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systems to perform various chemical and biochemical analyses and syntheses, both for

preparative and analytical applications. The goal to make such devices arises because of the
significant benefits that can be realized from miniaturization with respect to analyses and
syntheses conducted on a macro scale. Such benefits include a substantial reduction in time,

20  cost and the space requirements for the devices utilized to conduct the analysis or synthesis.
Additionally, microfluidic devices have the potential to be adapted for use with automated
systems, thereby providing the additional benefits of further cost reductions and decreased
operator errors because of the reduction in human involvement. Microfluidic devices have
been proposed for use in a variety of applications, including, for instance, capillary

25  electrophoresis, gas chromatography and cell separations.
[0004] However, realization of these benefits has often been thwarted because of various
complications associated with the microfluidic devices that have thus far been manufactured.
For instance, many of the current microfluidic devices are manufactured from silica-based
substrates; these materials are difficult and complicated to machine and devices made from

30 such materials are fragile. Furthermore, transport of fluid through many existing microfluidic
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SUMMARY OF THE INVENTION

[0007] A variety of devices and methods for conducting microfluidic analyses are provided
herein, including devices that can be utilized to conduct thermal cycling reactions such as

25  nucleic acid amplification reactions. The devices differ from conventional microfluidic
devices in that they include elastomeric components; in some instances, much or all of the
device is composed of elastomeric material.
[0008] Certain devices are designed to conduct thermal cycling reactions (e.g., PCR) with
devices that include one or more elastomeric valves to regulate solution flow through the

30 device. Thus, methods for conducting amplification reactions with devices of this design are
also provided.
[0009] Some of the devices include blind flow channels which include a region that functions

as areaction site. Certain such devices include a flow channel formed within an elastomeric
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[0011] Other devices include an array of reaction sites having a density of at least 50
sites/cm?, with the reaction sites typically formed within an elastomeric material. Other
devices have even higher densities such as at least 250, 500 or 1000 sites/cm?, for example.
[0012] Still other device include a reaction site formed within an elastomeric substrate, at

25  which a reagent for conducting a reaction is non-covalently immobilized. The reagent can be
one or more reagents for conducting essentially any type of reaction. The reagent in some
devices includes one reagents for conducting a nucleic acid amplification reaction. Thus, in
some devices the reagent comprises a primer, polymerase and one or more nucleotides. In
other devices, the reagent is a nucleic acid template.

30  [0013] A variety of matrix or array-based devices are also provided. Certain of these devices
include: (i) a first plurality of flow channels formed in an elastomeric substrate, (ii) a second
plurality of flow channels formed in the elastomeric substrate that intersect the first plurality
of flow channels to define an array of reaction sites, (iii) a plurality of isolation valves

disposed within the first and second plurality of flow channels that can be actuated to isolate
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[601 6] Still other methods involve providing a microfluidic device comprising an array of
reaction sites formed within a substrate and having a density of at least 50 sites/cm?. At least
one reagent is introduced into each of the reaction sites. A reaction at one or more of the
reaction sites is then detected.

25  ]0017)] Yet other methods involve providing a microfluidic device comprising at least one
reaction site which is formed within an elastomeric substrate and a plurality of guard
channels also formed within the elastomeric substrate. At least one reagent is introduced into
each of the reaction sites and then heated within the reaction sites. A fluid is flowed through
the guard channels before or during heating to reduce evaporation from the at least one

30 reaction site. A reaction within the at least one reaction site is subsequently detected.

10018} Additional devices designed to reduce evaporation of fluid from the device are also
provided. In general, such devices comprise a cavity that is part of a microfluidic network
formed in an elastomeric substrate; and a plurality of guard channels overlaying the cavity

and separated from the cavity by an elastomeric membrane. The guard channel in such



reaction site which is formed within an el astoneric substrate and a
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[0021] FIGS. 1B-E show enlarged views of a portion of the device shown in FIG. 1A and
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illustrates its operation.
20  [0022] FIG. 1F is a schematic representation of another exemplary matrix design device that
utilizes guard channels to reduce sample evaporation.
[0023] FIG. 2 is a plan view of an exemplary blind channel device.
[0024] FIG. 3A is a plan view of another exemplary blind channel device.
[0025] FIG. 3B is a schematic representation of a more complex blind channel device based
25  upon the unit of the general design depicted in FIG. 3A.
[0026] FIG. 3C is an enlarged view of a region of the device shown in FIG. 3B, and
illustrates the orientation of the guard flow channels in this particular design.
[0027] FIG. 4 is a plan view of a device utilizing the hybrid design.
{0028] FIG. S is a chart showing ramp up and down times to conduct a thermocycling
30  reaction.
[0029] FIG. 6 shows the location of spotted reagents within reaction sites in a blind channel
type device illustrating proper alignment of the reagents within reaction sites at the comers of:

the device.



[0023] FIG 2 is a plan view of an exenplary blind channel device. [0024]
FIG 3Ais a plan view of another exenplary blind channel device. [0025]
FIG 3B is a schematic representation of a nore conplex blind channel device
based 25 wapmoidsesenit of the general design depicted PEI/E2@4/B192 [ 0026]
FIG 3Cis an enlarged view of a region of the device showm in FIG 3B, and
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designations refer to the concentration of the spotted primers and probes, in relation to their
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nominal values.
[0034] FIG. 11 is a bar graph showing average VIC/PF1/Control ratios for 9-10 wells for
20  Macro TagMan (striped bars), and TagMan reactions in the microfluidic device (solid bars).
Two negative controls (Control) and two samples with 100 pg/nl genomic DNA were
thermocycled with reaction components as described above with 4x the standard amount of
primer/probe. The error bars represent the standard deviation of the average ratios.
[0035] FIG. 12 is a bar graph that shows FAM/PR1/Control ratios for each of 10-1 nl wells
25  branching from a single flow channel of a microfluidic device (see FIG. 7B). The amount of
genomic DNA was 0.25 pg/nl, which results in an average of one target copy per well.
[0036] FIG. 13 is a bar graph depicting the average VIC/PR1/Control ratios for CYP2D6
SNP reactions using the microfluidic device shown in FIG. 7B. Allele 1 (Al-1) is the positive
contro] for the VIC probe against the reference or wild type allele CYP2D6*1. Allele 2 (Al-
30  2)is the positive control for the FAM probe against the variant or mutant allele, CYP2D6%*3.
The control has no DNA template. Genomic DNA was used at either 100 pg/nl or 20 pg/nl.

The error bars are the standard deviation of the ratios.



[Q034] FIG 11 is abar graph show ng average VI C/ PFl/Control ratios for 9-10
wells for 20 Macro TagMan (striped bars), and TagMan reactions in the
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sanpl es wi o 200@spybnl genomi ¢ DNA were thernocycl ed \RCTAIS2M4010HEN
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number of positive wells.

20 DETAILED DESCRIPTION
[0043] 1. Definitions
[0044] Unless defined otherwise, all technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the art to which this invention belongs.
The following references provide one of skill with a general definition of many of the terms
25  usedin this invention: Singleton et al., DICTIONARY OF MICROBIOLOGY AND
MOLECULAR BIOLOGY (2d ed. 1994); THE CAMBRIDGE DICTIONARY OF
SCIENCE AND TECHNOLOGY (Walker ed., 1988); THE GLOSSARY OF GENETICS,
5TH ED., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale & Marham, THE
HARPER COLLINS DICTIONARY OF BIOLOGY (1991). As used herein, the following
30 terms have the meanings ascribed to them unless specified otherwise.

[0045] A “flow channel” refers generally to a flow path through which a solution can flow.



depicts the remaining signal after subtraction of the control red signal.
[0042] FIG 19 depicts a graph of conparing the average nunber of copies per
well to the nunber of positive wells. 20 DETAI LED DESCRI PTION [0043] I
Def i ni tionsyd Sf4ddosidn! ess defined ot herw se, all technipet/useods/aeidzntific
terns used herein have the neaning comonly understood by a person skilled

in the a to which . this invention belongs The fallow ng refergnces
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"fl ow channel " refer energlly to flow path through which a solution can
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a flow chann as an entrance but not a separate exit.” Accordingly,
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refers tpoaoy gaciah dferSid £ chanakl fhienddGh an Bladtbbric d&IUTY Piovaiel fid Wdckdd Ot her

reactions sites present on the device. Wien used with respect to a 10 blind
channel , betieen angixiaraal ppg oF thegigvies and qng or morg dojy shangels; fus Ayiagan serae | i nd

channel . I ] a val ve associated with the blind
el Pupsle

channel . ers to a channel forned in an el astoneric device

to piddvi (1950) Theaiterm elastomer? nngd talastomearict’ basitd geperal medninghas uded/ingbe hd one or
nore flow channel s.. Thus, I & can serv. as sanpl _1i t,_or., out put, for
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meani ng alastomend ih Perieht a@pdlymers existing at a temperature between their glass transition

temperature and liquefaction temperature. Elastomeric materials exhibit elastic properties
because the polymer chains readily undergo torsional motion to permit uncoiling of the

20 backbone chains in response to a force, with the backbone chains recoiling to assume the
prior shape in the absence of the force. In general, elastomers deform when force is applied,
but then return to their original shape when the force is removed. The elasticity exhibited by
elastomeric materials can be characterized by a Young’s modulus. The elastomeric materials
utilized in the microfluidic devices disclosed herein typically have a Young’s modulus of

25  between about 1 Pa— 1 TPa, in other instances between about 10 Pa — 100 GPa, in still other
instances between about 20 Pa— 1 GPa, in yet other instances between about 50 Pa — 10 MPa,
and in certain instances between about 100 Pa — 1 MPa. Elastomeric materials having a
Young’s modulus outside of these ranges can also be utilized depending upon the needs of a
particular application.

30  [0051] Some of the microfluidic devices described herein are fabricated from an elastomeric
polymer such as GE RTV 615 (formulation), a vinyl-silane crosslinked (type) silicone
elastomer (family). However, the present microfluidic systems are not limited to this one
formulation, type or even this family of polymer; rather, nearly any elastomeric polymer is

suitable. Given the tremendous diversity of polymer chemistries, precursors, synthetic



Thus, for exanple, Alcock et al. (Contenporary Polyner Chem stry, 2nd Ed.)

describes elastoners in general as polyners existing at a tenperature

bet ween t.heir glass transition tenperature and |iquefaction tenperature.
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readily undergo torsional notion to permt uncoiling of the 20 backbone
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met hods, ribeznstcptides©b denxyrbericleafidesp dherp is ng intended dististion imdengthbedween ar ge
nunmber o | bl Emﬁgp Lithic
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depends wprtain ¢rhisodimertts thaseaternmedae inchlde priplee doubds agdsiggle-stramded NArassi st ance,
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5" b cSielan i AP Bl A ol Setrde: RETR TR Al ot e Re of |
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of the mcrofluidic devices disclosed herein are set forth in Unger et al.
(2000) Skrgiseartp gy terms “pygleicagd, Perlypudeqtidst iand soligonudentides iupludend Wo

01/ 01025 ' . Wale elisiHe Bek&iviD! f | ' ISty for
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"ol i gonuaibess),iany vther type ofpblymctepiide which isahd¥teor{C-glycgsiderdfa puineronf

nucl %Bt | %%m?c{ineabrll\ée, laﬁ&' %Qf pc;lﬂﬁérg gérﬂgfmng 'ﬂgmlnu%feoli(ilimb;&%oﬁég; for example,

polyamide (e.g., peptide nucleic acids (PNAs)) and polymorpholino (commercially available

from the Anti-Virals, Inc., quallis, Oregon, as Neugene) polymers, and other synthetic
sequence-specific nucleic acid polymers providing that the polymers contain nucleobases in a
configuration which allows for base pairing and base stacking, such as is found in DNA and
25 RNA.
[0053] A “probe” is an nucleic acid capable of binding to a target nucleic acid of
complementary sequence through one or more types of chemical bonds, usually through
complementary base pairing, usually through hydrogen bond formation, thus forming a
duplex structure. The probe binds or hybridizes to a “probe binding site.” The probe can be
30 labeled with a detectable label to permit facile detection of the probe, particularly once the
probe has hybridized to its complementary target. The label attached to the probe can include
any of a variety of different labels known in the art that can be detected by chemical or
physical means, for example. Suitable labels that can be attached to probes include, but are

not limited to, radioisotopes, fluorophores, chromophores, mass labels, electron dense



ri bonucl eoti des or deoxyri bonucl eotides. There is no intended distinction in
| ength between these terns. Further, these teens refer only to the primary
structure of the nolecule. Thus, in certain enbodi nents these terns:can:

i ncl ude triwbeoos/osh8ubl e- and singl e-stranded DNA, as 15PGBUB2044010492p| e-
doubl e- and single-stranded RNA. They al so include nodifications, such as

by met hyl at.i pn r appi | fi f Q6B ;

pol ynucl 8%‘%1?%% ﬂ?a%géée% pa%%crkf%f %ﬁ#d@ F?%&#@%ﬁﬂc&gﬂ@%&ﬁe&?&

" pol ynuckrefrodiemicaliyactive mojernies) enaimelp cofadtos] ardeenzyroe yubstvatys. i Rrobesche ot | des
(containing 2-deoxy-D-ribqgse), polyrihbonucleotides ont ai ni ng rj bose),
any ot heVap\ s SScl 85{6ip548)e§\%ﬁeg%atilge?}é§1oﬁ. %fﬁner%_ﬁ;nglggiageatgasta% puri ne
or 20 pykd P8 HldRtiB&SE lerdid Gh&eiroRR R IeastC) 8@ b dEhdHALIbAO $15li C

backbones, for exanple, FOl yanmide (e.g., peptide nucleic acids _(PNAs)) and
pol ynbr plthier probescasprsrsneyThat lopgery bgingaflleast $0; 6f 102 80, A0 mucloptidgsdong) et |

Corval |'i o e I , I |
sequence-%glg&rl%?lgsghr %ﬁo?:lf’ée}l?s}:{ ﬁh‘%l%)c?r %%I 1%%}:}03) 55}3‘533 Pgﬁﬂlglo%e%?fetgﬁ%ésg%ﬁ/ r?é?bsescont ain
nucl eobasasbé of aay spexifid lgngththao fallstwithin thé foegidgmangmaewehi ri ng and base

stacking, s Aas. is found in and 5. . J.0053L A "prabe".is an

nucl ei c &%‘I@f\ga%&meé 5f Sﬁgﬁﬁm%&p@WQﬁ@%ﬁ%é@P acting gs ‘gP‘)mE‘Efrrpl enentary
sequence it kBT tNatedieBe € DNYOSmtiHebis GRRN afitbpRA0 8shditibnd &l d_Yin ey ough

conpl ementary base pairing, usually through hydrogen bond formation, thus
f or milflg @resgugsiof fous diffesent nucleosiie tphasphatsisisad an pgany foripdlymesizatipnasuchasbe

bi ndi ng sitg." e C ] 0 permt
faci | o dalaer léir@r‘l‘o?"q%‘ﬁgf%per%gg%ﬁﬁg %2@%5%%%%&%2& ﬁﬁ%@%@%ﬁéﬂ%@%i di zed
to its caemperareret dhy approprédte lefipth df alpeinenddpendsash the irtdided nehd tieprimerc| ude
any of a_ variety of different . .|labels know in the art. th cah be detected
by chen &4 bpray gt st el Gie sednpe o eaedram B mafeofidss be
at t ached i @npfhORBeriphigleifi@an bedbmawRat 1612k dubhhd $0ot 0. nucReHids s&ifo 3RSt

fl uor ophores, chronophores, mass | abels, electron dense 9 WD 2004/ 089810
PCT/ US20auinget gipdepulep generallyaequirecgalet tegppratresdp derm sificientiyrtable hybsidecul es
that emt L U , ] ' I I nzynes,
cof act or sc,o ﬁ%ﬁ%%eﬁ%ﬁngﬁgﬁu@gﬁ é%tlgjislﬁ&lﬁ{e%glgbg ?%t%%{ Ihég?@ctt E‘%/qgﬁ@iogg#tt%p]fﬁ si ze.
Sone pr olies mastberseffaicntly cgmplementaryGe hgbraditeywithpa cingdater Thaterrh Eprirhersitet 0 15

nucl eotides_i.n l.ength.. O her obes are.at le 0, or_40 nucl eoti des
ong. st 19 PG b st ader B UES it P b R D& Btk A 50, 60, 70,
80, 90 nugihfigizés] Thet@RQ prifi@k paift Medns RIS Pridiess ih€lOBE aSt Fupktreadghia&e at

| east 100, 150, 200 or nore nucleotjdes | ong. Probes can be of_ any specific
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3' “downstream primer” that hybridizes with the 3' end of the sequence to be amplified.

[0055] A primer that is “perfectly complementary™ has a sequence fully complementary
across the entire length of the primer and has no mismatches. The primer is typically
perfectly complementary to a portion (subsequence) of a target sequence. A “mismatch”

25  refers to a site at which the nucleotide in the primer and the nucleotide in the target nucleic
acid with which it is aligned are not complementary. The term “substantially
complementary” when used in reference to a primer means that a primer is not perfectly
complementary to its target sequence; instead, the primer is only sufficiently complementary
to hybridize selectively to its respective strand at the desired primer-binding site.

30 [0056] The term “complementary” means that one nucleic acid is identical to, or hybridizes
selectively to, another nucleic acid molecule. Selectivity of hybridization exists when
hybridization occurs that is more selective than total lack of specificity. Typically, selective
hybridization will occur when there is at least about 55% identity over a stretch of at least 14-

25 nucleotides, preferably at least 65%, more preferably at least 75%, and most preferably at
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25 ref er Ravifp @ beicbfjugdtedddiaGbpdrite 14per| eotide in the prinmer and the nucleotide
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instead, the prinmer is only sufficiently conplementary “to  hybridize

sel ect i véiap 1¥p and moregugferablyngreaterrthandl O ox 2% dbsselestbdmopwlatiorhiAdi ng site. 30
[ 005 The term ".conpl nt.ar v s that ©ne nucleic acid i.s identical to,
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total lack of specificity. Typicall selective, hybrjdization will occur
when t heP@argrigbleregass, ’&é’ﬁiﬂe){]g%%%*rﬂé‘?ﬂ‘f?w& “‘é‘“&f’?téi"dﬂ’eé?s’ at |east 14- 25
nucl eot i g@@nudMoBilie Feplaty, sﬁﬁoplb End328peat¥Difl ideRioplhidhentsFuch £A&K. TR0 and nost
preferably at 10 WO 2004/ 089810 PCTI US2004/ 010492 | east 90% Preferably,

one nucl &t idgatifiedafisli¢ farmnds arbieasily destanpipd epthe Ffergngecprmaed ether allelid. Seew M
Kane bsaifoﬁk%eedegigﬁggé' rnatiée 1 gﬁlﬁ €s. l%oal?léiic gﬁ'ﬁi de él’n%ptel " refers to
a spec i e detecte

nol ecul e or an t of a nolecule at can
frequently in a selected population is sometimes referred to as the wildtype form. Diploid

organisms may be homozygous or heterozygous for allelic forms. A diallelic polymorphism
has two forms. A triallelic polymorphism has three forms.
[0059] A “single nucleotide polymorphism” (SNP) occurs at a polymorphic site occupied by
25  asingle nucleotide, which is the site of variation between allelic sequences. The site is
usually preceded by and followed by highly conserved sequences of the allele (e.g.,
sequences that vary in less than 1/100 or 1/1000 members of the populations). A single
nucleotide polymorphism usually arises due to substitution of one nucleotide for anbther at
the polymorphic site. A transition is the replacement of one purine by another purine or one
30 pyrimidine by another pyrimidine. A transversion is the replacement of a purine by a
pyrimidine or vice versa. Single nucleotide polymorphisms can also arise from a deletion of
a nucleotide or an insertion of a nucleotide relative to a reference allele.
[0060] A “reagent” refers broadly to any agent used in a reaction. A reagent can include a

single agent which itself can be monitored (e.g., a substance that is monitored as it is heated)
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by physical, chem cal, el ectromagnetic and other related anal ytical
techni ques. Exanples of 5 detectable |abels that can be utilized include,
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| abel s, el ewbranaosbsmse particles, magnetic particles, spCHUSREPHEN0492
nol ecul es that emt cheri | um nescence, electrochemcally active nol ecul es,

enzynes, _cof act or enz nked to nucleic acid_pr enzyne
subst r at 852 m"ﬁ“e 1(:2) grrﬁ) Rl ea%?ljlt Jér?aég%tlné%rfbeﬁ%%n&a(%tgﬁgtcegﬁ agoglrrliﬁ'%s been
con j ugat Bglerplaty raageatsebr onuddiaicidampliffcatiomeeactidn mciuda: butreee poltlintitedrtact eri sti c

shaeor olor) that allaws it to out havi ng
to D cohiifiPeal B poDa Rk RSTG JrP I Pt A B bRy » o
" pol ynor gliigaséd 4 thé Fkd. eeabéttd/for shzyiyl Ie&ndhyﬁaqem& ex@Bpl! éhbstPéft&f erred
mar kers have at |least two alleles, each occurring at frequency of reat er

t han 1% cefaetorsoP@IPHRS PRAYVEISH. wuéfpeafteéal iqr dphibigors end FYRIeTS. f@é‘ﬂéﬂoé
| at | .
bol yror phie fabloRdnE, BBl o LRGSR, ooffy, 951 SR 035 ﬁff&ﬁo?sum,

vari abl eagtuﬁsbemdﬁntd@nﬂts}rﬁmﬂnn«atoece(lwﬁc@)tors hypervari abl e regi ons,

mnisatel|ites, dinycleotide repeats, rlnucleot repeat.s,

t et ranucl@(ﬁll 1 dfémyE'Pﬁf)‘Fl% %retee‘ﬁﬁéfl%therafﬂ‘ble‘fp‘ﬁ%éﬁ’iaﬂn el enents
such as Abiligiit® tﬂat gp%lﬂcdl%ﬂ Ifohe ecﬁﬁia@lb'bﬁad%%ﬂﬁb'h%arﬁlr Bivinzab kdyeslen gnat ed as
t he reference forman other alle forns are designated as alternative
or vaPi aﬁ@mapblepeg.fﬂfﬁﬂ@maib)eﬂhﬁéﬂtﬂlﬁ&nﬁloccurr| ng nmost frequently in a

sel ected population is sonetines referred to as the wildtype form Diploid
or gani smgy My ki RROpzygous or heterozygous for allelic forms. Adiallelic
pol ynorphism has two forns. A triallelic polynorphismhas three forns.

[ 0059] A[O(BiZthmlmhmbédttfﬁetbetmmmyﬂmdlpkie‘ems (élmamnmrefemdtaapolup@orphl c site
occupi ed,by. 25 a sin t.he site of v rlatlon bet ween
ool o atine pale AR FhErPLarERY LG ard o Red Bertin ) s A BEER 1 ghty
conser veguatdiviies ®scontiudt h@aﬂét!y@fﬁgﬁ&r@ughpuﬁ&@,ly@é%c Ephel ddRicey @€ Yedighed€esS t han
1/ 100 or 1/1000 nenbers of the popul ations). A single  nucleotide

pol yridr phse A analysss| ryqlaﬁn%@epa%“% epnéleb senepially awlbsﬁs wwelvingdhersocyrding or

another gatg hmelegémqﬁfpﬂhbﬁmalréa%uoré) UERORIcdRAliE 8eVidlR ifcBRRtE BEREL Of One
purine by anot er purine or one 30 pyrimdine by another "‘pyrimdine. A

t r ansver siesign festur¢sghate pive therdewicesof significantlyi esmbler Jootpryntithandhany conventioealver sa.
Single n I

nuccot | AR dEIRR L TREAR R BB B0 1RO W Rt BlrBaiiont | ¢ .

[ 0060] Aa deﬁg'eimtfbrmﬁbmatsdmm{ﬂy to any agent used in a reaction. A reagent

f ﬁgt I%-Q)Cl ﬁgﬁqé}j‘ (§P§)l§r(]) ghe] qﬁl%fi}fuﬁglflélgﬁeg tu?e zea egingn l%y%lcrg?ly refer edd to here%n as %lmél bstance

channel” or “blind fill” are characterized in part by having a plurality of blind channels,

which, as indicated in the definition section, are flow channels having a dead end or isolated
end such that solution can only enter and exit the blind channel at one end (i.e., there is not a
separate inlet and outlet for the blind channel). These devices require only a single valve for

25  eachblind channel to isolate a region of the blind channel to form an isolated reaction site.
During manufacture of this type of device, one or more reagents for conducting an analysis
are deposited at the reaction sites, thereby resulting in a significant reduction in the number of
input and outputs. Additionally, the blind channels are connected to an interconnected
network of channels such that all the reaction sites can be filled from a single, or limited

30  number, of sample inputs. Because of the reduction in complexity in inputs and outputs and
the use of only a single valve to isolate each reaction site, the space available for reaction
sites is increased. Thus, the features of these devices means that each device can include a

large number of reaction sites (e.g., up to tens of thousands) and can achieve high reaction
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WO 2004/ 089810 PCT/ US2004/ 010492 or a m xture of two or nore agents. A
reagent may be living (e.g., a cell) or non-living. Exenplary reagents for
a nucleic acid anplification reaction include, but are not limted to,

buf f er, newed 2006089810pol yner ase, prinmers, tenplate nucl RQE/EEIH01042%| eot i des,
| abel s, dyes, nucl eases and the |ike. Reagents for enzyne reactions

| ncl ude, oo HenSHATBEE oyt AL00 readtidiPiRELAYS Iy ha RORKATSy, BUET '

net al |ons ors and activators. Reag ~“based T eacti ons

i ncl ude, febmtesalse d:rocttly tramla'@dn@@ signifidagt, redwsition gpthe pize of tgseglevines | | gands

(e.qg., --cq%gp ?ttgtra?ggﬁeﬂ WLS(QC tchat bind to cellular receptors. [0061] A

I i gand i CH there exists another ol ecul e (i.e., an
“anti i gpoed) othbnamlcsmﬁdlf; ﬂe\abdsyhan areridsatosgEkdréin meiliteya mumdslemgl the |i gand
owng to recognltlon of me portion of the_ |igand the antiligand.
|1, Crer el roigtsiudie ﬁlﬁYﬁﬁﬁéP?'g tyfertlize A pIUFAIEY B nisrer Edéwelé%lae 4 so

SOMEt i Megef; eﬁﬁ blveHlatdR1sAs de{me%)map %Yfeﬁ&dﬁ%it@éleﬁ hd D6 BARRAlecdnC MiygCt Ur es

are provi ereln, as we as methods for using such devices to conduct a
vari ety ddvides gﬁtlmdﬁeangg la}sathavaaul aprap or refétionchates; @ewewéh@tess laggr fwmbet5 use in

anal yses aﬁgller 1%5511&%%% o%dﬁé%gﬁh{s?o ‘f %Ruq(%afaeltﬂxey lafle 2 | Ons‘? of nvglllesl ng

t hemmcy nuc I on re
m cr of | uw@thchldeésﬁ@e% vm@mam’eﬂmeetd & an;w1tiﬁajl@ﬂo‘fv anhysebitdctuad enagle‘s'e t he

m or 591 uralntols At slbrisnaheh BEVRE batcaa R BRAVE B  h of her

instr U”EQ\Tvﬁéh!aﬁl@ 1so%[ﬂi@nBT9éﬁdi’1§ ﬂf)@rchﬁﬁk@']ﬁ&f%%ﬁﬁﬁ' Méﬂc% wiQedsAROngSome of the
m crofluidic devices utilize a desi pically referred to herein as "blind

channel " cannelileviges 4re fesigned éo eondneiet @g¢ z@dbqr@f gmlxseb\}ndera‘hiffq@nh plurality of

channer s Cpidhy v G mbarb CaaRs, e Bl A 4L EOHeBH BBl )
ent er anthrgeaumbeh of dahiphcumcleantimitedbunibee ofewahditione. Stilt btheralevisesurt hypbridsepar at e

i nl et andf utl et for t e. blind channel). These devices require only a single
val vd>f oPf S8seuo gl fgSIgRLR I to isolate a region of the blind channel to

form an igoekpIBSmiReMiidie Mewitdsqhat afdtiebdibedBRRUlAldr UnRaQérideRibpdrpe of devi ce,
one or nore reagents for conducting an analysis are de@omted at the

react i on u§lifipg variome caIBRonents sneh as glovihannglsy pontiol ghppmels yakves sw/qrpumpe nunber
of I NPUloffla Mt Aittarcilel hisoR@ldstinods Rslallfln RAMAA Fodfsma@apect ed Lo an
el's such that” a he

i nterconnected networ chann reaction sites can be
filled frbstomes¢ mgteaal dFonséquenttysl sieh dnuin@eﬁffeltsﬁgmﬁmptl)em fopoasd fuBettmuse of the

oy 20} Ohoning PR bl douk B Hibre BRI VRS BaPlRE forfolE R Rop et 5% "' ©

material.

[0066] The design of the devices enables them to be utilized in combination with a number of
different heating systems. Thus, the devices are useful in conducting diverse analyses that
require temperature control. Additionally, those microfluidic devices for use in heating

25  applications can incorporate a further design feature to minimize evaporation of sample from
the reaction sites. Devices of this type in general include a number of guard channels formed
within the elastomeric device through which water can be flowed to increase the water vapor
pressure within the elastomeric material from which the device is formed, thereby reducing
evaporation of sample from the reaction sites.

30 [0067] The array format of certain of the devices means the devices can achieve high
throughput. Collectively, the high throughput and temperature control capabilities make the
devices useful for performing large numbers of nucleic acid amplifications (e.g., polymerase
chain reaction — PCR). Such reactions will be discussed at length herein as illustrative of the

utility of the devices, especially of their use in any reaction requiring temperature control.
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sites is increased. Thus, the features of these devices neans that each
device can include a |arge nunber of reaction sites (e.g., up to tens of
t housands) and can achi eve high reaction 12 WD 2004/ 089810 o
PCT/ US2004/ @d%edosesiot e densities (e.g., over 1,000 -4, Gaf/usaemtoicam
sites/cm. Individually and collectively, these features also directly
translate_into a si]gai ficant reduction in the size. of these devices

conpar ed Hovevendishpd be upderstaed thatdhe deyisss areqiot figiedifo thess @ATHGIAT of | ui di ¢

devi ces ta%?ﬁcaﬁfwﬁ's. AR ePe 8k al e Gifizedlih b Wik VriZR! dflothed %ﬁjeg@fmmsé general,

m crofluidic devices of this type utilize a plurality of intérsecting

hor i zont akactinos. Examples anclidecnalybrsof protein-tigahslfintsractipnssand agtergetions hetwieem si t es
at the points of .inter i O u evices .of .this design al so have an
array or creg%%q|V§H°£§|?°£p§8%%smg\}’g}get§‘ﬁrgpfés 1§ POV erdg]%{rﬁiua'nurrber of sanple inputs
and correspondi ng outputs to accommodate the | arger nunber of sanples wth
this desiliih. A Galevad Ssycatrernf Micefluelit Deviges a swit chabl e fl ow array

architecture epabl &S 10 SE' kﬁtvi on be flowed selectively through just the

horizontal or I ow us allowing for swtchable isolation of

various fjog§g)cihRMelofluidt difoeSBistlbded hERRESRe @M@ln?@gnsm@te@ bi 185kt incdagnnel
er o

devi ces are designed to conduct a |arge nunb _anal yses under different
condi t i onfSomelaptomeri¢ matcaigls sdsenstusted bingingle and multilasier sodt litbogrenty (W)

const ruct ; - ar g;ﬂgg der | gt unber of
conditi Ont%%ﬁe??rﬁ%ﬁggﬁ}fga@ﬂ%eg ar %@@?@?mgéegf%f hgfg ST E {Agk% (gg% ral design
t ypes10 [ OSiénte T8 1 1f- 16 bhdPAT Pubikcation V0D DHD1@25Sebeth ©f whivhdraiheorparateld &y
characterized ip part by utilizi vari oys.conmponents such as fl ow

channel s, TtEHeF ?reeﬁam?@ ?}“"\%f‘\?éﬁ%ﬁ‘ﬁafé} ﬁ@@gsufﬁ&ﬁﬂ&dﬁeéﬁlﬁ?@ﬂd&c material s.
In sonme | ASIRIER e RESHA indHidh JoRioR Mo/ tRrod Sl I6® chndERAT 1 devigk &St OMET i C
materi al . Consequently, such devices differ significantly in form and

functi on comtrpHeshratlnest weah With ope ovweresantrl shannglsdhaifara deparated omdbe flowat ar e
formed fr AN i 664.:.T. j Vi ces
enabl es them étl !ﬁ)’& %‘g 9139?@? z%gg?ltrt\’?%% ?t)lseﬁg[}g?tb% l?ﬁmgﬁ% Sgg&glﬁt%% ??f erent

heat i hf syeflected intd biusiradtérefromvthe Bow aliannel yafhuwhich a comehl channgl islhssecisted anal yses

that require . temperature _control. Additional hase m crof |l ui di ¢ devi ces
For use’ 1t FREATTE T SBRE FEals B erBa RS g s e FRere=do el { eat ur o
to m ni M &g nRYMPReas déilecRll iRt BPtdraétt @St floRPthe ERG! dhafinet soRion BEBWic&eBe Of this
type in general include a nunber of guard channels formed w thin the

el ast oner slewerber eatirel yWblocksd thienginthadlowrchannel. tesing eqgabinetions ptecatigkandhe wat er
vapor p{ ﬁé@ ‘é%ﬁm%‘i's ggthlﬁ'sntgﬂg ofik 85 REEREL £ vARLPSf dferehQYp MU GRIVENGadEpEE TS

f or med, ereby re
20  for regulating solution flow as described in extensive detail in Unger et al. (2000) Science

288:113-116, and PCT Publication W0O/02/43615 and WO 01/01025.
[0069] The devices provided herein incorporate such pumps and valves to isolate selectively
a reaction site at which reagents are allowed to react. The reaction sites can be located at any
of a number of different locations within the device. For example, in some matrix-type
25 devices, the reaction site is located at the intersection of a set of flow channels. In blind
channel devices, the reaction site is located at the end of the blind channel.
[0070] If the device is to be utilized in temperature control reactions (e.g., thermocycling
reactions), then, as described in greater detail infra, the elastomeric device is typically fixed
to a support (e.g., a glass slide). The resulting structure can then be placed on a temperature
30  control plate, for example, to control the temperature at the various reaction sites. In the case
of thermocycling reactions, the device can be placed on any of a number of thermocycling

plates.
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evaporation of sanple fromthe reaction sites. 30 100671 The array format of
certain of the devices neans the devices can achi eve high throughput.

