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is also useful in the evaluation of drugs
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from replcating viral RNA and the viral genome. These amplification methods thus detect

nucleic acids regardless of the state (live or dead) of the organisms, rendering a result 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.
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[0008] ﬁ&@ﬁ@@e@@ﬁ/(ﬁﬁp?a% Dengue Hemorrhagic Fever (DHF) have emerged as an
important vector-borne viral disease of human beings during the last 25 years. The increasing
spread of the Dengue virus and its associated high morbidity to humans inhabiting urban

communities in the tropics and subtropics is a major concern. Since an estimated 2.5 billion
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replicating Dengue virus, for example Additionally, the availability of a specific and

quantitative assay of replicative RNA, for example, may prove useful for the evaluation of drugs
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inhibit viral replication. The recent attenpts
woteamwszed above, utilizing Southern blot andpEI/SELR3/000209
nmet hodol ogi es are | abor-intensive (Liu et al., 1997)
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SUMMAR\é&F ThiE INVENTNONhe replicative negative strand of
an actively replicating virus is provided. This
[0013] N [ioskceaiahdtswite bie BeeCdfIhél afientash, ﬂegehasv@eemeuﬁ Eofsbsitions
u5|3£ both in vitro transcri bed RNAs and
and assqqigted-metheds off weviding wid Hise afpstme i for 1 Yistgrgughing.edefecting and
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using bom mw;arjgncegc\?r“ﬁ{cHWAQfan& bf?\]ﬂofn?e%ﬁ%océ dlgv%ml' o ect:lkg%lgilatl Rast 10°

accor one exenplary e
fold diffprenseonter iposieine sivand gempmid RYGL. i tmadditieh, dixt enethiodralloys for in vivo
- PCR | util.ized. Ada ons of fundanent al
detec“"”(%éfé‘tﬁ agfreph‘éaqVﬁ\pgmqvgm%lﬁ rande appl | ed to ot her
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[0015] AcSbding e FEIbABEREN! ORISERYENFiBR, uAgfisatien e SHisBie forms of
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e prese I Ivention, ht gh speC|f|C|ty of
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step by the use of a convertible oligonucleotide,
[0016] Inatadidanee wittc bhed exemnyd iy reetiodirsdret rof | the preBant invention, amplification
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be app11§c§ Y/ Q)Eﬁé'f wlitﬁiaat%\t h¥Rods ENSEARE, R do® 1RRANGS 1§%-ﬁlermal methods

specificity; and at an anplification step , such as a
(NASBA@Rlisg eissleyamahed shauietd)c nested PCR priners to a
stem | oop chineric RT oligonucleotides prinmer (SCRO .
[0017] Th accqdarice ovitta ancthdrcadpent of she presént posintion,ethe 4h)‘gha s;mhciﬁcity of the
. egajiye.(-),.strand RNA vi ruses e utili
disclosed oot athiSiad Huse | Y| & 5 TR WEACH fiBsbist Of e convertile
oligonucRloBaERIhitVANhEIRHe £ 8RinmRAc SRECIREE R T RHidéeoRtprising target sequences,

such as virus specific sequences, and unique sequences, folded into a loop structure with optimal

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
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si ngl e-stranded RNA viruses, including HYV, regardl ess
wobonthe27pol arity of the genone, as well as toPCT/SG2003/000209

quantification of replicative states of any RNA

viruses in vitro and in vivo. [0018] In accordance

with still another aspect of the present invention,

e s R0 S SBEMIRH N BRI Bty of s pome.

well as tH@hiﬂtﬂEaﬁérﬁ‘(ﬂH@%lﬂiaﬁﬂ@st@l’é@ﬁf A RN AViRdsSERGAY d in vivo.
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[0018] IRCREordhRce® vihEGlifl | notifk IRbediUsH B pAGikRt SRRAHSS ih8 design and
_increased, while stem|oop structures of the SCRO al so
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to a spedifi@fardenflidlEle Gcid @p&didH iB intgkabdds ile sRbi-bop sGlk@mes s Bt SERO also
target nucleic acid strand, designing a convertible

help to redycg gHerEineig igalsp peevidedat | east in part, on the target
nucleic acid strand, conducting a transcription

[0019] Ineaccotidanceumiithi anathert fspectopl dhe imveation,i §omeibibe dior derant dspecific
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amplifieiih g P ARt Pt PR R, O et mutei
acid strad@ddsfghihatd ehveRidld oltdnhicledite|babed, thRagttinlpagasbn @Retarget nucleic

resul tant conplenentary strand and anal yzi ng,. the

acid straggsondycting olfrnserriiqngraction uskizing dhe senverileiPliganusleptide and the

target nf{fi 9&9{1 Rt ﬁ)ﬁ)r Vig& BE{eaG YRR rr%s%ﬁéntacoﬁ‘fpt eenf(t:é}g strand, Cf)réducting an

b
conducting thernodynam c anal'ysis o ohvertrb
amplificationgeattvingo tangpdify thepat dehistonet fesultage camplamgntatyr sicind raed ahalyzing

the .convertihl e aoligonucl eotide under.reactjo .
the ampliicatipR Fegrtion,infartcylie embndimspts the dosianing iR fupfher comprises a step
for condRARE | BBrnAWnAARE bnAyATIfT fhie CedniveRible aftigbMitleokide to predict the
particul ar énbodi nents, the _dgr edi cted secondary
secondarytstrueture &f the cartyertiblmeligonh¢deaidglunderrraadtiopconditippsoefiag kegst one of
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o wancfBfof ok 5 MRS A BB enl RS8N th B apbodimens,
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[0020] In still other enpodi nents, .the gesi gni.ng step
the conyeriiplp lisppighiatidednap steaplogp copfrsmation ygderpreagfiqn gepditions of a

transcriptiohi 20@6y, Structures of at least a first portion and a
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r dif i [ |t . ogli s
o020y 2l SRR L L0 5RR Y] QRRer SABHATRULIT Lapderng
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. with at |least .a step-loqp portion and,.a portio or , . .
ohgonu%mgsa Urdgr fjerine reagidn @nﬁﬁwﬁi- oHPee elaﬂ?camg&s PiRffog  designing
step wh?@i'nq‘lu%feﬁﬁ -are 5004 ad Ero!@ﬁfetthé: g!rn?\rert%'f_p Qb oRRIeStAE with at least a

east one hem -neste rimer f use in a ]
step-loop ppitioh audia portion fersannealmgits atdeasy a erdion|af aganget nucleic acid strand.
enbodi nents, at |east one hem -nested priner has a Ta
[0021] Ihhattidular esnbodimerits at leastsome hemi-gesteh mimerfor asenierat arbpléfication
| 'i gonucl eoti de under anplification reaction. .
reaction(is pgovi ed. In some embodlimenr{g at least one Iilnemie-nested primer has a Ta that is
substantially similar a Tm of the convertible oligonucleotide under amplification reaction

conditions. = The hemi-nested primer can have a 3° portion with added nucleotides



conditions. The hem -nested prinmer can have a 3'

portion with added nucl eotides 5 WD 2004/022784
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reaction product that is itself at least in part

conplenentary to the target sequence. [0022] In stil

ot her enbodi nents, the designing step includes

o T B EA SRR A R RYEL LS S mptmenr

the targeCdefu&iceand and non- conpl enentary portions to the
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non-co EAEFBRCBORERE N M S AP So Sy BF S menr
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portion. [0024] In sone enbodi ments, a convertible
the samg | rponeRMNOTeTETY| BORIOBY i f9Ed @ ospspidsichgoamations (stwgiure. under the
ortion and a second portion conpl enentary,
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se f
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o020 e A L A A et
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sequender afs somgiristancesn cﬁwaﬁ;ﬂt istlf @an¢abing mesttan snincd Aig-logp sonformation

under C()gg &18HS§)IF %ggs{% r8act1?H aagga rolﬁ‘éea S t'o?agsegggda%g)\éfanaaﬁg lmear colnf rmation

under &ffete e€Btion R6ndiBonsPthahi the firatnrehetivn ada@litions. Hh@ Ldlfféx‘.ﬁlg reaction
nucl eotides or fraom about 8 to about 12 nucl.eotides
conditigns cag dieeat deasb tipnrReripdon anrbamphijeation seastion icgrslianse ofhegonvertible

ohgonu%f%ﬂﬁ@@u%ﬁnq;avgk' §ngs9@0nd9 %ﬁ&‘ﬁﬁh BEat QhneGld 'IP h ?ét%clefg acbc%e'&uences the

to or greate han about 50% of the tot
3 poﬂmu_cclaecﬁtomd ebanp Fpabeirt 1 Dnudéotides or fromyvahoui Blte about 12 nucleotldes In
e B ARRHRLEE s B HBR oA TR bl b omsnaion
of both & eliea!tb NG gré e fthdnl @€ rI0Rt I0¥Nné aa@t |n@81e6@c[l=ﬂ bbmpmuon of the
002 In st|II ot her enbodi ments of the invention,

convertghle nvhg@wleehdm n pazicplgo sdPdistentie thé‘sﬁrsp sel{ameggling portlon has a
AG of é @Q 6'5?%11/‘%01 uﬁ?ér t&ﬁgéﬂﬁ)‘agn d&Qﬁ‘S}l *eon(a tionS. mng a

anne 'set of
oz 530 PG E o R B A o
provideldi dosdprisRi aoﬁrsf pétibh @apMNEH forRlify A5i- arﬁqeamgahtbm 10bp under a first
anneallngﬁto a target nucleic acid uence on a

set of 1gagtioncagngitiops raggecord pgrﬁ@ndhatﬁg@p@;rg Ehé tantgplly linear conformation
| C .
under t? seaa t?r?to I{ gf;] gé%{%gb({ahﬁ ]ph%:an gi'éscg%?ﬁlgagﬁlg 9 t%géét?lél?rllelc acid
sequende00f ailjﬂrt&ular target strand of nuclelc acid. The stem- loop forming chimeric
oligonucleotide can have a first portion capable of forming a self-annealing stem loop and a
second portion, wherein the overall appropriate nucleotide sequences forms a substantially linear

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



second portion, wherein the overall appropriate
nucl eoti de sequences forns a substantially |inear
w@eoniozated i on at a second set of reaction condPdT/®GE03/000209
dissimlar to the first set of reaction 6 WD
2004/ 022784 PCT/ SG2003/ 000209 conditions. The first
set of reaction conditions can be transcription
conditiohg.adtht Gifst GONGH feh@ivh dABitHRE carSKERRE St onCfeadtRRAoh&fions and the
condi tions can be anplification conditions. [0026]
second st phyeastioglopnditiengeanhg amplificationmoadisinns.i nvent i on can be
extended to the quantification of replicative states
[0026] A¢cozdipgIRNAachingssdshé prevént iveatioh tam b extenddBIt&Rhe quantification of
: L DESCRI P THE FI GURES [ 0027] The foregoing
rephcatlg%%ggts QE—%{WMWWB‘?S PREFOIMYERIRt advant ages of this
invention wl|l Pecome nore readily appreciated as the
BRIEF éﬁﬁﬁRB’é’m & FIGURRRer st ood by reference to the
follow ng detail ed description, when taken in
[0027] Bhenfasegsingo aspsits hardh many odnthe ratiendant iaguargsges aththieinvention will
[ Fig. 1 sghematic depictin n ex | ary
become 1€ Hadily hopfeciofed o B PRl Fosy o P P to0g Bafirence o the
following 06t SiledFil@crigtidns valenS 1REP|iAr Sonfued8SR viith Phe acdBAPARAng figures,
. for detecting and anplifying a target nucleic acid
whereingi r and in accordance with the teachings of the present
i.nvention; [0030] Fig. 3 is an exenplary schematic of
[0028] Fagel it 3 sghempatie depibtig an gréngplaryt priss anthetbiodafbr detecting replicative
strands: S€duences and their conbinations for RT PCR, [0031]
Fig. 4 depicts the formation of an exenplary stem | oop
i.n accordance with the teachi of , the invention;.
10029] Figy 3y diegemilary, schetrafie, akih mefig fof idslpeling and iing a target
nucleic #21d rafid @Madce@Andeadith t¢ite@hBEHSS Bt pRREht iSRGRbA: C
portions and having exenpl ary physical properties;
[0030] Fif033} il Skentplirs SReMhES of BAROLER g)elobﬁ!lﬁfluﬁfcfuggtags and viral
results of expefinents conparing the use of an
sequencesathezropmbimatiohofow RTTPGRj go to an ol i go havi ng no
predi cted secondary structure at a RT stage; [0034]
[0031] Fig. ¢. depicshibesontiatiop o€ din e kemipl sy osteinl &oop iatacesrtiatice vath @8 teachings
of the inSX nH_I ary convertible oligonucleotide, in accordance
¢ IYENEIRNY he” t eachi ngs of the present invention; [0035]

Fig .8 is a schematjc show ng exenpl ary hem -nested
(00321 Fyger$ i p sheinabriamiatingthe Tormgationr oick rstpmiagpeioe diaying gene/strand
ific dRPRSR] anfihGvi | d criteria for designing
et AORBlE b SRS ISR

a PCR primer~i
[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 a PCR primer in accordance with the

teachings of the present invention;



teachi ngs of the present invention; 7 WO 2004/022784
PCT/ S&003/ 000209 [0037] Fig. 10 shows the primary
woseauentss and predi cted secondary structure ofPCarsG2003/000209
exenpl ary SCRO ol igonucl eotide; [0038] Fig. 11
depi cts anot her exenplary ol igonucl eotide formng a
stem | oop structure; [0039] Fig. 12 depicts RT-PCR
[0037] FFegs UDtshowt tenminyarly Se@iench AR® pr@ldiedl 106 RIakE strilinird of an exemplary
SCRO r_%)lnl glfélttl. e or inactivated Dengue 2 virus; [0040]
>depi cts exenplary specificity and
ensitivity of detection of exenplary Dengue negative
10038] Lig ikéew,an‘e}h@equphgv pligonuiladlidsdfoinmigg neteat loup structure;
ositions of the curves generated with negative and
[0039] Ekﬂsilizidﬁéwéﬂt RERCR re@bs af adalfsient 06/ talsiinfested [Wié Hplicative or
oot hows products fromthe experinent of Fig.
mactwa?éé%D?rg%ﬁggﬁqrgﬁ el ectrophoresis gel, show ng no
ositive

redi cted products from non-targeted (p t
10040112 -rg ;deflaﬁféfmﬁ@@{ spg cmés%ﬁ@%twwgm:ta@nq egtmphey Dengue

negativé StRATRNXK, titRrlheWakd BdlchARS flid ' i
_ posjtive str aag BNAS by rg,g%s_ tl%t%q)&g}ggx?sf é%@??ggﬁﬁﬁ?mmed with
negativg gulppitive grands R ptodiferme dileions;ophor esi s gel
containing in vitro transcri bed negative and positive

[0041] Eigr B3R strvAsprodu@04&dm Fhg expbdimieat ofFig) £3A RRPOO&E Blestr@Bbresis gel,
feverse

. cont ai,.nj exempl ary anplifjcation of
showing ‘?"a%fsélfieﬁ%a‘)‘%gﬁ&?@ TRgteHRasitiygeuad; i g. 15A is an
| e ophoresis gel .depicting the kinetics of Dengue
o0s2) L1 SRR B Rk ebt S s sy e Toaiesative and

positive kirfhd RRRs b§ réa] GhRRNaAERIG pAG. 11 bavirin inhibition of
Dengue viSrZIr r epl !Qig]atl or%f%r[)g%’ﬂ] Fig. 16 shows the

00431 15" [ £ aiel atificati.on of repetitive i
[ _ _] Dgngueaéﬁkl%%b%? freggﬁ?p l?)llﬂ%nég &%laﬁ?l}t?lgﬁgvlé‘ 15%% Rsergbed pegative and
positive RIMdORNBBK- 21 cel |'s infected with Dengue virus and

plaque titration; [0048] Fig. 17A depicts exenplary

[0044] Higsu#t 5 ah eleaniphb@bisVgell €ahtatninde LERliRcAtdnY
¢ . sé and RNA frgﬁm rmusegbr ai ns idr%cu‘lggﬁﬂglé, vi\]/lsﬂ]megﬁdn Of reverse
ranscribg Eﬂefl%‘é"tg%‘@méfrmﬁfact ivated virus; [0049] Fig. 17Bis

an el ectrophoresis gel show ng anplification products
[0045] Eig. jlaAqiig an ielecephotesisgelndepigsing cthe ikinetics afiddengué reitdtive RNA

strand syRfsis BPIREPERVE (1 anes 1-3) anplification products
Sy?r 0#1 m?ce pgilr{ai ns i nocul ated with inactivated virus;

[0046] Fig. 15B is a graph depicting ribavirin inhibition of Dengue viral replication;

[0047] Fig. 16 shows the correlation between quantification of repetitive Dengue RNA by real-
time quantitative 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;

[0049] 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;



8 WO 2004/ 022784 PCT/ SG2003/ 000209 [0050] Fig. 18A is

an "hot-start" anplification plot obtained with Dengue
webt@nda7ds usi ng DNS2-f and NS2A-m nus-r pri meCEHSG2003/000209

ten-fold serial dilutions of 0.1 frnoles/25 ul are

detectable; [0051] Fig. 18B depicts ¢ values plotted

agai nst | og of known anpbunts of standards; [0052] Fig.

9 |s,depicts primary sequence and .predi.cted secondar i
(0050] Fyg. L@%uﬁ@b%b%-ﬁmﬁplﬁgm 2lo; s authy Reggiye, tandards using
DNS2-f 86 RSIANG L Bhnfeﬁeteh%ﬁmeﬂﬁﬂiﬁtioﬁm PTBRARI25 ul are detectable;
i nvention; |0053] Fig. 20A depicts specificity and

v h § . .
0051 P 3 LHCEly SR A eaaRS b B

NA, of. an RSV vi r utilizin [ ErS
(00521 FRGrFtip ShpRay, PRTHD akfop o, BEURRE, s fRllagy sructure of another
exemplahNSEROI daBigné D torttarge wifhBhé tauvlEingyofahepicsadp hvestions

gel validating the results shown in Fig. 20A; [0055]

[0053] Fik. 202 Q6pists QPSci@iyPadadh ittty vAdeStidnOm Residhhdéewithe present
) i nggatlve strands of RSV, both prinmed wth random
inventiogn

Brasr sxeniid@s6positivg. steld Bhgwripao etV prieyi wilizang priggrs and
.- 0of I m.pri RSV . ,Ltive and negative
amp hﬁcgtfornalﬁ%g‘ 8d1 lgﬁggﬂggﬁcg ."V@%ﬂg}g?@kg the correl ation

ons SRR el PARRL LT HIATARS)
ons1 55k Sl 2 30 B S LS Bk v, o

primed Wid€ran8&hHeRAger@f the invention. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS [0059] Parti cul ar

i he. . i:nyvant:i Qn Y I [ s
100561 1367220 TR Jbocro el R 0T ERUSR® BfinRETRSF; RN Posiive and
negativeptrands; pl es and operati on. However, various
nodi fications may be nade, and the scope of the
[0057] HigvEndépidts ti dodrelakibimibtnden quinhiattrnesideplicatieerBRSM RBIAL from total
or o&gr tiaons defcrib d. For _ exanple, while specific
RNA fromg ReVeptestefl &V eng aellsegd RiAgEs 1 pthd det ecti on and
guantification, it can be appreciated that any )
[0058] Fape isiap exeraplanycschemaeficsel the arden gnd Bseqelt wagiony PARENs in accordance

whhﬂmQ&ﬁﬂﬁg%BFﬂebﬂwﬁ&&Prdance with the teachings of the
prese I nventi1on. Likew se, the teachings of the

present invention are accordingly applicable to

peTAI BB ERI TN QF TR RRE ERRE EMBBERTS ™ '
skill in the art. 9 WO 2004/ 022784 PCT/ SG003/ 000209 .
[0059] Particular embodiments of the invention are described below in greater detail for the

purpose for illustrating its principles and operation. However, various modifications may be
made, and the scope of the invention is not limited to the exemplary embodiments or operations
described. For example, while specific reference is made 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.



