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WD 2004/ 048528 PCT/ US2003/ 037420 SAVPLI NG METHOD AND
APPARATUS FOR AMPLI FI CATI ON REACTI ON ANALYSI S RELATED
WERPUWLOEGATI8 ONS This application clains priorityPCHus2003837420

U S.C 119(e) to U S. Provisional Application 5 Nos.
60/ 428,038, filed Novermber 21, 2002; 60/439,982, filed
January 14, 2003; and 60/440,010, filed January 14,

SAMBOONG MIPEHOM ANES XPPARAAT!S F@Rhﬁ@mﬁmqqmmmﬁtr@w ANALYSIS
reference. FIELD OF THE | NVENTI ON Aspects of
invention relate to sanpling nethods and apparatuses
for nucleic acid aRBLATERAPRNCGAHONSNs. Such

sanpling methods find use in deriving quantitative
[ r tod . .
i BB fbe ik pPHENEIE & B ' LR nrBlgional Appliation
Nos. @1428/@38s filddAGKERDGNDI , 2002 /43 90820 fifwd Jheudre ¢ roi0dgand 60/440,010,

as d |dI |n r cent .years a res archers
fled i3y e 2B e cheps s TRy dEEBR e DTSR DS

dlseases, or gani sns or genetlc features which are

present in small quaptptoERTHENENTRINOI ani mal test

sanple 15 A targeted nuclei c acid sequence in an

organi smor cell be only a very small portion of

t HSPes pirthe rmmntm ¢ o ssgptingmeikods and apppratpges ferutugleic acid
ampllk}gatﬁo%trggctélg#x% ﬁS crhesﬁgqggﬁg }é%#hr%lgsé gH(Z u%é ?gﬁ%‘a?lﬁlé dﬁg@é‘cg{ xge fiformation
from aedl€c bcidatplificiten atdlyees fe exahpleptrimegaicd] prodliag analysis.

acid. A significant advance in the art is described in

U S. Patent Nos. 4, 683, 19@\@’{_&@@@@; 20 and

4,965, 188. These patents i lification and

detection nethods wherein prinmers are hybridized to

t beicRid 38 prove t@chtnéfog?‘hﬁﬂ d&kétdpRH Gapiglytn (r@&ﬂf’ yeles 8drek&chers have

| ates) in the presence of "a nucleotid
dlscowtn;[/)rte walyatfpbdetefg@m of (euiens é@e%emm&w@r genefic gpafures which are
e S h h Under specified

prese& 3 gx)ﬁftfl %}Hﬁ{ % é g‘g‘t}?‘{ Gl B r?%lp[eﬁ?tsgﬂci | on of primer

ext ensi on products as nucleotldes are added al ong the

t el @teeisndctederadit eeqdienenid aﬁforgdm&npbi‘ ot may Dhesly a2ery small portion

d th t d d 1 enpl at fo
of theﬁgglég @%\i@ o %CélrlF:Q(bg eﬂgrlg (f%ﬁ dg%@pﬁzg detg;tt gﬁglleﬁ%cee%smg rrnost labeled
DNA Iﬁ)ﬁgﬁ thh\fgb%grchElbsc’bée}‘lcclaﬁxe@fougﬁf‘ﬁﬁdjﬁvg b @Metect o dnly a few molecules of
ridization and priner extension IS carrie
atmgmmdbedm@hCﬂlnes (for exanple 25 to 30 cycles), the
process which is knomn as WO 2004/048528

oYL SRR, 7y A0n i BT REREBeS AL EREHIOR 4.683,105; 4,683,202;

and 4I%5988 £ Thedeq)abings @dsbl%e gfplifftation ind &etécﬁﬁﬂl thth 6Bt v@ledreil primers are
the targeted nucleic acid has been sufficiently
hybrl@zﬁﬂ t,oﬁh@gtra(ngiﬁ af a fasgeterhirlai¢ paid (qpppidered the templates) in the presence of a

nucleotide polymerization agent (such as a DNA polymerase) and deoxyribonucleoside

triphosphates. Under specified conditions, the result is the formation of primer extension
products as nucleotides are added along the templates from the 3'-end of the primers. These
products are then denatured and used as templates for more of the same primers in another
extension reaction. When this cycle of denaturation, hybridization and primer extension is

carried out a number of times (for example 25 to 30 cycles), the process which is known as
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copi es of the nol ecul e have been nmade), various
detecti on procedures can be used to detect it. 5 The
w@aaoeniss2hot ed above, for exanple, describe thRCTIES2003/037420

i nsol ubi lized or detectably |abeled probes and gel o
“polymapragq shaphispetiond’ exponeapplbsigicasasie edgineldnanyngef egpsed pycleic acid

i imes and tenperatures for anplification
50 tha%?ﬁgéfgﬂgc%é&féee&her ally described, with the specific

conbi nation of tinme and tenperature |argely dependent

uPace theaargetedeuoleidNAl haxl heee sefieianslg dmplified ¢thaplseriahy times more

. of the mxture of nucleic acids including the 1 :
copieg %\frféeff_écﬁéwﬁﬁfwewegbesEi%ﬂdei HaipY dRtFFIgA TS B’ff*ﬁicalﬁ% vgpd to detect it.
The phfdftsPIctdEASove! 0% LRI dfcribBend a596F BloRBAlARH ©r REcHbly labeled

pH and several other reéaction conditions and

probesadgeh elettsophamgsis dsirepresentative dete¢tomemethods. been used for
a nunmber of applications, for exanple, in
tnanseription.profiling, T rption. filj
pfomgcatidsBrnlfes ahd ReppbRfRGC I, biPuREdih, tlfhods are gonerally
describet Wit teadpeoificadbehbirdtiod adfi tifle and aqaedrainad langely ldependest upon the
of drug discovery, as wel| as disease 15 di aqn_osi s and .
type qffI3YAoReIYmemse d1s¢rhithe qomBlesHY O ths prswLy ohnu¢leigeasids paluding the
Gt it R : Lo : . ‘
trger3 AREEL bLE. B B o Bihci FURIR Simal® JAE R A8 Blgeted muclec
acid, i€ hhdsaverab ethaemactiamedonditioes pehaimgnewtst r eat mrent and
those resistant to it. The informati on generated by

this,. roach.may, directly jdentify specific genes to .
oAl AR ER h dS S ToF bRt o pdBarey Sample, in
transcBp@6 Brotlmb. PRlahypS oh PYSHIMBDoromifk 363mPadnfhon the process of target
treatiment. In brief, it not only provides 2 '
identifi¢asionegnidc validatipydn Accyerating thehpaceapp drygrdisceveimyas well as disease
. assess the gualy. t reo ' PR
cingnSELRREMbPRR TS bislod BB B ion WP RERATh piopbilag station: for
examfle, el éanddisas@psid namaicdl, bbtasad tanldl ynd dhangetédells or between
field of drug discovery. Hi storically, screenin

) g for a _
cells Frspedingako dreaEnsRASnd fBesssErisiany to e fileniddormating generated by this
e el hang: Minl ' I u :
oproliHR1 RS RSy e RENE "), ARALL B RIS, orans
revealpdsochemidabpatiwhps indelved fity daedse cad¢eatnamiigdn b8efiit aotl only provides
., bacterial 25 viability was used in assa ai.ned at
biochTRGRL PIEpionBL A I GPBEIES GpD RS SIe LY QG et Moreover,
in coth¥Rh&RH WthCUMALGEEdcrdddi ,%Fan@éri&i'bnkfﬁgﬂdiﬁ% gep&itid R to dramatically
targeted bi ochem cal pat vvaz;{ I'n fact, the " identified
»§

change fiieefielil wé dongiscovayy. ridswacdly, seretnipa forviayesentind dpii wasegiccesstully

~out the true nolecul ar target. . enabling subseguent
perfoi U5t DGR SRt i i FARRBRA AT SUERT ror enampe
growtydd aiméraRlls iéultur&nas fropitbred t@fdehiify dgicader Beighs 8tnilaly, bacterial
desi gn novel screening nethads 30Q that will utilize

viabil i yeaseusse dB SASeRYSi aﬁmsqi &t edeptifyipg aptiiptic compayrds. ¢ guch screens were
oA RI55RR] e BRI 3 s,
identifie® Efecitd comBoii@s 26@41e0 4BARMHRGHS B2 POR@IA BR: true molecular target,
5,599, 672; 5,580, 726; 6,045,988 and 5,994, 076, as wel |
enabling spbsequent ratiogaldesign 'of ; %t generations of drugs.
Modern tools of transcription profiling can be used to design novel screening methods

that will utilize gene expression in place of phenotypic changes to assess the effectiveness of a

drug. For example, such methods are described in U.S. Patent Nos. 5,262,311; 5,665,547;
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Bi ot echni ques, 22:168-74), and in Liang and Pardee
(1998, Mdl Biotechnol. 10:261-7). This approach wll
wheoosiyssbgiabl e for drug di scovery in the fiel dP@Ff/US2003/037420
central_ nervous system ((CNS) gisorders such_as
5a599&8%9er§e§89;7%§i|@0%é$ﬁ t@@e%&? méht Wellept disLgphrsey @t al. (1997,
Biote(ﬁﬂ s, PReTRL YA ﬁné.iﬁiﬁﬁ%rﬁdagPdﬁee' napg! m@%i&ec]ﬂwh B:261-7). This
esired transcfiption profile can be readily
approest widl bs hedhleabik forndegd discovearinitbelfigid df sertckémsrvo@negstem (CNS)

) ain, the identified effect.ive. conpounds will reveal )
disordeg U i AP RR Bl BRIV, aigel qeRreStifint Fign, MpF Phenotypic
screelTBg nqﬁa;gﬁeam@,_ Hul 8 ey rRNt Ak crifion pastile SRY B %ﬁﬁ? st@flished and linked

I mproved versions of existent drugs, which act at
to pagieopdaradisgridesher@ucsl again,gétes identifieh eeffegiree tdomponnds will reveal the
ener at.e tthe desired pharjpmcol agi cal .effect., I n_such
undert/ A HNEOUIEE, RIGEESES ydn (RO SIS BRI o, GRTRRpgp! for the
devel&fmént BE ithSlove® T &eions Of exlite@t @GEd, SMmidhhaud af sdvesd] b@themical targets at

based on optimzation of binding to multiple targets. i
the samentippde gencraigihn deviradehiapnacodgiqal gfgety i It sush case the change in the

: i Jii O¥.-U i 0, ot .
rans LKL ASRACE 0878 £ MIALEOKs DBy sfction s o
optim2£36an bEbindinggy nktipl®Brgels. Wi, 2001, J Pat hol .
195: 53-65; Dhi man e.t al ., 2001, Vaccine 20:22-30; Bier
T e S TN T T p——
DNA%&FJ&H&SQ fol ekhle, BAtQMwNOR: GRecnBee83801 @&ﬂ@%ﬁéﬁﬁ&&; W,
5,856, 101: 6, 203, 989: 6, 271, 957; and 6, 287, 778.
2001,rﬁ Ratlecdr F¥y5 b Phimsan es ab, 2astlh¥dcand 202580y Biaest al., 2001 Fresenius J

Anal P SANTRHS. SRTPALLECHA! M2 BSBORSERI R anRY Bhlived in U's.

PatenhNUsi 650318301 5837|830 e156836,100] BIP0G|9801 6y 198Mplags,6,287,778. DNA
. Obtained by reverse transcription of nRNAs, to the DNA
microggpys analesds 1sppmethodcwkigh peovides sipktancausosormpriisppof the expression of
r t:he S t et '
ool R el W12 TRRER AL B BLFEPEML TARLLAYGP of ok
polynacipbtidel saatplesn obaddedobyogywerss ttanecripeion adfl mRilAsnted tlat DOA molecules
of the anopunt. of tenplate present in a sanple before
attached £ YhFiSE‘g‘{‘) cdif theggetft®Ymet hod finds direct application
in, for exanple, transcription profiling. The high
S ehRidrknd st 38ekH: hAsH Beh¥fiRbelihiRd poRiBIE Weith®Bensitivity of nucleic
reactions makes it 25 possible to extrapolate the
acid agpligicatzon teemolegyds tisun euapfitstron REthgrmnarnt of template present in a
sano TR LBl SO AR Rl BBl . Feramote
transcri@tiph piofiliapd The hp@esendititibeandnilelify efahé anplfieids Seactions makes it
making it difficult to fully realize the quantitatjve

possiblg feetfapplagsrthe arigpal tsmplatepbiandance iom the smonptelamrlification

t i . i .
pocif g Bl B Dot B0 Y U, et o
stage obthleaatpliffuativin gratdsy,enakatgit diffienlpoi folly realiwbilehjuestayve potential of

t ar get uence is . in the exponential phase of
nucleigag W@%B?P?@P%’éeﬁ't is only in this phase that
anplification is extrenely reproducible and

agk bfRE & obtaigidaichst el pRMREENE 8mehint FRlgala® template, it is necessary
mol ecul es_prior to anmplification). Analysis_ of _
to collect quantitative data at a point in which every target sequence is in the exponential phase

of amplification (since it is only in this phase that amplification is extremely reproducible and
accurately reflects the abundance of template molecules prior to amplification). Analysis of
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3 WO 2004/ 048528 PCT/ US2003/ 037420 reactions during
exponenti al phase at a given cycle nunber shoul d
w0 bmenetsegal | y provi de several orders of magnPCT/US2003/037420

T ARG BLEYST o LSRRI SSUPEE ML
order$FHRENItuMB bF 8%8%@% EREPES 10W hburdBnRAsHeelsREill ofien be below the

exponential phase. In practice, a dynam c range 0
limit pf detieciipn atam setecypleantinber; adiild abindpng maiggsuwuﬂl bebattithe exponentlal

pase? S S0 Lo R0 P SIS PR B pin v

PCR. Nkndx@ér t0fexeand |tBis rarfe, febﬂéat@irdac@énstrﬁf{ﬁ@ff&lf&%ﬂe@l%r B@reater or lesser
anal yzed in the exponential phase I'1and et al

numbell@@ycleprs@éhat btof thexamgples Sap be anatyzad igthe expggenyiziBgpse.
U S. Patent . 5,210, 015 and others have di scl osed
f r r 6
mgseashn s sl BB ol 1 B
5 210;&] 6 land pﬂmematrahe shshmzcai ﬂmdrbfeencerbahayaﬂ)rdzﬁheﬂb@@\aﬂatdah@me

et hi di um br am ndlcate t he anount
measyshidRt B Sk R B dﬁ%ﬂé&@ﬁ# SHick AeyoReiFe haYeh gbemployed
1nter0915@1§’§§ye% Q§Uiclia8 e limUREBRE Ngﬂuclﬁdi%‘t% REGhoRRIoF ﬁm(lﬂ(l: -S{fanded DNA

referred to as the "Tag- approach) where t
presengrop eyibeve Paploydd gmbcmgm@amhg fﬂluomwmne-qoerrchblams (also referred to as

et | escent I ation of. which i
the "o R B TN % e Sl e Sy B sfRese o
ﬂuore@éeﬁﬁﬁ‘i@lecul@lthtb Béhcenidtiohi of ihii s }iidﬂ)@rtﬁin@m thé arﬁbﬂﬁ%tf @6uble-stranded
y the nucl ease activity of a pol ynerase whe

DNA mya@fmtd iDraggagplificaticn; ghetpraheds digseted by élmsu@lqaﬁmactmty ofa
polyn‘gat%g éxﬁ‘%? %ﬂoﬁlgg%cffél{hf ha.té?et gé%quer?c%pcg s%lqlllj% f;llg(?g%:reﬁt mPlecule to be
separdtéefromphe {enchal recladude, tlﬁ@et@rmt&ahg ffﬁbtbsa'@qe Mam thp pepoashmolecule
uses an ollgonucleotlde probe containing a reporter
to apHeR ecul e - quencher nol ecul e pair that specifically
anneals to a region of a target pol ynucl eotide 20
" dawTad Ve Upproach usésrhnthi%oﬁldl&ﬁ&ib ﬁfbb@fcoﬁ‘?ﬂrﬁﬁ’gsé offr molecule -
rinmer binding sites. The reporter nolecule
quencg@rem@lheule p@llr dot breciicellp osienlsdne degion Df'l@tapged) pelynucleoude
" figi.entl each other s
dowifehhl g5 e fsraacS oFBSdutbigimiduba e, 55 Meler motecue
and qeonChdratolsdiaé SrepoBitidgédd the pYobesaffRid@kIS cldse té Bh other such that
quencher nol ecul e where it either dissipates
wheneysh hgdprartey g1ojecyie ip §x@ied; the gnegey af defereitashitate aprrgdipéyely transfers
f :
to the sqt{l it éltegﬁlg :%6}%@% %H%g?éég 8{3&%@@%? S%JL eemﬁé‘cg 5" Nifferent
emlssmnrfmhmdydhalh’aat (ﬁ‘r‘thd: @ertmzhﬂdslecult Dandg gt%idﬁtdnylohfb? adDNA

exo cIe ctiv the pol ynerase, :
polymegasey pS ﬁﬁfsotséﬁeo@mbt%wg i dlaeﬁfgg‘ﬁxﬁeﬁ% &3 exonuclease
activifyRIf %’}%cﬁyﬁléras@u\?ﬂésﬁﬁ oY it ﬁ‘% &%dt Bﬁ Wflecule is
nol ecu no

e” such that the quenc u els onger
effectyelyssepaniod éh)ml dletctmenqhepmnieeule rsud;lfeldnaﬂ the QDeruphelrmbletlkie is no longer

uor es
close GERGH ¥ g e RE il AT eamarh oo e e's RO g @hce. Thus,as
more MdB6fe Rbbds@ROdigete TRIrBHUNGSificAtion, the number of reporter molecules in
solution increases, thus resulting in an increasing number of unquenched reporter molecules

which produce a stronger and stronger fluorescent signal.
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30 solution increases, thus resulting in an increasing
nunmber of unquenched reporter nol ecul es which produce
w@2@unessger and stronger fluorescent signal. 4rGNDUS2003/037420

2004/ 048528 PCT/ US2003/ 037420 _The ot her nost commonly

u gla 08?&5@%? er@ﬂygﬁ%ffsgléﬁn%@% apREOaglyuses thesyg-called “molecular
beacon§OleEifitolHy. PEACANPoach BCAIEPbREY updiing R dusn @t

eacogaseo! up(ggé, t he @&zosagnce of a qﬁ%onc ep?a?%or opr(flor e uorophore

pair opan oligenusteotide gabec [retht bdecopappmach, a prbtee ibdasigmed with a stem-loop

stoctGRPREGF v i e a5k e Brettd i ohiBtRRLOEFwd  quencher of thar
fluordpBOR| RApdMtikBlya I tHéQbSRBE betapfet palyatk @R the LofPRineRtary sequences
| uor ophore, "respectively. I'n thé absence of target

on eithes|opd @€ theonplgeyle peraniteierp Ifeumations Sringsng tha dabsledendedf the molecule

ety G5B o BEThp BUSTLACEBIA DB 5Bkt e e
polynfitlestides whivheehisgsaiches Edmienphiariao ittt ldugasdedt of the bl structure
presence, of the target . polynucl eotide, which bears

of thedepirarirabe M&%ﬁkgw liydridizatippebihg Repbsde thegargetis energetically

. .t .
favort GBS ol P SATRERR PR i S spipp gt e tuoophor

and theayugrdhei, o el fipetascamt bigndl @s éraitied agdowweatitation ofuie fleotdpaore. The
stem | oop formation, resulting in the separation of
more PGt PIEATo R GPC PERRY By HRTiger d 87 TS EnqTR GEOROPHE S reptt from
quenoﬁir%‘,"ﬁilovicﬁm%mgaﬁ%qt SR8 aB i dadioh BPocRls thheal kinior ophor e.
The " nore target present, the nore probe hybridizes to
it, and the nore fluorophore is freed from quenching, o
pfepilldrheleeirapbaresic dies beentused tonplantitatizely slatept grnexpiepsion. Rajevic

j i l.eGt 251 S _h d.t . .
T T R PN
expresion 02@dtogdiks byeusn@Arseven AdiZ( Of Padrs Ibi RERQtZY the differences in

di.scl oses a nethod for detecting differenti al ]
expregsigy sinbesof gReRRsRsFsimpliangaushyy Seise Rrigery wersrS' end-labelled with a

! ; . | te . : 0 L an '
o BOAITAS L SPGRLL k) RISHORCES)LP WSPURISHAT il
electroygoeests’ ore ol -ARBILRBRISA 3WD tGenatic fAnabzers c Botsodyee ahr(@998, Biotechniques

tiplex fluorescent RT-PCR resul.ts re anal yzed .
25:13{p pfeBis @ ifBEY GBHsPELRBIeGHASH e o PRVGHM et edHBN b ranseripts
based%adll,ﬁéﬁﬁtrativg%rﬁﬁé’tit% réerse(tHand&iptRn AL (QCREPHS coupled to capillary

25:130-7) describes a strategy for dependable

electrophwmsist €t )ofor gbpidseparbiiord amt deteftion of presiets ptGeorpasedl., (1997, J.

Creorf et i Tafio iy b0 B BErbb B ePlicRion Bgp capitary

electrépHordsapis ght&R PEARBL 300) ah dhél di@tificaiorofof Pllestskst dFRREGRI display-
et al., B. Bionmed. Sci.

(1997, J. Chronmatogr. , Appl .
genergfod BG3. najieynsy e Qe ¢ &1889@‘8;91%@@110% BofBigmedpPeil dppl. 734:47-53)
s B MRS A B o o 1 BB B rton and

quantifebti@r osP ClOdimplidied aDNA. 1999, J. Chromatogr. B. Bi oned.
Sci. Appl. 734:47-53) describes an autonated
capillary gel elect I es) ' nul-f i r
detection for separgﬁwAﬁdaF%mmg e L(Si;\lg of
PCR- anpl i fi ed cDNA
Real time amplification methods are provided that monitor the abundance of one or more

amplification products at multiple points during the amplification regimen. A sampling method
withdraws or extrudes aliquots from the amplification reaction mixture during the amplification
regimen. Quantitative analysis can then be preformed on the sampled nucleic acid amplification
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SUMVARY OF THE | NVENTI ON Real tinme anplification

nmet hods are provided that nonitor the abundance of one
w@eoon48528 30 anplification pr oduct s at nmul ti pl BCPUS2W03037420

during the anmplification i men. npl i ng net hod

reactiqs, {aatiE e lrza_fszwqyleégalalﬁe& £i8g PR ampllﬁéatmﬁppglmee&@m bﬁused to
v SLARE R UM ATRLIACAL Ll QA RSion of g
templataplimtineeicl ei ¢ acid anplification 5 WD 2004/048528

PCT/ US2003/ 037420 reactions. Quantitative information

P e R Reble Ehreliogiof pr b ER T e Pt Rffon
compfisihg permts the reliable determ nation of original

tenpl at e abundance. The invention enconpasses a nmet hod
of anal yzi ngl a nucleic acid anplifjcation
“p

c BHAYidiag AguclpicagidampifigatiRicieastiongpixiirg ﬁ‘bﬂﬂplfl$113&9 phyality of different
amphfi@ﬁ{bh't&ﬂ me§1 ure conprising a plurality of different

a {'f1Cation tenpl ates; subjecting the reaction

m' xture to an anplification regi nen; dispensing or

wistt) elrtisngi theyreactical oo tof mmmpllifmatiemoﬁgﬁmm;m xture at

pl ural stages during the 10 anpl i fication reginen;

separatin det ecti c.ac .n.th
SR BP R g Pia g b g Hon o PEhPF Bt O et curing the
amplifit@logirégigehd speC| es in the aliquot; and for each
separated nucleic acid species fromeach stage,
correlating the quantity of the 15 species with the
S@q&@@gqﬂ%,dgﬁctp}genug leiqarads dheMli®dPhg t he speci es was
di spensed, wherein the correlating generates an
aﬂpﬂehﬁlhﬁfgtthé’ Quzﬁfu@;‘; bt @plﬁfalﬁ;t@f SPshRH Gudtictheid species in the aliquot;
anplification. I'n one enbodi ment, the plurality of
and different anplification tenplates conprises at |east
three different arrpl i fication terrpl ates. In another

epho nt. .t ur a nt a atian

t g%pegaﬁegtafaé nﬁlicgeé% ac 4 e}élﬁg lfrggg?acﬁ S Oco?x}% 13%&6 quantity of the
specied FdtH the eagé @mwmelirnieaﬂlqﬁot copeaisipihied speoied diafrBRpenstdl@vherein the

plurality of different lification tenplates.

correl g gangges pn ampélwﬂqnéﬁofa efof deapicleagpid pmphificasion.
tenpl ates. I n another enbodinent, the plurality of

d i j
Z%J gﬁ %@éoec%ggﬁg n{l)ll'el‘f)?%r%lgc Iog ﬁﬁfbléﬁﬁp %glpﬁﬁ@fdnstgﬁpﬁ&s cbBBfles at least

three different amplification templates.

In another embodiment, the plurality of different amplification templates comprises at

least five different amplification templates.

In another embodiment, the plurality of different amplification templates comprises at

least ten different amplification templates.

L

In another embodiment, the plurality of different amplification templates comprises at

least 20 different amplification templates.

In another embodiment, the plurality of different amplification templates comprises at

least 50 different amplification templates.
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25 I'n another enbodinment, the plurality of different
anplification tenplates conprises at |east 50
walpdoesssegs anplification tenplates. 6 WO 2004/ pdBBEEB03/037420

PCT/ US2003/037420 _ I n anot her. _enbodi nent,. t he ,

pg?%ﬂt %rfwﬁamf%éhf‘eﬁfﬂa&?ab?f difteeent YhP IR fegaplates comprises at
least TR fbrRSadAdlifidaB&SlempPledi fferent anplification

tenpl ates. 1n anot her enbodi nent, the plurality of

different anplification tenplates conprises at | east

2 boawither embetlinggnp| the plaeaditoel didershtareslifiGtipn temratheeomprises at

' t . L i of anplification reaction

least m xcﬁﬁi?rggp%ﬁslplﬁ‘%}lglg%g{éﬁ%f%s't he nmethod. |n another

enbodi nent, the plurality of anplification reaction

nmxtmmle? eirﬁooﬁgﬁ%mcatlﬂdraﬁqf oﬂah@liﬁlﬁegﬂimﬂesdtmnlrhiamwis Isibjected to the

I n _anot her enbodi nent, the nmethod_generates an , _
methogdmdp BpoBek SrRRPIFPEH e p#%fglt&ggwaplaﬁqa@lyn sractighixfes ds subjected to
the mBMS g?ﬁﬂ@ﬁ&gwﬁpecies. 10 I n anot her enbodi ment, the

anplitication’profile provides quantitative

informati on regarding the abundance of a nucleic acid

s peeinatker grdwdiment,the method gerdratenian emplifidaitibh patfile for a plurality of
anlhﬁe ctioganixtun% at the start of the anplification

P 8@? HC a7 SB#8ther enbodi ment, the anplification

profile is a transcriptional profile. In another

efibagbthezkinbotiheent ukd Shplifakion pragllé piovades qhart@glveeRformation

conPrises thermal 15 Qgcling. I n anot her enbodi ment,,
regardipgthg gbpedanceef anughs pqifl SpRoIS Preser pdhe Rusigl ped amplification

oy : | - . odi nent, the
mmtldr){fafglltl)Ee]clﬁ{:e%;Ict:tlleolgcE %{:ﬁ%ﬂ tlﬁg F@h??%%%2§1rﬁgﬁbconp” ses PCR In

anot her enbodi ment, the nucleic acid anplification

r éganméiner cothpdinsans, the aeplhfowitidd pedile stagdhnkerghionhleprgfileup

consi sting of ligase-nediated anplification, NASBA,

and rollin ircl anpl.ifi.cation. .| n _anather .
o Rt stbofiriett the iSHeis adif oot Retied Somprings thprnal
cyclingaving a plurality of aliquot-receiving sites. In one
enbodi nent, the receptacle is a nultiwell plate. In
anot her %ggodinent, the receptacle conprises a .,
pirthergmhodingent dhg pucisie add amplifigationgegigien pBHEF G pethermal
he aliquot is dispensed into or onto a receptacle
apable of holding a plurality of aliquots w thout

m xi ng anong the aliquots. 7
In another embodiment, the nucleic acid amplification regimen comprises PCR.

cyclin

In another embodiment, the nucleic acid amplification regimen comprises a method
selected from the group consisting of ligase-mediated amplification, NASBA, and rolling circle

amplification.

