WD 2009/ 033178PCT/ US2008/ 075636 COPY NUMBER VARI ATI ON DETERM NATI ON,
METHODS AND SYSTEMS CROSS- REFERENCE TO RELATED APPLI CATI ONS 5[ 0001] This
application clains benefit under 35 U . S.C. 119(e) of U.S. Provisional

Pat ent Appld watdzerrs No. 60/ 967, 897, filed Septenber 7, mAQ%K2udshesshal

di scl osure of which is incorporated herein by reference. FIELD OF THE

| NVENTI ON 10[ 0002] The invention relates to a nethod for determ ning copy

nunber var iCZbPYNWMBRR ¥AgehonE) K oRTSRNIINPAIUNIVETSHODS Bd Wi dual s and
finds application in biology and nedi ci ne. BACKGROUND OF THE | NVENTI ON

15[ 0003] "Digital PCR' refers to aYi&fHwekd i n which individual nucleic acid
nol ecul e present in a sanple are distributed to nany separate reaction
vol unes (e.g., chanbers or aliquots) prior to PCR anplification of one or

nore target sequenc ) t.j.on i.ndi vi | ecules in the
sanple is adjusted @%O§%gﬁﬁggggﬁﬂ%?§ﬁtﬁﬁﬁﬁé%ﬁ&g%¥%grgg%§Pon vol une cont ai ns
fewes t 1pnendipeiation painydsateotdddes Molecul B AHof auyregatiendPalchnked

pol ynucl eot1 de 20 nol ecul es), and nost chanbers contain zero_or _one

mol ecul @PPIGHEPE fV 280/ - B - dilechSqRemBEqheREe . ribs (il sdipglosyre ph afyeld i t al

out put | whieh each,chagber is identified as either containing or not
contai ning the PCR product indicative of the presence of the correspondi ng

target sequence. A count of reaction volunes containing detectable |evels

of PCR end.. product is a d%@@g&cgpﬁﬁggﬁgggq%gﬁ absol ute nucl ei ¢ aci ds

gquantity. In one version of gital pol ynucl eoti de nol ecul es are
di st i bpaoed; bye paeddohirehicngo theethidion dsepamateecapeamtribenvarakicmesgihizQoe
partition method uses the Bi oMarkTm 12.765 Digital Array. (Fl yidi Cor p. ,
Bout h SEORERROE SBOT TERYECTR &F CRBIGHT |3 de b Ry A B i RISl g
val ves jfatigeartition m xtures of sanple and reagents into 765 nanolitre
vol une reaction chanbers. DNA nol ecules in each m xture are randonmly
partitioned into the 765 chanbers of each panel. The 30 chip is then

t hennocycl ed and i maged gﬂd_ﬁdﬁ(?jm!fgélg BieMareNgaly ti me PCR system and the
y

positive chanbers that original contained 1 or nore nol ecul es can be
counf ed[ 831 hé&Diitgi RGR" wfaraip amalhyd irswhioh twkvidyal Bosicidiasid msdéwhsprefenDi gi t al
PCR S8 Il%gmp xaf iiigt’ribl\llt%g%é) %a%iy%q?‘a@a e reaction volumes (e.g., chambers or aliquots)
prior to PCR amplification of one or more target sequences. The concentration of individual
molecules in the sample is adjusted so that after distribution each reaction volume contains
fewer than one discreie polynucleotide molecule (or aggregate of linked polynucleotide
2G  molecules), and most chambers contain zere or one molecule. Amplification of a target
sequence results in a binary digital cutput in which each chamber 1s identified as either
containing or not containing the PCR product indicative of the presence of the corresponding
target sequence. A count of reaction volumes containing detectable levels of PCR end-
product is a direct measure of the absolute nucleic acids guantity. In one version of Digital
25  PCR, polynucieotide molecules are distributed by partitioning them 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 randomlty partitioned into the 765 chambers of each panel. The
30 chip 1s then thermocycied and imaged on Fluidigm's BioMark real-time PCR system and the

positive chambers that originally contained | or more molecules can be counted by the digital

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



Kinzler, 1999, Proc Natl Acad Set USA 96: 9236-41; MBride et al., U S

Pat ent Application Publication No. 20050252773, especially Exanple 5;

[ 0004] Copy number variations (CNVs) are the gains or | osses of genomc

r egi oNginghi- Civop amge Marlohm 806 sk 86 9816-tipwdeRrade ¢i 25i ¥ PalepehriEtii®en five

t housand and five ml I%_&r] bas% Véhollees_genorre studi es have reveal ed t he

pr esent@lisrienige ORtiitber’'s: 6P° FPEYP6RS i n human and a broad range of

genet i @QQLVGE%M YurBFED e itRes GENTEPdre plopgdiat drolsseCNV/gehanie rigpen wihe f ocus of

many recent studies because of their roles in thu n gdg eti,c.di s {.ders. See,
Yeargus

for exempt dromabphbesesonapwardgosizeDEtER (heBHEHr 1Y A8 TR TEY SN i n the

human gen le ; 7 thosRadncelof Blres ndfiBds oL @Nyercgead € copy
nunbergfb%ﬁy r°p%$“£%ﬁ?§&?%gh%%%n§ﬁ&ge§ﬁ8n§. Sci ence 305: 525- 528; gRedon et

al ., 200fmdd ohiad bread iaatd ohgdnatic apyrsivApens it &%Yﬂh@ﬁﬁﬂa’f@éngws DR ure 444:
444- 454; Wng et al., 2007, A conpr | ) IS ; CQIBL; CORY- nunber
vari at Peidhs BoHh THWHCGBE%B@%S%C%SE %ﬁl{}‘%@ﬁg&a‘%’?ﬁ“ﬁ%ﬁ& Rop?ar g& 2007,
New persRechhnasidok: & heo® Deidadn efagt-sgénetiatiodiis redemsn sAprde Ham Genet
81: 199-207; Lupski, 2007, Genomic rearrangenents and slg)gr adi.c,di sease. Nat
Genet 8Rrer563945A71; Sebdist o 2Rt LT§SCRR CBPPOTA eéé’og’y’o ‘€rénce.” Aneupl oi dy,

such as _tris S 56411 QB dehet Gebal V:Siaflod Mtdpyngintbype ¢ copy
nunmber g\e}%}rnlkeatg?%ﬁge;%dség%%tﬁe% }s\ﬂaﬁ a variety of human di sepg,ses. BRI EE SUMVARY
OF THE nLNENEhGhE 0004444 Hibrsiadpee ¢t Ehe087i & HBRPHREYE HEYHOG f or
determining the relative. N n ofd. dg-gm@guence in
a genoffe™ nacoéjﬁﬁﬁu@@?r, V%“&ﬁ%’?%/é‘} #{g}:bﬁ%ﬂrlgehf 5%16?1?81[ %gﬁgj”%%ﬁ pol ynucl eot i de
seque nq&,ﬁm(ﬁ)?! rbepesnespslfynie teotliie  eguaincisardera Aafple E@atdi ni ng
genomi ¢ of the subject; assaying the taraget Lynugl i . uence and
the refl@Peite Lppiy ] SoLPae ?@E%Eﬁ 8““8#“‘% ﬁ%‘}q%&rl%i&gag‘ﬁ%ﬁ@i @?iﬁé’lﬁg% egby

di gi t alg,RCR, 06t §Hifh A PEoh@laidde, Fuferbess. Ohnampliiy,i edh polysus! eowhde

mol ecul’es’ contai ning the target pal ynucl eotide .seguen.ce angln(ba)n. %Vhef\ nunber
of anpldhfinesopeldyiaie, ot iEngBNE O cEy @@ﬁ%eéi‘f?ﬁ%‘i I @R Al Y B ey ©

pol ynugﬁléleoti e, sequence and determning the ratio of (a) to (b). [0005]
The pr P “4i"SClosure relates to a method for deternini ng copy nunber
variation within a genone fromsnall popul ations or individuals. The method

provi des_for i | f the gene of interest in a sanple prior
to anal@%ﬁg W&%f%%@ﬁgﬁ?gaml ification st ep all ows for i he
di st ri obiom ef dpdi teiabrovdpd esmedPd foieleFERMEGhHEAE CRYIITEY 't o

i ndi vidual PCR reacti r cdol QAmbRsif Replifihata thigetnor e

repr es@F&%ﬁ’?%ﬂc@q‘)g%c%eg%n&gg%%/%%J&n’%e?fdateﬁ‘gﬁc\i\henbdeft?geﬁn& negl ?ygdi i.tal PCR

Wi t houpolpreaapld téatek ond { OEE8IceDPYyIEICOPERSWHEER Fret HEUE ot " PHE 5pr esent

di scl osure .h t abjlit ISt ' ot Ragesemand eledetdichécer ences
in gen8""%9615%/%mﬁgﬁmvﬁubﬁag%%%?ﬁggé%u%%gtyééﬁl&%ﬁgidan%ﬁ e, it c%n differentiate
bet weeRoldnuckotid @qitnd: oipi Eeamplifpdriespl by digrldidhlcsampingss hPGPEer to
ensure that  apparen iLfferen PN ge JWHBRb el sBq@hdef £E eBtihs anpl es
are reé)f,am%lm?gr?(?{ymb‘iﬁeé)g%er ga%é%gﬁt??gfg%pggg?%lsanpl e amounts, ﬁg use a
teini Gakb&hraebatidivelyaootidumbrulesTivatamelzaht TErerss PORNOMFOHIOFIN  fene (per
human genone) .can_be .exp%et%zg)d as the ratio of the copy nunber of a target
gene t ¢°¢ ARCTRGHTE HERHE P Bt °4%%si ngl e copy reference gene in a DNA sanpl e,
which is usually 1. For exanple, the RNaseP gene is a single-copy gene
encodi ng the RNA noiety WD 2009/033178PCT/ US2008/ 075636 for the RNaseP
enzynme and may be used as the reference gene in a copy nunber assay. [0007]
A comercially available digital array chip, such as that illustrated in
Figure 3, for performng digital PCR, has been used to quantitate DNA in a
sanple. The chip has 12 sanple input ports for introduction of a sanple

m xture. Each sanple mxture is partitioned 5 into 765 reaction chanbers in
each of the 12 panels. As is described in the literature (see, e.qg.,
McBride et al., U S Patent Application Publication No. 20050252773) the
ability to quantitate DNA in sanples is based on the fact that, when an
appropriate quantity of DNA is introduced, single DNA nolecules are
randomy distributed in the chanbers. [0008] By using two assays for two
genes (for exanple RNase P and anot her gene of

far ]



1.0 interest) with two fluorescent dyes on one chip, it is possible to

simul taneously quantitate both RNase P and the other gene in the sane DNA
sanpl e and obtain a good estimate of the ratio of these two genes and the
copy nunber of the gene of interest. [0009] However, when dupli cat ed,

mul tiple copies of one gene m ght be closely |Iinked on the Same chr-onosone
and t heowst oTte peaet distostye rqiastid 1 hehedor detsniaRe FoRSEHEDe VEREN Bh 't he 15Di gi t al
Array. As a result | tiple copies.:: ' VEe onewmkeqgyd enhand t he
total HOABEr B c%%?lggp%p%tﬁgscg%ngﬁ%\ogilﬁggbg@g?eglt Iﬁﬁdu%der.esti mat ed. [0010]
The prﬁ%ﬁﬂ;&ii@uaﬁ@d oStie eeaddf esses it hissmpleopriasre ppaiveie Pidigig! ACR. The

preanplification step.in the process. Preanpl..fi.catl 1.5, 8 action
Wi th pplieprapiliqgen 56P RIPHE a‘éﬁg“ GEORRIG aE g Y C?"geg;bécn@% DSQ%% 3 g., the
RNase B g80&Y-intolinkisiduXPPCRI tibtiperskapies 4of agteaiohi imi 4 ednmunberis 2grof t her mal
. cycles (g or exanple 10 cycles); assum ng e%ual. PCR ef.fiﬁis E‘i es t he copy
nunber spofciimi ofenasalapd@yprepet DahaI 1S FHETEATREY HeiHe E ewh%(ful‘fi cation
step. Usi nﬂ}.{.}%i.gﬁ process, even if multiple copies of a gene are |inked
t oget hBY¥* B8R Y A& Genoi ne, after preanplification, each copy of the gene of
i Nt er egfooy DigREPGRARséd hesithds eizeradset ylisclasact bad the dbditpaisindushées 88par at el y
into different _chanbers in the D gital . Ar I t Qﬁ% ated 25
mol eculres T HEERIGENEs BYEr F&et n?%éérohifgi i[’ﬁ%%f rag‘%‘?%‘%an ?t hey %F g@%%{ | i nked
any nmoner..a.dicdidden ahiop3 analsysipes ol netpsantdiffate dwimplanlnewdérds cofurt he two
genes and measure the ratio of the two enes gt hﬁref org the ggig%ﬂgémber of
t he genlest efparent diflssanye WF&?@Wm%TP? FRUSTIPIE 5 88eit” a1 sei"osur e
provi des sys ; WQdSifarcaRaT f0fik Rgp g enabdasedretnat yses.
Mor e sg’é(cqsl%?rtgtg‘{g?f?&tqﬁ{eﬁ%@%ﬁg%ﬂrswéa%da’ssystems of the p};}gsent di scl osure
30generw@hy surkisd-af e gtre (detheinan wemgn 6Py bnerescd e Patatent g aPHBITiftcl eot i de
of interest in a sanple froma subj I ' Laenght-he
di scl oURSAEF IR C?Pétl}]ilgl(rlg © %fa ?ggg%?ﬁblr#%gf%cﬁggnrée) :dt%%gigg%’ ﬁﬂ%@er of a
target iggé%w@! eotddapsequeneesd pera igesnge-oby acsubjceding tientNadiagy t he
steps of:

2a



WD 2009/ 033178PCT/ US2008/ 075636 a) pre-anplifying a target gene
sequence and a reference gene sequence in a sanple containing genom c DNA
of the subject; thereby producing an anplified sanple; b) carrying
out di git &0 PEROIFY78di stri buting product of (a) into a PFrUalleeyse¥ i sol at ed
reaction volunes, anplifying target and reference gene sequences in each
reaction 5 volune, and determning the relative quantity of target and

r ef er ender e RiNasPomeyroesnd mat brevsadpd the refdresemngshe in aviey @umber asedvat | ve

quantit f..the target and reference gene sequences..in the anmpliki sanpl e
corres pgﬁ g ?‘ﬁ?’ﬁ?rg\?hy &ﬁ%ﬁ%ﬁt@g@f} afrﬁg “C8r a“é“ﬁ aﬁﬁ%f%’f%@ %ﬁéﬁ%i rrléej*s%guences
in the geAeEing [PRABPCRNLE sehaled teqhodiemNA he  dbsgleosTecp ovi dBs a

met hod for determning the relative 10 copy nunber of a target

pol ynuclsespiederts @aiic HE TRV et riemete BB E8¢1 Samp GHiTHg % ??é“%‘i“é‘f)s of :

pre- anplif WeRge 2t ALGeILJERCSEORERce BRdia Lefekanbed 4PRR IRGAURNGE. TN a
sanple containing genomc DNA of the subject; assayi ng the

target geneMsBodentcel.add Pientrifmicencel genetigeoe At 0852 1/Ae theshiearnpl i fi ed

sanpl e by digital, K PCR : det 1.00.Ng. | t he n r_.Qf Li.fied
pol ynucletI'ge vt b avmies bRt ot s T tar e rgune BT afRe) The
nunber ofp@npbd, bineld IROA yriehRe biedendrli ¢ aistritat@antiaichiumiert.he ref erence gene
sequence and deternmning the ratio of néa) to (b 0%14 In a rel ated
enbodi mBARVS Ry BIRE MBS GFEYDrYv ife €578 ¥ h BT ¢ Raistoint AP PY hunber
200f;03 ifkAeh H KHELEALHCHSCBHERE Enip 1 URBGHE (0Ll &HBRAG lquakiial udi ng
t he 'steps of: conducting a first polynucleotide anplification of a
DNA sanpioé: Bbewi hed! the oficazgely SetsampfByeistmporhd abtiaraggoed seiysHuel ot i de
sequence_and. a reference Lynucl eot | sequen id reference sequence
havi ng Jatb%%%tgrsér%oﬁ%‘ﬁsga%‘g%m%o %%“E@“eﬁgﬁﬁ%b :“Ogl‘riteer%?fpl ified, thereby
produci ngo@) ravved vden sapiplag, 200ipst cophst dingneadche otigha Hporidselyriinded bhe
anplified sanple into a%Lgtre?lity of sg}iated.rg{gtion golumas; h in
each redbt PHRC FBICHIREROA T eCa8 b A HOTIRET P88t P AT PYPcdt P6n in
whi cfy t hglgftér 88hy PRl ¥NUG]EGhiifige SRAE MR beihve URSRAUAREEE hed eQf dus
anplified It present and the reference pol ynucl eoti de sequence or a

subsequenimbehel @ofes péthagptd Wowdd be grepihewiiersstimated.

[0010] The present disclosure addresses this problem by including a preamplification step in
the process. Preamplification is & PCR reaction with primers for both the gene of interest
and & reference gene (e.g., the RMNase P gene). It is typically performed for a limited number
20 of thermal cycles (for example 10 cycles); assuming equal PCR efficiencies, the copy
aumbers of both genes are proportionally increased in the preamplification step. Using this
process, even if multiple copies of a gene are linked together on the genome, after
preampiiﬁé&tion, each copy of the gene of interest will be amplified separately, and will be
partitioned separately into different chambers in the Digital Array. Since the newly generated
25  molecules of both genes reflect the original ratio and they are nof linked any more, 2 digital
chip analysis can quantitate the molecules of the two genes and measure the ratio of the two
genes (therefore the copy number of the gene of interest) accurately.
[0011] Thus, the present disclosure provides systems and related methods for performing gene-based
analyses. More specifically, the methods and systeras of the present disclosure
30 ‘generally relate to determining copy number variation of a polynucleotide of interest in a
sample from a subject.

{0012] In one embodiment the disclosure provides a method for determining the relative copy

number of a target polynucleotide sequence in a genome of a subject, including the steps of:



30 determning the nunber of reaction volunes in which the target

pol ynucl eoti de sequence or subsequence thereof is present A and determ ning
(b) the nunber of reaction volunes in which the reference pol ynucl eoti de
sequence WO HPEBHEence thereof is present B; where t hRCHBpPIMIer of the
target polynucleotide in the genone is approximately equal to (A)/(B) x N
WO 2009/ 033178PC T/ US2008/ 075636 [0015] I n sone enbodi nents the sanple is

froma human. |a) partpiivingra earpodiave seguenire apda) 6Tt Leng GEqUSHCs B about

0.5 and there is. a deletiopn.pf-.fa o - io of (a)
to (b remapatr sty e Rl or Lo b s ey BT R B ARG T O I
some enbodi mentiy @yl dut afigit:API by edieribatisenctud wir@f entencelugdne oSequence
substantial%g 5deviating froma val ue Ofﬁ% i ndi cates an abnorpal t.arget
gene sedipbaireregeip YRS ARRIYHE HER0MY BEOTEHE B5aT FEHENCS} S 18T IR 8he
enbodi %@ftﬁ‘ﬁac Qﬁcﬂj ch[er'nﬂﬁn% AR L1afiS ROHKNUCHRRL hiereaiRck fokSaldg@thckN R meles
conmbi ni ng thé bi ol ogi calf sanple with a composition conprising primers

speci f i anfbified henplargetre folyatc eoniidecisibe s and Aforines s S§PEBFFI for
ref erence pol ynucl eoti de _sequence n d |.n Ly in
reactioﬁh?ﬁ%ﬁ%ng§§§§@§omg§s%88§%p%%%$§I@mgﬁgl???Ltgg é?ﬂﬁoﬁﬁﬁﬁgﬁe t?de and
ref er engeqpatynualegetdge in substantially equal proportion. [0017]1n sone
enbodi ments the first polynucl eotide anplification has from4 to 15

- [0013] In arelated embodiment the disclosure provides a method for determining the relative
10 copy number of a target polynucieotide sequence in a genome of a subject, including the
steps of)
pre-amplifying a target gene sequence and a reference gene sequence in & sampie
containing genornic DNA of the subject,
assaving the target gene sequence and the reference gene seguence of the
15  preamplified sampie by digital PCR;
determining (z) the nomber of amplified polynucleotide molecules containing the
target gene sequence and (b) the number of amplified polynucleotide molecules containing
the reference gene sequence and determining the ratio of (a) to (b).
[0014] In a related embodiment the disclosure provides a method for determining a copy number
20 of atarget polynucleotide sequence in a genome of 2 subject, including the steps of:
conducting 2 first polynucleotide amplification of a DNA sampie obtained from a
subject, wherein both a target polynucleotide sequence and a reference polynucleotide
sequence, said reference sequence having a predetermined genomic copy number N, are
amplified, thereby producing an ampiiﬁed sample;

25 distributing all or a portion of the amplified sample into & plurality of isolated
reaction volumes;

in each reaction velume conducting a second polynucleotide amplification m
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;

30 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 polynucieotide in the genome is approximately equal to

(AY(B) x N.



t hernocycl es. I n sone enbodi nents the reaction volunmes are disposed in a
mcroflu dic device, and the first polynucleotide anplification is
conducted in a reaction volunme separate 15fromthe mcrofiuidic device.

[ 0018] I n worressemiraeli nents prior to the step of distri lratiiusggosarsdssor a
portion of the anplified sanple is conbined with reagents selected for
anplification of target gene sequence and reference gene sequence. Usually
a portioitis u&emmeaamd:)ddhﬂermmb hefnh;édis%mheummxy bepadiduimirenﬂbq;ﬁiinemﬁm

di stribution of ortio he .reacgtion v nts
the. ampiiip ooy 1o Rbped St T OO Guth TSR BBaf HETPE The:

refer enﬁ@ tgqgﬁxssmen@eamw isCaldupticaBbh VBN (8) YS fle| dArdnitBothtl St some

pol ynucl eot i de lification step are the sane as those used in the second
pol ynuctréwna@ltar@pranp. ehatdrgth P FeayeRcs éwe@ﬁﬁé@@ua%wsngeﬁ@ pergatialgene
SCAUENCE AL dnf 4400 oP i | HELRes B Mbnb fhnd: Aol doAL s HEPEALEL in the
anplification step are the sane as those 2 sed the econd

pol ynucg@ome@étmmatwﬂu cation step. In sonme enbodi rrents t he reagents

conpris fi r obe. t e bri. di |
sequenc@oiﬁd ?%é%B%WB?%@gm% d%c %h%élf{\%l %/GIﬁi F‘::gﬁd‘ﬂg@asp 1{ anrléig 1glra%nce gene
sequenceorkiigiap (6O BhlddieN Sasplet i a cfoﬂrpombrynﬁmbﬁahg aenerpépetificaior are. 1 n
some enbodi nent s the first and second {&b&rg {?OI’I S ent detectable

| abel s, [EHFH PORBIEFHABSHUTCRY B0 RIRETS £ A 1 853@{68?5%%%1}’%8“ on of

30t he f Mcaséoneﬁctﬁlgfaoﬁmyrﬁéﬁwcﬂaﬁp@a&@bxmr@a@sag @i t¢ eaatalePN athPER)alaased

pol ynerization results in a change in detectable fluorescence of the

r espect pulEnugkaoads as| Féferﬁalﬁép(ﬂy?l}l@@%ﬂiq i sybyiEntehp ediaherRpeiiphe ref erence gene

sequenc npr L& rti di ng an

RNAS 6P Oﬁ; 'Irﬁ@?m@ a?gli%l %19%3?1 ﬁ%’lﬁf& f{ﬁﬁglg%%ﬁd@tamlpﬁﬁ&tnoﬁ)%ag irkd ¥ gneo
.thsrmocycles In some embodiments the reaction volumes are disposed in a microfluidic

device, and the first polynucleotide amplification is conducted in a reaction volume separate
15 from the microfluidic device.
[0018] In some embodiments prior to the step of distributing, all or a portion of the
amplified sample is combined with reagents selected for amplification of target gene
sequence and reference gene sequence. Usually a portion 1s used, and the amplified sample
may be diluted prior to distribution of a portion to the reaction volumes. In some
20  embodiments the amplification is PCR amplification.
[0019] In some embodiments 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. In some embodiments the target gene seguence
amplification primers used in the first polynucieotide amplification step are the same as those
25  used in the second polynucleotide amplification step. In some embodiments the reagents
comprise a first probe that selectively hybridizes to a target gene sequence and a second
probe that selectively hybridizes to a reference gene sequence under conditions suitable for
polynucleotide amplification. In some embodiments the first and second probes comprise
different detectable labels, and wherein binding of the first or second probe or degradation of
30  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

3



enbodi nents, determning the relative copy nunber of the target gene
sequence conprises 5 WD 2009/ 033178PCT/ US2008/ 075636 detecting a | oss of
het er ozygosity in the genone of the subject. In some enbodinents a ratio of
target gewe 8@dgavmce to reference gene sequence wth @cralswessuh®st antially
greater than or less than 1 indicates a |oss of heterozygosity in the
genone of the patient. [0021] For a fuller understanding of the nature and
advant agiesting a idse oplisesentzobihvienid gmpms of tieeriinde Is o enfyeithends 2 wtibhe
ensui ng detail ed description taken in conj.uncti.on with. the acc nyi ng

r ani g FBHGEeET SRS 1 B PR Ao 6 A RerEL: o of RSPt R SR on "By
way of jedsl St 1 @bicels a TReof MveRiiedtyiis tieapabhe odthe pmtknt.i cation in various
respects without departing fromthe inventjon. Accordingly, the .

dr awi ng9PF guies BlEr wedsestandtneod 9¢ “?W@s@“deﬁggvéa‘i&ﬁ%?n‘ffst SPESTL PR ve i n
nat U &, ARG Dok Il th ¥ rkfliBRIERIDESCRLRT Qe ThlFu AN NESHE0022]

Fi gure Is a ow chart illustrating general steps of an inventive nethod

as descadctreparyergeirmyvings. Thi 0028)esFepraseat sapedBents [of Srermessnieinesnsionty channel

designs_of a.m cr.ofl ui.di Vi ce, c i - ?gi - pr esent
i nvent i 6f Oﬁég}ftﬁmﬁ gtgee&é/g? Is(mal%s(ﬁ‘lﬂ':l%r%rjl(flel ?j ?@%dgggg%%ng ag?n& ?%%‘)I(Vg%gllﬁc

devi ce, dpeeapdiong thoinaentebodtaeditglef tht Reapines@atred mveddstmion] 0B&E Fi gur es
4A- 4C depict portions of the microfluidic.device illustrated, for exanple
in Fi gu‘?f%b()ﬁ?mg'éﬁ[@”nglftrﬁivﬁd?éa@ei A FSFEEVexenpl ary copy nunber vari ation
resyf ts perfornmed using a mcrofluidic device

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] TFigure 1 is a flow chart illustrating general steps of an inventive method as
described herein.
[0023] Frigures 2A-2B illustrate exemplary channe! designs of a microfluidic device,
15 according to embodiments of the present invention.
[0024] Figure 3 is a simplified diagram of a microfluidic device, according to an
embodiment of the present invention.
[0025] Figures 4A-4C depict portions of the microfiuidic device illustrated, for example, in
Figure 1.
20 [0026] Figure 5 illustrates exemplary copy number variation results performed using a
microfluidic device.
[0027] Figure 6 illustrates exemplary loss of heterozygosity results performed using a
microﬂﬁidic device.
[0028] Figure 7 is a graph depicting detection of loss of heterozygosity, according to an
25  embodiment of the present invention.
[0029] Figure 8 is & 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 (vellow) probes and a single copy reference sequence were amplified and detected
30  using FAM labeied (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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[0027] Figure 6 illustrates exenplary |oss of heterozygosity results
performed using a mcrofluidic device. [0028] Figure 7 is a graph
depicting detection of |oss of heterozygosity, according to an 25enbodi nent
of the presentyuswenti on. [0029] Figure 8 is a schenathCa/ShahTigsé he
partial results of an imagi nary experinent in which the copy nunber of
target sequence T is determ ned. A 64x64 matrix of reaction volunes is

i Il ust r BEEAILED WRISCRIBITCRY QEtTIHeGUERdEIGMs anplified and detected using VIC

| abel ed | b d i.ngl f C lified
and dot GGG S ePiRG AR PABGBA Cof BT Srosaot e FENNERSE i tn”
yel | ow jabglcfeonid sddedRa@t 4 @anord dhaspatkdth igheii: vabelss ar eometented,
indicating a ratio of approximately 1.5 (19/ 15 = 1.58 1.5) .indi catbi ng there
are t hr E6ouyp wih genciipdiseaseyeln @&w@ﬁd@ﬂ%@s 2 gy %éﬁ&%é.hefem‘aﬂ ¢

09 03@&3%E@Je&%%gwwzlﬁﬁ%ﬁﬁaﬁm )ll;ag%ét DESERI RO, @ dddbmk NYENELGN [ 0030]

20

The present invention nethods and s efs for determ ning copy nunber of a
target pohygrmoneonide:l gecueineghin p samplerernreddfora thraratienit Tophdqusarhipe
variations in_copy number . (o]o d. Wi etl C-di SESeq | A Rard,i cul ar,
met hodsPERg" s@gﬁngﬁrgr% dlélsc%i%zlg %ﬁégﬁe)?np o‘éﬁ%&#ﬁﬁgﬁ% uaglégﬁﬁggetgegt copy nunber
vari at i enegfinatht aslgete mmibgnutbeodsicde thngett féyngelromi: sfiuacpand & ntferamieng

genonic material present within a sanple derived framth tient. .

