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SIGNAL ENCODI iG A iD DECODI. iG IN
MULTIPLEXED BIOCHEXIICAI. ASSAYS

('OSS-Rl ilil IRI IN( I I I'0 RI:I.A'I'lil)
APPLICATIONS

This application is a continuation of U.S. application Ser.
Nn 16,'937,464. tiled on .Iul 23. 2020. which is a continu-
ation of U.S. apphcation Ser. No. 15/914,35(i, filed on Mar.
7. 2018, issued as U.S. Pat No. 10.770.170, winch is a

continuation of U.S. application Ser. No. 14/451,87(i, tiled
on Aug. 5. 2014, issued as U.S. Pat. No. 10,068,051, wluch
is a continuation of I.l 8 application Ser No 13/756,760,
Iilcd on Fcb I, 2013, issued as U.S. Pat. No. 8,838,394,
which claims the benefit of U 8 prnvi ~innal applications
61/594,480, filed Feb. 3, 2012 and 61/703.093. filed Sep 19,
2012, each of wluch is incorporated herein by reference in
its entiretv.

CiOVERNMENT RI(iHTS

This invention was made with govenunent support under
Gr;mt No. 1144469 awarded by thc Nauunal Scimicc Foun-
dation 'I'he government has certain rights in the invention

Sl IQU I iNCI I I.I SI'IN(i

'lliis apphcatinn contains a Sequence l,isting ivluch has
been submitted electronically in XML format and is incor-
pnrated by reference in its entirety I'he XMI, cnpy. created
on Jul. 12, 2023, is named 373535.xml and is 57.570 bytes
in size.

HA('K(IROUNI)

Multiplexed reactions ofler sigtuficant advantages over
traditional umplcx rwictions, uicluduig pcrlormancc of par-
allel rcacuons on the snmc sample, use of thc same chmnbcr
tn perform multiple reactions, and the ability to extnsct rich
intnrmatinli from a sample in a test and eflicieilt nlaililer
I lnivever, to achieve these benefits, nntltiplexed essays
generally require complex reporting mechanisms, namely
spectrally resolved fhiorescence or chemiluminescence
(C.g.. PCR, ELISA). spntially rcsolvcd signals (e.g.. microar-
idvs. gcl clcctropllorcals), tcillpordllv resolved slglials (0 g.,
capillary electmphoresis), or combinations thereof (e g.,
ganger sequencing) 'I'here is a need for ninltiplexed reac-
tions tlmt can be carried out in a single solution.

SUMI/LARY OF THE INVENTION

'lliis disclosure provides methods. cnnipnsitions. systenis,
and kits for the multiplexed detection of nnnlytes. In some
cases. this disclosure pmvides essays that are capable of
unambiguously dctimung thc prcscnce or ubscnce of ench of
ai least 7 analytes, in any combination of prcsmicc or
abscncc. ui a single sample volume without uiunobilization,
separation, mass spectrometry, nr nielting curve analysis In
some examples. each of the anal)tes is encoded as a value
of one (or at least one) component of a signal.

In some examples, an assay provided in tlus disclosure is
capable of unambiguously dctcctuig thc prcsencc or absence
of M analytcs. in miy combination of prcacncc or abscncc,
whcrc M=logs (F+I) nnd F is thc muxumim cumulative
value nf one cnmpnnent of a signal (e.g, mi intensity) v hen
all the analytes are present.

68,797 B2

Ill solllc crises, cacll Blialvtc ts cllcodcd Bs dt IcBst orle Ilrst
value in a first cmnpnnent of a signal (e g., at least one
intensity or range of intensities) and at least one second
value in a second cninpnnent of a sigttal (e g., at least one
v avelength or msnge of wave)enmhs). In some examples.
each analyte is encoded as a first value in a first component
of a signal at each ol'a plurality of simond values in a six ond
component of a signal (c, a sigoal intmisity or mage of
signal intensities at each of a plurality of wavelengths or

in nsnges of wavelengths)
In some example~, an assay provided herein is capable of

unambi uously detectin the presence or absence of M
analytes, in any combination of presence or absence, where
M=C"logs (F+I), v,lmrc C is thc number of thc sixond

is vuluca used to encode thc mialytcs and F m tlm maxunum
cumulative value nf the first cnmpnnent of the signal, for any
second value, when all of the anal)tes are present

In some cases, an assay prmided in this disclosure is
capable of unambiguously detecting the presence or absence

30 of M analytes. in any combination of presence or absence.
whcrc 131=(PST)+I, v,herc P is thc munbcr of codes pcr tier
ui u coding schcmc and T is thc number of tiers. In some
cases, the number nf tiers 'I'ng (Is+I). and ! is the
nmximum cumulative value of a first component of a signal,
for any second value, ivhen all of the analytes are present

In some examples. the first value is an intensity or range
of intensities. In some cases. a coding scheme comprises at
least tlucc intcnaitms or ranges of uitcnsitics.

Ill soiltc cilacs, tllc socolld vBlnc is B wavclcllgtll or idil 0
in of wavelengths In some examples, the coding scheme

comprises at least five wavelengths or ranges nf waie-
lengths

In some examples, the signal is an electromagnetic signal.
In some cases, the electromagnetic signal is a fluorescence

is 03111SSioll Slgllill. Ill S0111C CXBillplca, tllC ltl(Cllsit)'l tllC

fluorcaccncc emission signal is measured nt at twist liiur
wavclcilgtlls or idllgcs ol 0 Bvclcllgtlls.

In smne cases, an assay provided herein is perforined ivith
reagents that are lynphilized prior tn use

40 In some cases, a detectin step is performed with reagents
comprising hybridization probes. In some examples, the
number of thc hybndization probes is greater dian thc
number of analytca. In some cases, thc sct ol'ybriihzation
probes comprise one or morc hybruhzation probes apcciiic
for ditferent analytes and cnmprismg an identical tiuom-
phnre or cnmbinatinn of flunmphores In some examples. a
sample is contacted vvith at least 18 of said hybridization
probes. In some examples, a detecting step is performed
with reagents comprismg at least one pair ol primers. In

0 some cases, at least one pair of pruncrs are capable of
dlllpllfVlllg B rCgioil Coltlph:lllCiltaN to Bt lcdS( tincm Ol said
hybridization probes

In smne examples, the signal that is measured is generated
dunng a polymemsse chain reaction. In some cases, the

. 3 polymerase chain reaction is selected from the group con-
smung of an cnd-pumt polymcrasc chmn reaction, a rcal-
tllllC polvlllCi'iiSC Cllalll lcdC(toil, B digital polylllCSBSC Clldill
reaction, and combinations thereof.

