10

15

20

25

30

35

40

APPARATUS FOR HI GH THROUGHPUT CHEM CAL REACTI ONS
CROSS- REFERENCE [ 0001] This application clains the
whemshdte2of U. S. Provi sional Application No. PCT/US2008/000860
60/ 886, 067, filed January 22, 2007 and U.S.
Provi si QgepalrAARR Foreini i THROUGH RS BEMIc AL ReAcPrRaeber
21, 2007, which applications are incorporated herein
by reference in their crRO$SFEEBEREBAEKGROUND OF THE
[0001] ITINWEPHTL(Bdh (IE0O BT behbfi oAthBePrbvisendl Abplie@liopye fY/886f067, filed January 22, 2007
and U.S Pﬁ&v&s%ﬁl%ﬁllcmlﬂ §6A6 %4770 Rie§ B{Rhes b} Q&)71\91§§1 B?l&atlons are incorporated
revol utionj zed nol ecul ar bi ol ogy through vas
herein by sefersnef ip et T ®apabi | ity to identify, nanipul ate, and
reproduce DNA. A nunber of different applications have

been devel oped t g, dﬂcﬁﬁwf’@ﬁ*rni%&%ﬁ%&@' entific

research, clini cafo‘ 2# I agnostics, forensic o
[0002] | ‘Fheaeyentapddevelonsmentap Roligpsrase Ghaiection RGRApiass 19§30wtygyolutionized

moleculﬁ@lolc@y\&hﬂﬂgﬁ ﬂ@tly&ﬁﬂﬁtﬁi@&hd’b@pa@ﬂltﬁt@ﬁeﬂﬁmﬂmﬂﬂﬁ@ﬂﬁ re;@tﬁlﬁ&mb@A A number
enes

of dlfferent z}rg}/lcatlor%s %avetbeen fdevlg oge tq IQC]Q such cwrﬁh% research cfi‘lnlca %Sgnostlcs

cus o
f°fenSICpﬂqetrfNﬁ@e&ml}d@a‘rlmrﬂeg@é?WS D| agnostl cs, rredl CI nes, and

[0003] chﬁfw@xKg' tEeSSC(fllQﬁCII% oY RE hiBiaf g@ﬁcoméi i g&%ﬂﬁiﬁ’hﬁysﬁga)y thb esthﬁfé@tm Buman genes

has beenﬁ| néaé(ﬁ OCtls ) a yS %)giagg)f d{a?f'lainﬁl Elg?%ﬁ% txfag researcp DlagPOStICS medlcmes and
therapiegfgt 4 \ani¢ty of dﬁatdple ey 'gqadfrml@sd o heyirbyes ind rmaelipldgm gf geges. Diagnostic

devices &ﬁéﬁ RARE Mrsgm};léé moﬁl%laﬂle\{ltsof’ank:ﬁt Hﬁrﬁp@g coidant thi cﬂagﬂ(ﬁgc Mok’e@gre typically of
d thus only sn? er of tests c erforme

ned
imited gy 6 Ve kT B B BGFES] “eRBPL: PSR  GpeIgumble. Threor,
there is mpdfioad winiatgzkd dewde capabla pletfemoik ap@s{s ofmrggmmbed of géngs aphucleic acid

Sequencggﬁlogl gg,glgu,g;qlesgmlgg genes or nucleic acid sequences from
gl e snal npl e. [0004] Devel opnent

of
[0004) &Y@Pﬂ‘ﬁ’sté’agef‘ﬁwgidbeé?‘% has alsp besompATRIY f%f“*hfﬁ] hoth resgrehersppt
pharmachoicdls. e sdancihetlsp mwdhepipac e Ceognize advstherhpaut@rtglgts, high-throughput
screenin ﬁtﬁﬁlng Rolt quoii E]F‘ faagle E QqumJ StGP &Qén?s‘ﬁ] VQ)%YXI bt: G&[r?o? e lfl‘i Ad‘am]gn the ability to

ar ge roughput screeniing utilizin
sequencq g aravl}fy artﬁn"ra ﬁeneﬁlf Fpms g*’é‘f?&ﬁf@“baln Hervlda?lglalm P ﬁ%mw £ fhe development of

personaldx&ﬂllciha;m e. In addition, the ability to sequence and
[0005] :MTE tf R Fﬁ& nellgrtoll)lgtgsvagg F]ﬁ m‘?) V%:{eps fcurrenﬁ)f-]arwlll %le aTe unabﬁeq? pen?prmmg a large

quantity eéﬁ‘%ﬁ areaweehlecor)ﬁe@ mapm%?nswhwmelﬁ vvlwee rPeRd ti anplygslezeh dnglividual
sequenceiill Gln ﬂhh&ﬁé’f@ﬁr}iﬁ}oﬁfeﬁ thrnrs&ﬁléﬂchﬁg &Va&lph@rtﬁk &o@déﬁis 'dﬂg'ibésethet dnount of sample

or m. a large qu e . .
needed fpom a}n 1ndllv1 u or §ror eacridgf ualas 01{ ﬁbecomescr}fa ract1 al En a%%g%nd gentdgalmg with a

large nulaera Pfgﬂz@e@asc Hre Fqnétlvﬁyeurhipeosfeqw efnheeeqcsonebpcwhfea m3jefagsuegfhen performing
PCR. Th%lﬁl@éﬂng teglgsanHW&&ssgquer@m anghﬁuan@rsm tefdehftGad VHOUSADESCh as 15 °C from

sasene oL N O G PP RAP A GG S ASH TR G g e
apparatupneadstto adapt.to jangeatidiffereny tempgvienes. deal i ng wWith a | arge

[0006] rﬂu@aﬁ{yem t&e@u%ses in dalGtavsiefiSh Ltbibyy eﬂib%d%%?ddfxétlgﬁ $Oiniaturized
he reactigns ssue en erform ng

devices ey SERGIPHG . C B A PO GU-sh At oG psgRRbodisa range o
fabricatiangdhhifpies abluding lo¥-peessweya@n depogitan, phatoNthdgyaphys andieehing SBaidl on these
techmqugscmrnfagﬁlze%%g\u&g Gcﬁltﬁnglfg%ﬁl%%il&)ﬁels Jo@plg{ tg ftdno th tersifd ec{%grﬁpr(éposed (see, for

t housands arelative
cxampleg ) SrFRM oy PS L b D BB A 305 Kl oG Mg e hamber b
design ircHrihdigle hdced e msltinisehd the @080 vdlume; 2 @tﬂl’kbffétﬁﬁd’lﬁothdr BActical drawbacks.
In partlcﬁg'v g@&%ﬁ%ﬂ %r ﬂnlﬁ:?s g d@spgn a&qlﬂrh Qcpwﬁhergsjﬂ&?l m eq tltlrg gnd
uction o m ni at uri zed JeV|ces In egra % W th

evaPorat@PectrlcaI optical, chem cal or nmechanical elenents.
[0007) -ﬂilﬂi dE\Q&h&QB/@@}é woila @ﬂahtﬁﬁucﬂn HiaghgLic Qfstirfg?gkhﬁﬂnﬁ&hﬁ&mevelopment, and personal
medicine, ﬁhe pr se% engen:g(gnc tlijs%esg%a nee rp?os\ll esEgelat\elcg;{:)dg:1 tag?e,'s%g\?vgﬁ hon,

technlques, n1n|atur|zed deV|ces containing silicon

channel s coupl ed to nano- heat-ers have been proposed

(see, for exanple, U S. Patent Nos. 6,962, 821,

6,054, 263, 5,779,981 and 5, 525,300). Wile the

channel or chanber-based de3|gn |n prlnC|pIe reduces

o, .

o, o e
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medi ci ne. The present invention satisfies this need
and provides rel ated advantages as wel |l . SUMVARY OF THE
WO DDBRMII6BN [ 0008] I n general in one aspect an BEPHSZNNEIB00860
i's provided conprlmmydlepﬁm@mqh@@tl ng el enent,
configured to be in thermal conta
100081 feper 5 oSePii 6 apPREE P e S RE Ao RSl Fgneued o be
in thermyllrentat witht dahipatid Flemetmposie dvertratngndeh emayf nawelbnvhegpir thaht least one

heating Jlgneﬁay&nﬁglr&% Yi6elrQaivD® dlthig: [ 0009] In one enbodi ment
ement is in thermal contact with the

chi ,
100091 i e ReTernreling SR B TR TS M e A 7ot 187 Bqpeghe b, and
wherein €le @éntng eléntient ih @emml cogn frambelbw drcliplsesvat ahenpehmpe logergtet the
temperatﬁ}e o?the ﬁeqp e?ehgﬁtgn tlh e ox‘it&?f}ox}l Eb%vé tﬁy?l ﬁer%tnbﬁﬂﬁent the chip

enent in thermal contact froma ove

comprisgsjgfi ppperl Sﬁrfa&ﬁ éftdﬁéf’“oé‘h%‘{f?ﬂﬁe Ahvherelie Tt sghiets mpftopvelisds agjanged along one
orientatibt@ke @pkrr fate: and seaoda QérleOsNnsdivkiRGEorRteld priRfiddulir @ thel fir$ teries of
nanowel]% rl“{wh eatmé elgrfxeng&a;l Soes{ngrh ggtl;o%g %g)glrc])a a%g‘?‘? grg %hl? £0Im§n£1€éaln array of
nanowellssn%th«? h,emredleﬁl@rt parbd capatleef heasing #1d cedlingt seri es of

[0010] mxa&@wi;ddsnenmh@apbﬁaﬁd 1ﬁlﬂxd9§ ARy SFALBERRSIs LorREREIAOY Blurality of
temperatﬁrg r%%nes Oﬁ-{g pléllha dtyt ht%trglaeréa 3 %]olél se e%\}']lthfc’nlcag%l gom abou%ﬁZQé tofabout 95°C. In
another ¢yebadimany the mbiradityolf fepgeratfir® @sney pereemmmﬁwd grn@mt Thaat least one of the

temperat@fd ReHcaaH Be dehfih %@leaa@re pingmghbrh )(ontfsz's@t%tabJ&%S@t SRR et one other

corresponding to a ura e erat zon
empers G G R Py SR rare et AT PR For pprggrbodiment
least onefatlentemipoantre ZACset @ amidonghtiod Te@iperbmream@ing Epm ebmm&f’(merabow Tac.

[0011] @A Maﬂlchlgyenﬂgdlﬁlmg B abofe l?e RUePER ! cgﬁ%m@d Io%FU%E at Mllf*p%t comprising a
gradient. The at |east one the tenperature zones

spike waxe{prmypf temppratufe oxer {ifmer at ure rangi ng from about 52C to
[0012] &b@d embdiTheara iglividualaisiowelhia saitl hreay hisanednsibrusf@bano2i® podinlength, about
250 }B%cﬁﬁta daatd nb &, kangi ng from about 900C to

um 1 hol egt Wurt‘ﬁ% r .

r enmbodi ment at | east one other
[0013] ﬂ%ﬁ?ﬁ@?réﬁh‘?"é‘“&z‘bﬁ%ﬂ%‘ﬁ ORgFatiyly WrRITigatn WHed ipB fhat dgiegs optical signals. The
optical s§steiCdail Gonipkicea phldditit of 68caltdere@adrout 72C. [0011] In a
[0014] rl)rﬂj; ! I od%entq?) ugllbgeopsangwe?ls %tgreatgratﬁ n aQou?B»(ﬂ]%@t fn agother € anHlment the
'S ured to provi de an ut conprising a spi
nanowel\ﬁﬂ&?é?‘é’@\‘f?‘b‘i" censpetl Ot |- over t i rre [0012] In one
[0015] e:ngwdmmbthaasﬁead kﬂéthd&aicoﬂaaa@g\etﬂenﬁcm r€adiidd i9pr6vidéd BhSpriding providing a

chip cong\%ug%edﬁo recelvg a reac 1on tsah ef p Bdu&% zﬂ éeg% oxgetheétmg bIFment posx?lalg?lg]m rFIatlon to the
chip to proyige ﬁlevnaqufe@ Fbﬁeml thealeasting hqasng@bewatapd/@ ships endisbesticting the chemical
reaction ﬁiﬂh&@é&h&ﬁbm@é’ B @Ay mttenq%ﬁﬁfet@ th@ Brtigh, %erelﬁ ISMLﬁng tﬂ-eh§nperature is

effected E}PIEI%VdItgélI]C a¥ I?érsbﬁlfifatlp%g%ﬁergt 1% ?Fﬁ%&‘? tﬂé{'ﬁ h ﬁ‘)fﬁ atw element is in thermal

contact withlgwbipl s i s greater than about 30, OOO I n anot her

[0016] @rf@x@@ﬂnﬂﬂ%ﬂﬁen@tﬁk%h%@@%&dﬁ 1s§ﬁ1§clé?@d%fd'a9ﬁdﬁf?c§n&19ea&%t ain
about 100 nl 5%0015 enera i n anot her asF)eect

a
100171 bty SBPoUBIRE P oLt R £ B eTeSHS FoTpegbY teigl seneraed
from a teprperpote S¢nsy thpr i upechtivedy lénkahb e clopf | gured to receive a
[0018] E%&ﬁepanb%élm?ﬁt%e r&(:t%\[llsgﬁﬂlgis &hl adleecﬁ?rtodlg:ﬂlg aﬁ]ﬁﬁlt:z{l Iglgnal and, wherein the

el enent positionable in relation
chip is OW%‘V?‘H%’“?‘FP@P AL FPUEE S S OISR HeiEch BPtsg] ltsitsf om the reaction
sample. [TREdpticel)sighal Ga@tk popdtidnao tB hrpguneot ﬂroﬂt&ﬂﬁhﬂl&tcheﬁ@caﬁ Rextion.

[0019] ?rﬂo%melgt?odm{egtq'g{ylngg}e éﬁﬁ%ﬁsﬁrxsee%% N mso%n a?laralx{tg Xtmg glﬁments each of

eratu
which is get n‘e@rf&femtenmesaﬂm flagrother Womw ﬁ@eafthee hgpting ela@fm eﬁe at a temperature
ranging ﬁ‘kﬁlazlb_bﬁthQj 16 BERG65¢0Nand @1 18dsd da8lothd® héaR: ddeRt iS44€4D a tehPtrathild anging from
about 90 at%%gpg&enent is in thermal contact with the Chlp
none enbodi ment the chem cal reaction is a
nucl eic acid anplification reaction. [0017] In another
enbodi nent novenent of the at |east one heating
el ement is controlled by signals generated froma
tenperature sensor that is operatively linked to the
chip. [0018] In a further enbodi nent the reaction
sanpl e is capabl e of producing an optical signal, and,
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rangi ng from about 520C to about 65C and at | east one
ot her heating elenent is set at a tenperature ranging
WO e@siostsout 900C to about 95C. [0020] I n gener aPCT/IS2008/000860

1 [0020] Qxﬂgéhé}%fm Ao MEGbpedt aGhip Bor fW@hing A3KBs aro{‘/l@@(‘ct)ﬂnﬁﬁmg @n array of addressable

N R e o R —
correspowdh®@redett¢rinmeditempeyatgé zdnk@ndidigregsm alglividuglivnit & siid array is dimensioned to hold

a chenucgprgich&%%qreto@legs%ah Q&Qpﬁ,ﬁ in%n@erﬂ;o@gl@ﬁt %{e Jﬂﬁ%s is comprlsmg a plurality of
nperature zone, and wherein an indivi uni t

in
arrays. Igam&hea?wbgg}mtegf theiapRIFRATS tsludes 8 BlFREIY QT draxh gATh &favrh%%is?"csﬂmg toa
different@nxietatuee zofie. |he&B einbaiimentx thst dnervk the artags i9 pee at@ nivmekiling fetnperature for
f f
supportng%n ﬁpp%(g%ng} dllﬁﬁté%n rg 5er{ aZth Ep}gt}agtogés&ﬂt?eﬁg*agy esgt a'é Blehihr i aF Ite{rﬂ}?erature or
supportiggfa “&FIP’aVSd af@’&@ﬁ“@)‘ffe%ﬁ?‘bh corresponding to a d| fferent
[0021] uxenmrcalamcaﬁae the kdhe Qraedresmwmm th@iredeeﬂxﬁﬁed @dnerdture zones. In

another emh)odl t Sz’trril s fagdfressagle ztal‘nlts arryg(?n ur re! o%t?toléxx rlfngrlé redetermined
orting & nucleic acl ’Igf ? N react!on and

temperafalteZPf@ast one ot her array |s set at a denaturing

[0022] tnem@ @BdditheRt tﬁ@dhlpsuﬁmrrtdl O@tadt vﬁtlHG |h&it16g ket

catjon react arti
[0023] Z::%Scaal rtrxéaﬁtf)th%rﬁ%ne Sn 2épplar§1tu§_Jl ro\élé'«lsfl efo Igdwlgn chefmcal rF]actlon requiring cycling
at least tpyo wohetrevmiemdd ceremmpios: deLrhip foraumaing a tenctlametm&qﬂmaw qipgiressable units,

each unif B3fhg @(H'ﬁQMecpl%r AQehies saklo8 wiBleth Shedlrsy FHRLABUESEH uhif is conﬁgured to

N TR IO SERE T S
a chermoak)mca@tnummte lof lassitteabiony] 6 apdrébhé hea(ir@@RBiEnt imthgwalep@ict with the chip.

(0024 @mte l@ﬁsodmaﬁé ar3f oA Bk AUsitd 1§gr9arté;>waﬁ90dmf3@bo@onduct ing
em cal reactlon requl ring cy clin at Ieast two

0025] ﬂ‘éﬁﬁé‘l‘&‘f“uﬁ“@"‘i"@% app&’é?tb‘rs f‘gﬁhﬂﬁmlt”éﬁ“g MPPHGH SYFEM APV coupled to
the chip,wéhareinitl@rpiiangpsténs datgts amorgical signabdomargidioesis aditredsed rhietn®;controllable unit. In
one embgﬁ%g}lt Ho bﬁtﬁggils% c%QlBrflsleMllﬁg d)t Q{Opt?calqgg%rg al reaction,

erein ressa e units is
[0026] Anyeye F'@}Eﬂdé’ﬂ:nf the @qu?t@gb@ﬁ}aer [;%npgmbg, ae;algfléx ibpatige elements. In a particular
embodinte@i Ry ldhlity & hZ'rﬁhﬁgelemd coi@is&isix offore REktivg clin@hts. U iohe dnbodiment an

individual %Jn?wﬁ{l tﬂ%/ r* zcg}xﬂ?ﬁ% E In \%gl itoprecl:nlgfvm(g afid dc% Qﬁr{ﬂg a%hmglg @a% lvgﬂaemg sealed

about
when fillgq widthe samplet Hepotbar cwbadingetthagherpical Fractiomis nuq_*mm!]ampkﬁcanon reaction.
In one e:ﬁtsbameﬂmxjjrm%ﬁmteb @npératy oOf undt Mo RRERD toqndlﬂut {eSst D®% of homogeneous
) bout 30, 000. [0025] In a particular

fahe apparatus is further conprising (c) an
[0027] étpge'pqggipn @y@qr@me@p@}eﬁqui q«féprydu@@gj pieagtion Wattintyalvestyj phurality of reaction samples
and requitd@¥@inBacidaq nocp&ﬂngeadmrs tésensamrdﬁtea Gérpridifig: lfom)fbolealng 5 EiPRE running a
controlla

reaction S(ng%lﬁ%f P (ﬁ’ tadc?fﬁsalt)lesfuts eéifh u%lrt Ii)mmeg[ﬁo% %F for é §hegncaf reacn(!nnwherem the
array of {h¢ gdd@lsqablyurgtﬁ 1S(§pttﬁggxa4l toder@qgmpp@tosl pre[d@ﬁ@@x}ed fempagdt@e zone, and wherein an

individu? mpxq |smmay s ANBRE a)tlfdﬁl a'cﬁen{léﬂ feR86n HQRARI RisMhn@bout 1 pl; (b) placing
urality of heatin ts. In a

rt
e sy eSS 8 D Sl TR &b 3 0B Ll B cmpgrares nd
(c) contrglling agreating rleméne @teffeny cyelimmelisstwoltamperaredevblodi nent  an

[0028] IIrnq'k ¥ﬁ1ﬂ}dﬁxllentl'mllﬂdlv\(uu£1mh@ wItlh#th@-Ha?Mf tﬁ@éw Joﬁlﬁr%e@a rﬁm‘ﬂ@(lr receiving and
receivin confining. a sald well| bein

confning Al T Pt S&adewhfhﬁteﬂaltgmﬂwle Fyamslics eRepiment he hemical

reaction 8 @la0idER fitamblifrainesitinal Inagartii aibodisern the peedrRinadperature of a unit is
contigurBfTB Vb b3 30 orfﬁ&;;ogen%als plofucPRSin SEDRAAR AL
term ned ratu unit 1s configured to
[0029] {1 gepegel it ver awaber a%oyoabfppﬁewgéﬁ?m@gww{ refetigynipyohng cycling at least
two temp’éh&ﬁ’ﬂ 1evals i fe@vededl nprifil) 22y bk bddf c@BB@ERD rdcaveafwtphahpraﬁ@eptuamy of
nanowell@lfor co hal in q}ﬁe c%grﬁgaltl Fe%tt%g an f rEt hgart] rt rl?)g‘ltdm a }'lrs! tem era%lre anti a second
A f reaction 'sa P I'F es yerin
heater prp@%m a qewad te@nﬁttwat\tt\e@lnlt Byt éeares arﬁ rtfesxftcewf’-etmmqosfiaqu to be movable
(a) providing a chip for running a reaction conpri sing
an array of addressable unit®, each unit being
configured for a chem cal reaction, wherein the array
of the addressable units is configured to correspond
to a predetermned tenperature zone, and vvher ei n an

a o

product %Eﬁte;% ehech
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[0029] In general in yet another aspect an apparatus
for conducting a chem cal reaction involving cycling
w@rooBeak6 t wo tenperature |evels is provided PCT/US2008/000860

-betweenQQim%r{d% 's&gnd o(q@x)tat@n QQ&%he@éﬂn&é frof oBiehtdtion pIRGEMY Realdr i6 Iflieﬂnal contact with

o R 19 B B L L DRSS L 0kl D LD vt
[0030] fin ¢r8 embdinper thd plurditpeftham wsbscorrddhsaee whainthe @hnwgellaare arranged
accordlng %Caod?get%r%{m@ Ee@tﬁgrﬁpera%& rsﬁ&lﬂhz;t IS'thagtlofles(tf tﬂe%%o%llsaﬁﬂldlteagd to indicate the

Second heater are configured g % ﬁb tvveren1 bodiment th
predetenrn}nﬁ%?mWfafoée&e%rheoﬁhF%%l éﬁaftb’ﬁ wi R EPI4RRIET n nApartif i gpbodiment the
pluxahty(mrnaamem tadiprifk acesbotd3e, obeaberelli.n t her mal contact with

[0031] I? c?ne %ﬁ%kn@eﬁhﬂé tgrg‘trheaqg gﬂ%ﬂ??es%%ﬁ)%@ o@(ehxﬁé?&t@g k&l@s quﬁl%thE}Qeﬁnbodlment the

eater 1In contact wt anpl e
temperaqﬂﬂzgngff con{pg@g(}]or mpre dpnweatHs sencheR e fyrthe eﬁxptmxraqnf tpglplﬁtpllty of temperature
zones cofradpENNRd Ihprade&nﬂldairsetfb‘S &blbﬁanm&ﬁdlﬁg tb RBiclh@atuvalolcent@adle units are
arrayed. aIn Er‘;"er%%?du%&?ﬁie g rst and feﬁor*% h z}e? drgov% Béﬂv&% qw??s‘ n(a second orlexrt?tions according

ures, suc east one o e nanowel | s
to aprotp@ addressed to indicate the predeterm ned tenperature
[0032] Ti9F fufhen %Kb&nleh‘t&he@h@?@hﬁﬁd comPriirgiaQridtonkdr BloNingiBé Gkst and second heaters
bet ﬁgﬁoweldl . I(p Jparti cul ar enbodi nent the plurality of
SV AEAGWEI P E LT S8% over about 30, 000 nanowel Is. =
[0033] [DGE tihbddimeptthe @stieatir xarprovidee tefriperature igeadierss Incpethr pweedimgnt the
apparatup s Ghrabd cBMpr%fngtl ﬁﬁpﬁﬁlﬁh e @naZ QRES with the anelehel rerhadideModiment the

t he tenperatur es _conprise s re tenperature
apparatus {5 fgiher CP?TP‘E“‘FG% B PGSR TPRAT Wt‘thé‘ bﬁCEﬂgg‘F"}“E’y of
[0034] thesvpe e@bodingnE mae}a)ataols iségthervdmprizing a éenferacatvae manﬁf@in theheat sink. In

other em@gdl&x&mr a‘:linﬁ% f@x@tﬁpgoq{pﬁgngta%lww tetnggrature sensors operably connected to the
her no- con |1 able units are arrai}fséfngn one

chip. In éﬁ%&f"ﬂ’éﬁi‘ thp Flarah £ BRI 0SS RS e iEned to
measure tfe@enipetatte ofitudh empaanate adne.ent at i ons according to a
protocol. [0032] In a further enbodiment the apparatus

is conprising a notor for nov the first and second
heat ers bet ween tlﬁgoﬁPP&“Té%Bé'g%%EgﬂEent ations.

[0035] [Am%@icatloﬂs 20 Pat@iyPHdai®Rs inehitlo@edlih thitspdaifiadtion ar€ Rdieipin@tposkded by reference
r. . o
to the Sarélfj Ex?errp uf;leac%ﬂ S}l?dquaug él?lr%%o%? a%rﬂﬁ gplﬁzgth %‘m? %I Jr{{icqglyngh? ﬁxg}v#gz?lly indicated
to be incerpprpiadly rofererfet he first heater. In a d| fferent
enbodi nent the appar at us | s further conprising a heat

sink in thernma I&e&gp‘g‘ ter [ 0034]
In sonme enbodi hkr&?‘gﬁ e app araFus 'S

[0036] Jdberpervéldianges af thainventim aresatgoringthiperieulninoimte h@eh@éﬁla@'ﬁ i better
understahdingQt | he rfeaﬁfg@ adi a%%éﬁs bhfe ARPAKREMSY Will b bdiaby reference to the following

risin of . t empe sen
aeaied 3Tty o e o iR R TR Pt s P gy wilized. and
the accompanyiegeviagsof whislensor s has at | east one tenperature
[0037] %egnéqnumésgmeg 519?%9&%& A €hi efrmmh%%péomga&hm smaller chips or
nperature zone I\%:O? Tl REFERENCE 035
SixX amyﬁf’ﬁ“fiﬁﬁﬁ%"f%‘ﬁi‘ﬁ RS eAg S AT ATTSS P P B RS "éned in
[0038] {Flpus 239pa0p fievcaftonosxemplery igp Biout drraeireyday sebbstek. by

(0039] %%bﬁl% RENGE, §iQv 5AGe é%ﬂ?ar? %ﬁlﬁ RlouBshowihg BAGTe1s By éh%u al

['ication or i cation was speC|f|ca Iy and
[0040] Ffﬁaﬁeéulhﬂ}afrgrtydwaha?se ey of E*e Bide Ve epoiemplay nprpwell chip.
[0041] IFeLe5aliiseates BiRExinp 1By SifRbHd iPdntidn cdrhjirisiDRAME disnalled €3 |that each
s of the invention are set forth with
represem‘m%lffggmimrpesmﬁ%ﬁ% he appended clainms. A better
[0042] llj s O SleRigiTina gluefatweweparaéatdmgéélawt lseptem heagjagselapfent with 2 nanowell chip.
[0043] mfgeﬁemanhlﬁlh’t&iﬁt'd Ofwitgd dflan paratdd droRehbBYmére bRREIMGRLdnGvith ABre than one
tempera %||OMAng detailed description that sets forth
PFristrati ve enbodi ments, in which the principles of
the invention are utlllzed, and the acconpanyi ng
drawi ngs of which: [0037] Figure 1 illustrates an
exenpl ary enbodi nent of a chip of the invention that
conprises six smaller chips or six arrays of
addressabl e units representing different addressed
predeterm ned tenperatures. [0038] Figure 2 is a top
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[0042] Figure 6 depicts one illustrative apparatus
desi gn having at |east one heating elenent with a
woamwemeleke chi p. [0043] Figure 7 is an illustraPCwmes2008/000860

[0044] q:rlg%\‘@ 8nga Q&e Vil 6t QWBM&e:ﬁ’Bf a9£h€au§ 'Xp&fé 'eﬂﬁnﬁm&f of Rﬂ@@nvenﬂon with a top

invention with nore than one tenperature zone.[0044]
mounteqjegfing glement and-an optigal S¢ARER of one embodi ment of appar at us
[0045] Ciguevas £griythchlatting theehangda én terpeeiniré eflapparatul (yoaxispp varpustingd (x-axis).
[0046] g-?%"i“‘el 1'6%;% e{;gstqés O%MQen%gIahfqurofﬁég @tﬂ)@ﬁg of &QQ&@JWE& l'gltll{eearc lamps.

lotting the changes in tenpefature
Each te%f?&\“’d{rﬁge S(h?wsatk? gl)p rasporveajoltl&d)gatpg ﬁggen xLhg &v of| [gE?B‘Zféi) shows the
change 1EItegipEr€tu£EQy sey) bt Smﬁ(x&eﬁl e @ittorth hﬁsfd’f@l’apﬁs&ﬁl)ﬁﬁifvﬁﬂnutéﬁperanue of the chip
bei ng produced by the arc |anps.
(y-axis) Ver&'e ﬁlog?}fgt%%rjg‘ plrs%)f il e shows the chip response to
[0047] tRigarel éhitq reRgesestt expenles of fifferepidisating plemdnt epnBpirsiofsef 2 SprERLCycling
apparatdshe change in tenper at ur e (y-axi s) over tinme (x-axi s)

[0048] -l;h urebl%td:[moutmséa e\évano %xelg%l? lhogib S F cllngﬁspgg%ls wger?né Swo heaters are

movable[t@@vq:at] a mgtggmoqqng_sqgoqd@ppr@@mtwhgmaﬂp|ﬁes$ orgghtatiiinfif ip theypal contact with a
sample Kb&RL 1 Ng el ement configurations of a thermal cycling

0049) MR & PP 1 PPl DA A OGO g hetr s i
the first hleeataacrrsn themahytady Wah b dtipveigraddredsablestnitor | ent at i on and
[0050) Sf%fy lq d%dn@tﬂ&e@g 'te%?cratwg E{ gierﬁrotviagd tfyl artl%ii'msﬁ E\}cﬁgg a%gdr% o'f the invention with
in thermal contac a sanpl e "hol der 049] Figure
a heater f%‘d&e‘ﬁﬁﬁﬁe?&tt@?eﬁmﬁ 798esyi ew of the first heat er from
[0051] tFigwrec ae’mdnelraltea aIFexgruwlﬁy Appatatoeer sydeen df G&tne'bntios, wherein lth@ apparatus
comprlsgs (ﬁ)tcos)err IFiQ Lrﬁlt hgzﬂer c{baﬂlp gfr ﬂ?@zlidm%qg}t:qu LI‘] a cnlp %r &%@al%a&gn into optical
ressa uni t O] Figure 1 enonstrates a
and/or ‘?@Fﬁb@%“ﬁftu’f‘@ “Br“&’f?Yeés']S'F ovi ded by a t hermal cycling
[0052] &m&naﬁmcmﬁmmmw Bitel eﬁﬁodhh&nhofahehmﬁ@ycldg Wise@@f thélinCention.
. r .
[0053] Sil gITDeelZ %Flgt{ageg le;;geﬁ( n 1%5%1?13?21% Blg%gg?%dgm 4 ;g%lléSa he?tm§ ﬁpgaratus, and an
optical sysiRpeiRt Fnabizingiheiesstion EHES- appar at us conprises a top cover

[0054] $|1gufia 8 afbnatrate ad ﬁﬁmﬂa@&% of t6d infh 64l cdxlnﬂgmg @K &ticd] st d¥@ating
appara ancha fj(’)I'CO dellC ncaa'lc reaa I'teaICFn I nt 0 0pt| Cal and/ or
PParats, A S P RS PR e A b Op cover slide. [0052]
[0055] [Fiigyrerld iselack dlagree Hewiue p ecprpeatnlivegxanfplederic demiboid icoreminication with the
system ac&dRdidgN& hBEeMfid érddiswal MeQdvedtt® | nvention. [ 0053]

Figure 17 illustrates an exenplary system of the

i nvention conprising a chip, a heating apparatus, and

an optical sy3MLEDDESAGRIREADNOR HEE INGENTION r esul t s.
[0056] [ﬂ@&éaentFAvgwospr%&dQ%mw&%atc@am?app%ﬁ;mIsestesagsatn@mkmdstfd?@onducmg a

on conpr.i.sin I ca
plurahtyé)gﬁﬁ?lgfl gactlogg%d éor 8}’1‘?‘5%1“‘8? }GFFC?[S Hlfi%/ Hbﬁ 5’°lfﬁléeﬁ‘| ’Elgl present invention also
providesrngigttuiizof highlY @btbihatéd dgviree adindtigdathd biwktheknengultionsdt Gwipregise control of

thereactﬁ;n%%x?c@%ﬁﬁdﬁkhé’a%d%@%@ l'ogi ¢ device in comunication
h the system according to the specific enbodinents

100571 Jihe RRETIHERIE FBAce DR TR ELF S SRIIPPFIERE OFsimpyaneously analyzing a whole
genome biNYafgdiiSONMaBP&Glle ndited{ries erthe qualitgive ardlor uradtititie Snalykik §f,genomic
b8E IRk QX GE b ARPAL ALY Sk A
mixture cono]%%t eisng gb ?Iﬁr a ?{ay o?r Che mé{%ameﬁgc??gﬁgégnﬁﬁ?&g tn very small
reaction NelprRgsp| exed anal yses of individual nolecules. The
[0058] [The&RRdis dfﬁhé@fﬁnia&ﬂ 3@‘)(E)01u1ﬂ£1£§éhd§ aty ﬁfbﬂdeaﬁdﬂlfddiﬁdappiigdghﬂrr)iaceutical
devi ces al |

research anJ 0%qu nlg dlaﬁnostfcs tnﬁglcmers eagcs tgleerapéegn T w1cfe varfe%icﬁ' dlsorders F or example through

understasdyrtzsotf ganetés, diffeeametis b?twm neyfd! ané diprased indivislualg, Qr(ﬁfsl?r}cegrlh @,he blochermcal
makeup RIdESRMIN of NESHAitiNesGabel dBle iR d bl BBEIHAR SherapbltiP Mrten@Rdns identified.
appar atuses for sinultaneously anal yzing.a whol e
genorme of an organism Many of the methods relate to
the qualitative and/or quantitative analysis of a
genom ¢ m xture of nucl eotides, using polynerase chain
reaction or simlar anplificqtion nethods conducted in
very small reaction volunes. [0058] The anal ysis of
the estimated 30,000 human genes may provi de mnet hods
for applled pharnaceutlcal research and developlng

. - r
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and di seased individuals, differences in the
wor@sherseeal nmakeup and function of cells and PCEESHS8/000860

[0059]) CIﬁQn %Ogﬁ%lﬁ rtﬁg égﬁcgneq'ﬁh? bEREh Qﬁﬁdnggrﬁml;ngl? rnﬁ&eﬂltabl@opsm or any other plant,
interventions identified. [OO 9] In an enbodi ment, ?'1

bacers o P P G R FRUFRRTES, eSS S oGEY A S g o  particlr
individual; anitilf ogildver pl ant, bacteria, fungi or ani nal speC| es.

