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THERVAL REACTI ON DEVI CE AND METHOD FOR USI NG THE SAME
PRIORI TY CLAIM[001] This application clains priority

wo eoosactesof the foll owi ng applications: U S, PetT/UuSgmo$/015352

No. 11/058, 106, filed February 14, 2005; U S. Pat.
Appl . No. 11/043,895, filed January 25, 2005;

10/ 876, 046, filed June 23, 2004; and U. S. Pat. Appl.
No. 10/837,885, filed May 2, 2004, each of which is

i ncorporated by reference in its entirety for al

pur poses. CROSS- REFERENCE TO RELATED APPLI CATI ONS
[002] This application is also related to U. S. Pat.
Appl. No. 10/818,642, filed April 5, 2004; U S. Prov.
Pat. Appl. No. 60/460,634, filed April 3, 2003; U.S.
PEHERMAL REACGTEOX DEBYICE ANPIMETHODEFORUWSING
Pat. Appl. No. 10/818,642, filed April 5, 2004; U.S.
Pat. Appl. No. 10/ 306, 7BHE SAME Novenber 27, 2002:

U S. Prov. Pat. Appl. No. 60/391,529, filed June 24,
2002; and U. S. Prov. Appl. No. 60/335, 292, each of
which is incorporated herein by reference inits
entirety for all purpPRESRITBACKARMIND [ 003] Recently,
there have been concerted efforts to devel op and
manufacture mcrofluidic systens to performvarious
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i'n tine, cost and the space requirenments for the

iy Petirsty for #ll pe@oses. conduct the anal ysis or synthesis.

Additionally, mcrofluidic devices have the potenti al

to be adapted for use with automated systens, thereby

provi ding the additional benefits of further cost

reducti ons and decreased operator errors because of
t he r educCROSSIREFERENCE TO RELATED APPLICATIONS

[002] This application is also related to U.S. Pat. Appl. No. 10/818,642,
filed April 5, 2004; U.S. Prov. Pat. Appl. No. 60/460,634, filed April 3,2003; U.S.
Pat. Appl. No. 10/819,088, filed April 5, 2004; U.S. Pat. Appl. No. 10/818,642, filed
April 5, 2004; U.S. Pat. Appl. No. 10/306,798, filed November 27, 2002; U.S. Prov.
Pat. Appl. No. 60/391,529, filed June 24, 2002; and U.S. Prov. Appl. No.

60/335,292, each of which is incorporated herein by reference in its entirety for all

purposes.

BACKGROUND

[003] Recently, there have been concerted efforts to develop and
manufacture microfluidic 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
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i nvol venent. M crofluidic devices have been proposed
for use in a variety of applications, including, for

WO pesanmes capillary el ectrophoresis, gas PCT/US2005/015352
chromat ogr aphy and cel |l separations. [004] However,
realization of these benefits has often been thwarted
because of various conplications associated with the
m crofl ui di c devices that have thus far been

manuf actured. For instance, many of the current
frnmnuﬁatunantmndfelm l@agecbioeanﬁﬁ/ﬁéﬁ andsypthgsesicgndlucted on a macro
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nucleic acid anplifications would have di verse
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need for microfluidic devices designed for use in conducting a variety of chemical
and biochemical analyses. Because of its importance in modern biochemistry, there
is a particular need for devices that can be utilized to conduct a variety of nucleic
acid amplification reactions, while having sufficient versatility for use in other types

of analyses as well.

[006] Devices with the ability to conduct nucleic acid amplifications would
have diverse utilities. For example, such devices could be used as an analytical tool
to determine whether a particular target nucleic acid of interest is present or absent

in a sample. Thus, the devices could be utilized to test for the presence of particular
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expression studies). Alternatively, the devices can be
used in a preparative fashion to anplify sufficient

woe@wbam™3aci d for further anal ysis such as seqRPEnUBI005/015352
of anplified product, cell-typing, DNA fingerprinting
and the like. Anplified products can also be used in
vari ous genetic engi neering applications, such as
insertion into a vector that can then be used to
transformcells for the production of a desired
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desi gned _t o conduct thernmal cycling reactions (e.g.,
toppg Liyjsp iRy npesicrarich for Hthgrianabyis g1 ﬁﬁﬁ%lusv%ég Biver i ¢

. e i . h i
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Sone_of the devices jnclude blind, fl ow channels which, .
VBT e Cpeetoet A RRIE: A doibe BT Ohp Gy Brbein
pfRlut@i N such devices include a flow channel fornmed
wthin an elastoneric material, and a plurality of
blind flow channels in fluid communi cation with the

fl ow channel, with a region of each blind flow

channel defining a reaction site. The devices can al so

i ncl ude one or nore con I nel s overl ayi ng and

i ntersecting each of thtgiwl ow channel s, wherein
an el astoneri c nmenbrane separates the one or nore

[@mt r ol  chavdrdts of devioet hed hiethods fdraandiding ehisrodluidach
intersection. The, el astoneri ¢ nenbrane in.such deyvi ces
apalyggs gfrogeyided hereiny aﬁt@&%@evﬂ?ﬂsm ea,pe B w0 LPRYHCE he
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vices can optionally turther include a plurality
differdftomi dorfeationsl saicrofluidic devices in that they include elastomeric

components; in some instances, much or all of the device is composed of

elastomeric material.

[008] 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 device. Thus, methods for conducting amplification

reactions with devices of this design are also provided.

[009] Some of the devices include blind flow channels which include a
region that functions as a reaction site. Certain such devices include a flow channel
formed within an elastomeric material, and a plurality of blind flow channels in fluid

communication with the flow channel, with a region of each blind flow channel
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formed within the elastoneric material and overl ayi ng
the fl ow channel and/or one or nore of the reaction

W@ 21084079Fhe guard channel s are desi gned to haveCT/Us20d5/015352

flow therethrough to reduce evaporation fromthe flow

channel s and reaction sites of the device.

Addi tionally, the devices can optionally include one

or nore reagents deposited within each of the reaction

sites. [010] In certain devices, the flow channel is
definingof reactivinsital Thy dovicss cawalshdneledesonecanorsfcontsel dhpgigls
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atfenali intesseatie The elasiomerc membrangdn seth dayices sdisnased to be
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typically formed within an el ric material. her

1.
degisn Aty e AT SRR dbRTIbIBAuds aPF T Traget|
d%,?glgdig%\]}?%g&?ﬁ%@5&%%&%5, for exanple. [012] Still

ude a reaction site formed within an
el astoneric substrate, at which a reagent for

[0a6hduct i nip eertairadsvicss, the flngrehewnehiscane|of aipkwrslity oflaw
chegaeaee P et Spege T AR SutRTRECS o lm B Gt

CIHENULIS ShidHTh A IR R RS, CBUENIces bofeonaist im@nee instahek the
acid anplification reaction. Thus, in sone devices. the

phuesdige nf flowehannslssarg infercomnected ayifhateapathsh spchibatdfuidiganbe
. nucl eat.i des.. | p.at her. deyi . i <. @
infpgpanieiion pERSaRLioR FeSHE ashih EFIEMntuddces,
hwERY, tha pREalit§ oF €6% chatnel &0 isolasd flen. catleothar suchfthat fluid

these devices include: (i) a first pluyralict f flo
inttodnensl igtor eaneflay Fhanggl cagmgt flow to another }Jlow chazne(i, and eagxﬁ

flow channel comprises an inlet at one or both ends into which fluid can be

introduced.

[011] 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.

[012] Still other device include a reaction site formed within an elastomeric
substrate, at 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
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el astoneric substrate, (ii) a second plurality of flow
channels forned in the el astonmeric substrate that

wo niosnemet the first plurality of flow channel BCT/0S2005/015352

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 solution within each of the reaction sites
fromsolution at other reaction sites, and (iv) a
COpﬁw?:giatIlelﬂc apidpmplifieatioareaction ILAYS: Hyseprdgicardhcreagent
t he. fl ow.channel r af t i
cotifsee {BREDEREa0d a8 bl Blmfe MRIB G, AR ERE LR me
reb @héis athiRldiOiegmgatdevi ces can be utilized to conduct
a nunmber of different types of reactions, including
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can involve introducing the components for a nucleic
thaceattianpitesitp paavienievepeiatipn Af sphelanBFeIABY nocycl i ng t he

conﬁogen_t s to formanplified product. [015] O her
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each of the reaction sites, and then a reaction is detected at one or more of the

reaction sites. The method can optionally include heating the at least one reagent
within the reaction site. Thus, for example, a method can involve introducing the
components for a nucleic acid amplification reaction and then thermocycling the

components to form amplified product.

[015] Other methods involve providing a microfluidic device comprising
one or more reaction sites, each reaction site comprising a first reagent for
conducting an analysis that is non-covalently deposited on an elastomeric substrate.

A second reagent is then introduced into the one or more reaction sites, whereby the



10

15

20

25

conprising an array of reaction sites fornmed within a
substrate and having a density of at |east 50
w@a08aH982. At | east one reagent is introducedPCTUS2005/015352
each of the reaction sites. A reaction at one or nore
of the reaction sites is then detected. [017] Yet
ot her nmethods involve providing a mcrofiuidic device
conprising at | east one reaction site which is forned
within an el astoneric substrate and a plurality of
firgfrad deasmdmprgentsanisdo farrme tRagilahmixtinge AoTeagiignistyveen the

fitn brorpeede Pl SRR ept o FELRUSGERY, |

defegtion sites. Afluid is flowed through the guard
channel s before or during heating to reduce
evaporation fromthe at |east ope reaction.sit
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|seacaV|t t hat art of a fiujdic
sitit BoFactoB e o1 e cieehaon fes Bl ddesed 1o
plurality of guard channels overlaying the cavity and

[ofﬂpaf at edYétf&ﬁertxﬁ@hc?@{hwv%yroamueg afli@Rbidt d@mr ane.
e guard channel in such devices is sized (i) t

coaiprxsmgsafo [leausn Qm redatign e méidhrie dgmed ayithin pp ylagtemnﬁ [§algstrate
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anfl PRt Bt RO A e omleg i I Rt LBogb O

1e££$ BhE ARG )is Hﬂ@ﬂu@l@ﬁhﬂo%&h enthe freartloRsitdsaintl @]li)enflmatbd vithin
the guard channels. O her such devices include .one

the reagbome sﬁdSov&_ Buidrin §pwed Hupesh BaguyH chame! Sr‘@é‘?ﬁel% guring
hegb fd ]S? {Vlﬁlggraaog %rg{rﬁl!lhé ta‘é/ legsft 5 ?Jagtlgﬁ‘ &Y eA ?eacgon within

mcro IC Sy S em an separa e

tht Beteadt'oaBrditieh ﬁsdi@@ewseqmweiefectdde spaci ng between
guard channels is between 1 mmto 1nm hi other

d th bet 5 00 L
(088 her - devidéBioBLRERS 48 HR AnEFu0s HRPTeIAR of Heid Fom the
de&&e re ISX g?ﬁ?éﬁetﬁﬁ% 1410 B0 RO ed Sofiphi s[ecblc%]wt that is part of a

0S| or c ucting nuclelc acid ana gses in
mﬁ@amldmmmsfonﬁecbmmaa]astmmbstram,@nd@mh@re tyacrf@uard

al so proyi ded, Cer.tain such i tions,incl
el DU e o1 PR aPera g R b BLESEpRE,

ghl%%%g T8k %?ﬁrd%aﬁ‘r{bl &l ARhAEBICESis e (i) ¥ alfsvd sélution flow

etergent. e bl ocking agent is typically sel ected

thieretimough, and (ii) such that there is not a substantial reduction in solution flow
in, out or through the cavity due to deflection of the membrane(s) upon application
of an actuation force to the guard channels. Other such devices include (i) one or
more flow channels and/or one or more reaction sites; and (ii) a plurality of guard
channels overlaying the microfluidic system and separated therefrom by elastomer,
wherein the spacing between guard channels is between 1 ym to 1 mm. In other

devices the spacing is between 5 pm and 500 pum, in other devices between 10 um

and 100 pm, and in still other devices between 40 pm and 75 pm.
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the group consisting of a protein (e.g., gelatin or

al bum n, such as bovine serum al bumn (BSA)). The
waledwsngmss can be SDS or Triton, for exanple. BRI/EF2005/015352

DESCRI PTI ON OF THE DRAWNGS [020] FIG 1A is a

schematic representation of an exenplary device with a

matri x design of intersecting vertical and horizontal

fl ow channels. [021] FIGS. |B-E show enl arged vi ews of

a portion of the device shown in FIG |A and ..
[019] ust r at €empesitiepsdenedndrctineypeleiqpanl angtyses iyreaction sites of

schematic .represent at . : - AR
coa N ey e P P doan 2 iy SRATBLRPH DR, kihae

ort¥Rhdte OF ARAHAGWRG: ail 2531 thiat Blocld pretein pihdimg \sitesrwmdn an
exenpl ary blind channel devi

_ . e..[024] FIG, is a
elpstemenic watcsel andor deiereente rhge Qfoyekmgi %sgﬁclﬁ ama%%&sf?ﬁ@é from
025]. FlG... j e .0 t &l : e
tog S S SR CGETR i FRIGRER, Alcha0 b3l ing s
albAIr@RN)R ThedétgrzentaphbbSDS or Fitch, BAcxdngle] FIG 4
is a plan view of a device utilizing the hybrid
design. [027] FIG 5 is a chart showi ng ranp up and
down times to conduct a thernocycling reaction. [028]
FIG 6 shows the | ocation of spotted reagents within
reaction si tERIEFDESCRIFHION @FMEIE DREWINGS e
illustrating proper alignment of the reagents within
reaction sites at the corners of the devi Ce@%}c’)égéé .
[(205S. 7A EKa I7Bisrasshemeticiepiesaptation fagsxemp feige with a
vi ew,and g..schemat i ' id type
ik R CAETR S IR on PR, b ce
used to conduct the experinments described in Exanples
[&1& [ 030F1G$.GB-8 shewanbagedyviewhof mpaettion lof tHeedeaicers n
FAM PRI/ Control . ratios are plotted for six different
FIG- ot endhillpsGaianits @R Bns. The reactions were

t hernmocycled in the mcro fluidic device (chip) shown

[Qiskt] FIG 7 I((}.Sgijj‘ is%q&ﬁéﬁiti@%?re@@ﬁﬁt%ﬂmﬁaﬂwf @%ﬁﬁg}il@l@&na‘cﬁx

ri ped bars e controls are the first and fourth
dbsipn detice thhtttilivay guard ciimelsTh eedsice s#MPIA C¥RNTHINe
standard devi ation of the rati os.

[023] FIG. 2 is a plan view of an exemplary blind channel device.
[024] FIG. 3A is a plan view of another exemplary blind channel device.
[025] FIG. 3B is a schematic representation of a more complex blind

chammel device based upon the unit of the general design depicted in FIG. 3A.

[026] FIG. 4 is a plan view of a device utilizing the hybrid design.

[027] FIG. 5 is a chart showing ramp up and down times to conduct a
thermocycling reaction.

[028] 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 corners of the device.
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[031] FIG 9 is a diagramdepicting an exenplary pin
spotting process. Reagents are picked up froma source
W@ e00g/197988 mi crotiter plate) and then printed bRCT/US2005/015352
bringing the | oaded pin into contact with the
substrate. The wash step consists of agitation in
dei oni zed water followed by vacuumdrying. [032] FIG
10 is a bar graph depicting FAM signal strength for
the mcrofluidic device (chip) described in Exanple 1

[028ke FI G FIGS) 7hand JBoiespastvely e 3 eropi-sectiand vigreand #

anpl 2. T dat ' ] e (E i
B G QS RGP P P gl e
typebEd&iaisb@esondiEtts eirimentsalesitibedtinBsampled évd.at i on
along a lane. The "1.3X" and "I X" designations refer

e T ) R N Y
i bt 9 e BB SR R M
théstadypled ibthesiicrefhadifatpMaue (cliprdiosmsiniFiGt T (solid bars) and

ML TN IR TN RS T ———

' . R 8endir Revigd6it bORe sAIRONENT S
th%%%r%d@%%%p%th 4x the st aﬁdlard armant of

primer/probe. The error bars represent the standard
[038)i at i onFIF. Yine dingsama gepicting asexdnmpda)y pE) EROHIE Process.

b h 1h j
Refeend 5 RekiEn BOR Sl 6% paPL B R AR ApERE

bi@hgife tHeabsiel pirtlingo Etadt evithyBe kibistratéBThe hueh atep vonsisf of
genom ¢ DNA was 0.25 pg/nl, which results in an

agitatipn gedegpnigedwatigr fdlowed Py VBerumEring. 035] FIG 13 is
a bar graph depicting the average VI PR/ Contr ol

G2)i co snblgh A Apd Bpbf AR AIEE AR i SEmP i hen o1

s lkidkeleniol chip) decribbinthGuplob Geai ) tivel on the
rererence or, w, t all e * .

cxpFingEpts eseR B SHETE ot o s am B dorARr &r%lgﬂal /PRI
304 A i Y :

) S SR Ll B3 e T

stahddié deviaforpglong a tne2Thp 1 4K’ oM €187 desigipdions rofer to ke
standard devi ati on af the

concentration of the spotted primers andrp%lge%,si'n relation to their nominal values.
[033] FIG. 11 is a bar graph showing average VIC/PF1/Control ratios for 9-
10 wells for 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.

[034] FIG. 12 is a bar graph that shows FAM/PR1/Control ratios for each

of 10-1 nl wells branching from a single flow channel of a microfluidic device (see
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[036] FIG 14 is a bar graph showi ng the average
FAM PRI/ Control ratios for CYP2D6 SNP reactions in the
wore@sa61988 di ¢ devi ce shown in FIG 7B. The sanptEESE0&015352
the sane as described with respect to FIG 13 and in
Exanple 3. [037] FIGS. 15 is a schematic di agram of
the mcrofluidic device used for the experinents in
Exanple 4. [038] FIG 16 is a polyacrylam de gel
cont ai ni ng PCR product from Macro PCR and PCR .
FiGedB)i dhe amauniid senerpisPNAGY e Gk pe/al, shéshresHistn en aygage

Th u e left show the approximte mgration
of B8 gpLohR

base pair | engths. The | anes
contai ning interspersed bands are nol ecul ar wei ght
[088) ker s. Tl 1Banebal ghgh écpictieoheivaage VREPRCR ontrol ratios

products fromthe Macro reactions_ at differe
fon RO ENP HRctipasisara Gpanegney v shara ipBIC. 7B. Allele

| AR SRSt WS it stk o G
alkACRYPADOH] s Afialel2s(A1{2) 30the BbSBvd Fenttl dordbpFAM prabe against

wBagres o iy anee OrPRRRE .y bhe el iR RSN e 40)
GE i c AN vk&PadgRECT00 SBEIES 20 pgtlPaht letrbPPirb Gre the

m crofluidic devices after a thernmocycling reaction
stmargdevigionsd théiatjos.e 18a depicts a two col or inage,
and figure 18b depicts the remaining signal after

L £ L0 i D5l 08 KOS o o

o THTED PSNP Wedctiofiintthemidrotieidicodeviveshowi én FEG. 7B, TikA 2]
FI G 20 depicts an isotherm c anplification schene_-

segmperarokhe D) as degsribed Halbirespsciln FGe ki pad ip Bxampls 3.
m crofluidic device plan view [044] Fig. 22A depicts

[(II%IZf ubst r agf;@f 535 Qis&{e%altildid?dgatg O lfeSnichHuili Yevice used for

egrated pressure accunu or wells according to an
therdapetiments iroExdoyde pr esent i nvention; [045] Fig. 22B
depi cts an expl oded view of the mcrofluidic device

BT PoFl 1 B b el S A SRR AR
PORCGAMPCR fHabtisiRMh G BReYALIHR delide sKA®Ri in FIG. 7B. The results on
the left show the approximate migration of different DNA base pair lengths. The
lanes containing interspersed bands are molecular weight markers. The lanes
labeled “Macro” are the PCR products from the Macro reactions at different
dilutions. The lanes labeled “In chip” are PCR products generated in the chip. The

lanes containing many bands throughout the gel are nonspecific background signals.

[039] FIGS 17a-17d depict two preferred designs of a partitioning

microfluidic device in a valve off and valve actuated state.

[040] FIGS 18a and 18b depict images of a partitioning microfluidic
devices after a thermocycling reaction was performed. Figure 18a depicts a two
color image, and figure 18b depicts the remaining signal after subtraction of the

control red signal.
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[047] Fig. 22D is a plan view of the mcrofluidic
device shown in Fig. 22B; [048] Fig. 22E depicts a

weer@ws4em™agti onal view of the m crofl ui di c devi PET/ERISI015352

in Fig. 22B [049] Fig. 23 is a cross sectional view of

a via for use in sonme enbodi nents of microfluidic

devi ces of the present invention. [050] Fig. 24 is a

perspective view of a station for actuating a

m crof l ui di c device according to an enbodi nent of_ the
[0dtlesent iFGeH fenicts pasph aficgmpamngidgiayerdganugperpfgypies

vi e . i nst the upper face of a
P%%“@ﬁé?ﬁﬁﬁaﬁﬁﬁﬁﬁg g%ggggggging to an enbodi ment of the

present invention; [052] Fig. 26A is a sinplified
[042Er al | VFEM2@Hepdcts ys isetheanemiblifgation schemeboCOBRIONT

the present invention; [053] Fig. 26B is a perspective

vi ew of i.vi.ng stati in th f .Fig. 26A:
8a) oIS EEasnietd o el o tonidly s Bop Ry
[04bt noF LA AHIBIAH & BIESENE a5 BTNy SR FOMa BB dptegtated
pr’é%s%‘e aceluinst v@eﬁg a@{:&dﬁ{g‘w an %ﬁlﬁg&iﬁ{éﬁk obind ?réébﬁ"iﬁvention;

Showi ng an interface plate nated to a carrier
[o[ag}ég ]r d E\i\g szggcijplmpﬂmnﬂ vuﬁw ohthe miem;ﬂmidid: deracd shown in

] ig. 28A is a perspect [ i nt t ed
FhORE il St o B s = Of 2Nt earate
“’i“ﬁf ggt 'F?% :dzlz%‘%z]an BYSall 985 bihd nﬁaroﬁaﬁfﬁé iié’xfgcé/éhg%l% F&) 228;

r at carrier according to another enbodi nent o
[0 pr &g isagiin dewfoftharsireftidicBerce sl iFrig. 228A

is a sippl ti. | . vi f . . f.
(31 2 itk 2eheeeliis s BpSgreckig vishO! 8 sufroBi e Bl oy
inslfi?}?i_iﬁ ed cross sectional view of a systemfor
al

re ning the carrier of Fig. 28B; [060] Fig. 29Cis a
[00hp! i fRagl A3 iam cvaseweasional pew of 8 viadr pspainsameicarbogdiments of

o R e iy 0P oo

[050] Fig. 24 is a perspective view of a station for actuating a microfluidic

device according to an embodiment of the present invention.

[051] Fig. 25 depicts a cut-away view of a platen urged against the upper face
of a microfluidic device according to an embodiment of the present invention;
[052] Fig. 26A is a simplified overall view of a system according to an

embodiment of the present invention;

[053] Fig. 26B is a perspective view of a receiving station in the system of Fig.
26A;
[054] Fig. 26C is a rear plan view of fluidic routing within a plate interface or

platen according to another embodiment of the present invention

[055] Figs. 27A and 27B are cross sectional side views showing an interface
plate mated to a carrier according to an embodiment of the present invention;
[056] Fig. 28A is a perspective view of an integrated carrier according to an

embodiment of the present invention;
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systemof Fig. 29B; and [062] Fig. 30 is a sinplifed

overall view of a vacuum chuck for use with the system
W@DR00Fi1079328B. DETAI LED DESCRI PTION | . Defi ni t POTES2005/015352

[063] Unl ess defined otherwi se, all technical and

scientific ternms used herein have the neani ng conmonly

understood by a person skilled in the art to which

this invention belongs. The follow ng references

provide one of skill with a general definition of nany
[057] t he Rigr2%B ig Q@Qrspncttmuvsew ﬁgahmtqmatecgpafgp@mﬁrdmg Q.

DL.CTI ONARY Q: OGY Bl OLOGY (2d
a &herf%&??mePHﬁ%ii R o R PP R ERe AnD
[0BBLCHNOFGGY oAV |aksﬁﬁp1€1@d crok® S&tion AN vweb OB SAIRYN Gr retaining the

GENETICS, 5TH ED., R Rieger et al. (eds.), Springer
cayeipl ofig 259%) : and Hale & Marham THE HARPER COLLI NS

B L

catribesiFig8s;f i ed ot herwi se. [064] A "rom;channeI"
refers generally to. a flow, path throug
[069] ut i driec9E lﬁlaéWlPIE@éB}anTﬁ‘éWPEFﬁP“\?&l éhe %ﬁm@s%f Fig. 28B;
(R 1eT Wi JoRsGIRpR LA N LRwAo SO BcRREIORr e With B
a flow channel and a contro annel 1 ntersect and are
s%ee?xlabﬂF@gZQBl adel ast oneri ¢ menbrane t hat can be

efl ected jnto or ract d. fro t he fI annel
1§62k poncBerts i HenliEh PasaR Sianior tasgpmhig RRReS withThe

Sﬁﬁg@gp#" o¢pa "dead-end channel” refers to a flow
channe V\,hl ch has an entrance but not a separate exit.

Accordi ngly, sol Uthﬁ‘T'AfILE]‘.’yDrE‘S@i@ﬂ’ﬂéﬁ of the blind
channel occurs at he process of
filling one or nore blind channels is sonetines sinply

Lr ef eDefiditionsas "blind fill." [067] An "isol ated
reaction site" generally refers to a reaction site

SRR SRR R R S

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 used in 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, STH ED., R. Rieger et al.
(eds.), Springer Verlag (1991); and Hale & Marham, THE HARPER COLLINS
DICTIONARY OF BIOLOGY (1991). As used herein, the following terms have

the meanings ascribed to them unless specified otherwise.

[064] "A “flow channel” refers generally to a flow path through which a

solution can flow.

[065] The term “valve” unless otherwise indicted refers to a configuration

in which a flow channel and a control channel intersect and are separated by an

11
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used with respect to a blind channel, the isolated
reaction site is the region at the end of the blind

waeb@snelozg hat can be bl ocked off by a val ve asBODUS10e8015352

with the blind channel. [068] A "via" refers to a
channel formed in an el astoneric device to provide
fluid access between an external port of the device
and one or nore flow channels. Thus, a via can serve
as a sanple input or output, for exanple. [ 62]18 Tr}le
elastoneric el cashromethat candedeflaeedinse prretpgisd from é@ Wofhannel
. neani ng as Lﬁi d irtnctehe art. Thus, for exanple, Allcock
0 gtPRfise 17 Bt %88 a1y Pol ymer Chemistry, 2nd Ed.)
descri bes el astoners in general as polyners existing
[068] a tenperiindrobalyedeen debdiend ghams] trefenstota fdow channel
tenperature and |iquefaction terrpe(tlatlure El atftomeridcout
wihielh lessia egtrandsi R PO'c SERRIAE Bitlo PRIPTURE RS Hqyeri an
of oelrﬁrinﬁq:arch&tﬂr?eﬁ pécurrfﬁd[hé %anﬁ’eie :Qa%tg:ﬁl. I HeHrodEBs of Bliin@dnt 6r more

uncot 'rng of t ckbone chains in response to
bliad khsgels ivkdrhetithes shapkirefeered tiapn'dlindddl.T i ng to assune
the prior shape in the absence of the force. In
eneral, elastoners deform when. . for | ]
[Og'ﬂen ret Ui ltsﬁla{éﬁé?a}c_ 187 il n%qn??ﬂgﬁ%f&\%ﬁgﬁr%*gg%gﬁyg
not ﬁ‘{‘ﬁﬂiﬁ%onﬂﬁﬁ&lti@ﬁ it Sidler@¥dbtibhs sickspyesehtast thedevice. When
materials can be characterized by a Young's nodul us,
usdhevithlrespecinte ribdindwhanmich the iselaiddzeastion sites the e alithg wd
devj ces di scl osed heyei Leal  Bed YR theSblind
of fRiLlBY 4t eeh bg Bipgked BT B VKRR B e ln
cﬂa;qlzélances bet ween about 10 Pa - 100 GPa, in still
ot her instances between about 20 Pa - 1 GPa, in yet
ot her instances between abei t 53.Pa 1 10 I\/F?a,d andtoi n
[068) t ai n i AsigncefsTsdemabann ToaPpgAfopsHC device
El astoneri ¢ | Als ' FYRUAS i 478Gk s nfowé fowre
pr8f”ad§Fﬁ@ga?cg%sgr%é&%égﬁdnaﬁxi%xﬁgﬂﬂﬁ I zedldependi ng upon
cHaBelB e THEs, @fvidcapaetvieas aanmapphputat iogtput,[foreiandie of
the mcrofluidic devices described herein are

fabricated f | as, i I
(0695 (1 or mibeiBr i B Epe g ety o i bsh pienlf s
uSldih BRG: SRR, ARk ahpRIAINOcK dalRUSttembharyPaigmat
mcroflurdic systens are not limted to this ope

Chemisitya2idBd.) tiggoaber elasiamners hﬁl gerfesaliap yo](yfneﬁ%@(gﬁg)(g; ata
ta&?&%ﬁﬂ@,@?\%@ﬁgﬁg é@gsl %ﬁ@& F@p&gﬁﬁ‘é‘ﬁ{d liguePttibA Rinperature.

Elastomeric materials exhibit elastic properties because the polymer chains readily

undergo torsional motion to permit uncoiling of the 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 between about 1 Pa—1TPa, 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
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of polymer chem stries, precursors, synthetic nethods,
reaction conditions, and potential additives, there
w@e@sa019a8 ge nunber of possibl e el astoner systROBEUS1085/015352
can be used to make nonolithic elastoneric mcroval ves
and punps. The choice of materials typically depends
upon the particular material properties (e.g., solvent
resi stance, stiffness, gas perneability, and/or
tenperature stability) required for the application
Padbel MPx Fldsiomedc matmnatsu tamilg adéeung’ Ssmpéglaﬁ dhigigletohErosg pe

Rl R BE RS I SRS P shin.

devi ces disclosed herein are set forth in Unger et al.

[06@000) Sci®neef B8 iicrblididic dévicesdesdriGEd Retelr aratitaivatciiom
02/ 43615, and WO 01/01025, which are |ncorp ralt ed

anrﬁéas@memg/pqlw wichas GF RRY 615 éf&mu&tvn -grvinylsilane
crB RO Emey e AP ol e B preget migpotuitic

sybt%hfsl afe hi6t linnicddurd €hia ope fqmmlatmnj tgpemnévelnlﬂnls darhilyleSpdfmer;

any length, includin ut not ted t
rafheheady amf @16%9%?10 a%lam }Sb%‘H?}blFe Yt‘alélge tf?*iﬁls?@uﬁ divggsity

ofﬁf{}?ﬁﬁ%ﬁ:‘ﬂeﬂ% e, fe'c&r@ofs }Jnﬁﬂﬁt: b s deeRBcH e RN Bind

errrBre only to the prinmary
paéntial hddigvesf theteeareallage hmnba”rrnfs)osmbﬂe@@stomqn systems that can

A A B
m%&a%'t e %ﬂ@@%ﬁ%oﬁ% p&ﬁ&ﬂaﬁhﬁ@nhl%bp@ﬁes (e. g solvent

as by methylation and/or by
resafapta) gtiffaesd, gasrmdnéabddy,fmdfm’ t@ﬁp@fh@ﬁp&i&@hh’é resiyitied or the

ap’\]ﬁ%gptg,cﬁhalaqtulégc;?cl? 1.%& ég&tlfﬁ%lg%eﬁadfg e?l&%%% tgfjr)] Pf %}astomenc

mBRk AR ah BE ﬂb&l 8 ehd shasuth@r Gfithd S@nponents of the microfluidic
-deoxy-D-ri bose), polyribonucleotides écont ai nin

dévicdsigebysed hwlncﬂrh eet forfipin Gngqsf 9ln (RI08D ?@éce\%gclﬂgr]sl 6,
aSiRCE RbRCHoS S 9201 el O DAL ORL R efinbpreted

hé@fn@&%fﬂ%rﬁ:e ipelejradmtiety .ol purpeps.i de nucl ei ¢ aci ds
(PNAs)) and pol ynor phol i no (cormerm ally avail abl e

[(;(Ié(ﬂj g] etn 2)6 &gé Iyq%:s ré‘faullczﬁg aglflﬁ’é;pc&rp\é{a;]ﬁ (?qz agnde go(flgonucieotlde
SIS TR kS BTG gy
bt mHﬁteHQMmHotnuclbaxEs patledxygibemldndisles. sTheark ismy, intpuded
dganétlsonflg lfgngth Qetween these terms. Further, these terms refer only to the
primary structure of the molecule. Thus, in certain embodiments these terms can
include triple-, double- and single-stranded DNA, as well as triple-, double- and
single-stranded RNA. They also include modifications, such as by methylation
and/or by capping, and unmodified forms of the polynucleotide. More particularly,
the terms “nucleic acid,” “polynucleotide,” and “oligonucleotide,” include
polydeoxyribonucleotides (containing 2-deoxy-D-tibose), polyribonucleotides
(containing D-ribose), any other type of polynucleotide which is an N—or C-

glycoside of a purine or pyrimidine base, and other polymers containing
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B30

DNA and RNA. [072] A "probe" is an nucleic acid
capabl e of binding to a target nucleic acid of
weomsliesnt ary sequence through one or nore typEFUS005/015352

chenical bonds, usually through conplenentary base

pai ring, usually through hydrogen bond formation, thus

formng a duplex structure. The probe binds or

hybri di zes to a "probe binding site." The probe can be

| abeled with a detectable |abel to permt facile .
nogatdeatidimbaskberes, m@b@nplpanquaémﬂaﬁ -§-» prtidemmeleisrasifls

S, h ized to i (g I
c%‘gd’ %n?rﬁléo%}o (Le can |1§§\{J&c} abig ﬁt(’%{ ?l%aAr\l}h?%a aﬁlgf’
c&wéﬁle [@REon, b Neaﬁ&rw polynierd, Ad ather §ﬁﬂiet1caeq®aceieﬂsaedioed
ysi cal means, for exanple. Suitable

|
mlcéﬂfgﬂwg mpglgmeg%ob@ﬂﬁ tb&"éh%ﬁowefﬁ OHEan pYelpQhases Bk are
t
oy i B3PS PASSREIE BB

(-

ores, mnas

[nwxyﬁmRypAparticles spin | abels, nolecul es that en1t
chem | um nescence el ectrochem caI l'y active nol ecul es,

act
(0780 3's; gkl PERRL 15 TSR Soble URLTE ot PR ERIER,
ac‘f’ci1 eotp@%ﬂgﬂtw %gué?fc@ Iﬁﬁéu &nedr h&BHpes of Bhehdical bonds,

ngt h 0: er probes are at |east 20,
usﬁ@llpthrdl(ghmMpéﬂnerdw uamwgam&,uusualbtthmugbmma@b@nd

| o
o RSB Uplsr Spiar pRisudcbe ey lyrlierh o
“Ifi‘l%je ﬁh&ngfsné eafe ﬂr@@e cakit8d 1aB48d Rith Imfe%cfhbﬁe] lebdlitel prmit

ong. Probes can ‘be of an spec:lflclen th that falls
fagile aetncttom@ffﬂmwgbc,mgnmiﬁg ongg thearrpbe hayaypridized fq figr -

is.a sin Ie s nd p
e mBiht St T S RSP AEhe e e
ofdiERABIaBelY !&ﬂ@m AP QB thattoan be ddicticd by chemizal o physhel
presence of four different nucl eoside tr| hospﬂﬁt

mgeis, £01 cag@ple. fS@rrtalplé lshetsrthatpan ba attaghed tygro
n@tﬂ# it tﬁﬁr(e?d sort pes: 1?1?%%%}%?@50 EABhR ﬁgreé 48 1451, Qlﬁéthfﬁ e

eﬁperat re. The appropriate
dbiRe phitichks, @a@{dlﬂ%ﬁﬁﬂmnﬁiﬂn tibelshmolentlenthatiemge of t he
primer but typically is at l.east. 7 nucleotides

c@wlmmp@engﬁp P@aﬂf?%he%‘i?é]é( Aol orES SOLHRE COrPOE a?‘?w

oh R g T e S, SoRpioey e whuvety
short. Generally, probes are at least 7 to 15 nucleotldes in length. Other probes are
at least 20, 30 or 40 nucleotides long. Still other probes are somewhat longer, being
at least 50, 60, 70, 80, 90 nucleotides long. Yet other probes are longer still, and are
at least 100, 150, 200 or more nucleotides long. Probes can be of any specific length

that falls within the foregoing ranges as well.

[073] A “primer” is a single-stranded polynucleotide capable of acting as a
point of initiation of template-directed DNA synthesis under appropriate conditions
(i.e., in the presence of four different nucleoside triphosphates and an agent for
polymerization, such as, DNA or RNA polymerase or reverse transcriptase) in an

appropriate buffer and at a suitable temperature. The appropriate length of a primer
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generally require cooler tenperatures to form
sufficiently stable hybrid conplexes with the
wo esophienees A prinmer need not reflect the exactPCHUN®BNYE15352
of the tenplate but nust be sufficiently conplenentary
to hybridize with a tenplate. The term"priner site"
or "primer binding site" refers to the segnent of the
target DNA to which a primer hybridizes. The term
"primer pair" nmeans a set of prinmers including a 5
depepds o theriptendasiuse ofi e tripperibal bically inattlenst ¢ onglpetidendong
of the.5. end of the a L £
i, giot® ioa Y vk, ot AT 7 RVEREE 1B Dby efferdPeh ve
s@ewindt 1603 r sREWeB0&o 50 nbeledivek idrige Bholt@fdler Andleduler
that is "perfectly conplenentary” has a sequence fully
genswgl hawavitarapladebReratures te e giffigigainstaple Bﬂ‘%F‘PfﬁEIFXGS

w%q?gﬁﬁﬂyﬁe?%néﬁ%%} LT LA e xagtf‘]se g&iézg Ak k¥ te la%ef but

pertec c y to a porti ubsequence
nfust B geficisgtiuemesieméntiny to hybridize mathertsmptatea Fhet termaf‘primer
which the nucleotide in the priner and the cl eoé"j& e
sitq)’ qrierimgr Beding steerafers & thegegmeninl &e tareef DNG fogiigh 2
- F o | " oA i ; '
pRikr ﬁ@r?e&in%aé? Hﬁg‘?ﬁ@e pime hgirt &ledhs & 50k pRineA ih¥luding a 5

conp y' n-used’in reference to a priner
“ostresmtpimtera that hybeidizes witht thpepfpletient bt ISkenslmidhy DN
its target seguence; .|nstea the pr,i i,S..only. ,
SeiPT P RSB A e JORRG D oFiser Vatyhe 3
eh&gf&£§g§ﬁh&%%ﬁgéﬁguh&ﬂ the desired prinmer-binding
site. [075] The term "conpl enentary” neans that one

nucleic acid is identical to, or hybridizes
[@l]ect i velA/pimer thaiis fiperfesthylcemplemesniprifphascseguence fully

Sel ectivit f bri di i P D _
ol ot it PSR BOE BhRle? OB Y Rnih RS Phe
RRE i typi ' k80td ¥ Bolnshriubseaiches) ofialidrget
PR iy ey sl s o et ol

sequence hA Sismatplsaisfers tp psjtepl ayhach thg @uclefdera thgprymey

| eas DY I - abl- . 759 st

ﬂﬂﬁ lé“fci og'gfa yng;[% t%g%érﬁfc&%%&1%@g%§@?ﬁ,lgéﬁgeﬁg% Ig?c acid
cBitldnsline$. Thetdrini ‘Gabstantiatly ch@plehtvataryiUehei used di thferSee to
M “Kanehi sa, Nucl ei ¢ Acids

. ( es. 12:203 &1984%@%%76(]1 )
aineraneans fhaba primegfsarod PEECCYROMITMENtYY 1 Hs LLpd Spatshees
. | h i . ; .
B PR iS5 S ey il
respective strand at the desired primer-binding site.

[075] 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 least 90%. Preferably,
one nucleic acid hybridizes specifically to the other nucleic acid. See M. Kanehisa,
Nucleic Acids Res. 12:203 (1984).

15



10

15

20

25

techni ques. Exanples of detectable |abels that can be
utilized include, but are not limted to,

WO ad5006% opes, fluorophores, chronmophores, naBET/US2005/015352

| abel s, el ectron dense particles, magnetic particles,

spin |labels, nolecules that emt chem | um nescence,

el ectrochem cally active nol ecul es, enzynes,

cofactors, enzymes linked to nucleic acid probes and

enzyne substrates. The term’ ‘detectably | abel ed” neans
[0T6lat an Aferermhsbdléeafersdmp mrgvé@cel&bwanrasaeqt abemadeculafhat

ca e ST B PLTSOT P e O g s it p R
teémqueg Eléaﬂ?ﬁeé:@fuéﬂ&@db@@labas that epebdlideddilude, Bﬁt7dre Aot
hi'c marker" or "polynorphic site" is th
hrmmdus, l?ﬂlmwlmsﬁﬂumld@h@ed%@ephore@mﬁsé tabels, ﬂﬁ?tr@r%ense
e a ast t
e g

el mid ﬂftw@ n&ﬂé@@ds?éthﬁﬁsl,l o@fictuts, eﬁzmbayhmﬂ{eplho nucle1c
| ocus may be as snmall as one base pajr

acideprobessandrearyrge sihsiraics c L ho ket dgiveiably) 1%‘??@,?41 means thaf an
oo AR B Bsar oA D e TRE ek ARSI BRALS

rvari e regl ons n1n|sateII|tes
chdiRteeisLO{d. gl esit s phaiesor cblor)’theﬂ aéloWsd’etorlprmcwd without having

t et ranucl eotl de repeats, sinple sequence repeats, and
tojbgsenugaad & &pepgiade ?S as Alu. The first identified

allelic formis arbitrarily designated as the

o7%f €r encepf Brg/hﬁﬂ&]ehﬁﬁs A} €)ol inbPhiTRiteT & tHe Mcgnat wiich
10 ﬁal ternat‘{Ila or vari anetr al | ‘eﬂe %rsl I(laThelaI | eli ccform
dioexgetiaei ooguusD Prefematmerkershave ablest twe nlelep speh eaching &

S e kT B AR P
skl BfoulHoHP A o1 naiphd 1b@usnﬁ£w@amnﬁmsm Baympafmr s.

triallelic po norphlsn1has three forns.

Pdlgimogitéc maddeeoine emmﬂﬁtﬂmt lews )pobewp@sw, @nable

nfiper ety il OOV S P il S PRl Ss

dﬁ'ﬁglh'@t'lﬁ"eel%gea ) %@cléi)utl& répeats) tettaruickodde tbpbyts,a:mﬂple sequence
tol | oned |y conserved sequenc | el.e

repeaty,. mdsemtgeln@ntaﬁuwy\ Iy The §1§ste¢efgﬂ%igl g@%w Imis
ﬂd? e].ng lesd%nagr asoclle l’eﬁ eﬁ&%lﬁ%&’ Biher alfelﬁ' Bh&are designated as

rsmusually arises due
alternative or variant alleles The allelic form occurring most 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.

[078] A “single nucleotide polymorphism” (SNP) occurs at a polymorphic
site occupied by a single 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 another at the polymorphic site. A transition is
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to substitution of one nucleotide for another at the
pol ynorphic site. Atransition isthe replacenent of
woer@spomBse by another purine or one pyrim di NBCDHYS2005/015352
another pyrimdine. A transversion is the replacenent
of a purine by a pyrimdine or vice versa. Single
nucl eoti de pol ynor phi sns can al so arise froma
del etion of a nucleotide or an insertion of a
nucl eotide relative to a reference allele. [079] A
thé repegemitit ofehe psribe ba dhgthd;rqmaimy oagenpyrusiling by alother
reacgtio r ent canlnclu si.ngl e agent..whi
yeigane SR RaE G a et O6F ni e BAFRIANS Voo
veIRNidiRd18 Hudotide ﬁo?yrﬁ@@hﬁﬁl)s o aRo AH¥ #6:8 aqielétm dfra nor e
agents. A reagent may be living (e.g., a cel
nuebotitle of agins@sienpf anyclediganlatve tora mfermeeﬂl@leacu d
anplificati on reactl on include, but are not limted

. buff
B 0 B R B
cablicthdd®single &g&ﬁtvﬁnﬂﬂﬁse@ﬂ'@mﬂﬁ ni@apkédRS.,| wbstdece thatris

exanpl e, substrates, cofactors, coupling enzynes
mpifdred as inis heated ara mixHTERTtEP ST Afe agents, oA é%ent may be

ll\ﬁqggate 2 %élB { ﬁl lllvﬁ%z ﬁﬁ(efng)?a‘}? #&gé%tj)s/ gélj d;ﬂgiﬁn? géauri] 3; e not

amlﬁlfg;atlo@giaﬁﬂlm Bichidd, mmhﬁagtm lintiteyl to,/tatffehimetaltions; blyniesase,
receptors. [08Q] A’ an n m)Ie ule faor ch
Prites demplalg %u "ﬁ%?ﬁér %gq & éﬁjef es, myloasen 4 Bgﬂ
| d h
L Y Suotog
erizlyglas;d)ulﬁ&r tnlm'alanns finhaitrots and acti@atersy i Reagp@is fgr (‘Allfhﬂﬁd&bl‘

of . differ mcroflUJdcdwc al.sq so
reRglip iRsdeoD wAre PP igsehior FRdisy %Z%%CLFIP SFOEHHERds (e,
@)‘hfs@ 4RGNt B RisRY %aPBﬁWtS‘@QId]ﬁ*r@éétﬂ:tor@.S vel | as nethods
usi ng such devices to conduct a variety of high

t hroughput anal yses. The devices are designed for use
[08A] anal ysAs ‘liged]iis amgmo&qup&fat whishdlsie ewists a@@ﬁh@tmalqcyle

g Fdise ) asdied B PR G i 4 ol Svine

tol rBEMRINA B0 podtich ¢faRé Bfardent e eatiilidaal.: gi ve the
devices a significantly smaller footprint than many

conventional m crofluidicdevices, enable the devices
to be readily integrated with other i nstrunent ati on
and provide for automated anal ysis.

