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COPY NUMBER VARI ATI ONDETERM NATI ON, METHODS AND

SYSTEMS CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001]
wQabeos/0zaps i cation clains benefit under 35 U. S. BCT/US2008/075636

119(e) of U.S. Provisional Patent Application No.

60/ 967,897, filed Septenber 7, 2007, the ful

AOFeY OSUMBER WA RATEON'DE PERMEN ATHCN NMETHODS AND

reference. FIELD OF THE | NVENTI ON [ 0002] The invention

relates to a nethod for SESEENISI ng copy nunber

variation wwthin a genone fromsnall popul ati ons or

i ndi vidual s and finds application in biology and

medi ci ne. BACKGROUND OF THE | NVENTI ON [ 0003] "Digital

PCR' ref ¢ROBS-REFERINGEITO RELATHIY APPLAGATIQNE! ei ¢

cid.mol ecul.e present i-n a.s r I St i byt
000t EBpSrAv G Pt P lulifas oSG IR IGPE Evisonal Paten
Applidhtictu®os )60pI6 7897, HIRCR cpihtick | TaLdmn tat fanedigelosme eof which is
' target sequences. The concentration of individua
incorprspted bk hyrefdrencganpl e is adj usted so that after
di stribution each reaction volunme contains fewer than
one di screte polynucl eoti de nol ecul e (or aggregate of
l'i nked pol ynucl eotRIHEDN®F &¢1H B$YENaGDNONnDst chanber s
contain zero or one nolecule. Anplification of a. . o
[0002] dhgenvensign aplekes e @umethod Jor defprupineds Oy IImbSE (Vaiptiqr, within a
[ e [ S, S AN Srehd - L Ni
senorf £ S BE GO Ebp D e AP IER0) ey and
medigimesence of the correspondi ng target sequence. A count
of reaction volunes containing detectable | evels of
PCR endproduct is a direct nmeasure of the absol ute

nucl ei ¢ aci ds BUIRGRHUNID CHTEHRENSIENTIN Di gi tal  PCR,
ol ynucl eoti de nol ecul es are distributed

P b
[0003par DD MUR] refrent nimstidpandieh indadiabmusisicusissmotasele present
i S50 SRR 55 M LR M5 ALl s

prior (PORUINJlifasor 6t &Y @tickeah@snalggerars Thé ve@scehfi@ion of individual
partition m xtures of sanple and reagents intq 765 .
moleqydgsoln the samppleviradiugiag tsp dhatcHishtdistiabutpReash FectipR yolume contains
e ] X a y i.tran int.o :
e
mole@ilé),i aRigadsothdnberdicgmthian Riro Mardaer malectlemeARPRfisat&tneod a target
and the positive chanpbers that originally contajne .
Sequegpe FBRES fbIAcbHrEs IEAR BEPEDINPEF RGP GT tl%lﬂéeélflgs@} as either

contat?f(i}?é YShar cﬁf?ﬂ‘aﬁl‘iv\%%gﬁe Piea Rwdﬁwﬁéklﬁ’t@\% & thgggs&@e oFER él%i"leesponding

exanpl e, stein andKi nzler, 19 Proc Nat

targetAsmderBel  WSA0 96 (@ 288ctibh; vdlbiBes denteiniegd detetialSe 1Pedlent PCR end-

l'icgation Publication No. 20050252773, especiall .y
produgl By 16eo SPBAF e PRF MBS U AP IR IUBNLY | ARy “gion of Digia
PCR, I N2y18R 0840 md 188 $&S aref di 4B REH by fAHASSNYI&R into separate reaction
volumes. One partition method uses the BioMark™ 12.765 Digital Array (Fluidigm Corp.,

South San Franscisco, CA). This chip utilizes integrated channels and valves that partition
mixtures of sample and reagents into 765 nanolitre volume reaction chambers. DNA
molecules in each mixture are randomly partitioned into the 765 chambers of each panel. The
chip is then thermocycled and imaged on Fluidigm's BioMark real-time PCR system and the
positive chambers that originally contained 1 or more molecules can be counted by the digital

array analysis software. For discussions of Digital PCR see, for example, Vogelstein and



10

15

20

25

30

range from 500 bases on upwards in size (often between
five thousand and five mllion bases). \Wole genone
waewdioaa7have reveal ed the presence of |arge neeESR08675636
CNV regions in human and a broad range of genetic
di versity anong the general popul ation. CNVs have been
Klnzlélh 639992 @usc Ofatindvay Jee CSAt6s923d1 A MieRradeset abf Uthelatent Application

| es in human genetic disorders. See, for exanple
PUbhqa&f-’F Q{OeZQengﬁ”%ZGMCla@@Féémpw of |arge-scale

ar,
[0004%e bda IVy' IRl[anep th%%b(ﬁlg r@gﬁr\gs Q AL eégg{osp(gqgu n%%?’ ger%h%c %@éons which
range fedry MI0pbdsssnoh nupiveedh inraiae QGﬁembetV\&@n dinceth®0§nd and five million

525-528; Red t al d obal i i i ;
basesh YR ePpPIf gtﬂﬁ{efﬁéﬁveg@wsﬁs‘? fmrg%egcﬁ&ﬁuf%%&a ' 9 05@%\’ regions
in hufikn 8hd a%@a@i ranée 6P PR BRI MG @rﬁ@r‘@’ fHeSgeRbraf E%E?ﬁion. CNVs have
e J Hum

copy- humber variatrons in thé human genone.
been tBe fietus 8O mady rd@at stﬁthpeb@aumﬁ‘ﬁhelmﬁqomrfsmtgeﬂ@t@ digerders. See,

for el 557 Bl U551 SellhBSt R S P R SR e, e
Genelsﬁo 9@@1% 1 dS@c?a@%?al I5@04 @ﬁﬁgé sAB copFIrumbAy pol§aefptém in the human
i's incorporated by feferencé. Aneuploidy, such

genom &cranseo A5 :0725whd; Raslen sitreb o000 £ilehdl gariation i crqpmrtumbgr in the

numalFoRl SRl 0945180 LGP REPOSHFAEN Whnove s o

coanoNV&JWr@hﬂe@%@]auJﬁsem e Rbinen degb@atednt J meet;bm g00ro1-104;
det erm ni ng copy nunber variation wthin genone

Ropersna{l07, Hewmeawre@h@s dor the giugidation ef gengtic ﬁ@?lﬁi@as ﬁ%&ﬂa@&enet 81:
199-J}! fogsffq p!(%%”& h&&&%hﬁ&g‘é&e&@%ﬁ%ﬁ%@k &iEL 8%4r dheR39: S43—
sahp y digita ) e

or’ t6 anal ysi s
S47, @Jcﬁ&mehfchQatlnMp@h&ﬂ 8l tefevendeor Amnkepldidyt sudbuss ofsoofy or whole
i ndi vi dual copies of the_gene to be distributed,i

chronaiemg gisaPn, POR FEHEE 19 O£ & SR WP Y aH R LA A Wétth a variety of
hwmagggggksthat Is nore representative of actual copy

unber than when determ ned by digital PCR w thout
preanpllflcatlon [0006] Digital PCR-based nethods of
V, ity to distinguish |ess
BRIE%Egﬂﬂpﬁgﬁ%éﬁpTgﬁ%ﬁg%%ﬁz@gﬂIn gene copy nunber with
[0005% MeBtinAGEHA 36ltes TOT BXROPILS: détbrn&iaimgtiobl efu@itet dhBation within a
etween 1, 2, 3 and 4 copies of genes in different

genonsarfows . sthall opeulatiansepsuriedividaelsappee emethads frspidese for  the

preang R0 SPBLHAERRIGe ) SHOBE AP Al g e

preanh!ﬁilﬁcﬂldne Kteb Callokve dfol &h@tthtﬂbtﬁﬂmyom tmih)\aﬂual T&t@ldsecbfathevgene to be
nunber of a gene (per human genone) can be

distriteipsh énde il siuRh ECRaTRe O SamRIce gy daugrs@ringt Tpety fhat is more

represgg{r%gvlé (r::oft Qmoazﬁ—glﬂm% St cal'?a wheR94& xfrgﬁ’é’d I fgirg?tglc ®CR without

i's usua or “exanpl e,
preaniphiéicitiaseP gene is a singl e-copy gene encoding the RNA

tyf h Rl\la P d d
o4 e SRS B R 88 0 s

two- ﬁ@”ﬁﬁfc{f{:&leg yina QI%__)? el a\lv1tl"i1rér@é’t GliuPacySUGR &&mple, it can

ustrat igure 3, for
differentiate between 1, 2, 3 and 4 copies of genes in different samples. In order to ensure

that apparent difference in gene copy numbers in different samples are real, and not distorted
by differences in sample amounts, we use a term called relative copy number. The relative
copy number of a gene (per human genome) can be expressed as the ratio of the copy number
of a target gene to the copy number of a single copy reference gene in a DNA sample, which

is usually 1. For example, the RNaseP gene is a single-copy gene encoding the RNA moiety
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performng digital PCR has been used to quantitate
DNA in a sanple. The chip has 12 sanple input ports
wo oo09fosgiroduct i on of a sanple m xture. Each sami/&S2008/075636
mxture is partitioned into 765 reaction chanbers in
each of the 12 panels. As is described in the

for tht RMBKkelt BiAn{eS@d m#B: g uselaBihiedefefdncakene iblaSopahamber assay.
lication Publication No. 20050252773) t_lﬂg abi | it

[
(000715 GorameT S b BRAb i sy e, BHGeEs Bt {triggin Feure 3, for

perfo%ﬁi?%bd&%@%ﬁi(ﬁ{] }%gpr{e%%@&ng? gg%ﬁfté'&ybﬁ;& NOS rﬂ?@le. The chip has 12

single es are rando
sampldi igpuiti pouits €6k infrotieionhdibanple RA0E] Hyh wshplg riwture is partitioned
i assays. for two genes (far exanple RNase P.and. another
into 9érieacion; chempesty Sarh At kol % oA Seagubeloin B dteroture (see
BPide!dt a1 S (PO S Pt NEAYS No. P850I 92919) bRt dbility ¢
&> BglgePettzflrlﬁ Utoﬁgsdlct)t tél}ﬁ%lgﬁ%dﬁjﬁﬁ?he sarreo DNA sarrplg) and e
quantitbie A an ganplee &t haved en dfe thttehatawhen af aprivegmate woangiéneSDNA is

. d th f th f.int t. .[ 0009
inroib oBle TNePRENE: Gt A pne Eh BESHMRe. gone
[OOOB{T"{%{‘ESiH§ t&oOS8hYs FdrnkRA gBibst (16r SRdMEpIe KBRSP R dadbther gene of

efore can riot be partitioned fromeach other, even
interest) witte tvD) diubeeiscent dags oMong chigs il ts, passible o ¥mebpiceysly quantitate

ot B3 OB e S TS e APl g e o
ratio $ L] twohensy HI8RE copRinitepbf aBkdseRDESttdREts pr obl em by
including a preanplification step in the process.

[0009prHEarqyes, fwheat dupticated amploRle eepies ohong genegpighkbg clagely linked on
bot h, t he ne_qf..i e 3 g

e <L By EPE b 5 N AEANGT 807 v n e

Digitdli Aith@dABwTERuItOMulthRe Bbies wodudd behore examph®lddle and the total
cycl es); assum ng equal PCR ef[i ci.encies, the copy

numbgtprfopees of thscaene Jensbagisatly v ?Sfl&%qd} y increased in
[OOlOﬂE[ﬁlte ﬁ%?sgﬂpﬂn%ﬂtﬁ)%t dfd‘ag(esgésecﬁis aﬂ;ﬁlﬁl@& ﬂﬂn%luﬁg%‘:@&%amﬁﬂlt?%éﬂoﬁ step in

coples o ene 't nKed toget her on _
the pgeasneRreahplficappeaspl HER cedctiom withaptmensfyr bthtthe ggemef interest

of interest, wl ampl i fied, separ at el and _wi |l be
and a 35S SRBce Sl By SRS g RAGPEND RAGRRE: Loy pRg! mumber
of thEPngHl L&kl (18 exaphpl€ €10 RPc1BgWhysudtRe ledb AdPOR! eFdicasie®)f the copy
both genes reflect the original ratio and they are not

numbleisnifezbtlaigynaesmre prapodtiqiat!zlinekisped amteypreamplafication step. Using this

guantitate the nolecules of the f. gen nd a
Proces} oY Rt ﬁf)m&#tllﬁ% &P %fg eS8t Her é?vﬁgerde ﬁﬁ% gqeg opy [ﬁﬁeu %gléoﬁne’ after
preanilificBgorg @Ach Bdpy oft BE @Bhe oARRtEAtEIlYbe drflificl] sephrdtely, tahe will be

_present invention provides systens and rel ated net hods

partitfoped penafaselpiintg diféerentrhgmbersni hesldigitalvbray. syecsi the pawlyygenerated

t he et ens. : . ' ' .
e, TR S8R HETRl, RS AL B350 MMEREL O, g o s
chip &fal@ipahyuustitaetthe enoddcuiastoditiestwd genas aadpleasure drmratio of the two

subject. [0012] In one aspect the invention provides a
genesfghrefarer B Copt BERRFiOh P gr8c PEIEEFY 2R Munber of a

hargeks, B YRUGE §RlehfSn SEAHERCE stethsPardERAAE REthBds for performin
[00114ubj ect, i%cﬁdi ng tﬁ?ﬁ’st epscsg/fs:ea)S |c?r e-anpl i1 fying ar P _ s
gene-bavegaayeae Segeiepaefialld, thermétbpéneael getmnselienoesenhinvention
generglly relate to determining copy number variation of a polynucleotide of interest in a
sample from a subject.

[0012] In one aspect the invention provides a method for determining the relative copy

number of a target polynucleotide sequence in a genome of a subject, including the steps of:
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sanpl e contai ni ng genom ¢ DNA of the subject; thereby

produci ng an anplified sanple; b) carrying out digital
WOAR0$31a88 st ri buti ng product of (a) into a pl upel/U82008675636

i sol ated reaction volunes, anplifying target and

ref erence gene sequences in each reaction volune, and

det egymhridgplifiaer £habitvger@uaquedcy ol 4 ae@eincangne sequence in a

ref erence gene sequences in the a i fied sanpl

. . ! I e
samplgtfentaining genomie DNA aﬁﬁx@tspwct@fhembgfp ProugEe Argnplified sample;

refegence. . ' |i.f i I :
cor r ECRARE S A IEAE UTatBRAIR drod 8 AP IRG 2 plurality of
isolate@k@icaoE @oyals, saplifigpearden ahdecfgencireend @QiSices m aach reaction
rel ated aspect the invention Providea a.nmet hod for )
volungfe el tielfrRE IS BerElatye qap ot HEREENd JFerenes B sequences in the
) e i 1 N i .
oo P8 XN S SO Gl Inrabhcion soqencs i
the as@jified cengied caregfoad etoc eclggere qsadjite rd ethi ntarges samg| reference gene
contaiging ggnonic DNA of the subject; assaying the
sequepgFsyB{nGEHa equence and the reference gene sequence
[0019f t h‘ﬁa RESRARLHIL: ek RRERGEGH Bloviliediat BbthBCRor a@@iifingi A relative
(a) the nunber of anplified pol ynucl eotide nol ecules
copy monthei of agatget polangdeotiflsnssquengadn ceenene( f a tshliepfuitsbiding the
) og anplified pol ynucl eoti de nol ecul es containing the
SIePS P&f er ence gene sequence and deternmining the ratio of
(a) pR-diplifyin8Qldiget Bert Jegh@icedndapefterich@endeqnéncerin a sample
provides a imethod for determ ning a copy nunber of a
contatrang genoput PN Pédeisdeieglequence in a genone of a
subj ect .. i ngl udi t of : ' [
poly AOeY 88 tl% et%éll%l %etkﬂ ? c%%llﬁ%%eo%nd; é@éﬁ‘g? eg% SEt %ﬁ%%ng e of the
pnmnhﬂﬁﬁﬂ%a&phﬂguﬁgﬁM?EHein both a target pol ynucl eotide
sequence and a reference pol ynucl eoti de sequence, said.
" of cABAEENDE]aLMSENITT A6 MRP S PEUB S A CQENBH & BBgyine the
e r jf t - B ' : .
arae YRy RSP g PSRRI eyl comaning
the rderlpmef gond s&pj&p&eﬁaﬂdrdemrmimhgl theel ratiy obfa) isd)-at ed reacti on
vol unes; in._eac eaction volume conducting a.second
10014501 y Fie 144 HPoarBF ITeRAe BRVIR: AU & R g Y Bg e s Copy number
ofa t%‘%’@%&%&ti@@ s&REHE AR Cg%hoxﬂe b ses b NeeluihgtBOstepsSof:

ied if present and the reference pol ynucl eotide
sequenuhictng a fissiipobauelsotidhamplifcation aﬁmDNXéQmMe obtained from a

subj e&z Ie% er}tFiﬁegi%&?é e. Pglgg &)yhglglflgtgttl ] eg ée fenlEAG! ag ?ef\épelngg%%lyi/rﬂcleotide

equence

sequéheBS @AY §BR RNt H REQRNcE DaPingSe Predbtednthedefeabmd ity Gbnber N, are
t he nunber of reaction volunmes in which the reference
ampliftsidy thereb predysingagrandidicd sasplssequence t hereof is

pr es%lns‘irib%ting all or a portion of the amplified sample into a plurality of isolated
reaction volumes;
in each reaction volume conducting a second polynucleotide amplification in
which the target polynucleotide sequence or a subsequence thereof is amplified if present and
the reference polynucleotide sequence or a subsequent thereof is amplified if present;
determining the number of reaction volumes in which the target polynucleotide
sequence or subsequence thereof is present A and determining (b) the number of reaction
volumes in which the reference polynucleotide sequence or subsequence thereof is present B;
where the copy number of the target polynucleotide in the genome is approximately equal to

(A)/(B) x N.
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where the copy nunber of the target polynucleotide in
the genone is approximtely equal to (A)/(B) x
wOR2(09038Y8 | n sonme enbodi ments the sanple i s freem/ES2008/075636
human. In particul ar enbodi nents the ratio of (a) to
(b) is about 0.5 and there is a deletion of (a) on one
[0015¢ hr ORD®EBEEmBYdithéies ttsa@plfis f@m & ufb). [iSpatiewlir emtiodiments the
and there is a duplication of (a) aon one chronosone.

: . ( :
ratio ¢fr{akiorfe) israbodl Gre abd therg 5 Q?lf‘é]tontoil(@é%n ‘ﬁ@ﬁé‘r%‘ﬁﬂ?@ﬁc@ th ratio of
(a) to f) &k ee{%)?)g&qun gné Gﬂ?elllg & &l#ﬁﬁ:taﬁl&f '0‘?' (5}’ ofl ®MeAHrBBofdn2M 8n some

val’lué o i'ndicates an abnormal target gene sequence
emboG@ntNUNEd oM tirpe gearos&juehicd e rptdneatgenp (Rd6dnck nsubstantially
_sone enbodi nents conducting the first polynucl eotide .
deviagmgpfipm ¢ yelue et il Hefiees ar ShGTH &lrgfﬁegeag SPBIGNEaroRy AgrRer in the
g@nmﬁ@&ﬁm@pﬁﬁﬂRQSition conprising priners specific for the
arget “polynucl eoti de sequence and primers specific
[0016f or Inedoeiccarabodinlents umhéattingeths dgstgrdpuctotde emglificdtiog includes

a.pol ynerase chain reaction (PCR) assay. so as to )
comb Gl BV DIFTYIS St SHBPYTUCT SETRHE RAUTPEr apeFife for he
[ : ' e ' i
B R T R e
and cangiciihg eapdlpnetass ciaioneagtion (AGR) hsseyrse yeé te separatelyaweplify target
enbodi nents.the reacti,on.yvolu re disposed in a
polyrg A TodF i es Peanteng i SPrvarfiefy Py BRES e
[00173P! irf kAt iefboliEn&@NEHECHRE Polynacle6add aplificdtliEhas from 4 to 15
Separate fromthe mcrofluidic device. [0018] In sone

thermepyxbesi: mh seme rembrodineentsh ehesteagiionr valpses japtflisagped dpja gicrofluidic
. a rtign.of . th ol i fiq€ ' i WM

deich i SRy PbPSETRL HEAROTH e ThaElath Bume separec

from SRGURATRIi@Bdevied.er ence gene sequence. Usually a

portion is used, and the anplifie anpl e may be .
[0018dj | ulnegorpe ieBIPOdBNEAtS PP R Hhisnsiep Og %%}rrrlgv%%a @ $1ha portion of the
~eact | I | Q:30 ogli t : -
ompt 8 0 v BT RO AR o By i of st sn
sequeptbant referescet gemersedeneac &sgahea pedioans esaiphd fliecaplgred sample
riners used in the first _polynucleotide anplifigcatio
may SRR R bk Sl e PE A b ST (LRRISh some
emboRPh MGk 8RTplifEa RNk PURCARpILEHLP. | N sone enbodi nents
the target gene sequence anplification priners used in

[001%he T sene pobydimehisdhé ddergngd génecwanense smppifigateont prémers used in

me as thaose used.in. the second pol ynucl i -
the o prredEion Shepnicnogee Eroda et o5 8l St ip gie second
polyn®EREBhdes Gndlffichén PhGPe thadonkel @tddients hibr iaddet egerico sequence
a target gene sequence and a second probe that
amplidiehteart PPy UG the Fiess pplyngcleeidsr anlEicglne s'sR girdhe game as those
wsa Y R0 AORSHLL BRLEGCEDRRLY AP o e reagens

compSie€ Anfirsp hedde sthaosadedtis el ydh foirelizentto detaegdt afehe sk@lvabs and a second
and wherein binding of the first or second ron.or )
probegigh sleatively fobridizes 19 pdelermcs gevhErFvtse fspRonditions suitable for

polyn?lgfseé{f?é ARGLALAN. " FAUE BmbEERenRAE HirROAITRICbER bEdMRs comprise
different detectable labels, and wherein binding of the first or second probe or degradation of
the first or second probe upon polymerase chain reaction (PCR) based polymerization results
in a change in detectable fluorescence of the respective detectable label.

[0020] In some embodiments the reference gene sequence comprises a polynucleotide
sequence at least partially encoding an RNaseP enzyme, beta-actin or GAPDH. In some
embodiments, determining the relative copy number of the target gene sequence comprises

5
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in a change in detectable fluorescence of the
respective detectable |abel. [0020] In sone
werodsarent s the reference gene sequence conprPGEESAN08/075636

pol ynucl eoti de sequence at |east partially encoding an
RNaseP enzyne, beta-actin or GAPDH. |In sone

detect PRk BMterogiotitininihe Gehdi@e bethatsubectc dpyome Rhdodddents a ratio
the target gene sequence conprisesdetecting a_I?ss of

of targrs ReRoseAYeRIC ) TRiSTanRR SEReNEAEENSE ViHEa ¥ailf splpstanfiglly grpater than or
emhodi nmen rafi 0

less HAEAIPUTEE T35 DEhGoTlad iy A UERGMEBRRIRRAD |

[0021 g r ek er fullbaondyrsthedisg bfiale fatiredachbdsnagboss thef present invention,

: o _
refereRi, ovd e e A BF SRR RGRUFS KRt RAD A Er Cominclion with the

acconﬁ%ﬁ%ggqtﬂ%ﬁitn%g. trie (ﬂﬁﬁﬁgg%ﬁrf&%ﬁpé&gﬁinkﬁ{sleQH@ Ere%é}ﬁ Uh¢kntion by

_ ( € ensul ng ed description taken in
way dfoitjustrationonTheé tvehtien ac cgraplnyi nydifrcatidmgs vaiitus respects without

drawi ngs represent enbadi nents of the_.presen _
depariing, GOFT ShF B R PSPPSR 07 SR AR TR RPT ifeqription of these
embo@iZRAR fe AfusiRE  ihGRlr&Anl RoVRE{RHSe. " €Spect s wi t hout

eparting fromthe invention. Accordingly, the

draw ngs/figures and description of these enbodi nents

re. .l i | t and not restrictive. BRIEF

BRIEE@%@F#WI\!%@BW@S[ 0022] Figure 1 is a flow
[0022¢hatifurk! 1 Ustd &oln@hgentogtatint egmend sapsi o antinventive method as

met hod as descri bed herein. [0023] Figures 2A-2B

describpd beeimat e exenpl ary channel designs of a microfluidic

evi.ce cqpdi ' f .th ) e )
oo PR ST PSPt g
accor@nfit® e@bbdlin@he ofeivd mesenawentibong t o an enbodi nent of

t he present invention. [0025] Figures 4A-4C depict .
[0024poriiERS) OF & hUIHiGPDfiBFa o ch TEBQIIIdle | ey, acteyling to an

embogffr‘?efﬂp})?theip?esgﬁtqm}ﬁ%i%n. [0026] Figure 5 illustrates
exenp

ary-copy nhunber variation results perforned
[00250s i Figuras A e+ @ Bepittdiccticeswiftiee mi@oRTHicFayinedllgstrated, for example, in
. illustrates exenplary | oss of heterozygosity results
Figurgdy f or med using a microfluidic device. [0028] Figure 7

[OOZ(JIJ]S ﬁg&%a§QI1&$@{e@>téﬂé&p¢a§§f %P&%nﬁfer'@ﬁ_ﬁti&ﬁ results performed using a
' eterozygosity, according to an enmbodi ment of the
microflugBed¢viceavent i on. [0029] Figure 8 is a schematic

how h i al I i nRAi. ' )
ooa RS 8 R BBy b B Q0 BRUIRES B BEF AR v
microtiRt B¢ Btned. A 64x64 matrix of reaction volunes is

illTustrated in which a target sequence was anplified .
[00284nFidetect tsedl gerphrdepiatias| detsstieg of 3@18l Swetppersesity mgeerding to an

mﬂm@%ﬁ%ﬁ?%ﬁ%%%a&%@ﬁﬁgﬂlﬁ.sequence were anplified and

[0029] Figure 8 is a schematic showing the partial results of an imaginary experiment in
which the copy number of target sequence T is determined. A 64x64 matrix of reaction
volumes is illustrated in which a target sequence was amplified and detected using VIC
labeled (yellow) probes and a single copy reference sequence were amplified and detected
using FAM labeled (green) probes. 19 reaction volumes with yellow-labels and 12 reaction
volumes with green-labels are detected, indicating a ratio of approximately 1.5 (19/12 = 1.58

~ 1.5) indicating there are three copies of the target sequence per diploid genome.
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usi ng FAM | abel ed (green) probes. 19 reaction vol unes
with yell owlabels and 12 reaction volunes wth
w@e@en3diabel s are detected, indicating a rati oP@f/US2008/075636
approximately 1.5 (19/12 = 1.58 ~ 1.5) indicating
there are three copies of the target sequence per
DETALEODESgRIPTEDNDEFA I EDNDESCRORTI ON OF THE | N\/ENFI ON
0030] The present invention methods and systens

[003051etTéxemr¢ﬁen@n@@m¢nm%@¢s apl systergs futdefamimHne F(é{ytl}%@er of a target
enc e t

poln SRR G ACHURGRL O BARLER. R hon i cony mambe

associdiegefisie genctio dp@ades C Uih pirficuiet, lmmihochrmidsysibmsrdemta_b@i hdyeid can be

herein can be used to detect cop at iation o% )
used g @eéfﬁcgépqua}lvlharcw&tﬁoaé)f antagget P@éfﬁBﬁﬁ t&&# 3 E%tgF%WPe of a patient
usmg%@h&glc%ﬁgﬁélcpr%ﬁne&/ﬁtﬁ @Heﬂ%édhﬂr&nahé‘ﬁmgn? PEIhinkREs of the

he pati‘ent. Techni q s of the present invention
preseIWI idvehtiqm cwill yymcqj]yoybn}prhi}y m@t}meo]teodf@ amplifichtect ibesed assays to

based sa ermnethe r.el tiv nber of
detergigias K TSB! SONghGLH Eoer e ewh aRE Ry and o reference
polynﬁagﬁﬂﬁ‘n&gu&f% YRUGhSRLe dﬁ)esgéﬂﬁl%ﬁ@é’oﬁyrh@q&@ Rk wnl 1 the reference
genom ¢ copy nunber is known for the reference
sequesex) U euchAdargeic h@lynwlgcétdep@ﬂwnuwb@t ¢apebe apylyradnisdative to the

anb ed rel to th ref n
refereBB‘f ﬁ?u%}uggf’?é% 8o 23s™° t§6t8%?18? mtehﬁeret1 e%r g?%‘{ |number Qf the target
polynd8Ehede. Ofhetthiet AdB6H reRAdnEB polyaaticsttle sbipgencey zge%omadhesr referred
reference polynucl eotide seguences are sonet |

to as ‘tashes:t dtbwayendt W@bbﬁé@ﬂe%%\héﬁeﬂﬂ teeff| ‘ﬂoe’éé‘Ot mdlcate the sequence
appreci ate ene" does not indicate the

neces %ﬁ rﬁ%ogesg }eogegggg;@A codes a protein (or RNA).

