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. " NUCLEI C ACI DS BY RT-PCR TECHN CAL EIELD The invention relates to. nol ecul ar
bi ol ogy. Mre particularly, it relates to real- 5 time PCR nethods and

absol ute quant ABSOKUTH QURANTEFATION OF NYCKBROACTDEB VCRPACRechnol ogy
applies to anplification of a.DNA sequence of interest. In reverse
transcriptase PCR (RT-PCR) a reverse transcription step is added to the PCR

10 protocol. This adapts basic P (ﬁ-ﬂﬁﬂf}gﬁ) @ﬁ)for detection and
gyantitation of specific nRNA trq;ﬁnscrl p_si.T lhus, RT-PCR is suitable for
measuri ng and -con¥ae invgutipe rdatesda polsdirdiplogyy dase pasicutaply g6 rebites il

conpari song ipcl essi ' 1ff |.SS types in an individual
or.gani sm ?n @‘ﬁ%ﬂgg%ﬁ@?ss%ﬁégsﬁV%&“g“ﬁ%mﬁg‘ﬁg?#ﬁ“%%’lé’?ﬁsy‘g%rgani sns, and in the
sanme tissue type in response to experinmental treatnment(s). 15 Quantitation
~can be relative, i.e., expressed Iﬂébm fol d-di fference between ,
sanples, or absolute, i.e., in ter % | anpbunt of RNA. Hi storically,
foll owi ng synt hesidmsio_fiﬁcampdhudldsgyapplfzye:remq:»li_fibeaiaﬁofd.DNAQSq@ﬁ@mfiﬂB&Rt._ was run ]Eo
an appropriatge -en oint in ication step, and, t: gyantitation o
reaction prodﬁ'&?"eﬁﬁﬁ aﬁsﬁ??t?sgg%m%@aé%’ﬁ"ﬁ?gﬁ “‘3“?‘%%‘?1?ﬁﬁg‘?‘iﬂ.“é&?g‘égsay, st ep.

In a vari i oproRol0ThiRIdpERadidPUR matGodd&d fort de@eionReRqhtitalibnt sTepdoicPCR') , the
anplification step and . defecti E step air? conbi.ned., The cycl e-by-cycle -

i ncrease in tﬂ%‘N Frapes 1 T‘% Bt gutable fon measuripg 4d cOMPITEZIZERS e, This is
‘acconpl i shed &iprdsiied l6kls) Pxamplpy STRgulRbRPAisoiM ihdlude @Rpestioh and@tferbr war d and
reverse priners in the g _I‘ilf)i cati,on reaction. The prohe, which hybridizes
wit hin the anﬁSF?Wl%@dg‘gWé&l OFBgRITTR AR fhig sgrue tisis fyPeiopg ddtsrent o1 ot i des i n
Langth. The cemimdng, aldliy the vaid @letypbagidfingd o RkREfSnthiARAInAgs). Bi osyst ens,
Foster City) CA:- i ncl ud% a fluorescent reporter HD ety (dye) at the 5

t erm nus é%d QuiiEaemean DRilats, 1pgsapyessed i wemsptfoldditforrboe batweee i nt act probe,
fl uorescence gimpldiforaBRRk BS., ih forifid SFABEANATRURPRE REPEd t hrough internal ‘
-quenching by'a quencher noiety.. As {he exonucl ease action of the advancing
Taq pol ymerase di gagpidcally f?‘%?@’"%/gfﬁ’?q‘ﬁfsfg@Hﬁd‘b%?ﬁvﬁlﬁ%t“r‘l’éﬁ&t‘?’é?‘%gcgnquenched,
resul ting in #hdi@h &SHQPEBpriad¥na PoibSin an amplification step, and then quantitation of

reaction product was carried ont in a separate detection, i.e., assay, step. In a variation
20  of RT-PCR known as "real time" PCR (or "kinetic PCR"), the amplification step and

detection step are combined. The cycle-by-cycle increase in the amount of PCR

product is quantified in real time. This is accomplished by including a "probe” along
‘with conventional forward and reverse primers in the amplification reaction. The
probe, which hybridizes within the amplified sequence, typically is about 20-25

25 nucleotidesin Iength. The commercially available TagMan® probes (Applied

Biosystems, Foster City) CA) include a fluorescent reporter moiety (dye) at the 5°
terminus and a quencher moiety (dye) at the 3'terminus. In the intact probe,
fluorescence of the reporter is strongly suppressed through internal quenching by a
quenchér moiety. As the exonuclease action of the advan#ing Taq polymerase digests

30  the hybridized probe, the reporter is unthnched; résulting in flnorescence, which is

,_ detected and quantified, '

. Quantitation of mRNA by real-time PCR can be rélative or absolute. In either

case, quantitation of mRNA in a sample is by reference to an appropriate standard



detected and quantrfred. Quantitation of nRNA by real-tinme PCR can be. ,
rel ative or absolute.fln ther case, quantitation f MRNA in a sanple is.
by reference to an appro ate standard WO 2004/ 04 %U U Zﬁ § 036522 -2
curve. | n WHERf st andard curves for relative quaﬁp SEQ0R 6 Huantity is
expressed relative to a basis sanpl8, which is often called the-
"calibrator." For the experimental sanples, target quantity is determ ned
fromthe st agoredindhe saee efrstindird cwees foyrelpting aaittigagion, qhentibisis exgressedat or . Thus,
the cal i brat | ' are
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di | ution ser ic@Sorath Beostics &Stsxpeﬁhtsﬁlhll%r@nt%u@ﬂivide&by @8 cafbraidydatiiey, iRal - ti me PCR
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the target s&EBEREEYGuNiGE uqrrfa@ﬁ%rr&@ﬁm °1991€£V pspns apfostelatide cont ai ni ng

a cDNA cont alqﬂaxﬁﬁaﬁbﬂenp SuBRiof RERUMIICE cdiuShin @kgeedeeeaﬁce &nrbeaﬁerdlt&t ion
fragment of the plasmd that coptains the 1 DNA (and no other open reading

franmes) i g&reafssiapiad cuty ?W@%@Eeﬂaw&%%fﬁ%@h@ﬁ@“%% of the resulting
CRNA neasured, ang, aoheas@ Mldtequiﬁiﬁgu&nfbf&mﬁeé—uﬁe@m Wrve.

