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WD 2008/ 091626PCT/ US2008/ 000860 APPARATUS FOR HI GH
THROUGHPUT CHEM CAL REACTI ONS CROSS- REFERENCE 100011
This application clains the benefit of U S
woRnewivsi2enal Applicati on No. 60/ 886, 067, fi |RSE/(FAeNGAHABCE
22, 2007 and U.S. Provisional Application No.
61/ 016580k TiUS FoRk HESETHRCUCHPUPORTVICMI] REACTIONS
applications are incorporated 5Sherein by reference in
their entirety. BACKGROSWBEEERHWEE | NVENTI ON 100021
[0001] Tiieceppligetion eleimpidte brasfis P pPrrorisional fRplisatien Nps §/48H G filed January 22,2007
and U.S. Raaﬁsﬂampﬁ&@ﬁ)wosmmamgﬁa Theebéray,abrt wiadhiagichtions are incorporated
@;wglﬁpltyogy t hrough vastly extendi ng the
ity to identify, manipulate, and reproduce
DNA A nunber 10of different applications have been
devel oped t o ut BACKGRBURD OFUIE BYENTI@MLt i fi C
[0002] esa%@é’ngﬂd d&éib}ﬁueﬁt%k P@T@Q&Qﬁ;ﬁ ﬁéictlcfn@l‘(ﬁ{r? §hc@ 1983 has revolutionized

entifications,

herein bym}crc e 111

: d
moleculaﬁacrl?gémrwﬁh sfaﬁtg' e§t§’tﬁlﬁ‘§ Hl& Ic%éblﬂ%* to{;%étifh ! eg n,groguce BIJIA A number

of differeainpylipsions ligfe bedndeveloped ratibiat PSB, sOGGs mwﬁiq fg@ﬁbs?lﬂh‘a!sd‘%@@ws’
forensic 1Mamns,mﬂﬁroﬁtmng%ildﬁs and appl i ed bi ochem cal and

0003} ?aﬂgm t?né%&t#e%c?nlg §£ tVEZI }Feui?nre C§/ %j:gprrgg’ %mélc Ss’ of Hg gsgx%a ﬁe?m%u genes.

 has boen § ogjpn f?ﬁf#eoféﬁala%@eheéh’ed’ﬁm‘ﬁq’ prdipharesptigH regféﬁ’é?lagﬂosms hedicines, and

therapies Er a%@@fof disorkders dﬁ}lﬂe(ﬁeﬁloﬁcfdtﬁeﬂ tHd taballyisiZ end SaBibdlatisBengtoes Diagnostic
devices oéen urqlzgat Illce:snt lSJlers é!n%m P%@Jﬁpéaﬁﬁfs%iel:t?&ﬁg% ogi.rlc purposes are typlcally of

S are pI Ca

imted _quantit Yo
limited quepy vwalwﬁe 2R am%%us:l seh fgffﬁsltsl"“rhﬁﬁff@ Fredpn t ggfegarnly, Therefore,

there is nk¥@ fpe ittt dovice aapﬁltlentg' bﬁfoﬁﬁiﬂ)ﬂnﬂyﬂs’ﬁh:ﬂm@é omber of fvaes er nugleic acid .

bl galfgmg%l@turl zed deV| ce capabl e of perform ng
Sequencep@&'?aél S0 e _nunber genes or gt@gll ei c_aci

[0004) Qafalewe@% gqof mﬁdah%ﬁpﬁﬁ?aéﬂ%’rww AP s B
pharmacdiéoeis] Inprient daélorgen thelspissadd teéverzepee therhppaticadrasts, abctbymshpyt

Lf?earchers an

: screemngtmhﬁ{g rﬁcﬁl(,:l'ﬂ Sot £10br ek é‘eﬁﬁﬁaf" ﬁlh')%raﬁ n26h1d be desirable. In addition, the ability to

sequence g?]dga & piify Sbﬂll }elggn%lengvﬁ?ql;]g ?agr_talc %? (g \% ualtma[})f pzpv% Wlet A etroxatgé (E:%lﬁpmfmt of
persenal gdigipes. hr oughput - screening util | ZI ng nost, if not all,
[000s] QEnydPmEPER ﬁlﬁrogmthafno@ﬂer@h@&ﬂliysmufedmﬂﬁ to performing a large

quantity g‘ %é*( ‘%tt%'eagonable cos.ngnl n‘iah)PrQacu&F %e@ﬂb;llé JoMmL ch@eg %qagrﬁﬁg ea@delmdual

an entire genome froma. sa rom an
sequence.w.ﬂv.oaﬂaraafmmwﬁa n F9qRenGlRR Pf EpIIL Wﬂ"ﬁ%’iﬁ%’rﬁe aggpunt of sample
needed fip s @digibuahe giog o1 @BividpOOME] beldmynooradiibpd RGRtgTK wiep Heatimpsvith 2

large nur@)@lq)f Léafe;ugp G Qénﬁﬁﬁty Gl sf)t%{ﬁutyyof Y ﬁhéh@lﬂ lb@coﬁé zﬁmij&@@lle%vh&r&erfomuﬂg

performn ntl h sonab
PCR. Thctaagialmglt ?}atﬂvs I}eéc s&Ey rgﬂ’ e zlstlgn of a seq\t}en[:c can valr'?re é as lauc as 15 °C from
sequencegrRaGupIce. leerdd tof seaiengé dhopsdndsed q@emf@el 3% féaft‘yﬂy sthpd sampited ﬂl@mi cyching
apparami'ﬂeéag Qlalﬁp% %ﬂge\éhﬁﬁer&ﬁﬂﬂwﬁdr&g Or anmpl i fyi ng thousands

[0606] 10 ﬁ%?‘{} F,'eaﬁat]le a vancepg% rl]ntna?off brslca (fu K ngg & dtiledrﬂ% éoglcx)crt%%n of muilatunzed

devices imigezated ivith plectrics], cmé@i Phe@wai ovm@han&ela emens- (ke tprhapiqey prahedics a range of
fabricatiod %ﬁﬁ;{nesﬁlﬁdﬁﬁﬂb@&%ﬁm vipddep@1liSh, bliowilithygraphy) afipeAing. | Kb yn these
techmque%&r}u e«? t?e%‘éés {}éaln%%%&g@ Mc&{pleh Bidfe- h%(g{}fapced’eén%%&h@(g(see for

e annea atures necessary
cxsmple, S P ok B2 OS54 26l OB B 35 BIodts BT i hapber based
design in @ridciplied3QS ee| themalonasind diewatioevolug, icriltlelfert Hors @ty pradienl drawbacks.
In partiaﬁaE %%ﬂarﬂge?s P éhaﬂﬁe?sqg dgsfgg BRe Rmftdl v 're\é&l:t)fo c%ﬂﬁll]lng &MAnﬁe anf
cycl1 ng apparatus needs to adapt to range of

w"“1’°’““"Eﬁi‘}fferent tenperatures. 100061 In recent years, the
[0007) Bl dncemventehywvonkprathhid T tasnetic teieh piohugytiehdrleuetzad personal
medlcmepfhggllégeﬁﬂl&gnti@ﬁ salidfigd ik hbed Z@ ProtigairdiRa aﬂdﬂﬁ@%’ Aked Wth

el ectrical, optical, chemcal or nmechanical el enents.

The technol ogy enbodl es a range of fabrication

techni ques including | ow prlessure vapor deposition,

phot ol i t hography, and etching. Based on these

35t echni ques, nminiaturized devices containing silicon

channel s coupl ed to nano-heaters have been proposed

(see, for exan‘pl e, U S. Patent Nos. 6, 962, 821,
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WO 2008/ 091626PCT/ US2008/ 000860 SUMVARY OF THE

I NVENTI ON f0008] In general in one aspect an

apparatus i s provided conprising at |east one heating
wteg®iézs configured to be in thermal contackcrs20s2000860

chip said chip cRilskiorrdRsENRicn and an array of
nanowel I's, wherein the at |east one heating el ene

(0081 e g T PTG PSR FU Y L B e B Gppeued tobe
in thermdl fon@rrevite Atidrokidelit colmpdsingn gubetratamadin airgy of marohells wdierein the at least one
heating eieg@&t%%nﬁ\e&rmo hbhe r&ﬁwmﬁkem above and bel ow t he chip,

{0009] %,oam%g i n]&e%tgleg & ﬁlex%;tt 115 o engS nt?n%%t the g ?}ga lﬂ aé)o e a% refow the chip, and
wherein i leating lalemengierat agptact f6m beesv thegkipii 19ng‘ agd EpRsFRuTY lﬁwef than the
temperatﬁ.r@ 611 t!(fj@katxﬁ@@&xﬁﬁttm thérRiNe SHRQMFPONT Jﬂ&ie‘ﬂla cidp. Th Eho&aghbﬁﬁmgge chip
nbodi ne conprises._an upper sur '
c"mpnse%tﬂpﬁcr%s SR a‘fz’%‘ng\ondglrf < prg e | r S I%g e{%wel taddffidhe one
orientatiqnen BpPFrsUIage a1l £ tpRRd Epried Af FRIO BRI GRIER P"&teF‘b‘i‘fl“b‘ﬁ the gt series of
nanowellsl PFHe heatinglcfemEtt cad BelpitGrRd otk o3 BelévesSstatibnatyip veadphising ag array of

nanowell%%nd%thga %[%%B'Q@lelbﬁ }:upaﬁe Jf QeaFltéemé J:oBl‘Th% series of

nanowe eat i ng ement can, be posi t| oned
00101 g VB PPN e A AISPIEO J58 AP ATy gl of
temperat@é zdnesn wmwamnmmmw icancpe eftomentze dam alpet 3G ¥pia Bthoet 95°C. In
another cBbod}RAL th%rﬁ:%f E:Qgérinﬂgzonélsg%ggs It@np@tgﬁre @Hﬁgﬁl I1He @tticaﬁtlaﬁe of the

parat uys i ncludes a pl.ur ng.el e
e L PR R g TR B PR S G EFRRLRe over
temperatiFfgpnplan bkt at 3terpferatuerrpraing from ebopRGESto ehept BE - Wi 4 fhithsr qanbodimment at

least one E)ﬁ&%}p%%‘ﬁl@ Qe laga&gﬁtﬁn @B@éﬂimrgﬁgémglﬂdmam{ d3& 10 about 72°C.
ralit rature.zaone
[0011] E\ a \a/rln e ms g'lF %tleljl?‘t é)ne\inea (% eelerlflg) telsl_ﬁnﬂiI dF g:)gs&e %unogtputfcomnsmg a
spike mtﬂﬁ@fﬂ!@?@?ﬁ@r@a’miﬂ@e zones can be set at a tenperature
[0012] Tn@AGdnibYdifénOiR imEbaLb] nRidEell i@ saadoidy hae b Gmadidn sftabdueZS um@iiength, about

Il CARE AU S e.6an be set at a terrperature
Zsomlg‘"ﬁgﬁaﬁg O 2 B 8 about 95C. In a furthe

100131 oSt srRbARImERY the ehipst oRSTEVelAEed fo PRI TR iR el gnls. The
optical sy@fam @dnGagmisé Opturdlignd eptiadl detetarsangi ng from about 68C to

10014] ﬂkbﬁélémb&%&m hOfbdr bt daRov PR bk & b AfooR AROM] HBRIhet Bfboinent the

| east _on heatleﬁ,gutil)enent I's configured to provi de an

nanoweligare R EuEs MsPTet %Pi ke waveform of tenperature
[0015] Bngeneral o pwthe 2§06 TRthed of condectigrrbethivabrsections promikied takgptiding providing a

chip conﬁga{é@ Webckivd dYesdin da@iser ﬁ-ﬂvn&i@&\’;\n Rastlbrd BAGAQRmeE: p@fiontble 258atidh to the
chip to p@?gﬁ tgengal cdnfaat%etwe %8 i‘S}TaStlo e hea %ﬁlbmt%paﬁg gla gﬁné :‘air?i ct Wu&jﬁ%ﬁ% chemical

ess n another e
reaction ip ghe Eﬂﬂ@\olaftﬂmle PbyVﬂ@'éla e &apperaiug Af Bpbipc Heresgd W‘tgﬁlﬁtﬂmpm““ 1s
effected QkREE the £[Madt Gitihedfihgladest.in rEaSonaPt Giplsudyit theheMBf element is in thermal

se a plurality of optical detectors.
:::ET igg;g psI n one enbodi nent the nunber of nanowells is
rO

Bebpdimephihe AERER reationiyp ruclels agif HriEr i RS M nent t he
[0017] RSAsEiROwdbdiscnamevemond dgia dt ¢ne hatutcRment &loorblied @Psigrhls penerated

ﬁomawl&e%ﬁéseﬁs& tﬂa@ﬁ@%e?alnvélﬁmﬁé&% hem@aspect a nethod of

em ca act rovi ded co
onie) R R SR PR G a L °f BeBr A U SBT 81. h re
chip is opgratiyslyeoupfsr \an eliticdd syatem cadigiredyn detdqeptialpipnadd eamitted from the reaction

sample. m%bﬁcm@ml cBhi e Brop&ichtl uome muﬁtmeprmbtmfﬁ,@ch&ﬁw FeflfBion.

[0019] lfgher e Lact b$t Ween e?fec? b egvsnii- ao ﬁlrah oﬁheanngfelements, each of

and“?ﬁ% the emperatare & cegh Rem
which is setat & BiffgTPR fepParREe. (g thethirembaskimgst ?é iebsyorv Apaiiierrlymety 8 set at a temperature
ranging HoRIFP&I SbC@bdf 65td1Rd 6hEaR ondNTiRE Eﬁaﬁhg%ﬁinéﬁt M &4t Ytia Rghpéri@re ranging from
mmmgo%ﬁQBSm@BHre is 30effected by noving the at | east one
ating elenent in relation to the chip such that the
heatlng elenment is in thermal contact with the chip.
[0016] In one enbodi nent the chemical reaction is a
nucl ei ¢ acid anplificationZeaction. [0017] In
anot her enbodi nent novenent of the at |east one
heati ng el enent .is controlled by signals generated
froma tenperature sensor that is operatively |inked
to the chip. 35[0018] In a further enbodi nent the
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about 90C to about 95C. [00201 In general in another
aspect a chip for running a reaction is provided
conprising an array of addressable units, each unit
bei ng configured for a chem cal reaction, wherein the
[0020] alrn U%raprw a)ﬁlgr a@;%gtra%ﬁlﬁ ab lnﬁmfflé‘h ;e§ct1br§1s ﬁﬁﬁﬁdd&%ﬁﬁmg @n array of addressable

units, e%h etrﬁé}?iﬁg gﬁﬁguﬁélqugg%e%ggaﬁrﬁ%gflgqew % nlge%?atyg tge azdgressable unq.s is configured to
corresp&ldﬁfﬁd}ﬁéd@lﬁﬁd‘leﬂ empaitare 20ne hedwixadin aneral@ududmnmnﬁmdl preay dsf dimensioned to hold

a chemlaaz {eactlon %Q{ ab H:gs th'an abogﬁﬂ% 44 ‘Sneggtmlﬂfg E&%Ozslq:g rﬁ:r(gf]r%m% the posmon of a heating

clementrglativh t@l?illp Inohe e BRI GSFHBRS ERETRBBA? BVTL pnya Wanoer
embodafi%% bsplrBls iBchifed f Pdchitey offrayd) dadtiys whibincolrEspbridgng to a different temperature

nent the appal atusia orting a4 nu .
ZOne. I%‘Pr}eggp odméegtcaﬁ e f \%:ﬁ ?]arragsi‘ 1? seeg tﬁ eaﬁn@%ﬂ%@%{r% %&e {1’1&1}1 tr!:mg cleic acid

amplifitaonperdnundat amene ofher aymeis O TIDE WEPFAS o SRR @ nuclcic acid
mphﬁgah%r@arc{@ys is set at an annealing tenperature for

10021) i et SHRIBEHAE e ey St LR e B soncs. 1
anotherteﬁhmiﬁﬁeatthh’ @rafr ofradd;'e,spﬂbkammtsmga canfigurefl wicerregpoing|to six or more predetermined
tom era(zlu%zol g ication reaction. 10[0021] In a particular

P odinment the zone is addressed to. Iﬂdl cate the
[0022] pinepreambediingit te el &y Brgpl oG HED 2 eHing Pk
[0023] eﬂ’(gaiéfamﬁ ﬁﬁot]iefk@peﬁfdhaypaﬂfus achehiveissabdoadugiivig tasheariqal reaction requiring cycling
at least %wooq g{ure evels 088]%1{56 p %2%]}191' rﬁx'ufﬁlgq ea%@orﬁﬂ@ig &%@dressable units,

ureé zone I'n oné enbodi rrent d
each unit gcingonfamrerfir a ehsmicaleacing Whegein BN B T dfrevitb!e “Fﬁﬁ%‘??ﬁg‘n eeto
correspbrld 9L RESe@Rbmihed teﬁﬁi@:ﬁthl@ oS Grherélﬁ] afipfidd@l ws id $1drarrﬂyvi$ dimehsioned to hold

for conducti X o chi
o chemig e PRASET - BRRE AL OF 2D apEPe %%%%Hr]}[l bPaFafa B e i

whereircthd Jgatfng elemenn isimogable relative to thﬁthlporrpr i sing an array of

[0024] ﬁ.%ee&?o@ﬁﬂn@m HR bkof SRFEsabIB utits Q%&eﬂ& tﬁearaﬁducwmd for a
reaction, wherein the a u}/ 8an0 ]cal

10025 qifcPesS BN GRS EPCE IPER TP (T BRGNP gty cowled o
the chiff) wRaah B sptine ﬁbsteﬁmﬁeqtm@pmamg coralng{frqmmaéglrﬁssgwlermo -controllable unit. In
one emi:lorﬁlimhe\r/n! tgeuogkcay%gtgm Edb ?és d [pﬁfaﬁﬁléf J)p%ca@l Héi@%{b%l on e d to h 0| d

act) O ure of Eﬁai E tmn I articular
[0026] afachng ¢3ybodimpyes e PRRGFaws B T 9°ﬂPrESH‘§F falig g ‘feg"&g P P
embod BBt Iﬂw%ﬁa&@loﬂheﬁﬁ}fg cheaiti eghpsieesiptmorshentivg aloinents di eue pyplodiment an
IndIVIdlglgléIP vg%lgb %DEIQS%S ;.]Lnaluuve%rf& &Qpﬁgéﬂa@%m&ggsﬁ%feas&dgsfeﬂ being sealed

greater than about
when ﬁl!l@t)@@]thqsﬂnge ﬂamoﬂ@qﬂnﬁ)pdl@% fals |c]i1?é1fxﬂal rf:aﬁ@ondbwlﬁlf: agd img)hﬁcatzon reaction.

In one Jnﬂ)roﬁllﬁll@ﬂt the Qﬂ'@é&érﬁin&&elﬁﬁé}aﬁﬂﬂ ofQphit & abnfigiyrad 1€ Mield peleat 40%eif omogeneous
coupled to the chip, wherein the optical system

Pmd“"‘of[é’f"etket@'e”éﬂﬁa BBt °al signal coming froman addressed
[0027] t hnepRmver! onGircohsbarbt wetbof sonfyetieserersitaget iepftes ¢ Rrality of reaction samples
and req oy ﬁﬂ'lllg 2 B} %t&%ﬁﬁﬁeﬁl@éls@s p%vktfe@l:drﬂp}isnﬁgf (aPpbiiGiad a chip for running a

reaction qj)p]pﬁt%qograg %a{ylof giid]]a?éslalge %qtgregqglbugegegfg Cﬁnéﬁt§¥red P P (ﬁlermcaH {eaéti%n wherein the
array of the @dPaiHd wisd iatonBesdyo dirnemond t heregdtamingd tﬁrypewurﬁr@aft prilgvherein an

mlelduall l?nrlrteul? ta‘lsd &2 ”'gp 51411%%%211@(1 oy hglﬁ a @H%ﬁ}%aj}@a%ﬁdnrﬁgxtﬁrle 8B th9n abbit 1 ul; (b) placing
enbodi ment an | ndi vi d uni

e plugiGpH P enmIOOE PP 6 0 GG ARG LB o cmeraues: an
©) con§(§ﬁﬂ§|a%eat1§§él£ineﬂﬁhdt isheivitge ®aateecthundidmo tifdel qdingit lépsittietemperature levels.
[0028] . I gﬂ% ¢ emba mbo 1m61%rz]u(1)¥n Irduﬁ H:F)ngl'rﬂﬁﬂé Hapgftmmc%risés%%%du@ﬁfor receiving and

el c ac I catlon react|on 1
confiivradplmene Wclh@ms ﬁ@&é drerrilkeany Brpeplt raBotr cmPagpept fheghemica
reactror?i@ Qflﬁcga%ra@ﬂ aﬁlﬂﬂéhﬁ)h ebadton.| RAFrthSAHLEdimEnON® gredeedvised temperature of a unit is

emcal re I n

"O“fg”&élﬁ‘él‘l%hi a; l?‘T‘Stghéf’ﬁ@lmoésuﬁou&P mdm% %%Chgggélg%gﬁ%t ing a
reaction that involves a plur I|ty of reaction
sanpl es and requires cycling at |east two tenperature
|l evel s is provided conprising: (a) providing a chip
for running a reaction conprising an array of
addressabl e units, each unit being configured for a
chem cal reaction, wherein the array of the



[0029] In general in yet another aspect an apparatus
for conducting a chem cal reaction involving cycling
at least two tenperature |levels is provided

conprising: (a) a body configured to receive a chip

[0029] fﬁlgpn%i zlln 9& a.?bﬂ:@ zﬁ%e%! z{nta%{palcﬂl;s ﬂ)@%ﬁﬁhﬂosd hicaC Rk iﬂ\i’d%}g cycling at least

nrcal reaction, andﬂ%b) a first heater o ity of
two temperatyiediivelgis arof ifedspmprising ) a LaP e O sEred o SEFEHF M REYPRjsing 2 plurality o
nanowdl§ @V B te SIRERAIGedMAPAL &) bl fist hewbr@rogiding b st thipesture and a second
et & NG Py o e dl SR A0 Lo lured o bemovabi
and wherein the first orientation places the heater
in thermal contact with the chip and the second
orientation does not place the heater in thernma
contact with the chip. [0030] In one enbodi nent the
plurality of nanowel|ls are addressable, wherein the
nanowel | s are arranged according to a predetermn ned
set of tenperatures, such that at |east one of the
nanowel | s is addressed to indicate the 5predeterm ned
tenperature for running the chem cal reaction within
said nanowel|. In a particular enbodi nent the
plurality of nanowells conprises over about 30,000
nanowel | s. [0031] In one enbodi nent the first heater
conprises a plurality of tenperature zones. In
anot her enbodi ment the tenperature zones conprise sSiX
or nore tenperature zones. In a further enbodi nent
the plurality of tenperature zones correspond to the
predet erm ned set of tenperatures according to which
the therno-controllable units are 10arrayed. In one
enbodi nent the first and second heaters nove between
the first and second orientations according to a
protocol. [00321 In a further enbodi nent the
apparatus is conprising a notor for noving the first
and second heaters between the first and second
orientations. [0033] In one enbodi nent the first
heater can provide a tenperature gradient. |In another
enbodi nent the 15apparatus is further conprising a
heat sink in thermal contact with the first heater.
In a different enbodi nent the apparatus is further
conprising a heat sink in thermal contact with the
second heater. [0034] In sonme enbodi nents the
apparatus is further conprising a fan for renoving
heat fromthe heat sink. In other enbodinents the
apparatus is further conprising a plurality of
tenperature sensors operably connected to the chip.
In one enbodi nent the plurality of tenperature
sensors has at | east one tenperature sensor assigned
to 20measure the tenperature of each tenperature
zone. | NCORPORATI ON BY REFERENCE [0035] Al
publ i cati ons and patent applications nmentioned in
this specification are herein incorporated by
reference to the sane extent as if each individua
publication or patent application was specifically
and individually indicated 25to be incorporated by
ref erence. BRI EF DESCRI PTI ON OF THE DRAW NGS 10036]
The novel features of the invention are set forth
with particularity in the appended clains. A better
under standi ng of the features and advantages of the
present invention will be obtained by reference to
the followi ng 30detail ed description that sets forth
illustrative enbodiments, in-dvch the principles of
the invention are utilized, 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
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100301 Pin b b e pure b 8 g

35[0039] Figure 3 is a top view of one exenplary chip
| ayout showi ng nanowells on the chip. [0040] Figure 4
is a longitudinal cross section of the side view of
an exenpl ary nanowel |l chip. [0041] Figure 5
between 4 first 8t st @sd arivnteticermpll athoyeicthi frsigficttitien placpetie heaisr in thermal contact with

the Chlpcclgmg éeédnﬁ grlé’iltaﬁﬁﬁ donfnotS;ﬁﬁle 1h€ heafehin BSrnfdNethta@ G the chip.
represents a di fferent teg)arr%%tur

R?%a ée wgerr%Jtl the n%;oweéﬁa zr11re arranged
accordlﬁga;b’h pgde@tmihd@astor @ngerdneat surighe hidenstvne wthemawwnlénbmeﬁed to indicate the

predetermmeg tem erLt?rQ?O%l i JHE & n%m!iﬁea@tfbnlvjltilﬂ $hid BhdWe. Hra3WhiBGar @hbodiment the
an app )t "one enbodi nent of the invention wth

pluralityfingnotrpil orenyisestoarprtbi0Penaetrds:  wo
[0031] ZIQQ&/ L9d6R6PkI ﬁﬁﬁ%&&&bﬂ@ﬁ&ﬁﬁ)lﬁ%}emﬁﬂgmﬁ @o8s. iIsan@ther embodiment the

temperagﬁ%%}a&i\él S I(S?f[ xoc?r more. m era egztﬁ)ne\?\ﬁf In%%&%‘nﬂ§du9ént t‘ﬂ@ﬁurahty of temperature
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waprogFure 10 depicts a series of thermal tenperature
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Figures 1 la-c represent .
[0034] elxlaq;qgﬂ eg@;o@pm@ﬁ thef appasiys infagher ?@p@?%m fOH&‘ﬁ?“@&Fﬁ?P‘B H1§ heat sink. In
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[0035] FiljpibBealichs witgmatetthpplicgimbseneniigned in tifypedification atshrein frgerpeygied by reference
to the sénﬁ: egnlgrﬁ a HB@]}’@GEH lelLa!ﬂoﬁor%EHnﬁ’ apMiit ook RSiSan] ehd individually indicated
ts. 5 Figure 14 denonstrates a tenperature
tObemWquéy %FFded by a thermal cycling apparatus of
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temperature 2ongg, HAbH-fibASerEEDARTAREL! at es an

exenpl ary apparatus or system of the.inventio .
[0036] \WEhsmeyehfettires ofBls drvantion M&W&&P@@'&ﬁw t‘btbf‘eqpp%*f‘?d&@ﬂ%?né etter
understéhdAg aittﬁer feft@PaBd fivarfaghy @ik gleRgt ifahins wilbbdubiaing ty refbiige to the following

detalledcc{sﬁ:f%’tg){q] tt\%a%etﬁ qrtﬁ 1l ulftga[c}velcegnv 8(}@9 tts %awhlcg 3{1% 8%@ ftfg I%:If tgﬁllrméentlon are utilized, and

theaccon@axafug@itmmtofovlnhhavm ng of one enbodi nent of the

[0037] t ﬁgt[rgrpﬁ:lﬁ&llaie{‘zgl &Mﬁﬁ@ﬁ%ﬂﬁfudlh@ﬁ of .ﬂdhﬁﬁif e mlver{tlel@ﬁa]coﬂr@éi s smaller chips or
| ustrates an exe nventi on

six arra able 1 ts esentl e Sy g’c{ ede ermmeH ?em eratures
WF%%H@‘H ERTepeTIng é‘ﬁ“ P PArsT haa

[0038] OFiir€als a SopSicerf biprexaupddrychiprigyottve alcwl?t $Ubﬁl‘aieesul ts.

[0039] []ﬁglﬁﬂ ISEIt WS oF Bnc QRS Jhﬂh%%u@ﬂovﬁa@ﬁmw%nﬁdﬁsﬁe%’p Of

nven IOﬂ conpri sl ng

ng
100401 it At A donE BB EO T O R U RBHP R o
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[0042] sFigwt § flepicts whoblpstrasive §PH§‘fam’é frsien By e lept Onﬁ?mgﬁémeﬂ‘ with a nanowell chip.
[0043] DES6HY K ld bk uShve bW ideNYENPpAR s LD O G hbddveenprf@énvention with more than one
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anal yses of individual nolecules. The present
i nvention al so provides mniaturized, highly
aut omat ed devi ces and nethods that allow the
mani pul ation of the precise control of the reaction
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to be enployed. [0064] A |large nunber of units nmay be

incorporated into a chip of the invention. In various
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[0059] Inan embodiment, the genome may be from humans, mammals, mice, Arabidopsis or any other pl;mt,
bacteria, fungi or animal species. The invention may be used for drug discovery and for diagnostics of a particalar
individual, animal or plant. S '

{0060] In meny situations, it can be desirable to determine the gene expression profile from a test of all genes in an
organism. Such a iest can also be useful to écreen DNA or RNA from a single individual for sequence variants
associated with different mutations in the same or different genes (for example, single nucleotide polymorphisms, or
*SNPs"), or for sequence variants that serve as markers for the inheritance of different chromosomal segments. from
a parent. Such tésts can also be useful, for example, to predict susceptibility to disease, determine whether an
individual is a carrier of a genetic mutation, determine whether an individual may be susceptible to adverse reactions

or resistance to cerfain drugs, or for other diaghostic, therapeutic or research purposes.