Techni quaET st aHEai 2 PR (1BR BT £ f&l&}dﬁe‘gﬁ%%}’”%?‘”g@? %ot i de
anplg f i galbRe. basediassavspdlomdabeanicas hiebdredat b endpmbeatiatic aopices of a
target pol ynucl eoti de sequence and a_reference pol ynucl eoti de sequence in a
sanpl e. refdrencgepdlimiusleatty SAUADEP JeETRHEWRISF BHalBeCondt BFEREe M S dyElince. As

such, t @&glﬂclle}?)mky MG t%%%ﬂ 80/ 0RYr AUTRGuSIRN RE gL K ZE nkidlel Mot the

reference’polynucl eotide so as to determne the relative copy nunber of the
target podsyperch.8dfiwteer, Theilltteragpteciaied fhorenetgsnevinss pofliyHerss Bos¢IenEequences
are sonetines "

o TR SR FRRLS, o onever L1 b sarectated che
(or 1 RNAJ00315[ 008 hufdbgy dfaediber and edrabis dactanpheanat yisdks tseatiniegeeshiglan make
use of ?h%&g%%)& Qaiav%'cg-s suitable for so called "digital analysis" or "digital PCR", such as
microfluidic devices including a large number or high density of small volume reaction sties
(e.g., nano-volume reaction sifes or reaction volumes). Accordingly, copy number variation
detection and analysis techniques of the present invention can include distributing or
20  partitioning a sample among hundreds to thousands of reaction volumes disposed n a
reaction/assay platform or microfluidic device, including exemplary devices described herein.
[0032] The methods of the present invention include a pre-amplification step in which
DNA {e.g., genomic DNA) from a biological sample is amplified using the polymerase chain
reaction (PCR) or other quantitative amplification techniques. Exemplary biological samples
25 include cells (including lysed cells and cell homoginates), serum, and biological fluids,
While the methods herein are described generally with respect to human DNA (e.g., to
determine copy number vartation in the genome of a human patient), it will be recognized
that the methods can be modified/applied to any sample having variations in amounts of
genetic material.  For example, the methods can be used for genetic analysis of animals,
30  plants, bacteria and fungi, as well as for genetic apalysis of human subjects. Methods for
collecting and processing biological sampleé containing DNA are well known and need not
be discussed here. For thé 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 contaiming

DNA. Thus, as used herein, "a DNA sample” can refer to DNA, especially genomic DNA, in
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-t-hr oughput devices suitable for so called "digital analysis" or "digital
PCR', such as mcrofluidic devices including a | arge nunber or high density
of small volune reaction sites (e.g., nano-volune reaction sites or
reacti on Wol20¢83178 Accor di ngly, copy nunber vari ati on rat@Eewsorsesnd

anal ysis techni ques of the present invention can include distributing or 20
partitioning a sanple anong hundreds to thousands of reaction vol unes

di sposeptrifiedasaegotifiehbass ayriptdfdror mhersed derofl aistipcoid@biazung pAd¥4di ng

exenpl ar evi ces desgrisbed. herein. s f .tk nt

i nvent i %?ﬁ‘p?%%?rﬂ&egug’e%r éqf%%'ﬁ'ﬁ]lrﬁlqu% goa{?lfg%&g}%g%eyr}g%%ﬁggi&%(s EBEJ%% rgétgﬁagm c DNA)
from a fi ehieeieal anaBAPd etdps (@EPihk for@ehpliStaign tsheg). ptdiytaieirgseDbhaiamptedact i on
(PCR) or other quantitatjve anplifjcation. techniques. Ex I bi ol ogi cal
sanpl esteEs phEIRiile a8 s‘fle_( FW%@CH 5 GHisdE & Sﬁwactp%ﬁ TORBIIR ﬁa%‘gs) ,

ser um @ siRlo@) A Gatter bF MialSing Wil ecohRgismibediscbensin are descri bed
general ly vmtph resgect to human (e.g., to determ ne copy numnber '

vari at i B33 InFigdre 1 gewstaies sfnere! Rignnier perforavig the methyidp fessabeddecarini MetPet hat t he
nmet hods.,can i.fi i : I havi varl gt LA..anpunt s
of gencl TAEF SpSyibkEINARRS Bind ARDYAAARE yfo IS PErBEY Pl lEml

anal ysi siotoramisirel ssay3@indrant siitabladteiel systend nhichagides.amdvieNh mdyrigrsegenet i ¢

anal ysis of hunan subj ects. Met hods. f.or.cqll.ectj.n d: processing .
Dol ol S e AT 48 S BONTEI R ARSBINA Ry GG g it S i AER B cuss ea
hergy FoNa theeagsayslifdatibfendsity emik] g anlNAiNBYhd&guaakal ed ifteesm a€l | s or

biological fluids, or the assay may he carried out usjn far ,exaggl e, a
cel | | yeaarencs SPRUARGSH.rigd BRAYINT i roHepI HE€ aonenst RY eADRAR SAHBTR BN 1 ef er
to DNA, ; espeahilVas@gnom Ge e 14852y \Qrd 00 B33 18PELLLGEY 108LO 1HE86
purified, sem-purifred or un purified font As used herein, a_steﬁ of

" obt ai nieggermcENEldiand thef kamercysefbhe ctferenesf segaense-npl yilt be raseamzstthethat t he
DNA sanpl e is.the .starti. L a: r . - ! ; (e.qg.,
the pr enifor | caoy Sl A B Rlad 06 SHRRBEIREN AOGhaaty BAERS [0 0
of for axedrne, collecting cells froma subject, or isolating DNA but 5may

si mply tter of obtaining a tube. contain reeol | ect ed. . [0033]
Fi gure EO%ﬁﬁ Ug’tt&‘afrégaiﬁ@ﬁé’? gfgugqqé,ﬁge ’%ﬁlf%%tr‘qnof'[ﬁrﬂgmf}ﬁl@&ﬁ%tf og¥ 1(@5%’\!@ i bed

her ei 3_- ot @D@@?sz@rﬂﬂl&?&%ﬁ_ﬁé& Nemerhegtmentritheustiapse plahpiefidarbhodp botal ve
providing a pre-anplification master m x conprising assay priners, .a

sui t abl @rgstifFobruglyaitdenieanes ol HasiorAit PONRUPBI /et quecs Wémt@ﬁ%-h_ as a
pol ymer e, A0 %y Fermdifc 8l 2L well Rhowwd Adtneed QNI del @8 her@ddi ng genomi ¢ 10
DNA to the pre-anplification master mx, pre-anplifying the sequence(s) of

i nt 20 esf00ahd Fefere ppbodmguientesarzahscaaswayik fgsadRencrieanis fdeligetiuences
by digital.. PCR anal ysi i th i in - t.l assay),
and corr%u ri]icﬁ%ont ﬁeas?%gaeﬁeﬁgfﬁ ot h@pggrf g[g[tglg gt'eqtne%jzlze?é)nmrgde] g%tlg’\alqeh ettollgf.gth_e

f r equensyuafcetibe seefeareivevisiclguenrten of tluMiciliothe necogriaadwithat kifehgure 1 s
provided to aid_.in understandin he invention, but .is not intended to

P ot R Ph OB SR o0 G0gATEY PR PR LT pag it o PR O B

preanpl {8t iORtidlak bhsliatak yideqt i de anplification of a DNA sanple
obtained froma subject is carried out, In the preanplification step both a
target PEPGhufheriiense SERITRHCS 2a3FEUACE B EREh EBO OIS SRITEd BEE e §Rnce are
anpl i fi t gaml i beahkon naf Brapeld nkRapmaRng eed La be
descri bg‘%n%égfﬁgg% %fg%% eqlgﬁ somla enbodi néln.ts,él\fhe tariggfti sequencel is a
sequenceerfopre. whi is motle¢eessannteoemperpleile Atieomng shasqvchaned ol thh regfeishenot ype

f int t. | ' i t i f
ohi ch aiRes i aR TRl RATRORY Sy ERpG AR, SRS & B REOMERESE 01
i Nt er estumbdttin fhebrabiseihofiimnéesndror erurabouhe tdefl difeenddretiane orthelwmal at i on
of the variation in particul ar | ations is desired. 25[.0036]. The
ref &9 ené@“%‘éiq‘lﬁé}i”f’c%qi‘%‘:%\ Olg @%u@ﬁ?:%g%w r‘?&%ﬁ?{h%ﬁhg%%rprﬁggﬁfﬁ%gf GeKORT e copy

diploid genome {and having & 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 o a particular

reference sequence.



nunber. Thus a reference sequence is one that is not likely to be anplified
or deleted in a genone. It is not necessary to enperically determ ne the
copy nunber of the reference sequence in each assay. Rather, the copy
nunber nmawoleessuged based on the normal copy nunber sarghessergani sm of
interest. For exanple, one useful reference sequence in the human 30 genone
is the sequence of the RNaseP gene, a single-copy gene present in two

copi es [0637]di pleainthlifenipiecapabe pesfyinngl as GOPYRNteatIRM @’fth Iprjyedrs Haplboihd
genone). For illustration, other useful reference s S |ncl ude

o act VNG G carariertise 200 oho SRR etioft i B6Enadt CARPBFIIOFD MBver | |

W |1 be,aRPhES kit £8miBe nlAV&Nd1 B8 i3 Pabs gagﬂ t @it od 10Ul BRI sohRf er ence
sequence. WD 2009/ 033178PCT/ US2008/ 0" 75636 [0037] Pre-anmplification can be
per f or nsthadsmentpcie pamtli Wb toh Qypicmavl dleﬁ‘?ndb@t Hlel'«ii\ﬁ% epigensees ier drvence

gen f C S ar: folined
A A e o e L
sonme e nbpdiamenifisatidnhesagptt ralge fronbeoudd tc y‘icih@snahncydiesd elpémdt 610 ttkhfanﬁéCR

efficiencies.for the refer e dt t e. ert

erbodi RS 1 e e Gy P AT o et s G50, & 5o § PLb 1bn assay
can rang31ﬁrpmngb@ukKAﬂ@@1i5 thermal cycles, or about 4-10 thermal cycles.
In certain enbodi nents the nunber of thermal cycles can be 3, 4, 5 6, 7,
8, 9, 160381, Pff?mpi@catm reacBOnSPrefRRbY B ANARHAT Gy PEIPOBI®ah nhra £5: &gt i on
reagi i ORgRE ﬁﬁrﬁﬁ@%a\ﬁo?f@aﬂﬂ%ﬁé bAEk V8 o8 anRORRALd QA &ncesTHBLId S1led iR 10

rel ati ve nunber (ratio) of anplicons of the target and reference sequences
shoul d rektiveotmbétdratie] efttinget andmblerenes ssabelce of the gerpanic nd s BNéfetngsequence
in the C [ e I S q tlve
ot 1 SR 1 0 Dl PO TR i JSLTROESLOL o UaLIEL

pri nci pl(m§ Bﬁsicr ﬁaimfﬂtsnﬁ rmmmdmmmm@vd%ﬂﬂl Bxpe ey RévDMgin magw 19. In

S(2) 200 10 K 1E 0208, AP O 5, ARSI POATELR i B gt o

sepgy at @fg\ét géml d)if 1h&%st EhdeparateB! hopWfg. seﬂmcfdmemgr flatpé !pfetﬁﬁfnﬁaﬁu@nd
di stributi on of the sanple_ into separate reaction vol unes, pr oporti onal

number ¥1 dpHPEEYNe! é‘t?r?aé?ﬂ)‘bi‘fai’ FEPEHE d5MO8 é’(ﬁ’ﬂ@?ﬁ%eavﬁrw@%‘é‘aﬂlnﬂnpi’fbﬁﬁ ed into

the reaghipany %x‘r%géndn%teﬁsahla%ﬁ dcBGerR€ WY &e&@{rﬁhﬁg iRl tﬁ@%ﬁ:%oﬁ’fvoﬁz%eg genes
reflect the ori a subsequent cop % nber anal ysi s can

quant i t Becauseribe n@mltmen@ﬁteqirmOé@uleégf b@thta%%tra eré theqammnahrrdiot heutpenueef er ence
gene. ALS S tanal%g;s cdr? &at%ﬁ%fte }{é SR 98 NETT e GR &%{Eagg%{rg%ﬁ%%&%at ely.

Because t e copy nu € reference séquence 1s e copy number
of 2he =éguengendofAl mesnie,sthe an olﬁmeot@togentmd ben@a88%d hdcuiaselyeBeeaady e t hat
the anplificati OE effffp gnm es target and r erence %eqUﬂf?ces be S|1(m | ar or
appr oxi HRECEPY "WGesIOf Pnr IR ST ED 1S MG ANy BIES " HECRE T E To of the
two gengtedht e Rbees. For this reason, priner pairs and anplification
conditions shoul d be selected to obtain this result. The anplification

ef fici engyoof anyeRNabiE 10f 1R LARIRAL8D BRicRES! LYo dGhELIERRE Mgl ddedQuUt i NE

techni ques (see e.g., Furtado et al. Application of real-tine
quant i tamilyreorPORoKmatHE cqukliy sidr ot tgemi@dewmrefstsmn the wowhgltwﬁ igerEt i on:

Bi Sl cHbe T Tan et S B0 0o AP RaaR s Sel Bt SRR *The

anpl i fiwasbtgn tﬁfsfﬂeﬁuhen@healﬂpaﬁgﬁionafﬂﬁczreﬁtf}ebﬁmpSleqifQimeSs be: dppmaki mat el y

equal, ergc—zennliéegl Els?rgg rr]cgjurtﬂ?:grte cfa)les aggg%l clt:]:cgl urta on e% Di ' Wghplgc)z/lgtlme Sof real-time
quantitative PCR in the analysis of gene expression.” DNA amplification: Current
Technologies and Applications. Wymondham, Norfolk, UK: Horizon Bioscience p. 131-145

30 (2004))

[60407 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 oﬁen_ about 5} greatly mitigates any
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(typically less than 15, usually 10 or less than 10, nost often about 5)
greatly mtigates any WD 2009/033178PCT/ US2008/ 075636 differences in

ef ficiency, such that the usual differences are likely to have an

i nsi gni f i wanaitest on our results. [0041] As noted, mmpis2biseadston net hods
are known in the art. For illustration, the reaction m xture used for the
pre anplification nmethod (pre-anplification conposition or mx) 5 typically
cont ai n&ﬁ‘afbna@pm(ﬁfﬁhaﬁ@, buehftest, thavsal difératesrag idsiyvumbaoa sn (Id2d)canin t he
range of__about to about 10 mM preferably in the range of about 2 to
about 8efﬁ‘?\ﬂt°’h8‘érlr8%&sdes and optionally, detergents, and stabilizers. An
exanpl e of one suitable buffer is TRIS buffer at a concentration of about 5
mM t o ab¥dl] 8Bsmwedwirnifaiconoethedseart spowt mpe pRMEeb LB pRereei®dd. | n
one enb n t n on m X
10 doubﬁl%h{sﬁt%r %Sﬁ dt ﬁ”‘? %%p% %H_}cr?? ﬁ%ﬁgﬁr%g@l{o? g@%?né}nxﬁ Icacgﬁg%ﬂ;\gléﬁ}gostltgﬁr gﬁg&e&}of from
aboui 7t35mmy admmhs gh épprwrtatb auffeH o snge obfimaabesutmn &nd (ltflgzabl@uhe 8nBe als

typi cal en on of eotjdes can.be in the ra out 5 mMito
Lbout 1890 it ALy LBy et Pigasor gLt M BEhAres absel 8ot

Exanpl eg tQJ‘nal}lMBteegm@eﬁﬁdrﬁatmmﬁs a{ﬁe)ﬂaﬁﬁ)le&iﬁcﬁ}esaﬁﬁle&ﬁﬂ:m@mls B0 400, and
800 MM tergents such as Tweenrm 20, Triton(r) 100 nd Nonj det TM P40
may al sEPTSENIEEOP 9k |ahekEd MY fhabque e i VitE Eﬁ”é?ent@f’%lof @lw Gg@nPY! such as
di t hi ot Breit8l 1 BETemidaghaRdhs TREAGEAL:) cofEeriBh GRRIVEh AR PRY:G] 89: be

i ncl ude The pre-anplification reaction mx wll contain priners for the
pr el farrptimfhl{tsitmgﬂh (¥ abwino The THaetigyy inireeas hares QH rergl Af yrorhaboshe ts@gience as
oS o oOF i B e Dal AonRBarRuBal LR 3308Y T Lol rl o8 APLEn S el NG
pr epar ed aW nera y 1S Ped nce |on riner

concent imamhk @amgewﬁ ab@st 20 myvieataboyt léqualMI ypicaliy jneths rdnjgant tﬁlwz ped mid to

concentratigns e n th assay Enbodi h of ., primers
Chat - ar BbOUL™Sb. LusIo0T AP sPasnrrirgs o Lot & “Badd 16, S e, 5t
50, 65, gPmM.O0Det ts sh510as 1 8en"84nd, 200:nf ix0e60, 1288 NNodntfiail ™ th@tmef aikdee pri mer
concentration in t PCR assay. Prinmers used in the |.ification can

i nclaideinchedm P Tﬁ%ﬁ*@n i AStakilizing WTES SPEC AT fh@%tgieﬁﬁﬁ' desi'gets for the
PCR aSS?aAgﬁi binbelegsibetnanl 234 2lso Taensifatt i8R S XmeBAcOBE ekl sﬁu@@fﬂr ain a
reference ))e for normalizing subsequent real quantitative PCR analysis
resul t scontain gxamss éorofheapre@mbﬁcai@nn@wioal | yhavamesbire geateledeesaye is

ROX. A commer.ci ali e n S
Col | 50 FRRT o by 68 R e SO e P SR GO R AR T i i o
froml nprepamgezﬁthﬁcghpgematalignn r3@{c80 43hcahtrbiNAL p&hymm&se:oemymn( eangbg . a Taq
pol rase | so add to the react gn m x a
Dol Yoy Betes TS Sprt b HeA s Ge DR ErR bR R Sa g TR BRI mer ase
conpl exg@dik e @8 o8 phinBRdyat hitadboin Ui, bE ), poOby MERS greaet, ieyfidl Yo, @t 10, 20,

35, 50, 65, 75, 100, 125, 150, 175, and 200 times less than that of the primer concentration in

the PCR assay. Primers used in the pre-amplification can include random primers, poly A
tails, and specific primers designed for the PCR assay of interest.
25  [0042] The reaction mix can optionally contain a reference dye for normalizing subsequent
“real quantitative PCR analysis results. An example of a common commercially available
reférence dye is ROX. A commercially available reaction mix containing ROX dye is
CelisDirect 2X Reaction Mix, Cat. Nos. 11754-100 and 11754-500, available from Invitrogen
Corporation.
30 [0043] A DNA polymerase enzyme (e.g... 2 Taq polymerase) is aiso added to the reaction
mix. In one embodiment a Taq polymerase such as Platinum® Tag DNA 1s a tecombinant

Taq DNA polymerase complexed with an antibody that inhibits polymerase activity at
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WO 2009/ 033178PCT/ US2008/ 075636 anbi ent tenperatures. Full pol ynerase
activity is restored after the denaturation step in PCR, providing a "hot
start." [0044] The pre-anplified sanples prepared by the nmethods of the
present i|woentd/oei7are particularly suited for digital HRGR@amglysss and for
di stingui shing chronposomal duplication 5 of genes. In particular, a
pre-anplified sanple is assayed in a plurality of |ow volune PCR

exper i membient thidpehigids aFulPERymiedenddtieny 1s(restorsd bS4raind deakthiyatisn siep arJCRASSays
are run on a sapple of the genomic DNA. The nunber of individual reactions
for a gPW@Wl%gﬁfﬁar%arrpl e may vary from about 2 to over 1,000, 000.

Pref er apdona) t Mge REOLEFHRE A5SRY Sraardiosyed ah&isSEMRE §rdsént 1n06n greeat er,
nore preferably, 200 or greater, nore preferably, 300 or greater. Larger
scal e 1parpgpasuiptrocEatd PSR mualyser p 1o disipewHIehchrpieo R ORbaPlisEioRs say s
per f or ars i S i i d [RALELE 1066180 BERAL €T,

1, 00% ggpﬁér%gsét gr@%@%bggﬁ%p%aﬁ? Qgrgﬁg%igésoa%%gg?%g% er %?50(5) or gr%ater, or
10, 000 expegmeatein difhd Pilfybénticl (@ssbystiply fionlpdssmyarakwoorbesayiodnéf i cant |y

| arge sych up t o] 25,000... up.t o, about 50,0 . 7 00, up
to aboukkelgﬁﬁ(%ﬁlﬁg?ﬁ‘gp%%’%nlgggt’iﬁt(}fﬁlgg‘?%ﬁeg‘%ﬁm? gorﬁb%‘g?l %8@186%,9&5%13? 0 *3bout
750, 000 fmﬂ]mb:bet Bbﬁ@fiex’ 1;050,@0@09?%&1}/,01’1@ guixﬁ‘aéreﬂf atslawﬁpefnﬁoﬁﬁéﬂ Q00 sasgays per
genom c_sanple. The quaptity_of DNA used in i gi "PCR assay is

gener al 10 Cefef et oL UEF 'equl‘ga}‘t Bhe o E%Ffei“@rea%r?%“ﬂgéﬁ@?ﬂgﬁaﬁerl Z@@é’f €45 esent

i n egchyindi Midual aidh 9i bakorRERid 88khiRNnuhIRO 45 kssAS: ddrfodd @t fehrhile B gure 1,
followng the pre-anplification step, the sanple (or a portion thereof)
conpr i sPhY opeeeagnplG0f ¢regredten 7pt 6t gtelchalsPoly o EERIEH t4- VRt e 2 tanpPi ped 20

genetic i I r i ence
ol ynucFar ot o sl of TRV BNGCRRY  ATAARCPE: &Gk Pty @i aie

r eact i omigridilcamieslasachct hato elash 26 H8¢ uror abekd 50,0, wdes abdwr75éamut ®, an
aver age of e tha ne anplic r.vol une. .. , st _reaction
vor umss i HOEDE Sra® ahptsomoC ahe el e OuBE b Bt dhor TR, ik ek

r ef 5 eng@06.e0t &R GRaftflah AQD0,008 ASEA ey gkliorhis stEpibUThe guattibyudfedN Reased
preanplified sample 25 (typically 1:10- t :20) and/or, use a snall portion
of the é{hﬁldi‘gfiabggga%?ﬁaryelss%’ngélxéel%fé‘?duwhtt% %ﬁ’(’:@ﬁ’tcraétdi FET QS Eons so

t hat Onh%sérf?%%%ﬁﬁrﬁﬂ%uaﬁ BRkel IRTerstid). OF one anplicons per reaction vol une.
Al t hough in some cases the product of the pre-anplification step can be

used wi tHgat Addiieitetedon Figwre Hedollmyikg thecriciaplifedyeri®. (e §mplhEIryirer ase) ,
it is general e add DEWs. e Ok . I: b Ll i 4 0cl udi ng,
opti ona??@f} gdéhg?gfegrﬁ%pésgﬁeg% ééﬁ C%ﬂ&s ?;Otﬁﬁrét E?‘Eﬁ%éi ga}ﬁa‘sng& I gl?iﬁlen:i%er

pri oo t gewktist mitbrigli Grg.ormafitas , coo@ppdndingobiangd aidt reforemgeprtiznskbedt ed f or

quantitative ar. nonguantitative dfication of. both rget .

pol ynucﬁ%f:?‘t‘f@ lég]éfﬁrg?@%j Q%Odélécr?%?gé?aléﬁ e pSTYROCPEEET g8 1%%(%?%6%55]911 [ 0046]

