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20 One approach that promises to impact on the process of target identification and
validation is transcription profiling. This method compares expression of genes under specific
conditions: for example, between disease and normal cells, between contro! and drug-treated
cells or between cells responding to treatment and those resistant to it. The information
generated by this approach may directly identify specific genes to be targeted by a therapy, and,

25  importantly, reveals biochemical pathways involved in disecase and treatment. In brief,
transcription profiling not only provides biochemical targets, but at the same time, a way to
assess the quality of these targets. Moreover, in combination with cell-based screening,
transcription profiling is positioned to dramatically change the field of drug discovery.
Historically, screening for a potential drug was successfully performed using phenotypic change

30 asamarker in functional cellular system. For example, growth of tumor cells in culture was
monitored to identify anticancer drugs, Similarly, bacterial viability was used in assays aimed at

identifying antibiotic compounds. Such screens were typically conducted without prior
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6,287,778. DNA microarray is a method which performs simultaneous comparison of the
expression of several thousand genes in a given sample by assessing hybridization of the labeled
polynucleotide samples, obtained by reverse transcription of mRNAs, to the DNA molecules

25 attached to the surface of the test array. While the prior art provides valuable information about

transcriptional changes, it is far from perfect and not without problems and drawbacks,

First, this technology is limited to the pool of genes presented in the microarray. The
current printing methods allows placement of 10,000-15,000 genes on a single chip, which is
essentially a number of genes ¢xpressed in a particular cell type. Given the diversity of cell

30 types, it requires development of specific arrays for specific cell types. While theoretically
possible, this task is nearly impossible to achieve, since it requires knowledge of the gene pool

expressed in these cells prior to microarray manufacturing.
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25  describes an automated capillary gel electrophoresis with multicolor detection for separation and

quantification of PCR-amplified cDNA.

Separate devices are available for PCR amplification and CE. For example, PCR
machines are commercially available from Applied Biosystems (Foster City, CA), Bio-Rad
(Hercules, CA), Eppendorf (Westbury, NY), Roche (Indianapolis, IN). CE apparatuscs arc

30 commercially available from Applied Biosystems (Foster City, CA), Beckman Coulter
(Fullerton, CA), and Spectrumedix Corporation (State College, PA).

3



gquantification of PCR-anplified eDNA. Separate devices are avail able for
PCR anmplification and CE. For exanple, PCR nmachines are commerci h%”ﬁ]ﬂﬁ
avai l able from A%I i ed Bi osystems (Foster City, CA), Bio-Rad (Her ég
CA), Eppend®% 200488 6ur y, , Roche (I nd| anapol i s, | NJCT/AGBI0appasat uses are
30 commerci al vai I e t CA) ,

Beckman Coul tﬁs'%(* ﬂ@)%\g éﬁ;ﬁ “§ ?ﬁ Ee 1 Hoﬁcagéraﬁr{l)% (St ate

Col | ege, dréehism3 aR@DE?E@ra%Q\Qﬁs usifp aga@u/aﬂ@dsaab@abre@smusm&%ma&mte@ S. Patent
No. 6,126,804 discl oses an |ns ent. m cr o-

or gani snﬁ”ﬁ}ﬁ?ﬁ%ﬂﬂ“ﬁ}%@%ﬁmp@ﬂg?%@ rgﬁ%lf)? "VﬁrluS ato?lche L %(tét\rlog)g(g%{:ont ai ni ng
I nt egr at g¢E) pRhyE dastors,had ﬂacr eaatl boin a(daﬁﬂ)harejmmmkage rEactveniisnel | s,

attached capi | Ia,r eI e tro oresi.s hannel s r ead- out
AR A R s e e P Tt

speci fi caleﬁg{u@agpegﬂ@g:mf @rantitatarledetek.?.ﬂn ofgunt kairessiovoprpiiledn omerdr nobesdenpledf fers a
sinple, sensitive apparatus for quantitative detection of gene expression
profile in on nmor e, | hesg bbb taldionsypatafiere is a
need in the a&? Rdohte eevtg?scm't?tfons rtg?e @é%gégggﬁgtdugé VL]pﬁgenr(1 form tzr%)a)?lscrl ption
profili ngophﬁimWahkc:rlp(@l)PFdetﬂgIﬂBE]WIW d1)prot saviketownr kipydedge of thescgbdisesles of
the expressed g ' £ QB del this Blbenilibd apimemirge this

i nf or mat ftgnex(?url n%flpefé%o} &?Jfg{hgﬁgsgeb&%%%ﬁj r’[r}easure] quarnt |1tlat| ngchanges in
t he | Hvelthofssax () esseut queatitgve cipnges if Qt)e 1@1 EXPTERPHESLTHI O 4 e genes;
and (4) be rae stioonn&gﬁ'g p%ﬁfggﬁe AR, ek RS RED infiQY arfroBh SR @ scRfai tive
apparatus UBRTT ERETVe détection of gene expression profile in one or
.nor e sar’rmpe&atus wmwtlwcwnlmﬁmﬁmsﬂﬂ@rqflﬂee‘§@ﬁ% or IHRFE SR provi des an
apparatus for expression profiling, conprising an 15 anplification device
whi ch anplifies a pol ynucl eot igqafAMARY OETEEIINVENTIONIr e to generate an
anplified product; and an analysis device connected to the anplification
device by a first connectin ermts | i he
reaction m xt JP&Pesent F‘éﬂ‘é‘P‘é?‘gf H‘%rﬁ“taﬂ%arat?f#p FPieA %pgéhlgﬁgv%g@hts @I;t?] anal ysi s
devi css Wneﬂhfdﬁtoﬂ@bﬁcﬁmdcmmﬁbs‘a p;cﬁyxmhleotainpi 4 fedogidn prixguhgde genespiteie t he fir st
connecting neans is a par at us
further ihed poduct ?%ﬂ'@‘yélf)?‘fvg% cgmfegtg% %qgenmgg%gﬁﬁgxgﬁ% t@g to the
anmplifi Caddnﬁld&t;ﬂlgmw@ m;chaemﬁeamdlcpmmtreangomanse wmaoﬁcrﬁémrihps an
extracted ) nucl got | g el ide

extracti ot | on
where the first connecting means is a I’ObOth arm,.

20 In one embodiment, the apparatus further comprises a polynucleotide extraction device
connected to the amplification device by a second connecting means which permits an extracted

polynucleotide sample to transfer from the polynucleotide extraction device to the amplification

device.

In another embodiment, the apparatus further comprises a fraction collector device.

25 In a preferred embodiment, the fraction collector device is connected to the analysis

device by a fourth connecting means which permits the collection of a quantified product.

In another embodiment, the apparatus further comptises a sequence identifier which
identifies the sequence of a quantified product, where the sequence identifier is connected to the
analysis device by a fifth connecting means which permits a quantified product to transfer from

30 the analysis device to the sequence identifier.
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20 In another embodiment, the apparatus further comprises a sequence identifier which
identifies the sequence of a quantified product, where the sequence identifier is connected to the
fraction collector device by a fifth connecting means which permits a collected product to

transfer from the fraction collector device to the sequence identifier.

The invention provides an apparatus for expression profiling comprising an amplification
25  device which amplifies a polynucleotide in a reaction mixture to generate an amplified product;
an analysis device connected to the amplification device by a first connecting means which
permits an aliquot of the reaction mixture to transfer from the amplification device to the
analysis device which detects and quantifies the amplified product; and a data generating device
connected to the analysis device by a third connecting means which permits a signal to transfer

30 from the analysis device to the data generating device.
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react i%on transeifraan the fgetivarcatieston devingiy the pesdense slgiEfer:  an anal ysi s devi ce
connected to the anplification device by a first connecting neans which
perm ts an al ifgugheion bRRidkLAGHb AR ToKéxpreesiboprofilanpsbmprifingmm anipdification
anplification device to the 20 a&al %si s.device whi chtdetaectli§1 @%gd&yanti fies
t he anpl i devieewhichanplifies 3 mglyarcieolide i  FPag™ RS HET © BgIA e WHI'Ch™ Perm't s t he

col I ecti of fiyds NRBLblkael BrHRMMBification device by a first connecting means which
permits an aliquot of the reaction mixture to transfer from the amplification device to the
20  analysis device which detects and quantifies the amplified product; and a fraction collector

device which permits the collection of a quantified product.

In a preferred embodiment, the fraction collector device is connected to the analysis

device by a fourth connecting means which permits the collection of a quantified product.

In one embodiment, the apparatus further comprises a polynucleotide extraction device
25  connected to the amplification device by a second connecting means which permits an extracted

polynucleotide sample to transfer from the polynucleotide extraction device to the amplification

device.

In another embodiment, the apparatus further comprises a sequence identifier which

identifies the sequence of a quantified product, where the sequence identifier is connected to the

6



In a preferred enbodi nent, the fraction collector device is connected to
the analysis device by a fourth connecting neans which permts the 20 DEC 7008
collection of a quantified product. In one enbodi nent, the apparatus” "’
further conPldR8¥IB7Gol ynucl eoti de extraction device I EAHABEHEd to the
anpl i fi catfrhaion ddiecoebibyfifth cea@rtit wemnebich pgmieaosici®d plad@e fontdsferdom
extracted ucheoti.de sapple to transfer fromthe pol ynucl eoti de
extractioﬁw§%9¥§§8%%gTH%mgi%ﬁgf?ngﬁgﬁaﬁ%évice. I n anot her enbodi ment, the
apparatus further conprises a sequence identifier which identifies the
sequence of a aatventiongeovides sluapparainh fr exprdseios pylibmrenipdeng uf dngnlificagion
connect ed : 001376, PCT/ US2003/.Q1 .raction
col | ector dﬁvgeyﬁﬁhfa?ﬁggeosr?ﬁg’gﬁ ?Cg%tl%%@r? § Qévg\ﬁéncrﬂ&g%? tr?igte%er%ge %rb?r?pe]ic%fe ‘2@’% %Llrcgduct to
transf&r &rawlysis feyidecannetottodind dngdificatiod deviedy dirdt henns etipgeweass wideént i fi er

The 1 nventdans R AYhASE R R ARAMA S, LRl ABLERSIAAARLAT LG, GRMPI T Sing an
anplification device which anplities a polynucleo FUeT PR A ' Sact i on

m xt ur e taabendeatcovhach detepls iafid @untifies theemplifid pamivain addyesiegucdeniiogfieonnect ed
to the anpf:.fi j ' 4T j n gt rmts an

Al quot - ot GERIEORe SRVLRE oY ol o RUDRFE RS BRA RGN B BREIAS, e
to the atwdhemilysigidarice by whiitth horettmg trsamrvchidpramiisfa @snttfive padpdt id traegferpr oduct ;

and a1§eq€\ﬁ£?h§ ai{xﬂ%&tdebflc@[o thm%eﬁ%% iﬁ&@itﬁieﬁi es the sequence of a quantified

pr oduct, e sequence | Ier i's connected to the analysis device
by a fifth connecting neans which permts a quantified product to transfer
10 from t he akapiesdodiapnicde pppaas fudgueompasisaeabinpglentide exiraghina devitfodi ment

1 he appar @hikstel W hbShp ISR @ By PRLMALCARK odeaBi W hiBE bdrRNs HEMLESd
connect ed Ho the anplification device by a second connecting neans which

permits afP EREPALE &P R st thejeoluukisptideenirctigndsvise i¢ the AnplHigation
pol ynucl e@¥icle extraction device to the anplification device. 15 In
anot her enbodi nent, the apparatus further conprises a fraction collector
devi c In a.preferred . enbodi nent, t fraction col.l ector device is
Connelt ed 1o thURHRLETROE G TRl Ao hlter R St o
permts the collection of a quantified product, and where the fraction
col | ector devilitepreired ergbodivrmnb diedtiction aolestas depiesrie eonnelsett tp thieanalipjs anot her

fifth coppgety Qﬂuﬁl‘?@&ﬁeé{‘fﬂ% E%ax@%ﬁ%?%m@tscf&l c,!ogsclﬁs.si?f?are@hkﬁiﬁa%podw@af er from

the fraction collector to The uence identifier. ne enbodi nment,
t he anpl iWheesthe Bertig oolteetondryice felsasennpelpdtodnsequenes identifiertyi apother fifth

connecting means which permits a collected product to transfer from the fraction coliector to the

20 sequence identifier.

In one embodiment, the amplification device and the analysis device also permit

sequence identification of a polynucleotide.

The invention further provides an apparatus for expression profiling, comprising: an
amplification device which amplifies a polynuclectide in a reaction mixture to generate an
25  amplified product; and a capillary electrophoresis device which detects and quantifies the
amplified product, where a capillary of the capillary electrophoresis device is immersed in the
reaction mixture to transfer an aliquot of the reaction mixture from'the amplification device to

the capillary electrophoresis device.

In one embodiment, the apparatus further comprises a polynucleotide extraction device

30  connected to the amplification device by a second connecting means which permits an extracted
7



sequence identification of a polynucleotide. The invention further provides
an apparatus for expression profiling, conprising: an anplification device
which anplifies a polynucleotide in a reaction mxture to generat e? &t (2806
anpl i fied pMEUILYI3Ehd a capillary el ectrophoresis devPEBUSRM3GPSthet ect s and

uantifies,th lified. praduyct ' '
o1 et r oprir o s Bl PPt e B BB by altlect B RRMIARRY i
al i quot odeviche reaction mxture fromthe anplification device to the

capillary el ectrophoresis device. In one enbodi nent, the apparatus further

conprises a p(ﬁlt Xr{&h%l‘ %&dﬂﬁen@%ﬁeragﬁ%ém%y E&ﬁpris@soa FRABE 641 RG0! &Vkae

anplification device a sécon onnecting neans which permts an
extracted 7 2 0 DEC 2006 WD 2004/001376 Pg Fl USZOOS/%%9518 Egl gnucl eoti de
sampl e to transt picferredembadimens Beirctiaoliertor RYirds COBRCELDeS2P Y he

anpl i 4 Caél!:c?r;ﬂ hH8NidERee Bk BRA RBRecRIBIAIRAkA péhts aRRANatbsoffdtfubritidied
conprises a ?actlon col'l ector device. In a preferred enbodi nent, the

fracti on reducect or device is connected to the capillary 5 el ectrophoresis
device by a fourth connecting neans which permts the collection of a

quantified prgeisier erhifodanat,hies appariadionintomprives agnaeat identifier whieh conpri ses
a sequence identifier which identifies t sequenc i f

product, iffeities ﬁéqugﬁﬁgﬁ%@apt&geﬁpfg\d}‘%rw egqu%%eﬁe% “B e?tgffletr ﬁecg&%g%él‘ {oltgérjy

el ect r ophgpakivsdesihersibYevcetyfatiiftheomeeatiinmtgnnekis panimite h qypetifiddpsodgct
quantified product 10 tq transfer fraom.the.capill ar ctrophoresi s device
to thé seﬁ’d‘gfﬁf%r o8 ?F?PﬁEFY %aﬁoﬁaﬁ&eﬁg?wgﬁ%ggiS%ﬁgc’% 1¥%§h§bpar atus further
conpri ses a sequence identifier which identifies the sequence of a
quantified pr ddesiher wherdimerhahepparamcirthe eprppisees sqqgenes ifetificedhich t he
fraction col | 5 ' f1inf dollct CARREGL Ed3ged¥E AR MM i CRnRBf At tRe @

col | ect ed%f)l}tg%g%ltgsetqg&\é%(rageﬁ@%gt?ﬁcfdlpoém 9tt‘ne ?flgptéiao?] col | ector device to the
sequence frateint edlieger detBe bna SRl etveectiverinedtis bish perkEs agapPstedipEpiéh devi ce and

the capi || oy, £LEGLIOBRAT BRLSUSHLES noREHBIL i8fasignce [ denti fi cation of a

pol ynucl e0 e apparatus of the present invention, the
anplification device is preferably a . | ymer ase chai n reaction (PCR)
anpl i 1§ cat i on ldauatheeembyg Iﬁe%rtEffaé‘f’pilgFa)?PEﬁ‘?’r%cefaf‘?ﬁ? Caﬁﬁ?{ée{efthc-’&h%%lsnémggr mts
an ali quof,m.ﬁm‘t sgdggnc@@ﬁgﬁﬁ@ﬂommtpurygu&@ﬁdezo transfer fromthe anplification
device to the analysis device at the end of each PCR cycle.

In the apparatus of the present invention, the amplification device is preferably a

polymerase chain reaction (PCR) amplification device.

Also preferably, the first connecting means permits an aliquot of the reaction mixture to

20 transfer from the amplification device to the analysis device at the end of each PCR cycle.

Preferably, the reaction mixture comprises one or more PCR amplification primers which

are chemically linked to an inner wall of a reaction tube or a well of a microtiter plate.

In the apparatus of the present invention, the amplification device preferably also permits

reverse transcription to generate cDNAs.

25 Preferably, one or more primers used for reverse transcription are chemically linked to an

inner wall of a reaction tube or a well of a microtiter plate.



Preferably, the reaction m xture conprises one or nore PCR anplification
primers which are chemically linked to an inner wall of a reaction tube or
a well of a mcrotiter plate. In the apparatus of the present i nvent d [ 2005
the anplifi CHR H8HIEEGi ce preferably also permits revePEBEUSHENSEIS ption to

gener at e CDNASPreRabhy, ﬁfe@ﬁﬁbﬂhﬁpeﬁﬁlﬁ tRY et Rl LR ScaHSL Ok £ Hfnal RYEESEELY
transcription are_chem ca l’é I'i nked to an inner wall of a reaction tube or

a wel | of °%° Hieppfierereylabele. 8 20 DEC 2006 WD 2004/ 001376
PCT/ US2003/ 019518 Preferably, the apparatus permts the detection and

quanti fi cat i oninabmaembgiabntgamiesinteatlor)ihe fiNSc@hd, TOG, & gy B8:GeMiy habel s. I'n
sone enbodi megts of the invention, the first, second, fourth, or fifth

connect i nglf'alr'r[é2 HE s a robotic arm 5 In other enbodi nents of the
invention, the first, second, fourth, or fifth connecting neans is a tube
or a channel . hntisoerabadirhadi afgrtisveationt the fitshvenhd, dourthf drefi thicosdectipecmand,
fourth, ar i f ecting neans are a single connecting neans, e.g., a
robotic a?%lt{l%%rgﬁﬁﬁgghsfers sanples fromone device to another. 10 In one
enbodi ment, an electric current is applied to the first, second, fourth, or
fifth connectiPigaerabrsimetssd theiinveptioande Erst, soand, ferthppdifdthgsnmsttinghe present

I nvent i 0N mehRQredalg¥eSdofndBYY €ink 3. LGS REARNY witich @thslfér?‘gaynple? Sl fugphor esi s

device. Preferably, the polynuclectide extraction device'in the apparatus
pernits i 861%te #ythebtal 15 RNAs or nRNAs from one or nore bi ol ogi cal
materials. The present invention will find use in w de applications such as
bi ol ogiical andn ohd enidintal, afi SsQAE Qltient ilgplitd tb eatfir@nse0dndt Rer@PEHNH C agents
:and di agnostic narkers: cg%r%ﬁteri zation of cells and organi sns that

under went Coé’@ﬁcg?flgg‘e%&??qr@ PUhE: identification of unknown illness; and
characterization of DNA and identification of biological sanples.
Non-1imiting dxthepbresatesof 2@ peesett invoptioncthe amatysis idendéetisiprefrusediyt 4 capillanye PCR,

real -ti W%E%Ogéﬁégﬁinci ng, transcription profiling and genotyping.
BRI EF DESCRI W NGS The present invention will be further
explained wth reference to the attached draw ngs,

Preferably, the polynucleotide extraction device in the apparatus permits isolating total

15 RNAs or mRNAs from one or more biological materials.

The present invention will find use in wide applications such as biological and
biomedical research; identification of therapeutic agents and diagnostic markers; characterization
of cells and organisms that underwent genetic modifications; identification of unknown illness;
and characterization of DNA and identification of biclogical samples. Non-limiting examples of

20 such applications include quantitative PCR, real-time PCR, DNA sequencing, transcription

profiling and genotyping.
BRIEF DESCRIPTION OF DRAWINGS

The present invention will be further explained with reference to the attached drawings,
wherein like structures are referred to by like numerals throughout the several views. The
25  drawings shown are not necessarily to scale, with emphasis instead generally being placed upon

illustrating the principles of the present invention.



wherein like structures are referred to by like nunerals throughout the
several views. The 25 draw ngs shown are not necessarily to scale, wlthitL 2006
enphasi s i nstead generally being placed upon illustrating the principles

of the pr es@’ﬁ’tm?‘r‘ﬂggﬁ‘u on. 9 20 DEC 2006 WD 2004/ 001378 TAESPHSEPOB3/ 019518