CHIPS

[0061] The overall size of a chip of the invention may vary and it can range froma few microns to a few
centimeters in thickness, and from a few millimeters to 50 éentimeters in width or length. Typically, the size of the
entire chip ranges from about 10 mm to about 200 mm in width and/or length, and about ! mm to about 10 mm in
thickness. In some embodiments, the chip is about 40 mm in width by 40 mm in length by 3 mm in thickness.
[6062] The chip can also be a set-of smaller chips. For example, the chip can comprisc six smaller chips. (¢.g., six
arrays of addressable units) with a thermal buffer between each of the smaller chips. A chip that is a set of smaller
chips is also referred to herein as a plate. In an embodiment of the example, each of the six smaller chips
corresponds 1o a different predetermined temperature to which the array of units in the overall chip are addressed.
[0063] The total number of units on the chip will vary depending on the particular application in which the subject
chips are to be employed. The density of the units on the chip surface may vary depending on the particular
application. The density of units (for example, number of chambers per unit surface aréa of substrate), and the size
and volume of units, may vary depending on the desired application and such factors as, for example, the species of
the organism for which the methods of this invention are to be employed.

[0064] A large number of units may be incorporated into a chip of the invention. In various embodiments, the
total number of units on the chip is from about 1000 to about 200,000, more preferably from about 5000 to about
100,000. In other embodiments the chip comprises smaller chips, each of which comprises about 5,000 to about
20,000 units. Therefore, if the larger chip comprises about 3 to about 20 smaller chips, it comprises about 15,000 to
about 400,000 units. In certain embodiments, the chip comprises about 100,000 units. '

[6065] For example, a square chip may comprise 125 by 125 nanowells, with a diameter of 0.1 mm. Table I
shows some examples of the well layout format for certain exemplary chips of the invention. A plate is equivalent to
a chip comprising multiple smaller chips as described herein. In the example of Table I, a plate comprises six

smalier chips.

TABLE L.
m n . depth | ~Welis/Chip | Wells/plate
(approx.) | (approx.} | (mm) (approx.) {approx.)
125 125 0.1 15743 94459
122 122 0.1 14790 88742
118 118 0.12 13921 83527
115 115 0.13 13126 78756
111 111 0.14 12387 74381
108 108 0.15 11726 70358
105 105 0.16 11108 86651
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m n. depth | ~Wells/Chip | Wells/piate '
{approx.) | (approx.) | {mm) (approx.) {approx.)

103 103 0.17 10538 63228

100 100 0.18 ~ 10010 60060

98 98 0.19 9521 57124

a5 95 0.2 9066 54396

93 93 0.21 8643 51858

81 91 0.22 5249 49492

89 89 0.23 7881 47283

87 87 0.24 7536 45218

85 85 0.25 7214 43285

83 83 0.26 6912 41472

[0066] InTablel mis an approximate number of wells along a horizontal axis, n is an approxirnate number of
wells along a perpendicular axis, depth is measured in mm, and the number of wells/chip and number of wells/plate
are approximate.

[0067] The chip can be of any size or have any number of units. In an embodiment, a usér or a customer receiving
a chip of the i'nven'tion chooses the size, units and whether a unit comprises a nanowell. In a preferable
embodiment, when running a nucleic acid amplification chemical reaction with a umit on a chip of the invention, the
user can select the number of units according to the number of genes required to sequence an entire genome of a
species. ' ‘

[0668] - An example chip 100 of the embodiment comprising six smaller chips 110 is illustrated in Figure 1. The
smaller chips 110 are 38 mm by 39.5 mm in area, and the ovesall size of the chip 100 comprising the six smaller
chips 110 is about 85 mm by 129 mm in area. In this example, the smaller chips 110 comprise a large well size of
about 400 pim {not represented in scale in the figure). The smaller chij)s 110 can comprise a series of m by n
nanowells 120 as demonstrated in Table I. In this embodiment, the t-mm wall thickness 122 can detem-line the
number of nanowells on a chip. Each of the smaller chips 110 can represent a predetermined temperature of the

. overall chip 100 and thus, each smaller chip 110 can be addressed according to the temperature of the reaction to be

run in each nanowell 120. In addition, when a plurality of smaller chips 110 are used in an overall larger chip 100, a
thermally insulative frame 130 can thermally isolate each addressable predetermined temperature area from one
another. In this example, the thermally insulative frame 130 is 3 mm in thickness and can be made of mica,
polyethylene, or any other insulative material as would be obvious to one skilled in the art.

§0069] In an embodiment, a chip can run 33,750 assays for whole genome, high throughput gene expression real-
time PCR.

[0070] The nanowell may be fabricated in any convenient size, shape or volume. The well may be about 100 pm

. to about | mm in length, about 100 pm to about 1 mm in width, and about 100 um to about 1 mm in depth. In

various embodiments, cach nanowell has an aspect ratio {ratio of depth to width) of from about ! to about 4. In one
embodiment, each nanowell has an aspect ratio of about 2. The transverse sectional area may be circular, eiliptical,
oval, conical, rectangular, triangular, polyhedral, or in any other shape, The transverse area at any given depth of
the well may also vary in size and shape. ‘

[0071] Inan embodiment, the nanowell can have a volume of from about 1 nl to about 1 ul. The nanowell typically
has a volume of less than 1 ul, preferably less than 500 nl. The volume may be less than 200 nl, or even less than
100 nl. In an embodiment, the volume of the nanowell is about 100 nl. Where desired, the nanowell can be
fabricated to increase the surface area to volume ratio, thereby facilitating heat transfer through the unit, which can
reduce the ramp time of a thermal cycle.
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103 0.17 10538 63228 100 100.0.18 10010 60060 98 98

019 9521 57124 95 95 0.2 9066 54396 93
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[0072] The cavity of each nanowell may take a variety of configurations. For instance, the cavity within a
nanowell may be divided by limear or curved walls to form separate but adjacent con1parﬁncnts, or by circular walls
to form inner and outer annular compartments.

[0073] A nanowell of high inner surface to volume ratio may be coated with materials to reduce the possibility that
the reactants containéd therein may interact with the inner surfaces of the well. Coating is particularly uscful if the
Teagents are prone to interact or adhere to the inner surfaces undesirably. Depending on the properties of the
reactants, hydrophobic or hydrophilic coatings may be selected. A variety of appropriate coating materials are
available in the art. Some of the materials may covalehtly adhere to the surface, others may attach to the surface via
non-covalent interactions. Non-limiting examples of coating materials include silanization reagent such as
dimethychlorosilane, dimethydichlorosilane, hexamethyldisilazane or trimethylchlorosilane, polymaleimide, and
siliconizing reagents such as silicon oxide, Aquasil™, and Surfasil™. Additional suitable coating materials are
blocking agents such as amino acids, or-polymers including but not limited to polyvinylpyrrolidone, polyadenylic
acid and polymaleimide.

{0074} Certain coating materials can be cross-linked to the surface via extensive heating, radiation, and by
chemical reactions. Those skilled in the art will know of other suitable means for coating a nanowell of a chip, or
will be able to ascertain such, without undue experimentation.

[0075] Inan embodiment, an individual unit of the chip comprises a nanowell for receiving and confining a
sample, said well being sealed when filied with the sample. '

[0076] The individual units within the array can be separated from each other by a physical barrier resistant to the
passage of liquids. In one aspect, these units may comprise indented areas referred to as nanowells. A nanowell can
be open at the top, but is physically isolated from other wells to restrict passage of liquids. Accordingly, the
nanowelt has at least one cavity suitable for récaiving and confming reaction sarnple. In order to isolate one
nanowell from the environment to restrict the passage of liquids, the nanoweil can be sealed. In a preferable
embodiment, 2 method of sealing a nanowell is depositing mineral oil on top of the sample within the well to
confine the sample. The mineral oil can be nano-dispensed. A nanowell can be sealed by any method as would be
obvious to those skilled in the art. ’

[0677] In many applications, sealing nanowells is desirable to prevent evaporation of liquids and thus maintains
the preferred reaction concentrations throughout the thermal cycling. Accordingly, a technique for sealing an array
of nanowells can be employed. A useful sealing technique takes several factors into consideration. First, the
method should be amenable to high throughout processing of a large quantity of nanowells, Second, the method
should permit selective sealing of individual nanowells. As such, the methed can yield chips comprising open
nanowells interspersed among sealed nanowells in any desired pattern or format. An open and/or unfilled well can
not only allow passive dissipation of heat, but also can reduce heat transfer between the neighboring nanowells.
[0078] An alternative method of sealing results in an array of nanowells containing at least one open well. The
method can include the steps of (a) applying a radiation-curable adhesive along peripheral dimensions defining the
open surface of the at least one open nanoweli; (b) placing a cm."er to encompass the peripheral dimensions that
define the open surface of the at least onc open nanowell that is to be sealed; and (c) ex{msing the array to a
radiation beam to effect the sealing,

[0079] As used herein, “radiation-curable adhesive” refers to any composition that cures and bonds to the adhering
surface upon exposure to a radiation beam without the nced of extensive heating. “Radiation beam” refers to
electromagnetic waves of energy including, in an ascending order of frequency, infrared radiation, visible light,

ultraviolet (UV) light, X-rays, and gamma rays. A vast number of radiation-curable adhesive are commercially
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available (see, for example, a list of companieé sefling radiation-curable adhesive and radiation systems from
ThomasNet®’s worldwide web gite}. Such materials include a diversity of acrylics, acrylates, polyurethanes (PUR),
polyesters, vinyl, vinyl esters, and 2 vast number of epoxies that are curable by radiation beams at various
frequencics. These and other radiation-curable materials are supplied commercially in form of liquid, or solid such
as paste, powder, resin, and tape.

[0080] The choicé of radiation-curable adhesive will be dependent on the material make vp of the surfaces to be
adhered. The aforementioned classes of adhesive are suited for adhering the chip substrate to the cover which can
be made of a range of materials. For instance, acrylics and epoxies are applicable for radiation-sealing any two
surfaces, made of any one of the materials selected from glass, ceramics, metalloids, semiconductors (for example,
silicon, silicates, silicon nitride, silicon dioxide, quartz, and gallium arsenide), plastics, and other organic ﬁo]ymeric
materials. Radiation-curable materials exhibiting the properties of low use temperature and rapid curing time can be
desirable for sealing the subject chips. These materials allow for a rapid sealing to avoid radiation damages to the
chemical or Biological reagenis contained in the chips.

f0081] The radiation-curable adhesive can be applied by any mechanical means along the peripheral dimensions
that define the open surfizce of a nanowell. The “peripheral dimensions” can be the boundaries on the chip substrate
or on the cover. In either case, the peripheral dimensions become bonded to the respective adhering surface, the
substrate or the cover, upon curing the adhesive. The radiation-curable adhesive can be smeared, printed, dispensed,
or sprayed onto the peripheral dimensions using any suitable tools. Mechanical means can yield a uniform layer of
adhesive on the peripheral dimensions. One way to provide a uniform distribution is to apply the adhesive directly
onto the peripheral dimensions of an open well using a squeegee over a meshed screen mask. Alternatively, the
radiation-curable adhesive can be applied directly onto the cover that has been marked with the peripheral
dimensions using the meshed screen mask. A uniform layer of adhesive is achieved upon removal of the mask.
[0082] Upon application of the radiation-curable adhesive, a cover is placed on the nanowell to encompass the
peripheral dimensions that define the open surface of the well. Saitable covers are generally made of materials that
permit passage of a radiation beam. Preferred covers are fabricated with transparent materials such as glass, quartz,
plastic, any suitable organic polymeric materials known to those skilled in the art, or any combinations thereof.
[0083] Sealing a covered nanowell can be carried out by exposing the well to a radiation beam. Depending on the
type of adhesive selected, the radiation beam may come from a conventional incandescent source, a léser, a laser
diode, UV-bulb, an X-ray machine or gamma-ray machine, or the like. Where desired, radiation beam from the
radiation source is permitted to reach only selected locations on the nanowell array so that only certain selected
wells are to be sealed. A selective sealing is often achieved by using a photo-mask patterned with the locations of
the nanowells. The photo-mask is provided with transparent locations and opaque locations that correspond to the
nanowells that are o be sealed and those that are to remain open, respectively, The radiation beam passes freely
through the transparent regions but is reflected from or absorbed by the opaque regions. Therefore, only selected
nanowells are exposed to light and hence sealed by curing the adhesive. The photo-mask can be patterned such that

‘no two adjoining open nanowells are 1o be sealed. The photo-mask can be patterned such that the resulting nanowell

array contains alfernating sealed and unsealed wells. One skilled in the art can fashion an unlimited mumber of
photo-masks with any patterns to yield chips containing open and sealed nanowells in any format. Methods for
manufacturing such photo-masks are well establisbed in the art and hence are not detailed herein.

[0684] Figure 2 is a representative schematic drawing of an alternative chip 300 made from a silicon wafer 200,
Preferred silicon chips have an overall size of about 500 microns in thickness and may have any width or length

depending on the number of nanowells desired. Such a silicon wafer 200 is 6 inches (150 mm) in diameter and 626
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0.26 6912 41472 100661 In Table I mis an
approxi mat e nunber of wells along a hori zontal axis,
n is an, approxi mte nunber of wells along a
' wmmmﬂscul ar axis, depth is neasured i n NMMRCTAIRI0USI060860

pm thick! E&'EP.S 500@;:1 B@@zlbhél{eﬁ H'l)rg mﬂﬁ‘gwﬂ& mgucpéhlp%ﬂné ﬁfpﬁ!ﬂﬁﬁt@ly 8448 mm along one

25[‘ OoXi mat e. can ﬂ{ E‘ g{o
side 210,42(, 16 rapglong i S8 290 150 et e BT AL s
fabricated) fig sk ® AESBSrceoEliantigPOR ehirs IThptolfnunbee of mancerltsifabricagsH oobedip will vary

depenleg |3§th§15a§:§ul$“%ﬂh§an§£1ﬂ Mﬁﬁl@&tﬁjeﬁ cﬂﬁ:@ lafe tcgﬁ%lbﬁg STcﬁccnnnnodate the need
nanowel

| e embo
or im0 B BT T PR R P R A P i et 10
nanowelig, id maypsepllE pRep3 000 tahevelln \ibndensim of thenanqwelsyon ghy ghig wi facg may vary
dependirl Bﬁm@,maﬁsr aftfticadiBh. tFor e, Bk Bisidy Of ﬁaﬁavemmrcmp furfge B@Sange

between ?IHS%H 6%%1"“ i\n 0 ézglgweq ge?'c an nt ! r & g‘{q:ﬂ ﬁ%ﬁ (%I% nngwglis o the chip can

_ rangebe@eqmbqusWrﬁ‘gﬂbSW*Oﬂsfﬁ%ﬂ“Ie’@mew ps 110 is illustr at ed in

10085] Fig@bs R anlillustiiRe Gifigdnk &ithe6dpisias ol Thlp 3006vid Bpitventatyve 30 GeliniN2. In one
exemplmjz @m&d%%nt, tﬁg}gﬁnugﬁs Y & th| }ug 6OZaEeI 0% n'LIhig 1e8§h'1 dhd 399m1é1 én width and the

npri si n% e SI X snal IS about
centers ofyfje meﬂﬁﬁ ? #e mpeed 0-348jomp ppg. Toly 5%1&103“1 t‘tﬂh%c CHEFF P “EIWWSE 302 can
be spaced 4k @es@ITpetadR, fBr dxafipdicbevvedn 2 nsm @@ 001 mahpant THOBnawells(ofide subject chips

can be aﬁaﬁ&ruﬁaﬁlg %maérdgs &%@Jr ﬁle 'snEfaéeIE?thé éhﬂ)ugu@as m-l;&es aﬁ@&kulmﬁf 50 as to form a grid,

10 can conprise a series nano
i gy e B 0 AP RRPTh B BT B R roved o
format cdnipesible-tniastwvattatiphaleddn edging POdispensingimizentdngd/er rtaldeg assays, such that
engmccrl;‘l mgmﬁé}(:lﬂ; aﬁﬁiﬂ)@vﬁidlh&d% dvi&eblis Bot rdamifeld. O in thb Exa®PBIn|FRure 3, 2 chip -

% 10 can repr determ ned te
may havea';legsh%l% ng\lya mor %'“%8’6“ ng; nowel% 51(1: miore rPa{FFraGb ttﬁ&?::s 141
nanowellg, 21 ecfalnnokﬂeﬂreé@d#sestéeeﬂ 93282 ormg Wbﬂetﬂwéuwﬁﬁf@mwﬂ}sef chip may be

as many 15190 28208 mbrk, s dnOisibd thidfthel nEmERA 6 hadb&EIR\MR UsuallyPdbes dohexceed about

1,444 5 lflxgagulav;ehso r’}‘he num%pr o?ﬁ!nfie‘il?&nl tﬁ%regérreég%a&ﬂm Sﬂﬁel%ﬁlp ?sllg’ﬁ@}é’nﬁto contain 82

n over a arger c a thernall
senes in gl ApTeFesh opluad 0004 AL RER eEpLTR| At @ oBfpufh preferred
embodimafilthe agRtablf @elpraedeffidéntionaekn the piged latn @naiedatriplican Iois envisioned that

the numb@xrl)q Lﬂ%ens J)tn:het Jﬂip%arﬁmp Lcﬁqual!.e pe%ctit:b@é’lgﬁlr Lﬁ{ph‘ﬁﬁ%%e%gﬁré/ £t of expressed

frame 130 is mm jn thi ckness and can be nade of

genes ‘“f‘ﬂ“’é&rga“fﬁ‘bém’é‘?sﬁfll”g or any other insulative
[0086] Figitre is akromsectigal sifie b@w ofpedondiayet of aperempliey PO pyshqvindn Figure 3.

Figure 4 &lolvs a &Qﬂé&lg éxan@aoﬁrmpgbormm thicRneGd U 6358, [Fitfre 33isd SiOws the
mdwidua:fl wgllaB\()E d:menswns as l) eu%g%% }Tg?fl}%lh{ho “ﬂmE{Ht Asqg Fnted the rgnowel] depth

expression rea e nanowe
can be 0.4t (G2t Hsg), lpaning Py mEsHh (he phiRdispeatiia given wella i és cBYisiape] tb%mowe“

opcnmgs-Eklﬁn(‘mﬁJ: 3 shiifd yuch @s el buadeDfdctahite or dnPotaed ﬂdslfred:hed’iﬁlnb Ehape. By way of
example a%ar%%v!:h 0613981&'56 %Q%&‘&P%ﬁm%?&ween]abMOo' p& a\ﬁﬁ &Lﬁ)\n 2! n@l{l gp}tch or length of

nun I n varl ous

between g d of] Hiptre gb"“'elafﬁ’ﬁ and g deriintfibetyiesa a‘?i’ﬁt 19 é‘ﬁ‘é‘b"’(b"‘ft éﬂ“’o TP? Qyify gt each
nanowell@daketayp ta Rartey ofdodliguiatioks. Far ommmed) digtcavity ithiredxeuriwel mayt bg diyided by linear

or cme@;u;ﬁpg k«J;l;ﬁ Et:EFmt@ﬁ.sr% gaHJz@ﬂ? %Lulgnee?téls Oan az fgct ratio of

osn Brsoigmlsof g B P s o RO e P hnics. Th
nanewellf mayeha Guhairnusingovet K@Hreghing teshnigye on pnenigttiopir drg bichies, teciihique.

[ooss] A rnﬁﬂﬁé{ﬁff Bigh ﬁﬁe@ axrﬁ&: t@ﬂﬁﬁnﬂ MA@ Edate® bl ﬁﬁen‘ﬂ@ bolredd® e possibility

100711
‘that the r?aﬁtgnt%céﬁt%%g erem may n?eract WIEI%% 1nner s a‘pesfof t'he nan i cgurﬁ\ fal}aiisb be made

can ave rom a
of resistiwglheniing matgripl Nhehﬁmmleswmtﬁis Wlumplﬁes\?mh ey Plufu an
stainless Lt&s.&b&xktémuch ati$s-3 181 ohat abhpsthe 584 tsh akabH i umauy pldB@able to coat the
surface th an Tsulag[;l%)fagg ¢) !) g&ﬁt ctnj:]cﬁﬂn g’ng.gr mcﬁ(gggr?s%\éﬁ 0 n o terFr[;m}&lgng

Iment, the volu
operation gy fpid seymlef | C°"‘Wé“r‘l§“&é’é‘1‘ PRERFS20L R e Fran S et retdl Bﬁ“’lﬁé"aml A variety
~ fabricated to increase the surface area to vol une
ratio, thereby facilitati md¥heat transfer through the
unit, which can reduce the ranp tine of a thernal
cycle. WD 2008/ 091626PCT/ US2008/ 000860 100721 The
cavity of each nanowell may take a variety of
configurations. For instance, the cavity within a
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15chem cal reactions. Those skilled in the art wll

know of other suitable nmeans for coating a nanowel |

of a chip, or will be able to ascertain such, wthout
wounsueieex per i ment ation. 100751 In an ermbodi MEATUS2008/000860

of proteclu%déoé{&gléﬁlavaldﬁmet lefxd:ﬁghﬁ‘os&nhdd@ oiCﬁmiEth;ﬁ@ $i02, STEMA QA TTdfloh. (Higure 4 shows

recei vi ng n bei ng
«chip 300y RSP FEBGORET FPh R U e R YR oz o
[0089] [Figokk ¥ klstushdwsamillpstrativie C¥ip pPPHvineat lraafy%wm a@ép%ﬁﬂ%fwdls In this
figure, tl-rc Eﬂlﬁ@(ﬁ%ﬁn %&@3{) QM a%ot{%ﬂ%ﬁl foffhce [TRE sfitiRiarriye Biasdnatitalohpthe upper

- surface Bﬁg %gﬁ%srsxsa angc dle ﬁrf guaosq?maéﬂong?l% bitdRSGtace gﬁ@ Shife n!tﬁ@krélﬁ of the

ise’iPn erred to_as nanowel
bottom ammmmqnbd i gyinysEedgaReT aprthef P oreRTach B gLy R AY g that of the
opposing R krftke@tlip| THR M QIpB&Ing Welyd Saythe araagt hicit that e desa gieadkfnanowell is directly
o tga ﬂg Accordi ngly, the nanowel|l has at | east one
pposne to t {) g ay

S tabl e for receivi ng and _ confi ni e% i Qn
100901 Fhaygh s spece AT Y 2y TR SHERABP o 308 amays may
be scaleddd VihsE«lHANRALditiod atyeBidwiell in telyppepars s agytbe dftedlof wpdiledis witht dn without the
reaction EL%‘?EV\?L: s¥b? P% tﬁhﬁ%ia@eq in thefma? ccﬂfa@fvﬁﬁ @maﬁlg @ﬁh@ﬁl by Pd3ing thachip in
sealing a nanowel | is depositing mneral
contact wjthjan ggiemalisatigg elPRREL sappl e within the wel | to 25conf ne
[0091] tThesus@anpia@anotEof Akiipelale indtionen fugker healiercdip Sjsutasanptionsites for

reaction FLQ&&M“ Qﬂpmgfcoﬁﬁ@& ekeoidiBYfor MRt oF Smlbﬁbﬂl 6k chnical compound
such as agsﬁl\é': cioog gﬂn}:p%h érg o%gé?lgr#écﬁlrgoﬁega%ra p(gptn%r p&otghg Or eﬂhmlpﬂ M%} ora
polynuclptide; vt skiligdindieatt w@haperracw 10 s ars AERYERYRST ﬁ%ﬁ“ﬁ% WpqERsiop Higs to
immobil{2E ﬁlf:ﬁfcil Sﬁnldh%&ﬁtréaetﬁhté: FRCifdRn¢epd Wealitof tebHniauig i@ bteilibiegior directly

mmmbxhzﬂg nurH%lc )S}ICIXS]E:BBA axrgﬂo aA)%C o%rthlH g:héﬂorm@ thtelﬁ ?Jlriinﬁ‘c&’ ﬁzmt:@ For %ﬁ%'g Bdm 1o an

nanowe

enpl o

unnmbﬂ@edanmm vip @IEPITPYfIFar Of BIOergvaleaipands (seg Qb“t’m Mﬁi“sds Wo. Biak VoL 20

(1993), B &iall @Tucitic Qdids REL. RB1970411927 (398 Idaoals Awl ICtleriy 84 2603 PF), Guschin

etal, AJaPBBLtQF] 2‘551563%9 h@%v})l.o FROSISRE ShcRnoRell BF Bl HARIbd Y alRf for
Second, "t he nethod shoul d permt selective

immobilizatigp P’?ﬁ’g’r‘i‘.?f°rlpﬁ’B?IV| dual nanowelI's. As such, the nethod

[0092] @anscy hapdind] the RimpShagrapreacs prigefaye Ay RERFROYieYofving a change in chemical

propertiés RE £LSRELES §gh ﬁmghgnéﬁﬁ@l aQVGlst fatEatalir sy réa&o?ﬁn@ﬁmg GRBEitL Sholecules such as
ern or Lountli

protems,rggrl;opbcmlv r;gflcfl WIE%; g gs and d:r%amc glld/ oals or aPy rﬁ)mgiganm%l Jleregf The subject

chips hapscarideeatnteo! brosip cleepmq@fl@\mlwﬁa@@ﬁaqowhﬁé FigfReRS Fqﬂwg«“ﬂms are desired.

