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to i1.5. Provisional Application Ser. No. 601408, 818,
filed Septenber 6, 2002 and entitled "Quantification
of Replicative. Dengue Virus", herein incorporated by
reference in its entirety. FIELD OF THE | NVENTI ON
1 DR | 9 UANTIRICSSTION
ﬁg%gpﬁ?’g o%:?galp art sTwNErénggﬁi cularly, the
present invention relates to conpositions and
associ ated nmet hods for distinguishing, detecting and
quanti fying specific strands of nucleic acids,

RELATED APPLIGAYORNA strands. BACKGROUND OF THE | NVENTI ON
100031 Recent advances in nol ecul ar biol ogy have |ed

(0001] Thisoaﬁdd?ﬁaﬁ&}/ & ﬁgx%rﬁndoélaii%@rﬂrwﬁy it QL hiePromisiondndpplétation Ser. No.
h acl'ad sequenced based anplificatign,  rol

ing circle o
60/408,818fileil fSepamitent, M0 ot @dtit&qda‘iQPamﬁcathji Pr%%ﬁ?ﬂ"&ﬁ#e%ﬁ Virus”,
t her ma ?I I rl.erase. chain reaction and |igase chain
i Pt :

herein incpPREALP e 1R EHBR Met hods for the detection of

nucl ei c aci ds. These nethods have been successfully
FIELD OREE INVENEONCt  and identity pathogens. ‘An i nprovenent

over conventional PCR is the recent, devel op of .
[0002) Thel presemtémieotiorQaeneraltyanelajes tRéaPleW‘%b@&%“(%ﬁf[gggﬂfe. particularly,
100041 Al | lifi Nele kted 6h&RbAN Fora@ktinguishing,
the Pfeseahéﬁ‘fel“f‘y‘?f’nrﬁ?ag%cFoeicg%gégggﬁsgﬁggiéisgﬁltﬁ sUffer from one

detecting hiPQUAnERing bpcifatstiamis of haclcivabids) inglutlingdiMA isgsiss h
between the anplification resulting fromreplicating

| RN elioNi ral genone. These anplification
BACKGR%%?ﬁ%SSH?LUS detect nucleic acids regardless of the

[0003] Rq?:tgxgtbqedtvgnl,\(}]c:é g%&lﬁ)éegﬁlg??ﬁoﬁ)fggtﬂﬁe 498 Thé Bdveldpaidest vagiods isothermal

agnostically correct as positléeh_ NA
(nucleic deut setubmieddabed @splifakbten, polingicslc anelificatipp.piranghed phain D

restricts the use of these th . r d.denti . .
amplificaieg) &t Loupal JpOHPErEhF 1T TGN PO Gy T and N Caplficaton

hence,
methods B gfy $3e@Bn oY htidtSc 68HY. THRPhEhods ihevabienistgcesduldie tissgtto detect
and r
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and identify paitdgenn gAn irmp@aﬁh@géWé%F@WSF“?%i[yp%\sﬁ Ph gegntdd¥elopthent of
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[0004] Al é‘ﬁﬂi’?&f‘ﬁ‘%mie a%f%fd%%f{g&n%l%%ﬁgges ugﬁ g convent i.}gﬁal_l1 o _
from one' IRYRFEEt kAR Tthed trabiinPERIsRIzRORbytwraw éharamplifieaion resulting

sone success (Lanford et al., 94: Cupii .et a
from repll@@idg Wrak RN anditheviral gergge.  SPeie pplificatioy gihods thus detect

nucleic aéiLd’g %ekglgi%dlgsts o?lthe’ st&tg %?\'re & &éag)t oftthe ord@Pshs, Maldefing atrelit which is
diagnostically correct as positive, but clinically as false-positive. Such a limitation restricts the
use of these methods for identifying the site of viral replication (reservoir) and hence, studies on
virus-cell tropism. The ability to detect and rapidly quantify replicating viruses is crucial in

elucidating the pathogenesis of many viral diseases and is also useful in the evaluation of drugs

designed to inhibit viral replication.



1998; Seipp et al., 1998, Craggs et al., 2001; L,in et
al., 2002; Wang et al., 2002; Vaughan et al.

WO RUAIN278 5 , 2002). However, sone of these net']ﬁ%_g%os/ooozw
requi red post PCR mani pul ations, such as Southern
blotting (Lanford et al., 1994; Laskus et al., 1997;

.Liu et al., 1997; Seipp et al. 1998; Navas et al.
[0005] Re%@ﬁze)ttenip@s RCut@y eesiRatvd fahisyof R]I\T&etflelmes @sing conventional reverse

Accordin rior art, nethodol o r t nabl
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onventio CR™(Seipp el al., 1998; Cra 5;
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I h d u
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screens, %ﬁn@rﬂyeﬂlo@‘r ghadoanast qoRemidiion,t of ﬁpliaaifp.lel RN@at iAmawesult, the
I nproved by initi al 'y perforning

contributipn afephéaivi airakload ahe pathesenssis &F i"Bﬂl %elaﬁestg%nqt&ﬁﬁiagenmmd
of nested PCR anplification (Craggs. et al.
[0006] OtHomepented methndwittilivetthgzed remramgmﬁéﬂﬁw fRDaRWB‘F@ a“‘i‘ hplstart in

iR S B I 4 et ol c o,

2002). Wlele th&@ shilGRI e gsiiedR@gil tficatons bf thecepVAtiye® RMNA stapl, eggcxfimty, as
071 As an exanple of a t%f{[i)l cal pri.or ar

before, rem@mdta qhé%mgéatsﬂ?%*ﬁwa af appigcatien éi@sdmpmr"éé & é%‘“aﬁy péforming
hANT ' (T Lvithefld eshiYtofUsdsitd PCR amplification

reverse trapscngﬁé% F&eg? f%’eg %:%drlr%fléﬂrlr%rﬁt éry to the c|’repIS| cative P

" (Craggs eglall. ;’mel()f Hohevdraeget w(thahesep@dttammeymgélﬁpﬁ@rgeﬁgﬁﬁtéategy suffers

sequences e of. th e
o s R P TP b E Bt 36 Eafshions o
N srRaadusqs 108 dopre).anpl i fied and detected by
themm]ml-aﬁjOglnt| (S)trﬂal pri gr artC Eetg)hods such as PCR/ Sout hern

[0007] A%laﬂte %ﬁley ﬁ@ﬁ tgélcﬂuﬁ%ﬂ bkt @flethYd & tde{%GRrepTM@tz@pprraameac acid,
él( ior art strategy have Dbeen reported
reverse t@m:rlptmh i(RG3 ivifiral cgendmmtspénd pligowiclegbAet cegplegeatag to the

r,s ,and he ot her tili le of th
rePll‘”ﬂ‘“‘”%lS S%ngmgotﬁgate amg Wrg}"lalr‘é're&rlsggﬁ%%gf nr(ljgsue %ré\?é\?mpc o e
replicativé Qﬁ%ce@@‘i’s Besve en IPQITO! AdtRgE Chogererme B i)EéltW@‘st!mBhér gEle cDNA
as an ngortant vect or - bor ne VI ral di seﬁ (g% UBBR /s outhern
produced hrethag smilini¢dyickdetecteddy oogvemtignal prigirt PR Bas
read Pldga V S hdsSbAs$ 06 ItAlk §fliol agthstrategy have
blot analyr‘?g? B 8u?t'fteg%ﬁtians i nlﬁg}gl %cur ban cormu?lﬂltol es in =
been repdried. Oho ptlﬁﬁesanldl gervinicogiecid digannepaides on Fr primersrasd the other
an estimated 2.5 bil.lio-.. NVO 1-0041"022784
utilizes CfP@FﬂS@%B’P@G@%@&JOEﬂ“@%% ve in areas at risk of
Deogue Virus transm ssion, both, DE and

(0008} Demgye eBesicnDF) parse Desgus peEREih 5 Eh <5H’§m havg gmerged as an
1mportantE hegcg] ro?ﬂeleo%g cﬁs%ﬁpe §F hurﬁglp bgmgsedﬁm'@ et laﬁI 25 yealfg)olaﬂ)e_mcreasmg

ngue virus, just-one exanple of
spread ofitgDRngld e dnddsi idsueiated riggh RMADIIYUB, humans inhabiting urban

communities in the tropics and subtropics is a major concern. Since an estimated 2.5 billion




encodes a single polypeptide precursor that is
subs uently processed into three structural
WO EY 34nd seven non-struct ural (NS) protei nsl(él;ﬁS(t;fth?/MO209
endopl asm c reticulum (Chanbers et al., 1990.). Upon.
infection, both the negative and positive RNA strands
-are syntheS|zed de novo, and virions are
people livNiaapsisdatisidof Dingee vitd fraslsanssuﬁro bath 18F apd PAIT faqreagingly pose as

synt hesi zed during the [
lmportanﬁowlfhw@ Ry iRARPSRIGRIONS (G‘HE %ﬁg 7‘3%'9 ﬁé@f’% c@é ive

form (RF) RNA and a replicative inte .
[0009] TiRNRengtee virus, tiogt QWWRDI\%]P@ X saakeérrﬁ“#g‘ea?% Ve éﬁr}sgrﬁ}% vIrus,

1(C,
encodes zbmélgl? olypepli ?%Pé?@{sﬁr) il %0 ugl%&ggtfyenﬁésssﬁ% ;/%Ib Ctgrekgﬁw'ﬁcmra (
preM andTE) Aeiseveh abn-athetisdli (NS qxrlotéms inl Hrmgendeplagmibgagedum (Chambers et

o, 1990) 0o Fe<aAR DT SEEBER TR PO U CoT o v estaed de movo
o i UYLty
replicatiohgiro@ps:depistive girasl RH&r pohlgl;:x -slandss eplieAting Aoam §RY HRNA and a
rep]xcatwgﬂ\i{‘rgplnle t | 88;)”&% t tl—%ﬁfﬁfxﬁ) | P LoniTRRAE Q atf\Jesgtxléﬁﬁ Yiral RNA

13 di'agnose

(Chmnbeksfﬁt%r?tzm éhu tLhe, Bst Elphasa aD[19ﬂlbl ness vvoul d provide
neans for differential di agnosi s and enhance pati ent

(0010] CEQ‘E{? wﬁavﬁ@&Ods 1R Lkl [RepentfordvamesiSg | Derpaketinlsainfections

ed to the devel opnent  of various . . d
include  serplogicat ateteommmfhadsguecﬂpewﬁe pafihediesi ddgngBn wruspaiplption an

identifi ca:t/18¥1 S iy geﬁgﬂ é%oé%%@ Cclf‘ﬁﬁt{gg’\’%emﬁlset af 01976 MRt RN ethods are

esen genones,

sufficientSfoR Q:Fi‘deﬁmﬁ@ﬁcﬂ Feffbsed, @Hb@lﬂg&M&gthBBnblddwh dlpfétd irhpact upon patient
enabl e di agnosi s and serotypin the \; ¢ th te phase of
managerr(e[r_raﬂ@mg@ gl alg2000). Thq_giggjy to %lgrl{l%cté?{l gt the acute p

iliness w?uid Ip € %5}]@&}% T R T fah& atfahye ;ﬁ%ﬁ%ﬁﬂﬁi@d nfah@emcnt

ucl sensitivity and quantification of
pengue, vi [yses t e 1ef 4B the AOGoeAl of various
[0011] Rﬁfﬁf’g aAVERFR g et 21%1%“ dt g% Lguee et al., 1999: 6\‘; rilow
amphﬂce@i‘bnﬁhethoc&oﬁgihe 1ﬁé}@1fizat1¢bmélbengudmna§0@eubﬁb 998helsing primers

PCR based studies stiffer.a nt &
complemppiaty hERMBPRIFHERIS, PIIRERENS T’Fﬁ% L‘h@* Ig‘“%"mn% 3écifle PRR-based
tests havgbec" cﬂ:gla’lo B ﬁ)n:ﬂakﬁ@m Fﬁés@saédd%rcﬁﬁplﬁg bﬁiheRNAs (]tmmattl et al., 1992).

|cat| g and inactive virus cruci al é é‘é ducibili
Recent repd;emtonftgw ng ddhigragenic UEPER haStS#@pﬁ@ﬁﬂY c¥i5h ‘%q ﬁ?ﬂr9 uctbility,
there is esi atum [ 6611 -"Bb §t 1., 2000;
sensitivity aig ?‘i‘?é‘tlﬁﬁzg c&?%ﬂgtuec‘{ll oe§?(Igrﬁg’iquae?}){g FT ?cat i on 2
Houng 2!, 2bGUI1AGe E\Mﬂ £999; Wairdlost ¢tangd3002)such as viral
nuéiei ¢ acid strands, replicating Dengue virus., for

[0012] %&%UHJ fhe Mﬁblrﬁe%ﬂé}{édypckhsasauamm buffor af 1rﬂp|$tp‘.mltllfmxtat10n as
quantitative assay of replicative

mentloneéxmﬁwbesly,mmmqby boanaabb dioeuith o PRI A gA from
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Consequgﬂtﬁﬁ UsSe e ARRURani ifbr cim@sBiout hed meliods en@imgmc@@m detection
hodol ogi es are | abor-int enS| \ﬁ
and qumﬂdatnnmfcp@mlaf auqlcie agiatighdin suc

replicating Dengue virus, for example. Additionally, the availability of a specific and

1raPnuc‘ielc acid silrancis including,

quantitative assay of replicative RNA, for example, may prove useful for the evaluation of drugs



et al., 2002). SUMVARY OF THE | NVENTI ON [ 0013] Now in
cordance with one aspect of the invention, pthgteniBasr209
WO@&%Z?}%UM conpositions and associ ated net hods of
provi di ng and use of sane for distingushing, detecting
and quantifying specific strands of nucleic acids.
[ 0414] According to one enbodi nent of the inventié)n,ha bl
designed thintttityviss eeplication. Tpircceanattesans fispwascd A voblilfzgne Southem blot
di stingqui sh, detect. and quantif PLbsahiN®tive (Vaugha
and RT-PGepsth glogtqsgpﬁdlag?r—lg%ﬂgg{: k@‘éﬁe_\} ali’{’r fedpblﬁ;’)? é['\gt %‘ngav%mrlusw?s( e
et al.. 200 rovided. This method exclusively detects desired
? egative RNA strand wusing both in vitro transcri bed
' i ted cells, with a specificity of
SUMMA@WEZEHE\{H@@ENJlmi fference over positive strand
genom ¢ RNA In addition,, the nmet I d itions
(0013) Noy i gecadensei FiInOB St/ Shpire U borE b feenf Bhnd Bomposiions
and assocBNA SHdRRA. of (3HAInACERT disBGoft Gampefuantivtngmhingofictebiéng and
I'nvention, quantification of the replicative forns of
quantifyin@xeeiflcastiands oflseiei¢ anddudi ng Dengue, Respiratory
Syncytial Virus (RSV) and West Nile virus are ..
[0014] Acidr@iizdechrenerabatimdamatthai inkentivn, & dHEMyrgscidr, Rl and sensitive

t | ti 001.61 | d -\ -
method eapRir o0 TL A5 ' BREAR RIEEE ot an actvly

icati a{}ﬂl | i 6Bbicen. And pelehRCEiMEiRy QetecRCRsired ukeativeRINA. strand
rt)'pl“mmgA apigt astllﬁgns of fundanent al teach%egl%_s of the inven
b

[
using bothpzfarvitrberaagmheéd@ﬂés eud éirrusahaéepqt@q St sesHety o af east 10°

e 1 NCl uding,.but, not 1 imk Oy L3@tiBE R ImeBSNAMS Vs for in vivo
fold differgngg QAT P?%Pl‘"f ﬁtéan% K gll,lg Eﬁﬁﬁcﬁ% chain, etc). [00171
detection dfin @G&APHANEBlivtivE nagaive®NAaspact of the present
i nvention, the high specificity of the disclosed

[0015] Acg@rﬁﬂ)%c% ohé efftidlRYeRd oﬁthetil.d\ﬂankieid,eh&n?iﬁtathml%f the mplitayive ferms of
use of a convertible oligonucl ecﬁ#.de, W ch GAL Nile virus are
exemplaryivimkerdecladisi anepe, Respatonopmoral Y irgeRSco Bl Erhy
., ..target se : MihemveRe6h.f i ¢ sequences,
provided ”&ﬁ%f‘%ﬂéﬁm&ﬁ%@%ﬁ%ﬁ%@ég@éﬁgd into a | oop structure
with optimal = eneragtic nfahasIChe Rle2RE fivbhtdal Winplification
[0016] In Z5prdancs Wil ges f”fegg@‘{ﬂjgn&%l%oggﬁ%suche?sea PCR st ep, P
and detectibRi Yt ITIE i itllizo@s pdaptRERs pif ifetamentsl seashiags pigbpnvention can

chineric RI_oligonucl eot.ide rimer (S o
be applcdpi pivey aPlGGBSEN EAREGS TBOVTI BRI TV T R guethods
(NASBA, é%l%i% %ié@@,gaﬁ%eé{'cﬁéiﬁféc)?r e utilized, that is,

uantifiable. The teachings of the

o0 1 550 RO RO S0 s sy iy o

disclosed VhethGBSis heibudi ag tib Vievalegalr dl BIsstep bhdhpdisardit§ qepvertible
the genone, a

) ! ) s well], as to gquantificati » ;
oligonuclootige.ivineh an igglydea c e&‘ﬁﬁteﬁNﬁ?O\‘?iﬁrﬁ Bg@ef g%?‘ﬁsr’%g ARy Tuences,
il ii00 JeR AQGREFRREGuMbES) feltléd Int@a bidpestrueaispewith optimal
such as Vl}éjfs\é?%cé 1pr esent 1 nvent(ﬁ%n, @% he design and o )
energetics to enhance RT specificity; and at an amplification step , such as a PCR step, using
specific nested PCR primers to a stem-loop chimeric RT oligonucleotides primer (SCRO). In
particular embodiments, both positive (+) and negative (-) strand RNA viruses are utilized, that

is, detected and quantifiable. The teachings of the present invention can be extended to any of



consi deration of particular oligonucleotide
t her nodynam ¢ characteristics, such as neltin
WO T ure profiles for a SCR( are deterni negcgllsjg%}003f000209
that the specificity of annealing of a SCRO to a
specific target nucleic acid species is increased,
while stem | oop structures of the SCRO also help to
the singlé-SEAHRIRd ISR NiAiseg indladiap $H Vpregdrdiess of geuwlarity of the genome, as

accordance w th anot her pe f .the invention, :
well 2 toqptanGieeion of FapAisal LR S Lany A iTeea ol 4
that includes determ ning nucleic acid sequences_of a d
[0018] It acgetdarcacwihcstithoingthsr raapest ofe g ATFRG IRGRYRP-t flf5) design an
., oligonucleotide. based,.. at lathiP & HhracRRAslidie sualt @8t melti
consideraligg| %ﬁ'né’amé?ﬁfaﬁ ‘ﬁlgrogﬁ‘gl?o%%nglﬁgﬁ?%dagn?r anscript i on e
temperatf FES 10N i RD g dhemigmveach itilt éheoipegbinite peameadingaig SCRO
the target nucleic acid strand.to e%{:g%l dg a}ﬁrels%gﬁlte SCRO also
to a specifisdangeiswicleimacid spgriesH MCEAEds MR FEE PR EPTRG™ &n
lification ' to anplify the at |east one
help to rﬁ%gg%ﬁ“fsgﬁfm‘é%r‘r%{”gﬁ@%dﬁg‘% strand and anal yzing the
anplificati reaction, .l t:] b, anhedioAefy: Sstiahe ifi
[0019] Iy ceqyiancs g’ﬁgp 031? "hed e%toﬁfp?%ég@ugt’gp for > °peet TC
amplificRAdY prdvided: that Mtydeanicrrainilgy sideiofacideequennee of jaaeget nucleic

ol i gonucl eotide to predict t secondary str .
acid sratdh oMU PITBIE TG G R L L o e i nuclci
id straSP2db bl ; fizi the @BSEiE olifonucleotide and the
i s O st i
target nuﬁ?l’d élc?di ‘stmndfetn‘?ﬂdiride at Eﬁit'tdgf respl:lt;ggﬁ @q@e@@gawcﬁg@vd,. :;ln ucting an
__structure o onver e | SQSimalvzi
amplificatipn rggctiop 4@ Pmé’ﬁg% ?}[ei egﬁeag# one xﬁzgulltegﬁ QH&%F&gfeg y R alyzing

e conver

the amp!fchGANHGEER 116§ akibufar ShdbUinRars thodtsipmng siep furthge comprises a step
react|on conditions of a_transcription. rea

i ; 1t OligoBtatR 1q predict the
for condudGRD]thérmoslynarhicoanalysis i ol nEPRIETHIR 0 bFé’&Pfaﬁ? g &
further [ ' ' ERN e Fdablon RneHios 6flat least one of
secondary sty rgr@q ?Oun§t% ﬁ?bg%élgﬁ g‘?g?teast a first portion and a
a transc8RERNEkapedr hed vdtiena comligicatidsl eeactipigolmupargtiprgembodiments, the

under differing reaction,conditiagns.,S j :
ittty PSS ERL PR MR ETRP B8 gorion of
the conv%?ttlﬂé: BdomR 1Y Hea shen-GRpVasifordiationl wglenuedceon icdaditions of a

W at Peast a step-loop portion and a portion for
transcripfiomemkiiory to at | east a portion of a target nucleic

acid strand. [00211 In particular enbodi nents at .
{0020] Ih @6E totlsreenitexiimenss thd dosignisg star further jcgmgnses a step of considering

. anplification reaction.i [ OV I i f ertible
predicted peFORIARE FTHCMERS ¢ e%{lea%ﬁéﬁ tg?ﬁrylﬁ'gs &g %F ‘|§rre “has 2 Ta

oligonuc'ix{&ﬁﬁe,iﬁdeﬁ&iﬁ%ﬁﬁ@i’éa@{i&yccﬁﬁlﬂ:dngr Semérentodinmtcpnvide forl dgsigning
ol'i gonucl eoti de  under anplification _éﬁaﬁtl on ide with at least a
step whaeindiveleotides hacleateil tn@savids theiceprertiply Higppusiecgide wi

t.i ith_ ad I [ ) . o aci d
step-1ooEAr 808 POURI00! et Brbrs 15 A ok et it o

reaction. praoduct that js itself £ NoRAL fificati

(0021] Tp GRS pgpats t‘"‘lﬂzcefgg?'&ee%‘g%“eaﬁ%%% pfitRh S el o amplifica o

reaction 3§ Eﬁfvid%ﬁboﬂi JBE smbbdifedS S atdlh et iegmiinested geigner has a Ta that is
esSi gni ng the convertible oILgonuYIegtid havi

substantialig| enilades Tehaf e ecapspibnehedririds ngéF‘Pﬁﬂ%‘}ﬁ@f‘c’eaC“O“

conditiogs?. d ﬁ'lter %Qr%i-ggs ed primer can have a 3’ portion with added nucleotides



non- conpl enmentary portions to the target nucleic acid
strand, where the non-conplenentary portion
WO 290022784 nf or mat i on structure under transcri p?icfgﬁ,@'z'b@/ﬁoozw

reaction conditions and wherein the sane
non- conpl ementary portions forma second conformation
structure under the anplification reactions. 100231@

complerhéht&9B a@rRGHpIen t&actibh erdductsthatdo b f allepsdan Pt Gemplegentary to
has at |east a stem|oop portion. [00241 In sone

the targaé spgneent s, a converti bl e oligonucl eotide is provided
conprising a first self- annealing

i gt gglgxal o and g e _convertible

[0022] Inestdthotpar pinbedioshis! dhe rieaigying astep dielpdes, dgpRng e,
. target nucl ei id u i.Crak 18 trABIRRSacid RBand and
R e e
non-conSEhOIBL pfond Rl tafdinbelensacaf stparfdi, rvdtere diec npwpoHplgmentary

convertS to a second substantially linear.confar [ .
portionstforrd er firi ¢nderinrigion SRS PSS U RAT P | Gt 2 wherein

react i L1 onSs | f ' 8Rlh&Mbn structure under the
the Sa"l:eoﬁlaflfc’l%gl ge%geg'l}]&ge@w%%gg?ﬂtgr Zsﬁésdg?li ption and
amplificatiph tdatt@isi on reaction conditions. The convertible
ol i gonucl eoti de can have a 3' (second) portion that )
[0023] RBRR|entolinferit tigefirsneonfeimatiac sitictig benadest 2 Blem-lgop portion.
portion can from about 5 about 15 nucl eotides or from

