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(5'7) ABSTRACT

An apparatus for expression proiiluig mialysis, subiectuig
biological materials to polynucfeotide exuaction, amplifica-
uon and analysis. 'flic apparatus include an ampliTication
device u.hich permits the mnplilication of polynucleotides
and an analysis device which quantifies the amount of the
amphfied poiynucleotide products. The amplilication device
o!'the apparatus litav fnrther perniit poly nucleotide extmcti on

to prepare the template for mnplification, or sequence identi-
limiuon of a quantilicd polynucleotide product. A Inaction
collector niay bc included in tiw. apparatus to collect a quali-
fied polynucieotide product befiire its sequence is identified.
The analysis device niay further pcnnit data generauon, or
altenuitively, data can be generated by a separate data gen-
eration device pmvided with the apparatus. The devices
within the apparatus are comiectcd bv connecting means
which permit the tmnsfer of a fluid or a signal for amplifica-
tion and analysis.
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APPARATUS FOR POLY'NIICLEOTIDE
DETFCTIOV AND QUANTITATION

RL&LATED APPLICATIONS

[UUUI] I'1&is application claims priority to U.S. I'rovisional
Application with a Ser. No. 60)390,269. filed Iun. 20, 2002,
the entirety is incorporated hereui by reference.

FIFI D OF THI', INVFN'TION

[0002] The present invention relates to an automated appa-
ratus to be used for the detection and quantitation of poly-
nucleotides.

BACKOROUND

[0003] Theintroductionofgenimiicshas been instnmicntal
ul accelelatlng 11&e pace of iinlg d&scoveiy. The gent&otic lech-
nologies have proved their value in finding novel dnig targets.
Further unprovcment in tfiis nrea will provide more cflicient
tools resulting in faster and more cost efficient development
of potential drugs.
[0004] The dru discovery process includes sevemsl steps:
the identification of a potential biochemical target associated
with disease. screening fiir active compounds and furtlmr
chemical desiem preclirucal tests. and finally climcal tnals.
The efliciency of this process is still far from perfect: lt is
estimated that about 75'iu ofnuiney spent in the resmircli and

development pni cess funds went to failed pro)ects. Moreover.
the later in the product development a failure occur.', thc
bigger are the losses associated with this proiect. Therelore,
there is a need for early elimination of hiture failures to
considerably cut costs of the whole drug dcvclopmcnt pro-
cess Thus. the quality of the onguud molecular target
beconms a decisive factor fiir cost-ctfi:ctive drug develop-
ulc&1&

[t)UUS] One approacll that promises to impact on tile pro-
cess oi target ldentilicatlon and validauon is transcnptlon
profilin. TKis method compares expression of genes under
specific conditions: Iiir exmnple. betii con disease and normal
eel Is, betv e en control and drug-treated cells or betv'een cells
responding to treatment and those resistant to it Tlm inli&r-

ination generated by this approach &nay directly identil'y spe-
cific enes to be tar eted by a therapy, and. importantly.
reveals biochemical pathways imolvcd in disease and treat-
ment. In bnefi transcription profiling not only provides bio-
chemical targets, but at the same time, a way to assess the
quality of these targets. Moreover, in conibinntion w:ith ccfl-
based screening, transcnptlon profiling is positioned to dra-
matically change the field of drug discovery. Historically,
screening for a potential drug was successfully performed
using phenotypic clmnge as a marker ln functional cellular
system. For example. gmwth of tumor cclks in culture was
&non&tonxI to idenufy anticancer dnigs. Sunilarly, bactenal
viability i&as used in assays auned at identifyulg antibiotic
compounds Such screens vere typically conducxed withmit
prior knowledge of the targeted biochemical patlm ay. In fact.
the identified effective compounds revealed such pathways
and pointed out the true molecular targeb enabling subse-
quent rational de&1m& of the next generations of drugs.
[0006] Modern tools of tmnscnption profihng can be used
to design novel screening methods that will utilize gene

cxprcs sion in place ofphenotypic changes to assess cffi ctive-
ness of a drug. For example, these methods are described in
U.S. I'at. Nos. 5,262,311; S,665,S47; S.599,672: 5,580,72(i;

6,045,988; and 5,994.076, as well as Luehrsen et al. (1997.
Biotcchniqucs, 22 168-74, I,iang mid Pardei (1998, Mol.
Biotechnol 10:261-7) Such approaches w&11 be uivaluable
for drug discovery in the tield of centrnl nervous system
(CNS) disorders such as denmntim inild cognitive impair-
ment, depression. etc., where phenotypic screening ls inap-
plicable, but thc desired transcription pmfile can be readily
e~tablished and liukcd lo parucular disorders The idcntilied
effective compounds will reveal the underlying molix:ular
processes In addition, this method can be instrumental liir
development of unpmved versions of existulg drugs, ivluch
act at several biochemical mrgets at the mme time to generate
the desired pharmacoiog&ca) eiiect. In such cases. 0&e cluuige
in the transc optional response may be a better marker for drug
action than selection based on optimization of binding to
nuiltlple targets.

[0007] Pnor to the present uivention, the most advanced
method of tmnscnption profiling is based on technolo y
using DNA micmiarrays, lier cxmnple, as rcvimved in Grceen-

berg, 2001 Neurology 57:755-61: IVu, 2001. J. Pathol. 195:
53-65: Dhiman ct al. 2001. Vaccine 20 22-30, Bier ct al,
2001 I'resent us .I Anal Chem. 371 151-6; Mills el al, 2001,
Nat (.'ell Biol 3:11175-8; and as described in U.S. Pat. Nos.
5,593,839, 5,837.832, 3,856,101: 6.203,981), ti,271,957, nnd

6,287,778. DNA mlcroarray is a method ~bleb periiirms
simultaneous comparison of the expression of several thou-
sand gcncs in a giivn sample by assessing hybridization el'the
labeled polynucleotide samples. obtauled by reverse tran-
scription of n&RNAs, to the DNA molecules attached to the
surface of the test arruy. Whfle the pnor art provides valuable
information about uanscriptional chmiges, lt is far from per-
fect and not without problems nnd dmwbacks.

[0008] I'irst, this technolo y is lnmted to the pool of genes
presented in the microarray. The current printing methods
afloivs placcmcnt of 10.000-15,000 geiws on a single chip,
which is essentially a munber o I'enes expressed ni a particu-
lar cell type. Olven the diversity of cell types, lt requires
dcvclopmcnt of specific arrays liar specific cell types. W&de

theoretically possible, tlus task is nearly unpossible to
achieve, since it rcquircs knowledge of tlm gene pool
expressed in these cells prior to niicroarray mnnulacluruig

[0009] Moreoiver. thc number of transcnpts in a ussue
sample is even higher than in a cellular sample and will
exceed the capacity of die nficroarmy In addition, some
changes ln gene expression result from alternative splicing,
which furiher increases the number of tmnscripts that need to
be nssmssvd. The only possibility to overcome tlmsc difiicul-
ues w ill be to develop multiple arrays that ivi) 1 cover the entire
genome, including alternatively spliced genes. This approach
will slyfif&cant)5 increase the cost of a single experiment and
will require a large biological sample. perhaps larger limn is
reasonably available

[0010] Second. prior alt DNA microamiys do not provide
quantitatively accurate data, and observed changes in ene
cxprcssiim nnist be continnccd by im indcpcndmit method ( for
example. quantitative polymerase chmn rmictlon (Q-PCR).

[0011] I'mally, mre transcripts, wluch may be ofparticular
interest, can not be detected by micmarrays using prior art
dctcmion techniques
[0012] Capillary electrophoresis Ims been used to quantita-
tively detect gene expression. Ralevic at el. (2001. I'tlugers
Arch 442(6 Suppl I ):R190-2) discloses a method for detect-
ing diflerential expression of oncogenes by usuig seven pairs
of primers for detecting the differences in expression of a
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number of oncogenes sinndtaneously. Sense prtmers were 5'nd-labelledwith a lhiorescent dye. Multiplex fhiorescent
RT-P('R resulw werc analyzed by cnpillary elccirophorcsis
on ABI-I'RISM 310 Oenetic Analyzer. Borson et al. (1998.
Bioteclmiques 25:130-7) describes a strategy for dependable
quantification of low-abundance mRNA trtinscripts based on
qumititative competitwe reverse transcrtption PCR (QC-RT-
Pi'R) coupled to capillary electrophoresis (('I/) for rapid
separation and dctccction of products Occorge et al, (1997. I

Cluomato~v B Biomed Sci Appl 695:93-102) descrtbes the

application of a capillary electro p bores is system (A BI 310) to
the ident& licat ion of fiuorescent iffferentisl display genemted
L'ST patterns. Odin et al. (19/99, I I'luomatogr B Biomed Sci

Appl 734:47-53) describes an mitomaied aipillary gcl elec-
trophoresis with multicolor detection for separauon and
quantification of I'O'R-amplified cDNA.

[UU13] Separate devices are available for I'i.'R mnplifica-
tion and (Ti. For exampla PF.'R machines are comniercinlly
available from Applied Biosystems (Foster City. Calif.). Biiw

Rad (Hercules. I'alif.), kppendorf (Iyestbuty, N.Y), Roche
(Indimuipobs, Ind.) CF, apparatuses arc comnmrcially nvail-
able from Applied Biosystems (Foster I'ity, Calif ), Beclonan
Coulter (Fullerton. ('alif.). mid Spectrumedix Corporation
(State College. Pa.).

[0014] H,S, Pat No. 6.126,804 discloses an uistrument for
field identiTication of micm-or anisnis mid DNA fragtnents
using a small and disposable device containing integrated
polymerase chain reactmn (PCR) enzymatic reacuon walla
attached capillary electrophoresis (CL') channels, detectors,
mxl rand-out all on/in a small hand-laid packs c. However,
tlus instrtuuent is specifically designed for iield use Further,
liii prior art device offi:rs a simple, sensitive apparatus for
quantitative detection ol'ene expression profile m onc or
more s unples.

[0015] To overcome these limitations, there is a need ui the
art to develop alternative apparatus to perfortn transcription
profiling that will (I) noi require prior knowlcdgc of thc
sequences of the expressed acne pool before the assay, but by
itself vi ill provide this information during/after the assay; (2)
measure qu uititative changes in the level of expressed trmi-

scripts; (3) detect expression of rare genes; and (4) be auto-
mated There is a nivd in ihc art I'r a simple. sensitive appa-
ratus for quantitaiive detection ol gene expression profile ui
one or more samples.

SUMMAITY OF THE INVENTION

[0016] The present invention pmvides an apparatus for
expression profiling, comprising an amplification device
which amplities a polynucleotide in a reaction mixture to
genemte an amplified product; and mi analysis device con-
nected to the amplification device by a tirst connecting means
which penuits mi aliquot of ilia reaction mixture io transfer
from the amphfication device to the analysis device wluch
detects and quantifies the mnplified product, where the first
connectuig mains is a robouc anu.

[0017] In onc embodiment, ihc appamtus furtlmr comprises
a polynucleotide extmctton device connected to ihe muplili-
cation device by a sexond connecting means which permits an
exiracicil polynucleoiide smnplc io trtmsfi:r from the poly-
nucleotide extraction device to the amplification device.

[0018] In another embodiment. the apparatus hirther com-
prises a fraction collector device.

[0019] In a preferred embodiment. the fraction collector
device is conncmivd to the mialysis device by a fourth con-
llectlilg meiiils v'lllcli pelilllts tile collectloll of it quailtlflail

pmduct.

[0020] In another embodimem. the apparatus further com-

prises a sequence identifier wluch identifies the sequence of a

qumitificd product, where the scxluence idcntilier is con-
nected to the analysis device by a liffii connectuig means
which permits a qu anti tied product io transfer from I 1m ana ly-

sis device io the sequaicc identifier

[0021J In another embodiment, the appamtus hirther com-

prisess

a sequaicc identifier wluch idi nti lies the sequence of a

qimntified product. iihere the sequence identifier is con-
nected to the fraction collector device by a fifth connecting
means w hich permits a collected product to trausli:r from the
fraction collector device to the sequence identifier.

[0022] The present invaition also provides mi appartitus liir
expression profiling comprtsing an muplification device
which amplifies a polynucleotide in a reaction mixture to
generate au unplified product: m analysis device ainuecied
to the amplification device by a first connecting means wluch
pcrtnits an aliquot of the raiction mixture to trmisfcr from rim

amplification device to the analysis device which detects and
quantifies the ampliTied product; and a polynucleotide extrac-
tion device conncctal io thc amplilication devicv. bye second
connecting meats w hieh permits an extracted polynuc leo tide
sample to transfer from the polynucleotide cxtmcrion device
to the amplification device.

[0023] In one embodiment, the apparatus further compnses
a Inaction collector dcvicc

[0024J In a preferred embodiment, the fraction collector is
connected to the analysis device by a fourth conniecting
means which pernuts the collecuon of a quantified product.