[ 0060] Abbreviations utilized herein are as foll ows:
Qt-PCR quantitative real tinme PCR, RT, reverse

wo censerspt i on; A igo, oligonucleotide; Tin, nmedT/8GL03/000209
tenperature; Ta, annealing tenperature of PCR, nt,
nucl eoti de; bp, base-pairs. [0061] As an exenplary
enbodi ment and to show proof of princi pI e, exenplary

[0060] @%2%\%&'&%)%@ &\}ﬂlz?gggﬁp at | ‘@M@ﬁ@& Ayants a¥1V]3 ?fﬁ élme PCR; RT,

reverse CHahSésiRA; aOﬁ 0 Utdh'gb&%@eo‘ﬁﬁé eiTin, MmAALL" tMiefatitle! NT4 N@nnealing
teachl ngs of %he i nventi on.” The net hodol ogi es and

temperatuessefl Rt coicfroside; dpsbasegainses are ext endabl e to any
singl e-stranded RNA viruses, including HV,

[0061] Asagm«dhmksy en‘nbbdhmepb:hmlrtbtsbrombrdolﬁ of gnnmplesexefp}ﬂaf?(ﬁssxtm (+) and

iyt 1A B0 TBLASEL s R L LG L 8 RSt

utilized AeRENER locQUEHET Rith Qhe SERRMgE BOIhY Slvéttichh g ehethbdbgies and
and quantification of particular nucleic acid st randg

resultanta«roenmmm zb?@lduwelam/\m(tm@bz) to a[rwomglestrmpieﬂ RI¥Asvignesfincluding

eci fi verti steml o

A, GBS e st POETOpEife RBThen urRelon  Hecreligpl daethod for

quantifyth@siuglRid @ld@a%s alekpldile astdypoampliteatis ;ﬁﬁposem of uni que
target sequences having appropriate thernodynam cs,

[0062] /@%eﬁ’&ﬁ%ﬁe?ﬁgwhﬁi s WoAveS int 1HRSRtQ@BbAMAH quantification of particular
t her rodynan ¢ paraneters provides for the enhancenent

nucleic asfd strapdrare dessetbed belpwt(Figods not affect  downstream
processes, e.g., PCR [0064] Step 2: Design of

[0063] heSfiep riefiesignadpl spkcifiatcooveriible stemsloophirnérice plegrnitleotide:  Stem-

oo B o P B A gt e e

sequencésCBaNihg@ RbproPH&te ethemasdyHarfict, 2] destkibsd @lowt B of these optimal
reactions. The hem -nested primer can extend beyond

thermodynymye pRramsicys Brvides for the ephaneemeni of thg RT rgacsipn tbﬁbdoes not affect
downstr?a@gﬂo‘téés%&tk QN priage. [ 0065] Ml tipl exing of specific
S

can~Be realized by the utilization of

[0064] gr eac %S%r g %&?1@% hesfe ?ﬁ g%t O(%ng%lrﬂﬁérgr dsFRF Tae?m c prlmers for use

in amplﬂﬁﬁ&tﬁfxﬂfbﬁctl(ﬁ@ HWthSan@&ﬁ tb ahiedric, amhgede ﬁfe@M’bds%ﬁuérﬁés of resultant
effici ency determ nation of RT-PCR. Probes such as,

nucleic peif stgpdy prisipg@ut KT magtiens, Thehemi-ngsted ipgimes Gagpextend beyond
chlmerloosre d&%e%%&e%é%@ec?ﬁcl L Hegl?rgl)htfg § _anplification

cts provi ccor ce wt e t eachi ngs of
T U IR W N -

energy t@zﬁﬁfdﬂE(IFREﬂ‘a,r bnoOkxdigle SHOA dBteeticra ekl ddRige Cloe dnwltiplexing internal
anot her probe of different wavel ength

f ot
controls gad m%swwah Hrddesdogefficieggy é?tsal)\matemog){{ﬁe??c@aPfg@éﬁuch as,

t §ililds RE Mlak&E! FEHRRApRIEE Routl0al¥be utilized to detect
but not Jigited B JIGLECT Pad, IBHASARACY ouitralboTbe utiized fo detec
amplification products provided in accordance with the teachings of the 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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[0066] The steps entailing replication of RNA viruses

is well known to those of ordinary skill in the art.
wWOVionab22RMA replication proceeds by first synt hreIisg20ep/m@0209

conpl enmentary sequence (replicative strand) fromthe

viral RNA genone (in the case of Dengue, NS5, an RNA

pol ynerase, is involved in the synthesis of the

| icative strand). uent |. 0 ' . s
00661 EPHeGE g Heltion TS it el R 7 REMR st Borapgry skt
the art! N¥iheRINA abpl¥tish rrocbedsT by Sfifgt @p@B&sizig aS coMplmenam sequence
. as the replicative process (Chu et al, 1985). [0067
(replicatiye rstrgpdnfiem the Niral RNA generpe i ithg cpsea gl Dengue, NS5, an RNA
S t ks t :
polymefRE AT RHANVAN MESTRLE br e BpRialiGh sfirs) TSR Rentl; 16 genome s
replicate@® bl Gginthésisiag ecinpletnenthey tédueas ito theareglicaivarstrafid. c Fhisgmocess is

) of a desired nucleic acjid str by utilizing
mnuﬂybﬂ?ﬂ?@ﬂﬁ%mecﬁé@ﬂﬁﬂ%%S&%Wﬁ%?%?@ﬁ%- ol i gonucl eot i des,

such as a SCRO, and hem -nested PCR priners. [0068]
[0067] fn fegponse to thedack @6 spesHicH and aRoYENbEIMCEHRITLFIaSH Mikigrio art methods,
the teaclllfr%s lof tﬁ/eagrks%ﬂ‘? inve t?&‘zlj’ {lidp 'f(ﬁ-l aivel H{eﬂltoaco‘?lsﬁl'ec Cihexﬂﬁ']cation and
reverse transcription for exanple, teach that priners
quantifehiion df acdested huelpiceadid strdmd by iwilizingopesticidardy idesignddatonvertible

i [ rogra d utilized by various oligo-designing
Ollgon%ls?P{f%ér %*nggﬁ S%tang g?@l'%%?%&ﬁ‘ﬁ{@“mgfsav oi ded. In

accordance with one aspect of the present inventi?n .
[0068] Brigr gy methedsi for digsighias tadigemclgidesy &y use dn napiepymolecular biology
i . . ety ]
protos R e AL o SLEROIANS SURRACISER o s MBI o it ol
This is @ combideratiom, thatas paigkammedarsialtidicedby dasiugmdigoidesigning software such
ncour.age self neal i,ng. | articul enbodi nent s
that slf AT 1 O or Mo EMIRTS b PRBETFGH of e PPk gtion and by
utilizing® Hel tbARRiRE phdVed AeBaR s dr diRrABdydnid chfadtbristics BEAR provided
~ Stemloop Structures, 'having been designed to provide
oligonucleetidrssumded seleriedresagtiranandidions. actually gxei setecteriisiesigngyl t@ encourage
stem | oop un | Ph: ' e bt
st s, BE Bt PO QIR UAC oy 25 AnSOBE e 376 cat
portionfof theeligbMotgotide and acd reswls thesh stghllpop stndtiires;daving been designed to
.. (specific) primng site during anplification reagtions . .
provideHie) desuodithrmgdynateie ShAtBlerstiss | Gorming goStemelapn dnflg Fanscription

reactioﬂggﬁg\flsi.otnf %%gg{léa?l%in%nrhenﬁe ﬂlﬁﬁa@%h&tidﬁ%nd@%ﬁ?,ifl)xeé;(gmple), can act

odi nent , thq de@ectlon and .
as a hmhbl séleaei Gpewfic)vpriming eifd iduang \werphiNdatgan agadtions while avoiding

s e g e BB AL B BB BT v

inventign, is exenplarily illustrated in.Fig. ,2..Th
10069] {055 remBofimedt. PR st iR (ne SRR fIsaRon g ridieh Terlicative RNA strand
utilizing(ﬂlﬂs' ﬁ?’rﬁqo@ﬁ ahd) Rl nSHRIORCR M &Y, Y1 GEdRBandk WAt {88 teachings of the
pecific anplification using the hem - nested PCR

presentgnventips,. is Agsemsplanity ilstrited in2Figt he TherspegificinORl fheimethod described

. W]l not an | to.random. hex r priyred . as.. .
hercin § gebie g oL HH66 L BMDAIHO A BT S5l RgEmB AU Bne fhe hemi-
nested PERI prin@$t Ad sk B FigeD, 1he felefatdPARASTiAer D Wil Bot anneal to random

sequence that anneals to the chineric RT oligo at a )
hexamep@mingadagJéNA, 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.

11



11 WO 2004/ 022784 PCT/ SG2003/ 000209 [00701 As
di scussed previously, to be able to quantify
WO sphkorasd ve viruses, nethods utilized nmust provsEmoza000209
assay that is strand-specific, as replicating viruses
synt hesi ze conpl enentary sequences to the genone
prior to replication. Generally, the assay woul d have
[0070] AE‘ Bist@kdOMeiBusl§, rtbtb%ra'bﬁ: to 1—1qu&§9 LITL A GRuskd) QR%H&Etutlhzed must
fromcorrect strand. i) Strand specificity studi es
provide p?’éfaéfi’dabthﬁt oarstnae@smmﬁqm ashrqplicaingy Mirhees i ynthesizei @mplementary

Thi s allovvsf determn of the
sequencBEkf e gEibhe Triof 5 ritiep i rORbEIED e Rie i e the fatlowing
criteria: conduct ed in the presence of random hexamner
nt hesi zed cDNA viral genone. As cellular nucleic
‘W§lm¥we%é¢wch§0mrcaﬁdﬂmrpmd mers for RT (Qunji et
aI 1994), the assay nmust NOT generate any product
wheny a f LN S ' hes]
1 SeytspeatL sy fOENAL Ry b e Y SRR RS mucteic
st r andacigre clitiis aldws fosdgenyinaivn®é the dynbicSangne the assay.
specificity studies should be carried out in the

presen f het.ero eous l.c.,acid m xture

consjls) $t’raﬂ’§ B! 84%&}@}%% arg E‘éﬁ“ﬁlﬁ gr“)‘ t}ﬁdﬁes\%‘?ea‘?fufﬁl’\&m bexamer
Lar ge girpized cBNaevial g8RnRe tAMIgaRtdIEiL aailk Hﬁy serve as
Shoul d have a dynami c range of about ? 106 betWween

t he colirpdem PEAWTS fae BAr(Ewni st 2lalfP4),3he Hsgshnmeuﬁﬂﬂflgenetrytﬁ any

52; ?2@@%1{0? g\%gh ngﬁﬁ@fog gqngg t&§ %fltﬂiaé)m gﬁr}t eszgp W1H1 random

hi gh- tﬁrnwghﬁlﬂrochmaismﬁ&ateahﬁexﬂﬁmy spbkﬁﬁ&xgr B @bmbhEised.
mul tiple steps or utilize detection methods that are

el LB ek S amdbe st paRY ihpireswse o eterogencous
pri ”errﬁl)clelc #&5d RuaRs cgﬂsdﬁhg oF bé‘lﬁ%o&%&lﬁ% %:Fcpgga]t m‘?e

prior art nmethods utilizing gene specift | gos
both RT and PCR (for example, Laskus et aI 1997, Liu
2 tLagge dypomc ram@ﬁﬁ?tquog{gua@@@glow\zﬁi@u@thaap a dgeofic range of

a rb@oﬁ:thi Wrﬁeﬁw&hlt éc]rrem 1gcor}e§95t1$ guences

(non-gene/ target ated sequences) for RT and
subsequent anplification by PCRw th priners directed
3atHigheenstiygty( Tbe assapshaild bel&96t0 ddpdck d+10abpiek of @ ASsired strand.
Si epps et al, 1998 Cragg et al, 2001; Navas et al,
2 et er hi e | ow
42 R8It Iy Feadprapipeh B G hantarifiges o FrasStetiouidinot have
C anuleplt seps axnlmlfze delettish heGeds tBSitars fabailentive stdhEas, for
range of 102-105). Use 12
example, Southern blot analysis and multiple rounds of PCR (using nested primers),

as taught by prior art methods.

[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 10>-10%). Use

12



WD 2004/ 022784 PCT/ SG2003/ 000209 of the sane oligos
for both RT and PCR result in a lack of strand
woepecifrei ty and al so suffer from m sprim ng BIT/$EE00IAN00209
stage and subsequent anplification of nonspecific
products. [0072] Likew se, prior art usage of chineric
oligos (having a non-viral tag and viral sequences)
of the s{unc ohgwfostymn IRESAne, POR kd3uss b Rakl en birR@Rpadhkityf arﬁpéléooﬁffer from
rlners to the tag and a V|raF speci f
m‘SP“"PB% @trté grs @and gybseqyesbamplafication ommsmfmprsdums | i zed
these prior art nethods do not have desirous Tm
[0072] {35‘67"!*’6@1“ é‘ﬁtdlsﬁgﬂjgf Q:h;mnm Ohgnsrﬁha\en@ Ach@nyviml ragaind rviral sequences)
e present
for DN/ YA, WG, ORI anBltibio YulirBa Rty inyhaing and a viral
specificrresmset pmﬁer ﬂ’eﬁmnhdkfi glaTlh@ImaérQ QiBledBy ﬁ%%(ﬁ’ra}’t m%tPods do not

have d schertlzraFB f one strategy for designing a converti
ave degifousort dreiges: gad thuscde pel fegmesscendaryt sserchiresy(soéh ahhe stem loops
taucht B e§§nt€g&%e | e t [ 0.. 3.. Exe
e ?eps &nd c%%e?g%?)aﬁn gngﬂ ug %tlje%s‘élkl My W?‘Hﬁwng ‘ahd resultant
misamppfieatioons, such as tags, viral sequences and
combi nat i ons therefron1 in order to provide the SCRO
[0073] /am dszmpinfyn schieadtiPOR ook S’diﬁfe%%l_%r tdl%ﬁgxﬂhgsae%n\)eﬁm blifshucleotide,
dipeS FSC“ hed hel ow. [0074] The rational e and
according, to Ihe iraghing g &ﬁprpwnaw@pme%dwx@tnd fth Eig. éadﬁxamgﬂalgfsteps and

conmdeﬁaﬂ&lspfo?%@fiémné W‘e@ﬁo@{ Ogﬁc‘ﬂh s & % gt\npal sg qyenig ?s and combinations

stem | oop chi S conve
therefromoinf QT dereto ipomvddeathd SCGRO Iaadrhemesés&d IROR ppifiep®6Sthe present invention

ary nodel viruses used to illustrate the use of
is desan%Fs mat hod i n distinguishing and anplifying a
(0074 @’F ﬁ Ieotlde strand, such as a replicative RNA
] ZHana'Y tsﬁréteé@ﬁ davehiia’ aseeidncset with thgriegahings of the present

inventioY! pré$RIE fo?\sme ada, ?xt Cofl kte fbgg EfaRleki aleo %hﬁg CIhr%vmg convertible

t hese viruses includes t novo synt hesPs
conformpfiqnsang @r(hmmrggs;gd B€Rmmsmdr$ VExenfRGY)mdddAviigeanskd tdhustrate the

t the ties..i.s therefore indjicative of

use of € Aaho0h YsubpSfad R pigyie é‘aiqlfi?ée‘{/}’?‘i}%‘é@e Jondspuch o a
rephcatl%leA strand>aeht Weyighé AndTessp M!lt ?@5‘5\"

go Strand Target gene(s Eiis ue 2 NGC S )Ct'TaMQ D). The
rephcathw@@ fthasg yuryses inghidgs e ’RFYQ pymt esa¢ 9f mgavd @engue) or positive
RSV Rﬁ%&% Th SR 0e L 00
RSV) ow hg cét\w/g%%(%?gﬁfsf ‘lfs%s (z)algt} ect s eé?%L dﬁ%tlﬁ%ﬂg fhgresgnce of
2whvdymmhﬁnmgyugﬂﬁng an exenpl ary SCRO here for use in

replicating Dengue detection, for exanple, in

[0075] Takle dr Bremgydarwd Vikusere teachi ngs of the invention.