[0024] ﬂ%ﬂ‘l Snbdaiabasta dAverbledigotasdeotide is pomiided comprising a first self-
e oc?i ments, the convertible oligonucleotide co

{ ent . .
annealirgf pgytiamamb 2 sesond POREOTOPOTRRIPTBE R Bnleath il BNt & 4 énluclelc acid
to or greatgr th 20 RidnOksdh I YeheRbLp d@nformation
Sequcncﬁonlg‘o g?ei g‘ﬁteag?est ﬁ‘g: ﬁlggﬁ%/lgrt |%ﬁég %Pl bonucl eotide 1I)n ? )
under cORIitibUbRd fiemhadiiornand cobveetsft mstecew] substantially Hgear conformation

portion has a. A G of abput. <--0Q.5kcal I . :
under dfifertc FaRpD AOTBIRTS AR dBh AT ’8?@‘."“[ G, THE fifterne reaction
conditio%% &k .b%”;?? TBRMsSriSiort BRI AYERUation reaatish eorditioys. The convertible
chmeric ol1gonucleotide is provided conpris

] ing a
oligonuéleotide qohtion3 capabippation ehipgals t%él‘%fg%frﬁ’h‘éi&f‘i 3l sequences, the
, steal -| oopg under irs CAfut 8o GBRG 11 Aideotides. In
3’ portign &y Som %&%Soﬂ?oi}hg n‘rlr‘gfor@ig% Hgﬁgﬁlsu qslt antial y |i near. o
some efhBSHiREAB! e Ronvbneles ofifenusRoBdd daniint € guaiing, exESING O combination
conditions and is capabl e

f i t 3 ..
o e o oy SAPSRLE 50, IR o b Lo of e

Q | d; ELRbb@AR{sOIY Agt AL ABKdaling portion has a
Convcﬂg{l? agé‘%@fggﬁl&deh}:ggﬁﬁg%e B fiTst Sporti on capabl e of

A G of fvuring. Secadietd] vaderemhiaiption exrrfigbperditvng  second
portion, wherein the overall appropriate nucleotide L
[0025] BEGWIEERS dnifodiments b shamtveatiory d stewaloop chimerigr@lipepucleotide is

at a second_set of reaction.conditions dissn.lar
providel [remprisiag ashgst pertipg gg]gar%i%otp foglg@ﬁ;egg%gﬁg gfknln?loo;g Qnder a first
set of r?@o?%ﬁ&%/o 0 %&%oﬁ@ggﬁfOBQHﬁ-mamﬁir{si 4 Silibs&@tialdf linear conformation

ction conditions be transcription reaction i acid
under tigndic fisret afitattive cogditiontiansks ceableaf@npenling dp aitaphucleic aci

can be anpljficatjon cpnditipns_[.Q02 ndi . S
sequenceolo i AGEIEEI 1 REehABER D! HYBR PO canoa o hg g chimeri
oligonubREHAU N hiveCRtIr@poRfion E&RbIeCH! forhing! Abesamiealing sRAloop and a

viruses In vitro and in vivo. BRI EF DESCRI PTI ON TH‘:I .
second pbfHJRESherein the overall appropriate nucleotide sequences forms a substantially linear

conformation at a second set of reaction conditions dissimilar to the first set of reaction



100271 "lie foregoi ng aspects and many of the

attendant advantages of this invention will R3503/000209
WORHHA2EEAdi |y appreciated as the same beconespggﬁ ter

understood by reference to the follow ng detailed

description, when taken in conjunction wth the

acconpanyi ng figures, _wherein: [0028]. Fi
conditionse hHealtscsed o reaction Canditions #ar 2 ;}r@-}a%q o fictipg s and the

second Sggg%ﬁu,&gca AR 2 ¥eam Bl AAN0S co 1 Fig. 2is an

enmat etecting and

a Ii tar nucl .ei ¢ aC|d r :
100261 ARl "Refiok? R B AR Pl R, N gipftction of
replxcativﬁlsgatesi’oﬂaﬁ RINLXBEIRE B Vi n@@h@maiw@ of one St rategy to

obtai n unique tags and viral sequences and their

BRIEF |pﬁqu51§Tﬁng|&]RE$R [00311 Fig. 4 depicts the

tion of an exenplary stem | oop in accordance with

[0027] Tb%ﬁgﬁgﬁ%glag %ct% taf‘ﬂ;rg‘?‘ﬁ'leng Zl} nﬁ&@ﬂgﬁlﬁgg%?a]nt 690 ﬁhfs m@entlon will

become MeM RAJGE ﬁﬁ%r%&:ﬁt@ﬂ ths thPemhé ibecdidst hedtas uﬁdhfﬂ‘stbad/ Ibrjlg“efcrence to the
exenpl ar ysical properties; [00331 Fig. 6 is a
fOHOWm&IdéE?@lP‘b sms&wgs geten dalsin i kgnipaion; it g‘éxﬁéPF‘ﬁé‘M‘%g figures,
conparing the use of an exenplary stein |oop RT oligo
to an oligo having no predicted secondary structure at
00281 F T S foGi Sl lrech exshoo g ek A BERRA riiiccting replicadve
strands; Ol i gonucl eoti de, in accordance with the teachings of
the present invention; [0035] Fig. 8 is a schematic
[0029] FRNQMsNEh EXPRMAGT é(:hbﬂﬁiiic pe st ehPCRopbERIrg Sepimphiyig a target
protrudi ng sequences; 100361 Fi 9 depicts exenplary
nucleic agd strand 1 Bemrdenss ivejH th@teac}pw frthepiessol nyeEGAMance wi ¢ h
the teachings of the present invention;, WO
[0030] F@o@4151@122e7<8mpm YEBO6300000 Grajeap Ip1 olftpig, unigue Heagssand viral

rimar e .predi cted secondary structure
“ﬂ“m“m%?m% e@i@ﬁb‘%9&%f§636 ol'"gonucl eot i de; 100381 Fig. 1 1

10031] Fig; BFrRisaf beraeenoeee pogeyy R ood Hhafonl Byl reschines
of the invef@M;t s of anal ysis of CB/36 cells |nfected with
replicative or inactivated Dengue 2 Virus;

[0032] Fig. 5 is a schematic depicting the formation of a stem-loop tag having gene/strand

wherein:

specific portions and having exemplary physical properties;

[0033] Fig. 6 is an electrophoresis gel depicting results of experiments comparing the use of an

exemplary stem loop RT oligo to an oligo having no predicted secondary structure at a RT stage;

[0034] Fig. 7 shows the predicted secondary structure of an exemplary convertible
oligonucleotide, in accordance with the teachings of the present invention;

[0035]) Fig. 8 is a schematic showing exemplary hemi-nested PCR primers comprising 3’
protruding sequences;,

{0036] Fig. 9 depicts exemplary criteria for designing 2 PCR primer in accordance with the

teachings of the present invention;



[0040] Fig. 13A depicts exenplary specificity and
sensitivity of detection of exenplary Denguepcipggado: 6209
WO 200/BAP4RNA, underlying bars indicating relative
positions of the curves generated with negative and
positive st randed RNA at differing dilutions; [0041]

3B s roduct s fr i,oent_of Fig.
00371 0, T St e e B XRSAE S E P gty
SCRO oldicbedd.r om non-targeted (positive) strand; [0042]
1g. 13C depicts the validation of the integrity the

[0038] Fig; 1Y'dg,lﬁlet3ta5@tﬂép&ep\| 11&:? g&@\é%an 143@%%3@&%&1}@3

uan

hor [ [
10039] FE e %‘sﬁﬁ’é‘% PRI GRS o CRPE AR R i pasive o
inactivatéd geng:hé 2ivn@n el ectr ophor eS| s transcri bed Dengue
genom c. RNA: cont ai ni ng exenpl ary anplification of

0040} FieeY AR picROARInpRrg spebbftifySandncfdifGity SPIRER RN IREmplary D
10049} £p| Ctlﬁg t he ll()ldll"]%ts? cs of DenSué re)rol i cati ve RNA mptary Lengue

negative stmdn%lNéy b derkyiing b‘rys i ORg r[%bt)%posrﬁugls of kg cpryey generated with
pi, ct Ikin i |t|on of Dengue viral
negative g%“gi? Sgg ¥ gﬁn&e{&gﬁﬂ%aﬂi fge“’l% ows t he con- eI ation

{0041]) Flrgeii‘\ﬁ e{}?\gég%tg%% r?)tgi ¢ é??(fp?ﬂl_{nglgtt d‘J g g]t.?ze Nplect¥oph0rc51s gel,

showmggtl)%)ﬂeﬁrc?éh seliless frdvheehask Weﬂgp@ﬂ[\&y@trzwdf us and pl aque
ration; [0048] Fig. epicts exenpl ary results

[0042] F%Mgéa@pﬁét@ﬂjlev@aﬁc%ﬁbn LB Ff gel(‘; RPIA 6l Mensefib@N Hegative and

from nouse brains 1 nocul a wWth replicative or
positive straad RNAst lgdreali tiros quin@iot 8k PERy. 17B is an
el ectrophoresis gel showi ng anplification products
[0043] Fiigr dADnilepects nhedt@cbphoiesis ged plantaning en (Vi etsarBedhedangpative and
on; | icative (lanes 1-3) anplification products
pos‘twesfrla’é%k&%é brains inoculated with inactivated virus;

WD 2004/ 0-22784 PCT/ SG2003/0Q0209 [0 igO] Fi g ltf18A IS
[0044] Fign 0 a3 -an g#qctm@h%ﬁlfh t SIS BRI diM wattszéh@&efeverse

transcnbe?it g §nd4§,k DNS' -f and NS2A-m nus-r priners,
seri a d’lutlons of 0.1 froles/25 ul are

[0045] Fi | g?{it gbal.neelcctL ?’9?963!]5 O%;él g:legljcﬁﬁ%qﬁ@ 'k?ﬁe%lcgof \@édgﬁé J sphcative RNA

agal ns mounts of stan

strandsyritﬂ&&ﬂ}y}]%’rg’CM,Q S depl cts primary sequence and
predi cted secondary structure of another exenplary
[0046] FigORB dasirgptedtpicing cidavidianakbilonbf Taghcaediiragiatin;t he
present invention; 100531 Fig. 20A depicts specificity

[0047] Fighth SRMEI thé Vokolat@n Blives h@ntifidataCon @panp ebédput RNA by real-

resent
time quanrt)ltatlve PCR using total RNA of BHK-21 cells infected with Dengue virus and plaque

titration;

[0048] Fig. 17A depicts exemplary results of quantitative real-time PCR of replicative strand
RNA from mouse brains inoculated with replicative or inactivated virus;

[0649] Fig. 17B is an electrophoresis gel showing amplification products from mice infected
with replicative (lanes 3-5) and non-replicative (lanes 1-3) amplification products from mice

brains inoculated with inactivated virus;

-



i nvention for an exenplary positive strand RNA of an

RSV virus utilizing prinmers and anplificati R9Ys00209
WO2R044R¢B dance with the invention; [0054] Fi 0&218%

shows an el ectrophoresis gel valldatlng the results

shown in Fig. 20A; [0055] Fig_ 20C shows conparable

Ct. values for positive and negative strands of RSV,

T [0050] Flgoq RBA Rf ifedoididdy bRAPHABAtHRXAIFe lobiaiddd0 vath BerggueZﬂ@dards using
hows proper predicted sizes of randaom pr nt F R@I%b!
DNS2-f spdNSiAvmimret primesgatony o1 seriah d3utiqroos pal ivpls5 1l o delepiable:
the correl ation between quantitation of replicative
(0051] FiRSMERMpits arvilotsplottddiainsblvgREUnp A @aosnts vEHENEETS s

and plaque titration, arid [0058] Fig. 22 is an
[0052] FigXaBPlsadypists hﬁ'ﬂﬁirb'Csdqﬁlemd’a:eami deedietad sesendafy shmétorgs of another

priners in accordance wth the. tea n
exemplary SE&RQ HesigncimTaepEBnEEsTRISTEANiRgS O%HE i {éﬁﬁ:‘%“’“

EMBODI MENTS [ 00591 Particul ar enbodj ments of th th t
[0053] Fxgn%ﬁtdepmtsamc@egr ﬁn@aéw%‘{lwﬁ SeleftoR B RcHIace ‘1“8} ¢ presen
invention g% %I? s OS foosl iV USLEATRIGA 8}'S’anp'RSﬂF'v@xlu§§Jtﬁﬁ%g primers and

, various nodifications may be

ampl:ﬁcaﬂ@ﬁ*%let}ﬁﬂg i 5&0&@@@%@1& tiieligvdntivention is not limted to
the exenpl ary enbodi nents or operations described.

[0054] Flgoﬁoﬁ X £ eléMobBorefg géifvaliditiigathe rselts shommde Fig 20A;
egative strand detection and quantification, it can

e atBR CAMMUSPREI JosRive U elegatei shramtls afi @SV, both
[0055] Fl?’h)%@gghgg%ect gd and qugntlflﬁ;d i n accordance with the
primed withaakdongbexafmetshe present invention. Likew se, the
teachings of the present invention are accordi ngl y ..
[0056] FigpploDcaidves pmper gnaiictedtsiasn efnndompl primedtRPH RNA positive and
reactions alone or in conbination, as recognizable to
negative §tigids of or dj nary skill in the art. NAO 2004/ 022784
PCT/ SG2003 000209 100601 Abbreyi ati e
10057) Figs 81 Aeprb hoserleian peRcgu TIPS Rl KSVRRACHSm ol
RNA fror?ilsv ESVEESQ el @NSGad ﬂitahmltrégdng&d A i gonucl eot i de;
I ncitrng tenperature; anneal ing tenperature
L S8 0fMRe ofd@S fidPddel 6 validHPdmés idBccordance
10053] Flg'x%&s] %?%/Q%nr%&glsnentaqanﬁt%oshow pr oof of prllgfnm pl e,
wnhthetemmsaifthdmémlone (4-) and negative (-) strand RNA
viruses [ Dengue (-1), Respiratory Syncytial Virus
(-)] are disclosed and utilized herein in accordance

DETAIL"EBTEB@R@H@WW THE PREFERREO EMBODIMENTS ogi es
resul tant conpositons and uses are extendable to

[0059] P? anuIS ngllbgdlﬁicﬁﬁn&e@xe RBGunfioR! 536 Hesdribel WldWa in lgkdter deta11 for the

ess he polarity of the genones. Qt-PCR
purpose ﬂ:lrgiﬂlbytratmigl 1&bbxenmﬁt::hanldfoppratxqmaﬂpwﬁyqrngarm}m xgpcgﬁazg]oag may be

was exenpl used faor 4 at | r (ﬁ; i
B A
descnbecfmlgorq%ﬂlé,' &Rid QPectic Qé’féidn@élhsﬂrmade to negative strand detection and
quantification, it can be appreciated that any specific nucleic acid strand may be detected and
quantified in accordance with the teachings of the present invention. Likewise, the teachings of

the present invention are accordingly applicable to transcription and amplification reactions

alone or in combination, as recognizable to those of ordinary skill in the art.



nucl eic acid strands are described below (Fig 2):
0063] Step 1. Design of a specific convertipbfsgaoosiooszoe
wo %’Pﬂ%z]] 4oop chinmeric oligonucleotide: Stem | oop

chinmeric oligonucleotide design is partially based

upon the selection of unique target sequences having

appropriate thernmdynam cs, as described bel ow. Use of
[0060] AbbRSS£IAPUITRA hérbiar /0 dy Helltves: Qat-BOBt grastifptive irepd imeoPCR; RT,

t he enhancenent of the RT r%gctloq.but does .not f ctcalin
reverse tdpsamiptipean®hgoc obigeruclestige; TR MGIHRE 4 FCTEELSS: si%‘g“ﬁ &

of J.- nest ) ifi.cation priners: Use of specific
temperamrﬁrqf:%e%{‘ﬁg nit’cglrucﬁigtel %] h é\drsr%%%lﬁ?cati on reactions, which

anneal fo chinmeric a n FLLC. sieqUe bsitive (+) and
(0061 AsBsgrmaliey e aien: At a G0 ARRTOLpHEE UERERRy Positve ()

negative ()8fGAd RE& vitiges rl!@ﬁbgdéé(f’&),Q&sjﬁ[‘dt@i’@rSym@ﬁ.ﬁzﬂ?&iﬂmc{-}}e;qﬂisplosed and
chineric sequences to I ncrease SPECI fici tyl" at

t .
utilized hermjml irf iagq:trﬁ@wesw'g@et:he FWBE]FS RS Pipgg(thg. dfes 8@1?}?(?‘.8&85 and
resultant c%)?;‘%)%gl %gﬁ%gl 1?3%5 rALL SRt 18 UhdikisERIde@MRINA viruses, including

esonance energy ‘transfer (FRET), one
HIV, reg@®dREPIE @k golattyeof ithn gendrhad QLR 0n Iiehlyi psilieklengethod for

internal controls and targets,,.which proyjdes for
quantifyingnagleicasids, was SRy 43¢ r%ﬁbll%f BEE such as,

but not limted to, Beacon, Tagman, hyhridizati.on .
(0062) A perstepvsodba ol sepsbiavelved e GeFcae dbd TARERIAOR of ot
nudekEmgm%%g&%sgﬁ%gxﬁgggdb@(p%géidance with the teachi ngs of

I'nvent1on. tending this. if one part of

[0063] %8’? ﬁg#jjefsi;gg(rj e%%{e:hlcecoin\%rgﬁlg SedEhop! i Woﬁ%ﬁ&c?ﬁ@&@, Stcm-.

% € sequence can he detecte )
loop chim@Re!d1RfoniEletrele0besiir isepatitliyvbueklengiihthel selastion off wheue target

sequences mutates (e.g. , deleted), ,the other par an.:
sequencesshaving BEP@Eriakt BETYRARICSetD 85“5‘?"8%&3?% \?ﬁse 28" thes&3ptimal
thermodyn%oqg / ?Iéli,]n]ez&s?' F&TA&M@@%@%@&Q@%RTH%&%& it does not affect

ent g replication of RNA viruses is well known to
downstreatrhpreeesaés, opdiPGER.y skill in the art. Viral RNA

replication proceeds by first synthesi zi nz a . )
[0064] C&ﬁpllzenﬁsigﬁbf hsmqr(:lentndmﬁu(lifepﬂmm%‘umvei $ise ah apecilioprmeie for use
) __viral RNA gen in the case of, Dengue..
in amplifigaiopnisAetians, SICh Y ‘ihi“ﬂefé%é‘“%%'ﬁgws Eeificupites B fesultant
nucleic adif r%tljzn‘%c'{’st Eu\éﬁ StARNED readtiBiseqUBB! Heyhi-riekted geingsrecani extend beyond

replicate By synt hesi zi ng conpl enmentary sequences to
chimeric sbipgenceploiivatisgespetificityont IRHnplfcad@s¥agss” sinply known

as the replicative process (Chu et al. 1.985). 100671
[0065] Militiplegigaifspedific tangetd aolbeotaligpbby fheemﬂxyatgwcpf orescence resonance

encunbr es associ at e i th.prior . )
cnergy wrgiee RO Jo P RSP Esnt SRAR i EelagdcloP ABHiplck s jnterma
controls aH?ttﬁ}ggs,o\fvhﬁﬁl R6ViliMefok ¢EMidntl datehnimatiod of BTAPERT i Rrabiasouch as,
of a desired nucleic acid strand by utj]lizi e detect
but not Hipaitadi tol Bedcyn dFeirgae disbofization prebes Gopiopiie| Fot!liped o detec

ampliﬁcaﬁc’olilqc gro%sﬁbtsapr%\%%(e)d and Dol "G ah & RERRIZS 8T e present invention.
Extending this, if one part of an amplified sequence is detected with one FRET probe, another

part of the sequence can be detected with another probe of different wavelength. If one of the

sequences mutates (e.g. , deleted), the other part can still be detected by the second probe.
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[00681 Prior art methods for designing
ol i gonucl eoti des for use in various nol ecul ar, i
WOgPHBEBts, such as reverse transcription for P&?é%p @?00209
teach that. priners should not self-anneal, 1-111's
is a consideration that is progranmed and utilized by
various ol igo-designing software Such that . L
(0066] TR §eniealind GplibaicadiRIed virises arodi Heone tavdhoRe phfrdmary skill in

the art chioHi RO prpldadiel Teseetn bV st PEa2ipd foRplsdinlall sequence
- charact ari.stics f r QN irPthd @RYC e ADérdas, NS5, an RNA
(rephcagw%éﬁm% I gfnegher grgr%lt :qun;{)&g%é i iglcté)nst actual |y r%?e .
polymefitk, 66 iRl dash gnegmtiesent deragieatise strandin Subseayentlyy the genome 1s
particul ar enbodi ments, [his provides {.0r. st oaR,; :
replicatctlbbmt’liﬂb?ﬁ@ﬂ_g gemplementagy [S%FQCIE’%EO gf {eRIeigE[tW% Sl?r%& his process is
. i go ] resui985)t hese stem | oop
simply gﬁ‘%ﬁ%ﬁﬁég%mﬁ%\%engg%egi%@a]esi gned )t o provide the
esired ther . I I154dce$ adsb &b R@thPprior art methods,
[0067} ‘@’ﬁ@qn(%%{)o tﬁﬁﬁg%?rgggﬁgg?t?%??g%&h{rbzact {on condi t.il??]s and .
the teadhidpE R i Presenniisntorpprotide dr omovek srsthiodrriceleaitg wgattication and

_for exanple), can act  as a, highly.selecti : ibl
quantificetirnc Pf Acdeshed MuRlgIsAgid sHAM nggl.k%mgf PRy designed convertible
. ] Ldi dgaineabh&t@lpopamego i nteractions
ohgonu\éﬁalé(?es?%{%hgé?i%&%%n reaction condFti ons, detail ed
el ow, 1 | i hBRRtides Edamedat webouomaemlar biology
[0068] gﬁ{‘ﬁ P’ftir{:’%? ?cgs%fog:;h e\%@%’?@%ﬂi‘i cative RNA strand |
protocoli, ishé iz hgvehe tshariptibodgr @aoplee thach dlaat enginprRshle sat self-anneal.

in accordance with the teaghin . € .
This is prigesreien S8 BRESATET g 11165 Pac Bt R R GRS Ghing software such

that self éatlh% il Yv@fied N BRLRRACCOREE bhbasbechef dienpresent invention and by
achireved at the RT stage In conjuncti anw th t.hte o provided
utilizing plectesdhingsmpbvifedherbionparieuly (haBIOHERAMIC cppragietigtips obghe p
. primers SROXY Do L S t 119V @t &b e SR sk ey’ encourage
OI’gO““fieDgE‘?ﬁ’ PT’@%&FE%%@%E’ICH?IEE%&% o?hal&ﬁlcaxgtaner pri rred%rg,DNA-,
self anASlifKC hn GENAUNP embpdimanntids provies er stem-lonp dormation of at least a
sequences. A heini- nested, P riner,| fil :
portoneils eeaRa SIS AR B e 6T IPE S S i fpen BBigned to
il siafeehaacteriidO(feAfinkj HD2@%Blobp under transcription
pm“dePH!’F?gf%ggt)%%@e{Q 100%01&&5 éli_sg:ussed previ ougrg%, to 1 i
reactioh eoafifi@nstand dinaarizifg undsp hinplafidaien {gaetibeondiHans o9 examp e), can ac
utilized. must .provide an. t -4 St t hile avoidin
o5 o g e (rretL o Papf Gt il ton repctions while avoiding

undesiGBIRNIEHRMNE 8 interas@stisamnaaanseription grntorecqnditinnsy dgtailed below.
replication. Generally, the assay woul d have the

0069] TR dr@W b diSEAL ¥d AetedtionDieC irbplificaties dfndiorlreplicativorRNA. strand

correct strand. Strand specificity studies are, hines of the
utilizingrthé steabloppeadrtiesd-nested RCRhMphed, i8\Ac6ordrnce Wity (eaching

aci ds. This allous fior determ patfpnsakifche ofyRametod described
present .aNERLogs 15 W“ﬁ’%%rgi.lll?slhf‘ggﬁg?d speci ?ﬂle Ci ty§s_t udies are _
herein CORALGEEE: tho RIhaagy Rsohactidh widntersphafiapmplification using the hemi-
nested PCR primers. As shown in Fig. 2, the forward PCR primer 2 will not anneal to random
hexamer primed cDNA, as such cDNA does not contain chimeric oligo sequences. A hemi-

nested PCR primer is defined as an oligo sequence that anneals to the chimeric RT oligo at a