In snme examples, at least one cumulative measurement
sn is performed mi a solution

In some examples. at least one analyte is encoded by at
least one additional value (i.e.. at least nvo values together).
whcrcin thc at least onc additional value is sclcctcd Irom thc
group conaistuig of a value I)0m at least onc additional

as component of a signal. a 3 Blue Irom at least one component
nfa different signal. and combinations thereof I'or example,
the nt least nne additional value may be selected fmm the
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group consisting of 9 fluorescence mnission utlensity. a
fluorescence emission wavelength. a I 'iirster resonance
energy transfer (Iifaf IT) emission intensity, a I'ifl:T entission
wavelength. an electrochemical signal, a chemilumines-
cence wavelength, a chemiluminescence intensity. a fhio-
rescence bleaching rate. a chemiluminescence blenchin
rale. and combuiatious Ihcrcof.

In some cases. 9 chromalogriun ia constructed. Thc chro-
mato ram may be constructed by plotting all possible cont-
binatinns of hrst values and second talues for positive
control samples for each analyte

In some examples. Bt least one of the analytes comprises
a polynucleotide. In some case~, the polynucleotide is fmm
d StiUI'CC 9CICclixl frutti fllc grotip COIISISlitlg Of Bu iitiituill. II

plant, a bacteria, a fungus, a parasite, and a vinis. In some
examples, the polynucleotide is from a source selected front
the group consisting of human immunodeficiency virus,
herpes simplex virus, human papilloma vims, I'lasmntJiaat,
Mi cnbacrerinni. dengue virus, hepatitis virus, and influenza
virus. In some cases. the polynucleotide is selected from the
group coustsfing of hummi unmunodcficimicy virus poly-
prolcasc. Iuunan unmunodcficicncy virus p17. Iniman pap-
illnma vinis I:6, and hummi papilloma vims 117

In some cases. a sample is selected from the gmup
consisting, of a clinical sample, a food sample. an envinm-
mental sample. a phamtaceutical sample, and a sample from
a consumer product.

Iit SOIIIC Cxdtliplca, Itlfonualioti COIICCItliilg flIC plcSCIICC
tir BbSCIICC Of dti Btlaly'lc IS IIBIISuiiucd lhroiigli II coiilplltCI
network.

In some cases, information concerning the presence or
absence of an analyte is pmvided to a physician. In some
examples, a clinical decision is made based on such infor-
mation.

In some examples. at least onc slcp of a melhod provided
hCICIII 19 pCrfomlCd U9lttg IIISIIUCIIOIIS Oil d CiituptilCI ICBd-

ablc medium. In some cases, thc uistructions arc located on
a remote server In some examples. the instruct@ms are
located on a thermal cycler. In soine cases, the instmctions
are located on a computer in conununication with n themtal
cycler.

In some cases. at least one of Ihe analytcs ts a positive
control mtalylc

In some cxamplca, thc miduig schcmc is non-dcgcncratc.
In snme cases, the coding schenie is designed tn be non-
degenerate. In some examples. the coding scheme is made
non-degenerate by enumemting every legitimate result that
can be obtained from the coding scheme. identifying each
lcgilinuitc result Ihal m dcgcncratc, aml chminatutg at least
onc potential analytc code from lhc coduig scheme lo
clinnnalc dcgcncracy.

In some cases, an assay provided herein is an end-point
assay ln some examples an assay provided in this disclosure
is ended at a threshold number of cycles set by the limit iif
detection of an instniment.

In certain examples, au assay provided hcrcui is a liquid
phBsc Bswiys

In some cases, an assay provided hercui Is quanlilalivc.
In some cases. this disclosure provides a method of

detecting the presence or absence of each analyte of a
plurality of analytes, comprising: (a) encodin ~ each of said
analytes as a first value of a signal, thereby genemting a
coding scheme, wherein each of said andlylcs is reprcscntcd
in said coding scheme by smd lirat value, wherein said
cncoduig is performed ui a manner fltal clmuiuttcs dc cn-
eracy; (b) pmviding a saniple coniprisina. or potentially
comprisina, at least one of said analytes: (c) contacting said

sample with tumlylc-specdic rcagcnts Ihal gcncralc said first
value, as represented in said coding scheme, when each of
said analytes is present; (d) cumulatively measuring said
first values of said signal v ithin said sample, thereby pm-
viding a cumulative measurement, and (e) detemtinin
v hether each of said analytes is present or absent based on
said cunuilativc measurmnenl and said codutg scheme.

In some examples, lhc method dcscnbcd ut lhc priwcihng
paragraph is capable of unambigunusly detecting the pres-

in ence or ahsence of M analytes, in any combination of
presence or absence. where M lngs (It+I) and li is the
maximum ctuuulative value of the first values v hen all of
the analytes are present. In some cases, the first value is an
uilcnatty or range of intensities. In some cxtunplcs, Ihc first

is vuluc has a minimum ialuc in the coding schmnc that is
selected from the group consistmg of at least I, at least 2. at
least 4, at least 6, at least 16, at least 32. and at least 64 In
some cases, the first value is incremented in the coding
scheme by an amount equal to the cumulative maximum of

Ic said preceding first values plus one. In other cases, the hrst
vuluc Is incrcmcnled in tlm midutg schcmc by mi amount
grcatcr than Ihc cumulatn c maxunum of'hc preceding first
values plus one

In some cases, this disclosure provides a niethod of
detecting the presence or absence of each analyte of a

plurality of analytes, comprising (a) encoding each of said
analytes as at least one first value and at least one second
vuluc, whcrcui said first value ts 9 value from a first
cotilpoIICIII Of d Sigitdl arid wild Sccotxl vdlilC IS 9 vdltlC fioat

sn a second component of said signal. thereby genemting, a
coding scheme, wherein each of said analytes is represented
in said coding scheme by said at least one hrst value and said
at least one second value, wherein said encoding is per-
formed in a manner that reduces or ehminates degeneracy:

Is (b) providing a sample composing. or potentially compns-
Itlg, Bl ICdSI OBC Of Sdid Btlaly'IC9, (C) COIIIBClltlg Sdid wiiuplC
wiflt BIIBI)'Ic-specific rcilgcitm that gctlcrBtc sBld Bl least ouc
first value and at least one said second value. as represented
in said coding scheme, ivhen each nf said analytes is present;

dc (d) cumulatively measuring said first values and said second
values within said sample, thereby providing a cumulative
mcasurcmcnt: and (c) dctcnnimng whether mich of'aid
analytcs is prcacnl or absent based ou said cumulauvc
mcasurcmcnt and said coding scheme, whcrcui, when
degeneracy is eliminated. said method is capable of unani-
biguously detecting the pre~ence or ahsence of each of at
least six analyzes in a single volume. in any combination of
presence or absence, when each of said reagents genemtes
otllv otic sccotld valUc.