Corrpl enmentary RNA cop s cal cul ated fromthe A260 and the nol ecul ar
ght of t hdtapfahin "‘I*?f\‘?%th?ﬁ@éléﬁt%‘a‘}%f ¢fj2a R4 W@B‘F‘tg}h%ﬂ%@?@e‘é%ﬁ?f‘e‘ssr on of one
or a Si&bkn REERAIent]. y, ol plasRRER¥EHiNE ARBINA d b @ining tfl@farg%i( anple, in

cIrnrcaI 20 -testing of viral load in | TV patients. However, -in situations

where | arge MeffsaGednust be obfaigedy éﬁﬁs‘?‘éﬁoﬁgf‘@%%ftth%ﬁ”&ﬁ%ﬁﬁ PREEEMSy real -ti e

PCR, thi s52pROABCHRA fo ARGt BadifttiRithds] i@ kd1QRrific 20 rdvb B wRRB20LA PG and
| abori ous t hat |t@16ecorres%|brrprgct I cal o %IVIVARY OF 1TI'HE | NVENTION 25 The

i nventi on pre‘\ﬂﬁmﬁﬁleaesﬁﬁlpaéﬁNﬁd? W%P#ﬁ%@%wdf%?feﬂ@éaﬁﬁﬂ@%erati ng

cal i bration daha, cemgreme ﬁnﬁﬂﬁ&%cﬂcmﬁwaﬂsﬂltw,@mmet ation of RNA
by RT-PCR.  The net hod |nc ud es the steps of : (a) providing a synthetic
ol i gonucl eot iTleElHyPiehlof fre mRNA. This presents little difficulty where expression of one

gene, or a small number of genes, is assayed repetitively, for example, in clinical
20  desting of viral load in HIV patients. However, in situations where large numbers of
different targets must be quantitated by real-time PCR, this approach to absolute

quantitation is so time-consuming and laborious that it becomes impractical,

~ SUMMARY OF THE INVENTION
(‘*«/} 25 The invention provides a method for obtaining a ¢RNA for use in generating
calibration data, e. g., a standard curve, for absolute quantitation of RNA by RT-PCR.
The method includes the steps of : (a) providing a synthetic oligonucleotide comprising
an arnplicon, a promoter sequence located 3’ relative to the amplicon; (b) synfhesizing
complementary RNA (cRNA) by in vitre transcription of the sjrnthetic oligonucleotide;
30 (c) quantitatively assaying the cRNA by an independent method; and (d) generating
calibration data using a known quantity of the cRNA.
Preferably the promoter sequence is a bacteriophage promoter sequence. An ,,

example of a promoter sequence useful in the invention is a T7 promoter sequence,



am anplicon, .a pr ormi(g}jqquence | ocated 3' relati to the anplicon;.(b)

syntheS| Zi L5 ry RNA (cRNA)- by in vitro tr anp&FARlob ek the
‘synt heti c gﬁ)g@ﬁlﬁg‘eotl de; 30 (c) qu%ntl tatively assaying tﬁie0 cRNA by an
i ndependent nethod; and (d) generating calibration data using a known

quantity of the cRNA  Prefer abI the ter sequence is a bacteri ophage
pr omot er sgquéﬁcé C%T% go(%g& ﬁhéﬁem&@@m in the
invention is gigofudlédligDs onﬁ@%bﬁms@aswﬁnﬁﬁoéeﬁ%éé&&a&g&érﬁmﬁ 036522 3
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of the inventi on, f 1 anki Ng sequence cont al ns onsecuti ve.
t hym ne re8i dengion. Thesynthatie Qiigmgmleg@dp)opaonaﬂginohdeswﬁeﬂmh@tﬂﬂme of 2to

ol+i gonucl] eot i I $hef ol to 20,
_preferably 8- %g,p%r%%%lﬁggtl? UEIQ et vveen ah%p@nc%g%ﬁlgﬁgﬁlﬁ& Biot er regi on.
The lI'ength of the 'Hwﬂmgt}mﬁtlprampmcalpt#emlﬂyB(J!Ott@707lﬁlcmweemnddm& and nore -
preferably, 4 h
ol i gonucl eot i f(-:‘?%eg? éfq 46%,:40%%13&%%0 'l{m?efﬁtg‘%ghhc F’gnﬂfehggh&)ﬂr}r‘%?oglde ﬁrgjfeéapgbl y 70 to
130 nucl eot i dés%0 t8®4(tumcl&@:(ﬁeammkeqmﬁsﬂbbr70 td (BOamclefides) 8Q1c01210mu¢lacmiﬁesdes The
i nvention Iso gdetaé 8510 RT PCR net hod for determ ning the abundance of
specific & cl &1 8¢ nr?oef) Clil es, e. g., a specific RNA transcript, in a test
sanple. The net hdﬂxenmhmasotfd:mxr@;taap'@‘—mRm(eMdfswdexe:dlmgg&eatyimﬂheé| c
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synt hesi zi ng Si rande SCI i 0 e C (e
generating. I%Cﬁng%loflﬁ? at ?IS?}Otaraﬁe%“eB%eqﬁ%ate?\éerei’%m0%? %‘g SYYhGSERE; o5t

sanpl e dattd f cRNAtbyen izestraxsammloepf th«ﬁldhgohl)clmdqam‘)lpn@uhhga mﬁiﬂoﬁ &sies sanpl e

data. to the dat a. i ent.s of
invention, t hgslﬁl@%g @i %DL%G fhpaf“getdl \i/)ﬁ\ﬁ dbybrf/"veé aH%Fé’B‘ér{‘a"é:‘H met hod,
e.g., A260, anRNAt ergbnmnﬂgmmlbﬂaom usiigfhe c@l\{;f\.,,(gmmgmmtestRNA prior

to synt hesis o S ran ed %1{' rei con" neans a
specific pr esé?"@tcl?ga nuch‘eg‘atS g §é%]uﬁl ccé)][m:'mrﬁIthi§ wdggtsm%ﬂf’@g?e Tt i on.

PCR cahbrat:lon data. Tn preferred embodiments of the invention, the cRNA is assayed

20 quanutatwcly by an independent method, e.g., Azgo, and mixed with heferologous
RNA, e.g., yeast total RNA, prior to synthesis of the single-stranded cDNA.
‘ As used herein, “amplicon” means a specific preselected nucleotide sequence
amplified in a PCR reaction. , _
As used herein, “flanking sequence” means a nucleotide sequence adjacent to an |

25 lamplicon in a synthetic oligonucleotide. A 5’ flanking sequence is located 5° relative

to the amplicon A 3’ flanking sequence is located 3" relative to the amplicon.

As used herein, “PCR calibration data” means PCR data generated using known
quantities of a nucleotide sequence conespondmg to a tatget sequence, against which
test data will be compared for purposes of quantitation. Calibration data may be

30  relative or absolute.

