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WD 2004/ 089810 PCT/ US2004/ 010492 M CROFLUI DI C DEVI CES

AND METHODS OF USING SAME Caimof Priority [0001]
w{abdog/osesme pr ovi si onal patent application cl ai NBCT/US2004/010492

priority under 35 U . S.C. 119(e) to 5 US Provi sional

Patent Application Serial No. 60/460,634, filed on

BcROrLIDIG BRYRETANS et G P ISING SaSiE

speci fic ™ purposes describe therein and herein.

Cross-References to Patent Applications [0002] This

application relates to U S. Non-Provi sional

Appl i cation No. 10/ 306laig8of Piricadky 10 on Novenber 27,

2002, which cJains priorjty under 35 U S.C. 119(e) to
00011, Sisprgumey ivar! paﬁﬁ@% PPRIceTIg clRins Brpray 1ndersS Hiealoe o
s Py RS o So. Y8, sl APRRL SRR, Anger o
al., whiclcisipanparetd by refefeace iciés émirétiydor all pupbsestand thor spatific

%urgos%s.ﬂ BACK i ND OF THE | NVENTI ON 15 [ 0003]
purposes deseribg thereia a8d REH. heen concerted efforts to devel op

and manufacture mcrofluidic systenms to perform

vari ous chenCeeoss-Refeieioeshnt steint aiyhNedbomnd

S heses, both for arative a apal yti cal
1000213 BhiSCEPHEAROR ke o bSO Eaew S Geh B8 Ni 110896798, iled
on Nob&RBe+3s, 9h0x Wqﬁdlﬁﬁisﬁrﬁﬁ% ulkfR8kits. §.d Ry 9(‘&?&) U8, Provisional

realized frommniaturization with respect to analyses
Applicatidn Noy 10/388.629,ddedihotesd, 30023 andiof U.$ PabdsiogalcApplication No.

fd.ts.includ bst antd gl. .reduction i.n ti 20 :
601330 58F SloENpRen s 0o Pl P ottt RapSrndiguhyaRencEth their
entiretyttfbd AlEpepbsesconduct the anal ysis or synthesis.
Additionally, mcrofluidic devices have the potenti al

to be adapted for use with automated systens, thereby
provi di ng t heBAGKGROTANDHORITHE INVENTI@Ner cost

ooos SRS 3% SR SAR R B S0 S RAFANER Bt

systenf3ay ';peﬁSnﬁ aousRBeMidal SRPSiIBEhdnsitallmBlysel dhd\sshiheées, Bith for
applications, including, for instance, capillary 25

prepargfivecandmabitieal appligrdiong h Tbereiead de sk seahdleyider arises because of the
sign R8O o O RS SRl LG8 8 Bl 1638stcs and

synthesesnohilacitd oms naesosiaki Shchibbhefith erchiderasubstatti4l retRiétioe & time,

f . . F '
cost i SEREC FHRILSHIP P e DIPRS00 69Raet hegnalyas or ynthss.
AdditiBRi ,ﬁﬁfﬂdﬁﬁfﬁié RHReS b &fﬁe%gﬁ::%ﬂal ﬁ%%%ﬁ%@%&?ér dsBS3fh automated
materials are difficult ‘and conpli cat to machi ne and
systenethieraby prend ding rtlosadsiitinat berrefitsewfi fattberarost fedagidne and decreased

Furt h , .t of fluid through ny_existin
operati &1} P NP FOUA) O S POR EoBe OGRIbicE dpyiceshave
been pEGfbEEd B% us&HY %ﬂeggof’ippﬁemwssﬁkﬁﬁir@, e lihdtsil {]a?gtag%

to transport flui ina controlled™ fashion
electropheredigygasehrquapoghphars], cellrsepiretionsf t he f or egoi ng

T et R .
complidetibrkasodidted ®ith eMmttoMuidRARkvIcRE tHit Bkl thid i bedeMb&fictured.

For instance, many of the current microfluidic devices are manufactured from silica-based

substrates; these materials are difficult and complicated to machine and devices made from

such materials are fragile. Furthermore, transport of fluid through many existing microfluidic
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5 designed for use in conducting a variety of chem ca
and bi ochem cal anal yses. Because of its inportance

WO poooghsmo bi ochemi stry, there is a particul ar PeBtdS$004/010492
devices that can be wutilized to conduct a variety of

. anplifi eaGtd whi | e hayin
devioof HEbREF 1 B BE oo Ry lr R R0 R e B B controllea
fashioathabyghethe devivel | . [ 0006] Devices with the ability to
conduct .nucleic_acid anplifications wiuld have diverse

[000511“61% 10y Yiey of therforesamamsnetits Shee ivan bo pelievedouitiympeotleidis devices

but thefurft ﬁlﬁﬂhﬁf&ﬂsccﬁl %’:fsﬁﬁ% flé\ﬁc«%e{h%{ ¥h ﬁ’&‘%eﬁééﬁ rf’or r?ucroﬂuldlc devices
particular target nu c acid of interest

des1gnexi falmseit condud1Wr&ty dh¢lemitdiend @wchaﬁlcal:mallﬁkeb eBecause of

. utilized t st for th presence of particular
s impfiengsgBacda Bochempsbdboieg berrUToR b gryeesdiv rabe
e SO oA 0 RARE B S AR SERUN 0d BLADSH in
versatilst foc tisein chﬂrtmﬂsexf andys @s wellc nucl ei c acids

00 e S b B0 SR

utilitie§l eV bCRINHR) |chlﬁlleif’ibe§ BowlH 'Ue'u%@diﬁ zﬁl aﬁﬁﬁqiéﬁf tOQFtBQieYéﬂn'ﬁ% whether
anal yses and gene expression anal %Ses
@

a partigilgrriaigshnica¢ic geidef ¢ @)!@pueetss prasendtondbssy) in lenaﬂ“hme the, devices

he use arative fashion to
could Ue\GIIE G5, e FedRr of i R Pl (e AT e o
fungi), Salndfforalﬂeﬁtﬁﬁbaﬁﬂﬁ ipafhos&f (e 2 TWaterhi®landy fPEHEic a g@ﬁbétroh\ip' Si¢h
ingerprinting and the Iike. Anplified products
deVlce%%mﬂ@elsa|b§&tlﬁéedj@é@tqchowharwzgéawﬁ@ neglgic peids iprryiously
o B g 258Ul 5 BIE R RO Ut o e
devicenfowdd dkse ibe eentihpe(btoejondmt @ehhetyping SMMR\énﬂ]@eﬂ'é-E(pressmn analyses

0007 i ety of deV| ces ,and net hods for
(e.g., dbfg'v alaﬂﬁl ﬁ'@;‘l ?ﬁpé?% Pﬁi%saﬁétﬁy%ge ¥r e drygese beispding
preparét%' ﬂeﬂﬁh&gto‘j&f{ﬁlﬁ?%ufﬂ&%’c RadeR %ck'lt fo¥ ﬁﬁﬁl@t 1§é?§7§{h':ﬁtas sequencing

hermal cycling reactions such nuclei ¢ acid
of ampi’lﬁlpﬂ pfaduat, Edh-tymlag;tmﬁﬁéingﬁpemdeg |an@ ﬁledlkfef e&mﬁlnﬁmi products can

conventional m.crofluidic devices in,that the
atso be RN BN ASRLR ot PPttt APIGisES T aittias dlscthplogs vegtar tha
can thedfbelRed toteMmisERni &cllg F6IRS pebdRttic 884 QSEREH GrotBihProdict.
[0008] Certain devices are designed to conduct thermal
cycling reactions (e.g., PCR) with devices that
i ncl ude one or JPMBIARFSOREIEANVAENEFONO regul ate
solution flow through the 30 device. Thus, methods for
[0007] o Hayisy iof ge‘an«?ﬂ allﬁum%th¢d$rfor eq@up@mgmroﬂuidmbsem&e provided

oyj ded. 0 he
herein {808 S igp Tl RGBSt SR TRapagligRgsoch as
nucleid 4 &ﬁpﬁﬁ@dﬂoh&@d&hbﬁﬁ STheagevicek QafEdr (RS Sbiv@ntiédl hdbidfluidic
such devices include a flow channel fornmed within an
devicegsingBatdhey inluds elasiopmuis/cosPRRENtHATS08L DLiFNGeH A9k or all of the
dev1ceg$éo%0ﬂo%lsd of‘&gst hyh%ke'tr{ﬁ/ of blind flow channels in

conmuni c i on "W ‘the flow channel, wth a

[0008] riGxgiatndefices acdddsidned td tenduchaamed] c?ﬁiﬂgﬂﬂewlo@s (€3S PTRY with
site. The devices can also include one or nore

deviceg Bt ingludg pas AEMoTRlastomgtin yalkettoitagdats seluting flgutcthraygh the
device.! Iffﬁ%sb i b ds! 1OV on‘fiﬂ@tp‘%eérﬁo%hﬂ@ﬁ[ﬁ Eéﬁcﬁgnse\!vﬂi’? FIQ\HE S on t]ins design are

rane separat es nore control channe
also provided.
[0009] Some of the devices include blind flow channels which include a region that functions

as areaction site. Certain such devices include a flow channel formed within an elastomeric
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5 the blind fl ow channel s at each intersection. The

el astoneric nenbrane in such devices is disposed to
wheoodesdsect ed i nto or withdrawn fromthe bl i ndPET/082004/010492

channel in response to an actuation force The

AT G T ST e

with a Mgiomuﬁdfdcﬁ)b[hﬁd ﬂohﬁclfabﬁéﬂ deHAMR el re@dtidhGite O lI‘ﬁe @E:vﬁé?sr @n a®o

the reaction sjtes. The guard channels are designed to
include, gyeormgreronfrghehanasls pr«wrgaygrg ansl infyrycstng eack\od g Rlindoflow
chann‘%g %ﬁe}aﬁ &g gl ot glﬁlkg'{y}ﬁélﬁ?%ﬂg s¢) g@ﬁ%:s etgg 813% Blgl%tope coﬁjF gl channels from
the blind ﬂbwd:harmms atreaniy interseige N The dapmmmednmmlbfenéumen de¥ices is

dispostq GupeclrLisHer S % ﬁf@th@i[tgvgllﬁ%m'rtﬁqﬁ bigd B ichanact huemeanse to an
actuatlﬁﬁ%}cé’f Tﬁé‘ﬁewéés%wﬁﬁﬁgbgi Her 15&&%% gfﬁgﬁﬂ% &?&hé}ﬂ s

multiple blind flo mhlc
formed We!:hmfth@ rlastOmedievmatesal ahd bh@riﬁyd@ﬂlg lﬂ,ow chasneteand/or one or more

I nst ances e plurality of flowch
of he {eP gt e CHE 8LHAEBIRS FnOFHEReIIn VS REtd HavG Mreiovglato
reducel VAP RHHGEFomthE f1B8ACdhaltheld AR Fe8ATdd 9Rs oBIHeRRvitE aAﬁdltlonally, the
single inlet. In other devices, however, the plurality
devicegparf opsipnaliz insdids quemrinywt taagents flepnsitedwhithint éaeh of thefreaction
that fluid introduced into one flow channel cannot
flow to another flow channel, and each fl ow channel
[0010]CIRrvRfthiBRRViREs, ithe Abwathafite 1saneQﬂTa 1@REs; dfifidw ¥hHnGbls, each of the
fluid can be 20 introduced. [0011] Oher devices
flow chapaplsde fluid commynisptionowith moviinde bind Aavi dhgnaslyehishtbyansh
| %iﬂ%’ .
therefrt@{%i 25 ;/c%? 8? ?rhe%&évé : nso‘gﬁé %Tsttaﬁ es rtrlgé;jl ltuhﬁﬂ 8f hgfz ch@lﬁels are
interconavditekwithave aamhar suich fiet ﬂdﬁhsamtbeaﬁtrsdmhd élﬁo @hcH k¢ reaction
. 250, 500 or _10 sit.es/ , fo anple. [0012] Still
sites VRl Uetc 0 PHEF QaBos FOENeF-ORe BIFaty of Aol QREkslFAmsolated
from c&AAShATRER hat YWARE fnRbBucedlintd an@@o@hc 83968+ floW to another flow
conducting a reaction is non-coval ently I nmobil 1l Zed.
channefrradregely8ow channd) eompriecsan infot & aneay bothserkls into which fluid can be
it dconductlng essentially any type of reaction. The
THrocys ggent in some devices includes one reagents for

[001 1]0(9meméwm iR HAAChrLirea o r8actitR Isitéd BAIALNAERAG bF Beast 50
Thus, sone devices _the reagent conprises a prinmer,

Sltes/mﬁgi yie ﬂb}géa(am siire typicatty ferndoVidiin iad edastonericonaterial. Other

L N R T L L -,

[0012] Eﬂtﬂbothémévdﬁdnclﬁ‘&d& b adaotion s1tehi©&ﬁecﬁﬁfvmﬁﬁﬁl elhﬂi@ﬂaﬁﬂ@sub@trite at
a first plurality of flow channels forned in

which a repgeRifF pondyighag ¢ sﬁaétwlz jsinpn oy alepiiy 1mlpstpbﬂlap¢ t 1y“h@rwgen‘r can be
one or H&é\&é&g@fﬁé‘ ?(Lr%o Fhdt s&nﬁ?ﬁ)( ﬁ&f%%)ggfféa&l e]r b enrt BRdome

nt erseéct t rst ura OW channe
deviceslaicludes ame magants fifr cbﬂ@mtmg a nac}‘eﬁ:SamcI arplifieatioh lﬁéﬁhbﬁ YThus, in
f.isplation valves disposed within the first and

some dexicgt e peagent ?WP%%@SPWW%W%SQ ek oneg5 nie apelgetides. In
other d(eﬁcéss %@&ﬁgemﬁ 13%1%9%6/ &%@ﬁﬁﬂaf) 2CT/ US2004/ 010492

solution within eac eaction sites from
[0013] o varidtp of atatrit tearrayebestd devisdstaes alsaprbvided) Certain of these devices

. | urali of.. r.d chann (|l ayi one or, nore
mctadd b Bl T PR e v o Sl 18 second
pluraliyl ISR ShaRHEN Fom RMARN AhdtORerdd subRiriteitR iBREQTROMst plurality

of flow channels to define an array of reaction sites, (iii) a plurality of isolation valves

sites.

disposed within the first and second plurality of flow channels that can be actuated to isolate
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[0014] The foregoi ng devices can be utilized to
conduct a nunber of different types of 5 reactions,

WO pkighisng t hose i nvol ving tenperature regul at PORUS2004/010492
(e.q. thernDcycIing of nucleic acid analyses)

st S IIHE SRS i Bl b SRR S o

pluraliepofuasbehadnélb aweﬁetmg]@he dranére & et fidvid chdhnelsamt@F®hé 6r more
material; and a plurality of blind flow channels in

of the fqagien HishipicEarticsAPwpton efselutioniherntiomel | with an

o018, KRR 2l BL L SRSl IS0 o

reactiongtiocledinp tlofse iinerlviag mmpﬁi}atatd e §ulaf@dﬁd (. hememndd@ing 6fnucleic
the reaction sites. The

., IS det d at qne of
acid angyshol e Wﬂéﬂ%ﬁﬂ? W”ihrf@ﬁa]é}é’hﬁé&h% be devicpeiyplvs eoviding
a mlcréﬁlﬁgfcrlfevi% it Ro ?ﬁsesr £AG ¢ gaﬂm%l ko ‘f‘mﬁa_ BHhin Méla&éﬂ%ﬁ& fhaterial;
hod can involve 1ntroducing the conponents for a
and a piurahty af ‘tﬂmdcﬂoav‘rdhanhelsan ifloid doeantnicaticancith ﬁerﬂow channel, with an

t.her poc entstoformarrpllf
end fe%%ago %%%1@3%@6&% RN 1A iS) v ?ﬂsbﬂ)/fi‘edlieﬁ%e“éls
introduBe8 b b Gh & R4 E6n &%éﬂ&h&ga RAEtH O 1srﬂyﬁé?:tedra$ RpkE bpﬂlore of the
S|tes each reaction site conprl Si ng a first reagen
reactiohgites oTitﬂmehhn@ cain omiays iincludedteating thean lqaswraiesmge;at within the

s SRR L, AShTRLLS AR e gt o

nucleid @@@hmpnﬁeatioa&eadﬂ@ﬁraabmdnhﬁeﬁndcsj&hrﬁgwﬂe $6mPOEkbntLRUBHA Smplified
mx to forma reaction mxture. A reaction between

produgthe fjrst and second r eagents at one or nore of the 20
-getect

[0015]0§ efr: fn?}@t ﬁé 131%31\)6 O? ﬁ%?a;@f%«%ﬁnuglglg d?hgl&g gﬂn&}g g]08§ E)f fore

reactionGitey, Iesctln@acamnmiuea:ysn@hmnlg@&htﬂ 188gehit f(&&:oﬁ@tlidm@ anl ahblllyﬁls that is

su strg %fl havi g a density of at | east

non-cap ady deapsitod on an shtogiec rslé‘i%‘@l?ﬁ 4 geqopd FWGE@& thegigtroduced
o 688l e BRCKER B4, o GAELUOR, gl gl TR
reactioptrhigturereAlreatdionrbetyaea the fust dmm@candnaagelﬁk af aliecordent of the

t . opne reaction site which is forned

rising at le
rawhq&sﬂﬁ ﬁsgwgg?%gﬁ’ 4% substrate and a plurality of

[0016]9StAT Sthelc RO BivalvePréRARBE niickdTividit Qevied @&hﬁﬁﬁh% Gn array of
substrate. At |east one reagent is introduced

reactioggitps rmedwithingz sybstraisiand aving ardensityefzat é@sw(i $ites/cnfie At least
one re é%ﬁﬁ% oc%e%(? Hito eacfhI lfthe reg?]féolgg\f%a %xgrégc H & E)Iﬂé:“ o g{edof the

nne ore or ur| ng

reactio@\s& ik dlidnaietdcksddn t he at | east one 30 reaction site. A
reaction within the at | east one reaction site is

[001 713%%&1%?& athags deyelye arpvidipgpmagrofuidia qlqym cogprisinggsat least one
reactmg%ﬁé %ﬁgx i ?oxfr%q%ﬁlﬁ\éﬂgﬂéﬁh}eﬁg sﬁf)sufalt L UQ@FQ&%Q Igt(‘: %usard

evice are a rovi enera
channetoatpr foemed within the eﬂeh;&imd:rﬁ: smastt*atelf Aalemtczm@frbagedt B introduced into

cach of et oy A G 4beh BRI HERE ARG EF 1 THGFS §oveghrough
the guf gﬁ%@gr@ cfdr® anne{shf;u%ﬂéfat tQY% g@ﬁ S fféﬁn R i&8Ene

reactioﬁ@ifsé.USﬁ“@M;/oﬁ K3t 8¢ i7d thaiﬂ\leas’emel sacioneite (d Jubbayuahilypdetected.

o081 el acvus desiane o redicroevporration o6 R b Pedevics are aso
provid &t InWenkAl, Q@I Gs eBMIptiKe HUS/ityanal b&e bE @ Millboriulifc network

formed in an elastomeric substrate; and a plurality of guard channels overlaying the cavity

and separated from the cavity by an elastomeric membrane. The guard channel in such
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menbr ane(s) upon application of an actuation force to

the guard channels. O her such devices include (i)
wor®40898n0r e fl ow channel s and/ or one or nore PEHUS$10041010492

sites; and (ii) a 5 pl urality of guard channel s

dev1ce?zsesr1£e?1y((?r{’ a lg\% snl 1%)%1c g{ﬁ%&?’éﬁéﬁ?ﬂ@ ?’gpsig ﬂ‘ga?g%rdwéwt a

substanied retuctiam ﬁﬁdo$uticﬁ1 et Wﬁ%ﬁt dihthicu ﬂi thesavithy dok IT@ﬂeﬂectlon of the
devj ces the_spacing is between m and 500
membiing(s) U ARpHsatingy r@CE@U@IthIﬁ@’foltge gugyechanne % rOther such
devicc DRI HESE it 166 AR AL 2 SR Ut Ehe s
plurahtyemguauhchaumds o@érlagzﬁrg thke Imléh@ﬂmcﬁcﬁ Sfsketih et s@ﬁmtmeﬁlﬁ%m by
ded. .Certain such con‘pos|§ %I ons i nclude one

r ow
clastori Pl PE Shising 'a@twsw feprd shenmglsris bethigen birgr ks mm. In other
dev1ce§’ﬁi%ts%héln$ is@s‘t@& Snf%508 ém?llﬂﬁﬁ%frﬁéxh s%h%%nai() ﬁg%ﬁ 100

det er |ng ag I yplca
pm, andrin giil hélegd@upﬁsdmtmm%qgmahdﬁs;pnot ein (e g., gelatin

b | b The .
00193 BB B S BB A5 SRR AT B e

microfRESCIAEREE e elso pHlsi QAW Math Elﬂ:@%hlp%kl@onéﬁchﬁle%ne or more of the

schemati c regr esentati on of an exen'p ary device wt
followingt pn sgeat Biagblogks proteie binding sitgs ve an Elestormznid nheserizd and al

detersge 6 BAERRE gy S beall Blechll it WOAREID G oF i Broten

(e.g., gelaltmsir aibuefin,isush aPdahd Stum b8 BB A). Ghd detérEerd can be SDS
schemati c _representati on of another exenplary matrix

or Tritomy dPiexag@le-ce that wutilizes guard channels to reduce
sanpl e evaporation. [0023] FIG 2 is a plan view of an
exenpl ary blind channel device. [0024] FIG 3Ais a
pl an vi ew @RIMbDESCIHP&HﬂNaO)F BHEDRANINGIS devi ce

FI G s a schemati.c re esen ation_ of a
100201 g3 T 5 B A SPTET AT o6 b SS G0 BV ch 8 Al design of
1nterse@tﬁng"%i‘t1@ﬁﬁﬁdanﬂﬁ%l%“ﬂ&ﬁhﬁ&@d in Fl G 3A [0026] FIG

an enl aﬁged view of a region of the device shown

[0021] |IHGISL B-Bshovaerdarged viestsraftagortidneofghé dentieg showmih Flfe 1A and

channels in this particular design. [0027]
lnuStra%ggsq}EellagW% plan view of a device utilizing the hybrid

[0022] (RISEI GRis 4 %Bﬁl]atlﬁe@reSEnﬂaﬁo@oﬂﬁﬁﬁﬁer%ﬁ@%ﬁ? af dRighfbvice that
times to conduct a thernpcycling reaction.
“tlhzes[@@?bfhamés tsreduesamme cyaportiosn of spotted reagents
LGl type device
[0023lwmﬂgﬁ£?@%tgie&?%%é{r%ﬁpgmﬁbhg %e r e%gent S within
[0024] rd6&c B Aana planedevadf atharexamphryblind ftlendevdesize. 5 WO
4/089810 PCT/ US2004/ 0104 [ 0030], FI GS. 7A and
[0025] ﬁg* 385 4 Sy epresPplation ok msha porpbley, bl channel device based

uponﬂ&ﬁﬁf@th&g&ie?ﬂﬂ@ﬂgﬁﬁe 1&@991?FfGrWAP“ d type mcrofluidic

device and represéents the type of device used to
[0026] dddBCtis arhenlarged view of a region of the device shown in FIG. 3B, and

illustrates the orientation of the guard flow channels in this particular design.

[0027] FIG. 4 is a plan view of a device utilizing the hybrid design.

[0028] FIG. 5 is a chart showing ramp up and down times to conduct a thermocycling
reaction.

[0029] FIG. 6 shows the location of spotted reagents within reaction sites in a blind channel
type device illustrating proper alignment of the reagents within reaction sites at the corners of

the device.
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experinments described in Exanples 1-4. [0031] FIG 8
is a bar graph in which the average FAM PR1/ Contr ol

WO 2604089880 e plotted for six 5 different (3-acPCrUS2004/010492
TagMan reactions. The reactions were thernocycled in

0 idic evi ce own in,Fl 7B .
[oo30) Ty A Gl IR B okt sbioRil iRy P s i diagram of
anothebayis)d typb enicilo@nidiois i@ shdtiBprebédisthe st dfukich vled tos@otnauct the -

that have no DNA. The error bars are the standard

experiggnts descsiped in Expnpleg I-ds. [0032] FIG 9 is a di agram

[0031]2&?@ gLt E%axaﬁi@%ﬁf%]rfé#mga@g AIWF—k 8ﬁt??5rgrat1c§stearar? gpc}tt%d for six
differept [Maet)n Toaghibd mac@asnsnt:[egé r&yctibhd W@teftﬁexﬁﬁt%ybl@a gethehidro fluidic
. "Eﬁi conta%; wth the substrate. The wash Stsd\?i)é@
device ) ogmon Fag 11ALT0H bare) el dfcre dagdder Feactpnsomitpepars). The
COHtIOM%?@ﬂ&@fH‘Etya!HHQOUIE]pQ%%%tS’ﬁll a\}gné ﬁ bi’“ e %p[;hrg%'tﬁé §B%ard
M signal stren or m cro evi

deviatipulof the rdgexr i bed in Exan'pl e 1 (see FI G 7B) based on

t erinmentsg described in Exanple. 15 2. The data
100321 515 BEF HloBFER frra ey Tin Preiing RGeS Beasi g picked
up frorh B%oEﬁM(E a&ﬁ%ﬂoﬁté‘r%ﬁaté)%d&ﬁ&?%ﬁxﬁ@@Fir ﬁﬂﬁénﬁ el 1%5%@%5& into

are the standard deviation alo ane
contactyiith thosubstadei Ghawagndep edmsisis @f agfiteticroimodentnizdd watenfollowed by
vacuunt‘lg: otted prinmers and probes, in relation to their
values. [0034] FIG 11 is a bar graph show ng
[0033] V6. ages é/ba@g?fpﬂ AR GIF ANItsi @51 §t%ngaf 69 tvehlfofiRllic RVice
Macr.o striped bars %ﬂ and TagMan reactions in
(chip) @%énh?ckm% t (Q@é\WGeﬂ%h Sb@l oh #resgxperimants despaibed én Example

2. The&%n'f%%ﬁg lcl:ﬁ %28{% ro? I)At\lﬁfkq% L C %gf) ﬁzcalgcgg}/ ﬁj&}p &l(/l?ﬂ’Rl ratio for

the referemaxiamfst Fras bdﬁ&@df tlia%t’hnab@l\/dbvvutibh atbhgtalend t Bikar 31X and “1X”
primer/probe, The error bars represent the
designaiogs a%fﬁawd%% PeRqeBt qfifhe sRatied gaimest sk € goelatiog;to their
nominat¥ales@ bar graph that shows FAM PR1/ Control ratios
for each of 10-1 nl wells 25 branching froma single
[0034] fHIGwI t irenipezr| grapth showing ofekagiedV IC/PEV Cortrélsatod oG- 1By ells for

o SN e BT i ALt Al ot
Two ne[ Q3§1:015Ml% gdo?ltﬂoﬁ 2AdRRb st ﬁfé@ v&%hol 0@)3%9 defSmABRNAIGere

C/ PRI /Control ratios for reacti ons using
themoemedrwethéeampﬁ p@Inﬁelmn@eaSsi%wbadrabFVGmth Bx th¢ stendard amount of

1 S ISTRAY nt.r or. th

primer e Jtelo? BaBRirhieb e Sttt qryign L cieBbases.

[0035] AaIGems2a eAlgr Bt shéwh mmwcmrcﬁ QftldsGbr dh otfl‘n@-lFrAMens
obe against the variant or nutant allele, CYP2D6

branchmﬂefr% Asmgle flaw chamohaf 2 wigpavidic dinsifres KA 7RAs The emount of
try@iat h b
senomfDRADED 28 P B0 werlesh Bk roreed 8P o s B3R 0

[0036] POE LBRQOE: @aphIRpictiNg 3 avietdge VIIE/PR1/Cohab] @iiePfor CYP2D6
showi ng. t he ayerage FAM PRLl/ Control ratios for CYP2D6

SNP re3qlions QSioe o @I 450 toe GNP o BT, cAllg 11Ty isthapositive
control £5 th@'v%[c%%ﬂé & r%gﬁlaehrgﬁll'énl%@g % d é%&ﬁf&@é%%%ml. Allele 2 (AL

respect to Fl
2) is the positive control for the FAM probe against the variant or mutant allele, CYP2D6*3.
The control has no DNA template. Genomic DNA was used at either 100 pg/nl or 20 pg/nl.

The error bars are the standard deviation of the ratios.
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[0033] FIGS. 15 is a schematic diagram of the

m crofluidic device used for the experinents 5 in
wex@npssiod. [0039] FIG 16 is a pol yacryl am deP@BS2004/010492

cont ai ni ng PCR product from Macro PCR and PCR

r onsmtemcrolwdlc [ 0 in.FIG ;
100371 Tu3ER par el DIES theshyiinee HAMATRI G Faliriios ot c¥B2ps
SNP réfic@émy indRe Rficrofiiiiry @MiceBhowhas IGIE. TROSes EIEB €he same as

| anes cont ai ni (? i nt er spersed bands are nol ecul ar

describygd; it rasaedk & EIG. Rend dnEsamplssd. ed " Macro” are the PCR

[0038]3[?]?%‘1?2283 £ Eél%%hl]aﬁane %@‘éf" ﬁl 31%%? tflu?(?:l% F()iamgc? Igge{g%r&reﬁle experiments
in Examp@@lﬂct S generated in the chip. The | anes contai ni ng
many _bands t hroughout the gel are nonspeC|f|
[00391bFaI&y<d§é% aobpglimyde pdogofpinmeBCRprodyq figapMacra BfeR and PCR
: I toyk ORi f |
resciol 8 8RR 908 R 98! PLEACL Wt sy
approxjifiau i gFdties of Slafaremt IIISA hzhe@pmt lemgﬂxge ghefan@s containing interspersed

bands ? ar I L Qr: Wn%ﬁ,rg flllfsu Ir,ﬂ%g etlc?'qu %@lﬂée B@R products from
the Mééﬁpieﬁét%rﬁ a uﬁfe@ait QilulidRg erheqaa%sfw&wde Ih %plp”%?e%@ %'(Secgﬁts

remai ni ng signal after subtraction of the contro
generagidgndlie cHip0AR$ laae drdritieginoany tangds tpdughbutihmgal dragondpecific
back ave(; g{} nunber of copies per well to the nunber of
SI9BY] ¥ FU¥Sviel I's. 20 DETAI LED DESCRI PTION [0043] | .

[0040] &GS Ak pmsde{g@is@ b préféresddnhk Bed p Qﬂﬁﬁhi’ﬂg%ﬁ)cr&ﬂdldlﬁ device in a

t echni cal cientific terns used herein have
valve oftafl vRjve arteiad §tatgnder st ood by a person skilled in the

[0041]‘¥I¥38t ﬁ;a"gﬁdcl%bt(ﬂ*) glé ingarggg E)#" g Eﬁrk? %P&m%trﬂlcg%lécﬁg angces dra

e€rences prov
thermodgEling ﬂeaﬂmnaflasrﬂﬁntbnﬁéd t Figutect 8aRdeplrid |5 Beb Edlot Mape, and figure 18b
i nvention: Singleton et al DI CTlI ONARY OF
depictyhe rempipingienahestersebierstioar! fiesontel feddiggl. 1994); THE

o0 T P T P S e B gy o 1

numbeEDf posRiveRvelier et al . (eds.), Springer Verlag (1991);
and Hale & Marham THE HARPER COLLI NS DI CTI ONARY OF
Bl OLOGY (1991). As used herein, the followng 30 terns
have the neani ngsDRETATLHDIDESCREPTION ess speci fi ed

t herw_ se...[ 0045] A "flow channel" refers generally to
[004313 fl o&%@ﬂﬂ&%roLgh whi ch a sol ution can flgow 7 i//\D
[0044] a@ﬁéés%%ﬁé@ oﬁ%l%@?aQQééMf'%?d sc{l%ﬂi@]te&ﬁe?s%g hBeinvéhe

unl ess otherwise indicted refers to a con |gurat| on in
meaningrdogimenly luoderstolhd el pesod shﬂh:dnn thel arttoawinieh thisingestiont belongs.

o o BB E B b BB Bt B ARt b e
used inl Ris/iRGRAIRHE Sifglé0n 8EAlY mcq!loﬁm OF M@@ﬂ@BléLdm’ m\m

channel " or dead- end channel refers to a

MOLEERHMR IBImQ(ﬁYN&@ ol 984) MEEMBEG&DEH@@M&Y@F

f
SCIENEH AnrfSECENGBOGY ARLIL &) 1968)! 1ie B DSWARY oF BENETICS,
5THED., 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.