Figure 1 is a ﬁﬁfﬂ@[‘ﬁta's‘éhe\ﬂaﬁ&"‘ﬂ@»t/ 0% @Bﬁﬁﬁ@fob@(pﬁéﬁlo@p‘r@ﬂﬁ@%o@&dtﬁé @fdnki ng
accordi ng to one nbO i nent of I nvent 1 on. fezg{.)ar atus 10 consi sts of

an anpl i fémtadinegt @I%f{}? igengan. athe 3aﬁfan§rﬂ§lc9%‘i‘3§s Qféﬂ’/?‘@%h GEPEHIAB 1 he
anpl i fi cagj.Qms qg\)‘éc(@ Bihel¥d & thd z{nﬁi]iﬁ%ﬁﬂﬁ&ﬁéem PYRANG cOkhectgGhthes 66. 1S a

schematic vi‘ew of an apparatus for expression profiling according to one 5

enbodi nent of the invention. The_apparatus 10 cansis of a nucl eoti de
extraction dedigse2sd SC‘%?H‘aH?TﬂF\"Pfad'aﬁ%P?f?‘f“ﬁ%W’@ées%%’ %fﬁﬁﬂé%#&?ﬂﬁ%@é “devi ce

68. A {i raﬁbda%esﬁthmvéﬁaamsn@@p&memtcsnsmtmaamhmdimaé banctibedbde 64 Wit h
the anal ysis device 68

while a sr?gyond connect . ng ns 40 g@nnec s the
pol ynuc! et priampliicatinndeyie Seand @ ansfysiRidprios te f‘a% 909?%93?5 BP§ &V FEE“Ba.
Figure 3 {ng afip BeA8s Bl ke ¥4 Rith B a%sﬁﬂ@ﬁé@d&)ﬁzhfl@i seCX{r @BSdcy Pea0f 40 | NQ
according to one 10 enbodi nent, the inventio The aﬁg%r atus 10 consists

of an anpPanpecshe BHyReElsoitds e¥tzacti evvasa%‘? i ea%f%céﬁ%%dea % data generation

device 120. A first connecting neans 66 connects the anplification device
64 with the armagws} s adehimec ﬁSwoaampmtds foompeasﬁibmgoﬁ’émrsc@t@ingt;mmects t he

I | eot. t L d if 64, d
hi 7" onfEbei T “HBshes ol s Mt y A S Rl BB e it
generati Odrhad,ew ld@x&ce]@@md iBatEgegﬂfa&o:ﬂdewse a:zcs odhﬁrmtqncecwgwean‘s 6én0ra1pq§aﬁhat us for
expressi anlgr %%thogl g?ngea S fw1 b tlhngn fy%fs%&‘? e(,%”? pﬁ%@ﬁrgg&%@&nk By E‘dﬁh Rhe The

apparatus nanpli eati on eV| ana ysi s device
68. The apgjriutiectideicomcteviaae gdwpk thmamhfﬁcatwr dewice bhriod pithitdicorneetingt he

I leotid t t
e s R S A Y

20 Figure 5 is a schematic view of an apparatus for expression profiling
accor 8 ng to dieire éisodicmerie view of Heapprviahior eiprestppiRpeg HEUSEY Yonsi sts of

an anpl i fLoali o eyl ﬁ:@enﬁénaﬂ{iaﬁp’hrar&nl@cﬁ%h@s seN beflifBtion eicapabysdns devi ce
68 perm ts data generation. A first connecting nmeans 66 connects the

anpl i i catabsis dexisets. @he ynplificetns Javien SPRcENIETEES TERSHpid% s a

‘schemati c M%We&fde%ﬂo?@%raﬂ‘tpﬂﬁcaﬁ@ﬁ reftiRh A Fira Rodie&ifviglrhdags eCwafiddisnig: t o one
25 enbodl?rent of the invention. The apparatus 10 consists of an

anpl i fi catmpificationdeeicotr wiftthapmalysi4pyeits devi ce 68 68 which are |ocated in
t he same housing 60. A first connecting neans 66
20 Figure 5 is a schematic view of an apparatus for expression profiling according to one

embodiment of the invention. The apparatus 10 consists of an amplification device 64 and an
analysis device 68, The analysis device 68 permits data generation. A first connecting means 66

connects the amplification device 64 with the analysis device 68.

Figure 6 is a schematic view of an apparatus for expression profiling according to one
25  embodiment of the invention. The apparatus 10 consists of an amplification device 64 and an
analysis device 68 68 which are located in the same housing 60. A first connecting means 66

within the housing 60 connects the amplification device 64 with the analysis device 68.

Figure 7 is a schematic view of an apparatus for expression profiling according to one
embodiment of the invention. The apparatus 10 consists of a polynucleotide extraction device

30 20, an amplification device 64, an analysis device 68 and a data generation device 120. A first

10



wi thin the housing 60 connects the anplification device 64 with the

anal ysis device 68. Figure 7 is a schematic view of an apparatus fo@ { 0EC 2086
expressi on rofiling according to one enbodi nent of the invention. The
appar at us 18YEYHIEYe of a pol ynucl eotide extracti on deGA/EB003805SBO, an

anpl i fi catomiectilevica® 664on:bys altahysfiicticelsvicesORitaid afl fatdevieessss acban devi ce
120. Afirst .10 20 C 2006 V\q 20?4/. 01376, PCT/ US2003/ 0195ii§ connecti ng
means 66 CORREEELPRSVSAMIRS e RPBiT equdn exactian divids 20 math shegpiplficatignyi ce 68,

a second deadertdcintd aghirE@Atecdl): HOANSCdsndcRehdahlyNsgdvrQisk dan exld@ct i on devi ce
20 with the a Iificg&'on device 64, and a third connecting neans 80

connects EWETHNLISYLEFI2Yevice 68 with the data generation device 120. 5
Figure 8 is a schematic view of an apparatus for expression profiling
accordbng to digire &ivlacdharent viet of freappirwenior OpressikepR PRGN REJISind @ cwensi st s of

an anplification, device 64 n analysis device 68 and a fraction collector
devi ce 168 R %ftg%g‘ﬁ?{gle{li ﬂl&faﬁ%aé%gy@é:o%sbﬁtm@(?%m?wgca“%ﬁ?ﬂc? %é’?i on device
64 wth thehaisdbys @ aeviiaaiotdollcantdarict 060, t A figosnesding gedie @0 Sonhddls donnect s
t he anal ysjis..device .68 w th the fraction callector device 16 10 Figure 9
is a schegr’r[{é@ff%at\[ﬂnéi\%v% 64a‘?’1&}é$55?a§'tmﬁge\fi%erégttﬁ{%ragg SRS T?aﬁi;%gccc%r}eatis ng to
one enbotli mmisisaievithEs witlvian fiagion cllketoadepae a6us 10 consi sts of an
anplification device 64, an analysis device 68 and a sequence identifier

200. first i : i Fi: i vi.ce 64 with
Che andl yor s darerigdthetRAesied Sy fRBRERLEl AreBiPrbhh GRRATERINES, e
anpl i fi catodinerateiclee igvenfipn. hThetippasasepidsersistsad an phpliffcatk@oicvitg64pgure 10 is a

.schemat i Can\éiﬁ‘é"daﬁcc% ARPRALE bR LY ?&Sﬁtjs%n&u?ﬁé héN96AGRRNHIRY to one
enbodi ment of the invention. The apparatus 10 consists of an anplification

devi ce 64amplification dpyieq &4 wigh/the analysis deviger68 canid o il spwreetng nepans B8 conmels a

sequence fg@Rpifch@in B0Re 6Tk 1S teqERPRELIMP200TEANS 66 connects the
anplification device 64 with the ‘anal ysis device 68, a fourth connecting

nmeans, 140 conﬁ?ectsot.he %g%l Si.S vice 68 with the fraction ¢ollector
devi c& 160, antts ¥ £ Fhsmateorise a0 ARPAALK 1 CERESSEE RIS 2RERE A 88S on
col | ect oremi@dineat oLk inirdntiod. MEhe SBRARAE chidRBtdf b Qfiplifk@hn dligisLad | is a

schemati c vj ew, of apparatus fqr  expression profilin cording to one
enbodi merft"*@f* F?Yécei%ﬁxﬁetﬁ%f‘%.eteﬁﬁégﬁ’bcﬁa tatﬁ%qui’@eé%ﬁg{'l‘gtzggo‘g%ésﬁc‘é’ﬁfﬁ?‘gi cation
devi ce 64naamd6®crbnn&lm&h%ah;ﬂif?sﬁdn@9vi&864 W'b?ﬁﬁ@aﬁai}ﬁs anade)yss| St tdngediffz al so
serves as_a seguence, identifier.200. . i.fst 25 connecting _ 66
connect o B THPR s 4te AGH YR GivisE SR st Ay A eeecali ol s ogn
20 connecting means 180 connects the fraction collector device 160 with the sequence identifier
200,

Figure 11 is a schematic view of an apparatus for expression profiling according to one
embodiment of the invention, The apparatus 10 consists of an amplification device 64 and an
analysis device 68, where the analysis device 68 also serves as a sequence identifier 200. A first

25  connecting means 66 connects the amplification device 64 with the analysis device 68.

Figure 12 is a schematic view of an apparatus for expression profiling according to one
embodiment of the invention. The apparatus 10 consists of an amplification device 64, an
analysis device 68, a sequence identifier 200, and a data generation device 120. A first
connecting means 66 connects the amplification device 64 with the analysis device 68, a fifth

30  connecting means 180 connects the amplification device 64 with the sequence identifier 200, and

a third connecting means 80 connects the sequence identifier 200 to the data generating device.
[}



Figure 12 is a schematic view of an apparatus for expression profiling
according to one enbodinent of the invention. The apparatus 10 conmﬁg ?[T
an anplification device 64, an analysis device 68, a sequence i dent 2006
200, and a dHR#'Y¥AEFation device 120. A first connecPCHYSHBANSIHE

connects the lification devic | : Wl gRaB8s a fifth
30 connect i ng%ﬁ%g i 8 5 EBANe %?%&aﬁgxagéﬁéﬁp%&ggﬁ?éjﬁyﬁéé%%g 64 with the
sequence hdedingfé @ime2BModianats ofthd inventlorconnect i ng nmeans 80 connects the
sequence identifier 200 to the data generating device. 11 20 DEC 1006 WO

2004/ 001376 Pl HIp0QM OARRITEA ElaBtsf sl Brkt HréferhGRABBY neney bethe frbscarn

expr essi on pr I Ng process using he appar at us accordi n(P:) ed)
enbodi nentrserdion totts: memn@mfthmrqS@lt trwénhébavélﬁ%@ﬁ%wl?té@ ag{of P@? set forth
pref er %eddﬁmﬁgﬂ nﬁl%tcﬁscﬁ)fsurg Bx%se?xfs?lﬁﬁﬂ&twe LRAYRIHbRef 1B ﬂ}@enﬁﬁmmmmi’@ oof the

present invention are also contenplated, as noted in the 5 discussion. This
di scl osur eppsesént snd ol lsttatian ngw&&eﬁﬁxﬁ#@cww He eB}b@%‘é’ﬁ’Ets FA&nt i on by

way of r 23 gy %@ée sgﬁe@M%&g{ whib i @kchi@Rhe byERE AUepriatipes ofthelirésemat i ons and

enbodlmsnscan ose skilled in the art which fall within
t he scopeimstatiohe principl es of the present invention. DETAILED DESCRI PTI ON
OF THE INVENTION 10 The following ternms and definitions are used herein:

"Sanmpl e" as used herein rghkeas AoDBSERIOTMIN O8I THRENSIENAIOWHI ch is isol ated
fromits natural environment and contains a polynucl eotide. A "sanple”

according to the ventlon urlfled or isol ated

pol ynd@l eot i deledp! "‘t‘“g(fﬁ‘gznsc?g&é‘?fc8@“%1“%?%?%8%& sanpl e such as a tissue
sanmpl e, a biological fluid sanple, or a cell sanple conprising a

pol ynucl eot i de! Savﬁpllai’ | Lrsqi isadin 5 to wibipldgie] matedal whish i§ igolpied from iy paieral o,

Fgﬁﬁgp hg:’ gli Ilrghxge CP conta g‘c?l fufcﬁr ?&E’ OSRL AR ddobiathe b &Y BE8Stion nAfdonsist

he present invention y be, any pl ant,
ani mal , bamnrﬂleal al 1sq}atted/porl)alluclnmd6rqr i|may sperisg 2Pl 28 IR Eb IS Cor  any

material der] B S HADRELAE B IfoP&h%&inl%@mpﬁlsmgﬁ pUSAEIOATE] AbkRERES (O a

preparatlgn éérlv roma for the “purpose of isol th

synt hdsi ziflnig isciysios, iontuehfédmil@éfo bloed, plagnapRputyres Ugne, CE@WB?H“@%N& gYag%sDNA) 20
or a RNA (€ @y, 1}20%5?4 saﬁﬁfs OK sAHINAf-the ﬁésbﬂu@kntlﬁsn@amnhpra@u, mimgfers to a
sanpl e volumskig the entire prepared sanp reaction m xture.
An al i quobadtesial @srathaterial pentainned Pq}ﬂﬂﬁﬂﬁ‘é‘d&forta%m%‘ﬁ%ldémc?ﬁ t eé"gé’f"i on mxture,
and is preferably 1 1 to 51 in volune. In one enbodi nent of the invention,
for each ali qQUelepared sample” as used herein refers to a preparation derived from a sample for the

purpose of isolating or synthesizing a polynucieotide, i.e., a DNA (e.g., genomic DNA or cDNA)
20 oraRNA (e.g., total RNA or mRNA).

“Aliquot™ as used herein refers to a sample volume taken from the entire prepared sample
or a reaction mixture. An aliquot is less than the total volume of the sample or reaction mixture,
and is preferably 1 pl to 5 plin volume. In one embodiment of the invention, for each aliquot
removed, an equal volume of reaction buffer containing reagents necessary for the reaction (e.g.,

25 buffers, salts, nucleotides, and polymerase enzymes) is introduced.

“Connecting means” as used herein refers to a means which connects two devices and

permit a fluid and/or a signal to transfer from one device to another device.

“Robotic arm”, as used herein, means a device, preferably controlled by a
microprocessor, that physically transfers samples, tubes, or plates containing samples from one

12



removed, an equal volunme of reaction buffer containing reagents necessary
for the reaction (e.g., 25 buffers, salts, nucleotides, and pol ynerase
enzymes) is introduced. "Connecting means" as used herein refers to Almeand
whi ch conne®%4{813devi ces and pernit a fluid and/ or BCEVSARIIBY transf er
from one eyhes hanal ALl AR biifbe 2 R Bl Boardifh wisBChchREial Bndteans a
device, pre erabaiy control [ by a mcroprocessor, that physicall

t r ansf.er sinsatipl. o467 exaniplesf aosbopit anmesselsaseaiing mgheiangtion ISftP%##ltaﬁ’&h’ Iy

200EC200 4/ 0 76 : ] gks Each
Iocationa%%ﬁg%éggnﬁhg |%e§§ﬁ%gu a?gég%%?%gﬁtggg%?gpa%%%%?g?ﬁg to the

i nvent i onmanifacexawpihe amt. a robotic arm useful according to the invention is
the M tsubishi RV- E2 Robotic Arm Software for the control of robotic arns

is generally aﬁgzjcti&pétﬁm%&@%Eé@@her@fﬁ?ﬁ%ﬁr@?@ta‘ﬂtﬁ‘tﬁ cHafabbir 186ding BealtR@act i on

chanmber" as used herein refers to a fluid chanber for Iocati%%P%eactants
n reaction

under goi nepdeEoiak eLALORIGO UREEROFUCREIPREE BB ATPIEICHION IRFUGRAT 40X K

or an ext @&Eéppﬂ < REQGERShber s BAGHpARIGhATRaNbI MRS, ieQapasiedhal any
suitable material, 1.e., a material that exhlb,ts,nlglnal nﬁn-speC|f|c
adsor pt i vixbipitpminisaliroaspesificradsERIIE Pt s HEHFHE EX R hmEYRR PR EPdsor pt i vi ty,

for exanplg, Ehﬂ%‘, HEEDhpId WenBRk, dut RSt ligkted ©, gl A8atIc,PyRS] deamiap on, cer ami c,
or 10 co |nr5t|' ns thereof. A "reactjon chanmber” ma?; be conne .tnegne%n(g at

| east 1bnecosbinitiensithrgeateAn seaconohimben Shat b cREPHET Brat s OR° SHECDIE "6+t he
reaction ghamheti,Thaetelind SXIIF@BFEa0tlon cAsmbged herein refers to the
production of a protein or nucleotide sequence in a cell or in a cell-free

isystem and includes, transcriptiqn int NA = id
‘transcriptioné%eﬂﬁﬁiFﬁ%ﬁ?pBH“ %ﬁ%@ﬂpﬁ%ﬁ@?g?ﬁgﬁﬁﬁﬁﬁgkspggﬁi%?ﬁcﬁ?béuct or
pol ypept i ggudntoimaaeDditin albll-gpe dicmgartdiatudes wahsatptiommntoeRNAZEoqNesBISH| e

post -transl ati onal ifications. "Expressior I L De, BgLei n

refers tovwﬁgwﬂ@%%egﬁg%M5Paa@Pﬁgwgﬂﬁ@ngﬁPFﬁ%“Bég%#ééggﬁﬁ&%?g?ﬁﬂ% bet ween a
pl ur alh t yermbdis@med pesduct, B #ElE4seneivlé post-tuasletprbselifivatiprsof i | e” as used herein
refers to the quantitative (i.e., abundance) and qualitative difference in

expression of .g, %s@?dn.pg}gi% " ‘jis%sgc] neflid fBLE0GR deRcddhr dRreonBésas tcon profile”
if a gene expréssion i's detectable 1 n one sanple, but not in another

sanpl e, bprdesiowprofietbhiodsn § plurajp! of pamtiesot i de detection (e.g.,
el ectrophoresis). Alternatively, a "difference in the expression profile"

exi sts If the qugntickal i expliskibepenre adiscdhgan efex priesgisotitatid (i@, , increase
or decrease) between two sanples is about 2096 out. SQ%%.abougtg0@6 about
abundance) and qualitative difference in expression of a gene. [here1s a “dilierence t

20  expression profile” if a gene expression is detectable in one sample, but not in another sample,
by known methods for polynucleotide detection (¢.g., electrophoresis). Alternatively, a
“difference in the expression profile” exists if the quantitative difference of a gene expression
(i.e., increase or decrease) between two samples is about 20%, about 30%, about 50%, about
70%, about 90% to about 100% (about two-fold) or more, up to and including about 1.2 fold, 2.5

25 fold, 5-fold, 10-fold, 20-fold, 50-fold or more. A gene witha difference in the expression profile

between two samples is a gene which is differentially expressed in the two samples.

As used herein, “plurality” refers to two or more. Plurality, according to the invention,
can be 3 or more, 100 or more, or 1000 or more, for example, up to the number of cDNAs

corresponding to all mMRNAs in a sample.