As used herein, “standard curve” means a plot (usually semi-logarithmic) of

calibration data. | l

&~



As used herein, "flank(ng quence” means a nucl eo't‘ij sequence adj acent to «’
an 25 anplicon in a synt ic oligonucleotide. A-5"WFlanki ng-sequence is

| ocat ed 5 WeRHI§B22 to the anplicon. A 3' flanking seqR&Rdis2403/0365%at ed 3'
relative to the anplicon. As used her&in, "PCR calibration data" nmeans PCR
data gener-ated using known quantities of a nucl eoti de sequence
corresponding to aAkaSegééreﬁﬁﬁwﬁﬁhelﬂ:ohggaﬂclesﬂdemmnhanume addtataiihg a be

conpared for purposes of t|Iat| I|b Ilond .ma 0 relatlve
or absol ute. ‘%gcesﬂq‘ﬁg?eeq H“c ‘ﬁ'ﬁ @{a}, e {%‘E‘wﬁ Btf%fg‘ﬁ

sem -l ogarit hl’ByCé)lzyQ‘fatlc p@lymaﬁzahbﬁlﬂ admn@cen/\o 2004/ 045522 PCT/ U820031036522 -4
As used herein,. "synth t|c ol.i gonucl eot,i de" means a H cleic acid containing,

a specific sequené\éu hergin, dariFedepodERE S SWGWH? FedEdari c cheni st ry

rather thars h¥nRREWR e, AOTN GERNARN ifklestN @ | Vi ng cell . As used herein,
"target sequence" means a sequence to be assayed a * 5 seqguence in a

gene, cDNA or RNA Splepsnthargise defiged.ad dochrippd ang %@n‘!f@ft?fﬁ@ &Sﬁddlf’?eﬂt gatecal and

scientific t ersq&e ﬁhﬁrc@ﬂnﬂmﬂl?‘ﬁﬁdérﬂ@od b%%ﬁ@ofﬂ?«ﬁﬁﬁri‘ﬁnl@ﬁx tﬁ@ﬁmwch%@er st ood
by one of ordinary ski in the art to which t I nvention belongs. In case

of conflict, tinenhendiiones. dpshseohequsist, thmm%f.aw@]mwa intlpdiag definitigns.| control .

Al'l publi catl , ie 4t hek %&n&]é are 10
i ncor por at ed g}giﬁrcce) re%%gu]ﬁ{%%l %Tg,t g?tiggl%ﬁtﬁe?mﬁ?ﬁe an@egihaﬂaﬁfﬁrgpresent ed
bel ow are 10 | ustorparatedebyaefiesenceand  not i ntended to be limiting. O her

features and advan | ' - . e
detail ed descripti gﬁ@%ﬁ {1?’0 mﬁ} rﬁlré%%“ﬁ}@esvﬂfébﬁgﬁﬁpﬁggﬁ%r&ﬁ&hgHE
DRAW NGS FI G. not inteadesigh barbinitiong Dthqsfeptmtewrﬁadffantalges of dheaneeintignt willdeur e of a
gyhthetic ol td on. The structure
iTustrated in é‘f%r%%t%%?et%%éd%@gptloﬂgﬂgﬁo % I ng sequences, which are
optional. FIG 2 is a standard curve for absol ute quantitation of nmRNA by

RT- PCR. P_s Purified CRNﬁR‘fﬁﬁﬁéﬁrﬁﬁﬁgNkﬁ”ﬂIﬁmmbve 1: 10 seri al

di l utions &nd t hen pl aced
FIG. 1 is a schematic illustration of the general stractute of a synthetic

oligonucleotide for use in the invention. The structure illustrated in FIG. 1 includes 5°
and 3’ flanking sequences, which are optional. ' |
FIG. 2 is a standard curve for absolute quantitation of mRNA by RT-PCR.

20 = Purified cRNA was subjected to six successive 1:10 serial dilutions and then plsiced

(“spﬁ(ed”) into a yeast total RNA background. Each difution of cRNA was used fot

synthesis of cDNA, which was used as a starting template for RT-PCR. The RT-PCR

was performed in quadruplicate (R? = .9980). The Ct value (Cycle threshold) is the

output for the RT-PCR assay. The Ctis the cycle number recorded when the reaction

(::: 25 becomes exponential. When this happens then the equation is true Ct =

pinitial amoutt o
Ct was generated for unknowns and standards. Ct values for unknowns were then
compared to the Ct standard curve. '

FIG. 3 is a histogram showing the results of absolute quant:ttahon of mRNA
according to the invention. Messenger RNA copy number was determined in tissue

30  from rat lung, liver, kidney, heart, spleen, thymus, embryo and brain, based on the
standard curve shown in FIG. 2. '

DETAILED DESCRIPTION OF THE INVENTION



("spi ked") into a yegs otal RNA background. Eac Bii | ution of cRNA was used
_for 7 synt hggigefisePNA “Whi ch was used as a starting teppyaksoi®iesizT- PCR
The RT-PCR was perfornmed in quadruplg.cate (R2 = .9980). The C value (Cycle
threshold) is the output for the RT-PCR assay The Ctis. the cycle nunber
recorded when the reacti on 25 becones ex P! nt | W nt hi s happens t
et hece q u B ARG iRty (A SRR g einfnl ot eq o