Mor eoV ekyell dhélh@udgkortdxempree amaldrhgecat homst epni Sogeaer ahplicoa peChalinype

anplification, the second arrplificatior], gi .e., anplificatio, of the
anpl i Coﬁhgsed%hée@gt1% WIHREY W [ DgvRdie amplicon, one target sequence amplicon, or one

reference sequence amplicon. Generally it is useful to dilute the preampiified sample
25  (typically 1:10-1:20) and/or use a small portion of the amplified sample so as to adjust the
concentration of amplicons so that only (on average) there are zero or one amplicons per
reaction volume. Although in some cases the product of the pre-amplification step can be
used without addition of further amplification reagents (e.g., polymerase), it is generally
useful to add new reagents for the amplification including, optionalty, different primers.
30 Thus, the biological 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 polynucleoiide 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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WO 2009/ 033178PCT/ US2008+075636 preanplification) can be carried out using
any anplification nethod such as, for exanple and not limtation, Nasba
(Conpton” 1991. Nucleic Acid Sequence- based Anplification, Nature 350:
91-91, 1990)z0eend3t’he Ebenvi ne protocol (Van Gel der et mimys2éuphictsi ed RNA
synthesized fromlimted quantities of heterogeneous cDNA. Proc Nat! Acad
Sci US A 1990). [0047] As noted above, it will be appreciated that the
guant i t yreafephlAtibengh at esrriat dutanjigiaop aspif Beation otethod sodh dshir axamepit asf

startin norni c , e nunbey . .of _anplifi. ion cycles, .the.efficiency
o i 1Pt CHVEBRT aperop s S of 0% e OBt 1A SIS P4t AR aG et eq Lo
achi eve phg. dgsi sed; dicst T hktlitHe Eherdane pafto@ki(vhn iGRideher art AgpnfigeRBIAT ne t he
concentration of 10 amplicons in the pre-anplification products and

cal cul as¥nthasizap Sioaplimated ayaptine of Geterqgparous WQM-cPdﬁeéYﬁﬂgﬁfqdyS% et Aof

seri al q’bé%ti ons of the preanplification product can be tested. For

exanpl e, the device shown in Figure 3 (commercially avail able from Fl ui di gm
Corp. a$0tfip Bisomedatie765viDi bfi tryireciutecaifpt did ewantit20id PN teommateoalse t est ed
si mul t aneousl y. tj.onal | he .optimal diluti C ] :
gener at iaﬁlgﬂ%\m%i(%é%glrc h?ne(g# %&sgs?%n Sﬁlltpqqosta%o%den?]#;ec @%ﬁ“‘. %{n}l @gﬁﬁﬁﬁﬁg %@yl i ne
shoul d becled iai ghticmych i papifitdioo ugh tHehwzearfitgd raSisasequen) kil bhedjusted
concentration of the or ul ated, fromthe

iginal sanples. .can be cal | ot .
(048] FordHEite des HSed SBUPROR; (TR GEHOMI Fat B (el e ib e REH PhP A
plurgl i tabhpﬁ@on'é@ﬁ‘%é- fR-phanbals wadicRanamBlcuficesh prégHath@hoe@mstuahuisanpl e
assays. so as to determ ne the nunber of reaction volunmes in which _the

anpl i coMdore 6prvssisBIR ARy of eerishdilutigpy et the preawpiigiiiee PEWYt ¢t B Moikdr Eor

sequest er Fi ): 0w, 1L i M ry out

aing 1 RElt b e noidin PR, S RGARM-BIR) LIRR (R SRR BT AL TR D1 e

(e.qg., ®ioMdsked. BEtD)igitfl004H]) aDbFf &2 diltticab tabt ested crmddecankl ypipnalty t he
as.tag.distinguish si

o e Gen, e BRSO AL R PR BILC
16) .15 Fordilexa@mehe linanabyisi Be ofiragRpandt @iss ereuponhsides. catubequssd tho
concentration of the original samples can be calculated from the plot.
[0048] Following distribution, the genomic material contained within a plurality of reaction
chambers can be amplified to further conduct sample assays so as to determine the number of
reaction volumes in which the .amplicons corresponding to the target or reference sequence
20  were sequestered (Figure 1, 14). The second amplification can be carried out using the same
primers as used in the preamplification or different primers (e.g., a nested set).
[0049] Differential detection and analysis of the sample can be conducted s0 as to
distinguish signal stemming from the target polynucieotide compared to the reference
polynucleotide (Figure I, 16). For example, analysis of separate reaction sites can be used to
25 calculate the ratic of the number of reaction volumes containing target polynucleotide
sequences and the number reaction volumes contaiming reference polynucleotide sequences.
Methods can further inciude detecting and analyzing genetically-reiated information about
target sequences in the genome of a subject, inchuding detection of genetic deletions or
duplications, loss of heterozygosity, and the like, such as aneuploidy (e.g. trisomy) and
30  numerous other genetic abnormalities. Further detail on method steps, including various
differential detection and analysis techniques, 1s.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 & detection

and analysis platform. = Distribution of the sample can be performed using a varety of
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25 calculate the ratio of the nunber of reaction vol unes containing target
pol ynucl eoti de sequences and the nunber reaction vol unes containing

ref erence pol ynucl eoti de sequences. Methods can further include detecting
and anal y¥pnigregésied i cal l y-rel ated i nformati on about t CFats2@ggierces in the
genone of a subject, including detection of genetic deletions or
duplications, .l oss of heterozygosity, and the |ike, such as aneupl oidy
(e.g. tetimome) auhdvBes suhrmer busxameflogebised dishivabemi nireBidicdetiersr det ai

on net hod st eps, i.ncl udi ' - di Lal [ ~ Sis
technidﬁ%g%nﬁgp%%%§ 8§%n%ﬁh%£%é%%%%%fh%gﬁﬁﬁégﬁbse &gﬁ%@gshggﬁ% g%t nt ai ni ng
pr e- anpbf thi ertioendptoshddierdan arampimehiefiite dsofpen etnipde mateerl @l incaat, be.,

distributed into discrete lpcat&o s .or reac%i%n vol . of dFtection and
anal ysi 91961 HOMERHICTEGN O BURIOGRL O LSS AT HRPT SFhEHOE ng a
variet yroaki] ViRR09603B 4 HR7EHH, 8200840480836 VoRel] sHies rand eiifegbnsuch as,

for exanple, flow based distribution in mcrofiuidic, devices including a
pl ur al i Byaef Ghalte vedused edpePEne s BYE BhaftasHels CRRIEHIAN | uagifghive

distri b%aggn%{aglgggcaqifont he ééﬁg@&ﬂ&%&ﬁﬂd@eqe Bh&I M@l & 1BRLEeIe g d0

isolate's e material o rest, e.g., target and reference sequences

i nt o i npilynudisatider eawhiconTlsi rmes of dtecledtsequedetsét & somplaneh kresiopiitesd usBigl 0051]

Wthin each of plurality . of r tign.sites e

anpl i 11 Carrian sigulys Sah b e Rt radlf bRy R f Bl Bk

det egt i @ingantehd gbinv emagal ysp@itarpkidion athizmbeeffot angessapoleysnsichetdés de

sequence and a sel ected reference pol ynucl eotide. sequ n@g..Thﬁ rat.i o of

detecteﬁﬁgéqﬁéﬁ@@§dwﬂﬁﬁC@%ﬁﬁ?%“@éﬁaﬁé$ﬁaﬁEﬁP%?ga“ﬁ§gﬁge PEFOFY ¥ chni ques

such as ca%u%t%xa‘&sifggﬁe ANRLYSI 80RO L L8 d NGhahBRs-ih MBI RIR (RdilyREinandaer 10

conparing end point inmages of positive reaction chanbers for one assay

ver sus amotope ! tissayuendd tisl netiowé kyncenthidioso pleraet and referate sayeyégtidnce in a

DNA sanpl copi es/ uL n be cal cul at ing. th er, of _bosifjve

react i gﬁe ?ﬁ%ﬁﬁé‘?‘gﬁ? nca%%ga?%ec\?% enufr%écﬁ‘ c%%t gﬁﬁr@g ntgI gags??ﬁ%'né pgg%%%gf ItJ%'hat

sequencey/arnk1a nadthal ofi caneent aleconsinddg CapgBtmaady aeftion évoe Seguences

can be determ ned to cal culate copy nu r. See copendi UsS. P

Applica??gn'ﬁﬁ9dﬁ§1@%?%7@ﬁﬁ§y1E%E§ﬁ%%“gﬂngEB§?ar§§oﬁg?E@Q?8?@?&%&% Copy

Nunber ManhahiRa Medings & @ﬁﬁuﬁ%&’dﬁaﬁ%ﬂ B DR A e POEAL edgiby PCefer ence

for all purposes. Also see Dube et al., 2008, “Mthenatical Analysis of

Copy Numberofadic Zevisa’ Phoh ODRAS GxraaR &0- st b [ Igrpapl moeR R 84O NG Fui di ¢

Devi ce". P : i..10. 1371/ oumal . pone. 0002876, which is
mc%rxg)gra%%ﬁzéi@])enceei%?gig%)urgﬁéles,

i ncor por a erence pur poses. 20[0052] As described above,

the_pre i nventi. i.ncl udes net hods. and Lifil I t i ques
for 2het BERTh R SRoRy-HEe PR T OrSn o s Gt Be Pyl BE R Rean 1eF
a genonmgcRfig@s PRt ideltminaiRdedpy SoftR: ivaghwoices a argst @epnpdledideat.igonnst ep can
be perfornmed prior to distribution of the s le in a nLcro%iui?ic devi ce
for subSeymet sRFERE £8HPVEMEIPIAT P AT GRMBIUCHRRFYR Y "PPEIARS! PPfcat i on

may be desiidgshioh 0bf e¥anRhBic Whes emfpr i@l edd8cCapi asbRiudneglangete gene
are closely spaced on the Same chronosone, and thus the target sequences

cannot beplofralipmpndyagsbysts tFrenew!ifieasion saehoo iefeed.dar PRttt Buitpe
analysis, .e. o [ i.bu o, el Qf Judigi vl oo b nsughecases,
nul%?p|é”%%d%é?eg%ggﬁ%%%§$b§§gﬁéﬂ%&ﬂiﬁﬁgg‘%%53%g%§ﬁﬁtea ortquéntiggted as
one nol egubrees adnherbe dyaimaflwparttiosat Somghy; ofibedurogajuariuatberanalysisopt-es of

{he gere, Sa0.he, IndEr SalL TRl o4, 20000821, Seccl ng LayL e Bt ol

i nventi &h' VAR ude cal cul'ati on el ative
Copy Nugehe usQrasulil atantage asshymoicsile ghkrsimnapparentrddigh, éreanees in

gene copy impers 10 d(1erent, samles, [fom di stortion or assay
| 30 [0053] According to the present invention, CNV calculations will typically include
caleulation of "relative copy number" so as to advantageously distinguish apparent
differences iﬁ 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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such as distortion caused by differences in sanple anmobunts. The relative
copy nunber of a WO 20091033178PCT/ US2008/ 075636 gene (per genone) can be
expressed as the ratio of the copy nunber of a target gene to the copy
nunber of W& 29935188 copy reference gene in a DNA sanpl ecafudensmmesse
concentration (copy nunber) in the genone of the patient, which is
typically equal to 1. By using two assays for the two genes (the target

pol ynuckest(pdegeamde) ¢se heepressed ais plad spha of ot jope mumibeholtaveragt efrertehe 5

| abels (e.q.,.fluorescent dyes) o the%ﬂrAe igital arr ds
descri bé@y%élfmglern&gaasﬁn eecoﬁ)ge%;%f 0 Ml aaneoungq]hy19 %égﬁoﬁ{nact%}é(teﬁ%?ﬁong@ s in the
sanme DNAugBdrpinghe Mdoatendtia/eltynt, ahithliespicabneani ent.| By utihe tw@sgets fanpl i cons
(from preanplification) can he lified.on one chip qf set of reaction

Vol ures HE O RS (B8 {orBA R DRSO Foihlis BEFICT PPR S G K B 486&ed in a
di fferephels @l g OfluABREMGRBS AN thee sala HUPAE BihodhBestAbddtheadin thERe two
genes is the relative 10 copy nunber of the target polynucleotide sequence,

of geneusft tp sepaseouslyrguaniBRis oahptnss i fregraediif carhict hiserpgvBEydatdan be

sunmar i 1.0] - J: ¥ i e
P AT R R i S i R LR S
det er m of rgof kectouvbEmesfind gmctst emphaing fiesn ipreawiplibbatichpcanefeersemedin a

pol ynucl epti de sequence or. suhsequence.thereof | resent (.B), an

Gt or m BITRE Feap EHEean P Braas coroere ¢ o b o heROSRoRe b Bifs: ¢ he
genome t&pyafpiexefhé ekiet eolyahcléddidé Aquei)e, X déne When@edN ih & TNe sprigidet:ei m ned
genom ¢ copy nunber of the reference sequence. |t will be understood that
the (A) PREPPONRD Hus Peipad e Represarned &) (Parsiiih e AUmBE Ot BRACHIs ¥OIFRET dy i n
nDSt  Or GARLSEBHAl tBrebOPbikRueotidD UBRRA AN OF HRbdcdudhdy endidW? € QRERS: o4y sqmatic
chronosones) while the nunber of anplicons detected in the present

i nvent i deterinyning Hermawrtbley 05gbftmat volwnaes ip ebighethe sifererqegrlynpdemsic sequngl e, (A

ot erm od EeEL Sl B EFLOR A REeATnE A R IR IR R TS

equab t polimETeofidppr aké Ebt@hy 1< apyrowdniacthy wquildiob@A)iider 3. oeldkrt &N iindhcat e

N SocPRREa SR Es el ST G028 Ro06A KoV ot of pacuked bt

pl at f or g (@H/(B) € N0k Iretb@i GppleXingRsy aneopyaiuiads bealsdgolds e niost éraenignact i ce
of the invention, In sone enpbodi nents devices can be constructed using a

wi de varicaty (®e- hepasinaraalshavh tye coriasy sopjals cpremogymese yiite dedWmdker i ¢

pol yner §¢ (8nkhons ROLYEL TRtV BichPXARRIonPR | M &ltRAAB ccOfo SlRBMeRA] ¥P®RIS). I N
certain enbodi nents of the present invention, mcrofl|uidic devices used to
car 2§ olier asperles (6] mie Y espaimdniajlen dptemiged o3 t§45i ead | Prcomstbuct ed at

| east i t i i.al ' : j €.and

o o 1 ayaR R lif T ERRnkome Sl Bl b R JORRN BELER, MABNONSE]
encapsukatal an ST h@dsrotseesty el .§} ,wiblgerowdd &d .und@600] Bcienee 288 Ul 3- 116,
and PCT Publ.i cati WD 01/01025, .both of i ch. are i.ncor por at ed

o or ondTRAPERT TR <PRet P! ot dapRs drohe 1k PisBRg i MO0y PR Bl P

2009/ 038148RETEILS2008/ 075636 such nmet hods, microfluidic devices can be
desi gned in which solution flow through flow channels of the device is
conyg ol @@4} aly Ja88Stor ube R platWiind oPRErOfiuilR B vieQH dhetcRRRACLSud are

separ at fromthe flow channel by an el astoneric nenbrane or segnent. This
menbr anthegractiegnitht irvanidpe Idebine cmbddimeny dgricesetap detcetsifureuting afidw
channel with ich a.,5 trol ghannel_.i.s ci .ng

actuati 3?’1“6%%{\({:\@ ?%e?%sé %g(%l rol ‘{%%Sa’nnpg%issu.c’ B%ﬁ%’glht %ﬁg%}%c flﬁog%ﬁ%rgr éegé] to which
t he menpsladiencttsistietdnec paiguietitane, ofr stetr adiydrsputinf seomint frebddiamite hdnhnel |

solution flow can be. sl jg\/\xgd(ﬂor. enti re%\% bl ocked thrfo%[gh t he. fl ow channel .
Usi ng cBWETMETTRHE: BFEont SVISRUSER SWFERARH RSSO Resp RV OIS Ha Ean
Pr epar ex@icMay b@kiu@bd alijkdenantt fompesstoheNavRsaBRE: BoHIRSEDby siggubat | Ng
solution flow as described in extensive detail in _

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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10Unger et al., supra, PCT Publication WD 02/43615 and WO 01/ 01025 [ 0055]
Sanpl e distribution in the mcrofluidic devices described herein can be

i npl enented in-part due to certain properties of elastoneric materials,

whi ch ar ewpegegaszed generally in the art. For exanpl ecTAIS:@eokssat al .
(Contenporary Pol yner Chem stry, 2nd Ed.) describes "el astoners" or
"elastoneric material” in general as polyners existing at a 15 tenperature
bet weensuchehe¢thgisasserdihadisi devonas t:m’rbe datigned ianvhith gqelefiac{lpwrtmegpérat ur e.

El astomeric .material s exhi C ertles because ymer chai ns
readi | ;Ell?ﬁﬂg? ﬁéﬁfﬁgﬁcﬁﬁaﬁonﬁﬁﬁ? ﬁ?f Stﬁ%%%ﬁ? VIR nﬁareo(f’mfr(ﬁi C%%Ipnei tget fie chains
i N respgaseph@ied frOhChe M RthbMe! b@cklbmmmbmsmmmm |oir rtggﬁqemasﬁ.’lhﬁe t he

prior shape in the absence of the force. genera#mgﬁgastomers f oi m when

force i BCRBIFIE SHICEHIFH AW JedetiphintHoy! E\'Wedo Pyt WHEh “158 220 for ce
I's renmygg. Hi“mn@l Rskideladen W@ﬁ;ﬁp&g%%&@h@@&@@@m CheBhEbl lasingan e
characterized by a Young's nopdul us. The el astoneric materials utilized in

t he m cewfiotlingitoe @EWedesvhmhsib? e@e@raﬁerxfeﬁlqﬁe@tyibiréfapﬂ spirpgieeow frvsuthg flewnodul us
of bet en_ab 1. T n t (49, ,Pa- 100

A e S R A ol

i nst anc esntieitiveenf ahmﬂi azﬁ(ﬂd%achanﬁﬂs M%;s tamg] oh czmep‘r’e;a?lrma varstancdSedort ween
about 100 Pa_?2 ast materi al s a Young du us
out si de8Fs P%ééé@%ﬁ@é@ﬁé&ﬁf G e S aaedﬁé ; S“JSSW%%@%% ¥ds of a

partd cutigper2pnl, |S§ﬁ‘b|mp{ﬂg%ﬁ(}n @cyemjms shdl wmmiotuwsdl versity of pol ymer
chem stries; Erecursors synthetic nmethods, reaction conditions;

pot ent i HIOSaddPemples disgihiiore Marfe BicrpiiBder ffaeesc dasopaed diesen o i otP“e certain
uses ang, 89%—:&9@&';% eT@@%r@afn?fsn%pe%§ Br 1883 % haetihe vﬁﬁﬁlstﬁgtredogr\ﬁ%t' on, 30

there ar arge nu er 0 | e el ast oner systems that can be used to
make rmg@ierctllrylmthelaststFon@raﬂmlmedicoskm\aé§C@€r’i@inmmlry§’01)$@mé3h@fmstﬁtﬁeznﬁEﬁrbf | ui dic
devi ces ,des rlb d herel re. fa 7 : el t r. such as
GE RTV %?Sn For f e]rsonfr alawlﬁl %t%gde Clg%ﬁ%}l inl%gfp errée)%xgﬁ{]g crggne
el asi onmesnpefatiirt | Yotwedroweserglast hemsrteme mmpreraturef bl d1quefsgtsme ST U0t

Iimted o this one rmyl ati on eve a .. pol yner;

r at her , ER&QMEy© W“a[ﬂﬁ %’69‘7 f*%%%ﬁf% r{17‘5 b’é’% g??*agf%?iﬁg?’i‘ "ol ymer
is suit ahlignal Bheok kO] &'ﬁxu(lfncﬂﬁhgbf@{e%achn@@hém’s pepanes WpoRrdeheitpaid i cul ar
mat eri al @%bOpertl es .g., solvent resistance, stiffness, gas perneability,

and/ or @teaihging f@?é@ﬁlt‘i’ ?%ﬁ)lmteéEﬁJPIF(ed;h?Rﬁ’rmtﬁPFea}éﬁ%eloé & BFepdn ﬁ@“eé%nduct ed.
Addi ti op tozqgrtsadeko%nr e fé}'r&glstéfaghé&’ RSt Ben §LARL QB GrifBheiH P SiHkhate can be

used in the manufacture of components of the m c¢rofluidic devices

di s20 os@ucdieranovedr &hs elasticay tehhibriedngersteners] maeRgooyn Boihereleri 288yl 3- 116,
and PCT,Publ.i cat.ions 6 L0 1

|ncorpo¥l;fle% ﬁleod‘élu% g\é\oep gngﬁ%én alteﬁ{} l}ekluul\@lrzg%n ?h%é? mo?ﬂ giy\lﬁT&%a?dE)sgg}S%d [ 0057]
Devi ce E@‘b}ﬁllty[atall@fma&tﬂd Yﬁmegmgmxﬂusmg“ be{v&ﬁﬁapmﬂs i?zndll Gateit, othedhmingeres  of

t he ‘pr egent i ven%O (P)ave%‘ndpncor te use of

etween about 1n st er instances betwecn agout 20 Pa—1 GPa, 1n vet

other instances between about 50 Pa — 10 MPa, and in certain instances between about 100 Pa

25 - 1 MPa. Elastomeric materials having a Young’'s modulus outside of these ranges can also
be utilized depending upon the needs of a particular application.

[0056] Given the tremendous diversity of polymer chemistries, precursors, synthetic

methods, reaction conditions, and potential additives, a wide range of properties can be

selected for certain uses and appliications. Therefore, with regards to the present invention,

30  there are a large number of possible elastomer systems that can be used to make monolithic

elastomeric microvalves and pumps. Some of the microfluidic devices described herein are

fabricated from an elastomeric polymer such as GE RTV 615 (formulation}, a vinyi-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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10 variety of detection platfoinis, including hi-gh throughput m crofluidic
devices suitable for digital analysis or digital PCR Aspects of device
fabrication, system conponents, and thel nocyling aspects are described in .
great er de02009/43817®w. [ 0059] I n one enbodi ment, m cr ofiUlEH2@sdEssces
suitable for use in the present invention can be constructed utilizing
single and multilayer soft |ithography (MsSL) techniques and/or 15

sacrifi chastbmleagfemlmapwlta:ﬂe onTlmatCh@d@ of Gnefeials i tEpivBLY éWﬁ@m@PPn ol ves
casting

ries of e a r vi ng
Che. | ayBRLSi BRie FsPaSneC bneh o Rasihe YD S BRchRRRamy "
sacrifi ﬁr@ierdﬂ&y%alﬁﬁ’t?ﬁp@ﬂral ifen t}&pppi}ﬁﬁa:tllnn pahg e:ronSuamefd prm:tdﬁroash setazar e

deposMedar\ﬁner ver a channel is desired. These techniques nd their use in
or oduci Fié Pl Shogrins PESEIE S o eI e O RRES e by
Ungeg etohonchRQPPe mR2R 196480684 8Bclldt Adbin A6kt ByrChOoUngetet al (200%)%2\0)

"Integrated El astoner Fluidic Lab-on-achi p-Surface Patterning and

Di agnosﬁiﬂégce' Zagrﬂlﬁrldée@kﬁl %@ Pél?hf{ah@m%’lq ﬁ@ﬁeaﬂﬁcW&%Qle%ﬁda@eMb

which is |n or porate rein re erenceln r entlretyfor al |

pur pose{s{)05[7§)0m:].ricb ﬁa&lmca&cin arﬁﬁ’élen‘rmcefglmgng exerrpl ary fabrl cation net hods
initial val ve .f abri nmol ds ers t he
el ast ontisEl) Aperaifth Fabldit of e Brahal e et et Tty ' The

el asp onpakdty |o@-)ﬁ€ﬂ’ect\/ﬂnt1haﬂfd}@15f in@hﬂdﬁ@&ﬁgleHﬁe)ughpuismidr@f@ﬂdﬂzvaifeelbaa fiyrable for
photol it hography W t photores st gqey R 5740). Channel heights can
be cont F&HY Plean%}‘sé‘?c?rs@gva by“Ehet %@F‘ﬁ @o ViR g PR O PRGIEET E3TR B afiel s are

formed By eXBeskAetdeRRALBESS StarliQeld) tkight fol I owed by devel opnent .
Heat refl ow process and protection 30 treatnent is ty EI cally achi eved as

descri bS8y Na Ane enbetimend wirofghidig, devicesThtgblerfor me igdhepepeiiiegi®  Quake,

Sci encec££g993ns?r§§%dlaﬁiziryg@1% b2 LRALRP LA ﬁﬂxo?@fﬁ)ﬁ@w@é’) &@ﬁrﬁi&‘e@%ﬁd/hﬁ i1s

entirety I cone e ast omer then s

i nt 05t heacbﬁkiabmynzoémta;anmummeénbdm nDoe tohec ML mmirchchisspes tGBSlElEyi seSpi n

coati ng n be utilized to cont thlcknesof ottom ic fluid
ayer | ThESBIPETSRYS B ED opr Bybrors S BaRe g 1o BTHRR RS

2009/ 03Bk7BPGE 14520085 01H636 @d sdor@iMal-lasemehdpafiiten hakdaey, pmehlfseo@ven at
80 C for 25 minutes, aligned and ass nbl_ed Wlh_h t he bottomJSa%

1. 5- houPhetPysast ﬁa@ép%ﬁw%wh@ev% au@éan 45 BYSHACt HEESs TEShBIaUas &t ’Frué‘?/énrsi bly.

Once peghﬁqcﬁg fmlfnro@mdtdﬂ&vb&sf E@H‘sélskédcﬁrhemt har exrmipf!a bl NiiSzeREVaidexoge i s
typically treated wt 30 mn at his treatnent acts to

cl edle Soigrcen?8iHe- 6Sﬁﬂ@38 h%mﬂsﬂ (Ep(8y ebIVt th@orﬁyrdm@c broops- t hat
make t h%F %6919{484 BadlR! Qp{adb%hbk%ggosdcg%&bmwan@g%vam §aRy gagenAaeabrona' ly

be her y sea & fo a su he support™ can be manuf act ured
essenti ahd Femuoy ka@mpa}lﬁltoalHdadu@Iﬁl t drgl mm@”a@eblsdaom AVO1f(1625, teaclensure a
good seal, .as.the sge%I formed.is pripmari adhesi ve forces. Exanples

of smt%ﬂl%‘ 1§ S BEPEL DAL R e A m%’F‘éS?”E%’ A PR o 10[ 0062] The

devi cesddooed 126561 BicN@rdeink N ethplBgBbf cuioR trhakbds esitklly Iirrvotvlaefa‘c&waﬁxﬁg ate
gl ass sl i de) formng one wall of the flow chann A te Hatl vely,

thegaevw@e@m%d% eﬁméaelfsﬂsa threlastrmEe inGT §ith dhesoapels 6“@53 £ pottom

el ast ompfi el rﬁ@ee@é{&ﬂer’ich% e N&idh ! % qhann@hnies) t 6f alilidbrenel@sed, i n
el astonmeric matérial. The resu )|/tl ng el astoneric device can then o[)tlonally

be j oi neuotpbthag@mbswrt‘awéotswg@bf&hipi%[S@Dé?si‘rO)La@l@ﬂnﬁdwﬁﬁﬁ e be controli

precisely by the spin coating rate. Photoresist channels are formed by exposing the
photoresist to UV light followed by development. Heat reflow process and protection
30  treatment is typically achieved as described by M.A. Unger, H.-P. Chou, T. Throsen, A.
Scherer and S.R. Quake, Science (2000} 288:113, which is incorporated herein by reference
in its entirety. A mixed two-part-silicone elastorner (GE RTV 615) is then spun into the
bottom mold and poured onto the top mold, respectively. Spin coating can be utilized to

controj the thickness of bottom pelymeric fiuid layer. The partially cured top layer is peeled
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[ 0064] In one enbodi nent, mcrofluidic devices, including those in which
reagents are deposited at the reaction sites during manufacture, are forned
of three layers. The bottomlayer is the |ayer upon which reagents are
deposi t edWOTES/38t7om | ayer can be fornmed from vari ousr@E/ERMBHBEIBC
materials as described in the references cited above on M.S nethods. 20

Typically, the material is polydinmethylsiloxane (PDV5) el astomer. Based
upon t heffdromasty eréhefierridkingcatthoavenfat tthe Crigadt ingnuiss, regnadrand assenoessi red f or

the par LigUhehoIRyi6s, o3 SRR IRLPRILE £0% | oRak g PhLbepattam | aver

at whi ch the appropriate réagent's shou e ecause
hydr ophzhiversiblshe Chep pstitd difafjoreails bspah ssiivonnksthéromblal itias & TAedyvissrad | spot .