In another embodiment, the aliquot is dispensed into a receptacle having a plurality of
aliquot-receiving sites. In one embodiment, the receptacle is a multiwell plate. In another

embodiment, the receptacle comprises a plurality of CE capillaries.

In another embodiment, the aliquot is dispensed into or onto a receptacle capable of

holding a plurality of aliquots without mixing among the aliquots.
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WD 2004/ 048528 PCT/ US2003/ 037420 I n anot her
enbodi nent, the anplification reginen is cyclic. In
wanethes2enbodi ment, the dispensing or w thdre@l/ns2o03037420

p ormed after each of lurality of cycles. In .

b e@ﬁaﬁé@m%ﬁhe appEIGHHER &ggﬁ%ls&wm{ ﬂwa%ehanbgdlmenn the
d1spel{%ﬁ{gf &rvﬁﬁgir%ﬁ{/lhg is fefforhed ! YRd®abof J]gl GBS ycldsN IRRRYRE

nbodi nment e ‘'separating conpri ectrophore3|s

embo&ment dmodikEensiegbowithéduawing i pedomandaifien gvarp npele sethe regimen.

caplllary el ectrophoresis. In another enbodi ment, the

g G e A

or more fluorescent |abels. In another enbodi nent,
t earitlice @hibdgdinRkd SPsrating SorBpesk b@gmanyyelecﬂﬂapmd}ems
anot her enbodi nent, the anpllflcatlon reginen is
performed in a cont ai ner,, and t he ot di s enS|ng
" 10 R e Byt A A R SRR S .hau@t (ChfaA#p gthRh
contalner In anot her enbodinment, the container is a
Ve hncﬁlﬁer%n‘fb%ﬁfmén%’ bEe détébtﬁ@‘ébﬂl%ﬁs&rﬂé%@hﬁi?ﬂf ond d¥8nore fluorescent
anplification reglnen is perforned in a container, and
labelst he di spensing is performed by extruding the allquot
fromthe container. 15 In another enbodi nent, the
a [ ner with
ﬂ%ﬁoﬁﬁ%%ﬁb‘&ﬁnﬁ&g tﬁ‘eg@eit%c% %go&%g&gﬁ% t@ ﬁgec&‘aﬁ—;g?r rent
the container is a capillary tube. The invention
f I hﬁt&her&nﬂmd’hm&&he ampiefidatidn edgimemlsyperfognédin a container, and the
ressi on of IuraJ RNA transc ts bet ween
aliqugt )éipsé’?nsé‘}ﬁjls el dd’é’n%“@%‘?”é’@& Rhiy it ﬁ?‘inég ‘ﬁ@nﬁe\ﬁ ghother
enmo&ﬁﬁﬁﬁﬁﬁé&hmﬂﬁqyéakﬂgrﬁu%tﬁéE nucl ei ¢ aci d
anpl i’'fication reaction m xture, the nixture conprising
a 20 plurality of different anplification tenplates,
wﬁ@a@tlaﬁrteﬁ@émmmtfth@:mpldﬁpatlemg@mels1Scn9ﬁﬁ9rrn@bm & Qoypéaings, and the
t | f f RNA
cispo S BB BRARHEL Tug SGMEn B Ol ® 1.
provi di ng a second nucleic acid anplification reaction
milx inotlesr ebdbeditent uh@amplmﬁxraitlsh Pepi@en {3l prtrfahhéd/m@f container with
different applificati tenpl ates, wherein t
OPeniRgHAtopF LRPTH R4S Hp PR & LORANPLE o e CpRgErLs o Spillary tube.
transcription products froma plurality of RNA
t TAB $RehRbSidheMRomBeRRd SRARIDF Bﬁﬁ?ﬁh@ fhe Pie‘silbfn of a plurality of
subjecting the reaction mxtures to an i cation
RNA treggicnipts; betvgeend@irstod s0488 gsnmpmszg@tm@@?ﬂnz@nethod comprising
di spensing or withdrawi ng an aliquot fromthe first

alﬂgovti&lﬁg 38 quclreﬁ%%}d a%blmc)éﬁ&{ fe3ctfhn mixture, the mixture comprising a

plurality of different amplification templates, wherein the amplification templates comprise

reverse transcription products from a plurality of RNA transcripts from a first gene expressing

entity;

providing a second nucleic acid amplification reaction mixture, the mixture comprising a
plurality of different amplification templates, wherein the amplification templates comprise
reverse transcription products from a plurality of RNA transcripts from a second gene expressing

entity;

subjecting the reaction mixtures to an amplification regimen;
8
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plural stages during the anplification reginen;
separating and detecting nucleic acids in the aliquot;
W(deﬂoemﬁ'sm ng the quantity of a plurality of separ/Esmds/ 037420
leic acid. s (gecles | . the ali 5 for each '

RO L R IPR TR UG e g eaction mixtures a

plurapﬁﬁg‘eﬁ Hﬁflh@@letaﬁﬁahﬂ@ﬁmﬂ &ﬁm&fm the species with the

ge at which the aliquot conpr|5|ng t he species was
dlspensed t her eby eneratln a transcriptiona
preeparptingydidetecngimeg ¢1§ geids inipaliquatiscr i pt s expr essed
by the first and the second gene expreSS|ng entities;
a?frég %ﬂh@ BZ} IBf‘n gﬂ@ﬁ 1 t? {)f é’#?’{g}t I‘le ei acuﬁ gﬂgc}ers] % the aliquot;
transcrlptlonal proflle fron1the second gene
exXpr sk isegraat iucjeic heid operianml bankitagef deredtingahé Giyantity of the

RNA transcri rises at |east three different
speciggith thefiage B‘f@wﬁ it %Wh@m@wﬂwilﬁénﬁmsw dispgnsed; thgreby
geneﬂmﬁﬁgﬁ%{%mwmﬁé bReitAbf msttrarfsbﬁﬁ?cs gﬂﬁgrfe%%g BY the first and

15 I n anot her enbodi nent
the sqgbugd genieteyprspsimNAntitiesiridr i pt s conprises at |east ten

different RNA transcripts. In another enbodinent, the

Db o AL B BT BlebEMERES vioe

transq@ipﬂbﬁziliptryﬁleffrom\bﬁetsécamacgen@&@r@@ﬂi@rehﬁ@s at |east 50
different 20 RNA transcripts. In another enbodi nent,

the pluraljty of RNA frans pts conprises at |east

13@ g? FIPE?CEW@M ﬁatherﬁﬁ%tfﬁﬁ)%éranwmhse%%r fhespdifferent
RNARGsRipir al ity of RNA transcripts conprises at |east

200 different RNA transcripts. 25 In another

enbodi ment, the anplification reginmen is cyclic. In

arbeheheranthodimenttthe phisality o REiACtrasidptanphpfises at least five difforent

conpri ses t her mal cycling. In another
R}hxg%g(%ﬁﬁ%nt the nucleic acid anplification reginen

conpri ses |sothernal cycling. In another enbodi nent,

t e afothD WIS FRE pRCTItSPREA Dehéddfts compti s it Raitden different

anplification reginmen conprises PCR |n another
RNA&3B%@PRent, the nucleic acid anplification regimen

conprises a nethod selected fromthe group consisting

Offn hh @RSQnFREI AR Ghe BIRAlIL) bERNIACRansDRBAomBAs 2Plehdt?D different

circle amplification.
RNA transcripts.

In another embodiment, the plurality of RNA transcripts comprises at least 50 different
RNA transcripts.

In another embodiment, the plurality of RNA transcripts comprises at least 100 different
RNA transcripts.

In another embodiment, the plurality of RNA transcripts comprises at least 200 different
RNA transcripts.

In another embodiment, the amplification regimen is cyclic. In another embodiment, the
nucleic acid amplification regimen comprises thermal cycling. In another embodiment, the

nucleic acid amplification regimen comprises isothermal cycling. In another embodiment, the
9
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I n anot her enbodi nent, the aliquot is dispensed into a
receptacle having a plurality of 5 aliquot-receiving
W@ 21089485281 anot her enbodi nent, the receptacl e PEI/ES2003/037420
|.ate. /I n another__enbodi nent,

multjwel|. p , t he .
nuclefcea&@p%r%@rf@ae%ﬁr&l@@%coanwﬁf BfERy 0 gpother camfisidiment; the nuglpic acid

. P . . [ .
BSOSO PRl DR ALLGAS, 8 L RSPt B medied
amplidilcatopmoNA SH A, nd trolhing icitgle amplifjcative. al i quots. 10 In

anot her enbodi ment, the dispensing or wthdrawng is

perforped after a plurality..of v.cles. |1 n anpther .

oib o8 i febopfhors 85 afiich i iPens BN Roents dE i mugptiy of
aliquéttre@ivigy Siteé. Gy h&hértmboldtnd®héRiepthéle &OMNRIwell plate. In another

enbodi nent, the separating conprises el ectrophoresis.
embognqn, theecendacle ppropiises amlureliiy of EFatanillanigs.conpri ses

capillary el ectrophoresis. |In another enbodi nent, the

separating conprises |iquid chromatography. |In another

enbodi nent, the detecting conprises detection of one

or nore fluorescent |abels. In another enbodi nent,

t e agshecnboginorphe skgroresdspepecitinonetonya a ROeptacle capable of

.anot her. e dinent.. the.anplification reginmen is
holding.g Pﬁfarlr@ég? 1 g@d?lﬂﬁéﬂﬂﬁﬁ\l’f@ﬁ’&(’% © aﬁﬂ?‘ﬂfﬁrot di spensi ng
is perfornmed by withdrawi ng the sanple fromthe

C G hiddth@lembodiraéi} the Hispead drevthdrdwigg GOpH-RirRed aft§ afplurality of

well or a test tube. In another enbodinent, the
CY‘ﬂ-e%\nplification regimen is perfornmed in a container, and

wherein the dispensing is perfornmed by extruding the

ki ¢ . : : _
o ke A ROURHOR Lo A B N ST s oot
the reP@#nUS2003/ 037420 | n accordance with one aspect of
the invention, a polynerase chain reaction (PCR)

SBRRTSPRBE IS B s

exchangi ng structure cyclically controls, for

s pe andth@@EnthodahérdtBe sépatuting FP@pasddrcapillhiryt diectrophoresik.
sanpl es of reaction m xture anong plural tenperatures.
A_| oadj ng apparatus may be 5 pravided tq | oad sappl es
i AR 8RR Caodimnay the FparalingfoEPiEfs Sau densioggphy.
nmechani sm di spenses or w thdraws, fromeach of a set

(ah hn&ﬁer%ﬁ%bglﬁgﬁ’éﬁ,tﬁle Qéte%tl'h% dekipridls RARbESf B & rﬁbfretfﬁ?)gescent

sol ution er, plural aliquots of a given sanple
labels especti ve separate aliquot holders or directly to
anot her instrunent or instrunent nodul e.

In another embodiment, the detecting comprises mass spectrometry.

In another embodiment, the amplification regimen is performed in a container, and the

aliquot dispensing is performed by withdrawing the sample from the container.
In another embodiment, the container is a well or a test tube.

In another embodiment, the amplification regimen is performed in a container, and

wherein the dispensing is performed by extruding the aliquot from the container.

In another embodiment, the container is a capillary tube.

10
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In accordance with another aspect of the invention, a

nucl eic acid anplification apparatus 10 is provided.
wol@aluseon hol der separately holds plural sanptEBEESWD3/037420

reaction mxture. A reaction systemis provided to

c Augwordapes Witk ane apeeffof gl inyeniionue pelymerase gaip feachen (PCR)

. . X . . . !
sppertiBE6 oSl 4 4550 pORE LepBRRR, Rl L AT SPRE Bt nixee. A
heat ekclatiging stinctusl dyqlicillydioatpelnsfon spesifecd alntgionsl itbprngemture of the

fromeach of a set of thelglural sanpl es. held by the
pluralsamgics ShIRETULFIXTHE GRARE RITYIERBBRIE- dt PaRINgARpaTatup gray be

. i 0 . . . :

PO RS EG AL ARl i 2 SR B prechaniom dispenses
or withfiraws, forpleadh afat seotallprany sulsgt) oy StegriuraFiaguplds liedd by fHeewlution
holderg EﬁHﬂI e‘?qubgts E% 8 %E%g rs%t%éle Eﬁ? %e%ﬁéc@vg g?p%%[’gtla Ifllfl e ?hbl%grs or directly to
anothéThéthinh&h@bi PBrRh&ftinhdduge. syst em conprising a PCR 20

apparatus wth an aliquot dispensing apparatus. Fig. 4

shows a_ cross-sectional view of one tube and part of a

h&xeccesdenemyith gnaherpspest ef B inenPOR agpskeieald ampliBergion apparatus
s ook, RAERRAEI Lo SRS i A rescin
systertt fegrbeided moapbesnplification becerairmndisieatidoi thareadtidromddture of each

di spensi ng apparatus. 25 Fig. .6 .is a flow chart of
samply %&@@i@g BPORHERAE P amézv(;é&ggé%dmlﬂleﬁ o 81 s9ipston hofder. An
aliqudlldfy _@Iﬁg’dgnxﬁeclﬁﬁﬁﬁlr(ﬁ}sﬁéﬁsei%pﬁm cabh 6f Pset 8f ’?hl'é' ra17s(azgﬁ)les held by the

partial cross-sectional view of a capi ry P
solutigiekdlder, plutal alNIROOHI 9485 BRCT 19GR008¢ SEParhRDaligugtholgers.
and 9 show respective different enbodi nents of aliquot
di spensi ng apparatuses for use with the capillary PCR
device. Fig. 10 is a flow chart of a process for

di spensi ng al i quQ he.al.i gL di.spe
appar at us shovvn% g ¢ i s MO\I OF

THE | N\VENTI ON Definitions As used herein, the term
" @i, armb blvck difeems of . anplifadss pasfiliagisysabar e pl ur al
actions are taken without human intervention; i.e., a
chine perforns the actjons under the.caontrol_ of a
g% Hoatef ?lowrv?lﬁlﬁ 9f & BFRCESS IOBPEHEHBIE @bg}%qaﬁgn grofilingquot s
fromsanples in a nucleic acid 10 anplification
apRAr ftiys bRcH-diadalCY a8 VirgSificaBbe Hrfiliu oY ter @mprising a PCR
di spensed autonatically when
apparatus with an aliquot dispensing apparatus.

Fig. 4 shows a cross-sectional view of one tube and part of a heat exchanging structure of

a PCR apparatus, along with one embodiment of an aliquot dispensing apparatus.

Fig. 5 shows tubes provided in a reaction chamber, coupled to another embodiment of an

aliquot dispensing apparatus.

Fig. 6 is a flow chart of a process for dispensing aliquots with the aliquot dispensing

apparatus shown in Fig. 4.

Fig. 7 is partial cross-sectional view of a capillary PCR device.

11
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plural aliquots are dispensed from sanpl es (contai ning
reacti on m xtures undergoing a reaction in an
W(aimh,ioia'smti on apparatus) into respective ali QROL/US2003/037420

%‘der%ﬁﬁgthout human |n%ervent|on As used herein,
S shRyY sespecive ditfergnizeBbastimghte A ahigue dignensing apparatuses
ﬁmu§ywﬁguwga1§£¢qk$gd&ﬁ its natural environnent and
contai ning a polynucleotide. A "sanple" according to
the i nvention 15 may consist of purified or isolated
pdligiiQas @ Boivddbartof aiproagssyfor dispenisiig akiqhdte Mot the hligetrdispensing
S a ue sanple, a biological fluid sanple, or
%mm%mégﬁﬁwggéégé?conprlS|ng a pol ynucl eotide. A
bi ol ogi cal fluid includes blood, plasma, sputum
urine, cerebr aSETAALED |DESER]1P&‘I@SQ$E THERANVENTION
IeukophoreS|s sanpl es. A sanple of the present
[ tlon can conprise any plant, animal, Dbacterial
0 4 naterlal cont ai ni ng a pol ynucl eoti de. 20 As
used herein, a "polynucleotide nolecule derived froma

SRRGIstd Eex@fﬁ”ﬂie%nﬂ%ﬁt&ﬁatfé” Rkt H‘f)&&i@ﬁé (qeact %El%tger’lﬂal actions are
froma SpeCIfIC sanpl e, e a pol ynucl
takenwﬂmhb@mwnter‘mman lmeadnaqmnesmuéhes the. agtwnst m:d@u@lh coftgol of a
S . Of erse transcr
compBF A& BBt e BTl PRl R bl d e gt acid

ampllﬁe:&ﬁinl DParehiSiR. ¢., B PCUReHS/i @Y, el SRR RLe BRP@Med automatically when
nplification NASBA) strand di spl acenment

pluralaaﬁapptﬁ pedisnsnsqddio samples Eaoptasning Feaplin mixgurge padergoing a reaction
in an QH Q%f{]gl‘égfahﬁ?%tﬁéq{l{éf@n%g n‘gﬁ%lﬁﬁo ?(‘(i)@r?]s %ﬂg?ﬁ%ﬁﬁl 1n¢€ventlon
eqU|vaIent terms "anplification curve" and
" dysplsed hayein] e teiotsampidincfarstativéotagicalahatetial wehich is isolated from

. epresenting the si.gnal etegtable,la

its nafu G s s T cineh BB B S o e AT ing todhe invention

may c@hmﬁt"& gﬁﬁﬁé@Blelsélta%ﬁi)olﬁm@l@otl&'r@f it ‘;ﬂa‘il%h@ﬁsé Egidfi?g'ieal sample such
lotted as a function he cycl e nunber or stage

asa tlmecshrnphea Siahqsicsd f1B01 saerée, wi & helt samplo r:orelxmmgiepolyﬁh@eotlde A

ioto I SO BSR  pBa S R SEBGER B s,

leukoﬁlhdi@ﬂﬁs&iﬁqﬂ@e Htargsie bf hidlesert i60dntidn @hi ESmpiaddl dnlyPlaht, animal,
el ectrophoresis separation of nucleic acids in

bacterig] @i yirgl jadterid septagnng applvaucleqidss commercial |y
avai | abl e fl uorescence detectors are interfaced wth

sQfst r 0
: %e dg?& ﬁearlgﬁdgnt ﬁe&é%lrﬂ.g;léoﬁﬁe g%ﬁ%edreg(}%@froﬁl% %b%&ﬁ@%%ﬂle thay be a
polynﬁdbmtqigodsdlatcéﬁensa $pecidicsamplegonio lmyé)etaqio@nuf:l’eondasynthemzed from a

e B L S 5 S D B 7 g Bl
reactiéih F&IR)EKPRE |cHﬁHtré’dct16ﬁ| (LCEY] natlbRWeld s‘éhllléncg’ Bade@ 2fnplifidition
volune of the entire reacti on m Xture. Wher e

t he
(N ASBIA\ér wragd displagemeienwlifigativg (WD mnydiirdrmyclgie acid amplification
gi men, the volune of an aliquot wll
techn@%’]]eé Hoﬁgﬁﬁ%?&equal to 1/ X tines the reaction
vol une. As used herein, the term "di spense" neans
diAspeedsieereins tha sdrar Tanvdlifieati@yproikt’ oude eguivalent terms “amplification

curve” and “amplification plot” mean a mathematical curve representing the signal from a
detectable label incorporated into a nucleic acid sequence of interest at two or more steps in an
amplification regimen, plotted as a function of the cycle number or stage at which the samples

were withdrawn or extruded. The amplification profile is preferably generated by plotting the
12
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10 renove. As used herein, the term"reaction chanber"
refers to a fluid chanber for locating reactants
w@naengsses1g or about to undergo a reaction (e.BCT/US2003/037420

anplifjcation reaction or an Xxtraction process).. .
fluordyidcg SJE?%C Paedh Qﬁtﬁ%tf‘h ?ﬁfﬂfala@?rcyoﬁiiﬁfﬁogﬁ%ww SeHALeniof gpelgic acids in
individB418EAcEon sAAbles MY dnSm L RIITBY2i R BRE&:Elde detectors are interfaced

adsorptivity or is treated to exhibit mninal
with sedivasprasinftitiog e gedswetipn pleuryes Hased axthrpliganl detateddi ng,

but not limted to, glass, plastic, nylon, ceramc, or

OB 155 2 B SH G By o

reactigh 8110104, €Ehe volurad bf AralRupOdahivary, bt wilPehbiatiybaconstant within a
pol ynucl eoti de sequence and/or its conplenmentary

givengxptaRemal ruphAarligetralhsress thanthe velgmegd theepplishieactiop mixture.

. ' | . N
Wherl dhE7BE 3! BIQOIBHE ARG AREHSR el bficEnen. the volume ofan
aliqu@cabibdilesg than driequal iy &K timns theayachen BOAner RNA, and it

may be doubl e-stranded or single-stranded. As used
herein, the ter "synt hesi,s" and. "anplification’ are

s AR iy P T e AR disP B PRty RidRhY, exirude o
remo@enerating a copy of a particular pol ynucl eoti de

sequence or for increasing the copy nunber or anount

of a particular polynucl eotide_sequence. It may be ,

dpd herrisg thedernyy tepcion chambaratefens to pyluidehambey far depating

a
t [ . tio AN
reactdHE 0ol FRLNIRD B EOR GRS Hh A Henibh £8360n or an
extra@ivplprddess)t AOre4diSBAhamisdrt atag beicsmpaseittihy suitable material that
amplification,. or any other. nethod known in the art..

exhlbﬁgﬁﬂlf%ﬁﬁ%weﬁéfm@ﬁm ofcs RpPA 1 TR pRInEg hagssspgcific
adsorPiGL T eHShPR, AcRAINTBEARDE AN &, %ﬂﬂsg, p®stic, nylon, ceramic, or

ol 1 gonucl eoti de prirmers for produclng any articul ar
combpatignsiibéreof. i de sequence, i.e., the target

pol ynucl eoti de sequence or target 30 pol ynucl eoti de,

[ n unt ich.is ater thap that . initiall . .
o s AR S TR Bk R By haton R highore copies
of all be4 porion @f a paitigelar pollyiidledtRdekéfRncd sdorRRl whRtpldne@itdrd Sequence,
. .sequence whose abundance in a_biological sanple is to
whichygorggpand in guclpotidersgauenss [ nigaipdase Polsnwigotide spaisnes and its
Lt . el O . ; .
comp e A i e R PR ahe koG, K e DNA o
RNA tdndtit ihagbe Batbieetnartdaé ohyibglediraatedon regi ons of two
menbers of a pair of oligonucleotide priners 5 which

%{@e& u%%c? %{ﬁt é(r)l, %@é@%ﬁ‘ﬁﬁtges%”:agag%p%cl A larggltsl cgNe E@%nggably to
refer ©Qdeatdioh F6 hertling a@8PE o4 paHiOQAL foPhulcti8O fequénded 38 increasing
pol ynucl eot1 de sequence generally exists as part of a

the copaymgeber ereamvat ef a pagodacrolyisloetide sequenago Femawnbe sccogplished,
. £qel.. se C nd re th . .

it Bl S Dl ST BB, e

reaction (LCR), nucleic acid sequence based amplification (NSBA), strand displacement

amplification, or any other method known in the art. For example, polynucleotide amplification
can be a process using a polymerase and a pair of oligonucleotide primers for producing any
particular polynucleotide sequence, i.e., the target polynucleotide sequence or target

polynucleotide, in an amount which is greater than that initially present.
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t he pol ynucl eoti de sequence initially present prior to
anplification, the products froman 10 anplification
w0 e@enisses may al so be used as tenpl ate sequencBCT/IS2003/037420

subse nt.amplification reactions. A "target
p&%}ﬁg@ﬁ 6% Aetargst PAlyRpRRQIidst & aplvirdeotideragausaceavhose abundance

in a bIAGHE sRAp¥NYE tt?eﬁéla{tagz%ed. ( R-ugﬁeétl ;ISII i C%Xg‘g‘% {nlﬂg B? grs%éj‘d“&r amplified

pol'ynucl eoti de iIs or |
before dg|erpmessionAsval seahaheedi For eaamblel & gogatpobotitidetidy hmaebs a sequence
refers t ol,ynucl eoti de.nolecule (i..e., _DNA or. . )
that et o et B AR iomy O O T SEP R R B PG oepalide primers
whicte@td uRsdsiadiphdy & A ¢ s19nucled ik ek X TRORI i
r oduct j%#gﬁyis cgﬁ%?gngg?%ry to_?ﬁ%lggﬁynggﬁéﬁgpggmqﬂgltnmy
be migl fiysir ab&A, Preedinggrgioniod agerteorr a pertiormthierof. ahdamgxt eripivoteotide
sl YIELAOR NS R EDSE hel gL BBRER insome case,
targetizedyenes azdihe inplaguesd g sageNALtEotedh ‘AEmBING se?@nﬁ@‘%ﬁeﬁ%ﬁlly refers to
?r reverse transcrjﬁtase, in a sultable buffer
the pqlymigleolifle sqayencedadialy posent pent & awplfication thepbdedtofrom an
. i af f i QR t.c. dat a.. .
B B e SO S AR B sin
reactipmsv ek t‘iarget pelyntdectidetjbea “temptiosdtlqeerstt anged.a nbd@al polynucleotide
ri.per .i s single-strande or,. maxi mum efficiency in
(e.2. BT 5e PR SRR SIS STACRAS RO AMERTImER m
a doubl e-stranded polynucleotide. But it nmay be
dowhiset BéreianslechligoRid 18RI prinftrSReGs td £pSTRRIEIRB LI QNle (ie.,
the methods described are |less than or éequal to 100
DNA qpRN9tcppabde pharngpliiteo agofynucleeiids templatomdaeyoeidings 3’ end to

60, _or 50, 0 0, .or 30,.0r 20

produgon Bheyhn b (g o Blepnelo P paffpefoorsogpture. mhe
conditiesdohiaitiition aad cpehsionieduany indRide gagednky of AL HFfetdhnt

any p?l yri banucl eoti de or pol y- deoxyribonucl eoti de,
deoxykpryrlopgifesaphnsnbries anda mRlMeszatppinsicg digtita clRpDYA

" . b 1 . Lim : .

vl o RLNSHEL ALEE SEI S YRR LAl i
cofactoss; er which laéfetteptinidmioktyengdi, etat)i atd @s) SuiadbiotempetatidesThe primer

r. RNAs as described aboye, tha cont ai n one, or
accorqii & (o EGR B8 06 1m0 r BRI B100 eS8 SRBlsrgnded for
maxirh®f leffi@chcl; @F a%@liﬁée@f%h,' AddhOprithOF arf&ti]fbed’oﬁ:p?%ﬁé}ﬁ Yord] £ %101'1b%e-stranded