unknowns and séamﬁbmﬂlﬁduﬁa&lﬁbﬁ%:ﬁ@ﬂiodlf&l@‘bﬁiﬂﬁgmAideﬂ%em@ﬂ&md to the &t

standard curv ram shovm of absolute
quantitation gPRr‘ﬁﬁi%&a“Oﬁéﬁ%?% hﬁ’sqt%q‘iaﬂgm?m R@?&%@ copy number
was det er m. negfficitnéy dFRibd by I rhéthid idkes it patical to yerfornkibeslay quittiiiba oS P! een,
thymus, emhryo and. brain, based Oan@Q standard curve shown in FIG 2.
DETAI LED DESCRIEMN} bivesitme T thipyehp Aiusnes suolsing MImOMS/ 036522 -5
In the pr esen%ﬁ&ﬁﬁ?@fgb&@queﬁcéao'r&is 0O fRiLB& siviiTulGh sicROYk RLIIRALS Or steps has
been assenbled into a sinplified nmethod for obtaining a cRNA for use in
genetating a LityRicgkmscnih pRHuBdEc VY PIOgIHES| ute quantitation of RNA by -
e orm abosl e, apinibERGHrALRLEN Rlid I 8t bR BM SR 2L 1O
!to hr oughput si w@%&qwnww@wmgt Sm%&%ﬂddﬁloﬂ’f@?@mﬂt@&ﬁb@ﬂs th%@ﬂ@ém:esg Thus,
t he met ho |sg9[§eg arch and
drug di sC(C)llver prégénalﬁs%ﬁ%hegﬁ?&n{?gﬁtﬁ o(lJr*lﬁ':gf a%%gﬁggﬁs@n&g@g%eg@h%@ﬁﬁeed to
ngj a|t n a p![ ﬁs mpatheltﬂwmeﬁﬂlngﬁ'gnez DRbis mnh@aamjtlggsﬂth&m?%}&ﬁ;s efmence. In
‘addi tion, e
restriction. frgﬂwnegﬁ%h%@u&%ﬁd ﬁlas gggﬁlq'fqthgagnt‘al?ﬁs%%{lﬁ ﬁud’m pPi*El “Mrhgg ot her
@pen readi ng ftheemﬁ@)a tramhnstumuswl qquaa@nabwaﬁ-temﬁ’(ﬁ%mmh@@ﬁleﬁm qan bmppbﬁl of a
synt heti ¢ ol i ganuelanti EiainBace AT ROk dhohlichibr bibiodh biced 6ARRET T PLi on
step. Followmng the in vitro transcription ep, conventional “real-tinme PCR.
net hodol ogy? c dplldydngthbpinivésty transaription steg, ﬁdﬁ@ﬁtﬂrﬂm&'@f? Beatecol in Hglecidardet ai | ed
St aeasel ot on MPEMANIARROR Bl B4 R SRALLAL LN RELUAS JLIT O o
1997, CRC Pr edaboraiey Mimyel, 153950 @EHMHGPOTB%I ecul ar Cloning, A Laboratbry

Manu al 1989, Col dIf%RerRl“@ﬂ ot@ﬁlpd)ﬂy et b§Rrransciiption is going to be used in generating
' PCR calibration data for absolute quantitation of RNA, a sample of RNA obtained in

20 thein vitra'tanscription step is assayed quatitatively., This can be done, for example,
by measuring the absorbance of a solution of the RNA at 260 nm (Azge). The Aseo
value can be converted to au RNA concentration value, which can be converted to a
copy number, based on the calculated jr.noiecular weight of the cRNA molecule .
involved.

25 Design of the synthetic oligonucleotide is within ordinary skill in the art. In

general, the synthetlc oligonucleotide contains an amphcon, promoter sequence and :
‘ opuonal amphcon—ﬂaukmg sequences (FIG. 1). The nucleotide sequence of the
synthetic oligonucleotide will depend on considerations including the amplicon
sequence, sequences flanking the amplicon in the target sequence, and the choice of
30  promoter sequence.
' The leﬁgth.of the amplicon is not critical. Preferably the amplicon length is in
‘ the range of 30 to 70 nucleotides. More preferably, it is from 40 to 60 nucleotides.
Amplification of a particular amplicon in a PCR system is achieved by the design and



| f the RNA obtained by in vitro transcription is,gg.Lng to be used in -
generatlng PCR cal i b at data for absolute qu£ ation of. RNA, a sarrple

of RNA ob{3) 14682 20 the in vitro transcription stepdBusGagesd:
qualitatively. This can be done, forgexanple, by neasuring the absorbance of

a solution of the RNA at 260 nm (A260). The A260 " val ue can be converted to
an RNA concentr 0 %H Q nunber based
“on the cal cul g{'tﬁ;éfmq éﬂlf?}naym\kc} dcp?igﬂ {D%éi%ga@i&}n%%er%ﬁr&mﬁ“? 8lved. 25
Desi gn of theiemgm&ﬂﬂs&ntheaidof@dﬁthmmhs vl lewwitt the art, ovidlipniatey designing in the art.
In general, t e synthetlc onu ofide contalns..an ayplico pr onot er
sequence and SBBEFIRH emﬁﬁ%‘h Coh™ 'iag ewéc%saﬁgﬁ@é%vat]%lt 3xamﬁ%é’fnucl eoti de
sequence of tdaeh comﬂiﬁréiﬂtsbﬂwﬁb isQoiniec Eqmdst®l ¢Applibd Bﬁ&y@aﬂﬁ lﬁj@tef:ﬁinﬁ OAgrations -
i ncl udi ng fhe anp guence, yences fla t lLicon in the
target seqﬁt.uence ér%ﬁ?‘}@gc?ﬁ%e@@ %?fsfﬁglﬁnﬁ)ﬁﬂg‘??ﬁ? q’:’? g‘?—:“n ‘%%@ | ength. of the
anplicon is n@acét id the AhplicBh. ef’@feﬁbly}’bdtﬂ'@e MOREddC The ﬂ@tﬂﬂigh;e%\ﬁndeﬁ if the range of
30 to 70 nucleotides. Mre preferably, it is from40 to 60 nucleotides,

Anplificati orPT%‘;Pﬂtamﬁé‘ihffPr(:ffﬂné?acﬁﬁﬁPr IE ghigugnRe andiengths i lengthof the gptinpely py ¢ he
desi gn and \@2QA4tloR4R) B HEMAORILRES 2ach ﬂ&mg@é@eﬁde% ﬁ?Jm @y APPr opri at e

forward primer and an appropriate reverse priner. desi gn and synthesi s
of PCR pri mermsicleatidgeland e imeterably fremate 12 pclentigss, mﬂuﬂ@@‘i@jﬁ?‘l\'gﬂce%f t war e,

reagents gnd aﬁ&nﬂ&ﬂtg% vehde® 1} Bﬁdﬂﬁgalcpap%ﬁm@wxnw&asﬂ 16 nytidi8 ¥ Pl e of
such comrercitgl sof g&re |es I’D]rl mer Ex ress(r i %slgg&iBl osystens, Poster

City, CA). 5 the Brept gengibisusk epmerienta 3sn<1tp%ﬁﬂi$§ﬁrﬁg wigembediments pot h, can be
i ncluded  adjReaRnibe, thd® rAfRhd &aﬁanﬁﬁ%%yﬁtéux olifRbfedat icnaluged. The

mnkl ng sequences, | f resen fer fromeach other 1'n sequence and
ngth. The Ic@ng%twfo#mlh t@bt’ﬁb@ﬁaﬂultmamsn@dywe@rfe@ésythps not critical.
Preferably, %ﬁé& foﬁﬁceﬁ%ﬁ}tﬁnﬁﬁcﬁﬁukﬁﬂ%x%nkﬂug?tﬁe rebted Bldgles, and nore
pr ef er abl from 2 nucleottd The nucl eoti de sequence of 10 the

f1 anki ng Eequesntes Tf@lﬁtﬁh @lﬂlsﬂlﬁ@!ﬁlpdﬂﬂb@dé)@éﬁ%‘l ig froqn(5 t@é?lm!fé?"@@ﬂ@ﬂéd to

hybridi ze to abbﬁt%fnﬁélgﬁfd e O prittiteasuch conpl ementarity is not necessary. In
sone enbodi nents of the |nvent|on the 5' flanking sequence in the

synthetic ol i gonué¥ E@FP@%SGH%FW@GFP@FW EdhaTyathsticnligoppcletide. Payai | . - Thi s
results in a ﬁ%ﬁtﬁ%ﬂbﬂﬂaﬁﬁﬁcﬁoﬁeﬁ&cﬂv&y {iiMick A€ reaction conditions employed in

the in virro transcription reaction can be used. Bacteriophage promoter sequenées often