o In some cases, each of'hc aoalyles of flm method
dcscribcd in thc prcccduig paragraph Is mtcodcd as a first
value in a first component of the signal at each of a plumlity
of second values in a second component of the signal In
some cases. Ivhen degeneracy is ehminated, this method is

. I capable of unambiguously detecting the presence or absence
Of CdCh Ol dl ICBSI 9evCII Bitalv'ICS Iti d 9ittglc VOIUIUC tlSitig
four second values. In some cxamplcs, when dcgcncracy is
climinatcd. thc coding scheme compnscs T uon-dcgcneratc
tiers, wherein I'ogs (II+I) and lt Is the maxunum cumu-

an lative value of the first component of the signal. for any
second value. Ivhen all of the analytes are present In some
cases. when degeneracy is eliminated. the method is capable
of unambiguously dcmcung thc prcseucc or abscncc of M
analylcs, in any combination of prcscncc or abscncc, whcrc

as M=(PST)+I aml P is thc mmiber of codes pcr lmr. In some
exantples, when degeneracy is eliminated. the method is
capable of unambiguously detecting the presence or absence
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of M analytcs. In miy combination of prcscncc or abscncc,
where M (' logi (I'+I ). ('s the nuniber of second values in
the coding scheme, and li is the maximum cunmlative value
of the fin;t component of the signal. for any second value,
when all of the ana))des are present.

This disclosure also provides non-degenerate codin
schcmcs capable ol'nambiguously cncodmg thc prcscncc
or abscncc of each ol'ar least 7 analyrca, in any combumrion
of presence or absence, in a single sample volume v ithout
immobifirarion, sepanstion. mass spectrometry. or melting
cllrvc allalysis.

In some examples, a non-degenerate coding scheme of
this disclosure is generated by a method comprising: (a)
gcncraruig a code I'or each potcnual analylc, whcrcm each
potential mialyre rs cncodrxl by at least onc value of al least
one cnmpoiieiit of a signal: (b) enumerating every legitimate
cumulative result for all possible conibinations of presmice
or absence of each analyte; (c) identi6ing each legitimate
result that is degenerate; and (dj eliminating at least one
code to elmiinate degeneracy. In some cases. the codin
schcmc may bc cxpandcd by adding additional codes rlmt
drc Br )cast olu: llillt grcB(cr rhdll fhc surll ril rill prcvlolis
codes in the at least one coniponent of said signal. In some
cases a cndmg schenie is generated by a rnethnd of math-
ematical iteratmn that guarantees non-degeneracy by con-
stnicti on.

In some cases, this disclosure provides systems for detect-
ing thc prcscncc or abscncc ol'ach anulytc ol'a plurality of
dnalvtcs, colnprlslllg. (B) cllcodlllg cdcll ol BBId Bllillvrcs ris
a first value of a signal, thereby genemting a coding scheme,
wherein each of said analytes is represented in said coding
scheme by said first value. w:herein said encnding is per-
formed in a manner that eliminates degeneracy: (b) provid-
in a sample comprising. or potentially comprisin, at least
onc ol'said analyrcs, (c) conracung said sumplc with mialytc-
spccrlic rcagcnts thar genera tc saul Iirsl value. as rcprcscntcd
in stud coding scheme, when each of said ruialyrcs rs prcscnt,
(d) cumulatively measunng said first values of said signal
within said sample, thereby pmviding a cunmlative niea-
surement; and (e) determining v hether each of said analytes
is present or absent based on said cumulative measurement
and saul coding schmnc.

In some cases, this disclosure provides systems fi)r dctcct-
ing thc prcscncc or abscncc ol'ach anulytc ol'a plurality of
analyres, comprising (a) encoding each of said analytes as
at least one first value and at least one second value, v herein
said hrst value is a value from a first component of a signal
and said second value is a value tbom a second component
of said srgmil. thcrcby gmlccdting a coding scheme. whcrmn
each of s;ud analytcs rs rcprcscntcd ui said coding schcmc by
smd at least onc Iirst value mid said at lcusl one second value,
wherein said encoding is performed in a manner that reduces
or eliminates degeneracy; (b) providing a sample cmnpns-
in, or potentially compmsing, at least one of said analytes,
(c) contacting said sample v ith analyte-specific reagents that
generate sard at least onc lira( value dnd said al loast onc
srmond Value, as rcprcsmltrxl in maul coduig scheme. when
cacll of BBidl Bllalytcs ls prose'Ilr, (d) cUIUUIB(lvclv Inoasrlllllg
said tirst values and said second values within said sample,
thereby providing a cumulative measurement; and (e) deter-
mining v.hether each of said analytes is present or absent
based on said cumulative measurement and said codin
schcmc, whercul. whml dcgcncracy is chnunatcd, sard sys-
tem is capable of unambiguously dc(ecting the prcsmlcc or
dbscllcc of cacll ol Br lcBsr six Bllalvrcs 111 B slllgh: volrllnc,
in any combmation of presence or ahsence. when each of
said reagents generates only one second value

Ill solllc cases, Ibis dlsclosUrc provides Illcthods ol detect-
ing the presence or absence of each analyte of a plumlity of
armlytes for a third party. comprising (a) obtaming the
identity of each of said analytes frnm a parry, (b) encoding
each of said anal)tea as a hrst value of a signaL thereby
generating a coding scheme. wherein each of said analytes
rs rcprcscnrcd rn sard coding svhcmc by sard Iirat value.
whcrcin smd cncodulg rs pcrformcd rn a manner that elimi-
nates degeneracy; (c) providing said party with analyte-

in specihc reagents that enerate said first value. as represented
in said coding scheme, when each of said analyses is present,
said party; (i) contactin a sample comprising. or potentially
comprising, at least one of said analytes with said reagents:
dlld (il) cUInularrvclv lllcasUnllg said first vdhlcs wlrhlll adid
sample, rhcrcby providulg a cumulahvc mcasurcmcnti and
(d) obtaining said cumulative measurement from said party;
(e) determining whether each of sard analyses is present or
absent based ml said cumulative measurement and said
coding scheme; and (I) providing said party v ith infomia-