1. Overview

[081] A number of different microfluidic devices (also sometimes referred
to as chips) having unique flow channel architectures are provided herein, as well as
methods for using such devices to conduct a variety of high throughput analyses.
The devices are designed for use in analyses requiring temperature control,
especially analyses involving thermocycling (e.g., nucleic acid amplification
reactions). The microfluidic devices incorporate certain design features that: give

the devices a significantly smaller footprint than many conventional microfluidic
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[082] Some of the mcrofluidic devices utilize a
design typically referred to herein as "blind channel"
w@eooshbiosgl fill" are characterized in part by PEURZPOR015352
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 . blin
devihesy redb)e thTldesicestioicgeadilyagisaratedowitly ofhes nggaenigiiopan
fo(ﬁ ﬁ)acht bl tl’(lid cpa{nnel to isolate a region of the
PrOIfe e AHSHRE 48PSt m an i sol ated reaction site.
During manufacture of this type of device, one or nore
[oszﬁag ent s Jogde dfanamﬂdrbi;]t@idwdeafmk vz adsigiappisalletefered to
the reaction sites, thereby resulting.in a sjgnificant
heredtiens i chnehcor PHBR Al At CEERIKiFad Pl pghaving &
aagitd ' ewRlchngl infRARE P iRIRARRIBARESRA, i@ Ry
PlyR té’roc}%ﬁﬁég aénélte{r%é \/\%I}lkgsolpﬁlgﬁgnnel s such that ail the
chE@Res havingd d@d cndior belfiéd ¢reidsuth that solsliergtan, ondy entemandesxit
nunber, of sanple jnputs..Because qf.the re td I
the b esones) o A AL S B b aceesite A SRR o8 e hipd
309 Creal ¥8iE bRty B aBI AR P Bachitlind chithcs priSelate
AT .Z]g}egé?%rﬂé}gg tion S t_eg is increased. Thus, the
a feginwif dse ielfndt dhesee] de firmean iselaied reastion sk hDwERg wangeure
include a |arge nunber of reacti | Sied
ofBR OO TR R G safyhs ardtpbe
at %{{‘éﬁ&ic&%l&:ﬁ tBerebPiehiltihg ADH sipAifRAR redtion om theituesec o)
. I'ndrvidual’ly and col I ectively, these features also
inglirtr acitoyputts. ahdditioraliynths bindichainelsan eonsai§eio 8h in the
. Size of these deyi,ces .c t L4 eRaby, e filled fr
mFﬁr%‘?ncS‘F‘T“tE?a B?WO&%Q{%}QQWIE 8%6%%%}]1& ?c %néag?%li %1%? dic ?_Jle1 vices
a bilghe, G Sl aBG o fanpldinglis) Beeaae pfitheirgdutbongn. | n
general, mcrofluidic devices gf t hi s%é]%gﬁ u%|1 |f§ a4
cqrhplesity tnyinpyits apd evteBEEPA HHatise 0 SRl A st &F 9 BI*F 76w
channe] s.to _defin r . : ¢lcr éiT@g,@kﬁ;{t@msof
TREHM @éeo@eisﬁ?cgraggg%bﬁgﬁ&r ulg{,%fsﬁées\??ces of this desi gn
{RLS Qi eneais Bat 8ychalevice aat invindsiatlarge nhimhevefreagtiparsiies

I's a larger nunber of sanple inputs and carfs [
(o8 plctenoLbRGHTERIAR CERIE et UED AN S BOcLag] e bver
b 4tBbs ' alygvidyatyemdraiiediver, ts@features also
13%6#&@&%&%?1%%@%{%?' g?/dsﬁlat ecture enabl g/s sol ution be
dfrk@Weghnslate into a significant reduction in the size of these devices compared to

traditional microfluidic devices.

[083] Other microfluidic devices that are disclosed herein utilize a matrix
design. In general, microfluidic devices of this type utilize a plurality of intersecting
horizontal and vertical flow channels to define an array of reaction sites at the points
of intersection. Thus, devices of this design also have an array or reaction sites;
however, there is a larger number of sample inputs and corresponding outputs to
accommodate the larger number of samples with this design. A valve system
referred to as a switchable flow array architecture enables solution be flowed

selectively through just the horizontal or flow channels, thus allowing for switchable
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sel ectively through just the horizontal or flow
channels, thus allow ng for sw tchabl ei sol ati on of

wae 20050038 | ow channels in the matri x. Hence, wWhET/E8205/015352

the blind channel devices are designed to conduct a

| arge nunber of anal yses under different conditions
wth alimted nunber of sanples, the matri x devices
are constructed to analyze a | arge nunber of sanple
under a limted nunber of conditions. Still other
isolatiow e vaioss Iﬁlpbrrdhasn6é$ intthe getrinoeeevhereactbe hind ghragel

084] The. m crof | I ¢ _devic re are
aqvies hes SSiRRPLL e e saren SRR BT SRSt

cdRftRRE %&ﬁa EMabd AsmbéroN sehpREahe magdnddvides @fh?d’diﬂeﬂr@cted to
val ves and/or punps frome astonmeric materials,

argidyre ai latge anobsT olssmwig Tder § Tipited amber ofRopditions s S%e@ef
r ly, h d
o aFRETRS pf IR 9 Ber ARRERRE s on from the.

majority of conventional mcrofluidic devices that are

[08a] med fr OR miidroflvididdesids ot ere chcril{eﬁ&ﬁi fiifther chesactgrized
of the devi ces enabl es themto ili ed in

inchanhYnBHLIZRE WHFioNS SORTRRSEHS D 8¢ fipwebaRnclis GonifR] channels,
vaVEL §ior phiHhs ’ﬁowé]ﬁQS%ﬁ'eﬁ@ﬁla?érﬁléJslﬁfs&he iRt '«%@stehﬁﬂly the

lver se naryses t require terrperat ure COI’]tI‘O
eifididevion s thyde dffebstonmirermitetialdiGondegpicntds shdr deess idifer

SigBeanDy ROT A fRe e 456t BE RUOTGR oS shpietipps i RRLaf
dé\ﬁ@t%%ttg%rbgé n&rﬁgd fHl9RY L6 6h- Qafse& 'ﬂ'la&:rial/ pe in general

I nc er of guard channels formed within the
el astomeri c device through which water can be flowed
[085] i ncr ea§.“ée dhegmaf be d@‘alp@& etﬁbheﬁ ghenptodhe yilized frrcombination

ast o t l,.f d,
g BYoer ST CouRE STEE Gl M ARG Relift®
cBﬁ‘tﬁﬁth ﬁlv%ts‘é QfalybddqRdt rqu@rtembaﬁmmbmﬂmlremaltmnally, those

tenperature cycling device may be used to cont H
mierpflaidic dmceﬁfox e lmhéfittmgl th?%loat%%ﬂbl@éorp@?aé? 2 fughey design

fl.ui d
TR S S e sha, Dot

thtein Pefié&raf inbludt & ndgbeess glﬁrdsﬂmpnelt ﬁdnw veithsw Hestelzstameric
rmterlal such as a glass slide or t ttomof a

dewice ittepugh whish Wwaaée Alopied &¢ Mmereass eé?Ya e, VW%S%“F%y
Wlﬁ'g{l gt{eﬂggstéﬁg?r?% 1{[181?1&\ %é \ﬁﬂggl he rd%{n%é 1sofbrrﬁéd diesrsbicRducing

preferably

....n

evaporation of sample from the reaction sites.

[086] In another embodiment, a temperature cycling device may be used to
control the temperature of the microfluidic devices. Preferably, the microfluidic
device would be adapted to make thermal contact with the microfluidic device.
Where the microfluidic device is supported by a substrate material, such as a glass
slide or the bottom of a carrier plate, such as a plastic carrier, a window may be
formed in a region of the carrier or slide such that the microfluidic device, preferably
a device having an elastomeric block, may directly contact the heating/cooling block

of the temperature cycling device. In a preferred embodiment, the heating/cooling
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a device having an el astoneric block, may directly
contact the heating/cooling block of the tenperature

waeyobitomg3gievi ce, hi a preferred enbodi nent, thRCT/US2005/015352
heat i ng/ cool i ngbl ock has grooves therein in
conmuni cation with a vacuum source for applying a
suction force to the mcrofluidic device, preferably
the portion wherein the reactions are taking place
Alternatively, arigid thermal]y conductive plate

blogk o gHeyos B1eEdie imeQRRRIGRHSCVdo § VSR ERUTSEHOR APRIYDE &

th.th atl i of

soffat o e AR I RO e, A8 L e AL Eeilhe renciions

ar® fakﬁfgrﬁlﬁden Mferbdiivetie wirigibthemadlly ctolndu«iemlpdais magn’oe bonded to
achi eve hlgh thro hput . Collecﬁlvel ﬁ }g

the mierafnidin dey @?@ﬁ@? withdhs ‘Eﬂtln&&B‘éB?‘H eck Rk e

erform ng | arge nunbers of
fﬁﬂ@@ﬁﬁ§5§§? #ﬁf%gg gons (e.g., polynerase chain
reaction - PCR) Such reactions will be discussed at

[08%Ngt h heTled magsfonhhtusftcemlnwétmrdewhres mepihy thy deficestran
TR W T N MR T
cagggi‘ﬁﬁ% Qﬂe ﬁl@@tevch@us‘éﬁﬂ I£GS5er RRiddAhrde nfihibesh dfatisaid

articular applications. The devices can be utilized
amphm\emnhe(e\@,rpoémeme dtaherea@tmesPGR) abeghreaatiog will be

reactjaons ples .ude. an e

s Frveraes o B BT e Affdhietitrer
4R UsO H?alﬁlqgﬁ)&iéﬂ‘}équlﬁ S% toffersxaphiest. El{cﬁzvemer;\ﬂ shedld be

i nfra. . Gener al ructure of M crofluid,c .Devi es

uﬁ\lerﬁm'qjﬂla‘alﬂld dveiceecare pogignitachie thesemartcyiadapplifalipre she
dISC|OS ei.n ar in
B PR A By s VHRRE R aifeF GRSt SRR reSr fgRRths!
ERhif) Eﬂe@ iRAdeblykdsayfproteiafligahd integeipisyand MBedactions between
t echni ques and/ or sacr|f|C|aI-Ia er en | ation
cetbst and dreripweeompougds. e cxamples 6?6‘66‘§ ad%&‘%@nce
288:113-116, and PCT Publ i cati on WO 01/ 01025, both of
whi ch are incorporated by reference herein in their
entirety for all purposes). Uilizing such nethods,
m crofl uidic devices can be designed in which solutlon
Ifil owGenenuftudthmofiirniblidic dfevidee device is
controlled, at least in part, with one or nore control

channel s hat ar arated fromthe flow channel by
an elsst o SVS?‘P

[088] The microfluidic devices disclosed herein are typically constructed at

least in part from elastomeric materials and constructed by single and multilayer soft
lithography (MSL) techniques and/or sacrificial-layer encapsulation methods (see,
e.g., Unger et al. (2000) Science 283:113-1 16, and PCT Publication WO 01/01025,
both of which are incorporated by reference herein in their entirety for all purposes).
Utilizing such methods, microfluidic devices can be designed in which solution flow
through flow channels of the device is controlled, at least in part, with one or more
control channels that are separated from the flow channel by an elastomeric

membrane or segment. This membrane or segment can be deflected into or retracted
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menbrane or segnment. This nmenbrane or segnment can be
deflected into or retractedfromthe flow channel wth
wokioshom3gontrol channel is associ ated by appl peTgSzN5/015352
actuation force to the control channels. By
controlling the degree to which the nenbrane is
deflected into or retracted out fromthe fl ow channel,
solution flow can be sl owed or entirely bI ocked

t hrough t | ow cha nel . conbi nat i
%rﬁl%erfg‘i’w aﬂ@m Wb vl pantiof chime! 1?9%?27%1 Si/ lying an
acRlaBBA fstcf o/ @E b olQ:BaﬂHerf %f&ﬁnﬁbﬂﬁfg&h@ﬁeéﬁ@é WPRhiRR%he

punps for regulatin uti‘on flow as described in
membmns isviefldetediito on rdﬁrag‘ed ogt fran. th¢ 808Chai8us],esobion flow can

pstisntrauBortaian b Bvahmbel fargenmoiiion s

cdn%f’éﬂ?loﬁcﬁ{f EhatthERR P WP SypRNcheVdh Yeshatdda VaRltpbedifferent types of

selectively a reaction site at "which reagents are
vaivdsemeé gumps feacgulatiiigsoluwinnt flaynasdasedbaskin eitensive deted imt

an er of, dif )
UieeLe. BoBl SRt e T PBEh L0215 g
weearbi@s. site is located at the intersection of a set
of flow channels, mblind channel devices, the
reaction site is located at, the end of the blin
[089kinnel . Tloodqviges provadesdierein incornasaty sugh I?‘}nillzse*ﬂldl lves to
o EESIGHYT RO ¢ BREMERSRLR, Bt i)
rebétidndsited beﬁl 1sd lasatedmtr dny afe\tiuatet sf dlfﬁaramaldcytlcﬁnsmﬂlm thea

support gl ass slide Th l. t . t
e, i R e R LSRR GO LR ISh SR e
1n?é§é€ﬁh§ of & Qet%‘?@luvoéhaﬁm tﬁfﬂ?ﬁlﬁ%ﬁlh‘ﬁ&l @éw&é%eth\é%écﬂBﬁ site is

tes case of thernocycling
locetad bi thasnd vhthedénid cbarmah be pl aced on any of a nunber

of thernocycling plates. [091] Because the devices are

made of el ric ter. that ar I
[Q?B? ically I?ﬁ’ﬁ VISP Lo be ué]gl&?(? TEpEd lﬁ%&?n%é %’a% idns (g
tHERRS e}%ﬁﬁg 1S HiGHE), ah YA ak Bé¢riBEd B érézﬁéﬁdﬁtalﬂmﬁapﬂlb @hastomeric
systems at essefntially any |ocation on

demcer isftypicallycfixkd\to esupivb . g-yepelessl dlide). rﬂme%tlﬂng structure can

e ur s at the.r f e
tbﬁ CSEP gﬂp?rﬁt © ?Qﬁ%ﬁogﬁes ggn} e|§(nﬁfnu)lreé{é)c(t%!ngrrot£ of flow
SleSat Be @hoh@fba@ﬂldr{ﬁteg nth & casefdfahernloayvimig)reactions, the

fact that the device is manufactured. fraom
devibescamrie rdadeq] onraabiof amammber of thermocycling plates.

[091] Because the devices are made of elastomeric materials that are
relatively optically transparent, reactions can be readily monitored using a variety of
different detection systems at essentially any location on the microfluidic device.
Most typically, however, detection occurs at the reaction site itself (e.g., within a
region that includes an intersection of flow channels or at the blind end of a flow
channel). The fact that the device is manufactured from substantially transparent
materials also means that certain detection systems can be utilized with the current

devices that are not usable with traditional silicon-based microfluidic devices.

21



10

15

20

25

materials al so nmeans that certain detection systens

can be utilized with the current devices that are not
wasablie79ss t h traditional silicon-based m crof | BETUS2005/015352

devi ces. Detecti on can be achi eved using detectors that

are incorporated into the device or that are separate

fromthe device but aligned with the region of the

device to be detected. B. Guard Channels [092] To

reduce evaporation of sanple and_reagents,fron1ég§
Datecionsan be echipvadamsing detestarathat ais ingpgporgied o dlg drygee or
erein L ural i : in
eoghzeS el RO e bt op BHBAA PR IR B B e R Be
de€erddr ol channels in that typically they are forned in
a layer of elastonmer that overlays the flow channels
and/or reaction site. Hence, like control channels,
the guard channels are separated fromthe underlying
fl ow channel s and/or reaction sites by a nenbrane or
segngnt . ic mterial. Unlike contro
chaﬁ%élsgg%%%gggégaéhe guard channel s are consi derably
smaller in cross-sectional area. |n general, a .
[082)vbr ane T tdduserevaperation of sanple aaéreagents fiokthe glagtogperic

penbpr.ane, with .l arger are e . |
mr R L B A bR OB B cane
foPineS Stk a8dct0 Bld Misrdeauhéld are(sintflinctalthe/comiod chanhels e that
flowed into the guard channel. VWater vapo %rlglnatlng
tybicaHy titey ageforaied Fan ber etalasmentha qvstlays the flgyrchanngls
the el ast omer adj a I r j
oo T BRHE FRE Lol RO HaRl AR b@eparated
Rl A6 BRdertydss fibw hediRBnm/op reactian bitarbysi membrage or segment

S R T e
{ | IRs
C‘?C’fﬁgf{]eé%}f’gfémé%gﬁfﬁ g{o§$—§éért1'oﬁﬁdaréé? € PEIER Achbadne SARRAL

romthe underlying flow channel or
afe@ agitlideflecilése titmesmanbrana bathdmtgentrey undssithe samesaplied on

flowin, out, or through.the f]ow chann .1.0n
pessewe e BUE R GIRSIITE RS toDBPTS e 2o ot S o

j bet elid teWhsiBdtahmdl] Watestapbebrigingting fr
(t&{;kélrﬁg’?%rbetﬂéﬁgg %E%L%Qhat sglfaéut ?OY); fla_igw irsl,glnotu[lg o
tiieeghiaed channel cantdiffusetiftodheporehef the elesiomen adiaceit a flow channel
coopeRae PRt B30 Y PSR b 3

channel or reaction site and reducing evaporation of solution therefrom.

[093] In general, the guard channels are sufficiently small such that when
pressurized the 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 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
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i nstances |less than 10% as conpared to solution flow

in, to or through the flow channel or reaction site
war@snodse same conditions, when the guard chaPeEUS1085/015352

not pressuri zed to achieve solution flow therethrough.

Usual |y this neans that the guard channel s have a

cross-sectional area of between 100 mm2 and 50, 000

nm2, or any integral or non-integral cross-sectional
area t herebetween. Thus, for exa [

) ] le, in sone
présswrized de echievesolitioadlosetherediayrehn ?ﬁ%}‘aiué’ thng @eapsthgt the guard
50,000 ! | 1 1oL @0 N9 8H%n
chgpetyF o sppereftiolflore 0 RREER, | RNyt AR g0 [oreny
intéeal Ot erintopsdl anmesedtionsl drbmthetbotwees. Thhe fopexathple, in
channel s can have any of a varijet f shapes .
somgdhsiationy) thaxeressesctipnalpregds logs than Sagba Hm-einy qthgriipstgnces
squar ect angul.ar ., hex draly:
S ey e R e R
' i SEMAILE AR JheRaGPEaH Hake B bfa Gty of shapes
msﬁ%r?af%%e@% F]egﬂtli@?rg and ungger the conditi onsyt hat it takes
in¢lading sl @bt Emitbdtoyoirgun, idiptieslcyguare, restangeler, hgxagogaband
in other instance |ess than 45% 40% 35% 30% 25%
octehggral wpest 0oy 59 or 1% Thus, for exanpl e, atypica
PCR reaction involving 40 cycles can be conducted

[09hf hi N 126,41 i EfanmdB@rcduiBlpded hantete thy stardton of sample
desi gned to Teduce evaporation during approxi

t el
artdhieagenisrieomh tleendevics dubias thsrtige prdyuadsy thercongliiops ! aipgtakes to
achieve this level of tda@n : -
cliiidPe B2 Sl S AR ER 000 i el panassl
46(%%35%,1@%) %95,/ 2008, 1659, 1000 5% arelsh c Fhys, Gor exanplent dypried]
e

nsity | evel therebetween. Mre eci.fically, th
P@B,atﬂzd:tigh aOYing 49 ecyglen EaLPe QPI‘QPCtFé g{%ﬁlﬂk gf(f‘ inﬂﬁ%tF% n@{’e gyqrd
ot her_ i.nst.a t ' ' té1k 116k ke
cHEeER SRET e o 5%} eriboidREThERE eppoximddly o ate
frhms ke Soregbink@aissf 1ifs. | Tnachieywhis Teyehefhiveperatipn geduction,

L S ) S Sl AR 2
. H d
11#1%52%1& §1d %I{L}{ 121?9 gtgﬂ gigﬁégw&é& dagetwane MoReptdfitdly, the guar

adj acent line, or any |nteﬁral 2
chiemsistaye peepdllytah frastft hvesfom” Moroshes pestdncre ] leggt 59 ges/cm’,

st o 568 A0 BB b L0 ORI B gt st 500
1@%%&11%% Of Nehidvathd @&%ﬁoilﬁ&tamlﬁoﬂ BBt teurnd cHEmnels are

acing I1s typically at least 1 mm but
typically present at a spacing between 1 mm to 1 um as measured from the outer

edge of one line to the nearest outer edge of adjacent line, or any integral density
level therebetween. More specifically, the guard channels are generally spaced
between 500 pm to 5 pm, in other instances between 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 pm, 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.
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is less than 1 mm in other instances |ess than 500

mm in still other instances |less than 400 nm in yet
wWoORWsN0798%t ances | ess than 300 nm in other i NRCEORSHOS/015352
less than 200 mm and in still other instances |ess

than 100 mm 50 mmor 25 mm [095] The guard channel s
can be forned as a separate network of channels or can
be smal | er channels that branch off of the control

channel s. The guard channel s can extend acrosid;fhcﬁl
[09%vi ce oﬂ‘hcrguyrda:hpmqls eau herfornagsl ¥ sSParalsIThHer fapels

or g%}/ %%s&mﬂ%ﬁ cal ies%h?ttbl?glcg%?f& ﬁ@ kil | ShnEisP e gflard

["Oow channe reaction sites as
ch&rﬁﬁlisebaﬁ leRtehd Gcrokd i Idgvice 6pdnlg aPasticuls rediorevapgioas obthe

dovivaniip6alin Cegiosd shanatl mse Rkscdisodanton s EHgel
ang lée%gﬂan %1&3@@ tlgégg gl%rthé‘gﬁ Q}}J REfA8anehic %Vh;?cﬁ'%dnnis ki\GS.

I'scus greater detail infra.
prin®$ Lorldeen. S euipaxty 16¢ammsiof guandjgttannbﬂs ogwartain aredrix devices

S USSR AR o

m%ﬂﬁpssggﬂp%reg@pgagﬁ E@fd On adjacent a flow |ine and/ or

on s . Oor one that while not increasing the
wat er vapor concentration nonet hel ess bl ocks
[08sjapor at i Tire solutivat ferwedrtbrough dhef guoud ¢haneeldnelpdss any

t t bl k hy t
sobfiapae B2 RSO At St TRRP s nE pPhy Ol b 2

1n§11é5§e§ Al Sy B4 %pb? BSndeR@AtitiEadjdeuiit fl@w Miat ahd/ot teactidrosite, or
wat er and buffered solution (e.g

., TagMan g}?ﬁ B
oredhattlte, noamcrwn@hgwetebMﬂp%rce@ceélgﬂﬁlmone gss Blogks

bl ocki n S cloude,. f
ev[aggr-p 101@83}5% ﬁ(g tELF gloglrlénet 3318{02 )f%mbﬁ sﬂé&b’é&ﬂ&{% eht). Thus,
cgﬁfoﬁ'"ﬁ?fo ﬁﬁlizl: |e§deﬁﬁallyhﬁ1y|\dﬁhedlscsbmt1qn éxs waitdl/ case sultable
ficial-layer encapsul ation tEegOE <i| Led aboi( Man
sqlmﬂ&]s iedes b @Wﬁ@l@é@d foptrater @ad Putiered SO, s 144
tail a nunb f t htsGadl
oo e S patin o

f(ﬁ@gbﬂlﬁﬁsmﬁﬂ:ﬂldﬂl ng tenperature control (e.g., nucleic
acid anplification reactions). It should be

d tood, h h .ar:
(@b ar y el RSl TRIEED BrRoo b Segobie pulife e
l\@éﬁgﬁrﬁﬁ&é@ anfiRor SHQER s Hhdr 8fcapBulhtich Ethotd/citddhiboi e

[098] The following sections describe in greater detail a number of specific
configurations that can be utilized to conduct a variety of analyses, including
analyses requiring temperature control (e.g., nucleic acid amplification reactions). It
should be understood, however, that these configurations are exemplary and that

modifications of these systems will be apparent to those skilled in the art.
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A. GCeneral [099] Devices utilizing the matrix design
generally have a plurality of vertical and horizontal
wo b@wictamnel that intersect to forman array PET/US2005/015352
junctions. Because a different sanple and reagent (or
set of reagents) can be introduced into each of the
fl ow channels, a | arge nunber of sanples can be tested
against a relatively |arge nunber of reaction
conditions in a high throughput format. Thus, for
IVexaypteix Dgsigh di fferent sanple is introduced into each
of Mdifferent vertical flow channels and a different
reagent ( t of reagents) is introduced into each
of 'hor#%%ﬁ%gl fl ow channels, then Mx N different
reactions can be conducted at the sanme tine.

[099]pi cal | yDeviwdsnitikizohgthemstrixnddsighegenerally bavempluzality of
for_ sw tchabl e_isolati f the vertical d .. .

verigel suhbaatzonial foprrbamsl el aerecy{q SRR ATy SISy es

B%ﬁﬁse@c‘ﬁ@ef&f‘ é’-ﬂ«llﬁle aﬁ!lg] {éagerlﬁ ebeset bf’l%aéénﬁéol chil B irftvdaedhinto

e vertical fl'ow channels or just through the,
ealbof therftoat clfanoels chlargeatumbeBef samesrapibedestest agaistat ype

llow flexibility with respect. tq. i f
rofisEl da® Almber O ian s BERS Ry SO FAEGL kel T tor
eﬁa)ﬁﬁ)?e, of 2 dieRERPESmple HEBG MR @S easteolMl differght wxtifad flow

conducti ng anal yses in which one wants to screen, a

cHaangeamlarisferatt reagam (ensei 9hrassents) 1p aytEaduced Witq gachof N
nunber .of reacti gn Nkt 4k j '

A e L T

sARYARAE ATYSBalBf, nhdiPlieviesdnsledctaAvdsshat[lldGUHr Shitchable

~invention provides for hi h-densieiﬁyagga({)r.i desi gns

isphtien of theivedicpl %ﬂd&%ﬁﬂ@hﬁ%‘ﬁﬁhgﬁl - LU MENT (e
of the mcrefl| uidiG I.G loi

o pgpliondi el ishisf{ gk G M2oHBRES AR fow hitRlea st

tioddhtthehbiinmtdl Mloeacanhely.eBeafusad¢viaes od ftas typk atlowfiexitslity
bl ock, hi gher densi%é@reaction e arr

_ _ | ngenents_are
withgespstteo g sglpction of thefyre IIHMBEE RHTARICHAY Pk 2488 gn

o ) Lo | . ] 1
nES o B ERT mEA agee
iheich@né huaintt tc basereh bargonumsbertof erraples against 8 xelaydy lage

rea t fluid [ he . fi.rst | '

e 08 Cna agebe PR dorier Pty Hidpldtate guard
ch¥Els t6 i1€19 ptré\yeﬁf'%p@ra‘ﬁbﬁ of sample and reactants.

[0100] The invention provides for high-density matrix designs that utilize
fluid communication vias between layers of the microfluidic device to weave control
lines and fluid lines through the device. For example, by having a fluid line in each
layer of a two layer elastomeric block, higher density reaction cell arrangements are
possible. Figure 21 depicts an exemplary matrix design wherein a first elastomeric
layer 2110 (1st layer) and a second elastomeric layer 2120 (2d layer) each having
fluid chanmels formed therein. For example, a reagent fluid channel in the first layer
2110 is connected to a reagent fluid channel in the second layer 2120 through a via

2130, while the second layer 2120 also has sample channels therein, the sample
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2130, while the second | ayer 2120 al so has sanpl e
channel s therein, the sanpl echannels and the reagent

web@snelozs t ermi nating i n sanpl e and reagent chROESR05/015352

2180, respectively. The sanple and reagent chanbers
2180 are in fluid comunication with each ot her
through an interface channel 2150 that has an
;nterface val ve 2140 associ ated therewith to contro
| uid communi cation between, each of_. the chanbers 2180
chymels gnddbe xeeaergéhwlﬁéermlﬂ?ﬂ%@ sapple @ﬁtf%araeafc@*a@efs

21% 3% ?‘Jl ngh% Qﬁtgfeaéeﬂt%hérﬁﬁérggyg(?%e inthgid he

nne eagent Inlet and sanple is
comm’limﬁxdiltmﬂ avithndach bther ﬂmol]:ghemah‘@nﬁaeet chahndli@ﬁotﬂltﬁé hgsam| e

i n et ont ai nment val ves 170 ar en _cl ose
infeiesiabonid Fecirdfetesin 3 papte bl SuRGESEate Peeen

ea!t,clﬁé)i} the %ﬁz@?ber@? £8) stherch@mldeA 166! Sust18R ilkeadesiglfadted,

e Interface valve 2140 is opened to cause the sanple
clashé,nhm reageht iiatrodengdrinto dherebgent changel frpmithe reggent inlet and

n' ¢ h each ot he so_that i _
%H&?ﬂlng‘k E?IHB@ & 'ﬁm%ﬂgr aﬁnnglg%lgf Qontainment
vaRfe@Q‘F‘V 0 8¢ (R§PA64ed@b idolte bd&‘h&@ddu@ﬁ cBll QV6MeemfBhieraeaction

m crof |l uidic device for reacting M nunber of different
ceﬁaﬂiﬂﬂe Ongetthe Ieantiorbesils 3l 6Q prefisglaige, the ierkace valve 2140 1s

risin lur
ont 5P 1O e BB Ahb 50 SRR BGEAL o pERPlia
cohﬁﬁtﬂﬁéﬁtloﬁhﬁﬂjp@fch ofee s& aiph desii%ﬂn‘b&itloﬁ mehytthlee plessgent
chanber being in fluid conmunication thr ough an

i nt erface channel having an |nt(f=‘r ace a ve gfﬁ%I at ed

[010Mr ewi t hAseordiaghy: # BraferFRg aspert @t thy EPFQ)Vﬁ Wen
mlcrc?ﬂlﬁ?lwe%cg bR &{tmg'}ﬂ nlifi®ef egfgcﬁﬁ@ltent:mﬂ witlRN number of

uraltty o nlets In fluid comuni cation

d1ffe1feht tehgemﬁcmh@??ﬁmgd;ﬂmhtymfpbamah icels, ofchrreagjiontcell
inlets each_in flui onmmuni ¢ th t ent
coemrawwassmm@ﬂ&tﬁb%ﬁ@ afeaghy @ﬁwﬁﬂe%ﬁa&? ‘i}}a“}%g

reh%gn?f: 'b@l 1H iRl CQRMBAiE A drtBrotich An iterfade dhﬁﬁnel havmg
or one of the reagent chanbers,

arf m@ﬁcb wleh yssotllatedu@etremth ifer. comapling rﬂuedmmmnmﬁ%on between

B s
ﬂﬁ&%@ﬁﬁn&ﬁ&%ﬁ%lﬁﬁé sirﬁﬁle'cﬁ&xﬁbér@@ﬁpl\dﬂilfﬂ}eof sagheil hﬂeﬂs aah:dhen

nbrane; having the sanple inlets be in connunlﬁatlon
p

ﬂumdtobnmnmlwwplveﬂnthamanttqhmhgns wherammne o iheaiplamdets or
e SRS i A1 Sbrmbtink b Wil CHOBFHRY SGRIALhaltibfl Jn e of

the reagent chambers, respectively, through a via. Certain embodiments include

having the reaction cells be formed within an elastomeric block formed from a
plurality of layers bonded together and the interface valve is deflectable membrane;
having the sample inlets be in communication with the sample chamber through a
sample channel and the reagent inlet is in fluid communication with the reagent
chamber through a reagent channel, a portion of the sample channel and a portion of
the reagent channel being oriented about parallel to each other and each having a

containment valve associated therewith for controlling fluid communication
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chanber through a reagent channel, a portion of the
sanpl e channel and a portion of the reagent channel

wheisgomss ent ed about parallel to each ot her apdr/@sms/015352

havi ng a cont ai nnent val ve associ ated therewith for
controlling fluid communi cati ont heret hrough; having
the val ve associated with the sanple channel and the
val ve associated with the reagent channel are in
oper abl e, communi cation with each other thraou

: h
thersthienehe baiag Hiesilyecssnciased Wl Hirea! Dlg.shergeling the valve
s RRLEL A e SRR GG SYRINE Lo RARL S PG, e
throagh arbmedvancoakaiiiidft Zpnitolahherel dmpapt the torthienent/emmonn

provides for a nmethod for making a fe rein a
CoBIraL R IECHRIE D RSO (PR B Sailg oo
thglfé'agént%hﬁﬂe‘?"e” c layer; applying a photoresist |ayer
upon a surface of the first elastoneric |ayer;

applying a light pattern to the photoresist |ayer to
[0102]Im a padnether aspeqt @hthednvenition pravédestionmmethiogd|for making a

St b R L M BT
la$idr! Spl¥Eha s pRoRésist IA¥LhponPdRlrfacO of e RétcMsigndriRAgRR]
to the first elastomeric surface to etch the surface

applyinge lightpattewt tashophateresiptdprgr thsamcppateay obipagtpd

ttern of .re Si i.al
PRErs T i B B U R oo R B e AR e pggom of
reG¥@pRsioRyist Bt hefdte of thealet @shtqhaiogat spplying an
eaving a pattern of the el astoneric

I I
cteling eagpenidp iy st eladopee Bricefo ?télé&eégglfg;ﬁo?foths §irst¢
elgn'sg{nﬁ%xg@#axgﬁ 18’(5 gg{']érgﬂ Q% ﬁ{eﬁfa@téﬁled}fr%mgﬁﬁ%a&ﬁﬁ thereby

aving a step o I'ng the pattern
reflovirgaegiets phthe dirstslstonnaicdayeainpt trveraddyt the pattamn of regcted

DRSFOTEHE oY SR PRSP Elfe SRCEHC e PR R g
peﬁ{éﬂ{ 91‘; £348d plBtbiekisBhatehide rlrl%@l@ﬁﬁ aﬁf&%d &ﬁb&ﬁﬁl@ﬁﬂls \o¢ ’g}e

ape fromthe elastoneric [ayer le some or all
miethed padltdravifg 7 gew o empigdhepittin nhteacted phetoresistroved

L1 5 R 57 RSP e i
oﬁgggfaist%ﬁl%ﬁt: ¢4 yer Bid WoPATBRI of iédctirghd forédidt yMérdd] Sthen

ving the féature bé a via; having the el astomeric
sdphotikg tergsihisive tepp ionathe elastomesicdayes il somgpe pl of the

peatoerr]rtlj 89 reacted photoresist material is removed from the surface of the

elastomeric layer; having the photo resist be SUS8; having the etching reagent
comprises tetrabutylammoniumfluoride-trihydrate; having the feature be a via;
having the elastomeric block comprise a plurality of elastomeric layers bonded
together, wherein two or more elastomeric layers have recesses formed therein and
one recess of one elastomeric layer is in communication with a recess of another

elastomeric layer through the via.

[0103] The microfluidic devices of the present invention may be further

integrated into the carrier devices described in copending and co-owned US patent
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toget her, wherein two or nore elastoneric |ayers have
recesses forned therein and one recess of one

we@b@stomyes i c | ayer is in comunication with a PEDESHONH15352
anot her elastomeric |ayer through the via. [01 03] The
m crofl ui dic devices of the present invention may be
further integrated into the carrier devices described
i n copendi ng and co-owned US patentapplication serim
nunber 60/ 557, 715 ed on March 29

apihicetion @ﬂﬁlelﬁlénl?ﬁrﬁﬁé%ﬁ g&ffé&lgebﬁl‘fél qn Maﬁcbége%oo“rwéﬂch is
hiBih & Bhecgedl girg&egeﬁrhé)e afgAd U ngég%ntﬁdm

ProsSure val ve closure a roma source
céftinbibuy Muip pessute o nmairgain vhlve sksaierawaryessm peourde g€ fluid

further provides for an autonpted st f h [
PIRAWI S Gt SrOUSE A RESSYHF- it pﬁ?@é@%ﬁp QAT Sygem
i %ﬁﬂgiﬂ%&&dta aﬁh the% v%@ BE’E’E rpr&'éﬁtf BiERdneRegdivea Ehereln

nate tem gi ng accunul ators and
Ancahumar pngfarmkl\eaﬂoodrmém ylhe autdemtedesyktam fagcharging regunuiators

T T e R

P& biitfacBs bt tHE chiGBAAN EideOWh¥eldtha plei i lak B siMaoLbt Fhore
or pressure source, and may i ncl ude mechani cal

pmbs ini ford cq‘)mmumtlpm Wathl antg)ntmllftd RGHUIBOr PIRSSHTE SPWERE,LAnE 1oy

SRR o PRl Bt AR pRS nx

ek'aihﬁl@ % not Buited foatkeckamlvet.abi i zing an el ast OWE‘“ c
lock, a carrier, preferably having one or nore of the
followngfeatures a well or reservoir inh flu

[@druni catinetherpsnect ofche myspiinnarP¥ides fE psing ag aéﬂbﬁﬁate for

Jg@@ m%oagfelgstgoa}ﬂ&?{ blfo§€ ngc%_rrrrbe?] ﬁggt{ Ii‘ﬂé):l%hhﬁxhlﬁg &ﬁe’ &1 Bbre Fthe
f6ll P g Teibires; bl vasl kot resc@ughirafiuitl eesimumiwtioh aibahe tlostreric

th th d fl flu
biaghenone el oset ane FhanRel gl naueTith Be Bitermaeeih pipg n
tfmd%&n%ﬁ{ntcaﬁcﬁi Wik b ik dmascsssd m&lgth%t fAsttdHeUNBARY formed

rce or vacuum or pressure, such as the automated
is yswmtisteceriérb etl, aﬁhmpomheﬂmdmonmmlomlédhg slaptemeric

e B S B PR B b B GSor
x@ﬁil}l{hg o ?&5&&?@ swaess the ﬁuﬁ%%%%rﬁgmﬁiéﬁérﬁimfaﬁbv@ Mleydin the

essure or vacuumto the elastoneric block. In
anmrmaedwswmmdﬁrtha'rnompnshsga platen having a port that mates with the fluid

port to form an isolated fluid connection between the automated system for applying
fluid pressure or vacuum to the elastomeric block. In certain embodiments, the
automated source can also make fluid communication with one or more
accumulators associated with the carrier for charging and discharging pressure
maintained in an accumulator. In certain embodiments, the carrier may further
comprise a region located in an area of the carrier that contacts the microfluidic
device, wherein the region is made from a material different from another portion of
the carrier, the material of the region being selected for improved thermal

conduction and distribution properties that are different from the other portion of the
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aut omat ed source can al so make fluid comruni cati on
with one or nore accunul ators associated with the
w@ a0os5i1e1938 or chargi ng and di schargi ng pressur ePCT/US2005/015352
mai ntai ned in an accunul ator. I n certain enbodi nents,
the carrier may further conprise a region located in
an area of the carrier that contacts the mcrofluidic
device, wherein the region is made froma nateri al

caarePralpired meliap gtgnh%;?r%\%%ﬁ' S eendigisnind Gyt
ind101§L, gﬁt ?lg%'a{j iy ﬂ) Cori k)ﬁegérrhﬂztsil%n R RERiEhESolisidd, such

are ren rom rtion of thécarrier.
asRhiefype besilioad svailabls nﬁ dre siem}ixromde«,iol field ma b pobshed ovafenor a

and dlstrlbutlon i nclude, but are not limted to
pastien g dromy thervgafelh g SPfP con that is highly polished,
such as the type of silicon available in the

[0363] condugh&ther dsﬁé&! o@ﬁleeln@éﬂtl'oﬁ pesiaaifer ugdiig 8thHeahbl source,
cut” fromthe wafer, 83. chip. [0105 Amother aspect
fopExdriyele, g ot limitedioP éhqrmocy@crnyhep ey e beeymogified

MO O T IAY TN R T

pdTRON HRAE b4 BteSHil £portio of tiRrdaBier Serefecabl i thel th@msal conduction
therrml |y reqgulated portion that can mate

ambdlgtnbntmf parhien eftheicarrier, pfpépr@m%mg/thpmaltcﬁg%“ﬂl&p the
GRS bRA RSl B ARGRA B b lienaktbyfne

cérﬁér? ugh ﬂr?i@{rﬁdﬂ embBadintar) dhtﬁﬁ]lalla)me;w 1sdm;irmrekil]1y| applymg a
ortion'o e carrier. re

SQuhiesr OEACRA {9 E P16 &7 Mg Gigare %?P E %&gm?ﬁ CHTI r%%ulated
p?lﬁl %ﬁth&n%T? lﬁ‘ te, WHefeilr H@Eﬁgfu%lé 86 TE55hed tb RbAkabthEsurface

regu portion o he thernal source,
ok fildrihal &tﬁldubﬁtmmidsdlanbuﬁmr pretion of thoemist tosappli fugtien to

of the thermal  conduction _and,di.stri ortion
andymayaip ,ﬂ@_frpqsglogﬁ |t 3l gpndugtign gn %SJH‘[ ﬁn pﬂrtlon o?fthe

CB%% tfn J]%gfetnﬁzﬁ%nfblaﬁfn%lt tﬁ@ﬂQHﬁ&l' RAd@Hn@ha H[sltﬂilﬂitioﬁlpomon

por e carri a preferred enbodinent, the
of merdaniermmphmaa nmtahts’tlth thacamier, hot isiagspciated wih the

oo pd e steiemeaty Hitepst AExEgahe il Oy ifofi2hd fbution
g @/e ahdiditropiobie oﬁl@%ﬂ‘l’éavﬁ@%jg@tguﬁﬁuﬁﬁdg the edges of the

bution portion to the elastoneric, bloc nly and
tllmm\al mdactgamﬁwmbwmn@mmwer@@w Rafasiticeh ?fﬁ@ﬁ fepets

cglgqgggyt %gacrﬁgp? | St bUt | rst@o%thﬁtqg 1111891}’ a@ﬂé&@seof the invention

described herein, the preferred elastomenc block could be replaced with any of the

known microfluidic devices in the art not described herein, for example devices
produced such as the GeneChip (R) by Affymetrix(R) of Santa Clara, California,
USA, or by Caliper of Mountain View, California, USA. US patents issued to
Soane, Parce, Fodor, Wilding, Ekstrom, Quake, or Unger, describe microfluidic or
mesoscale fluidic devices that can be substituted for the elastomeric block of the
present invention to take advantage of the thermal advantages and improvements,

e.g., suction positioning, reducing parasitic thermal transfer to other regions of the
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caused by the carrier. It should be understood that in
many aspects of the invention described herein, the

w@e@baoTegl el ast oneric bl ock coul d be repl acedr@i/uk20a5§15352

of the known mcrofluidic devices in the art not
descri bed herein, for exanple devices produced such as
the GeneChip (R) by Affynetrix(R) of Santa d ara,
California, USA, or by Caliper of Muntain View,
California, USA. US patents issued to Soane,  Parce,

fludicisviceywhigh azg, desrishadaboveiiie Conext o yamg agslasionpaic

bhgmgrofIU|d|c or nesoscal e fluidic devices that can be

stituted for the elastoneric block of the present

invention to take advantage of the thermal advantages
and i nprovenents, e.g., suction positioning, reducing
parasitic thermal transfer to other regions of
thefluidi_device, which are described above in the
cont'ext &@S@@ﬂﬂ&léﬁﬁﬁﬁégi- ic block. B. Exenplary
Desi gns and Uses [0106] FIG |A provides an

[0Lhd)uSt I atiten 1af previleeXENMRb@RAt o ohE ¥xélfMaBemattiti device.
deV| ce 100 corrprl ses seven vertical flow channels 102

Tham dedies/HI) ¢nomprisensevien vewigelcitam sleannels 092 tapd seveporigental
i j
14 Qa0 Hali BigRborR fhl LPLRR! g8 GHBRAL kRS CBbns or

refdtidRls@ss SOV €This pamicelsr devidithneanbid swmaﬁ@mno be reacted
di fferent reagents or sets of reagents val ves

with eeven slifferegfurascatssseie 05 FPAeFYy Cﬁlmva&‘éffstﬁgghat tegulate
so?il [ civ? th #ﬁ?%ﬁﬂﬁaf fgc 164 k%fbéoé’on%ﬂfﬁ B#r nﬁg{?di %%frﬁ%ei]slﬁ 8 that

e ac ua ed a single
cafnchll(l%]acﬁtal?edl Anlsingle diét\talves 108 regul ate sol ution
flow in the horizontal direction t hese are controll ed

IR 8 P S
dﬁ?&gﬂﬁ e%ésela}é coiifdilel %9%&&& dhinel OV 6/idhiVi2E aéltﬁ&eé’( BY Y single

ependi ng upon”|l ocation. Wen a control channe
cabt®] imMesdes As shewnun EIGfllA;\Ahe:mmmé rhappels 1t Aéhat segulase the

h | 16 1| t
roéﬁ?ﬂg?ese]&) \farizj gb‘qu%%bgﬁfgamg rcotvlv?% e g}rll\?l s a1:r51 4h§nnel 116
cl%E@Q 'ﬂ‘iflertijc‘a?ﬂéﬁ ch&get €05 lﬂl’ibséoihﬁbl élanyelsialout kwficiehtiyvnarrow

ret hr oug However , ‘the width of the control
thahwherelt 1sla<6uatsd it nioqam defleghnto ithe voyideal Apw dhaanedfl02

re gcr:elz Su gttagjuaﬁy so\i\{ltlon ()09 Ithere]tﬂ ugh. However, the width of the control

channel 116 is increased when it overlays one of the horizontal flow channels 104;
this makes the membrane of the control channel sufficiently large to block solution

flow through the horizontal flow channel 104.