"pol ynucl eoti des". The term "pol ynucl eo es" as |
polynygeaiideh Bugitmasnisr dapbls-draodiede H @ninead ™ iy spenifzy erabodimkehty of the

abol i cal | di fied f I I i des,
e o BSR4 P IR, £ 9655 o et
90, or@DadrERt), 6 6@ tor G008 40, bi3E Br 30Chr 14, MLRRA0A/104881R8tides in length.
PCT/ US2003/ 037420 cells, including for exanple,

simpl e and copplex cells. A polynucleotide useful for
t ﬁgﬁﬁ%@éﬁfla a {maleRclegHdsreapnerally Fetprs 6o ameplpibonyeleptidgior poly-
d BbRWOHEO ' NA '
S 8 Rl b TR ey RO PPONA B mocihed RINA gy A
“Polyinwiesiides™ ingude trathoutlimitgion] §ingld” andhdombles@rinided polynucleotides. As

reference to a I eqtide 5 ns a ,
used ey 5 Raip P i i A tr Db deseiriagove, ha
contail@h&B} me R hbdified b8se8. Thus, DNAs or RNAs with backbones modified for

stability or for other reasons are “polynucleotides”. The term “polynucleotides” as it is used

herein embraces such chemically, enzymatically or metabolically modified forms of

polynucleotides, as well as the chemical forms of DNA and RNA characteristic of viruses and
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chronosomal ) environnent or is synthesized in a
non-natural environnent (e.g., artifi ci ally
\Vaymmhesh&ed) Thus, an "isolated" or "purifi eRCT/US2003/037420

ue may be in [1-f qutlon or placed in a
cells, Eﬂ E’eﬁl" cxaTPlg) %WPWS ﬁ{?ﬁtce lsrrd pobme lepfige yspla for the present
|
o8 el b hhted WA 2RSURARI LBy O g potyrmctic

in an ¢mploficati®f +&sbion.up t o 99- 100% pure) of 10
non-nucl eotide or polynucleotide nateri al naturally

a soci at ed. W] » h I st.1 nqui shed
A Eheiein dholabir o™ Rurge Subf iath RSt g polgRieonde
mean! ghed ﬁathﬁll‘s}%&lrﬁﬂ%@écﬁt&ﬂceq{as BedYreRP YA ﬁ@ineiestﬂ&lﬁal cellular (e.g.,
produced from an RNA tenplate by the action of
chronpmal sBvdeRenDRAIS SNy apengaturalegyisparaent (e.g., artificially
synthésré%gchﬁﬁt Qf? olﬁg‘ﬁl’t’ Spﬁyﬁfoegﬂ?eﬂggr&ﬁ% rs?{ol%e n C%H%e%)%o%n or placed

ina dlff&rﬁit eslﬂulaICﬁth‘oﬁﬂiemtn The ¢dronfipngified Ccﬂc&fs noAﬁsnply‘& €icht ﬁ&rseipihnce is the
refers to chronosomnma

qni ¢
only IB’GP?&P@%WP%IFbet Eaprsentiadly dieg wﬁahw@@ Péﬁs Hp r<p§)9 166% pure) of
non-nueBedd & ucle@ﬁ f@‘%faﬁir{\‘l n};aﬁ ciRted wathli 1t, Qhd S 1%?(11\%%111gu1shed
present |n a S|ng e ce e a portlon 0
from iSblAtadreheorsosogles. cel |. The term "expression” refers to
t he production of a protein or nucleotide sequence in

? fgﬁgg‘?ﬁl Oﬁxe tﬁtpb“ ;ﬁ\fé? f rf%g gg ;?ln}ner?tary or c%py %ce)ISynucleotlde

produ@&ﬁfroﬁlra@rmm t&hpl@faaa:iy theBetiohl ﬁW&ﬂe@ﬁﬂé@ﬁDNA%%}{kﬁ&ﬂaMe 2.
into a protein ﬁro uct or polypept|de froma

reverssitapeiriniasehad “chNdoelere” rersjela duplexJINAisgguence complementary to an
RNA@ﬁﬁécu er&‘lﬁ e?etsjc %%edni?gclo ﬁ%”e&%? As used herein, the
ene expressi refers to a cell, a
ti ssue or an or ganl Sm t hat expresses one or nore
génesedBerBINA“ganansc DNA sefelthie chemmosalmbDRC avppssed to

compé}neg‘%tr)lb Spé}ﬂ?& g‘alrgleqnﬁ?g[{m r Se‘d(ggtyonBm Igﬁl}g\geld erem may be

auofﬁkﬂﬂﬁﬁ&hﬁkﬁxﬁfém%@@B&Pb?hﬁy%@b%ohﬁﬂﬂhﬁh@Db@@ﬁlﬁﬁﬁg@h&l
an in vitro transcrlptlon reactlon As used here

the term "expression profile" or "transcriptiona
pribe tarar “expresyien’t isfegs torthp produettaat af@rprefein ¢raiucleotide sequence in a
cell Olql %n%glgﬁ%é s%/@!fe{ﬂ aftd Inc:ﬂlt&g{]g:?rﬁ&gétlo%qgtooa%%% beﬁfct post-transcriptional

modlﬁ&aaf)ﬁ ambbytrmﬁtbh amts @rprcaelmtpﬂ@ducpmqﬁoly@pdes ﬁbhiteBNtAh@qcodmg that
activity of multip ' at, 30 least 3, preferably

produg, as ‘é(alétas Bossie Pq% trazﬁaﬂosﬂef mggificaiinms. 200, 500, 1000,
10, 000 or nore) genes or 15 WD 2004/048528

PGL/ u@§?9&%{n0§1%4&% “%eﬁ@@ﬁﬁr&ésﬁ{g' DY b ferd @ AceB2iRiRe, f an

transcriptional profile for a biological sample can be
organags@ntﬂwdeswsmnetom @101¢I 8¢Sk 8s BNu%dtr@mplnptfs i The teom apgocnicompasses
cation re nens

ent1t1§.? éﬁagp aﬁenr?cet%[gmpgp?ﬂ byn%%gp lﬁsdletoﬁ gnp 5 ﬂoaﬁixgwéqnetheless produce

RNA Bafdckib® frdre hisleichcfDiRplatd) @ortebtﬁmPH:l &d BY |8b t@hscription reaction.
expression of one or nore polynucleotides in two or

more sanpl es. Conparison can .
As used herein, the term “expression profile” or “transcriptional profile” refers to a
representation of the quantitative (i.e., abundance) and qualitative expression of one or more
genes in a sample. Preferably the transcriptional profile describes the activity of multiple (i.e., at

least 3, preferably at least 5, 10, 15, 20, 30, 50, 100, 200, 500, 1000, 10,000 or more) genes or
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5 be between the overall pattern of expression,
i ncludi ng the presence, absence and/or abundance of
w0 pabiswassesal anplicons or sets of anplicons. CoPQEUSE0351037420
can be nual or automated. As used herein, the term
transcr IR Rty B4 yaginly. oA HEPRE AR BFRITIE & iolagiselRERIq Sanghe
assertHMd @6m tEORYCIE TR8 ainpQficiochPr&BEs ﬂelln]yd?llé%' gﬂ)tré grﬁpﬁgca?ion regimens.
sanpl e. The "abundance" of a pol ynucl eoti de my e
measured by nmethods well known in the art (e.g., by W
aB$orpd hensin, Bye temnieoninagng dredranscriptioaalsirofiled nefersge bomparing the
: | 3 ce of ngt.h and amount), for .
ciftrtiilel Pt GAFE oF ol ISR BT BE Pie Wt Gpmpesison can
be beieeh dgyovefa]lB&ﬁterﬂhﬁ@xpre@iio@inclucﬁh%ﬁ*}él R6sendY hbse@B&and/or abunddnce
_ Curr?nt Protocols in Mlecular Biology (1997, Ausubel
of indgyidygl ampligens apjspie pf ampless. CAMPRrisanrran ha ynastialms agtoniate.
t he abundance of a pol ynucl eotide in the present
| DMEREH AG-einS e r n intensity,.
| NS Rl EAPAMRRL DS LR RERRIGE (1 SR e sl o
copy tuiebdr) oba esgee polnicleaiisiit ¥ senple! Tle “dunbind” beh BEKAGReotide may
b epol g(ﬁgcl egtide, i.e., a _polynucleotide with a known
© measthpy meshads aglldwpwn in therer (e€r. hy16¥ ghsarpiépra by pemparing band
intensit§foRaSeel Hith ATRRNGRE D ' Dscribed i
eflsat?ioquiz%_ flr1 or% an anpl ?]ﬁ&(%g% %e}g%ﬁlg‘gp ?ﬁ%u%efognpal%#?ﬁgiagt% Fsocﬁlbed m
Basic Mejhedsrin MialapilanRjolbey; (@ 886, Davist di el. clitbodéry BV sandeC@iént Protocols

i MoAer agant edgﬁ@g%@%ﬂ%ﬁ gﬁ,ﬁ%hﬁ&% i éayt . %g;gg;%c?ﬂ?o%wﬁ@ of measuring
the abRhd@@ict B9a bbBauEotReAIRDréLAL i_n@farﬁioﬁiﬁ {ber{geégkl?ll}ﬁé Affofcence

) after a single sanple is 20 w thdrawn, or
intensity eBytiest it sueh Pehyaueeotidsr andscomperoit withshé figoresrencreiactingity emitted

' h sanple js.withdrawn. Alterpatively,
by a b R G S A gl eBadt i R Rprraiy to b
used for capillary electrophoresis directly with the
adpluséd oatinpthe teactshmplihhidoic refefy tb @atkchRnighitBii @fithdraws or
.the capillar Al ternatively, the sanple device

j nt
extruded PGyl d5Ler frop fcatin dhemehg amplificaien remmeec beaplinpdevices in
the enfbo@RMdtOhdrahl fe é(ﬂpYeEl t&’ﬁiiﬁiﬁi% ddntARERHGH oiﬁc%g %éféﬁ&ltlgﬁ reaction(s),

cycle or point inthe anp I catlion regi
by, foszxapiple gsgipating kippwrndedles Het arcteithacdisgbeed dbafter a single sample is
.. .examl.e, . the | ti purpose Robbi.ns Scientific Hydra 96
withaif R B B ineRotifing RE HEIBPE PGPS OL MRENDR hersetf of HbAfigeach sample
is witheehwn. PARERS Vel tBe SshIREIRYISe 6aNconRRt [RAbAMrARBREEEH for
.. for use according to the nethods of the invention. As
capillagg glectiephoresis dippstly aviththe amplifieatian ngactieminsorderdevoagien aliquot into

r [ b nm croprocessor. that
the ca%ﬁg{%/i? élglﬁr%atﬁrg%g esralgxggeaééeﬁﬁg g:cm %nﬁgl.glg ’actg.‘lc‘?lﬁ |11§F gesg. a tube) connected
to a controtlablaivalge seigh il dpea Hparticdlr ¢yRlAlr pointti® tiRNMAIIHIcation regimen.
Each location can be a unit in a nodul ar apparatus. An
Samp 15s sRown ppihs prtdnciedenfor Zgmplo s agiltipurpose Robbins Scientific
Hyd ibEpR0 OO ftelpted ! ' © Thi
7 ra%%on ils t he II)\/Iet sﬁa@%g &?@&ﬁ?g%lwﬁe?h This and others can
be readiyf adepted fHousetdeeordingrio thel methodsalfdhd mveartiva. i S general |y
avai |l abl e fromthe manufacturer of the arm As used
h i Do the term "oyl tiwel) plate? refers tq a
rgé g%%%akéeﬁ‘%n, ctg?nbems?%é%ﬁﬁmli Bqle%ns a device, pre%erabqy controlled by a
microprocessor, that physically transfers samples, tubes, or plates containing samples from one

location to another. Each location can be a unit in a modular apparatus. An example of a robotic
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(e.g., at least two, but often 5, 8, 12, 24, 36, 96,
or 384) discrete sites for the deposition and 5
wholodiosss2of a |iquid sanple. The sites can be PCT/US2003/037420
d |1 s f. in.or
arm uS L GRGHGRE it Mo SR it BRGERRBbERGAy: Software for the
contr&@of Q&Qﬁi@ abfls & deRed l?ﬁveﬂﬁhfe‘ﬁ‘(ﬁn R fanufddiurr S thlakid 96
wel | plate, for exanple, will conprise a rectangul ar
grid of 8 wells in one dinension and 12 wells in the
ottsaised hereins thedenstl“mwayvel iplajeioteferoto aawpwtaql@ gampyising multiple
d
(e.g., ?telggsttlt\xoz Ot 3R%rh%fﬁ) 12 &4 ?@ Q)% Eﬁxg ?8{3 %%thgﬁl%g Sforlucé% gepé)gﬂmn and

one 'epr essi 6
holdidghefia kqied eansIs] TRelsited ehn bhaépreRRINE of Sellsfdrimed M &i dida piece of
anong .t he deposited allquots As used herein, the term
plastie ahﬁmﬂm paterigh and s paefeiablyrasragged N rseHaPasiern. §E-dn a grid (a 96
t t
well ﬁl!&? frcr)g ?’l&znylé ngﬂ;lo ]pﬂlghgé@ %{a% nltgg g{l/«ﬁ‘ §’{" ; anggﬁl 4ifé dimension and 12
wells Anﬁieldthema[tl ionoted dmphlamms afampidiopidmseadiyfs Cﬁi\ﬂs@hﬂdeposned ona

and can berﬁrlioubl e or Sllﬁl | e stra ded. As used

flat sq?%@ pne QDR Avifhou SPLGSSIONS PLYE v apedeposited such that there is
nonn@ﬁ%gﬁ§§lqﬁegﬁﬁgﬁaiﬁﬁbb% 15 anpllfylng t he abundance of
a nuclelc aci d sequence of |nterest Anplification

regi nens are nost often "cyclic," i.e., they are
C @ﬁ’ﬁ*pﬁﬁ@ bereis tlwég@a‘t‘aémpléicefp@l smplatesiie ¢fe1asﬁn @aluristy @rrblthat can act as

a temﬁl? gyfgp %}Teze?%yrg p%é}é% %Pa Icng ér)] nér#&%&'egt?gﬁet}aﬁd d gﬁgﬁ cat1on

templai@k d@n cotnpirice DA ARAI dnid PN A Gind ceg berdsublé bt sifgle kesmiatly
conprise at |least two, and preferably at |east 5, 10,

15, 20,.25, 30, 35, or #pre iterative cycles of therwa
déVrdised herein thegermy| arepliisatienyieepeeny meast 2 Rrcess afsgetifically
t
amplif P IR BuFREE ] ERcIAOLINENRNG AR NABliASRion rogimens are
most oﬂfme @ynleoz’éssaﬁryy fircogmriseddf epedal s;tmpzef paner waldalikg awh

An‘E t hi
Polyrrbeﬁlﬁfltlqu ggtﬁllé/ @BPW%&H:V@ ?ﬁq ! e zyﬁ%ﬁgﬂﬁng‘furatmof template
nuclefe@ida! heERat lah‘@hﬁczhi%n'régiﬁ@ﬁ w1%¥b%ra@1w> h§@£ﬂ l%t two, and

regi mens are non-cyclic, or continuous. cyclic

preferahlm 3t {9agta, il6nk>, BPok% 80, I50rquerslitstatisn cmieﬁeOﬁ thmnaédercaturatlon
ohgorﬁﬁﬂeo%g‘ g Snglfe}r grghgél?/ oﬂo\{g élggql%&gageszgeﬂé%c?e@%d PoWrase extension

of themﬁhwl&f Pé@eRN (toh&M@ﬁSSzﬁld tirh@nmeeédspiyasLeachdf ttﬁ:eastbpy 133 mell known
. the term"thermal cycl ed anpllflcatlon regi men" refer
in thegag. {HMPRIAGHHPR PERIEYIHSIESRREPlIEGHAT 1§ EimFNS Blreéqralplmegip%entlal but

can al@éfﬁitﬁl%lypl;e TG, r@%heﬁ%ﬂ@]ﬁﬁﬁaﬁbﬁ %%anﬁs' d?@[}ms\gflg%o o O gggtgls Non-

nmer “extension or yneri I on
cycthE(ﬁT}fliﬂEﬁﬁﬁl&/ e lin] coﬂ(splel@tHdOI‘we mﬂahmt,ed tand mast nften involve templates

i IR SRR 58 12 S e aR Lo IEn,

transciptade.Si NGl e tenperature, wi t hout need for cycles
i nvol ving thermal denaturation of tenplate nucleic

aci ds.
As used herein, the term “thermal cycled amplification regimen” refers to an

amplification regimen comprising a plurality of cycles of thermal denaturation, primer annealing

and primer extension or polymerization.
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As used herein, the phrase "dispensing an aliquot from
the reaction m xture at plural 5 stages" refers to the
wordhdssaaml or extrusion of an aliquot at | easPCT/ub2003/037420

and preferably at Jeast 3,, 4, 5 .10, 15, 20, 30 or

rrp“rselPSF §10 {fei g éﬁ‘%g?FB}ail FVesh ?@Heﬁ? gvgfarhaéﬂl?zhf}ssaﬂgle Bgémen means
that th¥ drhpl{fRh@6n, Rc@initRdd) brodbédrat & sﬂl'g}éec@mgbiqﬁl%, vithotY fde@or cycles
' or, where the anplification regimen is non-cyclic,
involving fhermaledenatuption o Festlatd nu¢les agidser the initiation of

the reginen. As used herein, the term "extrude" neans

t hat quot .i s . f e r..10 orjfice

o SeusPEL el pulle RS g oo HIFop R gRA R gy e
stageinpleretd tharwathdbatvel oresrctusion of inf AlaRiopAt ledxetwive38e prefé@bly at least 3,

used herein, the term"quantitative information
45, Hedardl AQ of ROTRBUAIGREE Bramplifigalie) tesimam; o sjeey eyl referto a
pint S By O RPES oA DSBS i, i
to a seledted time after the inifisticah ofithd egamme over the anount of

that nucleic acid in another 15 sanple), or absolute.

scription of the.preferred odi pents L n agne
~epaip bord. BieatiBhi R Tron T o Patul-res gt phowe end or
orific@PPRFALSH va¥Bl DO PPossidB k. @N¥ir pRERI® apPREELSHIBRRYE £8d or orifice of the
thereof, for concurrently quantitatively nonitoring
vessehnd anal yzing the anplification of plural (numerous,
in the illustrated enbodiment) of species of nucleic
ag u “ - . - -
C R e aER BRE ~nReAR SRINRM s, BRRBRL Rl ptp muctei
acid spenies’ aefersgo tilfermatipni abootethe amondt afdauelei s@al ghecies. The quantitative
: sequences. In a given act of the nethod, nucleic |
inforrdbi AR ITIPENE P dn TPISALRFIBRPSAVEE (e @mountohaduialeionrid in another
sampl®), 6k HpR1aepri ses a plurality of nucleic acid
species. An anplification reginen is perforned on the
xture, causing plural nucleic acid 25 species to be
Reserinition of draprefierrad bmbodymentsi quot of the reaction
m xture is dispensed at intervals preceding

c . e ¢ Ceal | oj
CATEhELL00, 8L OB AL SO0 STl oGNS S, nd any
one orimbecdubpartsihereo £ Spechiurendp gaamitatplely @bnis@iigy adedalyzing the
.Species, the quantity of those separated nucleic¢ acid .
ampl@saéanégf Dl (pemeyong, b the iuiipid frakadimgnthet erenetnucisc acid
Seque}{QS_ZOOM 048528 PCT/ US2003/ 037420 Thi s net hod
facilitates high throughput quantitative expression
analysis on a plurality of nucleic acid species (e.qg.

t iapgrordapee withenesgpect afivemgetiondo methed isiprectided $or quantitatively

th nas.: c. ) dn . certain illustrated e i ment s :
monih 1B SRR REATonlor Pl iy et Sl TP TR TR, 2 moceie
acid abipli€iostieRictivaghi®ivee BPrévided. The mixture comprises a plurality of nucleic

acid species. An amplification regimen is performed on the mixture, causing plural nucleic acid

species to be amplified concurrently. An aliquot of the reaction mixture is dispensed at intervals
preceding completion of the amplification regimen. The nucleic acid species in the aliquot are
separated and detected. For respective ones of plural separated species, the quantity of those

separated nucleic acid species in the aliquot is concurrently determined.
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5 anplification m xtures. The plural independent
anplification mxtures may be present on a nulti-well

weowtaisses . |In the illustrated enbodi nents, thRCT/US2003/037420
[ifi ion re ri ses . thernal cli
'Trgﬂs mﬁ%ﬂé fagylitatey g@nﬁ ng@%%wawa@? CEHRISEY ngqaga plurality of
nuclei?3€id¥pe Y % egc(ylﬁn H&%) arﬁﬁhﬂefdu% ?ﬁdz@ffs hﬁﬁ(ﬂfbﬁ@e BhouEBds, etc. ) in
exanpl e, 'S g nay be performed | oW ng

certaledhistrab;dlembodnmdne 10 arrpl i fication regi nen The
separating may be perfornmed by capillary

Shﬁ?éﬁ%ﬁ@%ﬂﬁiﬁg@l@g&ay&oe Berfottftd S 51l 5 TRRALIRAL nuddi€acia
amphﬁ&afba%ixmres Ofhedplur] intepentivnt @npliibfon thixt@BEmas Petesent on a

an _al i quot dispensing _apparatus descri bed herein can
multifyeell poatpines. I thedlinstrated embediments, Hig ampdifigating weriEagy eomprises
cid sequence, preferably a plurality of
ﬂwnngfd%hﬂggggjﬁ¥g In such a nmethod, sanples or aliquots
di spensed during a nucleic acid anplification reginmen

( &hg disperdisiey mayibe perforored faljwlies onpoehereatycles uptheamgphidication

._inclLudin fter each c such
regingi e BBHE Y B RIS ey Bb aitar i b Bisdraeypin e
amplifiBRRINALHignenP rIﬁE Q&b tihgiridyoo CRiokhad b ea ﬁlIPa{r e%ﬁbblﬁcﬁés\fs In the
el ectrophoresis. "The nucleic acids in the [oaded
111ust1@‘@dwlré>9dmn@t,§b®alﬁlml eeparasedyspecigy arsiamplifigd dyosr REWairgpscripts of a
Lural t he separated speci es are detected, thereby
p ggﬁéggqlhg an anplification 20 profile. Wen the
anplified nucleic acids represent transcri bed RNAs,
e If one X¥pec, ﬁi(zlili’cﬁﬁﬁ@idpen@ig apparaify desseibéd Bersinrdahéd usettin a method
then anplifi t he anp]ification profil i des
of mopjigriag: e ampélﬁa@twaqfﬁ lejcpeid HREUEe R TRET feratip ?’ ality of sequences.
In suc‘ﬁ' %@t‘ﬁ%dtsla‘ (1213 1 (?l?)% dikpenSdd (ﬁiffhl laf e R d émd thﬂ lifit Rion regimen
stages of e anp catl on proc ss nor mal Brec [ 'udes
(e.g., tfter cabiolr ltrtcye tylasc pekastdy ylp qcuard mclaﬁmgtaﬁer eeaimucﬂb) by sugh an aliquot

en transcr nuci el ¢ acl
dispeShig fhReF R UGHEbIM § SRPAGOR APRTTHFS TEYEPRD) infgptiari for
capillbfyi&HobRéreQf arhPhRldit Scigenah@ioabded AnlgMsSar8Bepakited, e.g., by size
provides quantitative as well as qualitative dat a
and/ot blargd eng Srersparstad Kpagets erndlatented therehyeseaerting kopmplification
proﬁlg mlfefl fé e ulnfde%:hgj\%leipt aci(YsaIJe%r(?:%'l %[t ‘r}XSJc? %ec?gi;\l'é%? a% h %vhen Fxpressed

RNA hmvéﬂgé’rtraﬁdmbbd hebthe® Amplifes ﬁ%@(ﬂnﬁlﬂcaﬁ@cﬂoﬁmbeﬂes a
nplified and detected in a\%gven reaction.  Be

transqitpHOal ERETIE {9 thwltlaaaléﬁ@uoier i Wheegrihp por-daeritn Baplification at late
stage@&iet?é‘ ?If‘“ﬁgf§§%°%l g?o% ft‘?xlaglf gfecfddﬁtﬁltgl tggftt¥ 6) adclBitedP quantitate the
amoud’_Edsf&f giveratrarsorigfin b heclaivoeid san{pld:ib%meaﬂunag powpdineg abundance after
multiglie\é%pgn@f tlr{{ﬁém}gg\pa rgékg Ieggra(p?lgggn%vaggerl%é%xﬁd%u%nutatwe as well
as quilitAMRCdalPhh erRiQhER 8etBRRBAAInE AR cRUEN 8f AABHINALE abd@dance at

WO 2004/ 048528 PCT/ US2003/ 037420 O her advantages
varioys eyeled durihg thehenplidightian prevideod rdal tige pepr¢ssniation Phhew Eie

amplﬁicgc‘laorhnpergceleﬁcci flo(ljr Rach species amplified and detected in a given reaction. Because

non-linearity in the amplification process can be accounted for in such a real time profile, the
profile permits the efficient quantitative determination of the amount of RNA corresponding to a
given amplimer in an original sample. This is but one example of the advantages provided by a
real time transcriptional profile generated by such a method.
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for exanple, the ability to follow the anplification
profiles for multiple transcripts in a single sanple.
w@ewansss2g he size separation by, for exanple, BE/USHN3/037420

resol ve species differing by as [|ittle as one .

néthagdyapages peovidedhydhosaahma wretilingmesfaraehin surk amagner include,
for exyRf WEMLBAT MG e bhBlfeetofl b BEERL I e bserip n gsingle
sampleh Beoduisg theaizesapgrhtion bierexbimpke, CF, cangsaes gubcik differing by as

with the sjmultanepus. a(gglifi cation of nultiple

. pl :

little as g musleotite, e sangs WihravR GRMEY FTRRIHISEPIISHETYY cafhaye multiple
. i r i | t i QI ..

d1ffer§g§{ ﬁ‘??rsed%%dh%é? g%ﬂaﬁgﬂehcfht%ﬁg a dﬁ?&%nttd’gﬁ@&ﬁg in g%enoarltﬁmeal sample.

aries, t or nat i on
Wheni thorie easslethdaiaty wigh the. simthlendosransifivgtiaippbmaltipse samples, as in