[0045] A “flow channel” refers generally to a flow path through which a solution can flow.
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occurs at the sanme |ocation. The process of filling
one or nore blind channels is sonetines sinply
WO edogiossto to as "blind fill." [00481 An "i sol ap@mUS2004/010492
reactlon site" generally refers to a reaction site
« 4 n.flui.d on Wth.othe

[0046] T t?]':ng n\éaq‘s'? tuenlesf) r"é‘éeémse ZnilTh&J ?qﬁ‘ire ByiiQa co %%lﬁatﬁfg’elé‘ Whipta flow
channél esPe conttd channkDindrkdtsl afid adREparateh leaﬁ%ha%&fﬁ%rfc%@lhbﬁﬁe that

site is the region at the end of the blind channel

can be dpfigctediniqer Iléﬂré‘%,tﬁ‘é foprthe ﬂywa:haaw an gesporsicde e agitatin feece.

l;c ;’ ]_ 22
oo 24 Sfbrlianng’ o AORARLOA MY RSNy HEn Ayl s o
entranc&dme aet a @pamaema nAwotr@ng\l@ sobetidn ﬁxﬁw tih @n(ﬁ@/tldfehe’iﬂdldcﬁh@nnel

nore fl ow nels u a via can _serve
oceurs mﬁ SEmp 10%r %Pfﬁ@?ss 0¢ éﬁ W?mr@lorf@hpé@g@]neiﬁﬂé sometimes
s1mp1ytr§ﬂ’ef¥bd€d§§‘tb‘?ﬂﬁéill’and ‘el astoneric" has its general
nmeaning as used 1n the art. Thus, for exanple,
[0048] A ‘éle@ikteétree@;hon (slw’rgeaamﬂy aefygrsRolayeetiofiseailst isnot 2nfuid
| astoners in g neral a

d Iy
commugfsaiof §3/H QG TresfoRs aauceset UECR CEREP: TG|eaeged with respect to 2

blind ch&r@RE ithd @mateu%&%ﬁtsﬂé 2 188 Pegldrgét%ﬁ@sﬁd Sht SIREERMERhat can
El astorneric materials exhibit elastic properties
be blocked affdw a Yadvepasisgerated et the blimhdidnpelunder go t or si onal
L aoi Ling of the 20 .backpbone
10049 T8 ' Bbdpn LRl o5 48 A oGy e Hhid aceess
betweeh @8 @kteriid pba AR ideHAd oBE bPRoSANR chBnrldhe BRSENGR Bh serve
the force. In general, elastomers deformwhen force is
as a sargpls| I or ORIVt dpeXarMErn to their origi nal shape when
t € e | ast.
0050 4 L S8 Sl N B RSN 500 i e
Thus, RYoenagipde, Adtbokki st al T{ComdmsdraryatolgmerCidmialrg, Zﬂthd ) @86ribes
rof Il ui di c devices disclosed herein typically

clastonigl i Ko P I RGIAIGAE R 5 5 IsSrAR bospn halr Blis transition
temperdthR addNiRbRRlioh RAMRBEER. BE1S Y@ﬁ&i&ggﬁgﬁlss%fgi%g elé!sgg p@)%r’ﬂes

in still other instances between
becausg ﬂlew@iyrmrioéaams m@tdalmcuedel‘ge tawsionalabotisn '@Q)eﬁmtunmﬁlhh@af the

SR T e
prior shapé &i the aBﬁenEB Sﬁﬂlerféhrége% gﬁ{éraﬁﬂ ﬁ%t&ﬁeﬂétdefdrﬁle@héiﬁﬁ%bqh Q lied,
upon the needs of a parficular application.

but therspatgnde theiporiginalehing when the force is rgwoved. bEhe ﬂestmltm eahlblted by

o B L BIUBR8A B7S2 gMB Ly “HE o

utilizedsin themireofleillRsdenives disti@sid berein tipyiea %/fhav% ReY Ah@seRbdulus of
m crofluidi¢c systens are not limted to this one

betweeR 8boniiLata oh TPeyigeothar iasfenivet betweemabquy 18{Papol AprfePa, in still other
1nstancésq;el't‘\%e%eﬂ)%ﬁf bypany @i’@shtlg tfeé:r IH$LIYC%F betwien %Hé&t%%lP% 10 MPa,

G ven the trenmendous div ner chem stri‘es,
and in qertawnstan&s bs‘wdehebom:t B0\ —ZDWaO @%&nenc materials having a

1 f2004/ 1 2 et hods, act.i.on conditions, and
Young’ ﬁé‘% ysQuisy GRedanges cap alge ge ytifi PRGBS 1pe the needs of a
part1culﬁf)§p§ﬂféhﬁon el astorrer systens that can be used to make

nonolithic elastomeric mcroval ves and punps. The
[0051] Shwic of thef mivee fhridial dsvicypiesatibed litegiangs fabriomted fiem an elastomeric

polymeF g@éﬁ%g@%g étaﬂllgg atl(gﬁr H es“n%g)gg |crqs§l?n%<§\é2;]y%p) silicone

elastomeL (BRI, UHBwSF@bink phetbnt Iﬁi&i’ﬂﬂu@(ﬁc fsPdteth88re not limited to this one
formulation, type or even this family of polymer; rather, nearly any elastomeric polymer is

suitable. Given the tremendous diversity of polymer chemistries, precursors, synthetic
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5 application being conducted. Additional details
regarding the type of elastoneric materials that can

wheoussss1o n t he manufacture of the conponents PET/URD04/010492
m crofl ui di ¢ devices discl osed herein are set forth

mtholf 051 o5y, PR TE MRS MRt B T

elastométcsysueﬁrs ahRdah be @il tB\mkeiesliec ehstolitiic n@efdvh%y ah@pumps.
pur poses. 10 [00521 The terns "nucleic acid,

The Ch%gfﬁl of mereads Wazecaﬂy slppends ppejb thediaginulag anaterial prepseties (c.g.,

solvenh?é'sﬁragﬁ% ?Hffhl s, ggg)eﬁng%ﬂt&eﬁﬂc{? 1{ tS{%B%ex%{ ?%‘bﬁl‘f}g) rg&ifire%ffor the

applicatidndming @otlbced Addlﬂmnxlydetdm negdrdiag itiketype Eﬂdﬁﬁoin&nﬁl éhaterials
Istin these terns

i nt end d tion | engt h bet
that cap e i n i, BB o} Be EPTBRMGIS & 1RE @nirpﬂﬁ&wdevwes disclosed
herein %Ifé' dE fdiflﬁn(lﬁn%%p €t 410 Z@GW S’men-E@lé%F 1&9 ng&f (];‘ub]b?atwns WO
pl e-,

dinents these terns can inc e tri
02/ 436515dami W§ @1/61 026, sdchDa incagpotedvbieirdsy telferpﬂl@-m their entirety for
1 doubl e- and singl e-stranded RNA. They al so incl ude
alp Pfications, such as by nethyl ati on and/ or by
[0052]CERPeASs “rﬁmh@aui@dl“fab ud166tiR, Oindt‘Qﬁgsmcmﬁﬁle’e%hﬂ@d herein to
Mor e partlcularly e ternms "nuclerc acid,
include ppplymeeic demn @ﬁnuclmmles of inyongtheivtiuding; butmptt ligeted to,

B E L —

these térinix0 SEI)’hheﬂ iyese tdiais réftpeni9iio el eftétde ythEmolgeuRD Thus, in
. N or. G coside of a urlne or O pyrimdi ne base,
certaingyabogieis é@ﬁwﬁﬁﬂg cEbHc dﬁ Tlaﬂglen ganlet aist siagle-stranded DNA, as

well asb@1 D0{Yuble- %ﬂ& ?ﬁ aﬁde Sreah CinBlud Hl%@%ﬁc%aonﬁ Isuch as

el c acl ol'i no Connerc
by methyhmbla bhdor by capplirpe aﬂdhmnnb’dllﬁaﬂ $‘omisrtif the ﬁfﬂwmﬂédtﬁls More

particulisie Bk e e SR T Lo B Brasoi o] P e PRBLARF R ot
polydebﬁ?n‘tﬂﬂlhﬂ@@ﬁéesQQ&ﬁté‘lhﬁlgrElgéﬁ&%%sé)ng&gnﬁ&mca&ﬁﬁég @8 aining D-

base pairi'ng and st ackl ng,
mbose)agny gthﬁrotum@l of polpnucleginfic wifcliRNan N-005C4glycosideatia ‘purige an

c.a apabl e of  bi.ndi n t nucleic
pyrimiifE R8s o8 bfnst BRIReR: Prisdiiflenpaifreldlsbeptoms. e plmpte,
polyanilkl@ esg. Opeptilde Muclelc d@ﬁ%@NA@})%H'p\bl}er Héilliho commermally available
npl ementary base pairing, usual hr ough hydr ogen

from ﬂtf‘otﬁ@ltl'fvdlf%tmcoapoWhﬁ@a Orsgei.rig Neugeng pekynears,ua @ﬂeer synﬂaetlc

4T R R —

conﬁgmtlm thichailloesdet et paitingfant basetalkéng, pashtdsds faunld¥n DNA and
once the probe has hybridized to its conpl ementary

RNAtarget The | abel attached to the probe can include

0053] 3 Yp:idbe 8is\e r rt

[ ] I() cgln Sbe (]:]1 g%%cc?{le%l gékﬁa{)%ho?r?ﬁﬁ%déﬁg%l asta%?\‘iﬁclkfla atcm%fa

complélmntaa'yantpieace Buddghbire draﬂlm'b sypieb af closumicieboats arstnzdby thﬂ)ugh

| ud but I d .. .
T L AT —

4
e P, BGOSR B DO R i Thorgteonte

labeled wiltle h dletentabledatad $o p@mtlt fanil¢ detbetivinl erthmmbe,rp}lﬁ;lcularly once the

pote G L5 RSP SRS e on e

any of §'vﬁﬁét§/|o§ ATtdrintilibeld B wriRNRe B abe §a@5@dé’c€ét@d by ehemical or
short. GCenerally, probes are at |east

physical means, for example. Suitable labels that can be attached to probes include, but are

not limited to, radioisotopes, fluorophores, chromophores, mass labels, electron dense
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to 15 nucleotides in length. O her probes are at | east

20, 30 or 40 nucleotides long. Still 5 other probes
wae@4pgsemhat | onger, being at | east 50, 60, 7PCT/B82000010492

nucl eoti des long. Yet other probes are |onger still,

ast 1 150,. 200 or. nore nucl eoti des
particlB B herti 38 s Mbelf Tto 0B TRt Pty BieERoe | o
electrdbhérhicﬁlljl h&tivieah 61861189 chARBRS cBctvR hnd E29hrlsubstradés. Mebbes can
is. a single-stranded polynucleotlde capabl e of acting

vary sigaifigapfly Hisiest Sqmpg prohes e relptivedyrphaat eCenaralbt ebomare at least 7
to 15 @%ﬁ%ﬁ&&'lﬁ 1%&@?9 ORRE f)gﬁ)fe L BleSy e%@tdiq‘ Lgns éé o i esl e Sl

presenc erent nucleosi
other oltbsan: seswhat dongpn byt Zaki 30) 60STE BO@QO nudwé‘&déé ldﬂ@AYet
ol ynerase or._reverse transcriptase) in an appropriate
other ppasere lopaerillsaad e icast Wonbelh 200 PemoThBudeidsp langt &robes
I of the
can be SRR} Bl ACARERTRY, (HARFIAD AP IR IR WEE °! ong
[0054]aAd‘pr1mr”els nyspighabiranded pghynficleotideCcapabld 0f actidgemstal whéxst of

i g R T GRS e RS 25 e

BObLRUL 8FfaH %ﬁé‘llebé{dé béfhated
presen formsufficiently st aﬁﬂgl 1’3‘&. %@%%tﬁ%éﬁgggl?%@ﬁniaﬁon such as,

DNA QreRcMAaapés'm‘axam grreverpretahsaoptase fih e apprhpnm hoffesayle nceitable

th | b b ff
tempofiy e ARG s 1P i s i endSatB ifendedipee pi g primer

but typiglly ekt 184st & nucRbtidéy lbil?)%léAmp h{tﬁ'b BhisallAangLfr6th S 0lte 3bRBcleotides
segnment of the target whi ch a priner

in lengif b@Fb@F paglersgaa bespmewhai lepgersuch as Hbton) anclestides long. Short
pnmerq{lglgagé Z%e?l%l‘alﬂ rg%hlge og)glerlf née{r?l%.pe]fs Q{) Eﬁ‘gsufﬁglgﬁté)?gtflhle hybrid

complé)fdém&‘éqhe Ir:]mlq)llri]teb l@e%lanntpf mefedeﬁt pdfldcixhe 3xaact dfqlu&ﬁéd & template
rj mer' that ridizes with the 3' end of the
but s b Siffieienly pRBlsBIRRrete Dybridussyite frmnlele. (Raterms primer site”
€
or prmﬁ:?ﬁfnﬁﬁfgj SYte® TR GHBIY ?ﬁlgnent Pe;‘g?g‘ég Tﬁ@&% %Jﬁllilya%lmer

conpl ementary acr 0ss ngth riner
hybridinesl Hastero “piiswenpainesicanseesep of pimersdndlyging alJ' Vupstream primer”

that nfiig B bk (6 KBRS St Sl SuSed 15 5E R Rlga and a
3" “dowitieAmipiBn &t ela@ Ay bidEzé i thel' | bﬁ@{)f @8 @edd%ﬁc@té%ee&ﬁplﬁréd

inthetarget nucleic acid with whi |t|sa|?
[0055]a4 @rignst the thp iperfeelyaegmplementaet thas glsbcmeam fudlyl gpmplementary

across ?l?ergflltl?{‘%ﬂé'tﬁrc}f thé,\ﬁrer exluéncﬂl‘b s %Bréﬁl;s%r chlys ”_[é}b ) Iir 1%%'?%11%;11][}70

perfecily Somﬁléglehta@ewmﬁon (sﬂﬁﬁ@ﬁdnce‘) bea m’rgé’f@éqﬂeﬁc@ NAY“mismatch”
sufficiently npl enent ary hybri di ze sel ectively

refers fog sifet Wéyéletb@ nv@e%ﬁ%ﬁdheamnmwém n@@ewdené thasarast epleic
acid wﬁh rvﬁnch%? isl a@%ﬁgé %r-glrh;ﬁt Ikgréﬁitelm%ﬁ EP}% eﬁ? l't]i§111§7 hat

one nucl ei ¢ "aci zes
complandreaty’ whley utal inanferdiee toa ptimiee nﬁﬁmsjthﬁ‘lod pﬂi‘mbﬁls not perfectly

Selectivity of hybridi.zati on exists whe
complepetaryit 9&?%’36&6%&% e;tifsipad, thepspraerde P@aftﬁuﬁim%mla/rmrml%mentary

to hybxhgigr éctﬁfeﬁictbfﬂs% ctive/Riafid ot the d%ﬁl‘e(?ﬁ}drﬂgr lfll’ldln sit

I zatiron wi [ " occur en there i's east “about
[0056]5B % teohe fi¢anpylementarsd’ Béans et oné nadleik e:aslhs idbntlé?eﬂ to, or hybridizes
nycl eot i referabl [.e preferably

. 6 50/
selectil [ guothagonciein acitne e SAGRIgY 21 hybr e BocRITRB YD
hybndﬁgfféﬂ-&?eg%gt]@ fidte sél@&ﬁ)te tﬁ&x@bta'f Rk QF c).{ﬁm% gll"}gilftgdlll?! elective

aci d hybridizes specifical to the other
hybridigeiich wHkeccuiwhia tleé st lemcabeuts BoéiidstiResver hat2@B of at least 14-

25 nucie%%gé's), preferably at least 65%, more preferably at least 75%, and most preferably at

10
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_ polym?"%)r BIEBLS rﬁ%;?e stsr@hijads c-mseoas% g{&ﬁ;PJ) 9%@%

[0057] The term "l abel" refers to a nolecule or an
aspect of a nolecule that can be detected by

w@heosiogmiqg chemical, el ectronmagnetic and ot herP@EUS1084010492
anal ytical techniques. Exanples of 5 detectable

s L K e e YT
M. Kaﬁ&ﬁsa INabRl S cigld RS, 19r203qne8y Rpart icles, magnetic
icles, spin |[|abels, eculesthat em t

[0057]&51@% eftiriakel c,réf%%to webwls ©hawpengr| 9f aamplegilethatcanbe detected
by S TReicy S 86006 vy UKL A R B8F hamprs o
detectdbdd beld thamambe tfikitedanclade I’nim hesobiEeited o) jradjaisedped, t h

| abe] or that an qgt?nt has 1Q sonme | nherent

fluoroplprrs, chrgriophptes maagy labely, slectram dgse prrticlasomperafigtparticles, spin
s S b P EIEASEL B Uy B0 0Pt cnmes,
cofactonsy mymemhnkqddby)mlepmowd piobed' aridserzime solostimteat Thieiterim
“« e Prefercred markers, have_ at_ | eas
detecfpl PTG cuoTEab e o CRVSGUEHEN Falst G5 0aran agent has
some inA@entlch¥eacRbidti QY. § sﬁﬁ:@fsﬁﬁﬁhir%oﬂfr}aﬁtaﬁa{llchﬁqﬂtoj&/ﬂé?éct&p\ﬁthout

of a selected popul ati on. 15 ,” pol ynor phic | ocus may
havinge b&§oamaued§sa@¢mrm@évebal r. Pol ymorphic markers

[OOSS]VRC‘pg&fne r}?flé'%{ | Cet(gi: 8{n ‘g;]ogg g]&) c Sé&engs(% gnpwgﬂzh cﬁr\?érgence

occursh )P@&EM’&I aklees @i Mdast toIRRk Sdach beSurriflk EUﬁE(ﬁiéhbﬁSf greater
peats, trinucleotide reﬁ)e/at S tetranucl eoti de

than 134 s%tn@re Ripfembly gesgtes fevn 1030 en20% ofagelenicd pppldﬁtlon A
hf.leéf &%rléé'ré e

mis ar rari esl gha r erence orm
restrictord fregrhent leﬂgﬂebmlgnﬁ)@pﬁlmlmaﬁalﬂe desbgnefttanieas repeats (VNTR's),
alternative or, va{llant al | el The allelic form

hypervgrighie regiensyBuRisatellites, dinpplgoti iepesilt Ferusdeqiigs aensetson i s
tetranu@RITBHE FBRatk esfuﬁgfees@qﬁ&c@‘? é)tegﬁ WMd idieHR6n El@ﬁﬁh’cs?\é?ﬁ 2 A, The

organi snms ma honozygous or het er ozygous
first idgitifadd adletio iﬁnm 1SArbitram1yelasxgngmﬂ ysrthephfesance fiersn awbother allelic

forms o Gndied & AlrBoty PSP GUBlsty R BHAS ot SRPFTIBE st

frequedtly B PJSCHEA Ihu%htl@s&ﬁ&ﬁﬂés%feﬁiéd t@8s e WiRYR form. Diploid
nucl eoti de, ich is the site of variati on between

organigins Biay be Sermeeygass or ipterogygeus; for allaligdbings. ph disdlelid pblymorphism

has e taied ' B bR o R R8T T se. Than 3/ 100

[0059]ak “%@EQ@CE@M@MBtﬁIﬁM’DM}&JCb&@%} a pblysidighi€ site occupied by
nucl eotj de_pol ynorphi smuysually arises due to

a singlg gaglentids; AIFhH LisraieaPBEIaRdsty e aliebe Reguchees. (e site is
usualbpﬁje}fé'&%ﬁ% 'aﬁ% $oliGve t‘ﬁb@; ﬁlgﬂlﬁt' dohSviPse gﬁ%reg BF ﬁl%%gsﬁ Le. % !

ano ine or on
sequenaemtﬂlh‘evarpm ]esﬂ itham é/108 drrlari90enanhissds oSthe Ipepllilaﬁ)d)l&() eABsiigle

nuclengl%p%lgfnlr Iggn %Myp yrséq%&%%uﬁs{tﬁ%o&qu@%%ﬁgﬁpt&de fl‘or another at
the pol?fﬁio%}h@ St A tAndHEh RO 851 fegr@gtndéfgﬁ% lpﬁlhfl@ b9{38§%18ﬁ pugine or one

Aucl’eotide relative to are
pyrimitting ﬂvg'elnother pjranshfm oA difaysversiamig tm:;;mptacement afra pamne bya

reacti on. nt ¢an.j ncl ude ngl e age h .
pyrimifEEF pRE e e SHA Peiatide ol orphems SHAASe AUFAToN deletion of
a nucld®BnE bPAERs@%ioh bf h SubRat&Mklatihd ta/@re%&%ﬂéeoa‘i%lo

PCT/ US2004/ 010492 or a mxture of two or nore agents.

[0060] A\ Fesagantt rafery bbeadlyi toi any agentgised i Teattioror A meagehi canrinclude a

single agent which itself can be monitored (e.g., a substance that is monitored as it is heated)
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Exenpl ary reagents for a nucleic acid anplification
reaction include, but are not [imted to, buffer,
woredoalosdisons, pol ynmerase, primers, tenplate nucP@&i/vS2004/010492
acid, nucleotides, |abels, dyes, nucleases and the
like. .Reagents for enzyne reactians inpelude,.for ..
or a mygh of V6 8ot aebiis” e Sty Thane i i R S5 ow fiving.
Exemplatlyfrédgent¥ErbRh nh@éis acidribhgtficarion Aaeki@tintMaé, s are not limited to,
Reagents for cell- based reactions include, but are
buffer,jaetal jops.metynpeasecpiimers, eaimlatg puelieici agidd paeeetifies) labelndlyes,
nocleaq i sithe BIER SpEE h B0 R EbH bRk, B! Blubele substses
cofactdreyconpliah eiAyaies, iftes trictaniohk nhibhbe aud ectivatds., Rafigents for cell-

"antiligand") that specifically or non-specificall
based lﬁﬁ%@stl%ﬂfl%e)b}lﬁ yanat giiphip, cells eelbgpsciticstycp and ]183154% s

. [ . - Lligand. Il. Overview
agoms?%%‘gf?&ﬁgﬁlﬁﬁﬁzglfa{ !61?&3‘? ??g‘rlgéﬁtgce%%é?‘ofl ui di ¢ devices
[0061](Al“Egarsly e tnymmelecalf dor which chas exikispagthehmolengleyne.gare

o1 hannel chitectur re. provided herei.n, as ..

aniliggod) thar ShecHisaly rorenticaly, Bifda & thedigerd, ot rCtecqgnition of

some pbRfid by the lighh Dby hbbaghmt anal yses. The devices are
designed for 15 use in analyses requiring tenperature
control, especially analyses involving thernocycling

. (eOgerviawicl ei ¢ acid anplification reactions). The

] | ui di. ' i-ncor pora certain design i
006217 S s B g5 AT REE L Sl it SR s chipo
havingsideeflow oRinpe] dithitddared 1@ préadedetivréia @l welltascmhefhbdd fbr@sing

devi ces, enable the devices to be readily integrated.
such dgyiees tgicpaduct A garehneh b throughpi aprlysesd eThodeviges gradestened for

_ ey . O D _
wse in SRS LAyl ORBRL PO c D) R i ciSectng
(e.g., nuibleicnatid ehplifiedtion oeactibhd)nThe inhictoflmidic dbdcadherpadt deptain

) art by havin lurality of bli hannel s, which, .
designiearpyeg il A s dehetse ?lsmyﬁ%ﬁb{ sl P ipRidhin gAY Sotiventional
microfﬁﬁ?’i@ Rl Red) MM 1R HoREs RNBL RLdilyP Rk 861 wRADHRY %lihtlltuﬂge{ntation

solution can only enter and exit the blind channe
and proyide émdwfamated artalwsise i s not a separate inlet and

[0063] cfn's}e?éft Q @%@%ﬁ%@é%%@%%éﬁ desiS BRI G250l BIRLCR, as “blind
channdl’3 6t ‘WlRdiIregé elhrdterided ik b 8y HAHAB @l p1éralify LA channels,
i solated reaction site. ri ng manufacture of this

which,tas pediggted i the defintian sectigpr ae floaghansels baviagadead endprasplated
| YSiiS,: ' . CLj ' .t h b
ent oY B0 R5 ASPIRL B8 Bl HLRIATABRALN BILER D350 e nos
separafieripiet arheutiey fauhsbliritchahhelnalThese devieeddehtide ollgangdde valve for
connected to an interconnected network of

ar ) A > . .
each biind; ! 1o gealats Raseian T ik SRd BeShiosiora an dsplatgbreaction site.
D R P AT R S B, e A UTAR ol SR s
are deposjted st the ckaotidrpsites, thadby rdsaltingan afsignifiganaregductigreinuhd m@mber of

. tQ isol at ach _reacti.on site, the space avajlable for

input apd gBEM, &ﬁ&l@gaﬂwst%? hlipd sBuwels g sqmneﬁfsg foa1 tigeomgected

networkRERB Y GER (HHE A thel Bl BAGEs é%vﬁecﬁl&iaﬁlom '%Csllrﬁg, iy Tlimit«s:d
[‘arge nunmber of reaction sites (e.g., up to tehs o

numbet, dissampltshpisdBeansacfihe velvstigin i eslexity inligpiand outputs and

2004/ 089810 PCT/ US2004/010492. site densitie e.g., .
the uscR) 15 BLe. VAT{50D TCUALE ER G0 EriB SPAER BY SN geaction
sites is3RctesRl! qRbd VB Batutdd®These devices means that each device can include a

large number of reaction sites (e.g., up to tens of thousands) and can achieve high reaction
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features also directly translate into a significant
reduction in the size of these devices conpared to
wa e@diogdsomal i crof | ui di ¢ devices. [0064] O hePCT/US2004/010492
. mcrofluidic devices that are disclosed herein utilize

site deﬁsﬁ (tr X C{%? %89 —-4,@0@ IT%IQET% ?‘1&}656:?1‘125 r ?r@é‘lélg%lfynadl% o‘f'lectlveiy, these
featured @lsozcnfebay trafiélate b talsEadlifidan PV da bR tBe bife defheftede¥ites
array of reaction sites at the points of intersection.
comparh {8 tradifiapiabmicrefluidigidsvigesi gn al so have an array or
[0064]r6ﬁ1%1t fn%}oﬁ{ntd%sde WA bre &1&‘%58%d hRre 31 hﬁlr A& mif mdLI'lX de ignoE[n
S and correspon to acconmodat e

general, hmdr(ﬁh@dib devintesf this tﬁwmilﬁs a pm&htytdﬂlﬁtef&sm@hor&ontal and
) stemreferred to_ as a switchable flow arra
Vertw%%ewl g

s to dshims 2B &1rey ok KagiqTbsitep @t thegwiys g%méeé%q%@m-y’fhusa
: I,
devios B Bllied B ASLIEPE ol HLEYGBRRTASe f Pl e
of samphanpm*s gnd porréspondihg outpuﬂslem aeconvhedaa thetlmgebhimbkr of samples

nnel ces are ned to, co a lar nunber
with 155 QSR A GEVE RRANAFIPRES B 2 SOHRBRPIecHY R hj ire ggebles
solutioR WETRYw sefe@ﬂpél? %hroﬁglffj uSEthé h&nQ&XélQﬁsﬂoW &a‘ﬁﬁ% tthﬁkcilﬁfdwmg for

to analyze a lar nunber of sanple under a limted
switchahlafsdatioh of oadows chamels|in dtdmatmte\ﬁ[ams, velezedsythe blisd

channchePbed {1F At P SRR a 185 B bdR sty Se ke e

conditi®Rg et Llith #EdmiribRIF baryles, ¥hé MafixNdeW ek a3\ onS@ARENR Yrdlyze a
such as fl ow channels, control channels, valves and/or

large ngnhss of sauenie andss edimstadcumghes of eenditions. Stileotheralesisenare hybrids
tire device is made of elastoneric
Ofﬂﬁﬁg%ﬁggkhﬁgﬂ%%%@ﬁgﬁgntIy, such devices differ

[0065]sTignhfdrefuitlicydevites thataradesdribed bicofurth6r dHagattdrized in part by
majority of conventi opal m crof l ui di.c_ devi ces that are

utﬂlszgo‘faﬁeas FoBReRSNES Ugh 2HHAE ¢hanfisise £ppirol chamsts, valyes grkergimps

from eféfsto'iﬂb%cqﬁé(thﬁﬁ§ Mﬁ%ﬁm ésQeaﬁ? gtﬂﬁé érﬁﬁg défce is made of
nbination wth a nunber of rent heating

elastomgrm mariall lUsysequeatlgeuck deviegsalifferdighi ficanthyoin doon amgfuncnon

o S e TR e 23 e

materifleat i ng 25 applications can incorporate a further

des c?n feature to mnimze evaporation of sanple from
[0066]t Fhe desigmrafdhe deviess en@éea thew tobe uhiliged lylg@mbmnag@n@wm a number of

LS DA™y BT, CRRADR) ol S0 0 By o

requird temipBInaa $entible Alhﬁlﬁtﬁfnallﬂﬁﬁdise rRicesmiidie devichd for ub€in heating
el astoneric material fromwhich the device is forned,
applicafioup ey NcarAgEIing furkies desian feshire fo winipN4e veppratiprof sample from
n
e real RO A o 1, (OB T 11 AR R PAAIR omed
within ther eiaﬂjbmemc d&atd theduighevhich whker bargbe ﬂbwewghmuﬁeaea’tﬁe water vapor
tem aéure cont.r ol Cﬁfgbl|ltles ke th devi ces .
pressuggs orlageneds meisgial Bpgeviahths devie i {Rtmelcthgiepy reducing

eVapor%%bfé ﬁg:léﬁﬂﬁltﬁsr&ctlo ﬁegrrerase chain reaction -

reactions be discussed at |ength
[0067] Hﬁreeirrayafbrmditl afstrtait io¥ theafevickemeuts thetdgvioés ¢anechieve hizh,

' {
throug]?é.ﬁg @oﬁ{eglﬁvg 615,&h]i1e1|g th%;&}{p%t grg% ;ngg%agllirg rc]:olrl’go ucla;r)allbﬁgtles make the
deviced ﬁé@ﬁﬂ%@ﬁé@&ﬁﬁﬂ@%rge numbers of nucleic acid amplifications (e.g., polymerase

chain reaction — PCR). Such reactions will be discussed at length herein as illustrative of the

utility of the devices, especially of their use in any reaction requiring temperature control.
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However, it should be understood that the devices are

not limted to these particular applications. The
waoelewiogssican be utilized in a wide variety of BPCTE82004/010492

types of anal yses or reactions. Exanples include

Howey by el batsetopbival BERPucae par kDU Bopwmmcalar
applicdtiéht Nehe ﬁé‘x@!f:@ ¢af b ruﬁh%d)ﬁ’l' | Oftle 'V%E@ -of %tﬂ& k&pe@%f’ %ﬂ%’ses or

Structure of Wcrofluidic Devices ves
reaction§OBgjmiileeinchsieanhlyseiof pdevinelesnd |1metao‘e@ts amdrleteracaom between

ically constrycted at |east in

cells a’é¥§ hn@o% Ser reiﬁalpi@ﬂ? PWX?‘% ”B@a& ngI e and

mul til ayer soft |ithography (MSL) techni ques and/or
III.  sagehdrhiStalctiraveMieRgapEs Daticen met hods (see, e.g.,

Unger et al. (2000) 10 Science 288:113-116, and PCT

Ribl i dmRsandlY dyen 1025, both of which are

iRACO e [
[0068] fﬂ?e rﬁf%?&fgldg‘g Cf%¥10)6£ 8{@0? ﬁ 4 é}ﬁec‘r&picﬂﬁ?1 chﬂs[imgfgh af R in part
from elish@dfricungittals ded tasgucd bta singRsdngnadltilayewbifClithography (MSL)

solution flagw through flow channels of the device i s
techniquss ppgr eagrifigiallaygs enGapsyation melheds (ee cof-- Wpss cbaint3080)

SciencE P38A¢4 S 16N PP Pﬁﬁﬁ’&lﬁ@h &fofdl VUI‘OQQ %Jd’l Bthr?@%?@ﬁfco&\ﬁrated by

an el astoneri ¢ nmenbrane or segnent hi's” menbr ane
refererse Qi inctheir batitkly fbehll @utp@des) nUmlhemgrsat:ln actheds fmenoftuidic

devioes 610 SRBo ) W 1 T s B PBel the device i

! controﬁ@cp taf RhstGhPRASK RN oBY oﬁ?iBfer @hntrbNéhahhéls 480 bR chAaithifidMh the flow

hé menbrane is deflected into or retracted out from
channql o aﬁlelmtccmmmmembmb ot segmeht.ohhig mﬂnﬁreran@mmmemrcan be

deﬂect%@‘#ﬁt{) ﬁgi[eit geagfor%&lhh I? l“{wtg Iglé#glgl | ll[ a%aog*]lt%ol gﬁelu{ln% ig associated

by app‘l)biﬁ@an adtBatioh foRdeap AhEcohtrdBEhMhyls OBycBohfrsn@gtthé Jaese tofwhich
val ves and punps 20 for regulating solution flow as

the megebsanciip éaﬂMedelxltceﬁrsﬁevéctg‘éP% from jthe Py :ch@tneblsolu(ﬂz@ loyv can be

dove 8 T 00 PO T DR3P

flow chamersprltlat; eypelicie ¢rnyrspand viadty ef difﬁ:ren?c@jlpﬁs @f valves and pumps
sel ectivel a reaction.site at [ ent

for re%} Fipgseliion flowcas daem@eﬁélaaﬁe%ﬁ% ?t@i i Hg &t P@ éﬁ@bsgﬁnce

288:1 @nym ohd BCTUBBRSEaRIn Wd/HEusets dRof0 GNE10Mst hi n the ‘
evi ce. For exanple, in sone matrix-type 25 devi ces,

[0069]t Hee davanes porviddd leeréin ihepepdratd satth pieps mdevémstto o labé seziectively

a reacegiBab A GO e AeHeclo i IAAPGFNON 8e GoR e located at any
of a nuiRB¥R BEHifrr8 Tatibhs WiRindRY | H&ﬁcé SF 6r%x5ﬁﬁlbt i dom@Pmbitix-type

tenperature control reactions mg ermocycl i ng
deVIces,éh@rqaoﬁn@) s1tetlhé¢patfalsat deest@term@on ayses af 8pwohbipangls. In blind

|.ast onmer devj al,l ixed to a

ey s, USSR AR G L85 o pL MBI L o7, 2
[0070]C &thé BevicOdR tB fbamﬁzémmatem sRikat st SEhcti o (recg tRérdoRycling

for exanple, to control e terrEer ature at the vari ous

reactiongl ghenops dsiserdled inrgreater @&elemfr ¢ Blaptopeyie|demige is typically fixed

L e

controPlafel o2 @0 4h PO #ObntloDhé t¢mpaanrss thoearitaiireasionkiesd he case

of elastoneric materials that are relatively optically
of thermocycling reactions, the device can be placed on any of a number ot thermocycling

plates.
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transparent, reactions can be readily nonitored using
a variety of different detection systens at
we@s@ensisad | y any | ocation on the microfluidi c PEWUSHE4/010492
Most typically, however, detection occurs at the
actlof ite itself within | on that :
o071 BE6 2 Rt 7 St Pt e S L P2 Bl ey
transpdeht) ﬁba@ﬁéthfan de rbdMlyGhaiidedd usidd 8 vardsy of idterd @e@E¥d LS stems

I's manufactured from substantially transparent
at esseptipldy aH locationmiha mcrofigidie devied. Masittmpieal hQW@V@n@eteCUOH

occursus gbe]t}gaévigo s'1t§ ?tgc}f {@ % haﬁtnlgll CLI% {onq;%atqgc hédsn 1$ Isectiol A& How

htra ased mcro

channglewr stele bldat aet éfonfie@rhiigedC Mhe \rad this o ededs hhsfactured from
th g,are i ncorporated into the device or that are
Substa%%% TEANSPF ER N ¢tRdaly alsp cpeaps thabeeripe detgtion sypiems&gn be utilized
with t}[%f cuh'%?t GEYdes gmtt ot SEIRE bl tra glgw%al ﬁ(ﬁf@d'ndb (b HHSJO yidic
0072] To reduce evaporatlon 0 e rea
devicebr Detechen edrelst aigvied umlng defettoidihat ard incogegated aito ﬂ{eﬁdewce or
rovi de ei.n, guard channel s can
that arf gmgzAie ?fﬂmt & dggigr E@%ﬂﬁ #%Xta aé? ’E?g%%’a‘}fﬁg? éeva?eetosherﬂer;egl;ed
to the control channels in that typically they are
f opredGiird@Thahasgr of el astonmer that overlays the flow
channel s and/or reaction site. Hence, |ike control 15
[007 2]c"ﬁ@1rﬂd@¢>%evaph@tlgn e damhla 1ané reagemte fr@apﬁme@la@wrmermmicmluidic
devioe BHE bl atd RO BT By 300 R o ormER i devices.
The glﬁi@bli@hele lamhlar td’tﬁ%&lﬁfol chiRisgH aid tﬁh@dll}ﬁhéy &%Q’ormed ina
consi derabl y l er in cross-sectional area.

layer of ehpstogper that ﬁﬁ%aryarﬂée Tl tchangiels) angfor gpashonsite- Hemqeebke control
channéalgg?? %%?@c&ﬁ@@&@%ﬁﬂté uarrgrtﬂeﬁﬁn(ﬁf thg 1101 éh&lﬂl%lssag%r reaction

pressure. anne esi gne
sites bp e npendsny ézsegmicot af dIMmMMamnal( tydikeadoniroRPéhanadls however,
h tﬁ 83ﬁ§¥OMEd into the ﬁard channe] . \Water vapor
the guagdc § 55 CPRGIRTEHE S’@% FTin ChRSRRRtonaL e gge@als pmsmbrane
with sthBRerRe8i10dcleBel& Bl @ MRS ARRR largerfalré)avﬁrﬁﬁ?ﬁﬁ%hmg applied

reaction site, thus 1ncreasing the Water vapor
pressutso nidwrguant ¢hannds| p@d@ﬂtgnt&@) td ressotiagthiel allow sroéutmnl (typically

d f sol ut f
wate) o S 9PRE, A sheka BHBRG P s RS e S R 1 @A) ghannel
can diffigelihtoIhE Pore 8f theleRidtdide S8 Peem@mdvh €handel mawt@ﬁ%ltte s

separates the guard channel fromthe underlying fl ow
increaging g aratesrvapereanceriraionadiagortshe fewshpuned ot feabtign site and

reducng%gs;aﬁbfa'ﬁoﬁ Qk 9&1{1{?&1 fefW¥dnp, out, or through the flow

5198 which the guard channel

[0073]dmgehém]5 Ihe\/ﬁ‘lﬁrd vislelsard éﬂfﬁcléﬁt[bt &xill suchehdtevivten pressurized the
substantlallﬁ restrict” or other simlar ternms neans
¢

membrage thag spatatesrihe pudichanst fioadle sadsriyingflowshapmel eugqqcuon site
does n&{/‘sgllb% g{]t?éﬂyﬁggg@@%j llﬁfogofﬁ Lﬂé gg Sk ﬁ? 1@1 tgﬁ 'ﬁ%\xé% {‘}eaatlon

site whlch the rgaandrtﬂnhmﬁ eseﬂlms W]IiEﬂfllséd)% tha§ccm®emv ahe d:rmd‘substantlally

| ution. flow in, r ougﬁ t he é) hannel or
restrio @5 GG S o £ v it SolHETE e neredoigha Uk (hrough the
flow cl%ﬂépor‘}gzﬁ:@l%ﬁlsﬂé %Hre ﬂp‘ﬁﬁle&@%hﬂyéﬁrgr%% %g??ﬁheg@% S@uﬁfl* ga@s than

om1therethroug t the
20%, aotl am ehs instmeesdessrtbas 1@%;:19 amq:iara?rteaobﬂloh é’tomemntolcﬁﬁhlmﬂgh the

d 50, 000 , i nt 15 2004/ 089
flow c3SnpL i 56AIPB £4 yater SS9 GO lonSr W BE g e ot
pressmii%hgrts RekieLsb lutidit Bow tRrct&XABR! Ssudlly SR RARMANESuard

channels have a cross-sectional area of between 100 pm” and 50, 000 um?, or any integral or
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cross-sectional area is |less than 50,000 n2, in other
i nstances | ess than 10,000 n2, in still other
WO pataseses | ess than 10,00 n2, and in yet ot hePCT/US2004/010492

i nstances |less than 100 n2. The guard channels can
non—in‘lpq%%/ﬁ? gﬁa@%?;{ﬁ@ﬁ%&é tzltp%/ebg{quség? &ggq;, I’fglgel)@wu di i% ’én Egr}le Pn%%ances, the
cross-%e '5&?%5%%5%51?9@,@@6 L ﬁn%ﬂ%hﬁgﬁlﬂsles rRanaa 10[088 {42, in stinl

e guard channel s are designed to reduce the

other iBstaes Risé than ah,09amml, an@ idydt eage iMstancéy loss thie 10@uirde The guard

during the tinme and under the conditions that it takes

channelpcandiye @ny af a VHestHet shapengichding pahnat duiteddos dreylasogffiptical,
ol ' I 9% 40% 35% 30% 25%
Squme£%§§&§§é%h§%§§ﬁgaggﬁé%a%&%ﬂﬁg$é%or eianpl%, a %ypica?