[0031]] Oqudy ﬁlﬂﬁberndét’eﬁfondai&@halpﬂs aexdhnayual yan Smalechsrei gfieertain high-
can make use_ of certain hi ghthrou%%ﬁut Jdevi

throughput svices suitabje cfor| sy ca]éng digjtaly §j§§ S'Of o 1g1‘ra &q%" such as
mlcro%{‘}fgoc dSHER 1ﬁ§1ﬁﬁqggnglfa}g$ Igl eg %Y hf‘gﬁsdehglﬁ:}l é‘tdén'i‘agl PollRE Y&ction sites

er or hig It vol ume reaction sites
(e.g., @encgvolumnaaalmhwtes Dematm@nvdumes) okcaoedinglyoeppy number variation

Accor cCopy._nu variation
deteoliiy SR oS PEBRRGL L GF PRETDr BLROn, M G gl Duine or
partltfoﬁ é“gesagip% iddb | MthdRdds PR tHohiat NEF Ra&&FPVEluAP MWsposed in a
eds to thousands of reaction volunmes disposed in

reactlan/lamy platiorass ayicpilatdiodenien; ingludieg examitlery devicesdescribed herein.

[003 2-]-h e }}L_Ifglmr%gﬁ)gx g)?p[% &X%d v ig)%%rsl’tlcgne ?nc:lucf%eg pli]g %&gpﬁca[tlgg %%Ap in which

nt 1nvention

DNARé 8-, 3eRbrhicaaI MG firosi @Bldldsglmls@hpllamé\amphged ugﬁg]ﬂmpblyﬁih&%se chain
froma biological sanple is anplified using
reactipi |(%B) esethehaantifge emphiicpoR)lednigiche Exaaalﬁfy higlogisal samples

1nc1uc?e%frlu dg%@'gid%g fy?@%lgé‘%gd lcgfsfgfgwﬁ%r OL&QI'ncl%d S6BLRS! fluids.

rnclu nd cel
Whil& @ giettaide Sereis earel Mesa@ited bgemleta@yC\aith frh&pleds to Wanhe HNIA (e g,
met hods herein are des&él bed gera w th res (ﬁ d
detenifieeipPONATRST garaion Hetgrgmame BRISDY; fiakflohe oenize

! A% 1
o RSO0 PRGN 0y Lot 1 Snb 0t s

genetrtamamglau ar Fat éxangplée,nthammiinids @i pewet| for iganeatici anlalysioef animals,
plant%f aa pﬁ@pé t}ungge ELP gv% ef:sa or %gnel%fcc’:egnafysw (ggfelglu(:i"rtlallncsuélr‘)neacltsy S1\/[36’[hods for
collecting and processing biological samples containing DNA are well known and need not
be discussed here. For the assays of the invention, DNA may be isolated from cells or
biological fluids, or the assay may be carried out using, for example, a cell lysate containing

DNA. Thus, as used herein, "a DNA sample" can refer to DNA, especially genomic DNA, in
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pl ants, bacteria and fungi, as well as for genetic
anal ysis of human subjects. Methods for collecting and
wEe@emsHI$g bi ol ogi cal sanpl es contai ni ng DNA BCEUSINNSE/075636
known and need not be discussed here. For the assays
of the invention, DNA may be isolated fromcells or
purifiéd, WeR@Hpaatied bt hlﬂﬁpurﬁTedtfbﬁnaSAmasmyerbm aastep ofl "chttining a DNA
using, for exanple, a cell sate contain

samplHip as8bigedgetpsrsanply to éhtbeA ghiped)N éasﬁmpgefléﬁh‘{ Harpig material

| il 1"
N e
does rﬂ)r’: E)Nﬁlyﬁtamabte)ff foorexamplebp@izcting edlisrfsors iarspbjgct; or tshiatihg EINA, but
s S AR 13, 11 08 U o
[0033ﬁ 'ngﬁﬁ@h 11f1dsﬁ'%fels ggne%les?e)ps fox%rﬁin%rﬂ;gth@ rr%d§ AR Bed ﬁ@l%i‘-‘n In one

ct of, ‘for ‘exanple, collecting cell
1llustrf1ﬁimerab<31mhpletdh¢ stops o5thk atdtingl IDNé\lve kpquhag agqrwpmphﬁeaty@n master

matter of obtainin ontainin e
mix CONATSPEGSSY PIBTECY TG S Sa B der By Erepll PR polymerase
oL B AYof thoglse dasenddord "RATRIrR. conBitidRs), addi
enzynpﬂsgst rafg%\eeyﬁge#‘oggdl Qngﬁﬁ the steps ofS@% heC mslttho » adding genomic
DNA.tnvthe\pee pmplifictitiog raamremaznmrsfanmatfm& tUhea seaiengf(sQ of interest and
refereﬂ ?e@h?rl?cgggnasa y [ E)Bfe)?f%) i alget Zpler?c l’é}'fd?éha§¥%ﬁ{egﬂalys1s (either
in anpéﬂdﬂ@ﬁ asyesZ YRambdief hegy) and’ d&ﬁﬁpa&hgrthe frequency of the target
conditions), adding genomic DNA to the
sequepeass)aiestive |t@ shdg Gequensy of the ;@fergmc@_ Sfi’ﬁB‘quF’yllﬁ §v1]ll s recogmzed that
sequence 0 t
e SRR e Dy ES P RERISE SRR S g @ it e
mvenﬂ&al ysis (eit her i n an endpoi nt assay or a r eal t I me
assay ﬁ% and conpar.i ng the fr uency
100348 0 adhe ) 4P B B o PLHETTEIEN & 8 P U Epes afplficaion
t 1
ors IURLSAGE Uyl P E-GEERULERE LIRLLEM A RGEcn 300 b«
targetnpblynmleo“tdiedsdquerhqermmd taheefemnwmpbmucl[em]sequ@nw@re arnphﬁed

ety g BeRG seurAE PrhnB B P DS A, ned

[0035f] r o @)n%u BinB6dindefitsC Md tLEetNetuencd it hesefuerseptdrf whigh i defetion or
ep both a target pol ynucl eoti de sequence and a

duphcraerberlera@@cmftcywmtbl eoheryreqlanesstar B s0mpe iepfbediments, the target

candt SIS bR AIRL AHGRLIP Bl s BOIAM ns s

phendtPpO6t inS@EIEMG ot Shahsia@imactien kbsutwhe didtritelkien iodronelation of the
duplication is associated with a phenotype of
varlatncmlerp@gtculalrﬂ?oglén%or@nﬁéwrﬁéms the target sequence is

[003 bjs S ergn osre%ﬂ(gﬁ' g g @écﬁ;tﬁhgenh%negj&'?hb&ﬁ‘t(bloﬁhsﬁﬁe({?oéenomlc copy

. nown enot I nt er est
numbéhi Q"hust afreferoaté eqyual@uis dnbehatiishoi Bkdly mbermplified or deleted in a

correlation of the variation_.in partjcul ar uIa ons
srors ded? pestepoussfo FrwerenBy drigahis dhefeey pboger f ti Feference

EDUEER 81 18871000 S A S 8 o
numblet kethy otg@anisen afiiplerdsi. eEIorcaxanh@leebe@useﬁllae@mmgereequbmcq ig the human
genorgg t1§ ﬂ@cezgg{% rpté dhe %)\Farséfg geney ads?rtlg% rglog}? géﬁeepr%georx il ltlwo copies per
diploid genome (and having a copy number of 1 per haploid genome). For illustration, other
useful reference sequences include B-actin and glyceraldehyde-3-phosphate dehydrogenase

(GAPDH); however, it will be appreciated the invention is not limited to a particular

reference sequence.
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sequence in each assay. Rather, the copy nunber may be
assuned based on the normal copy nunber in the
woe@ansdm of interest. For exanpl e, one usef ul PCT/US2008/075636
ref erence sequence in the human genone is the sequence
of the RNaseP gene, a single-copy gene present in two
[0037F Opiresmplificlionl edrd bgeprfEmeands BaRCRJreacti@pyvithupiiskrsotor both
1 per haploid genone). For illustration, other useful .
RNas¢Pef(3}eef¢é@eg@qg@mea§1di Hel tpazet peenet 95 indergst:  Typically, reactions are
C I - 31 - e r ;
pertor B R B e 00 [T ey I some
embodiientse dhd optamplandrnioat! @ff cyoddsewdhdepedaure ieePCROSTikiencies for the
Pre-anplification can be perforned eact&on

gs a ECRfr )

referefifq $FNSANAEA getrEsRC- b FFrRNEERIOYIRARISy BF BPRRE RN Gyfdes during
561 t | TP | cy@8E | AL R thermal

@ e WSO 785t g Sy SOl 18 HS0R

cycley dng@ertait empoliasentothe bdmbycdbyrmal cydeneandrethdi bemt’s 8, 9, 10, 11,
thg @ftinal un&gr of cycles will depend on the PCR

12, 1344 ’QHEPE%tF% the reference gene and target gene.

(0038} N PrELERIACATAAEANRAL ProféBly B8Nt AAL VR Bhorfi¥edl ©That is, the
during a pre-anplification assay can range from about

relativé upntss (tatie) pdmpljeineof thyr tazgrd and gefe@necengrences yeeudd reflect the

relativlc?gﬁl%gbgr grlaggf)e(grf,gtgpglg{rz?n?lt r%gﬁtrgrg:e ns%%?e%&if)nf ti}tﬁ %gracgr%lc fﬁly gt%}%% Dg\gA being

amplifTBd. eMeiiRias & qubA38Ye RnphiRepioh faklatdvaninritbast| 88§ e.g., Arya et al,,
pref er abl areqﬁgantitapive orlgroportional._That 1S

2005, Rssicrasinginlsreofmeatiiane quaatitasive PCRadpper Ky Mol Rifgn. o4)igdo-19. In

f . eqL I t j
N
target GRNO O dntest Gt depanatdDNAmpEiing arfpk, folledingvisdléuigs freamplification

guantitatjive anplification are known_in the art.. See,
and dgstgbutiopy g ther sagiple inlgosspalsles FRRCHPR YOIURISSs AoproPuEPndl pgnber of
iRt Rpd iMpe Bs@i80ted 308 1R0RadBn volumes.
mﬁphﬁ#gtﬁgkggggggfggﬁgﬁ?gg&%ﬁgggﬁes, prinefs shoul d ge o vOTnes
Becawse ttechevdy srodrateti aoleaudds alfihpith geres deftap yheodrigited ratar, getubsequent
ene of interest is. separate appli.fied. Thu
copy FEmPeRFHLS PEL BrYRF ARaABTPH BhEIUTF N PIahe Fiesl efngnend the
refereBe bR, SAIPLRult,Hhe rARPA1BE Bwb @B&dsi AN b¥@hd4RBSd adcurately. Because
proportional nunber of anplicons corresponding to each
the capeyquenize ofith¢ rdferen¢essaqupngeed knawo, theecopgawimbsh of the sequence of
- volugeg. Becagse the newly generated nol ecul es of both
Interet SRBLOC FEFTBEE Yt he original ratio, a subsequent copy
nunber anal ysis can quantitate the nunber of pol ecul es
[0039f 1t Hedasinfetthajdhe amplifieaionr effigiearies s @nd Agfergnce sequences be
TN § i f . .he.
s 82 3blpgh R LEhLD, B RO U0 AR0RS. BABELTRERAGSS e oo on
copy S@gb@nC Eof thikreawm, ptier paipy ambiadplifiatioh kendeoueshoelddfe selected
i nterest can_be determ.ned, [0039], 1t is,d%sitable )
to-obiafratthip Hesup Tive i EARlTsAtien Fflirientyi o @ pgitofaprgmers can be casily
r R Gb&d AT FafadPRE AKX MALBIiYatBHUSH real-t
demnﬁﬁégfggﬁfﬁégﬂggﬁgﬁﬁﬂodu@gg;ﬁg’biag in the rg f&lof th(reealme
quantitatoveg TR ciopyhenamblysis. ofogenehiespressagoh, DNAI rmpliigiatien: Current

Techna(l)llqc()-j gigsn&ldl Lllap(ilacl:tatligrps. C\W;frqllo%(li}?argr?, ﬁgr%'ﬂ(,dU Re Hsoreilzgr(l: ES%jscience p- 131-145
(2004))

[0040] Although it is desirable that the amplification efficiencies target and reference
sequences be approximately equal, the limited number of preamplification thermal cycles

(typically less than 15, usually 10 or less than 10, most often about 5) greatly mitigates any
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to obtain this result. The anplification efficiency of
any pair of primers can be easily determ ned using
WO oubiosBa7¢ echni ques (see e.g., Furtado et al.,PCT/US2008/075636
"Application of real-tine quantitative PCRin the
anal ysis of gene expression.” DNA anplification:
differ€ites entefficetvyp budi st tiecisAgpdiffesncanae 1\ghprditam) an insignificant
Norfol k, UK: Horizon Bioscience p. 131-145 (2004))
effectiqporgresaitt-hough it is desirable that the anplification
efficiencies target and reference sequences be
[00413ppAondtedit ahplifegtiod methods lafenfirtosch imuthbert. dfor illustration, the reaction

. preanpljfication thermal cyc|]e t ypi I | ess t han )
eSS SO BTl SYSSF (IR SALNOA S or mi
. c Y {f : - :
typlceﬂf@)tnat 'ttayhré%rfs é}%ﬁ‘&l %ii?aftc?ﬁlyﬁér, [ 85 GREBE _rﬂa@nc%“nh GdRN®Vg2+5 UE the range of

erences are likely to have an '
abouti Inwi gouf [caM, eéfeebly onthe uangeeidbost 2 foam 8 AsMnovedotides, and

. anplification t.hods are kno in the. art or.
optiof AetP D brind TP Piske P 4 R R QS B Puifds RIS buffer at a
concedffBlibid bEaboers AR hOdbdRr &S A with GaddnetEAIdRQSI 1l @M @ 30 mM
m x) typically contains an appropriate buffer, a ) )
preferseslirlo enoferhadmeenitutie (10HS Tuiis epnientratien isayaMbin Hisogection mix
doublfl g{rgﬁﬁﬁ%) é‘%nnw&lgﬁé%{tilgr gngllx%grlrl] a%egat\ePlglﬁ‘gr%%yocfffro%p Qtut 2 5 to about

9.0, vl £pH M ofaBeuts. @k AHoneB S.as Aypied alpheendiatiomef nucleotides can be
suitable buffer is TRIS buffer at a concentration o

f
in theatgage oBabavt 26 maMoigtabgst HU0 M. RyRicalbhiadhe Faee of aput 90 mM to
3 ' ' ’ TRIS60 d
o IR 3 Aoy RS TR, 208 0 TR0, 70,
800 nilolubbetesiensrgtin a§ Dxeef 'Ot 20, Thiten? Xatdd, and Nonideah' Péy sax also be
H f f . .0, Wi :
et e i a0 ot SeS0 sl BT, Clcand
reageﬂig NG G E AR b Al nBYCIEold FRRdEAN THE PrélakbfiEAREGeRHftion mix will
about 25 nMto about 1000 mM typically in the ran%
contanf pabew fdothenpretampdificatior80gechivh. Ekeavptigsrsofred sprRra
concentrations are 100, .200, 3 400 00, .60 700, . .
seauegin s fd POIEE] G N G eBE TReB el 39T ARl s beine
prepated] Shoudh dodNerligein( fodhcddd Cortitralon0 e iptmhdtd@mcbiratiog can be
reaction mxture. Stabilizing agents such as _
greatefj edviabton pelespihag mapnr@rg}oaﬁ@t@tlp@%@s@ﬁtu} thePCR assay. Embodiments
. capt oet hanol i Bgl .
nctofEGE 0L APHAROR T A 0% 76, 5% R s, s or 10,20,
35, 56,85, vhelgor e2nnpbj 1 ahd 200 figes tdsothan The of thenpirseratoacentration in
eneral ly the same sequence as those to. b usgd in the

the P&Bb@s(s,@ue FMPERISEd SRyHe PEsTarWAi R9FtipR $aR ARAhics faedeimigners, poly A
tails, %ag&geral nﬁhﬁé}%@ﬁ%&aw% IR %safgﬂﬁ?&es@.oncent ration.

concentration can be greater, equal to, or
[0042] e SEhd feactidnhaixpeanmptiocdhcemtainhirefesengs ége far nohreal @R subsequent

ot Gl ERIETERLS HTELUAE LI o2, prl e LBt B0, i
referet:l'ligﬁe  isROX20.A @gmHYe'i_’eialt gvailq%'{_’e rdeefon 1R, c@Mni@@OROX dye is

| ess than that of pri mer concentration In
CellsDirectPCRRazgimy MRy CaeNosukldd4+100tand 17 24-50fp laivdilabdg from Invitrogen
can include randompriners, poly Atails, and specific
Corpjfier s desi gned for the PCR assay of interest.

[0043] A DNA polymerase enzyme (e.g.,. a Taq polymerase) is also added to the reaction

e
ly the same

mix. In one embodiment a Taq polymerase such as Platinum® Taq DNA is a recombinant

Taq DNA polymerase complexed with an antibody that inhibits polymerase activity at
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[0042] The reaction mx can optionally contain a
reference dye for normalizing subsequent rea
w@e@pnsag i ve PCR anal ysis results. An exanpl eP@f/U82008/075636
conmon conmercially available reference dye is ROX. A
commercially avail able reaction m x contai ni ng ROX dye
ambidn$ téag)ck &bicE eBhll XN yReant hotvitvl iX res€atd afNoshe dehAbdatiodGtep in PCR,
and 11754-500, available fromInvitrogen Corporation.
PH“WPOQ&3POV$4§¢A pol ynerase enzynme (e.g.,. a Taq
r 0
004 bR B A SR ® B e SRR ik rseelt Biicon are
partichl¥Ayisaited fecdipivl PR afraigse@NAd dot gimsr&mg\sﬁmng)dpbmnsdnw duplication

an anti body that |n its neras act
of enfitariBiMRIC b BrATHUES FODEE SaRyREs 06 PREEIYofyjoy yolume PCR

experfrﬁété) r &k glft;ﬂ PICH, h@etﬁ%ﬂ?&" §¥slafRalb) ﬁﬂnl‘a aB%aRs afe AN bfiaR@mple of
he pre-anplifi sanpl es

the gqmoepaDem byhe menbmtdf mdeIdﬁaltrh@tlpn%@e ntglvqm\@nommwsampée may vary

articul arl d_f naI ses.and.faor
from ghoujt |2nt§lﬂv§h?(1(?é&9h ﬁﬁegr‘érﬁgliyg Hl?pr}‘ﬁnlzbae{ i ﬁ588¥ eerﬁoé%’ed g2 sample is
100 oP ?feta’[e? Uhéfe préfeRib®y, 20D bt i@tk %ﬁﬂ%';ﬁeﬂeﬁb@ssag Oflgiehted Larger scale
urality of | ow vol ume PCR experinents. In digital

dlgltaPBRR caerisd baperfarmed i sthaett thelnumbst of psspys pfosied gpe sample is

500(FH%?%PG§Q§‘¥3§@F9.ﬁ§§f53g689|ven gén n?gps OP G?ETSQOOOT

greatéfa7r 500 (5!0%%&@10 Wt 18,000 o0 gatel, G(B@ n0fGer &F &&@rsqh:kﬁbrméd'lﬁlay also be
of assays perforned on sanple is

s1gm@qaeay é?rge aeieup e By 00020 te rabgiteat; %‘PO %tPea%%ut 75,000, up to
aboutpf’(ﬁ)f OS ¥0 a§(99 PA10 O%g %?%bd‘uﬁ%g 0086, er o?{ LE O(Rp%p to about

can’a perforie e nu assays
1,0005080f orF gfedteﬂthaﬁ 1SEOOI0e dssayS@er genogrie sdmaple. 700 qoantlty of DNA used

reater 765 or greater reater, 2,500 .
in 2 Geia G stga0s e griuceleoR 560 St Gregrae Gid Toegee or less is

preseﬁ’trlngﬁ ﬁfw?uﬁ'l‘ﬁgg‘ﬂﬂdﬂp@li r@ctipgsays performed may al so be
I cant rge such up to about 25,000, up to

[0045aboA|$ I5G10R0, mulf;gm@ Bbiotlowit, th@@re@mpdlﬁcdmsten,obe ceople (or a
poriS ey PR a0 4R BRcs g B De Mo RY i

genetilo M@I‘Q@ O(ed5 s aplibéils G&Mﬁbﬁdlﬁgﬂff@' farget ghdq ugBitehtey pofynucleotide
used in a digital PCR assay is generally selected

Squl@gQSh is Hestriboies mﬂepr@t%@p@tmma)@rfmw@ volugags” sugh ﬁfaé§é‘?h reaction
well qc}tﬁi%%: Pfgl{ %g!cu\rllhfjeu%n aq/ 1%'# %ff Cl%&eeﬁl%%l ab0ut [)IQGQ %1%1)11&51 per volume.

Flgure
Thus Pi@staiddtidni €atmen wsil @pve hbanpiiop, &m@(largat s&quémdemmphcon, or one

thereof) conprising pre-anplification ct havi
referqyce pﬁ@ﬁ‘@qnéﬁ analicoanp epgraly dgé ﬁ%t‘ﬁsﬁé‘iré u](ee p@eamplil%ed sample

(typlc%g?yllhﬁgpe of?]é(ie/gts RNGishdn LR GH Hfhe lirﬁ‘:‘eﬁesﬁﬁgféeso as to adjust the

. sequences) is distribdted into discrete
concdnbi@ddn ofisnpilicowasd itan onbl (mesvesageh thdiatareagh areaet dngplicons per

wel | includes, for exanple, of no re than
reactigh iolutie ARBIER BhSGBF CusH iBaProPHESOT o dre Paaibiabign Step can be
used m }f&ﬂ?%dmlbh JTNENBORPRERBA eSS B HEHoBARMABL At is generally
icon, or one referéence sequence anplicon.

usequemeiddI dew ir¢agests udeftud atmplificatismeincheing, eptrphalky, ifferent primers.
Thus, the lt)1olog1call sample, either prior to distribution or after, can be combined with
reagents selected for quantitative or nonquantitative amplification of both a target
polynucleotide sequence and a reference polynucleotide 12 (Step 2).

[0046] Moreover, although the preamplification step is generally a PCR-type amplification,

the second amplification (i.e., amplification of the amplicon sequences produced in the
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(typically 1:10-1 :20) and/or use a snmall portion of
the anplified sanple so as to adjust the concentration
w@booanpdirEons so that only (on average) there BCEHUEBD075636
or one anplicons per reaction volune. Although in sone
cases the product of the pre-anplification step can be
preany{S#itatéri) At be agdietl oanusidg fryr ztrimﬂrﬁcarmﬂl nfethodtsucinas, for example and

reagents (e.g., polynerase eraII us
not laawa%%wfv@é@eﬁﬁognﬁtw tlqel- }ﬂaclefq § SHraREn @J Ampiication,
L4y, t Hevar RRIRE Qk Q1 %Il
QDL 1000 LT BB PRy S R 01 28 Ayt
synthedpddl frech liinithd rqpagéties sofsiedt@ogeroio thﬂuSaannotaItfcvt{/ elcad Scz US A
nonquantitative anplification of both a target
1990)pol ynucl eoti de sequence and a reference pol ynucl eoti de

[004732 Agn]%&fdzabové 0Q4Gin N@raﬁﬁx‘é@htedaﬂhﬁpﬂ'}égngﬁnhﬁl of DNA templates and

reanplification step i s generally a
amphammsl {af fuaetidnoof, the Iamoset@fiﬁﬂal'anglg]eﬁwm@tDNA (he I@lmber of ampllﬁcatlon

e R 20 2 8 SR G0, ASAUBIES ROHUERS U1 ve s
to aclﬁ@% ﬂhfe'd%ﬁ?éd%stﬁ%ﬁt'i&fj @h’é? br a8 if Qe a?%@ﬁﬂie@erﬁlﬂ% ﬂh@fconcentratlon of

limtation, Nasba (Conpton,, 1991. Nucleic Acid
ampliSenganthe- prbamhﬁmrpm produgts end calgelatecarzggpromiatg gmount for input.