[0060] Tnﬁm RﬂYr@a@iLﬁs OfcaTBY depl?ab}é%? teanlBe %E %439 &gﬁ&%\ﬁ%&‘ﬁle%g} a t&k of all genes in an

%{ StICSO a particu ani nal

organisepSafita < £906189 b HeTHkniFroeh PNA OT NS fom ¢ gy i ehb GF peqpnes vriants
assocxatéd)wxdn&ﬁf&iem fRatiohein ge Ba&neébx piffersis ig@rs (Bdr 0fanlpk, ﬁﬁg&fﬂuﬂedﬂﬁéﬂiolymorphsms, or
"SNPS") or f?r Sf:qu &a \e'asrlallltsn th a1 OI‘ ﬁ%gjfofr élél ?nlﬂerQanLee é’}dg&:%n olc*'ngso 1 segments from
a parentf Syph sEe Pie@e\samﬁ}l afmesara%fs @mrthcwswttbﬁlwp ﬂlﬁeéﬁeewemne whether an

mdmduam BahRNS alg&etlmutaﬁt,ﬂeie@ﬁmgh JHe@EQR IndgRIOA s:m& beuscOXBI¥RS Riverse reactions
o s G G o i S0 lab ety YR SRR PP e
| nherl tance of different chronbsomal segnents from a
cHrps parent. Such tests can al so be useful, for exarrpl e to
edi c suscep tipility to diseasge det er ni ne
onet1 S Pl B Rp & b PTGV 5FS BB EPE THITEY B 8o
centimeighs irethiokma®, anh b e fevamillinretrsue Slu@htingreeys ibwidgius egh.i Dipealtyothe size of the

entire clﬂﬁr‘é@é§§orﬁ ﬁﬁ&tlb AP0 Woul 8 Im?ﬁ it Wedth %@opl%gthaérﬂ agJuU P5m t@5bout 10 mm in
for other diagnostic, therapeutic or research

thicknes, i §58% é@bodmrl%hi Hoe1georhe BB B4 7 i leneh B g thickness.
[0062] tmechxme Alkd 2 ser@ysmadlérythig dorl ekan@&the etig@n Edan@piisessif seiadler chips (e.g., six
arrays off(‘gdﬁnjéégﬂ% Jnﬁg thf) ?Wer%ﬁ%df%%egh éa& otf hle grhﬁl%lsélﬁs ap gliu£ {hgtr[%jaaSCt of smaller

ters to 50 centineters in wd
chips is #Wpfelaqq tg,herq:uhzé aglatep Inyn emhedirpant of the emp& ?aalhﬁ'éh‘g Sfxrse'ﬁl‘ler chips
correspoaddQoli differediPretiderded it mpuréidwinieh We airdy oflivGhs Gv'thd &GN Ehip are addressed.
[0063] afﬁgtogp&%er]oml On QLE A pg w&lea Jmﬁhﬁr{ﬁm %%gé Sila %;ﬂ)hga?lon 16 which the subject

I ment
chips arq tq b eFRYLRL. Hihe senﬁm of phe Pms 2 ﬁlegfgp sufferg @2}/ varh écpelﬁins og 4iA pamcular
applicatidh. S(Dhetlﬁns&y Sﬁimts_ﬂfor StiBiple qunﬁhlop&aml@fpeﬁxﬁmkaee ar&ah)@ s&maﬁ) and the size

TR AT 55 SN B R AT e e
the orgagj$m fop whigthth¢ nethodg pf this lnthlmﬁrpmtbhmplqysd a set of smal | er
[0064] thhl@@ndnﬁ)elaif 88lts Y 8¢ ih&ebotad RS Ldhip e @wﬁlﬂ@ﬁ €n vzlrﬁusaéﬂlbodlments the

t
total nur%tﬁr c% um&s oIn rthé {')IB r?grgmta ougP(g)S ]ac? g?% 2(80 Ofé)P é‘xa)get pz?,t)f(ﬁata\ggom z?bout 5000 to about
100,000¢1p mp@realbmreenﬁ@e\mlp ctmprise smallenghipsfeadhpf which qpmpties heatrSH0P to about
20,000 vaill ’Phe?eﬁ@e mwlﬁﬁé @gp C({IIQQ@@]&bOIJBQO E&haio sﬂ!ﬂﬂpaﬁps q{ conghstesSabout 15,000 to

var ependi n articul ar
svout st s, o SR, £ GO BEFPERE St ROOBRE o be
[0065] @nyexaydd a sqhhre cldemay doynpade 125l 10H hdnswadln, withe d@hkter & 01 in@g ETable 1
shows sdmyexéﬁﬂuﬁex oﬂtﬁp\@tﬂlqéﬁgt S hat fblece% Jxlerﬁﬂ%}r:g Ehl]%'%?lhk ﬁx@érrrglggrp A pTl;IcQS equivalent to

density of units (for exa ,
a chip cqpritingsit fRie Enally ShipysP d?&ﬂ?ﬁ%"c“é)‘“ thesramplnef 1apls b 2l Compnses six
smaller shb.une of units, may vary depending on the desired
TABLEeippl i cation and such factors as, for exanple, the
peci es of the organi smfor whi ch the nethods of this

m | nwent"i on | afePth o b‘é’eu,ﬁﬁ%'lb_ delislipletleg4] A | arge .nunber of
(@pprox b (apPIRXY) | RPN e, @3PRI9%) dhi p of the

125§ n /nn12i5nn [ lvali n1ﬁ74ér‘r‘n 1d|94l4§9 s | the total nunber of

122 0l 1 s128n 4 hd-Yhib | ¥78Pq af18742 1400 to about 200, 000,

118l e YBef er M2y froB9%3bout I8 t 9 about 100, 000. In
1150t herénbodiOdnt 5§ 1126 hi p 8APH i Ses smal | er chi ps,

111each Oft whi GHl4conpri12388 about3%! 040 to about 20, 000

108un| t S108Ther &f1dre, i T1726ie | ar’@d8%8 chi p conpri ses about 3

105t o] abl®&t 20 Osi®al | er11dB8 ps| i@6680NAri ses about 15, 000

to about 400,000 units. In certain enbodi nents, the
chip conprises about 100, 000g.units. [0065] For
exanpl e, a square chip may conprise 125 by 125
nanowel s, with a dianmeter of 0.1 mm Table |I shows
sone exanples of t he mell Iayout fornat for certaln

o a1 o,
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chem cal reaction with a unit on a chip of the
WO poosfopices, the user can sel ect the nunber of PET/US2008/000860

m aCqOT U T T heh{fE [TORASICHR | WElshratd Baui red to sequence
appraX) |QBpr&:E) [JGRMIE |Of(agbr&dedi ¢pprdJ0F8] An exanpl e chip
103100 of g3 hel eghpdijmenpssx0nri §333@ Si X small.er chips 110
100 S [T ThEpTTatgdei N FiiEeHE I &bgoSml | er chips 110 are

9838 [MMAy 9. §§M[I N goea, [ang;fjje pverall size of the
95Cﬂl P40 TR STNg 4038 STIX g8 €f chips 110 is about

9300 M dly 14305111 T agggg- [ & 58 exanpl e, the smaller

91un psS gh 10 cog 5T S€ T U Wb JooST ve of about 400 mMm
89““;.\8&);\ seg x: R S 2 gure). The smaller
CPS—_Lru—Can  Ccotpt a—Sef ot m by n nanowel | s

87 4 2¢ agﬁde.uuQ24ated 7i%‘5.:‘:’6Tamle4.§2.)18!r‘. t hi s enbodi nment
85f h f é$|r\| cle # é 1942 4 5r~|a 1

A Y} tHhitekngss—1A2€exffr—dei erm ne t he nunber
830o¢ Inaddwetl s08% 4 %2 Edchd¥2 hb snall er chips 110

can represent a predetern1ned tenperature of the

[0066] J dpblg § m S|P pPPICBNaLeiympen A elip aleng adirzoptalaxisy ifanpppyoigpte number of
wells alidg aperg¢ndg slechxa,clemh di infRgsuted intrive, ahd®pRINdELLT @elBfchip A®d number of wells/plate
glon to be run in each nanowell 120. In addition,

plurality of smaller chips 110 are used in an
[0067] o% Flav fan bg pigaY sizeior have ey number Riginfisa fn ap embagimeat, p yssr ¢ra gppgomer receiving
a chip oflBOinCafion di@ssé¥ahel size, iuGidd sl @heBRELUrRA kR ES&ARE® wWell. Ina preferable
embodu? n? (év‘i"ngen)e(r:éllnmnutrg;eaqlug%l?%cr:‘q)c%c{1 W:l G 102?‘1rcI %rrél% roengltl\glrg vev fgurorrné%er 811}‘) (I)} tlzg invention, the
user Canrfﬂl?qt the P?ﬂﬂl?k?fel!;@ aaq?dilrzgawhbemmrdé geyks mquired to prslligpet dmehtérp genome of a
species.Or any other insulative material as would be obvious

[0068] tAgn eg(grrgples c I1pI 1|08 g%;iwfg%hgment comp%glgg s1 %r}agerglé}ﬁsgﬂg 1S llbﬂsﬁaﬁed in l@igure 1. The
smaller ¢hips d mm miy énéf? exprinage @d the@adralk sizaef (RGRip PO OR@isidibe six smaller
chips 11085k mﬁ'ﬁ? 1£Dem1£ﬂ¥bl}éa0 ﬁltﬁgeﬂaﬁp@ Nive s?nQﬂEY SHsQ NS corlphi&-a large well size of

hape or vo oyt 100 nmto about
svout 4 o e ™ e BB B OUE | IMHR PR R o
nanowelislj @ ¢s db@Onsmatedtio Tabted u In thisrembodingatpthéit-min wall ticki@iss] 22 can determine the

number @m&g\ieﬁ@(ﬂlta%hlp eﬁ&l? oﬂm& chlpsaﬁ 0 & r%?&gﬂ:; prl::cﬂtehﬁn&lrtgxtlﬂeﬁmre of the
‘Wﬂﬂhgwﬁ Fth to wi dth) of from about to about 4. In one

OUT e, 2B IEH herRole Fin bR adirested é%?fé’é% O G eacion o be
run in ed2h nahbreellt IR@.Nipudiit®e, wea b ploiably ofsn@Her AiEys 10@ ar€ bided ihl a@ byerall larger chip 100, a
thermall§’ tnlsdlam:ve ﬁﬁlw 139¥ﬁl| thenﬁ'ﬂlg) |1sgﬂle each gﬁ&é&glg #ﬁﬁetexﬁqﬁl&ﬂ%&'aﬁfre area from one

ol yhedral , or in an er s transverse area
anoter. ) amg b TR RO T0 - e TMSKPegighg om e St mic,
polyethydne] osdigpeher ihsQ@E malefialafnwandigtbiitriitg onk Hielladainesel. | C an
[0069] I'il@yneen%f)(?, 8%113 ql%}élgfczinfrﬁrho%]éﬁg Qs\yl gf EOr Q/Lolt% geru@ fﬁ%}tﬂirougfputl gene expression real-
time PCRy of erabl y | ess than 500 nl. The vol ume may be | ess
[0070] tTR&MNAN ity be RABric@ME M ahP&fvehBRRizd, Gﬂlp@l)r vol’uiﬁe af‘he well may be about 100 pm

are approfi
Pp whe

_ to aboutq lmn WCn§tgtaaoutt % M otlo gl%)%t rfnmtinhv%ld{l]u angvf 10? 5161 th é dnne 161 depth. In

esi I‘ nanowe C an
various qm?eﬁhea@e each eansm*lflaw agfreetaatiograiofidensh to aidti of frdnesbelmyl to about 4. In one

embodirhed€ tdch ﬁa’rlbxwmglamagpe&rrﬁﬁ Sf Sbuthh ﬁ'@é&&hsv&lﬁ@scé—fﬁ@ are¥¥A cfr&ldr, elliptical,
R T N R

the well manfl§ocyanydn jizgasd shape. | nst ance, the cavity within a

[0071] m%%l)dlméthekﬂ%o%lyéaq ﬁg/elgyollnlmp&%romqso& yﬁl\{@g)oﬁﬁlull S;fhé Snowell typically
ar at e but adj acent corrpart ment s

has Vo GLB PaRE TS B G A, R ORI 899 PR 200 i reven s than
100 nl. Iz grgpdpdinemnits voROF 8f thednanewet) vsabbdut 0F0 nhi Wheré desiesd, tBdifah@@@ can be
fabrlcateﬁﬁ) 1X&4ayam?e s(nq;cle Qrem)(lolbﬁ%ﬁg@‘h%gby\fa&natgngthceaq {ra%Lﬂ? tﬁrglé%’h%%l{lg€ which can

possi bi e reactants nt al ned
mmmeﬂﬁﬁ?“ﬂﬁFéfé@F“ﬁ%Wﬂethe i nner surfaces of the well
Coating is particularly useful if the reagents are
prone to interact or adhere_t.o the inner surfaces
undesi rably Depending on the properties of the
react ants, hydrophobic or hydrophilic coatings may be
selected A varlety of approprlate coatlng naterlals

o a1 .
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[0074] Certain coating materials can be cross-|inked
to the surface via extensive heating, radiation, and
whyooslerwec€al reactions Those skilled in the arPCwb1008/000860

[0072] k’ﬂ{é\éﬁm oﬂe‘éaﬁfano%éll haPlage MBAGP of O figh@@nk. br RsthRE) QH@%LJlty Qfithin a

be abl e to_ascertain such, wthou
nanoweﬁﬁjan%ep dé&%&l{% KLY FBYE [%657(8 orrpﬁepérﬁte gmgaﬁewé:ﬂwpangﬁnts or by circular walls

to form innetiand @ltea knnylat dompdrtnfelte. chi p conpri ses a nanowel | for
[0073] £ ﬁﬁlb\Vélm hi%ﬁl gm&‘ Qtﬂf'ak:cnt'o Q&urﬁe éWJy%e c&?c'd QJltWﬁ'nlaJenﬁsetb Ruce the possibility that

seal ed fil € Sa
e rec APPSR (R R S AN 0 SEpa apwglay vt i

reagentd arQprore acinteattioesdhéry tohdiimessuetedes indesiratdy. Depsidiaf amthe propettieof the

reactantp %g‘pgﬂ&lp& g r{?ﬂéi Q%oaln s%&b@éggg ‘A \tan<§§ &t aggp V\éf& mg materials are

erred to as
avallablﬁ a'ﬁ%| [Sow tb@ @a@g@hm@t coyglgatly lelbere SLthe spré‘ac& qus a8y pt&gch to the surface via
non-covalsml liddr€ors Noa- Kilﬁlhﬁg' exWaplésof &ﬁmfgeﬁﬁehhlﬁ fnclp@Sa@a@RtidAfreagent such as

dlmethychl(()]rkslstll(c’jneS ut%%: rdlgcm sr\{ahe %examg]:f?ylcggl\ﬁzaae or%’ e%ﬁ/lclhl%rosn ane Pcﬁgnalemude and

or recervin
sﬂlcomzsrarmlg@tﬂ spehesp giliqon pyidd, davast' & aeﬁ@lrfqah omériqhtufnplémabh goating materials are
blocking@dR¥td sﬁﬂf@ Btninb QcidsE€&TpblyMitrs InPIBdiRARERY Bmidd td ﬂow&v}insjlfﬁyrrdhb&w polyadenylic
N B’Hwe can be sealed In a preferable enbodinent, a
acid and po imi (%e .
of "sealing a nanowel| is depositing m neral oi |
[0074] dyertpip poatyfig matesials aamble eropstlinkddrio thiveurfags| via etenspve hefaiting radiaon, and by

chemicab RRdBbR. Thee H{hfé@ fn@the a@tI Vlflll %ﬁ' P 6 ANAG1E SRS FS &l a nanowell of a chip, or
nowel | any met hod as woul d

_ se
wit b G o e e RIE PRI art [ 0077] I n many
[0075] dppi antbadimemsip igleédubliugit ofaleoiplcbrspriss agi@®welafdl @cdiing and confining a

sample, %@M&memgyeaﬁmveénumghQ&hthésqmblds and thus nmaintains the
erred reaction concentrations throughout the

[0076] t"li]ilé F‘ﬂ’ﬁldu‘ﬂ ye}s Wﬁtbll’l Ate@g?yoqaﬁbq vparagd@é@ﬁ?ﬁhqﬁlér tfyarph)ésgaq bFlﬁl@l’ resistant to the
passage afliqaids. dy o aspeaubeve bhhis nﬁﬁbbn’(pﬁseﬁii’qai.ltay&ﬂs AferSdto 4 nas@edlls. 'nanowell can
be opentaptﬁcngﬂ gllx{% Jh?slfc%ﬁy éfﬁM @(Jm ﬂ%? &/gfs o fe c?pa%s(?igiéfqiﬁ&@st IAQcQ)rdmgly the

e anena
nanowe't' b 6U§’ﬁ‘d’6f caps%%é%ﬁ f?fgeqsfvma andespritoing gpastion samplst Imeifs iggpoflate one
nanowelSRaN thel envirbi@neiitb ol ct3heGrdsshe Iaﬁ‘llcﬁﬂdi tlﬁ:@ilarﬁ;%lll &éﬁ b& Qalkd. Ngh [éferable

embodlr{u{i:tgl Wetqycﬁclf s& %Lgv%ll%sdeiogﬁ%% rruner q%ltl L‘) e s&méle w1t%n the well to

S conpri si na ers erse
confine the éﬂn@h hs o] Plgcaiﬂ ge eAng-digreset- é*orlapcsvtetlembeeqaleﬂ by watmemd as would be
obv1ous€tflﬁzﬁe am@ddarmdmf il ed well can not only al I ow passi ve
[0077] \?\é/%ﬁél{c Q)nsogealrl] eg‘tolﬁ)rv]vellljs ﬁsa %8{/?/% ogpr} vr 187%?)8 tion o% ltlcgl;‘dg grtd "K‘}‘é maintains
the prefeme@ wefdwrmonseetaaupwghrp@éent the themlahwclavgr Agcouinglyamiesheiqliesfor scaling an array
of nanoWwellfiéad ibfiiJoydd. A €3RI seﬂﬁl@ teQRRle WRds kevdaBradig! HQQo&ﬁ@ratlon Flrst the

method sgla?(;l%gedae e%zg) %gl .831‘ érpgc]ceaégﬁ%é gﬁg%%ga{nggll ?it)]z{nggellgﬁ the method
should pgmnitfseletivepfealing ef lactmthea@novmﬂe Aopadh, thamebvel| chy ylélbyhlqslcanprmgg open
nanowelﬁ 1199%@1%6(1%910%&9%&%%‘1@@ a%’eélﬁ@ Sarn@xln ogfo%p SAprbgn &J&BI unfilled well can

E I ne.the op ur ac g{;‘e at | east one

notonly Al RRs e SEHERRON o P LA SHrice Nt oReE DS L Ajetbprine nanovell,
[0078] gmraBgrnatioe @ethical @ ahlmgmesinesanantaoamﬁmmveltshemsm@g dt rRgst 3@ well. The
method éﬁ 1&ﬁ@ghmgp§5ﬂa) at)ﬁlﬁgé aartaJhQBn QMSMdﬁ éﬁgh&%' ¥r¢phe{§ﬁc{n§é’n§wr§s%eﬁmng the

co osition cures and erin
open S“‘?ﬁ"r e &t legsbane apep garell () P'éc‘?%?diméﬁ‘ F"(fﬁ""ﬂ@%ﬁ%flwpfr%ﬂ ol dt"P?éSIOHS that
define tha @t s@faceoftife nslkasonh 6peh nagwelRa isad bedstaldieadi(c) !éﬂfoﬁﬁgsth& frayto a
radiationeJeﬁﬂo ﬁﬁ@f‘&n% iu-% waves of energy including, in an
scend of frequenc infrared radiation,
[0079] v\s ;) h@em y g’tﬁl@twnwp{ablawhe%“@t regews arfyjcefARositioq thay guyes agdhbpnds to the adhering
surface 1adKPoshd YeSa rAdiMdE beaﬂim&l’t tHafeed aﬂéx&ﬁdlﬂﬂmﬁﬂé ab('a@atﬂ)q B&% Yefers to
R R
ultraviolgt4dY Hightp ¥-rayy, gp@ammrr@m FheshareRertof ra)ifatsonwmabld wihgive\agslyommercially
site) Such materials include a diversity of acrylics,
acryl ates, pol yurethanes (PUW), polyesters, vinyl,
vinyl esters, and a vast nunber of epoxies that are
curabl e by radiati on beans at vapous frequenci es These
and ot her radi ation-curable naterials are supplied
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desirable for sealing the subject chips These
materials allow for a rapid sealing to avoid radiation
waelammages26 o the chemcal or biol ogical reagentBCT/US2008/000860

availabl€ QEH Bl B&Fple 12 c&ﬁiaﬁlgs sE:lQﬁk&l&mthH-@urﬁlﬂ’éjddﬂésin%d@é&aﬂm §stems from
mechani cal .. mean

o N EF R S A ) RO FAD 1Y G Bt polggeanes (PUR)

polyestensf vipylyvanybsstets| and  @ast menberif epoaies thit pie ng ety radiion brems &1 @arious

frequen@&u R in %thg}r}acﬁ'ﬂl@n-&bébﬁe mlts EI@EL%p% c&ﬂméraﬁlyQQf()ﬁﬁ otI lﬂuld or solid such
er case, the peripheral dinmensions becone bonded

“p“wﬂﬁw'%é“ngﬁéﬁflve adhering surface, the substrate or

[0080] tThe cleixv ef radiatjpoHourat ddhggivt vl t&dbmsdemem'ﬁhmatenal make up of the surfaces to be

adhered" @ﬁel a%én%ﬂtl&lw a-RLeﬁf oﬁa‘lﬁe§§é Y€ s&t@cpfopa%hé er glﬁp Magttoet% cover which can

di spensed, or sprayed onto perip rren e}
be made,pf p Fgeccpth atetidly 4B iEstaneso F%Yl%%‘ﬁ spiesdre pRabicryle s ﬁldw@rseahag any two
surfacesLifiade Of difly biyo the GﬁteMMEttMEfrdﬁnglish @erfdfits, ﬁbtﬂlo&is sdxhﬁﬁfdﬁd't(ﬁﬂﬁ’or example,
silicon, %‘}gwy\% 1co§19utrri)c{e lich? d1 1&n axer g;hi%aﬁsrh Lul? lil&de)apla I §s gn oﬁl@xp oré’anlc polymeric

esive direc
matenalefRa&ﬁ“@ﬁéﬁbwawr%qxh%mag @anre@g@éofd%vse s?nwesthre dn%rem@aewng time can be

desuabld?rﬁﬁiéa]ﬂl% e TS\fbg'yHci Ahipk. yrheieh&tdhald hifbkv O dr&pid RDInE 10518 BldMBonG@Rages to the
ont ¢ t he cover that has been

Chemlcapor b%%(%lcal r‘faﬁenfs Te" qame\é 1 er al’di mensi ons usi ng the neshed
[0081] s1&1F @éﬁtlm%blﬁ\adhlmﬁfeemﬁelambeql byrny methari¢almeansaleng iegeminderal dimensions
that deﬁh’e{’tﬁ@op@ﬁﬁﬁy@lof Hhand, ﬂ‘ﬁ@‘lﬁelﬁpﬂgﬁ%lmem&ﬁ &R 94 t'hé:'@f;uhcgﬁes% the chip substrate

tion- cura ver Iace
oron o ery U 4 P PRS0 B T L HBHGE Bifeme sufce, b
substrate ¢y ghte cebef, bpra coring thopdiresise) 'Thapdiatdn-ctiiable ydbbsive San Heainbaged, printed, dispensed,

or spray&dbnfeltR p@ﬁﬁxexgﬁﬂﬁe'n@lnllsmsﬂ?g@ sﬁlfablg%t)ﬁ pﬁle&arha%eangd'amlgld a uniform layer of
radi ati on béam Preferred covers are

savesiv GG FRTER GrRoes QRS PR PPV iR BHYEN OB g appifigadhesive directly
onto the gerphd¢ral dingha@s ban opamywed wsibgdrqecegae ganh Geghad sgreer mak. Alternatively, the
radlatlorpa}agp, %h}»%s%ﬂ:gm a%ﬂleti Gl(?e%ﬁy élfd thtl, &)der it ﬁabﬁeel@rngrkedcwlthq er1 hleral

onbi nati ons thereof [0083] Sealing a covered nanowe!
dimensiqua lgdhe PR agiees ekt l@%ﬁagm@oftaﬂ@swﬁef fehietsd gpangemoyeliof e mask.
[0082] hpamappkjasdndif the) radiatidnbr@rably Bdhe@\fe adhe ss ﬁl/aﬁec&ﬁm&&h&ﬁi/cll toltBcompass the
periphergl%gﬁeaﬁeng H’lat%ﬁlgpt en ng'?ce of tRJQveQI SRR QSJ 294 arg éenetj{/y glacfe of materials that

I ncandescent source, aser
permit pasFReK o agdistige bame Pf@fﬁff@%ﬁﬁs %&?brf?atewa#@fanmrem ateFiglkich as glass, quartz,
plastic, ¥ ﬁ.ﬁtﬂ)ld@*@dmfc@dlyr_nérﬁ:dﬁa&ﬁ*lblﬁ Rnob@ & hdst kel hﬁhd‘ a&dd')rah} &khbinations thereof.
[0083] %Qalll&né;? colvésrecpn%h{rv]Te a%l?bgtcgrggo t ﬁb eg)( n0|51¥ ﬁlg vevcl; tg Ia ﬁadgg nq)te m epending on the
type of agfgepiveselgpted, the rﬂéeﬁ@éaiﬂealawogve frempicoruensions] mwgdqseen@ﬁmma laser, a laser
diode, U&Qﬁlbﬁéﬁedrap )ﬁaéhﬁie ngaﬂmﬁh@ r&'cﬁ'iﬁ@ kr Rkt ewnas déélrédhra&h‘tﬁ)n beam from the
radlatlon sovfrf]e 1% ;'9 2[81 étec;t? éeraﬁ% ﬁn% 8V\$eéir1]ocatéoﬁ%orp g g%gownﬁ 816aé/ t;o?llgllﬁgfaln selected
wells arecto) b sealgso Fﬁdse]leﬁlvt frelingandigehdhisvedtha psingraghto mask pgieaied dhiththel locations of

the nanotvtl@s ?hetﬂﬂ@tt) nﬁgkas $rOvilid Whh fraR t lofa®i&1 %&i dpycﬁlle Yocakd8s that correspond to the
asses free t hrough t he_t ranspar ent

jati
ranowells g1 5,6 BB 7] S PR G Pl TPURTSY. SR Hed ot B b poses el
through hp mapsparentgegians but T4refteet dfren orabioybed byt thedpeghe naivasvelhbsfor] @ly selected
nanowel@ )51}9 Qﬁa%g:dtt(phglh! ﬁm Ben@@alt@}%@m@%l aglgmpey ﬁyﬁﬂo%ahp gﬁ be pattemed such that

hesi ve hot o- mask "can be patterned suc
no two a? %m%‘eﬁea p:ﬁlf)ﬁa fﬁé‘h""ﬁ%ﬁ Rrbotgymask can prpattemmed sych ﬁqbthe resultlng nanowell
array coridigtalermbisgksedatanth enspaddtvets ehe Skiltdd irt thedrt daf ﬁslﬁ(ﬁ&ﬁ hilinB@d number of
i n

photo-m%gi\g}gﬁhy pa"i}&f.f‘% yﬁﬂ%ﬂl@i&ﬁﬁﬂlﬂ%& gﬁeﬁ?r?]d seaged grg)gﬁlgsfna arﬂ/ format Methods for
manufactyping sushrbefomarks ate WY extbithed ifrths R andj h@lne ain ot detaited hﬁsm t o
[0084] Yigek d 15&héﬁii€serﬁaﬁn¢ s‘ﬂhdﬁiaﬁ@dr&ﬂ&@ofaﬁl BltefiRile @Blp BANMNE Frbid a kilicon wafer 200.
Preferre@sn%oxr c% p[s ave %@%\Jl@&ﬂ' glze .abo fmel]‘c(; tnls'I {nl gs% gne ngah %gv%é{lrya “Sngt% or length
dependma e ﬁ'F P‘E%PCMF@WCIESG‘%&‘} S“F*gﬁlﬁll@m?wafg 280 » & pches €130 gum) \ngliameter and 626

schematic drawi ng of an alternative chip 300 made from

a silicon wafer 200 Preferregl silicon chips have an

overal |l size of about 500 microns in thickness and nay

have any width or |ength depending on the nunber of

nanowel I s deS| red Such a sili con vvaf er 200 IS 6 i nches

A Pr~N - Y. Y. Y. s o NN N o
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[0085] Figure 3 is an illustrative diagramof the top
side of a chip 300 with representative nanowel|ls 302.
wo poosfgieexenpl ary enbodi nent, the nanowel | s 30PCTDUS100&000860

pm thick. hA E}u};%m c e f@rlgaﬁzd%n' sm:hla%aﬂt' fbo%@h QupgolélnEKBpH;\mYMegléa 48 mm along one
the centers of the nanowel 02 are aced 48

side 21y 375 1o eroBrs & B Peons e S i o o g 250 As
fabricatediathovkay ik sn S ompliandy® CR pkip.€Theasal d@sber efthanowalld fatglicaigll onftl@rchip will vary
I n h

dependlgg&qﬁéepgglgtggr\aﬁﬁlgatﬁ mh%g %w Qub?%tr Ji(g;s ?rg?ol t%: etg%rllg}%fi o"?‘(ﬂ%%lluho%ate the need
for simufenequs ger A ap HeMEPTeAEsEcrors. th elbeﬁ"cblps willgppemlly pafprise at least 100
nanowensom n&rbdxs@uy ORENS0, B0 nakSwle. TiRrdesay &Tthedland“rélls&mm&rctulp Quttadd may vary
dependlho on t e pax’tlau i g%ghga%on : lkor e)%aﬁlgle qge dgr\}\sleqY P%S ngréorWé:lls orn the chla surfaceacan range
betweenfab?%to BoHrHp mmoeells eerimst Fnavetheraxanpls the dne@atiyf nanawsHy anghe chip can
range beft&Hen aioﬁﬂe rlﬁdb&_g lﬁ(ﬂﬂmtlsqpeaw or readin g ass ays such

eerin

[0085] a%]%gel 3e1£1 %I gues\t}zlltlc\:/ee a%r%m § t{;reqe d %F' !ééupa’j@ wit repﬁgntéﬁvg r?ﬁrrogells r’?OZ In one
exemplagy egmbp@men the rem“pusrm of e /Rbired00 hre 825 mEUIS enEdnTVOIZF g in@idth and the

centers (Qrtl%fngr[oa'bl BoBhre LR@0. 3%%&0\1\@ duSisioftd that TR &ntXs 6f (B AROWEILs 302 can
rere

be space; tals ?Célé g’t 1nélglm%42r %ﬁg%’@mfegn 2 W]I arl V& ]ﬂr@nr{g%%b IB.F\oweq ch the subject chips
can be angrdwehy et adrdseorehdr the mEfacdd tleShipnah ag & r&k ad@&hains so as to form a grid,

ina partmléxepattent axlldstheelmé lclssslterlﬁ ﬁllgliirp at IntaIB?efMMOdl%ntWMWelﬂsc‘are arrayed in a
can usual |y does not exceed about 1,444,512 nanowel |'s

format cqatile FPURY B AR IFS SR o H’épeﬁfr“éﬁfréﬂgF‘lésoané/ﬁ”dﬁa&f“ﬁéﬁiys’o‘PCh that
engmeerﬁdge:f aifrin@roiafly swiflfbledfiu@nbindliog de@iaésad vt B7uige N&sSin thA example in Figure 3, a chip

may havg E\tl l%lst] 2§61La%ov@4119 Q%Ire%&aabq)pit iR 3é‘ﬂgn0%@119 %ﬂi i ecfeljalgy at least 45,141

[icate iIn In one suc
nanowelén*blé THBITE PEARaebhFHSE OB REABRaS i Vbl (I piehee piiraqagyells of th chip may be
as many3E9(EI0 of e, @1 dnrneo:h:u FRNhGRRMDER hanowdlls PdniuGi@lledoed fot &xeed about

1,444,5 1% Qlyﬂo%/ I%n %ge r%lglgér o owelljlgrpnet e ]g)rgferrr]e% € meent 8nhe cnl is. sutlﬁEl t to contain 82
e reac 17°s® rtying the
genes mérmthtfeak@éFaCbﬁolwpwé 3% ggl@ﬁ @éﬂnlﬁatew hlérower galn |°sq1as¢h preferred

embodlr%ﬂtﬁéTl'E&b&Sof Wellslare s[li@a&ﬁ fo sEﬂeQMﬁe&:nﬁre h¥mah gelogie ir tﬁﬁﬁ:ﬁtle Ol'ﬂ ﬂ'envnsloned that
an .exe

the numl?elg| oF nanoweﬁv Ofthesc %garl]n 1&011% e&eq%te rﬁactlon weHPtl ra arna/ph?ﬁnigl?he entlre set of expressed
genes mesbalrpp&awsref gfaomfhlapwgbo with a thic kness of O 625 mMm
[0086] lﬁ@wﬁs Forédh-SRthAIANE v W 8r Jeltill m &6fdn e\QﬁJl;Jla B0 BBRRSIHOR Bigure 3.