Col l ectively, the high throughput and tenperature control capabilities nmake
the devi cewo 2oed39810f or perform ng | arge nunbers of nucR@EIES260H080492
anplifications (e.g., polynmerase chain reaction - PCR). Such reactions wl|

be di e ﬁéaaﬁ%&ﬁ%@b B Eﬂe%aad% oklal%éi&%érfbtmaten&iﬁ ttfat‘%e réiLﬁJeU %ptfeliu;}

devi ces, ecl a
control . ua:apmmzﬁwoaaeﬁm rE’ﬁWyhﬁﬁﬁtﬁﬁbﬂmg leanéﬂgwﬁdﬁferenlt tietsd’tmn Isylstéms
under st ood t hat,. t he devices_are n ted 0 the articul ar

appl i cat Piorientalfyanydosapor on thy “Héroﬁ{‘"ldi"i JZT% ost W&éﬁ%ﬁwg‘fe\} J&%"B‘f’her types

of anal ys&srsQit the'r@REbA gt&tseﬁx@gpmnlans@uﬂ&aaﬁahﬁm iftferseét@n@if flolyi gand
interactions and interactions between cells and various colgpounds Furt her

exanp? eschanpelpproastheddind gpd af a Bowichaaglr The Betrthatithe devige ismendpttitied fiemDevi ces
A. P |
e A AP T A LR 9550, BSR4 ™ o1

const r uc el tie/cusienglegicesttiatrat hotlvaytde with traditibndh eicapbysed Mitrdpfluitiechni ques
and/ or sacrificgial-layer encapsul ati.on et hods (see, Unger et al.
(2000) 1 C‘S‘&ﬁseﬁ %@’aﬁg a‘%&%‘%é‘ﬁ’&géﬁc terghat argd ‘&ﬂﬁp‘?ﬂﬁeé%t%) VICHOt h of

whi ch ar ghat ﬂ%@éﬂ%ﬁﬁ@fr@&l tﬁB’dev{c%fb%f A%Ed WA mer}eglsn bk deRBd fo'tRla¥teted, al |
purposes). Uilizing such nmethods, mcrofluidic devices can be designed in

whi ch solution_flow through flow channel's of the device is controll ed, at
| eastOi n part, Bni tGuasdChagnelsnr e control channels that are separated from the

fl ow Chjﬁﬁ’ﬁ gperm e or
segnent can iowi(%ﬁ ‘?{J gé&f?ﬁlslfnstg%l or {lg{& ea[g{fergﬁ o@ngﬁt%rﬁgﬁs%w C a‘ﬁﬁel W th
whi ch a devitesdhat ate;ammded Igrmgqﬂumhtawf gimard alpphqls agn mfoanedﬂatthe)devfoes ce to the

contr ol annel, s contr he '

Gof I eot ed I AP ghanpds Fkirhiee g bR ERERER i Pebhiialy EESEIBIetR Bu can be
sl owed onayensf ditomes ki€ kaglatdithe el dhighefsl 20Wof Ffeacital 51teUHeﬂ@ Hegdontial | ons of
control and flow channels of this t one can prepare a variety, of

di f f dPenthanpslesthe guasdphaagels arg spRAFped é’?fnfﬂéﬁ undgrlyipg flowshamelsapdier lfepﬁwnas

descri be &ﬁl&laly 13- 116,
and PCT %ﬁ%slrbl cation V@%Q%édtfgelgﬁgﬂ&v%ﬁate%%o%ﬁﬁgg%ng% %%a%géfggve% provi ded

herein i ﬁmwmme&mhcmm@bmaﬂan inemss-sectiondl atea. Islaeacnal gglepbrager eact i on
site at WiiohFiEA0ENf AL AL R A eRckn RS, LeAGhQhelihe5p SRR De

| ocat ed any a nu eren oca Vi ce. For
exanpl e, présswwenEhegiard chahiyddeare designed to be pressurized to allow solution (typlcally

20 water) to be flowed into the guard channel. Water vapor originating from the guard channel

can diffuse into the pores of the elastomer adjacent a flow channel or reaction site, thus
increasing the water vapor concentration adjacent the flow channel or reaction site and
reducing evaporation of solution therefrom.
[0073] In general, the guard channels are sufficiently small such that when pressurized the
25  membrane that separates the guard channel from the underlying flow channel or reaction site
does not substantially restrict solution flow in, out, or through the flow channel or reaction
site which the guard channel overlays. When used in this context, the term “substantially
restrict” or other similar terms means that solution flow is not reduced in, out or through the
flow channel or reaction site by more than 40%, typically less than 30%, usually less than
30  20%, and in some instances less than 10%, as compared to solution flow in, to or through the
flow channel or reaction site under the same conditions, when the guard channel is not
pressurized to achieve solution flow therethrough. Usually this means that the guard
channels have a cross-sectional area of between 100 pm? and 50, 000 um?, or any integral or
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25 devices, the reaction site is located at the intersection of a set of

fl ow channels. In blind channel devices, the reaction site is |ocated at
the end of the blind channel. 10070] If the device is to be utilized«in -

t enper at ur av@ozoo#/089810r eacti ons (e.g., thernocycling reakCI/osd4/010492N, as
described in greater detail infra, the elastoneric device is typically fixed

to a support, (e.qg., a glass slid The yesulting,.structure can then be

bl aced oRpniegiab a4 e omh Sied Mef st Thy B k@IS B S E BB et e

t enper at 4h -k tidnAPar¥Ais 1GY thah S8L00 i’ SinloBfer instinédigess 828 10000 LAEST MEUC! | ng
reactions, the device can be placed on any of a nunber of thernocycling

pl at es. dHeniBtageslesssban 0,FOMNUSAG dnye otuoidstanes es§ thae d 8 b+ Bbe guavd ces are

made of el astoneric material.s that are | ativel y.. opti cal.l t ransparent,
react i oné‘haﬁlé S 60 hage,ami QF angn? 6’?316*11’8%%@8513 %‘Fing{l?n%?dt& g %aé’nlihpglé ection
Syst &15 squhreCfeo@nilal hekagotial hbedidhedraDshapdre M crof | ui di ¢ devi ce. Most

typi cal l however, detection .occurs at the reactiopn site itself (e.g.,

wi t hi n aﬁx’ﬁzﬂi Bie gred chanrals aye designed e eduescthe evppemlion plFamplenndieassnsr at the
ol ind_enfloifuddiiuiia e aniiBAbARL cdndRfont i HEKEER dofiatRAUT act ur ed from

substantially transparent nmaterials also neans that certain detection
syst ens thanndegclintg reactiod to lgss than 5 cimotteninstieed lessshandio,a1080,36%, 8@%abl e wi t h

traditiopal, si,)i.con-has m. ¢ | uidic devices. ection.can.be achi eved
usi ng de?%ét %ir) & lgr{gtl Bg’r g‘g"l oﬁéé‘;' gf(;t}uzit @’8e}raﬁ“tpge’taﬁ%m%fégl%gere%cruonfrhvé’ﬁué%%@separ ate
f r omd hecyhgsicagbdedndatted Walin W20 hmiduees! T8¢ Sihr®Ehdnhel sslststh 6eddsiinbétodet ect ed. 10
B. Guard Channels [0072] To reduce evaporation of sanmple and reagents from

the el astedies $VeParrimfuring aprroxigrajely ds fme frame & e Svrrenine st pelimits.alpl ural ity
of guard,ghanngl ﬁv@larﬁlepﬁ‘pﬁfrﬁfoﬁﬁgddcﬂoﬁ,lﬁ?e ggd &ﬁgﬁls thﬁggﬁgg grefc,aﬁ'av@' s are

simlar to the control ¢ anr21e5|nthat2typ|c_ y ) ormed in a
| ayer of deisity pbHatdeast Hblinesieny tal@00tlnes/fiGwr etaintegtad densty tavel thercbétweensi t e.

Hence, |ike contr 5 channpel t h u h | s are.separated fromthe
nder | yi M7 SRRl b SaBRAR R AR Bl PSS RS B R PRROR R Lo o
el ast®netdast 0dines/craf, in Hill dther inmniceodt ledsnr0ddings/cint) wad ar yet othbeingtandeslachannel s
are considerahly snmaJler [ n cross-sectional, area..|In_general, a nenbrane
wi th snaﬂqaétrfi%_ﬁrheﬁw I Tepshieys i g of FepromipR g RtieS: EHPSPGEES S Ra under
the sameapall pikseflafS Sty bIRRCH Y (1 ARNETAAIEs A6S! GGl DBt one

I'T ow sal 'y fl owe

pressurized to a utron (typica 20 water) to be Into the
guard chéinatd the Wéarest omtempasige of adjaceat linegorf anynmtegrel dpnsitydlevd] dhemelietwesan di f f use

into the_pores he el asf qner .adj acent. a fl chan or. reaction site,
Lhus 1R Srestiontbs Sy s b SEuHIb Spnosn baiah a0l HPvie STRoMR ERgne!  or

r eachp on jidneesHflveen 100 pm to 10 pm, in still other instances between 75 pm to 40 pm. Thus,

the spacing is typically at least 1 pm, but is less than 1 mm, in other instances less than 500
um, in still other instances less than 400 pm, in yet other instances less than 300 pm, in other
instances less than 200 pm, and in still other instances less than 100 pm, 50 pm or 25 pm.
[0075] The guard channels can be formed as a separate network of channels or can be smaller
25  channels that branch off of the control channels. The guard channels can extend across the
device or only a particular region or regions of the device. Typically, the guard channels are
placed adjacent and over flow channels and reaction sites as these are the primary locations at
which evaporation is the primary concern. Exemplary locations of guard channels on certain
matrix devices are illustrated in FIG. 1C, and on certain blind channel devices in FIGS. 3B
30 and 3C, and discussed in greater detail infra.
[0076] The solution flowed through the guard channel includes any substance that can reduce
evaporation of water. The substance can be one that increases the water vapor concentration

adjacent a flow line and/or reaction site, or one that while not increasing the water vapor
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reduci ng evaporation of solution therefrom [0073] In general, the guard
channels are sufficiently small such that when pressurized the 25 nenbrane
t hat .separates the guard channel fromthe underlying flow channel or

reacti on siwe@200¢/o89s810not substantially restrict sol uti onPGN/G8R004/01048%t , or

t hrough the flow channel or reacti on site which the guard channel overl ays.
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the same fu FRR Solutidie And & shifehanaghe)l Sufle bl hi& esbnide, achi eve
sol uti onTﬁ?‘g%ther etlﬁr ough 131%2;8%& ly this rreegmsut haeé th%ﬁgsét#aerd channel s have
a cro$s- fecramplelmaeteboibf bet ween 100 n2 and 50, 000 |Jn2, or any i ntegral

I
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hexagonal oct ahedral shapes. [0 uard annel s axe designed to
redud@ t hentel fgarmicleigacist amlshﬁ@ateommptmes)gétrﬂ:hguldfbleandmteocuévwe@r,dhzrtu ng the

ti me and under .t he n nduc ling
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25% 20%o thoSéskilRYen hemar 1% Thus, for exanple, a typical PCR reaction

i nvol ving 40 10 cycles can be conducted within 120 m nutes. The guard
channel stemjs.desi.gned to reduce evaporation during approximately this
time fra 'toMi ng set of limts. To achieve this |evel of

evapor ation raductGederalt he guard channels are typically present at a
den5|ty of at least 10 lines/cn2 to 1000 lines/cn2, or_any integral density

| evell5t héPW8L Drisisss utiliging shespaEx design geperallybavs aplyraifiofiverticaland general |y at
cast 25 hhh%ﬁdme%cpmw%gﬁﬁte 0848 AR anma %fjﬁeéans5%e&4ue@§ﬁ&ﬁ?ent' n still

other instances at [east 100 |ines/cn2, and in yet other |nstances at |east
500 | i nes#opig and: mamh(ogw of hdagertg)\cah botntl@dwdnm ieah af ¢l fdew ompnelhi@ guar d

Channe] o AL B R B FRGRR PSSR Lo Rafproasur e

fromthe oﬁ?er edge P Bne I'ne
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into each of N horizontal flow channels, then M x N different reactions can be conducted at

the same time. Typically, matrix devices include valves that allow for switchable isolation of
the vertical and horizontal flow channels. Said differently, the valves are positioned to allow
selective flow just through the vertical flow channels or just through the horizontal flow

25 channels. Because devices of this type allow flexibility with respect to the selection of the
type and number of samples, as well as the number and type of reagents, these devices are
well-suited for conducting analyses in which one wants to screen a large number of samples
against a relatively large number of reaction conditions. The matrix devices can optionally

incorporate guard channels to help prevent evaporation of sample and reactants.

30 B. Exemplary Designs and Uses

[0080] FIG. 1A provides an illustration of one exemplary matrix device. This device 100

comprises seven vertical flow channels 102 and seven horizontal flow channels 104 that

17



20 i nstances between 100 mto 10 m in still other instances between 75 mt.0
40 m Thus, the spacing is typically at least 1 m but is less than 1 nm

in other instances less than 500 m in still other instances |ess than 400
m in yet eidadospgdsioances [ ess than 300 m in other inptEHUS®E4/IIE®S t han 200
pm and in still other instances less than 100 pm 50 mor 25 m [0075] The
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| ine and/ or reaction site, _or one that while not increasing, the water vapor
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whi clh0 ctimeegicalk by ehawtlutOR dmedicecdubstantiablyisolatien fiov therethrough. tlowevat,er and

buf f d. sol.uti Q. T . buf f | ut i d hat f f d
onl | ney st ottt g LY s e Benth oy i RARC PR R ey | ©
100771 Cunélels hoaneis snake£tht wentbedne bf tierdaBelbolicharindBsudfici&itBTaige td blbékzi ng t he

MSL techni ques_ and/or sacrifi ci I-Igé%re encapsul ati on net hods cited above.
100731 THIURQ flowiipguahdbe herirontabdewic hiQr eater detail a nunber of

speci fi crgmaf | _e?éti'oﬁﬂ%?gernﬂﬁl-R?@retiﬁtrbﬁdcled ﬁlﬁﬂth&@r&ﬁélﬁk}gﬁo&oﬁﬁli h@\t\e/y of

anal yses, including analyses requiring tenperature 10 contro

.g.,
nucl ébc slandelanP4 add spatplasd lrFhae irgentdd into thghrespegtivevericid flewsbamelsd@yer ,

that the ‘conf i, gur at. pn enpl.a d that. dification t hese
et e i Fpa i Eoh AR-oRLP at SRR VoA A BE LS B Fnd 150
Cener al  1brtit41GI6% cHaawéls €62 atithd in®rgectidni € OapiHithkindiEs particglandsvitk laye iRalve a

tal fJow channel that intersect to form an

g:. :.J;;l | :)]E %Pagq g E}%: %?lgg%&jg.ejflgﬁséfrgtggﬂgﬁ c case of a nucleic acid amplification
reaction, for example, the reagents necessary for the amplification reaction are introduced

20  into each of the horizontal flow channels 104. Different nucleic acid templates are
introduced into the vertical flow channels 102. In certain analyses, the primer introduced as
part of the reagent mixture that is introduced into each of the horizontal flow channels 104
might differ between flow channels. This allows each nucleic acid template to be reacted
with a number of different primers.

25  [0083] FIGS. 1B-E show enlarged plan views of adjacent reaction sites in the device depicted
in FIG. 1A to illustrate more specifically how the device operates during an analysis. For the
purposes of clarity, the intersections 106 are not shown in the form of reaction wells and
control channels 116, 118 have been omitted, with just the column and row valves 110, 108
being shown (rectangular boxes). As shown in FIG. 1B, an analysis is commenced by

30 closing column valves 110 and opening row valves 108 to allow solution flow through
horizontal flow channel 104 while blocking flow through vertical flow channels 102.
Reagent R1 is then introduced into horizontal flow channel 104 and flowed completely
through the length of the horizontal flow channel 104 such that all the reaction sites 106 are
filled. Solution flow through horizontal channel 104 can be achieved by an external pump,
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sanpl e and reagent (or set of reagents) can be introduced into each of the
flow channels, a |arge nunber of sanples can be tested against a relatively
| ar ge nunmber of reaction conditions in a hi gh throughput format. Thus, for
exanpl e, i fWa208Bi&nt sanple is introduced into each BET/ES200/U049R er ent
vertical flow channels and a different reagent (or set of reagents) is
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prevent evaporation, of sa n react nts. Designg and
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directi orpd tH&esztbuaﬁmetebmdthy@:hdrﬁdnbythe(mté]rseﬂtloﬁ ha@medhs cibiSsHaped regiog tiatt uat ed
by a singl ontrol inlet 112. shown . .in FI.G the c troI channel s
116 tRat 1 @wf?ﬁ Hhedniersec wavw% %QFe%lali’éeé TOHHYRS IFF*W%@H%’ ?'ﬂg W3 | ocat i on.
Wen a C%%ﬁhﬁ&atfan%uaabns;kﬁe GV I Epladed Rl HeaRl arld 1RWed %ﬁle eﬁe skBles rdnin CONL 1 Ol
channel 116 is sufficiently narrow that when it is actuated it does not

defl ect iisplaedt0 the vertical flow channel 102 to reduce substantially

sol ution tAN: n ch 116
I's incr e %Wﬁlgﬁﬁﬁ%@g%éﬁrgﬁg%ﬂg\gﬁég{) ofvhgﬁ ﬁ%t? ﬁiA‘ olr"?'(tg i‘?‘ln?ﬁo < i gjﬁlﬁee‘f 21&%4 this
nmakes ot hestmetmterbame noeny sin@lacitied with thahdapmddd 18 FIGi LA,@nd kgminan gkententshxi batk

sol utioon | Oevsvs %“%an% rr1e el(l)geln%?nrt])terasl TfhI gvvigeh%r}ﬁlllstr%%ﬁ'in FIG. 1F differs in

that pairs of horizontal flow channels 104 are joined to a common inlet 124. This essentially

enables duplicate sets of reagents to be introduced into two adjacent flow channels with just a
single injection into inlet 124. The use of a common inlet is further extended with respect to
the vertical flow channels 102. In this particular example, each sample is introduced into five

25  vertical flow channels 102 with a single injection into sample inlet 120. Thus, with this
particular device, there are essentially ten replicate reactions for each particular combination
of sample and reagent. Of course, the number of replicate reactions can be varied as desired
by altering the number of vertical and/or horizontal flow channels 102, 104 that are joined to
a common inlet 120, 124,

30 [0086] The device shown in FIG. 1F also includes a separate control channel inlet 128 that
regulates control channel 130 that can be used to govern solution flow toward outlets 132 and
another control channel inlet 132 that regulates control channel 134 that regulates solution
flow to outlets 136. Additionally, device 150 incorporates guard channels 138. In this
particular design, the guard channels 138 are formed as part of control channels 116. As
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[0082] In operation, reagents RI-R7 are introduced into their respective
hori zontal flow 15 channels 104 and sanples S1-S7 are injected into their
respective vertical flow channels 102. The reagents in each horizontal flow
channel 104wolwoei/os98i0 Wi t h t he sanples in each of the vedriusaso4hioasy channel s
102 at the intersections 106, which in this particular device are in the
shape of _.a_wel | or hant)((a1 Thus, in the specific case of a nucleic acid

anpl i fi cipdicaipd spRracthe ghar %Bm&%éﬁﬁw,smﬁer A the ¥ Ve WS, popsequiently

anpl i i cgfelRébrifef 1t ARl dHRhI1INERAEe K defi Qe thoindeRginB Bbtizapdial {1 ow
channels 104. Different nucleic acid tenplates are introduced into the
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[0083) FIGS. | B-E show enl arged plan views of adjacent reaction sites in the
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oper at es 'durin SRSy the purposes of clarity, the intersections
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f1 ow t hr olligh ch@htlz ae ahlveiproRide al4haidin R swabha¥eidolainoihe fostednses.punp, 18
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|.e . Then
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20  because air in a blind channel has no way to escape as solution is injected.
[0090] A third characteristic is that one or more reagents are non-covalently deposited on a
base layer of elastomer during manufacture (see infra for further details on the fabrication
process) within the reaction sites. The reagent(s) are non-covalently attached because the
reagents are designed to become dissolved when sample is introduced into the reaction site.

25 To maximize the number of analyses, a different reactant or set of reactants is deposited at
each of the different reaction sites.
[0091] Certain blind channel devices are designed such that the reaction sites are arranged in
the form of an array.
[0092] Thus, in those blind channel devices designed for conducting nucleic acid

30 amplification reactions, for example, one or more of the reagents required for conducting the
extension reaction are deposited at each of the reaction sites during manufacture of the
device. Such reagents include, for example, all or some of the following: primers,

polymerase, nucleotides, cofactors, metal ions, buffers, intercalating dyes and the like. To



10 (Rl S1 and RI S2) is obtained in the region of each intersection or
reaction site 106. After allowi ng a sufficient tine for Si and S2 to
diffuse with Rl1, all row and colum val ves 108, 110 are closed to isolate
Sl and S2 wid tensioso8u® regi on of their respective reacti ACTHS2W0103® and to
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linkers and other NVOC-related linkers are examples of suitable photochemical linkers (see,

e.g., WO 90/15070 and WO 92/10092). Peptides that have protease cleavage sites are

discussed, for example, in US 5,382,513.

B. Exemplary Designs and Uses

25 [0094)] FIG. 2 is a simplified plan view of one exemplary device utilizing the blind channel
design. The device 200 includes a flow channel 204 and a set of branch flow channels 206
branching therefrom that are formed in an elastomeric substrate 202. Each branch flow
channel 206 terminates in a reaction site 208, thereby forming an array of reaction sites.
Overlaying the branch flow channels 206 is a control channel 210 that is separated from the

30  branch flow channels 206 by membranes 212. Actuation of control channel 210 causes
membranes 212 to deflect into the branch flow channels 206 (i.e., to function as a valve), thus

enabling each of the reaction sites 208 to be isolated from the other reaction sites.
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V. Blind Channel Designs A GCeneral [0088] Devices utilizing a blind"
channel design have certain features. First, the devices include one or,
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Such r eagéprhed tqmymn hoazoréaaélm channgl B04is posifipnedfbetvrasn twe braffthehanpels ner s,

Do e O 98 R A B e 0L F o 9 s

t hr oughpiraneh fiby<hanneti306 jemed to g immdsatelp héjatentlfovo chankl 04 anid foﬁeoﬁhe regi ons
O o e efica RS haBeiS b R e oot BhhiSea RHEIK Branllf 2 MO 1€

20  channel 306 terminates in a reaction site 308. Also consistent with the design shown in FIG.

3A, a control channel 310 overlays each of the branch channels and is separated from the
underlying branch channel by membrane 312. The control channel is actuated at port 316.
The vertical and horizontal flow channels 302, 304 are interconnected such that injection of
sample into inlet 314 allows solution to flow throughout the horizontal and vertical flow
25  channel network and ultimately into each of the reaction sites 308 via the branch flow
channels 306.
[0097] Hence, in operation, sample is injected into inlet to introduce solution into each of the
reaction sites. Once the reaction sites are filled, valves/membranes are actuated to trap
solution within the reaction sites by pressurizing the control channels at port. Reagents
30 previously deposited in the reaction sites become resuspended within the reaction sites,
thereby allowing reaction between the deposited reagents and sample within each reaction
site. Reactions within the reaction sites are monitored by a detector. Again, reactions can
optionally be controllably heated according to the methods set forth in the temperature

control section below.
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I ntroduced into the reaction sites via inlet, a |arge nunber of extension
reactions can be perforned at different segnents of the tenplate.

Ther m)cycl Wlﬂzdﬂgﬂﬁ%ary for an 5 anplification reacti onpEaisbR/ 08662l | shed
by placing t evice on a thernocycling plate and cycling the device

bet ween the various required tenperatures. [0093] The reagents can be
i mrobi | i K988] A0 gvepanere complicajggdyvsrsiqngf theeenprabdesign iBustrated imElG 3dels one or

mor e of gﬂy\?vnrxﬁ PSS AuIRE sM%l B g%?lgfﬂ HEdn te &Beorézﬁ@z%h{) n{ tiﬁga/ te,

whereas T'n Ot i'Nstances one or nore o € reagents is-cova
attach edhbmohtahatsllhmtcheﬂow dnads 3Reshowenint FIG 34iis eepedtéd moltiplegtithésy Thet ached,

i mker ¢ e Baim BoFic PP vt iR Be sTistama cude AbBEBIo20 BB Tl <

t henos ab uéﬁcels wﬂfﬂtﬁlze&ﬁﬁaﬂphmﬁ@ﬁﬁhmﬁ\&olm&aaﬁo @ e£aneshpamppt Agal ly. Some
| i nkers are bifunctional (i.e., the |inker contains_a functlonal roup at

each endexemplary grientatian; afdheguard chgnuslg 20 vothareenscidn thgdove chanapls 30banthi ch t he
i nk ' be th
sams or P fnfed BEEdowd 5ind Witk 8y 1850HPS B, 30 T8 RuARENERRLOC L0
assays i 320 ombelagthedxrgmh flow dharnets 396 and sactionesiten 308. |Aﬂ<¢s<31§seﬂeabe\reowytch c

i nk I k t t | abl

Fr om Pr e TP EHaRo0E te gt iR S20 s eing fthe frice 0% Bl PF be i n EPa

188, 3p6; ldéaﬁionpélﬁatlé\@@f witerr the¥HePice, %&&% @&%mg Arafidrdtickf'cT, wﬁer% 784;
4,680, 338, 4,569, 789 and 4,589,071, and by Eggenweiler, H M

Phar rmac e §elien inAbgefiow chaseely 306 angeastion sits, 30§ 552. NVOC (6

xcanpl o5 PP SRR blind LGP R Shadt alhESRPUEGAARBEIAEE | \o
92/ 10092)he fﬁ?epnntctésthetdmcelaad'alqulms sumbegaf agpetion $1és tabeeformedsonthsed, f or
exanpl e, jn US 3 13... B DeS| s ,and s_ 25 10094 G 2is
a sinpli le a8 ﬂdih%yé%afrgfnegﬁoebeei%ﬁ ﬂ’@% dﬁ‘flfffs:%ii%%%?ﬁga‘ﬁ% %Sod:c hannel
desi gs. Theticiesiies cank@iMilyrte ma@sactrdd tO\ﬁt ohastasdard tcrostdpésliies (2sfmianearsch f 1 ow

channel s 206 branchin ther fro qQr.ned. i n .an .el astoner.i c
subst r at &b Lhedoregoipg Hatmes wn%ﬁ&m&ghzbesmﬁ%%%tl%SIFGH tobg Qbidinedn site

208, thervﬁﬁlyde@feémtﬁﬁugnh@sﬁxﬂych%mr@e@ | $0r Slahfple, derfMRs lo@w 198t s18obf@anch 1 ow
channel s 206 is a control channel that is seﬁarat ed fromthe 30 branch

f1 ow charé8e900r106 rengtionesites/sme or mzntewcel deasityoyalusf thergbatwedn eandamesdil? 10 causes
menbr an esy § tﬂ'n %I ]
function aga%dva Q'g‘%ér %&tﬂn’ﬁeglﬁé%favpé eac e%)?é‘}/{sﬁ%é‘?% i %’g g’éan{lpég bﬁ%g? 0 be
', sol @0ed 100 twdGO0acaotite sitesban?, omnyantbgal deddityNAhR( BB R840 HeCinstdhad)04/ 010492
some devices have densities of at least 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900
or 1000 sites/ cm®. Devices with very high densities of at least, 2000, 3000, or 4000 sites/

cm’ are also obtainable. Such high densities directly translate into a very large number of
reaction sites on the device. Devices utilizing the blind channel architecture typically have at
25  least 10-100 reaction sites, or any integral number of sites therebetween. More typically, the
devices have at least 100-1,000 reaction sites, or any integral number of sites therebetween.
Higher density devices can have even more reaction sites, such as at least 1,000~ 100,000
reaction sites, or any integral number of sites therebetween. Thus, certain devices have at
least 100; 500; 1,000; 2,000; 3,000; 4,000; 5,000; 6,000; 7,000; 8,000; 9,000; 10,000; 20,000;
30  30,000; 40,000; 50,000; or 100,000 reaction sites depending upon the overall size of the
device.
[0100] The large number of reaction sites and densities that can be obtained is also a
consequence of the ability to fabricate very small wells or cavities. For example, the cavities

or wells typically have a volume of less than 50 nL; in other instances less than 40 nl, 30
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[ 0095] Operation of such a device involves injecting a test sanple into flow
channel 204 with solution subsequently flowing into each of branch channel s
206. Once the sanple has filled each branch channel 206, control channel:
210 i s act uebdecbstogosz@use activation of val ves/ menbr anes PRTAS2004/0#42ect i nto
branch channel s 206, thereby sealing off each of 5 reaction sites 208. As

t he sanpl ws_ jnhto and r [ns in reactjon sites 208, it dissolves
reagent s “ﬁr %({/‘%08%1@“12[5’8? t‘%ﬂﬁg‘?athgé’?ﬁ‘imﬁ?selfﬁéﬁ%’?r PBiPIs i ‘g%% SpEgigic exprpRle,

di ssol vedertdih Bevi@BREVE WellsGBst abTOmitkons 1nBE3 (HaiRtdhs wWidd sl 0ddidrank gt t he
di ssol ved reagents at each reaction site 208 _frominterm xing by diffusion.

React i on [t hdbeblindshaand devipes pyended herein emailige eartainedesigndeaturespnd, wi t hi n

reaction_si i -1 t ibed in the 10’
t enper at ﬁ’?eléﬁoc 8%’%% 8 Idﬁglgsg%dl %ﬁlﬁgp%l%?%gﬁﬂ %?@4{?}%@#?&&%%&;?3@6% exanpl e of
a somdwhaR/48615 and RETAXSA2/108a5 {publishet asn WD 02/682047F M .indlwding ifer eamplecul ar

desi gn 300, eac .a set of .horizontal. flow channels 304 ar.e. connected at
Chet 1 endgHe8R o i REkriietsRrpRR B rrybbe meRR T s BB ALREF | ow
channel s a30&is% sendgits PIURPREAInG bad dieinp e fARAE of micksMiidib ainatls. Boh.ofThe
branch flow 15 channels 304 in this particular design are interleaved such
t hat t he thasaRER nublisntiens ge dncomoraiedhisacin by egigrengev thefsmtisednfos pll pupaseshannel
304 is positioned between two branch channels 306 joined to an i mredi ately
adj acent horizontal flow channel 304, or positioned between a branch flow
channel 306 j oilhdmidildesignsi medi atel y adj acent flow channel 304 and one of

t he er tr . I . LN t ' | G L G 3A
each Y)r arlgﬁﬁ:l Isfé%%%ggﬁ‘g%e © d%éirst%%?]exsﬁlﬁr?ﬁg& rhga%ggg%h lghl%'?l 851%5@% Al so
consi st endevised ¢f this ¢éypetas sipnilastodlnblind chir@el d¥ike shown it Fiet. 3dhervapti th8 toclover | ays
each of the br h channel s and j.s.separated.fromthe nder.| yi branch
channel DA 588 S cbnRBSid © F SR GG mECHRrd) Foe HRIFrA BoRs " The
vertical chmhelbairé A6tihitdicohneRwd vitevenidab a0 2hanBOK. @éRequehily,canpleGittdusddch t hat
injection of sanple.into_inlet 314 allows solution to flow throughout the

hor i zont dntogRY sivenhpruzantal flgy chanel Glisenly that hgsizentahHow changek awd yeachiony each of
the 'BAClENablh &SNS, WherbACRANRR o thanfidl BVIEL ShodlGn FIOUN barface. 0

operation, sanple is injected Into i nl et to |nt'roduce solution’into each of
t he reactahflowdietweesn tignharizohtel fleva chanoels 304 va vertiealfflaw ewnnalsBQ2es/ nenbr anes

are actu t I 110 Lt hin.th action sid eshy: surizing the
control @g‘m&é"a E)eooft?d.e %Sa%fetﬁftg §%831 8?@%%%3@‘%@“ elf)lg;tsgt ]ejg%lcg @?e reaction
si tes becomprisesuspalitad hotitdntal flohvechaertst 40 eash béwhichthhes playaligy ¢ fbaned

reaction petween t deposi ted reagents and sanple w,thin each reaction
i te. | Roaliot HrGncl (4 FFOBHES B {4201 18 YR SRERIE THBHA oyt il GE1 o
Agal m r ety Eacle éfthe branch flow channels 406 and membrane (valve) 412 separates the

control channel 410 from the underlying branch flow channel 406. As with the blind flow

channel design, actuation of the control channel at inlet 416 causes deflection of membranes
412 into the branch flow channels 406 and isolation of reaction sites 408. In a variation of
this design, each horizontal flow channel 404 can include an inlet 414 at each end, thus
25  allowing sample to be introduced from both ends.
[0104] In some instances, reagents are deposited at the reaction sites during manufacture of
the device. This enables a large number of samples to be tested under a relatively large
number of reaction conditions in a short period of time without requiring time-consuming
additions of reagents as required with the matrix devices. Alternatively, reaction mixtures
30 can be prepared prior to injection on the chip. Once the mixtures are injected, they can be
analyzed or further treated (e.g., heated).
[0105] By injecting different samples into each of the horizontal flow channels, a large

number of samples can be rapidly analyzed. Assuming reagents have been previously
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optionally be controll ably heated according to the nmethods set forth in the
tenperature control section below 22 W 2004/089810 PCT/ US2004/ 010492

[ 0098] An' even nore conplicated version of the general design illustrated in
FIG 3A is WORpHI88K0 F| G 3B. The device shown in FI G BETUS20041@104% whi ch
the unit organization of the horizontal and branch flow channels 302 shown

in FIG 3Ais.repeated multiple tines., The device shown.in FIG 3B further
1l ust r cfepesitefat B Eeg R et b RESRHICT AL eTe TgaasTt 7] PSRNl i ces to be

ut i | i zedysddiaAekitie aly @Wsh Hdtbnta G ViRnBaFkdvidks @Fadile. w6 CoMMMC dudber AN

exenpl ary orientation of the guard channels 320 with respect to the flow
channel sof3eplicatgdcactipnsivith eash saepls. Yowstead, thperagent 3t the eeaghiomsitge differ £5 depi ct ed

0 € G g DAL 33 s WA o i 200 o

chanrfel sofaifferentreavgomeanditiogsof t he device 300 to increase the 10 | ocal

concentrati of er. in th evi.ce,  ther reduci evapor at.on of water

CDoey ™ blcrst, e fioes B iea HE S oo e e R 85 0000 "The

f eat ur esin@éstiptionsl Hhammektighevh GRS1vaE &ﬁébﬁﬁ%%f@&elhﬁ\&l}oldfg%ﬁﬁm@& ftdiffer&fCt i ON
an

mnimzes the footprint of the device enabl e a | arge nunber of reaction
sites t osawlesyndedseropfeledfapdisiansisg. 1109 samples agawmst k00asersglegfed obt ai ned. For
exanpl e, i i e i e i L readily be
manut act 5Peg s fifthe blrk dofRgs Bl oEabokitoh *Eho PR v BT Y 2

f or etoi npvbleet analyginglose oembinited wember lof sampdesnmidén aagide fratigtp of feactioni t es t o be
obt ai ned i.th devices utilizi t bl i.nd channel ,desi gn. , For exanpl e,
densi ti eEOD\éﬁ‘m f?q'ge’aoé’te sggplegga 8,()’0%@56,3%?51%’?9 B Ttgﬁrbﬁ‘leg'ﬂn%ﬁa@g&cnﬂ or any

i nt egr al d&pmsgs bsefil aFlallyEssbeinerexaaihe Agelatpal) lappe nakibar mdmfldwever :
certain devices have even hjigher densities ranging, for exanple, between 20
100 to 4eenst defived BRoaqn oRfitioppWithout AAYING orwigFtarasgals &9-8y 10samples her ebet ween.
For 10t DRt 100RER0AEY daERd RAkEngoEh e G3bA défoch fRThe 0. 150, 200, 250,
300, 400,500, 600, 700, 800, 900 " or 1000 sites/ cnR. Devices with very
hi gh densities of at |east, 2000, 3000, or 4000 sites/ cn2 are also

obt athabVél. Sudemperginrefeondioli es directly translate’'into a very |arge nunber

of reaction siite ] [ Devices utilizing the blind channel
architecture t‘)?‘pi Dfecs dégxlg&g% east 10-100 reaction sites, or any

i nt egral [mmrbArnunﬂ)exsciﬁdéfsferbﬂrtexpébmwﬁezenringl\bplﬁsﬁcymﬁbmab layailableefor abatroltiag have at

| east 100- 1, 000 t it v int l of  sit
{hr ebet SERep iR e ied s sl e miiehlrios PEIRRORE 4ot T & ¢ s,

such as afedhersd, the, te@PtempeRNRE Bontfollais n2BntHirdaABy toREfcPid)a deRice of dkmeninber of

sites therebetween. Thus, certain _devices, have at . .
20  that can regulate temperature of the entire microfluidic device or within a portion of the

microfluidic device (e.g., within a particular temperature region or at one or more junctions in

a matrix of blind channel-type microfluidic device).!