The optionally deposi r ts are ited such that a coval.ent bond
o ort b5y e vt HEL O TRESP i rd e R R G B e S B
becagisegi-a%i B8s&! iHbREy 8R1dsing hydbke pfpdeRt Sl B: tlheNdRertdtipasel ve in the

sanple solution once .1t is Introduced into the reaction site. [0065] The .
ot her t {961y dredeyicerdge theawpbenally ke pargnctigglbrsepigd (v BwPethe Th BRPEREHNEl s are

formed nchaiiged @Yl ool Gy LRGN BhoiPRE Rl QALK Yo gHaIAtliannel s are

f ol med. ese wo | aye re prepared according to the general nethods

set f or téodeseal,iaerthé neadl Hpsnegeis tririomriliTdee tesdhdsivagotown [Eaymples of geitablee i s

t hen pl aced . on fgg iof tlhe,;. fi ré%l ll‘? er onto which the reagents have been

deposi t 8P WEEET PP BRAIH Y OF "ffie conposition of the three layers is as

f ol kews[aeal | Dhe 6évieoiRakRentcoddihg te orforenihg B)ethokiresilt th ayemubtsasml.e, | ayer)

30:1 (by wei_%ht%; second | ayer and third | ayer
) fogm

(contr Oglaq;sa%} mg qre wal &fibp %Bfgg@%’?& .Rn - ai, g;,{,@é%e&lbe once removed
2009/ 0334 A8RCHWS2R81 1Q 48630 taatn @isheferRNRRShld QB8 taNghe AL QSn@d it he

el astoneric conponents can be utilized as well. During this process, the
react i ofptadivtaaslogaddn glapigmetic wirtonak hehedepdyia dasiomesigsayise samchen prionelfe

r eagent g Lt i.t.hin the appropriate reaction site. [ 0066] In
accor dag%%gﬁd?ﬁ%‘%ﬂg&%rgguﬁﬁ# i nvention, thennocycling can be perforned on

t helsm EI068] ul.dyse Fdewdtioes. | n particul ar, thennocycling can be used to run

anplifi ion.reactions that .fagilitate analysis of sanpl.e distributed

o Thi n (RERY oL SRS BhEmbar citPfie SxfelnBaiiR GerBrong: Shbhn s

varyi ngdaepiddsitite@tdationadies dwtid abheadiae, gorfbihadd! dfngret ¢aveal alhrotteirt hi n

sel ected regions of the_ m crofl uidi g device or, the entire d?vi c(g.frPThus, as

used helFHS RhEBYF PR MEHTPARHE ST S OMOPEY efhei RotARdAYe 5RO BRI ™EL B er to a

devi ce Qi Rk QMBRIALD rdl@laCaNIkaWiiahand RIREIARL Uk&l Movt kR Db ik&hods.
m crofluidic device or within a portion of the mcrofluidic device (e.qg.,

wi t B9 n Avpealty cbe apateeaipr peitdisciedilorersr (CRMBhelasionebr e Bptdc tPendhd n a
matrix Qtfrar@efngﬂ A0ANDEL T SRS T Rltkdind € able% e particular device, one can
determine the locations on the bottom laver at which the appropriate reagents should be
spotted. Because PDMS is hydrophobic, the deposited agueous spot shrinks to form a very
small spot. The optionally deposited reagents are deposifed such that a covalent bond is not
25  formed between the reagent and the surface of the elastomer because, as described earlier, the
reagents are intended to dissolve in the sample solution once it 1s introduced into the reaction
site. /
[0065] The other two layers of the device are the layer in which the flow channels are
formed and the layer in which the control and optionally guard channels are formed. These
30  two layers are prepared according to the general methods set forth earlier in this section. The
resulting two layer structure is then placed on top of the first layer onto which the reagents
have been deposited. A specific examplie 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 iayer) 30:1; and third layer {control layer) 4:1. Itis anticipatéd, however,
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[ 0068] Cenerally, the devices are placed on a thermal cycling plate to
thermal cycle the device. A variety of such plates are readily avail able
fromcomercial sources, including for 15 exanple the Ther m)l—ybai d Px2

( Frankl i nWONB)%/03R08 Resear ch PTC- 200 (Sout h San Franci $E8/USENF V7B pendor f
Partg E5331 (Westbury, NY), Techne Partg 205330 (Princeton, NJ). [0069] To

ensure the accuracy of theal cycling steps, in certain devjces it &s usef ul
t o i ncobporthrecosmesivers Hk BEPS AGthe Mgy @URONGRS CgLBe PEB?%n@ Bt he

devi ce. 0k r tdis ehalsoSiddSredchRancingeowRl €. Such
a ther rr%co ?ﬁes %g%#gd%ge%?%gt%gé gﬁ? &{th%ig%é?iﬁﬁm W %s pat ?ger ned on the

under | yieagpnsibspasatoaedraitrinitizd sppoiprials redichierssifencor porated directly into the

m cr of Lcated el ast onme terial. jtself 701 '

t enper 2@%@ d@taecc??rlg%cf rr“ﬁlglhl hgrp?éﬁaﬁclg{ﬁénglghi ﬁr}%rlggoﬁgéclml\éggag%g?g ggr%?%egﬂ{ B of the
pr esent michRdit @ivicdsOoNn pxdnphethetraiyelirat aneeaaed @l 9o aibpliSemsedeactiorsugh 25 a
change in electrical resis acglce T{gerHD-chronatig terials are another
type of haiiacidpiramalyvispt sBIpk PFURMeS MNP dRpEP BB egi ons of an

anpl i fi @@konsdeMiveeor IRQLRYLLARAIIQAS g RpEigi@Gbh B AEIMEY BE Wkrollhgt hr ough
the use of "an infrared canera. Yet another approach to tenperature

det ect | smpPturhwEhighsceped trgions ot Pipraeradisidis eodena dhs ety ABrcel B¥Erascal
phenone h.as i i i det ect
Femper s B e B B e et Biomer on.

Usi g khewmneggeaitieaas:péramurd hetheedntici fiasilviiicydeaird cappittoprai earéon af thes f or

t he el astoners and ass Mtilized.in the device, 0 | . the tine

requi re’&“cf’gf?m%ﬁ Y @r’é‘fiﬁﬁ’réa %rgﬁqi%q?%%er?%gcrte ‘5h Ors?[?) élg? gm(r&gealgﬁéht%hgm

20061 033175RCT) LS008 072636 00711 1n addi tion Lo th 1
178PCT/ U 75¢ 71]. In ition.to e various potentially

sui t abl BORRk eFragralo H5oViFHAS RIpET pﬂ“oapg\f’frf‘@s‘fycg’ﬂﬁ P e tﬁ‘?@rﬂgﬁ‘gf &ﬂec

devi cesgfQle Us@arlcly $NBCIPHIERE e rkdivIO Rl -4iRD Gt chaefla doutads] @tudab féeat ures,
desi gns, channel architectures, and the like. Devices w | t(§p| cal
I

|

i ncludesmmplaitad iThympfdybpidoRrt HErklE, MAwhiMh Repeeh Jdifetdl 1504t %an)r/ | ow
AN el ( I : ¥

path t F%H(gp O\I’I\IQAS’C %;gpr?ﬁtg(%rg?}hﬁfg ?ggﬂa{]wngﬁ%mg Mﬂ'ﬁe‘cﬂ%iﬁ# 20sR80 gevl 688, can

i ncl ude” ""con s designed to interface with fl ow
channel BJsuch that they may be used to actuate flow within the flow

channel E}é)ﬁgﬁ \s“rg%%i;}%ﬁ? t fau.c%mh?ey::ﬂtl @g%ﬁjﬁq%g{:lgn%gs% %S int erifaynr (tlettlf?ges Eteigl{l!s : fgﬁ)f ;u; ?OW

flow, s tonfiguration in

channel igpgortcRnidrOlicteNan iehperairens eaionangiaref sepavat ednbytranuelfast oneri ¢
menbrane that can be deflected intg or retracted fr the ] ow 10ﬂchannel
in PespoHeding derarFraprat MEFmPErRs. SEFL DeEPtuPl CRBOY PRI Tl ude a

"via, " WHLCR BT80S tllmAatRAnaska O kR A1, Br AN RbASERPRERE dBeNyGRotig Provi de
fluid access between an external port of the device and one or nore flow

channel sicrThbcates) eldstereamagigligseds a sanpl e i nput or output, for exanple.
[00707 Various means of temperature detection/monitoring can be included n a

systern/device of the present invention. For example, temperature can also be sensed through
25  a change in electrical resistance. Thermo-chromatic materials are another type of structure
available to detect temperature on regions of an amplification device. Another approach to
detecting temperature is through the use of an infrared camera. Yet another approach to
temperature detection is through the use of pyroelectric sensors. Other electrical phenomena,
such as capacitance and inductance, can be exploited to detect temperature in accordance
30 Wi‘sh embodiments of the present invention. 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

controiler seeks to maintam.
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[0072] Nunerous types of channel architectures or designs can be

i npl emented in the 15 present invention. As illustrated in Figure 2A, one
type of channel design that can be included in a device of the present

i nvent i onWiCrzedpd#E8s an open channel design. " Qpen  chanrrgTa’s2en8/07wpen- end
channel s" refer to a flow channel disposed between separate via, such that
the flow channel has a entrance (e.g., inlet) separate froman exit (e.g.,
out | et) [00F R glreidition tatheopainus praeniially gataplsr laigedi cgmppriednsdad pEpertisast t wo
opposi ng_.f . nnel . vi a: il Whi . : c t one or
2 bl ar ot ey R RGPk U S B CADRRar FUNER SR ANEE One or
mor e vabasgss,f duned abhitecivrad) e ahd liby e Deaygbngilc oypicady clebwnel pioahtybef

actuated.to jsol ate discrete regions of th ranch channels to form

react i on@Y £anely;d ‘%W@sgeﬁf’@g?g‘%aaﬁ%@ﬁén@?ﬁ\g}f Sy f@ﬁté% Vil @%W‘ati ng a
pl ural i wWsi@bndi@agk R0ice L8Sinch8e danebl BRandIer o BhartlelYideasn«dan ihieghdéde one
or nore o ow channels from whi ch one or 25 nore channels branch. One

en > (

- or nor evitadbowi grmpdyisediisthabihey @zt heopsedite %t%ﬁm%%ﬁhﬁb@éé@%ﬁmﬂﬁ@?e al ong

a | engt beﬁt;esacaglf&%e? RAMDR! fearfivel & HEMEOF BB DN R QY Sich AX1aNGailiL oW ghannel .

can be actuated to isolate the reaction site(s) disposed along the channel,

t her eby cgrioviudi mgordigmtioanh simdhor flewichamabing 4 switat Plvgnel Heterseand or¢ sit es.

Thus, each’ ice can include a | arge r . ' i-t.es oA

10, 00053 PR et e g e e G e  BE RS ISl § o ng

a signi th@antin redustitean iatubie Biee Hfo tdesie devicestscoapackde td'via,"

traditional m crofluidic.devjces. Ogen _cganne s .can, for exanple,
HSBBegqg

| desi f
have br HAEH FFFGW & RAFHE STETAE 5 PESS R P HA e A" B
| ocat i 0B/ind poHHfShd &S @NnASREET mbRYIREcHIAKdIE. CUal 4 Via dEY i Ageuspld or
exanple, -if a particular channel/branch flow channel is obstructed or
bl ockedinpst ¢.ovtpgudontesapaluf act uri ng variation, defect, etc.), as fluid can
be ente fr /1 Q3 107 i.ffer ' >t isons and
A e R B A e e L F L b s S
obst§ ucpicemt itwngont restlivstatehanheluradéesss yre 61 oo | desigs shriglae ®nd

havi ng a bl.ockage. na be filled.up.to.the paint.of the.blog e or
obstr uc{ricglf}e‘ghla,% ﬁiefwc%e%g{kﬁgoq{essem &y’ exg%ns nc%g{flsoﬁ% Og Fltg B 88&2%@ 't hége sites
can be eendeses "updnsallRanp]s00f&] o Adlotlegiante dispesefFbgueen 2Barard w4, 0fidiui di c
devi ces suitaple for use accordig(g to.]t e grese t invention rra{qutjllize a
"blind EWaHKellow shannsf finga rfrpace (& JRleU SR EITR L G SChaldPler f2ed in
part by hawing Qee cﬁénneme@w&wdwfgﬁm& 85 e thb Oppharmsl shhpstivigod dead
end or i1'solated end such that solution can only enter and exit the blind
chaifel irdats, oriechesrdl e coanectedhhont one ¢iot Plaralispar %r%chi e ehamds sufe®t e or t he
blind c ). [ i I I - i ' f ch
R i L S B R R R
react i onarshe setualdine isglapradisreie tagiams of thefrach phamels tdbvingeactionsitesr Spdr e
reagents .for conducting an anal ysi.s.gcan tional ly. be.d ited at,the
react i onMSFt BV b AT 88 Y isﬁg‘::hlaﬁ?yam&%glﬁ% 9 gélrr]%(mf eeg'urg%ﬁérﬁ ﬁ%gs‘t He’ nunber
of i nputiesanskdoitr@nlt Gevickhuwan irahdde e ohamre opae tlowrdanmlschomumiicabhoor wi t h
the blind channels can be configured such . that many reacti on si.tes can 15
be £711 BEWFIRDES draghe OPC QT MHRT FEAFUARIAERY S0P THRFTENSSI(ER.G" 2% €85 han 5 or
| ess t han, wi)e aiddiea 8RN 3k A6y Ehdohed DVERE fhhew shannehalis; medenpessi bl e

because t'he devices are made fromelastoneric material sufficiently porous
such t han ki sctugfedip irotdiethf repgtierhaitehe dssrased abingribe ernamiebechaprossiingre

t hrough t s [ LS. ki ced.d pI® {Lhe. channehs. fhe | ack
of poro@e?s;aﬁgfnoﬁé?%}tl aF%qE#%tFn%QE%%a%ﬁ%{ﬁgg %HL(L:SF otcﬁui i?: devi cesdpargfl udes
use of himebdsldf nekcti@0sichanpell 0,0e5H) gnd bec adiseedigh deactian islté dehssisarthetbthas no

. [ IS inj d. 74 , di :
m P11 GBS doyieaneor Eret BLIR Syt ST aoTRER oh. FRRRRE™

i ncl ude pgyanedeianivgl ped cadiiect deigné eanf foexahgnalsvand Val vemeosts thant r ol
channels. I n order to reduce evaporation Q&_S$¥§|e and reagents fromthe
el ast o] be AdEFsEFd BRI BORANCRYE PRI ATe PHEVEIEY A BEFEPH PaPPIardY ty of
guard CQMH@%&mﬁaﬂar bg fnpW 6 o i Drd e A@MAGEBranc oW EnaHar d Ghgnngl or are
simlar to the control channel's in that typically they are forned in a

| ayer oblogkasteameduet tamavyfertinngs vargon duvethetanetss taiddraerber erged diwmsite.
Hence, |ike control channels, the guard channels are separated fromthe
under | ying fl ow channel s and/or reaction sites by a nenbrane or segnent of
el astoneric material. Unlike control channels, however, the guard channels
are considerably smaller in cross-sectional area. |In general, a nenbrane
30 with smaller area will deflect |ess than a nmenbrane’ with |arger area
under the sane applied pressure. The guard channel s are designed to be



WO 2009/ 033178PCTI US2008/ 075636 reduci ng evaporation of solution therefrom
For further discussion of guard channels di sposed in mcrofluidic devices
and suitable for use according to the present invention, see, MBride et

al ., U S warentosApplicati on Publication No. 200502527 #8;1/uaké0sh7563
‘incorporated herein by reference in its entirety for all purposes. 5[0075]
The devices further include a plurality of reaction sites, or reaction

vol unesdzfmenv\/ldrrcmoneazgérﬁlb aaghenied. Iwm@dopmsmeamdes afnid partigelai bckagp or

i ncorporate vari.ous ) ol ate
react i oROEPFEE: i‘f’ﬁgmfaég énr{legﬁ%%%gﬁo %%%%{g% 4 Hmﬁ% g? foc}y& )ré%a! r of
di ff er eqtly I‘n@(ﬁabd ofe Wk pdsknmﬁthebldelwge er okﬁs&ﬁa‘tﬁjn eaégamemdwues msta-apondncl ude

el astoneric materials that are relatively optically 10 transparent,
r eact i ofi§ bogredsetopeeREs Wrﬁ?ﬁ?rtdé‘f d‘nﬁ%a¥lr?g a variety of different det ection

systenmsmb3 S aeniehidlel ¥n & 282iQ010ict fRidxk GhpdbldFdi e Ayt &e
MSL-type devices are use nost t%pl cal |y detection occurs at t e reactlon

si te it prehdnt Thenfiore may hallize gcvlig v«h@é@i” ate s laciaiead PrHMYisseEntial |y
”anspag?a@&a%a%ﬁm Salnsb@h*%/? hBANS L8t 68 LAL: ARt R i a%na RLGHB. GRfYy be

utilize e curren ces that are not usab eW|t tradi t1 onal
si | i conendlér baisied end cudaf theli Wiwiodeswn cely. enBetagd tek b rihacblimdbenanwdhiaevedenssi ng

detectors that. are inco nt h hat, are sep araefrom
e Gevlize et a0 g oA el o B R b T KaSGe ] ThifbeRbS RRRELEL {07
In g@rt gisheM0M PRMNash Bfind BRanpEieSEiBlate VRALANOKY, tht @6l ich@meMid fmn drhe

reacti on vol unes are conducted usi ng m xes or_reagents that are first m xed
(e.g., HWPhEd Grotipn §‘é"?7ppé5m@Giaﬁu%ﬁfl’[&“'t‘?fdﬁ“é@ﬁa?fa‘feé’mﬁ‘Eﬁﬁqrﬁéorﬁrﬁarﬁe’t“ﬁefechl p and
ot her SM&E@%@%QQ@QE %aﬁiﬁ%oﬁﬁ%é MBQQH%@@& irEhcBO Mick QHBT@%QQZ\@%&H&D%V& ces

will typically be désign and ‘configured to conduct tenperature controlled
react i oslsmﬁs@m hedystiotientho eywbiigf iampldnflicgaisonT eae floprhamel getwgtidevi ce can

pe conf L GHLAGLARR! gheh.! & bffha USSinki® hEBPESAMR SONHaLhah P RELER Siel €ard-

t hei nt ocyc | ng react |
15  be filled with 2 s;ngie ot a limited number of inlets {e.g., less than 5 or iess than 10). The

ability to fill a blind- flow channel is made possible because the devices are made from
elastomeric material sufficiently porous such that air within the flow channels and blind
channels can escape through these pores as solution is introduced into the channels. The lack
of porosity of materials utilized in other microfiuidic devices precludes use of the blind
20  channel design because air in a blind channel has no way to escape as solution is injected.
[0074] In yet another embodiment, microfluidic devices of the present invention can further
optionally include guard channels in addition to flow channels and valve or control channels.
In order to reduce evaporation of sample and reagents from the elastomeric microflmidic
devices that are provided herein, a plurality of guard channels can be formed in the devices.
25  The guard channels are similar to the control channels in that typically they are formed in a
layer of elastomer that overlays the flow channels and/or reaction site. Hence, like control
channels, the guard channels are separated from the underlying flow channels and/or reaction
sites by a membrane or segment of elastomeric material. Unlike contro} channels, however,
the guard channels are considerably smaller in cross-sectional area. In general, 2 membrane
30  with smal.ler arez will deflect less than a membrane with larger area under the same applied
pressure. 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

20



95 within reaction volunes. A device or portion thereof, e.g., the

el astoneric device, can be fixed to a support (e.g., a glass slide). The
resulting structure can then be placed on a tenperature control plate, for
exanpl e, WO 20©W6516% the tenperature at the various reactiiisnegotes. | n the
case of thernocycling reactions, the device can be placed on any of a
nunber of thennocycling plates. 30[0079] As illustrated above, optional use
of m crefibdtgliecapdentios es tcduticaplterdimt. t Her niatthed disafssiph eof pgusse whannglsent i on

can be ond%gt ed. u i}r}ig @ wi de (xar.%g Y; of daevi (ée ftg teurg%maiggenggsisggs. The
ol | o fipeatserristiaiutetrr el il atre RubGe E Bedrtan sl 37 o ons
that cawcBRAdIE i1 ZedPien Coptuaiond blEd@h WOD08SREYEES whiched ndbporagdal yses
requiring tenperature control (e.g., nucleic acid anplification reactions).

|t shouleieibey fHerenastio S8 HeNer] PABRIES t hese 21 WD

2009/ 033478 PCHIIRZARC/AARE 31 AN hiaial bPMeadich SXEID! ictioARGIhRAL
modi fi cations of hese systens will be ‘apparent to those skilled in the art.
Row Fi gehieh B:apentaars sl idfto echetiandyp deriof may Wicerpofalaiasives Heaps (a2, BEsrding to
an exci upl ary .embodi.ment. of the. .presentqi i On. Ll d.A,n Figure
R e e e i A

i ncl udeman@anf ditkereA0ipcarbbhetvithmnhdéevilrde from material s providi ng suitable

mechani cal support for the varioqus elenents of t m crof |.ui.di c _.device. As
an exanPés! tﬁgaﬂ'@yﬁf’c"é@ scaﬁa‘ﬁéfug ieﬁ’@wg‘ﬁ“é!rﬁ?%%gﬁ% ﬁSIrﬁlﬁé‘fe.iy 'ﬂl?gcag ter
porij ongRpdrbe, LeMicee chits th@lSabmdrQDiRId NYarddy &f diffaRaBdtbcBed swrinls

m cropl ate and enabl es stand-al one val ve operation. As described bel ow,

there adtesssPtrlipety [poprias ebficedjsertbitig devce2 WagaMatetyra 68 siie Wsput s to
the devﬁ%%gy%b%hﬂ@é{é&i%n Co%@urﬁaa{/%ejj?eaaﬁﬁeéit% wRiant, eachqaQf sideidzZepanel s can

contain reaction chanbers with a total volume of 4.59 ttL per

panel . dborfaftined dicon chbnmélay 2znspnent onsiendls ke marrisolst ewhet idewcemanber s
on the panels to fluid sources as, descri I [ ; [ ]
Pressur gy S@E’ﬁ’ CB%%S&BE?G dW]?%thaenC grétu%ﬁffcaeg '(t)l%r?1 g@%ﬁ%éirbééelrv}% gf%!élgﬁ%al gﬁ%@%l ose

val ves babad eproRaiicrigviche Dheaaionhaan bbadbered ismgfdetscdrstbur ge sicorkerated
illustrated in Figure 3, 12 inlets 28 can be _.prqvided for | i ng.of the
sanpl o PGGEREVIH Bt driene A B8 Bacse L GHETeR “Bhbe s B0t B o

provi deya,.SRuLce for reagents, which are supplied to the biochip when '
pressure is applied to accunmul ator 26. In apPI ications in which reagents
“are not[0GFT] i eeertaimembadipgninel Feapfewt dP WIS CGATICEE SHIYB heaif2iitt be
used. LhEonal ] : | bi &, ReENRNBARS

embodi e e R L o B e s o Y Ao .

Hy d2@t i mrsoiutbetepaste fow thafréth whaochip mvumtba aviton cunpinanisend dhii geirgdyoed
facilitat e, tt.he control of humdity associated with the reacti on chanbers.