The chefidd) AR Bay ak0 Qvdhle iMbradibis@E iR nveiciel hokkult, b&@eh prgins, between
cic ach . || \Bpefe QR AL 8 Chtfzed 58 Inzyme, i

nucleic aC% mldcj"'rghml"g tTge[en g“f‘%gx’ﬁ%ﬁrngtq ﬁglgéﬁ%an incl Lpdé t he %’%e pbg of e s

also rcfe(rseto ﬁpmzw%?greafnwadu ation-curabl e adhesi ve al ong

[0093) [T dupiae Eidds anli ofeN®pens stt@biitvangustiicn opértigendyaete r@ftions becanse

most enéynl?s tlcridnQART o et APEH e%{gég\’\ﬁé l‘esen&g\% eﬁ&nﬂzﬁﬂc Pegctl@nsciﬂi/@é‘ particularly

enconpass t he pe i.ons def
tcmperatfxﬁ geﬂgﬁiélﬁ ug{tﬁiefbarcaée t@f lu{uﬁ:g todatlclﬁficezgge ﬁ' éansrb élﬁﬁ‘ qhmnntafuie polymerase
chain rectia@t(gRCR), nacldiecid eqharding, savetse(t@iscripkieroaid merleictieid gagieny In 43 egbodiment,
a nucleiJ el 'aﬁﬁliﬁ@ﬁo@@ﬁmrtﬂn &f afcﬁﬁtof &ﬂﬁve&lﬁﬁ Ls'alﬁﬁl mﬂe%lzrglarasﬁﬁhaﬂﬁ&dnon In

R e e e
reaction4Qs ur f ace upon exposure to a radiation beam w t hout
[0094] t’ﬂﬂ@clﬁ@Sﬂheq;eséiﬁ(ﬁl&ﬁﬁén\bﬁwﬁeﬁidstlfbg'ectwﬁmﬂﬁsﬁriaﬂﬂlfhﬂ@ﬁblem acids. Unlike with

convenn:rcneaﬁ mncrotltcr c?la? t [ 8?3%@%%# tgef S\Q@&?éuﬁg Itre ﬁp'@)[ lg%aéugi;.h, L&Qﬂaﬁgof performing

rapid anpliEpice |o€mvas= PP gl RyFiic agifs szl i apq ipler irjdgpgpdent thermal
protocolX- I ays, and gamTa rays. A vast nunber of
5 rﬂ@qé é&p SutLi i ﬁ&%& V fo el 1€ anCe IR Qé é}l b ¥ h\iépth target nucleic acid

100951 BT e SR R B BeD St & (see. Tor,
is increageq] 4y Fgpycumber,| $uh ingIFasIHY PATIF W liasat g fryfg expon el famnci, Ampliication may

radi ati on-curabl e adhesi ve and radi ati on systens from

ThomasNet e' s worl dwi de web-Eli-te). Such materials

include a diversity of acrylics, acrylates,

pol yur et hanes (PUR), polyesters, vinyl, vinyl esters,

and a vast nunber of epoxies that are curable by

radi ation beanms at various frequencies. These and
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mat eri al s. Radi ation-curable materials exhibiting the

properties of |ow use tenperature and rapid curing

time can be desirable for sealing the subject chips.
wobiesm@idsmt erials allow for a rapid sealing tRETAAIDASF/000860

be carricli 8 bffabRNor RERERS: DNA ﬂoi}%eﬁ.&?ﬁblﬁ@ }Tad}bly'hbrﬁﬂe Qi goBihmerase, T7 DNA

rea ent cont he Chl
polymcrzfs%l &%ﬁ‘ﬁ' %ﬁgfmgnu ?@Dfoi q)}}dﬂ)é) \7rgset nd b e %rn}: gb%ch as reverse transcriptase.
10096)  firegshreah |mameﬁmgoiah@ﬁgcmheeaf5@v {PEREP fal“‘aEHf%?E‘FF?l lﬁﬂf‘s‘ml‘l‘“ﬂ of DNA
which is ;éﬁdaﬁttohaﬂ ﬁﬁﬂaﬂb&uﬁﬂﬁ&l sﬁﬁﬁﬁhlﬁﬁbrofﬁ@a oBzedDNIA MR tian inkhiees ggng the
e er nS|ons r

ol R AT S O 2 88 e o
the mlpéfrfpb'ﬁé'reéﬂm tEﬁ‘%f‘FS‘FtB‘ﬁ & ageermprs PRETTRTRInthS VPIHEE Hlagis ‘P‘i}é‘ get DNA
strands pREMAGHH kB gaditii hia@, the substrate or the cover, upon

lousm %‘é:[e'rag&ocen!i‘mes ﬁ)gpéﬂré’ Goght lg 8.5 AtnAlds Q! ﬁblf @RNB) ﬁﬁ”ﬂ g@'z\é?(Mulhs etal).

e sneared, printed, dispense ra

bt SN a1 PRI PGS BRSSP S0 PR Po gl et v
primers iVegliacs GalflarkeiRnssccanleisngd gementin bf aphfiddayérxtepding the annealed primers
with a pcﬁgquﬁ% e ;nglelts Hﬁmfﬁ% t Qﬁ)@{l@ lstragds %ﬁﬂesthrgé'ﬂ Suclefcd8d WreloBented so that the

provide a uni formdistribution i
sytesi Sy g7 PSR S TGS B PHE B e &R e e gmouat of
the targepsegrmpie Yioweyek, bertisnye exteotienareggiocts ammalsp corplyparayto spd c@rehle of binding
primers, 8RR Kiccefiivt @EB %Hsén\iﬁiy)ﬂaubtehﬁe Eadlhiat b@f ntbicakbii yanbtiedin/ge previous

cyclc feﬂzgtam exp. ?%nt%aﬂaccumugg 0 Irs][}ecgfig t‘!l]reet g\.%}éx% acx&sllﬁ%rpllgﬁﬁmtg9 ggtc of 2n,

e peri p era S1 OoNns usi
where n i inerebesd Fesléh mask. A uniform |l ayer of adhesive is
[0098] ﬁﬁﬁhﬁ%ﬁ@eﬂﬁﬁm’m lcyctifig fritéconmmprises[30 B2 of (U Genaturation at a range of

90°C to 9508 %&%Al&%‘arﬂegﬁ@%ué %Qélégtﬂoﬁikbfd% 8k %n@(@j’la%hs‘{o%m e%°c 10 75°C. With

e nanowel | to encq )
e b B o ks B LSRR s v
the small He@ing\Bhsk, andSbt deadil o eftcotive het disspatgefeatnred | y nade of

{6099} Ffﬁé sqﬂ J:c@tl:hgj s L@t en%;iﬂgd' 1%61’&@1%&@:%0@@@63&&@ (et pCH). RERBOR is another

vanauonﬁ)é{hé ?ql;lréq%gongl %\éﬁ ruzgf]?'ur@\"ead’g%rse Ia%]gcfp?tgse \M'sj cove ﬁ@i Rlﬁ{eculi]es to double stranded
cDNA nplsilealythgh o trermimplopei| 2y the feimplaterfor @*’-‘feeﬂeg W@ﬂﬁ“’% tﬁ‘ thetpefygerase chain
reaction S| ¢ ot RTIPOR, tﬂf r&uers@ﬁ'anaﬁiitas@ Q:I'E&leﬁﬂ)t 4d@3a %o thdvedca@f sample after the target

eal i n ver d na o
nucleic 3685 aée lsat%enﬁtéuefl ha e rea o1 s en mam al a s&g eg f@r%xa%te 30-45°C)

ara at I on a
for a sutBent gy yisEncepr elRles G mSRrS @tgé‘&metﬂﬁ C éﬁ“ﬁPP &Ff""‘ﬁ&‘ﬁﬁ‘i““““kd
cycles o%hﬁb@ﬁm fafcdf;nm SuCiDatedtis @ARhlariyne:an thedeetii s bivfogies] emity whose -

genetic mt%x%%&dn m%tore% qﬁﬂﬁ&&gﬁks Ll%n%tgg c)éﬂplgg of @Y cﬂ%&@ lof¥io16Mical entities

mma-ray nacni ne, Ofr Wher e desir
e B PRET B BIRNPORBIETTES B8 HE = AP BB gsion of RTPCR
embodiep BY Hé grésadlintaridneabdsirmnkyosahadiaibnoHsddgicalsstitgnbasdden the mRNA level

detected W£alﬂp]@r6£¥f sitﬂ ih mél;rt \Qlﬁ |aﬁar&ﬁ{etlﬁﬂ lﬂa q%ﬁlluﬁﬁxteedulv\ﬁ lidsi®ed, caution must
are 10 pg sealed. A sel Jﬁéqu ogth a l.f tﬁnullcamds

be kenipupt; LRGP B TR O BB IR Sre ms it

[00100] [MzGadsiob tysantithtivi Hranplifea begesil husieic Fids a{shr@tl oprp tokhdsasof skill in the art. For

example u%tagﬁctcw(cg:bnj LARSH s@Rtlltade QG £d- ﬁﬁﬁfyﬂx@ 6 kA GulAtity of 2 control
ocatll ons t

orrespon -
sequency \§ing e EEEPEF “a 8%:2 g? ﬁ e{ngar SEo e% llﬁé%&) gﬁ%ra‘%% FCR reaction
Other wayg afipedornippdRER afFHéaﬂP‘%i?j’Péhel%n beam passes fr eeI y

" 190101) NIEIQUGH ainpiFicido B gRRfaByierforagd Oiishdusd of isplifiefibeeigeds. fAnpiification

reagentsggrcgg nc agegegzﬁ (5 v\ng:FcruQ Dl esalEseigin'QE Sargeﬂﬂx%feﬁ fd&(!, @nd rﬁﬁé&’xde

S are exposed i ght and hence
triphosphates| Regerdipe ¢pgR b g’“teﬁeaﬂﬁ’éjﬁ‘ég?'\f@g"“*ﬁﬁ@ "5 HBIEF& Cﬁ*ﬁgﬁe Aot

amplifictiah teettie@ix@idch t hat no two adj oi ni ng open nanowel | s

[00102] %E:a%ﬁrtrsqzoggneﬁ evgiu? g céhlpTJ} Bhe RS04 &EB&H orgtrﬁc:};&ﬁ‘ogglﬁt £ @Haas. man
crbodigpy 8RO (VST ST SO AP F e “CRELR Rpigip o el

the art can fashion an unlimted nunber of

phot o- masks with any patterks to yield chips

cont ai ni ng open and seal ed nanowells in any format.
Met hods for manufacturing such photo-nasks are wel |
established in the art and hence are not detail ed
her ei n. 40 [0084] FI gure 2 'S a represent ative
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25genes in other organisnms' genones as well. 100861
~Figure 4 is a cross-sectional side view of second
| ayer of an exenplary chip 300 as shown in Figure 3.
woRbgwe2d shows a non-linmiting exanpl e of a RNIE28BM00860
acid anm‘ﬁfctahon%amh %&Tﬁﬁcaﬁ)fae r@ag@%ﬁ‘o{ﬂﬂnmﬁﬁs@ﬁ Qucikicatis GeteSimaSayks eluding but

i ndi v di nmen
not lmtﬁirﬁ nyc ic Fcétjr‘@%ﬁ cgtmé; %ﬁnﬁ can}S e 1. asd.fy lr&ggt lﬂg:d Qatﬁé am c(f %’é QTIP
[00103] o PhbodimantireleBt &P gfthn ity of 108 axgpyef adFrésaﬂP?eﬁgmef alchmwaawe of carrying
out a nucieRtGci8 E]rhﬂlﬁ&ﬁ&ﬂ@ﬂcﬁbnaor@mé @i leadBnt of tetfolloSing A piobd, Opvdythetakkadnd a INTP.

In another QIQbOO\él\Bl l tl? QmR)wnllls%gf hﬁ:%gnéﬂ?g Lolﬂxqgn &mﬁﬂﬁ@ gprﬁl%cehpr@n%r and a polymerase.

desi r ed
In variou e AR, eaglhghpyeber wmv&ag/(lb% Pf\%ﬂﬁ'm ralynugleofidt, bR vfichip i standard
genome, bi¥GE )4 GedbBasEbbiaeditrsaid prividr o/hibh @dits b ehwveetioradspudentisiPal ffihe primer
nd,abgut 1 mm a pitch or Iength of between about

m and about nm and a dept h of bq%meen .bou d
(Ov1041 gy TROSBER S5 FHFIRHE BT 1 PO 3 gegoge, i
probe asdoéikt@l veth i@ piigér whiok engits a Fongentration dependenEepnalj if i ryimerbindg fyigh the target.

{00105} ﬁlaa%ﬂey ermo&ﬁled?, afieIAROME of théTaﬂ’p RRaif ebicted ﬂh&a@;ﬁ&arformrd PCR

curved s to form t a nt
prmer, R RO R 0 SR OO R PR Bl
[60106) b@nﬁqu@dntmamwdkﬁ@wtﬁm%|dpq.d|rﬂ3§1raab)h§pezmg € user can
then se}e&tﬁéi;l mkﬂ&k&%ucibﬁmma&@mé ki sdfipye, febe WA Palymesblg a wet

{60107} In oélﬁr cu%och n%f GStE%Tve%mnn, r an ﬂﬂ?ﬂ%r%&{rﬂ%oang oi‘MeXbo%L nQrQ m a dried

ni que anowel | ner surface
form. Tn this lembrginentt thig friefiyym Bay eeganteddo (e vels ﬁ’gFéF o © “F@"tf"é’cmﬁ’éw"“ The
user can £daQ npGSériated dny tht Raple tdmachr of ae el before analyds. ned t her ei n

[00108] Eml%s é&%ﬁkﬁﬁkn \éﬁ% Ehn%nﬁné HH Heikd &%m€§m&&r¢%?be sealed with a liner, stored

| so be nade of resistive

or shiope A g fAipio THeAPe BRSSPIl S P PBESE b plegys wffgmi. The
liner is visiblyldiflentieh Gk copbrad @din Kgutiicgion gid dorkasewhbandthg4 s matierid! efdhy liner is

chosen to?‘&uﬁﬁ‘llze %ﬁ%ﬂaﬁ' tgg§m§6ﬁ(hponaf§lez§§ﬁ§1;-ﬁe adeﬁE Vhk48e tﬁ&bﬁ%ﬁdﬂfc&sc the chip,

0 £0
e s e O arpiony B PR o s Py B R o e st
and placlivgl¢ onta Wellct regfphormat-s of t he sanpl e conponents

[00109) dﬂﬁdnﬂﬂ:pm@dhﬁtéam{g iiuhits (fol éxaglpis asROWAIS). is de@RblE BGrelét cvaporation of
liquids alhds tHL{S ma%tam eepre%crreeﬁ %%!‘u}én conce%@a%o%%ﬁ&gl%{n Rk E}%lmg

[00110] mmnw&ﬁwm%ﬂ%e’mwmﬁﬁbﬁ%‘wﬁ% PEBERIpy BCR- Assays
performed ifthepl reiot 18yited 10 OINACHssa g stidbaS Tagrirgl Brvagifr, Th@#n Gotda HYBRegold, and

SYBR gr?\i?q’g%als§t1 g’lufé’oth@illgsag%fm]h Q{lrecegﬂo%dﬁlg 4:11%9% (ﬁleplh%hﬁhr%u't freening

e | ndi VI dual = wel teh cfi
assays. Inyiqppe PRPEERE BRPH Befleyerob fﬁ@%ﬁéf Bt “d'so shows an
[00111] [Thel i@ ttiontlsopeoviih oneodfor pesﬂnmgnatPQRemtsns baiwg 2cipersiprigng 2 plurality of

preloade@hahGVeks, 8t ml méarlsﬁ% pil:a?n zhéaﬁqélfz lng:l-{ﬁe%anotnaﬁ tcCJPéa@ 2 %dQioR Ascture;
om

sealing tlgln?rggrg 5 ogﬂ%e%g}p R glaaelg 6]no§ anofher Sﬁapm m Eamur Tp aaé:lélg g%ifup mta a thermal
cycling sydtren; eptclraitheisysteny and agbyeing 1959 opposite array al ong the
(00112} muomcs Wt ta&;ﬁesaﬁ BvenkHe thE 330 ¥thd cSip Ofmpkikta: sBiGioh Operable koiérform

multlple:}n:algﬁﬁv re‘%e]:agf; crn}hod me%n é lg').\l/tg z{.rg §a§ab%@§£%%n§&ﬁéli‘ﬁ§§ rg:nﬁong R&kn

uni t pol n
individuz wpfd»sﬁeﬁgl thathemistry apdthe Rf?ﬁei)‘hatTﬁ ) 5 ety Maftiplgy ECR" is the use of
more thallBy phfer @hif il fhg ©he Si€ Mhit Rabodichebeheed Gr afatieacdititagon et bne primer pair

ampl:ﬁeg[ tlS Lg’ge![ g'sﬁtmlloth m&sﬂatr gmﬁl& ; @?énd(%tnom@fergrgp gxsrh leg E‘eraa%n can be

NG LML P AR R
100113] 3krfoRy/Sobaiyn behGedmpciee amacwm isiarvarbel-@abres¢ein \@dﬁmsmwcmuyn

wavelenm\iﬁklg 435%21’3@@%%@511 \ae[vél%thrm ab(ﬁlt :f IbJ gZ@ Qm,(yYBR Green 1 which is
unf.i e n sa

normally 1 R PR P R OB SO 6 DAoL e velenets
heal i ng el enent by pl aci ng the chip in contact with
an external heating el enent!3-[ 00911 The surface of a
nanowel | of a chip of the invention can further be
altered to create adsorption sites for reaction
reagents. These sites nmay conprise |inker npieties
for attachment of biological or chem cal conpound

binds wi
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20(1993), Beier et al., Nucleic Acids Res.

27:1970-1-977 (1999), loos et al., Anal. Chem

247:96- 101 (1997), Guschin et al., Anal. Biochem
wo208708k36 211 (1997)). The surface of the narRSREIS20054p0860

of about 19 nﬂloé.&&? 18+ GRiSithal £ BiskioNdvOEnginMoRRbIui 2 AhinbierdH to 8bout 538
pr obe or r I me e reln
nanometersc Hlé H’i(’%eé fr glgg:r{nrp&k 8]9)? éé]é and \Hé “q,,clﬂ gavc ermksm'in 'Jsveieﬁ ﬁ'om 525 535 pm

S t0 an process 1 nvo 9
to about 4 & Bfyen; TAMBHevick isla cgbayp ety fethylrhs mam% e&s’é@%ﬁ%e@“‘% ength from
about 550605 tb A6t lﬂﬂﬁﬁndiheﬁéﬂaio}dwmai iS4 daiporx3fx-rhe@mbing, @hish has an emission

wavelen%{]fg\})o' %fr 6?75@89 xlm(l) gla (TUL 60% A%Ei(ﬁ %gh () an %ﬁssf&ﬁ %&Ifﬁﬁl about 350

nuc | NOr
nanometard o nboefa’fH%“an%?e‘eﬁn?E}%“cﬁﬂﬁ% aiup*ohagant%f'@b‘f“ﬂerﬁ‘é §’B%ﬁ’ BAP0-585 nm 0
about 606 6H0RE:; OABY@nick b afl emivsnivatefength olsBESE 545 Mandn@Ns © aboutsh§s nanometers; Cys,

which hasb I O| O%I & al 9:1@@'0% é%@tL Iﬁgn §55\4Q1§£ gaoglﬁgﬁf &5 %ICYtT ammtaﬁ' EffiSsion

eS| re em cal reaction al so_,i nvol F
wavelengiy f osp BRGTHET OB T ETERe T o R P B PR B et e
excitatiofdn@ bilissie wald@hyissde catl @haedpbora ti bibclagntunyruitdeions tally Epm enseirally adjacent

fluorophds’ otein and snmall nol ecul es. Were the process S

d b I
[00114] “@ﬁ?‘;}ﬁ’é? PrEne %gfceﬂg cleic gcoci Wé%at?o?ﬁ Ol] 536%13 ts mrﬁeq nuc?elc aald sequence.
Primers ugédtiethe prpoR iretntien ﬂaer@nwélw pigomichptidgs, waally GQOXMO'EEWH% ﬁ‘i"ﬁ'd
nucleond@ﬁﬁ %Hﬁ, lifae cﬁlﬂﬁg&tb{ﬂaﬁm pﬁﬁlﬁlﬂS@peEﬁ@ﬁmnﬁeﬂ By ﬂEﬁ)lyfrﬂdﬁﬁbtcbﬂﬁeachon The

onI certain te at ur. R t
design OféW%? f?r a ]fl%no%a tarlg%gltmlielc acxd can be de%é% ?11%9 Lt@é sia“&l in the art.

nper ature
{00115] Fiep condemept detacsbnefebelgprplifigd @lcmstacwlsu f?ﬂ“t“@cf‘ Cﬁe&% Pier gpaieif acid
amphﬁcaaanjedcﬁéxﬁ adsdriBEY, ab&d GF knhn i) tha Bit, iptiért gy bp Gdnjupmdacedceitatieiabel.

Detectab{ ?a%ecls uQa%le(fg P%@ the %&g t ﬁiv&n@ﬁh&é %}Q&%hﬂ& detr:c@a‘lsﬁ 'i:? &)ecn'oscoplc,

elc acid I tion.

Ph°‘°°heé¥?510'€}1""11?§ﬁfa' imereEFAL et SRS PO BT S By pprroprive
detectabl® b 2B iinfdwrGih tht &€ whitlvie¢itde mineseen labdmtnzymagporythknligedg Jepreferred
embodun%l?r.@ bik Jiff %{yl d¥ie to eﬂplgﬁﬁm;e%ﬁt 1BXRORAIABAL tag, LRE adUilokiBin, 8-

aci d anplification reaction i
galactosidags, mrease 2yl R wPHs FReBiST B HErYRPELe chai n
[00116] Tigdgeks gay be[POBatatediy@ntd i pronbof of Fh@s mﬂé@@m to thpsp @fkfligthe art. In one
aspect, tHa [2BM |1s@ﬁnu§alﬁ(91§lp mBdrhoRdtdaidvitng R ARBlitfcsion AGHP Mins Ybriegample R Wth labeled

primers ¥ %é ﬂnﬁlanluc can rovn?%é:lq)%}ég Al Ih%Qa% J}%dﬁ& Oﬂllatse%grﬁtF Lsﬁ@c@ W%on

reaction iriwch RYA |tsz=ereyerteé A veRe adé%e%mo eRHge ?fﬁﬁa‘ﬂalple orescein abeled UTP
and/or COPYaL 4 lhtied priceh) ir@brpaatbsasibiedubletiadel iod the wangcbed nuticatids.
[00117] 318 1.9 ntlorl] achrB@Avkdcs r@g%nd gR gmﬂzmgﬁf ca{'rﬂ%ﬂ%g@lﬂteoﬁcg Latmn

rotoco use

methods g i {opqution; $ghreagPit a0f Ktsmgy Bﬁm‘&%ﬁ‘rﬁﬁ‘&% el g for camying ow
conventiatll RUIR, RTECR, andy@tcr amplifieiia rexctiogs. Peh Kifsepreiseakhipref bopyention and 2

reagent AR m tlé"léﬁ &oﬂs%ruﬁg%cf @n zﬂﬁ:‘!‘lﬁ&ﬁ&ﬁéagénﬂ a aetéch&%ﬁen%d tdbBBtions thereof.

The ki g BASECRT E SR OB0RG0 S sequgrgﬁ%‘ya*a%*ﬁtm"bw wmplifation
product. filsetpeimers ingpded andlerisiividypl tunipige, prdipgniently 8foge angiae), by he sy or a different
set ofpn{%&ls Vdﬁ%afs‘g%e pﬁmwﬂ:@}nmﬂﬁémﬁhﬁ&ﬁ’m@mﬁapol ymerase, Kl enm

[00118] In aln eT emboglmerE the o‘ﬁ%onuc Cly deﬁ: Abysrg?e sGitbie fo@&]eq./ct%rg S‘%LA@“ liotide

ynmerases Ssu transcri pt ase.
polymor@én’éraais welf- h@wwrﬂﬁaw o eﬁ&“ﬁ’l‘*’%’é PRREOReigilvfes Asglef foppligonucieotide
probes w(nEKR} idbrficdl A segadabd saetfotfogs mckakigmsiual une of DNA whi ch
[00119] So’::h Ioptgenfgl!lr%%hcsg-lglu@e@ lﬂi[ﬂ’l:rtex'lt%wle\gmﬁ lé& Ri bqu ’F?U'P‘Jt {hls\ﬁ& tﬂmhcpsrobes may

or “see he react|on i nvolves co 5
be labeled W§'t lebelrepabie °ftPF?8“°m&‘ffﬁﬁb‘ detfieatiegerdi et *ﬁ"ed'%‘aii'i'sg%’ : f’%‘“ one another,
such as dfRfeet fbepioteh@pablbepénsging kightat hifferent aprctradly-géselgableFapdiengths (for example
4dlffer&)li§g0@0rggdu1,mg,g,ggl e the amount of DNA present.thereby
resulting in a geonetric progression in the volunme of
copies of the target DNA strands present in the
reaction m xture. 100971 General procedures for PCR
are taught in U S. Patent Nds. 4,683195 (Millis) and
4,683,202 (Mullis et al.). Briefly, anplification of
nucl ei ¢ acids by PCR invol ves repeated cycl es of
heat - denaturing the DNA, annealing two 10 primers to
sequences that flank the target nucleic acid segnent
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30enbodi ed by the present invention is the

si mul taneous quantification of biological entities

based on the nNRNA | evel detected in the test sanple.
wdes/®hisgki || in the art will appreciate thagcifs?osoooseo

[00120] %@ﬁh&é &!ﬁr& ﬁé@d ih ﬁﬁs%&mﬁcﬂ ESdpkafiel byCRbtlidaPHnBdS trechiEbi lgaﬁtk:ﬁrﬁmg ora

mai nt ai ns_ or co rols. for t

combingig o) MEGS S CheBRAP RIS DTA® HE G bimav 18 ar i seed ot be

described @Qig@i0erelve Onoel skilh in tieqri aamtube thet thrpes Yequengsite dbiapiatdesired fylmer pairs by
employlﬁgtacﬁrm SmB&iz6ter é}ae%ng\ﬁdﬂ Jsﬂ.ﬁx%aztssmwose of skill in the

[00121) uF}ﬂf i\cgi{]aglg@c% (568u1r%u atigﬁtgl?til}?c eic acxd na(‘;avu# Qq d‘lg))d?b‘f an gi%g\é%yﬁ/lt% used to
amplify the ateeto he FBesbryelein eced vl forghis 1h*@n@a ﬁvorpwarsnwsreawm sgmples suspected to
contain ¢ @t &RBendd) Idid Hobihigrded © baaian 6k rgaatt to myom oftReéxhciidh sample or the

manner i lsih—t??{é ?s‘tén%cg:f/ S ragR éhe?eatm uge can ?bm?%ﬁwa&xgm ﬁﬂfg :Ire%cgl as%mpli] Biological
samples awplrel dervedfiorphrpg 06'@%‘]5“&‘!5 I"yP‘ﬁ’@r fog¥ Fredt s tisuetspreplqgissug pultures or
cells derivefthdrdfiofmahd BdprégeRGRih S sectiiPdristitabtepDal ffo@AGLITEse sources, or any other

samples Elx&ktgc?éo Ic%taknrmel uHQe‘? mfcldf Y&S Pm%&ﬁ%nchg%%g are bo?i? hﬁ:&s vincluding but not

ners, target nucleic_acid, nucl eosi de
limited tp ‘)IP(ﬁhlB'lgf) H%]tﬂb md, %eﬁmahamb Wlal fll.}gi, W@g{ {lmd semen, and saliva, Other
types of binfpgi¢af samplt meynindiwie pehpraduciamdligredicttirach s vapomirs.aliey ipms, meat, meat

by- proddcﬂ QQMJS@t Envﬂ-@r@x%l's&h;ﬁ@;aﬂe QDivE SRR dnRfdnddnial Hdt&ral MQ;LQB& not limited
ents cont ai ne in a chip of the invention

0 sl vy RO PO B e 8B b Fon
100122] @rvbrurtiomediatcleictidt capiginedopie it sanhle care Eaprieg outiabrerdiag Foandsfd methods

in the uaﬂ&b&&ﬁalabseuwm | BriRfif Qﬂhahcrm,acaﬁ Qa&ﬂd'ﬂéd ubifld va§i6b QHEC4nbyRls or chemical

solutions accofﬂ;ﬁ? procety\o s seQE) 18%{1 O%a:&)roo g% ecuq:g 929) 869\ ]%E(; ?%Manual"), or

50N react! on BRGERt S Can
extracteq hnmﬁscag%y@ng e fdipeing ﬁ%@ﬁ@&g Frb"ﬁmwwy@ ofl Acandfeigers’
nstructiddblt not limted to nucleic acid arrpllfl cation.

[00123] %ﬁéﬁﬁ%}% i Egbtllnrﬂ[aﬂ%lg a4 e?é]:iﬂAe ﬁé?lr) gA%qul lﬁh@t l?tm}caer he present

I ment
inventionqapalgprbe Pﬁ@‘c‘iﬁ’r?’f"lh§‘hﬁff‘m‘i“ﬁ°e'f‘°§f F'ﬁi} “d’Fm‘h”d B"‘E%ﬁ?"é VHﬂl“lN§‘ Ghese nucleic
acids maaemhmra var&paibtogolapies. Civr exginpie) tienbicledr anidCrhayibe sigpdd setanded, double-stranded,
circular, ﬁ&EQJ o fnl 6ok QRcabaBRE T THRR o@gmt B 0 S Rl rdeSASL mg%t% thé ¥ture of the

pr op ol yner as
i s e RRBAPHEREY o1l HPRBUS B e foes R g method
being used. sol uti on conprising a probe, a primer and a
(00124} BQJn)deE&ft 851 invelioN, a&hlpﬂsn@rmdkaamk&npn&a mnammssable units each

being cor\xlciﬁ tlo%ensé ¢ Im).icaﬁ"eag{mnn%e adaoressa%le %%X{%Cl eOt I d & td%%&%‘ing to a

Al N Said Standard genone
predeterrgiaed set ioSteaRs raies Fpr SaipE thngaI pftiens o ttngs é\t ieast one of the units is

addresse€ © M@ ELE thapredatirntlmid engeire Sir epfthe thd chiniiaal @xchme kvithbh el Gnit.
[00125] YM aL gml?’oﬁirr%nt, aap[hgﬁlty of th%g ﬂ'x]e a&dnass @{0 m%h’:%%e Qﬁ eot I %mperature for

ch uni mprises rimer for
running 'Pea"lhﬁ%‘f"‘ W‘i"ﬂ‘fsrf“ &“"ﬂ'é‘rfﬂ\‘i‘%fp"m&h aac%lc’fffﬁb‘f“&b““é" %@’6’&31 adfreserd g ipdicate the
predeterrhitig tqmpermese faringihg theihtraica reaginc eittin saitl inon  dependent
[00126] ‘%hc@b?éaémhfneé e%im"@ﬁ mﬁd JBQ' Sip¥ R ik Do 3K ﬂa%t:mﬁ%ggd]ig vidid hifleast 90%

her. e t onge unit of the
of h"m“%%‘i’?t‘sff‘ﬁ’gm gb Eﬁai”ﬁﬂ PR %g ‘?"‘%”éé‘“’“ﬁ“?%‘i"i/\?é"r‘ﬂ’ > the configuration
of an addgsqapheship baserd sroe pséetqﬂ@ﬁbdmapm temperatufesen dimiantpin@roFdihd yield and

quality of ﬁ'@fe‘ﬁ&qurm THH EAGH ﬁlgmennglﬁﬁ oheris ﬂ&@&&@r@anh&l@ﬁ large number of nucleic

acids, Smi% as 8c varﬁ e%ﬁomg ro% o%xgsa}xlyr ]‘;Sth .'? gh? dl &Q aF:ﬁaranbs eo:%he grﬁsext-nt va]ntwn Inan

ree
embvdlmsrésl %WP*‘V@F‘ yﬂa@ww@ﬁ Blays aswmﬂa@vlﬁ iRrits 2165 o p ey epparpthsgor system of the

mvenhon?vﬂﬁﬁ)dlsaj as p edigl (ﬂfgde‘sﬂé’mﬂﬂlngﬁﬁer ase. 151001071 I n ot her
[00127] ﬁ‘igir% IR S g{am%:ﬁ @mﬁ ¥ePhL 8 hthtnrgg'répn Al é"@t o e?:?%hlf’s 510. The set of

taln any ove solutio
smaller chips Yl fhjalso ERpEdP ?Férﬂate Pt plagef Ecrorst wﬁm‘vw@y Bepatieaframg 530. Each
the wells or be directed to the bottomof the well.
The user can add a m xtureldf water and the sanple to
each of the wells before analysis. [00108] In this
enbodi ment, the chip conprising the dried down
reaction mxture may be sealed with a |liner, stored
or shipped to another location. The liner is
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performed in the pl ate are not linmted to DNA assays
such as Tagnman, |nvader, Taqman Gol d, SYBR gold, and
SYBR green but al so include other assays such as
wo'BePias bi nding, enzyme, and other high t RCUARZASL000860
smaller cﬁ&:%ﬁﬁ@ﬂr&&t@ﬁl&@%ﬁt terdra@R VBne ST ROGATERES. 5, & tﬁg&rhﬁebainad, 2,3,4,5,

is used as an internal sta Qar d. 3% anl)lélauég)tc NE. res for
and 6. I“ﬁ‘ﬁ?/‘%‘iﬁ'f"i’”ﬁ% %t%@%%&fﬂ&%?ﬂ&%{%&aﬂ FBP LT O P NG & PO
conductipg Y@lyyeis chadi repgtica within he oompells S109fthexchipl 509- By sapiratiyg the overall chip 500
into mﬁ&éne&mﬁe& R0 QW baf inclchi6 BB bifsly GfQﬁFﬂéath)h Rghin Bk AmbwRgs 520. For

examplcm;qg;{)ﬁ?lézmg go : h%&?xﬁg}l\ﬁ g %cbe\sﬂéﬂura[l 11 ttf'nﬁ) %ggelsé%{;]ﬁllow for more
accmtemiﬂ@mailﬂneﬁﬂlege@manot her sealing mschanl sm pl aci ng the