VIRUS Genbank Accession No. | Genome Strand Target gene(s)
Dengue 2 NGC Strain M29095; M19727 + NS genes
Respiratory synctial AF013254 MP2 gene
Virus B1 strain B

[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:
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100771 Sel ection of a stemloop chineric RT oligo: 13

WO 2004/ 022784 PCT/ SG003/ 000209 1. Optimal size of
wroosen2784 Not e: For the exenplary cases util i zai/SG2003/000209

herei n, Dengue and RSV, sequence honol ogy to

manmal i an sequences is considered). Accordingly, a

long prinmer sequence wll |ead to high honology with

B oS SERARE NG5 B By 1555 IR bl B an

RSV g@buetick AbmSRAEY €6 eammdliinSseq@dnicgiois| cengjtidred)of A adoadihgl9, a long
to 15 nt, nore preferably 8-12 nt are fqund to be i
rspmgrrsgruenpe will deadotet kigh hemolngy nwith mammglian; ssqusngsy @ingesirable),

SO N Li .
SR el 0\ AOSEU SR PIREEARUfndle O vt vt e
THws, digoderptiersfabparst tods rit,amérapgeferablyt8el 2 ntraxé found to be optimal.
(targeted) sequences. 4. Formation of a stem| oop

£ 0678 £onnustoriBons D% fdBiegrre e pRigh e ingdShoerature ot an
anéb?§ﬁén@ﬁ(§%ﬁﬁé?@ﬂjﬁﬁg§h0ft oligoners (12 nmer in
| ength) derived fromtarget NS genes (total genone
sizes of -10 kb) resulted in a few potential_ unique
3/i Yngrifisity abthe 84 sequemnse ROrtionnis tasgeiedtol Vi dargsied hsgquences.
mejority of the oligomers analyzed showed honol ogi es
o . B 0 .
4 AR B BPY RoRTE A Rys SMRE S TR sl BOLE LR R IE o),
experiences were encountered in designing appropriate
[ 0 | @r |
10078] £ bR oty st BP S DlenghO Mih AR ool o i mers (12
mer in leaghpderdved sfeam eargesNS @endefigralegddSnib( DNS-df) ~1l0ekiytrasudted in a few
.domain ; 1056 bp No. hases scanned : 1056 bp .No. .
potentiah ipigue yirgleieARsRges SPRgatvhich ?regﬁé@fb%%f &rmgfriBiaf e lieomers
analyzed SRYWE! h&610ERS1d exBARYEN GRMNMIIaPARGHRACNSTE{dONSs 4hem unsuitable
Length of dormain : 1044 bp No. bases scanned : 1044 ]
for use fthiostrapegy itEigs 3 reSimilag exparieneds avere gncapnSeediin dosigRINg appropriate

oligome[r)s’\k%% 12 R,

[0079] Exemplary unique Dengue viral sequences having low homology with extraneous

mammalian sequences:
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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WO 2004/ 022784 PCT/ SG003/ 000209 [0080] In selecting

the viral (gene/target strand specific) segnent of the
weaRdkIsbe assenbl ed various considerati ons POESGE®3/000209

kept in mnd, such as the Iength of the gene specific

segnent of the SCRO An exenplary |ength, such as

about 6-15 bp nore preferably about 8-12 bp or

10080 13, S B2 Vish et it el p S iReen e S BCRO o s assembled

various ¢oRBIAEfalbAY RustIRKkebPin Mihd, IR o5 eRS RAgthQT thé bér s@e&ﬂ@ 'ségment of
oligo is that short oli gos gener ally have low T

the SCR@bnﬁé\’ edsieplary length.t ieh @ abavte618 . frapre mrefarbiv ?hspslt 8-12 bp or
longer, c&xg @g?‘ggzﬁf agnlg%‘f’ £ t?lgq%leéii i z%ﬁgn tos&%%bécjflﬁ% L{}(IAOIS +/- 10°C of the

temperat@feedsel ifér RE( ll&llaf‘reasoﬁ f(SGRngwshoa‘tt dligosis thdtahoit @llngBgenerally have
tenperature_ used +/- 5C), then this
low Tm §éﬁl@éﬁ‘ﬂ?’@ 91 the éequﬂlﬂmﬁdtseé OraBﬂ"éméothHs/ Isgts 7@ thege ganges increase

ifi f96% iohhe annealing tenperature of PCR (Ta).
spec ICIEFad ersﬁe gen specific segment of SCRO does not

[0081] Hrg gh%agegg sBEcllffﬁ e]c%% ﬁ?f %Q{ %832 JidA? ggﬁx g&e( ﬂ{gpgeg'nperature

used forfRJT (R’.T +an5fC)tﬁhUIS thik lséquende slefies enlasloab@ blkito dlybadize to the target
prinmers_in PCR (ngonsi der a hexaner of G this sequ

cDNA aljhp nneqling teznpeianire 9B S R (FA). T TWsfBe a8Ie.PFEIC APATBRIE ORICRO does
not Servetzg %ﬁﬁ’m‘ﬁ‘%ﬁe% tenperatures |ower than PCR and
e

hexaners are carried over significantly

[0082] &sﬁannte Q?&nf g%:,ec %&c&grf he)EaFr%{Jq%ﬂ %el%%l!)\f/ 88% g? %[aﬁ l%% ﬁlgéd) for RT and

thus willaxasgriveas anplliﬁdatxon ﬂﬂmefson Pl(]ié(cSﬁ‘ﬁ’ﬂbraf hetxhmepof@ ethis sequence will
have a T’a{' KRR Th sapg fadenclie %@5 ehe é’§%?i‘mg“|§;’g‘?t (GppeTatrs dower than
PCR ancf ett\bl?en5the thekdhétshre chitfed 5@ WdniftAn@ k@ thel BCR sti3b,MBE ihexamers
tag and gene speC|f|c/strand speci fic sequences
will not bmlﬂhtqwmvaldesDNﬁAoﬁemlmsaﬁheM (Fig 4). The tag
portion at the 5 end of the oligo should not have
[0083] Iis engiexangde, ahd irobrdgoios theSARE@ 0@ treeredent inventestto s¢rod8s4 template

o oo RS Lok S LS TRDLTEL U e syt e
resultingt d180li8G dhEmbBdS Sfj ta@ hnd QRHE BER Hid/ :ﬂﬁlhd %b&:lﬁé %cﬁl@@&k YwHiétPPRovides

non-rel ated organisnms.  As an exanpl e,
for a ste@x]@np|(ﬁxgy4)c aBestagfportipa addhe deerdheaf Fkg\plxgprahgglg not have sequences

X i.lized herein, non-manmalian sequences
homologgl sf{emég e%lowﬁtg{/ecsﬁ d msprim ng at the RT-st age (FI G 2

[0084] IIP é’G‘EFéetg amo@{)prr)?ﬁtwloﬂgng%l%m? ing é(g %%ggggﬁ & t a stage the

choice ofl tteCth® $£Pased @ﬂysedlﬁdnlzészthﬂgar@%e@eraﬁltyl feorh rn@ﬂ—?@lbteﬂtoigmusms As an
(bel ow). The beta-actin was used as a ta

exampled g thﬁeqxgmlayy cyyge of demPangyg and B\SHo‘ﬁrves@:’r @eqm;rl@rdyoltihg@d herein,
non-marﬁrggh u]él%{ g%%e#? @%lb%tgg' %vﬁltdems At af 42 rRLS q%%n(iﬁ O2 and 3).

M SPr i m a- ac Bquencés “Even
Formatichyéfl £ stef loBﬁBf 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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15 WO 2004/ 022784 PCT/ SG2003/ 000209 [0085] In order
to verify that utilization of a prinmer conprising a
wostoeqei208¥p segnent, a prinmer structure PCT/SG2003/000209
counterintuitive to typical prinmer design, actually
reduces msprinmng, the follow ng experinment was
conducted. [0086] A conparison was nmade between 2
L I
[0085] ﬁ'pbl‘a%rbfgtc\ée%:af ?l!ldr‘% Ql??%&%@%ﬁfpt }gﬂﬁér %ggféir%naegeﬁlqooﬂégmﬁm primer
structurg lcumtanmuthywe xp rtgsisa chrinmer | devign,, adtirdlyere@uces isprimimgRihe following
% garZ and par2-zip9) were used for reverse
exPenm(ePta at5on8psteh fol lowed by PCR with the same reverse
primer. [0087] Accordingly, qne m crogram of total
[0086] A; grppagan was spdf chatwern § shamerie R aligos rinfsptippally designed to

misprinferJato \Me{ahac Int tl?ﬁ{scx%)t %soﬁetf Q&f nﬁ?{tg;zéygﬁes?% 1R, these 2

was carri e usi ng

chimerid/Rdi sligos (PER afrxdrpaﬂizmQh wefemhsledvfedrdyyrss transcriptioh delfowed by PCR
i nactivation at 70C. Twenty five percent of the cDNA
wnhthes%?ﬂ‘teﬁ AL e anplified (40 cycles of denaturation

%C for 0.5 mn, annealln at 60C for 1 mn and

[0087] é%tOé aglynong mieregtagy of; tofal dive Piae siyRsted HuEqverse trapseription,
[ rever A . r o

®T) W er O o ik’ (¢ Al SERDL BT B sarllidl g 42eC using

ImPronﬂP/@Pcigﬁégiﬁ dMadicdny US) #dri 45adinh Yol ialed byusniriin ofrhete 11(a‘Ei1gat10n at 70°C.
The_sequences of the RT. and PCR ol | .
Twentyg fvg @ﬁrcﬁ’étl vihe cRNér nihesizedevere aenlidisd d4Q pyclessf ﬁ@ﬂaéuratwn at 95°C

for 0.5 izl Hﬁ%ﬁﬁ%gl_tb&j°@_r1%€3 gl l(ﬁﬁﬂ %ﬁ@ eREASE §t072b€tf§r Pefih ) with e HARY- nested

PCR pm@m&()‘ﬁﬁﬂ@éﬁ@@ﬁm@wt I&Q Thirtij@ernt O‘Paheanop@cts were then

electropkggﬁe%o‘m -‘-‘ﬁ@%r dﬁg%&%fg%( §§ggi SE% PD% 3589] The

o088 PR PSR R g bt b B LB g epresn

Dengue $tquéiddd! 651d 3¢ &H(?es%ﬁm%tt@g@ta ab@P90] Results: Providing
a steml 00 qP 2zi p9) reduces anplification of beta

ActinS:act | nGéG ATﬂ“ﬁG%Tﬁﬁck of anplified produdiSEQnD NO: 1)

th ' ' ia. by f '
Parz: 0o RCRGORCAIIT AraRAGReCTEER 0¥ soquencesSER NO:2)
Par2zip: enmCTACAMSGACAGIAECACTTTIGYAGAGACETHOW Of(SEQSID NO: 3)
chineric RT ner to actin. Conclusion: Steml
NEST: preveﬁ@@A&A&’ﬁ@(i%@ﬁ% sequences. [0091] A(§EQ ID NO: 4)

d| scussed previously, an exanple of a tenplate that
utilized in the desi 9n of an appropriate

[0089] Ylse( pidickdpreansgesiaiture of Regindais shown tih Fige t%‘gg Rliggoes not
form an§ gtaBl'%%e&fnﬂﬁr?@iruEtﬂYe@ AHRRT 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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is the chal one synthase gene of Arabidopsis thaliana.
In this exanple, tag sequences can be any 16 WO
wQo@4/02284 84 PCT/ S&003/ 000209 sequences t hat pODSGTI3/000209

anneal to manmal i an sequences or the viral genone of

interest. While the choice of using the Arabidopsis

sequences (Reference sequence: chal one synthase gene

of . th Ar abi dopsi s thaliana; Genbank accessi on: .
soquencqy iy no 8t AT RmAR Ha0gieneit Be QIpGRaRE oF Hierest. Whilethe
choice 0PQLMEaRe PAlrAlSpsRNtqiEHEER | Roferehdtesequéice ObilstieVShRsH gene of the

evol utionary relationships nmay also be utilized in

Arabidopsisi éhaliapag Gresbandr agsessiane IMG35Y) (et becawseqefeheegenglio differences

e Y 454 0 G PSR s sy o e

utilized W bRilet K@ cotded paftfculafly wefullseqiiengs(iab homolddyd, thus reducing the

. criteria _enployed in the design of the tag

likelihoqdsaf aispréBig. porti on of the oligomer are, as discussed
above: 1. Optinmal size of tag and viral sequences to

[0092] Inont espsciogftanreanboditaenipasywithnibe slesign plthe viral gigoscdyethe criteria

f. priqger >..50% Fornmation oR 4: .
employedin e dfFlen i i g4, Grea-iolTborfBn 8 18 BhEMACR cigpssecpove
- 1ol Optimalbize Dif eagemdbiinabsbqganes wtaehiced bprrnalchdtmodymagacs in PCR
conprising tag and viral sequences nuintains
2s petC comtentyofprimenxed® ng to the targeted vira
sequence, With no significant cross primng to
3dmabtiemofsegeranioep stri@@@ ithHbe &) seguenags {stem-dorpl chgnera RT
ofoligog viral sequences, exenplary overl appi ng short
oligoners (12 nmer in len thz derived fromthe chal one
4s yFherragbingdrgen¢rated ghimried lheligopcdaprisingstag ardiviral sgquences
ponaintains|speificjicofvanending ésthetargeted Mirplesegurage, g thana agnificant
i reredsipsinging to mgmmalipsseguienises.ow. The majority of the
ol i goners anal yzed showed significant honol ogies to

r i 3 0 , i .
[0093] TEXL, d%”iﬁotﬂé ta.ﬁ%ggl%bf l ﬁgaﬁ g%ﬁrﬁées, Qfen?;%@éﬁ@ﬁﬁb}lﬁng éhort oligomers

renderi ng nsuita use. Chal on )
(12 mersy tlérepsle): derivad) titomo theddrading synth@@0gdme (tdval. sizraees2 kbprasalted in 2

s e B i S s
of the oﬁ‘%‘brﬁé@ Qfrdly2d dhbfed @?gﬁfﬂdaﬁ’tnhdnﬁblk@@@td ExtPAnd6bs Mathhatiad fRuences
S

em | oop portion of the tag
(> 70%), again rendering them unsuitable for use.

[0094] Chalone sythase:

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

Result 1 (modified seq; 1668-1685)
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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sequences should formfavorably at the conditions

during the RT stage and nust al so however, nelt
woswbd/exisant |y for prinmers to anneal efficientPCT&G20682000209

Ta of the anplification stage (Ex. PCR). If tag

sequences do anneal to the undesired sequences, such

as mamal i an sequences, the tag's 17 WO 2004/ 022784

Tm muSiHlh %9%9&%991@;2@%115!@ iU offiRfwiletheY % iRkiloh of the SCRO may

simlar to its Ta, otherwse the stem portion o
unfold tdue @Cmmhganoumfaod dreshie in anisgahreahgzm mngermmd seqembds. These

I
charactfiuFs B e dhyetedtes, 518 ST SL IR APBIPBymics (GHibs e nesey (AG))
of the stéﬁ?—[dBPq%Hﬁmmhe(éﬁlﬂ@ﬁc bigR energy (A Q) of the
ste oop portion of the chimeric oligos. [0096] A G

[0096] C@@ cAE bE ABAALEE For £9<£acﬂ?ﬁ &AgikdcP Eheaagg of 86 ﬂpﬁr%%%tig)% is from

how far the readtion is from equilibrium I's 0
equﬂlbmascrltbrsdofmm detsenlbezdr i the rmA MGF NI MBerWherd, AH = change in

e:nthalpg,n S"ng et%tlngergﬁxé g tﬁ% r%mu;rb psleprc'lp asata ! {:l%&gé Il]!é) R:%Frrgg}? ct ljf C)an ;reaction is
exotheriOt (RAEAILL Heht§ | %!5': eilhaRt hegafive! @yl Eorﬁ%nﬁ’&ﬂ atphéerdvBde scenario
conventi on) he reverse scenari o (endothérmc)

(endothegmig) fe§u1¢mwhen ffor exmpipl NaCiNadiigliy strughegl csystalk dissades, then AH
will be ﬁ{%/gcgsﬂk‘)&\gi@§§#1¥?| gtﬁér{]ﬁ&]s%oa will be in a positive

hes s caol ). [0097] In the case
th [ ] L t
L Y N o L R T

energy {shed&iotgush He@EAVRIbE forWAR. " ENEFeSErsé PG isSndfemBgative) results when
negative) results when the reaction is nore Iikely to

the rea%&oadé W likely do prgeeedrer dis diving Aceonding todhe kapkjsgnpf thednvention,
AGis éaﬂ:\ﬁ'f‘zﬁ]éd £'th, tei%pgi‘ahﬁe ?Plln&x%?tfﬁld i(%;n@ Jf:l %;53%? ?bt lﬁ]est?%e., etc.

I nterest, Ol‘ exanp age,

t tQ ex s.th ensi t .
o A Bt L 07 ISR b e
of an eqlibriund bf &eacfiord Cemider e exeRipldrd @hisel dTFoRI¥E VBYs@d WnfoRIRE state of
of folded versus unfolded state of the exenplary
the exergpiary SERRy{Rengie QJisaneglenside dNBis In this ﬁxatrmnlg,ngcs( m@sv@ can simply
be desclibi& 4s€action can sinply be described as: DNS-
(unfol ded) HDNS- 1 (folded) (1) [0099] At equi I i brium

f )]/[DNS-1 (unfolded)] (2) G bbs
DNS- I&F’g‘gd%‘hwsci\ﬁpgﬂdg be expr eéi)ed with relation to the
equilibriumof a reaction: A G = RTlnKeq (3) [001001

[0099] Afeqmmgrﬁm@re nore nol ecul es of DNS-1 (fol ded) than
DNS-1 (unfol ded), then Keq will be >1. Substituting

Keq = [HR&-I dggj[l)iﬁﬁg {ungg&‘eu ]tl on %2WI | | revea.l the free

ener g

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 AG is, the more spontaneous the reaction.
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The nore negative the A Gis, the nore spontaneous the
reaction. 18 WO 2004/ 022784 PCT/ S&003/ 000209 [00101]
wdeaandi’sgl y, with the reaction described in teCcTvEGE03/000209
G an oligonucleotide can exist in tw extrenme forns
(equation 1) and the equilibriumis described by Keq.
Inreality, there will be rrany states between the
[00101]2?}&3%%6%1% fwtg éh%rgaﬁlg)ﬁ%gs% 1111'%6311}1%0{] gl’Gq&g %k nucleotlge can exist
in two eRttdri®fdrms K&twhon mmaahe i@ DCRSIribd bylias). dn f@dligy, there will
stabl e-structure ive A QG at RT condi tions. The
be manysstatesheiwesn the foldad @é%wa felded-gned to "zip" up
(sel f-anneal) the unique and a part of gene-specific
[00102] s eHengee ¢l ehgmhalbotrdesq@qumcn g(D|N§ -Hedumigie @yes mtrmmge & known
tabl e st

mammafiirSHaleitst Aad 1S B gt SRR B SR ARE TR M condlfbns. The 5

end of tReOREd Was desifddans ziphalp @El@ihnéa%e fuaiquetan@n pﬁ’t of gene-specific
favorabl e at the condltl on for RT. Hence, by

sequencefe ¢ rthasi mispaimtngts Iredicedy PpHerminge stabler gt;tmc AO@; stiupfgre, tag
b t S

sequenc%&%rlél nlqu Egyﬂﬁﬁfeggrc %@%%Ln 13 %ﬁv\f E%ﬂ%%ce? ¢ fé\g% %{'t%\gssA gif showg that stem-

loop formagsreistfavoryisiatt tha cosditioro ftir el Hedce diycsbi descrivfing awbuti eing Gibbs

t t b d t he Zuck
free ene?gyLangi{&?ﬁg)ﬁgy ﬁ(}e \%ﬁ(igrg?tg 1% seggrl agy struecturé:'lsC (s?erm oopg rn? rerx]ccordance

with the ité%t:ﬂm%@bf & gf&aﬂ'lﬁ\%ﬁﬁé@ﬁ%&%@écﬁ )Prediffn SPRETIdSry sghBt%feS can be
progr t pre ict second ary structures may al so be

computedtuskrigzihd . ZucRE 198 ramntouhd at étgggéwwwfbm hrﬁ“o;rpm@ntapp]ppahgns/mfold)

nS|derat| er.at ur.es
for exanplfs ST B Rlaidt ASsopfry bR oS TR iR,
hem - nested P ners.a e .
100103] o, Appiisy @Speéw?ﬁreamwgn i s srgraibr dhe, L ielting fergagratures)
of the d@ﬁéﬁéaeeewse A&bﬁﬂﬁgyl m &pmessmeeqn@membgtw PCRAptiRers are
provi ded useful” guides for designing the various
detenmr@drr‘p)oshtt ieseraplatyi kalgwaigng balewy adhesgsarentsedi asegides as these are
predlctn% é’ﬂ% Egd Eﬂgr ﬁllg chfagggt%%lﬁc lﬂ-lr-(r)] AP %/e r%u(}ctlei,?gf‘oa égsrl%m{lg the various
composxﬂengtktn%dﬁmme mdmmamb@dmaémemtdaoﬂreﬁﬁr esl auer et
al ., 1986). The fornula for determining Tmis: T A