[0074)PIIR guaatthannels aodsgigngd 40rellilicecthe leesporativnbe sampthmidadagents
wi thin 120 minutes. . The guard channel systemis
from theedsy _éémﬂ%%%‘a‘ﬁééd B0 ORes A a4 HRpTIO PRSPy

thennc%?%l?ne%ﬂeg@dcfnrt@'T@sstt}Qanth),fiﬁ oBRP i€ les®thahidBbA, t%r(])(é/oT,gs%, 30%,

e this level of evaporation reduction, guard
25%, 200¥8,384,9 06w, & % gipl %alllys, foesemplata tapicalfSR trgactibn &itvolving 40

I t 10, 1] / 1000 L] / i gr al
eyeles gy ePElFA TR R EEER, ThRERATEBERIH T defeed t
reduc%ﬁ&aﬁ&?&ﬁﬁigsdpﬁ@dﬁﬁw aid Nm@tfrahfé&ﬁ tth@@rééoﬂﬁgsée@ BRLimite. To
other instances at 15 least 50 lines/cnR2, in still
achieve tthieIeV?h@ft%mp@gﬁm redgetian, 1@&(}1@%@@&2 aregtypicpHy pessent at a
densiPp PG s B8 BRI R Rak 0 gt bRETASR oL Ecrvecn

More $phéifiogilys ties guard Vigingalslaye girRedRtat dase2 SR@s/ond, hesthednstinces at
0 1,mas neasured fromthe outer gdge of one |ine

mm t ) ! |
least 50 dingyiemn di pidlh pthepinstanerss legst k) ipesim’) fndein yst otipyinstances at
i . 2 i, T |
st SOOVERHELE TR B BPEHEIE skl port cinpgs
typicalbgpivesi abdpatirigtbebwean i mudtde 243 mewstud dasn et mearedge of one
100 mto 10 ga in still other instances between 75 m
15C

line togthe a@r%lr ontRyedge of fejaspridinggon apyiytserehenpity eved therebetwgen.
More G i 7 B Pt B s ART R S5 S i e

instandEBthe@deB 100 Mgt ANNESm| RSl diBd iBsidhdet bétkveh 18 um to 40 pm. Thus,
i nstances |less than 200 pm and in still other

the spacing iamyeeallyed deashiapm] OOt imless thamnh m, 26 oibier insfa@erTpssThan 500
. guard channel s, can be fornmed as separate netwgrk of .
i, ingSper Snsgince s p BB 4D R 1250 B BN eh 26 TRBACH Gh i other
instan@s 1458 %a@ﬁi@‘o&gﬁ £3R%60 %t}}e}—ﬂﬁtaglggsr lgssccpgrp & gmc 534 gﬁi‘&&’!&dum.
acr oss e evice or on y a partlcu ar region r

[0075] €k gusd olianinble cdebe CormellypiaGapdryte netveorl wichartleRrurehs be smaller
pare | aced adj acent and over flow channels and

channelg thet prarcks pif of thecconfrebehanpels fle grarfshgnnelicapextrad geross the

. i ' i i . : I
A
placedaadiacent] andtovat fiawicharels anfiGeactiod siies asethésgi ane theipranary locations at

.. channel devices in FIGS. 3B 30 and 3C, and discussed )
which ieyaporalignds MERTHRATYCRRFEN- ?m%ljawm@a%%w? Su#dehgEs on certain
matrixt d¥ MY Brelilifst AT il FIEA0EAnd RCdHARSHIRICHEHRS e e fAGS. 3B

can reduce evaporation of water. The substance can be
and 3@ read disatssed or gasesdethid infet er vapor concentrati on
| acent flow lin nd/ or reaction site r.one.that
0076 e i Honblrzgind B goatt e mo bRty BoaRioaaay reduce
evaporatoh bBRARE/ PLO4RRan6OPAERY &Rl th InAenRt BRI wster PARE Kéncentration

evaporation of water fromthe flow |line and/or
adjacentafiowdimesind/er reaction site, or one that while not increasing the water vapor
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(bl ocki ng agent). Thus, one option is to utilize
essentially any aqueous solution in which case

W@ iosakdseo sol uti ons i nclude, but are not |im tECI/US2004/010492
wat er and buffered solution (e.g., TaqMan buffer

ol.ution hat e buff red all e e .
conce 88R Inﬂxéétlaea tb@o ?{ﬁgyﬁnféau%q qtgyatgg( E h?ﬁ";? gpg)&r reactlon site
(blockhfg%&t) Gy b apisa] 8 t@ﬁﬁhié/&!sé‘rﬁiahy af19 E@%u’s @omﬁen in which

el"astonmer ufilizing the MSL techni ques d/ o
case suitable solugioas inchider bitrmeapstlinaitedio, wetch @m@,b@faf@re@l S@bbvle(e g
R o0 o USROS B Bl TR g ot

foreX@@platminlemdﬂto conduct a variety of anal yses,
cl udi ng anal ¥ses requiring tenperature . 10 control

[00771( @u@d chenmsiseare Daagadly fapned indhe plasfomenptilizng the NISL techniques
t hese
and/or%ga‘kﬁcqalq #%ﬂgpgﬁrdgﬁg?(gﬁ%\ré%ed %@ﬁat nodi fi cati ons of
[007 8]t 'hlﬁﬁ)ll&WﬂIg&wBtwml desdlﬂoeap ;gmmtdetdﬂca iolser ofkpddi@clcontigurations
trix Desi A Generalwi; [ 0079]
that Caeéz\?.uélé@ew. PRGIGEG EHED, arlakyseeg}cg}ﬁh@e WF EFqH%Wé tgmperature
controPLU% aliclelc &ia Y& ;i)hﬁeé’cion%gctloﬂgﬂ' I 2GR bd b GHAD B8 lvever, that
t I ntersect forman array of junctions. Because’
these anflghifabomsdre examplhey axddhatengdifitatioms os§ gtesofystamagwill lsg apparent
to thoS2 .gﬁ.iﬁﬁroduced into each of the flow channels, a
© osleép‘ﬂ MUHSE of sanpl es can be tested against a
relatively |arge nunber of reaction conditions in a
Iv. hi ghtdipDesighput format. Thus, for exanple, if a
different sanple is i ntroduced into each 20 of M
di\f f er@enerdler ti cal fl ow channels and a different

001 Oy 0150 s AORETAShe ROL LIRS o PR
honzohﬁaﬁbwcmhsmbaﬂlabﬁltwmi ¢t fozph zﬁia;rratyhﬂ' jewumiens.i Because a different

pjcally, matrjx devices, include valves that allow

samplg erd Wftl% Epmﬁtemﬁ Te35caEs) GAn bt mtioduceddpto agh osﬁ@ flow channels, a

e £ 0 o) £ N ERE iR B 0o B Euiions

in a high ﬁlNl@lputﬁ)Irmﬁﬂ O'Uhushﬁ)n nleaimple; if pusfiferehtrsample isftroduced into each
cause devi c s of th

of M iR Giat o R Reamad s (itferd seeent §F tat 6% Reabn] s ntroduced

into eaeﬁ of Nenoriz¥RE1 AHH cﬁuﬁteqfs" {1 MR deFereASrediohs 8sn b&&onducted at
unber and type of reagents t hese devices are

the sametlnles diypiedlly.onateis rd@mfsa“» mglvdn anabfgeﬂlai allow ferrsvaishabla igodation of

the Veﬁlgft nWOaIiltl 1?% ee ﬁﬁ i r 1¢ égrm englp{ té18 %81VFF %rreSpOSLHgged to allow

selectlﬁ@ﬂbW%uﬂQM‘oﬁﬁl‘i thearritgal flowahbineld iCastBroALER tig@rFontal flow
channels to_hel p prevent evaporation of sanple and

channgle aBecaysedeviges Bf tlE&@fpmaHpv frexihilityswidly npsngcééo {hg@slgFtion of the
r 0
type ald ﬁ&mﬂr& 8‘? b 51@? %ﬁ%lf dAeS VtH%Ié B%}'Qaﬁ]ldq r&?g g{go hl%'éé/ devices are
well-swigddt foe ed»ndfubmg ahdyyeeiswiidR oas tvagte Bcieed & tamé ﬁlhmﬁd:mﬂsamples
channel s 104 that 17 VO 2004/ 089810 PCT/ US2004/ 010492
againsf pelatinebt latgs FUEHRFr QhreaFtieR coditims (g wphy devices can optionally

1ncorpgxgit/e:3%u;a?§ﬁﬁa@lﬂéls?%PélE%‘fe\}eﬂpexgagB oﬁ%@sargél'e%n&’ ?éa'ic’céaﬁ ar

us ena seven reacted Wth
seven different reagents or sets of
B. Exemplary Designs and Uses

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

comprises seven vertical flow channels 102 and seven horizontal flow channels 104 that
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reagents. Columm valves 110 that regul ate sol ution

flowin the vertical direction can be controlled by
we@ooangdsichannel s 118 that can all be act uat edP@r/US2004/010492

single inlet 114 . 5 [0081] Simlarly, row val ves 108

. I horizontal .direction;, .

1nterset[:ﬁl%;féﬁlté ?&é%ﬁ ggt fl f%egené 11{18 gﬁ&}o&q or, ﬁegﬁ“cg} sslgei f@g’t :J{gis pgpécular

dev1ceamlsmiabkés baved samplgk @ B@fﬁabﬁﬂ with ¥enl diferes r&I3OM or kdts of
the control channels 116 that regul ate the

1A,
reagenrsoﬁq}‘émvé@lVf@élQ/ﬁ}ayrqgﬁ 3l sntpHonidqye s g etiisahdireséianicambe
w
coneoBoty o 0508k LS oBRER B LR L2 |
[0081]nimplarly haty walinees 108 régulate solatied flotyv id dﬁhcﬂ&bn’d@ﬂiraﬂion these are

el B St SEh Y oS0 SA0R b oSS a7 o
in FIG D&, %@Bﬂr&fchﬁﬁfelscpl@ﬁlgﬂ regllﬂz anrnge &v@-@al’vés 1% neﬁg@id‘bﬂe”

it overlays one of the ho onta | ow 104;
dependiing gpomloestianh éVhemd centeol shanrted 1 b(i)cmssals acfhamabﬂow channel 102,

o conf EbiED! 1Rt a5 btk e S o R i
the Verhea'thﬁﬂ& ShdrbelR02ab @edudt @%’s*ﬂéiﬁﬁlly R&IRtibR ﬁbﬁr th@r%ﬂﬁ&ﬁ Y &owever,
hori zontal flow 15 channels 104 and sanpl e - are

the wiqthjof ghecapniral ¢happedi lrlﬁmmmawdlwhvmt pvcréays fon@wftmamebmal flow
.l e taI 4
chamncly f0ts (3% J B AE Rl B, (S A e BIGBIT R o ¥loar
solutioh|flwy thicupheths hdi@zbnadl flokecHanhelrivact i ons 106, which in
this particular device are in the shape of a well or

[0082] g apprefionmrggents Il -Rfearg putodpped intpstheis respegiivelherizonia} fow

channeTP04 iﬂ(fﬁffp‘?é% J1€8% Elle(}ﬁje]gﬂceﬁ intS %ﬂéIP}eg%echU? vér? @91915%& channels 102.
. necessary for the anplification re

The reagentsad waeidhor%ntalh flowedhehnad f1 04 Itimshmmvmﬁnﬂlalsaﬁlbmé/m each of the

. annel s 104 fferent .nuc i d npl at are
vertioaf {3RaaR | (8 HHBIReLPEL) 0 FOULHANR GRS Y S doyife arein the
shape &fa w8l Br SAIBEP € Fhud, REtHRIhEBTic bibtero@qtﬁ'{i@l@maa%ld %g%{;]ﬁ&?lon

the reagent mxturé that is introduced into
reactlom@r rwathplerthe reagbeiomedessang for the AmI)hﬁgamondedCfcwn apbeintroduced

hannel Thi c acid teppl ate

into caply SEEARRRTNR 0 bl It PGPl Fuelfi €l imnBRR R
introduc8@ &) tid eHical Bolw chiaféle A BeRrtRindfa &V\ﬁueq{mﬁéﬂ iRg&diced as

reaction sites in the device de |cted in FIG IAto

part ofithq eagend mextiy Wakis deiraduged injo pasly afffles laaizontal ﬁp@frcéaa:e@els 104
I F of . cl ar
might &{%efe E%:\év%t&ll gﬁg algtc‘els ’Pﬁls %p&ﬁogﬁﬁ%ﬁ§ c]1d f:emple%t% ¥s bé reacted
w1thanmabtnafrd1f£a1ehtspr&nﬂscontroI channel s 116, 118 have been
just the columm and row val ves 110, 108

[0083] g‘@ﬁﬁt ?gr% VY ?féertgsﬁa afrle%w%%d,i acem&regﬂwﬂpwnﬁhadewee depicted
in FIG aﬂ'& aal é1¥§bt§ nio?e %o@zyt?g geﬁl:é) Qteé; an/ ﬁ{ f’s For the

openi ng ow Va ves W sol ut on
purposeshoﬁn]@ﬂ}’, the intzedtmins fl D6 arecivd Shein ﬂrﬂt‘ﬁe\ﬂmﬂ ef dehai m@ls and

ol b R perty . Llow chemets S0z eagent B CE
being sﬁﬂ%fde‘é’t’ﬁ l@Pl%%le@% eAY shdw} AU, tlﬁe%r{a g)f Fb : hoﬁlﬂ‘?enced b

hori zont al’ fl ow channel 104 such t e reactl O
closinggiofwan yalgest ) arfd depthg 8wl valves il 08 toalldwh sadutjbn flow through

horizonl A5 Shnef DE0A oD Beer IaB0EA Mo AR by [

Reagerdt Wi i§ @henYintrSd1Red irRY B8ri B thITEAT BIRBE! 118 AdRRF A RhidiGely
punp into the el astoneric device
through the length of the horizontal flow channel 104 such that all the reaction sites 106 are

filled. Solution flow through horizontal channel 104 can be achieved by an external pump,

18



10

15

20

25

30

itself as described in detail in Unger et al. (2000)
Sci ence 288:113-116, and PCT Publication WO 01/01025,
wo eno4e3mnpl e. [ 0084] Once R1 has been i ntroduckdi/Us2904/010492
val ves 108 are closed and colunn vaIves 102 5 opened
see . FIG. 1. Q | ows sanp Si and S
bt melg BRI e P50 PO R B PRS i SR EREP 18 T Qg gmeric device
itself afs laes¥bRa W@Qaﬁ B?Uﬁgér%‘ﬁ Qﬁ@dob? SElEQé’& maﬂ@ei %, aﬁéPC"Fq)ubhcatlon
anpl es flow through thé vertical flow channels 102,

WO Ol/ﬂlaQ/ZSeﬁpdxamplef rom-t he reaction SI tes 106, thus

aV| ction,s as shown
o034, (e 2P RSy RtoER 70 Gt 163 alidoped A8 ao i AN 102
opene@(&@e ﬁK}t cfd ITHisISiovaaniples I 4 3 to bENHGedReMintd WERicHT flow
e and reactant 10 (RL S 1 and Rl S2) is obtained
channqlﬁ ?&h@ndr odiom thepughebpir respedtivedtavoehagnels e dstthosrngplesilow

R
leavind d4ngsie @t ehacts@tlsited 106.0Thére aSIhandinIAGMI DN koW Whilees E@ﬁ @1 opened

of their resgcfelctlve reactl on sites 106 and to prevent

to allown}legnd S oliffpsegmdpir vaph Rd e dhps.@ myxgyre of pample %%1@1 Feagtant

ot d
(15138 ST e GO e BA OO Bl
allowingg swificidnatimtFor S bndi®? ta diffusertveth Rdc il oow 206 colkom valves 108,

RS 0GR W b RS LR HEL B
to pred%ﬁ?‘fn%{mﬁﬁﬁg Reat afd WhidR Hie 1 BR ML ERB AR thér?ﬂl(ﬁ%%lcb react

A nodi fied version of the device shown in
and thqmap‘sorer@mtadbsﬁnantqrmg e mtgfeﬂéloal 10691 thmmseshbpq} @glon that

; |n1Iar|t t hat de

inetuafo Rl ot hialires SR B0 OG54 B8 during

amplificafieh eefomy)ae Gévmér R4 be e hkafr hhd hediddkRlk the stinfles remain
|F differs in that pairs of horizontal flow channels

isolated04 are joined to a common |nIet 124. This essentially

[OOSS]Engdcﬁﬁecﬁygjsfoﬁ%tf?j Scfetvf'ce% o 1%% 5@18?41% F?@ Uﬁﬁ dThe general
into acen oW C anne Wi just a ~sing

structurnbaﬁt hany lsmldzantrels elithtR4k. deim«aeduﬁeFIGf 1A, aonovamon blemen’s in both

further extended W|th respect to vert l I . .
figures g §F§31!}926 feyepcg pmbeys, The devige %ﬁ%ﬁ%ﬁtei@é Aﬁﬁlféers in
that pdvlmr%togﬂaﬁedﬂa%w BlRinbls 84 afjoMfRA a%mfrﬂ A e %@g L82ntially

a single injection into sanple Inlet 120. ,
enablewdupihqata setpail reagantsdo bedentraticed indo emaa@ ams 8ntichhnels with just a

single B‘p clgllé)ﬁ.g%% 1r ﬁ:g?éjé 'Eiehfs%roé%%g ar I eg;? 1{;1?1(;1 WIHI respect to

the vertRBl flGRRarRACL020NS ﬂﬁ@palﬂeulmxaeﬁip@%ademlﬂ@l is ilModuced 1nto five
altering the nunber of verti cal nd/ or horizontal flo

verticad iflgmneiasndle 202 with at&rmle ava@tljonumedample inleg b2hohhysnwéth thls

partieyf e gt aranie e PR RREI: P encrastfhy Sibination

of sampRAtdaeesent A dodtseCihe %ﬁﬁibeﬂ&@rebﬁ@dte £ABLRR cdf Bd vhhed as desired
govern solution flow toward outlets 132 and anot he

by altegingthonuabegrmieertical and/ardprizentel feyghannets 108n104hthat are joined to
acomlil @nlﬂg @%ﬂhat regul ates solution flowto outlets
g . ddi

tionally, device 150 incorporates guard

[0086]c T detice shd®m ih FIGHI B alsp afclides haepaagsicgitrolichemgl ailet 128 that
channel s 138 are forned as part of control channels

regulaigs gonizel chamyab1 30 ! GWTRFIEHET ELKTDSARDAD A9y toward outlets 132 and

another control channel inlet 132 that regulates control channel 134 that regulates solution

flow to outlets 136. Additionally, device 150 incorporates guard channels 138. In this
particular design, the guard channels 138 are formed as part of control channels 116. As
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i ndi cated supra, the guard channels 138 are snaller
than the row val ves 108; consequently, the nenbranes
w@bootlggsguar d channel s 138 are not defl ected i PEDUSI004/010492
underlying horizontal flow channels 104 such that
solution flow is disrupted. ﬁ0087] Flnally i€§ desi %n
indicateth g the gv@d channglss ¥38rage salies dhart th £V gATvas LS Fopsequiently,
the meﬁl%?éﬂes bf‘t @rfannés tlF‘@ ?ﬂerhto‘? SRLtd OBt Pthe hﬁ@erlymg horizontal
orlzonta vertlca |nes but 1n th
flow chanhels sléé 1silcdnth1at soditfon flow Bl disrdptetian nel Desi gns A

008 GERE O B ke ik S, HeAp e 50 R0 Bbour i vt
the mtérﬁxé‘clnaﬂ Bf e RHzoPR Sad $RMEE ABANSIS, But @M Th& seBiiéh Bdelf,
more blind channels branch. As 10 indi cated above, the

end region of such channels can serve as a reaction

V. SI Bhnd phenpal Pepignsred by an overl ayi ng fl ow channel
be(3 c}aated to isolate the reaction site at the

en bl i nd channel. The val ves provide a
[0088]®&h@dsumﬂzfrfgra s dt chia At Medi giohate d%@airh&aﬂumc Fier) tisd dewices

[ 0089] Second, the flow channel networ
includg @mﬁqezmner@tfﬂ% ohanmls e Bl RPEIE RSP th@ Ch?é’élﬁllslb@ﬂ}céd As

I

indica P oyl e, it o bn S Rlenhat LEAEHE8 SBekAEnSHe, Aalye fomed
by an c(\&rlgmglihﬁxschdmaal dan e abtaslsdt@a;nlaﬁ)‘bhe ré’atmaloa lsité att the end of the

d fl ow chann ib
blind cpppnchel he KAV RO T QR SN2t BHES DY SD BRPE e Hgrgon sites.
[0089]9 kesh@ %'ffow el?dtnﬁéll hwhik it bhifin®atibY wRE 8 BlisdekhnhbRts

alr Wt the flow channels and blind channel s can
configered apeh thlat du gmnpkteééhma@smasstes oinib¢ Ghed with asingluerallimited

ch I f
mumbel; F ISR G- £ 288 ah 5 s i TRty Y sl RLAS, Bhdbmel s
made Pssibltebdehhdedhé b@ﬂé@laramﬂ@ﬁo&%lm@aeﬁ@nﬁmal Mg dhdterderic
channel has no way to escape as solution is |n ect ed.

materiplge sefficigntliyiporpus shetaikheets withia the flowaghagneds apd hannels can
ceap RGBSR A0SR T HEORL L nd, RSk By i

of matdﬁzil@uhﬁzda]nntdﬂﬁarfrmbﬂ’omahd: dmrlcefs poecdsdss uae bhihe bliné channel design
reactiqn, sites. The r eagent %gzare non-.coval e

tl
becansgairppding<hanRd hateo Wﬁlééfg%sﬁ agrsolution iy, HB%F“?‘E become
[0090];2&?121.?& gl%qﬁ_é‘l’gﬁﬂlcsigﬁﬁ't SneL&‘ théYe" %éﬁ%%& H&? CB‘!;h@eIftEﬂfebbﬁféd on a

maxi m ze the nunmber” of anal yses,
base lajief 6felastomeedirimghanfadet (sxf infa ferairtben @taibpméh@ Edrigation
ach of the differe react i nS|tes
procesg) VA AChE FIEHOH b e HPEORI Pl CUIBHFPLR ttaqied becabse the
reagenrtseﬁe tdbﬁgn&i foeche dﬁ%&l@é@@ﬁeﬂ Shmp18&s iabandel iR thé feadtion site.
[0 hus, in those blind channel devices designed

To maknmzc dmumubem gf anaiysees,ca diffexinBEactapt orsetaf reagiants is deposited at

npl e, one or nore of the reagents
ﬂwhofﬁ&d* n$6?w ﬁ?tlng the extension reaction are

[0091 ME€R®sh bEAD @halﬁﬁpﬁbv@éestai‘bedds%ﬂé& k& thif tBs rébdfibmgites are arranged in
manuf acture of the device. Such reagents include, for

the foraxehisl @rayal | or sone of the follow ng: priners,

u C
0092 T 855 DEELREH 6% EOL TR e 00
amplifZ6386h Q&Qﬁ&ﬂs, P6Td i) 41 OA0A82 of the reagents required for conducting the
extension reaction are deposited at each of the reaction sites during manufacture of the
device. Such reagents include, for example, all or some of the following: primers,

polymerase, nucleotides, cofactors, metal ions, buffers, intercalating dyes and the like. To
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maxi m ze hi gh throughput analysis, different priners

selected to anplify different regions of DNA are
welepassesedl at each reaction site. Consequent| yPCTHIEI004010492

nucl eic acid tenpl ate is introduced into the reaction

| et r of ensi on. reacti ons,
maxindag figh thGugnhuf iaihin RrpmEiers sprd © GROAN Horent Togions of
DNA ﬁr@@ﬂ)@ﬁi’t@d afl GRA BV k7] @&?s%é i, fREn Qﬂuéelc a01d template is
Iification reaction can bé acconplished by placing
lntrodmchaé H@te\thealeeagtﬂmameh rafolel largg nuidbee of ewtehstyrciehetipns ken be

enthe equired t erature

perfortig o & AR S ot e feBiTac: S M LT RBN I Ry o
ampliféaYisn rda0tio 6@1’@5 @comﬁhﬁ@ﬁEby plah 2eeRvRESnArth&iR yfling plate

t he reZ%ents are non-coval ently deposited at the
and cyching thegl§vise betweepsils ewioup reqyitee tempssetErises one or nore

l.ent d

10093 01 h¢ R AEGENYSim RS BAR A e BLAAR Eb el i some
instan@dstoae bethord b£the ecngent aren-d alenfl depdsited ALths u@fstlbﬁtslee

via a linker. A variety of linker types can

wheregs in|otheg d0sEacRs are %Ha?r@&# &if r@agmlétcew@mmatrach%sosthe substrate
|

e AL 48 S L 8 6 i

linker.t Aevakietykafilinkentyaesnena efutitized surhl asphotoghathiceksiivielabile linkers,

themolafl s e ke dpatoen B SoBredt @ Emaas I, somhe S
blﬁmc’éiBlQ;H Qf'e afhe link&aohtaBRth ﬁlﬁ&l(kf}ﬁl %fb%%) %@chh%d%ettf@fe%ﬁve with

Exanpl es of suitable |inkers can be used in sone
groupsdosatod on sl eletnenitte a/lhgﬂntth@ tinkeras tehisdattached); thefimmtional groups at

oach chd RS cR BB FrnBled BB RP R pothBediedin some

assays Gl il atai &0 5P Bivichdd-cHAACEIBolinitdrd, e Scyaiélliak&s and peptide
described in EPA 188, 256; U.S. Pat. Nos. 4,671, 958;

linkersq A xerighyof tynes af linkeagare gvaibble fam Diers ¢ hggucal Logpgny in

Rockf%ﬁgﬂfh%is é?c?%% d%i&ibe?[ﬁglEp}& FEIIRAE dé ‘ifai é\g!g;'\’h,ﬁ?,gﬁ 4,659,839;

armaceuti cal Agen scovefy To
4,414, N\EDB. 468, 1844 #686,838,r4/569% 782 M FBY,07 l | andyE gpptweildieH. M,

NVOC- ted.link | es_of itable
Phal’mﬁwfls%‘enieéﬁ%“ iscpyeRdoday 3%958)561» S?gs NVRS &)mirswetrélﬁaywonyl)
llnkersgﬁ'[d]cgﬂe%%\)VO@mdtaﬁﬁnﬁe%e @%Plgg 8k ﬁﬁt%ﬁle%lh%?c}éﬁgx%m%l 1if8&rs (see,

are discussed, for exanp
€.g., “@@ﬁiﬂﬁoﬂém@ﬂ@ ad00Ys Pﬁﬁthe@ Olgat havd Biotdsé sleavage sites are

lified pl [ one exenplary device utilizing
dlscus?‘jﬁlnp ISHgPeh Jé]naqg\é 3%253% The device 200 includes a
fl ow channel 204 and a set of branch fl ow channels 206

B .anc hExgnplbe Bédi @inahd@se@ar € forned in an el astoneric
substrate 202. Each branch fl ow channel 206

[0094]t}é1ﬁ712ri&ﬁ sinplified planview e osf excraplgry davigeahiilizingrthe hlindehannel
des1gna rI'h@)ﬁe 1ce Zg@?ﬁcg@&s glgfﬁﬁcqm%?gﬁéﬁh %%8{ {}ﬁo Ft[c%rﬁ: QN E:Illa%\ﬁvels 206

branchﬂ%bﬂiéﬁﬁeth fhaodre tfdsl(meaﬁn lah @hgtonidrieWubfiana20% 2446 Bidnch flow
nmenbranes 212. Actuation of control channel 210 causes
channgl 2} tegaaates)in atrsa%@msée 208, thereby, orping ahar R Isaiiensites.

n [
OverE g 5 A O 08 Aglt Sh FIE R e
branchdldve chanmalsta06byshémisranéX12 180 2d0Aiod8F&dborol channel 210 causes
004/.010492 00951 Operation of such a .dev

PCT/ US2
membrag Lﬁe@ defredptorthe grap%ls flowchanels HRGier R ME] 2 yuo), thus

enablnYﬁ ddh of the reaction sites 208 to be isolated from the other reaction sites.
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sol uti on subsequently flowing into each of branch
channel s 206. Once the sanple has filled each branch

w@e b@nngds1®06, control channel 210 is actuated POI/US208€010492
activation of val ves/ menbranes 212 to deflect into

00955805 OERRE 2sER N ALl BRafodine 200 v

solutioh&iBieqgently 1GARLIIMO cttl 66brdRh cHahndls 966! BEEe the QG gr&t&s filled
ed at each of the reaction sites

preV|ousI% Q)(goﬂ
each byanel chignneb? W gontreishamneh 3 1A & actmtedrte a@mse\mtlhatwf

v Sy PSR SR o 2Rl RO e

reactloﬂ&ﬁei 2@8) bethssempiaiiplcintshd €aQG1HRLS réictok ﬂ%@ 208, it dissolves
detected, typically within reaction site 20

reagenRdFEYIPBHE S d@&; eacrnd ithg regetioresiice d0Bs Ones éllsisqé‘é@ﬂ ithe repgents

can reak@wmﬂ@g hHECevaRal Qpi px%%ﬁt' R0 dls véy&gd rehge%?% eg{:](?reagfabn site
ustrate an exa e a sone at nore conpl ex

208 frcbh imtelrmfikong h}hhffnﬂbn E.eantlg»n betweehhshampadnidireaeats aletieqetected,

1OO each of a 26{3 gfﬁ hori zontal fl ow channels 304 are
typicallypithin repction sty Ardions canyeptinmplly bg heatedgs osambral 18 the
temperafife céhtRl1 YE@onti®f branch flow channel s 306 extend
fromeach of the horizontal flow channels 304. The
[0096]f16m S A lﬂusivatwrmxanm& d BOMawhat hiose panplex blind fldesihgmel

designd i T et R TR a0 F0n SR Biat it O REOWAL AG samitsts e
conneddtBattth&@h &ﬁhsh@"t%@ QBrticHIIdW eRaeiBRN @1 Slurad®Pof Waﬁ&gﬂéﬁ

an i mmedi atel y adj acent horizontal flow channel
channely 3Qfoestendofien cpeh oftbn harizantalritdw thamnels Bahndhe bwch ﬂow

nt. f chann 304
camn AOEL  ATPREL ! ARl Ay 208
attachedes iagn gilep mne@htalrﬂdw Chandél 3(Rfis PokitiaRed bl e R branch channels
channel . 306 _termpnates in a reaction site 308. Al so