991 ber ro |
Morha R kDR B bR B Borgesca. por
exampRL ﬁfeQ%f[t%CblhﬁwﬁDthtﬁé o chiatlerAaipdaatliable oA Fluidie Corp as the
not ed above, it wll be ap gaﬁem ated t hat

0047 th
176§/ Digitahnarase mipws 3 dhort bebed (HmRiAReOTON &ptlonally
f
O R S e
dilutiafi dthe hEnes isheuldf bt heraighacaridopassotthrvest) the |drigie adpbsteently the

to achi eve the desired distrjbutio of skill
concgniatign Pf@ﬁﬁ“&&ag?%‘%? PRdec Bg’fﬁqigﬁq‘g}a et afrp: i colng
[00488]‘n F&ﬁ)vﬂflg aRIYutibh, Ctﬁ@ g@ﬂbnﬁE QG 3 candine@hsiRd Bluddlity of reaction

ropri ate anount I nput. More conveniently a set
chambérsscen bakmglified tooifmsthcxf ccmldectpa@alqﬂssa‘ws saif tndgherodne the number of
e tested., For ex evi.c

reactigh Yoy BrSriey R AT RanS PrbToefbds dhf BRFD o Tefet it Sequence
were @é@%@t‘é&dﬁ?lgﬂ@él Dgi trak séondemphificoiéh dad b dabtﬁédiklit& ukidg the same

be t ested si nultaneousl! y. Cgtl onally the optinal
primeti hyipdedin Swrprinpldication edifioyenypiarit(pBg acFP se

€g P For t h d on..t |
[OO4§ h o]‘éefge %Iglaé (ie?ectl it r(]i d 1%%1l sg§ qﬂgsg%%é %P ll;ee coh&?cted so as to

distinpulB e§1pent itb‘mfrh@g Cfﬂﬂl@ eth rtatgeo pobinutiaetidy Icgmlpaﬂedsmﬁiee%ference
can be calculated fromthe plot. [0048] Follow n
polyrmcheptdd%(ﬁlg@ﬁl { fle Fg@ﬁéwwelenﬁ%a&%@ S@B@f?f&rﬁ@‘&%Sttgﬁ gpngpe used fo

calcu! a ﬁée rhtlo @ g thg arﬁltnll SHARDESS v%%e@ec&%hl'n?' t%%et QDolynucleotlde

r conduct sanp e assays sO as to determ ne
sequd’ﬂdﬁsberfd thie muedet ireitivio NU]MHESICDnWmm:g]rdfhen@mlymﬂﬂ@tlde sequences.
corres onding .to the target or reference sequence. were
Methedy s Fihsa TRt R Soiner ) 2 BB 4 P A PBReIon abou
targeP@&qd%ﬁcééaﬁlr {h8 do B eUSH Qg;uBﬂgt %ﬁ‘&ﬁdlﬁﬁ'd@écﬁoﬁ%fué’e%gtlé Reletions or
he  preanpl i fi catl on or différent primers (e.g.
duplmasme,dlcseto)f he[tmzb@os@fefr@r thet liled, sueh estdngnplary (eg trisomy) and

nume&}(r)]liﬂsI Xﬁllers ggr];etltcha norm 1t1es0819ur91 epa?lugrtl Ff‘rtljetﬁc'od a’[eps including various
differential detection and analysis techniques, is provided below.

[0050] As disclosed above, sample containing pre-amplification product or non-amplified
genetic material can be distributed into discrete locations or reaction volumes of a detection

and analysis platform. Distribution of the sample can be performed using a variety of
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di stingui sh signal stemm ng fromthe target
pol ynucl eoti de conpared to the reference
wp@odognssareot i de (Figure 1, 16). For exanpl e, apal/ysioss8/075636

of separate reaction sites can be used to cal cul ate

the ratio of the nunber of reaction vol unes containing
techniqaegaid gwiesvadiesy ifsteexarpite floesbasad distébutionbie microfluidic devices
) reactjon. volunmes containing reference pol ynucl eotide .
inclucigyBhEddy OMEPHbUIUBRACHHPT AL %%mbﬁﬁe_cgf‘él?@@% {Bg difigpution step
of theA@nYAd @&cﬁ@&iellﬁlérgiﬁl dry irﬁﬁlle?lteﬁ@d'tgﬁs‘?ﬂe[f@fsérﬁﬂle aRAMal loR T efest, e.g.,

sequences I n the genone of a subject, including _
targetdat ecfeicnte ahugeretrite irdévidtdl oemstion sitksgbi knter idotestion @slsanalysis.
[0051?2_\8’%%{%@ %gic’al éﬁr&liﬁ/ﬂ&%ﬁ%ﬁ%&%%&érosf;vgﬂlg?e?sc e P Imoolre(:j %mpliﬁcation
assayé'ib%?ﬁ Mol t i BRluctblr t BRludie ailul@fleretrBREOAS €@Stection  quantitative

Including various differential detection and analysis
analytigemplifice®n i parget dedymbelootide [ 0gBBNceAsandi se| sdeaed reference

above, sanpl e nt ai ni re-amplifi.cation, pr o .
T T R ST
detectilirS ECBRiGudsO&Rh 129 WSgifl PCFREHAI Pis, ROAIRBg Gtalairle PER &@Res and/or

and anal'ysis platform_ Distribution of the sanple can
compiyangend gomsdmagen gl R0%itiVe seaction tBEMRPGUISs oAk RssRyy vegss another

sych as, for exanple, flpw based di.stribution in .
wssay g R P e G0T Buatrhel i Rg 51t r PRy aBPtedfgpips/uL) can be
calcul4RUUER o R GlIBBr 8 &M ERENRNSchak®BRNialthy devifiethat contain at least

distribution step of the methods described herein are
one copppblctirairteavence and eraticoennpeniraienepf wrechand rafereragsequences can

. Q.. rge d reference s e int o & NQL Vi L
ve el 30 SPLBE 5 SHEPOG. SHCFRL b St Apheaion o
12/170906 M ddhirtl Bppdratel fér Phiermining Copy Neatiet darisiiéredsmig Digital
vol unes, one or nore anplification assays can he
PCR, dowdisht & dneqraeisdi b reteiensgofanall guppssnsAlier ety s et al., 2008,

"Matl%yr?a@itchlt Ailtmélysqs gf]éh Nﬁﬁl@@p{/g;iht‘?cﬁlt iIIanDﬂfA Sé}ﬁﬂgtUsing Digital PCR on
pol'ynucl eoti de seguence and a selected reference
a NarpdluydiciTleeae! BE0S €NEBIBCE): eT8ib. dat:i @ 1871/ etrat pect.0002876, which is
_ sequences_in a_sanpl e can be cal cul ated usi ng
incorppapteg by 6#6%6@8%?%&[]2’%&5% as digital PCR analysis,
nmonitoring real-time PCR curves and/or conparing end
[0052p0i /¢ désnmlebabofvepbs pteaserd ineation drelutea msdasls fapd applification based
cen SRR LA ORI, B el B e g fRceotid, e, i o
genoth OPh §afii) aiPih RencCiabettad! £@raiahpgfiddion Rteptan befperformed prior
positive reaction chanbers in the device that contain
to digtributiest oloribe cepyplof int Hatmisedliedie edeiier FoF afubseqyent quantitative
caoncentrations of tar 20 1S -
oot ORI P P D04 6 ARES"BLURAGER, 5 s
copietoBonPadrgetAmlei £atiodsly Npaceli2érl Hddsbée Civembadngrad thus the target
Appar atus for_ Determ.ning Copy Numger Variation Using .
sequeppes ¢aanoFRoPtMaly Rastifien e saraplear By neequipifbac foflysis: e.g-
.al. r es. . S . .
o i R PR R SRRy B R FROBe sopie, of fre toraet sene
may tNddBaephreedsi qambBiagid @l one@Rdlocula ratberdhiruivdi. cAGevdiogty, the total
PLoS ONE 3&8) ; e287g. .
numbgppt aqpies? 1 & FaN O BRLEIBHMASE, which is
[OOSS‘(]”CRE&%@& e% e rp?%]s%ﬁte ngeentioh, aNVPHIASRRs WHPIYDicABy include
escri bed”above, ‘the present invention includes
calculibhodf "aclatianpopy i mabboh $asedto advantageously distinguish apparent

differences in gene copy numbers in different samples from distortion or assay noise/error,

such as distortion caused by differences in sample amounts. The relative copy number of a
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techni ques for determ ning copy nunber variation of a
target polynucleotide, e.g., in a genone of a patient,
w@n9sB130Me i nstances, a pre-anplification stEEI/US2V0HE5636

performed prior to distribution of the sanple in a
m crofl ui dic device for subsequent quantitative

gene @IEplgefiome)t daarbeasxpraasal assths ratir ef thwp:lopy inoabeoof arm]gd:jegene to the
desjre for exanple, ere. nu of on

copy FFP Bt g"éﬁégl%li“é’ycrle%f’é%ﬂcf‘r ggbf‘a@eadbﬁﬁ* %Eﬁgﬂ% SpGFAgon (copy

numb@xgqn ! ntl% JrahIFitichE %ﬁ&?%ﬁyﬁl@ﬁlﬁ%q&?t@pt BYRKInY two assays for

reiti fromeach other during quantitative
the twmgdnyas (the targe. polasicitptde anslthe deferenc polynedlesftidg) with two different

Vi C In su h cas nultl e .con
el Fage e RAro05 2Eh b B Gk bl ogh b Rérein can be
used {mélﬁﬁlﬁhﬁeoﬁﬁt}ﬂﬁfanﬁﬁ%dtﬂ%enéﬁcﬁoﬂhg|SHIQE)DNArkﬁninH allternatively, and
umber of copies of the gene can be underesti nat ed.
less cp@%&]ntlm&l@rtmﬁtgamldlqone( e peeamplidicaiien)an beplified on one chip
cul.atio

of set. (3 éf;aé:{lp{} é/o aHgl I];.]%ey t‘rglstcai"rlgl)lycgil{] @'Jr u ?1!;)?1218% qn? Qard {)e assayed in a

dlfferglhtsstet @igalihﬁtboﬁﬁ) Rad ﬂl@tdadll éoﬁﬁfa@é& €Bhd Iﬁtl@ en ﬁleg@ﬁ% getieb & the relative
in different sangmes fromdistortion or assa

copy nenbey/ efrthetarges pelynaeleefida ssAveNSH U584 werastfm@rlawé\e%ample In
n t V.
one o BB BB 2Py gl L G Rl o8 cotumes

in wIﬁUlﬂbEé tﬁfgetaptbl@ﬁ@rﬂéotgkenﬁqhmdeher supyquennd eheredf & pltesrgit e(A) and
opy reference gene in a DNA s g | e of known
deterrs B HerBaTaSh of E3pYOMUMBEY 1 W {oheh @&#ﬁﬁ%ceoﬁolwleotlde sequence

or suﬁ’s%éh&f& thgi‘@é)iﬁﬂ [%résethy QBF aalnl{lyde?éi‘Hl@Amé Phat - tth¥015’55hlﬁ‘rﬁbérV‘6¥ the target
assays for Wo gene the target pol ynucleotid

polynanldotﬁdae i ehcer@ncome pel qpptmdlm@ﬁel}dewa}\n toh (AWd3)dk fl‘ﬁ,ewéame N is the
| abel fluore n the sa

e 0 di,qi t al
predelfFIGRED 4eRR i PARHETRE I o R AUBR peLllcpe §derstoad tha
the (&j/(‘ﬂ}h@ ﬁﬂ@ QuiSed a?Hﬁﬁ'iﬂqﬁt@Iyeto%‘p? RehRE bbdhu‘éé"'?lo&ﬁfm‘ﬁ O organisms

. Al'ternatively, and | eSs conveni ent
are lq“afeg&t hlamnm moomslly haventwer enpigs| dffsometie Pbﬁ@w%@ﬁefﬁ@/hﬂe the number
o anfBoR L UEE 1925, % Sy P FREHL Ty e eor
For &&sied éAp Ragli bd expbtimsatllpf dasmlinedns dadoidheandatB) may be
conpare The ratio of these two genes is_ the relative

experirpgifaliy dgermiped thie 696 ged Nowiay bgcl pathagloid éﬁ‘&f’é‘?ﬁce(A)éﬁB) x N is
equal?ﬁ(:;] glrgje t%géx%g(gﬁ&tglgl Susﬁﬂ’a%hs 3758141@ bd rhn%@l%to%epfcgqgl@lcate that be

rize determning t
apprdﬁiiﬂtte]ry nf copias bif @npsrohapied denombi(ch, trisentyarfgl)t See Figure 8 and
nucl eoti de sequence or subsequence thereof is
EXH%W é%WW (A) and deternining the nunber of reaction
vol unes in which the reference pol ynucl eoti de sequence
[0054Qr Awiasetqﬁrdc@ctlcbteplatibMSorpn@s@hndlc Beyicanshddeetbpdd ¢Ang used in

the p@ﬁ%c (tétﬂtg \% t1 H‘ngr?rq%;?rtggﬁiuégr eylggsl(%n ] eocr)lts’[I d ed using a wide
vanet“}‘/h &€ Iﬂhtbﬁalﬁ hesu@l'i edet era83, n%sﬁ@noﬂlébncoﬁhéstﬁﬁimef p@fymers (e.g.,
he reference sequence. 't will be understood that the

Pol.‘/démWhG’B)loxaﬂﬂ, ipsl yuedthaned Oam@h@xmiﬁm@rsy/ tho ewpn gmbeements of the

preseﬂbpﬁgﬁ ec&pp lﬁglgfg}‘l{lb%c ggvbceé usg(fl M2 4§ é[ acs:%ec\é\é n(éfe%l?rgsgsgﬁﬁﬁo&tlon are
typicilRBcdndiFigsd af |t p&ﬂﬁ%ﬂﬁﬁ@@he@b matekhl fpdesadtucted by single and

invention is inherently subject to experimental error.
multilayer soft lithography (MSL) techniques and/or sacrificial-layer encapsulation methods

(see, e.g., Unger et al., 2000, Science 288:113-116, and PCT Publication WO 01/01025, both

of which are incorporated by reference herein in their entirety for all purposes). Utilizing
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For exanple, (A) may be experinmentally determned to
be 936 and (B) nay be experinentally determ ned to be
wG2B9asHd78N may be 1 per hapl oid genonme. (A)/(BYCRUBWE075636
equal to 1.57 (approximately 1.5) which would be
understood to indicate that be approximately 1.5
such GRS, Rficréflelc damdedi dndrndestened .ig. whith isslotiyn (ﬂfovsA)hrough flow
See Flgure 8 and Exanpl e bel ow. [0054] A varlet¥ ?
channglst &fcthf davipe i SO TORorat g8t BY Pl dvléh a%‘%/%@@fea?fal rol’ channels that
are stJrﬂg(gsﬁgrﬁ‘nthgeﬂ&%eaq Belt BZ 4 @fétst'gﬁfengf meRBrdnBVENEiMent.  This
enbodi nent s eV|c s can be constructed usihg a
membihEeoViziTehty caaf beddfleriedlisto @ uetacasl fbaske flpivadanms] with which a
silicon,. elastoneric polyner

Contr‘ﬂo‘F}VﬁPﬁ"]felﬁ W?Qﬂlqt“‘d%( 8 éppbb‘}%/a? @Pé’l‘gﬁ&‘ fogee ¢ (i control channels. By
contr&ﬂh% ﬂfelr%e?%ree t§ vﬁﬁ&?l‘f &E’%’Qﬁjé ﬁ%ﬁ%ct@é it 6r R@sRAbut from the flow

I nv mcro evi ces used to carry out
chanme§ pehitendaiov keen pe elmmd arnangindly dhockeé thrppgle thel §ow channel. Using

constr ted at ast art f t
combghigR 8 OTRLILTER FETEl yhis i BERE TAPYE Pagiity of different
typesstfff\tal\l'e'stalﬁgq{lﬁmyfo(' atfr%csﬂil‘lht%eﬁo@%/ d¥cribed in extensive detail in

sacrificial-layer encapsul ati on net hods (see, e.g.
Ungetuetgds sigraal CT ?@Gﬁ)@at@o |Véﬁc§l§/423985 and WQ 01102hd PCT

ublic 01/010 0
[0055] f c%’l”b‘ﬂ 8581 VOP efler cémﬁr El |Jﬁc :Aﬁe\flﬁeesl rd%%crﬂblegeth f}re%nor can  be
1mple%léntdatih%§taﬁl)e to Weithih Zir hofrepdsheaalsic hteriol) whidh @re reco gnized
devi ces can be designed in which solution flow thr roug

generhllpin Ghartndlos emmnln,ew@@k ckali (CuPmPIRIYPlyEer (F]%?é%lf’tr)’:r?nd Ed.)
desc g%; oéxpeTr NG ok erl%o ta't'e?ll "Cg'?r%ﬁ!arﬁ a@aﬁ Qrs existing at a

ron1the anne asto
temp EFeiRd aj’b@wéHn Skgieglhss 'ﬁhnsltlme n‘@h@ﬁﬂl‘uﬁb amg nprIefacann bemperature.

deflected into or retracted f on1th f h I
Elastomprémaiesiah woibTt anireproperiss beapss B Hﬁ?w : E}'g?}r}ﬁgf e%fy undergo
torsm%glt {ﬁ%{l B%&?u%éalﬁ o CAP HaAlboRE %Hﬂﬁé 50 re@ﬂonse to a force, with the

e to which the nmenbrane is
back‘tdaefa lchaihe dedoritng torassume thetpewr shdpefinde asendd Q:fvvh@ erageln general,

sol ution fl n be slo or entire bl oc
el PR S RTEHEDF s AR, I R GO HAPRBr el shape when the
force GO Rled 2NHe flaQitig MM ed t19fcldshdrerid/Bteri P8 @a€ BA characterized by a
prepare a variety of different types of valves and

Youngtsmpsdilos. ﬁ@glﬂl?etqnmfgi%mht@rlabnltlﬂllz i thegaicepfindig depices disclosed

ext ensj ve det Ln_ U ap, P
herei T T v 08 43 a it o e ABBEr e [doBky gy fpsances
betw&linSIHoLPLS PN 1100 G invk@ll efhktindiagceteisees zﬂb@StCIO bed 1 GPa in yet
herei n can be |nplenented i n-part due to certain
otherpmssprses beweert aluiuasP Saer i0cMiarasdi 15|C§“a1m8&@°%srké¢tweeﬂ about 100 Pa

-1 }[900?1% tfa%gm? SReL A Xa\}lﬁ% ta%uﬂ%hs m&ﬂﬁu@é@tgﬁé %fE gﬁl)sé EREGKs can also

enpor ary yne emstry,
be utiiese défeadingelpas tiamieds ofd paretdst appiicatonmat eri al ™ i n
eneral as Polyners exi sting. at_ a teﬁgerature bet wee

[OOS%heﬁV@gl thes remapdqus; BryersEpel RODIRET afleF PG BEFWS?FS synthetic
methb@TRELALHT &ndfHoast bt%nllnﬁt Sldidles, §Wﬂd@'ﬁan$éy@§&>k@pertws can be

properties because t mer chains readi under go
selectedrfat ogradin Itmdssl o applipzﬁrdmst Tlhlﬁtﬂﬁ(bde; with ot gardretobthe lpesaet invention,

chains inr force th.the backbone s
there i &SP SEBIOF ﬁﬁpqssl g%@ﬁ%m?wsgﬂ? ﬁhafsﬁ’&gb PO f grake monolithie
elast@RERNGEr8falb Rl sps. | o heiRI microfluidic devices described herein are
fabricated from an elastomeric polymer such as GE RTV 615 (formulation), a vinyl-silane
crosslinked (type) silicone elastomer (family). However, the present microfluidic systems are

not limited to this one formulation, type or even this family of polymer; rather, nearly any
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el astoners deform when force is applied, but then
return to their original shape when the force is
w0 20998378 The el asticity exhibited by el ast onePCT/US2008/075636
materials can be characterized by a Young' s nodul us.
The el astoneric materials utilized in the mcrofluidic
elastohedticC pslyties Gk amedblber @he dhppiec afl Inyattrdale tapi¥aiynglepends upon the
nodul us of between about 1 Pa - 1 TPa,. in other
particulis BAEES BPFRER (o 10D pESistaris0 SefHaCsS gas ppjeability, and/or
t in
temp%% ggr slfaﬁg{tggc njggt%:fﬁe Za%gg%atég E’é}ng (:Bn%@ed A&ﬁflgnal details
regar@igptthe nypa st aisesndizt meenabbhat caxﬁ)(be%ed i ﬂh@amanufacture of the

El astoperic erl | s. hayi Youn I us ut si
compgReti b ey RisEa kNS feicen TBR Ot hon r%%gﬂ%l? §%fnet % 2000)
Sc1enEE98§q?9§19farﬂ thuﬁHeﬁfon§Wb'm36QB aﬂ(pﬁﬁﬁbl@m% and which

the tremendous diversity of polyner chem stries,
are inpopotatabiresein by mefesnice immbtinoutsrety foaell porposwndi ti ons,

aqtenti al .addi tives, w de range of properties
[OOSﬁagD S @%%%%&P?Tﬁ*&%ﬁ?&%ﬁ MBses and applications.

[0058-ﬁ_heA§f119({1§atedN' tbEhni QBT She (ﬁ)réseﬁt pReseIH calRBEgoRdle use of a wide
there are a | arge nunber possi bl e el ast oner systens

Vaﬂeﬂ}’h@& d@emlonaolaticemt nohgies htghouhrctqghputems@@%wéw devices suitable for

AR TR Pap RIS GHB) ST, componens,

thernRlc At LAPELLS aeUeydrBed S1 SltaS déthil B&Nv&/ﬁ 15 (fornul ati on),
a vinyl-silane crosslinked (type) S|I|cone el ast omer
[0059]f alkni drye) empslimagrty mieBuighiedentcsniviabip| for deinsipgrapgent invention

can be c%nﬁ?jctéd] & z?rg%&ﬁ%lte %ﬁ n?uﬂﬁha or B Bt ogﬁg}ﬁggl{?fg%? techMfifbes and/or

rat near onmeric
sacrlﬁkﬁhlyla}%efr dn%a@ulahab |n&:th6la?.e @iobests MSInapeoachl isvd:lygﬂ catihg a series
depends upon the particul ar [ ert

of clagtomAgisaey Eo s B E- Mgt Ao el g ?I{%}p‘ GRRE ﬂge 01d and then
fusmgntﬂf: Yhydi€ %E%ﬁérur &n Sth@béabﬂlﬁéﬁl LSQuih&dsdifiort Eﬁproach patterns of

cation bel ng conducted. Additional detai
photdresgsirade depdstied whpeverf a ehmbrﬁedqsu“edmffeﬁsﬂaﬂeshmm apdriheir use in

be used jn th manuf cture of ¢ one
produig BRTAMICE Ge0TBes JHLEragRaTHar SmoareTsde okt tidh 000
Scwn@@%% 188-13k; af@BPDhoCEEACE20088: tn aledlﬁlast@ﬁﬂ:r PGidic Lab-on-a-
I'i cati ons WD 02/ 43615, and 01701025, and whi ch

chip- Sméaqen%ieponetae@ Di\é/?xé?lﬂgwtlﬁ%'f & Brocecdimes ofethe Sohi TtaleyActuator
0 De)
o {35 BAORONTF o AP CSHNSE P HERLADR B0 .t o

whiclPisSif€dthoraftd@Rtdi®By mehmmrtHQf a’(tﬁ'eﬂystr af plapmed e
variety of detection platforms, includi

[0064] hrbu@rmfuthenfoeerg@mgﬁwaol%ré\f?leeeﬂga.n@%qxg mma%d.laml&? fabricating
moth?ﬁ%lp?/dg;f r|t8 1:%Je9§ @%tﬁ%ast@ﬁ@ﬁgﬁa@ep 1tﬁ?1¥é &ntro] channels) and bottom

Sys conponents, t her nocyl i ng
layer@S@eg} shar elasleserié blagteri nmgh eteeflodetchnhndiol ow. s{1@069}>vafers by

BT T TS e T T
premyélﬂé lhﬁrf i sﬁl'nngéia%n%ngatéml lb}ﬁdt&)éﬁ’ét SRidnels! Eu'%oﬁfrﬁﬁhyb}( MRbdsing the

I ques and/ or “sacrificial - ayer encapsul ati on
photaredistots U\Oilleghbﬁe‘llcmldﬂsby alepelopminti. n\Hday @ angnpmgs and protection

series of ric,la cro [ I
oG R SRS ALY BRE R T S IS, Phosen, .
Scherer and S.R. Quake, Science (2000) 288:113, which is incorporated herein by reference
in its entirety. A mixed two-part-silicone elastomer (GE RTV 615) is then spun into the
bottom mold and poured onto the top mold, respectively. Spin coating can be utilized to

control the thickness of bottom polymeric fluid layer. The partially cured top layer is peeled
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fusing the layers together. In the sacrificial-Iayer
encapsul ati on approach, patterns of photoresist are
waeleposstierl wherever a channel is desired. ThesBCT/US2008/075636
techni ques and their use in producing mcrofluidic
devices is discussed in detail, for exanple, by Unger
off fré&h &l mold240R)bakmigeinake 28&1 it 4B QA {d625 anidutby, aligoer amt assembled

with ;08" PHET ori g BRATENAABE pridets ¢ e 9 b e B Tayers

1rrevegsz‘t9§ee6h&g§| é?éd tolﬁag§gll Jch% Rt e sﬁ*R:BH 3hhePRAISARORTV device is
rkshop, H'lton ad, S C.; PCT Publi’'cation WD
typically/tBh@A5yitteHCR, (01 NM30ahinias 80 ﬂ@b rﬂus aestheherats 1o dgave some of the

referen n thejr entiret I rposes. [ 0060 o
Si-0- B dherebrien g g Ve rakaBt SaTRah niogs Resigphilic
0061:] Nifealel e lcRY Q{eﬁ%pﬁéll?d’llyo@}ie?ﬁeMW%éalg@'cdj§ stppbrtt ABe support can

ayers (e.g., the elastoneric |ayéer with the control

be mapuéachetd ))f as&;dntmbkytajm rlnatyga]s attbolgh thc h@rf@qeesbp@ldéq @at to ensure a

BT AT R ) -

suppof@iiede %S%ﬁﬁl&@ﬁdb{ﬁ:lﬂ&m rolled precisely by the
spin coa gorate Phot oresi st channels are forned by

006233)( P chagloph piedtase@rdingt totthe fovegaingmethsd réwgﬁmtgae substrate (e.g.,
ooss LSRR e 5B o U RFREE ASBUAN S8 B e remores
from HRGESthettnold. is Gkdet tola thitelastemerimehttigiecsuch nitht aeRlow channel is

Quake, Science (2000) . 288:1 13 which is. i ncor ora}l
totallm@?céq)s,q by clagpaedn sratqripl The sy tlpgteiﬂstoquﬁc ¥ice can then optionally
el astomer (GE RTV 615) is then spun
beJOllh%&)tgpata{%ﬁeDStg%%%%%%ﬁol d and poured onto the top nold,
[0063] edpset Foradayion Spi n coating can be utilized to control

the thickness of bott I fl . Ih
ST R R AR e —
depos‘ﬂfe& af tlﬁ:axléh&g)n' diteb r&l‘ﬁni?g ehindtacRRe, Ofre fio¥medSoMhdét|8Fors. The bottom

i gned and assenbled w th the bottomlayer. A
layer is the Agyer uppm adhldblaﬂcegfalts 80 depditeduddd bottomi lagertdaa s forped from

. layers irrev bl ed.off fr the bot
variow MR oo P Rriredeireieet 610y gy M methods,
TypichllgatiRd térial HeL p6§dikhbthyd6i1dKahe a(&)lﬁ»QSp(é)astoTﬂiErS Based upon the
treatnent acts to cl eave sone of the Si-OSi bonds,

arrangeln@ﬂéb@/d logplinsi ofghe yacosy sitps Sigs 4 dasaed feikthe paEceABdRYiges one can
deten’8161te tgter}g??a%%télse lolﬁgtrhﬁe tio%gr% }y@g élg@a)éﬁ th%a%ﬂ) &%ﬁ'&te rea,%ﬁnts should be

spotteslu Maﬁs&lammlsﬁt}ﬂbﬂpﬂ@bhr 2363 dﬁpoﬁ&ﬂemﬁlb@isl gpoasheinks to form a very
mat eri al, although the surface ghoul d be flat to
small spgtur Bheonjisgally daosited reprEs 4z JePEHHECPUES U gyl bond s not

fonneqll’b%t&/ nqg%' ggrﬁ a{ng EESirrfab& th %ﬁ\s@‘me? We&a%@é %s %@ME& arlier, the

I ncl u astics and I ke
reagedte\ar«:msenﬁed ttedzhsmtm)mctha garhpletshiatibo Degaout u@ntmthmd into the reaction
result in the substrate (e.g., glass slide) formng
site. gne wal | of the flow channel. Alternatively, the

[0065ge }?eeotﬂ&cﬁmg eARYLHr {Heo(ﬁ@vtl&earréq}lg%ye?q}l dviiigh siRafieR’ dHAnnels are

in elastoneric nenbrane such that the flow channel
formddsartdathelldypr enehobete contedl asd cmtapnailyrmtaed plaannerstaée formed These
el astoneri.c device,ca O(ﬂ tf% all

two l?ryg?%l?gta Ip{%anfdsal%%r pgtat %%%Fatl met ' QN 1Y thlS section. The

resulting two layer structure is then placed on top of the first layer onto which the reagents
have been deposited. A specific example of the composition of the three layers is as follows
(ration of component A to component B): first layer (sample layer) 30:1 (by weight); second

layer (flow channel layer) 30:1; and third layer (control layer) 4:1. It is anticipated, however,
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[0063] Layer Formation [0064] In one enbodi nent,
m crofiuidic devices, including those in which
WO e@gesai3s are deposited at the reaction sites PUF/USIP08/075636
manuf acture, are formed of three layers. The bottom
| ayer is the layer upon which reagents are deposited.
that oftite dopipbsifivhayet rarn dietht elaseahdricotnmvamientsscan be utilized as well.
~elastoneric materials as d?scribe i n_ the. references
Duringithig prdssy dho Feasien AesHBa S ETe7pI e ths SeROseizagr i ighgthat the
| B E r. Based upon the
reager@?%ﬁéﬂiggﬁtgﬁ%{& gﬁh&{%ggg@roﬁl}% ri&hg&ﬁ gggzt ion sites that is
[00661 e 3h raecbrilmrcetvigh faer priesant dmvedaun,cthermmugclimncatebe periferened on the
. he .| gcations on the pottom | ayer  at ich the.. : .
mlcrogwﬂ% Viggse Ip 83‘@%& tgﬁ'mmcxcl @PoEsE IR ARl fispfig reactions
that f: cﬁitw%ﬁga%f Smi10RisHARAS] WRkin I RAMrSI@MbER! | Nks t o
orma very small spot. The optionally deposited _
[00671 e dyemtberarfeliffepoisoritions stivryingsophisieiiahent avgdakieifer controlling

not fornmed between the.reagent, and.the surface of the
tempebfiey BB “Hegal Eeobe e R RO Bap s o b B sRlsylep Ths, o
used &ini hE8QHE EniRrai®cehi6lldNs hitanSHORdIe t6 8¢t foend@Mi€or element
It is introduced into the reaction site. [0065] The .
that cot lregulatadempgratuse of thentirsviniseotipidict ¢rriqeagiewithin upPEtpn of the

. he,.fl ow channel,s are_.fo | i i . . .
wero BRSSP ISR ENE R g pnions i
a matdk 85 Blitd\¢hahayaype Micoiidfeateeitenccording to the general

met hods set forth earlier in this sectj.on.