20 tion about the presence or absence of each of said analytes.
Ill solllc cases, Ibis dlsclosUrc provides Illcthods ol dctccr-

ulg thc prcscncc or absmlcc ol'each analytc ol'a plurality of
armlytes for a third party. comprising (a) obtaming the
identity of each of said analytes frnm a parry, (b) encoding
each of said ana)jrtes as ar least one hrst value and at least
one second value. wherein said hrst value is a value from a
first component of a si@m) mid said second value is a value
from a second component of sard signal, thereby generating
d codlllg schcillc, wllclclll ciicll of sBlrl Bllaly'n:s ls Icplc-

in sented in said coding scheme by said at least one first value
and said at least one second value. wherein said encoding is
performed in a nmnner tlmt reduces or ehminates degen-
eracy: (c) providing said party with analyte-specific reagents
that generate said at least one tirst value and said at least one

is socond value, aa rcprcsmircd in saul coduig schcmc, when
each of said analylcs is prcsmir, said party (I) contactin a

sample composing, or potentially compnsrng, ar least onc ol
said analytes with said rea enrs: and (ii) cumulatively mea-
suring said first values and said second values within said

do sample. thereby providing a cumulative measurement: and
(d 1 obtaining said cumulative measurement from said party:
(c) dctcnnining whcthcr each of sard analytcs is present or
absent based on sard cumulative mcasurcmcnt aml said
coduig schcmc, and (fj providuig sard party with inlilnnd-
tion about the presence or absence of each of said armlytes

In some cases, this disclosure pmvides compositions fiir
detectln the presence or absence of each analyte of a
plurality of analytes, comprising analyte-specific reagents.
cricll rcrlgcllr gcllcldtlllg B slgllal colnpllslllg B fir su vdhlc,

o whcrcin saul reagents arc capable of unambiguously dcrcct-
ulg thc prcscncc or abscncc ofeach ofat least scvcn analyrcs
in a single sample volume. in any combination of presence
or absence, v;ithout immnbilixation. separation, mass spec-
trometry, or melting curve analysis.

. 1 In some cases. this disclosure provides compositions for
dctrmung thc prcsencc or absence ol'ach analyrc ol d

plurality of analylcs. compnsulg armlyrc-spccilic reagents.
each reagent generating a signal compnsrng ar least one Iirsr
value that is a value from a first component of said signal and

an at least one second value that is a value fmm a second
component of said signal, wherein said reagents are capable
of detecting the presence or absence of each of at least six
dlullvrcs ill B slllglc volUIllc. 111 Bllv colublllarioll ol prcscllcc
or abscncc, when each of Olid reagents gcncratcs only onc

as socond value.
In some cases, this disclnsure provides kits for detecting

the presence or absence of each analyte of a plurality of
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analytcs, compnsin analyte-spccilic reagents, packnging,
and instructions. each reagent genemsting a siunal compns-
ing a Iirst L slue, wherein said Lit is capable ol'n nnbigu-
ously detecting the presence or absence of each of at least
scvcn mialytes ui a single sample volume, ui any combina-
tion of presence or absence, without immobilization, sepa-
ration, mass spectrometry. or melting curve analysis.

In some example~. this disclosure provides kits for detect-
in the presence or absence of each anal)UC of a plurality of
analytcs, compnsin analyte-spccilic reagents, packnging,
and instructions. each reagent genemsting a siunal compns-
ing at least onc Iirst value fiat is a value from a Iirst
component of said signal and at least one second value that
1S 9 VBIUC froill 9 SCColld ColllpoliCilt Ol Sdld 9igllBIL WILCrclll

said kit is capable of detecting the presence or ahsence of
each of at least six analytes in a single volmue. in any
combination of presence or ahsence, when each of said
reagents enerates only one second value.

In some cases, Uiw disclosure provides kits for detecting
the presence or absence of each analyte of a plurality of
analytcs, composing a kit body (601). clampmg slots
arranged in the kit body for placing bottles, a bottle cont-
pnsuig probes Ibr the detection of an analytc (602), a botflc
comprising pnmers fiir amplification (603). and a bottle
comprising rcagcnts I'or mnplilicauon (604), wherein snid kit
is capable of unambiguously detecting the presence or
absence of each of at least seven analytes in a single sample
volume, in any combination of presence or absence, v ithout
immobilization. sepamstion. mass spectrometry, or me)tin
c Uzi c aria lv st w

In some examples. this disclosure provides I its for detect-
ing thc prcsencc or abscncc ol'ach analytc ol'9 plurality of
analytes, a kit body (6(3 I), cLsinping slots arranged in the kit
body I'or placin boulcs. a boule composing probes for thc
detection of an anal)ac (6(32), a bottle comprising primers for
amplification (603). and a bottle comprising rea ents for
amplification (604), each probe generating a signal cont-
prising at least one first value that is a value from a tirst
ColllpoliCIlt Of wild Slgllal dill Bt ICBS( iiiiC SCCOIld VBILIC Uldt

is a value from a second component of said si~tal. wherein
smd lot is capable ol'etecting thc plcacllcc Lir iibscltcc of
each of at least six analytes in a single volume. in any
combutation of prescncc or absence, when each ol'aid
pmbes generates only one second value

IN('ORPORA'I'ION !3Y Rill'IIRIIN('li

All publications and patent applications mentioned in tlus
specihcation are herein incorporated by reference to the
same extent as il'ach indivnlual publlciniLiii or pa(cut
applmdtion was spccilically and individually uidicatcd to bc
incorporated by reference

BRIEF DESCRIPTION OF TFIE DRAWINGS

llic noicl fi:dturcs ol'hc utvenuon arc sct forth with
particularity in the appended cLsims A better understanding
of the features and advantages of the present invention will
be obtained by reference to the follovving detailed descrip-
tion that sets forth iflustmstive embodiments. in which the
pnnciples of thc invention arc utilizcdL and 1hc accompmiy-
ing drawings of wluch.

FIG. I allows 9 coillpaltson bc1wcen a traditional ciwod-
ing inethod of detecting four analyrtes with tiiur colors and
an encoding method of the invention able to detect 16 or

morc sequences wiUL Ibur colors. Colors arc indicated by B.
Ci, Y, and R„which indicate blue, peen, yellov, and red.
rcspcctivcly.