13



70% about 90%to about 100% (about two-fold) or nore, up to and including
about 1.2 fold, 2.5 25 fold, 5-fold, 10-fold, 20-fold, 50-fold or rrg@ﬁ AT(leB
gene with a difference in the expressi on proflle bet ween two sanpl Hs
gene whi ch |’€0%9P‘V‘¥’é’t7%nt| ally expressed in the two sanpP@&US2s/OWssd herei n,

"plurality” ‘E{pﬁ%ﬁ;réd"%” 25 w8 li]grmﬂ} 6%3%? ?ol ﬂo?%mcl@()Q@%r \gﬁ:agart: chatxéa%f hnvention,

can be 3 or nnre nor €, t he
nunber of peDMAS a paticulepplyncliiengde sqednbe snRivAKS ¢0|mpét:nseawm @quem%, th@h DEC 2006

VO 20041 001376, PTLUSEA0S] Q19515 MBI LA AAGEI oS her el refers

to pol ynucelmﬁﬁol de's articul ar
pol ynucl ecmm[:dtmeetaqueqwecwmdul‘iampmﬁﬁ pc@nptl”en@um@gtp t@qmm‘oevenm @hy be

corresponﬂwﬁprmn%l%tll tglgye%ee(g)ﬁglg F%dgd‘&rg% fe%ﬂprldﬁﬁe pol ynucl eoti de sequence

and its ary Firfie product,” according to the
present invention, may be 5 DNA or RNA and it may be doubl e-stranded or
si ngl e- st r andé8ynthesiyhanddamplificatien” savagl hersia areivusainigehangatbnereFio ar e used

interc hangsa#a{q yorrg&icraﬁags &9 oRa phBASE hORnfcRb i AERGIALd d?%c‘?ea@xﬁ@bﬁ @by a

particul ar polyntcleot de Sequénce or increasing in cop unber” or anmount

of a partiHensr apv@ulvﬁﬁ@pae*bwlra@obf@w@meéeqqeﬂcenﬁyn%beaa@w%lﬁh%‘h‘éﬂmw t hout
i i tati ofy;ch, t @Qe Ipv,ygoy?e%ora?gm%e%e aﬁin%a%&&%&)c@hq1gaserc%ﬁtréa@[fbn( PCR),

| i gase chaln reaction nucl eoti de- speci f based anpllflcatlon
(N. SBY), Gﬁlﬁ,myimu%ﬁldww@d bkaqé)@mplrfwatwﬁéNS%N or Wroﬂéﬂk %f%‘P%kmaV“ in the

pol ynucl egf i ﬂ?eﬁgﬁ@ie, Ng{ ke&lmmgﬁ@u&r%m d@@%@@qﬁ%@&@@ma@ana pai r

of ol igonucl eot produci ng ‘any particular pol ynucl eotide
sequence, °f OlléOﬂqu’F(Hé‘e P%Wﬂgféthf Pmﬂ“gf‘ﬁ%u EyPeRiCHar RobFUERRtle 6?un’éPFd€t’ the target

pol ynucl egfi:fi@eotldP s@@c:ﬁggﬁ‘t@;geym%bc!éoildgﬁ@@& @x‘iouhh@lﬁlcﬂ Rateatek Mbd ihad |y present.
15 The term "fraction collection", as used herein, refers to a device

i nt ended MBrlcyEicdcting 1iquid sarrpl es originating froma slow fl ow ng
source, such as a chromat ography colum or an el ectrophoresis device,
wher e14 he conpes tefrh Offactibn Ed1Rctidnt Wk dsed Aekeigsrefiyean atdbvie: inGededfal doljgetifig act i on

col | ector {11 jnclud upp surface capabl e n ality of
separ at e @%‘I\{\‘q BLEP ‘eﬁ?f‘g"i‘ag‘ﬂ Oﬁﬁcf%é{’ féﬁwéib%sﬁ’g'icﬁéu% £ C(I%Aémléigol%agig’f &3&1‘1{;&5? |Bvel y

di r ect i ngelédn@poraigidelisaivpére tlte&ompﬁhltiondﬂmb h@nﬁd ealek eedritior. Gehedly, frtibhi s way,
di screte |i

C ate tubes
for |at ercoélgcé?r§,gflglngpée&sgppqrhsu%gce CF[FE )Pf gq&g% 2 Bﬁzﬁahty Sfltsgl%r%tér]%@tgggﬁ
col | ect i ofaberayd belsn@esf:ﬁg)lﬂda&dapably of mBem\&i}rrgremhg thaenlmuo:f sapipleapindivadugl and t he
el ect g odes ection. tube c i n| ' GUrrent
o pert toedfioh Pecrbbr e PatdeTafl LR di wiMedr Ao BRRY H a8
tubes for later analysis or use. In capillary electrophoresw ﬁactlon collection may be performed
by immersing the end of a capillary and the electrodes to the collection tube containing liquid

and applying current to permit a polynucleotide to be eluted into the collection tube.

The term “sequence identifier”, as used herein, refers to a device which can identify the

25 nucleotide identity of a polynucleotide, i.e., DNA sequencing.

“L abel” or “detectable label” as used herein refers to any atom or molecule which can be
used to provide a detectable (preferably quantifiable) signal, and which can be operatively linked
to a polynucleotide. Labels may provide signals detectable by fluorescence, radicactivity,
colorimetry, gravimetry, X-ray diffraction or absorption, magnetism, enzymatic activity, mass

30 spectrometry, binding affinity, hybridization radiofrequency, nanocrystals and the like. A primer

of the present invention may be labeled so that the amplification reaction product may be
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The term "sequence identifier”, as used herein, refers to a devi ce whi ch
can identify the 25 nucI eotide identity of a polynucleotide, i.
sequenci ng. "lLabel" or "detectable |abel"” as used herein refers to ; &@P\E\

or mol ecul e WHPHOL3R be used to provide a detect abl ePHFRABOESIS
quanti fi all.eleg W%Etectﬂlgmth%bt@&ab@@l@belpe‘ @Qﬁtﬁ@e'o\‘ﬁdla)ﬁtdah@é‘{%tecdcﬂ réfers to

pol ynucl eoti de. Label s rovi de signals detectable by flyorescence,
radi oact i Visyayor aufogiagsd |a?ﬁéft5ﬁ1§?ﬂts Q?Sa‘il/‘i‘ﬁ?ﬁﬁW"ag%“%daﬁtrﬂi‘gﬂﬂ)roéét“inBﬂ o5$E%sor pt i on,

magnet i srr%englggewgggﬂeqab@ptl vity, mass 30 spectronetry, binding affinity,
hybri di zati on radi ofrequency, nanocrystal s and the like. A prinmer of the

present inventjo el ed,so that, the arrpl don re i on product
oy bo 145 0 BRECI00s PAESSeDFbOTIG PER G 00 DIIRIHE PRI B Lo" by

" det ect i ngarurbieocd@tiggicatinee ha%lbeén refh @&ah“rbafnalfslnmalameilqua(btg tcatomoeomawet ection
refers to visual or ayto asses rrents b S( ]%)g tl {msgediﬂﬁ

(St rengt H BP0 SBHHSPOrarR 2o GERRFRPBITEY e P apar) A PER)

‘puri fi edan aslddsedr hﬁﬁmcﬁ smeﬁ@fn@rymeea deh-fide BObtioAWE bkaod:dl ide dn"mms t hat a 5
nat ur al | y egccur rin ence begn r enpv cel lul ar

from
Cor g s dRBeTP S e o agh ants neymp at FEa1 o WRBMAc ur a
envi ronrremde()gdegmseﬁmutfuat:it &l dsgentsyin tbe@bae 8)- 95%J'upsto 99aﬁo%lp81(a} aftned" or

coll ubby eve bR B el b ety R i uonce.

i s the on|syatetighaebinde present, but that it is essentially free (about
90-95% up to 99-100% pure) of non 10 nucl eotide or polynucl eotide materi al

natural |y ass qu’ e%’s x‘z’gectl Hcralk ref@8 th c;onl mexﬁarg lop Edgﬂ%m@/ﬁm&tzﬁé %Hucbc?f?l)rﬁ%ed

chr onosones. A used nerern r ntary or copy
pol ynucl eBNnde‘ngﬂatedwﬁedctfqn@rﬁRalA mmdt@rﬁﬂf’ap(éyrbvaieheg areviehiragseiRig)dépendent

DNA pol ynerase . (e gefers (EY&LLRS ﬁﬁﬁ%%ﬂcp&%%?mﬁgi%‘g to GPNN ARGl Jf"fﬁt@rﬁs} 5t 0 a

&lph
dupl ex DA sequence ;1 emen tary t'o an cule of Interest
carri efl |carraedohaniomggvemror "Genom ¢ DNA" as used herein refers to
chr onosonal DNA as opposed to conplenentary DNA copied froma RNA

transcript. " GeRpgdhic DRYA as uftRl HeRBdeBR iEiHomd¥BYallINA adsloppdsed fae DNA pr esent
in asingle cell, or may be a portion of tgﬁﬂ Si nghe cel | bThe

pr esent |?ﬁﬁé¥1ﬁfﬁie@W13f}éNét°§815@ gomr RAlf BHatel %P‘ét‘i]g“f’(ﬁusﬁ EeBPSSsi on
profilinggy of2 DRR pRREANIAL HSelt SlICaRAR L 2 @briiph OthelDNG: ihiaghngtelelbughput
expression analysis on a plurality of sanples, as well as a single sanple.

A single aut Or%te%xdesgl Mven 10% ?éfz?tes' 9 %Ill A eﬁatéd@pﬁarﬁh%t Scn@é%r@ﬁ}on profiling.
20  The apparatus is capable of providing high throughput expression analysis on a plurality of
samples, as well as a single sample. A single automated device thus includes ina single system
the functions that are traditionally performed by a technician employing pipettors, incubators,
polynucleotide amplification device, analysis device (e.g., gel electrophoresis system), and data
acquisition systems. The apparatus of the present invention permits the detection, analysis,

25  quantification, and/or visualization of the amplified products.

The practice of the present invention employs, unless otherwise indicated, conventional
techniques of molecular biology, microbiology and recombinant DNA techniques, which are
known to those skilled in the art and explained in the literature. See, e.g., Sambrook, Fritsch &
Maniatis, 1989, Molecular Cloning: A Laboratory Manual, Second Edition; Qligonucieotide

30 Syathesis (M.J. Gait, ed., 1984); Polynucleotide Hybridization (B.D. Hames & S.J. Higgins,

eds., 1984); A Practical Guide to Molecular Cloning (B. Perbal, 1984); and a series, Methods in
15




the functions that are traditionally perforned by a technician enpl oying

pi pettors, incubators, polynucleotide anplification device, analysi [J (]EL‘ 2006
devi ce (e. 9wo gb@l/ UEJ’!FCt rophoresis systemj, and data acq%u sition sy X
The apparatus 0 YhE% present invention permts the det BeVPOA LSS vsi s 25

quanti fi c&@hiy@iblop@NAléadEmiv lPde@'hhoZ)@Sthﬂ?r&f)coﬂsf[ﬁ Muoaliaf Bthapr@diubtis: a!Tla@
practice éﬁssh present |nvent| on enpl oy nivess ot herl}/gose i ndi | cat

conventi o hedprarficr Rl ed’fresﬁ‘iflué"’(‘?ﬁtll%rmaﬁl fff’b‘a? © FCRNBISF B LY PRAY " & ecorrbl nant
DNA t echnidgussd nvaC}th@:E Ros. kReswmod 8,669195e5,340,31l &59%7121‘@5@@6,8&1&5;@&@ ai ned

:\/tr)ll Ea(r:lﬁl lalrt %hﬁmg%%lLa(b%ngérig%ﬁa{%?’ééégﬁggéi‘f lswgﬁog%ﬁa%%ﬁ eot| de 30

Synt hesi s 4(ob4 J29. Gai Jﬁaten@%atenﬂ%ﬂ&atlorﬁoirMW&io@ﬁﬁﬂs dentdeha hetbiagiottonpeBad.  Hanes
& S.J. nglns A Practical Guide to Mol ecular doning (B.

Per bal , f&)ama%ﬂ?yan@@f’raé%i ByNefelieds in 15 200EC2006 WO 2004/ 001376
PCT/ U82003/ 019518 Enzynol ogy (Academ c Press, Inc.); Short Protocols In
Mol ecul ar Bi ol Agypparatiis o pele epresdton prafiting of thOSegent ifveatipr adluscaedf t he

present inve ma . sQ, i nvol ve ech lgues a t S

di scl osedg?”ﬁraﬁ %t%lf%%lléﬁtl' ﬁg%app%ra@é nt g Eﬂ(‘?a%ogegé% dig%ﬁga@ 599, 672;
5, 580, 7263n@s@415v1&9& conrzc89 4 tHy ﬁnplﬁicgﬁ)ﬁ dEﬁlde, 6463y211fﬁ$t¢3ﬂnect@}g0ﬁbib!1@®0 A

5, 963 246 0 atents,
ot om0 apBPTREEPSRE sy HRRL T RRB MR s g i aliRRnhith ek o8 OO
infra, ar anhhqtabgfthmmm}ﬁed mlygd:cbyndeeaﬁeinem:téen tzfansfapphnoahwaWW dt’g@n 68
expressi o rafilin rese i general ly at
10 in FI GB'Y % et t%ong&ua% ar %}g 6[%%%%;!%1)&3? és{é%/(r)]c% 6gﬁetjf0§m t{‘ellagggétl?otgﬁg%ew ce 64 and
an anal yqumtiﬂaﬂmﬁ‘tﬁ@am&iﬂ@mé@tto the anplification device 64 by a first
connecting means 66. A 10 pol ynucl eotide extracted froma sanple of

interest is anfﬂloh% drifbalofin, BR aﬂfi@?&t’hsf ﬂeﬁﬁlrtd RN niend &ﬁuﬁé&ctloﬁ\ﬂ)@) |aﬁ§dﬁ)ﬂica@$n t he

anplified Polynuc eotide product 1s then transferred to the g# si s device

68 byt hel the paynugleptitiecant Hyp amplified zaeducmﬁénaé)ﬁafi Dslectigainress: @80?5 orns the
det ecti on ang., a&@eéﬂotésg%éxmoﬁato%@xy@amé hhp18dd plogeldet . 1 n one enbodi ment,

t he apparatus permts pol yrrerase chain reaction (PCR) arrpllfl cation 15 of

the pol ynucl eoti de, e lifi roduct

el ect r ophor esi®s s ?’?’%f‘&ggb{ )Fhe PR ﬁ%é?’{}mé?‘%‘bﬁrf’@ﬁw&?g? p§es?’§ ”é’ﬁpt Byed to

anal yze t hﬁth@zﬁéh?lfslt%r?faﬁh@dﬁbﬁDNA&erﬁﬂ]ﬂMoi the Eh%ﬁcﬁ;ontrbz&:tlarpﬁﬂmapmattfsor
expression profili of the pr t inventio ur

pr epar at i 6?1‘“6@?5@08'8%&!039%?&?3?0”% fEmpf F5R 2‘&{1 TR d?‘é%ecéjfa(‘)] ?11&“ ﬁlﬁeﬁ appar at us
10 i nghudasi@ geohyistcheeitingendand fanineon tidewiptifica@tn deviceawptilfthcapiysn devi ce

4 . . ) )
64 and an d&?c%%% Sa{af a second connecting means 40 connects the polynucleotide extraction device 20

and the amplification device 64. A biological sample is introduced into the polynucleotide

extraction device 20 and polynucleotides are extracted from the biological material. The

extracted polynucleotides are then transferred to the amplification device 64 through the second
25  connecting means 40 so that the polynucleotides are amplified in the amplification device 64.

An aliquot of the amplified polynucleotide products are then transferred to the analysis device 68

by the first connecting means 66. The analysis device 68 performs the detection and

quantification of the amplified products.

In a preferred embodiment, the polynucieotide extraction device extracts RNAs from a
30 biological material. In a more preferred embodiment, mRNAs are extracted from a biclogical

material in the polynucleotide extraction device 20.
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20 device 68. A first connecting neans 66 connects the anplification device
64 with the analysis device 68 and a second connecting means 40 cogﬁggm 6
the pol ynuclv%);o 426‘;6 xtractl on device 20 and the anplification devi 9&
bi ol ogi cal sarrp 4% ntroduced into the pol ynucl eot i dBCT/BSPBAESI%N devi ce
20 and pol ynucr}ﬁahslpbwealbesfeeﬂﬂtn@@pﬁﬁtuimmetdagabtudilgagar&mb tierkesreial . The
extracted nucl gﬁ'lfl‘ges are ar’t’%] Eﬁ% 3 to the I|f gtl on device
64 ¢ hr ougFHTNOLBEB I 55 % drmeely Mgt i e AL CHEFALE cot | des
arle arrp: i ﬁmﬁlgicbﬂ’bntdgﬁc@mnﬁfah ﬁlﬁauysmrdeﬂ&/ﬂfsmen&gmd kﬂhﬁimﬂmht;@fdetxgeﬂawm i6 1;3 i eg
po ynucetl e products are then tr erred to t SIS e y
Phe T 1 st NEbRBEARGEHE S ey R s bt FERe R TP G

detect} onmaraﬁh lifi485t delvice 84.1 @MalQfuot dTehcamplifidd }ﬁ@n@dl@iﬂidélpx%dudt 0 taenpr ef erred

enbodi nment ynucl e tide_extraction device extracts ma 30
bi ol ogi caFawéw@ﬁi Poabdamae Sorine s B i it chesmb a0, TGRSR net ed
froma bi girRgheab detmb@ﬁﬂdaiuammcﬁzm ob Ok yRpeiaotddde, axtgenahteote dewisden 20. 16
2 0 DEC 200% 2004/ 001376 PCT/ US2003/ 019518 The anal ysis devi ce 68 of

t he apparﬁrt0 ‘be capabl e of generating the desired expression
profiling data as generally illustrated in FIG 5. The apparatus 10

consi sts of anlteanpbdly,ittcabpoaudoyéxpesbeh @otiingnf to atepsit nvdsionoey8thsonnect ed
ol ynib epeldbt Sht PR oMU RRyR sl pblsph CRLTE IO BRAT) Bystloran |
anpl i fi casmpificatéoni deeictsl, anramabykis qu@cte 68fand m@tsagqubmlﬁwrecttvqagll%u’@ﬁesbtl de product
is then a r fd ng
nmeans 66. &{FHQC§[L§FF'I8&2|GE % égc?%ﬁg%g ﬁﬁmgedulgee?tﬁglﬂgﬁeé% %%t |Sonc{eg%%@§%g%? }I;l#dl cation
of the arrqzdnnéqttegirnpatrmdﬂlcdmnecamieg@h@tsait:‘e@ G8e the dpip geragion dpjm@f?-iol i ng data.

Al ternatively, the apparatus for expression profiling of the present

i nvention may pts%w@fn FIG G, kRGhipHBcRoS GRRE 8 @e %@@mq&%%gm giginge as
illustrated in 3. The apparatus 10 consi sts of anplification

devi c&5 64per@iis %@ﬁawsailgn efclies bygevarsa transeriptign g@‘%?eﬁpa%fﬁ‘aﬁl%lwlﬁlé‘é oiF. A first

connecti ngnﬂﬁﬁmonﬁl@w@@wh%a b atall@isABRE d8l Qb QDN kON LiRebd Wb dredidBe anal ysi s
device 68 and a th connecting neans 80 connects fhe anal si s device 68

to the da%laplg'@ﬁé%“dlﬁlé?ﬁ“d@ﬁ tbpamly 515,4%“%"??@%"?%?‘%%“4@ B (RS Fi cat i on

devi ce of mhms)aeﬁ@ﬁa'h@&dé&d ifnafth@ae@m%&loarde@&dm ahil BIONAL BreR@AtAdsizad rrbm ti@ener ation
of CcDNAs BK‘ reverse transcription. The apparatus 10 c
a

onsi Stlii ‘ﬁ
anpl i fi caRNAA witbipitheanghifigatign 5?1“%% )73‘? syniessged 6DYE s a1k thenyagplidg Wé'&etl ng means

EXGt CO@{]G&&@M&M@@W c{eﬂ t%tdngﬁbtdeme aRpIfitkd Whlyhucl OB ARBlNEE afe eV irGefe Rl
racte ot al
to the anaiysm gewce 68 by the first connecting means 66. The analysis device 68 performs the

detection and quantification of the amplified products.

Polynucleotide Extraction Devige 20

As shown in FIG. 2 and FIG. 7, the polynucleotide extraction device 20 according to the
25  present invention is capable of permitting the direct extraction of polynucleotides (i.e., DNA or

RNA) from a biological sample (e.g., a cell sample or a tissue sample).