PCR stage.
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ynthe3|zed cDNA viral genonme. As cellular nucleic
ds _may serve as randompriners for RT (G
wo é‘?“*’“i@%) the assay nust NOT generate any pr odscﬁﬁ)oslooozm
when anmplification is conducted with cDNA synt hesized
with random prinmers. If product is generated, then
strand-specificity is conprom sed. iji)Strand
[0070] Ag ﬁeseusrsabpneylosslmdﬁoé@ %ﬂmm qxxabefycrﬁpmaéwe ysgspmeeds utilized must

provide B ERFYC find o Tl RPRONG poaPpEhs ARLR TYAPUIRE, copplementary

sequenceb- & @R EBHBARI @draaqepmfaudmt €rinbiatlly/ qmaaslszty fvoahk how: the following
Shoul d have a dynam c range of about -106 between the
criteria: correct and incorrect strand. High sensitivity: The

gt | -10 copies of the
e%?%gﬁﬂgﬁbg%p.tﬁghtbs rgﬁ%g to be adaptable for

hi gh-t hroughput anal yses: The assay shoul d not have _
mul 1)i Strendsdpepisicoy stutliek iam@rdkraéﬂ:jt cariedretthuidls pedesyntietec nucieic

analy it ofis i fr e Eimnalon & BERV R Ry Gk oSl

primers' as taught by prior art nethods. [0071] The

pri gy Sﬁﬁﬁd ?éﬂﬂeﬂﬁ stabiick b ddgd@RaEinSpe piekérte Af irg@ivnd Kixamer
bot h for exanple, Laskus et al, 1997, Liu
et al synilgagrzed vHNg’hwr@tgemme 280 gellngryiclsic agids mgp sgrve as

and c t
e Bt B9 M0 18 R0 35 N enetc

subsegieenét varqnlakﬂplﬁ‘ahmms cbyd&@la wiith bDNA symtlestted mme‘alndom
at the tags Lerat et al gF | or. t al, 1998 i

Si eppBrimErSa It Produns is eeaery “aﬂran 6??1“ ﬁgo'EProgflse

2002; Lin et al, 2002) generally achieve | ow

speg) birsdd ép@éﬁéﬁ)bkthﬁfeh Sifould Be lirSiéd B@KLih e ﬁe&amee Bf kdterogeneous
correct strand fromthe incorrect strand). (in the

r angenwieig geid |n®sylreswemit@a/vf(®0ﬂzbmmﬂuwmdp(maf RNA.
'/ SG003/ 000209 of the sane oligos for both R1 and

2. Pf;%g tic b 9 of ﬁﬁbctfbfn/cél‘ilﬁﬁ’f@%tqﬁﬁe ShbhRinhYe é‘ﬁ?ﬂfﬁﬁé Qange of

spr|n||r| T stage and
sﬂh&eq@@ﬁh&n&&ﬂ&éncm@ﬂendnkbn@nspemdf|c products.
[0072) Likew se, prior art usage of chinmeric oligos

3. gg?%xhgr%ltzwgfgﬁ VRS Sséa%lg%?dbl\é&r ete,sf ?-ILII ég of t[hg ﬁes%rand

prinmers to the tag and a viral speC|f|c reverse

4. PDediRble t8be a@dptidld R kighgthrolgRpranalses: ljlﬂielaismdshbyld not have
these prior art nmethods do not have desirqus T

pingktipleestens op titizs detesgon giethags thal aredabririteasye, sychassfor
( I@§ov§tﬁ§m§ﬁ&%ﬁ@9§% hﬁﬂm rdidb B?P@Rf{&ﬁﬁé nested %rlmers)

i nventTron t hus mnl result in rnisannealing an
r &sadghaby priod sampthofls.cati on. [0073] An exenpl ary
schemati c of one strategy for designing a convertible
ol i gonucl eot i de,
[0071] The prior art methods utilizing gene specific oligos for both RT and PCR (for example,

Laskus et al, 1997, Liu et al, 1997; Vaughn et al, 2002; Wang et al, 2002), and chimeric oligos
with 5° tag sequences (non-gene/target related sequences) for RT and subsequent amplification
by PCR with primers directed at the tags (Lerat et al, 1996; Mellor et al, 1998; Siepps et al, 1998;
Cragg et al, 2001; Navas et al, 2002; Lin et al, 2002) generally achieve low specificities (abilities

to distinguish between the correct strand from the incorrect strand) (in the range of 1 0%-10%). Use
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according to the teaching of the present invention, is

depicted in Fig. 3. Exenplary steps and 2003/000209
WO%‘&‘I@FH’@]‘ ations for designing uni que portions, PR S
tags, viral sequences and conbi nati ons therefron1 in

or der to provi de the SCRO and hem -nested PCR priners

of he sent in is desc i beq bel.ow, [01)741
of the saeiggs g bairek Bt §&ﬁ%ﬁe§{j o Ik G, SRR B BT, o from
mxsprlmitn%%t g'féqg'ﬁktg mﬂfsuB%uQﬁt%ﬁf%caﬁ&v%h%cm%bgﬁt; or '

S|gn stemloop chineric . gos havi ng

[0072] L?L?Mbeg iylrlggrt ugef)ggf Haréé gros hav(i)lji ggﬁl{n—vﬂgﬁag%{]r gﬁgl sequences)

for cDNM‘E@nthHﬁQ Oith EthsSquﬁt [300) 14 arﬁ\plﬁlc‘étlbm gtiiighg pﬂn&ﬁdto the tag and a viral
lifying a selected nucleotide strtrid, such

specific W%? BHeD ArRulae bekingd, Tharmsingie niésrg by thete mpﬁﬁrla@té?c;s do not
have dcs?éﬂsic ?tlof' \ésr H\?daﬁmg ]d%%t fg%ﬁglé(gma%rg g %turése@h&ﬁ: th%nstem loops

hesd"ViTuses 1 nc e nova synt
taught hyf thegpiesene (pbemgug) and thosi will eresyiRSY) rﬁhhﬁlrsaln@ldmd resultant
. }he detection of these noieties is therefore
'nmmnmﬁ K8i¥hti ve of the presence of actively replicating
ruses. [007] Table 1. npl ary Vi ruses
[0073] Avu FOTBEHB - th%nat@c@%en%ﬁtrngﬁcé’%#?ﬁégrsvg gneeryegidle oligonucleotide,

accordm%esg{ef%zt‘ or synctp}}%n %8%%%?\/@%“&2%2“7 |7:-us Blfglgﬂﬁz steps and

considerdti00F 6dr d‘ds@rﬁmg hmvwm podivasantchrissthgs siiab peqtescesr andt cpmisnatlons

cansi dered wh an. exe . S her e
thereftont g8 S{q1 {1 LR GO P Eam o GO O PTFSFe ehAgr Gt hvention
is describ@8 @8ldance with the teachings of the invention.

LO0771 Sel ection of a stern-loop chinmeric RT ol i o :

[0074] Tﬂé rét}@al%o% QgaiéBds I?&E%hts% %Q&d%c@%ﬂh the tQ&me@.' otSth%epresem

Not e: he exenp ary cases utilized
mventmnh @)myldﬁ fm qed@rgjx qtﬁsstemslequ eddmetionBlogligen having convertible

manmal J sequenc s .considere Accordin
confonnaf18ﬂsgandpt?) g%s&edl?% Prffers. )%‘eanp?%ryﬁ)]’loc%?ﬁl(% &%éyd 9 11Illhstrate the
use of thidftiddain SeGuentes: auhdeplifaht @)seleckrlt niclediiaet snmmi MBich as a
size will have difficult

Lo in specific primn
replicative FNfe 61r3fids ate tBe BeRgHeand lgqawsatmaa 16y ngruss &S%a?leé) The
replicatio%g%(iéigé)ﬂheimé%ég’E:I%atﬁfg%?{e%%e%ggvlg n@th@s@@% r(%éﬁ@vé éﬁ ue) or positive
(RSV) RINA| sitand.elThehlegretion wf ¢izdst mypi¢terspe tiatrefos: atlicanve of the presencc of

actively replicating viruses.

[00775] Table 1. Exemplary Viruses

VIRUS Genbank Accession No. | Genome Strand Target gene(s)
Dengue 2 NGC Strain M29095; M19727 + NS genes
Respiratory synctial AF013254 _ MP2 gene
Virus Bl strain

[0076] The following characteristics/aspects are to be considered when designing an exemplary

SCRO, here for use in replicating Dengue detection, for example, in accordance with the

teachings of the invention.

[0077] Selection of a stem-loop chimeric RT oligo:

13



anplification (such as PCR) stage. Specificity of the

3' seguence portion is targeted to viral (targgtghhosnooze
WO&%W%@%S. 4 Formation of a stem!loop structure

having a tag sequence (chinmera RT oligo [0078] In the
exenpl ary case of the Dengue virus, analysis of

over | appi ng short oligoners (12 ner in length) |

1deppitasl fizcon prangei(NNS: Fends (eopliy gesvsmilisidzeeseigs Dengue and
-10 kb) resulted in a few, potential unj. Vi :

RS3q seaisass bADMBEHES APEHH A ORRE B ST U TOR, agtgrlipgly. a long
oflnch BB BhLOWATRER. 10318 %6 8d1sHp RS Rl Lgi @qudnoes (undesirablo),
EXT AREGUS hammal i an equences, rendering them )
yernsshiokighinger sfzerwilideve diffibulsy intspegibgpripmegto thy targgit pr plgequence.

exper.i ence re encoyntered in [, 3N} L :
TE gueI e 0T eh a0 rbart PSR AL AERLARIS B Spimal.
viral sequences having | ow honol ogy with extraneous
2RI bRl D8 gﬂﬁ{éeeé 1508) tdeREMe dtitelPhRhlanbesigighemperature at an
domain : 1056 hp No_ bases scanned : 1056 bp No_
prana@ifatienefsiclyacPCREFIAZE-: | DNS-1. (Refer to
encl osed copy of the DNS-1 sequence) b) Den g uc NS-2
- 2-Len f gk 44 arpefed dences.

S1OBIOB G, 51 sERERiort Al Rpebito faAe Bhusp Eap e
DNS2-2 to DNS2-6 14 WD 200-1/022784 PCT/ SG2003/.0002. Q9
4] ORRfatibmofettent ooy strimduweihawng @ dgeansearency sshigeradhk oligo).
specific) segnment of the SCRO to he assenbl ed various
consi derations nust be kept in mnd, such as the

[0078] TheRgtLenoflayhasgehthesPergut ivirusemalysis offoverlappinscrort oljgomers (12

. exenplary |length, h as about 6-15.bn, MO i a
mer in Iﬁqg{:ﬁg%eg f%rg&rg%t_sll%g %Besoﬁotar%%ng)gge’ m%é%nofggl Oﬁlﬁ)lrieszuétgd in a few
i aPSnih R0 YirASsekgicdd, Roffe JTYWRibK balistanbdlowt Aemsjpeiti 6f the oligomers
IJOte:]ntwl@e‘l%pih|Qés] l-ri IeEl _180 of0 tehe t enper at ure used f(%{ .RT., The tabl
analyzed dasionl hamolagien 4o SXEARAOLS SIAMIRAIAE EAUNCEH SPAUCHPE Jgn unsuitable

gener al vesy lat: it aPe chunfifed RIREIpANS Dpropriate
for use ‘ggg'ﬁ S?‘S{e\éﬁ%ﬁgh%l)'t ot g%gt sa{sn fhese raneées incg?éiagsagyp P
oligomefBEtHeiR8YY of reverse transcription. [00811 However,

if the gene specific sequence of SCRO has a Tmsimlar

[0079] ERrbfEry ﬁmlﬁ@aﬁm%e vigfidsdqaknded batimgHow B@Onolopkonith lextrancous
equence alone w not be able to hybridize to the
mammaliangeguences: ‘
a) Dengue NS-1{DNS-1)

Length of domain : 1056 bp

No. bases scanned : 1056 bp

No. primers meeting criteria : 1; DNS-1 (Refer to enclosed copy of the DNS-1
sequence)

b) Dengue NS-2(DNS-2)

Length of domain : 1044 bp

No. bases scanned : 1044 bp
No. primers meeting criteria : 6; DNS2-1; DNS2-2 to DNS2-6
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cDNA at the annealing tenperature of PCR (Ta). Thus,

t he gene specific segnent of SCRO does not "MECRT3/600209
WOpeR/H2iHer at the Ta. [00821 As an exanpl e, ffg{}dom

hexamers with Tin well below the Ta can be used for RT

and thus wll not serve as anplification prinmers in

PCR (consider a hexanmer of G this sequence will have

[0080] Indscldctihg The2Pifal (gt targeostahd epific Begthtrawd IRTSEROHe be assembled
performed at tenperatures |ower

th P d t~Wh
various comsddratiensenest be keplinmigd, wighas ﬁcdﬁsgtb 6’5&{% é}%? Sg?ecﬁ%" E’%%‘em of

tage, the, hexm ar s, il Lpfpte Pe 1abhferd Breddtafgl abbat 8-12 bp or
the SCR@DI\&“F&‘W&%?" ’tsﬁ%w?%l.ab{lgo%sf ?’n oﬁeggxarrp?e_, and P
longer, cdnbeitededlordghs (BERA sffhyblidizpti@swerthe spreifist RYA. is g7- 10°C of the
serve as a tenplate _to which a PCR. primer, w.
(emperatath sl Tordi« 06 axpien B PRADP A0 el Tt Pligdsggenerally have
Lenm E e 1 280 @l P ahd tRusClehgms i thebe tages increase
low Tm éoﬁﬁpadg%é tgggegfﬁ?l{p%?st rand spreci fic seque%ﬂges whi ch
specificitp oOvdvdess trahsuripiost em | oop (Figs 4). The tag portion at
the 5 end of the oligo should not have sequences
[0081] HBRBWOUOMS defle speiflkeruericei oft MERGthas [a0DB4similler tor thertemperature
avoid m sprim ng/ nm sanneal.ing tp nonspecific t
used for BT (4Re P G alyer timescugnis, alencort] RS ATE 0 pidhdfl the target
cDNA at WS {e@%raﬁﬁg oPPERGTRAP I Thuf iR dHRRpEdiakdthent of SCRO does
or gani e an exanple,” in the exenplary cases of
not servetaba P gtimeaatdhdIBY. vi ruses exenplarily utilized
herein, and 3). anon-nmai nnzalian sequences were
(0082] AS @heshetlgaiddnhaphicn wih dtm el tRIow theyéa cm by uped for RT and

oS 2438 S EPCE 40 RS e
have a T:?libg l@gfgﬁ dj]"ﬁ% légbfsi&'ériaﬂidn_zaﬂfb@vsm o BE perforkiedns eerdrstures lower than

eta-actin was usepl as a tag he h
PCR anddyet iviienahe hyxanwirs erv. caginparrce digndicantio i e lifct giagg the hexamers

. ol i go. (no-l.oop~fQr, mati . -the stem ! oop oligo
will not be, %@Beﬁgggpﬁ%tﬁﬁlpﬁgésgﬁgehet}%f a-actin sequences even

after 40 cycles af .
s L

to which4l PIORZ BlihieP wifl aBnédl) 6Bva QIS {adsy aredaddedrto-thodp terminal. The
seginent, a pril-ller structure C@unte intultive.to = 4.
resulting tojigpdala qhimeris ofitegiagd scae FRE&IICSIRR Spectiis sanEsEr Wi P

the foll op |AERtihd8S8 o £OPEME IR0 shORBGbt ave sequences
for a Ste@gﬂﬁ%ﬁlgow v\nglsf3 tﬁgg’gntogt%lén 26‘8% ner i c%RY of i gos
homologbi¥ ©tht paral dfyintdesi. gned to M spnne onto beta-actin
transcripts. As beta-actin is abundantly expressed in

[0084] I bYRE to tAVBREmM&primih@Riisatnddling bo asn{ppeifiBridreatscat the RT stage, the
naT2-zj p9) were used for reverse, transcriptio .
choice off ﬁuenggvj(i;gb%yyd PEReqyenges| thaltt are preferpbly; frqm Pﬂg—@glgt_ﬁ:? QLganisms. As an

f:xample,r Ve E:Seg(e%'i)iaw lases of the Dengue and RSV viruses exemplarily utilized herein,
non-mammalian sequences were selected avoid mispriming at the RT-stage (FIG. 2 and 3).
Formation of a stem loop of the tag sequences reduces mispriming (Fig. 6), as is shown in the
disclosed study utilizing beta-actin transcripts (below). The beta-actin was used as a tag
deliberately. When compared to a non-structured oligo (no-loop-formation), the stem-loop oligo

prevented mispriming to the beta-actin sequences even after 40 cycles of PCR.
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10087] Accordingly, one mcrograrn of total 1-1-ver

EﬁM subjected to reverse tr-,uiscriptionpcriBleaso00209
wo OJRﬁZ?t her 0. 1 pMof Par.' or a Par2zip9 SCR O RT

was carried Qut at 42'Cusin, InmProm| (Prwnega,

Madi son, US) f(--)r 45 min, fol | owed by 5 inin of heat

i nactivation at 70'C Tvventy five.perce f
(00851 Ingrdnissyarfe cbaieiBalign o8 BAmPAEProy it & SfEmsdhoR: SERET O Primer

r ' c rimi nthé“’fﬂllowm
s 35 1%, By USRSt GRS e uaTvin
experimeRCRapedriaeted NEST) and reverse prinmer (ActInS). Thirty
percent of the products were then el ectrophoresed on
(0086} A2%/@1ﬁga}is@§ewamnaalesuawezm blingidei RITL oiigdy memmx(any gieSIgned to
. 100881 Tlie sequences of .the RT {i PCR ol i,g
mmpnmegpnwterbe@ca@wtr@ma@p% b8 beta@eldn ds PB‘H}CEE} htexPTSé%?& iver, these 2

ch:merlczgiqule%? ?@a&b llcfjpﬁfﬁ)?i%%@é%&e@&t ﬁ‘ar%ﬁﬁ%)ﬁbn followed by PCR

with the aiedeACAGAGACTI "] rG | ' AGAGACC. . | ' GGESEQ 11) NGO 2)
Par 2zi p9: GACCTGGEG (SEQ | D NO  3)

[0087] AI&?F&@ %}M@mﬁ&% @@%Iilgggg\mfﬁ%s SL(gﬁE?d:j tf))reﬁﬁedtt)nscnptlon
e predi cted secondar
(RT) WItththct Qrlendt oPEe2z opo Tasoraplo R HCE was gagrisd Gpf g042°C using
not rrn sfabl e o
mprom 8 SuPgh, B0 LARACH TBUE BGPARL ¥ DU et o

Twenty f(\%a}fe?cﬁﬁﬂﬁa}le eDBMC emtiasIkd wempxrﬁamf (40 etyaleaof dfmatti[mon at 95°C
hown by the |ack of anplified oﬁjﬁ%t '5“5; 4
for 0.5 mpm,epBeaoR RRAEG T fimin 250 SHTEON Bl 73 1 1A AgRiER SUfiils femi- neste
Cartf | Se e pro@iteh were then
PCR prifi? {HSTYCY VbR, BHARE (ARl THROTRrchiL dfie ot ¥
electrophBisqt dm2¥o dgarcac tichvis@dimed boscthlﬂlur@tbmmkdedﬁm prevent s
primng to the 5 sequences. 100911 As di scussed

[0088] The eajuent®h of the R @M&?@R@hgés aret gingal htlewt maderliagd letters represent
utilized in the desj gng)];ﬁf dance with the teachi ngs
Dengue sgquanpes, Bpld SeRncssRiERt foonta aCHBpr opriate tag

ActinS: (St €gnl Mmum@emam accor | | L_ is the(sbQlIDNO: 1)
syn thase gene of ~, |rabidopsis tiialiana. in this

Par2: exanp[:aG@zagAeaaLn@m@xm_Cﬁéﬁﬁv 16 WD 2004/ é&@QQDNO 2)
Parzzipd:C  TCTACRA REXNACACACTITGTAGAGACCIGGG  (SEQ ID NO: 3)

NEST: AGCACACTTTGTAGAGACC (SEQ ID NO: 4)

[0089] The predicted secondary structure of Par2zip9 is shown in Fig. 7 Par2 oligo does not

form any stable secondary structures at the RT stage.

[0090] Results: Providing a stem-loop (Par2zip9) reduces amplification of beta actin as shown
by the lack of amplified product in the Par2zip9 lane in Fig. 6. Thus, by forming secondary
structure of the exogenous sequences at the 5’ end, it was possible to prevent annealing of the

chimeric RT primer to actin. Conclusion: Stem-loop prevents priming to the 5* sequences.

[0091] As discussed previously, an example of a template that was utilized in the design of an
appropriate tag (stem-loop) sequence, in accordance with the teachings of the present invention,

is the chalone synthase gene of Arabidopsis thaliana. In this example, tag sequences can be any
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sequences that do not anneal to mammalian sequences or

the viral genone of interest. Wile the choig&,&fr003/000200
WO g2 Bhe Ar abi dopsi s sequences (Reference sequence:

chal one synthase gene of the Arahid psis thaliancr;

Genhank accessi on: MB6358) was because of the genetic

di fferences between plants and mai mal s, ot her

sequenceé’t‘ﬂﬁ! S0t AhNEH eembmeialihyl bdq@Badey of eeatifab gsmmm;ofm;er@[ sWhile the
be wutilized in order to_consider artl%d?a ytﬁse W e of the
choice ofssqlgemge!gabudgwmgﬁﬁypwy)mefemyge B E?fh § nthasé’ gen

R hoo 3FABE toeqtticadifferences
Ar ab’d"Pgﬁ‘dg‘&fi’%nt ng%‘mwgg‘{?g%{lg%eségﬁ%?é {B ﬁ%ﬂl\g}? ral ol gos
between ?Ql?t% %lzndltrhﬁnﬁl&lst G{Tieﬂva@?mlt dhlyﬁgentre\ebhémdem whationshipemayglso be
steal -1 oop) portion o e o a s di.scu
utilized imtopodes: t0|00ﬂ51(1}5t pasagular)y, gsedpl ?eﬂﬂer%ﬁg?(‘?l r &ngg’éﬁgntg‘gss&tﬁ ggng the
likelih % | %Vﬁm? i mal thernodynamics in PCR 2. G+C content
© 00?'8? 50% 3. Formation of a stem |oop structure

[0092] Inzpne-faﬁ%e §8ﬁ%‘f uce ek a{ %Jﬁrtﬁl S ERAi@! HigosAbb@))he criteria

gener a c RT oligo corrprl Si ng
employed iAGhedshighl dfahe ﬁ Qﬂaﬂdeﬁp) pk’liﬁlcmltcﬁ“ thmolmﬂrfam; jag glisgigssed above:

arureallngtot eted virgl se R
1. sPghme] damef ta%er&%era@.s eﬂ@fﬁﬁﬁ%ﬂ%&%"&ngﬁ%ma@ ?gaa 2fils in PC

[0093] Here as in (pe anal ysis of the viral

2. 5o leioR Ofeﬁ(eﬂfﬁfl a?@ overl appi ng short oligoners (12

trlerJn en derlv
OB T’S%F“z Ootﬂ‘smﬁ "ﬁ%‘jvl resu %%%%@te%{gé’n? ?%Ilem KT

uﬂ e sequences that can be used as atag inthis

5 ISt ede P8l AW REDHTBIBfbi¥ing ¥ Ad¥6vifl bG@eRIeS
nﬂ\ﬂ.}%‘%}ﬂ%‘he ?Aﬁé ?ar%l@al%\é1 ﬁg kdt SediRn&X WithRQkknificant
AN g} ﬁ gai n renderlngthem
ufioa PABIE 'F use CI ral ane sythase: Length of
domain : 1999 bp No bases scanned : 1999 bp Nglﬂ i
(0093] Hprei aeiirs theeetlys ﬁrthc e:mhsequgnqqesqﬂempiar( rPaaTl?RPé‘&B ry oligomers

(12 mer }qql‘;gﬁ%xggg}ﬂfegeﬁu' ¢ %A‘e Z n%a{s%%tggé‘ %toﬁﬂ s"i"z%pﬁclfz Rf)) Fe@@ltcd in 2

i Rd e stem| oo

potential Bﬁquub QByuRhees hﬁattca@ be &eau:ermeg is kios baaté gy, msfeg\k@ﬁam Yheymajority
he condi ti ons during the

of the oligome:ﬁewalﬂﬁ% sleovesek *lg‘éﬁéﬁttlh;?mfoi?gl%rﬁo ! @ﬂn%JOS“tSa{ﬁ?{‘é‘élf“m sequences
(> 70%), %gﬂly%n %111%/‘[}1%}11 Hilditate Pcfrg%@e anplification stage (Ex.

ag sequences do ameal to the undesired

(0094] &uaeg'g:eessrmasuch as manmal i an sequences, the tag's 17

Length of domain : 1999 bp
No. bases scanned  : 1999 bp
No. primers meeting criteria : 2

Result 1 (modified seq; 1668-1683)

Result 2 (691-708)
[0095] An aspect of the invention to keep in mind is that the stem-loop portion of the tag
sequences should form favorably at the conditions during the RT stage and must also however,

melt sufficiently for primers to anneal efficiently at the Ta of the amplification stage (Ex. PCR).