[UU25] ln another embodiment. the appamtus huther com-

prises a sequence identifier which identities the sequence of a

quantified product, where the sequence identiTier is con-
nected to the mialysis device by a fifth connecting means
which permits a quantitied product to transfer I'rtim the analy-
sis device to the sequence identifier.

[0026] ln amii her embodiment. ihe apparatus fiuthcr com-
prtses a sequence identifier wluch idenu fies the sequence of a
quantified product, where the sequence identifier is con-
nected to the lrtaction collector device by a filth connecting
means which permits a collected product ui transfer from the
fraction collector device to the sequence identifier.

[0027] The invention provides mi apparatus for expression
profiling comprising an amplification device which amplifies
a polynucleotide in a reaction mixture to enerate an amph-
fied pmduct: an analysis device connected to the amplifica-
tion device by a first connecting means which permits an
ahquot of the reaction nuxture to transfer from the amphli-
cntion device to the analysis device which detects mid quan-
tifies the amplilied product, and a data generating device
connected to the mialysis device by a tlurd connecnng means
which permits a signal to transfer from the analysis device to
the data generaiuig device

[0028] In one enibodimcnt, tfic apparatus furlhcrcmuprises
a polymicleotide extraction device connected to the uupldi-
cation device by a second connecting nwans which pemt its an
extracted polynuclcxtttde sample to iransfi:r I'rom the poly-
nucleotide extraction device to the amplification device.

[0029] In another embodiment. the appamtus further com-
prises a fmction collector device.
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[0030] In a preferred embodiment. the fraction collector
device is connected to the analysis device by a Fourth con-
necting means v.hich permits the collection of a quantitied
proitucl.

[0031] In another embodiment. the apparatus fiirther com-
prises a scxtuence identifier which identifies the sequence of a

qumiutied product, where the sequence identifier is con-
nected to the analysis device by a fifth connectinv means
w hie h pi rmits a quan)iliad produc t to trans fi r from Ihc analy-
sis device to the sequence identdier.
[0032] In another embodiment. the apparatus liirther com-
prises a sequence identifier v, hich identifies the sequence of a

quantified product, where tbe sequence idmitifier is con-
nected to ihe fraction collector device by a tifth connectin
means v;hich permits a collected product to transfer from the
traction collecuir demce hi the sequmiCc identitier
[0033] The invention provides an apparatus for expression
profiling comprising an imlplification device which amplities
a polynucleotide in a reaction mixture to genemte an ampli-
fied product, an analysis device connected to tlm mnplitica-
tion device by a Iirst connectui means which pemuts an
aliquot of the reaction mixture to trmisfer fmm the amplifi-
cation device to Ibe analysis device which detects mid qu ul-

tities the amplified product; and a fraction collector device
v luch pertnits the collection of a quantified product.
[0034] In a preferred embodiment. the fraction collector
device is connected to the analysis device by a fourth con-
nectin means wluch permits the collecuon of a quantified
product.

[0035] In one embodimeix, the appamtus further comprtses
a polynuclrxitide extmction dcvicc connected to thc amplif-

ication
devic bye second connecting means ishicb pci'luits all

extracted polynucleotide sample to transfer from the poly-
nucleotide extraction device to the amplificatiml device
[0036] In another embodiment. the apparatus further com-
prises a scxtucncc idcnti lier w hicb identifies the scquencc of a

qumiutied product, where the sequence identifier is con-
nected to thc fraction collector by a fifth connecting mwms
which permits a collected pmduct Io Irmis f'cr fiom the frac-
tion collector device to the sequence identifier.

[0037] The invention provides an apparatus for expression
profiling comprtsin an amplification device v;hich amplifies
a polynucleotide in a reacuon mixture Io generate an ampb-
fied product; mi mialysis device connected to the amplitica-
tion device by a first connecting nwans which pertnim an
abquot of the reaction mixture Io transl'er fmm Itic mnplili-
cation device to the analysis device which detects mid quan-
tifies thc anlpliticd product: and a sequence identifier which
identities the sex)uence of a quantitied product, where the
sequence identifier is connected ni the mialysis device by a

tifih connecting nwans which permits a quantified product to
transfer from the analysis device to the sequence identifier.

[0030] In one embiidiment, the apparatus further comprises
a polynucleotide extraction device connected to the ampliTi-
cation device by a second connecting means which permits an
ex)meted polynuclcioitide sample Io tr ulsfer fmm the poly-
nucleotide extraction device to the amplification device.

[0039] Inanotheremb(idimmit, the appariltus flirtllci'col'u-

priscs a fraction collector device.

[0040] In a preferrot embodiment. the fraction collector
device is connected to the analysis device by a fourth con-
necting nwans which permits the collection of a qumltified
product, and where the fraction collector device is also con-
nected to the sequence identifier by another hfth connecting

means which permits a collected product ni transfer from the
I'raction collector to thc sequence identilier

[004I] In one mubodiment, thcampli(ication dcviccand the
analysis device also permit sequence identification of a poly-
nucleotide

[0042] Thc invention further pnwides nn appnratus for
expression profilin . comprisulg: an amplification device
whicli amplities a polynuclcmitide in a reaction mixture to
generate an amp l i tied product. and a capillary clem trophoresis
device wluch detects and quantihes the amphfied product,
where a capillary of the capillary electrophoresis device is
uiunersed in the reaction nuxture to tr uisfer an aliquot of the
reaction mixture from the amplification device to the capil-
lary electrophoresw device.

[0043] In one embodiment, the apparatus Iiurthcr compnses
a polynucleotide extraction de~ice connected to the mnpldi-
cation devi ca by a wcond coniwcting nwans which pcnuits an

extracted polynuclwitide s uuple to transler from thc poly-
nucleotide extraction device to the mnplification device.

[0044] In another embodiment. the appamtus huther com-

prises a liuction collector device

[0045] In a preferred embodiment. the fraction collector
device is connected to the capillary electropboresis device by
a fourth conncccting nwans which penuits the collection of a
quantdied product.

[0046] ln another embodiment. the appamtus further com-
prises a sequence identifier which idcnti ties the sequence of a

quanufied producb where the sequence identiiier is con-
nected to the capillary electrophoresis device by a fifth con-
necting means which permits a quautiftcxi product to trmlsfcr
from the capillary electropboresis device to the sequence
idmltifier.

[0047] In another embodinwnt, the apparatus further com-

prisess

a sequence identifier w tach identities Ibc sequence o f'a

quantified product, where the sequence identifier is con-
nccctcd to the fmction collector device by a tifth coiutcmting
means which pernuts a collected product to tmnsfer from the
fraction collector device to tile sequence identifier.

[0040] In another embodiment, the mnplification device
and the capillary electrophoresis device pernut sequence
identification of a polynucleotide.

[0049] la the apparanis of the present invention, the ampli-
lication device is preferably a polynmrrlre chmn reaction
[PCR) ampbtication device.

[UU5U] Also preferably, the first connecting means pertnits
an aliquot of the reaction mixture to transfi:r from the ampli-
iication device to the analysis device at the end of cacti PCR
cycle.

[005 l] Preferably, the reaction mixture comprises one or
more PCR amphtication primers wluch are chenucally linked
Io an inner wall of a reaction tube or a v, ell of a microtiter
plate.

[0052] In the apparatus of)hepresuni invenbon, the anipli-
tication de~ice pretembly also pernuts reverse tminscription
to generate CITNAs.

[0053] Prcti.'rably. one or nlore pfimcrs used for reverse
trmlscrtption are chenucally linked to an inner wall of a reac-
tion tube or a well of a microtiter plate.

[0054] Preferably. the apparatus pernuws the detection and
quantification of a signal generated by one or more thiores-
cent labels

[0055] In some embodiments of tbe invention. the first,
second. fourth, or fifth connectinv means is a robotic arm.

BIO-RAD EX.1021.017



US 20[2/0[00600 Al Apr. 26, 2012

[0056] In other embodiments of the invention. the first,
second, I'ourth. or lilith connecting means is a tube or a chan-
nel
10057] In some embodiments of the invention, thc first,
second, fourth, and iifih connecting means are a single con-
necting means, e.g.. a robotic ann. which transfers samples
from onc device to another
[0058] Inoneembodimcnfi au electric current is applied to
the fi&st, second, fourth. or fifih connecting means to permit
transfi.r.
[0059] In the apparatus of the present invention, the analy-
sis device is preferably a capillary electrophoresis device.
[0060] Preferably. the polynucleotide extraction device ut
the apparatus permits isolating total RNAs or mRNAs fbom
one or more biological materials
[0061] The present invention will find use in wide appl&ca-

tions such as biological and bio&u&xhcal researclx identifica-
tion o I'herapeutic agents and diagnostic nuirkers: character-
ize&&on of cells and orgamsms that unde&went genetic
modifications: identification ofunknown illness; and charac-
ierrzation of DNA and identifiration of biological samples
Non-limiting examples oi such applications include quanti-
tative PC'R. real-time PC'R. 13NA sequencing, transcription
proiiling and genotyping

IIRIRF DRSGRIP11ON OF DRVVINGS

[0062] The present invention will be I'urther explained &vith

reference to the attached drawings, wherein like structures are
rcfiurcd to by like numerals throughout thi: several views Thc
dr uvings shown are not necessanly to scale. &vith mnphasis
instead generally being placed upon illustrating the principles
oi'thc present invention
[0063] I'IG. 1 is a schemanc v&ew of an appamtus lor
expression profiling according to one embodinwnt of the
uivention. The apparatus 10 consists oi an mnpliiication
device 64 and an analysis device 68 connected to the ampli-
iication device 64 by a first connecting menns 66.
[0064] FICi 2 is a sclwmatic vien& oi'n apparatus for
expression profiling according to one embodiment of the
invention. The appamtus 10 consists of a polynucleotide
extraction device 20, an amplification device 64 and an analy-
sis device 68. A first connecting means 66 connects the amp li-

iication device 64 with tlm analysis device 68. while a sccwid
connecnng means 40 connects the polynucleotide extraction
device 211 vvith the amplification device 64.
[0065] I'IG. 3 is a schematic v&ew of an appamtus for
expression profiluig according to one embodiment of the
uiventiwi. The apparatus 10 consists of an mnpliiication
device 64, an analysis device 68 mid a data eneration device
120. A first connecting means 66 connects the amplification
device 64 with the malysis device 68. a second w&nnccting

means 40 connects the polynucleotide extraction device 20
with die amplification device 64, and a third connecting
niemis 80 ronnects the analysis device 68 with the data gen-
emtion device 120.

(0066] ITG. 4 is a scheinanc viev; of an appamtus for
expression pmfiling according to one embodiment of the
it&veil&loll. The apparatus 10 consists of an ampliiication
device 64 sudan analysis device 68. The amplification device
64 permits reverse trmi script iwi of t lie poly nucleotide prior to

the miphficatmn reaction. A first connecting means 66 con-
nects the amplification device 64 with the analysis device 68.

[0067] ITG. 5 is a schemanc viev; of an appamtus for
expression pmfiling according to one embodiment of the

invention. The appamnis 10 consists of an amplification
dhvicc 64 and an mialysis device 68 Thc atmlysis device 68
pernuts data generanon. A Iirst connecting mern&a 66 connects
thc ampliiication device 64 with the analysis device 68.

[0068] FIG. 6 is a schematic view of an apparatus for
expression pmiiling according to one embodiment of the
invention. The apparatus 10 consists of an unphiication
device 64 and an analysis device 68 wlfich are located in the
smne housing 60. A lirst conncuting means 66 within the
housing 60 connects the amplification device 64 with the
analysis device 68.

[0069] FIG. 7 is a schematic view of an apparatus for
expression profiling according to one embodiment of the
uivention. The apparatus 10 consists of a polynucleotide
extraction de~ice ZU. an amplification device 64. an analysis
device 68 mid a data gwmration device 120. A first conncuting
means 66 connects the ampl&iication device 64 v ith the analy-
sis device 68, a second connecting means 40 connects the
polynucleotidc extraction device 20 &vith the ampliiiwiuon
device 64, and a tlurd connecting means 80 connects the
analysis device 68 with the data generation device 120

[0070] FICi 8 is a schcnmtic view of an apparatus I'r
expression pmfiling accorduig to one embodiment of the
invention. fhc appamtus 10 consists of an amplification
device 64. an mialysis devici 68 and a fractiwi collector
device 160. A first connecting means 66 connects the ampli-
fication device 64 with the tmalysis device 68. and a fourth
connecting means 140 connects the analysis device 68 u.ith

the fraction collector device 160.

[0071] FICi. 9 is a schematic view of an apparatus for
expression profiling acwirduig to oue embodiment oi'he
uivention. The apparanis 10 consists of an amphfication
device 64. an min lysis device 68 and a scqucncc ident ilier 200.
A first co rutectuig means 66 connects the amplihcation device
64 w ith the analysis device 68. and a fifth connecting means
180 connects the amplifiration device 64 with tlm scquwme
identifier 200.