100128] THY sBbjécDéhips gmwﬁimb orGibed g'urbgessgtﬁeﬁ eml th€Yofbrh 516k of the chip. In general, the
n an 1 N S I mass o
grooves arX lfnr(]ierryhencﬁ €n cﬁ?xles orgntﬁsq tlil ow aﬁ gajsgg ]I‘gg oéﬁes%ﬁ& ﬂg%&%l f

I nv I on, t he
e chin EHeE e @wgcegm aed B cBpEre 45 F"é“’ta’d’e‘ﬁ%i“‘f“ﬁ“r s ShHeft i"’flﬂp%“é’%ﬁs can be
fabricateP{oRny dhipeq inflidigtiaidl Bniedipeoktuie Allipticil v@al Hohitad, reqraggular, triangular, and
polyhed.rgl.a dovéd tna;]@\ﬁn'algr Meﬁ b)PlIm%ar %E@@a‘ﬁg 1'0 ?Im S(?Qrat@ Bt deacent channels, or

o n I dual unit based on the_chem str t he. pro cF
by et o8 PR FRRULT I REES) TECBTon AT P Qe
overall sizhenmﬁhsof thpohime. Theakeptoréthperpgvesrmap ginge fiom abmons &n@ to abou* nine tenths

of the chip HU other BrhddQ6hs %ﬁel@%ﬂh@ﬁﬁ lcfl@ﬁs l’fxa@lbagﬂoﬁ@ longer or comparable to the

conespo%g&g%egsg%g@ﬁv‘gﬁ %a?ul% :t!he geﬁ ﬁ!b?ue{@mlulmfn base o%a unit. As the air
flows throygh Gy earergeyaysdpraned bycany ofpbemﬂqus pt] removesdieas frpm) ﬁe fusfprep@d unit by passive

heat dissip@ioh, AuS Bickeddi 1A spRedihb@hdty&ing. Bt hods i ncl uding the
[60129] gﬁf@%%loé C;E%to%ml\@lgcqgn (g 9 mlL‘er ch%@t%ea‘}ﬂcgﬁs%e M&}:\)ﬁbd thermal

rr ous can be used, suc .
conductafjyh gqqd thgrmg] ce%ﬂ"wsynefaﬂn’w & GEraph fORTTRARY VA4 highr than | W/ K", preferably
higher th@XID0 etk 101) muva yefebig highe tham 40 Btk '4 8Bemantig meltedsl’s thermal conductivity

may be ﬁm II@'Q\/\%@%E tgﬁlgﬁ)hlogs ngépx@:pcpﬂéb “5!3- Q(" 5&9118&11; su%@gmust be relatively

i s nornal used f

et nd GG R PO SO EPERGETIBY SBDGE Ierl A RORA G PEesR g ecton
samples engleyed iothe Weeudt appjtation. \WDRGOShOBLG2SHETH LSO §BLOUHSEOpon the

ability oﬁéasﬁilﬁglﬁt integrite ﬁ@fﬁ&mﬁltcﬁxﬁﬁl ele-ﬁgt-{ls EMEU &‘ i@ oM mE RivarfelyQfNmaterials meet
| en h from a]'r“g utmmtlm mm [Sis b0 about 538

these cntﬁréah ﬁ%rtp etnﬁlémf) W arcnot | m czds or ctOjscigch as alhcon,
silicates, \lin W@WCWW%@P@@‘I Bhasphidss @ﬂbﬁgﬁfﬂﬁ@ of ?r@w agmbjoat s thepepf. Other

possible el Qtélglabsd@raah (ifditiding TpRAe Whlin6iicristillifle S1hth @idoh-itita-based
mcsgemmé ggg,g %gl,.%@m p%pfaie.@aa if SRRl SR & W Bherease

net'e to a 80 nanon'eters ROX
thermal qpuethyiry)sor anyoht Besep! plaskiss SRR BOLymEHS Bierals avaighle in the art. Jn one
embodin@hi] thSatdve fups/feiriengtilsuflr obstratksonctudipy 5L-dp 8%316uss vl ag bimikdr others.
[00130] ﬁﬁaﬁ eﬁéognﬁeht,%e J&lpEaiéfabM@aaemm@ 2 Sl a%&ivp%ump a%r str%m the ips

e e OB b T s LT B e v
theart. 580-585 nmu to about 600-610 urn; Cy3, which has an
[00131) 1 B5L QR bé’ﬁ}{-:‘é‘it&ﬁ:%ﬁ} Rthod Qﬂb&ﬂd B4 SvidRNOSR iGN it a&bEﬂhples of

68 nanonef er.s enm ss
method ng’ fn%f PR m%:gé% iriclade {)uc% n(? igugeg t06 l}\gm dﬂﬂmg,% cﬁ nlg.rcgﬁ method,
hot embdsging, @ hes mnlsosquzsnwmwl re’ﬁg ffﬂm whiclpses veteras Behemsnet er s t o

j00132] ah&%ve@ dhigd 3NN REset Svenfil daitbeAticdted b hequeavellictibBihed in the
IntcgrateQ E til%g%()ﬂ 'ﬁPt &Eleg %ﬁé:ﬁ |S§7s§e (%h@ﬂg%u?ﬂ% ﬂecmmcanon process typically

uor ophore to
proceedsuﬁtm*ﬂc@res achip §’§$“l*’§i fR”°fWF‘b‘i‘ﬁ %’B%%PP'F’B{I‘&P)PC Bajese meﬂmds and/or MEMS
micromat Hin @t @pliQEaS condiBObidlibteglre vatingicasposduspr i ners for use

[00133] k"&ﬁ)n&%grl &t ltl'1g s@fé&d‘.‘h@w}l ﬁef ﬂeﬁ'@'&x&@a@comlrlg lto s@gﬂﬁﬂgchﬂahe} (h' ?C—processmg and/or
target nucleic, acjd rs used |
MEMS myeramschiping. e SRl i <20 %é*ﬁ’g?aéﬁd 3™ ijebﬂ{h‘&*l“éso 1?%%%“55 generally

usual | y deoxyri bonucl eoti des several nucl eotides in

| ength, that can be extendd§ in a tenplate-specific
manner by the pol ynerase chain reaction. The 15desi gn
of suitable primers for anplifying a target nucleic
acid can be determ ned by one skilled in the art.
1001151 For a convenlent detectlon of the anpllfled
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1001171 The invention also provides reagents and kits

sui table for carrying out polynucleotide

anplification nethods of this invention. Such
woeagenhs and kits may be nodel ed after reagemwes2e03000860

proceeds Kdutx &m&ﬂbtﬁl@bﬁl& eon%.anay&aneu b &anﬁidﬁon IteminyRiné 4R buticRimited to

N photohth C%arg CFilenuch vape or or pléﬁSlC?qQaé)or d 031 il Otg.rr] b e“aegetttl:h:%n §re eﬁ%ﬁ?y‘gd tg bBl?d structures

and
located abof @@mé@dﬂrd rﬂzsmnt Napogy fleefafpsm@ 6‘1"1 Q’F@PIF ifepblst fa‘aﬁmn of an extremely thin and
uniform @aep.g bilth SRk MBEHals PG AR eschia £I0%C50t hddd prédRAGL SNtlargeh chip structures. Other

useful tec‘%nngltg!s Q: t | ooﬁ?mpézgg&gngélasml Dsﬁmg lb&@m Nd e‘fcg [a Q:all{ %Qggltqﬁoyed to

eam or supsequen
improve ﬁmurfme P@Rﬂna‘mﬂ terchipsdr foPeEROEEE www&%ﬁ%%& |T?1%T°llﬂi‘é‘l§ details
the fabridationiphdeesd widhirsferehidado theRkenplagahip ddsigobeigendantd §uek. Thaeame general

process aﬁ&tﬂé #Fz[rent Qﬁatﬁg%e? Emcﬁaléib ?atn%ral@ gllh' oP il sug_]t:ct Qkﬁﬁsrggs(ﬁbed herein.

Sin mul ti ex arrp if m@ dI h
100134) E‘F‘Fﬁ‘é?ém%segfmﬂ’fg’fffwné?ﬁﬁf HEFTBHE GHF fre. o pirembodiment

nanowell(d dnfjaidedodigintaibokdy wWhich Besdaupef fstiatdsxload (b(jqottqjeamé @qp) lmgrs of substrates

rcspectwé\l%] gﬂllca ﬁo&%e&gtdng ?mp@llny Mt%&%ﬁﬁbﬂrﬁg whih IX\EJHMIKQQMmhﬁam material

such as g&é&t Pyaqx wia%‘ﬁ pra ?ﬂé% Fﬂf&"‘] dcgc;ls%légrg%ﬁr o b es I n C l ncx? step is to
create th rdeqwe]l thatlformptheleagjel efiferamit ailibe nafnevcﬂewenem}bﬁlameﬁ méhm the second layer that

is Wplcalg'(ﬂ%ﬂlt:dn%fer A4 Q‘ar]c%pﬁaﬁgu@i) theiit RWafePhdy 36 SrrduICdctieh Sroddssing steps

prior to bﬁx%angcrhg 10 thfl-_gu%t la ero ngrS (2 gk cg%w% gmﬁ t clhfgdl'bu) ? layer of photoresist to
render the gasiro mere @scopiiRD ehewgalmc rprPostist te b gt durisee (g grogess of
photolithbdiphy. Ahelagte Sﬂph(ﬂ@'hhhsficﬁﬁﬂils @y fnk@maxmaem BfalicpRéto-mddh Sthecdize &gl location of

the nanovgp!lliﬂia I‘ 2 n%; fotrlleld %%9 %Fu%% efe AR s:h@dmv&,:a;e} Igglcll éuQ;EH byqtvanety of

- reso va I'e wave

e
means kngyigiean o ermleriel Y. 4 BRI BEFCFY! ﬁtﬁ?%‘ﬁ&? ey bl e o
chemical @0 &/a0)pid, GRBSITH hidSAD0 8 GOVSGD renkd 112 Gilicof vafopip Famp the desired shape.

[00135] Bﬁ& kg nﬁﬁ%@gls btrih:tsﬁh &t éhﬁy 5 ;'ab&gtecg dir Q’lﬁ'ac@ P&)ﬁér{ﬂ:@ ghn Igylmprovcd to suit the
em cal_synthesis, rec nt C ni n a

pameularcaaﬂﬁ?twgt Whﬁrle l'{n'ﬁ Mem?eﬁxgagl? Ov* 8 RO ell may be further etched by, for

example, 3 playnmueche otobeie very fitdvesiiss efisiticopedoinmpahompferrgdio astiblagksilicon™ The

presence @ﬂﬁlacﬂﬁﬁcqn mtirmhﬁwd@s&fehﬁ ad cﬁfe@tug Blafigl suwlfRE Réal ThéBRK Qficon fabricated at

the base %(Jé}c ganﬁwgl also srea'e gsaa.rrl ﬁngcr or for Ipl?oton—se %T%zvngcgl nrgxcél% céem‘,ors and other

control elspentshes| zer or or der i ng f roma comrercial service.
[00136] Bf @Qﬂs&’eﬁlxerbiﬂ,&ln&io&elﬂﬁih@h AP biirfatea@tolu@ia rdtie ey e@Satal wWith Fugedals to
reduce the Eo%%ﬁfng th?t%eqeaftghma%m Jd%{ere&mﬂﬂéaw vﬁth\fﬂe tujﬁer Sm'?dcé RENEEER. The

P he target nucleic. thd i
choics o RS PROEGICPRABHETEH HASPABGRSRAS RS {FOPHIE BIPFTY that is use
general, SaP Isesrigius(he dire@dy dpplyiptht aiteyiatsinathd mncgell folevpd énewhing the excessive

unbound Icéau&q{aténﬂt @Q‘gﬁ‘:\QO Qﬁeriafs gantbgg'o@-%nﬂe@g%{e Qﬁgeoum; ARnsive heatmg,

source of the reaction sa [
rinion; 0P =Ehah o PT SACRY TED B P nn o g
nanowelllfabgtatd o i, errvall iprable tasqersirnnety, withontaindyk experingiraficngi cal
[00137] %&5&' %‘eﬁarﬂaf{thhﬁndﬂﬂéd c\‘ﬁgmﬁgtﬁmm&n sﬁﬁﬂkaﬁlxta{aidimhbsisd ffmers, and the

sample &L he ?.l' on 6f DR wﬁl&ica% eﬁ wau? Ollly dilss 3 ue% s renpnt &% ranlg]ﬂc’ SHE s le 1s then

es or erirve ere rom an € prog
dxspenseq e the érfdividaad panp walls usins 2 Siseocdisgensy @l a cevpoin: difReRsing tes‘rmq“e

[00138] THRERNSAPSRRS of aGicoRMhctidh Rbies B RInDEs il BPplicd € theanowell at or
around d%wo pro‘]oltmgl KL éﬁlﬂ?‘er‘é&r poﬂlp’% L % a@eﬁp%lactgs g{l% whErk ﬁxg droplet size does not change

es are ['udi n ut not
sgniicalyn ¥ gy g B QUL fﬁ"éhed§iff"??a fe ot e PogREPRE ME ST TP sample
droplet ahd thH r6le ofbridengatiah offWattr shto thrdiapitt fon thd meig pir eerigng theaphg. When this

ethbnﬁx?lL l'eylged ﬂ QP]E sa&d%pﬁessatm‘ate@bvﬁl @Qéc@@@m%ﬁﬁ@!ﬂﬂa&%ﬁh& &ﬁ;l WelSne
product s and, | ?r@gqedl en{5 ch as ve

atmosph%l&PrF?urF tﬂ@ Iq,%w p% gtabou AB:yor ﬁ?fngmg gchx&c%\sl\g%c{l%n saiples is preferably
Envi ronnental sanples are derlved from envi ronnent a
mat erial including but not-l/imited 15to0 soil, water,
sewage, cosnetic, agricultural and |ndustr|a
sanpl es. [00122] Preparation of nucleic acids
contained in the test sanple can be carried out
according to standard nmethods in the art or
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1001261 The predeterm ned tenperature of a unit of a
chip of the invention can be configured to yield at
| east 90% 350f honpbgeneous product fromthe chem cal
wonRasedican. | f the annealing tenperatures ar @CT/US2008/000860
carried mQ Qttaiténpé% 0d &e G bbE WH0AS dbolt 5O degits @l dee pailMl As i3 ppprent to one

pr edet er m ned reaction ?M%Fsﬁwgro e g@lgmdcsmd one
may disp¢nesctbet Teagtpn samaptbs inta prefiicd CEKYH‘?WIB’@ to %ﬁﬂ‘ tYarPratighhen a user
[00139] Alapufezt REGSiad pﬂe&ma;mk 30Bjedd Ghijd rda@begieteud il @ rangefof merddeingjuding but

not lm‘nte to (%%611111511% a dﬁtﬁ%gble co ?)!r Gor SGH ?ﬁﬁx&ﬁg tﬁtnan'grx% Bfoﬁm witd sl ddtectable

Uses o resent invention .o
label; and () e&’ﬂ“"@?ﬂ’ﬂ?ﬂ‘h’é?ﬂ‘“&‘?@"ﬂ’hﬁfﬁ gt ff”é‘dﬁ“ﬁ?‘tﬁﬂanglf’%?r&wl&"? ¢

amplifica@éh rkad@Ar t ant role in the use of a chip, apparatus, or

[00140] %?ég&ﬁlm fainke € th‘é(%luﬁleﬁ%ﬁ‘ Lﬂo&h@m X\@ &ﬂc%ﬁ&%@eﬁ wth BESia6@label such as a

(1 c 1nstru ur e |IIs t
fluorescep - éyec HF(ﬁuss 6’6 ala?un&qfi gw Flgﬁ\}réema.g g stimn%ede&\l molecules
is typicall¥fpropéradnhled thecaniops ofthampiified DIt progifictss prg Fdn@pnvethnﬂg dcgmnc thc amount

of the amﬁlfﬁg pi{)cﬁlt:tg by tﬁgﬂ?&)&g% R @b Eor 2 Ghterclibied 3t R6RGhel oBtical systems of the
ontact wt

a_ther Lative fr.
presns g3 PGS Y S D PEI L O BB S AT o o Ah e
SYBR grecpsTY@Reive. DARL thiopKimmasdine  Honye B EBR pold, otbiiem bragndF AHireyproflavine,
acridine drkhed h&ﬁivﬁxe,ﬁ]uoﬂc&nﬁﬁh %Hlmaﬁmmﬁcﬁﬂ&ﬁ)mﬁmmﬂdlstﬁnycﬂaD Bhyromomycin,

g MRyt ure zon e s

homidiurg, G’Ptf“?g’ﬁ’ﬁlnﬁ%fmmap 08"?‘55"312{1 &F ﬂrﬁa neg. set %g anneal i

[00141] neidition st vemcesskinds of Rusreere DNAPiSE QWe?ﬂ%f%‘ém’Gﬁa‘fnh‘a‘?eé‘é?PP PfLence
specific ﬂMbEJUaﬁbeteﬁlﬁoﬁa RAMEIIpBficati réaétioh PddacitibiepheBBE:tioBnd quantification of the

amphﬁecfpr(%uct {: gasgd’] %nn%YaﬁLeaa!n'l]:hﬁ%Ql]iog re%ngm lth@ﬁéﬂueﬁéets &1 QLtection of a desired

ure zones user can | n rea -spe robe (for
arplifisggaef RGeS OB T ¥ FIFF ¢ RPN ER 857
example, FagM@)ymbp) esultnhidincgmnad spzdifivgy s saasnitvity. cMefendofpppegprming probe-based
quanntan?pﬁﬁillhﬁauon%remcu Es@dbi:élyd 19{116 LI%BH g &héht i U@Pﬁeﬁt Nan,280,di oW

[00142] Enofeiloggﬂr i alégngs[]ngj: g:aatei% 3! at In%cgs 8 Ienrt] E%l%g ng gperable to align or attach a

cover to ()¢ Gipwe ® abignohetch the ciip t¢ ﬁeﬂtbeﬁlﬁw @l"er@“b?mbf’ﬁ@e%?‘ﬁ“ feqtiyfes comprise
concave SERREA b aturds MRCHIERQMAS 1AL ﬁnsm&[ snhps QAEMREEd cEfbiations thercof.

[00143] &e\ra%?gxgclr%iﬁcgmfr% tﬁle c pt agser%{) |3.r9c¥rrvlpt Jﬁag Qﬁ&%ﬁ@cou@éen%xo%%cmms the

er nal™ nass , I nNcrease t he
monitoriza i f<a5e OHBETPBNF o AR AR FHEHEFFETo cements nclude butare
not limitdd88 henBBA GBe@frudnlie tahhdigate ThBow}if @ bae® oc@pliig @as through the assembly.

[60144]} n amg;:)er as %E o?gie 1 Q n%er ﬁ]@tﬂ&ﬁﬁ conhdaﬁlgld%aaﬂn E&thvﬂﬂlis apluﬁhty%ﬂrcacnon
cuiar, ellipt pti cal con%%\gl rectan

ul a
samples ‘!“Fi i"eﬂﬁfﬁl?yﬁ]fng atd??& %%FW%IFW Sﬁflés"laﬁﬁ p60v mg a ci'hp comprising
an array Sflatidrd3@ble okiity badlielobing worfigirattp no cl@mrcvle@cmlﬂhsrem the fagjjs jge arranged
accordm%:‘ & Q?i(e@e(te%mpé&tset g%ﬂ&%es ) e ch@thicdd béacﬁhﬂ‘s Ghthéunity)@lch that at least

orm I nner and out r annul ar channel.s.
one of tha‘nﬁtéﬁ §‘fd{fﬁs§d taimdtc:ﬁtg §Pr8 teinrperamre gn i I’F t%l% 218161331 reac]tlfns within
said unitJilazies thaglataliteqitrdastion ﬁanmhem@hlpeplglts oﬁ'ﬁgch@g&oﬁi@g ¥ the gief predetermined
temperarg'gsogx\ﬂ%&trﬂiﬁﬂﬁ arh@d?ig eiérﬁéﬂﬁb &b:@tlﬂjrclﬂilﬁ 1eh® Rilo endpEratida Gattls. 1Th 61@ aspect 2

method cﬁ g(wé Ilgs}ng\%lf cl(:lﬁrrhcal re:ac d(%l ihhdé proI Qigg %Jhl}%%}degéng&%%ﬂcﬁl RBere the chip is

S an orter %er or
configureiompeemableectorsarie A Besbt; BB GHIT G BSOSt mfgfgon o te

 chipto pﬁ»bid@ﬁermﬁ] RoriRdd Helw@ét ablleast dnb Beatings:Rape chdgirecliiv.es ciguicalowrtgn can be

conducte‘é:l I;]n the reaascueon (s);mp% by Q&rgm%tﬁg’ tem%ngé & tﬂ‘e l %Mg%%‘z@ﬁm in the chip can be

passagewa of the grooves, oves
effecte, s ampe QTP % 7% SE SEAIBH I B8 048 )il g e b clement i
in thermdl k@Gt tath i@ bhip.t hus i ncreasi ng the speed of thernmal

[00145] ‘ﬁ{ﬁ%éﬂﬂg ased aocglil:» 2Pthe tgee\ﬁﬁrfn%d itﬁ&'ltnﬁ Lﬁ%hﬁ‘ﬁ}%ﬂm{s Or thd Wvention. Typically, in the

ection of a sui.tabl o gﬁ%{ rate. The sub bstrate.
analysis pigo gifBfegERnoRe GiAE A EETHET AR OEHSR 5 R0 cf THer nal
conductor generally has a thernal conduct|V|ty val ue
hi gher than 1 Wmii Cl, prefldrably 20hi gher than 100
WnfllC, nore preferably hi gher than 140 WnflICl.
Whereas the material's thermal conductivity may be
250 Wnfl1Cl or higher, it usually does not exceed

500 Wncl I C!. Second, the_ substrate nust be
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40m cromachi ni ng techni ques to construct and

i ntegrate various conponents. [00133] Fabrication of

the subj ect chips can be performed according to
woshandagzel t echni ques of | G processing and/ orrdviEld3e08/000860

| opﬁnuzemt%f@{g’&gm fnglgmpe-ll;laﬁes Sﬁlpsle gﬁ’ltereﬁ:t Qﬁn@ﬁm&@lﬂpcgﬁné‘s @‘Q{d te @1‘6 d into general

ayer ‘structures. process enegj‘a LY e ¥
zones to uprpxy 'émmrﬂm?wm%ee%@’o AﬁP’B&%‘E"d&"B P ffm there
according © 06 of the frinewdjng trgpetooatetzomes.| ayer. Then a conbi nati on of

[00146] tl'ﬁ‘e%gwnm the 'a\xﬁglnh@tbrﬁgram caﬁ‘ﬂ:ta chitiddl ct)ﬁﬁménofor optimizing the specnﬁc:lty ofa

hot ol |tho cal va vapo ormined in
PCR reacdlgxb a'gel afx?eslﬂx 8’??2/“6?5 el‘gltt Esmxeﬁgf %F 1g1c1e1€ ﬁ¥<§ an’ggllw tion can 11e 8et d i
a variety of ways Duy eshold Goedegunisdsbamelie te@mseterd@d) ofp e!rcéifﬂmd va'p‘—e'fe The melting

temperattl€ R &R kehrlp@ture ﬁt%cﬁ&ﬁmk & ﬁhe@fl‘@hiuﬁl&; $in Biksosd dnﬁﬁbc&ﬁe sitigle stranded.
ont.o ot her

s ST & B B 80 v s
of a succesffit] agpplifisptior hopexample e ppeltiog texmpepsie S S mﬂef%ﬂﬁﬁu“a‘b iglength,and
with incrSdeiSd lguainel a6d eyt cliiténivhiccan B apfrivBmasifbing, sinpifetinalg, and

[60147] eflhe an Rx%l thre %ﬁ&n?#rigcﬁ%aﬁigp heg%ﬁgdnreéﬁy bﬂ@ﬁg@%ﬁd &Jﬁ‘ﬁ)osmon of the

ace properties s or to integra
vnmcr(sw}eua@ﬁaémwm?ﬁ@ oggbe f‘r?ée“é‘rﬁeﬁé"“‘ Théeippie BWSﬁBn vof the pir of primer
to be usedl @ind ah&Gditael, 1990 r Arottr egamnpr netied sf culiuidting thef apnealing ¢entperatidaeis:
exenpl ary 'Flﬁpp“ @fﬁ*{‘ﬂ&ﬁnﬁ&?k 65 &M, bfpdald® - B4 gures. The

same general process and the apparent. varia :
where T, Bives o S GPTECRE % OF TR PUST S B (P e rocu s e
melting tguisjamictof GhPERprofog (Rychiddetllo 1¥I0h.. 1001341 Figure 4 is a

[00148] Fffﬂ{é %eﬁﬁ%{eﬂn&ﬁnﬂé &Wpoit macnpﬁ){s tdo @¥, Q;fnnafbaﬁaeﬁémlo @dqMenEdd bfer than the
nowe

true targcé% chaiéaai twmtn}%pcc]ﬁc ? catlw"and honsegueg’t re: u mn n 811de ]p% t}sle %esued Broduct A
consequenes@birelhighnn amlwmwmmnt PRt wy‘&@dw W@&bﬂqﬂaﬁﬁ @% likelihood of primer
:mrﬂ-‘.’.almgr lﬁﬁeﬂlﬁ&i AndtleyconsIRRLANOBR S aild® gﬂnﬁlﬂss widhtvéty fliff@rbhit thinEdlingtemperatures may

never gwe a rg?ctcxalllea%{cq oP;I H &B(fu@t 4nd \Q@}L zfiJa résu:?lt &%&r@lﬁ a%/ynﬁleplg QII single-strand

materl Suc ass, Pyrex wa or any
amphﬁc"ét’?fgfhe g1t e gy ﬁ‘&’f“’éﬁ’?ﬁ?%”&’é’&r i bed her ein or known in
[00149] InlPERatictnial chbléng iEOptimine ) andthé Daximeell, Gangel fer carh diffeveht lpritnérir and can

vary front Q:BJ% gén@ fn aQQxﬁihlﬁm.sofgshIoh eT)Hn:hlty thér Jﬁﬁeaﬂ |to prétiuce hxgh quality anneal

enera In t secon
for a g“'%yﬁ?’ifaﬂ mg by g ib"%’aﬁgﬂe ’"t“gﬂz Empgragire ‘ék&‘%b P@E’Biﬁ r‘a‘fﬂ? giep can slow
down; if #)s lowEh ¢he piiithdroraipht Wad wtheANA 3y gites ¢thepeyHitesiossed ¢ies or to other species.
[00150] @ﬁ@ﬁe@ﬁ& isRObmt BPSend RRA; Qfe telnPerbtite Bg gokd éﬂﬁpﬁdssfgﬂedt&hﬁe addressable

portion ot‘ t{h? Yl}% tengcl:rfotvl.‘lrc g ?seg? tgzﬁ 8{'12 r%fe tlzalt gl%re%gene assa gm%g if the-apparatus
or chip hag} rtffna)erenqere?nes of 6 é%ef)ﬂd l§F  PFSEhBIPE A OPétn@n Pq‘?g‘ﬂ%ff $ Bp4°C is assigned
to the 65®p@sure to UV |ight during the process of

y mn
[00151] Elu%n%Llln Hgy% ??% %ﬁw&}iﬁm&%m QJS‘SQE ol 1{3‘35 he%ﬁogﬂg Ifaalé—%ﬁg on fhe length of
the Sequcl“?ﬁé‘h‘telaﬁli’rhflﬁ? t he nanowel | t hat is to be formed by a
[00152] WhitsBRORNS nogbalih sngd gt5e@belohithe @lchlatgiommpative of theprieenelting point
(T, the @%&Bﬁx m@e\éﬁ&;'cﬁlﬂé afdkn ﬂ@'@xrlﬁaniﬁﬁ(eéﬂﬁlaleﬁ] tehpe%auﬁé fin dofRe Eroiments, the

rac etch

|
annealmgtt&raq,?ﬁ u&dxém] ﬁ?&{?/l]i/cg@ tfsffgr%) i, 5 ﬁlg g?cgonsfw gradually increasing
temperatgss Fariic carriqd ontawid ithg mﬂ%mﬂ%em(ﬂmifb detesghiiedh r enoves

[85153) ME@ oBiht £GOH0 séﬁﬁgn&ﬁ mta%erfoﬁfe Gantnb @roﬁiﬁ&i.n&)%&n&@ Gones Q4 dfbbdiment, the

essed

ﬁo t he kg ect c
units of afcaB ?f tge 1{1%:&1011 {eﬁresentsals lﬂe t a%rga in; Jn'ger?tll.zrg gon%afﬁr QD le the zones C?re 2°C

increments gves the fangeh)éﬂga £% CcThe ypits aﬁlﬂep se@—laccmﬁteprgdatpwed _temperature at
which theSdiiiching Gte@df@a PCR red@dh tviRitheout.ne wal | of the nanowel | nmay

[00154] Qﬁerts Hl:[ltt pa%ﬁres@éd%g:%nq QYG a Jr&gte%%m atu@e I§ @ﬁ ﬂ%ﬁ chﬁ!peéeg into the

aln ver i ne dendrites_ of I con, conmon

cip. The TR Pt 204 nghop RKSSP PLBIO® RGNS RCe of bl ack
silicon can dramatically increase the effective
heating surface area. The #Pack silicon fabricated at
25t he base of the nanowell may al so serve as an
anchor for photon-sensing devices, tenperature
sensors and ot her control elenents. 1001361 As
di scussed herein, a nanowel| of high inner surface to
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WD 2008/091626PCT/ US2008/ 000860 carried out at a

tenperature no nore than about 1C to about 5C degrees

above dew point. As is apparent to one skilled in the
WON08/09 T2V poi nt- tenperature increases as thePGIXERPIGAPOB60

[e0155] BN \myénﬁm&lﬂgﬂiseﬁ@ﬁﬁn dihep &ﬁleadmdml@ e@mpAieSi fillixg devde avhivRig operable to

fac1htatc Sh\;}g ?fj?x fI c%lxe {eae %t?mé(i)}'gaﬂn%p cé {? a‘_) ﬁ?eragﬁrl aa%le B{ll-l% gﬁﬂé% c?ggﬂhrlxg dfevwe.s among

those usefial bered ipclugle P‘a’slcqbi*‘@§@ﬂ¥°ali “PPd!'ﬁ'és %ﬂ}f"é‘c‘t‘“‘l‘}ﬂi e grg LR filling
reagents sﬁhﬁfﬁésaﬂb hyaddressdRR@as0f  Met hods i ncluding but 5not

[00156] knl v@mtufe embto% n%% thz &Ep'”H:aQ % 5&&5&%@&{“@“&9‘!&&@ Yor Q(\implé @atures such as

r oduct
barriers %F@g&p&i@ |a1é in %mbu%ﬂqand( o&:c@&lﬁ F') 1\)/}6 élgl W In an embodiment, the
filling sy§t@f @imypHisegoapill@y capkls. frhedmpmommcﬁmesf: feetmesr aecfisribintdspepding on factors,

such as a %ﬂﬁ&: o Mfry}e@ BloR asgémb‘iynﬁd AlRAdicdi c@ﬁ%ﬁx&l@e h€ ﬂ@sﬁbﬁl@n

I'n certain enb
e e O e R Fufie St otk figion osens o
sample oh &b eirfag wEthe cip, ﬂef&rhhboqf%meﬁtCCWG%thmamw efysamplp adsipeseble units.