If tag sequences do anneal to the undesired sequences, such as mammalian sequences, the tag’s
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2004/ 022784 PC' T/ 5@&003/ 000209 Tm nust not be

subst tially simlar to its Ta, otherw se tBercc2003/000200
WO%ﬁPﬂpfﬁgop portion of the SCRO nmay unfold due to

hybri di zati ons and result in rnisanneali.ng to
exogenous sequences. These characteristics may be

i nvestigated by a study of the thernodynam cs. (G ﬂ}?
Tm must peidesh @wa@gsmyl)lar tofts {liaeotherayisq 196 5%5101?)@ BAMtigP of fie SCRO may
unfold G [Hsrhgﬁng t%)onsé argaoggsﬁt f\ %u ﬁ%gcﬂﬁ% G866 stifen@s. These

react neasur e o ar the reaction iIs
charactef:ﬁtﬂ@mz@qw InvBstigated byta $tedybf ge thi@ﬁmﬂyrbmdcs (Gibbshired arengy (A G))
G AHTAS Were, AH=change in enthalpy; T =
of the stﬁ@ﬂwmwoﬁﬂnem@lﬁ%t&%n and A S_ change in
entropy. If a reaction is exothernic (rel eases heat),
[0096] Z)AGI-MW !:Ie| cw@ldn@glafqr\pere@btyom arfieest meagure ghaow é‘%fethé éeactlon is from

ThaSCen rLo en o €S L f
equilibri 'Naci (a' Plf'ém ‘{j‘isc”tl% ﬁcfnu‘!riEI Cr’ys&gl %ml ves t I—lhamge in
enthalpyWT E Rfhpefatdre PO ite teactidl; usd AtShe dnhg Iuor&nfrq@i S If a reaction is

cool ). 100971 In_the case of .the_ overall nsacﬁll on
exothernggu@elpasss hesd, ndite Willsbei Degatine (Y FapypRiion).s The pigverse cenario

(endothe?x@%i?%sgit% i}gﬁdf‘o‘# eg( ﬁe atlr@ %Qﬂf%ﬁr@&ut@:@ rc‘fﬁ(a‘#) dxﬂb@ves then AH

results when
will be i epcstiﬁmvsilsesr(ﬂfeesolutioelfyels coqlf.oceed on its ovvn_
According to the teachings of the invention, A Gis

[0097] 1€ &{eCdals@bEﬂleaivefdhlerehﬁmned’qahmre tiaf mond jesaise thd AIG value is, the more
exanple, AG at 42 C for a 00981 Anot.her
energy lwd%t%whéé% rqaﬁtéorbf%wéﬁl 15 Brérse i&‘&c‘% e Pegati¥p) fesults when
the reacﬁo% fs%&@slﬁ%gb cddd (Sr?[t%mof&c@&dﬁl%liblth@fe'a&ﬂhékf offthe invention,
action nsider the exenplary case of fol ded versus
AGis cahaﬂmb«bl aithe teperafire dffintemst iyl cxpmpBCRO at e fgiee R T stage, etc.
ol i gonucl eotide DNS-1. In this exanple, the reaction

[0098] Awthes iwaplty ekprestethe pirdyedsisys of § i9acBMNSEd occur is to describe AG in terms
(. foIddt-~DNS foI 0991 At ilibrium

of an cqufpim of eeachops SjoaSiie] PEIREPRAPLAFEIATHN T LeBiseuRp g sate of

the exempley Q)CmrDéHg%@ ohEorﬁ)éR%ﬁﬁ@ ENIM t I ERd et 1tk fei@ion can simply
equl libri'umof a reaction: A G RTInKcq ) [00100] If

be describbkae are nore nol ecul es of DNS-1 (fol ded) than DNS-1
(unfolded), then Kegq will be >1. Substituting the Keq

DNS-1 (Mgbldes) DNSaqaldedn 3 will reyeal the free energy to
be negative. The nore negative the A Gis, the nore

spont aneous t he reaction. |
[0099} At equilibrium:

Keq = [DNS-1 (folded))/[DNS-1 (unfolded)] @)
Gibbs free energy can also be expressed with relation to the equilibrium of a reaction:

AG=RTInKeq 3)

[00100] If there are more molecules of DNS-1 (folded) than DNS-1 (unfolded), then Keq will
be >1. Substituting the Keq values into equation 3 will reveal the free energy to be negative.

The more negative the A G is, the more spontaneous the reaction.
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NN7() 20t}4/02278- PCl7S&003/000-709 [001011 Accordin
W th the reaction described in ternms of AG
Woﬁﬁ‘%ﬁqzﬁ%}ﬁucl eotide can exist in two extrene foll)rCrrrrbeG:m:m}mm9
(equation 1) and the equilibriumis described by Keq.
In reality, there wll be many states between the
fol ded and the unfol ded. [001021 Hence, the. . .
[00101] olAcgeillE atiihthe saqiendsciBNSa Iymisoluhbgarolizpsusicpite can exist

rime to known | i an. .sequences)., a - .
in two expmB RmGFUGLAR &) PHEBS CAVBOATEY S Jrchr e e S BRIy there il
: ifonhYastdiesi gned to "zip" up
be many %%tg? E&g’ﬁﬁg@%?&?g&e uni que and a part of gene-sperifc
seduences 80 that il SRFLALS AINGS) IS AHRRE (6% A HlinDtPkn
(00102] s?%ﬂfeéctg? 8@%"‘1”8%%“@% ?ﬁ@te ﬁ‘?ée@f%g) 1ggqfljlenc(es Wi | Il:mnot o
mammalile scjiandesd Haor rmote eablagnicturafyegstvribfickd RiAconditions. The 5
. negative A G shows that stem |1%_%§’ f ar mat ign 1S of cene-specific
end of the glige Aselegignecthie Camdle (B IBF2RTIC BUfite 20y FSg O Bene-spectie
sequenceé%ﬁ%l%iphﬂ%argﬂq UkielddeRd ByoRimingd @es@bRr g¥ml A6dp strbicure, tag
abrlirty t engn stabl e sécondary structures
sequence{ ®ilbadt-Heaom)ablafoaswealivyeanywcquentefe, A REZEHF fyQ shewg that stem-

present invention is..praqviged,, Predicti . .
oo ey b b3V BT e 5 LR B gaaitant v
free ener%;pgﬂ@),aihe(ﬁﬂmt?:tbl deoH - Ritle secondary structures (stem-loop) in accordance
nto.rpi.edu/applications/refold for exanpl e.

i Qh
with the tpachinzaof thetpagsepl iseingion SepioMiiaty P)qufq!i’e? (9 SEORHY éffgﬁ“%ré can be
computectJ {Hslélllé %g?u 190 %}gngarl‘g‘?&{:ﬁ:zﬁﬁﬁﬁgﬁw._ i ﬂl?o.i‘ﬂ].\éﬁlﬁyﬁblﬂﬁaﬂ)i&s/mfold),

era n"(melting tenperatures
for examle. Olfter pesirgneiaSCREst scaatrditngiyres May alsb be BElBEROs
and henli-nested PCR prinmers are determ ned by the
[00103] E¥6RledhipecRdfand Mive@ith ibehesunsilibasion af thelbredmaking érdesatures)

as these are redi ctive tool ed enpiric dat a
of the deasgtedh SOV IR0 aAGSERBE g IS o SCHRE G RermLRE af PR ers are

. CONPOSLti i L i VariQd sr&nkedi & th
scerminP R LR (A R O ane R s s s e

predictivexaipbaskey omstnsided alatcad proaided gusthal iggiden domdesianing. the various
. nei rhpor, .t her nodynam c,.val ues t Br esl auer et
compositigns utifepddy &&Hﬁ'@o*‘%‘?’%‘?démff'atf’ P&"@?@F%%F{ﬁ‘g Till Is:

TnE
A H (A SR n[DNA ])-273.1 5+16.6 * .(| agl .
(00104] A Thermogsairatt Ay cAGTPIAY o hgh (PR G Tt GhoRe fearest
i 3 i Pdaicomeent Taé if@mulafd dermini
neighbor ffbrmbaindifl viue! Fiod a(ﬁrislrlw@e[ 001081 T10r i diz 1 tion

Tmis: Tni: This nmethod is generally used for DNA or RNA

— A DARS LAl RO Labbyor eRRAEEA P isThOBnBAby, AS is th
Tm—AH);ﬁ%r“F‘ﬂ’r[ﬁgtfﬁlhgﬁ‘}fﬁli%? mor %}/Qa[%@g’t%ﬁ%}mgt%pﬁflgngernol F%qs = e
entropy, & 10MN98ahAWIK-15mbD1 APONIA] 28 theCIDEAL coteshtratiin, sndky g5 the salt

calculated using the following fornula: 100106] For
concenirdd®A: RNA hybri di zation: Tme79.5-E 18.5

*(10g10[ Na+]) +0. 58*
[00105] Hybridization Tm: This method is generally used for DNA or RNA hybridization,

especially in presence of high salt and formamide. It is more accurate with longer oligos (from

about 15 to about 20 nucleotides). This Tm is calculated using the following formula:

[06106] For DNA:RNA  hybridization: Tm=79.8+ 185 *(loglO[Na+])+0.58*
[%(G+C)]+11.8 % [%(G+C)]2-0.5 * (% Formamide)- 820/L-1.5 (%Mismatch);
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- ["/o(G+tQ)] +-1 1.8 * [0ic, (GO ]2-0.5 * (%
_ i de) - 820/ L-1.5 ("%Nsrmt Ch), 19 W) CT/SG2003/000209
wo 58%%8@2784 PC T! SG003/ 0011209 where L is t%e Fength
(bases) of the oligonucleotide and Na+ is the
concentration of salt utilized during RT. [00107]
T.Tm the Sti d Tmis the sum.of.the .
' l‘;”&f;ﬁ%rngt il GO pas e eseo e YRR O sopcgeirpign of sa
ANdEP8(pb104] As nentioned previously, another
aspect of the present invention relates designs and
[00107] r eSCGFARImMCc thareatineted Sin B33hd fiex ef thersoafribagsmof suehtbask: 2°C for A
P rigers utillized during anplification steps.
andTa“‘ﬁmrsggﬂépanneal to the tag as well|l as the gene
specific sequences of the SCRO (Fig. 5). As the..
[00108] ghemepleenet prevenstbranoter amectSENEG preyent daventee redates designs and
Late Tme t i.tiqnal ag_sequences, W | | . :
resutant WRARLORHLRCG e o e L ARE e BRoRROUGRERR S pplification

steps. Primer@mnesalans@e eo theaay by well as tiegtht epadfiabouenced 00 TRMYCRO (Fig.
If the S has honol ogous sequences to other genes .

3)- As theygeng ARTURS seqmen b ey SO may 18 ave 2R APRIPPIATE A thadditional

tag sequeRPE&CHH eI fhe s{]ﬁiciéﬁg? 1d Q%Jb?edﬁlxﬁ S0 Bﬁﬁ@xcfof drfneal specifically,
primng. Previously studies have shown"t hat

as mentiopy@pbayepi ng j uncti onal sequences can discrim nate
between related transcripts with high specificity

[00109} ( Iflthei SERODAhasnksmalegoisrsegiacey ioCothyy) gerbgbp ichiufcdylithén extra 3°
but nat

segquencesg of t PCR prjmer can as short as, .

n(s), extirdiss i { : S%k(hﬁ? g5 Gy b geeyto ff‘&?i foppegidic ppnipg e Previously

studies hivk Ehdvn 5h§th§véi’fa8%ilhg?iuﬁlgionﬁcﬁqgéﬂc@? lcaf r}ﬁ%blrﬂliﬁ‘zﬂé’ Sefwedl related
. close to the Ta -1- 5C). It nust not be able to

transcripts midiahigh spediigits (At fidd incedsaigi spgeifimitdbnihe prosndingTeqegnees of

the PCR rltr AFAEARATRL P CRA TR nedbel B e Py o o but

| ess, (<,100) .. The, rever se | Jrer. enmpl o i S gene
001101 F3 b spofien Tyins R B ' Reimeh St e A ope to the Ta
(+/- 5°C) ONEmETHRE bIRBLe 19fanh&t® 1d AVRALJyAhesigild dﬁh%']fbﬁag&%metrbemus, the
design of chineric stemloop oligo and herni-nested
gene specrsegpentel thefYrR@Q wmaludingdbg 3 oprobfided nthmust mailhave Tm similar to

' [ | th
T L, S I R, 5
N S T
the desigraBfl cRinfricSagMEIdbp oliz® lan@ heAPhest@PPUR pridhersfor |qQ£ﬁliﬁciaﬁon of a

. conplenentary to the desired viral sequences. (2) The
particular cof§i straadubee exemplarashosm rathe Beeghve peangt of @ RNA virus

(Dengue VAREPLAGifSs( about <70% to

(D) A SCRO having two segments: 5’ tag sequences that are unrelated to the viral

sequence and a 3’ segment , for example about 8-12 nt long, is complementary to the desired

viral sequences,

(2)  The SCRO oligo sequence should not have significant homologies (about <70%) to

known mammalian sequences in databases (eg., Genbank).

(3)  The melting temperature (Tm) of the 3" segment, when hybridized to the desired

20



known manmmal i an sequences in dat abases (e.g.,

Genbank). (3) The inciting tenperature (Tin) '
W"s%’ﬁff%fﬁ?%* when hybridized to the desired 20 M}Q(f‘o'rfg&?oo:?/ooozog

2004/ 022784 Pf 17S&003/00020() viral sequence, should
be about /- 7 C of the tenperature used for RT. (4)
The 3' segnent of the SCRO shoul d not adopt a sf{ bl e
secofirhpsausreeyshomdbegbonhy/- 7chidithe ERPERRE ef‘fﬁgy fe¥y ?A G
= -0.5 kcal/nole). (5) The 5 tag sequence shoul d

do ’ @feogﬁ}ﬁ? L 4doB: AnSLsIPId QRBMARY sthitfure at th

(@onglf}}e?’o%{e[%g%rg 0for ﬁhéﬂléﬂ_&o. 5Ek"!é’§|s nol e) . (%%SThe reatthe
| oopcosndivioh dsadfor RIneRG t «.kkeaMmodanmal | an sequences.
If the | oop sequence is conplenentary to mammali an

, then the Ti f hybridizatj f .t
(G TR e prenene b adint S *REMoBL sBhorkl o Bl ot e
of thedisibe WdAdol RAN.A G R-0BRafmeR).energy and T ' m of
the stem | oop may be cal cul ated usi ng the nearest-

nei gagor t her nodynam ¢ cal cul ati onsg and con‘putﬁg si ng
(@he Thedren shembshnaipnnead to keopanppamahg sqaypnogs. ¢hige pgR stquence
condj | hdTRh! X RObri@SRR of th
any 5 FoBPictREo bR, Eoléhedt IR (B3 RIRGbIALRRN of the
ef f iledpewith drnealflagemfseqehentust be ktsethaP@R Tyrdfiler sterdf fpertion.

hem - nested PCR prinmer should hybridize to the target

equence with a Tm. . simlar tq the Ta (f/- ,100) .. )

(ine Gechntister =i reeRdaramnee s i R EeThsipEd M qoarest

designadosfetnitalynhRer @lcuhiBndghd @eipard Ring the Zucker program, for
cornplenentarity which may increase background

noi $&rmpignal s. [001 12] The rationale for using the
stern- loop structure is evident fromthe foll ow ng:

(St() ﬁ)e )%:%E PRy Q@lﬁﬂgﬁ@% lr%eog URDLBRKERT 88B0 SRAUIE G la@bMt any stable

ag at the rom msarineafing to spurious,
ext rseqmday stecuenoesablt e ofEcicrdvienséing phabemi-pestoth PCR primer.
carried out at 42C, for exanple, an optinmal structure

(Sﬁ g; J&‘?{ jg%ﬁ?gpgrsgemg&%{r%elr éﬁ%;ltgg :fllty?rg(ﬁ& foPenb r%grg,gta&quem:e with a Tm

similar to the Ta (+/- 10°C}).

(10) The sequence of the SCRO and the PCR primers should be designed so that there

are no regions of complementarity which may increase background noise/signals.

[00112] The rationale for using the stem- loop structure is evident from the following:
(a) Thermodynamically stable stem-loop can restrain the tag at the 5° end from

misannealing to spurious, extraneous sequences.

(b) As reverse transcription is carried out at 42°C, for example, an optimal structure
for the complementary viral but not to the tag sequence is required to anneal to
the replicative viral strand of nucleic acids. This unique chimeric sequence is

thus folded into a stem-loop structure at the 5’ end.

() The design of hemi-nested PCR primers enable the amplification of only the
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the replicative viral strand of nucleic acids. This

uni que chinmeric sequence is thus fol ded int@-f:5c2003/000209
WO%“(Oé/ﬁrﬁT%p structure at the 5° end. (c) The des?gn of
hem -nested PCR primers enable the anplification of
only the 21 " (? 2004/022781 PCT/ SG03/ 000209 targeted

replicative RNA reverse transcri y. the temlo
chi mefargetedreplipatiys RNméevaﬁFéqaawg’ gib Yheestemilngp pimetig RT
ol i go t
tenper %r]e&(li (a)f ggﬂetfr}lé‘%) %e{% Kg{(g%f) ?%‘.‘Sé‘ﬁg'é“&g Em%'«}rwmmd &
( >70%he dn@OAiLZterAgeratnree(la)ril eelabledii‘gl'néﬁlcmnw ohRCR (>70%).
(DNS-1), has the conbi ned sequence and
characteristics shown bel ow (gap showm only to
[00113] disst Laﬂgexaﬁcigcet agclanﬁnw priﬁherpC(ﬂ]NS}m); hds dhe cﬁ:ﬁl))ine'ﬂCsdé]uence and
CCG ' 1f C GGI GG, CeC TACVraIp‘(Q PN%
characterssficy mmbrlom(géaéhﬁyrra?rw f9, R mast a ap KA DRGNS (Fige 10):
f'sﬂ b PR NG %@m%eeteeen%@@es (geeq@ NO: 5)
ric sequence 1).
|t was found that in th| s exanplgzthis tag sequence
does not annea o known ni anunal i an sequences,

considerations of the Trn of |oop sequences annealing
[00114] td&rkmnplmrﬁfaﬂﬁrse@elqm@nbetuat@ oding mbIriocsipnidicnt mammalian

sequence%mlrtg n@at ?Hm of b? Océliil cls&gg%{sﬁﬁ é nf(?]esgﬂr gm&qggvgg ffugg that in this

example 5L ehpt RqRG0E BY& KitGRns es khbeh txﬂarthhl’wuteqbbm:euSﬁon@fderatlons of
rior art internal nested priners. The desig

the Tm of Inopeseranges paing g Wl dBERMAHIN SHAUERRES E}F‘bﬁ%‘r %Hpélga‘%? in this
the stemloop chineric RT ollgo Lind wll be
di scussed bel ow. [00116] In Fig. 8, the hem - nested

P i a : ign
oortr 55 B et BEREHES 10, RTS8 SE00EE Bi® o o
used to ac&ﬂeﬂ%&hgmgaeeifﬁctth eviBlousthg uenofpridrarcintdrhalalested prineers. The design

extension of the viral cDNA (her havi
of these prizRist Fohighly flemendepion fie mfrpw?se%fgg‘ﬂetsmﬂo%%@ws% oligo and

will be dildNosAPLMpyEr ases, the m sannealing at the 3' end onto
an incorrect tenplate will not he, efficiently

[00116] ﬁiﬁ Flég%d hcﬁ%éRletcdq?Ch%%}u k¥ h;g vencly & 4 @gfr&g template and

rimer, inc I ng t e gene/strand
protrudes s;pe of fhea:hamicemrqmnam A} thetepepalingroftthe 3Ts¢qu9f1ces is critical to the

otrion 0 AR 5, FESTRRY 85 RuT AR A2 ey vt

place) by WA%%&%eﬁﬁﬂ@ﬁilsaﬁxﬁezﬂffﬁg 2€ I8 end onto an incorrect template will not

be efficiently extended.

instance.

[00117] The length of the 3’ protruding hemi-nested PCR primer, including the gene/strand
specific sequences, will depend on the Tm of hybridization. If this segment has a Tm close to
the Ta, then the primer can anneal to the template without the need to anneal to the cDNA
synthesized with SCRO. Thus, this may prime to the incorrect cDNA templates and will also

yield a product when amplifying with cDNA synthesized with random primers and thus is to be

avoided.

[00118]  Guideline for Designing 3’ protruding hemi-nested PCR primer:
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synt hesi zed with SCRO Thus, this nay prime to the

i ncorrect cDNA tenpl ates and will also yield 09
WOFiHiFé 18 when anplifying with cDNA synt hesi zedPé‘”?1%200?"’0002

random prinmers and thus is to be avoided. 1001181

Qui deline for Designing 3' protruding, hem -nested PCR

primer: 22 WD 2004! 022754 PCT/ St ; 2003/ 000209 Cal cul at e

1.TGalRuRie TH®f g8 @ens ppetifeggarnt @frscﬂca@hpﬂ mstrtntlng P Ugfiqneyces.

3' sequences. The_Tin of the gene C
s@@fn"émitqfé,]&ﬁ?@ﬁ seeqific spgpent/seqyence lwboﬁlﬁ X lPa% of the Ta.