20  are used for in vitro transcription reactions. Specific examples of promoters usefﬁl in
the invention are T7, SP6 and T3 promoters. A preferred T7 promoter sequence is a T7
promoter sequence, e.g.: 5’CCTATAGTGAGTCGTATI‘A 3 (SEQ 1D NO:i). Those
of skill in the art will recognize that the termini of promoters ate not always -crisply

* defined, and that minor changes in naturally occurring promoter sequences often can be

25 made while retaining {or even improﬁng) promoter function. A suitable promoter '
sequence can be selected and incorporated by one of skill in the art without undue
experimentation. Promoter sequences suitable for use in the invention are
comm@ially available. |

The overall length of the synthetic oligonucleotide, i.e., including amplicon,

30  promoter, and optional amplicon-flanking sequence(s) mugt be short enough to permit
chemical synthesis and long enough to permit in vitro transcription. In most caéés, the
length will be in the range of 60 to 140 .nucleotides.' Preferably, the length will be in
the range of 70 to 130, 80 to 120, or 90 to 110 nucleotides. |

e~



subsequent | y- produced¢ c , Which is useful for Jn ng the reverse
transcription 15, re on. The Iength of a suita pol % #A) tail
is from5 V8298 ™¥B? eoti des, with about 16 nucl eoti despﬁé’pﬁ@j’ QP Erred. A
pronoter sequence is incorporated in ‘T he synt hetic ‘ol i gonucl eotide. Any -

pr onot er sequence that functions effectively under -the reaction conditions
enpl oyed in -.the iTheekdot seqnemensithé phihetic eliganucleotidecia designedisedrdii@dot er i ophage

promoter - seq lrfrg ﬁ&ﬁar FI‘%&S ﬁé&n LD H&et B fufbgeﬂuéntgﬁ é&rﬁ ogex}t{ (s:srelclggéfrg 4 Orgf:"% ¢ ; In 3 n .S|.3

Specific exanpl'e€s 0 use nven
pronoters. A ﬂe@ned, tiecsydifetjprdigoivelcotiie qarebrosynihesizzd by ongpufandihay skikéience,

e,g.: 5' CCTATAGI ATTA hose f Skill in the art

wi il recogniz®e@ él‘f ng 0“{%}1?{{??#(%595 Sc?ﬂﬁf"é&'im 0F; Y e\%‘éys crisply

defined, asnd bhgtﬁmdlbdlﬂéss@hﬁﬂ@ﬁﬁuseﬁnmaptt&@kinyenmeﬁmrbertgtaareaﬁamer sequences
often can be 25 made whi |l e retai m(@:gl‘eg eve OVI n%e}ﬂilprmter functi on.
A suitabl e pr§VBREFial QUL fige BlOgFr hnolagtes % Vaﬁ’cg VYRR one of
skill in the aid Opitdagutapndue experinentation. Pronpter sequences suitable

for use in the invention are conuneially available. The overal| length of
the synthetic ol i glbHuebPesrdetood thatthe prescaf fyysngep ‘QWV?S&B?FT"““Y@@PIE@BIﬁnt er, and

opti onal anpl ixfdftchl AdiidBL g TS RCIFNHBME holkPedHiOn anf fbr teRgep €1 M t

chem cal - \{)nt hesi s and | ong enough to permt In vitro transcription. In nost
cases, thd?" | ssmgenseagmplicss of smibiefic qligonyslegiideso t o 140 nucl eoti des.

Preferably, the |eﬁgﬁﬁu%ﬁ%nmedhﬂes thiRe fnﬁﬁ%&.@ﬁtlﬂ@nﬁ& chit Be oﬁgu&fbylzo or 90
“to 110 nucl eoti des 004/ 045522 PCT/ US2003/ 036522 7 The .exact -

sequence of t [#&Y Wjiphleamihstiomegherh Methess; gaerials aad fstpaentation B qyodepsie of

t' cul ar Ch%hﬁ&ﬁcﬂ%&d@s ﬁa‘%ﬁ:@%‘iﬁeﬂ&t@mﬁ;ﬁ& sé&@ﬁ&%%@ﬁ@ve? @Gﬂ)ﬂi&ﬁ:@&&s giescussed -
ove Once designed, the synthetic oligonucl eotide can gqnt hesi zed by

one of ordi narkpowmltlmrh Seg.i¢e8- &heng £ plo FO Wﬁe‘ﬁféﬁ%ﬂ%’e“rﬁ’h@%ﬂﬁ 93- and

i nstrunment@t i QRisomYhiti&ides oﬁgdﬁhdl&fﬁ@éé%ﬁﬁ& ARSInSehbROinDe bBkinkERorh N t he
present invention can be obtained from commercial sources, e.g., Biosearch

Technol ogi es, CPWE‘GW(WéeECR)‘OS%@ Teslyoloeiss dis; Novate, CACHIEoBY CA). It is
to be under st QEglihfB LAY NBurRIcRRANE the ByRIYL B fIRNQTaHBNRERVDusABRP! | Cabl e

conventional technology, e.g., reverse phase HPLC, Sequences of the synthetic
_ oligonucleotides can be confirmed by standard sequence methods.