.described herein can simlarly b sed jn.any nethod .
ammpl g PR Gy mFavel P B gL Sl SRV erg capilarics the
amouffRd8nfot B fortibidifshl@hcredidsi rhifatdayp. reaction. Fig. 1 is

a bl ock diagram of a systemfor anplification

profiling. An RNA/DNA anplification apparatus 12 is )
pride idispensing @p@@a@@emeﬁp@w ecirndarliope wgd e pey metbgd calling
for tthitﬁﬁféL&%i; of s(a sk o@@ m?é%é&fdu‘fiﬁ% 0 gmﬁgﬁgﬁt?ﬁﬁqﬁac]d%n.
conprises a reaction system descrrbe re tully
her ei nbel ow, to cause anplification of nucleic acids
i iig.Hes ndackidoagram »f asystaf forespdidicatin moiingf An RANA/DNA
| utio

ot PR 50 S e it i o ot
(RNABGHIDN A, C Al pBif cARRBI R hidfus 13, coffpisesH RRADATstefn, 888cAB&  more fully
sanpl e”of a set of "plural sanples held by sol ution
hereirthglogg ito ¢B1se p]lnphﬁq:ati@nioﬁ gutleic apifds in @pwmtig@mjx@rq @f respective ones of
respective aliquot .holders in an aliquot holding
pluralssftpﬁgets&lplélqw& Soﬁl%fo(ﬁ]l}@?éer ﬁg1 ding structure 16 may
conprise one of a set of microtitre trays.
AlAredliabt digdeyising Bppaahtus) is Alplad telanplificryion appiratse 12, and
. sanpl e hol ders_of_ another instrunment or of an )
dispensgs TFapEFh SHBRLR of 2 S8t SigPh e Buigelpiieneglger 13, plural aliquots

of a gBRAYRHR 5 Ye%é@dﬁvggli{]@ot ﬁl]()fa\éfsqﬁ dn ‘ﬁ’ﬁ@ﬁﬂ 11bﬁii1§§s§ﬁlcﬁﬁe 18 Aliquot
data procesSing for allow ng processing, display,
holdimmnatfusturs | @ may eompristatree gfracdtieadichytitsytstye.mA2iBrnatively, the aliquot
rocess control anism18,.e.g., .a m.croprocessor
holde RS MGt st bl T AT ottt infiyineng 3y O 61 (BB ERRLBpdule.
operation of the sanme. Process control nmechani sm nay
bey pipaatisaaRdqimtitdive anilyad seash2eigreridaevhRRASELURYkd to a data
t hese apparatuses w thout human intervention.
procegying 9% allpwyingrecessii® gisRiAynend/ o staraes frdagrodeasdbysystem 20.
degree of human intervention. For exanple, process
con . _ b . g
oy Bioplss STREITURANAS 1T g2 pREGHII BSOS QBB RH fhruses 12,14,
and 2ady catiiokopesation dfftke san. | Frooas camrohnibchinssme ngiyrbg programmed to

rocesse formed, by apparatuses 1 and 14 (and .
contr RO PPAPUP ) (A COAR At BACoH GUBA D 81 e Optionally, he
prograN KSR WPRE Y dRedYeH¥S b Elingd) inBR o] Fhedafp®d)gtdeess control

the program altogether or by infl uenci ng t he process
mechyyisth 8 ergyestirogdediwith asnaiputea vttesfase (msghowerthaiglows@ user to

make %ﬁjtu‘g’trﬁe%tsbt% tl?eee{rgﬁ{ﬁ%%gor? ¥nd &ﬁ%ﬁen%‘ﬁ@ %rrc‘;ictegsség f)érfgl%ed by apparatuses 12

and 14 (and optionally also to the separation and quantitative analysis performed by system 20)

by either changing the program altogether or by influencing the process by interjecting additional

acts or modifications to acts to be performed by such apparatuses.
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WD 2004/ 048528 PCT/ US2003/ 037420 1In the illustrated

enbodi nent, aliquot dispensing apparatus 14 and
w@emamesss2eont rol mechani sm 18 col | ectively opePEX/€S1003/037420

automati cally di spense,. fromeach sanple of a set of

pihgillusiates| e@‘sboﬁéll“d“ (A aue dineBsns aPRAERUS &+ ang} proggss control
mecha 1%1% Egtc&%o fivetyd g%{ba@aamn’?an{%ﬂ ﬁﬁgé I §ﬁ)‘ﬁ%ﬁﬁﬁ)ﬁ I\%f a set of plural

I quot structure 16
samplephelil by calutiyn hbllder 1, phad] adnlquom of 8 gBeR sﬁnpﬂnestp easpmﬂwatseparate

. t. di ff t ot fi
atiauqe G i Shpis naftieg yrochit Loottortiepaia g i fiiet e
d1spelps"69‘éf @?ﬁkci’i&lé Hlfféﬂé?lt BfmebBiSn P ANRIRALIBS Fég%b@ NAccordingly, aliquot

mechanisnms 15 (e.g., conputer actuable arms, robotrc¢
dispeimgppagnc 1§)pmyed§§ vaﬁmneoir nme‘@ h@tmr@mdca@wprw@ meckenisms 15 (e.g.,
compltlli%gcg\baz)?ea?rﬁgzt I(ii)f) 1%815 e&s co 9 %@?%a%?s%é%g%nsgge dispense

contrdl Prockss dBjectilh |fbisddh&bﬂﬁxg &E@d}ﬂeﬁdtﬁ)@tdf gichogpeh &t acthaioiBiechanisms
performan anplification regimen that is cyclic or
15. that is non-cyclic, or continuous. Moreover, the
apparatus may performa thermal anplifi cation regi men
( 111 ) .
: g‘éllg Fr%‘hsg%%i | 'hﬁ zt\i;flldri]‘fea)f)gﬁ’ﬁﬁi g?n%a Al gglha éﬂffg&@twn regimen that is
cyclid orghatés nctm&:ychme(arcmnnmuc(ub CRioreoviehitiee apphmtwsanaypperi@m a thermal

T W TR E R T N S——

therm@Y SIpPeAck Qe E’a}ig&@ @H&lhsr@acﬁﬂﬁ{ (BORY) 2RI Gre Gy HERIdN is pridedRereinbelow
that analyzes plural sanples and separates, from

regarding pprpaches tmempbficating. sanpl es (aliquots, in the
illustrated enbodi nent) i ndivi dual nuclelc acid

grg lloensar?ﬁﬁ:%gut%ﬂﬁg Ma s?slaégst@{nhoﬂ)eﬂﬁ 83:&1119%96 avtn\g%mtz%ble device or

systelﬁxlﬁe[mhﬂyzés)pﬁiremaﬁﬁblmnd cepmpdtess Erotn @ﬁ)ec(mﬁpmésloi tthe samples (aliquots,
el ectrophaoresis) device, a_liquid miﬁo ar ap
e

in theslgggltaﬁeélml}osgln{up_r@ m)w@@l 5%?4? g@lg én ﬁeg%on &}/ysmal properties of
the m'@regﬁlgé(%,cagla# eqféhgﬁqcﬁfa%go ngr{? OC3éX£ h@o ysBRPAG Alayomprise a CE

art ess fof “perform ng
(capiléerp Eletiragtior siv) geatd, lai lrmgldelrmgottogapha ppas speasombioylG-HMS)

I.n nitial t eIo ded nt o
apperiyf g ot uranes o Shrprioios by (GRLFD forlifsn |
regimen is started. Then, at act 54, at desi gnat ed

PEiRISis la Mokst dHRArtcTal p’ﬂé’beﬁbﬁr paffpntihg Ql&&bhﬁéhthﬁ@ﬂdﬂﬂﬂ[hg using the
aliquots are dispensed into respective differe

apparafus guown ndfigel- sin apgnitigl 2c¢ 60.58mp, S@rq,]@ﬁd@elptqﬁolutlon holder 13. In act
52, al?llﬁlﬁl&]r?éaﬁb? ?%ﬁi&’? ﬁ%@aq{eﬁg T‘hgn At Q&%gé%ﬂa@i:gnﬁ% E%m’csrhl ik during the

I'S’provi
ampliSeproradeionens ylidue s 329 dlsﬁénsad: tnt(S&,spctdtlee dﬁ"fmerﬂtahquntémﬂiers
quantitative analysis is performed by system 20 Fi g

3.is chemati c di.agram of an ,anp Lifi

JSFERG & SNGR SHOH LRy eTRAIRERR BePORHy RER Bobr HaRlcation
reginfell dlS ARRK Y fBEl gﬁ@to%%rhﬁdrﬁs%ﬂemmfAM%S QHS sépRREios Sn@fuantitative

nucl ei ¢ acid sequences.” The speci es may

analysip écpefiformbd Yy bystempgli fi ed from RNA transcripts of a
plurality of

Fig. 3 is a schematic diagram of an amplification profiling system -- for concurrently
quantitatively monitoring and analyzing the amplification of numerous species of nucleic acid
sequences. The species may specifically be amplified from RNA transcripts of a plurality of

genes. The system comprises a thermal cycling amplification machine — e.g., a PCR apparatus
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anplification machine - e.g., a PCR apparatus 21 WD
wQoMoes3H528 PCT/ US2003/ 037420 30. Mechani snsPGRUS2083/037420

1\E:)(&l(:)}wded for tenperature sensing. and control. A heat
0. HHHY froaregronded dos omperalurg sepingeAnd apniteh A et sugiaging

structhi@ 3@3? QhiddR r\?hfcg Zsc ?féd%‘ B RorsGeddibG 'Ehél% § 39 BRi® holds one

more Struct ur es rying one or nore sets
or moay staygBireso¥S eanyplgeme of meore satp(ees, areysbef saheled, Tee gamp]bymay be

or c |IIar|es 5 An aliquot dispensing
held, Egpgyé{"th%%e%ﬁ 1%”6‘? fifed which is controllable to
automatically, on demand froma process control 42,

diAsRAIE6t Bspedsifl Sppar iR OB preV TR EFhich iSEdnuelBIe (SdutdRatically, on

Di spensi ng apparatus 38 may_ conprise any nmechani sns
demanchGo# 8 pyogese centrol 42, disnenes zt!loaptS;fronatb@u spiples i giructure(s) 35.
Dlspeﬁﬂ%glg F@a&a&&g f‘ﬁ@lﬁn ggﬂé{)@%ﬁg &%ggﬁl?m [a%q[% ﬁatﬁgé o¥ §%1%1mer01ally

availabiel foi mgomhuictauylab@iﬂﬁg alRueteBem eespedtdle sd@plesvind pl’ﬁbfnig&‘s&ch aliquots
_ e.fj. , ﬁ conputer and a 10 conputer user interface
into ap pligAt ARLAPSTIRENTOHE r BHO8TSS CONTH e MRBROMIISE g pf erBREer and a

comofle BEPBAETE oy RES LRARBANBL A 1 AREBL ! Y e
proceiso rLoadang/lunkxadmgrappérhmaﬁﬂ onproeigedrior. lodding drel urldadsdg the eainples for
(ill rrent al [ 3uot di spensi ng apparatus is provi ded
agy%ﬂ%ﬂ? %@ automat ed actuati on nechani sns 39

(e.qg., conputer actuable arnms, robotic arns), and

PLOGRSustrhfed e@ibotRhenTBAaMN GiPefidin Qp’ﬁh&é‘cﬁﬁﬁ p@mﬂﬂéﬂ)@ﬂl@ 8ne or more
control process object 3 for controlling t

automgsdraguipten BeckanismsA eatceapiter aettl@t&ﬁ ARG nw@ ggnggand process
contro\?gﬂse?é%ngiln %9 lc gng}% a@%’peﬁ?%%r%ﬁer%ygg %8]%8{ 430f0t1) %érlltrolkrég the

cesses
operatimdef snth amtymh&atacmanckumecmgwﬁum@t ance (if t he

anplification apparatus is a thermnal anplification

a ratus), ., mhetal ecifi caII
SRR BRker F flay popbdte HORIGLLES ) ey higpsstes of one or
more Blobld A48 of aﬁ&%@&t%ﬁﬂﬂ&in& suBriét (@ ﬂlehé?ﬁﬂﬁ'fcaﬁgn Qﬁiératus is a thermal

COTT‘pI‘I se any vessel fy mat eri al such as wel
amphﬁcatme@ppara@s) ega merzlﬂe(smi 1eeilynn Hsl @ehodmenfal)lus@@wdnn Figure 3, it

I ar
compfye afimif o Rentetiszy Selfigh Pelus, PERSy SB85rirg vy epsshakony
mater[a8\suElgasOPEly Ad1@dd in Silishere the solution is held inside
the capillaries by sone external force e.g., by
The pl ural | es solutlon

hE§ ge &9 utiel ﬁe?lg}ercléﬂﬁw %ﬂ@eegﬂ C@gl ﬁ%/ g §lpied engs.
Alten%ﬁvé?qp 2y <o n‘Bgse pli? caﬁﬁﬁﬁ'g 18§ haﬁﬂg 'o?féd éld%ysxtvﬁ%?l% solution is

rise an vice ves a set o
held mﬂuﬂqﬂhctzwlﬂarmmby%mcdxtmﬁ(l $orce, @.g. Abyi ressuirest r uct ur e( s)
40 may be nade conpatible with the anal ysis system 48

t Yhe plural samples held by solution holder 13 may comprise 96 samples, or any multiple

of 96 samples, e.g., 192, 384, etc.

Analysis system 48, which may comprise an EC device, receives a set of aliquots from
structure(s) 40. Aliquot structure(s) 40 may be made compatible with the analysis system 48 to

facilitate an easy interface and input into the analysis system.
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facilitate an easy interface and input into the
anal ysis system 22 WO 2004/ 048528 PCT/ US2003/ 037420
W®10a/0gasex essi ng/ st or age system 46 stores and BAT/082003/037420

proceSS|ng of data produced by _anal ysis system 48.

VAl oRTecessiRa Ginsrgesysiem 40esstorps %k llopsprogesyingpt data produced by
tion apparatus 30 may conprise nmechanisns
analyﬁ%én? %@t he art or available in off-the-shelf
devices, e.g., PCR devices. By way of 5 exanple, but
ndftaribus cpupqress of dfe illusrtiateaitthmnal ahmpliﬁeati@ﬁ apparatns 80 aray comprise

e O Rl O oA RS0 A v o
example] Biﬁ‘hbﬁfo? u@@?és)b?'h%n@ﬁ@ﬁ Qﬁ‘vﬁf@fﬁo ‘{We' o?@ndf@ EM%%f) may be
nown in the art or available in off- | f

made dieg4certancewith ongor pete afdsS P@yntvbéqs 6403 &ﬁéﬁpncéﬁ ,3BU#E8M ot
for purposes of limtation, device 26 (or one or nore

35 BRSSP 1A TS5 B SEOANGE SAD 806 v
in offapesialf dwvices,anp) BS davieed. dadwaly ofdxanipis buemstfbgpurposes of limitation,

. chanber (s) 36. An g @tbflcatlon reginmen i s started.
devica\26 g Ong RRIOKE PRISHYe maafdvetnpﬁéiea%quorqla@s? el ong gF meFe of US

Paten%ﬁ@s #1719uRY Snd@kHo19sepensed (automatically, in the
l'ustrated enbodi nent) for subsequent anal ysis by

anal ysis system The aliquots are provided to the '
arlilabwatson; y&mldns argdedded 'urstp dreeattion wbaleber(ﬁéy%bém al@hﬁcatlon

anal or, the f at ch
regimB] & SAES, (e bt gPBY ot LBV R anftiiRFfitier e LS are
dispef9dt Gans¥RAtial]§; ahltmllmwwaeahbcahmamgr& sabRqakit aha19ds BRehalysis

after the reginen is | ete e sanples are then

systeran dhg gl@rotFERPHydageo ﬁam}m‘ OF 2 ) Saala isaesed sappiey |ay be
et 108051 88 ARSI e ARG REULUE o
1ntemm1ﬁdtm€rd1dbyn;&1fmm§n thgirhérg ,ah@ﬁ)tPﬁR oBhiredpinidfaifteathe o¢gimen is

eqgi bef C l.etion of the reginen. The
comp[eé%uﬂ}%,sp,épiﬁs i2Hu ng?? di spensed into a sanple
tray. The sanple trays may be stacked (e.g., nanually)

a'P@Ralﬁﬁif Y& BeHfhed R ARAGH S SsafipBh e ’('B}( (ﬁsﬂensm@ '&pﬁg’atus 20) after each

device). Apparatus 30 dispenses in | ecting
PCR c)rCéfy ait@nreaph st @f cadlesabi efumyengfointh es d@md |b(91ra USey] durungéhe PCR
each a |f|cat| gt eraturey.c af t.er

ampli 1C%t}08 JESHIERYS f%re r%)gqrp %to ereg@egyil‘hgses ng aéllqu(ata ey be
dispefile8 PRO S isAGpRARS AthdSadPletRys SRNPE istiekaeaUteimhilgpdndnalyzed by

control | abl e nechani smfor w thdraw ng an aliquot from
an anglygs pisteEn (%, # Redescepy pipeting (e.g., autosanpling)

or by applying pressure to one end of the reaction

Y%@g@ﬂanﬂs%qlgehiﬁndgg% e c@ﬁ&tl ﬁra '(&%)IQ:X) &h 8 ch $1ﬁtﬁé’ reaction

or oth essel an |n
mixtuoeisftez teadhoamplifepatidn (temperature) cycle or after a predetermmed number of such

cycles. The aliquot dispensing apparatus 38 may comprise an automatically controllable
mechanism for withdrawing an aliquot from the reaction mixture by pipeting (e.g.,
autosampling) or by applying pressure to one end of the reaction vessel (where the samples are
carried by a capillary, tube, or other kind of vessel which has an inlet and outlet for liquid

movement).
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novenent ). 23 WO 2004/ 048528 PCT/ US2003/ 037420 In the
illustrated enbodi nent, the cycled tenperatures nay

W@ oovpoisses t wo or three incubation tenperaturesPCBOS203037420
there be two incubation tenperatures, the tenperatures

iy thedllustigtedemhodimens) B g¥clethigmperagsesimay eempms t¥o s three
1ncub§mut%1g1p|{e1jr%ﬁg€‘sr }ﬁlogmé)tﬁg‘ri g@ 8\89 g{chgée{éoglet%ﬁgﬁfu%se% teﬁpﬁxmres may be
94 degqaes:@élsma hhd/ 5 O-BB dygreeyCelaiug.f SiIou5d therectieLthier dcuBBt @Ptemperatures,
degrees Cel siu for a al i 45- 6 gr ees
they na rala%Fdof(‘#So%( EERL gﬁ*ﬁ Qggrefse%gag@e@eway.h%fm
denatfiiit 2186 -BRWReP @%lsﬁﬂb?ﬁl‘ a{fﬁ@ill 5 48185 Qfegx%'c’@@clgiﬁ ﬁgf(ﬁlQXtension) 60-
apparatus for use w atu -type Solution holder.
75 degmesFCg}smA, a cross-sectional view of one tube 61
(ampng an array of tubes, not shown in the fi gure) IS
r QVi

PR B SuP wRBS P en R RRB RN ol ebSnP A Foh Sse with a tibe-type

solutiex holded Mg, di, 8§ PRIISBedtidhal vies PLEid tMBe 6 Rafickig@naltagédtubes, not
hol ders plural aliquots fromthe sanple wthin each

shows ipcthe figne) ismyevided pAPReEORIINgAES T21s EvAledds, widepautomated
ihff ' i '
contr@ I’Pg, \Pﬁ&i%ﬁg 'C‘:olnlg?t%'l %ﬁ e‘%rta& \?g% Hpggﬁ%bqéﬁgéet e n}?aggﬂg qﬁg%oé@élders plural
aliqucili framrteasdmsla mmmh sGeh theat Eacﬁ)@epmm@lahgu@ttw vlethine ai adifferent
il ust ted enmbodi ment). The illustrated heat
pomt@&@ﬁhﬁh@la@ et IERiEIens 5 62 may conprise an al umi num
bl ock; alternatively, a hot air oven or water bath

StASURbWh ¢ FBY 4DLoiREPMILE 8 is sty Bffo WaddesHet d iBadtRERNShbE: (a heat
sui tabl e i nper neable material, and is configured to

exchaname Sﬁuctgmdd g dluptratechembagamenth nTohidlupieatedihedt Psahenging atructure

not e i cie nsf er of h
62 meglncg}rao);lsg 85 \%@g}{m‘lrﬁ tpchcg %ﬁel%atlgrz Céﬁgt it oyen or g rt‘oahl structure may be
providddx tTube wallld3eis Biade OFP EitdE ithpegAbledRatetixl bidis@Onfigirtd to have a
or wax 68 maybe provided on top of the 20 reaction

good i iorthe eeapldoprhapeiet ard/hays iip wﬁ\ls & ProRiRihg eificaent ignsfer of heat
energg@gMeal(?EP Q%ahﬂ B@k Ahd ?ﬁ% fﬂ?a%hﬁr?ml ap 64 may be
rovi aea. no

ani sm may be provided to
heat the cover so as to prevent condensation and
r dahe 6Y comptisay i rdgction tioixtuet s oDuor wax oRmayrbeqwovided on top of the
t the m ture verse

reactif e fgevapt e acBoneRES HiRGe 1 audon onth e semative, a cap 64

may BPr8¥isd. ah insléRhiSisrh (A6D sh@@ﬁ’)etﬁﬁ}b H@pl@ﬁ}ﬁféd @f héad enel doRESs0b to prevent
and di spenses 25 theminto respective ones of wells

condepgatiph aad meentrytaf digeids intg thesolutiopewbich coly cennpirthe mixshe and
adver%eé}z] flffeci%% Ileh%ﬁ 1ty gf tﬁ% Reltes 69, and an actuator for

Ionof pipette(s) 69 to renove a
portion of each mxture 66 and di spense the portion
( @ipetiooapparattio7RoEiInE eﬁmmjﬁrasrg regpbdtivénes of the tubes 61 and dispenses
i pet.t or conp n array of

Al 't t I
them B}t?) gqrsgggllvé gngsf Q)tfv!/@ér?élﬂf Iaélﬁﬂoytrp %\572 glpgttpﬁ%y gomprise one or a

small set of pipettes 69, and an actuator for controlling the position of pipette(s) 69 to remove a
portion of each mixture 66 and dispense the portion (aliquot) into a corresponding well 76.
Alternatively, pipettor may comprise an array of pipettes 69, for concurrently removing aliquots

and, upon relocation of the array of pipettes over tray 74, dispensing the aliquots.

Each pipette 69 may be provided with a detachable pipette tip 70. Each pipette tip 70

may be detached for disposal and replacement — to prevent contamination of the reaction mixture
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and, upon relocation of the array of pipettes over
tray 74, dispensing the aliquots. 30 Each pipette 69
woren4joessps ovi ded with a detachabl e pipette ti pPG’ﬂUSEaﬁhsmzo

ette tip 70 may be. detached for dlspo
when PulSeansahifiols irs MprRy SHE LB i 98 T Bt chpgR) may be
used. M xture 24 WO 2004/ 048528 PCT/ US2003/ 037420 when
subsequent aliquots are taken. Alternatively, a
cl eansi ng nmechani sm (not shown) may be wused. Fi 6
i §iga 6fi$ o Wowrbatt ofp paoqssfso@écslgmgdmm/a picfubesaditheprer ification

t.ubes nthea |f|c S [
sppacigf G B dg BRI NS Pl aBRALTU Tl R PR 0. the tubes
are logddd. 1HE sathpRs btébﬁﬁere& nﬁz!icﬁ 1|IDaTﬂE1@ maﬂ‘lﬁv@%@ﬁn@ it surface of the
covered in act 112. This I nvol ve coverlng t he

sample yrithawex o oif W@WF@&W‘M@&S@%?&P&‘U afteor covering
with (heated) cap 64 the tube. In act 114, a

t %E'R&flqg}’e; fendpRiy gtﬁrgl #)1% lleﬁ%&ﬁ&ﬁ%&ﬁfsu Fihis Jtﬁéﬁaﬂegl ?r each of the

repeate or ‘ea es of the therma
“M” @nhls of thedhdromnl anpp]aﬁmtms appelnens a"flnﬂca,ftef dor aggﬂn ey\cle in act 116, the

v b i 5 2R, 1B Skt SRS s, i

expellel Sror@pPLRe wiilé pipettd Hp ¥ Ratdveghidd 188 wRk RE bilesoMith Brevent the uptake
pipette tip 70 IS traversing the wax or oil, so as to

of thepraxvatil. t(h@ceum Hxis pa&jfche[ ch)@remhqmd,dt fan ‘t@ﬁisplr@tp@ torigke the aliquot.
After ﬁﬁio%citu?se%}@?cﬁg {)%@ﬁ e, rlp? IlSSfegl %&r’ ghe rate ﬁ&e 50%9 gtrgé%(tntealigeog by

reclodii$g &a@rmve@k act DEB, Iﬂf@lﬁ@t&' tipeis @I&uﬁedlos dfspﬁsﬁedroﬁdAspleat@n and cleansing
recl osin cap 64. AL act pette ti

is repgqt@hm eerformey copewmtly} for Al of Fh§t Ny rﬁagwge scelRf mqge tipgare not
dlspoﬁﬁe%"i’ttﬁ‘%{ 1(;1%7 b? ?fefm%fdrﬂéﬂa 3%8%5 ShS e, f&ﬁn%&leﬁf& 1ut1on or using

tte tips are nhot di sp
a proaehs suchayuhmyomeckebmagted by any known neans, e.qg.,
using a cl eansing solution or using a process such as

£t rasoni ¢ cl eani . FLg. 5 shows,an .al i quot .

GiFih arOPHg o8 At Aoy sRpARER Qs alidh bt aro g pBimeh to aliquot
dispet@ntinl AtUStmal @h@ﬁﬁﬁﬁidﬁ&y&t&n&s sheyia Fighp! Afiagay bPsimple tubes 80

systemas shown in Fig. 3. An array of sanple tubes 80

(c.g., Pé tupes) igpravidassy airgacipnohamelesr i83. gaeha@@p inshidep aserded gmnection to a
multi- wqytvaiv\%ﬂt%%/) {/Igﬁll\lleeﬁilggxae}?dssgl%] ?x?cugat% cé%g,gg d%s?rdecr?tntrol input 92, a

clean@g@ortveal, wed £ capilldrs @sbedoeo Nt ézqilllaryl lmlie %Zs cannecteé énéael) capillary
port 94, and a capillary tube port. A capillary tube

tube 6t s connected to each capillary tube port. The
ot her end of each capillary tube 96 term nates at a

PIRRR bh oPéacﬁ%Qbﬂlb@r t¥bd S t‘éhﬁﬁ‘laﬂceﬁ’ Et a ﬁ@@t‘té #i® Gle&pfl%y portion for

di spensing into a correspondi ng an al i quo
p051t1hm¢djfon glsgerrsmg intoen @me(smanﬁﬁngmfd} ot of mvealtquathlfhng h@uctme 86 (a

ration/di spensing structure 98 is
mle"S‘?fsgﬁaaéla oefnbggml?rgj'l ing the aspiration (or
An aspiration/dispensing structure 98 is provided for controlling the aspiration (or

extraction) of an aliquot from a given tube 80 and dispensing of the same into a corresponding

well of aliquot holding structure 86.