Such appmﬁs bse Qeful HRRinGdER1ad &bi@d’s@tﬂ'palnﬁgjoﬂrﬁﬁeﬁts b ¥@mples onto the surface so as

to substaqua b%a?e(elr tgrﬁ%rr]eds?%ac%[)w an glrzrl%o%h tQ€ %Ié %ys%c%pér?’p@ikéa ¥ gmi&c for pipetting,
spotting gyRyEbiREtoS eacRie tospadifie Gmﬁerrﬂh@nltewf%@fferﬂ‘iﬁ’ﬂée pifracles i pEps)- The filling
system céiibe b Rffo-@idehdc]. ln&ﬁo&f afibdGitnSnt, e g Biphkityd dofpisksd vacuum pump operable to
fill the rcgcln]l.pjxg) c! e 1esrc]> e 811 %‘1P§% ﬁm&rn?a a@i; ﬁgudg ﬁgncgﬁtﬂgplﬁ&te:enmﬁgal force to the

ent |nvent| on or. g
chip- In@a*:rrla@rnentﬁwsﬁﬂrna e W&cmmaﬁ"mg device
in the chip UTHRedlng syls@ih cinfdpSatapphaically @ Becbriiog agtaoSYRIR agpmpier.
SYBR bl ue, DAPI, propidiumiodine, Hoeste, SYBR gold,
_ et hi di um brom de, acri di nes, profl avi ne, acridine
APPARAIUS ge, acriflavine, fluorcournanin, ellipticine,
[00158] QarmmPOpEibaprescinyentions fhe desigh sftap pRpeThis Dpfigming 1o FRSFiYF i THniaturized chip

dcmgned:kcim mugipféigd aﬁByEJd Bﬂﬁd?ﬁ&hlﬂmol&ﬂ%sgﬁﬁﬁoiﬁ@ﬂk&@ Yériofiah@& of a vast number of
A

chenncal\}'gftrogsu ?ae ﬁt&%o%mfentf 'Fc upr?seén% géerr]; héﬁhﬁrqg teqnmlhlgtunmd analytical
instrumentthat alewcRamipulaiphevidh pragistropizol Sfé%{{%ﬁ@@ %’tP@{?P‘fﬂr %ﬁwﬁ'ﬁ@fgﬁgm
dehvery,eﬁwbrlgﬁd@fm{ea;bedl dnmldplRed@aEbd. f i cation reaction to

[00159] frﬁ‘ ::1[attuésl aF one Ds cg (?ftthg %{v% ggn eﬂﬁj A JnIe h&fﬂg efberd? ﬁseﬁxmr heating or

quantiLtat]ve
cooling B [ PTROPLH QLT PRI GGy P e epesuc of
chip, the d@bpefidnt folti@k eGend® ay odolmpplemdnt.ed product. Unli ke the

[00160] $Ydne Das&defta Eﬁphztatag 1héﬁﬁesrﬁma£m at léaEt ok Hedting 8Smedt posmoned on the base.
um nescent, et s CI fic &gg ZhOetm can be

The hea“’l‘&ﬁlﬁ?é"l’ft‘iaﬂ prﬁY‘Qﬂi‘é FP’H‘&” ?fc? PRRETF | c ke

configur@inelpreddrsitdniperating in twbtrtze betwelen vbogei‘ﬂf"érmbwgl 291(?@5 éﬁsffﬁés e d

100161] qwlﬁné agﬂle\ﬁﬁca@mloﬁi{gh&(ﬁ&) ké&ﬁveﬁ%&p%'vbmﬁ%ﬁb&nﬁ&ﬂ% héafing element can

be posmT)ﬁng%Q'&velF% tdh\/ q'l;p or a‘t?olilvgt!l]xt c ) n U rﬁsa'mcﬁgt mgodﬁnNgt wh gr&)Q an ae?rn;; element 15

1 ous e t1on
present, okepiing Slement tap gavasplptive @é‘!c&P'ésWhﬂb@F’&B’l e Caéll"f; oy

[00162] aigi;:as B adorC Ity ekdnplelvBa @RdntiOdiaghain dlht gt e@bodiichtd ihe dph@ans.
Figure 6 %fl:f c% ?39 %‘ooh vﬁ% { 1 ogé 1%%@ EIEméngﬁdé%Bthé off Epgagé 696 iR heating elemnent

res conprise _concave oOr convex features.

602 s adapieo et £8P FRICIHEIABP | HRRDIe P TRUEnE S R QNSAGTaEgR sampe inonc of

the nano®$1H 6520 liHe REEH 630N Thethadinedément 605 of IBCipphBitus ban by apviedingwo posmons relative
to the chi rgg@dl ments, the chip assenbly con'pr i ses a

nper ature control el enent $lh Iltatesthe
(001631 et PHEEA08 TP B e SeRp B Rpas cr o o
Figure 7.CRigindis an ilBuaive drewipesta buties chomptpositiopdddeienths chinvep wedto control

and/or vg{}-‘gﬁe @ﬁlﬁ‘erzﬂ{?é (Ef lal |cl§I§ :Iﬁ gne%lﬂlbﬁhﬂzﬂﬂﬁé t&nﬁfaﬁxﬂirﬁl@ﬂs &l Mlgiﬁiglﬂeﬁﬁnt can be in the
e e oW O or COo a o
PR bt Sl o0 RGP d Bl S oo

the invention, a nethod of conducting a reaction that
i nvol ves a plurality of rez@®ion sanpl es and requires
cycling at least two tenperature levels is disclosed
and conprises: providing a chip conprising 30an array
of addressable units each being configured to run a
chem cal reaction, wherein the units are arranged

range of
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5PCR reécti on. The anneal ing tenperatures of
di fferent sequences for nucleic acid anplification
can be determined in a variety of ways. One nethod is
wd RegRi@prtine the melting tenperature (T",)PEfus2008/000860
75°C for% L&érgde}ﬁﬁle% e§t§&i6ﬁ‘ &xg@ AI&Qmﬂﬂgu letoﬁfmﬁfn Ell:’:ﬁtﬁt 705 1stsln>§'n n

erature at which one half of
Figure 7dT‘§§'€?81’ga‘t‘e§‘e‘é‘ﬂB° BRSPS 1GF é’“%tf'ﬁiﬂtﬂ’éeci‘°“°®\hfe"ﬁ Cdg@ 3% CAgpH, and
72°C (708) flairod dehapuraion, drimerpivicdling edge @] priparidependeitexigsion gagelof PCR, respectively.
The dimerSiGtH 6fEa&hs té{qﬁrahxfm&to@ﬁg helat{hg desdndfo g vtulﬂ%t smr ﬂﬂﬁ‘écﬁﬁ&hrﬁgm depicted

uccess
n Fw%?m‘éeﬁfatga B PR T SR B TP O o L POy > e
width. and 10wi t h i ncreasi ng guani ne and cytosi ne content
[00164] wmus ladagtamm B&hta@iHR 2 Ao hBing & reucs,bmmﬁe snmpbx&et &ftm-ﬂeﬁmg element 700 of

the apparlptgsa %fpte or c%w?‘nn gle a%ﬂ? re gllg%ngeagl erm% t%(l;]sx %1? ﬁ beluw 70% ﬂiqu of Figure 7,

on I
the heatiggfelerigs fhen ph@rcelbr)moqufe thatnﬁ@ebzp FamRys tnéﬁﬁétvatha'fcéfi“(ablack doffgwed by the
52 °C-blfR, a6dHBGaR: DC-ReckaD@utovinet bk Bitidg Rembrdiesitive to the Olfip dlkbes the
critical r:p:[% élaynolfat b Ib tsfas'teg dt.l%?o tHesl%?eﬁ th-ﬂ&' arta chtg ulfclatﬁlg El@lnglf'] The larger surface

area alsog{igya gﬂr r eb)é?lgl?l%%f the ghip due tmsfe: offhechip <fqym tempgrature to
temperat{e.i Tl%rtéchﬂtqtﬁ aldo a5 the dbfp torethehted bd codl&t al Hmik fagter Flitg thefthe traditional

wayofs%ijln%tﬁeéhkbg,ﬁg@é algr@gatngrrperature of the less stable

1001651 gt t’t@h‘t‘ié‘?‘rﬁ%‘t‘ra’t‘ 8@(”8&“‘?’%%@@#‘5&% t*?e?%‘)ﬁt ¥ cpigied in Figure 8.
Figure § s abn-imih@3Rdmple]of 04 H@tinglcfemern 850psitoaddiabrye the Afirei0Rt Arshovafin Figure 8,

the heamag ePQBn ERREh beAks dfsnftfmac RaR¥¥n 1@9552%95@%%@9{3@@@ 400, Heat reflectors

ces, ot.ne {1etruet et n C 0
Thy
854 are pﬁ%t n aro t:%ea%hr}l {o sin lz*mp tlognﬁurg % COI’] S?aét a%uécr%?rom 8hea stS e

high outnutpoyfpret @e ot Jaghy é52cfe§ for ertpimesish ef the omtpEighYlcauBIPIAdsS ‘b‘fefytfﬁb Tamp up”
rate of thHhr@Hmﬁd’BS&nnﬁ Bdci 1R4) the REP RaRbrt afp inSant A& kwitch OfF bi thetakcGamp 852 is virtually

instantangodg) q‘unge%}e S\VXllso sth§ ?hgglg%m% goo cm%ﬁ 'bé ééﬁ-l-:d vQﬁtgﬁjadBEonQUaﬁ?thﬁﬁwe 802 to help

aling 1s er consideration 1s
prevent eyap@raiqn opfhe tstﬁ“ﬁ*eﬁmgplw FoHowpegrayyeagtion FsleeiR PoedtEgiipg fgample the chip is then
scanned WiElTABEm B B0CHT AXRYiple) @ Usper sppicird oY Seannah krscenpdiredsgksts, Gdch an optically

coupled M‘H%’tﬂﬁs ggclgfttog Ibéglg mmrwghs%gntﬁlﬁlﬁ%’t%\% r(e:dact@tlmom &t pﬁlﬂaﬁ:ty of times
i WE BRSSP P DU T PRAR O O SH B Pt o

times betwkracyles. cycling, the optimum T and the maxi mum T.
[00166] £ prhicalABdws tHefchRE QRN empYrdni®h CRiRhY (-2 vEAR M Yeconds (x-axis) of
the on/ol% %colaxg% Refct':l{ 18 %%Qrc 9 l{n]e h%o%:eg Iilt L) L[I%l)c'llzp r]%teac‘c)’tlyw arc lzilml;ylp éOQ@ lo 1¥q°C/ sec for

erature 'ty an
a tempergng¢ of 25-5-0 /B drsythanyphqut %JS&Fq"d% agd fapa 2P°¢ a’ﬁﬁ%" IiO‘t”bm’B@ 65+/-0.5°C,
also in lebsfihab B@ut@neRAds. TRTEHeR I oEhd G RingdhdE froh R@roRbiRcBBFFEad approximately

°C d pERN.ShLow. dagwn; if it is lower, the primers m ght
93°C “%%ﬁ% ‘ﬁm at sites other than t he desired ones

001671 et gt sl dqv e eS0T e ISPt pegsed Bpiato the
nanowellt BEricgred@t e/ iliren tnempemative chép. Gine @aygb winhizgEayoingof pulsed

" heat is to@e%&e%%gxe % tﬂelmls@gwdr{d§§%@ lmgﬁ‘eshqgﬁﬂcta%s Qlti tﬂettaﬁy r&ﬂlnﬁg \Meltntll budget™.

ture closes Ta o
Specding SR 01 PO B AR PSR AP PR s ot s o cotin
or “um updriyarefere nworzoh ddis gk thGbf hMeBndgeeling BE chippisogpwmmyuniformity in the
heating of tﬂ@tm,h @Sch&ﬂxfdihﬂﬁ)l FBae e bkt EBpermnBdfitdshcsd 86 fgn&gmes that can lead
zone. 1001511 The anneal ing step of

mvmmuﬁfﬁﬁ“%’c??%ﬁc VBIres Y occurs in 40 sec or |ess,

[00168] fessevieFigge Pater at Fyereliemprratule eHpit profies tapige gebwaxtﬁb}c of

delivering) ETha prpphi SibGow EOGID i AMelifredRamRRatiS veQE i tHadfe in time (x-axis).

Correspo§({u% ﬁéﬁg%rrgt{hs bc%!l 8%&1?:%&;% gelélt%’]ogge ?odthe r?ﬁ?ltptﬁgn%g é:n?eg?% (ﬁ'Pﬁ profiles

depicted gﬂvé@[) é%lﬁspﬁge (,s}?wFf C@éﬁléﬁi.ln fewaﬁaqrﬁ%vemccﬂfhaaf & spike or 1mpulse optical
tenperature . In sone enbodi nents, .the 35anneal i ng
tenperature nmust be enpiri€atly tested. For exanpl e
multiple PCR reactions with gradually increasing
tenperatures can be carried out until the opti mal
anneal i ng tenperature is determned. [001531 Many of
the genetic sequences in a genone can be grouped into
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" element.

100156] In various enbodi nents, the chip may conprise

rai sed or depressed regions, for exanple,- features

such as barriers and trenches to aid in the
wodbsstooicaelt i on and flow of |iquids on the S U rPCAGES 2098/000860

~ heater pr&fh@ thE mﬁenﬂeﬁmﬁ'}erﬁ‘aﬁﬂg Q&Hsm Béer thi GiBre tiéph:] off h@) clﬁgl Sh RfPonse to a more rapid

pr | Ses_cap '
crange if GERPEE S PRLPEB AT B AR kP B (el of BE R e
depending yrotheidentt eftmfchlarqiaumibmeé%ﬂ“%ﬁaﬁceass enbl y and mechani cal
[00169] GRARGERUNE BfRed N WhafiCas itHRbry, i Fighire 10 Mk nliier bii dripesagre output profiles

corresmnd%;gtt e mverm?)r : 'ﬁles lf?)y.a ?Bﬁr %E éégn MF& Ogaﬁl(q%lvhx&ﬁg g&a&gﬁed bya

errent Ion reagents [e on
rounded Bl gUpF cRoREraSt & FWWEJ‘“W’@F%?’HB‘[ 9 théf%*tgtwgf {emperature, as seen in
Figure 10b)@0: G RO ImpGIfe 16416 profi g aunt 19(al?)), slanptreed by apekitedoeoad) pofile, the
temperah%pbftﬂ%éuca %ﬁllgﬁ QEQ@J&L% te@ng&m Bﬂﬁ%%ﬁ W& e tt] &E ﬁéa&ource, but the

Inclu evl ces pouri ng of rea ensg‘aiﬂﬂn‘?gldlmﬂ fo
tenmera"aﬁ?féhetcﬁ%w§ff}1rlﬂfaé%m§ﬂy o e s SHEr L P VRV R distance from
the heat seurte (Figurs LIXH)@)).eFor b hsea heaeruiyeltk avesman in Figare N(#)BD igpragtyrized by 2 sharply
peaked pﬁﬁgpcﬁé h§§§ouﬁe gc%\fﬁlﬁﬁfa;t&rthaf-){hpﬁﬁﬂ |'Iﬂé;sfcr§ BRY Ihb Rfadliayer of the chip is heated

cific reacti
(Figure 18@5})}/ Wcre e %9&1 agtée chLrpetE é)f?lgré]{e tﬁn@&rﬁmrﬁﬁ ogfl lg.rlﬁa?lg,t%or tiie flash assist
profile (Figutel 1P(a)))s shateamizesihny irtiréa! bulihatios llayyse brseeflash thrpudagorone@ting, the chip
response SHRAEH thBOhip r&sb&)seftb kike § ﬂa% pﬁﬁl@fﬁgﬂfellﬁ(bmmr I ses a vacuum
100170} P ﬁ[lg%heg o a(')l?l.hg 1n£ecr)xt1?n an ap%amts E%escnq)c(? ftol 9 riugnalg n&%&%al?iac&on %qmnng

al'so 1nc Vi ces
cycling aalmgil typ N@P‘fé’ém 'F‘fﬂ ugaaporwefeee chipyfof MRAiNg 4 Feaction FPmpFEng an array of
addressammwamhg cobfiireft id rhud \@erBiyts fe@ibr, Shekrcin thd BB EargmEgEdActopding to a
i n:u Qé’t F,ﬂ tgnpf ’!?ﬂ‘lé’g?? Wﬁe%%&ﬂe&%&npoﬂefu}uu éu&&ha@' ﬁ\féaﬁ gne' ofthe units

stem can ogera e

s addressn A B PPYFeBTInA ST aR " SR ReG T TPEsfiprg within said unit; and 2
heating eRMEAD Littieroal ARRARAT HSHA01001581 One aspect of the

joo171; R %ﬁa?e&gle 'ergﬁé)ﬁﬁ'reﬁt,otﬂe dd§re§shﬂ:e m ﬂ@chﬁ:fare%gnj@m AlnWdSmcleic acid

ampllﬁcafugprca{c g’r'?ﬁ_ﬂd%ng B‘Ft§9% %%{%re? %g# 'h}zﬁed 3 hl Paqlgvsvilllg@zglc% rise a
reagent, pmebt.GprimérraANTEre @ crzobietiof ghergefn Ee Wﬂetamva%tﬁmﬁﬂdﬁé pangyg different
annealingRithafuRth fof Q@Gihi amapcﬂﬁacaae enbodi ment, the present

[00172] an\ﬁ? L e?errlet?tl;:a'onvtale gl%s e avfcx % %\%g&%@g?%ﬂ}eﬁén% I'H:Ed:rzo?g %em‘loclcctnc

heater, ofgp efelrva@ t'aeavﬂlﬂ ?ygltu{sgrpata@ﬁﬂwaf Wles&méw%# o themal contact with
heat sink Sdalbw foY it ERpdraEe Eahgceritic VP Yhen &l cHiDi inpife@ghll Gintact with the heating
element. Q%In%gv}ld 4% bé %Lu;aedrw b h&{u%)gf‘eglcltt ﬁa%:%f&é‘mm@éiﬁl& a? hpl]hl@rmal cycling.

aratus of one aspect i nvention includ

at
Ot cxyrgles vt s ST wg'“@t‘@wé‘mh%%%fﬂn%?mﬁ%aﬁ'ﬁ‘lw cgpdicion or have
electromapOadik hdagrs dac@prirged ihtd thi Slot @\ sdarerigipertrubtly idabie fort fabyibatingthe thig film

heaters is HRfRtnd tﬁg%uﬁé @f& nde i®a m&egl&rﬁﬁc ﬁlﬂerfaﬁ@m“ﬁ@ery h@h electrical conductivity.
erat ure O ne
R N

external legippdemapnt  t he apparat us i ncl _ud_es a base wt h at
[00173] in%ﬁﬁﬁer &’rﬂ;@dﬂﬂ&@}h&aﬂﬁg eﬂ'dnﬁﬁes}t: cdaaible rARAHipOR terhient BikSsdd cohfigration. In

an embocprg a the el e L C an mﬂ ung%( q?heraﬁ%gl%mgnis 'H%%Ea%% clement c%u be placed

Ures. 'For & enen
a5 3 etach kR MipaTT % e BSOUHGEoT ARG ENPaing PISToH ek dimgpigHh hesting
element 23R koA RifcaaidObther thdlfhe Etfp A0 brdd A0fTnifEe eligs éffesslat thk@@EEOK 1 heating
The heating el enent can be configured to receive a

chip. In various enbodi nents The heati ng el enent can
1001741 gpeSapies S AR BYORY *THEVRHT PP LB Bt Hese T these
examplesCthé i@ating Bleraenp a f 40 agtcbihed @ndded sinkel110 anfh @ fae 1130 koimpnaes control over

tenmeraat}gangﬂg&g afdl ﬁ'ﬁmﬂ%ﬂeﬁoﬂﬁ&rﬁﬁ Bfclingl R %e@?ﬁ%a@ﬂta&l 18R be @52 between the
ere eslre

t|ve
hesimg S 00 S ORI T it e G el S P i e 00 e
exanpl e of a schemati c di agram of the one enbodi nment
of the apparatus. 35 Figuré26 depicts a base 600 with
at | east one heating el enent 602 positioned on the
base 600. The heating elenent 602 is adapted to
receiving a chip 650, such chip is capable of
contalnlng and conflnlng a reaction sanple in one of

predeter:

—+
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- 1052 C-block, and then the 72C- bl ock. The novenent of
the heating el enent respective to the chip allows the
critical ranp down rates to be a lot faster due to

wolo@doanger surface area on the heating el errEmUS2008€00860 =

the chip i 136. @ﬁefblo%klf 1&@&&? ¥k ?ﬁg%éﬁal%xld%tﬁe% xﬁmhip ngaofnﬁ@mot 12®@e 2 high

backsj de of C due to trans
e
a tempergiirt Zwgsor mliple teinprratuge d9ecsrow sl daﬂd’m@bﬁlﬂ@éﬁaﬂtlg (& prigpiple. an air breeze)
can prodhc@ glﬁﬁﬁcﬁrﬂélﬁngt: bﬂﬁmkxﬁﬁret [faﬂ:' rsisQRa s Madow fisirfy la THemAL block, the transfer of

ol
heat ﬁon}@{aehtl%%) can ge sibeo tPed e o% rt]:h%/yn(l: a?tﬁerma:} % tlrh I ttée%%& sensors on the

con r ol [ vary erat ure
top surfagsf The WW@SCB@W SO“H@B‘P"G? eagh 40pF [ W@arsof terRIfisgh gy thermal block
can also Fovid nadudummnalm QiENRNAmGS hdld e dipad indrgireshetink finta8 5@h the block

and/or h O Iet rlné) egs c% sgatédr]:?ﬁ LSH 138-9 gn'e héﬁng%ﬁglm 1106 cJJZ-xl ngJrﬁe &e ora
HE n enent seri €s of. arc
plurality n%veagoeﬁcwﬂw 5, b BB R 06 AT L0, Heat
[00175] Mefhbating Qa@n 8Hvpraidea posiritire gredena TEumpbeREe grabist bgamcanbe a
temperatiré it w%er'inod &m aﬂotﬁlz?h r@cfn%rbs@ @Emg‘ﬁsq{é{tﬁgelérﬁegm& BRmple, a resistive

eat | anps Th out owe

orthrmags SR SRR 4t TR BB BT AT el gRY e

gradient {n @ivd tel @efingl ay @ eypeiagnt thitishighenipone p@Lg tan Glfﬂthfrtrerﬂarqf the chip. For
example, 1@&%1@5:2113&;5@ @lerfnéﬁtarctu&a,t ont R@tirg @Hﬁenlt Sould Helﬁ&r‘i hig&if&mperaturc to one

side or GVI ?&hﬁ%xrplaﬁa a ssco c%t:nﬁ 8[ ment co’gm%ahrveer 2 fg ngt otcugpﬁramre totoﬁ%l %ldcto end of the
chip, thenelmcrcﬁa@@@merahl %ﬁdgﬁ be seal ed with a radiation curable
[00176] BKERBRialiEcal Bidhdr Gonfpiben ﬁﬁtemeﬁtem&yamaﬁoh;m t@fhe gHipewherein the optical

Ll ent, an
system detec%%T p%& § %EEF%L& E@Jé J: ?#eﬂgﬁeaexg Py uﬁéﬁp lh@c O}& Hea%%lem t, and

exa en scanne
optical S@@@ﬁﬁ’@r“%%mmf’%}‘f BeBlipp e, a hyper spectral or CCD
[00177] BGARPEY, the InvenG@rdiselbsureaseestas appsarod oraandogihg ©dkrhiyal reaction involving
cycling aFlg#f}nggn@{aﬁﬂeelmefs E&Eﬁlgﬂlé S bgmoﬁf%tlﬂe@tg ré@&@miaﬂ];ﬁbt l@ld&rrfﬁ' contammg the

s cont ai ni ng. t sa a plurali
chmicalGacitor 6 bR PPINEE VAT P PSR GTe 4R “TORPET £l es
uniform @ipgerapad, wWisreinrtad fast barei ang the seypndthbater pra rofigidd so by mogahls fretyfen a first and
a second Bh‘ﬁtaﬁﬂn,%@lvh&eﬁ R firde bfﬁ&u&lﬁﬁd&@% hEaye In@Fermal Q6 Grikh T @bhpIe holder

and the seg%f; a&rt]alncn;a/' oes n.ot Srﬁqacg\@e heatgr L{Qt?aemglecoﬁt:ﬁt \;[wgl@ chHo%cxj n

nme in X--axl s) of
100178} Thresaropty hokdfr caﬂ:e a Flamissnmw ageaglpn Pwnppfwémy of 4dflgssable units each being
configurdddd ﬂgmeﬂuaamscusrawpmﬁpms adit®ar® imahfte acadraing @ APredemd T sdt Of
tenmeram%sqc;mnél%%thi QEmBal b ; ro@{hg[uﬁts Q&ch %ét ail'feagt dagoij alk ukﬁ%&d&x@s@éﬁ

econds an 10_ran'pd ra
indicate thepreglefgrpingd S’(E’“%’Efaff’"s’b“‘ﬁ“ﬁ “r"ég"ém‘ta‘rfaﬁ‘i“%w sgid gl 6’?1%“‘1’“‘1'““’“*1 the
piurality difi@npt@iie esad datr@pai ot threpraipiermiradiyst & kpobérgurésragiunding to which the units are
an,angcdapprom mately 65C to apprOX| mat el y 95C duri ng the PCR

roce 10016 L desi ed th
001791 {330 FEiegmel B BEEPRR! HPRF L 7 pot g PO Fekeon, e
predeteryudd sgglerkrga tonesppreespondordifrswaicaling &EIP?@HGSGUWWM&@C PCR reactions

can be ruﬁlwmm&b&dn&)@ fthe |aﬂ)a1aﬁlls ﬂdﬁﬁﬁﬂ&ﬁbld&&e@i}iaﬂs of@}ﬂladﬁﬂg/a sbis of PCR
reau

reactmnstu} (ﬁ%et ttlg qlf;{ 1ﬁost %ln?t of 4 %en dnlile nﬁ]gl!f‘ A eatle axhengxg genome rcquu‘gs a tange of
annealing terpRyE e tsm@sevamdeﬁlr?é F@B‘?CIW@HW?CH‘@ Fffﬁéﬁﬂﬁ%ﬂ thesggeepatures can be
grouped 1260 ZSDQ&EHrdﬁGe Zohk® acchraiip tolif anskhliche feﬁﬂﬁitur%ﬂﬁlffer&ﬁh&&otﬂl gbquences. The

units of aﬁamfxe h%idgz%an bg .eaddlregs%zl gc%&rdlggl%%{e Qén%?r(%t&rﬁ gélle Ltl\xma Ihg tion within the unit is

turn 'S t eretrore
to be run; Iﬁrftﬁ"tbgﬁﬁ‘f"’“‘ tPﬁ P@arh%%wae%fsaln@%‘ml%ﬂ%f?ﬂwwﬁ Ghfipgith Heits addressed
accordingh kip diffbr&dardeniiny taspetaind 2onaycdmespomiing pesixiifetentigmrofatutelyenes on the first
heaterofﬁlglaﬁaral‘gé‘mh uniformty prevents stresses due to
tenperature differences of a few degrees that can
lead to variations in the performance of the
nanowel I s. 1001681 As seen in Figure 10, there are
several tenperature output2profiles that the arc
| anps are capable of 40 delivering. The graphs al ong
row (a) show the change in tenperature (y-axis)
versus the change in tinme (x-axis). Correspondingly,
the graphs along row (b) depict the chip response to
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cycling at least two tenperature |levels, that

conprises: a chip for running a reaction conprising

an array of addressable units each bei ng configured
wol200d90628 chem cal reaction, wherein the uniBCI/Es2608/000860