Subsequently add tag sequences to this segnent to

2.nayge emllr ltﬁ?ﬁ i&hcl@to @RAEment td Bate a TAXK1dR]to Ata, about +/-

exenpflar based on"the criteria listed in
Boo¥cl of Flg 9 u3|ng the Dent genone as a tenpl ate,
is shown. Assum ng the SCRO has a gene specific
sequence TGAAACGCGAGAGAAACCG (SLQ ID NO 6), then it
[00119] | | AMax@nplaryPOR prBa€ tased be ttROFmteISQ ligied imBoxnie off figof using the

Den2 cg%ggpélr?ﬁegrgf %?rijpezﬂg,:ﬁgﬂg{x@hep%g%ﬁgg; the %‘rctliﬁ(g r}gﬂgl | %}engpet:ﬂﬁ sequence
TGA&&@@(?A@%W@C@ GIXEUTNG: O)f HEROwilt h@eswumecsfcmrc at the PCR

ave a Tin simlar to the tenperature used fo
stage. Rt the ([T, oft 61°C, Whe bequenkecwilt he opisg éfﬁc@n%h%ts’uﬂ*%om‘eme“‘ary
bp (TGAAACGCGAGA (SEQ IT) NO 7) has a Trn of 43C) _
templﬂgsum ng a 10 mer is desi gned (TGAAACGCGA) (SEQ ID

[0012@]]- t;gtthw?q?gnllpgftlggré %%Eéxﬁsr%g:@a%t Io? ]Slcgké l‘“’l% ?Qu@ntf,e%ust have a
Tm st W%&?ﬁelﬁﬁ&aﬁ@%d ﬂ)thTothﬁE ahls. witiegdenale haﬁleaceﬁorabﬁut <12 bp
the Ta. Thus, addi ng_extra gﬁbas

(TGAAA@(BM@@EQ@N(D ]\]dlasga fm oh a3 fFsumipg @ 10 mer is designed

oA RIGEER) (D80, e Tlis ART:BB S0 Eg?&?%w% for RT but will
not b@@lﬁﬂmzﬂ gait BCOR POR’ FH‘)dtIﬁ&lE‘queslctme eéd;addthbwvetaél sagtinee bps dTm < 10°C
of theb'fa ]fggss,’ %? ggqn,_tglz]sex}il(gt 13@@3%&6%%&(2%5% (%?6 LiP 1(@6“9)) the Tm of
this S%Wl nB?éﬁtﬁfi’al%ﬁPQRl af80°C 8inealing. Therefore the Tm of the 3’

ID NO 10) Tm 61C where GGGG Lth
protmdﬁlﬁhqamr—mesmﬁ RCR Imag:r m'mmaasw botopadditieh ef ge frg gqquﬁas until the

Cc sequ e of SCRO and GAA at the 3' term nus
OVeraﬁg[e"tﬁé’lb }‘t&&% 3'3[%9 sequence. Wile GGG is shown, any

ddi t | at b t
wﬂlﬁbp'r%}sz?g%tlét of g b Aestnerc tng SSrpifdiat t‘%ﬁ%sg%* h(&h pamer is:
GGGEPIRAACH @dsc » NO: 101) ) Thie-6i°C.he gene

specific strand IS suitable for RT but not for
wherepggGG is a part of the tag, TGAAACGCGA is the gene/strand specific sequence of
SCRO, and GAA at the 3’ terminus is the protruding sequence. While GGGG is shown, any
additional bp that bring the overall Tm to approximately the Ta will suffice (SCRO sequence is:
GGGGTGAAACGCGA (SEQ ID NO: 11)) Tm of the gene specific strand is 35°C, suitable for

RT but not for PCR,

(00122] Proof of concept of the use of extended protruding 3’ sequences to enable the
discrimination of highly homologous sequences by Qrt-PCR, for example, is shown in recent

papers (Wong & Too, 2000; Wong, Sia, Too, 2002; Too, 2003). In these works, it was shown
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[00122] Proof of concept of the use of extended
rotruding 3' sequences to enable the CT/SG2003/000209
Wog‘?oé@zwif ni nat.ion of, highly honol ogous sequgnces by

{)rt PCR for exanple, is shown in recent papers (Wng

& Too, 2000; Wbng, Sia, Too, 2002; Too, 2003). In

t hese rks, it own 23 21104/ 784. . .
that it waspese] ﬂlmfﬁggpf% pity 9% \APB%@%PEZ'%%“%}V&M $Rygpd froforms
f the GEIRERIEGI RO falthERUSBRR Ol Blubehifbis Wlivh BildaF Rednticall
¢ eGi so@gr]&rrsfs X“Pé’gtﬁ 5%3“ tors. TI%le gtrat egy in these ety
to 3 isof@apet shendlsetnoinalstet rduflfarEbySS whitcthe 8h taminal (e djeedt yunction). The

st s T o BB P b s b e specie
mnphﬁca%;tsﬁé/\@f’eatch%of&m b%v'&‘?otbfolc? UGhuP S sist R Oca DéaidhBRRite Bk design of

primers enabled the specific anplifications of each
the hemi- rested PRRopridieG4s taugbt by thEtpuesent inventionr at egy can he
adapted to the design of the hem - nested PCR priners

[00123] ast exapiyile by atSERPrdesigned an pratvided.in [40@TEBTe Avithethertpichings of

e prse i S R N A S SRRl B s

stem- loolﬁzlgmex]lgRW@FQOOENSQI(%P!&@fo\IIOWQVS' ochem cal pr operties
this stemloop chineric ol i - are as

Calcuiateﬂofbﬁmfghe Izitpiogp atitha R 9ep thé- %a‘?@ph Ioop at the
' gn -29kcal|gno| Tm (nelting tenperature) at
Tm(melfwgtgméffa e2CRTNgSE== 92"V Mg{ =3rnl vf RT tenperature =
42C Cal cul ated A G of the hairpin | oop at the PCR step
Na—?Sml\/b 4 kcal/inol Tmof the hairpin [ oop at PCR = 64C
2 “’m}: 50 nmM 2.5 nmM Anneal i ng tenperature = 60C [ 00124]
=3 nce, at these exenplary salt arid tenperature
RT condlth used for RT, the formation of a stem | oop
tempeLgtpigcy is highly favoured. However, with the
conditions used for PCR, with an annealing
tenperature of 60C used in this study, the formation

Calculateg f #]hgf &e ?Q}IL ﬁ?@og}’él%o elleé% efpaygﬁﬂgélﬁn?lt hus al | owi ng

I Cl en n an |near|ty

Tm ofmga%n@f,ﬂ%ggp?c %ﬁgor_tl ons to provide effl ci ent

erni nested PCR priners to the
Na‘= 50 H que sequences for specific anplification.

Mg*'=2.5 mM

Annealing temperature = 60°C

[00124] Hence, at these exemplary salt and temperature conditions used for RT, the formation
of a stem- loop structure is highly favoured. However, with the conditions used for PCR, with an
annealing temperature of 60°C used in this study, the formation of the stem-loop was less
favorable, thus allowing sufficient relaxation and linearity of the incorporated SCRO portions to

provide efficient annealing of the hemi nested PCR primers to the unique sequences for specific

amplification.

[00125] If the stem loop portion of DNS-{ is deleted (in this case the stem sequence of 5°
TCACCG 3° (SEQ ID NO: 12)), another exemplary stem loop structure of about the same
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[001251 If the stem | oop portion of DNS-1 is del eted

(in this case the stern sequence of 5 TCACQ(&@SGQ(O%@MOQ
WOI@ONB 8#2)), another exenplary stemloop structure of

about the same WD 2404/ Q22734 P(1; ~SC20033/ OOx 209
energetics will be formed (nod-DNS-1, SEQiL) NO 28),
as depicted in Fig. 11. Specific _sequences . at

energetlcfsn‘ehlhbe faxnadd éleéDNﬁri: HHQalD Mt PIDeh Q%C@Qdﬁ e['[ﬁ% eyg Specific
sequence% é\m]hzg’:]’gﬁa a:e)é%g:f%bﬁl ! %‘%ﬁ% Ecgié)@llg%ue Sgglfque%l ?rgl E’%R

entails PCR priners d such .t r
01261 S N pChe Frase SRS g TR gk AU i o
time PCﬁ Qﬁtﬁﬁsc' poR I)HI%eQeJ&giéﬁecﬁ SSHHeMGEthats’ tibevAd iphirer 9s Best@hdnt}un the
revent "1 nisannealing and extensi on of  the yij é’ai to prevent

SCRO, \g&h,ofm exdinple34 baemofséaenm@mswnp% i Rsifed Soas
msannea?! 4 rn%{quxeo éﬁfgr/!irz?! & &rg fg%ul %/ e%e%ﬁ%ﬁgrer Isdde51gned based

argeted’stran

on the vﬁ?ﬂeg'&ibﬁ@' AYpraviogll ideatidsee Therfde Rhﬁ\amphﬁcdtmnb)é a targeted strand,
obtai ned onlfl when RT-PCR is perforr

exemplagombiophedtom SASENG. pomderaoHacd ey S - B df Pirormed using

o conFLT S SPATTTLR IR B Ao AP ey it o

amplificAtfonDetgined iffivne emmm-mahba, tothloDemgmn@Né ag fourpl7in Dengue-infected
Accordingly, the following .non-linmting exanples are
cells, forgxapPled in ot' der to further illustrate the

h f th h
100127] appiscsdinet: s Raiowiai hn-SP R X EBUE FierRRPEL 1 Bifch i further
illustrate, Qqafungg%f tHe uﬁgsetnpﬁwE d, (B@lte' SkembRKY &fplidd b hUEEis acid strand

e virus and RSV. I'n particular exanples
specific dataetﬁ:tm aml qmdﬁmmtqf&heecbpﬂm@me\/fprrGS)ég Viruses, ithe PpRgyiedrus and

RSV. In H%’tlflgs %}%ﬁﬂ% 4@&%8&5{;3%?%}9%%% S an%rﬁs@? ﬁg 2%;}2% well as in

vitro souidds! 1 zed.  [001.291 Cell lines and virus: Msquito
cell line C6/36 was maintained in Leibowitz L-15

[00128] meﬂ]l t:HEQe(slaﬂl bds! @9 ?&ldﬂlﬁ%@}?&%@ﬂlﬁl@r@‘ﬂérﬁﬁs arldandtBbddyerC)ilized.

emented Wth 10%Tfetal bovine serum (FBS;

[00129] , @Lﬁ’ é\%géaﬁéi’ rv?rwr}vﬁﬁcylﬂaccen LAY @%/3d ks afkhigiubd m eﬂlbatvuz L-15

anst er HK-21) cell |ine >
medium C(Ekﬁ\htﬂﬁ@ﬁh hife 3kChhciogies, @Brlsbathr{aA)mppnlqmmgi with l(M; fetal bovine

RPM - 1640 d
scrum (AR o e i T ) SR Y RO AT i
(BHK-2IC? LB iNE VR @Ragat RSB 7PO 1@63‘}363(36111’1&@&&53% @sRPMI-1640 medium
escribed in Gould and Cl eqg, 1985, The % %fg th%{ GC
(Sigma, Seniguss, M@) supplamented avithal €@ HRS. pil hg llsngies @*ﬁi"‘h igea 55 (NGC)

iS558 AT RPN by st g, .

titer of th@hkngde 2t Bfusang elvﬂﬁ.lﬁed bd ptanee amxy indBKvl ltd¢llDengue 2
Vi rus After adsorption for 1 hour, unbound viruses

[00130] V\ED‘é%gr‘%mr?hqy‘%gm?éﬁg?? Rhd aitia6G6R: tNI@lcﬁ@lel'sSofr C6H36 brVBHK-RBSIls were
grown in 24 well plates and infected the next day with Dengue 2 virus. After adsorption for 1
hour, unbound viruses were removed by aspiration, the cells rinsed with PBS and grown in their
respective maintenance media. Cells without Dengue virus infection, or inoculated with heat-
inactivated virus (30 minutes at 56°C), were used as controls. In some experiments, BHI-21

cells were infected with Dengue 2 virus and grown in the absence or presence of varying
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respective maintenance nmedia. Cells w thout Dengue

fection, or inoculated with heat- inggti¥adie@oozoo
wo%doyb'fi?% O mnutes at 56C), were used as controls. In

some experinments, BIIK-21 <cells were infected with

Dengue 2 virus and grown in the absence or presence of

varyi ng 25 W3 2004! 022754 PCTi S&0Q3/ 000209
concentratiomn o€ nbavitin ¢ hél-Bfrihofwsanasyl-h2,4- trlaG% %carbommlde Sigma, St. Louis,

bof ur an
MO) to it rrachEh LR " pply B PR, Bug 6 HIRETERment s
determmed r@nwdmw 06 NyhAaidactitey Cbriotbhelt}EeAksay d{Pzomega Corporation,

d |
Madison, WY {LARAWICHSINEDE Oitss 595 rieqn REL By RERE gy Witk BER 51 cells.
Briefly, se\rl‘la][ gﬁ)ut%tng %@ggc Mol 50 dr'%’adygr?)ed Ihe Biykes1 ﬁfon%&&u&lﬁ as described

erm ne y plrague assay w th o
above. THEMiEl inoBili afdry thaetdpdcedlivitht RENE- 640t enmtaining s2 el S and 1%

et BT T Bl S PR DA TR DL 3 38, 0, oot

dﬁ}ﬂ 0 G017 oaé A gle/?-ir_‘ﬁsfoﬁﬁéinﬂ-solutlon in phosphate-buffered saline
were fixe car b%a)]?Ser net y ce % ul c;se (CW 1C) (Cal biochem A), La

(PBS), andlbk lpaquEAymbes coenfed Apblwsays iwefedaniedn triglqates.  wer e
fixed and stained with 1%crystal violet-4%fo~rntaliu
[00131] dabsiilativh damDphgmphatsemthéwb@d raa:lel hatra-¢re@@) (i-ghdnochlation of

pl d. Al
Dengue 2 yyr&w%pe%lge? F@ U%C%Wd‘-’&rfgff? c}es bed@@lldr %Sd Cllleg% 1985).
Litters of %eWB%%meC\%m iAb&Aatsd dtaddradihlif with IDQCll| - IP(FU of live or heat-
ngue 2 virus into newborn Balb/c m ce was or nmed

inactivatedbBeunpe Ariibed T@@@m(:edwgmdhe@ sgg@ﬁceﬂgig@ys latgyg § glr fams removed,
homogem%‘a m%ﬁ&&@@ége:ﬁ e (Ilnvar%g aiﬁg Te@llir[o?n LN SBEYd V@Aﬁ ard ¥he total

-“I'nactivat ed Dengué 2 Virus.
RNA prepded abici@npd thetrh@nfRaeed { instewbribng alyachl RiNArsapple whtednalyzed by

brai ns renoved, _hono enl zed in TRl zol C( )-Reage
denatusing gel\alactiogietis Rt FRRIIHICE 1LY GPERTORARIGT AT 2)1§:A’5hfee Rt ug of

total RNA;igﬁn %Qgh‘%ram%p&r@%u%ge RERBN el ort RTHHBowed by PCR as described

acturer's'instructions.” Each RNA sanpl e was
below. analyzed by denaturing gel electrophoresis and
quantified by spectrophotornetry (21). Three to five
[00132] L(gorfsfructicmt@ pl&Ad fand)mepaahomoﬁRNAsfaWp;ICEPW in vitro transcription:

o Do Sy S T g b o T SR8 b

for the syr%fexem LiFARBAN A BYRPYSdribrydi £0all, RBOSE T Apich@mnatic dihvde following
genom c” RNA was extr acted as descri bed ( Topct

example 1apr0v1d},:9935r)F1gn22 wlspidting thg use @b vatieus qlgﬂos{pﬂglegsym feerdance with
the teacl'urgéﬁiés‘ﬁgis q:ﬁe(ﬁ;mt %é‘l 581 %S@-n;q 9% L%Nﬁ was &g%aed b§’ RT at 42°C for 1

oW ng  exa eis prow
hour using i flndod? priékeRd ¢PioREgh MCorperetiad, MaahsmusWﬁ) [ @ﬂlﬁ)pﬂmgr&'rs the full
I'n accordance with the teachi Hv\g ﬂgst oslgg qk[% d (5-
Dengue BB yeglphewm aepliGed dhv SEPRMA B Ry BB NS4 by P EPT
GGACAT@%&J% TT@Q?/H 30 USisRg) I ﬁ;ﬂdqﬁbpf WY SarldPr FBDRYfrcyerse (5™

i son, Ilowng R I th [
TCCT’ITE@TTH@'ETGGNSM ’I(S@Qdﬂ Mﬁs]@brphmferwm bl;dcg toparaplify theghole NS2A

usi ng_ NS2A ful | rward
gene for masinich CR SyApf B Iretels GUQIngLs Srandet RNA SYgiesi! FHd PR
product was purified using CONCERT™ Rapid PCR Purification System (Invitrogen Life
Techpologies, Carlsbad, CA) and cloned inio pGemT (Promega Corporation, Madison, WI).

The positive clone pGemT-DNS2A, containing the Dengue genomic sequences from nucleotides
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(5 TCCTTTTCTTGITGGITC- 3' (SEQ ID NO 14)) priners,
in order to anplify the whole NS2A gene for pgrgidd¥gdos/on0200
WO RRIHOL Bl dar ds and as a tenpl ate for single stranded
RNA synthesis. The PCR product was purified using
CONCERTTM Rapi d PCR Purification System (Invitrogen
3478 1014188 (Gehbabk AP Q0% 55, MABPHHP RR&H. ] Mhe positi
OpGem'f’ t(aPraor negg Cor por atlbo:af %ajgﬁ)ﬁn,%éﬂu Tﬂ% positive and
negativep BNA istrends| o BepgtenNSRDNSRAre tent gntlienged by Denigwetranscription of

.. genam nces from.nucl eqti.des 2 200410 2 2
ine OIS o et 55 SR s (promes
Corpora@i6f, SIS, W) aMGPGAR ko HBRantBAdtirk LS iMMuSBie NGeNBnsdiiRd RNAs
positive and” negatirve RNA strands of Dengue NS2A were -
were quigifiedy hyhepeddmghdtpmietryviand o the amtagribpt varfiedt by denaturing  gel
electro Li neari zed pGeni T- DNS2A usi ng the R boprobe(r)(r) in
PUTEYS Transcri ption Systens (Pronega Corporation,

Madi W) according. to t facturer:'s |
001331} IR e e ﬂvaaﬁ%kvmpe@ ) e“gb\%Péglﬁifa?ﬂ‘?’$i]é’6ﬂ‘b‘§NA was
prepared® RRME NARBRHOBELT ¥siAP Ghb MeRIAN@ IRbdgkn gfdvﬁth%inb)iife Technologies,
001331 RT-PCR and

denaturing gel elecCtrophoresis. [ _ )
Carlsbad, €4 )- accondingtarmanufadiuer’ PERtoEtidden gths RINA| elitaingd wis quantified by

Total RNA was. .prepared,fr i nfected cell.s i ng~the .
spectropheloicieyy gndebiis dleEpPr ot vsddn B FLecRpiiatiSgi e RT réaction was
performédat| 49P@dn 2 H\)1g BE CRAIRNG dsieBBibetaRukseig B0 U of M-MLV (Promega

i.nstructions. The RNA obtai ned was quantified by

Corporatigye MadioRot'd} Weh eitheralys> pgles off mndgr hexamse (FregegsyCorporation,
- ' ' f .
a0 1 BSCPR oL B TR CBOLRSAIO MUK gt Toygd o o

5)) in a totad fvoimd & [(PnbnBl&-1,CGosqnee ptimento Hadiegative Mplicative strand of the
Lt her .12. 5 R nol es of randpm hexaner s gPr omega 4 misorimi

Dengue ]gg#‘ﬁé?%l?ri"d\ﬁas e%laﬁdst&poss\ﬁﬁa qir[ﬁz\lgplil—loop tructureto avoid mispriming

at the RYStepFoCiried DHERELRGERESRT 4R 0Rln sTiftichy fuSERbiRarion sep

in a total volunme of 10 ul. -1, "a sense

(Fig. 10}y Theesalduistech g6 A V9P A LIVET stepanes FS kpamo, with a Trm
s SRR 30 203 P55 1°5) DRI BRREEHT AR

formatios b€ p haimpin Uodpisehighdn Gaeuseq tiemeear, Wdthahs cenditibrisglised for PCR, the
The

ificgity. in anplification step Fig. 10)

4.6 and iy ph e dinp 1538 v i kFB‘?‘HOlt %@pﬁ‘%(;\? "FEREREDY- st ep

- was -2.9 kcal/nmol, with a Tm (nelting tenperature) of
[00134] g dfenceiat g anpgalipg iemparatugiged dhibesy aample ©G8rd) thotpsmation of the

- - e " - -

rairpn KA Ris Bhorable® et MR R0 plIRLERL B GEATR Brimers (DNS2.f
and NS2ARGRus-r} tvethe AniguanequeneesT T laf sdghencesiof dienprimep wsed éor real-time

. -0 % kcal [ nol ?%24C respectively. 1001341 Hence at
quantitativg ECRaie giveR g rature used in this exanple (60C),

the formation of the hairpin |oop was | ess favorable,

[00135] { hus al | owi ng efficient annealing of the PCR priners

Table 2: !ﬁcgl}ﬁ%ésfof primers used in Dengue PCR assays.

Gene Primer sequence Genome position (SEQIDNO:)

Env-f 5" AGGATGGGGAAATGGATGTGG 3° 1233-1253 (SEQID NO: 15)
Env-r 5’ TTCTGTGGCCCCTGTGAGTGC 37 1723-1743 (SEQIDNO: 16)
NS2A-f 5" ACCTGGGAAGAGTGATGGTTATGG 3° 3632-3655 (SEQIDNO: 17)
NS2A-r 5" ATGGTCTCTGGTATGGTGCTCTGG 3° 3813-3836 (SEQID NO: 18)
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and NS2A-m nus-r) to the unique sequences. The
sequences of the priners used for real-tine
wo %fﬂ%ﬂ%z’lq%ative PCR are given in Table 2. 1001351)’)('1T/SG2003/000209
“t'attle 2: Sequences of printers used in D engue PCR
assays. CenePrinmer sequence CGenoine Position(SEQ ID
NG ) Env-f5 AGGATGGGGAAATGGATGTIGG 3' 1233- ](5[:5&‘[%58 '18
DNS2-f NO S16$TEGUCESCCHTERGIE8CCCTGTGAGT 1! GC ;
NS2A-min@é-4 2BCACTGCSECPGOBAGSC 1’ 6) NS2APE-3955  (SEQIDNO:20)
ACCl ' GCGAAGAG | ' GATGGTTA. TG G 3' 3632- 3655(SE(%(5%1Q|8_
Actinf  17) SNSZAACBIGOTACEBIETCIGCAGT ATGE(! cTCTGGH +21)
Actinr  3' 381GG383GCTEQTCACROTTICN 3'04/0 20084-P6%2794p GERRRNO; 22)

13l oo SR ik TRl g ety

Dengue séfilehdds vrre ASMMEBGR] acCordRRRAT(E IthéSGembaaR -At¢sSBQ MBYROM29095.

2L) Actin. 15" CGTCATCT] T1 CACGGTTCG 3 41 360( SFOLL DN, gy
Actin prifa@F W6 1B6EnSE AceoTding o feAY@Net IOt 1 GRBPanK BHfGTsLy! number
with suffixes "f' and "r' respectively. Dengue

AJ312092sequences were assigned in accordance with the Genbank

accessi on nunher. 5 Acti | pEr; TS|
onusr BB 0 5 P B0 s e
Time PClgéﬁRkéEtiorA@y?@ﬁpQ%io—R&?ﬁﬁ&c&ms{ Gk)alQ:rT'\l/lierTﬂlrfﬁbalﬁ :CI/%\@S \(@T) were
was performed on the jCycler j i - or, Rea
calculated Tisng mesab itedrre Ptk BBk ol Rl culeR % eéﬁos(tﬂ&)d?‘&‘ﬁ@plates
. hreshol C r | féﬂ BNECR - T
v ol R UL BBy i et wi o
polymeraset @Rshsed Cparhtide Madisre WHentisaM ioh eaphquiragigwith the following

) sequence to the t et s and wereg g r d o
evcling candHIg TR (o et B A PO Ud ot g0t 4l Fon Cgar Sand 72
for 1 mmmc} andio gatm_}{l fLp 8P PEdr M fam WATNDNZE séqakh@siwege confirmed by

cycling conditions: a 95C step for 3 rm% 25 cycl es 8f ith 40
sequencin@5Orless sBCeds ptheBEse.f Jt rgrd-tine gheptitalye ¥ R ‘ffaﬁ‘rﬁfrfw afftt

el ongatlon st e &oc’3y [ o ocDM 3804 @RRRSon at 72°C.
cycles of éq%BﬁtPfarthogoaQ b@st Séq%uge%élfl%%m af eig DéNtﬁlat ed on @ _
Fluoresce@i Mtios &f SHBR Cedm I (XreengaldiXiSCatBiv® (RORS whisgapore) was carried

f d with 40 | f 30 i.
R0 TR BT e R e U
Green P&&%&?% tcrlﬁi%igﬁl%i RipATap (RIS BRA ﬂ)olgfmerase (Applied Biosystem,

nsai %. G~ BI OWORKS, Singapore) was carried ]
Foster CioytCA)L The cgolirenpiromepphaswre ideptical ttg rthoser despubgdgbove, with an

additional ”a”at,yiggfcgf&ﬁ,‘ogncgd\ﬁ{’%gﬁi Gy Ieiﬁr,g?lﬁagq%%@?)ﬁfi%@%r een
(00138] Eggﬁnrerase (Applied Biosystem Foster Gity, CA). The

pﬁgspar aneters were identical to those described

above, with an i .
[00139] DNA amplification using the SCRO and nested PCR primers, designed to detect the

viral negative strand RNA, was specific for cells infected with replicative Dengue virus. The
negative RNA strand of the Dengue virus is present in cells only when active viral replication
occurs {Chambers et al., 1990). The quantification of this moiety can therefore be used to assess
the progression of Dengue replication. The primer DNS-1, designed with a stem-loop structure
with unique sequences to prevent misannealing and promote targeted priming (as discussed
above) to the negative sirand of Dengue NS2A region, was used to specifically reverse transcribe

the replicative strand but not the genome of Dengue virus (Fig. 10), where, the pnmary sequence
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additional step at 95C for 10 mmto activate the

| i Tag Gol d DNA pol yrnerase. 100138] RESUL Q9532400209
WO ﬁjﬁqi fication using the SCRO and nest ed 1%-12{/

pruners, designed to detect the viral negative strand
RNA., was specific for cells infected with replicative

complni T Y S SRR e ALY, R GpeBristRCy seo
ID NO: 290! T &dskQthe Qﬁ&m&tg(éﬁ?ﬁféaﬁaﬁ' IET-PaR. of t4RAPANA dh@ined from C6/36

guantification of this noiety can therefore be used to
cells infagteb ydth ti’aleerpleplgtra@ymomrhaatﬂ@eﬁn‘gat@ Pepguecatvis at phaultiplicity of

desi gne emlo ruct
infectont{p ) flqire ™86 GTBRAGR 1 of e TN A SR TG ich sample when
approxinfdt&y B0, E}@{cgﬁtv@ig oBsdri@dig €636 dblscingrrd w1ﬁb@ﬂé&&plic@t1¢d?€1rus For
negati ve strand of Dengue NS2A region, was us

each sangqé@canfﬁtiiahwlonevpérp@éfow%g@ng BINSH hiollpwed b&&iql{/ esmg the primers
DNS2-f %\\igf ﬁggA Qﬁntnug?hr“é)?fg gg%}%g?c;wlg }c@ég% U\gh%fo%%gfééd: %95%36%tr83h0res1s

showed th# Q:Qﬂé(ﬁ@dz £i24 oPGT0 $p! A0 3¢1B0NRAE:dowitip trerepliatiye {landshie3) but not

it S e B S5 B0 8, TATHS 5 e 2 roducts wre

Lhienk of detection, RT-PCR of total RNA obtained
conﬁme?%%% %366!/}131&é cells infect ed wth either replicative or