In operation, the tubes are loaded. The samples are then covered. Again, this may

involve covering the surface of the sample with wax or oil and/or covering with a (heated) cap
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extraction) of an aliquot froma given tube 80 and
di spensing of the sane into a corresponding well of
wa@Pbdogess2dhol di ng structure 86. I n operation, tPET/USIHOR037420

are | oaded. The sa are then cov ed Agai t hi,s
the m%%%ﬂ@%@%rwneeug bR e csus. dpisgiisD %fﬁ‘gf(’é el ¢f the

1Ot 1:&%@@ Euﬂaﬂ Wihkfeafterd RGA SN GRR, vave Y6 d
e e%%olﬁ 16@%%8 E}é /037420 tahg(t ubegq A Lfygrrper a% ur eS opene
and stouwiitre OB liopdrateds wspmated heextactar diquihiremitke saapBat ed

for each of the cycles of the thermal anplification

ar,at us reafte for cycl
ohEnda X Seheit S Pl b ss Bl AR st bvice 130,
The {1836trhRE PRIl colpitest (1088 theLelelnefts, s?)nie%hawn and others not
schematic view of a cross section of portiogns of

showmapie] reactiqaahanmbeisdd4,1819. (comprisiag rherrge&tﬁt@@éathsemﬂle illustrated

eV] 0 [ I h
B I T L I
providetitin (leobaptibsdlowy Whiea e 136.t Ode bﬁfuhﬁy Itlltbet ]hSé (of plus hateedot

enbodj nent). The charrber 44, 14 e arate Y an .
spemﬁwélu|sh@we}mgﬁ8rthr@klgw& se @f&@ﬁ}a‘]gﬁna@ fﬁW Yyfee n

reactlglg‘{:ﬁd der gh@ ng éé@éﬁ%g? &gﬁiar}%@e 16 @mﬁﬁ:ﬁ’éeﬁ b6 ¥nd é&?hél—@la portions

pecifically s passes
138a mm D8phat bh]eer@ﬁdbﬁthecsmep]er@ougmg tlh@wdcraﬂmemgd sepdkgltidgportions, a

42 are in 10 reactio. harrb 14 fchIy,
plurali 5 Pl ot SEProBAR By SHaTRaslorioF Ry o
portions 138a and 138b at either end of the sanple
e]yzels)) bl‘ﬁ ﬂoa)eélt‘&ﬁeﬁt rhdiecoRiifliss . aad., dit Guinthmipeiblel fanié, The portions of the
gl ural i g\p npl e portions are provided separated by
sampls|bggyvdend eluewmf be setathuaiferg IR BplaRfion ey ure — such amounts

[ uid. The portions
correGPRREIE detcfired AtfmObe HILA(H B faceh 1 € The PO
uni form anpbunts of reaction mxture - such ampunts 15

c oY madtpoaydvatge 148 it peovitked] toedhiviobotirendd ofadapglagt gibe d3beare

connsgfr Wi L) pifes' i irains of 8 <R abtan SpATYE iR wowing the
seal tf) BS bfdk%ﬁ‘tfﬁsthé Pﬁ’r PSSP a8l ring loh @xt%&@ﬁg afgiveaniligh@r Walw#BLS has a port
owi ng the seal to be broken for the

for mpumtlpg sedmg lmgpi angtanathevporfor receivingycleangply ekivabapililasy tube

et AR 3p 95 e PP O AU W o

the cdpilty Afbeq¥t the @R1IMARE thepaimt ifAStht2@pillad thbs. ar e
provided, to allow the | oad| ng of the reaction mxture
into the capillary tube

h
{ 1B RpEmEoR AR thegive iSegpens Robiges GRmsFioNp g beth epds O capilacy tbe
132 téf ﬁle ?Tp%ét?vé)egﬁfe&ﬁcé?é}%f‘?&ﬂq 56QRAeSA | RPfid HiROEM KAPBqAA portions

ary t o the respectlve ent r ance/ exi t
138a,pk3r8bssailrﬁﬂesalma axﬁuslugAﬂow hlesnepm I#0, arempuisenl the pppropriate sequence;
portions

142, and .sjug f.lo
and péqsgll,pg S g)pilgg t%ﬁngve ﬁTﬁﬁﬁ eslem IHZS {rﬁ% %@p@ﬁ)pp%trgacgga Wgw}%er (chamber
146 2 71 RQGeREFRUTE TEen@PBlet@Sl dyBleM®YArithESe Whar@itustsiaié @ be taken
the appropriate r eact i on chanber (chanber
for a given cycle, the train of elements is moved toward a chosen “dispensing” one of ports 152
and 154. Using dispensing mechanism 150, end seal liquid 138a is expelled out of the end seal
liquid port, while the subsequent first aliquot size volume element 142 is dispensed into a
corresponding well of an aliquot holder. After this occurs, the end seal liquid 138a can be

restored allowing input from the end seal liquid port, ports 152 and 154 are closed off, and the
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146 as illustrated in Fig. 7). Then, a thermal cycle
is carried out. Wen aliquots are to be taken for a
W(gizmemasyx:l e, the train of elements is noved tPUED2083/037420

chosen "di spensi ng" one of ports 152 and 154. Usin
elemeng$ wén@\rngo theciparapsigielgention fer anetier thegualtyelsg Meagwhile the
cleansg ogtela Sl it ei%gxfet tlﬁf: Ic)g S%?égﬁllza{emév 'l%2p05t154,\t'\@152623utcﬁ%orts are
semed@ﬂﬁﬂﬁﬁ$gﬁﬂhﬁhﬁbélﬁﬁ corresponding well of an aliquot

hol der. After this occurs, the end seal |iquid 138a

can be restored allo input fromthe end seal
| Figus & Yok diagramrcd an eﬁd%ﬂ% isPEUSInG IPPATARSHFNg F CenFHy ety

approar%rg \B(Z\Q(tt?agp?lﬁgl@ggﬁ)r aﬁé&ﬁ@o% Q%Zﬂ’%% O?LI? §h@lﬁ@r The figure

pprop cation for ano er t her mal
showscaxmlr@on Msaaaupﬁlalr)embh 868 of 2BORatever {Tubs lﬁ&saonmcmdetarvsb'e 174.

he ex t.rance ts 15 an. 54, .whil
An aliflif o8 et AT D SR Eerp ottt sttt By i angend 172
that cah%el%ls:&lGJl(bﬁ?i b?&ét%ﬁ Sfvadre 1l Wéﬁntﬁﬂuﬁﬁﬁﬂ%‘cﬂ%@tu@@m Blctgpled to aliquot
using a centrifugation 5 approach to extract an

eXltcaalllaqwaOfor di spensing into a well 176 of an ali quot
holder The figure shows a portion of a capillary

%Vl&%.laﬁéw zn rﬂﬁlugtg% n%ea )Prgéégg %ilaﬁﬁgbtsdl %Qﬁgtu@ﬁ{ YR apé)gratus

shownt 1ﬁ Pigl8v en hé¥200An alitpiot BXiuthecldpiol dnazlxyt capidlagn Iandt 210’22the seal liquid

at can be s aled by oper Ive 174 .
at the ity elgeRbrhauy s dispesed of Horah Bes e Jﬁast@o‘* the valve is
operat@ﬁc; sea PRk th@bYihd 68t c%ﬁllﬁ 9 T W ih Sct®0b! Qif8kdon structure 178 is

ITlTustrating a process |quot di spensi ng using the
operategh fraexpell an abpooamntdp weBilg6. 8. In act 200, an aliquot is
pushed into an exit capillary. In act 202, the sea

I Lqujd

Fikobne Biet dBart ot fori P P fue Sy 8 0RPGR faspiracion
struchPP&F @itedt drbalfRiot fob ARp&RehgdhtothweleXx76 ompaliduaf b/oldélfh errme figure

in act 206, centrifugation structure 178 is

showstarapillgsy tubg af aPCEudsvicesouplod py itsiepds threugh wplvel &DQSto é)orts 184 and
186 OPAI%)G%SIQ%@%%%?&I@ trl?%}u%l '89“%3 Qhéﬁgfwﬁgoﬁptﬁ?&lﬁg WSntisilsWith

I'spens ion st e 'to extract
pressudd Vatindiong the dipspeimsintgaliquothadevelol ahd thecfspaatical tloaplbmun samples
hol der. The figure shows a capillary tube of a PCR
fromsg@@iecsgug‘@d@ped at its ends through valve 182 to ports

184 and 186 of dispensing/aspirating structure 188.
Dirs A B6c26 Rid Iﬁf&éeﬁf‘m%ﬂdéﬁw 8ReGQNo @b Enghie ﬂlods for uantitatively

pressure variations di spensing into aliquot
monitgdRz @micamaky@lr@gm alaphﬁ;qutlp@ oﬁmlanuplmﬁp‘; eWhpe &pqmpgéwﬁp@qtly used
nuclelf: gmgla}né%&gathn mgtgﬂ% secherm ?f]cthggt% Qheﬁ%ntgﬁ)g ¥&8{ed%@1 ein find

apphcﬁ@cﬁi H&onRPind TR Buahlye irf@lytﬂmeleamﬂxd fimplaﬂidaﬁﬁn pfotocol most
ol ynucl eoti des. Wiile the nost frequent Ify used
PRt

partxcnda@y,ehu& neidimmitechior fhppethet iRolie Fepseed qul Fleiqaciq pgthesis.
Contnlf> %ﬁs rﬁeﬁﬁ)d'é{estugﬂ gssthg RS¢A 83%6%5)?4:\}&56 tfbﬂscrlptase mediated methods (e.g.,

3SR or NASBA, see below) can also benefit from the sampling methods described herein, by,

for example, removing samples at given times during the amplification process.

A basic PCR amplification can be broken down into three phrases: (1) exponential phase:
exact doubling of product is accumulated at every cycle, assuming 100% reaction efficiency.

The reaction is very specific and precise; (2) Linear (high variability) phase: the reaction
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application not only in PCR, but also in any nucleic

acid anplification protocol, nost 1,5 particularly,
wheiosnets28 i mted to, those that involve repeat BPOI/UyHOEE37420

of nucleic acid synthesis. Continuous nethods, such

compepenistiee Feing pensymen.dberseeien i slowingand the praduciyein Hraas to degrade;
) pERBARof s AR oS RS, Bl dfipe mac ma i

left lobg enoufgh the PaRpprodudtewill begin ﬁatqg‘ra&te The grobdem wiithedetection in the

lification pro A basi c, PCR
plateaa@}aﬁﬁequﬁ’gﬁ Biribat dbe %Jé‘nB'iaBng}? 33 dispag o lopep Pl sre amount of

t QpeLkI: phase: 0 exact doubling of product is
ﬂmszgé% ﬁ%ﬁa?gg’ &h kery cycl e, assum ng 100% reacti on
efficiency. The reaction is veb{ specific and
pi‘Bedlsame PER” hialpas dqtentyspevidicinableld acid ampplafseation products as they

/ [ /
sconny i R oy Rl PER e “YRENT S ALY Bihiant gy PR by

allowidgdot fAe dBleOECIIPCR BmpliAcdtion Gutif %ﬂﬁ%ﬂﬁ @hase§ ) therédceianl
(end- poi nt) phase: the reaction has stopped, no nore

products are being made and if Jeft |ong engugh t he
Pmc}ﬂfowé9@13\}#%@0%@@qfﬂl%én%wa%mew&ﬁ%B gRplifigaion products
preser &t €§ﬁdu9 RtadoBs i a@ PR EinRh. %aﬁs% it Jﬁﬁﬁd%rﬂ the limits of
quant I Tation 1's &ffected 80 ascto no 'onger ref ct
the ex!pbﬁermab lintarahd platdaa phbses bf mgamplfieition acicton,dmpivaddge of the

abundég% c?t}qngg%caqﬁoxb?%g@é%?/%g%g%égés cgff e%:h{)ll C@ﬁgﬁ p%c%ssaperrguts one to

rehabfyeéﬂtr %)bl% thERRHdh TR £ ﬁﬁ%r%ﬁ)ﬂ 'téiﬁ}ﬂat%QIY @‘BI@&@@E&l@é{ﬁfﬂe While an
t'radi ti onal end-point PCR l owi ng for the
amplifleatmatprofle of a PORleamsleid acn@tqrrmluatel ar # pigall prs of amqwemnh%@wn be

s S RN S P B B

these BicgHAR bre&bth%ﬁﬁﬂnﬁb@m&h@ﬁ@tﬁb@kﬂﬂtﬁgeta fhadlbg bd fo¢laWb@ﬁh a single
regi men. Because it can jdentify the |limts_of

t he
reactiet. pdieaier lmitatiqnda Hat gl diferentaicypuaas bsfabeied w1th a dlfferentlally

I On reacti on, know edge of the abundance of
detec%gnglq‘{olkogj%%’% on product at various stages of the
anplification process permts one to reliably

eXi. Sabalbxa:t Eppltmetmxbmtﬂﬁﬂrml ofo. 166673404@|dn‘&11r1b’ee ﬂpfledtr‘ﬂane ®CR method

using oq.apgl(zl %Lﬁgggﬁ’hf’é% gora%qa S{Sq ?FB? gflgxgl N } |1 grécpr;zﬂrated herein by

refereﬁé'é}h Tﬁmaﬁhﬁﬁp;ﬂﬁ:ﬁu&? plovi@iRNe hikied o rlﬁ@kﬁfbriﬁﬁeth@farﬁﬂ]ﬂicatmn of a
M or "nol ecul ar beacons" -type real tine

nucleam@ncbsaqne@e oftihietsst, e method gowpriainbeta) | ¢antactiag jarnucksec acid sample

with Pe’ggf .ragﬁf kggﬁgﬁ oshato?lﬁcjgl?octad% p}r?mgrol\%{'l?e?@eagﬁ £ sf foglghr?\%cleotlde primer

specifBR@ IBSridizet vt 4 abekRdacid hivlecutt Edmepresiig dd yucleic ac1d sequence of
det ect abl e fl uorophore. plication wth

interesfe ﬁp%ItheN‘tS:COlEbPWUM§1%B%mP%@§C@C?%AB¥Qﬁ%SF‘@ﬂ“ MRSt FRFRplementary
strandgglg W H&l&?% \IJ{% %erﬁ}ierfclee(ﬁ{lh%?&@r\?ﬁ Jélﬁler elp?ﬂlgéryéétélsfdnhﬁroduct of one

rety o 'S incorporate
ohgom&ﬂle&mda Qejmer TWhexPadzpamtechﬁpm rtat:omplemenulcdn$elafe restdhteginplate for the

nitori i fication
synthesm  of the extenswg prO(fuct o %he other primer, anda wherein at least one of the first and

the second primers is labeled and preferably, labeled with a detectable marker; (b) subjecting the
mixture resulting from step (a) to an amplification regimen, the regimen comprising at least two
cycles of nucleic acid strand separation, oligonucleotide primer annealing, and polymerase
extension of annealed primers; and (¢) removing an aliquot of the mixture, separating nucleic
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nucl ei c acid sequence of interest, the nethod

conprising: (a) contacting a nucleic acid sanple wth
w@2dosnsts2eand a second ol i gonucl eotide prinmer, MEUS1003/037420

the first_oljgonucleotide primer _ specjfic

. , e ) 1y
acid mglpeyles ndhe iquet, néwgre@rleg NP EHIWR] the abiepst Werlstactible marker,

a eij =1.d:.S . i . .
wherdlf L 8 SHMEREE g Sl p oA v e
detectidreperarips| therendrdtoying stfr the cdingflifichtgom uc kel dinzeci Mase quaypss including

of interest, wherein th rimer. extensio roduct of
standi}} UiV PGB IRD BRI gt LB % e Bfmpcally.
conpl enent, can serve as a tenplate for the synthesis
0frht B Eikigenethon dREIBSHET eréth pbit@tsh® BImdVa] dEdxtrusidd of samples from
wherein at | east one of the first and the second ]
an amphifipation rpastion peYaspus AYCIpy Erigeabs splifigsEPRarafpssh By withdrawing or
extrudfi EFUAR 551G oy bl SENL QbR BPbE U rogimen and
detectinpethe eigk aRd afouf loff 9 hghsaingli€iad spdcves prexgat, € apfountiof @interous
acid strand separation, oli ga%gucl eotide prine

L r . .y
anmplifipch By ¢y canbrampBiterad Aol PR3 ok BeRIICAYOTe ApcgePy identifying the
hnntsg’)gf'gggfgx?f)%%}ﬁﬁhg léallr gﬁﬂg}éa't%\% @g%eg f%%t‘é%gg%eqh&?ce% Xt cfion mixture.
This 4ppiidatls2a0BY QBirdly applict twongdificegon methhds thbt ppunamt, thamedltiplex

.detecti.ng incorporation of the at | east one detectgble, .. . .
arap o Bk RS (P EOOTIRCran AR AU Ty, PROTEblighting
the exp¥RedtAPpHRE FdFRR: ﬁfl}glﬁi’&ﬁoﬁ BY each @?ffé’b@rﬂ&&hﬁlaie‘l?eoies present in a

detection permts the nonitoring of the anplification
biologieal seraplet thireappwch pemmzisythe accurate uthpplgtion phihg ampupigrof aumerous

comp 5 o B0 P Y P U B ooy

combhafiéh AsAMABSRithat DEsieast thelhaltipRAAVAIY 6f arelifidasb feadfions, provides
sanmpl es from an anplification reaction at various |

a drarpgtid iperegngrn Hiy apBIEFHIYANItREYS inpiate adeunatigp one can obtain from a

g0 o, UL ERulr bIECG AL RO

amplifingtiondedess amplifidsehs RN A2 oda BNAIodpyodf ity drd ampslification profile is

nplified ci es present he anmount of. nujper oys

usefuliruaRiais BF Suaors oL ejukNGniReBPth the OEEEA! e Bhe profil
generhtB@ bﬁ TR £ §03H1in8 Protb &R i€ akse 8P dfay broGild RkickD ad HidksSed above, is

of the exponential, l[inear and plateau phases for a
extremelygetfubfogaantber of appraaghdsirolateditx timgalevelppingntappr oach

can be optimally applied to anplification nethods that

permt the nmultipl . ifi ' f

230 i ghOR TR ARA B B SR Bp VDS poramce
“Cy” efegitd fatdyolg minier axwhiv@rthé signgingaerafedrfréthe quantitative amplification

anplification of each different tenplate species

reactigh diggh Fisesn abovepp othyghodd”, denpvaceret hivts BpficodiEt 15lpble tdetection of
: . ac ' t ) f

o EFGCEN S4B ARABEOLE LORehl | RBPR uBTE Sf) s o

detectablyibvel of metplified peidonedwingpamglifvatiar. | ¢, ganeratiyrdoimettdsonith starting

wth methods that increase the. nul.ti.plex ability o .
auantfyoof oA B R BUER Figh e B0 et o WA PEOTE AbAgeet result in
later € EPR BORANRG RS irﬂt‘i’eﬁ%b? abinber bebdcah@ationl (Ir fM@tih® MublBR acid by a

~can obtain froma single anplification reaction. \Wen
simple hethematicall eqbdtesinogi cal sanpl e cont ai ns nRNA and t he

Log(copy number) = aC;+ b , where a and b are constants.
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anplification process anplifies the nRNA or a DNA copy
of it, the anplification profile is 20 useful to
w@aanigsat e t he abundance of the NMRNA speci es PCT/Uk®03/037420

ori gi nal sanpl e. pr of | enerated by such a
s dREIEToTe By Beasuting Esfoa ﬂ%er 9 f B sAme, e Spauengh priginating from
I I
two d rg%%?%g%ﬁ gtgé pgfﬁglﬁgﬁtxg@ g&%&ﬂgé%%rygigﬁ&gn%&e se@eﬁ%eﬂhese samples
cm1b@maﬂybcduﬂtdcycllc nucleic acid anplification, the
experinmental ly defined paraneter "Ct" refers to the
Sam cl 84N nmbe dat whi ch the signal generated froma
ification 25 reaction first rises
above a "threshold", i.e., where there is the first
r it albodeleseiednh@tinafillitites akid @mpling of an@hdic acid amplification
nucl ei c acid sequence,_ "Reliable" neans that the
reactigp @Wétprqs @efessary for ana@t g@{l%p@fqhggeﬁa@ph%ﬁqaychgg at any time during
or aftél a%da%g hfféh‘ﬁéﬂqlg:a@cmﬁl IIL'OﬁQE#ﬂBBle% 9k Qﬁﬁ@dtlo\f tl‘feofe?@t |Atie Withdrawn or
Wi th ting quant an un nown “anount a
extrudedrfepeh thumbcemcreamodl vesseé at the ené pf eavh BER cydle.t Ar g&ither embodiment,

result | ate |SI|¥§dtote|n|t|al oy,
an Al PSR L GrPr T PRIDPHOP &F EeagtipRy VEelat the end of
every%@ve?él'%l@ V\%@é Q%bléfatlwoed*w&& | QBry thfé@(@@lﬁy &&fﬂ%ﬁ) cycles. In another
ere & and b are constants.
embomw m&ﬁa&otm@’mmm&@/ 19 mmwanr@(eﬁétvdefromyhm@s @r irgagtion vessel

the fra nts. of the sequence .
at the epfl 6? A g?ﬁuﬁ gof fp}rg ﬁ?’cg%m f:¥cé?sef]\?m§% }ng%rm $9 ﬁxépr] #ntagvr%la}mll most often
be deglﬁidaﬂieyeels @@ﬁéﬁﬁi@h@h’c it sﬁmﬁliﬁg%egﬁff@nﬁ@mm@@mﬁn&ﬂe&e As just one
nP can be easily eval uate i ng nmet hods and
examalév h@égmsh% EOUBE iRy iBEelye |sweﬂh%aféqrrwﬁe/cwc|lq Fardhe i five cycles,
| anplification reaction
andth%ﬁ p%%eg%g&g%&&frggagnpl ification profiling.
Sarrpl ing may occur at any time during or after an
amys| diﬁc'usmdi\ a‘hmve eanpliiﬁnmtioil mashaisetidtoate mentinuans, edtlhanuhmn cyclic can
of the reaction is W|th extruded fromth
atso Bepghl oy it i e Blebiods Hepritbed P B ot optRMSgoprmples can be
wnhdmv@atcgwb%rmﬁém%hm amp maablh ArREssOfor bREmpRAGIeh Phidife, every two
wi t hdrawn or extruded fromthe tube or reaction vessel
minutgs, every thied nofiutey etovery several PCR cycle, e.g., every
two cycles, every three cycles, every four cycles. In
a@g{@ he oERALH ot%n? El?td g{%ﬁéﬁﬁnrx&%ﬁ h U be erfqrmed in
or extru Fom 1 he tube or reaction velse

any oﬁiev%ﬂ@dﬂftﬁbt@@e@reﬂé‘bMﬁﬁs Offirqoy a@r afigti6tr dah e avittvied vers frodf degction
a uni formsanple i nterval w |l npst often, be desired

vesse} (igst BibescapBlana iy Fib Heh Ut RIaEhbY regcling Bue fhsyirete! ajth a
plpett cfeQ[c@oﬁ @%ﬁlﬁéﬁ?ltﬁ)e ﬁfefér%l uglﬁg an SYRIRLRL detv{k% %@métﬁwl of

uti ne nma ol ve  sanp fter every cycle for the
sampﬁmg Medifon/cmscappﬂoesh lellﬁle&mnbly he adaptevitbinmginaize epntameration of the
As di scussed

cyclingussgSt i fPainaR R tiohintRt e S st Bt hbitogy disposed of

after a single aliquot is withdrawn, or by incorporating one or more steps of washing the needle

C:

or tip after each aliquot is withdrawn.

Alternatively, the sampling can be done by a device which can contact a capillary to be
used for capillary electrophoresis directly with the amplification reaction in order to load an

aliquot into the capillary.
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al so benefit fromthe sanpling nmethods descri bed
herein. In such cases, sanples can be w thdrawn at
w@rweh4gsesres during the anplification process,PEDDS2003/037420

exanpl e, every m ever m.nut es,. every .three .
st dpager Glecnalivg, B8 PR O op SRy bt dafion N RHARONAES a fuidic
line (.6, oc\rﬂ.\@é) c@fﬁﬁ%c‘tefd' t6 %tc'oﬁﬂol'la%?é:@dl@éqwﬁﬁﬂ wiE o ?@1{ Iltgjlr Mldr'%zcle. Sampling

any of “several different general forma rst
devices kngwotin dmrbmcmdc,tfdr exempfle, ¢im multipamposoR obbies Seknt{fiedydra 96

pipeitp 3G Prn S Prrdp iRt ondrin 08 el ies: PHE! hyrapd gpbers ko it

can b@@aalh)b @da;bteulibﬁusemb@érqﬁ@bb YhelfibtRGIsHT i nQemiced devi ce.
The method of sanpling used for this approach will

preferably be adapted to mnimze contam nation of the
250 eyecembpglimente the sampling and detestion geersriormed popgurrently, such that a
pose
cuweg,%pggérehg thohﬁ& aB} n&%@?&sleagfu% n d%%ﬁif}cgﬁ% n Hn3POS efieRure by
minutbmmdr}pHEEtcycigs mm@rxaratatbcheingtoe psomefftemdﬁamgmdaaom sgithen.
or tip after each aliquot is withdrawn. Alternatively,

o R kot /B i i F PRt SRR Beegrary that the
cychr%' Hegﬁé;foﬁn% 02 ikeroitd | dr ek R pldie ma@gghﬁ RHHAK! whth uses plates

n 30 aliquot into the capillary
compzaognmanaﬂe Sap@ET WS2H 08! on;mmew tha throeghpat p‘éthﬁassavearocess but is

also weqfﬁidsa%{éﬁ Cflo ﬁlgﬂr(eg%a%&qng utﬁ]% gtg\éltrrgogi Yg; rt 8 hl'é pqgtes and the

unifog® rgtrirdOIalyabd ef i weelwhdre fmeMplaltesopmnﬁhomambtcmlﬂéraplate d651gns useful
cycl e. (ng devi ces known in the art includ
accor@saaﬁ%lﬂte mi.vmtl Fveptr raarRobhbils 45c9% r?’@i“qucm%‘?d‘f’%ﬂs%lthough any

numb@ ﬁf\tvglﬁ’sra i"ﬁl‘)}%ﬁ:ah? &g\‘jo?xgtﬁélg grl]agé’ot g?ésolrﬂ??(c%l@el: ?fegie%g%ﬁ gegctlon volume
(usuanyeaohlbg pidaptiedisté bcdosdng e thedhvgitivn. Craently dd96adr 384 well plate

the invention. In one enbodi nent, the sanpling and
formagutisefereh are performed concurrently, such that a

curve representing product abundance as a function of

a j t

'mxl %1{}3(): f@t%ﬂ %?mbhﬁ% 8?02{3% dcaa\lﬁr‘:e?%gﬁlg% @%eggf]@d;ﬁétﬁ ? dﬁ'ri;arﬁ%ed routine and

avmda hptlhl Huneatdrom in egnplmg (ikgrrnphirsaladt sizhend aspaog ©f edmple identity)

and th oGS ofcropipetinaiobESRaRe SFief PR ARBEI SrTgES capable of
w1thdfﬁ%hg ﬂﬁéﬂot@ﬁ%@h@ﬂdﬁ@&cleﬁ@k@ avaPlabBlin (¥ irE PS8 RS Mitsubishi
nprising nmultiple reaction wells, not T‘&nl I ncreases

RV-Et2 H@bpm dugpentbe gfed Mecoasmatjorpwih esxiClone qwail Handjgs|or a Robbins
omat ed sanpling steps due to t he
SClenﬁﬂ%P‘I&grg%@ 1Eeﬁg)trof the plates and the wuniformgrid
| ayout of, the wells on the plates. Common mcrotiter
pITat erobkﬁm gamspleisef tHe erabaiimeningletaribel eheirein enambmﬂn@mﬁd with the
for nple 12, , 48, 96, 384 or
therma] eYRlErg RY 49 S laT 4B BT it P TRy rpwyﬁese%} | Yy thgncycler and

sampleP 8rePh ki) hamaPEIEEak8a SBepHIES bR il BRCIIANM ¥R Rith samples

being withdrawn at programmed intervals by a robotic sampler. When the cycler and sampler

are modular in design, the cycler and sampler are separate modules. In one embodiment, the
assay plate or other container is physically moved, e.g., by a robotic arm, from the cycler to the

sampler and back to the cycler.
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(usually 10-100 |) can be used according to the
invention. Cenerally, the 96 or 384 well plate fornat
W(i) soopmefsw red An aut orrat ed sanpling process CRCI/D82003/037420
di | cuted as a granned routi ne and _avoi ds

b 3 éP @Bﬁuqtﬁe@%\fﬁé| 3t thy sprpling step e Vary, dappiyling, for example,
upon &k %ﬁalaxrb%lﬁé 8f 'e'% I%)(ﬁ e RRE&HLASRE lsérﬁ)twné £ PRhLA tec‘uon and the

possibility o tam nation from n sanp
type @smratmnsuacqal Amhﬁeqmblvelm%wan fehyefrarm gex&iral qmomltefrx tnmeveral

o L LA S0 D0 S0 o200

or o REIEER B g oPFS SEONE TN bt b AR Sinfl g 00 .
Aliqustarobiraes dan vihyefremtoodiortdth of desesdtbadniRerei n can be
i ntegrated with the 25 thermal cycler, or the sarrpl er

be nodul esign. en the
accﬁgﬂqﬂ?e Wwith ppe fts']?f:gﬁf i}eelavenltlﬁg,r q%gzpth\é\géq prlqgjldga éor quantltatlvely
momt§ﬁﬁ§3ﬂhle @Qltpﬁﬁ%ﬂon' JF nuBRicSRMEschRGRES. o.lﬂ’a %e?ﬁﬁqﬁlaﬁ& of the method, a
being w thdrawn at programmed interv a robotic
nucleig apiglagplifigiiem neh@lo@ymb@re a@rmo‘@éml Bre macrtme rwoukptises ai plurality of

mweleff SElgBecitm et NBnTHcFRE T8 5 nstaFu ER BB e o

nucleit acidRpé&di&ab by aﬂ?‘lﬁﬁ@d c&nclirrentdy An ARQRK O thRMrBActibh ATk fulis
cycler to the O sanmpler and back to the cycler. 31

dlsperxml SODtEr GABn 2 dPETyonSHETE O SFsmupiffratiown Fagimern f Thmuucleic acid
spemeg |1111 i ghﬂﬁcﬁ@or&%%%%% il d%é%g'n B ?xﬁ%gfeg 19?81\1/%?)%#9111‘%%86?%%126(1 species,
the quamqttb/ iof thwa¢ separatehmicladdiacid bygecis s theialitjhit 19 torpuadity determined.
detection, and the type of separation used.
J|f|c on. vol.u vary from severa
ot} O SR TS a i R Smvesita apelyys ong plusaity of
nucleit acﬂ@g&mes?(@ gI ,traﬂg:ripts @91618) ﬁﬁ)mbpoug-@ﬁzlens El?ﬂghr!ad gh%gsalnds etc.) in
re), preferably in the fange of
Ceﬁwnlnwﬁﬁﬂéipﬂb@tﬁabﬁy in the range of 10-100 1. Allquot
volunes can vary fromO0.1 to 30 % of the reaction
mll’;%ée ?l‘iﬁéa%oﬁ‘ﬁ&?ﬁgﬁﬁl%g bl %13'?1%&31 C}% O@Srq%han %nla{allntvneulclem acid

amphfmimh atikingest Mhe Pkl 1f1d@ahdamm amplificttlog ingixAgésdnay be present on a
uences. In a FI ven_ perfaormance of the nethod, a
multi-gll ceRiEingE 19 tharifus e P bemSae the AT eAtioB TP&ien Comprises

ﬂwnnﬁQ th;g ey m xture conprises a plurality of 10
[eiC gbld species. An anplification reginmen is

perfor med on the m xture, causing plural nucleic acid
siﬁb@dl@@emsmgb@amqrfomdd Edloving @t drynorAyelks npuhc amplification

: eactl n, mxture is nt er
regimf s R RESPEbTodfey R BATAREH et Bk ShGniino e
amplifiesloR repiaem. dTh@wpataﬁﬁg iy b @edbintlity @ipfla3¢ BREBSREra3Rd In the
detected. For respective ones of plural separated

llustrafpd ebediieph et 19pgre6Y! SOFGeTe BRI e Hom N tanagsings of a
phmdﬁpggégﬁ&ln the aliquot is concurrently determ ned.