The
[0068] e Sinnerally, theodqvagesrare plaged g thempHetycling elae &h thegpaloycle the
dovich 8 S YRR, ML SRS R4S DBRR, pctcing o
examploethichTaeniciybagl iPx2aeFrhokinpwsIA)y Vi oRessérch oPHGH2OAt (Fouth San

to conponent B): first | r (sa e layer : )
Francisgo gt ) PIEBATE PEE) 455 01 [ NRRY - s Pagt 2055 grinceton,
NJ). third layer (control layer) 4:1. It is anticipated,
however, t hat other conpositions and ratios of the
[0069| &kt emserd thecwapene of sharmal beclingi stépseth egrtaedpviceuit iingseful to
) this proce the reaction sites are aligned.with t
incongE PRl RBRIETETaNTS Rarpe eiTp A Etict 'Ond Mfcture for
detecﬁ%ie&ﬂp@ﬁ@ﬁe% b hRmbBOUPA P QN 4 Bletmb@Bld UG bE Ereated as thin film
[ 0066] In accordance with the present invention, .
wires phderned g terngdedving subsisiateopatedalopr aHuires iBeRsppigied directly into the
. vices. .| artic t hernocycling can be used to
mlcro?%ﬁlcgtﬁéle}a#l%cae{ imoartler}rjagg%?lf'ons that facilitate analysis
[00700T BaftRk e ntbasd rébut@geraividi detédiionieadtorion chanberiscluded in a
0067] A nunber of different options of var ing
systerySSHICS of BITeHon e RCRiR | TBIeE Tl CBRERGHF CAfyaIs0 be sensed through
e Ll 0, S & ; st
o s ETREURLHER LD, STEFLEhAMORRLhuLe o ype of st
availdbietd desitempdritard en nediemspeat ampliftanion deviee. iAgotheampproach to

broadly to ref Sr tB ﬁ devi ce aor .el Smsnt th?}ﬁt can h
deteciig oG B PR &hE IS¢ KE ABrIDTREarTBIH | (1ot BOgy FRoseh (o
tempc\%ttum dditdiof i?%&%@ﬂh@ﬁsé NI ALt Wiidbs. ERMECEediSeal phenomena,

n a particular tenperature region or at one or
such aw cepdciimcti adsindnctanazatcan ke aikploited do sletash édmpeygdare in accordance

with emgoﬁ}cnlegtlsdolf%hg S}/elsgn%)mventlon. Using known equations for thermal diffusivity
and appropriate values for the elastomers and glass utilized in the device, one can calculate
the time required for the temperature within the reaction site to reach the temperature the

controller seeks to maintain.
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[0068] Cenerally, the devices are placed on a thernal
cycling plate to thermal cycle the device. A variety
w@boosat17pl ates are readily avail abl e from conPE&r/TER08/075636
sources, including for exanple the ThernoHybaid Px2
(Franklin, MA), Ml Research PTC 200 (South San
[0071Fr dnciddition t&M)e vdrjope pdenfialBastivabkES8&¢ri{iWbstrositipns M) properties,
Techne Part# 205330 (Pr|nceton ??%' 0069] .To ensu re
sultabavn@ugeﬂwmﬁvw Gapr the PEISPRHGNEGIERR can cudr g yppety of features,
f co
desigfi XREFR blINEGURS, Hid 1R A ODERER! R STIANT  IRARE! 4 Blurality of
“flowsthaundlsit evHich refet gereraily toeaflemapath ghioggla wiidr avobatiphecan flow.
a.therno coul as, t hi

| | d b
Addiignally s RS BT HCHHE. SHIER GRREFIS U 6L EPATEI seigF o interface

with QbwaShaWhdi€SudNaal RRYALEH beiUses td YctuRfeOfidwBvithin the flow channels.
m crof abricated el astoner material itself. [0070]

Devideacam G thee armdudsf feat@rnsetpéumh@ reglatefluoth flpniseddr dsng e, which

can n}cﬁ‘{ﬁé}rﬁ F(ﬂ'ﬁe dg}'&%nggzs emﬂ? v Ceg@ue%ntélhasca(ﬁltrg)? %Ha el 1ntersec%l and are

separﬁt@d BYIR Fastdhrétdemicmbaing Qha[tlcﬁmber&ﬂbab@me or retracted from the flow
her mo-chromatic materials are anot her type of

channet Flurﬁlsmléeé@/ ahlaghlation gordet ddso, campiacathedangs mayilpeiyde a "via,"
|f| t dev

whrelhreetfeeré {(? o enl;@}rglgg }neg ) élﬁ%ﬂmﬁqg Em% e%ﬁﬂ[)\‘ﬁgg Iﬂgrné)access between an
externalpbAloE theCdsVideannd Y&t o Rird ﬁbw&}hﬁﬁm hT'ws, & elpanatveas a sample

detectign is through the use of pyroelectrlc sensors.
input of pepulefE@XpMEl phenomena, such as capacitance and

n , I £ e

007 FANGE T OB B, fEXESld APBE Bt i e
presehis invgntikamo W setjlratrated Sn f i gurehidk mee  dhypfef ufschaarmyl destign that can be
. pproprjate values for the elasto rs_and ass . "
includpd 11y 3 ViSs ¢hBeqRRFRS, INEHEOR 4RC 8§e P dt aP&” &#}%m{e f figsign.  "Open
chanrfe?sq Wr PGSl dhBEnd STRRE & 48w Whhitel disPEsell @REkdeAReSHrate via, such

to reach the tenperature the controller seeks to
that theiflivaicharfr@D 1133 al enteadest (¢-2n inlet) tieparoter fromsarpexierie- Balqufiet). In

generé]ﬂ :a%rgxgierg Hﬁn L?Gﬁm gﬁog&g%{,%éﬁgesf %nl use”%) Bk %)%s?ﬂc'%ﬂow chflnnel via or

inletsl WARIAL daBbeCeMnbdied bblsut dn¥ f iagiliratify EBEBiaﬂﬂeﬂowdfhsmgﬂ‘ﬁto form an
channel architectures, and the |like. Devices wll

open plmnelarnqt‘yorkn s raorsIvatvas fared by en adigcerigngavéng control channel
can be a tu tecri (I:."o 1es gefe{i%r@{e '&g%ﬁ)r? @f tir%: ?}‘an?ﬁ‘%ﬁh g;@fs_q’b' %qmv‘(‘eh&{bnasltes. Such
y, the

£ion° ¢an | ona evi ces can
valveb r}ﬁbvide a mhﬁrﬁ!;mcfmam%ﬁtcﬁablymol@hagraebl&uraii&&icg“nfmleticm sites.  As
interface with fl ow.channels such th

descnk»@édwren CHDiRSE SR LEHYR D BT TGS PP ICHA TS T, pisd one or
more nhd§ HRBLh! n@hé’qﬁ' ﬁr@t%t H:ra@t%rr Qegfréﬂst &efeaEt@&P kidsecdn bt disposed

ow, such as a "valve," whi can i nclude a
anywharefallcgrgaatemgth ofia fhivathasndl) @\/Wdharﬁwraieddwdaraomlm'lmglﬂow channel

channel inters and are ara S
cen i SRUREAS FHELS DaTeBRoH Y Lt DAL G ns BFPAER LG v gpviding o
mechbfi€m' foP W GRBRLksolafing BRACASRNIReANTRES Bath @NideQah anlude a large
so, certain’enbodi nrents may include a "via, ch

numbeebérectian atee Kesndl0,0061 et ¢an anhievk héghoreaetian fd@\,deé@tlﬁ% thereby
allow%{gow gl%nf icant reaci:uc%3 ot 1?1e¥hveleg19e ¥ these devices compared to traditional

microfluidic devices. Open channel designs can, for example, have branch flow channels that
can be addressed from more than one location/via. This design aspect may be particularly
advantageous, for example, if a particular channel/branch flow channel is obstructed or

blocked (e.g., due to manufacturing variation, defect, etc.), as fluid can be entered from
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external port of the device and one or nore flow
channels. Thus, a via can serve as a sanple input or
wouiopis3l7d or exanpl e. [0072] Numerous types of PCIES296$/075636
architectures or designs can be inplenented in the
present invention. As illustrated in Figure 2A, one
differtipeiredtioah andefill deshagnelt battocappobiagi siddsueted pantiaular blockage or
devi ce of the present |nveﬂé¢on i pcl ude

ObstregiigfngD CEEt T, CratpACEERITSFEm OBl  SBER. B AR P kage may
only lé(ﬁfgﬁ&% %;g ’{oattl'lg é8¥‘ﬁt g@v@% %2(%%2%@%‘&%%%%{1‘?%%21ef5r(€£&ﬁ6§‘é§esvéx%t beyond
the blookagke) thsmmneat:zm be emiared exishblee. g., outlet). I'n

ner . a channel network design . incl udes
[0073] ek %emeteﬁ TROEPHE T omEniG) deyfeES sftaiF Sbtseypithing to the
preseféﬁa &Pﬁﬁ?q}tﬁf%e abepiinOARnREL BorPlolinal fill'y d@ﬁirpr el devices are
ow channels to form an open channel networ One or
charapriged/al pezsby baviegl oy oamoaejplamiadta/novle,r draffow ghmtSrhﬂVlng a dead
cha e,actyated to i.sol ret ons
end o RBFGAER, SertapRo PO it ity Gabt ol Sfir B BubfghaMe &l one end
(ie., th%}eVl@ %opa Naflfe R1TRENBRIGTOT B bEW CEAMBI)Y Theg dlvidagreyuire only
plurality of reaction sites. As described herein,

a smgilewaé‘eesfaramcln hEnd dhamnek torsoke @ wawn ¢ by Windnehansel to form an
oS SRR PR By 5 TR s o

cond@itiiphaaragalghioBen apticagy Be depaitbd avthe hederien sited, th’ﬁfeb@ resulting in a
fornmed by an overlaying flow channel can be_ actuated
signifieant sesfugtien e r@&&er @E ingjut @pd Puiiusp oslet a1y Cl@arﬁlé‘el network in
connFR0IEh 3 LSRR L0, 5 SREAARSIL] U S CHRRN s cn
be ﬁlllealc\bvuhie @nglabge limirdderiunafer rof dleisqa. gs ilessshqre S gr less than 10). The
and _can achleve g ion site denS|t|es
ability o by B N R S g TP RES UG BETS o dFHiEotg qrade from
elastoﬁﬁeﬁ&ﬁﬁ%ﬂ?‘éuﬁ%ﬁenﬂ? gﬁ%%tﬁdsdcﬁ thh@agdh tiehR| théfeko thdtingisCand blind

evi ces en chann desi gns can, for exanple, have
chammlsammstap@vthmhgm tiebfspcmhaas MWGQHS atdmdelsgbmltd theiwhannels. The lack

of po%gg‘{]yl gﬂfe})ﬁ:tq?f;x {]:,)1 Ialgle%tggrl l'Sl’lli%Sﬁlélggl 3 ces Errml}/ldes use of the blind
chanR ki gr%&rauﬁbﬁﬂlﬁ%l BldaRamd hayhshan &ﬁéscap?e RRBIutivs iekjected.
or bl ocked %Eé'due to manufacturing variation,

[0074]ef kacyet a@qtber)e irh¢n; riceeiidie devicey eldhe prssentinvention can further
opt1ogalé/e1(rr:1%: Bsa?ﬁd an s & a%ﬁﬁi%g% ﬂ%R/ éh%nf?cﬁ? 054 Ogvec' bpgcﬁltr%fl channels.

OCKage or o n contrast
In ordBatNedduas eegRirhion <5ﬁ‘ imsaayid aresgdn@l ﬁomntﬂleh&mmgerac m1croﬂu1d1c

bl ockage may only be fil] ed to th ft :
devicn} ek AoV b S 61rOHT ! upr GHOTFID fe e Samisd the devices.
The é}%ﬁ(g glga}nélgﬁ[ 8%%&?@%20 gltg%ﬁﬁolséﬁaﬁﬁelg%‘t}ﬁﬁ Z@%ﬂ?ﬁﬁ& are formed in a

picted 1n Figure
layerl’ﬁfCEﬂz(SfderdhaI devibyethedliv abdmnmefsamdis ecationrsde. n@{dnoe tlfe control
resent |nvent|on may uti |

b d
chankely THGEFY FTGESFETCPSIN B0 B ar S U AL aRFS aadiopreaction
sites Bganng?{bﬁﬁy bP ettt BF elARbACAL et aNeks cofol fdh@i¥hels, however,

aving a dead end or isolated end such that
the gsmidmhlamml&:am @nklylelahltyamaddnd iregioss-seetiondlianeh. dih gemestl, atmembrane
e, s not separate in

with S Groreo i A vt BT T PR BC o Gy Ege T B e ame applied

pressﬁfkl. Y The guard channels are designed to be pressurized to allow solution (typically
water) to be flowed into the guard channel. Water vapor originating from the guard channel
can diffuse into the pores of the elastomer adjacent a flow channel or reaction site, thus

increasing the water vapor concentration adjacent the flow channel or reaction site and
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a single valve for each blind channel to isolate a
region of the blind channel to forman isol ated
w0 e@emsam site. During manufacture of this typrCDUS2008/075636
devi ce, one or nore reagents for conducting an
anal ysis can optionally be deposited at the reaction
reduci%%t &potafieh €6ty s6186H tthérgfrom. a Fai giaitherc distusseduot igoardi nhannels
~ the nunber of input and outputs. Thus, a fl ow channel .
disposedtinvarirrofiyidie AeniprscadisYHalip (o YRECHITIRg e ARSI digntion, see,
b fi s : AV .- i i ; .
MeBrt, Al (R RS et} PERRALLFRE) DB0ABLRTE, SARUPS incorporated
hereir( 8y @feredc@98 itk batirety for all spotdsan 10). The ability to
[ a_blind flow channel ssi hl e because the

10075 jeuRtecievisee kid PEBOF &1 BUEBRbPI crepdi i o reachion voimes, at
whichgllré]g%é.rrlf% S0 YwRPLIES SHEM ddhfe rﬁé}f in%ﬁ)&iaﬂa YR ub h¥hs (e.g., pumps

el s and I'nd channel s can ‘escape ;hrougg t hese
and vloed) 3o asleatdlelit isolate wadtivir digsic dtie erction bigesclanmrddeatediiany of a

| ack. . of porosity of .materials utilized in other
nmnbﬁﬂéﬁb&@ﬁ&dpﬁmﬂﬁ V@&@PE?Z%Yﬁﬁes use of the blind
[00763286&%%(1@&}1&@ BEC B Rieablhstbec BhiteHals aanele Redgivel optically

y to escape as solution is injected. [0074] In yet
transparent, reactienb o bereadilyinonigpiedi using aleariete sf differqng detection systems

present invention can .further .optio lrcl ude

o o BhGAGR PHSGH ORGP gRBH onehGyNIENERONEs e v

most G dEAIAIBurs! 4t tHE deictibd sitedueH. eVapacathanuof devices are
sanpl & and reagents fromthe el astoneric mcrofluidic

manufietnred dromh subsiprtially ol pnsparente meaterialy afoumsans; Phabreegaiay detection
channel s..ca f [ : ' réh ditional silicon-
s SRS S5 L5t Db A Ty S Bl sicon
basediniRisralidiy debeys. aDetetsresh benachidvayl esingfdetdcast Grae aret inadrporated
) overl ays the fIOM/channeIs(gpd/ﬁélrﬁactio. ite.. he devi
into thipdesce o tRat wEAeRBHC dteah Hig devicerput gliged wifhHiedpgion of the device
tobe d&RAL@t ed fromthe underlying flow channel s and/ or
reaction sites by a nmenbrane or segnment of elastoneric _
[0077hatlar éeatain BnibokEnantnof che ghiesent fisventiowereaetions hwithjnathg reaction
channel s, are considerably smaller in cross;sectio
volumgs @56 qriugler &F B AT SHERE (et o SRTIERT & Bamii
in solf§éd &phratERSmitha o 1B RRIHANA oMdrRydtéh@8mpah@s atti®en introduced
the sane applied pressure. The guard channels are
in soldesi.gned to be pressurized to allow sol ution

typi cal | y.wat.er) to,be flqg i I
1007 B b B by BT Ear T o A SRS BRI comtonia
reactidhd, f U@ 128t ehekMBCRONES ablifibRiodl asdcobry. adjhasent davice can be

fl ow channel or reaction site, thus‘increaaLng thé, :
configured/dlesigiiseriot 8p Bntemmerasire sapaekerrcite (PigodheRasHdingdicactions)

. .react.ion sj a C [ [ -
wioif LRSS, B FRLS IR, RABRESH, 00, Bhe LURERD v, con b
fixeddbspesgidrt (.4 ar@idsulidiey dhei eedtiag dtrsctiuteabire tearbeuglaced on a
according to the present inveption, see, MPBride et . .
tempeggpture anobﬁlta?mforﬁﬁﬁllnpl@afq mtrp[]@g‘eitggmre)tﬂ.}rq\ﬁthe various reaction sites.
O6Pfit h&Redctiol i 80 &ffeNGfmber of
in & RSP Bl friocyliihg Redciop At HRLRE W 5 By e 80 e
thermfoaydilgrplatacl ude a plurality of reaction sites, or

[0079) 6 oks %1?%;{5@’@'3%5&3;;’, Bgttl%% h?%@ﬁ%g&@ﬁ@c%ﬁcg% A&t the methods
of thd SreSent il eAPSh SRt MBLYEGd £GnS EWGES T atRhy of &Rt RlfBatures and designs.

reaction sites. The reaction sites can be |ocated at
The fallpwafg description describes in greater detail exemplary configurations that can be

?vlvith sample)

utilized to conduct a variety of analyses, including analyses requiring temperature control

(e.g., nucleic acid amplification reactions). It should be understood, however, that these
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nunber of different |ocations within the device.
[ 0076] Because devices can include el astoneric
worioen3xals that are relatively optically transper/estops/075636
reactions can be readily nonitored using a variety of
different detection systens at essentially any
configue@idnis Gite @RetplaryTaad didt uhelificaliomb o thtdkesystels-wiflpke apparent to
devi ces are used nost typically detection occurs at
those glHHed gp@€i@Bn site itself. The fact that such devices
f: r
(0080 e 08 s G O s B sl D APE BEGRhg fo an exemplary
embodiatenb ef thieiprészadinwerttiont bes ilustraget mCFegmrcés themaicrodluedipdevice, also

usabl e mnth tradltlona iliconb crof.| ui di
referrib i 668 B R OREAIEE SENTEY mﬂgcaBeti iBgds Gom materials
pr0v1(ﬁlﬁ Sufdtie gﬂl‘fcﬁérﬁ@aﬁ alyBflort ROtk r\%n@ﬁé’ bféﬁleﬁfs $@k e fluidic device.
arate from device but aligned with the region
As améxatﬂpée dbvileece & rbeda:lemgmedlas{o@&m]poﬂm@e rThﬂ wter portion of the

doiof RS SATSIRS (2 LG DL M SR LB Nl

valve ro%@ﬂﬁ@ﬁs Ashddsced Bd16%! theiexed 108nput, pdﬂs@&eéﬁdohhmg to 12 separate
sanple) in solution separate fromthe fromthe ¢

smnphndmnsﬁdheﬁygggnib@d@@ﬁ%ﬁﬁ@ﬁwﬁdZﬂﬁéﬁSﬁﬁ@ﬂ@é%@é&*h%gzmebCﬁn
O T e

channeRAZ4 icOM Toni$dee heasadhigr Raioal thagnbarbh fthe phnednto fluid sources as
reactions. Thus, a device can be configured/ designed
described mesefully helawper at ure control reactions (e.g.
h cl.in n [ V,
[008 lze\?lfrg%ﬁ%er Ldn gef* gﬁ?édhfebr g% faé%utnhh{&of Qﬁ(ﬁl g%rt tg n%ﬁéﬁsandpélose valves
conneding de, re@c&i@nbﬁaﬁlbe&edo ﬂmdasoatqapoAB 1lauﬂsirgte,d imFiguas3, 12 inlets 28 can

slide). The resulting structure can th e aced on .
be Prﬁ“@é‘i’ﬂf@rr Rading 85#%91' STRIP FER2enf SRIXERS emtf‘ftﬁ%o?ff’ red in some
I [ (=¥ B4 W
ool RSHEL UGBS KIELAL, PARNCASIGL B 48 ioch IR0 prsur
is apmﬂedct@dcammmznyr 5. b apphibaionsfin wﬂmhnﬁ@gf@lts arg npl eiliwed, inlets 28 and

roucht S kel B RL 85 BORES: aRBHRRRL HETRBlgospe pyidedin e
exemﬁfa%sgrﬁﬁodlﬁl%ﬁﬂ‘llhgfht&ﬁfh Itigul"é@nt@éjﬁbﬁde H$dgoratovhe Bloch1p Hydration
variety of device features and designs. The follown

inletscids erei ot flod eherrprnipation; withrtbatdeyice é@ dpdilitsice 5| eamjrol of humidity
assocvlge?ii ?H E[}g% rlegqs t ha%nbgf%n & \afo Bé st&‘))d &O&{%qu{skﬂl in the art, some

hal ySes, i hc al'yses requiring

elastdnfiiRemafetitle 1@0zEd Gh tlﬁ@f@npaﬁm‘ﬁbﬁt}& &siict aepdak fpearatabby) allowing
reactions). It should be understood homeve% tﬁa% )
evapariied 6P P URRET SRE A Ieeiam | RmbER diof R thfough the elastomeric

mater?% Ghd! tﬁgts?x?éelgxdgﬁ Ele§1§he§é’ S[negééﬁ‘[‘fcuar @ﬁlb@@iﬂ%? Huid Anes located at

ose s art Figure IS a
penplsermtmdrlﬁme;obfdhﬁ@as\am wbvide misbiebd bﬁhyﬂrmmhelwm@ forae@opdk, aduffer or
to an exenpl i ment af the n tian.
mastesgnix| qtlpgpp]éqr qrtﬁorrsl (%G]ixeeblgchlp SRTRY %ﬁlpapfg ER?F(EEJH chambers,

thus I%Idﬁané of g)gv%g}]ﬁé) e%o%t@h%ftlﬁiulcﬁrﬁr@%nt Gtthel REdtIdAEH@mbers. Thus,

carri can be nmade from material s
humidity at peripheral portions of the device can be increased by adding a volatile liquid, for
example water, to hydration inlets 30. In a specific embodiment, a first inlet is in fluid
communication with the hydration fluid lines surrounding the panels on a first side of the

biochip and the second inlet is in fluid communication with the hydration fluid lines

surrounding the panels on the other side of the biochip.
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provi di ng suitabl e nmechani cal support for the various
el ements of the mcrofluidic device. As an exanpl e,
W b@izsaree i s made using an el astoneric pol ynmeeT/UI1ee8/075636
outer portion of the device has the sane footprint as
a standard 384-well mcroplate and enabl es stand-al one
[0082y al Whil@fRrdavicedandisnges disirbadobdtwevibed digrve inome d@mplary system
I nput ports corresponding to 12 separ

for copgi TR MSGHOOTIAG LR SR eS| GSHRRY 3! e ot would
reco C]%g E%%Irys tvgr?atfqo%s Paaal aﬁé’ll'&u Ca‘ﬁﬂt zﬁle?naa@g’s o NesilBRAE! the Mmicrofluidic

d tota nL per “panel.
devicdd dusafteditdtidin.c Eanmlnmlazalthamglntbn nracmﬂuidec demi¢eoillgstrated in Figure

t h
3 1nclé§§sg]r%| }gaglgcs an‘g‘a}p%}qu 6:§erp% on[c%e@&j?rs E;lpﬂg% ue gg%:g Sper reaction
cham Phied Iﬂ%Préaﬂlr@&E&'mg REQnt AR ehtibr? rﬂ%pa{r@c&ﬂ%oﬁﬁﬁg of the digital

ose val ves connecting the reacti on chanbers to
array mllu demnd oAghé pamsmlmaztmﬁcatmnm dbes e:g the sqopk @f ﬁlemes@awnventlon