[00140] i“ﬁl?léx é%tcl(nl\éﬁge%%)el Yy RITCPIR AnafysilUibst tﬁ) t\sgé[etug{ I\ilg‘f'ected with

, was carried out.
replicatmaa& ihastivestl éfabnfgn@mms hTae mqnisquh €6/36 aply wmieriafeetegl iﬁ tﬂ%licates

with it TR ey o5 S inga e SRS 6 mo or
1. Totalﬂ@éw@&&ﬁféﬁﬁ édﬁlbr&u@l%a;ersé‘dOir&%ﬁﬁedbmﬁQﬁe %&mﬁws RFic DNS-1
prinmers DNS2-f and NS2A-m nus-r (Table 2). The

CR
oligonucleptidiu erd amphiéiad arig) ylzrelaerl?Néé’rf @deNS%wﬁe\iSe%u dhe expected DNA
roment AT RS0 50 270 B B iy b

product wm%ﬂemeﬂorﬂfﬁﬂ@%xﬁosﬁﬂ tDengrieated rirgs. ( IElajga M],Z)NATlhelecular size
dentities of th product s were
marker (w@dwelﬁécﬂeﬁz; Tlpmq%wa%\rﬁp@dﬁaﬁdt JeFFIISP, WIH1 I&eﬂtfabfeé%m
nal ysis of C6/36 cells infected wt
[00141] é’pimfz,raﬁp%fy it the aegqtvatstaran%ﬁg\&f CRRUE &S Wﬁ@ unable to amplify

the pomtﬂ%sﬁ nd g egé{n%s Cat | Veﬁ%tfl'd%@é:iﬁﬁczﬁ%a il E‘l &3 were able to

rep anes

accuratelp aﬂ“tph‘fﬁtl&dde(siram é)stngue NS)ZADBg@me ﬁlevspleuﬁc:a,t oﬁthlmrmtﬁoddb detect
Tot was, reversed transcri bed

Dengue nizgiy AR RS BEBET PR H o g ET o IoaE and

oozt ST e ATy TS0 B L3 s
carried ot FARApdsive B ndeluil Ot £ATRLAC DRI sydiResBERbY i) GAtd RBnscription
using pGemT-DNS2A encoding the Dengue NS2A sequences. Equivalent amounts of the each
RNA were reverse transcribed by DNS1 primer and real-time PCR carried out on serially diluted
¢cDNAs using primers DSN2-f and NS2A-minus-r. The negative strand Dengue RNA sample
was efficiently detected over the range of concentrations examined (Fig. 13A). However, no
specific amplification was observed with any of the positive strand RNA samples, as indicated

by the similarities of their Ct values to the control. To validate the observations, gel
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product was observed fromcells exposed to inactivated
rus. Jane M DNA nol ecul ar size mnmarker (1
WO?‘%&B@P?* The study was reproduced at | east t%@g@@\ﬂ)ﬂgﬁoezw
identical results. 1001411 Primers specific to the
negative strand RNA of Dengue virus were unable to
anplify the positive strand genoinic RNA. The %abtg
electrophafeeisenf Ith]ed PEat pddudtrashotied tiyr pxnseied JRINA %‘Eﬂn@“ﬁso‘)f p amplified

acc rat esir
fom seri e pdegiek o OS5 157 4BF B i N Bl Efcthng Fafotesof
serially dﬁh‘éd Jsﬁigg Jasd EAhpIBE (a3 mat(esog usiB)g Tormilelofif ﬁwmmssxblhty of

s 1001421 Firstly, anplificati er.i
dlfferencd; Imutthd mEgmys ef tthfamggxily@@gdsqiqggﬁue s%‘éﬂ?? ]&fdgAeM egg reverse
transcnb 11 OI% Q?);E% % 4 ctﬁtll%lf {1 Q@iﬂ %ﬁé’ Sua?ﬁﬁeﬁﬂg I@i@‘%smg internal

{ranscription using
Dengue @‘iﬁﬂ_ pQNﬁ?ﬁNSQAqddrﬂg\IS‘»Mr PRitde 2). NB2th thequeitivesnd negatlve NS2A

al ent anmounts of the each
RNA strmﬂg%%msbw“@gi omBmake FovaTud i AR, AR R Jierggeted PR
product Sfﬂ?a o%g’gi @l uéyl 3%)T)ﬁ'ﬂeegata GEINAS re RN Gt thithes dEyfwas able to

e negative strand Dengue RNA
specificaBRABEE thyvBengid NE2&mtpativd KN4 seandbeat lehs rlae genesptrations over
concentrat.ions exam ned (Fig. 13A). However, no
the correspeagingipesiifipitravddditon was observed with. any of the

positive strand RNA sanpl es, ndi cat ed
[00143] siAH $taledl mbexe, Fig- tlﬁglwlﬁtShQ‘g‘f ﬁféﬁglflfcbt}’ta}? sggimmé{ OP «ietectlon of the
Dengue r}_,/;%%l geogtgﬂwél?%&ggE{Wtﬁ@gemﬂc,ebhggau%fé@ﬁﬁw&ﬂs&al-tme PCR. (Fig.

el ectrophoresis of the PCR products
13A) Posifianvacll hbgatiex peadded FONA dfrthgisnges NS%zwcmsyamﬂSiZF &y in-vitro

st o e AL GRS B 0 R lanic
NS2A m}%we?@ rPRSdel ir¥icsbddaiising aepDets- Ilcﬂigeﬁucﬁeolﬂ)s edFialy Y diluted and

To rul e out the possi b|||t Flffgren‘é{ﬁstlﬂb& elative
subsequentip dﬁt@tf@g tbiytrgaletime peanbiisive PE&- a'ﬁ SRalvinge AP IMRTFIRNK et
wer & LEVEl 38 mv{er&trﬁmmﬂ@ﬁ aA®rént dilutions.
pos‘tlonséﬁag?qﬂ%{ﬁ?s genetal{eb mr%é%a??éng\gﬁ Uantitative PCR usin

The negdtivt &frAad RNDE @Y @otsthe pofitice grandpwss Rﬁgﬁuﬂe!yamplp@j/\g}'he products
(Table 2) _ Both the positive and ne

from the §XPeAHRENS HiFH ‘é’—.‘.éld%tﬁ%&é 1(,"6‘}?58? PSS 2% S%ll'l uesh\lf%é Iw e slopes

of the plc%lggf ¥ %é;a%;%‘ii 1@;& ?}%&tcﬁﬁtﬁ&%f saﬁgguaﬂutscu AEiOE sﬁiﬁﬂ mmgA (3.9 +

a therefore indicated that th

0.1) and dter @iregyonias ddlderds @4 3sip@d) pereasimyl a@e’{léecf:x&eﬁgxcagﬁlaﬁ [epeated as
least thregdﬁ@eesgte at Iléﬁ% %\@g Et?(%a]:ﬁlgre?% o?tthé Sﬁgflﬁe’:ﬂ DRG, roducts from the real-

correspon OSI Ive strand
time quafiativd ﬁ@kﬂ&ib ué Napachegidie]anks § .- 5) :and n:eanw(lm\ﬁs- 10) strand

specificity and sensitivit etection of, the
RNAs. Snggtme mg%/ml (laee EDrusing W%B 3%% GJS}%F]* %‘E@‘f"f piepared as described
Ug! d%58A)was obtained with
above. Mgt AT HE wlibEERA I Errcbb BRI i Picticted W was cbiained wi

positive #in@l RIYA(hass (ieGO)JYTha’BppmtntC&mﬂlﬁ'E}nts@Tsl qftpositivesirang Dengue RNA

pGe. Ml DNS2A d b
e in S STNE Soamaoos R tPR FLOT uRBER) b s o i

R\ksz 6&%{@ §195dd0k€NA§ Qi r3hilmel ghatitieaivarRCR. The
Vltmtran%g Eeghh A ete%ted by 'real -tinme quantitati ve PCR D

RNAs wEﬂ:ereuastde lﬂayscnged)ﬁpm iandére &ewandre and) quaniiated using internal Dengue
NS2A specific primers, followed by gel electrophoresis analysis (Fig. 13D). All dilutions of

either strand RNAs were efficiently amplified. Hence, the failure to detect specific amplification
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positions of the curves generated with negative and
positive stranded RNA at different dilutions
WORMYA2I S strand RNA, but not the positive st Fsna, A 00209
effectively anplified. The products fromthe
experinment were validated by gel electrophoresis as
described in (Fig. 13B). The slopes of th plos% .
of positivetstragh Rhit using DOFS It durpiizaR € iei(Figt | HhsWat ndetyedp) t&\e dilferences in

.di | ut ed t t : .
e L e
onsn S5BSE St GRSFRSRe oG AR g

_ S Li Rt DM uPGRaDktoDeNg U NSFTA the strand
detect thér]ég%al@%g{l{%gkgns& FH-ECt )ﬁgnd pos?&%uve (al eslr?es, 6 - 1

0) .
- specificities phthd striRbisat 118; Rif e timpdifisatian aps ragdrm-primegdsR h vas carried out

with Der@ﬁ%&%&oxﬁ%@@%%&xﬁ%g gqi%ircﬁ?' %o%p%frgfjstggk tﬁ?l%\jv&? gy real-time PCR

i'cation pr
using prifiSk BEREN G RS eh 13 JREERY Fding Dae-rp bzerandspedifia priesbrs NS 2-f and
positive strand RNA (lanes 6 - 10). ('ﬂr’gg a%?f&[enfé’ lified with
NS2A--namyst) f Rendorohaxamer-posiet iDrages ganee saord be plitientlyamplified wi
A) were due 1o, orl rer-di ger . QLiRicOpik B trad@Secific primers,
s iy 48 Ty, BB NPl B kPt primrs
DNS2-f 4ndaNSTA-ihed-m eDiat fewats inYlicared thasi 1lilviep DNA fregmgniwmhpmplified

] by real-tine quantitatjve PCR.. The ) were.re e )
using prigiegn@cthp FEYCIPPG lﬂai%oiﬁf‘ﬁ atfP gic %‘Hﬂpl%ﬁ?iotbgﬁ%%dv%tﬁ strand
specific pg@'legg Fl*ig.lt £F Dl HEOFUBtenNRRA [BA6EA résuRs.i FRftherniodt, lavsification

ectrophoresis analysis (Fig. 131f[8). Al |
of the neghitiive: siradRIGA wag iobtaéredsinln wheRRAP Gk Pias perfprned gy (ptal RNA from

.ampl i.fied. .Hence. the.faj . { LG d-speci
Dengue- iR ST S 0 RUO LS ST Bei BBEGhY Bomagte POR
primers, BNSPI%hd NEeAShinasd (RMNA4S 3 ) z NoNSiplidicaiiorgwRTobtaintdEmdien PCR

13A) was not due to the diffe [

. th .
was perfasnrer cineimedoss pamed fiotg} RIS of 2 657 prlsgffingfhese pgy-nested strand:
specific pgngll(m:eg% lgia@arno? SR & ce HORcORahRAGE the M&Add fhhfby the present

approach to deteri-nine the specificity of' L
inventiont Hiismmabd prbvides spdvificatevenp transsriptgar andt ammdicasom of the replicative

. RNA stran i,rectly fromthe Dengue viral stocks. To

“egatlvcﬁf@l“ﬁﬁ%ﬁnnggngﬁrand eel | | ion steps, random prinmed RT

was carried qut s p jficities. th trat .at
00145] Rfadgeisigh i 14 PR 5B gte Aenrbr i eagaon Of Geverse
transcribe%xﬁeﬁ@eﬁgewig airX, fak QYla¥iel- BY tBd @skBing$ QJfl hieeprekant invention.

real -1i PCR wusing priners directed at the envel| ope
SpecificityEwivarhplifimatiorEis detapmioed by rusing gqgé@nfheecﬁxﬁﬁq-n@pgd e&h’?ggﬂrepmed

nd, .3 - us-r). . n - - - ral

rom 1253350 N0 T RGP TRER AR pRERs FRRAR i onoms
(lane 2) MANegA3ReasPRIIA (18neDF) wshigsthe airhef primeds ofdEnvizutd strand-specific

W th theh]pal r of strand-specifjc pérjhmers, . %B%ﬁf t%ﬁ& cific
NS2A (DRESAT pachDIS2A-mipkeT) BEEICESs THRERtal e dhE AUIFETY5H (g SUpRgrspectt

primers »%%_s?tgsfté]{ﬁ%l tt}’@ﬁcee‘rf‘l ’ N &Gf iHRbRE C.Qﬂ% FBf fad BedDBriRBY 8Y gﬂ@ DNSI

with jio arliplification obtaine
sense priviet lflagé Mandositive cpnirolsrfor (6 detedion ofathieevigyl genome (lane 1) and

consistent_ with predicted, results. FEUthensagne
replicativgriN At QIEgigt})OA{eresl%éfgpneé uttlizing Dengue éi’JlV ahd 'NS9ASEDNA standards

prepared as described previously.
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of the negative strand RNA was obtai ned only when

s perfoviied on total RNA from PCT/SG2003/000209
WOE%)ﬁF %YvaltfeCth Cells USillg the COWI nation of

DNS | and the hem -nested strand-specific PCR
prinmers, DNS24 and NS2A- mMus-r (Jane 4, 320 bp) No

[00146] ragﬁa%%?s%&t] :rorfléatn{ ?e(ﬁa%mg%rfwwlzxe%%e&at l"TlQ] tﬁ zagﬁg-bgs%d assay
in ribavitil @&8ted PHK N¢ e irFttad dith Mo ué: CRHebAOE sﬁnﬁ&%)&arly demonstrated
I-1CTICC, in accordance with the method taught by the

the high specifieity anshsesitivity pr idetecting/ tatreplisativenegavee strand of Dengue

Vi cific.fev e transcr .
NS2A. 2%81‘“‘?“ \f fgagﬁ ﬂbef u?]ﬁtg (}efr té}slrg%ﬁ?é algée%a Iaglge}grsn nt was carried out to
correlateDBB g IRDF feplichtind 00149 iMBcEd Selks niedted Fvigh rrﬂ;a%n Ribavirin is
depicts results of directed arnplification of rev

known to -@hxgyéﬁb@ﬁrephcat;pn ak many k¥4 wyusph@icﬂlgggg"]}ﬁ@guq)ﬂ(g)ff @t al 1982;
Sidwell, g@?%[ £l Ce; lﬂﬁ&ﬂ% %19@%515&6& ]J?;ﬁKZ'l Gells é:peb:mtlegly determined to

ty o lcatiron Is determ ne
estabhshrthe] ah minkex @Jﬁalﬁmfﬁctlm etne RiyAirpd epproddce ﬂetemaﬁlﬁ Aévels diOrcphcatlve

FU of ue viral was .t erf i.l.ied .
RNA wi @trsasem%? VR tfﬁﬁéﬂléc% Wﬁ‘i‘?d“ﬂéﬁf&’t“(‘\)’e L qid fgial ditutions
of Dengi@\Wirld, 3@ l@NAuﬁéngstéch%t B%*\IS$ Qfanﬂr‘a' ﬁ%ﬁtsmfgctlgﬁ‘v BEK-21 cells not

strand- specific A-mms-r)
infected puthrtbe @eng@p@m seureetcyas Tﬂ:@twﬁpg@ml:@ .y Rf-PCReto detect the replicative

negaiive RO RNPE R vy mBForEhion Rt BnolPrr By B RE. e
Dengue @ga@\% RNiANsBiand WAk idetedied aPasy 2 bye- 1@1@6ﬁdrﬂb1ﬁy fvﬁth di@.o.i of 0.00125
detection of the viral genone (laD.C

(Fig. 154, danei&)a Onvlay Anpegatixp strand BE%WWE&FW%\?W. lpg Qﬂwt@ns of viruses
(Fig. 15090949 150y, %%%ﬁ%fwg?%@%le%%%g%}gaﬁﬂa&%xa&er-pnmed RNA

descri bed’previousl
samples BT bB@EH)&lﬂﬁOfﬂ%ldp@(Eh@@{ed Dénileakiectias (’CEpll negtaghowna). Hence, all

ne e.strand. RNA corre] at ed th | ague- based
Subsequea%%é{)ésvlfswsafe@am P rpi B ok e iR ae: og v t h

De Th I | d d
(00147] h,Tgygcuog:ig&q A EAR Ig%%g&l&?{ag AR iganrHé WiK21 cells
were mltlﬁﬁfkrif&ﬁ‘éd Mﬁh PRAAL VifustNan 7.6 2BL0. %IZ@eﬂﬂlﬁg abd¥Reor il e presence

further validate the utility of this nethod, a direct
of varymg@aswemms ofiasbagaiy.i dhe @unermabant:i:mm@hmgeemh@eIIUémé}@gue virus

were har}zeisbegs%% c}aﬁai %g{}*ﬁ:ﬁ" (?]n : agxdl ‘%f% el{,j%gtehﬁ Cltll a%]segf MIIIJ]ZZI cells as

descnbedr(qn) iagatdloas Rf deraminEVA1 bieiseby LUH weeng. Etﬁfa:gmﬁnt(eK@fﬁ)iaques
et at., 1982; Sidwell, 1979). The kinetics of Deng

formed (RE{)atasi then dstermiipgh by plaee §56a% and fhei rglatiye HEVert ﬁiil%‘ep\'tral treated

samples ?ﬁ&ﬁﬁgd Srkﬁ)g\ﬁ{l gz{tatgPl ]'[IP}“ESP 93506*1@&%‘}1} hsed, fl'()mt?g/ﬁl?ﬂ Hid" £8 induce

roduce de el's’o
detectable cell death. Similarly, at 3 days post-infection, no significant cell death (~2%) was

observed with Dengue-infected cells. Ribavirin inhibited viral replication in a concentration
dependent manner (Fig. 15B). Random hexamer-primed RT of total RNA and quantification
with primers to the envelope region (Table 2) showed a corresponding decrease in viral
transcripts.  Quantification of the replicative, negative Dengue RNA strand showed a
concomitant decrease with increasing concentrations of ribavirin (Fig. 15B). The results further

validated the utility of this method to quantify the replicative form of the virus.
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RNA with a reasonabl e dynam c range. BHK.-21 cells
were infected wwth 10-fold serial dilutions
WOPHP32784nd RNA harvested at days 1, 2 and 3 Rnisc o
post-infection. BHK-2 | cells not infected with the
Dengue virus served as negative controls. RT-PCR to
detect the replicative negative strand RNA was the
(00148} pe@cﬁrmlmml of vegLRM aﬁwteﬁ%%@ disipg Rlggug) tigadiop g regfime PCR

assays: %getal Pﬁpg@%{lgﬁg nF& o%hgtm[:hg) d’\@lid ge%%gl%téﬁgh&f f(gQHag%oms and

quantificktia\ thé siifted) de@ﬁopidyhe&:m rie gainpared 36 Itmdorﬂmucmab “gold standard”

det ect abl e over | og dllutlon of vi.ruse (am&ﬁp’l&@ —
plaque-bmd@ésaylifmmprreb& @étqwéﬁiféffatlf’ﬁ@ %‘h‘&u@“’g}%ﬁn%ﬁé" with the
plaque tl&ﬁ{; sﬁggf@hﬂfok{'ﬁﬁt}@\ﬁb éﬁémﬂlu?%e?@gseﬁrtb mRes BAKINECells in

ar kinetics (data not shown).
rephcate.He'D@tﬁl calﬂtllar mbse\qasemcnsisuﬁitﬁs?)u@yﬂ gpast-bdiedtion rremrene of these

carried out at_day t-infectjon. 100.147
replcatet grfibirarouher ePic@pBech o et PR g iop P, Ak Efgpostintection,
no mgmfﬁfa&?&éﬂs Cr,%h al ?%Z s dbsBikd 24 mefduk&l byVEDE! feldade. Iht Wata shown in _

ecte ngue virus at an mo.i of 0.00125, in
Fig. 16 indieatabthenthe values nbtained firoes tespantification 9f thg replicative Dengue RNA
conc tratl on VI rin. The supernatants
St‘a“dW@SH%%?W%@‘?F%@SW%% FrSDengue virus were harvested
3 post-l nf ecti on,

nf .
[00149] &\ T reS SR ks Dt viredite abioe} B iy the ERfleyve Denge

virus froﬂlstrlﬁtgoorgiﬁg SF 26l Fhibe: I X bfét'eﬁd/ Y inlddhro Istided ses ee, tfﬂﬁ&nethod was
er of plaques 1|bmed (PFU was then determ ned

used to apirdify eplissimg VIamdntvm; g valary eniprwersingqidated it ln’fm PFU of

either re%lgﬁetgcfe}grr léeta?gﬁac gaetfgc? l)cmu%t ‘/%?‘HS) %&P%\énglhﬁ’foﬁfu‘&%g oblBEsH day 5 in

mice ino6\h@8 alhl tBe egilicati@adifus. $hebhi@ast ynicainoguldtegsvith inactivated Dengue
no signifi

ost-infection, ant cell death
virus difgb@e‘?h@é’dmw fefeesablg l!i’éWFFfle(E? fergness) pdhe ﬁ%té‘ﬁ r .Tﬁgam was then

r PR th‘I')WS-@Oﬂﬁ%ﬂbi bl tified by real-
preparedéfel}gﬁen é%ﬁjr%gh%lgﬁlrsg%ﬁse% ).1 Random hcxar?gr p?lqurlg%”l% v

time quaﬂfltatiw 8CRRMAg. aWQA)q Llémsng fdeptitdl @lmOUWSth Iﬁﬁfﬁl’ﬁ‘:q‘% thege twe groups of

B

significafiteBffeabdsY 6 pekifleCatip MR afpeROwercINSerséd axrﬂgl vaittosumpies isolated from
concom tant decrease wWth _increasin concené/rat [ &n 9{3 Th
brains ofrmwavmqumtt’(drwgh the gytivefrrplicalivg) DUt p Qripgrvaieq Xy d /). The

t 1 €
s 39 Ly D B b e n i

active vif3 {laded 9-5) Bl A8 frGormiek atocubntasf with tizd inRpGvated virus (fanes 1 and 2)

wten an 08 L SCBARAELD0 Bl Aot S s (i

17A) reshifRUSIm hﬁﬁk%ﬁ&%ﬁﬁéﬂoﬁbl e method for diagnosis and
uantlfrpcatl on, the strategy devel oped herein is

{00150] Cam@r&g hﬁ&i ﬁ%nd’e‘?&ttlbﬁrlﬁhlt k4l tﬁﬁ@?d‘ﬁr gking the strand-specific

ased assay. To correlate the quantification of
Dengue ;amhme Toiexploes inyyroveadnt of the de@Rtion timittdd @ealﬁlm@ntxtatwe PCR, a