[0108] Generally, the devices are placed on a thermal cycling plate to thermal cycle the

device. A variety of such plates are readily available from commercial sources, including for
25  example the ThermoHybaid Px2 (Franklin, MA), MJ Research PTC-200 (South San

Francisco, CA), Eppendorf Part# E5331 (Westbury, NY), Techne Part# 205330 (Princeton,

NI).

[0109] To ensure the accuracy of thermal cycling steps, in certain devices it is useful to

incorporate sensors detecting temperature at various regions of the device. One structure for
30 detecting temperature is a thermocouple. Such a thermocouple could be created as thin film

wires patterned on the underlying substrate material, or as wires incorporated directly into the

microfabricated elastomer material itself.
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| east 100; 500; 1,000; 2,000; 3,000; 4,000; 5,000; 6,000; 7,000; 8,000;
9, 000; 10, 000; 20,000; 30 30,000; 40,000; 50,000; or 100,000 reaction sj t.es

dependi ng W(i@(%{ﬁhﬁt! verall size of the device. [0100] Jheudsasdfosynber of
i

reaction s ensities that can be obtained is also a consequence of

the ability to fabricate very small wells or cavities. For exanple, the

cavi ti es[0100] 'Dmi[iesatﬂrypﬁmd‘sdbe seascd througﬂ aoleangé in ddectridahesisBficaFori n ot her

i nstances | ess than. 4 (% ﬁ% 2%4/ 08 810 P IUSZOO4/018 nL, 20 nL
or 10 nLS*agRk F}?fm?finlrlw P r§§t§ Oh ap vBdsrymg seyigon a specific

exanpl e, subGedté ammﬁﬁblneaﬁloha\t&hmiuwcahmetcamr&e@ﬂﬂa ?ﬂvsﬂ eﬂ@efaﬁﬁechaa g m crons
w de and 10 microns dee [0101] The_ blind channel devices provided herein .

can uti | Altematsielyap ﬁ“‘ﬂ@%&sﬁlﬁ soyld he Wé%eddﬁmt v Beanergfabsicyipd elastemer i n PCT
Appl i gat fn ﬁalp%'ilgﬁ%gr"ﬁéi%%cl( R\U&ltéc gl@tu?e leleﬁgtgﬁ@ 18 a&‘énﬁ’e%T 41 l\J’%.QZ/ 10875

(publ1she |ncIu |ng, Br exa strategies for filling
dead- endetcil. oinalmm&ﬂotm S:pnsezts foriNanngluidic Applicatiang, Snmsgasncpr:mamﬁAag well as

' di th f f1 uidi
Channe! BRI, VRS 8RR Rrh i B PR s rer s ARSREPE n by

r ef er encgesiciibds MR Wse eﬂaéﬂeatpmyfsmeo@&&ucmsn@%eﬁl contYbl-anfit¥&tsk eenkRedt@BSFdO [ 0102]
Still other devices are hybrids of the matrix and blind fill designs. The

desi gn opolysibeancad offr semigondyefer materipls; theytempgratuye cosifiiciant o zesistanceiean ce shown
n F t

onn S PeprofaF ol oF B denS bRl 0 ACIANERY o BRI 1S

I nt erconaﬁﬁn&e&hsmfara/gwm amihcatiamw channel s. Consequently, sanple introduced
into an hori zont f | ow, chann f||| onl ri,zontal flow
channel yﬂﬂan@é ﬁ"' %ﬁﬂ% a5 4Te AT £YP5/0, ts%“c éYfg]téE{éq ﬂetfﬂe blind flow
channel  g@\efeur BRY4EIdNS oFhdampifficationvice. BpBeifitany, Qelalibgiefidle hori zont al

fl ow channels 304 via vertical flow channels 302 50103] An exanpl e of

devi ces glfamaﬁpglygi@ﬂmdug@w@@ngesccgwm&lqyrpaﬁth;ough Ieepant tempgrpturenpr i ses a
plurakit I&Z{\& 5!%1 rality of
bran?% ?Fow cﬁt;e}nl%\lce&liaéﬁk(?éhg{&ttgn mﬂ@flérgnﬂ{e EIKB{‘ \i;\fn%&ggénp I'nl"et 414. A
control thamoedhr@tﬁﬂm&‘ﬁatexvaés dml;kl;beeﬁmhed)(ﬁn thi encﬂnrbfnmubstm qzrhasmnmrstedlo 6 and
menbr ane 12 sep t control cha neI fr t der |l yi ng
branch fp”g%mctﬁ%lﬁﬁ‘g?mﬁrd% %ﬁt? “fh“éy’gﬁ ‘?ﬂi’gﬁ éfg(g%gaﬁﬁcg t uat i on
of the Cﬂ{étshﬁhblecsbﬁlﬂaﬁintﬁéfdrﬂﬂ(ﬂ"tpaﬁib&scauses deflectlon of menbranes 412 into
t he branch f| ow channels 406 and isolation of reaction sites 408. In a

vari at i of01d#! Appther appraginto dstechng tsmpsrshiras thiogsh the apsef andpirared amssal ude an
i nl ebo414 3hee Parfkdin ddiiRiction with a microscope could be utilized to determine the

temperature profile of the entire amplification structure. Permeability of the elastomer

material to radiation would facilitate this analysis.

[0113] Yet another approach to temperature detection is through the use of pyroelectric

sensors. Specifically, some crystalline materials, particularly those materials also exhibiting
25  piezoelectric behavior, exhibit the pyroelectric effect. This effect describes the phenomena

by which the polarization of the material’s crystal lattice, and hence the voltage across the

material, is highly dependent upon temperature. Such materials could be incorporated onto

the substrate or elastomer and utilized to detect temperature.

[0114] Other electrical phenomena, such as capacitance and inductance, can be exploited to

30 detect temperature in accordance with embodiments of the present invention.

B. Verfication of Accurate Thermocycling

[0115] As described in greater detail in the fabrication section infra, blind channel devices

have a base layer onto which reagents are placed. The structure comprising the two layers
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25, allowing sanple to be introduced fromboth ends. [0104] In sone

i nstances, reagents are deposited at the reaction sites during manufacture
of t-he device. This enables a | arge nunber of sanples to be tested under a
rel ativel y wangg/ossehber of reaction conditions in a shBCT/UsRep4/@H9f ti nme

W thout requiring tinme-consumng additions of reagents as required with the

matri x devices. Alternativel r ion mxtures, 30,can he pre e rior to
i nj ecti oﬁ°‘5ﬂmflﬁéhecf§ﬂ a‘a&%%a’i/%cé’nﬁf’aﬁ:ﬁ’ﬁwg léf’}éerfaﬁfde%‘l %‘8% eﬁwpﬁ"'fﬁat%égh nal yzed
or furthebwich@sleRtrd igled with @leaéposited i&?én@yrﬂer&tm ide of thiefbher18yHr iS@EP| es

into each of the horizontal flow channels, a |large _nunber. of sanples can be

rapi dl y “akaedunes 2 spestiaiel (8- gl e fsdallyathe repstion pted Phishrgactionoapysin04/ 089810
PCTI US20044,0 108930 nflERRS IR i subdiud ARS hfhcs! USihe khilen BBAGHCE, Of Lhe sanme
reagent at each reaction site associated wth any given horizontal flow
channgl preoualdiffusivifyzoi lappropiyate valuesfduthe elastomedsend glass wtdipkd mahedeviact | ons

with each sanple. [f.inpstead e.reagent at the_.reaction sites,differ for
ny gt velins FEEHalr e el B AeRpR e whBE e R R SS arE R Bis  y
exposed ténperatde itle) contrbll@fsedts td @b@etin. I BiRGhaicAlated ¥ahled §H0R&.in TABI0G1 Thus, the
devices provided herein are tailored for a variety of different types of

i nvesti géﬁmmatelthatﬁmnqamw%mdéhbq meége%aﬁ%ﬂaﬂgnm@a glass layérsel y | arge
number of, d {f ) ckelstﬁgfpﬁtﬁfzgg tﬂg(gervia@ﬁfwﬁapghe Q%ahgﬁl %ﬁgg%@{%aﬁg ®o. 100

sanpl es agai nst 100 user se reagents rix devices
provil@e a5Qsedrobs (el theitypical distanérofoe therdevicésalesaribed hergimd.i on 10 i nvol ves

anal yzin lim, t u of sanples u { de vari ety of

react i on%@gﬁd%w%rlis ({]él:cugaqe‘ﬂbeﬁg&gf&%? gengtg%ﬁ? H%ﬁ%@aﬂﬂ gﬁ%ﬁ?}'gﬁ aéé}?di tions),

t hen t he ikdi¢afedl tihepetiolls. design is useful. Finally, if one wants to exam ne a
relatively | arge nunber of sanples against defined reaction conditions

W t hout [having tO I njec nts (€. g, Pl eS|l 00 preyiously
%Eleg@ﬂcf;/ | 10 $¢Cdnd? ) sEconds-

defined |reagents), then brid devijces are useful.| 15 VII. Tenperature
Cont r ol tA—Deviees—and “d"*“oneﬁt SO0 —Anurber—of—di ofs$ of
varyi ng Wsti cation RPW Ui | abl e for-2O8WPr of | i ng tgﬁg’gature Wi t hin
sel ecte rpgi ons of thelmcrofluidic device or . the entlire device Thu$, as

used her|&Mlgss the term t e®dfamat ure cont@dmM i s nmeant |Ke-dadMy to refef to a
device qr_elenent 20 that can requlate|tenperature of the entire
m crofluidic device or within a portion of the mcrofluidic device (e.g.,
wi t hi n a [pEN7] FiG Sillustengsehatapidéy mtghioh therdesited derspepatuwrens achiaved tsiogs i n

blind channel device.

15 VIO  Detection
A.  General

[0118] A number of different detection strategies can be utilized with the microfluidic
devices that are provided herein. Selection of the appropriate system is informed in part on
the type of event and/or agent being detected. The detectors can be designed to detect a

20  number of different signal types including, but not limited to, signals from radioisotopes,
fluorophores, chromophores, electron dense particles, magnetic particles, spin labels,
molecules that emit chemiluminescence, electrochemically active molecules, enzymes,
cofactors, enzymes linked to nucleic acid probes and enzyme substrates.
[0119] Illustrative detection methodologies suitable for use with the present microfluidic

25  devices include, but are not limited to, light scattering, multichannel fluorescence detection,
UV and visible wavelength absorption, luminescence, differential reflectivity, and confocal
laser scanning. Additional detection methods that can be used in certain application include

scintillation proximity assay techniques, radiochemical detection, fluorescence polarization,
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a matrix of blind channel-type mcrofluidic device).'' [01081 Cenerally, theé
devices are placed on a thermal cycling plate to thermal cycle the device.
A variety ofyosueihsdigt €s are readily available fromco ' ﬁf‘“ ces,

i ncl udi ng forOSMZS exanpl e the ThernoHybai d Px2 (Franklin, K}k;{m esear ch
PTC- 200 (South San Francisco, CA), Eppendorf Part# E5331 (Westbury, NY),

Techne Pgdréscéfte2oRelatitin spectostopy (NOP), tike kedlvel@nerps tagsfen@RBIGUr acy of
thermal cycling steps, in certain devices it is useful .to . incorporate

sensors HRATEYENGTCORMSE eRRTEY Bansfer (BRED) apdveiatinns seab asiblolemipescenceone

Struct ur 8,00 ce ailrgyalaRSHe! (BRHETS MRARARHAIYefettich SRR RERMP bR trieMGBsi@ance, _
t her nocoupl e cou be created’as thin fihn wres patterned on the underlying.
subst r at esistvity; impedange, awl vistagessensne®r porat ed directly into the

m cr of aby,j | ast.oner ral itself...25 44,

PCTI ézo@&?ﬁlﬁ%ﬁ 1on[08€\%it arl%grr%grma Sﬁ‘r:ttciaoshc an g%tgqu\géggl g'rl\'s 2131%? %%gﬁ%%nda change in-
el ect ri cather eRtcditansecfei0rthe tacmpdfthe mivolddicdevies atsilsce detedtioa otdies. i st or
fabricated_on an underl ying sem.conductor _substrate_utilizing conventional

t echni qués ndigatagebeys Wﬁﬁéﬁ\%aest‘@h_émg?%wnééhﬁwﬁ%@ bR drigetion SEPH@Rat i vel y,

a therm gé&fal@% fadifon sS &Y ikS1kedb ﬁfétvla}(/e'aﬁktogia{eﬁ]‘ﬁviﬂi‘ &kRtabidfaledne! ast omer 5

material” Sti ' tenperature by resistance

| "anot her approach to detection of
i s descr dtedtionsedfion fertmatiix-based dvENS iF-iswall Bwithimrrsgibuy of\flavockannglslthat are

Applications”, Sepsors apd.Act uat ors 89 152:158 (2001),. which Is hereby
i ncoﬁ‘%or @%%"“B?‘ Pl one e inEpedon ?lﬁSf %Fegﬁ%%Bgt;?&B‘i‘PPasﬁ"}és“&er PR use of
doped pohy®a hirf@Adisg Fegidnur es to both control and sense tenperature. For

polysilicon and other semi conductor materjals, the tenperature coefficient

of resi sitAlbTeadptrgopgechp 115} COFMRISRIRIV Iy OreRE R AHFTPSFORFe iRfTRunt of
dopant, |iB&Gh14aRE 1EVides €z PREO] PRAGRuItPTier bitRs SRE%ord Hd Bui¥inaGBns of
application. 101111 Therno-chromatic materials are another type of structure
avai | abl thetforegeingcwhich enpperatetto detecsia signgl aseeriatéd with a ppttichlacereniand@evi ce.

Specifically, riai teri J.Gal l UCd hange col or
ao ity Buel ORELOZREaTReDe RS e MR GG IGRASOHL L RIEITT £2
added t osédhien 9k bptival desectdie Thpaptical detentiglead irchude ené ot mogeghatodiodss
Therno-chromatic materials coyl d be fornmed qn the_underlying substrate or

i ncor por et'%da"":'/ﬁ"fl'l‘ﬁ OIWEdﬁ)a%g%‘?@ph rauaqeﬂe%ﬂmgef%&f‘wgwﬂt henno- chromati c

mat eri al phé&ephHipher 136K 8 thitBscopbl AndRIR Wides drkkrh Qolg.| HCLIECahREdN Of particles.
101121 Anot her approach to detecting tenperature 1s through the use of an
i nfr ar ed [¥123% Pstectors can be microfabricated within the microfluidic device, or can be a separate

20 element. If the detector exists as a separate element and the microfluidic device. includes a
plurality of detection sections, detection can occur within a single detection section at any
given moment. Alternatively, scanning systems can be used. For instance, certain automated
systems scan the light source relative to the microfluidic device; other systems scan the
emitted light over a detector, or include a multichannel detector. As a specific illustrative

25 example, the microfluidic device can be attached to a translatable stage and scanned under a
microscope objective. A signal so acquired is then routed to a processor for signal
interpretation and processing. Arrays of photomultiplier tubes can also be utilized.
Additionally, optical systems that have the capability of collecting signals from all the
different detection sections simultaneously while determining the signal from each section

30 can be utilized.

[0123] External detectors are usable because the devices that are provided are completely or
largely manufactured of materials that are optically transparent at the wavelength being
monitored. This feature enables the devices described herein to utilize a number of optical

detection systems that are not possible with conventional silicon-based microfluidic devices.
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20 An infrared canera in conjunction with a microscope could be utilized to
determne the tenperature profile of the entire anplification structure.
Per meabi | i tywoQbosiogss1€! astoner nmaterial to radiati on woptgukaeidivisate this
anal ysis. [01131 Yet another approach to tenperature detection is through
the use of pyroelectric sensors. Specifically, some crystalline materials,
parti cul 12¢] Ardstestorpandintlufea Bghf sowren o stinplgtingareperés dledt genarates dehavi or
exhi bi t Ctf | 5 ' mena by

whi cn t ndOSoRE SELAT Ik EpEb Bk sodh SyiFes B ROk B ALERERGTENS, |

vol t age agpotiesheinpeactinaed rSwiableilightsogitey indinde ihdtare notdoniteddnpleseas, laser.  Such

mat eri al §. coul d .be i ncar por at nto. t.he substrate,or. .glastonmer and

it 1 s eadicgStmdaneh pRASEPRRE ot P s rhilfedothe BB s e kit SR e as
capack t aggefafectiondusions6ea sifEe diectimpbaion e UadePdiodéd difbe alicroflHedtat ure in
accordance wth enbodi nents of the present invention. B. Verification of

Accur at e i grermisroflujdie deyjce Alselfi e emnafangly, fpseprdides pandre fabricated intganether i cat i on
section inf. ' I | ; . & . 4. ' reagent s
oo pl acdatdhallspREatiaRB o SRR T AANEE oRRTi AR oGRS LA 0

PCT/ US200¢ihE@éRHon auwh izt thierlaset hght ffitoonwthe dinda & direeted into fiterdetectidrasentids | s

over | aye he base l.ayer such that the flow channel re ali d wth
Che dopod By ieteatihean ive SiFbet 8t cqliPBade FLyel P o BF aced
upon 18 SWbREAES AR ifclude) firesimplelstambdratuld RndoR ACdon @ik tivity Serbr, Whi ch reaction
occurs is about 100-150 mi crons ahove the substrate/glass interface. Using

known eqdatentemetiip penson (Ber pH) clestrode)and/or gn nARPTeIReITe peTSeR (8.8 40 WEBItgTor t he

el ast onerg;anth Hd@sductbh tda&ffhs).n the device, one can calculate the tine
required for the tenperature within the reaction site to reach the

t enper at 0E26] Aenwaber pHidnenersighk-gvailobleriktetral detectdre candieautiliaeds dMeggt ofes shown i n

Table 1 _denbnsirate that tenperat can. rapi dl y.be reach ven using

o1 st orme HRAFe g R Conk fdbeaded BB o e X i PBotipd RGeS Gy oM TIeRRRA ! Cs 1 1
whi chst hgpeafe i aiplés dfdetiestofspiit @i dvailadley/int e, bt &SRotTirmitedns, Appled, t he
typical distance for the devices, described herein). [0116] Table 1:

Cal cul at ddeguen AgpYWoRx fhrnlied Srecisions Isstyab.PHM: and gl ass 1 ayers at the

indicated tinme periods. 1 second 10 seconds 100 seconds PDMS 400 um 1.26 mm

4.0 mMm d ass @0 pHedtich g lcibld ALigkl G 5 illustrates the rapidity at
whi ch the desired tenperature 1s achieved using a
1. Intercalation Dyes

[0127] Certain intercalation dyes that only fluoresce upon binding to double-stranded DNA
20  canbe used to detect double-stranded amplified DNA. Examples of suitable dyes include,

but are not limited to, SYBR™ and Pico Green (from Molecular Probes, Inc. of Eugene, OR),

ethidium bromide, propidium iodide, chromomycin, acridine orange, Hoechst 33258, Toto-1,

Yoyo-1, and DAPI (4°,6-diamidino-2-phenylindole hydrochloride). Additional discussion

regarding the use of intercalation dyes is provided by Zhu et al., Anal. Chem. 66:1941-1948
25  (1994), which is incorporated by reference in its entirety.

2. FRET Based Detection Methods
[0128] Detection methods of this type involve detecting a change in fluorescence from a
donor (reporter) and/or acceptor (quencher) fluorophore in a donor/acceptor fluorophore pair.
30  The donor and acceptor fluorophore pair are selected such that the emission spectrum of the
donor overlaps the excitation spectrum of the acceptor. Thus, when the pair of fluorophores
are brought within sufficiently close proximity to one another, energy transfer from the donor

to the acceptor can occur. This energy transfer can be detected.



blind channel device. 15 VIII. Detection A. General [0118] A nunber of
different detection strategies can be utilized with the mcrofluidic

devi ces that a yided herein. Selection of the apprp@f HofuGabem i s
informed in 6@0%’?? the type of event and/or agent being et ect e?z The
detectors can be de5|gned to detect a 20 nunber of different signal types
i ncl udi n{N129LFRAEGEand te plextes gaptibms. fFhesa mathodﬂmcleb]estlllzefalmunﬂphores

chr onmoph ectron den art cl es net i | abel s,

nol ecul ega%?%gt %‘rﬂnﬁe “&"Hébrrt ?ts t dor%@’s/%ccﬁ%t fpaé’i a@g ﬁ% l?ﬁ?‘lyde‘g% ﬁl\%eo | ecul es,
enzynes, meabenclthe QonoeRZepBS phit. Nkt té mcmpeiaﬁb@ ofibe thbp]red hedeatidd istozlyere
substrates [0119] Illustrative detection nethodol ogi es sU|tabI e for use
with thePEF’é%@Hlngrﬁné? u‘f“ |‘§PE‘1 denteX{pRYiPR Bactiote g dlenorsng agepton gte sPpsadt ed t o,
li ght 5 SCalefibl qagamat bishaPRalstd k&lﬁbﬁ&&ﬁxﬂ%t?&%??ﬁth@ﬁbele&-’ﬂu@é%d\é isi bl e

wavel engt h orption, |umnescence, differential reflectivity, and confocal’
| aser scmnrmga.tedﬂmch the primer ahdttbestacing issuffaitntly lekose, daan dpergydeadsferoaserst ai n

applicatio ntill r.ox hni. radi ochem cal
ot ect | ot pi i 4ieBie d i s B e s 358 b S PrseBt 010 do2
f | uor escegessicircaciont irthe dpectioh@s empl¢ nuEiesde l)ﬁliﬁm_blﬁﬁﬁé (eeslingapar@aré r ansf er
(TRET), fluorescence resonance ener trans 3 9@7/3 and variations such

as bi ol udpssabedmdésS. F@%‘B%’néé’“éﬁ%}w Flaﬁ‘sbthé?tl 2d%i ti onal detection
opti Qps | r AGRo- a vol t age
sens?gg gﬁo W%&?ggg g?:{é%;res at oa:am%zdtr%gt@ﬂghﬁ?gg%q Hﬁ:&mdég{ejt ection
regi on. " “ﬁabsmeqmmata'n(ﬂ'CRbtrmhodsetuaalsdbetuiﬂlzsd togfeterming thdmlapbtytqf@n of the
mcrofIU|d| detegtion occuyrs. L ndi.cat ed above, with
Gevi ces RERIE iR A ARREDY PO S o o LR ERBRHE <
gener al | Yorined du€iag bt offer Sliel d@npAifichtionl proceeh iRl PRiokkiie nacens aghpdardohd each
reaction site. The_, detectjon section for nptrix-based devices is usually

within r&BFcexsmplg ofip Tealimrquantitation method whigh apansemocastiyatth B8, t he
i nt engectdefiRed dedGived h@feuﬁ TiRGneBod bihoRRrRPRRSSRARtN Sf hidp RESEGH | RRucand 2

surroundi ng region. [0121] The detection section can be 1n co ni cation
W t h one involyasitke gonginwis appesirerénd GEBCR pradypiaceumaticatising adingl-labeled e. g.

| asers), t I r r

f or egoi ngfﬁllap %% Oil oﬁdgga’tl&e gg%'e'tgé%&%%ﬁ ﬁgeﬂ %hqla,(si‘g%% @ela%ﬁ%t%faténé %‘rat fcul ar
event andTaqgMi®’ mgantl O'ten the signal be| ng detected is an optlcal si gnal

t hat t he, detecti
at is c{ﬁhﬁ t’ﬁle probe usgd mesuc Cassagls 1s typically a short (ca. 20-25 bases) polynucleotide

20  thatis labeled with two different fluorescent dyes. The 5' terminus of the probe is typically
attached to a reporter dye and the 3' terminus is attached to a quenching dye, although the
dyes can be attached at other locations on the probe as well. The probe is designed to have at
least substantial sequence complementarity with the probe binding site on the target nucleic
acid. Upstream and downstream PCR primers that bind to regions that flank the probe

25  binding site are also included in the reaction mixture.

[0132] When the probe is intact, energy transfer between the two fluorophors occurs and the
quencher quenches emission from the reporter. During the extension phase of PCR, the
probe is cleaved by the 5' nuclease activity of a nucleic acid polymerase such as Taq
polymerase, thereby releasing the reporter from the polynucleotide-quencher and resulting in

30 anincrease of reporter emission intensity which can be measured by an appropriate detector.
[0133] One detector which is specifically adapted for measuring fluorescence emissions such
as those created during a fluorogenic assay is the ABI 7700 manufactured by Applied
Biosystems, Inc. in Foster City, CA. Computer software provided with the instrument is

capable of recording the fluorescence intensity of reporter and quencher over the course of

30



section by an optical detector. The optical detector can include one or nore
phot odi odes (e.g., avalanche photodiodes), a fiber-optic Iight guide

| eadi ng,, for exanple, to a photonultiplier tube, a mcrosc nd/or a

vi deo canew@ 20089810 a CCD canera). [0122] Detectors cahC HHSWE@P% Abri cat ed
within the mcrofluidic device, or can be a separate 20 elenent. If the
det ect O'il‘re%!l plifRatich. AREPRBERIQ! WIRFTBAH thaibk 1938 tlAdubdté the tcgead@iti Ce, | ncl udes
a plurality of detection sections, detection can occur within a single

det ect i eamealized tRoTer eaHFongRigRKIYABrRentinyans basisand ptiyately auarithesy st ens can
be used. ARKGR utomated systens scan the |ight source
relative tdne m crotf d&@ﬁgegl ce; other systens scan the emtted |ight
over a qe13dl:tAd|d1tlona1 detatls mgerdalgrthd: thlecdyantheperat&ttmftﬂubrogémc methode fdri ¢

illustrative 25 exanpl e, crofl uidj.c dev can beatac ed.t

transl atmabig repl e mine! ﬂrffeogl R Geapenta ‘?‘H‘E:feagg’g'gﬁ%tmé‘lﬂr%dé’f’ S\#E° eﬂcréqeanal SO
acqui r edgyd escaﬁmnmr@st P4 NoB. 52 10,0686 Gérfax{d)s 538,80%40 LibA\, 814/, eﬁ@s B3 and
processmgH Arra s of gotonultl lier tubes can al so be utfilized.

Addi ti orta aylan(blgs weRps Hoidi eis & Gﬁm’@ﬂf?ﬁ@@’aé&@ﬁ%ﬁﬂ%ﬁ) (%lPﬂoésct ing signals

from al 'Ufafkg et%fés SRS SR me‘xﬂc(p%g e J‘ 1@0%]%@@%1? gyerm ning

the signal from eac section 0 can ternal detectors
ar e usalfice USAER.E9617380,dE15ewd Linak, Iér]eemlommzieﬁods anddpbbitagibys 3Y7- | ar gel y
rranuf act terials. that ar caII ra arent at the wavel ength
bei nd ,#h?f%ﬁi W@?%‘ﬁf‘lf??oéﬁ%l?ﬁf @f?f’ée}éé\['ﬁ %Iescrl bed herein to
utilize [@135)"BAE, a8 the@ipligidAtiondedcE6h proBreSdts, A Therbdd QB&%hﬁbe with

conventi onal silicon-based mcrofluidic devices. ﬁ% WO 2004 089810
PCT/ US2(@undamijis accompamad bya gericamitant ingiease HLYig®: a | i ght source for

sti mul atjpf Awe&aﬁﬁafa%gg Radn d&%@&hﬁé@é’oo@e HEHEI ARG ol W Rbrerer) Eg yge of

light s utiTrzed depen e nature o rter being
act i vat ed quBuitative [PER mqhodss dusmotst abmfsl theteg; d}twpreeﬁaramaﬂy bindne deubld o, | asers,

| aser. diod i g | f a i zed, the |aser
can be LﬁtrlaP %@G‘g §chh§c¢§§gﬁim§l°§l ge&FraEFeSE ‘i)rt?ﬁ g'érﬁi 35 singl e
det ect i ofin Jﬂﬁi@hth@fteadnaﬁ pfogiiseudeth iBerBasiey mcmhocﬁtaigfe ibecin®d bohii @dtiie
mcrofluidic device itself. Alternatjve | aser di odes can be fabricated

into ancACRURPANiRdhYALonFRRitang ngreasedn S’&Bj’lég;%ﬁﬁn bodeteréedni cr of | ui di ¢ devi ce
bei ng  ut joh 37 o bQusREUSks: AHDRHBlar Be¥&dnk N Hag g&%lc&&oﬁﬁmnw% S&&b% | aser

light fromthe diode Is directed into the detec n section 125]
Det ect i o#s itlaibridiresloaccompirmentary reigion®f ﬂmnmléiled amu@acﬂubs ingtbe foatnhtionFor

ex ar% & c{%t &%bﬁa ssﬁ%gif the ?cﬁ)eeﬂsgl? 1ﬂcﬂ1[%| é’jt‘[a‘% sectf rns eo)ﬁ% ”Qcti%h a?thg gngedral%'au re

sensor, QS sor ric sensor el ectrode)
and/ or athe atlipeseotigat at IﬂGJe S’end O’Iic(se s@tlonstﬂnnﬂm]i‘s deotion of the probe that anneals to

the probe binding site and are complementary to one another. One end section is typically

attached to a reporter dye and the other end section is usually attached to a quencher dye.
[0138] In solution, the two end sections can hybridize with each other to form a hairpin loop.

25  Inthis conformation, the reporter and quencher dye are in sufficiently close proximity that
fluorescence from the reporter dye is effectively quenched by the quencher dye. Hybridized
probe, in contrast, results in a linearized conformation in which the extent of quenching is
decreased. Thus, by monitoring emission changes for the two dyes, it is possible to indirectly
monitor the formation of amplification product. Probes of this type and methods of their use

30  is described further, for example, by Piatek, A.S., et al., Nat. Biotechnol. 16:359-63 (1998);
Tyagi, S. and Kramer, F.R., Nature Biotechnology 14:303-308 (1996); and Tyagi, S. et al.,
Nat. Biotechnol. 16:49-53 (1998), each of which is incorporated by reference herein in their
entirety for all purposes.
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oxi dation and reduction reactions). 101261 A nunber of .
commerci al |l y-avail abl e external detectors can be utilized. Many of these
are fluorescent detectors because of the ease in preparing fluorescently -
| abel ed r egq@ebHoses1d5 Speci fic exanpl es of detectors tHHRAT/ERE4ENHEPT abl e

I nclude, but are not limted to, Applied Precision ArrayWwRx (Applied

Preci si a . | f | f i ' 1.