[UU72] I'lti. IU is a schematic viev, of an apparatus for
cxpressiim pmiiling according to one embodinwnt of the
invent&on The apparatus 10 consists of au ampliiiwition
dhwice 64. an analysis device 68, a fraction detector device,
and n sequence identifier 200 A first connecting nieans 66
connects the amphiication device 64 with the analysis device
68. a fiiuith connecting means 14U connects the analysis
device 68 with the I'rection collector device 160. aiul a lifth
connecting means 180 connects the fraction collector device
160 with thc sequence identifier 200.

[0073] FIG 11 is a schematic view i&'an apparatus I'r
expression proiilin accordin to one embodunent of the
invention. 'i'he appamms 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 connecun
nieans 66 connects the amp li iication device 64 iv itb the ana ly-

sis device 68.

[0074] I'ICi. 12 is a schemauc view of an apparatus li&r

expression pmiiling according to onc embodiment of the
invention. Thi: appamtus 10 consists of an mupliiicatmn
device 64. an analysis device 68, a sequence identiiier ZUU,

and a data generation device 120. A first connecting u&cans 66
connects the amphiication device 64 vnth the analysis device
68. a fifih connecting means 180 connects the mnplification
device 64 with thc sequence identifier 200, mid a third con-
necting means 80 connects the sequence identifier 200 to the
data generating device.
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[0075] 110. 13 is 0 schemauc v&ew of an expression profi-
lin pn)cess us&ng ll'Ic appai'dias deco«hug lo sonic cn&bod&"

&nants of thc &i&vent&on.

[0076] Wlule the above-identified drawmgs set fonh pre-
ferred embodiments of the present Invention. other embod&-

ments of the present invention are also contemplated, as noted
&n the d&scuss&on This disclosure presents Illustrative
embodiments of the present Invent&on by way of representa-
tion and not limitation Numerous other modifindlions and
embodiments can be devised by those ah lied &n the art wluch
fall within the scopt'. of tlic principles of the present invention.

DETAII.IID DFSCRIPTION OF TIIF. INVENTION

[0077] The following terms and defin&tions are used herein:

[0078] "Sample*'as used bere&nrefersto ah&ologicalmate-
rial which is isolated from &ts nanuul env&ronment and con-
tams a polynucleotide. A 'sample" acn)rding to the inven«on
may cons&st of pun fied or Isolated polynucleotide, or it may
comprise a b&ological sample such as a tissue sample, a bio-
logical fluid sample, or a cell sample comprising a polynucle-
otide. A b&ological tlu&d u&eludes, but is not lututed to, blood.
plasma sputun&. urine, cerebrospinal fluid, lavages, and lou-

kophoresi s samples. A sample of the present u&vantion may be
m&y plant, animal, bacterial or viral material containing a

polynucleotidc, or any material derived tlmrefmm.

[0079] "Preparnf sample" rws usnf herein rcii.rs to a prepa-
ration denved from a sample for the purpose of isolating or
syntlmsi/ing a polynucleotide, i c.. a DNA (c.g, genomic
DNA or cDNA) or a RNA (e... total RNA or mRNA).

[0080] "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
react&on nuxture. and &s preferably I pl to 5 pl in volume. In
onc cmbodiinent of tbc invention, fi)r each aliquot ranovnl,
an equal volume of react&on buffer containing reagents ner.-

essary for the reaction (e.g.. buffers. salts, nucleotides, and
polvnlcf&tse cn/vnles) &s inl«xhictxl

[0081] "Connecting ineans*'s used herein refers to a

mea&s «lich connects two devices and permit a fluid andk)r
a signal to tmnsfer fr&un ont'. device to another device.

[0082] "Robotic ann". as used Imrein, means a device. pref-
erably controlled by a micmprocessor, that phys&cally trans-
fers samples. tubes, or plates containing samples from one
locatim& to mx)thn Euch location cdn bc a unit in a nx)dular
appamtus usefid accord&ng to the invention. An example of a

robotic am& useful according to the invention is the Mitsub-
&shi RV-E2 Robot&c Arm. Softv, are for the control of robotic
arms is generally available from the manufacturer of the arm.

[0083] "Reaction cha&uber" as used herein refers to a fluid
chamber li)r locating reaciants under oing or abt)ul lo
undergo a reaction (e.g., an ampbfication reacnon or an
extraction process) A "reaction chamber" may be comprised
ol'any suitable matenal. i e, a matenal tluit exhibits minunal
non-speci tie ada orptivity or is treated to exhibit minimal non-

specific adsorpliviiy. fi)r cxmnplc, including. but not limited
to. glass, plastic, nylon, ceramic, or combmations thereof. A
"reaction chamber

'*
may be connected to at least one connect-

ing means ft)r lranslcrring matcnal in and out ol'he rcnclion
chamber.

[0084] Tl&e term "expression's used herein refers to the
production of a protein or nucleotide sequence in a cell or in

a cell-free system, and Includes transcription into a RNA
product, post-tra&scriptional modification andior translation

into a protein product or polypept&de from a DNA encod&ng

that product, as well as poss&ble post-translat&onal mod&fica-

1&ons

[0085] "Express&on profil&ng" as used hereu& refers to the
detcvlion of diffi'.renccs in the expression profile between n

plumlity of samples.

[0086] "D&fierence in the expression protile" as used hereu&

refers to the quantitative (&.e.. abundance) and qualitative
diffi.rance &n expression of a ga&e. There is a '*d&ifercnce in
the expression profile" &f a ene express&on &s detectable &n

one san&pie, but not in another san&pic, by known nwthods for
polynucleol&dc detection (e o. electmpl«)resis). Altema-
tively, a "difference in the expression profile" exists if the
quantitati&m difference of a gene expression (i e . increase or
dcwraise) bet~eau two s unpin) is about 20'/o. about 30%,
about 50%, about 70"/o, about 90"/1 to about 100"/1 (about
two-fold) or morc, up to a&d includin about I 2 tiiid, 2 5 I'old,

5-fold. 10-fold, 20-fold. 50-fold or more. A gene w ith a dif-

ference in the expression protile betwccen two samples is a

gene wluch &s d&fferenuafly expressed &n the two samples.

[0087] As usnl hereu&, *'plurality" refi:rs lo tv o or more.
Plumshty. accordu&g to the invention, can be 3 or more, 100 or
n«)rc., or 1000 or morc, fi)r exanplc, up to the nun&ber of
cDNAS correspond&ng, to all mRNAs in a smnple.

[0088] *'An&plilied product" as used lmrem rcfi."rs lo poly-
nucleot&des v,hick are copies of a pori&on ol a par«euler

p of ynu cleotide scsfu ence andior its comp lnnentary sequence,
which correspond in nucleotide sequence to the template
polynucleotide sequence and its complementary sequence.
An "amplified product,'* accordinc to the presa&t invention,
may be DNA or RNA. and it may be double-stranded or
sh&gli:-sliunded.

[0089] "Synthes&s" and "ampbfication" as used hereu& are
used inlcrclmngndbly «) refi:r to a raiction li&r gcncrating a

copy of a particular polynucleotide sequence or iocreasing u&

copy nun&ber or amount of a particular polynucleot&de
sequa&ce li may be accomplislmd, without limitation. by the
u& v&tro methods of polymerase cha&n react&on (PCR), hgase
chain reaction (I/OR), polynucleotide-specific based ampli-
iicat&on (NSBA), or any other method kn)wn in lhe ark For
example. a polynucleotide amplification may be a process
using a polynmrase and a pair of oli onuclcotide prin&ers for
pmducing u&y particular polynucln)tide sequence. i e. the
target polynuc leo tide sequence or target pof you clem) tide. in an
amount which is greater thm& that initially present.

[0090] Thetenn "fractioncollection",asusedherein.refers
«) a device Intended lor collectu&g l&quid samples orig'nat&ng

from a slow flowing source, such as a cluomatography col-
umn or an elcctropboresis device. w herc the composition of
the l&quid varies over tune. Cienerally, fract&on collectors 0 &ll

include a support surface capable of holding a plumlity of
separate collection tubes and a d&spensing head capable of
selectively d&recting the 1iqu&d sample to u&d&vidual collect«)n
tubes. In this way. discrete liquid fractions of thc sample may
be collected u& separate tubes I'or later analysis or use. In
capillary electrophoresis, fraction collection may be per-
iiormnf by immersing the end of a capillary and tlm electrodes
to the collection tube co&ua&nu&g hqu&d and applying curreni
to pcnnit a polym&cleotide to be elutcxl into the coflcction
tube

[0091] Thc tcm& "sequence identifier". as used herein,
refers to 0 device wluch can identify the nucleotide identity of
a polynucleotidc, i.e., DNA sequencing.
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[0092] "Label" or "detectable label" as used hereu&refers to
m&y atom or molecule which can be uscxI to pmvide a detect-
able (prel'em bi y quent& liable) s&goal. and is loch can be opera-
tively linked to a polynuclcxuide. I.abcls may pmvide signals
dc&ex&able by fiuorcsceace, »&iboi&ct&v&tii c&110&in&i:&D&

gravimetry, X-ray diffraction or absorption, magnetism,
cnzynmtic activity, mass spectronwtry, binding atpinity,
hybridization rad&of&cquency, nm&&icrys&als and the like. A
primer of tl&e present invention may be labeled so that the
amplification reaction product may be "dctecte&f'y "detect-
ing" the detectable label. "Quahtative or quantitative" detec-
tion refers to visual or anton&atcxI assessments based upon the
n&agiutude (strength) or number of s&goals genemted by the
label.

[0093] "Isolated" or "purified" as used herein in reference
to a polynuchx&tide means tluit a imturally occuuing scx)uence
has been removed from its normal cellular (e.g.. cluom&u

somal) environment or is synthes&zed in a non-natuml env&-

ronmeni (e.g, artdicially synihesized) Thus, m&'*isolated*'or

"puufied" sequence may be in a cell-free solution or placed in
aditferentcellularcnviromncnt Thc tenn "purif&c&f'docs not

imply that the sequence is the only mmleotidepresenu but that
it is essentially free (about 90-95%. up to 99-100% pure) of
non-nuclcotidc or polynuclcotide mutcrial naturally associ-
ated is ith it. and thus &s distinguished thorn isolated chrom&u

somes.

[0094] "cDNA'* ns used herein refers to complenmntary or
copy polynucleonde produced from a RNA template by the
action of RNA-dependent DNA polymerase (e.g., reverse
transcriptase) A 'cDNA clone" refers to a duplex DNA
sequence complementary to an RNA molecule of interest,
carried in a cloning vector.

[0095] "Cicnomic DNA's usmd bcrcin rel'crs to chrimio-
somal DNA. as opposed to complementary DNA. copied from
a RNA transcnpt. yGeixmuc DN&&'1 us used here&n, may be
all o I'he DNA present in a single cell, or may be a portionol'he

DNA &n a single cell.

[0096] fhe present invention relates to an automated appa-
ratus Iiir gene expression proiil&ng. The apparatus is capable
ofproviding luge tluoughput expression analysis on a plural-
ity of smnp les, as w cll &&s a single sample A single automated
device thus includes in a s&n le system the liu&ct&ons that ue
traditionally pcrformcd by a technician employing pipcttors,
incuba&ors. polynuclcotide amplificauon device, analysis
device (e.g.. gel electrophores&s system). and data acqu&s&tion

systems Thc apparatus of the prcscnt invention pem&i&s the
de&ection, analys&s, qu u&tificatmn. andior v&sualizat&on oHhe
amplified products.

[0097] The practice of tbe present &nvenum& employs.
unless otherw&se indicated, convent&onal techn&ques of
molcculnr biolou~v microbiology and recombinant DNA
teclm&ques, winch are knoi&n to those sk&lied in the art and
explained in the literature Seex e.g., Sambrook, Vritsch 8:
Maniatis, 1989, .Volerular 1'ioiu&igi 4 iahorniori &zfauual.