‘hot- start{,\:é{r[étgéé grgs ?%1?}? ]e :(A)rn.ugp‘{f %ﬂoﬁgﬂlf %gr?z?lﬁ'fdlfuted Be r{é%l %I\YA sthRdards in
the absence of a ‘hot-start’ showed a detection limit of about 102° moles, below which primer-
dimer formation was detected (Fig. 13C). Using Amplitaq Gold DNA polymerase, the detection

was linear over a range of 6 log concentrations of template and a detection limit in the
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replicates. Total cellular RNA was then isolated 3

days post-infection fromone of these repli ¢atRe:2003/000200
Woﬁ?(ﬁﬁ'z%ﬁé other replicates used for the plaque

titration assay. At 3 days post-infection, no

significant cell death (-, 2% was observed as

neasured by LDH rel ease- The data shown in Fig. 16

subzeptomid1&l 1@ak€ dvitthad foeatisted g imabtimeneig fiBn T he slope of the plot of Ct
quantification of the repli cglg_l v:f%]ll;))en?ug m#t}anfﬁcienc of
against logenf demplgtel oneentraipRldd8 col Pheligi 18P)-¢ 1 58P¥ e Yo Ta g Y
. The specific Pen A BES (B ® AhE, hsdahRsitto Aste obtained
arnpl'ﬁcaté%(l"fistﬁgﬂeﬁ%uer é?ﬁnl%glgst Lll?s{/u]1 lﬁoéue virus fromthe brains
without “I¥h-siaftf €¢8ed: 01l & e Thd expexiient wah ecpieated iat daaststhirg térges with similar
above, this nmethod was wused to anplify replicating
results. virus in vivo. Newborn mice were inoculated i.e. with
1x103 PFU of ej_g_he[ replicative_or heat :Lnactt'br\/ ;e‘g, ¢ by the
{00151] jmwemphr@fm%vaﬁe Symipe Bﬁﬁpﬁ%fé a&%\?ﬁ?&s“ed'ﬂe a@ ahight,by th
. mce 1 nocUlal.e | ME A VM RNA Nstrand of activel
present 1“6’8%‘%%@‘% ,ex?}lu%%g \rleﬂg}:uf ;‘Fgé{u \%Rtf};q?nz;c {Vated Dengue o Y
rep[icaﬁn%( i]je? @jivd—u?otTl]ﬁsh mmT lﬁud?/is %heNignfmmttﬁinmumrmt oglerf f@f@ﬁ@e@mtmg
1o e controls. Total . ) en __prep r.oms:
srategics neRFISAHPRINS, GeHYR SErPEREE DB Jieh RIS 3 pyfiftially useful
in the® agﬁggf@&? hiloSd ilt¥ctioRand fbi smdietianbetgkivies BGRism in
tool in the(@%ﬁg%?%di I ng Ill)degﬁt iica? 0am)unt s of RNA fromthese
host cells dwtingindegpenof mce, RT with DNS-1 and anplification
u_si ng _DN52-f and NS2A- rni nus-r pri nmers shovve_d N . ¢
(00152} sga@slseoemd ty (diﬂlfs?':]esnmﬁllodsﬁi@caolﬂuetwe%ﬁ?twf levalsi bhist m?e@gn of a
observed . only wi sanpl es isola soin stem-
SCRO prigeés éoiauch BLRBRCHAGHE SRTOE: PR MEnioldthftts Brirpn stem
loop stmc@@%ﬂhv@ki%% YhdrbSick b dvdid Blisprivhiag apthe RICstesl (BL013A), and (2) the
ragnent was detected in sarrBI_es in% from brai ns of RNA
use of spavifoendstdcRCRpeithen toHhe BEROhcUsipg thip stiategy, dhroresatieg strapd

nof from,m.ce in e i th ' i vat ik A e
ws detedit i Slifise 17 ABREREI PRI 0 B cltiaten; posiive
RNA stra%iE:!(Ei-g. 17B).. TAemmpfificaiohons sheafic tmacgativaPfei wirargsthat had been

i

. 17A | ted f i mer - di f Oy
ceverse rapon) oKy 165 BNS-| B BB R UBRLET G P gyith random
hexamer—%ﬁlﬁlad tﬁéﬁ%ﬁlg CRNE 1 th i bB) StHRNENSIBORY fdfCthe DABYOA, evaluated with
rrmers

. 7To explore inprovenent of the detection 0
serially dilutednDengfe N62A- ¢DINA sfamdards avasvioupdro be befygpen sh09r000 copy

d, i | . . allahan et al.
numbers, 3}:}1&18%38%%3&320 9 eg?réeﬁl%?enébn 'm%ﬂﬁqu} %ﬁl—t?xﬁ& 'P@iffi %C llah t al

in absence o

2001: Houh@br &t 23300, slaaned: &, deoectawretlalyilpoDfWabidow e1@l, 2002). The
> nof es, bel ow which prinm er- (&Il'#)rrer f(glrmatimi} was ber) with

sensitivitylef édeasipn(Wsgurthagamprays g the st HRAgp ar@ﬂeé PGPy number

the use of {FS R BonhibasE S BFAd Onct Bine PURKITANRY (id 378F. O

ratrons o te and a detection

00153] - T 2@1 igr??t@gﬁﬂ%ﬁ;@%@%ﬁﬁﬁ’&@ﬂ%@ 003/ 8268 by showing a good

no formation o
correjatiol rHeWehd?é Qﬁﬁtfu(l"af Qcpllﬁ@()ve Dagus virpe with tl(ldmurpb&)tofd’f(i;LC;rn infecied
agai nst |l og of tenplate concentrati : . 04,
cells treatéﬂgwitugrgy};ingacgwngﬁ@ngpf avavigns (g eﬁ@ ﬁ% %l?ou]c?’ be noged.' that the
ik Ca{?N. QN Pt e PSRRI USEWBaing the reduction of
amount O?E‘g]th-cgrt“éer n%%qgg,g&v\vgg l simlar to those obtained
PFU due to ribavirin-induced transcription inhibition, media from the treated infected cells were

used to infect fresh BHK-21 cells in the absence of ribavirin, a condition that relieved the
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without "hot-start' (4.30 + 0.1). The experinment was
repeated at least three times wwth simlar r
WOBYEIB4Thi s exanpl e exenplifies the s.ll-li6ﬁ§%§%?oymmﬂw
speci fic and sensitive nethod taught by the Lam J
present invention to exclusively detect and quantify
the replicative RNA strand of actively replicatin
transcripDengjushibitionof newlyssynthdsizgd ivirabR g mh @p%mrrqlﬁmncﬁféﬁ% Atount of

cotens Sl AT b My RURRL S s PGB e 150

Thus, the eé8hhedkdsMitd'BRlddle th @elentifl Usbef thivmethbdin yendiadgadiigosis. A
of Dengue infection and for studies of Dengue virus

distinct aqvapiagsnof this rsretesy: @Ives theusangnijorpke dahogh Intergtypoplaqupngssay is the
. .o spegifjcity. ' '

s o, O AMIE TP B B3 LB it omons o
maximmﬁ%!gm@la?dldy unislcmahs&nuame ase dﬂbﬁmﬁhui\tm_seli ldilndfednd highemm.o.i. has
alrpin stem | oop.structure wt opti na ner t :
allowed the dslgstien f SphrafivigaTmedipierstever sigpey g (Cght 1953: Vaughan
et al, 2 &ééotﬁfgeééiei éetiﬁﬁ?%ffnﬁ&gﬂffétc@l‘{j 1BERIP ol &N Sw LR gklﬁntiﬁcation by

c
Ing this strategy, the negative strand )
plaque fovamticiet Tod ek ofi RHK & Idiellf @éx tncsudyf enablef] gestontonpgant ggmparison of

goncentratipns.over the. I yal.en 0S54 tive ~RNA .
the quanSiai fretiod deserigtrerern & Bt 1 Ao BRE, Rlacie iy | Thg e of this
method RRIBdeh V& 1dNRd Sbriandvd Betecthiad obe@ilicatirvBestret VianRsSiar thBetthains of
) only by the DNS-1 RI' prinmer, with no anplification
infected oese(Figed6i t h rwi dom hexanl er-primed Dengue cDNA (Fig

13B). The sensitivity of the nethod, evaluated with
[00154] seRCRIchy adiplify d3N SefrgrmenaiS2AliciONA osganinthsr gEpdugias resiigdghat are

. to,be between 100-1000,c nunber s, .¢o I

ciagnostR FaEr &5 Bptitieaep ca ok nthee B Paar af; (e, 2000)

Attemptd fodlldtadaie fdpliddtive 3044 of Ithd Den@icetingl using2iBldculid @ulrgques have
et at,, 2001; Laue et al.

) 1999; Van'i | oy et al. o
met withzgme puccre(lus i d PYT5tYaughaniehabe 29t Hiased prifherpirk of Lanciott ef
al. to se%eoﬁtgﬁ%}eovﬁ'&g? %%Qﬁﬁ {000 €1 gﬁﬂg‘iﬁal(gﬂ% QQ(P)&OJ%H%P&E keported the

use o ot-start" pol yrnerase, with no
detectiorctDeazue Rt RIS APGRe@fvientoresh RT-PERg . The7ngthod 901 5Pprigthéo be more

. utjlit f ,the .nmethod devel oped hefei S furgher, ... ..
rapid the) sht deteatpet YDA Ay DAt e BIMGI BB AR ifegtiication
Using m@@%{&s &scFiBR] inCikirseudye RGuURed i @tﬁﬂl\iﬁdahoﬁsfﬁorﬁlmb,e'm-ﬁs well as

PFU in infected cells treated with varyi ng o
random-primmede Rengue BINA fom infssied celis (qnp@bhsygggyl_)sema g dndigatie of a lack

ot ed . t n f hcal | £
oo L5 o B B4 BEARCH) b Dt LR e
inventiorPprdvide dort anplifvation bfiexenchlagchepatarstrand RNy obtahviethionlyowhen RT-
medi a from.the treated.infec cel were . used t .
PCR wap pegeamqd: BEhe Bhk-éem%e@ﬁlpg arD R Sk i S -PRatg 1R, primers
(1)1\15;2-%:1(:&r IAL i@t g&oitgﬁ £ hRYEHCAHA oBthiAd Hbm M4 HineBbtal RNA of

S62003/ 00 _
Dengue-infected cells. Furthermore, the approaches of both Liu et al. and Vaughan et al. were

not quantitative in detecting replicative Dengue virus. The teachings of the present invention

provide for both quantitative and exclusive detecting of replicative RNA strand, a marked

imprdvement over previosuly known methods.

[00155]  Hence, the availability of this method to specifically detect Dengue replicative strand

RNA will enable the study of Dengue virus tropism towards host cells during infection. In
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transcriptional inhibition ofnewly synihesized viral
good correlation ofthe arnount of repbigabdcéRo0209
wo @%ﬁ?% was al so observed with the conventlpona
pl aque- based assay (Fig. 15A). Thus, the conbi ned
results indicate the potential use of this method in

quantitative diagnosis. A distinct a f th§
accordance twitht thgyteaphings tofethe presenit ingariton. [t BiGH oarfieé(agypgtg herein Tor the
detection F%Fe%igzgﬁzf’;slégx}/gz%svix&l@e anSIBEiD C}Etglflfié Ct%ntthe s@t?)‘i‘é‘st bPBtHeP ViluS®. This

or a ngue ague assay

approach %m@&&%ﬂﬁ bden Appliet e qhandifidatjom bfytht hclﬂlclamtidn&djn of another
I1ie use of nobsquito cell Ilngs and higher lil.

flavivirus, i Weat Nidsvsenst incbodle indeqtedssils pnd BGS cat i ve
interni ediates at even shorter tinme (Lul et al., ,1997;
[00156] \laumghther embodiinept, zmaoza)achmm\nféthérpreﬁeﬁ? weentignswee also utilized to

T

RT and PERUMMGH alleedkstdhed Gaggiom marmm-mmaad aboveoo detidne the replicative
guantitative nethod described herein with the

positive StmndmfathdeSb’L aBL?eSPS@;ﬁﬁVY arh aerig R g ot thse P“Héet‘w&g%%“ assessed
7 Ovo detection of replicating

by the Smﬁgﬁ%ag a%/ﬂ]r%us € brains of infected rnice (Fig.

{00157] ﬁg%?r,sg%ﬁlf 124 xgcgir%c d i%ﬂ"h% R)iljar odtVe I A, were able to detect

ISI’TB prodauci ng resu ts’ that are

and amplifl 8@MOSVYs EﬁcyMIQf fe@Rin: The positivé RAA wirarghofttherR8¥Ii$ present in
can be false-pgsitives (Burkardt, Atte

cels only wape o6 BTSRRI OFEuF o MRS IEROn HoDBRGER P Srore be used

' 9 & REVRITINediBn&Phb&rding to th
t0 assess Yi’?é g%ﬁ%lgﬁu%fafeph%ﬁmlgggé ﬂ\'}/gﬁghaﬁ R & 1@11 ;_l) rding to the
thermodytﬁaﬁednab sequiascensldction pammtm ttaught hergin, te @r@@pbw&g@ﬂealmg and

Dengye vi.ruse La Ci o Vi
promote t%rge PrinEng tq @lﬁ( 1dre % g M%grgﬁqn@%nggﬁq@%&ﬁcﬁcally
reverse tral¥erfRNNERpliONARE sidndP6it nol B gsabine GRS viego(figd % SEQeID NO:
nore rapid than that described by Liu et al-, which

29). requi red Southern blotting-, for final identification.

Using the priners described in their study, resulted
[00158] i FigahpHéri¢ts andtbersexemplarDISCRO Hesigned ipgicporgance with the teachings

of the preéﬁﬂp%gﬁ%)hggggwggg u& u@h&'ﬁ %dx Lq §GLd ?)gar‘}eét}@ture of RSVRT1

| ca lve O
ohgonuclc%hﬂ@ihdsh%ﬁiﬁmﬁfel foldihg algosithp, |mlgaasd bg iy, Stegart empuv@ym;ker was

In contrast, the teachin s ese ve
used to gepgraizithmpdynagp PRRMELS “éﬂgrfﬁ‘%g ":Héfgét‘?%{htst G Ryimary
E%T RiBndVBS5°PEA EOIRGATAY (SEQ ID
sequence %1% Ig@?{%?rkgtg‘haé;[}%%ﬁny@%ﬁs wﬁr? the strand-specific P(CR
NO:24). prinmers (DNS2-f and NS2A-rnMus-r), with no
anplification obtained fromrandorn-prined total RNA
[00159] O(UmqD@nw»e prﬁkiees;tmlgmeﬂhs acBoudtiner wmhethetthszharpgsr @%Ht@esresem

bot h Li t al Vauygh t
e b Pt e A it VB 1P s i
high spec@ﬁybﬁ?%gﬁsﬂgﬁ?ﬁ’fﬁ \?/p&ﬁfc?t?rﬁf hViaBhbLE o dbtectpRSWp&@twe strand

h quanti t at and”excl usi ve detecting of
RNA wasrépluatdtisirg, fRiAdifferan dppmadisk ddrstiynpmplifiension dyssrially diluted

| k hod 1004551
reverse thisaR IR FRRE dge e b otpedry Prifrs i meggive strand

RNAs welCERMRsTZEPbY GRNIYS trihdcBPfion using pGemT-RSVMP2 encoding the matrix
protein 2 (MP2) DNA sequences. Equivalent serially diluted amounts of the each RNA were
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RNA wi Il enable the study of Dengue virus tropism
towards host cells during fn WC) 2004/ 022784
WOpR049738k 003/ 000209 accordance with the teachplcr?éssczg 3/000209

the present invention, the nethod devel oped herein for
the detection of replicative Dengue virus can be
extended to the studies of other viruses. This

reverse traRRIHBAL I RS!-BHe Pemséaﬂhéd/oiua&mmirhbredl&\bg a®RSVnAS (Table 3).
quantification of the replicatiyve rn1o[ anot

The positiveasiapd RSY, RNAesapyplg wep pricignt éisdc“icﬁ' SR ICASeS gd‘x"mm’“ﬁ‘n0’ns
[ ! giedr it anyt 6fth

i S 5B 5 10 A B s s

strand RN A safiglee s 1ridh:ﬁteﬂ(h@l thé wienitaeipies ofithiev wduea il thsfcoafieh hkp validate

the Obser%?q?\g,r géq&,é}e\étlr%%g:sxsggg}% RE@ g-grlécgs glﬁootfﬁagtﬂé r%%q?eé:}elﬁfa Dﬂﬁdfragments
of 320 bpg o angr QQPA’; d%oo%*ﬁiv@%haﬁdl RNEPiAkatlLS)ebut Resith ke corresponding

The specificity and sensitivity of
samples dhﬁﬂlyﬂ:lu@@g%ﬁ@tmh@mg%@@%6 1) (kige28ne f or mat
as the Dengue virus. [00157] RSV specific primnmers
[00160] t dﬁg@!ﬂﬁcﬂdp&ti zhﬁematlcally ;ﬂ&sspecl\ﬁaltstandamsmny ofidetection ef the RSV

positive ;tq%gg &) eCt gg{?\péﬁ.a hqeal ?ﬁé_%c Ll‘é %c% taﬁ@ hQﬁt:vc stranded

MP2 m\%J fe %’e'?ia}{ \ﬁﬁlﬁ{éd ard kMg tnk@ibetlaRidgC gl REVRTC uﬂgonucleonde and
|on of this nmoiety can therefore be used

subsequeﬁﬂﬁ dstscted by peabginesyiantitagve PER. | Tha p@:}prlngeb%§ indigate {;he relative
"l, designed,acc K Feber R uti
posiions S s S L B9 J BB B BT et s
The pos@*!?@s}'f?aﬁﬂ RN A & aad the gegiiidve stram:lIMES dfac@tﬂiﬁ dmphﬁnd ngrngcts from
positive strand of RSV MP2 58 E % SO dard.
the CXPempeImeqr@:‘aﬁlld?ted D Ceh e teOPRIETS ABACFH e‘*%‘ﬁY‘OB tivé

strand but not the genone of RSV virus

(0161) | Tok 8 prasisisnat Biigrenss ndky Dl o hF PERUNG P fosative
strand nggRg% w?r r&% se ol c%ﬁ)reg RGN HeREni@agRigRe®itated byheal-time

VentT on- mary sequence and predicted
quantntatﬁ:@cmafsmgSRSUCMmespeénﬁRSi{Rﬁ'érs RSV G omd cREBMEZAS §Table 3). The

h The fol di d
squenc i e oo LSS0 . REPL BT B SLERE ez
strand saﬁlﬁﬂe%%h%é@ c$rﬁf)§rﬁb1é I Iv@lu@k ¢FieNBO@andlyieddbd/ the zmlkmanw(m product

rrmary sequence conplementary to the positive
sizesofﬁﬁ@ﬂipl(ﬁfgt@&@) strand is 5' - CACGGTGACAC-3' (SEQ ID NO
24). [001.59] Unique RSV priners, designed in
accordance with the teachings of the present

i nvention, exclusiyel & ted and anplifi ed t he
Table 3: §egpences Okprimers ﬁ&é&ﬁﬁiﬁ&_\#&ﬁ
Gene speC| fici tlgmamsegewsqet ivity. Thg?ﬁg'é’lﬂolsiﬂw @%ﬁ? )
AR SATA °0 - y ei"#"‘ ID NO: 25)
, NE @Ppr ' 0: 26
RSVnASdnm ﬁfTé et ed ﬁ?'gve?’%e t(rgg IBcl?rll\]bed )
strand-specific cDI\lA vvas carried po
RSVMP2AGab] VECSAMIATRGAS GaPEGEfn? hest?ﬁz’f@ﬁ@? r@%ﬂ ﬁbeN%n %)
transcription using pGernT-RSVMP2 encoding the matrix
Actin-f 5* ACAACGGCTCCGGCATGTGC 3’ 32-51 (SEQ ID NO: 21)
Actin-r 5 GGTCATCTTTTCACGGTTGG 3’ 41-360 (SEQ ID NO: 22)

%

Sense and antisense primers were denoted with suffixes ‘S’ and ‘AS’ respectively. RSV

sequences were assigned in accordance with the Genbank accession number AF013254. Actin
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protein 2 (NI P2) DNA sequences. Equivalent serially

di | uted anounts of the each RNA were 36 \ % i }cr/5G2003/000209
WO WP (32- 84 PCT/ sG2003/ 000209 reverse transcribed. and

real -time PCR carried out using pruners RSVS and

RSVri AS (Table 3). The positive strand RSV RNA sanpl e

was efficiently detected over the range of

primers w@@n@eggﬁﬁ i&fﬁ@rfd_irgxaqiﬁ segder(des grepQﬂﬂ) .in !-@ﬁébp@i(, aq;pgssion number
specific anplification was ohserve .
A1312092 g hoersencioralilc RTOR Wi S8° 2 A s LB gt Smple of a

.simlaritie ufds Yot §RvdnBioh Nhat probvidel forTdetection of the
strategy., u},gﬁ@g@ &” V‘t’lﬁieﬂlfc';"b%‘rle}frh\l/a ions, gel electrophoresis of the

RSV replicBGR: postiicinmnd Boue Hy nhleas slegs ever Brgenpag it  of 320
by wwth serially diluted positive strand RNAs (| anes

(00162) EoRkididh HOLirsl RINA hantmties poingi plpque diwplies apfl real-time PCR

serially diluted negative st{rand s | es, (lanes §- :
assays: Ag Feaj-timoR)uan{i@b s Chii§. a 26 “’iieﬁ?i?f?s cﬁ%%ht‘aci oif ?‘ff’ t‘%?és and

. SPeci Ligl ty Fehid (4 tomiphred Bloe k| @Rvétiohdledalb¥tandard”
quant’tauoﬂ’o@et ﬁn\(?ghoéit c}egﬁg’p E{&%ﬁ/ﬂ \I%r V\/Im?h eS_CRQ§ and real -tine, .
plaque-basB&Rssa¥h el o egradlate ehanuamivatian eleactive aivgies bywvopl-timp Bt avith the

_serially dilyted,. reverse NScr.i [ :
plaque titrliom @HRY) stidl B Nighs Fohbeteion Syag%t ks {6‘5‘% e ells in
duplicates.’ e'gét'af 'bélﬁuﬁuﬁml ki hen Riated e dupid podtyinfagidnafrem one of these

I Ndl e

cate t rel ative 9§08i tions of the curves 6 ost
replicates gahehabetrwiplicatee g i used dAE thoPladne defips 753 RAA GFays P
. . different dij,luti 0 b ¢ty RN rdldbbe NThe dat
infection, B8 EREGAR U C@?ﬁl}‘g%?%‘ggse 9 ?é}éﬁiiaéiﬁ‘%g‘é‘ﬁ‘&_?’ flod oo
shown in IFi’F.OﬂUﬁxﬂfca{erdQﬁm thb ealepetthined fromethe qrantitatiereef thy repbicative RSV
e

ectrophoresis as described prgviously. S
RNA strardogaregiahly sopralateddathe KEaliyes o1 W‘ﬁk# 8 fEdd ggé‘{‘i’?‘ﬁ * 3D
and the explt érggfa%rré‘ﬁee'afeﬁ aPlealtiBreP@siesi ve and negative strand

re reverse transcribed with random
xaners and L LA A €2\ Hel BRenddant thé ajuanéfication of
[00163] 2%5 %Fmﬁgﬁ%qﬁg%%%@c?ﬁe@%r i mer's RSf\:?S_ and RSVMP2AS .
replicative(stabd of 3)y RiNe vimegusndistngfistihg apd idpteeting g ddNareoiety that is
. shown in Table 2. Both the positive ti h h
indicative RAAS SPRSHEPPSHNE] BSERANAD o lity SN PR, R, Mizoac y
Lehdad dbaigspat SUnPekplRatetifrm ofi s thef pBBYe an
S“CCeSSf“‘%%eﬁr%?mE%l{é). T{{'lslble]l 3: Sequences of priners used in
negative siko)d PSR assays. Gene Priner sequence Genui ne position

(SEQ ID NO ) RSVS RSVNAS RSVMP2AS Actin.f  ACLIN:l ooy
[00164] SWhiE BT HRBTATACERCOBAURGDBEPd 39 deggihapmplifrdesplist)ve

in this strategy uses real-time PCR (thermocycling), isothermic amplification methods e.g.,

NASBA, rolling circle etc., can be utilized in accordance with teachings described herein and

can be modified for each format accordingly by one of ordinary skill in the art.

[00165] Furthermore, a plurality of replicative viruses can be detected simultaneously by
multiplexing. SCROs for each target can be designed and specific multiplex FRET fluoroprobes

can be in used to detect gene specific sequences of the amplified product.