[t or cal TR ) dssss Prgfobwate KEtntbpRGRMslieBE RS Wbt SR
upon bi ngknoigping add utilize- st aligomietboié) ded ghateinthd gigned prbbeghatas embplementary

doubl e- st randed anpl.ifi. . | es of .suit.able dyes Jinclude,, but are
not | i mi P&RE tpeget %‘?n&*? é“f’i‘g?@?’g@r &%@??PM‘W&E’&'al}seﬁ%’&%%]%g,onpﬁﬁc.’tldﬁf Eugene,
OR), et dusithhtod He QR 4des ORERRbkthiHEtHe @6thelS” mt oA M Géte, Hi ke’ RRCIGHAIRTE,
Hoechst 33258, Toto-1, oyo-1, and DAPI (4', 6-di am dino-2-phenylindole

hydr dthl ssapaey contgins & iepieatide pelymersthism. Thedavadenglighinteriesesorith the bindiizat i on
dyes is l: : 06l which is
i ncor por%tgééél'grgaﬁl P@gﬂﬁlgi&rgﬁ@%@@%&# isr@e}fe@}t lﬁgs %ﬁgﬁ%;gg%éﬁ@g’%%ﬁ%ﬁ Met hods
10128] Délapt ti the nnd¢dind sonthininigitise polymorphisml Thisdemplek isvgecaenidedbge i n
fluorescence from.a dono repotter) and/ or acceptor uencher,), f1 uor ophore
in a donSPCREGHSEEE op %F%ﬁ&?o‘f‘ eé)&era.leavé“f? eﬁﬁg“ﬁoﬁg?vaéﬁgﬂ%‘@é S(r)tﬂaP Pgor ophore
pai r ar emsahéiedtRids. STk relddddd flap BirfEWstHIaQRir$ PRGE betMng FRIBTEabKM) terdbyer | aps the
excitation spectrumof the acceptor. Thus, when the pair of fluorophores

are B oufpmming; anpther duple siiueture rpcagnigs@by theXiledvase anayranelkipbmgdhe ener gy
transfer~f 1 ' ansfer can
b dot oct L7 S SR S0 poh BuihoREA R /Bl A ARt 66 o gl oo bRl O P
ext ensi osignatadior SNB .gefidtgpiag thd sighd ppbaetlhbé gesigned iadeybaidjze withreithérabel ed wi t h
one nenber, of nor eptor pair, and a cl i | abel.ed Wi th the other
nmenber ofef?r%eggﬂg Wpﬁéglg%f rtgi)ﬁqg}a“{ @R at“gijer ﬁ@gﬁ(ﬁgﬁgt &SFF i82 iFRE | abel ed
nucl eot i g@plifidaton HEsigddl wifmoAthiplifi€atian of BERlsleR GRPBRERN Hetaitd RINGIi&HN td eact i on,
t he donor and acceptor are spaced 5 far_ enough aﬁ)art t hat ener transfer

cannd? ogeide onaefigadiaary skill ip Hie artis provifled bl febexagple, Neri; Blorhak.atddencent o t he
pri mer aggNé{};&c§pﬁ zﬂg’ﬁbéz’;zséﬁaf))ﬁ&'ﬁ@é:iM-Pis?QGOO)t hen energy transfer occurs

and can etected. These nethods are particularly useful in conducting
si ngl e bidd0bAagba: MNucteisAod Seguentd Based Amplificatitet ©€ASBA) isfa detentidremethod eot i de

gg LI y gDC[rp B‘ﬂ{sw Sz}esgpiel {%gpg%? gg %xllgxreF congpqgrﬁerﬂt% 90 e lﬁ{IAS bonFt)%}lse ﬁxte sel\!qou'enGSe’ fgfl 5,283
the T7 promoter site. This primer is allowed to bind with the template RNA and Reverse

20  Transcriptase (RT) added to generate the complementary strand from 3’ to 5°. RNase H is
subsequently added to digest away the RNA, leaving single stranded cDNA behind. A
second copy of the primer can then bind the single stranded cDNA and make double stranded
cDNA. T7 RNA polymerase is added to generate many copies of the RNA from the T7
promoter site that was incorporated into the cDNA sequence by the first primer. All the

25  enzymes mentioned are capable of functioning at 41 °C. (See, e.g., Compton, J. Nucleic Acid
Sequence- based Amplification, Nature 350: 91-91, 1991.)

[0141] Scorpion. This method is described, for example, by Thelwell N., et al. Nucleic Acids
Research, 28:3752-3761, 2000, which is hereby incorporated by reference in its entirety for
all purposes, and which figure ___depicts the scheme thereof, wherein Scorpion probing

30  mechanism is as follows. Step 1: initial denaturation of target and Scorpion stem sequence.
Step 2: annealing of Scorpion primer to target. Step 3: extension of Scorpion primer produces
double-stranded DNA. Step 4: denaturation of double-stranded DNA produced in step 3. This
gives a single-stranded target molecule with the Scorpion primer attached. Step 5: on cooling,

the Scorpion probe sequence binds to its target in an intramolecular manmer. This is favoured

32



10 [0130] Quantitative RT-PCR A variety of so-called "real tine
anplification" nethods or "real tine quantitative PCR' nethods can al so be
utilized,to determne the quantity of a target nucleic acid [ &S nt in a
sanpl e by wea8ew08$830t he anount of anplification produc?CTﬂ§?W§ﬁ'%§ring or
after the anplification process itself. Fluorogenic nucl ease assays are one

speci fi Gver@ERit@mofecalal BRAling !ome%aﬂ;pkh{eﬁtago@:g@ewm. WEcohidiaEs SRwhsad

successfully with the 15 devices described herein. This nethod of nonitoring
t he f or rfiig-ian) eensistantiarspecific Brobp sesyerae that ighsld/ wq hafrpindenp sopfiguationds ur enent
of PCR p l.ati i ' f i

ol i gonucr Lb{ipaBEP U Bl th RO ey Bides B Bbbe TR TRGREANE atached

I'i t er at uo ¢hea®-endis quénthedbynd mosthowrmilyuBdthylThd) jpneb® theXend of thatdopassays i s

typi cal | short (.ca. 2-3@% ases ol ynucl ide .20 that (s |abeled with
Lo G 1 QAR IORRHS LR o e 2ot B BB <Gpr iRt P i cal |y
at t achedafi® erteh§MP61 BE peiter AitihgPUR BnplifRatidn) Ui shécifid prabdi@dudnoe & MUABCI ng
dye, although the dyes can be attached at other |ocations on the probe as

her |
wel | . Thengiogiseompleyiest withia thesame sirand of DNAsThig hjuidigafiomeventepsanive
conpl enemlﬁ.g]i ] I l1BStePSucsl | aci d.
Upstream a lg%pm%st%l?e%%?elg?ﬁﬂgrﬁilﬁe?@et ﬁ%@?lh el?inagﬁtag ﬁ?éé&?%%?%“ﬁ'gg l)ﬁeg’r? E t he
probe 25ThwERCR stgpping sequemceprevonts neaddbimdgh, that beuld &ead to epenimgef the bairif 132] \Wen
t he obg is |ntact er t.ranster between the. t fl uqroghors occurs and
the Tuelian B fessed M bbbt ARG Siaepis FED rtdrtotB ot IHES IR, one! on
phase of ddieRon biveon-pecikic PCR pibdRwsee g Bitinidr @irkers btispamegantityi ty of a nucleic
acid polynmerase such as Taq polynerase, thereby releasing the reporter from
t he pol ynucl eoti de-quencher and resulting in 30 an increase of reporter
em ssion intensity whi ¢h,canOSNRBSSLEEA Py an appropriate detector. [0133]
One detector which is Specitrcally adapted for neasuring fluorescence
em ssi onf142]cTherais aflinoargelotienshipdetivech BN A coricenratigaand thasbangeics t he ABI 7700
manuf act ured. b | i |, ASYS | ne. . in, Foster, ¢ CA. ut er
of t s e BROPIRR AR bk BY PRAOGRE o ket s ERETL 1 il lorti s T
f 1 uor escehtiondhiji IR deéry foahd teetpospeeies independean oiSee, eqy,Sohh,ee alc R008)Proé. 30 WO

hen be. babdkas, SaLS s iRE1 06D o8 ip AeirSomeraprben T es) on

i Nt ensi t YoWRhAnEIqRl], MU sRRTNG cablaidw SRhEA BT BERNtdrfie feiiSion 8 Of the
MRNA bei zigﬁ?}rrgl i fied. 10134] Additional details regarding the theory and

oper at i off ) are puRstecctopienbligld fodetgmiggonepniration ofiamplidled prodigtat i ons of
the geNncaRLhaive sQhtisPridifiti 2 binBRAGY SO & vARrAESm 18 dubjected to the

electric field.

IX. Composition of Mixtures for Conducting Reactions

[0143] Reactions conducted with the microfluidic devices disclosed herein are typically
conducted with certain additives to enhance the reactions. So, for example, in the case of

25  devices in which reagents are deposited, these additives can be spotted with one or more
reactants at a reaction site, for instance. One set of additives are blocking reagents that block
protein binding sites on the elastomeric substrate. A wide variety of such compounds can be
utilized including a number of different proteins (e.g., gelatin and various albumin proteins,
such as bovine serum albumin) and glycerol.

30  [0144] A detergent additive can also be useful. Any of a number of different detergents can
be utilized. Examples include, but are not limited to SDS and the various Triton detergents.
[0145] In the specific case of nucleic acid amplification reactions, a number of different types

of additives can be included. One category are enhancers that promote the amplification
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for exanple, in U S Pat Nos. 5,210,015 to Cel fand, 5,538,848 to Livak, et .
al., and 5,863,736 to Haaland, as well as Heid, C. A, et al., Genoine
Research, 6:986-994 (1996); G bson, UE M et at, Genone Research- .

6: 995- 1001 W 9ossostdol | and, P. M, et at, Proc. Natl. AeCHIUS208(1049RSA

88: 7276- 7280, (1991); and Livak, K J., et al., PCR Methods and Applications

357 10 362 (1995),, each of ich is ipcorporated. b eference.in its

entiret y?eaﬁtﬁ’fs§ﬂghﬁﬂ%ét}"e§§‘q‘#g’ Dt AFe T tF‘gT‘?’ _Feéé?ﬁtﬁ %‘ﬁ{rﬁﬁfi%’ﬁ sgenday an _

i ncr easi §gcaRPHthe Alcldy £cil 6&LRSaind)0ridhgehis tHabred GeeafiRRp A1 qwma(ec%,ncom tant
increase in signal. 10136] Intercalation dyes such as descri bed above can

al so be tetrampthplammenimeliloddaint approach to quantitative PCR nethods. As
not ed ab f. i ind._t. . r ed DNA (e.g.,
SvER GRegty oL BB e ARl e bl e oth WnpliBe ARl Rad BiBRECT) PRLE B
r eact§ onpglymefhss s, enamced casels i Fog eaampleytwhile gdyérdseltones obtained vathd i S
acconpani ed_b oncom tant increase in signal, t can_be detect.ed. .
0157 MoREtdraPoRRRbGskpPREE Bagieu et bi: D) shange i oot i on
of the prRREveddLadtibndWheiislsaRSink@anées oPEREE TRNS BN AZz§fe PblyRierdsE Gomp! i i ed
product results in the formation 20 of a detectable signal. The probe

i tsel f i Figoughes Espes, Emdando ddis nohanaaseis Bemale thamophilisthactanam; Frerosher
section at the 3 | ' o [ . D t hat
anneal s ’606}“%'@' &%%%%%Wnpgﬁgﬁ%ﬂg%g%&{ !éa?‘erﬁ% cutélrlrlgde%gﬁnlfi gt?’ yp%xghgﬁleﬁg%g her. One
end $@ct tTH polmieyast K&l Wiichas 4 esiilsitlation ofl Theépas termopiga(Tih) &@ ot her end
section is usually_ attached. to quencher dye. [0138] In solutjgn, the two
end sect ?Bﬁ'é’oé%ﬁﬁ’"hl}”ﬁf‘ilﬁi@%)’MW?‘S%‘?TPIBF%‘F*‘% IR AYIORPGEE WOFSSUHWORs | n
this conbgf ved DR PdIfiRetagPOr ter and quencher dye are in sufficiently close
proximty that fluorescence fromthe reporter dye is effectively quenched

by the qll4ZhEutheydetailysgirdingadditivesotseful inpondusting seactionssyitht esrtpin ofithiei near i zed
conf or mat,lL an. i L W3l éil?ﬁn@ﬁi{;ﬁgh?ﬂ&c%ﬂ 'axg@iiﬁ&tﬂo@ reaqggﬁseﬁ%g)f]ovicim'ﬁ’ by
nonitoring em ssion changes 1o e two es, Il Is possible toindirectly
noni 46r Erempleririafra.on of anplification product. Probes of this type and

nmet hods of their use 30 is described further, for exanple, by Piatek, A S.,

et al., t. Biotechnol. 16t:.359- 63 (1998); Tyagi, S. and Kraner, F.R,
Nat ure Bi tech%%@%% 138 (1996); and Tyagi, S. et al., Nat.
Bi ot echng148] BedRsde MiSBMhidicReiteOprowldbd Rerbin caBORANIfAdtERA Ry intREEs ence
herein in their entirety for all_ purposes. 31 WO 2004/089810
PCTI US20drgoaugatesp of yeaatipny sites, $hflsvices #¢ derinl in 3 svde variety ofscaggniag 3t hnol ogi es,
( Madi 50N, W80 dat AeiolS 4] ebiraISHE de HBAaY B [1G1:2A% Hbtkdt rdAri Ak vRhwaIRSpEOL i de,
desi gnat gg%é gli grolgﬁS prgoﬁé?’sgﬁafgrl%s conpl erlrent ary reat Spoles

20  that react to form a detectable signal, or a product that upon interaction with another species

generates a detectable signal. In view of their use with various types of temperature control
systems, the devices can also be utilized in a number of different types of analyses or

reactions requiring temperature control.

A Nucleic Acid Amplification Reactions
25  [0149] The devices disclosed herein can be utilized to conduct essentially any type of nucleic

acid amplification reaction. Thus, for example, amplification reactions can be linear

amplifications, (amplifications with a single primer), as well as exponential amplifications

(i.e., amplifications conducted with a forward and reverse primer set).

[0150] When the blind channel type devices are utilized to perform nucleic acid amplification
30 reactions, the reagents that are typically deposited within the reaction sites are those reagents

necessary to perform the desired type of amplification reaction. Usually this means that some

or all of the following are deposited, primers, polymerase, nucleotides, metal ions, buffer, and
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to the target nucleic acid (DNA or RNA) or polynmorphismsite. A second

ol'i gonucl eoti de, designated the Invader Oigo, contains the sane 5

nucl eoti.de sequence, but the 3' nucleotide 5 sequence contains a nucl eotide
pol ynor phi wa 200dmsesmvader A igo interferes with the bi RETAF204PIRe si gnal
probe to the target nucleic acid such that the 5 end of the signal probe
forms a rHcarky Tﬂééﬁgﬁéﬁ%} i 30 tHRg &H@nﬁfb‘ﬂ@?&ﬂ&kéﬁbﬂ%h' s _conpl ex
is recogcrcl’lszc{e 63’/ a @%ruct spegl&%lgc enH.Enacl ease, called the C eavase
enzyne. nickavagktemplatey ddtertativaly, perofhe terhylatn 6@} keodepdsited altither el eased f | ap
binds with thl r bel,s w 1 n anot her
dupl ex St rga %tst%lﬁ%g‘gﬁio a'f:%m Slvezsis‘é‘s gﬁ‘t’ﬂ% th%?{h s 7 Cl eavase
enzyne Cdeeﬁu%utalzéd wom@homwmaﬁasmmoﬂmﬁfpm momnﬂnigrnmdhnmn@ fl uor escent

signal . For SNP eno ing, the.s pr qQbe be_desi gned 't ridize
i £h Jei tFPlaiaee HourLHEER e Tisal JeshinAamel b senatcaon ecnth Breiet)
allele. th@hérl&%nmwkﬁlﬁﬁgsbﬁv@ebéﬁ@ar anplification of si gnal w th no
anplification of the nucleic acid. Further details sufficient to 15 guide

one of dﬂwMaWIQRCRns perhapp thepest kngwp peplifieation jechitigue. chhigrdsiiees aenot, B. P., et
| ., Adva P 000
?0 140] K{o[g]bed'stolﬁu%q r,élid(::l?gé @éﬁ%@ﬁgse %@éﬁgﬁ?&%ﬁﬁ% caulglgﬁe%f ﬁé@é%%ang .

detecti benﬂiﬁitéﬂﬁldcluﬂﬁi ibaigar&R lasitddhe, (t)ejgpéeaman réaction (IEIR)%(@&EWV&II&M ary t FI t hed
RNA contains the seque e T7 pronpter site. This imer is all owe
to bithd Wiellape ﬁ@rme'@ﬁfp‘i g@&%ﬂﬁiﬂ angegien epala gorppcg f 4L l0B! Qs9§ &115 added to
gener at e &R mhﬁﬁﬁmlaﬁgeng@mtw Pod’ NattpAéad SBN@S,@ sblmﬁs (1®§§h§€(ﬁ ently

added to digest awa | eavi ng single stranded cDNA b second
copy of aeﬁesu@tmnn@seq@mefmnatmnr{epet%t%hﬁ ePro Naddead: §NAU§ﬁd87n’e§3é doubl e
stranded DBV of the
RNA fr onglg ﬁ%d{ﬁ%@%%%é@? ul’f&\%/aadggﬁﬁ%arggg §$ ggt) ?Sr?t 0 thﬁ C sequence
by the farrdsMa]pk|ImaBond&lhholbg)e13256bﬁiW99§))nEmh afrilsdfosspeingapfateneesaie f uncti oni ng
at 4 Nucl ei ¢. A Sequence- based

Anpl hl c‘é‘[(“ ﬂ‘lateaa“g{fpbb%@n%mnﬁimsﬂeu ’@tgitycfor[ag]‘lpm(m?cor pion. This method is
descr i bepb152]0DetSARARE the rédyiltihig@mptikibd Produdicaribe acbbifiplished fsihglsny Jfegear ch,

28: 3752- 3761 2000, which is hereb |ncorporated by reference inits

ent i r et ydetestion gefhods deserieed suprado eHng aplified DNApi cts the schene thereof
wherei n Scorpi on probing 30 nechanismis as follows. Step 1: initial
denaturati on ofy, t NICAnANEs 2ABRHBPiEt €M sequence. Step 2: anneal i ng of
Scorpion prinmer to tar et Step 3 extension of Scorpion priner produces
doubl e-stranded DNA. S denaturati on of doubl e-stranded DNA produced in
step, t S5 or pi on

pri me(? aﬁia?h%/%#y@ séhﬁlgdrﬁc%%ﬁ?ﬁgﬁqlﬁcaﬁ&%c%% on p]?og ellggnel%qlﬁg)ﬁé% binds to
its tar gmfeoitinussmgimf’.m&a A teceonsequemngoé r chaige ;1 a gndllbvonhee df nucleotides,

frequently involving a change in a single nucleotide. Such single nucleotide changes are

referred to as single nucleotide polymorphisms or simply SNPs, and the site at which the SNP
occurs is typically referred to as a polymorphic site. The devices described herein can be

25  utilized to determine the identify of a nucleotide present at such polymorphic sites. As an
extension of this capability, the devices can be utilized in genotyping analyses. Genotyping
involves the determination of whether a diploid organism (i.e., an organism with two copies
of each gene) contains two copies of a reference allele (a reference-type homozygote), one
copy each of the reference and a variant allele (i.e., a heterozygote), or contains two copies of

30  the variant allele (i.e., a variant-type homozygote). When conducting a genotyping analysis,
the methods of the invention can be utilized to interrogate a single variant site. However, as

described further below in the section on multiplexing, the methods can also be used to
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32 WD 2004/ 089810 PCT/ US2004/ 010492 over the internol ecul ar binding of the
conpl enentary target strand. A Scorpion (as shown in Fig._ ) consists of, a
specific p : nce that is heldinahairpinloop{(ﬁ%' Moddqoon by
conpl enent ar 26f)gf/(ggg%@equences on the 5 and 3 sides of the %rg%@ﬁghe
fluorophore attached to the 5 -end is quenched by a noiety (normally nethyl
red) j oideetiming thdrgendtype oflarindivivnal inopany Qifférent AN A foch eitberponi the bannkgaef 0 t he
5'-end gc{i a IEH ner via,a ECRtﬁto i ng sequence (stopper). After extension
of the pHFERt &F0FS FTSOPORAIMS NI PEati on, the specific probe sequence is able
to bi ndoisy)ineévides tpbeutaizbd Mir boiduclinieenafiBinglanansts afe dMnedldigiliRy br i di zat i on
event opens the hairpin |oop so that fluorescence is no | onger quenched and
an i ncr egasiion sitesiqf gppropaaty pigetoagure fropea shatfstical sPpdnpintdb acarohrash eht s

read-4 hr t : j ik Pl in the
absensf:e @?%gﬁ{%&fﬁi@%&aﬁfe@{: t @%g‘f}gﬁ% ggt h%&%a%&?legﬁ-a{i E'F‘@ﬁ%ﬁlé&gﬁ d lead to the
det ect i csoncdntmaterss §¥berivise, @CGRalysio dowd yieldregultspnggestingithater lsteyozygoteds ami ng
events. 3. Capacitive DNA Detectjon [0142] -There is |.i near,. relationship
ot ween TSUSBIIE ST PRBIReA 0 hbDE eERT0 ahele BaeCarpiiol stERRaSPy auoked by
the passpgfe Dbelowhditdesthié MEmife bOSSpied of theien6he piekdrtt irf 4 €hDreacttinS/olume

rel ati onship has been found to be species | ndependent. (See, e.g., Sohn, et

al . (2008)vappuscexemplary DNAGgcentations that can bayytiliged with thyalryices desgabed n certain
devi S1he'f?+lﬁ.| eic acids within the flow channel (e.g., the substantially
circul ar ow channel of FIG | or the reaction chanbers of FIG 2) are
subj ect e0163] sTallle 2: Wirebat of gemdsteaopics presam deml nhivolumeat tharipdichied N oduct .
20 Al ternativel. solution containing anplified product is wthdrawn and

t hen subf°§8?né@h¥% the electric field. 1X Conposition of Mxtures for
Conduct fng-Reactions [0143] Reactions—conducted with the mcrofluidic

devi ces| YpltedakY herein ar d IOMEERY) conductedNvith certain additiyes to
enhance|the reactions. So. flor_exanple, in the case of 25 devices in|which
reagent slare deposited, these.28ditives can be spadbed with one or- nofe
reactant{s at a reaction siteg, for instance. One get of additives are
bl ocki ngyreagents that blocklgpyotern binding si§fgs on the elastoneri¢
substrate. A wide variety off such conpounds can e wutilized including a
nunber pf—dirfferent—protet llbﬁgs g getattnand—ygrotus—atbumn—protei ns,
such as|bovi ne serum al bum n? ‘and gl ycerol. 30 [(?&4] A detergent additive

can al s-;—be—u—seJ-uL—Any—-eJ—aT—nu-:me-r——eJ—m—LL@LeM-. de-t—erpgem_s—ean—bﬁ
utilizegl Exanpl es i ncl ude, 4Pl are not linmited @ SDS and the various

Triton tergents.
1 0.003 1

[0156] As a general matter, due to sto’chastic proportioning of the sample, the copy number
present before an amplification reaction is commenced determines the likely error in the

15 measurement. Genotyping analyses using certain devices are typically conducted with
samples having a DNA concentration of approximately 0.10 ug/uL, although the current
inventors have run successful TagMan reactions at concentrations in which there is a single

genome per reaction site.

2. Methods
20  [0157] Genotyping analyses can be conducted using a variety of different approaches. In
these methods, it is generally sufficient to obtain a “yes” or “no” result, i.e., detection need
only be able to answer the question whether a given allele is present. Thus, analyses can be

conducted only with the primers or nucleotides necessary to detect the presence of one allele
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[0145] In the specific case of nucleic acid anplification reactions, a
nunber of different types of additives can be included. One category are
enhancers, that pronote the anmplification 33 WD 2004/ 089810 PCT/ US2004/ 010492
reacti on. Suekoosckdsioi ves include, but are not limted tECT/US200y®MNI432 t hat
reduce secondary structure in the nucleic acid (e.g., betaine), and agents

that reduce m sprimng events (e.qg., tetrangthy] ammoni um chloridge). [0146]
[ has B FTTROPHC A MO Pirh Tt TR T B AUBIFOPIERCe PO © nat
sone 5 PRk yReLRs Sﬁedéh\éﬁe@?@l@ﬁﬁﬂ? at @8 Pblyforpiie si@dRcRdedEdatnpBRQd resul ts
were obtai ned with An‘ﬁﬂl aq Gold polynerase (Applied Biosystens, Foster
City, CApitabloapproachei®llauati cus, inproved reactions were in sone instances
obt ai ned ' YBIE, BObYsIE . yEFEe,a ' Thi s

pol yrmer ag)g%i];ﬁ ’llér?{)y}létzehlzmq g'%%#gféi%T% e%tﬁﬁgoag (rn(l?ct% an §'_ Q her
exenpd ar spepificylivateasleped foatondactingeenotyping eublysas | Alflpugh atnumber of GPBEI mit ed t o,

10 rTH pol ynerase X i I s a conbi nat.ion of Thennus .t hernophilus (Tth)
and’ | TherbeaERLAReh RptsSoRery Byl SRIBR G SPIRaBiF b arDh HERARrEe| um

Pyr 0S0CCH§oN® RS diAii\® primethsk iJ EsinpiiAerdtly XoTR t2set nudl6id AdiH skl thitake 3tet ai | s
regarding additives useful in conducting reactigns with certain of the

devi ces endsf|thesprimesdy wpmeditely|5( af the v gifecor Axadjacgpighereioe Fxiension Bact i ons,
are provj L: [ EX&n | cat | 0148] Because
the m cr%ﬁ(ag?t%f?%l]tg%%g%gé gfr%n\?iog;er{é)%lgg)(eellen canjt%[edybrlré;ﬁ‘%fl%aoglta %grtgﬁ%f% i nclude a

| ar g&0 nuodmeplernéntarg & thie anclsotidets) thahecodpy the esriaat sitei@wlfapolymerasewiltienomr i ety of
screeni ng .an anal yt.i cal t hods. . | ener al he devices .can.be utilized
o Gt ectx e Aieotte e i Falesda PRttt Bttt SR A ERedis o

si gnal , elicedandofpiiated intdvk pHifer If Heddaed addrexténtiiblemridddde(Syas@ieys generates a
detectable signal. In view of their use with various tyPes, of tenperature

control ceRlemeiaryie thedpgicotide at the vanay site thana labeled nog-extendibleariclsptid 1 f er ent

types of; ' L i Al cleic
o Al e e e e s R PR B ot et o e

ut i | 1Zedextonded pdmets peewdan inficgtiangf whighenugfeondecis present atthe vanmpt sife afat i on
reaction, Thus, .for.,e | Lifl.catipn.reactions, can be li.n

Lot 1 CrgebReeit B SRR Sna IR el ilal £8 s R5s G bRfplb RERS.
exponent PatentaNgal 5,846 210; 61094,744;.5888,84073,856,09at aran% 7100028t aideid Wt h a f orwar d
and revergg/%g%i mer set).

[0159] Detection of the extended products can be detected utilizing the FRET detection

20  approach described for extension reactions in the detection section supra. Thus, for example,
using the devices described herein, a reagent mixture containing a primer labeled with one
member of a donor/acceptor fluorophore, one to four labeled non-extendible nucleotides
(differentially labeled if more than one non-extendible nucleotide is included), and
polymerase are introduced (or previously spotted) at a reaction site. A sample containing

25  template DNA is then introduced into the reaction site to allow template extension to occur.
Any extension product formed is detected by the formation of a FRET signal (see, e.g., U.S.
Patent No. 5,945,283 and PCT Publication WO 97/22719.). The reactions can optionally be
thermocycled to increase signal using the temperature control methods and apparatus
described above.

30  [0160] Quantitative PCR. Genotyping analyses can also be conducted using the quantitative

PCR methods described earlier. In this case, differentially labeled probes complementary to
each of the allelic forms are included as reagents, together with primers, nucleotides and
polymerase. However, reactions can be conducted with only a single probe, although this can

create ambiguity as to whether lack of signal is due to absence of a particular allele or simply
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[0150] When the blind channel type devices are utilized to performnucleic’
acid anplification 30 reactions, the reagents that are typically deposited
wi thin the ] sites are those reagents necessary bt he
desired typ}{é‘?g‘ﬁ"‘@%}". fication reaction. Usually this neg{;lglulgﬁat/ sjogbrre or all
of the followi ng are deposited, priners, polynerase, nucleotides, netal
i ons, buffsled reaotion. Ior\tie RPid4lHdRHEL CasPGilwhish G0d ANl &R possibleafot ar s, f or

exampl e. The s Le introduced into the reactiop site in such cases.is the

nucl ei c ae'mq@&"}éﬂg; fwo rFr@P'i'f’gl[yi lg‘éel?‘i?‘,prﬁﬁve‘??ﬁtf Perfq‘?ﬁy PW@F@W&H 0B%"fcl_eposi t ed
and the upEAkles ire 01y ih€a@RATH ShelrbapoRCnixire) tbgbthef SatGLaiIifisdtiod prinfss, di scussed
supra, when the matrix device is utilized to conduct an anplification .

r eact i onnucleniidesandRoyrasTasen Fample cop@ining the targes P Aisdntgeduiced Wigdhe t hr ough t he
o ¢ as ‘
hor i 2ont S GHE HME En0 h hien BBRIe 1 SREAMFCRT S BB DRR,

known amienfampiificationtoecirs,ithereby réhidiingaviacletsctable signbl asldesdribedlinttbe conduct i ng
PCR anplifications. her types, of,anplifi.cation reactions.that n be
Conduct e m g feasarRonaich phhe Bhterepaaml s pRRmee e e of B (Lo
(see Wi @pédedckfiie Walhk p6BandesHIe Btk dan be AEOmEASE AF both dignald dRAeRIdteR] thal both SCi ence
241: 1077 l(i1988)); (i % transcription anplification (see Kwoh et al., Proc.
Nat | . Acabelessee presgmh, dbermppyclingglggyg the reactin is performedos dessabedksiadifence

repl i;gat i | | ., Proc. Nat. Acad. Sci. USA, 87:1874
(199(})6) ; k%#ﬁ‘%?rg)c%ﬁgﬁton%?% based sequence anplification (NASBA) (see,
Sooknanan, R and Mal ek, L., BioTechnol ogy 13: 563-65 (1995)). Each of the
f oregoi ng ref & encEsn ré¢gsio israt ed herein by reference in their
entirety for all p rposgs.e!ﬂOlSZl Detection of the resulting anplified
product can be acconpli usi ng any of the detection nethods described
supra fornork| &ehé expréssivhiahilesls PMAlveBdetdpNhing thle YSicbatartdc e Wiof@genés CGener al
20 [ 01531 Many di.seases Iinéed to %Egjone m)dific%tions ei ther of the host
or gani s mibFXpEissed;ip p@articylas cell- oEhyi defremination ¢apde applitatinsebrtgengrally ishange in a
smal lysnu gfa%ﬁtafven eh QHrERE! genk ERFHRRN M1y QY The/le?Ads éftﬁélgaﬁ@s). ifor c&l1N9! €

nucl eotide. Such single nucleotide changeS are referred to"as single

nucl eot i degpatephesily Arenemparcd4o thelexpresion levalgofithrsatie genegtinaptber cehe SNP

occurs i ' I - ' i ' escri bed
herein cah %gi %@Buﬁl ‘ﬁa% gé&?g 48 cgr%on'?%aggﬁsﬁ g g ﬁ%flg'yﬁgﬁmpg&ﬁﬂgﬁééoﬁ ‘I?t}ég pr esent
at such pot ymiiedio] & canpason Bsiwaen haakheagi diseased cehis, betwapabellsiftoy arit he devi ces
can be Utilllcyi{'i%igﬁ trlegte emn&t(};lg Id?l.% aer‘lg%le $ Sn'l ano g‘tlﬁ/lgleaqu individual, between cells

20  exposed to a particular toxicant and cells not exposed, and so on. Genes whose expression

levels vary between the test and control cells can serve as markers and/or targets for therapy.
For example, if a certain group of genes is found to be up-regulated in diseased cells rather
than healthy cells, such genes can serve as markers of the disease and can potentially be
utilized as the basis for diagnostic tests. These genes could also be targets. A strategy for
25  treating the disease might include procedures that result in a reduction of expression of the
up-regulated genes.
[0162] The design of the devices disclosed herein is helpful in facilitating a variety of gene
expression analyses. Because the devices contain a large number of reaction sites, a large
number of genes and/or samples can be tested at the same time. Using the blind flow channel
30  devices, for instance, the expression levels of hundreds or thousands of genes can be
determined at the same time. The devices also facilitate differential gene expression
analyses. With the matrix design, for example, a sample obtained from a healthy cell can be

tested in one flow channel, with a sample from a diseased cell run in an immediately adjacent
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I nvol ves the determ nation of whether a diploid organism (i.e., an organism
with two copies of each gene) contains two copies of a reference allele (a
ref erence-type honozygote), one copy each of the reference and a vari ant

al l el e (i.®wQ2004/038818r ozygote), or contains two copi es SCTHFOHBNER i ant
allele (i.e., a variant-type honpzygote). Wen conducting a genotyping

anal ysi SpanneerHiefehtaftSnBindeb e lelé @R HELRi R AAd BR ddbirhdyZdTdhd RsdlBi RChRGat € a
single variant site. However, as described further "bel owin the section on
mul ti pl dl thg, sambles prstrivo e thegame devicerns thesame tieznd wler drsemg gendtions.