20 The in vitro transcription step in the present invention can be carried out using -
known methods and materials. AcMevcﬁent of desirable yield may involve optimized
reaction conditiens for RNA synthesis in the presence of high nucleotide and

_polymerase concentration. Reagents and kits for carrying out the in vifro transcription
] step are commercialljr available. A suitable commercial kit is the MEGAshortscript™
25  T7 Kit (Ambion, Toc., Austin, TX; cat. #1354). A partial single-stranded template can

be used for the in vitro transcnptlon reaction. For example, a primer complementary to

the T7 promoter region can be used to create a short double-stranded region to which
the T7 polymesase binds and initiates transcription. Alternatively, a double-stranded
template can be used. For example, one could anneal a prinier to the promoter region

30 of the synthetic oligonucleotide and extend it with a DNA polymerase, e.g., a Klenow
fragment; Then the resulting double-stranded teraplate could be purified and used for
in vitro transcription. In a variation of the double-stranded template approach, a

complete second strand complementary to the synthetic oligonucleotide could be



anal yti cal rrethodolo ;" thelnventlonlsnt ecific to any
nce,

.particul ar target 10 se anplicon, or synt c ol i gonucl eoti de.
Synt het i ¢ woizgevusi22ot i des for use in the present | nverﬁqT 20931936582 obt ai ned
by any suitable synthetic nethod. hods, materials and instrunmentation

for synthesis of oligonucleotides having a predeterm ned sequence of well
over 100 nucl ettiesies! aad enncidad \FheicRNA pgoduct sho@d bg olgaiged as @hsimgly sperieal ., 2002,

Nucl ei ¢ Aci dsTﬁgganage%éQd gﬁ}fﬁ?%’%ﬂf"ﬁb E%Js?t om synt hesi zed ol i gonucl eot i des

for use in the inventron ¢a fom conmmercial sources, e.g.,
Bi osearch Technol agaoamtel sadal diliNiou af cRNﬁ:ik)desﬁaMﬂfmrthgﬁnduc(léiaoﬂrelmlé CA)

~Purification of etic oli chi d using
convent i onal f%’i‘:‘i‘ﬁfleci"fi‘é Fatyime prep g‘é‘ﬁ ”ﬁﬁg t@“ o@@g@g@@gﬁwm he
synthetic 5ol g@@faup,lmmnsdea 993, AreulyeiodtiBisonedisiy 226t 120day.dpseauRNce net hods.
20 The in vitro tr crl in the sent venti on can be carried
out using knfﬁmcrﬁ'ﬁ ‘{d aeﬁ?ﬁfﬁ E‘BP‘%ﬁ & profe ?‘g YepaPRLINS 2l el d may
i nvol ve opti nbc&@éhtraﬁ@ﬁﬁtab@ﬂzsagﬂl {Adi6n, TR, A, TXDENSHIB)l N the presence of
hi gh nucl eoti de and polynmerase concentration. Reagents and kits for

carrying out the |IHW°F%aW?I§W§&Q¢%WW°“’§V%‘BeS§r°§C Nfhran bs achieyedi9ai | abl e. A
suitable Comr@('irﬁ'hﬂiionlﬂ'révci's@ tchidEripafofabitnt $Moiidal dl¥ ntarerihl th fbve®TDI ON, I NC.

Austin, TX, cat. 54). A partial single-stranded tenplate can be used for

the in vitPo FFI&H%RSWWFMS e keeWiHig theragfy Ses frip Sambrgoketiahérpraniteleent ary to

the T7 pronot f‘ervelrs@%@a@aaﬁu&&ouﬁga‘taaa@é £&h Sadous BAfshert@R S klzanded regi on
to which the T (gigl ynerase binds and initiates transcription.

Al ternativel yHl@ %WQDM%B‘&K“F%WPW@F&F@%%&%&W ERanpl e, one

I 'd anneal a pr '%ﬁmleﬁu&hﬁf\ﬂh&ms&ﬁ U&ch@fbll% dudifesS YifbL fes
I gonucl eotide and extend it wth rrerase e.g., a Klenow

fragment. Thepepridedsdply if%@uweﬁmp‘@llg%ﬂiaﬁwéawr FRBPIP Be eqsirusd Belimitingf | ed and

used for 4kn megéﬁebf%%{éfﬁélgﬁﬂnéﬂh%yﬁgy ation of the doubl e-stranded
tenpl ate approach, a conplete second strand conplenentary to the synthetic

ol i gonucl eot i de could be WD 2004/ 04FESAMPEESUS2003/ 036522 -8 synthesized -
-and anneal ed. ﬁp@ Swd%mbh‘?}ﬂg&&&dp@n@mél ned as a single species. This

can be verifie e.g., by gel ctrophoresis. Accurate serial dilution of
CRNA is desirable T%ﬂﬁlaflFréww@a@:@wrmr@?er%@ﬂﬁaﬁwlalseieé%‘aqu?mwg Regar di ng

preparation a@&%léﬁg@fr@ﬁtﬁﬁfy!nﬁﬁﬁ' BfseRfus RfertARAR PHfer BRRess® (Applied
20  Biosystems). Oiigonucleotide templates for in vitro tfauscriptions reactions were
designed by adding 10 base pairs of gene specific sequence to the 5" and 3' ends of the
amplicon, followed by the addition of a T7 promotor region consisting of
5’CCTATAGTGAGTCGTATTA ¥ (SEQ ID NO:1) external fo the 3’ 10 base pairs.

| O - 25 . Invitro transcriptions using synthetic oligonucleotides
In vitro wanscription 1eactions using partially single stranded oligonucleotide

templates were performed using a commercial kit (T7-MEGAshoriscript Kit™, '.
Ambion Inc., Austin, TX). Parﬁally single stranded templates were prepared by
annealing the a T7 primer (5’ AATTTAATACGACTCACTATAGG 3°) which is

30  complementary only to the T7 promotor region of the synthetic oligonucleotide
template in 10mM Tris-HCI (pH 8.0), 1mM EDTA, 0.1 M NaCl) in equimolar amounts |
(20 uM), heated to 95°C for five minutes and cooled to room temperature. The par’ﬁa]ly

single stranded template (1.5 pM reaction concentration) was used in the in vitro



5 generally, Collins et ., 1995, Analytical BiocBnmistry 226:120-129.

Pr ef er abl y wa20gsvas52r RNA is used in serial dilutions. ROIVEskzenswoee2zarrier
RNA i s yeast total RNA at a concentr%tion of about 25 ng/m (Anbion, Inc.,
Austin, TX; cat. #7118). In nethods according to the invention, synthesis of

CDNA can be aghiseNRidnkdacon at ITPUETL 4 BBk, AN ENEO rhen@MShierp ptdddtol €aCt i ON.
Met hods and nmaterials for reverse 10 transcriptase reactions are known in

the art. See, (4mbion IngAjistinid2g¢ Oligonugleptide domplaty DNAf wis remexpdbg ébet r anscri pti on

reactions are,aHidy o?@b"o_fiﬁ\l@&@-ﬁ‘@ﬁil@&él@%ﬁ%ﬁ Qb Aﬁé&ﬁ‘,@@f)%r B flinutes 4 9D ‘
Capacity cDNA Archive KitrT (Applied Biosystens, Inc., Foster Gty, CA).