306 jormghiq 4 isHmedinicly adjaccaicharganteh Sary chanmef 04, o positioned between a

branchcfﬁﬂ& El?JnnE Blned 1Qa? Hﬁﬂ‘lb&’i%ﬁt% fﬂi@ %beﬁt AL ShRLRTS &E and L one of the
channel s I'S separate underl'ying

vertlcabﬂawrvhhmtq‘vs M2nbhsaweh Iﬁiﬁdesﬂgmaiepmndfd inlFIGh aAn&ichlbsanch flow

channd] S Ftinien B Saepstonsiie 308 KRoeEammaris e BrEn Abgwn in FIG.
3A, a dofiir8CdHalRel B0 ovaiIB)sRabNbLthk ‘Ekﬁfch%ﬁﬁmﬁisl ﬁ\d’?iT §e?4ai-5té@ﬁ‘oﬁﬂhe

fl ow t hroughout the horizontal and vertica
underlyipg hresch gbams} iy mqmbtarleﬁiat dlhg confrel ohawrtel &xf achiraged at port 316.

mhe vl G35 PR AV 552 SR o LERRS FoRecon of

samplel iftosihlet 814 Alléwelstteticiobo Uldwothrbuhouee RoffordtNend veafdhl Abw
ites. Once the reaction sites are fill ed,

channd] awéélf ARty te carhrefdhe tpaction sitep 308 wlathe brangh flawn
g eaction sites by pressurizing the control
Channei%:ﬁ)nnel s at port. Reagents 30 previously deposited in
[0097] tHemce daobbation; sagpldie ¢ sEed &86 filene etdrotiutdidlufidifinto each of the
. reaction Sjpt es, . thereby_allow ng reaction between the
reactiop fless (Pneg t %%F@%tﬂfi%sﬂ&ﬁ ares%lﬂﬁsi valxpy membenen ajeagmategio trap
solutiont 'v‘hﬁnn {?1%3@%&189 %gé‘g ﬁé{;élgsstuﬁgn{ SRELAMARR ?ﬁa‘rﬁgls% ﬁort. Reagents
tore reactions ca
prev10usbt demmaitd:@/mhhe teaotioroditea bbmdﬁ@ﬁsﬁ@eﬁ@ﬁd&ﬁﬂhﬂ@h& @atti sites,

. hads set forth ip t t tr o t
therch 5| aAhE B35 DOUAFDRSIEGOBEHAEHEZDD 4nd OB W ihin cach reaction

site. Reactions within the reaction sites are monitored by a detector. Again, reactions can
optionally be controllably heated according to the methods set forth in the temperature

control section below.
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[0098] An even nore conplicated version of the genera
design illustrated in FIG 3Ais shown in FIG 3B.
wab@4agasice shown in FIG 3B is one in which tPeT/usion4/010492
organi zation of the horizontal and branch flow
channel s 30 own.in FIG_3A is repeated nult.i
100981 R340 S CoIRRIBIPSERT o HOF Eeror e Gy e i FIG. 3A s

shown! 1h lFust 38t a%c liBGict BdwSinaNGOERIY @ﬁéjlnc\pﬁiﬁﬁ SheSurd} Ehrﬁzatlon of the
those 5 devices to be utilized in applications

honzonm @md/brahelaﬂowg:he@eés 302 shevmon FEGi Idy)is rep«ﬁatecémitpﬂahmes The
f h l.s 320 wi.t
oo BTG 4 LSRR R B SR e

devices OV iizddNA applicarigadthyi e e peatdeion tirfoc3éing] hen
uard channels P 320 overlay the branch fl ow channel s

exem ogigptatian ef therguaid dsnmds32(yithirespgeide theaftoy ehangglsey04 and
brancfhﬁm{uﬂéig\@g? 5%89%21{1/ 5129: n%%g&f\r ?ﬁ%ﬁgcg%delﬁt%ﬁgd %G e §Pard channels

320 ovedag &rettrrammimow fchavaieBr306rnt heaction isites, 308h exediycusssdidong water
oration of water. from solution in the flow

is flowefl AmAEes theowianh ehanagls 8P Autng berting @f teplsyoE Rdo increase the
local cBﬁ%Waﬁé? 8f ﬁgiek Aome Rnne mdey fe@iﬁcﬂﬁ%@?ﬁﬁ%ﬂf \M)cgr from

out set I's section ninimzes tprint o
solut1cnhsmthmﬂemabhanmﬂﬁ oeandaeaptionsite308f reaction sites to

be forped o i i,ce and for high densifies to be.
100991 Tle. feries n@f&ﬁlﬁ}e 15 GesdicbeuSist 4 feo et ﬁmeﬁ@n minimizes

the focgﬁx%)t ok%hd @é\ﬁiéé A SbRS 1638 nlRME bﬁ’reQﬁldfPﬁ‘t%g %Cﬁéjfo%ﬁn%ﬁ 8n the

fit on a standard m croscope slides (25 mm x
dev1cemé feohigh dergti¢sctatbeobtaingdds doe nadhpleyéavicoh of thisliyps bevieg 2500
reacti on tes t bt.ai ned devi
reactici o PR PR IRI BB o EaR ices (25 mm x 75
mm). dB8Foregsifg Fatdes hiRa shatidver§ Bigh/@nsitR9 of Hdctidn slﬁ:@ to be obtained
reaction sites/cn2 or any Int egr al density valu

with de¥iepsapdizigeiic blind peannekdfisign. Fobexamplg. dansiliesy ef 2 at least 50, 60, 70,
en

20,5058 ALY 150 ST SETPNI et Sy ot

obtainedhPHowevanyertaii égricds hdesnsidnyhi gadr denditiey rabgih yefonexdnile, between

100 104350 epeon 56 crpis¥ 5 grtcasbiglensthy el Sherehebyeco dor sty

some &M&QQQVé&érﬁﬁfes %?gt- 1eQ%Y0@ 9%0Mdd] 2‘56"300“&@6‘ 5@6”@06 b 8, 800, 900

at | east, 0, ’or 4000 sites/ are’a
or 100@ bttas/ e @ev@as Wl’dhlvghy kigh densities afiat beast, 900(} anen, auréOOO sites/

o anf 5P ety ke HeFisS ire B onsTin i sy lates fmber of

reactiodlset8s b BeleRidey Mesadel WtiRAUE t}ﬁtblﬁfﬁ dhﬁﬁ%l aﬂe‘ﬁltwgre typically have at
reaction sites, or any lnteg mber of sites

least lﬂﬂ@ﬂéwméﬁes b ey injqgiral er ofmtes tesyehsbmedna\Morgttypically, the

dovie 881 o198 090 FREH PR BaF b B BB Evcon

Highemeneltszueﬂcéﬁttrag Ha@@6¥dnGforBirt&%ion S1H6) sikch Atat leasst,0d0-000;000
100,000 reaction sites, or_ an i nt egr al nunber of

reactiog; sitgs, of paY éXegrakapnber o sitesdhorebgtiyeerey Tlauss catpiiedatices have at

s 195354 19855985 00 S0 0%, B Sy 03020

30,0004@0000; 56006 ;100,000 HacifiDsiteg depdrdinSigonshel 6@ il kiag of the
upon the overall size of the device. [0100] The | arge
devicenupmper of reaction sites and densities that can be
[OIOO]OP%eaI Ghdnhelof Pea 1?198\%? GaY ﬁ%ﬁl&ft étt&ﬁn %E o{)iaiﬁédtléj?lso a
te very I's"or cavi |es or ex ,
consequrcecafithe alaiity tmrfabmtalteSVdry pimaH wells lbavevites Ao Imamf)lel s avities

t her_instances |ess than 40 nL, 30
or welfs typlca?l?y have all \pohcl)me of less than 28 ni &n otﬁer instances less than 40 nL, 30
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23 WO 2004/ 089810 PCT/ US2004/010492 nL, 20 nL or 10
nL; and in still other instances |ess than 5 nL or

WO nlo4/0ge81@ specific exanple, certain devices PEl/ES2004/010492
well's that are 300 mcrons |Iong, 300 mcrons w de and

10 m . crans 101 Th bllndchan el Vi c
nL, 2053@% @e@f‘ﬁ@ﬁ p Rl ahwmqsqap%é esgitha HHOL h %éé’t%ﬁ’?‘é@c example,

rtain?iceBAVOR O OBhese D6 & !
B CTI US01/ 44549 (publ i sh RigSACoRD, gggm}%g%%s‘l\g)ﬁ%gﬁgi?mmlcmns deep.

[0101]PBF hissixhaosst slepisabprosided hasina@n0gilias 2edath desige Faatliresand

method Jhe R AREL e i R B PRl G ong Peuph DR BB pravg

02/43643) el PCTASSOMI 0579 pSBlishéEA &%) HH0325m) 1@@1uaﬁé Ofds example
durllgg the filling of mcrofluidic channel s

strategiqdeielibiog d@%ﬁn@@tqhéwl% rhéuidlm“ompar preesirined emgasblgnmmg, as well
as Vanbg{)ﬁf @s fop dfsB%Bfnﬁgg?%g‘?ﬁg thF %rl%al l I%gCéVI C§1Sc cg %ne‘ls Both of

these P(S/Dpulﬁl&:aﬁﬁni dre imdipdrated Rerell byngfdrende il @isdif@Birety f6yr all purposes.
design of devices of this type is simlar to the
bl i nd channel device shown in FIG 3A, except that

VI eabenﬂIQ]‘ebi&ﬁglt al flow channel is connected to its own

nP e |nI et port(s). and the horizontal flow channels
[01021a$té ploer deviens @f theanafeix apd hlind fidhdesigannEhsdesign of

dev1ce%f‘&§ﬂﬁz?@ﬁé %{ 11%11@ bflIF& #hl%ﬂ#glecgv ce Q{iﬁwﬁ %F% ey 4 exFept that each

ow channe S on ori‘zorita

horizoftabflowlthamedl iscviinecattol itsrowhbsaigle mlatﬁoas(@%ldtﬂliemimntal flow
e}g\ereas in the hlind fl ow channel device shown i
chann

e nehIntergaicsted v vartienl toat heanels Heonseaucrit Samplq igfgoduced
into m&%%&z%ﬁél Yb& c‘ﬁ@ﬁ:;él ﬁak oﬁfg‘ﬁ%’c% gﬁt]aisﬂg’\g Lharf2t 3 re%ion

_ éxanpl e of devices ener a evice is shown in
sites atfdoBed therddev Weere30in thobjmd Seg champlelideasticd showin in FIG. 3A, sample

t fl : h of [ h
can 15 BB o rgp AL Ehawern e erien Tt Sinls 2PPom
[0103]i An @ﬂzﬁn].lblé Sf A¥icSITRhi8 I;gbﬁ@rﬁtdeéfﬂeé is ShFRRM G, 2hBRRle 4@@)0
20 overl ays each of the branch flow channels 406 and

comprigesbpirality & hodzonsd floseqhanaele 404 each ebwhicbihag hphmality of branch

tow oA S REAHRIFRA AR b S A0S, 081 a1

overlagdiich of theltanmel flaw chavhels 404 Gne ﬁibﬁﬂﬁalféﬁ(fvhﬁi@) 1mms Erates the
menbranes 412 into the branch fl ow channel s 40

contro] gpneliAdA fesm fherdeding braseh iow, channel ARy .Aétwmth@fbhnd flow
channéll laéfiﬁlg%ﬁhﬂﬁon SRR f?&frblzcﬂgfgg%l] at i n? 4@? QIEE%E dgjlﬁ)eﬁ:(t)l\‘c;)mﬁ %5 membranes

an I nlet at e
412 integhpbmntio floe ohahm&is:!&@ﬁeahdfls@iamdmbhemdm sife®408t] Inl awHBiation of

i.nstan . sare eposi,.ted. at the reaction
this degigRo@of Bpfirept 1e4d0 Ca RS ELET AR pceogh AR dhus

allowirtk iaﬁﬁﬂ@td‘ﬁ@ﬂ%dﬁéed gs be tested under a
relatively Targe nu er of reaction conditions in a

[0104]dhepme pm’carm@s a&agentsmrmdd;meltnd atepireaction titesdutog sanmifagiure of

addi t.i.ons ent r ire 'thth matrj
the dexii; TS SaogTesct ATt Of HEtHlr R i baes Tea g laree
numbeP bERAEESh Mﬂdﬁ[onfs(i’n h Bh@Ehdrifl Pk RithStReqiEE tihR&onsuming
m xtures are injected, they can be anal yzed or

additions f teegents antequir¢dwith themsafrisdievice9 188¢mBtivély, reattiongnixtures

can e Bgafefibior 6 PR n'ufe 875 oPiea srnd ot S aleutptiy canve
analyzéd\&d fZBer tréfs(B hdardyent s have been previously

[0105] By injecting different samples into each of the horizontal flow channels, a large

number of samples can be rapidly analyzed. Assuming reagents have been previously
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24 WD 2004/ 089810 PCT/ US2004/ 010492 deposited at the
reaction sites, the presence of the sane reagent at
W@awh/0ssact i on site associated with any gi venPCT/US2004/010492
hori zontal flow channel provides a facile way to
conduct a nunber of replicate reactions with each
deposnsdmﬁrihereabmon sites cthd presueceraf hesameneaganb at AgBIPasHOR St s

r_for.
associafsd ey Rttt e iR e P G0 BATb A umber
of replibdte edatfigsonith e&MEatirple. CIF vt dald OIS ree{g@ﬂ.t%]thél' teastiort sh‘(es differ for
devi ces provided herein are tailored_ for a1 vari e

f
any givgn fiperdanalyihes eyt sapmleiseryatiplbhgmufipnegysly Sposedto & variety
vol ves screening of a relatively large
Ofdlffeﬁé&lrrg%tr‘:h%?&%@f??%@ent sanpl es under user controlled
[0106] dbnslithe Mi&ce(s@r@mdecﬂ.ﬁ)ﬁem&un@taﬂsr@gfm nsaritpof dﬁ@ent types of

vestigone, F ool Sy ey e B drteen
sampleb ﬁ%@ér‘ﬁ@ecr c%g Ab¥Zd hdAhsQE 22100 BirdySlds Wﬂo@%&%@]@b@&

er a wde variety of réaction conditions (e . 0.
reagenis)) ¢hemahp i‘rratragé@msﬂs pieYiae 8 usafalctolwipne df; dilpwelv}fﬁfs }116 inyrstigation

the blind chan es eful
involveiRg g 085 AR RS PET o b g eh oy VHlert b fion
condltlaﬂ@ﬂer%S tord %ﬁlhﬁ%graﬁﬂﬁ 10,000 f@BEH ¢oRaRioNkY, Iﬁwmtthﬁ Blhd @12&1!361
I nject reagents (e.g., 100 sanpl es ai nst 100
design mwﬁ@ uEinallgaf pn@Wan@ég examine atfhléhVQhﬁ garasz prmberRfsppgles

ful.. 15 Vi i
R T e L
againstViD0Yr&dosdp béfiiddaaddents).ahen tediybad |c16v1f:e£rare asgfobl I ing

tenperature within selected regions of the
m crofluidic device or the entire device. Thus, as

VIL  yshempgatreContial t erm tenperature controller is neant

eradllﬂe\H&sraﬁﬁﬁorﬁ nénidevi ce or el ement 20 that can
a‘re—re'r?p—e‘r—at_L}&—ﬁr the entire mcrofluidic device
[0107] 04& numbhn of daffprent oiions of virgingrsophisti¢atiodiare aerilable forcagtrolling

temperﬁgllr%wjltbwééfegﬁlgcr%}%a%lgﬁﬁg ?qu?(rto db? &%’don %Yhe eltni%%\/f%e Thus, as

used h&feft, ﬁfe tHint feenpteatieontroll &40 Bleakiesroddy by refélhs adEVice @8 element
are placed on a thermal cycling plate to thermal cycle

that cat hegulateteneratirefitheenfire mierofidis davaes rreithip ggiopyon of the

i B U (L O AT 8553 A5 e orfcions

a matriR&sT®ing bhihket- %@)@rﬁ@mﬂd‘ﬂdﬁaew&)anm sco, CA), Eppendorf
Part# E5331 (Westbury, NY), Techne Part

# 205330
[0108](@enerallst B¢, doviesy are[rd&@é]on?&h@m% Frclingplaieds, ?%i—'&@}a]o?ycle the
de:v1cet IA%&}Pelt 34 &Jch[rﬁgatég &8 %‘eadﬁlg a9§1[atb?é ﬁ]oﬂ%\f)hﬁﬁecrcfal sdécéésﬁleﬁhmg for
Orporate sensors detecting tenperature at
exampwme qwusnmﬁ@mm Pot (Franklite MAR MIReseatch (REQ260 {Sruth So

pronc s o SRS 5L b, SRE Bl e o0 incion

NI). patterned on the underlying substrate material, or as
Wi res incorporated directly into the mcrofabricated
[0109]eT@sthsnnethe natvrradyadf themmd] Cyclid 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 substrate material, or as wires incorporated directly into the

microfabricated elastomer material itself.
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WD 2004/ 089810 PCT/ US2004/ 010492 [0110] Tenperature
can al so be sensed through a change in electrical
wo e®iupsmnce. For exanpl e, change in resistanceCDUSHE04/010492
therm stor fabricated on an underlying seni conductor
or10/S AR B e 3 B AR SR o
examphy, tRIR8 1 WBls¥anca of B EleRinftd falbiiskedl $fad MRRHVRG Hifi@mbthdtor
into the mcrofabricated elastomer 5 material. Still

substraipBiilizRg eqrpicatens! teshaigueseandie aatibrataddde ragivenctemperature change.

eSSBS AL BB, T AT e
materifiC (Stidit ampdtheaiBoachtd -dbfedtid OO0 mpeiiiire byirSsifi@iR@hY described in Wu

R N M ER
15215805520 0 R P U 3 oS 8

describes @i useiof dopaf palpslicnastiwetueato botthenpot ands sdnye temperature. For
.contrql |l ed brﬁi the identity agd anount of dopant, .
polysiliqqa g 9IS STHCOPSHF IR S Hariie CTRRT e COgHisERn! pFesigtance can
be pre@iel BordRiel b9 thORienti ' i
et SRS ARy A SRUGAOIL 55
of the secongrfons given epplicatipens of an anplification devi ce.

ecificall certain materials dramatically an
1111 i ic R0 Bo Botins Gk ey ShASE U detect
temper@iulé 81 BSpiors TRA hatpliFiestionlRvieC IS pacifiBaIeY, icaltaif FiHteide
added to the solution as they pass through different
dramaticafly and repredicibly khengs-color arthtely passtheuigh| different tamiperatures.

f t.he rhyi . rate i_ncorpor at.ed
Such a g FEA R RGBT BB B R B R Eperatures.
Thermblehroimetichnaemals coutdbe fomted chotit dndkelyaselabsirare ok M orporated

l e solutign in the formof particles.

... Sa : . [.0112]

within k&%&ﬁﬁ%?m%rp%ﬂsﬁ_@h Aliprepdiveby, thegmeshiranaticpaterials caldigtedded to
the sarff1€ sifioln B ilf pAAfEaera. 20 An infrared canera

I'n conjunction wth a mcroscope could be utilized to
[0112] hetcgheriapproatieto deteqtimgatmpaarofsitheugl tHehee efitm irdfrared camera.

. .anmplification.structure. Perneabili of..t he el ast onmer

An infRER e S SRR wibimici s rou dbe el tgdsfcyrao the
temperbfitd Slofild s RS B4R anfRiRticORG sthR k8 TPE&h R bRy IEHE Cldsher

.is through the use of pyroelectric sensors.
materigdpe tddigtivalwauld Sasititatertlistantlysine materials, particularly

t terials.also exhibiti .2 i el ectric .
mllﬂbe‘%ég?t T ApRIOAB;Y tWeer%}?eodeelt[egggp ilsctijécfufggéﬁe. usﬁﬂfr§y§‘?elle§gil°
sensors] €Syeci ey, S0 M eARIANRS ﬁlatbﬂal@t‘bﬁhcﬁlﬁﬁ?{l BfJsa bl afeHall PalsPéxhibiting

the material's crystal lattice, and hence the voltage

piezoelgefrigdehavier, exhibi thepyroplsctir gfibst. ddjresfirshdesepbes the phenomena
by whi{:]ﬁgfég{?gag{é%g?n %@ r?a[l*s L’fsteﬁ gé‘{lbi?e %ﬁd hegl%ct%gﬁéé g?li%% agpotsg the

&

e or elastomner” an ’I'rze

materidl gighéghdy depend i Lipéh téhpituey. Stich ntAdriAeQABe tcofiéedted onto
as capacitance and inductance, can be exploited to 30
the subgiggte of clagiapisr ard pidlized ta detspidamperaiie-h embodi nents of

. o b . c _
o161 ReIESEs ph NSt BB RS Bl 0 B B o
detect tehpefaaibe iic adcootansevlith@mbodfments bf the gresbugtrinedntidayvi ces

have a base | ayer onto which reagents are placed. The

%. ' UCt\yerrﬁic%t?&P gf gicglgatte h[%elt‘m\,\oocvlcﬁxg rs 26

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

have a base layer onto which reagents are placed. The structure comprising the two layers

26



WD 2004/ 089810 PCT/ US2004/ 010492 containing the flow
channel s and control channels is overlayed on the base

wo 200e088uch that the flow channels are ali gneRCTMIS1004/010492
t he deposited reagents. The other side of the base
| ayer is then placed upon a substrate (e.qg.,

I :
containiaggie o eenele 204 FOTalehETEls AR RETPOpS ST Stdhihat the
flow c}?a%@gfrs ?%eggig%?g I\&{%lctég g%&gg&/ Fea%gﬁs.sﬂ?é&ﬁ@f ‘ﬁg%%%ﬁé base layer is then

uatrons for 5t
- placed dipbh asilwittage (@rpd ghgp). Ofsuatly cthe atastion kive attwiscle keastiomecairs is

o TR S8 B B s e T o o
thermag gﬁﬁkhﬁ’@r aiﬂhﬁgfo@riﬁfé%ﬁe% k& thi EBRSHALUMR SR8 WEidRtd Rl theRevice,

eks t0 maintain. The cal cul'ated val ues” shown in
one caff ablcelatt thelbmensquireddor thattemperprawithia theireactagn sitetolseach the

reached, even usi el.ast oner and. gl ass | ayers.
tempeiabg M eouiP I chrs R e PRl s SHERR im Table d,
demonkhife H19R %ﬂéﬁatﬁfetcﬁnir?ié%&éﬁdlﬁﬂ,eé%n 190 g Ehsophkriing RS layers
i.e., the typical distance for the devices descri bed
considgrablyi thicker than slilizediih deticesdalvehitathsdeandian st 15 appramately 100-

| engt hs throu P n I I S .at t.-he
150 R E T ol 200 B PG Ranal oo
[0116]seTanlds: (RiMEtdDReat aiffukictOlengthd though PIOMESed648ks Uapeds & the
... mM6.4 nm[0117] FIG 5 illustrates the rapidity at
indicaigh tigle Re@desi red tenperature i s achieved using a

bli nd channel device. 15 VIII. Detection A. Ceneral:

[0118] A nupbedgconfi di fferent l0e¢@atls on st r atld@Daescondn
be utilized vath the mcrofluidic devices tthat are

PDMSPT OVi ded el gigimSel ection off e aPPropr i ayg Gyat €m
s informed in part on thejtype of event and/ or agent

bei-hg—det-ected—Thedeteetofg—ean—be—desd g“%io
Glass get ect a 20| PRI of di ffef &HO® gnal typeg °-%Mmm
including, but not limted to, signals from

radi oi sot opes, fluorophores, chronophores, electron
[0117]dEles & ifusteates|tesrapidityras twhichpthe desitedstemppiature smshieved using a
blind EII%I@%?III es that emt chem | um nescence,

1nd ¢ 58f%mi cal Iy active nol ecul es, enzynes,

cofactors, enzynes |linked to nucleic acid probes and
VIII. enpytseiigpbstrates. [0119] Illustrative detection

nmet hodol ogi es suitable for use with the present

erof Geddalc 25 devices include, but are not limted

t R, L ' . f J. . .
0118 SR Ao LRI LS5 S0 i
devicek timt argrevided helieinf Sedattioabf thefdpprtpiriatet systeanid inforthatml part on

| aser scanni ng. Additj onal tection nethogds. th an
the tynsefisyent 2o 880k bing stertedt i dpiFEfOfean helenienPe Iﬁ defspt a
numbéf'?lro?)&IfEréﬁf RSPt SR BRI Eut dR Bhieh Q%‘ f?%Iglgsgﬁi%rﬁ ¢4diSBotopes,

uorescence poftarization, 27 WO 20
fluoropirEd ) SROMbLPDAR4.ORection densspaticles, amagnetiapartinles, spin labels,

molec%@%%xt-pg Sﬁﬁ%ﬁé’ml(h'fl%s e’scetnlcg,e eIerc %gﬂe\/rr%gal?y St% nticIlgcrIﬁés? E:nzymes,

cofactors, enzymes linked to nucleic acid probes and enzyme substrates.

[0119] Illustrative detection methodologies suitable for use with the present microfluidic
devices include, but are not limited to, light scattering, multichannel fluorescence detection,
UV and visible wavelength absorption, luminescence, differential reflectivity, and confocal
laser scanning. Additional detection methods that can be used in certain application include

scintillation proximity assay techniques, radiochemical detection, fluorescence polarization,
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fl uorescence resonance energy transfer (FRET) and
vari ations such as bi ol um nescence resonance energy
wo cans8msio (BRET). Additional detection opti onsPCTUB200€010492
el ectrical resistance, resistivity, inpedance, and
vol tage sensing. 5 [012§J Det ecti on occurs :%
fluorescenet merl@iwnsﬁ@e@tmﬁovy GICS)gidmenesobyedrepgigyiranster 6ERET),

s 50T 0B B R Rl Bt

resonaricB @hérgl ﬁdnﬁb@GBﬁEw tAddigotiat dstection dptiong irtcheletslléatriical resistance,
channel desi the detection section is generally
resistivithdIPEABICE AL Woﬂtég%\%en?’élgl ated by the val ve associ at ed

[0120] \ﬂetté&nSﬂ%Qmﬁ?Qt%“d%fécﬁbﬁ §ect1$ﬁ® or dﬁét@&ﬁdn%gi%ﬁe’t Tﬁébeft&*ins and

ased devices Is usually wthin Fegions of flow
other raldtad teeins réfbicto the portion ad j:mﬁmothndm it eics et:whmh deteh@on occurs.

e eSS o) e B BB 55 o

generalﬁf)fh%%dcﬁﬂn sRehd 1961at%§'ﬂ) Ee {iﬁlvé" Qﬁ@&@teﬁ%ﬁ&?éhcﬂrédbtl@ﬁ it&r The
M Cr oscopes, t stinulati ng devi ces

detecm(xeseguon fcawtﬂ)}-bafgﬂdoie@m$ tsi 1]@11&1%' wathmerggwm ot 8ew ghannglithat are
nat i,ons

or e n I.eh
sdjaceri g dpg g e gt il et ¢ rrel i R ALk fucrsccton
andasaiqgﬁﬂa‘mgl gﬁﬁent O'ten the signal being detected is an
optical signal that is detected in the detection
[0121] §l&)@tdetmt1@y3@t10@ parl bayin eoamaerisgtionTHigh epg Pragpregpicqscepes, diodes,

o s S P0G o SRR 98 5y BhabopEARionso

the for€Rode hicH @operafeito td@téut :1 s&halelssdcw»m with mipartasitogeent and/or
and/ or a video canera

agent. Qffeadhesignal &ﬁln}géiefﬁcﬁqddﬁ 5&5 PP%%&I Signg tg?‘ﬁ 1 d%@te& i fie detection
sectlon]rqf%%@tfgbldde‘fecg&v THE o Pﬁ&al‘?i%ﬂac{b? cén FRRAEILE or %r@bl%’f@dﬁbdes

etector exists as a separate el enent and
(e.g., amlamahfelphotd)dmddsya ﬁber—opttd light guale lq:ﬂdutgalfqrtey(am_ple to a

tecti sections, ectl gn can o cur in a
Photo‘@ﬁﬂ@‘ll% %B%l?f8ﬁ°°§8c'1“} aa‘fl %ﬂﬁﬁmedf‘ ﬁ@fﬁéﬂ pamera).
[0122] A EHER Y BE YnicrS £BRBAES whthed ﬁﬁﬁm@ﬁiﬂuﬁlﬁc d&d6e, or@kn be a separate

instance, certain automated systens scan t he l'i ght

element ol the detettar éxiss poa s¢paraie elegrenting the gugiodaidigderge includes a

plurahf:'yyﬁnzI cﬁgégtuip %}& 1{7{1] eﬁg%gt]éér} cée?%tc;ccﬁxm‘/ltﬁlﬁgarsﬁ%lg ﬁét%?ﬁ&f secfdn at any
given thbineil rAtdrivaivély, soeanivgsysteite caih b¢ afddu IRd)k stk aertammutomated
be attached to a transl atabl e stage and canned under
systema scapi the eliourcstplaive teehe migrodniiic deyiess qiher syptenas 938 the
Y
cmited JU5%ct £8P SE IR Ay ELARRL U PUEL B Ml
examplg thé hilidrafiaidic dditietcan balattychedpd hmhslstyblbet@etahdscdmavéunder a

the capability of col |l ecti,n s fromall
microsgpRe @y esitved &y Bgnal sp agqued 4 deg; Fﬁ%ﬂ?ﬁi mag?%wmr F’émal

log i%ﬁ
L
Add1t1bﬂm1yd epticabsystenat thatrlavp tleviagebility of coblagingt S@gl}alﬁafrom all the

s o Sl 1o 1 U B ARl cion

canbeuﬁﬁ% M e enabl es the devices described herein to
I ze a nunber of optical detection systens that
[0123]aExtemat dgpedeis latealsableibecmv et dayices that ateduﬂvm@ axe completely or

la;rgely]r:%gir} Lyl g /o% mi@??s t?xat are oVPcaﬁP Qc#a/n%?a%g t the wavelength being
monitored. This feature enables the devices described herein to utilize a number of optical

detection systems that are not possible with conventional silicon-based microfluidic devices.
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[0124] A detector can include a |light source for
stinmulating a reporter that generates a detectable
WG r@nakIsiThe type of |ight source utilized depe@mES1004/010492
' part on the nature of the reporter being activated.

table light sources include, but are not limted
[01241t1%9 defleaf@é fFan frladen lichi wwees (R SIRPIGHNE ALRPLICE {hat grRseatey 4
I
detecta%ki 1c 3% 'rg gg{ge o@ggr stog{ht%l déﬁégg g@@@ggﬁo@a&g glgqlaaﬂe SEMAR
reported 6bmgtac‘ovateﬂa c$uitable light sourdestisielnde,dmt b noit hrmfed b0, lesers daser
; into.the m.crofl ui di device.its t th
diodes)z3d Bigh el Bamen L & 5 BRiers fedissh Bt Wligid (o goan across a
set of dé?e’é:hoh Sedtons 8fla ﬁﬂg@%fhfcubﬂ sédi‘i%nmL%é?fdhd&eg k4n BeMi&Bfabricated
being utilized to conduct a thermal cycling reaction
into the ¢roflhiglic devécel itssHr Alltegmﬂvmo tasetodiissae be sabgicptedtielg another

dev1celt]?fa‘} g§ élge éid aﬁiiar% tgg]ia Sﬁlgc‘%loﬂ%@fc qvmgg%}l}galg Ct cll Qc %qu:t a thermal
cycling RacorPdiih Ghat titlasel Qighetretthe divan 1@&1%@tddﬁﬁidtﬁ@ defebtion section.
exanpl e, a tenperature sensor, a conductivit % sensor,
[0125] Defeetionqap mealyea BeRbgrofpenyplicgaperasghessaayella fipr sxample, the
e r
detecto?gglg C%ngélcrh!r“geéc qrr&%%)fe fgeig%%rgtﬁ%n%ogf a 8 ugﬁ%ltf &n@&g a

potentioaIvNEs €insdrl (¥-gqpal ¢ladttriepatidonal ampdremibricseasut (8., to monitor

utilized. Many of these are fluorescent detectors
°X1datl9§@&G§%§1”6?1°1@F?@°fé‘§§é in preparing fluorescently | abel ed

r f
[0126] K2AFHE ofcoég?ﬁggﬁy L1 5318 B ) @{%ecgglg%gﬁ BE auh]%%f MRy of
these aRe ﬂum:e:;@nt @etccmyxv\bmau@@\pﬁthe@dsdﬁmqnemg ﬂubwaqub/riabeled reagents.

tection of cleic ids. 1. .
SpeciiBipIAS 9 FEH BiFC B SRS NSIPAS O B ot SgA foppliod
Prec1s1bﬁ§$rré§)‘W(YRi ARSIRATRHABH 18iAANIVAY). doubl e st randed
can be used to detect doubl’e-stranded

a l'ified DNA Exanpl es of suitable dyes include, but
. naRetectian efAmplitielNpgsicaheidPi co Green (from

l\/bl ecui ar Pﬁl%?g atﬁnnﬁ of Eugene, OR), ethidium
brom de, rvm—o%icrnﬁ—o%—de, chromonyci n, acridine
[0127]0@@&@1&3 1nté1leﬁaﬁ6ﬂ dy:3 264 onfofl@erésce ujioyn btn?ﬂ,lngamdioDBEI-stranded DNA

can beger £ 45l OOV RS EUIBR AHAUGEHATN. LHamglss of itable dyes include,

l e f \
ot QAU S0 D Pm?f%ﬁ‘?%v{ﬁ?%ﬁg?{‘éﬁf%f?%‘?spgﬁgaﬁ}zu%“@ o),
ethidiune bemeide gpropidiunsiodids, clbynomzin, BREdinBasade, Décaebsti 3335 8 Toto-1,

ovo Lo R PR e SRR Lo s P s

regardﬁngtHQﬁéeecﬁﬁm@m'I%n%%@ﬂtp%wﬁé’disylzﬂﬁ B aff, L4401 OHRRL 8611948-1948
donor/ acceptor fluofophore pair. The donor and

(1994)awdmhusmcbrpmatg@hy)rdeq@awmatseerrtmtm:t ed such that the
em ssion spectrum of the donor overlaps the excitation .
spectrum of the acceptor. Thus, when the pair of

f 1 uor ophor epRE@rmsgug@%ﬁomdmdassuffl ciently cl ose
proximty to one another, energy transfer fromthe

[0128]dBﬁ‘fG¢t10It wethhds efbisgyes inyalvesletagiing 7Bhange ie lygresocnse figm a

donor ?rali de 8°4 ggpt?r‘z%p%heg 09?%%1%%60 mpaccﬂ L&%Qc {o?cjtﬂl%gcﬁ)hore pair.