{00180] ﬁ:rarr?e@@ﬁdz eﬁ&ﬁ%ﬂﬂ mgfugﬁn@seﬁﬁ@ﬁ%eﬁ:ﬁ fbvelbeitlecn @e itk and second orientations
er at es

accordm% :ﬁg.%rd}r?afl € aépaarﬁms c%flg%fy‘}l"’{] c% ! ns% f'i (r:mt%pa)r nfwvtnr g1a ﬁrﬁ! a{mli] second heaters between
the first zudlebrand sreuitatioys. Theficaters @nbh@wp# b)brer @’F‘Fﬁdﬁ%‘ﬂ’“fdé’ﬁp‘éﬂm&{ ta fhgse skilled in
theart. TOr running the chem cal reactions within said unit;

[00181] edﬂrs"ilo gﬁo?;%&tsn cgtlcrem llrcglbé p\%‘l{%sgﬁﬁmoﬁgr Itn\% ExLLoﬁlDSm the sample

bolder is et roeg%da% P ECRspatien 6? e frgh Beate a2 BIRTAlCE (GRCFag Ty 20Bps 2By GapbF uged to
provide tHdtErhy@iaGired Gdcéksapyp thef anfiealixiy Gtapslo€ABIR edetioniwhed thkdlirst Geal@tlis brought into
thermal c%x?csct Lvitl'ﬁ:é IE fPolJeP ﬁJ an%xlnt%%mggﬁhe Qbﬁd flégtlaxtp%vﬁgsrl t%erature necessary for

nanowe nprise rea
clongaiog CTRASTS"G o13 RS A PBAF CRERZET Tl Semﬂe st iy sriemation

and therriabepp@et aitin @sple doldspe di fferent anneal i ng tenperatures
[06182] fu% chafbple ¥t thChpetus @ndRfetRol mtxﬁvgﬁhon,aéw%igaler ;E R ved into the first

onentanoﬁlmatizv:é'm% 5%%’]% nvé&%h&%%ﬁ‘pﬂe&g‘dgrtf?r&% éeg«fhgx? 'IS:F seéonH ﬁeatcr gehvers a temperature
of around $3E€. rimetie ttdetapreponagley acidar 2 ample Faglymedatibintiesymmid holder. After the
dmmm&\i% ﬁg sREHARESRE 1d Fooved MutSIBERCORX SivRh®E and!tht Sirdd Raikerd 1E1ﬂoved into the first

onentaucip 611 tge rrral ccgn?a[ct mtgrthrgal ?e%gfd%gkhcgggt Oe];a? lt' lﬁg\r"fl eT]nSn%prék te(s) to e sar%le holder

re en
for the al@mhps qf 8 PAUPFT EWP‘H‘B‘P acidotireret "f\met“}’inpfeh &herpEnses ?fgm@r“‘éﬁ%%ﬂeﬂamﬂon

step foliofed mn eﬂiekihdg AdpSah UBepait bagcibduntihe: dagad dnplficatcdpBict & Echieved
[00183] gflﬁ’y 1 es glpg}liljl:l[ﬁé en%&ﬁﬁ‘m{t ?ﬁl t@n&?&%ﬁ@ﬁ %X&i fZBQOf the invention. In
exanp ilm

1 es 0 eat | ng enents I nclu
this cxampls HpAPERTYH 00 S A ReHheBe IF%Pp‘V*mﬁflﬁﬁvmcsww P <gfponcing 0
different iivegsaldOpreleeaiited ragairesef haddt 126G Therfew hgpor 121 Gean barhayedilngnd out of

thermal ctnlgltcgh(t:ﬂg%l&,ﬁlpq 550@1; shQ@x[ ﬂ'llﬂg L&JPQ{SLNXD ﬁg{lré ﬁbi'h‘g sech{'l heater 1220 prowdcs a
| |

it AR PSS P BT S Gt A el e
temperatyreqryes b thpvhip |1 80t thewine Eopahie. For exapple BbasgeeadheptFid2 Ppan Hyevide

uniform RS Ghr k0 d&lh'tlulﬁtldﬂrand. eﬁbn&éﬁf)ﬂi@t@ﬁ oftch:idﬁbnhm withlalchip 5f the invention,
e the% an i ntegral

while thee'a lt'ncater *2?!#1 me&e a rimée gf cahfé ﬁ%ﬁl_‘m‘TS 101 creafehﬂ% spccﬂicﬁy of conducting a

ef na
large nw@mfé gHagtienst An lnréma Sﬁ'gceéﬂmﬂéﬂ&’s &eEanIEriopt @n brpopifged on the
opposite §ill df Se biip ﬁcﬁfﬁﬁﬁrﬁtfon&taﬁen oamdheenf i guration. In 35an

[00184] ??&}9 gjl JJEEHS Egdea@&ﬁorf gﬂg Hre treHEr lbﬁ)rﬁo&m%%% ﬂgure 12 when the heater

uralty eatln enments. hea el emen
12101s “t‘é‘hf“ﬁ@“‘ﬁ‘l‘aa?f’éﬂ wihpehp i‘ﬂ ess ‘5‘5%1% fy, ""a&’Ple each
temperatir@@nbBSE 12046 ¢ heater cbrolp pokvidedty adiifiejont tHemnoalequicdibatingdingnt 1216, 1218

andsome%mws ﬁaﬁoﬁs%sﬁ@ﬁ%ﬁ@nﬁSemnt area is si gn' ficantly

001851 {5 EogE i BT P NG S8 ST OO pPa e evers o e

fixst and Senmd haawer ipludss budfre e Hinitad @, & Feeipfivn tleafemét fhermpdlagiic haatr. :

[00186] ﬁ%tﬁuﬂe@ﬁ.sodmﬂnm& 5pheRth dofprlsksGUikar sifiSin thermdlcntact Withl (RESR heater, the
dh 40 aLtanI es, the heating elenments 1100 are coupled to

seconc i eﬁm °fsink 1110 and a fan 1120 to i nprove contr ol

[00187} Weier 1 ERReT IfTRsraEires HarpgIrriYs camisercamRyisq AP iiyes tefpgrature sensors. In an
mbodimbdl @kl PRkaliG)\E {ehlﬁékuﬁﬁe%fs aive hiekiad reljentile sdnk@Qssizadd tddeasure the

tempera és o%g:ac ? 4(%!;@ F] aﬂl&s %lhg %ﬁe_gan}éls(g% racgr?tie atﬁ%m‘ct’oggﬁgie Gr any other

g In I nt te t cont ac

sensor thafpre H‘fatlﬂ’ inPhetfent 1 100 and WD

{00188] PROSIiNO1BR GG UBAGRS Vi OIdEleakiime a pdwepsolrdedbat prétides lpdl@gkacross the
element al&%&ctgélgselﬂ.@é(t%eaﬂn@f % uﬁl@ em&uﬁ éiéiﬂéﬁ:tdmy hlgoybe %Mﬁﬁd {o a tctxrgﬁ'amre

9 % ot havef a hj t her nal conductlvllth
sensor th“tt B‘“’ai"ﬁdﬁ"c‘ % Up BB H e B BF SPRTENIE ARy ool the temperature

mul tiple heating elenents are used to define a
tenperature zone or multipké tenPerature zones, any
smal | di sturbance of the heating (for exanple, an air
breeze) can produce a significant change in
tenperature. If the resistance is nmade | ow using a
thermal bl ock, the transfer of 5heat from zone to
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201001771 I n an aspect, the invention disclosure
i ncl udes an apparatus for conducting a chem cal
reaction involving cycling at | east two tenperature

wd ®usdose260npri sing: a body configured to receiwes2aos/000860

and henc® m&a FARETE arf Bhy Gk abﬂidﬁ? thk t:]ﬁp 2EMiré Bdatef BB GhroMempRrature

SN A bt e e
cycling prefilgs eAletnarely, v temmeiatretsfpsor fejurbs povpledite ndivigpl mt"H’é Z@%%Wél‘he

_ temperat@r@ 8t B uflik & z&ﬁ QIn'bg Hlﬁ%gndglﬁly Q&xtr&ﬁ& atHe &nQ@iﬂﬂtE SfisoBmdyi be Sikcluded as a

C orientatio rein. th I
detachab%rupléﬁcfagﬁ %aﬁ:enéfo g& Ial ?ﬁﬁé (] i ec allfllt qt can %‘f‘oh e Inte t%d %ﬁtﬂge Lr{tenor orrt]he exterior
surface of fhe ursita Fyribermiats) @etpmpzeameqswanﬁ @@%te@#.aemaa@i Paf ofdsdbgating clement.
[00189] ﬁQ&mﬁJaﬁﬁ@r&ﬁh@mhﬂaﬁb@ b thedthal Jp@InE Eparft@ b A€ fnvamidnlis delenstrated in Figure

14. In th% B N nul]g: the%ldlqﬁrent 1€ 1 OQI%?IZI% ]z'on-gsh 0 the %gplleger% %‘?e‘éen&ﬁ‘ﬂy Q&m@e lower

runnlng a reaction conprising an arra
L T o B PRI SE TG TS TR g ampliing
entire hublegthaha| with €@ elipsQapstenwh @i giparatiidaeof tha iiventiar, ¢0 @rlesaargie grerformed in less
than abof’f}qg ﬁ,[ngﬂep % J-uﬁuté opév%ﬁﬁt&] npﬁﬁ]er &%fnrﬂ‘{r Ve STRR r(:ﬁFnH ﬁ@é‘aof d¥khe genome.

nni n e chem cal reaCtlonS he “un ic
1001901 oot U BREE DA R A Pt 8 HBPUE S e o ecives
sample hbldeli Tha tagmple heldep cap e belik inplere iithie thp beda by @riftoef megnyipainging vacoum

force. m%:h&;;b@&lﬁéﬂt %lbod’y%aﬁﬂrisﬁg%c%ﬁ hﬂu& i&'albldmyiﬁé damplk ﬁo]tﬁ:ﬂﬁrmly in place

di ment, t 0 raI|t atyr e
a”"wmgg%ra ?%a 8 r?ﬁf"f"g(b ’t“‘ﬁé’ l'?"r""&J GFEEE er m ne nF‘S%ef ?&CSMS slots, or any
other methodef setiming canche wmrp,qmtqdr#éo thwvosisasawé'lg'afdrtaﬁgve‘tﬁ the Iwmlferlaﬁ““‘d be
obvious B Mo R0 ALt Wher e t he apparatus and sanpl e hol der

100191 %eeaagat?g ca%‘i[sggfnﬁe?c&a%ﬁ%‘é&&mam R nnERESds88k o éIhQ Brst and second

m ned ure zones correspon
onentan@ﬁ phadpating ekarﬁnte*aqemrg tothetpanietclifles at which multiple
100192] RGRthee apéct &S iSailiol) @n dppenatus et candictifig Avbemi@hiogdinimplving cycling at

least twotng‘% @Jvél &aﬁxpl@s@g a%@c{mlnﬁ’ -:l tg ?ercelﬁ:ra%tug mgil& agjiurahty of nanowells for
uct

Seri es of heactl ons I n or
contammgﬁ}tﬂqxepg,cal[fsag?on, a'nfl ﬂlattheaétfr PrOVISIPg N r@técﬁt@% I'uﬁi atsFﬁo%d hcatc:r providing 2
second tagpernmie,ovherain thefitst keatergedibn®coné brater axescopfignadhig de wfvable between a first and
a second@ﬁ&ﬁ%ﬂ 44 w‘:&&pﬁg %%%ﬂhﬁlm&l‘éﬁerﬁmm SdntaBiGhith the sample holder

a ex
an o Bttty e st B BTl e BEOUR FrsablPie
[00193] Jrom ewbodizeeniy Hé wgalmoofmewﬁh pre aqdrqﬁsgblf hises taf W@?“we arranged \
accordmgiofafpﬁﬂeﬁeﬂﬁlmm&' o€QInpeiir & SUHARE R Teast dlRSf HEMahGvel is MdBALAD Bdicate the
predeterrmncd cen% G rr)a fer E%ﬁxg &gr%gal ?eg&lgﬂ ngﬂlgSm{l ngbgll tenperature

iC reaction wt eunlt is to be
(001941 fsotnr wnbaﬁ%vﬁéﬁter COPRECHATIET S 1 S TP ERET 78S Tpe plasaityof
temperat®r Bk at@rebpdnd tohld pred crenmined @ sof &empératpres\ak:dohling 1t swhdch the units are arrayed.

[06195] %gedf{r& %%&m{hqmp&ghﬁg bLthee%ltﬁf: ﬁgs't Intl @Jc&ﬂton&ﬁﬁﬁ'@ degl'@ng to a protocol. In

nperature zones correspond t.o diff
om o B SERTE: SBABE STPRFH AN ST MR 1 PR D beswen e i
and sccompppiamaibes. WO 2008/ 091626PCT/ US2008/ 000860 [ 00180]
[00196] hnm @mﬁfdﬁfeﬂ! tﬁ«,bﬂirﬁ h@a@&q mﬁé a teﬁlﬂ}ﬁmi‘d ﬁknt%lﬁ&%@@ﬂas of heaters for the

first and fﬁuimg ﬁiag,fsluﬁ:ﬁlge, g (',E (E',F(% rp Illlr?]ﬂlgtc to a remstlve ?O 5 oztn %ﬁrmoelectrlc heafer
[00197] Ineprfurfhgrrefyediment fhp FRPS'EN%WWB'ESG?{“ hF%s inlyig ghierg! qopfect ‘Mﬂr g firgg hepter, the
second héue,QPebaieat ers between the first and second-

[00198] gxror eln tto ?1'}8{11 010 tsé ru?e, Bxg %E\ c%ﬂsotzzg :?@uﬁgé‘)i’]% %gﬁ&:p QeQSors. In an

Gbvi ous' t ose
embOd‘"’S{“OMIB‘Iﬁ‘“WHﬁ' PR se&?"ﬁé‘h‘teat lFaéfrP“biﬁPgem&“wé!&?féfsianw o measure the
temperatiirt) @ cadh|tenpatihig @éne Wi thdwppdieussanpl e hol der. I n an
[00199] ﬁHEQﬂ:a;E'}? M paradel\Gid §ﬁ@ﬂh§bo*&%§ﬁ€eﬂhc§l lé“ifhﬁgatéd% £ CA ol 1510 can be

reaction. The first heater 3. P pl urali ¥

loaded 1*%%@%%%%2@%@ a chemipalaegfiiog gwef&%*-% e bﬁ‘%“&’et TpRgEgture levels. The
tenperatures necessary for the annealing steps of a
PCR reacti on when the first25heater is brought into
thermal contact with the sanple holder. In an
enbodi ment, the second heater provides a tenperature
necessary for elongation or denaturation of a nucleic
acid during a PCR reaction when the second heater is

h‘.
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[00184] Figure 13 denonstrates a side view of the
first heater 1210 fromthe exanple in Figure 12 when
the heater 1210 is in the first orientation in
wotzb@roorhe cont act with a chip w th addr essablRETUFH2008/000860
chip 1510.R B setFﬁ)fnlao‘é $ P4 kithodagable SHoRAIND Gl it plage, BEMSS 2 Y20 orb21pt The chip

" can also li)eﬁlacelaewltplg L e g]ir;par% th?ﬁg rtg c gnlen% Héléi%amtg gt&; & lE‘Jt\rall which aligns the chip

er noe sone
in a propes pesiien & he e teplieqdona cogple b 70 PR l%:ﬁa@amc éf‘i%"‘“g up and down. The
sample hp10 335} configutdd iRt BRdatker, 15800 e bppsiséd.er can
J 1 " Or We l § 91 a&ﬁé T ﬁ c. a
100200) E ea.g%(rlelbr%gn-%% r ﬁ{% 1?1‘0%9 W%%k&@&mpa@‘s@mh? i plabd RS 1@ 2 z.

second heaters |n | ude, but

standard REPRotaptfpr CPYCFIRa AP 7 na2p e BIptE (T BCTfEne sy be iadf o= transparcot material,
such as pblpetiylepe @b ticgenlvedbte@nd soh@Bie86ih bé mplasedblsr Trimegarent oil can also be used to
cover theSITRAA N R Rkace driife AP PALI M SH R, BE Shig?l s Al oSt ellKard ddvered by oil
thermal contact with the first heater, the 35second
andaco¥iater, or both. 1001871 In order to monitor o
[00201] tenpeodingrtahe covre! WP parering ths clim iF 11s 998 remomg biigre plgcing the chip into a
thermal cpéhﬂé ﬁs}:érﬁtﬁs oPhhe InGRXRG Aicd e 13S0 MPaSe wiltifh tﬁﬁp}ﬁﬂfﬂ:@ @ik 1530 can
provide a cﬁ;{(éc t? glu r}gp}‘ gtlly Ofbmgﬁgg c%lpaltSle(; l?lto%gtlr(]: ﬂslermzﬂ conta Jhe%p cover slide 1540.

SOr "assi
The top cpeentlide b?‘f'&fae beypadg atﬂwavse#ﬁ’émmﬂ o a%yd%me}fthat aﬁléws optics o view  reaction
of the ch@.p-@e&ﬁlaf& thSt. canlfR @schl @Y REbRdobr §ids MBI bu€atmobBmitkd to, glass, silica, silicon, and -

that are avai I abI e
potymers o HEIRGE WALy G AT GUMRIOERRRE (DR O ° oo
[00202] E*Sﬁ?i’é&‘t"éﬂ‘d?/ﬁé" Eylsp pongprifedhERter {342 é“%&?/\?é‘r‘““%ﬁlﬂ"eé‘d"t () heater, that
can heat ¢ Oy bitiehip 05 10 agbe @edr 0SBe chipd 5 Bl agdiw nelisam beaef F5¢T¢fthe top cover slide can

be used t(?‘énﬁ%&%qgﬁ;pmgﬁ@ta! tﬂsgomqjce thﬁ cHlB |ch§ that-E&ﬁcrﬁﬁlaﬁ Jlo@glo%cmrﬁte surface or
rature sensor t hat

I'so be cou
opeing G LB < o7 S8 R P URD Pl G BT ARG e e
and/or satfiple mbyShrpes eoint ghegghmqndpmyonmﬁmfagﬁ orcdyer off @n'peqtlat ypjt.cor reaction well.
Condens 6 20 S4B Jvﬁl?:ﬁPSiTJa]LJ%?&Qﬁé&Q R6Gdar tﬁengac{ilﬁnﬁtﬁnt}b Qmi hhak eodiment of

the mveng?}nd?glenexfng ]; S Far ! qy the htealiler 1§3% of tPle zy agalturg gan é){ dc a };R:c that brings the chip

o various
1510 intofhegypd] ehatgctadd top 6?1’&*1 sh#q 1640 dgmpristng 2 Pf'sier é?r afblFlzeqan balance the temperature
at the surfa€d Jf 0 BEP TSR0 QfpreCdatdthdadatidheaet sh@isin Fipad 15 @ejidp Eoler slide 1540 may be

connecte&jdﬁta i)gci‘gg Ii]§50 B a@@raﬁ%& ll ivag}g)f &B,Qgs ol' c%ﬁlfre é cﬁ:(ngé’?tl 5 ) eﬂ'hX splnngs or other

Sensor can cou to 1 ndividu

devices 15 g0 4o ST Ot T B P &MYSEY lai“bff"aff gt s ieiep 530 sgins

the chip 50N takisy thdmpparand eglapahentdryroben Amohdited of of teict fonpesuad damping may be
used to c&‘ﬁﬂﬁfé'}op@&)ér B8 b Q%dggﬁ%eaﬁpa@m@det achabl e unit |ocated

oo205) kPt PRt rR PR 1y sl oo b b o e
side of th tlwrfnalorsclmt appiTEusUAPG A heater 1330 pffﬁnaepmph eanthepbranyed inte an orientation in

thermal cBRABRih thARip Q€1 0faBido G AL Bie M blikkk Mg ErdY int &feﬁnaﬂfontichﬁﬂh a top cover
slide 1541)1 %?lglgurdn,gg t%e ¢l é’q?ﬁ'] :l'acs)tg 10%\963‘/'1 E:oen;% th%tngﬁs Alpo 1? {7 g 15, the top cover shide

I nNg appar at us
1540 compnvequdér?z/i%ma emsﬂ% pdise epoprseEpg P Beatpn!>43- H"hft IH%“*C‘ 1542 is
operated BRIk Radsll IR cHomébitell kAREITO htRARAhGInli BguZeOl3EBre @b civaslide 1540 is then

cormecte(; 40 %Edlga?%B gf the aﬁg}?ararng B{v ; (3 %BI ?sg’e Qf%mé %@f‘l{hﬁ&)ﬁwxdg\éﬁerss relief within the

ures t uni'tTofr mt enper at
syster. 123? T BY lerfersad iRy s D! cope oTgie 0 SRR st 1530 ofthe
apparatusAqd iehtyr ofi Qe @R cabver sidetls42 human genone with the chi ps,

§00204) ﬁi¥§:t:tﬁ:g§onn@ﬂ9g m%& ﬁtzruél?a%d gctncct th@tclhﬂ?:)éﬁﬂ:t&f BB rcacthibh SQM}QL € be effected
erforned | ess han abo t 5 m nut

by P"’cesﬁ%iﬂ‘??%’é‘?“g 9‘%‘??“‘5“ ﬁ’ﬂ"?ﬁﬂ‘é?’ﬁ‘pﬁte’ TFaYe v ‘“ﬁ'r?ﬁ?“ruf"gy I&V%jr‘?/ the heating
element. Hemevinabode h8Mhs@BAYNt cAn alshiee cgriretiviehy 2 HOODE BlTithom, ydighy can be

provided 995 Johsutarap@&aitddﬁ cér&hteﬂ%ﬁ!ﬂl&héﬁﬂu& WGlnbmahedd, b &ﬁﬁ&ilu{g\é@p may involve
g erature | evels vg&l tO recei ve
processmﬁ fng ] retne

%?ture ?rﬁléovgx%ent nsor S cﬁla o pmeved lin%i:ra < serrs%f é’.leemmﬁ?)ﬁ 15 operatlvely

the body by a varlety of neans |nclud|ng vacuum
force. In an enbodi nent, rﬂé“body conprises a vacuum
chuck for holding the sanple holder firmy in place
15 allowing for a heater to be placed into thernal
contact with the sanple holder. d anps, pins,
adhesives, slots, or any other nmethod of securing can
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35first and second heaters include, but are not
limted to, a resistive heater and a thernoel ectric
heater. 1001971 In a further enbodi ment, the
wOoP@APER2elSs conprises a heat sink in thermal ROMIS08/000860
linked to\gnmgihof A ba?ripfe |h51§etr oh;%th&Ed ontpnﬁocﬁﬁgﬁdm 4 @(ﬁ‘ﬁpﬂt@n redakbldddfim. This can be

n order to nonitor te erature tpa?
achlevedab ﬁﬁ}l‘ﬁ'fnﬁ gonyentional eéeﬁtoeﬁwmntxa 0 e contr may process either analog
or digitalfsigngbse Peeferabll, tiegiesOunE:s cojmponamis are run on aépp@w qq:etml circpifrp They can control

the tempmtafs 8¢ ohd e Wur hBORRE AL Hﬁ]ﬁ‘erm&‘ﬁ{uﬁlpl@ ame tlﬁttcolllcaﬁﬁly {69 @ne temperature
sSensor. _as sure t e

nper at ur to

son o GRG0 oo B A ETREF AT B SRRt o ireret sonss
separatelp ppaeliad. URhe tharg@l -9@ine Kpfilesed dyitian ylﬂalpqsm e pargpider gipliqaiap n which
the subjeaéﬁplstaa‘betemﬁuye&lventl onis illustrated in Figure 15. A -

chip 1510 can be | oaded into an apparatus for

conducting a chenical reaction involving cycling at
SYSTEMI$ast two tenperature levels. The WO
[06205) 2@:@&1{] RELH26PCETHrbISRO OB HRPBDQystehi chpatlb diicteding 416/osr@dnitering the results
or the préJ res G clgé(ncg Qe\écmm pﬁ@sqﬁalla 8111:9 f SJEP%Q&'F&“&H &m&&g thQ:J.e RfnBions by first

as a vacuum ofr The ¢ can al so b
optically mca%@e TR rfolloped byspllerting ergi apalyziag they Prf?@al pipnals éfﬂi“ﬂ’e RS of the
chip. Thpbricssyaigra kyplidable fos the pre@it irrentin dopprivks thrke deimiegn Sartdhesharipiiqal

excntatmﬁ Jienﬁ:ntpﬁac.oﬁﬁga! mgsiog Qlemt;gh gndQlty pﬁot&hasgnsm? elmlé'ip atle Sflicallsystem may also
novi ng up and

er 1520 t i s capabl
°°“‘P“5°o??g;‘)|““y1'ﬂ‘e°1’§ ]rfﬁlf’%“’ﬁ?}?“begi' can be configured to couple
100206] Figura | HearmesenkBigOblerk diagram shoping atepresertBROcxaBAOT AEIrFtypentation in an
expenmeﬁlﬁl s@:ﬂg) @Qéuﬁﬁ@ghowli h@m@lﬂérl@ysﬁghl& disl 08 1ce)\W8dd conredtedib1£la IGO0 as a

representgt%vgﬁ e%&hytic:ﬂ exct]:?tlon Bemen ITﬁc %gc\:/af exElégcgﬂ%lemgit gdts as ﬂle Fclurcc of

or coverin
ﬂxcnwnomka?%medm@nﬂm’icw@ TeagHNthETiRARAD e naacvfe}lsaﬂ% ﬁIF'@Wf encompasses & wide
range of btk Souidts, thaﬁgéﬁd'ﬂatélﬁghﬂﬁw figftrain @aveiByths, GAshsib@ afidisroohadedt @roperties.