The i nvent i on37sCf Beactiens vierd teiminataddyy thsaddivien pb20 1dviiorraaraide (A9FcEY), The exanpl es
are provided s Ly far RQur folllust iaon.. T not to be
construed 35 Ty BB RAESET AL bl e BpsFRE B BeBRls T ey vey.
- EXAVPLES Pri petifiedusiabe coemengial idoid acdordpaceieittaihé vabdod eppinahagedlagman f or war d

and reverse priner nd .5 FAM | abel ed MGB probes were designed from

Af fymetrix co’ﬁ?é%%@@ggé%ﬂﬁ%&‘ﬁ]ﬁn rimer Express(r) (Applied 20 '

Bi osyz tems). dOI i gogmhﬂ@ﬁgﬂg:fbﬁﬂmv&i@&eteffrﬁfnedHymbdsﬁﬁ?bﬁt&iﬂﬁﬁﬁﬁsmw@%t r ﬁact i ons
wer e desi gne addi n ase pairs o ene specjfic sequence to the 5'
and 3' ends ofzg%ﬁ‘é 8%&'9%M%W?Sﬂ@ﬂat5‘§/‘%frﬂ@l%£%f |”§ﬁhﬁ‘f°%8n’l9fggpg'rmt or

regi on congi s&,}&gogﬁ 1emiC AR dGHefelRd, )3 (SEQ ID NGO 1) external to the
3" 10 base pairs. SCT?’n vitro transcriptions using synthetic

ol i gonucl eotides In vitro transcription reactions using partially single

stranded ol i g@HELBQF LORA forenpial esvayer € performed using a comercial kit
@r?- MEGAshortscript Kit m Ambion Inc., Austin, '—D?g' Partially, single
st anded t enpl at esCHEPIEmEHA RNAPreRprations fBasprafgeed fioe bwfslaf FmeFt size on

(5' AATTTAATACEHRE AR X0 Jspikbi o) lySasBheAOTRINATBRIARY CTOMAYwé® the T7
pronotor region of the synthetic oligonucleot :ng te %at e_in 10nMM Tri s- HCI
(pH 8.0), 1wV Eibigetedgo Elgmsﬂ&ﬁﬁveisw%ﬁ&tﬁ%ﬁ 19 ﬁl‘%“"ggz'ﬁ"‘b‘mu,ﬂ%‘é%ﬁt ed to 95C

-for -five m nut:ggedan s baRpbasl Jf9edsORBArt ERNANRIgHI S (Adbion BRI, Wikl YX).si ngl e
PR TC IR AN KA
hours, accor dirg@tiéR (PN petdHned ustngIDQigQEiREA yeast total (sheared) RNA as -
. template. The reverse transcription reactions were carried out using a commercial kit in
- 20 accordance with the vendor’s i’ecommendead protocols (High-Capacity cDNA Archive
Kit™, Applied Biosystems).

Synthesis of cDNA from experimental samples , .
Rat total RNA from lung, liver, kidney, heart, spleen, thymaus, embryo and brain -

Q 25 (10 pg) (Ambion, Inc.) were nsed as templates for cDNA synthesis reactions using a
reverse transciption kit in accordance with protocols supplied by the kit vendor (High
Capacity cDNA Archive Kit™, Applied Biosystems). A 1 ul aliquot from each ¢cDNA
synthesis reaction (100 ng total RNA starting template) was used as an experimental
sample for each quantitative RT-PCR reaction.

30  Tagman thermal cycling

Y Quadrupticate PCR reactions for standards and for experimental samples were

'.I mixed in a 96-well plate, and then transferred to a 384-well optical plate (Applied

Biosystems, Foster City, CA). Real-time reactions weré cycled in 2 model 7900HT



(Ambion Inc., Austin, JX). digonucleotide tenplate DNA was renoved by the
addi tion of 2U of RNaséf DNase 1 (Anmbion Inc. { tin, TX) for 15 °
mnutes at 37 C. ReactioM® were term nated by the 2@8ition of. 20 L

for mam de (YWOMP4522 5 vortexing, and heating at 95 C f BEVESHIHGEER. | n
vitro transcription reactions were '.bQ]ri fied using a comrercial "kit in
accordance with the vendor's recomrended prototcol (MEGAcl ear KitTM

“Anbi on) . Conc thatmah tyolen $Apficd BiNdysteersFadiet it TAdd Thyrmakeysier emmditinnf uv

absor bance at_ 260 lj -aof the c s eval uat eqd by, .runni ng a 150 ng
al i quot on 10%“‘?@%90%%?' rg;gr&djl“%\tgsr agm‘gﬂ?ﬁs@ﬁgd#geftﬁgﬁ , & E@ul es, CA).
Synt hesi s of gidfssiReivaion BEPgtheEMbte foBMRLRAPRIJA0 L yERVHI PR Es:aki ons t hat
produced single bands of correct si.ze on sizing gels were added to (spiked

i nto) yeast sbrseirdsdndFARC for G0secondsteith ARRNM fppyaed ang revgisp primets, 208nMi ght:
. . AL - . an dded
CoCa backo? outsitiar MOH Pl BEaELX babrar et nid Al GG’ de vag added

Conpl enment ar yrebiim welly Enoprsculcromassion vers glessud evas goamlseconds Ewrdhieslength
transcription eacti,ons 00,1 ' spi.ked yeast total
(shear ed) RNAo%ttée 'e‘r‘;‘pS é]fi a((ar&C“Fﬁee‘g?s)e%?ger?é%&)%ﬁggg%%t% P%%e'?‘ésélc%ttg%ns were carried
out using a cenamlards(EG.R).t in 20 accordance with the vendor's recomrended

protocol s (H gh-Capacity. c Archive .Ki.t.T | i ed Bi osystens). Synthesis
of cDNA from exper"f?&???éﬁqu , f%%feﬂ%t?m’t"gf‘?ﬁ’fwg i ‘Fé“pYﬁ ver, ki dney,
heart, splieencoidigayisando thenbyojute RN bnraiard cuBs, 0difk SPquéubaDetrionSattwirewer e used
as tenplates for..c synt IS reactions using a. reverse transcription kit
in-accordance(‘gﬁppﬁ Wﬁ%ﬂ’(ﬁfg&gﬂﬂwe%&g%@ey%%%e ?pga\clltsaneﬁfsg%ere Capacity cDNA
Archi ve Kit TMobtsipgl byedmBhtssy ot exp@Ejmentil danfple ROK dptrod therseimdadclive Bpy synt hesi s
feaction (100 ng tot RNA start.i.n npl ate) was used as an experi nent al
sanmpl e for eaEﬁ%?ﬁ@%ﬁﬁﬁW—dﬂt&(ﬁéacti on. 30 Tagman thermal cycling
Quadruplicate PCR reactions for standards and for experinmental sanples were
m xed in