FICi 2 shows a sclmmatic rcprcscntation of dctcction of
six analytes (including contml) with four colors. 'I he ana-
lytes are detected usin hybridization probes attached to a
fluorophore (B. Ci. Y. R; blue, green, yellow, and red.
respectively) and a quencher (oval with "X**). The control
sequence and the five other sequences (Dengue
Fcvcr —dengue virus: Tuberculosis=b(teobaereri Uia ruhereu-
)osis; P17=HIV p17. Ma)aria=P/nsatoditrat /afric&urtrat, and
I lerpes herpes simplex vinis 2) are all detected using a
pmbe labeled with a blue tluomphore 'I he non-contml
analytes are each detected usin 1-3 additional probes. For

is example. the dengue virus analyte is detected using three
additional Probes with green, yelloiis and red fluoroPhores:
tile lli:rpcs allllplcx viru9 2 allalytc is detected usin olio
additninal prube with a rcd fluorophorc, and so on.

lil(i 3 slmivs chromatograms of experimental results
29 obtained as described in Iixample 2

FICi 4 shows an exemplary embodiment of the invention
in which a computer is used to perform one or more steps of
the methods provided herein.

FICi 5 shows a sclmmatic of two difli:rent methods of
dc( imung wevclengUL mid intensity ol' light signal, such as
a fluorescence emission signal.

lil(i 6 shows a scheinatic of exemplary kits.
FICi 7 shov,s cltmmatopams of experimental results

obtained as described in Example 3
FICi 8 shosvs a schematic of a legitimate result (top) and

an illcgitimatc resuli (bottom).

is

DET,ILILED DESCRIPTION OF THE
INVENTION

Fluorcaccncc dciccuon has bccn a prcfctrcxt teclunquc Ior
multiplcxed essays bccmise of scvcral dcsirablc features,
including cmnpatibility with biochemical essays, the rela-
tively small size of fluiorescent labels, simple nieans of

do conjugation to molecules of interest, afl'ordability. Iow tox-
icity. stability. robustness, detectability with inexpensive
optics. and an ability to bc iximbuicd with spatial arrays.
How cvcr, standard tluorophorcs have w nlc emission spectra.
Therefore, ut order (o avoid spectral overlap (L.c., to prcscrvc
spectral resolution) only a relatively small number of colors
(e g., 4 to 6) are t)qtically used simultaneously in inulti-
plexed fluorescent assays.

The traditional encoding method for multiplexed fluores-
cent essays has been to encode each mialytc with a suiglc

o color, i.c., M=N, where M is thc number of analytcs that cdn
bc dctimted and N is thc number ol'pectrally rcsolvixl
tluorescent probes Whenever higher factors of multiplexing
are required (i e, MON). fluorescence is generally combined
v ith other techniques, such as aliquoting. spatial arraying, or

. 3 sequential processin . These additional processing steps are
labor-mtmwive and Ikcqucnfly require relatively expensive
dill colllplcx optical slid Iiicclialllcdl sy'stcllls (c.g., spcc-
tromctcrs, mechanized microscopy stages. microfluiibca,
dmplet genenstors, scanner, and the like). Such systems are

sn often impractical to deploy in certain settings, particularly
point-of care and loss-resource settings Thus. there is a
sigtuficant need for multiplexed encoding and decodin
illcflioils Util( cali priii ldc Bll iitcxpciisivc iitcalls ol lllUIU-

plcxlllg wliilc Bvoiillllg Uic U9c ol cxpcltsivc dddl1ioiial
as proccaslllg steps.

I'his disclosure provides methods, systems. conipositions,
and kits for the detection of multiple analytes in a sample
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Aiudytcs arc dctcctcd based on the cncoduig. analysis, and
decoding methods presented herein. In soine examples. Bach
analyte 10 be detected is encoded as a value ofa signai (e g.,
intensity), ivhere the values are assigned so that the results
ofthe assay unambiguously indicate the presence or absence
of the anal)tea being assayed. In other examples. each
analytc to bc dctcclcd is encoded as a value m each of at least
two componmits of a signal (e g., uitcnsily and wavclcngth).
'I'he at least two components nf a signal niay be orthogonal
Similarly. as described more fully elsewhere in this disclo-
sure. multiple orthogonal signals may be used, such as a
combination of a fluorescent signal and an electrochemical
signal. The analyte may be any suitable minlyte. such as a
polv'IIUclcol lie, a pron:hl, 9 snlall IllolccUhx J hplik
carbohydrate, or mixtures thereof: The signal may be any
suitable signal such as an electminagnetic signal. a hght
signal. a fluorescence emission signal, an electrochenlical
signal. a chemilunlinescent signal, and combinations
thereof. The at least tv o components of the signal may be
any suitable two components. such as an amplitude and a
frcqumicy or an Intensity mid a wavelength.

Aficr encoding ol'hc analytcs. J sample is pruvidcd
wherein the sample comprises or may comprise at least one
of the encoded analytes The sample is contacted with an
analyte-specific reagent or resgents that generate a particular
signal, as specified for each analyte in the codin scheme. in
the presence of an analyte. A reagent may be any suitable
reagent that is capable ol'cncralin such a signal in thc
prcscncc of lm coiriwpondhlg Jllal)nc, Iol cxaniplc, Bn
oligonucleotide probe attached tn a fluorophore and a
quencher (e g. a 'I'AI)MAN probe). If the reagent is an
oligonucleotide probe attached tn a fluorophore and a
quencher, a nucleic acid amplification may be perfomied to
generate the signal.

After txldition of Ihc reagent(s), the signal is quanllficd. In
some cases, this quantllication ls pcrlormcd by muusuruig
onc component of thc signal (c.g., fluorcsccncc intensity)
and determining the presence and absence of certain ana-
lytes based on the values used to encode the presence ofeach
analyte and the cumulative value of the si mal.

In some cases, at least tv 0 components of a signai (e...
intensity and wavelength) are cumulanvcly mcasurcxl for thc
smnple. This mwisurcmenl cmi bc pcrfonncxl, for ex unplc,
by mensuring Ihc intensity at a particular v avelength or thc
intensity v ithin a particular nsnge nf wavelengths. 'I he
presence or absence of an analyte niay then be deternuned
based on the values of each of the at least two components
of the siytaf and the values used to encode the presence of
lhc anal)'lc (I.c., those vBlilcs nl flu: codnlg 9cllclllc).

lhc cncoduig may be perfonncd ui a mmuier lha1 rixiuccs
or climinalcs thc number of possible dcgcncrate (c g.,
ambi uous) results that can be obtained by the method As
described elsewhere in tlus specihcation, the full coding
capability ofa particular coding scheme may be enumerated,
and certain potential analyte codes may be eliminated fmm
the coding scheme lo reduce or ehnnnalc dcgcneracy. Sinu-
larly, a coding scheme may bc designed to bc non-dc cn-
cralc. so that a rcxfucfion or climuianon of dcgmieracy is nol
necessary A decoding matnx may be cnnstnicted to translate
cumulative sigital measurements (e o.. intensities or inten-
sities at particuLar il avelengths) into the presence or absence
of certain analytes. corresponding to the constinient si naia
ilf 111C CUIIIU)BIIVC 9igllBI UICBStlICUICIII.