Fiswe 43R SOPEYRTE FREPHAASHEIY “zsrﬂlpaswq%ssﬁ of 36%?% (saghows te
1nd1v1durmt)ell 34)2ehmen|sugns@s Heingrh 20 fmny (380 johyj i ip lefygtinaand twidtln Agﬂ iNgtnatetiethé nanowell depth

can be 0|5§5 i (98,1080 § Eﬁiofﬁ@@ﬂwnkam&yn REE. 1€ RBnvidHnbdAHR ndhowell
e such as round @uare rectangl e, or any ot her

openine QR e ISR IO SHABET. F5Ra 8 U oeoeria ot B vay of
exampleczamnewed candechsle d Hiamstrer width ofibailden atfoutll®d waend #bb Utmnd 6 Pitch or length of
betweenqmuaﬂig umgajsboa't 1% arfd al%ﬁtﬁl?f thrweeneag&It li‘%;?rtl toqgsuw E'H'lu %Q%(rlty of each

0 mm and about 1nmm and et ween a
“amwe‘h’i‘ﬁkte Grabwiety of sopfisupHens, c'é‘{fl"lsS?“c&f‘heecé&‘ﬁ' ARG el ERsEbe divided by linear
or curvell kB t@formBiepLitybubidjcantingattraénisons. For i nstance, the

[0087] GHY ﬁa%é/weWL %M&h@ n?? Qé)f\éﬁlled u!@coﬂ%oggf d)nggh(g(%iltljxograp y tecgmques The

curved wa orm separ a
nanowells gép b fpraed ngns 4 OB ctrhise et a%ﬂoﬂvﬁ'fe“bm‘w*gﬁ%m%
[0088] fAQfamll USHi 101z OJUFEde |t<yvokﬂﬁwloﬁ)ﬁﬁbt 1wl cbitélﬁ@ﬂlarﬂtb)ials to reduce the possibility

that the rﬁadénts {; qlﬁa.med thTrIe]lg F]ng?/ n eracJ w1§1 tﬁTaXner surff ces d usolwle] %ho W éan also be made

ue or an anil s 0 C t
of resistiyelehting qu@nal{ N@rsls;]ntmg sl matetfalshmgﬁe mpmlenﬂates sich ascaduntigym and

stamless\é@él Hﬁ@na’ie@gdcﬁ’ Bs SSB—:M6 bWh&@&E SbbstidtetubedBd Bdtd1 6“ it u%glyrp%'&ee to coat the
si bi the reactants cantai ned therein

t

surface W F“ﬁf‘ae%%rﬂ i %VC‘? aroen Lt ipagedsig a*teﬁ@nwa%?mewgdmms
operatioppwitthilyid semplesa|Cosing és usratienad fieceseazy withevcese hemhinegl Ivatingmiagetial. A variety

Non-limting exanples of materials include netal

pl ates such as al um num and-16t ai nl ess steel substrates

such as SS-3 16. \Were the substrate used is a netal,

it is usually preferable to coat the surface with an

| nsul at| ng I ayer to prevent corr03| on and/ or

o a1 o e

. o s
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opposite to that of the opposing array. [0090] Though
not specifically depicted in Figure 4, any nanowel | s
wo pooshgicepper 364 and/ or bottom 368 arrays mayPGEUS2008/000860

of proteefn@ lc@aqné%rarelé%ﬁlﬂe &l udihp med Malid & rfoﬂ’ﬂ%nﬂ'l‘@ @m1kN4 E‘ndt"['éﬂon Figure 4 shows
per.  array wi t hout

v cip 39RB it TR D [ € O ML el B £ 0 w L ho
[0089] ihgdrhealmhov@milasnanw chip cempremg htrigsteveepppdinglyrayslofeneywgells. In this
figure, t@& gn%b Raslah u&pgmsagtd avwott&n ) SxLeonde tl'i'éean?rﬁ)‘s rsgmetgem&tg -the upper

he surface of a nanowell| of a ch | p.2
b Aad the eﬁere%ﬂﬁrataﬁ? {138 PPRgite 3Trayeaiong the 8°tt9fné5tfaé %ﬁ?s EPWP%W“S of the
bottom Sx’rziyaﬁ: pﬁ@tﬁonédﬁﬁ@rt inGefted @AGENRD that tHehperesudick efcachait AN fiwaydrom that of the
opposmg uml( rthe npll e’*he%%o (%)%5 ta;r%é I;:g?geit arrg{;geg) Lu?il glgtl rt[%aééisﬁ?%g?ac%ﬁnowell is directly
oppositgo thamfrﬂgaammmaéc ule, a pepti de a protein (for

[0090] e’N@UQJ Bt s'ﬂ&iiﬁcbl@d&ﬂmt@d’ in algm@ layany 6dned1ls dathe Upp& 364dnkioLKbitbrA 368 arrays may
that there are

be sealed tc])r unfeaIed V\fn addlt‘tsl n any nanowe in tg% 18)per arra?i ma}y be ﬁm%h eur%X(? W%Il or without the

sorption si mca
reactlorbpmle gThG aubj qcecéttptwathtnsplacqﬁon thermak canfect WIﬂaa eatiistelsmott by placmg the chip in

contactmﬁmxg%ﬁleﬁfngdaﬁaﬁl able for directly inmobili ZI ng

[0091] ?ﬂgﬁ]?rlfage %C Inimﬁ)wgp q‘ %g]ggpthealg\lleg%og?:%égn h{)e{) aﬁt&r?g?&o 6regtﬁ acgorptlon sites for
reaction reageits. | These gitesrmp)ectoylprlsg |llakeempih@p fox @ttaaﬂr@nt of biological or chemical compound
such as B 991}319 V. &lm%féi onQﬁbCL? 11&)%@1% m&l@crule Fﬁf&eea pr(h@ltl &q§anl¥tpel ant&\l}mdy) ora

Bei er Nucl el c Acid
polynucﬁtldfg QGe siqlbd]l? ﬂtefg%‘; appg:&n&tg thétttheéc' are mm;fgiays oéﬁré?ﬂng adsorption sites to
immobiRzt €héDGeal @ biolob @ £9actafBrl Fohinstangt, a azlealt;h oftachhiqudSia@lwlable for directly
1mmob11"t?z§& n%gg’ic g;]ds :Lm( 81181%7&1115 onT 1pS§ﬁElIoﬁﬁéﬂth91f1 totarflﬁkep 91919%98& tetlfe% them to an

l'asma etched to allow for 1 nnobilization of
1mmob1b?e6 B)éxear v1be1‘hefépvale[1m ggﬂ-co%enb@éss (FFé’rf%r eﬁamqleh glethéq,sm[ol Biol. Vol. 20
(1993), Bah&mlc:ﬂhcld’ice&(idslmn 27:1990ar937 {1899,Tyoset H.CEmE Cherd QU PGP 1 @1997), Guschin
etal., Ageh HiQKerh. QS&?ﬁg'l Pﬁb97®r qgee%l}fi\cg%f tgé naflo elﬂkgﬁ @Eﬁ?ma e§é’}1§<pto allow for
. _F ocess inc es a vast diversity of reactions
immobiliza{jen of p AL BIBYi cal nol ecul es such as proteins,
[0092] gAsMﬁanfe@meuhmm RebEhiE adliGh A&fers tol apy ﬁscessaMWMQQ rc@agy' lﬁ chemical

propertlesho?a su%%ancé Qlch 8yess inclu esnaavtast 1r\]/<§r51é/h ?reac 101] 1nv0§11 ynolo 1cal molecules such as
ave a var I'n chem car ang

protemeglr:ﬂoergte@a Inucdgigrcids dipide ﬁ@i wmeﬂp@ cfinfidalsras pny cp@hnp@towth.ﬂr@é The subject

chips ha®€ £wide sdrfe@@f usIshﬁ cieh@al aﬁ@holﬁ@@eﬂ; ﬁﬂpﬂfﬁtuﬁﬁ)&h@e &ﬁex’exﬁye(ﬂ{pyxetures are desired.
teractions

The chempca reaction {so mvo ve urller ctlo%s%gtwecal nggtac acI; (HecHl?eé B t?'?/\@ 8wte1ns between

protEne My AUEr
nucleic gridsane pwtealnbtt\@matrbtemtl@e@tl aglecugh. eWéert the piotesTie satalyized by an enzyme, it is

alsoref&@aglayzegg,ng},{c@&ng,nzyne it is also referred to as

00531 o SR 8 4P PP D < BT e ORI bcsse

most engyney fipdtiot urderaotyi certedn thegause. Rmtsermuzg/mnahumdnbmnhat are particularly

temperangeCtﬁﬁen@Jﬂl cllrde rbtxt%l'er}lot lﬁﬁgg foHublli€&id ﬁﬁ)pf c%ﬁ&pgu@ﬁ és\ﬁﬁantltanve polymerase
enzy mati c reactions that are partlcu ar erature

chain reﬁcé‘ﬁ'éﬁ‘ig(é}f'?t myclsic |2¢id eavsting FexersfdTRRSCTIRTioP. @pd ‘t“ﬁ%’ﬁ Acif lgagion, dn gp embodiment,
a nuclei@api anfphﬁxatmrma,ctmumtmashlq whtht inteationvea :pﬂltiytmpblamease biginreaction. In

ther ERBGANm{ ) I G ir
ano ert neoain Cer : tpt ft{g %B acid EIH]% f@%tlg? %Q(!attgxll 5@?&&%&: tltag%rlpt{oﬁ\é(gfﬁﬁg polymerase chain
reactiong o di ment, a nucl ei ¢ acid anplification reaction run
[0094] OFhe Bhiggshiif fhe ﬁrfesehd]ﬂ/ehtlb‘vi @fbtvid@ﬂcdst&ff@cti’véﬁlleanﬁ 'fomangm@hggmaﬂas&ids Unlike with

conventgnaqgurkron acltfn!eso arr]1 therma c olerts qﬁe Seb_]ec(t)ngpS areth}g fé/ n%lmﬂunzec? c%?table of performing

surface

ron r ranscri

rapid an@b@t&tlwf P atsyrndetbwétatghtatuﬂew @&btn smqll vlga0 #id uliges ind¢pegsignt dffermal
protocols.ne present |nvent|on provide a cost-effective neans
[0095] f osglse%ﬁg If ¥1u eg aé:llsé a %‘Cc?thcl d rs t%vcﬁn%kme gm L Ecggrgla\éjglé% Ehe target nucleic acid
is mcreaeqﬂl"p@pamenbm Ghéhyinangassi reaty 9edurind linagy dbing xpphentielmiagnen Argplification may

rapid anplification of a vast nunber of target nucleic

acids in small volunme, and under independent thermal

protocols. [0095] As used herein, "nucleic acid

anplification" refers to an enzymatic reaction in

mhlch the target nuclelc aC|d |s |ncreased |n copy
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t he anbunt of DNA present thereby resulting in a
geonetric progression in the volunme of copies of the
WO 200§0916BNA st rands present in the reaction ni RCT/UE2008/000860

be carri¢d O InafRNEFRbmIAACEIN & écreQEs sEGRs @z(qepot ﬂt Pfl Bol%qlnegase T7 DNA
i Patlgnt I}bs. 4, 683 Ag [1i5s) ‘@%ﬁ’ § é ot

polymergie, Klpnoy IRgngy pLE colifia prhet T AnEY SNOPRPESE P8 2y st pmscriptase.

[0096] | Ingaierak the papsatiagolyyereshaf redvéat (PARNaL urpyfgrtirdelai@hbiglume of DNA

which 1@%@@h fo ngmﬁﬁ’y Qﬁﬂl@@gn%lltvgluﬁgmﬁgm gtSSeJdWA fl"llcar@i%tl&hﬁvolves copying the

et nucl ei¢c aci nment to nplif
strands %f)zlteg?m ﬁ)d tl{eﬁ gm%]heecg})l&sdcg; EcinFrﬁté logler\ﬁf)]tlﬁ nasubsaggy%yﬁ@ af-lhceycle will double
the amot ofiRIN A piasebt thealéby ecsilingOppgdintieic pogressidsindfe vblome bfaogietof the target DNA

strands%lﬁs%t%{?i e A%kith ARA.are opented so that the synthesis by
mer ase roceeds across the segnment between t

[0097] pq}qnf,félrpgcedéfef BePSREE &pu@ém}f $ ﬁ’gtextt Aas- 4 A (Mllis) 3pd 44683 %j)él(Mulhs et al.).

Briefly, S@plifR4tion of\DEIEIO ¥eds by BER aue;leestrdrpeatﬁ)epmsfm @ﬁmdmg 18 DAIACannealing two

primers %l s%ﬁ;er?cgsrm;t %gﬁ%qurget l?(:]e%nagld% {‘ﬂltoebe ﬁflll te%rdlln I‘ ?ﬂnealed primers
successive C essen

with a pelr/mfraSPg“élte PHEET éYbéld‘a?:‘i°(98P°§1§Pr’ftfﬂ’éS‘i’ zlﬁdargqﬁnqch@ aﬁifl é‘%ﬁi wented so that the

synthesi€ ¥th€polyetasd 26ddbds scrbsamexd@&ae B&twaJH tHR GEMET) Ieﬂ&chmy &liblinp €he amount of

the targe% ?eg%er]:tl rtnge %gcalpsg g)'(tgnsﬁ%%roéuc are 2210 gogl)éie?laﬁ%%éﬁé a%\d gafaiz‘i:b?e of binding

primers tethlsecaissmmvle Pﬂsqnavibfl doybiER the hmpyphidf taxg&@imhg agidynshasized in the previous
cycle. THR m&&elsexg&e%cicaﬁnmml( SEthedFR A W Rt dubiBic &lidsAt dpBroLigha®ly a rate of 2n,

Ct b) annealing at a tenperature ranging
Wherenfsrtg “g'gﬁé?‘fyfale 8C, and (c) extension at 68C to 75C.

[0098] A tybicd! henvetibjabRAR béTimplsycling protobve pamepkises §@¢yiclagofi(3) Henataution at a range of

90°C to b@cd@?é&éaﬁx?% dt yternsémgr@ chnfR) @Mﬁ S0°8%o 6sRALAd (y), exiehkeon%mké to 75°C. With
reacti on vo 3 he spal heat i ng. nmass, t he

the subtg ngrihejperi| by VR iR ey BAPO AL Pl th@[ Pgpetion volume,
the smalltretigunppeatd tiehieqis of effecthe henpisdpadeh feanrgsever se
[0099] t’fh@% r:tl CHIH (QH b(P %lJyg@lﬁvagb t(aﬁggg b’B)’CR BICUBI?EU‘ ﬁCl@nﬁf I%%[{ is another

varil atl on he ‘convent i onal a reverse
variation 9@%&%!&%@ BCIF 1y SRS SoTRUR AT CUFBY Ml double sranded
cDNA rﬁﬂdcﬂékd@ﬁiclﬁdm\iﬂeﬂmbﬁjgm a€ the terplatEl’foraﬁtﬁeqhhﬁﬁnpﬁlﬂfﬂtlﬁlyﬁdheaﬁlymerase chain
reaction. nﬁecaﬁé{g)(luﬁﬁ"ﬁﬁal he%twggg A& ta&qp%ehc!rélﬁgﬁdeg ) le_%}e % sam;He after the target

rase chai’'n reaction I'n ca
nucleic 405‘9 & 8@t depaiyred rhp feagien jshep anisieinpd 19 a aeratéﬂtewratnrﬁ@(for example, 30-45°C)
for a suffi€iEHE hnduit oF &P (f6r eddripdd, 5160 Mriruds) g&genﬁueﬁletm,a&hﬁﬁte BEfBre the scheduled

cycles op ampﬁlﬁ%a 1onat%klér ?agfi‘ as;ﬂfj rrgacﬁ?aﬁclg ]I)a(r)tllr!:ulﬁ%t &sg}elgﬁrnc’l‘itggt a nglologcal éntity whose

genetic igfefrpatied is proredy Ry melcules. on(limiting exemmish f tmsca@@mvrpfml%qal entities

include RIOA g@ﬁ@sr sa(thQs Hh\earﬁ @Mtlt‘ismhr@tvﬁusbﬁf&ﬂﬁtﬁer‘irh&rt&ﬁ Hﬁﬂbﬂtl@ﬂof RT-PCR
nta

embodle(éé?( kh Brﬁfegt 111V;;Etﬁ)1§ ésft ﬁassr%lugtlanealé qg%r{l ;‘lcatIOI} (i? g E)glsaﬁ g}é{tl&s ased on the mRNA level
detectedamthé test sanhpes @ng efskilljircthe arf '@qllnmrq:cm thag if g fupntatetive resyNA\desired, caution must
be takenr{(mls@ & meﬁgd thdNAHAintalnSbit dotEb1sSSARIIE 1S ve @(fpleg bt the %ﬁlﬁgﬂﬁyﬁelgzmds

[00100] eéhoﬁ%%’ g%{a?t}etgltvé tg{{fg’ff#@&{%}l ?g@&g@éﬁ\%{ %e lﬁcﬁ?vﬁlgtgf grﬂf sk111 in the art. For
exampleacplpﬂmtanat PCR(qBER)RTR RER easimndialicad!yloy-atpldyimy adgiewt quantity of a control

sequencé Llil}{l? mels% ﬂn%)e;sh?h@ﬂ)rm“lets R sgh@mthaft hlg}age uOdd tpzallbrate the PCR reaction.
ical entities based on the nRNA |'evel detecte

Other W?Yﬁ"{lﬁ g aPSHAB BRI M5 ski || in the art will
[00101) vplkie edididngplifidudidn ib BeneraltpgiToriedivith/ibe wse 8LaniplificatichaGigéndsd Amplification

reagents Q}?%Elgﬂgch[ﬁg §11iz?'|gces Jqﬁ&)gpbl{f@rs lé§l% ﬁmféﬁt tgr%g anJ]'ﬁtt acmair{atnﬁélég?de

r'the relative copies-o

triphosphptrs| Bependingiuae Pronte a%@%@‘d’é“@@“&'u‘&ﬁtth@r aﬁqu or incomplete
amplificidp kdaftioss alxned) of nucl eic acids are well known to those
[00102] f 2 Icl:olntamed w1Bne avcéupsoil; er venﬁiglg (%,l ?ndgrg %Q ¥elactt ar.tl #hat is topg:Rrun In an
embodu‘pnbgmeaalgaqﬁf ﬂteylmgfof the argayiof Qﬂdregeldggﬁg@n@@;; angageﬁéorg:axp@ctmg the nucleic

primers. This provides an internal standard that may

be used to calibrate the PCR2ceacti on O her ways of

perform ng gPCR are available in the art. [00101]

Nucl eic acid anplification is generally performed with

t he use of anpllflcatlon reagents An'pllflcatlon

T rr

T . o o o S



10

15

20

25

30

35

40

out a nucleic acid anplification reaction contains at
| east one of the follow ng: a probe, a pol ynerase, and
W@ 2@BMM626 n anot her enbodi nent, the nanowel | s PET/ES2008/00860

acid amﬁlfﬂaﬁtﬁ)h Feadio®. Qiehgehtg’ Ehn Q@ﬁpéeh@ fd? gnrﬁhn@d‘s@bﬁ nucﬁncﬂf:lkl ﬂ'&éct@rﬂﬂsa@s including but
nment s

not lmugg Wégiﬁ af)pﬂgcag?rﬁ ﬁ%genfs Gpn %e ub%w I%thte Prs agl{qlul statte énr a uenft of the chip.
[00103]\in ph¢mbodimen, as teash okmrofitheyemits nithe amay of(afdressabjsrupitseof a chlp capable of carrying
out a nuéieie 9&& ﬁﬁp@tﬂca\%r{ @acﬁ@t égntgiﬁd am:eﬁst M}J o@me Q)‘m)\t'ﬁg @ probe, a polymerase and a dNTP.

concentratjon dependent si i.f the
i ot AROU AegPIREL § OGRS S SR RO Fre RS gfarpobmerss.
In varlousreinfoocbmc;qmr ¢asle®a1abep canmpeises {10 12 pamp(ﬁry polghueledtidel @rgeawigh@t said standard
genomev\ﬂna ty) Q px@begag&ljglg@d witd E%d%nﬂgr%?ch@&ﬁ@&doﬁgemnm (IePentlQl?mgnal if the primer
which emts a concentration dependent signal if
binds Wtﬂhfé‘driﬂel‘rer b| nds with the target. (00105] In another
[00104|eﬁbmdus"mmbdlmatts taelmaiit comprisesu drimdf foi d’}ﬁ)lyﬁﬁﬂlqbtldboa'igﬁiwnmn @lgenome, and a

probe asS QL a'l'gii w% b%g%er%w gllnﬁseas or?caxttﬁrlg}{a({e nE) g& F%k}] {m{)pr'n%r blﬁ%s;\éwth the target.

rever se ri mer east one
100105} g ewéﬁwbpmerrsrabts@t ong e@tutf@]e chip ceftpins Asdefiopdnt compyiseypaferward PCR
primer, pﬂi/Jré?e PERQmﬁLbrS:ﬁﬂ aslest dnélF AMaabuiad MGBH;denElh:G RCRpioBdl, such
[00106] 3% an é{nboétmens gﬂter -glrse aré'I (%spanse ntotablglt %nﬁ?heg gneldvs%!:lyas b%geezmg The user can
then Sel%vmﬂmwm’gt yurh Pfargeo-dlfp@@t OF sarppie m@e#nd@nmameMt s of the

[00107]1 1R Utﬁé'}tetn&ﬂhmetnﬁ Qf mamm&d fhe HﬁMw@lQ ma@tdataam{y &fthetab@ve abaibss in a dried
sal ut.i gns i

form. In dtlu eéx&])o 81F1}h E;égneg éongn 613%' g?jco]?ts Eoﬁ]ée \W@T 9r ge glfectgito ak?e bg%(tné%f the well. The
user cantadd 4 fixtubpolf Vet 8@1‘1 the bpenpleasd ¢ach dilee wellebefaaamaladd a m xt ure

[00108] ah tlmtnﬁ&dnﬂ&‘ld tHe Qﬁ Ll ﬁl@d&@@&ﬂgachaﬁmm}elﬁy BESREEwith a liner, stored
enbodi nent e chj

or Shlpp&‘gtﬁﬂ'¥°t}§f lﬂcﬁ[l?rh ghed Fréareéﬁsla\ﬁ e inQuERI§CE Hltlmu w%ng[fg{;adBeétve uniformity. The
liner is Qstdy differeut thn the taveras 3id atidenefttatom asthﬁop;agcbf handléng OTHa @raterial of the liner is

chosen tt) Qmpﬂanc Ilnt?ge Er{éﬁﬁoﬂ tﬁioﬂ' t%ie%@?r@th Itl‘fé a&l{ém&nﬁ’hm tﬁ@t@ervﬂ Ite!hg'tg use the chip,
t he ag hesi ve uni f ormad%?dﬁo [iner iIs visi

e sca R EABR P e B S e et P s B clgan then sealed
andplacfecbmtoeaset@iihzh&mihglelalgent The material of the liner is

[00109] qp Wpﬁhgatghﬁ Legllméq %ﬁn?st(fog e)&e\ﬁfe qsincﬁgépss Es%girglne Mg%()ent evoaporatlon of

ease fromt hesive user Isr
liquids aa%@ut TR G, Prtfﬂ@d §Fé%ﬂ°“ e R
[00110] rTherchielayctia dlsetl i@ g&dyPIhg gbr eRgielsich, biotchDNA BishyS pfortdiby PCR. Assays
perfonnév"(\{u[l Exb glI'E grg %{;}H&t&?{t} r?qté\}r%tears]sa? g%hoag TQL{J!% ana I ntné%)?c? g%ﬁﬁ gold, and
SYBR gregmbyt ﬁl@f’ ipglyde g prtagsay(s]aseﬁh apieeanior @ndupga%y,mq prgi)ot}\erslugh throughput screening
assays. I @cﬁlitere&bbcﬁmén& PRON ®Béledp/eR DusddiaObh iBEmilis@ntiafds and t hus
ncentrati

[00111] e mvg'l nsatlsto?feg')v r %gn?e:t%% §§ o%mn onf(glgﬁlé 18 uﬂ;'lé (%H}? cpomr?gﬁ)'ng a plurality of
preloadeﬁ eartgyelht tﬁmet@@ﬁ@wmnz}glacgem @mkpm@tbs nappryellgto cesatfa @ reagdighmixture;
sealing tﬂ&xﬁ%ll%f@fe@ﬁxm bMteP (&R or myﬁal{ﬂﬁ rE AR plabind BEHY B & thermal

line &5,8 Not. I |hmte DP% assays such as Taqman, | nvader,
cyeling sySeirec g 8Sys§'§?§¢% gBrgre Efﬁ 'SYBR green but al so
[00112] iImeskerdraceptithahe rasetiingengors the agts p&tbeghiporompriisa dsaigion epvrpleey perform
multtplefélp@R q;i hﬁrl::fell%lg Hnﬂohﬁﬁéh&%@ﬁlﬁts &k Ea%?cﬂé dt gav@r%%ﬁale PIC'R &80 in each

nment s, e pr obe i s used
ndivido B P OF ST anj[‘gmabf ki AR 1P oMyl BERS s the useof
more thag onggyirinedpafrdr thpemk oninTingmethddChh Benaddyferirdlativs huagtitatios Wh¢e one primer pair
amphﬁeglgmt‘gletsah&]&oﬁ’lermrl%tq;air %Mphq' fes #e S]ld g@gq%greﬂ%&mﬁ nluﬁlﬁle;( n:gct 011 can be

od conprising: placin e Into anowe
Perfomtddme& vyerigly of peshodt inglpding;the rd §%%‘ﬁ Methodion Be Rameaasve St Nyfthod.
[00113] tMagows bﬂoﬁes vanttla used nedhak FAM|whivh 1sﬁﬂ:@ﬂb5b®rﬂu81e&l31h M@ich has an excitation
wavelengﬁ ﬁt‘:ﬁ %oﬁMSS F&a%& aﬂgn&sggn \Q;Relgnglthr}tcrm a%o tt |§ ?J % C%QJH{ I’(]geen 1 which is
tem cyc ystem ana Tesu
norma"v[ letsilfarz*}T ¥ @ééefraa awe@owwwlepﬁboﬁ@b@g é&&namqw@mapcbw emjspign wavelength
units of the chip conprise a solution operable to
performmultiplex PCR In a1greferabl e enbodi nent, the
units are capable of having multiple PCR reactions in
each individual unit based on the chemistry and the
probes that are incl uded |n the solutlon 'NMItipIex

P ——T1 - " S o o
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nanoneters; the probes fromthe group of HEX, JCE and
VI C, which have em ssion wavel engths from 525-535 nm
W 0008lognsk6 546- 556 nnp TAVRA which is a car boxyPCEURZ08/000860

of aboutrﬁ@ ML&QQQ A DBich AR An DASi A Wa BlldnSH In0R MRY ab %ﬁlﬁtnbtelfs EPIBbut 538
out 556 nanometers._to about S%Pgnorreters

rancme G G prp 073 B BRIk St N s o e G 257535 om
to about\iae646eunt T AMRAOThicAOURIbEESe BB thythddamiad onit ha6HSnE:8i0n wamelength from

about Sﬁk%tew é%but@?@naﬁ&ne% ﬁék%lcﬁ ?sqggrb&! Q%&QBME v&&g has an emission
nanomet ers t o _about 440 nanonet er S, 'F

wavelength dromabout? 15183 AM fReAP et 8Pvat 1A my Al b thich 5ag @2 8‘8‘?“1’?%“@‘6&“ about 350
nanome @R @idboli @00 ad&inereng; TEY.SS REW, vhivh hésSn afis@én s élargth from about 580-585 nm to

about 6(Wa6\f§ m% r}%/% hvhqg hgpa(?lwhusg’l x?\ﬁﬁ@ln%mstf%o%t 5t49 nﬁgx%&gr §)§:§oqh t 568 nanometers; CyS,

em sSSI Oon wave
which hﬁwe wsgwavvi%thwﬁﬁow 6ab &t nre BZPBT SOSHifp iy, WHERS *ﬁl&gusswn

wavelen@ﬂﬂ o4& Tl OnMNR 18 ngilh7 g0 handhattt. OplibizEEineiidned Slteks@recisely match the

excitation an(i’I erm7}8()Z wave?en%] st fe T each f%ro%}%oreztg gloI nt te Jnt;vgr{teednc(r:oess Iaik frtoglrspectrally adjacent
pre t excilt I on and em SSI on

fluorophgggg:e| engt hs for each fl uorophore to bl ock out unwanted
[00114] CIth® Stfvick 8f ﬂ‘ﬁnfefs@(mu&nﬁ ﬁltc[eﬁlal:ly alﬂﬁilﬁ@ﬁﬁﬁ] tvﬂfdeb’éﬂﬂ @xptlﬂé)fax%gt nuclelc acid sequence.

14
Primers gﬁ‘g n e]pé%ﬁ:n glﬁen%orr gre g ggglér d’ﬂgorﬁlu‘il??éldets urslbaél der? Ja%%nu&le @es Cfeveral
nucleotidgs m}mﬂethat[@pq rektendedind tqnmlateheecgﬁchg.m by the/poipiniese cpip reaction. The

design ogﬁﬂﬁ;lé%rlrﬁérs%)r' anQﬁkyﬁg ?Q;g’e%éim ML {)é/determmed by one skllled in the art.
onucl eoti des several nucleotides in

n
001151 R e 4RO B e BB GP TR PR eyl scid
amplifichtive ractioysdescaib@l abhrvaionknoeamithequt, priffees nthe b¢ ghnjugdtedsela dezeotalge label.

Detectathld llal%% §ltat)lg for ﬁﬁplll !hg We@& n@feriin%ﬁ Qﬁﬁxderh‘d? Lo%llpgsnﬁ)(r‘lldgte&d%ﬁ bpgpectroscoplc
determ ned by one skilled in the art. [00115]

Photoch TG BT PR G FEHER GRS o FRATTIVERBY Ch et ey of ppropis
detectable@abells bile Rgpwintiothe 2CRhioh inalnde lohihaeentlakelsgingyn@dd @ other ligands. In preferred

| 'w N ST
embod1 clnt: ﬁﬂg};l? Eg?r%@%bﬁgg ﬂ%g%%&gg{tggodgp%ﬁn é glggx% éoglgenm, B
galactoada"séveaseaé gy %ﬁpéatirsabreae@x@w pRpPdiofipromplE i n t he
[00116] [The BBJK mdybe @iérpaited tyahyista nadiber smﬁ&ﬂs»emkmwnd@mes%a&khﬁn the art. In one
aspect, tﬁ)eylab%pigg; {ll?aﬁgog 1916 I}] édod%.rh egrnle a%{phﬁcgl ncsnep us fér example PCR with labeled

em c a trical eri cal r?e

primers sz( lweldénvmtrdé% sﬁn eqowa‘malﬁbfbfi paplificgiep er@fhab | Iéa peadiait aspest éanscrlptwn
reaction K Vadh RN & B&@vétell into/N € RisihdClhbegta nﬁle(’Shdeﬁ)E eaplk ﬁh)cﬁJ:SSe,m-labeled UTP

and/or Cq" F)Z(X ”?%%;1&1 p%{gnef) Enrc]%éoratesgﬁ{gteaable lig)eplgtg ftl}ee lrtrgmescrlbe nucglc acl s

uorescen
[00117] d’:he anenéma}qwrowdgs reasmﬂﬁn%ltsawgblx fqg eamiying omolynucleonde amphﬁcation
methodsg)?-{hf:!Gﬁv@ﬁ?‘doﬁI Fuch redgbRTung kltsaﬁa|§ 8t inU&leB h@s F}Bﬁh@&ﬁi k(ilE suitable for carrying out
per aV| n/b t i.n coqp X 116 ¥ be
r adnp ag(ﬁvea(g? ns; SH %?on'gfl er?é: 8 &&P}'entlon and a

conventl
I n C

reagent ﬁkhev@rfrcmotht tr@snew@istlmf kit amphifi¢akien raagent, 4 detective reagepemt! contbiingtions thereof.