Second Miuon, Oligonurleoride Synthesis (M. J. G ut. ed.,
1984); Polruurieoride Ifrhr&dizuriou (B IJ. Homes 8& S. J

H&g in&. eds, 1984),4 Prarticni &&a&de in &(foien&)ar C.(&ming

(B. Perbal. 1984); ands series..tfe&hvdsinL'u=wnoivg& (Aca-
dmuic Press, Inc.), iihori V&urocols in Moiccuiar IJ&oiog&7

(Ausubel et al., ed., )995). The pmct&ce of the present inven-
tion may also involve teclmiques and compos&tions as dis-
closed in ILS Pat. Nos. 5,965.409: 5,665.547, 5,262,311;
5.599.672: 5.580,726: 6.045,998; 5.994,076: 5,962,211:
6.217,731: 6,001,230: 5,963,456; 5.246,577; 5,12(&,025;

5,364,521; and 4.985.12&7. All patents. patent apphcations.
and publications u&cnfioncx( herein, both supra and infra. are
hereby incorporated by reference.
[0098] An app u &tus for gene expression proiihn of the
present invention is illustrated enerally at 10 u& VICJ. 1. The
apparatus 10 consists of an amplification device 64 and an
analys&s device 68 connected to the amplfiication device 64

by a first connect&ng means 66. A polymicleot&de extracted
I'rom a suinple of interest is amphi)el ui the mnplifimition
dev&ce 64. An ahquot of the amplified polynucleoude product
is then transferred to the analysis device 68 by the first con-
&wee&ing n&cans 66. Thc analysis device 68 perl'orms the detec-
non and quantiiicat&on of the amplified product.
[0099] In one embodiment; the apparatus penmts poly-
memse chain reaction (PGR) amplification of the polynucle-
otidc, and the amphfied produc& is noalyzcd by clectrophore-
s&s. Preferably, capillary electrophoresis is employed to
analyze the amplihed products.
[0100] As shown in FICi 2. the apparatus for expression
pmlil&ng ol'he present u&vent&on I'urther penn&ts the prc7&a-

mtion of DNA templates for the amplification reaction. 11&e

apparatus 10 includes a polynuclco&idc extraction device 20,
an muplifimitiou. dev&ce 64 u&d an analysis device 68. A lirsi
connecting means 66 conncxts the amplification device 64
v ith &bc malysis device 68 and a sccond conncufing mt ans 40
connects the polynucleotide extmcuon device 2U m&d the
amplification device 64 A biological sample is introduced
u&to the polynucleot&de extraction device 20 and polynucle-
ot&des are extracted from the biological material. 'II&e

cxtrncted polynuclcotides arc then transferred to the amplifi-
cation dev&ce 64 tluough the second connecting means 40 so
that the polynucleotides are mnplified in the amplification
dev&ce 64. An aliquot of the ampldied polynucleot&de prod-
ucts are then tminsferred to the analysis device 68 by the first
conncvting means 66. The analysis device 68 perfom&s thc
detecuon and quanuiication of the amplified products.

[0101] In a preferred emlxiduuent. the polynucleot&de
extraction device extracts RNAs I'rom a biological material.
ln u nuire prel'errcd embodiment, mRNAs are cxtractcd I'rom

a b&ological material in the polynucleot&de extraction device
20

[0102] Tlm analysis device 68 of the appamtus may be
capable ofgenerating the des&red expression profilu& data as
genem lly illustrated in F Ki. 5. 11&e apparatus 10 consists of m&

amplification device 64 and m& unalysis device 68 cmmcctcdi
t&i the amp 1 i iieet&on dev&ce 64 by a first connect&ng means 6 6.

A p el ynucleotide extracted from a sample of interest is

amplif-

iedd in the amp

l&iieet &on

dev&ce 64. An ah quot of the amplified
polynucleotide product &s then tmnsferred to the analysis
device 68 by thc iirst co&umctin means Ci6 Tbe analysis
dev&ce 68 perfornis the detect&on and quantification of the
amphfied product, and generates the express&on profil&ng
d&t&

[0103] Alternatively.thenpparatusforexpressionproiihng
of the present invention may fiirther include a separate data
gcnemtion dcvicc as illustrated in FICi 3 The apparntus 10

rona&sts of an ampliiicat&on device 64, an aualys&s device 68
and a data generation device 120. A first connecting u&nns 66
conncvts tlm muplification device 64 i& itb thc analys&s device
68 and a third connecting means 8U connects the analysis
device 68 to the data genemtion device 20

[0104] As shown in FICi 4. the amplification deviceofthe
apparatus for expression profiling perm&ts the generation of
cDNAs by reverse tmnscription. The apparatus 10 consists of
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an nmpliiication device 64 and an analysis device 68. A first
coililixting means 66 coililects the mnplilication divice 64
with the uialysis device 68. Extracted RNAs (e g., total RNAs
or mRNAs) are introduced into the mnplitication device 64
and cDNAs are synthesized I'rom the RNAs within the mnph-
fication device 64. The synthesized cDNAs are then amphfie
in thc mnplitication device 64. An aliquot of the amplified
polynucleotide producLv are then tr uisferrcd to the mialysis
device 68 by the first connecting means 66. Tive analysis
device 68 perfiinns the detection mid quantification of thc
ampliTied products.

Polynucleotidc Fxtmction Device 20

[0105] As shoivn ui FICi. 2 and TICi 7. the polynucleotidc
extraction device 2U according to the present invention is
capable (ifpcnnitting thc dircut extraction ofpolynuclcotides
(i.e, DNA or RNA) from a biological sample (e g. a cell
sample nr a tissue snmpfe).
[0106] Preli:rably. thc polynucleotide extraction dcvicc 20
is designed to provide the extracted polynucleotide to be used
as templates fnr a reverse transcription reaction and'or a PC R
amplilication reaction in the ampliiication device 64. In one
embodiment, the polynucleotide extraction device 20 pro-
vides the prepared po1ynuclrxi tide in quality and vol u nice that
correspond to the requirements of existuig or future systems
for the amplification ofpolynuc leo tides. I'onunerci ally avail-
able ampldicatmn systems include. bui are not linuted to.

GeneAmp PC R System 9700 by Applied I) in systems (I'orster
City. C'alif), iC:yclcr Thermal C'yclcr by Hcrcule;, C'.alif.,

Eppendorf Mastercycler Ciradient by Iippendorf, Smart
Cycler TD System by Cepheid (Sunnyvale, Calif ); LightCy-
clcr by Roche(indianapolis. Ind ), AMPI,ICC)R™ automated
PC'R system (Roche, Indimuipolis, Tenn.). mid succeeduig
gencmtions of such instrumentv. The extraction device cmi be
designed to prov idi: any suitable output volume o I'luid that
contains the extmcted polynucleotide, such as. for example.
froin about 100 ml to about 750 pl, preferably from about 500
ml «i about 500 gl, more prcli:rably from about I ul tn about
250 pl, more prefembly yet from about I pl to about 100 Pl.

[0107] Ili olm cllibodiniont, thc polynuclcotidc extraction
device 20 permits the isolation of mRNA from a biological
material. In another embodiment, the polynucleotide extrac-
tion device 20 pcrtnits the isolation of mRNA from a plurality
of biological materials.
[0108] The technology and reagents fiir extracting poly-
nucleotides are known in the art, for example, as described in
Basic Me/bar/s m Malemilar Bra)ayv (1986, Davis et al.
Elsevier, N.Y); and Current Braiacvli ia Malcralar Bialvgi
(1997, Ausubel et al.. John Weley Br Sons. Inc.).

[0109] A vartety of polynucleotide extraction apparatuses

using the nbove-described poly nucleotide extraction technol-

ogy can be usc«I in conj iuic tion w it h the present invention. For
exmnple, Japanese Patent Publication No. 125972/19i/1
describes a polynuclunitidc extraction apparatus designed to
prevent viral udection and impmve the efliciency of extrnc-
tion which comprises a multiarticulated industrial robot and
peripheral uniLv nimi:ssary for DNA extraction mid punlica-
tion. Japanese Patent Publication No. 131076/1992 discloses
mi extraction appamtus dcsignvvI to improve the efftcimicy of
extraction of polynucleotides fmm a small amount ofblood or
other biological material through a compact arrangement of
means for tninsfi r of the pclynuclvxitide extraction vessel to a

centrduge. Japanese Patent Publication No. 47278/1997 dis-
closes an extmction apparahis employing a filter system

equipped vi ith n vacuum pump in lieu ofa centrifuge. In order
that a tully automntic extraction device mny bc implemented,
a cenirifuge or a vacuum pump and the associated hardware
may be built into the device

[011U] ui one embodiment, the polynucleotide extraction
device 20 is a polynuclcmtide extraction apparatus The poly-
nucleotide extraction apparatus of the present invention may
comprise (I ) a gmup of extraction vessels each comprising a

reactor tube in which a biologicnl mnterial, a rcagcnt solution,
and a maytettc carrter are arhnixed and reacted, a drain cup
for pooling an unwanti«I component solution, and a poly-
nucleotide recovery tube all as semired to a support. (2) a
distribution means fiir introducing a solution into each of the
extraction vessels. (3) a stirring memis liir mixing the solution
and magnenc carrter ui the reactor tube, (4) a holding means
for holding the magnetic carrier stationary within the vessel,
(5) adischar in means for discharging the solution from the
reactor tube wlule the magnenc carrter is held stationary. (6)
a heating means for hcnting thc solution and magnetic carrier
ut the reactor tube. and (7) a transfer means for serially
transferring the vessels to the given positions. Such a device
is described in ll S Pat No. 6,281,008 lmrcby itmorporatcd
by reference in its entirety.

[0111] In another embodiment, the polynucleoude extmc-
tliill device 20 is an automated polynucleotide isolation
device Thc device comprises a removable was«cue, ivhere the
cassette comprises a separable sample trimsfer/storage strip.
The cassette can be sealed or open, preferably it is sealed. The
pre li rred cassette also has a movable input trans ihr bar, and is
encased in a caddy. The device may further comprise a hollow
bodv fuiving a top vide, mi exterior, an interior, at I mast onc slot
for ihe placement of the missette, and at least one well Ior the
placement of a sample contauier. Additionally, the cassette
includes a means liir moving thc cassette lrom or into tlli.'addy,

as well as a means for activating the input truisfer
sample bnr. The preferred dhwice also mmiprises an air nozzle

in communication ivith niemis I'or nova«sing. storing. or gen-
erating pressurized air, and a means for sealing sample input
clranncls of the cassette Furthermore, tlm dcvicc includes
valve actuators locate«I in the inter«ir for openm and closing
valves in the cassette, and one or more pump actuators fnr
moving fluid in or out of fluid chambers in the cassette 'The

device also preferably includes a magnet. a power supply. a

user interface. and a bar-code reading means. Preferably, the
device also comprises a sensor nwans in thc slot or well,
which signals that the slot or tvell is occupied when a cassette
or sample container has bccen respectively insertc«I therein.
Such a device is descrtbed ui U.S. Pat. No. 6,281,008 hereby
incorporated by reference ui its entirety.

[0112] In another embodiment, the polynucleoude extmc-
tion device 20 I'urther comprises a nwmory nmans ln anotlmr
embodunenL the polymicleotide extraction dieu ice 20 I'urther
comprises a separating means for separating thc strip from the
rmnaindcr of the cavvvttc The separating nwans is prcfi:rably
a knife having a heating memis in conununication thereto. the
use of which seals both the strip and the remainder of the
cassetti: The prel'crred device llas lllol c tiuili istic well, Iuoli.'referri«I.the device has about 24 v;ella or 48 wells or 9/6

wells or 386/ wells 'Ilm device preferably includes the cas-
sette that further compnses: (I) one or more sample entry
ports located on the input transfer tmmple bar tliat are serially
and respectively in comnninication with thc same number of
wells ofthe device. where the ports are also us conunumcation
with input sample storage reservoirs oftive cassette: (2) one nr
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more reaction flow-ways that are serially and respectively in
communication via fluid cxchnnge clumnels with the same
number ot'sample uhput storage reservoirs: (3) tluid clmmbers
in communication with the fluid exchange channels, wherein
Iluid chtunbers are supply chambers for rcagcnks. reservoirs
for samples. or reaction clmmbers: (4) valves for controlluig
the tlow of tluids in thc thiid exchmigc chnnnels, and (5) a

sample trnnsfcr/storage strip hnving at least onc of tlw fluid
chambers tlhat is in conuniufication with a reaction flow-way.

[0113] The polynucleotide extracuon device 20 is desighhed

for the preparation of polynucleotide from any biological
sample. A biological sample used in the context of the present
invention is any material that contains polynucleotide. i.e.,
RNA or DNA Such a am»pie can bean entire orgamsm. such
as an uhsect, or a number oforgamsms. such as in the uhalysis
of bacteria or yeast; or the sample can be a portion of an
org mism, such as a tissue, body fluid. or excretion. Suitable
tissues from wluch a polynucleotide composition can be
obmined includes, but is not limit«xi to. skin, bone, liver,

brain, leaf, root, and the like, i.e, any tissue of a livmg or
deceased organism. The tissue can be substnntially ulhcoll-

taminatcd with other tissues of thc source organism, or it can
be so cont«hush«shed. or even cont uninated with 1issues
derived from different organisms. Prefembly. the source of
the orgmiiam or organisins from w hie h a particular biological
sample is taken is known prior to subjecting it to the method
of the present invmition: however, such knowli»tgc is not
always available. as in the mstmhce of forensic samples.