Preferably, the polynucleotide extraction device 20 is designed to provide the extracted
polynucleotide to be used as templates for a reverse transcription reaction and/or a PCR
amplification reaction in the amplification device 64. In one embodiment, the polynucleotide

30  extraction device 20 provides the prepared polynucleotide in quality and volumes that

correspond to the requirements of existing or future systems for the amplification of
17
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the anal ygi Vi 1.he first ' Th& @b %si s
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in the anplificatio vice 64. |In one,enbodi , i de 30
extractio tra%t?ﬂclff’iy”?gle%ﬁg\ﬁl‘g@ss’ PReApP gp%?né QD&%)@%% élgq[%{.‘zgeﬂl%ﬂ {}Hgflﬁlgp?t y and
vol unmes t figh abdu@50088IR6 Bbut SO0t Nandre grefarieinis akit B ts hbawy 280 pif mbrgr e syst ens
for the anplification of 17 20 DEC 2006 WO 2004/001376 PCT/ US2003/019518
pol ynucl epefeardly. yeldsmaioat hid 9 abpai {041 e anplification systems include, but
are not limted to, GeneAnp PCR System 9700 by Applied Bi osystens (Forster

Cty, 168 ; i OJgbeSenteki¥r], teypslyaicleotiye datgich esiiceChpelnppemdsdlitioMat er cycl er

G adi ent by_Eppendorf;. Smart, Cycler. TD te Cephei , CA);
Li ght Oycl ’é‘ﬁNW? PHE h’@IOG"’ICﬁd?aé‘ﬁﬁbo[P piother Rﬁ“ggdi\’wg t%?lyﬁ\#gﬁfdg r?gét?éeég&g%g!(cﬁ syst em
(Roche, | pheaniagat isslatidnNf mratrlfred epbeditnof tgeogeahtraerigs.of such instruments.
The extraction device can be designed to provide any suitabl e output

vol ume of flui h | : | fene SUER as, for
exanpl e, frong]BE)eﬁ Oi%ggwe?%en&%%exgé’%gg?%ﬁ%?g?géggﬁh{%é%mcabout 500 M to
about 500edamplrpaselegpribfden Basig nénkecutnr Biplogy (AFeubavise ab, Blppyics

pref epabl yroy % é% blecdi @9@} 1990 A Rube1 1021, RotangelgRagharent , the
pol ymngI efgﬁ’géd Hw J&%%B]S It/[l % pe rﬁ t's’t hél ?sol ation of@ﬁanRNA froma
bi ol ogi calncyat eri al. I n anot her enbodi nent, the pol ynucl eotide extraction
device 20 permits the isolation of nRNA froma plurality of biological

materials. The @ﬁﬁ?’lﬁb&gﬂucﬁagdé K881 SprlaRius@Xlsing Glel BGveptbibad| eot i des are
known in the art, for éxanple, as described in Baﬁlkfg Vet hﬁ%s i.n I\fpl ecul ar

Bi ol ogy, papBeicotgpiisacien igghnology eaphedped in apIugeHon WRHRRIFFBREYE8Y 00l s i n
Mol ecul ar ¢ BiplOBYarkddAfont AbSiodioh Nt 128b72/1590 exc Nk @ yolgmBdsside extraction

20 apparatus designed to prevent viral infection and improve the efficiency of extraction which

comprises a multiarticulated industrial robot and peripheral units necessary for DNA extraction
and purification. Japanese Patent Publication No. 131076/1992 discloses an extraction apparatus
designed to improve the efficiency of extraction of polynucleotides from a small amount of
blood or other biological material through a compact arrangement of means for transfer of the

25  polynucleotide extraction vessel to a centrifuge. Japanese Patent Publication No, 47278/1997
discloses an extraction apparatus employing a filter system equipped with a vacuum pump in iieu
of a centrifuge. In order that a fully automatic extraction device may be implemented, a

centrifuge or a vacuum pump and the associated hardware may be built into the device.

In one embodiment, the polynucleotide extraction device 20 is a polynucleotide
30  extraction apparatus. The polynucleotide extraction apparatus of the present invention may

comprise (1) 2 group of extraction vessels each comprising a reactor tube in which a biological
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entir et y. stdfhg, or @nerhtlrr%rpr@mnmeﬂ aipatd a méaes @obquhug:daemtq igmit ebenngdeoiithn devi ce 20
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r enov4 I ecaé%itg ef %r@ i Whers (ﬂﬁ%e lcr:’glslczegt ?M: 9"@‘3?%%% Llogaged lgggel&ger{%b eo(bglg}? Tlﬁ.e
t r ansf er / sibgnggdves tir thpcassehie achoset mreqalmpbemstelalf@dnmngﬂleﬁm orputeffdpidbl y it

Is seal edchail;xrl]agrs in t%g: garsgc?td R e%tcé ﬁsoa;largﬁragﬁﬁnc%dgpél %Qén%t, iarﬂwBHrEr shﬁ;ﬂ?,saflfs‘ér bar,

and is
interface, and a bar-code reading means. Preferably, the device also comprises a sensor means in

the slot or well, which signals that the slot or well is occupied when a cassette or sample
25  container has been respectively inserted therein. Such a device is described in U.S. Patent No.

6,281,008 hereby incorporated by reference in its entirety.

In another embodiment, the polynucleotide extraction device 20 further comprises a
memory means. In another embodiment, the polynucleotide extraction device 20 further
comprises a separating means for separating the strip from the remainder of the cassette. The

30  scparating means is preferably a knife having a heating means in communication thereto, the use
of which seals both the strip and the remainder of the cassette. The preferred device has more

than one well; more preferred, the device has about 24 wells or 48 wells or 96 wells or 386 wells.
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encased in a caddy. The device may further conprise a hollow body having a.
top side, an 15 exterior, an interior, at |east one slot for the placenent
of the cassette, and at |east one well for the pl acenent of a sanpl e 2 0 DEL 2006
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wells or s or 386 wells. 19 20 DEC 2006 WO 2004/.001376
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Biological samples can also be clinical samples or specimens. For example, evidence of

a disease or condition caused by an exogenous source can be examined by testing the

25  polynucleotide taken from a sample of a certain clinical specimen, such as urine, fecal matter,
spinal fluid, sputum, blood or blood component, or any other suitable specimen, for the presence
of a particular pathogen, for example, as evidenced by the identification in the preparation of
characteristic polynucleotide sequences contained within such a pathogen. The existence or
propensity for certain inbom genetic diseases or conditions in an individual can also be tested.

30 Such genetic diseases include, but are not limited to, Huntington's disease, Tay Sach's disease,
and others, by testing for polynucleotide sequences characteristic of such genetic diseases or

propensities in the polynucleotide isolated from suitable clinical samples, such as any cellular
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The pol ynucl eoti de extraction device 20 is designed for the preparation of

pol ynucl eotide from any biol ogi cal sanple. A biological sanple usesz*l i]’[»‘ctzb‘[ﬁ
context of the gresent invention is any nmaterial that contains 0t

pol ynucl eot 2004008376 RNA or DNA. Such a sanpl e can beP@HULBHBOIEIS or gani sm
such as amattergdcite, tesoad igdividunhy evith eife cavegauhats:erk haging keagtsngded ot deecablgliogsi s of

ne a1 s A BKEAR o dha el IRGR CAC o WIS RS BHARRRIR o>

pol ynucl eebndmag urposifiicion fgamhheesobt ai ned i ncl udes, but is not limted
to, skin, bone, liver, brain, leaf, root, and the like; i.e., any tissue of
a living or deﬁ%ﬁﬂucl AR S, I@q?alaéélag t&gegh&l&ﬂaéém&doﬁldww

uncont am nated w't er tissués o hé "sou I'sm or can be so
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al so be clinical sanples or specinen For exanpl e a di sease
or condit heﬁmwe@)dgmeaﬁ@aaﬁhe exlgenwoidd bofonedil Gartested ugwaﬁtiahwebgmfe@w ng the

25 po'l@“”ﬁt%&ﬁ@%ﬁﬁ?&%g@&%@ﬂ p%g[égﬂaﬁgéaa isthef eiqgkgaeac Al alldu%psge 4en, such

-as urine, fecal tter spl na sput u or bl ood’conponent, or
any ot her tesifbr bl expegseen biessckingowidenre Oﬁﬁretsiermf:ene, prlyaiciseideiseavieage opat hogen,

for examlaueRs fh ARACEH B id ke HEALIALER! bty iR uhdipyRgeparation of

characteristic pol ynucl eofi de sequences contal ned hin"such a pat hogen.
The exi st Babgy/prtholpgydpéippigstiat fhepxm@ﬁtpaﬁmuidmwldg@h@ foundypsapgrpgatp o

condi ti Onﬁie'c&uﬁt'{bn'oﬂﬁiséé's%g tEs@é’c! @'e dﬁ@oﬁ@&tg@x%wl?t@e é&ﬁ?@sx&?@%&hg di seases
include, but, are not limted t ntington''s di sease s di sease,

and ofiher gonifjed; @gﬁ%wﬁw&w % ta‘rcfugsﬁr refened éfaa@%fége@ﬁa?aaé pelyadendatgf such

genetic dbﬁ%ﬂ%@%&%yh@ﬂ RBRNHEdidsQFing Melhb® ROk ek g@tm@umgga&ed from
suitable clinic sanpl es, _such as any cellular 20 20 DEC 2006 WO

2004/ 001356/ toeq! m%%w%fé%é SRcfos 631 Wrselﬁﬁt@d o uytBgIcantrett F RIS i t h t he

caveat thakesiohhswélpvi ng rearranged or detectably less DNA with respect to
that of germline stemcells, such as red bl ood and anti body formng cells,

al one may not uf.ficie h _a.test cleotide extracted,
i.e., isolate lglﬁgmflﬁampl“%a?]é%resx%tylaggnfm ragéd &a e\}|°éal{e & eglé of s any

sui t abb e poh yampddseat becmqred/\atwrgeultahb csmdmcaals; suett z;s 0|nsced @bemmnpbch staylptehé type of
test desi)] cpcan %9 IEXt 1% ‘an 1 dhgl n gtancPard II(l %n dfern%c &lte ain
uar’ " pret 3 § P gy

pat hogen 1R an i’ hdi era Ghe woul an rdentifyi ng
pol ynucl epiaaedmtsmuélmdealbwels emﬂxenm’eedfmmﬂdldmrd eaacuatcd tube, for example, to draw

the blood from the individual into the tube, The blood can be used directly or stored on ice,
preferably in the presence of an anti-coagulant, such as heparin, citrate, or EDTA. For longer

25  storage, the samples are preferably frozen, freeze-dried, or applied to a suitable substrate and
dried thereon for storage of, for example, DNA. Such a suitable substrate includes any absorbent
paper, such as a Whatman filter paper, or a treated membrane material that releasably binds
DNA. A preferred membrane is included in a commercial product named IsoCode. TM. Stix
(Schleicher & Schuell, Inc., Keene, N.H.), which, in addition to reversibly binding DNA, also

30  irreversibly binds hemoglobin (an inhibitor of certain polynucleotide amplification methods).
The substrate-bound polynucleotide can then be extracted from the substrate and purified in the

same fashion as a fresh sample, in accordance with the present invention.
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vein and connected to a standard evacuated tube, for exanple, to draw the
bl ood fromthe individual into ##elificatign Deviee 8 ood can be used directly or
stored on ice, preferably in the presence of an anti-coagul ant, such as
hepariif, ci tr aieshowi inEDTAL, tlﬁa@fm;ihﬁ@@leﬁ d%eﬂéﬁ@dﬁcﬂgﬁng th litex ;ﬁaﬁmhz&&nt&i’n&nay
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menbr ane eria easa r ane |s
i ncl uded ?ﬁmé (%ﬂ'll 18 gm E{ ﬁedn%gjsef‘%%‘ggﬁ?%[‘t ?r]éoeb (llé"at:l)nle i cher
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gloisgnzgl eo agt%g;Czér?]g{r%/dfﬁgkgdlg &mgﬁmgrt %yél'% 65'%5 e@s%yogffpgfe%gﬁ“ﬁlawﬁgﬁ EJC| eoti de
can t hen bigh&ytlechytRedhd ﬂmm:tabréasslmb;siMELECRan‘ qotomafdd @R systtrhéRocsla,rre f ashi on
w0 2004 0BT AIB b P20 E Hebiuh Rip bR PR bl 830 Tt on
devi ce 20lipdedtotibospdekuied UaHISdPGth@tﬁﬂdﬁst& élﬁﬂl@ﬁfe 55120 hY; 6,767.8170gi cal
sanpl es. Lo, ong. @6@%‘@ TRA%;326 4 E 6! 1% PRl BV ?%Po?é a&%ﬁ&rﬁfae’tkéé%\ﬁ@g?“ sihg a
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The purpose of a polymerase chain reaction is to manufacture a large amount of DNA
which is identical to an initially supplied small volume of "template" DNA. The reaction
involves copying the strands of the DNA and then using the copies to generate other copies in
subsequent cycles. Under ideal conditions, each cycle will double the amount of DNA present

25  thereby resulting in a geometric progression in the volume of copies of the "target” or "template”

DNA strands present in the reaction mixture.

For example, a typical PCR temperature cycle requires that the reaction mixture be held
accurately at each incubation temperature for a prescribed time and that the identical cycle or a
similar cycle be repeated many times. A typical PCR program starts at a sample temperature of
30 about 94°C held for about 30 seconds to denature the reaction mixture. Then, the temperature of

the reaction mixture is lowered to about 30°C to about 60°C and held for one minute to permit
22



5 serially, or in a staggered fashion. The sanple preparation device may

al so serve as a reservoir of the arrpl ification reaction mxture so ZAMaEL 2005
anount equi the aliquot is replenished into the reaction mxture
after each%%’ﬁ%@é‘&’of anpl i fied products to the anal JST/ESHBAHES

Anpl i fi cattigrr bdvifieetions Negr, ths tegiporaire of thelr@ctidn mixnee ampkadftm ¢ &tipematuckévi ce 64
accor di ng thOrab Gl BIETo°C RV ¥ LG Embana ol i fying
a pol ynucl eotl%&er pr ef eradf‘)f&a% 7%9%6“ Qﬁe!ﬁg%lagg\{ espo?r?ne“]:%{?:?won (PCR
reaction. SWWS@&IfW@HSIPQ:qudw%t'ﬁh@momslepemﬁ@ynledTmyneat P(Eﬂécym thenstdrisby  Usef ul
thermal cygligs e tdfpbMER % PCR S m 9700 by
Appl i ed Bi ols%/s'é3 eér;}@ 11(dForosfh?l!r!a[m%h?1 H&E}A b%@g?ﬁag"ﬁﬁg d@%ﬁraé?o}{%%&%l o- Rad

( Her cuPes extemyon meysivein fomed inShdyeviars cydd @enaGraine rﬁypbyllﬁﬁwyd@rsfr@pe&mhr t

Cycl er TD2§Y§§(¢&H1 quﬁm Lh b

(I ndi anapol i s, ég t @H&@ﬁg @E tt%&%teéﬁ%&%rg %thep %ﬁ a/the F%‘B.eé%%pm IS,
IN). PCR GEG}?SG’@% Pﬁgﬁagﬂiona@umcmrdlgg toohetcrbeecpve@sém:aammhddmohamimndms but are

5,720, 023 8 1954798 SRFREOR R sl B el 9 o 5 705 ol
of which a*aénnlmebdep@rbad ad3abie Mty - foéapee( 1 P86, Dhveis etzénElsew&irl es. The

| N ‘ t X ' f act t of
purpoq@ ONY?SA%IQ t@' o33 DioleBAGIH; @92570'4[}313%5%;&? hVeley, ‘E‘%f%n?{rglrjrgl at(‘.)e

DNA. The Msact i on |nvoI ves copying the strarrds of the DNA and then using
the copies to generate other copies in subsequent cycles. Under ideal

condi tions, eaaRnseloRinvnt, khedQM EmRE: l@‘%f‘éﬁ‘in Qéls%fi@ﬁl%?ﬁﬂfbe %/?10}1 er eby

resulting in a geometric progression in vol ure of copies o
"target” gPsediuiigican oA Wﬁﬂwa‘é}t’lﬁdﬁ’&@e&ré%ﬁ@eﬁ i abpe SP24e miwelite.xt ure. For

exanmpl e, AypiyudlyCath ReR: LRFRRAPRMSICY G118 dnBMIDRASNE Fe%&u&nhﬁx{uﬁeqﬁéeh&ﬂ m xture
be helg1 accur at Hiéat each i ncub?tl on tenperature tgr escribed time
t a

and t hat PG pied sapple elisdn g el blg?‘ﬁn%&ﬁrf@ybﬂhfél’% PF‘é’B% empEAted nes. A

typi cal PERrj2tadoloe: Sctxﬁbtlé‘d @&orangﬁrm&s%&em@reﬁmsean@hmspspaa@wbﬁﬂcc hel d for
about 30 Seconw ?'ure the reaction m xture. The the tenperature of
t he react§h™" %to?oé SO REFBIIEE YA H elegtionich Bigh lesé?ﬁfmﬁéqrﬁ”rﬁor one

m nut e to()ﬁlﬁcfﬂﬂbttal bl@fz le&c&%camﬁthemramzﬂémmz&e@@ﬁ SR OIDREG R | Mer

hybridi zati on nperature o reaction mxture is raised to a
t enper at uf'8%% F?mp?rﬁ‘BkF é\‘?@@”’f FotheaBEutte: 5‘6@515' geabRlatk croesestraperaiue ¢ nel d for
about 24 wosamipiugiretse tadiopy tabEtiallciv@ith similar changes in temperature.

Generally, it is desirable to generate uniformity of temperature from place to place within
the metal block because temperature gradients existing within the metal of the block may cause
some samples to have different temperatures than other samples at particular times in the cycle.
It is also desirable to minimize delays in transferring heat from the sample block to the sample

25  especially because the delays are not the same for all samples. These factors are considered

when designing the PCR device of the present invention,

In one embodiment, the PCR device has a metal block which is large enough to
accommodate 96 sample tubes arranged in the format of an industry standard microtiter plate.
The microtiter plate is a widely used means for handling, processing and analyzing large
30 numbers of small samples in the biochemistry and biotechnology fields. Useful microtiter plates
may contain 24 wells, 48 wells, 96 wells, 196 wells, or 384 wells. Typically, a microtiter plate is
a tray which is 3 % inches wide and 5 inches long and contains 96 identical sample wells in an 8
23



synt hesi s of extension products, This conpletes one cycle. The next PCR
cycle then starts by raising the tenperature of the reaction n‘ixtu(r)fpﬂtgg[;2 5
about 94C again for strand separation of the 5 extension products f W
t he previ ou¥ A% {Henat uration). Typically, the cyclRETuS200@pesited 25 to

30 tines. well by $2 wolll2uEAR0E atrsy dnlPanillivhetdrdétters. N@ictsRifd §laitk Uie@SaiRbled PCR cycl e
and the nu in a PCR reaction vary according. to the

obj ect i veévr%vaf“ﬁ%Opgé‘érﬁ?soﬂ‘aa‘ﬁ&n? [CLRITEY %F@?HI%WPIESW}H@F e RRUMREHIRt e, €. g. ,

Tm The bashfdiReBhikat Ot R mSibloleeitehadd Be KROW buididd dMBerRiohs arldor
exanpl e, as desgrl bed in Basic Methods in Ml ecul ar Biology, (1986, Davis

et al., EFESITEFXI2 sEanehyveliseny milimapicompst dtfavarigtybratnmet serdirdey (1997,

Ausubeb  etorahtomath@hiRe MedIRY, foRan; and bfdGzing of AnNS iLARQALIRDicrdthe reaction
m xture is stored . in a disposable plastic t%e which is closed with a cap.