[0108] In operation, reagents R1-R7 are introduced into their respective
horizontal flow channels 104 and samples S1-S7 are injected into their respective
vertical flow channels 102. The reagents in each horizontal flow channel 104 thus
mix with the samples in each of the vertical flow channels 102 at the intersections
106, which in this particular device are in the shape of a well or chamber. Thus, in

the specific case of a nucleic acid amplification reaction, for example, the reagents
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this makes the nenbrane of the control channe
sufficiently large to block solution flow through the
waherosaersal fl ow channel 104. [0108] | n oper at PONPS2005/015352
reagents RL-R7 are introduced into their respective
hori zontal flow channels 104 and sanples S1-S7 are
injected into their respective vertical flow channels
102. The reagents in each horizontal flow channel 104

thus mx with the sanples in_each of the vertical, flow
nedgssanefos theommplificalien resctionsae dnteadiicadipto gasn o theharizeytal
r d
SR DA LS A0S UL 6 o
flawhbinedat 020 riniceasih iagalysdspthe @xiarep irgrodubel as part of the reagent

Rt oI R N
betfEen Ehév Rhfilis. % Ftow 3 . nhﬁgﬁl RIPEnRIRe tdVd R@IUEEHith a

f
Into e vertilca annel s 102. | certain

namhdamsfe&ﬁferbiﬂanhnemer i ntroduced as part of the reagent
m xture that is introduced into each of the horizont al

608 o1 T ORLO Stk e ebiaied en e BF Bcien R BRE RIS in
{1 deicR d@tﬁ'&%ﬁn eiGd A ke 1IRBEath hld#® ESecifl ) BbwithéFevieB- E

show enlarged plan views of adjacent reaction sites in
opéretes d\mr:t:@ardm'lm% dFarhepugposenof elarity, thetiptgrssciigse 06 are not

SR SRl S 5 SRR, 18 Ao b

ohfHi &1, %8htjLaRe dS8marad ROV valkenid, n08 bemg @h(m/m(rectangular
reacfion vvel | s and_control channel s 116, 118 have be
bokes)+ Ad shew i FI65 1B, pe apalysisns camensnssd D plpsias pelymny ves
[ I
A aR YL B 5GPl S oo B A,
cBitheD PRNWhHTe blovkivg foesthidightvertbl ﬂwwshdxmielsolrﬁ)zf [Reagent R1 is

PR YIS ek °o¥¥f St nd doysa Samnlisly pugh e
H@{‘ofﬂﬂ% '1‘1881%1 ﬂd%{ ﬂ} hfe m%a} ot QlY"tHé'?é‘a[Hﬁ%h <O e

engt h of the horizontal
fflledwSelusion e]owltﬂiﬂotghdiontd)mul chbhned ﬂ@4 caslt dabieveil byan pg@rnal
are fill ed. Sol flo throu horlzo hann

oo, Bumele AR b P RE PR B R PREPORE the

L

etiéé%n?&icl &évic% 11‘”5l ﬁh?&%@n@éﬁ InERA AR (Biden6t A (Q@O@)ﬂo@érkb C

astoneric device itself as descri bed
288 1C16t1&|61 an(ﬂ’(CJﬁ FebliationWOO2(U0RS5.Jot exaeple.

[0110] Once R1 has been introduced, row valves 108 are closed and
column valves 102 opened (see FIG. 1C). This allows samples S1 and S2 to be
introduced into vertical flow channels 102 and to flow through their respective flow
channels. As the samples flow through the vertical flow channels 102, they expel
R1 from the reaction sites 106, thus leaving sample at reaction sites 106. Then, as
shown in FIG. 1D, row valves 108 are opened to allow S1 and S2 to diffuse and mix
with R1. Thus, a mixture of sample and reactant (R1S1 and R182) is obtained in the
region of each intersection or reaction site 106. After allowing a sufficient time for

S1 and S2 to diffuse with R1, all row and column valves 108, 110 are closed to
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288:113-116, and PCT Publication WO 01/01025, for
exanple. [0110] Once R has been introduced, row
wo 200386793908 are cl osed and col unm val ves 102 openes2005/015352
(see FIG 1C). This allows sanples SI and S2 to be
i ntroduced into vertical flow channels 102 and to flow
through their respective flow channels. As the sanples
fl ow through the vertical flow channels 102, they
. ex R. fromthe reaction sites 106, thus |eavin
15@5{3?3 leanétg%‘@élaflitwegm thederespesitie reastigaten 106 Y o
e
Py BRYH R ot e R RRaete). SRR af ey
react and drtredd@oBk detacte®by 8RnitbeEngtitedntessdction 1(teorthgéoss-of

each int ection or. reactio ite 106. After. all ow n
Shap%ﬂfﬁsﬁoeﬁféﬁen%‘wfﬁé Rt 10§ RbperTEating hegting )
| .
R eI B Tptab o o R et on s

anddepied while thesemplearemiainisola®d. and to prevent
intermxing of SI and S2 (see FIG |E). The m xtures

h ] d . d. ' d
108 oni ¢ gL PR P et Tt e 18 5 Sheh fmo.
1F. €DheOgenth birhddeb QS nidhe sirhtl @the GiitaRatlPictddoih FIG. 1A, and

anal yses requirin heatln% (e.g., thernocycling during
CORKPPR Plﬁ@ﬁnﬁsembﬁaféatgaurwbyr,e heamfesgferendequpibgse d herdesice

_ ted. whi . Pt
T lent L Ll SRR TR RRURA B
joibRdits a_shz@lrtmmni inleF123. TI’ES es'Ebﬁia@l@regatabsd @mu[a:feg‘mldie@rgsréts to
mny_simlarities wt t hat epl cte | ! A, an
begBiPed I iNe SRses ON chwa%?%gﬂtﬁ fust & Sityele iiggtion info nlet
of ther s . . .

PSSR IS AR SRCIB0 L AL o
chafidelai @2.] Ini thisghatiiwular evample, ¢ach edmpi24s infiloidscedssierfivealektycal

enapl es licate sets. of reagents t i nf roduced.
IRH BTl LA HECh T e e L2 Abes Rganis
Sl B Ok o RIS 168ns00FBRA falalari

urther extended with réspect to the vertical flow
conttdnatmingof 5@@pleraind trédgentp O cpense, dhe wymbgriod reivete rezntohecan

is intrad into f tigal .fl hannel s . 102
b ariod g5 FSi i ae g I o€ vird A1 PERS 51 PG
civhhdls 1 62,9 00 R bfdbited ¥6Y C6@mohIEkE1 20, @28ssential Iy ten

replicate reactions for each particular conbinati on of

sanpl e and reagent. O course, the nunber of replicate
[0 82t i onsThedevice 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 indicated supra, the guard channels
138 are smaller than the row valves 108; consequently, the membranes of the guard
channels 138 are not deflected into the underlying horizontal flow channels 104 such

that solution flow is disrupted.
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be varied as desired by altering the nunber of

vertical and/or horizontal flow channels 102, 104 that
wa@e®sjleised to a common inlet 120, 124. [ 0112]pdheEsS2005/015352

device shown in FIG |F also includes a separate

control channel inlet 128 that regul ates contro

channel 130 that can be used to govern solution flow

toward outlets 132 and anot her control channel inIet

132 t hat | at | t
(0308lut 1 on TG fes SastEmaPeVa 6 F Gt St A P Bogaw!
odg{ﬁcfﬁrvpélfsaah ar 1ﬂfé?sregt1&h@fﬂﬁ€ héridod®al ahd vEdicl R lih&sy bﬁtr 1%1 the

esli gn, e guard channels 138 are fornmed as part

inteosection itsdiannel s 116. As indicated supra, the guard
channel s 138 are smaller than the row val ves 108;
consequently, the nenbranes of the guard channels 138
are not deflected into the underlying horizontal flow
channel s 104 such that solution flowis

vdi sreph@chifhklBEsikhral Iy, the design shown in FIG IF
differs 1n that reaction does not occur in wells at
the intersection of the horizontal and vertical flow
li ned; buengiak he intersection itself. V. Blind
Channel Designs A General [0114] Devices utilizing a

[Og(lle{t/fd c h.aﬂ@ﬁlc%sdlﬁﬁizﬂ{é ABIYR1 GRhAA dBsi ﬁﬁ\H‘ar &‘ftalrﬁeﬁt%}es Tﬁl@t

ces include one or nore flow channel s from whi ch
ﬂmMEVMesMmhﬁcbhénﬁnwhdhnebhmmmhdthn“mgmunwwmamﬁdbh@bve,

cliaggglg % gl S cq}%fr %E)V]e,otﬁ %@%03120 £35¢ V?lé ﬁla cpR sgrve as a
re%@@d}{;%q{e %Qalbg il %&%ﬁ obverldyeed Ab® chhthel Eachd Mtubéd ©

end of the blind charine The val ves provide a
isotatdhihe reactib sitesatithe eradofithé methaﬂgelt H&evelyes Poidsi g es.

115 econd ow.chan work in
“{?Bl?ﬁ%%’il?? Srahal ﬂ?ohtfgglg]?ei fﬁa" Sﬁgéel s is configured
such that all or nobst of the reaction sites can be
[(fl'lB] ed W tdecand ltﬁEQﬂ@W Qharmel hetwbadinrvomneunicdtionwitt the blind
(e.g., less t han or |ess than 10). The abiljt
clignnklsas egnfigyred samh thehath 8T gt ofbrereaerion wiies cabbe, ﬁ@ﬁ‘é{) vika
ice
sioplrb i BRSoERTHESE; RRPRAE SRS il 0] e abity o
fifl d blind flow channel is made poss1ble because the devices are made from

elastomeric material. The elastomeric material is sufficiently porous such that air
within the flow channels and blind channels can escape through these pores as
solution is introduced into the channels. The lack of porosity of materials utilized in
other microfluidic devices precludes use of the blind channel design because air in a
blind channel has no way to escape as solution is injected unless a vent is provided

somewhere along the fluid pathway.

[0116] 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 reageni(s) are non-
covalently attached because the reagents are designed to become dissolved when

sample is introduced into the reaction site. To maximize the number of analyses, a
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within the fl ow channels and blind channels can escape
t hrough these pores as solution is introduced into the
web@sneloss The | ack of porosity of nmaterials upCT/UEmA5/015352
in other mcrofluidic devices precludes use of the
bl i nd channel design because air in a blind channe
has no way to escape as solution is injected unless a
vent is provided sonewhere along the fluid pathway.
_£9116] A third characteristic is that one_or nore |
differsyleieaesantros spior reastantsisdeposifed assach @f Bie differsut raghien
ﬂpf el astonmer during manufacture (see infra for further
d&tails on the fabrication process) within the
reaction sites. The reagent(s) are noncovalently
[0217jached GeatsnBdEnd Henndalpeives arerdesigeal grebdhat theeedion sites
di ssol'ved when sanple is introduced into the reaction
arg pyrangegdn #ﬁxﬁoﬁ?i’zw AE2hunber of anal yses, adifferent
reactant or set of reactants is deposited at each of
[0l ﬂ@ di f f efRl if BB BIRR hhbiRS detiBekldbhighed foricBndldting nucleic
channel devi ces are designed such that the reaction
acid hmplificationreatiges) forexampld ongrohorerpfhe rpgertoregaired for

. in those blind channel .deyi i f :
copiieing i R ARRPE B0 He QAT Aerhal PRAR DRSS dpine

Qﬁlﬁg&hﬁv fOIREISficd TR h Q6agehi8 ifichae Adrexh@flel 410 dr §odie of the
mcon uctiong t he extensi ong%r eaction are deposited. at

fodlawings f prithers, redipnerose, sheleafidbar qofptoraruetations.ousers; he
I %ﬁ%gtg%g (f}%g Igtliaci ﬁ%gﬁ{é; Zf:ol rpﬁ%u#gz%’shlélgglf@ﬁlp‘gis %al}%isl, df¥ferent

piiElsQelet@8 %o amplifcdiffetent Fegionk of DINA aleufepesited at each reaction
Intercal ati ng dyes and the like. To maxinj.ze

) igh . .

siteh rGonggentlyfahsnss wuclele peid templais s mtroduesd into tga 9?38“0“ sites

ampl jfy diff [ : i ach
vidBish et ppEbECLS QORI R r e paBE kel igienee
ségtnERtAd fahé Seniplite oTletbeycling rcbessapyafor aamplifiesionireaction

inlet, a Lar%g nunmber of_ extension reaqtio S San b? th
cpebg ncamplished hyirleramthedeyice AR & RFMORYC fig@ad cycling the

i : lification reaction

G PR RGO aR (oA T oe on o

thernocycling plate and cycling the device between the
[0119] ous r Gheireapentseapbe anmobidized mareriethel wavsg dior sxample,

ir? s(?onllerq;rlgtglnclzelszo%g olr nmo%e \c;fa tlille> %ayger?tfs. arveva osﬁ-coﬁlgfenﬁgg ﬂ%’dsﬁed at the

reaction site, whereas in other instances one or more of the reagents is coyalently

attached to the substrate at the reaction site. If covalently attached, the reagents can
be linked to the substrate via a linker. A variety of linker types can be utilized such
as photochemical/photolabile linkers, themolabile linkers, and linkers that can be
cleaved enzymatically. Some linkers are bifunctional (i.e., the linker contains a
functional group at each end that is reactive with groups located on the element to
which the linker is to be attached); the functional groups at each end can be the same
or different. Examples of suitable linkers that can be used in some assays include
straight or branched-chain carbon linkers, heterocyclic linkers and peptide linkers.

A variety of types of linkers are available from Pierce Chemical Company in
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in sone instances one or nore of the reagents are

non-coval ently deposited at the reaction site, whereas
WO 00611688 | Nst ances one or nore of the reagentBCT/FS2005/015352

covalently attached to the substrate at the reaction

site. If covalently attached, the reagents can be

linked to the substrate via a linker. A variety of

| i nker types can be utilized such as

phot ochem cal / phot ol abi | e |inkers, thenola

Ropleie, dlingis@nd prdsserhodin ERAn 56236 Shydtnt Nos. §,671,955;
ABRENTRL I L8, R0 ) TR0 B3 GEe0, T d RS& 0 afid by
Egpatwadiler, TR Phuwenavietiticad Hgamsl)ilsmt}eﬂoday 1998, &|5528eNVOOC (6

which the lipker j.s to be at hed f uncti onal
oy Eise yionyeberd hdnkesnangot ?ﬁﬁ@ﬁ% ﬁllﬂfﬁ&fgﬁ@xamples of

S‘E@ﬂ inc%m?eéll E@%&?S ry? %"%ﬂ‘?’%gd c a| n car (;92§orre

Pptitles tisat hived prowasgecdleavale sikasrase dmcdlspmbforcbe;amphkarﬁs A
é%rl? y of types of linkers are avail able from Pi erce
S3Rémi Company i nRockford, Illinois and are
descri bed in EPA 188, 256; U. S. Pat. Nos. 4,671, 958;
4,659, 839; 4,414, 148; 4,669, 784; 4,680, 338, 4,569, 789
and 4,589,071, and by Eggenweiler, H M Pharnmaceuti cal
Agent Di scovery Today 1998, 3, 552. NVOC (6
[(h‘liztﬁi over afi§id gﬁvi plap Wmeéor@rﬁae@p}aéy device utilizing the

oDNEFRL ! R B BEATRLEn i BB o g
bEch 99920hanitePLO6BSnERIAG tHetaf®npthat aas‘erm:écﬁa\aa@tmsairmm
are discussed, for exanple, in US 5, 382, 513. 012%8

swsate202s Back brageh flowcrhamng) 206 tpiales e 2dxashon éF?f

T
Igeg%{pyicﬁé' J'geaglza!n% Iog\?vgagﬁanngﬁ gﬁ%ﬂsﬁagg&g&&] co r ancﬁeﬁ 206
if 4 eonteh ahdaigkk2 X0Gatis aespakatecgfrbimethebraum ﬂbwtchammlsf Atnted

in an elastoneric sybstr Each br an

resHBTARA® 2386 ACBIAHOR 3 B21t1oh chprgh (Gt “ﬁﬂ&éﬁ?eﬁ

{ I | Lehablig h f
T %“fgﬁ%%oﬁﬁs:?ﬁfﬁ%ﬁﬁel Goa i

thesreaetjmarsitee 208 toda istleted fiome thefotlmwredetion sites. 206 by
menbr anes 212. Actuation of control channel 210 causes

GEAT "e° Cebuedlshors teick BuplEs M RHGE 2k B3 MG o
cﬁénﬁeh 804 %ﬁtsbmﬁoﬁ kRS qly Wik inf®tahed bidneRchiigels 206.

ot her reaction sites.
Once the sample has filled each branch channel 206, control channel 210 is actuated

to cause activation of valves/membranes 212 to deflect into branch channels 206,

' thereby sealing off each of reaction sites 208. As the sample flows into and remains

in reaction sites 208, it dissolves reagents previously spotted at each of the reaction
sites 208. Once dissolved, the reagents can react with the sample. Valves 212
prevent the dissolved reagents at each reaction site 208 from intermixing by
diffusion. Reaction between sample and reagents are then detected, typically within
reaction site 208. Reacfions can optionally be heated as described in the temperature

control section infra.
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[0121] Operation of such a device involves injecting a
test sanple into flow channel 204 wth sol ution
waenmsagquent |y flowi ng into each of branch chanpel/ESR086015352
Once the sanple has filled each branch channel 206,
control channel 210 is actuated to cause activation of
val ves/ nenbranes 212 to deflect into branch channel s
206, thereby sealing off each of reaction sites 208.
As t he sa%e flows into and renmains in reaction sites

10284, it oissrvidestraieigemamplefiacegieyhapporcemnnlorhblan!
il cﬁ;ﬁﬁef@%l R 1k f»ﬁ"ﬁcxﬁl&? es%&%%od% &g ofgj%gzontal flow

reagents can react W't aI VEes revent
chiineeld3 ok vanheaceedge thesr emtls manm) vegided flow &ﬂatmaels?ﬂ(& fAom

PVl et o S0 etfsnd JRRCHCE ot HieoRFHORBHGEY on

chahdds 208 TIRAAGAIMNS ERMnER B0 MRty pz?‘ﬁcﬁl%e% @%e interleaved

described 1n the tenperature contr sectio
sucinfhattHe(tarh chugel 3@6 atitdched toednysgieem leoraroplabilo® channel 304

is PRTGOBA e GOA A OQBIG DB HUSHITER S gy adidbent
hdMRbhtaPASRchArMRI3 64) %P Bsélﬁo&%eaﬁ&ncaoa}m kv 8hariBE306
ends to two vertical flow channels 302. A plurality of

joimed e an ﬂnmw\dlahhmtbaognemv chanms 344 andh cm@lf thﬁf vem@l flow

hor i,z anne ran nneI
oIS 0% e Wi o AT st FLOS R R Pt B o
306haimihies ﬁf@ﬁﬁ&ncﬁmmes A0 cnbisenewith ﬂl%l@' sHEWn in FIG.

hori zontal flow channel 304 is positioned between two

3 borageatrotehanne 34 03verlgysioaelyof the hranchebanglsang insgpatatast
AR PR PR o7 B 92, RGO

acBhiclC ) brtf3I16WIthb eitiehl ahdhosinchtalnfow thinhels\3en} 30218dref | ow

) channels 302. As with the design degl cted in 3
inteseopmetech sehitha ipiestiam Rt sampls ipwripleh al ballows %91%@5169

o T S T
ofthareabtiehsiten 8D8 viaartﬁe bmneleflawahechels 306.t he under| yi ng

branch channel by nenbrane 312. The control channel is

N AL RN R A

1n‘tond:a%ﬁ of 812 104ctiDaREE DiteQhd Rb&ion3iths atd MY, $ﬂbé§’1‘n@1ﬁbiaﬁes
| ow t hroughout the horizontal and verti cal fl ow

arc hetnated tnaenlitiomwituinttheweaetion sites by peassrizing the control

channels at port. Reagents 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.

[0124] An even more complicated version of the general design illustrated in
FIG.3A is shown in FIG. 3B. The device shown in FIG.3B is one in which the unit

organization of the horizontal and branch flow channels 302 shown in FIG. 3A is
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of the reaction sites 308 via the branch fl ow channel s
306. [0123] Hence, in operation, sanple is injected
WO ni0s/1079B%®t to i ntroduce solution into each of P€T®ES2005/015352
reaction sites. Once the reaction sites are filled,
val ves/ menbranes are actuated to trap solution within

the reaction sites by pressurizing the control
channel s at port. Reagents previously deposited in the

reaction.sites becone .resuspen Lthin the reaction
R0 TOUHF LBy PO APYEE TERE P oab VB R e 4 ¢ oo
IHRRUINS SR RARRS 820MA Rb& RIS IFRCHHIRI $h hfplications that
Reactions within the reaction sites are nonitored by a

indelwedteating o thermaycling)n dncexemppary oriemthtjorbef the guard

clfitelse 2D SaeSil B BERbRaRil fof MBLME P 00

setANI e @nlﬁfﬁ%ﬁ'vﬁ&ﬁ&%ﬂct@é@ [5the migﬁfpafdapomgeml Tﬂsguga
illustrated in FIG3A is shown in FIG 3B. The device
chanogls 32A ovpaiBeibsansh dlownchapndh39hand ispetiasrsifan P 0%t Aon

ofodspEattS 8L B SRR et B SURRRE 2 AR or

thaddvide308 o iri¢rdabetheilbéal Sbhoh@stidnhef waied il Sheodevide, ghessby
channels 320 in those devices . to be utilized in .
refysingexapesAton playateriem selubienin fig flow ghannels 306 and reaction

Sﬁ%esrdgocycl ing). An exenplary orientation of the guard
channels 320 with respect to the flow channels 304 and
branch channels 306 is shown in the enlarged view

[@i25i] ct ed Thetféures ghblipbehehna fdefices disS@issctna tigpuartset of this
channel s 320 _overlay the branch fl channel s. 306. and.
sedip gt e Taypituel s doiend <ate @H%p@mbrﬂrsof_ rBifion
sft%sot%q fgﬁﬁéﬂ%h% l18vigL A Ffot RAMNRLSItISLR tiBYiAfed) S@rieRfmple,
of the device 300 to increase the |local concentration
doficemdfdhisitypet ey ingeR600ercattivar sitoy carexgadilynbe manploetaradda fit on

of ter. fromsolutiQn in e fJ annel 06 d
gV e St oy Pt S DRI0G TR 08 v
veRANB. Hertkfiids G SetiSE bis@d babblaliRd SHtS@videk utiliziag the blind
section mnimzes the footprint of the device and

charais] designl. fagexauplsedensities efattlpash 5Qi @401 &), B8 of 4PPreegetion
SRR s o e R uBIAREE.
v &%r, ¢aRaih dedickyhdve eranbiibhet dehsides nfinl, fon example, between
100 to 4000 reaction sites/ cm?, or any integral density value therebetween. For
instance, 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 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
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a standard m croscope slides (25 mmx 75 nmm). The
foregoing features al so enable very high densities of

WO e@si10™9B8 sites to be obtained with devices utPCT/EBI995/015352
the blind channel design. For exanple, densities of at
| east 50, 60, 70, 80, 90 or 100 reaction sites/cn? or
any integral density value therebetween can be readily
obt ai ned. However, certain devices have even hi gher
densities ranging, for exanple, between 100 to 4000

least 500;i500; EPO&S%000xB,008r 4,801 5,302 6:080; HERRi8G00; 81006

IR BB ogF o Qb SARE o, ERTRUARGES L8 engig oon
th&Bsralb§ie o B18.dePRO, 900 or 1000 sites/ cnR. Devices

with very high densities of at |east, 2000, 3000, or
4000 sites/ cn? are al so obpt ai_nabIdZél Such _hi

h ;
[01R4]si t i eslh laresmugnber alvepchion sites anddepstiies that 8@1 PRichiained

B P O PR o R g

exifiple) thercamitics onwslld Bpically haweya veltmgodless thaped0 ndf; is pthes
. ther ebet ween, re typically, the devices. have at
inftgagss Topb Ehan 1400 TUuera0dt & 1AL B My PP gces less
thAVERE or Ah1 S IA8Sspbhi it @RENYRE rtall &Feles HESWENS GEYir6 860

can have even re reaction sites, such as at | east
mitr&3deng] 600 dficronewidd and 1) missonsaieemny i nt egral nunber
of sites therebetween. Thus, certain devi ces have

OB 8050?08 AP o e
fed@rQ8d nRALIHID i diseBsed 3R PCTaLb 1AL S FECT/UEN08 HAb#Y
(p;gon the overall size of the device.

. 0126] _The Iarge
hshed astWQ 82¢4306 b anidPLT/HRA2/ABBE) (published a8 WQ92(f52047),

) t.ainged is S f i it .
inpli e B o Gufly S ANBF L RaGondi Rutitg iyl hriming,
prefirigaybiitz@sprithingeds well ¥pvaivhb yirdiegies for displavingadas dessg
than 50 nL; in_other instances Ie%E th?ﬁ 40 nL, .30 nL, d
the dilling efrmicerihtidic ghepnels. Hqth pf tesrelCT publiations gducorporpte

. - I, ﬁfﬁﬁmg , certain devices
h%%@é“&%#%ﬁkFHgﬁwgféﬁg%%h%%g ons F%ng, 300 microns w de
and 10 m crons deep. [0127] The blind channel devices
provi ded herein can utilize certain design features

and met hodol ogi es di scussed in PCT Applications
CT/ SD.&£§4549 (publ i shed as WD 02/ 43615) and
VbcT/ BEeBd VSgHES ( hubl i shed asWD 02/ 082047)

[0128] Still other devices are hybrids of the matrix and blind fill designs.
The design of devices of this type is similar to the blind channel device shown in
FIG. 3A, except that each horizontal flow channel is connected to its own sample
inlet port(s) and the horizontal flow channels are not intercormected via vertical flow
channels. Consequently, sample introduced into any given horizontal flow channel
fills only that horizontal flow channel and reaction sites attached thereto. Whereas,
in the blind flow channel device shown in FIG. 3A, sample can flow between the

horizontal flow channels 304 via vertical flow channels 302.
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including, for exanple, strategies for filling
dead- ended channels, liquid primng, pressurized

wo0gas79ps i mi ng, as well as various strategi esP€DUS2005/015352

di spl acing gas during the filling of microfluidic
channels. Both of these PCT publications are
i ncorporated herein by reference in their entirety for
all purposes. VI. Hybrid Designs [0128] Still other
devices are hybrids of the matrix and blind fill
[d28] gns. Fmexampled devicereed thisengrat davicetiy prownsingf g frar
t o ' . i '
Dfigt A0 BrrbfieS SRR A YLA T bboReieaod oo BE BRI has
a Plial & BPbentiFlet dpaiiie]sI06aderiding hamiivzamdtial ovir sample inlet
channel s are not interconnected via verti %al flo
4Ehatrentsol charrsd 4L AYriAYs saenAidhe hﬁap%ﬁew e ‘H%fnd
n%hl‘ﬁ?ﬁleg%l%)oﬁpbasje %Llf%‘évﬂfe%ﬂgﬁ cHahhdi$H10Hotn iHaqknderlying branch
OriZont al k1'6w ehannel  and reaction sites attac}ﬁe%
florehetue] 406ieAs asth thablilkeflowichenfel desigh acinetiomdefithe eontrol
shown in FIG 3A s | e can flow between the
clRBFRs sl 410 s & AR<B of @aer%bfan%fe‘ﬁ?f%taﬂh? F“GWI_I flow
cRABRALE 3?1@ Frola0ibR BF redBtis @R 468 Otn HOMiARA oPhhik Bésign, each
general device is shown in FIG 4. Device 400 i
hedzmtdl Slesv chaphel 4@ icay insfudeeniizletd 4 atferdwensh dhvsellewinga,
each of whigh a urality of branch fl ow channels
s eé&{’%wa‘i(’ﬁ Cegra%‘?ﬁlll’&haq’iﬁsl ts own sanple inlet 414. A
control channel 410 overlays each of the branch flow

[(ﬁ'?r@!" nel' s 406 thstaRody AALerty le\d@posittd abtip asaaties sitdsaluring
control channel 410 from the underlyi ng branch fl ow

mehafaobire alibe dagico Thisenablen 3 laeermusmbes Rhsavatlegiodiegpsted

act uatjon .of the nt At Nl
oA REr b P 1o R ARl i B b £ B
wathdnnelsirihg finknebrisaint ddditions of sagtitons wijtiead wiB thd mataix
variation of this design, each horizontal flow channeﬂ
davigess ahltarnaivighie TeARtIP Y tULSS £y be BEGPATC REOT foygiection on the

| ow .he i At TTef=TeN
c%l %c%?%?@?% rr{él% ¥ %I(s%tlgﬁgﬂg Esi’, 1{1% agent iﬂa r e@ g{eggg'@?gﬁat%% g
hefedy. eaction sites during manufacture of the device.
This enabl es a | arge nunber of sanples to be tested

BT oo b P SRRy S a5 R AR b

c%x%rg%hsgtg Ek}%gé‘h\ﬂﬁba‘iﬁ"shhﬁﬁ & bé RPEBY hialed! AaWIhRG réddehits

have been previously deposited at the reaction sites, the presence of the same

reagent at each reaction site associated with any given horizontal flow channel
provides a facile way to conduct a number of replicate reactions with each sample.
If instead, the reagent at the reaction sites differ for any given flow channel, then
each sample is essentially simultaneously exposed to a variety of different reaction

conditions.

[0132] Thus, the devices provided herein are tailored for a variety of
different types of investigations. If an investigation involves screening of a

relatively large number of different samples under user controlled conditions (e.g.,
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devices. Alternatively, reaction m xtures can be

prepared prior to injection on the chip. Once the
wWorRoosu0m™38 are i njected, they can be anal yzed opCT/us100&015352

treated (e.g., heated). [0131] By injecting different

sanpl es into each of the horizontal flow channels, a

| arge nunber of sanples can be rapidly anal yzed.

Assum ng reagents have been previ ously deposited at

the reaction sites, the_ prese of. the s rea
10 saraplen againg 0B Hsesiselectad EF@S?%I? e theftithhmatiix %%@ﬁp ovide a

usHf { AR 1, fho%v&g?i%r epﬁsﬁ%ﬁ%hqﬁ%léesfﬁﬁi zﬁ1g¥&ﬁﬂé gggﬁlmlted

conduct a nunber ate reaction
nuﬁxbapbﬁasarﬂpﬁeslumslbmmdetmetymfgenuoabomdreonse(atgt,iocnn ssimples

differ for an fl £1 each s
aggg%telﬁw()& rrag ot ind By e HRE iyt desi s apgpib inatly,
| SISt exaffd 4 RiliRRRdbide Mithber Osdddpleb gdinst ffined
evi ces provided herei'n are tailored for "a variety of
reattibh eomditionsypidisoud havmg trsinjeghitcagenss (e g, HI sampdestaggiast K9
i nvVo S. S reenl vely | ar nunber of
pr?i’il‘?‘fsbf g‘?ﬁneéé?ﬁﬁeﬁ ﬁ Egﬁ?&% e¥8ﬁ ‘é%leuéondi tions
(e.g.,100 sanpl es agai nst 100 user sel ected reagents),
then the matri x devices provide a useful solution. If,

however, the investigation involves analyzing one or a

| imted nunber of sarrpl es under a wide variety of .
Vileackamueratsiediontiohs (e.g., one sanpl e agai nst 10, 000

reactlon conditions), then the blind channel design is
usef Qalds di(jforf@ﬁet‘ﬁ@ms to examne a relatively
| ar ge nur’-_l%'(?r_ofyﬂﬁﬁ’ﬁ €S agai nst defined reaction

conditions without having to inject reagents (e.g
[0138] sanpl Aaslumba]r oidiffaeot gptions oﬁsaryln@@ﬁphiet@paﬂea@@emvgylable

S SR Y BTG e

erikd flfﬁ%‘n THRR! 4sQf38d Héreiﬁaﬂﬁé'téiﬂl feaipRiHire ¢ohiréler ¢ Meant broadly
aval e for control |n ngvrature within sel ected
to rraigr wrsdofcet drelemant dfat gzitromegula paperghure pethe gififee

Th d t
L R O L L
pRhE QIR EmpOature Agidiest 8heot BORGuAltlonS i1 nfalvix eftilinde

channel-type microfluidic device).

[0134] 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 example the ThermoHybaid Px2 (Franklin, MA),
MJ Research PTC-200 (South San Francisco, CA), Eppendorf Part# E5331
(Westbury, NY), Techne Part# 205330 (Princeton, NJ).

[0135] . The array device is contacted with a thermal control device such
that the thermal control device is in thermal communication with the thermal
control source so that a temperature of the reaction in at least one of the reaction
chamber is changed as a result of a change in temperature of the thermal control

source.
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m crofluidic device or within a portion of the
m crofluidic device (e.g., within a particular

WO e00pR0BsIre regi on or at one or nore juncti oNBCT/OSA05/015352

matrix of blind channel-type mcrofluidic device).
[0134] Cenerally, the devices are placed on a thernal
cycling plate to thermal cycle the device. A variety
of such plates are readily avail able from comerci al

e i 2 a5 Do TR i

F ' : EefettiVve MMt tidD, ,
B B 15 R

AbmpMseietietd i s contacted with a thermal control
devi ce such_that the thermal conty ' [PISI
10037hal  Elomibgrmal soniEe] dRVicH Ay %18?1!%% ?&%ﬁﬁf P g?mé :E)b utrhg e
gﬁe@ﬁ?{rmﬁf&%@ﬁé o b 19 theal iRasTki Qividetontrdseasthenna

e reaction er is changed as a result of a
cbaingisourte! Ehpdorat oray comptibea HERGHE clepikestajic, or vacuum

tsfg%rﬁgf éy[ﬂoeglj%g}e gﬂigiyafn gr nlteysiegm gdiin'm@teﬁ”xgoﬁﬁﬁentt,hcﬁé !':Uri:be

Sem conductor, such as

SohlpFR%s 2 FRYufOBRY! aplid fo@fatdaahé thermalttemisfet deviprithorugh
may “conprise a netal. £0137] The t her nal c&gtﬁ ol nsfer
chtinnds foemedn asEficeof ths thergial centrad dewce gt s hermal fan
transfer, device to I, rthékanal Egntrol
oS 1RE G ar i HURE R A B furkico Bp e ihelendd Gentro

C ARG 58 23uPRENsHthe thethsiatansfet devies may be detecteds Siee i n

dit nbodi .. F | [ ] .
ection cessurpFosEe HiBACHG R OREL TSP SE ED e BT e
EQS{‘% | cwei]ég %1}13%81'5 GRtdl Rorbg eahianord soukdy dfadciuma

ermal control device or the thernal
t (ARe RS vatauinGides Aot exeedd preseh develnaaaliravay b magietied or a
the surface of the thernmal, control device and a
sraligoraefprotaeol iR BRgnepESthst er devi ce may be

Si@ﬁgined ' Th%ua‘}%ggigfﬁg bbb BRYitdoR dRATH e fietimal tdntml device by

| eve ctor l'ocated at a positjon along the
C BRI meAt ofharurehare dieshanicdl oo Meatromedapisal RASILD [ ce

Ftdvéiggslf &u{}n;r@p%gutt ghe\é@g uw P?a&iofé eag%gr}a%)gﬁﬁ}egorﬁro@l%ﬁ g8d
monitored. For example, such automatic control and monitoring may be
performed with an automatic control system in operable communication with a
robotic control system for introducing and removing the array device from the
thermal control device. The progress of the reactions may also be monitored.

[0139] A unit may be provided comprising the thermal control device. A

system may be provided comprising the array device and the thermal control
device.

[0140] 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 detecting temperature is a thermocouple. Such a

thermocouple could be created as thin film wires patterned on the underlying
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real i gnnent protocol may be engaged. [0138] The array
devi ce may be contacted with the thernmal control

waelewsaerosy enpl oynment of one or nore nechani caPCDEUS2005/015352
el ectronmechani cal positioning devices. Carrying out of
the nethod may be automatically controlled and
nmoni tored. For exanple, such autonatic control and
nonitoring nay be perfornmed with an automatic control

systemin operable conmunication with a roboti.c
subgirate wRtesipl PEAT WEPS MAPTPORRG HEFCHy dnte M}%@Paf)ﬂ%at%‘} ray

el%fo\{%%%itéﬁﬁ]iﬁsgl? thermal control device. The progress

eé'reactions may also be nonitored. [0139] A unit
may be provided conprising the thermal control device.
[Omlgyﬂ] em Tr‘]mxypdniaummauiatkedbecsem@d itlwongh & bkangeimyledigivilce
an e t her ontrol device. 140], T th
ol LR Gont Bl odou S LRRANL TRRSPA By
ulftdtéﬁ%iég WsGiddhdldor ASQEROLEEAnS S61SRhGorke teRBhighEs can be

. ature at various regions of the device. One
cafibratezt toraegifor tenhperbre phpnge mpdtentativelyi & thermistor vpeldbs| e.

oiateb bl BT B B R e, LI g oo
toQWetcRBo'bf @ehpeRBRE BYraikshcdiis @sblived itWulehsl. in “MEMS Flow

m crofabricated el astomer naterial itself. 0141]l
SérsopsdorNance fluidic éplsl@ab@n%’eﬁ@f@wst%ﬂo”t@w%rscﬁng% gl

ctrical ,resistance, g e
PO shighle B8y MR Fred BY  ARAR i GhRRAT Wlhepapsr
dS8Ab&AREIEES STdopedpbIFéllicoriitichzesntg botnewitol embsense
techni ques can be calibrated.to _a given tenperature

tegi_mre@@ie. Eprt polpsitieqnsang otherspiGandiespr RaiGralsphe (FuRetiate
ik ect into t ] j t: '
cdsefifipighavhufck S5 BL S|SB/ FoRAL R By AR AaTRLy R Shod of
dd%%ﬁt,&ﬁ@él&}eoﬂtﬁnidﬁg(p’e'rﬁoﬁﬂaﬂoﬂ ofthectensir foi mgivMENPIRRGON.
ensors for Nano-fluidic Applications”, Sensors and

Actuators_A 89 152-158 (2001), which.is her .
[9142br por ailbermpychrgratie H’%&er}a#) e @%.ﬁ?ri YR ?/f.es“i‘%.ﬁ%e %?513‘?16 to
d%%?t%ﬁlgaauﬁ{‘sn RiordeRegiiaees deviven Spedifiedlly; eatdin

oth control and sense tenperature. For polysilicon
nandiabd dremateatiyend deproducibipichangsl colorap gheymapiihzqughlifferent
temperatures. Such a material could be added to the solution as they pass through
different temperatures. Thermo-chromatic materials could be formed on the
underlying substrate or incorporated within the elastomer material. Alternatively,
thermo-chromatic materials could be added to the sample solution in the form of

particles.

[0143] Another approach to detecting temperature is through the use of an
infrared camera. An infrared camera in conjunction 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.

[0144] Yet another approach to temperature detection is through the use of

pyroelectric sensors. Specifically, some crystalline materials, particularly those
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coefficient of resistance can be precisely controlled

by the identity and anount of dopant, thereby
wopismwesg performance of the sensor for a gi RENUS2005/015352

application. [0142] Thernmo-chromatic materials are

anot her type of structure available to detect

tenperature on regions of an anplification device.

Specifically, certain materials dramatically and

reproduci bl y change col or as they pass through _
maliefifile pbsntexhibiter pieavckestirichebavier, sxhibitites pyreeleeirip sifgetd ddis

o, the .solutipn as the ss th dj . 10
ol @HBr Do S PEREr R Ui B e SOREP ot hE il g rvetl
laftReBA HRACS e vOREES dcydss thesmbistiniaischighily idepaidpat gioad
wthin the elastoner material. Al ternatively
tetriperatize c Srdnmeicsialygosid bei iBcaperripdinato g spbsI@le relastomer

S |l e.solution i e formof particles. [0143]
m%ﬁ@ﬁﬁﬁﬂﬁhﬁg?%g%ﬁﬁﬁ% étecting tenmperature is through
the use of an infrared canera. An infrared canera in
[03@5]' uncti @ﬂ;}etvietebtrﬁ:ahp}remmem@elfu_nhlaasl aa%oiuétr?ucé andzedudtance, can

eterm ne the tenperature profile, . entir
beerileitgddadetsat SmpPgRIYE & a%eﬂ%e%ﬁawtﬁwltbﬁm%%%s ‘é‘ﬁlé%’é’r&ﬁ%’?
igg@ﬁ;'al to radiation would facilitate this anal ysis.

n[ Aﬁ Yet anot her approach to tenperature detection

is through the use of pyroelectric sensors.

Specifically, sone crystalline materials, particularly
thosematerial s al so exhi biting piezoelectric behavior,

exhihit t pyr.oel ric.effect. This effect describes
t he eno%ﬁwm?ﬁ{ﬂﬁ&gﬁé % on of the
material's crystal lattice, and hence the voltage
[(W6PSS t hasmb@ibedlin gieatehdethil yn theffabmitetion sgption infra, blind
tenperature. Such materials could be i n(ior ogﬁt ed our]]rt 0
chanmekddyiacs airee dpass|laver SR VHEYTGIBFIT FeP R d PR giructure
t enper at.ur.e, 4 r o F8NéhanBdls 1y
03@@@%&%@3 clé}ge;r% g‘lr}t%glgttgﬁgg% v gﬂseﬂgid? k4 ted to
odeliBel oharpeisalayessich thaithe fAawchanielsere pligntdvsith deof
the present invention rificati

., B.. .V n of Accur at
depsiies EsASPRtRg 1 [ 2UeY S1de ofibe g’?ﬁ'%‘%&“ilﬁﬂﬁ}l@ CSE? IR %.S‘i‘bsfr%te
he {.3B" 5@k ki ichitbadtién Goais & abday i10e450
(%'g'\? gfaagbz}%ga l}gggfﬁg%t%dgﬁ\}\ﬂﬁ iw:t:ﬁﬁ}ceagent 2 are pl %aced. The
Sitfone bbowe the substrate/glass interface. Using known equations for thermal

diffusivity and appropriate values for the elastomers and glass utilized in the device,
one can calculate the time required for the temperature within the reaction site to
reach the temperature the controller seeks to maintain. The calculated values shown
in Table 1 demonstrate that temperature can rapidly be reached, even using
elastomer and glass layers considerably thicker than utilized in devices in which the
reaction site is approximately 100-150 microns (i.e., the typical distance for the

devices described herein).

Table 1: Calculated heat diffusion lengths through PDMS and glass layers at the

indicated time periods.
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conprising the two |ayers containing the flow channel s

and control channels is overlayed on the base | ayer
waeewk/101938 t he fl ow channels are aligned w th PEEUS2005/015352

deposited reagents. The other side of the base | ayer

is then placed upon a substrate (e.g., glass).