PCT/ US2004/ 010492 determ ne the genotype of an individual in many different
DNA | oci, either on theg, $a0p H8a6on adidnEbRRAliogeNes or conbinations thereof.
[(0154] Devi ces to be UtiTTzed for conducti Ng genotypi ng anal yses are

desi gned0163] Tbindaguwre thegreosdription leveldamst thengpy therexpressiai lzeel) of acgeneioe from a
statistical standpoi. at _a co each of . 5.the t alleles for a

i ol 6 o iy Ebgeial 8f publf oS PR RyATRSe) o b Bl pRessEe Dua

concent rigdghfRfi; orGutieic\wciie detveddivon §i8 hﬁ{leQltﬂaﬁlscﬁpQé)ds oaided. SA auggieséiing that a
het er ozggote is a haqonpzygote sinply because a copy of the second allele is

not pr estrAvediron pe MRS TRpierigh refers tow&vléwzc&s‘é%wxmaw&h@s& ¢ mEMnber of
copi es O&mwf-gn GE Qe qRERS Sy dfﬁia@ulﬁmmegfs%ﬁféh 9 1o \MEBTHAL 2 ¥BKIhOUS exenpl ary

DNA concentrations that can be utilize evi ces descri bed 10
her ei n. r[%@l%}anﬂ'caﬁvbéﬁ‘zm Mb?ﬁ,mR@émr@@@lﬁem thateoeD B, il IDNA amlphﬁed/ol ume at

the di d | U gPI\IA 0 33 100 1
0.10 022 fr &@%&W%ﬁ‘%&bﬁo n%h?ﬁ(i?%{ Jan((ge% gdr_% e'tter due to
st ochastmRNpY tesaedript aimd degectibn bhitick derplea ,prddlilets mmcﬁtwmﬁlthemr@smtanb/@f ore an

arrpllflcatlon reacti on i.s conmenced det [ m nes Ehe error inthe 15

measur erivHp ¢/ OngHRPl P asample- QPQ Sab yde; Bt areof

conduct elﬂm%dttb mm&kﬁcﬂwbme ZenPVAGRE BN A ?évb@@tr@ﬁscﬁl%?ir% mRtely 0 10
ug/ uL, although the current inventors have run successf ul TagMan reacti ons

at concemRNaY, pBNé transaxibied firopHbe eDNA, BN aigplified Jeonvthe gpras, RN Adtapsonibed t e.
15  from amplified DNA.-

[0164] In some methods, a nucleic acid sample is the total mRNA isolated from a biological

sample; in other instances, the nucleic acid sample is the total RNA from a biological sample.
The term “biological sample”, as used herein, refers to a sample obtained from an organism
or from components of an organism, such as cells, biological tissues and fluids. In some

20  methods, the sample is from a human patient. Such samples include sputum, blood, blood
cells (e.g., white cells), tissue or fine needle biopsy samples, urine, peritoneal fluid, and
fleural fluid, or cells therefrom. Biological samples can also include sections of tissues such
as frozen sections taken for histological purposes. Often two samples are provided for
purposes of comparison. The samples can be, for example, from different cell or tissue types,

25  from different individuals or from the same original sample subjected to two different
treatments (e.g., drug-treated and control).
[0165] Any RNA isolation technique that does not select against the isolation of mRNA can
be utilized for the purification of such RNA samples. For example, methods of isolation and
purification of nucleic acids are described in detail in WO 97/10365, WO 97/27317, Chapter

30 3 of Laboratory Techniques in Biochemistry and Molecular Biology: Hybridization With
Nucleic Acid Probes, Part I. Theory and Nucleic Acid Preparation, (P. Tijssen, ed.) Elsevier,
N.Y. (1993); Chapter 3 of Laboratory Techniques in Biochemistry and Molecular Biology:
Hybridization With Nucleic Acid Probes, Part 1. Theory and Nucleic Acid Preparation, (P.
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2. Methods 20 [0157] Cenotypi ng anal yses can be conducted using a variety of
di fferent approaches. In these nethods, it is generally sufficient to
obtain a "yes" or "no" result, i.e., detection need only be able to answer
t he questi owowoetdsssioa gi ven allele is present. Thus, arraiTysemsoemadbe
conducted only with the prinmers or nucl eotides necessary to detect the

presence _of one alle]e 6 2004/089810 PCTI US2004101049 otentially at
a pol ynolgcee @i)tE&eVﬁb\%geg}gg%F‘éd éfy’ﬁ?fe ‘thf’r Wﬁﬁ’é‘?ﬁég?ﬁﬂlgnaﬁ‘%@ﬁt%s_ to
detect  hmufll S ReAnOHaMRE Predd, NEYE (mbﬁ @uireht Bro@kol h}m&bm_apm@wgg, site are
i ncl uded. Exanpl es of " suitabl e approaches follow. Olfﬁ% Si ngl e Base Pair

Ext ensi o(AUSBREY Mrebhdlt, ednkIohsBfiteyr & Sers, Hivs NaveY oxke( 1% 3o ubargsnwplesss f i cal | y

devel oped.f.or conduct] i L ek SPBE
assays. naouSe SR B xRy pikehat AR 3Bl TR o

Typi cal | gxarhfleske dsglaysp RINA BbMtiolnyilocéss bf Chaneypskii ) Fe dedchibed indJ.Sofgqe) enent ary
to a targ\let nucl ei c acid such that the 3 end of the priner is imediately
5 of th&u&Sthhid-site or is adj acent thereto. Extension is conducted in

the presqgG® 9{géaeex;s}éssmaraﬁaﬂy@ée%kiﬁgnﬁm&-@ﬁe@mmmr@daa%éapa bid@igicddrat are 10
conplenmentary to0 the nucleotide(s) that occupy the variant Site and a

pol yner adestor fffectingrihe resatlisrgithis icenagnativntof ghe nusleie agidbinghe satiwle tiloy copwt

prevents further. ext ' e r o] kngor iLnto the

b mer . - PP noiaHS AR R Yoo BPor Ry A her, 266, WIGRAFBE A LT, LY
t he nocl gleémeleacaéptibiegovatisalni caply nambértredquired) Thetegdiredeopy riuambei ihltiee nucl eot i de
is incorporated onto the 3' end of ,thS rimer to generate a | abel ed

ext ensi oPapiclansamplq galwae gives ¢ reavired) B&?%‘F?tﬁflﬁvi AEhonghingtmecetstdY of whi ch

nucl eoti Qﬁtﬂnﬁl, RhA%iRbn AactidiR cHebd SsHdudibd Witk bn Brror RYASF uf#3084, uaci d.  Such
met hods and rel'ated net hods are di scussed, for exanple, in U’'S.  Patent Nos.

5, 846, 71@referablgds lpesq Assurgeg agdgmokitegpduing the BNA ®ngatrationss; requigd it WO

92/ 16657._ 1.0159 ' f .
ot 121 g bR Rl Bl Redl o MERH FIES, BB B S TBBUBRI IR 1 ons

in the deuecisiwed 9ile tértain ofithe devicks have suffician aogiesof gens éxpyestibe prbduits &S

descri bed herein, reagent .m xture containing a prinmer |abeled with one

menber ofcoaceﬂg?f&nﬁg@&@ﬁ%ﬁﬂj@%ﬂﬂﬁ?@‘}l&ﬁﬁ@w’%‘four | abel ed non- ext endi bl e

nucl eot i gggﬂ(c[rai)fee_,r; Qe Bxbieséiane MAdA Quadtiy € t han one non-extendi bl e
A

nucl eot i e‘ iS inc EJded) . f;md Apol ynerase are int rgguE:ed .(O.r pL?.\fi -Ousl.y
P T QU TR the 1 oabt GRPENPE Lo alll GARPEREat o ox] BRIEA0: Moour
2 2500 1 %)
10 100 1 0.17
= 16 1 0.027
>0 4 1 0.0066

[0168] A further calculation demonstrates that the certain of the devices provided herein
which utilize a 1 nanoliter reaction site contain sufficient DNA to achieve accurate

20  expression results. Specifically, a typical mRNA preparation procedure yields approximately
10 ug of mRNA. It has been demonstrated that typically there are 1 to 10,000 copies of each
mRNA per cell. Of the mRNAs that are expressed within any given cell, approximately the
four most common messages comprise about 13% of the total mRNA levels. Thus, such
highly expressed messages comprise 1.3 ug of mRNA (each is 4 x 10™'? mole or

25  approximately 2.4 x 10" copies). In view of the foregoing expression ranges, rare messages
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Any extension product formed is detected by the formation of a FRET signal
(see, e.g., US. Patent No. 5,945,283 and PCT Publication WO 97/22719.).

The teact'igns tionally be thernocycled to incregggy hﬂy%}mbbs' ng the
t enper at ur &'%@ﬂ?‘?’%&gmt hods and apparatus descri bed ag@?e‘% 0160]

Quantitative PCR Genotyping anal yses can al so be conducted using the
quant i t atré expectRDR hegirésentsit d davel aflabout@ar 10 aropies. nIftmastauéeséanalysﬁa‘tbc entially

| abel ed E{nﬁ%npdlsﬁve%?ﬂ ¥O Ef)theeggcfré flc;[&gga elsg f(.)r ro%rﬁﬁloxzz ;%Jded as

reagent mers

react i ong’ Gépflesns; mmrcdm;eheshom dofregpohds ta 26000 b@l@l‘@bé ,nl azlell teugh1a'hivp. can
create anbiguity as to whether | ack of signal-is due to absence of a
particular allele_,or sj I 37 WD 2004/ 089810 PCT/ US2004/ 010492 a failed
reaction. For the3typ| allelic case in which two alleles are possible

for & polswardehise egpreRiontanlyss fbrRaRPinvalvtya ﬁ@ﬂﬁiaﬁde afagteﬁsw&ﬁ@h igerfectly
conpl ement aré{to one of the alleles are usuall K i nclu I n the reagent

ni xt ur e, typiegj bt ashieved usEmeamgiof thea&@maﬁwm%m PCRamigtheds deseribed gBovsol yrer ase.
Sanpl e | Fﬂ}l@dl |onS|te | f
t hgp alle élts’taig \?ﬁ%\/j %‘bg’p%% gstlllts canp eﬁ?gﬂrﬁgﬁ&sﬂg&r@gé&n@ ?re%% target DNA,
t hen arrpelpbfwd)&t the feaoti@Lsites ca:rhacled)g/orrees all bf thg fellvvangtetiact diletedyirgbeal as

descri bed ection_.above. .Based upon. i.ch of the differential
si gnal |‘§1°i?8f1é‘?sr?€ﬁp‘%tyﬁ‘€r grﬁf“r‘f er&‘?latl‘ﬂélye hﬁ@lhé%\c,{]l Jreagent xtyg Bhic site
can e d@LRAE oRedr all &fm@fdmoﬁrn@ng e hcl6tRides; p6met 36, ran@mt&calaidnaiyes are

present. Thernocycling during the reaction is perforned as described in the
10 tenperature contrql section supra. C. Gene Expression Analysis 1.
General [0161)- GeddUHRIEXBEsi on anal ysis i nvol ves determining the |evel at

whi ch ongp194] mraﬁag_%&%a deviCesSHERrfbRd Releintsd, PRI FIGIhAL 1£8) BA 2AB8B and

determination can be qualitative, but genetally is 15 quantitafive. In a
di ffer enaqcemprglefm textmreydlmnﬂmdeﬁlg@dso candect ladares BumbertOIﬁemgleﬁfe(lsl) in one cell

(e est & t he_ ex S350 Ol gvel s the SAme genes
in anot hr§ °1°8f'fl%€( cont ro ﬁeﬁ&e E?“)\;Vevervcarl eﬁ V' 0 ﬁlgggrexg L5 can be

madel5 Exestidh&@mginnudtiplel enalja;ast (ead. . zentt@ping aiid éxpekstion awalyses)peitting eath bﬁcﬁ&e n
heal t hy and di seased cells, between cells froman individual treated with
one dr ugSIE;nd cells from anot her untreated individual, between cells 20

exposed [a7f Waltilexahplifita%he sdiievemnbe ﬁafd;ﬁedlmthﬁmmdyeaém st@bPTer Cenes
whose expression. |levels vary between the test and control celI's can serve

as mar keexamplrl PoNZing:¢ plaraditf offprimess, pah specific for a particular target nucleic acid of
interest, during the thermal cycling process. The presence of the different amplified products

20  can be detected using differentially labeled probes to conduct a quantitative RT-PCR reaction
or by using differentially labeled molecular beacons (see supra). In such approaches, each
differentially labeled probes is designed to hybridize only to a particular amplified target. By
judicious choice of the different labels that are utilized, analyses can be conducted in which
the different labels are excited and/or detected at different wavelengths in a single reaction.

25  Further guidance regarding the selection of appropriate fluorescent labels that are suitable in
such approaches include: Fluorescence Spectroscopy (Pesce et al., Eds.) Marcel Dekker,
New York, (1971); White et al., Fluorescence Analysis: A Practical Approach, Marcel
Dekker, New York, (1970); Berlman, Handbook of Fluorescence Spectra of Aromatic
Molecules, 2™ ed., Academic Press, New York, (1971); Griffiths, Colour and Constitution of

30  Organic Molecules, Academic Press, New York, (1976); Indicators (Bishop, Ed.). Pergamon
Press, Oxford, 19723; and Haugland, Handbook of Fluorescent Probes and Research
Chemicals, Molecular Probes, Eugene (1992).
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For exanple, if a certain group of genes is found to be up-regulated in

di seased cells rather than healthy cells, such genes can serve as narkers
of the disease and can potentially be wutilized as the basis for diagnost.ic
tests. Theswogessmesioul d al so be targets. A strategy forpc3mwshéodaiosspg t he

di sease m ght include procedures that result in a reduction of expression of
the up-regul ated genes. [0162] The design of the devices disclosed herein

i s hel pf [M72)Multiple genatyping apd oxnressiop apdlysps gen omt;opaléshq eomdypgted giceeh Because

t he devi GRS nber of
genes an%% &10% F@%&da{%{‘%g tested dé){uc{l ng&da lu lﬁéedLgm11 gﬁgﬁm ind flow
channel é}ﬁplﬂ@iﬂgabffcreﬂtcvegwnssif artarect DINA oémr&ﬁarmnclh@demmmh smgtad'eanhmor

t housands, of__gene e ed at the.sa dme. . The devices al so
o 1t able, QHTEEREHD Arelgarebas it regibn i e o digReishRGodHER BH5es aes: gn,
for exanpkgeda sanpl e obtained froma healthy cell can be tested in one

fl ow channel, with a sanple froma diseased cell run in an imredi ately

adj acent 38 VO 2004/ 089810 PCT/ U82004/010492 channel . This feature enhances
the ease of dBtectlNe M 2BI$C8cy of the results because the two

sanpl es 4 : SRR S2me
conditio 59 fgﬂul%%séfpﬁ ér ep%‘ggl |a§ﬁdggfg{%%cent F%%cﬁ%aﬁﬁfsgi %G&F&cﬁsg%sur e the
transcri plso bmuilhmadlm@amdbdrloéo%blyanpheatmnmmsﬂ ofis indicele)l carfliey tiipadewices 5
genes, a nucl ei.c c ris transc of the gene(s) or
gene fr&ﬂﬁé%‘ftg“e @ng% I’é‘@ﬁgg%l‘é’ qf%gg% mgtg%%’fh?é]?qtpt (s) is
obt aijpedgerndrateld @itéctabld signalierd féadlohwnuatrthm%mréama $Gthi Adetdclb@feagd® a

nucl ei ¢ aC| d for whose synthesis the mMRNA transcript or a subseguence

t her eof ik Seneratessa ssgnpl upopnjeigraglionswitly Hasireaction peduct: 3 cDNA  reverse

transcri OS]

arrplifieg(ﬁ?g ?ﬂor’nthe C tﬂé‘d trans.}f(?rlgnfdIli ew r% lll(gdg% are
al | deri wedehtifyrest h@ntsmavermmmlmdesmd adehactAmp@élﬁs mzkmple,rthe/ed product s
is indicati.ve of the]ﬂ{) gsence and/ or abug %,nc trt1e ar ﬁltnal transcri pt
in a samfPuceSFARLe ulized fo,5xeeD somPRUnds forjagHw Lﬁsu SiEatq oy nhipier qf oge oY, nRNA
trangsri picee izyhlde. Bs06h Salygey) st cotlind SUPSthE deted emkyﬁﬁuf:mak the nRNA,
cRNAtranscrlbggﬁfromthe cyglf)NA Fl{r;(;i)llfledfro&ﬁﬁ

transcri Beagents &1 Genmatalionsgcafgiors pod gubpirates) mﬁ%@ﬁgggﬁt@rwwsbf ic acid
sanpl e i %eﬁ&ﬁe& )Sh aie rRRb6h glﬁeolﬁfe%ﬁzﬁﬁ@mrﬁﬂé%' %e‘ﬁgﬁtf&fucecﬁﬁﬁl}la&noh ﬁfﬁfe"f@s‘i

I nst ances e nucleic acid sanple is the total RNA froma bi ol ogi cal
sanpl e. cﬁmeou@rlﬁﬁ'smrsbato)yrodnb@anpf thte reagon G e fest eimpouné issangnhibiter) sanpl e

obt ai ned dfetregtn}l.agu&lrrgg}:ﬁbgsngr inhibition can be accomplished by standard techniques, such as

20  directly or indirectly monitoring the loss of substrate and/or appearance of product.
[0175] Devices with sufficiently large flow channels and reaction sites can also be utilized to
conduct cellular assays to detect interaction between a cell and one or more reagents. For
instance, certain analyses involve determination of whether a particular cell type is present in
a sample. One example for accomplishing this is to utilize cell-specific dyes that

25  preferentially reaction with certain cell types. Thus, such dyes can be infroduced into the
reaction sites and then cells added. Staining of cells can be detected using standard
microscopic techniques. As another illustration, test compounds can be screened for ability
to trigger or inhibit a cellular response, such as a signal transduction pathway. In such an
analysis, test compound is introduced into a site and then the cell added. The reaction site is

30 then checked to detect formation of the cellular response.
[0176] Further discussion of related devices and applications of such devices is set forth in
copending and commonly owned U.S. Provisional application No. 60/335,292, filed
November 30, 2001, which is incorporated herein by reference in its entirety for all purposes.
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or from conponents of an organism such as cells, biological tissues and
fluids.” In some 20 nethods, the sanple is froma human patient. Such sanples
i nclude sputum bl ood, blood cells (e.g., white cells), tissue or fine
needl e bi opgy 20a098RS, urine, peritoneal fluid, and f|mmes2oedsowesez or cells
therefrom Biol ogical sanples can also include sections of tissues such as
frozen sections taken for histol ogical purposes. Oten two sanples are

provi ded for purposes of conparison. The sanples can be, for exanple, from
different cell or tissue types, 25 fromdifferent individuals or fromthe
same origi nal sanple subjected to two different treatnents (e.g.,

drug-t r ek ed EehBCa8Rt rol ). [0165] Any RNA isol ation techni que that does not
sel ect agains{ the;d,sQl Abdepld Oof NRNA can be utilized for the purification
of such RNA sanpl és. For exanpl e, nethods of isolation and purification of
nucl ei ¢ [@tTHsAsalmdebwomailissdhd micodluadic dévicegha® e POBGacd e @ierally317, Chapt er

b i1 2SR Rl Ao e e S EPoiply RSB idREC) ot ci o
Pr epar at daeRficibiHayel ieh&psilaticddetlidds € Yh€basic MISY aphrb&hdhvolt@ranstiy akefiés of

Laboratory Techni ques in _Biochem stry and Ml ecul ar Bi ol ogy:. Hybridization
W t h Nuctlastemeis layees efbe gricrpgachined mpldgrepoxing thelayes domcheimoldeadithen on, (P.

39 WO 20 21 1] Vi Y. (1993);
and Sanbi g it TsEh{iZ 4o i AHSaL-layd R piushth o sV T (v h
Har bor Ppledaesidt.ade depsite8 $)here@errarchannePrsatesioadl STheese tédhinagmed znd tBeiohsegy,

A |, E.M et al.. eds.).John Wl | nc, . - New Y 987-1993).
(Lalrjag&ﬁuwﬁg'r“‘éng %fcrﬁ%@ﬁge‘éﬁ%ﬁ @%crﬁésgﬂ Hgéet&! @ﬁnq%"B{égWegg%e\éveb@ir &86 echni que)s
known i ngéibmeaBs:113-1¢6, beHiChou, €t ol (2D0exdnBiated Fitdmdr Ghedis Lap olMAhigol at i on

process of Chonctzynski, P. described in U S Pat. No. 4,843,155. [0166] In
gene expbesae Batterame pad DN Plagnqsties. inrogredings of the Selid Statedaivatonsad, o

si gni fi caff, mmsﬁap,qﬁft@rpﬂéaagsm%n& 7125083 mlfcaa&?wmft_%%dcﬁ Bf whichhe

nucl ei ¢ aC|dr|n the 'sanple. At I'ow copy nunber, noise is related to the
squar e r sahcopforatephernimbyaeieremteuy theiteatitaty éir alpurposasr that is 10 deened

accept ab rn he ¢ 8 {r.ed T [ [ C nunher in the
part ?%:ul L‘ﬁ@ﬁ%ﬂg ’\PE') ﬁ’#&gg‘%\f%s I3 I%'%gﬁﬁisr@gl %?:lgggaé% it %t%ging(ﬁ?{er&l ‘fqﬁsough not
necessar fdryop lapdrs (eag., thejdlastomerdd laydn withahé ¢! danndls) 200 bolitisth &Jemi(e.p., an err or

| evel of up to 50% but. preferably.is |ess. sym 1 napoliter vol une,
the DA BB isiomeaefartvit Bistioa bpwieis) 3p Dot walsas 1 RAOIiogRPEY Mibvel *ar o
shown i npHABlegstIShipfey®IR 5080)S em_me_itha?nyJ:An_t&rcom&lmec;s‘ély%whg gpinused wi th
certain of the devicés have sufficient copies of l(gene expréssion products at
coating rate. Photoresist channels are formed by exposing the photoresist to UV light
20 followed by development. Heat reflow process and protection treatment is typically achieved
as described by M. A. Unger, H.-P. Chou, T. Thorsen, A. Scherer and S.R. Quake, Science

(2000) 288:113, which is incorporated herein by reference in its entirety. A mixed two-part-

silicone elastomer (GE RTV 615) is then spun into the bottom mold and poured onto the top
mold, respectively. Here, too, spin coating can be utilized to control the thickness of bottom
25  polymeric fluid layer. The partially cured top layer is peeled off from its mold after baking in
the oven at 80 °C for 25 minutes, aligned and assembled with the bottom layer. A 1.5-hour
final bake at 80 °C is used to bind these two layers irreversibly. Once peeled off from the
bottom silicon mother mold, this RTV device is typically treated with HCL (0.1N, 30 min at
80 °C). This treatment acts to cleave some of the Si-O-Si bonds, thereby exposing hydroxy
30  groups that make the channels more hydrophilic.
[0179] The device can then optionally be hermetically sealed to a support. The support can

be manufactured of essentially any material, although the surface should be flat to ensure a
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concentrations that are workable with mcrofluidic devices. [0167][ Table 3:.
CGene Expression- DNA Quantity Error (% N (Copy No.) Volunme (nL) [ DNA]

(10-12 M 2 2500 1 4.2 10 100 1 0.17 25 16 1 0.027 50 4 1 0.0066 -[0168]
A further ea)sdledogon denonstrates that the certain of RERUSE03&82 provi ded
herein which utilize a1l nanoliter reaction site contain sufficient DNA to

achi eve accurate 20 ex ressl on res peci fi cal

pr epar at&o8ssahge theedl forme d%p‘HBfJ‘Fléf Ve ey %%/“?pr %ls been
dermnstrsaﬁﬁd;tsg,g@ﬁdet%[gg%swsm%@lﬂe 1 to 10, 000 cop| es of each nRNA per
cell hat" are expressed within any given cell, approximtely

t he fodﬂlmgthe dovinesrfomessasersding imibeiferegeingmethod vesalt in the substrate (BRNA | evel s.

Th h 4
1055 e s Brii AR PG Oy TRlc B oy g o e JIRORAGRRET | 2
expr @ssifedin Gg#Ber maeld és séﬂsﬁmgaetﬁm d&td&r&ﬁﬁéﬂl&&%ﬂ;ﬁh BEThdFA0haMd &2 are

expected tQ be present at a |l eve about x 10"8 | es .n standard
anal ysi siofafig englesed %y ﬁ%?rgeffcsmﬂ?%@o& e&svlﬂnaelaﬂpme%%w&%ﬁea HiePéPP?‘Eﬂ?ﬁéff arare

nmessage feSoRPPIoodubRid dupgort,. 10" copies/ul; this concentration corresponds
to 20,000 copies per 1 nl"well (or 4 x 101' M. 3. Methods 5 [01691 Because
expression anal ysi s typlcally anolves a gquantitative analysis, detection is
typical ly acH-eveds Ytilzng B gannebesigt i ve real tine PCR net hods
descri bed above. 1ThUSLa JrP%nﬂ_aﬁ&Wa” approach is utilized, the reagents that
are introduced (or pre otted) in the reaction sites can include
one 1r ajoit SYfMichefluidit demites dpased onriee bliddahadretid¢signbie whmhuezignﬂs |arbes and

| f t tion d til h
V) cal | gFporte aE meton ep et iorsoe® s g gormhe SPaier B o BbY s,

pol ymer agsionflagerishe 5et @Jdnqnu@lmagena aré\/&épbslwdemegm&&ﬁm& Thbedimd- based
devi ces described herein (see FIGS. IA IF 2, 3Aand 3B and

acconpanifPm yateystejasipmeric ﬁl‘?éf?f@"ﬁqsﬁeﬁfé@ﬁbﬁébe referensagicitad aQOYQa?IgMIﬁu nber of
lif
?ggd: I I;/C@thurt%?&h&panﬁagn%lg% aga%lgi cond;[lctl ng EP% e ana‘? ega?

genoijypi thg aaaemept mddoatiomntihy mst)omaﬂbhthlat igdedired darghé parclcular dev1ce one

can determine the locations on the bottom layer at which the appropriate reagents should be

spotted. Because PMDS is hydrophobic, the deposited aqueous spot shrinks to form a very
small spot. The deposited reagents are deposited such that a covalent bond is not formed
between the reagent and the surface of the elastomer because, as described earlier, the

20, reagents are intended to dissolve in the sample solution once it is introduced into the reaction
site.
[0182] The other two layers of the device are the layer in which the flow channels are formed
and the layer in which the control and optionally guard channels are formed. These two
layers are prepared according to the general methods set forth earlier in this section. The

25  resulting two layer structure is then placed on top of the first layer onto which the reagents
have been deposited. A specific example of the composition of the three layers is as follows
(ration of component A to component B): first layer (sample layer) 30:1 (by weight); second
layer (flow channel layer) 30:1; and third layer (control layer) 4:1. It is anticipated, however,
that other compositions and ratios of the elastomeric components can be utilized as well.

30 [0183] During this process, the reaction sites are aligned with the deposited reagents such
that the reagents are positioned within the appropriate reaction site. FIG. 6 is a set of
photographs taken from the four comers of a device; these photographs demonstrate that the

deposited reagents can be accurately aligned within the reaction sites utilizing the foregoing
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site. [01711 Miltiplex anplifications can even be performed within a single
reaction site by, for exanple, utilizing a plurality of primers, each
specific.for a particular target nucleic acid of interest, during the

t hermal cyevo n@4/poemess. The presence of the different mogbs2ddsmdospsr oducts 20
can be detected usi ng differentially | abel ed probes to conduct a
quantitative RT-PCR reaction "6% using differentially_ | abel ed nol ecul ar

beacons 3pBiachs LFB}eé*) photegraphe FP%E% ﬁlﬁ‘égels andamactign pitelogpEd githgendefel ed probes
i s desigpgd RthvJBhQﬁﬂeqi' The WitteYeilcR lﬁdﬂ?ﬁé% thé HJ'cQt'ionadf Rhd éép@ﬂtcﬁ%&@ﬁt reﬁb{ve
judi ci ous choice of the different s that are utilized, "anal yses can be
conduct datherreadtion kite. t Awindicattdearit repgenbipst mmeslloxittiin the canfinesiof thstreatien at

di fferent wavel engths in a single reaction. 25 Further guidance regarding
the sel 88ion of appropriate fluorescent labels that are suitable in such
appraeaches include: Flg _m@g:ence Spectroscopy (Pesce et al., Eds.) Marcel
Dekker, New York, (1971);. \i t?gpﬂhé at., Fluorescence Anal ysis; A Practical

Appr oacH? %ﬂ‘@areage%tk Re}be deaopit zipg apypf 2 npmberof commertt agpble

Fl uores S L Ad 4 Yol & estybl g@mﬁéj G New
Yor k, (%g Gr| ffalﬁ(% i Coﬂgh})r gﬁd hcsgg%j%@?hnt 3on 0 cs30 Oggér%:ogml\ﬁ/éa?%(s:ul es,

Acadeni cspﬂrt@sthat caiebﬁ Uttdrz 1 in(thep@parationdifdlag devises Bphlﬁepm sBdtters, aPeusgjanon  Pr ess,

Oxf ord, 19 23; ug of Fluore bes a Resear ch
Ol ord, UG gl Ao BB ol EhR R3S U B2, 30 o

PCT/ 14520t a8 Eerta{nﬁ)ds}x?dtlc utnips. PE angesify Pinfi@rodly a0 %ipibesSspofiers avhldgses can
optionally be conducted_at each reaction site. If quantitative PCR nethods

such as Gatsaan Technologies MigroSyh 2P0 Frving, A Blitach $RIIC (lamgeds £AMGapeti ¥egi ons
of a tar@gl i Ntmat dKﬂ%@ﬁﬁ?%ﬂ&ﬁﬂ@i?{ﬁ%a‘@lzﬁ&'&ﬁnﬁ'ﬂ&l&d BRRGEARN Site.

D|fferent|aIIyIabe robes for region are utilized to distinguish
product Spebdrray(Meridsnnel). LEgendoal, mﬂmlePAtﬂOd reageiity e slep@itgdjuswidiyl e usef ul
for cond ana e dev. can

o on a8 Bl B PR A B S LT
ear | 1%®r, othérdngimces ¢ss thaa0.50d, U123 bl aelil hb anal yze essenti aI |y any interaction

betvveen o] ecj es that tes_ a,detect I gn a
reaction Oﬁg%d%’e?ystq?ﬁ\gla? Waé’a?&ﬁoetif]fgﬁ"?aﬁ A ( pgthpds s ?rg’ig 0 eErFa?j d’g%erat es a
si gnal  UpQght N S1465534aR1e ARa§ BEollg8a¢dldtBed SOt suthsBhtéd | wHibh S hefet! €Xxanpl e,
the devices can be utilized in a nunber of screeni n% applications to

i dent i f yinperperategdyyirsterenee, wheiein eligeppaleatide arobere sichag SAPRrohesyare As a specifi c
exanpl e, syrnlfﬂ%sized in situ using spatial light directed photolithography. Such arrays would be used

20  as the substrate or base of the microfluidic devices of the present invention such that the
regions of the substrate corresponding to the reaction sites, for example, blind fill chambers,
would be contain one, or preferably more than one, oligonucleotide probes arrayed in known
locations on the substrate. In the case of a partitioning microfluidic structure, such as the one
depicted in figure 15 herein, the reaction sites, depicted as square boxes along the serpentine,

25  fluid channel, would contain a plurality of different SNP probes, preferaialy a collection of
SNP probes suitable for identifying an individual from a population of individuals, and
preferably wherein a plurality of reaction sites along the serpentine fluid channel, such that if
a fluid sample containing nucleic acid sequences from a plurality of individuals where
introduced into the serpentine flow channel, and a plurality of valve in communication with

30 the serpentine flow channel such that when actuated causes the serpentine flow channel to be
partitioned thereby isolating each reaction site from one another to contain a fraction of the
fluid sample in each reaction site. Amplification of the components of the sample may be
performed to increase the number of molecules, for example nucleic acid molecules, for

binding to the array of SNP probes located within each reaction site. In some embodiments,

45



devices can be utilized to screen conpounds for activity as a substrate or .
i nhi bitor of one or 15 nore enzynes. In such anal yses, test conpound and

ot her necessary enzymatic assay reagents (e.g., buffer, nmetal ions,- '
cof act ors syishosdbweéoat es) are introduced (if not previ opchys2ekmentted) in
the reaction site. The enzynme sanple is then introduced and reaction (if the
test conpound is a substrate) or inhibjtion of the reaction (if the test
conpoun@a§hsotabe feRtHiop;stiet alonst e_ﬁ"éP“é’f:‘P%g‘.“dSGéPPei ¥R :bt%]%e Ve ghttien can be
acconpl ighegl Qéf?éﬁﬁﬁ Potids LiPH)aB) AH G othSikpib iEmerts) Wb bEMmbleYof e feidiohCt | Y
nonitoring tﬁe oss of substrate and/or appearance of product. tg0175]

Devi ces sitestdhormthé sespenting ¢ flpidchanng] wonld haveredifferentiset obINP probes.t@heran al so be
utilized to. co I et ecte i nferacti n a cell
and one PafitigpE (i aHpBher S ke b SELER, o} SRR blaathedhiE

det ersmi rypdrichell trfnchisgsthes, and pafdrihc Other atraling tachRiqués, picR 2 Botiing dedcritedpl e. One
exanple for acconplishing this is to utilize cell-specjfic dyes that 25

pr ef er ererei F%?thé‘&ﬂsf'gﬁ dtq f%’r‘?‘%\?ﬂ‘?‘)@ pgatqd pithin thepaditionphle regeiRns sites pe

introdugﬁ& ia%%@yeﬁt'ﬂfeoﬂc@ﬁﬁi&n?ﬁcﬁiaiElsbrﬁi%ﬁe&,ﬂﬁm&ﬁ:\ﬁeﬁ(sﬁdded- Staining of cells
can be det §cte using standard m croscopic techniques. As another

i 11 ust r d0186h The égdiovangrpeunples asepressated do Butherlillusirate pertain aspeatoofith gger or

i nhi bit cel lular, r nse,. asignal .transdyction t hway. I n such
an anal Y¥°E? é’%?thoc‘%ﬁlgaoﬁﬁeadlsiczolégérlltl%glau’c[‘gagl)‘aﬁllgpc}esaarg P‘(?jteo gﬁaoqsﬁd%rnelataﬁe cel |
adderp Theitihgaetihwationt e i s 30 then checked to detect formation of the

cel lul ar response. [0176] Further discussion of rel ated devices and

appl i catxpns ofxsanvmpgevi ces is set forth in copending and commonly owned
U.S. Provisional application No. 60/335,292, filed Novenber 30, 2001, which
i's incorporateg her @jxﬂmg}é I i e BEehANEVAlISatRAE | rety for all purposes. 42 WO
2004/ 089810 PCT/ US2004/010392 Xl. Fabrication A General Aspects [0177] As
al luded to earlierd; th&temdgetion yjdic devices that are provided are generally
5 constr 1.2zl i [l i IVBL)

t echni qu@gﬁﬂﬁ%}% &»‘#doé%crl isg‘i% afI% - aye@ge‘&ldéatggg 8?%&%% drlr%ttsﬁ%ggs&ﬁ%%{ basi ¢ MSL
appr bac hreaativnd candbecasdiichmgl wtlsemiceslwdic devies b ithe desigd sat/forth hereirawith

m cr o- machi ned ld, .r Vj e.}ayvers.fromthe nold and then fusing the
| ayers t%@’@‘rﬁ@f‘. |5§@?{%£%?{‘EF¥@%M%H&%%’QB1 ation approach, patterns
of photoresist are deposited wherever a channel is desired. These

t echni ques and their udMiciofluidic Devdebici ng m crof l uidi c devices is discussed

i n detai f |l e,. by LU .et_ al. (2000 Scj 288:113-116, b
Chou, - ot 04381 % SBFver FHer ik oebsnuet ety ML GEO G A Argened

and fabricated for conducting the experiments described in the following example. FIG. 7A

20  shows a cross-sectional view of the device. As shown, the device 700 includes a layer 722
into which is formed the flow channels. This fluid layer 722 is sandwiched between an
overlaying layer 720 that includes the control and guard layers and an underlying sealing
layer 724. The sealing layer 724 forms one side of the flow channels. The resulting three-
layer structure is affixed to a substrate 726 (in this example, a slide or coverslip), which

25  provides structural stiffness, increases thermal conductivity, and helps to prevent evaporation
from the bottom of microfluidic device 700.