[00166] The use of SCROs described herein to detect the replicative RNA is exemplarily

performed in a homogenous liquid phase. SCRO can also be immobilized onto a solid phase,
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5 "1' CACCGTTCCCCGCCGICCAC 3' 8149-8151(SEQ | D NGO 26)
5 T 1' GGAGAAATTG'1' "I ' GAGTGEC 3' 8372_-8 3928§§§4é§ymmmm
WOM@?*’(’?%’”S' ACA ACGGCTCCGGCA' FGTGC 3' 32-51( SE .
21) 5' GGTCATCTTTTCACGGITGG 3' 41-360( SEQ I D NO. 22)
Sense and antisense prinmers were denoted with suflixes
°S" and "AS' respectively. RSV sequences were
keeping AASthé ﬁB@:@sdrfﬂ cheaoedaie donspchifiche iBectbankusd de&di a detection and
nunber Ab' 013254. Actin 37 200- /022 %4 terest
transcriptigf §EaBptatoe R, PranH 8IS S by peliGHaRed sF i g o
sequences reported i n Genhank accessi on $nﬁ b
(00167} 1R8B2encEhdo seqluemmks)haw@ew ced sergeang Al e gnm@‘e y

referenceé;& %F&QH%@P %\ﬁo Iﬁg DAL S gn%g ratedf ByPlefG¥nce 'HRimﬁually

eachln e I'nvention

des for detectlon epl
[00168] pcﬁ’éﬁhPP&}bﬂ?t Bresegt WHB?/“ Fueeegsc}es \{re(d)gg cggrgetrch%frﬁ ¥ 1%1 etH% ﬁ%eferred
form of }ﬁ&({tl@ﬂ% 1t [tROsL6 orGRtahyebial i@ thedrt Wil ahddMand) tlanmahjamcdrﬁcatlons

sing-pllaque titrati'on and real -time PCR as aa ﬁ§ lv. it
can be machaherbﬂormlﬂmmdtpﬂfang fremplowspist of the pregent “F%BPQP gpordingly, it is

e for a nos

not intendsdf GisiroRt pEE STERYSn Ay HIEE ARG ke RO TR PR
standard" pl aque-based assay. To correlate the
guantitation of active viruses by real-tine PCRwth
the plaque titration assay, serial dilutions of the
RSV virus were used to infect Vero cells in
duplicates- Total cellular RNA was then isolated 6
days post-infection fromone of these replicates and
the other replicate was used for the plaque titration
assay. At 6 days post infection, no significant cel
death (< 2% was observed as neasured by LDH rel ease.
The data shown in Fig. 21 indicated that the val ues
obtained fromthe quantitation of the replicative RSV
RNA strand were highly correlated to the viral titres.
The results are expressed as nean SD and the
experinment was repeated at |least three tines. [00163]
The teachings of the present invention can be extended
to the quantification of replicative states of any
RNA vi ruses by distinguishing and detecting the RNA
nmoi ety that is indicative of the replication state,
as well as to other nucleic acid strands. This
approach has successfully been applied to the
quantification of the replicative formof both the
positive and negative strand RNA viruses. [00164]
Wil e the exenplary detection nethod used to detect
the anplified replicative RNA
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in this strategy uses real-tine PCR (thernocycling),

isothermc anplification nmethods e.g., NASBpecpkehddsfgozoo
WO 0403284t c., can be utilized in accordance w th

t eachi ngs descri bed herein and can he nodified for
each format accordingly by one of ordinary skill in
the art. [00165] Furthernore, a plurality of

REQPCHSAL i ve viruses can be detected sinultaneously by
REFE nultlErﬁiexi ng. SCRCs for each target can be designed

) and specific l'tiplex FRET f.].uoro - D&ibiNg: 265-
Bielefeldgidlrmaii eV Megetibrts yarpicr v g AR tpnAlicRbiors: 265
26ﬁrrplifi ed product. [00166] The use of SCRGCs descri bed
erein to detect the replicative RNA is exenpl a&%{%
Burkardt,jgsar tzmoaﬁstfmngzmmmd mruaﬂlsy lcprjuel @f Bh&sanaly iBafhepslyrb-
e ] ilized onto a solid phase, ip NVO 2004/ 022784
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considering predicted secondary structures of at least a first portion and a second portion of said

convertible oligonucleotide, under differing reaction conditions.

5. The method of claim 1, wherein said designing step includes selecting nucleotides
to provide said convertible oligonucleotide with at least a step-loop portion and a portion for

annealing to at least a portion of said target nucleic acid strand.

6. The method of claim 1, further comprising the step of providing at least one hemi-

nested primer for use in said amplification reaction.
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CLAI M5 PCT/ S&003i 000209 d. A nethod for strand

specific anplification, conprising= determ nj
W%E'@f’%:fzamaci d sequences of a target nucleic ag%dg}gscmos/ﬂoozw

strand; designing a convertible oligonucleotide

based, at least in part, on said target nucleic acid

strand; conducting a transcription reaction utilizing

7sai d Taemegiodioflkckimnl6] gherai seiitat drastenedigmi-negpgyprimer has'a Ta that

) nucleic_acid strand to prqvide at, | east o : £
is substaplaiy|supikaakty of sHdAgonve ebieeaifinf? Foehpn chitions o
said ampli§881oh3BadiB Pl i fy said al |east one resultant
conpl’enmentary strand; and anal yzing said anplification
reaction. 2. The method of claim1l, wherein said
desi gni ng step further conprises_ : Y8t h&\ion
oS R S Bl T B gl mchiedst
having a@&édgﬁefésha‘é%tcbﬁl%lén%nmrﬁw Shaiessiaeyctiontpromicuthet isfitself at least
sal d convertible oligonucleotide under reaction
in part caopidintntarydo edid fargetesgguendhe of said transcription
reacti on and under said anplification reaction. 3_ The
met hod of claim2, wherein said predicted secondary |
oSt I UQhe Eitiall Faid 1cehveirt sabl desighingotepondodésdiesigning said a

rovides for at |east .a portio hereof in a st
convertigonHEmEIep e st SpmERTALF GRS AL B PP ST et
nucleic arg?aas?}ahc? Bnd réll'on—%-(n?%]% RS Rktidiks b Mid tarphi@uSleRt 8R) trand, wherein

esigning ste er “conprises the step of | .
said nonaonpleieniang pptiods finmc frecwniamption stistwe eadgsaigdirapgergtion

. a first rtion and a second porftj - Saig] d
reaction Qi iagg&ﬁ%ﬁfg%ah(ﬁme&".“aﬁ &n uen%é_edr&gip ? Pé@?ng rane_c‘f? Ton
conform&@tintk @RSundRr sal8mpRitueidn efactbisl m 1, wherein said

designing step includes selecting nucleotides to

provi de said convertible oligonucleotide with at | east

1;6e ch, fr%'g 'rrgeg}fqdpo%i&i Iy %grefh DRI fidsPorfrSHmatiBRBE@tieGhat at 1ahst a

ion of Said target nucleic acid strand. 6.
stem-looph@rtt@t hod of claim 1, further conprising the step of
providing at | east one hem - nested priner for use in

said anplification reaction. 44 VWO 2004/ 022784

1TCL" /SRR 0NZRudeotitRecoimiriing: of claim 6, wherein

said at least one heni -nested priner has a Ta that is
subs tadirsti salflapnesiling [partion; aué of said a convertible

ol i gonucl| eot i de, cti ) | 055 cOfucledhdld sequence.
0o P Yol o HiEhor 83318 A YRA] ol ROl G4l scq

12.  The convertible oligonucleotide of claim 11, wherein said first self annealing
portion is in a stem-loop conformation under conditions of a first reaction and converts to a

second substantially linear conformation under differing reaction conditions than said first

reaction conditions.

13.  The convertible oligonucleotide of claim 11, wherein said second portion is from

about 5 about 15 nucleotides or from about 8 to about 12 nucleotides.
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8. The nmethod of claim®6, wherein said hell-ii-nested
ringt i ncludes a 3' portion having added T/SG2003/000209
wo ﬁrqgﬁgﬁ%ﬁ des conplenentary to a transcripti onPrCeactr on
product that is itself at least in part conplenmentary
to said target sequence. 9. The nethod of claim 1,
wherein said designing st eg mcﬁryd S desi.gni ng ri.sl‘%i d a
14conTbe comvestile ohenvelcbds efeclapm pryggonve
. eot | t ha eater than
oligonucid§iy SR gt dfthe B gE TR LARBRRY ol BB R bR ket
50% of th& Ritdl ndleg&de dBaspositionaci d strand, wherein said
non- conpl ementary portions forma first conformnation
structure under said transcription reaction
15CONGHL O, ShRIAtiaab FoISRITE, RRikrsin AU EATRNke Hrinealing
portrons oan & Becon conformat’i on structure under
portion ha$ ai AGafabti <4t jkoal/melastdenhansciptiomisactist wepditions:' cl ai m
9, wherein said first conformati on structure has at
| east a stemloop portion. 11. A convertible
160! | %QHSﬁ&?ﬁBlg%lrgmh% NP wheteihishigitdifafiig @actialcondjtions are
portion; and a second portion conplenentary, at |east
at least trahscripgion and amplificatigetreastion epeditiensd sequence. 12. The
convertibl e oligonucl eotide of claim1l, wherein said
first self annealing portionis in a steml oop
17CONTAOR o F6r AU3HRIMeGADIdI donstmatibnal chimertc mekotiderand hgmi-
converts to a second substantially linear
nested primorsf ermpRiSiRg under differing reaction conditions than
Sal Aptidd6li ﬂb!l%éﬁdeﬂia@m two
glgsnlg&lﬁégtsrf x{gﬁn},‘jﬂﬂér@é\,‘mﬁg% ﬁ sai dg‘o(?l second ®
segments, ﬂosr’tsteﬁnldo@ sﬁ:gmam aad)a@t’ tz{rgataoucalma spgiefriot i des or from

about t.0 about 12 nucleotid 45
DTSR CFOTESI TR HPRG ESRVBF OB S SH as (e agToAs
reverse trddberfptidhBlikénudtfids afid & dirfetGRBNRY ddidbdzucle] gherai seitstehe-loop
cont’ent of guanine, cytosine or conbination of bqt

chimeric regerad transeoptiayy igoanclediils’s X096est artrﬁ@wgo%egmﬂmns%r 0058“1
target nucEeIrcg%ﬁ Iit L0 an%.sar-ﬁrse %%@tshgrlnfm%fngso@%@f SRELES ®im-loop

erern Sal anneal i ng pOFtI on

structure Mﬁg@aﬂr&@éc@h@tﬁpt@ﬂeﬂ@&i / cool under transcription
reactjon, conditions e _conver

ol i @BWG@F%@?%@“PWA‘WPQ rf egﬂfedtr%‘fsf 'f‘%trolnnrﬁ agiontoan,
amplrﬁcat?oq{]xl%(%doﬂ%he‘?&ﬁ nuéikicl 2ABdeqhérRBS 6F dald st0- Iamchlmenc reverse

I cation reaction condl tions. 17. A nethod ¢
transcriptid :bhgamucg:olrdb ndopt enéendaryi sgpeurcHtReienido Alley dok lilyd’é‘glza“o“ 0

a hemi- meste((il pruenrer:]r for'use gnesq:u amf)"ie ficatioft %Q{rf)r‘?"aﬂg

analyzing results obtained from said amplification reaction.

18.  The method of claim 17, further comprising the step of calculating said stem-loop

segment’s free energy and Tin.

19. The method of claim 17, wherein said 3> segment’s melting temperature is about +-

7 degrees centigrade of said reverse transcription reaction’s temperature.

46



designing a stem |l oop chineric reverse transcription
ol igorul cl eotide having two segnents, a 5'
‘Voggﬂgﬁﬁ?4and a 3' target annealing segnent coﬁiucﬁ#ﬁgﬁg0ﬂw
reverse transcription reaction utilizing said
stem |l oop chineric reverse transcription
ol i gonucl eoti de and a target nucleic acid sequence,
20her diha neahod oftckiml 150 prhecdn sad B ctargsy spncaling s8Rt Iasiaoh G
ol i gonucl eotide''s 3" ,target, anneal in I "
greater thag @ 47He te abeybr O ERkE letinds” wud ek 3B lbn RAARR conditions.
stem | oop segnent fornms a self annealing stem| oop
structure during said reverse transcription reacti%q;
24 ubj gt imreshadadcldimn 7 mdeein s2idf’ Semdoprsegment has a AG less than

transcripti reaction to an . anplificati Welyl
or equal gt o me BrlS e it FefSe uBTPhbd R RR HAGELAS
chinmeric reverse transcription oligonucteotide adopt
a secondary structure sufficient to allow for
2By br iAdstemtlpeinchimerig ofigpuckodile FOBPFTEE: f or use in said
anplifdcation r i on. ) ' b akedet
FromPduf o FPREk of B e I, 18 RGPl 8
reaction 6bmiitidnky, further conprising the step of cal cul ating
said stemloop SCgnrGlt. s, lice er and . [.L] . el
The ®eetd porian thetmaintaiggesubsantaly 1@%@@3 ition tnde¥ said
same ﬁrﬂsl:ttdf .rzl%c{igﬁrp&fd?ﬁdﬁsecmﬂ $s @bl of anreaflB LG L RLdIGIE ACiE sequence
of "said reverse transcription reaction's tenperature.
on a partduladd strhhd @0oWled2&184 PCT/ SG2003i 000209 20. The net hod
of claim17, wherein said 3 target annealing segnent
has a A G greater than or equal to about -0.5 )
Jscal e Isﬁminﬂg chinkirit dlRoanSeotideal sk 22| wheregesatd fmt portion
conditions. 21. The nmethod of claim17, . wherein sai

capable &f fognimga-selspnediggstam knep and s1id;speod PORGE AP a%Rfﬁ%ﬁ‘aq‘f 0
abQut. ! e ol FEMRISE a kEARAGEH dTréa@fon

nuacouc?ee%egﬁng% tgoiﬁlg[?lf‘ |Sg%sf&t§99 A°St e(:)_r.rll-l ooél chineric

conditiond digimnilad techiddirst sevofuechctiongzonditibins.st porti on capabl e
of formng a self-annealing stein | oop under a first
set reaction conditions; a second portion that

J¥BI NtQkBS 1805 MR bligbhotldotide af clam P b3, ivaierainsied first set of
said sane first set of reaction conditi

ons and is.
reaction cagpditidns aof trampepliomigaetipneconditigat a’fﬂj@‘%ﬁ?o%‘z 74 Og’é:&ff@ﬁlc e
.. on a par.ti cul -0l nuclcic acid. 23. The
Condﬂmgﬁgﬁeﬁggéug P%%%%éﬂgpﬂaghﬁgleotide; of claim 22,
wherein said first portion capable of formng a
self-ai nealing stemloop and said second portion have
appropriate nucl eotide sequences to forma
substantially linear confirmati on at a second set of
reaction
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conditions dissimlar to said first set of reaction
conditions. 24. A stemloop chineric oligonuc) i.de.
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anplification reaction conditions. 47 WO 2004/ 022784
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Reverse primer (ActinS) used in comparative PCR experiment.
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Oligonucleotide utilized in reverse transcription reaction of

beta-actin transcripts.
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teachi ngs of the invention. <400> tcaccgttCc
ccgcegtcgq tgggegetac <210> h  <211> 19 <212> DNA
<213> Artificial 30 <220> <223> Exenplary basis for
<223> Eiesplgny ngeexEmmpl abimePOR B PHEICNIGERSSHITT (Pihp) onade in

a&%g’&mﬁce 40RO eaRtg6ga Fagaaasegtsad0> 7 <211> 12
212> DNA <213> Artificial <220> <223> Internediate

sequence based on SEQ I D. NO. 6 used for exenplary
<400> Prinmer design. <400> tganocgcga ga <2r0: 0 <21 > 10

tcaccgtf%%1@%@c£§¥égg<gggé€géggc_i t' cial 30

<210> 6

<211> 19

<212> DNA

<213> Artificial

<220>

<223> Exemplary basis for designing exemplary PCR primer, based on Den 2

genome.

<400> 6

tgaaacgcga gagaaaccg 19

<210> 7

<211> 12

<212> DNA

<213> Artificial

<220>
«<223> Intermediate sequence based on SEQ.ID.NO.6 used for exemplary

primer design.

<400> 7

tgaaacgcga ga 1z

<2i0> 8

<21i> 10

<212> DNA

<213> Artificial



19 12 WD 20041022784 4 Gs added to the " end of the
sequence provided in SFQ ID. NO.9. 20> 23:>
WO 988¥37%pon SEQ |1 D.NC).7 used in exenplary pr§‘|el<;§éﬂ"(}9000209
desi gn <400> 8 tgaaacgcga <210> 9 <211> 13 <212> DNA
<213> ?Artificial. PCT/S&04 3/000209 10 <220> <223>
DNA sequence of SEQ ID. ?10. 8 having GAA added to
<220> the 3" end, thus raising the Tm <400> 9 tgaaacgcga

<223> S nSe 12 ed Qupen2de> 18 fio. ¥23s2a [IMNBxemdh3p pAlihsr Hefigi.a
<220> <400> 10 ggggtgaaac gcgagaa 17 <210> 11 <211>
14 <212> DNA 13 nplary hem -nested PCR priner havi ng
<400> 83' protrudi ng portion and

tgaaacgcga 10

<210> 9

<211> 13

<212> DNA

<213> Artifiecial

<220>
<223> DNA sequence of SEQ.ID.NC.8 having GAA added to the 3' end, thus

raising the Tm.

<400> 9

tgaaacgcga gaa 13

<210> 10
<211> 17
<212> DNA

<213> Artificial

<220>
<223> Exemplary hemi-nested PCR primer having 3' protruding portion and

4 Gs added to the 5' end of the sequence provided in SEQ.ID.NO.S9.

<400> 10

ggggtgaaac gcgagaa 17

<210> 11
<211> 14
<212> DNA

<213> Artificial



1iic WO 2004/ 0227N4 PCUSG\VWANMWRW 20> <223> Exenpl ary
SCRO sequence. <400> 11 ggggtgaaac gcga 14 <%’]f%>§(}2%03/000209

WOPGHR2E+ <212> DNA <213> Artificial <220>

<220>
<223>

<400>

ggggtgaaac gcga

<210>
<211>
<212>
<213>

<220>
<223>

<4Q0>

tcaccy

<210>
<211>
212>
<213>

<220>
<223>

<400>

ggacatgggc agattgac

<210>
<Z11l>
<212>
<213>

<220>

Del eted portion of SEQ ID.NO 5 providing anot her

exenpl ary convertible o,ligonucleotide SEQ 1D. NO. 28
. <400> 12 tceccg '10: 13 <211> 18 <212> DNA <213>
Artificial < 230> <223> forward priner for anplifying

Beagliery NRZAJRLREL@N. <400> 13 ggacat gggc agattgac 18
<210> 14 <211> 18 '2]_2. DNA <213> Artificial <220>

\tir() 2004/022784 > Reverse priner for anplifying
Béngue 2 NS2A region. <400> 14
14

12

6

DNA
Brtificial

Deleted portion of SEQ.ID.NO.5 providing another exemplary
convertible oligonuclectide SEQ.ID.NO.28.

12

13
18
DNA

Artificial

Forward primer for amplifying Dengue 2 NS2A region.

13
18

14
18
DNA

Artificial



PCT! S(: 2003, 000209 tccrtttctt gttggt tc 18 <210> 15
<211> 21. <212> DNA <213> Artificial <220> E%é%ﬁmwmmnm>
i ngue

WO HYHR&# primer directed to envel ope region o

<2723>

<400>

tecttttelr) gstgugtc<21]. > 24 <212> DNA

<210>
<Z211>
<212>
<213>

<220>
<223>

<400>

aggatgggga aatggatgtg g

<216>
<Z211>
<212>
<213>

<220>
<223>

<400>

ttctgtggee cctgtgagtg ¢

<210>
<211>
<212>
<213>

<220>
<223>

genone. <400> 15 aggat gggga aatggatgtg g 21 <210> 16
<211> 21 <212> DNA <213> Artificial <220> <223>
Reverse prinmer directed to envel ope region of Dengue
g@fﬁsﬁ%.Pr&u%)roiomaﬂtptleis@f@g[a‘?@%%t@t‘*‘g%f’gtf@%mkz10> 17
<211> 24 <212> DNA <213> Artificial <220> 21 <223>
g?rmard primer to N52A region of Dengue genornic RNA W

2.004/02278. 4 <400> 17 acctggg. aog agtgatggtt atgq18

15
21
DNA

Artificial

Forward primer directed to envelope region of Dengue genome.

15
21

16
21
DNA

Artificial
Reverse primer directed to envelope region of Dengue genome.
16

21

i1
24
DNA

Artificial

Forward primer to NS2A region of Dengue genomic RNA.



<213> Artif_i_cU Reverse prinmer to NS2A regi on of
Dengue genom ¢ RNA. <400> 18 PC F! SC, 2003! 000209
WOgPYEREBEt g gtatggtgct Ctgg 24 <210> 19 <211 GfgG2003/000209
<212> DNA <213> Art_if:Lci. <220> <223> Exenpl ary
hem - nested strand-specific PCR prinmer. <400> 19
cgttcCCCgc cgtcggtg <210> 20 <211> 18 <212 > DNA
<400> Artificial <220> Exenplary heni -nested strand-specific

acctgaGR PydgAeEgre, 408> 20 18 tcact-gcat: tgggac ¢ 18 NV O 24
2004/ 022754 <212> DNA <213> Artificial 2'20 <:223>

Forward prinmer to actin transc.rip <100> 21 acaacggctc
cggcatgbgc <210> 22 <2 1> 20

<210> 18

<211> 24

<212> DNA

<213> Artificial

<220>
<223> Reverse primer to NS2A region of Dengue genomic RNA.

<400> 18

atggtctctg gtatggtgct ctgg 24

<210> 19

<211> 18

<212> DNA

<213> RArtificial

<220>
<223> Exemplary hemi-nested strand-specific PCR primer.

<400> 19

cgttcccecge cgtcggtg is

<210> 20

<211> 18

<212> DNA

<213> Artificial

<220>

<223> Exemplary hemi-nested strand-specific PCR primer.

<400> 20

tcactgcatt tgggacdgce 18



<212> DTA <213> Artificial <220> 23> Reverse rori ner

to <400> 77 qqtcatcttt tcacggttgg <210> 23 <
WO 20049 7HNA  <213> Artificial ctin tran:_criptI.’&lé;:fl(ﬂ’%goo209

<223= Portion of SEQ 1D.NU_ strand of Denque. <4
9gt oggc9 t PCT/ SG2003/ 000209 20 20 conplenentary to
the negative replica -1. j, vc--,, 12 WO 2001! 022784
210> 24 11> 11 12> DNA 13> Artifici al

PCT/ S&003/ 000209 20> <223> Portion of another

w10, SXEMPlary SCRO, conplementary to the positive

<211> 20
<212> DNA
<213> Artificial

<220>

<223> Forward primer to actin transcript.

<400> 21

acaacggcte cggcatgtge 20

<210> 22

<211> 20

<212> DNA

<213> Artificial

<220>

<223> Reverse primer to actin transcript.

<400> 22

ggtcatcttt tcacggttgg 20

<210> 23

<211> 12

<212> DHNA

<213> BArtificial

<220>
<223> Portion of SEQ.ID.NO.5 complementary to the negative replicative

strand of Dengue.

<400> 23

ggtgggcgct ac 12



replical _ive sl _rand of RSV. <400> 24 cacggtgaca c
<210> 25 <211> 27, <212> DNA <213> AWtifiékﬂ%uﬁ%&ﬂ@Oﬂw

WO29HHL2 R/ MP2- specific sense priner. <400> 2

<210>
<211>
<212>
<Z213>

<220>
<223>

<400>

cacggtgaca c

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ctcttggtat aottggagtcj <210> 26 <211> 21. <212> DNA
<213> Artificial <220> RSV artcisense prinmer. <400> 26
71 tcaccgttcc cccaccgtcca ¢ W) 2004/022784 "210; 27
<211> 21 <212> DNA <213> Artificial RSV M -specific
aati _sense prinmer. <400> 27 PC 1/ S&G003/ (0 0209
tiggagaaat tgttgagtgg c 21 <210> 28 <211> 24

DNA

Brtificial

Portion of another exemplary SCRO, complementary to the positive

replicative strand of RSV.

24
11

25
21
DNA

Artificial

RSV MPZ-specific sense primex.

25

ctcttggtat agttggagtg c 21

<210>
<211>
<212>
<213>

<220>
223>

<400>

26
21
DNA

Artificial

RSV antisense primer.

26

tcaccgttce cegecegteea c 21



<212> DNA <213> Artificial <220> <223> Exenplary

SCRO based upon DAI'S-1 having stem | oop portpepsehossneo209

WO 022 784gel et ed <400> 28 ttcccecge_cq tcggtgggeg ctac24

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ttggagaaat tgttgagtgg c

<210>
<211>
<212>
<21i3>

<220>
<223>

<400>

ttceccegeeg tcggtgggeg ctac

<210>
<211>
<zl2>
<213>

<220>
<223>

<4Q0>

<210>29 <211>30 <212>DNA <213>Artificial <220>
<223>RSV RT1 priner designed inaccordance wth

% er nodynam ¢ and nucl eoti de sel ecti on paraneters
aught by the invention. <40.)>29 tcacogt _rcc

¢kgccgtc_a cggttgacac 30 10

DNA

Artificial

RSV MPZ2-specific antisense primer.

27
21

28
24
DNA

Artificial

Exemplary SCRO based upon DNS-1 having stem-loop portion of DNS-1
deleted.

28
24

29
30
DNA

Artificial

RSV RT1 primer‘designed in accordance with thermodynamic and

nucleotide selection parameters taught by the invention.

29

tcacecgttee cecgeegtcca cggttgacac 30

10

* a2 o,