As wi | | P58 ifitler st ood to one of skill in the art, sone el astomeric

mat er i ajo78it | Deded Wwin tifiedliyakded giddand obnfigiecdde voncarapgasrpentrebdl e,

al | om ng evapor ated gases or, vapor fromthe reacti chambers to pass

t hr ough™AHENE| $4%0 13 e FICEN Oyl (amIcalidy Je4eHE S ur &g%d? %evécterrﬁglbh fre. In a

par ti cubalf ErBQe:RAtfor ideindehbdsrd @eabEadliord@E LD RekabeyRRId fatsomef t he
device provide a shield of hydration liquid, for exanple, a buffer or.

mas?er within mectiperioptieral A gevies enEoHPn tﬂFféf?Clﬁ’ ity aTFIBUHATIE t 8 YPanel s of
or csont 116 he vae (e LR P T PR A S D Dbt ans. of
t he devieomemane betichpleade dxdmpladdicorgroa thedtmpdritard 4t guivdriofsgpaction sites.
' In the case of thermocycling reactions, the device can be piaced on any of a number of
thermocyciing.plates.
30 [D079] As illustrated above, optional use of microfluidic devices to implement the methods
of the present invention can be-conducﬁed using a wide variety of device features and designs.
The following description describes in greater detail exemplary configurations that can be
utilized to conduct a variety of analyses, including analyses requiring temperature controi

(e.g., nucleic acid amplification reactions). It should be understood, however, that these
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30 exanple water, to hydration inlets 30. In a specific enbodinent, a first
inlet is.in fluid comrunication with the hydration fluid Iines surrounding
the panels on a first side of the biochip and the second inlet is in fluid
conmuni cawicomewissiiet he hydration fluid |ines surroundizmugishespzwesad s on t he
ot her side of the biochip. WO 2009/033178PCT/ US2008/ 075636 [ 0082] Wil e.
the devices and sanple distribution described above is one exenplary system
for carﬁyﬁ@gmnum;mb&xmaphqd&ubﬁmth@dﬁkagmmuﬁﬁhvenWHQM§“dhéWGmpmﬁd1Wary

skill ipnt uld recogni ze many variations, nodifications, and

al t er nat'Ptk Sgiﬁ Hé%aﬁnlng the mcrofluidic deV|ces descri bed hereln For
exanpl ejopabt hpisgh 1@ sithiTRl ldugehn o temiceefluidit dstitatedrding i gk emBad

i ncludes 12 panel s, each having 765 reac chanbers wi.th a volu of 6 nL
per reaBTPSHMENAFHEDresen iBVangonofs IBETEF aﬂgﬁmﬁﬁ%ﬁr@g@ﬂvﬂi%ﬂ%ﬁ?. . The

par t4 cul.ar. 4eg r%t 4 8 gﬁ’i 511'3? inOintidbe @rdader Wo! lvnfeREN be Qfade HeorP M drall ar

appl i cations. t he scope of the present invention is not limted
to di gi pavidarg aytsblwmwhar@cqbanmgt aviengpripes elearats Wribe pagrbBwidic dsiirceot her

conbi nat,i ans ar I [ f t
Addi ti o%‘%laﬂ SE p‘%qigéiﬁ‘qg is “"{“{a%t‘gi gthagl %&? i potl-‘t’h‘?ys @3?’%@6:"%?9 Olfg%e in
enbodi mestise bfs hbeape ds@ptinti a1ve Rtahdad 8[8&vmﬂommd@;daie rnd).cBablfRastenitalone

Application Publicati 2 05/025277 i ncor por at ed f erence.
[ 0083] RN PHRFICRr g SR SE QT Fieae b BSos PUG T B SR | cant
quapng i t i8spiefnphRageRtisvict. nT@ende&méce@h ABRt120fantibe2 presRA LS tirvienah@fcandi gi t al
PCR is conducFed in mcrovol unes. The reaction chanbers for runnlng | ow

vol ume nmr@mﬂw Baliesiontsbunbs with poph velBmaL! 406 Hiper pawel e ilpige
reacti 0?% o Eftiﬁfca}{%uyé% gﬁehgarmag ?eafcnsn REDSEs 0f thd) én\é!sdﬂdaﬂlm@%@r)ée?s jhat may

be run er using d| rent probe and priner sets or as replicates of
t he sanmdespricllenandulpriehy. sets or any pernutation of nunbers of replicates

and nu r.s, of, di fferent - as yS).. t i anber

P e T g g R B T e S A e

prefer abebryzeét[r@rfh@.ﬁﬁuionlbhmhbér@tcaﬂmdtsmﬂr&sn As 1]1%@3&&3@@3@@@1 irfents part he

reactlon cha ? % g about ;4 nL, about 54% a L, about 7 nL,
for lepding o

b
about gbe provi BButPIRe FEESHBBIRITS 1 Lﬁﬂ%?agﬁgﬁPs i $41C The

sanpl e ghabems tcﬁﬁﬁév#ﬁ@ 2 GONSE fob 6da@eht8 fwiddaes supipliadiol te bistHip 6.@Bn pebsasd omeric
pol ymer s 'such as ydi met %IS|onane pol yur et hane, or_other polyners. The

sanpl eslsmpéb%lsf@e?ﬁc%lsﬂmﬁ%z HeBliGfopHE Whﬁ‘%}b‘ﬁﬁg(ﬁﬁ & Botbipeds filete e’ By use in
vari abl R gémxlg gﬁﬁggzmavrﬁwn&%wgedt h@aa%éonﬁnw% Ko SY SEGb G dh dhgm

Cor porati an Franci sco - Bi oMar kT m system uses a
pol gdi mdm;@liwlembatﬂlelen’i @n@fatasﬂn id |ch1m@wcme'0tfﬂdaﬁly<¢mmn tddhe Pioehip. udmiragemul ti pl e

assays o | e sa es 084]..T r qﬁﬁl
(dlgltaf %?Bg ?HEPE nanu mn%h?g iglngfgkgﬁ ?%%T%%Fgﬁg%égu ‘%gﬁ
Franci se@oci&iil wn@hhep&aﬁroa chatbbére. atf\edvﬂfi bk Iuﬁwmg)d toenof thili azyém aSoid:mQ:O
Li t hogr aph

y HP, Thorsen T
Quake SRt R/B‘%‘B‘FF Arie Srﬁt@ ﬂ?%ﬁ%@ﬁ%@%@% ‘g e ises BY™Mate § q‘gfwérr‘g soft
l'i t hogr aph¥ratedC bRBE @r 2008 +é88iht 13ackibn 6dnambbe ©hpARs NAGu SRR elaﬁbnaaﬁtel s that
have 10 pm average sem -elliptical depth, 70 pmw dth, with parall el

spaéf ngmRiviapimoRs ceReEHingSARPINEeTe] Up Ginesicaloe cmapieal; Aineh ogated

peripheral portions of the device provide a shield of hydration liguid, for example, a bulfer or
master mix, at peripheral portions of the biochip surrounding the panels of reaction chambers,
thus reducing or preventing evaporation of liquids present in the reaction chambers. Thus,
humidity ét peripheral portions of the device can be increased by adding a volatile liquid, for
30  example water, to hydration inlets 30. In a specific embodiment, a first inlet is in fluid
communication with the hydration fluid lines swrrounding the panels on a first side of the
biochip and the second inlet is in fluld communication with the hydration fluid lines

swrounding the panels on the other side of the biochip.
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two-| ayer nol d-process to create partition chanbers 265 pm (depth) x 150
p.mx 150 p.m WD 2009/ 033178PCM521108/ 075636 arranged al ong each sanpl e
channel. On a separate silicone |ayer, the control channels of the chip run
per pendi cwioexty@3rhe sanpl e channel s. The i ntersecti orfETgS2¢d887shannel s
form defl ective valves for routing fluids. Upon pressurization of the
control channels, a thin nmenbrane between |ayers closes off the sanple
channel 80892] i ¥8ilatle demidevirduamplsatistiipytion d§$§lﬁéﬂ¢)€hﬂ§? IS CEBRRIAGISYERENNel s
are 15 um deep, 50,um w j. & . Spaci g [ 0085]
Reactio rrcria&rggg Ols]tutgﬁ mf\éﬂog r%eg)é%,%ﬁtggj‘r'fcg’llngarﬁ% >%eog %rﬁp&%yﬁ%ﬁﬂﬂ%ﬁ% i%gtrl\!dpr oduct
sanpl e fac¥@sze gy vaadeds, mbdifieacinspare hliamndived mgldes:Phidg ol evubBadar e

randomy partitioned i.ntg the varigus reaction chambers. After loadi ng of

t he panéfl“féc"éﬁlascif1 LR ?fa‘ﬁ“ﬁ_@lpg; a]ﬁ?‘f‘élg}ig‘e&ﬁ“&’io 131‘1‘%@3’5%71 %ﬁ‘fatﬁg 1 Hénocycl ed
and 4 heq ;i FRGESH) BiheRN cRRMORE 785 eab@@l@ambEQryiexamnlfe 0f6 BLOM kI
instrunment available fromthe present assignee. The data produced. is

anal yz echamdiendhibisgiof HIUPERONA PSP IBYSPHNRr ENHRANUB 1260 PIBM Tt e IigHEs ent
assi gne { | 1ﬂ£}aalrp LSosofhvers, dddichi onak peseidveidan of
exenpl afgr;%‘g@e%? %nodfl&ﬁath%?orcana %%agofsg(jﬁ!\ggéﬁge’stﬁguiok)abl e F or use itn
enbodi manhs lahittche pizeslemtays rwigntl 2 grngls dapngvitdegagtipn Bh8mbpat byt othe

Application Publication .No,. .U licatio 170, 41 it " Copy
Nonber - GHRPAEIIgn b d Pl Seors §he et i i it B tn, 0
compnl yei@sSiogngth anels Reikdhyfor ngonpabatietnhyf tefeeencievdrobn alel prgudgioses.
[ 0086] Figures 4A-4C are _sjnplified %i %gr of porti g‘n of th]g

devi ce/ B BénPyentAnpEtatap &gokates g U3/ ﬁa&gr@c RO HERPEREE IREE 12 panel s
22, eac d%fz% t RenRANEL S hiahatdlionGerichriaRbleoTcar Qodui@ Gl drdiaah gilaE & ofFi gur e
4B illustrates the geonetry of a nunber of reaction chanbers 40 contai ned
in a parekentThelnr eacmisdingdrantfeths nosay anvpaeed dgHa2 6o cantusks Hs
illustrated. F.gur : f : § bi.on of a
pane . G0 e e Pl HARE: Al R ERERCRTRAL SR UL T The
reacs i o shank®rd.. i THelsterahecbaasnddnkeberModimd, Gt meie dlee mfmbehef inflividsiel at i on

dark 425 gEnsRatings it EBR FTEaNEerT LB ehh i LEr el S epaBE A or i on

of the gRACHIMP BHRALRF Sethay anf lpyBnestens! auhissd ofreplitdtscaid mgnters' pbsi tive"
reaction chanber 44. As descrjbed above.in Figure 2B, sa e.channel s run
| eft t odiiegt aegnnedidg SHAFHRAL NS FEsteT B}Pf‘“g%‘?éh%gf’@ %ﬁgpéd‘ﬁt Pot*®Ehannel s

run top 56%?@%{%%9 0 ot hE ab QK ok a¥BFe proRABIPEES SUbIZALI @naalt 1heL cant r ol
channel s, a thin nenbrane between | ayers closes off the sanple channels to
20 - some embodiments, the reaction chamber volume is about 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 plass, plastic, silicon, elastomeric polymers such as

polydimethylsiloxane, polyurethane, or other polymers. The samples processed by the

_ method of the invention are well suited for use in variable copy number analysis using the

25  BioMark™ system (Fluidigm Corporation, South San Francisco, CA). The BioMark™

system uses a polydimethylsiioxane microfluidic device that provides for running multipie
assays on multiple samples.

[0084] The Fluidigm microfiuidic devices (digital arrays) are manufactured by Fluidigm

Corporation (South San Francisco, CA). Chips are fabricated following the Multilayer Soft

30  Lithography (MSL) methodology (Unger MA, Choa HP, Thorsen T, Scherer A, Quake SR,

'Monolithic microfabricated 1.vaives and pumps by multilayer soft lithography, Science 2000;

288:%23—1.} 6). The chip has sample channels that have 10 um average semi-clliptical depth,

70 pm width, with paraliel spaéing 200 um on-center. Sample fluidics are fabricated with a

twodf{yer moid process to create partition chambers 265 um (depth) x 150 pm x 15C wm
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30 isolate individual reaction chanbers. The valves partition individual
chanbers that are kept closed during the PCR experinent. [0087] As
described nore fully throughout the present specification, the chip was
t hen- nocywlcemiswensai 78 maged on the Bi.oMarkTm real -ti me PGR1/sysisemsavai | abl e
fromthe present assignee and Digital PCR Analysis software, such as the
Bi oMarkTm Digital PCR Analysis WO 209/ 03178PCT/ US2008/ 075636 avai | abl e
from t herrpreed e}tmg exBisgmple chavais]. Used s¢peragouintont feeven tirenirolf chpareil s dflee
chanbers, .in_each nel . sa uorescent d es.are used
in a mfEPgreP g?lflglfﬁ E’&‘er aglw? E‘mn%‘(ls %%enéntster%%:{ﬁo Seofﬂlﬁe%hen ently
quant i t dtetvd Rhiseakirlrblityhgt ﬁulﬁﬂdéﬂ}ﬁﬂdﬁﬂisthzqmaniﬂ thateenige Neaniels, msﬂzdn as
descri bed hereln to study cop unber variations. using the digital barray.
The nunBEmbeNe gesREent e clatepeth Wae%wﬁﬁeﬁ*eweladaﬁﬁqlﬁtgt%@wa aPEHGt e PCR
reacti opndnshedePERALRE oI aAHRE HUTDRL, Bdcpf 50‘91’116@&1@% gp@eﬁlea%m 3bens:
avai l able. [0088] As described in the general netho st eps a ove,
follomnngcﬁﬁ@Trlbutlon of the sanple additional steps include an
anplifi n f b e Ny t sone
enbodi %%S?OP%%% nl?éé%mﬁg?ﬁ%éﬂ?k‘&}&g E@ﬂglca?%%ﬁJ mggieﬁégéﬁ%%i%galy5|s
10 can bﬂnﬁ@ﬂdﬂﬁladkmSmhgmnnﬂhmﬂslmﬁaugﬁdBNdnndt@ﬂﬁheeumémsbepsﬁmogbther
e.g., quantltatlv otides that are,isol at d Wi t hin
each rea%?.%%wg?P%ﬁ% Hm5§€§ﬁgflfﬁgﬁ ﬁ@egkg%pgﬁ’ W88 HEPRG>4 ?ange of
DOS$Ob|ﬁq@hrﬂh@gmﬁ%eﬂ@ﬂ@o@&&ﬂﬂb&ﬁwﬁﬁﬁﬁgaﬁgyamﬁMﬁbmﬁﬁeaﬁﬂﬁtﬁymﬁgn@a;get and
ref erence pal nuc eotides_so that the anp I|f|ed15roduct can_be used to

[

det er ni BEMAKCHhESHERERasfHlabte Yo dbt Py Atikseet il g8 daRdralwcehseehEEd on of

the refgrengs &ép@@é xmsgél@@&ﬁ‘%e am}a%;m&ﬁtmé eﬁesamké@&e%aaﬂd@ﬁbr sLRAgENt S
necessary or arrp ification are conbined with the sarrp e and can i nclude a

first peobesitédvasel sddifivel geshypiiindiizesmplonadatentigeangor gralisisdotingseand a
second Bm?*-afl fhaleeSel grﬁl_t)dd\i'xglzrx% %g%g qr!rgs%ﬁt Retidneher gﬂeaeﬁe@%ymclp%%m de

under concf1 ons that are sui |'e fo ynucl eoti I'T'fication
firss amgpieciondPyiiobesn oan UISncAp;dEamhnf ﬂ\er em/nfectiécbahled I'Gdyel Nundor as to

differe |ate etmee 20 refer nce nucl . eoti de

Sl 1 SR SRk T e R Dl b e B e BB S SRl 9 g
refereng@eppIM@?gﬁﬁ@Qwéeﬁmﬁ@ﬂmpﬁmymgawﬁor further calculatlon of the
concentration of target nucl eotide nolecul es as a ratég of the reference

" nucl eot L§8ShoFusirséé "’s%a"égf“’ﬁlﬂlfﬁétd@rgﬁﬂlwftpﬁgioﬁéi e deEice By indinggred in ¢ he

tar get i uyélyclp?gafré mqﬂ@s%%%feel ?ar{fenezzg@mmtﬁé Ihe Subiiget. nd:@RBAF The
gener al eps anplification foll owed by detECFIOH and anal ysi s can be 25

per £6r n*e@ctm ﬂ@rrévelﬁu bare OB iksjrstes HOOBOReTy ok Aamee efrrdettion ghanhig o t he
net hods yste r a f art
are gene&ggpy de rl%gﬁ%ﬁé g&PEQ%@&%Qﬂy&Esgggﬁgﬁ%Pg g}%%ggoadﬁﬁgﬁg%any
agent u§&ﬂminCaﬂnﬂﬁm$iaﬁhmm%om&a@am@e@énzpnﬁmu@éaax&ahgﬁbeé@bﬂﬁewﬁnbh itself

%a;lt B? erﬁg{ﬂl!c t?%%gta(cﬁﬁt?cg segm%ux?nﬂtq %H%gc TEac wnl c algxgggs ti}%s%gteg %s Id%rkl. Sl“hgenag%?d) or a

side of the illustration shows how in a typical experiment, many of the reaction chambers are

25  dark 42, generating no significant fluorescent emission. However, a portion of the reaction
chambers have fluorescent emission, indicating a "postiive" reaction chamber 44. As
described above in Figure 2B, sample channels run left to right connecting individual reaction
chambers and contro] channels run top to bottom in the lower layer. Upon pressurization of
the control channels, a thin membrane between layers closes off the sample channels to

30  isolate individual reaction chambers. The valves partition individual chambers that are kept
closed during the PCR experiment. |
[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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30 agents. A reagent may be living (e.g., a-cell) or non-living. Exenplary -
reagents for a nucleic acid anplification reaction include, but are not
limted to, buffer, netal ions, polynerase, prinmers, tenplate nucleic acid,
nucl eot i d@s,2ed9abel7s, dyes, nucl eases and the |ike. ReagamszaBorssenzyne
reactions include, for exanple, substrates, cofactors, coupling enzynes,
buffer, nmetal ions, inhibitors and activators. Reagents for cell-based
react i QREilAYIE Fudethe bedse@ragsigek, Whniteddo cMI2BO 81083 17 $PCTN£JS2O080MN5636 t 0,

cells, cell specific dyes and |ligands (e.qg., agonists_and, ania l.sts) that
b nd T AP Al B CupeoRe Wi USRS SR S e PHPHE RaRpPER )
sol uti %?cu%, GRP aptd eaAldey iliepdnapRb) lguzedatkd aTM@"élb@Et?/ ©f intdeysdérlyg. ,

coval ently, non-covalently, via suitable Iinker nolecules). In on-chip
nucl ei cquaciitdteaaepts if pesdtds dhscribetheroindo sdy cenvampIher vaHEORT UsHis 8 figiglent s

- 2 - ] - 1 1 & e actibilts h
used, in Coﬁ%gg%ﬁg%fo%?%&gsthﬁ@aﬂ GGk egerggﬁu%ﬁng@@ﬁﬁa Liftle PERGeactibR:0UY

spotti nz"‘gﬂaya e reaction si ng manufacture of the device.
[ 0091] ddpendear on tht abeber of herscebiodses and Blderk evageblan aspect of a nol ecul e

that c detected by physical, chemcal, el ectr netie and er

rel at ei%ggﬁl yg? @5?“”38%%%%5@“%?%?@5“8@5 %bé)tvg’ctegggg% ggfé’ﬁ%gt?%}hgfttﬁ(}an be

utili zegniphehdibigonabstbpsaingudoin binplifi@tioh Giep rfalivaidsot dpeasion 20d Bhaipsiophor es,

chronmophores, nass | abels, electron dense, parti C?.g@gtsléré%%g eti.c particles,
; C

spi n | a58ls; IpEPee GmeedimsaE of Mt PrEKEMIY ERHORe YRR FSERRATALAT y

act{ye Ml KCUl RS cte® WENTERh&RT RAL Qoflin RO IR E&ﬁEB(@‘éethé&, RUC, @ia6ti@sid probes
and enzyne substrates. The term "detectably | abel ed” neans that an agent

has beePCRofkjengalipdolvinnticetidentiel atgrsaldtert wHhinggenteatias sipaE bnenidist:
characteristjic .(e.q. L ze : Lh n@@i eqdet ect ed
W t hout&’ffio‘%?%‘tfv"lmr(i“gﬁfl lg’z%ieéscl:nﬁnaj’ {Jagg%@gpot%%b%%?g%gf %'Jit g}lT g%éel . E/OS%%%% ff’lh(é terns
"nucl ei gngichythe tarkpadny netetenct pagyuticatides'ol thgdhuohpdidddesduar eandwetehérein to
include,a polynmeric formof nucleqtides .of any |ength.. includi ut not
iimtediqigmip 60??88?“38?‘?‘68& ‘f%?etd%og%?ﬁ%ﬁ% L saseohipn b tuﬂ’g ‘%@"“’P%t ended
di st4 ncpdipRucidatibenatd chetisean thpisEeation Meagdits hb@gsart iesemplefision efer only
to the primary structure of the mol ecul e. Thgs, in. 2@ cg}r.t ai n_enbodj nent s
these temmrineayith fici saeiorpf srenclude apire-Profd"aishiGHE et PARGEE INATES wel |
as tri pg(ﬂ_' ucHQUBL 87d ARk %g;lb%-tﬁézrs%@@&!ﬂ%ﬁdm@yo alsferch A oigucieotide

t?/%n as by th

nodi fic S, suc _ yl ati on and/ or by cappi ng, and unnodified
fauns ofndeheopbtiymubhieotsddablafrerggrucicotifaamylificagan.t dihslirsharg gicendci d,
" pol ynugl eot i de, " Ol ifde. o - ol ydexy mbapiehgot i des
(cont ai Ai°Rg gf‘%dlg%})?@%]%—ffre?%l%)g%?é,{g%gﬁ%regbg%SécP}ggﬁg%gg_(con_t ai i ngg%— 25

ri bpse) ref@amyceatongncieypi afiplfohyeupiogotts.déunthirglerd, siifimendation oCiltfl esski de of

[ [ b , d ath t al pi tidi
backbonBa! BEE LG e Rt A B T . R BEp e A RC e e 2EPARABNEE) ) “ana

pol yrmor phek hided:ae MiicGicabd y a8y af HabtRrdncomddadAmbiecMes al &,to Herermine
Corval lis, Oregon, as Neu%gge) pol ymers, and ot her_ syntheti

sequencBiespedie Gopy AUEPEi ¥ LMo IeIeidh SOIEEhHY P %ﬁo{l’ﬁéﬁﬁlﬂ YHEf's cont ai n
nucl eob §§]u' M@ 30eraiCOBE GHNLALIAROMI Biodkd AYSddiftioRase RRiysisnginapd base
stacki ng, such as is found in and RNA
25  performed using a number of ways.
[0090] To enhance understanding of the methods and systems described throughout the
specification, terms of art are generally described below. The term “reagent” refers broadly
to any agent used in a reaction. A reagent can include a single agent which itself can be
monitored (e.g., a substance that is monitored as it is heated) or a mixture of two or more
30 agents. A reagent may be living {e.g.. a cell) ornen-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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[0093] A "probe is an nucleic acid capable of binding to-a target nucleic
acid of conplenentary sequence through one or nore types of chem cal bonds,
usual |y through conpl enentary base pairing, usually through hydrogen bond
format i onwatdeusostoen ng a 26 WO 2009/ 033178PCT/ 1J S200&11070 636 7skapl ex
structure. The probe binds or hybridizes to a "probe binding site."” The
probe can be | abeled with a detectable |abel to pernit facile detection of
t he proﬁ@cdmabﬂigukﬁkhgegﬁmﬁhghﬂspr@beghQSShmbmﬁ@@nsd}ﬂmibtﬁto@mmﬂanentary

target. The | abel attached rob n.include any o
T Por ctn e R ROV PheHEeL P Sse. LB PRMEHS ot REHpLlfesy, s
physi cal, eansy of @hys erléagmbeareml h&b&@aie%ﬂ?' Ha blablcOafeb@ortdiaghedot0 probes

include, but are not limted to, radioi sotopes, fiuorophores, chrom)phores
mass | athb snucb@rCe@@:riomn@lefreeorparatcﬁ@mesm FEYRRIE] @nwrtm%nee@ag@m Hsadabel s,

ol egU! £ bRty ST GNSHLIAIT BFSECRGRs 8! RALT BEARH AL Fldhieomale ecul es,

enzymes, enzyne substrates ry signi antly in
size. Smamcmrsubsed;urargenmmfeatuwﬂhyeémmet Generally, probes are at least 7

10to 1 cl eot | des. . robes are at 40
nucl eot F%?QEJ g gy | a}b?i ‘Eefnﬁ‘grm ng’begg °gF & agve\H A l%cﬁfegt%t ‘Be be §§ec?edl
50, 60, by Bhys&al, cQQnﬁhllC bleatdrﬁ@@etimg 0tIY£tre]@ﬁeh@ﬁalpﬂi@b&ﬁhrﬁdjr&:sl @mgﬁplemﬁl | and

are at |east 100, nore nucl eoti des Ion% P(Eobe\swfan be of any
speci f i detpaiyt Half%tthgftaﬁns bwr FHIZRC tIREUEor B0 g NP langeEd 8- RPPISOPRiE94] A

pr Wf‘r ﬂuen% iRr&d @%ﬁ@hé@@%&& RRleMNUGLEA hdRe GRARRNEL EmAfneAE bhMigledSspih POI Nt
of

15 |n|t ation of tenplate-directed DNA synt hesi s under "appropri ate
condi t i Biels(rholeculesi thattehet Pragenesaghcd d@rtrqﬁhﬁm@rl@hwlﬁﬁrm%f‘é@h@aéﬂzymes

{11 phosphates and,an Agent J qropel yrETi2aLi G SHEN. 3% ENA of Ay

pol ynerase or’ re ranscri tase i'n"an appro at a
sui t abl éddtfﬁzmbéjlabﬁtlédé’ maanetmpmaganﬂ}aseeémgjdgat@ﬂ wathpriatrebor tﬁap!eragsatbﬁs t he
i nt ended use_of

but .t C y tI ast.. 7 .nu t.ides ] ong
and, moP®"E {PBPEL] &W#?ﬁlétéc ?er%’nﬁ%égkﬁa@eé’ﬁ Cﬂlﬁi)l @%ﬁ@@@ B B efe %dt“ﬁ’ﬁ’ her
pr| ner shmg%e%@ﬁa%@dtolmg@gmmh as 30 to 50 nucl eoti des Iong Short
primer nol ecul es general ly require cooler te eraturlte?%é%:g form ufficiently

st abl e HHE dTB%Fﬁﬂnéfé%‘ﬂWtaﬁdt h@CbanpeQtds.” ard pofigEe r?(ﬁusre@ FEEt the

exact SEAHRNGE a%orgﬁené SOl ar SulBlidISE D9 sl | sbrahhybgomRlIgRAtRIY to
hybridize wth a téenplate. The term"priner site" or "prinmer binding site"

refers nbomeos@@rm eosfibphieicotfiget TIDNATE inlenédd @wailtrf'elrn lempth ketyesdi zes.

h
-FI)_I‘ Ie rr;re ' EH ?{P tte y 5 ru?%ﬂ; glseg%mf%{lﬁ I%qu% %hlgqg rﬁegﬁeﬁ' Ffr&%.lrg gf léuleh gﬂ%%rﬁ am

seqaenceertain bebadiplent itede amthsacald’ mdluﬁwmtaﬂ,e@mbm|anérsihgiel=ratan¢r>¢tﬁﬁ‘4ﬂr zes with

tggrf ecfe”lgs ag](;‘ré?:ﬁéﬁiﬂ %’“ﬁ H@g §m§§‘ﬁiuféﬁ eﬁﬁyl[agg)glg#ﬁ? afrg‘ttilotng’csru 8%%8 t he

entire bengdhyigfod B&Y/ST biREp@Ad dhaSumtodifiaidraRes” th&hﬁl}pﬂntmﬁtdel sMoypi cal | y
particularly, the terms “nucleic acid,” “polynucleotide,” and - “oligonucleotide,” include
polydeoxyribonucleotides (containing 2-deoxy-D-ribose), polyribonucleotides (containing -

25  ribose), any other type of polynucleotide which is an N— or C-glycoside of a purine or
pyrimidine base, and other polymers containing nonnucleotidic backbones, for example,
polyamide {e.g., peptide nucleic acids (PNAs)) and polymorpholino (comimercially available
from the Anti-Virals, Inc., Corvallis, Oregon, as Neugene) polymers, and other synthetic
sequence-specific nucleic acid polymers providing that the polymers contain nucleobases in a

30  configuration which allows for base pairing and base stacking, such as is found in DNA and
RNA.