The kits Inﬁp&J h?e r&gm{g ﬁa%ge@ lﬂ&'dﬁwﬂsﬂ%ﬂo@ Mb?erqge‘;lt th'lgélm tlIe IEﬁ]tlplex amplification
or ex

ljfica
product. |af e ! ﬁ‘{;‘f‘ éhe ‘Vl‘défgé‘f“és&a’h HISfPéB‘{gF l?é% oRe RS &efha gamg or a different
set of prinabebreldlsagpie phirabgtof onltigexcadptficatidniprimesepar at e aspect,

[00118] tII{ ﬁl@tﬁ&rew&dugalt litfe %ﬁéo’n@cﬂsohcﬂ: p%kscalpe sBNI%lelfccrr dgthMgglﬁg?ednuklggtﬁe

DNA, US| abel ed nucl eoti or exanp
polymorphigRs, 38 ds ‘@%ﬁn?‘gb‘é freart lﬁ’l’%ﬁe%ff‘f(ffﬁpléf Bych giobeg "Fh'ﬂ@laéﬁ of four oligonucleotide
probes which afe identicaldDsep@n@is@s f@ otkedueledtidbpmitibmbel into the

[00119] tEE@lQ)? glg koﬁ?ﬂod@%h@&e?a %ﬁ‘trgrﬁ nuc[leg{i)&]e é] G, -B']a%d IT@Q%‘HHS %osmon $he probes may

es reagents an sui tabl € for %
be labeleﬁmltp h‘u‘a@f @a%bied% Pramsws fiiffergnti dawtq?@tswe%%thmretdm@msha le from one another,
such as diffeve@niluofdphorSlEahable 20 lﬁ%lllgafufﬂ dikferers, sﬁ&ﬁal@eremal: QaveRhtRY (for example
a s suitable for carrying out
4mﬁaﬂ% ggﬂ?l%%g%h%é , RT-PCR, and other anplification
reactlons Such kits conprise a chip of the invention
and a reagent selected fromthe group consisting of an
anplification reagent, a detflgcti on reagent and
conmbi nations thereof. The kits nmay conprise reagents
packaged for downstream or subsequent analysis of the
mul tiplex anplification product. The primers included
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, 4 differently colored fluorophores).[00120] The
prinmer pairs used in this invention can be obtai ned by
W@ b@siogmbe synt hesi s, reconbi nant cl oni ng, or apPCT/US2008/000860

[00120]Cmr1ﬂatﬂai@s?1_sédh§ﬂxféQrfventMEHﬁQd Sbtﬁfledaéb‘ ¥ Al synthe51s recombinant clomng ora
. | de
combinfiga e MR HRL APt BT et B Hel e B e o e

describgdrin deftedl herein. Oagof gk inttheaarticany wye the samusecwe@e tobbtagiesired primer pairs by

employ\qg§ DNQQyIQﬁeEﬂ@ br cﬂé’én{lgc'frm a &ﬂpxlle%\/dl Ebgvu.% DNA synt hesi zer or
roma conmercial service. Nucl ej c

(00121 'alz{r%rm&ﬁ*ﬁ PPPITEROP BV TR  iiTerucigc pot g éP‘Lf%ﬂ &Q“é’%‘bblea‘?é‘ hdh‘? Gzyges used to
amplifyhheftirgat. Thonypatnutitieanid dskd folrbis @n@rylwe@cqmdestaoy @mpibn faynpledsmspected to
contain h@ rtagg%t seql;mc% H N B hte UG lo%'e Emfdd ag regéngO IhQ EouIcQ bfthe reactlon sample or the

I nvent1on enconpasses any reacti on sanpl es suspecte
manner {nyWhigit iaffrlet Henetdy: glettesseadé Frdbe bpEFl oY o pEHFetppges. Biologica

sampleshiay bt Gériv&froAshufr2g at‘hei&nirrﬁlst diplast) lbbdy&luﬂf soliBssuielafplésOtiksue cultures or

cells def} HHICI%fI‘QI’[I athl? p'i'&@ &h éo? ns Idr Jnxe rL‘ re Q%'omgg n(%rtlglsel sxarc s, or any other
PRau Eeh ol BRR il SHEEH: iy Bl 5

test sa or environnen
SampleSssaﬁﬁﬁﬂteééo COBrawrﬂefgrr&eaPucsgrrﬁriSe sPrq%wd biglogieal pamplys #re bty ﬂulﬁfalﬁcludmg but not
limited @bIvAE, udiy, fﬁﬂaﬁﬂuld) Eergbka@pihal fluib dewal |ﬂUiidda,mnﬁ>ﬁiad': fuid, iséSedSnd saliva. Other
a S ssue cul.tu ved there
types otgnho::l?%{cel sarﬁple maé/ 1nc11%dﬁ éoroe Blipﬁucgs éucl:cf m%'%dz engs suc as ve'getan)‘lees Ja1r¥ 1tegls meat, meat
by-prodfigtsy pndaragte. oEnngeta@mlgseg deriyed £y emrhmenghrmqer@gmcludmg but not limited
to soil, sar&rgeaige QGodn@ti€ eg}tcawal Lrnﬁnduaﬁg @zIm;)ﬂ:b'C' ei ¢ acids.

[00122]b[f5?parﬁ1 6(fnegfnﬁ1\e{c eaal c%gt%lln% 1nH1e Lef?t s%rgp € ?B %«grne | d%&clor C lflodstarrlgard methods
in the ar¢ erpedgedyeep flaseribed. | Brietly, DsiAnmv RNA chr hgiigtlated pgmprviaa@:s fytticierdymes or chemical

solution® &/d&Hing R p?(@gdu}é@set fokh ﬁrrSa;nﬂrQ@cset of ("hbl@éu@lg bﬁ)ﬂrklg S@{[EB&%OW Manual"), or
e f.ood. roducts and ingredients such as

clu
extractegg%rélfgﬁ pd bm(B%ﬁ TESiNS; (f lgwglg tl}eré%i:f)mp ng 1nﬁryctmnw&vdde§ by glﬁlﬂlfacmrers
instructipmest €. Envi ronnental sanples are derived from

[00123]8fh¥ 'nﬁc%ﬂ%e Bki6S saﬁble 'cenl%le U]gNR %e%c HRA orl \lum ISI@&I ﬁ&vever the present
soi | wat er, sewa cosneti c, gricultural and

1nvent10f1 ﬁﬂ]ljlgif) P? HFCUQES%‘F‘@ er T@g&m Sp’fhéf) al}l.gtt\r rah?sqﬁal m,e,| VérlalCRNA These nucleic
acids m&CGkidSn € Gk Iof]ﬁﬁbldglﬂ:s 1 e eta@ple, tBaxitiplkie acidinal) 8e Gisplle str@ded) dbuble-stranded,

circular 391&9 [)tdlt g%m Epcoﬁéagﬁgr@r 'ﬁlogeeclf 2@9 i tﬂlerllrttvbl?ig@d’ghlzg at %%g gtﬂg r?a%ue of the

escri Brie can be"isolate
nucleic geigh it gRde PYRlifigd eﬁsly ﬁiégm'arg SePaFRieand WHIrEroRTAsS mad Cistien: rfgthe method
being usk® t he procedures set forth in Sanbrook et a

[00124] (In %@Js e%yoé ﬂrg mverg qghlp '%r %13;91%% & I%QCEIXD com nses an)air of addressatbﬁ units each

AUCT eI CT acl BT s oy
being coa&emﬁewy p dgnr%lsrﬁcm Thaasidysysai @éﬁof rry chin mafarawedrae?osdmg toa
predetertnitisd er&tténQJBﬁtureE Q)Qm]lg fﬁh&efrﬂéﬁ]'r&btﬁmﬁ& |tlfeI uhirﬂs AR Radt BRGE ih@fﬂmts is

addresset%%%dlcate tﬁle rﬁrecgtﬁv o ne ‘te n‘%er&tg.rne foarlruxgmggi g}eg%cfl r&aéaor\s\nwmvﬁlf ngf,
[00125] dyed ferrbedlaerrt aoluraliggodd thy gnitsRNAddressdd deiodredte thiNedetginrigld teRIdéature for

running @%&%Jcﬁd\rﬁ 1R 6rothS: Jm}t‘dn%&it %ﬁchbﬁth@uﬁ{t@[s uQﬁVYdquiy adcki)ressed to indicate the

|es For ex e nuc ei ¢ acids may be
predeter i RO PR e o BT R B D Bid PR S 514 860 a7 1) nosr o
[00126] | Tihe progerarmoihedgomeatuaaad p gnit ofla o5 ofphe igvehtian caxrbetcbx&igared to\pield|at least 90%
of homorgt%g&g Blloalﬁt ﬂm&:e 8\43%?1‘4&&&1“{? the %Uz{hﬁg @&p&ﬂlﬁeﬂ%«lpﬁh&ed the configuration

it can nere makKil n roprlate
of an ad§ P OB PO FIE L BN <o PGP g vieldand
quality af 8 @@lctioh ﬁ_@dﬁﬂ]l‘hlk Ehnaﬂmipsmctvheﬁfa uteh® iritefa¢ @ ini a041yzirig aGdigehumber of nucleic
acids, sufclp%rtl%gggL %910916 OPa%%I'éargﬂm%m rcfug %ﬁfﬂ%qﬁﬁ%&é%/s O?Ihe F]resent invention. In an

units each ‘bei ng 8

embodirggis fi E%HT°VF%§&°£“P‘E)H€“ iRy an HepoBas wls| ipthe yie pSa “é‘fp R@rates ppystem of the
inventioRvRenakddangreiacdanehtiO@stutmed. predet er m ned set of
[00127] E’?ﬁqggrlﬁl%\?gti%ég g)égl’nglrﬁ gﬂ]}g?d’btg)ﬁéhg glﬁgn?lgnr@ocmg‘n dl[%reagegttsoesdna?er ctnps H% The set of
smaller ghipg p {Oatlee refreedse Badlater AP edlacesipeontaet itk a fhoymaply inghilatige frames 530. Each

chem cal reactions within the unit. [00125] In an

enbodi nent, a plurality of tise units are addressed to

i ndicate the predeterm ned tenperature for running the

chem cal reactions. In another enbodi nent, each of the

unrts |s |nd|vrdually addressed to |nd|cate the

I P e L |



10

15

20

25

30

35

40

i nventi on when used as a nedi cal diagnostic
instrunent. [00127] Figure 5 illustrates an exanple
w@hiop/03B% of the invention conprising a set of PGIEE1088/000860

smaller Glhﬂ) PR r&l&ents-gtﬁfegeﬁt teﬂgermoln@ has lth:le@% lﬁé’u@e 5, ﬁll t&?exﬁﬁﬁl@ rZb:d 1,2,3,4,5,

e 500, are placed in contact
and 6. 15 Fsiba 1"5“ ideimaplgrzores Sorrs b0 | EOHS sg&“a*rwﬁm% fegperatures for
conducting polgseat shain reficfidnovibintthetnempe a2 01 pBhezabipes00. By sépardexigalet dverall chip 500
into dlftgllegl‘lgnﬁ)eéune aneE r3'u§er ?égﬁmas% thezsgégﬁ'éltylof tl% ’reag’tlon%ﬂthlﬁ the ‘rﬁMngls 520. For

I'n an enbodi nent, enper at ure zones correspond
exampley whenapalyzifie 4 FiEF LopAmesf 2 spRriesad RIpEfity RiperapRraYs faaralbw for more
accmatmmdmmxbmgtlpcglemr ase chain reaction within the
[ 00128]nﬁ1@ QWF C%’ﬁ? gag écg%alJ JL@ orcxgérg grgg)vgs %tc%gd ﬁg{é?e; I%%E}!r)rg gget c% She chlg In general, the
groovesla@elﬂdeeaﬁwhqmp@’afél@melh@ ratheejafiovedin rysseﬁe i heegrvoéeﬁchueﬁfhe thermal mass of

the chnp}/\ﬂn&rkﬂsﬂh& fhiefaddanrs)\wed ths ebidtce thieQhenBa @Hﬂh&ncéﬂh &Ha cﬂBs’ﬂhYxZ £10@)es can be
fabrlcat?dnm ané/ sar gs %q cP rrlTEDup not li lann%eﬁ?océlr%slér é?l r}jglcalll oval cocha? éectangular triangular, and

Ur e zorres can
polyhedd’éﬂéhe gionyes manbedhrtherdivided iy Heear | emezs]allsnh éorg gapprate but@hipgsgt channels, or

by circufaflFalls @cﬂﬁ)ﬂtb iﬂne@ E‘lﬂ difer AMB1& cﬁH’nQ@é/ B%e 8lneRREs dffthe@tootdd il depend on the
ooves

overall SlZﬁa%ﬂ? rpr%hs € ChlpS g%eccp %tﬁsaoﬁ ngl e ne? ng)lélf[aﬁgg I}[[ororl%g(rult mteg% to about nine tenths
of the clppdepthe €lhe ?b'ther dgn@@m@@ameld wakthstahddlertgthe, mmgi be shars, lofgertdn eomparable to the

conesp&xhlh@dlm%ﬁlfbﬁse@% ctnpse I§Hﬁ1§c§ﬁxe thd i%ﬁape@éligovEﬂUﬁoﬁ@ b\@%@oftanﬁlt As the air
formance of the chi rooves' can

Rows iyt Ferse B P Ay Bap ol %f?f’efsuafeﬁ’m Y O e g b pasive
heat disgiparionithay incresbing the speal of thewral gyclingni cal , rect angul ar,
[00129]t§ebe@aﬁ @Uloé ppl)?tg %eQQLchE}%}L @‘LthabIIt]kﬁp &Bs@xgt\é eﬁle Emytraa% (ff{éﬁ L E&yﬁ thermal

divid [ hear or curved wall form separ at e _but
conductefy ﬁ&e%‘t*ereﬂawﬂé?t@ SO T EPOMERYD GAIL T T G K, preferably
higher tizan dOOWne K ' amnerel braferablip Aighke kin 14D/ 0 KeWaérena she @fatetid1® thermal conductivity
may be %Oc{’@/xﬁﬁ YM Illérhhldﬁ gs%glﬂ/ B4 n%:h&ﬁegx %Oabl’/lm 'ﬁh Z§e%orﬁntqe SQIIG%JQ ?‘nug} be relatively

rooves ran e
inert an(b%a]t:a”dﬁ@blf e‘hlflhsup%rata ggﬁ{allh?xﬁ@lt% Ay fpeel gf grﬂﬁésltt 2 rﬁpct with the reaction
samplesdﬁﬁﬁ)ﬁﬂ in til-chlﬁteﬂieh] &plichti6He MEbroSs:, the aﬂﬁﬂlzﬂ’s shbull 4% bakelbcted based upon the
ability or %asgallh{)to 1r:1]a ate t prr%g]tc(%{u’ol El:l 9 ne?ﬁ <ot ﬁr a%gcl:ﬂggﬁr glb etktvgn tty o% materials meet

rres I "Mensi ons O
these crifefja E_XeS’h‘a‘fxéﬂteg?lb’é&)@%’ bufiprenetiirelted kpemdtpdlaids @fseracqsrﬁlrctors alsh as silicon,

silicates] dlRouitridé, kiQvn dtol;afd@ tgghunti ms;mms sgamﬁwaryesudfe QO H@d:oxhbﬁna%ﬂﬁé tR¥keof. Other
possible rr)x/a?eblgs z?rg %lgsss cera ca{e rcr:P 1n§ {:rlysqzﬁ{'me a (P non- c stallsne s;llcate f'nhcp non- I8lﬁe11caée-based

héa SS| Aus™ creasi ng
ceramicg){ mettahser n%qys efymorslrvgolyp%mwn@emra# (fdr am}esahalpmnyomdy to increase

thermal t:d?l@ucﬁﬁ{y? o3 an of szfang@ oﬁﬂldsﬁ@Qh@or%lcfﬂo%&&tn‘a%ﬁs avhitBle in the art. In one

embodi i B oAt QG B Py R B AT EBh ARG Pt

[00130] i hn_penbbdigére rthetchipnard fahilgatfd wing b thepmadly eandigkiye dolygiae Fot dxample, the chips

can be fé}og&temmgrl-ﬁslylarbm %09{)!@%}@&1@‘ Rk yny'%ih%ﬁdu&th@?ol%cg kl\/c\ﬁrrl-[t;l-llﬁose with skill in
. ereasthe material” s thernmal conduc |V|ty may be

the art. 250 Wm'K' 1 or higher, it usually does not exceed

[00131] 3BO chifE ranlbE TabilicateBdg aryonethoth @s waubide pboices wwa¢ skidied in the art. Examples of

method 5@1'13%& ?P‘lqy oflt}{éeﬁvtenn%ﬂ leﬁﬁkeﬁﬂt G lnl)t¥1n§tgcﬁtp | rficro %ﬁ& &U&’é dis@ﬁa?ge method,

genera exhi b [ ow | evel pro enS|ty to rea
hot emb%r"‘f‘%a apdhe ?“é’aift"i% eyﬁh & Qﬁ‘m’ﬂés ﬁ%‘ﬁﬁf“é&‘/%*as Yater eight g4idended
[00132] aypinhtivally) oﬁii)s ofMizrp@eaneinyentidrecaibd fetiric@tedus i) @tHntiualveD edidlished in the
Integrate%%lrcult (?(g i%g)-%ge%:&%a elaggig{f 'rs% teW(f\&MS{)} {ns§s|tr9:| ! +he¥abr1cat10n process typically
proceed%\ﬂ}haelmpg 1 ghint lesirate, A01ppq Rytuying pPrentiaky IiCa)lr@esn'eemethWe grsl/or MEMS

rrucromd?zﬁ1hﬁ1§léd:lﬂxqu£¥cﬁd’6ﬂ§trﬁ£tyndTRE@M: adrﬁuslcﬂﬁbdﬁaﬁs but are not
[00133] Falfrlcatlon o} tge ﬁn%eg fhlps ca pcré(grﬁlgc] a%?orr]g il Ctg g)tgn%flrd geélhqullesoo)f(’ I%%rocessmg and/or
MEMS lglallomﬁthm"}sh El)'lgl,ﬂphlmfé,chllg 81“1 Ye fabr laﬁt@éhmeielamrstrmyes The process generally
conbi nations thereof. O her possible materials are
gl ass, ceram cs (including awystalline and
non-crystalline silicate, and non-silicate-based
ceramics), netals or alloys, conposite polymers that

cont ain dopants (for exan‘pl e, aI um num OXi de to

- o o o Y

oy
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Integrated Circuit (1C and M cro-El ectro-Mechani cal
System (MEMS) industries. The fabrication process
wo ysogdeke proceeds with selecting a chip subsPCEUS2008/000860
proceed$ @ikH damdcday thel 561361 18810 IThEH d cdinBindtion PfrtQBRGSES MEludiy lhloldﬁ limited to
photolitl?)%?lg f'Chteml ] é/?plogoj Has?chll vg;:;]or;] cipii-)selt? aly que et T{c%bcgge et 4 ?I]ed t(?budld structures
located gbjgye of grbhbeé@ep tl@ﬁ:irp Y apfa ﬁeplg@m)p}eﬁof @prmﬁgj e@@@@famcntg)ntoﬁan extremely thin and

mlfom$$aﬁﬂéj&ﬁdjoﬁﬁeeﬁ1ﬁ%a%$ﬁﬁer&f etdhﬁgﬁﬂ&@s@&%ﬁ\ﬁ)r&ﬂ@i{oﬁ’ Bflk@/fémp structues. Other
LNl N he su e

useful techqlciues slu 3 jon i lant 150, l'élsnlla.rl?]héngp?ogglg% an éeﬁléo,p nP%/‘BP glt ebg &g'lployed to
lmprove\AhetShrf@eprsl?qué: ofi thﬁghipher ) mteglemV#ra’yeqompd'dwnofah@bmbl Thatallowing details
the fabn@zftloﬁ B‘SQ:EE' vgﬂﬁ@ferlarﬁg {ol-iﬁie' &W chrfkpc;emgds '&Eﬁ&‘éﬁ uti fBe ﬁgures The same general

ot ol i t hograp chem cal  vapor “or sical  vap
process grg&fgpqaireahvarlﬁltog}s tbetreo\;\gf a@{ltame llfgfalgxfcge @W’ﬁ}{@? glajeftahlgwefcabed herein.
[00134] Fligutecttisis @ssshs@t@at visov @b pareorodt aexoaplate dhip isigei In thlA@mmxment the
nanoweﬁjﬁ Q&%d&éd%m a%{)dy%m rhrade gﬂ’]&kﬁlrs?ﬁld Q:ngd (grq}ohﬁg an(a opﬁl ﬂyers of substrates

extrenmely thin and unlforn1coat|ng
respectiypt dpg RIPSSS iRsrahigroxtdtonp gt fayer ARG bease sPPraLAchep afgistant material
such as giss, |P§1reg @liferC bt apy Ghefr biGthhlé ASterialGtdaRribed G@éibl br Mn&verhiA itH3 WA S The next step is to
create the #&lowgﬁﬂl%t ‘Porllmé P éa@lg Lﬂfl | d Q8 Tlpe n%g' well % Q Iegag P oopeq wqg the second layer that
opl ati ng can al'so be € (1 ed 1o ?’ Re
is typlcagyﬂ fikigem waprdﬁp@,rft)q ezamplg, Figire 4 ﬂ"hbgh(@p wafer ayiga gl]f(alg)éseveral processing steps

prior to Ueﬂfglaﬁdéﬁed(i@ﬂfpﬁlﬁﬁﬁyeﬁ rof extalh}ﬂe @l’(ﬂsﬂ)iSon wat mb pbd a&Wh&go g eb@iof Shotoresist to
ref erenc

render tﬁegurrﬁ?%e mcl;re (s:a%%lptl le g;llaoegmncglse Gc\glmﬁ &titeé EPOSure, tﬁ@V?lﬁl@t d%lrén§ the.FﬁOéess of
photolithpgraphyg ehﬁelwt ofmh@eessssdeén@, ltyweecapepmreqmt ofylrphetp-masksthe size and location of

the nanotv@l@(hﬁ@sf to 8¢ BrrRBY b Qiﬁgeh@en{ e@:hfn%@t Cl@xte @ll@ﬂ )&/aﬁf is th@x?et&@@b)eac\knety of
RS descrlbed rein.

h 0013
means KEqMEUR PR BE T 1 BB 2 BRI S RSB By phpyhe v o
chemicalygfen eyampld, poteshing hpindxidd i(K@HY, whitihemprers hwelidon wafeewif@adedesired shape.

[00135] \Mnt:&hpnaﬂovaggyf tm{ﬂﬁat éh?ps %%n%dqgeuf s'ulrfa%L pl%ﬂa%e? @a(ﬁ%@ Qn}&&@d to suit the
bot t om and p) layers of substrates respectivel

partlculab ?@E@ggn B’%lﬁfeﬁggwuffﬁe briezblé fiﬁ}rﬁigthtéw? l ¢ élte npwélll mayy be ﬂYrther etched by, for
exampleS i) ink atler wobwiain vérg figradeadriads bisil@ol) e@bmdnd b iraing asitBlbhekrsiliadn”. The

! 1V in | ili ri
presencesblfI Blgci‘k?g cm cg'lg n%glﬁﬁﬁ}gr@%?l% eg?c'i %%g%ﬁﬁgmﬁ&a?ﬁglﬁh silicon fabricated at
the base Qg naewﬁ may alQeRF AN AN PO PAPIORMSPYINE AR ECS ERAGE uf G fgnsors and other

control d@®hts of the unit. The nanowell is generally disposed
[00136] \Ms %lm:urs]s Il ne§61r§ ?%&HAQ@A &361%5 n'LtnE%SrfacéS to&?lgllnél:_ﬁ 1& meabec gart]ed materlals to

reduce ﬂr?@yss@él% tha* e gqqctewevtapedﬁheeeeeef ipferact it e jppgroriages 06@? w@l The
choice o&h&tﬂﬁhﬁbﬂaﬂp@m@ R codtxﬁQSﬁlaterﬁ}éQ\ﬁll ddpérd oﬁ&ﬁ@@e 6%, coitfﬂ@ mStetidlsGRAR is used. In

wa ched 1 94,2 hot f) to,. :
general, coafu(lf is ca eg ov.étl'lla}/ ?nect aI?Bl ghﬁ énég Xat?s tB ﬁw n; nowel fléﬁ(]mgg y washing the excessive

unboundeepating nlgtee@ﬂ t‘éqmlexmsameertab cag\pe ICIOQ)GthkQﬁLI? thn gprfateevigpxtgusivg deating,
radiation®ind B &teﬂlllchltrm&fn@- PHbse si[llll&i l.ll ¥ et wilknB @ﬁdﬂ{eﬁﬁlitﬂe Rahd B8 Sating

al i hot mask, the size and
ranowet Yo B 53 G TR O R PORLRAE PR Y- o
[00137] §yt;gqu[@ntlorethqphmch.ge9§p@pnmg' the PGR fepatiomsayggle eyixtirg, theliabpled primers, and the

sample v@IhG'&ﬁﬁi obYi1 @11&@51{ &tlydlﬂéuamﬂ?dllﬁ@&m]to b}gvénr@'a@['akloﬁ thfe &ndfle is then
A commp ‘}/ practiced etchi

d‘Spe“se%' é‘&%ﬁe‘a%l‘ég ’\‘?8%‘%1%“3&‘1% Pfexdiprse it deypgint ‘?‘i?f"“seﬁ sfpcue.
[00138] Job@esi eyapoluyiokr dhequaieus (rdéﬁid)l samypitels,ale spreples\carsbetapidied fol thea@imwell at or
around d\é\@gﬁﬁt 39 usfe@ﬁ&@lrt h&wq)%m Q%eramqgiég Lhe%gd&)@ﬁ slze does not change

nanowel I s of the sub ect c s are ri cated
significagtly, fAfdgw 5?‘8&@;%9”6%‘“{93%%@‘1 bﬁ"ﬁ)’?@\ﬂ@datf of egzu)io{athq«pé water from the sample
droplet apditht ta@ o edndeapifibn A aiateOdto i 6det fra g nBist S ely@igai® chip. When this
equlhbrqu ﬁlre'agg:g tﬁcha?r (;ér/\glél )an ls)efsrt{u]a@d Qﬁlp%%@it Ito anQr stu{f)'éégé{lgﬁ crl]npv At one
amosphfricmessaen%? feprgrgingip abm MG rﬁcceen% ﬁlsgﬂnm‘ aevqoeﬁeqceoresmples is preferably

"black silicon". The presence of black silicon can

dramatically increase t he efiffective heating surface

area. The black silicon fabricated at the base of the

nanowel | nmay al so serve as an anchor for

photon sen3|ng deV|ces tenperature sensors and other

. o e l'\l'\rlf\f\'l o
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di spensed into the individual nanowells using a piezo
di spenser and a dew poi nt di spensi ng techni que.
WO 0@%8Bi62d0 prevent evaporation of aqueous reaPCT/U82008/000860

carried %mlt%eraﬁlﬁ%o %mlllaﬁ abduffiC I'R)eab@lﬁ @‘id c@greés Qva@&’ew]%ﬂ@V\@J it ap@ﬁrent to one
around dew point. As used herein

skilled i ip glF élil éie\y Boug tetng)%télfeérecmags ?séwgeétewﬁléareésufel,{%crﬁfeé pTlgfefcg? ?lgere desired, one
may disphpgeghererctianhange isi gessdredeanitonipent A:tprdem/epmrmop an
[00139] e[gﬁﬁhlflchx{ulclglmaél& pFCQQIGQ% spcgécv\ﬁlﬁ)g mggﬂﬁe c{eégtgd IRI rﬁ%@mﬁe%!isq{%ludmg but

ter fromthe sanp oplet” and t
not IM%Wd@ﬁ%lmga HetEfFabM?*@rfleWt fer el P’aﬂf%%w ?‘P%‘ﬁ‘?‘i Fﬁ%d“ﬁ‘dT‘@ta detectable
label; angli(15) etemﬁiphcyetlﬁglytré%elvﬁbthp an@lﬁﬁemprbdmbﬁ’roeqwciambmdumeﬂ @mponents of the
ampllﬁcgtgogl ‘lﬁla%q the air is said to be saturated with respect

lanar surface of the chip. At one atnobspheric

[00140] ﬂf’ é“éfé"& F’@b°dtl??é‘sdéﬂ/9“}§’éf qsitprqductppditectly ypmlizedvatdele giapleyabel such as a
fluorescélit BNARSHdIRG d&] B2Chse theaolnit GﬂhéwmlateS into the double-stranded DNA molecules
is typlcaH%Bm?thl‘rfloglaxfcf ALl ogﬁttog% 8n%}1eﬁ%c} égggreorg%vsggng cpnocb)nvemfntlxlsaatemnne the amount
of the argmggf rEpducts by qyﬁglfgkg th¢ @;@repqqnqe héthgmtercale{tgwlyp u$ipg the optical systems of the

present fnCIXEEN AbMérQuilable [r@tﬂﬁ&ﬁt iffhe b Q)I@%—Bﬁﬂlﬂg'ﬁye Rliesis féf fis application include

|ncr ef ore er Lone
ser g5 SRR Bfr SHOL i P, P B PO EG PR oves. provine
acridine prapgeesttiflevagyomounonin] QUGS danguhyicini chibraquiod, disempain Blghromomycin,
homidiuRY{ ﬁﬁlﬁ%ycinnruth@rﬂurﬁ‘bmﬂ'p@ﬁ& lsczmtlpa?n)gﬁ)/an@ﬁle q&l ect ed by a

nel udin t.not limted
0016115 TR oy et B 2b AN A B oS PSR Bl sauenc
specific piobes amyble iefplextd pribckugplifisatitnreatichatd fcitiat itte dbtednien andgmatifidadion of the
amphﬁe@ bl%&ltcf Q’p(h)Q Bgtd &@Adta)ﬁvé’ zﬁx%ﬂi’ éﬁ'tl&grel'ieg gn ﬁml}ﬁetlée%gecﬁ'l’cqg[g&gn of a desired

fromreactants and oth er conponents of
amplified ﬁrﬁplfcf i kK tBrdye dased ?Uaﬁlta[udf)lfﬁ ds, it ptifizes ¢ HW%&%&H?W@C probe (for
examplef T Man® briobds prekufpin thiteased kpeciftity@nd desitivits INMdthadefbr Pdrfofining probe-based

quantxta%taglslﬁfﬁmo ll %Qﬁ LS%%H&I d Q%le @1& LJldLLQJ t; ﬁtqp a%npﬂk{] g I2 lgy e

ause t ano elnt rca I nto
[00142] drbmpg_eglp?dgn@gdthm@ qﬁl@p%wx (é)glp{ls§s Qlwpt@afe?tyes operable to ahgn or attach a

cover to [fHe @IP b tb QIR lor zttl@clitﬁ%ﬁ:h@ﬁ’@ﬂlibﬁtu@felefnaﬁ Iﬂlﬂiiohd‘ enf® Uik, such features comprise
det er

tl
concave thonvextfciatu¥ Ch taa ecsanu%ngllgsn rl%% 51%395 scre t ,heg ﬁmbmrrpons Fhereof

prO UC uorescence
[00143] d# varipes ernh?déneeléil the eép W@blugvmlswéen@matu@apm@y@qm whygh facilitates the
monitorih )& cPEtRS&Me ténﬂ)\éﬁfﬂ&d oD Fea@on EafiBers. Sﬁ%&sﬂ@kﬁtﬁe%&ﬂﬂrom&ts krdlude but are

not llrmte(p t0 c}?aan ls§? ?té:glrﬂeg thé&egﬁstqf E‘lg ltr']ovb%rﬁl eatlnF 8r cocgfr)lg :%%s(%l%‘éfgﬁ gi’e assembly.
[00144] }Lj@glgther aspgthRhg oV ehtionp mpth¢m<b]qupgkereaca@pbht feglyes a plurality of reaction
samples %&gduﬁé&'c?ﬁmg ﬂ%&|t\0<9telg§e@dﬁgglevél’sqpé1£cﬂ>¥édriﬁd coﬁrlpHsQE QRH{&EEQ chip comprising

an array 8#9 %Ve qnﬁs ea g ﬁ%ﬁgw tE l}'tgl:?,; E{ﬁnﬁcal rre'ﬁ;lflgfté ?YF%‘TSHII trllle units are arranged
accordinp 6l ayedetemhyried set afittriyreamyes ifoy runamgl tht lemicalkeacidd®df4He units) such that at least
one of th@qﬁhstd aQE}estsQi Y ﬁl@l@&!g’thgbr@&%rf%ledftérﬁfﬁ{a%%nn%thm&pgacnons within

| um nescent | abel s such as sequence
st i i S g B G RT BE I PG B 3 CHE SSTTHIE Fytegetoppredeermined
temperatineg @td conrdlling b Actihg dicnicat to bf€ecibetig btil@st tad@mperature levels. In one aspect a

method &Qa{&txét&é Qé}leh&ﬂ r&ttlotnlaﬁn mle bxfokuﬁfag PEI'Q}QEH C&%]scr%'eg pe@elp @ﬁe%jthe chip is

uantltatlve arrpl fication reliés on
Conﬁgurgdeta EREFYcE-refs R spTRle: cfebeaingiclsers rande groxidsdstnt igppyitionphdegn relation to the
chip to ppividiel theimal ¥ohtadt Betivbrn adlyRt daa B thngGpleaitiahcthd ohed. MEchBRIBE readtion can be

conducteld nl tlhé li%?c\cfionl_salnkl}gl)yn § ﬁrq%dbtem ra%r t‘?}{% ﬁll f {I/ahryll %186 teméeer%&e in the chip can be

resul
effected §<piéz§4n1fplleebyt rpovaﬁdt leastrap baatnecjemvritihislitonfie the gt fugl thitithy heating element is
mthermﬂl’c&beer\bx&ﬁwih@uant itative anplification are well