I. Definitions
lhc Icmunology used herein is for the purpose of dcscwb-

ing particular embodiments only and is not intended to be
limiting

A» used hcrcui, the singular Ihnns '*d," "an," and "thc" arc
intended to include the plural forms as well, unless the
context clearly indicates othenvise I'urthermore, to the
extent that the terms "including," "includes," "having,"
"has," "vvith," "such as," or variants thereof, are used in
either the specification and/or the claims, such terms are not
llmitmg and arc intended lo bc uiclusivc in a manner similar
to lhc lcllll colnpl1snlg

I'he teml "about." as used herein. generally refers to a
la mange that is 15')I greater than or less tlwn a stated numerical

value within the cmitext of the particular usage. I'or
example. "about 10*'ould include a range fmm 85 to 11 dk

The terms "dimension*'nd "component." as used herein
when rclcrruig lo a signal, gmicrally refer to an aspccl ol Ihc

is signal that may bc quantified. For cxmnplc, if a signal is
generated by a fluorescent nxilecule. it may be quantified in
terms nf its wavelength (e.g. a first dimension or coinpo-
Ilcnl) Bill lis ilttensity (e 9, .;I second dh'ucnslotl ol'olllpo-
ncnt) .

20 The tenn "decoding.," as used herein. generally refers to
a method ol'clcrnnmng which analylcs arc present basixl
on fllc cunnlhlnvc slgllal und il codnlg schclllc ol dccodlng
nmtrix that enables the conversion of a cumulative signal to
informatinn concerning the presence or ahsence of one or
nlnrc anal)tea

The tenn "encoding.," as used herein. generally refers to
the process of representing an analyte using a code com-
pnsulg vlducs of 9 signal, silch Bs nllci19lty, or vBIUcs nl cJch
ol al lcasl Iwo components ol a slgoal or signals, such as

10 wavelength and intensity
I'he temis "nligonucleotide probe attached to a t)uom-

phore and a quencher" and "'IAI)MAN probe*'enerally
refer to hydrolysis probes used to detect the presence of an
analyte in a polynucleotide amplification assay. These

is probes compnsc an ohgonuclcotldc probe attached lo a
fluorophorc and a quencher. So long as thc quencher mid lhc
fluorophorc arc in proximily, Ihc qumlchcr qucnchcs Ihc
tluorescence emitted by the fluorophore upon excitation by
a light source 'I'he sequence of the oligonucleotide pmbe is

JO designed to be complementary to a polynucleotide sequence
present in an analyte. and therefore capable ofhybridizing to
lhc polvlruclcondc scilUcllcc pl'cscnt 111 thc dllalvnx Hvbl1d-
lzallon of thc ohgonuclcxuidc probe is pcrfonncd ui a
nucleic acnl amplilicalion reaction compnslng primers (c.g..
a polymerase chain reaction) Upon extension of the priiners
by a I )NA polymerase. the 5'n 7 exonuclease activity of the
polymerase degrades the probe. releasin the fhiorophore
and the quencher into the medium. The proximity betvveen
thc thlomphorc and lhc quencher is broken mid lhc signal

0 frolll lhC flUorophorC IS 110 lollgCI quCUChcil. 111US, 111C

amount of Huorcscence dcleclcd ls a I'unction ol'hc amount
ofanalyte present If no analyte is present. the probe ivi)1 not
hybridize to an analyte, and the fluorophore and quencher
v ill remain in close proximity. Little or no signal will be

.1 produced.
Thc tcmi "orthogonal," as used hcrmn, generally rcli:rs lo

dl falsi lwo conlpollcl119 of il signal (c g., wavelength and
ullcnsity), or al least two difl'creat signals (C.g., fluorcsccncc
emission and electrochemical sigital), that can be varied

90 independently or approximately independently I'or
example. wavelength and intensity are considered orthogo-
nal or approximately orthogonal when fluorescent molecules
arc used. Among other factors, thc wavelength of fluores-
ccncc cnnssion will dcpmid on lhc composition ol'hc

Ss fluorcsccnt molecule mid the intensity of lhc fluorcsccncc
will depend on the alnount nf molecule present Although
wavelength and intensity are examples of lwo coinponents
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of a signal that can bc vanuxf approximately indcpendmtfly,
the methods described herein are not limited to components
that can bc 3 aricd independently or approxunalcly uidcpcn-
dently ('omponents of a signal, or signals. that vary non-
indcpendenfly may also bc used, so long as lhc components
or signal~ are charactenzed well enough to enable ntcoding,
measurement, and decoding. For example. if the variance in
olio coitipoileilt oi'igit,'ll:itfects tlte v:litaiIce 331 aiiofllei'omponent

or signal. the tv o components or si mals may
still be usixl so long as fln rclalionslup bclwcmt Ihc van-
ances is understood.

lhc tenne '*polynuclcotxlc,** "ohgonuclixiudc." or
"nucleic acid," as used herein, are used herein to refer to
biological molcculcs compnnng a plurality of nucleolidcs.
I ixemplary polynucleotides utclude deoxyribonucleic acids,
ribonucleic acids. and synthetic ainlo ues thereof. includin
peptide nucleic acids

The tenn "probe,** as used herein. enerally refers to a
reagent capable of gcncmfing a signal in thc prescncc of a

particular mtalyte A pmbe generally ltas at least two por-
tions. a portion capable of spccilically rcv:ogiunng an iuta-
lyte. or a portion thereof. and a portion capable of generating
a signaI in the presence of an ainlyte, or a portion thereof
A probe may be an oligonucleotide probe attached to a
fluorophore and a quencher, as described above and else-
where in this disclosure. A probe may also be any reagent
that gcncrales a si nal ut thc presence ol an ainlylc, such as
an anubody that detects an nialylc. with a fluorcscmtt lubcl
that emits or is quenched upon binding of the antibody to an
analyte. Any suitable probe niay be used with the methods
presented in this disclosure, so long as the probe gntenstes
a quantifiable si nal in the presence of an analyte. For
example. the analyte-specific portion of a probe may be
coupled to an cnzymc that, ui the prcscncc ol'n analytc,
comcrts an uncharged substmtc into a clnrged product,
thereby incrcu sing thc clix tncal conduciivily in the medium
over time In this case. different anal)rtes inay be ntcoded by
coupling the analyte-specific portion of the probe (e g.,
hybridization probe or antibody) to an enzyme at difi'erent
ratios. The resulting mote of increased conductivity in the
mednun will bc cumulative Ibr all analytcs prcscnt in thc
mednun. Encoihng analytcs accordm lo lhc methods pro-
s idcd herein mtablcs conversion ol'hc txmductivity mea-
surements into unambiguous (i e, non-degenerate) results
pmviding, information about the presence or absence of
particular analytes. Similarly, a probe may comprise an
enzyme producing a chemiluminescent product from a sub-
strate. Thc mnount of chcmilumincsccncc nuiy then bc used
to ntcode thc prcsencc ol'articular analytcs.
II. Encoduig mid Decoding Mcthoih
A. I'raditional iiluorescent! Incoding and l)sending Metlxid