V|d d. f.or oad of the sa re t
is no&x@ffﬁﬁaeﬂos %ala?%ayﬁsg RAL ARy fn;g |]E)e%% Yo prn)g) 4 edut other
combﬁlaﬁ&%r 58 il @iddderEsintihe s%b@f tied SreSdmp IQ{VIeﬁdort OAﬂhﬁlonal descrlptlon
bi ochi p when pressure is applied to accunulator 26. In

related b Higitak 4roays siitabh fashise engebedmants of ge Riesen} ygntion are provided

o A R B EE S S Bt e

[0083§X %;la@gGJﬁdﬂnBEr@toﬂ feblicdid airaples I@aﬂFlrgpme é’ogrtlﬁcant quantities of

provi de hydration to_the biochip. Hydr tIOP Iets

reagebise. i §1 {AROGHRFRINPEARS GHCSHRT HINGHOe g5@] (FER 15 conducted in
It

i b, o Ok, R O, GBRSECaL o e B 2.

to ab&k 500 niLD Tthle_&o‘amfc the searsoe klastimmeolumertteanoml the mmbérad dndividual

in the fab t ft d bl e,.
oLl e an Ve SRYTCE SIF A 1Y TESD Sy of
same Cjﬁ@ﬁ@%(ﬁ LiteP88 drhing uheiof! AStupBREd 6f fEpliRhtedland Mubers of

e surr undln at noSphere. In a particul ar
dlfferemb@GamntIn q‘nleuanmbddumeg t@c@a@tdma@hapd?er pm&loal alypt 2 phgo about

s 0y Y b T B Ak AR b8 150 1
some R BJIAENOS tht heacBbR ChbRbeUVFamMB ds Tandt%nD,aﬁllfdlﬁ 5oiL, about 6, nL,
reaction chanbers, thus reduci ng or preventing

abouteX/aIp,cﬂbaut BrnLofboutfunldsabprieEbnk, abaut Henk.cpic@bppnl 2, nL. The sample
chamﬁeér\s/ l&gycanTh us%fucpeldmofl %:Ysgs ag{éé' Qilﬁ%r?l QQB]&%&?%O‘S)«%&Q such as

€ I ncreas ng a vol ati

polydirkthekastine, walyarethdne, Ry dithdri polyinatset SFHB:Osathpiesaprocessed by the
%£e0|f| c enbodinent, a first inlet. js in fluid
methethririhi iuention wwllt et ofyfof WS BV aFiblic Popy fgmber analysis using the

Bioh%n%dm?wé?énQQF a@%l’p%reg{bna Sfohf}§t8a§'fq§rlc‘?§cot ey )bi @RI BioMark™

second Pnlet fis 1n conmuni cation with
systeinh@seh udsaydimetHyl siodard masoﬁmdrcodﬂvmen@at povplenddrsrupning multiple
the other side of the biochip.[0082] Wile the devices
assayg AH "SU{RIF 2BP'SEr i buti on descri bed above is one

OOSﬁxeﬁﬁ)é RIS &I 1910 C ALV 3s NEi L 2N HRS H&ﬂﬁfa@lﬁlrédhEy Fluidigm

resent 1 nvention, one of ordinary skill in the ar
Corpwat]bld (Setto§an Feanvisay, GA).i Shimsrase faboigater fFallowing, th%lelltllayer Soft

Lo TR b5 AOABNRSCRLF 8] 07806694, cuate s
MonditRicQhicH tihrfcatt@ A ¢es| dn'dl{ﬁﬁﬂ;@,tlﬂdmhnll@eg g6 lithography, Science 2000;
288:113-116). The chip has sample channels that have 10 pm average semi-elliptical depth,
70 pm width, with parallel spacing 200 um on-center. Sample fluidics are fabricated with a

two-layer mold process to create partition chambers 265 pum (depth) x 150 pm x 150 pm
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3 includes 12 panels, each having 765 reaction
chanbers with a volune of 6 nL per reaction chanber
W i0g/03H790t required by the present inventi onPCIIHg82008/075636
particul ar geonetry of the digital array wll depend
on the particular applications. Thus, e.g., the scope
arrangdd 416ue gachsempleichwardl.i On a sspmate silicont &get, shaleqittohthannels of the

arrays with 12 panels having.76 eaction cha rs
chip Bl PUPRBTICUBITER N FONRC SanTEle | STt R e gfsgpmels form
deﬂe&fvet PRI ﬁ)?jeﬁtlﬂgn aRsi op gofﬁ)%stsﬁr?ﬂiﬁbn AdgS®E | Rhir@Nchannels, a thin
related to |g|ta array table for use in
memlmb@dblewmenslapérstdh@eprcffﬁem samplentliaonelarte ipolotei tdividual partition
atent atlo Pub i on 05/ 2773
cham ?réo &srcgflté%iA@ﬁlé %afﬁyl ef{ﬁSPf W Hing %]nguw SPaFR300 hm
on ceftdfbers of replicate sanples can require significant

quantities of reagents. In an enbodi nent of the
[008)r eRengtion rmuixes, | smh o $iCRalmiPER $2a81pbD nmmﬁt, adejamplification product

B SR I R A R

into th@%ﬁoﬁshl%aétﬁﬁcéﬂaﬁibeféh amher loY@hy B thd fizﬁlelﬁ)dirfd teherionucHagibers, the
of individual assays that may be run (either usin

digitadjafrag cambe mmaécw prd rrliaén igagesl @y amapTepate a¢adsT, %f’f example, a
EpS:a f.
miow SRR A bR SR P TR iy
usingaBfatis PCRI Anﬁlpﬁs eﬂﬂﬁrdlremﬁmlablb Heon el present clsigher o1 sther suitable
fromabout 2 nL to about 5% nL, preferably E nL to. )
analygis 50 ftwars- n@ddlﬁﬁm@é AgtEPEPRBE S FHRIADAARIRIOR JAiof gnalitt fechniques
sultal;llg 3 ust NnS Rdi 5B MeS prdsiift fn@@t‘ﬂdno BreCBRFARY in U.S. Patent
l'ume 1s a nL, abouP 5 nL, about 6, nL, about 7
Applmh.t,loraﬁlllbllcﬁwnn INo alis uAp911muonabIout121D70n4_14 abiolked I'Copy , Number

. O, bout 12, L Th b
Variqdgn e BBy PIEE! PORES P 18 opRgiE Wb ryRepy gssigned and
herebglq d}ﬁér%tea%?f}ei%ﬁen%w%%&ﬁuék@|0><ane pol yur et hane,

er polyners. The sanpl es processed by the nethod
[008@f Fllgeres |4>Ae4ft3 amuapleﬁwbqhag@msmé toftion of swe daviagdripcdi Blustrated in

Flgure F%ﬁgeb E‘%ﬁdﬁ‘b%rag tg% ﬁ%lt Bgaeacgygﬁgét %%els {rﬁ;u%rﬂﬁqa number of

reactidh QBRKék MFi e tlBWllu&fa%es&hB ekydetfbhy hsinbexafaction chambers 40
m crofl uidic device that provides for running nult

le
containedap ¢ renclmlhe rspetionhambsrs 400u8apaceen0Qiv gerters s o fustrated.
Flgurgyfc;ﬁlglills deaﬁe' AEYERRCd %g%% 8 Al beal aﬂéﬁnuﬁég;:wﬁ@e of the

_ rpora I on ranci sco,
illustfibpSs arcsmf(ﬂbiettﬁﬁi; edthf 41l theweagioh rvhalvhbrsiillesyatedSafdark. The right
Li t ho aph IVBL) nethodo]ogy

side i1op JUHITRIOPSIRBI VAR RIS SRUNERo Mg e Feacton chambers are

dark E& C%éﬁfeﬁgﬁg GBt g%uH@JnY B ARCENP RS idRY qu\lvé\béraé/ brtiDATIf the reaction
ogr apny, I ence 2000; 288:1 13-1 . e chip

ChamIbBIS Bamspﬂeorcekmnnehsssumatmthmvtmgm I’xmsaweY arg@ctlon chamber 44. As
el lipt.ical

descrgﬁg]@]bﬂbe 15 g%zgn ; Fépan nErFBPg f{' ’iod?%ﬁtt @Px%?@rllgl 1%|dividual reaction

chambBR4n8 8bRGoHalnds Fibay 8bttomlifl Y RGRS ayeP U?Sl@fp%ssurization of
partition chanbers 265 mm (depth) x 150 mm X

the comfolr etmgeds,aa dhig mambraslarhﬂt\ée@hhlﬁﬁfél cloen off gegpsamaple channels to

h
1solat6ép<?j§ﬁlblﬁ Cr&flélrontcé}a{nﬁgr%gg ¢ éalg%sﬁzﬂ 1on 1nﬁihV1gual (6‘{'?a11[1)berr§J that are kept
closelRALARS BRtFCSxREintdde channel s form

[0087] As described more fully throughout the present specification, the chip was
thermocycled and imaged on the BioMark™ real-time PCR system available from the present

assignee and Digital PCR Analysis software, such as the BioMark™ Digital PCR Analysis
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defl ective valves for routing fluids. Upon
pressuri zation of the control channels, a thin
woreepzaes bet ween | ayers cl oses off the sanpl epciias2ves$/e75636
to isolate individual partition chanbers. The contro
channel s are 15 nm deep, 50 mm w de with parall el
avallaﬁﬁsaﬁblﬂghégﬁzsﬁﬂiﬂ RBigEES) tveds. usE&)%%uﬂR&B@humbemﬁ(mmvs:ucﬂambers in

as PCR m xes, sanple m xes, pre- anpllflc tion
each paeb] han ke Assay e Wb ATE TSGR ARY PRSP it mal Wﬁ pdigital PCR

reactl(PNAtwo BGH 880 A€ i @e%gﬁ’d‘gn}’ly Jn'tﬁ%témed’l‘hlgt ifif€ to independently
Sreadtion ¢ ers ter oadi ng of the panels
quantﬂzﬁd gélﬁh’édt Led shiasdiibied hetcivetoditgdst edpyarungber gamatives using the digital

array. ]E %ﬁé gD C%%: 02 %eggsgp%tpyg}g @%gggfe%g?&lﬂgﬁgﬁﬁp (E;H gtﬁlﬁg e&a(gEﬁ,]réactlon 18
depen'dgx?[ o%rtgg’gl nb %@?&ﬁnﬂ&%@fd@il%@%ﬂ@lﬁe' s anal yzed

usi ng s software available fromthe
[0088pr esedtscabsd gmeke @enmheretkmdstsmlseamwal fdlosying dispatruion of the
Addi tjonal description of. exe r.y,, det.ecti.gn and/
samplgrpgdipiopal %t%HﬁFl&ngénélH} RAoT S (TR BhigRT RentS gplysis of
result!, hﬁT RRS ERbodiaRIdARe 9fe‘§erﬁﬁﬁ¥én‘fﬁ@ﬂ drfipliicatioPah & Bétection/analysis
I cation Publication No. Appllcatlon No.
can b&z:/ohdﬁt;témdlsmgtmﬁhe@ thabpyorﬂmtﬁethe\/ta\fq stepotpgether, e.g., quantitative

t er nat c
Per. Bimiany PalsShgRi R pis SBpe Bl AR erdy BRmotiicd
detectfe@ ran@'ahal?%dﬂ%%fgsa rdn@0 36 hodsitge s eaedibs. @nﬁé&ﬁplﬂi@l stlfat@ mvolves
di agrans” of portion of the device/biochip illustrate
amphifsnng:itaggm@n@ referegae polapuglpetisies s leas ﬂ%%@nﬂlzﬁ%]aﬁf@fi‘éc" o1 be used to
each of t u r 0
oeenfi Shul B S 30 PTG BLIR G ShLBPRHOY the efrnc
polynQlebgde. OfTof eafducohe hﬁfpﬂlﬁbstl(ﬁf) remgdna;l negtssany éopanﬂ)lhﬁcatlon are

The reaction chanbers 40, ar 200
combipedjwith die sanely. angicgn frelugds 3 Hfs &g Seeriely Bl to o tareet
polynlil{f'flggt?(% Olnda BGhE gﬁ]ok%f thdt vely nld?zfeE te 'aqgfe%cncé B8lynucleotide

ration i1s a control sectiord, wth al
underr eadlitions th:lita:maauﬁablbIfusppbmedeatgledankhﬁ@hem W@lm f@t d@d second

proventy o L RO L P B BB REL R et e
referéi€e ?b%hélb@tﬁﬁt arhp lURES 8 FRO RIS, SFh@lﬁbrmHﬁBNQMﬁérent@ann of the target
portion of the reaction chanbers have f | uor escent

and refergsk qolynualiotidesi erp arGthesfqn fagthery exdeulptenm ehSipeencgatration of

rsof e RSRBE PR REBY o T R AL FRBRTELS i

the reftiflc €OpY hethb&hamEtafeet p@lyh@ﬂedtMCheq&eﬁﬁe innthé hendnovesfithe sub] ect.
| ayer. Upon pressurization of the control channels,
(00890 hi Phavsptsraingepechesmlifispion fellgued byf @et?%@ﬂs%f}?p%alym can be

cha nels t I i ndi vi dual reaction chanbers. The
perfo%‘f ves" an‘?mt)l on% S’é. vi dual chanbers that are kept

[00909] OB&@nkkitice n@deandER expermemods arﬁd)@ﬁ'f@msAdesd:eibcd ithredghout the

nore fully throughout th resen i fication, .,
speciBpAtionwesmE REAHEES 8nser] thiiesPatge o e RO VERRIY T nie?ers broadly

to an&%ﬁkn 1938 if %eﬁé‘[ﬁﬁl.enhaﬁé%ér@t&hﬁ ufl(,rh?d@ 5 ReRY §8BPtyhich itself can be

monitored (e.g., a substance that is monitored as it is heated) or a mixture of two or more

agents. A reagent may be living (e.g., a cell) or non-living. Exemplary reagents for a nucleic
acid amplification reaction include, but are not limited to, buffer, metal ions, polymerase,
primers, template nucleic acid, nucleotides, labels, dyes, nucleases and the like. Reagents for
enzyme reactions include, for example, substrates, cofactors, coupling enzymes, buffer, metal

ions, inhibitors and activators. Reagents for cell-based reactions include, but are not limited
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assignee and Digital PCR Analysis software, such as
the BioMark(tm Digital PCR Anal ysisavailable fromthe
w@e@emest17assi gnee, was used to count the nunmbePCD1S2008/075636

positive chanbers in each panel. Wien two assays with

two fluorescent dyes are used in a nultiplex digital
to, celfERellepetifioniyet wad tigness (€@ dgenistdadentdeiohisys) that bind to cellular

quantltated This ability to jndependently quantitate
recept@éﬁh dRedgenty sapbamchidsd i tisgamelesoiiiog. %&%aypgewlyrhfdﬁ@aoblhmd

{d t -

in a ARG (F, e DR b Bl B Do APELRATRE! rlecules). Tn on
chip ﬁuﬂ@bead?mm;ﬁﬁwahom m&tﬂegeftﬂeaianqﬂet hee muninere ofagents used in

fluorescent dyes and fjlters. a Iable 008
condugling rqxﬁfélélopnre@ﬁémée‘ﬁé‘r]lé dﬁ%‘?ﬁ"ﬁ?é eefhLo %ng) at each of the

reactlf)ﬁ)Ll:tég upig %a‘f’l{lfacpﬂé bPMeQbvitbe sanpl e addi t' onal st eps

cation step foll owed by detection
[0091&n dl“}m"taﬂny S]labelbfrefmestu IamQIeduhe smeasen@@d‘ ameriecilethat ¢pa be detected

present invention, tion a
by pha%eaécgheélﬂf%lnglﬁ%%a@gﬁc ot 6 e Y IRSPHGHE (Fasgmples of
detect%Ql%r ?db@%t @hat Nt W@ §HIeRE tRUREENS Ut BeOnot GHAREAI todt dadBisotopes,
General |y, polynucleotides that are i sol at ed
ﬂuorophbtwnclaamhph@amm@ﬁﬂ lghals adentropedenppppiticled, magnesictagticles, spin

labels Qg’}%ﬂ%ﬁﬁ%?ﬁ@é@@“mﬂ{}%@ IS chfelgﬁ?r fsﬁhgm%al?); g&‘v@%oq%:ule@gnzymes,

cofacto®d, EERRERs PRARAUE] eREIede 3ciglo pfd‘ba's' ztriﬂe eﬂmnhd fsu‘mﬂrates The term
product can be used to determine a concentratlon

“detectalplgé@bewr’m@s gt prjesenhbasheep seriHettad Moh adpbel ﬁéthat an agent has
e u 0 th ith
L e R T
havin@h€b€ 6dd7ii et wletsh:phﬂa& lslgipl e and can include a first
probe that selectively hybr dlé apa a.tar
a

[0092r}o| %@F‘@%t ‘epdeig pgids’ S@&Hﬂ’& oHES Pllg(g]ug@ppq,eel gre used herein
to 1na¥@cr At oﬁé (ﬂf@m{ %ffq{u%fé%ﬁd&ol)ﬁ’ DG 1 GOAH, dl‘?lcl‘ﬁﬂﬁi@r but not limited to,

condi at are suitable for pol¥ynucleotid
ribonadtpdtides oatle@tyribdheclédtides. Ahereseno nmtemezdbbglr@aﬂn iith kengihebetween

differen tectabl e |ab so .as t dlffe
these i Rbite st TS SHAEr 0¥ B BROETReY SRGLE Sl Ffahb&ie. Thus,in
certalﬁ r@l'lﬁ(fd'lrﬁ@ﬁtg QP tEEHACE - inEibE ﬁﬁ?l@n rdubi- fahe fsﬁfgﬂd @tdnded DNA, as
the target and reference pol ynucl eotides can

well mwﬂ@edm@e -fandtshregle-staanslall RN Hn Greytalee iselnde madifiqagans, such as

of et eotide npl ecul t f
by mFg’fyLarUé)ﬂc%“dz cPRStPRIEEmDY e cll g’élfg% gos odfgtél?' e?én?‘ﬁ’ gleofige-  More
partidu€rBL ItHE CARY “AUTBIRr a@d,”t iRl jrarchRtidgdl yauColeghiudeotide,” include
sequence in_the genone of the subj ect. [008

POIY@QWWHUQIF%%@O%%W&Z deryderogpe) oH@M“WuG{?P%@%S (gpptaining D-
d T
nbos%?) élgg]o%t].éésfgﬁ%a gjeok?ﬁmgﬁe%{l% S ?ﬂtTﬁe%V@%%/cQ&dW % purine o

erstanding o ds and
pyringyist e, dasL billee q)oll}hﬂ@m ghatitinihg ercapededtidtabadiones ris example
sy e B ST S iy v
from. tﬁ %r#tlo{hraﬁ §29ePkvaiRn dr@éﬂnu de T@eu%'gﬂ&l FolREERE aMdioBfer synthetic

can be nonitored (e’g., stance that is
seque’ma-lspmﬁdmaﬁem tcidpoheadre diovating that steyrodynodrs o aipmugigebases in a

agents. en be.livi
con bR TS IR B MO SR b b i Do e
rRNA2MPlification reaction include, but are not linmted

to, buffer, nmetal ions, polynerase,
[0093] A “probe” is an nucleic acid capable of blndmg to a target nucleic acid of

complementary sequence through one or more types of chemical bonds, usually through

complementary base pairing, usually through hydrogen bond formation, thus forming a
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primers, tenplate nucleic acid, nucleotides, |abels,
dyes, nucl eases and the like. Reagents for enzyne
wo e@ensams i ncl ude, for exanple, substrates, CPEHUSNG)75636
coupling enzymes, buffer, metal ions, inhibitors and
activators. Reagents for cell-based reactions include,
dupleb lsltruatmb Nite grobe biads or hyeldizs te el‘probpbaidingsittye Shampdobe can be

oni sts d anta oni st t hat bi.n
iabeledefhine bl BAct TSR eRtls QR 08 ol bt atsda pHHCHaLY once the
probeSh%gB l?mﬁ?&%d%'&% exﬁéf‘ﬁ‘ar? E’fﬁ?@tn ql}ﬂdaﬂ%?aﬂtmtd th& ?be'e Rafinclude
ty of ways covalfently, non-covalently, via
any oé i t/aa’mltﬁ olfldmﬁfﬁentniabds lklnew)l inlthe (ancﬁnapcarub¢ decctgdiby chemical or

I|f|c tion rea tians, .for exa
phySi L B SOLERA T SEHAUCHTATG 5 CHT GNP Bop R g bt e
not lﬁiﬁPé?iS 't(§ e{dad((ﬁs&opest mugﬂﬂﬂo%@mcfﬂ(ﬁ’r@phéfes eafads Qhbdif)€electron dense

reaction sites durlng manufact ure of the device.
partlc[e@Ogm]agMe tpertimles, akpah " labekser motagulgs mifiag c ging (ghe@ﬂummescence

e TR A oS A, O oo B S o
vary §1${9h8érﬂlg‘?1§ sideX agmllléeﬁrogés gletreativd @hdrﬁbﬁbﬁerhlmyatpr&ﬂd@ abeat least 7

lized include, but are not limted t
to 15magleotidest iopergthf | Qbenpiobeeare %H?@ﬁ@@h%@ eg 40 pygleotides long.  Still

other §6$tﬁels Sag%%{)rrelg\;vﬁﬁqorg%eﬁrr]sgelﬁga{ ie%gteﬁ 6{(:)296 e% %Ooﬁfcﬁéo‘flldgsslong Yet

nol e m1 urii‘'nescence

other pketet bacbasircalll ndatiav Easol00¢ b 200 &n zyre aucleotides long Probes
cofactors, enzynes |linked to nucleic acid pro es and
can beak§resperibisdengtethat fPHé wiiigimthe deregeing mnges ahweled" means

[009422 a/él . 2)21{1?6%’@ N a hﬁﬁglkeesﬁrgr %e%?b%’i?ﬁ‘&&&tl\@et Jblpéblle 3&‘?%0&%& Jshé‘tpomt of

as sone-in aracteris
initia$drapPE templatd-dirgctéch DN A $yotmesist under pprhptrietst e@ldl\llldlﬂ?ro(lte in the

et 8 b sonaneied o seberal s Tl LGB
DNA o‘?lRT@R :Béc f&ﬁéedﬁ' re@re H&%@nﬁﬁﬁ@'lﬂ ah %pF%%hHl@%u@fer and at a suitable

pol ymeri orm of nucl eoti des engt h
tempermt@ta,: d"trhg apmupmtotlerigthmf @ @risT dppemdﬁ @@Itbmnt@@@d awse of the primer

oA RRENE) B R AT AIBE bl Y Ao

in lensff €OLIRA |pY1rﬁe@s tREbPEIABIDAt 361e€ bdheasof0 tohsD ﬂﬁﬂl&ﬁidb@long Short
% in certain enbodi nents these terns can i nc

pnmqr rm@ue@ﬂes donshlby: reghire stopler dergperaarsdtopfoam gy 193611‘113’ a@ble hybrid
comp dxe th’ thg géjlﬁ]i)lgte o\ gm%e'?gll ﬁ[)tr ﬁg&qhﬁ%t | %ﬁ%an d the template

i NC u catio suc

but mhyt K@Mﬁﬂgml}aﬁdnplemeﬂafy te(hybﬁﬂm% vﬁfh 4 feﬁlplate The term “pnmer site”
polynucleotlde Nor e partlcularl t he terqgé nucl
“PRER, Dindige] YHGCISEE  Beire HRNonbIT JBRUAIEELE N, 1o Which a primer

u ¥ Ve
e e T
that h@bhmasse\)vuh al’(wccmmﬂiemertty}ﬁeh&ﬁ' epd onjﬁmdl)l‘éetsed@emh teclhe arsplafred and a

f di :
5 QNS R RAREY BoE ST T THBR A G b heRUBiee R B g Pfed.
[00952] orp | @at ROEALAL c&ﬁpﬁmenﬁ?@t h&lea RuGIBES AAB ESmplementary

PNAs) ) and pol ynor pholino (commercially avail abl e
acros$ rtienentie Jangth- 8 thal primenend h@smeaimisneatclasegbhe paigner is typically

perfed ool BRaty 1 & pEbv LR T ik Feesp sspieaeng 4 pasmaeh”

referd tr(‘}ea PR MBRish Wﬁ@lé@)tiﬂ@ Gh @RPAFAE 4rd e nucleotide in the target nucleic
acid with which it is aligned are not complementary. The term “substantially

complementary” when used in reference to a primer means that a primer is not perfectly
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configuration which allows for base pairing and base
stacki ng, such as is found in DNA and RNA. [0093] A
wO pookss178 s an nucl ei ¢ aci d capabl e of bi ndi ngP€DUS2008/075636
target nucleic acid of conplenmentary sequence through
one or nore types of chem cal bonds, usually through
complpigplaa e ita iy gdd asqicped; ingtead, t]&l,;&irht;t it bnlywyffidigrdlyogerplementary
bond formation, thus formn dupl ex_ structure. The
to hybsicigseseliferuely &9 ith{asPecive é%aftdgatgh %’F%‘EPW% wgng;sitg. -
herpy @ Gl haRel eGP ﬁe&?&aeaaelﬂﬁ@&hta hybridi
[009616”%&{ acl gﬁe %?eon 8 tahg probe, parltllgul arly%r YOTAIEEs
selectivete to,henghabeudias deybmdecda tS):lﬂ:dtlSﬂtyO}fph}dlrmaalDy exists when

rget. The | abel attachedtot robe c i n¢l ud .
hybrigigy ey ocatiG Bt yrost ST SR ORBUACIR T RS selctive
hybnélaétﬁonc\@f‘l I RRuAGh&FIer 1§))£t l‘éQﬁ Xb&@!559% idehyi§i et a BRAASof at least 14-

or exanple. Suitable |labels that can bé attached to

25 nupleobéss, prefiralde at lvast &e moe pré¢fafabbdattieast 7 ¥di endsapsieterably at

s 0800 P SRS Shy B8 LRSI B S Bl . s

M. KiRhee UN&Teit Nidtds ik t 1 Cheni/bgpi nescence,
el ectrochemical Iy active nol'ecul es, enzynes,

[0097d of eedion, ocames adrizydetect b Seqtignesor ‘etsistign é%mvarl]hese terms and
other glﬁlg{é{ift&%%ﬂter aI r}lesf)oz tpn, S§9 gl‘reeerggc (pfﬁ.gd@rd%:f{c la?&)&i’c%l detection occurs.

As inAit@led abode swilth db\ﬁﬂ@t Mlllzﬂg‘leé’rtam aksignsaleq. ,adpeh ehaiine? @esign, blind
30 or 40 nucl eotides | ong. Still other probes are
channgh desiamt ete. brife detesdgh geciien | is geperaldy ﬂ@orea%m gits asgtyolated by the
h
Valverblé%cza?éd g/t?tﬁl éeag@?eafgglfl %5 O%ﬁ%&%ﬁéﬁ%ﬁloh%??&@ -bhded devices is
usuallyowithinPreghes ofaftowehednednthas pec adjpcenkt @n ghterieh‘ad)n fthb Ilstersectlon

Wthint eforegom ranges as 4 rimer"
itself; ar agegiop {1k RGOS tl&f’o‘ln Eﬁl%rb?ridd% %&‘b‘&gﬁn TEHONCt i ng
[009835 As BREMNsePhbdvdl bk Lo QpytRileatvarishideslafeiMh be conducted

eS|s under approprlate condltlons {i.e., in the
usmgmlmsmatme BCRf mgthods bﬁe:hent Impartieds, dlelamtrtatp\rmB@RaQaesmvolve both
atio

o 5 R RO A RS AP pgaciin

to qP@R‘c fasfarigfitofdo-callsd |“¥eﬁbhﬁ1eta@ﬁﬂlmoaﬁbﬂ”emet'ﬁbﬂs appreapfitnalg@antitative
th of a priner depends on the intended use of the

PCR’pricthefs pat alsy b¢ slizeg togletermingathe qraniiiy & attargeisnyclig acid present
. Ly cald f t
oo TGP SFISR AEATEAR] SrTMEEEAE hr e

amplifi@aﬂidh ?x@céﬁs} Giseldt iFtleso geadignuchiiee tssays m&:romfmlpe@ﬂb @sample of a real
general |y require cool er tenperatures
time gleﬁnrﬂtaésoeﬁflfrtbo%wélmhecamb@rwsad BRSPS Wi ithe 8%068 described herein.