Usual Iy, the reaction site at which reaction occurs is

about 100-150 m crons above the substrate/glass
—interface. Usi j |

diffusivity and @pguopri ate valyescdils t he el ast@®REsnds
and glass utiljized in the devijce, one can cal cul ate

the time requijred for the tenperature wthin tjhe
PIM&ction site [t490msach the tenpe?@mite the cont4-8mmer
seeks to maintlain. The cal cul dted val ues shown i n

Yached, even eI astonmer [and gl ass | ayers

GlTabl el derantL?réBte t hat terrperférrre can rapi dlé/4%1m

consi-derablby—thi-eker—t-hapn—utiized—+n—devi-ees—H—whi-eh
the reaction site is approxi mately 100-150 m crons
(i.e., the typical distance for the devices described

herein). Table 1: Calcul ated heat diffusion Ieng[t hs
[0347d ough FERES st gleadh tppidly &t whichpke dosiPe Foareratiied

ahg@ lustrates the rapidity at
ac%%\lp%ﬁ%gdﬁgl re tlé‘%%ieclreature Is achi eved using a

blind channel device. [0148] In another enbodi ment,
[0148}per at lIn canmhyr debotmsnty ®thploseturs inrey tbontdseresthyarsited

t de n own, t ns, wherei n an
dOP{lﬂFéFr ghﬁ“‘ii% ‘%A?Bb’é“qrﬁ%vﬂ‘g%ﬁ%’q 9 Vhere ]ct,]aﬁnles t he
in lllé‘tﬁ{ Ftéewl%sb GRBLG lﬁ%n! if8ichiss Mebihdther ek Sligonucleotide is

ature ch as SYBR G een( Tg% or ethidi um brom de

hybndlzeck amktnaturwh endi a5 SbVBRrGrﬁ@rdE reg ethidigmfproawde for

cona t he . ol.igonuc tide wt h
S e R R G S
dye eﬁstth@éhaﬁhﬁmtﬁe findtoReiditsRetideadigg@nimag of Ractud ent
to which the tenperature of each_chanber is consjstent

chambers san he u@ndrtaﬁeterlﬁlrle Hhesexdemi ) Wnl?ﬁliltthe fegnpeppgure of each

erat ur. 0
e PEER Aol Rel R AR Y i G fRimbAe B PARAM
raisb® atRiRah&inul B¢ irbercolnting dyesihagges 1’strelatldtetb the oligonucleotide
ol i gonucl eotjde. Alternatively, the er at ur&

upios it§idepasaturpsiopintafcsingle Ftwwﬁ%ahgoawcleﬂtéd%- RsrBR L
th en]ilﬂ:?atg%qs LBUWR the tm and is lowered, an the intercollation of the dye into
the now annealed oligonucleotide may be monitored. The use of the dye in essence
provides for an "oligonucleotide thermometer" which changes a property, such as
fluorescence, in response to a temperature change relative to the tm of the
oligonucleotide. By designing or using oligonucleotides of a selected tm, the extent
to which an array of reaction chambers change temperature in a similar manner can

be determined.
VI Detection

A.  General
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t he now anneal ed ol i gonucl eoti de may be nonitored. The
use of the dye in essence provides for an

wO edosgersg| eoti de thernmonmeter” which changes aPCT/US2005/015352
property, such as fluorescence, in response to a
tenperature change relative to the tmof the
ol i gonucl eotide. By designing or using
ol i gonucl eotides of a selected tm the extent to which

an array of reaction chanbers change tenperature in a
[049Fi | ar  anwabercafidifferenfedetactipn seategrps ¢an isaitiized yrthshe

Cenger al [,0149].. A nunbe Lff ' . .
G0 R0 B BRFT S b |50 e bt e
in%ﬁ’ﬁbd? ﬁﬁpaﬁ‘f{'@{ thd ltj{q)ewffé%ﬁei%ﬂdm agérm beifigldeteticdn Tht defeetors can

propriate systemis_ jinformed in t.ont type .of
begﬁmewem X gembenseheraat e Bros et it Brihd Teufed o
. be Sj e if t 1.Si .
s 0l o o O P agotl! et ac gt
mi@@iiobaticepepin labelsmplbarlesthaicdmio pingrhibureimesoehest r on
ense particles, nmagnetic particles, spin Ilara(el st .
inked tb nucleic

cloptiockamically #egkve dralecuste AV I rROdEiMR N2y mes
accoﬁgé%soa&ltaee% Ek%sﬁ?{eh.ve nol ecul es, enzynes,

ors, enzynes |inked to nucleic acid probes and
enzyne substrates. [0150] Illustrative detection

[0b8ajhodol difustsativeidebtien fethodslegigs shitablgefop tise with the present

mcrofluidic devi,ces,incl ude,. t ,a not .lim
i bk s e R bRt bl Pty
ﬂd&;&\‘ QBtkeMicRicBbE TRl QRIS wabslength absbrpticHTnsiBesRaes,

[ ?f erential reflectivity, and confocal |aser

diﬁfemgﬁ@lrrgﬂemctw andregnfaget é&ﬁfism- Herditiensh deteglipnyaethods

used.in certai.n. appl.i cati. ' ! .SCI i i
T T e S b I g S
tebhiHQiR 5138 RE RerRichiPddtectibh Ofuoréscemseqmiairation, dhuoedsadricon

spectroscopy (FCS), tine-resolved ener I fer
cqrTRRED, spedtipseenyEhSe tHaebwalved casigy gﬁn%%@ ’ ﬁwESPFnce

and variati o ' q .
féit ?aﬁ) QL HHELRE SKBNS BidIGRARSAGE

Rt P BB (R o, B o RE SRS B BRASARED rosgnance
erlcEy HaRfE|(BRET).C Aldditeablisdetvtion optiaissihelude glectiingedasterce,

and vol tage sensing. [015]] Detection occurs at a
resigiviey impedasee tapd yoltaggrsenyiBg-ect i on regi on. "
[0151] Detection occurs at a “detection section,” or “detection region.”
These terms and other related terms refer to the portion of the microfluidic device at
which detection occurs. As indicated above, with devices utilizing the blind channel
design, the detection section is generally the reaction site as isolated by the valve
associated with each reaction site. The detection section for matrix-based devices is
usually within regions of flow channels that are adjacent an intersection, the

intersection itself, or a region that encompasses the intersection and a surrounding

region.

[0152] The detection section can be in communication with one or more

microscopes, diodes, light stimulating devices (e.g., lasers), photomultiplier tubes,
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These terms and other related terms refer to the

portion of the mcrofluidic device at which detection
weewsns93ns i ndi cated above, with devices utilPei/mgosielsss:

bl i nd channel design, the detection section is

generally the reaction site as isolated by the valve

associ ated with each reaction site. The detection

section for matrix-based devices is usually within

regio f fl h I
propcvsgénsgéégpmhmggﬁ% ARG sasamio i b et o fefgh gt
assp%l%l dw ﬁfﬁ%@?ﬁ%ﬁ%@% ARG IHenanélsigns WelrpUietichd is an

tection section can be in
optEcANEIAA] Gt nsametwwmmahedexectmrsecmnmbsommi@gl deteberesthe
tlmght stinmulati ng devi ces \)
optigebeeaeirt $351 ipRd oRRY %%69’3%@3@87‘2 S alanche photodiedes),

a f%gr-é@?c ]{1 %{5 %gf?ieri&dlﬂg" !t’&rbxﬁl%ﬁléefcﬁé ghdtomdriptiet tue,sd gnal

ass particul ar event and/or agent. Often
ml&xb@o@e,gmmll’orbamh@ @mee@(m,agcéhcmﬂfﬂ)cal signal that is

detected in the detection section by an optical
det ect or

]ﬁ%t odi o ec Qs Ean %Wéqrgﬁgﬁéa?%%&fﬁﬂlg t@% ieﬂsf%SﬂQirdﬁ: vidED6€
cah h@@% th Elehieﬁhtlf e dbgect@astistgas s&parateﬁiq:lhmt and the
otorul tiplier tube, a mcroscope, vi deo
mlcmmtc]chc (evice mcgldm@aam aj detf@f@éf“}ﬂé‘ﬁe‘ff{%??@n Eanope
i.cr of a at.ed w.thi
wiiin 3 sing jadc elgcLion ls%crgr:q Alaf! QJME‘VE% ﬁl&g{eglg't tglrt&él?(t??tlg %g%@gng: an
sySteRgtat Be ﬁieﬁ”%i m’Sﬁiﬁcé leertaih antohdateddiystetssiarethi hight spasce

a t f d
e aioie S S AT I
defqggq?ra%?}tgélugeg pouitt SEARRG %et%é?& CHE a%ﬁ&lﬁ@lmﬁﬁﬁhve@hmple the

N aut omat systens scan the |ight
mitRoMiEicideliat catebd aitached toi aclransmabélfv gagreanidssanned yader a

mfc%(?ﬂtca@néoég%&et xﬁgli% té1t) g%g{l%ﬂ?%}h%ﬁ %utgd %eéﬁr%{: &5or RBF signal
in ql_r}l?rgtsa%l 13%%131’ Procéd A rrdRDE PhtoRTul i1k ﬁl‘tﬂ@d&tﬁﬂsm‘amuthiezed

a translatdbl e stage and scanned . u
ABiG6AS80 ppticib ystéma/ihat lmvg |t1gq~9ﬂpa@bt3a@ﬁﬁgllp@t§1g %gqaspelﬁom all

thrg .%gf%%ggf q%&%u% ge&%glslgél h%lp%hl}en&e%r%@hgt gfaé'rx:gﬁ;&[‘ grgm

%Qﬁ sy&i(}n Tg,euﬁqgégu onal | y, optl cal systens that have

|ty of collecting signals fromall

[0154] 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.

[0155] A particularly preferred detector uses a CCD camera and an optical
path that provides for a large field of view and a high numerical aperture to
maximize the amount of light collected from each reaction chamber. In this regard,

the CCD is used as an array of photodetectors wherein each pixel or group of pixels
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the different detection sections simultaneously while
determ ning the signal fromeach section can be

waitiositamas [ 0154] External detectors are usabl BChEsSEOS@15352

the devices that are provided are conpletely or

| argely manufactured of materials that are optically
transparent at the wavel ength being nonitored. This
feature enabl es the devices described herein to

utilize a nunber of optical detection systens that are
cormispuis $6 breactibn bhanarer exthérchad baing isedrio pasielde an image of the
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d
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tHe R R anﬁgﬁl@é optiaNahiebMN@e Bptchl kst@ih hdqreferablynpge of
the arra Thus, the opt |cs may be altered such that

defeussingdbe imageite inceepse flisddiSHep el oW adsws wplsm.

dept
R BB RS AT 18 e i
des&eidvedy, for exbmi n’g& Uﬁ@(ﬁruhoﬂe@(é]h‘ﬂbwed; hghnga;simtof paatlarger

or col uma h t t th
tnam@p@mf[@@p%;‘stwﬁé%a@eé?ﬁee&%% “Urelinserbarigsyat g

h 0 péélg&i ocu33| ng the

ﬁA géd(f% n ée{‘c'?\etsd:dgttel%:ﬂ&g sﬂsﬁfﬁt{;@?ﬁ é?d 1Use of a | ow NA
I ens system prefereably a bilaterally synetrical |ens
[6158] em i s Audetettor daniiscladsoligigsburce far stiswilaiingetigperéar that

L o ST o B o P R

tl%AﬁﬁLlﬁe P t&%e%%@&%@mg%ﬁ@atéd‘ St tab Ly 1edhit 8burvéstifclli€ bluOWe not
tics roved detection sensitivi té can bhe

lllnﬁtddl taddserd, tasE6diodescrmddighointensity lamsy dia teser iy Htilizedy thee

f t |
LB UL B 5 e
sQ&fotn q,@sérhﬁodé@tcb!ﬁ Be fficrbh®ric&pd fiite thehichgluadit Idmbel:tself

Sui table I'ight sources include, but a not limte
Altrmatarsb’l; Iaserl diedss cah ba&abrigagd ity Anpthe ﬂwh?téﬁﬁfﬁceq f

agacgégr g{egrg#:}ogt#ulélgggv%ggelh ﬁﬁ 1zeQ13tH cBfads: hltﬁeﬁ%QI &Riifgan

I on I'ons or a sin
r8R4i86 khéHthat the laser light from the dlode is directed into the detection section.

[0157] Detection can involve a number of non-optical approaches as well.
For example, the detector can also include, for example, a temperature sensor, a
conductivity sensor, a potentiometric sensor (e.g., pH electrode) and/or an

amperometric sensor (e.g., to monitor oxidation and reduction reactions).

[0158] A number of commercially-available external detectors can be
utilized. Many of these are fluorescent detectors because of the ease in preparing

fluorescently labeled reagents. Specific examples of detectors that are available
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section. Laser diodes can be mcrofabricated into the
mcrofluidic device itself. Alternatively, |aser
walcadasrssan be fabricated into another devi ce PE¢BEUS1085/015352
pl aced adj acent to the mcrofluidic device being
utilized to conduct a thermal cycling reaction such
that the laser light fromthe diode is directed into
the detection section. [0157] Detection can involve a
nunber of non-optical approaches as well. For exanple,
in¢lihde, dbut aremot limétad &, dwplind Pregision SrragWaRy| (Apphed Precision,
t enper, re sensor, a conductivity sensor, a
E%ﬁﬂ@hﬁ?%ﬁ%tric sensor (e.g., pH electrode) and/or an
anperonetric sensor (e.g., to nonitor oxidation and
reduction reactions). [0158] A nunber of
comerci al | y-avai |l abl e external detectors can be
utilized._Many of these are fl uorescent detectors
becaddse oPetesfionofAmplificd Nucleic Hrids uorescently | abel ed
reagents. Specific exanples of detectors that are
avai | abl e ncl uggrchistodihGesnOt Iimted to, Applied
Preci sion ArrayWwRx (ApplTed Precision, |ssaquah,
WA) ). B. Detection of Anplified Nucleic Acids 1.
[0169]er cal aCentain ytersalptiasdyeschatioalynflioresce aapabindingdy deuble-

t hat fl i.ndj t l, 8¢
sz BN HRGL B B Qo B e Qufl MR PR A SRRl o
suisBIERlyesimefuds Ut ak ot diveitedito, Y YIBR ™ bid Pigb &roat (frdnmi t ed
to, SYB%&;n) and Pico Geen (from M) ecul ar, Probes,
Motesulap Prabeg,dne of BRgenes OR)dethifien Sreraide, prppidiwm igdide,
odi de. . ch , o | . ]
eyl ORI G: KA 3550 T900R: YEREE Bl BRFY
digimhéizwﬂymﬁ%/hydﬁsm%@ideyd Ad?hi_onali cﬁa«)ulssim ttighidimgthe use
i scussion regarding the use of interca [
obimmfpad@ijmwezgﬁpr@‘fidgfi by AR ! aleyisd], Gem 635-5%15&68992)»
199 . el -t ; AN
W bieg oA D BB ARG B T e T 0160
Det ecti on nethods of this type involve detecting a

change in fluorescence froma donor (reporter) and/or
acceptor (quencher) fluorophore in a donor/acceptor

1 uorophone. pahsThe J60PL RS RGRP! O ! uor ophore

[0160] 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. 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.

[0161] FRET and template extension reactions. These methods generally

utilize a primer Iabeled with one member of a donor/acceptor pair and a nucleotide
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sel ected such that the em ssion spectrum of the donor
overl aps the excitation spectrum of the acceptor.
wabws/i0mben the pair of fluorophores are broughtT/s1005/015352
sufficiently close proximty to one another, energy
transfer fromthe donor to the acceptor can occur.
This energy transfer can be detected. [0161] FRET and
tenpl at e extension reactions . These net hods generally
utilize a primer | abeled with one nenber, of a

labrlerbyith deepsherrmeraber ofitlep donet/arshtor galr aBEPEtp FerRoRHan of

o BRSO Py Bl en
refdtionethe dondmgndacdpeomiratgaced fie rdenth apettehaticnargy transfer
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t spacing i s su ose, n_ener gy
Theasanstlends ascparscudarty wsefil e coletuett @singlEhesepamettiadsnar e

B AR L AR A S RSl

dRUSHRAR TS, PRLN MY, BIYAS PR3 (A& CTHULAL WD §7/d2F1) | bed
in US. Patent No. 5,945,283 and PCT Publication WO

97/ 22719. [0162] Quantitative RT-PCR A variety of
so-called "real time anplification"” nmethods or "real
time quantitative PCR' nmethods can also be utilized to

OIFAEL m " QU HAR TR A ek AL IR Lo Bl B

ent i

arpRfidatiofainetiddp botuslttichoqumditative PUR "anethbdsrantatse be utilized
anplification process itself. F uorogenic nq%gease )
tolpterinethe qBity pbe farse nEglsipRck! reseRt ey faniplpRy measuring

th\%%ﬁ’ﬁ)ﬁlb%@ft dgg@lﬂ@ﬁm gro%&tggﬁﬁﬁf‘e?%@ r%’cﬁ‘_%ﬁtielsﬂ'x% %ﬁﬁﬁigi%t?% process

I'ces descri s net ho 0
itsedhi Rlasropenit hecléoe astayoareohe apeifid¢ exxatiloof preobiime

i nvol ves the_ contin S asurenment .of . PCR.pro
Q‘l’%’él%i\épéﬁ‘?t]é?ﬁ W Ci*lga]gg% Bsaqrg?qug%éﬁ y WI@&PS gxgﬂ%@ MG loed
hérlje#ng GFHHCHERbH %? ?ﬁa@ﬁgﬁng 1R TodRoRaE AndpliBieatfit pr¥duct involves

eferred to i l'iterature as the "TagqMan" net hod.
tHeQbARhuotk enqaswbmentsfGR prodott agswaylstips usipp i dusl-lpbeled

hort (ca. 20-25 b | tide that i.s |apeled
N S T

1ﬁ§ﬂﬁﬂﬁmw&pbﬁxm@mfyﬂ&ﬁ@iIy attached to a reporter dye
and the 3' termnus is attached to a

[0163] The probe used in such assays is typically a short (ca. 20-25 bases)
polynucleotide that is 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 binding site are also included

in the reaction mixture.
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guenchi ng dye, although the dyes can be attached at
ot her locations on the probe as well. The probe is
wale@sgomaes t o have at | east substantial sequencRCT/US2005/015352
conplenentarity with the probe binding site on the
target nucleic acid. Upstream and downstream PCR
prinmers that bind to regions that flank the probe
binding site are also included in the reaction
nlxture.kgé64 Wien the probe is intact, energy
[0164dnst er Whemibepratieds inkestf angegydpamstes beigeegn theig fypgophors

uencher quenches enl ssi: . j .
oo S5l RGBTSRt R &5 Re"Dffng B on
phb&teofPCRIUES pRbE ivdtbdved by tief 5'autlealesictivity bfla pudlgicecids e

such as Taq pol ynerase, thereby releasing the reporter
potymagrpserfach as E%Ew@ﬂ%@ﬂw@m sigdhg @Qgﬁ?‘%@n' an

Coor i . . . _ .

e PR Bl LR bR bty

wiglelh et 9y mekvuedid bysarsappeofriateaddigctadapt ed f or neasuri ng
fl uorescence em ssions such as those created during a

fluorogenjc assay is. the ABI. 7700 t d b
ORI od B ey Bich & s ted b PR P SER R Y o,

ﬂlfb?é&%‘%{eeenﬁtﬁﬁééﬂs%ﬁgh Wi thbsd GBatbdatring® Ahologeitiapaay ¢ e ABI

recordi ng uorescence intensity of reporter and
7790enaiufactured by ApplicdBiasgstabs,the inFpbter Ciint¢Hn Compaics

recorded. val t hen .b d
L
ingkpgit%ﬂ%fﬂ%g%&baﬁaﬁh&@eﬂow&ﬂd’ﬂiﬁl@de)bftﬂh@ﬁhpﬁﬁ{catibﬁ. Thesent

eing anplified. [0166] Additional details
repexged dalngs candherhoonspd anerleipaie dbs Whtease naEmakzeTeporter

met.hods for maki ng real, L. ; i nat.i
CrEBHEB AP S Aot A AT FATY AR D It of he
mRNA 8&ia lified. U. S. PatNos. 5,210,015 to Gel fand,
5,538,848 to Livak, et ah, and 5, 863, 736 to Haal and,

[ Heid, C A, ah, . .
PRI TN T W .
Reseal.c 0 - . _ : .
R LBt St

produed ardlederibed foatexarREIR, ivHy SoBat Nesd 523101 ta Gelfand,

5 Eggfgﬁgﬁb i]{f?aﬁ,Se?t{aé ’egﬁ{] §,§é},ﬂ% t%rhaila?anidpgso&lgl? L& f{gﬁ, QYA., etal.,
Genome Research, 6:986-994 (1996); Gibson, U.E.M, et al., Genome Research
6:995-1001 (1996); Holland, P. M., et al., Proc. Natl. Acad. Sci. USA 88:7276-7280,
(1991); and Livak, K.J., et al., PCR Methods and Applications 357-362 (1995), each

of which is incorporated by reference in its entirety.

[0167] Thus, as the amplification reaction progresses, an increasing amount

of dye becomes bound and is accompanied by a concomitant increase in signal.

[0168] Intercalation dyes such as described above can also be utilized in a
different approach to quantitative PCR methods. As noted above, these dyes
preferentially bind to double stranded DNA (e.g., SYBR GREEN) and only generate

signal once bound. Thus, as an amplification reaction progresses, an increasing
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[0167] Thus, as the anplification reaction progresses,
an increasing anount of dye becones bound and is

wa@ewsipass ed by a concomitant increase in si gneCT/US2005/015352

[0168] Intercal ati on dyes such as descri bed above can
also be utilized in a different approach to
guantitative PCR nethods. As noted above, these dyes
preferentially bind to double stranded DNA (e.g., SYBR

GREEN) and only generate signal once bound., Thus, as
arpourd 0P ¢ besatries howmbad is acqempgnied days cogpomitant Increase 1n

. ncreasi ngagount . of dye becones bound and is
ﬂ%@ﬁgﬁgﬁﬂ?@%&%?Qgitonconitant i ncrease in signal that
can be detected.. [0169] Ml ecul ar Beacons: Wth
nol ecul ar beacons, a change in conformation of the
probe as it hybridizes to a conplenentary region of

the anplified product results_in the formati on of a
[069kct abl é@é@ﬁg&&k_aw@ oY %@qlft%@rge?i%% §348

oA of HEOGFA Ryttt 2 coPPEnRARY R Dhe
asplifiédprodictrésaltpimthe fomnztionofiedetctabletsignapr Biseprobatsall

It d ar | t her . ..On ,

ingbider BT S ipyss POBPTROREL Dabrie P BT paspioR gt By end.

ThER s ﬁcﬂﬁ% g@ﬂﬂﬂﬁ%‘é&ﬂi&f‘oﬂtﬁe propeiaY afdaRab @b $robébinding site
er dye. [0170] h

quenc | solution, the two end sections
andare hytplahentaryid dneaothent Poe endsdctiomistyhispily pitachedfp a

hi this cqonforpmati on, the. repoyter e
rehoEet frester DR i Er et yr R P ey el FRARELRUD
fromthe reporter dye is effectively quenched by the

[fgencher gy golutib thekiwtashdpeedins chmhynidizewith eadsathérso

In a linearized conformation in which (i)he eﬁte t of.
foroembaitmy laop. de ghis serfarmatipnsthegeParish PROAVHGHYE ST O
changes for the Lt ' i -ndi
sSRRDY o epaTpiY Fif tPrestsps FofARS kibofer e SHERGELY
qBEnchBl By theRfieasttbr ﬂ?é.hH@Bridifzed prebe, insentrast, desilts itha tnearized
further, for exanple, by Piatek, A S., et_al., Nat. .
cBiformationsin whieh Ssextnt pf geashingisdcreated. s Sy mopitoring
F..R. [ j : . . @wa ti
SRR C%%%gees?"ghgtt‘%ﬁg? 594’ B gé%shbggf% ﬁ?%?‘% ?‘ggf’l?{ 998y, o
oFaahligtativhi bdics. Probes phthisttgpe ind methedeoftheingseis qeschibed

their entirety for all purp S. 171 uagen. .
e s o BB R 365 B, B oo
"f/}\,aéi 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.

[0171] Invader: Invader assays (Third Wave Technologies, (Madison, WI))

are used for SNP genotyping and utilize an oligonucleotide, designated the signal
probe, that is complementary to the target nucleic acid (DNA or RNA) or
polymorphism site. A second oligonucleotide, designated the Invader Oligo,

contains the same 5’ nucleotide sequence, but the 3” nucleotide sequence contains a
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are used for SNP genotyping and utilize an

ol i gonucl eoti de, designated the signal probe, that is
waeoeowpshiement ary to the target nucleic acid ( DNAPOT/URNA3/015352

or polynorphismsite. A second oligonucleotide,

desi gnated the Invader Aigo, contains the sane 5

nucl eoti de sequence, but the 3' nucl eotide sequence

cont ai ns anucl eoti de pol ynorphism The | nvader A igo

interferes with the bindizﬂ@ff t he signal grobe to the

nuclmtg@tpfoﬂwwlfehb?acﬂlﬁ Igvder Qfige intgeienss wathghe pindig ofithgal
si gg%]ﬁg;ﬁ%? %Ltgs F%?gef. Illlhgl%goa%{dl stélgﬁ Itl{shlﬂ ?ﬂéagﬁo tehﬁ %f g&%@@{apbﬁge s

a “Flap ustithé ﬁucﬁétﬁiﬁlefcbﬁtaﬁmdgxhe @bgmpmeml Thﬂ cohpleRlie sacagaized
enzynme. Cl eavase cleaves the 5 flap of the

byehets @@@ﬁc?ﬁéorﬂ@iee% called thp ClAYARE SEYIEA Clgpsg oleaves
thd¥ OﬁPg)X F0 hliediid. TRbRl e @a@ﬂﬁﬁd’s it Tty AHOBL Beiring

re recogni ze eavase enzyne.
F@F Bbtls rthekbﬁfdﬂma%ee dapler sthetareascagnided dnwhmﬁ]reevase
away from a quencher and duces_.a fl uor esce
gc &Pﬂa be

enzyrap af his figie thablGupRsRAYHE ClepTRs asﬁ%%? 9Bt BERY
qu &eﬁ%&ﬁu&! Bl &BentisicRael FHEIND ?@ndt?ﬁlﬁg 8ne ﬁgﬁﬂlﬂﬂr&)e

or the variant (nutant
wiBGR, det@mdetol}glbadiza me‘d)rel’dnnpthefrﬁfcmlp@ﬁmdﬂ typehaikele W‘ the no

arrpllfl t.h cleic acid. Fu
vagami(imstan ol s Rl el Bftheer g Rl Siflgyie o
%1535@& S fe B¥eleik Qbide Rt @etalie Emfﬁcﬁnﬁo, %lfrxle @le. of ordinary

vances in Nucleic Acid and Protein Ana
skﬂBmﬁh&masﬂmﬁwdg«bbm)for prommy, Nexs Bab» st édeam& t Nucleic

B i e
conpl enentary to the RNA contains the sequence for the

T7 pronoter site. This primer is allowed to bind with
the tenplate RNA and Reverse Transcriptase (RT) added

m&gﬁg:nar Iat et hgﬁ%on'pl enment a[%‘}c/Pet r 341383%%39%‘3}1 klﬁégﬁ@\ls .
dettehc féh%?etr?drcﬂ%‘l %A%‘iﬁéitmﬂ bahirfifer bniptsRas %NAibheCRNA

e single stranded c and
cdﬁ@diﬁs e yijuensd foa ey pidhwater Bite REAIspoinyares altav ddgo hindewith

to generate nmany copjes of t
o ﬂmﬁ'@rm‘f\ta@dﬁ%é{?rs B aR) AP e paact fisun
glahgfr Sb 5P RBSe HAME iR eQibai radd st digsseaiva
capa eagggﬁ‘oaﬂn%tsﬁbgm ﬁgﬁa? 4 1 O% (Sgg e.g. & Y
th@(REDA,dBaVlﬂg sinflectrendedAONA behind. A second copy of the primer can

then bind the single stranded cDNA and make double stranded cDNA. T7 RNA

—x

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

[0173] 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 20 depicts the scheme
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Sequence- based Anplification, Nature 350: 91-91, 1991
.) [0173] Scorpion. This nmethod is described, for

wex@snd®38 by Thelwell N., et al. Nucleic Aci dsSPCT/US2005/015352

Research, 28:3752-3761, 2000, which is hereby

i ncorporated by reference in its entirety for al

pur poses, and which figure 20 depicts the

schenet hereof , wherei n Scorpi on probing mechanismis
as follows. Step 1: initial depaturation of target and

th@eek; pihersin Bearvivapuehing medhanismis asdpthens. iStep bAnabr pi on
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PCR st opi ng sequence prevents read-thrgugh, t hat coul d

hairginl laop sopthatifgraseenchs neaopgarauendisd iaRd ah Ficxrse Hsisyy 1s
f he Clf ar ge t
oss5ist 554 bR alPhETog ety S Re rUELRARE, bl KRENS
o%el\rgn S th&RAirpth 16¥pSin Gl 4Bsemvel ofitgspevidiottarget3eq@apaduch vead-
tection M] There is aﬁtléclﬁqﬁ;fgr rel ationshi
ttorshoennidigrdde Hessiiscion of nera R KRR AR, o8 prinét
capacj t e . Ls evoked by the passage of nucleic
d’&‘&%ﬁlgr%@%}%&égg{ﬁnﬁt electric field. This relationship
has been found to be species independent. (See,

3. Capacitive DNA Detection

[0174] There is a linear relationship between DNA concentration and the
change in capacitance that is evoked by the passage of nucleic acids across a 1-kHz
electric field. This relationship has been found to be species independent. (See,
e.g., Sohn, et al. (2000) Proc. Natl. Acad. Sci. U.S.A. 97 :10687-10690). Thus, in
certain devices, nucleic acids within the flow channel (e.g., the substantially circular

flow channel of FIG. 1 or the reaction chambers of FIG. 2) are subjected to such a
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e.g., Sohn, et al. (2000) Proc. Natl. Acad. Sci.

U S A 97:10687-10690). Thus, in certain devices,
woe@saom™3aci ds within the flow channel (e.g., PEEUS2005/015352

substantially circular flow channel of FIG 1 or the

reacti on chanbers of FIG 2) are subjected to such

afield to determ ne concentration of anplified

product. Alternatively, solution containing anplified

product is withdrawn and then subjected to the
figldde defeeming eppcenirtioncoiarlifisdaiodict. Miliempdsely.crolution
cc&%ﬁgfr#étalm 158 g%dug{‘i%.&iﬂi'dlagln ﬁfﬂ%‘éigj Qlﬁoge&é)c{‘%%ﬁé S cctdbid.
e crorlurdic devices disclose Fern are
typically conducted with certain additives to enhance
the reactions. So, for exanple, in the case of devices
in which reagents are deposited, these additives can

e spotted with ane or re reactants at a reaction
it exORBpsyL tur 1ﬂ¥iﬁﬂ$¥$§s are bl ocki ng

reagents that block protein binding sites on the
[Pt ONer REactidAs bbifuBtedAvitd 8 n¥iddoiRidic 8dvisdddisclosed herein
conpounds can be utilized including a nunber of
angityiealscondneted with qegaig. addigiersito enhanas thardactiensalSeufrrn
rot.ei.n such,.as .bovi ne.serum al bupin)..a I 0l .
P55 e Gt B SRie M BRichTEAER oY B tpill Buy ARy can
b@Epcited WIRESNer rilbrk reicamts A atredcasn ke, Fafinbanss, i bzt of
Exanpl es_include, but are not limted to SDS and the
additivesiase flocking rengents gleat blpck poatyip) binding pigesqpedbe elastomgse
f.nucleje [ Iof | ' I ' .
s R RoR PR bRb B ERPGL LADR A GMATE uftbar of
diFedad Proteial ce. £Npelawensl s pibamdi protdiss, augH asftovite serum
reaction. Such additives include, but are not [imted
albymip)eangehvyesralnat reduce secondary structure in the
nucleic acid (e.g., betaine), and agents that reduce
rimn e ATPHE AHm ;
[‘g‘]rﬁ ride) 9‘ f%%%%’ft a{Idtg 1tﬁr§§ a%?fgg ng&e(%bdf oun délf; n c otr)lecfu0 g tdl1 fgeéent
deterdeatsrcan vp hiifizedat Examplesdoclndn dut iramosimised i YRE aad &
gi.ve enhanced results. For exanple, while good results
Veus YHPRAREEERMSt h Anpl i Tag Gol d pol ynerase (Appl i ed
Bi osystens, Foster City, CA) from Thernus aquati cus,

[pF@joved TRafideffic WeinlcRRMRId ABHINESN hictbmed number
usi ng DyNAzyne pol ymerase from Fi nnz%/rre, Espoo,
oFiliffeaend typEh 0§ agritiyeseoan be incdudedo fAne category are enhancers that

promote the amplification reaction. Such additives include, but are not limited to,

reagents that reduce secondary structure in the nucleic acid (e.g., betaine), and

agents that reduce mispriming events (e.g., tetramethylammonium chloride).

[0178] Tt has also been found in conducting certain amplification reactions
that some polymerases give enhanced results. For example, while good results were
obtained with AmpliTaq Gold polymerase (Applied Biosystems, Foster City, CA)
from Thermus aquaticus, improved reactions were in some instances obtained using
DyNAzyme polymerase from Finnzyme, Espoo, Finland. This polymerase is from
the thermophilic bacterium, Thermus brockianus. Other exemplary polymerases that

can be utilized include, but are not limited to, rTH polymerase XL, which is a
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the thernophilic bacterium Thermnmus brockianus. O her

exenpl ary pol ynerases that can be utilized incl ude,
wheiosaom®3sot |[imted to, rTH pol ynerase XL, whPChUs®05/015352

aconbi nati on of Thernus thernophilus (Tth) and

Ther nococcus litoralis (Tli), hyperthernmo-philic

ar chaebact eri um Pyrosoccus woesei (Pwo), and Tgo DNA

Pol ynerase. It nay be useful to conmbine two or nore

pol ynerases in a reaction mxture to increase the.
copybigation pf dherguss sharmppbijusfltly andheaneaoren litaredis (Th),

[« . r‘ r‘
bR el BARAT RorabUlf b tRer P R Tl DA
Potypnéraseli Inghay e @seftl foadontbdnedyesor meore @olymeerf¥eRircoedattion .

Use of, gl ycerol, or. PEG solutio r the control. .lin
MY R InREepsesfhe @dpwr%\ﬁenseth\@tyrféfars%élﬁﬁw&@%f ﬂ;%ﬂﬁé?@ of
: I [
B b e R e S R e
thoke\dontaéninlg mtérosledingelyes, mto itcP ClicngktailicUst of gly¢atol or PEG

softRfops Forsas serdiop i Juiks pien i Blhove e oy e aeel R ECR
reldtlonof | ui di ¢ devices provided herein can be

manuf actured to include a | arge nunber of reaction
sites, the devices are useful in a wide variety of

[03E9eeni ngFuthdr detailsreigardingrsiditbgs usafiyl igeapdueting Fepstions

evi ces nbe uti.lized,.to. . J.QNs
Wi bfERof e Relt b defif Mkt BRAL3PR A ERRn
refdtRAN Glre R dcdRR BxhmpRIig@aon W t h anot her species
generates a detectable signal. In view of their use

with various types of tenperature control systens, the
devices can also be utilized in a nunber of different
types of anal yses or reactions requiring tenperature

cont 1 {cBlignsACi d Anplification Reactions
:X[Olé%¥£$ﬁéxég§g§€%‘§isclosed herein can be utilized to

conduct essentially any type of nucleic acid
[0489] i fi c aBewwse thamticwfluidit devicdsprodsediprein can be

anplificatio eactions.can.be |inear I ' .
oI GBS Atk PRl Pl P i R i
wiIERARBRdfabreaiik ixhdl &RdIY19dA8 miethols., IrfgaRktal,i thali¢vdces can be

conducted wth a forward and reverse priner etf .
utilized to detect reactions between species 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

[0181] 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
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[0182] When the blind channel type devices are
utilized to performnucleic acid anplification
WO e@si0™9B8%, the reagents that are typically depopUS®AS/015352
within the reaction sites are those reagents necessary
to performthe desired type of anplification reaction.
Usually this nmeans that sonme or all of the follow ng
are deposited, priners, polynmnerase, nucleotides net al
ions, buffer, and cofactors,, for exa 1& he
as ekpaneotisloeplificedonsiie.r erpUiiGHoRs sQndupt Wéﬁ RS
uclelc a idtenplate. Alternatively, however, the
1Bv$§%@pg ®an be deposited and the anplification
reagents flowed into the reaction sites. As discussed
[o183Pr & W?”h@n teslimAtchinnetitype devicss are utilizesdomsrionn auelgic
an anplification reactlo ta| ic
acicasl Resgn aetiohe (11 TSHEAS i GEBH PLALY SEr e S HEGE
rﬁﬁ%@l’dbﬁrddh gh the
rew%gpﬁ@g @?Eaﬁ% anhg%gﬁgybgggi versa. %O%%g Wi | e
R atidn ﬁ@bﬁap sUmtadiykbhas mdanothat somps o alicefit %fPlkO@Vé%?f&ue
he devi ces are not dto g
depaﬁamd orizis Bametshapl e bR Pl Pl Brators, for

|cat|on reactions
exa%ltg% ’f’fi‘@sag‘?pl Hddatdnionhit t&@tloﬂ)sﬁe iarsacnecdsed isrhe metldio),

I gase c aln reaction (LCR) (seeW _and. %dgﬁ
aciGenaplites AtehflivelygBoyevandha empdae e4n g deposite te

241:1077 (198
amp]gﬁ@atmeéggpts gf&Vegﬁgtb)th ?1&%091%6{&%% R% él?s'é%issgﬁ g%ﬁ% ':ngl%bn the
ma%rf)? 1ts th 1kad t% Qbhdied & aﬂnpﬁﬁceﬁmﬂU%wen; spiplesaohipiming
at el

et al, Proc. g #S dt§7 1874
nuéléﬁ%ﬁ%d)tﬁmalwb e flowied dhrengh ﬁk‘?u"&ﬂkfégﬁﬂw§ ERSTCRY .
ot Tt BEUET B %%%@*“?%%%%?ﬁ*sgﬁs’ﬁ@i“%f%“ﬁee |

foregoi ng references are incorporated herein
(0183 €T encewhile PORIis pehtps the pest dmowh mhﬁp@%ecm‘@ﬂTm
Detection of the resulti fied be
desiscomplroLliBiels] s aHPEICR REPUECLETs o R g F
SRSk SR s Qi HEbGRALRA iRIRIG, biiede ANAIGDS! 016352

ySI's an not ypi ng 1. Gener a
ligase chain reaction (LCR) (see Wu and Wallace, Genomics 4:560 (1989) and

Landegren et al., Science 241 :1077 (1988)); (ii) transcription amplification (see
Kwoh et al., Proc. Natl. Acad. Sci. USA 86:1173 (1989)); (iii) self-sustained
sequence replication (see Guatelli et al., Proc. Nat. Acad. Sci. US4, 87:187 4
(1990)); and (iv) nucleic acid based sequence amplification (NASBA) (see,
Sooknanan, R. and Malek, L., BioTechnology 13: 563-65 (1995)). Each of the

foregoing references are incorporated herein by reference in their entirety for all

purposes.

[0184] Detection of the resulting amplified product can be accomplished
using any of the detection methods described supra for detecting amplified DNA.
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[0185] Many di seases |inked to genone nodifications,
ei ther of the host organismor of infectious
wor@and®es, are the consequence of a change i nPEI/ERBINF/015352
nunber of nucl eotides, frequently involving a change
in a single nucleotide. Such single nucleotide changes
are referred to as single nucl eotide pol ynorphisns or
sinply SNPs, and the site at which the SNP occurs is
typi cal | referred to as a polynorphic site. The
devBces xnabysis #d @ENOtYRABE be uti|ized to deternine
the identify of a nucleotlde present at such
pol ynor phic s As an extension of this capability,
t he devrges cg%—%%'utilized i n genotypi ng anal yses.
Genot ypi ng involves the deternination of whether a
[0185p! oi d Meggrfisasesilinked tomenomgalmcbﬁﬁfmoﬂﬁ efifier Adhe Bastof

e SR AP el e
nuﬁ‘r% LESGRER0AAL, Befii¥intld 'i‘ﬁvo%l'lh% be@hdrigedn a smgl&ameﬂam_mlg oSudh

contai ns two copies of t

e vari ant aII eﬁﬁ%e., a
smgwmmtebtldqplmnlgomygfetr@(} to agrangle Brdetidepghan 5 5T ng

t h f d
S W o
%}?&ﬂu@ efc.f ¥hd B8N cRabsurbed htdim camdtei mmzedrto determlne the

pl exi ng, the nethods can al so . be

idcteifpohd mesledigerrorss oG Do A S ciigpgjon of this

di ff t, DNA
Ca@%’ﬁ%@r &g deyicey (haoqole utﬁ1z %&ptﬁ%légﬁ%%\??g;ﬁlﬁé BvElves

ons be
thé‘HétEﬂnﬁﬁﬁlcfrpcff \ﬁlﬁhﬁl@éifatdlplgldgt&gﬂh;ml(r@, arm‘ggmgrg viifhetwo copies

designed to utilize reactign sit [ te size
ofteachegeng) eorftpineiveo saries oftd retarense ﬁﬁ%‘ﬁ gfi‘ ﬁe?grgﬂ tyggc opy of
each of, t he l aUelegi:é., ar e
hofREgefle) o £ s o e Bt e i
h&&ﬂ@}l%ﬁtd) Adrd d@ﬁﬁl,ms(ﬁmtmﬁwes of thrwvaaau@rl aJlglei.e ot VarigntdyRe
results suggesting that a hetero t
hasnarpegich oBES SORNEHRY - GFIe NS AT TS i 4R0S STEhfion

I'S not

resen tifle Skt siTaiewvdnelsalesdriteil Gartles
céﬁhgllﬂﬁﬁgﬁ)%#5&4%%§§§m%¥ethe ggrone present in a1 nl
bél6RGH tRMeviidrorEmattiplening t BRbap eanyalgoNge used to determune the

trat t hat t]
seroReRiasan HAPHH T ST TR DA 56, S oh e e &he.
dﬁfc?&?@&nés%r RorhbHativi MBRoAt the indicated DNA

.‘.

[0186] Devices to be utilized for conducting genotyping analyses are
designed to utilize reaction sites of appropriate size to ensure from a statistical
standpoint that a copy of each of the two alleles for a diploid subject are present in
the reaction site at a workable DNA concentrations. Otherwise, an analysis could
yield results suggesting that a heterozygote is a homozygote simply because a copy
of the second allele is not present at the reaction site. Table 2 below indicates the
number of copies of the genome present in a 1 nl reaction volume at various
exemplary DNA concentrations that can be utilized with the devices described

herein.
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concentration. [0187] As a general matter, due to

stochastic proportioning of the sanple, the copy
wooosan79ps esent before an anplification reactiPOT/US2005/015352

conmmenced determines the likely error in the

measur enent. Genotypi ng anal yses using certain devices

are typically conducted wth sanples 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

[ ite, 2. d 0188 ] '
TR G of BB e ety 4S8k e THATDRA
copkaashes. In these nethods, it is generally
sufficient to obtain a "yes" or "no" resylt i e

Valumeénlijon need only BaNAb(eg/el) answer thd Nuestion

Twhet hefr—a—gtven—att+i §3i s—present—Thus; aq Fyses—can
be conducted only MAP the prinmers or nugleotides

1 hecessary to detect|phe presence of one gl3xele
potentially at a polynmorphic site. Howevdr nore

ltypically, primers aB@5nucl eotides to detldét the

lpresence of—each—atHele—potentiatty—at—the,potynorphic
site are included. Eggﬁples of suitable a;%roaches

1 1ol Tow [0I89] SinslepgBase Pair Extension |(1SBPE)

Reactions . SBPE reactions are one technilque

specifically devel oped for conducting genotypi ng

anal yses. Al though a nunber of SPBE assays have been
[0dgHel opedAs & Bencgslnrdttr, dueps s@chastis prppottéoningof the sample,

Typically, these assays involve hybridizing a prjner.
the peRy nunkey WS@#&#%{P;antaéipé}ﬁﬁ%ﬁogléﬁa%@&l1%?@%8?@%&@1“5
S R R A
typrealtycdrglicted withesaprpdsdrnrmgaf DNAsconcentmtion loé bpgreximately

non- extendi bj e nucl eotides that are co tary Lo
0. RuE Rl BOTEA e e GEET e HE FSFoaT 17 0Bt iglihs a
cREENIRBAS fr wlﬁts? RO RN bl s heRtibAlGitd. S a

nucl eot1 de anal og that prevents further extension by

t he pol ynerase once incorporated into the primer. If

t he added non-extendi bl e nucl eotide(s) is(are)
conpl enentary to the nucleotide at the variant site,

then a | ai)el edM%ﬁ{l)aEXt endi bl e

[0188] 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 potentially at a polymorphic site.
However, more typically, primers and nucleotides to detect the presence of each
allele potentially at the polymorphic site are included. Examples of suitable

approaches follow.
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nucl eotide is incorporated onto the 3" end of the

prinmer to generate a | abel ed extensi on product. Hence,
WE@z2108nam™as pri mers provi de an indi cati on of whiPRET/US2005/015352

nucl eotide is present at the variant site of a target

nucl ei ¢ acid. Such nethods and rel ated nethods are

di scussed, for exanple, in U S. Patent Nos. 5,846, 710;

6, 004, 744; 5, 888,819; 5,856,092; and 5, 710,028; and in

WD 92/ 16657. [019P] Det ect| on of the extended products
[0d89% be debisglediisafair e t iISBP Eeigpetions rare

orgeetgm%bu%dsgfecggcaﬁ@h ev% %8(} E‘og%gfflr%tﬁ:ﬁﬁg ggnétgg? {1% %ﬁ%gééso ﬁlthough

a HeHBér JT @PBE%S%}@ hage begRRtlopd tthe geneil bpproadigis quite
primer | abeled wth gne nmenber of a donor/acceptor

similgh ereﬁlbf; theprassaysriByelve Bjurdiang 8 priger didissomplementary

to%'t%l%?{i %3 aﬁﬁ's{l&? h‘ﬁpﬁh %I, L¥q bARE }pﬁg-lek §s ﬁﬁ}ﬁ 15’[ 5> QRthe
non-ext endi bl'e nuc e Is iInc po ymer ase

véaia@t sitd srdslbdjacent tergds eEkiensiby issqoatit@el mathe prese@etof one or
Site, Asarrple%g t ai npl at e

moks lebeled Bon-FXE é‘“F a@g?saﬁatsar? @W@NQFPW fggﬂ@?%@ﬁde@

-t N)cecﬂ?% g{%b{?ﬁt : or A?)Y) 0}%)% 15405 IT9R nBﬁ%Q%Hlbﬁé’ﬁﬁ%ﬂd@ isa

etec I a FRET signal (see, e.g.,
nitlStideanang thdd preﬁpﬂtéiuﬂ&s eatedsiAChy Pelpiolymerasmons®

97/ 22719. h i i ] ]
mcﬂ@omi@%%@%%n{q%ﬁ FisheAtagharseibe mkeTidstaiste) o
gl%ﬁl%taf%hﬁgﬁu@}%&@pafeataﬁamok%cmblbsqiab@te@mnié;u&aible

ntitative PCR. Genotyping anal yses can al so be
nmimnd@tlsmcqmoreged oo theaFitentlaf theeprvoR tengenmsals adelded bed

earl.i er i fferenti.all es
cxgrsirthontd: Fepde SBRtef brnEsERR A gRREbEHLRARR
nh&164tH18 8 pRSerlt @AM Vafiantls@d SF A edrgdintublefdy defte r Such methods and

nucl eot i des and pol ynerase. However, reactions _can be

relatnd uetheds wie discussed, for skamgple, BrdBSePatantiesugS40ALS can

BT AT B S R g BRSPS S, T

reaction. For the typical biallelic case in which two

(3191:0? es ametdessobite dkanded podyets cphbedsedtal utilimng the
|

FIRERARBAD APRro0e Gren el (R - gisiBh g 1 Jig epetion secton
) 98 7 SO0 AL QORL ALt i
cSaaplit <primar labelgd tih onamypmibeDiifia denadrfaceepdiercibupropitone, 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 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, .., 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.