In one aspect, a dispensing apparatus described herein can be used in a method of
monitoring the amplification of a nucleic acid sequence, preferably a plurality of sequences. In
such a method, aliquots dispensed during a nucleic acid amplification regimen (e.g., after one or
more cycles, preferably up to and including after each cycle) by such a dispensing apparatus are

loaded into a separation apparatus, preferably into capillaries for capillary electrophoresis. The
' 32
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15 This nmethod facilitates high throughput
guantitative expression analysis on a plurality of
woemkeisseaci d species (e.g., transcripts, geneBQT/US2003/037420
NUMEr ous Sdozens, hundr eds, thousands, etc.i in
nucleig @pidgimthe loaded samples aRiseRArFieth L., bihezeansldrichargei apd the separated

i S R 8, LT, 0P EPHEE S
acids sprdserftitaatdribed MNAY kS, wiry eRprepyed RMNA iDreversedti@hscribed and then

. ti-well.caontainer. In the illustrated_enbodi nents,
amphﬁ“?f{e theamplicatipn BretepoNdRs 2 BaRscrigdenal prraflerigr ths emging) sample.

Wher&as $he nﬁ%eaﬁﬁﬁoﬁdggﬁﬁﬁﬁﬁmwc &Y lst_ggespcﬁf thO5ABH dplboh %}% cg%rnormally

one or nore cyc In the anpliTication “regine
precludgsiip lakility toeacdinsiziy giantjtatethe kmopst dfor gieeh fralstoptiing nucleic acid
samplg gg g}eé%/lﬁ‘h% 3:{%3}}0%@ aB@]r}ghﬁl; [ ?tﬁi}l?tglgé E?c}lgs.,e %}ie t;refl]qgcriptional profile

generﬁb&ﬁxtth@ﬁﬂ&fn%ﬂt)r%vicﬂeﬁ qhditative bt (veB bf ghaHaBERREH WBNo pdl® such

plural separated species are anplified from RNA o
determpingfige r Thstdstestion of ghpliconiabyndshcgyatriasiony eychaselusisg detampdification

. di | I ) ' herein_ can used in.a
oroviql SRS ARRA B BR S ARG BB 85 sl
amplifi€d ghdsdxieesicia a diveaf rei@ihy Bacduseihad-lihyarly irSe uspliGsationbrocess

such a nethod, ali c&uot s di_spensed_during a nucleic

a

can bedeauniprhior i BuehiagRalitung oAl ézegv.r9ﬁ13ﬂ3@@m%%ﬁhé ehicieny quptigative
R R R e L

This inbsteparasiple o dradabtnisges prefidaddhi yreahtine capicripaonasd profile

for. capil!lar | ectrophoresis. The 32 WO 2004/048528
gmm?%é?l@%%@éﬁ@é?ﬁzo nucl eic acids in the | oaded sanpl es

are separated, e.g., by size and/or charge, and the

S e al Rfhtagdh BloveRddyehdRhpghe meﬂﬂﬁg ey a8t NMhadfer include,

amplificat] ogmg ofile. Wien the anplified nucleic .
for exagaplgsthe apiliés tonfollpw dbes erpplbfecatipnpeptiles fgr muliipdamplivoss.gepresenting,

i S t.r.anSCl dfi .
e RS FRESRIEAR EAERas B gl o
examplé,afE,|can k@olvieRpedics diffadhg Bpaglitte abohRichside,iBe sample withdrawn
non-ljinearity of amplification at |ate stages of the _
from ap-Aoppliticatien BRCRLREdevR Bl fiffeprngy|sized smpHeonsppach ggpresenting a
differdr? tﬁﬁs“cﬁp@ﬁﬁhé’ oﬂgi‘ﬂglt %afn?ﬁe? Wﬂﬁl IO AbnsPderéd Ab¥EWith the simultaneous
transcript I1n a nuclerc aci sanpl e by neasuring
amplification ©6 mudtiml e sanjeles, af ireamptifidation perforoled sy ntulie well plates or in

tr. Pt I fil in this manner
paral 1 e o o e e RE 4L uicesoPU U Aot
dramaéi@alper mt such determination. The detection of

anpl’i con abundance at various cycles during the

anﬁlification 10 provides a real tine representation
of e eampling aadpnalysis methods gesstibedikarcipgie patipulapewieB suited for the
i fied: i gi ' S
comp RIS SAELSELE L 0L ERCARREIL O FEARYSF g
a tran®€iptordl ecbffle foriangisancdellar tiedle ahd nec@nfedre tiayg pidfide withtlid profile from

erpits the efficient _quantitative , .
anothgr ceﬁnor tissue to Setermlne glffegences in the gene expression patterns. Such differences
are useful for diagnostic purposes where, for example, a given pattern of expression is elaborated
in a particular disease condition. In that instance, one would compare transcriptional profiles of

a sample from an individual suspected of having a particular disease condition with the
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determ nation of the amount of RNA corresponding to a
given anplicon in an original sanple. This is but one
W@X(mmphaszs)f t he advant ages provi ded by a real PCTBES2003/037420

trans riptignal profile. 15. ene ated hy such a nethod..
HaﬂSC@PH@? e frggeenc i suqre By Hualy, q‘@aﬁo ttalvwaﬁmﬁﬁqsp Pﬁ@dthn

[ t he
SimilgRic ?3%*3@6?3 S e R S o RO Pt B RGPS
mul ti ple anplicons, representing, for exanple
milowipgtaéive paalgas obtlr@scmpta)nel mgfﬂ@s wim esefibdorthe slentification and/or

ar. at| 0 for exa es0
valioafigR 3r BERGIRaLFR g YisgPal TR PP aG isrmi IR B T ol riprpareay
hybncﬁ@d’m)lnenemédsdb@c\m 9& Jdﬁ@i@@merqimlaéd 193aﬁ1b QBilfLRCAUtAN qEaititative
have rrultlogedlfferentl%snze i cons, each
data. i pyieanpreachgsamplesi fFare beyl Ytarléﬂ%aaeétmdlwduﬂé axgrysgd fpagenerate
transcin?%%la? gﬁc}gggyoftrﬁﬁlﬁ e]ﬁ{a%gc{lllﬁ%sg eﬁgzcl)rgf 1;3? gzim\é\ﬂ)é gentef]fed usm§ pruners that
hybridipto Knodat genss, 06 railtemﬁﬁably,maﬂbb oenansbd u@h@tﬁﬁlomrorj I eferably, semi-
parallel in multiple tubes or capillaries, the anp

randogx Prirpgrs, ReHi-HRISBPIIEED RIS Pn’“mﬁr%%@%a"e&ﬁ%%ni leHPwed yfsthm the 3’-
i, 2OEPAGRR, BBk T s ioREl) Rod oty b v
with \calhagtemmtmadmedsaﬂ; therd’ tétmanal i1 s2 ot B aucied)ttdﬂ:sl Sprda&s of ﬂnﬂjdemgn are used

B e P S bR B e e

Biotedi@]. R0 6l L B).f A FiRth AN ILSf BRIPrin®): dbdiss HRolves BRIAEMOADS an
differences in the gene expression patterns. Such

mvarldntfta@ pasicrss 5”@ @hetwglﬂblle I$ZHen. dA@@hﬁgatm e itrodeprofieamed using one

ttern of ex| S
or oy i SEY i ol a8 ChrrBBRLBRUID A peopies, but can be
longef)aith 4 B AIRAm dﬁﬁ}ﬂiﬂb@ﬁ%rﬂprﬁﬁémﬁﬁtmybﬁaﬁ8§fol thé t@fplement of the
profiles of a sanple_ from an individual suspect ed of

invariggfpgign 81 Fierey Eef EansehRivaPEnsn Pneios ofF ohthe REmD appbe labeled,
¥4 t

for expligfy WHAER of it REGBEhAT A i HEARGER kAl A erBAL binBlified

when domhmsé wlthrtﬁe eam)psimg approatiadescribal leetingthn aﬁiphﬁp:atdn@e_nsrates a

s S W E e AO0OBL 3 COTBRLRE S, o
can tHeR'be tc&%phx@ﬁ% {Hob &8t 4tRE saRPle9broduadd \QRB RNale B8M&Mtion of primers.
i nvol ved in di sease Th| s approach is simlar to the
use of m croarraiy ybridi zati on met hods, but has the
adtifferepesndn therolige ab@yied remadftirony saneplesyrapliied using the same set
Latd r
of rev%%e—t{ CT1 tég &ncg gg@hi&!:a%og Eh?n&gsg g%gﬁgecb gozgi)%gggsé{é:nog%?%xosnc

purpo%és@ftﬁ@tecﬁétir@’tﬁé rePp@fst lo€an idividilal tod érulr afdiSﬁ;)f tiigSargdihidentification
ofiles can be generated using primers th

and dﬂg@cﬁﬁeamzlg ttge rérf&wg@ plssrved Roew%ﬂeﬂ SPRBlEP @@fryhealﬂah afgpdiseased
1nd1v19ﬁ£1§ Eaf BigdRh A SERAARed BRS GEBRE YateS %%liehﬁ{ags)ﬁe&%wed between

ners. Sem -random prinmers are priners t
samp}ea fmat detln ticared &dtlhcm avithiottd drug loe oftier filubmrean &k uie;d t@ soreen for
nucl eot i des. ne aslﬁect one can.use a

drug ¢tfets Qn.a tapses g%q,ei, B]E Op X450 ﬁ,é}nsthe pattern of genes expresseg In a given disease

state. Additional applications for the transcriptional profiles permitted by the sampling methods

described herein will be apparent to the skilled artisan.

Differences in the overall pattern of expression, for example, transcripts present in one
sample but not in another, as well as quantitative differences in expression of individual
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with variation introduced at the 3" termnal 1, 2 or 3
nucl eotides (priners of this design are used in the
wW@eao4/048528 he net hod of "differential display, "PCT/US2003/037420

descri bed by Liang & Pardee 1998 Mol . Biotechno
transcyipts 0 PG sample tg @pxt@gﬁ&%@ ped( wythe Y rdegfé&)pa ﬁbove Whereas
class&dfT WM&l Bﬁgﬁg% ﬁdt&nmﬁfy @}fbr ﬂr&i’@xﬁ&&%ne&ﬁﬁeﬁ%ﬁ@&ﬁcé in

he vari a regi on. fication can then

abundancm‘ eratmmmplrcmn,gcathaethmstlmrdm:mtepmsdznce 1oa alyseugsmfrtbamnphcon

.amplificatio rimers era abo

(orim 38 it aes SOt ooE i opb RS hlsafe APBHbcrtaB ey et sampling
meth@r@sd;riuegqfet&@ p&i¥Bheahi@tul RIWAREE & BAsddDr diffeeA8R!if ARPlicon

of the |nvar|ant regi on of the reverse transcription
abunden¢erer. One or nore of the priners can be | abel ed,

for exanple, with one or nore fluorophores. In thi S

c OB roaSfon Bipr AR g Bplly of hdo iR primers, the
identityhef therpmplifiebirarserige nell aéresally n’b@ bt kamsg.r Hptvieosradmplified products

profile for a subset of th?qtranscrlpts ese i,n_th

that v IR TFPAFSCRIHPAP BEWERR gnep&}ae’fn end angther fath thesienbaisodpteoand
I
sequehgl%itls rll&al%tcnlug}%ﬁ‘lg tra%?ér ?]ﬂ ?ﬁe RB% 2 egl.ééri:ﬂgé Ear% lsr;@l%sﬁgg%? 8robe to isolate the
full lenptharanectiift sequeded tisatgntthedﬂwszbléknwupin the ed).usi ng t he
same set of reverse-transcription and anplification

pri ners nostic nost |
Do p bR BE shaGfet oy AR o B 0 g metages

describ€d Ber@inthn répiesehPthe Grabigripab@e oraftle 8t indivi@lal RAow? Ba@Rtlption units

drug screenlng The differences observed between
OT gerps ¥ kipler FONIHEISIHIJI08 HBItY PLERe® T MWdple Maknrave: Eapgciion units or
i ndi cative of genes related to the di sease state.
Di fferences observed between sanples fromcells
treated with or without a drug or other influence can
bét is peadertral &atrsample‘ araliqgdeotudispehding tspediormed by gresutgmated apparatus.

w. . or for ex on the pattern of nes expressed in a. .
Autrage) i SR AngPRpBRs AT OO PraEB e OIS O sifld fnish
w1tho¢,1!r 1?5%? ﬁfbhpﬂﬁrﬁfgethe BroRbds| ASappefafistth@dedirel NSerSATR Efd)lﬂﬁch repetition of
30 deéscribed herein will be apparent to th
disp emg, Ioe dnsamm@aatlonwhﬂfe@fr diveferabiynthe appaseias dogs rparqq@rrn uggr input

SSi 0 or_exanmple, transcripts present in one
after tggﬁlﬂf%tl%’tﬁ agl%pef’sm% uttlﬁer as well as quantitative

di fferences in expression of individual 34 WO

2004/ 048528 PCT/ US2003/ 037420 transcripts from one

sanple to the next are determned in the manner

1discribeg %bove. Whereas classical differentia
Amply; = otoriously error-prone when one observes

differences in abundance of an anplicon, rather than

t hgydiefieidd RBEESRen HetitfiSRAGen&t fidheaAbinéRA sampling method
primarily because detection occurs only after

(
as deseribed lmremarﬁf iafticadar iiwgerestyaes amplifigapion seathsids Hapt Snvibteryepeated cycles
r I f S S
of nucq%%g; irdf gzggxﬁgig §% S H}a‘t@gﬁﬂﬂ{%@e‘% gnkvglgdh vk E&M{b 1B8S&H1ed in the
art. transcriptional proflllng approach using arbitrary or
random zed priners, the

genes

The most commonly used amplification method is thermal cycling PCR, originally
described by Mullis and Faloona (1987, Meth. Enzymol. 155:335-350). In thermal cycling PCR,
two oligonucleotide primers, a template and a thermostable nucleic acid polymerase are

generally used for each template sequence to be amplified. In the general PCR scheme, one of
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identity of the anplified transcripts will generally

not be known. However, anplified products that vary
WO pooegssesent ati on bet ween one sanpl e and anot PEF/USZNG/037420
if desired, be isolated and 10 sequenced to identif i i
the olighauglectidedrinrs gnneals fapfemnlye sugasnel strand. b@h"u%@alﬁé pgimer is

B

polynteheaﬁd@fredudt bhd @mhemmbmbm@mg tethe deaomid |pgnteln guch that the
anpl i ng net hods descn@g e| n can represent the
polmerlaﬁ&wra@% 3 SBY oS PP & TP e XEFIION o Bl coond primer. The
hat@RA%S sepibdid iRl Oéﬁ’ﬁi the f
plsrEAAELEAAER: A S BR035 v B BNt pic ot i
anneaiadansh:erneppacnme strentls arat extdrslegeBesauset tachxxtmsble pregict seeites as the
| e . or aliquot. dis 8n3| erforned % an. .
remp G TS SR 68 R BAgh Died Bt DUCF & e Opgighy amplified
apparatus that follows a programmed routine fromstart

t Ol ddbishyaridhibAbH thel §&erdl rpﬁubl Mﬂm@nﬂaheyomhg@e:ssnavameen
apparatus that requires user ut for each repetition

descrippd auf] &g dsﬁgwn@o thepe efipjilborie At | ntaﬁmhésetwnmreﬁb%mw be
perfox}r@ne?lt ?g%& gltdg cfégl e g%ntfteﬁg}éﬁﬁi%{xﬂ&tﬁ{n fe%m g%ﬁe ?Juﬁlﬂgmctel?)? template

ion ensi rou
in a bivdddicud Sarfply, saugliap cabbd plerﬁimiedfaﬁexa\tarmns opdi¢sdd thrquocess Ideally, an
ahqucz?i%‘%ﬁt'rlér@&%%?p%nﬁ o GRSy aftr each eycle in the

amph?iPPcn n gfiﬁe'no Ba hﬂggﬁa ﬁé}?etrfo‘nﬁ}!&’ L& ah? ReatRdyeis) eeg°* af%'i3 every

|1 C aCI esl’'s or po yner zatlon, a nu
other ofclafeivety thiré cycrlex,wwertycfouﬂulm swylsletd.,| bt thermm detaed andrao;eurate

1nforren§lﬂtn] r%%a 8 ltg% ﬁl]ldﬁ.f;g | ngo al ll?ﬁee$ cf/nr:h?? éang}aag is performed
after &@h Q%l@ il h38gimB! his @ﬁmlarlﬂ-@wﬁ§5m3&han bite ﬁafpl%l‘, am@pblification

cycling PCR, ~two oligonucleotide priners, a te ate
produahxﬂ naon foegdnin Stsitgleamnpleicetien gardorper sphedr f&%lélfﬁﬁéo@@awons This is

so be fhfaelk!é%etllé$ ﬁf’ %"ﬁ@ ﬁcgiﬁgelp (a)f (%@%5%{ %Fée? géﬁ%gﬁcges & ? H@%r \C}\Bmatlcally with
the sedQEbE A4S ﬂﬁﬁalﬁ’t@ﬂd&lﬁa@@ﬁ%@ diffe2ént tdrper sodjicgosu Jaaplingat every cycle

prinmers anneals to a tenplate nucleic acid strand. Th
will psrpié Sheegenpiatipg pf §0m1é1i‘ieé‘ﬁﬂ’é1@%t§/°nt metitefar sasharBpign a single reaction

mlxt&gf%hﬁﬂt%s depeneemls sgh iffcaﬁ&ﬂ forid Mﬁﬁfﬁﬁﬁﬁar&%q t hat

merizati on product a sequence conpl enentary to
t he second priner such that the polynerization
P rAawulmr nwlnocbtﬁﬂmeleamqmlblﬁ@tlm that pan speBihsom hofamiag methods

s FRGY Bl S SRS BRI s . 15

AnnaR@ide Bi&logie' Glﬁﬁ%le' a3(7Rnagmas®d Guatelinet 419 $PHX Prace Natlr As4ds Sci.
and extended ecause each extension product serves as

US.ANST: 1%iip Fhecieniseiibegueinleae bersinoncopaisiaddygrefepgmee. 3SR is
an ou%ga}cr)\gﬁlt oﬁﬁ(g{f'g&%ﬁpﬁ&-gﬁég(? QI%BHEQAU'OX SM'&ASS! ‘which capitalizes on the

high promoter sequence specificity and reiterative properties of bacteriophage DNA-dependent

RNA polymerases to decrease the number of amplification cycles necessary to achieve high
amplification levels (Kwoh et al., 1989, Proc. Natl. Acad. Sci. U.S.A., 83: 1173-1177).

In 3SR, each priming oligonucleotide contains a bacteriophage RNA polymerase binding
sequence and the preferred transcriptional initiation sequence, e.g., the T7 RNA polymerase
binding sequence (TAATACGACTCACTATA [SEQ ID NO: 1]) and the preferred T7
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Nurmer ous vari ations on the general principle of
thermal cycling PCR have been described and are known
wao eootlogsses of skill in the art. When anplifi cat P@IUS2003/037420

profiling is to be 10 perforned, e.g., in order to
polymgaase\pansrrptional apifigigon Sﬁ% r’frbsrrraﬁnm@g*a«irWﬁ@OE ¢qgh primer is

ﬂelﬂﬂéﬁ! 1% l e,
ComPS Pa?ﬂgoe%lgfrt]arg i‘ﬁﬁjger?rﬂe ‘?2@%’” ou sﬁ i?:‘{ygc[f:il es in the

pr ocess. ldeally, an ali quot is withdrawn or extruded

f Hxemphey aﬁﬁlcoﬁdmeusr e deserbed luareiniag faltoavsaflhe3 SRaanhplification

cycle in the anplification regine anp
leacua% 1 SFRePUA R Bp0 Wd&egrarleahf‘c%geéﬁfﬁe Agm Nfa?rrse &@v@r §1,20mM

ol BEMGHE SqSHSey shAF A EIFR BLERIR LY VEL e | mas o

1 mM dTTTJI" NBH VAT, QI%WCWE 1 her e ufmrqarnmzrrﬁmfﬂp MM CTP, 4 mM
be obtai ned when sanpl |n? is perforned after each
8

GTP éyfoMéJTRq anthe Smé@rlermnoulrrn liganuplgpidecpriraen (¢5& bg wheA7-mer; this
amoufPis § ntisSea oclapcg ?rﬂr%oa& E)I%Eﬁortﬁ)% l*f f4e§ dtn?%lrl]po?lrérg% k‘e%gth of)frtheS %rlmgx% sequence).

ThreeaBRIN ftiod@flésuT theereldiOndd taFdtSor the 3SR rbe&ﬁaﬂele utséte As a control for
ki netics_of anplification of, di fferent targ

backgeuiden 8B reaghoniviithant apydrrges e a1 i raralisl Tlrrere%wéﬁe@lre is heated
to 100k 'T'ntuhf'ﬂe pgﬁﬁﬁﬁll}p éhlflgftod42f°{le rAgg:rr Vl\h%?rgt% 10 umts (tl]lsually ina

sequences. I ng at” ever
Volungﬁdsleppfdm’ﬁatﬁfy Zylj ofievetse txamzirupfase,z(b igoaviqr m\yolblestésm V1rus reverse

each et in asingler actron ure_regardl e
transcEipiA A MBI Le Fclaw}ﬂglqs e BRI o dded” TheFap s imcubated for

10 mlglﬁreg,% iz%éﬁh?& !freﬁh Om ?ﬁj 0@bC %9:1 lifutBC pgaégﬁl ﬂeﬁdtﬁ)ﬁtrigﬁformed

at’ can e sanpling ne descri
usinglaesnmle}surandred tcnidategthe reédetidn BirdtmiinkehtSeigstemte 65°C for 1 minute.)

Reactg?eng:a%egq r%(? Eﬁl%g 8 jng%g;n?gqg%gr%% io t}gjaggf&opmggaé @fof%% SR enzyme
mix, WAR COIE)tElng fl d\lﬁl dFANIRRT aDF8.5 uﬁﬁ?{glr, gl(ﬁnl  TRENA 1@?& drag@&)oth e.g.

contents o ese articles are N 1 Nncorpora
from fehtagarcba JABRCA) at a(ro wmitsgripmtd?. 011l En€oli RNase H at 4 umts/pl (e.g.

transcription-based anplificatiaon system (TAS
from GHoTaR DessooBieRa o U DOk df is St BReS Hepeiq Y pda ey one of
skaill 1&\& Letd ﬁiﬁi\?stt 'ef{z%/g%&%grgrfréé £5ede B GEEFHPRE I at ons in tﬁrg sPemﬁc

ependent ymerases to decrease the nu
activitiés @ﬁmllzytfnes:duawmfrcmy diffesent pm@ss@orylotsmrauﬂ)plwd@yrmﬁtrent

manu%@ngrdiarfs Isglagrrlatfﬁngl cﬁﬁ/% sg @g %? 40 %ﬂa}ts 0%%8 |eﬂz§1éq%0as élg%equary The
reactiBh hsni'n&%a%’éd' A 9NUC FRAH AL abPRbRIdD yFrRamper | ophage RNA
pol ymerase binding sequence and’the preferred

transcriptional initiation sequence, the T7 RNA

plampting san boperfirmgd geapyestngs ertmt\cﬁwwe[@mroceeds
contu%&.r%%%@g%ﬂ g%ég%tu% ?ﬁeﬁée é%glgl—{ rdgﬁ%&({éﬁ)c%(??sge{r"r%ﬁﬁégﬁlquots will be

withdrawi.i Bt thi3finsarice, saiﬂpeng eamabmpmg)rmeq aedee Bmes daa[rgwthp minpiification
is conplenmentary to the target sequence on t .
incubaiprpperias, o8 e E%p‘?"eﬁ Butee ?Féilt‘é(Pgmg‘ﬁF? YRt e8 HEDYes, etc.

Nucld€ §aa§ hafle Res Rk ARk 9h bP¥SudEh %{e%%ﬁaﬁﬁ@ lahd hﬁaellc %Blds detected,

reaction 1s carried out 1n 100 and cont ai ns
therebyapayatittiRiithe ghderahbl of an &lﬂ)hﬁq@hoﬁ piofilg Gromvhich the abundance of target

in the initial sample can be determined.
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5 MyC12, 2 nmM sperm di ne-HCLl, 5nM dithiothreitol, 80
pg/mM BSA, 1 nMdATP, 1 MM dGTP, 1 nMdTTP, 4 mMVATP, 4
W(mno@mssz& mM GTP, 4 nM dTTP, 4 mM ATP, 4 mM IEr/ud20n3d37420
nmVUTP, and a suitabl e amount of oligonucl eatide

GIP
o SRl alf0 Betseg G7bYROBP. 6 MEIEic ARKScabinss ResyAgphifession, or

di
NASHR (@ SRl SRR PR TR e 0 i
Metht3te 232 B&icaclact whithisjetorpomtddier3ishy refaehéedns i s used.

As a control for 10 background, a 3SR reaction wthout
e reaction

el Hiatposiys eirlgie eRedlitEncon 5 KRS fPafAe i iy endon i

the DN&A Hodse atpliféatidn %a@ﬁé@(L&ﬂ) WHidlShals bestPlidsyribdl & pe¥ifltiiBthe
approximately 2 pl) of reverse transcriptase, (e.qg.

eXpormtldnnmb lof spegtficsshort se@nenessdhough theaiﬁgvzuﬂp@@m one of several
e | e I a
bacte%lﬁgéﬁﬁ%ess%}?@cu ggélga%]g,olfd?i@igg&n%:c%)él S%O ﬁ%r%gy, 1?9? ]%108 Natl.