00937 A “probe” is an nucleic acid capable of binding 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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30 perfectly conplenentary to a portion (subsequence) of a target sequence.
A "msmtch" refers to a site at which the nucleotide in the prinmer and the
nucl eotide in the target nucleic acid with which it is aligned are not

conpl emenwarzgis/oihigs t erm "substantial |y conpl enent ary” pahars2usethssn
reference to a priner nmeans that a primer is not perfectly WO :
2009/ 033178PCT/ US2008/ 075636 conpl enentary to its target sequence; i nstead,
the pri dwred sruotuky Bufirdled endd or hobngikestent arqbefomdmgb‘vritbai 'E}Ee mebewnibzel y to

its res tive, strand,at desi.red. pri n 0096 e term
" conpl eﬁgﬁféa?"%h ﬁéz%gab?%gﬁ'getﬂé’eﬂﬁé%&lg defsy Hml fqﬁl%l@%? ?cpa wu y 5t %-Ebrl di zes
sel ect i y@byhdshybadigéh@risnusbRienasi tdrgaplmuml atBeheb it ﬁirybeofan Ifry:thjdedl zation

exi sts V\henShbrldlz{%tlonocurstha r{‘gre selaﬁc}:tweth tal | ack
of specii ef & yafiety if Giffgrent labgle rgWre rai”d LE4ToPF GFPTehRE G m%ﬁ 't here is

at | ?asg?ﬁa%eaﬁé%& denkiiLy sevMic @odd fral &b W at@&héﬁ@?;obwmc@ée nueheot i des,

preferabl’y at |east 65% nore preferably at |east 75 nost preferably
at | eastot90shtedrief eadibsojopeonduprgpiicatse AEIEPIAYISEi ma,a?eéabg%ée@iepir@aldleyset o the

ot her -nuc 81 ?’9 Iggetxc edﬂMes K@%{] dlé?eés Nl[’xﬁ)li&'ufes A?ﬂag S erﬁﬁ S ;:%ﬁ]‘r%ku%ﬁl‘?’esgéngg 4)

10[0097])a n oc urs at ction section, tection region."
These teilearcs:hamﬂalm heive medlaiuied, dneymes, cefhegorst end dzrezvmorsubse‘ategf Ptobes can

m crofluidic Vi eat j ch detection.occurs i ndi cat ed above, .with -
devi ces VY islER Cﬁ@t cBri% wOdESH TGS % feg’m‘f&%ﬁ@?{f ﬁg’?ﬁ’igfj’a@ FHC 2bihd channel
desi@n, et Lmlolediiie Betepatl Q)lhérq&%b!bd@l’hrd 5 lggnenakd yr thausieackd PAgSISHE as

i solated by the valve associated with each reaction site. The detection

sect i onofher Pighes ¥R SHagER! deges dyinesat i?‘ﬁﬁ% okl 9% 78 $hi%R muelgpies Tome £ Y ew
channel §‘111}Exhﬁ‘5béra?e ﬁaqgt‘%cs%ﬁt arfilrd RUELS 861 1190, 20608 nidd BESREHELOnd tBehds, Or a

regi on that” enconpasSes the intersection and a surroundi ng regi on. [0098]
As di scussediabpsecifiexern tryfadopiphin tirderecoiae irateeos vealal yses can be

conduct ant,l tat hj I

qguant i tgﬂ)l gﬁ %CF? ¢an i'nvo n\“/@“3 Cﬁﬁf@ %B&{??lgé;[ d|%oénani) i Q)fpa%{l%écﬁéejgtaﬁgd etsOfand

det est i aii-anal q&Stesapm‘te-ﬁilﬂﬁ:i@}rrm\iﬁf |sgmth4a;lzsodnmﬁr5appmpnamdccmdmmn52(m 4.0mqBER, a
variety of so- Ilﬁg 'r eal gp i.fication" rFEtthdivwﬁq treal i me

quant i t BEEFSPES £h %é‘m&?ﬁ?l (rEROsRhAlfEiERe 28 G2 Ty P nﬁ%‘%“héucg&é’nti ty of
a targepNg! RNG gibirHerBicasaBlerdcNras&REEn Y 2 §ﬂ£ti=: BEfférhad anp wittabef
anplification product fornmed during or after t nplifjcation process

i tsel f. eRIPGEEBGenfe APRTEPERS @ﬂ&@s‘éﬁp%&%’ d5Rends ﬁédi’? i“ée“é%h}ﬁsﬁl o s PmEal time
quanti t g&dez ATRLHA WY ﬁ’ﬂd&ﬁﬁe%ng s&d M%&%ﬁ%hge Wbk otkdey &%oﬁ@&

describ erern. 25This nethod moni toring the formation of
anpROf i cakehgh [itbatyrimdrn vl heesntewaclongdr fugus 30 o 50 nucieotides long. Short

primer molecules generally require cooler temperatures to form sufficiently stable hybnid
complexes with the template. A primer need not reflect the exact sequence of the template
but must be sufficiently complementary to hybridize with a template. The term “primer site”
r “primer binding site” refers to the segment of the target DNA fo which a prir;ﬂer
25  hybridizes. The term “primer pair” means a set of primers including a 5' “upstream primer”
that hybridizes with the complement of the 5' end of the DNA sequence to be amplified and a

3' “downstrearn primer” that hybridizes with the 3' end of the sequence to be ampiified.
[0095] A primer that is “perfectly complementary” has a sequence fully complementary
across the entire length of the primer‘and has no mismaiches. The primer is typically
30 perfectly complementary to a portion (subsequence) of a target sequence. A “musmatch”
refers to a site at which the nucieotide in the primer and. the 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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- measurenment of PCR-product accumul ati on using a dual -1abel ed fl uorogenic
ol i gonucl eoti de probe -- an approach frequently referred to in the
literature as the "TagMan" nethod. [0099] The probe used in such assays is
typi cal | yw® #tp3817¢ e. g., about 20-25 bases) pol ynucl ectitds2edsarssss | abel ed
with two different fluorescent dyes. The 5 termnus of the 30 probe is
typically attached to a reporter dye and the 3" termnus is attached to a
quenchi ntgnpiym?ﬂtwwfha&qhgﬂt heugyes ingigad, b@mmmheaﬁmvffmemév choplamcnay on t he
probe a e.is n tantial sequence
conpl erTinPt\Ag)P %ze ser]ecttlgeleflgo ztsr e%?JBegstrggd Btothtb su*e ﬁnﬁﬁgﬁ?gﬁfhﬁg% “ucl ei ¢ acid.
Upst r eapgnsy dﬁ&w&sﬁar aaﬂplaﬁthmi’ ARAS: thah ashe bizcﬂdc tcd rxsegemnﬁl bhathyblidinds t he

pr obe bi dln site a e al sQ included in e r eact 'on .gixt.ure.‘ V\(%1

2009/ 03 1 OSSR él@'@ﬁ“%en LEUVEY B PEZATA £X 1SS nERegy
transfepy mﬁm&mo&m thms fouosaRNo¢ 88n QAL ULS cﬁ%ﬁe&f@tyq'-'ﬁ?@a C% Quemnehes

em ssi on from the reporter. Duri n? t he extensi on phase o the probe is
cl eavedbyyridsdos wilhersheaben hereiivate @ﬂsfoarboat Wheidsnety geerce Psifebpdset $ch as

Taq p0| ?8@3@1’6&6& 2 Qiyly a?iésg %'59 r@%&gw ﬁrlez{s{ W}téﬂlﬁ ost greferably at

pol ynuc er and resufti n an increase o porter em ssion
i nt ensi tepstviliibe hPre&mbbe on@ats:dmeabuﬁ)yy%animpme@pﬁqaﬁy ® tdebthet I.Mcielif 8d@1%ecOne

detecto i ch ec ally for neasuring fluorescence em ssions
such asM‘ﬁ%é‘gm zfﬁflgﬂffﬁﬁgfﬁaﬁ 122??9359}5 genic assay is the ABl 7700

manuf actammer Dyiebpp d)(ﬁdrsB!t QSVistelts, scbiitG,” b deasti@r re@idny’, ThAse 1€ﬂﬁr§)&ﬂder

sof twar e pI’OVI ded with the instrunent is capabl e of recording

f I uor es€RRE LAt teray TIEr 67 thedpaiangtt %anfcﬁ%%ﬂehé‘!ﬁ‘”&%"rw e d&‘&ﬁfoéleocélffs 10 the
anmpl i fi 6@t} @RaedRRSE &%@9&@&:@ WRLHE SefAR dwgﬁ e Upefl chancplGishabgnd he

increase in nornali ze reporter em SsSI on | ntensi ty on a continuous basis
and ul t cheanell designagit.f e Whieciznroteationofs geheahRAK tsedting aigpisiisalded by 0¥02)

Addi 1 O0Ble dREALLE RAALHLAGIGNE. MY 300k QRAEAYLOMAOh LLHORARR|S

nmet hods rea m nat1 ons o € concentration o
anplisfi caiaﬂpnmﬁmoda@nm cefrfe)vdehameibehlat ardﬁdﬁaoant @K anfptsectionn th. iBterdeationNos.

5, 210, 015 538,é 4%to Li nd 5,863, 736 to Haal and,
as wel | 55 %?%?g‘ a‘ e%%maaa S5 h’&??ée ac?m““‘%‘ §§%f%‘i{* (1996); G bson,

UEM etoosl] . AsQRRowRd Eﬁﬁeaémpﬁa@Q&ﬂﬂ@ﬂbe&l@ﬂ&)m dalsksanehn 1R colbtyctet aI
Proc. Natl|. Acad.. Sci. USA 88:7276-7280, (1991); and Ljvak, K J g‘r
PCR Met H&8s qaﬁﬁlt%ﬁﬁ’%weﬁés g59hi 34p PRigdsy, TuaiH Gt (dhiceh nvelvE ety por at ed

by ref eL8BtRedkibn bf folfkicb @i and Baeono%n&gs@s of2fec APkSdd fraddcan 1f 8Rkddron
progresses, an increasing anmount of econes bound ‘and is acconpani ed by

a céfcof EEPR, 4 waietagfesoralled Gieall timg M@Bﬁcatlﬁﬂ paeheden ged g quagdeiivn assays
on- chi pp gl Ly od% IR b h&fyted W Betillodfhe gﬁs{@ apgqarg\ézgﬂa@maac gl

reaction’site exanpl'e, utilizing pri rrer each
speci fi ﬁmampleﬁgfrmmummg thie sangresht nﬂmhpiiifmaamn greghict ﬁunecceémmr(georgaﬂer ttheer get

pol ynUC|at%}9)} hca%en pr lilzgsrsl,cx‘%elf Fluorogenic nuclease assays are one specific example of a real
time guantitation method which can be used successfully with the devices described herein.
- 25 This method of monitoring the formation of amplification product involves the continuous
measurement of PCR product accumulation using a dual-labeled fluorogenic oligonucleotide

probe -~ an approach frequently referred io in the literature as the “TagMan” method.
[0099] The probe used in such assays is typically a short {e.g., about 20-25 bases)
polynucleotide that is labeled with two different fluorescent dyes. The 5' terminus of the
3¢ probe is ‘{ypicaiiy attached to a reporter dye and the 3' terminus is attached to a quenching
dye, although the dyes can be attached at other locations on the probe as well. The probe is
designed to have at least substantial sequence compiementarity 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 n the reaction mixture.
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-25 and reference pol ynucl eoti de sequence), during the thermal cycling
process. The presence of the different anplified products can be detected
using differentially |abel ed probes to conduct a quantitative RT-PCR
reacti on wo doywsitng differentially | abel ed nol ecul ar ligagRrstsee supra).
In such approaches, each differentially |abeled probes is designed to
hybridi ze only to a particular anplified target. By judicious choice of the
di f f er epdg1obpb&Vigentthaprobs 8 intatd, bzegy raBfer haateys eise wanfilveophordwetedand whi ch

the different |abels are excited _and/or detected at different vel engt hs
i a si 5 BRUEETIBRISS ROV HEr T LR T e LA P NG DHESSBIPEAL U g e

appropr i,ake if | uareseenhe kahedisst NRtiviar 8f SUhldid @cidNpgiuafaaPpicashes

i ncl ude: Fl uorescence Spectroscopy {r esce et al., Eds.) Marcel Dekker, New
York, (poipmerasssierebyatleating thErensries temdee pimpupigogde-guapehisape ssuisppitoach,
Mar cel ker \ - A:1920) . : T HS2008/ 075636
Hand oo%g\& Pﬁgfeu%?gggg#é%&s %2%‘?%“3“0 Bﬂ,&?&%ﬁ?ﬁ%@l@/ﬁ%@%%gﬂﬁgﬁd ed., Academ c
Press, NeMiYoCke dekdipd whiddr isfdpktiisyllyColepad fancheGonsg iftuatdsemcofmGsigani ¢

Mbl ecul es,, Academi ¢, Press w York, (1976); icat or Bi o Edy ).

Per gamp AU Bris C,’Se&efa&?fidi,%n%‘? OTORTEC {?ﬁllﬁg}&p‘%{;ﬂlf 0%1%%?&%%@?%5?35% Pr obes
and Reseaisghiethant.calmsteMUigc glaar CBmphes soffuge peovidao@)h thOibedkjmathen

m crofluidi ¢ devices such as open channel or bl icgd channel design devices
are utiCFRBlE HCEEPRBHIR MAETEFCE AUPRI AN MPRT AT ORPEREITVENES P Peagent s
t hat o caR,Dg,HeRASHE e hict RcBdbN & afRACh MnShd BSeddfvecdiNISE heAULALS in
necessary to performthe desired type of anplification reaction. Usually

t hi s meapsndined reporier onisapl iwensithieorf alchoifiueys apes dehalineddy qentdyither s,

pol ymer as nugl I ; jons, buffer, and cofactors, for exanple.
The sarrf)l gu?tr?t&l&Sgﬁ%lgg%l%ﬁllggﬁ}tpﬁge#'eacti on site in such cases is the nucleic
aci d t enploat e AdAltibes ndxtdily ebgardihg wey teoryt dné drempioated fbmmdseicdegbsistied and

the anplification reagents fl d into the reaction sites, Wen the matrix
devi ce FekgiTFel 2oy dteﬁf?g?l@ﬁm}@to gﬁe Cé’ﬁf)efni%ﬁ]%ﬁa qﬁffgﬁt&% %cr’f,?u%saa- s g%sgn%eght ai ni ng
nuclei c f&@x@mfﬂ%ﬂﬂlﬂg.@e@ a2 fol emwed Cleltinug1538 8es weliviic at of | awsghanpel s

15and the anplification reagents through the horjz fl ow channel s "or
vi ce ver® dlaakpd ors] welh ay disih &F-A-ndil 45 ﬁ@oﬁén@fﬁW%gggépg&%&ng%i@Hsoﬁnal yses
can be, (f 0hy XANRESme XBAUFLEoRL 1 ®RACNIIGAGLIRN, BINIE o FRMPE AcANL&IMNI Ng the

t

target DNA can be introduced into reaction sites on a mcrofluidic_device.
For quadti L& 837 2PER2 et HdS and dlivaks KPaghah(PGR Msthode ead faplicgiprs ¥yt ng
differe region f get. i Ee N d wi.thi . 20
single B é%lc(? fgéo i %ilc e(.)faﬁhﬂq elﬁelﬁ?yﬁi)]%edl 2%2%%%5%56 eﬂs? grlj g’acﬁhé&e&?otﬁc are

ut i Rbzednpbficktist: i naguios hprpgroduct art hatreasisg f oroned, of edyg. becamgetboamdt anéfier ence
pol ynucl eotides.. If the allele to.which a probe is conplenentary is present
in the CEPGRENERY 2 CHSIEAN PFFEat B Dccurs, thereby resulting in a

det ect abh @351 g erfoBRise dardpioiitanibi Clis:dt dhenigli el iadplisicghat ¢ bbt ai ned,
the identity of the nucleotide at the pol yporphic si&g can_be det erm ned.

| f bot h Psifefiner svities Belcqetcaes sif DY HEnVBEPH: 4117dhes PUrdity PEERRET, sach

Thei mcxgéc&ﬁwfowrgaagmtap Qarb&AfkleRNadi® P il TBY., s c8lORAIHBRB I dsch iice
tenperature control section supra. [0106] In some enbodiments of the

pr esént ahdvedereiaspelydidiéaidentquant). duaibetisdhprvbeylissmplcesrefihamryesense 8ch of
the al ! God Gl R8s BOLACLUART AR LGRS Pere QAT 1dR8Ied Whids BRI,

nucl eot i e &nd p ymaPase. wever, reactions can’ be conducted wWith only a
30 si nglzeqpnobeve ATtHUglactidr sr danistedffercambdivglabdlyd asideoiantberchey (skack of

signal is due to absence of tic r.allele or sinply a fai.led

react i off¥P"Bor Tt HEN FRRIPERES, 6?%’1 @gf%ﬁeﬁtmgg'gléb%fl W?g%gﬁstdﬁ%ggeldl%l%é}%n%fceo%%ssi bl e
for a pebymerRiiacashifed thibe: dijf fem@aisi @bley oF ahedigerepr @bes thaeachutiiesd ect |y
conpl ementary to one of the alleles are usually included in the rga ent

m xB{r e analpygetdarrbanparugrship rrldat ithen differmb riebels aic) Bt EH8YandErY fer ase.
: different wavelengths in a single reaction. Further guidance regarding the selection of
appropriate fluorescent 1ab.els that are suitable in such approaches include:  Fluorescence
Spectroscopy (Pesce e al., Eds.) Marcel Dekker, New York, (1971); White er al,
Fluorescence Analysis: A Practical Approach, Marcel Deiker, New York, (1970); Berlman,
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WO 2009/ 033178PCT/ US2008/ 075636 [ 0107] As indicated by Figure 4C, signal
fromeach reaction site can be detected and further analyzed to determ ne
i nformati on about the sanple. For exanple, the sanples processed by the
met hods oWotzh@/ssventi on are well suited for use in vadrabshesewey nunber
anal ysi s using the Bi oMarkTm system (Fl ui di gm Cor poration, South San
Franci sco, CA). and Bi oMarkTm fl uorescence i nmagi ng ther mal cycler system
- The Bi oNbudtbok &yﬂz&mscme§pecrfpobjyﬂram:hy\lf&’ed:uﬁesaﬁ@ ati, chafibicdPressdéeivce t hat

(Fj)(rag\élr?giﬂgk%}%p%ﬁ&ﬂf%r%dgﬁo‘ﬂ%sé ?‘B?Iggg‘ﬁtér%g@glﬁ?%%ﬁ“[ﬂ? OB]C?IWS can in

sone enﬁeﬂl\fﬂ%lat(%d% Lhrppacyiied, By Permged Peks Mol oMaskdid Maglati me PCR
system avai | abl e 10 fromthe present aSSI nee and Di gital _PCR Anal ysis

sof t war 8andhgeh OésFZFWéSCB%Wﬁ?fP@ ne'Dl detearcip %ﬁé‘isyé”ii‘ge%’\lﬁél FraBese FUERHA t he
pre ntv\% %I gnee, was used to count the nunber of positive chanbers in each
panel . en'two assays with two fluorescent dyes are used in a multiplex

di gi t al [0PGR r B&ct ingrroflbidl demes soenasbepdnnilenen de htihd clpuasit desigh didvichi s

A e A R L N B e S N

gener al {ythiaboxereatiRACtitedNartl thes, raayats aﬁcd?ﬁRy m:»x;ﬁﬁforrﬁ aﬂi’le béesirandge ot o each

panel and single DNA nol ecul es can be randoni rt|t oned into the various
react i o éﬁ%g%‘l‘ geactign egsqai’i}é&l?‘ﬁé“e@?s PRSP éi gﬁ %‘ﬁ“f‘%ﬁr %Fﬁ%@&s t he

di gig al pr‘?ﬂh&@}’pd nérQs%r Mﬁh&dn@fm1ane%ffemg@eo@ao@nfoa@mé i mﬁesarr@e@der for
exanpl e, a rkTm 20 i nstrunent available fromthe present assi gnee The

dat a prm@n@@mdnstodhamazw st ingSuph gRtea s BeRruskRad §&¢ éer%zé#fﬁml@%@w? Fabl e
fromth rese n t.abl i t ] As
descri bgd)pat‘%%vﬂglg t%ﬁ ﬁétg’l ?dgt ?%g@@é@é%%% t% acgﬁﬂ%le%ﬁs% ?{3 i():i\gdr&(?ayH[ct)(tgj)tjd.]ﬂf:)erta| n
enbodi neatigonofitet. heWEmm$®ntnainwé¢W¢eom uﬁﬂtx@cﬂjgh coadmru ah exmpdifficdichf eadion,

detection strategi.es n 25 d crof v

descri b%adflz ? B‘écﬁl’ A% eIPP\ aaﬁ(rabop Ovéefe sy Ené}ﬁel ‘lies'fél?arll 8?"&%% Il!leﬁ part on
t he14 ypgndahie Qlﬁyhi@@noﬂé@gﬁmsatﬂd{ugh tiegenizona fgy dahedd @dnceT\hzﬁad etectors can be
desugned to detect a nunber of different si naI t es in ﬁgyln but not

i mi t edl®83) sitymapesels %ﬁ%cﬁeﬁ‘?tww’éé a"fpl'f‘i? PBpﬁ’i’B @ “@hPonp PaRle,

el ectr op, AGRSE aP&dchir6l-88n sﬂ%@gﬁﬁhj%l@ claﬁtrdirﬁ@ @@ targ&t DN b ahglbs, inbRlue&unes t hat
emt chem | um nescence, el ectrocheni cal active nol ecul es, enzynes,

cof act orescticansiipes d mikeflitidie devick-eifer ﬂéﬁlﬂlfﬁr"éﬁé@ ad08h 2Yehesss isddavat es.
[051) LbhiSp et pane o aLeon ) e U il {0,
waved engihgle abr0opbito nlefectmtlaég tbneé probes for each region are utilized to distinguish
product that is formed, e.g. target and reference polynucleotides. If the allele to which a
probe is complementary is present in the target DNA, then amplification occurs, thereby
resulting in a detectable signal. Based upon which of the differential signal is obtained, the
1dent1ty of the nucleotlde at the polymorphic site can be determined. If both signals are
25  detected, then both alle]es are present. Thermocyeling during the reaction is performed as
described in the temperature control section supra,
[0106] In some embodiments of the present invention, differentially labeled probes
complementary to each of the allelic forms can be included as reagents, together with
primers, _nucieotides and polymerase.. However, reactions can be conducted with only a
30 - single probe, although this can create ambiguity asto whether lack of signal is due to absence
of a particular ailelé or simply a failed reaction. For the typical biallelic case in which two
alletes 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 i;olymerase.
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differential reflectivity, and confocal |aser scanning. Additional
detection nethods that can WO 2009/ 033178PCT/ US2008/ 075636 be used in
certain application include scintillation proximty assay techni ques,

r adi ochenwoabosdesigeti on, fl uorescence pol arization, f|OVEIVSNTE36
correl ation spectroscopy (FCS), tine-resolved energy transfer (TRET),
fl uorescence resonance energy transfer (FRET) and variations such as
bi ol um [e8tense indsuanhe digmerdgy signah§bar eqcBREA 0N Attdiceh dadetatadedtdi on

u Hagtenes néisonahedisnersg BREFFYion Add |
censi ngr L 93 2P BT R RBRE D A Sk D e APREE: 06 s fone or o

nore m fﬂ’oeégﬁp@sthedhé‘tﬁkﬂﬁ,of ltheghibvergfonrast atell ngiteleftr aesin( ear@ble doag @nmber
photonul ti plier tubes processors apd conbi nati ons g‘%ull;he.forﬁg i ng, which
cooper at®l¥st oEdht Bio M Ay sig dBRHETR ¢ O #0R- g‘?ﬂﬂ?' AP ent ) atilll or

ageny . e, 5k e B8 einet & eef OPtHeCRibMaHEMadystehatisek S

det ggct egxoﬁ\ﬁé}%hegﬁ?)ﬂg%ag%t iitﬁ?r%ﬂ%e%ti on Cgslegﬁysga?i cal detector y The opti cal

det ect opolgdimeihybslazkme omisrafiuidiordevish ohald pestetss (fer gunnieg A BERIASPEHSIBi odes) ,
a fi berfn%R} ilc | i g}@t gui de | eading, for exanple, to a photonultiplier tube,

a mcrosco effsaén or a video canera (e.g., a CCD canera). [0113] Detectors

can be p1erDf abrdegaibetmotd fullp thrhegimuctho fokesidti spedBaaiion, thorhipaan besenssepar at e
element. |f the detector exists as. a separate. el enent d the mcrofluidic
evi oo U BPTHGE TATBI T 1 iy TERtet BT O S ec T oRE: o M dn “CaR ocour
Wt N @08 thghRsSe b RGhbO MBI hiFTRInaANYs §bivedte MOEEM the BldMdrkat Dipghl

scanni nﬁ systens can be used. For instance, certain automated_systens scan
the |i gRERSwum e avellals femithe PIRRETHRSIFPE (A8 lScU@ORY: (hH PRber & BPEWE scan

the em leﬁj id dipgylﬁrel. ayflet &t LEavys Qiehl t%: HEGsBenildsi shaRAeh - dRlgaLOr . As a

specific 1lTustrative exanple, the mcrofluidic device can be attached to a
t r ans| atlizithle PSRageactiod R0 gsoenped hendwiependaittr ggedidiedb) € galityAtssi gnal

so acquired i.s then routed to a pro r . Si Lt r i.on. and

or ocess gt by S r Ol Fr b BPOT R Y P8 ol GERLE LAl hoR

Addi § i onghg the dptal @ady. systens that have the capability of collecting

signals fromall the different detection sections sinultaneousl ile
det er m HIRg! t ke dé’?ﬁ‘g’ﬁg B PONS BB M E S ?Jst?%gui@aeszgfrbﬁiﬁag%t er nal
det ect ofi§, 3@ PsRPLEI BRERUSR AL ABl-da 6@S bt haldod e pRiidviddedtare waom et el y

or largely manufactured of materials that are optically transparent at the
vavel entpelitessgbani 4 Gerdaadimn pk hegapelp @0 AasTes Ciambetie iecE8 I d8Y ihed
herein ) B €arft M thC RCLiAQR SystRiBplchat pangafrot

possi bl Eh%ﬂéwckgn@ntl ongﬁﬁagg(? I (ls})(?on_- %ﬂggéejﬁg;am crof luidic devi ces. {?%115] I'n
one2@nbodirneatt, availaét Bon de preest 5E0S- ¢ Alrredade raduceh iopalged upat Rigilht

provi de 3Q for. a l.arge field Vi, ew I uneer.i cal e to
maxi m zgcﬁhg%}%ﬁ nst(}ﬁ(\)"ffa fl“‘é%lt%%lg o] r{’%cthgdp%%g%aaé%%%gr%agﬁe{)%&éﬁg&n%é%}% ‘n this
regard, séther&CD i s used as an array of photodetectors wherein each pixel or

0r oup Ol SFETERIR S B RO GRS el L TP ELRR ey ©°
2009/ 6334k 8REEANS2OR8FQANEBRntion. Though, a number of different detection strategies can
25  be utilized with the microfluidic devices described above. Selection of the appropriate
system is informed in part on the type of device, event and/or agent being detected. The
detectors can be designed to detect a number of different signal types including, but not
Jimited to, signals from radiocisotopes, fluorophores, chromophores, electron dense parficles,
magnetic particles, spin labels, molecules that emit chemiluminescence, electrochemically
30  active molecules, enzymes, cofactors, enzymés linked to nucleic ‘acid probes and enzyme
substrates.
[0111] IHustrative detection methodologies include, but are not limited to, hight 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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that image quality is reduced or defocused to increase the depth of field
of the optical systemto collect nore |ight fromeach reaction chanber.
[0116] A detector can include a light source for stimulating a reporter

t hat genewatzw/@sdet ect abl e signal. The type of |ight Eouwse®saricki zed
depends in part on the nature of the reporter being activated. Suitable

| i ght sources include, but are not |limted to, |asers, |aser diodes and

hi gh i nbensidtiy chrgampepplication ihededer scingillation provignitvtdseay] teehaigues rediechemickl zed to
scan acr,oss.a set o et i S ' r i ngl [ ectLon.
acer i gt IRbu8lenPE PSRL RS T RRe e BBl e B BES (ROSTERHL LG ¢

Al t er natdsvieky ,enk@seramdieo @R ETAN floercb@bed cabvethck ndrergynotdsésr GRAGeartchat i s

pl aced adjacent to the m crofl uidic device bein ilized to.conduct a
Phennal STEULIhgs PERELTGROLGR DRSS STHE FASIERGY ARORPPHERRRNTL s

di r est edpdidis IdliR dRtREIEORLRL i fVity| RbkddncDale bR semg nvol ve a nunber
of non-optical approaches as well. For exan‘PI e, .the detector can also

i ncl ud_e[ 1f18}_ dharmsicetiongsechpip sith P QBHEHICAtAR FHldRRSt PV SEASHPa
potenti gimL{ | ﬁ%}ﬁegﬁﬁﬁgg@l‘ gevicégH{ere. .gqgsre&q,e}ah@tﬂ%ﬁirpﬁ@q t@%?egﬁﬂ' LBLshisC a NS Or