[0189] FIG. 7B shows a schematic view of the design of the flow channels in flow layer 722
and of the control channels and guard channel in control/guard layer 720. Device 700
consists of ten independent flow channels 702, each with its own inlet 708, and branching

30  blind channels 704, each blind channel 704 having a 1 nl reaction site 706. Device 700

contains a network of control lines 712, which isolate the reaction sites 706 when sufficient

46



Surface Patterning and DNA Di agnostics, in Proceedings of the Solid State
Actuator and Sensor Wbrkshop, H lton Head, S.C.; and in PCT Publication WO
01/ 01025,. each of which is incorporated herein by reference in their
entirety fovo ziodogesroposes. 15 [0178] In brief, the for §ITHGIWAHIZL at i on
met hods initiaIIy invoI ve fabricating nother nolds for top |layers (e.g.,

the el astoneric nn . rs (e.g.,
the el adYBREFIY apPayer rﬁeﬁ %%&a:? ow c%%@% %L(%I@ﬁt%%%%élﬁéﬁﬁ?

phot ol i thagsraaounof the rqabiidrodies 764; f1(idhs plreyucsl Ridadk0Y18. Channel hei ghts can
be controlled precisely by the spin coating rate. Photoresist channels are

formed by exposi ng the_photoresi,st to UV light 20 foll owed by devel opnent.
Heat refl ow process ana—g%?%lg@ﬁ%wt reatnment is typically achieved as
descri b dlﬁgoo) ZIMQ%lISi%ﬁBC‘[L@%erS%d'ﬂHW obeto amphff &on 3ngtne. R Quake,

Sci ence 88:113 Ich is incorporated herein by reference in its
ent i riet yactimgeriefen hywammele.gegomicd Bk (Rrpmaga MadisomW s sarsicted it dedives pun

into th d I Here, too,
spin cog%ofan’gh Og]aﬁlwginqe | ze%qsﬁ Otg@én HB% %&BP Lné’é?@?&gﬁéq?y poI ymeric
fluid | aﬁMKCI[henpdthrls&[dIIyOOMMeEDTAmOkMIMssmstﬁednedl @RM),pHBBY, 85-410] d after
baking in the oven at 80 for 25 mnu I gned and assenbled with the

bottom | g a cRctin fasyard priss and o

ByeM CAZQO gM&uFE drqi?? ﬂGEBk@OaIM é‘éTEs 30@ M Bepetin fasmard ¢

I | th | d,

Y YL SMSARIBI ELh G I BRERRRGGIABpIRL e, T

é (r) eaIOmnBlo?ﬁt?st %ﬁrﬁ%CﬂQﬁl?ﬁWﬁ@y&ﬁz@hﬁi(ﬁ Hsﬂm;aéﬁiman&);gom ng hydr oXy
roups at make S e deyjce ca

then opt? Mﬁmoy Bt g Sals Prys. e Baovel Bt ﬁ?ﬂl‘wm’fﬂ’ek@ﬁﬁg?,tﬁy@a

manuf act §1peG19erSIS ALY, B, |L)6ui§rM fiRl H,@hid ke Behdific PNA ape shoul d be

flat to ensure a 43 WD 2004/ 089810 PCT/ U82004/01 492 good seal, as the

seal for monsntpoﬁ tharqabtyomgreta@dedd@ewdw aftotab@gctlmhmee@ 2éful sNegativk e

supports i the |.i 018 ] f or med
Sonbott el GRSl R e P Fackint Fob GERE, A PR PRR [P0
slidej feemimgudedéen viehlsetadf PilORerehdtions.channel . Al ternatively, the device once
r emoved 5 fromthe nother nmbJd is sealed to, a thin el aﬁtomarlc menbr ane such

that t hel0PHPrasdhs braNlan repclion spppletanddpgrol wergp pxweminested . The
resul ti ngyShRssRABE dSvieYI0s, ﬁ‘sﬁ@ até%ﬁ?»a&lﬁé bi?@ﬁﬁﬂ attac@eq th almm yﬁfggea Tadbstrate

support. B. Devices Uilizing Bl'ind Channe . Lavelr Formation
pipet tip was filled with the reaction samples and then mserted mto the fluid via 708. The

flow channels 702 were filled by manually applying backpressure to the syringe until all the

20 entire blind channels 704 and reaction sites 706 were filled. Control lines 712 were filled with
deionized water and pressurized to 15-20 psi after all of the samples were loaded into the
flow lines 702, 704. The pressurized control lines 712 were actuated to close the valves and
isolate the samples in the 1 nl wells 706. The guard channels 716 were then filled with
deionized water and pressurized to 5-7 psi. Mineral oil (15 ul) (Sigma) was placed on the

25  flatplate of a thermocycler and then the microfluidic device/coverglass 700 was placed on the
thermocycler. Micro fluidic device 700 was then thermocycled using an initial ramp and
either a three-step or two-step thermocycling profile:
[0192] 1. Initial ramp to 95 °C and maintain for 1 minute (1.0 °C/s to 75°C, 0.1°C /sec to 95
°C).

30 [0193] 2. Three step thermocycling for 40 cycles (92°C for 30 sec., 54°C for 30 sec., and
72°C for 1 min) or;

[0194] 3. Two step thermocycling for 40 cycles (92 °C for 30 seconds and 60 °C for 60 sec.)
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10 [0181] Mcrofluidic devices based on the blind channel design in which
reagents are deposited at the reaction sites during manufacture are
typically formed of three |layers. The bottomlayer is the |ayer upon whi.ch
reagents arwodepmsdsied. The bottom | ayer can be forned pCraS208010942S

el astoneric nmaterials as described in the references cited above on M.S

nmet hods. ngji cally, the material is polydinethylsiloxane (PNDS) el astoner.

Based upH95Mi Pibeyyelrphied Binsysteran EPEer Gity, Y Witlhihe reppiging gactioiat | s
desired . i I ' : ] : ' on the
Mmts,%m%%dhmg BT GErcrifHi%o dﬁﬁﬁ%ﬁﬁf BEdlIE %g@hdgg gﬁfaergf_ea

bottom | ayer at | _ propriate reagents shou ’ Because
PMDS i s imtbie mpdnathiidic deviee, shepropslaceddn thg (isneAmp PEIR SystammRE0Q (Appbedn a very

o ot T Blomstetis, EFRRTIOE ) FALRhRocdEe HBE b0 Hede! Te MiBho, Pad B hecnuse,
as descr tdaaibne sdrlddets mdchacalfic can@iytbstharaciidisatfeindddn thesfietoRuidia t he sanpl e

solution once it is introduced into the reaction site. [0182] The other two
| ayers oflevigse Thrstheraocyslmepraiosel yvas st fo [atch that pbthe pygroluidifrdavice et or med

and the W@y il Wil 8 (RO RIARA 1RG0 FLbMal Yakohannel s are for red.

These two ayers are prepared according to the gen met hods set forth
earl i er [0196hOsceshermiooycling as 26mpleted) the eantiohnd guast lirsts mere dapecskwizethen pl aced

on top of e f.irst |ayer .onto ich.t egage h en.deposited. A
opect Fi o sl Bfghin vt ekt Feg bt HBtslas (BT LR mp . FE°Gud FF e
(rati@n plac&foanitay AWoRx SOAREN @i Preéihibﬁ,tlséa?wﬂf, Wapw1th e nlodifed) 30: 1 (by
wei ght); second |ayer (flow channel layer) 30:1: and third |ayer (control

| ayer) 4caqmien tThie_élumﬁqee?eplafe@&,ty Wab s f‘?rﬂlé}'lee diffent exsitgtien/episkign and ratios
of the elasdiQpRll wwwmeaf:m?wfq&@rm{ (VI_b’?’,ﬁﬁd%O/ggédm (ﬁagﬁwﬂ@éﬂen&ir' ng this

process, the reaction sites are aligned w t he posited reagents such
t hat t he PRy dht drmay &V erbs Software avagseditmimadpe thepfiwarescereen theamiciodhidict e. FI G

6 is a set .of hot odr aphs. taken.from the four cerners.of.a.device;, these
phot ogr aBRe i SR arERe b AR vodk bl udyRites SEARE T S epe TEERIE o y

al i gned Vetdthéh 4B zEERERd ONIiGbIGTSERE] file 20 EWliculNE tHe T ANIPRN GatisHoY P-aefi4/ 089810
PCT/ US2004/ 010492 approach. These phot ozraphs show guard channel s and

react i on Taqlan regetipnadrertcopyrationg Mgcro bz Pesitdve seppins o targptdDNMAIWase ci r cl e

i ndi cat e ' : ' . Y reaction
e pg Selefiint Rt Altupiiohs VoA 1 Hrd G SRl bY el fanultplell? TE8C1 L0
react i on (TsiMan PCR Reagptd{it Progoqol)l Sl sigtab strangthemissatcalatdddydibypdimetied utili zi ng

any of a FWI rggio SPHY sarn%lgs! llnyy ﬂl‘é‘ﬂh\)ﬂqf’lﬂl%’aﬁo of the controls. A successful reaction

20  was defined as a sample ratio above the 99% confidence threshold level.

4. Results
[0197] Initially, AmpliTaq Gold (Applied Biosystems, Foster City, CA) was used in TagMan
reactions and FAM/ PR 1/Control ratios of 1.5-2.0 were produced, compared to Macro
TagMan reaction ratios of 5.0-14.0. Although results were positive, increased signal strength
25  was desired. Therefore, the AmpliTaq Gold polymerase was substituted with DyNAzyme
polymerase due to its increased thermostability, proofreading, and resistance to impurities.
The standard Macro TaqMan DyNAzyme concentration of 0.025U/ul was used in the
microfluidic experiments. This polymerase change to DyNAzyme produced
FAM/ROX/Control ratios of 3.5-5.8. The signal strength was improved, but it was difficult
30  to achieve consistent results. Because it is know that some proteins stick to PDMS, the
concentration of the polymerase was increased and surface modifying additives were
included. Two increased concentrations of DyNAzyme were tested, 8x (0.2U/ul) and 4x
(0.1U/ul) the standard concentration for Macro TagMan, with 100 pg or 10 pg of genomic
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reagent. spotters and using a variety of established spotting techniques.
Exanpl es of suitable spotter that can be utilized in the preparation of the
devirces include pin spotters, acoustic spotters, autonated mcro pettors
el ect r ophoM 2084889%88s, ink jet printer devices, ink dr SSTR2HOME: s, and
certain osnotic punps. Exanples of comrercially avail able spotters include:
CarteS| C i oJ 7 I 0 meda,

o RV A o R i a0 G S, it bt s A S R " ana
Pac kar d thmmtﬂmlww,ﬁmmwachkg itcdtthDMS Thmegmef thle reax:gmys igted | spots of

reagents are si.te n 10 re deposited, in
ot her i MEFR{bL @gﬁ%"s‘%e @hlgﬁalgﬁh? X/Iaﬁr anfoﬂtfca? If}h §15 ot her

i nst ancge198] GHs plidtaidicTragManGeadBortatioOfangh ﬂorﬂl49 $. ®Ja$ﬁletﬁél\@)tﬁo of materials
may al so be fornmed by the nethods described in Foder, et _al., US  Patent

No. 5,544 5T agBlangeactiens rangefsam &7-%1- HesarfelecBe sigaal sBength efbthe TaglMpateeations, whi ch
i s herei R r bes, such

as SNP [ ohREF BT b M P e e o S R e oo

phot ol i tﬁwzgaeamhy)r 3:SDyNAzymay Sheveslts demonstatt (B8 PAR tehationsbat beadameavithbase of

the mcrofluidic devices of .the present the regions of
the subdRFatubaocioPetp Srdtett S ReRs TR b B WhorB oGP resdis ]éeth%l ind fili

chamber smicroMti€lddvices OTh@debulRMave Bden RoRistenaitrot gt Radtfewr smempt

ol i gonucl eotide probes arrayed in known [|ocations on the su strate In the

case, of a pal’tltltﬁg Bg gérgflw d:c structure, such as the one depicted in
fi gd% 15 her &fn epi cted as square boxes along the
serpentine, 25 fl UI d channel , woul d contain a plurality of different SNP
probes, pref er abl y- a cEioduetionn of SNP probes suitable for identifying an
I ndi vi du('jﬁ'l gé{f’?%wtﬁé EQRRriffent viEItY e sRate §ﬁk@essﬁﬂ§f>&feﬁﬁbk WA&IRLN @

pluralit on sites along the serpentine fluid channel, such that if
afluid ma:nmlcmﬂwlm @nvmnghﬁmmé‘sppttaé’imtbleq@rém,esfetsrtortheaplmemeat oﬁsmadif

i ndi vi du i n n ow chann and a
pluralit Oglf:ts ngeaém N (ts%é%%rﬂ.m% S@é%agen é]\tn %1%%8 Sfrhéfégér t pEntTe R gﬂf’?ow channel such
t hat 15vhemicasfiuidit Gelica Ihe Spotted reazemte atel gererhllyoasubba ofite réapetemixpaé t i t i oned
t her eby i sal ttj ach re ction site fromone another to contain a fraction
of the ’feﬂE}F‘% %’a%ﬁ% h reaction site. Anplification of the components
of the sanple may be perforned to increase the nunber of nolecules, for
exanpl e nucleic a@ d npkweakres, for binding to the array of SNP probes
| ocated within each reaction site. In sone enbodi nents, 45 WO 2004/ 089810
PCT/ US2004/ 010492 1 eackpefting REReagents j on sites al ong the serpentine fluid
channel , I : S8rml P S
arrayed, [dgg%, %\@%h@?‘ %nbo%%ﬁféﬁwsasbt WO 'géwrarlt??g %?ttﬂ}mlﬁggﬁ gﬁy Or}}{%ﬁé&ﬁ&

20  were picked up from a set of source wells on metal pins, and deposited by contacting the pins

to a target substrate. This printing process is further outlined in FIG. 9. As shown, reagents
were picked up from a source (e.g., microtiter plates), and then printed by bringing the loaded
pin into contact with the substrate. The wash step consists of agitation in deionized water
followed by vacuum drying. The system used to print the reagent spots is a Cartesian
25  Technologies MicroSys 5100 (Irvine, CA), employing TeleChem “ChipMaker” brand pins,
although other systems can be used as described supra.
[0201] Pins employed are Telechem ChipMaker 4 pins, which incorporate an electro-milled
slot (see FIG. 9) to increase the uptake volume (and hence the number of printable spots).
Under the operating conditions employed (typically, 75% relative humidity and temperature
30 approximately 25 °C), in excess of one hundred spots were printed per pin, per loading cycle.
Under the conditions above, the volume of reagents spotted onto the PDMS substrate is on
the order of 0.1 nL.
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sites along the serpentine t fluid channel would have a different set .of SNP
probes. O her partitioning fluid channel architectures could al so be used,
for exanple, branched and/or 5 branched branch systens, and so forth. O her
arrayi ng t@gyabddssso such as spotting described herei recTmeszol4ioi@9e se be
used to formthe arrays |located within the partitionable reactions sites

al ong a serzﬁenti ne or common, such as in branched, fluid channel(s). [0186]

The f ol 118302h Jhe dimsysions gf the gindipeare 254 35 py tThedinpl pgeh diied reagentds n' aspect s
f the dey; i scl i N ¢
2o bo- ooty ST RERAS (Mtbu Bl E il B0 RRGE. Vel il Bin ety BREIPIER P 1Y

)7 a3 bty etien iy Tt 1 351
Conduct CEELHRCHELLDTRhif B Tebieyiche Votg Sigh ¢ fiicgam &w@agomrne%h#ér%}wsw th

M ar o 1| or e ia% B hEheptihvpd, R MEIRAL BRAVBRISAGIO% pFmre ot e

usi ng t hepadifiits frono 6@G®, 130Asickess.gned and fabricated for conducting the

cr ey bl b U5 SRR e 9967 Mg o

| ayer 72gn hEddGyiié €dn dcSorh@baRelup f&)eSZfﬂil%WP‘Hﬂﬁﬁ?Qkﬁnd&@sﬁetﬁﬁ'(ﬁrd}ayer 7122 is
sandw ched between an_overlaying |ayer 720 that includes the control and
guar d Ia@l@ﬁ%SIW@faﬂ%WIWhék%@ﬂﬁrﬁjﬂmﬁyer 724. The sealing |ayer 724
forms one side of the flow channels. The resulting three- layer structure is

affipged to a substy ate%&gﬂ[gfs@_@ d@ﬁ%gpl e, a slide or coverslip), which 25
provi des structuraﬁ stifiness, Increases thermal conductivity, and helps to
prevent [B2ed]dFtetflosnandfaontrollagerbofithoPCR devicesrand assémbled deordieg to3be [ 0189] FI G
7B shows_a s tic view.of the sign @f..the flqw.channels in. flow | ayer
792" ancraPR RS b RS AaRbtiErive A E B P S e ) ayor
720. Devid&ibedtn ELnsie 3! $n Piralld i subd@RARESR RbmbbRW of N0 iRl ShidOBDMSCh Wi th

its own inlet 708, and branching 30 blind channels 704, each blind channel
704 havi Wih gompayentratie AiR af 3¢:1 & Toowmed visespit-eoating a blakisgices wafescanddhen of

cont 1ol ' . [ bsol ate the reaction sites 706 when sufficient 46
WO 2{)584/%%%%63%@9%%2%304(?0 1 049 2 pressure is applied. A series of
guard chH268 Bhethfedddamkaiubsiratalayeraé BDMS (seadmegfsubdtiatplayer 7240f FIG. 7A)

serves as the target for reagent spotting. Patterns of spots are printed onto the substrate,

which is still on the blank wafer. The reagents spotted for PCR reactions were primers and
probes, specific to the particular gene to be amplified. The spotted reagent included a 1:1:1

20  volume ratio of 300 nM B-actin forward primer (FP), 300 nM B-actin reverse primer (RP),
and 200 nM B-actin probe (Prb). In some cases, it is useful to further tune the chemistry via
concentrating the spotted mixture. It has been found that adjusting the concentrations such
that primer and probe concentrations are equal to, or slightly higher than, the normal
macroscopic recipe value yields consistently good results. Therefore, the spotted reagent is

25  concentrated to be 3 times and 4 times the concentration of the macro reaction. Concentration
of the reagents is performed in a Centrivap heated and evacuated centrifuge and does not alter
relative FP:RP:Prb ratios. The increased spot concentration results in the correct final
concentration when the reagents are resuspended in a 1 nL reaction volume. Spotted reagents
need not be limited to primers and probes; nor must all three (FP, RP and Prb) be spotted.

30  Applications where only the probe, or even one of the primers, is spotted can be performed.
Experiments have been conducted in which the sample primer/probe sets spotted were

TagMan p-actin and TagMan RNAse-P.
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evaporating out of the reaction sites 706; fluid is introduced via inlet
718. 3. Experinental Setup [0190] A PCR reaction using (3-actin pri rrers and
TagMan prabe to anplify exon 3 of the (3 5 actin gene from human

genomi ¢ DNKOCM44e818, Madi son W) was conducted in deV|P€€/US%%{°1°We Taql\/an
reaction consists of the followi ng conponents: 1 x TagMan Buffer A (50 nM

KO, 10 el ; H 8.3
KoL 10 1626 Fb%vﬁ%megp% Ex@l!é%s offdhd Rﬁ%tyﬁgaeﬁﬁ c&i_!%ﬁie% gg%dlg actl%

f or war d cgmtrqir@yew(de lﬂW%V%%aIﬁrnﬁf@lf FIQ 08 iwerezignps Bath ke st pasterrangr obe:

0. 01U ul t 0. 1-0.2U ul
DyNAzy lrjré)d(%gﬁnnzicﬁ’ew Spoo, %?Lrlf% %Q’s*%(’?r%)rm?g%&?af%é&% S:ﬁamtahe St. Lowg
I\/D) 0. Suigptrate t&Heatst of th€ahipi Aftbrethe ciphaddeeny agseibled, thSrdﬁ%ﬁg/cxmmdneﬁtﬁ gne,

Low dei oni.ze 20_and e gena nents of the
rea015| or? WSN@% ghpnddes dlﬂfgd Y%“P]g%gﬁeggﬁg%q WDggIﬂﬁWeC%B?ne%g%? € iYat i ve
contr ol Qm‘g@grbhqug)heﬁﬁé‘@@@@qs@éscﬁbédlhma glyan reaction conponents, except
target DNA 15 were included in each setof PCR reactions. 101911 Once the

TagMan reaction sanples and Control were prepared, they were injected into
microf luidic deviée 70BeB¥S using a gel |oading pipet tip attached to a 1 ni

Syri nge(][oird???E P(ﬂhﬁa%lohé Pavi@serd éulc&&%lm 51?1 fee;é‘t hanne RAGer folied %ﬁ“&gq,f]&%eg

i nserte flurd via 708. The s 702 re fil
manual | ypriaep (fprwigd bt leperesimers) andipnebesyoeleewies aomspoticd|An exampR@fdatai re bl i nd

channel s. 704 and reaction.sites 706 were fill.ed. Control. Li 712 were

Fr RS vrome <R mREE s et el EE Y by ed e MBan FIF R, 51 o St e
sanpl es ‘MRIsBottcdae@nts R redifted il @iocdsbMEBCR Bectiotld4s ddfieedpah Bgatplezed contr ol

lines 712 were actuated to close the valves and isolate the sanples in the

| nl welJuscessfpl reagtionghayie beemhpgitnamed ysing fustage Iehstegq therpagy¢iie PEIOWH zed

wat er and pressurized to 5-7 psi. Mneral oil (15 ul) (Sigm) was placed on

the 25 flatpl &e ofE&h@EﬁLﬁEﬂemgd then the mcrofluidic
devi ce/ covergl ass ,700 I aced on the thernocycler. Mcro fluidic device
Hgroabeddn

700 was then therr%’ocyc g an initial ranp and either a three-step or
t wo- 15t ep[0208} rﬂqu:losmfme ﬁ)ﬂlbbvmg e[xﬁéxﬁﬁénts’l.wad toidemahstagpattgen&ppifig and mai nt ai n

for 1 mnute t .1 C./sec, to, 95 19312, Three step
t her nocy¢PFHY t%?an ?‘gﬂ “(‘@é‘@gf“(?i“"rg “’é‘é’cde“cSRUz'ff‘B?“éd’ sdegeribedyng 72C for
1 mn) OKereih. 0%,%iﬁc§ny,ﬁyz@e éﬁ;ﬁﬁnfehgrwe?&d&ignwtofdefenﬁ&eth@tﬁmé SohdbctEPin 30

seconds and 6 for 60 sec.
the device have sufficient sens1t1v1ty and to ensure that other primer/probe sets, besides -

actin, can be performed in the microfluidic device.

20 2. Methods/Results
i.. RNase P Experiment

[0209] RNase P TagMan reactions (Applied Biosystems; Foster City, CA) were performed in

a microfluidic device as described in Example 1 to demonstrate that other primer/probe sets
produce detectable results. RNaseP reactions also require a higher level of sensitivity

25  because the RNaseP primer/probe set detects a single copy gene (2 copies/genome) in
contrast to the f-actin primer/ probe set. The B-actin set detects a single copy p-actin gene
and several pseudogenes, which collectively total approximately 17 copies per genome. The
RNase P reactions were run with the same components as described in Example 1, with the
exception that the f-actin primer/probe set was replaced with the RNase P primer/probe set.

30  Further, the RnaseP primer/probe set was used at 4x the manufacturer’s recommended value

to enhance the fluorescence signal. The VIC dye was conjugated to the probe for RNase P
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WD 2004/ 089810 PCTI US2004/ 010492 [0195] M croAnmp tubes (Applied Biosystens,
Foster Cty, CA) wth the remaining reaction mxture, designated Macro
TagMan reactions to distinguish themfromreactions performed in the

m cr of | ui diwo sRYb$e10 Were placed in the GeneAnp PCR SysrenuSin@doif#appl i ed

Bi osystens, Foster City, CA) and thernocycled in the 9600 node. The Macro

TagMan 5 reacti ons _served roscopjc controls r the.reactions
per f or meddithe mlysiyifoqused ‘?rh?ffr‘/gﬁ? GPse EL‘* PFﬁ’é“St‘?’fé?P?TB{:{})’BT PRFPFEE 81 was set
to mat chybhatn fig.tine mcrofluidic device, except that the initial ranp rate

was not controlled for the Macro TagMan reactions. [0196}2 Once thernocycling
was conpl03tMdlhet\HE RRMEprirol satips JordheiMartockaqanacagtipnsese L2dzdBe and the chip

was transf . i YR ter. 14T, i p was )
then 10° oﬁ%gééoégmgg%tgsg% ??g%ﬁ%%%c@c an ntggﬁ?kgﬁﬁlﬁgdﬁ I?’Ircggf%?sll'%)ln%}l%l 1(s'\,is]lélquah, WA)
Wi t h 5a nTigh thiiethfake genemic DNA. datpdes dis the mai eroflnidandevicy ameabonete @0%d f or t hree
di fferent citation/em ssio vel engt hs: 475/ 7310 run (FAM,  510/560 nm
(VI O, a‘??&% %F%He%ﬂ{dﬁﬁ‘é@sh}@i%v}ﬁ%%{*@g en Wi‘% %aq(%ﬂ@ &P ng_gfbtpﬁs Sof t war e
was  UsedmtcRo i ilie Qevibiis SOUMAIBEME Bf the MR TAqM: rbddibl. CThed@Hir6ler BRAnt O
measure the signal and background intensities of each 1 nl well. The results

15 wer e rehaionamethy megrofhaifisglesicr/havestamdarddeviationsiof D06 gnd 12udemansg@mgrAM PRL

ratio fo e td . C Nt positive
carpl cs. 1Ry Bnd RRe AGOG hORRro Rofai CARKETThARRL WEHAIAMERS PPT the
pr ot tit ol thp TayMde ecabiyorts ve thewhipf @€ sansitive er{ohigh MadetdeCR chleegsantgetdrnte. Pr ot ocol ) .
The signal strength was cal cul ated by dividing the FAM PRl ratio of the

sanpl es by the FAM PRI {.p..o0f he.coQtroI s. A successful reaction 20 was
defined as a sanpl't ratpn—lggydmn = confidence threshold |evel. 4.
Resul ts [0218)7To funthtr @tdrihine AP bénbitidritiol TagMileaidnSinahy siiRofiuidicasties, Cty,

CA) was used in TagMan__reactions and FAM PR1/Control ratios of 1.5-2.0
wer e pr ofilitions otgsrpmicdaNAGY wR dested uping thef-pe Bgringw preisels Repctipno- 14. 0.

Al t hough s ] ' ' i red.
Ther of o S iulols $FI<ReRARL} Liipost P! ESREAT Bighni?) R PR ARG

pol yirer adiutibme of genotnic DNé: cliwagdnotherDga vabidiluted dovon of.2epginhghicand
resistance to iynpurities. . The standard Macro.TagMan NAz concentration
T AT e e R s e
change tgidMNAzyne produced FAM ROX/ Control ratios of 3.5-5.8. The signal
strength was inproved, but it _was difficult 30 to achi eve consi stent

resul ts. [Bdehaseording fosa ReisspndiiEibwion375p of bp Fial spmbrr afgvetipshqud be he
concent r ﬁé%.ﬁ?ee fitnd NRraRO AR 1ERB R Snd. "R AGGHS 5 T REBBRALL VI NY

addi ti ves
20  calculated threshold and, therefore, negative. This suggests that the B-actin TagMan
reactions in micro fluidic chip can detect an average of one copy per nl. Therefore, the
sensitivity of the reactions in the microfluidic device is sufficient to perform genotyping

experiments.

1il. Genotyping Experiment

25  [0213] Because TagMan in the microfluidic device is capable of detecting low target
numbers, preliminary testing of SNP (Single Nucleotide Polymorphism) genotyping was
performed using the Predetermined Allelic Discrimination kit (Applied Biosystems; Foster
City, CA) against the CYP2D6 P450 cytochrome gene. The kit contains one primer set and
two probes; FAM labeled for the wildtype or reference allele, CYP2D6*1, and VIC labeled

30  for the CYP2D6*3 mutant or variant allele. Positive controls, PCR products, for each allele

along with genomic DN A were tested in the device using the same conditions as described in
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I ncluded. Two increased concentrations of DyNAzyme were tested, 8x (0.2U ul)
and 4x (0.1U/ul) the standard concentration for Macro TagMan, with 100 pg
or 10 pg of genom c 48 WD 2004/ 089810 PCT/ US2004/ 010492 DNA per nl in the
mcro flui Wa2odgesosl®. Gelatin, dycerol, and 0.5%rit orRPGI/URMHAEHE added to
prevent the poI ynmerase fromattaching to the PDMS. The results of the

reactio in,th o.flui d|c devi hi C aglan control s
o showsapied cnedsthi st kot e SR 305, H A TR iR 0L 0

fL om ?,_ %ha8 béen réfated af least Wiaed mﬁ& t?iaque the asultoas to aagensi:rmrfelYabﬂrtga 7. -
Ther ef or na e.T | ons 1.5 up to 87%
of the I\@Z’f ‘A‘Fégﬂ)gﬂmr%@{:tlgﬁﬂ Al’%ﬁ‘éhg &a@gﬁl\%gg*lg‘ﬂi‘i'iy?%lﬁ]lle@lap SFMRUE  bet ween
4x or 8 Quécasu! S1GR LRPLh | be done

W th gi(%lg%&er t%@nl)glrg%l)ly Saﬁaiz&g reng tiﬁ{@\%\)ﬁ%ﬂr}?‘o ared to@trﬁ%%?\t/aﬁ%po TagqMan

react onsdlcatmgttha@therﬁen@mfcl éhvwscmewme@r tHEKEY 287 L 1 wild bype alledde Thesmsi st ent

t hr ough 1.

| nt roauctss g e B AL o heieadih e sonp iRBieh P fhe TRARERL.
successf nehot&p@htﬂeani%ﬁﬂhﬁcﬁadbvim 59%0und 40memﬁd Madb d"adman centrold)e term
"spotted” in.thi ont ext, fers to t l.ace .l dropl ets of

r eagent s"{RSf el i&% g‘ﬁlgél}sp&??@&%%taps Tt éggg%ﬂ’?‘écé Sggulﬂgﬁﬁ?\@ art of a
15 m CrOifnlthe WiccHiBidl CBowdd Sonsdafita® Bver %&MERS)E‘B@SSEW@EB FAM subset of the
reagent mxture required for perform ngé Priocedure i. Spott| ng of

Reagkht siljaegeice lekingeto oY IG ﬂ‘xgn%ﬁl of hadelsetor. dhe legkasesamrbeiminimizgd cont act

printing were picked up froma set of source wells on
net al plvﬁgﬁ%%%%veego ?P%?%r?geg%nt acting the pins to a target substrate.

This pri mnﬂgl‘tmrmehmltws cbutrdl tgeWe aniverage BAMAPER]/Gonteol rétso aftfodywhichewasent s

bri gt ng Lhat e MAgth Tyt st et Pkl obeelfini GOl A e o

consi sts alforr@cgdair@lds erd ﬁbgdmeqat #FRE YYD+ 3 nfuldnt O] ah ¥xpeated wesud rsihlcélﬂle The
system used to print the reagent spots is a Cartesj an. 25 Technol o

M cr bBys sq_l@ecY(qfﬂm GEP2IOS3 allgleds - Againelt apprarh thattheppasisame lggkagept ens
al t houghfcxﬁ ﬁ&ﬁé@{%@?ﬁ@&a&ﬁ%fﬁ sl 664 a1s Y Svp bAeQbh r ﬁcﬂgnserm' oyed

are Tele pi ns, whi i ncorporate ‘an el ectro-mi
(see FI Gve@)sucmsmch&smcmﬁsldumd@lk@ vol ume (and hence the nunber of
printable spots).

D. EXAMPLE 4: Verification of PCR by Gel Electrophoresis
1. Introduction

20 [0216] As an alternative method to prove amplification of DNA was occurring in the
microfluidic device, an experiment to detect PCR product by gel electrophoresis was
performed. PCR reactions compositions were as described in Example 1, except the TagMan

probe was omitted and the B-actin forward primer was conjugated to FAM.

2. Procedure

25 i. Microfluidic Device

[0217] A three layer microfluidic device, fabricated using the MSL process, was designed
and fabricated for conducting the experiments described in this example; FIG. 15 shows a
schematic view of the design. The device 1500 generally consists of a sample region 1502
and a control region 1504. Sample region 1502 contains three hundred and forty-one 1 nl
30 reaction sites 1508 represented by the rectangles arrayed along flow channel 1506, which
includes inlet via 1510 and outlet via 1512. Control region 1504 contains three control flow

channels 1514 each containing ten 1 nl reaction sites 1518, also represented by the rectangles
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Under the operating conditions enployed (typically, 75%relative humdity
and tenperature 30 approximately 25 C), in excess of one hundred spots were
printed per pin, per loading cycle. Under the conditions above, the vol une
of reagent sygpMllogdioNt o the PDVB substrate is on the ecd@s200i010@49k nL. 49
WO 2004/ 089810 PCT/ US2004/ 010492 [0202] The dinensions of the pin tip are
125x125 m The final spot of dried reagent is _ substantjally snmaller than

this (asaushaniplepya ?516anA neereekaoakyl h%mﬂnéolye gaddy tsactigrsith 6208, 19 18wer
ot or i ouhBFsad plesaR I o TGN 12 REAL DlserblB AR EYANLIE) SRARS 10

det er mi nés the Sha itch in the final device. Using such
a devi cemalmded tm@ré\@nelgpumgomamd&ingamt a@tbe teaviiansitep 42080 4518 Thd 8¢vice have

Deen, YR A 300 D ol RSB HBRRS AT Sl BPRES [T o

The syst@m,la@ouﬁgl however has a p| n head whi ch can accommobdate up to 32
pins. Printing a standard size chip (array dinensions of order 20x25 mm

t akes under 5 m nutes. épell tiierﬂ)ly of Spotted Chips [0204] The fl ow and

control layers of ¥he e assenbl ed according to the normal MSL

brocess_ftpagy gl eviod DSOuT A 194deitlil thofifdtyerRa 488 0 3 Emblignsae as the

one descri bed iIn anple 1. parallel, a sUbstrate |ayer conposed of 150
m -t hi ckprbigiesovited leﬁmeht Tharqr@mngrmn@@ampleswrsahmcmled gphen- coating a

blank Si 0, 05] The
cured bl g'lnﬁ suﬁ@?%‘%’%ﬁ afé?g%wgséoﬁl ng {1’ e ?«%\9%?15 470t FIG 7A)
serveg aseattioh pradged wére tecoeagd after Sigpmbeyeting Was tcﬁnplste«hf Te pbeeraliec printed
onto the su ch is stjll Onthe b] ank . .Th eagenpts spotted
for PCR Peaﬁﬁ?%ﬁ@ivé#mp TRV migted Hiio prmwple WBULYi | #ttoeé{ %l%@u{)%fa BT ar gene
to be a'TWekefﬂeﬁx@vedTﬂP&n%ﬁ@éttvﬁﬁlsrléa%meabﬁkﬁﬂ PR tstrom device500Qhy MR Madrb0 of 300

nM [3-actin forward priner (1 300 nM (3-actin reverse priner (RP), and
200 nM Rrepetiomwere fisated pith)2 1. |0ﬁ EOAP-ER » Gleveland, QHY.ywhiglpisicamppagd of | me t he
chem St YA gy o RRGEN iAot AR SRV Safller Igfefrond bxignEBRalanad, | hat

adj usting the concentrations suc t hat” prirfer and concentrations are
equall5t o prioterss | Thg Mdcyo priodine wat Hawted frbm lnlﬂtnhil% n’ﬁhepmdmmnimnr daviqed 50@ ue

yi el ds consi nt | ood re r ef or the spotted reagent is 25
concentra‘fégstf gmdeedy%‘%trieﬁ’t‘é%e ﬁﬁ‘%mﬂ“’ ‘Fconcentratl on of the macro
reaction. Concentration of the reagents is perfornmed in a Centrivap heated
and evacuated centB. f ugrResaitsl does not alter

[0219] Both products, along with negative controls were analyzed, on a polyacrylamide gel.