59



10

15

20

25

the reaction site. If the allele to which a probe is
conplenentary is present in the target DNA, then

wa@opbkitbisesat i on occurs, thereby resulting in a PCT/US2005/015352

det ect abl e signal as described in the detection above.
Based upon which of the differential signal is
obt ai ned, the identity of the nucleotide at the

pol ynmor phic site can be determ ned. |If both signals

detected, then both aIIeIe re present.
gehe mcym@ﬁi@ FRNCEPARE PHYSPS CealsPendgeted using

BEGRETRECDCS, hisalepnenloaon Ul paeiemuy ot

prabep cemmplenrentanpioysick of thealliebs fatmis earemnniudgd aheagans together
i ch one re es Is ressed rtic Iar
prmersy ool R A G herese, ThBv e actions et i gondudiéa

w1€he<51ﬁ{r als lnlglé ﬁroﬂél %ﬂhbﬁ@tthié%an l:féa% i 'E}%th%@rhe&%? fack of

expressi on ‘anal'ysis, the |l evels of The gene(s) in one
signel is dge tqyabsencetastpacieduldr aele or simprly edaliad regagion. For the

A R 6 Gaser Mgt oies Al PSPk A R RisaRFe S hean
difigentRals. labal @ ProBss, bathl pedRctlPedmPAeR ety ol o lof thel Mleles are

conparison bet ween heal t hy and di seased cells, between
usuaém IQChldernnathe resdeningintre, ttpgeshes avith avpplifiration ngmsrsd

nugf? ides ém %]st%r LSﬂ{ﬁéf %%gagmhgﬁ{ %‘éﬁbﬂ&’ﬁt Mﬁ&ﬂm&? Atg

th@?é@ét&ﬁﬁsnea r]!ﬂtha @llels to Fhith PBSH coxpPlasaitay id présdns invthey
bet ween the test andcontrol cells can serve as narkers

targaidP A, t@n@mlf%twrt PfepEspiferaby reuliging defectable ugnal ps

d
oD TR B, AL S S s
obésngtatheddantitg of the ndc]semtahﬁjpoimnogmncemel cah by doeermined. If

utilized as the r. di agnostic_tests. e
bofuFiEls He1d5tea1edothBa bp by el LG preveih, By peic bEditne ghe

reﬁcﬂgn% ﬁ%ﬁﬁﬁfemag Rischib&d #dfe %&%@Q%@%n&%cﬁ&ﬁéﬂ pta.in a

uct expression of the up-regul ated genes.
[0193] The design of the devices disclosed herein is
hel pful in facilitating a variety of gene expression
analyses Because the devices contain a |l arge nunber
acti tes e nunber of genes and/or
nﬂ? e same tinme. Using the
bI|nd rom1channeI deV|ces, for instance, the
expressi on | ev@bseraf

[0192] Gene expression analysis involves determining the level at which one
or more genes is expressed in a particular cell. The determination can be qualitative,
but generally is quantitative. In a differential gene expression analysis, the levels of
the gene(s) in one cell (e.g., a test cell) are compared to the expression levels of the

same genes in another cell (control cell). A wide variety of such comparisons can be
made. Examples include, but are not limited to, a comparison between healthy and

diseased cells, between cells from an individual treated with one drug and cells from
another untreated individual, between cells exposed to a particular toxicant and cells

not exposed, and so on. Genes whose expression levels vary between the test and
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hundreds or thousands of genes can be determ ned at
the sane tine. The devices also facilitate

waledoSaomet | al gene expression anal yses. Wt h tPeT/msto0s/ais3s2

design, for exanple, a sanple obtained froma healthy
cell can be tested in one flow channel, wth a sanple
froma diseased cell run in an i nmedi ately adj acent
channel . This feature enhances the ease of detection
and the accuracy of the results because_the tvv?

conitghpalissan parve g ngpkert on R eals P BoRPY 1 Fir SRS i

_ o on
cer%ﬁfjdgr%gﬁ ggﬁ%dggtl SIS%HIH? 8184 'ﬁ-tr%ﬂ%éeéié Brdeﬁétg%lg ectetrixé\n sc |rr ?%%nl on
healthy etlls| aunth gehes edmyseteesaxqrkas of the dissasd gndafan poteatiallpbe
_genes, nucl ei.c aci.d sa e conpri si NA
utilpheg a3 &ﬁ%l@éyr m%ﬁc {8fRe (SFSTHTBR AT %@é{ﬁs HEgetsof
strately’ bt ﬁgﬁﬁf&q e Q{éééﬁ‘ﬁg b iR D Srob BN s thANB &1 Mt Rdudi®n of
obt’'ai ned. nucl erc acid derived froman nRNA

expresatvmafithpt up-efgsiaged genes.nucl ei ¢ aci d for whose
synthesis the nRNA transcri pt or a subsequence thereof

ultipptel y seryved as a.t | - :
[Olggf/er se tPafiete Sle g?‘g‘ﬁﬁsa%scﬁgﬁ&%&g%n %E}%ﬁ)??laﬁgmté%g *
variétP B bdilexpiddon andP)¥ds aBptduté 8 devioes ¢digait Bige anmBbFof

transcCribed fromthe anplified DNA are all de{li ved
reaftignsitehien larmemumben o€ genss and{er watRet (EBPedrsid PGS, ed

. products is_kRdicatl . th ‘

S e bt AR B Sl LRBARROe B8kt vy of

huiSdtbdsat teowand Epehacdad de detenhined et thetsaink tintee dliealevicRNA
revers

transcripts of the gene or genes, .
el o cidGeTor ) Eoh SRR SBAAC PR BEG PSR

C , j f i ; [ I
Pl R PRt e AU BoREAt. (oL DS el
withGl i Rbe d disdabed ¢edirah imRNAnnsdipwteatljiceohehannel. This
bi ol ogi cal sanple; in . .other instances,.the 1nuF,I el c h
feabirp BN 0108 Qfeles s kiR APy it Bt Pecalii e
twg Qﬁnﬁl@g Re ik 8{1}@&! s%ﬂlg RHRaLthe sBSie dpRhnAamAENthe k@her s
0 a sanple obtained froman organismor from
conditipenent s of an organi sm such as cells, biological
tissues and fluids. In some nethods, the sanple is
froma human patient. Such sanples include sputum
bl ood, blood cells (e.g., white cells), tissue or

€X

(u%)

2. Sample Preparation and Concentration

[0194] To measure the transcription level (and thereby the expression level)
of a gene or genes, a nucleic acid sample comprising mRNA transcript(s) of the
gene(s) or gene fragments, or nucleic acids derived from the mRNA transcript(s) is
obtained. A nucleic acid derived from an mRNA transcript refers to a nucleic acid
for whose synthesis the mRNA transcript or a subsequence thereof has ultimately
served as a template. Thus, a cDNA reverse transcribed from an mRNA, an RNA
transcribed from that cDNA, a DNA amplified from the cDNA, an RNA transcribed
from the amplified DNA, are all derived from the mRNA transcript and detection of

such derived products is indicative of the presence and/or abundance of the original
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fine needl e biopsy sanples, urine, peritoneal fluid,
and fleural fluid, or cells therefrom Biol ogica
wgaarsphie®3gan al so i ncl ude sections of tissues BUDOSASS/015352
frozen sections taken for histol ogical purposes. Oten
two sanples are provided for purposes of conparison.
The sanpl es can be, for exanple, fromdifferent cel
or tissue types, fromdifferent individuals or from
the sane original sanple subjected to two different
transeripttie asanple. Thys,dnitghle sapplesiinghvde.dut eregiot linfipdde ) mRNA
Any.RNA.ilsol ation techpique that does.not sel
RIS Y (5 2o B B DA e Canep reg o EATRNA. FRNA
trdRidérifddodrh @t PHNAUDNARNAp BRI thd Bénes XRANA| tansEed Gtsin
of isolation and purification of nucleic acids are

angpglefendiIDNA. i n detail in WD 97/10365, WD 97/27317,
Chapter 3 of Laboratory Techniques in Biochenm stry and

| B of _ oo . . r
BB ) S L
fréi-a blblogResane; Jin Biheeiis@hcesNh¥ nu¢leRIRB]d saGipdpisahe Btalf

RLRCBLEL o echn es,l B aEherLel L SR L SFULEL 1
ol PR P Rt Sy o
cd\h) iEololgivnl fi3saed gl flAdd. a]hcsogteonqthd@ntlﬁlsam@tﬂ igl figpr ¢ hgman

o % 85t e SR o LR LRI SBHE: i e
ﬁ%r% h elegbigw%an@%; urite PerYiohkal GLRB ind BBl flkiar &ecells

rs tissue sanples can be readil yprocessed
thesdfirog. t Biohogicpl esmpdesvan alsp inkbidg sections ef tigsergsuch gp frozen

| e, the.single-st RNA.i sl at | f
sehORR EpIer DRI gE A Tee | Aty & PR B for g
p%%@a?eg]of LOmPENRNE NME 8EBHRE cATRd, Yeraskathpld, fiohndiffetent cell or

vi ces that are described, a significant factaor

tissful eyyies fgorn Idifferenfiindizidualsios drogbihe spmE QTIEEA1 tHmRle gubjected to
nucleic acid | he sanpl opy nunber, noi se
e Sifgelreélt grgatfr@nfst{tg.gg qge%etg%@gdoé&\gfg Py nunber. Thus,

the level of error that is deemed acceptabl e governs
[MH%] copy MHTENAnesatioredchiiqie thagioks not selupyagaunsbthe in
‘the particular sanple volume gives t required
icobionVF PR 5 A BRGSO B THGGESI0 Ieylo B SAmpTes. For
QUANLT 1 ahb Q1o FiEAGHE LONGIELEsLiN 4b dagerided ot
1%%9@16’ %?Jh agy?{olg@g%rpﬁﬁt&%irhg?g? ably 1s | elss. Assumi ng a
ddtail in WO 97/10365, WO 97/27317, Chapter 3 of Laboratory Techniques in
Biochemistry and Molecular Biology: Hybridization With Nucleic Acid Probes, Part

L. 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. Tijssen, ed.) Elsevier, N.Y. (1993); and Sambrook et al., Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Press, N.Y., (1989); Current
Protocols in Molecular Biology, (Ausubel, F.M. et al., eds.) John Wiley & Sons,
Inc., New York (1987-1993). Large numbers of tissue samples can be readily
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nanoliter volune, the DNA concentrations required to
achieve a particular error level are shown in Table 3.
w@\2008a0798%® seen, 1 nanoliter volunes such as UBETUBRIDF015352
certain of the devices have sufficient copies of gene
expression products at concentrations that are
wor kable with mcrofluidic devices. Table 3: Gene
Expression - DNA Quantity [0198] A further cal cul ation
denonstrates that the certain of the devices provided
provessed msingitedhniguies kuewminithe ariginrlndingy %@K&féﬁles&lﬁ gingle-step

ntain suffici DNA t.0 gachi eve r i@n
Rof& S on et pf Chombomsey PR aRR e S et
procedure yields approximately 10 ug of nRNA. It has
[oPegn denungkhaégilessioatanklypisanilizingtthedeviessahdt aroddsOribgl a

copi es of each nRNA per cell. O the nR that are
signidivont Betpratieeing thayesyltyisithe enecentgiion ok i't\@%'@?%}c pgid i the

f our st conmmn [ A
st TR SRR PR ol e e
THRSHAURS] 60FRritER isdéned aoteptfRiNAz¢eansthe soply muniger Tequired.

1 imately 2.4 x10 i CLn vj ft

e AREr o Tl 2.8 10 coplech A Y 2B

ex . : . ) &
cofisialibh, MnBEaPic 3ty BptiBHE usiARAkackions Séh T
cofiisaed wet anrrrdOlavk] oftupeto SO bnt praferaly i less. rAgseming a 1

nessage i s approxi nately .2 x 107 copiges/ul : t.h
napGREeREIES: B A SR HILORToa s A aay Ga LipulRr grpor
198 ake glﬁ)RNnA‘inxfai)%le., M candpe deh hogisolifdt 98TunRe ¢a¢ts® used with

expression analysis typically involves a quantitative
cofaitl ofths devdedsdrye oufficient gqpiesaifiggneetiiression NIAUSE Fne

ofthe quantitative real_ tine .nods descri bed
CoRgBREALL ﬁﬁ?,t al‘iefw%{ﬁgfb&a%tﬁ “&‘Sb"rfg‘g@ﬁ gug“?g%ti lized, the

reagents that are introduced (or previously spotted)
in the reaction sites can include one or all of the

T%l%{a BQM&Q:EXBHS&?! L_ﬁﬁ@%&gﬁw obe, nucl eotides and

yirerase. n intercalation dye is utilize

the .
ERBAQANT M xt ur ¢N (Qupyaid.y i ncl dmdumaénlor al | qflPREA] (10 M)
foll owing: primer —nucleotides—potymrerase,—and
! AR OO HMTOSTCUT | UtTS, .1|J y y 4.2
2intercal ation ¢ye% D, Ml tipl exi'ng
10 100 1 0.17
25 16 1 0.027
50 4 1 0.0066
[0198] 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 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 102 mole or approximately 2.4 x
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[0200] The array-based devices described herein (see,
e.g., FIGS 1A IF, 2, 3A and 3B and acconpanyi ng
wo eoos)lomse | nherently designed to conduct a | aP@EUS2005/015352
nunber of anplification reactions at the sanme tine.
This feature, however, can readily be further expanded
upon by conducting nultiple analyses (e.g., genotyping
and expression analyses) within each reaction site.
[,0201] Multiplex anplifications can even be perforned
10\ eonies) a s viey of thefeegose SPreSsIgy rangse, Talednpiseses are
ut il [ c
oxisted QR el ¥ Bork 2oy SporfRy RIS
thd RENRkarfplelié digsoiveddiads ul, Fhecqrcesteativn offatrae n:les’sﬁgerle nt

amplifie ucts can, be detegted usin .
apmopcfr@qxt@]mz )gﬂagcqpaqggql,etglsrgpgg@gap@ ewgg?ds&o 20,000 copies per

PCR reaction or by using
1%”%? ent| a Ig{abel ed nol ecul ar beacons (see supra).

In such approaches, each differentially |abel ed probes
is designed to hybridize only to a particul ar
anplified target. By judicious choice of the different
Iabé¥ t .are utilized, analyses can be conducted in
rent |abels are excited and/or detected
at dlfferent wavel engths in a single reaction. Further

[ogy9jdance megassipaeskiog anallsls typiuallgfinwgivssenpiaatietive
fl uorescent | abels that are suitable in such

ambpmoé@ims@m if typmay a tﬁdésser@fa@ of tae qyaplitatiyg reabimed CR

mg og‘ﬁiﬁSS%S aébr? Xe i{ﬁaﬁD?sﬁ‘}ng cﬁcgl’lf ﬁth%ra%tggmg% fits @at

arYBitERIucEBtok pravid\ely spotted) if ﬂ&ﬁ@aqtloﬁesntbsnm ineladel booér af of
FI uorescence Spectra of Ar cul es
thAé@lm‘me Bes 1ab R]@WPWK““‘?W anh%‘ﬁ?"fﬂfﬂiaﬁ% l?fé&“?e}u’i"ma“"n
and %%@ b&u l:f%ﬁle'é 8tfo orABIRSRRR folIBHES
idt lﬂiel% t or S}M(ﬁBl shop, Ed.). Perganon
pﬂﬁh@ﬁ &ucl&iﬁdwpbolﬂlﬁé’ﬁ& aaah ttteoglh@erddyaHandbook of
Fl uorescent Probes and Research Chem cals, Mol ecul ar
Probes, Eugene (1992). [0202] Muiltiple genotyping and
expressi on anal yses can optionally be conducted at
each reaction site. If quantitative PCR nethods such
as T@ql\/hnMﬁtﬂ@uln'gzed then prinmers for anplifying
di f f erent reél ons of a target DNA of interest are

included within a single reactjon si.t Dff tiall
[0200¢! ed pﬂ‘bb@gay-baseé ﬁlcpqe sg]ﬁbed herein (see, e.g., ﬁ&g 113, 1F¥2,

3A and 3B and accompanying text) are inherently designed to conduct a large

number of amplification reactions at the same time. This feature, however, can
readily be further expanded upon by conducting multiple analyses (e.g., genotyping

and expression analyses) within each reaction site.

[0201] Multiplex amplifications can even be performed within a single
reaction site by, for example, utilizing a plurality of primers, each specific for a
particular target nucleic acid of interest, during the thermal cycling process. The
presence of the different amplified products can be detected using differentially

labeled probes to conduct a quantitative RT-PCR reaction or by using differentially
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are utilized to distinguish product that is forned. E.

Non- Nucl ei ¢ Acid Anal yses [0203] Wil e useful for
w@omdaessg a wi de variety of nucleic acid anaP@BES2005/015352

t he devices can also be utilized in a nunber of other

applications as well. As indicated earlier, the

devices can be utilized to anal yze essentially any

i nteracti on between two or nore species that generates

a detectable signal or a reaction product that can
labededcmeltowlat beagoufefsecsupsn. le serdrppiasghesgedel differgntially

ignal . upon i.nt er.action W i :

1 dfiopeP dgnie AFVbRB LAY S RDaRRAE gaibiited target. By
judiciouk ;1?&0& Bf fhe ALKkt mfhelmﬁma utitizealp ﬁxi_lailyﬁat balgbe q;cmd:jlcted in

| dent | test agents that ave a part|cul ar eslir .
whigl fhy diferenclabels prcrielted Bxmslotsoiqdias AP S Ve RS In @
utilized t 3 v .
st P B SRR RGTRGHELE fetoaBbh Ut b forssen
laBe1aties &% suitfisé icarhapmoaded infider Alroeswars Spaerpseipy c

s S abebtan b EptisentYon ot T O bRIG e P e
A?ﬁ%%! ) gg%%fwaz grr%saqeia&a SédkEr, NREYBAZ Y 1703388 18ar, S

en in uce reaction (if the test conpound is
Handhiok of Rl@)yesoenderSpedtrd bfdroofatic ioleadest Roredy; ifcaderaic Press,

New ek IS o Crighing: 7R e ChrigRichany sl My s,
AShRRAe bt ebg‘ﬁvg ' | WES1 9 R CIdRA A (Bishdpy Bar). Pérghmes Phess,

moni t or 1 ng oss of “substrate and/ or appearance of
Omfaad 9723 { AR Hugbnd, Headbkiokief Eldorescensdtrphes Cﬂﬁdg%esf"‘llréa/
channel nd. react i Si t n also be utilized to
Cé@ﬁ@ﬁgt ﬁ’@i‘?olulﬂrgf&fgg%n? gﬁ)gg?ect i nteraction between
a cell and one or nore reagents. For instance, certain
[@r@g’ yses iMMapNgeaaypingiandekmossivn adabisbecanaopbianaliyhd ar
cell type is present in a sanple. One e anE$e %or .
camdvotediak thrrgaqtlﬁ)iﬂ§1tf3-sIft(bla@ltﬂtF‘FYez%CBé’P‘Pth%%ege Py TaMan is
hat, preferential . i i L3 | NA bBiB8Sest are
R S R b e A T
SR vAtn hRBRlcehbtonatide DiffSeniiailyigbadéd prbpsfos gachysgion
detected using standard m croscopic techni ques. As
agnasilized tq dusu%gmﬁtpreﬁl}ctﬁ@éfS% unds can be screened

for ability to trigger or inhibit a cellular response,
such as a signal transduction pathway. In such

E. Non-Nucleic Acid Analyses

[0203] While useful for conducting a wide variety of nucleic acid analyses,
the devices can also be utilized in a number of other applications as well. As
indicated earlier, the devices can be utilized to analyze essentially any interaction
between two or more species that generates a detectable signal or a reaction product
that can reacted with a detection reagent that generates a signal upon interaction with

the reaction product.
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an anal ysis, test conpound is introduced into a site

and then the cell added. The reaction site is then
web@sker®3s o detect fornmation of the cellul ar rPCpPURRES/015352

[ 0206] 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 Novenber 30, 2001, which is

i ncorporated herein by reference in its entirety for
[0204] pur poBhs, foxexarmmplpy the deviessaan beméilizgd ingyaERbsT P§207]
sc%spgl%:g:ags iéj (teit A Foalﬁlerléth Fes? P%en'fg HaQfY 'ag)'gﬁid:t Iﬁ1¥ :dglﬁﬁeéltalaﬂ&ity.

alre ¢ a construct

ASh BsHcHiPexdmipl, thd dy ks i be htilized s sqban daifionnds for activity
techni ques, and/ or sacrificial-layer encapsul ati on

asraeuhgete OTBIbAS PEOIIEI TAgIEICBAERCS: 1 SYGheatialissy, o compound
er | -

e e LTI o 0 & Wy S et o

subBy e atedigabiered (ifmot previvaslyidbpasitall) indliereaction site. The

encapsul ati on approach, pattern f ot oresi.st_are
CraPESHEEIS (e SRR MG Y e IPL AL o Siftato

oﬁ&ﬁﬁi@ﬂioﬂl&%h@a&gcﬁdﬁ%fr he! &8t &diRfuRd 4ChEhiBiter)dk deteete€. Such

evices Is discussed in detail, for exanpl'e, by Unger

re@étioms or {rdiii0n Sui ErareoPBshed By Stadidatdytectmines.cuchps directly
(.2000). "I nt.egrated El astonmer Flyidic

oniBBURHY A HIEB S Lo DT P L ARR BRI IS RRRASE s,
in Proceedings of the Solid State Actuator and Sensor

[0%%3 hop, phlikéoRithieREici el Flarg@fewichaiiEls Midkadtivhisites 40
01/01025, each of which is incorporated herein b

alsebenglized tb wondvet eellufariapsaysy tof dstech itergeliqiphetweern @X%h?nd
b et th SSRDSC DN 1Y
ORTIRYE P SO T RO selanafigy Rl aftEmlid st Y

whBBefl pEtionRy éetl typy BrpridehhintahanmpbantOnd expinginfirs) and
bottom | ayers i

"g., the e|ast | ith_ the.
womovins o Broohes e RRS Ty PSSR

i th L i st i . . ;.
Bl pB0RHRE 0 BBt S IR STAL ARG e
cEnoidae € ssminithaniis sambeddétestedusiny stendrod imgrosdopic

photoresist to UV |light followd by develo f, .k
A R L R L R S
tr"ilé:g b &Y Sﬂjb‘ﬁi‘tsa A8REH 'r&‘fagngé\/ st¥hAs a signal transduction pathway. In such
an analysis, test compound is introduced into a site and then the cell added. The

reaction site is then checked to detect formation of the cellular response.

[0206] 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.

XI. Fabrication
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Unger, H.-P. Chou, T. Throsen, A. Scherer and S. R

Quake, Science (2000) 288:1 13, which is incorporated
wheesitonoBy reference in its entirety. A m xed PEDPS2INS/015352

silicone el astonmer (CGE RTV 615) is then spun into the

bottom nol d and poured onto the top nold,

respectively. Here, too, spin coating can be utilized

to control the thickness of bottom polyneric fluid

| ayer. The partially cured top |ayer is peeled off

fronAi t s GohetalaAspectsbaki ng in the oven at 80 0OC for 25

m nut es, aligned and assenbled with the botton1|ayer.

.5-h f] b k '
BN 7 ayer oo riREoe S i nifici Pl fePilBrddstuce
gé?x@faﬂl@%ﬁé&dc%@lrutﬂﬁiﬂgeﬁingl@hﬁ muhilSyeREdft ﬁmolgﬁaphy $MSL)
typically treated wwth HCL (0,1N, 30 mn at

tegliyiiguasaatlion pacrificial-layst encepsdatiopipethpds. hﬂl@as@l\é,SL approach

AP IR DA BT Ll in
the mzi}}ewﬁth}thé)ﬁlohBimﬁhem Rising thehlyed togetieers lpfhershcrifidia-layer
support can be manuf act ukrﬁed of essentiall

creaP AT ADTQPHbUGHETR & BRRIPTseist &R JGPRFitEE ety SE g channel is
%ﬂ%&r $hés QQ&%l%l%?Lmd ﬁl\%lrtllgglrl;@'ahuél fﬁ‘?&'oﬂ&dﬂ! deRek by

hesiv orces sui tabl e supports
dﬂsmbublm dgtadls Sor ehmplel by Uaget ett Iab. (2(1')00& Sc{eﬁQelZﬁ8 IBell6, by

d f i
LT S e
algg@, ce o agRbsticd emfPlr&\!é!e&lBg@ Bptlhe Sﬁh& Siaﬁélkbﬁﬁ{ol‘ and Bénsor

ce renoved fromthe nother nold is sealed t

Weorkdtiop, {arlmwm; 8 €. yandtin 2605 BuldicatioraVaQ ﬂb’Ofl Ozﬁue@qwnfémch
is tota enc

t
1SrIESQIP?IiaFF& feiR 03 Iieec%lé’\}ﬁ%]ég@ﬁéytfﬂg% %l?l %eﬁ aI I y be
joined to a substrate support. B. Devices Uilizing

[Bosnd ChamneheDai ffegding Labytiatib® fiviiods nntlﬂgmnizaﬂve
M crofluidic devices based on the blind nnel n
fibmicating-mothenyeissoniop lexepoleig d8e slastoperie Ja¥et Mol g %gml
ur i ac
ﬁ Egan cl>Jt ia&é% (? & Yeré/ %iﬁs@(?hlﬂci fagémfg% g{ﬁ ﬂd’\‘)ir' gl?annels) on

sfliRas Yatds BY ph@tamhs pitagHy with@hbtatrésisn($ldyley STR5766). f@lamadl
fromvarious elastoneric materials as de r| bed in t

heighisrcen e SomFallsd PABAY B RSB} RO HBELS TR eEpisy chaphels are
f&%ﬂ.e%rbyaéxposcing the photoresist to UV light followed by development. Heat

reflow process and protection treatment is typically achieved as described by ML A.
Unger, H.-P. Chou, T. Throsen, 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 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
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pol ydi et hyl si | oxane (PMDS) el astoner. Based upon the
arrangenent and | ocation of the reaction sites that is

waoelewsnem®3g or the particul ar device, one can dePEr/IBI085/015352

the |l ocations on the bottom | ayer at which the
appropriate reagents should be spotted. Because PMDS
i s hydrophobic, the deposited aqueous spot shrinks to
forma very small spot. The deposited reagents are
deposited such that a coval ent bond is not forned
tresgnons antstip elepeagpong ofthd Si-ReSihanladherehy exposwigdydenry
because. .as,described I ef... the reagents are
grloPingtﬁateIHa eoth F@%W@g?r§%&#g$@51%| e solution once it is
introduced into the reaction site.[0212] The other two
[0Regjer s of Thdéevikavdaa ehetr dptiohslly beylesrmieticalty sehlct e a thpport.

channels are forped and. the | ?yer in which th contgol
Thaaioppt cafhBe Mpnpaeierdafsatralialamy paieHabia gl e gipstece
sﬂg@@eﬁf}{l rﬁ@ glgsﬁufe%)g %(%h §9§ Q% ﬂie@al.tfgrrﬁ&f_la_iﬁ gﬁ% diBloRlSsive

In this section. ting two

- foreey e Examples blisidtabke supportgineludel glass, plystice andHbe fike.st

| ayer onto which the reagents have been deposited. A

cific anpl.e of the conposition of.the three . .
lq%i@ rs i s$€§ Vé?qsg.\%gn aﬁf?rgﬁ"gotf’ ﬂ&eoﬁ’ﬁ%ﬁ‘?él}ﬁ mﬁ:cthf’g result in the
sUbRHREIER! ofks slfde? iy &le WwHARHPIE flodY@ahnel0 Alikrdabiyely, the

wel ght) 7 Second layer {(flow channel |ayer) 30:1; and

dehéer ahck agmoveddiom e mpthgemplddis sealed toj asthimelpsiopaied,

however, _that ,other .conpoesjtiQn ] 3 .
G et L SR I b (e PG b nftte hria,
TRS fb@ﬁltiﬁ? ehe@mepic d2oRe cagthcnopatnaligte jbiayeica anbtgtrae support.

substrafes may include using adhesives or plasma

bondi ng, preferably air plasma bonding, to formthe

el astoneric bl ock or other portions of the

m crofluidic device. In sonme enbodi nents, additiona

| avers, PEELRLEDN,BEHATAEfcl s, | Nt er connect ed
wi t h™0t he Vias may be used to increase

the density of reactions per unit area of the

el ast onerilc bl dakerdiortetioreduce t he si ze of the
el astoneric block. [0213] During this process, the

eaction sites are al.igned wt ' r S
G o MBS LI e bR AR e
r&%@ﬂt@ Bfd dbBsitda tHeQBadtioh Siteddufsingtnarfufactwetardfypically formed

phot ographs taken fromthe four corners of a device;

of theeselayers. The bottom layer is the layer upon which reagents are deposited.
The bottom layer can be formed from various elastomeric materials as described in
the references cited above on MLS methods. Typically, the material is
polydimethylsiloxane (PMDS) elastomer. Based upon the arrangement and location
of the reaction sites that is desired for the particular device, 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

carlier, the reagents are intended to dissolve in the sample solution once it is

introduced into the reaction site.
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phot ogr aphs denonstrate that the deposited reagents
can be accurately aligned within the reaction sites

waitiosilaiosgy t he foregoi ng approach. These phot oPCEPER05/015352

show guard channel s and reaction site |located at the
end of branch flow channel. The white circle indicates
the location of the deposited reagent. relative to the
reaction site. As indicated, each reagent spot is well
within the confines of the reaction site. 2. Spotting

[0313214] THAebhegbwe Laverspiiee dryfrssire the layariin ?’hﬁ‘él the, FOWf
chirigti0e forfled SO IE) i KEfRAe OO BB na R AR ® .
chintelspre ﬁorm‘eds [I‘hb@trbwa syeod drerprépasdd acaordhg totthe gerechli n

t he preparation, of.the. devjces include pin spotte
m%l&slmﬁfg @ﬁaltl&eé}rsfhlw%ttlwﬁw rgructure 1s 'thén
plagm 6h 'icgp&fqh@ms@ 184 B0 wWiikh ﬂh@trea%'éht@ th%e BV d%ﬁésltelin %

nters certain osnotlic punps
spmﬂmevrammé bi/tha\ccamlpabtlen shibetlees layatsiis dsefollﬁwst(eﬁalpa pf

TN AT 1ot b B 5
layRf fﬁ’dWEﬁdIﬂqeldfllﬁeé Sent %ﬂhﬁ”ﬂ@aye@@on%ﬁla?@d} kar dt is anticipated,

Bi osci ence SpotArray (Meri de CT% In general, very
howen¢r thepether mnpc@a@@ﬁa@d Eaties dﬁﬁlﬂé@ @mer@smmnoyerg@ eaIsbe

af |ess n_10.nl ces
utl %%cLast\ﬁ%}L h@mﬁg otlfr H}e{ olds %P Qtﬁndtl%tavo & Iﬁéxlgel%y {1%{(13&
subdhated ﬁﬁﬁfmclhlﬁé Gsihf adhddives bt plasn@bortling, Pkeflrablyndir plasma
[ 0215 rays of materials may al so be forped_ by the

bon@mgdgsfom gterqlzgggnq:rpp Heeleer ot]éqr pertions|of themicgefluidic device.
t y t on a
Ingg mﬁ§ %f‘e%ts bacilﬁ%hal We% px%gerrgt%lkg?aﬁfggﬂre%grlé gsc‘d by
inifeﬁi)ﬁﬁ&ltﬁdamth\bﬂkﬁlalyemﬂhrcgtgh tridsendyi skeused ereasmﬂlla daamSNFf
probes, are synt hesi zed i.n %’G{SU usi g spat | al ght
reaﬁtlpm@dmﬁweﬁaoq fithhelgstapmetic b HIEPrlie Sig Os@eused
elégﬁ)n{lf%ﬁl yhstrate or base of the mecr ofI ui di ¢ devi ces
e present invention such that the regions of the
substrate corresponding to the reaction sites, for
[0233npl e dering thisIplroqr:bsamttﬁelesqtimitbsjal‘s@ligmdwith therdsposited
refer re than one, %ﬁgg eot i de g{ obe% "
redgepis U Pl Rt o ar POt RUpioRriate 1 tipp site:
Fleaé & Pfet %fsﬁétbgﬁapmaﬁaa FharBs fov db@emtdrucdevice; thesch as
he one depicted in figure 15 herein, the reaction
phgtqgw,hs deppusteis thet tbq depasitedreagents can be accurately aligned

within the reaction sites utilizing the foregoing approach. These photographs show

guard channels and reaction site located at the end of branch flow channel. The

white circle indicates the location of the deposited reagent relative to the reaction

site. As indicated, each reagent spot is well within the confines of the reaction site.

2. Spotting
[0214] The reagents can be deposited utilizing any of a number of

commercially available reagent spotters and using a variety of established spotting
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al ong the serpentine, fluid channel, would contain a
plurality of different SNP probes, preferably a
weolsaewson of SNP probes suitable for identifpenyszms/o153s2
i ndi vidual froma popul ation of individuals, and
preferably wherein a plurality of reaction sites al ong
the serpentine fluid channel, such that if a fluid
sanpl e cont ai ni ng nucl ei c aci d sequences from a
plurality of individuals where introduced into the
teghmiqueat Exemples of sitahlespotieribatsap ba uklizadin the prgparatipmof
P : 8 ' h
R e e Y S T T e
elé@ropRomReit buinbs nsitjet pantebyeviss| mkidigp pdietbrsy saicdertain @siniatic
fromone another to contain a fractjopn of the.fluid

plgl@nﬁp|Fé<amas>leéa>§ fomBEizlbhagilaRle SpRATs MOKE; GRISIAY he
ENPRIRYRCRS! SFoSfTELE Y RSPSPAR (Rdifal 0 i
Qi e (et fingduinnyl Affymetrit A7 (BantyClafa, SN apd Faclkard

| ocated Wi thin _each r tion site. In
Biengermerrtamapddprion. CA5 Fosrerabryery taal oyl repgents are
depREIR&T: héﬁﬁ\h/fs{o&'s df FaaaR 1 0 WP wedlepSsited SinSARE: iAdtAYs 1dsé1an
I's, have the sanme SNP probes arrayed, and in other

5 alyfladiorré mi, sand tmetilbotheminetandess less them85imdy0.25 nker Qilang

t he s;ergﬁlgti nebt fluid channel would have a different

o] robes.. Qther rtdtioni ' L .

DS ORI B e T N B L

FOIANG Re dU8P{ar NBIsustusd thiedalirag s ol geaucksotidsorf osdld
Qther arraying t eg:le ques, such as spotting descr i,(s)ed
substratiel, whislyis/hekaminsernosated byiraferenes; Whersin aligopyeleotide

pBEE R Brooe AR e AR BL R CeR 1o oo

pEdionmeLGehy. §Ehlelayd heuldid wei agthesabyitassorase of the

presented to further illustrate certain aspec of th
o luidis daviveret S@SeeHBVEONNSE 195 08 THAPE of (he Hstrls

examl . / ' r.ed: K B ¥
e fiin® Exafbbe 78 SRaRnF ool ReN LEIAIAY o be
corthin ey Cor efefBBimbre thiiheng viipaselwmtide hicdbes atraysd in known
l(iéger iments was taq dermnstf ate .E.hat succ&ssf. u

| P
ens wvibe suhste. db M AFe Rl wPATHIAHE BHELHY gy psach
ad Ihetolﬁg dgf)a‘i%fegrfn figure 15 herein, the reaction sites, depicted as square boxes

along the serpentine, fluid channel, would contain a plurality of different SNP
probes, preferably 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 plﬁfality of individuals where introduced into the serpentine flow
channel, and a plurality of valve in communication with 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,
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set forth herein with signal strength greater than 50%
of the Macro TagMan reaction. Il1. Mcrofluidic Device

wQ 0i8p7988 t hree | ayer microfluidic device, fabPCTas®d5/015352

using the MSL process, was designed and fabricated for
~conducting the experinents described in the follow ng
exanple. FIG 7A shows a cross-sectional view of the
devi ce. As shown,the device 700 includes a | ayer 722

into which is forned the, fl oyw channels. This. fluid
for bityiie e sasech AN CHDE SRR SRt srchop Rt B dme
t. - #coilid¥Rarmhebwouldrb
em%(%gréltre yi %aéﬁggg%ﬁ%%&ﬂggyig%%% th'?’ﬁgpglgal [ né Iayere 7212 °

thefs@mearrayahatiishaoé thefseme ISOW phbesrretayed, And 1R @867 t i ng
three-| t t is. affixed t

embcpc{iglll%ms:tx’g(gsﬁﬁ{)rg%f %%p%%@%&}tg%gg% &e?ssﬁ)%g@éﬁr lii?}lﬁd tafhnel

wo@%iﬁ%éabg & i MGHE EINS bidbkfieOther haEikieRIng Suidetiannae]

uctivity, and helps to g;event evaporation_ fro
archhiectires taxtl afso i esat, fori ctamptbe biapehedomd/qr hrenghedpranchy g

shows sch Lc view of .the desi : :
Syséqah AR} &0 ?qlfﬁ"fnm'\llibﬂrl Wgﬁ@nﬁu& g’o%c? Esé %:Oo nﬁ%{SL%g n}}}ecre?nsl’
maggg(emfbfé O RmIitRe 4RIV IWatedusitttin tiayetifidableDesdtivas
consi sts often independent fIOMI;HaEn S ﬁgﬁ, each
sitesi dléng 4 serpsating of eemmos, sugh gs BrARtcAg I HA ChMeHShnel s
704, each blind channel 704 having a 1 nl reaction
ite 706. Vi CE. . htb lcBttain
0fihes 71TroRppEFinpapipE: AedmednRR RihepllaaRE Rt
asélsl dFRhLadvigHs @86 Ulethdds thep piel distlosed dereire sTsf exguples are not
channel s 716 are also included to prevent liquid from
to be epusideredhes lppttinghe IR¥eROZct i on sites 706; fluid is
introduced via inlet 718. 11. Experinental Setup
[0220] A PCR reaction using b-actin prinmers and Taghan
probe to anplify exon 3 of the b-actin gene from hunan

mal e genomi ¢ DNA (Pronmega, Madi son W) was conduct ed
in device 700. The Taqléé&l@é&lon consi sts of the

follow ng conponents: |x TagMan Buffer A (50 nmM KO ,

10 MM Tris-HO , 0.Q1M.EDTA sive Referencel

(PR, pH 8.3): 3.%52?1@%%%‘%%% nM dATP, dCTP,
1. Introduction

[0217] . The purpose of this set of experiments was to demonstrate that
successful PCR reactions can be conducted with a microfluidic device of the design

set forth herein with signal strength greater than 50% of the Macro TagMan

reaction.
IL Microfluidic Device
[0218] A three layer microfluidic device, fabricated using the MSL process,

was designed and fabricated for conducting the experiments described in the

following example. FIG. 7A shows a cross-sectional view of the device. As shown,
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dGIP, 400 nM dUTP; 300 nM b-actin forward prinmer and
reverse primer; 200 nM FAM | abel ed b-actin probe;

W@2@5Wh71988 AnpEr aseUNG ( Appl i ed Bi osyst ens, FOSPET/US00Y015352

CA); 0.1-0.2Uul DyNAzyme (Finnzyme, Espoo, Finland);
0.5%riton-x-1 00 ( Sigma, St. Louis, M) ; O0.8ug/ul
Celatin (Cal biochem San D ego, CA); 5.0%d ycerol
(Sigma, St. Louis, M) ; deionized H2Cand nal e genomi c

WY U R SR
PRG0S if CRWAll 1ERARASA G O thd 1o BT TAMARCIGAASHE O

onents, except target I n eac
costed] andl gPGR lams:ancbmsundﬁaﬂgmmsemngdaydn d24 ahasealiog dayieoi24
sanpl es, a ntr prepated, the
oo R ETR e g OBy (LTSS GRPC P AFed t
nas
asfbfifle FAAURINOChADICD S?ﬁéE*;@V’éé%@%ﬁ”hl?ﬂéfﬁ“fd%?éﬁdﬁa
stiffin¢ss, inbreases thegmal eond0@ivityhend lhaiw tolpaevent evapotatipg fiom the
filled.b [ 1. l'yi ng backpressure to the
bo??‘?‘l“ﬁ&éw{‘/?ﬁf‘nadq g?‘flé/etﬂ)g)oentl re blind channels 704 and
reaction sites 706 were filled. Control lines 712 were
[odig]! ed WHQG, PRishéW ¥ LEcheniabt vivheofthe dsdign dflle flowldhadfkls in
psi after all of the sanples were | oaded into the f|ow

flow laper 7282nd pdthe cpntrohehasnels padauasd ghangel injceaiol/guardayer
ctuat e Iyt
726 b't“é 106%06 ?o&énﬁ? &F 1%8211&’6 %ﬁcﬁﬁugé]\g ch r?gse’)ﬁ)Z %g%‘fﬁ) tESwn
mlfeh’g!s fhd bﬁdclﬁhg Fhﬂ@fmﬁle o} l()m@a‘agln bhmd chpmesisiddi hagmgtaol nl
- Si . neral _oi u ig ed, on.t
reqcia 5. dpotice Fal FRAYE! PSR SHENDLBIGR APor P dfodie
Joli=Te I
B A e R e
718nré #lid ingluded pp@neht diqutieirom evipoeaing @ obthetreastionsifes
t her mocycling pr.ofil [0222] 1. Initial ranmp to 95 C
70§nﬂ“1|4&$ﬁ’(tré’ﬂﬁcho‘fla¥ﬂ?ﬁe7ﬂ§te ( 1.0 Cs to 75C, 0.1C /sec
to 95 C). [0223] 2. Three step thernocycling for 40
cycles (92C for 30 sec, 54C for 30 sec, and 72C for 1
mn) or; [0224] 3. Two step thernocycling for 40

cycl es (92 C for 30 seconds and 60 C for 60 sec.)
IL Experimental Setup

[0220] A PCR reaction using B-actin primers and TagMan probe to amplify
exon 3 of the B-actin gene from human male genomic DNA (Promega, Madison WI)
was conducted in device 700. The TaqMan reaction consists of the following
components: 1x TaqMan Buffer A (50 mM KCl, 10 mM Tris-HCI, 0.01M EDTA,
60nM Passive Referencel (PR1), pH 8.3); 3.5-4.0 mM MgCl; 200 nM dATP, dCTP,
dGTP, 400 nM dUTP; 300 nM B-actin forward primer and reverse primer; 200 nM
FAM-labeled p-actin probe; 0.01U/ul AmpErasesUNG (Applied Biosystems, Foster
City, CA); 0.1-0.2U/ul DyNAzyme (Finnzyme, Espoo, Finland); 0.5%Triton-x-100 (
Sigma, St. Louis, MO); 0.8ug/ul Gelatin (Calbiochem, San Diego, CA); 5.0%
Glycerol (Sigma, St. Louis, MO); deionized H,0 and male genomic DNA. The
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[0225] M croAnp tubes (Applied Biosystens, Foster

Cty, CA with the remaining reaction m xture,
waoelewsgomsed Macro TagMan reactions to di sti nguPGhUusives 15352

fromreactions performed in the mcrofluidic device,
. were placed in the GeneAnp PCR System 9700 (Applied

Bi osystens, Foster City, CA) and thernocycled in the

9600 node. The Macro TagMan reactions served as

macroscopi ¢ controls for thereactions perforned in the
coniponentf p{ithdireaction iwses adried to prodnecsy tatalaepctipp velusie GRS Kl

th f th f d
Nl PR GanaoD Bmpord & FHE SMelEbf S FERER e
w@;ﬁrtﬁgéfmmrw&@aﬁ&u@asn ch@Ps26bf RURGeddiiohsIOCY Cl i Ng was
conpl eted, the control and guard |lines were

depressuri zed and the chip was transferred onto a
[092 ss sl i QecetheiRaqMas teacties sasnplesand Comeol @rﬁr?)prr%asre@ Hasy

WTE gljﬁgc g(?ﬁ Pntt@ﬁsl ?é’de\%c?@ g)gr'm%rgi,a{ @q @diﬁﬁ% Fib&G1p4tABned

tofal IU@I eiRRC The PipRDE) twas idisd mithshe excti@r sanipiescand then
di fferent excitation/enjssion | e 475/ 51

ingqrisghintoshofi BRIV vrld b RB8G) Gaori: (hd b puualty

ap?@gﬁém&%ﬁh%&lf F:tc) fhe sTRBeVltA Y1 éﬁftlﬂ?‘@flﬁd"@ﬁaﬁn%? o4 afd

uor e ce in the mcro fluidic device
readf’ttbnt giterzoGwer filked. Glbgtrn@ll lires d 1bmt€gﬁldﬂslhdlﬂn deieniged weter and
each 1 nl

|
Pf@%ﬁuﬁgecbtol\h 10,85 ehersllel e Situples Vera lotdond e oK inser02.