[00104] H Tﬂeﬁn&s‘i{amﬁmzﬁ é)'é_éhél-;ﬁa@ thetho@ 9P [RM¥hlating \IRIi€ the Hearest-
isTthe enfhalpy, ASis entros)é/&@Rlsl987 ca

neighboythermerynamiq mlqu nethed éBIDNAu‘tfcﬂﬁ @bn i dive famepledor determining

the salt concentration. [00105] Hybridization Tm

This nethod is generally used for DNA or RNA

Tm—APUy@SLRth]}NADFBB 168@&& mldgAO[IDNAI])emtBGAd{ isthglenthalpy, AS is the
or mam de. e accur with | onger oli

entropya(Rrrarﬂ 98hsat K1k %1 agblADes mﬁcﬁi@} jcqRegntratof. sa“ﬁmcgs‘s the salt

concentra@big Ul at ed using the follow ng formla:

Tm is:

[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:

[00106] 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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[ 00106] For DNA: RNA hybridi zation: Tm=79. 8+ 18.5
*(1 0g10[ Na+] ) +0.58* [9% G+C)]+11.8 * [ G+C)]2-0.5 *
wOo(Bodfenrsm de) - 820/ L-1.5 (%M smatch); 19 WO PCT/SG2003/000209
2004/ 022784 PCT/ S&2003/ 000209 where L is the length
(bases) of the oligonucleotide and Na+ is the
concentration of salt utilized during RT. [00107]
*  @OerkIL isnthe Idigytie HabdsRbE the Dligonseldotide aHAMN 1§ AR concentratlon of salt
oblzedidovihg ®T.of each base: 2C for A and T and 4C fo
G and C. [00108] As nentioned previously, another

S f t. resenf..i nvention | at es, desi gns an
100107F 2 RECHAF 1o Btk Tina htsucat Bt G ion. | Se RS EIGC for A
and T apd 47®fs QGhdd €zed during anpl [ f| cation steps. Priners

must anneal to the tag as well as the gene specific

[00108]39%£efﬂ&ﬁ§)n@3 EE%RQ’&E&Q“PP“[%’?\\)?E ﬂf&}reggﬁt ﬁ%en%ot%grg *eﬁ id%signs and

gment of may no appropri a
resultang lsharaeteristics rtherefrbmgoﬁ bouiemsed PECR| primes aaieed laridg Amplification

icie ble the PCR primer to anneal
Steps. Ii&’e‘%n fmuég?"f%?af ©45° fogr %ﬁqle%i? th b 8HE SnepiditFoquenpes; ofghssBRBO (Fig.
5). As fhaSgeh@ cHUOLENRAONENRE SERCPmAY hef h fefige
t hen egi%ﬂra 3" nt(s), extendi ng [ n%%%ieﬁjmpmmf ei:lghe additional
tag sequepes VElingreasgdhel TeosutBeiensly tocmeple dhd PCRprimérng anneal specifically,
as mentioh&YLgyys! Y studi es have shown that overlapping

j unctional sequences can discrimnate between rel ated
wi th hi ecificity (104 fold increase

[‘"’1"91t  EEBE SO ol by By o Sukicfoes (or chaph. e extra 3

nt(s), e)qwndrrgrmfoame eGHET ferSoan bt &Pt Fadd ﬁ&h
e in &O%%lO] Age deglnct tusBiPlo e 1s %1%(? ?#{ij(ﬁ?’ pl%vmusly
studies E@R th"ﬁ’e agmygql%ppmg, j;mgthrml Cqu;gagc@socarh dlsd'lamn(aﬂe’ betﬁ@n related

rnscrid MRS Binc R0 1P SR AORER, iy BN Y e s of

the PCRfrimdrearB@RBoft asplbmdnmgntthecosaqu @'bblqﬂ%d;)nt) must not
have Tin simlar to Ta but less (< The reverse

[00110] pr AHElEpletafﬂllﬁ)Ri‘gi § theqRBRUBREPCRI ﬁxméros%&ﬂa] ha-l;g &I EhQUiske to the Ta
? & n accordance W th one enbodi nent of
(H- 3°Cyn{Femitst Bt begehleita mmsal tp 6PNA Runthiksizied msingg r@tltdomepnmers Thus, the
ene speeiffe! t R el S
Sene sp quaﬁe?ﬁ?@aﬁ%ﬂgg$ Qpl(l}?&arté] g%lg r‘ﬁﬁ‘? &0y mos d“’g{l?v&%n similar to
Tabut lehef(el@@nﬁharqveshpmmea@nplbeemegaﬁe sprecificl and of a RNA
virus (Dengue virus) conprises: (1) A SCRO having two

[00111] se"ﬁlmrcfo&:, ahd it agrosdmue Mit Sonk ERibodiferd Hreh@iRntidh, leRlelines for
uence and a 3' segnment, for exanple about

..
the desigt b chimefig Sfemooncelign EhBrFesicd R Rseis dor quanfifiation of a
particulaP @UEIBIECARd strand, here exemplary shown as the negative strand of a RNA virus

(Dengue virus) comprises:

(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
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(2) The SCRO oligo sequence should not have
signi ficant honol ogi es (about <70% to known
worommbizan sequences in databases (eg., Genbank¢T/SGAN3/000209
The nelting tenperature (Tm of the 3' segnment, when
hybri di zed to the desired 20 WD 2004/022784
PCT/ S&003/ 000209 viral sequence, should be about +/-
7 C oitalisbuched)Bledudd bé gbaus ed 770r offfle tefihbralli uded HERMENT
of the SCRO shoul d not adopt any stable secondary

Etru%tune at the condition used for RT SA G>_-0.5

(Rt al Theot epement)of theSGROsheuld agiadeptanytatieisesandsry structure at the
st ab tur oop) at the
cond%ﬁdgﬁﬁglggcgf#gﬁ{%é(ﬁ ‘%SQM‘EB]@ kcal /nmole). (6) The

| oop shoul d not anneal to known manmmal i an sequences.

(5X tHe $owep sseguensiwould sdapd apitabie stcandary ctrogtaree(sieanloop) at the
sequences, th Im of bridj zation of the |oop

Wi t hcc{nﬁglogé‘ﬁ‘iff {f}ﬁgﬁ %@@-&@éaﬂﬂglﬂfbe |l ess than the Tm

of the stemportion. (7) The free energy and Tin of

(bhe Tiedlobp Safuldiot Bfedl 8 kutvirl SEmURIIAL séRRnABATLHE 1oop sequence
nei ghbor thernodynam c cal cul ati ons and conputed using

t he FeR@lenshEgy dnrmamgpaliap sagysness, g the Tiohef hgRidization of the
cond,t ] 1.C ' houl.d t adopt .
any. o Al el SR CmiS] of 1isB B i e G658 Bortion

ef ficient annealing of a henmi - nested PCR priner. (9)
(Mhe Henfree pmsgyednddi pf ithe stemHoop thdyyle tatuletetl aisingethe nearest-

target .seguence, Wwth a Tm. simlar to the Ta (+/ -
10(:?’?‘*‘@(1‘??6‘3%%?%0@8&‘8%%&“ ‘OP%@%REB%SE@P ker program, for
pri rasprhoul d be designed so that there are no

regi ons of conplenmentarity which may increase

5ack round noi se/ signal s. LOOllﬁg The rationale for
®si n% e’ Gt eapdition ysesk the chimeric R plige should met aflept any stable
f ol | QWi ag: r ] stem | o ,
ot TRy st NG R BB AbchnideAR, S T g1 PER primer
spurious, extraneous sequences. (b) As reverse
(Dr arlherhieptii nesteadsPCR prineed sbaitld Aybridifs tof the tagangzlg@encaivith a Tm
opti mal structu {, the conplenentary viral but not

to ﬁH%“?i%ﬁ§§%uéﬁb%’¢g required to anneal to the
replicative viral strand of nucleic acids. This unique
(1ohi "Niteisequeaciente SCRO ahd! thef FER] BHimlerY shodldSBecdes| g@8P so that there
structure at the 5' end. (c) The design of hem-nested

PCR 2 ihieeiong pheaneplementanity whighomey ingregse baskgrouhénoise/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.

(c) The design of hemi-nested PCR primers enable the amplification of only the
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21 WD 2004/ 022784 PCT/ SG2003/ 000209 targeted

replicative RNA reverse transcribed by the stem| oop
watiower2ret RT ol i go. The unfol di ng of the chi merscCHwI3/000209

oligo nmust be energetically favored at the annealing

tenperature (Ta) to enable high efficiency of PCR

(>70% . [00113] As an exanple a chineric priner,

( DNS- 1 }argdi@tbrepiutiv® RIN A RS e 56 LR EBe PBFIthe stem-loop chimeric RT

characteristics shown bel ow (gap shown only to

di st i ngligaes hTheaupfeldmgwifithe chiroend R oligeimyist ednergsticallgAavored at
CCG TT TAC, 3'.. (.SEQ |
Tag I S0 PR PPy L R PEEE PSR 7 -

in the finding of no significant nmanmal i an sequences
anneal to the 3' .end.of the [ I G sequence, . -1).
[00113] 5" As o an te"WQBleef BUSTHMERiS, ¢ PryTeT Rﬁwbxgh%ﬁl @et ‘Fﬁf%bléggssequence and
charactesieits@R6®@n BEIB6 (BAS stWERLY to0diSTRMRh IRl di@ﬂp&%@ﬁ?@l@§510):
ng

considerations of the Tin of [oop sequences annea
t 02 kBeMLGE R €SF (&qu(i:?(}pq GE C%}Qa pllAEAY] e (SEQ ID NO: 5)

this instance. [00115] The use of hem -nested PCR

primers with 37Tagrotrudi ng sequenc¥&al Fig. 8) can be

used to achieve high specificity without the use of
00114] PT AQ! ex@fublary B4, RL4 . i gn..of ,
(001141 b exlblal SHAVR O Rquiid RS ol 8PB) AhRagg magomalian
sequencesanneal éorthe3d pnd bf tine chitndRE soduegoe @S- 1W Bincd i vetisTowaissh in this

exam lq§|OML £00116& I n Fggﬁ g Ege hem - nested PCR priner .
xample, (15 138 sequifies,dees noy, atineal Iq khgwn giammalian segpengesy cppidesations of
the Tm &ffoopsedudfices RinABIling t6kndWh FeimmAant LGuHRERAL I H3Y agﬁlic‘égl% in this
. 3" sequences is critical to the extension of th
mstanceyj r gl cDNA (here, having the SCRO incorporated due to

the RT already taken place) by DNA pol ynerases, the
[00115] nvi T neeadfi begniatested PCR pemdrsowith 3aprotneding suenesgFiat 8) can be

w!l no be.efficjent extended. .[]00117] The.l ength .
used to %x?‘letv 8%, SPB‘%‘@%‘FYumth‘dﬂﬁt%P%en g 2 ea}ailﬁ%‘e; PiefTSdiThg design
of these pFigegeRMgHly deskndemasi the GrERAUBELRe stbinlbos! SRBRGicALT ol d

) the Tm of hyb?ﬁaization.$ﬁgﬁthis segnent %gs a Tﬁ1 OHgo an
will be discyssed beowt he Ta, then the prinmer can anneal to the
tenplate without the need to anneal to the cDNA
[00116] skt FFigs$.zthel hami-hneSERACR Ipdser thhs 3° seqpendes e at@rtebtetemplate and

i NC,O . | at e nd wll also ,yield a ., .
provded BECH LR L R o8, A0Skl B AR 3 Bty et o e
extension afldenvifal tDBIAS (e hhviug theSSCRODAcorpytcdaRie th MLRPlalready taken

del i ne for Designing 3 protrudi ng hem -nested PCR
place) b)f?ﬁ:[\}ﬁe

polymerases, the misannealing at the 3’ end onto an incorrect template will not

be efficiently extended.

[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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22 WD 2004/ 022784 PCT/ SG003/000209 1. Calculate Tm
of the gene specific segnent of SCRO plus protruding

WO 3004mexeences. The Tm of the gene specific  PCT/SG2003/000209
segnent/ sequence i s about 510 C of the Ta. 2.
Subsequently, add tag sequences to this segnment to
have a Tin close to Ta, about +/- 10C. [00119] An

@ sed o e

1 ST R BB R s SRl Al e
ITSheSIMMﬂhe R&SAEpeeifc bEEnHPRQubRS inalgrine 190 @:mﬂ‘the Ta.
sequence TGAAACGCGAGAGAAACCG (SEQ ID NO 6), then it
will have a Tin of -62C at the PCR sta At t -[’P

2. subgpgeentlynaddsiag seevereaiite thineesy hlpva o1 ?ﬁ@épl Aoyt /-
tigecconpl enentary tenplate. [00120] In the designing
a gene/strand specific segnent of SCRO the sequence
must have a Tmsinmlar to the tenperature used for

[00119@% ’ A%%M%g@rgégﬁa‘ég&%@@?&gﬂﬁ%%ﬁ o?ol“%f F}g bZising the

Den2 gamuri ayya acriplatep is islmvdﬁsiﬁg;nmﬂing(ﬂié}&m)a gﬁEQspeEiﬁc sequence

roaniPaRagAtiaARbice SR TBHG: P fopcrerl) bivs™ Ll %' Cat e e

stage. Sﬁﬂ HﬁnPe?%f 80, afld ‘?,Qqueh&ew‘m ®E Aptinaf %i‘%@alh‘%stoathgl ddmiplementary
of the Ta. Thus, by add |ng extra bases

templa(eTGAAACC{:GAGAA (SEQID NO 9)), the Tin of this
sequence (44C) is still not optinmal for PCR at 60C
[0012(}1nnhathie nigsigiing aedene/stratdespéerfiofsegrhent 3f SORMttheiskqugnee must have a
ested PCR pri,ner_isS. ncre addi tion, of
Tin sim Tl e GBS CHUPT RIS B i redes P s PRasir <12 bp
(TGA&AC@@GA@Q](]%EQ V) Wa h& PTnPof29UYNCRsRiAGE 1B mer is designed

em - neste PCR prinmer is:

d
(TGA&%M g};;_ﬁ@ T ingpw Bbyut BE’C. Fhisds sitablesfor RT but will

i arnf .0 t o
not be GRARRL By BOR” ab 0yl ealdiler AEM B A el s 4 ip <10
of the 3a. Thus bjuslding éxia bats (MHEAYATCGTEAGAA BEQ dDGmGQ))sthe Tm of

addi tional, bp_that béﬁ ng the over

. __shown, an \?Flé‘ 1—1 ,
this Se@wﬁ%%%¥@|wlltnﬁéonfgn% for PsBiraf SR prineping eLfirasiors the: T of the 3
pro&u%@ﬁé (prfnfer iP 1Maséd1))% N Aitid 8f 9608 seqpences until the

strand 1s 35C, suitable for RT but not

overallPGRis §@01®af ofFaoof of concept of the use of extended
protrudi ng 3' sequences to enable the discrimnation

[0012 19f M@hhmplb@ﬁﬁlsﬁgmu& cfahednresudiyg hrhi-RESRd FER primer is:

cooaiRaGaLSaGAR Biebin SE8 10pob 3~ Pk T ese vorks, it

was shown
where GGGG 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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23 WD 2004/ 022784 PCT/ S&2003/000209 that it was
possi bl e to distinguish specificity of anplifications
wmiooabiesnati vely spliced isoforns of the GFRECT/SG2003/000209
receptors. The strategy in these papers was to use
primers which anneal identically to 3 isoforns at the
5" termnal but differ by 5 nt at the 3 termnal (the
that it va%sij passblt th dRGhigsh speafﬁzlt?f ro?%&»ﬂp‘hﬁcﬁnﬁ%@ afté}ﬂﬁtl\;elﬁe s;'ﬁﬁ:@d isoforms
such protrudi ng (overlapping) prinmers enabl ed
of the G&B@crﬁﬁpéors ahs| stmiegmn these m‘peesawas tfogust @rlmewwmm@m@u itlentically

to3 1sof{)EM§ ﬁt %IQ'_SS ﬁletg i dﬁ%&ﬁ@ )ﬁer gdgglte%dl}t i taggthﬁfl JagFIgéglilﬁtlon) The

results showedt thatn the G:&laﬁlsuqﬂﬁﬂ pﬁ:)tﬂidﬂige (®ferl ﬁ@%ﬂﬁéisg%@le@n&e specific
vided in ordange vvlththeteachlngs of the

mnpl‘ﬁcﬁ?%‘é? tea?*hv Fndy I dgi dbug this straiggy @ bevedapisddo the design of
the hemﬁ)ﬁ%m PCR é%qg%g??le%’rgﬁﬁ{ fnlv H?lf this steml OOP

chimeric ol 1 go, are as ows: Cal cuI ated A

[00123] G gfn éxgﬁ? ll:a&frefS@Rer af{g a PRY “?Ftd ‘% acc%ré i %mtlﬁ‘ﬁﬂhmgs of
the presdmjunw:eﬁw is Ia&'pltﬁmneF it U0 eVa.néh%@xéiﬂbIéW ﬁ!iy%ﬂ)cﬁ\exﬁcé’lf prb%‘&tles of this
1 alr fP EH\S PCRstep 0.4 kcal/nmol Tin
stem-loqhhet T RES ISR, PeRs BB Nate 50 M Mgt e 2.5
Calculat@cl“l@@bf!hg hhi?ﬁ!il?%dﬂdﬂ}ﬁe RT %FJ 9hedlmbence, at these

exenpl ary sa and tenperature condltl ons used for RT,

Tm (meltifg tén@fef@biepit RDftep=ge@r | oop structure is highly
favoured. However, with the conditions used for PCR

Na'=75wiMh an anneallng tenperature of 60C used in this
study, the formation of the stem| oop was | ess

N@”‘Smhhorable thus allowi ng sufficient relaxation and
linearity of the incorporated SCRO portions to

RT tempgraire get28€f i ci ent anneal i ng of the hemi nested PCR
prinmers to the uni que sequences for specific
anplification [00125] If the stem | oop portion of