[00145] g‘ﬁ %ﬁ] bi‘g‘%d 6%‘?. 4‘% el v%xtlt{?g ran:;]dg a Jserngla&%%cg?%ﬁaggﬁzltré}us% ﬁlg ﬁg%ﬂetlgrg 'l[\ykgically, in the
analysis gfthel mt}rwameyof elowsqmswegm%!ﬁ?agwmf Wiffefentagenes erqucleip agiddofuendepare
align or attach a cover to the chip or to align or
attach the chip to a heatinggel enent In various
enbodi ments, such features conprise concave or convex
features Such features include pins, pdges, snaps,
screws, and conbl nat| ons thereof [00143] In vapous

_.J__.._A_._L_ o o o e S
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tenperatures, and controlling a heating elenment to
effect cycling at |least two tenperature levels In one
wassovi6as met hod of conducting a chem cal reacPCDOS2881000860

optlrmzédQPJhHQ@nt %@a\ﬁhgieﬂﬂerﬁm&m{‘l@s@ﬁffé#% &‘rﬁléahﬁéj(erhﬁi’a%h& cm&fﬁeenguBQi into general
to recelve a react

D IS CONn ur ed
zones “’H’é&‘PYeﬁb“ SélrSéw@ﬂ ERsHTHE ohiAsieded °lf'?1%1ftth° l%vewg n% %ﬁﬁeﬁ?ff he addressed

accordirigito ¢ne lofthé anealing terhy@rapiné pnéso provi de thermal contact

[00146] bﬁg Me%gﬁn%'f thle ?xﬂ%m&!@ﬁpé?ﬁ@& l::{ﬁg)e gtrﬁfgﬁ @Emﬁ%gglt Foh@ptlgmlr% tlé specificity of a

chemc reacti on can conduct in the reaction
PCR reagracﬁ\p]"l@ awal\?g_ fewpﬁgturtesh(g dtf@Wﬁ@Fcaxexﬁ:F%for(ﬂllclflﬁ écuba}ﬁlp&}ﬁc@a?ryiaﬁae determined in
a varietyt dT &ai’zsé@’&@ﬁa’ﬁ{od is@o deferhin@the i lingratipelaure(Th ) b @atjeicf20id sequence. The melting
tempera%‘f:}sn@ t%mpe?%ur?ﬁ\(x}hﬁﬁ m?ethg{tj'gﬁtﬁ% lgg g% o3 lé@%fﬁ%@&% %Eco}np smgle stranded.
When disigninfienisilc ATRIEan tpﬁqu%@gelﬁpcbseﬂtsww]lmﬂqﬁfém PR —

of a sucd¢5:Q8 ardpl&iddtidn. Ofor bﬁﬁplb nhbﬁﬂéltin@ rﬁen@&dmﬁ of hBNH&{creﬁyﬁlﬂ)dtm\glth 1ts length, and
with 1ncre]g ng r%{:}anlijr?a ad y¥osme conterﬁ?wthlcﬁ Qanu rﬂroxmaneU um?% afsmépaet I on 0 f

S
[00147] g THefaprealing tegmﬁetyre@hosmferl aeHCél ra@rv@ @@qéﬁeﬁtre@s orjeagsihand sprprogition of the

prlmer(s@trhaallﬂléa@ﬁge@&pemn@@i )|cElgbetcﬁ<5§91€t6 8t AHo@S.°C DEIS% ﬁaf iwkdi ey, eme pair of primers
al | at ur.es CO nto ene
B R e it G T

assay. A c hla®pof 0.3 K@ pfprert)i+dxY xBrrfploducof-8% e be

where TS gfjd'rﬁﬁls'l@ 916 S Qﬁlﬁkgat&rpomes@ Etaﬂlmm@n{éﬁﬂlat’e Par and T,, of product is the
erature zones he selection of the"

melting ﬁﬁ’ﬁng%ﬂ“fe Al B ?déff‘d%’@hlf‘%\ﬁ %e%critical conponent for
[00148] dfxh¢ el imgerhiveinsge @ PLCR e¢attion @f tocloWGirimerarat andenl to Bymences other than the

true targ@tnz{lllﬁ @'clnl 16d tJ &HR&E@E %;ﬁl?icﬂltm erd E&Eq‘ﬁ&ﬁ reatcHbFR 91%ﬁ1 o? fﬂg desired product. A
nucl ei ¢ aci d fication can be determ néd

consequenge ?fé?(yl %Lfan M@mg méer?ﬂérf ﬁé]alt fog lltltlspra@{cb\?n}hbﬁ@ad(e;qag the likelihood of primer
annealing®slréduceg. Ar&ﬂ‘ﬁﬁfoﬂiiddfaeor(ﬂ'ﬂi}t a@hir of phithels @itk v ditferan epuhedtia g temperatures may

never glJ-J]agplﬁg% ; yﬂ:?i Bﬁm%rgﬁu% Lrﬁ I%Aapﬁllsé rgﬁﬁ‘ﬁ{lﬁ%d%rént%%h&'& single-strand

I sSsocl ate a
amplification §f tae west effieiendy pw@ww‘e@ thw ng a nucleic acid
[00149] aﬂ'&tl{ fhbrﬁﬁt dyﬂl’ihg t]inpfﬁﬁlﬁm ﬁ%\gtﬂﬁ maxifhui Q’gtdﬁg’é&‘ﬁ eadh@ifferent prlmer pair and can

vary frogn%rfg ne1 Iagonqg ugtn ihrl)q Il" 1caH){ %‘rarr?nte rte.S Qrature to prccﬁl{;eshl%h u?llty anneal

i on. For exa gte
for a givan gojqQsr palafcsrlé a&aege Hdth3° nE}t]he|apl§al| tm{ah\re 1alp1g)hewm_e RCR anneal step can slow
down; ifliNEl @& SthégHingsahipi emafbdhayﬂm &lsm@ omanmaame d@J&b&&heg&reo &Q¥&r species.

r € ng a._si nul.a. %
[00150] gﬁlgg o({];lsi Fo glm t% %lege assays; Iﬂtm: temr{)eﬁ_a f a E assa)éls ssgneed to the addressable

ure-’chose
portion ef ¢sehip) g/ltblthp @ewrgture ploestriqythit ofRuchf életrzpfes gan¢ eeryo Fortelganple, if the apparatus
or chip Ha§ 3 @BipdrSlre zohbeor 86) 8L Rhid$3°d, SIRGY HattaLar(opdshim samw&
0 65(; osen to be about 5 OC bel ow the |owest Tn, of tﬁe
to the 65 5FP°of primers to be used (Innis and Gel fand, 1990).
[00151] Ahotrheaﬂinmwp# BCRigadtiodtypifallg a¢cens iredOisevgpr tebsed@md'ea partiedly on the length of

thesequgdgmg@,ga{,y{ﬁg@ is: Ta Opt = 0.3 x(Tmof primer) + 0.7

mof primer is the _ _
[00152] ﬁi‘] ilp wa&cﬁ E?ail m@gatém{?] el @ggakg{a leh} [eEPEPTTR et the REHST Beling point
(Tim), thepmtlmurandipéfnwe oftenpardgunsith highet then thedalcilmed t@paodirafnote afhbodiments, the
annealm% Fé?npf QB’C erug gy%pu(cwf‘t@tédkl;or @Jtam@ﬂe mulép?eng)R re;IchQx} évﬁﬂn %r!ujually increasing

he anneal i ng nper at ure of CR reaction 1Is
temperatjigg,pan he i?Fi'ePr@‘f‘ u&%l Hle am@érw%m%@aerém%@ deferpaned-¢ han t he
[00153] tMadlgofitizr ggetic seqiitlces & gead cﬁ@e@fﬂﬂpdﬂﬁlﬂ@ieﬁp@ature zones In an embodiment, the

units of ?JEEJI ch th mgdtlgﬁ]re?r'gg %%?e%palﬂg&ﬁn tgr%)'f“éra%ue zoxﬁes r examp e, gle zonlgseare 2°C

produc consequen

mcreme‘ﬁ-‘rﬁ’fé‘éi‘q raRge PEHpR P& CuThs upiss afqﬁbﬁ“ aﬁ‘@@seldlaQCPN@g m@@e@mw fejmperature at
which thb enneatil@stepa$ the RER kdakédh Whoehrof primer annealing is
oorsi) (B8R s R RR R FLBERE prd EE e B beoimaged o v
chip. Thﬁwelp C@nbeeddaimrﬂé@hlaby @ vapietg|ofimethyds g5 displpsgdibergn.oduct , and

may al so result in inadvertent asymetric or

single-strand anplification-1of the nost efficiently

primed product strand. |00149] In PCR thernmal cycling,

the opti mum Ta and the maxi rum Ta range for each

d| fferent pr| mer pa| r and _can vary from gene to gene

o oy

64°C is assigned
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t he sequence to be anplified. [00152] Wile the PCRis
normal ly started at 5C bel ow the cal cul ated
wo eopeysear e of the priner nelting point (Tnm),PCHES2008/000860

[00155] QQLdrﬂwprﬂbm@IﬁSas Yk emef Jhﬁﬂ:ax@ﬂiﬁmbﬁll ribtl OB dERRMwHidIAs operable to

S T T O ——
those usgfx]ahq‘pinenclqdm bltyplpdl endRBRhicabmodalitixg thatdiredt, cgpgdualhte 9 otherwise effect filling

reagemslopgaqlﬁg!g,;ng,ghetagggps@;b@etlmﬁses can be carried out unt|I the
anneal |n?F lQ%erature i s determ ned.

[00156] %Wlobefenlbﬁcgma%@ Cfﬂ@ﬁrésé gaisg Ofélelgj‘ésffgﬁ%gw&% Iti(lr )éample, features such as

barriers gridaidixdeb to mitl i theadiguibuadnune flaosrdiguidd an tigrsugabdofdierchipt In ad éngbodiment, the

filling s%g}ntc%n&tsesaca&m&chgﬁne;s hﬁle Idiqln\égsq&% Qfl?herseefge[nﬁ?seanet ﬂegllbfefcﬁ[)&ﬁ]ihg on factors,
ature zones or exa e zones

such as gypidange Ef@“le‘&leé HRoR peserpRf e pndimsghapigal g@vmeﬂ%n‘i GasgditpCc. The

[00157] UMt FiBingdyeterh Beahiprigdd diiyep pausaihicd F1dilikg:s the p]@feedﬁtoemphﬂ&don reagents or

sample onqggjsgrfa%'e Hfr tﬁel ﬁ%}p ;‘)l}ﬁeyergtt]y E%e E)Fge IeI tnog su%ﬁ ?e %egts or sa %]E %Rddres d;1ble units.

Ion w 1S a
Such apm ramprrsghqseusaﬁlbhe@@etl fyises @@Wp@}ga)tf {ﬂa@nts SrEApples Oefarﬁhe surface so as

to substztnhﬁﬂ cORr Hé SRRSsG@Le. iIrﬂzInQ:nb&ﬁ‘m&hihé) filliAg 6 st BiphpRiseS @ Bevid@ for plpettmg
spotting ﬁr srpraplmg ?fd%a?g%tf E') s ecﬁllx reactlon chall;nr%éfs %)ﬁatng)ieobg usey%ff*zoelecg'lc pumps) The filling

vari ous e
system cginbqn rermdispdeert In@rmlwlr ymiodimsnt hefilfing dppdratysgoniprisesaeyacupinipaip operable to

fill the réaSticAREBLYs 6f th@chfpaﬁning §yate s fnby dido QS dea;aralfd,r abftihd aamnfugal force to the
reagent s k) nto the addressa units of the

chip. In Qi gl odr;rpein thﬁg gg‘s/ystélélés ‘Bﬂﬁﬁé’“’t"}%g éo Adb 1& cong}uglf:aﬁlon with a ﬁllmg device

in the chipn dheifllEngxyyten calopariclaugireniatipnbr apdirigiatpragsoltfivata cdmpwat |

channel, route or otherwi se effect filling reagents or
sanples into the addressable units. [00156] In various
APPARALUS i ment's, the chip may conprise raised or depressed

[00158] rOpxg hspers of theqiresant mpikien is fhe d¢sign @Sanspi@inta sonlfiguréd te regeid a0niniaturized chip
demgne& %ﬁﬁ&nﬂﬁ%ﬁx@d ﬁfagsek Qf J)(h\gdlgi rﬁéléc'u@y Lﬂd%q] sﬂﬂféﬂngdupf%rtglfmance of a vast number of

I qui ds on the surface of I P. di nent
chemlca{ REOTF! I °ﬁ§e‘%t3?§‘f”é‘i‘h Raviindan g@@newpv‘{lear figkinaippeeted, mipgrized, analytical
instrumett tha Alfoiwe Rfanipdlatohwgith pheend toned oﬂtél&pef‘dtt&ég keab&atio SR el ik reagent

delivery, agdfgfpocfdggt%etap% Q a%ln@fé?&dqﬁﬂgs of air bubbles upon

mechani conveni ence and feasibili t}/. .
[00159] [T@t)%qrjitus[q{ @negspegy qﬁﬁle gqtlexmn%lmr‘rt fleag gneémg;ma Blgaqn&gsa@ for heating or
cooling Whll;f) hlt if @Gk lidesi@Bthit kl'ﬁer&{haﬁfﬁmenﬁﬁt iSddptigufet €atdubdthe temperature of a
chip, the's co nen %nctmni ei,ss ttlaﬁﬁ ana tog]lmé ne ‘?8]? gL CL hreegg Ie g{ s or
[00160] éta?m Ie@qunneabrafr paratis lechuilm g bgse vathahleasiya heatingsleanammgsitioned on the base.

The heating @& Berd SAfpedvido @ Faﬂgd'bf LREH BABeralRVd. FBSexhile, e HéakiMDel&Ment can be

conﬁgurede tB gliOVIH% a tg{n‘)eya ngwek?e r%)nﬁt%lc))eéw?fx ?bZ)ur £$§ é az)out q%OWé as desired.
[00161] 6 hblepdiingelement e be icorifigyre tg yss,tlm cdhpmpriiases embadanents the heating element can
be positiBiied @ﬁﬂeif Bthw rﬁaQﬁ;ﬂ:ptol' RBvOhe G AYVd Ricfbir &rﬁ@&ﬁl@@ {vferd (Qlly one heating element is

cifi | reacti on chambers
prese., BBk e BOIRBUAHY® s Pt T Gt GG rrsgona
[00162] fane-6dy spPehisding edamplaiedd dokmasndigpthinnaitte, ond dmgbodimbdt bfihe apparatus.

Figure 6%&9@@' ﬁkéé%o@ QUUP4 Ile§§ §ne%e¥ﬁg UlmnPMO%ﬁgmlﬂ% ph 666 I'Il'he Bcggng element
reaction chanbers of the chip. Fill] syst ens nay

602 is adapteco 1oAY IR AP CII“B # Cé‘?ﬂblf’ 9? Cﬁ@““&‘éﬁ f‘}dlcfllf’@’é‘g a feé‘i"@’ésaf‘tﬂle in one of
the nanotvélB 66énhe dhip 660 €The hixdiok eledeht, 602 bfghef dppdrinidGarSheSiioR#d ih Bvol pdsitions relative
to the ch I6??e proximty to or in fluid communication wwth a

ing device in the chlé)fé The'fil.ling system can .
001631 Jpheating clamens e 4 e4P InyFigyfe Crer by divideg into gitfesenbtempergtyrp pangs as seen in
Figure 7CPIgReI? Bfan 1116&9Mau&g[0@9ﬂ65&]g eQﬁﬁnt@Sﬁﬁl&ﬁ&d wRbowliRehip Wﬁﬁlﬁ&i to control

and/or vzlrp %e[c]:}:nlgg‘ﬂ‘ure of at crl]xe. neosnle 1meﬁat eatprg era te%'l r%ng%{) rfz{ l%utmg element can be in the
mniaturi ze

range of ﬁQTFtW P e s the dmm@sﬁ@fcrqﬂm ﬁ/"ICd‘UWC fﬂaﬂeeumegpnedmaﬁtw, and 68°C to
si mul t aneous performance of a vast nunber of chem cal
reactions. In one enbodi nenf2p-the present invention
provi des a highly autonmated, mniaturized, analytical
i nstrunment that allows mani pul ations with precise
contr ol of tenperature evaporatl on, srral I -voI umre

I T
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[00161] The heating el enent can be configured to
receive a chip. In various enbodi nents the heating
web@spate2€an be positioned either bel ow t he chP@I/082008/000860

75°C foﬁ@@ﬂrﬁnetr h@pe&i@htgxtcx{sfen Saged 'Atn|o§ H)lnﬁ%g gﬁmg bm@ltm@,@]%&t 20l i¥shown in
heatin the heatin

one . S resent
Fire 70 e 38 SFOFHUTB SELF R & Riopt DB E Rt Gef G HEDcl o9, ond
72°C (7¢@ for ltte dertautation aninyier afrB@ibg Rpgehdppriner-Gepersied exiomioh stage of PR, respectively.

The dlm@%%%'ﬁﬁ!)f%a&ftenﬂ)eémgm dr the géaﬁggMeQJ 70 tﬁ% VQ'Q th s?ngﬂ(%lnyaﬁgodlment depicted

e appar at us depli cts a_base
in Figurp éé%ethe*ﬁﬁ'é elr—'f@fat P?fgtw@tdgt%’@man %Q‘Plﬁ 85the ‘ihtj’rt%‘d”tfr? "Me “b'ﬁ%géh by 9 inches in
width. 600. The heating el enent 602 is adapted to receiving a

[00164](:,&1 cl?p a@é&éd 5 yo%tlm?n? ald éoﬁﬁnﬁ%pae}pact?ongznépqg 1? h%h{l&o@@ ox?tﬂéjlrelatmg element 700 of

the app%% aéamtefi FPeref@mng thg Styp Gt threhstting gleminéprsitioned glow 7 00 threship of Figure 7,
the heatAp Harﬁan_tsliﬁenﬁéﬂﬁlckl@ nEYEd tﬂaﬂth& 1 1) domsd ih beast wihltietoisUEbIbdR, followed by the
52. "’C-bfo!:r}(e, Elt(%lgflepl thegg"ccégr%(gf%é @%% move, dllg ef%%el hgegmg ?legn:lreglnliespeglve ? the cgllp allows the
critical ragyp dayvngafesse bap lpirfaser gltfrtethv largpy sytface arpa gngtheghqating Ie'e@trtt afhedasger surface
area als&lmw; mgco@fmgeﬁohﬁﬂet Hafﬂ@ld@ bERERTp dROS Iutﬂsﬁn&dhenﬁip%ttmpeﬁmeno

to contro

var the t e
tempcragxhe 6‘ HIS feﬁhan{]f% alé 8w %(ﬁnep t? Fz]ee efxt %15)8 rcqéﬁleﬂ ﬁ&aétgr LFtS Itharéthe traditional
way of sirerdy ¢oalngsheatiprbetwearsyddes. i n t he range of QOC to 95C for
[oolssltmth@%atou t&un@m&%em@/@{ @BM%% tét;’pgam o%{;cﬁlggootltl&pmed in Figure 8.

rimer_annealing_s
Figure 83 § gl SHATBH % Pt e&ﬁ‘f‘e%&gé%%“‘ﬂmi%ﬁ 20V§ i EPYPO. As shown in Figure 8,
the heatip) elpfdnecap be aschieaf bigff @t Bangert landf (352 ﬁos&bmvlmbdvﬂtthlgu%(B Reat reflectors

are 0 a | t (o la C e | e
854 EJ!{% %?3{0% gu oh%lggeﬂ éan%%zl ?7%%) %n@%%%rﬂgzlt ?oul)r ?ﬁgﬁgl ‘M:attﬁ ps 852. Th

high oupiy gyt P BB ERPUIPARICGHH| MV QB SUP B PSR eanas “ramp e

rate of tipfakd Tirtips 6] €Thel @at tha ¥k @A iGN aR lagpemeais tRCRyitch e pRbd drd/iedny 852 is virtually

mstantante% gl [ﬁ%g%i % Hl%wg)tfhat%%m %6’d”'391§ £1§otblé Sleﬁ% 8&%&%3&95&&% 802 to help
r% 6 an vary stze. In on n%

prevent eyézﬂr%ﬂ%af tPerTeaFCF‘ﬁUP@Pl?, Fotlh‘enmratqtlwgcyéle dhs norpliraitipg expraRle the chip is then

scanned D&th @ ¥¢amddr moafﬂ'pdx&mﬂé a'hhﬁr s{faléﬂtx’ﬁl dr CB36daher. 91nicE}€a|i}&f§pejctB such an optically
0 4 chip.a
coupled S)%p:?n atrllgxﬁﬁnﬁta exglﬁ 101(1: geﬁ ﬁfo\éﬁée vg: ? Leoggt{mn ]ﬁhe reactloln samp taﬁqa é)(#urah?y of times
during th| agpbiiFaen, 17H @opios tharptiesl Benels Formrasf the weow&petremh@éthe plurality of
times be@tapdyelds.t 0 recei vi ng the chi p Usi ng the heati ng
ow 700

[00166] q:I egélfn%%apgllcifﬁeﬂ ﬁ}e %ge 1};' temlperar'nle in é:e si é ((jy axbsS:}/e%sgf tll’fl(hlg seconds (x-axis) of
the on/off ic fampe nidssse¢nrin Eigure ache hatogttm lgnipe r%@p rteond ke afcddnipg s RAC byl 00°C/ sec for

a tempeltaiﬂﬁ 0525% B Fess tﬁd?l('ib(tuh@ Rcdrld€and pres aRORCK 100%8 ?arrm%mﬁtto 65+/-0.5°C,
ect v et he chip

5o in 1 ‘1% ﬁtlnd? enent re hgqtr
tso in 3 3B S s B 1= B ot BN Fot epRsE g gppronimaely
95°C dutilpethd RFRyeactionprécase area on the heating el enent The

[00167] |Val{e9ﬁfesu%al ifed ec@&e@i@es@l‘e%@m ci Q%nlfngg th€ thl/eln‘lgg off ﬁﬁ&fb L{ﬂgixrlnto the

‘F305|deoA§eC| o transfer of

ranowel iHER oy o APRUEY N R g é“emrmeschlpeerﬁwaem%mar% b 4R of pulsed
heat is td taducethé m¢ batlte AVSadpeds anie higholt etlpadtures anditibrefyasdueing ftiigal budget”.
Speedin%mélr}anhhgp taﬁ@“ib&lldgvorﬁ" ratt\-{gaa}{d IS}EwﬁthHé Mstﬁp%ufﬂpgtra%ngon% eatmg to cooling,

et ween cycl es. er net or contro
or “turn argupdy s theee lﬁ’gorfante Tthe Hﬁ@?da‘tf&Faé‘%?“dPWé‘%‘ﬁt it epsyres uniformity in th
heating &f@t@ichip eShch Onifokrojty peevEntdstresds Audto itefnpératii@ diffeiedel bfaJew degrees that can lead

to varxatl%ﬁsth?erg)gra%t@e oflt}\%%&lou'gllsel ement 850 positioned above

shown 1 n Figure 8, the heating el enent
[00168] A seep én agusfelror thgre P sypTplogMiperaRuEe oHpERites fhatHhsargBmps are capable of
delivering O $hel draphelong Baw@) shbve the bﬂaﬂge&@@mpé‘ﬁ@& (y[ﬁfs RELOHS HINA i (x-axis).

Correspc%gi%%lt%l ngﬁ%asta arlo%g BOSNC e?(? PlCt etc%% r(hs nf nF the 1a dé]gef-n;llﬁr%recﬁfm RTP) profiles

depicteddiyrop ). poseenso aslawerghangs ia tamp&stiRre ayey tlmheuoshpemtarsake or impulse optical
match of the output to silicon provides a very fast
"ranp up" rate of the arc | amps 852. The fact that the
lanp is an arc |l anp neans that switch off of the arc
lanp 852 is virtually instantaneous Figure 8 al so
shovvs that the ch| p 800 can al so be seal ed W|th a

-, . o NN 2 o g,
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a tenperature of 95+/-0.50C in | ess than about 2
seconds and has a 200C to 1000C ranp down rate to
wW®2008/001630C, al so in | ess than about 2 secondsPdEs2008/000860

heater ploBIFPBE eHipteBpetiiurd RBaiRs &nsita’ﬂf'm'eﬁﬂd Jnﬁr% dépITHR RR. 01>ﬁ'ré§?5n94 t¥ a more rapid

O approxi m
change Bge(st@grg%re 0?66(5[% -f]] th%él raease eoé IH?‘SE asgls&hﬁ%er g[%gle g‘i tela%eﬁnértégf the chip varies
dependipg @ tibalsptly pithl ¢hip refative i thechepthig sopgenent of pul sed heat

[00169]I WhRuidg nﬂﬁ&‘@@i ﬂ)a%tlcﬁlaihﬁéo?}at;@ge ‘P(Ul‘ilus@}fnes@ rHHﬁ)Q ldﬁ#ex%bérdttﬁ@&ﬂput profiles
in an al %ernat [ve

imze
correspagfling) (9 thedRy Hieht Tl?es’:p‘g%he?tércﬂﬂ:%e f%@e”t“i‘ lr:fﬁ“rf HEp (. W@cms%rammed bya
roundedgipemd srofike, detrgatdyiaghip Stpohan{mmelamwrsemlaan the héweingedoyirce temperature, as seen in

Figure 16&)5{‘1‘)(: IIrptge m{pD@J ﬂg?tt:r ppdtﬁé?(ﬂgure ?g raEtFt%ed lg}aa'maléé@ therﬁﬁpproﬁle the

rat es and prov st est pOSSI
temperafupeg §‘F t“fab%?“‘F? B t'i‘Fg‘e’t’Rfr .t*ﬁ Ghip Brrespen? 19 e mswce but the
temperatuge df fhe Elei 8 k1l kepraelittvaly imifofh b&r fie tdtigcHepth ohﬁ@dbipngatﬁze € the distance from

the heat %(QIPJC %\(J {b?b)%g p(ﬁr%'laégg %leoﬁﬁ fa%{e%ﬁf 11;8 Halrtre g(\)/(é)ﬁ%t) Scﬂ%acrterlzed bg a sharply

uni
peaked prpfde, ths heas payEce aqfsurne &etPT Bandirclie: E!Slrereéorf ewyaeglrreeeslaxeh%&the chip is heated

(Figure C0R)(3))e @Bk de€pevié de@thloms chif) tHe B6oldd efeﬁaarp&atﬁﬁerdﬁfe Hhaly for the flash assist

profile (pléure YQT) 4§)ecera8e 1n1t1§ %1?1? heap %%th()lg)u et? ? t%as}{ IE u%ace a ealm§ the chip

e arc
responsegip fimilay trethd ‘éﬂpdﬁspe#et iovlerliisﬂgrdﬁlréFgwaMb)(ﬁ] ong row (a)
[00170] 3R Mh%ﬁ@pe@th)@fh' Gvénfiod, eAgpBArahE Eesdribe 51 c%)lduytﬂ{gﬁ WentiddBreaction requiring

cycling at Fessﬁ gvo tcém e € la\(eiéi %t c?r?ﬁpélsecshz{ crﬁuep?fgo nai ng %{18 iop ﬁgxﬁlglggglsarray of

addressaplq emm#ch;bplez:e)sﬁ,gurrg t T Pyhepicalfredco, Wepinghehits a1e sromged ajcording to a

predeterlnﬂle([ £647 %}cpgra&l{%s for ﬁme &@ﬂﬁggeal:tn)nst SReLAL slﬁglﬁtha?\éﬁgast one of the units
eater

such as in a s e or_i ou se opti cal
s addrssidl gt %ee??ﬁr’ﬁnidé?veév'&ww P LR oA g aid i an
heating ¢l¢neeneintheme! dbefpdtlvitbfhethkie chip. I n response to a nore

[00171] rlﬁpbrgfeﬁﬁ\ga%din{entt tﬁme?sgﬁg nit®¥iGhe cilllpqﬁ'coﬁiléﬁxlgd ﬂﬁuﬂ dhulleic acid
| aser or flash assist heater profi he tenperature

amplifitjjon FAESOR {ctyo\ps Pr! 28! RUBLIRATPHGm ORI HC iRl £37 b pan Nl qgmprise a
reagent, i @lobd, b prémer,G dNIT®, dil @ adnhbixgtiGObtr®E . The P dbDrhind¥ thhgetbiurdd@an 1@ different

annealmg temp%rgtgre; 3r &nﬁ%&dtgf%l@ka&iﬁr@or Y, Fi gure 10 illustrates

erature output profiles corresponding
100172 g bq%@gue}?v’éwendﬁ 2 SIRES hegiiricechrip aplale CqmREFing resigiye bealerpr p fhermoelectric
heater, oFarCHliberatd tHedna( ¢ytling\appatalius. IS scble@kales thezedinh Yerdent 1© tHoG@0contact with a

heat smlg tlc;] §l§(1qp{10r I'FJI { ﬁée%hmrg ?‘Ql? [o& qul?'e cﬁ wlillexp thg C éjolso ﬂ%enna?%?agta\‘a&ltﬂ the heating

sour C
element. Pi‘t fguipanldpiyp by qompled tp phe bwén& qtﬂwrl@emﬁeéﬁreqfe mﬂefl meé raptﬂuﬂgwécyclmg
Other exlt%l&)o@ Heating efehﬁﬁtaﬁﬂﬁdel tHif dinbhéatdrs ﬂﬁlazkxelﬁi: hteh&f rE@le W&fxduktﬁm or have

erat ur the heat source % n. the
1
e ectromfa%mtlcehre%l TS 1ncor%(¥a dﬁréto a4 glm I nmzlg.teeréap artlcglart yosuit Ee%?]r f%’tincatmg the thin film

heaters lssred,ndreen Oh@ﬂ(l’&%elﬂoeﬂpmnatawn@e@ﬁucmendmltp ajveyy Bigh ¢l¢ctricelgbnductivity.
Because ﬁ’ﬁb %'byﬁlebérédm Bufl IR ofififla RN i RrtR QR Ls@hl ot el lidkegral or an