ﬁéﬁ 8Chhtiol 1AM HERCICHARS to cfise Wlaﬁﬂ #olate
cro a n, positive sanples for target DNA we

the eamphss l’tE'dhe Usil rveplls 06 T ket gttardsclweads i7 be verathemr élled with

B kP L5 R AT TR s

ofr‘ ﬁl&}&t@ﬁt@%f*ﬁ)ﬁh&m\bh |1 8ChridhRe AV Imi B utdé d@n@a‘/cdvlaglass 700
sanpl es by the PRI ratio of the controls,
wasrplae@kcrmtheﬂmpmiemé\ﬁ,lmﬂuﬁ@odea@eﬁwmlﬂéerr @P%Ocycled

B8 P Arig Cug ips e o pAshi st lapu R !

Foster Gty, CA was used in TagMan reactions and FAM
LH nt r @l mitadl irfp & 95L°Gadd Maliriie fer Oairse(1.¢ 6C sdo 5°C,

cro TagMan reaction ratios of 5.0-14.0. Although
0r1é€d$dcsko Bere).
[0223] 2. Three step thermocycling for 40 cycles (92°C for 30 sec., 54°C for

30 sec., and 72°C for 1 min) or;

[0224] 3. Two step thermocycling for 40 cycles (92 °C for 30 seconds and
60 °C for 60 sec.)
[0225] MicroAmp tubes (Applied Biosystems, Foster City, CA) with the

remaining reaction mixture, designated Macro TagMan reactions to distinguish them
from reactions performed in the microfluidic device, were placed in the GeneAmp
PCR System 9700 (Applied Biosystems, Foster City, CA) and thermocycled in the

9600 mode. The Macro TagMan reactions served as macroscopic controls for the
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positive, increased signal strength was desired.
Therefore, the Anpli Tag Gol d pol ynerase was
w@aipsiio1et ed with DyNAzyne pol ynerase due to iPGI/US2005/015352
i ncreased thernostability, proofreading, and
resistance to inpurities. The standard Macro TaghMan
DyNAzynme concentration of 0.025UM was used in the
m crofl ui dic experinments. This pol ynerase change to
DyNAzyme produced FAM ROX/ Controlratios of 3.5-5.8.
reapHenspeyframed i thegrirraBuidicrsyiseebhe hgrmeayclipgprgtace] was set
t t
to %n%tc%ctﬂht @heﬁ@ﬂ%{;ﬁﬁlgﬂ de@%&%&c@gtﬁ@ﬁ&%@%& traﬂ r&ié‘gz?/ Bﬁta
coﬂ@blwnefbﬁ&eM@@omanﬁS&éuaim surface m)dl fy| ng
addi tives were included. Tvvo I ncreased concent rati ons

of NAzy t d, 8x
(0748 5t anfacs GomOGHR KBTS oretb R ORI Svare fissere
g;%sé?fnzt]:&) e_gcgthgfc é&”ﬁ'aﬁls%d Rifo 4 élaké"slfd@ VIR, rWe§t| (tHedicf,

evi ce atin, cerol, and 075%riton-xXx-100 were
PA9dWhelchiip was el\mrmaqeﬂentp calnyhma}aW@Rbchgmmrt(Apphmneglsme

PDVE., 't th
Isspug A GBI eanoRfighs iy TR ioeeech bt bhtmgpured
foPthBee I ¥nt & chthion/EniskiBR Z&keﬁﬁgthm 875951 vhli (B ATRI BBOI560

reaction ratios range from4.9-8.3, while the Macro

nnT QGiEnande3{Y 649m§1 Passies Reforenve 17QP§\17) Thné\cr@qyoW@rkstSq)é?cware

Si stre of the .TagMan ac hi
witgRela BeaE R RuctrsotRnat T sk ARG S P e R
sisHa9Md baeRBloudldl fftesangdfbAVERNWAK Diie R¥ulidNAZ Yifen andlyged

results denonstrate that PCR reacti ons can be done

usmgt dMggresufeExech fite tS@%cglagmthb F&M @Rt matio mré-’na@mﬂ%ﬂ\é@

the_Macro Ta th
irdiope B gentaont et M ot By R e h pere
dét&ﬁlﬁﬁedf Wil AlduiRhs dedéﬁséﬂnﬁhapﬁwou fbgld%aa@&né s |
Introductl on [0229&@9 ose of the experinent was

maroifaiwnsn €FagMan RCR otacel. Horsiges stenghl Wep a

ol 8 RS AR IR AR o
thé BSEEIE. A £iFRedsRl rédtian suab défiddeastapainplsratib ebove the 99%

confidence threshold level.

111, Results

[0227] Initially, AmpliTaq Gold (Applied Biosystems, Foster City, CA) was

" used in TagMan reactions and FAM/ PR1/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 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
TagMan DyNAzyme concentration of 0.025U/ul was used in the microfluidic
experiments. This polymerase change to DyNAzyme produced FAM/ROX/Control
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assenbl ed to becone part of a mcrofluidic device. The
spotted reagents are generally a subset of the reagent
worRoosu0m®3% equi red for performng PCR I1. ProcePdr/@SMms5/015352
Spotting of Reagents [0230] Routine spotting of
reagents was performed via a contact printing process.
Reagents were picked up froma set of source wells on
netal pins, and deposited by contacting the pins to a
target substrate This printing process is further
ra@us bf héeh.8.nThe dgna streugtls wesimprosedy but ¥ was déffighlt keearhigye

copbPRL Y Pl oo™ BhesbleaPh@ishon oM e,

cdrRentbAdntoT @Epolieratewhs HicRRsclondl saffsc@homylhgtad@ﬁvdasrmre
dei oni zed water followed by vacuum dryin The sgs em
ingdgd.t Bwprinereased) éom@a@@tmm%&yw}w wetetiestida gx (0.2U7ul)

fERRELOR e MABPYARR ARG e TR0 o 10

PSS Y5 EITEIC DNA peruﬂéﬁi ttesmites ﬂmldbﬂtévmﬂ:p(}alatlfl (ﬂEIl:iaroPiand
S?I oyed are Tel echem Chi pMaker_ 4 pins, which
.l

ToHpREak(9 were afdad; tp FreHent g pglya%erisgef@nrc pigachipg tp ghe
PORES, e'fl%f il d‘fﬂgl@}‘(e%cty lfﬁ'ﬁie(lﬂﬁf’o ﬁ&i@fcedetv'ﬂ:% 2 P'gﬁrgd BE Macro

printable spots e operating con
Tethmyﬁttrc(lﬂ mlsha\tvhynFKE% relative humdity and
terrperature approxi mately 25 OC) in excess of one

(BRET ©F e B mironsit: benfen Renih BriohEher SRRLELH W%Vh%e
t&%ﬁfr@ q’agﬂfaﬂ E R FOMRS HBARL 7. ?1997 "Pheﬁe‘é‘foiﬂd1 ﬁld%ﬁ@(ﬁﬂ st@én

he dlnenS|ons of the pin tlp are 125x1 5
thu‘ffaqul Ifeacnwlns gpdtip &f updioi &&do oé@g dacro $agMBs reagtions. |1§here

smal er i n di et
vengo stemiftepalaifgtetns By o By Py el aRF et . Y
d&ﬁBﬁﬁM@é@dhﬁt BORtrezA86d 08-be Uoge agihi gyasl tﬁaﬁﬁ@%lsi@al strength,

determines the smallest well-to-well pitch.in the

wihien gbmgeneil é@the@]dﬂcﬁg ToaMian geagtons & ﬁﬁdmﬂ?él“F‘BF é@YﬂF‘ﬁg The

have b
o

spaci ngs fron1600 to 1300 n1crons.[0233] Spotting was
done using only one pin at a tinme. The systemin use,
however, has a pin head which can accommbdate up to 32

pins. Printing a st anda'ﬁ%LEz

Spotting Reagents

L Introduction

[0229] The purpose of the experiment was to demonstrate successful spotted
PCR reactions in a microfluidic device. The term “spotted” in this context, refers to
the placement of small droplets of reagents (spots) on a substrate that is then
assembled to become part of a microfluidic device. The spotted reagents are

generally a subset of the reagent mixture required for performing PCR.
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chip (array di mensions of order 20x25 mm) takes under
5 mnutes. B. Assenbly of Spotted Chips [0234] The
wo b@w/16q988 control | ayers of the PCR devi ces arBCT/US2005/015352
assenbl ed according to the normal MSL process
descri bed above. The m crofluidic device design is the
sane as the one described in Exanple 1. In parallel, a
substrate | ayer conposed of 150 nm-thick PDMS with
conponent ratio A-B of 30:1 is fornmed via spin-coating
a blank silicon wafer, and then cured for 90 m nutes
at 80 OC. [0235] The cured bl ank substrate | ayer of
P i ng/ substrate layer 724 of FIG 7A) serves
H'agwﬁﬁgiggkget for reagent spotting. Patterns of spots
are printed onto the substrate, which is still on the
bl atk wafSeottinFlof Reagamént s spotted for PCR reactions
were priners and probes, specific to the particul ar

lified..Th ' -
OBBET 10 oPHERT s g A A S ok paRiE
pr%c%Es). RAGEtE MeRe %@kédu;r RuELSRt of jouese WekR)on metdl [10€) and/
-actin probe (Prb). In sone cases, i.s..usef ul

It to
depositefiby contaetingrthe pinsie 8 targetppbsteii S PHRHEPTOResS 18 further
otte IXture. |t i, Bkt t he
ou@@ﬁg&ﬁ@qf ojgssﬁls0 lY%:Ih r%%g?tpgﬁr%%né r anc# %%be 89 _
micRAEEM4tad)] Masher prisediay btinging thesloadsidtrity irtid gomsactivitinthe
the normal macroscopic recipe .val.ue, vields
subsgirate. SThewash SERRAPISIES O pgiiatpgdp dpigRizéd Hi et Sllgvyed Py
reagent. i s . ' 38§ C4ritdisees t he
Vag%lﬁlg gﬁfnrl%t rir%eg%%ﬂ% E%Hﬁrgglr'lgt ‘J}lgge;h F%ﬂr?gt(%oncen‘t‘ r algt i on of
Tdchgolb gieg Rt Sys 5 P (ovimes € A)neraplopmerTeleshene delipMaker
evacuat ed centrifggé and goes not, al ten rq%ative
brapl wps, AltBoy g ¢ther SYFITESiCAR Pe HisdpS A5 E3 5883t r ati on
results in the correct final concentration when the
[RSAYENtS BLE efh?ﬁ)"ﬂ'%@ eRORIedhBmaCHipMak éreBgihb,onhivioinsorporate an
potted reagents'need not be limted to prupers %Pd b
clpotabmiledrstot (saedflGaP) torinersese(tpuptrie wolamp (#1d hrgee the number
spott ed. plicat jons ere only t :
ofgfrate moeSn et 2 Bpe iRk folllich IR TB I %
rdRRE huFERhPadiavepBRtRe Gokiaiaedy 2HM), dinexdess efzonslhandred
primer/prcdbe sets spotted were Taql\/gn b-acti nband
spbdWere pRNSsleePpir), 0eRopding Eydei HyderHhe euitons gy s Mss

vl of tr1eeag§n tsJ‘215cg‘cfszatdeonltoaéﬁ% PpPDNE SulbtER i88d the order of 0.1 nL.

[0232] The dimensions of the pin tip are 125x125 pm. The final spot of
dried reagent is substantially smaller than this (as small as 7 pm in diameter), yet the
pin size defines a lower limit to the readily achievable spot spacing. The achievable
spacing determines the smallest well-to-well pitch in the final device. Using such a
device and the foregoing methods, arrays with spacings of 180 um have been
achieved. Arrays built into working chips tend to have spacings from 600 to 1300

microns.
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flow and control layers (i.e., layers 720 and 722 of
FIG 7A) were aligned with the spot pattern and
whe@sgonos nto contact. A further bake at 80 0CQPCT/U82005/015352
60-90 m nutes, was used to bond the substrate to the
rest of the chip. After the chip has been assenbl ed
the renai ning conponents of the PCR reaction ’
((:g:rs]ﬁr: bedfl tnhExaLrpI e 12]' are injected into the flow
els of the chip and the chi
[0283%cr i be@PPWHEMﬂOQC psing pply qi?@é’@ﬂ %@a t{“ggg gt e,
t a
R A e R e
s1zre%hﬁf @fap dmmmhs aﬁdrdpr ﬂb@Srrmm talcbesnw & miputesed. An
exanpl e of data froma chip in which a reaction has
been successfully perforned is shown in FIG 10. The
spotted reagents have resulted in successful PCR
reactions as defined in Exanple 1. Successful
reagy i onsa flawsikgsmoned Capaed using 2-stage and
3 stage thernocycling protocols. EXAMPLE 3 Genotyping

. I ntroduct 0238] Th
ki s o oo RoeRAraR: e RS

AT R PR b Mot s

ﬁem fically,
deshasetRxpRe Iagr&fetcme\mscmbréésm Bradpled . deperabiel e sibpstrate layer

react d d
ccmmscclt gf{/]lsﬁtﬁrg nﬁﬁéﬁpgﬁ,&%ﬁpﬁ%hg& 2%2/02‘?*%#%{ :JfOp z;ﬁo‘ftgﬂned via
Spis- Eﬁ?aélfnig ﬁ Gk éf@]i laﬁ&‘,ﬁyep fitiely B8 4128 °C.

esults A RNase P
Exper i msnt [0239] Rl\lase P Taql\/an reactions (Applie

[0BBSpSYSt enFhe &ged Brank?sﬁbsxra@A)tyan@lf BDM% (sgalrmmzisubﬁtr@te 1ayer 724
m crof | ui dic device as descrlb l%(

o A4y serves as the target for reagent spo tlng "parediy of%pgts ath 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 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.
Tt 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 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
1ot alter relative FP:RP:Prb ratios. The increased spot concentration results in the
correct final concentration when the reagents are resuspended ina 1 nL reaction
volume. Spotted reagents need not be limited to primers and probes; nor must all
three (FP, RP and Prb) be spotted. Applications where only the probe, or even one

of the primers, is spotted can be performed. Experiments have been conducted in
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that other primer/probe sets produce detectable
results. RNaseP reactions also require a higher |evel
wWo@R00saomBs i vity because the RNaseP pri mer/ pr obRCEE82005/015352
detects a single copy gene (2 copies/genone) in
. contrast to the b-actin primer/ probe set. The b-actin
set detects a single copy b-actin gene and severa
pseudogenes, which collectively total approximtely 17
copi es per genone. The RNase P reactions were run with
whidheths aaraple pripomipnebs sats spelied wered agi amdhagiineand TagMan
RILgezgxception that the b-actin primnmer/probe set was
Paced with the RNase P priner/probe set. Further,
the RnaseP primer/probe set was used at 4x the

[028®]Uf act Wolbwing thE spotERE BB louts the sediatdeydrithe combined
fluorescence signal. The VIC dye was conjugated_tq._the

flopr anskcontyel lryers 6.3 layirs ¥R anth A WG o) 3eer Yigned @itbrhe

ratios. one [ :
solhilia apditfod i O Bofiey Mo it S0, P80 ifues
was@ked i@ﬁ)oﬁgﬁh@su'ﬁamﬂblb 1ffheaestt obti chipe Alfte? the chiyphas been )
corresponding .ratios for the TagMan reagctiqns.in the
e oA LR, PO ol £ 1 BArfl repcsion (rihidiin Gabigple 1)
: b are
axd oA 0 DR RARRLC S P chiD T O Hip B Henccperes &1 2
desdripedlin Exarepigtlh of the TagMan reactions in the
m crofluidic device is 50% and 93. 7% of the
MacroTagMan reactions. The control TagMan reactions in
the mcrofhiidic device have Standard devi ati ons of
.006 and .012, denonstrating consistency in the
IIIf eagidsgRg across the micro fluidic device. Therefore,
It i'S determ ned that the TagMan reactions in the chip

are sensitive enough to detect 2_copies per. gengne. B.
[0ZXA Di | utRGR reaepens ﬁbefroMﬁSSﬁﬂélwaaﬂtf%ﬁtaebﬂ&rﬁﬁrwsd

t he, sensihi Vi f r | OAS o les are
oSSR i T SOELL RS gl
spbed. @th &isintple hiatbfremtd dhipin which prredpdios @bs biReautdessiully

conposi tions were generally conposed as described in
peetesmpd B showainFIG@xyNAzyme and di | utions of genonic

DNA. The genom c DNA was diluted down to 0.25 pg/nl,

| TM?%F?&%EQEPHMS:&L&&&%PE&}SE%EH SIOR foabiRRY 2B EEfidd in The
resu 0

one dilution series is shown in FIG 12.
Example 1. Successful reactions have been performed using 2-stage and 3-stage

thermocycling protocols.

EXAMPLE 3

Genotyping

I Introduction
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[0242] According to a Poisson distribution, 37% of the
total nunber of wells should be negative if the
w@r@sagm3g ar get nunber is one. Well nunbers 5, PEI/ARIIOT015352
are bel ow the cal cul ated threshold and, therefore,
negati ve. This suggests that the b- actin TagMan
reactions in mcro fluidic chip can detect an average
of one copy per nl. Therefore, the sensitivity of the
reactions_in the mcrofluidic device is sufficient to
loa&?}f or m gERORYBPISPLdhG o HEE Spertmeris s o dergonstrate that
. of | o Yk r‘ . 3
R R R R T Sl L A e
suoh @b dedcribed/hareint iSpgcifital BNEhesSexmprimeNtscw erotdesigned to
Pol yror phi enot ypin s. perforned using.the
ot rsrenats ool e dEVinP Rt el Semgivifcand to
el R R @ﬂﬁ%?fp%bege{f}/bes%l P%ﬁh,néah Yelferfnthed X R4°0
cytochrone gene. The kit contalns one prinmer set and
mionoflyidchiesice FAM | abel ed for the wildtype or reference
allele, CYP2D6*1, and VIC | abel ed for the CYP2D6*3
nmutant or variantallele. Positive controls, PCR
products, for each allele along with genom c DNA were
tested in the device using the sane conditions as
ndescrictipdsRRskanpl e 1. The results from one
experinment are shown in FIGS. 13 and 14. The
experinment has been repeated at |least three tinmes to

val i dat e RNasqRExperimeiid t o denpnstrate reliability.
[0244] As shown in FIG 13, the Al-1 (Allele 1,

D6*1 i | i |
e S A R L S R O B AL
wetederbanabint 4 miryfluiiivdievizt ko desctined tiExapemio rite dGhEnsha

positive for the CYP2D6* | d type | ele. Thes
B herprape PapkR Bt e detoniibls by FEGRSER Fractions dhso
i i 0 . t ] i
8RR LA TS e caR i N Porbaelam ok s
single Wapy gart(R ebpies/sasmed)tin vadtyast t8lth@ B{ablih ptimef probe set. The

CYP2D6*3 nutant or variant allele), which shoul d be
Braetimeetsterts asinglerapydirastiegene ané aesral Gredogsies) WhIGR,

nge] . ' fl .
TR A oG S AN RN s v
runGqiage sefs chlpohdhitdasZdecrieltin Eramplerigwéth the txawpiiamthat

r ocess.
thg B-actin primer/probe set was replaced with the RNase P primer/probe set.

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 and the analysis focused on VIC/PR1 ratios.

The results of one of four experiments are shown in FIG. 11.

[0240] The VIC/PR1/Control ratios for the Macro TagMan reactions are
1.23. The corresponding ratios for the TagMan reactions in the microfluidic device
are 1.11 and 1.21. The ratios of the genomic DNA samples in the microfluidic
device are above the 99% confidence threshold level. Further, the signal strength of

the TagMan reactions in the microfluidic device is 50% and 93.7% of the Macro
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[ 0245] The Al -2 positive control gave an average
FAM PRI /Control ratio of 3.0, which was 37% of the

woh@saobpagiMan si gnal and above the cal cul at ed par/estvos/alis3s2

limt (see FIG 14). The genom c sanples were negative
- for the CYP2D6*3 nutant allele, an expected result
since the frequency of the CYP2D6*3 allele is | ow
Agai n, it appears that there is sonme | eakage of the
Al -1, VIC probe into the FAM channel of the detector.
Tagyiap; 5?%“10% el hspgongret E&M@hreﬁ@&w i s misrdluddie deise have

s R I S or B ) o

amaaﬂhbhamndhnmedﬁmmhomh@ﬁﬂmeovedawnhnkdﬂﬁ&ﬂnﬂrﬂﬂdﬁhm
was occurrln in the mcrofl d|c devi ce, an

reaglonsyIp fenhip BreciepalYe peReR (o deiedt ARppisgper genome.
el ectrophoresi s was perfornmed. PCR reactions
conpositions were as described in Exanple 1, except
the TagMan probe was omtted and the /3-actin forward
prinmer was conjugated to FAM |1. Procedure A
M chfIulﬂ&éﬂl&@mxuﬁ&@iﬂﬂ@ﬁ A three layer microfluidic
devi ce, fabricated using the MSL process, was desi gned

f abr

075 o T ped ST RlorfHE Rt B REh e kit

mi¥loBWidad ddvies, dRstics. ofgbﬁ)rﬂl%\DNﬁ W& Ebsﬁaﬁrh@ﬁl@' thé/ Bfa@ﬁﬁl st S
of a sanple region 1502 and a control region 1504.

pns@n‘prcése iselg |&ﬁacu@0®mmtwnﬁ qug@@raﬂymrrWSw described in

one actl 08 re ed b
Expiipletf, G s Py B8ie gl gt heae T el
DNA @x}a@ deisited lo®in ty 02 SlfplA, Hhitheuirt&londls @ appilokimbieht I edpy

regi on 1504 contains three control flow channels 1514

pewle The seudii afiong dilation series isshewndn FiGilks 1518, al so

represent ed by the rectangles and an inlet via 1516. A

020] 2] gog e Gl diER AR A Tl ST RARLA RAEb AT el
shdnﬂﬂ &t nvgative i2the averags faeget ohmberdas dne hdfelalusbers 5, 6 and 7 are
below the calculated threshold and, therefore, negative. This suggests that the 5-
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.

C. Genotyping Experiment

[0243] 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 for the CYP2D6*3 mutant or variant
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1520 are included to prevent |liquid from evaporating
out of the reaction sites 1508, 1518. The device is a
wo boosae79Bmyer device as described in Exanpl e 1P¢HES2005/015352
FIG 7A). The entire chip is placed onto a coverslip.
B. Experinmental Setup.[0248] M crofluidic device 1500
was | oaded and thernocycled using the 3 tenperature
profile described in Exanple 1. The remaining reaction
sanpl e was thernocycled in the GeneAnp 9700 with the
alkdareP dsitbreroontralsj POR praduictsefoasadhoallvlcalofy wittigenateici INA
1500. The r actlon oduct s e re overed. after
WEREFHLIPINT 5 I ne e P Une Gondrionsas 46 ﬂ@aﬁmﬂﬁle&" he

reE0 frdn Bhe e%})%;é%ﬁ af@%ﬁo%vﬁhﬁfﬁ@@ 13'dn@ 1&311'1% Sxpeibiéht ¥dsPbeen
1506 and 3 m 1 of product were renoved from outl et

repeaed &12ast thnee timesto vatidge tensswistandrie dempastratesgbability.
t he Macro reactl on were treated with 2 ml of ExoSAP-IT

S OhAF, X e MR Al T g st

arfdegHﬂhSﬁu@D@@ﬁ 00 Y/ ﬂod@éed&iﬁ&v@falg&ﬁ’ﬂ@@RﬁhEoﬁmrrmo of 3.5
product was gll I %dp}?rom 1:10 tol:106. The praqduct

arfd 7 1¢eneet vel L50dicolng thatie eencusic ANA wes pepitiva & the, 4
C%Pgﬁg I t@ﬁ@lg Qﬁele These B&lﬁiﬁg 1R abQRARL tlﬁ@&%kpﬁlﬁﬂg&t the

I'vVe control s were analyze
reB@iomRC Mhk aignaist@ath Jf ke TdMahmastidsdén gelmicrofluidic device is

el ectrophoresis results. The_ ap riat [ band
10 593% om0 AOFnp et THINBheAIITolss ROBSU S B At (ISR 56,
e A
Iahmdtsoﬁ&éb@asevqm abntsol (1159, pexsiblytdud te FAM Bhioteleenpe leaking
actln PCR pro The n ve con rols l.ac e PCR
18 BiAEC ekt delebiar SRS trekteeah bp GuTEmigh YHE oo
sV EEdaMBn tar}ggcegggpect ed /3-actin PCR product.
erefore, rget DNA was anplified in the mcro

fluidic deV| ce. [0251] EXAMPLE 5 [0252] Massive
15 [451i t i oniThg Al@2BSitivEisentsell saive pa geeragal AM/BR &Goghol ratio of

.(O?gv@chh\ggs ’Pﬁ/ﬁ O the Macts %‘%&Maﬁ lmg%?lozlnd' aBove the calculated threshold

limit (see FIG. 14). The genomic samples were negative for the CYP2D6*3 mutant

allele, an expected result since the frequency of the CYP2D6%*3 allele is low. Again,
it appears that there is some leakage of the Al-1, VIC probe into the FAM channel of
20  the detector. Overall, the SNP detection reactions were successful in the

microfluidic device.

EXAMPLE 4
Verification of PCR by Gel Electrophoresis

25 L Introduction

81



10

15

20

25

nol ecul ar biology. Its conbination of sensitivity
(anplification of single nolecul es of DNA)
waep@silthioes ty (di stinguishing single base m snaPChEs3005/015352
and dynam c range (105 with realtine instrunentation)
make it one of the nost powerful analytical tools in
exi stence. It was denonstrated that PCR perfornance
i nproves as the reaction volune is reduced: we have
perfornmed 21,000 sinultaneous PCR reactions in asingle
[0246Fr of | uiAdian atthingtivé method 6¢ preve emplificgionnfDNA¥aS on

b AR BAPILE P o
eleP@bHotdsAN A i@l | PCHIreactions cempdttichsmire bd deseribaioht

't thography (MSL) (I),was used to create elgftogprjc
Exatinpledt, ex¢ept theckaq pledwasemiiediapd thef-peiy Yopward primer

massi vel ition each of several liquid sanples
“mﬁﬁ?@uéﬁﬁ%Ffﬁé%%e of isolated reaction volunmes. After
injection of the sanples into inlet 1703 which is in
comruni cation with branched partitioning channe
system 1705 of mcrofluidic device 1701 (Fig. 17b),
2400 90 pL volunmes 1709 of each sanple are isolated by

ILc| odwoeedii®l ves 1707 spaced along (fig. 17d) sinple
m crofluidic channels. The chip device is then

t hergyocy gty Mfidid Ddvitle P! ate thernmocycl er and inmaged
in acomercially available fluorescence reader.

[0255] The performance of PCR was assessed |n
[024W]ps by A thrye lager isrefbridiedeyige. fabrigated using @Féf&@ﬁﬂ%ﬁﬁ»

nmeasur i N r.of t o i 1
EERU A B RPRG Skl Doy et b
exaﬁg_ié; Figats Qﬁﬁs&_ s@bi&ﬁatmg_ewm fhetcrlegigay ﬁgﬁ@gﬁw mmA gapkrally
copi és per well is |ow (Figures 18a .
comisixts of 6 saiplebgion 1503714 3/€0 fﬂ’cﬁl%’rﬁ&?" r%‘&%h‘% fpgion 1502
signals is ) . bofh
cBRaL g PR BB YRR st
reStaRgleEareSRY alingt fivvg etianaalnl 596y ehigh dutledns inlfi vatlp bhandrpiglet

B e ST b g,
cc{% i -hg 1501 fiﬁr%?ct InSdifed Pyd. Qo cEireienRA DY the retitinglet @fdibit
Pdaces” tha

I's systemgives anplification
inf@ R EH6NIA yetereinof comiroblisdsrigP2 isodaty cash reantigasite 1508, 1518

Fl uor escent signal strengths fr i CI '
WG PTG 8 FRD B SO TIE oo Sk dlaft ghanels
15RP%E RReWtd Eretvgﬁt lﬁﬁﬁ%vaporating out of the reaction sites 1508,
1518. The device is a three- layer device as described in Example 1 (see FIG. 7A).

The entire chip is placed onto a coverslip.

B. Experimental Setup

[0248] Microfluidic device 1500 was loaded and thermocycled using the 3
temperature profile described in Example 1. The remaining reaction sample was

thermocycled in the GeneAmp 9700 with the same thermocycling profile as for
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concentration - even though the macroscopic reactions
contai ned >104 nore tenpl ate copies per reaction.
wQ 0R58)79Br haps the primary source of the obseP@BUS2005/015352
fidelity is the effective concentration of the target:
a single nolecule in a 90 pL volune is 55,000 tines
"nore concentrated than a single nolecule in a 5 uL
vol une. Since the nunber of nolecules of target, nt,
does not change (i.e. nt = 1) and the nunber of )
minoiflastit dstiteat S00aTheredtion pyidietsvesse raconered afier thermocycling

i - dj d - | |
W SETBIFS o TeeOTAT LT RIS Re P andl Wes" VA IR inkd
safdple iput id'E50RINIB-Dlul bEpro@ict WerSieRve@ &ohi Qntfet v 1512,

inversely proportional to volume: nt/ns oc 1/V. Sing
Theireastior praduoisdram devicy t §M0angd theriaeragragion Weie figated patn 2

t t [ | i
8 AP 055 AN 08 0 PRy SN
an@ShiitpPA RhEndPlsospR&Asep foeémous bxcesepmlétides ard pridassy &he

current methods that achieve reliable anpplificati
Migro prasiugijives dipedFomnl : 10 pdel08s dbgpeodpst @H%SJG&C%&% was

equj I. I r ] nrotocols (e.g. long
deé%%gﬁg%ﬁrésﬁﬁegggﬁn%ﬁes; ,la%'r ecauti ons agai nst
m sprimng and non-specific anplification (e.g. "hot
start” PCR (thermal activation of the polynerase),
"booster” PCR, additives to reduce nonspecific
hybridi zation, etc), and are al nost always done with
Ik wo R—@Hﬁ%ls of PCR, where an aliquot of the first PCR
is used as tenplate in the second reaction, hi
m?@%]t rast, psilippodithl SIBhAMiihaiegativeRlon@blsevasphilyiedabn an
rom si ngl e copies using standard conditions :
polydctylamislesgeb| FIGprlisrshews feehelseieapharrgisgeslisgThe apppqariate

. d | i i I I
i ocetnd o oF S eaeS T BB Rbeor @ A GO ot Y

envi ronnental contam nation. The ability to do nmassive
[oas0per s ofhPfRdnerGoinihs Micaltdaetimmsusé shopmowi e deft hand

definite |ogistical, cost n% tinmnme atgvanta S.CO rEd
sideofithe gekandiFioaresand ie abqut Zgﬁi ASARAE, DS SRR e%?t?r%gﬁes -

- r ' ssagilalys th
B e S T SR
prbii defivedfrpiethe tlevies givedhpanpetted Grrctiy PUR progueti dibergifore,

PCR_r eadout : 1 .
target DNA was amrﬁ‘l%ed in the micro fluidic device.

[0251] EXAMPLE 5
[0252] Massive Partitioning
[0253] 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 instrumentation) make it one of the most powerful analytical tools
in existence. Tt was demonstrated that PCR performance improves as the reaction

volume is reduced: we have performed 21,000 simultaneous PCR reactions in a
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be used for absolute quantification of the
concentration of target in a sanple. It can be used,
wo c0osaxmepl e, to genotype a pool ed sanpl e of gRODIB05/015352
DNA sinply by counting the nunbers of wells that give
. a positive for a, particular allele, or plurality of
all el es as descri bed above. Due to the enhanced
resi stance to side reactions, it should al so be useful
in quantifying nutants in a background of wld-type
singNAnicraflyidio shgin @Velwaatof DA pEaree egactien anst Wish singledemplate
(gen ral .principle of concentration by partitioning may
maAleQUe §FOSHEUY-y| i n ot her reactions where detection of
singl e nol ecul es, bacteria, viruses or cells is of
[0254 er est FGC%I;& 17aL1 BAldpea atsinpfsbankrang dosldiank @hetitioning) .
Di %I tal PCR is descrjbed bf%,Brovvn t i&” us Pacﬁent
mipgiluglia deyian svherq mplideyersq B@OWPE&Z%S' G- vaasised ia Grgate
and guandt i foi: g : [ ' :
oI A AR HiP SREINERn e oD R esf piosiby KERIRA Gach of
seedhdhpidsaniplesiatowaslitfdd of ibilagd chaatibrevelimeandfioyinjection

T B oL S By i
chg%rhe:ﬁ g{/sg{ﬁ?@%“s bfmidgididRHel o8 1Yo01 F@lwg. BRI 4406 90 PIEFolumes

e using mcrofluidics allow both a massive
170e of eschabmphr at iseldtahby dosiagvalves 3707 spaced along (fig. 17d)

.target-to-hackgroungd,copcentration ratios. . .H gh

simalegueT i GRERaTBlIN e PP viseb s RGP Eisird il gat late
LhbCad i L fed bd¥mertiSavhagdloONsoes@gesteatitrat f or

th%@%c éslrkrlgﬁdelr ﬁé%ﬁ%bé%ngfgttery [0259]0The [ n\fgnti on

provi des for nethods and devices for conducting .
[0255]i t al POR penfoamanesrfRAGR Wiag asspsspd Bhihe shiPs bayRndnsige

the steps.of: .providing a m.cr i di j i a
coppaiaionah o R NA B oot Mufiber SRS S 2L
pd%{tiv@qfaaan\éﬁt“@g&laﬁswcfg?ﬁcﬁmfat beirgﬁ_wli e_tnlipljﬂda'éow Bl c?biesr_,vzd\mvhm

actuat ed, being capabl e o artitionin [
the hweragd numbes of \%@pief peroyel is é&é {figpres ilf%gmf) rﬁ% dﬁﬁ@?‘%‘fa of

i nt.roduci n . i-ni
o FRPHL B S5BATRLASOTLALRI et ch el Bt st
mRAbdriolf copled 15@‘ wélliis eany thisiimphes thet even asinglgenpyi adiiarget

e

canc s BsKarentatonn SRRBIBE A PO s Beli s kit 4R e
ol RS LSy P 0 o
(F2Qrk 1191)S Thfs redift fdlidatds diua tiesystenagiveomnplifietion lgensistently
even from a single copy of target. Fluorescent signal strengths from microfluidic
Tagqman™ PCR were comparable to macroscopic PCR reactions with the same DNA
concentration — even though the macroscopic reactions contained >10* more

template copies per reaction.

[0256] Perhaps the primary source of the observed fidelity is the effective
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
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target nolecule. In preferred enbodi nents, the

m crofluidic device conprises an el astoneric material,
wa@e@seres pr ef erably, conprises at | east one | B§BEUS2005/015352

conprising an elastoneric material. In certain

preferred enbodi nents, the mcrofluidic device further

conprises a defl ectabl e nenbrane wherein the

defl ectabl e menbrane is deflectable into and out of

the fluid channel to control fluid flowwthin the
thét|cai draslessidé reanidgrsy 14 6-epprimict-Hisners Ard pU-eorBpleBEniaRe

DIA a8 the fmaas tacly BpdiShd W Vol €k the h ), the
raﬁsmfgﬁwodgl&e fé@& &8 lmwaay rGAAREH t@%l{u%eﬁﬁl for/ed

erel and pre erably whérein the defl ect abl &
Sinerdideareactioms ﬁmmpﬂnmﬂymaeswoﬂﬂ@ls faibiba@@ahe pdvaatdgertst

| ayer ver econd channel in a second
requeingt thVOf ‘Pﬁaﬁ%ﬂafﬁ&%’ndﬁs& %Evice. In some enbodi nents,
thesanple fluid contains all of the conponents needed

[0297] condustr RghpaRcAlBR! fidh SRlicdpIcB JE tandlate Was beeni N
ot her enbodi nents, the mcrofluidic device contains at

prévdastly mpertcd)gﬁio dsrveevor, calﬂielamthdeh%tlaéhleV%’é‘@!ib]@n prior
t ti f th

T R b R R L L

th@niRYEeld SBtoc6RYE B! lonP ELkadiablivies) nﬁa@rcynm)s pfﬁrbalhtmm

aci d polyners conplingntary to a |east a portio
againet mispyating ared rorcspgeilig apyilifieation @rgef ‘Botaary’ BLR (’fhemla1

|
L B AL S s R o
hybridiAfibnlietd)Cardieste eBnost BIA6HH démpwith m@toumds nﬁBCRewhere an

achi eved by t hernoc cllng reacfions such.as g¥
aliquet efcthadirst PERCs |ué as tgpplted e sePPOEICHR v ccmégaét

y\%gm %éhﬂeag§ﬁéjﬁpﬁg#ﬁﬁhﬁ%gﬁg@r§é% 1esmﬁg@é%ﬁ?§i Jclﬂlgmons

- hﬁltﬁe-ehelﬂpﬁma@ raatl @cbbley amded eung}eemunch stanéandrtmrrr@lcyclmgr
t he pur pose of teaching an.i sother i,cation
pretasehe BemgLomp lefely eFlﬁl{?geﬁ]t ftdhaleQ reas rmﬁﬁngﬁ h]:% °for a
rgrrl Htam(ﬁ{té}ﬁ b4, TRl 3iRSI8 Yo WdsEige Aufnbei@ o€ PORWeactions

or exanple SYBER greén (TM, to neasure the
s1ﬁmltﬁmafonmlly|m01\adestﬂmﬁmge $ogistical, pestiand Himexdyantages compared to

denat ur at i.on, t
R BN Sht hyARLAL U s
arft Bk Ao ciARId8 e, equipment, and tracking infrastructure).

[0258] This principle of massive partitioning with a digital PCR readout may
be used for absolute quantification of the concentration of target in a sample. It can
be used, for example, to genotype a pooled sample of genomic DNA simply by
counting the numbers of wells that give a positive for a particular allele, or plurality
of alleles as described above. Due to the enhanced resistance to side reactions, it
should also be useful in quantifying mutants in a background of wild-type DNA —a
problem relevant in cancer detection. The general principle of concentration 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 protein
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such as a ligand or conpound or other protein. An
addi tional benefit of using SYBR G een (TM is that it
waigoogaedsat | ower wavel engt hs than ot her UV r aPgEUS3085015352
t hus reduci ng background problens typically associated
with many plastic materials. [0262] Fig. 22B depicts
an expl oded view of a conplete mcrofluidic device
2899 conprising the conmponents shown in Fig. 22A, and
further conprising an el astomeric bl ock 2808 which is
detectionh AgitahPGRR issleperilied bathgwBoricbd USSH At 2o B3 496,

e

polyBhahichaRBRdctivn s6amly Bhdng BAMlie-dimdrchtinbes amp hetiods

m crof | ui dic device 2899 (Fig. 22C). Wthin )
of Gllies Shrgrtors ATy Vesteineet ghaS Pl No- b Gs il
tL : ' . . _ e
gt S TPl o b fRfeoflordTDl 6y KorBEncdthitneit Bty
Tt@l_ bﬁmﬂh ledcﬁ%mbst ztd't};&vbhle ueing sitiorofluidicddllvekbathd medssiva degree of
W thin the substrate which then Jead to wells 2805
papglichizationetnd viepizh @%é@téoﬁ’é‘ﬂfﬂ’fBW‘Ju‘é’nF?f}“aF‘PB rgros. Hizh target-
[ i L: g | . -r.at d
i e L e R
supgssuthal fir MCRyeialltioesllpBdettamd 2810 are attached to
accurmul ator wells 2801 and 2802 to form accunul at or

nbers 2815 and 2816. cumyl at or l.] .t d
103850 | ne Beromyaitadrondss g $h BEjss BPGuihe "
diﬁﬁ’zll HrRhEa RiGbaniaR eavibeaknt\Bhpeisinkake iteps cipividingad

ol ding gas under pressure into accunul ator chanpers
mgdfuidiediesiee avivalflagd ogmngl therging saig fyrdchapne] hpwge two or

i nside of dr ls 0, n t 1 O n
mpfecieies St Thereafl B s iy gl B b el
pRARSAES RN LNAHcPBlolva st radit 2eacah ¥t R&hdmberd, 2812
_preferably may be nechanically oPened_ by, pressi ng a .
inghdwaing psample confeiningat leagt enq targst prdsie ﬁ?’éd’ogﬁ%?fk qJugtips

t 0 _QVerCcCone,. . i . val
o LB 3] IS0 5 RoRlporit hapley
ok WHI6H cdrained e gettnielefor sesdpulgmerf ardnenofien partivonioas mad

w't hin the accunul at or chan‘q,er,. 02634‘9 Fig.. 22
capegin etta Sat TSk BRI BOVMS AP gw&&&’tﬁ 8¢ tﬂﬁl@?lsiaF‘ﬁiPd’ﬂ%neL

; ] i he
oS LRy RIS AR08 PEARLT s RO
tavdet efvlécilatnacéfeded enbodimentsy te eratofipidio deider; camprispean

nor e . .
clastomeric material, and more preferably, comprises at least one layer comprising

an elastomeric material. In certain preferred embodiments, the microfluidic device
further comprises a deflectable membrane wherein the deflectable membrane is
deflectable into and out of the fluid channel to control fluid flow within the fluid
channel and/or to partition one portion of the fluid channel from another, preferably
wherein the deflectable membrane is integral to a layer of the microfluidic device
having a channel or recess formed therein, and preferably wherein the deflectable
membrane is formed where a first channel in a first layer is overlapped by a second

channel in a second layer of the microfluidic device. In some embodiments, the
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preferably directly bonded, preferably w thout use of

adhesives to the elastoneric block |ocation 2807 of
wgaaiwsiiomse 2800 to formthe conpl ete m crofl ui PET/US2005/015352

device 2899 (Fig. 22C). Wthin elastoneric block 2808

are one or nore channels in fluid conunication with

one or nore vias 2814, which in turn provide fluid

comuni cation between the channels within the

el astonmeric block and channels within the substrate |
santple fuidiveontainsadl afsheveinponeas BeededtpnoandpetingasangoEation

e, BT T ePorspb e AR AR RV ol il b e

b RRKntZT A8 -andMidie Bidrlettionirior tOR® inBéictod o thtQample fluid.
attached to accunul ator wells 2801 and 2802 to form

Inzonerambedanerin shpwicofwds demge Zardler copprins Bddscting reagent,

t 2809 and 2810.] Vi .
preBERAE ProeRiorit i S04 bR, A Rt s fBla portion of
thle Rdrb@idtieieftDacid folpiletlipiefegBly aipldedlitpofdifisrent hidleic acid

accunul at or chanbers 2815 and 2816, Val ves 281 1 agd
polgmersapatialiviareyed withis aicagtiondilppschambes s theicsafipidic,
dgﬁ%p l'iquid, when present in accunul ator chanbers 2815

and’ 2816, from contacting valves 2811 and 2812. Val ves

281 1 and 2812 preferably may be nechanically opened
[0260pr essi Ampdifehtiwempy he achi¢ted Hyi thermogiyelingregctions such as

f ed . check I t t I f cl i
pBBS peb g RonrEARorL s e oy Gl of b agk patent
Aﬁjﬁg@i}ogfsgﬁsmm A1 9.7 SONGIIBE had SUblISKLAGR UZ0IH B3880& A

contained within the accunul ator chanber. .
whi:hGd hefinginc@poratisidiycreferencg limits ontaatydpr Heduargsg ofjeaching
device 2899 d.wel l.s 2805, wherein a port is |ocated
an othente AHEISAEAN 3G el | preferably the bottom
or alternatively the side of well 2805 for passage of
[6161'!)d f r omnk lvvenibh fiirtleppivideafsrel prbeimmitrocalsitbetry assay
2800, preferably on the side of sugﬁggate 2800
usipg edluoeesotnt Wt fopgomple §YBERagreen (M):119 msashe fhee

cSﬂfEﬁg%t@%t ﬁéa%ggé S aé&ergtegrg 9\%@}1 %a d&ghﬁﬁﬂioﬂ’j ésjﬁeéiﬁl?}eﬁ%;lﬁ%tein's

gces I'nto channel’s _

deRAhiafen teiREatuRl hheges Whenale prdteis inteadts Withomother moiety
sealing |ayer. [0265] Substrate 2800.and.jts .
suelnwct g o GG & e PRSI s AR beiRfisef bris SYBR

:éléhh(@g%ig%%/{ RE QP8 BEIowRP LU LBt R an BleY AT RGR@8 s thus

reducing background problems typically associated with many plastic materials.