A typi cal PEEIMAL Nicloisr Plg Sgrﬁewmemé Y pailablsdbihese. toperample BPROEYS,

Typi cal | ybiofbicthc dBVIhTRing 9&S, mml&mmiydelme h@thﬁmb@n%aﬂ%rr eaction
m Xture inser dﬁ%ﬁf&‘é%dsm holes called s in a metal block. To

per f or m t FIEMH Uhd a*te}é‘rﬁﬁ)eﬁ’é%?sé ‘G'F‘Ch Fﬁ@e%'ﬁ’&qrp‘lﬁ?‘ﬁ%k}’ @8t r ol | ed

according to prescribed tenperatures and tines specified by the wuser in a
PCR pr ot ocol fﬂréfaabljk tb@mmstuecrd fantle agsoitdr plaedreth@ctallehiamspld dien faontrol s t he

tenperat u t bl ock i.n accaordance with th ser supplied data
e e poisede b e MR RRE TR TR e LSt M aafl o humber of
cycl es, etmesp@sdmgleilan@saiteﬂnb@ﬁkre@lﬁﬂmg@stldneﬂmfeamhé @all tikekna® ofderpdceen i n t he
var i ous t%ﬁﬁéga&ﬁla't&‘%’%&% I%I()n}ﬁ?&q’ﬂtﬁ NGy hé ne}c eqs‘%t urgeusedssorﬁd ?ﬁl} ellsy It Is

desirable to erate uni era fred romp ace ace within
t he net al this ascpksstbwam awmffs;tmﬁsest@mamxﬂmmncé&eﬁtcmmg smstdmoﬂPtfihe met al of

the bl ock W a%ﬁltﬁ:é%tres%%@nml!lsgs’i‘grp?caﬂ?\{ﬁe S‘%ﬂ%le%b%p%rc&n%gpgf a‘?ﬁ [aséolt han ot her

sanpl es at cular tinmes the eS|ra efto mnimze
del ay$s i npctlmtvwfem suchgs Higmont ?Emhmﬁn@ vsdlrtiptimedslof e comcdl hetigaimphera@s

especi al I%rpg@géjt%g) 152109@\;\;’{{}%%@{%8@%1 ;np% sane for all sanples. These
er

factors are consi en designing the PCR device of the present
invention. I n one enbodi nent, the PCR device has a netal block which is

| ar ge enough tHCHEEBRIATHRARE e (Refpice cplpwdesing andeeling s@ls gedkat of an

i ndustry shign@ag ifdafmbRLb-kShipl PhidfoBnity &Eﬁﬁtemp@d @&ﬂxﬁa%ycphgalta%s isnédnkbidel y used
means for handling proce55| ng and anal %%I ng | arge 30 umbers of snal |

sanpl es |WrX‘W“ﬁ‘%WWr§PFe§ PrRTIQSE EaihE PRAGYINE P%‘}ddﬁm*’ E%CEF?JPO"Yﬁ‘ éfotiter

pl atem MRyagIl @éd%n?t%m\%@:hﬂuﬁas AGened doSer n26 boRLdaSe prbOit ¥RIdbiSatidland84 vel | s.
Typically, a mcro iter atray which is 3 %inches wide and 5

i nches | oHgPXavES Séilsrfifs qe%Fé‘fW ical sanple wells in an 8 23 200EC2006
In another embodiment, the PCR device prevents the loss of solvent from the reaction

mixtures when the samples are being incubated at temperatures near their boiling point. A
heated platen covers the tops of the sample tubes and is in contact with an individual cap which

25  provides a gas-tight seal for each sample tube. The heat from the platen heats the upper parts of
each sample tube and the cap to a temperature above the condensation point such that no
condensation and refluxing occurs within any sample tube. Condensation represents a relatively
large heat transfer since an amount of heat equal to the heat of vaporization is given up when
water vapor condenses. This could cause large temperature variations from sample to sample if

30  the condensation does not occur uniformly. The heated platen prevents any condensation from
occurring in any sample tube thereby minimizing this source of potential temperature errors.
The use of the heated platen also reduces reagent consumption.
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WD 2004/ 001376 PCT/ US2003/019518 well by 12 well rectangular array on 9
mllimeter centers. Mcrotiter plates are available in a wde vari t% E&)
mat eri al s, shapes and vol unes of the sanple wells, which are optim Ze (1 0006
many di f f er é¥Y 200684376 Pr ef erabl y, the microtiter platesPérUsoetvsswver al |

ou e rere i BT Bplfanit Aok L o ) Bk

centers. variety of equi
handl i ng, A\b"r%’é RpE Ry é?Y&rsaFfé.'}SWH“ﬁ@ (oo eRiasIcRE Asn RFYﬁf%f} IPEHEENI Ay ot i t er
pl ate for mefess tich etmoteezmhaﬁe@amawwm@meE&ipﬂté arepayo%htl Bk flich b art, for

exanpl e, bi otech I nc. (H gh Point, NC). The m'croplate may be
nmade by w&%&%ﬁmwwt%@ a3 [RNA fegiplatecogetin| Reversatrafegintiohspeitormef & pat ent

No. 5, 602 tHaften¥ibi 6fanbSgdh8E188Me Fﬂﬁ&raﬁﬁé'aféﬁ?djthQWAqgr%l@t@%d ofkEer akly, the
t ubes used for the mcrotiter ate are thin walled sanple tubes for 10

decr easi ng® H€V°6F§1YQQSCB@PWBWh%E;é%AMN (@umpneelehdasesis airum eevese t he sanpl e

bl ock and {£RfipR&REOMMING (MBBRIERurin I RINE VRIsHefer®d 1r4nB&ipiLACGEdRM M NG UT €.
The wal |l thickness of the section of the sanple tube which is in contact

with what &teéiod ﬁ@éie""é%'ctl??&%’@“%a%@i% 1&%@%5&%@3%60@&10% f§¥ Feverse possi bl e so

long as i ttrahs%nﬁtlbfnfi:lcﬁid@%lfMIMJgO% AIQV%\Feﬁ%ttrﬁ&gnﬁgtm LB pRe a§(§urt @@@% of PCR
cycllgg and the stresses of normal use %8lca

t he sa e tubes are
made abt B cavanne 4 sMybiyEELpY Benéd BYERCh3 Myl ivedile, MNBWTM BMaal |

t hi ckness g8irp, 38 uGRE EAtrs SRELI PR, 'ancf he u@%ﬂgﬁ:’zplafserm Q"OIOIQQ/ILVorchrQ:lZ i nches
plus or mnus 0.001 inches. In another enbodi nment CR devi ce enpl oys

heat i ng aﬁé’lnsé%?ﬁengeaatl@aﬁﬁﬁ €& ipbwix 00%1116&50I@%Tmssﬂﬁhpgﬁrﬁpﬁ‘éﬁ%}ighﬁpl e
uni form t yoNd&RRY.t &) LR T, DREHDRINTEY ol R8s ﬂf@&ﬁeﬁe n@:%@ﬁ;%ﬁ'steré?]ld ed,, yarying

ambi ent terrperatures and 'variations in other operating con |t| %hns such as
power |iné&npirte®NAdage and cool ant tenperatures. A heated cover may be used
to prevent condensation and sanple volune |oss as described below In

anot hes errbodl Iﬂﬁﬁl&ther RErRCBNERNWGR, (Y @VRQSIN{RB: dAS PerffmekMenbe f&pm t he
reaction en the sanp les are bei ng 1 ncubated at .tenperatures

near thei Pf" Sl P e BNt e Atk gty H5INGOBHOICERTE PEOPKECAIGPRIIBES t he sanpl e
t ubes aﬂdchfﬁhmlalﬂy ﬁmaa@ﬂw Wnemwaalrbftmcﬂa\m Welg! T@@lﬁ}q\ﬁﬁl fgﬁﬁﬂéefﬁﬁ)g/éueﬁs a ]
gas-tight sea a e tu romthe platen heats the
upper par £emigally g%}ﬁ"ﬁ g %%rg)'td %ﬁ‘ﬂf’s‘f"th]@ ]\Q%F%t“teba’a InterpfisnakapplieatiBicNRe t he
condensat pom/Lm@Bm?ﬁsmehsetdnat (1904) 164 RN SAdal Q321 EQ‘IGSCFZQHOQKIS@%%QM s within
any s | e tube. Condenstlon s a.r Iatlvel {uﬂat transfer
Si nceggﬁ &?ﬂiﬁ’ﬁ’t%“t(?’f“a‘i‘f’é’&]tap T é@ﬁpﬁg&ﬁbﬁ rﬂ‘l‘ rSP‘Z‘é?ri“ (5%“"?”3 U ip when
wat elr vapsr, (mmptemm&s, Bhimsaoul; dnCRUS®@s iar@rsgeth&an{pewzau)ur}ﬂu%m%@t I onﬁ from
sanple to_sa e copnaensatl on does not, occur uni.rTor The
eated pl BEBRCH AR08 LSRR ALP O RO GLBGE TG TSy Sanpl o t ube
thereby minimzing this source of potential tenperature errors.
In some embodiments, the reverse transcription is performed using one or more
oligonucleotides chemically attached to the inner wall of wells of the microtiter plate, In other
25  embodiments, the amplification reaction is performed using at least one oligonucleotide primer
chemically linked to the inner wall of wells of the microtiter plate or reaction tube. As a result,
the synthesized cDNAs or amplified polynucleotide products are attached to the inner wall of the

microtiter plate for easy separation and purification.

Oligonucleotides may also be synthesized on a single (or a few) solid phase support such
30  as the inner wall of wells of the microtiter plate or a reaction tube to form an array of regions
uniformly coated with synthesized oligonucleotides. Techniques for synthesizing such arrays are

disclosed in McGall et al., International application PCT/US93/03767; Pease et al., (1994) Proc.
25



The use of the heated platen al so reduces reagent consunption. 24 20 DEC,
2006 WD 2004/ 001376 PCT/US20031019518 In a preferred enbodi nent, the
anplification device 64 of the present invention permts the perf@riiicglb
of reverse W& 0I¥HEi on to synthesi ze cDNAs. Rever se RQTAMS@SAIEIBON
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wells. Tect Blcllﬁlll??%lﬂ)%%i{ﬁr){sq poefed wx%ha ugye‘rsflcgp lcbhgnguéa%l AN (liemois ifnycl eoti des

are dlscl8 Feation
PCT/ US93/ @8atochroniie asddh aethoaixmme ﬁnﬁ%ﬁ‘)atxl%sc{mch heTdxas RadluoBséein ardl: 5022- 5026;

Sout h / 14; Mask
and Sout AP C e pray S SSstiarn aeS s ER b AP ARSI 05 1077 " and
Mask 05 ancouBatihHekttate,(7H083) Ciotopmadi-satdide §-NReb EHy-couma2ih:3-4668- 4669, each
O ch (DCR] GG RGRGRRLE A P ELELENGE I LS pRR et v. 1 some

enbodi nen 1 on fmed usi ng one or nore
ol i gonucl eohdtte@soraiedy eminbmoiamamo(bmdfot cxatnlpe deea, Imhhofbrbr awehtesdmefyst.he

fi
1001 5 Rl A g SHEPLLL e, BBt e o0 1

one ol'i gonucl’é jélll I nked to
t he |nnerhmaiylmanfpomddlls/rcfbrend¢é mcrotiter pI ate or reactl on tube. As a
result, the synthesized cDNAs or anplified polynucl eotide products are

attachgd to the inner wallsiObetdd@s . BhsNo} blafopRbatientate. easy separation and

purification.

Capillary electrophoresis is the preferred method for analyzing the amplified products of
the present invention. As shown in FIG. 1, the present invention provides a single apparatus
which comprises both the amplification device 64 and the analysis device 68, e.g., a capillary
electrophoresis device. Capillary electrophoresis devices are known in the art. Capillary

25  electrophoresis devices useful according to the invention include, but are not limited to, ABI
PRISM® 3100 Genetic Analyzer, ABI PRISM® 3700 DNA Analyzer, ABI PRISM® 377 DNA
Sequencer, ABI PRISM® 310 Genetic Analyzer by Applied Biosystems (Foster City, CA);
MegaBACE 1000 Capillary Array Electrophoresis System by Amersham Pharmacia Biotech
(Piscataway, NJ). CEQ™ 8000 Genetic Analytic System by Beckman Coulter (Fullerton,

30 CA)Agilent 2100 Bioanalyzer by Caliper Technologies (Mountain View, CA); iCE280 System
by Convergent Bioscience Ltd. (Toronto, Canada). Capillary electrophoresis repeat devices
useful may be on as described in U.S. Patent Nos. 6,217,731, 6,001,230; 5,963,456; 5,246,577,
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A i gonucl eotides may al so be synthesized on a single (or a few) solid phase
support such 30 as the inner wall of wells of the mcrotiter plate or a
reaction tube to forman array of regions wunifornmly coated with 70t 2006
synt hesi zed ¥ FEMiEFeot i des. Techni ques for synt hesi zZPRHUSHEWIHE ays are
di scl osed 3,126 0REELI04,621;@)985,12906 0@t 5,04d,172phbd0cAT ] QoL 7IEET] L IBBIA3767; Pease

Nt 1 Acad G 256278 6557 405 b 1 S04 AT el Tt Hotoa

appl i cat i Grp16RLH, EBBOKIOH &d AerctiVHAlOBBraAntbySefsicherin tHebupiradies. Sout hern et al .,
(1992) Genom cs, 13: 1008- 1017 and Maskos and Sout hern, (1993)
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(such as Texas , ] uorescel PVatives r ononet hyl
f | uor esceiwepds inYictesiric Yield| die Pam@ wil-pegs2Netegors tirreathion curl efdkst at e,

7- O 4- CH3: CRINTRI 4 el ARGL %dqreIFS1M of fddBzEoumari n- 3-acetate (AMCA),

m)nobrom)bl mane, pyrene tfisulfonates, such as Cascade Bl ue, and

nonobr ot nori et hyl - anmpni obi mane (see, for exanpl e, K DelLuca
| mmundf| uor escBifBeepbpdiyast, he canHamﬁlepmaa}r%d%('c‘rawwdew’ewa%ﬁ. s, et al.

eds., JohgapY¥drigy a&el&ﬁﬂsﬁe/cdplllﬂry arj@%gr&ﬂmum\éﬂﬂtu@m gl t8hind1R18RY/ optitaPddpRtiat ed by
r ef erence) 20 al ysi s Devi.ce Il ary El ectrophoresis Vi ce

Capi | | ar yfeéfoé’c‘fapﬁlﬁw&ﬂlé@[’%ndl héghy myessyip diEthee I DRrEaRGEes 1&3”1’“" SRS 9110 gisp s

anpl i fi edjhoebiode/pillat rapﬁlﬂﬁs@mndleﬂa/sqwelv@@byﬁsbfghﬁwasulrml_ﬁh@g , the
present invention provides a S|ngle apparatus which conprises both the

anplification de g SIS evi c Lblary

el ect rophore5|15sj“c’t\(‘§§’1 ﬁ’c & elg rﬁld?/fag aryezllé"gﬂc F‘Fo?le EI csaréc\stlhgéalsmpgcr %n% n%)vvn in the
art. Qapi bdpﬁiaﬁes?ﬁot@lcﬁ[gtﬂ@ptfh@bﬁ&nms:@t&f tieespitlagklsbirapbaosigdavipet he he i nventi on
i ncl ude, Ql tro%es an sam;rﬁ'c r?dd oE" a’pllfb‘nes are arranged to be dipped into corresponding
sample wells in a 96-well or a 384-well microtiter tray; this requires 96 or 384 capillaries in

order to fully utilize every well on the microtiter tray.

Also preferably, the capillaries run inside of corresponding multilumen tubes which are
25  firmly fixed in place by the tubing holders. Exposed portions of the capillaries, lined up side-by-
side and without the protection of multilumen tubing, then pass through the optical detection
region, which includes a camera assembly. The camera assembly captures images of samples
traveling inside the exposed capillaries. The exposed second ends of the capillaries are then

bundled together and fitted into the high pressure T-fitting.
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PRI SMr) 3100 Cenetic Analyzer, ABI PRISMr) 3700 DNA Anal yzer, ABI

PRI SMr) 377 DNA Sequencer, ABI PRI SMr) 310 Cenetic Anal yzer by Aﬂ?@'&f%ﬂb
Bi osyst ens égFoster Cty, CA; MgaBACE 1000 Capillary Array

El ect r ophor &5% &080M4¥%8m by Anmer sham Phar nmaci a Bi ot ech (‘@@@ﬁ@&\hﬁiﬂ NJ) .
CEQTM 8000 Genét ¢ng ephediptntcthSynstlidivatioy dBecitdmnd Go whdlgts deFat b%art tiosteBd CA) ;

I hnol ogi i.n Vie ;
(G200 syaromn AonEekOat by EIGRE! o IEE ORI B b TR e b o) 1 o

el ect r ophorweits theapwhiicatevdaies 64 wikefhalanaigis deeicofs. as described in U S
Patent Nos. 6,217,731; 6,001, 230; 5,963, 456; 5, 246,577; 26 WD 2004/ 001376

PCT/ US2003/ 019518 D E C 1006 5, %@a@%érahéh@‘l 521; 4,985, 129; 5, 202, 010;
5,045,172; 5,560, 711; 6,027, 624, 048, 444; 5,616, 228;

6,093, 300; 6,120, 667; 6 103 083 6,132,582, 6,027,627 5, 938, 908; and
5,916, 428, al | oot HG pherplytiy device 5F pbhapiserubipvensior manpemitdatehei r

entireti egenekdﬁoﬁ amtd:rhaafvmy,eth@@attar&W&rg@ﬁ;éra&ed BpMsepLRE UMD bErRraBANER B M.t he
background_ el ectral (;g(te solution 5 are intérconnected by a capillary tube

whi ch cont#ist¥eqd B&TS e sol ution. Each reservoir is equipped with an
el ectrode. The sanple to be analyzed is introduced as a short zone into one
end of the capbDhth gmerauaomajz Imeachxasteﬁtbglucettiod)mmh ia tiappioe eldileg Rkietdribeh e

amount o "t B8 EAR e 8ol T rop EEioh e B T T 6l oSl T wher o af t er
t he cam:c | |4|§B§/129nd 2DB0 X0 aﬁﬁ mggmotma:,l;é ,0271604; tmwagz,lefgmmq sgmlsana Ond E% tlIIe
capi 11 ary SUEEHE BI040 b BTG 1366 R P RaBo areh ool batEl

whi ch the5éll@é:28r pltaf whichchhahaqebg iparpbrackids raferkhce reeinertdetiecarove i n the
capillary. The different particles will separate fromeach other if they

have different &6 I I z pass
a detector at III I?gpot heIIIKgIIlt(thII;gIaﬁ g%%%ggﬂmﬁac?mp&gg?jII?TIEIIeIIgI?l&OI Qngﬁ nd their

signal s aFenifsaads ENPUIES Plopeses covpled drlibrramirol ditsait entohe Hisplyy wpwior.r Bishor esi s
devi ces pr euthsies p@c&k&ru@éludwarm‘&puus@mtld/@j’ lh@?faceeégni?éu%tts Q&I%&ﬁpdté il yarray,

mul tilumen tubing, tubin ers, optical detection glon capillary

bundl e an&PmPLHrcRi @sdsﬁﬁfét CPMPYLERMGHIPLY W@g@ad&plammge%n wa% isplays @f@htﬂi

di sposed ydehinteh@cednqgd di thabd | ary array and second ends received by the

hi gh pressure T-fitting. Preferably, the electrode/capillary array includes

el ectrodes an S L e ends.of, .20 c rles rotru fromthe

bot t om si de OIEI) r?fgrébIX%H?I%%‘??“@I@@FY‘BWB‘F‘@SSII'% ?II"EWPIE: qu"ﬁIéthIcé'Ig A odes and

t he sanpl ﬂuceaden Gkénat.ﬁgbhérhtﬁdi beSudipRoms. rfaﬁtg@;dlofe@lrbﬁidéllblapﬁdnd)tﬂhﬁteﬂw respondi ng
m croti this requires 96

sanmpl g, wel,| |1 or,a 384- a'

or 382O capP ? I"I ’313 dfﬁ‘%ﬁ?sdwh I‘s’o’ﬁﬁxfjglIIIII{Ii JpieresR agég?rva S{(sgha%¥e nicrotiter

tray. bromomethyl fluorescein), Lucifer Yellow, IAEDANS, 7-Me,N-coumatin-4-acetate, 7-OH-4-
CHs-coumarin-3-acetate, 7-NH;-4-CHj-coumnarin-3-acetate (AMCA), monobromobimane,

pyrene trisulfonates, such as Cascade Blue, and monobromorimethyl-ammoniobimane,

In one embodiment, the device provides a concave reflector positioned at one side of the
25  capillary flow cell as a first high numerical aperture (N.A.) collector, a lens collector positioned
at an opposite side of the flow cell as a second high N.A. collector, and an optical fiber
positioned at close proximity of the flow cell for delivery of an excitation light to cause a sample
contained in the flow cell to emit emission lights. The reflector has a concave surface for
reflecting the emission lights, and the collector has a proximal convex surface for collecting the

30  emission lights, and a distal convex surface for collimating the emission lights. This
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Al so preferably, the capillaries run inside of corresponding nmultilunmen
tubes which are 25 firmly fixed in place by the tubing hol ders. Exposed
portions of the capillaries, lined up side-by- side and wi thout thé& 00&( 2006
protection ¥O02HIFUNeEN tubing, then pass through thewapiseabiogét ection
region, Whirgigethdig hahikess @Ja&%{%fx@c&ﬁ&mhgﬁe fr&ﬂ%oﬁ%fﬁ@g @F ﬂ?étﬁﬁ\n& Dangaptures

i mges of sanples, traveling insid he” exposed g | ari es. The exposed
second en€redie phincrgased qulaqafiowfﬁaw&cst H?é‘f?Oleﬁ’FFcHPéléPiﬁ"l gemAkpe wdtordeliteed i nt o
the high @icﬁ&tﬁiﬁﬁ%ht-g'ﬁfohxtélffé?&xts%?cegOT@cﬂguga@ﬁ@ersé@pa ?éu QB34 ortho onai to

PCT/ US2003/ 019518 I n. one_enbodi nent fication device 4 and the
anal ysi s Hewpésal §& ofithe reilrtor and CiOHGCthﬁféreg‘é’#@eh’éiE@fme gomdlae ssHiY i n FI G 6.
A firsg Cgﬁﬂﬁﬁﬁdﬁ%hﬁ%%&eﬁﬁ)r%mv@ tﬂefaf‘gnmy%mmﬁp The QaNRGES erh38on lights
anplification device anal ysis device 68. Data Generation 120 5
As shown fat beideectgl byt pg. an@gtgrgquglpu@ﬁt@ée@gor@f the present invention may
permt data generation. Alternatively, the data nmay be generated by a
separate data generation device gglicaSolldcddrusd rated in FIG 3. Data
generation may be achieved by rret hod known in the art, for exanple, as
described in nt _Nos 217. 7 5, 246, 577,
5, 126, 025; 5, é%ifl%é’écfg“t? fiogghe @amé”%ﬁ"%%eaga‘gﬂ%%’fﬁt"?‘é’@% 711;

6, 027, 624¢onbec2A80 96 Anal G 0UBicdwb4plidst GiGic228 poly@c&@ﬁde&@mpleﬁﬁdﬁ (fhe&ﬁilysis
6,103,083, 6,132,582 7,6 8. 908; 90093 184,990

5. o160 0oaceiei AR I eh g eliEnr B me e o e B S e BT
entireti et thbwgh@rfatrérmmmmn@ans h@ dm&calit'g:emrsmrnn FtlevDctbe frantion i ses a

si gnal de i C ed to the
cont ol ey enl sty uRRbELon RS PledBlle RemBIPAY, MIBREARS,CONR

i ncl udes H#- i nput/ out put (I/O) interface configured to communicate with a
control circuit and a first conputer nmenory storing a display program which

di spl ays a gr aphiicahily, #8&foncAletlofsats Rbrda cﬁ’tbéﬁ’ﬂzé&’mmﬂb%&h?s Rh efeeksabl v,
the data generation evi ce permts the detection and antjfication of

f1 uor é%ce%ff’“f-ﬁ grrallestiopiMbiaretrapsrd i1 tieepibiceansupr %Ycﬁﬁﬁéfre@ésppwag&aﬁéi but

are not | jsMah@Glated@to scRBtiveROBAThIRdiUtal BN RS I tBdl&BoRSrdpxas Red) ,
fluorescein and derivatives (such as 5 brononet hyl quoresceln) Luci fer

Yel | ow, |9REESARESIubys ayp srkengesl e spiral Baticeernd mounted o6 geneielisciryliriiiteh!s- acet at e,
7- NH2- 4- %T&QMHBM ﬂata%dagmtemsﬁenélﬁg/ﬁ‘&)d,ls F6RA BIaI i sracieo fonlawﬁm@ua
trisul fonates, (? Casc Bl ue, ngnm) obr gnor i mﬂ ty ni obi mane.
pattern an track thc 1nd|v1dua! coiiectlon tibes. Any of these fraction collectors ma e
20  employed in the present invention. Examples of such fraction collectors include, but are not
limited to, those disclosed in U.S. Patent Nos. 4,862,932; 3,004,567; 3,945,412; 4,495,975,

4,171,715, each of which is hereby incorporated by reference in its entirety.