‘ IE atl ve to the distance fromthe heat source (Figure
extenal h3(ig 4FF For a | aser heater profile as seen in
[00173] i gpother ehbgdainB heatingrdengots ere conapdtitiie/to ghe Shipsrip teymsyd sikeegld configuration. In
an emboﬂlfn@lttl theeappatrzn& fmﬁ@ltco Pﬁ%§§plﬁ§ﬁt§ot{w&\1ﬂ% ilé}%{% rThte IH@alﬂné J]e@nent can be placed

herefore he surface Tayer of the chip
w5 deajatf i ac‘efeg'tf? 3 ) i on ol A 4 PHErsble G Hphesting
element grku ipsigrifivently dapgee tart thechipedigaein atdei te mpinizd ddge effectia ke ¢dged @fa heating
the flash assist profile (Figure 10(a)(4)),
racterized by initial bulk heating followed by a
[00174] ﬁ?ra%%a%?s o frafingcelemapt sensirictiop and préparsii 'gasvaéeipeﬁeeeﬁ Ida-c. In these
examples thirhéagifig dléinehts €100 Ate@oupld AOd & sink 1110end ﬁSrEle@ferﬁlprb& control over

temperat&.r’g Icl%H%u?g allQ (a%(ug}lgnes f[)rqge]'rzg]cyc de% %nrge%ali]gerfnglrsn%ézgtrlllc?% c%n be élsed between the
heating e&@ﬁevﬁ 169 anﬁ’ @a&ampgrﬁmrceqm 149 ﬁ@} i énimprg thammal ceptagt withyghe element 1100 and
tenperature | evels, that conprises: a chip for running
a reaction conpri si ng an arLgy of addressable units
each being configured to run a chem cal reaction,
wherein the units are arranged according to a
predeterm ned set of tenperatures for runn| ng the

o a1 1. i o, oy

element

e e
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heat sink to allow for rapid tenperature changes of
the chip when the chip is in thermal contact with the
wheasioog2€el enent. A fan could al so be coupl ed POT/UR®08/000860

the chlphﬁiﬁ)t Tlﬂ:g)ld%i( ﬁf@ @eIn hhR amfg@l\(ﬂegﬁal E@xﬁtﬁ:tlﬁ Qt'é'ncﬁ th@h§p' 1 lﬁ(ﬁrﬂiggt not have a high

her exa el e
thermal Aty o o T P ot DB eing Qe gr used to define
a tempebyueczgupdm oultiply tepperhtang @ore$, @yt sma]‘kangm@anccofhlgedtegmg (for example, an air breeze)

can pro&u@é:aosq%mcﬁ& éf e t@mﬁ&:ﬁurg ' Ilf{ma reAtstEFEL grxﬂa@é loW @!u‘ié aqwnﬂe(l Ibh()ck the transfer of
suita abricatin | m heaters is

heat o apfe (ACES 70 BRGHENEd *Pe)idlg ey peaigray RigficrPR P Pt sensors on the

top surfaretThe femberatirt kengor vad cyrrdspogdh toehehebie] @@hn te @adefaliel chiptityelf. The thermal block

can also %?09919 §a%ulln;r Qarﬁéﬂ tobﬁmp (129:9@1[1 %qloid?lﬁel%hllglﬁl 19t§malh A Jrrggl m)xg;ct \LJEH Fe block

ayer, 1t 1Is artlcu ar an inte
and/or he%tmeﬂeree%ﬁef\ﬁ%ﬂmoweaﬂ g lmsfes Higrt the PeamreriEmentd 10 sen GPeprse one or a
pluralityeirihedlioaedtc, 11b@&tréskRgveal @rmaing elazﬁanscarmamblhﬂnen éfdothhe
[00175] %Q%tl%le‘ingﬁtﬁn epqgwé g?egnpgrsz’lglf Lﬁu} et?ﬂ%g rgrlature 5‘grad%nt herein can be a
temperafy.relj}paa]s Ihtgi)er@"f a IoERp Fhﬁ’gan@?hérﬂa@ﬁlpg achFheS%é'dﬁtﬁg elementyEpr exrpitie, a resistive
or thermd@ledicaeRd cabe aorﬂiigﬁraﬁth &Qiﬁt@a ﬂi&h{al g@eﬁ'ﬁeﬂﬁ:@tﬁk tﬁechatﬂg el%rh@xt The thermal
on t 0

gradient c%a?sa%ngef ed ats Fi gr% Ie that 1(5:‘ P‘é‘fﬁ% ﬁlton%l ?Oété()n rﬂ?n gnobhﬁ %olmé)g ﬂl{ tPi/Chlp For
example ifip glelrallty h&lp;attrﬁ ele@mtvrg;sghonq hpatipg element euldideliver azigherdepeperature to one

side or eﬁcﬁ ekt cRipahd 4 J@&)n@ﬁ’ﬁgﬁxfg eRfnedt cHBRELNG 2 Qxlff@xgﬁrt‘ém elaflR I &k side or end of the
f heating el ement constructl on and

les o
chip, ‘he§e Yﬁfﬁat‘%m fmalgidfea't ed in Figures 1la-c. In these
[00176] hephretss cab fuethdreertirisganepearbaysten dpkOOvely @umaiipihe chip, ovherein the optical

system feat ansdpn&l s:l-g"n;-lQoﬂﬂg fr@mfa ﬂﬁh Il e)teglpllagg&gycﬁn&lp me '&ﬂl) hga\ﬁﬁg element, and
erature ch ang and ra times for thernal

optical s(’fi?‘g’? P ASYYEP St Tﬂeernf‘fﬁ‘l bl ock 1130 can be used

[00177] betnmnt thhavdneat dlSO@Sl&i igcieiag anbpfithna fiat cbd’c’l@ctlﬁgi’rﬂkﬁmél@é’actlon involving
clin, \ i t n ini

cycling zﬁliyétg }evlloét%ré'%{a%% 6‘52% ﬁiénEC F %olggﬁé’dqﬁlec \g %dtelhfor containing the

chemicajyggpgiony 2 ﬁisb*ﬁatfrwem&fngeamuw FrpgRrEERes rndtaﬁeomeﬁerrm@lmg 2

uniform fenErhtuR Ol hefe@Mie fast heafHn addniey sed@hd KeatachikCdohfiguted o He(hlopszﬂ):djd&@en a first and

a secondaongrﬁzgloxq chHvIQLe?n tLe %Fla & nm?plgégsatﬂcgl%atelj 1f1 tthAa} Aomag wnrﬁ e sa le holder

el ement’'s are use I ne ture zon
and the sggpnd Prmnen%ﬂé*ﬁﬁélﬁfa%as? @e Efaﬁe@ ‘heawc§ﬁﬁl“l“h é}eﬂrmledmﬂee of
[00178] mﬁesah@ﬁthblﬂ@ c{nft@h cigX &Hﬁllnﬁng Brdactldr’ cobxblﬁiﬁlée}n arca}lof {Hﬁfé@b&@uxﬂs each being
conﬁgurgcl tg Rinly! iar‘rﬁéal r%pc 1cr>]r9 Wher%lﬁ Ehe nPF rali%ltarl%anged atc?,(')rc}u%grq gr]péée?e a _fled set of
temperatneafor lfuwm tmlvem% reagsiges qf £ ubits, ssehobat idebst oppofAltinits ipidressed to
indicate thB Bred@Rdrdined tyfifermlre 10} ﬂﬁkngQ@d’thEaﬂi reh @IoREV iRl uﬁ? NP &4 etnbodiment, the

i R 2 S TR PG oG s e s
arrangedi t sel f. The thermal bl ock can al so provi de vacuum

[00179] @xhﬁﬁﬂﬁ&ﬁm@n@w@éré tﬂé/\ﬂpﬁzﬁgﬁ’s{'h% §a91pféQLIQertaQ%orﬁﬁlu9d {oRoidRd: L BBR eaction, the
contact with the bl ock heat i ng

predeter@ngj{}%rﬂqeéann?@onﬁ é%eﬁ%oln? gtdg‘&rﬁnhanﬁagrtﬁtggpe?plées et wbtlc}liuénultlple PCR reactions
can be ninelata ifurjeremboriment, 1t @fpacaim amsicamplé ddeonecapableanf pdnduceihg 4 sgries of PCR
reactlonsqrx orht}% zﬂﬂﬁkﬁﬁ&{ i ‘ﬁot]ail: £i)@a Qt{noﬁlg % tﬁlts 'e%%pl% ]aQQmH Eetnhlﬂegrequires a range of

el ements, or. a combination of
annealing, @%ﬁ’ﬁb‘ese‘f’ ashisyt ‘h?:?fﬁ“eﬂ FREGifiEHE 042 feéﬁ‘ﬁ’ér é’f Eﬁa@P e terpperatures can be
grouped T2 reamraatam&s gdcarding ntthdwaneaiing taafarabiees af &M@Eﬁlﬁfebﬂde sequences. The
units of J Jgf’ﬂ)le h(ﬁdép bagrllg Fdd'r e@acjg&[il;lé F)Qhe t%@ra@%%&eaq wﬁ)%rthe reactlon within the unit is

across S|n% eat1 ng el ement
to be runy faap eflhOG@CHrt ¢ WEHABEFELETS emPe beldsr thetaﬁmwéesecyhlp iwith prity addressed
according @ sBldefRteRt andali téBleragifetddhed Bdrre@h OGS0 bik QiftBr@R tdnipBrature zones on the first
hmmrmﬁkﬁgﬁ The thermal gradient can al so be defined as a

rature that is hi gher in one portion than anot her

portion of the chip. For exanple, if a plurality of

heating el enents are used, one heating el enent could

deliver a higher tenperatur@3to one side or end of the

chip and a second heating el enent could deliver a

different tenperature to one side or end of the chip,

thereby creatlng a thernal gradlent [00176] The

s o,

oy o o o
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and the second orientation does not place the heater
in thermal contact with the sanple holder. [00178] The
wa@ aplogich®l der can be a chip for running a reaPCT/082008/000860
[00180)CQ H'Blrefe&i)la @mBddin®hi, Y fiRf and G’dﬂﬁrﬁ&ﬁﬂfm 1Bovd Béttv&nﬁiﬁqi?st bai sElQnd orientations

.confi reacti.on
accordm&%i) % %r oco? q'he a ar!a“%us Gpan glptﬁer aonﬂ)rlset a m&or for mc?e{n% gle %rspa d secgnd hFaters between

are ar accor rm ned
the ﬁrsttamﬁp@rldmrun@%onﬁ 6 fhe featam pn@eméed@bl elm re%\hod peweidd byebvieys to thase skilled in
theart. UNi S, such that at |east one of the units is
L AR L R R T ——
holder if yyedan cadtyoe P@Re retction. [Tbe faktheadrihisya pd}frahtﬁmraatrmeeszann eg be used to

provide G 'iernﬁ)mgnetcgsa%r tﬂg ﬁlgéixﬁ‘é' st@pglﬁq P%@treagtflontw%gﬁ)tﬁg REUERS i 1s brought into
accor he units are arranged. [00179] In

1 C
thermal Gvagh IR RIS DHHET & e boflmea, e o0 G RFAsides AfgTRgEsfore necessary for
elongatia @ de@nfatigrusfe tudlac ac@niduigta PARRERdneder thesecontl heater is in the first orientation

dhrp,glecg,gg%mpsggl LEoper ature zones correspond to
and fhe ferent anneal (lmr?lg tenperatures at which nmultiple PCR

K
[00182] rIé FerPBRis o laPRE s ARt methpdf hejoyeREen. BRERSRNYAeaty is mayed into the first
orientatiaip faaliefrhall Son@brtvith atiERhBp vl dd £for PR eapaD | Toe @tona a&ew 6ethlvaga temperature

of arounﬁgﬁ %%}mleo’%deg{o dgr%;eegagn%gl%iic ?cgdS 1{1 Iﬁ Qan%lie cg%l.fxe% watmrjl the s¥mpqol§otlder After the

denaturafjemgpethe teeqyd hester i moxgsigato g S@wﬁ@apqteﬁlgn and rﬁl‘ﬁe’vsabqateeg mpygd into the first

orientatiof MRl Ed’x\&ctdﬁﬁiit}feﬁﬁin;ﬁ@lmef IThE Hdt @ﬁte@rcfvﬁl@@tt:ﬂl&ﬁturé: @4 the sample holder
tures

0C
for the afmealrgé o?:% [ﬁrlmer i% a nuc €1 a01 se nce of tﬁe iaﬁlg e. g{‘ ﬁ é) E_'_ﬂces?,]&fnconductmg a denaturation

re zZones accor
step foll@\@tw*rb& prangeaking stefp cafi Hefrmcaéwtor nxsrlﬂi ot fhe éesgeicpumh@eson piddlact is achieved.

[00183] wrguteslzqém&,srsa&m &ahilb &@Jodﬁ@m obﬁthaqglrc@%s ShpAa@O128b Bihd ivention. In

this exarﬂl%:lf lIhe -a afearglgﬁ)gmr%ﬂﬁporg%ﬁ yl\egﬁbBZd mélh? gl Cr%rlg %gﬁvﬁmgtilrg{z%gs chorrespondmg to 6
differentagddressablrpregeteraninet empehtaey ofta lakip lb@rmp lﬁselsatar 1210 qan ¢ tébved in and out of

thermal %ka@t&mfﬂ%rcﬁlﬁ 3 % aSlEHoWh ﬁlll tlnegog \Qewslln ¥i gQJ'e f1 E Ghe Q:t:on@ Iﬂ&?e@ I1 320 growdes a
nperature zones corresponding to six diffe

umformtteér}?ﬁréﬁmgtaﬂpg tlfaﬁtg%heaﬁr ip ﬁ)éierft? Pegt eaﬂlecgfhé I6 dB‘ferePtHgdressable predetermined
tempera@ppaasadf ts chip 0258 @] thd sama tepiperhtere ol exampib oighi sevdmt heatk @20 can provide
uniform ftén[pgrgmépgr thEe geQMam%Lcﬁglgh %B}{ gtepg %f é’éﬁ&iﬁn&gﬂ%{l v!'l{hsétchlg ijthe invention,

cond orl entations accor ng to a protoco
while ‘h%l’E:‘ﬁ'd‘F%ﬁ’ 10¢anPreYiferaTanes efifﬁw'iugée@e%feéfo I?C&aseﬁ%f\ﬁp%gﬁ%%f conducting a
large nuinber 8 reafichs Sa0Mading se@t260 focindpany thdr@ank irda&ionadafl bS@EiA6Ad on the
opposxte%rd% ‘3%«13%,1;)%%1 t]!13 RIS oHERLE! (ﬁ thce%eats{fse moved by any net hod

vious to ose skilled in the art.
[00184] [F%TSi]demqeérafCF  gide vigw of rthe dirst bratepl 7 & frem Hhe gtapwleitFigyse 2rigien the heater
1210 is i €HR fidCbriedadidh it ﬂﬂ&nﬁl&ﬂﬂh&wfﬂl@i &Y withl aBdresBabRBRAR BE Rér,exdnpR, each

temperal?u?‘e :}grieq ﬁﬁoi ﬂg o%tileshegtgre dn lt)e eﬂrov%({] 9 Fy a dlf?eren?tﬁemogectmc%eann% gement 1216, 1218

gat’er has a erature zone
and somg giample spgeifiehtions alfSrS’mwndleFlglhel& enper atures necessary for

[00185] g e&iﬁ&ﬁlﬂédt g 5 BRAkr Qh p@vﬁmeﬁlﬁ!?&&ré ahdidg @ﬂan‘iﬂ'@ of types Bf heaters for the

st ane RSB e s b S B Ol P FEE
[00186] ﬂlem’fgeheatrmoemnetctésmaryma‘ @mprsepTigattsing in tarmal eeredcuwight theofivst heater, the
sammugﬁaang&glelc acid during a PCR reaction when the
i ? heater is in the first orlentatlon and t herma
1001871 oA iy o e ape e SHRETPBESAD F ORI & PHFSLY OB HAFBHIES fpsors.Inan
embodmuehethaxﬂpnahtabﬁtsmmmhdma&a\@fat leddeonk RwWPEHHIO Bensdr ARigc@dOmMehsure the
temperathx% %F &Eh &lﬁpeﬁgﬂ}{ gﬂ)né g}ttﬁ% F}tbgdl’lfsl ’f %'ie Enjatﬁxggglgdr gﬂl ﬂe Ig tﬁemoc@k or any other
contact with the sanpl e or a PCR reaction
sensor “@‘é&ﬂ’fﬂlah'éa‘t"é"ra“del ivers at enper ature of around 95 0C,
[00188] iThe l@ntthg kleinent charva tanheted via ettt ada @i ad)olv& sa.lr&aliﬁpi)revldes voltage across the

element 9@&&%5%9&1@:&%1& maﬁn cl? ﬁ’h éﬁigp IT?e l%ﬁLg ement lsotbe (c‘:!ouple(% toa tcnmé)erature

enaturation ste econ ater 1's move
sensor thalgpagiers B reenetat Potamesriure pighefunit sThCﬁ@a’F@?‘Hel senspromeg goritak the temperature
the first orientation in thermal contact with the
sanpl e holder. The first heauer provides tenperatures
to the sanple holder for the annealing of a primer to
a nucl ei c acid sequence of the sanple. The process of
conductlng a denaturatlon step follomed by an
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uni formtenperatures for the denaturation and
el ongation steps of conducting PCRwith a chip of the
w0 poosfopicosn, while the first heater 1210 can prPeT/Us82088/000860

and hemfeaﬁ’egﬁerﬂil ﬂ)‘ﬁﬁ%@in' aﬂgy sremRe 'Dwxd-ﬁl'ngﬁe & ahdD6r R BG t AR v;mous temperature
a |ar reac

of .conduc er . of
zones pr’&ﬁ\stis Jétrolqa)ﬁgﬂlmjtz or E%@l%l Re ngﬁc&og%erﬁﬁa lr%cetwﬁ.chthv require do trt]erent thermal
cycling prefiles iAdtawatyely, thraempsintd emeccanbe dolydedopindigidead urgi o @ong fo that the

temperatuhs%f QJEB thf Jr 28k uﬁ%e fnldgp%ltldeﬁﬂ-yl CGHHOQM %e QlfnpetrMe Qﬁéﬂ' %ysbe included as a
184] Figure 13 denonstrates_a side view of the

det“ha‘fl? H"%ttlc’chté‘b‘td@rce“i‘? portthe Spse ohtke wita Hﬁ?"ealsf’ Re iaf CQ‘G‘F%‘“E’Z}‘W@W or the exterior
surface dfhig mealtnﬁherﬂné’rmhd t@mpefaturd¥@nsbi das be fabricetert A b MR gralpait h&thetghting element.

[00189] CP Q%l‘gﬁq;m% j}oglﬁéd \Qntﬂ:epnﬁl r%%ﬁ%%%ﬁ ngé hvc’en#(gﬁgdenf ofrated in Fi igure

tenperat ur e
14.In ‘hﬁéé‘t“@ﬂ‘e tah d'éfére'pj rSPEASE ZPRES af the ffrft Spaish ere FeRISFRiS bieseparqiglower
temperahl&ﬁﬂhlnge &4 @Im%ml&%r,atuﬂe%l&uﬁmw t5ORBNE KARP FE& example, when amplifying an

entire hun%ﬁ %&Hlo [th &% ﬁu as‘rshesteS hO paraﬁlseq o{: tge mven%fl 049)1 clles capre perfoermed in less

ea‘f er can provi
than abogy achiesrits. 10mbizH P"e%’eltﬁ minyieey Ofgier th@mhéfeyerv e?ne (aﬁeut?@ 9%)@ of the genome.

[00190] arthel b&9 Gﬁﬁaapbﬁﬁﬁsaﬁrﬁprévm%{g%?@mg h%st%@texﬁﬁahﬁé Ridis8cohBaured to receive a

sample l{oﬁd%ia %e saquhleé l?o%eeh%lggng ] held p plage v rrt?l.gl 6 t é‘)it(él S?Qg%et e(?f msc‘e%ng 1gc§ud1ng vacuum
force. Inpe ambaglineekt, b bady evmpaises @ opruam thugk thhqldm the smsple heddgr 6ymly in place
allowing €2 IRREGASEE JARALIBE theMal RRALE with @R 18 e HoleOEHBPs, bifs, adhesives, slots, or any

or tenperature, the_ apparatu n al so co
ot )PP T o BTt 0 e B 81 PP N6 IR s 3 vould b
obvious tdthospikulled Initheyartof  t enper at ure sensors have at | east one

[00191] tﬁ@%ﬁr@tﬁ%aﬁ alsChiiRF coﬂﬁﬁéeggﬁg’s Iocaem%e%oglm oﬁ' mﬁ{ Al Webnd
each tenpperature zone of {he apparatus.

°“ema“f”§r‘?ﬁ%\‘eé'l“i§rel§m§‘§ HYEPect ihgrample ’P‘H‘?f mocoupl e or any ot her
[00192] Sea®tEr abfertof e Brvanvior, hlaipbﬁatud’foﬁchﬁiuai‘ng a clﬁeﬁﬁ):iﬁgdctlcﬂ’iﬁlolvmg cycling at
least thht@nﬂse'rﬁge lgl'e?srngrlsﬁ | bpcgl 08(9'%91%& qu' elw: 9ch§J c%qu&xrislin algﬁ@a?iﬁl otf Ranowells for

ower source t provi des vol tage
contanig B OO FrA TG B %rstéﬁ*ﬁg@qﬁ@ws a ﬁ@h‘FWFga“tS? and |4 gecpipe heager providing a
second tdify@raied tvhdigin Bk eidERhter iRy thadeSchd heatet ord pdnfigurédo Be movable between a first and

a secondto?llérxgﬁ{og aid Fherd ?ﬂﬁxﬁﬁrst onaxttatlngﬂllceg) he he@tnrqn (hg%l C%Ltgé w1tn ﬁle sample holder

erat ure o nmper at ure sensor
and the S@%mti printatitnelogsapipiice the hesiehig theamad epntaﬁemb Ithe s3raple *p#delf i | e
[00193] O arPdmbadimeéty, tl&fplwlaﬂlltyto‘f nanbwis dicAgdréskiBle GltieRinaRHafdwelld drSdrranged

accordmégp aa ;%redetlelgr1 ]d Isgr% tgnlfil;isera%lsersrps%ghqﬁalfl zratqni:a%t%rrl]ee osf tl{% fnanowdl?s 1S add:fessed to indicate the

ormance
predeterginedhiemperatyre for fupmipesthe qhaftncafl eeqenon @itpfp ﬁaﬁ@amellt her mal

[00194] qu&loth&@nﬁm&énk eR ﬁrleJaﬁf Jbﬂ{phéé@i Muraﬁt @ft&ﬁﬁﬁﬁ&%hgs ©rhe plurality of
ensor can

empera T 5 DAY R DPE TP RRLI Ly BB o gh 0% s are amayed

[00195] [Thel Btendlendnt eatsorvenr mhiedetwedTitis firs aplor@derentst@ns@rordiag/to a protocol. In

an embo@n%xehtntﬁé éﬁgﬁgusarﬁn ﬁrtﬁ%?t:@l%@gg lﬁot&rﬁ')rtmolvﬁg at ed: ﬁgke@&ﬁmgatgr%etween the first
at the base of the unit. It can also be i nt egrat ed

and s°°°i“ﬁ51?rlf“‘f“|’f’é‘s interior or the exterior surface of the unit.

[00196] Fugntelmdodieng thetfinehdaenqe p@tide etespmsioe gradiant. [Beanipds b tgi@s eftheaters for the

first and Qe%oﬁlrheitag ﬁgﬁcﬁl buPGAL Lot gimtédng al?eg@&\lelﬂgate? Ln%rﬁﬁ{k oeﬂegtp ;l‘ﬁe%]er

erature profile provided hermal cycli ng
[00157] éfp*b ErRPOgfeR e IRV PBRFS: ‘tﬁ?é‘ﬁ’é‘h Sipegp o ‘F‘th’EFrféSt heater, the
second hdaer, dr Both.hi S exanpl e, the 6 different tenper at.ure zones
[00198] ?rr orﬁ% r?oaxrlc{jlgtirge IpEity tﬁggpggéﬁgag §l§c§f’] o% TiS é ﬁ%ﬁ t L rempera(Eure sensors. In an
embodmp;pt@q:F alér@htbyf teIRRSTAEC B ARETS havg akleast qug) femeg(m peasor pigigped to measure the
temperatﬁtﬂ’[aféaf:lytbrﬂ}gara&ﬂe ¢ d)fftl& ab;hh?ﬂﬂ@ genorre wi th the chips,

[00199] %¥1 ex mg aBr a??agatuasa sys ess F é‘ll%l 1r1]1veé1 on1 ﬁ?_inatlgng l’hlu gureqyﬁ)c%up 1510 can be
loaded lrm w@p@saué ifor ev@wtlsg mlﬁmcéseaptmn@wdlemg tyglingrapledsf tyogampergture levels. The
gene (about 30,000) of the genone. [00190] The body of
the apparatus for providingsycling at |east two
tenperature levels is configured to receive a sanple
hol der. The sanpl e hol der can be held in place within
the body by a varl ety of means, |ncI ud| ng vacuum
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contai ning the chem cal reaction; and a first heater
providing a first tenperature and a second heater
w@e@siogiongg a second tenperature, wherein the fPECBHUS2008/000860
chip 15 foead l&rsetallﬂﬂa&e B¢ ary @xeidal cdpsdd TholdinLthEd Mif plade) 6B ad vallm or a clip. The chip

can alsoﬁ 8laced WltFlH ‘ihe paraﬁl (t% slfam ﬁ”‘l dh O}hmf%lp agg] a%alg{]l (s:"tﬁ}; (?rtalwgﬂ whlcrﬂl aligns the chip

I en
in a propepgsitigi- Tb@cmpap@n baglaced ctnhearminlpllcbr Wév thatris cam?letori@og@cmmﬁ down. The

sample Hbﬁde?&lﬁ%éoﬁﬂ% &Scoldfid toralh@&eelszla%f!ﬂ@ Srhtud rso(o her mal
ont a t he

[00200];[%18261? ﬁ%lﬁlfnt t{)el,]cglppls B)rggfi/f)rt\gfﬁ?la?f t{;]eacll*%\xglsiaaggd gy gthm plastic cover 1512, e.g., a
standardeR{Rr teys Sexlob @ringdvbiper mnanpreelInpdateo Wil HGR tape @anghe madeyed transparent material,

such as nglgﬁengldtcgl 122 r&ﬂo@gﬁet a%ﬁ mnﬂzﬁﬁiessc% bquplatc@d%ﬂefrﬁisyaﬁ'e%tsml c%ﬁjglﬁ) be used to
| east one ano I S addressed t

cover el e G BiEdke iy Iﬁé’ae"ﬂt@ﬂﬁ@’i‘ta‘{‘%‘ihé’ b ninying e £4ygred by oil

and a coghreni cal reaction within said nanowell. [00194] In

[00201] 6}9911: mgdlﬁm? Qﬂa} cg?larlﬂi 5 12tcg@ruté tﬁé&]?h%?& i€hot Fe F{d before ggcmg the chip into a

plurality of nper at ure zone ura
thermal ¢y HgeaPRAaitse % B AN Gerclie S faeegy ﬁ@eﬁp@a@s ehetietierd 530 can
provide 8 &lkrce @ thé OIS @ihit bakges &6 CRip U5 10 gmd &ptivdN brakerrhd) Qorithdi With aadS;ﬁcover slide 1540.

The top ggverasygedl 54(#{919?59 g;de -cl;p a taansguar%gt glt’]enal%reg 97 dtepleﬁ ?ha? alI%ws 0 tlcs (o] v1ew a reaction
ng to

econd ori en a I OonNns accor
of the chip. Ma@tlgtréqtt can bg ugﬁ a@th«bt@ﬂ pqyﬂerrﬂlde ipghye, éptrﬁaqxgt limited ahglass silica, silicon, and -
polymer§ wpuala&ta ammme SBvidhs RAAIE skilRd 1anairtng t he first and

[00202] %‘%e 8?] {:ovter s?aeelrﬁ(f betag%egrrgrgee a }];eate ltSéfl such ?s an 1r},rc:i n*tm oxtde (ITO) heater, that

can heath}@aqu]f the ghip gleke] t@j@coaertoéq}m@maﬁ@? andfyr wells enbeateFhApf] teegoppdover slide can

be used lo)b@l@rﬁ:e (113 teh@é‘ﬁtﬁlre at tfleos'hrficg ef thd Jhﬁ;; su@nﬂat SHREQN.NRR! Rk §ccur at the surface or
but are n a resistive heate

opening g o e Pt PR "R U317 T o4 Fpepifal ofthe resgens
and/or samptroukyrieatto a rolmevizphayabadense omtbe susfes oacdn@af the tendtion mit, or reaction well.

Condenstamrcﬁmlltel%?ptvﬁpin o}%ctan ;tmusf:a {o%omlﬂﬁ ﬂ{e gga%)% la/tﬁlg? 8k %19' In an embodiment of
der I

e el S L ST L 100 L0 IO O o s i heci
1510 intp thenmal dohtyct @fth ¢ ®ppereadids B4G@nPosing a henerd f2ewticiiaBakinge the temperature

at the squQ@ optkéjcrhﬂJ 1'550/ to QIeV&?&H&‘eBéEM{ K1s3 HIRP [nFi gﬁ?evlg tﬁLI to!) &@étshci%rl?m may be
erature sensor assigned to neasure the ggsgra ure

connectegfto aelgﬁiﬁe {Sé%%fé]i;eéxpwaéus i% ﬁgalrd.ff s&rﬁés %Wﬁilwewfe@ g'ﬂfhe Apyings or other

devices B2 tAplraieye sappafitiatpussusend teye cdvar 166 0540 ffrombhie forty/@ e ihedter 1530 against

the chip I1§10I 1JmlkHl§ w’e %gp%gtuls BldF sgelrll{ ﬁorg' g)buéa‘ A%V anth%ﬂBol‘ gr cﬁa@‘l@e tp)eprl sgure (?ampmg may be
to an ap ausfrcoduc em cal reactt o

used to qomkotbviom goverybqiq tgybridee 1>fé%?§9parw t enperature |evels.

[00203] THHEE Hetpld:H Ttetraid hﬁarStEsI in Figuie |1 §,GRhip Y518 133h BIRhIBAAEd &a@a&ﬂ tBough the

side of th(])e thengah gycp% atﬁga% s 19%00 A% ?ér 1%% p tth%apﬁar?%sac%rllj hllglll l?e ovedc 16to an orientation in

aC e e appar a
thermal epnfagyjwith thte Kieip &HP pnq alp @romdae forca ¢l biogs the cbipapo @Prmal cwethqt with a top cover
stide 1540Mn Glgu!1b, glﬂ:schlfp & aGlstit doter 85 IIQ lORAKg tROGIIE. IANS in Fif\Ge pd'”h@ top cover slide

| d
1540 conolgfrlsesk%usecp é nguartz amtarlasl; rgpaklxﬂ 80‘%51‘%% lraxél:llﬁzl-\eﬂ%rqg%?ah}?egig geater ?542 is
operated by nlﬁqtrgljpaéd 1546 coorssh & thed TQ hbssapeshowibid Gigofe 15.Hde wp paveaslides] 540 is then

connected ﬁpaQ)rldéeol@g@&]the aﬂ)a@aﬂls gﬁp&ﬂ{pm sprﬁnlg QSﬁhll)ap rgvﬁéeg tﬁr@s‘%l@? within the

are se n astic cove
e UGS B el S B b e o 153000

apparatugiand @ hewe bf thqzlb]actoec:r_sﬂ'dael 5RCR tape can be nmade of a
[00204] f mm{oﬁﬁ](;lllrgqth%ih?hcmeﬁ%B hélee tﬁ%@ e F&ML Ef]qﬁe' rea%pc% sgrﬁ;ne Q;ﬁl be effected

rem)vab | e and sonetines can be repl acea
by procesing A gi5diERre bRl goriharTosidon 2 FANRYSEA e BeET oReriEvahelinked to the heating
element. Thahhoeme of e @ing tlethdnecan hispbeldbiitblled By agiotblao @lgm}nﬁ, which €an be
ve
prov1dedc58'a ponﬁépor@g{:yd gﬂ%&%lphtgrnrggd%lirgydggns gnrot&fé%gécas g\y}]ee croatﬁocflmtgh{ep may involve

In an e
Pr°°ess”l§ﬁ‘°r“it?erf§fﬁ’f VeGSRt SPEPFERBAE TBEFYSH & OTR P EEPPTRIUTE FRESQE thlpe"lt fhetgs operatively
a thermal cycling apparatus of the invention. After
the chip is in place wthin2the apparatus, the heater
1530 can provide a force to the chip 1510 that brings
the chip 1510 into optical or thermal contact with a
top cover sllde 1540 The top cover sllde 1540 can be

o o Y o e . . 1. i
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and/ or sanple may heat to a point where they condense
on the surface or cover of the reaction unit, or
wo eastdwes wel | . Condensation can interfere w t PCEIS2008/000860

linked t@p&dth@L sampR hE1F3r ldﬁ&ﬂ) taQd BPHbbo s st oh & @&x‘iﬁu@f‘reé[&aﬁlp Bdidoh) €This can be
n an enbodi ment of the invention,

achleve%%ymgjyvlgf(glaenin?flaﬁlejﬁ?nécs (gnpoPcng f?féeéxtpéliangglﬁrobtﬁmtmé process either analog
or dlgltapg)arsam&rab]anhepd‘l@mbrﬁiﬁ C(an}fomahtseretrﬁlain als¢eidbagis cantng cizduitgy. They can control
the tem;;]eéi](pe df laﬁeq‘ml:t h)%L i ot&ﬁ me @e%{per%} ultlﬂp %rﬁﬁg Waf coﬁ’éct{gﬁ' f315n4oQ1e temperature

onpri si ng er ance

zone or Ehé trpesrafrg obthegong ielf éﬁ?ertale ém'aﬂdmten@ therierpperpi e of e fiffercns prnes are
separateQ,@AIRNER The thermMl §Qing poIA andHukatiGi i@ ddfend dnhie: padipul@@pi@ikation in which

mewméﬁans%Q%Q dbe connected to a bridge 1550 of the
D a pair of springs or conpressive devices

1552 The springs or other devices 1552 can relieve
SYSTEmgne of the pressure on the top cover slide 1540 from
[00205]t'lti|1ﬁ sub ect cElgs can Ee I‘OVQC?eQRNl a atl {élrlrl,}ga?ptébl hfgiete(?mg %]d%r mbnitoring the results

atus "an
or the prqgredy efjche}fucai reaﬁ@m takangfpdace prﬂ@shlm eSudmmmahgstnaychiyezesulyeecfuncnons by first

optically &mﬁﬂé‘&@é r@actah@ f&lQ)ple&Wc%ﬁecﬁllg' aQ@axIanmﬂg e Jnﬁllga@ s@rfalstﬁl%ﬁl the reactants of the

I'n the exe
con. TEIRRELEL M b e Bsrn Gh B oSkl et oy
excitatidnglruhen, thcmpm;gthan&duglcg ieldmemy,fand theplolvasemaing cjymdnt Iighe optical system may also

compns@@ﬂﬂ)ﬁﬁiyua%o}&qpselec%lonaéhgl[ 1530 of the apparatus can
noved |nto(%n orientation in thernmal contact