DNS-1 is deleted (in this case the stem sequence of 5

CalculatetoAGOSS e haigpi loap Hthe RCR jstepandt eal/modenpl ary st em

| pop structure of about the same 24
Tm of the hairpin loop at PCR = 64°C

Na'= 50 mM
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-1 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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WD 2004/ 022784 PCT/ SG2003/ 000209 energetics will be
formed (nod-DNS-1, SEQ ID NO 28), as depicted in Fig.
wdloo4Bmees fi c sequences at the 3' end are avardEHEE03/000209
for annealing to Dengue sequences. [00126] An exanple
of the strategy for designing hem-nested PCR priners
for use inreal- tinmne PCR entails PCR priners
f Oy@r :
energetlgmseﬁl? %@dtﬁ)ﬁﬂ&h %@bﬁ@ﬁ §’]T€8 m’e\)l(ggjn‘p 82 Loy g%g qg?ﬁlgh lel. Specific
sequenc&eat ghee3 s wenavailaltle fdnanmahng td @eﬁgueesaqhdnoespr event
m sanneal i ng and extension of the viral genonme. The 3'
[00126] r evarsampPofdihe Rahteg s fetadesignihg Heasiadste® POR) Primiersafor use in real-
i enone, as previosuly discussed. Therefore, the
time chmﬁmaflﬁ E4R primsrs desighed) suchdthat the for\@sérpplmluf gm%@d within the
| r Y.
SCRO, R KGRI WS, St JAEHNE SRRt B BSChrRR X B to provent
mlsannep]nng‘rBTCBemelﬂlcnﬂ‘(ﬁ thé lvmaicgeﬂome.i flhe 3heeversedIR prifERis designed based

o e B8 0 B TG SRR o s s
exemplaﬁﬂngkh%hbﬁfv%%frﬁl% RN% lw%uldf Eérolﬁdiﬁ'ém&ﬁ%' wheR ka"z]]’CR is performed using
ccordln%dé | om ng non-| g exanpl es are
the combmgwru efi (bpdmerSt a;ldf the tskrand- spdclfmhm@steﬂe?@lé ammamg swith no

vent i on re _exe ril pl i
amphﬁcgtl% cgigt%fﬂgg Isﬁe fonj trz}ngﬁgl prénﬁ dC It(%?l Cﬁg&u&:@%ﬁ a%ﬁ%uxﬁ n Bengue infected
cells, forpxanipld i cation of the replicative formof 2 viruses,
the Dengue virus and RSV. In particular exanples

[00127] deAe&drdliaBlyl, $hed &iMRRSAg AdEHmht Mﬂ&eﬁefﬂrmém itV boMRr @S further
well as In vitro sources. 0128] In these sanples,

lllustratet the teaghinggioh theepresepl mventiont bere @kgmalrau Yrrmpﬂﬂ@diéo wieleic acid strand

specific Pétje!:t oéG%,ad qllaggﬁga%]on%?ltﬂe %bﬁ&% qg ?ﬁ“ glgﬁcfrl]glvllrus and

el ntai ne
RSV. I bmcﬁlm@&mmsfﬁte'liﬁ&h fsaieﬁgjne@atedlﬁbhﬁ'hﬁiies ﬁéﬁn in vivo as well as in
suppl enented with 10% fetal bovine serum (FBS;
W”05m¥ﬁ§ione Laboratories Inc., Logan, UT) and cultured at
Baby hanster k|dney (BHK-21) cell line was
[00128] ¢ ulnttb?wa@p eg7the follosunagxemplasy matdrialszAnd aeethods e utilgzed.
medium (Sigma, St. Louis, MO supplenmented with 10%
[00129] FB&ell tines @etggues ZMRmthﬁeHelaneCCm@O}fas graingained, iy Lsibewggz L-15

et AIBABYCEit OISyl 5, ulFRGHAC ! oS v

serum (RB&@H}@I(EH LhsoratoRigs Encd Isogiin,| UT Rt chiltufed! dt 98°(. %Qﬂamster kidney
e virus jnfection and titration: Mnol ayers of

(BHK- 2@696%21"& wapRubured af PG 8% GPpvind] Mainipingd) in %PMH§40 medium
(Sigma, @Pdeu‘i‘sf q@b?g O]Sd'féné}ﬁouwﬂﬂﬁd‘% FBgDeﬂgeuBeggu\é' 3 WRw étxfn@% C (NGC)

adsor pt'i on r, unbound viruses were re
strain vitwg vees promigatod in ChB6celld st I2°Gssdevdribed RBGoaldchngr@egy,i1885. The

. their respective maintenance nedi g, [1's wthout
tier of thg3feaue ZFES ek PR DY DS B Alheat
i nactivated virus (30 .m nutes at ed
[00130] . JHengye virus inkegtien @%ipg}rg HAAt Mong]rqp(exg _pf C6/36 or BHK 21 cells 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, BHK-21

cells were infected with Dengue 2 virus and grown in the absence or presence of varying
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cells were infected with Dengue 2 virus and grown in
t he absence or presence of varying 25 WO 2004/022784
wEs8e2803/ 000209 concentrations of ribaviriPCT/SG2003/000209

(1-fl-D-ribofuranosyl -1, 2, 4-triazol e- 3-car boxi m de;

Sigma, St. Louis, MD to inhibit viral transcription.

Cytotoxicity of the cells due to ribavirin treatnent

Ay

concentr%@t?xstoq)?fbg?lghQiglggyrlﬁm%l ?%g%ba%gltgl?,z?ﬂb&% di glrgma St. Louis,
MO) to \Mﬁlblt Ml tiah&kiptdn. Deygotexigity iaf ube wals deat éo mbagdtinbtreatment was

| ague. assay W t h BHK- 1QeII . Brijefl seri al .
determirgg B CORET e o b SHRPBEH ATy ieaga Corporation,

T | D1
0 5 oy T g i

Bneﬂy, smmhl iiﬂ/utlmrd:f dhy nEth werseddsobed en{oOMIK - zt:mompl@a'ﬁemls )as described

sbove. g ab oeafhyectos Frad S L RERTG| B0 ipPe RIS and 1%

carboxyn%&h&'kblﬁﬂoée%@lﬁ@? Roatbercheth®enadiotia] Cag. A¢RBP)6 pasitnfebifon, cells
pl ague nunbers counted. Al [ assays were done in

were fixed sl gtainedkwith [160eystpl vilstdYaiormalinsoluignyinehosphate-huskered saline
n m p - f
5. BT P AT Moy A FTAGEE Py e
1001311 R IRRERRIOR BEThaRY FirBE e pER B R P kbl inpeylation of
Dengue 2 virg@s I n@fbdrh BaIKE mi@alvas pefehéd & @dcfiidgGoull aﬁdTGngg, 1985).
The m ce were then sacrificed 5 days |l ater and the

Litters of mgmhernr Bigsveere inpeHege nmzae%ramﬁllyrm@b ek )L ﬁeggyn?f live or heat-
mactlvatF& P\ébéd’e%ﬁ sLIE nfi gé: fBRl tﬁ seaﬁnﬁg?f %&mqate th&@P gxa‘rﬁ Femoved,

prepare accor Ing to the "'manuf act urer
homogemﬁ&t mtﬂ?RIzol@ ReEmlln (]ﬁh:ﬁ@rogamﬁife Twabndogiby Aellsbad, CA), and the total

o mSsia e 5oL St opherceus and AT BN ey
denat‘uruflgr EH‘ &@&%8961%&5‘ ﬁ@ﬁﬂhﬁlﬂ’é@%ﬁéﬂé@ﬁ%fﬁrﬁé{?{gﬂ? f®reeRb five ug of

as descri béd  bel ow
total RN@oﬁn@nrea‘dt br@m wiplt wensubsequanthy egedrfon Rrfolbdwed\y PCR as described

below transcripts by in vitro transcription: The Dengue 2
’ genom' c RNA was extracted as described (Tooet al.
nt hesi s

d
oor32) L RSk S Sah BB oL N A BB S  uPl et
The Den@hie 2 g€ndrik IR Rihs eRiraHad £ db&r%é@ﬂ&ﬁ:d aloyt 955}]and31%ed as a template
icting the use of various olig rimers in
for the samﬁmaﬁmamnm byRRT (Saeibalg st 20D bs e Hobeatc, of the following
example 45 §<$v|1&/€d byhﬁl Fi bf S&e isctnflg'ﬁ% S% V%ﬁgusg(?li%rs%heﬁ%gl?% RloRbnce with

om priners
the teac}ﬁiig’sﬂﬁkfc&isb@ﬁereh?hCBmy thélfirst strand EDINAgw4STgentlaeedfbyl RT at 42°C for 1

Dengue 2 NS2A regi on was anplified by andard PCR
hour usmgﬁﬁgdqngmmqﬁ |(P1roa“rqgar%0re@'a om@m&’&m Friaping RT, the ful
Dengue { if fotinlati® RS Gising NS2A full-forward (5°-
engue (P NEI &Elon idd A I%QE D NO. 14)) pr B 24 Jull-forward (
GGACATIGIRGCAGATTGACY3 t heBgholl2 NS2A 13)) and NS2A  full-reverse (5°-
TCCTTTTCTTGTTGGTTC-3’(SEQ ID NO: 14)) primers, in order to amplify the whole NS2A
gene for making PCR standards and as a template for single stranded RNA synthesis. The PCR
product was purified using CONCERT™ Rapid PCR Purification System (Invitrogen Life
Technologies, Carlsbad, CA) and cloned into pGemT (Promega Corporation, Madison, WI).

The positive clone pGemT-DNS2A, containing the Dengue genomic sequences from nucleotides .
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gene for maki ng PCR standards and as a tenplate for
single stranded RNA synthesis. The PCR product was
wopoo4/622e8d usi ng CONCERTTM Rapi d PCR Puri fi cat ipam/S&2ea3a100209
(I'nvitrogen Life Technol ogies, Carlsbad, CA) and
cloned into pGeml (Pronega Corporation, Mdison, W).
The p03|t|ve cl one pGenil- DNS2A, contai ni ng the Dengue
3478 toya13nkGenbank rsaessioninoo M2A095 (waas d/esﬁedzsy V20648 0 TR Bésitive and

to 4 nbank .accessi on no.

negative %ﬁgc%%%% g?\%er %ge i\éjz’%sy V%eé% 1ESkER, bﬁfo%’ Vifrgetransgription of

linearizne geitenm/e DRISAAS ki dhie atibERoB® 1Nsﬁﬁ*ovvﬁraﬁsctr fibn System ms (Promega
Corpo égn#lejzed by in V|trotranscr|pt|ono I neari ze

D reﬁ A Dsqcp@rdtqgéo @%@pmgfg@(mey siinstryctions. The transcribed RNAs

vere AOREL| 811 SR PSR, SRLRR] 8, 50 B o

) accor d|
electrophpresiscr i bed RNAs were quantified by spectrophot onetry
and the integrity verified by denaturing ge
[00133]e| &fi-POR hokderghlstimé @Qé&&ﬁhl@P@@%f@%gﬁ@‘%ﬁcﬁ:ic%l s: I;[{‘NKI RNA was

nt itative PCR of Dengue nucleic acids:
prepare ‘ngeﬁqueael}q, Saing nthec f Ripod®) Reagest r(@lvllth@eﬂfRerel Technologies,

Carlsbadle@AL Rdcofdiny id cthdel S uTs%%@P Sx{ 4 es%Né%Fng ms qugntlﬁed by

aCCOTdI ng to manutacturer s 1 n

spectromtoanemrd anvhﬁlequmtEtglrrty enlalmed Bpgeltdlayplopheredt.” YiheaRd reactlon was
gel el ectrophoresis. The

o ty d
P erform%gt!r A{eza t9 g%%l ?)télr ﬁ@e es¢ribed €2 b}psglglquUgﬂ’ MdoMdBY (Promega
Corporaﬁ’bivP\ Madists W b@ﬂx dithdy 128 ;pﬁﬂ)le]sQ)Q riddBfn ljl\é' rs( §%8(Eorporatlon

orati on, Madi son, el t her

Madison, é’iﬂﬁ&mﬂ%\&bﬁ% rECéﬁc&%&CCﬁGMG%TGGMGmc .W(BEQ)” ID NO:

5))ina % \;011§1?e P%@WWBFWMIW reahgaélﬁg étrand of the

Dengue bIrSQmmeglbm waselesiged fo\Rs§eePa h&igfih HemSlobE E‘@u&ﬁrettﬁ vad mlspnmmg
t the RTES %J?%QSZA r | on, was designed to possess

a £ bmg‘fer ?@Feseﬂber&%mafrhl@/prhlgh fiRecifadtityt 1hein5§l'1ﬁcatxon step

(Fig. 105t Bl @ddehied QUS o%f@l?hqrcp%? ﬁ%ﬁrll??hc‘e IE? ¢ Chv've(lz"s\]/_g)dj f((%ﬁ'{glol with a Tm

specificity in anpli ste
(meltmgd@mpmtmeé@f/iztﬁ ofHenbe abahier mtmddaappaanﬁéweoxﬁﬁuﬁis%edf\@& RT, the

vmth Tin (nelting tenperature) of
formatlog%)&g 1n loopa }P%lély yaured, &foyvgﬁgeyvgtp&hggmrmr{sﬂzgpgfor PCR, the

A G and tigeTinfo6 the Rairpinl6op Werempyi l&ﬂl/ﬂf)l eﬁmdlmbé RLBediRR

hi ghly favoured. However, the condition used for
[00134] PQRenck Athe AnfaRf AeQf l}ﬁ[h
kcal / nol and 64Cgr gg%éctﬁ%evgf:& Eaéﬁﬁ'f%%@ g? I?’ﬂ’éatlon of the

hairpin lmyaq lesyfaveraplss Hiug radiowtg:lefﬁmehharmeﬂw the PEFCHsimbRQDNS2-f
t h h I f bl e
and NSZ O {HREr fﬂ) t?xz: 5 sgﬁ%léer 'héeoqu\ﬁ\%scsg S? ﬁ)@ g?s\é%rgppcfdefog real-time

us al1 ow ng

quantltat(vE)IBSszregﬁ'ladld\lﬁaﬂem nus- r) to the uni que sequences.
The sequences of the prinmers used for real-tine

[00135] quantitative PCR are given in Table 2.

Table 2: Sequences of primers used in Dengue PCR assays.

Gene Primer sequence Genome position (SEQ ID NO: )

Env-f 5> AGGATGGGGAAATGGATGTGG 3’ 1233-1253 (SEQIDNO: 15)
Env-r 5’ TTCTGTGGCCCCTGTGAGTGC 3’ 1723-1743 (SEQIDNO: 16)
NS2A-f 5" ACCTGGGAAGAGTGATGGTTATGG 3° 3632-3655 (SEQIDNO: 17)
NS2A-r 5" ATGGTCTCTGGTATGGTGCTCTGG 3’ 3813-3836 (SEQIDNO: 18)
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[00135] Table 2: Sequences of priners used in Dengue
PCR assays. Gene Prinmer sequence Genone position (SEQ

wo DoM@2d784 Env-f 5 AGGATGCGGAAATGCGATGIGG 3'  12BBH3@HB3/000209
(SEQ ID NGO 15) Env-r 5 TTCTGTGECCCCTGTGAGTIGC 3
1723-1743 (SEQ I D NO 16) NS2A-f 5'
ACCTGCGAAGAGTGATGGTTATGG 3" 3632-3655 (SEQ ID NO 17)

NS2A: gggg@ GCTCTGG 3' 3813-3 03FQ 1
DNS2-f T I 19)
784 PCT/ 0934 ooot‘z%gé2
NS2A- ID N
NS mbﬁé g D NO R D NO: 20)

NSZA— 3938-

Actin-f d'G%TC C%; : 21)

ACtlﬂ-r l C‘Er\ I Q f‘f"l‘r‘l\'l' TTIgll\-g: %% 22)

[00136]418&&6 a(xﬂEQtlb&sN@mﬁﬁﬁ we{ré)Qﬂ:Bﬁ]:d Saﬂs eufaﬁlxels éﬁtanslehé gespectively.
prinmers were denqgted with suffi

Dengue @%19@%%%? yssignsd {8 aecdefire ity ﬁ\ﬁe‘?@lb&@g F‘E;‘iﬁ’é%"‘? pumber M29095.
Actin pﬁﬁ@&rﬁa@%sﬁhédq alddRdifee @@%Q(ﬁleﬂgé‘sel%ﬁbﬁé'ﬂ [ GReRBankP8&3ion number
Actin prinmers were designed according to sequences
AJ31209%ported i n Genbank accessi on nunber AJ312092.
[00137] Al real-time quantitative PCR was perfornmed
[00137] on Aflealititye haantifaGVS/PRIR tvas ﬁafmme&eml the TCyvber PQRY Multi-Color Real

. tect - ;
Time PRy Besiien el PerRaherisoush Lt 3b° VLI ecles (C) were
calculateqoﬁéllgé‘{he' @ﬁt?d’af &t v3BH Bie- Iffﬁd HebRN&GUCRS, Afstanddrll templates

standard tenplates were rdentical in sizé and
were ld@mq:abm:eth: carldr@qu&mcg etpsthartdrgﬂrér@dgmeer gc@aiatb@/ bpPCR using Tagq

polymerwe)&g %&(ﬁm%ﬁ%er{é z‘iahdl %Fgriam Hﬁf ?]ta Pflm'\c/radvlvlﬁ"n e following

cycling €titidng: £ 95 §teP A 3 meSzG &P of 95°G B0 L350y céxea) g;fand 72°C
95C for 30 s, 55C for 30 s, and 72C_for 1 mm and
for 1 mygy gndyam eloneationpsten at7BECt fof 77mpam JLMIPNér\ﬁ&qg%f%we@sconﬁmed by
r f .
sequencmgh gn\ﬁl:me%g es{d'téqspthr ea tecﬁllrie%g 'lt}g%t clll%dgtlﬁd\?}ze %iccgi %s performed with 40
cycles qfe¥(f ordvmaturtivh s P5°€y 8D es amfeaBig sit ddGtandal@ cneﬂd:nsﬁﬁCat 72°C.

o T T Y -

t tth@'em;sg 236N FRRQERY r¥AintquahBtivO PCRAVas dafri @ NS S YBR®
outa hase t-start’ réal-ltl me arn’ltatlvaes F’Cll? was g

Green P&R Magtg:r N Q@im@ng\g@hyaq Ge DdaR nobmasasepMApplied Biosystem,
Foster %%Osy IT“ge osl l&agﬁgg{c/:g( %e?h@htgc%!: ¥(g?ll{o%§ %egda‘ﬁ)@h a%gve with an

par ame
addition¥t&steéd dt @S?(I f@db nira té BaBatedths Akiphiddq Tadd BNAI\pdSl!VImafase.