This B}%%daéfemoét ﬂgr[%lé fﬂl%%gltoﬂg(gef Snﬁélkfﬁ%hoﬂ Skl oRRE WERNEStinuous

he 't enpl at ficrently conplenentary
meastu@rrh;lboﬁ RICR eprodutch aca:utmeuﬂmioatlminngéuatléahdeﬂpﬁimmegensa blegonucleotide

“primer. bindin refers to the. se t of th
probq-a@aéPprm& g%ﬂ‘\ﬁ‘ﬁﬁl %}Tﬁﬁirﬁori%.theh%ﬁa i See FHEV PR Fietnoc
[0099]PT THE gr&%' lised TRARSCH a§s%&s Qf tPpichBy 9 ket YbNBbBUP20-25 bases)

upstréam primer" that hybridizes with the conpl enent

polynufleptide Blat énthbeled twigh m\mdsféqg@nﬂ@rtwewedmplmq édteanmus of the
dizes wth

probeeﬁotygyglf% gt%%céa% é(hg élelg)g'[% éltyg%%ii Q% g’ terminus 1S attac%h(? to" a quenching

dye, although the dyes can be attached at other locations on the probe as well. The probe is
designed to have at least substantial sequence complementarity with the probe binding site on
the target nucleic acid. Upstream and downstream PCR primers that bind to regions that

flank the probe binding site are also included in the reaction mixture.
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[0095] A prinmer that is "perfectly conpl enentary" has
a sequence fully conplenentary across the entire
Wwo engosBiod the priner and has no msmatches. TRET/PSI00%075636
is typically perfectly conplenentary to a portion
(subsequence) of a target sequence. A "m snmatch”
[0100] e Wihen tiee @robé iseinaict, Whiigly ttanefen betveot itidetwan{lodreplpiresreecurs and
and the nucleotide in the target nucleic acid with
the qugiicher quenehes pligFRIITaPChA §8PXGHp PURBE G SXICRHRD RReSHOT PCR, the
probe. RUPREA haldhy <€ %ﬁ@%@&e RRAY o'MB SRS AcidNpbISHRFREGRch as Taq
to a priner neans that a primer i s not
polynpetdes tetabyanieheng titeaeyortar fidns theapapiucirotidenueicher and resulting in
_instead, the priner is.only sufficientk% conpl enent ry
an ingreash b FIIFFLCIBISPIBR FRGNY WHICH £40 RoTBEBRIe\RY AL PRI ae detector
[0101] heoﬁ!f SkfeEdr RYHi R s BicadicAly Skhked [f@roﬁl@]isu}_i!ﬁg fli@r€Bcence emissions
conpl enentary” means that” one nucleic acid is
such helémbe caatetlaluring ahffiwrpgénie asseelietiei ABI ¥7Qbmanapfeetyead by Applied

o ShE 15 SR G, HSELAYBE TR O osment
capabi€be ?éd:oi/d%n% i @talentAikenefty 9P e§ioiiet bbd qudneheC@ldr the course of
sel ective hybridization will occur when there is at

the ahgdidicaticmoutI hBSvsdcgededi vajuesyean thest betisyl Bf calpulpieathe increase in

4- 25 nucl eot i.des r.ef bl : ] :

v a0 EES 58] Shak ol 87 Sy gty e
amouB PP thPhet1eAaklng, angfIEieduc! ei ¢ aci d hybri di zes

specifically to the other nucleic acid., See M )
[010RanéRdisianal isgaiksi reemdingsthrabeory andomperaign gt flyqspgepjc methods for

.De N n - - " :
ol ELBEL PR RERHETA oBps SA LA S s e desrved
for exa@ipl® ih&f 8P4t Nash&2p@ot$ enGelffartdh 6,538 8Adtd Livdk.cer dby k5,863,736

at which detection _occurs i ndi cated, a i .
to Hipladeas Wil 1 315K Ebt 41 ﬁ?-d?%ﬂ@'ﬁé Gegen "R oy Givson
U.E. €8] 9N G Hbind %SH2PN 81008890811 9%RY CHIlardNP. Metepel | PR, Natl. Acad.
séctidn is generally the reaction site as isolated by
Sci. WS 88 ARV 7386 9% pahdiLivhk.dadh et ebcRTB M ashads amgindpplications 357-

etection sectign.for matrix-bas devi.ces is,. al
362 {iHRF neBoP bl i PSP v PRt o SRRl “ofts. as the
ampl{ ¥ 865 §64dti8A, proBRsiel! @hSiacicaiNg | dns@int ,ofodyea be&gh&@nbound and is
that enconpasses the intersection and a surrounding
accompgiiehby p 0098 Milst Wicrassivstedbove, exenpl ary copy
unber_variatign e e 6N . usi .
ot P B RS S0 oS L ncaions cn e
perfostad tlithad b‘éi_fhgl%GBa@tﬁi’m ditews] Y& dxainpleanmplizihi agtlirehityodf primers, each
pol ynucl eoti des and detectjop/analysis of th )
speciffppy ﬁi@&lﬁ%d%ﬁgpuqlﬁcéﬁdﬁ ?{16‘5“?% (a.lg@;@rggt Q‘SIVP%@?Pt’&F sequence
-call N SR |4 £:1 aak g r
ot R o 5 RRR HLEBI HE T TR e of
the dtfédrentrintptifiet @raginatstdah pe dbteatetl asigetdifferentelly lalksledl probes to conduct
present _in a sanple by neasurj. the a nt of
o uBERR phlh R JEELS Y, TERSU AR A5\ IRUAN Sl bescons (o
supr@ Pl ik %félblfaach‘éﬁ,oé‘a%ﬁ Sifedrsfi ity 1EDUST PBBBI & diuishe@S&Lhybridize only
ssays are one specific exanple of a real tine
to a paréindlat anplifiedratdeod Bahiudiviaarchbise wf dhe difitscans dgbgls| that are utilized,

with the devjces described herein., This
analm%ic?%rﬁen ﬁor{cihlgtea ollrnrrﬁ'%‘fcgn fd1 #fﬁnitflfﬂ%% ia(r)enn%%&gegu% d/or detected at
diffeldBY Ol MRRnEME 1GON IO S cHBAS UF @At g@danBERe@irdidgche selection of
accunul atron using a dual -1 abel ed fl uorogenic
apprapriagp fluoteseanit dabels that are suitable in such approaches include: Fluorescence
Spectroscopy (Pesce et al., Eds.) Marcel Dekker, New York, (1971); White et al.,

Fluorescence Analysis: A Practical Approach, Marcel Dekker, New York, (1970); Berlman,
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probe -an approach frequently referred to in the
literature as the "TagMan" nethod. [0099] The probe
was®dosn7such assays is typically a short (e.gpPCT/HRIDO$/075636
20- 25 bases) polynucleotide that is | abeled with two
di fferent fluorescent dyes. The 5 term nus of the
HandBbSWO8S Fliok kP! Specl toichematio Moleapeat REr edly Acatuthit fPeess New

3' terminus is attached to a quenching. Ithou
Yorky H@Nj)yééﬂﬁ“ﬁhﬁ eolant aup st enel eesie, Halscar  Agdemic Press

r s
New Bo LR e R B Cp AR B B RO 192, 3R Haugland
Handb(bdiﬁloﬁg’:lﬁbﬁeece@n RAotest angeResawaheCberaicnli, Mpstulaa®rars, Eugene
downstream PCR priners that bind to regions that flank
(1992)he probe binding site are also included in the
0104@6%&9 i BIo¥ %Hﬁ@ dbAIQ0duMNE R hRERP S bBind Rh@fel design devices
nergy transfer between the two fluorophores occurs
are utiivgd th perfarenaindgsic geid ranipérﬁcmmrs@a@wnfs,rtbmetagelts é}@bﬁarebe deposited
...During the extensign phase of PCR
withify|the JBRPIS) HS % 9T At R pFAyY ) 35 SR bk direg pe of
arnph@iglit}’dﬁefe%&ﬁ)ns UG A tﬂﬁ%%s)‘tﬁﬁr%‘ﬁ% ot NELEME ﬁ)ﬁb@ﬁ? 41§ deposited,
he reporter fromthe pol ynucl eoti de-quencher an
pnmaraespulytmawel mucziwotldn@ megislgons, bnﬁpﬂo ﬂn‘é ﬁ0@9@§S fgrexample. The Sample

o 5 16 SERAPSATESRY ROURAECRBITBRLE, st

howeaéianﬁ@@erﬁﬂaten@aaﬁ Béld'égoiﬂekioﬁrﬁﬁwaﬂpﬁﬂtﬁﬁ)hoﬁ'égm fﬂoa&d into the
those created during a fluorogenic assay is the, ABI
reactig Gitesraniher ttha mtlwy dAmsﬁulé dltlgz%y%tcéﬁ%uct |aRcamplification reaction,
ol 3 o S0 2o TR ARSI PR Wt A chnncs
and thefkirﬁp’lﬁldaﬁo@feaganﬁ) ﬂir@t[gh’:thd hatigsmedl éToque:nnélh er ¢ioel lvema.of
the anplifi catl on These recorded val ues, can th

[0103}scla” £onced SIHIGRIE SoeUPHIE: BHS EXPHSHR roRlY3Et oh B ?‘é‘i’ example,

condft{g%dsﬁ‘t' 691'3 L BLBBS st t¥ H@l&@&ﬂtélﬂﬁ'l Uhe QﬁééﬁDﬁﬁdcan be introduced into
nat e y quantifty t anount t he "'nRNA bei ng

react1a1m;litb§ bad mj@iDBHicAdidiice oRer quetisitive RERyanathody suble as TagMan®,

im0 SO SP SRS W SERBE et PRy AR

smgl@xfgal:ﬂl(gﬂ ﬁ?et ' fofé?érﬁfﬁﬂ‘}tl%@é@p%é@ fdrt&Gh régén eafidized td Bistinguish
210,015 to Cel fand, 38,848 to

product \lzlak is éd:rrrwld e&ndarset%@ refgenas Mmmtlda% Wethe algle to which a

pmbedsb%ddﬂpqelﬂe%am 1s ][)I’e‘sﬁe? e Itqaerseetgf)ggartgﬁrg %%ggéag%lgg&hrs thereby
resultﬁ%gaﬁl@ detblahd1aREnalP. BMed u@bn avhiclPoDthe d‘tﬁéﬂentla‘l\&%ihal Sadbtained, the
A 88: 7276- 7280, (1991); and Livak, K.J et PCR

identitastolf éhlﬁs nBEleotNspH WatAoBYTBOTBBIE. Sl%@n( hodgirmigsth Iéfboth signals are
detec% Ibsot}I% ”ﬁ&%@ gllr %%r%ge ?y Tﬁl@ltrr?(g 'dﬂnﬁ ﬁleex%gétfo%tﬁ ‘performed as

us fre I'cat’i on rea pr ogr esses,
descrlHé:dﬁlﬁE&fel t&gp&ﬁﬁllﬂfﬂtormfol dngbecpmes bound and is

acconpanl ed by a concg%t ant increase i

[010qlo1lpsFops FEPIBMENSGO iRTPECAt |18W“§§§a31§f?%%mﬁlllly plabeled probes
compﬁgﬂlé kRl e el bf hifabi ﬂ:sf GAR B8 BEhALAR aWirtdpeRts together with

e’reaction site for exanple, utilizing a
pnmeﬁrk uma:llednyde@fan@motmmsraseeaﬂm“&:pac|réacxl:10fm|cala bparondeeiedwith only a
et nucleic acid of t erest

smglepgx]‘ Bl ihapgh s (‘Saélcﬁﬁg%% gm&gulty as to whg(hér lag}( gte signal is due to absence

of a particular allele or simply a failed reaction. For the typical biallelic case in which two
alleles are possible for a polymorphic site, two differentially labeled probes, each perfectly
complementary to one of the alleles are usually included in the reagent mixture, together with

amplification primers, nucleotides and polymerase.
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and reference pol ynucl eoti de sequence), during the
thermal cycling process. The presence of the different
wa@epbiosiltegsl products can be detected using PCT/US2008/075636
differentially |abel ed probes to conduct a
quantitative RT-PCR reaction or by using
[o107i fAenentdtal by Hiahel €0, siphacfubar cdokaeanion{seecauper dptected and
I'n such approaches, each dlfferentlally | abel ed ro%
furthqrsﬁﬂ@b@?@ﬁ@diefeémmﬂom eﬁﬂzaéloanf}bg@u{ &hea sPARIE; chiffapxample, the samples
e [ f
proce g A AL i R R e B R st B8 Bl S umber
analywbusihg tl’(b‘SBmSMefrb%sr)tstelnaﬁéhldlw €omocattoadSaeuttl Sen Foacisce,d¢A). and

at _different wavel engths jn si ngl e react.i qn. rt her
BlOM@ﬂiTHaﬂ‘&fesrCé@% g %@P i éﬁ‘ﬁ?rowsgﬁm ap"gl‘e %H?\EEFEFNP system uses a
polydﬁrhé‘tﬂg ﬁ)gdgl Jn?cl?@ﬂlﬁdfch@ttm@cr €hat Uplo?Rle® fol rGMGhg multiple assays on

appr i ncl ude: Fluorescence Spectroscopy (Pesce
multiple salpleEds. ) Marcel Dekker, New York, (1971); Wite et

I Fluor enc Practi cal roagh, .. .
01080 AR PRy b ERER o n some
emboﬁlrﬂf&ﬁ@@&ﬁ@ﬁﬁo@@%@%ﬁ@ 1rﬁ£%(eﬁr RANAE BoNYRIk®E taBSmeFTR §§d;tem available

Academ c Press, New Yor (1971); Giffiths, Colou

from grechr@ontassigaet ond Bigiar BaRi snalpriesafivease, SAélaélseWﬁcBlPMéﬂéM Digital

PCR ,glnv‘iéle% ra&gag)}% 5'6%)9@'5 %(rjelsgn I]a%rﬂgrllj Blwsag %B?%t%ﬂ%ohnﬁ(t%@ AfER o f positive

chambérd @ @%thhelprwih@ﬁ v BssERS @ ah Q‘ho Eherdscalt gyedVat awl iara multiplex
Pr obes ugene (1992). [0104] Wen mi crofl uidi

digitahl R Beseastioh #40 ofs@fS ci#inhel indepeprenily amaniaed. des?hgfn ability to
e S t

1ndepen<¥e1nfl§ qél‘zl{it?tg% %eég% fsd%stﬁg aQt%hgc?{bggrl]lg%%rg 'tc{': ﬁtg%@y g%w gumber variations

umngdﬁp&@nhkmhmytlﬂ n the reaction sites are those reagents

cessary_to performthe desired t pe . of Ilflcatl
[010G] ot FGFFTibER @amergiTy, APayerEERREoR MRS SN B PGRIMBES (7 De loaded

into éa%hl WEP%H(?EI%%%GBF@_{ tifHecullsi SB Be rRRLMIEHARRIoned into the various
es |

nucl-eot | ons, buffer, and cofactors, for
reactiex aﬂmﬂnbers Th/left@a]wptﬂleg iofitthe gerse aidh reactiore Ch%@l@qﬁﬁ dhe digitel array is

[ ases is e nucleic acid t .
thermgey PRy D1, TR o1 DTOGBal G Ban Beo I § JoMak™
instrudehe Ebﬁla%m_)ﬁrd)ﬁl'tﬁv\gie@éht aASRRL STHel d&‘tl)f)ﬂ'odﬁﬁe@ it Bealyzed using Digital

reaction sites en the matrix device is utilized to
PCR chmlygs safiwareplavdilable ifom rtbaidiressat asuapsicesr OUKT ajuiihlg analysis

f nucleic acid tenplate can be flowed through the
SOIWOKt ti cal flow channels and the anplification reagents
[011d]hr R8I GfRsdrived hdohe ofiaatitativeVPChamAeils cal bei wsed teraadry out certain

[0105] In general, nultiple genot %nd expressi on
embogrmq:rygggthé RFESH, Inyextiopy 4 ek, agy Gl&?fga gc nb%eéq:f:tlon strategies can

be uﬁllﬁ%?t \gﬁﬂ t étn%cromt S1eSRAL Yt oL, ar@e%ctlgl”\nwacﬁ‘i@ :Qﬁ)roprlate

uced into reaction sites on a m crof
systeﬁlleMilﬁﬁ)nnEd)rm @aetndni thet ype oPGBVicet fhtedisamumha@st bemg detected. The
prinmers for anplifyi

diff t . of
st e Lol g T e et
limit&dPRCH r$95‘ls Sffotn?r 1§(§jt8{>e%nﬁ'uéilo!p}foﬂe?Qz@llr(ﬁﬁoﬁ{o%e&e&%n 8B particles,

regrom are utitize di stingui'sh product that is
magrfeat madicles, gpint labglet matedules ftiat eanaie cp@hymumewncfd esdectrjophemically

i TEAELAE) ot St HSBERL TROLE Y ooy and e

substhA&S eby
[0111] Tllustrative detection methodologies include, but are not limited to, light scattering,
multichannel fluorescence detection, UV and visible wavelength absorption, luminescence,

differential reflectivity, and confocal laser scanning. Additional detection methods that can
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resulting in a detectable signal. Based upon which of
the differential signal is obtained, the identity of
wa bh@9nssalreot i de at t he pol ynorphic site can bePCT/US2008/075636
determined. If both signals are detected, then both
alleles are present. Thernocycling during the reaction
be used ipasfaor applicasondeslade b@dtllila’nlohhjeoximirqyeisaiyl,tledmi;qlws,rnadiochemical

section supra. 106] Ipn sonme enbodi t f t
deteciisips BRGTES G0N PPGH i { BYERCFAR GOTHBRTb P RUSEgY (FCS). time

resol\%(angh%ggnﬂrﬂs?ér gl‘ Baeh Miordden@l t&bhdnck 0&dBgyF #anbRr (FRET) and

I ncl as reagents, together with priners,
variathers| saoh asjbmltmmdemhqﬂmsca@ece em\g}vgansfﬁdwﬂﬁnsﬁcbhmm@é detection

. conducted w th anl Si e, altho hthls can

optiogs gghude Slsprigeliessta tadecy beswﬁg%é B%%ﬁ PG e
[0114]0 PRSBAE&I RS scktiBRIchh Wl &F C&Hn@hféat%n S&hﬂﬁpbﬂe 8r fnadrk flicroscopes,

reaction. For the typical biallelic case in which two

diodea) |light sstiardatings devices f(og., alap@'synpqumult@ﬂlﬁre tubggp processors and

differe I pr obes
Comb&rgﬁﬁf‘%wgﬁﬁ?{; z?r§g?18g’o‘ﬁlgelgf WE"A e effa[\est agr aﬁéstﬁé%/?ted with a particular
event! 28@)04dgehtl DfidAGhE SigeaMeird d@téﬂtéﬂ, istaf @)@h&ﬂ Isigidal ﬂhat is detected in the
anmplification primers, nucleotides and

detecpon ypagioasey [a()lQI’HcalAgeﬁeﬁﬁf C&T@doﬁﬂpa'zldﬁﬁ'?@r 4en 1§p]§1ﬂg|0ne Or more
photofdlo%lm ak h%\;a?%%bé otgclh'bge aanﬁlp : g)?i'i:? gﬁ?ulaﬁ ﬁaaﬁﬁ’l%pfé? example, to a

ana mneln or ma e sa
photo‘ﬁﬁﬂtlph@ Mfega ntittes@pondsor pradeseattrdie. §. reCOBX daottsa)of

the invention are wel| suited for use, i ble cop
[0113]unBeectarardisibs miraigbEFtedsiva iR Khs rﬂ“cgg’t“gh F146 cﬂr giAR be a

separ%aréf&fl@fﬁ.' O, th@ﬁ&%&oﬁ@ﬂf 5T R Pate SnenBfld @H@M?é'rgﬂﬁﬂk device

uorescence i magi ng thermal cycler system The
includisaMEnta{itygf deystiomsecsioss, alemoﬂlgrdcaxmmyﬂ withinxeamegle detection section

m ¢crofl uidic vi ce that pr.ovides for runni
at g gRUPSmECRl (PG 18BN GORT" Q" RESBP DA My, cerain
autorhdibd ¥y OhOLGROUE 1{RE sRlrES BAtIPRCIhE I BRI fRAdic [da@iceNbBer systems
can in sone enbodinents be thernocycled and |naged on

scan tlheeeBitwNelight tavir pedetectirmer Poikudeys meytiiehrantladdtectdr: ofs a specific

o5 PRFSRBE SRR AL PR ok e o

scanmR¥ &inliabd Ridr6RBHE bgjepies em@lgaslssomqel;red/\ashas@dteﬁao @Cp:lﬁktessor for
the nunber of positive chanbers in each panel.

signat jserpeaiatios 4Udt ProEessingl LOFa%T @f]phw@éﬂtwh@r s cam a%fo be utilized.
| pI I
Addlfﬁ%a‘ngén na;iilsg/s%ﬁlantﬁgfh@gegﬁ{eTgébgba‘@ﬁo?f&b@l%c&@ sRfals from all the

differiend égenidandetyorgudmil thidoaslgentt dscmsethgabe degnal fibedeach section
her ei n to study copy number variations using the
can bgjugjiized. array. [0109] As described generally above,

[01 1@22@%&& p%téaérs @ %Qatﬁ‘é b?&&éﬂ}f&%lc@éﬂlab%ré paJeRd iR Bompletely

pane si ngl e DNA nol ecul es can be random
or lagpelyt mhnefaetdredndfontiesaly ahatoue optealyi tmnSparamb@tr@;e wifvekength belng

o B RS e RSB, SRR LDt B o o

detecBBRE AR S 418 %Q ossﬂ)&rwﬁ% adtR)eBiioml 5'11@6@-[)!&(&1 Mhicrofluidic devices.
instrunent avail a fromthe Sr esent assi gnee. The

[011%at bn precunimdinén, ad@tb@t@e@seagu PRgEragnd an optical path that provides

for a large field of view and a high numerical aperture to maximize the amount of light
collected from each reaction chamber. In this regard, the CCD is used as an array of
photodetectors wherein each pixel or group of pixels corresponds to a reaction chamber

rather than being used to produce an image of the array. Thus, the optics may be altered such
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PCR Anal ysis software avail able fromthe present
assi gnee or other suitable analysis software. [01 10]
w@\200d0331r8 bed above, quantitative PCR on-chi p PEnukmos/ 075636
used to carry out certain enbodi nents of the present
i nvention. Though, a nunber of different detection
that ilahgeaqedites reduret or defobuseddo wicrdast the deptr off fiakd df the optical system

devi ces crlb above. Sel ection of the appropriate

to collagEmgrs lﬂéﬂ dcaHORSh4MRA- t he type of devi ce,

[01 16gven§tde?e@g{r Uan qgg]ﬂﬁe heligg s%ﬁfc%cifo? d;)tlm-ﬁha%nge} BGofes t}fh@%enerates a
e designed to detect a nunber of different signal

detectablees gnahc| T t}gpp dfulight soutce nitilizdd td@persilsgnaiast fm ¢lm nature of the

r adi oi sot.ope ores, chronophores
reporgE REBE AN IET-o ST HIE HERT T B PURGS DU By BB € lasers, laser
dlodeM@&%%eﬁJ@tlaﬁfﬁ tIrahes ﬁs%ﬂlﬁ@@ GE&Ser can be utilized to scan across a

el ectrochem cal ly active nol ecul es, enéy
set ofcdsftentivn rssqtloeaa oy mesngle drisdtiomsastion.eil@sercdiodesrasn s misepfabricated

into tﬁ%frﬁgag}l (ies lcfenli elfg é&lt%%twglye lllg’ste{r Io'dgse d Pa%n?ﬁecmnto another

dev1c§@l?att'i§ﬁlaﬂé}1 adjdeht ehaengicrdfluidic @iscies %&n@fﬁtﬁ)ﬁéd Qﬂcoﬂd\lct a thermal
and vi si bl e wavel engt h absorption, | um nescence

cycling ieaesioarsuptathat delaser lightdiom Hedliedsis duagted mie the detection section.
[01 17:?(:8196"1I %n éA (rjlqn%&l%] %l nu%%e? # gH i&ﬁm%‘%ﬁ oagfi]és ;fsa&)gi? ‘FB? gxample
n cer al n ication 1nc crnti fatlon pr oxi

the d@&s&ay cirﬁ@hﬁllﬁd;lﬁ&e foadkaaplera cahpeetvee sésor, a conduct1v1ty sensor a
fl uorescence polarlzatlon fl uorescence correl ation
poten§pgtricorney(e@RaE)  claqREredsY Feth FHRFIGY G HIEY; (-8, to monitor

oxuhﬁ&ﬁgﬂinﬂﬁ&ﬂ%ﬁgéﬁﬁﬂ e resonance energy transfer (FRET)

nd vari ati ons such as bi ol un nescence resonance
[Ollwn%gmmmanﬁbemn(ea%ﬁ) avadidtliet éxtderah]l dbi¢otasicen bepttiliead Many of

h i ncl ude el e trlcah reS|s nce reS|st|vh %; inﬁegﬁn%g, ¢

these BT PR CIeSEHET RO (ho FoopibD HETARY MTessty Bokqpeagents

Spemh@ xBmPRATBNI LA r@NhM 48 RARAMIE IREM®, HuE 28S BOPRMited to, Applied
di odes, light stinmulating devices (e.g., |asers),

Precm@mﬁm&mwcx?m (lAeIpht:dlB@;clsupT, dsegwbr WAd conbi nations of

[01 19gh§[8f on eg%llk&lg Iﬂergs EQP&I g%)%{ ? tte({;uteo:r])ltrgeeelth d‘? 5 ard ug'édg nl%ta;t on methods

of thishgp&iihdhe kRtREnget erirpd inSflasreqRhie &x}onslagﬂ@iort (hé}ioﬂleﬁ) and/or
detected in the detection section by an optica

accepgist Gpenshen)THEowphetEain &etl@t?lf/@iace@mﬁ pRIPRRIEE il - or Thppfenor and
accep? g{eu?)g%%%?escpéf Sx%ts’ele%% sﬂPl‘é SR é‘n?lgél&gg e)ctruf'h of t(})le donor overlaps

gul or ex
the em@tlmb&dtmlrﬂ ef theuheeptar MThuesehae theapedt of ﬂaOKUpﬁeKEs are brought
canera