[00206] \k;llg:u}:? lphsea reqﬁssltafgildo H&grgpgl&pwbr}g&;@deéenéatlfl%qxexgplf ?]fé][ae instrumentation in an
experimpyntdl seg®. Figare ¢Gshows ntooptttrey s (ocdigitabdevice)d 1609 canreag@i tc @lagH 1610 as a
represen?ﬁlnlredeﬁan]tpiedfé} -an Lﬁlcﬁ Ieﬂ:lr{gt%n J:l@men‘ hﬁle %pttcpl et?cgétlo% eglnglﬁgétgas(ﬁg\é&frce of

covering t . A'so in Figure 15, op
exc1tatloe B?Fé]s ugefd F%"@“‘fﬁ‘ﬁ&@‘%ﬁh‘b‘ﬁ%“é% cqnipinsd) mgi’e@?c’@ﬁ]ésl‘ tTfJS ﬁlﬁ]tn@(t frgpmpasses a wide
range of@ptitalab@ces Gangefidr8clighthtathsldDdifleahtevavalddiBs, inldnsitids B/ dr@etefht properties.
Represer]tﬁ%g )L?%pﬁp&rs@ch %gncgl & at?o%tsgdr lngﬁéisbuégré#% (l;gwiqghqg tlaesgrs tllcg)ht -emitting

OWn In
diodes (KEL) trap goles light bt“h%ﬁ“déﬁwh'@dtgb‘dmtfﬁﬁsa bri dge 1550 of t he
[00207] AMP Bytiadl HSnsh)ésu’sh ¥R ueﬁsuh MQprSd@ﬁtth}@ntﬂ;5 Sotvek h@tﬁnﬁﬁ&l‘ﬂ FIRS it collects

and/or dé%c[s%hsé 0) Ec%l €X 1IatloV¥|1 stources to threatta ts 1n51d t];e nan \perl ?Asg éé ond, it transmits
Brve t6 1 nprove % ermal cont & ERP
and/or difgstpthetoptiqglytignalpernjtied fom theyg@taps “’Flﬁ@hama‘rﬁﬁ afsth@ms tg the photon -sensing
element. hﬂ@toﬁtﬁcaﬂfanstnhﬁloh @l@m&l@éﬁﬁﬁblostt)ﬂ Q@lnllﬁ‘bgaseni Q%Q&H en&d?npasses a varlety of optical
heat i nq. el enent an

devices @at cﬁannegf%hrt %(c))rg:é)ne %Cétlorﬂg)glél{ to 6lﬁth§ oIn élrnltglé ﬁxaBlg e%?ffsgc&ogtbcaWnsnnssmn
devices mlwtwetwlrf@ela, optiebetlénleren OdUA] agd dé-miifipletes (BE-MIFK) adiffraction gratings,

arrayed @ﬁg@ﬁﬂe%ﬁnﬁg@ Iy @b AR HER O REFoRL 1eHs@J Yollirh#td¢€ gndtagy LRE devices that guide
el ene % novenent of heatlng el enent can

e wansfi i e GRIED Pons B R BT GBS gor Tt i whi che
[00208] FhnpHownxneivg deatntapalzzes hegpatteof be opitad sigwhlsgpmiag erlﬁ'pld fre@¢tants inside the

nanowells€SH@RE ﬁxomﬁgérﬁﬂk el!:rHenpctan @é‘tecaﬁpﬁghs?ty oﬁﬁ%pt‘r\&ﬁﬁglhﬁlal al é?\g:n wavelength, and
i nvol ve processi n enperature or novenen ’

Pfefefablé{éﬂb*éi?“%‘i’e@?fm s s OB ORI Seatpcrost LPRee Sbtmats. Preferay
the elemeayit @agsido prdvidke spesrrurrpce_raahamesl ty show kiedpdc@uraiped ivivelhgti)) spectrum peak width,
on. a
! [ R
present l@ﬁﬁroeweﬁgal@ewéﬁ? figdralArD.charpeoitrried devies tridht alecpey muliplying charge-
coupled ﬂ@fép@l\dﬂ@ﬂ)ﬁa%ﬁlﬁdt@herm (PRIEY, p]ih’td)ﬁ‘aﬂﬁ]ﬂleﬁ‘drfa?@ BateRmitREFIOI s, nano-tube
FET’s, agcl Igi {\I%lods I &%@dsfwre r@éﬁfnﬁ%&é%g%gonﬂ &ﬁﬁr o{)(qron multlip{ym§ charge-coupled

onents are run on
dﬂ“e( )eahothes frmotf intensifiedefer at ure of one unit, but nore

[00209] OFfHileihe Edﬁﬁcttoﬁfﬂa&&ﬁ&ﬂ;rcen efasseiibiéd RIng mikyi &&blﬁh@ﬁs of the various elements, a
useful anemrbr%%or aP zn)é (t)}%e SP ea cl;z}ghﬁ eex TTF ?c$an{s f:on%p%gcg taxé?pﬁlca ?ransrmsslon element and a
photon-sensing dpm@ntsych gshranblyarplroreiered tochersin ap Pepectiinh fmlyeert. zones

are separately controlled. The thermal cycling profile

and duration will depend onatyhe particul ar application

in which the subject chip is to be enployed. SYSTEMS

[ 00205] The subject chips can be provided with an

optical systen1capab|e of detectlng and/or nDnltorlng
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excitation beans used to optically excite the
reactants contained in the nanowells. This el enent
wep@snpmsces a Wi de range of optical sources tPEr/US2008/000860

[00210]9Wh&é @bied) th@ﬁlcabgﬁtﬁiﬁ obthe ﬂbﬁcelﬁt(ﬁfverﬁﬁm m\{xﬁiuﬂenﬁltobﬁeal selectlon element This
element sgec? (I:I/or rets nesatﬂ cal Pr%'é‘e%ﬁe? Q} thd"ox ) Xl nt begn“?sdnle fored e?zﬁ%[gh € reac ants contained

ffes B sue exci I'Oh
in the n#mtvellar Eherpptical selmttoe elleltﬂ@lt can algebes&mplov@m setepti and/privefing ithg detsal signals

coming Erbia e reabthdtd i@ e 'ngloﬁlt:llslbleﬁiétthek%lghzbssreacﬁﬂl@éﬁfton"!@ﬁs‘n@ eiefngﬁ't Sultable opt1ca1

o] i Sy A PR Blop b PR e ST YRS potcn
optical intensgies, e lesgthsphlagerdiffirness kmorighailtptoptcal beans tilm@dealayamong multiple opt1cal

beams. %%Esgxﬁ%vg g(a;npl@s dr&ih Bﬁm&l%elecq\&& éié?nehié' gre Bé\ﬁ%‘@n ﬁ?tergfoptgcgleattenuators
s. Second, it transmts and directs the optical

chi
wavelengih g QoA RGP SHIEHESY et B ﬁf%an‘i* frlav diaest he
[00211] rikba efeeinkgiondd optivel alﬂi’nep)s cdn@ddph@evapikrg b ianfipeneona gTiel 4i6rin integral parts of

the subjel-clpallpg BI Je%k ast s%%ﬁ%erﬂnﬁss I/Gﬂ)f ﬂe&@ﬁ&%nt?ﬁé l;o%prle%lail? avfallila%ﬁe Accolrdmgly in one

present ent1 on enconpasses a varil et
embodnafé\t; |ﬂ}f@§56tnhlafenwa>m¥éies 3 Ghigrie whielths eptigal rr@@msslwnﬁmom senging elements

are fabridstéd ikt the cl[\pﬁrbl;tiam i dng a@é@@ﬂ@pﬁ&or@d‘ensﬁ%@fém@r@ﬁsl n&@érated into each nanowell on
ers

the chlpfthaF{s1 1So e mom?ored %Ctggf a%j)gg rrlilo(}iee tlh%o onf @g g "?‘Bée‘i\?t']ﬁ efement 1s integrated into
the nanqyje}l fOrCa}@meth dQWGIOF H‘Q’Sb‘hta PWWCW\/&WG@@FW}@CQT the IPhQQB sensing element can be
fabricatddA0 the Q@ dr 6Bthe BV Jf BB @Snowéll, brf 49 b§1 of ki3 0SB Sof tHéQnLrlo'wgl@t I@lﬁ@n -sensing

elementT suqzﬁ)?er% sucth ?]ﬁglqr%t\{c;nqg ?udgp 1 grg%ot Ih tetLta Ia\éaiaggxgﬁgg aodoe charge coupled

‘hrodgh'eproper trv
devices grecbam conEentiofaDOOD 8]ecihenyiiphtingrvhargrmimiesl deiesrtEMCCD) and other forms of
intensifigd @ & sthigiveReed flﬁlo-QLfbe FBEs, @ALN &dde. glvzgeﬁ)@llle%h&g mo&gs particularly

450 137 ST RN o
electron gpisfec dlhewielgmarts tagethar githtbesupyutank eingitly canchia thbpcagkias mlal of the subject chips

using stﬁ@ﬂdﬁjﬂwe;sﬂgﬁ%ﬂuys dgﬁﬁ&ldrhgre&lhleknb% ﬁn%lahl es of opt i cal
across ran of, wavel engths. Preferably the
ouz121 g e

Thedmen’ 4 Pbﬁsemn&fét%’é%vﬂemaa@fa&s anehispeeschipgnd the optical
systems gdn@iw ab h:ear&p&ﬁtt r Qu agreetlof M\tﬁbmﬁ@:’tnhenc&ﬁﬁﬂésrau BppaRak for conducting a
chemlcaW)r@IohyglcﬁQgctgﬂ%ﬁglhgéjgwmég %Is{ tu/me i:r?tﬁre %Q?Wereﬂﬁﬁlﬁpﬁe cycle period. The

e resentati ve exanp [es of sult ton-sensin
spparat FghRBRfS > Figp °ftﬂI*Fé’“°;§?”é lsPEion, RAGRPPISH 15k 1Ay HoRTEEY mleéto the chip and
that detecits axCkgSicaf A@E)qomﬁmg &irb@n&heﬁﬁMmeE dpreferdblg, @ opticklld)gnals detected are related to the

amount s#ﬁ?o%s S rfu 4B taﬁaaggﬁf_ tﬂpl ed.gevi ce (EMCCD),

0t 0= frul t i plier arrays,
[00213] d’au@ 1§ elhlgqafep prﬁ)ﬁarg ppqqg ﬁﬁtepuntfj gnsFaEp'Fcts In aamgprr]plary eRpbodiment, this system
includes@h 6yiial tréﬁmléﬁ&deld’ﬂ&ﬁ@iuﬁh as@GlAab10GieH OA6, of AENE Odaﬂ!rollgzﬁg the computer
or other glﬁxhacf\s n:i;)qG(;r?é Ll{l IQsie¥ g%% E)htgc[, 0 pl egﬁb@%mv@ butlfnh% 0SS anl 1 the nanowells
using a Rowpff lsest168fbe Fe@aﬂop@)ﬁé‘@ ewﬂoream fe@seiézgerﬂ’é‘we @ heigyitipa) sipmatygoming from the

nanowelGAA D Glﬁﬁ hr@ Blirkbked bl € 1M AT600 Wsch 8 £UIRNES, an@arb‘ﬁa@jeu Ithrou h a tunable filter
excit

RN N Y ——

This parggnidr tanqgﬂmtm nffgenbivegst ellwimefot morBudie thtaswﬂsi andfosresltS@ chemical

reacuonsrtailrfgrmaealnhg,oaarseabﬂcﬁéi on3Pgst rum anal yzer™.[00210]
desired, the optical system of the present
ooz Yy

of it ﬂﬁé’mﬁa raggmigsiop F’G%if“‘ s@oEeble Bﬂngeqlaéma X-Y stage, as seen
in Optionl hofFigatedife Iitan glgr@ G te b odihent, theehip isgtacddv@ aOFEY @4k as seen in Option 2 of
F@melgropertles of the excitation beans before they reach
reactants contained in the nanowel|ls. The optica
[00215] éfbﬁ fé'é‘ier BrPodmerhdiitbagiarenit! soel kaming fsaypaided to adéaveeptimized chemical
reactionsanghecific fagdweleofieautapdte. Fal exaingleabitg £ixed ﬁtgmfni Qlﬂﬁtlﬁia Qlcludmg an array of
nanowells ﬁ]ac%}:n %[Hugnn\iﬂgletnngh?%a%%%?t\éﬁnﬂetlﬁﬁsn%eé{og %le t and tl ror aslensméI mfnt after heating
(or Pf°"‘é‘l"$3hi§ﬁfs Oébﬁ%"@ép‘#ertcmdwa Stmshwl},pnaorvmqﬂ@pﬁlmhg@srommpmtsc tak photon-
properties, including but not limted to,
pol ari zation, optical intenggties, wavel engths, phase
di fferences anong nultiple optical beans, tine del ay
anong nultiple optical beans. Representative exanples
of such optlcal sel ection elenents are polarlzatlon

N T M
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devi ces (including conventional CCD,
el ectron-mul ti plyi ng charge-coupl ed devi ce (EMCCD) and
woriwsn9feas ns of intensified CCD), gate sensitiRET/BEN0$000860

sensing BN b RBedT B oftconteof 2 Msithd QRLEMAVRAABHFIN 8 sfRhRE Minbli M ©pbrSanalysis of each

artlcularl referr ause it mts det ction
chemicasyog gt e BRSPS o F P ¢ HEP Paon B SR capne o
loweringseadtiameperaraoe dgatofs of keaction oytlel)rcamisfimplemehive Sssulsk @ yade rounds of

heating Llﬂgﬁt&ﬁﬁg t%;;tpm}e% cﬁm&@fesdtlglgasq}kéldgd'] lﬁh[s¥ro€é£‘cap Be repeated usin repeated
fabricated as part of the subject chips using andar§

passes of the SNSRI ﬁlrgwwé&mmwékma@g&% F ot R ol locRipgR 0] e desired
outcomd df@ chentical 102 A} deteatedinehdhannosvaid dd ihiseniy a givirenapsvetl @imical reaction can be
sequentlla{}yxg(mitbrg@a rrrg}{l 192?&?6 t@Bro%Gepa@nr xHéedl cHen\Myl g&tl&#ﬁ)r t@h%penqglg)well

tica tens remain parate unit
lefererésq&é@tms 5 briceh S BEesies bﬁﬁ&%@é@d @hthfawwﬁ BRORFSticp g the individual
reactionf cmduﬁﬁ;im ghea;e difke@dtk pratherind RinPlaRir€@kd fhaRCR irdttioh e Uis; thé gpparatus of

the preserX tnven can be %Qis E V}Bc oﬁ%gr i‘%eé’llg elf llocgpvperocsess v&ea® eachhnanowell location, to

e- cyc e per he appara conprises a
optlmlzqﬁlethqr@mfjrr@st@matqvwéﬁmo@wa%z atan opti cal systemthat

[00216]i IS a@&%ﬁir& Ulﬁll)o)hnféﬁtuptlﬁﬂgir@seﬁﬁ@Cﬂﬂalﬂer@-m bk IEFI)SJ@& T@l@@lﬁﬁga‘ia @D camera can
re

S I gn
ve e PR e o EAORY REPLOR i DUt 50 B PR e iR LgLpporomoms
and spegypscppyo dhe Ehuogars GD ednotieciabble waget k wive rankd of §CPb, &ew@usk i is based on
modularit{) @ndrﬂza{ﬁﬁ&ﬂlatdwal[e QRRi%3dire g HhEtEncd, @xdrﬂphe@ﬂs Mafin Bused range from the

1536x1(§3 Z(% gfxyf lgﬁi)&é@:? %%4%5%9§f@§%%ﬁa%ﬁ(§ll CEFCPG‘ él" Eeaﬁmsrﬁf?ncbg |11nked to a host

computer thanairihswetdink el vargiesstconnsetiom alpsing atlangralistaace| batseen tHexbBputeyand the CCD
camera. Xenon | anp, controlled by the conputer or other

digital setup 1600 The | aser is then focused further
[00217] tIE) arﬁfhar\ﬁn'&gdlmf,ﬁt Fl&rpmsm wyeof 1mﬁr(i>v&‘lﬁs 38yt §1 »\éhlqh ﬂlel‘f@p apparatus and the
optical spBd¢nB\@e skigrateSining Iidoneemsddimene s appbaidfls, sytetnedhiysd O @reﬂeﬁﬁ@ventlon a
thermal @}lelngoali)pa@anls opﬁeatﬁr%q&}éﬁ%q 01" tﬂecf‘ﬁ(/en&(ﬁﬂ'gld-gp Sptlgzﬁ Q)LS{QQJ aﬂs g{k@zlélg%ly coupled to

romthe nanowel I's on hi'p are co
the chip anq tgzﬁ get%gge opt}gﬂ éﬁnaégonan& fmgéaq aé(ﬁgssabghlalt %lfrtlée cblgsfg%farably the optlcal signals
detectedtahrelbrgdhto she bnituabd f@rddidt bthe cherBiog re@étioh @kingiplhcd v haus,
[00218] ?h %th@l?%&érab? en{gg&u(ﬁgn tllle agn rlﬁ dthc]é?c {FL&?L’SI% s?@&p J:kaq ag%gtgc%% by the

or spectrum ¥]§ IS pa
subject ‘é’ﬁt?ba’ﬁtﬁ‘é%ﬂperéF‘feb(rcgupéFdltcbW @a§t PRl sytiensare carshie phfFansigtting appropriate
excitatioh B&anfs ﬁdlgé’ R&shnd ﬁdfx@i‘mphﬁ&u&dr&cfﬁns Q:hl&:ﬁfir@ahd Jnﬁlﬁﬁﬁgl thY ¥mitted optical signals

from thetr%agéﬁ}g lgifargbqy fhﬁ o?t mgnah%(?e fct%‘(p ?’ﬁa%ve (9nhe amlount Qf amplified nucleic acid in

the amp't[lfrcatmmag@ arer emehelﬁfycﬂesvem éra@rt@n ﬁefrcr?gthmpaeaé gysigm transiityexcitation
beams irfid tﬂ@@ells AntaHBRhd Bach¥lshi@pleskt QlfvlurElth bif tﬁ'leg-@mhgtha E}nphﬁcatlon and monitors

the optlca{[s agaals comrggré)hnr‘{?enna&“feﬁs dt eaip %tﬁﬁ:phg' 1ty ofp 161e ac %ﬂggIng Itlﬁ: rgatlve intensities
of the opftical silmats, reeferefdy ererg miléndelpgle k)ermmnr- eﬁln mypites @baftithtevgly thiepgpgression of the
amplifichtfon Pera&h’)h degichin, € B}hi@é{ elgﬂ\ﬂ%tﬂe #6kltofel @m&ﬁxllescfeﬁa%hdl@ F2teBfng and/or

| | trat F
e e e s o

mltlatednanovvel I's in conjunction with a noveabl e opti cal

[00219] tFrgarea %éla;ngﬁte%mmle S PIRLPR: maﬁamth%'a%ﬂgmych dpfiratus 1710

oVl a_ series of heatin
witha 351§ 1] ST LD b Polg b BB I e atAdRPaiopnd a cip 1720
with an addietsshle doagofpinittesd empedvgran@imenicragiees. eliesbmglé) éhe optical system 1730
operatlvgyso%&mato (ﬁfe cﬁp (fl% Iaﬁ(ﬁagpé;mrﬁ RﬁiL éﬁﬁ g:atrel (9(Eb i:al;heg l§%)le XL Ihown lgf the side

nanowel ysis of each chem cal reac
view in lguzely. ﬁaPFGWél 1I7‘2b57§é6"“6‘??"f ﬁéepaé‘ffé‘éﬁ?dd%ougbtefﬁo thsrmatcawp% with a chip
1720 of homreGén 10 povifld @pid exmadyelinglofd Sigk)Guntber df OMBidalneaci@@Glidh@EIPCR
Aations of reaction cycles) can be
amﬂﬂk&%g?ﬁ%@%&igémgggﬂﬁgequent cycl e rounds of heating
and/ or cooling to optim ze the chem cal reaction as
needed. This process can be repeated using repeated
passes of the transm ssion @9enent and sensing el ement
over the various nanowell |ocations until the desired
outcome of a chemical reaction is detected in each
nanomell In thls vay a glven nanomell chenica

-, I L Y T Y 1

. o o
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* senetic ik R s s prdfrob bR o e

nodul arity and common hardware architecture. For
i nstance, exanple CCDs that can be used range fromthe
wQa288x102¢! Kodak KAF-1602 CCD to the 4096x4096P&KDUS1008/000860
[00220) %rell@%gr%o s al B@m @E'ﬁfeﬁ\ 1860brlaR 1ﬂvédﬁlk@@i}n{p951§g a‘ﬁQ&tcal system 1810, a

u.an_ et ern I|n or., wir.el connect |
heaiing SRR 130,47 S ST 95 SeMBE TS L IVERH EHESTH SRS R s g0 of the
system 1@QDe @ divpmahcyc[in@ORdE] forlcondartmi h EER entiodiAvelmwn it Figurp & the heating

apparatds Q%% tn%@ Hé‘ngt\ﬂe@ﬁ)gk R28 Yisilaf? gﬁn'ezn bm 1(‘854 Foh&mglmhr% PCR. The heatmg apparatus
paratus and the optical systens are separate unit

1820 1s T‘lﬁ) BHeb bRty anfj NerticEtp %ﬁ‘%&“ﬁ&d bxihe Tr@?ﬁs indfrgus 165 A flﬂ% 1830 is
insertedjon @ S@ipte holderd B40 than cananolvéretivally. Theahip N 83 0apdiarnaionslisaif the chip may or may

not be cg@@h lbpggl i€ EB‘%ELHS?)‘ Tﬁeh]%atérqgmtaﬁ BRE th@ ga‘#np%oﬁ@xt 1:89(?1L1t0 éhermal contact with

I'S operativel COUE) to'th
a top cov(eﬁ gltde dgpé@mgm&g] a gnﬁt[f}lrg aTo gqatjh 185 é[‘ét}?ﬁopl @‘“’Frrséj?ﬁ 1850 is connected to the system
1800 byaddﬁlﬁ&‘s&abstpﬁng,lmﬁl to@Ernditibette therhal dofit@dt Betadah Yhe sdnkpe HO[AEM 1880 and heaters
1820, 18%? g{]tﬁ systgI t’I%g ggf@tgmqg&) ! elal@c% gnp%se a dlea% s%g? é’s‘%t (hporgve ﬂ%CQOp cover slide 1850

em cal reactio AP RO
from coppresping jnta the eptiest tyatem p$18f er abl e errbodl ment, the

[00221] 3R Pightt 1 & che raacchawenamldsompﬂse& hecp léQhe@zCiSl@ i P&itaAbLlight source 1814,

optics 191% & Emgo th&Y {' lf(l ?81 :J%Jg ?}%&ﬂ}]‘l %Lgé:r?plélgf té% gtécra ty_lge\-é'x%a Iagother
embodlrmrnt theaﬁ@m CoMPIERES amhpﬂ@pcrf |C§Pecare¢«e,|etmuoo tigly eamss, optics, loeoptical filters. The
optical s&ﬁé‘i‘r@tiﬂﬁ] E§n f\hrﬁtldnh@re@é'mlldfd‘)rhﬁtﬂ;nm‘aﬂl Bt RRtSion Bt &E&LA f8chip 1830 when

t he tted optic signals fromthe
the chip ?g:%dst | d ‘ﬁ%@ft ﬂtggtn‘;l?ea“{‘%"é’p siak %léﬂ si gnal s det ect ed
[00222] iigarei 1A dH ad:artck diegrah stovg arpuesentatife eaamplld Ibgiedbviatibioeghowtgahireiewing or -

analyzinl Bat} Qﬁm?%w lnb pleGatihRRidh €A Iaaﬁtvpaf %tlchadaautrtuem £RENGS Lgenotype, a
eI‘IO n certaln as ects t eoEtlca system

&igpes| 1P showg ﬁf%’i’pﬁteﬁﬂsmm (or digital
device) 190€ cane® et koo agyarik €820 &lr ug withuh edphibtys R4 tol fFESaplé, ipfoduce a result. The

compute‘i’ Q@tcﬂmd nﬁa&%@&dd@r@toocﬁa@g Bi {)pm:aﬁxs thgt%]grpgﬁd &s@ucti%lnlgfﬂﬂl r%edfa 1911 and/or

9 romthe nanowe ['ura
nevwork ppris0) Whaﬂaﬂpyfztawetcwaewél teTPEI P ARG T g 192 ghe system shown
in Figur©tihchalks GHUGIAL, Slisk fived 903 btyonal gt davicad kiich BJ l&ylﬁ)}hﬁthS and/or mouse 1916

and optl&gf’&ﬁg()r 1@6176 [%grloﬂgﬂuléaggn cgﬁjéenatcﬂug\_ﬁf& th}/oug}?/tpe 1n§1f, 1 c el?nslcla orh medium to

I cation reaction ca
a server éﬁ?O@ AtA lgcab(gla nglomj?ﬁat@qgr e cgm@uplmpm)@gd@@hqan gticlg\flmqng means of transmitting
and/or rd%blﬁ@daltan g'oxadﬂéﬂl;ﬂd’ thmmhlﬁﬁchtﬂﬂ rﬁehﬁmalfﬂiﬂelafnl:t@aﬂc |c&ﬁ\ed@1619 d WGk 18ss connection

or an 1nterﬁ% f:onflecee r Sgghrgeconnectlo rov1deo Br TOIHB%T@TmT_.ovep t?% fr}d and% etb ?t is

icaticon 1€MERIT PRt'ed’
envisiongfbthay dafs felatingdo B preseatipiertion yant be trams@d oer sublenefwrylesiot ¢oprections for

receptlory\dn%r Rvit N8y MFkty €ype) Tl{bgecﬁpfﬁgf)ﬁ'ﬁylé§usgr71])92 &h bda Btidrk, aRtalth care provider or

1712 and secon eat e n ved bet ween
@ health garq tangger. i gneg eé“?’%%‘&"’“érau°%rﬁ‘t“é"ﬁ°8ﬁ‘% °é‘ﬁ§‘“‘8 “ﬂ’t‘g% 3 fapdymiyitaple for
transmisgien fd s abdrelysis efaypiodyzicelnanipde. e medigmcapingbhé¢ eresvltmegarding a
genotypé @%@ﬁc@ﬁﬂg fpor a liReabd toRdifoh 3N tEof als B QL&r&@Lucﬁy RLAR d]c7 %g using the
%ratl vely coupled to the chip 1720 a d apparat us
methods fiesgripefl gergin. Chungara CCD canera 1732. As shovvn by the
side viewin Figure 17, the heaters 1712, 1714 can
USESO 11. kLrY @nd brought into ther mal cont act
the invention to provide rapid
[00223] {T) h%sluh)ﬁqt cleg,scap(il ??Qarbtf'se%tfof tg?r@lél cHcling Bave g pvide Mazigy©fpses in chemical and
biologicdl ejﬂmtdn&ﬁS\;herﬁ déhfrol&Ble RoiReratieh art deiddl The heiRas, cIps, 8 aparatuses of this

mventlox?ﬂé #I’ptlg agg gégggnr#qg% gmop{rl: hth a r;c% au%?mqgug xlt]gic;ng Qrt n?osre s%a)s of the process,

I nventi
mcludm&a*ﬁwl@a Pf thgchipeierree oycling, tdamising. Aqsprdingly. ulse mmmvmw Raovides systems
for mmulfdﬁédilslﬂ. E3DminGk tHe QErdticCdxpia@ioa ploNR H L£L5dlogi PG b0 Bbtaiddd €rom an individual

member ofea sFec1e9 regxppeat{) g‘tst%’ln%ar% 86(2;1% © I("? salt] speS e%&%mr gg%:/t Ibgn a EA\I'S] e; LTE‘{NH

|n Flgure 18, the heating apparatus can conprise a
denature bl ock 1822 and an anneal bl ock 1824 for
conducti ng PCR The heati ng3gpparatus 1820 is al so
novabl e both horizontally and vertically as indicated
by the arrows in Figure 18. A chip 1830 is inserted on
a sanple holder 1840 that can nove vertlcally The

A NN N - s Y a1 o



10

15

20

25

30

35

40

enbodi nent, the systemconprises a plurality of CCD
canera, excitation |ight sources, optics, or optical
WO 2008EPB26 The optical system 1810 can functi onP€DUS2008/000860
[00224]"1%91% e\‘(ﬁ)odlﬂgr@ R Ve Ron bdn®Nud ?(h@m i @br haGRfrd tbrgﬁérzlnb@&f a reaction sample.
Varvin2C U S in the chip 1830 when the chlg 1830 1S i .
arying a{PT RNt PR: ‘%Rer%“’t H 2 Reton aPlG R BPTEt g e (ide 1agsqo! circumstances

includinfg BA28QAmifed guliseerdifl prateis-ploteditterakitiang fegamiSipOVN A gr RNA hybridization, and
perfomﬁng Q&zgﬁlgtmr@atcﬁo\{le The 'Yﬂéam)ld ?nvl)lgg %cﬂ?%k Fegctlglbgaglyg mltm&avell fabricated in a

or anal yzi ng ating t present

chip that ig {pdprrmg) ﬁOIEaéhW‘B’é' hisetirg é‘%‘é?j“ ang| ApplYiGE E01R8gAO %hﬁaw‘g element.
[00225]r]@ laﬁitheﬂeﬁnbbdlmant,g&rhﬁlbjytm G;lpsap@&ﬁﬁés!fﬁ tHEBHAR cyld fingQFe WBed for conducting a
chenucagre§c%§f? %itérgrloﬁfg rah%r of geg::&glr E‘Jm%%ts ér{(]i uésggéh}{% Qlljeg ‘two temserature levels.
The proaegsoewéveﬁ@bm%na acfhmorawalg an Py e0pps 35 gpscyl éhww Nb)ahicmg the plurality
of reactBPRAHRE Wk HAdds dfthe chipfan@¥PEBRT RlingeMEUHiG L el@ndnes Wifdct cyditg at least two
term eragueqpve} er system 1900 may be understood as a | ogi cal

P ratus that can read instructions fromnedia 1911
l00226]dm¢/ﬂmg thesubjott kethert genarglyProcegds with riaging dhordagsien fdnyplefjeto a nanowell of the

subject &P RL Qstuﬂﬁeﬁngl c%ﬁﬁcv ®ith J—ﬁegt%gh:ﬁﬂkxﬁgwfhérg gdirdiedé @acligrlglmpfglaﬁl be applied by
st em shown 8% ur.e

sasperfp SR SO B RHS s T e Ut ey g o
manually 9chated pibtites tomogseted QU@ systeohs arp kvadabie in the ark. t Ryeferfied @ifpenfdag ipstruments

mcludeg:gm@,@;ldngfdlsﬁg&be achl eved through the indicated
nication nediumto erver 1909 at a | ocal or
[00227]r mtl'f) g

BRI BRPArAHE 3‘6’8 SO ?‘P@%‘F% Waf ‘YF&“EJ‘&‘& acid
amplificatiy. mmgtyf th¢ prasestrinvedtion grogind/a arethpéfoemunitagngdit farmaf@rof a nucleic acid
amphﬁcgmlmt:tﬁm pIoB&:t %&MW ifr @Lll e, m?cgrltéﬁﬁ;rmd Ql%b(%lr&%& \M?J anpllﬁed nucleic

tion, a wrel'ess connection or an I nt er ne
acids coetélﬁfﬁiééet quﬁﬁly rrga%edé)yél&mh(é%rrﬁebﬁlpgﬁ}e@eqtﬂéteyeﬂ:d into the ChlpS The photon-sensing
element@@ﬁféﬁﬂheﬁﬂéﬂsmﬂs ab e optichigighi)y thd aMirdiectMé b, thel afmolnﬁ of the amplified nucleic acids

at any tlglg Xé lgé eqmgedtdnx%] g t&%&f%hﬁc% 1(9'1trl: gont Cfhet (?Ecapgl C a n% Ak ;6? Q&l!ﬂ Huminescent

transm t ver such net ons
signals %?edru@eléps«tlﬁu@ﬁhedm%feaw@vw@%ampyop&atb @rigsptheamy  The
[00228] '€ QibjétthgktHods df YmsliTyihiSaal dekQ Bl DaBet Betle 4oidhive mto,ad q;ecrmm of utility in, for
examplenﬁ% s d;he %raqsegsg gl\é%‘gg glg)yl Qnep C +s£ P ca?é [ gencr)rt?p & v1duaﬂ parental and forensic
identificpfoiti um sui table for tr ansm SSI on of a resul t of an

[00229] AR & drb&imexr, a&ysft)dn(,) klﬁﬂ |a§1ﬁ{atu§ RbtBod of e inVBibAEh 6&Hked to discover
therapeutlcr:)a(l\'lg req van blor%gr ers For qe H’n mvengle ng)tg%g)? hsg? t09€entéftéknoman’§ers for chronic

I'sease condition or s
obstructwherhewnrysieﬁeﬁe @QP@éendtlungsar@@ru ved usi ng the nethods

[00230] dﬁ% Gote & dai@taCle b, aH&ﬁﬁatgr:l ald dete HRE SEM tads VRN £Rs may be used in

e A e gL RIS AL
differenigingh Qfgqss;;la an@_pz'ﬂk jamerigsteelss apdifierent deyelbpnehntaldelges or at different cell-cycle points,

and amoh&RAE @it WFSSbjRle8 tol@Sdus @r@uoxﬂbﬁtamﬁhnﬁ)%ead 91111%408 and
paratuses of this invention are prefera per f or med
[00231]\AFY cf)l

aﬁw'és(fal?fﬁﬁré?ﬂns %wecqliesg}t H)geqtlﬁn 8 5’5'}5? ﬁ&lscaﬁ%fobwpwﬁp%to a consumer assays
useful ingb@jning @t&uctul‘hﬁégqnbrﬁlc @g@mationCsuthChs g plegendtlor stGenod offolkeor@loredthgle nucleotide

polymor%lnﬁrl;srzﬁlms? X&J t{uxﬂ:g a%gorﬁlm%ngzgron A‘;c‘ﬁgg tﬁé &%l’eyslontopsno%l;&é g{}“essmn of one

I nventi on provides systens for simu eousl
or more oS AfrfUA H§ AESHYS cgéﬁéfr}ﬁémé%ﬁ (Agiecs fhg Preysres or PErfsipn ! genetc materia in
biologic&lis@hpg Teaheti®a ifpluges phdvding @ dsef inGifaca Ebnﬁgldd:d\:fbrd'bbaivmgﬁm&e for stock assays,

prov1d1ng£ us%r 1‘381% C6 g%g%?!:%ﬂ rgcﬁle\/Ing IT%O‘%{S ?f‘gﬁ?g e grqgsszfl (grands ta o1 ordermg said assays,

I nvention
and deliysging o &g c4nurges pijeast;Pag ORI Tick Psﬁaw@r?p}@psattwrdsf fopihe one custom or stock

assay plefc&ﬂ@tthdlﬁnsﬁﬂffpﬂneerta}ﬁ&ﬂyt a@ﬂecﬁ,ﬁﬁy ;Qé’setﬁrﬁllvé?il&i 1H¢llﬂﬂs a system, apparatus chip, and
reaction sa

methods for (ﬁ ns ‘iué%a sggem %r Erow 1{1%t8 (? é:%nSlil neé risszalls (r:]onﬁgltﬁdl t?]gitec} }?rfﬁex{cgar expression of
genetic Wﬂai h@epmbqqlgnept tb? elips Cp}r@tceitqqudta@prdmg tocrpser@xerdi-ni ng

DNA or RNA hybridization, and perform ng enzymatic

reacti on. The nethod invol veg-pl acing the reaction

sanple into a nanowel| fabricated in a chip that is in

thermal contact with a heating elenment, and applying a

vol tage to the heatl ng eI ement . |00225] In anot her

Y Y I -
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manual |y operated pipettes to automated robot systens
are available in the art. Preferred di spensing
w0 paBogrseat s | ncl ude a piezo-el ectric nano- di SPENEE2008/000860

[00232][ FH 3R deht Jnﬁtxoilibtﬂvﬁ@stdegms R&d md@ﬁpﬁﬁﬁﬁiﬁ§ &Rl HdddBing small quantities of

i cul SUIte condu uantitative
i, b i S oder r erBRE ROL PN TS oF St v
polynucieptites ﬂimboﬂnpﬁn(;\plf tle presentrimteinod ufclm:le dhiips For gcmﬂln:gng dxbemical reaction, including a
thermoc@r&&f%hﬁ’&ln&frea@nd}l%%cﬁhﬁcl?o‘ﬁhg maa'IIaLlh fdnp@t 1 on reaction

, preferab In real tinme n certain preferred
[00233] eﬂﬁ 6‘8’1’%1‘1{?%““‘11"]]?@‘ daﬁfﬂs fipd witrip ey otherbpical arsthiolesifalppeljcations where
controllghild texBietajurevareidesied Sukhyapbiivetiqah bt Iod-asedn Sivergtyel eaeitisSuch as redox

reactlonL 'ﬁ&&?&gs?st ﬁg ﬂﬁl%gtu}nha%d ?&Wélza %on eﬁ@ﬂ%&lg Q%;g ?ﬂl%ﬁsrl% ijec%zﬁpalscemmg

ers t tens
mteracnarfsenvwotffns Btotopigd mefeclgsuch ﬁwﬂ@mbslywﬁ@teaﬁﬁwlw eceﬁsméluéqis@as well as

morgam&@llledﬁca&tor &W}éoxfnb%oxb;&heﬁgf epha Blichfal r%dﬁdnﬁ@yfab@mvolve interactions between

nucleic ?(cm) lgcigl(e:ia Bét\Qpen ;1\%?610 acﬁ .and npa{)}em %@t te%ng{jptem %1'3 %micll mé/culbse{ }ﬁ cMemlcal

um nescent Si upon excl
reaction|mgy) gk epjace agfeideareld onipsids aa'fjbthzts prmta)si@eql mu adrewelbefahpesubj ect chip.

