wdaptii/tshasest em | oop structure under conditi onsPasasd26arnoead
anplifying. 10. The nmethod of any one of clains 1 to 9, wherein the second
anplification prinmer has a nucl eotide that displays thermal stability when
hybridi zed to DNA as the 3" termnal nucleotide. 11. The nethod of claim
10, wherein the nucleotide that displays thermal.stability when hybridi zed
to DNAis locked in an N-type fiiranose conformation. 12. The nethod of
any one_ofy cl airfg bl of it Lo &dhm' N GnEHeRUAGEn I dbp BRI SOABRE e N
arrpllflcatlon pr odu between the position of the e first

anpl i fi catmhen npeléatides midifieatarpbmk ENA polyheraseeaxtensien.t r anscri pti on product and
the position of the 3' end of the second anplification prinmer when anneal ed
to the DNA strafdnjefof bPMins melilmslo%ebml@%m 13 poHiéh as%{pméi aOf any one
of claims 1 to 12, wherein tHe target anneali ng por}t)lon of 'the:

ol i gonuc| ewelegiedejmodifiqdovithmanrpliphatigicperschiain. | engt h.  14. The met hod of any
one of clainms 1 to 13, wherein the stemportion of the stemloop is

stem|oop 4 s 4m9m@theal%fasm pl&scldnﬂ 2, evﬂa{eﬂa tl?ens(i'erﬁjﬂ% pemanree.{talh%heqir the
stemloop|s4to 12 nucleotides in |length ?’emet hod any one of

clains 1 tmorgauclegiidesanedifighde @Mk@%ﬁ?lvmpr@%ﬁqwsm piifethe aaﬁeéftgthﬁb a
sequence Cc%mr%} i SITRYaR) Mg 1R rﬂ@almle%ciawdeﬁ%}%%ﬁld%gﬁl%gstem' oop portion of

the RT oligonucleotide, 5 to 15 nucleoti'des of the t'arget annealing portion
of the RT oli gonucl eotide and 1 to nucl eotides at the 5 end of the 3

ext ended régi odh 6fnefhﬁé°f‘é¢/’§‘r%@hf"ie§}*@%mpﬁ‘tﬁ?@ﬁnbcr]‘iﬂﬂll%ts dU apg)sai
2011/ 15925@&%&1@@3&%&9%&&1@nt&1@1urJ@ﬁDN’R’[g@Q@sﬂiseany one of claims 1 to 15,

wherein the first anplif ication primer is 12 'to 27 nucleotides in |ength.

7.-  The method of claim 5, wherein the loop of the stem-loop portion comprises one

or more ribonucleotides and said modifying comprises treatment with RNAse.

8. The method of any one of claims 1 to 6, wherein the target RNA is an miRNA.
9. A method for detecting a target miRNA molecule in a sample, the method
comprising:

reverse transcribing the target miRNA contained in the sample using an RT
oligonucleotide, the RT oligonucleotide comprising a stem-loop portion
cohtaining a dU nucleotide and a target annealing portion that is complementary
to a downstream portion of the target miRNA, the target annealing portion located
3’ to the stem-loop portion, to produce a reverse transcription product that

comprises the RT oligonucleotide and a 3” extended region;
modifying the dU nucleotide by treatment with uracil-DNA glycosylase;

amplifying the reverse transéription product using (i) a first amplification primer
. that anneals to a downstream poﬁio.n of the 3’ extended region of the reverse

transcription product and (ii) a second amplification primer that anneals to an

interface portion of a DNA strand complementaryhto the reverse transcription

product, the interface portion comprising a region that is complementary to a 3
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17. The method of any one of clains 1 to 16, wherein said detecting

conprises detecting with a fluorescent intercalating dye. 18. The nethod

of cl ai mwa,20osvsbn t he fl uor escent

G een.

portion of the RT oligonucleotide and a 5” portion of the 3’ extended region in the

reverse transcription product, to produce an amplification product; and
detecting the amplification product;

wherein the stem-loop portion adopts a stem-loop structure under conditions used for said

reverse transcribing but does not adopt the stem-loop structure under conditions used for -

-said amplifying.

10.  The method of any one of claims 1 to 9, wherein the second amplification primer
has a nucleotide that displays thermal stability when hybridized to DNA as the 3°

terminal nucleotide.

11.  The method of claim 10, wherein the nucleotide that displays thermal stability

when hybridized to DNA is locked in an N-type furanose conformation.

12. The method of any one of claims 1 to 11 wherein the distance in the sequence of

the amplification product between the position of the 3” end of the first amplification
primer when annealed to the reverse transcription product and the position of the 3’ end
of the second amplification primer when annealed to the DNA strand is from -4 to 5

nucleotides. -

13.  The method of any one of claims 1 to 12, wherein the target annealing portion of

the RT oligonucleotide is 5 to 15 nucleotides in length.

14.  The method of any one of claims 1 to 13, wherein the stem portion of the stem-
loop is stem-loop is 4 to 6 nucleotides in length and the loop portion of the stem-loop is 4

to 12 nucleotides in length.

15. The method of any one of claims 1 to 14, wherein the second amplification primer
anneals to a sequence complementary to 13 to 24 nucleotides of the stem-loop portion of
the RT oligonucleotide, 5 to 15 nucleotides of the target annealing portion of the RT
oligonucleotide and 1 to 5 nucleotides at the 5° end of the 3’ extended region of the

reverse transcription product.
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16. . The method of any one of claims 1 to 15, wherein the first amplification primer is

12 to 27 nucleotides in length.

17.  The method of any one of claims 1 to 16, wherein said detecting comprises

-detecting with a fluorescent intercalating dye.

18. The method of claim 17, wherein the fluorescent intercalating dye is SYBR Green

or Eva Green.
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