[0262] Fig. 22B depicts an exploded view of a complete microfluidic device
2899 comprising the components shown in Fig. 22A, and further comprising an
elastomeric block 2808 which is attached, or more preferably bonded using
adhesive, and yet more preferably directly bonded, preferably without use of
adhesives to the elastomeric block location 2807 of substrate 2800 to form the
complete microfluidic device 2899 (Fig. 22C). Within elastomeric block 2808 are
one or more channels in fluid communication with one or more vias 2814, which in
turn provide fluid communication between the channels within the elastomeric block

and channels within the substrate which then lead to wells 2805 within well rows

87



10

15

20

25

30

pol yet hyl ene, pol ytetrafl uoroethyl ene PTFE or Tefl on
(R, glass, quartz, or a netal (for exanple,
wabewsilonesy , transparent materials, polysiliconPCDUSI008015352
l'i ke. Accumul ator well tops 2809 and 2810 further may
conpri se access screws 2812 which can be renmpved to
i ntroduce or renove gas or |liquid fromaccunul at or
chanbers 2815 and 2816. Preferably, valves 2812 and
2811 can be actuated to release fluid pressure
2806 hd tavpswidedbr flndsiogunwticaiion bebweenorells R ef substyats 239

16., Not.ch.2817 i s use [
anfighg e PP et e PobCP AR Ay EfIGE el ORE0 ima
2811 0areEt AR Eto doBirhiiluibe Rells R8O aREZR0RA0 det adcammiator
anal yze the mcrofluidic device or reactions carri ed

chembensrz@a@-gm 2336y Accpmulater Well tops gB09 and 2§\ gnglude Kalves

a 50 s i i i .
2GS 3B VIR APAORAL D PP BALRigg o
hdld@ing @adMlchpreseliré int@héoamutdiantiambers 2846iahd 2816 Vhkyes 2811

trol of humidi -
o Qs isabed s S A GRSl BP0 20" oreee i, eign gresent
inégée%ng@ﬁgﬁ)')c/ﬁ%%ﬁmg?zﬂst DT dird i GRABRES vARRDS11 and 2812.

_ ng a blotting material or sponge.
VHAeby38 Nyind 2I8¢D prdferably maychemeatiapicedy opertd byipresginga shave,

T ol . : .
DB s DRG] CHERhera o ey e B gt
thg lcff%ctié \’}?vég@%)%ﬁh@ ke1&se SPPREQIre HYAY Ak hedinddRontismbee to

controlTed by using a humdity control device such as
reauéﬂlﬂd:a praRAite biihetfimd dorfthived Withinghe Regaviatehchapgier.

exanmpl e, s.a.water vapar . . Ligui :
(BASE nis 2B EH PGy BEF PoBioR st A device
2@ 0 ffthé é&xhgéhe%bﬂ dhathen Far. 20R| siddunthegcomshesng ad

umdity l'evel . See U S. Patent No. 6,244,432 by Saari

elaftlomlenc bivick R30S wiishds Atiachedros GRaie etpfwblrygaoea% 384 jehmore

a urposes i ncl udi he . ifi ; :
ofre o SeDn B Ry TGOl sfa PGP 6 lesomert
bRRE YodafioR .86 26 BbMtrits 8GRI B tiRcoasltte niaboflnidicidevice 2899

iy, b s B O oSS SRS
B T e e TN

b iid@edativ® between the channels within the elastomeric block and channels
within the substrate which then lead to wells 2805 within well rows 2806a-d to
provide for fluid communication between wells 2805 of substrate 2800 and the
channels within elastomeric block 2808. Accumulator well tops 2809 and 2810 are
attached to accumulator wells 2801 and 2802 to form accumulator chambers 2815
and 2816. Accumulator well tops 2809 and 2810 include valves 2812 and 2811,
respectively, which are preferably check valves for introducing and holding gas
under pressure into accumulator chambers 2815 and 2816. Valves 2811 and 2812
are situated inside of drywells 2802 and 2804 to keep liquid, when present in
accunmulator chambers 2815 and 2816, from contacting valves 2811 and 2812.

Valves 2811 and 2812 preferably may be mechanically opened by pressing a shave,
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[0266] Fig. 22E depicts a cross-sectional view of
substrate 2800 with el astoneric bl ock 808 situated in
web@stomes i ¢ bl ock regi on 2807 al ong with seal POyUSZYH015352
2881 attached to the side of substrate 2800 opposite
of elastomeric block 2808. Well 2805 is in fluid
comuni cation with el astoneric bl ock 2808 through
first port 2890, channel 2870, and second port 2892
and into a recess of elastoneric |ayer 2808, . whic

pinserdhe tikeyywithin 8 preferrgdaehecl salye b ovypling Biesch glost Olrclsr%fn
a.channel . 2 - ' r 70

T o e R G e e

red®B8 thesptbstFeaifah2 80id. cofailed vyjthin fterac2@8lates chamber abl y

a transparent terial, f le,. ;
SiSR5ah: banaceD Gpis PR ShepiigRaetis i g wells
< . bt . .
N
bestebnagr afttimbtiedy ietsideanfivesi] 2805dbr pasaagesddluid omghe well

nmechanj cal ]y attached su S '

P o hiBigl Emed TaRESFaF J8UL PRty BP0 g OLpistrate 2800
Cg#%sité‘pf wag 2864 Minf 4 phirGarbe fleforiédlomianiiert 0t08Eatt 2300 is
form a urdic channel wth m niml |eakage. Sealing .

I mpmedzﬁfﬁmeé thetefrs ﬁhm0®amn&ma®im3@m¢lﬁ bprgpaling
support er that .is.rigid ot .shown). In anoth
cIBapes v St SuslRR WBRGTY (0267 A

c L@%%}eu P dfkaite 2800 hiteitd Asdbelhied compahehtsay bé Eibtiaated from
bet ween el astoneric bl ock 2808 and el astonerj.c. bl ock

r polyorer 8ch asfpodypsenylencepoigeibylene, nobearhopalg, high-density

copendi pat ent i ' 39

SR Y ST I Py LR S A
deseqiRedxhpR! duaithn)heieparentundfeoinlst paygplicoo setheflike.

di sclosing further details regarding the use of an

| dcogmatatat vesltiops2S o 1A (WIGHATRAY COBIRISE ARFSTRTER2S12

el gst.oneni c Dbl - : tel

oL T e P DT R of AR fog BPLUMULIQR oo e en

F'cﬁ&h@&@ fas 1:5h mdnlmq.é. Rrefoeibhb vylvas 28 KWamid 281d caii be hetuated to
ayers of the elastonerjc bl ock have recesses. F

fexaln@ﬁeeﬂulépquw@ otbrmaseheld iﬂbﬂ‘f?a‘giheﬁcc WiARE ChaRbug 2815 and

d 11 ;] ;

STROPIA  Pelager ns cath e Aol

into other instrumentation, for example, instrumentation used to operate or

analyze the microfluidic device or reactions carried out therein. Fig. 22D further
depicts a hydration chamber 2850 surrounding elastomeric block region 2807,
which can be covered with a hydration cover 2851 to form a humidification
chamber to facilitate the control of humidity around the elastomeric block.
Humidity can be increased by adding volatile liquid, for example water, to
humidity chamber 2851, preferably by wetting a blotting material or sponge.
Polyvinyl alcohol may preferably be used. Humidity control can be achieved by
varying the ratio of polyvinyl alcohol and water, preferably used to wet a
blotting material or sponge. Hydration can also be controlled by using a

humidity control device such as a HUMIDIPAK™ humidification package
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forman el astomeric block having recesses forned
therein. The recesses of the first elastoneric |ayer

wae@smhmBs y or partly closed off to form channeCBHUBI005/015352

the first elastoneric |layer. The recesses fornmed in
the second el astoneric |layer are |ikew se wholly or
partly closed off to formchannels in the second

el astoneric | ayer when the elastoneric |layer is bonded
to a substrate, thereby formng a mcrof]uidic qﬁllce

nahdphgfomwmﬁ élsp%wa@r YrRoK PemagRRL tutligriddgmperas
g@@% t ﬂgl’é' alt?sglutlgn fhh&l\%% a%ﬁl?é&rﬂ:@ﬁ{rétﬁ)ﬂ fYieble %&20
Vi ace th

m sur rst recesses 2901
frasiething @ desireddnhidity lwel. SkabtS PatentNoa§,244,2328y Saari et
having a top surface

dowhih s bOb IHTREAE R SRTRGS BAUISSE Be U 6
fs%r @ng@o‘%%f h&nﬁ%@%ﬁn@@ e0Re€ RaNREIodd Oty dhab By er

recess 01 an the top surface of second
e2856tio preférabllydsaaspa?@R 30 aStsDbsﬁ hmder lewlza‘somof exshisgvition

th ace, of
b5 s apis B Rk AT 156 OGER b (6 §o Rt sub Sl D
yé}éamﬁ@eﬁ&@&eﬁ@ HiocRedigit i?ﬂ"zlg gfé‘f@@slyqfanw@ﬁdbut may

tomeric layer 2923.” Por 2 may connect channel
Zﬂi’dzb@bpalubsatrdteeh%oo wi th channel 2909 of the second

one y ich is,. tl
SlRREDe” G R it st ek OB raR g ik
Félgstoﬁaémc BRIk 888 SRufQNRLdstortdiRBl6dk R8iba 2307 aldngtwitt e
00 with channel 2907 for first elastoneric |

2mhn@iayer Wi loatechaed toltherdogbubsikite 48P0 aprasie Qg%lestolwlac

PP PRy RTS8 B h R B R R IR ok S0
Pitr&ught frst pit DRIV chegnial 287 Oﬁhr&Bsteomﬂpm't 2.882eandAB®M reagsd of

F&;ép&}a; Cranhydlen the st and second olaskonesis
SRR oy 28ES %@ng?ﬁ%*n’52*;1%%6?9%%%8?“??“@?“6%

ZQMded\Milrﬁichir&dnmo@ru@mmmdfabsﬂ&%fwbetmtezwﬁ Sgaling layer
purgoses and the specific

t 88hismyelesbbn s aarspgient ‘Pﬁ'ieﬁ‘g]l’ F‘Er?xﬁ@ﬂ‘?gp%]ﬁ’?tw ed | aser
Bhgiﬁrggna?tg %r%:gﬁ?mléﬁ%t hQdSe ok SdTRIeA!, )ée WMSZS@IY is

ting vias e mcrofabricatin form ng
s€legibik such as in adhesive tape, and may be attached to substrate 2800 by

bonding, such as with adhesive or heat sealing, or mechanically attached such as
by compression. Preferably materials for sealing layer 2881 are compliant to
form fluidic seals with each recess to form a fluidic channel with minimal
leakage. Sealing layer 2881 may further be supported by an additional support
layer that is rigid (not shown). In another embodiment, sealing layer 2881 is
rigid.

[0267] A close-up detail of the fluidic reveals an interface between
elastomeric block 2808 and elastomeric block region 2807 of substrate 2800. As
described in copending patent application US 11/043,395 by Grossman et al,

which is herein incorporated for all purposes described herein and therein, and
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el astoneric |layer 2923, laser drilling, laser drilling

with a C2 |aser, laser drilling with an exciner
WO a®s197988 i | | i ng mechani cal |y, and coring, preP€T/abioys/015352
wherein the drilling is perforned by a robotic drill

system preferably one having an x,y autonated stage.
[0269] Fig. 23 depicts a cross sectional view of

anot her preferred use of a via in the mcrofluidic
devi ces described herein. Mcrofluidic block 2921

i fcmthmxsposercg”tdlsca;smg fagher detailsmegarding the usper ap integrated

(or cha d

{ R A RS an RSty Guls” RaaMlen EHRLs AR be RIS
I geashaRipldhaysban BlﬁlstSm\&ﬁe mammsdlded tegeahdrsd fc&hﬁe)n 2950
t herei n. Tmo second | ayer channels are in fl uid

c clstamicsiablask. Prefoiahly 4 oot g0 qfap%}ayeqs 4 tha elpjorpgie Rlpck
%YF Iiegérs?%se or %%31%81?1 a ﬁ £t ehshARlY iay ecQs@?T MorRed

furt conmmuni ca on W 2999
Ofche‘iéib% batided 2838 Secohd elagbnﬁns lyst hating reecess f2B9@ theosin to

h [ if
o oo o L Bt T
Zgig% el oﬁ% c 1@369 otk xpﬂo C?Hl}pao&fd Afig fosforﬁl%ﬁlﬁneﬁlﬁﬁﬂ@ﬁrst

conmuni cation. In th
e rherinteictiayenoBhe remeﬁlegforﬂféd irathieisgdrand mmw lef'er are

reaction _and/ or det ct
iRy B Bt ios RS S clBel It s BeShdinstoperic

%’é? Sheh Eheoéfifs rgé‘l‘ﬁf lagél'ris BEndea4s ﬁ‘gul%ﬁ%fe SHordbydBfmiAR a

erveni ng wthin the sane | ayer.
Abinatdfhmhd dema;hamgmattsplezl@s@rs avith ghaseals formed dhrein.

de b?r'ﬁlﬁi r p rzg‘ggic ﬁ%f s tcegl%s? I}l?‘ﬁ?lo l&%‘f&?o %@%ﬁ %%%ttoaeﬁ&faée with

C a5k 1BesBRII008 Sorny¥aah&reih AAtisecord diastcﬁﬁerioalylwr 2003 havmg a
phot oresi st has been tpatterned and devel o a second
Qéj formed

| ayesurice phd)a@pégmssur pee Witk secand respeses £/ therem are

pat t ecq It r

o dendrdtogriier @ PR SRR BLEk IR REAERO" {Dfned from

r eﬁ%ﬂ%ées@ﬁ90f‘ ahPhe SsiurPRt besstondylaktomefic tiyef 2923ntSubstrate
heights. Miltiple |ayers can be buil upan. one

araaas itshed tontie bpiern RFaccaH usegPRCIRUPEIRTS layer 2923 to
CHapm ef g‘;}é’(gg‘p’fu%'téﬁ siBLE2k81 §f SB¥rAb 3800 End 8 Bofisin

surface of second elastomeric layer 2923, Port 2892 may connect channel 2872
of substrate 2800 with channel 2909 of the second elastomeric layer, which is
partly formed by the top surface of substrate 2800. Alternatively as shown in
Fig. 23, port 2892 connects channel 2872 of substrate 2800 with channel 2907
for first elastomeric layer 2920 of elastomeric block 2808 through a via 2950.
Via 2950 is formed about normal to substrate surface 2897, preferably formed in
second elastomeric layer 2923, prior to its bonding with elastomeric layer 2920,
and more preferably after the first and second elastomeric layers are bonded
together. See co-pending and commonly assigned U.S. Provisional Patent
Application Serial No. 60/557,715 by Unger filed on March 29, 2004, which is
incorporated by reference for all purposes and the specific purpose of teaching
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the upper | ayer of photoresist is capable of reflown
when heated, while thel ower |ayer is nade of a )

wW@bwsoom3s st t hat does not substantially refl ORCHUS1008015352

same heated tenperature. [0270] The flow channels of

the present invention may optionally be designed wth
different cross sectional sizes and shapes, offering

di ff erent advant ages, depending upon their desired

appl i cation. For exanple Cross s
e fareasen RYBSAERRAIRE] a%9b1ﬁ%%syét681§r %ﬁ%&ér

S rtﬁggsefgr &b vﬁé gigﬁld'etrﬁcﬁ)@édrfcﬁuﬁgeﬂ'ﬁﬂa f&ﬁnﬂ%isdcbﬁd

| SPOS an upper cross channel Such a
Cdlis‘t’cﬁﬂeritpliaﬁr 29an lasee dfitlig, lasert drlingiwith asey lapg, lagey

f
&L@ﬁv@éﬁ%&%‘% hseh B S B8 Saind i GoRBRc
o ﬁérgﬁﬁhé ﬁilqh‘ﬁg gé‘i)&fomfel‘l% @%bt drilCéystam, dicferably one having

sol d arabol i c, yperbolic and pol ygonal , as
\Mﬂiyaﬂmﬂmmdmugzof the above shapes. Mre conplex

CrQss-secti S h

SRR b S8 AR ULt oy
FHe ﬁi‘élﬁﬂ&idlc o UsRrieenheehl. afivtofhydic bbogiraoge mriicludes
invention. [0271] In addition, while %he |nv ntion hﬁ

dfisst taybewa@rhamgi fixgt lpyergesspsi(t chamelp 0 Bepdsdeas

[ d
¢ BoraaOn? e e SRR oAl i PUCERERDE reBtstes
f ey ERehI OMhébotAeE td a/slngtrsﬂebmioaherelm Hewpsepondayer
inventionis not limted to this 1%Wcular

ochameh o VA FysnBRisafonBraugsa KRGIRE LR by vl tvo

be forned
car ror it 25k TRpASREY ot lap Tl v 2o bt | g

elcaphBiatiod Mith \ﬁélla@QQ@nﬁrsuibsitmw 2808riheoiugle 8 isHbstigtasseass 2892
project downward into t h

amm qht@unezzlef as0eling layer @@t é%'in@Sﬁ 198 &%% §t8?6e>’ ocast
mat er

I o % gt g

m2(90¢fv\}1ﬂhbd’l seimpipl flidtonnsmicaiowyirthe prbadinegbshevay igiFig:

e PN o ot e DA PR Rt e

subst 1Ak & li0GLUH) B e ABhiE 6 besawegUide shamel i dne layer can be
routed over or under an intervening fluid channel within the same layer.
Ablation debris chambers 2989 are present to catch debris produced from laser
ablating via 2950. Debris chamber 2989 may be cast into layer 2920 by two-
layer casting methods, wherein after a first layer of photoresist has been
patterned and developed, a second layer of photoresist is overlaid over the first
pattern, and a second pattern is formed upon the pattern of the first photoresist
layer such that a regions of photoresist pattern may be of different heights.
Multiple layers can be built up upon one another to create patterns of varying
heights. Different photoresist materials may also be used so that, for example,

the upper layer of photoresist is capable of reflowing when heated, while the
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constructed so that the optical wavegui des direct
Iight specifically to the side of a mcrofluidic

web@snel93s [ 0272] The mi crofl ui di c devi ces of tP€T/US2005/015352

present invention may be used as stand-al one devices,
or preferably, may be used as part of a system as
provi dedf or by the present invention. Fig. 24 depicts
a perspective view of a robotic station for actuating
a mcrofluidic device. An automated pneu

A ,nﬁti C cont{lol
aleavea daygmisimadsrof ahetgrerist $hat dpesnos seestantially geilovgat the
r [ Vi for holding a mcrofluidic device
3%8%%%3%‘[21%%?%@“2% i nvention such as the type
dpg270} ed The flovgshanf2lé-of e présept mventic@20dy optiamdtpbed t o
contact an upper face 3209_.of m cyofl ui dic.devi.ce
3 depsenen g iSmoyoRER SRR Piren B Dapsta g ik
Wh&\%aﬁ)lugg%,%e%eﬂ%n%ﬁn%ﬁ&?dés@re@ra idfoh .| lor dx RN R SHE @ross
prefer y gas ssure, to wells and accunul ators
Widdtionalrshapeodflthe Hiver diew chendd 0%y have erservefipperupace,

| at 32Q7 i i, nst . f
FEram et elan s aeg st BRenedifiod By
. . : - . " LS.
E,?giﬁ%ﬁm%ZlSde\hi ch ]iﬁ)gag%ﬁtﬁggﬁed gta@gxgﬁgnd 1Itn§ﬁ§rrr%ggsla

aMemabranhthicknbssrprefilds erd Hoyyichannst prosPIertionperareaplaied i@f
piston 3215 detect. pi ston .and.. ..
e SR P B Bl ISl

Pﬁ%&%ﬂ&' &b668 H@ pbBEond derwelDad deoliomsfofaheatnyye skapes.

(not shown) followng a software script, A plate .
dddectcompBxigoseceitansl shipes seehorsar bAGEERS Y 131 Rjpfrusions
devi ce 3205 inside of r | Vi Y : d
oreea rmppyTicah e HnchREL M AP A0 arp o contemplate
mbg,rtgébwsg{t@n@ﬁubme 3205. This may occur, for exanple,

by "optically detecting the presence .and orient.atian o[f
ml027BH1 ui & eddaféan;, sdilgMasingentions g%%crlﬁﬁfg PHGHTLYJR Forgpnetion
the,sid 7 oY j hadddl aFed
be" ﬁt%%g%lgédrl%g{‘?fé%ﬁn&?ggﬁg%bﬁgﬁ%aI y{tﬁgiﬁte)?trbri cally, d
orfoth&l frotheslastomarpael thaifloor ofthe shanpkhis &

0 gn

NN N M

lp ?cgrgeélga?igws B%%lﬁ agfsl mogfséoffécrhggl{%ﬁ&ﬂ@ 2186186 frthetl 9n fHewinderlying
substrate, with only the ceiling of the flow channel constructed from elastomer.
This elastomer flow channel ceiling would project downward into the channel in
response to an applied actuation force, thereby controlling the flow of material
through the flow channel. In general, monolithic elastomer structures are
preferred for microfluidic applications. However, it may be useful to employ
channels formed in the substrate where such an arrangement provides
advantages. For instance, a substrate including optical waveguides could be
constructed so that the optical waveguides direct light specifically to the side of a
microfluidic channel.

[0272] The microfluidic devices of the present invention may be used as

stand-alone devices, or preferably, may be used as part of a system as provided
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automati c pneunmatic pressure supplies under control of
a controller. The pressure supplies provide controlled

wo baosdoBessure to ports within a platen face PeDUS2005/015352

shown) of platen 3207, to supply controlled

pressurized fluid to mcrofluidic device 3205. Fine
positioning of platen 3207 is achieved, at |east
in-part, by enploying a ginbal joint 3223 where pl aten
3207 attaches to arm 3211 so.that platen 3207 _may .
gfarthy theprssent invealier, Bigr rbAenicts pRErspectivspas™ phe @ybgﬁé 1

o . Lt di S 10974 . .

ot KR atifihe BEAR AR ice B Binthod RroHER Rl and
f acenB2&dr cfargihg stafibnB20cindindesceredliving Haly 3265 f@2®Tding a

SRSofgRoAsHise 108108 0 IgFETG B Pish e s thecon fepiirein
d @Y%s?@&-%@?. %[e‘ella%n@b@’? %Jagféﬁ t® 8drftact @b uBBEMBEIN3209 of

portions o ce 3205 and face 3227. aten face
3 afigrofluiliodeviei®di Piaten 3207d1as diesgeinports thah dbgrowith

conpl i.an terj.al h. ilient.elast

P A0 pei T nRd bRobwEr o TaRE Y ligssure, o
| Reeliid Gndh@luBiladdR dvithi ni G atRiEddvidd TOB! &5 6k embédigsnt,
preferably gas pressure lines, which mate wi th vari ous

| padtri BHY ionraeg perinstawees2oa 3341 ofirgiceluidiadevige J2Q5by

3205. Al h h . .
AR A PR Bl U5 RS0 6 Oy
WaigoBETS WEicHM thchetistfona epd to @RB32 1dcandw itk othkrend to a
chéck valve 2812 to open and relieve fluid pressure,

oplaséormi 3217 h Sensers Jeng piston 331 5 Aeigripistar BIRyRISHRd relay

valve 2812 .b ver .- ' ' i

o SRR RSB TR 0G4 SoR TR MRl ARERHel thder

g%?g@é(ﬂfdfﬁ‘a %&ﬁﬁt%%?%h%g&%?oﬁh@(smwe scrizB.1 Alplae detector
see Fig. [ . t ) ' t.

c1i Griedt (heirespoboT SR CIed 200 IR AEReR e bay

c ' . g i

PSRBT SR Bptr aiep o laemuod ety

v athiiemag budurgior examplacubaiticelly dReamthe presericd ahé orientation

tanieisdetin drore st e e ol B Sk PRI g

ORRVRL 3208 pRtdn 20713 beAbReFedlrbhBifally, pneumatically,
electrically, or the like. In some embodiments, platen 3207 is manually lowered
to engage device 3205.
[0273] . Tn one embodiment, fluid lines leading to platen 3207 are located
within arm 3211 and are connected to fluid pressure supplies, preferably
automatic pneumatic pressure supplies under control of a controller. The
pressure supplies provide controlled fluid pressure to ports within a platen face
(not shown) of platen 3207, to supply controlled pressurized fluid to microfluidic
device 3205. Fine positioning of platen 3207 is achieved, at least in-part, by
employing a gimbal joint 3223 where platen 3207 attaches to arm 3211 so that
platen 3207 may gimbal about an axis perpendicular to upper face 3221 of

microfluidic device 3205.
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the valves would remain closed to separate the various
chip experinents fromone another, and/or to separate

w0 e@gaom3and protein wells on the chip from onBCT/US2005/015352

anot her. [0276] Fig. 25 depicts a cut-away view of

pl aten 3207 urged agai nst upper face 3221 of

m crof l ui dic device 3205 wherein a pressure cavity

3255 is fornmed above well row 2806 by contacting

pl aten face 3227 against a ridge 3250 of upper face
32(22'17_.4] FI Ufig. o depicis eputpa\@ayeai%wwgs@lﬁ%%%‘ﬁf wged againsin

a | t ressure cavi ' ' £ Ul

" phr st 7 s BB RuRRY benler 203, RIubHP S Bl

32ake B201 of Midrailiidicsdedided203 20 formPr Bsid vight seal bagetmt ed
by pressure regul ators associated with charg

SRt grIdaREeioapT29P GRe BIjatBy Bre e bt Banegn eoRioRs pf deyice
g?ﬁb?gﬁffa% s3> rﬁa{eﬁ%ge . ?Zﬁg?o%%%w%@&‘in‘féﬁ@riﬂﬁu@ééto?li’stmade

éssure 1n-accordance w al's 'sent ’by a chargi ng
S bk complianniaadriat suchpasef resitibhtyelastooheer, prefgpatily chaoietlr ol .

vt FRhar o GOk AR Plaign a2 b g oanesmereites.
‘é‘”ﬁ%ﬁ%ﬂé})%ﬁ b{éﬁéglﬁe 7300 vaRdh #nae Qv aRRk FoRNEAN upper face

astoneric block 2808 to fill channéls or
cBBapbef mimofltidicatevicat3@05 Adsol showalakechsok vakya pufge actuators

| i ¢ bl ock f |
oREs S e pnse G DL g b alt MBS epeted
g%@%ﬁy gin%@ 14 RInSfard Iﬁ@EﬁéiCE %ﬁ% 281D @slbpBRNnd @61i % Fhu@dn

nd nore specifically, of interface plate 3520.

| préssgre, @pErmitribeintradectppnatf dlugbthoough checlpyave 251% e

integrated. chip.and .carrier 34Q00.in

{ PGPSy PeBu Py b e0° pepBaftrC g g st and
f IsgéshdSRRdSacizRorB BRY3 dadhakyeametiotarésas 1pnd 281326 Fig.
and one or nore regions of carrier 3400 and chip, such

a22Bhe first protein region 3430, second protein

B SaBbeman Sl R G R 2R SR e with
34R5ma P flogéd dBREinAE LR oR irerfidé5@lveantl this enteclkment) ve

3455. |I'n one enbodi nent, interface plate 3520 Qvi des
f |agPemlngas otk not G Bacessry ¢o hald yalves sl ,duga%?ﬁﬁ‘ra%’nt 0

ia rg%géégﬁplfl ﬁ:el 28%@%0 %ﬁ%&r 8{e gegﬁs.?ghﬁ%ir feE%{Uns when interface
and/or containment valves are desired to be opened. For all or most other times,
the valves would remain closed to separate the various chip experiments from
one another, and/or to separate reagent and protein wells on the chip from one
another.
[0276] Fig. 25 depicts a cut-away view of platen 3207 urged against upper
face 3221 of microfluidic device 3205 wherein a pressure cavity 3255 is formed
above well row 2806 by contacting platen face 3227 against a ridge 3250 of
upper face 3221. Fluid pressure, preferably gas pressure, is then applied to
pressure cavity 3255 by introducing a fluid into cavity 3255 from pressure lines

running down arm 3211 of charging station 3200. Pressure is regulated by

pressure regulators associated with charging station 3200, preferably by
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WQEe@silomss al |

check val ve actuators 3570 as best seen in Fig. 27B.
[0278] In sone enbodi nents, interface plate 3520

3400 and the mcrofluidic device, hi doing so,
interface plate 3520 may include a sealing gasket
3580. Sealing gasket 3580 may conprise a w de range of
materials, including without limtation silicon
rubber, an elastomer, or the lik

ehtsganioily eontrpled éﬁn@%%reé%%ﬁgggé“a %ig%}e?héﬂ%e output
m%’és% te3h a&&lrﬁlﬁlt Ewﬁ@fs‘i%’faﬁé’éeﬂf 2 Bl S D ts atiBe cefdireed

t
oca I ons ner stem 0 can pr ovi d’e t he
qreferabll @ides sompstet @ndppr Bipid mbsuraalgs@n of plfesﬁme pavafyp255

carr 34Q0.. hi, oth
B mdsivas Louid St el 250 BuiEibf EhrBe g gk 2500
th4 ih | u%g %d%rch%nﬁ&s &8 E]’abt@fneﬁé QQ)CRQQOS kefill channels or

m cro evi ce each maybe fluidly coupl ed to a
Sceﬂaﬁfoatsear ibd aa:teate 5 2ofleatatpe edrtxou off plasﬁonwmybm
egl o Syst em, 3500 hen in lé desggbéaecessary

1¥)Fd? ReLAr Qs F@F ﬁ@r?wou e vari ous ports

@zbﬂg' Ofges. b9 bhEn7BIdepicPd pABulapambaiied crfamtem 500
an ‘one region or port is COQE)|ed to a parti.cul

i mdemblacspecpﬁaeﬂh' gSm@rfam plate B120e M0 Figi23As 16511358 P?aée E Ry
CRURL S 10w iASRAAL R MRlalRE 480 & ndRtd maldifdly seals

cBi8 Pace platés and carrier/chip

I §GtaQ g (HRRESES h@F&ﬁcﬁl@f lfluid $calsrre preovitedbetvofentihterface
Fesent -i nvent i on

p 0279] Th f
356,332 cofene nbmarem@axon]s pheTiGAOD B FRup i) st

r
© el £l 1470, SecB0Brd: ih RediiF §A35 Bkt S8 926, 386bnd

m)v%n%%lum gix, @iﬁmifa‘& acaunhlatd)r 8460, eheck etk Hbdecotvainment

eeSrmiaonhias web rebichy ar e sus] R v SeEB iEt e

3?%%0 %ro(} E A6l SRS LS HsS426 8120 28430688323 4Rt dctumulator

0 receiving stations 3510, and subsequent|y
I 8as®shd$460. Trage ambodintinf nm*eﬁacmsolat@éﬁil@ proyidga gpe or more

L;Qécgf{ab%a%p@?gs ggfpeﬁsebeﬁ s}g@gp ]%r ?gt T loﬁl ghan‘oer

33@‘?7 1] ’22 éﬁlr ogt%'(; é;nﬁlﬁéiéi%g}g? gntl@gfg\%ér%gt@@@zo providessllantiBsdsired
fluid seals to carrier 3400 and the microfluidic dglrlceOtIpl%romgss% interface
plate 3520 may include a sealing gasket 3580. Sealing gasket 3580 may
comprise a wide range of materials, including without limitation silicon rubber,
an elastomer, or the like. In some embodiments, gasket 3580 comprises a
compliant material to help form fluidic seals at the desired locations. In this
manner, system 3500 can provide the desired pressures to appropriate regions of
chip and carrier 3400. In other embodiments, interface plate 3520 is a two or
more plate components. For example, the regions or ports on carrier 3400 and
the microfluidic device each may be fluidly coupled to a separate plate 3520
adapted to fit that port or region. System 3500 then would include the necessary

number of interface plates 3520 for the various ports or regions. Further, in
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wa@e@b/19s$h portions or all

transl ated to engage carriers 3400. Pl ates 3520 may be
manual |y, robotically, or otherwise |lowered to fluidly
of chip/carrier 340PCT/BS2005/015352
hydration fluid is provided to interface accunul ator
3460 and/or contai nment accunul ator 3450 and is driven
into the chip by applying the appropriate pressure to
accurmul ators 3450, 3460 using a pressure source

led to interf | at e.3520. '
RO RN AL AT OWEIEN, T
%ﬁtt%ﬁtﬁﬁe%g%%'sﬁ& wmtliotﬁ% 1k gi%h!é 8f pRTEheebsmNd toemeparate

out twen (20) "hours after the hydrat.i oaﬁ
fihtatfcd slaeddaf. Other apmbmatigu0ef intssfage plates pid CarHE/EHp p

is sufficient ded with h i £ d t
cheipie o B e o Herspar SRt biferk atVeflibsy PRI
g@éﬂh” anle BREStHIE Sysich 3308, hdninsboditderipipholes thens

eviously incorporated herein hy refere cggé)[ OéSO
Tihading bfioneoorspotersetricts PP Orintegesricing SHiQR - 1gSgme

di spens gﬂ Lf%ﬁeéé gg%(f feRal #e%ﬂf%kc%‘% é@ictdlaﬁcg 8Supi&Fthereto, and

pe rrate sea chip regions around
t R e ARRFRREARE dndlpebtsins feuded kaotcsardgrpigfispgioato placing
pressure between about 1 psi angiabo t .35 psi, to first
b cawicorintonsEeivinagiabngs 3 RGeS aRRodBE the Eer
drjve the reagents.. | i i 1 ihn
5t B BT BB ol 2510 B Suthety ogpaptino
Hegéént@ﬁkﬂihﬁ@feﬁﬁd Qurntre 3A00 ﬁ%ﬂmnﬁlagbs (oaded $athaeidaation
todrive the proteins into.t Lp. .JJn.a i .
e_ﬂbidd iHhpestationt fhyid n@.@r&gr@aquthll. }ﬁ&fa%@mhagrbff 5@{(}6 O§H&ad'amers
&%(Zd Si2 ggd%?ﬁ tb Qﬂsqérﬁ@ﬁ)dﬂqméﬂ‘a& Witk 3500ar8 idw ered brivttierwise
?ﬁé $ST UL T ohs

ave been driven to the desi {)ed
webhdate® hadipagscartieas@r00i Pltes3520 mayibeanagualy.nopefisally, or

chip, the interface valves w t.hin [ : n

bythesvisalawriedid ‘Rgvasﬁ%lew%h_%%‘%?ﬂs orifordieate: SRe00C
3908:01ibf o3P pldviadant iABIIRG AeoRtulawh 8460 wal resoRtdgméry
retfeased, to open interface valves in the chip, when
S yisdu@m1AD0 84 Hcdridia e vercinéethe whinky aplying a@B@’@ i ch

BRSSP i ol

| g)l'fa%e 39APT R, RN olask, seteues Rahtimativaly perferms

rel'ease pressure wit hin interface accurruhat 0 g’t‘%@e%ty 626)

anhiaptercsa ihich isripediowarembodEegnt PSFUFs WEAEE

rmhrc])lljx?sl allf%ier the hydration fluid is added to carrier 3400. As aresult, the chip is
sufficiently loaded with hydraulic fluid to operate chip containment and/or
interface valves, as described herein and more fully in the patents and
applications previously incorporated herein by reference.
[0280]  The solutions, including reagents and samples, are dispensed into the
chip by applying the desired pressure to the appropriate sealed chip regions
around the appropriate inlets. For example, applying a pressure between about 1
psi and about 35 psi to first and second well regions 3420 and 3422 operates to
drive the reagents into the chip. Similarly, applying a pressure between about 1

psi and about 35 psi to first and second protein regions 3430, 3432 operates to
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rel eased or opened. [0281] After the solutions are
allowed to mx for a desired period of tine, using

wa@l2dosaeioesy or ot her processes such as convect i RET/IB2005QLS352

or repeated opening and closing of the interface valve
to increase novenent of fluids in the chanbers, the

interface valves are closed. A pressure is applied to
actuators 3450 and/or 3460 in order to maintain closed
interface val ves and contai nnent valves. The carrier_ .

3400e theyprefeing énfo veaicip-ofh spatieamopdipent hiseretrsoniyn
e A e S S A

deslutiest et bech divenitothe desived Wells, shirabeaysservairsasrdies like

to _prevent or hel p prevent the containment and )
i Mt the chipafheanterfaemyayrsvifyn therhap H&r"&’?’&?ﬂalé\)f releasing

e i t p i nt aj .
R
pckackuabyed4i6b iictebrased, to dmapinteohtayainesin tlenchiprwhen system

R e s e R B I
tREGeh ?di ae?/lgs? H%&gfv?fﬁ/g%:étdﬁﬁﬁgg7 & WRIde3 2 PaY 8 podtt of BB Hke

seven , an I ke. "The I ength of tine
aatlamediosengdgdctankl valas 04aminrrdento r¢leasd psesseng withis nieréace

depends ,in t. on the j.ncubati.on ft rature. . .

O RSRaTaer 1 g PSRRI A5 e BERE AL By gty
| 899484 8PEp&fedi Ncubati on conditions, carrier 3400 may
be returned to system 3500 in order to recharge or

r §92833 sur After thetsolationsarg aBowediogoix fon adpsitedhgrad of tige

i ncubat i.on period may.[028 In t. .
eﬁﬁlggiéﬁ@ﬂﬁl. ?Ip?ﬁchﬁ‘frrﬂrg S qSégg%agsrcroln ?&%6%&{;4&3% repeated opening
MiaGl efdsiticdrehdiBwrfage 410 arinpieast hovemat bofluidsdn tesi r ed
experinments according to enbodinments of the present

i whembersrihp jnterdaasyalviee aepcdesers AdITetsHES 1§ 2BRIHk to actuators

i nvention, ; L fi.eal. : ' '
o283 MR B ABE by ¥iosB i AR whll ol cctfibmnt
3%&{6@.3-"@1’16 aﬁ'%f gd)(lrﬁay‘ BE RN ed fivar syistm 33M@0for invubation or
particul ar enmbodi ment, system 3500 jncl udes fou 4
 SQIPRA 9IS il thegracessss @1?8034%?1?13%}?- fé%éﬁ‘toﬁg“ég &P‘i 3%% hold
n ti ; i i t:er ;
ARG 30058 AR AN B LAl I v
C ajrhichy pravid tiensdntrinment and interface valves from opening. Ina

particular embodiment, actuators 3450 and 3460 maintain the pressure within the
chip above a desired threshold pressure sufficient to keep containment and/or
interface valves closed. In one embodiment, actuators 3450 and 3460 maintain
the pressure above the threshold pressure for at least two (2) days, at least seven
(7) days, and the like. The length of time actuators 3450 and 3460 maintain the
desired pressure depends in part on the incubation temperature. Depending in
part on the desired incubation period length and/or incubation conditions, carrier
3400 may be returned to system 3500 in order to recharge or repressurize

actuators 3450, 3460. In this manner, the incubation period may.
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device in conbination disposed in station 3510 under

an interface plate 3520. Interface plate 3520 is
waodastensg o transl ate downward in Fig. 26B so PEEUS2005/015352

interface plate 3520 engages the upper surface of

carrier 3400 and its mcrofluidic device. In sone

enbodi nents, station 3510 and platen 3520 are sim | ar

to station 3200 and platen 3207. Interface plate 3520

i ncl udes one or nore ports 3525 for coupli with

r é@ﬂ&ﬂhs i In acparti¢udar @Zi@(dlmmtcﬂie tesTaied SEwier @80() #ki ve
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f Qitbofidddnss offthélﬁre@@{tﬁﬁvenﬁbn(bjb 0sihg thesowems Wtﬁe&premng ht
ports, nine ports, ten ports, or the |ike.

pimsfeatipn dMorbarseifisally, as Shen HBiEpteA & systm ﬁ@odaalﬁﬂ%soone
5 gf%r Sglla > l‘ecgl%gig)sg;{tlo% gg 6l E&? a@%@&? W ﬁcélg% Ig gér‘rfe? Y46 %NS

Ier
Ri]as Binbodingdt,isysteinrd 00 hedides &bure(é) ﬁdasngrwht@n@ 3510,
[ 0283] As shown in Fi g.. 26A, sst; 3500 further
i nithougbsfeyehei 863isF nwn‘a?f of staligR% RPN Ffted 1 §1t%lnatwe

P reﬁ{;o% FRnteoHRE gﬁ%gxgt dme%gioﬁ‘ FRPLOR deMIBR¢hE er Gﬂo@mﬁa

|ng devic nput ing device 3530 incl udes
rmlwircy 1r&dﬁnb1ﬁﬁhdmdmp’usadl ] s‘latmmf 35ianedersarintsriace plate 3528

|
10 | peHeTORIReRIRD RoARE P dar e 8P EE a0k R TBE &
S Qﬁﬁ%ﬁgcegﬁglg 3590 eH e§ EHeﬂﬂ)pEﬁﬁMfaE@ opéarﬁéﬂ@loe%naﬁlﬁ

anal yses m Cro di c "devi ces, and in one
e mhiochiflvidit dewdc&Uin Smmlﬁyodﬂmemlsééatmﬁﬁ 1Q gad platensi$ao0 are

sgszt%ﬁ gg gsso H%gﬁ& ggcif]ggetg%ﬁ? eBl??I’if ?atg ggf(fc‘fﬂcﬁldﬁs one or

|1 K Ere pBﬁa 3884 forRblplEheSRITE rdgfortshe cavier 8400uhiich aﬂseadapted to
which are fluidly coupled to interface plate(

15 352031{/@)28141}; TFesgute, Qvt,heélﬂ;g @v@n@{:@gp 1@6%*1meé§p%plate 3520

enb nment of, syste 5 C
R ETo its o e DRy p B SR Bres RECHlsC i poff, cight
i}%gts' 8iné 951% @ch pérts Bﬁthle nikeg ek préferridpenzbuaimenty ingarface
In a manner that fluidly seals certain rgglon

L relatedH20 nwoyalesllt@ gixdines ﬂ°<PanraVl§1é1§|P§eSéW8 tp Agijseddnsions of
et wee t
of AT :5489 6216%% r%g?ir rgéa ﬁaqg%&lﬁ ns&rfopgétﬁ/aﬁﬁg tRRR

P, he first
20 valves 3455 and 3465.
[0283] As shown in Fig. 26A, system 3500 further includes a processor that,

in one embodiment, is a processor associated with a laptop computer or other
computing device 3530. Computing device 3530 includes memory adapted to
maintain software, scripts, and the like for performing desired processes of the
25 present invention. Further, computing device 3530 includes a screen 3540 for
depicting results of studies and analyses of microfluidic devices, and in one
embodiment, a GUI display is used with system 3500. System 3500 is coupled
to one or more pressure sources, such as a pressurized fluid, gas, or the like, for
delivering same to the microfluidic devices which are fluidly coupled to

30 interface plate(s) 3520.
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protein region 3430, second protein region 3432, first
wel | region 3420, second well region 3422, interface

waeeaneiag or 3460, check val ve 3465, cont ai nmePCT/US2005/015352

accumul at or 3450, and/or check valve 3455. In one
enbodi nent, interface plate 3520 provides fluid seals
to regions 3420, 3422, 3430, 3432, and to accumnul at or
3450 and 3460. In one enbodi ment, interface plate 3520
provi des one or nore check val ve actuators 3570 as

b[ék?-84lfs eeFign2FAgnd 27B depigp s pirticnlas epodimsabpiiyse 3500,

I nterface at i | - i i
L RGBEPAS, SERRRARHAEET 1o 0, AROLEEH i
dRicagple@io hetigefand chipdmel QR2A 3480 in anlande thatsbadlysepls

gasket 3580. Seali ket 80 [ i

P eigen wtona el 51 DRHENBGITN SEASTOUPIM R G nieace

S| r . . .

S50 R By SR BBl ki ol S

l“'pfo@ﬁ{ii_l aégidsm?m, ﬁcfond prditiniredion 3438, firawellregide SH2@decond
ocations. In . this na i 3500 '

dBSTreon s 65 e G RERHBIT A0 P TG SRS

gg%hﬁﬂatér@z%o L 0/0t BREK $ADO Jit S5 e iefibBEAGE, ifletace plate

>

I's"a two or nore plate conponents. For exanpl e,
t B620 poiviles floid sealstts ragrons R0 14224343 0addh2, ped to accumulator

m crofl ujdi c devi h f 1 Ui

Cofind 8 S5e 5 SRL el o BRYHEE nd B o
I el RN alveYhBiBrd 391 48Rt wenlifiFigngyBide the necessary
nunber of Interface plates 3520 for the various porgesSired

010285 on. soferanihmdimeénts, doteeacaaigi3Bh PLOVIGRS el of

one.regjon or. I S .coupl rti ley i

et 7530 sPeB 3o GRARLSBp: BRE! dhWlilso intartuce

C g%i;é 85h( RaP iR ARRIAeRling 1 RkéB560 pBedling3aiet 368heay

conbi nations of interface plates and c?rtierlgr

r eginpnise amddpangeofmaisrialy) olting Rt IRigien Loty bber,

present inventi 0] . ' 3680 8485

35"6(?,?asfqm%h%&fé€r’rglgedi ir%e%?%] e|nil1-vo lgggg’t gl&lm'oadi ﬁd&ﬁ%f one

OfcoffipligniCraktetiglts hdp(orm Minadic swmds atitingdesirad lO@‘«ﬁ%@)S- I ilos

Li some enbodi ments, carrjers.3400 include the. . £

mmarmrer,@mmg 3§80 icarPropifls tag deE 8%%?“8%MEOPE&§? Teggms ©

regacnt 24 POBT &l Bfed lef¥s OinteP@c& plafd 3520Me4h ko or

prﬁ%%? al}dzca%lqacagng' ?[Le_ gaé}?lg(g?gl [ n’_t 0 recelﬁlvi ng stations

35#6ke plte GbponcRRL B exantpde, thduegivas of perés on carrier 3400 and
the microfluidic device each may be fluidly coupled to a separate plate 3520
adapted to fit that port or region. System 3500 then would include the necessary
number of interface plates 3520 for the various ports or regions. Further, in
some embodiments, more than one region or port is coupled to a particular
interface plate 3520, while other regions or ports are coupled to a separate
interface plate 3520. Other combinations of interface plates and carrier/chip
regions and ports also fall within the scope of the present invention.
[0286] The operation of system 3500, in one embodiment, involves the
loading of one or more carriers 3400 into receiving station(s) 3510. In some

embodiments, carriers 3400 include the microfluidic device coupled thereto, and
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w@2a005i161938 3400 furt her

3400 are placed into receiving stations 3510, and
subsequently | oaded with reagents and proteins.

fluid. Hydration fluid may be placed in hydration
chanber 3440. After carriers 3400 are | oaded into
system 3500, interface plates 3520 are | owered or
otherwi se transl ated to engage carriers 3400. Pl ates

3520 may pe manual |y, robhotjically, or otherw se .

| BAprdearadorep it rgefs}nsaﬁdﬁd P theotrrienwellsprigr to placing
Clhle {infd re%éligﬁg shhifayd %@fd. 0[3 othdtlcfhbodink @y et Qs

i nterface accumul & or 3460 and/ or cont al nment

ad400naxt plaoced BuGBEcaivihg ssatons 3810, iand suliskguantily fodued with

HeBetnisind Pty Cied sof BEGT ey bEAGRL g Bation
| phir fERfRatRInAEd ;@% pldted ggﬁ?draﬁdﬁ AanfREP9SUOTERfer carriers

system 3500 automafically rforms this process, which
i 3400 grataaded e syshdnodbok: mtedacsiplatesd 324 are yoared oxetheryise

0 ft t.h t] id,i dded to ..
G e rBe b et adlf PleleR 0 s b usip T riticgity, or
| seRAsyioerdydItRidiy Gedl vdttthdrQoRa aft T chlp/darrier 3400. A
contai nnent and/or I nterface val ves, as descri bed

heydsptiorafieidieprovider ity interfach acqamuatos 34 benglins| coatainnesg

revi ousl y, i-acor. '
PGB NEA A A FRE DY sRLFLENE PR
dp2Rans frhdcliinglatdis 3440, 346 usinph prddgurt Beurde souptet to interface
pressure to the appropriate sealed chip regigns around
t plateaiyaopp BRI emBOdimsR, Exierp 13800 apgmpfipailysperforms
0 _ s . .
DA RS OPHR s ROl ofB AR QR0H Bkl 80
dhowe aftbrethe Ba@rativs fluidtio added to bampier $406. | As & yesubitpe yhipgds

a pressure hetwe boyt 1 psi and ahout 35 psi t

£ peiGipioniin losd e Harh o BraB i Sistip smeratsuclu cenaBmsptess
t ﬁ%&gdc\é%aﬁfléﬁ aﬁrdgéc?fb@& héflParddRore iy ird the BaRAistahgul ar
enbodi nent, 't 60)

is occurs wthin about sixty (
mappltcatiom s dreviotdp dicorpordted bérem hyi referénedr aul i ¢ f 1 ui d.