Acad IFSvite8IA 188: 1930 €achf frwhichs idogported h&eﬁﬁ’r} lfeﬁeﬁdem nThlS technique is
perfornmed 15 using a single-stranded tenpl ate,
basedripap (e FEaAPR L UETECIQdcRIOP s 108 FTalss e@@eﬁweqto exactly mach two

adj acdtt Qé’({uggéeps) ro;?% ?ﬁc%c'éﬁ’({]% eg%'i {g 51%5@ %ﬁﬁgghg qug’%g’%fﬁn ar@%céén is repeated in
three stawmﬁhe piexencevhf etvessqrolad: r@ls) HeatdgphtuodtioAMy-dRiIblat stdsBd&d nucleic

acid, és :alglfe/éggg' gfl pr@BgSJtB 7rgeRcNA ;) %/CTE 33}}88@;1% of tgq.laroge%b%ﬁlermostable

DNA 'ﬁgas@)"['he RNR%i6n i3 g’ﬁleﬁlly E‘éﬂeﬁfe@ |f01(2@-ﬂ) cycﬁésomh@sg’fﬁ ulrg fn8thods
Technol ogi es; Gai t herSbur is wel hin the

disclogerbhgr elug)@rmft thﬂganat@@ogk gd;thllq nnpiéicamn pl@ﬁiﬁj j Aswith any cyclic

unt for vari atj o |
R B e JRE PERert i B SRR el e BT A cacn
cycledi fferent production lots or supplied by different
manuf acturers. Variations can al so be nmade to the
units of the enzymes as necegiary The reaction is

i RO drplemmdicsanion (RCAbisRn A3t vhpeRliitption ée@%nﬂggy that may
t
vae?@ggﬁ Blafeg dn AR PORT TR NG R A%, O I ST Eptication
mechaiisig o€ séreerpeusas. UneR CAhsimalaatosthe mphcattd]nvtedmaluewe(ﬂ bﬁ mahy viruses,
whi ch ali uot be . w thdrawn
a polyZGrase; Ay waﬁ&“%gfﬁ STFISPrapotEL Aropp §1rg]8 of :‘P&?f% R éontmuouﬂy
rollin@ B lifeb s @bh@fenatcB ¢opias bOMe BREILOth sicANin8NATOA Sthe 8%RFi¥n can run for
m nut e, every two m nutes, every t hree m nut es etc.
three s} ErOducang asllipns efrrepesiof thstsmali citsterseapense- éntepip@umtlal variant has
ucl et
been GBIcBER G0 ER & Wl Biormlifr BFDAG e RRbRCupp b R iFE opget ana

1n1tla1f=:£ Bypevbrandhiigia tabDNdarpHchion! @acgiiz as3hniytas t10E doplek padl hour.
sanpl e can be determ ned. 37 WO 2004/ 048528

Rl TN ERE RO R

herelr( %g'gﬁ&;&gﬁlﬁ@éﬁmﬁ amgﬁﬂpitfaﬂ \98]3)%9 Walf(\lﬂte't‘ Ele 19§§ cNu(ﬁé‘ic zids Res., 20:
1691-¢6%h Sphrgateit ek, 1993, Mob Cstinkat Btbbhe?' 9395 49;/1 f:@he]f e\rh:@j is incorporated
herein by reference). SDA uses two types of primers and two enzymes (DNA polymerase and a
restriction endonuclease) to exponentially produce single- stranded amplicons asynchronously.
A variant of the basic method in which sets of the amplification primers were anchored to
distinct zones on a chip reduces primer- primer interactions. This so-called “anchored SDA”

approach permits multiplex DNA or RNA amplification without decreasing amplification
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Anot her nethod of nucleic acid anplification that is

of use according to the inventionis 5 the DNA |igase
wapephidssesat i on reaction (LAR), which has been PEBTS10080537420

as perm.tting the_ _expanential increase of specific

efficiaps W/ egidiytiethe 2200; NeBtig Riaterdngiogy ¥ f11%'s 284, iaprppesatedderein by

refere @e\rg ggnI?% Scall?ggrf @E Br%hBar sur yﬁlﬂ%@&h&%ﬁl?@&e&l&eﬁ? %\s ﬂ%?f%%nmt the

gener@in. of dSiataBi8d atPlficamalprafilewhi ch is i ncorporated herein
by reference) Thi s technique is based upon the

R gk e hon BT oni e tEU BERG TR ok s Pl Guf gy v

requnes 8 pseifd Iﬁlrﬁ@rfgﬁéacﬁ \eHf&biet ta%b@quéﬁ@e m{daz‘:ﬂl&aﬂs itlA? the concentration
reaction I s repeat ed in three st eps in the presence

of primersgaudsde ingrodbes arfifictste she rge¢imnsr Biinenpamegwigsheions often result in
rqbe
the 1n? % 819 o ?rllgrs nto ggmgleég%%sigﬂéglﬁ%}t Hg %o l%tgegpr %Ig%gn %xample is the
So- callldalefplmfdralbh&” e@%mkdr@ﬂﬁﬁheﬁﬂ{ae cyctiag PICR) Wheg @ived” &l S one primer
repeated for 20-30 cycles. The sanpling nethods
hybridjzesp asie witkineAnethse prmer.thepelnerast ersimeican eyend thegyimer to
| t
genergtmﬁ térH)lg%t 1?1%«%)68?%1& ?mﬁmﬁ%‘%ﬁ% r’ggé"%’oelll‘r‘c] I‘lr;tedt%relr ? amﬁég\catwn primers is
generail}t mrexaery of y[melcfﬁc thiget goetrees il lyrgafntlmbeleafqmmerymher artifacts can be
II|n circle arrpllflcatlon(t )b s an alternative
en eiw

gencrsih IWHER Y 514 ERBRGGy GH VP 8T gyeprers. It follows

that tﬂealﬁ@?er AL AUTRRE bf éﬁ’chéﬁRprﬂl'%fsﬁn be ﬁﬂl@llﬂé‘ﬁloﬁrr@él&oﬁ ntg%%?eater the
DNA"replication mechanismof sone viruses.

chancgtlrat lone wilbfindhe regign diceonmementeriiyiin aeotherard b@sultam prlmer dimer-type

artlfa(%l? r SSIE(% atﬁ?xgg%ﬁqg%&lp eél gdxgnﬁ%@ggtes%gﬁ?ﬁ%%E@ﬁ&ﬁcatlons glto a single
reactib®@hliktie, Hétchhndag & this @yfeairerdh&dn&ope eﬁarﬂetucbnsa circle,

In such Iinear RCA, the reaction can run for three

days, _producing nillions of caopies of the small circle

s Sgueliemeikeds %ﬁa@ﬁ‘éﬂ%qd&er%%r&rﬁlp Heryoid a@eﬂr aidenst @ﬁaenzmg the

h

et B MR oSSR et et AR RBR SO URLE plin s s,
nucle'tcheldiyméduoﬁmhlthmamﬂes aamémtsematad; byrsiny aad ddOded, eoppeser dimer-

h t her. fi th
tyve Eher et bs il Pedfr TR et nabeaOBIoBeRi orep Ll mber of
differSit é}%‘i‘&ﬁﬂinstﬁé &5 Hﬁéhttloﬁ '?&:{chfnh C@hé Q}%}té%ﬁ@’% MUK REci@leddh U.S. patent

clelc ds 696; Spargo et
apphcanon Noo633 7%45 w(hecrh i8 |umormr@tb<éber¢m taosfeagwe. dhe Apwication
descriﬁ'g%g FV%@%YI og ?c%ge}s, agﬁegx%%rl V\}gﬁe élﬁ 5 §t:1r<):nfso (1 ?e ﬁ%erent angﬁmcatmn
produeRdn a singRStadtioh miRted dSaeed] e tr}e in@th@&spﬂﬂ&fﬁ ﬂha |nhmbe1 of different
produce single- stranded anplicons asynchronously. 30
Primes BREFARt IObAATHaTE STUTPIEL R RGP eRiBR fevpTepigrimers

compigignmg 'afchﬁ‘xﬂ{o!norg% ?Jg%l%eﬁn%aal BREABREY of 81ffegérﬁtré%?§F @a‘?@@ffptlon

chipre mer- prinmer 1nteractions
produstd: Gk (fied rblamodf_(arrgﬂilf Sadh addjijpmeliy mepmoratssonwdr gk epstream

DNA or [ification wthout creasi
primeg S Sie] GHEEB VS BO0HEOTS8 o e T ST plFepsgn is then

performed with a single pair of amplification primers that recognize the common tag sequences.

The sizes of the various amplicons is selected such that subsequent separation of the products
can distinguish the various species amplified in the reaction. This approach has the benefit that a

smaller number of primers is present in the amplification reaction. An additional benefit is that

39



10

15

20

25

30

efficiency (Westin et al., 2000, Nature Bi otechnol ogy
18: 199- 204, incorporated herein by reference. SDA
we@am4boesses it fromthe sanpling nethods di scl osECI/US2003/037420
. herein, as they permt the generation of a detailed
differeness irf the anReshng pg”fcnqnéy fey{be pmetsarg minimiged diyghefeduction in the

PC f t r..any :
b 58 B ere SN ARl lfers ke, DRt RS PRl rciency,
causetl by giet exameple different @+C eantentot thespritheds, it lk@own to influence the
. .gonc nt[a ion of pri rreids tends to_ introduce artifacts
reliabilgy PRmUMPIE: qusnEtatipy PRRIIGHORAPPIOAES act i ons of t en
result in the incorporation of prinmers into conpl exes
| melapendesiis £fchfARE laBranf o LA RS BOP D rbschtvierein two different
so-cal l ed "primer-diner" encountered in thernal
targete pE flifigtenPere argfranplified vath asingle paip nbapplifiestion pyibreirdihaeanneal to

comff e b b TeRSH BF bR OB S0 AR RR G B Mo

comnicRtP laB aplibsep eRIED is N PPti€dm taBeeq@issee tdiBmon to all amFlicons (T1’ and
concentration of anplification priners is generally

T2’ denptetbeisgespestivronipsraentslr Jae tagesqaemeesare qoppeied anprt of the
sequeﬂée rifer eg\lce%ron %Hﬂe& Ltsarg Qﬂqe?f%d t ?{%%(%Ef& WHRR h Bk Ended.

I'S e necessary conpl enentarity betwee WJ- or - Hor &
Each primeee¢:adensidn privhérdias a rédiai cdgemeghsrtotasequemeben tiaftarget sequence

different prinmers in an Jification reaction, the
or theogpgment ﬁgtheﬁ%rﬂ_efe?eﬁh%e igppEe a4t (o dr@é&gagﬁ) of and d”in the
ﬁgureg,loe[nﬁglra_ec?% E%Q%Hi%ey T, ARGENSH prﬁﬁk‘}‘ ekRasibh ﬁ%ﬁlep 51'1ﬂ93fin% and extension

artifacts. "As one attenpts to nultiplex
generafdsla s¢tof alolecatqyencis enguarsorg otiphi fiptrainomd ai dovaisieam tag sequence

...single reaction.mxture, the chances for thist of. .
or it Sorieent FAiChis a0t in i by PR FLe g ovsriagd st chion is
perfofh&iCls@peanp1 Hlcation @mﬁ%msp@nm t6ltRGa@seq@bnde8 T3tand T2, one of

~mnimzing the effects of artifacts induced by the
whiclhprémers seflofreseantly labelegyr Swhsequentsire sepatghien, (§mplyi capiliasy

e . . el C .
cter§id i g0HEH 5L SR PO UGS DB AR B Rdce o
the intividdhabtat deka dhshis &raybevediterededrdey sdqnendes areedmplifiedevith a single pair
Angt her approach is to limt the nunb_ertﬁf differi%fnt )
of ampjification primearh eThisraPRIPRchAan 6F sraledbn Brinclepenypgrasdficrly-sized
5 e p I . .

sl g 1RSIl R BBPEL AL AN o s
withothdraspptallydhéremsingiths aninbesofanmiificetorofriragys by asings sehei optically

.. N~ t .the det i . tipl i f f t
distinihablq fistrgant I3ptore pddii el iaBlifieetlon @REEI O m xt ure.

Several of those nethods reduce the nunber of

Amplifidatien eRbti&bddideder s necessary for quantitative

mul t1 pl ex PCR by incorporating downstream primnmers
conprising a common tagl,sequence,i nto each of a nunber
ofDayices Exdistiopraing tacamplifiration Faptnns mysh e eanablelgf@chieving and

mainthinfri reh Qi8R %eR ergﬁfpésirfeéllﬁl%hii@ﬂqth@gﬁhgh%ﬁlnl&(aéﬁgﬁﬁ B A fiSre tubes,
one {1 erent

Oor nore upstream priners conprising a
capilleiesnymuléigel equigines. ASylikenaeagabingfl dchicemigiand niasnthinerg the

erformed with a singl air qof . applification pri S
tompYTRATC 61 BB PP S SRS TR A AP ISR Feae iohggi P iseq s28a non-
limitiff ekdhp1¥ Aoh PdtSerR ABYib&ANSuSHS B A ¢l 8ldrsTeaImdIMtised for PCR

subsequent separation of the products can distinguish

. amplifingtioparihstsalgyelstseae angsly vagldblesomimereialict i on. Thi s

approach has the benefit that a
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smal | er nunber of prinmers is present in the
anplification reaction. An additional benefit is that
W 0B 4/ 048528 PCT/ US2003/ 037420 di f f er enP€@BUB2003/037420

the annealing efficiency for_ the prinmers are minimz

ed
bysreEicalenepsanm deyicensichs frEmalgyclars pasybenipterfaced With a sampling
r:

oL L 0 B R B o A6RS, L b wi
amphﬁbaftfoﬁﬁ@[ﬁmﬁﬁ@w@ﬁ ninemte aspect, e q.mpllﬁnaﬁpn k&ckmmbhemmlves are

influence the reliability of nultiple antitative .
perforzpad iP ERR G oL PR HRk are PR g Ang © glbe S8 SHERMRS 1§

b 8BRE BREHY ' fth

ool i R 1 G5 0RECREIX DAL L i o s
reaction frhixtaress nlgtlr\aleﬂsfrmn ﬁfe tabqﬂndeOHmtetbbw peamplig devite. Thermal cyclers

con B30k RETROu 8 REHSIFES, OSSR LT B s o

examﬁlkelth@mghﬂcgaeﬁ M (RedheTMoleaulaﬂBmaérﬁﬁaw ha&nspcqmempme
to all amplicons (Ti' and T2' denote thei

RapldCe@béédt GIdﬁémcﬁimbmém Sgt Lalmp ity dgTsang the BaeOwand 1 Thelmocycler (St.
r S t of the 10 sequence of primer
JohnAE¥8ﬁR%6§&§§ﬂﬁ%l Xhat are anneal ed to the target
sequence and extended. Each priner extension prinmner
Separhitden andrdetiction aeipldenment ary to a sequence on the target
sequence or the conplenent of the target sequence
( o g )r;antu gt 8f <l{? gfﬁregga%ﬁe amg Wrz}tg)&ma%thg(? %ﬁé‘,sed mrfﬁe methods
d1scl£?5d B80T oP Ekdﬁ%’le aRnead Adigtafbek @P@l&ﬁ‘ébﬁ&emg BAEHQI8 Shi@dmatography
set of nol ecul es each conprising both an upstream and
are well gigted Sor sspnnating nsdejo @pidepadesdn aispmpledingh epemplifipgtion reaction.
this point, prinmer extension priners are renoved and
a er f ' AR i
nﬂebt% %@%értlr%gg eﬁfatl 15 P %f&?ﬁlg"b%gféﬂrsleque% E) Fa"i’&r!eféetr%ph.?)ﬁems (CE), due
to thm&llos‘amp\lmmzés memy&nﬁ&h&f $peod esd msb]lu;doh atldbedble. Another benefit of

CE isghgchrg s ééféglyt??ff@fgt@xe%@@ ok oo it G anseifed with fluorescence
deteclofd, 36t %(ua lé'kﬁ%le %ﬂlﬁh@@ rﬂelﬂ? 15‘3‘@%1%@ Q:%rrf?rflermﬁﬁg? for example,

i ndi vi tar two different target
the HES§aGEhEkgh ﬁ“hmmpllm Andgtmwslyktela wanCE 9$dOr full @tomated 96-capillary

cteco bt SEAA R mBISTEC Gt T SRR e GaRr e e, )
Other§ SAUENCAS WAGE 00D ddfed fﬂoﬁﬁBE&@%nszﬁhrﬁ@ntélﬂlﬁc Gﬁﬂl%ﬁb@ dCA) and the
Further nultiplexing can occur, wthout dramatical

ABI PREYMa3liOfgsenstic rmabeer ohpndieg| Bipsystanmso droster reibs GAy)- Bach of these
deV1c%:JsS c'bogxlgprﬁgi § tglggl é%é ﬁ& J:tXII‘ th?ﬂ rﬁ&{uqu%{h%%ﬂﬁn%s?%rf J)H?é'h‘ft %9 SMYlecules in the

I Ona

sampRidat fileC aid of tiec@BL ¢db®nﬁieVTme8a1ﬂ5rd36uble©&nf:@ detectors can distinguish
erform ng the_anplification reactjaons nust_be capabl e

mumeggusa i &R ntje vekpStitee PhTRIOFASARICP cBBIPER PERYYERGL Faility to detect
mulup%crwofe%s*enft gﬁ tf @@Hleé ful acﬁ'?ﬁ%lé’ CE SR H P A Rﬁ@au%ﬁ SHRPIE.
ubes ? arl es or contalnerg

devi ce capabl e of achieving and mai nt ai ni ng the
t difpdevaceascapable olmpring O sespleesiastiae wesppicgly with, for example,

thermappycllgrs &8, (tﬁ grnalﬁﬁeiccajuon d&Alks *%hat lfllf’nemultlA?e s%mpcfes simultaneously. CE
devices that provide automated sample loading, electrophoresis and detection for multiple
samples in parallel are described in U.S. Patent Nos. 6,217,731 and 6,001,230. As an alternative

to fluorescence detection, a CE device can be interfaced with a mass spectrometry device for
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limting exanpl e, convenient devices include thermal
cyclers commonly used for PCR 30 anplification.
wabhe@nnoeds2eycl ers are widely avail abl e conmer ci BCT/¥S20031087420
WD 2004/ 048528 PCT/U82003/037420 lification
detecto ARG YATipds nEelsicagicpades iR ER aIPlifigRi i eagtion hygmolecular mass
(CE/MS‘)t %ﬁs@%ﬁ&tﬁ@ﬁé&y@ie@ﬁ@?&d})@ﬂe devid etefcﬂ[)n ﬁ?&a&%{ rmaﬂy yailable.
nodul ar design, “or the sanpling eV|ce can be integra al
with the anplification reaction device. In one
abppied chromatogrqpﬂlm(LGhtslamthmeqxﬂondwstht hﬂmmﬁ(meﬁ nacleic a01ds in

s BE Q5T o B0 e S 885 PRl R0 ot v
mass §eptrothétey @IE/SAS) ﬁlcﬁ lthad tt(ewm GTHPLC-Sparagiihpetied Reletcwfed by

such that a portion of the reaction mxture is
mass PeetrQraelsy.- fliafaﬁ\rls BESteIpHEre aﬁmn@mwlbtwdalziy, far gxamnle,ftpm Agilent

i T Telr g S,

rec S OB SHEL e SRR AR SCRELAGANGE e
3000 drd ARid000®! LEMS sgstany)] amértpeothérght cycl er TM (Roche

Mol ecul ar Blochenlcals I ndi anapol.is, IN), the

i clerT™M aho Technol ogy aIt Lake Cit
R%’gl acﬁ%ltSBPBt@ HFE}UO?FP@IH E%‘-l%éﬁ“ retegences fged BWﬁXl are her eby
1ncorp6§a'i&? dﬁfc@&enc%elhttﬁé{ﬂ dnltiBety MAhilePRR A RN O hA kS %Eﬁi%ﬁl'aﬁg) shown and

nmet ho Any of a nunber  of different nucleic acid
descnb@bwrthmfgwnmtth @nm"erm\erw@dus@ds fhereofigt wilt bousderstood by those

1S d.herein, For.e riou ti.ons
skille 35} 15 B PR et R el gt B3V Bsng R it Byl departing
from tﬁbl kdopd off ee 1ﬁﬁﬁﬁfoﬁtehétﬂnﬁﬁd§dd€ﬁy&h@§ Pén&&?&hﬁﬁs in a sanple
froman anplification reaction. 15 El ectrophoretic
separation is preferably perfornmed as capillary
el ectrophoresis (CE), due to the small sanple sizes
necessary and the speed and resol uti on achi evabl e.
Anot her benefit of CE is that there exist a variety
of off-the-shelf CE devices that are interfaced with
fluorescence detectors, for exanple, high throughput
CE equi pnent is available commercially, for exanple,
the HTS9610 H gh Throughput Anal ysis System and SCE
9610 fully automated 96-capillary 20 el ectrophoresis
genetic anal ysis system from Spectrunedi x Cor poration
(State College, PA). Ohers include the P/ ACE 5000
series from Beckman I nstrunents Inc (Fullerton, CA)
and the ABI PRI SM 3100 genetic anal yzer (Applied
Bi osystens, Foster City, CA). Each of these devices
conprises a fluorescence detector that nonitors the
em ssion of light by nolecules in the sanple near the
end of the CE columm. The standard fl uorescence
detectors can distinguish 25 numerous different
wavel engt hs of fluorescence em ssion, providing the
ability to detect nmultiple fluorescently | abel ed
species in a single CE run froman anplification
sanpl e. CE devices capable of running 96 sanples at a
time nmesh nicely wiwth, for exanple,
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thermal cyclers or other anplification devices that
run nmultiple sanples sinultaneously. CE devices that
w@eaviogss2aut omat ed sanpl e | oadi ng, el ectrophor BGT/ESANE037420
Ig{g;ecti on for multiple 30 sanples in parallel are
CLA cribed in U S. Patent Nos. 6,217,731 and 6, 001, 230.
As an alternative to fluorescence detection, a CE
1. devm@tﬁo&eﬁalbﬁ V%@ﬁﬁcﬁ&@ﬂm&"a%hﬁcﬂﬁﬁls spectrometry
device for 41 2004/ 048528 " PCT/ US2003/ 037420
detection of the various nucleic acid species in an
apIviding anideicragilomimnichyomishaon ik tura sempiideg Mlurality of different
ectronetry devi ces capabl e of such detection
amphg?%lon%g lf,:lra{:. Sal | y available. Liquid chromatography (LC)
I's another option for the separation of nucleic acids
| Bubjeuinglseisl readiiod haxtraio agxiplidieskidn @pindm,;
anplification reaction. Cormonly, LC is coupled vvith

R TR R N —

regim&pectronetry. LC MS systems are commercial ly
avail abl e, for exanple, from Agilent Technol ogies
(e.g., the 1100 SeriesTM LC/ MS) and from Appli ed
Bhepetpiingmnd (etegfing Iml-;emozmds igead plinwet; APl 4000TM LC/ MBS

systens), anong ot hers. patents, patent .
P S Do TSP AR

and entirety. While this invention has been particularly
shown and described with references to preferred

S FR RPN, oo Rlctaid foid Sperisn SroBh e SR PR e the quanity
of saidl %e@ieh SvithBde Qﬁ%e o QA EAIRut ERRpsiSERA slds wak Gﬂibensed

t he scope of t venti on encorrpassed by 't he appended
whereg] @udrgorred@tmwemmws @4 85 pBTicph pB2Hle 3f 68 d ardeic@l duiplification.
A nmet hod of analyzing a nucleic acid anplification:

2, pmﬁ‘ﬁ%( {n%'tlﬂ)gl i cﬂﬁ'x%l le\k/ﬁergiﬁlsgrd%lm%\f}l/tfyg)g%cﬁfé% 1g¥a§‘ﬁ)§fittiicgtri]o1l templates

ure conp

compiagep bt ]feBSIalﬁrleé)ﬂlffe@émhﬂlbﬁﬁcatﬁn?e&lbjﬂetéts.i ng said reaction
m xture to an anpl ificati on regi men; di spensing an

b7 gthost o v wheEan oA P el Al e aratng anamplacs

compﬁ‘&% aEleh I GivRURaL a%ﬁih@i%aticﬁ‘l Pf&te@! i quot; determ ning
the quantity of a plurality of separated nucleic acid

s%e0|es in said allquot 10 and

4. he method of claim 1 wherein said plurality of different amplification templates

comprises at least ten different amplification templates.

5. The method of claim 1 wherein said plurality of different amplification templates

comprises at least 20 different amplification templates.

6. The method of claim 1 wherein said plurality of different amplification templates

comprises at least 50 different amplification templates.

7. The method of claim 1 wherein said plurality of different amplification templates

comprises at least 100 different amplification templates.
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for each said separated nucleic acid species from each
said stage, correlating the quantity of said species
wowaoh/osdses st age at which said aliquot conpri siPQI/BE810d3/037420
Speci es s. di.spensed, wherejn said correlating
8. gg ﬁ% P’éffl?égaoiﬁ?%]ﬁ*di thf@aﬁﬁmp?‘ﬁﬁw qf liffgrerianplifigatiet templates
comp#es dt RARI0D IaGR LR A ﬂlﬁxt@ﬁh‘p of claim 1 wherein
psai d plurality rlal? gllp%?gr ent a n)I(L)éig'fi cation tenpl ates
15 conprises at |least three different anplification
9.  t dhpmethes oflaimHewimzeinadlahlitl efiamplifinhtameienct®aindixtures is subjected
to sai(ﬂnlé{h%ld! ty of different anplification tenplates
conmprises at least five different anplification
tenplates. 4. The method of claim1 wherein said
10.  piTie adettiod offclaiinff Wiieeeit saiaplichiigafiagp)ifieMinab&tion mixtures is
. conprises at least ten different anplification
SubJe‘tt?éﬂ%ISé’tdé&eth?‘é)ﬂ&l.mmf’é’“ﬁﬂﬁt hod of claim1 wherein said
plurality of different anplification tenplates
11. CORPRieRRR AlldiBaSihdln dhitihSie L f oy GRI1PRati
tenplates. 6. The net hod g?é C(?Hﬁ%@%k%aé%@?ﬂ%ﬁfg&gﬁug] profile for a
plurality of ahpliffedofucttii¢ faid epecieanpl i fi cati on tenpl at es
conprises at |east 50 different anplification

t at.es. o7, .The net.hod of cl.aim?1l rein.said . .
12, RPURIE of gt AP Sl i Be oS i eSS amgative
inforn@0ieR ré &edin g the HandantOOf Hhddee afit s%m@ési rbgeat inQRid nucleic acid
.tenplates. 43 WD 2004/ 048528 PCT/ US2003/037420 8. The
amplitigatinn deastion puxtHrelat Wirestast of s9id amplifiretipn ragimen.di f f er ent
anplification tenplates conprises at |east 200
13 Ot Bl TR 1 o i AR o oI SRR Gl profie
m xtures is subjected to said nethod. 5 10. The
14.  ndhéogthefl of chiinm19vhwinein edid neelie gol dmamaplifioatiod regimen comprises
themglr%),l 1i.fi cation reaction mxtures is subjected to said
ne ﬁgg;sinultaneously. 11. The nmethod of claiml
wherei n said nethod generates an anplification profile
15. f Ohe metholdwf alaith Yl vafereiipditl hueldicrierd Shyslifaaiich fa?ﬁﬁérﬁéomprises
. 12. The method of claim 1l wherein said anplification
isothepmal ey Flengor ovi des quantitative 10 information regarding
t he abundance of a nucleic acid species present in
S I . . .
L6 P 1o R i LA Ao Focifprises PCR
method of claim 1l wherein said anplification profile
17. i Shexmethed 9€ clapm il ovtekeip said nheleic atifl anfiidicatiomhegindn aingirises ligase-

mediagedv&wgn%ﬁi%c%iosrg%%,lrg %llgl%ﬁl 1% a?nrg?iliilcgtlio%at ' on regien

co Ses

18.  The method of claim 1 wherein said sample is dispensed into a receptacle having a

plurality of sample-receiving sites.
19.  The method of claim 18 wherein said receptacle is a multiwell plate.
20.  The method of claim 18 wherein said receptacle comprises a plurality of CE capillaries.