Reprcsen% 19:: ﬁabq'lgsﬁ ot eQStatgoﬁ E&!u?cgsq dg butgfeagﬁlgﬂgdetg tlasg’é Illgh(l: 3:Hi‘[ting

cover t s ‘and/or surface of

diodes (I@HP plra-giplst I‘EPW“IBTW andep Whfie M E°"Fhe chip 1510 and/ or
[00207] Wel opticalaragsmiseiviedlagtntuyed i the meneht avandanagerves HEHBBAMS. IFistit epfjects

and/or dlﬁﬁpﬁlg&ﬁgﬁ] Lx’cna‘hmogxgéé ?Jthe]réﬂstgntﬁ%{&rﬂle rﬂﬂmtvhﬁ o dﬁlpg- %legmﬂ $t transmits

eno efore cln
o S ST AP SRS TP A B BLron B B e e g snsin
elernent. | The grticad eanevmsstw mleinéng suiizhirfprama s the pregsont WE’WQ‘I’ engoB@sses  Mariety of optical
devices thk Qﬂrlmgﬂlgﬁ ﬁferoﬁeeio&ﬂontphﬁt b kﬁoﬁerl S QirhiRatexdXipled FSudhBpricailta@mission

Q pt a €= XEIS Vne f S,
devices mc?ug! ‘3’“&%% lt:c:::gr\s/ n& £ %IE& (bE n)’htglﬁgc%? grating
arrayed wamwéww@sﬂmm @P'iwall Swé?h“aﬁv"’ﬁﬂf"é‘? i °alihmft1>fatﬂndaanr el device ha guid

the transiifdidn GSlighhréi gl Broper <ty Bdiceoindigbriedibd p. Material s t hat
[00208] %{}h -sléésgzg el@tﬁeu‘ lygepﬂe &9&1@ be tﬁé olpﬁicgl s&gﬂﬂ é&%ﬁ frbﬁ‘ﬂhe Ha&ants msrde the

0, ass, |1 ca, | i con,
ranowely Gy B> T P 0 et U P S LY b=l #p g insth nd
preferablg bain kin@lthnéansly in@siae the int G020 dptiFi eignal pereso v engedF wabelerziis (Preferably

the elchMay%lﬁ&oﬁ&'@cﬁﬁﬁdz& HBALRE shlﬁﬂag spe&fdﬁ@ea@%va@ﬁknétﬂ] %e@tmm peak width,
tin oxid O heater, that

and bac}(&‘ﬂ‘f“ﬁ SPPEfig) nise émeérg% rReg%esefltﬁtwe c)ﬁam% esé wmgeﬁé?ten-semg element for the
present inkerftiomdreavaldisHophotp diofipe (ARBY) changrespuplel M@esdﬁﬁf)béecasre@u!tnhvmg charge-

coupled &ﬁkﬁﬁﬁﬁ:(:%)h Shotoerﬂﬂﬁ‘ﬂh&tnhb@ﬁgﬁﬁ‘) , bidve-Huplia G Ray) fgatE fQasie Bl FEI‘ s, nano-tube
* R on ree On- Wt ecou &
FET’s, anod;fﬁ%éma AsusFofL AL Re Rk slce mﬁné& M LRGSE coupted

enin
eVlce(WDﬁE*ﬁ@thFrchSf’WEmlﬁe%‘F@l i quid corrponent s of the

[060209] WRRIR Hi§ec2bbrinebiens Gargkemlalusingdiny t@nbaald@i sfithewhdbeslements, a
useful as}emgl¥ fog g' 1rr1]gs thte s?&lr& esbg&tfztﬁ%%tagtg coﬁ‘@é{s%! anQ)IJtlcg!r@ns;n%ggJ JleQrQnt and a

r eact ensatjon can interfere
Ph"‘““‘swlt‘gr\el%‘ﬁmo itk é%‘fmhé?%"tli?rf?f%’@ ¥ PG AD FREEE HET eact | on
within the unit. In an enbodi nent of the invention,
as denonstrated in Figure 23, the heater 1530 of the
apparatus can provide a force that brings the chip
1510 into thermal contact with a top cover slide 1540
conprising a heater 1542, which can bal ance the
tenperature at the surface of the chip 1510 to
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WD 20081091626PCT/ 11S2008/ 000860 |inked to a unit of

a sanpl e holder or chip based on protocols stored on

a comput er readable nedium This can be achi eved by
woyg2ng conventional el ectronics conponerrcI/dsa008/000860

[00210] WEEP @Js@éd%@opﬁ&%{t@ﬁ ofttlté@t'esdﬂﬁ){veﬁkfoﬁ CRIRIE 4 laﬁfcalaaéh&&]eﬁﬁnt This

element gk&bwﬁ/gﬂf@gsnt? pfnﬁ npr%pel%r o? c1tatle bge%ngs%rc% rf}lc}fl'each ercactants contained
in the naffidvele. Thapptaisticatibn ftlwﬂftce'm?@rbaﬂﬁﬂ%edd@ selgpr@nd/oyirefine 'bmpncal signals

coming m the rﬁgc{aﬁﬂn b ﬁant)\eﬂlp Bdtat i 8k rchdilile ipRtd-sbHling Qerhef Suitable optical
selecnontc%mcn can e e a¥d r{l{xn eo ncl% rangcrg?% at um? rtl5csz anlteudmgnbu no?limited 1o, polarization,

era Ureo Zoneltse
optical ném@famm*ﬂ@hs Rhpxs diffsTrprsT Atons BYHRYT ortiqteberirst e delay 2y ltiple optical
beams. RdpRseBRPa Exdinglbsyof ﬁﬁm&;ﬂlﬁﬂl $elckion dlBBentshRe HolBdzaty Gltdrd) Gptical attenvators,

wavelen%l[ ﬁ{el‘s élgw ?Og bg:H % rq%h\?ﬂﬁJs wgr@JBﬁannQ ﬂ&la"yhgcs part I C ul ar

nin ubj ect
[00211] gﬁeﬁf"é%’&“’“ d PRiirRtviS: mmw%s Yeriphyof "é’ﬁ?ﬁ“’@ﬁ‘t“s cWF’b"S"“ foqp mfsgral parts of
the subjepirchipd ofl @thaimbstskpaare uaipt Al af thaydénent aagaiplesiatf avaigblecadcorgingly, in one
embodm@ﬁ,%eq{resémﬂ%h% !pH)gldlsﬁ%h][: ﬁ:Slellch the Qﬁucil Gﬁxs:ﬂi@s@(ﬂraﬁtﬁpi tglt sensmg elements

hem cal reactions takin | ace i.n the chi
s e Plog 45 SPURE QBICRE U B Sy Ffp B4 s raaowelon
the chip @pm t@lalnhoyltoeexlc Intaptnlg:r #shest, mew damere gype ¢fphdiamending 9lement is integrated into

the nano@éilltt; &dnkd 6k d@l@&o@&ﬁibﬂ@ RYrmtibRy. Oiﬂtaxloﬁﬁl asp%!:t,gﬂﬁ:lh&mf é’eﬂfﬂgteféﬁent can be
fabncatc? S %rs]i Sor gt thetbflsel tli]:e oweH eor gspt I gfqh S Stf %manBel %?ok%on-scnsmg

presen nventi on co ses t
elementsm*an@# fyr %’ﬁ’é"@bﬂﬂ“@& linclustectiug g li'Ob‘Hml@ﬁ é‘r‘i‘ﬁ*ﬁmhe P difpsiesichagge coupled
devices (InEladMbrivEdnom] @118 alemomuamﬁlyhgalaq@hahﬂmcsﬁmmgcnj 2B forms of

intensified %%Dg ?. 1 alglmééﬁi SR R180p. %ﬁ@g@gp Gxﬁgﬁh R&t& b 23l ld pbiguialy

sel ection ement
preferredrbgqase & peipitgdplgtion bt Roeli PARP B P YRE By sigodt vy arocess of
electron EXEAP @seGfembitaogensd with i Ripabdrhigy virtuiiryain te X{betaicfres g bf the subject chips

using sméﬁhwpro%s&g&@mﬂqﬁes%&md @r&p&m&% rﬁya&t em (or digital
connected to a | aser

007121 rRfC iy, B TS Sh PRHES A PRI QYR Aol and e opes
systems 1gingnas ixdparatd irdts. oprteiagpadt oBide eritadimen ersprensssertan appergiugfor dofyucting a

chenncals,puasg@camac&x Cdgbiptd 98linf gm mbﬁaq,ekmmo@tﬂk &34 d xﬂultﬁﬂ%cdy&@penod The
ne nt

apparatus ﬁomﬁeses a cltu cgig tﬁc'c gg%lélgvcnno\ﬁ aad %gcapsa Qem\l\gat 18 oFeratlley cou]&led to the chip and
that deteqtya pptiged ﬁeqﬂbﬂoeuns ifrgmh the pengiel fefembb'f therappal Wﬁ@ﬁg% %%related to the
amount of Prb@BSF thé @Smidd bh@ibn ﬁﬂﬂﬂ:ﬂzﬁﬂfn Pt | es.

[60213] Bgt@g ﬁ&sl%s&a%ts %nvg rSp)fagyn&nga‘? sggt%% §HF ? I‘I‘F&lt é&:ﬂlexe%féﬁgy e@l&t&d%@ent this system

ces 1 nc ar ers,
includes 3n ogﬁ:@] U@WSE]PWHEPW@?S § Elme lasgp| 161 0q0r Kenpp gfnm qorgwped by the computer
or other digiblBayp 1000 /Ty lasahis then théugdd tfurderus wredde udi®OR Astdbulibreacross all the nanowells
using a Pg\peﬁllléﬁ@ 625 Qﬁ:ﬂ*&g}esl%k(p Qud%l‘ £k @qu&@ﬁgr 16@0 t'IIﬂ@o;ﬂEa@ §?‘Q{s coming from the

nvengnl on serve nctions. i rst

nanowells PP o F %‘&ﬂéﬁ@h@‘ﬂﬁp‘ﬁ SEh B2t b B s il BB e e
1690, eithepalov-ams, digh-pass, denotchréltggmochetizt-couplfd deties (EEP)IS!5 Bopewign analysis.

This parﬂc&lar‘éﬁlﬁﬁm}ttoﬁbrggﬁﬂ g&s@:{oluq\’onr f&%{ﬁlt&riﬂ@th@ﬁ&ér&%ndﬁi rl&:ﬂﬂd of ictmcal
nanowel I's O

reacti te r%meli sz :% act aqlts I nside t

cHions{ g%ﬁceﬁlsm? 4] B “Tensing el enent. The opti cal
[00214} bﬂéﬁ@W@@dwﬁ“‘@?e@Mm%P$'m1@°F@? maysableibeing sedyma et stage, as scen
in Optionl VY B B 28 CIRARARSRSodana ikl Siy/is flice@dhtah Xa) stde ¥ s6a$n Option 2 of
Figure 1d hat channel 1ight fromone |ocation point to

another. Non-limting exanples of such optical ]

[00215] Jnya Spkremtordignt des dhagkesentroherse) it proyided folgvieye ongpizpRpmical
reactions BAsperifip hamxvediSof (Helshb)trazen Gorch@anmisl tsinp b 6308 pasitiohinbdhaiX)ncluding an array of

nanowellgh t:gn ugn(fltnll Qlﬁl aglgOQ'Lﬁle g&cal%ﬁs@ég& SR 9N pq&orgsreétdg ngésnt after heating
tical switches, mrrors, |enses

A

(or va'%’maﬁ?ﬂﬁwf g?agng andief caglipe BEPRIHh GRR AT FIEE OBl franRisties vais Hephoton-
transm ssion of |ight through proper refractive
i ndi ces and geonetries. 1082081 The phot on-sensi ng
el emrent anal yzes the spectra of the optical signals
com ng fromthe reactants inside the nanowells.
Sui t abl e phot on-sensi ng el enent can detect the
intensity of an optical signal at a given wavel ength,
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[00211] The aforenentioned optical elenents can adopt
a variety of configurations. They can formintegral
parts of 10 the subject chips or remain as separate
wouneg®is2el | of these el enents -are comrer ci alHGI/US2008/000860
sensing Vil Aot tHAGEQME bikledred dHBmiR4) &a&lﬂbﬁd ls;ﬂﬁﬁct nanci“laﬂi Upon analysis of each

present inventi gﬂasg{ Ou\{heggtgtﬁlgl% s‘% seltalbp con’ccuo?s é}or e%(ample, ralsmg or

Chemcaldf?ft?"eéﬂ FFAHERCs S188 I  als on-sensi n ment s are
loweringfrealtion Eapeurgset duratipns o’énmcpmseuﬁ@i wabfemmlmentsﬁ@ gyt © eyele rounds of

heating ahd)& c&hﬂé 19 OptiAd e G@mﬁﬁﬁ%ﬁﬁn ab Seedelt B@pRk@lcah Bt repe@aiing repeated
passes o&ﬁ ot{a srmsszon eleme{nl?mdp e11S {:lgrgent cl)v§r tﬂeqralti)o%s E?&%L %rcﬁlgns ulnlﬂ the desired

aspec ot on-sensi.n
outcome ef hepiesl fexs oy @gﬁs& imepch ol 81 5B R e e rdction can be
sequentidllp GoflRfe ﬁddlnﬁﬁplﬂmabprbmdeyn otineded ¢hermiedl Gyctiod fiar thrgitemmmowell.”

Different cgn?cﬁbr I Cg lam RS ﬁinggelﬁbc G Yased gipthplﬁuque propertles of the individual

rmcnonsﬁighm % w e?ig%}n{ersdf StIFrﬁgat% rav @fe Blfa%f:ﬁggfef’g%o \’Kﬁqs the apparatus of
the presetliniion &E hsusﬂgn anjpnation wittsa fedd ipdk doop precessdizdyted to each nanowell location, to

opnm%ereﬁeln&uﬁétﬁoglat elv&ﬂokﬁqgn Ul not linmited to

1002161 %Vag lg;faég%]ﬂ? eﬂ mn.t at(ﬁ%ggg.‘zcﬁ%rbgg%c 2 u{) f?f‘n € PﬁJ¥ Tﬁ ?hun%ra CCD camera can
be used fcmmgcetd@wpm@p@remnee IvEISODY loan ekpoutdpasing rnn@awc% as astronomy

and specﬁtﬂéﬂ%{ﬂ Stub bﬁﬂgﬁ@@D cogiedler 1?&&3?] Ehdﬁ&ll&%@g&f CODE) @cchuldbi@is based on
ancne

{
modulanB/ I;n% huﬁoaralr v e a.rc %cture mstance xgnéle 8C]95| t@lgc%n de Sused range from the

erre | permt tectrons

1536x10¢ff K enfaksff Ay} 6682 S 46%%!@%%%%@? é’ﬁ%ﬂamffh 3 figytpked to a host
computeBthru 3y @heRBIAE ofWiRE S SénationZlielegi h@adifunastefved. the Egsier and the CCD
el enents together with the supporting circuitry can

be fabricated as part of the subject chips usi

[00217] Lyagefbeagreposiimens; s prract ‘ﬁtf“?"é‘@f?ﬁ‘i“ﬁ&é&‘eﬁ‘é’é‘&?“f%‘é&&h‘ﬁé‘l"gl“ﬁs g the
optical syélR@Y\ie depardtd1@ita i one prOigdAiir2ht, therppanadsisestene Ao ieeratent ifvigion, a

thermal d%h%ﬁ ngL:atllsrb\‘ %&ﬂgQ[&m@tﬁ Qf‘/the‘i%mﬂaﬁ, aﬂtpﬂ%f)tﬂ:gluﬁtchnham bﬁéﬁn{rehﬁoupled to
e i B 0 SRR B B S MSSOT LN LN O Ry G  ots sl
detected grp pripted touthe afmount efpradust ofi theghemieahrstpiendiking plagsiipheygitc al

[00218] [Qathek &efeﬁﬁaaﬂbbmman (ﬂgéalnplngd ailclelc@addtin th¥\@bjk@ EARS hrd étéced by the

subject oEtmﬁlﬁl OV ell:atl & rgéllll'p e]g! Po LEe c%%g l The Q le Q)Qte JP@ca&%@ Qﬁﬁ‘u@l&tﬂﬁ‘g appropriate

a cri resen I nvent 1 on,.
excrtanommtta P Sy iR e R e hf @tiyertions ¢Pne Tt ke ioe 5 i optical signals
from the €BdtghtsA Bﬁfe&h@t&edﬁﬁc@l&fgﬁﬂﬁdt&ﬁm areCidicaBie gfad anﬁ‘:ﬂtm:)ifﬁyrpflﬂcﬂ cleic acid in

the ampugba Weelvdra mE;fuslt %eeq,lmyod m@m@,p;sﬂe&@ ke SHA YsSm uansmits exciation -
ected are rel ated gp(ﬁ duct of nd

beams m@ﬁ'&rﬁeg%ﬂ"“‘?“é‘%tf’ﬁ ISW“{“&RT‘H‘G aEﬁ pé‘if ity é'“’ﬁ‘é ity °a“°“° and monitors

the optic{] Gighid ik 3¢mify fyunr the hGowelld aeach efttieluzatityek emns| B apalygoie itie adlative intensities

of the opﬁééfsstl@m Qlfefe;aﬁ& §vca§1ﬂﬁ§61e-cyt:l@ p@ﬁd %ﬁ@dlﬂn&ﬁt& qﬁﬁb@@eﬂ%bmgressmn of the

amphﬁcagancrﬁacg%\sg h{a%lrz epnlc g]ﬁna s% | & anlltorcr{ere g’nrgn?sm?entospgna 5. %'nghng and/or

camera.

- monitorixpcirtapplificetdn prpducty eance pesiemesd Wity opgrtitgele nenogFlt apfe themplpfication is

m,uated1600 The laser is then focused further to provide

[06219] Egu:e Pf nst‘?‘atteri &%émqy?ggrﬁ 97?)5 oﬂLJ %‘%%h% Qe OMQJn;Ll%;(cHﬁg' Phris 1710

and/ or

 with a firptd gl 2dserond epten 1 that pra be)wﬂe hyeoesp yraliaad eE9Re SrigTtiopy#d 2 chip 1720

with an atidi@saba By ks Bkedioh pre@Riin@n@npeetules. Mathis eixabiyle, ahelogtits! system 1730
OPeIafwei,ﬁc%%ledwﬁ nBS7R M%suiugns] 0 ;é‘{@mﬁc{aﬁ d@@%g‘xﬁ‘ga i??f Qy&t;maby the side

le filter elt ass,

view in Fygye dfy thejbpatery 1713 4714 Cad’w&r@‘ageeﬁf@mﬂéaﬂd E'ém(*%@raf 01%%“1’ a chip
1720 of theonvestpe eiprayive apidthpmiakcyclig ofa lprag tumbey Ioawherembmmm ryeech as PCR
amplificdlbd Ec8ondt inQire 8abmess Ol Ut i on for nonitoring the

progress and/or results of chem cal 35reactions

taki ng place in nanowells fabricated on a chip.

[00214] In a further enbodi nent the optical

transm ssion el ement is movéabl e beij ng placed on a

X-Y stage, as seen in Option 1 of Figure 16. In an

alternative enbodi nent, the chip is placed on an X-Y

stage as seen in Option 2 of Figure 16. [00215] In a

further enbodi ment feedback control or self |earning
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1002161 I n an exenpl ary enbodl ment, a Chungara series
CCD canera can be used. The Chungara CCD canera can
be used for the nost demandi ng applications in | ow
woE®1@nd | ong exposure imaging in areas SUGIT/EER008/000860
[00220] %éLrE NAMYsRR a§&§:ﬁ§1€ 8EL m(m oﬂﬁ@nﬁﬂdﬂgﬁd@ﬁs&%pmal system 1810, a

roller is

heating “B'é’é"‘&‘ﬁ 480;2pd g @Jpﬂgg)ef&' CSW"T%%%U‘T“& I °3t/1°%1n d heanﬁ’i”r%?ﬁmm 1820 of the
system nfa@ bech/iserieal gyclidgideaes tay cenducheg 2 RGRsreaginnehs skopa i igure(3@the heating

apparatuf cgﬁlt,ong’ﬁ‘g AR 1 RGakS B BRIORA b MRtaf tiRk 1508 6x daddtif AR KThe heating apparatus

th e 4 6x 4 096, KO F- 16
1820 is a.llsﬁ mova (?%_lhho(g%oﬁtagyea 1ca d bg ﬁle anow"?AntF(lﬁer %E ]A %&[&30 is
inserted @t afyernmieitoldpr L{A0 that cawrmtq ve@gallt Jﬁﬁ@é}’t lus%ﬂqméfm TSRV Oéﬂl? Aipgeey or may
not be codér&it@l GRstb edvina1832. TH Realed N2V b Forei Uk shirfie HoldE) 184016 rermal contact with

a top cover spgcllé;(} L] !'laSIrI]lgt Eunrﬁlm ﬂi\%ﬂgétﬂqgﬁ T}Ie t(h% c&retesﬁgeni%Sd 19&6%&5&9 the system

esaS{ emin paratus and
1800 by ¢ mwwa trea{8S4 Y strmitaengy e ﬁ‘ﬁ‘fa&‘tb@wﬁﬁ'i 2 §mleﬁ°‘8‘?ﬁ g840 and heaters
1820, 185470 by3RR1 The Hylstem A% ak pilivSpmpisst dnad staph R0 tyfreveth éhe top cover slide 1850

ﬁomconﬁ,;eggn%n[{mﬁl %ggyi;ygg?lsqot hermal cycling apparat us or

rhg enent t he invention, and_an O%ql cag

100221] & FiguetF 105 PURISYRAREI G PRI L SALPRE (Y2 Ehetaipfieaiiguee 1814
optics 181 6) aid ad efitied} filier 4818 Ot systeth mey ¢prnatise @ pimalifg off optinad sgatems. In another
embom@mﬁe%?é&béoﬁlpﬁ&@g atcrhﬁi.«ﬁmloh ech laz’mﬂ:ra, &Eﬁﬁﬁﬂ@ﬁ's&mei bﬁw@ pltdpﬁcﬁi filters. The

MO T Tt 7 T
the chip IEGOR 8Herhah coaRestife the pratifeapratiug 1%?I‘5i=t)od| ment, t he
[00222] ﬁ;@fm id ik £8lodh 'dﬁérﬁh Qmaﬁg epefndiive Gl Bt deﬁ}iﬂd: RSughvwich reviewing or

analyzm%cgai rtga{nn%m@é present Tvexgms ga?ijegc ie e:at éu%é%aﬁa chgl;e%p;%!a on to a S%euoﬁ%e a

era cou I ca

 genctic W@P@B@@MS& dprispegotinsd %@dswﬁ?loﬁwawé 5 & PP pptem (o digita

device) 10@E0Medtdl td MQppaRRE t B0 FoS ude Wvith Meappaigdls i1 $24 @ for ©@mple, produce a result. The
computerr s?@e% i996]1§|ay v gx}.dgxgt dI a glo Qzﬁl aﬁ)m{luytﬂt bBd rcta@ gstt%.&lohst f%Q'l medla 1911 and/or

tical sig romt e react ant Prefer
netvrk By 905 P L SR F S AT el g e
in FigureQ§ inglngek CPU €291, nlisk Hirdiec190% pptionah inplt gevizpgshdhfai kealtopd 4915 and/or mouse 1916

and optionf Aohilo? [‘90? h"@arta c@mﬂ'\‘xﬂt l(itailcﬂl cﬁxt U&)é@ltle%edflﬁ'ﬁdgtﬁ the mhﬁattf{&%{aﬁxﬁhﬂ:aﬁon medium to
S eO I ca stem.tr.ans SeX|a|on-

o erer (REEE 41or E eiPs TRRPRP TG e e e Y oy ggmamiis

and/or reggiiving dggh. Ufondxatgle, g cqnuppmisatign Fiediym ¢2h be anepiorkicprmgatipn A W"d?f’éi connection

or an mtdmmoﬁﬂa&ﬁnn 3 EconfRbtios ﬁjow&al g 3G QAdnbger the QI Wede Web. Itis

cnvmone%@ha? rel %m at ee?n%?entolgvextmog ca%lb%I {r%lsrm{téﬁ 09 s&ch morks oﬁ% ections for

zln ative Intensities o optica
recepw@rugmw p PR BB TheaRrEingPaTy PP 12 C3PCP BPYYETiE fEr!D effeprovider or

a health AR MafdRE In@he dibadintrt,aton@lcy rebdable mEdday i0digiesOmedifumisiigble for

transnnss?oqm' 21 1fe§uﬁ g%ah%ly@;?@f%tb o%gmalz%wl %é Madmllnbzﬁl 19:@1613 Q@Lult regarding a

bei ng ‘nonitored are | um nescent sjgnals

penotpeciet PG B P B SF OB PT T A RS Pt S P derived using e
methods pis@tietdesincan be perfornmed w t hout opening the
nanowel | once the anplification is initiated.

351002191 Fi Eurﬁ i? denonstrates an exanpl e system
LSES O EEESENLL ton wwth a thermal cycling
[00223) Eipyehicat diips ¢ fifpasaingehfopthfrinpleyclitgape syide vauabon dsehin ghegyical and
hmlog.cai%;&aﬁdaa&he&aenubﬂamw&aM§ We@Birad. ThemRthodNHips maﬁdmmses of this

and,a chi
mvemmn are rpregera%ﬁy pe:r?d \’6 a(éugr Rt th 36 e%cﬁ;fal%g ax?edog m§r§, §t opthe Sprocess

uni
including| hﬁndélvﬂ o tbeﬁ*&ﬁp‘?"ﬁmﬂlﬁwéngeﬁldlllea&rﬂgs‘%‘tf@?ﬁln‘?smséﬁ é'?“ﬁl“?‘kxfé?‘wes systems
for simul@Sidilyeidreinnidghi: gedttiPexiré@(n e &xdilogictl Sanbk bBrainal fidm an individual
member cgﬁgpifgt%rré’laug% ; elr %enl;]g’%r s Eé:pzpvm by the S,I de view

I gure heaters 1712, 1714 can nove
i ndependently and brought into thernmal contact with a
chip 401720 of the invention to provide rapid therm
cycling of a large nunber 8f-chemical reactions, such
as PCR anplification reaction of an entire genone.
WO 2008/ 091626PCT/ US2008/ 000860 [ 00220] Figure 18
denonstrates an exanpl e system 1800 of the invention
conprising an opti cal systen11810 a heatlng
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anal yzing data relating to the present invention can
be achi eved. Such data can be in relation to a
genotype, a genetic nmake up or a di sease, disorder or
woCasgoid2en in an individual. Figure 19 showsPCI/US2008/000860
[00224) %%IEPM&%%%%%&QE cafl bQﬁSEﬁL vagpan%r"rh&% @i%QQuﬁmnﬁ%ﬁﬂhaﬂmlﬂ-
an apparatus 1920 f ppar at u;: 1924 rces
Varying o PSRBT SR SIS (oo i Vi A
includingStysioeimikd GGlispamngpeotaimptetris inrodtioas xamitivg PN pr %ﬁwf&tza@m and
perfomuLMyrrﬁ@cﬂch%d The WHol! ﬁ]@dl&gﬁacﬁﬁg(ﬂmr&&i@h ?am%ﬁ inlo sxakbiveN fabricated in a

i i SRTRISPEOIY HRUPH ol e TaA g e EIBRAL >

-100225] Etvouther prboffimgutthe stisiect ghiph erieraserior oAl cychipesie verig et =

chemicalk&0bn tRGi o8B pldrd]iﬁ’lﬂf reb@iv sﬁﬁﬁes&ﬁ&féqt@ﬁs @iy B twbgelx&eramre levels.
The procg'ss gnvglves ggt:’lrg\gdmgc c(lsnp %‘onn(;lpn'(s) ! 4nQR %J of {HE Ls &nt%g Qezem % the plurality

be ac%eve roug e 1n |cate
o ectgommim i ok BT PR 7ot DL B gt S GBS s o

temperattke [e@dR0t € | ocatl on. The comuni cati on nmedi um can

[00226] IP Qflc}ﬁg EO fect %@Pdsgegefmﬁle E)M\Jlﬁ'l bﬁ&lg@ﬂ‘#a@t{on tdafpfe |n¥d Mnowe]l of the

communi_gat i on pedi um ca a
sbict o & HERHRBET i1 MUl FEPILoV R REEY PO AP o pplie
a dispendifgts@icRgiperaoEin ewbledin the Sibiskt chip.cb mTeT pf dmengipDivitEnenfsgipnging from
manualbf"é} MI&%slt@ﬁmQMt@J robdd %stm:JréjavWaﬁi@ iR, Prkferted dispensing instruments

envi sioned that data relating to the present
include 3 PREOFHIP AR ARPHEE t r ansnit t ed over such networks or
[00227] Gbrwicet ¢him endfapparapuss erp pireylady e orcendhcling qygpugtys pqlgjc acid
amphﬁcaliglg ZAccc-ﬂilﬁglf 86 BredhtHgcf¥iBh ﬁrﬂw&ﬁ a W&idd f&%ﬁmﬁ@’tb&f&nﬁnon of a nucieic acid

amphﬁcﬁ;gxh:g tlod pr(?ducl:? d.)referal?yl S e1 qur oIn Q‘E[n 8%E'err docﬂxb eca%ﬁeﬁcd nucleic

ter-rea a’b
acids contil ernﬁnqu'éfvl weqe@yﬂmbwsgﬁﬂs SIBPE riper e i SHiOWEY Jhe Rpron-seusing
element Rgikt@S ik InteRfitieadT i RpdicyISighalaliat &e R@hogl dbaimmeantheamplifrd nucleic acids

at any timmao(im c&uﬂgé tHedagnpﬂﬁJaﬁﬁll’Jatﬁoﬁ eﬁéfo{}icﬁ gxgﬂis%{/‘@é atPfnd & luminescent
ICﬂH up or a di sease conlton or state of a

signals eg‘ﬁﬁj’ wer e""WF’e‘F"e‘F‘?‘?""@ [FeYRRs YR EBIPPICSOYEFFEY using the

100228) ITed duibjcts melpgicsfiaippidyieme latecti® % HISESCIER aciiiEvebREGHRFum of utility in, for

example W%ﬁ@dl%% Lis, PRGogSddi c@aﬁﬁﬁc@tﬁlﬁn&‘ém@@ﬁg Al garMal and forensic
for thermal cycling have a wide variety of uses in

identificgti{ni cal and bi ol ogi cal appl i cations where

[00229] drommtembridingst, systenyship.aprarans, opehad @5the ipygntioF pae bepsedhis digcover

thcmpeuﬁ@llﬁﬁlevﬁfﬁouﬂﬂ@ﬁfﬁi diGSe, O ik dhtiGn dotly Baﬂiséd@tfhda:hﬁ biomarkers for chronic

obstrucnge()puilﬁol;lgrﬁ dlycape ?(E(Slqu)mg.r?dqung csnlgcre qu i prrent which aids in

one " or of the process,. including ..
100230 P o el P sation i iR ioR FRi ey Sy Hogoed o
identificARE Sid dhanicytion bhdfidpmes et expressimibeigeen pnsetasnﬂ dggomyigapsamong

dlfferenﬁ)% s uéba‘é‘kﬂdtc@\ﬂ ea%ﬁéstyceﬁieat cﬁfféﬁnﬂ&e@go ?&r a{different cell-cycle points, |
expression profile in a_biol o i.C f e obt ai ned
and amopgsiflishat 3, JG?‘??G%Y“WEWB’EP““?S’P U ﬁb"é Nz sl ative to a

§00231] 3t aricla rehfigremioisvéth pesem aivehtign e wptbel is disgie for supplying to a consumer assays
useful m%gtgiﬁ{ng MPMA&OQ%Q& %204131‘ abf¥n@ Bfone or more smgle nucleotide
polymor}lltﬁﬁnﬁ? I rrg)n%ng ﬁ%:gtfogatl g%ﬁg&% ln?ognaﬁ:lé% és cg asuﬂ?fe ex%ps?iory oar‘ u%p oq cxprcssmn of one
or more ganel/ &y suptaihntselniambr Ceisped atderf%mepresancp ISR SHon °£§ a"ﬁ'fﬂc @naterial in 2
blologxcﬂ Eﬁnpfeeﬂié imde@6l ibdMedes phivilthg h aRgiatefFice Sdnﬁ@khﬂﬁcﬁ' 26 orders for stock assays,

prov1dm5a uster n(?terrf]age co{%t eﬁureg ¥' l‘eLewl gt < uésg f(q a8y s ys and Br ordering said assays,

nt era exa n I Ng
and delifeAg B SSRGS 1P BEIPTAGE FTSH Q™ 1 PRI to 5P B 4 B one o o stock
assay plddRity@d chddvek eGPl Gtk mgects/rie preac tnwnﬁons:a:lnpése systtnoapgaratus, chip, and
methods%s‘ an\é\@Jan\ﬁa@ﬁ[e tpﬁ'.glding 1ot cglghrgertaﬁévs cdnﬁgul'eﬁ tot c@l@& gx%slence or expression of

ont act eatln el ement

senti R afgan ERUREN AP 61 GEE S7662581 " FBY her
enbodi nent, the subject chnfs appar atuses for thernma
cycling are used for conductlrng a chenical reaction
that involves a plurality of reaction sanples and
requires cycling at |least two tenperature |evels. The
process involves (a) providing a chip conprising an
array of units as described herein; (b) placing the
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30identification and quantification of differenti al

gene expression between di seased and nornmal tissues,

anong different types of tissues and cells, anobngst
wocebd®iat di fferent devel opmental stages or RGT/US2008/000860