(e.g., to nonitor oxl on and uction reactions). 15[0118] A nunber of
comrer ccahbipaavaiol thislferceoit@riath depeaetedr detecin smaligssddigedwitivamgrtighlat hese
are fluorescept dete rs, because of. the. ease i.n,pr 0. ! escently
abel cdrEaganys e cu e e et e F AR sl i PR P acr e LB

i nchode detbétionagetiioby ldnnigted d@cctAppThedpecicsicon chn nayMERmnd Apploted

Preci sion, |ssaquah, WA)). [0119] In sone e di nrent s _FRET- based detection
et hods PHtESBA EDRAEINSH TR HIgs - SOCOIIEHIED By felerdivbl Ve qgoge f hg. a
change Eﬂotéinﬂmpﬁ&q%%rﬁié@mo?e,%m@fa(,ie@@@arrﬁ@ﬁ Je.2NEEOD cageapt or  (quencher)
fl uorophore in a donor/acceptor fluorophore pair. The donor and acceptor

f 1 uor ophdirlé] paletectarse caielbe crseniauishted htthip hide eRicsyiuwshc siseiet.r timtet beive donor
over | apset,ge Bfleha! 1rafl SASGLT UILOL, ENEAGE SR ol mithAidilGchRl T Of

fl uorophores are broug wthin surficiently close proximty to one

anotlker jncbnies gylutralanst dtecfiposactitve, doention tan odver @Bhinacoepst dstectamsawteur . Thi's
energy transfer can be gﬁt ect\%f. See. U S.t Patcean??el}lloéd 5F§4§’1§t321§c% ?Qrgi CT

Publ i caf B SFDFPIFL oA PHTDGT BT EER AroBesEons Brovi de™a%par t7 ¢t arl y
usef ul appRERENyYsWht ReaiDhe tighrsouheaeRAss (@ tiehangdluidic dentgromet ispnernd t he
probe as it _hybridjizes to a conpl enent arg/ reﬁ\i.on ofe(fhe arriji fied, product
resul t sS4 PRETAGFIAEN Y0P deaer ¥t BENES & BREFM N etibe Mt 88PF Nl udes

30 two §1%¥r£19f&5éxa%% S @t Qo lidit RRvice cBNGeaidcidneoot Reks5a0d kA akd t he 3’
end. These sections flank the section of the probe that anneals to the

proBeé bisergnedyunsiet & MaeTdSCAPRORWBTHYE e HETEME §© teiuBpbisdhmstRBiEd (OnBosHREOSi8EL i on i s

o) Dacned 8 HRENEHGO R bEBALGE 83001 bRBAITE 18T IERL B el R Y
ﬁg: trJtl omddttfmeaiﬂym\oipﬁiimsl sg/gug}rﬂ; ?‘na wan thy brpahiize off ¢cdiledaghsigndhe frotro afl ghm a
pi n n

l.oop. | tion tE reporter and guencher .dye.are in
Sutf1 ci ST AeBEITL e TP TSR 1 P edERnRaTe, Bhett Tam STl o
ef f ect i vgl ¥e GtueBEhed by the quencher dye. Hybridized probe, in contrast,
results in a linearized conformation in which the extent of
25 [0114] External detectors are usable because the devices that are provided are completely
or largely manufactured of materials that are optically transparent at the wavelength being
monitored. This feaiure enables the devices described herein to utilize a number of optical
detection systems that are not possible with conventional silicon-based microfluidic devices.
[0115] In one embodiment, a detector uses a CCD camera and an-optical path that provides
30 for a large field of view and a high numerical aperture to maximize the amount of light
collected _ﬁa’m cach reaction chamber. In this regard, the CCD is used as an amay 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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5 quenching is decreased. Thus, by nonitoring em ssion changes for the two
dyes, it is possible to indirectly nonitor the formation of anplification
product. Probes of this type and nethods of their use is described further,
for exanpWe2yishiTatek, A.S., et al., Nat. Biotechnol PCEBIS3BBUEB3( 1998) ;
Tyagi, S. and Kraner, P.R, Nature Biotechnol ogy 14: 303-308 (1996); and
Tyagi, S et al., Nat Bi otechnol 16: 49-53 (1998), each of which is

i ncor pothat ehgh yuaisy esrreqh@ed mo@ﬁﬁ@ﬁw foringrérst: Eheedspibraftfipld o rthaprtiopliypisses.
[0122] etection nmethods (for illustration
and not gIclmreln5 Olr‘lé)%?ﬂ aﬁe\llogf ?see Neri, BY., et al., Advances in
Nucl ei c 04\¢6]d an@ktﬁt@t@nnnﬂn@d y dight &832& ﬂai?sam&tingm&pondﬁahhage(nsﬁe:s ®.J.,

Conpt on, Nucl ei.c d Se e ce- bas lifjicati e : 91-91,
To0n) - sdae et dool o Rt R P ios Ao, B b, PR e

28: 395234k, b&%o&}wat@dlds&@dw&hgﬂt\é@uwnaea@%texréA@eamee 1@ laseROMer et al .
2000, Proc. Natl. Acad. Set. USA. 97:10687-10690). Each of t hese references

i s i ncoflipérsaneghdrienntydynpe s Breds Fdizedl the v sas 8gutilizgq X31CapacTPHfd cat ed
above, 5@%@9%9@ LhGnR’ ?%%P&flé AVERLE QBibRCUde SQNAUET bOG & BfbAYSd

reactions/anplification assays that require various reagents, conpositions,
buf f er smtcadtdlmtpm@@didevmdtStﬁlﬁe AlfeknetivaRadeser Sioden seniredebraated beto prnejper ed at

| east PRLELALL: SlEhPL SERALALe L ONAN APRENCALALLOLM L A ©

chlp/deV| of 1 ice

spotdin g;)cimgﬁfatt&bﬂ’lsubleaﬁt 1ho s iighufrex& tld dicddp (dS’B(ite(Dmﬁ) thaﬁetb&: op rsa;mﬁed and
i ncluded as part of a kit or em For an i nclude a

pr e- anplU'# 7 abPPGRiH Q@Pl}%‘ﬂﬁ%ﬁﬁﬁ rfl‘mefﬁ’uﬁﬂgﬂp rfoia“c‘,l};f’tg ﬁ"’e s & EHpEsi ti on,

and a nyerRfdckth daf 48Vh&a8ad abr aehf 1 RepaiRkd ikat :00nd&iang se@py, nunber
detection assays. Two or nore co onents of the s]};stem can be assenbl ed and

provi deotersiogatic gbser kig WF clopisedsinend/on U prREABEITENEN ¥ B Ecle R Ph t he

m cr of | i d herein can be conducted with vari ous
reagent: élhg%&fl%gér%&%am?rlp%%tltg? ns, additives, and the like, which can be

for mll afdd8}t oAcomahec of cemvieramly- wﬁﬂabﬁﬁee}pcresiecmtedmvem bo ntﬂéwdg Many of

pre-anplification uantjtative 3 i.fication exanpl e,
Pt e b oGy BBl hethe PLugRieat hRE B i d BBt s Do
spot t edsydcitlhc enepdis Fodeect@atiaantds aadilable riedadd, Gnt ict &t froitedi BStaplial | n

ot her enbodi nent s . 0., When on-chip s g does not occur, reagents can
be provi GEEORAMFAYYE Xo@pﬁ’lé%fb%rﬁfm@%li % Q‘sé}pﬂaﬁate fromthe chip or other

system goRPONeNdSie MDISEEnOFR BHldhdel W@t‘éctﬁfn@n&h&ﬁ;kdr@gseﬁe%&@ﬁ&l fnb@badl ock
protein binding sites on the clastomeric substrate. A w de

20089 0381 F8PCHEUSZ008/ B BE6 avding: y @Po@ﬁf@ﬁ“‘c HPb@ntsoE érﬁp%erhtamﬂfprz ed
I ncl udi ng. OPE(EG%%E of ﬂqwogﬁ&@% rdgﬁ&'/egd&g&] oro%ln[atp'aln ande VghhO4sy al bum n

pr ot ei ns, OVI ne Serum al bumn ycero A detergent additive
can al saxccbﬁouﬁeiruphormgﬂ ak selegtedripeh todt tih érfiesiem spedete rog dnt donoanvdleps

uti i zed CATRLSSclS! 49 BLyAr et WhiTikehit Or ARSoAN:! B pYALheUS

within sufficiently close proximity to one another, energy transfer from the donor to the

25 acceptor can oceur. This energy transfer can be detected. See U.S. Patent No. 5,945,283 and
PCT Publication WO 97/22719. -
[0120] Molecular Beacons provide a particularly useful approach. | With molecular
beacons, a change in conformation of the probe as it hybridizes to a complementary region of
the amplified product results in the formation of a detectable signal. The probe itself includes

30  two seciions; one section at the 57 end and the other section at the 3° 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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5 [0125] In the specific case of nucleic acid anplification reactions, a
nunber of different types of reagents and/or additives can be included. One
category are enhancers that pronote the anplification reaction. Such

addi ti veswiorzeldwds s but are not limted to, reagents tpar/usedaossxecondary
structure in the nucleic acid (e.g., betaine), and agents that reduce

m sprimng events (e.g., tetramethyl anmoni umchloride). 10[0126] Cenerally,
t he CNVI(dal culnatoiwionctin thie dndsedioon cir bytatdizeewtlo gyehnethyelo oo atthiapinappar ent
di fferepnces.in.gene co unbers, i i ff.er | .eS. anot distorted by
differ efr%)(?%'s IDIL {rguss é’ﬂ‘ﬁopélatg%b &ﬁ%?gr%ﬁ %I[‘]dr ‘@}%p}%?%%&%ﬁ@%‘g?ﬁ}g@% %g%zm@per
genone) theaflubesexgr éssetheasepbher dad o efitctively qopyhaubbehe afueachtariget gene
to the copy, . nunber of a single copy reference.gene in a sanpl e,. whi ch
i's typi BaPidjzet PreRe. iSRRG S RES Ay ¢ HFRIAHECPHET TR BB P e SFERigdt

pol ypucheatiife 15 aauense andsthe nefienaneritrhydhdesLobt de SRAWSACE) W th two
different fluorescent dyes on the sanme device, both genes in the same DNA
sanpl e pessiblsdo gidaaett meEHr Sicnfurrpation of smplinigdien PridHe gP,rOh@héf thttver 86 t he two
genes | [V BleUcd 89L] de,:Seauence in a
B sanB o B B 8 e Bl D e g

pr e- anplé:85%cat {1688 clrghe. eohlucted RO Nasirn§icdeahedlege ive 80geite(18¥gharels RNaseP

which is a.singlesc ne s t.he moi ety for.the RNaseP
G RN ek e B P KRR e i (SRR el
sanpd esh&an if faliehigreSifendlf juephks. quantiti es of reagents. In an enbodi nent of
the present invention, digital K PCRis conducted in _m ¢rovol urnes. The
react i off 1éHanBes Wel-krqihi el s PdTelrrEoPCROBRYS H&OTF LYRTARBLLAS AP 25 t o

about SRt Abon) TR8udOMBL et NEecrRAEIE 0N &hamier, el WrBn thesPraqs theepunber of
i ndi vi dual assays that may be run (either using different probe and priner

sets orAagysiepi2odal €85.00000heNednisepr obeCamutopr |- Miiclesefeid Greqegnge-gw@patut at i on

of nunb .of repl, cat apdq,nu . ol aysy. Qng.
B e e e B R e N
pr ef Br aRkgea2h MR :1762-4B6U2006); mid Campciivp Défse Delecyorf semeahGohn 4t al, 2060about 15

L. In 30 nbod; , | _ lume i's_about 4 nL,
about 5P, MRott-c6 - nie  2b8lt 08 MO AboBE a0 RS BUHH<s i BB 1o L.

about lﬁerah,by(géfe@ﬁ)&lfbr 412pu s.The sanpl e chanbers may be constructed of

gl ass, FI astic, silicon, elastoneric polyners such as, pol gdi met hyl si | oxane,
pol yur etHidde, Apindigatisr 2bgst-yrehads ofjle EBItEvVHtgE dadwly Hdriige i8tiAtds of
the pr %@&{onb/%gmdaa&l B8y Bk regiliiel R oh Ofca S8, lc&n%&k'iﬂo%@,' BRRRD YRR ET

anal ysis WO 2009/ 033178PCT/ US2008/ 075636 usi ng the Bi oMar kTm system

( FI 20 di g Gorliyer dtarerivn Soirhs SanbEpwaees ¢blcagn)artiglyeciBien Mpplatsferein uses a

pol ydi i - m.crof | ui dic IL.GR - Qr OV for: L unip; mul tiple
Desays BinS & ECREA B C Rt R S OE R e A B e p
(di gi t abpoatirizay€yrtzdm ckaBiaMarxkuréd aroveposhcoe dan bapgipagdtahé invhlded yopat ofsyst em
are manuf act ur ed bzly Fl ui qi gm Coh]por ati on (Sout h .?aag. Franci sco C,%) An
exenpl af T ERFETHS Y IGET St et IR B gUr &% RESTPY IHHIf8IS i BINSP the 12
panel s gORhAkMStidOsHy Bdmpdiamhens Mhlidtouitint @vice ghupRi@ind. Hblivlaper panel .
Chips are fabricated follow ng _the Multilayer Soft Lithography (MSL

met HodofBEPPY BHYRY ARIECHQASERYRP, W9 FOEBNCOMPOBERE P eifie AYSiay %WW i thic
m cr of abrd Gatied a\églm\{%%g@gr pupps by 10 nultilayer soft |ithography.

Sci ence. 2000; 288:113-116. "The chip has sanple channels that have 10 pm
aver agel(8éfi - Bedciipns catdudiept with7Ghepmispdeiic witipespdisalbbasl hgigacicay ®00 gm
on-center. Ui dL. r br i i L:h:.. T r rocess to
create ‘géz’i}rd ¢ ;é%? ‘?@#Eé’%&‘ﬂ%g?d@%}%@%ﬁﬁ( £%§%£wl%glllgﬁ’ \éﬁik‘?{%e ’n%g%%}?gﬁlg%d al ong
each safpinelactianpelduci@aadiosepthapesait i wotien {cay.aire-atipéficoiohs @lantthavnel s of

the_chip ru erpendicul.ar to the sanple 15 channel.s. The intersectjons of
{ hedE haHBHEaRgh e ef1%eltiFaTR ) (B PBF of éﬁ‘fif‘?fgmf‘Te%‘fﬁH??geﬂb*o%e 5?%@15 i zat i on
of the gQRHOtanRARBRIGSWItR chbNMERMREANEs Bt VWaeion Aiers isdeses 1obthet he
sanpl e channels to isolate individual partition chanbers. The contr ol

channel SMBYRMYES. (8- HES, OPFHIHFRWBEIOR P9 aral P SFACIGRIC 966 Brivisr cent er .
The out i reRQLE Mﬁ%}}%ﬁ%ﬁﬁr&% mefcﬂg)t R @ ShaRdakd 3R4nel daaf e opl ate

and enabl es” st an e val ve operation. ere are 12 input

are blocking reagents that block protein binding sites on the clastomeric substrate. A wide
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20 ports corresponding to 12 separate sanple inputs to the chip. The chips
used can incorporate 765 6 nL partitioning chanbers per sanple input, for a
total of up to 14,400 chanbers per chip. In this particular enbodi nent,
sanpl e ch&prels®ssgh | eft to right connecting indivi dusgiCvisaesiotasc hanber s
and control channels run top to bottomin the [ower |ayer. Upon
pressurization of the control channels, a thin nenbrane between |ayers

cl oses woifrfetyt hesshnpirposls ahadrenstlsed cdwioigt evinhei of diffatent patdinsofe-gohanber s.
The val ves. partition indi.vidual chapbers that are kept.closed during the
POR expbr bRt FTORSGIEEY PR NG ol o0t e SPOR PEYEEY RS ar<fidst &r

arrpldi f i gadrpan addi¥vd @nGlsp bemBSiIerAm of Dnuhdecomdiffeet dstetdensanpbeutiired udi ng
product_of the pre-anplificatiqn ay, Master [m xes contain an appropriate
but ter , EXrasde g uds gw&ﬁwmeﬁéﬁgﬁﬁﬁ@%% VRHOWEH PR AEEETR 30 about I to
abows 1Q:o8 pret %?é&bﬂid’ cdsB of RECcIERNGR ShplaRAHEn &al®raPPUlmBerY diftbieheot i des,
and optionally, detergents, and stabilizers., An exanple of one suitable

buf fer ypesTRITS st et/ onaddgives Auebr paltileh e clsaty B¢ aVlaneraheurToBsienM with
a conceglrg Hﬁ&ti% rejagti@wz%gﬁ%?c?im RESLR! bfire Ad%.n%%g %ﬁ’%‘%ﬁ?%z eth‘(%zTR' S

buf fer conc ration i N the reaction mx eng X)

form Theeondaac tingniraix ticamdiay ecid (pld..range)oind sgmsahautedicebmisorimbeut WO
2009/ 033178PCl £r008 075636‘9'8@ V\%Sh a pH range of about 8.0 to about 8.5
as typi CArS (EBnESATPRY BT SI M EYPASYi des can be in the range of about 25 mM

-t o mbouto11900GeMraityy phecalNivy cdleuiith® ¢aangeoRtd abhowath@0copMiummbab alst 100 MM
Exanpl es of dNTP concentrations are 100, 200, 300, 400, 500, 600, 700, and

800 mM HDEEt GERTEncsah 858 TR NIMEEE I kiR Rty samplesoare ARl RGPS Tm P40

may al S&ff@&pké@%%@ﬁﬂleiﬁn&%. rBRCel B0e MY Hﬁaﬁber%tfaabéénie@é‘rggeﬁ&%&t &nich as
dithiothreitol (DIT, Celand s reagent) or nercaptoethano ma%/ al so be
e

i ncl udeekpresp@i &lthe DOOWE REELPYT RS PARAGRAPHZeErO dlifd Pariyorvmbenst esinglexes may

optional | i - - osyl as

(O ot S g PO Pl TE pRs Wb Wit Rebaiedi. B PR A e e oo 1 ung
gengs agmhehébe egn pohonddotideegu@nce dndtid refepanes pelgndiediide k&yvende) with

Uraci | - DNA:, | ycosyl ase, (UNG). renoves uracil residues f DNA. ('si ngl e-
ana douB1 e L Ao R (UL HESETOYEAGE CHE T Sugh rph DS aarms oar
backbongs qtdaufaiedpiayigmedirg. | ASci&8gl@sthe riyddbd gk Zab icefkstiatigatlafite asHya

tenpl ate for DNA pol ynerases The resulting abasic sites are susceptible to
hydr ol yRYBDEE PEEg et BECigpElF SECH¢TRPr A0 GFBRIS Thus, renoval of uracil bases

I's usuajgry7acHopRAR SR fJragiBakati iptn@bn t 1€ PN AR CBR be Bonkicted

20  using a reference gene such as RNaseP which s a single-copy gene that encodes the RNA
motety for the RNaseP enzyme, a ibonucleoprotein.

[0128] Running large numbers of r_eplicate samples can require significant quantities of

reagents. In an embodiment of the present invention, digital PCR 15 conducted in

microvolumes. The reaction chambers for running low volume PCR may be from about 2 nl

25 to about 500 nL. The lower the reaction chamber volume, the more the number of individual

assays that may be run (either using different probe and primer sets or as replicates of the

same probe and primer sets or any permutation of numbers of replicates and numbers of

different assays). In one embodiment, the reaction chamber is from about 2 nL to about 50

nL, preferably 2 nL to about 25 nL, more preferably from about 4 nL to about 15 nL. In

30 some embodiménts, the reaction chamber volume 1s about 4 nL, about 5 nL, about 6, nL,

| about 7 nL, about &, nlL, 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 sampies processed by the

methods of the present invention are well suited for use in variable copy number analysis

3
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15 and Chanbers, J. A (1984) GENE 28, 211, Varshney, U., Hutcheon, T.
van de Sande, J. H (1988) 1. Biol. Chem 263, 7776. A master mx iIs
comercially available from Applied Biosystens, Foster City, CA (TagMan(r)
Uni ver sal WhRS96B31% x, cat. nos. 4304437, 4318157, and 2432687R2@p0756ke use of
UNG wi || typically be restricted to the digital PCR assay and not used in
the pre-anplification assay. 20[0132] For multiplex applications, different
fl uor esceng the Borek ™ pegerar Fludiga Corrozgien. Separ atre Fpnried sCot p?@bes for
quant i f f differ n XP, usi ng
mul ti pl %y%éé%,sysﬁ% “3hou (ﬁ%lfn%gﬁy %rﬁr{é)?alz c??m?)?g“rwe %\?encgcs%gﬁgessﬁ?%r,ﬁ%

or GAPDInhltiphoaskals be nlultiplé @m:ﬁ@ avoi d conpetition between anplificati on of
the reference_and the sanp e In. e centration of
the reféHédceT g%g@‘JSWr?éch?ztﬁgP vl Cé’@‘%e@%@né%maﬁﬁf %@yaﬁ KB frer
titrati %gﬁ%‘tl@%n&ls Stk dy@lemORtel Fag@hitgRd @%Mﬁh@n[ 0333tatibn @BEhexenpl ary
enbodi nment t he p%esenty@t?nventl on, the co nunber of CYP2D6 was

det er m Fesdciofe, KAdnAieHolay BB 28 HBIIFEE it F‘(SHTG Vg pres anprachioddts on, the
30 CYPZ% L oG SAMRL & _yas, discoyer Q%tﬁlovm%:? oB4 Qopl | gﬁ:@tph&!? @Egy@)érenunber

was 3), whereas W hout pr e- arrpstM| cation sanme sanp showed a co
nunber &ibridated &ﬁﬁ@]mg‘ﬁh‘emam%ﬁmlﬂhvgraﬂge@\dﬁLﬁm¢th¢dmﬂ}’ ynmas@m With

sanpl es ar ed b e e d ventio e t he
fol | ow HE: dBMSELTE P i B es § wf}?“ﬁh BB o o B e B oo s
100pM Kﬁélaméye%&i meg;abhy Qm@ﬂ% mm; ATy 151 0d. Vlt”hé\/gﬁ}iﬁas RGNS ha. 08U/ nL
Ampl i Tag0 CGol d enzyne |.ied Bio ysét ens, Ié’fﬁ\ g} \tl% ‘% QW i Tag DNA
Pol yner B&é 1%“@@’8’(3@%6%1 ﬁ}iﬁ‘t“’a% 8? of *F@qw PHBrAsBA Y “Y'4'5 B ai ned by

expr essjfge.t h§arﬂ-ﬁ9 fﬁ%sp%ﬁ%&%aﬁaﬁewg@ Rerohdadd Iﬁeldcﬁllobes@(w tereatd kRuAAL | ve
TaqDNA pol ynerase, it | acks 5endonucl ease and 3' -5 exonucl ease activities,

but has cleanSEra26Semoridatnas B50aemi vild ) nf graepd Mﬂég S SeMPEtEBL @Phohe
exarrpl esé’f:’%rsaté) glﬁlcé)r{emg roﬁqe%%w&ﬁgﬁ %})fscfu,e %111 rﬁ‘e@?&?hf % @n%yét CA)

in a5 pir- react ohtai ning I'x PreAnp mas 1ed Bi osystems
CA) 15 22Bhanhtipr H‘hemeredahlama)mashmahés rﬁefredféhcteveg@ﬂw do reuftmgi@)idanblmrhe

f T
Cond {1 B gt chd oG RrdRdr i AN T T RS e BT 1

seconds a6 QCisbRfe ihdiddabit @utitdd Jhlathbers OfTheabgioli d&a;raﬁdezde 1 ® neaddepy #Hact i on

after pre-anplification and_the sanpl es re anal n the digital arra
pum warcgg with paraliel spacing 300 pm oan%ntez "}%e outer port%()n%as the same footpgmt as y-

, and

a standard 384-well microplate and enables stand-alone valve operation. There are 12 input
20 ports corresponding to 12 separaie sample inputs to the chip. The chips used can incorporate
765 6 nlL partitioning chambers per sample input, for a total of up to 14,400 chambers per
chip. In this particular embodiment, sample channels run left to right connecting individual
reaction chambers and control channels run fop to bottom in the lower layer. Upon
pressurization of the control channels, a thin membrane between layers closes off the sample
25 channels to isolate individual reaction chambers. The valves partition individual chambers
that are kept closed during the PCR experiment.
[01307 For m.nning real time PCR reactions, a master amplification mix (e.g., "inaster
mix") is combined with sample including product of the pre-amplification assay. Master
mixes coﬁtain an appropriate buffer, a source of magnesium ions (Mg2+) in the range of
30 about 1 to about 10 mM, preferably in the range of about 2 to about § mM, nucleotides, and
optionai}y,.deiergents, 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 18 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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[0136] Five Conell DNA sanples were analyzed on the digital chips. The
nunbers of the CYP2D6 and RNase P nol ecules in the sane volune (4.59 pi) of
each sanple were counted 15 by using the BioMark Digital PCR Anal ysis
sof t war e Woigp/03kids Poi sson correction as well as Si marfCTESadogeTi68chm (see
Dube et al., supra.) A representative heat map is shown in sinplified black
and white illustration in Figure 5. Wiile shown as white, black, and gray
event s $.8rwith k pHireagei of sbpu Bgbis @bouidviessttzpiesin Coacanglormdd duginelidge aphliecal | y

di spl ayed, as | or r . . an RNase
P gone furerpEr? Bt 45 Mo iEb Q0o 8% Phusflly bt S HPRRRIAREN P
{ gi g(;i:t i_al_btﬁt &OQ[ m.tﬁgﬁpipﬁets@f dunP n:oﬂacsan(rﬁﬁblﬁ); amlan)é, 2(}@[13(?]0:1 4%@@0,&30& m@d?nﬁZi ]

e 0S 0 n er-ay aec 0 e en o the
Rrase. PPQeRRLRRE bt S PP L hao e S anpledd RGUGT FAS RtTod ner o
about  OinRjudBEANHRG 4B Snik®rONEMbORR GRS Qhchl hediGYRRRI0eNE, idleigach cel |
of these two sanples (RNase P is a single copy 25 gene and there are al ways

two copfeagenprortacapistang] neayctsods ipgludether ef ore, the indivi duals from which
the DNA I - v 81 198608 L5YP2DR.1gene on
SR B8 %ﬁﬁe?ﬁ%%ﬂ@kﬁ?& qﬁgaéﬂﬁloﬁ, 1@8e:0f xteg‘?n GYE4Ra108

one chronosone. ree sanp a ratio of about 1, but this
does notomtaih €UdGtastvidl gsoszilPNAtglyokyldwphiacaiN-ghcsivise UWE). cUDSek yhel | nked

copies w ll be . on.one. molecule and can not he separated. A o
or 6. anpPerrat P PREEPReRT ag =58, i e aoor T cB U S aaPes A ne
30pns}9arr@ozpr QE&%?EESN\ABN@;&B@B%&G{M) tehevel gidcalreshicpSropTa e (pgle- WO
2009/ 033178PCT/ US2008/ 075636 [0138] Table 2. e of pre-acation to

i St ngUeHE CHPBHESHEIOULHCAPE oM of NGoribes SRVBTEARHE: PACBER G¥R2Ds

preventing its use as a hybridization target or as a template for DNA polymerases. The
resulting abasic sites are susceptible to hydrolytic cleavage at elevated temperatures. Thus,
removal of uracil bases is usually accompanied by fragmentation of the DNA. Duncan, B. K.,

15  and Chambers, I. A. (1984) GENE 28, 211, Varshney, U, Huf.cheon, T., and van de Sande, J.
H. (1988) 1. Biol Chem. 263, 7776. A master mix is commercially available from Applied
Biosystems, Feoster City, CA, (TaqMan® Universal Master Mix, cat. nos. 4304437 4318157,
and 4326708). The use of UNG will typically be restricted to the digital PCR assay and not
used in the pre-amplification assay.