A commonly used method of determining, the presence of
an analyte uses four spectrally resolved fluorescent mol-
ecules to indicate the presence or absence of four analytes.
An cxiunple of tlus method is prcscnlcd on lhc lefl-hand side
of FIG. 1. Thc left-hand side of FIG. I shows an encoding
method wlnrc four nialytcs (Scq 1. Scq 2, Scq 3, and Scq
4) are each encoded by a single color (blue, areen. yellow,
and red, respectively) 'I he color represents a tluoniphore
attached to an oli onucleotide probe that also comprises a
quencher. In the system shown on the lefbhand side of FICI.
1. Ihcrc arc four difli:rmtl ohgonuclcoudc probes, each
comprising a single fluorophorc (blue, green, yellow. or rcd)
and a quencher. Thc prcscncc or abscncc ol';ui mtalytc is
determined based on the presence or absence of a annal in
a particular color

IAI31,1: I

Blue Oeeeu Yellow Rea

A
B

('3

B. Encoding Methods Usutg Morc Than Onc Color Pcr
Analyte

Is
Thc traditional method descnbed ubove sufii:rs from Ihc

fact that it is limited by the number of spectrally resolvable
fluorophorcs. More spccilically. thc number of detcctablc
ainlytes is equal to the number of spectrally resolvable

rn fiuorophores. Therefore. the number ofanalytes may only be
increased by increasing, the number of spectrally resolvable
fiuorophores.

This disclosure proiidcs methods flrat ovcrcomc tins
limitation. More specifically. in some cases, by utilizing at
least lwo components of a signal during mtcoduig, Ihc
methods described herein may be used to detect more than
onc analyte pcr fluorophorc. For cxamplc, usutg thc method
pmvided herein I 5, 16. I 7, 18. I 9, 2. 3, 4, 5. 6, 7, 8. 9,
10. 11, 12, 13. 14. 13. 16. 17, 18. 19, 20, 21, 22, 23, 24, 25.

so 26, 27, 28, 23), 30. 31 32. 33. 34 35 36 37 38 33) 40 41

42. 43. 44. 45. 46, 47, 48, 49. or 50 analytes may be detected
pcr fluorophorc. In some cases, thc methods provxlixl hcrcin
may be used to detect at least 1.5, 1.6, 1.7, 1.8. I 9, 2, 3, 4.
5, 6. 7, 8. 9, 10. 11, 12, 13, 14, IS. 16, 17, 18, 19, 20. 21,
22, 23, 24, 25, 26. 27, 28. 2i). 30. 31, 32, 33, 34, 35, 36, 37.
38, 39. 40. 41. 42. 43. 44, 45. 46. 47. 48, 49. or 50 analyles
nny be detected per fluomphore. In some cases, the inethods
provided herein may be used to detect 1.5-2, 2-4, 1.5-4, 4-6.
2-6, 6-10 analytes per fiuorophore

In some cases. the metlnds provided in this disclosure
nny include the use of a control color 'I'he control color may
be attached to one or more probes binding a positive control
analylc, and each nialytc lo be dclinled, in a smnplc. If Ihc

ss same sequence occurs in the positive control analyte and
each analyte to bc dctccted, a sutglc control probe may bc
used. If the same sequence does not occur in the positive

Thc chart on lhc left-lrand side of Flfi I shows utlcnsity
versus color for a hypothetical sample containing two ana-
lylcs Scq I and Scq 3. Thc prcscncc ol these analytcs is
deternnned based on the measurement of a blue signal
(corrcsponduig to Scq I ) and a yellow signal (corrcsponihng
to Seq 3). 'I'he absence of Seq 2 and Seq 4 is indicated by the
absence of a blue and red signal.

I'able I shows a translation of this coding scheme into a

binary format. Each analyte is encoded as a value in each of
I I i

two components of a tluorcsccnt signal. (I) color (also
known as wavelength: or ran e of wavelengths) and (2)
utlcnsity (indicated by thc numbers willun the table). For
exaniple, A (e.g, Seq I) has a color of blue and an intensity
of I, B (c.g.. Sexi 2) has a color of green and an intensity of
I; and so on I'he intensity of the signal within each color
range may be quantihed as described herein, for example by
measuring the intensity of the signal within a particular
v avelength ran e determined by a band pass filter. A result

io of 1000 indicates lhal only mtalyte A is present, a result of
1100 indicates that anal)tea A and B are present, and so on.
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control analylc snd each analylc to bc dcumlcd. d&licrm&l

pmbes may be used, but each probe may still be attached to
the contml color

I&or example, building on the traditional methods
described above, one color (e.g.. blue) may be used to
encode the presence of a control analyte that is always
present u& tlm sample. The control amilylc muy be added to
the m&mplc, or may bc u&hcrcntly present u& thc sumplc Thc
remaining colors (e g, green, yellotv, red) n&ay be used to
encode the presence of additional analytes 'I'able 2 shows an
example of one such method

'I'AI3111 2

u ta four piers and u to u o nlors rur)i te

Blue Green Ye&inn Red

Ctrl. (pl

13

('n

Table 2. the presence of the control (p) is indicated by
a result of 1000. The presence of the control and analyte A
is u&dms&ed by a result of 2001. 11&c prcacncc of &hc control
and all lluec other annlylcs i ~ in&bee&cd by a result of 4111.
'I'he control color (blue) provides an indication that the assay
is function&ng properly The intensity of the blue color
reports the number of analyses tlmt are present in a test
sample. Of course. any color may be used ns the control
color. One of skill in the art will recog&tize that certain
practical considcratiom might make it prcli:rablc lo usc onc
color over another as thc tx&ntrol color. For example, &I onc
color is better detected in a particuhsr optical systen& (or
system of fluomphores), it might be practically prefensble to
use that color as a control color

The coding scheme shov n in Table 2 encodes each
analyte using one control color and one additional color (up
to 2 probes pcr snslytc). However, us six&wn below, thc
number of analytcs the& can bc cncodcd incrcuscs v,hm& up
to 4 colors are used per analyte. 'I'able 3 shows an exmnplary
coding scheme where each analyte is encoded by up to 4
colors In the scheme shown in I'able 3, the control color
(blue) is generated in the presence of the control sequence
and each of the other seven analytes (A-Cr'). The other seven
analytcs arc each encoded by thc presence of onc to three
additional colors. Thc colors may be cuntmn&xl on d&licrm&t

pmbes (e g., oligonucleotide pmbes attached to a tluoro-
phore and a quencher) or on the same probe (which can have
multiple tluomphores and multiple quenchers)

'I'AI31 I I 3

t ta four colors and u w four colors ei anal te

Blue Green Ye&inn Red

('I I. Ip!