%. a CCD canera). [01 13] Detectors c n(@s
withiiSg sty QATCcBrRITIY 0 CR 4PHchT 6N EARby| Kem BF qRRAT to the
accepRft c@n SEAR %th?s &Je@?t%nsférfcaﬁ e dgt%t@&:t Qe €. PafenPR035,945,283 and

separate el enent the mcrofluidic device includes’
PCTBMMknn@iMKy9aQ2ﬂElect|on sections, detection can occur

i thi e detec ion sectio
0120}) (Xt dPpeous R by SrBHE DA tal (egi CRor (VI olecular
beacdn8Sd &G e iC&tGHTABH LP IR BRI SYSit BIBELRMN0 ta%nip'l@ﬂi@ntary region of
source relative to the mcrofluidic device; ofher

the ampbﬁmoémamesuhe iretire tiormehtion giie deteetably stgtab cTleg probe itself includes
two segtlons gne sec 1|0}1 Ia I’hangge ndd a tde ﬁlteoc{ther sect1onsgt t%l f3h ¢ end. These sections

flank the section of the probe that anneals to the probe binding site and are complementary to
one another. One end section is typically attached to a reporter dye and the other end section

is usually attached to a quencher dye.
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illustrative exanple, the mcrofluidic device can be
attached to a transl atabl e stage and scanned under a
wOorR@po3aeope obj ective. A signal so acquired i SPETIES2008/075636
routed to a processor for signal interpretation and
processi ng. Arrays of photonultiplier tubes can al so
[0121pe TutsohitivadtheAdai ¢ridoseatibys caphytealizesyith exnsh dbihat théwen a hairpin
the capability of collecting si gn%I s from

l. the .
loop. ciPfihis ORI e PR AohiReas i aﬁ@dasﬁugfl ‘U\ﬂ"ﬂt{;’élose proximity
0
v AFL DAY Syl U, SRR 10T SRED,SBELLERIERTy e quencher Gy
Hybrildmedlmebd, he odemrastt efesmlhsatn arlmeprizedi chadbraration onpitettelhe extent of

r lar red of materials that .
avendfng Safrgering OO, GV IORTHRRS Ty the two dyes, it is
possilﬂ@% hfa'h%&1y lmhi%orftﬁ@&"diﬁﬁu@ﬂ abLaslitibRioHPYIRRE PBBEY dIBM type and

erein toutilize a nunber of optical detection

methalgsif ¢hrsr uskeag d@spebenbﬁlrtpes $ortixempie; hy Emteke rit. B o pladl., Nat. Biotechnol.

e R N M

Tyaglo Bt kcAl N@ﬁtﬂ?ot‘éﬂﬂ{ol Prewy-6® 61908, cach 8f @Richiieindo@bratddeby reference
nd a high nunmerical aperture to maximze the amount

herelrom thelghmtlr@tﬂ foeell pUPPBM each reacti on chanmber. In this
e CCDis_u h
T W T

llmlta!h@iiﬁﬁﬂdll[ﬁerzaMt@r(sé@N&ﬁ[ B.hart hej ﬂgvmed i (Nmfeﬁdldeial awyl Protein
the array. Thus, the gptics m e altere

Analyfgggﬁt%ﬁgt”ﬂ%ﬁg@oﬁbalivaféﬂ (S§e>ree%lu€@1€fp6’ln & ¢is e %equence‘ based
Ampl(h:%li%]'ﬁgés 9\/}[% #@pb'ﬂ A 1bh @gg‘ﬁ&ff) erﬁ Q%kﬁ@:‘l L R Ny & anl‘ﬁ&lelc Acids

ect nore ht ffom eaction c
Resea@ckd@ﬁéﬁﬁ@ﬁ%&moom;lamdé)a@actltlgdﬂDI\@ometaetlém(ses,te gruBeltr, mgal., 2000,

porter_that e ct.ab signal . The .
Proc (fE et SghiD S bn Bel T THBRY" dEBh b heve EFIenGR Brigcorporated
hereif6y H&eRle ﬁ)pgu beRpRLdser being activated. Suitable Iight
sources 1 nclude, 'but are not limted to, |asers, |aser

[0123di o@%mmdha@vﬂ nmémsistOf thementlmvwﬂoasleﬁluﬁ@ conductmg various

reactigléﬁl/grla%l?tgd@fi'égt%?séﬁss ﬁé&fﬁ%glﬁg VS,FIOIéS I‘Sfbfl%edlltst %8%1%:)%9]&18%5 guﬁers additives,

and tB&Gike OReab@FemiLtuRE @hin (RNprieParBll Gt Mdaspartiall e dithdit ﬁpiﬂﬁ% from an
mcrofluidic device itself. Alternatively, |ase

assay dileffum eramicellyidisrhipidedcd, or oVitibeRetion aitgs tb% d@vm%ltself (e.g.,
spottlggfcégnaég %e%gﬁ‘@& H)S{P}eg%{ E]ér?lha{ 1(5'ﬂsdf{aﬁ bg%\rféé&??(pﬁldrﬁgcluﬁed as part of

O conduc I On suc

a kit dhakteleFdrasample, @hystémaan ﬁﬂitﬂ?udiﬂ opte- a@lﬂ’ica&@t el tiref c@mposition,
t he detection section. [01 17] Dete ti, on can |nvoI ve ?
an anphifisation ASSAY ROWPPTIEE: A6t %ﬁfﬂ@%l isdeyiqq for perfomyiggmplification

and c%@ﬁnﬁﬁf)&%te%rctl(g@&s%ss Or, 6t HAf cdnPonBXRTP 1R sg@tem can be assembled

erat ure sensor conductivity sensor,
andpﬁﬁﬁ@dsaenmttrolfakstmsmteme g., pH electrode) and/or an

[0124?gpd§%at%ggr§§r Ircég I{eqrt]%ig;\yi [tgﬁ_ Tg]roﬁo H{&::T%rg}n%%slr dcfj‘ scllosed aﬂerem can be

cond&@éﬁ@ftﬁ 'véiu)ﬁé @X@ntsagh§el§x&ﬁﬁﬁlﬁitlo%§tﬁ‘aﬁﬁf@ 4@MhdBke, which can be
utili zed. ny of these ar e | uor escent detectors

formlated s eorsfuct teectams efithe mesqmann\n:gtlfbm (rog-eprseamplificatigre | quentitative
rea ent %ge S tect ors

armpliGAAT 51 | Hol et i RS ROE oS B W CAGRIRE g e deposied

reagents can be spotted with one or more reactants at a reaction site, for instance. In other

embodiments, e.g., when on-chip spotting does not occur, reagents can be provided in mixes

or reagent volumes separate from the chip or other system components. One set of additives

are blocking reagents that block protein binding sites on the elastomeric substrate. A wide
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Preci sion ArrayWRx (Applied Precision, |Issaquah,
WA) ). [01 19] In sone enbodi nents FRET-based detection
woreiobosH78r e used. Detection methods of this tBEEUS2008/075636

i nvol ve detecting a change in fluorescence froma

donor (reporter) and/or acceptor (quencher)
vanetgﬂ afoduep ftgl’r@ohﬂdsace(iﬂm ntieaiepichididg aouophoot difékrent p'th(ems (e.g.,

onor and acceptor fluorophore pair are sel ected
gelatipapd yEousnil E%Tp@npéf’é"ée%r%’n‘rgoefs bR SFIYM 8 EF“I“Qp%an ﬁ@cerol
f

deter b Ay B BE Pl LT 4Bl P o wilized.
Exam@leaseclidep kutnire yiott lameretoeiiot et the sasowgylritpadstergentsr om

t he d nor to the cce tor Thi s ener

(0125, dR<the speciiic gase lgy aci eagl[ﬁ}%%atl%feélﬁfllorﬁo 3 mitnber of different

types f ?éla%egt’g 3n@Bf a&aqfvég uhhi 'b% @ﬁdl@dbdv\@r%% bdPare [egﬁa%QLrs that promote
|'ar Beacons provide a particularly useful

the araplpliic@gion rea\tﬁom Srmﬂhaddita/les behuienbyt aze notdmejeeditn, reagents that reduce

sccondip BRORE 4 i QUG 510 (HE- AT B PR Felige puspriming

events(bg %trﬁ&%ﬂﬁ?fa&rﬁﬂorﬁﬁm&:hﬂﬁid@?t abl e signal. The probe
i ncl udes two sections: one section at the 5'

[0126énoﬁwlbhéhqa€w cglsglation cap beHeasgd ongelativfesepy number” so that

apparfrbt fi err]%}cfg% dn kgetngle a)eygltnlflg%gﬁgl&algigff%oﬁbgaﬁn@@% rﬁ[%?lcﬁstorted by

differaf@b L lsamPRearBfthts € The Qélafie topyi sdhber @td gﬂh:e(qbet gerfome) can be
reporter dye and the other end section is usually

expreggof aastibel ratty af Gaeqed éWHﬂW‘é of eorgpt genesiglthe oM, nyhber; g single

C h

cony FORABEL 202 AIADUBEICL AR H RS, PBIL8yd 8 or e o

genesqlien cdnget pdyyeualestide saubfidecareinthe yrefelase pphyoxclevtide eqaence) with
f]l uorescence {fg,om the reporter y is effectivel

w0 QTR R B OB Yo BEH S TR CPBI RSB (BEGBES YA sample can

' Ok ' B
be q“%ﬁ‘?% eﬂ%?qrgulé%%éﬁl?of&agrg hﬂgﬂ?ﬁgé %gg)dgcr eas eh@snls e l:r)(;?latwe “opY

numbrpoi thetdrpe rmnhesscﬂmqum%s BN\ S@I’nplet WO dyes | t is

01955 Pt ol P Ho B 008, R b ncnt

usmgoaf retf&@hcre gé%@ s|u§h de RN/ hi di {shesinglb@op e Xampthat emdodes the RNA
Piatek, A’S., et al., Nat. Biotechnol. 16:359-63

moiety FooB) R NagalyFnzysic, amdoRieleanroten. R | Nat ur e

[012 ﬁa%gr%&gé) O Pmb% gs f 1% g((,a%g ggﬁsﬂegggré EX(@%‘C\’AE é’liﬁgﬁnt a(iu‘antities of

reagehﬂ@corlﬁoﬁ@t@ﬁbdﬂﬁnéﬁf ef ahe @r%ﬁﬁllﬁvém’nohh digitabMAR eisy cdrolucted in
all purposes. [0122] Other well -
microyaiymes; d&e |r%<?ll%f>]é@tﬂi’f‘éﬁ %PIHB@I%IO(VT BRIUEIPGR Figy b droghebout 2 nl

to ab(g.ﬁfSOb Rg'\./t'léﬂe 18&)& fh an kﬂ%—@g& vo( tﬂ\@f‘hbre {Re Eumb&lof individual

ances I n e| C Protein Anal ysis
assayS 8 nlayl e ih%(eﬁﬁ@@ﬂs)mg Nlﬁfﬁdnmt(mel&; argd grlmeﬁsmpboas rebhcates of the
Nucl ei c Aci d Sequence- based. i fi catl
same e gid §ime] §51)0r Sy RBTURICEE AP ] Riioalgy g numbers of

dlffer%'tcés%}%? Al 85 BRBERREH:, 1¥3reddiRdr dhkiber 2006h: ab@ﬁ‘tdz nL to about 50

Capaci'tive DNA Detection (see, e.g., Sohn, et al
nL, pP€BiablyP? af.. toNdbbt 2Andd mdBe |preferaBlyAfr0197abm@6$71L106e91@’)1t 15nL. In
someEe?n od%glertltlg e%g r&ﬁ:tugrrl% gr%ger VOI{JIQICC:OIE %801%4? nL, about 5 nL, about 6, nL,
about 7 nL, about 8, nL, about 9 nL, about 10 nL, about 11 nL, or about 12, nL. The sample
chambers may be constructed of glass, plastic, silicon, elastomeric polymers such as
polydimethylsiloxane, polyurethane, or other polymers. The samples processed by the

methods of the present invention are well suited for use in variable copy number analysis
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herein by reference for all purposes. [0123] As
i ndi cat ed above, methods of the present invention
w0 p@basBa7E€onducti ng vari ous reactions/anplifi ceCT/O82008/075636
assays that require various reagents, conpositions,
buffers, additives, and the |ike. Reaction m xtures
using?ﬂtllé BaNreParsesteat (Fledsdm p@orpbrltiby, SbuﬂheSars@mmce, CA). The
rom an assay platfor r m cr.of u1d| chi p/ devi c
BioMgjk pystem 88&std B?rlyélunilf‘é%ymﬁf OXghe "HEY B'éh‘i et &{“e%"“‘fseé f6 running
1SR LD 8 1L dlfpie€acti on mxtures or conpositions
]nUIgl %g rgggﬁgd 5%% ?ncluded as part of a kit or
[0129s}ysT}mFluEbgme$earcpd;/aanodlusystchm ((éllgltalnma)@barai BioMark fluorescence
pre-anplification m xture/
imagRapihemeapii H6EE) FoMELERORT Bnd WA Coma i (South San

Franc 3' €8)f an @&ﬁfp@ir@cﬂﬁb a%nm{lét’fa‘t&fiinl KIBurMEh 401y paheheid each of the
et eCt | on assays. TWO or nore co onents of the SySt em

12 pacels chetairs Skl charbes (wihdfetj)tédsf ¢ 0bf-58 ki perarancl. Chips are
t 4 t d t h
fab”ﬁ‘#? Bﬁ}’w{“@]‘ﬁ &8’\% %g%rl 58#@161?}802%%) M r{:lg[hg Qlogys (et ¥ Chou

HP, PhdrbenV @l SOkkger RAURNRKS SHJLN/If)ﬁdSIScthﬁhlim@ﬁbﬁteﬁaﬁ valves and pumps by
additives, and the |ike, which can be fornul ate

multlbanrdmft lithegrephyo r&l@ﬁe 12080288 bt 1] v Bt Flh hee SﬂnPle hannels that
have @ pr]a Vlerleafglgz1 <4 ! % %Tlptlgatfhe%)thtag@l I’ﬁ xg‘fea\% C\{Jelg}? ?Eﬂa\ﬁ\ﬂ. Sé)%h‘flgboo;,tm on-

centef. ef&a@rﬁﬂé ﬂ@'idicﬁ eROBblieded edentts/odayerb@okipptoced toi ¢rhate partition
one or nore reactants at_a reaction_sjte, for
chambers28A ¢ (deptorhé?0 efbddl Henisaraaggd 310\% &Actpipngplp ghannel. On a

separgﬁoéﬁéoqlg lqg6§s lﬂaol:orﬁﬁfl: WhandcFAGE S CHI d?ﬁé?l\dic%?ﬂ tbNthe sample
es or reagent vol unes separate fromthe chip

chamﬁilsh eTheS},tﬁér&fﬂlombme mhmne&@nseieﬂeétmd@l‘tqs\fesroalltleg fluids. Upon

bl.ocki ng rea en S th bl ock t bi

PresSYROD 4 EHBRIE! QUBRE Pet €10 RGBS Brers pones off he sample

cham% oNpde aRidEl Pidilibg %Hiadﬂ%%é UGhBGordl WhaielPire 15 um deep, 50
erent proteins (e.g., gelatin and various al bumn

pm “pd@Wﬁhmmallshsplacmg 360 wimen s@n@rmﬂlemmrrpprtmdlag |thyft@mﬂ footprint as

o sufgiE AT SETp AT 5 PSR Rl T pr R e are 12 mpu
ports BSABRH0REink N6 |12"§%)aréw%arﬂ161% ifts {d tﬂkbﬁ@ tTheSBfpsaned tdreincorporate
various Triton detergents. [0125] In the specific case

765 @hLmattitisiningaehanbgrippérf sagple mputr acf it of wp HukthaPO Ghambers per
chip. dhl {h?sr 5 a{lc P&y dlmer?taga%%h% A %rruﬁq?%tg% }ﬁgﬁt &)‘fi’lﬂea 1nd1v1dua1

e cat egory are enhancers ronot e
react@APEidnead and doaast ichkahneSunin aiiﬂltdi ibogtemi mlth&jéowdﬂutayer Upon
are not limted to, reagents t reduce secon

pressytizaionnfahq oniiek clrnarle; & thag My arge bRt KRS C%a%%off the sample
chan %eﬂ)t %ofaﬁ@fndﬁﬁ&“ﬁ@ ‘?eeml chzmlﬂ&s eVi§RUB1e8 -rtition individual chambers

ramet annonlun1c orlde [0126] Ceneral ly, the
ﬂmt&%k@ﬁakmdﬂémmgmheﬁﬂRbapbaHedton ‘rel ative copy nunber”

so that apparept. di ences in / nbers i
10131 P BHETBAHS) SR GRost gr FBH gl FrUPanERs (F - "master
le")S NP BLRARPYALS san:ﬁh@ ih@hdhl RoERPY f TKTBR arfplificali6A @ssay. Master
(per genone) can be expressed as the ratio of the copy

mixeswobiem af aapmamgetbué@nea saurehef @aﬁg}ae%mﬁﬁeﬁs O¥igatsimiieerange of
abou} &15(%/ al;cﬁ{tjro esrlalﬁléf 1p 3\‘%6 réagg%gggtfoglF 2}"[’“ a%?ut g mM, nucleotides, and

optionally, detergents, and stabilizers. An example of one suitable buffer is TRIS buffer at a
concentration of about 5 mM to about 85 mM, with a concentration of 10 mM to 30 mM
preferred. In one embodiment, the TRIS buffer concentration is 20 mM in the reaction mix

double strength (2X) form. The reaction mix can have a pH range of from about 7.5 to about
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genes (the target polynucl eoti de sequence and the
reference pol ynucl eoti de sequence) with two different
wo bwonzHCent dyes on the sane device, both genPST/US200$1€75636
same DNA sanple can be quantitated sinultaneously.
Accordingly, the ratio of the two genes is the
9.0, V\l’lﬂrﬂ aale\I‘ﬁlgéQﬁ)dbmﬂﬁJ@fo aout 816 ak aypded]. Qouat@oattioeobagplmitides can be
ng [01 27; I n one enbodi ment of g&
in thf"pﬁaé%‘éﬁf ot tniantO 3hpeC L9 M cairaly RdRe pnge b dhetd§0 mM to
i
sbout P RSN ANT s N onR A B, RNy /0P 200, £00, 700, and
800 nitiaSeRrgany sEch @& Tivbor dOeﬂ"putmt(@eKnlOO[ @ﬂLQBJ]onﬂeﬁrH]I 1?@ may also be
) | ar ge. nunbers of repI| e sa es .
includelh thF CaEoq SRR SearPeagas Suchie ATl 4RRT, Cleland'
reageﬁf? of Hl%rcfégﬁr%ﬁﬁhol' YLk Qé‘mcﬁid%t al PCR is conducted in
crovol The Treaction chanbers for running | ow
[013 1/]ol DEEWPCR EXdY ThE S R ARAGFARH? Imladditioabmastes 00X ¢s_may fpptionally

contapgr T 5 sl ednpS S RREoie tBeP i ElRnareuaNyy TO s the

produdi & BE E0LnPIRRE ANGgRIchEBInd 5184 Beddl cl@fed! fRLERRE @Rd 8fpressed in E.
t he same probe and priner sets or any pernutatlon of

coli. nrasdIN &FNedysiopasce6Mfd ramatsr wraoh refidyesrisom DNA (single- and

doubl?S Stﬁ%ﬁ?%%)utw%horlill_ rggfngn% IBIQS‘ rssgeﬁt gﬁ)hola?mﬁ Péc?(bone thus,

prevedd®dits ABe ik, a HWrﬁhﬁt[tﬁyﬁetbﬁgét Wr fa& leeﬂﬁﬂla.té fér DINA @oldthses. The
15 nL. In sone enbodi nents, the reaction chanber

resulting) ahgsicissenpsutiseepHble tadolstih eleavage  elyvatsd terapgsgures. Thus,
remox% of Epcu%tftbilge’s 1£k§uaﬂﬁ %Uéon?PpaFl #rrrleégar‘%{a&;vog ZﬁéoBNA]: bLBEan, B. K.,

or abou e sa
and Cmmwsuhtﬁedlﬁif@ grBeE 28t 1ds Mat:s,hnsy,IU cHntchedra 9t ,camd nvias de Sande, J.

ymers ol ydi net h IS|onane ure .
H. (1558, e Ezwn%@s%p Pifre A BEFE DI oL EREel %‘5 RGADIE From Applied
BiosySRhi08§stof cﬁ% ecR! @ﬁa‘aman'@ﬁyﬁ%ﬂsm\/@&t@r Ngt, |ca§ Lﬂots esh 487 4318157,

use in variable copy nunber analysisusing t
and 432@7%9 k(rhﬂ)lSSVEUNlﬁ Mlll tipadadim bEoegoriad ito the @mlﬁ’@hnssay and not
nC|sco e Bi oMar k system uses a
used ‘b‘& ?/HFenaé’Pﬂif%glP%ﬁ%?ﬁ% m crofl ui di ¢ device that provides
[0132E0err%ﬁltﬁ%x”hlﬂ)ﬁlicﬁﬂ1&1$a$i$ﬂéf§nt0ﬂu(ﬁﬂé§&ehp|r@0$t@m@l|y€§ are used to label
9] The Fl uidi gm devi ces/ nanof |l uidic chips (digital
separgfe rmyse)rs anmprebesMVEnT kquantibeasion eric difichangi 8¢9t h&epaglative expression
studle(séﬁ:su{egL@ tH)tl ?g?%i’e é}geagrﬁ%%\')\(“ttolfkn%gyfof :t}galr géf%gi:](géo %égl%r(@t '.,Ofglactm or
GAPDH) yssul@bediniitedFb aubid GonfpRsitid2 bpaweeh ampiificatihofathe kdference and
12 panel s contai ns 765 6-nL chanbers MAth a total
the sapenleganef Iieagraly thedinahsenaentratinge the &elerenrs ggtegRpimer should be

beoweel AR OHTBDVE MRt pr AR AR o,

Quake SR Mnolithic mcrofabricated val ves and punps
12ﬂ%)nultllayer soft |ithography. Science. 2000; 288:1
EXAN®RLE 16. The chip has sanpl e channels that have 10 nm

[013»33\/915a %ﬁ%}gﬁﬁ'}t |t fhe €O fhe HRSERD Wv@ﬁtﬁbn Wht heopy number of
aral [ el spating 200mm oncenter. Sanple fluidics afe
CYPZIxbwias aleedmisiet hwith ambwithper presinplficeters s Usmgcpreanwlification, the
CYP%& ¥r{ (t)rlleosrglmple was discovered to have a duplication (copy number was 3), whereas
without pre-amplification the same sample showed a copy number of 2.

[0134] The PCR master mix useful for running PCR assays with samples prepared by the

method of the invention can be prepared with the following composition: 20mM Tris, pH 8.0,
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chanbers 265 nmm (depth) x 150 nm x 150 nm arranged
al ong each sanple channel. On a separate silicone
wo ao0e0331the control channels of the chip run PCT/US2008/075636
per pendi cul ar to the sanple channels. The
intersections of the channels form deflective val ves
100m&OK 0t 4nGlyicktdl,de.044p W epii €5 smiM atligQiy, @DO0mMe dNFisy 6108U/uL
channel s, a thin nmenbrane between | ayers closes off.
AmpliTag®s & ecnetranneheplicd Bisheemsi haptel b ANt i iBRliTag DNA

chanmber,s. The, .conts ol . .
rofy iR CBh T 63 APadad eS8 s
the TRODNAOFO1 Pdsrabh gerammnf R abfirtiost. lake aatstealatAyA 30lymahde, it lacks

m cropl ate _and enabl es st and-al one yal ve qgeratLon.
endoniplenss aad 8'-1 Exonpiieasp 3ek g ties PRI G rigoper§e d6hdat e

anpl e i t. e ' i
01557 8 SRy SRECAR: LR AN PSR ERp TR srom 970
(ApplisdpBiosyst@ns, CApirah SofiL upadtionlebnthdfing fiarfreAmppeastahing (Applied

~In this particul ar enpbodi nent, sanple channels. .run
Biosypiems, €6).rZSHtMduHne {RNgSS hdf Vhotrayeres S ghe trset

d, 5 ! NRESSDRUN e, t PhdiRfal B981INB cbhditibAMREre 95°C , 10
Sm“wﬁgvgﬁggﬁgghm%?gﬁ@héfggfiéh of the coﬁ?%% (Ehaﬁnels, a
minute hbhstare ahd & eydet ofSACI fay &F secohdssad P E fohbmimypl @0 pL of water

channels to isqlate individual action chanmbers. L
s addga o BENGSALPE PR PO AT oAb BE P Ra oby B O the digial
Hayclosed during the PCR experiment. [0130] For running

real tinme PCR reactions, a master anplification mXx
[0136( e.Rjve Corels DA mamples iwere anabyzed onvihe Higsiaheiies. i kg wemprgs of the

CyrRC NG TpiaE B Bestr bl G5PAl QRLE farI¥ fire counted
by usin@Be BMMak DigithIECR 20geysaf sofivaid using thedtvdssbn bOrredidon as well as

preferably in the range of about 2 to about 8 S
Simantls el gooithrd dsce The cbpli onEt-) YA TepEtsERigYh leat gigg 1s shown in simplified

StaRllileZ g i 0 ht DBIE! alSeiReSents £
black in. f“é}}l{ea@ugﬁact@)ﬁclg)rﬁg@{ei%é n{)\gﬁgg%%% a%b\l’m}%lt to about %55 oS o
illustdadibn Wutgdsés, eoanenrhn dei mooxbd HadndvhplocBly displpyef es celdrs such as

I n one enbodi nent, the TR uf fer co tration i
yelovereAn Horile SCTFEANIR G, ik BTN 1 85T BV o PBt DS gene
¥ h&heC VElya Ble rén 5 bahels 1 and
(FAM;;igg@f @m&?&gﬁehf’egp%ﬁ‘{/?lg. Nehae c&iudls QIT@ps n  pdhels 1 an

nge of about 8.0 to about 8.5 as
12. typical. Concentration of nucleotides can be in the

range of aboyt 25 mM tpo about 1000 pi cal [
(013 nel rearte” BF tabio001 FAELES AROLR COOODNME ia) Base P genc
were gfdtgg@ @oﬁ@l@qg)étsﬁgﬁ)mnsf vos 8f HeQatid0Rere 3B0ut AO0medOE) there is only

, 700, and 800 r Det ergents such as Tween(tn) 20,
one copy Lo tHer §YR2DO @ene i easbriclieat(thege tn@@aWsMs%g is a single copy

i ncl.uded in the react.ioncmxtur Ll Z - divi
cone SREHHSE ) b0 ERRUEE RS AP0 U SRR s
from W @R ast Aanalyldwayerel dllehied el haded dlei@ildf the GNEP2D6 gene on

NEED THI S PARAGRAPH? I n addition,. n?s er nixeirngg
one chysrheseael yTheortheri thregsrmples had|a ralig ofaheyt | Bgathis does ot rule out

| NSOS YA 61 L RbRE e l ! 1 I hife thBRcule and can
et T e L SR A
not bé lsenested.s aoprenagdifeadorerpcwsseds perfdmed @ini these five samples and the

preaq%J}; %%Nﬂ%h%gggﬁIa}?g(%gl(téchﬁpsr(gfgﬁ\e/%j uracil residues
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doubl e stranded) w thout destroying the DNA
sugar - phosphodi est er backbone; thus, preventing its
wQs@9a33128 hybri di zati on target or as a tenpl at BCT/U820D0Y5636
pol ynerases. The resulting abasic sites are
susceptible to hydrolytic cleavage at el evated
[0138] erpdial. uUesSof pibumplifieatorado didtingnab ichrobasesali diplisatainl of genes
_—aGGO-H-pan ed h\l frngrmnf ation—ofthe BNA ancan, B-
K., and Chambers, J . A PRESMPGENE 28, 2 11,

h g de Sande, J . H.
savFESIney D Higeon, Toighng v de e‘?‘”mipldsg,f

commer ci al I y avail able from Applied Bi osystens, Foster
City, CA iilgl;/tan(r) Uni v LVaster M x, 2D os
4304437, 4031%2 and 4326%@}3 %The use of |UNG wil |
typical l ypRagpeptricted tRyyReEd gi tal PCR assay and

not used|in the pre-anplification assay. [[0132] Faor
Naubt1spl ex.49ppl i cati ons, dpfsSRerent fl uorescgent réport er
rl\lnc areiused to |l abel sebarate ; nraha

€ Iu.LClJIIIICID Ot pluuS|U|
Nédaﬁﬂfl 047 on of differeft’ genes. For rellati ve?