20 [0132] For multiplex applications, different fluorescent reporter dyes are used to label
separate primers or probes for quantification of different genes. For relative expression
studies using multiplex PCR, the amount of primer for the reference gene (e.g., B-actin or
GAPDH) should be limited to avoid competition between amplification of the reference and
the sample gene. In general, the final concentration of the reference gene primer should be

25  between 25 and 100 nM. A primer titration can be useful for optimization.

EXAMPLE

[0133] In one exemplary embodiment of the present invention, the copy number of

CYP2D6 was determined with and without pre-amplification. Using pre-amplification, the
30 CYP2ZD6 it one sample 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 runmng 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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-, RNASE P PREAMPbI G TAL PCR CYP2D6 / RNASE P Copi es of CYP2D6 NAl 2155 0. 49
0.52 NAI 2872 0.97 0.87 2 NA07357 0.85 0.98

WO 2009/033178 PCTUS2008/075636

100mM KCl, 1 % Glycerol, 0.04% Tween™, 5 mM MgCl, 400mM dNTPs, 0.08U/uL
AmpliTag® Gold enzyme (Applied Biosystems, Foster City, CA). AmpliTag DNA
Polymerase is the recombinant form of Taq DNA Polymerase. It is obtained by expressing
the Tag DNA polymerase gene in an E. coli host. Like native TéqDNA polymerase, it lacks
5  endonuclease and 3'-5' exonuclease activities, but has a 5'-3' exonuclease activity.
[0135] Pre-amplification in one example was performed on GeneAmp PCR system 9700
(Appiied Biosystems, CA} in a 5 plL reaction containing [* PreAmp master mix (Applied
Biosystems, CA), 225 nM primers (RNase P as the reference polynucleotide} and the target
sequence of interest), and 1 pL of DNA sample. Thermal cycling conditions were 95°C , 10
10 minute hot start and 10 cycles of 95°C for 15 seconds and 60°C for 1 minute. 20 pL of water
is added to each reaction after pre-amplification and the samples were analyzed on the digital
array.
[0136] Five Coriell DNA samples were analyzed on the digital chips. The numbers of the
CYP2Dé and RNase P moiecules in the same volume (4.59 uL) of each sample were counted
15 by using the BioMark Digital PCR Analysis software using the Poisson correction as well as
Simant's algorithm (see Dube et al., supra.) A representative heat map is shown in simplified
black and white illustration in Fighre 5. While shown as white, black, and gray events for
illustration purposes, events can be recorded and graphically displayed as colors such as
yellow, green, or red, corresponded to an RNase P gene (VIC, yellow), a CYP2D6 gene
20 (FAM, red), and no gene, respectively. No template controls (NTC) were run in panels | and
12.
[0137] The ratios of the numbers of molecules of the CYP2D6 gene to the RNase P gene
were obtained for the five samples. Two of the ratios were about 0.5, meaning there is only
one copy of the CYP2D6 gene in each cell of these two samples (RNase P is a single copy
25 gene and there are always two copies of the gene in each cell). Therefore, the individuals
from which the DNA samples were collected must have & deletion of the CYP2D6 gene on
one chromosome. The other three samples had a ratio of about 1, but this does not rule out
the possibility of duplication since two closely linked copies will be on one molecule and can
not be separated. A pre-amplification reaction was performed on these five samples and the

30  preamp products were analyzed on the digital chips (Table 2).
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2 NAl 2873 0.49 0.52 | NA11994 1.06* 1.49* * Sanple NA11994 has duplication
of the CYP2D6 gene on one chronosone [0139] As illustrated in Table 2, two
sanples with a CYP2D6 to RNase P ratio of about 0.5 5 when genom ¢ DNA was
used stilwogawaisa7gati o of about 0.5 when the preanpl ifiTaskéosn7eeocess of
the invention was used. A 0.5 ratio indicates a deletion. Two sanples with
a ratio of about 1 when genom c DNA was used also had a ratio of about 1

Wi th prEdAR] | Faldati bise pﬁmdﬂmphﬁca‘mn shdistriushchgraseod duplicalipef genst at us.

But, one--sanpte—wth—arati-o—of abapt vncn genomt DNAwas—anatyzed had a
ratlo of 1.5 when the preanpllflcatlg%ﬂﬁrocess was; 10used. This indicates

t hat theasamyse hamierdyplriopat i on @IIGIheL GYR2D6 gene. [0140] Detecting Loss

of Heterozygosity [[0141] One useful application of Enpictelscri bed met hods of
determiini ng copy number variation of a particular gene,pf interest | includes
detectijng a | oss- ofi-heirey ozygosi ty icsk@ds _
RNASE P RNASE P |

NA12155 049 0.52 1

NA12872 0.97 (.87 2

NAO7357  10.85 | 0.98 2

NAT2873 0.49 0.52 i

NA11994 1.06%* 1.49% 3

* Sample NA11994 has duplication of the CYP2D6 gene on one chromosome

[0139] As illustrated in Table 2, two samples with a CYP2D6 to RNase P ratio of about 0.5
5 when genomic DNA was used still gave a ratio of about 0.5 when the preamplification
process of the invention was used. A 0.5 ratio indicates a deletion. Two samples with: a ratio
of about 1 when genomic DNA was used also had a ratio of about 1 with preamplification
products, which indicated a normal allelic status. But, one sample with a ratio of about 1
when genomic DNA was analyzed had a ratio of 1.5 when the preamplification process was

10 used. This indicates that the sample has a duplication of the CYP2D6 gene.

{01401 Detecting Loss of Heterozygosity
01411 One useful application of the described methods of determining copy number
variation of a particular gene of interest includes detecting a loss of heterozygosity (LOH).
15  The technigues disclosed herein can offer a new level of sensitivity and fiexibility m
detecting loss of heterozygosity. Exemplary applications include detection and/or study
abnormal X chromosome copy number, or aneuploidy. Loss of heterozygosity (LOH) refers
to a change from a heterozygous state in a normal genome to a homozygous state in a pairéd
tumor genome. Research shows that the loss of an entire X chromosome s involved in
20 numerous cancers. Moertel, C.A. er 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 69:428-438 (1994). Also, the

gain of an X chromosome has been shown to be relatively common in leukemias and .
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15 The techni ques disclosed herein can offer a new | evel of sensitivity and
flexibility in detecting | oss of heterozygosity. Exenplary applications

i ncl ude detection and/ or study abnormal X chronpbsome copy nunber, or

aneupl oi dy 0 2bwy®s3i0f het erozygosity (LOH) refers to a dcleangecobotiasa

het er ozygous state in a normal genone to a honpbzygous state in a paired
tunor genone. Research shows that the | oss of an entire X chronbsone is

i nvol velmipho@6s. nuteadiours Sanc@hs . X MierrhedomeCinA humian ateopl@sinc arcludagesex

Cytogenet. 67:21-27 (1993). .For ex 40 percent .of Qvalrian c ers are
associ at'Bgit ﬁn‘?_ﬁgi“ée&tglr é(aidglr?gs OWI%}%&&OI@R%I}FDS%O%@E& oﬁs;aﬁgtfer "’}J}& and
Leech, ééitor.ﬁlﬁog%:net@@ﬁﬁ&lé 1eindd8n K3&r ¢k 8dde, pdt BOX chivgnogahf aifmadies 26d
chronmosone has been shown to be relatively co in | eukem as and WO

21) 09/ 0@1311?BP@*F%S?%@OG?@@GYPV%W@%élssségﬁj‘gg?ggBA)A "The X chronpsone in

hurmag w@%@lswmaﬂr Gt 80 e SRYinfe s OABd-h MuniaRdi& RO Ik akib &P Relktn QRSHAN th
X- chr onbso anomalies. In: "Sandberg AA, editor. Cytogenetics of the

manmmal i previdedhr Ggwsohshoparthe Brehitectite orfogo wecramavaiides tad viahaised dvi ni cal
mani f es i Ons, Yor k: R L -98 (1 . 421 To _carry out
LOH ex p%%nr?grrlf? s ,}‘(I}\grgnyy)(:f r%#%%%@%@dgv?%eg}%gﬁ%zsgg’r F'Eé‘%gﬁ‘)eer gl?%ugééﬁ f%re%g%ovi ded.
Fi gur e 3ewdrodsailhheBasfbhithe déviceimofudan aexoeniphead yfhddvioeutt HEC) iesingsed f or
det erm ni ng Iog of heteroz Sit i}n one exar[ﬁl e ésee e.gq., abov§

di scussPBHT BFR REPEE AP CEPUdEnt FmPIBRT BPTY ™S dBUTCR IR theRmRic

i nt egr atygd o drbidGo Ghd 8b ol lblhg ha i164ied Dypaneh StheeR@h Bays bg tie ficow i nput
- for a sanple or assay mxture. In one exanple, the sanple 10 was,

t r ansf epenaglieroanchasigfithe poviTs alicHCe $harsgus derbhPeprEe SHMPARSTH; BiYt al
array op.the ﬁ%ascoq%%%ic%manéaéﬁse)mett@avég{a&mg,%ia& GlefeAGemERARE@SSUr €

| oad the assay conponents into separate panels of 765 reactions. Each of
t he t wehvsesampielspringrirgbbanestse wWerediskibdtediinty sepaetennlptsonaghe fpmierrdthr obe

sets, re di.st.ributed . i nto separate i rape. chi p.

Wt hi - gHEn R G S B R SRAPR s Al Bef hut 065 IRl ol MGEEL 6 0
realsti PER}BacRER . EHT tvibOfs forMERwtA shepatiple: e digitah atrdyewssgripleé on Ehealdi gi t al
array was pl aced on real -ti PCR.system for, t hermal_ cycling. an

1 Lot catmn Ok G eeT Bn TR PECOF 280 (1GHTHE delEr oS ere JF BN and
anal yzegyddsites: Riro Matk aablalhyead 9 BRMMRR &ppiRaabn {dRrPARCURéeEROr end
poi nt i mages of positive chanmbers were recorded to conpare one assay versus
anot her CHEesAy, eng pgint 1mpagss PEPGSHIVEFChERYeTt WS SSEETEHEESOMRAE PRASEH B wer e

cal cul a Q% 208N 3leYi5hiS of bl dighaloc@ld RYSNOKLRHic FRE e¥edakd NEBI T LY,
sensiti %ﬁ%ﬁ aggr%’ <£'e)g’sgko ﬂi;‘?‘Jge.In?t0143_]q I _r?et he descrs'i bfég exanpl e‘,l DNA from

cel 20| i medyscotiedigiiahgrals offer iBpraved lingargy persstivafy. atilerax dhwsonosone (Cori el |
Institu r di.cal.. Resear¢h, : isngd i Ql rrays
wer e us@%ﬁ %ne%; dg%&r:l e%gxr%lapge,é)&g? %ﬁ{] ﬁ%fr\%%es\é%{ﬁ%lrngl?éeﬂ%] ghﬁg%%gh% ‘fgqlvano
pri mer - pieoh ehs@ti@emANChabe lednl? 36, MoBal Andad¥ CaBieSedl cherd ebhimaiiogi es,
Novat o, _. 25 CA)-whi ch re co-anplified in the pre ce of a

si ngl e- O&PVL Yéé‘fef%lés?g\gﬂ et aefetagple RSt gﬁ%eesep%@ﬁﬁg%8?“%%1%2%%“&r e 6
shows aphhackoBgiMhEh&r-thaigd amB | $MS! bt YV @icRatth- hapedogies Mdvsio,

exam ning | oss of heter OZé]gosLty as described, and further illustrates each
t es®5 r ufrAl i e eopapkiied W th AreargRtel] @ HNEYLPYENGEITS: 67488 &hows an
up-cl os I +0 | 4 of the 30 device. In each panel, the nunber of

- Tar get Srg}s{e?e?l:é%e&?{i?l@ﬁt gray, which correspond to one color, e.g., yellow
and Ref &¥léfceFiposi bi stewidarikek graayyhiwmhiiehravoilhesgpondat ola-egondudsl or
e.g., red) .chanbers e counted and.correct f or tJ :

chanber * Blﬁ%tiﬂ%ssgf}?%%fﬂzyg},sg?/haes r%\?vnl?eatiaggo gﬂf‘earr 8%1%&1 %1%& %@e%ﬁ&rp\%ﬁs

det er m pédicalN@ai Pl thit &liganiok s F{NkQ) avesiowisadpidospaitel & PhnandofkBe |t

wi | I30 be appreciated th ract peri }lgq}t%r%?pﬁhgc CC%%%SPOM o one

device. In each panel,atixe Inlqm er of "['a(%geetep)t()smve
color, e.g., yellow) and Reference positive (darker gray, which correspond to a second coior,
e. g.., red) chambers were counted and corrected for multiple dyes per chamber. From these
resﬁits, the raw ratio of Target to Reference was determined. No template controls (NTC)
were used in panels 1 and 12. It will be appreciated that in practice experiments can record
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40 WO 2009/ 033178PCT/ US2008/ 075636 different colors and results
Illustrated in color, such as red and yell ow, which are depicted in Figure
6 as grays in the black and white illustration. [0145] Sinple Iinear
fitting Wae 2®éadsiro determ ne copy nunbers. Figure 7 Shovws2tdae7saswer age of
three separate assay ratios (Y-axis) plotted agai nst known X chronosone
copy 5 nunber (X-axis), including error bars that show the standard error
of the diffarnt cbles mat feedtsptiostucddn sblopeschf arre®iii sellvpl, edhidironderigedciont ai n -1,

2, 3, or copi es of e chromosonme. The individual raw ratio
rrgasu_rgﬁgwg f\ﬁ@&‘é{s @?P{?&@%‘ ‘ﬁg‘i?ﬁgﬁﬁti%‘eraged to obtain copy nunber per

di pl oi dogenoNEmpkNBn@Y SHAGE whe SRINSeddi@miml topgSmayisys. OV jurel 7 tshowbs drpy
nunber variants, was an r2 value of 0,994, indicating_high Iinear assay

per f or nifEes o1OTPOIRSTCTEBRE T80 (€131 ROUPAREAT 'SV o MUPRESCPAg M ()
prirer zﬂfn%%g (?(%%%),fif?&udiﬁgbl\fbxd% %t SRR SOBak1SSos of B} 1B&nt N@eMagdsOf | Ui di C

devices. ronosone mean copi es per genone was determ ned by
mul tldpl yodpet opreder DAIA catwpleg kiPive foagmtanl lumh Bt ©he £omaeR O5HEWS t he
standard _error of.the.. EM . ' ;. 3.t copi es per
R R D O R e s A
sanpl e. otk&ih Qb4 hurhisddl reer JipldrdweRahe.0Thé everkgedicspabaalfor X IChrorpeeng -Fest s
KNOMWN X CHR. RAW EA 123RAW SMSRAW N COPI.E Y :
NUVBERRATY CRAPFCRAT GRER SCENGIESENI L OGNS F86" (514 BEB05%
Chnfy 771150 Pl 90isB2nS2avChitibs 10k tho 13681280 dfiner probe sets for individual X
chromosome tests run on the microfiuidic devices. The X chromosome mean copies per
genome was determined by multiplying the mean ratio by 2. The last column on the nght
shows the standard error of the mean (SEM). As shown in Table 3, the mean copies per
genome corresponded well with the known X chiromosome copy number of a sample.

15 [0147] Table 3. Raw Ratios for Individual X Chromosome Tests

| KNOWNXCHR,  RAWEFAMI23  RAWSMS _ MEAN COPIES
- COPY NUMBER _ RATID RATID RATIO PER GENOME SEM
1X Che (.51 049 0.1 1.0 0.07

2% Ch. 0.77 1.15 19 622
3X Chr, 1.10 149 26 2.8 048
4X Chr. 1.63 2.05 36 0.24
5% Chr. 2.03 234 4.8 0.51

[0148] These results illustrate that methods and devices described herein allow detection
and distinguishing of small, vet biologically relevant, differences in gene copy number within
highly complex genomic DNA samples. The samples selected for these tests are sumilar or
20  identical to those examined in CGH assays and MIP-based microarrays studies as described
in Visakorpi e al, 1994, Am. J. Pathol., 145:624-630 and Pinkel er al., 1998, Nat. Genet.
20:207-211. The present results using the methods of the current invention with digital
arrays can produce copy number estimations at least as discriminating as known CGH and
MIP methods while reducing hands-on technical manipulation and, therefore, requiring less
25" labor and increased efﬁciéncy. Moreover, the ability to run multiple TagMan® assays in a
digital PCR format provides both biological robusiness and assay redundancy, compensating
for assay-to-assay amplification differences. If multiple foci are targeted simultaneousty,

overall assay results are valid even if there are single mutations or deletions at localized
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4X Chr, 1.632.053. 60. 24 5X Chr, 2.032.344.80.51 [0148] These results
illustrate that nethods and devi ces described herein all ow detection and

di stinguishing of small, yet biologically relevant, differences in gene
copy nunb@i 2W¥d3sris hi ghl y conpl ex genonmi ¢ DNA sanpl es.PCigs2a@npises sel ect ed
for these tests are simlar or 20identical to those exanm ned in CGH assays
and M P-based m croarrays studies as described in Visaknpi et al., 1994,
Ant . Paptmkr-probd in624 <880 MerdoRiri{btacg tardie ¢nhaggg by N@itlg & GrsrvatnlifR@i@07- 211.
The present ntion with digital
ar oy SEPEEG *’f&fﬁ%ﬂ%&% aiteg B PR PO LS b BRTC T Pt i g 56
known hods whil e reduci ng hands-on technlcal mani pul ati on
and, t h@rlé?]or éith‘?‘-@ad}iler nigpLoades beeny ‘&5‘6&’3‘3%{}1’ rﬁngeé’ﬁ% Egthe £PIVEICSHBY S Mor eover
the abi Mﬂ ¥e hﬁderréfa;bdnmhtt inBli%icARAVRAY vASSRYS alcen@odbsd@lithERnd gflﬁﬁandpr ovi des
bot h bi ol ogi cal robustness and assay redundancy, conpensating for

assay- t gops sréyheamnhﬁn‘i c dwcrardingly e wrengien 19 fimifed phiyl kY the dolleares elginget ed
simulta ults are valid even if there are single
nut at i o%§9%§/ th el s S PP W0 20091033178PCT/ U $2008/ 075636

pri mer - probe bi ndi ng S|tes. Mor eover, efficacy can be enhanced by using a
pre-anplification step prior to transferring the sanple onto the

m crofluidic devices for analysis. [0149] Although the invention has been
described with reference to the above exanples, it will be understood that
nodi fications and variations are enconpassed wthin the spirit and 5scope
of the invention. Accordingly, the inventionis limted only by the
foll owi ng clains
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along with their full scope of equivalents. WAT IS CLCAIMEDIS: |. A

nmet hod for determning the relative copy nunber of a target pol ynucl eotide
sequence in a genone of a subject, conprising: pre-anplifying a target

pol ynucl eoti de sequence and a reference pol ynucl eoti de sequence in a sanple
cont ai ni ng genom ¢ DNA of the subject; assaying the target pol ynucl eotide
sequence and the reference pol ynucl eoti de sequence of the pre-anplified
sanple by digital PCR, determ ning (a) the nunber of anplified

pol ynucl egtiAdd Sl eiddifle$S:cont ai ni ng the target pol ynucl eoti de sequence and
(b) the nunper of anplified. polynucleotide nolecules containing the

ol er onca- ol ittt 8T i SliBelt e THEC P er PHERG TR Rl PUTRRAE o ().
2. The metq@dcoi «Cledbiit 3f MOBIRE RoinpEsisgnpl e is froma human. 3. The net hod
of claiml wherein; (i) the ratio of (a) to (b) is about 0.5 and there is a
del etion of PHemRIHYEE PHEFSH IHEYEFHdes sqligie gt GrEeH SABEYHRIder (i)
the ratio of (Q),.fQ ik RhakhSe 8RAKNHInY 2n&PE DL (HeSuBjedupl | cation of the
target pol ynucl eoti de sequence on one chronosone. =~ 4. The nethod of claim
1, wherein: bheyineftee drgel polypnuedtdet fedeerseqiente Fdgreacep pelypideniiaed

genom ¢ copy nhunber . éﬁgg%ﬁkghgj%%ﬂ%aﬁ%@gﬂaq;[Pf anplified polynucl eotide

nol ecul es coﬁ?hlnlng ot i de 'sequence conpri ses

det er mi ni ng tikternniuinben) 6f medet bd ampblianed yiutlastile modveles apgening the

pol ynucl eoti de sequence or subsequence.thereof is.presen . det erm ning
the nunber of* %‘r‘rﬁﬁ&‘ﬁ“&lamﬁ[ﬁ Wﬂﬂ%ricgoaﬁ d@) i S8 (érs(’{:g?i’ﬁ’gﬁ?ﬂt H@W‘I’Fﬁeoﬁg? erence
pol ynucl eot i g &ERYRBERINGRPE SREnde perRiNNTictRguanbeaed deferhi@agt dhon

vol unes in which the reference pol ynucl eoti de sequence or subsequence

thereof is préseifalpe (And the rel ative copy number of the target
pol ynucl eotide in the genonme is approximately equal to (A)/(B) x N

2. The method of claim 1 wherein the sampie is from a human.

3. The method of claim 1 wherein: (1) the ratio of (a) to (b) is about 0.5 and there is a
deletion of the target polynucleotide sequence on one chromosome; or (ii) the ratio of (a)
to (b) is about 1.5 and there is a duplication of the target polynucleotide sequence on one

chromosome.

4, The method of ¢laim 1, wherein:
the reference polynucleotide sequence has a predetermined genomic copy number
N; determining the number of amplified polynucicotide molecules containing the
target polynucleotide sequence
comprises determining the number of reaction volumes in which the target
potynucleotide sequence or subsequence thereof is present A;
determining the number of amplified polynucleotide molecules containing the
reference polynucleotide sequence
comprises determining the number of reaction volumes in which the reference
polynucleotide sequence or subsequence thereol is present B; and
the relative copy number of the target polynucleotide in the genome is

approximately equal to (A)(B) x N.

43



5. The nethod of claim4, wherein conducting the pre-anplification

conpri ses conbining the sanple with a conposition conprising priners
specific for the target polynucl eotide sequence and priners specific for

t he reference pol ynucl eoti de sequence, and conducting a pol ynmerase chain
reaction (PCR) so as to separately anplify target polynucl eoti de and
reference polynucleotide in substantially equal proportion. 6. The nethod
of claim4, wherein the reaction volunes are disposed in a mcrofluidic
devi ce, éndTMheth@iaﬁpﬂhmichth@mehscomhdﬂcgeweimeaﬂméécmkmncmmbdﬁe
separate f n1th of C erein
oL or t o aEBIyih e TGt Ser ftEFeculus g lEk e halaerkE P fudice

pol ynucl Q)@'(}lndele«Slﬁ&Lb%@lﬁ.‘eﬁc@ﬁnd hemps @p@hﬂﬂd fol IlE&ﬂreStﬁnEﬁQL@obMudb@lde&leqd%ﬁR all or
a portion of the p nplified saqg f onbi ned with rea %F selected
for quantdf’?épilq}@“%rﬁl PSR ON ! a5y Pﬁr%) Shit Festitissé i

ref er ence, RALYI ez«,{f;deed% u@teuﬁ&q;b@me cotid in ISR af pehakion5 wher el n the
priners speécific for the reference pol ynucl eotide sequence used in the

preanplification step are also used in assaying the reference

pol ynucl %Ot’fhg'?nc%%q}uv\ﬁnﬁ %mojl \;vlli]e?elﬁ rtﬁe ?cqptltdnf \'/(ﬁ nésa%’[g cﬁstpﬁ%edqln%' ﬁlﬂ!ioff}u%c 9. The

met hod of "cl 't he inmers sp

pol ynucl ekatmd,eamieﬁmmanpﬁ[eﬂtmm xst b@ad}nnteé aimal neﬁqtmaat\mt}mnes‘seeqaram Eoml @ used in
assayi ng the f‘%ge gplynucleotlde sequence of the pre-anplified sanple by
digital ofluyC deMiee. npt hod of claim 7, wherein the reagents conprise a
first probe that selectively hybridizes to a target pol ynucl eoti de sequence
and a second probe that selectively hybridizes to a reference

pol ynucl dotlitgensenfueirddmuhdiierdemeit iomsadng thagiect stvipslephic reseicae

anpl i ficafion. :et%%ceﬁ%@y;ﬁ@%@t@& Qhuél c@'omtﬁeop:cmﬁﬁ el sﬁahﬁlnfﬁyrcﬁ AN gecond

pr obes conprise etectabl e | abels d where bi ndi ng of the
first or afleconcoptiobel dﬁ:@egmadameﬁm@ﬁ.ﬁhemnmnmbMH@rﬂ@gmbh@«@m@%énupon

pol ymer ase riz .a,change in
detectabf@mfiﬁwe@@Zﬁ%gﬂﬁﬁfeﬁéaﬁg§6%g?$3%”%§Em°$%Cﬂe %%§P£§n%51%?%e met hod
of cl ai msdquanberei n the reference pol ynucl eoti de sequence conprises a

polynucleotlde sequence at |east partially encoding an RNaseP enzyne,
beta-actin or GAPD11. 13. The nmethod of claiml or claim2, wherein a

ratio of ¢ angefeRQl ¥NUSHLLOLIHRIS BRIYRNESs ERclRf BF a{&cfe;ep@kyrﬁu@ln@aéme
sequence, substantlalléedeV|at|ng froma value of 1 indicates an abnor mal

target pokguruct eotd de teequrenipblicoipy Hemser alsh 4shé igenswigothet HEPRE| ent .

poiynucleotide sequence of the pre-amplified sample by digital PCR.

9. The method of claim 8 wherein the primers specilic for the target polynucleotide
sequence used in the pre-amplification step are also used in assaying the target

polynucleotide sequence of the pre-amplified sample by digital PCR,

10. The method of claim 7, wherein the reagents comprise a first probe that selectively
hybridizes to a target polynucleotide sequence and a second probe that selectively
hybridizes to a reference polynucleotide sequence under conditions suitable for

pelynucleotide amplification.

11. The method of claim 10, wherein the first and second probes comprise different

detectable labels, and wherein binding of the first or second probe or degradation of the
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first or second probe upon polymerase chain reaction (PCR) based polymerization results

in a change in detectable fluorescence of the respective detectable label.

i2. The method of claim 1, wherein the reference polynucleotide sequence comprises a
polynucleotide sequence at least partially encoding an RNaseP enzyme, beta-actin or

GAPDH.
13. The method of claim 1 or claim 2, wherein a ratio of target polynucleotide sequence

to reference polynucieotide sequence, substantially deviating from a value of 1 indicates

an abnormal target polynucleotide sequence copy number in the genome of the patient.
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