FIG. 15 shows the gel electrophoresis results. The appropriate size DNA band of 294 base
20  pairs in length is observed in FIG. 16.

[0220] The products from the Macro reactions are shown on the left hand side of the gel and

correspond to about 294 base pairs, the expected size of the f-actin PCR product. The

negative controls lack the PCR product. Similarly, the product derived from the device gave

the expected P-actin PCR product. Therefore, target DNA was amplified in the micro fluidic

25  device.

E. EXAMPLE 5: Massive Partitioning
[0221] The polymerase chain reaction (PCR) has become an essential tool in molecular

biology. Its combination of sensitivity (amplification of single molecules of DNA),
specificity (distinguishing single base mismatches) and dynamic range (10° with realtime
30 instrumentation) make it one of the most powerful analytical tools in existence. We

demonstrate here that PCR performance improves as the reaction volume is reduced: we have
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relative FP: RP: Prb ratios. The increased spot concentration results in the
correct final concentration when the reagents are resuspended in a 1 nL
reaction-vol une. Spotted reagents need not be limted to priners and
probes; nowaoneei/osaglo t hree (FP, RP and Prb) be spotted.PCAOUSAMBI0IE | ons
where only the probe, or even one of the priners, is spotted can be

per formned. ri-pent s. have en conduct ed.i n. Wi e S e prjnmer/probe
sets s pé’ﬁf‘é‘a“% (o equsP QgtIF%C%SH%‘nfaS%%mﬁ\ﬁ@s‘g@&?ﬂ‘go‘“\%\‘g%%ﬁ"?ﬁfjo898 10
PCT/ US2004Lep fderion £d &aih shpld tewiplage tabRcwlp sdnkitivgy.pr ocess onto the substrate
| ayer, the conbined flow and .control |ayers (i.e,,.layers 720 and 722 of
A G 7%l dimresdied dftmctarinelhink gad 16l hankrpirttisinegheratindc deieact . A
fur ther mg&rtnﬁfglagﬁri Soft ﬁt@crgrm?ggsgz PUVER usdPd chaRLIdsRnRRiRdniRfuigdbSt rat e to

the rest o p. After chip has been assenbl ed, the renaining
conpénerchips 5vhidh ush ectiveRalvesitotmassiveld geditioh eachi of sevezalpigeid Bymplesintmp ect ed i nto

the flow neks 0of .chi e.chip | C described in
Exanpl e nllﬁggl © ﬁt‘gﬁlﬁe(sl E{Agti?f%&%n ?Aééfg P %érgllg R ﬁg\ﬁ/lg %%gélfquwuocfé.ges %??} T@dgn d

repeat ali yn qoeinhafid¢iEon with beandiesd paetitiontngrohanmel sysem (706 ofaticofinidicrdevies se
prinmers) _and_probe es are otted. An exanple of data 10 froma chip
in whi cH78l @&Cﬁbbﬁgﬁéiggﬁe@ﬂl“%.ﬁ& SRRy sapela ﬁ@’&tng’ly Yokl G 10. The
spot t ed 1@999@{3&&1@@/&@ 7} sinfifle hiicrsHGaR ThitelsPPRe ERAGEVIEOR tRey defined in
Exanpl e 1. uccesstul” reactions have been perforned using 2-stage and

3- stlfge thérsronyalsgdodn nflatplate hemiasycleGmdimags i azom@sraallyvailable | nt r oducti on 15
[ 0208] Tuereosur ose grf the foll owi ng experinents was to denonstrate that
genot ypi 6 89{38}' 2€nts can be conducted utilizi ng a mcrofluidic device or
chi p sudqb223] Wessedsbdthe phdordiance SRR fo thabhips by Viegiag dependenaaiich ofer e

e T g 5 BRSPS IR0 b5 3 1o
0. RSB Sl s B sl LSRR |
Fostlr dpwyFigemy 18eaud I8bnr oy mixgure of rofustipesitive apdplearlyaogative signdleiscr i bed "in
CCaTP! ek RS kB B BRI i s =0
a single copy of target can give good amplification. The number of positive wells was
consistent with the number of wells calculated to have > 1 copy of target by the Poisson
distribution (Figure 19.). This result validates that this system gives amplification
20  consistently even from a single copy of target. Fluorescent signal strengths from microfluidic
Tagman™ PCR were comparable to macroscopic PCR reactions with the same DNA
concentration — even though the macroscopic reactions contained >10* more template copies
per reaction.
[0224] We believe that the primary source of this remarkable fidelity is the effective
25  concentration of the target: a single molecule in a 90 pL volume is 55,000 times more
concentrated than a single molecule in a 5 uL. volume. Since the number of molecules of
target, n,, does not change (i.e. n,= 1) and the number of molecules that can produce side
reactions, n;, (i.e. primer-dimers and non-complementary DNA sequences in the sample) is
linearly proportional to volume (i.e. s oc V), the ratio of target to side reactions is inversely
30  proportional to volume: ny/ng ec 1/V. Since side reactions are a primary cause of PCR failure
(4), the advantage to reducing the volume of the reaction is clear.
[0225] PCR amplification from single copies of template has been previously reported (5).

However, current methods that achieve reliable amplification from single copies in a
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25 because the RNaseP priner/probe set detects a single copy gene (2

copi es/genone) in contrast to the (3-actin priner/ probe set. The (3-acti n
set detects a single copy (3-actin gene and several pseudogenes, which’

col I ecti veyy foffi@bsigppPr oxi mately 17 copies per genone. pUTas26fasaIr
reactions were run with the sane conponents as described in Exanple 1, with

the exception that the (3-actip prinmer/probe s s replaced with the
RNase PURFIOfeapiq Y pmesten W“P&R?rﬁé Fhenf‘?f”é’cﬁ‘%gréfgc‘b]ﬁv?%rl? EDSBt was used

at 4x tl e MRidsen ARCEnpiRatidri@!] nce
gnal . %Hﬁ-@ﬂ%&lg&ﬁgg %I{t)lﬁﬁﬂiat ed to the Stgg%%& RNaﬁse F &J@g\?\oﬁ

2004/ oss@m@Pgmvthgsz@mnw@n@Qﬂm@nlymemeh bno,?@r”sf’@écﬂdd@des)ﬁ@ rwtrgb PRL rati os.

The results o e . ur, ~€ n 2101 The

& P tsgciio A asioR o "RA MR ER doRl B Qi of R WD

cor r éspandiiqt bathedistPAR islseds qivplate Gt iseiod reactigre hicmmﬁdtuhﬂisgzstdﬁvi ce are

1.11 and 1.21. . 5 The ratios. of the enomc sanpl.es in ofluidic
devi ce &F}ée‘é?éé‘?)@bler?é“@%%rffqnaélﬂg@ PIELLSRG %a%ngdlﬁﬁ?sc‘h ﬁ"@fm gnal
St rengt nﬁ{?rstz{?ﬁ THEVRRd 4 SRgkroRR, étandaP@meﬁa&§,aHgtﬁr&b@old%ﬁgecd@lég% and

. 7% o0 ro TagMan reactions. The confrol" TagMan reactions’in the
m cr of | ghelpseddidis also neatly inuberibledo devifaameniabcaptamio@dna ddie avility todenonst r at i ng

S et crmonetRehES 6P e R P Ra R ifeeldethl o588 Bl B emough

t o det ectivahtdpep@fipired togﬁmﬁeoplc valumam dBkp wiith QHO(EX&@cEﬂoﬁE% 2198ephdatel 0
further determ ne the sensjtivity of Taql\/an reactigons in the mcrofluidic

devi ce, 0arelkplptehendthegasosisied tispgacqipraentnd dackiag Hrastcty). act i n

pri mer/ ook 186t éflﬁ&slvegﬁﬁﬁéﬁnhgwﬂﬁ Wi ﬁ@ﬁ%aabhe&n@oam\%@ﬁnas
descri bed I N aprrpl usi ng @%/rre and 15 dilutions of genom c DNA.
The genchsadutbignantification Qﬁtbﬁc@matl@l targetig/arsamplgh lligdan be@sqdeﬁponds to

EPE 1 R b skBRpEF hodselihf frERlOrhic Ty R et bbtodlng B uieed o N uner
of wal | syt divea posmgafor\aq;atﬁculahelleae;ef pluealitpsfgdielen uadxscribed aboree. Vel |

nunbers 5, 6 and. 7 are below the 20 cal cuI at.ed thre ol.d and,. .t herefore,
negat | vdduetnithe %@%@éf@lﬁ%@%ﬂf@r&@tl&a it eraém ey t‘?SFPémﬁﬁf'%n cro fluidic

chi p can,glettehl a FRKEEAASEW-nPR DAY tPéle keleviiEin@hieE detbdin. FRESI tiVity
of the reactions inthe mcrofluidic device is sufficient to perform

genot y pigegeralaxpnsinlerpfropcentration by partitioning may also be useful in other reactions where

detection of single molecules, bacteria, viruses or cells is of interest (e.g. ELISA reactions for
20  protein detection). Digital PCR is described by Brown, et al., US Patent No. 6,143,496, titled
"Method of sampling, amplifying and quantifying segment of nucleic acid, polymerase chain
reaction assembly having nanoliter-sized chambers and methods of filling chambers", and by
Vogelstein, et al, US Patent No. 6,446,706, titled "Digital PCR", both of which are hereby
incorporated by reference in their entirety. The small volumes achievable using microfluidics
25  allow both a massive degree of parallelization and very high target-to-background
concentration ratios. High target-to-background ratios allow single-molecule amplification
fidelity. These factors suggest that for PCR, smaller really is better.
[0227] The invention provides for methods and devices for conducting digital PCR in a
microfluidic environment comprising the steps of: providing a microfluidic device having a
30 fluid channel therein, said fluid channel having two or more valves associated therewith, the
valves, when actuated, being capable of partitioning the fluid channel into two or more
reaction sites or chambers; introducing a sample containing at least one target nucleic acid
polymer, actuating the valves to partition the fluid sample into two or more portions, wherein

at least one portion contains a target nucleic acid polymer and another portion does not
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Iil. Genotyping Experinment 25 10213] Because TagMan in the mcrofluidic
device is capable of detecting |ow target nunbers, prelimnary testing of
SNP. (Si ngl e Nucl eoti de Pol ynor phi sm) genotyping was perfornmed using the

Pr edet er mi mewl2008/0898ioc Di scrimination kit (Applied Bi osyRGEHB0HOHYPr City,
CA) agai nst the CYP2D6 P450 cytochrone gene. The kit contains one priner set

and two o ﬁf‘l"# | e, CYP2D6*1,
and VIC (iOB{)a& aetéxgrg é%\{il)érl@f?‘ﬁ& ﬁ%ﬁng{ma@g tgéﬁ% %Pget %ﬁ%ﬁ%ﬁa g?% 1aIah(%om tive
cont r ol sdeteR@Ring thel vember of pertionedf the fled eharmelthet aaintained redatget MNeculer e t est ed
in the h itions as descri 2004/ 089810
e Us2 o EroTases ot Bl Ge 23pPASS ah SR Stonic A, B80S 00n
Fl GS. 13maﬂa(i>relf&ablﬂ®nqxi@aat easttone Measr istrgpRdlBtniiic hmial tlarcegaihi mes to
validate the results and to. deppnstrate reliability ; é‘i AE shovvn | n

i gBRiRe

FI G 213, Prefemehgmiodimentsthe T‘CT@HKQB%@%CW%EWQB‘@“%SMCQ
(100 pg/Whdrei t@%ﬂ@&amen@w&g% MGl ERL A0 Ahd Qs ofﬁfe'fﬁ’ud)éha%ieq’tc?&ﬂtrghe

respectively I ndi cating that the genomc DNA was positive for t
CYP2D6* 1ﬂu1wrﬂbw vighpe the|flued ehaniTeh endior to phitidion an@qumvef thiy8udichagiebfrein| i it f or

the reactigns. The .siqgnal._str of the Ta L0

m cr of | Ui rE" &8 frgglyi"@.‘eg%%ﬁ aﬁ %&@(} Cperpbran fI'\}gcr 0gr ??;etlign rg?crgﬁmdlc

respect i d&icg havthg 2 chankledreecss mér&nmméfewblwﬁhdraﬁthealeﬂedtﬂila whi ch

shoul d be negative in the VIC channel gowe_d SO %l[ nal over control
YPréaRm[}gp

(1. 530 peenbrngsformedvheras 45t thapes! dxz Brek 3 feondichanniel nnel|  of

the det eﬁf‘a%%conﬁh;f?'ei' 6AhagfcroAidRRAetibd) I s6RE embiolimeAR, thEBARME Huld@bfGaldsOn
process 0215 he Al -2 positive control gave an averag FAM PR1/ Cont r ol

rati o of alBoffhe vammuemaseedsd’%r@ﬂn@h@nmmlrf@qmmegqt@nawhlmq othlisbve t he

cal cul at h re negative
for the M&%‘s’w an dﬁélﬁléﬁégcezfﬁ%&n%é% A g%ﬁ%g %gglltr?gég?ﬁéﬁ%g T equency of
t he CYP2iadétidnalrioetoght mtdoductioAgaiha ,samlble almban sothé ambédimens,itse mizphlidiakage of

t he VI C robe i.nto the FAM chann f the detect or ) al t he SNP
e ol | ofevics i AamPijabe & deeiBICAEG PR AR oTgRE PTIGe 40 PRRMCES  Exanm £

4. Verif b&aﬁlm%te@; td¥JBadp ¥ p6ition Et%&ﬁg&fhﬁemla@ld pb Bi{lﬁAéitﬁr@fé%I}ﬂ Dlurdfiy[d216] As

an alternative nethod to prove anplification of was occurring’in the
mi cr of | ufidieeentiapicieaciqpolusepiespanaHy ameyed svithén a partiqe g ge chagiperpdthe
el ect rophps, SicWesice Performed. PCR reactions conpositions were as described
I n Exarrppl rqm'he;zcep'(t:ethe TagMan
- [0228] Amplification may be achieved by thermocycling reactions such as PCR, or by

20  isothermal reactions, such as described by Van Ness et al., in US Patent Application Serial
No. 10/1 96,740 which has publishes as US 2003/0138800 A1, which is herein incorporated
by reference in its entirety for the purpose of teaching an isothermic amplification scheme.
[0229] The following reference is incorporated by reference herein for all purposes: Unger et
al, Science 288, 113-116 (2000).

25  [0230] The sample channels and control lines are loaded by “blind filling” — PDMS is
sufficiently gas permeable that liquid pressurized at a few psi drives the gas out of the
channels, leaving them completely filled with liquid. See Hansen ef al, PNAS 99, 16531-
16536 (2002), incorporated by reference herein for all purposes.

[0231] A 294 bp segment of the human B-actin gene was amplified using a 5’-exonuclease

30 assay (Tagman). Forward and reverse primer sequences were 5°-
TCACCCACACTGTGCCCATCTACGA3’ and 5°-
CAGCGGAACCGCTCATTGCCAATGG3’, respectively. TAMRA-based FRET probe,
sequence 5°-(FAM)ATGCCC-X(TAMRA)-CCCCCATGCCATCCTGCGTp-3’. Data was
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probe was omtted and the Ractin forward prinmer was conjugated to FAM' 2. °
Procedure 25 i. Mcrofluidic Device [0217] A three layer mcrofluidic

device, fabygjcat ing the MSL process, was designed i ed for'
conducti ng Wﬁ’eﬁé@%ﬁﬁmnts described in this exanple; FI%}%&gﬁ%(ﬁmgfa
schematic view of the design. The device 1500 generally consists of a sanple

regi on 15%4ken wathth darlegikénchér basdi pasbe] B0drge SAABER of 8RS PHMaPoliesRtsddS t hree
hundred and forty-one.1 nl 30 reaction sites 1508 represented hy_the

rect angl dscominagemmareAlly avriahle Hifartians sausinedbr Eaamanitigy <5 MK a 1510
and out| qg? ﬁ{ﬁ[afrﬂs'—sﬁél, 0ANIENTA S0 8 Pdsad ReRRERE 1SpH 835,61 ARMALEY,, DO
eac 1 nl 1518 I

channel s cdontaining ten reaction sites , also represented -
by the raTRndCER, dBF, WD abiod/ B 380 eMPoTy 108 260%t, 300 aDrevenseiprmer, A0&xMvi a

1516. _A netwo ntrol Li 22 1sol.at.e each reacti.on.sit 8, 1518
wnen Sur FrEeho! Bk Bisties UNSERNERT ap PSR BRt bRt R G AL %P g
channel s 384 v Firin2gmbdRgod, Finlal),e008% Triged-£- 100,008 eyaGelaid ([hldsthed t he
reaction sites 1508, 1518. The device is a three- |ayer device as described
i n ExanplSen Diggoe €49y TV fplycerqlydeigizgdo0and puman pralegepomis INA (Promegder s| i p.
ii.. Expgp I . 0218 : Lo C devi ed and

t her rmcygp%aa?{}tsh ?r%lﬁ?hgggéft emle?ﬂgltlﬁogﬂ&%%ﬁ%ﬁg%gégge?‘%g@r ?@ﬁ‘gxpgﬁgl e 1. The
renai ni ngQuaptitativoRCBAfephmolagys Chipteron &GeheQuantifichtion” GeedBrid® RODivak,tM t he
sanme thernocycli rofile as for,.m crofluidic deul . The 10 reacti.on
pr odultcot s IVHISFPé’ ?@@g@fﬁ‘i"& r%ﬁcf’léﬁ:e‘frﬁe%l%gﬁ?&lé%&%g@ Bé?r‘g?%t]@gg To recover the
anmpl i fi ecSePMAL. LhghllRfl. Madiflz, RS Mathies; YRG! CAY-0TRIP6R5T70'QR001)Y hewdlPB and 3- 4
| of product were renoved fromoutlet via 1512. The reaction products from

devi ce 150wektmn.thdV. iiesler. PNAEOPi BAORFL(OPBat ed with 2 | of ExoSAP-1T (USB,
a1 evel andos Gy s Y60 taOHR ORAHHI and NP0 EXRANCIEABEY herBdyTof P Al Kal i ne

Phosphat ase, 'to renbve excess n eot | primers. cro product
was di | utilustfativerpirpd®s ooly and @6t varteus prodifigation’s oo nhatges in dightsbéreofwidl ke hy dr at ed

and resuspend in 4l of formam.de, 3. Result.s 1 Bot.h products, al ong
u th Poganeeecd snprars St SRR Shern CEmeliiL bl Rl ol pORIRSr 1S
shows t hethizapplédatich addeopest the appshdddslairhhe Al pRbliations patentz, andpitettand of 294
base 20 pajrs.in | er]_l%th i s,observgddbi n_Fl G 1?' i

applications cited herein are incorporated by reference in their entirety for all purposes to the

same extent as if each individual publication, patent or patent application were specifically

and individually indicated to be so incorporated by reference.
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[0220] The products fromthe Macro reactions are shown on the |left hand side
of the gel and correspond to about 294 base pairs, the expected size of the
R-actin ,PCR product. The negative controls lack the PCR product. Simlarly,
t he productWaasd+egsi¥ rom t he devi ce gave the expected PGUHBOMPIPGR product.
Therefore, target DNA was anplified in the mcro fluidic 25 device. E.
EXAVPLE 5: i Parttioning 102211 The pol ynerase chain reaction (PCR)
has becowfszgggwlﬁglgt ool in nolecular biology. Its combination of
sensitivity (anplification of single nolecules of DNA), specificity

(di stli ngui shing siAgleofhddie davisshamdrisimg: and dynam ¢ range (105 with realtine
30 instrunmentati.on). neke it o of .the nost powerfu] analytical .tools in

ok stance. Ve MR GHEP irsingd s A berecpat POl Lo R eALER 2y e

reacts one ¥R bikEhtcugh 8 eRAmee have 54 WO 2004/ 089810 PCT/ US2004/ 010492
perfornmed 21,000 sinultaneous PCR reactions in a single mcrofluidic chip,
in a 4ol une o ingpingpmywnicekercvitosrid plinngls spidiniey fos mteaduriag @ spmple duide

sensi%i Vjufdy' [ 0222] Figures 17a-17d depict a single bank and dual bank
partitionihg mcrofluidic device. where nmultilayer soft |ithography (MSL)
(1), was used 4 wmley, edd ealed, adien netnated, rhusingf saidi filistocchanrehemplstoblecanie use acti ve

val ves tQ .nassi vel rtition each of several |liquid sanples into a

mul tifudﬁ“‘g%aﬁ%??%@g%‘o&?ﬂ‘fﬁﬁ? ﬁ?fk%end#\f ter injection of the sanples into
inletg 1703 Whikdtein iwheh Bai8 S4HRpIO NGRS Rirodhded iftb 8416 NRMidC hahid), MBisd veRannel
system 1705 of microfluidic device 1701 (Fig. 17b), 2400 90 pL vol unes 1709
of ealh baniphted.seid spmplefluidiisigjvidaddntorsgpayaip sasmple flydpostivased al ong (fig. 17d)

sinple mcrofluidic channels. The chip device is then 10 thernocycled on a

flat plate thernoopel S f0fid IRGES El'ﬂin@l%f(ﬂ?rr Sindtiki Gidepll € fluorescence
reader. (0223] V‘éG%}%sess?eg t“Le perfor mance o CPJ&E %Mﬁg?ﬁe ph?lps by. varyi ng
t he c2ncemumagicaionofith sawigbhuated sifloutetdonmemeving sgme bicalhefishidrsawplevibiid.s t hat
gave a positive Tagman' signal. W found that a digital anplification is

obseryed when,the gV J I N Fl.qures 18a
and 18b ). A Tixt e ThER il CQ’%Sgiff{’@‘gb’:@Hﬂc|°8i§ﬁ“%/m%§5%°t%?§gw‘s"ig’gsﬁgl sis
obser ¥ edseeumhvabire whein ecteatet, agsingsaid eutletfand ogid dlaidiechamsl ko besinlildidiov 1; t hi s
inpligs that. even a single copy of target can give good anplification. The
nunber of°BBtive wells was consistent with the nunber of wells cal cul at ed
to have > 1 copy of target by the Poisson distribution (Figure 19.). This

resul it validages thaimichifliidiyddvisoficlais 1 aWdreihisaidishfiple fluid is introduced
2 into said fluidic channel by blind filling.

1 5. The microfluidic device of claim 3, wherein said sample fluid is introduced

2 into said fluidic channel by blind filling while said second valve is actuated.

1 6. The microfluidic device of claim 3, wherein said second valve, when de-

2 actuated, permits removal of some or all of said sample fluid from said fluidic channel.

7. A method of analyzing a sample fluid for a reaction to a condition comprising
the steps of:
(i) providing a microfluidic device, said microfluidic device comprising:
a fluidic channel having a first end and a second end in fluid communication
with each other through said channel,;

an inlet in communication with said channel, said inlet for introducing said

N = O R A

sample fluid; and,
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20 consistently even froma single copy of target. Fluorescent signal
strengths frommcrofluidic Tagnmanl PCR were conparable to macroscopi c PCR
reactions with the same DNA concentration - even though the macroscopic
reacti ons ooohtent0810>104 nore tenpl ate copies per reacPCHUS20DgMO4PR \\&
believe that the primary source of this remarkable fidelity is the effective
25 concentration of fyhe tar a sin no| ecul e . in_a 90 t%\t/)ol unme is

55, 080 times nore? VabiRcwid ¥ eea’hF%%ﬁ?‘agedsFﬂ{jF’ésﬁ’Slfgﬁt&P@’qehﬂ’éi EtOmeo| urre.

Si nce the nu'mﬁflcﬂlfysapér%glﬁ%ﬁaéafdse&ﬁfd%ﬁﬁnnef‘end does not change (i.e. n, =1)
and the nunber of nolecul es that can produce side reactions, n,,, (i.e.

pri nkr - di ners and“ﬁvmwﬂnpmMWWﬂm inodnend info baid finidicshatrieb and s

linearly proport| to side
reactions is er se% &%X %gg?“?le (gmdl% gw\?/(%flyrltb Sédg?alté% @lﬁll%gégﬁgc’e si de
reactj ons ar giip primtff&luymgama&a:ﬁfslem i saidrinlet, G4ifl sarhple flaiivillih@aged fisst r educi ng
the volune of the regctl on is clear. [0225] PCR anplification fromsingle
copi bs o%“dtsﬁ“r?ﬁﬂﬁl_ﬂ@nﬁ dSeen previously reported (5). However, current

et h}lﬂs t hat F@h' Q¥8ia ﬁﬁ%ga@cbbﬁvam b€ 81id OflE AShBAME sGARKESortibns? S5 VIO
2004/ 089810 / US2004/010492 nmacroscopi ¢ volunmes often require altered
therl”ﬁ)cywithingaiprﬁmt@ud)s@opéclgmnﬂ@ngs,ext ension tines, many cycles),

precautions inst _m.s ng non- speqi.f IQ arrpllflcatlon(eg "hot
start® PCR (tﬁ’ rnacﬁp%&?é) ’leﬁmflﬁos cg‘lrjof/lﬁ{a H°8%e) , "booster” PCR, additives
to regduce nqwep pecahﬁiyzm@yhmlsﬁnplamumo defefine &hethar RiddoRdEibnHProdyesd done wit h
two rounds of PCR, where 5 an aliquot of the first PCRis used as tenplate
in tHe swidisactiosaction. In cont rast, this system achieves reliable
anplification fromsingle copies usi ng standard conditions - off-the-shelf
prinefs and pg obesrRifletRodbftdif-7, MaBRin saidRRASThidib 86iRCHAhdr R8mPFiek @R ol -

Being conpletely enclosed, it is also nearly invulnerable to environnental
cont adri newtlebin commmenmigsition withtsgidshanneh saifl putlel forsemeving seuronallafsaidns

si mul § an r QWi i tages
corrpaér ed%ﬂrr%‘g?o@?ggﬁéngg{)duﬁehé&(éfﬁgh?% vcxsn?étp gl%ﬁ%sg&%glgc %glu\?/&;&

separ &t esai®fiuidiel dhappich bfear, samredpodives sepsoci at ed ti ne, equi pnent, and tracki ng
infrastructure). [0226] This principle of nassive parti tioning with a

digital PCR rgado may, b ed for abso ut e n C on of .t
concentrati onﬁof t eglggthf"ﬁ‘)f;a‘%’ - ereﬂsa&alﬁmﬁ(éfﬂﬁ‘iggm?e ﬁnheéfé{WBP%es %o

genot ¥ pesaofPedl Ry s4ia §gtoad @hlve evteniactuldb) cansiiy saidontietandishiddhiidiecimpdgler s of 15
wel I s_that give a positive fqr a _particular allele, or plurality of alleles
as dedcr een Aidieisolation, 3né st oo AHEWHCBRISS? ARfuAling said velae o sfs; it

shoul g alQaléng's6) 18/ bHind AN dabipldhid into said fluidic channel.

10.  The method of claim 7, wherein said sample fluid is introduced into said
2 fluidic channel by blind filling.

1 11.  The method of claim 7, wherein said sample further comprises an amplifiable
2 nucleic acid target and said conditions are polymerase chain reaction (PCR) conditions, and

said reaction results in a PCR product being formed.

1 12. The method of claim 7, wherein said PCR is digital PCR.
1 13. The method of claim 11, wherein said reaction produces two different color
2 results.
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mutants in a background of wild-type DNA - a problemrelevant in cancer
detection. The general principle of concentration by partitioning nay al so
be useful in other reactions where detection of single nolecules, bacteria,
viruses or cells is of interest (e.g. ELISA reactions for 20 protein
detection). Digital PCR is described by Brown, et al., US Patent No.

6, 143,496, titled "Method of sanpling, anplifying and quantifyi ng segnent
of nucleic acid, polynerase chain reaction assenbly having nanoliter-sized
chanbers and nethods of filling chanbers”, and by Vogelstein, et al, US
Patent No. 6,446,706, titled "Digital PCR', both of which are hereby

i ncorporated by reference in their entirety. The small vol unmes achi evabl e
using mcrofluidics 25 allow both a massive degree of parallelization and
very high target-to-background concentration ratios. High
target-to-background ratios allow single-nolecule anplification fidelity.
These factors suggest that for PCR, snaller really is better. [0227] The

i nvention provides for nethods and devices for conducting digital PCRin a
mi crof | ui di ¢ 1énvi Aomissatiuidisdsiics forperfpamiag a plurglity obsipyiitansoys Eaptionsdi f ui di ¢
devi ce L1 . L 7 : i n, L i d. nnel having two or
nor e valrb@lgél : ggbsgﬁg?i%%t%gggﬁp{éﬁ%tl({n%q% vtgg,ﬁbﬂ%i%dfﬁa;g;[sﬁr%‘?‘ed, bei ng capabl e
of partitioni(ax fitrve channebhavivaynfidst endtand tawecond enb fermed evthin Dsubsiratesandr

chanbers; introducing a.sa e containjng .at | east one target nucleic acid
pol yner, act (&3 Pyra S st QPRSP (ifeupiTR Gin F%’F‘HP‘&‘E%"_"‘H} mor e
portionsge g@@rcﬁéxﬁel,%ﬁid%@iﬁé HoRNGalRid éo?rg)rféﬁn@tagjlﬁ}ﬁli JF 3829686n SKS! &L ofFhidh

anot he 56 WO2

pol ymer an no r portion does not 2004/ 089810 PCT/ US2004/ 010492
cont ai n raay e igelated fiwmeanptlzae irehcphon sitedry, theiplosing of avalvdie target nucl eic acid

pol ymer, and, ., deternmini t he. n of portions of the .fluid channel that
Pont a ned-  naveish SR Brdtnist® i HARE] i en PR A LB Mlanr op HRmRLr of 1 ui di <
devi ce conprises an el astoneric material, and nore preferably, conprises at

| east one | ayer conprising an elastonmeric material. In certain 5 preferred
embodi nent's, the nihempicrafiuiflie devics efclaimldnhwherginthe substzate isparqlastamgsice

the 1 i o Rg ot 08 ElorEk B G AEMUARG, M REOERA: fnd RlSBfe ibor”

partiti ofoendindolidnneR; of the fluid channel from another, preferably wherein
the defl ectable nmenbrane is integral to a |ayer of the mcrofluidic _ device
havi ng a chariMisreipan eRsiomerie B‘reﬁg’d?arter?éi’aéi‘tﬁ% thg i9Be gy e caRirg! qnﬁwiﬁ from the

def | ect a@gﬁ chEhrERHR e AREin{ePse AT SMARIRrR rﬁénfb?&ne‘ﬁ?%ﬂ@ﬂhto'%_d@ﬂ@dtf@ﬁn @yer is
over | apped by a second channel "~ 1 n a second [ayer of the mcrofluidc

devi ce. blmdsbamnebinrestiomesitosin actuatiorafoptegtheteby dlosingttlz blnd chhhnebfo ddfipe a

corrponen}'ghsml I%eoc}?golgtgére(‘;lgtri](%usgtteé.ng an anplification reaction, while in other

16.  The microfluidic device of claim 14 comprising at least 100 reaction sites.

17.  The microfluidic device of claim 16 comprising at least 2400 reaction sites.

18.  The microfluidic device of claim 14 comprising at least 50 reaction sites per

square centimeter.

19.  The microfluidic device of claim 14 comprising at least 500 reaction sites per

square centimeter.
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enbodi nents, the mcrofluidic device contains at |east one conponent of an
anplification reaction prior to the introduction of the sanple fluid. In
sonme enbodi ments, the mcrofluidic 15 device further conprises a detection
reagent, preferably one or nore nucleic acid polyners conplinmentary to a

| east a portion of the target nucleic acid polyner, preferably a plurality
of different nucleic acid polyners spatially arrayed within a reaction site
or chanber of the mcrofluidic device. 102281 Anplification may be achieved
by thernocycling reactions such as PCR, or by 20 isothermal reactions, such
as described by Van Ness et al., in US Patent Application Serial No.

10/ 196, 740 whi ch has publishes as US 2003/0138800 Al, which is herein
incorporated by reference in its entirety for the purpose of teaching an
isothermc anmplification schenme. 102291 The follow ng reference is

i ncor por at ed By r dhemsnofluitke ddvicefaficlagh [14 puhgyeindke reaktgas instolveaing oSmoence
288, 113-116 (2000%. 25,102301 The. sanpl e channel s and control |ines are

| oaded H22eBISiSRIGCPA {TPMIGe BIOUBSRRSISIINE O e ‘%?Ft“ﬁfpg? TR RBIES Bhat 1§ qui d
pressur i gefbodle, @ fhieaRShn SHAMesa ifdaada el r@éptbhie  channel's, |eaving them
conpletely filled with |iquid. See Hansen et al, PNAS 99, 16531- 16536
(2002), incorporated by reference herein for all purposes. [02311 A 294 bp
segnent of t human (. -actj. 2ne |l i f1ed, usi a_5'-exonucl ease 30
2ssay (Taqmart: Fortdr gl e EAG im 2 0 Mok g Bt aon 180
TCACCCAGHHifdidatibifeadiiddeA3’ and 5' - CAGCGGAACCGCTCATTGCCAATGGS' ,
respectively. TAVMRA-based FRET probe, sequence

5' - (FAM) ATGCCC- X( TAMRA) - CCCCCATGCCATCCTGCGTp-3'. Data was 57 WO 2004/ 089810
PCTI US2004/ 019492 FE : o &ﬁﬁ#- nunber s
of these pri&%?-pf% 2#§g¥§m%€ga” eggﬁ?ﬂgqtgﬁ%%$ci nggggwﬁgﬁrg%&%gactions
cont ai nechahnelsTBqmedwithinf tbe elastdmerienvatéGhl and b@entdyling oree-dd@hqre flo@chhrieBTA, 60 nM
Passi ve Reference 1, pH 8.3), 4 MM MB02, 200 nm dATP, dCTP, dTTP, 400 nM
dUuTtP, 300 nMforward priner, 300 nMreverse priner, 200 nM5 probe, 0.01

U uL Anper asex3UNG £ §sterh T&'Beﬁﬁﬁhihgd pﬁdrﬂ&g of Siffultamdst gélyﬁ%cﬂébtid@ﬁ)n liffleadidd/ UL
DyNAzyme (Finnzyme, Espoo, Finland), 0.5% Triton-x-100, 0.8 ug/uP Gelatin

( Cal bi octeastions eiolaied geb-naw)iter seagtipnyglumes the systeprdompdisingheamicroflindia nal e

genomi ¢ A (Rromega). 232 he follow ng.references. are. i ncorporated
er el n bR ReL R i Pty et nfhth PR B Aelishor ogy. chapt er
on "Gene Quantification", LJ McBride, K Livak, M

24.  The system of claim 23 comprising at least 100 reaction sites.

25.  The system of claim 24 comprising at least 1000 reaction sites.

26.  The system of claim 23 comprising at least 50 reaction sites per square

centimeter.