96-wel | _plate, .and then.tr erred to a 384-well optical plate
-~ (Applied qéi osyst e‘?ﬁfg?relg’gjg%"“ ;Wlthfﬁc%lﬁ?e‘%’?gg%‘ reactions were cycled in a
" nodel 7900HT WO 2004/ 045522 PCT/ US2003/ 036522 ‘




-10 thermal cycler (Applied Biosystens, Foster Cty, CA). Thermal cycler
conditions were .as follows: 50 C for 2 mnutes (uracil N-deglycosyl ase
digest); 95 C for 10 mnutes (activatilen of Taqg thernostabl e pol ynerase);
and 40 cycles of 95 C for 15 seconds and 60C for 60 seconds with 900 nM
forward and reverse priners; 200n Tagman M=B probe, and 1X Uni versal
master m x (Applied Biosystens). reaction well, fluorescence

em sgi on was ured every seven ec nds for the |eng f.the
standard &um§ ‘geag grogreting calipration a%b&OB‘Eﬁ ﬁ‘iﬁﬂ@ﬁ“&%l"?&@h@y %T% r ds

(FIG 2).theapgthed mmpmt(a)mr@g rsyabede plignnucieotideccomprisingan amplican sanpl e
by 10 conpudt i & qromotet heequirsel dncated RYA relrtinel atod thi rampliconss i(bly sgeteszing
Det ect i oncﬁnﬂmmary RN (oawa hg’ryﬁt o) trabepiption ndfe e bliporduekeodds;i @)s

exper i "enyadntitaip| R cRINAS anﬂ? tlﬁ%]’%&ﬁ% data B PEKAIRAS RT-PERP! e PCR
datatot results are summari zed in FIG 3.

15 O her en%%glmentgare vmt I'n tAhefoIIovmng clainms. -11- Cains

RT- PR f°#9%ﬁ€% oSS LWt Mool BRI MR Rl ol 4?NA "

conpr|5|n npllcon and a pronoter sequence Iocated 3" relative to the
anpl i,con; t h IZI conpl enent a RNA (cRNA) by in vitro

tranderi pfrg1 Hleé%%t?i" ‘HW? Qgcteqq)yhagglgmqt@raiegﬁgmpﬂ% aclNpromolY ()
gener ati n§gFIEeeal i bration data by performng RT-PCR using a known quantity
of the cRNA. 2. The nethod of claim1l, wherein the pronpter sequence is a
bact ér i opWhganatheshof elaimshquherein. the. T7r promaterh seuaiiceceanisistsoessentiallyi of §'he
bact er i opREFAPAGTOAGTCETATTASS'((SEQ IDNPrl)rot er sequence. 4. The net hod of
claim3, wherein the T7 pronoter sequence consists essentially of 5

CCTAIAGT GRGd GistiblTdf Qaim( SFQrther edmhprisingba STilenldng bapieads adnaisting of Ruo 2er
conpri si nguéledtides hdjpdcneb the @pliésh.consi sting of 2 to 20 nucleotides

adj acent to the anplicon.

6. The method of claim 5, wherein the 5’ flanking sequence consists of 8 to 12 nucleotides.

7. The method of claim 5, wherein the 5' flanking sequence comprises a poly T tail.

8. The method of claim 1, wherein the synthetic oligonucleotide further compnses a 3'
flanking sequence consxstmg of 2 to 20 nucleotides between the amplicon and the
‘promoter sequence,

9. The method of claim 8, wherein the 3' flanking sequence consists of § to 12 nucleotides.

10.  The method of claim 1, wherein the length of the amplicon is 30 to 70 nucleotides.

11.  The metbod of claim 10, wherein the length of the amplicon is 40 to 60 nucleotides.

12.  The method of claim 1, wherein the length of thc synthetic oligonucleotide is 60 to 140
nucleotides,

13,  The method of claim 12, wherein the length of the synthetic oligonucleotide is 70 to 130
' nucleotides.

14.  The method of claim 13, wherein the length of the synthetic oligonucleotide is 80 to 120
nucleotides.

15.  The method of claim 14, wherein the length of the syntheﬁc oligonucleotide is 90 to 110
, nucleotides.



6. The nethod of claim5, wherein the 5 flanking sequence consists of 8 to

+ 12 nucleotides. 7. The nethod of claimb5, wherein the 5 flanking sequence
conprises a poly T tail. 8. The nethad2of claim1, wherein the synthetic

ol igonucleotide further conprises a 3" flanking sequence consisting of 2 to
20 nucl eoti des between the anplicon and the pronoter sequence. 9. The

met hd. of Acireathads fornAdemmininghthe sabundancki ofgnuclejoeanid majamilest gomprising @n 2

nucl eot i desplic&0.inTlae tesbt ssanplef thd ahethdd cdmeprising:t () providing o& symshediepl i con {
is 30 to dligmmeleedde dﬁmpnélﬁg ar heénphieom and afpromaicmsdfuenvd vceted 3t pedativerpt h of |
the anpli eigarh m@ﬁ PRthadifing eRNIEBy inlvitro thisériition d)lefxe slhg@nauéona&%gel n the

“length of 4 cﬁlén.“ﬁ oﬁ ﬁhb glﬂﬂ,‘pég% % % The
met hod of de |s
det syﬁ?g ﬂ’gﬁ,gﬂigqxﬁ iﬁg %Enjof W&B‘P&%@ éi#l(p ]%?od of

- claim 14, of the synthetic oligonucleoti de is 90 to 110
nucl eot i des -12- 16. A net hod for deternini ng the abundance of nucleic acid
mol eddl es Themsthos ofgleim Lo firtheneomprising quantitating the cRA. et hod conpri si ng:

(a) providing a synthetic oligonucleotide conprising an anplicon and a

pr omd@er %qumﬂmi/ bHclaire d 7 3furthet atrmpEsing mixing therpRNAowith (hisieralogausdRNAI ng
CRNA by i beford symthiesiirpohe pinglerstrahddd®NAI gonucl eotide; (c) producing a
dilution series using the cRNA; (d) synthesizing single stranded cDNA by
reverse transcription of thé cRNA, (e) generating PCR calibration data; (f)
obtaining RT- PCR test sanple data fromthe test sanple; and (g) conparing
the PCR test sanple data to the PCR calibration data. 17. The net hod of
claim16, further conprising quantitating the cRNA. 18. The nmethod of claim
17, further conprising mxing the cRNA wth heterol ogous RNA before

synt hesi zi ng the single stranded cDNA