1On" T EECt i ons.
The ddiRk ﬁﬂdﬂﬁccﬁﬁt@e flabloyheéteigairzee selgdtéd@ich 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.
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| abel ed with one nmenber of a donor/acceptor pair and a
nucl eotide | abeled wth the other nenber of the

walorvengmecept or pair. Prior to incorporation oPCT/082004/010492
| abel ed nucl eotide into the prinmer during an

(0129 FRPL BhE JEAR SR SEGRORD T1RRE inolhas fer B 1id M primer
labeled tvith Hhe ineith of 2 6Kt accdRWEHR and d midtildd RReRA with the other
nucl eotide is mcorg)%;aate into the prinmer and the

membef thirdonos/agepptorPaEn Pripr &9 igserporatien of Hierlgheled arnigaside into the
: These .net haods_are
primer A AP O Lo A R ST T AT Bnigor ae spacea
far encangh @pait Gt ewagy ramsend danhdtocoe! Geéwerr,af theilaglal nucleotide is
. nucl eotige ol ynoy phi sns (see infra) and are
incorpgralscriptgdfe pHmG! 21 (b8 SBRRNAS U icoens) Y micscaien Fesrey transfer occurs
' e} 7 - ' Y :
o oYU ERIEIR ESES S k) U e e
extensmmpactiocnsin the deteetidmofsingle niidlestidetpobymerphistst(gdei iRa) and are

descritg o [ Sy i1 Mo 0 975083 AU P e BEFT 2R sanpl e
[0130] QVudiRASH e RO PURS RV 0P bo-BATRII 4d £ Blle lgﬁﬂ:q{i&g’ methods or

w formed duri n% or after”the anplification proces
real timesgiantitative BCBY endthodsiweh ebve deanidiagd toadeteromee the peantity of a
le.of a real ti uanti.t at.i on nmet hod L.ch. can
target SRR oo s BuliB R s ST o Syt oF rublEpefio Producr
formed@frRighor aftef theBiphididaidn ProBésk AséRIF b deBicMikicatt £fays are one
.anmplification product involves the continuous
specifiggxample 9 A tead tinpamaptivtion methadumiich caobe wssidsyccessfully with the

. dal - . e ol ] l.eot i.d be - - .
A SULER ARAB. S AETHS G By o
involvestthe céntambhntheasirdimeht of CRIgrodine apsibdatisieehingla gulabeled

assays is typjcally a short (ca. 20-25 bases) )
fluorogsgje,ipoRRGEstits Does v B EPPIar ket lyrelmredis aithe Kicsature as the

“TaqMahtfle@fgent dyes. The 5' terminus of the probe is
typically attached to a reporter dye and the 3
[0131] therrirobrsused imbsuchcissays iotypicglie achom cadP@-25 dhsdsppolpntidientide

. S .can be ached at ot her cations on_ the praqbe .
that s G i tﬁ”ﬁe‘ﬁﬁlFISBgﬁ‘f“ge%?S’%ﬁ et THE SHegE nat of e gafbe s Dpically
attache8 U & réitiricd lyS ALAB GeteHRARL RRALR (¥ dﬂeh&hifllgﬁ &fh8uch the

bi nding site on the target nucleic acid. s¥ream agn

dyes candwraitackedhat ptirr froatiensson thaprddieras wedl. rBuiruolse isliasighddatokhave at

cat s QBn R8RS, e T B bABIALSE ot B i
acid. gmnacgy ahd dowhetteaePORGRinidIE tHavbinkl i S6caRRanS REKYASHRBE
uencher egu_enches em ssion fromthe reporter.

. ... the q : .
bindinggjis; a5 alsp anclyded s tharepsiiopanisfurBCR. the probe is
V. t: : I V] o) nucl.ei ¢ aci d

01221 NG 0 L PR S o P B i e
quencheheuenehesréngissibi fromi the rgpoktgn UDLERY iHdexbieios PREseTPCR, the

b .rE][séu\llF\téﬂ n hlm%’ 30_an increase of reporter em ssion
probe 15 pieg 'lilgt | RUrleass a ity aumslsiancid Rolipstasp sicly as Taq

. . P D | o
pom Bk Sty sceiPhe o RO BE bR Sl g
an incr¢dso s€repoeert @ulission imensityfwhick cagev eaassybyi M dppeophBie detector.
ctured h |ied, Biosystens, Inc. in

0133] _é)g’gt%@%%?ﬂ%{ ! Cld&.sp%%ﬁfﬂﬁ)}&dag@fltfm%ast}%% {lgersqmenemifgions such
as thos¢ Behied WBihg hf’ﬂuoﬁ%@ﬁf‘élagsaﬁff is EH%C&BEV'RQ) ﬁlgﬁlfg%tb‘x%ﬁ %gf@gﬁ%g

) intensity of reporter and quencher over the co
Biosystgms)ipc 2002s 68 98t 0CACT digR0e4ofidddgrovided with the instrument is

capable of recording the fluorescence intensity of reporter and quencher over the course of
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the anplification. These recorded val ues can then be

used to calculate the increase in nornmalized reporter
WE@Pi08MwWsm i Nt ensity on a continuous basi s and PCT/US2004/010492

ultimately quantify the anmount of the nmRNA bei ng

Idne 4 d ls r rdi t he
o PRI A DA oA Aotk S EREAE POl i
normalizddi mgomﬁ'&kmﬁsldﬁémckﬂhﬁl oh B ablhtﬁ{iﬁ)uQBaé@ﬁ‘lcﬁﬂﬁﬁﬁlei éﬁ:h@l@y the
nplification pro ucts are described, for exanple

amounFﬁf%e@RBét betggamplifiedy 015 to Gel fand 5,538, 848 t o

L
[0134] A&(ﬁﬁoneﬁ tdet% Is reg@f@né’m&%?@ﬁoﬁé%é%eggi%n gfgﬁj%«ggseé)ﬁmethoas for
makmg ﬂ@gﬁl)n;e c@ebmumnond.bﬁhé/borﬁv‘en@huon Mﬁplﬂic@é& odbicts are descnbed

Proc
for exaginl 1n togs Pt B %%1@%07@@@1@( 3608, )848 iiveva ol a(ldJS,863 736
to Haa%hd s welPAFHMRL O %’Sez AAGRRRLE: %81,005 A g%g 8¢ . Gibsen,

, each of which 7s incorpora refere
U.E.M; @tgzle flenomse Resdodd/B&PIFHOGT ( 1@96) Frbol ) 1. fMg @t ilyProc. Natl. Acad.

sei. URERET BT IR G 10 B e aPel Beodeend daicarions 357-
362 (1995 @@B 8f ivhidh i§ RRorpor 243 réfélﬁeﬁééﬁ' %‘én%tgyes such as

descri bed above can also be utilized 1 n a’different
[0135] Mo@dhe amghﬁ@pé]@mr@a@tlpn eraaCRses tth auseasihg anodund oAdyeisscomes

tially .bind t.o double 15 stranded
boumi%&ﬁg?ngﬁ&m%%@%££égﬁ tg%dngﬁﬁ§’aéﬁg?gte si gnal once
[0136] linterudlatibh dyes aghad destfiBbd AbSAtdaR AlsbIRGKNQE 7Y @&%ﬁeﬁ? &pproach

an |ncrea3|ng ampunt of dye becones bound and
to quanfitatiyie it Bisthogls.a As é‘ﬁt?érﬁ??‘éfhtthqsﬁ dresyeforentiolly rbaid toldatible

strandeﬁqijRe %e laAie @}RE C lor yg k&fe&‘aﬁg i lfg%,?lac 8 i}ﬂul\g?{ flfﬂ—:? as an

nol ecul beacons, ' COR
amphﬁpatublerea‘amnl Hrogrpkees, dinZraredsingara U lof dp& bédoynds DuAN ae is
lified.product results in the formation 20 of

accom%nbeéﬁgpac SoEmiRRiTAPTeasprR signglfbat qaaderdefegiadudes t wo
[0137] 326145 BeRBRs: SR BSle@llad Rcohs, £ @garj]%@?? gﬁﬁ' ?ﬁ%ﬁ)rn of the probe

section at the 3" end. These sectt!
as it hYb@éIZESJW aofomempntatygegiontof drersmaplHiddprodive rggulb the formauon

Sit and ar.e Ienentar t o one anot her.
ofa det%étg Se %ﬂ gnﬁr1 SPIPORITE a\f 'Pgﬁd%ﬁ %Pc‘“ﬁé 01, OBE $eSH8R fkbthe dy énd and
the oth@dctidifat Ghd18T erfd) AHSELAGhS FanktSHAkdVioR bE #feR8bd @afanneals to
gquencher dye [0138] In solution, the two 'en

the prO%‘emﬂW@ & 4d pREtsomplSeeniany o ene Anashére Ortecentiestian is typically

a8 ek 8. €L By SERLPLTRA R G BBl v,

[0138] i[rhsxﬂutlcﬁﬂ mlwmaﬂcsectidmrcaﬁ hgbri EROWIR rea@h’@thblsto form a ha1rp1n loop.
effectlveH£ quenched, by the quencher dye. Hybridized
In this ggnfeymatipp, (e eROKSE and @isnrhes dy ake m.snﬁ‘mnzlemplose ‘proximity that

ﬂuores&ggé ggﬂptgb 9(%? r &4{}4 {5 I%ff%&fvo 1y é‘l? é}rlné)(fs uﬁ?fﬁ%ﬁ d¥e. Hybridized

probe, inlventrag, eyEts,in laﬂlnemzedssnbhﬁaﬁ@ inl’kd]nbﬂ @Hé ékterfBR i dHching is
d @ £orgat|on af a |lf&§§tl0n product Probes of this
ecreaspqyn L% BY FRATHGHES Sissipnihangss fathe svedyes itiepossihie teindirectly

mon1t01f 1RE gg&gf’dggh‘(@){ g %1? baﬁfoﬁgnocﬁ[cg Pro%é % %ur?etpﬁé @oﬁhgﬁjﬁé{]optheqelr use
is descrgledtfelzﬂhmofomgyamldle;%l@@ﬂ% (D9, NarlBTyteginol. 56:359-63 (1998);

Tyag, § DA AT RS Sk o) ahEs Biatranoligy draoBrtRASo0); Gid Tyagys. et ol
Nat. Bidte¢hnal.|1 6R48- 9961998), 3P vAROHH ARG OraRE Wy HSROAH: QL4928 their

entirety for all purposes.
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[0139] Invader: Invader assays (Third Wave

Technol ogi es, (Madison, WL)) are used for SNP
w@emwangysing and utilize an oligonucl eoti de, deRCTOS1004010492

the signal probe, that is conplenentary to the target

5 OB O Bl LSS s

genotypinptanidnsilizb en sHgERlcotldE ldesibhsed BAE BrobB hat 8 @odplementary
nucl eotii.de 5 sequence contalns a nucleotide _
to the targel, BycIgigiagidh (DIWA of RMHYEr polymgesphismesitee Peseonid pliganaicleotide,

' s t o t.he.taraget nucleic,, .
desen P en (1R, REALAL 4R s L AL Bl oo
sequen'ééh bemalnaalrmbkoﬂdmlbcéymb@isgo BTHé Bivﬁ@ert(bﬂﬁgcpﬁkd‘fwésﬁ?ﬂtﬁtﬁe binding

This c X 1S recogni z y a structure specific
of the el RERCAQ 0% it TIAEIE R GHE et ey 2yshe thersegnabgiobe forms a
“flap” G tBEUBASHR PnidikiAp el id

B R g R Lt T

structurenipeeifip endotusiaase galerothh €leavapd exysier Wieavase dleseg e dlap of

RNETTCT R S N
forminp bAGHEESuple: dtHRHLS F&Bg%iz&i Wﬂfe-ClEWaseSMﬁBﬂfen O PliRg the

the signal probe will be designed to hybridize wth
Cleavagg enrymerdieaves e flupronbere(awialy drany pepemdhiephed modudes a fluorescent

: i lJele. Unlike PCR t i |
i 901 805 i ) o o e BB S o
referennelGhidd typakaltle briht Refardehaidng) Slfd iGhaRtpdR, tﬁéregyifl #8ear

or

..one of ordinary skill in the art is provided by,
amplifigaignpfesicnab with ng amplificptien of thaavelgisesid. Fartheralegdils spfficgent to

. i nAnalaysi s. : - 0Q0) 0
LS TS N R
in NuclgiABBApnd Sratemed redisisB8268t1AaRS5, B800)g RNA as the

to the RNA contains

a0 R e RGO S S o
using RNA Quf R phitd) dAﬁ}?')riHér g&%pfeﬁ{m{ﬁ fo MARNA @oﬁ%{é ret}?Te:snet%lgerzri/ce for

Transcriptase (F added to generate the co
the T7 promgyier siteorhhss primerss allGakte bihd withshbeaplaaRNA aciiReverse

Transcrtadh (55 a8 Al s co B petuaty Pl 5m X From - oere His
subsequdh€lyadoe] ® digésﬁW@ﬁth‘ém,alégvigggﬁltgfg’éﬂﬁhﬁe@&ﬁﬁﬁd&%ind. A

cDNA. ' T7 RNA pol ynerase is ad 0 generate man
second gy @kthe primes crniken bind the single stigndedRNAsind enakieatoublasstranded

' j.nt c eguence .b e fLrst
<DNA. TP RNy Aty B 1ol o - ERD S Bere L B R oy oo T7
promoténsitetthaivasgnatrperhtedinto Beec DN AGequésRa®lyahe firkt pfikiet eAR the
. Sequence- based Anplification, ture gSO'

Aci d :
enzymes Jhegiionadars, by ah Finclieing @il Ehi(Searetehibrimon, J. Nucleic Acid

i for - 258Yo1THe! N N, et al. Nucleic
Sequen%%?%éé@%%g&%i%tﬁﬁ%@%@gg_@ 39716?,?’ 1%68 whi ch is hereby
[0141] SearpiopoThisevkthyd isefﬁmrﬂ)ef thred efor szghﬁlg,elﬁt Tlﬂfﬁiv&ll ﬁ\ﬁ,f et aBNucleic Acids
uLp iC lgure _ depicts the schene. )
Rescardhy S 33723755 POV ik s srepringirheratry i fasmos i ts etirety for
11 | SN TR i ar, : :
sl My St WA oS08 a1 95l
mechangsn iseas fellowaSgent 1: iStiebd @ntueattosnsi targednd Kook ibn Btefy sefBénce.
Step 2- %%g%rces doubl e- st randed ., Step 4. denaturation of
ep <! . 1 of Scarnion DERHET £0 BugRt-ep A: ?ttgbgl@- ofﬁﬁogalolg pimer produces
double-St-Adb@ DN A 358 d: aéfaﬁﬁitidﬁ%f%ﬁﬁﬁrﬂah@e& ]?ﬁé%sé‘g%?%e:ag% step 3. This

: primer attached. St e{) 5. on cooling,
gives a ginglestroadgsiatgst hiolagyletwith the Scarpjen piimenattached. Step 5: on cooling,

the SCOllpE](;I{ &EEBQ gé:qtﬂllef%e BIREY 5'its tglrrgletsinla% ilf’lt%e\l/n(’)lo reglﬂar r%%nner. This is favoured
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WD 2004/ 089810 PCT/ US2004/ 010492 over the
i nternol ecul ar binding of the conpl enentary target

W@ 200a1080810A Scor pi on (as shown in Fig._) consiBCEUS004010492
speci fic probe sequence that is held in a hairpin | oop

over t}%q{}ﬂ‘ehgb‘l%@ﬁléﬂgn@ﬁg fo%ﬂh@coa}ng%tggr{t St % %Fe h g: c?ogglggté!;éﬂmwn in
Fig.__ t 0 dohsists'of angedific ftodeebadnbythat ﬁ‘Heﬁi n a(Hh‘i&fFﬁPl'obly OB di¥Ation by

a|r In

oined to the 3'-end of the | oop
compl@ra%lﬁ oty e PGS omifes §and Gisiges csftbfr piobe. meaﬂ@r@mre attached
to the STARR cﬁ&n@]?é&l% eﬁ%ﬁﬁ?ﬁ meﬁ{ytl ?é(lthcg F’q,t 183 3‘%163 loop.

primer during |on
The hagpipuleng & lunkedbb thet D-enbbhdiptidrer vig am k@Bt s@qdéab@(swﬁ)er)
S hybridization event opens the

str
After eﬁ%“?‘ﬁf‘ iy dwrgg%g%ﬁ%gp%@%@@a the Sﬂ%}lﬁ%ﬂr@bﬁ sequence is ableto
bind toff éna g\
D o DD Tt TR HEY Ry Oems the
hairpinclgep so thebfluerssaspenis mg lager heertvhid pmdlaﬁl.ﬁlcfsa@d:hnl sierfab® observed.

The PG P e Stiriop et s kot BoP R (ctoakt hmgRpening of the hairpin
loo mf‘tﬁél alseR6d &f the ES3i MY @ELE
P rimng ev gi%% s. 3. Cge;lggﬁce?\sllé&gﬁ%@ %hrgh% \%gﬁld%af t?]the
detecthih@E@q-@e@ﬁqﬂ%prqd@ptg; §. @mmlllq:r dyatwes miBhiiming events.
concentration and the change in 15 capacitance that is
evoked by the passage of nucleic acids across a 1-kHz
electd.c f i@dpdcnﬁhm\lAHEt@hb@nShi p has been found to

species i ndependent ( See, g., Sohn, et al.
[0142] ?@G@O‘f apingar relagigpship k@tg@en Q;I}{A cqpqgnyr‘amgvarmeg @halge ) .

[ S Cl ds
capamt;lrltfﬂgitvhag hlg <r3] VOl eﬁ?)'g{}hgﬁyés?ée of nglh‘lfé %‘ﬂ&%ﬁ crosg 2 C%IIH%\ Elefstin&ﬁeld This
relatlor(shaprhae beerf fofnGto be specids éndepanden n(SéB%T@?SShn ef alF{2800RProc.

Natl. gy, é’éhﬁ St S?% sy %B?@r E@l%lﬁgaf}cé@gﬂeltdgwmﬁ maelgis oigs|within the
flow c}ﬁﬁhélt(é N tieObanif G, AFslar fﬂ'o%fjc}f%ﬁ?g %?EIGS kﬂ {8%% on €h %ﬂgnbers

hen subjected to the electric

of FIG. o?f) 2k subincésdd toonclo fidlddoidatyrRamabncasrafion éBiimBl&?ﬁﬁiplﬁﬂﬁct.
u with.the n1 | ui di c. deyi ces di osed
Atternaf QR S op it P aEH e is Ot e ebirstorklp the
ehdndﬁﬂ&nhance the reactions. So, for exanple, in the case
of 25 devices in which reagents are deposited, these

itives can be spotted with one or nore reactants at
IX. aigggéﬁkéﬁugﬂﬂél tureyforGondugiing Reagtiorset  of addltlves
I bi ndi
[0143] Reﬁct@ngegﬁcﬁ% ﬁltesmfcl:b%mg!:? 650&1%?1% g Jetein ?.1‘8 ;yplg?lly

tes on t astonerlc Su

Conducwdczhﬂmmtauuzdihtlm o behanu¢ theirggtiohs CHéldbngkampel R 8le @be of
gelatin and various al bumn

t t
deVlceSdP S et dgg“é‘&@?ﬁh%ﬁ@@éﬂﬁwmubﬁ sptiadwiliope er olore
reactant:é(&t b Bdfidn St gbShosile. A ot YL e@lﬁe%lgg(éﬂé ‘fefagénts @‘Hﬁ/block

a number of different tergen S can
protein Emdmg stes on (ﬂhﬁlﬁl@tomam al’oetralet A widetvadietyofSWeh edtipdud@s can be
utilized 801 QUS Tri Fl(i%f %g {e 14%];51' n the specific
&%&‘é B¢ aﬁ’l‘}e} 8¥ Qt Gt H"pﬂ“‘rl?ff e Yagiqus aljuminpreteins,

mmhasQBv@bE&ﬂﬁﬁﬂbm&Mg%ﬁd oBfcefidi tives can be included. One
category are enhancers that pronote the anplification

[0144] a3ietgrgatedditge samalreht W20 Arg1eH O imber of different detergents can

be utilized. Examples include, but are not limited to SDS and the various Triton detergents.

[0145] In the specific case of nucleic acid amplification reactions, a number of different types

of additives can be included. One category are enhancers that promote the amplification
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reaction. Such additives include, but are not |limted
to, reagents that reduce secondary structure in the
woemkessi@ci d (e.g., betaine), and agents thatPCEUSNE4/010492

msprimng events (e.g., tetranethylammonium
hl Lt . has so, _been fou d, i.n conducti ng
e G968 S8 Sk D3 G el RS

structu@@inythéhﬁﬂas agiaV(e. g6 eI Carldeehis $hat FTucE WA A i
good results xgrggobtalned 3%$h &hp P%aq l”ng\@k}Ilitg(e.g-,

w“mnﬁ%y@ﬁﬁm%@gnGhbﬁﬂP d Biosystems, Foster City, CA) from
e
0146 DS B b o D RSB Sl idnp s ome

polymétinges @;Arcmnhﬁmdaesuﬂ-’usn [Fafléb{amm@ SNIH@ %ﬁﬁ&ﬁ@ﬁs gerd 6&5311%@ Qith
OCKI anus. her

ph lic teriu Ther m us
Ampli e G REER e Frghorbied Thipsyeiceant esier i, Codiom Vet aguaicus,
t which |.s
et i T B
Finnzymee EspopEindand. i Thos poliymefate ls)ﬁomylnreﬂlbhﬁdipmhcpbudtérﬁlm Thermus
br klar ch nbactengﬁy%r osoccu woesei (1 and
ockiggs\, (RS S&mplgnypelyEerashy afo‘@flaewél %Z%gmdﬁgbwm mt\l@@lted to,

rTH pdkagbrdte XD, WRitdY6 h cHRbIRAGH bpﬁ}?e E %he‘}ﬁ‘z CA{;@&)} (‘?Eh)gall&

devi ces di scl osed herei n, incl u el ¢ acl
Thermagegustliteradis §RLi), daperthomeo-rhili anchacbwk&ehum Pybosbranmaesdi (Pwo),

andTgb!ﬁI{IﬂfPl L{})naellf,x rrpl ary Applications [0148] Because the

&>devi ces provi ded herein can be

[0147] Farthéiedeiaitsadgdr@ingnaliities asefillah agnduéﬁ‘ﬁ% teaRfioh SRk | h%ﬂun of the
sites, the devices are useful in a wide variety o

devicesdiscleser! hgreimdncluging purleisl aciamplificatipn repetiensalare prbeided in

ExampeVif$@S can be utilized to detect reactions between
speC|es 20 that react to forma detectable signal, or
a product that upon interaction wi th another species

X. géhgnnmgxﬁgm@gmgggable signal. In view of their use

0148 sk SRS SO0 Bl T e

large néthbérayresictiby BRss, Bfc RRVRY §1%Sus%1 il a?%g{e' \%’il%t}r SHY e.rehﬂl% and

tenperature confrol. A Nucleic Ac |f|ca|on
analytigad mettioghs Ipgereri Abp d¥vicesiamibeatilidedto dmxu rdveti@isbet@een species

that rea@ﬁoggglll WF% l%l?%c{a ecsggnpd Cotg @teltiscg % L}rﬁtg]yonf #er@%/g eﬁrﬂ?lfgl Qnuoct:llle(?‘ Islg.):emes

generatami) éttdtalsle sipRal GG 05 HeaMsH Qithi vagBlis typEPLf t@hﬁ)@fa'uﬁg Sontrol
ifications with a single primer as wel

systems, %’pﬁ‘o‘#‘é&ﬂeﬁ g alapbe pfilizad isngunber of differpt kpes af arcahﬁes or

HorkQ8 ﬂ 2 Jg rd and reverse priner set).

reae 10%01@?5%1@% clf channel type devices are
utilized to perforn1nuc|e|c acid anplification 30
Aeact Nunkic Abtid AmplifedtiontReattiaise typi cal |y deposited

i h
O -
acid am?ﬁﬁ%tio@l'}eac'ﬁ%ﬂa'ﬁhﬁs LB 8x cfﬁ’iﬁjgé; | a&&fFeact?Jns abh petinddre

| ow ng are deposite
amplifi¢ptions danplefications ithj aisgle pnfniae[ as Waldi as é‘&’bo‘ﬂ&hal amplifications

/089810 P 4/ 01049 cofactors, for exanple.
(Le. am??? é‘Wﬁl%mﬂ"Hg%{)\%Jﬁ%@ OTWA'G G ESVRISS PEPEE St e i n such
[0150] $ARAIhd Blidd@annel type devices are utilized to perform nucleic acid amplification

reactions, the reagents that are typically deposited within the reaction sites are those reagents
necessary to perform the desired type of amplification reaction. Usually this means that some

or all of the following are deposited, primers, polymerase, nucleotides, metal ions, buffer, and
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nucleic acid tenplate. Alternatively, however, the
tenpl ate can be deposited and the anplification

WO eagesasso f | owed into the reaction sites. As dPGDUSEEH010492
supra, when the matrix device is utilized to conduct

es cont al ni
cofectdty, BPBLIIE PEh el 8 il PRI Re AR S Bk e he
nuclelccdmidh tmipiatan Altehetiacly] hdweat, thdtehgase Bisbd &é Béd add@e
1%}(é‘r#l)zont al él ow, channel s or vice versa. 51] Wil e
amplifisasion CagaHApEed Mo Biedragieawticnnds fisrusae qu,eﬂmmta@mamx

device T@ﬁtll@&%& k& @cﬁuﬁﬁ@aﬂ‘é}ﬁphi{idaﬁbh ?&c#@n %&%ﬂéﬁ x%%ucl c acid

fications. eact
templatdw@re ﬂ@a/nd iﬂ@ough)ﬂnd u'ettexdl ﬂmlchd@elsbaﬁd the anpﬁﬁcdtidiﬁl r%@nts through

chain reaction (LCR) (see Wi and 10
the hownragg)gw @%‘?ﬁ%?’b@%ﬁ”%@ ( I1989§ anZJI (Landegr en et al.
[0151] Sﬂhﬁa PERA4 berhBs/the %gﬁ%bwn(ahlrﬁhﬁcﬁﬁﬁ{‘t%E&hﬁé oﬁ'le %ev1c§s are not

anplification (see Kwoh Proc
limited ig gogdncting ?C&@B}gl)ﬁcau@m i Qthes ipks efimhplifition eepedonethat can be

] i, .et al Proc cad,
condud@fnbi, 126 538 BT ) FasCitsin AR (i W and
Wauaclagge;dmaﬂmee@el%pphm& is ézlbll\Sﬁ%ncéaa?qoS@?m%?))?@l)

R . and_Mal ek, Bi oTechnol ogy 13: 563-65
transcripiion aﬁmllﬁﬁ@@dﬁ@@féﬂfﬁb et ak.nonclet]. ataed 15cii 8 rspdrlas €1089)); (iii)

st bl B SRS RRRE (8 G U P 5P Ol i 157
(1990));randi (mv) nud¢ic beiddasaigeljiate dnipdifiogti ;W ASBANEee, Sooknanan, R.

ods_descri bed supra for detectlng
and Maj%ia ifl@g ‘%’%ﬂ!}%l 35MB- A EINEDs el ofths dexpeping references are
t
incorpdR By LS5 ety Q362 bk 0 genone

[0152] iDetention ob sheargdim samplifedpoiectcan be qetongRishéd asithangsf the
ucl eoti des frequently

.in_a.snall

detecu?%%ﬂ\?ﬁ%ﬁ“ﬁ“ﬁ%ﬁ’é’éa %05 tegﬁl%?léph@%d BY?y-de. Such single
nucl eotide changes are referred to as single
nuB.| e ENFI&n {104y BRd Geh&Bine’ sinply SNPs, and the site
at which the SNP occurs is typically referred to as a
pol yndr phi &esiegag The deV|ces descri bed herein can be

dent. | eatid
[0153] ﬁarg'tdl%éaget%qlﬁg% Foe% v rmr pf (Iﬁllg ty sthnggel{h,&g gﬁf]ﬁl %8 gt?o%ﬁ%ﬁ%}h ogf’f
1nfect103uls |osganmpc&baﬂeltheycoﬁshﬁleﬂey bL£6hags i sl hhﬁlﬁgr dfhucleotides,
yses. Genotyping involves the

fr eq“e"g]é(?lgﬁtf%? t%u ggf’lﬁm\mﬁé@% pugleefidst Sugh singlerusteotifle ehangamare
referred®fodRrR chtlJbt?i eﬁg&gdrgﬁ]]sm? for ﬁﬁﬁ%gﬁ!@g) cd(%ﬁé Q5 Wilth the SNP

copies of are er ence
oceurs sappizgljoreéxreddoes a polymapltib sité. Thedevides rdeﬁtﬁﬁ)ea M@rein can be
a. heterozy or contains two

utilized{g [S‘:e BBhisE it uiicogie piestntat gleh palypagtphiersites pds an
P 1 VLRSS AR S i
involvep meedqt@'gm@loa of Iwhgt}@r vaipleidtorgartism (1H3,vmwcﬂ'ganiaﬂ with two copies

d b d f h b
o enehSREL R AT B LI SEELLON O ). onc
copy eadRO#{HIFGR I EPGId MS&Q%/aﬁélQ‘tf)@ a ﬁ&Eﬁ)&D%&g) BP@orﬁﬁﬂE W& Q?Ples of

of an individual in many different elt
the varigpfealiglerfbe g e watiantdye kareoryggtshe $Vhen condusitingta genstyping analysis,

the metﬁ&?sroef%e invention can be utilized to interrogate a single variant site. However, as

described further below in the section on multiplexing, the methods can also be used to
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[0154] Devices to be utilized for conducting
genot ypi ng anal yses are designed to utilize reaction

W@ 240881310 appropri ate size to ensure from a stBCT/E52004010492
standpoint that a copy of each of 5 the two alleles

di Io d.s b re t in re t on_site
e 2 B & SRS B R ek R S TS e gone,
dlffereﬁngémégbﬁc&ﬁ&h@hdﬁs@lﬁ&e&esul ts suggesting that a

het er ozy %ote Is a honozygote sinply because a copy of
[0154]tIpevieasdp e ukilizes for p@ldﬂ@tlﬂ@ggm@ymn@analyws peeatssigned & utiize

reactlo;l;%ma§ o@a&??(gpe\g e! ﬁge t%ae%g Ftﬁglag?g{gﬁu gFtﬂWﬁ%Hgﬁh%é’qugﬁ gf each of

the mcexleamd for ¥ d%dcsqn]@eum pids@tan Hitakadtvn she atlh wouza% U N
t he devices described 10 herein. [0155] Table 2

concenigfipes @fherEse e wplysie sopd sidd resulis sugpestingbatumksterozygote is a

oo 8 SO Y PG 00 VA P B

Table 2b&lo@GRditatef OitSHinbés ofcapistasfahe gato&ﬁ preﬂalnﬁmt aDl nl reaction volume
st ochas gl’ﬁ{gportl oning of the sanp
at Vam?ﬂ?r%@?’piﬂf% CoReeBiraions thatsen bp @Hhmslrmﬂéﬁ@tdeﬁww described

herein.coOmmenced determnes the likely error in the 15
measur enent. Genotypi ng anal yses using certain devices
[0155] ar Ealtly Bi Nambyr afgedomt edpies presersdnpllad. Wawinegt ahdiMbicated DNA
centration of approximtely 0.10 ug/uL, although
uﬁmmﬁﬁﬁ S%urrent inventors have run successful TagMan
reactions_at concentrations in which there is a single

Volumgémlohe per react | 0PN {eg/ul) Met hods 20N[ 0157]

Genot ypi ng anal yses can be conducted using a variety

1 of different appfpaghes. Tn these netjhggs, 1t 1S
generally sufficient to obtain a "yes"| or "no" result,

e, detection —the
question whetherja given allele is presént. Thus,

n_be | conduct ed onl y with the prinmers_or

1 nucl eoti des necet8&y to detect the prleence of one
allele 36 WO 2004/ 089810 PCT/ US2004/ 010492

1 potentially at a|pollynorphic site. Ho er, nore
typically, prine s and nucl eotides to [detect the

1 presence of each 9 E;Ie potentiatty =at fhe pot-ynorphic
site are included anpl es of suitable approaches

folH-ow—{0158]-S n”' eBase PRair Extensi-on (SBPE)
Reacti ons. SBPE reactlons are one technique 5

[0156] Ypecidneta ntatet] @ve kofeehakts pRPBELIHINIGF tHEBRAYB] tAE copy number
anal yses. Although a_nunber of SPBE assays have been

presentd:@\ffgp 3pagrlifisatiopdigastion ia pemesaeed deterniines the lik¢lgerror in the
measurGHBhE Anbty fille 8BS fditig certain devices are typically conducted with

samples having a DNA concentration of approximately 0.10 ug/uL, although the current
inventors have run successful TagMan reactions at concentrations in which there is a single

genome per reaction site.