21.  The method of claim 1 wherein said amplification regimen is cyclic.
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15 15. The nethod of claim1l wherein said nucleic acid
anplification reginmen conprises isothermal cycling.
wamomhszsret hod of claim1 wherein said nucl eiECHUsmos/osmzo
lification reginmen conprjses PCR 17. The neth
22. of hgmgthdio meﬁnwl%fétla Sg’pééilséie%ﬂl&%isd)eéfﬁﬁil?q‘ t‘%ﬂé@?%of a plurality of
cycles. egi men conprises |igase- nedi ated arrpl i fication,
NASBA, rolling circle anplification. '.0 18. The
nmet hod of claim 1l wherein said sanple is di spensed
23. irhe n@thcgb@p:ﬂamlzel \h]wctngatd digplensing 1stperfofmed after every cycle in said
sanpl e-receiving sites. 19. The nethod of claim 18
regiMfferein said receptacle is a miltiwell plate. 20. The
met hod of claim 18 wherein said receptacle conprises a
24. plTheahdtion &fclddn Capérkinahidagparaitdg cobhysyisee tdpilthrofeleetraplivresis.
1 wherein said anplification reginmen is cyclic. 44 WO
004/ 048528 PCT/ US2003/ 037420 22. The net.ho cl ai m
?\m&f fﬁo fckan ldwﬁﬁews%awgsep%rata%& FURRFEGS ﬂtlgrc BeosRaio APy
a plurality of <cycles. 23. The nethod of claim 21
26. A8k %éﬂh&ﬁéﬁlﬂﬂnsl@eiﬂﬁérﬁﬁ shﬁ RELFiRE ﬁsfeﬁ QEteQYERN OF dn¥ @t Brore
in sald reginen. . The net hod claim1 wherein
fluoresednd labelsar at i ng conprises capillary electrophore5|s.
25 The nmethod of claim1 wherein said separati ng
) C At
27. SRR M SO ST SRR e s S Bt o Bk
one or nore fluorescent Iabels 27 The net hod of
28. ClTaemetBodfermnl wha:rdmchatdmhphfg;aﬁmnmgim@sis masfermed in a container,
ectronetr 10 28. The net I ai m 1 wher
and wgigfeip %Ffimifle dispepsineds Pﬁtéwmeg%pf %@&giswdéampﬁ‘ from said
contalp@Pt ai ner, and wherein said sanple di spensing is
performed by wi thdrawi ng said sanple from said
container. 29. The nethod of claim 19 wherein said
29. cdiecanaterd ofslamikd wheseingaideoontaingbis. 2 @ell omhtesiabtiod of
claim1l wherein said anplification reginen is
30. pefhe%eﬂﬁcgd 6tﬂ:leﬁm \?}fl@e{ﬁ?abd a fﬁg oﬂ%%ﬁﬁétﬂs?@ﬁg e 1n a contamer
di'spénsing 1S pertrorng Ing-sai d sanple

and w8 teth exidtiBpeising iSperforhed I’mtehfrddlﬁg sqill 8ampI3Qronh eié Icnntalner.
said cont ainer is a capillary tube. 32. A met hod of

a IyZ| t re sion of a pluralit NA
3L ¢y %fhoiaé@e‘ﬁ ?I?IP§?1déi‘?8taP IS BhdP @Fpé pressing
entities sai d nethod conprising providing a first

32. N %hﬁﬂfbd%‘f Bl MRS el ckplckfn bEASTuliy HT REAr tPans&@htslbetween first and
ni xture conprising a
second gene expressing entities, said method comprising

25.

providing a first nucleic acid amplification reaction mixture, said mixture comprising a
plurality of different amplification templates, wherein said amplification templates comprise
reverse transcription products from a plutality of RNA transcripts from a first gene expressing

entity;

providing a second nucleic acid amplification reaction mixture, said mixture comprising
a plurality of different amplification templates, wherein said amplification templates comprise
reverse transcription products from a plurality of RNA transcripts from a second gene expressing

entity;
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20 plurality of different anplification tenpl ates,
wherein said anplification tenplates conprise reverse
WO e@nsessept i on products froma plurality of RNACT/US2003/037420

transcripts froma first gene expressing entity;
preBRieetinggpall rsactiondnixtiEeselo @n ABPUTIGHNN TR on react i on
m xture, said mxture conprising a plurality of
dif fEeati I . 7. N o
PP PR R RO SR B ARl rihles at pural stag

during s@d smplifititon rpgiodoct s froma plurality of RNA
transcripts froma second gene expressing entity; 45
WD 2004/ 04 2CT/ 2003/,037420 .. )j ecting said
F GEERRGE HNAEGEELE POTER A PR T egi o
di spensing an aliquot fromsaid first and said second
I QR Gingdihg lquseRy af a plusdlity oS tepgrsed mlidleingrid spatics in said aliquot;
anplification reginen; separating and detecting
nucl ei ¢ acids in said aliquot; determiping the . .
GG iR g B R P GoigiD et from BeTR LA Eeigating the quantit

of saiﬁ@@féi&%ﬁvﬂtﬁ‘th@ %’.cage al WhkBkaid aii&ﬁot%@ﬁl!ﬁriﬁﬁ%r daid 8p&i&twsk dispensed,
nucl el ¢ acid species fromeach said stage, correlating

therebhgengreding iattsansapiptional prefple of said wurdlity hé R&Vagensatiptsekpiessed by said
sai d. .al i quot conpri sing,.sai d speci es was di spensed,

first qﬁgp@wc@gﬁpg?ﬁgsg&eggﬁ%pp tional profile of said
plurality of RNA transcripts expressed by said first
an@npatifly SEEC arthcEfiehat BRITRS HbomGaRrinirst ge@s expestiddentity with said
conparing_said transcriptional profile fromsaid first

transggiiiengpseidle Sromysaschigoepd GERaEXRERSHNE ERtiNscri pt i onal
profile fromsaid second gene expressing entity. 33.

33. ;rhﬁeqﬁétﬂ&gopdclaiﬁl 6 ﬁhgi%in"!ﬁf%f e}?ﬁﬁliﬁ%ﬂkﬁ)&%&lﬁﬁéﬂpﬁ ‘tﬁfmﬁﬁp\i\l@s at least

ranscripts conprises at st "three differen
three tdiffexyst A $ran@4iptsThe met hod of cl ai m 32 wherein said
plurality of RNA transcripts conprises at |east five

15.di fferent Rl ranscri . , et hod  of cl ai
4. oo B 0Lt A BRIy R o RN bR o Bl ens ve
differdht RNAStank@fpts.di fferent RNA transcripts. 36. The

nmet hod of claim 32 wherein said plurality of RNA

5. /EARTGHP O CTA0Y SV RTR SRS s R9se g pyses at least en

. i I gé of RNA transcripts conprises at | east
it ﬂg t it : P mp
dlfe%gﬂ iﬂf élr efrét RNA transcripts. 38. The method of claim

32 wherein said plurality of RNA transcripts conprises
36. atTHegmsthod 0fxclaim 32 wherein said plurality of RNA transcripts comprises at least 20

different RNA transcripts.

37.  The method of claim 32 wherein said plurality of RNA transcripts comprises at least 50
different RNA transcripts.

38.  The method of claim 32 wherein said blurality of RNA transcripts comprises at least 100
different RNA transcripts.

39.  The method of claim 32 wherein said plurality of RNA transcripts comprises at least 200
different RNA transcripts.

40.  The method of claim 32 wherein said amplification regimen is cyclic.
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different RNA transcripts. 39. The nethod of claim 32
wherein said plurality of RNA transcripts conprises at

wo e@sn4BR 25 different RNA transcripts. 40. AEEUS2003/037420
41.

met hod of claim 32 wherein said anplifjcation reginmen .
i slheypgthed of dgmfy whoRICB RS I AP Bsabien Aogjmey omprises

thermhb&vdigthod of claim 40 wherein said nucleic acid
BT

42,

cation regimen conprises thermal cycling. 42.
The met hod of claim40 wherein said nucleic acid
andieinhétoed olorlainedf) wherengaphiustssc adid emhkfierioneygitniengomprises
met hod of claim 40 wherein said nucleic acid

isoth43' i&]cﬁg% . : .
%{Wﬁ tion regi men conprises PCR  44. The net hod

43.

44,

of claim32 wherein said nucleic acid anplification
I EliemBatheDHI14iGE40 whighsardmiieid add amplifitdteatre@men comprises PCR.
NASBA, rolling circle anplification. 45. The nethod o

' e is dispensed into .a

claim 3 erein_sajd sanp , .
r ﬁéﬁ’ﬂ%&‘?‘ﬁ@ﬁﬁ%}ﬂhﬁz ‘é(ilerﬁmlﬁaﬁ UCIPIGICIS ARplcation dpgimey comprises

hgases-hltegﬁted%glgﬁi@igat}a_&ﬁ %,ﬂﬁﬁ%g%&@h%f%ﬁ&?' n sal

45.

r ecept acl mul ti e. nmet hod of
claim45 wherein said receptacle conprises a plurality
of Thepnethgr ¢f cdaime32 whegin stfsesampleis dispensstl antmadeceptrstediaving a

t hod of claim40 wherein said

I ¢ dispensi.ng is perforned after a plurality of
plurafif df iSRG Hg e

46.

47.

di spensing is perforned after every cycle in said

I eliertRdthodl&f d8lm Ahwhereinvalll reéeptdctd iadZulvibvel gilate.sai d
separating conprises capillary el ectrophoresis. 51.

The net, i of clam, L wherein said, separating .
cgfh@rme;%%ffﬁ ﬁﬂwiwﬁaﬁ@t Bt apmjacle eomprisaga REVHUH S6CE caillaries.

claim 32 wherein said detecting conprises detection of

48. ONBeGheth® & cldild M @868 sal PRGleBsin® B peHOEmBBRRAh Airality of cycles.
claim 32 wherein said detecting conprises nass
spectronetry. 20 54. The method of claim 32 wherein o

49.  salihg magthed <P€/ daim Yhwherginfeil dispepeing synes@rinad after every cycle in said

regim%gnt ainer, and wherein said sanple dispensing is
perfornmed by withdrawi ng said sanple fromsaid
contai ner. 55. The nmethod of claim 54 wherein said

50. cdideansierd ofsclainngl Wherinsatdessparbtilbecoryfiised bapiiiaty kixdtrophoresis.
claim 32 wherein said anplification reginen is
perforned, in.a . container,.. 25 and wherein.said

1. G sl kot Loy BRFER Bi SRR LS SR e G shromatgohy.
sai d contai ner.

52.  The method of claim 32 wherein said detecting comprises detection of one or more

fluorescent labels.

53.

54.

The method of claim 32 wherein said detecting comprises mass spectrometry.

The method of claim 32 wherein said amplification regimen is performed in a container,

and wherein said sample dispensing is performed by withdrawing said sample from said

container.

55.

56.

The method of claim 54 wherein said container is a well or a test tube.

The method of claim 32 wherein said amplification regimen is performed in a container,

and wherein said dispensing is performed by extruding said sample from said container.
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47 WO 2004/ 048528 PCT/ US2003/ 037420 57. The met hod of
claimb56 wherein said container is a capillary tube.
w®B 2004048528 hod of nonitoring the anplification me/Hszoos/037420
ei ¢ aci d sequence, the nmethod, conprising
57 u@s iesthegl of claier X wheggingaidraoniaies isa %ﬂll}%&mon
m xture conprising a tenplate of said 5 nucleic acid
58. SRR of RRtBFAL fig aﬁ[m@mdnfdffaq{ulc% 1{&@5&5{%&% Rethod
compﬁkiﬁ ure; automnati cal di spensing an a of "said
rea tion mxture at pI ural stage |nterval s throughout

‘?oﬁ&iﬁfh ha@{Q ld Rk ﬁr@%iﬁ@ﬂm fe%@@&dﬁaﬁ%%%p&p iggz}%rﬂglgtre of said

nucle}c Gid ﬁ Ies 1 n sal
pec |ve ones of plural separated speci es,

of d | id i
sge%{’m?lflaa%? E&gé*%%f{s%lﬁe BB i ng e 0T
throuzrﬁf SCEQF%FR %FIH an Pg\lﬁté’ff ad Ee%ﬁﬁ%qa&’gu%&g Bﬁlrgl s’cage 11$cerva1s

ﬁ“?rlerﬁ ’(nil m xture; 15 perforning an
nplifij catl on reginen on the m xture; dispensing an
aISPRf&%Pcngc?P d dlgfeqting ﬂl%lﬁlcrﬁcsétsaﬁeesde Sﬁldlﬁrhélluo%@‘é‘be
interval s throughout the nplification reginmen
s SPAPSREFHYP 2 O e{Ué%.ltSP%at?% ehifel e ming ﬂ@pﬂ@@%@ 9f eparated

nuae@aﬁ%“&lsﬁlélﬁélﬂmtand for respective ones of plural

separated species, determ ning the quantity of

seprictird @f detgrminiiedhe rarsception @aﬁ@ cglaa rql@mc acahgequence, the method
Compdemerm ning the transcription profile of said nucleic

acid sequence. 60. A polynerase chain reaction (PCR)

appavidings noolejsracsl agplification weactoon mottdey to separatel y

hol d plural sanples of reaction m xture; a heat

eyeHamyhggn spliftatioa regmey ohitlwahixurepnt rol , f or

specified durations, a 25 tenperature of plural

s ampemssngdn alepmot ofmidreadtioneniatma gt fhnat sthgd iampealathuneiput the
amplifingtioanegihieggpot di spensi ng mechani smto di spense, from

each sanple of a set of the plural sanples held by

t Repasaingtanddeteotiticthe nptldicakidadpeeepinSailf aluei; ued) sanpl e

to respective separate aliquot holders. 61. The

appaeegetsvaas bd phgal tsepaeitad §pebls, demaiing tReuastity@f separated
nucleich@idih WhidlaligasPhep conprises all

determining the transcription profile of said nucleic acid sequence.

60. A polymerase chain reaction (PCR) apparatus comprising:
a solution holder to separately hold plural samples of reaction mixture;

a heat exchanging structure to cyclically control, for specified durations, a

temperature of plural samples of reaction mixture among plural temperatures; and

an aliquot dispensing mechanism to dispense, from each sample of a set of the
plural samples held by the solution holder, plural aliquots of a given sample to respective

separate aliquot holders.

61.  The apparatus according to claim 60, wherein the set of the plural samples comprises all
of the plural samples.
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30 of the plural sanples. 48 WO 2004/ 048528
PCT/ US2003/ 037420 62. The apparatus according to claim
wGo4ksseei N t he sol ution hol der conprises at PEEHES20051€37420

bl ock nmade of a heat-conducting substance. 63. The
62. apidereppyatus ceentding do elaing p&iviiesan thgreiution hojder spmpidsesat least one

bloclﬁﬂgdebdf%%aﬁQdﬁhk@%?%ﬁ%gta}l&ast one netal block. 5 64.

appar atus ac ng to claim®62, wherein the at
| east one netal bl ock conprises an al um num bl ock.
63. 65 heHpparajp acatrding ae clomadb®ygvhereis ke anl&6t onstidoek conifrises at least
sol.yti on hol der conprises any vessel of any material.
one ngal % apparatus according to claim60, wherein the
sol uti on hol der conprises wells etched 10 in silica.

64. 67TThe HpPardRRAESriing A6 6laintl b2 Gviiedeif: idd MR oBER] Bloéi@mprises an
sol ution hol der conprises plural capillary tubes

alumingp ecke| osed ends. 68. The apparatus according to
claim 67, wherein the solution hol der conprises plural

65. gﬁigig!ab%ﬁ%% %@%ﬁ%ﬁg‘&) 0Qinf @@,%Vl‘felré:lﬁ Srlﬁje DYytRHHI c%ﬁ}’ﬁrises any vessel of

aratus according to clarm
any nvdt@iadi n t he sol uti on hol der conprises capillary tubes
having oil at either end of the respective capillary

66. uitdeQPRAEiS PEGr BN MR Br ot At diofe Cmprises wells ciched

insileapi | l ary tubes having ends closed with val ves. 71.
The apparatus according to claim®60, wherein the
pl ural sanples conprise a multiple of 20 96 sanples.
67. 7 heppparghis acerdiag i elaig pPogvhesein the splwmn bolges pemprises glural

: ' cture conprises at |east one
Caplugré?tglj&éfaggggél%q%%% apparatus according to claim®60,

wherei n the heat exchangi ng structure conprises at
68. | ewtappmetubatcading ow elaim 8% whkreiil iee sybysamatolder acmprichis pdpral
.to c]ai.m 60, erein the . heat exchangi ng structure
CaPl”é’éVn‘BL?ss‘@é’l%en\Mgs sed brsalipg Be eBdi . 49 WO 2004/ 048528
PCT/ US2003/ 037420
69.  The apparatus according to claim 67, wherein the solution holder comprises capillary

tubes having oil at either end of the respective capillary tubes.

70.  The apparatus according to claim 67, wherein the solution holder comprises plural

capillary tubes having ends closed with valves.

71.  The apparatus according to claim 60, wherein the plural samples comprise a multiple of

96 samples.

72.  The apparatus according to claim 601, wherein the heat exchanging structure comprises

at least one metal block.

73.  The apparatus according to claim 60, wherein the heat exchanging structure comprises at

least one hot air oven.

74.  The apparatus according to claim 60, wherein the heat exchanging structure comprises at

least one water bath.
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75. The apparatus according to claim®60, wherein the
tenperatures conprise three incubation tenperatures.
W(Yﬁﬂm/ﬁhﬁzzappar at us accor ding to claim75, wherkCTUS1083/037420
nperatures are in range of 45-99 degrees Cel si us.
75. 5 Tiﬂ? aPRAatus peRoF¢ng &0 %l%lgb‘? i"hsTein thel tempergires geatdeisp thrpreincubation
tempdrRAREr at ures include tenperatures for denaturing of
80-99 degrees Cel sius, for annealing of 45-65 degrees
Cel sius, and for extension of 60-75 degrees Cel sius.
76. 78’ he Epmratpp acatrdisg scdaind?h gvheteic tei temp&ratindseareima tange of 45-99
dGIB 8garatures conprise two incubation tenperatures. 10
Er%%; ] apparatus according to claim 78, wherein the
tenperatures conprise 94 degrees Cel sius and 50-65

77. d%’é%p§ar§3;@ls atdesdinB® cldifeo@PERI U taepQhflirdtdnél@dSlefipdtatures for
further conprising a | oadi ng apparatus to | oad

denafgrarpﬁwfe&o PheeeressCduns, faraanenbingof 45679 deguses aplsias aandgor extension of

o claim 60, wherein the aliquot hol ders
6075@&%%%9§§%&%[|8 of 15 mcrotitre trays. 82. The

apparatus according to claim 81, wherein the aliquot
78. hdlhdapparatusrp«:dos@ng\m ¢1sino60, Sfhereirette températurdsropntpriay swo incubation
. The apparatus according to claim8l, wherein the
tmnp%wyﬁﬁot hol ders conprise wells of 384 well nmicrotitre
trays. 20 84. The apparatus according to claim 60,

79. Wk apparhfle addordii®to NAhOTES, Sy fieSEmPaatusds o%ﬁmls@ 94 degrees
hol ders and saggle i nputs of another 1nstrunent.

Celsivspnd H0pfy dagtess 4&€bdisdi ng to cl ai m 60, wherein the
al i qguot hol ders conprise sanple holders of an

.| T TN b R PR s o

samplee pao dteedojuttoalhdldet.ur al sanpl es of reaction m xture;
50 WO 2004/ 048528 PCT/ US2003/ 037420 a heat exchangi ng

ucture to c aII ntrol., for. specified .
Bt Socpfine Rt G e MigRBELT Cranpiseveshs of
Humoﬁhéhﬁyﬁ anong plural tenperatures; and an automatic
di spensi ng nechanismto autonatically di spense, from
each sanple of a set of the plural sanples held by

82. t Hbe sppasatupacaestiag fo clymud lawhsrain thetadiquet 1@1@irs/@mmsﬁmeéls of 96
well thRrotitre trays.

83.  The apparatus according to claim 81, wherein the aliquot holders comprise wells of 384

well microtitre trays.

84.  The apparatus according to claim 60, wherein the aliquot holders comprise one of sample

holders and sample inputs of another instrument.

85.  The apparatus according to claim 60, wherein the aliquot holders comprise sample

holders of an instrument module.
86. A polymerase chain reaction (PCR) apparatus comprising:

a solution holder to separately hold plural samples of reaction mixture;
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5 respective separate aliquot holders. 87. The

apparatus according to claim86, wherein the autonmatic
waelr®pessses1g nechani sm conpri ses a process conPCDIS1003/037420

automatically dispense the plural aliquots of a given

sanpl e adweat gxghanging spRIcHrs fogyeheallyyreneel, i sperified durations, a

tempRtd i ghih] e B0 Brixelre HEL ' ~
- arrp* |c¥ﬂ| cat 1| %‘Hﬁlpg%gdaf??t%ﬂ% ccl))értﬁrri Si é}ngpq&%ﬂaeg? S]famrf%r?nd
hol der to separately hold plural sanples of reaction
m xt ur en aatomedic dispenssesmeshatismctawsnatiphllyf dispansgriraf each sample

ucl.ei ¢ acids (in eaction.mxture of. respective

of a st £ ol Rt B e PR i, Bl iR gt o
respedtBeRapiraaligudinsRrRse, from each sanple of a set of

the ©plural sanples held by the solution hol der,

plural aliquots of a _given sanple to respective 15 '
87.  sdharppaatys peposling i depsso, sdierein theayprmpaiic dspgrung dieplpnism
complifeel bR Bont ] Sl Safly Bl BRRIT PP ERANE P eiven sample a
respediveaifitrentadycles of spangléficationeghaeih sanpl e of a set of
the plural sanples held by the solution hol der,
plural .ali.quots _of.a given sanple to respective
s EpBTelgie acif g lc?f&nc?gP??méﬁo’@B?lS‘?ﬁ‘e appar at us
according to claim89, wherein the automatic
di spensisbmtioR GORIH ®NepHEBHoIE plutal REBFIRS 6 £AGtdn0hixide;
automatically di spense the plural aliquots of a given
sanple at respective different tines during an _ _
anpl i f Reeactian sSSP fesrusoamplaficatin of Rideie peids By be réachgn mixture of

ising:.. 2450l ution holder to separately

resPeﬁgflggﬁg% %@ggggﬁnﬁﬁgggg’fﬁgeacti on mxture; ?5 a reaction

systemto cause anplification of nucleic acids in the

react i enahiudt dispesing mespes toelipaes, frbmtdach pdnaplalbf a set of the

sampl es;, and, 51 0Q4/ 048528 .PCT/ US2003/ 037420 an .
plura o8 e R S0 Mo O T LS ahBecr Pty erpective
separ@ ARt Bbldersset of the plural sanples held by the

sol ution holder, plural aliquots of a given sanple to

8.

respective separate aliquot holders; and a separation
89.  ddhe apparguspeeoydieg W qlajotss wheraimaidlispensingaeahenigmeegnprises an

o BRERRL ol T RGBT o b SHR oo

pluralpampkes heldbyothe sdltgomiudde] pluest bldquon eftaigiesn sadible Tiespective
aggar at Hs according to claim9l, wherein said

separgfe aliiot hplderfechani sm conpri ses an

90.  The apparatus according to claim 89, wherein the automatic dispensing mechanism

comprises a process control to automatically dispense the plural aliquots of a given sample at

respective different times during an amplification regimen.
91.  An amplification profiling apparatus comprising:
a solution holder to separately hold plural samples of reaction mixture;

a reaction system to cause amplification of nucleic acids in the reaction mixture of

respective ones of the plural samples; and
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aut omati c di spensing nechanismto automatically
di spense, from each sanple of a set of the plural
wa aplogss2dhel d by the sol ution hol der, plural aPCTyuS1083/037420
of a given sanple to respective 10 separate aliquot
hol der 80 aliapot fispenspigdpenbanisade disppmg, Fomereh sanaple of a set of the

por S ek L o T PSR v
separaé hljgot holdérspargl ven sanpl e at  respective different
times during an anplification reginmen. 94. An PCR

anplification profiling,apparatus conprising: 15 a
Sol ut | BRONGFIPEeYI5° L B EE G gUsto ffnpF Lt by &8 Sgparate, from
respedtRBOhELEY the AidHos, irdli Nl nBNEHRARRI NSl llE A 8n bRysical properties of
lically control, for specified durations, a

cyc
thenwﬁmmicémﬂ@um. plural sanples of reaction mxture
anong plural tenperatures; and an aliquot dispensing

' ' se.. fd0 C - f . of :

. TSRS B SN Rupl SO DHERSD S TRDE AL B compries o
autorrptit dberdlinguedhaniom ta agiovewicsabngibente) fifogs phtshmple T a set of the

separate aliqguot holders; and a separation device to .
pluralgampies beldi hydhe sadution I%q‘i%eralplpaﬂé, Blquod e EVemunyde iy rgersctive

] tive ones of the aliquots, individua

Separaﬁ'%g]l ulo?:ﬁglgi@% nol ecul es based on physical properties of

the nucleic acid nolecules. 95. The apparatus
93. adboeppanatus accordangrioddaimille mdierein the adiospéinslispgnsing mechanism

nmechani sm co jses an. 5 .automati g di spensi .
comp{RES Ry & Yok i1y dRPupE isestue) BUE o} v gmote at
respedive diff@tntAfmdshiRrinp bl bdblificdiPhesgifehd by the sol ution
hol der, plural aliquots of a given sanple to
respective  separate aliquot holders. 52 WO
94. 2604 F gmphiicatipn eyl apRyabls comprisipie appar at us
according to claim95, wherein the automatic
di spengispeiBRAERAGI 8 RkpfRER HokPSlufl BARGIES §F €QGHdnGhixk e,
automatically dispense thé plural aliquots of a given

sanple at respective different times during an ,
anpl i f pbaatiegphangigigrstmctugerto cyplecally semtaalukor sprsofiadi dvgatians, a

cl.ai m.9 wher ei n.the.separation deyice co i ses 5
tempyfie B P AR DL R T PO Ry R e PR ndle
apparatus according to claim 97, wherein the
separ abh aliquie dispenst@mpedhanisman dispesse] fropeaciesdnsple of a set of the
paratus. 99. The apparatus according to claim 97,

a .
plural Pl Hekihy G ien BT oME  LBiR ISogiven HENF fosejpective
separa% Qﬁcﬁdo@ﬁ@l‘&&%?éﬁl appar at us.

a separation device to analyze aliquots in the aliquot holders and separate, from
respective ones of the aliquots, individual nucleic acid molecules based on physical properties of

the nucleic acid molecules.

95. The apparatus according to claim 94, wherein the dispensing mechanism comprises an
automatic dispensing mechanism to automatically dispense, from each sample of a set of the
plural samples held by the solution holder, plural aliquots of a given sample to respective

separate aliquot holders.

52



53

WO 2004/048528 PCT/US2003/037420

96.  The apparatus according to claim 95, wherein the automatic dispensing mechanism
comprises a process control to automatically dispense the plural aliquots of a given sample at

respective different times during an amplification regimen.

97.  The apparatus according to claim 95, wherein the separation device comprises a

separation and quantitative analysis system.

98.  The apparatus according to claim 97, wherein the separation device comprises an

electrophoresis apparatus.

99.  The apparatus according to claim 97, wherein the separation device comprises a capillary

electrophoresis apparatus.
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