Fraction collectors have been developed to accommodate the needs for high throughput
analytical systems and these collectors may also be integrated into the apparatus of the present
25 invention. For example, U.S. Patent No. 6,309,541 (hereby incorporated by reference in its
entirety) discloses an automated fraction collection assembly that retains the microtiter plates in
a fixed position and dispenses the sample portions into the selected wells in the microtiter plates.
The fraction collection assembly includes a dispensing needle through which the sample portion
is dispensed into disposable expansion chambers and then into the microtiter plate. The

30 dispensing needle is mounted on a dispensing head adapted to extend into a disposable
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I n one enbodi nent, the device provides a concave reflector positioned at
one side of the 25 capillary flowcell as a first high nunerical aperture
(N.A) collector, a lens collector positioned at an opposite side @f) ifHel0f
flow cell a3v@®28e¥d¥iel hi gh N. A. collector, and an optiBel/U§20B&195180si ti oned
at close ra&l%rraa &Mm@émﬁt@@lhfclh?ﬁ’gsgﬁfglle p&%nQ%&Aa\éﬁsreammfmémd@sﬁgea akd@p light to
cause a sanple contained in the tlowcell to emt emssion lights. The

ref | ect or "igstiter B¥hcave surface for reflecting the emission lights, and
the collector has a proximal convex surface for collecting the 30 em ssion
lights, and a ghdkekyps en¥R%oPebIkaG s in aRlpkdsEM ivBgidhhefffbs&iiedok baht s.
This 28 Zg DEC 20 Og% WO 2004/ 001376 PCT/ U§2003/019518 arrange nt__achi eves
a | arger SGPFPhBSS Ffwl%ﬁbreé"rf EHH Hhothateat Hessoof L #40e S0P v c efH”HAd

therefere 4?)’64 béick gas ed; 6,04d, S0t & Y984, 31980, 1Cach PARnQE hdFyan@Rlkfal byf | bers
may be use de iver _excitatjon Irglhts fromdifferent sources. The

optical ff %fr@earlés SR gEPne pmbodinephahcdiac itfotetoragcording o SbR BIESEM axi s of

the refl eqarv@ﬁnoam&nmleé &P moteQIdcR6HheRs i Rk MRS Jpesigar@pfis epaklcarggat tered 5
backgroung hts and therefore_ inprove t srgnal to noise ratjo. The
y eege %} t

col Iimate @gr%ﬁl% gHResserarapd ¢RERIRTES o trgm theplecipphgresis frpgky) i er

t ube det ecihobr m&ﬁaaﬁmaeﬁsaﬁ?ld taﬁafarméﬁleesl Phithgre raeﬁiemh fhety e bmhdtorﬂae ]
I C IS nnect e t he

appar at us ri se a i on co ctor

anal ygb a'gE E@Bg@*&oabrrs%%m& téfe §P?° td Ge AR é*asmréat GAIPaREntsdsd: he

anal ysi s fibf cal@vdldBophBiesis A Opfiofzlliz a cﬁnnercheg théaa 1siueed t6 @hdpechOburb0 may be

connected to.the analysis device 68 fhou a fourth congectlng ans 140.
FringoReY

In additi HOtRd0 BRGNP fars thespardiprer o paRer| ribe Bopledep al so be
connect edsHkeathfo® eHeRTer ksd@ithi fi er 200 by a fifth connecting neans 180.
Traditionally, fraction collectors may be broadly categorized into two

groups. Int heOtLér{ﬁéful fglétllg{ C%Hpcéor dh\ﬂcegq)rlcluﬁg lupzﬂ'e h&qgﬁteﬁl{& 053 &’%%%SI na

general ly rectang sl ng mani pulated to

sel ectlb veby 04, edds, ﬁ@ﬂe44|3nﬁj2(}& Fdpdnd 65155, e, c&@h Ofwbrebrs hereby heoweseddy gr oup, the
collectio r ranged in a spiral pattern and nounted on a

general | y%c%“'ﬁ“éﬁﬁ“ e ﬁm%{ﬁ/t able. The turntable is rotated as the dispensing
head is nmoved radially in order to follow the spiral pattern and track the
i ndi vi dual coll ection tubes. AnypcgHenerdadlien?8Btjon col |l ectors may be 20
enpl oyed in the present invention. Exanples of such fraction collectors

i ncl ude, but are aptatuslof MHetpeded: ekt way dirtel @EPeisd Nsebhdce Radtiint toNoOS.

G S i Wi R L o 12

20  identified by the analysis device. As shown in FIG. 10, the sequence identifier 200 may be
connected with a fraction collector 160 to identify the sequence of polynucleotide in each
fraction collected. In another embodiment as shown in FIGS. 9 and 12, the sequence identifier
200 is connected to the analysis device through a fifth connecting means 180. In another
embodiment as shown in FIG. 11, the analysis device 68 itself may serve as the sequence

25  identifier. Preferably, a sample containing a polynucleotide of interest is reloaded onto the
analysis device for the identification of its sequence. DNA sequencing is generally carried out
by the method of Sanger et al. (Proc. Nat. Acad. Sci. USA 74:5463, 1977) and involves
enzymatic synthesis of single strands of DNA from a single stranded DNA template and a
primer, A single stranded template is provided along with a primer which hybridizes to the

30  template. The primer is elongated using a DNA polymerase, and/each reaction terminated ata

specific base (guanine, G, adenine, A, thymine, T, or cytosine, C) via the incorporation of an
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Fraction collectors have been devel oped to acconmodate the needs for hi gh

t hroughput anal ytical systens and these collectors may al so be mtbg g(&l ‘
into the apparatus of the present 25 invention. For exanple, Pelndils
No. 6, 309, 520 24§#8%5§ i ncor porated by reference in |tsP©ﬁﬂ$2ﬂ@tﬁy‘>)Slfd| scl oses

an auto rratmpiopmm@mmerﬁmiahﬂg?égeﬁtntoa&&ﬁmb' YabdRinucBb@leNThd AR1d8LES 10&dutyer
plates in spenses the sanple portions into the

sel ected W&f P%lyli“ﬁ%f’ ‘Iﬁ)u‘%%%ﬁ%@?‘ E‘ﬁt ied frcatdéjg to thepkais fenpipsting agest ingerporatad s senbl y

i ncl udes aadipppienssig: pegdbisotidbr Hw&vemih@mm SeRatRlgRicPdstah@ethb& s pensed
into di spor gl e em?angl o({jFBchanbe s and then into the mcrotiter plate. The
30 di spendPRECREEHIPeT andrpriheatiedss e serueprs/ideniier ot PisrapIERNtion, ext end i nt o
a di sposable 29 200EC2006 WO 2004/ 001376 PCT/ US2003/ 019518 expansi on

chambes into V\lmiaqineft:t'ﬁel cabofikrenherk i stfaraoigenseideaifd: ftqtmmpgézstpﬁnﬁled into

t he m'crotl the type of fractjon collector ful in the
present i r%v 8@ ﬁﬁglc? P@th y@ﬁ%?"é‘?&%?‘sa W'”afﬂ eé?‘?frPU‘ﬁFFé'rsélE‘f%e PEEIMEanpl e,
as descri lﬁexdtmmfhbqﬁenc@&ﬁeﬁmﬁcams Sehuchdig A28t RixQIOMPAEE adBedi3WD73; S

4,964, 961 i 0 534 04094 ch patent is hereby
i ncor por af SA" IS ‘gag‘m F%CFlgl?tg’é’efgfﬁ tlhgse@ﬂ?”ic‘rngtri?}“onlaﬁg%g‘qé?tt?ggic 1Mhe fraction
col | ector raamndahagﬁmfetr&mtopmmmmts davtw(aengJcmphlle@mburcgﬁ&eﬁm&v@:re) fasar e

el ect rgph EC] fie t o separ at

el ect rlgphg“{qgédlc‘§ foteﬁtﬁ? tts(fte seethog? VR ggmﬂgoégé’ﬁ’f@%f%ac?%ﬁ‘? ?@a fr om t he

el ect r ophaleatdicgtidnraacks] kno@nen the amperge ic Slpird Brawyolsamdlecutar Brtscfar (Ausgbel ubes,
which are, !a&ieq E.}}ré)he'r ends close to the 10 ends of the

el ect rophore3| g ?rac at the specified gap, transfer the separ at ed
conponents eluted from each el ectrophoresis track. Optionally,

connect i ng meartguange ideridicrsysefuldpn the prasntintenden mayoheladepbutats ftohbmwo,and to
carry t hethémc%&ﬂnm@%w%t@zﬁo%l SE0!186; 15 RARPEE 5T 4 F2 'ﬂ%?t B¥s,

sheat hfl ow of the buffer solutio O’hér useful” " fraction éolfectdr devices

i ncl ude, BATSUeS, ﬁ‘b’t’f‘%n Mi%@ot%‘m@%ﬂﬂatﬁé%tfi 6618; 5288.64468421%; 6, 004, 443;
5, 205, 1543522154 86and35123 645, c8AGR wafch WHeER ln%or?@tra@@lﬂ te@&Q{cgmx%tc‘?tgre@Y
reference in |ts ent i rety. Sequence Identl ier 6 The apparatus of the
present inventjon further rls ence identifier to provide

t he sequence of'® deg@qd%‘ﬂwbﬁ?lﬁﬁ’ﬁé eﬂgde ‘tfé‘tteré%téﬁﬁl %“S"'Q“b‘&ﬂniﬂ‘ﬂ?d’f‘ tide of
i nt er est avmaulmmtmtdse;dvd@mutmbasaalsycsﬂasG@ﬁmm@e As shown in FIG 10, the
sequence identifier 200 may be connected with a fraction collector 160 to

identify the sequence of p@(gnyl cl{%lll%tans% g;(ﬁg@é}%'oﬂgg

20 A connecting means 40, 66, 80, 140 or 180 of the present invention allows fluid and/or
signal communication between two devices as illustrated in FIGS. 1-12. Preferably, a
connecting means of the present invention can be moved both horizontally and vertically to
permit the transfer of fluids. A connecting means may be a tube or a channel, or a robotic arm.
A connecting means may comprise two or more tubes. The two or more tubes may be bounded

25  together. The compartment to which the connecting means attaches, e.g., the reaction chamber
of the amplification device, may be closed except for the presence of the connecting means, or
may have one or more open sides while still defining a volume useable consistent with the goals
and objects of this invention. The samples may be transferred electrokinetically through the
connecting means, e.g., by using a voltage controller capable of applying selectable voltage

30 levels, including ground, Such a voltage controller can be implemented using multiple voltage

dividers and multiple relays to obtain the selectable voltage levels. The use of electrokinetic
31



fraction collected. In another enbodi nent as shown in FIGS. 9 and 12, the
sequence identifier 200 is connected to the analysis device through a
fifth connecti n% means 180. In another enbodi ment as shown in FI G 7 11t/
anal ysis deWe&E¥1¥¥sel f nay serve as the sequence 25PEHBRO30I5ES

Pr ef er abl ytranaaoﬂamttablcmtoabmfoﬂgm@!epﬁ)dnwamtbtemdl we p@rﬁp;b@hﬁcﬁtﬁﬁt&ml $he el oaded
onto the an

e.identification of its uence,
sequenci nd rfsgntélevﬁ%t 8 }%3 e'&télﬁsrt[’ ‘ﬂf°8tt‘fle°tr8§/s“toltf8%ﬁ’5tt‘h’6& V@F‘°‘§a‘ﬁ’§jgrm ?DQQ?IBIC\SIAPr oc.
Nat . Acad.anBedprodulSific T4hibr 6& herlApdroprde fy BIp¥RSEd in@AZEHRdE 6f SyNnt hesi s of
e str.ande te_and a rimer. A

single strands am g t enpl

singl e st rCQH?8W$@Bg?%Bt°8“?t§ “‘6?’“8%] éﬂ%c(‘]‘oﬁ?] 5??@1’%’:%5&????5@?%%}'}0% ridi zes
to the 530 Rlempbstosis cAite updd 1R proglantldRPANRlg wikhgisd. DNA pol ynerase, and
each reaction termnated at a specific base (guanine G adenine, A

h T h 30 20 2006 WO
20041 001376 PCh RSBty g bEaciBed RERERE IR hre Rl priles Bgeemrond or
exanpl e, avctdbdeotynushedowaen thi Rexibludineofd ftied Cloeber tb yeduafthavqmoﬂtwctfmtml eoti de
|5 uhen detShmngdacaar ding e akiee HaLe. hEETARL g AEN, dugorgorated at

each position of AUt quencing devi ces
and net hodﬁlehwt@ingadcsmdskwwmmladp6ubhatmhatrm]nsbeclmadcza&le’cttmn®mhce

SOl Otacliles G RISREN o AP OrRallh B o BLEL R G TROCLATERL . Lhere 1S

no separate seque aratu on device
and the an”allagysms Spitanisc'dl¢crogjes and Cealptutlicaroys ellJepﬁtanqntﬂ;ﬁ@ﬁé‘)détBﬂbm perform

e UCa @b SRONEAGEILAGRLLLIAAL: Ay BEIERCELGKERRRL. Tabir e MRy be

added to t ion reactl € sequencihg reaction and
an aI|quoﬁméﬁmvﬁemé@quenﬁﬂn§m9}eact|on is then transferred to the anal ysi s
device (e.g., capillary electrophoresis device) for 10 sequence

i denti ficati onThdMehhresls: AQds K2 86aab ot ts@ ruse?@%tatt&tn%na@ﬁﬁ& b@@ro%tti ssgguence
identification are well _known in the Short” Protocols In

Mol ecdPar BBty Ptiratféub%qﬂsfeetsararlesa “@er» or pi@eeon@t&mgaymp Seléfiie Aredocation

i denti fi efSandgef Ubn fu@imatda8aipleg@hiceds MO rb Ty AR Ed A8grafipitd ALLneNOt
limted to, tho%e di sclosed in U S, Pat ent Klo 6, 270, 961:;: 6, 01265 136;

5. 955, 030 ahbavgils beth puman egepf pgmplingi., 967(‘5’8‘“@6‘@?163128%‘1 traghing &f gmgle790-

g igg gjgadeﬁtt@ﬁﬁm@ﬁ%oss&t@@@f &ﬁa&mnﬁma@ﬂerﬁ% pef2or &dipliHE; Robati@disodfibleand

ich_1s her i ncor ted b feren e inits
ontirety. O VRGeS O SHRBRAIEH SU B YhUE B ok QEBE T er est may be
used O ComRakichi WVLER Rébodt Aak l:ea teetqsaen e furiconsait OSSCYAHEAseSHarSEbr as
Genbank. C%n etgst écri]e%ti%/c? ﬁ c?ra 98 ptpettor Igrefera%}y, the robotglsc0 arm of the invention also include
a motorized stage that permits both horizontal and vertical movements for the purpose of

transferring samples.

iIn one embodiment, a first connecting means 66 connects the amplification device 64
25  with the analysis device 68 so that fluids are transported and subjected to a particular analysis.
In a preferred embodiment, the first connecting means 66 permits the automatic loading of a
fluid sample to a loading well within the analysis device 68. The volume or “plug” of sample
that is disposed within the loading well is then drawn down the analysis channel whereupon it is
subjected to the desired analysis. In a preferred embodiment, the analysis device 68 is a capillary
30  electrophoresis device. Accordingly, for such operations, the main or analysis channel generally
includes a sieving matrix, buffer or medium disposed therein, to optimize the electrophoretic
separation of the constituent elements of the sample. However, it will be appreciated upon
32



20 A connecting neans 40, 66, 80, 140 or 180 of the present invention
allows fluid and/or signal comunication between two devices as :
illustrated in FIGS. 1-12. Preferably, a connecting neans of the p?éjs%r[;tmﬁ
i nvention calPB¥“MN%d both horizontal ly and vertical | PCTES20pEHPEI8 t he
transf er ofeadihgiihel Bistay disolomere thiatthe amebysis devivg 6B enag alsbibea Flde daidipomeh.Cror a

more. tubos s BE A h0 o BRI R SRR RenP e  the

connect i ngsamplens attaches, e.g., the reaction chanber of the anplification
device, may be cl osed except for the presence of the connecting nmeans, or

may have one ofr ggﬁ i i fini a vaoal. useabl e
consistent wt ﬁ)rt éﬁéggeledsanéégn o%}qéeé:ﬁ§% Séeﬁﬁg S%m %ﬁ}e%l S.Wlhtﬁgawén Dl es may
be transf etliqeet fiomeastanpkfisation cadtioy dedngdegimplifieation cagivaat iThe conbentisg meary. , by
using a vojgd RRL f ' lectabl & voltage 30

| evel s, incl udi r?gB regggr%%séﬁg%%gg \ﬁ/)g atr%gglgrl%ér{’tg %gi%?%t?eréélﬁ’ggéaw%isenent ed
usi ng mul t Wigideawpopitbagecorpgiayingleresr aeek seapk of yisking tHeaysild @ tiphfiai sack sampie

sel ect abl - : r.oki i.C . 006 WO
5004 005 375 VAMROE ABIESLy HiHREd o?%hf%hég‘§%°ggﬁteé’gpé‘6agg i oPlzsarrpI e

mani pul at i @pillam gleatgorhostingiraedy witcaabplificatithacacporeisender forloasianiabguoaingo
entail g thge 4pglaQf el ectroosmotie flowto mx various fluids in a
control l ed and reproduci bl e fashion. Wen an appropriate fluid is placed

in a tube made_of a c(grres ondi ngly appropriate material, functional
groups at the SUFFSRBOGHCRtEe HFONRESHNE BFPY e trapsiersap e GesAIAR can be used

as a prograapirabkion RUGRhL REx IR thEMhpl YL A8/ BRANANL &hRe 08 aghireved
usi ng, for |hrrp nce, peristaltic punps, nechani sns ereby a roller pushes
I

down on t If&° ™51°% filmof a fluid chanber to reduce the vol une of the

chanber, plungers that press on the flexible filmof a fluid chanber to
reduce its vol lmeptharehboditriesty; thp sarpidignsciieresnkabwnndcd thdygolatutleotac h

mechani.s i . M -el ect.ronechani cal 10 devi.ces, such as reparted by
Sho g RSP BB ERIEANAR. oS rRER DS aRT RS g
Syst ens, " nEmctisocervesto aaptbnSh fimamp iddationsadtion hipan witPamtix@re cépriéd= 59 (1989)
or Esashi L. " I (o] i val ve d pu fabricated on a
Silicon V\g@?s%n gﬁsrgr%ssg%é%ge t %}gg %&E@merﬁgf‘@gﬁ?e%g%ngawéﬂs @Snnecti ng
neans 40, S@Gi,ngm@icwnim&- ds gflidnotherentbhdimiemy adiffeont comyecties meaneBosdddoar m 15
A 1 00O C IR Bl GbliMcatibARBLEE RiSAIPLRS conh BB mefls nl AL BRaE AAE! N 1O
sanpl es fromone~location to another.” An autonate samgl I'ng process can be
readi 1% exueuvechs descabqdrio isapnidtioroellevethe gagkfaedildd. bot h human error in
sanpling (i.e., error in sanple size and tracking of sanple

Preferably, the first connecting means of the present invention permits the feeding of an

aliquot of the amplification reaction mixture into the analysis device, e.g., a capillary
electrophoresis device. Such feeding function may be achieved by following known methods in
the art, for example, as disclosed in U.S. Patent Nos. 6,280,589; 6,192,768; 6,190,521;

25 6,132,582; and 6,033,546, all of which incorporated hereby by reference in their entireties.