27.  The system of claim 26 comprising at least 500 reaction sites per square

centimeter.

28.  The system of claim 23 adapted to perform real-time PCR.
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10 Lucero, et al, Editor, Francois Ferre, Birkauser, Boston, MA p 97-110,
1998. See E.T. Lagally, I. Medintz, R A Mthies, Anal Chem 73(3), 565-570
(2001), as well as B. Vogelstein, KW Kinzler, PNAS 96, 9236-9241(1999).
[0233] It is understood that the exanples and enbodi ments descri bed herein
are for illustrative purposes only and that various nodifications or
changes in light thereof will be 15 suggested to persons skilled in the art
and are to be included within the spirit and purview of this application and
scope of the appended clainms. Al publications, patents, and patent
applications cited herein are incorporated by reference in their entirety
for all purposes to the sane extent as if each individual publication,
patent or pabgnt qmegys@aﬁ bPRaltfeds, wiRg&Sh teRictofluidif devietdbpeiddnaldl surihgdi cat ed
to be so incorfporated by reference. 58 WD 2004/ 089810 PCTI US2004/ 010492
VHAT | S oGinftib4SR fl@ality of.gudrdrchemreld forded withimitieelastorpericsiatgrialzand ot énlayitige
channel having a.first end and a second end in fluid communication with 3
each ot HEf of 5%%%”§§Vﬂe hannel ; 4 an inlet in communication with said
channel, said inlet for introducing a sanple fluid; 5 and, 6 a valve, said
val ve, when actuated, causing said first channel end to becone 7
fluidically Sépar dhedysteronf slaimi23 ederein dbharierefluidicddev@ewticlaan ddyhighersai d
sanple fluid is | t& duced %nto said fluidic channel, and said valve 9 is
act uat eo",ong’é'isﬁgéaﬁﬁ? gw? PIAUNCK i ded into separate sanple fluid portions.
1 2. The mcrofluidic device of claim1, fiirther conprising an outlet in 2
comuni cation with said channel, said outlet for renoving sone or all of

sai d sanpl e filui d.Thesystemphelaim 27 Siprther gorapriring & detestorctp dptecta signal agspeated

conpri si Al v when actuat ed, causing said
out | et a\pllg1 @?@ﬁ?ﬁgﬁ%%igﬁ?ﬁggﬁl ?%e %gﬁ(?rﬁg?al\éﬁéndﬁtg% isolation. 1 4. The

m crofluidic device of claiml1l, wherein said sanple fluid is introduced 2
into said flujdic channel by blind fill.i ng@_ﬂé 5. The, m crofluidic device of
claim3, wher®¥in sAaWGR@Er’E?ﬂ tgcfige @ targetip g BEMPHISINGt 0 said fluidic

channel by bH%EQ@@Mh%uﬂgngghgdﬁﬁkqmggpgggl%glve is actuated. 1 6. The

m crofl uidic ice of claim3, erein sald second val ve, when de-

(b) providing a sample containing at least one copy of a target;

(c) dividing the sample into a plurality of isolated sub-nanoliter reaction volumes,
wherein the average number of targets in a reaction volume is less than one;

(d) performing a reaction; and

(e) detecting a target.

33.  The method of claim 32 wherein the target is selected from the group consisting

of: a nucleic acid, an enzyme, a ligand, and a cell receptor.

34. A method for detecting an amplifiable polynucleotide target in a sample,
comprising:

(a) providing the microfluidic device of claim 14;

(b) providing a sample containing at least one copy of an amplifiable polynucleotide

target;
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2 actuated, permts renoval of some or all of said sanple fluid fromsaid
fluidic channel. 1 7. A nethod of analyzing a sanple fluid for a reaction to
a condition conprising 2 the steps of: 3 (i) providing a mcrofluidic
device, said mcrofluidic device conprising: 4 a fluidic channel having a
first end and a second end in fluid communication 5 with each other through
said channel; 6 an inlet in communication with said channel, said inlet for
introducing said 7 sanple fluid; and, 59 WD 2004/ 089810 PCT/ US2004/ 010492

8 a valve, said valve, when actuated, causing said first channel end to
become 9 fluidically separated fromsaid second channel end; 10 wherein
when said sanple fluid is introduced into said fluidic channel, and 11 said
valve is actyated.,. said .G 1 sc.di v | nt . le fluid
ort ong: 18 inE ¢ AR I & it Srifouked Gitahdtfs? ERUAH ForBRE0 3,

sanpl e fyHérdin fHelaverage famBerfoftapets inda wadichaomtt i hanthah oaeds; 14 (iii)
actuating said valve to separate said sanple fluid into said separate
portions 15 (direnfopmingian amplificatignyeactigBifdchannel ends; 16 (iv) exposing

said sanpl e f%)‘ifeﬂec{if? %?Euqﬁ NIl gélmieggi&%}@e&anal yzing said sanple fluid to

det erm ne whet’'her sard cohdi t1 ons” produce 8 said reaction. 1 8. The
nmet hod of claim 7, wherein said mcrofluidic device further conprises an 2

outlet in compunication wth said channel, said outlet for renoving sone or
all of said 3>sanp emqﬂaﬁ_vgo?fhcm Qﬁ%fﬂ%ﬁm’a@_ﬁwﬁ&m& PR teargf@wfor_
renovi ng,ohghdd S8 WHich the YhplehiOviddd i deabd Mgl ¢ channel after said exposing
step. 1 9. The nethod of cFa|n18, wherein said mcrofluidic device further

conprises a 2 second valve, said second val ve, when actuated, causing said

outlet and sajd fluyidic c el .3 to.be influidigis tion nd said
met hod furt hg : cor#‘Finéeéléog%ﬁﬂaéﬁ Hovhersin avlo\l}lénep?f?%?h lS8BLe§iSHQ'nﬁn(ﬁﬁ?rr oduci ng
step t o PAdtieA vbluhle i§ b thor@tiah ©0 plddlifdrd. nt o said fluidic channel. 1 10. The
met hod of claim7, wherein said sanple fluid is introduced into said 2

fluidic channel by blind filling. 1 11. The nethod of claim 7, wherein said
sanpl e furt hé¥. corfpmiethed of analyging 4 sample fluid for a reaction comprising the steps of:

(i) providing a microfluidic device, said microfluidic device comprising:

blind channel having a first end and a second end in fluid communication with each
other through said channel;

an inlet in communication with said channel, said inlet for introducing said sample fluid,;
and,

a valve, said valve, when actuated, causing said first channel end to become fluidically
separated from said second channel end,;

wherein when said sample fluid is introduced into said fluidic channel, and said valve is
actuated, said sample fluid is divided into separate sample fluid portions;

(ii) introducing said sample fluid into said inlet, said sample fluid filling said first and
second channel ends;

(iii) actuating said valve to separate said sample fluid into said separate portions within
said first and second channel ends;

(iv) thermocycling said sample fluid;
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2 nucleic acid target and said conditions are polynmerase chain reaction
(PCR) conditions, and 3 said reaction results in a PCR product being
formed. 1 12. The method of claim7, wherein said PCRis digital PCR 1 13.
The nethod of claim 11, wherein said reaction produces two different color

2 results. 60 14. A mcrofluidic device for performng a plurality of

simul taneous reactions in a plurality of isolated sub-nanoliter reaction
vol unes, the device conprising: (a) a flow channel having a first end and a
second end fornmed within a substrate; and (b) a plurality of blind channels
formed wthin the substrate in fluid communication wwth the flow channel
said blind flow channels conprising a plurality of reaction sites, each of
which may be.y : f ] i bi & S val ve;
wherei n eac h?yjegﬁlfﬁo%%%ug %@@9 g%llgg? gg@@gh% ggf%%%ﬁé&%ﬁmgﬁ%ﬁ%rg%@%gﬁi on
vol ume. ré&ctiomhe m crofl ui di c device of claim 14, wherein the substrate is an
el astoneric material, and further conprising one or nore control channels
overlaying and intersecting one or nore blind channels; wherein an

el ast oneri c nRITbr AN nFRRA SHBSmIITEWhEBInGhidEamPlCRfthérFomphisdy el Sndlifiaplet he
blind channels at each intersection, the elastonmeric nenbrane disposed to be
def | ect emiclein azid target id saifl ednditions atepolyanpasa shain seagiom RSt dopditipay, @ed saidher eby
cl osi ng tﬁg.blinﬁ ch I géaé%gilq%ng(iplurality of isolated reaction sites.
16. The FFHPBFATUAM HelPLE S M&IT Y2 conprising at | east 100 reaction
sites. 17. The mcrofluidic device of claim16 conprising at |east 2400
reaction sites. 18. The mcrofluidic device of claiml4 conprising at |east
50 reaction si%es Themethefd efrcdaimed$ WherelysaidiRCR 1adgital EC8 | ui di ¢ devi ce of
claim14 conprising at |east 500 reaction sites per square centineter. 61
20. The mcrofluidic device of claim 14, wherein the reactions involve one
or nore reagints Belmahaboffdam I8)evhgremuyaidoeagion tpradyced twoadifferehisdoboraci d, a
pol ynerase, a prinmer, a nucleotide, a nuclease, an enzyne, a ligand and a
cel | rec@ﬂﬂ@r. 21. The mcrofluidic device of claim 20, wherein the
reactions are nucleotide polynerization reactions.

41.  The method of claim 37 wherein the method comprises providing a microfluidic
device wherein said blind channel is a branched partitioning channel system and said
microfluidic device further comprises a plurality of valves and wherein said sample is introduced
into said branched partitioning system and said plurality of valves are actuated to isolate said

sample into a plurality of isolated reaction volumes.

42. The method of claim 41 wherein the analysis is single nucleotide polymorphism

analysis.
43. The method of claim 41 wherein the analysis is genotyping.
44. The method of claim 41 wherein the analysis is real time PCR.

45. The method of claim 41 wherein each reaction volume is less than 20 pL.
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22. The mcrofluidic device of claim14, further conprising a plurality of
guard channels formed within the el astoneric material and overlaying one or
nore fl ow channels. 23. A systemfor performng a plurality of sinultaneous
pol ynucl eoti de anplification reactions in isolated sub-nanoliter reaction
vol unes, the systemconprising the mcrofluidic device of claim14, and a
thernocycling plate in thermal contact with said device. 24. The system of
claim 23 conprising at |east 100 reaction sites. 25. The system of claim 24
conprising at |east 1000 reaction sites. 26. The system of claim 23
conprising at |east 50 reaction sites per square centinmeter. 27. The system
of claim 26 conprising at Ieast 500 reaction sites per square centineter.

systemof ol aitm s b GO FherkB Rl SR ofite IR IOLE Fur ner

conprises a plurality of guard channel s forrred within the el astorrerl C
mat eri al and overlaying one or nore flow channels. 30. The system of claim

23 wherei n t HE- rihermanthad of daimetli wherein said sample s P%ﬁ*‘?f‘r?érmtoéb]ﬁﬁ?t 580 frglatad | east

t wo f|OV\ﬁ %ﬁ%ﬂ%l %?%31 The system of claim23 further conprising a detector
to dete a signal associated wth polynucleotide anplification in one or
nore reaction sites. 32. A nethod for detecting a target in a sanple,

conpri si ng: a). pr i.ng the mcrofluidic device of clai

providing a s g‘tﬂqt"zgl ﬁ?lﬁﬂn%? sg@@gﬁgﬂ%@re%ﬁtlmco&nmgf egt(’?;%(’(fgl vi di ng
the sanple ingp J%Hﬁﬁ‘ﬂ atrﬂlcﬂfﬂduﬁghé‘\tlé‘éj sﬁﬂ%‘ﬂ&%ﬂ@ﬂdiéd‘é’hc”e%@ﬁbhgﬂ%V0| unes,
wherei n the average of targets in a reaction volune is less than one;

(d) performing a raelaiutalltbmf fandic cli@ineldetash sdid ghannelbrayistg. m@8 thafitwo ivelveo d of
claim 32 wher the target i | ected fromthe onsi sti
il o o senareh et 8h4R o GanteR kot o gal el 200 Wt PR | or
det ect i Nnga@bnaiRd, Whe M SacR@hMEUekiBRIER deRhB&S by ékadtlp BAPARuated@NRE] Si ng: (a)
providing the m ¢rofl ui di c device of claim 14,
an inlet in communication with said channel, said inlet for introducing said
sample fluid; and,
wherein when said sample fluid is introduced into said fluidic channel, and said
valves are actuated, said sample fluid is divided into separate sample fluid portions;
(ii)  introducing said sample fluid into said inlet, said sample fluid filling said channel;
(iii)  actuating said valves to separate said sample fluid into more than two separate
portions within said channel;
(iv)  simultaneously thermocycling said separate portions of sample fluid;

v) analyzing said separate portions of sample fluid to determine whether said

thermocycling produced said reaction.

49. The method of claim 48, wherein said sample fluid is introduced into said fluidic

channel by blind filling.
50. The method of claim 48, wherein said sample further comprises an amplifiable

nucleic acid target and said conditions are polymerase chain reaction (PCR) conditions, and said

reaction results in a PCR product being formed.
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(b) providing a sanple containing at |east one copy of an anplifiable

pol ynucl eotide target; 63 (c) dividing the sanple into a plurality of

i sol ated sub-nanoliter reaction volunes, wherein the average nunber of
targets in a reaction volune is |less than one; (d) perform ng an
anplification reaction; and (e) detecting an anplifiable polynucleotide
target. 35. The nethod of claim 34 wherein the nunber of isolated
sub-nanoliter reaction volunmes into which the sanple is divided is at |east
2400. 36. The nethod of claim 34 wherein the volune of each isol ated
sub-nanoliter reaction volume is no nore than 90 picoliters. 37. A nethod
of analyzing a sanple fluid for a reaction conprising the steps of: (i)
providing a mcrofluidic device, said mcrofluidic device conprising: blind
channel having a first end and a second end in fluid communi cation with each
ot her t hr oughil s@hemethadndiclaimn0j whertinisad P&Rnsdigitat POR. wi t h sai d channel ,
said inlet for introducing said sanple fluid; and, a valve, said valve,
when actuated, causing said first channel end to become fluidically
separated fram $8: fheBRAVTAaGH 30 WherEiidaid WERLEIEh ProdhieR tsaddfesaiebier fekultsd i s
introduced into said fluidic channel, and said valve is actuated, said
sanple fluid is divided into separate sanple fluid portlons (i)

sampl e | - |
aia 1irst ang TOERRRSSH S BT Sl confedt AGTAE btk ekl o 2P o

sai d sargeliee vhereth daftt 8lirfiadhdniset o Erhﬁchlédi pérltltiﬁmng\/blﬁdmhél syStamdmﬁ isiigt and second
channel ends; (iv) therpocycling said sanple flu analy2|ng sai d
sanpl e fmigiodluidic drvicerfuither cRmPripeya r&aﬁaht.‘/tqféfa%%w W}FF‘cjelﬁ ﬁ%‘&&é‘@ﬂleé%iném uced

reacti or] to%gfi byh%h %J}Hgorﬂﬁ st’e'nmrﬁi s'ald(’]m@rraﬁfgrbf%ﬁfggs e T0hSed its{g'lg{e sGRAMPri ses

an anpl i e achd target and sald conditions are polymerase chain
reacti 0mamﬁﬁm)tomcphmntltymfsisolaaﬁreaalaﬁ volweaest i on results in a PCR product being
f or ned.

54.  The method of claim 48 wherein the analysis is single nucleotide polymorphism

analysis.
55. The method of claim 48 wherein the analysis is genotyping.
56.  The method of claim 48 wherein the analysis is real time PCR.
57. The method of claim 48 wherein each reaction volume is less than 20 pL.
58..  The method of claim 48 wherein each reaction volume is less than 10 pL.

59.  The method of claim 48 wherein said sample is partitioned into at least 500

isolated reaction volumes.

60. A method of analyzing a sample fluid for a reaction comprising the steps of:

(i) providing a microfluidic device, said microfluidic device comprising:
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39. The nethod of claim 38, wherein said PCRis digital PCR 40. The net hod
of claim38, wherein said reaction produces two different color results.
41. The nethod of claim 37 wherein the nethod conprises providing a

m crofluidic device wherein said blind channel is a branched partitioning
channel systemand said mcrofluidic device further conprises a plurality
of val ves and wherein said sanple is introduced into said branched
partitioning systemand said plurality of valves are actuated to isolate
said sanple into a plurality of isolated reaction volunes. 42. The net hod
of claim41l wherein the analysis is single nucleotide polynorphism

anal ysis. 43. The nethod of cI aim41l wherein the anal ysi S i s genotyping.
44. The neth f e | Y §i: S ai The
met hod of cl gﬂhr%% kgr\l/&aid HN}# eac gﬂ}d;%l{éiﬁsgg&@ e?‘lﬁrlrlgﬂpl'? ess HH1 %ﬁeaéé% 46.
The et hypigkr éfrogdhedald chhnmdler ei n each reaction volunme is |ess than 10 L. 47.

The nmet hod of ¢lai.m 41 wherein said sanple i artitioned int at 500
isolated red8dhl 5Hn»car|nm¥é§atlarsvvltﬁSﬁefﬁ%@%?a@ﬁ@ tyfor lﬁgoéuwfgsamnﬁ iy

reacti or}mgorrprl sing the steps of: (i) providing a mcrofluidic devi ce, sal d
m crofluidic device conprising: a plurality of fluidic channels, each said
channel havi ragvaiwey sid Yedve, twhen wetusted, capsnpsidifistichtaneel end thbeopmiedhidiedllyes,
when actuated, .partifion i d ha inel into nore than two reaction sites,
wher ei n séﬁ?fﬂeggp ﬁ?f?r@%]’ delinmited by exactly two actuated val ves;

an inlet in qqr&@iﬁlwaﬁ 508 sihple ﬂ%ﬁi id ifthd0el into$@idd1uidit ehanhel, ahdédi@oIed B9 sai d
sanpl e fluid; and, wherein en said sanple fluid is i ntroduced into said

f1 ui di c asheatedesaid sampleBuid is dixided dnta separaie sempdeifluidaodionanpl e fluid is di vi ded

[t separat g ARl fuclaiofh AL A b Wid yhdl LRIUGAO TR iBRTRA Rro W ¢, O

said inlet, sanp Ssal d chan I'ng said
val ves tgcarivhamicterii d sarrpl e fluid into nmore than two separate portions

wi t hin said channel ;. (iv) simnultaneous|y ther ycl i n sai d separ ate
portions of dHRpt@atingsad velyy t%??&?ﬂ?%%%@’y saply tﬂg%wt%ﬁ% RPRFALOPRILIGRS Wighip

fluid tog,fesef HdnecoMaghAflel s@isd thermocycling pr oduced sai d reaction.
(iv) thermocycling said sample fluid;
(v) analyzing said sample fluid to determine whether said thermocycling produced said

reaction.

61. The method of claim 60, wherein said sample further comprises an amplifiable
nucleic acid target and said conditions are polymerase chain reaction (PCR) conditions, and said
reaction results in a PCR product being formed.

62. The method of claim 61, wherein said PCR is digital PCR.

63. The method of claim 61, wherein said reaction produces two different color results.

64. The method of claim 60 wherein the method comprises providing a microfluidic

device wherein said blind channel is a branched partitioning channel system and said

microfluidic device further comprises a plurality of valves and wherein said sample is introduced
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49. The nethod of claim48, wherein said sanple fluid is introduced into
said fluidic channel by blind filling. 50. The nmethod of claim48, wherein
said sanple further conprises an anplifiable nucleic acid target and said
conditions are polynerase chain reaction (PCR) conditions, and said

reaction results in a PCR product being fornmed. 66 51. The method of claim
50, wherein said PCRis digital PCR 52. The nethod of claim50, wherein
said reaction produces two different color results. 53. The nmethod of claim
48 wherein the nethod conprises providing a mcrofluidic device wherein
said blind channel is a branched partitioning channel system and said

m crofluidic device further conprises a plurality of valves and wherein said
sanpl e i.s, introduce i.nt 0 sai d _bran tictiQni j d

orurar i ipesmegryEeloartiffed S bR G uRRb I vaREL Y USRI RIRGE ) o
i sol at edsamBRGAfoQplalityBFSsolfidd reddtnwlungd. of cl ai m 48 wherein the anal ysis

i s single nucl eotide polynorphism analysis. 55. The nethod of claim48
wherein the analysis is genotyping. 56. The nmethod of claim48 wherein the

rein the analysis I's genoty _ et ! ein |
Vol ume s 1 edat e Lo of g im S R R o SRt o

vol ume idmalysiss than 10 L. 59. The nethod of claim48 wherein said sanple is
partitioned into at | east 500 isolated reaction volunes. 60. A nethod of
anal yzing a sanple fluid for a reaction conprising the steps of (i)

providing a rgecr offpdingitgo A caSedeil el blysis 64 gqn@ﬁ/pmge conprising: 67
blind channel having a first end and a secong end in’fluid comrunication
wi th each other through said channel; an inlet in comrunication with said

h I, id.j | [ [ ' le,fluid: .a. id
varve, wnon dt QeieuissSl RGO CIe RPlf RRERNES Vit geBBRuE R Re o1

separ at egcgrom sai d second channel end; wherein when said sanple fluid is
introduced into said fluidic channel, and said valve is actuated, said
sanple fluid is divided into separate sanple fluid portions;

68.  The method of claim 64 wherein each reaction volume is less than 20 pL.
69.  The method of claim 64 wherein each reaction volume is less than 10 pL.

70.  The method of claim 64 wherein said sample is partitioned into at least 500

isolated reaction volumes.

71. A method of analyzing a sample fluid for a reaction comprising the steps of:
@A) providing a microfluidic device, said microfluidic device comprising:

a plurality of fluidic channels, each said channel having more than two valves
associated therewith, which valves, when actuated, partition said channel into more than two
reaction sites, wherein each said reaction site is delimited by exactly two actuated valves;

an inlet in communication with said channel, said inlet for introducing said
sample fluid; and,

wherein when said sample fluid is introduced into said fluidic channel, and said

valves are actuated, said sample fluid is divided into separate sample fluid portions;
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(i1) introducing said sanple fluid into said inlet, said sanple fluid
filling said first and second channel ends; (iii) actuating said valve to
separate said sanple fluid into said separate portions within said first
and second channel ends; (iv) thernocycling said sanple fluid; (v) analyzing
said sanple fluid to determ ne whet her said thernocycling produced said
reaction. 61. The nethod of claim 60, wherein said sanple further conprises
an anplifiable nucleic acid target and said conditions are polynmerase chain
reaction (PCR) conditions, and said reaction results in a PCR product being
fornmed. 62. The nethod of claim®6l, wherein said PCRis digital PCR 63. The
nmet hod of claim 61, wherein said reaction produces two different color
results. 64..Jhe.method of.clai ral he. d . i di ng
o ot 1 ut i) "G alFchedhiCeatpl® GRAINETAL ube G TR fid Mg S ctatier 0
channel syst q)andcraiiflg sdidl ¢410éd taisepazate e eanple fluhieintoanomthaasoaeprate al i ty
of valves and wherein said sanple is introduced 68 into said branched
partiti opfrhepssyithinpaidpbpngsld plurality of valves are actuated to isolate
said sanple iRto r.ald i i -OF . The net hod
of claim 64 vgfl?gr eisﬁn@h%egél% g’gﬁéoéygﬁéﬁ\agcpséeﬁﬁggeldggﬁnéglpr@Fr[f)lrgp ism

anal ysi s. 66.(vIhe anelybing said separatearpGdionk ef sampld fheid anddtyraiise whetharsaidypi ng. 67.
(Previously presenta&% ghe nmet hod of claim 64 wherein the analysis is real
time PcRempgychngragicadgaidreaciai-m 64 wherein each reaction volune is |ess
than 20 L. 69. The nethod of claim64 wherein each reaction volume is |ess
than 10 L. 70. The nethod of claim 64 wherein said sanple is partitioned
into at | east7500 Thegotthoddf ¢laiac?i,ovherem sadsampld fluid isratioducedfintasait finidig a
sanmple fluid.for .a reaction conprising the steps of- (i) providing a

mi crof | ufllff“&eltlj’é\y’ihﬂg?lﬁ%'d microfluidic device comprising: a plurality of
fluidic channels, each said channel having nore than two val ves associ ated

t herewi th, which val ves, when actuated, partition said channel into nore
than two reaki onlhsimetod ahdpian Al svherpin sidisannie furder eanpsisesanyamplifiabled by

exactly Blyg?ei@‘%ia’%feq @548 Sonditions are polymerase chain reaction (PCR) conditions, and said

reaction results in a PCR product being formed.
74.  The method of claim 73, wherein said PCR is digital PCR.

75.  The method of claim 73, wherein said reaction produces two different color

results.

76.  The method of claim 71 wherein the method comprises providing a microfluidic
device wherein said blind channel is a branched partitioning channel system and said
microfluidic device further comprises a plurality of valves and wherein said sample is introduced
into said branched partitioning system and said plurality of valves are actuated to isolate said

sample into a plurality of isolated reaction volumes.

77.  The method of claim 71 wherein the analysis is single nucleotide polymorphism

analysis.
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an inlet in conmunication with said channel, said inlet for introducing said
sanple fluid; and, wherein when said sanple fluid is introduced into said
fluidic channel, and said valves are actuated, said sanple fluid is divided
into separate sanple fluid portions; 69 (ii) introducing said sanple fluid
into said inlet, said sanple fluid filling said channel; (iii) actuating
said valves to separate said sanple fluid into nore than two separate
portions within said channel; (iv) simultaneously thernocycling said
separate portions of sanple fluid; (v) analyzing said separate portions of
sanple fluid to determ ne whether said thernocycling produced said
reaction. 72. The nethod of claim 71, wherein said sanple fluid is
introduced into said fluidic channel by blind filling. 73. The nethod of
claim71, wherein said sanple further conprises an anplifiable nucleic acid
target and sgi8d cdmdintetlonisofaiabmydlwiresiathe anhlgsinisrgeactypmg. ( PCR) condi ti ons,
and said reaction results in a PCR product being forned. 74. The net hod of
claim73, wherein said PCRis digital PCR 75. The nethod of claim73,
wher ei n sai d JoeactyQn, ok RECRImt MAyitrdih Ble@RblySi0ikal th@SPERS. 76. The net hod
of claim 71 wherein the nethod conprises providing a mcrofluidic device
wherein said blind channel is a branched partitioning channel system and
said mcrofluidic, device furth onprises a. plurality, of valyes and

wher ei n sai d ¥anpl ei’%et]i“?ﬂ?%ﬁﬂj@% V&?"H‘?‘Be%c iraacﬁlgﬁﬁf}]ﬁgﬁl ]a??ﬁhf“i‘émlirg system
and said plurality of valves are actuated to isolate said sanple into a
plurality of isolated reaction volunes. 77. The nmethod of claim 71 wherein

t he anal ysi s §ls siThgimethedofcdaimdd Wherrsineaghireantion yakmeds less than 18 uLThe net hod
of claim71 wherein the analysis is genotyping. 79. The nethod of claim71
wherein the analysis is real time PCR 80. The nmethod of claim71 wherein
each reacti org2vol urfie mehddsteldimai wWitkrdin said tamplaés pretitiondd dito al BasNSEA wher ei n
each reaction volunme is less than 10 L. 82. The nethod of claim 71 wherein
sai d sanf?lated &eagten Yelpga®d into at | east 500

83. A method for performing an analysis of a sample comprising the steps of:
providing a microfluidic device comprising:
a sample channel and having cross-sectional dimensions-between 0.1 and 1000
um,
valves positioned such that the sample channel is partitioned into a plurality of
fluidically isolated chambers by activation of said valves, said valves being formed in said
microfluidic device by one or more & deflectable membrane(s) that can be deflected into said
sample channel,
wherein said deflectable membrane is formed from an elastomeric material having a
Young’s modulus in the range 20 Pa to 1 GPa, and
wherein said fluidically isolated chambers are not located at junctions formed by
the sample channel and other flow channels that are in fluid communication with the sample

channel,
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i sol ated reaction volunes. 83. A nethod for performng an analysis of a
sanpl e conprising the steps of providing a mcrofluidic device conprising:
a sanpl e channel and havi ng cross-sectional dinmensions-between 0.1 and 1000
pm val ves positioned such that the sanple channel is partitioned into a
plurality of fluidically isolated chanbers by activation of said val ves,
said valves being fornmed in said mcrofluidic device by one or nore a

defl ectabl e nenbrane(s) that can be deflected into said sanple channel,
wherein said deflectable nenbrane is forned froman el astoneric materi al
having a Young's nodulus in the range 20 Pa to | GPa, and wherein said
fluidically isolated chanbers are not | ocated at junctions forned by the
sanpl e Chann%htraaui-@mhﬂlé Ad<BAPASHE rdabaits A RudiBiclabtl £ AATEEHGH Stk RAstW th
the sanple ¢ annef, 71 'ntroducing a sanmple tfluid conprising reagents for
nucl ei ¢ awd anpdifjableftargett ydrlindrfdlizg inkeesast sampieechanmdlj Wherbinesatdsagete dhgnriel hasd
filling into said sanpl e. channgl rein said sanpl e channel has an

ent r ance®} Wrap?ﬁtgbﬂﬁ‘g’ﬁll?ﬂ?ndﬁagﬁf‘i’&:ﬁg‘%eﬁﬂ?t hesee S?‘R?fna%ﬁﬁvé a separate exit,

si mul t aneous| ymaRidéahdIP detigting SRl vaBRs tPpBERLUE Ratts00 TRbdicatQQsdihed atietsy

i sol ated chanmbers, wherein at |east one anplifiable targef is present in at
| east onwherardb égast angrathpbifiablg targgslis piessat incan lessteqne chambdrt aneously in said at

| east 500-fluidi,cally isalated, cha rs erei. ifigd. target, is

pr oduced 1 n atorraaue gl RHGhERED S0 LRaR MBI U e aa
The et heighnitersGhiadréih &8 amplifié®iabges & plodutpd irf 4t bt ahi@ chh@pé&r, ade pol ymer ase
chain reaction (PCR), steps which result in a PCR product being forned. 85.
The met hod of de¢cings@d amphfiediargedai d PCR is digital PCR 86. The method of
cl ai m 85, wherein said pol ynerase chain reaction produces two different
color results. 87. The nethod of claim 83 wherein the sanple channel is a
branched part 84.i onTlegmethbdohdhins §3 twereream shid amnplifsaatiph stepsare pblyatkase dhdimt o

sai d branched itionjng syste d a urality of valves are actuated to
i sol ate 5"&%0"5@%5 étep?l‘("blcg rffi‘f}r"ég]ip HPd‘fCEET"g% famedaction  vol unes.
85.  The method of claim 84, wherein said PCR is digital PCR.

86.  The method of claim 85, wherein said polymerase chain reaction produces two

different color results.

87.  The method of claim 83 wherein the sample channel is a branched partitioning
channel system and said sample is introduced into said branched partitioning system and a
plurality of valves are actuated to isolate said sample into a plurality of isolated reaction

volumes.

88.  The method of claim 83 wherein the analysis is single nucleotide polymorphism

analysis.

89.  The method of claim 83 wherein the analysis is genotyping.
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88. The nethod of claim83 wherein the analysis is single nucleotide

pol ynor phism analysis. 89. The nethod of claim83 wherein the analysis is
genotyping. 72 90. The nmethod of claim83 wherein the analysis is real tine
PCR. 91. The nethod of claim83 wherein the fluid capacity of each chanber
is less than 20 nL. 92. The nethod of claim91 wherein the fluid capacity
of each chanber is less than 10 nL. 93. The nethod of claim 83 wherein
sanpl e channel is forned in an el astoneric substrate. 94. The nethod of
claim 83 wherein the and step (c) conprises sinultaneously actuating said
valves to isolate at | east 1000 separate chanbers. 95. The nethod of claim
94 wherein step (c) conprises sinmultaneously actuating said valves to

solate at | eget 290 aRRAGAUAmHRGER thfaly IR R8I fiAdpRR, cl 8l m 95 wherei n

step (c) conprises sinmultaneously actuating sai valves to isolate at | east
3000 separate chanbers. 97. The nethod of claim96 wherein step (c)

conpri ses sinultaneousl ctuyati aid  val.ves to isol at t lLeast. 5000
separat e chanbers. Sr.letg‘?fg‘)ftrfi?‘ %&@Pé‘i’?ﬁ‘@g CW‘?«S&%Pﬁe%’ﬁ@E&%&? 'Sclg?fﬁp?nses
simul tangpyisly actuating said valves to isolate at |east 10,000 separate

chanbers. 73 99. The nethod of claim83 wherein deflectable nenbrane is
formed froman elastoneric material having a Young's nodulus in the range

. . d,of ,clai . i I | . i
T ot Pr o N o1 2B ARG o e P BRI TR0 Rl £ B o,
100 Pa tgdrL. MPa. 101. The nethod of claim83 wherein the defl ectable

menbrane is fornmed from pol ydi nethyl sil oxane (PDVS) 102. The net hod of
cl aim 83 wherein the sanple fluid conprises at | east one bl ocking reagent

sel ected fromyd he H{GHRnGORFLSH §PwRlrefd sRBleThinAM Brnfl&lifi'af SAboméAc

substrate.

94.  The method of claim 83 wherein the and step (c) comprises simultaneously

actuating said valves to isolate at least 1000 separate chambers.

95.  The method of claim 94 wherein step (c) comprises simultaneously actuating said

valves to isolate at least 2000 separate chambers.

96.  The method of claim 95 wherein step (c) comprises simultaneously actuating said

valves to isolate at least 3000 separate chambers.

97.  The method of claim 96 wherein step (c) comprises simultaneously actuating said

valves to isolate at least 5000 separate chambers.

98.  The method of claim 97 wherein step (c) comprises simultaneously actuating said

valves to isolate at least 10,000 separate chambers.
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99. The method of claim 83 wherein deflectable membrane is formed from an

elastomeric material having a Young’s modulus in the range 50 Pa to 10 MPa.

100. The method of claim 99 wherein deflectable membrane is formed from an

elastomeric material having a Young’s modulus in the range 100 Pa to 1 MPa.

101.  The method of claim 83 wherein the deflectable membrane is formed from

polydimethylsiloxane (PDMS)

102.  The method of claim 83 wherein the sample fluid comprises at least one blocking

reagent selected from the group consisting of a protein and a detergent.
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