One he sol utions .have. been driven to the desired.

ol oIS JEOF B R G S i RRReRp o the

c Bﬁjp ’bytégglyir{g &k iaGRaRL4eS Wt UpRrddiRtcRbRdAD repieRed

by releasi'ng” check val ve 3465 in interface accunul ator

3480nd thre apppenriatecinlets. Roviswatnplenapplying a pressure between about 1
psi and about 35 psi to first and second well regions 3420 and 3422 operates to
drive the reagents into the chip. Similarly, applying a pressure between about 1
psi and about 35 psi to first and second protein regions 3430, 3432 operates to
drive the proteins into the chip. In a particular embodiment, this occurs within
about sixty (60) minutes after loading the chip with hydraulic fluid. Once the
solutions have been driven to the desired wells, chambers, reservoirs or the like
within the chip, the interface valves within the chip are opened by releasing
check valve 3465 in interface accumulator 3460. In a particular embodiment,

check valve 3465 is released, to open interface valves in the chip, when system

3500 activates check valve actuator 3570 which engages check valve 3465. In
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check valve 3465 is rel eased, to open interface val ves

in the chip, when system 3500 activates check val ve
wa@eaaaomss 3570 whi ch engages check val ve 3465. PCTIES2005/015352

enbodi nents, check val ve actuator 3570 includes a pin,

a post, or the like adapted to engage check val ve 3465

in order to release pressure within interface

accunul ator 3460. In an alternative enbodi nent, check

val ve 3465 is manual ly rel eased or opened, [0288

Abtmae emmhedistsints; clmk valve agiupiondd7q ickadgs & in, & paels Py b like

g@ ' %dst%fegfg%ne nlge ghéSf fﬁsér%} t8 EgQ%Q ggesgﬁr% Qﬁﬁﬁxg thterface

C bhegiinnfatef 34412 Ih%h%[tfa@@ﬁvélﬁhb/c&hmenﬂ, Bl@a’cka&h/er&d:\ié fieembnuelly
fluids in the chanbers, the interface val ves are

cW@S@QdOAOEﬁf@ésure IS appl ied to actuators 3450 and/ or
3460 in order to nmaintain closed interface val ves and

[0288it ai nmeAftenthk selutiomhase eHowedio 1BiX00T Adgsitrd neEad PEHME,

f.rom.syst 500 f b
wnegeon et al e Rept i dr v s Bhe byt Bpde
alﬁl"tﬁ@ﬂﬁ@bﬂth% R@elTiRSaleao ittreae desbment cﬁEﬂdehnaﬁe thamshers,
fromhours to days, in order to ﬁrevent or

the ieterane valiss aonelasadnenpreasie isHpe %f@@cwmr éégff(f%mi/or 3460

ni.n I.n.a t
ma‘ﬁgeréﬁ %ﬂfmﬁtﬁ]lnrﬁlg M nbtfgi}eﬂ%; eg‘;sgg%g& \?VI&?[ hin t L |r Sﬂlgg&g%lg Fa
34§Emh £ Be tdhi@&0 ot Pysessis 85@0 fouirfcubateont oﬁs:borh@cpr use in the

p&%@égé Eggﬁﬁeﬁ%?&g{ A@Q}agirfsgc B0 Tl R 27 gor a desired
%) alrrsle a?t% ﬁoﬁljg fo 8 h)?&}% t E?e?'%ﬂﬂ' & He preberdt@@st two

east , and the li ke. The
cérﬁﬁhﬂhfénﬂindt 1ht‘&faa@tralaésd‘hsn 3paﬁngnm Bp@tcular ernbodimenie

s ohoes e ot ot WiRd Gub AR dc
thl‘géi’l%P ﬂegsﬂ%egﬁffﬁ&g% ét@rlk%ﬁccﬁf% hREnt QL HiteFiceC@ibs cla3ed:, In

returned to system 3500 in order
0%19 eﬂhB]G&lﬁ’rege aotuatomi‘@@mdﬁﬁéO awiniaindhepeawoe abnyedhe threshold
0289]. I n_ sone dlne ts, the
DRRRRPIP o7 L1 e B P FevenT G it R g tongth of
ti%'? SBSESs @@5’?} SRS th¥inhed e Mesifddepressart de@eﬁd‘mn piatt ahdhe
ymer ase chain reactions (PCR). However,
nactubemrqnt iempefaReU erglchnmppa@mnd e gig@reglﬁgqmpon penod length

ah 09 yrﬁ:h a\tltiotn CO%Elti%n | astd: %46(91%a%¥ rOfine8 k4 SfstdnY 8500 in order

to recharge or repressurize actuators 3450, 3460.

[0289] In some embodiments, the integrated chip carrier (ICC) and
elastomeric chip attached thereto, as described generally herein, are used to
facilitate polymerase chain reactions (PCR). However, when attempting PCR
using a PCR chip, the thermal conductivity of a plastic ICC may not effectively
create a homogeneous thermal field among the array of reactions harbored
within the elastomeric chip. For example, the ICC depicted in Fig. 28A, while
useful for protein crystallization among other processes, may not transfer heat

sufficiently uniformly to the chip coupled thereto. Further, the operation of the
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create a honogeneous thermal field anong th
_ the e array of
reacti ons harbored within the el astomsrigc chi p. Fgr

wexasnd®3sthe | CC depicted in Fig. 28A, whil e PEEUS1005/015352

for protein crystallization anon

ati g ot her processes, ma
not transfer heat sufficiently uniforn1ypto the chip d
coupled thereto. Further, the operation of thel CC of
Fig. 28A may require it be retai ned agai nst a platen.

The application of a_conpressi f i
RO of B 2SAameesgat UEPyOAPFREENE IE. THRARIPaIch of
ne. e [ fr: q i : X

R T e
g‘rj]]ig&?éﬁp&rﬁgts&éﬂ?ﬁﬂfoﬂhmm of the pjesens tinventign.timprovgd 28B

Ve 1 . . !
g0 ses BT S e DR SIRICT Ao dribed
SRR A0RE. S48 hallibrdol IOCGeteaMPRbiOdS eidepicted

tHeE are a [

_ _ t the outer boundries of the
¢h@gd aoBr chip, hi this manner, a portion of the ICC
need not be relied upon for fluidic transport. One
such enbodi ment of an I CC 3800 is depicted in Fig.

glﬁfm{]' N §p0RnEahestiARAsSan dionedi drip 6f designed such that
astomeri c chip that is not in contact with t | CC
lSﬂlmﬂliaccgnnﬁc]mmwéh el CAF argyfocstedrat Ake QUiFT bma@aa%wﬁ%

qQcat ed. [ ti i .
SEBtSal BT R e et pon
t hkghic' - £00AgAISimbodime 06 s IQE 3800 isdspistediin(ine8A.
side of t e el astoneric bl ock that .woul I%ave }
ol coubacimenis beragid Gl EoErt PR T A eyt

e S| nd.sha f reacti - .

s et
eph sl Res 38Rpineluaek ihe elspme?id Chiphandi athemppd conductive

relationshi p bet th [ ' [
il Tehismeled ooy heEIGIGeE g b SAERT s

D ARt Gy AR OTREIconbabalmeplbdtionionosds the
t fecyetheansaat shape afdeestionl areoii rg@gvagy m?@lghn’ﬁ%%%p ¢ cﬂﬁhe
S ] msng \di iel | eonctécfﬁ'?i 0)gsdifptind the
s wouse iayetioBnwitPRs STOLTIH i“ta(? PS5 or 't ge sane alzg]t hat
us&di i At ferwEH RO TEEGhAEhipndust Iy,
[0291] Tn this manner, thermal energy (e.g., from a PCR machine) can be
transmitted to the elastomeric block with minimal or reduced thermal
impedance. In some embodiments, the thermal conductive material comprises
silicon (Si). In a particular embodiment, silicon from polished and smooth
silicon wafers, similar to or the same as that used in the semiconductor industry,
are used. Other low thermal impedance materials also may be used within the
scope of the present invention, depending on the nature of the thermal profiles
sought. In some embodiments, the thermal conductive material has low thermal
mass (i.e., materials that effect rapid changes in temperature, even though a good
thermal conductor, e.g. copper). In some embodiments, polished silicon is used

to enhance mirroring effects and increase the amount of light that can be

103



10

15

20

25

30

are used. O her |ow thermal inpedance materials also
may be used within the scope of the present invention,

walewsnaiosgyy on the nature of the thermal profilBST/US2005/015352

sought, hi sonme enbodi nents, the thermal conductive
material has low thermal mass (i.e., materials that
effect rapid changes in tenperature, even though a
good t hermal conductor, e.g. copper). In sone
enbodi nents, polished silicon is used to enhance
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i nprove iso-thermal reactions. [0292] Wth | CC 3800,

one wishing to perform PCR may do so by nmating the
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botd P heAGHNRE RRther@NE RmdB@Sodithb@s, thOREORks into a
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o BT et SRS S0 B B Reg dniscrisse PhRringy be
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the present invention, the elastoneric chips are not

ateapibleslonavardioashisve gapd Swsiagandsuskibsanal sentpastess flosm

val yes d.el ast ri.c ¢ er f d -

RS P28 v SBC PR R R BRI SR AR,
[ QB3 hrd vt atregible phdstieat Somphesios 9atdusethefferitls valtes
downward conpression of the I CC are reduced or avoi ded

bynd slapigmerio sbumbsrapuderoan g eavsgandesired Huidiqpetigps within
rn%§%$%$mggpgﬁﬁbto t he underside of the otherw se
elasto

expose ric block. In this manner, when a
vacuumis applied to the chuck, a tight seal is

creat ed bet ween the. vacuum chuck and

) t he. t her nal )
mdPEHlal  Byothrenphogdimenis, dhenesshie Pt © @\@Wﬁ cpppression
Fio% theZR% ar rYALHY B SEd RPRhLOMRLLREHUOK td Dal¥BYSinst the

thermal material bonded to the underside of the otherwise exposed elastomeric

block. In this manner, when a vacuum is applied to the chuck, a tight seal is
created between the vacuum chuck and the thermal material of the ICC. In one
embodiment as shown in Fig. 29B, a vacuum chuck 3950 comprises or is made
from one or more materials that are good thermal conductors which are bonded
to a source of thermal control, e.g., one or more Peltier devices. In one
embodiment, a plurality of thermal controls are used to generate thermal

gradients among the array of reactions.

[0294] In use, the ICC is positioned over vacuum chuck 3950 and lowered

down, or otherwise translated, to contact the thermal portion 3920 of the
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fromone or nore materials that are good thernal
conductors which are bonded to a source of thernnal

W@ osnaioz3s e. g., one or nore Peltier devices. |PCDO82005/015352

enbodi nent, a plurality of thermal controls are used
to generate thermal gradients anong the array of
reactions. [0294] In use, the ICCis positioned over
vacuum chuck 3950 and | owered down, or otherw se
translated, to contact the thermal portion 3920 of
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compared to the other side of the vacuum chuck-thermal portion of the ICC to

determine whether an attempt to re-place the ICC on the vacuum chuck may
resolve vacuum loss problems, if any. This could be an iterative process either

done automatically or manually, or some combination thereof.

[0295]  Fig. 30 depicts one embodiment of a chuck according to the present
invention. The nature of the tortuous path used to achieve an accurate
measurement of differential vacuum levels across the vacuum chuck thermal
portion area, and to foster a homogeneous, or relatively homogeneous
application of vacuum to the thermal portion of the ICC, may vary within the

scope of the present invention. By using this approach, the elastomeric block
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resol ve vacuum | oss problens, if any. This could be an
iterative process either done automatically or
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e hepatiapssysteins amw@lswgﬁ@@pletedc fijaelse rpogsy‘élp é%cta%t@ the deyice

nt enpl at t
87 REERH Bligldvg b P SRR Gospl PG R pfiHion of
bagefalgetyl, btha P! théh’:lial expanfioh bebyrptodactiorgyt gae iftolneliquid.
b¥ t hermal expansi ogn or by production of

! guther, mFaamth% pmbpﬁm&ﬁbwﬁ@ﬂﬁa%bmpwwse%f@rfﬁwef%tsﬂn and
géa%gntﬁl Tto (e eﬁ OTRlLLhfe g{@&%cgﬂlﬁé’%oﬁg g'?)re%nddétté’ addif a

nmany no cat1 ons nay be made
agaficuar platalhloﬁ ok atategial toathe cxachingswaf the imtention without

t eachi ngs of thelnventlon wi t hout depa fromthe
e dspsiting frogithp essahidplspone and spirt Hg ﬂﬁ&é@%&ﬂf HW%R‘} '}h

| ntleﬁde'd%zﬁ'qiiggwféﬁr}g)tn dﬁort‘ Be i %Htt e Iﬁ?ﬁcu@.ﬁ ehibBfesht Ukclosed

e particu rrent [ sc osed
as the best mode contemplated for carrying out this invention, but that the

invention will include all embodiments and equivalents falling within the scope

of the claims.

References:
1. Unger et al, Science 288, 113-116 (2000).

2. 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 et al, PNAS 99, 16531-16536 (2002)
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as the best node contenplated for carrying out this
i nvention, but that the invention will include all

weedpsdoryesit s and equi val ents falling within thPCEHUS®Es5/015352

of the clains. References: 1. Unger et al, Science
288, 113-116 (2000). 2. The sanpl e channel s and
control lines are |l oaded by "blind filling" - PDMS is
sufficiently gas perneable that |iquid pressurized at
a few psi drives the gas out of the channels, |eaving
t e mACSHiHpetegingnt of] the buman B-akiig genk. wSsamplifinslarsing a JI-

PNAS 99, 16531-16 94 bp segnent of the
huma MG ?erﬁsaae‘/n@%ﬂﬁ%nz)aqﬁﬁr}@‘i‘@dlﬁﬁgm Ryiger_ sequences were
exonyclreas @RCACTTPGORUATATARENE andlsTever se pri mer
sequences were 5'- TCACCCACACTGIGCCCATCTACGAS and 5' -

CAGCCASHGEGAPCIIGCTCATTSBC AATE G raspedtivelyFFigure 1t was

5 (i A T A R PR et s Sl AT G EC

dat axi @AM} e0CCORTGUAEICET GG pdst KEuRbCRgigilrasetas
probe, | arge nunbers of these prinmerprobe sets are

becomkngm lsiquenchenbased ntsbe. aspengze npBYRSTsQS Hhesp RECr-

IX T buf f A.
TR B0 s Tk s B
200 fI%lﬁMBuffME’SO ﬂlI/TKCMHDmM/IFﬁUsIHCI G.00 M DI TOA vt ML

Do Reianne | b T b B R fe 3, Ht

Gt

Fi ) AR 40TE, s RN i SO0 A For P e, 200 a0

( (3<’le|a lp(tjcﬂﬁhe 01 [Bﬁ? Apigsgase LD, (alb {1086 AbplowlBiosystens fogtedCity,
nd human el e _genomi nme

QuantGMab i & upcRy gﬁlg;lzyr@éY A{)apg?,gﬁa@anée @ % Triton-x-100,

Cirt 15068 IERAT 1ok o WL ot

1998 H,0 and human male genomic DNA (Promega).

4. Quantitative PCR Technology, Chapter on “Gene Quantification”, LI

McBride, K Livak, M Lucero, et al, Editor, Francois Ferre, Birkauser,
Boston, MA p 97-110, 1998.

See E.T. Lagally, I. Medintz, R.A. Mathies, 4nal Chem 73(3), 565-570 (2001), as
well as B. Vogelstein, K.W. Kinzler, PNAS 96, 9236-9241 (1999)
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See E.T. Lagally, I . Medintz, R A Mmes, Anal Chem
73(3), 565-570 (2001), as well as B. Vogelstein, KW
wKeovzl1e71938 PNAS 96, 9236-9241 (1999)[0297] It iBCT/US2005/015352
under stood that the exanples and enbodi nents descri bed
herein are for illustrative purposes only and that
various nodifications or changes in |light thereof wll
be 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 clains. Al
publications, patents, and patent applications cited
[oib‘jj oL s glgéegrétggg ﬁ{ag thekafnBles 2f8 ERDbAn}dAR! des&iied R

al | e sane extent as 1t each
ard fOdilWisHH@RYe Ritpddes ahiyand tia varibusanodifitaitins ap phanges indight
were specifically and indjvjduall i£ﬁicaged Eo Qe.ag
therenfovifihesuagestsyl to epspeniallefinthe at apdgrripde geluded githin
met.hod .of | . i ims. All
o g G5 Pk A B E A R0pEbe Be3fp el laims. 4
pubBédieds,Garmts, Slilmmtlerp rapp]i(?itings citeddrereiy arbsptqrpoﬁr?md by
containing a pluraljty of separate reacti anber s
referpaica ity hgit GBUTCERI0E gHBRIROSERIOARe %\%‘?@WE AP gneﬂfﬁwg?‘“d“‘ﬂ
kibatioaf ically@neinivualBisticated
pﬁ%ﬁ%ﬂﬁgyé%&ﬁggpg%ﬂf%g@%ﬁgﬁgN%gfgigﬂ?%@hed thereiﬁéﬁkhe
tobege siohmratadbptefbreass one def | ect abl e nenbrane
integral to the layer with the recess, the array
device further conprising a thermal transfer device
proximal to at | east one of the reaction chanbers, the
thermal transfer device being formed to contact a
thermal control source; introducing into the array
devi ce reagents for carrying out a desired reaction;
and contacting the array device with a thermal contro
devi ce such that the thermal control device is in
thermal communication with the thermal control source
so that a tenperature of the reaction in at |east one
of the reaction chanbers is changed as a result of a
change in tenperature of the thermal control source.
2. The nmethod recited in claim1l wherein the therma
transfer device conprises a sem conductor. 3. The
method recited in claim1l wherein the thermal transfer
devi ce
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conprises silicon. 4. The nmethod recited in claim1
wherein the thermal transfer device conprises a
wo edosactoBs/e material. 5. The nethod recited i nPCl/asrmi/015352

wherein the thermal transfer device conprises a netal.
6. The nmethod recited in claim1l wherein the thernal
control device is adapted to apply a force to the
thermal transfer device to urge the thermal transfer
device towards the thermal control source.7. The

:n claim6 wherein the force conprises
a magnetic, electrostatic, or vacuum force. 8 The

nmet hod reci I '
T B BT SR P AR ans
of tempteMufee o & taghhemathoglcembesingd i n a surface of t he

thermal control device or the thernﬁf fransfer device.
9. Th @rwﬂmanraér@weﬂw for cpaiieinieg # pluraldy of sspaTateTeagHon

t C b BRirality of
5L BE TG B Rp BEUTAER, O LSRR LB o
layers, tv&hﬁrdﬂﬂ er leadt ohé Bysf lefs atl abtame rdddss mediiched, the mcb@chavmg at

claim9 wherein detecting the | evel of vacuumi s

least opgedetlseisble mpmbrane {pieaiehip s Jayer duite e Sroert (it wEpyatevipe further
It hRBARI1 & at SRRTGIR! oF 1Rk Rhddor! dHAfAbers, th

Compnlgﬂ%attlh‘%ﬁmg ggg%{éﬁ:c% of vaacuuam 11. The net hood reci tresd ©
thermal traxdfen devike b&hgrfemned/\ﬂoenntah’ea thema:hl cohirolesoutast does not

exceed a preset al ert ni f est ed, or.

Feal | GO Bio0EE AP deitsigaera BT St ap b odted reacton;
and Fecited in claim1l wherein contacting the array device

with the thernal control device is carried out )ﬁ

enpl oysoRtEctiog ﬂ'@mamdemgg witleecthemial gpntegl device such that the thermal

ct r.onmechani.cal |on| Vi C d
controfcieer,lqeela 1y thermalic lﬂ]é Y l@gfh'g rﬁjlegin %ﬁmngr 1sS LPI cal fl}g%
tempel%ﬁﬁ‘é BP{He'rE‘eﬁztléﬁ Gh ﬁﬂl@dst okd Ohé hacted é}ymﬂ&r@lutchafgeﬂ fag a result of a

hod

. 14. The nethod recited in claim13 wherein
changeamttomacnawew pithe thrrmel ¢anigl eavece.

2. The method recited in claim 1 wherein the thermal transfer device

comprises a semiconductor.

3. The method recited in claim 1 wherein the thermal transfer device

comprises silicon.

4. The method recited in claim 1 wherein the thermal transfer device

comprises a reflective material.

5. The method recited in claim 1 wherein the thermal transfer device

comprises a metal.

6. The method recited in claim 1 wherein the thermal control device is
adapted to apply a force to the thermal transfer device to urge the thermal transfer device

towards the thermal control source.
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nonitoring the carrying out of the nethod is perforned
Wi th an automatic control systemin operable
w@eownaissat i on with a robotic control system fBET/US2005/015352

i ntroduci ng and renoving the array device fromthe

thermal control device. 15. The nethod recited in

claim1 further conprising nonitoring progress of the

r eact ifons. Te.méthokracied mortpin & whgreihthedorcayoniprisase magnetic,

cribed in.claiml. 17. A unit conprising the

elecuoftﬁ%‘?”r?ﬁlva‘i%‘m fo¥%e- devi ce as described in claim9.18. A

system conprising the array device of claim1l and the

ther ey, contieGhetd6d teeRed®n dhigd TRhedhh the foice E:Gﬁlbbllséilacvacuum
system conprising: an array device for containing a

force applindspwerds dhe Separldrasierdeiethranghwhamelsiosped g surface of the
themam?ﬂq‘é?? d%er?e grcf{h SEl?é}gl%alet?an%?e‘ii élel}‘l,cé' ui d conmuni cation with

e array device disposed outside the
reaction area, the array device conprising an
el ast gner i cTHd metkod eocited i ¢laim &ﬁpthar abmpsising detagtizrgss level of

wherein at | east one Iag}see;t has _at %Ft one rec SS
vacuurp gelpeved by esnrihe syréace of hedhermal ﬁ%ﬂt}%ﬁ gige e gurtace of the

themagggﬁs@&x&gig menbrane integral to the layer with the
a carrier adapted to hold the array device and

haV| ng a plurality of fluid channels interfaced with
the flud.d |Theansmodumt1tad irhelaimaf wherais fletectingt the fexekof vacuum is

perfonBchgrﬂtb ggwgp Fga[ X‘i‘#}ﬁ%‘@(gm | VS mataﬁ“ atlhe chargl%f'grdchtagnels

d1sta1E&H‘Ell&a%h'o%sw&@bﬁvéc'ﬁﬁﬁﬁm control source to the
reaction area. 20. The microfluidic systemrecited in

claim19 wherein the thermally conductive nmaterial is
r ef | ectli.ve. The methp# secifed ioelpin éi@ whetein whet Bigjleved of yacuum

does nf Befod Lu SIS ol M i syt GRORHE R BRI X engaged
recited in claim 19 vvherel n the thermal 'y conductive
mat eri B, cOMis msthed $édifed dmclaim 1 wherein contacting the array device with

the thermal control device is catried out by employment of one or more mechanical or

electromechanical positioning devices.

13.  The method recited in claim 1 further comprising automatically

controlling and monitoring the carrying out of the method.

14,  The method recited in claim 13 wherein automatically controlling and
monitoring the carrying out of the method is performed with an automatic control system in
operable communication with a robotic control system for introducing and removing the

array device from the thermal control device.

15.  The method recited in claim 1 further comprising monitoring progress

of the reactions.
16. A device comprising the array device described in claim 1.

17. A unit comprising the thermal control device as described in claim 9.
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23. The mcrofluidic systemrecited in claim19
wherein the thermal ly conductive material conprises
w@eiosahmas si |l i con. 24. The m crofl ui di c syst enP€BUS1008015352
in claim19 wherein the thermally conductive materi al
conprises a netal. 25. The microfluidic systemrecited
in claim19 wherein the reaction area is | ocated
W t hi n1& ceAtsystempontprisingthe titgy deviigeyofddaiinClearaitiie theemal
fluid itnl ets are disposed at a periphery of the array
controyydexies0f Ql4ids  The microfluidic systemrecited in
claim25 wherein the array device is coupled with the
carriefg at Ahﬁicﬁﬁ‘[dicﬂl@@&éferﬁfcohbﬁsiﬁg{f ay device and the
thermal |y conductive naterial is coupled with a
sur f acan afay deyicerfongorianinge pderatityeofiseparatieaeaction shampiyers
. The.m crof | ui di c syst .recited.ipn claiml19.further
aisposg) it} fegetiistinge FPInIR Sm et ut Fadisth b g ey
devicd digJdséLbutkiat eid RERidnQurdl, B4R ihe dehiRE B8Mptisiag Gh elastomeric block
interface towards the thermal control source. 28. The

formedrifiopd plurality oSlpgersnwhereintas tpaptronel layemhayat past engirepess formed
. f DDl Vi f i . .
eS8 0 B PDTAAERELFRR ReBBRTPel Py e

recessi nterface through channels formed in a surface of a
thermal control device or in the thermal transfer

devi ce camier Fdaptad;te held the airay dgdecmndrhayimeadplpraligy of fiyid
. . IS4 cuum | evel detector for
Channélgtlﬁetgl{f%c%gR’Qﬁ'ﬁotggglﬁdoﬁ%&%g}é%m achi eved between the
sur f ace tiekmbheansfee fnredfaceaontpoisingenth eren adlydoadisative acterci
the thermal  transfer device. .30. The m crofl uj di

[ d
disposeq &2 BRRVIecRbEE Ay BOEIOBFRL U AEFBRFOTHEN SRS TR  hermal
contro‘i'%c‘hﬁ% @rthg §eal:g§1§%1@g_ at a position along the channel or

C r

annel s dista oma |location of a source of vacuum
31. The microfluidic systemrecited in claim 19
f ur t he20.confihe siiergflaidiasystematecitetiordaiol 1 Syberein tha thermally

operabl e co ni.cation with a robotic control system
ConduFEYemﬁﬁePB]g'ﬁg%hgﬁd removing the array device fromthe
thermal control source.
21.  The microfluidic system recited in claim 19 wherein the thermally

conductive material comprises a semiconductor.

22.  The microfluidic system recited in claim 19 wherein the thermally

conductive material comprises silicon.

23.  The microfluidic system recited in claim 19 wherein the thermally

conductive material comprises polished silicon.

24.  The microfluidic system recited in claim 19 wherein the thermally

conductive material comprises a metal.

25.  The microfluidic system recited in claim 19 wherein the reaction area
is located within a central portion of the array device and the fluid inlets are disposed at a

periphery of the array device.
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32. A mcrofluidic device for reacting M nunber of

different sanples with N nunber of different reagents
we@eowpno®esg: a plurality of reaction cells, eartm/US2005/015352

reaction cell conprising a sanple chanber and a

reagent chanber, said sanple chanber and said reagent

chanber being in fluid conmunication through an

i nter f2ece cHgrmisrofimdic systemn reqited in slem gawheres Siscarey gigvice is
. p L . i . _

couplel TR LatriePc B0 BAAeb] Sns WL SR e Moo RPLARG Bive
materifllisic@lplddywinli a Safplefithd |t ddale at thefreastidnaegamuni cat i on

with said sanpl e chanbers; a plurality of reagent

inlets _ each_in flujd comunicati.on Wt ai.d reagent

chanbet’s; whiedpisridigsysiem gedighip glttm i op gene means

' lc8 td fhefthéthid] GAWRIMhEALEDD uibd the MEQA] trSRES interf
forapﬂslyaﬂr}‘gltagdgﬁgdnglgﬁé&gglgne o?h{gg?%l r&gggen{3 chanbers, Hteriace
towards dispthetnal ebptroltshmmagh a via. 33. The microfluidic

device of claim1l wherein said reaction cells are

formed, ™ thi,n an el astoneric bl ack fornmed .fro

pl ural _8ty E#hq rgﬁfé? “@Wg%‘a‘ﬁfsfdtegﬁ%ﬁfa&ﬂ? sW KR 1%]?&:6??%1ggor
applyil‘é'galt Yéicé Sorfifides 6 hddhahe foraphlyaitts vadtum §oercitewatls tHethermal

evice of claim1 wherein said sanple inlets are in |
transfeg éntenfarie dhionetn chinnpls Seinepdsia gspeta propa] copfgH dgvice or in the

I hannel and said reagent inlet is in fluid

themai%ﬁﬁiﬁi%é’ﬁ%n with said reagent chanber through a

reagent channel, a portion of said sanple channel and

a portinn ofhsaidofhddiganstemhacited in lokim@8dnitkertcothpaisimgta

arallel to_each other afd each havi ng, .a cont ai

P EI nment .
vacuumpved detseiot fosdetectims &Xet o YeoHR BRRIFYY Rehey e gurtace of the
thenmﬁ%&ﬁ@ﬂ&l'éfe%cle Qﬂdw&[rfé‘égmf%@ﬁenﬁﬁ%aﬁkfﬁf @fJidd dic device of

clarm [

erelrn sa val ve associated wth said sanple
channel and sai d val ve associated with said reagent

channeB0.ar eThemagreflaidicesystiommesiitesiinictaim o wheseintiho vasapm level
t hrough .a. commpn cont ai npent .control, ch I .
LSS T W B

sourccdtadinient common control channel |ocated along a

| 'ne about normal to one of said sanple channel or,
said 31. The microfluidic system recited in claim 19 further comprising an

automatic control system in operable communication with a robotic control system for

introducing and removing the array device from the thermal control source.

32. A microfluidic device for reacting M number of different samples with
N number of different reagents comprising:

= aplurality of reaction cells, each reaction cell comprising a sample chamber
and a reagent chamber, said sample chamber and said reagent chamber being
in fluid communication through an interface channel having an interface valve
associated therewith for controlling fluid communication between said sample
chamber and said reagent chamber;

= a plurality of sample inlets each in fluid communication with said sample
chambers;

= aplurality of reagent inlets each in fluid communication with said reagent

chambers;
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reagent channel. 36. A nethod for making a high aspect

ratio feature in an elastoneric bl ock conprising the
web@paomBs  providing a first elastomeric | ayePCT/US2005/015352

appl ying a photoresist |ayer upon a surface of said

first el astomeric layer; applying a |light pattern to

sai d phot or esi st whergronew fsaidrsemplednless or redgentindatets in fluid

photoresi st .nmaterial: re i ng t t [
photof et Abn 1 A i SR RO LR BRI 55 Ben
upon  Setiaghbets, fc%ﬁ@:tﬁffelﬁﬂirdugﬂ 4 b el astoneric |ayer;

applying an etching reagent to said first elastoneric

surface to etch _ said surface of .said first. elastonejic
| ayer bt Cfgbc’emgaoﬂgadgc&}ealcﬁé)fp ) lg¥hereinspidgeaction cefls are

forme@i%’%l?{ %félﬁtoﬂ@ﬁcef)lio?lg el $n ﬁgﬂﬁ’éﬂg %}f{ [a?%f;'s ggﬁ té)%gtihgl% and

. astoneri c layer not covere
said interfact @dlvp hodefleembltmanbraheavi ng a pattern of said
el astoneric |layer corresponding to said pattern of

t h i St i al @i . ' .
o equitt o B TeealvR G o R wheteB ARG ol are in
commhﬁ&eaﬁ%ﬂkfﬁitﬁ Bad hﬁﬁﬂlﬁeg&h%g&?hﬁrdﬂgﬁ aRa@bleldhand@ ahd Ed waeBnt inlet is

~_viewed fromthe sjde. .. The nethod of claim®6
in fluifl gomhemicati oy withisaig reagent ehambst threwghva reggeichapgl, uarortion of

T I

each ot Q8 ¥ach BR gl PeontdifinsmvaBetisicified the@wasit foredritdlling fluid
| ayer and said pattern of reacted ghotoresi st,

commpmicetiomtheretiyewshs shemicroflpidigidgvise rbelpipe 3 vdiseein sy valyed

el ast.qgnerj ¢ | [ r . e
oSSR b S PR BL A BLL Shtl e
in opefdblé esiBmahicatiirtwith @sdhostherithrougly @comafhn chneinmee¢ricdniod] channel.
claim6 wherein said photo resist is SU3. 40. The

nmet hod of claim.6 erein.sai d_etchi t, .
conpri 3es tdbf &Bﬁpﬁs’é]h‘i‘rmmcﬁﬂﬁ qg%ﬂp‘gl@ﬂng{ﬁg‘f‘g‘{n&m%@t common

control fiadTRl 228 faloﬁk 31117 S ¥GIo8h A 15nd of 848 YhRplehnnél 8r said

reagent channel.

36. A method for making a high aspect ratio feature in an elastomeric
block comprising the steps of:

» providing a first elastomeric layer;

= applying a photoresist layer upon a surface of said first elastomeric layer;

» applying a light pattern to said photoresist layer to form a pattern of reacted
photoresist material;

» removing unreacted photoresist material leaving said pattern of reacted
photoresist upon said surface of said first elastomeric layer;

= applying an etching reagent to said first elastomeric surface to etch said
surface of said first elastomeric layer not covered by said pattern of reacted
photoresist material thereby removing regions of said first elastomeric layer
not covered by said pattern of reacted photoresist and leaving a pattern of said

elastomeric layer corresponding to said pattern of reacted photoresist material
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42. The nethod of claim 11l wherein said elastoneric

bl ock conprises a plurality of elastoneric |ayers
whoeodaarosoget her, wherein two or nore el ast onePCT/US2005/015352

| ayers have recesses fornmed therein and one recess of

one el astoneric layer is in communication with a

r ecesswindreiaribe awpectantie isaquali te or gyeater thandhe heighti heing af least two

time g ey B et o RSk o e A T cagen

conprising: a plurality of reaction cells, each

reactizm cefhe @ethpd ostlain 8 faaieelcomplisiiielic aaslofremoving said
reagent chanber, sai.d sanpl e chanber and sai d reagent
patterncofgpased photergsiptimaterizld conmuni cation through an
i nterface channel having an interface val ve associ at ed
therewg h f i T AL GaL ho bt Ivi
said \géagtr'rpl eﬂgﬁwlgl%g{i Qgglgﬁggi&(}’r@g égggée}nt chglrr% es(r); . a BFapplying an
adhesipd tapald tayd afrfacawpbad ehbketerie dgter and §didipattaro ofiteacied photoresist
W th said sanpl hanmbers;. " a.plurality.of r ent
materiply {16 SoRASEITE T19 1AV GRASRTL RS B GeH® LerFOE Jae or il of
said pARATOEEIUBERDRsIRE mhRAL is BRI fFith 9218 RATRRI T said elastomeric
contai ns an ol igonucl eotide or protein polynmer and an

layer. i ntercol | ati ng dye. 44. The microfluidic device of
claiml1l wherein said reaction cells are formed within

an el onmetrd ¢ _block fornmed fr Loty | ayers
bonded Toge %?wgwgoggﬁgﬁgﬁp%g%gégdgéﬁggkﬁgns%Em.
defl ectabl e nenbrane. 45. The m crofl uidic device of
cl ai m 4ovher Thémsthiod of alijth & windreih Saidregchie wagent comatisesn
with said sanpl e chanber through a sanple channel and
tetrabuy WpgmpenigaAvoriderEhydgte. n | ui d conmuni cation with said
reagent chanber through a reagent channel, a portion

of saighs a"@h@m%ﬁﬁﬁ%?glag‘g% V@hé?@ihts%lﬁrfe&fnesﬁhd/iz{ eagent

channel 'bei ng oriente out parallel to each other
and each having a contai nnent val ve associ at ed _
t her ewit2.h f Ghe ostitodeificlaiy 1l |whedeio saichetdstomarisrblock comprises a

plural%gﬁ é}a%&gu- glaygq%\}agggegist:’pg%%fe g/%iﬁfe%rﬁmgoec\)/ri r%greoeflas%nqci:rfg 1§yers have

recesses formed therein and one recess of one elastomeric layer is in communication with a

recess of another elastomeric layer through said via.

43. A microfluidic device for reacting M number of different samples with
N number of different reagents comprising:

= a plurality of reaction cells, each reaction cell comprising a sample chamber
and a reagent chamber, said sample chamber and said reagent chamber being
in fluid communication through an interface channel having an interface valve
associated therewith for controlling fluid communication between said sample
chamber and said reagent chamber;

» aplurality of sample inlets each in fluid communication with said sample
chambers;

= aplurality of reagent inlets each in fluid communication with said reagent

chambers;
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sai d sanpl e channel and said val ve associated with

sai d reagent channel are in operable comrunication
wowaos/1emsdh ot her through a common cont ai nment BORURZM05/015352

channel . 47. The mcrofluidic device of claim4

wherei n said contai nnment common control channel

| ocat ewheteona least bmeofadasithambersaiontamsamenligbnsaéeatide or protein

or said reagent channel. 48. The device
pobmﬁ?%%‘ﬂ&ic‘aﬁgfl g8%the intercollating dye i s SYBR
Geen (TM. 49. A nethod for determning the

denat ugat i oThé BARSHAIW Evie FTcRiR 1NWREre! daliREEGH RQe]168re
conprising the steps of providing the device of claim

formed within e ¢lagompuc blosk &ratedrirony & plusality @ ilavers homded together and
said Hﬁ%r?e}g%tvaﬂ% %@ec&% & hobhg.dye. 50. The use of vacuum

react 'on vessel agai nst a thernmal
control surface of a thermal control device. 51. The

use of 48l ai Théicroflaidéd dtbvﬁdm)f\cmmal whe&rein saidcganfpleliniéteare in
devi ¢ce. 52. The use of _ cl ﬁ m 51, wherein the vessel is

comToR R TSR G BB L G S B hal AGd Sag Foagent Tnlt is
in fluifl Qgﬁaﬁﬂﬁu&ﬂgg WGt M1 ﬂeﬁgeglg a}fﬁﬂe?tlﬁeﬁ%afréag&g Qhirtedi 'a(i)ortlon of

support substrate to | ze uct i on.
said saftyele ghanmef arel apontibs pf sdide r@genttchﬂm&hb&ng atiented about parallel to
i Nt egr at carrier.

each o S0 R BRSO PR ED e e e hcer SRR fluid

Commg{m%@}{mb%o 2rein the silicon is poli shed. 57. The
use of claim wherei n the vacuum pressure is

appl i ed through a channel forned in the thernal
cont r o#6.sur The mierofniglic d@’}’@cetq{@mmc} whergingiatd wdve asgociated with

said s Epae i b eie L i Pt bt b ot

commufiRaGbrvith 24ch yer Bidhgh h%oﬁ‘lnﬁdrﬂfdn%ﬂh%tdz@ﬂtr@l&:hﬁﬂﬁdl her
conprises a thermal conductive portion. 60. The use of

claim5b9, wherein the thermal_ conductive portion is
silico7.  The microfluidic device of claim 4 wherein said contaimnment common
control channel located along a line about normal to one of said sample channel or said

reagent channel.

48.  The device of claim 1 wherein the intercollating dye is SYBR Green
(TM).

49. A method for determining the denaturation temperature of protein or
oligonucleotide comprising the steps of providing the device of claim 1, altering the

temperature of the device, and detecting a change in the dye.

50.  The use of vacuum to hold a PCR reaction vessel against a thermal

control surface of a thermal control device.
51. The use of claim 50, wherein the vessel is a microfluidic device.

52. The use of claim 51, wherein the vessel is an elastomeric microfluidic

device.
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61. The use of an mcrofluidic device to perform PCR
wherein the PCR device has a reaction density greater
WO b@s/14088 reactions in fluid isolation per sqQUBEBUSIN®15352
area. 62. The use of claim61, wherein the reaction
density is greater than 250. 63. The use of claim 61,
wherein the reaction density is greater than 500. 64.
The us83.of ’c“hailm o, thednea] eomductiee ingart wiithin demsii¢rgfliuislic support
reaier 2&3 5.. The use of claim®6l, wherein the
substritg 42 {qcalizefafiana §°W‘ cPRat er than 1000. 66. The use of
claim6 1, wherein the reaction density is greater
than 1250. Gfe udder disitn 54, W@lleﬁe'lﬁr’ch@lsubém%ﬁ'aﬁ iht@8rated carrier.
reaction density is greater than 1500. . The use of
a synetrical opitical stem having an NA | ower than
1.5 t o55.nagéheusd @frqbalmgBd mdherpay thedheroiel egnsiuatyvePgrert is silicon.
reactions. 69. The use of claim68, wherein the NAis
| ower an ntro
line f % id. ;h}g Eze %c-mﬁl %55 g&?h%%ng h’écsﬁ[f%il Vﬁéol?sh&? 't he
gl ycerol is part of a solution. 72. The use of a PEG
sol uti 67 as Tae agdif cddind 50)eviietcin the v'éauurff beessu&e is)éppdaind through a
aut omat e gctuatlon device to conIro ﬁwﬁ ons in

channgl ATEG i HeEmKAEE] Su7ipcs SRS b Mgy levice.

wherein the actuati on device controls val ves. 75 he

use of sgl ai f,d3se YN5IR] 4V, t&?\hﬁréﬂl ﬁfe%ﬂc%fﬂhdic deVicE & an elastomeric
conpri ses an el astoneric block. 76. The use of claim

microfi8idiodsanei n t he aut omat ed val ve actuation device is
used in a systemthat enpl oys a ther mal control

d h I .
devt o TSR U e R 0 b

SSI'S

thermh@nidtivepoktaat W t h the mcrofluidic device. 78. The
use of claim 73, wherein an autonmatic val ve actuati on

devi ce a co(&r%gter to contraol actuation_of ‘{}";“e e
mi cr of 60i di dhaase ekeclagedd.rherprthe thomatrendisEveportioy ifilicon.
74, wherein the valve conprises a deflectable

61.  The use of an microfluidic device to perform PCR, wherein the PCR

device has a reaction density greater than 100 reactions in fluid isolation per square cm of

area.
62.  The use of claim 61, wherein the reaction density is greater than 250.
63.  The use of claim 61, wherein the reaction density is greater than 500.
64.  The use of claim 61, wherein the reaction density is greater than 750.
65.  The use of claim 61, wherein the reaction density is greater than 1000.
66.  The use of claim 61, wherein the reaction density is greater than 1250.
67.  The use of claim 61, wherein the reaction density is greater than 1500.

68.  The use of a symetrical opitical system having an NA lower than

1.5 to image a microfluidic device containing PCR reactions.

69. The use of claim 68, wherein the NA is lower than 1.0.
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70.  The use of glycerol as a control line fluid.
71.  The use of claim 70, wherein the glycerol is part of a solution.
72.  The use of a PEG solution as a control line fluid.

73. The use of an automate actuation device to control PCR reactions

in a microfluidic device.
74. The use of claim 73, wherein the actuation device controls valves.

75.  he use of claim 73, wherein the microfluidic device comprises an

elastomeric block.

76. The use of claim 73, wherein the automated valve actuation device

is used in a system that employs a thermal control device.

77.  The use of claim 76, wherein the thermal control device employs

vacuum to assist in making thermal contact with the microfluidic device.

78. The use of claim 73, wherein an automatic valve actuation device

a computer to control actuation of the microfluidic device used for PCR.

79.  The use of claim 74, wherein the valve comprises a deflectable

membrane.
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