Si studies using [g@gti prex PCR the anognt of
N%’(‘)’?%%’)? f or 5t he reference gene (e.qg., b-actlin or GAPDH)
N&hQ&V:d b®.49 mited to avoifd.5@onpetition between 1

nplification of the refefrenceandthesanple—gene—in

3 !
Ngéhtal , 13 fi nal concent1|4§t| on of the reference gene
I RET ] I
B R e D
[0133] In one exenplary enbodlnent of the present

[Ol3%n¥gg hiﬁggﬁpé Hgﬁgblgﬁer&g}}n%%ﬁ%\g@ Pﬁ%@iﬁt@qﬁ\t}aselp ratlo of about 0.5
whenpg&oﬁﬁpllj dA %’]ggbd Ethf—‘ CYP2061ib b oM ub AP WReN@Be preamplification

scovere ave p I cation (copy nunber was 3),
proceshef thasn\wntlbmwas psed- a°crﬁ15| hiic atdiatestaiel efimme Tszmmlrrmles with a ratio

o RO SR B bbb ORRf TR E BT g

prod&chse wWBSh afdi@fedt S Bolnii NI OBtaGAN BE, BhEPARSIE letH B rhtite of about 1
| owm ng conposition: 20MM Tris, pH 8.0,100MM KC, 1

when%e@bweDNA wos @mlfyzradel@d(at wylo of IR, Dregmphi@Rpgrocess was
t
used. Fygltsér?dﬂat%ﬁat&i 3 (“7:@11%&? aq é@ﬂnglrdgs% | séé ?‘ %S o

reconbi nant form of Taq DNA Pol ynerase. It is obtained
by expressing the Tag DNA pol ynerase gene in an E.
(0140 0| Petgeizng Loss o& Heteroay@osthgDNA pol ynerase, it | acks
nd | ¥ Lb€an b
014" gORYLERT EpBRGdn of ¥ BB RIS Uf SGfnip e oot mumber
varlahdSh Ofle penampir genasf peekarinelddeond@eneAmploRCR bststogpgosity (LOH).
plied Bi osystens, react|
The GRVANT ﬁ@cho&edphsm At %nls?w( %e{ﬁ\ "E&e%?%yvstaaﬁsﬂmblhty in
1o%2 (B&lé&% B agpltddBoheiRIRRCEetect d/or stud
detecgﬁ%y}%%cﬁggtgﬂe Z§, "the tglragyet E%equ(e)znce of mt%crlggtan or Sy
abnommd Mc]nﬂorrm)fso@NAolsyamnhber Eﬁhmamalout}ychﬂg)f detethizygemly (LOH) refers

to a pgel gg‘gclaﬁﬁ%fgzg??}g %@@hﬁag Lal ﬁ%{(])gle @&C%_m%yg%% s%?te in a paired

tumor genome. Research shows that the loss of an entire X chromosome is involved in

numerous cancers. Moertel, C.A. et al., Cancer Genet. Cytogenet. 67:21-27 (1993). For
example, 40 percent of ovarian cancers are associated with LOH for regions of the X
chromosome. Osbourne, R.J. and Leech, V., Br. J. Cancer 69:429-438 (1994). Also, the

gain of an X chromosome has been shown to be relatively common in leukemias and
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I's added to each reaction after pre-anplification and
the sanples were analyzed on the digital array. [0136]
wo-2a0e/083r8 el | DNA sanpl es were anal yzed on t hepdi/gb108$/075636

chi ps. The nunbers of the CYP2D6 and RNase P nol ecul es
in the sane volune (4.59 nlL) of each sanple were

lymplesiial, e Baidbetgi AQ. t 1EneBiXOMArdtmdIogiet &l hiRflRn Anadpyesias including sex
software using the Poisson correction as well %

ChrOf@rtWaﬁ@d scoag%ali cordifense Wil &-@rompsome ggprgaljesa In: Sandberg AA,

[ I
o, S GREOLEL S BT P AR Rt
their Wﬁh&ﬂ maplfasthtiona ey ayk eAdantRs Hissr 435919819830 on

oses, events can. be record an h
01428 <P ayet oat LU Grectipens a@lfg;%fﬁrlew ge@r?%g%sl%ﬁcq‘y@d herein can be
prov1%%fpr2%§&§gd?%?59s e %ﬁfccﬁr&%‘?ealﬂ Y&npl¥&l UoWke tRat was used for

, and no gene, respectively.
detertanimd adss Qfolmterotygoeﬂtﬂ' (ﬁ) onerexampte (seepagel abote glingugsfon for more

The | 0s of the nunbers of
de“°%¢é§ﬁé g@ﬁ%ﬁ ?H@Vﬁﬁdggu%%g@hgﬁﬁg?ggg®P n%ﬂ“qogﬁéﬁgawnglz
panelt, 84€h ﬁﬁ‘ﬂﬁ% %Sﬂova_ Yi@u@forta%rrfp% bOSSHENExBROUL ddexample, the sample
meani n ere is only one copy of the CYP2D6 gene in

was tamsfcn@éltb tho clmpefgelctadoags ancbll@sle@ Rmaaé,@:nn:g ﬂ@ @ggalrﬁgm on the IFC

con L TSGE e L LN R PRI s

separhtB&abBlf oFTHEB| Rectitms.e Fach lof Qh@ ehvélus tsal’ﬁpl‘ée ‘ﬁhﬂdﬁ lvedre @Rerpixed with
the CYP2D6 gene on one chronosone. The other three

mastes an¥sl ansl praerapTPbe FYs.of crapbyitbyted fgfe separatedplets fpfher fnge of the
chip. OWIEPM]&C% Saﬁblbhl hgy%&fmﬁy Wals ?ﬂ}t tf?)ﬂe(?S ﬁrﬁ&@’ \{\ﬁhlﬁldﬁﬁedbﬁeﬂ real-time

ed co one no e an can not
PCR sapasat TR Aapp&f@mﬂnﬁt}cﬂnbls@mpree dlittei igitahasrap e placedlon a real-

e Bt 155 SRSl TooPACBTR BCRRE ESls som mc
expe%n leﬁ’@erg’(/leWeg @Eﬁélilie‘a"ﬂsi 159[39’1&@%8@14 Hakish sSIRK ARDRRARme PCR

ation of genes * has duplication
curvesfor tehé pOYPARDRey ©f pomnvwn}mndiwsowemeorp@ieﬁc}ormre one assay Versus

illustrated in_.Ta t wo sanp | es
anot RSB Fal'g 6P CA0U0. STHTER Hends BRRGHE e algated. For
analySit] thk d%\é?a@ayrs JfePirffrodPlihealitp s%ﬁﬂ/ﬁyh gnd ease of use.
preanpl1fication process of the invention was used. A

[0143]. Slnrthe idesdrihad exarapleaDie Eoimoeel] Higs cs»amnl@& Ingth 4gor 5 copies of
the ){ g[—l{oglogpmgb@??{leli I%etﬁtegg)ég{r% 10% Vélgg nug%o %f’gl]f'%r@ obtained.
DigithINa58 ek @sed@6 et edthlsemple @gtaﬁtsuﬂmree%ﬁ)aram cﬁﬁmiﬂseme TaqMan®
with a ratio of about 1 when genoni
primpote Kt 6AOK 2GR SRS R oS o T By geleass. Novato,
S
CA)— W@/% i %re Igl fhp'tl Eigh Jé?éncte IIFFO§ %%%1@ @th eting VIC-labeled

dup ication o gene ng Loss
“refe@hcdiedequaeygosi t y [0141] One useful appllcatlon of t he
descri bed net hods. of determnin numnber var

[0144s Eigpwy O shavay aghlagk gnd; whar ed graﬁxc Ilwggtl%taef? Oﬁ a%é?i results
examifIfS 188s BEUHRIPIHBOSH ¥s (deS¥lbed, and further illustrates each test run in

duplicate panels within digital arrays. Figure 6 also shows an up-close view of Panel 4 of the
device. In each panel, the number of Target positive (light gray, which correspond to one
color, e.g., yellow) and Reference positive (darker gray, which correspond to a second color,
e.g., red) chambers were counted and corrected for multiple dyes per chamber. From these
results, the raw ratio of Target to Reference was determined. No template controls (NTC)

were used in panels 1 and 12. Tt will be appreciated that in practice experiments can record
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The techni ques discl osed herein can offer a new | evel
of sensitivity and flexibility in detecting |oss of
whetoensmygyosi ty. Exenpl ary applications incl udeCT/us2008/075636
detecti on and/ or study abnormal X chronosonme copy
nunber, or aneupl oidy. Loss of heterozygosity (LOCH)
differérﬁfcmol‘is | ﬁ:sﬂfbaiﬂlgﬁrzfﬁéd)m @ldrehwhazygbasd stlatve whickaare depicted in
~normal genone to a_honobzygous state in a paired tunor
Figurgye apgrays Reibe Rlachk anthghete ilhEir2iofe | oss of an entire X
hr, (0] LS | S [
01438 SHTBREFea TLE 9ok A o IR iR BT gy P TRE)  shows the
average0bf gxepdparatel Bsspe raterst (Yohxigvplotted agang&mewar ¥ chromosome copy
associated with LCH for_regions of the X chr SOne. )
numbexGoarink InRding ST parsdpat show B Stapdard gl Of g sgn- Jhe ratios
produé%u9 %ﬂ)})es ISQ)NAhs%rrgﬁf%snkﬂ;w@% XoatiPNDSONE has HadPies of the X
shown"to be relatively common in | eukem as
chromas oy nithe iadividSalnaberatjo AveastrEinentX wire omuEpls H3h2 ldodraveraged to
neopl asi a, incl. L.idj ng sex chromatin and coggre%'l taal
T Sa

obtain, 6oRY; PYBRE RET (P! FHOEMSs ot AYFEHEE [0St A

copy fﬁﬁ‘nbé?dviafi@ﬁts, WL 292Reht 68094 tihgi camipTaLh 8ReaX assay performance.
chronosone, part B: X chronosonme anonalies and their

[0146%| i Trbtead listarthé eaw aatiosnfsom MesvT¥@YRA® Atriperpprobg sags for individual X
459-98 (1983). [0142] .To..carry ou i ,
chroniREPEAPYT a1k CBdY SEe L HE SR 50 ThErSi T Bl Whean copies per

genorRé QMk defrmiticd WyemditpRANS tHd@edl edbiot BCR Urkhedbstaidlumn on the right
exenpl ary device that was used for determ ning | oss of

showth Bteeviandpirb sirey of theomears (H)-e AssgwwngingTablg §ofie mean copies per

di scussi o f [ ' j t
sSSP BB Ul BEAE ko 5 s
[0147haviabl: L 2R pamretiss fedadivhiaul X@hrohbmme gt for a

sanpl e o a a0 1] X < N_one exanl.e he amml e
KNOYEE X CHE. REI FENM123 AW $MS RAW VY2 MEAN COPIES
COPY BUMBLE#R RETWD RATIO RATIG PER GENOME SEM

X Gg 19 TN SOITMRrS THTCTTae TO Pressir e 1 oad dne 007

gsra Sﬁ)ver 1-to-5

2X¢hwact i ons. ExEh of

the twelPve sanpl 2 which Wére 0.22

3x ghrem xed wi thiomaster mix @9d pri mer:probe set38 were 0.48
4x@rt__str| buted {gfo separategsnl ets on:the franmesef the 0.24
P W-thin-gach—panet; f'gzlbi ngie sagpie was ;4 0.51

rtitioned 7%t o 765 i ndividual 6 nL real-tinge PCR

reactions. P erfo d with the e :
o143 S TSR PELLBTRY a1 SRR b Ty ecton
and dﬁéﬁﬁgﬁmﬂlingﬁﬁ kdilg y@bBioldgianigselenae, deeentdsin geddreopy number within
~results fromthe experinment were viewed and analyzed . .
highly spmglerj gshami PNapanpleat iT6a sapplenaslectedan thesenfsstpeye similar or
. Curv or_.end poi | it . )
cendf 55 ¢ SR LITRIER 1 LN T ERAER! S & s
in Vi€ak@rpi dr @, 11894,04/0f J aPehdhyol 4SeipdensOemd PinkelDiNALs AAPS,eNat. Genet.

were cal cul ated. For analysis, the digital arra . ..
20205 dr  Thprswest Feshinreg, heanbedot Yt Sieerbaeien with digital
array%lggn io%%lé%l:oé?pn Iggerd%ﬁﬁfa'tigﬁsdate%MSed,iscg%nﬁt[r%nasq@ﬂdwn CGH and
he& Cont ai ing 1, 2, 3, 4 or 5 copies of the X
MIP alettodesdtie re@Goring hhndsast fethrtieal froamipvd atigaindRélsaeefiotd; requiring less

Canmden, NJ) re obtained. Digital arrays, wer ed. to .
labort@étlngﬁ%ﬁﬁd%F@yag%oﬁﬁve’i’ ﬁ?%&@@p@r%ﬁ@%ﬁrﬁ?@iﬁ@ assays in a
digitaTWﬁ)(rﬁl)at provides both biological robustness and assay redundancy, compensating

for assay-to-assay amplification differences. If multiple loci are targeted simultaneously,

overall assay results are valid even if there are single mutations or deletions at localized
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primer-probe sets-FAM | abel ed 123B, SM5, and YY2
(Bi oSearch Technol ogi es, Novato, CA)-which were
waeesoanpdird i ed in the presence of a PCT/US2008/075636
si ngl e-copy-targeting, VIC-|abeled "reference”
sequence. [0144] Figure 6 shows a black and white
primegipreebindin yBty. aVibregver, efficacy Gmsednhase by uskgrme-amplification
| oss of heterogzygosity as descrj bed, and urt?et
step priof {pstrangteadng dieFamale o, eifWCBn’L&‘PCﬁE deucssdREPEIYSS hi n
digital arrays. Figure 6 al so shows an up-cl ose view
[01490f Aaneigh sheofnvemendemsiteen deseribet Withankerence hetheuabbes exsinples, it

it oo B s A B BB OB PSP st an
scopeXfA¥e i¥ehfbn CALEIRNWM the iR enRE6RNIimRk®onlyebPthe 0BEVing claims

chanbers were counted and corrected for nultiple dyes
alongprath thhiaféscopFobdnqdiedersr esul ts, the raw rati o of

Target to Reference was determi ned. No tenpl ate

controls (NTC) were used in panels 1 and 12. It w |

be appreciated that in practice experinents can

recorddifferent colors and results illustrated in
color, such as red and yellow, which are depicted in
Figure 6 as grays in the black and white illustration.

[0145] Sinple linear fitting was used to determ ne
copy nunbers. Figure 7 shows the average of three
separate assay ratios (Y-axis) plotted agai nst known X
chronosone copy nunber (X-axis), including error bars
that show the standard error of the nmean. The rati os
produced sl opes for DNA sanples known to contain 1, 2,
3, 4 or 5 copies of the X chronosone. The i ndivi dua
raw rati o nmeasurenents were nmultiplied by 2 and
averaged to obtain copy nunber per diploid genone. The
aver age response for all assays, over |-to-5 copy
nunber variants, was an r value of 0.994, indicating
hi gh i near assay performance. [0146] Table 3 lists
the raw ratios fromthe TagMan(r) prinmer probe sets
for individual X chronobsone tests run on the

m crof |l uidic devices. The X chronpsone nean copi es per
genonme was determined by nultiplying the nean ratio by
2. The last columm on the right shows the standard
error of the mean (SEM. As shown in Table 3, the mean
copi es per genone corresponded well with the known X
chronmosone copy nunber of a sanple. [0147] Table 3.
Raw Ratios for Individual X Chronosone Tests KNOM X
CHR. RAW FAML23 RAW SMS MEAN COPI ES COPY NUMBER RATI O
PER GENOME 1X Chr. 0.51 0.49 n.oi 1.0 0.07 2X Chr.
0.77 1.15 Us0 1.9 0.22 3X Chr. 1.10 1.19 " .sh 2.8
0.48 4X Chr. 1.63 2.05 7 3.6 0.24
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5X Chr. 2.03 2.34 ' - i 4.8 0.51 [0148] These results
illustrate that nethods and devi ces descri bed herein
wa@bkdoomsxes ecti on and di stinguishing of small, BEL/US2008/075636

biologically relevant, differences in gene copy nunber

wi thin highly conpl ex genom c DNA sanpl es. The sanpl es
WHASEISeCL atMEDXISt hese tests are simlar or identical to

t hose exam ned in CGH assays and M P-based nicroarrays

studi es as described in Visakorpi et al, 1994, Am J.

Pat hol ,; 145:6 @{}Q RlifkE théelaive cdAPRmMMNEf a target
Cenet . 120: 2 g}%flh%{ii% ee prlesgnt resuftcs usirrrl19 thg e
polynielebiddisseqierich én € gemoamd ofl ansubyect, enmpiisingdi gi t al arrays

can produce Hi y_y nunber estinmati or}% at .| east as .

di scr | iRATTIIG RS S EORRFARRITS AT (TS SR eguence in 2
sampfeec%H{%'irﬁﬂg Eé}ﬂ)%é PNA %Fhﬁ'sﬁ@jlectr;mm pul ation and,

therefore, requiring less labor and increased

ef fi ci essyinghbe tioget igend sequerisicland yhetroferange geme jeghence of the

TagMan(r ssays.in._a digital PCR format provides both
prean!ﬂ?‘gi\éaéi(“& ]Ie%ﬁ'dﬁ%‘g’tlkg:& and assay redundancy,

conpen Si%ieirrﬁglirﬁ%)(a) ARSAYIHP P EBANTi&TRIdctadtid@olecules containing

differences. IT nultiple |loci are targeted

the taggehgeneeasaeanst ynd 6y sheapumbes ©hgmpled pelyaiceoige mplespdas

i f there.are single nutati or. el i.

contefrine WE A e B e ek PR Sh B Cpbif B o
ef fi cacy can be enhanced by using a pre-anplification
step prior to transferring the sanple onto _the
mi cr of 12ui di dheengthedol @eimphahgreinsthe senrlg)is KPwHRERAY: he
i nvention has been described with reference to the
above exanmples, it will be understood that
nodi fi Gat i ongheansthahof @dirohs/harein thacatipase (W tshabnut 0.5 and
the spirit, and scope of the invention. Accordingly,

there g3aedsleianfi(Rhen @9 SFRTPeYPENI y by the fol | owing cl ai s
along with their full scope of equival ents. WHAT IS
CLAIMED IS: 1. A nethod for determning the relative
copy nuirber Tofe naethad gitlaipol yheciedeirde sfdglionbeisiabont 1.5 and

enone. of a subject, .conprising: pre-anplifying a
theregsaar@@w@%‘f{’e@égﬁ%ﬂ@eﬂﬁﬂ‘g‘g?lﬁfer ence gene sequence in
a sanpl e containing genom ¢ DNA of the subject;
assayi ng the target gene sequence and the reference )
gene ségquencemsthadifer getermipinigfa gy samppieofptargeypelypucleotide
PCR,  deterni nin he .nupber of anplified
sequeny I e8I U Sngll(eg%ﬁﬁgrggn%gg? ai ning the target gene
sequencenéinting R)firkthw ] yruteetidofimplifdatibh @la DNA sample obtained
pol ynucl eoti de nol ecul es contai ning the reference gene. .
from g sgRiesicwhersn kash & fargstipelynuplsotidg seguece @RY 2 T¢ferense p%.ynucleotlde

can B DO L D IS SR O SRR o AR v

amplifie), therebpprddsciabantanplifiednainplepre i s a del etion of (a)
ohe T o arg nosyon of B auppedSiziySinto ABRREAS of isolated

reaction volumes;

in each reaction volume conducting a second polynucleotide amplification in
which the target polynucleotide sequence or a subsequence thereof is amplified if present and
the reference polynucleotide sequence or a subsequent thereof is amplified if present;
determining the number of reaction volumes in which the target

polynucleotide sequence or subsequence thereof is present A and determining (b) the number

43



10

15

20

25

30

there is a duplication of (a) on one chronbsone. 5. A
nmet hod for determ ning a copy nunber of a target
w@odognssareot i de sequence in a genone of a subjBCIL/PS2008/075636
conprising: conducting a first polynucl eotide
anplification of a DNA sanple obtained froma subject,
of reaotien eblomes irhwhich aliayefergale polycluelebtidtesegeepce wc sutmpghieace thereof is
ref erence pol ynucl eoti de sequence, said reference
prese@lddiience having a predeternined genonic copy number N
are amplidrdifthe éo%gfn%ﬁ%epmﬁy ¢rBd pRlynaRRRbiidd ndnhs gemkfY is
distributing all "or a portion of the anplified sanple
approxithately gobalrtal( A)/{(B)of Ni sol at ed reacti on vol unes; in each
reacti on vol unme conducting a second pol ynucl eoti de
anplification in which the target pol ynucl eotide
SequenGe or TheSHORRGHNENS S 1 hetieah cosdwimy kHd @et pdlynucleotide
present and the reference pol ynucl eoti de sequence or a
amplisehis@yeremiriseh erreliningghebiol agidad gample i Bisrepmposition comprising

. _determ ning the number. of .reactiaon | . 1N W
primh gt Aot GrTael i SRt PR e Fhbrerence
polyriuBR6EE sdqSerdeaRiNonducting 2GRl @hefasd d@in Rhctiohg PORYAOHO as to
reaction volunes in which the reference pol ynuc| eotide
separsfelyLampl €y e ubeyalentde andaetsencePopneslepidean sypdaniay equal
gggncopy nunber of the target polynucleotide in the

mop%enone is approximately equal to (A)/(B) x N. 6. The

met hod of claim 2, wherein conducting the first

pol ynucl eoti de anplification_ conprises conbining the. :

bi ol ogi’al SH}?’?F%EW phelam:o mhsesin ﬂ’&ﬁﬁgdjr?&qugreﬁﬁge amplification
cmnufﬁé§ﬁ&ﬁ4§8q§%g§9&for the target pol ynucl eoti de

sequence an Imers specific for reference
pol ynucl eoti de sequence, and conducting a pol ynerase

chain reactign (P say,.so as. to separately anpl.f .

target $oly I‘é@g@j%ﬁ%ﬁ‘&y i)”e‘f’]%‘?r%lﬁélge ?8?%%‘1?%%?5 %g dfsﬁxsed mna
microtHRGE ABYikb&lahY t1R0a] R ARGk Amphi ficativd i5BéHiREte@fin & kéticibn

6 wherein 'the first pol ynucl eotide anplification

volurgo sapaiatefomrthermicroBuid® deytices. 8. The nmet hod of cl ai m
2, wherein the reaction volunmes are disposed in a
m crofl uidic device, and the first polynucl eoti de

ampl i figat i orhedhetBON8PELIRH2 | Whécihgaidk tdthe ¥pwidistributing, all or a
separate fromthe mcrofluidic device. 9. The nethod

portigyf ofcthe prrp Bfiedrarnde ¥ qomtbined; with Fragete pelestediios dramiitiveg,
|..or ' Al Lt d S l.e.d s conbi ned
alnplfv%\j}cta‘%gr} %Igtﬁlgg%[ éénggleg%e{%%g? or écfhrgr?t Pati Ve %h’pl ification
of target gene sequence and reference gene sequence.
10.  The method of claim 9 wherein the reference gene sequence
amplification primers used in the first polynucleotide amplification step are the same as those

used in the second polynucleotide amplification step.
11.  The method of claim 10 wherein the target gene sequence
amplification primers used in the first polynucleotide amplification step are the same as those

used in the second polynucleotide amplification step.

12. The method of claim 9, wherein the reagents comprise a first probe

that selectively hybridizes to a target gene sequence and a second probe that selectively
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10. The nmethod of claim9 wherein the reference gene
sequence anplification prinmers used in the first
wpodognssareot i de anplification step are the sameCEHES2008/075636

those used in the second pol ynucl eotide anplification

step. 11. The nethod of claim 10 wherein the target
hybridiegsao aaeitemce gamgielfisrcatunder condinensswisblt fonpelenddotide

pol ynucl eotide anplification step are the sane as
mnphgﬁﬁ§@-used in the second pol ynucl eotide anplification

step. 12. The nethod of claim9, wherein the reagents

conprise a first probe that selectively hybridizes to

a tar gds. geffhessguehefrlaamdl 2 véewdn thedirstrmdtshend probes comprise

... selectiyelyhybridizes.tp. a.referenc ene sequenc :
st e e et B A e B BEBE0P feramion of
the iR debdbdBirbB upckBpol JiErab@Ehaccatti (?"OR)l)%se brizatib@ results

fi1rst and second probes conprise different detectable
in a change lis detestabladlmpreseenie nlithegespectiveedetgctable lobelsecond

probe or degradation of the first or second probe upon

pol ynerase chain reaction (PCR) based pol yneri zation

resul t 94i n ahehadBsd ofcidet Boiiabtie thd erareeREEsqleddee

respective detectable |abel. 14. The nethod of claim
compiisesgrmd piugleotide pasfiencsrnt deagienpatial brgnendia s @p Rpyasele gnzyme, beta-

. o, eoti de sequence at |east partially encoding an

aaulgﬁééggﬁ%nzyne, betaactin or GAPDH. 15. The net hod of

claiml1 or claim?2, wherein a ratio of target gene

sequence to reference %ene sequence ubstantiah%¥

devi at ilag f ridsmeethed ofeclgm b o flaing 4¢ whergn ayaiip PhFect gene
seque B Bk AERE oI SRy Ay R ot PP PRRERo 0] ihRfcs an
abnorgied el gat pengsdghendeatopy numbemipthaegeroere affthe pasicbtr get

gene sequence conprises detecting a | oss of

het er ozygosity in the genone of the subject. 17. The

met hod 1@f  Clialefhdnd oChifiin 8r cloheD SlvRerdin’ RkdrRihg the relative

target gene sequence to reference gene sequence wth a.
copy wamhber Julbstasget ged sequensacemprisesrietacting s doss Rhhetgrozygosity in the

i nd.cates. a | oss of heterozygosity in the genone of
genorpfy gt (et

17.  The method of claim 1 or claim 2, wherein a ratio of target gene
sequence to reference gene sequence with a value substantially greater than or less than 1

indicates a loss of heterozygosity in the genome of the patient.
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