[00138] RESULTS

[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 strand of Dengue NS2A region, was used to specifically reverse transcribe

the replicative strand but not the genome of Dengue virus (Fig. 10), where, the primary sequence
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additional step at 95C for 10 mmto activate the
Anpl i Tag Gol d DNA pol ynerase. [001381 RESULTS [001391
wNb4/azpsd fication using the SCRO and nested R&R/SG2003/000209
prinmers, designed to detect the viral negative strand
RNA, was specific for cells infected with replicative
Dengue virus. The negative RNA strand of the Dengue
complemémtary to shpnegent réphicatidlel strand by Dehgwe ﬁ@PJG@TGGG@GCTAC 3’ (SEQ

nmb t _al 1990). The
1D NO: 03B 5 et i AP f Qescaps 1Lk CRYGE b RS b ebiised from C6/36

cells inRERESKith tenﬁexpfeggéa?ﬁé'(gr}legf hn@@t'i\galt‘eed b%ff%decét\;qu at 4§ multiplicity of

prl nmer esli gne a stemlo structure

infectiomj(mfp. lLDnofq e wee garzied asit.t qumlemdAt wm; &mﬁedé lﬂw; anch Sample when
abgve) to th

approxuﬁétg /étsgxi gf,}%g ﬁge&nﬁgjﬁ é&%@ gel selg \Wgsthgg@&lqagve v1rus For
each sarﬁﬂe Cz!trf RQ"&'ehéhthNz%rp%?fohﬁé’J‘ﬁﬁﬁg PANS.-§ hﬁllﬁ%gli 'b?%‘CR/ 9?68% the primers

and but not the genonme of Dengue Vvirus

DNS2- f\méNé Armeug i(hetlg 25 elhediSR prod8cty\OvRGOhA22F Byl gel electrophoresis,

b BT SEERE, 0055 LA S B B 1.5 bt o

with ina(tBE@d (1ahedl@-6BnguEo/ims (ERS 12))1e THE §dentitied by th@fPCR groducts were
det ecti on, RT-PCR of total RNA obtained from C6

confirmed By SLAPFHCHI& ed with eit her replicative or
heat -i nactivated Dengue 2 virus at a multiplicity of

[00140] ; \Mogs particplarly, Fig 19f showswRE-RGR ranalysiousf. CHB6atellRNAfected with

o h roxi mag el y .50%
cpica, ARG 0T SRR SRR AT o s
with eitheepplicaivie\(laned ¥ u8) orfteat-inaadhated s 4 - B D%Igﬁ@?@frﬁso‘ﬁ an m.o.i of

E TO‘me o 4h s [%dwﬁé'iwlemeaféiq‘i%ﬁ%gﬁ%e Swoe séepa%c DNS-1
oligonucRoBdd Gh& amMN&Bd 3nd YHReks %g%g (@E%éi@@ eﬂssﬁlhﬁ Xpecied DNA

showed the expected size of
fragmentgoapified drane giej I@gatlwd{NAatremd (B—lS)bplDwtmmOited @éd). No arnphﬁcatlon

produc MESHLYALERLAIBNSS 2o Donabe, M S (EL 13 TS o i

marker (mmelradmg Tmmad@%aswemd@@atat reuét%haé,mﬁi iaentic%l RS
RT- PCR anal ysis of C6/36 cells infected wth

[00141] r Srh&shEEiOfo the ﬂegah\é@ts@aqld%ﬁgu&f dé’e ‘rghé Vﬁu R unable to amplify

nmosquito C6/36 cells were infecte trlplcat
the positjjje; sirandt gempmice BNAsatThgedatd abexe indica®)l that the primers were able to

accuratelg']eaﬂ{phlfy?% Ji sﬂ%ﬁ?ﬁ f)lg%mggé 6%18% %}g%ﬁﬁqléc%é g),egxge to detect

Dengue regativecRINAestkaid tvis MeﬁéWaﬁia@dﬁﬁﬁfglt%‘almt]apgﬁ%ches.
ol i gonucl eotide and anplified with priners - an

00142] N$2At! iflcatidiér RYABCIiRH e é{&%ﬁﬂé L& cDNA
| ]from ?hdg“ﬁeggtllve RI\IAWs:tlr a%d (3?5 bp) 1Is | g&fgcc was

carried oyt Fhye pogiivengsnd; eigatite srand RNAR perenssitiesized bgdn fvrtmnranscnptlon

using png?lll"l ﬁN?%R%i%jdlﬁé)the e%%u ?@ggbwqr i ?qmﬁ':\.fl n tsv\%fsthe each
I'ecular size e ? 55" F%ﬂf&%r &

RNA weneepvamhﬁa&ﬂexﬂiedlwa}ﬁﬁst pliger Mdt Ball@ige PCRadarr‘i&ﬁdUt bf 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

29



[00141] Primers specific to the negative strand RNA of
Dengue virus were unable to anplify the positive
waoaanze7geenon ¢ RNA. The data above indi cat ed rdB$GI0hE000209
primers were able to accurately anplify the desired
Dengue NS2A region. The specificity of this nethod to
detect Dengue negative RNA strand was further
clecropfiE Y Bt PERIOAME, Sebe 0o BP0A TACK gl 320 bp amplified
from setiglyndibutédoespativy stratld RO [ldnes ¢ONButvas withethe cmdespumdmg'l' faeples of

. sitive and negative trandR esi z by. ..
serially Autgflnogitive df F%’?Rlﬁ%amﬁ’%l ) .@l@aﬁ%ﬁ N C@H.tﬁfgp?%@lhty of
dlffereng&ngp%% AUE e osxrﬁ%g'a}{é”ﬁéggltnaé@ﬂﬁ{@ RNAL IB@the%fk reverse

wer se transcribed by 'DNS 1 priner ‘and
transcripedawith randoRPCiexaarers adl quantified beréakttime gliantitabde PEBN#sgng internal

DenguedPiife PRiSREASER AR (LDICPT: B0 ibf Jortiaatpifestive NS2A

RNA stﬁbylarsainbﬁ:s fsﬂB@@d ebmpAEBIe Nt Al FigeN30) ARd yidided thd Apected PCR
However , specitic anmplification was observed with

product sizgs of 20 @pdﬁg tl3he Bter daial thRrehors dngicated that thig giraiggxdvas able to

il 8 ATDLAGLOER B O8O R 1 1 B A Bl e

thecorr&@ﬁﬁcﬁﬁ@ﬁ@éiﬁw@&ﬂﬂm.ectrophoreS| s of the PCR products
showed the expected DNA fragnments of 320 bp anplified

[00143]f I AW sbREd bdvg, Higl Ub %Eéaﬂ?@l%Wélﬁ)eSfﬁbﬂ?dn&kﬁl‘slt(\ilt@rtﬁ?deﬂecﬁc)n of the
but not with the correspondi ng sanpl es_of seri al

Dengue degetivedstiand i RN ebys R avigh §mﬁﬂ6e@hgqnaﬁé@n®s #oy reqirtgne PCR. (Fig.
13A) P(gsg(?ei ehr{-[i él'glld{&e Qt?&ntd&@ KRR % 't}pe! b'eﬁ%JeOI(ISZH \Lérgr ?r ansgze:gm in-vitro

posi |ve and negative s
transcrifititinhusisey pGE:m\TeDNSZAt asadescmbddeabmt hThieaneg:anwh exdmesisive stranded

quantified by r I-tl t|t i ve PCR usi, .
ns2a RAGEE revent Jureed wsing e Mrsl Rlontleafige. ngsally diluted and
subsequ@ﬂ-tﬂbh&e&éd bf%éﬂtﬁﬂ@qtﬁﬁﬁiaﬁbé’ BCRNOTHeGRiHYRg I\ﬁ?findﬁ% ﬂ)’le relative

strand es showed conparable G val ues (Fig.
positionaofl thei oelr\ceecgendreteé wpdotegative@Rd positiviel stranded BN Aoft cszgrenpdllunons

The, data ther ef i ndi d .t hat
he nesefif iy e 151 i6tefe DTG Fafioy P BB iRiprh Tpe produces
from thd\SplrinRgewéré valfiiteSby géldlebtyoptordsiasideseribedin (Fig. 13B). The slopes
concentrati ons gver = the correspondlnP positive strand

of the piatyrof Gtrgaingtlogof iamplaty difpinns of seriplly dilutqdaneeptivestignd RNA (3.9 +
tl

0.1) ano%@g %bfr&%ofg%ltn?\ggmgiﬁ?g 4 3y I\({A\M \Qér&%ﬁ%/‘\ﬁ%tﬁh ”lg%ecp?ﬁrh&t was repeated as

least thre¢ tiger.uFigol 3Bi)9@elaﬂflei:t1rophd>re$1$ nﬁﬂi@@ﬁxpl(ﬁéd dNA IBéJucts from the real-

t t ded
time quigiaine, i L PRAGhaRY P SeArs (onfians o) il BosiRgIngs © - 10) strand
RNAs. §G5dkiveNedfo arféeﬁq mglagd)eﬁﬁwﬁszxf@mg%um R&Fhred as described

positive stranded were reverse transcri bed
above. Ngtmgattmearmbllsi@nm p@dn@@beeﬁppd@ng gcetheeﬂrwct@ﬁ bige was ebpteined with

pos1t1ve-ﬁﬁrg§(§ﬂglgl eﬁg —bgjrjts e[?nen- af{% ZartnRgH?aéﬁ)u EOS%IVC str. ancFBengue RNA

seen in (A) were due to primer-dimer formation (Fig. 13C). Validation of the intergrity of the in
vitro transcribed negative (-) and positive (+) strand RNAs by real-time quantitative PCR. The
RNAs were reverse transcribed from random hexamers, and quantitated 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. The
woeganpares st rand RNA, but not the positive strpamSG@s/000209
effectively anplified. The products fromthe
experinment were validated by gel electrophoresis as
described in (Fig. 13B). The slopes of the plots of
of posmﬁé s8R RRIA hish DNshed @tr@r & gti%I 1@,@% Wes xﬁ%h@ltd Yhe differences in

| ut ed negative strand
the efﬁcmﬁmsgbmnmrmgamcapm dd, DNABmOBcul)lr mma@smlloarbp ladder).
experinment was repeated as |east three tinmes. (Fig.
[00144] 1313) se@eﬂld epreodchoiphdetasiise tdie dphefieipbf thxemdﬂlkb@ p/aodm:cﬁttempt to

detect tl}?eﬁe[ﬁa Ve Rﬁ%%@g&dlgrf‘ecgya L tlgéﬁegxggeec\afgl;ﬁ% SG 'Fo ]y@yfy the strand
ificifibs Gl $h § b BlifOMR0h Yepé, FAMSmLAdimES RGw,

Spectiiet nguee Sl\tlSF%%%’ca[t)NA? l'sgatpgir%dar g lpr egar (gg 55 des%%?lb as cartied out

with Deaguas, genoriae KRNA a“[xtm@eférdpiectiy tram vmal ptexkacfollowed by real-time PCR

using prl%ge;rlg 3& gn Szitqg% e ((ﬁlé\g] gnc{sﬁnv 5) G estr\%ﬁ(gsp%gt grpgﬁ{qers (IBIQS2 f and

NS2A--xﬂffﬁ1|s-lrf | Raldb@tex&hePihéd E@ngiierg@ﬁ?&n@ﬂﬂ)@ltﬁbﬂﬁﬁmeﬁ Bmplified with
were due to priner-diner formation

non-stra%ﬁpecfaﬁq BAMEFs toHae jervelpps, ibuy ngt withethe maxrwtg fitrsmd specific primers,
egaL.i [ s

o2 SRS N s PO VSN A, i

using primemstc rthebeniveﬂmpm@hgnhm rTmhan)armths no an@lndﬁuaittn betaimdd with strand-

specific gg}}nﬁ j%tn %ﬁﬁe r gseiéte Nﬁé{ P ezigclttc{gl: r%s r m'r{lgrlel etl)m\l\gl?ﬁcatlon
of the ne%hﬁ%t dtﬁﬁ& RYA wal bht8ined bﬁ@%eﬁw P@Rr\?aseﬁefrfo?ﬂn%‘ Bh Yotal RNA from
fied. Hence, the failure to detect specif

anpl i
Dengue-gnfpated ¢edlatusing thea@miinatnnof 61953 andaF lsme@SVe@@timgspegfﬁc PCR
primers, m% Wasd Iﬁ%ﬁ%& ndl'nllie NA(I%’II?]e 4! §2% ]Iﬁg grgllp Catlf)ﬂ Whs Q)lt:)!ta%led when PCR
was perfottheéd be Raidem- @imd:dW totalt RIAL dfainfeetet eil® Dsin thé@élfheml nested strand-

mol ecul ar size marker (100 bp_ | adder). [00144]

specific pRgHd #ppebeow ™o Hfé?% PReROrdaes witbthe methog t@fghs Ry éhe present
1nvent10§$hf§2%ﬂ§?!fpré?@§ %gﬁgtrﬁtepsl%et%glﬁcgﬁ)&}f)ﬁa d gfgﬁ{é’a\f%ﬁlo%%e replicative
negative\sgand Pergdue RiNAand specificities of the strategy at

the RT and anplification steps, random prined RT was
[00145] caAs i diccusseid, Wiptire Déndefsicty emeutisC oRNAreerddr agiptiication of reverse

directly fromw I stocks foll owed by real -tine PCR
transcribgd j Diepgyt  grBpEicd RV 8t eAtbl¢ch dyeth cleashangsenily the grrgent invention.

Specifici Y)fr ﬁc&%@@%e?e?lgﬁ{efd' % Hglhg‘?p“ ﬁnlé)g@ér{er%gl ed cDNA prepared

nus r) hexane geno
from 1 2§ho lll‘D dPIHé oé engueevirdlsteokpl RER edis \l\]ndnhperfvmmed tto dan&ct viral genome

(lane 2) 5’2‘? ﬁelzg% 1ve3§ e{gﬁﬁi@.ﬁ é%ﬂf} '%g %Bg ﬁ;ber;ga ult, qué:?st %%n (P strand-specific

NS2A (IDISRBAfEnA WSS TA- mmﬁs qﬁiﬂlé@ respt @l drichtegfityd o tRPstFa specific

fragnent was a ied using primers to the envel ope
primers S gpsted.on Dtk @'%lar BNPhofmtesivgl Sels daatiho beba arimsd byl thi DNS]
sense e 5P R S ko 8 T, Pl BGRRSOBR 1 e

replicativehBN2e (aiid ¥ wakd padoriivg mﬂ&lr@)DahgiﬁdE@sﬂ hﬂd WB2A BONACRandards

was perfornmed on total RNA from
prepared as described previously.
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Dengue-infected cells using the conbi nati on of DNS-1

and the hem -nested strand-specific PCR priners,
waNBRe278nd NS2A-m nus-r (1 ane 4, 320 bp). No PCT/SG2003/000209

anplification was obtai ned when PCR was perfornmed on

random-prinmed total RNA of infected cells using these

hem - nested strand- specific prinmers (data not shown).

[00146He Rereasa irareplician Gﬁg&bidefbtﬂahk@Rm oolelhed ith ¥ f;ﬂzﬁf%le -based assay
sent ., jnvention, I.s met hod provides speci

in ”ba‘}o’é%%%d BHEnSE P?lﬁtm@ﬁwémﬂhﬁmwi Eha ahorye éfUdteh‘@learly demonstrated
the hlgﬁ SRlci iy (jﬁﬂ& seﬁWFy' 1Y1€d(f?éc51f‘}$ %e%gﬂﬁ? B’g?gag{vg NA CFtrand of Dengue

di scusse S Te I'rec
NS2A. ahgfurther aalndare thia utlhv}ebﬁﬂns inethod c4 dired tﬁka@gidﬁleﬂleﬁ@mémed out to
d by the tea hlngs of the present
correlaterl?.léé e(vegn reg catt ivdmsymo‘f‘feﬁ??ﬂl Gefls dreated ywith ribayising Rihgvirin is

kn h$bif hel f
o BB AR Y RSR[5

Sidwelln E9%9%r b ku@txgsgpﬁﬁ)gngner iafecgem ofrBHK 1 anedls Egercanﬂtlally determined to

establisl ?&a&l}ﬁs‘{&o { S|P -in ﬁcg'A 10p, tlllgg geag.\ﬁ)rgg %? Ipgodtu teftrgﬁlggeyel%‘ﬂfj replicative

RNA wi‘tlsa,@ea@mm&*dy)lamid 1B5E , BHESDEG [k %ka/mfeEt’e% Witk P@%lh ¥er®dl dilutions
ecific rlners was tested on total

the stra % p@?
of Dengyg Yifjjsqan ‘%fhar‘ﬁ’ﬁ@étaécﬁabf%lll 2 andad matﬂmlﬁe@snnprBHﬁdzlbyens not
1nfectedt‘b§h M¥Sln u§ s s%@%ﬁ élgémg c%)xtrol ']t(’ :P§§{e &I?e replicative

for the d ection I'ral genone
negative spinddblﬂA\AeasRﬂdén (Peeforn&) omeqdvileit! piduaets of to|tdl Zdenalar RNA. The

Denguc BB A PO DA 35ane BB a5 o o 0012
(Fi 1g ISRQH@@Z 0@133@0@ a2 atlde%%ﬂ@kN%®5§@éﬁctétﬂ% 5@6??'4' lggtdl)lﬁt?ona of viruses

ive strand RNA correlated wt pl aqu
(Fig. 15és g@a@s 11-44). | Betgrtiamof the DesguBiiptodte with radont botedr-piitded RNA

samples %ﬂ%ﬂ‘s peergP tﬁ‘cp %Xveloﬁ];aeuqé Qye f ﬁlle%}é‘q%elg;g tg{ gﬁt)] egﬂy@ Hence, all

subsequerng [studteatusmg rlbe@ﬁh iviege Eed bt andayos p M&lonstA To
further validate the utility of thls nmet hod, a direct

[00147] rreas L6RETRBh MRS I A FérRida@isl vib anBhd B Lot HB aJn%Y GI%H?K 21 cells

Fl icating virus in infected cells treate
were lmﬁaqllyao eeted Wity ¢ Vifus at anjmmewvaf 0.8012fhirbihe abseace or in the presence

i . R |.ud
o v AR F R e LS BN o
were haivested it day Of pdSt-itdction) sd wedeol infdci alebly c@lairey BT BRK-DP cells as

. blish the ni mum post-infection tine required to
deseribef T} o2, Vel do Bpiumine el OHRTY b LA ioase. 0% Damber of plagues

formed (PF@E We@ﬂkﬁ dgﬁéﬂﬂme& be %ﬁ?{ge a8h-and fﬂ?edje el S UBED dFhE rlgeaflrm treated

seri al tions gue Vvirus,

samples Rquuhggdv e&t@mrat ag ﬁy:shlghesﬁ cancbnﬁ’alpmshsemflébhg/ﬁﬂ) did not induce

detectab @bl S iyl ' LoRE BTsiiisetioncre sgngbaeclt frath (-2%) was

observed @ilhlli(taigu&ﬁmfed’ﬁ&g atlisy eR%aR/ﬁ‘ﬁdmRMﬁeH\@%raI Eéb?lc@tﬁd}f B %8n&Atration
equi val ent anmpunts of total cellular

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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Dengue negative RNA strand was detected at day 2
post-infection only with an mo.i of 0.00125 (Fig.
wdzdg/ot2ase 6). On day 3, negative strand RNA ViESI/SG2003/000209
detectable over 4 log dilutions of viruses (Fig. 15A,
| anes 11-14). Detection of the Dengue genone wth
random hexamer-pri ned RNA sanples and priners to the
[00148]en\CakeRiof IV RNA | @uantifidi@bh GfingdathGueN BtratkOMY real-time PCR
Hence, all subsequent studies using ribavirin were
assays: Agprealdme geangitatiyg PCR jsoxrahusts sapid @m? rgliable4m§thdd for diagnosis and

: eliat replicati virus and the .
vt Gpldl LS Rl OB bl %o Yot Bip o sanca
plaque-basédeadseyl T édrdlee gisequantificativh ofiActiveovitused bP :QLLRR PCR with the

t he. absence or jn the _presence of varying .
plaque tRiHoR Assaxt pestab didytions 9A fier Penguetirus vysee Hsaddatinfect BHK-21 cells in
ot GOt N C r ug yi : st ed
epia TR UMLE RACEL Wl DRIAS I s MO RS of e
replicatesyvith thesotbér Bpkcals wed fos ths plages titrativechsédyd At 3adaywbit-infection,