[0114] Biolo imd samples can also be clinicalsamples or
specimens. I'or example, evidence of a Cksease or condition
causcdi by an exogenous sh»uce cmi bc exmnined by testing
the polymicleoude taken 1'rom a sample of a certain cluucal
specimen, such as unne. fecal matter, spinal thiid, sputum,
blood or blood component, or any otlmr suitable specinhchh,

for the presence of a particular pathogen. for example, as
cvidenccd by the identification in tlm pr17aration of charnc-
teristic polyimcleoiide sequences contauied vvithin such a

pathogen. 'Ilie existence or propensity for certain inborn
gcnctic diseases or condiiions in an individual can also be
tested Such genetic diseases uicludc. but are not hnhited to,
Htuitington's disease. Tay Such*a disease, and others. by test-
ing for polynucleotide sequences characteristic ol'uch
genenc diseases or propensities in the polynucleotide isolated
from suitable clinical samples, such as any cellular matter of
thc tested individual, with thc caveat that cells Imhing rear-
ranged or detectably less DNA with respect to tlmt of germ
line stem cell~, such as red blood and antibody-fomhing cells.
alone may not be sufficient fihr such a test.

[0115] The polynucleoude extracted. i.e. isolated, by thc
polynucleotide extraction de~ice therefor is any suitable
polynucleotide, hvlmre thc suitability is dctennincd by tlm

type of test desired. I'or example, for testing for the presence
of a certain pathogen in an individual. preferably one would
test for an identifying polynuclcotidc sequence or svqucnccs
found in a DNA cmnposition taken &om a cluucal s nnple
where the known biology of the pathogen and host would
suggest that thc pathogen would bc li»uid il'ibe tested inCh-

vidual were so infected. Alternatively, for testing whether a

particular gene is being exprcsscd in nn individual. ol«: can
test for such expression by seeking evidence ofan identifying
polynucleotide sequence or sequences in an RNA compos&-

tion taken from a tissue in which thc underlying biology/
pathology indicates that the expression should or should not
be found, as appropriate to the condition or disease being

tested. Depending on the gene vhthose express«hn is being
m&mitorcd the RNA compos»ion can bc furtlicr roti»est to

uiclude predomuiantly polyadenylned or non-polyadeny-
lated RNA species using methotfs known in the aht. Altcnia-
tively, or additionallv. size classes of RNA spcmcs can be
selected for ui the context of the present invention as well.
[0116] Biologicnl samples can be freshly taken from nn

individual or isolated from nature, or such snniplcs cmi be
stored using suitable conditions, such as on ice. For example,
a sample of blood can be collected from an individual using
standard means, such as a hypodernhic needle placed into an
individual's vein and connected to a standard evacuated tube,
for example, to draw the blood from the individual into the
nibe. The blood can be used directly or stored on ice. prefer-
ably in the presence of an anti-coagulant, such as heparin,
citrate. or EDTA, I'or longer storage, the samples are prefer-
ably frozen, freeze-dried, or applied to a suitable substrate
and dried thermm lihr storage of, for example. DNA Such a
suitable substmte includes any absorbent paper. such as a
th/hathhhahh filter paper, or a treated membrane material that
relmisably binds DNA. A pret'erred membrmie is uicluded ui
a conunercial product named IsoCodeim Stm (Scldeicher 6;
Schuoll. Inc . Kcehhc, N. H.), which, in additiim to rcver. ibly
buhdutg DNA. also irreversibly binds hemoglobin (an inhibi-
tor of cermin polynucleotide amplification methods) The
substrate-b&mnd polynuclmitide can then bc cxtractcd from
ihe substrate md punfied nh the same faslrion as a fresh
sample, in accordance with the presmht invention
[0117] Preferably. thc polynucleotide extraction device 20
permits nucleic acid extmction from one or more biological
samples In onc embodiment, this is achieved by such device
compnsing a removable cassette that is insertable into a slot
in the device. Preferably. the device includes slots for four
different cn as etta s (e g i each c as scttc for a sanip le) that can be
nui concurrently, senally. or ui a staggered fashion.
[0110] The sample preparation device may also serve as a

reservoir of the uuplification reactmn mixture so that aih

amount equivalent to the aliquot is replenished into the reac-
tion mixture aller each transfer ol amphi)cd products to the
analysis device.

Mnplification Device 64

[0119] As shown ui I'IO. I, the amplification device 64
according to the present invention may bc any device capnblc
of mnplil'ying a polynucleotide. pret'erably throu h a poly-
nucleotide chain reaction (P('R) reaction. Typically, I'(.'R

reaction is performed by a thcnnal cycler. Useful thermal
eyelets include. bnt are not lunited to, (ieneAmp I'CR System
9700 by Appfiv»I Biosystems (Forster ('ity, ('alif.): iCycler
Thermal ('yclcr by Bio-Rad (Hercules, ( nlif), Fppcndorf
Mastercycler Ciradient by Lippendorf; Smart Cycler TD Sys-
tem by Cepheid (Sunnvvale, Calif ); Light(.'velar by Roche
(Indianapolis, Ind.); AMPLICORrvh automated PCR system
(Roche, Indianapolis. Ind.). I'CR devices useful according to
the present invention uhclude, but are not hmited to. those
described ui U.S. Pat. Nos. 5,475,610: 5,602.756; S,720,923;
S,779,977; 5,027,400; 6,033,000; and 6B2(i,147;
6,1716,705, all ofwhich are i«corp omit ed hereby by reference
ui their entireties.
[0120] The purpose of a polymerase chain reaction is to
manufacture a large mnount of DNA wluch is identical to mi

initially supplied sniall volume of'mmplate" DNA Thc reac-
tion involves copying the strands of the DNA and then using
the copies to generate other copies in subsv»tuehht cycles.
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Under ideal conditions. each cycle will double the amount of
DNA prcscnf flmreby resulting in a geometnc progression in
the volume of copies of the "target" or "template" DNA
strands present in the reaction mixture

[0121] I'or example, a typical PCR temperature cycle
requires that the reaction mixture be held accurately at each
incubation iemperauire liir a prcscribcd imic and fbaf the
identical cycle or a sunilar cycle be repeated many tinies. A
typicnl PCR program starts at a sample temperature of about
94'. held ior abou1 30 seconds io denature the rcacfimi
nuxture. Tlien. the tempemture of the reactiiut mixture is
lowered to about 30''o about 60''nd held for one
minute to pemiit primer hybndizafion. Next, tire temperaiure
of the reaction mixture is miscxi to a temperature in the rmige
from nbout 50" (1 to about 72''. where it is held fiir about
ni o nnnutes to promote the synthesis of extension pmducts.
I'his completes one cycle. I'he next PCR cycle then starts by
rni sing 1he tcmpc rat urn o f1 he rmict ion mixture to about 94" C

agaui for stmnd separauon of the extension products formed
in tlm previous cycle (dmiaturation) I'vpically. the cycle is
repeated 25 to 30 tunes. It is iuiderstood in the art that the
temperatures of a P('R cycle and the munber of cycles in a
PC'R rmic non vary according to the obiecuves of the reaction
and the churactenstics of the template. e... svb The basic
PCR protocols and stmtegies are known in the ait, for
example, as descnbed ui Basic Methods ia Molemilar Biol-

ogu (1986. Davis et al., L'Isevier, N.Y. k and Carreui

I'rotor-

r'ols I il Moiemilar Bi alii&i (I 997, Ausubel ci al...loin Welay
& Sons. Inc.)

[U122] In one mnbodiment, flic reaction mixture is stored in
a disposable plastic tube v loch is closed with a cap A typimii
sample volume for such nibes is about 50-100 microliters.
Typically. such device usi:s many tubes fiilcd isitb smnple
DNA and reaction mixnue inserted uito holes called sample
wells in a metal block. To perfiinn the PCR process, the
tenipcrature oi'he metal block is coutrolicsl according to
prescnbed temperatures and times specified by the user ut a
PC'R protocol tile. A mimpu ter and associated el cvt ron ic s then
controls ihe fcmpcranirc of the metal block in accordimce
with the user supplied data in the PCR protocol file defining
tlm times, mmperatures nnd number of cycles, etc As the
metal block cllilllges fi:Inperaiure, fbe s unples in the variims
tubes follow with similar changes in tempemmre.

[0123] Cienerally, if is desirable fo generate unifimmty ol'emperaturefrom place to place witlun the metal block
because icmpcmturc gradients existing within the nieial of
the block may cause some s unpl as to have different tempera-
tures than other samples at particular times in the cycle. It 1s

also desirable to minimize delays in trans fi rring heat from the
sample block to the sample especially because the delays are
not the same for all samples. 11iese factors are considered
is hen designing thc PCR device oi'fic present invention

[U124] In one embodiment, the I'(.'R device has a metal
blfick which is iargc ci1(illgh 1(l accoil1I1ioilafc 96 sarlipli'nlbcs
arranged in the format of m industry standard nucrotiter
plate Ilia microliter plate is a widely used means for han-
dling, pmcessin mid analyzing large numbers of'mnll
samples in tbe biochemistry and bio technology fields. Useful
microtiter plates may contain 24 wells, 48 wells, 9ii wells,
196 wells, or 3S4 v;ella. Typically, a microtiter plate is a tray
wluch is 3'/s inches v,ide and 5 inches long and contains 96
idemical snmplc wells in an 8 well by 12 well rectmigulnr
arnsy on 9 nulluneter centers. Microbter plates are available
in a wide vanety of materials, shapes and volumes of the

sample vs ella, which are optunized for many ditferent uses.
Preferably. tlhe microtiier plates have thc overfill outside
dunensions and the same Sxl 2 array oi wells on 9 mdluneter
centenw A wide variety ofequipmcnt is available for mftomat-

ing thc baiulling. processmg mid analyzing of samples m fiiis
standard microliter plate fomiat. Micronter plates are com-
nmrcially avnilable in thc art, for example, from MW(i bio-
tech Inc (Iligh Point, N.C ) The microplaic may bc nude by
methods known in the art, for example. as describrsd in U.S.
Pat. No 5,602,75(i. which is hereby incorporated by refer-
ence.

[0123] Prefi rably, the tubes used for tlm microtitcr plate are
tlun isalled sample fiibes ior decreasuig the delay between
changes in sample temperature of the sample block and cor-
responding changes in tcmperaturc of the reaction niixture.
The u all thicloiess of the section of the sample tube wluch is
in contact with v;hatever heat exchange is being used should
be ifs thin as possible so long as it is sufiiciently strong to
witltstond the thermal stresses ofPCR cycling and the stresses
ofnormal use Typically. the sample tubes are made of auto-
clavable polypropylene such as Ilunont PD701 with a wall
tluckness of the conical section in the range fmm 0.009 to
0.012 inches plus or nnnus 0.001 inches

[0126] In miother embodunent, the PCR device employs
heating and cooling a sample block which results in sample-
to-sample uiufonnity despite rapid thermal cycling rates,
noncontrolled varying ambient temperatures and variations
in other operating mmditions such as power linc voltage and
coolant tempemstures. A heated cover may be used to prevent
condensation and sample volume loss as described below.

[0127] In another embodunenk ibe PCR devwe prevents
the loss of solvent from the reaction mixtures v.hen the
snmplcs arc heing incubated at tempcraturcs near their boil-

ing point. A heated platen covers the tops of the sample tubes
and is in contact with an individual cap wlfich 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 con-
densation and refiuxing occurs u itlun any sample tube. Con-
densation represents a relatively large heat transfer since an
amount o1 hest equal fo the hwit of i aporinifion is given up
when v ster vapor condenses. This could cause lar e tempera-
ture variations from sample to sample if the condensation
does nof occur uniiiinnly The beafcsI pin(en prevents any
condensation fmm occurnng in any sample tube thereby
niinimizing this source of potential temperature ermrs The
usc of the hcaicd platmi nlso reduces reagent consuniption