In one embodiment, the sample is injected as a sample plug into a connecting means
which comprises at least a channel for the electrolyte buffer and a supply and drain channel for
the sample. The supply and drain channels discharge into the electolyte channel at respective
supply and drain ports of the analysis device 68, The distance between the supply port and the

30 drain port geometrically defines a sample volume. The injection of the sample plug into the

electrolyte channel is accomplished electrokinetically by applying an electric field across the
33



identity) and the possibility of contam nation fromthe person sanpling.
Robotic arns capable of withdraw ng aliquots fromthermal cyclers %ﬁi .
available in the art. For exanple, the 20 M tsubishi RV-E2 Robotic Z & A6
be used in cHAPYHEPHN with a Sci O oneTM Li quid Handl ePCBiUs20a3/@essbi ns

Scientifi Csubi;ljzlmai Bin phanedld OfF a titts &f @EAblgenoidhandt %Qﬁrhﬁle %ﬂ%dﬁ@nt%ﬁ'&gng tﬂé’snt [ Ion
al an vertil ca

al so i ncl torized,stage that rmts both horizon

novenent slif”ﬁ?“ %F,Cg%{}w&i}g@ g’i‘y’ P?’ﬁﬁ%qdé'ﬁl & hge senmsinsally defingthwlupt ddf nent, a
first connegily ngl dmacimntds GENGEGEEne RethaBReidjtEatahn HeMisGR pddvided Bor th the
anal ysi s d?eé{5 e 68 that flui s ar transported and subjected to a

particul ar® Iﬂfélfasllsy Injpcling, the sapRly %WBH)’H% "r?n‘é‘rﬁ‘%" Thpeesisiapatto BoMAERE i ng neans

66 per 1fi t Sotirbeand\dtOnetahels! vqaﬂtgpgct@fthaezeédou,wbmmIa@ie&s@a@ul Sadivrgmue! |
within th Si s vol une or "plug" of sanple that is

di sposed etrﬁ?pﬁ&fvﬁéesisgﬁ%?tﬁao‘%@f%"F@th%?l‘:}@?r&'\]m down the anal ysis channel

whereupon it is subjected to the desired analysis. In a preferred
enbodi ment, t hin aanthbryesibsdichentj thesmld is imrodapd by ke ﬁrsB@oxﬁhﬁmg mepRakiesths

devi ch ons, 1ihe r channel
generai | g T e A MR B L T
optim ze tdkfémlcecfhcq»pdaweedszaencs@gaccmtcedﬁmmafbytﬂmlngtmsdapmlmmhdsedt&Im?ﬂaﬁts of the
I i t d 06 . WD 2004/ 001376
peT) USdood B sursty et BB CE LT R BRI o b oA S devi oo
68 may al suerpressarews ghoea@d betyane bf gas,rthaﬁfermlﬂvuree@qcn@uﬂe pamypldx@hutsethtd 0
perform apy. 09 1118{10%]%%%% ofgz!nft ]eeﬁaggxtl% 1%9)"1@/ ﬁlar il go%(t:rofi gﬁltgesse%g 0%]% Sl €.

Preferably, nnectn reing ¥
wi t hdr awi ﬁ@pmﬂstﬁe@ffp!qmtand n:mffeamweamwl ificati on reaction during the
anplification regimen. The connecting neans 66 may conprise pipet tips or

needl es that alh%n&hér'&%'ﬁocﬁlxh@rﬁc’cﬁ@ﬁnﬁfe@fn}e@{cd@y%'eﬂ loa & r‘?no'v§ole¥§ﬂ—n§ drawn, or
by incorporating one or more steps of washing the needie or tip after each

sanpl @ | §VSkiieherP iRy, byRlactee Higrsprlejo eqipecapdianeis therdpimbarishedalat wdnfthet ¢ he

capi I | ary cdponabeofusedpiiad zex?cad%c’;r!);ﬁllb%sﬁla Paﬁ@@hﬁcﬁ%hﬁngérﬁﬁ%hle&’arﬂﬂlé h the
anplification reaction in order to %gw‘%tr quot into 10 the capillary.

I'n one enBOYioRew surfopad the prdgt e’Efb“rﬁ‘ﬁEe& P‘i*f’gsa Befetrediaifthe sgparatianl i quot of a

PCR  anpl bdpilpat byoheah e ieRBt: a&ygaeétﬁ&dﬁk&&%rﬁ%lﬂefouﬁ%hﬂ@r deyifeeat 0 the
anal ysi s deé_éce at the end o each PCR cycle. In another énmbodiment, the

second coPRECHTGY A4 Sﬂ@t‘%ﬁ Wéﬁ?réw’t‘ Ffémﬁ}éﬂ Wigiien of gt iplgt end, where the sample

20 solution is replaced by the background solution.

In a different embodiment, however, no first connecting means is used to connect the
amplification device with a capillary electrophoresis analysis device. Instead, a fraction of the
amplified polynucleotide sample is loaded onto the electrophoresis device by directly immersing
the capillaries and the electrodes of the electrophoresis device into PCR reaction. Preferably, an

25 electric current may be applied to the electrodes for a limited time to force the polynucleotide
sample to enter the capillaries by electrokinetic force as described above. The time to apply the
electric current, for example, about 0.001 seconds, 0.01 seconds, 0.1 seconds, 1 seconds or 10
seconds or more, depends on the volume of samples need to be taken by the capillaries for the
analysis by the capillary electrophoresis. This embodiment provides a simpler process for

30 sample loading onto the analysis device.
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15 extraction device wth the anplification device. |In another enbodinent,
the second connecting neans also serves to replenish the anplification
reaction mixture with a mxture conprising dNTPs, primers, necessaryl 0tL 2006
reagents, a0 Bol ynerase at the sane concent r at i BETAS20pHUISI&t ar t i ng
reaction m xtutiee thira ccsmbddngafwﬁsmrconemhmhb aRdlfsis cavied 6F Wit tiatg gmgaaid ng means
is used foy,_. nlsh n % |f| atl 0. reaction m xture. This .
connectlndkﬁﬁans vnﬁk’%ﬁ @“? ﬁ&aﬁ M %ay as described in this
application to allow the transfer of fluid. Preferably, the first
connecting neaﬁbebﬂﬂ&%@n@mmgemmmﬂﬁ@%mﬁﬂ@mom@mwmﬁswnMQcémﬁdﬁngn@@ﬁan
al i quot Ofde{fi@f6m fhf: i‘rgcqltoh Qﬂle'éﬁfi%o' gﬁwm&(ti}f é‘%t epgzl%b%f':%en"%g v§nti%ﬁvxfoce

I unct

e.g., a capillary electrophoresis device on nay be
achi eved Ivpnfegtingowiangis kwd\bnt\wgt tho ez lisia detiteennd thte frafgon c@idamrldeyiccas di scI osed
in US. Patent Nos. 6,280,589; 6,192,768; 6,190,521; 25 6, 132,582; and

6, 033,546, all TRd ﬁMoﬁﬁhchﬁ@ﬂEﬁ@ﬁ@@ 1@9869%{6%% ePBodifbRE RNGAndcNhE Eth'uénce
entireties. In one enbodifrent, the sanple is injected as a sanple plug

into a condrattisrg0 wish fis analricdevise Apprthcisachen qoélavé@r 180 sh Bvhiép sskiagnce he

el ectrol ytt&nb@'foff§boi§lﬂgle@nwmt%es@ﬁgygé@dtfﬂne@hanne‘l for the sanple. The
supply and drain channe s discharge into the electolyte channel at

respective rain ports of th devi ce 68. The di stance
ot hoen tre subbidheaBitodil, B2 g, Sraion TBhant ishetthietine oimst Pele 3

Sﬁrrpl al{)v_olsmga coﬂ'ﬂwtmgnhgtﬁi :f&nexaﬁlp!ehﬁroﬁaﬁﬁr@ yitlgpdrinite fluide to &J'ir@fet Ifx@in)tfcne .
channel i cco e tr.o tj,ca an .electric fie
ol - R T S i DR B R )
drai n chadeetes afibthem waihee and cle@@stself befgre eneanglerst iads frbie padplie wanpedent
havi ng thg .| onest el ectrophoretic nobility is contained within the
geonetric FYV:deflned vol ume, The supply and drain channels each are

inclined to the electrolyte channel. Means are provided for
el ect r oki net i caifable pydsieates usgful hemshamgphecdnnecting heans afithie énveotianmeay bEhe

resi stance,ti0.dd owh 9sz dnb @f vt &S“S{%H%S/o %nqbz%w&%e Mah JERSRREL to the

el ectrolyte buffer | east "ab omer t han respective
resi st anc8onnecting gigansfare th@wéqcémdrusing s@idshbsiraies confmondigtoterin émaécﬁ gent, the

sanpl e i sg;pf 5&9&%8&&%! sh&ﬁa fg'la’ééhraﬁ-ensﬁ%%ﬁ b%iﬁgﬁ&? a§'§.z'e gs shée kP%Wr?” odynari c

met hod known I n the art e 1s inject Into t e capillary by a
pressure seisfftes eencgelllumtﬁésepudesélﬁ@‘@atidﬁlﬁfmh@me sybstrgye wdigtiale mey bﬁ@ﬂed By pl acing

the capil h@kevm@gqﬁe@&%gfem%?% reklht }n%% |0§’mé4mfﬂ xésgozwlﬂ{e%fsaégaﬁespressure

di fference I s produce sea rvolr “overpressure is

gener39edaﬂywﬁbaﬂ§“@$ﬁ§@§mmYM@(HVE@%r%@@Gﬂéﬂ%QPBEWVHQOﬂﬁET§5&ﬁP SWEPet i on
into the, &lgﬁ'lft)ﬁ@ﬁéﬂycam%at@%Wstl@fpeﬁ@xﬁ%&yp%ﬁ(ﬁ:‘n@%oly@@h?leﬁ@%ol%ﬁ&lkdu?cry is

controlled he sel ecti
ﬂuorlde ABS (acrylonitrile-butadiene-styrene copolymer), and the similar materials.
The present invention permits an automated apparatus to be used for transcriptional
profiling. The apparatus permits the amplification of a target polynucleotide and the quantitative
25  analysis of the amplified products from the target polynucleotide. The apparatus may also
permits polynucleotide extraction and reverse transcription. The apparatus may further permits
the identification of a polynucleotide of interest (e.g., a gene that is differentially expressed in

two or more samples), as well as the sequence identity of the polynucleotide of the interest.

FIG. 13 demonstrates a schematic view of an expression profiling process using the

30  apparatus of the present invention. For example, this process may be performed using the
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the pressure difference and its effective time. In another enbodiment,
sanple is injected by neans of a fixed or novable sanple- 15 inject Vd}nUFL [008

capill ary byw@h@sbiighst he sarrpl e-injection capillary in ity of the
inlet end of the of the capillary zone el ecF¢§8%2§63@§&§8 appar at us

in such a FBHAE Shf’ﬁﬁ? lffﬁ‘e (Za{ﬁﬁP@fel@BF‘BP‘?"éme%aF‘Ide‘é}ﬁﬂsﬁlbtihﬁWPfé lqcpr@t  end

entirely, -airtdh sﬁmg)d:hbumﬁ I REASMEY bE&kirbdW depNRels BPALPE QRact&aPk) | B by nmeans
i n sone ‘ot her nmanner and after a

of an el ect Bc? e ectric curre&nt or

pr edet er mifif L’H C@Bldﬁ‘fl?"o‘i‘?“’?@t i hefmrliicrioneriprassheyhintyC % Thme i nl et
end, wher &ntphﬂc@&ﬂi@év&:e%@p&ﬂhﬂslwﬂﬁ shRbdsRRhA&Ei RMida 1€z PRFKEE QDY) Sl T on.

In a dlffergng WF@? g?f owever, nqQ first connecting neans is used to
connect® t 890 er?%l‘ B4t Hhalﬁé‘?}loéémwfieﬂ PRAeAiPmaYe tebeelegitoredidysinal ysi s
devi ce. | nistieast (c@., b atlarPfe@bplioRis danR, httamdmﬁérmadﬁ} 8Qkdssla sample is

| oaded ont o1 t hgc el ect rgghokem S d?w ce %{ directly inmersing the

capi | | ari ®SVAIREPies may ged bt frpqiian enlleetpr (S KEed; and thaseeusnsarnl guePER
reacti on. nRrrecﬂl&‘éraﬂlaw eﬂﬂesé’@l olyRediddtigesGhifyhe menmaa b@% s@cfh%de‘?&’enhﬁertzb@
electrodes( ed tine to force the pol ynucl eo le to enter

0
the capi| I'A s ﬁ%rf‘38|5e%ieﬂ6%clﬁ%f‘ia%enr BRYE % ”@éE%%qdﬁ%@dé%%umﬁére@w to

appl y 10he mirtheaidyibe nmuufaltea&t:corcflﬁgto%@ﬂ@h@hocﬁb@t&& afd. BQkc SR6QMLSH, e 01
seconds, 0 1 second s, or t?}s%,gcond or more, depends on the

vol ume of %%{F&?f"&ge%i%r“%“ %ﬁk’éﬂed‘d&? apalysis| deuies efs(efeotherppillagnal ysi s by
the capi | kReyophbredd deofebldbeinfencelibiésificdiddinmbtheRnOYdidRSt, & 8i H&'o@ﬁ process
for 30 sa IeI %é%g%%%the nalﬁol ggwce 34 2D DEC (IC)1

2004/ 0013 5% &g C"r‘ &10f KU RS AT 9d her?é"c{ﬁ‘écwnéeﬁ??eﬁétf@ t he
anal ysi s daﬁammg@&u\mde lheaaticha tTae gactRh tddig masleheh 6 a;ilpzi@d whheihalysis bosat ed

out si ng o%ﬁor - ana }(;ds & dtev ce. The fourth connecting neans 140 is used in
one enbodr’ent qt EORREEF Phe anal ysis device 68 with the fraction

coll ector 160. However, in another enbodi nent of the invention, no 5
connect i ng nedn§n¢ gnhedisernh drewpranetesnd thepadsys iy edBuiicesedtocint e denaiti on

col I ector D‘?l@yéaﬁqﬁ}cs @ke qtlbrftxttzl?loﬁgflﬁénce @deé(;gz)??%? ?O%](Sga%%ﬁﬂq NS Rave

enbodi ments to connect the se e’ aha ysis
devi ce 68lagier ¢aeang higherrenlugion ﬂ@@:prgbe 6@l aswye drduryohyeingauaerivde gindent i ty of a

pol ynucl egk.d ?h@fgroééﬁ féF bmfEBYN R ﬁna?%h%é%’%g Rﬁﬂf&g@&’ %11?@8%6:3&9&6?&’ fof Ne first,

second, fourth and connectl e connecting
means 20 f ORNée@aﬁwi%(c 8a a? rseritied abave) Wpéﬁatﬂb@rwwp@d bt w ved fo revesast er from one

ggg: gg : gtrgﬁés}gagigﬁnarﬁ%ﬂhgﬁsynfﬂ@ﬁs FhAPefontiO BRI € 0T LRSS LETod dilds from one

DNA analysis may start with isolating genomic DNA from 2 or more samples to be compared.
The samples may be split into multiple aliquots (e.g., 5, 10, 20, or 30 or more aliquots). Each
aliquot may be amplified by a different primer set (e.g., 5, 10, 20, or 30 or more primer sets total

25  for all aliquots to be analyzed). For each primer set, one primer could be complementary to a
cornmon repetitive sequence, or just a random sequence, and have a sample-specific sequence
tag on it to make it sample-specific. The other primer could be a random primer. In one
embodiment, the two or more samples are amplified under same conditions, with same primers,
then a ladder of PCR products would be formed that come from loci spread randomly throughout

30 the genome. The quantities of each PCR product is then measured and compared between
samples. Genome-wide differences in copy number at different loci can thus be identified.
These differences are indicative of local duplications or amplifications; trisomy; and loss of

heterozygosity.

36



device, and then washes and cleans itself before it transfers fluids from
one device to a third device. Suitable substrates useful for making { e 7005
connecting nmeans of the invention may be 15 fabricated fromany one of a
variety of MER¥PYUIYS or conbinations of materials. OFRE@AS2GE195Bonnect i ng
means are manufacty sin qgﬁag. kpgwainkn the art,
e.g. silica- [gggneadvgﬂbg?cp%%eéﬁé %lépmé %mrs @&%énisl %@gloln or

pol yS| | i comuenass anelabgeabos) meybdam@@\f@r P@&b@?h@tﬁ’é@ fOi thedefergalllqt‘%ﬁf @QPSeni de.
Alternatlvel u I be used to neke the
connectlng 85ﬁ§8%¥HF%%%Q?%QQ%P%$%?gﬁ%S%n &P%dlng, e. g X

pol ydi net hyl si | oxanes 20 (PDVB), nethylnethacryla %%

pol yur et hane, B@lﬂmom st dimicnte d% ate G@PRAAYNSREHEMes &P?/Eeﬁ]i’rf‘ Y

polycagb Ogbgﬁe%l IER% ;ﬁé’éeﬂqﬂ%ﬁﬂa{%’m %klﬁ@ﬁ&%ﬂﬁﬁﬂ@@ut BRIiyehiH. €nie believed

pol yvi nyl | ine  Tluor

acrylonitril e-butadi ene-st ene c%g éyner)
and t he sibat these emrbodampngg 1§01U¢Wé1%§loé‘§éﬁf te?hmﬂg?ﬁ%?h ssEF i bath “é%% t

appar at US h% @ra@@ceqﬁﬁlq ifvRhtidh: ﬁ(‘i‘t%(&h@ﬁét@@@tls useRNQEL, [Tt ROt beEB&cﬁW@ﬁﬁmW oper mts
the anp atron of a target polynucleotide and the quantitative