. .as to t ' cell .toxicity by L rel ease. The
no signifiinh gp B CaadR e siopr Rt ppibepurgox HOH e Miaiaspown in
Fig. 16 intidatee tas fRYval @8 blaliRd %lnﬁme\qglmﬁﬁk&aﬁén 5Pe rrﬂ@i%ﬁﬂj\;é Bengue RNA
treated sanples cal cul ated. bavirin at the highest
strand wergrighly comr¢laied i the viraltiters/ m ) di d not i nduce

detectabl e cell death. Simlarly, at 3 days
[00149] podhe sprecdict Pengue pomersgwerkiablento deedct antbanplify-tRégepliestive Dengue

. observed wi.t.h. Denque-infected cells, Ribavirin .
i AR5 P PETES L RSP RS e S g this method ws
used to AlEN deplicatimigls kbhe. Néiorn RAAIRBNEIRMRET Y. 'vﬁﬁﬁlﬁg@ PFU of

. of total RNA and quantification wth prinmers to t

either repligagive pe heatynast vqtahBreeuR) ik oWewera spoptoaispeerd iohgious on day 5 in
L j ' 3L anscer antificati.gn of.t

mice incBSEA3H 08 by GARTIRCLRHS e B  Bnl28 Dengue

virus did ootcshomt amyt detectatda physicdl Mifferen@s b nhe eOMeRt Total FIFA Gas then

prepared| i | bryinofE R EATRER Pokite DOtiahi P b auangplateeiiloddy real-
time qua.fngtéz)im/é’ﬁ’(j{hﬁ: iy I7AS: L%é@e&@%f'/aﬁ)x%ggtg%f 42%1’?9%/59 ROS ggoups of

. 148] Correlation of” viral RNA quanti on usin
mice, R'p| vidiudN$lrand amphfiratior aisingi PRSPERandadSAsminAs-r primers showed
. e tinme antditatiye PCRis a,robust, rapid and .
sgnificahERlshER, RSor PR Al ot Se Bhistve iy PRRcR, Salpigd from
brains ofStfcatingllel aithpRdadlior ¢icplitative PRRA0L thacRvdtlPvirus (Fig 17B). The
onventional "gold standard" plaque-based assay. %’o

predicted. 30 g Hpgmen avag daiseted insamndes wtly fom breing of ndesinpgulated with the
active Vilaﬁléﬂahké %) %ﬁweﬁ&%g& iRl AR itk {h%tih%crt]itvg eﬁ fﬁlxgé iﬁaésai and 2)

Ilutions’o ue Vvirus were use
when an8led2ly gell ¢lectiophoregipl(Figat 2B). AeipificatiddsUkath ilNAVIBE virus (Fig.

t.h I sol.ated. 3 days post-infection fromone of these
17A)res?lée§lrh%ﬁ’€§‘,er' “[“H(%? 88her replicates used for the

plague titration assay. At 3 days post-infection, no
[00150] g; &‘?F*Ftia{taﬁi‘teﬁ%qdl thﬁéigfﬁﬁtl?ﬂ hg% ofuzeal-timecPGR dising the astnanddpecific

D &PHTH @Y BBREmp, b 1icht ¢ rehPrib B gL SS
engue mt t he vgl ueén B 0{}%3% ﬁ{eﬁf@?ggn\qg%twgl lbrﬁ%%{lrefa?grg quﬁr?tg?twe PCR, 2
‘hot-startf kizateggpivas eplogede Qgargtifféhidon of serially diluted Dengue DNA standards in
the absence of a ‘hot-start’ showed a detection limit of about 10"2° 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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strand were highly correlated to the viral titers.

[ 00149] The specific Dengue priners were able to
waledogor27and anplify the replicative Dengue ViPCESEZ008000209

the brains of infected mce: To extend the in vitro

studi es above, this nethod was wused to anplify

replicating virus in vivo. Newborn nice were

i nocul at ed with 1x103 PEU of er I|c [ve
subzeptogiotisgates naine b e grerarame. AL Tt i Plor of o
against IQQ‘()T WiRplRR GaYentratibn (4NEe 0.09uLal 88, W blowikg of the efficiency of

eplicative virus. In contrast, mce inoculated with
arnphﬁcatmmfuth%nf)engt@eﬁ@wmswsmw Giogrstagt mettend, émy sigitag & Bigpeobtained
a ff enges to.the con I
without fRERASYe 50 & B THR lrgit S SR FebPaudy pCRAF R Al ieh simitar
results. W th DNS 1, and subsequently quantified by real- tine
quantitative PCR (Fig. 17A). Using identical amounts
[00151] OleEf!s\léxixﬁI?l@]eké}ﬁ Slffids\Whe Qh'%llilegﬁt @,f)emﬁé &R seRfitivk nkethdiSadght by the

and anplification usin NS2A- m nus-r
present ipventnstos h?éﬁl\!@s@\'ells idgteFte amshlquarmify fﬂéfr eendisativesBaA fstrand of aCUVClY
epica LB RENRE S SEROLY PR RRAPL R genty exnin
strategie € €dpoxted fdxﬁ’tﬂé ldétattilc)tﬁ‘()f ﬂéplicajtlﬁg Dengaé vivad, @dd vifetssa pdtegtially useful
. 17B). . The _predicted 320 hp fragnent was q(}et ected in
tool in tfmaap@étlwi@grqutsrﬁf@ea%m&ctlﬁv aad foistudhon o Pepers virgetropism in

host cell& IS (1 anes 3- 5) but not fromm ce i nocul at ed
ostee &%\éﬁ ecl{ nactivated virus (lanes 1 and 2) when

[00152] Anﬁllxey %glt?}/t %?l 1§|n%&/.trl}19tﬂpl Va?eghlgj:éagat %é%yelszlg )the design of a

rom i'nac VI T us
SCRO pfiffet bbrﬁdinfrfgdh&ﬁglue rrd udigoe sequendeaf which ‘{'déﬁ‘d)ﬁiail mto a ha1rp1n stem-
Hot -start' extended the detection |jnj

I al
loop strupiure Wih QBLMAEISTECHAHY ISP wsgn%@ﬂ}émﬁ& $rr 5130, Tad ) the

use of sfe%fﬁcq{egteﬂ HRITONEMBR L e $ERO qys‘?&%ﬂﬁ‘s&a‘t ! tiRfnegative strand RNA
real-tinme quantitative PCR a ot sta strategy

was detasted itlplacdiffdren@uafhati feast at'twedng cbneeatratadrisyovgr fthet eqhivalent positive

RNA str’g:hcgag% %ets@ﬁ ndar qsoah?r{ was s%eﬁgtﬁﬁe{] i%gg%vemttf%tg%ﬁétl had been

reverse t?zﬁh's@ribeﬁrdn['jeby théi DEB-1If RT B witkisio dﬁtpﬁﬁ&ﬁd)n(d_ﬂs&ved&ﬁ% random
Usi ng Iltgg Gol d DNA pol ynerase,. the detection
hexamermrrm# Dspgie 6DNAn @@go}?’lﬁ | aée SSRERYIDF af itbhanadtod, evaluated with

iy SO SR B AN PO, ok T 33 M 100-1000 oy

numbersy\cdrhiparablé & previoosly aépopted Ideteemhmmeth()ﬂ:bg rd:8Ame FGR (€hlilz{lmn et al.
of the p

200; HEl B 28 S SR, 1 o B it o 20 Th

sensitiviff §f dé'te%ﬂ&ﬁ/ wak ﬁnﬁﬁpllﬂxf)ﬂoﬁ?@& t(Pt‘PAe Qﬁbieb%n@é"%@e tf(ﬁ&i}ﬁrﬁtﬁnber) with
using a hot-start" net d, was simlar to

the use oflbt“hotastart” palyhenase, “htd)tnosnﬂlamge’ in the POR efﬁqe)ncyme 17A)
experiment was repeated at |east three tinmes with
[00153] Si Tihd atility o shel tsthol d8dcddhed Tieresn eveaftler exldgséd by shDWihga good

correlatlon gytweegl ﬁlt an? %cr:l!t fo% repﬁpa?1v§%1?1lg5e| Q/lx(;"usrrv%litlll1 cll% gu%l%%r of B¥ Ui m mfected
cells treated with varying concentrations of ribavirin (Fig. 15B). It should be noted that the
amount of replicative RNA quantified was lower than the PFU. In evaluating the reduction of
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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present invention to exclusively detect and quantify
the replicative RNA strand of actively replicating
womogor7ss rus. This nethod is a significant i nuoSEe3I400209

over currently existing strategies reported for the

detection of replicating Dengue virus, and offers a

potentially useful tool in the quantitative di agnhosis
transcriftfonERBBR; t es

e Sy g raf RN Roo B it] St ffic amount of
replicatiyp efcralf RNAt wanhlso lobservml/\wnbttmmbmaammhplaqmalbmd vy (Fig. 15A).

I eve contal ni n
rhs, o SBH e (1 P bRl v RBEd iF e Benoss. A
distinct b,ann[ng oF iR staREP oveF Hiel donQerMohnl, olF BlterRNRS ﬂﬁﬁdecz%s y is the
to avoid msprimng at the RT step (Fig. 13A), 3
significang gedugtien igf tingp et analysereht B d®GHop A Drogse pkaquch QSSSSZZR@npared to a

t negative s:
max‘m“ﬁﬁ? ggtég 'y Sthk%gt%?)er gﬁ%e 0 é’%osfl‘élgsf rlfl\l)gs F%‘g%’gher m.0.i. has
allowed dmdmtmmbf mphcame lintefiRedefiel at@benshoplesiime (Eui IR 1997; Vaughan
3A) The anplification was specific to
et al, 2%{2 e‘ﬂml $GtigRs) of Fasaviie) cgbdines dewet slow rthe gpantifisation by

plaque f@l%a)ﬁogy Thé ﬁs%ﬁK% &HE ethis S nggl %em%l ok r%’\é{nq ?&mganson of

observed with random hexamner-p ngue

the quan_[@)ve mﬁﬂmds@nmhed\herqm wﬁthtth@“guhd ktanﬂard?i/pllaqmi &dayM THe use of this
te e NS2A st andards, was, found

method 35 b duladell S5 MO0ttt oneR e Dotasi: Bcin §¢ brains of
1n&cmdmﬁaygmﬁsby reported detection nethod by real -tinme PCR

(Cal an et al. 2001; Houng et al., 2000; Houng et
00154) al PCR2<QQ]am A DA R5m: noh%2icallée L
[ ] sensi t}%*w ty of drgtnect [ %lhcawasr0 % H pmducméqg‘gu%m that are
dlagHOSttOhBy mtrzetp@so positva, awlgpeh (dmlqaﬂpycan ubpeb éal}.e-pomthres t (Barkisdt, 2000).

Attempté) F(% getect e 2 g%t 1vepf$ﬂ3< f %;}Vgu%%érggtq%{x]l%trg @rtr]gce:hnﬁ)c%%s have

rerency
met w1tﬂmhfé®dcdé$/(&lu05ﬁﬂ he9Ei Ith‘gﬁél dtWr ! 7o) \Wsé At ﬁl@ &Bﬂ( of Lanciotti et
show ng good correlatron between the anount of

al. to SEFRIPPS P&PWeVlDtSﬁig @eangiqtt et \il11992)h &/ ayghare andh o-opikdrs reported the

ol B BE1 19BN LDy K HSR 98 SORSCIAL P Obe o

rapid thmrtb&trdescmfbed eplliicat ol ewvhdliirauirad Sbuthemvisstting e fiidadentification.
PEU, In, evaluating the reducti on of PFU due to

Using “ﬁeu%‘g%ﬁfsr feseriprl meter sy c Fespitadon amplifisptionsniromddir.al 3-rasnvell as
random-priv@ed DERGRRNAS Bsth k68l t:élls"(ﬁﬁﬁbh'éﬁ&fjoﬂsgrv'aﬂ&? cé&&tfv%%f a lack

HK-21 cells in the absence of bavirin
of strand; spgeifigity 1nethe @ﬂpheﬂ SBﬁewIBDD#CD2@7Mt@ﬁ§rﬂﬁ@ﬂﬁﬁig@@ﬂﬂQ@resent

ok RO A I B S RSB e
PCR wayi ﬁeﬁbrtﬂ‘dAuMlﬂ@ tlﬁ?é $6mbhatsy oF DWEH iﬂtﬁt}féoﬁya@iﬂtsb%ﬂ& PCR primers

frJ %{e based assay (Fig._ 15A) Thus, the conbi ned
(DNS2-fiaad (NS 4-mppis e vt hmfearpalﬂ@wpapb@m@d dtom rendonverivand total RNA of

Dengue- ﬂl?é?:'fgd' deftl | F‘ﬁrtﬁjé gpo Sfl’lesagﬁacﬂé 85f l?h‘l‘fl% Lﬁijgtaﬁt 3£ Vol]ightartl1 'ePal. were

strategy over e ¢onv ona our “intensi
not quangitatigeién dseatyng Eephbzmve Dengue v1rus The teachings of the present invention

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

improvement 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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significant reduction in time for anal yses (6-14 days

for a Dengue plaque assay conpared to a nmaxinmum of 3
waolagog/0by7st hi s met hod). The use of nosquito cel PCT/8GE®3/000209

and higher mo.i. has allowed the detection of

replicative internedi ates at even shorter tine (Lui et

al ., 1997; Vaughan et al., 2002). However, infections

accorda@% \Wﬂf?ﬁé‘ 8 %?éma?t{ thB %ﬁ%ﬂt HlQ/tent?dfrJ PN mﬁlogucfe%lo L& ;ﬁ%ﬂleg{‘ for the

aque I on e use of BHK-21 ce
detectiors bfi dgplieatta Bdngdealmnmnbd axtendedntoathi sstudiesf of bﬂner viruses. This

AT T U TV CRNTRON o
flaviviri@ G488 WXt RIIGTud & bdth YﬁfE&ecﬂ&tll% Ghd aficeof replicating
Dengue virus in the brains of infected mce (Fig.

[00156] 169y adotitt %ﬂ}lboﬁzgféni: e AL %sy oiﬂll‘lA Jrésgm ﬁg&tfo%p\kfér‘éadtl% Vlﬁlhzed to

organi sns, produci’ng resu are diagnosticall
detect the gosidet rephicqiveistrand pf avuitiodn eexémp]iaqahh;s oanelpeRSV. The appropnate

se: positives, rkardt, 2000 At ts tp detect .. .
RT and PRE T cisrs GeansH oot ot HE SPuoTi ualbe ARy foi Rufet e Tepliative
positive gﬁﬁrﬁﬁéﬂ thé RE§C hf‘l']é%b%@lﬁ*&ﬂ}/ @nd g@ﬂsni%tg ST phinfesESere(thétl assessed
al ., 1997, Vaughan e ., 200 Based on the work

by the Sémie fioamati as thei D@tgueaﬂrus to serotype Dengue Vi ruses
(Lanciotti et al.,1992), Vaughan and co-workers
[00157] r eRBVWtspecifit primedes, eargéted toothe DamabpesitRie fAMAD IRNA, were able to detect

e R T e 208 LA G 5 R presn i

cells only Sfheh aE eIkl fh%h@atﬁin‘ﬁcﬁ:hr@g g ﬁﬁutﬁ‘dld}ﬁéf thianbikdyl e thedFore be used
ing the priners described in their stu% resul ted

to assess ﬁhe‘ampqgrqssm@gt oforeplicatiom DThe primergBSY&(T1 signed according to the

Il R | . .
e R THRSEF Do A AL L, S8 e migpmncating and
promotethigeRd paipsing td eiet positivet suangd of RS VaMP2S tegiing gyas aispd @y gkcifically
In contrast t he teachi ngs of the present., invention
reverse BRGNS BPSHFISHAGAPHORY Hi¢ BSRERBIORRY kgt (N 19t SARAD NO:
29). RNA, obtai ned only when RT- PCR was perforned using
t he conbi nati on of DNS 1 and the strand-specific PCR

pr t .
[00158] i:'JIEB §d%\é| on o% Farne :)Sgﬁgﬁe o%qed%r?gdd} ?%rltcglmMegef'achlngs
of the pB&Bg(U&wErﬂfoaCt Peinmzey |sSqueEd;Er biiﬂalpmnh(&ed séreondpyr saches o6fRSVRTI

oligomuclgpile 1 Shopire Tl fUltee 1EHG (Ve glep@aed Vo TG o I Zucker, was

used to -Elﬂgra&: 13 %e%r?@ﬁtﬁt//bhd}ﬂﬁ%étﬁ IPpi. dﬂﬁﬂ‘éhl@é?m/)o The primary
go quantl ative and excl usive detecting

sequence ecpmplcmtemve' RNhe positival rephicative lstrdnd isngp r@&@ﬁé}ﬁ(}@ﬁéﬁ 3" (SEQ ID
NO: 24\PT evi osul'y known methods. [00155] Hence, the
)aval lability of this method to specifically detect

orson OB ER, gty BT PO S,
inventioh,"E:x@Rksively: d&&tedg%mgm #8087 ivEGRARCRAIBLP MR8V virus with

accordance with the teachings of the present
high specificétytand sensitindtyre T he dpateficaty opfetliisheetbpd t6 detecthBSV positive strand

RNA was evaluated using two different approaches. Firstly, amplification of serially diluted
reverse transcribed strand-specific cDNA was carried out. The positive and negative strand
RNAs were synthesized by in vitro transcription using pGemT-RSVMP2 encoding the matrix
protein 2 (MP2) DNA sequences. Equivalent serially diluted amounts of the each RNA were
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detection of replicative Dengue virus can be extended
to the studies of other viruses. This approach has
wapaaessBul |y been applied to the quantificatipor/eé2008600209
replicative formof another flavivirus, the West Nile
virus, in both infected cells and mce [00156] In
anot her enbodi nent, the teachings of the present
i nventi.on were. al utili,zed t.o detec e AP
reverse {FiThed ing S5 otk AR Faizig it o B fleEy U S Pl REVAAS rabie 3),
The posiSY strdER SPRIOR shdpR w4z lefAfidntRCHetBitedBVe theraagélos t@itestrations
_ based on the criteria stated above to detect the
examined ébigi 204). idowenssinoj specifie paplifiegtionrreaspbyerveghwith any of the genome
ecificity. an NSt d: ik V.. Of LJer t .
srand REEEAE dpAPHe BORMS halidint PEEE pRUETE e WAL F6Ratidae
the obsefvafidis( kelRCtPpR6resis of fHel FER produatsghbwed the dxbected DAA fragments
positive strand RNA, were ahle to detect and

[if
of 320 bpREURESUALp SUFIFR EONEE HEGHIRNATHBREOLS] PYoRRATIT Aefatsponding
samples ?gﬁﬁ‘r{&ﬂy Ehited fie ieéﬁ%d'sﬁmpﬁa%'daﬁesoél'lbf) ERoBgtL i ve viral

cation octurs. Quantrtation of thi's noiety can

t hgre . . r i .
outen | 5301 Ao 58l A1 PAERER6 BSASIALRT Mpeion o e RSV
positive btiehd RINAByRIY nathi SCROarklagaletime PERI. €litel regatparantdpositise stranded
taught herein, to prevent niggcneal prono