[0128] In a preferred embodiment, the amplificanon device
64 of the present uivent i on perm& ts tbc per fomi mce ofreverse
transcnption to synthesme cDNAs. Reverse transcription
reaction refers to an in vitro enzymatic reaction in which tlm

template-dependent poly men zaf i on ofa DNA strand comp le-

mmitary to an RNA tmnplate occurs. Reverse transcription is
pcriiormcd by tlm extension of an oligonucleotide primer
annealed to ihe RNA template. and most ol'ten uses a viral
reverse-transcriptase enzyme, such as AMV (avian myclo-
blastosis virus) revcrsc transcriptrwse or MMI,V (Moloney
nuirine leukemia virus) reverse transcriptase. ('onditions and
methods fiir rowerse transcription are known in the art. Fxem-
plary conditions for reverse tmnscnption uiclude the fol lou.-

ing: forAMV reverse umiscnptase reaction at about 37" C.
in buffer containing 50 niM Tris-H( I, pH 8 3, 75 mM KCI, 3

mM MgCli. 10 mM DTT, 0.8 mM dNTPs, 50 units of reverse
transcnptase, mid 1-5 pg of template RN (; for MMLV
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reverse tmnscnptase reaction at 37'. in buffer containing
50 mM Tris-HCI. pH 83, 30 mM KCI. 8 mM MgC1„10 mM
DTT. 0.8 mM dNTPs, 50 units of reverse transcnptase, and
1-5 pg of tmnplate RNA.
[0129] In another preferred embodiment, the reverse tran-
scription is performed with a 96 well plate, where the cDNAs

are synthesized by using one or more oligonucleotide pnmers
chemically linked to the inner vvall of the plate wells. Tech-
niques for synthesizing such chemically linked oligonucle-
otides are di ac los«xi in Mc()all et al., Inteniationa1 application
No. PCT/US93/03767; Pease et al., (1994) Proc. Natl. Aced.
Sci.. 91: 5022-5026: Southern and Maskos, Inteniational
apphcation I'CT/(JB89/01114: Maskos and Southeni (Su-
pra); Southern et al., (1992) Cienomics, 13 1008-1017; and
Maskos and Southern, (1993) Polynucleotides Research, 21:
4663-4669. each of which is hereby incorpomted by refer-
eflce hl 1ts entlletv.
[0130] In some embodiments, the reverse transcription is
performed using one or more oligonucleotides chemically
attached to the inner wall of wells of the micmliter plate In
other embodiments, the mnplification reaction is performed

using at least one of i gonne le otide primer chemically linked to
the inner 11 all ofwells of the microtiter plate or reaction mbe.
As a result. the synthesized cDNAs or unplified polymicle-
otide products are attached to the inner wall of the nucrotiter
plnte for easy separation and purification
[0131] Ohgimucleoudes may also be synthesmed on a

single (or a few) solid pliase support such as the inner wall of
wells of the micro liter plate or a reaction tube to form mi array
of regions uniformly coated ivith synthesized ohgonucle-
otidcs Teclmiques for synthesizing such armiys are disclosed
in McCfaff et al, Intcrnatioiuil application PC'T'IIS93/03767,
Pease et al., (1994) Proc. Natl. Acad. Sci.. 91: 5022-5026;
Soutlmrn and Maskos. Intcrimtional application PCT/(iB89/
01114: Maskos and Southern (Supra), Southern et al.. (1992)
(Jenomics, 13: 1008-1017: and Maskos mid Southern, (1993)
Polynucleotides Resmirch, 21: 4663-4669
[0132] In one embodiment. the amplification de~ice gener-
ates labeled amplified products. Vor example, amplifi«d pmd-
ucts may be generated by using a labeled pruner. A labeled
polynucleotide (e.g., an ohgonucleotide pnmer) according to
the methods o f the invcatiim is labeled at t1m 5'nd, the 3'nd,
or both ends, or utternally. The label cmi be "direct*', e g., a

dye. radioactive label. Ihe label can also be "indirect". e.g.,
:mubody epitope., biotin. digoxm, alkahne phosphatnse (AP),
horse mdish peroxidase (IIRP), I'or detection of indirect
labels*'t is necessary to add additional coniponents such as
labeled mitiho dies, or enzyme substratas to v is iuilize the mip-

tured, released, label«xf polynucleotide fm(rrnent. In a pre-
ferred embodiment. an eligonuclwitide primer is labeled with
a fluorescent label. Suitable fluorescent lnbels include fiuo-
rocluomes such as rhodamine and derivatives (such as Texas
Rcd). Buorcsccin and derivatives (such as 5-brommncthyl
tluorescein), Lucifer Yellow, IAL'DANS, 7-MesN-coumarin-
4-acetate. 7-OH-4-( Hs-coumarin-3-acetate, 7-NH -4-('Hs-
coumarin-3-acetate (AMCA). monobmmobimane, pyrene
trisulfonates, such as Cascade Blue, and monobmmorim-
ethyl-ammoniobimane (sec, for example, Dci uca, /mmanof-
/avr«1«en«ezfari(tais, in/fiiiiboi/1 .4s a Joo/. Marchalonis. et
al., eds., Jolm Wiley 8: Sons, Ltd.. (1982), which is hereby
incorporated by reference).

Analysis Device 68 ('apillary Flectrophoresis
Device

[0133] Capillary electrophoresis is the preferred method
for analyzing the amplified products of the present invention.

As shown in FIO, 1. the present uiv ection provides a single
apparatus wluch coinprises boih the amplification device 64
and the analysis device 68, e.g., a capillary electrophoresis
device ('apillary electrophorcsis dm iccs are knov;n in the
art. C:apillary elivtrophoresis devices usel'ul according to the
invention include. but are not limited to, ABI PRISMx'100
(ienctic Analyzer. ABI PRISM'8 3700 DNA Analyzer, ABI
PRISMix'77 DNA Sequencer. ABI PRISM'8 310 Cienetic
Analyzer by Applied Biosystems (Foster ('ity, Calif);
MegaBAC'I, 1000( apillary Array I'.lcctrophoresis System by
Amersham Pharmacia Biotech (Piscataway, N.J.). CLOi"
8000 (Jenetic Analytic Systmn by Hackman ('oulter (I'uller-
ton. Calif.), Agilent 2100 Bioanalyzer by Caliper Technolo-
gies (Mountain Vievi Calif ): iCL1280 System by Convergent
Bioscience Ltd. (Toronto, Canada) Capillary ef«xtrophoresis
repeat devices useful may be on as descnbed in U S Pat. Nos.
6,217,731; 6,001.230; 5.963.4S6: 5.246,577: 5,126,025;
5,364,521. 4,985.129, 5,202.010: &,045,172: 5,560.711,
6,027,624; 5,228.969, 6.048.444: 5.616,228: 6.093,300;
6,120,667; 6,103.083; 6.132,S82: 6,027.627; S,938,908; and
5,916,428. all of ivhich are hereby incotporatcxf by reference
in their entireties.
[0134] In capillary electrophoresis, two reservoirs contain-

ing the background clcctrolytc solution nre intcrconnectcd by
a capillary tube v,hich contains the same solution. Inch res-
ervoir is equipped with an electrode. 'I he sample to be ana-

lyzcxf is introihiccdf as a short zone inui oiw. end ol'he capil-
lary. For the introduction of a sample the end of the capillary
is usually transferred into onc reservoir, and tlm des1lctl
amount of the sample solution is infected into the capillary,
where-after the capillary end is transferred back into the
backvround solution. By ntemis of clectrodcs in the reser-
voirs, an electric field is apphed on the capillary, usually
ranging from 200 to 1000 Y/cm, under the effect ofvhich the
electnmilly charged particles wd1 bepn to move ui the cnpil-
lary. The different particles ivill separate from each other if
they have different spcvds in the clictric iield. The particle
zones v ill pass a detector at the other end of the capillary at
different times. and their signals are measured.
[0135] In one mnbodinmnt, tlm capillary el«cctrophoresis
device provides a plurality ol'capillaries, ao electrode'capil-
lary array, nuiltilumen tubing, tubing holders, optical detec-
tion region, capillary bundle and high prcssure T-fitting The
capillaries have snmple ends disposcxf in the clectrodc/capil-
lary array and second ends received by the high pressure
T-fitting

[0136] Prcfi:rably. thc electrode/capillary nrray includes
electrodes and the sample ends ofcapillanes protniding from
the bottom side of the capillary electrophoresis device The
electrodes and the sample ends of capillanes are arraaged to
be dipped into corresponding sample wells in a 96-well or a
384-welf micmtiter tray: this rcquircs 96 or 384 mipillanes in

order to fiilly utilize every well on the microtiter tray.

[0137] Also prefi:mbly. the capillaries run inside of corre-
spoixhn multilumen tubes wluch are firmly fixed ui place by
the tubing holders. Exposed portions of the capillaries, lined
up side-by-side and without the protectiim of multilumen
tubing, then pass tlu ough the optical detection region, wluch
includes a camera assembly. The camera assembly captures
images of samples traveling inside the exposed capillanes.
The exposed second ends of the capillanes are then bundled
together aud fitted into the high prcssure T-littin .

[0138] In one embodiment. the amphfication device 64 and
the analysis device 68 are focat«xf in the same housing 60 as
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shown in 11(i. 6. A first connecting means 66 witlun the
housing 60 comievts the muplilicatuin devwe 64 with thc
analysis device 68.

Dais Generation 120

[0139] As shov, n in FICi. 5. the atialysis device 68 of the
present invention may permit data generation Alternatively,
the data may bc generated by a sepnratc data gcncration
device 120 us illustrated in FIG. 3.

[0140] Duia generation niay be»chic& ed by mctlmd kno&sn

in the art, for example. as describ&xi in U.S. Pat. Nos 6,217,
731i 6.001.230: 5,963N56, 5.246,577: 5,126.025, 5,364,521,
4.985.129: 5.202,010: 5.045,172, 5.560,711: 6,027,624.
5.228.969: 6,04S,444: 5,616,228; 6.093300: 6,120,667;
6.103.083: 6,132,582i 6,027.627, 5.938.90S 5 900934
6.184.&790: and 5.916,428, ull of wluch are hereby incorpo-
rated by reference in their entireties.
[0141] I»one embodiment.thedutagenerationdevicecom-
prises a signal detector. a display monitor and a c&miputer

processor coupled io the control mrcuit and ihe &hsplay mom-
tor. The computer processor includes un input/output (I/O]
interface conligurcd to cmnmunicate &viih a control circuit
and a first computer niemory storing a display progmm which
displays a gmplfical user interface on the display monitor.

[0142] Preferably, the datu generation device pernuts the
deiemtion and qumiiification of tluorcscent signals generated
by tiuorophores. Fluorophores uiclude, but are not lunited to.
rhodamine and derivatives (such as Texas Red], fluorescein
mid derivatives (such as 5-bromomethyl fluorcsucinl. I uci f&."r

Yellow. IAEDANS. 7-Mei¹oumarin-4-acetate. 7-OH-4-
( Hs-counuiri»-3-acetate, 7-NHs-4-('H,-coumarin-3-acetate
(AMCA], monobromobunmic, pyrcnc trisulf&»uiics, such as
Cascade Blue. mid monobromorimethyl-ammoniobimane.
[0143] In one embodimeub the device provides a concave
retlcctor positionexl nt one side of the capillary tlow cell as a

lirst lugh munerimil apcrturc (N A.l collemuir, a lens collemtor

positioned at an opposite side of the tiov, cell as a second lu h
N A collemtor, and an optical tiber positioned at close prox-
imity of the tlow cell for delivery of mi exciiaiimi light hi
cause a sample contained in the floe cell to enut emission
lights. The retlemtor him& a concave surl'ace for retlecting the
emission lights, and the collector has u proximal convex sur-

face for collecting tire emission lights, and n distal convex
surface for colliniating the mnission lights This arrangcnient
aclueves a larger solid collection angle fmm both sides of the
flow cell and therefore an increased collection etficiency. Tw o

or more optical libera may be used to deliver excitation lights
from different sources. I'he optical fibers are arranged in a

plane orthogonal to thc optical axis of the reflector and col-
lector to reduce the interference from the scattered back-
ground lights and therefore improve the siyml to noise ratio.
The collimated en&isa&on hghts cmi be dctextcd by. e.g.. a

photo-multipher tube detector.

I'met&on Collector 160

[0144] In thc present invention, thc ilppalaius Ill&i&'&liil-

prise a fraction collector i&hich is connected to the analysis
device to collect any desired poly nucleotide anmp1 as from the
analysis device. As sho&vn ui I'IG.8. the fraction collector 160

muy be connected to the analysis device 68 though a fourth
connecting means 140. In addition, as shown in FKi 1(l, the
fraction collector 160 muy also be connected to a sequence
identifier ZUU by a fifth connecting means 18U.