100232] &hd J;&&Emen&ﬁ ﬁlovﬁéé‘alsﬁcepﬂid Refhods &R ConBRHRE gﬁumﬁ&lgl stialt duadtities of

are.sub arious envi nmnen 't" Slt -HEJ l?!:,
i, USSP Sl R VA PP L 00 P A ielepepning

polynuciptides dimtbodinentrof fhopresers mmhhro@clv@ clps §35 F%@Wh@ﬂﬁﬁb‘FS?F‘ﬁ‘gmd“d”‘g a
thermoc:}tcﬁd M@&S&Mmﬁ%ﬁ,ﬁmucwaﬁeuh a liquidaby®. ni ng structural -
[00233] $e sulﬂc?chlrps 1.5 tdlavqcréf i %ﬂ? g%hegéhgéﬁﬂ Gifd b&'iog@g 2piGBons where

fore:
controllablg ipgyraturgsfes dErPrt: (P hcg’@rﬁd?ﬁhee YO ObFRctagh B s edor

reactions) M@roB¥iR pRSEhbG AL and At izatibn. evdpii@sisipitatiods agdgeced toibrening
mteractlog: invo%mgt/ﬁa lo%}égl I?mleLu'ﬂe@ sifdi? wtﬁelrﬁaﬁyoaﬁot&ﬁ r}rul:lgye{cﬁlg aﬁcphplds, as well as

€ presence or_ expressi on of lpfg E ? getwen
inorganiq gergicaliy RBPERP N HSIe: ThhEemEY o TR PR “ﬁf’é‘iﬁ“&‘r“ﬁ ®
nucleic agid uBketules, btt@tch agicaoin hridgpontard bétemen preteie indismall mpledwlessThf ghermical

reaction EL}%& Abdiide a 4 Vsl B g‘:ll%a't"ﬁ ﬁﬁodu&ﬁ ﬁﬁJ aaﬁlﬁ)w@lﬂﬁftﬂegﬁbﬁe@d:mp
ece|V|n uests. f

00234) QEpre AP R it L E L PR O 3 e PR bR
interactioqno Rwrch Applicagion gegrlly erapiny's TRrOtEDATEQYE Prafe arde ﬁa&%aytem placed in a unit in the
Subjectc[ngsponse to an order for the one custom or stock 40

[00235] ?n 06:-: X?ep 1 0% emgd\{ilm LNEmE 0 n u ITee:rtem mterac ?J 1£ &lt\a:c t:ﬁg& protein (for example an

e PR R B T AT Udes
antigen) a}épam"t)% specfi fgr o e S P U BRSPS ‘Pfﬁ”“&"“ is between a cell
surface rESbrQAA ifs QbrrefoMig Gizdhg. h@et&nﬁl&ﬂ&w&ﬁm{: BOISiAYSteid Midricgeniddlives a cell

surface r%cgptg%de a%timlg.[nﬁlangﬁ%g O]%l;é 1&?%8{0&%&' iP5l egg %tpl'o?e &h in@l‘action may

S can be custom ze

involve a&d&?&hﬂwﬁ‘@n’taau%ﬂug‘é?me & clﬁxgg%protcw proteins anchored on other intracellular
membrandO0BB0E626 PCT/ US2008/ 000860 1002321 The present

[00236] 'rﬂevt&% b &%mﬁﬁ@%ﬂ&émd VAR a@ngt,cme& QQQ;ﬁhefi chﬁ%ﬁﬁﬁbﬁé Pty the
| | udi
extraccllﬁgtaﬁ%(a Sul éer]]lalgrd%c\;}timéx étg»%rl grtheﬁglbu?ab?r tem 1s stigﬁ plre%dl 1 5‘{“‘% prg"erentlally

localizedr eactions on |iquid sanples cont a| ni ng
[00237] B@Jméﬁﬁsd redaﬁtb@e&:res@ﬂbﬁddemﬂ{eﬁb@fe plolifs, REBRESTbinliAMS Bieir REpective

ligands. Cq?ilefacfe recep pss efn% ec&ond (areé an)l %?egtlgde nm; 81@!:3]1 gfg‘%\%%e%m?e They

ng ra ther mcy I'cation r
constitutgyplaggh faexrhefszrows giYPPPS?tﬂl'qsq’l?lYEFc‘é‘afl‘Fﬁﬁl qad lipp (el sepve pRienly as structural
constituehts Bf tRGllasEdlingSbraaé) Gut@lhBrepdRbHyGRedtd gatkmitgia lvirtely of tiolpgkalfunctions.
[00238] %éqrga ?%t}setgq c%ﬁ’)l peg etpﬂyQ:Lxg&'tn?gQLe ﬁ&éﬂa&eglﬁtp}ogp\%nhw&@protem under

nperatures _are desjred.

condiion ﬁm PR AT GETRT B PR PO L P g s e rection
temperatSrel Gt dasticn@dibxrescéenc thé oufifer, cohdjtthnedny et swill ﬁﬁln@@ phte pcgplagpieraction that
is being iﬂl?la@ug&% !:ereﬁ e Qrgferaﬁgglpgﬂf&xﬂ &e r@tﬂ@ﬁs hufrfRf PhFoeREIE relevant temperature

and buﬁ'ﬁB :mgﬂ%%él}esg trym?}ﬁgwé@u%lg\lrsag ﬂ!ﬂ%&%&%t Ie%gr% nlgppo\)/cgnatellg rogm t ierzl;]tlére to
approximpgly BECc Thasrhs achigyed by idpistig the a@mwleqmnag the thle‘lj ehlﬂs cTYPica“Ys
physmlo@th@ Mfﬁﬁzloﬁmnscﬁrphﬁﬁ%gi@ﬂ Mﬁdoﬂ BfSsall AA@ 4t Q@ﬁsted m&clﬁ:hﬁ:lﬂ r@lng from

about 6. J tﬁ abc:nutl 7% anga%fe g'?m QDO'I VOeto IBbr(])t t%r aﬁt I O lof ?%Euweﬁcal bufﬁgs is listed in

NUCl'érc ween n u e
Sambroofs eig¥. §1989) S’ﬁ’é‘t%bﬁﬂcep?’ﬁ’t %ﬂimr‘ieddfﬁﬁms mal | nol ecul es The ,
[00239] TheBinGadn of ﬁaﬁ)ﬁbﬁﬂcaﬁﬁtyde’teak&dlﬁbta@mdiﬂdits baterdiag @@bdrd @bcedures in the art

or by mehxlp]%ldgs%lbb% hgrgl'n | Irn]iihg @Irec! d%te tﬁ% Fn%&? btﬁ! :Qe ﬁpﬂmmldl‘:ten%fbie label and

ect Ticul ar sl gnificance
when a °P‘§P1f’%ief°ﬁ'ﬁﬁlﬂrec!’&bi’sﬁﬁ““ic%a”d’@i‘“éﬂﬁ“ﬂ @‘IS‘W@‘W&@ ﬁbe émamgpmbes A
desirabledgbeiCgelierally {iieOdoeintarfyps withaarpet bindiey @ dt stahility dEithe kresulting target-probe complex.
As descrmpalbb&aatm%miaaéd HitBIRQVE 4L RLRIAGHEPHS arld IO 6 which are
a target protein placed in a unit in the subject
Chlp 151002351 In one aspect of this enbodinent, the
protein-protein interaction is between a target
protein (for exanpl e an antd’gen) and an anti body
specific for that target. In another aspect, the
protein-protein interaction is between a cell surface
receptor and its corresponding ligand. In yet another
aspect, the protein-protein interaction involves a




‘35about ‘6.5'to about 7.8, and preferably fron1about
7.0 to about 7.5. A variety of physiological buffers
is listed in Sanbrook et at (1989) supra and hence is
woobs/@ed2ai | ed herein. 1002391 The formati on BIT/T$2008/000860
luminescgrg gRLeSXTlE%mQ?of fobESk & gongﬁlegc@cﬁrlmyd dFingl tiihind g tehdfion can be quantified by

st andard roc res

sandard QPR S5 £ PR HBREPRIF o B P LR B PRTT B o
[00240] B draxshles bilvethprepbemeats dessribpbleredhramxeriplary ad et Rfspdsd to be imitmg in

descnbnjg%%hl d i"é(ﬂ;%ﬁm@ %QHP )| iépokifonks, %ﬁﬁﬂs aﬂdhﬁth&l’s@hﬁﬁ invention. Equivalent

en1tted an optica |st|n
e
methodsmray bq nﬁdewfﬂertée spipE Pif thecpragant Inpsingis vril sypptanti SE‘F‘%IBFSP]fst Rpelyghanges.
modificatitlB of RSitiodsiaRGotltBeGhrafl 20 b @:pirrgHofithe spist adeso;mobehdmvenuon
above, a wde variety of |abels suitable for such
application are known in the art, nost of which are
WO 2008/ 091626PCTf US2008/ 000860 | um nescent " probes.
The amount of probe-target conpl exes formed during
the binding reaction can be quantified by standard
gquantitative assays, or the quantitative nethods
using the optical systens described above. 1002401
The exanpl es and ot her enbodi nents descri bed herein
are exenplary and are not intended to be limting in
describing the full scope of apparatus, systens,
conpositions, materials, and nethods of this
i nvention. Equival ent 5changes, nodifications,
variations in specific enbodi nents, apparatus,
systens, conpositions, materials and net hods nay be
made within the scope of the present invention wth
substantially simlar results. Such changes,
nodi fi cations or variations are not to be regarded as
a departure fromthe spirit and scope of the
invention. WD 20081091626PCT/ US20081000860. WHAT | S
CLAIMED I'S: 31. An apparatus conprising at | east one
heating el enment, configured to be in thermal contact .
with a chip said chip conprising a substrate and an
array of nanowells, wherein the at |east one heating
~element is configured to nove relative to the chip.
62. The apparatus of claiml, wherein the at |east
one heating elenment is in thermal contact with the
chip from above and bel ow the chip, and wherein the
heating el ement in thermal contact from bel ow the
chip is set at a tenperature |ower than the
tenperature of the healing elenent in thermal contact
from above the chip. 9 3. The apparatus of claim]l,
wherein the chip conprises an upper surface and a
bottom surface and wherein a first series of
nanowel | s is arranged al ong one orientation on the
upper surface and a second series of nanowells is
oriented perpendicular to the first series of
nanowel | s. 124. The apparatus claim1l, wherein the
heati ng el enent is positioned above or bel ow a
stationary chip conprising an array of nanowells. 5.
The apparatus of claim 1, wherein the heating el ement
i s capabl e of heating and cooling. 156. The apparat us
of claim1, conprising a plurality of heating
el ements corresponding to a plurality of tenperature
zones. 7. The apparatus of claim®6,
wherein the plurality of temperature zones a range
from about 52C to about
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1895C. 8. The apparatus of claim7, wherein the
plurality of tenperature zones provides a tenperature
gr adi ent . 9. The apparatus of claim®6,
wowheweidis at | east one of the tenperature zorreS/i08®00860
wHAT Rlciaah@pass at ure rangi ng 21from about 52C to about
65C and at | east one other tenperature zone is set at
& taenperaat omerisigg ey lemgont hatingelroett, cOB@redto bdio thermgBOptact with 2 chlp
said chlp]cgmpn-giﬂg 2 ADRAE MU all of bRb e whilh HhbR feads EMEHiSd dgheftlis conﬁgured to
| east one ot her tenperature zone set at tenperature
move relafiyp 0 GHB fr om about 68C to about 72C.
" TheThapypamtat of slaiof], whezeiythel at legghesy biapngtelymens is mtbfmm@ﬁet with the chip

from abob@ﬁlﬁ b&gv B4 ﬁﬂ;eaﬁlﬁ wh&e:@ﬁ@ﬂdaﬂiéﬁ:ﬁﬁeﬂt 1°) tkEfnﬁVdodﬁct 86m BAkdvpHtd chip is set ata

'S k r.m
tempera% 'ﬁ“ﬁ ap agrl'é\r %}mrlﬁgg‘lm \[Rge rern gt%)%} a(r%‘l%v |e<§ing'e
harionetpha Pl e, ‘alrereawwma@ CRIRISSTEHEPE T RTe aathprom sace and
wherein pﬁ’stl iskrick &MgloRells akfiHzedhily MiFlotidhtaibrlli he ugaChudcel @it Rec@id series of

nanowella:s onente§§ ula? bo. tlle?is%e V\;]s of nanowe]li] e chip 13. The

is operatively
e 0 d‘b“F aRparpips °5‘H“ bystrrin fhe §‘37§‘tgé}ﬂ“f"ﬁ éftp"stﬂé?f“‘é‘&?%“" FBERY p gfjonary chip
comprisifid #5} AR ySf nanowells. 14. The apparatus of claim

13, L&l LG 10@&65&% HeMaL agﬁ,emmaﬁabﬁ %§he&m@ LAdrcBdiing. Y

of optical detect
pAF SPHEA P AP o R B B PRI A e of
emperatirg zqgeseat er t han about 30, 000, 3316. The apparatus of
¢! I lant RSN, mﬁemr@egmm&ﬁt BatO5bhds @ Wik dnabout 52°C to about
.. cont alpr];’mabout 100 nl teﬁgd of andu(g:‘ﬁ ng ?; o
25°C. chenmical reaction conprising: providing a chip
8.0r1tfht eptirdh of aimdCeliexsd the phediot df empaaupioass p@)@pq:s@\rdnqbérmge gradient.

at ’[LhQ pr&u&m@ clmﬁ.%t RSk RIERE o ARSEddRRRRMRS & Bt 518 lteai;erame ranging
he chip provi de thernmal contact between t

rom sbopi 22 o B TS ok PR SR AT 3t T oo o B sout
90°C 1o audirCt i Ng the chemical reaction in the reaction
30nu B B IRG ALY e Qher eRferftlil Bon
zéméf?pgﬁmsﬁ%g \r/éar yi n‘@gr? he 't enper ?at ueFe Is eff e%ieteaaw%?/cmme
ranging fpmAbpYY 64" & 2Beut f2Gst one heating element in relation
it D ‘b spparitugef uitihl, ¥iRedn thedulelseql hsagngeleapne Bicorifiguredto provide an output
conlpmsg}%};mv&@m&%mt&@ oJehﬁn@hl p. 18. The met hod of

, wnerein the chem cal reacti, ﬁ"ﬁ nucl e ?:
Yei e aRPRips of Flim B e an ety idye! manoryTt e ?f%aﬁf adé’f““%ﬂna Fpput 230
pm in lenkth, abuva 250intin Widtheane A ticpdifof tHoat 525 ph.eales. one heati ng
% %ﬂ}pmﬁt& o?ggl:nrlo\lvﬂcﬁ:gl t&ychéll%a%tﬁlelgaﬂ Ecﬁg onpgcrap&gltén that detects
tenperature sensor that 1S operatively linked to the
optical sigialsy 320, The net hod of claim 18, wherein the reactl on
sabt eppirgusepaiin 18, wiikreip tho defshlngptearvoryisis@ alurabily gfeptical detectors.
841 Chpe xﬁaﬁstﬁsl JRcihiRg, Skl theSmPBS bdahokShis)s &é&t&%ﬁﬂb&u@mﬁme

e N e D T e e T D L
E1- & methRg of anpriurtiniz p chefyisalggsetion gpropshipmal s are

Pr QRAIdin @ Bdd cohfpulel & retBPLeachén spigUCt  Of the chem cal

re ap(r:gwdmg at least one heating element positionable in relation to the chip to provide thermal contact

between the at least one heating element and the chip; and

conducting the chemical reaction in the reaction sample by vafying the temperature of the chip,
wherein said varying the temperature is effected by moving the at least one heating element in relation to the chip
such that the heating element is in thermal contact with the chip. '

18. The method of claim 17, wherein the chemical reaction is a nucleic acid amplification reaction.
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'22. The nethod of claim 21, wherein said varying the
tenperature is effected by moving a plurality of

19he aTﬂe’ﬁhﬂatt@h sfeent $7, whadhmofemaftioCtie :itt$ea§ etic haitin@element is controlled by signals
generated igo%)fat%;%% e ergrgrgt{xaﬁls éJPer?tlvelg%mked 10 ﬂﬁea I n;hgl gerrtEEtOdl gf set

20at  aTheeretied oftclpire 1§ aihgéinde ferdion eagplsds Bpbic pbpredyeing an@giEsal signal, and,
wherein the.adﬂﬁ!) 1@(‘5 elaBR o t@in%?ﬂicaﬂ?sﬁgnh B3l R B & ecH oBticE Bl gndlt enditted from the

t enper at ure rangi ng from about 90C to 12about 95C.

reaction sagpje.” a o p for running a reaction conprising an array

210f  atigmesedbi drim i, tvbereie tie bptigalistzndieiragoroningal gilrcathofnypf product of the
chemicalré}a!é%ﬂ' ng a chem cal reaction, wherein the array of the

ressable units is conflgured to correspond to a

221 5 pr BRftEAPITEIM £ b RPEFIA AT WNFH g fHETER R typoving & plurality of
heating elein8Y@, ¥icKl brahidi i skt ak Ndifa@titempérayre] s di nensi oned to hold

2"a Ch?he me%md 0F c@a%ntlbp thé&&%t‘iéa% géh t%%%leln E ség&l{gm};leragire ranging from

or nore Sénsors t et ermne position of
about 52°Cao ﬁ@gﬁtﬁswgané btdenstone gt h‘tﬂtﬂ%EeeletH@ﬂttlfh‘ét 2 Mﬁﬁlperamwnaﬂweﬁf@rﬁbaut 90°C to
abont 950c0f claim 24 conprising a plurality of arrays. 26.The
chip of claim?24 conprising a plurality of arr }im

2eac hA GHiP i FERE TSR SPETSE: 2 878 Ofpddresspiigpuits, each imif being configured for
Tunning a d]@ﬁfﬂﬁfea&nldﬂ, @thI@;ﬁ e atdy DT thd Bkirashabip v ischidigned?d correspond toa
predeterrmnegrt‘%nr IE:I% one thJ thgxy 851&%& LN a*M Lﬁ'ﬁ)ﬁlls, E!im@ﬁsmh%alé Eol@zp&emical

arra 5 tan annea I ng tenperature

rﬂacﬂonmmwébﬁﬁthﬂgabpﬂhhlél @fic acid anplification reaction and

atonk Biafdre RABrs@ NFmiBd thedbsitin FQtheafihy Aentb@iTethilve toe chip.

ot R S P4 SO BBy THEBn b of cl ai m 24
26vh er @hathiplvéclzimé comprisidgr Wersiity oftag:aysmgp}bﬁpvélc}g wgrespondmg to a different
temperanurPydaglet erm ned tenperature zones. 29. The chl p
R b p A B RO e s s st
annealing fanet@irefordup@liny @ Middicdicid napioads :eaﬂws @ndEhleastéwe pthefarray is set ata
denaturing Qénﬁ,eﬂa@m?eﬁfm sxqg@&ﬁ%ymua% aaéwn@pﬂﬁéauwmscnsl{ mal ¢ ont act wi th

eatin par at us
2% ond ik qhﬁ’gf galpénthesio t?ee?ﬁ‘t‘t if Wef% b RN V&@ﬁtﬁﬁ‘@m%ﬁfemperme Zones.
29 eas t[het Mp of ElBIREN AlHefel theemey &F addrasmbl‘eluﬁltsra@ corB@(nay) tocbriegpond to six or

nn| o actl on conprising an array of
more redete in elrglrg
P 5‘3 essa uni each unit bei nag configured for

3G ch&hd dhipiof plaigcti W{GW’@HW%@“ fopiass Wik 2 heidng element.
s3addr Qﬁ%ﬁ}ﬁm_laﬁls £60 Edn8uctif (CREMhibAy taQidn teQuit@f o @R A Melst i tBmperature levels,
com riS}_mqpr edeterm ned tenperature zone, and wherein an
P ndi vidual unit in said array is dinensioned to hold
a chémriomfor ruemug 4 reastion crmnprising of a8 pEasdressibiprimish eagh unjt being configured for

a chem1calgcl:act1oﬁ%e(e§1)th@anlﬂ§ SltheNEarSk SRR ik Ebnfiﬁﬁd’dﬁ@dorr@s@%&% prifdeteiined
wher.el.n the hea

e chi i
temperaturp éqn&tapqlghe{%n %“H%h‘ﬁ dﬁ"ﬁ% 1&%3}5}8{138 §05fs)$m X %:incal ﬁzcuon nuxture of
less than al@iist Clladnm 31, wherein t he array of addressable units
s g 'Ebg gh&[mgt éTé'ﬁ{%nﬂP fBknal contact with the chip, wherein the heating element is movable relative

to the chip.

32 The apparatus of claim 24 or claim 31, wherein the array of addressable units is greater than about
30,000. '

33. The apparatus of claim 31, further comprising (c) an optical system operatively coupled to the chip,
wherein the optical system detects an optical signal coming from an addressed thermo-controllable unit.

34, The apparatus of claim 33, wherein the optical system comprises a plurality of optical detectors.

3s. The apparatus of claim 31, further comprising a plurality of heating elements.

36. The apparatus of claim 33, wherein the plurality of heating elements comprises six or more heating
elements.
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30, 000. 33. The apparatus of claim 31, further
conprising (c) an optical systemoperatively coupled
31.0 thee 'Jiabdrﬁus 0BAWher 8f dlaih B e vaRth asindigit @invddheletagaaomprises 2
comi n .
nanowell fo Iﬁecelﬁ%lg g%in ?%inlg abafmé) egsmd{weq?:?%mg %%gdr v%%f_ct' gl?eg twltltg thg fsamglle
383,  WhesppiraiustoRdaioytioceim §§:gthemrin g ﬁlmﬁicsle’sacaonpt gl ﬁvd amplification
reaction. Of optical detectors. 35. The appar at us of cI al m 31,
further risi.n eat
35706 TP AT YR T resbe s PP RS T Ppfgyed o vield a
least 90% mtfhoinmtaoﬁ@miluelﬁamtﬂs coomil feg®en. Si X or nore heating
4@' € n%%e%‘lod ogczléd oﬁtthle{tsm%iveg ﬁlrﬁit}zcﬂ' rdaktiok Isﬁ{pms %’requn'es cycling at
wherein an in unit within the array conprises
least two temneERRARER: GP‘BPHSPécel ving and confining a sanple, said
vveI | (i) gloiding ealipe@r ity afréaklicddomprising iﬂ'm*aysﬁﬂﬁ)dr&sable units, each unit being
conﬁgure ﬁr i) ch%mlca? Eﬁ’ﬁ% b éﬂﬁ% 1_|9 tohre] %r% omh% %’dg%ésla@é lgf(l:tlgné g&ﬁWF g%nrcl.lspgxrl]d toa
predetermingtierpriepgire zone, and whgigin arrwéw@léaé HER padd 4Ry i pta:‘eliaﬁwggi to hold a chemical

reamonmﬂdﬁﬁg@uégsttlﬁabme et ermi ned tenperature of a unit is
g?gg:ﬁ‘g#’{?’? thﬁgl%[%het%%éarﬁ?tc%oglsm?p &?oth/eumts cl)}?hec %E%gr tho the set of

predetermimet thrggrapfesgohiduct i ng a reaction that involves a
Pl ur ) ledarofthe 4 1RAGE kRRer AINL BSvaRPiali RAMHIE & 16 ¥ et IBin@ bt east two
| east two tenperature |evels, conprising: 9(a)
temperatug X% di ng a chip for running a reaction conprising an
4ar r ayhohetaddf @ssab) vehetsiniah indivislad lanivwithin thegirmagof the chip comprises a nanowell
for recemﬁé)e[tllﬁ ﬁ%ﬁg]g%rga& leas ﬁ%m&&lsgﬂeﬁ%gﬂ £ W}M]lﬁé sefﬂnBlet he array

eunlts IS con%fgure to corresp ond
420 aThredeadef ﬁmé@ herepetehemied Ferten s amgielier appbggon reacton.
43.ndi hétahodwhiikimi4D, vE@feth ferpidayternsnediciBnsire ofadnt & chrdigated to yield at least

90% ofhomogelaeous procluct]ﬁ%m%?e cﬁl Onalm to}ilr e of less than about 1
Pl lf acing the plurality of

4. ac tnEPPATEN BT e diHEER qhﬁelcﬂ Friagtion Erolyipreryelive Bt lepsicyyp lympgature levels,
comprising:0 t he set of predeterm ned tenperatures; and 15(c)

contraqll] a_heat el enent that |s noy, . :
7ol sl PRt S G Bt A PR e e o
chemical itagiiqresndt ur e | evel s, 41. The nmet hod of claim

40, %eﬁ fkthe AR pfoQQJnV b ﬂﬂﬁjemﬁaé?dulre M b Bcbhathbier Broliade Odecond temperature;
the ch I‘R conpri ses nanowel | cei Vi

c offterei 5t hgﬂéﬁf,ﬁﬂldéhe Sggaﬁlah%{ gre %)gégﬁbed iod glmé)&ab%%gtﬁveen a first and a second
fi d’ﬂeﬂ!ﬁh(md andiwhenein Safipsl @ientation places #i@heafFhie themtahedtagfwith the chip and the

clal ér@erlta Rh&ind: r{flﬂ@th@ﬁ&@ﬁ%{emqa?&ﬁ&&%hﬁécﬁ nucl ei c

acl cation reaction he_ net hod of
48] ai rﬁhﬂ@pw el PrEheridaeRiurif sfagrorelgwedtreablepyherpin the nanowells
are arrang&ﬂfhlcctord@ 1€ Oftbdegthtingd sEth yinpdradurastsudh@tasdt le2d R Bf nanowells is addressed to

mdicate the prggegergl]nelgdl{e [Pera%g uf%ll %%etcﬂgnigayl%ggﬁgrﬂkithﬁnesgﬁkLn%@ell.

46. The apparatus of claim 44, wherein the plurality of nanowells comprises over about 30,000 nanowelils.
47. The apparatus of claim 44, wherein the first heater coraprises a plurality of temperature zones.

48. The apparatus of claim 47, wherein the temperature zones compﬁse six or more temperature zones.
49. The apparatus of claim 48, wherein the plurality of temperature zones correspond to the predetermjned

set of temperatures according to which the thermo-controltable units are arrayed.

50. The apparatus of claim 44, wherein the first and second heaters move between the first and second

orientations according to a protocol.

51, The apparatus of claim 44 further comprising 2 motor for moving the first and second heaters between

the first and second orientations.
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44. An apparatus for conducting a chem cal reaction
i nvol ving cycling at | east two tenperature |evels,
conprising: 24(a) a body configured to receive a chip

wooegaiesng a plurality of nanowel s for cormGl/uS20a$/000860

therme mn%aalf rf;mﬁa@ ,in@rBin tha Ak Hektgr pﬁ)(\jnﬁésraﬁnphﬂ% @ifadient.

a 1.I erature n a.sSec
B Ot e PRSP i B RERP MG B grricar
Fe Thesrrarig OFﬂeméééUﬁer chrapiisiag  bpiaink Biferelsoatct b I&ésemﬂ heater.
MOViabipparhi@ton8an s of dalis §4, ARkt SonfpAaRRAanGér reiling hearforalktheat sink.

%\?‘%el na:atmn% Il!m&n%ll ﬁﬂ%&%ﬁzﬁ.@% ?Qphgrtﬁ (S Qﬁm’pgﬁgo& élﬁ)ly connectedto

con act wit t he second

the chip. o j ent ati on does not pl ace the heater in therm

snnmaﬁﬁmmmdethsﬁ@hm@n&BGM5MThEmappama¢wsﬂ@£ﬂ@hamwmmmﬂmwf

sensor aséggxad Ws@e &e‘ﬁap&ry BPJa&httéfanJau&E%&QWe' l's are -

ressabl e erein the nanowel 1s are arranged
according to a predeterm ned set of tenperatures such
that at | east one of the- nanowells is addressed to
i ndi cate the predeterm ned tenperature for running
the chemical reaction within said nanowel|. 3346. The
apparatus of claim44, wherein the plurality of
nanowel | s conpri ses over about 30,000 nanowells. 47.
The apparatus of claim44, wherein the first heater
conprises a plurality of tenperature zones. 48. The
apparatus of claim47, wherein the tenperature zones
conprise six or nore tenperature zones. 3649. The
apparatus of claim48, wherein the plurality of
tenperature zones correspond to the predeterm ned set
of tenperatures according to which the
therno-controllable units are arrayed. 50.
The apparatus of claim 44, wherein the first and
second heaters nmove between the first and second
39orientations according to a protocol. 51.
The apparatus of claim44 further conprising a notor
for nmoving the first and second heaters between the
first and second orientations. 49 WO

2008/ 091626PCT/ US2008/ 000860 52. The
apparatus of claim44, wherein the first heater
provi des a tenperature gradient 53. The

apparatus of claimd44, further conprising a heat sink
in thermal contact with the first heater. 354. The
apparatus of claim44, further conprising a heat sink
in thermal contact wth the second heater. 55. The
apparatus of claim53 or claimb54, further conprising
a fan for renoving heat fromthe heat sink. 56. The
apparatus of claim44, further conprising a plurality
of tenperature sensors operably connected to 6the
chip. 57. The apparatus of claimb56, wherein the
plurality of tenperature sensors has at |east one
tenperature sensor assigned to neasure the
tenperature of each tenperature zone.
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