[00234] |(Q(2)2xa&ﬂlar TibafienRjiasd apBﬁ%ﬁHﬂdﬁde@cn@ml p‘refséﬂcm a@&@ﬁc protem protem
clelCc acl r oad
1nteractlor% ﬁ%&t ?&%atlon]ggnegg& arFPE?yé Bt L?ﬁm%eg?s é)éoﬁi: ?{18 a ta(%eég §'8 p{acer;pm a unit in the

wwmﬁdmagn05|s phyl ogenetic classification, genotyping

[00235]1 1R gﬂe‘ékﬂéé’c%k tﬁrs eﬂﬁfdﬁﬁgl@lhe er(}g:mfﬁ&t@lﬁ] &ke%cﬂxdaqg\;e{\iekrpﬁgﬂgg?rotem (for example an
appar at us

amiaen) 30 gt BRI HAh PR Mo R TE DBe O beoveena cl
surface fe¢pplongme ift ¢orraipbnyding dikand ahtyetrnathe iadpedt,she thm'm mampxiteactnbrhevolves a cell
surface ﬂe&\‘@)pénh Qﬁ‘mﬁrglm)lgogﬁle Ulsa%qmltn&o'toqgnnlk Io{hyr ag‘lea %ﬁ)rt d’QtEm interaction may

chroni c obstructive pul ppnary di sease
involve %%ﬁtﬂf%l}c prcf@@gglﬂealmrotcan AshagetPR PratS et Pngfemp @ered on other mtracellular
membragg¥pbtivtteat i on and detection of the target nucleic

[00236] aﬁll: %ﬁ?snﬁ%mg}gneus‘gﬂosbﬂ ol Q&'ﬂeta} h&‘%&c e?Jd ?srLﬁphghl%r&ﬁuﬁar Sl%{elélgﬂaemfy the

ferential "gene ‘expression I seased

extracel%ﬁ’a’r Freer bl docatiomihpidy t?@rCévléaﬁPr%ewé@mar Prederaipady, ghpreferentially
localize€el | s, anongst ceIIs at different devel opnent al stages
[00237] O‘Eelﬁsturfgye t'efcﬁa%ogptr?p?eg n O%%r (I)ef ongegllbxre;{l]e rortegilgs%:eaﬁ‘% n(g gltndl%t]o thelr respectlve
ligands. |Céaalrf§mg§pwrﬁ e'@zeﬂulqmnc\harreqi oLes insestadt ingpubescel] B‘Pr%ﬂa@fembﬁee They
constitutp b Q5 MmilyRY S Biking Blycoprofdis r}@@sdc&laﬂdes Qdd@ﬁﬁs fw@ich mrﬂht\ﬂnﬂgs structural
constltueélg o?the E Qs%nléfrnr%{nﬁéfsxlsgl}é Sals%J %s 6 Jatoryt eﬁeénerbt? %ov%rﬁ@%gt a}rnléltg 8glgag%cal functions.
[00238] cfthe @mélmms tistlly peifangdbyrsorticting thelrotpindogawopipbr vthe t{r@NP9tpin under
conditiomKht tvﬂﬂrhﬂ&b 9 Eoidpled @ ¥OM &t\be@xﬁ 113 ﬁ@ﬁé agﬁ]the ﬁ%@th T&Scohftons such as the reaction

si.on Qr anou €SS|

temperatureptLee a&gn %f tlbeﬁeactllcﬁl tgle téugfg&cg %té(ﬁls H et& Oﬁ’*l égﬁngan (F%pa&é:txlérd{lteractlon that
is being tﬂh@tlyreésblme@f@ it it geredsioprriah thgeqetoncundaiplysioligically relevant temperature
and buff@c@rldgghsc a’lhysmlﬂfy reldvakt t&ﬁi’eaﬁﬁjes kg ﬁ%p@fﬂ%&lg}o&g teﬁlperature to

re

g lnt % ﬁpnfl for receiving orders f

oo 7 Cod GA 78 5 (LGN Y TS e S BreuTafvBIT Sk it g Baeal. s
physiolofiogl buféec eintaing gphryeqluaﬁl sonfeanrratide si sglnarﬂfat adlfusit D% assalypsl radgthg from
about 6. § lg onl{ 'ﬂ? Ellld’lgefgfgdl)dfrcﬁﬁﬁ)m{tsl 10 t@%utd%l IA\/\g tpgf 51 smtlc{%%al buffers is listed in

sunmer at | east one custom or stoc
Sambm"ikéé‘ﬁdh%g) spye vl hspg dsrnot dspailedisreine  cust om or stock assay
[00239] pham&ﬂhnhxyofmiaeorﬁ;ﬂmmdetehm GRétlyadi mdlfbtﬂ[}%co@cﬁ@&&h&rd gré&t@dures in the art
or by meH{o CEQ:B d ye%nthl tgpdllea%etlélg% math dy §1e robes &R su p dw1th %Qec? le label and
et ho e Brbes MBS sih  ileshapls

S for construct
when a Camﬁlé’h‘é Em*eﬁrd herrakes crpig etk qngatrce'cflgmi da@tce@qm Weﬁ@mreeaetpd probes. A
desuableﬂ&[ar R65419 do® hotGrsi Rt vﬁthﬂﬁée@ﬁlhﬁhg or ki3 s@Bllit§ Uhﬂéjﬂeﬁiﬁfﬂk tardefiSobe complex

L Tt L R T
and met hods for containing and handllng smal
quantities of |iquids, including nmethods and devices
for perform ng anplificationateactions on liquid
sanpl es contai ni ng pol ynucl eoti des Enbodi nents of the
present invention include chips for conducting a
chen1ca| reactlon |nclud|ng a thernDcycIed

. . o

o -



[00234] O particular significance is the application
in detecting the presence of a specific
W@R@B/@i}lﬁaq’or otein interaction Such applicati on PENESZN$/§00860

lumines rSBé§ The RN QIEdf PRBEQLR chrnﬂbﬁs ﬁﬂged@uﬁr%rtwndﬂlé @a&f¥h can be quantified by
laced in a unit mthe subject chi

standarGQUBRIEA Gfss2y h PSRN AT 0%t Ye S SP HY%?‘&tdéﬁ°ﬁbeg above.
[00240]i The exaaptes 01 othsr dmbbdimens dasctiad gertin pre ok ediphry(ahd are aot amgpHeal to be limiting in
describigé;théaﬂh sﬁ)g@gf a?}ﬂgm@ st‘rf)egkl JBBQ&m%Pse&LtErkafs z]cng Eneﬁlg'cﬁtof tthﬂrug'%tlon Equivalent

anot her aspec roteirn-protein interaction is
changesyymedjicatipng VEé‘F‘Pnsé‘LﬁPfcaflfé“ﬂg%’é‘@“ﬁ‘fSoﬂppaéﬁEF 1YPIEMS: GTPRETNGH dafgRls and
methodd iy a8 hadewithen thexaapk bEthe REPR atventioh @itpsubdtatisily pindleksnlts. Such changes,
modxﬁcatlo%s or ?(El ahon‘g| anle Iﬁgt% lyeq'g'%aﬁleg glaldgp?é%g ﬁ’g’rg tHe ;ﬁ%&i’{co&%‘? th@'ﬂlv%ntlon
osome or an 1 munot I'n other aspects,
proteln protein interaction may involve a cytosohc
protein, a nuclear protem a chaperon protein, or
proteins anchored on other intracellular nmenbranous
structures [00236] The terns "nenbrane", "cytosohc",
"nucl ear” and "secreted" as applied to cellular
proteins specify the extracellul ar and/ or subcell ul ar
| ocati on mwhich the cellular protein is nostly,
predom nantly, or preferentially |ocalized [00237]
"Cell surface receptors" represent a subset of
menbrane proteins, capable of binding to their
respective ligands Cell surface receptors are
nol ecul es anchored on or inserted into the cell plasm
menbrane They constitute a |large famly of proteins,
gl ycoprotens, pol ysaccharides and |ipids, which serve
not only as structural constituents of the plasm
menbrane, but also as regulatory el enments governing a
variety of biological functions (00238] The reaction
is typically performed by contacting the proteinaceous
probe with a target protein under conditions that wl|
allow a conplex to form between the probe and the
target The conditions such as the reaction
tenperature, the duration of the reaction, the buffer
conditions and etc , will depend on the particul ar
interaction that is being investigated In general, it
is preferable to performthe reactions under
physi ol ogically rel evant tenperature and buffer
condi tions Physiologically relevant tenperatures range
fromapproximately roomtenperature to approxi mately
37C This can be achi eved by adjusting the heating
el enent of the subject chips Typically, a
physi ol ogi cal buffer contains a physiol ogica
concentration of salt and at adjusted to a neutral pH
ranging fromabout 6 5 to about 7 8, and preferably
fromabout 7 0 to about 7 5 A variety of physiologica
buffers is |isted m Sanbrook et al (1989) supra and
hence is not detailed herein [00239] The formati on of
t he conpl ex can be detected directly or indirectly
accordi ng standard procedures in the art or by nethods
descri be herein In the direct detection nethod, the
probes are supplied with a detectable | abel and when a
conplex is forned, the probes emtted an optica
signal distinct fromthat of the unreacted probes A
desirable | abel generally does not interfere with
target binding or the stability of the resulting
target - probe conpl ex As described above, a w de
variety of |abels suitable for such application are
known in the art, nost of which arelum nescent probes.
The amount of probe-target conpl exes formed during the
bi ndi ng reaction can be quam3-fied by standard
gquantitative assays, or the quantitative methods using
the optical systens descri bed above. [00240] The
exanples and other enbodlnents descri bed hereln are

I N | o L, Y Y . 0~ =, .
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2. The apparatus of claim 1, wherein the at |east one
heating elenment is in thermal contact with the chip
wo c@siogtsee e and bel ow t he chip, and wherei n t hBCTrE8100810p0860

WHATSh €iRftiEDNSt her mal contact from below the chip is set

at a tenperature |lower than the tenperature of the

hie atAinnpgpaaikue peitrisingat fidag Lmeteatng Bt aot, configuredtb by @ theheal contact with a chip
said cth: EU#{pbnsl g a s-m;]s%at@ R @Hﬁz%{ Qlfmo%ﬂasl \Ullleile'm tﬂpﬁ Eegét Gnetﬂgﬁmg Ql%xgent is configured to

rises an upper surface and a bottom surface an

mwefc\‘/ﬁﬁé"rtél‘*ﬁc%ipfl rst series of nanowells is arranged al ong

ane Ta¢ ApParitaxt df elRimOI) whdi€in thp fra@dastSud Heatdh@ ciafmeht 8 is@aAItontact with the chip

from ab?x% ﬁ lijthJ]c%H)o%ﬁ l“lha‘elh%’l %augﬂl%ﬁﬁ [h@l%ﬂfjéogt%%t %’E)mtoglovtv Iﬂ)% chip is set at a

seril es nano ara
temperaiyrrdlpwdr thap fe teperetins §f be keaingtelement p}b@?rml@mt m#@vwe chip.

bel aw @pﬁsrastdf amlalr 1y wsdaélpths Qﬁ@d’oh@hd’égarﬁiﬂpeiﬁlfrﬁb/e aaa a bottom surface and
r at us of

wherein, aqn{t) serles osf Inaenﬁyé/%l s 1sI aéra g one ?rle tatlo omhe h;ﬁ)ar Sélrofaocle andt a seCémd series of
nanoweﬂ'heorssppdipeaneu@cw toc}h%tirmselles @f@niwwpléﬂ ng a plurality of

ma&ha@pﬁét@mﬁnﬁ $, vwilelh@R Bl HendnPis FosRlobHa@bdvt ¥r Rfow a stationary chip

er at re zgnes 7. The apparatus of claim®6,

°°mp”S\Wﬁé ‘tRB°Yral ity of tenperature zones a range

fx offhadmmmsm @aitnd, alvoeit thOB@lingBlemitds cagppla oblicadngehd @bligm

76 Wpﬁirﬂustohaalm 1uE phgly a(glur!ilmga@ihéjélgne%@ @&&S&B&M%tg gﬁlurahty of

a tenperature gradient. 9. The apparatus of claim
temperafiffAPB®n at | east one of the t enperature zones is set
at ahd ppPasaF Lliie & agdinge pliakny afxemiierabiZdZohd a adagdfron®Iout 52°C to about
and at | east one other tenperature zone is set at a
tenperature rangi ng from about 900C to about 95C. 10.
The Thgrpparasies clgm 7¢ Wikirem B¢ plimality bigemeaimps Zosds prpvits d tegtature gradient.
anerd JﬂSer&s%ﬁHﬁﬁa%t Whetei A MGst SRlof fhb te;n%m% Qbdd{ & st Qtrigérﬂgrature ranging
from about 68C to about 72C. 11. The_ apparatus of
from abeuyt 33°fte aboyfiCamhatee ong othep EPCrHIE 290E TAL ETRSAGEE rapaing from about
90°C toaaf9sguir ed to provi de an output conprisi ng a spi ke

\(/)@V %Feoagﬁn%ri sv\}']cga e%lt]élg nerr gongn\r/lsenrl%au aCFr? Ig]nac‘s r?él\/e\re 1inpera zone seyat temperature
ranging fpm ajouhyFBEC @ ablewn®i€i on of about 250 mmin | engt h about

23 OTKQQpbd?aﬂW o@élmm 13606&@% tﬂ@ﬁ‘ie@st gxfne }@QBH Elerﬁgéls Mﬁgﬁgd tlo $§)§1de an output
13. The apparatus of claim1l, wherern the chipis

comprisgg a sRilke; WAXTIOFM O [FBPEH T 8V AMBpt i cal syst em t hat det ects
apt ﬂ'mPpSatlgmﬁd:lﬂm 1)whereibhae indip{dadl aidndeelbifh said @itaprhdk 3 dimension of about 250
. cal rises.a plurality of
Hmin 1e}(%1?a§ou Sgél% 19& h andféyp%]lﬁgkoélg%fmt uz of claim 1,
Whe ks apparaius Oﬁ‘d?ﬂ?ér whsteimhndinet orsralivlygoedadde artoiptigal sybernthat detects
optical spdal00. 16. The apparatus of claim 1 V\/ner ein the

nawel | s ar ur e ntaln 100 nl. 17.
ARt o il i oRui S POt bpisabil sl e
g & oVhedippagatus of Haip 1cwirefdinghe mehberef naewdlly & gaametmtab@mo 000.

Sl@ Wﬂleea:ppagarug\éf Giind, RerdifBS an R RAs B@%ﬁﬁgedQA B RALbout 100 nl.
nrelation to the chip to provide

sitign
eP r‘?ﬁq’ @%’Jr‘ff’%ijle‘ftmﬁ BERREUA! TPARONLPPEREt one heat i ng
eI errevitingndhipt doefigoled p;recivela canmiduainplag t he chem cal
r ea%%@iﬂg Jt Rad bx% h'éﬁﬂg t:lt:rgcglt maﬁe m/relyt yd tHQchh:hg fni%)wde thermal contact

t enper at ur e of chi p, Wwherern sal vary|
betweenthe ahlegshng F‘@“i‘gseleé‘f"f“e‘ef BechiRy 28fovi ng the at | east one
heatantgtig] tipherhicd] Fea¢tieh aittheGactich shrie Whiafying lthéhlerﬁpbﬁﬁuetdﬂ fhe chip,

wherein lé‘a@ﬂa'_rlw& thoé gﬁg%%hré iSe erc]te& W@J@ tl%%plteﬁp(;nﬁ Yl\éa{u:% etlerr]neentlcm regtlon to the chip

95°C.

ereint

$mhﬂ“W@%%?W§ﬁkW§“§'%@EFEV@mﬁéWHh@ﬁﬁW1f|catlon reacti on. 19.

TheTnetetodofafait | Biwierdid the Whtaic@l rBacHBMEIRBIic @fid H@lﬁ@ettlon reaction.

| east one heating elenment is controlled by signals

generated froma tenperature sensor that is

operatively linked to the chip. 20. The nethod of

claim 18, wherein the reactizgn sanple is capabl e of

produci ng an optical signal, and, wherein the chip is

operatively coupled to an optical systemconfigured to

detect optical signals emtted fromthe
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reaction sanple. 21. The nethod of claim 20, wherein
the optical signals are proportional to the anount of
weeedoete2of the chem cal reaction. 22. The met POTUS$008/000860

Cloairip g&hod%&zﬁﬁ'lﬁ vhdefl AL\ e Qﬁegsﬁﬁpﬁé'aﬁ“glﬂeﬁlehﬁs controlled by signals

ef fected by novin lurality of heatlng el ement s,
generated fropp ad?mﬂm?ﬁafel}sgf tg"‘éls g atiyelyfinkedodhihiPenper at ure. 23,

Tloe Theahdied oHdlaim|18,i witer2ib,thewbnetionisampde is tapatdd of producingat pmigal signal, and,

r

whercinle TR opt BB kg o SERF B Sp R R BB, Al rom e
reactionguppleat g t enperature rangi ng from about 900C to about

%CTthrAethvoﬁdMuﬁ 20,Gheren MiRioptabsighlait proporoailds thSant@nta product of the
X of addressable units, each unit being configured

running a chem cal reaction, wherein the array of _

tZ2Re Theguthed ebahim 2Linvhersinisaid wanyitg tgq}mzframe ig effecied poreyine@ phprality of

heating a&ﬁﬂategamfmdh tsenp@rmegwnaeﬁmue and wherein an
Vi ni-t i n.sai

em C a OF 85 ccl: nln 8% wrlﬁer)% l'jltr leeas Cﬁng Pea? rég ECHICIQ is SBt a?dteTpe n%lu.re ?ggmg from
about SZl’ﬁ@ abpnit p5°Efanddt @lam@ébﬂ@olrrpmlgslemglta splamtathpetayumrfanmgrf@ysa.bout 90°C to
about 9588- The chip of claim 24 conprising a plurality of

arrays, each of which corresponding to a different

24 rrp &hia £o5 Famisghsactioncompriving an pRsayf addreasable muits.carhypit binggonfigured for
running acl&lnu:ﬁlakdcﬁq{l Wiiereat theytGy WhRd RAdidssatle UnRSiS Eonﬂé\ﬁed&ﬂ cdrfd@ond to a
predetermme@ ¥m eraturé zeotne aag r!:re"lannarr]x II?IVI({I]JQI Hﬂ%r Q‘rtrau r1sed1me ioned to ho a chemical

UPPOrting a RUcl el c acia anmpl it i'cat f'on 'T8actrsh an

reac‘lonatl’mllfeaféfss AeabgttHed array is set at a denaturing
tzsrrp&rcaipwraalﬁlan c&ﬁﬂ@laegulﬁ}gu@omg,}sel c aci d

ellﬂlécl cllﬁlp t ﬁcel'grg 024:1] eafr(l:ptrlsm aal%héraht%%tqggys eﬁ‘gz 3 g{ué ﬁ;irgspond’mg to a different
temperapreggwet er m ned tenperature zones. 29. The chip of claim

24, ngﬁ)%f ik D cHiprigiNe %lur@lﬂg&eaﬁﬁ'ﬁ Rn&reit B4 1623t oA 6F the arrays is set at an
conflg Sd to correspond.to or nore predetermnm ned

annealmﬁ éer(ﬂgeér éupf%lﬂlégsa nug c a%aénpélﬁ?aﬂorb:faace?neﬁn ie&st OW%I?Cé?rﬁiy is setata
denaturitgtempshitype fossuppprting @ nurddic acdnmplificatwintrdactmnheat i ng el enent .

34 TR Qpéiahﬂtzkl svhfm@ﬁl t&q&@u&tdmage@m Ghem &@Lreae%%kédqanperam Zones.
| east two te erature | evel

requiring._ cycl “g’ﬁ%
GEDeieP ALEIAD 21, WD U GFa AT S T At EPSRERpTTegreRg o S o
more pregeteratined yempératardldones sabl e uni t s, each uni t being

%@nfme% %{dcliuq b4, A nGRE MeGRb iR peamac ﬂ?ﬁe@nnﬁg@ﬁm@r{tr ay

dressable units is configured to correspond

Pb én iﬂpé‘a‘é% fay ﬁ?ﬂwé'algtaéhﬁﬁwéﬁﬁl%n rf%i’ffé‘g c¥iige dhifast Byojerapsrature levels,
comprisingidi vi dual unit in said array is dinensioned to hold a

ch em lefa{ r?’ﬁ‘%‘tgé(g%ﬁtg“ )ésr%ﬁ{rﬁltn% Iénrarrrrg? St éi%l)(% sab?et&glys ?21131} 1H11t ’belng ccci)nﬁgured for
a chenucehpafgtlorggherephtg e HPY atthe addregspbleynys ironfigused te Fogiespomi|to a predetermined
temperatifd @6:R] did WhGeiR S iadividial G RRISADY i€ ditBisloBed t6 hdld £ak@icalrdddidn mixture of
O OOO 33. The apparatus of claim31, further
[ ng (c) an optical system operatively coupl ed
to (tbheheemgplemMGTtbﬁirmaltcmaCb‘fmh thedhipsy st em det ects an
APt tie@bpafihud Blaih OMMbrtGhich § 0 Whéin Bl G DB Ridressable units is greater than about
therno-control |l able unit. 34. The apparatus of claim
33, wherein the optical systemconprises a plurality
83. Bptrmeaius ditae 8 bifigther3bmpriine (A ppaticd systemopatdtia¢lyrrddfled to the chip,

wherein th Bﬁtl@ﬁ rsys%gm{e&tsc'ilﬂﬂtlﬁl nlec@Jnl ngongan mgsle@ﬁlerﬁit) %mﬁa%le unit.
aratuso aim3 erelnt epuralt

81‘ ﬂ@é&?ﬂaﬁ@s &Y B At é”hE’E)‘FrﬁF PRical sKyom G9PPTiasE LP IRy ?fr?@tlcaydetectors

85.cenpmraly of clire 3 appaerabmmsmﬁ a plualitinoPikating eemaitim 31,

% efife la&)aﬁ&s bﬂ‘fjalu}{ 55’1 Wﬂérel“ ﬁlle E)luWh{yuk ﬂkal‘irﬁ%le%%r[@%n%ﬁggpgii (‘?i'?%re heating

a nanowel I for receiving and confinrng a sa e, sai
elementsya| | hejng seal ed when filled with the sanple. 38. The

apparatus of claim24 or claim31l, wherein the

chem cal reaction is a nucleic acid anplification
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reaction. 39. The apparatus of claim 38, wherein the
predeterm ned tenperature of a unit is configured to
wQ e@Buomee | east 90% of honogeneous product fr oPCT/E2008/000860

@hem&a@bmd‘nﬁ%@glhlﬁ’ﬁ4 ofkGhimAl, %E@QQH Qﬁlvﬁﬁw drup»t'lkhﬂgheaarray comprises a

action that _i.nvol ves a [ tlon sanpl es

nanowe Aok o G et S b Rt SRS Lt H8,
d@n@‘hq @pangus 0( aalmgﬁ ovdlan A b wherein |tlp cfleumcat nqn:npmlga pucleic acid amplification
reaction conprising an array of addressable units,
each unit being configured for a chem cal reaction
vifle M 3RParaies 08?1?%;}8’&1‘6’?]‘?&6&’6?5‘%%‘56Feélpifﬁ}“f* & itis configured to yield at
least 90% @fdn@pinedhs prodie O dnehpchastlictloeaationr edet er m ned

t I

S TRHBLUC o AR, o ARG Bl eA b)Y et sl abdlequires cycing
least twoyiprapeggtyae Is¥ely, @g@rititgan about 1 nm; (b) placing the

pl U(aabrb'il&ngkf chipFaGtuingig a Sabfh e&nﬂrﬁfhg)ad an@y bmtldré‘ssdbfe ubifs@each unit being
conﬁgurteci~I f’op ae ér%gcga?l éesa;\ag)n 3xer(e n)QheSa?r'a:l (9'f the aficﬁ'assa‘igﬁel%lés 1S conﬁ%ufed to coFesFond to a
predeterefnﬁeempweit Fang apd Whegsgpsan ntdmiu@lem Bsgifl ey 1 cb-vewsnedmhold a chemical

reactlon;ﬂ,@ursr&t1ag)£ﬂla,pafboﬁl@n m 40 wher ei n an individual unit
ri ses,a nano

i thi t
Fecth Dri Rt ot ohg e BT S PPl et o
predeter@@adempmw fnd| |l ed with the sarrpl e. 42. The nethod of

cl a{c%oﬁ@ollu%ﬁ%@a%h@el&&%t {6 e &yahn aa@a@{t tw@ &nﬁ%@rg ][iwglL eic

atlon reactij he net
35 Tigiaet il oo 0 Potre &t womier %%@Pa‘ee&rfév e hip T a nanowell
for recelmomndgmﬁeuig 1 @ngpleedad vall béimpwileddn Hfledivatintgemeadu s
E o%%etlroﬁ 91"91a‘irl? %o, Q}H&Eﬂl ﬁl@lchel;rﬁcgprucg& is a Iﬂrclefa‘gm@mﬁ'%lﬁﬁeactlon

for_conducting a chem cal reaction 1nvolving cycling

48 Theduethod %lallrg% &vhegeip he p{Cgmed Wg?fﬁgmt e aanﬁg_ured to yield at least
90% of lpadyencnnprodyidt fesh thochegic @ iraaetion. chi p conpri sing a

u L1 c

PA AT bl RO Ferk A e D B 08 8 USRS Bt vt
comprisp@nmper at ure and a second heater providing a second

t enpenat ubay comfigurai toirebdre afchip Sbmpisiag £pluangl of RRoWEBLON@ntaining the
chemicaﬂ?%h&r Are configured to be novabl e between a first

and a second orientation, and wherein the first

or i ent(@t # Bt hstePeyidinga firsbigmpsratirpandia srcamd heaterproyising wiseopnd
temperatiuld £ sarrpl e hol der and the second orientation does not

ﬁl Iag erem tg% zSer anﬂlée:. sg & chﬁeéa*eg a?rfn Eo%ﬁ%uae\gto l\)l%xéovgbile‘,] e%gm a first and a

pl u%eeﬂnﬂ Pryeneﬁomanowhe‘ﬂm the dirsporzpa@vicainedsthe, heasdh @r thérmaltcprgact with the

nNanQuelk hSlded bR (R st ANDE n@BEmALE InbPlak Oth@hRie £ Bl 0BG with the sample

set ?J tenperatures such that at |east one of the

nanBW&l1s is addressed to indicate the pr edet er m ned

tenfrererawue of daim A4 whereig the pirabtyefimaperhells ga addrassablniwthbricin the nanowells
are arran§@| agcoﬂﬁ@Q(\/\@ﬂ)rlzdeteﬂﬁnedIa%f ?ﬂp@f{nﬁgsl%&h%at Qlléét ghedbl} the \M}S&glsns addressed to

onpri ses over about 0,

éf uralj t nanowe

indicate 5%8‘%5’(@ era‘T’FFef°’arb‘6’éf1gé‘?elf§°“6‘fa‘ EREP iz Samérrom t he
#6.1 Bte apreatue pf obadmdé, wd@sin éhe plutatiglof dayiovadls toppies atetlsbdut 30,000 nanowells.
%@ e app%§tus Iﬁ@auﬁ‘@@ %Q’Elhl ﬁw (ﬁtst Eelatgll ﬁtY)SES mglﬁy 5}’ t grature Zones.

rr_Bgrat ure zones_conprise SiI X oOr era
appaytus qhfiim b aherein e SperHe ﬁ?%BCOHW@rS@anPIH tsmperature zones

99 UTha |ap1ia§atu€)6f i pe Iwairkiﬁ e PRABS ofO@IpRARORMestcOrrdsPd to the predetermined
set of terﬂ{]ﬁg@e&l ggcglld{rl g) v?h?ctgl f‘r%.rpon& FchE, $ilits g‘r% (a:g ;‘yd(i ng to which

er no- _ e units are arrayed. 50. The
abpde am%@mmf ctallraﬁ‘}nwkm?m {hi Erstand secpnd heqtersmovg hefwesa ghsigst and second
orientatidmea:‘c&rﬂxsgm\pen&elt ween t he fi rst and second ori ent at i ons
? (r"@ﬁdl n gfrcglsrlg %p fguther comgrm?goa mo?r%r\qlﬁfrlna()('?l%es ]ﬁrs Seﬁ?{g] heaters between
theﬁfstasléeeéwéohe%ﬁtlemss between the first and second
orientations.52. The apparatus of claim44, wherein
the first heater provides asgenperature gradient.

reaction!



53. The apparatus of claim44, further conprising a
heat sink in thermal contact with the first heater.
w®d008/0bs2@ppar at us of claim 44, further conpriBCTIYSH08/000860

hi@atl“he'?dpﬁdfatﬁsfbf§lh&r4mheféﬂﬂiie&9§5t :lgl&&et* Protilie a&ﬁ{fo&@tdre tgaafeﬁr
clalm

54
S er R e P T e O e et e st e
58. THehepaqypaf dting4 ghrthet @impisdng,a hfal sinthig thegairpmiast wid) tlg second heater.

le um! @La{angfolesm@ bAlHh 64, FERSIRORpRRE b 2R3 rGRIVIE Rla€forh e heat sink.
ar at us . of fal m 56, wherein the

chi p
rfl6u o aipl”;‘/a“ﬁf"f T@Wﬁé’rf&?}ﬁf CRRYEGPLIAOf emippraie pengfioperably connected to

the chipt enper at ure sensor assi gned to neasure the t enperature
%f7 %%Bpa‘i’a@lﬂgﬁglﬁﬁlgﬁ EvirefdiiGhe plurality of temperature sensors has at least one temperature

sensor assigned to measure the temperature of each temperature zone.
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