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

conducted only with the primers or nucleotides necessary to detect the presence of one allele
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i nvol ve hybridizing a prinmer that is conplenentary to

a target nucleic acid such that the 3' end of the
wpeioaesIsiec | nmedi ately 5 of the variant site PCT/US2004/010492

adj acent thereto Extension is conducted in the

I I
potentiﬁhg ?ﬂ:nc rRC}H%g?earﬂD ; gVﬁ&gﬁ%qeg?%lgg g}ﬁ}e)é%%?g Lo nucleotldes to detect
the preBéHé'e Qptide{Rle ﬁ&ﬁ{tla@@ca%'ﬂﬁé PolEn¥BhicARE afd fe1u@Bd Bxamples of
| ymerase. The non- "extendi’bl e"nucleotide is a
Suﬁdﬂﬁapm@wﬂmﬂéﬂkwalog that prevents further exten3|on by

i @ é?) is)oref‘%koélg A one technique

spemﬁ@alme@rabpw w doﬁdﬁdﬂ@g rg@ﬁcbt tng %ﬁa@&est btgtnoagh ambimbet 6 SPRE
then a | abel ed non-extendi bl e nucl eotid i's

assays havobgssdsvelapeshthe gamerabapprperhos quite smlaﬁeifymal@e Hease pgsays

vt ol AR SHLATAT, ALRIUEL Dl AYR i e >

end of peqmanér inimindiavdy 5asfithe virtandkit@or isadeéntibertel Ex@gisidn is
Such pet hods and rel ated net hods are di scussed, for

condugigdpdhe presenag of one prmgr lahgled nen-gufsndibly nuglegtidesha are
compl gt e R SPORTT Baftiub e el M g ol Bhrage The non
extendﬂ)dmmhxéealﬂees:a adcledtide anhlog thdterdsiRhis fdﬂhﬁcm(temmoﬂ(by the polymerase

e RIS, el R e L
compléBatt&S o @ﬁﬁﬁfclé&ﬁﬂe Qﬁh@ Whiarf sft& QE&P& laB'éPéH ﬂbﬁ-eﬁ%ﬂaﬁleﬂiﬂ&%otlde

a prinmer |labeled wth one nenber of donor/ accept or
is incoxplogasedptto e 3 omel afdhe primer ta@n@atermlnbdﬂd extdnmreproduct Hence,
han.

extendedJ Bn@g%sléﬁgwg? é.lq mﬁi(faélgplog évlh}cil I}Uﬁgoagg H;)pres‘fﬂgat the Varlant sﬂ;e ofa

target mmlejmnas Suél ﬁleth’(btlﬁ astlfeied RMEtHBES MieQlistysel PR Eﬁ%ﬁi\ﬁ\at indJ.S.
eaction site. npl e containing 25 tenpl ate

Patent Nﬁér§ S ?Hh@e@& 7414t 6888»819 a0, Qﬁ‘? and &, 7t18 0381 2 in WO
92”6659nplate extension to occur. Any extension product
med is detected by the formati on of a FRET signal
[0159] (Beestion.of the é&xt&hded Badduiots chio be ﬁe&éﬁd&ﬁﬁzﬁ\g(ﬂhﬂKET detection
Publ i cat WD 97/ 22719.).. reacti ons can
aPPrOﬂB‘b&?%HE?‘* §>r [FEenpiRB FeASHORY B dhg gﬂ?‘ﬁlﬂnéﬁ%té’nsﬁ“@%l Thys; fog example,
tr

using tﬁ%gec\xrl@él bge%d E%%Bg\(}glefegtg a[r%%eﬂ}e o antq?)?%ﬂ?@%@?ﬁ% labeled with one
membeGofi o tdpponiascepial flaersphern, aleso fng lameilindreek tasliblg nitleotides

. apt i tafiv PCR net hods des bed e rlier n.this
citer G0 eyBlerdFmors e oy REPUGPISEEE B Op SRRy
polym@@éérhr@fntfoﬂﬁc&i (o btevidRIyBpoRéd dt AebdeHBA sAS A%ﬁ‘tﬁﬁféto%ntalmng
tanph, g ether with priners, nucl edtides and pol ynerase.

s thandaedusad inte theysacionchite te allew témplateyextension ¢ eccur.

h, . h| a reat e anbi
Any xR S A R8Py G5B GBI nbflce, o, U
Patent Mol $,0451083 aad PETPublicidioWD $722¥2920 Orhe@8R8ibAs can optionally be
PCT/ US2004/ 010492 a failed reaction. For the typica
thermopyeled 9| ingreasesgnah ugipg she temperature periral mecthrslsang lapparatus o
describB® L ﬁ(g%r phic site, two differentially |abel ed probes,
each pérfectly conplenmentary to one of the alleles

[0160] Puzmtisune | RCR. nGend@sing Bndlies canglen be Bbadudted, usinlggﬁ‘é Hedntitative
anplification priners nuc| eot i des and

PCR mﬁ&oaﬁéﬁ%?@bed eitiph dndbin casentliffrantially dabgled ropbesicgmplementary to
each omé ﬁﬁa&%ﬂn% Qlteqn&{]&ecp?s rﬁ%&% {bgi%fhte?wuhf ri%&b? ?zthhl%bﬁdés%nd

a probe i's co resd)
polymdraseg éfoviadNer, reactions can be conducted with only a single probe, although this can

create ambiguity as to whether lack of signal is due to absence of a particular allele or simply
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then amplification occurs, thereby resulting in a
detectabl e signal as described in the detection

w@bavesIsBased upon which of the differential sPOHEE2004010492
obtai ned, the identity of the nucleotide at the

e LR P Syt Set el T bl <l
polym&lﬂyﬁld’gi’t%)’ﬁifd thfe%ﬁ'hhﬂﬁ 14bBRd pBGHek ] QBh Eérf&ﬁfyf &‘iﬂﬁ&né’tﬁary to one of

described in the 10 tenperature control “section supra
the allgtes @e mléu@ypnelsldcctam the adageiitanixture, Gogeher witlDaBplifi@sios primers,

anal v, Lnva l.ves t he
nucleoff R GRS Sl B G RS B LB e ity e
reactio@itk. Iffihe allelt s Whivhtd RBbERRoRM|ibeHtirl 34 p¥Eont Mythe target DNA,
generally is 15 quantitative. In a differential gene

then anaplifieation oscpdhgishby respliag|ie e éﬁ@c@bletsn@ag em@f{sgl)lbwmdh@
detect18ﬁ lalb%\geg q%%etil uél%lf \gfﬁ}cp%t?:tj}lée) %gﬁ%nﬁ&@ga?gs g 1{1?{? IIhe 1gF1i1t1ty of the

nucleo(1dé) Bt the bob@ldrphic élw\baiﬁbe/@tctrﬁilﬂed)flf B0k gRRE dseasd,aBéh both
be made. nples_include, but are not limted to, a

alleles agmpygpqné: ofﬁﬁ@%%@w&@mngﬁbe EgAtien is@gefermedsay descrifeadvip e
tmnpm% %éotﬁﬂ@%&ﬂm& |,;pdi vi dual treated with one drug and
rom anot her untreated individual, between cells

20 exposed to a partlcular toxi cant and cel |l s not

ebtpos edeneixpressiamAnabesies whose expression |evels

vary b tmeeg th% test and control cells can serve as

mar ker argets for therapy. For exanple, if a
[0161]0GétcPdxpredEidH AnMllsi9 BRRBves ﬁetfeﬁﬁﬂﬁ’n% Qe ll’@velJ Qt’\K/EigH bt 8Fmbfe genes

di seased cells rather than hy cells, such genes
is expregpad sep partigslapeelk eFhe @ﬁtemmat@mg@abe qamldat:‘em but generally 1s

quant1t88%? nfn' a?é#?ére%? al n% ne é%élie a e §ZSés ?Ig:r%\é{lg of %‘ gp%fs)t 1@1}pne cell

(e.g., aftedt 025) are ealtnpa@dtt@ thettixpasasion lgvehtofi ltlﬁ&éah&ﬁﬁgd%@ﬁﬁﬁi@f&? cell
that result in a reduction of expression_of the
(contrq} 5 b FAfl @ YTty eésucp@mmfnsmé caebe gradef Exsraplgeincluss, but are
not hnﬁlﬂea% OS&ThAEEEh Bet’w%ellﬂﬁé an& 3 fe&’s%ﬂlclefl? off c¥id ﬁgltnyan
géne  €xpression ana ecause the devices
1nd1v1duahttrwtcd withang drug,mltle:ellm frommtheb unisd:dtﬁlsl,ndafldhaaﬂ Getween cells
or. sa | es be tested at the

er of nes
expose {8 Perfulad F syt ARGOHI L RIS RAAm P Smerey hesenpression
levels ‘flé}ﬂ/ beRedc Thtest M8 BUREERAS 84h ie?V@JlsSmQLfkeﬂ%@Vo? P5-c0 for therapy.
t housands of genes can be determ ned at the saﬁe
For exathple, if fivertaiongreusofganes fsdoind todteaipdiegfletedrit idiseaspd wells rather

SXRL &S I on, anal ses Wth rxdeS| n, for .
than heGHRY S5 S 0SS LEEE e Yotk o e idheb A EBin oty be
utilized &$the @aélﬁl f@Badnootic ©BBNTREse gohédcqyld AP b@tefr%éﬁn A strategy for
di seased cell run in an i mediately adjacent 38 WO
treating thgslispasemighb @xiudsayoesdotes Ao resubidn aaeductinh of expressian of the
up-regl‘ﬂﬁ{%ﬁ g5, the ease of detection and the accuracy of the
resul?’s because the two sanples are run on the sane
[0162] dEhei dbelgﬁtoﬂtl’&ﬁd@m discloeediideinisiBElpfdl én GRiRa drie@6f gene
2. npl e Preparation and Concentration [0163] To
eXPreS%%'sl@?rlxéseﬁh Begausp therdayices pontaine laggg mymbgee Bippctiaesites, a large

numbei:l Zéf%é?l% 8} > és &B R t%at%e sa?negt? ?( LSSﬂlgPtH? hﬁﬁc? flow channel

rising transcri
devicegy émei@st)mc&r tlgagx@ression levels of hundreds or thousands of genes can be

determined at the same time. The devices also facilitate differential gene expression
analyses. With the matrix design, for example, a sample obtained from a healthy cell can be

tested in one flow channel, with a sample from a diseased cell run in an immediately adjacent

38



10

15

20

25

30

fragnents, or nucleic acids derived fromthe nRNA
transcript(s) is obtained. A nucleic acid derived

WO can0sa810"RNA transcript refers to a nucl ei ¢ aRCTUSI04/010492
whose synthesis the nmRNA transcri pt or a subsequence

RIS i AT T o -

the twd dagpSerarbach éd mmsmaueﬁ% thélthlé\uﬁﬁRJnﬂfuhﬁ& ﬂk@ s&ﬁ@&ndmons
the cDNA, an RNA transcribed fromthe anmplif

are all derjved fromthe nRNAtranscrlpt and
det ect4 on UG HICHE & %% | ndi cati ve of

[0163] tﬂ%n@isﬁl%ecﬂg BraRlLel ﬂBn e@wa@ﬁfé?ebgf thé Eg%rggdm% {%%1) of a gene or

transcript in a
genes, 4 nodleid epldtaatnp& eonmmismg RINe ¢hah @rip RN the gﬁ&fcsjloﬁﬁgSn@f

t he enes DNA reverse transcribed fromthe
fr agme%{\mgﬂ e ier O e G A R AP DNPORAPER Aerulclelc acid
derived ﬁm&mﬁnﬁéasc%kfﬁ@%q{éicﬁ?gam&? S %?@héglé ﬁ'ﬁg

DNA., [0164] In sone nethods 2 nucl el ¢ ac sanpels
tfanSCﬂlPher 1 stbstqueRNAtherolf Aesultifmatehy gerbédhsogiconllate.s Thy, @ cDINA

YEVerse s S& bgﬁﬁ'}aan C e?rbkgbﬁzgazf F@Jégﬂr%lsgglﬁqdeé? {gart cpmgagptgg E%Lphﬁed

from ths @I £ "an RASAUSSEcAKIGdin HLfnSSIFiddDRAS HIEI2RER G the

from an oraanlsm or from conponents of an or gani sm
mRNAdsaperips apd fetectian of sueh dmvedups@dms lam@ﬂltatmedﬁthd preseoneand/or

abundagge &iethg 88%1@%%%152%%@11% s u%,l Sglg nglré @EWPL?e 1|de u gut are not

11m1ted\M$1lrt1RN§AeﬂrzltI$):npﬁs io$ Sezeqd of | gdfh%s rtﬂﬁdAQe%r@@ﬁMlsm 868m the
urin peritoneal fluid, and fleural fluid, or cells

mRNA RN SrtFasrIasdoram e NADNAs arsplified Gomithe Benes, RNA transcribed

froman%lg QOORA0f tissues such as frozen sections taken for
st ol ogl caI purposes. Oten two sanples are provided
[0164] Irosom@mleﬂmiasa wiclgoagidsarspin is fieeotabmRNG isvddedRomfatiological

exa fromdifferent., cell_ aqr tissue._t 25 from
somple G T SRRy 07 BTG S SPPBle e 1@ gt biologiH eample.

The ter@UPi 516§i841 shplenO BE
o drug- tgfleatsedpan dasg%sﬁgr ol%gﬂ rffﬂﬂrsgéta &Eéhﬁalges%fmman organism

or fromicogipenefite of Araorgdoiss:, sish asekls ﬂolcaggmaisttssmdsandfmhciat ilnsome

o B B0y M S R 5 Bond
cells (egywHile@allb) sk of &mh Qb&lleiopsy @h@pldse %ﬁhé gyﬂeﬁtdﬂéaldﬁha' dnd
in WO 97/10365, WD 97/27317, Chapter

fleural {luid ofrzaedls fherefspmi Biclegicl semples ean slsp ymémﬁ ebliensuif4issues such
A Prob
as frozep SRS el AT et O i s, QD s ko T Bor

purposes @f ):orﬁp&esane (The shinjfles c4:98& or Shapile from afffda @ERbLALSue types,
echn ochem stry, and Mol ecul ar Bi ol ogy:

Bi
from di E’é ‘iaéShOI\ﬁQIH the sams; Grighedl gamplsisakected e two diffesenty

treatmefdo DI ghg pation, (P. 39 WD 2004/ 089810
o ePcifl'/ %SZO 4?0104%5{) il ] Qsen, ed.) El sevier, N.Y.
[0165] ALY BRNA istatioBaadimipic thdt daks notlebleecagahst ﬂiedﬁtilﬁt@bn cﬁ mRNA can

ry. nual , pring Harbor Press,
be uﬁhﬁg%@% Besf e Ghsbe b RSP e o @Ie%lf@gis of isblation and
punﬁcaﬁ&‘z' sFR&dleic ac% aFeIde@énbedEilq Qethil IR IW‘OWN 1%?6t I@g%/ﬁﬂ@ Chapter

New York (1987-1993). Large nunbers e sa
3of LalmatomTuélacquey ipBwckesistty asd Mplea@dirBiglegy: HylmdlzatmntWﬁh

C for 5 e single-step RNA
Nt R 8ol SR, Sed gl BB v,
N.Y. (18%8); Chapter 3 of Laboratory Techniques in Biochemistry and Molecular Biology:
Hybridization With Nucleic Acid Probes, Part 1. Theory and Nucleic Acid Preparation, (P.
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concentration of the nucleic acid in the sanple.

[ 0166]

a

I n gene expression anal yses
utilizing the devices that are descri bed,

factor affecting the results i s PEEUS2004/010492

At
guare . ro

Tijssengpd. z%%%’%ﬁa M7 Clopaliam Spibrasket ab; Mofocbla: Gl cAdgboratory

Manuaf; glt
he re uire

copy number in

particul ar

RPPRosg N &, ”(51935)909&91)& PHR6Ts ik M’dlbéﬁaq ‘Biology,

sanpl e

(Ausubeb IPLMeetgalv eds 1 Fodnr¥ ey 8e%bn|§1\1&cc Nweﬁbrla(tli%ﬁww)t Hawgghnumbers

not ngcess

Ofuss"ﬁe"’a‘@B [Vl %Ir

ity DB it 2

itati
lq&leS

gxgovtrirg ang%% gl&gl%ﬁing, for

examp%ri\%fe%{@té -Mtep RN /2 $5d1atib Pkibe 800 - HorRaakitil Br de¥@intasn U fepat.

concentrations YEQUIFEd to

No. 4,88¢166. | evel
[0166]

anoliter vol

et Enaly

are shomn in Table 3. As can be seen,

ik AR dnge

ﬁ%t al}le

gene

&5

gsg o

achieve a particul ar

1
Of tpcant

factor :ﬁ'fééﬂﬁ% tHfe 18dultsGO fHeedhE ditiafns of ﬂhatnualeﬁ i kﬂhb gatbleh At low copy

m cr of | ui di

c devi ces.

[0167] Table 3. Gene Expression

number, npiga ixysiaied toythepsgusre rag ofkeqragpyntes. Yhws tgdsvelptprror that is

s b SR

by e TR Aoy A i e

particulte gmnplevaludse fivad tlieheqm&ﬂt]MA o@ﬁcédmetldﬁvAd:theugH motindedsarily

herein .which_ utili
OPtlmaééi‘i?%\tiltﬁth?tt‘?nér?ﬁn
prefera%

eparati on

précedure vyi el

a nol.iter
1@%1 tediyigy e se s of
838! AlsurEg! tf‘nmr%ﬂ?‘é} 'vBIu‘frfE' e DRAL éb?ib&ﬁi‘atlm ulr?d to

reactl

ds approxi mately

219 to %8%, but

achleverﬁemtlcmtar traer loed rarelshvovsinrebied3 .t Astan hpsasa) 1 yaltdmevrefolumes

L CRETRIRN T A

conceraR6RhABE& WoritdbEe witR WhicloPBldi€ @&, messages conpri se

about 13% o

f the total

mMRNA | evel s.

af‘ﬁ]cwngg I\lé@slp cﬁrﬁﬁg lgalq?regloﬁ phrgducts at

Thus,

such highly

[0167] e xPatde 3 Giene Exntresion orpNAauantiy ug of nRNA (each is 4
x 10"12 nole or 25 approximately 2.4 x 1012 copies).

Error (%) Vi ew of

nmessages 4

TNeChpy B0l Ng_ex
0 WD 20047089810

pVeRSsheL)anges,
PCT/ US2004/ 0104

[BNA] (107 M)
D2 are

expectedt
copies. If

di-ssol ved |

2

pr ESent at 4a
i'n a standard anp

p-10 yl —the con

FEVEI of —apout
ysis the nRNA
entration ofa

10 nessage is

concentrati

abﬁkoxinately 2
on corresponds t

3% 1078
sanple is

ale
aS—C

x1 107 copi es/ ul ;
D 20, 000 copies |

Ol s

per 1 nl

25 well (or 4

expr essi on

x16.011 M .
anal ysi s typical

3. Methods 5 [0169] |

y involves a qud

BOARGSs e
antitative

50 analysrs,

gjection s typ

of the quan
ahnova Thn

titative real ti

S l'F QTQﬂ/th

gal Ty achieved (

J@kﬂggone

eSCI |

me PCR net hods de

rr\ar\h |c- ||+|||

yad

thao

ooV T

reagent s that are introduced (or

agihvor— o

TACTTT T \= a9 LI}

previ ously

A=~ 1T

spott ed)

[0168]i A fiirkier csleglhiion dembasratathdt figd cegRirosRthe devitds prdvidbd®herein

fol | ow ng:

prinmer, |abeled

pr abe,

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 10'% copies). In view of the foregoing expression ranges, rare messages
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nucl eoti des and polynerise. If an intercalation dye is
utilized, the reagent mxture typically 10 incl udes

wor@4089830 | of the follow ng: priner, nucleotiPEBUS2004/010492
pol ynerise, and |ntercalat|on dye. D NUItlpIeX|ng

are exllegtjea% E% @ Q‘ff &?X %%f’gtd abé)}_l\t %ﬁ:l%) 8%%3%%' B&,@fp&ﬁﬁ{}i‘ qg]@iayms the

mRNA &nip)le Brdissblvee ire b0 L tiecingaehtion of @nshd Gliesdagel itk 0X1mately 2x
nunber .of anplification reactions at the sane

10" coppps/al; F}%%?%Céntraﬁ’é\ﬂé\‘/’gﬁsp%ldﬁ tq 25000 opirs reu o avell (or 4% 10" M).
expanded. upon by 15 conducting nultiple analyses
(e.g.,3.9enalypbag and expression anal yses) wi thin each
reaction site. [0171] Multiplex anplifications can

[0169] @’mausl@@xp@sm«m mmiysm typmalla iisiohvgls @ quantitati o ardl ¥, B¥tection is

e S TR e o L e R S5 Bove

Thus, if BT@4RRA BEHS viie
Ii: ;5 re sg nce a%}%@t he di 1f f Z‘% rei%{ l%g%%ﬁ%/&llue%g E)I?%cgﬁg%c'(g (Of éh]egvé%usgi
spotte

& Bietreastion pites ‘@ilfllﬂ@u@ﬂ'wn%ﬂllaﬂ/l dfdbefodldwing lpelmdr,olabeled probe,

mceofB48 5B A0" 4 QLS Tl O S5 Y S opicany
includdsons e hil apibe Q@l&hﬁﬁlg @66, nfélbbtale8¥d1thbmsd, aR&fbcalation dye.
probes is designed to hybridize onIy to a particular

nmplified target. By judicious choice of the
g?ffe@@ﬂiﬁléggls that are utilized, analyses can be

r e
[01,70] gglg/ or g%ég(r‘fut \ggﬂegﬁesghp ?%géeéﬁ{ﬁv\a 1géng§§51$hﬁ:ezx égqn 3B and
accompapyugitent) ard Sntenerthyedesipmicd wwguﬁgﬁlaft]geﬂ@niﬁw o8 &hﬁlgilid:é@lﬁn
riate oresc nt |abels that are suitable in
feactlo‘%%aéﬁﬁ%ifﬂf 2 o Dhis et e oo g detis bejwihersxpapsipd upon by
conducflﬁ’g ﬁﬁl@tl}ﬁ& aﬁ’e{lyses Eéj g, keIM% ﬁé al%%gﬁéssmnkﬁgly 9§t) l@wtl{n% gal:%l)reactlon

te et al., Fl udr éscence- Ana
site. Approach Nhrcel Dekker, New York, (1970); Berl man,

Fl.uorescenc ectra of
ro171) RERERRR SuBlig Rl B85 AR e e e B SiHh Soaleucactiny ity by, or
exampley utﬂfzﬁﬂghﬁpluﬁm&}@w plﬁﬁgrs%ﬁtskle ié R aﬁfart%ﬁla@'t&%@ﬂ ttucleic acid of
Mol ecul es, Academ c Press w YorKk,
interest ﬁ'&ﬁﬂé@% fisrmp} eiehpg PERgeys. Thsmgessnee Oﬁnhe dﬁferemfanmﬂlﬁed products

can be &ggﬁ%e Sﬁgd@%@ﬁ%ﬁgg\%ﬂ%@gﬁ% éég L n%ulé%; 1tat1érﬁ dgﬁ EER reaction

or by uging Qﬂ‘fereMﬂlle%&ﬁ%&S&ﬁi&dﬁﬁﬂsM%ﬁfa@llﬂ‘ﬂﬁ?ch dpPhohdhes, each
enot ypi.n xpr essi on anal yses can

aittererfigly ifhsfor profies b iemiieado By idienonly dns prusy paplified target. By

Jud101019é&§161deto@ttﬂevcﬁ fgféﬁt E%Ellgqgeftyl G g‘%@f @Jy%ncahsne%ohhﬁ%&fji’n which

then priners 1ons
the dlffﬁan@ebelm emtadrmmwwetem at dtffareiﬁd;vaue]:ehgms an 5ksingledreaction.
Further Differentiall 3ﬁlled probes for each

,ggﬁasﬁ %‘?r%%r Ht% tPF SPRCHM fiapproptatedipoprssentdabalihet arg switable in

such apbRIabRE indfuddNom DG L&ice Sﬁ@étﬁysé@? S8R o ?ﬂ s, )\'Mla}c@l Dekker,

useful for conducting a w de ety of “nucl’eic
New Yera( 1>9§ &k Whiteee? @by Fliosescance Aladhoished Bradtzlcabqopmadz Marcel

Detier RIS BoARBL A3 B S SEL Sha

Moleculs SEhE. athlt;,]aﬁteﬁﬁa P, &6 0Pkl (PEFMEEANG BloMOhRI Constitution of
speci es a
Organic Molecules, Academic Press, New York, (1976); Indicators (Bishop, Ed.). Pergamon

Press, Oxford, 19723; and Haugland, Handbook of Fluorescent Probes and Research
Chemicals, Molecular Probes, Eugene (1992).
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10 generates a detectable signal or a reaction product
that can reacted with a detection reagent that
wW@emensases a signal upon interaction with the PERUS1004010492
product [0174] Thus, for exanple, the devices can be
ized in a nunber of screening applications

[0172] M@lﬁplefgﬁnwémngégé FkRrepsian anplyass satpeptiqnally he C%B%CF%W each
reactiofii. A ElantiRi R AL AR, Bt AALE BRaiRinSE for
amplifyihp diffeatre regionsdfialtatget DOIA ofiatavest 2fe intludedewithimessingle reaction
site. Dif%grhtaﬁl légtgigdggfg&fsstgggo gglgngpedutﬁ{;g' ré(?gl%f@%s'lﬁ§ gr(gﬂgc,:t that is
formedcof actors and substrates) are introduced (if not

previously deposited) in the reaction site. The

enzyne sanple IS then |ntroduced and reaction (if the

thest anineleid Acid Analyses rate) or inhibition of the

{ t bi.t
[0173] (ygﬁ]i gul(f%%% ﬁ%tgfgts 3 \gha%@ ernchtl fucle nc zllcrf C%rhz{l%s%g )the devices can
also beaiti2dP1n SMeAbd Y f Sthen Beplitati S Uy IR SAS ﬁﬂiﬂa’ceﬂseaﬂibr the devices
directly or indirectly nonitoring the |oss of

can be yiibzadrtatasalyzrizssentiafp 6By dreacken betwaetvo ¢rUmers|sperigs ek
senrath GAEHISHEN! b L6 DY BRI Py e

that getid@aideh 8iphal L[jioﬁﬁﬂetalcﬁﬁn bémhvwhereasti@eprodastd one or nore
reagents. Faor _instance, cergaln anal yses i nvol ve

[0174] Jawe, for meamnify the diessicah bg ulikired i a minkes of sqrgsing gpplications
r |
o idenfiF Rk EFRIBb B0 PIEIBIAIEL L0 APEGRERI S, o

deVICeEpGSEEIflm‘IﬁﬂiZBdltd s,crafeaavotnponnda foh activityzisra substtate m'mhibifﬁh ofene or
e |nt oduced ,j nt,o the reaction si

more e, SSefiss Cgla?qﬂ%dﬁhe&@ﬁ?e;%ﬁn@@nm asay
reagen@¢E. ?C ‘bﬁﬁ'elu ?ﬂe@eﬂ 1c§ﬂsa&§3ﬁét6rs dﬂd%ﬁ@&ﬁa@@b GretifESMiced @F nofSreviously
another illustration, test conpounds can be screened

depositied) ingth¢ rdactjon sits. ﬂ?hegyg}évme sarplgiipthen anteastured 2nd reaction (if the test

comolGERLRSs L RBRe UGN 0 BBt  Bpion s

detectedi Sachisctihigrorihtabitiohlcan e actoniflzhédBeithdard tdcBnigies3Such as
then checked to detect formation of the cellular

directly axigdirewly ponitasingithe fase pf eibskate andier apreapnge eEPwdyste es
[0175] aﬁ‘éi/l@eg F&fllchc tf%a r?ﬁ%fﬁ%;ﬁ%vmni?i@wgmh eafibn E@Jst 12050 be utilized to

ing an Fovi SI ona
conduch peillula:ladssays tdNdete€Oneietidf Petwideh adell hind ender m8£k re2gdmis. For

1nstanc\é\m‘:q%gg{ %nali}ggg é@gfvgﬁ%ggggagbg QP %r t%@b%gg'ggvglégcélf type is present in

a sampFeCT ﬁ@%@aﬂﬁﬁ@?&%@&mﬁﬂsh gl'flﬁfs' 1§ﬁ§ﬁtﬂfke%ell gﬁ&ﬁ'ﬁ@h yESRRCL S

177] As alluded to earlier, the mecr ui dic devi ces
preferentially sanetir with detthincell gpeer Ehlhsy sudh dyes sarr beingduced into the

. utilizi i ngl Ltil ft.lLithogr L
S T T R A A
microsB&3i0 &hniqhee AegiothdVEillusRAbRAEN coMpBlURTak BE bér@endd for ability

series of elastomeric layers on a m cro-machi ned

to triggen bmnhﬂetrmwlhl@rtrmon@y such dsragnignah éranﬁsiludtlwthmﬁ In such an

th t.h he f
analysigyEafgateaind R bR Faite P LeB RO G AP T b Rflon sie i
then cHEREBiot RELcMRMENEH ofthe RaMiIe! rekSor@esi red. These

techni ques and their use in 10 ﬁr oducing mcrofluidic

[0176] dawtherdistussion of telafed devicereand applieasiong e hrhshalevigs igsgkforth in
copend%tlg %d co(n%ggﬁ%/ owned U.S. Provisional application No. 60/335,292, filed

November 30, 2001, which is incorporated herein by reference in its entirety for all purposes.
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' Sci ence 288:113-116, by Chou, et al. (2000)
"Integrated El astoner Fluidic Lab-on-a-chip- Surface
weaiotes9sing and DNA Di agnostics, in Proceedi ngRCD1S1004010492
Solid State Actuator and Sensor Workshop, Hilton
Head, S.C.; and in PCT Publication WO 01/01025, each
of which 1is incorporated herein by reference in their
entirety for all purposes. 15 [0178] In brief, the
foregoing fabrication nethods initially involve
XL ﬂkbnﬁﬁ@ﬂlng mot her nmolds for top layers (e.g., the
ast with the control channels) and
b it t ggﬁg%gﬁgﬁ%%g the elastoneric layer with the
[0177) fA aMudba pnedcgr, tie mmfdmcxﬁc ia¥iesssthiyar patvidddtde %m@my

with _photoresist (Shipley SJR 5740). Channel ht's
constructpd WllzEgne¢ pebmpHdaes é@@v hggpgrafp@ymsm techaiauegy am«k{%

;
T T T
elastonkdeitlayces bo wrrpcmeras«ﬂnmddnp]dof@ﬁvm@tﬂe ﬂ@&ﬁmﬁﬁm ths mold and then

fusing g 0averiokafigh sinie sech BEHETOET Sl ROTRRRE St !
photor&%@%de%éﬁte@%erw& G Rhdshel RGRERAL afl?ége hehfiqed d thelr use in

referente inits entirety. A m xed tmo-part- Si
produciigasicorfbridic @EviRg\Ms @ississied int fieail sfouiexanile, b:yﬂéngmtet ain(ZOOO)

Sconc BV ER R OO, G0 OR ML ESREERLXEL Vo

Surfacéd Pattaia %n@bl\b@!jiz‘;gﬁbgt&spﬁﬂ %Eédd%és'o‘i”tlﬂa $ S tate A uator and
parti al %cured top layer is peeled off fromits nold

Sensoré’f’ ewkshapy iken Head, Sife; wbm Ea(t?T obl:ation WO QH(N@Qéseach of which

is 1nc01% léag%gﬁerrgl yﬁ‘gfe?ﬁgr:gk 'largtl%\’\ﬂ ti tf gor% lté)gnn“é ldsa ﬂ]d t hese two

[0178] |Iﬂ]bﬁé§ the foeapeisy f@bmcatlai(h@et]@@@ ifitially ﬁn\foﬂxﬂﬂfabﬁ@ttm Qﬁdtﬁ& molds
icon npther nold, this RTV deV| ce is typic

for top ﬂ%Y@éﬁ (Ece+ipe plasiemerio layrr wifh th poniol clymnels) andqb@tom layers (e.g.,

i o BT 68 d ByLEBNELSAFS o 1S o oy v
photorasisa (Slepley IBOR & 7H ) rChenhéli lei gt OdadiHe éﬂm&oﬁai/pltemse]glbytthe Bpin

. [ L1y, hermetical |y ealedt Qrt
coating3gls, Hiptarkict ShieR A SemAiy Gposss Bibhardre iy UV fent
followddsyeddvdlopnitht. AL heAdie M@é@&%@m%& R&thERlis ‘;}gnca(]ily achieved
ensure a 43 WO 2004/0 9810 PCIT/ US2004/ 010492

as described by ¥ At blagere &l.-Pf Ghowdr.iThopyeinyrar S¢I;er¢1wadt8die@m®; Seence

2000 555 R P e 5 BABRRLL Ay S5 B o

s1hcono?lélﬁ§tbﬂ1|ef1g31€ mtxhsw‘)@g gen ispiéh 178 fRBoHBMULbId aﬁdtpbared onto the top
substrate gl ass slide) formng one wall of the

mold, rﬁ$R9W1YEQ1$nH§Ie ?qsa, SRR aatinggap betuidizadio eoatrohihe ﬂmehwe df Bottom
polymefrfcﬁjg)ﬁrl s 0 Clﬂ?é:ﬁ{f@ }g%drgq fo@quge% eﬁ‘edt (ﬁ'f rt]rog} 1 ﬁs 1{118{5821&& baking in

the oveinae Bo%doﬂ 15 wimsdspatigned aﬁ&hﬁein@lled wiile tHeQﬁttbhi lager. A 1.5-hour
topgeric device can then optionally joined to a

final bag BLB0 G a8 @aqs ﬁbbmd (B80T ke resbih Omie el the
f
bottom g8 nother theEhis IRE VAR id fplcdh bkalth SAMELIAN, 30 min at

80 °C).r Ehig éxehisneat ects de@metsemeatf thd18i-OeSidtiohdd) tlssrétq&x@uﬁmg Gydroxy

nuf acture are typica forned of three | ayers. The
groups that make the c%annels m%?e hy oghl lic. y

[0179] The device can then optionally be hermetically sealed to a support. The support can

be manufactured of essentially any material, although the surface should be flat to ensure a

43



10

15

20

25

30

bottom | ayer is the |layer upon which reagents are
deposited. The bottom | ayer can be fornmed from

WO 200408881€| astomeric materials as descri bed i nP€T1ES2004/010492
references cited above on MLS nethods. Typically, the

terjal |j ol ydi et hyl si | oxane (PNDS) el ast oner .
good S%isaé&h #Sepré{fl?‘g'gfg’é‘ﬁé‘h pdhgsire feress | Brampley plesuitable
supporfs‘ﬁ‘élﬁd@éla@' bﬁ&lésrbﬁﬁ theliglesi red for the particul ar

devi ce, one can determne the |l ocations on the bottom
[0180] IHV@revms faminedh acdoeding pr therfompeingeaghot selhiouthd stiestrate (e.g.,

stoss s g BT OB Rl Snaff, 2RiRRgs il A€l oncnoved

from ﬂﬁﬁﬁ&ﬁbﬁrﬁdldﬁ@ QeI 15 aah a@s@&ﬁéﬁ@ﬁeﬁﬁﬁiﬁe%ﬂﬁ{ thét ﬁr‘é\fﬁ)kxﬁéﬁannel is
bond is not fornmed between the reagent and the

totally gulossd an plpstomerie medariphe Thoresultivg clagtonefsisalevisedan then optionally
I eagents are intended to dissolve in
be]mn%ﬁg %%ﬂm?&gggﬁg¥{on once it is introduced into the
reaction site. [0182] The other two | ayers of the
Bevi cé)earroes Litidizirgyiind @hatieCbedifve f| ow channel s are

forme i thﬁ | ayer in which the control and
optional |y el s are forned. These t wo
[0181] MXRIToihE BoRbRARKEFRERHi AR adid) HBGoDRNGH: QR
forth earlier In this section e res i'ng
depOSlttsd\@t thayeaction sitestdurieg nsntfeeturp heedgpically foﬁ)med)bfﬂhee faiy€rSt The
llayer onto which the reagents. have srted A
bottom VeF s (R It R i eh A ASPORUARL CHeReBoR P oai be formed
from valrame %ﬁasiofne@l% &b NEs ddsEAbIdOR RS rFIERUBRED gbc;\% on MLS
onent B): first layer (sanple [ayer) by

method,ﬁ,e ypicyily, g]gq;mﬁ‘@nal igpelydihe VlsdhméPMItheﬂe)stﬁﬁerl Baactﬂupon

e sl SR el B B i, on

can detedmiﬁé ﬂféﬂbctatloﬁs)mi) GRS nCRPerd wHidH thé @fprapritelrbagedR should be
Durrng this process, the reaction sites are

spottedy ﬁe@ﬂes PiyiIpP, 1 Ineirertinbis, thedlepesitpdraqycansshot shiaks thierm a very
ol S350 ep 4R SR 0o I ARG g g
betweeih themesgeat fralithe sorfmeref tlmé clasto@er bazaudel %&sbﬁb&@@i‘l&ﬁhﬂle

demonstrate that th posi ted reagents can be
reagent%&’@d?%?‘é‘%{}"éﬁﬁsaf%’&dn @?et ii’ § $RLUTQILRNCE dffs rtradiiced ntq thegpction
sitee. the foregoing 44 WO 2004/ 089810 PCT/ US2004/ 010492
approach. These phot ographs show guard channel s and
[0182] ’rfgaethebhvcslawer s|of thet davicgtare the leymi 110Wh1dhrther f8bwfdhamnels are formed
hannel rcle ndlc of

and the B R wich e AlheF ol Sfichalt) GuSdcBaanel yre Amiegn Tputwo

layers afSpiepslicg at @lding 36 the'RAGANMNeHBAY sdt Fori bdr1ikf {hthil sEc!H%n The
confines of the reaction site. 5 2. S oatting [0184]

resulting o Jaygy aFcdure anthise plaepd en tapdofithé first laygr emy Vdﬁc}athe reagents

ve B 0, STt SRR R SLE o
(ration &mﬁmioaSntQ& tScorhpdtleat By ARt 18 er (Sipl6 iycBe3oit iy #Rht)Nsecond

preparatl on of the devices include pin spotters,

layer (ﬂgw}?ﬂl‘al layephi: brapnd thisd brver ccenirpllerp) pdt thlrssmtlcmated however,
that o’rhgrl &‘fﬁﬂo%ﬂﬁ% %{1% fagBH HP ecega{r} éﬁeﬁ oés%r | mﬁgntg g%bfg erq‘p?ls g\gell.