[0145] Tmditionallv. fraction collectors may be broadly
caiegorwed into tv,o groups In tlm first group. the collemtion

tubes are uranged in a geneu&lly rectmigular array and the
dispensing head is nianipulated to selectively fexd the indi-
vidual collection nibes In the second group. the collcctmn
nibes are armnged in a spiral pattern mid mounted on a gen-
cmlly circular tununble Tlm tumtablc is rotated as the dis-

pensing hend is moved radially in order to folio~ the spiral
pattern and track tire individual collection nibas. Any of these
fraction collectors may bc employed in the prcscnt invention.
Hxamples of such fractuin collectors include, but are not
limited to, those disclosed in II.S. Pat. Nos. 4,862,932; 3,004,
567, 3,94&,412: 4,495.975; 4.171,715. each ol v,hich is
hereby incorporated by reference in its entirety.
[0146] Fraction collectors have been developed to accom-
modate the needs for hi h throu /&put analyucal systems und
these collectors nmy also be integrated into the apparatus of
the present iuventi&m For example. U S. Pat No. 6,309,&41

(hereby incorporated by reference ui its entirety) discloses an
automated fraction collection assembly that retains the
microtiier pin(as i»a lixed positimi and dispenses thc s unpfe
portions into the selected wells in the microtiter plates. The
fraction collection assombly includes a dispmising nccdlc
tluou h wluch the sample post&on is dispensed utto despos-
able expansion chambers and then into the microtiter plate.
The dispmising needl&: is mounted on a dispensing head
adapted to extend into a disposable expmision cluimber into
which the sample portion is condmised and then dispensed
in»i itic micr&&liter plate
[0147J Another type of fraction collector useful in the
present invention is fiuction colic»tora by electmphoresis, liir
example. as described in U S. Pat. Nos. 5541,420: 5635 045;
5,439,573; 4,9(&4,9(il; 4.608.147: 4.049,534: 4,040,940;
3,&78&),612 (each patent is hereby incorporated by refcrcncc in

its entirety). In one embodiment. the fraction collector
according to the present invention comprises one or more
electrophoresis tracks at the speci tied gap to separate samples
by electrophoresis. and the separated components are then
eluted I'rom the clecirophorcsis tr~cks. Onc or more capillary
sample tnsnsfernng tubem v,hich are placed with their ends
close to the ends of the electrophoresis tracks at the specified

gap, iranslhr the separated componmiis clutcd from each elec-
trophoresis tmck, Optionally. a connectin means is used to

supply the bulfer solution to the gap and to carry t1m separntcd
component io the sumple iransf&:rnng tube by sheath floss of
the bufibr solution.
[0148] Other useful friction collevior devices include, but
are not liniited t&i, U.S. Pat Nos. 6.106,710: 6.004.443, 5.205,
154, and 6.355.164, each ofwhich is hereby incorpomted by
relcrmtcc in its entire(»

Sequence Identifier 200

[0149J The appamtus of the present invention may further
comprise a sequence ident&tier to provide the sequence of a
desired polynucleotide, for example, a polynucleotide of
interest idmititied by the analysis device. As shown in FICi.

10. (he sequence idcniilicr 200 may bc connected with a
fraction collector 160 to identify the sequence of polynucle-
otide in each fraction cofleccted. In am&ther mnbodiment as
shown ui I'IGS. 9 and 12, the sequence identdier 200 is
connected to the analysis device tluough a fifth connecting
means 180. In anotlmr embodiment rms shown in Fl(i 11, the
analysis device 68 itselfmay serve as the sequence identifier.
I'referably. a sample containing a polynucleotide of interest is
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reloaded onto the analysis device for the identiTication of its
sequence. DNA sequencing is generally carried out by thc
method oi'Sanger et al (Proc. Nat. Aced. Sci. USA 74:5463,
1977) and involves civzymatic synthesis of single stmnds of
DNA from a single strmidcd DNA template and a primer A

single stranded template is provided along with a primer
which hybridizes to thc template. Tlm prinwr is elonvatcd
using a DNA polymcrasm mxi each renctlon tcrtnulatcd at a
specific base (b&u a nine. IJ. adenine. A, thymine. T or cytosine.

C) via the incorporation of an appropriate chain tcnninating
agent. for example, a dideoxynucleotlde. The nucleotide
identity of a polynucleotide is then determined according to
the clunn ternmiatmg, agent incorporated at each position of
the polynucleotide. Ilowever, other DNA sequencing devices
and methods have also hemi developed and may be used as the
sequence identiiier in the present invention.
[U150] In a preferred embodunent, there is no separate
sequeime identifier m the apparatus. The ampliiicatimt device
and the analysis device (e.g.. a capillary electrophoresis
device) perform the fiulction of sequence identification.
Sequencul reagent mixture may be added to the mnpliiica-
tion reaction to perform the sequencing reaction and an ali-
quot of thc sequencing reactiml is thai tmnsfcrred to thc
analysis device (e g., rapiflary electrophoresls device) for
sequence identification Methods and reagents for sequenc-
ing react am and sequence iomltiiication are well known in thc
ut. e g, in Short Prororo)s In Mo)ecn)ur Bi&i)cot (Ausubel et
al, ed.. 1995, supra).
[0151] Sequence identi tiers useful for the prcscnt invmluon
may include, but are not limited to, those disclosed in U.S.
Pat. Nos. 6,270,961; 6.025,13ti: 5,955.030, 5,846,727: 5,821,
058: 5.60R063: 5,643,798. 5.556,790: 5,453.247; 5,332.666;
5.306.618: 5,288,644; 5,242,796: 5,221.518; and 5,122.345,
each of which is hereby incorporated by rcfcrencc in its
entirety.
[U15ZJ The identified sequence of the polynucleotide of
uiterest may be used to compare with available sequences in
various databases. such as C&enbank.

Connecting Means 40. 66. 80, 140 or 180

[0153] A connecting means 40, 66, 80, 140 or 180 of the
present invention allows tluid and/or signal commuiucatlon
between two devices as illustmted in PIUS 1-12. Preferably,
a connectnlg lnetuls of the prese&it lave&it&oil clul be &roved

both horizontally and vertically to permit the transfer of fl-
uid A connecting means may be a lube or a channel, or n

robotic arm A connectm means may compnse tv o or more
tubes. The two or more tubes may be bounded togetller. The
compartment to nilich the c&mnectulg mcmis attaches, e.g.
the reuction clmmber of the amplification de~ice, may be
closed cxccpt for the prcscncc of the con&meting lltcalm, or
may have one or nulre open sides &1 lu le still de lining a volume
useable consistent with the goals and objects of this invention.
Tlm smnplcs may be trmisferrcd elcctrokincticafly tluougb
the connecting means. e.g. by using a volt lge controller
capable of applying selectable voltage levelm including
ground Such a voltage controller can bc implcmcntcxI using
multiple voltage dividers and nnlltiple relays to obtain the
selectable voltage levels The use ofelcctrokinctic transport is
a viable approach for sample manipulation and as a pumping
mechanism. 11&e present invention also entails the use of
clcctroosmotic tiow to mix varioiss thiids in a controlled and
reproducible fashion. When an appropriate fluld is placed ul a

tube made of a correspondingly appropriate material, flulc-

tlonal groups at the surface of the tube cnn ionize. Electroos-
lnosls c'ill be used as il prig&Oui&nable pumping mechnnism

[0154] Pumping nction mm also bc acluev&.d using. for
instance. peristaltic pumps. mechanisms lvhereby a roller
pushes do&vn on the ficxible film of a fluid clmmber to reduce
the volume o I'lhe chan&bar. plungers that prrmss &m the flex&ble

film of a fluid chamber to reduce its volume. and other pump-
ing schenles known to thc nrt Such meclmnisms include
nucro-electromechanical devices such as reported by Shoji et
al., 'Tabrication of a Pump for Integmted Chemical Analyz-
ulg Systems." Electrolucs md Communications in Japan. Part
2, 70, 52-59 (1989) or Esaslu et al.. "Nortnally closed llilcln-
valve and plunp fabricated on n Silicon Wafer.*'ensors and
Actuators. 20. 163-169 (1989).

[0155] The connecting means 40, 66. 140 or 180 useiill for
the invention may be a robotic ann. A robotic ann physically
trmlsfers san&pica. tubes. or plates containing smnples from
one location to another. An automated stunpling process cmi
be readily cxecumd as n progmmmcd routilw. and avoids bofll

human error ul samplulg (i e, error ui sample size mid track-
ing of smnple identity) and the possibility of contamination
Ikom the person smnpling Robotic aims capable of with-
drawulg aliquoms from thermal cyclers are nvailable ul the art.
For example, the Mitsubishi RtzE2 Robotic Ami can be used
in conjunction with a Scifflone™ I.iquid Handler or a Rob-
bins Scient&lie ilydra 96 pipettor. Preferably, the robotic ann
of the invention also include a motorized stage that pertnits
both honzontal and vertical movements for the purpose of
transferring samples.

[0156J In one mnbodiment, a first corn&ecting means 66
conncmts the unphfimuion device 64 u ith the anulysis device
68 so that fluids are tmnsported and subiected to a particular
analysis In a pref'errcdi cmbodinlent, thc lirst conncmtmg
means 66 permits the automatic loadmg ofa fluid sample to a
loading v,ell wltlun the analysis device 68. The volume or
"plug'* oi'sample fllal is disposcxI v,ithin the loading well is
then dragon down the analysis channel uhereupon lt is sub-
jected to the desired analysis In n prcferrcd embodiment, the
analysis device 68 is a capillary elcmtrophoresis de&ice.

Accordingly, for such operations, the maul or analysis chan-
nel gmmrally includes a sieving nmtrix, butTer or medium
disposed therein, to optimize the electrophoretic separation
of the constitumlt elements of the sample. Howxwer, it will be

appreciated upon reading the i nstnm disclosure l lmt the mia ly-

sis device 68 nmy also be u wide variety of non-CE devices,
and may be used to perform any of a number of different
analytical reactions on a sanlplc
[0157] Preferably. the connecting means 66 for transfernng
samples pemiits u ithdrmving an aliquot from mi amplific-
atio react«m during lhe mnplilication regnnen The connect-
uig means 66 may comprise pipette tips or needles that are
either disposed of after a single sample is withdrawn, or by
incorporating one or more stcvs of uaslung the needle or tip
after euch sample is withdrawn. Alternatively. the connecting
means can contact the capillary to be used fbr capillary ckx-
trophoresis directly with the amphi ication rear ti on ui order to
load an aliquot into the capillary
[t)158] In one embodinwnt, thc first connecting nmans 66
trmlsfers an ahquot of a PF'R anlplification reaction mixture
from the amphfication device to the analysis device at the end
ofeach P( R cycle

[0159] In another cmbodimcnt, the second connecting
means 40 connects the polynucleotide extraction device with
the amplification device. In another embodiment, the second
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connecnng means also serves to replenish the amplificat&on
react&on mixture &vith a mixture comprising dNTPs, primers,
necessary reagents, and a DNA polymerase at the s uue con-
centration as tlw starting reactiim mixture. In still another
embodiment, a diITercnt cannectuig n&cans &s usal Ior rcTden-

&shing the amplificat&on react&on mixture. This connectu&g
means n&ay be n&ade in the same way as described in this
appl&catmn to aflois thc tr u&sferof fluid

[0160] Preferably, the first connecting means of the present
invention permits the feeding of an aliquot of the ampliiica-
tion react&on m&xture u&&o the analys&s device, e.g., a cap&limy
electrophoresis dev&ce. Such feedin function may be
achieved by folk&wing known methods in the art, for example,
as disclosed &n U.S. Pat. Nos. 6.280.589; 6,192,768, 6.i90,
521: 6,132,582; and 6.033,546, all of wluch incorporated
hereby by referaicc in &lair entiret&cs.

[0161] In one embodiment, the sa&nple &s in&ected as a

sample plug into a connect&n means ivluch compnses at least
a channel fiir tlm electrolyte buffi:r and a supply and dmin
channel I(or the sample The supply and dra&n channels d&s-

charge into the electrolyte channel at respective supply and
drain pons of the analysis dcvicc 68 Thc distmice betwcmn

the supply port and the drain port geometricafly defines a

sample volume. 1hc injection of the sample plug into the
clecirolyte channel is accomplished elcctrokin&t&cally by
applyinganelectrtcfieldacrossthe supplyanddra&ncha&u&els
for a time at least long enough that the sample component
having the loivest electrophoret&c mobility &s contau&ed

w&thin the geometrically defined volume. The supply and
drain chammls each are inclined to the clccctroiytc channel
Means are prov&ded for electrokinet&cally in)act&ng the
sample into the sample vohune. The resistance to flow of the
source and drmn

charnels

with respect to the elec&mlyte
bufler is at least about 59I& lower than the respect&ve

res &

stance
to flow of thc clectrtilytc channel.

[0162] In am&ther anb&xliment, the sample is uitr&xluccdi by
the iirst connecu&ig means usu&8 the hydrodynanuc method
known in the nrt Tlm sample is injected into tlm capillary by
a pressure difl'erence The prcssure dilrercnce is produced
either by placing the capflla&y ends at different la:els,
whereby a hydrostatic pressure ditrcrence is producixI, or in a

sealable sample resvrvo&r overpressure is generatal by means
afgas, the overpressure injecting the smnple solution into the
capillnry Thc amount of sa&uplc passing into the cnpiflary is
controlled by the selection of the pressure d&fference and its
eifcctive time.

[0163] In another emixiduucnt, the san&pic &s in&ected by
mem&s of a fixal or movable sample-injection capillary by
plncing the sample-injection capiflaD in the vicinity of the
inlet end of the

cap &

llary of the capillary zone electro phoresi s
appamtus in such a manner that the sample solution will
surround the inlet cnd cntircly, a&d smnplc is trausfcrrcxl u&to

the separation capillary by means of an electrophoresis elec-
tric current or in some other manner, and after a predeter-
mined time the solution is w&thdraw n from the v&c&City of the
inlet end. where the sample solut&on is replaced by the back-
ground solution.