P
anal ysi s d«ffll frHbe ahibht th @@mﬁﬂwé?@bqw?ﬁt%wl%%dﬁ&é@fn %BPV A&y ?%Bemrhe
appar at usoﬂf?ﬂmﬂ'n%@ PR BaflbbS BONYENGlBREI AQ 1RXfAS 'hiaﬁ Be affloyRME Lt ve
transcription e apparatus may further permts e identification of a
ponnu&Ieﬁ@ﬁ@@“@ﬂﬂﬁnterest (e.g., a gene that is differentially expressed
in tw or nore sanples), as mell as the sequence identity of the
pol ynucl eot i deajpbs théh%fdrdmt:@ﬁ@ahﬁed-'ﬂe&naﬂn&edmermsiyreapreﬁl)ainsmbmatad b view of an
expression _profiling process using the 30 apparatus of the present
i nvent i onTefteice MAAHPIEEY - hi s process may be perfor med using the 35 20 DEC
Z006 WD 2004/001376 PCT/ US2003/019518 apparatus shown in FIG 10. In a
preferred enbodinent, all devices in FIU 10 are |located wthin a single
housi ng. RNAs may be extracted separately or maybe extracted (step 1) by a
pol ynucl eoti de extraction device connected to the anplification device as
shown in FIG 2. The anplification device 64 permts eDNA synthesis and
anplification (e.g., by PCR step 2). At the 5 end of each PCR cycle, an
aliquot of anplified product is renoved to be analyzed on an anal ysis
device 68 (e.g., a capillary electrophoresis device, step 3).
Differentially expressed polynucleotides may be collected by a fraction
collector 160 (step 4), and the sequence of one or nore differentially
expressed pol ynucl eotides may be identified by a sequence identifier 200
(step 5). For step 5, a sequencing reagent master m x may be added and the
sequencing reaction 10 m xture may be incubated according to known nethods
in the art. In one enbodi nent, the
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sequencing reaction mxture is then | oaded on to the anal ysis device 68
(e.,g., the capillary electrophoresis device) for sequence identification.
I n anot her enbodi nent, an aliquot of a fraction collected by the ¥iaet iiih
coll ector 160 nay be returned to the anplification device 64 for

perform ng sequence reaction. The reaction product nmay then be applied to
the anal ysis device 15 68 for sequence identification. In one enbodi nent,
t he apparatus of the present inventign is used to analyze genomc DNA
sanples (e.g., quantitation of genomgééﬁﬂﬁes of a gene). Such a technique
woul d have | ower cost and higher resolution than probe based assays or
karyot ypi ng, on, a who S. The process for genom c DNA anal ysis
may be pergornéglgmmausﬁ?rmggCFHQqgwg@gggn;%wxﬁﬁgRNA analysis (e.g., as
descri bed abovemaembﬁmmonhakemhehemmmnkdph@nmmmm&éﬂaﬁﬁﬁmneuﬂmsa)

transcri pt esi;s when genonmic DNA is used as. The process
for genonleﬁ&ﬁﬁﬁgmﬁﬁﬁpaﬁxﬁnay%%tart with isolating genomc DNA from2 or
nmore sanpl es t onbealgsgimsaice dvhich Fpgragaapbléfed palynisiotdrs ktd quattdiessdpéripd e

al i quots ( , re aliquots). Each aliquot may be
anpllfleds%?ﬁgoé?mj%%&ﬁ%Q%#$%%§8g§§ %2 g., 5, 10, 20, or 30 or nore priner
sets total 25 famon%ﬂcqmgamaw@msmmrab@eranlaysyziefdytaot rﬁ@iwe@mldmacmmlmte one
prinmer could sak?@arﬁ%@ ld@ﬁ&':r!$ Bhnérck 91 Biqub QFTRN el BRE bV ® SAIHERG Vil | UST @
random sequence, and have a sanpl e-specific sequence tag on it to make it
sanpl e- spetifipg & ampliBCaYOREECtO ner coul d be a random priner. In one

enbodi nent, the two or nore sanples are anplified under sanme conditions,

wi th sane then | adder of PCR products would be fornmed that cone
from | oci prggﬁeF%ﬁH%ﬁf CIYipy o (HE O RO G P oGEHURYde PHECtHESRYEY | es of each

PCR pr oduGbniested enid apasiidagsch @nde GQapst @ﬁkxbﬁte@%mu@aﬂm BfplcGERORRr W de
dlfferencqg) rent can thus be identified. These

di f f er ences 5ﬁmﬁ%F%m¥9%gm8ng38@Ftﬂﬁﬁ? éf?ﬁﬁ@dS?c anpl i fications;
trisomny; and Ioss of heterozy905|ty 36 20 DEC 2006 WD 2004/001376

PCT/ US2003/ 019 rnat;i.vel ocCus s inmer. set (i.e., prinmers
whi ch rec%nl zg%gp@‘ lta mdas”eneluéfrr%%scoa?mmgt “ar !e]“l ﬁog%ﬁgsl) ‘H%ey be used for PCR

anplification for the deternlnatlon of copy nunber changes at a specific

| ocus bet ueen bP, bR hEI AR AGein I fric%?go%'{l U‘@gg' Rl gefpnstrate

experinments p d and techni qgues conte resent
|nventorsaPﬁﬁWﬁkWﬁgw&W@“Ué¢WWﬁﬁ@n@ﬁammwékﬁmv@nﬁlon It is belleved t hat
t hese enbodi nents include a disclosure of techniques which serve to both
apprise the art of

5. The apparatus in claim 3, further comprising a sequence identifier which identifies a
sequence of a quantified product, wherein said sequence identifier is connected to said fraction
collector device by a fifth connecting means which permits a collected product to transfer from

said fraction collector device to said sequence identifier.

6. An apparatus for nucleic acid analysis, comprising:
an amplification device which amplifies a polynucleotide in a reaction mixiure to
generate an amplified product;
an analysis device connected to said amplification device to permit an aliquot of said
reaction mixture to transfer from said amplification device to said analysis device which detects
and quantifies said amplified product; and
a fraction collector device which permits the collection of discrete liquid fractions of a

quantified product.
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the practice of the invention and to denonstrate its usefulness. It wll be
appreci ated by those of skill in the art that the techni ques and

enbodi ments di scl osed herein are preferred enbodinents only that in
general nunerous equival ent nethods and techni ques may be enpl oyed (tid{ 7006
achieve 10 the same result. Al of the references identified hereinabove,
are hereby expressly incorporated by reference in their entirety. 37 2 D

DEC 2D06 Al Rar.a for cleic acid, quantification

compri sing an Jesrre el PER b el ot Sarpfel e E NrsryGLiognt de i n a
reacti on ninelysis éevice by gerberchtreelam rébopd arfii ed product; and an anal ysi s device
whi ch separates anplified polynucl eotides and quantifies separated species
of said anplified polynucl eotides; and a connecting neans to permt

transi ent nghysiﬂﬁlap@mwa'm laipyet, Werthar cempebiog 7 pagEloridriexttagtie dedrd sai d

anal ysi s dewh&Rd Ec%ahra%ﬁf &1501?513\’@%: kiBhie Af exialidh Joﬁ@lﬁcgéo%%i .@n@&qu Gafsfy Sai d
anal ysis device during an anplification reactio h pparatus in
claiml, f%ﬁ?ﬁ%?mﬁﬁﬁﬁﬂﬁ§ﬁﬁﬁmﬁmﬁdkyﬁU@ﬁ@éﬁmﬂékéKmﬁbﬁ@qon devi ce connected
to said anpllflcatlon device to permt an extracted pol ynucl eoti de sanpl e
to transfer 5§g1sald pol ynucl eoti de extraction device to said

anpl i fi cat on PRRgTatu I @ G BlFraensrisiee Tieayenter dentifiprrideh igwipesiasi ng a

fraction celdeaetodr qﬁlﬁiuﬁé‘d%rod%ct Th@cia PRALRAtdSe ﬂdéhn‘ﬁbaih Barfﬁecté/(\}f'[@ £ Rachad d
fraction co Iector devi nnected to said anal é?ﬁgd evice to permt
§

the col | ecPI B P Ehg (ﬁ&c?t?ff@a Y5t Gdraryter figm sprdraghing cp ViFed idn 3,

further conpensiidigtifersequence |dent|f|er which identifies a sequence of a

guantified product, wherein said sequence identifier is connected to said

fraction collector device by a fifth connecting nmeans which permts a

col |l ected Bk odtmrtapp@attlsrialassf@:eofmamainssai aﬂdﬁr\a}cetdimnimiﬂliﬁwieﬁ ddexiasdsaidd sai d
sequence i L.d analysis, conprising:
an anmpl i flagzg?&tmjcfel/ té{\i/lls er rks ﬁ%ﬁ&%le%?ﬂga? n‘%&o r%ll}JC(l: Oldffl de in a reaction

m xture to generate an anpllfled product; an anal ysis device connected to
sai d anpl ijfii caty,0p,Aaw fgleexﬁjgsst?&lrﬁ%jlmg%gl hgr?ot of said reaction mxture to

ifircatio ev ai d

transfer from said anpl anal ysi s devi ce which
det ect s an amplification device which amplifies a polynucleotide in a reaction mixture to

generate an amplified product; and

a capillary electrophoresis device which detects and quantifies said amplified product,
wherein said apparatus immerses a capillary of said capillary electrophoresis device in said
reaction mixture to transfer an aliquot of said reaction mixture from said amplification device to

said capillary electrophoresis device.

12, The apparatus in claim 11, further comprising a polynucleotide extraction device
connected to said amplification device to permit an extracted polynucleotide sample to transfer
from said polynucleotide extraction device to said amplification device.

13. The apparatus in claim 11, further comprising a fraction collector device.

14, The apparatus in claim 13, wherein said fraction collector device is connected to said

capillary electrophoresis device to permit the collection of a quantified product.

15. The apparatus in claim 13, further comprising a sequence identifier which identifies the

sequence of a quantified product, wherein said sequence identifier is connected to said fraction
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and quantifies said anplified product; and a fraction collector device
which permits the collection of discrete liquid fractions of a quantified
product. 38 20 DEC 2000 7. The apparatus in claim®6, wherein said fraction
col l ector device is connected to said analysis device by a tube, xhapme; or
robotic arm 8. The apparatus in claim®6, further conprising a

pol ynucl eoti de extraction device connected to said anpllflcatlon device to
permt an I 1y r
polynucle&%ﬁ%%ﬁgiﬁggg?ﬁ%ﬁMgkgﬁg&gﬁoﬁggﬁi%0&%WEF|ca %Qﬁc 811@%J9 The
appar at us $l¢rtrepharasis @evidede sdrbreqesoepidésifig a sequence identifier which
identifies a sequence of a quantified product, wherein said seqguence
identifier is connected to said fraction collector to permt a collected
product t o'% r anSTaPParatisii Saiul I wherein emelecli euvewis apeliddde cledrodesiof thesequence

i dentifi ergapilifhy eﬁ&rcﬁsﬁ&@&@ée\lﬁe §dkh& e c@ﬁ'iﬂar?fof §ahﬁ:aﬁli§r‘y BRetlophtiesibievitber ei n sai d
anplification d§V|ce and said analysis device also permts sequence

i denti fi cafPHeom sAdpEFiATIRK gt iagEers 1aliqapt ohpysbicantiae mpxgre E-predsi on

profiling,angoifptibs e t@RicRPL Y etatdpahcdesiice wWhich amplifies a
pol ynucl eotide in a reaction mxture to generate an anplified product; and

a capillary el ectrophoresis device which detects and quantifies said

anplified ipr odlﬂﬂlhappavmeﬁreﬁmmsla; ﬂhea;ﬁpedi@&m;ﬂlﬁbmaswm add €aPiaplilafyy of said
caplllaryfﬁmgcto% b reS|§ ev” % ; FIOH n1ﬁt re to transfer an
aliquot of S&I réacvﬁﬁﬁsﬂfi?nsng?%%ﬁ%ﬁiﬁmﬁﬁﬁ 1 990eut g device to said
capillary el ectrophoresis device. 12. The apparatus in claim1l, further

conpri si ngga p?hx El}g)%laﬁ]ggr! ggmel)gt ﬁlﬁﬁetr Ic?ﬁ%%ﬁl\éé%gcg r?c(gril erltlfﬁetr w&wg 1dse11 1fd €5 ﬂ}e

anpllflcatlon ermt an ex ynuc
transfer stEquemAcoAf duap@ﬂ?%dmmﬁmetowﬁimi‘en enid wa@tnpmderdéw igeonnertaidd ehlcaﬁrq:wtlmf i cation

device. 13.cthe t(ﬁ)@gﬁt[ ?Edﬁ%ct&dbr%u@f tmtr%ﬂsferfﬁld nsgﬁ { §89)%51'le%£opgeﬁce é& tfaa?é I on

col | ector device. . The apparatus 1 n claim wherei n sal raction
collectorSﬁ%@%@ékﬁ%ﬁ%onnected to said capillary electrophoresis device to
permt the collection of a quantified product. 15. The apparatus in claim
13, further conprising a sequence identifier which identifies the sequence
of a quant'ffi ed "prRPAEEE 10 ARREPEITTIaER U Sarudntiersigend applificatiog dedissieet ed to

sai d fracthpbQfheradhain reaction (PCR) amplification device,

20. The apparatus in claim 19, wherein said apparatus permits an aliquot of said reaction
mixture to transfer from said amplification device to said analysis device during at the end of

each PCR cycle.

21. The apparatus in any one of claims 1, 6, and 11, wherein said amplification device

permits reverse transcription to generate cDNAs,

22. The apparatus in claim 21, wherein said apparatus further comprises a reaction tube or
microtiter plate, and wherein one or more primers used for reverse transcription are chemically

linked to an inner wall of said reaction tube or a well of said microtiter plate.

23, The apparatus in any one of claims 1,6, and 11, wherein said apparatus permits the

detection and quantification of a signal generated by one or more fluorescent labels.

24, The apparatus in any one of claims 1,6, and 11, wherein said apparatus can apply an

electric current to transfer an aliquot of said reaction mixture.
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20DEC2006 <collector to permt a quantified product to transfer fromsaid
fraction collector capillary electrophoresis device to said sequence
identifier. 16. The apparatus in claim1l, wherein an electric curriehbti g0t
applied to el ectrodes of the capillary electrophoresis device so that the
capillary of said capillary el ectrophoresis device imersed in said
reaction mxture transfers an aliquot of said reaction mxture from said
anplification device to said capillary el ectrophoresis device. 17. The
apparatus in claim21l, wherein said anplification device and said capillary
el ect rophoi®si sTieppasusah sgy gephititiss $ @oqdié vercindeidtahdl ystatevioncoafprises a

pol ynucl eof mﬁﬁ‘ ratus in claim13, further conprising a
sequence i%%ﬁgpg%ggqm |%ﬁ&% entifies the sequence of a quantified product,
wherein said sequence identifier is connected to said fraction collector

to permt g col hRGHeRIR! el fd&ifn@@ig,ed'hg{r i,%f%r%ﬁjisgidfpgl%&i[egﬁgi/eceglr(ljc‘agé or

device to said sequence identifier. : € apparatus’in an ne of clains
1, 6, and devicepeigiteisplatingtefaldiphs drivdid¥Asdrrielengios mofediddogigsbingtamdiase chai n
reaction (PCR) anplification device. 20. The apparatus in claim 19, wherein
sai d appar gt us fernits an aliquot of said reaction mxture to transfer
from sai d anpl i TIeCBRHH Sdebinte Yisrdnsa @pidpy slesrapbordedeisei ng at the end of
each PCR cysglpéises 2 bluralibeofapp@iiad us in any one of clains 1, 6, and 11

wherein said anplification device permts reverse transcription to
generate cDNAs. 22. The apparatus in claim21l, wherein said apparatus
further calfpri SBs appar@80F tlaith 2UARra saidBafill@y ieleEfoppbradiedevrid wherei n one or
nor e pring%§ HggQGEQHMQderse transcription are chemcally |inked to an

i nner wal | “°0F"'$a7d“¥ed¢t on tube or a well of said microtiter pl ate. 23.
The apparatus in any one of clainms 1,6, and 11, wherein said apparatus
permts t detect | o g i.fikcation of a signal.generated by one or
nor e fIuopgécen%gFgﬁgﬁg§P§%8H$H§kgﬁﬁgﬁg§ﬂ§m?n1%%9 ‘%%“o?m%%aﬁ§go , 6, and
11, wher eitringfai fibrapplarati orsmizame @ppll yodysis deviecduring acamplgnttion ccgimansf er an
aliquot of said reaction mxture. 40 2 0 D E C 2006 25. The apparatus in
any one of clainms 1 and 6, wherein said anal ysis device conprises a

capi | | ary ¥ ectlheprroraesicsclgevi whereipgid apperatupip arrabla of annlyiney rosseuref cl ai ms 2,
8, and 12,q;Mh&keioRaid 3l RPIYOSGLEAT tA6re Lt iR G JudMo said capillary tube,

3L The apparatus of claim 1 wherein said apparatus is capable of applying an electric current

to permit efectrokinetic transfer of said aliquot to said capillary tube.
32, The apparatus of claim I wherein said connecting means comprises a robotic arm.

33, The apparatus of claim 32 wherein said robotic arm is capable of immersing said

capillary tube in said reaction mixture to permit transfer of said aliquot to said capillary tube.

34, The apparatus of claim 2 wherein said polynucleotide extraction device is connected to

said amplification device by a tube, channel or robotic arm.

35, The apparatus of claim 4 wherein said fraction collector device is connected to said

analysis device by a tube, channel or robotic arm
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device permts isolating total RNAs or nRNAs from one or nore biol ogical
materials. 27. The apparatus of claim25 wherein said capillary

el ectrophoresis device conprises a plurality of capillaries. 28. The
apparatus of claim 27 wherein said capillary el ectrophoresis devitélE( 006
conprises 96 capillaries. 29. The apparatus of claim 25 wherein said
connecting neans permts repeated aliquot transfer fromsaid reaction

m xture to said anal ysis device during an anplification reginmen. 30. The
appar at us claiml wherejn said apparatus js capable of applying a
pressur e %{ffe ﬁ@%“?ﬁ“gﬁkﬂngﬁhﬁﬁpéggﬁﬂﬂﬁﬁe@8“%@?%?@“*?%%8?%?xﬁwgéaid

al i quot t odevak tly ¢ ape,lchanyl of tdbetic a3th. The apparatus of claim 1 wherein said
apparatus is capable of applying an electric current to permt

el ectrokinetic transfer of said aliquot to said capillary tube. 32. The
appar at us 8t cl Hicnpparauseart elaim 6 svhetcio erit egtdnngidemidinsis compnédse saidfrsctbot i ¢ arm
33. The ap&@gﬁ&tﬁg a%becéh%naégob%ﬂ%ﬂ n said robotic armis capabl e of

i mrer si ng sal apillary tube 1Tn said reaction m xture to pernit transfer
of said aliquot to said capillary tube. 34. The apparatus of claim2
wherein saigd popRPCLRQAl B8ine X hbBGILAR ISV L8 Je&m%ge&%eggm}eg& a B
anplification device by a tube, channel or roboti ¢ ann. " The appar at us
of cl ai m 4*nqlrEs viee sapepmif ¢ siendl brirasefed feat wid adelyiicdevics tosidnieet ed to said
anal ysi s dgwirgighivig. t ube, channel or robotic arm 41 20DEC2006 36. The
apparatus of claim5 wherein said sequence identifier is connected to said
anal ysis device by a tube, channel or robotic ann. 37. The apparatus of
claim6 wesrei mMhsapwr88QHERHEES, Wl shill @fpli feaG@NIRAES 8 dodRctSbtb daill EAGkis 0N

col | ector . a tube, channel or robotic arm 38. The apparatus of claiml
e Td £155 oaARa o

further co d'f'ng device connected to said analysis
device to permt a signal to transfer fromsaid analysis device to said
data genergting.device. 39.. The,appar.atus of c|aim 8, erein sa

ol 11 cat Do dRu s oLgmur LgePom artar el ar Bl B e N ipe,
channel orsaidetplifietiardvicdby a Mhe chppapatobsticatmcl ai m 8, wherei n said

pol ynucl eoti de extraction device is connected to said anplification device
by a tube, channel or robotic arm 41. The apparatus of claim9, wherein
sai d sequédce iTdempifavepf flgmcomhecinedd taquead derftifiacis camected to said fraction

collector by a tube, channel or robotic arm.

42. The apparatus of claim 12, wherein said polynucleotide extraction device is connected to

said amplification device by a tube, channel or robotic arm.

43, The apparatus of claim 14, wherein said fraction collector device is connected to said

capillary electrophoresis device by a tube, channel or robotic arm.

44, The apparatus of claim 15, wherein said sequence identifier is connected to said capillary

electrophoresis device by a tube, channel or robotic arm.

45, The apparatus of claim 18, wherein said sequence identifier is connected to said fraction

collector by a tabe, channel or robotic arm.

46, An apparatus for nucleic acid quantification, comprising:
an amplification device which amplifies a polynucleotide in a reaction mixture to

generate an amplified product; and
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coll ector by a tube, channel or robotic ann. 42. The apparatus of claim 12,
wherei n said pol ynucl eoti de extraction device is connected to said
anplification device by a tube, channel or robotic arm 43. The aeq?égfgﬁﬁ
of claim 14, wherein said fraction collector device is connected t '
capillary el ectrophoresis device by a tube, channel or robotic ann. 44. The
apparatus of claim 15, wherein said sequence identifier is connected to
said capillary electrophoresis device by a tube, channel or robotic arm
45. The appar at Usangsisdeyicaramecisgie sad mplificaion dgierye rplpdn i sapedlq of

connect ed &Mpagad deabill@Gti@nng &Qlltak@tﬂgts@frd 1B wh s MB @eactﬁu'ﬂfi‘rﬂﬂﬁxle t@perff QQE Hefor@l M
46. An app nucl ei c uantlflcatlon nprisin

atus for
anpl i ficat %ﬁ‘d(ﬁ"é’v?oé’é“%ﬂfeéﬁ“ﬁ’ﬁgq‘ frf"ing%‘ d gmpliffepifndenst ‘iod@d ???135*5%@5 PRt mi xt ure
to gener aleecanndqphiifids edd prgldise biodaddd 42 20 DEC 2006 an anal ysis device
connected to said anplification device by a robotic arm capabl e of engagi ng
a capillary tube and contacting said tube with said reaction mxture to
permt an aliquot of said reaction mxture to transfer fromsaid
anplification device to said analysis device, which detects and quantifies
said anplified product. 43
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