[0183] o]Dunn)grﬂm‘ lmroaéésythavarctla:b biecspohligied mﬂﬁﬂhé GEFOSK@@ kda@8mtd Buch
Technol ogi es. M ¢rqQys 5100 (Irvine, tach SPBI O
that the (%ggmgaée p(@}j&}oneé@\ﬂ n the appropnate reactlon s1te FIG. 6 is a set of

photographs taken from the four corners of a device; these photographs demonstrate that the

deposited reagents can be accurately aligned within the reaction sites utilizing the foregoing
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Q Array (United Kingdom, Affynetrix 417 (Santa d ara,
CA) and Packard Bi oscience SpotArray (Meriden, CT).

wo poogesssi@l , very small spots of reagents are PCT/US2004/010492
dep05|ted usually spots of |ess than 10 nI are

posited, in other instances less than 5 é

approaqh nTheSaﬁaomara@m show guasd Ragnnelsng apasdion pis B’Cﬁfﬁ &t thesnd of

nl
branch'i‘1 prgt%ﬁ?lo rTglg kbfy% (éhﬁ[eg 1&%{0&% 5 die ééééi?)l}'%)é'gﬁe &gf)toggéedatleégéﬁ?)‘elatwe
to the radction\dBe. Ratimditated) ebchibdg@Bapdtiis ivetl withim the cofifines of the reaction
ol i gonucl eoti des on a solid substrate", which is
herein incorporated by reference, wherein
ol i gonucl ead i ggdor obes, such as SNP probes, are
synthesized Tn situ using spatial |ight directed
[0184] ﬂﬂmtrcagem@gn dpdyposied ntibringysy wbuhember afsernpacialy available

or base of cr,o i di c,devic

reagentpquit Ll ﬁhl\%lﬁtal VB 0 (fﬁsgah heflﬁgot%.p% échﬂlgugsf eﬁ}f@lples of suitable

spotter Sk ThA Bé atiGeddria bat8tidPof e dEEB& iheId S binspottér@) acoustic
exanple, blind fill chanbers, would be contain one,

spottergraupamedted miNTgpiniiesaksirophetctio pm@pﬁuelr: b Prigier gegerssmk drop
printer: ggg)é%?alh %Sllﬁn h? Cﬁ)‘ié Iple o(? ct?ln ('3 uer%ﬁ?§ ua;%ée éﬁ?)ttte%emclude

Cartesibh @ e@lﬁ@lo@édOMi‘drsSiys ﬂODI(grufrﬁ G:A)JI&itaiihrSPBIme(Alemeda @A), Genetix
sites, depicted as square boxes along.the_serpentine,

Q-ArrayUpfigd MgmeAfny@m41:7o¢&aa¢a@arap )R Ppcigd Bioscience
soon {06585, B g Lm0k, r GOLLECh s
spots opﬁ m.w tieehi l0ml afe dapdsivdddimdther lastdncep et eraalfl ni, Vnkoel nl, and in still

.pluralit of a Sit | ong the serpentine fluid
otherngqq:gﬁﬁ@les)é §H§ %%Pnl ffﬂ?d sanpl e cont ai ni ng
[0185] %%ﬁl F n2fésh1SRAYAR6 BT b B 1Bk WMdthddsXeXrived Gh Fbabtadtsal., US
wher'e introduced into the sérpentine flow channel,

Patent Hjoch /éﬁo?iﬂ'@ﬂhtd V\r@ﬁy efzligenigledsieran na@ahd @nbsWaEh which fscherein
nn.e causes
incorprils 38 pfFerchov b B Raniarotics o0 B MRafShEHED
synthedi s ialsitd GisR@GPati dight difecsddighotd1ho @ashyarsich@fraydwould be used
contain a fraction of the fluid sanmple in eac

as the subgigatp o baserad theprofiyidisideyicen pf the presepiBrakion sueh thakthe

! O]
reglonssgfl’m B'g?r%tebd?orregégldﬁ? grEBg}llJ% a{:t%ﬁgsgt%g,efof an 1%??&9%11 chambers,
would bé politaig dne, <bﬂ1ﬁeﬁraba§ymofe tBhiP ope, Qi’bgsnlhajmide groties himyabintknown

reaction, site. sone enbod| nent s, 2004/08 10
locatiopirh (RS ADBRTAS OIBe SERE AGRTIAB TEHISES GHAG TSI, i 8 the one

deplctédLiﬁ f%%fé’?i‘&éx@fi fHe4battioh e hgglme lagls %1%:& Bkl AedhE Bfpentine,

ave the sane obes rayed
fluid cledninel, v chntan plure iy cxf rdlﬁff@ram SN P ptobes, @mcfbrabty a eolteeuon of

. t. f.l |
SNP pighe Silahe SEiRERbuRE gLl BPRET SomlftortardiiFispis,amg
prefera%WH&‘ﬂelrﬁé ﬁl‘ﬁhﬂﬁf bEFBStiddHcd a@h@ e PRrpenbe 1L clﬁﬁﬁé’[})étﬁh that if

branched and/or” 5 branched branch systens, and
a fluid fsmnp}e cogtairgng aneleipianig Sle@mmseqﬁrem a ploalitysef lgémduah»gvhere

o 575 e L P b G RSO bR wi

the serfért@S floW SHMinal shEk BRWhEE aétliate® BRTBs theéefetnd flow channel to be
ranched, fluid channel (s). [0186] The follow ng

partitioned thrirehy ispletipg earbrieastion @1t¢ fnorrherre anofhes tq %qnéala @rfta@tlﬂn of the

fluid szﬁgﬁl Cr%%a,@faﬁgac%o VA%eSh ?ﬁn@f‘f ttﬁ% éﬂ%ﬁ*l er e as pl%%fa be

perforthédrid inB@aédibe lnﬁmbeﬁ d)ﬂlﬁolecules, for example nucleic acid molecules, for

site.

binding to the array of SNP probes located within each reaction site. In some embodiments,
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XI'l. EXAVPLES A. Exanple 1: Signal Strength
Eval uations 1. Introduction [0187] The purpose of
WO koog/088810 of experiments was to denonstrate thBCT/US2004/010492
successful PCR 15 reactions can be conducted with a
.uidic gn set faorth herein

cach ofh¢ 3 IS alged e %f%ﬂ‘&ggt i RS SyoR G 0o ChRSAMEATRY. that s,
have thIQQNBBNPeﬁ%BésoﬁTaygd a6 Q{hlefléﬂbSdlgfe‘ﬁ cf Cevd 91]@1@% e df tﬁé"fe%@tlon

| ayer mcrofluidic device, fabricated using t
sites algngibie serpenidne dduid ghangel ol dthabe b differentfset ot SNR pmtbm gOther

partltlof@?%tfu}igﬁéﬁe %gec %‘%ﬁl,(%zl d %lé%H:] ﬁﬁf %(%;?\é\éw%g E rTEheed and/or
branchéiEMhfch sydfent) oiso foht®. ERNErGRrafiid teOEMERSah |a§¥}ﬁfttn¥g7—§escnbed
into which is forned the fl ow channel s. This fluid

herein, maydikewse hesused eifiratibeapetsieeaiedithinthe palyutlngablay@ptwns sites

slong a SEfbehifs o AEBE R BAPL S50 M HALAGE "oy er 724

[0186] fIrhe Ifisllo)magssxﬁiﬁplaﬁ aﬁei}ﬁesfeht&vllt@ Rattee i1Sustrifeaeftinbspddidos the
r structure is affixed to a substrate 726

deVlceS(%né l’flﬁh%‘?%tiéfr?& disclgsed hegeino L he gamplep gic noke bhcasidered as

hmmng){hggh%%oﬁtructur al stiffness, increases thernal
conductivity, and helps to prevent evaporation from

t of mcrofluidic device 700. [0189] FIG 7B
KL s%em&ti c view of the design of the flow
channel s, _i of the control
channel cHarte #rol /guard | ayer 720.
DeV| cq. 700 m@mtlgﬁs of ten independent flow channels
each with its own inlet 708, and branching 30
[0187] [{hc purn@ﬁ@ﬁﬁ@u%semﬁexmamnblwasdo dhmonsgtate that suevessful RCR

I 700
ractiofcshSBELAA L L Ber FRN B iBP0r GO BT e B RER Bt
signal sﬁ@ﬁgth@@atﬁuﬁfm $0% R theAd adi® THIOAMOABASH L.
PCT/ US2004/ 010492 pressure is applied. A series of

guard changZJs ﬁlf ire,also included to prevent |iquid
fron12evap 1 VIGE the reaction sites 706; fluid

[0188] fkstm&tlﬁ%%%ﬂ)fﬂh(ﬁc uevigl, sbkRated usheRRE MG néﬁlceégggpdemgned

St

A PCR reaction using (3-actin pri
and fabiﬁg:qm fprpqoudvectmg tmwptpeﬁmeebsms&hwﬂ it e foBowimpodxiampie 1dG. 7A
son

shows 4 R DURTL RO B8 Qevige, ATHEoTIqREREYERAL BRlene ps722

into whth ik R&rnieal the WoRTheER0 NERE ﬁuldI Byeraabho s Bl @led Detmn an
mMICl, 10 MM Tris-HC, 0.0 TA, 60nM Passi ve

overlaymgrlaye 72| thitprelydes she @yl anﬂ suard feyersavdvp@indertpiog nwhng

layer 7£¥A‘-Fﬁiers%g’ﬂ- laglgﬁ4 fgggs OIS oM d(liJT %‘fge %“t%@i‘ﬁ%{g e{l’h%refsgﬂmg three-

BVET'se pr e

layer st(u'&tlﬁé i affipedtoes subsoAbl706 (ﬁnﬁ&@%@% IR c@der%@p), which
Bi osyst errB Foster Gty, CA); 1- 0. 2U/ ul DyNAzyne
provideg sirpiusahail ﬁE§§>dacreﬁeﬁr1§ﬁayl condu@%rlm m&@lmt@oor@vest gvaporation

from thighott AYCRgic MRG0 0 ™ & gmm, S, Louis, MO

[0189] BHG.OMB glevs-4ohamdticradee (fehodestordhe TIo® channels in flow layer 722
and of the control channels and guard channel in control/guard layer 720. Device 700
consists of ten independent flow channels 702, each with its own inlet 708, and branching
blind channels 704, each blind channel 704 having a 1 nl reaction site 706. Device 700

contains a network of control lines 712, which isolate the reaction sites 706 when sufficient
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conmponents of the reaction were added to produce a
total reaction volunme of 25 1. Negative controls
W@ Soanswsi) conposed of all the TagMan reacti onPCT/US2004/010492
conmponents, except target DNA 15 were |ncluded in each
PCR react ons 0191 ce the T n reactjon
Pfessurséwpilsd aPxFoEGn OF B %&gﬁw Isq W@ fepieNpnl didayl from
evaporétﬁIgQ)uﬁTbPﬂféfrleéﬁtfé)h%ltg@’m@ iR iYodtRbd Yiadn@eh14.0adi ng
pipet tip attached to a 1 m syringe. The pipet tip
was filled with the reaction sanples and then inserted
into Bhe fHxperipientayBetup The 1 ow channel's 702 were

101901 4 LR SRR Y ARt e R R REHea L 5i0m Lome p-

actin gér%?ﬂa‘dm ﬁﬁm&h e 8RB TNA (Ploffga GOREKEA WI‘) ] cgﬁ&d’éﬁﬁﬁ device

filled with deroni zed water and pressurized to
700. ThesTagiManeteagfidn eebsistsef ﬁm@llemnwompommtedlx 'iﬁaqMalhBuffer A (50

mM K¢ QWnliinG R 1—7@?, 04 %ﬁ EDTP “sggv%g[g TSN dgg& S 53540

Wer é actuate ose

mM MS@nRbesM aATReddTP) duep I@om duire 3008863 GeaR Rtvarddener and
were then filled with deionized water and pressurized

reversetpringsr 72Vl B Melahéled Blac(i rable) 0 0SUgteAmpBEms¢llHGed pphied

Biosyslii <11 NG Cabe Pae)-ZH PyRGC Ao e B Bivloe

0.5% T8 XIPRY CSi@ma, M. ¢loisf MO)dO(Sug/%Y G%Pauﬁqg eﬁegan Diego, CA);
t hermocycl €d using an initia el t he

5.0% Cilmeecd(&g@pa &t. Liowds, MQ@) deienizad 0 Iand; tabe geriohdc D[N)@.g"zgle

compogsais ghghe SraohiG Yereadda 5 aguctey Pl rerggapolmonioSell. Negarive
control§ g(?‘cﬂlstfé)'ﬂ)gdéog%\é% bPall fh@@aﬂﬂiaﬁ%%cﬁi%n%%&%oﬁ&ﬁs %Qc(%ﬁ @avl\%et%@A
were 1ngh1épd mmch@@twfﬂ%reragnonso cycl es ( 92 C for 30 seconds

50 B3 i S PP S e i

into mlaioﬂ&id‘id @é’ﬂice Fosheiisifg & ¥el 1648in dg“k%;@t fih 8ttdcBB®tdA D6l syringe. The
m xture, designate cro TagMan reactions

pipet tip 38 ﬁélﬁqi Mt thereastion $ &%ﬁdh@romewmtqmcﬂmd via{/A8 The

o AR S B g e SV

entire biiné chaympetsl #d and redvtio 6106 ToBdecre mledJ\lE@ﬁttbl'ﬁaGMm wére filled with
actions served aslg%r oscopi ¢ caontrols for

deionizpd atey g PSP 130 peiatter all of fhe samiples vy ﬂq,aéed i the

flow lifed qomc*rh@greemze& SbntWAFnSEY W‘t &efé%aﬁtéd%tc}dgé i Valves and
m cr of l ui di ¢ devi ce, except the 1nitra

isolate ﬂlatsetnp)@s imthe lcwlrwellsl 7IOédTlﬁeogua1r<h chdvinels & 1S angvlathen ﬁlled with

0196 j | d,
oo S S8 ARG5S S o
ﬂatplaté bea ﬁi%hﬁoég@&:rtahé Ashahs ﬁﬁcr@ﬂﬁlﬁg@ﬁd&ﬁ&%Véﬂg‘lQ@ 700/VWBs RM@@& on the

Chester The chip was th pl aced into
thermogyiciegy N%wﬂlgdmﬂwrcemﬁ ¥tas deenPthemiaiyoled usingausitial lp and

cither 2 Hufel < gﬁq‘ga- ?e rt‘ﬁ?l{]#o é)glglg}ngIIfﬁrgﬁ | uorescence intensity

was e Nt excitation/em ssion
[0192] Wamel £ Rethh $o 957 /ahd Ghaittrih FAM mlﬁﬁ%ﬁ@ @c}’y{b @7¥*&)o. 1@)@% to 95
580/ 640nm ( Passi ve Referencel he Array W
°C). Softvvare was used to imge the fI uorescence in the
o fluidi

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

[0194] 3. Two step thermocycling for 40 cycles (92 °C for 30 seconds and 60 °C for 60 sec.)
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device and to neasure the signal and background
intensities of each 1 nl well. The results 15 were
wo b@n/osasad yzed using a Mcrosoft Excel file toPCT/US2004/010492
cal cuI ate the FAMPRL ratio for (3 actin Taql\/an
i ons. For conventional Macro TagMan, positi

[0195] Mﬁmﬁégp fubees {Aprfiad BiReysieEnse Fosfer ety (e bwifk |ﬂ?‘f‘gremalmng reaction
misur SR 08500 D BB By ol

in the rﬁncgifmhdls ﬂe‘an@twerwphce@imthb ﬁieaelAimp ROR Sglstany q7hne (A’p‘pllidd

Biosysiepfi Fo1 Ui CDaBaaPam R Foie J60aongct egedatagen

reachoﬁs%%eﬁ ak %dc?oﬁggl\é @ohfi6ls ?(9(%11@ %Eﬂl&%#ﬁé?fohﬂé& ik %11:1%\’1%1@110
. Results Initially, Appl i ed

device. Bflmgkzm@nﬁchrmpmcobwayset (qulaiwhghay ©fthe mick device, except

tha the B P roBC kPP BN b iR e tstiofs. i o5 of

[0196] @&e %&ocﬂm@mmoh@wbd Sh\ESrroP Oisd Eidre 1memel%afepféssunzed
gnal strength 25 was desired. Therefore,

and themhm mﬁm@&@wty arlass elideeld WRb ¥ ast Gh@saerm]?ﬁh TWNMWQS then
placed grg% Ie\?ggf& aSIﬁ:gnﬂ gAgﬁlgeﬁiglgﬁ glo%xhhl.g% ?ﬁ )'“Sﬂﬁ-rea modified
carrier.S TH@ ﬂadSI@scheeE ﬁltéh%ﬁﬁv’hsfas Ay dreorabire differaiti eﬁlltﬂfon/ emission

was used in the mcroflwdl&ﬁlexperlrrens

waveleqrgt‘,hg f,]ﬁ/ §]ﬂ%mﬁl§£g‘% Aé&/56@ np (YAGY,Ad 558 (Passive Referencel
(PRl))VF\Ql}g {B@& ovegg ghfﬂ?v@fe' Was &E%?b ?ha%e g SreSded0n i FRA8 U Thidic

ut it was to achieve
device andi®i intasnte the signbkandBechkgreend intersltien ofieadhalt nlsmﬂa The results

were é%%%?%s%%gﬁl%@ﬁ%aelgﬁatéﬁf e by b for p-actin
TaqMaﬁggﬁ%SFWoﬁveﬁt{bﬁhﬂgﬁ o T dﬂ;%%ﬁ?@%@ﬁ%ﬁﬂ&g&'mﬁ were

Wer e t est
determ{rfed hsinglchlculagions desdeibell mcthe pmtmcza)ﬂ pmrvidedrbyNhe nmnitaqivieer,

(TaqMpechy BSeR St T b A i STETR] e PR AU gRPE BY givicding the

FAM/ ﬁRY 'rz?cﬁr of e8¢ rhPles @% et A1/ PRI Gatth SHAE cbMbolX-A Q6kcWREE reaction
ded to prevent the polynerase fromattaching to the

was deﬁ@MBas a$anple safio aboye therR9% eendidenesstbirgsholddevali cr o
fluidic device (chip) and the Macro TagMan controls

are shown i 8. [0193] The microfluidic TagMan
reactlrhgn ra]%égvgrange from4.9-8.3, while the Macro 5

[0197] Eﬁmwﬂy, ARBUThTS1d engeicl Bivaystertrs P dster Kriey, €fA)ress dsbéin TagMan
gnal streng(t:h of the TagMan reactions, in chip is up

reactionpaBBANY wEq] satrosVi £ Qaeere Brsiucedh spEpRked 19y Macrd
TaquﬁlI r9£111t1toh‘}%f8 s dfsfd- ?ﬁ.@'ﬂt}ﬁﬂ%okﬂ fifls §¥re osﬁ?‘ve?ﬁb Yd¥Esignbl Strength

nonstrate tha reactions can be done
was demlrém Theteat ahe TAhﬂph’Eﬂq%}Gld pobimezbseargtsustithied vatnpeNadyme

to t cro Taq react ons, i .he cr.of | ui di.c
polymerass B84 1 HETT- G eSS0 e BipoCGRLR S, e iRARTgR ipurities.

The stdr@RiMbQY rTaﬁMﬁﬂ@?ﬁAz e @onw&rﬁoﬁo 02598} @Vh@ﬁsed in the
geleagents I ntroduction [0199] The purpose of the

microfldie lexplamuenmﬁ‘mg)pcdmmsd: clznge $nDyNSgfle mtpxtuceéd PCR

ek G350 0 ol e 50 S e s

to achi€P®@ddnsistent results. Because it is know that some proteins stick to PDMS, the

concentration of the polymerase was increased and surface modifying additives were
included. Two increased concentrations of DyNAzyme were tested, 8x (0.2U/ul) and 4x
(0.1U/ul) the standard concentration for Macro TagMan, with 100 pg or 10 pg of genomic
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dropl ets of reagents (spots) on a substrate that is

then assenbled to becone part of a 15 mcrofluidic
wa@lewitogd81The spotted reagents are generally a BUbES10040610492

the reagent m xture required for perform ng PCR 2.

Procedure.i. Spotting of Reagents [020 Rout i ne
DNA pephiphigmesio Bl ﬂ?‘égvégelaﬁ@, Parereel %}}daoq S0 Shignri00 were added
to prevBiitithd ?agmefa@s %ﬁll ?tﬁ%ﬁﬂx%% $he EOMAE I EreRbGHRD R lfeé&gﬁng in the

. set of Source wells on"netal pins, and deposited by
micro fhgdicalevica gchipieandi the Macoo BaqMag edntsibhareshowen iTRIG. 8.

i nt.in .0 s _further outlined,i 1G..9
101951 B o buB 8 TGl Tt s Pfiecliit S gy s Njocro
TagMaRirédc@ibhd Rhg® Rher).9. ANthdrb@ke, Bid ke sB¥nddh bNeMhghi¥ reactions
| oaded _pin_into contact with the substrate. The wash

.. load . e. /
in chip 43 wptoctivs PS5 ths Mecradisgbiangeadtions eTlesit y@d naasignificant difference

I ' The, sysit ed to print .
vevech 2 48 SRS U e AR YR PSR D B conewi
greater vheay 308y sighdlQfireqifthy ivhen cé&sfpare® tiothe Wiitgo Tedleleh eactions, in the

) "Chi pMaker" brand pins, although other systens can be
microflyidig dgidcege dbEirgwifs Elaﬁ%@en[cezﬁﬁt]fmﬁwgb Apleastdemragtismpts.
Tel echem Chi pMaker 4 pins, which incorporate an

elpct 0 AP 86 - 8hAlink $e8edik > 9) 1o increase the

upt ake vol ume (and hence the nunber of printable

spots). U operating conditions enpl oyed
(typi clal I ytﬁ%‘%}o&rﬁg{lat ive humdity and tenperature 30
[0199] aphp poxpiosadEihy eRperthenti wasax demsnsifateosiecésdfid sEstted LS reactions
Under the

) .were printed per pin, per |oading cycle.
in a migTGHIdG SFYiCea RSS! paist e hisreoRiebasiess tg st plagpresnt of small
: r .
o L B DS A O IgAS S G Shued RiegPe pdf o
microflyidi¢ devigs. riltte gpotiedreb@entd 2% generflip afsibszt ofthe reagfentinixtare
. rgal%)e% i s li(ggstanti ally smaller than this (as snall

required forperlormmg By er ), yet the pin size defines a | ower

limt to the readily achievabl e spot spacing. The

achi epabl e pspadurg determ nes the snmal | est !

well-to-well pitch in the final device. Using such a
devi cé and&agm&i&;ggﬂ@ nmet hods, arrays 5 wth
] iev . it
L T e
were pitB&Dupiromonset of RO wpodit inegl pias, adripodicd dywohiaciiethe pins
[ atime. The systemn use, however, has a pin

to a tarfit oG s RriBRERReEr deiuher 9thpedinddG. Br Asishagereagents
e PEASIIRY RS AR Rt e B0, 1 BB e s

pin intaGnnpest (VMA0U4 subistratel divearadh steptcondists af agimtiof it AeofEER] water

Vi ces are .ass | ed according, to the nornal L .
folow Rl U P LS SOYE LoPe HATE G et Shagpiaceatesian
Techno$:5¢sAWidr§S s 09 RS CIAN &nf8yind G RCHRRC RIS REP bBand: pins,

In parall€l, a substraté |ayer conposed of %50 m
althoughtotfher sy sbevscambe hsedamdosrsibed seirao A B of 30:1 is
[0201] ?ﬁ%%?ﬁjplgylfe% SO TRERSS quhgpﬁalyelr aqalfns? lehlic%algcg\rapgreagé anaglgctro-milled

slot (see FIG. 9) to increase the uptake volume (and hence the number of printable spots).

Under the operating conditions employed (typically, 75% relative humidity and temperature
approximately 25 °C), in excess of one hundred spots were printed per pin, per loading cycle.
Under the conditions above, the volume of reagents spotted onto the PDMS substrate is on
the order of 0.1 nL.
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15 cured for 90 mnutes at 80 C. [0205] The cured
bl ank substrate | ayer of PDMS (sealing/substrate |ayer

wQ 2eb40898F) G 7A) serves as the target for reaP€nUS2004/010492
spotting. Patterns of spots are printed onto the

’ [ ] he bl k f h
o S A
substarﬁfaﬂ?%ﬁyallérptﬁ% tlig gfs U %s 9 1|aﬁ1(r: D&t til jpmlslie: defines a lower

fied otte

limit twtchb wendily athievaifle §i0 spd‘dn{g3 Tﬁ&tdcﬁlefv%l\é@p&éﬁ%g%’f&"mlﬁgﬁhe smallest
an nM

nM.R-acti.n reverse_priner
Weﬂ‘to(%e%B’E%m&ﬁ%@@al(C}efmf Usingswrk aéiﬁ*slég ang thej fgraggeiguneth@ds arrays
1 e o) tra
it sp e O SR RO PPN K TR, Sl imigendyp hve
spacingsdi‘mnﬁt)@milmmm&mﬁs that primer and pr obe
ncentratjons are equal .to, or slightly higher than,
[0203] Spgtting e ORE UFHEOBBT enermi plvetipsl JdegyeEmidn use, however, has a
headl t faTelore I T LN _ ott.e
pinhe r gglglé}ﬁtﬁ{‘:lsdc%% co%e(r: t2 n bﬁ{ %{n%,oa %tar aFd IHPE?WS
dimensidns o@ordceaﬂxié&mm)tai{esmhéerniamrrmtesseact i on. Concent ration
of the reagents is perforned in a Centrivap heated and

evacual ed cgnt ri f % aEd! gges not alter relative
FP: RPMPr b ed spot concentration
[0204] rrela WokwsaridconhB] RYEREF the PER 'dewe&%s fdésfeﬁl %&]%ﬂlrgéﬂa%he

ggents are resuspended in a nL reaction vo
normaléé PEaseredrgemped ahq»eedTh@mmeﬂmdm dewvicet designiistthesameds the one

(FP. RP and, Prh) be
N (S R M T
with coﬁl’jﬁn@ﬁt rhti® APB bFB0 S is Fsim3@ 9t % ERinS, lﬂﬁﬁﬁ ﬂﬁ&'ﬁ{jwa er, and then

eri nents have been conduc ed in Wwhic e sa
Cmedf?fr raiyugssh80S6t s spotted were TagMan (3-actin and

o) BN RS o R AT, B 0L 4088 o

serves mUthes targdt éoﬂ 1@ygont spding OIPﬁﬂﬂeﬁﬁdoffsbGé’tW aANSkint6® Bﬁtb%e élﬁ)éﬁét%
ers 720 and 722 of FlI wer e aligned

which 1&%@]& OR the y@gf WB@F + Bereagegts spp‘@gbfqr P rsaglponsadare pAmers and
s ST, B0 o BTN DO R 1

volumeanmqaom e efractisfonbldprinidt €FP)E B8O AMIB- a@ﬁﬂm%tp?m‘ﬁer oRP),
he PCR reaction (described in Exanple 1) are injected
and 20q WYIP-petim probev(Rehh An sprge pses, libis ¢yl toafucthetene Hiephemistry via

concnt SORTROKFAA 350 5Bl G0t SR ons e

that pnmemﬂtp&blbe/cméﬁt@z[tfmd atbsdqgl t@e&* i gﬁtly\'h@h%r thah) tﬁ@ fhormal
orward and reverse prlners probe nol ecul es are
macrOS%Pa&ﬁ Tesipe vahiegselds sansistenglaigaod mulw o"n“hqe@m ighe spoikd ohagent is
i S i
concent?aﬁ@d:tto H%rB {?ﬁés Q&f;lti] {ug%g (rﬁgea&ﬁelﬁ%dt%ﬁ ﬁae Slﬁ'flcirg aea}cﬁon boncentratlon
of the re}ugcmte &ﬁemforﬁi@ﬂ?m e @ehirivap h@e&ecﬁﬁfd é\&duatéd E4AARIg8 add does not alter

?# ful ct.ions have been perforned using 2-stage
relative ﬁ; @&Qs t 1ﬁg@9§§ﬂlsp®t ConeANs@l P results irpthapmrect final
concent%i%ﬁ whehrfﬂe feaghftt HRAUGS &ﬂe&gl {1 9%2,81]651&{2) ?uerﬁ?.ﬁg)p&ed reagents

[ ow ng experi msn S wa enDns
need nogbmbmytpal tgprimers 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 which the sample primer/probe sets spotted were

TagMan B-actin and TagMan RNAse-P.
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experiments can be conducted utilizing a mcrofluidic
devi ce or chip such as described herein.

wepmgiogistal | y, these experinents were desi gnedP€@DUS2004/010492
determine if reactions conducted in the device have

fficie Sitivit ngd to, ensure that other
102061 3G RS0k biotkilonf thersSi Tover. U poeb i fow e
control 18ydri@.eigyedd 720 7PV 196, 7R whre ARIBAKAHARRS YhdtSDattbm-and
RNase P Experi ment [0209% RNase P TagMan reactl ons
brought i, FoTERFt BRIk eRbake at 8816y forhO-P0 ntiaytenewes ysed toborstthe
| . ] L-di i.ce. escribed, i.n.Exanple 1 to
substrho (B HEEAhe P! £ AREH e e PEREfis o8 b1l s BfRpte cobiponents
of the HIER eetctibih @les@shedtia ExRINpseD ai € BfdotaiistAdhs @loveehiinh8ls 8f the chip
hhlgher | evel _of Sg%;LtIVJt 25 because the RNaseP
and theghipasthamogucled ps descebedinExampde & copy gene (2
copi es/ genone) in contrast to the (3-actin priner/
probe 3set. RERgd 3-actin set detects a single copy
&?-actin gene and several pseudogenes, which
[0207] $6IR meetions/pve beeal suapgssinky mad edpgathBlyqepfoesied asing dodoss where
. e Nase P reactions were ru ith the same
primer [ e R fe et R rR  bednalighes e bt ehipcxample of data
from a eXipeRWhh 4 fRaktidn s (b%eﬁgdécéhsﬂﬂiypl%ﬂ‘oﬁhe@?s s‘il%(zvg‘gﬁ%m 10.

replaced with the RNase P priner/probe set.
The spetipdirpegentsthqae RsaledinmuceessiipPOBaeamionsvas defired inExdmple 1.

r's nded, val u 0 hance t he
Succes{ ARG heh RrfoRERTTTRES b ld 3l e e pink ptocols
pr obe f 1 WD 2004/ 089810 PCT/ US2004/ 010492
artd t he SaHaty 3:f GENRIPINGN V| C/ PRL ratios. The
resul s of ot . four experinents are shown in FIG
11. [6210]b$%gh%%%§PR1/CDntrol rati os for the Macro
[0208] Thg phrposeafihe doldovaing exp@Buenthwas odehesigtndithag g@ﬂét&pﬁag
.for th Taﬂa/hn cgealct.i ons .in_the mc¢rofluidic device
experinygils AN pp cofiuciedyytilizing & microfpidigdeytica ofehiposishias depenbed
herein. SSYERIREILY, ihdsB @x parirh&fth Wefh (fes%?ﬁéél L dRE AP B Eadtdfs M ucted in
confidence threshold I evel. Further, the signa
the devehengsufficient seesifisitivand toeastiedhat ditlrer tohiener/pircietdetsy bebides B-
deyvi ce.i s O@%gpd.gs Zg%of t he Macro TagMan reacti ons.

actin, cqihe perfarmsfl - theygicrotluidicdeyise i n t he mi crof | ui di ¢
devi ce have standard devi ations of .006 and .0 12,

denongt r at M@hodzfx&uRt ency in the reactions across the
mcro fluidic device. Therefore, it is determ ned that
10 t hé- TagBi¥ese Bdismeriment n the chip are sensitive

o209 RRGHOP 10453585 R 85 ER0 B s 20 Sk

a microfibidiadgviide dseiRedribedsn BrampR MoeaionyirAt ehoA %%ﬁeﬁ Brimer/probe sets
e

ilutions of genom c DNA were tested using t

d
producq detetableragplt pyeByeaciions alke sequites highariorsi of samsitiwisy e
: i- in. Ex le d [ 4
RSO SALYEATBRSS B G5 g LA RSy
contrasblheractih pritnet! pebiset. 0T BachidsdlldetedhiaCding]6 f@éﬁﬁﬁ-@@t‘ﬁg Sene
one

to_ approxi mately 1 cogy per nl. The result o
and sevgra] pyeudogeses. vduch eoligsbvgly total appmximately 17 copies per genome. The

RNase P reactions were run with the same components as described in Example 1, with the
exception that the f-actin primer/probe set was replaced with the RNase P primer/probe set.
Further, the RnaseP primer/probe set was used at 4x the manufacturer’s recommended value

to enhance the fluorescence signal. The VIC dye was conjugated to the probe for RNase P
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[0212] According to a Poisson distribution, 37% of the
total nunber of wells should be negative if the
wW@e@nages1d ar get nunber is one. Wl | nunbers 5, P@EI/aszdo#010492
are bel ow the 20 cal cul ated threshold and, therefore,
negativ Thi s s. th the (3-actin TagMan
and thq gt dfeosed o ALEHT titigs o Th resulispf %r@toefgft)ura%pamea@@re
shown ®f Frme 1icopy per nl. Therefore, the sensitivity of the
reactions in the mcrofluidic device is sufficient to

[0210] plhe GG R E R oniypl tatjos fox play Maerat BagMari reacEme tayepl .83 The

t B Man 4 n,.t .
cons R R P AN BN, BRSRHER, DRt Beger e 121,
The raﬂibsrdfeﬁégenpfrﬁds DI A0 84t le € i he aaleﬁoﬂﬁiz«!?c 0S50k DG @ebbde
rphi sm genotyping was perfornmed using the

conﬁd%@@ﬁ@@@@lﬁ lseel- £, ¢heyignal stengsh phie KagManpgpadtieds in the
E t e CYR2D6 P4
i By ISR SOEPRIEEL 2 ot b AR R Gy TR e
reactiohsnin the nilx&eﬂulﬁikl\ddvﬁbéia&é sfafdartl [eviatibsl ofRe0®sind ©f 2f BREstrating
al |l el e CYP2D6* 1, and VIC_ | abel ed 30 for the CYP2D6*3
consistprgy AR thegieachipns aeossibeapisro fhydicdeyicec 3#?%@@; it @Cﬂ@teﬂmmd that
I
e TS ns bR ARS0R RO PR
descri bed in 52 WD 2004/ 089810 PCT/ US2004/ 010492
Exarrpllle 1. orenbne experl ment are shown
£l has. been repeat.e
02111 1 g %ftdefeﬁ?igs’%? s oG HepeuioR e i oRe device
dilut AéhRt A%é@'@éété
ilu 10&%1%@ (I@N hoere (c:le}zéé &ﬁlg%vl\ﬁtlal’%}%yg%&)a %%t H{g%céllaﬁ
composg‘eemwcre g@maldylcmnpgs/ed lay dpscoibied adEmmIﬂwémgg 4x DyNAzyme and

ditutionf| ek BNIE N AS THeHen SRR A R s 1 (25 il yaich

corresp@f(@@@pﬁrox%ﬁtglyt ]y&ﬁ)yeﬁelr al. eTheTll%§1§1€of N dRSiod rs@n@sklg ¥fownin .
the threshold l'imt for the reactions. The signal

FIG. 1%t rength of the TagMan reactions in the mcrofl UI di ¢

0212 S48 SRIRE R, 195 AL, SEPbCb

negative afﬂha averagd tatge} numbeck oaboWell Mentregsts MRl 7 b Hehﬁv HeC
cgggrnel showed sonme signal_over cont r ol % .5),
calculated dasephold el thegelprgymegativey dihisswigaests thatliap BopctintTaaMea
reactiond 1§n‘ﬁ@1%' !ﬂ'lﬁhlcqzilﬁ; Of HeLcesh 9% r%%é']& cln%%%ﬁ% ?elclﬂ.nTR& fore dhe
m nim zed an | nprove tection 0Cess. f ﬁéljl
sensitivityef Me 12agmss in the moiorifluidic gaviee arsufificdéreige perform genotyping
FAM PRI/ Control ratio of 3.0, which was 37% of the
expe nﬁ?ﬁ‘r‘ﬁ'o TagMan si gnal and above the cal cul ated threshold
limit (see FIG 14). The genonic sanples were
negat iive f genbRBinefBBinenfrut ant all el e, an expected
sul't since the I5 frequency of the CYP2D6*3 allele
[0213] B@cemsza@Man it thetmigpibadis deviae istdapatde o detecting lowkarget

mumber prb ety eSO Rl acelile PoNrF R sdnoting was

perforn&dﬁﬁﬁ@&ﬁéll’rddetehﬁﬁlemﬁﬂfeﬁ& deiilﬁlnﬂt%ﬁ 213 (A@hemyls{%nfs Foster
rification of PCR b El ectroghore5| S .