[0164] In a different embodiment. however, no first con-
necting means is used to connect tlm amplification device
w&th a cap&llary electrophores&s analys&s dev&ce. Instead. a

fraction of the amphfied polynucleotide sample is loaded
onto tlm clcctroplx&rcsis dcs ice by dirccctly inmwrsing the
capillaries and the electrodes of the electmphoresis device
into P('R reaction I'referably. an electric current may be

apphaI to the electrodes for a 1 united time to force the poly-
nuclcotide sanplc to cuter the capillaries by elcctrokme&ic

force as described abave The tune to apply the electrtc cur-
rent. for exan&pic, ah&mt 0 001 seconds, 0 01 seconds, 0.1

seconds. I seconds or 10 seconds or more, depa&ds on the
volume of samples need to be taken by tl&e capillanes for the
analysis by the capillary clcctrophoresis. 1l&is embodiment
pmvides a simpler process i]or sample louding onto the aiudy-
s&s dcv&cc.

[0165] The tlurd connectu&g me uts 80 connects the analy-
sis device 68 with n data genemting device 120 which is
loc&ucd outs&de oi the analysis dcvwc.

[0166] The fourth connecting means 14(l is used in one
embod&ment to connect the uialys&s device 68 w&th the frac-
t&on collector 160. However, u& another embod&ment of the
invent&on. no connecting means &s used bete ecn the analysis
dev&ce and the fraction coflectar dev&ce.

[0167] The lifth connect&n means 180 &s used ui s&une

embodinwnts to connect tlm sequence identifier 200 ivith the
analys&s device 68 or the liaction cofla:tor 160 so that the
sequence ida&tity of a polynuclcotide of interest may be
obni&ncd

[0168] In some einbodimcnts, thc lirst, scvond, iiourth nnd
fifth connecting means may be a su&gfe connecting means. for
example. a robotic ann which permits tluids to transfer from
one device to another dev&ce. The s&n le mbotic arm transfers
fluids from one device to a second device, and then washes
and cleans itself bcf&ire it transf& rs tluids from one device to a

tlurd device.

[0169] Suitable substrates useful for maku& the connect-
ing mca&s of tlm invention may bc fabricatai fran any onc oi'

vanety of matertals, or combuuu&ous of materials Often,
the connecting means are manufactured using solid substrates

corn&amly

known in thc art. e g . s& lies-based sub stra&ca. such
as glass. quartz. s& l&con or poly ail&con. as well as other known
substrates. i.e. gallitun arsenide Alternatively. polyn&eric
substrate materials may bc used to make the connecting
means of the present invention, including, e.g.. polydimeth-
ylsiloxm&es (PDMS), polymcthylmcthacrylate (PMMA),

polyurethane, poly vu&yl chloride (PVC). polystyrene po lysul-
fone, polycarbonate, polymethylpentene, polypropylene,
polycthylcne. polyvinylidinc tluoride, AIIS (acrylonitrilc-
butadiene-styret&e copolymer). and the sunilar matertals.

[0170] The present &nvention permits an auum&ated appa-
mtus to be used for trm&scriptional profiling. The apparatus
pernuts the ampldication of a target polynucleot&de and the

qu ant&ta tive m&a lysis of the amplified products fron& the target
polvnuclcotide. Tbc apparants nuiy also pcnnits polyuucle-
ot&de extract&on and reverse tra wcr&pt&on. 11&e apparatus may
fi&rther permits the identification of a polynucleotide of inter-
est (e g.. a o etc that &s differential ly expressed in tu o or more
smnples), as v;ell as the sequence &dent&ty of the polynucle-
otidc of thc interest

[0171] FKi 13 demonstrates a schematic vien& oi'n
express&on pmiiluig process using the apparatus of the
present invention. For example, this process may be per-
formed using thc apparatus shown in FICi 10 In a prel'crred
embod&ment, all dev&ces &n I&ICi. 10 are located &i ithin a s&ngfe

housing RNAs may be cxtractcd separately or may be
extracted (step I) by a polynucleotide extract&on device con-
nected to the ampl&fication device as shown in FKI. 2. The
amplificntion device 64 permits cDNA synthesis and ampli-
ficauon (e, by PCR, step 2). At the end of each PCR cycle.
an aliquot of ampliiied product is removed to be analyzed on
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an analysis device 68 (e.g.. a capillary electrophoresis device,
step 3). Diff'erentially expressed polymicleotidis may bc coil-

lected by a fraction collector 160 (step 4), and the sequence of
one or morc diffcrentially expressed polymtcleotides may be
idcmified by a svquence identifier 200 (step 5) For step 5, a

sequencing rmgent master mix may be added and the
sequcncinv reaction mixture may be incubated according to
knounmethodsintheart Inoneembodiment,thesequencing
reaction mixture is then loaded on to the analysis device 68

(c.g, the capillary electrophorcsis device) fiir sequence iden-
tification. In another embodunent, an aliquot of a fraction
collected by tire fraction collector 160 may be retumcxf to the
amplfiication device 64 for pert(inning sequence reaction.
The reaction product may then be applied Ui the analysis
device 68 for sequence identification.
[0172] In one embodiment, the apparanis of the present
invention is used to analyze gcnoniic DNA samples (e g,
quantitation of genomic copies of a gene). Such a teclunque
would Imve lower cost and higher resolution than probe based
irssays or karyotyping, on a v hole gcnonw. basis The process
for genomic DNA analysis may be performed similarly to the
process for RNA analysis (e.g, as described above) except
that there would be no need for reverse transcnption and
cDNA sviIthesis when genonuc DNA is used as. The process
I'or miomic DNA analysis may siart wnh isolatut geimmic
DNA fboni 2 or more samples to be compared. Tire sumples
may be split into multiple aliquots (e.g., 5, 10. 20, or 30 111

luorc illiqUI1ts). Ital:ll aliqUU( illav bc imlplified by a different
primer set (e.g., 5, 10. 20, or 30 or more primer sets total for
all aliquots to bc analyzed) For each primer sct, one prinlci
could be complementary to a common repetitive sequence. or

just a mndom sequence, and have a sampli-specific scxtucncc

tag on it to make it sample-specific Theo iher primer miuld bc
a random prnner. In one emboduuent, the tuo or more

samples are amplified under sane conditions. with same prim-
ers, then a ladder of P('R products u ould be foi'lned tlmt ciiluc
from loci spread randomly throughout the genome. The quan-
tities of each P('R product is tlmn mcasurcxt and compared
beta cen smnplcs CI'enome-wide ddTI:rences in copy number
at different loci can thus be identified. These difTerences are
indicative of local duplications or amplifications; trisomy.
and loss of heterozygosity.
[0173] Alternatively, a locus specific primer set (i.e., prim-
ers which rccoytize specific sequences at a target locus) may
bc used for P('R mnplitication for the determination of copy
number ch mges at a specific locus between tuo or more
samples.

[0174] The foregoing embodiments demonstmte expen-
ments per formccdf mid tivlmiques contemplated by tho present
uiventors ui making and carrying out tlm Iilvc11tion It Is

baheved tlmt these embodiments uiclude a disclosure of tech-
niques which serve to both apprise the art ofthepractice of the
invenuon and to demonstrate Its usefulness. It will be appre-
ciated by those of skill in the art that the techniques and
mnbodiments discloscsf herein arc prcfcrrcsf embodimmits
only tint in general numemus equivalent methods and tech-
niques may be employed to achieve the same result
[0175] All of the references identified hereinabove, are
hereby expressly incorporated by rcfcrmicc in tlmir entirety

1. An automated modular apparatus for nucleic acid ana ly-
sis. the apparatus comprising.

a PCR amplification device comprisuig a thermal cycler
that perfomis PCR amplification cycles svhich amplify

polymicleotides in a reaction mixnire comprising u bio-
logical sample to gmierate mi ampbbed polynuclcsttide
producttherein,

a capillary electrophoresis system comprising a capillaD
electrophoresis device and a detector. wherein said
deticctor is arrangixf such that it detects nucleic acid
species electrophoretically separated iu. a capillary elec-
trophoresis capillary of said capillary electrophoresis
itcvicc, alai

a transport mechanism comprising a motorized stage that
permits both horizrnttal and vertical movements for the
purpose of tnsnsfernng I'CR reaction samples benveen
the thermal cycler and the capillary electr op bores is ays-
tcill. tile ti'uilsport nlcchaill sill pi'oviiliiig tmilslcilt pits'st-
eal mid electrical contact between a reaction mixnire ui
said PCR mnplification device and said cupillary clie-
trophoresis device to transfers sample of a said reaction
mixture fmm smd amphfication device to said analysis
device duruig an amplifimuion reactioii, said capillary
electrophoresis device compnsing an electrode arrmi ed
to permit trmisient inunorsion of said cloctrode in a said
Ii'ilctioll iliixII!Ic.

uhcreui said uansport mechamsm pemms thc transient
Inunersion of a said electrode and an end ol a capillary
elcctrophoresis capillary containing an electrophoretic
separation medium uito a said reaction nuxture m snid
PCR amplification device during on ampliTicanon reac-
tion to electrokinctical ly transfi:r a said sample of'a said
reaction mixture from said unphtication device tii I ud
capillary electrophoresis device during mi amplification
reaction, such that said modulat'ppat'SIUS Cail iiU(oiiultl-

cally amplify. sepauite and detect a nucleic amd product
in a said biological sample introduccxt to said PCR
mnplification device

2 Thc amomatcd modular apparatus in claim I, I'urtlmr

compnsuig a polynucleotide extraction device connected to
said PCR amplification device which permits an extracted
polynucltxitide sample to transti:r fmm said polynuclwitide
extraction device to said PCR mnplitication device.

3. The automated modultu appanitus ot clmm I. further
comprising a fraction collector device.

4 Thc automated modular apparatus of claim 3, uhereui
said fraction collector device is connected to said capillary
electropluircsis device so as to permit tho collection of a

quantified product.
5 The mitomnted modular apparatus of clnun I, wherein

said trunsport mechanism permits on ahquot of said reaction
mixture to trmisf'er I'rom said aniplification device to said

capillary elec trophores is device at the end ofeach PCR cycle.
6 The autonmtcd niodular apparatus of claun I, svherein

said apparatus permits the detection and quantification of a

signal generated by one or more fluorescent labels.
7. A I'('R system. the system comprising:
a thermal cycler perforniing PCR, riweivin a rais DNA

sample to be amplified into a DNA smnple by PCR, in a

liirm suitable liir subsequent analysis,
a capillary electrophoresis system, receiving the DNA

sample from the thermal cycler to be subject to capillary
elcctrophoresis to analyze a result of the PCR;

and a nmdular system contaiiung a transpon mechmusm
that moves a stage In the horizontal and vertical direc-

tionss

for tlm purpose of transferring samples between the
thermal cycler and the capillary electmphoresis system.
wlierein the capillary electrophoresis system and the
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themlal cycler are operative coupled wltlun an auto-
matcdl modular system, u hereby DNA mmlple output
from the thenual cycler is ulput to the capillaD electro-
phoresis system without further user intervmltion.

8 The P('R system ol'laim 7. wherein said transport
mechanism permits an aliquot of said reaction mmture to
transfi:r from said tlmmlal cycler to said capillary elcctro-
phorcsis system at the end of mich PCR cvmle.

9. 'Ihe PCR systmn of claim 7, wherein said apparatus
permits tlm detection and quantification of a signal gencratcd
by one or more ihlorescent labels.

10. A P( R sy'stela, colupflslllg:
a thermal cycler perfonnulg PCR, receiving a rau. DNA

sample to be amplified ulto a DNA sample by PCR, m a

foun suitable for subsequent analysis;
a capillary electrophoresis system. receiving the DNA

sanlple from the thermal cycler to be subl oct to capillary
eleclrophorcsis to analyxe result ol'the PCR, and

an integrated transport meclmnlsm positionin the thermal
cycler to be accessible by the capillary electrophoresis
system, wherein the capillary electrophoresis system
and the thermal cycler are operative coupled within an
auulnlatcd intc rated system, u:hereby DNA smnplc
output from ihe thermal cycler ls input to the capillary
clcctluphol'csis svstcln without funl'Icf user llltcfvcli-
lion

II. The PCR system of claim 18, wherein said transport
mechatusm permits an aliquot of said reaction mixture to
trmlsfi:r fmm said thernral cycler lo said capillary efcctro-
phoresis system at the end of each P(.'R cycle.

12 The PCR systmn of claim 11, wlmrein said apparatus
permits thc detection and qumltification of a signal geiwrated

by one or more tluorescent labels.

13 A bioanalysis system, comprising:

a saluplc pfcpafatioll dLvlcix rccLlvlllg al faw salupli: to bc
processed into a sample in a filnn suitable filr subse-

quent analysis;

a sample analysis device, receiving the sample from the
sample preparation device to be sublect to analysis: and

an integrated transport mecllanism positioning the sample
preparation device to be accessible by the sample analy-
sis device. wherein the sample preparation device and
thc sample analysis device are operative coupled within
an inte~vated automated system, and wherein the raw

sample ls loaded into the sample preparation device,
whereby mmlple output fmm thc sample pl'Lpalalloll
device is input to the sample analysis device without
further user intervention.

u s s
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