MP2 RN vt seral shiviggh ubversso tpssTibed sige b B3R e Regpsieotide, and

subsequ%rﬁlg' &%Cfem R8LEE QualR&IVe EER | Yhe (BU&IR: bARRSEEA D ®he relative

rep ive strand but not the genone of RSV virus
positiong &1 the ca¥es SHEEratdd With nega@ye afdpddBie FHagdedRNdAegdidififesent dilutions.

he po 3R ATt R BB R MRS et B o

the expeARRNPW &L ivali @SBRI EREopHokd4! ddldesRibeRpMdmiblusly. S; standard.
ol i gonucl eotide is shown. The folding algorithm

[00161] 98 A& Guitfie PossBAIRYRT UiffdéhcM indie kREgrith@Sf tHéSRMitIve and negative
generate thernodynam c paraneters ] )
strand RN, thoth wisteaievdree wartshribgsi wishi sandpokleaxamers andequantitatedyby real-time

.. Seq Ce.co ary.4 o _the pgsitive ' v
aunnECHER FuSE TRORTRE Bl o EGLRSYS Y RSBPRL R o) e
sequencddbfHE piRA¥rsniskdareSsho@sh Jasld 1. 1Bk aer shahive and tnbgdtive MP2 RNA

teachi ngs of the present invention, .exclusively
strand sqpales shohed campAblor Clevalvase Fifo20F)ane islshthergnedied PR product
. bt hth high specificity and sensitivity. The
SmeSOfg%%%ygﬁ%??$ﬂof this nmethod to detect RSV positive
strand RNA was eval uated using two different
approaches. Firstly, anplification of serially diluted
Table 31 SpicAcestof phimeers hed iatRSVPCIpasafd.c cDNA was carri ed
Gene OUT. The DEShiel V&RREe Negative sEémine p&diMon WHEID NO: )
synthesized by in vitro transcription using
RSVS pGemb’ RIMAGETATAGTT GwGTad 3°’x  p83#-E153 2 (SHER)D DA 25)
RSVnAS equanTeACEHIUTCaCEUCGETCaAICy3 di | 8145d8 BaTOUN{SEQ@ID N 26)
each RNA were 36

RSVMP2AS 5 TTGGAGAAATTGTTGAGTGGC 3>  8372-8392  (SEQID NO: 27)

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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WD 2004/ 022784 PCT/ S&003/ 000209 reverse transcri bed

and real -tinme PCR carried out using prinmers RSVS and
wRDIMAR78Tabl e 3). The positive strand RSV RNECEHaGEI08000209

was efficiently detected over the range of

concentrations examned (Fig. 20A). However, no

specific anplification was observed with any of the

. eno .strrand RNA sampl es as i ndi cat.ed t he .
primers 3508 Besiahiel SRy B RolfnedR {eBOuE SEOGR bR qecession. number
AJslzo%alT&aJeguedceﬁom rivid 04, in gk sRldeqTaKlEBYbaRSId O exaliple of a
PCR products showed the expected DNA fragnents of 320

strategy, ip agFerdangsrwish the @rehingsdofpthe iipyeption;t thahproridas fqr dgigsdion of the
- B .. i,t i f
RSV repilica@ve :ﬁﬁ%ng? %taa\tﬁga{}ﬁé tgﬂ)g af f%tégt%slggégéyeg g}%ﬁ%gé%% Ft‘f‘an(a.

Seria trve str anes 6-10)

0162] ¢ (Croial o ol K prEhon Sfer BEa i ATEROR Al it por

assays: A@Sichl-tfe ShuafthtiRV PR iKTa Wobtkst, SEAR® aaadreli@ble- for@iagnosis and
. PCR The negative and positive stranded MP2 RNA were .
quantitatios thg methid develpped dwesin ds cpmpated j tathe sonyationdl ‘frgldrstandard
i cleot subseq . t . )
R0 P50 g YRR S5 B5 Bl PR vt e
plaque titration adseayt hverigledihitione of phsiR$SWNEref werkeusedirtoeiafect Vero cells in

. generated wt egatiye an sitive stranded RNA at
duplicateg;  { eﬁaLﬁﬁl_I@N S fes %%ésogfa%f 6 é@’ss?‘?sﬁﬁg?m, Bt Ofop! these
replicatel R RO thetCreplidad dvas WASA 85F Gl bMGhY tiRAR faks%g.- At 6 days post

Products from the experinment were validated by g;
infectiong he signifiphnt el deathd <dde)cwadelgeryed as mgasuyed 1 Lbtaretrasel. The data

.[001611 To rule out the possibili of .differences,.in.
shown it Fig 7t b BF Vel pRERE Bomh iyl pRSr e Rptve rsv
RNA strilweRORihyRofrelafideb ke Viranaees] MB@ redul®s afaedessed as mean + SD

hexanmers and quantitated by real-tinme quantitative

and the emperimentpsmepgatgpat kg dhree 8msei mer s RSVS and RSVVP2AS
(Table 3). The sequences of the griners used are
[00163] shblwn téaphimgd o€ the pRrsent miventpostan be extearderb datthes guaypidication of

.. RNA d L h d I . ' .
rephcatl\éeoﬁjitg%ta 3.{1]% Uy v esZes:o gc\é\igttm fuf: r%?lo(? l’ﬁe('%nng %éj ﬁ?\lli F‘l(g%% that is

SIzes O

indicative pf (e €eplid@ion. stdtadsewdll aSes|uthet ascleit dofd steands.uJhik approach has
RSV PCR as,sa}/s.t Gene Prinmer sequence, Genone
O

successfylbEbpanrangbied mwsﬁcaev@ﬁ@?rmh@rwmeé%gtﬂ the pasitive and
- - ID NO 25) RSVNAS 5'
negative (g RKa Yy ooAC 3 8140, 8151 (SEQ ID NO 26)

R : T IT o 3 - .
onen SR S GRS A e AT o
in this si(tlgtEd(%QI uDSEiI)(r)ealg'gl;;é IP(S]R &het&EdE%iE{.g‘_),l EohEC T i atidd n3dBods e.g.,
Q1D NO ense and antisense priners wer :
NASBA geallnee Birelf tef--<i@nrhed lze%m affordanee W@%@@?@&?ﬁ?@&é@em and
can be nﬁ)ﬁﬁ‘iéﬁ%@éﬁcﬂ’?éﬁna@%%o%%ggp oRE GP6ARARLsKIM flkht B, Genbank

accessi on nunper AFO01 Actin
[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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37 WD 2004/ 022784 PCT/ SG&003/ 000209 prinmers were

desi gned according to sequences reported in Genbank
waecaamsi’en nunber AJ312092. The sequences of POESG2003/000209

prinmers used in this study (Table 3) provide an

exanple of a strategy, in accordance with the

teachings of the invention, that provides for

. detection of the RSV replicative sitive st .
keeping 3 i hicfiaR’ larisroviclor STy RubE 2 b HyhR 28, kion and
transcriptieh btk fita@e RNA2br RV dtRdatHAl&hhdé]c WSl RGard Gfihierest.

titration and real-tine PCR assays: As real-tine

[00167] AURBfelehald ¥ vAridRs! Works MtRREYeen citbld el ah@! dIRRicCinkfporated by
di agnosi s and quantitation, the method devel oped
referencé gr thein entiretyaspheashl wook harkbeso icomoaraedby refeiencesindinitunldy.
pl aque- based assay. To correlate the quantitation of
[00168] acAltheughi thel peseityinvaion thasmbedCieseribdd inhevnngdtimgueith the preferred
titration assay, serial. dilutions . of the RSV virus .. .
form of el g theve oh petary oy adht &t il l@&&is}aegt%@é mapyrgpdifications
can be nfAk tHek@s WithbutRparing Frohs (e 3pieid o Ptid PY¥SeRGRYentiBh € AlcbSlingly, it is
fromone of these Treplicates and the other replicate
not intengag that thd séape af e ipvengioe in any way balimgsd Py thetabeveidgseription.
post infection, no significant cell 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 t SD and the experinment was
repeated at |least three tinmes. [00163] The teachi ngs
of the present invention can be extended to the
quantification of replicative states of any RNA
viruses by distinguishing and detecting the RNA noiety
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] Wile the exenplary
detection nethod used to detect the anplified
replicative RNA in this strategy uses real-tinme PCR
(thernocycling), isothermc anplification nmethods
e.g., NASBA, rolling circle etc., can be utilized in
accordance with teachings described herein and can be
nodi fied for each format accordingly by one of
ordinary skill in the art. [00165] Furthernore, a
plurality of replicative viruses can be detected
simul taneously by nultiplexing. SCROs for each target
can be designed and specific multiplex FRET
fluoroprobes can be in used to detect gene specific
sequences of the anplified product. [00166] The use of
SCRCs described herein to detect the replicative RNA
is exenmplarily
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performed in a honogenous |iquid phase. SCRO can al so
be immobilized onto a solid phase, 38 WO 2004/022784
wEFehsBst2803/ 000209 keeping all the necessary PCT/SG2003/000209
characteristics for specificity intact, and used in RT
for detection and transcription of the replicative
RNA, or any other suitable nucleic acid strand of
' . [001671 References to various works have
REFEBM&E% ed herein and all are incorporated by
reference in their entirety as if each work had been
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S i I e
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PCT/ SGZ%QS/ 000209 CLAIMS 1, A nmethod for strand
speci Malyzngiaiq pplificafion EgeH% si ng:  det er mi ni ng
nucl ei ¢ acid sequences of a target nucleic acid
strand; designing a convertible oligonucleotide
BasedThamethod of claim pawhereinsaidaiesighing gtep further lceinprisesiagtep of

strand; conducting a.transcriptign reacti utilizin
condueig GomaBRDI e o PGS B bt o S EE B g SecdHaary
structurB W€ bd EorbvetttblSdligdndcltideradetieadtionlcBaditio s af Rastlona B said
conpl enentary strand; conducting an anplification

transcriptieicrepiontand angerispig amplidication rsaeionone resul t ant
conpl enmentary strand; and anal yzing said anplification
reaction. 2. The nmethod of claim1l, wherein said
8lesi gfhexgethiod pf Eldink Dewharanpnidypesdicted seepnddry sitala of said)

convert hc? él% ¢ ggqu%d)gg‘?}lggs?péﬁﬁéa{sts g Iggtgﬁg gl%le%c}f iir? .l':l (setem-loop conformation

under conditions of said transcription reaction.

4. The method of claim 1, wherein said designing step further comprises the step of
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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structure of said convertible oligonucl eotide under
reaction conditions of at |east one of said
wo p@nmea7ept i on reacti on and under said anpli f i Bet/8GE03/000209
reaction. 3. The nmethod of claim2, wherein said
predi cted secondary structure of said convertible
ol i gonucl eoti de provides for at |east a portion
her gof L
Tor s e e e YRS bds g BB SIenfA Bl RAS, Ta tha
is substaiatlalll}mi‘rhﬂhxfh il of sﬁhﬂ&l @nvétbls oiporustdotids, undemeactiea cohditions of
tep.of considering predicted secondary structures of
smdanud#kw%aermammrrst portion and a second portion of said
converti bl e oligonucl eotide, under differing reaction
conditions. 5. The nmethod of claim1, wherein said
&esi Jhe megetistdegf claiml 6) d\emreﬁetaﬁbhémignastedlpeimdr drecdudet @ 3° portion
i d co verti bl e oliganucl eoti

. rovi d
having o336 oo s SoBIRNSTBP I &0 & TRRSEEPUTR RO AL LS SeR et leas
art coRpRn. ﬁltaﬂ%tshigr} bt @ahdictarget nucleic acid strand. 6.
np cThgk%mgthod of cm%|n1? further conprising the step of
providing at |east one hem - nested priner for use in

aid i on re t Lon. O /0 I .
She) SEBOEOT s i ieine bR fisping e o
convertibléoflgétucleaidd whith cbﬁn@hsdﬁ@ﬁtbl@dﬁdﬁ% ltllim ﬁrd’t&ﬁn;ﬂerﬁaltir?aé sdi& target
substantially simlar a Tmof said a convertible

nucleic agid rgnd andoen-eRmplamgaiany: ROAENS$n S8 fIEstingRisicaeid geapd, wherein
said non%%gm 'léxﬁe%@fr%rg foﬁ??&rtn%rg?conﬂ}ﬁlaﬁgﬁ E'l?l?cé\ﬂfe uﬁh sg?d6transcr1 tion

em -nested priner Inc es a portio
reaction banditivgns add ediervire sad bdntkesoreamyglenentpprtians dorm a second
transcrr [ ct| P %roduct that is itself at |east
conformptipnstruet \’ﬂﬁigé?ﬂé 51? 1082536100 get  sequence. 9. The
nmet hod of claim 1, wherein said designing step
i ncl udes designing said a convertible oligonucl eotide
Ighi c AThe mptiradsd slaimd, sdietedresnid fiest cenfermasiop saneiutediay at lgast a
target nucleic acid strand and non-conpl enent ar
Smnykx?épﬁﬁghs to said target nucleic acid strandnpmhereln d
sai d non-conpl ementary portions forma first
conf or mati on structure under said transcription

Ieacth emverdivls eligonuclegtifle,spmEisHIZ ai d same
non- %qgggg éﬂ%%@ﬁﬁﬁho forma second conformation

structure under s |cation reactions. 10. The

nmet hageamdgogion @mphtmﬂmzlrm a ddadlt hipast tocotafget merddioacid sequence.
structure has at |least a stemloop portion. 11. A
converti bl e ol igonucl eotide, conprising:

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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a first self-annealing portion; and a second portion
conpl enentary, at least in part, to a target nucleic
wa@céed/osEguence. 12. The converti bl e ol i gonucl POI/sA2006H00209
claim1l, wherein said first self annealing portion
IS in a stemloop conformati on under conditions of a
first reaction and converts to a second substantially
li ne : [ i . i i .
ond 1 SaBvAHiER ol Rfke 68 LR |2 3RRE HiPRonyerible,
oligonucléntide oonterittafiguening, icgosine becdmbieatam aflbatnis Equal wher greater than
% ftﬁai d second Egorti on.is from about 5 about 15
50% of the; tqtal JuiclgaUdecomposiioiout 8 to about 12 nucl eoti des.
45 WD 2004/ 022784 PCT/ S&003/ 000209 14. The
convertible oligonucleotide of claim12, wherein said
18onv diheichhecriable gbgersiclsotidalel dainmt B whefeimspah firse self-annealing
. .cyt osj.n r c hnation qf both.is equal to or qreater
portion i35 R G 86yt S LR el oG Bon bPiiods e
convertible oligonucleotide of claim12, wherein said
first self-annealing portion has a A G of about <_ .
169, sddgiconysirtible @igonucleatds 1 hwhsrein said diffening seagtion eanlitions are
Th y ' i.de 12, wherein said
o east thfoer S SR K i B B IR S 121 ot
transcription and anplification reaction conditions.

7. met hqd. for. desi gni.n | ti-conformatiqnal .
1 ndk e prreiee Tt e matisey EhimGRF Aaslgotides and hemi-
nested pRRBR! tthpikinglesi gning a stemloop chineric reverse
transcription oligonucleotide having two segnents, a

5'  stdesighingp stoylnepchiamagticgeBrse teangenptinpdigbnuvigotideshasing two

e e R

ol i geBhdicEAf b de/caRdradsdriptifR teabtic @tiliziCiatl sagUesehimeric
wherein said steml oo chinmeric reverse transcription

reverse tynperintin jobigenusteotidgan afarsel nugipie aridiseausagmravhereim pid ptgm-loop
chimericif@vet lgansgﬁﬁtg)%tol{éu Sidtidasizd ﬁ?&eg %ﬁg%{ﬁlngg vt als to said

stem 1 oop segnen orns a se tem1 oop
target nusteicuadi disequeoeiand sadisdstemvieos segimeatforms ptseld anreaHog stem:loop

subj ect.ing reaction products of said reverse
structure, Jugihe Spif SEYSER FAOSTIRUOR T6US% anpl i i cation reaction

wher giifjedtig rection ptHiueB ¥ 818 ESvelt 12A4Fipabe FRakG@&Pto an
__chinmeric reverse "transcription oligonucleotide adopt
amplificaficpaeantignrwhesain pucleie ecidsequencesraf said stem-lpgpichimeric reverse

transcriplt}&? F)iig(lmzu%{elogcrl]e é)({ogt ? se%%xq&a'rg gt%c%.jre RU# IRt to 110w for hybnscﬁ‘zlagion of
ampliirication reaction, a
a hemi-nested primer for use in said amplification reaction; and

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 Tm.

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.
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anal yzing results obtained fromsaid anplification

reaction. 18. The nethod of claim17, further
wemopoi2gsang the step of cal culating said st emBaIEgG2003/000209

segnent's free energy and Tm 19. The nmethod of claim

17, wherein said 3' segnent's nelting tenperature is

about +/- 7 degrees centigrade of said reverse

ansgri ptho {on':s 1. :
Shoar B blioEehTAE LE HiB B RE St putt i ipmept hys 2 4
greater than onEfiaBlobs@i-@. Bkcal/Aofetinden feditdvege sraguEiptiohaeactionAofiditions.
greater than or equal to about -0.5 kcal/nole under
said reverse transcription reaction conditions. 21.
e , .
Ehe TRIORAoF L RSB 5 BR3P s
or equalktoabdutelies koathaplesmider sal ererse tramos ptioneadionceaditipmmn
conditions. 22. A stemloop chineric oligonucleotide,
conprising; a first portion capable of formng a
2! T - ARRGRAIJoP hFiBRN JlIGORuHIRE, Rniprfsily; Set  reaction
condi tions; a second portion that naintains a
subst afitst portign tapablgrof fomfiog Auelf-erneghngstemdpep ungdgpe first set
" fir ﬁo\ set of reaction conditions and is capabl e of
reac lonacr‘i’ﬁgl i’PHg to a target nucleic acid sequence on a
part i £sdcafid pdrtici thabiainttihed subs@htiallylhearltvafG@inatioh 0ader said
chimeric oligonucleotide of claim?22, wherein said

same firs§ ye§ pf fsagtiomsAndibansandds eapablsiofiapppaling & # taggeh BugliR geid sequence
ona paéikﬁ?} gt%gg ofhdhisaldgsecond portion have appropriate
nAucl eot |

e sequences to forma substantially |inear
confirmati on at a second set of reaction conditions

|ssimlar to said first set of reacti.Qn conditions. .
git. A }%%%?H‘%IW%HH?%?IF@“BSF@&I?L?J I izg_ewg?rel?l Sﬁ?ﬁrﬁtzpomon
capable OF fringh &l Chrhe D glhtdrh I$dp @ Tsaidlsecdn@Poticdhav® Astrbhae
are transcription reaction conditions and said second
nucleotige seqienees 4z formra subsiartially dinsarsnoafipmagiontat 8 sedonf seted eaction

conditiohs r&gslsitrrlli A saf’d7ﬁrst set of reaction conditions.
24. A stem-loop chimeric oligonucleotide of claim 22 or 23, wherein said first set of

reaction conditions are transcription reaction conditions and said second set of reaction

conditions are amplification reaction conditions.
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