City, CA}, @ga@@ﬁg thg @¥P2D6 P450 cytochrome gene. The kit contalns 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 allele. Positive controls, PCR products, for each allele

.

along with genomic DNA were tested in the device using the same conditions as described in
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20 [0216] As an alternative nmethod to prove
anplification of DNA was occurring in the
wor@ro84sw di ¢ devi ce, an experinent to detect RORUS2004/010492

product by gel electrophoresis was perforned. PCR

reactjons coppositions, were as described in Exanple 1, .
Exampé%(beﬁfee feflisriienuone SKRFENGH arethopida Fig- Thand Bt éln]é@ieﬁpenment

r fa

s bR 1L 0 SO0 b R g FORAL i
[0214] Ascshofvinun dlG. thsvhe Al-1 f(AHeleda CAP 2™ gvildiypd/Bllelpy mtlesmomic

oa (s FeRrE o 8 hrssier VICPRTC Sl 61 Thd g8 roppetity

indicatB@BARAd SenohBWD A bhe pdaisiv gy tHDEYROPse e A8 pe allele. These
generally consists of "a sanple region 1502 and a
values exsrabpws thedbicsttrld biont fossheeactiongi Ghe 3150d strengthiof ¢het Faghdan

reactiopt 0L E B AR ulaR! A NS 580 a3 % & LS| %Sostrols,

PEBrBe BReTQAMNC (RSS2 Hida 7 f AP ORGP SRF

respectélean pal2 (808 2 VOVEID6H Nlutie s Va8t alVdld), #iddh shbdld be negative
outlet via 1512. Control region 1504 contains three

in the ¥i§nehagnels showredsnEisriigns] ewr gontEel{ 1 Sdriossihhirdpette dAMMn|

i 0 e t o ..

e SR AN E0 3 g 0B Rk A i
with arsimprovestt detécaion pidressd network of control |ines 1522

i sol ate each reaction site 1508 51 when sufficient
[0215] FhetlF wosiévegsptiol st RN &2@%@@%@ P> which was
37% oS8 MhcFRANALS sibRAGnR B oy ﬁ@lcgﬁﬁﬁtédochfé@ﬁdﬂﬁrl‘l{fgg%s%' '{gq 14). The

fromevaporating out of the reaction sites , 8.
genomiFlsemgdesiveare negative tihn the CYRAD™ 3 denthutellake, e sxpeictzddedult since the

Exanpl e e.FLG .7A). The entire chip is. placed, 5
freques St CPEDEI7 pleTr i OWEABaRY HERPEs st B30 1akage of the
Al-1, WOGr6bd tmtstihe FieMi chnrled 8P theaRtdcRRd € el tHNPRENEEt R Creactions

using the 3 tenperature profile described in Exanple
were succesphd 1p gheahieroftpidigalevicon sanpl e was thernocycled in

the GeneAnp 9700 with the sane thernocycling profile

asp o FG0AP: ) GeEUl i 1O pI O LSRG

conpl dt ed. Imodwetioner the anplified DNA, 3 d of water

s injected into sanple input via_ 1506 and 3-4 gl of
102161 s aliermayie anctiaatbipdubys whplinerigh of DR s ooepgng in the

. I .
B g e B R oot R P wos
perforngide VRCR mehctioid) comyisitions sveroagdesenibedfin FRhkpkexhreucéne dseTagMan
| and. Shri kal i ne Phosphatase, to reno Xcess
probe ysEHBISER apd e fyacks Sy ieer e g5 Gl Mo
diluted from1:10 tol: 106. The product from device
1500 nvas debysdas ed and resuspended in 4 gl of
formam de. 3. Results [0219] Both products, along with
negat ilve cddicreflwidigdeviegmal yzed, on a pol yacryl ani de

N = ; WS . . ophQresis results, .
02171 lese b R0 BRI IR, SR P A SRBMEE bhorh ol Beyigoed
and fabrizagt Hod Gondbseigd ekperinhdats dddcribed in this example; FIG. 15 shows a

schematic view of the design. The device 1500 generally consists of a sample region 1502

and a control region 1504. Sample region 1502 contains three hundred and forty-one 1 nl
reaction sites 1508 represented by the rectangles arrayed along flow channel 1506, which
includes inlet via 1510 and outlet via 1512. Control region 1504 contains three control flow

channels 1514 each containing ten 1 nl reaction sites 1518, also represented by the rectangles
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[0220] The products fromthe Macro reactions are shown

on the left hand side of the gel and <correspond to
W@bomuhsBo base pairs, the expected size of thBCT/US2004/010492

f3 actin PCR product. The negative controls lack the

Simlarly, the product derived fromthe
and an e @%?gﬁéef\ E% i) Imen b T seele o Eraction She 1508, 1518
when siﬁff?dié?ft BfBsurt & GPlie n‘l‘@c%@f@w fA Q%laés £ 08 dBhGRRs 1520 are

dic 25 device. ssive Partitioning
lnclude[dOta :ptqveﬁtﬂeqm«b lﬁybmew\aseradnhg ont mfethe reaonor( ﬁtaa)l 5 ﬂ&,sl HécBheedevice

an .essent.i a
is a el 15 B0 o el Else 6o 2R oRhefatie pigpds placed
onto a BR}eGpl es of DNA),  speci f| city (distinguishing single
base m smatches) and dynam c range (105 with realtine
30 instrunmentation) nmake it one of the nost powerful
anal ytil-cal Bx@srimenial Sgfunt ence. W denonstrate here

[0218] fmg%}%ff Sﬁc@%&w@ﬁﬁ@@&zﬁs )f}ﬁ%%%%g% gglfg%%tg'tﬁé‘ﬂ B ure

profile [eS0riUE2 GOBX 4114 92 Theetiainimecrc2ciddQamplamths hegnets cRER the
reactions in a single mcrofluidic chip,_ in a volune

GeneAgp Y8 vih the same Hesrmoryding ripftls as fargnistaflfigic sewice 1500. The

Y
e
amplifigd INA, 3 ul/\dffewaielrmhi mj e&:};ﬂelrlnMamPlla ﬂnbmg\naﬂﬁ% SR A ul of product

were rey5d T SiS1 e EAIEE vEbeafipis PHRHBiROR) SFYop P09 dice Macro

reactioff e Qéat&ﬁ\\(rﬁﬁél ullof %&bgAPm mév‘élaﬁld G‘ﬂ)t ‘Mﬂéﬁ?s &;mposed of
i sol ated reacti on vol unes. Aftér injection of

DNA E;@npﬂe&se iLand Shritgt Alkalige Rimsphatagesto iemoyemrerss aucvl@crtldes and

prlmer%n ﬁ; l?]lragﬁrc])gﬁl}g ar ; Iéﬁﬂl%@ﬁ)%‘( g]gqg ﬁ !Jiggs y’féeéelén@%lé%%q_m device 1500

was deﬁﬁdruﬁ&%nd?&ﬁspéhd&ﬂﬁlm fi%ﬂbﬁnzﬂﬁi@lel sol ated by cl osing
val ves 1707 spaced along (fig. 17d) sinple
mcr ofI ui dic channels. The chip device is then 10
t her ycI &esuls o 1 at pI ate thernocycl er and i naged

029183y, Sy NS SRS SR it .

FIG. 1 pshorarthic pel didvérophoresin tesalts.ohodppromigi sive DDMAbamdlof 294 base

the.n er . of wells that gave a positive
pairs mﬁ%ﬁﬂﬁﬁso gﬁ%#ka found that a digital
[0220] mlpréd&%tﬁ&ﬁ theSMABRFENQHnYBRALbRE RAURE wﬁlaﬁm%‘ﬁﬁroﬁﬁe gel and

copies per well is 15 low (Figures 18a and 18b
Corresmnd tazkoup 294 bimeprirpdbe cxpestedstzeaifdas BpctieBER preduct The

I B N T R 7 O T

the expetted Beact P ROprotiaétd dthefcdbreJiaydet DOQM walBhiplified@id @8 mi¢Refluidic
nunber of positive wells was consistent with the

devicenunber of wells calculated to have > 1 copy of target
by the Poisson distribution (Figure 19.). This result

ajiil dqit %ts.tﬁia Sl§g§£ﬁ%]%¥es anplification 20
consi %Mmmw e copy of target.
[0221] Fl]‘he@bg&wme chiaimrehctivinr(@aBD has lﬁe’c@ﬁ’ierﬁn(?:rssh‘nhul ®otin molecular

mant.'. PCR were .co rabl e to macraoscopi ¢c. PCR
biology. gg%fqugatmq{ SF%%tl%lnp caligreleiglamodirules of HNA),

spemﬁc%l@p gl.tﬁc ogg%ﬁl%ﬁ%)a% fhi&RAChdsP A% EAMALAL Pifte TIPA IR Ritime
instrumentation) make it one of the most powerful analytical tools in existence. We

demonstrate here that PCR performance improves as the reaction volume is reduced: we have
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Tow (Figies 38k o8 ML R i B bR hsiive Bhe Pt 28

per reaction. [0224] W believe that the primary
source of this remarkable fidelity is the effective
wQ@200g08msent rati on of the target: a single nol epCi/ES1004/610492
90 pL volune is 55,000 tines nore concentrated than a
5 uL volune. Sin unmber of

perforrgsgt o RmBfinctus BOR eahions o8 Sate TEWSATGHSIE o, T valume of
90 pL plek réffloh B&d ﬁﬁﬁ@ﬁ{gleqfenmt@ﬁf&&met sl&ﬁém%?l produce side

reacti ons, riner-diners

[0222] Fogurephist le]ﬁadepmt ¢ sm.gk: sandpuead glugl hamktpagitaing mjcroﬂuldlc device.

i [ . t
where syl Yo lBRTohg RS R Tt WAL p@ote Hreflngtly migiouici
chips v QPEItdc ARt alv & t¥ dhddbRelyPattiiforCoach bVsevata tigui ehples into a
reactions are a primary cause of PCR failure (4), the

multitudg @ﬁmp@g@ reestioadelings. tféervnjeciinn ofithe pamplenite Buet 1§ 03 which

isin CO%T%?&}%I{I%%’[ ﬁilgl %Ig g@eﬁ ﬁ%ﬁl\}litfé)lﬁlir?%/éhggnél s?gpgr%(lggg of %@ﬂo\?}lgurd% device
1701 (Tgr I’,&i)t24l®6t9|0qﬂﬁvdliﬂr&tes an09 efeack edrhplb lags iotptedfbycaddighvalves
from si ng’lﬁgd%éﬁl es in.a 55 WD 2004/ 089810

1707 spacyd elops gmpleisreteidi @a%qﬂ& meke PP davice bR
thermo@#rél&f &z 'ﬂgf;‘ﬁlg@‘%?f o@9c19f HOGH éd fifa Qomllngfbgal nghien
t1mes, es precaut | 6hs agal nst pri m ng
fluoreseende meades peci f i C arrpl [ f| cation (e.g. "hot start” PCR
hermal activation of_t oster”
[0223] 3&8 pseyied theperiogmarse %&rﬁﬂ?ﬁ&%ﬁ ngﬁ% ‘)P@P%t ecs‘ﬁmf‘é’erejmn of
templa@@Nﬁrﬁd%éﬁgﬁﬁnﬂh%ﬁﬁlb@PQFWEﬂst fRat F@ ra%@i@l%e qfaqﬁ’l%m signal. We
where 5 an aliquot of the first is used
found thetrppdligita amplificatioeis ebservedhwhewthe avarago numhst Qf qoipies per well is
r.e chatlopfrom

gfaé]lvle %1gnals is

observéll évERvwhedlhe BVePRSAMKEr 3 S e FRlNG belovandBis@mplies that even
t hernocycling protocol. Being conpletely encl osed, it

a singl¢ eopa @darugefaﬂamﬁwergnsndrmmﬁicetlm Bhﬁ/wrbbﬁf@:ﬁpamtlve wells was

COHSISt?*%Q"Ha’e nt%lt r%’iI ‘ﬁ%‘ Stc % Z%}%‘F §Pofbarv8v1 %"é’yo"v rﬁu {%e)‘/{he Hlsson
distributi@l (FlguE@lQ) CPigk r&0H vhlidResDat@ Esasg'b ORI RGALbA

macroscopi ¢ volunes (1 chip wt react| ons Vvs.
consistontly eep a singl agply [of ﬁﬁra@te§ lucamemegr@é slowigthsdgom mperofluidic
i"
Taquaff AT o PR iR or I SRR IERHOR with Bty R
concentradcioy evérpibeghihe tdcedscopib Sﬁdcubﬁs epneaihed :PIIﬁtmm tehplateccopies
concentration of target 1n a sanple. It can be used,
perreagiyn. exanpl e, to genotype a pool ed sanple of genonic
10224) FPOLSRE ot e AU Blkce oF o RRRRC RO p diftflive
concentrhtian bithe target: alsingleitheldcudb ave 90 lemhtnme st ,Hanesadore
i,.stance to side.reac d al ef ul
concenfreie| St FgHIR GOl A 1 VRIUB8: KPR 6 PRI b s of
target, B’,\'&oes rfot BRANRL %r@ hek Q)(ﬁl'iﬁ tHeuffJes 6F mgFeE@l% {RP can®duce side
eral principle of " concentration by partitioning my
reactlom gg (be pmmwmlmens apt men-complan aay WA sequpptescinitbnsapiple) is
| e. no| ecul bact e Vi [ us s or

linearly ]ﬁrpgprehgpal( 8 vglungq ¢ Q1 SN5%6 é)at ‘{hs Aallq of targst ?sgc%eeqeﬁctlonsfls imversely

proporfiff] by g - 7Y Jofte E?ﬁ%é%“n?%ﬂ% R Buapr AR e

4), thewmphmtﬁge fogeduningiihe volfnyd ilxhs egiteo isafleanucl ei ¢ aci d,
&H% rase chain reaction assenbly having .
[0225] k4 Ao pinphficadion dipng Fiaslseiopica of toml e d3s beenmreyippgy reported (5).

Howev‘éﬁ UREL Sneth 8 AnWachieve reliable amplification from single copies in a
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Vogel stein, et al, US Patent No. 6,446,706, titled

"Digital PCR', both of which are hereby incorporated
whyoonesmsience in their entirety. The small vol BPEEES2004/010492

achi evabl e u5|ng m crofluidics 25 allow both a massive

macro L S R el sr Bk ATl e T prp Bepls o2l extension
times, mangeyolési) ﬂi&ﬁﬁﬂbﬁnﬁghﬂsﬂhﬁ%ﬁnﬁh‘h@ﬁ‘dﬁbﬁl%e%ﬂ@rﬁ&ﬂ%&tmn (e.g. “hot
gges

hese factors su

. I|f|ct|on fidelit
start Pﬁ (th‘éﬁl ackiierign of thginolymeragsay tbépstel[”dﬁv]addhyes to reduce

f es for
o R T ke RNLANR S0 RS s sRRGR, where
an allqlmjmﬁ thesfimgPCRas stedps t@ﬁplaﬂéﬂﬁﬂheﬁke@@n@reﬁ&tﬁrpf Mdﬂl‘ll?ist thés system

h 30 fluid ch [ th d
BV ORI e N SR
primerd ﬁﬁrﬁ%ésrbndta%glé’ AuaSs f ?r‘é}ﬁﬁﬁ tlﬁ%ﬁ@)}cﬁﬁ% pF 809 2R completely

of partitioning the anne WO Or nor
enclosedetd dt #lennerlygsvunerebia b ensirorinmintal duntangnationarmk eblhty to do

cont | ni t | east one target nucleic_acid
massive iy Bors r?g PeRaeections Spiapemelt woRden gty 184‘:’@2% c@st dnd time
advantdge$ Gorhipre@fo MREBsIIPId VdlBes W’kﬁﬁ}? With ﬁtOdOG%@accttloHQ@s &19 separate

portion contains a target nuclelic acid poly
96 wellml@psh apd gmqspqmat@rb@menmulmemmﬂ@%bkﬁ&gﬁﬂﬁbtmcture)

t I
02261 B RRTELBARA0R v SO Bt B0 R kEd b e o
absolutaguantifitetier of the dendehativneRArcef 1npé3§ahi1ﬂ?@ SIt efn B@ﬁsé‘d' ird
channel that cont ai ned the target nolecule.

exampl,tgsgpotype s RAVEH HEnRlS Of goromic &) Isunnilb’d?ydcevn‘f@@ the numbers of
wells th%fg@é'ra 1t1@@ f&J nggﬁltrfs?g};ﬁﬂ a?le[gg %llugelr%féy Sggléelles agﬁﬁf,cinabeﬂ Qb%YF

Due to ’@baﬂhmd lre:sm’aance to sile rdanticey; itahould alkb&fe&fséﬁﬂm quantifying

o SR o S st o S
general PEIRBIHEE doBcdfiatiss B??Lu%ﬁtl'gﬂf[n% rﬁ-&?ja] (ﬁBe Qgeﬁﬁlqﬁl ﬂe&’ L Sctions where

channel to control oW W t
detectioptod wingle maltcules, thactoriatvitusemoramedls oftinteresbfe. 4. I”EGJISAuba‘btmns for

i SUBRIED 1 AP, B S SO . i
"Methodb€ s@hiplitig] bﬁlph%\/g :ﬁﬁl {iREn PsZhAANET mPeié Qﬁgﬁﬁ)l%éﬁggcham

. therein, and preferab wherein the deflecta
reactionAssesmblid: amgménwéar- chagbersrand mﬁhodsedfﬁlhngclﬂamlmrs" and by

Vo gelst}elﬁy&r al I?S @ﬁ L1 g P@g?fp Y0 tf%l Sﬁ%’%&? ?ﬁ E%B&%C % ngesreby

1ncorp01tatm1 sargfidrendel it ItlténC@imfrayn S‘he Qﬂnlall bkt a@ﬁl@%ﬂ@ﬁ&ﬁg microfluidics
eded for, conducting.an anplification reaction, while

allow bt 3 p4setve deRse @t ARALGiZatifm b EeroTEN targst trebickground

0Bk Pt y ificatio .

conenBGATAS 2ph Sl DRSSAMIRITDbs BlodBoBhLHE b

fidelity.f Thesd fadtors suggestetiratofdi FERS smalldraeatiycis bkfteti di ¢ 15 devi ce
preferably one

S R I T
mlcroﬂdl@ié%hvﬁ‘oﬁﬁéﬂt'cg pﬁgmg g ﬁﬁf Qg{ }?@Vﬁﬁ% & niict Fﬂulﬁf)cj &’é\rzgcre having a

preferably a pluralrty o ere erc aci
fluid chaywiel therein, spidt fivad Ehyanaek keayig twid &t mor@ vabas bisoBiatidtiBer@With, the

i S L PR Sk Sy b2y
reaction KRELEH SHAMbEHE thidaudieRa s%@%oﬁ&ﬁﬁ?ﬁﬂ@é%ﬁ&faﬁ%& tnh?l@% acid

such as described by~ Van
polymerpgingting: the malges ﬁoegartltm thd OhiGmpldimdtvediohasrepoplioseserein

at least G2 pgﬁl&ogo%é%&ssg ?a:ggoet ﬁ‘{lélelc ac{"cf1 pcll?mgre e{n%l arrllol‘.hre]n(‘: 85@13{1%%53 not
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by reference in its entirety for the purpose of
teaching an isothermc anplification schene. [0229]
wab@4fogdshowi ng reference is incorporated by rePEr/Eame4/010492
herein for all purposes Unger et al, Science 288,
11 0230 | e channel.s and
contintg i 8Bl p B2l T R HRNEh SRS g,
determﬁmflg theinanibley o OgsitiPRy STRBOFIBidt dhahnd] it cOntRin@8 ShY tarREnBlecule.
few psj drives the gas out of the channels, [eaving
In Pref%rﬁ@ﬁrelaﬁ%mé%@ the pienofaidi devies epmntisesarelpptameric awterial, and

N -

preferr&hqﬂ’emdlmﬁtst the mnunm]mc(nﬁdaﬁ&d Aripensonimiscaaakflédtisile Hiehidgane

.ab'- cl ease sa Tagman Forwar d and
whereng g}; er’r’é‘i‘m]%"éﬁfﬁl’éﬁ@aﬁc‘%@(ﬁ éntgrand )out of the fluid channel to control
fluid ﬂ&%@@ﬁi\%@ﬁ e,
ul Ryen Qﬁﬁ%% pl:tﬂi?dgsogig O}T{/Oe of thel_%wﬂ&h%%nel om

anotheﬁRE‘ferpb]orbd;ereméhm@%etable membrane is integral to a layer of the microfluidic
. 5'-(FAM AT - X( TAMRA).- CCCCCAT T -3 . ta
device by HhAmsh oA bB SR Eas BN KOA0S VAR Hhelefieiable

membr&i@ & FOHARIACHIRI e REIRQEhRERPH 2 At LALER d’\‘/Hﬂ‘gt?ea 19fa deb&REchannel

pr| nmer - pr obe sets are becom ng comner Ci
in a secapd laygbpethe meigrefiuitie d@\om dinrsethel smbhelimrents, bblé segnpl@\flpfcontains

o o8 bpey ST g Sl T, M v

emboditiicht3, tHéQﬁlcE’d\ﬂhﬁ&iE Bevﬁ@ QoritMink af Meadt @n@ Ebl'g?fmen@ Q@aﬂ‘Mlphﬁcatlon
reverse prinmer, 200 nM5 praobe, L Anperase UNG

reaction gyigr tothtriniegnstion Céﬂ%%gﬁdtréwﬂuldlzdaiseme embpdingays, tig microfluidic

device Hﬁ'fﬁle% % x%%(?{e': LG ﬁg&&ﬁéf&?ﬁ:lkf é\?%l OC?‘I nuc1e§%%cdd polymers

complimertgry, to@GAgast 3 p@%c@ ofthe takget d&ctleml asRpdtiAaeig peEivdbig plurality of

eno 232] The follow n
ditferorfgp SefitgbbelyBer e %&Ema Wé ﬁrqaytl%%er@r?@émg@rrof the
mlcroﬂaidllc dshgposes: Quantitative PCR Technol ogy, Chapter on

Gene Quantification", LJ MBride, K Livak, M 10

[0228] Ameplifisatien maly be adhnemd b}FtlhanmyshEgreraethBl suk]aassE@R or by

sothersgbRonb 2ol S st Saan Nemuatal i3y Poishapipation Seria
No. 10/(96)040 whith h&ﬁ'phbl&’s%e@as UY2005/51 $8800 A1, Whikh R2lefdin nféUﬁ%rated
96, 9236-9241 (1999). [0233] It is understood that

by refergneg i iisceniirty &rdbdpwmesofde@bmgmusmm@mn agplifitation scheme
[0229] 'rl;%l% ?@.‘{é‘?f‘# ¥e%el@ﬂéeog oy %d %n e Fe%%:% é?rrg%]? t%ha]ll pugpgses; Jnger et

ons or chan s I'n

al, Sciesee2B85 131116 (20803.0ns ski | | ed |n the art and are to be
cluded within the spirit and urview of this

i

[0230] Sk parale chislind apeddince e I cpling dilline” APDMS is

ffici d
i RSP LA 05 RO 0 0 PO BRI,
channelfdeavihg thenr pmﬂﬁstel}oﬁlﬂéde\mﬂs tigeide See flanseh érfal, FACAS 99, 1653 1-

vi dual pu tion, patent or patent appl ication

16536 ({%Q&;b ’élﬁ%@of‘%%‘g{wgﬁ erghis herdn rcﬂlilaﬂ’urf?‘)ﬁeﬁdl cated to be so
0231 r | ’-
[0231] %E%AU géggﬁl%%tl%ﬁgéﬁ&ﬁﬁfﬁ%&m E@ne"@a?eﬂ%ﬂ@é@@s}@g a 5’-exonuclease
assay (Tagman). Forward and reverse primer sequences were 5°-
TCACCCACACTGTGCCCATCTACGA3’ and 5°-
CAGCGGAACCGCTCATTGCCAATGG3’, respectively. TAMRA-based FRET probe,
sequence 5’-(FAM)ATGCCC-X(TAMRA)—CCCCCATGCCATCCTGCGTp—3’. Data was
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VWHAT |'S CLAI MED | 1 1. Amcrofluidic device
conprising: 2 a fluidic channel having a first end and
w@2@eognst end in fluid communication with 3 eRChUSI00£010492
through said channel; 4 an inlet in connunication Wi th

sai d channel said |nIet for |ntrodu0|ng a.sa
taken Wllﬂma dark-gueggher based nrabs; as lasgg auyhery ef thﬁﬁf‘elwlaewr@b@ gets are
becomfift (eifierEl abilible. AP, GALAQ BOPAH thiter A (50 my KCL
10 mMniiets-81G1, OVBEEM ERTA, SAMM @addivd Rieﬁe&nwﬂ;ﬁdi 8Se4 mMl Mgélb 200 nM

ante, ekt inUR R Tl a0 e Seepemmes 0GR Fisg pimer, 200 m

probe, @QfltU&ﬂSAmﬁex%se R fEnarsh la lﬂtp‘ﬁb& BHSY 56 fhs O osfdr iy, @A)ho 2 UL

her conprising an outi et in 2 comunication wt
DyNAsjand (Ghamymes, Espen, digend)ed. 5ol rienni0h@. Sugfel Gelatin (Cabiochemn,

san Digge 25 SRR ciicsidl. deicnife %55 Gt Mo aS R D] A G romega).

[0232]81%0@;10% feréﬂé@éﬂar%ciﬁ Qted hatkih BY réfalecOfol |aﬂtpuﬁ}ﬁi§es
said fl ui c channel to be in fluidic 3 isol ation.

QuantitptiveRE Rl eehaplogy di-aniaanc Eese Quaatificationyinlel McRrigg; b LlVak M

Lucers { aidFilol s ERLLAAHERG: Bl AR Brlhtl ok,

See E. "Df Lﬁgaﬂym RledikigTeiAn I\&@Inds S‘ﬁd&iDC@eﬁaWB(}) 565-570 (2000 @sl well as B.
o_said fluidic channel blind filling while said

Vogel%@EoTﬁan@I\?@ra %N@S?ﬁ’agl@é 92f'¥él99ﬁ)e m crof I ui di ¢ devi ce
59 Rt A AR e, e o
111ustra$laﬁph@oﬁd>smrﬂly tmdbtimswrtus nodidiiatiohaonelangds iid light tietcobdill be

T T EN TN E
this apﬁh&fti@ﬁ'aﬁﬂ gédbedﬁ"ﬂh&ﬁ) eBdldd1aThfs! Hﬁlﬁicﬁtl&%vbﬁgnts and pateélt

conpri si ng: UIdIC channel having a first end
applicajione cxﬁmh@m armmﬁ:bmowt@bwmq:rcmq igrtheigentirety fenalhpwphess to the

Qmmuni.cat i on
same oot AL RS AR Bl o br iR RpHUEE Wk soelrtany
and indiditiRhRy fididatkd tamd so Hor208 84 8&B&h0e. PCT/ US2004/ 010492
8 a val ve, said valve, when actuated, causing said

first channel end to becone 9 fIU|d|caIIy separ at ed
fromsaid second channel end; 10 wherein when said
sanple fluid is introduced into said fluidic channel,
and 11 said valve is actuated, said sanple fluid is
divided into separate sanple fluid portions; 12 (ii)
introducing said sanple fluid into said inlet, said
sanple fluid filling said first
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13 and second channel ends; 14 (iii) actuating said
valve to separate said sanple fluid into said separate
WEoootiogassd 15 within said first and second chaP@EUS2004/010492
ends; 16 (iv) exposing said sanple fluid to said
conditions; 17 (v) analyzing said sanple fluid to
WHATJSt e AMEDSet her sai d conditions produced 18 said
reaction. 1 8. The nmethod of claim7, wherein said

'11.CrOfAﬂi%ﬁuﬂ%V&%efddgprﬁglﬁﬁonpri ses an 2 outlet in

conmmuni cation wth sai el, said outlet for
mefhdic nharmeirbavong alfikst efd sad d s&osdrepd e fliidicomnayndcatiandvith

thod further conprises a step for renoving said
eaChOtggrrFBI%‘ PETeEh 4 said f1ui dic channel after said
&% P9t MEos@khicatiod witthQidetad, ofid hied 6} fitrodhisihghRample fluid;

said mcrofluidic device further conprises a 2 second
and, valve, said second val ve, when actuated, causing said

outlet and said fluidic channel . i n £l uidi

A5 R Vel fuun i SHRP i Pl Qe g b b
fluidicRi dpMatedeirdih k4l st@nd@hshnefendit r oduci ng step to blind

fill said sanple fluid into said fluidic channel. 1

vhheretn avhenspid damplediuid is mirodpreddpte said fpidigehpaned,| agf gaid valve

s actu, USSR Bt ia ot oG AR Bbrbhs O | ¢

sanpl e further conprises an anplifiable 2 nucleic
aci d tEregeicrafhudis device oficlaini dnfrtheecqnairisiey asaitiehai n

reaction (P conditions, .and 3.said reaction .
commuaGeiop St BRI, B SEIdS TRt 23 f Frg sample flud.
nmet hod of ‘claim7, wherein said PCRis digital PCR 1

13. Thghemichai@t delisé BT didim PhekBENcadribifeasdcoAd valve, said

produces two different color 2 results. 60 . .
second valve, when actuated, causing said outlet and said fluidic channel to be in fluidic

isolation.

4. The microfluidic device of claim 1, wherein said sample fluid is introduced

into said fluidic channel by blind filling.

5. The microfluidic device of claim 3, wherein said sample fluid is introduced

into said fluidic channel by blind filling while said second valve is actuated.

6. The microfluidic device of claim 3, wherein said second valve, when de-

actuated, permits removal of some or all of said sample fluid from said fluidic channel.

7. A method of analyzing a sample fluid for a reaction to a condition comprising
the steps of:
(1) providing a microfluidic device, said microfluidic device comprising:
a fluidic channel having a first end and a second end in fluid communication
with each other through said channel;
an inlet in communication with said channel, said inlet for introducing said

sample fluid; and,
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a valve, said valve, when actuated, causing said first channel end to become
fluidically separated from said second channel end;
wherein when said sample fluid is introduced into said fluidic channel, and
said valve is actuated, said sample fluid is divided into separate sample fluid portions;
(i)  introducing said sample fluid into said inlet, said sample fluid filling said first
and second channel ends;
(iii)  actuating said valve to separate said sample fluid into said separate portions
within said first and second channel ends;
(iv)  exposing said sample fluid to said conditions;
) analyzing said sample fluid to determine whether said conditions produced

said reaction.

8. The method of claim 7, wherein said microfluidic device further comprises an
outlet in communication with said channel, said outlet for removing some or all of said
sample fluid, and said method further comprises a step for removing said sample fluid from

said fluidic channel after said exposing step.

9. The method of claim 8, wherein said microfluidic device further comprises a
second valve, said second valve, when actuated, causing said outlet and said fluidic channel
to be in fluidic isolation, and said method further comprises actuating said valve prior to said

introducing step to blind fill said sample fluid into said fluidic channel.

10.  The method of claim 7, wherein said sample fluid is introduced into said

fluidic channel by blind filling.

11.  The method of claim 7, wherein said sample further comprises an amplifiable
nucleic acid target and said conditions are polymerase chain reaction (PCR) conditions, and

said reaction results in a PCR product being formed.
12.  The method of claim 7, wherein said PCR is digital PCR.

13.  The method of claim 11, wherein said reaction produces two different color

results.
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