13

('

G

In 'liable 3, the presence of the control m&d all seven other
analytes is indicated by a result of R444 Three analytes (A,

TABLE 4

Dc otrn rnrtirs for ncndrn mctltod rcscntcd ut retie 3

Crrrrrulau 'c Asurv Rcsrrlt

I

2

I

I

40
I

I

I

3

3 I

3 I

3 I

I

I

I

dl I

I

3 2
3 2
4 I

4

4 I

4 I

4
4 I

4
4 2
4 2
4 I

4 I

4 I

P
pA
pB
pC

pD
pE
pt
po

pAI I

pA('AD

pAE
pAF, pC D, pBE

pAG. pDE
pBC
pBD
pBF

pBG. pDF
p('I
p('l.

p&'(, pl t
pin&
pEG
pFG

pACB
pABD
FBCF
pACE

pABE. pACD
p \lit, pl&CD

p (CI . pli( 'I

p (I) t. pal i(, pl&i)l
px&'(E p&'ul . p (tt,
pBCG. pBEE pCDI'CDC,

pxrC, pnrC; purr:
pADF

p8DI'CEF

pADG
FCFG

B, and C) arc encoded by lwo colors. Three analytcs (Dr E.
and F) are encoded by three colors, and one analyte (Ci) is
encoded by four colors. Thc prcscncc ol'hc &x&ntrol (p) &s

indicated by a result of 10(X). I'he presence of the contml and
analytc A is indicated by a result ol'001 The prcscncc of
the control and analyte (i is indicated by a result of 2111

These results express the cumulative intensity of the signal
in each color. I&or example, the result 2111 has a 2X signal
intens&ty in the blue channel, while the result 1000 has only

& I I

a IX signa) intensity in the blue channel.
Using Table 3, etmh of thc possible mumilauvc assay

results can be csun&crdtcxl, in Icrms of tx&lor (blue, green.
yellovi red) and intensity (0-R) 'I'able 4 shows a "decoding
nmtrix*'enerated by em&merating each of the possible

1( cunullative assay results based on the encoding method
presented in Table 3 and provid&ng the correspondin
decoded result of each assay in terms of the analyte(s)
prcscnl in Ihc sample. A sinular dccodu&g ma&ox may bc
gcncratcd for any coding scheme described hcrcu&. by cnu-

20 merating each of the possible cumulative assay results based
on the coding scheme and providing the corresponding
decoded result of each assay in terms of the analyte(s)
present in (or absent from) the sample. In some cases. as
described belo&v, one or more analytes may be removed from
thc codu&g schcmc u& order lo rcducc or clunu&a&c dcgcn-
CI II CV.
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'I'ABI E 4-continued

Dec dut metro. Tor eucodut uretaod reeerrted u Tsale 'I

Cumulct te Aeter Result

Brac Greco Ycllo Rcd Artelvtc(ti Prcecttt

p AI 0
pliHi
pBDG
pCEG
pDEG
pFFG

pABCD
pABCE
pABCF

pABCO. pABFF, pB('DE, pACDF
p it inl
p icnl
p (BDS
p lie DI

PAC
EI'BCEF

pABTC, pxcnc, PADFF
pABIG pBCDG. pBDEF
pACFG.pBCEG.pCDEF

pABDG
pACEG
pBCFG

p(DH,pBDHi
p 1 tH (E put F(r
p('DH'. p il

H'ADEG

pBDI G
pCEI'6
pnrr(,

pABCDE
pAB('DF
pABCEF

pAB('DG pABDEF
p ijiCH'. p 'r('DI I

pAB('HE pli('Dt I

pii('I H

'x('It(i
pABEIG pACDIG pBCDEG

pBCDFG
pABDFG
pACDEG
pABDFG
pCDEFG
pBDEFG
pADFFO
pucnl

H''cn&Hi

p (I ilu Hi
P it I('I.FO
P.ABcnTG
pABCDEG
pABCDLF

pABCDEFG

The decoding matrix pmvided in Table 4 is constructed
using two assiunptrous. First, lhc decoding matrix assumes
that the positive contml (p) always produces a positive
outcome. Second, thc dccoduig matux assiuncs that. wrtlun
each color. the intensity rs additive and scales in the same
way with clmnging probe concentration. regardless of which
pmbe the signal may come fmni 'I'his essentially means that
the signals are additive and digital. The conditions under-
lyuig these assumptions may bc mct by properly preparing
the assay. If a fhiorescent signal is used. the intensity need
only be approximately additive and digital. as demonsrmted
in the Exmnplcs provrduxI hcrmn.

Table 4 allows thc conversion of d cumululivc mcasurc-
menl of intensity rn four ranges of tluorcsvcnl wavclengllw
(i e, signal intensity within each color range). into the
corresponding analytes present in the sample. 1(or example,

a result of 4321 indicates tlurt p. C, F. mid G arc present and
the other analytes are not present 'I his result is referred to
as a "legitimate" result. because it is present in the decoding
nmtrix By contmst, a result of 4000. )vhile possible to
measure. does not occur in the decoding matrix. More
specifically, the result of 4000 cannot be achieved by addin
any combination of control and anulylc codes from Table 3.
Thm rcsuh is rcferrcd lo as an '*rllcgrumalc" result. An
illegitimate result may indicate that the assay malfunctioned

lu 'I'hus, the control (p) and the decoding matrix provide a
means of verifying that the a~say is functioning properly

Table 4 is exhaustive for any combination of tluorophores
generating t'our resolvable emission spectms (e.g, colors).
Thc tcmi '*rank" is used lo dcscribc the number ol'cleclrxl

is analytcs, uicluding the control. In the cxamplc provalrxl
above, if the assay functions properly, the rank is equal to the
value of the blue signal ltor example. a rank of g indicates
tint the cmitrol and all seven other analytes (A-(r) are
present. A rank of 2 indicates that the control and only one

ic analyte are present. The lowest rank ts a mnk of I, which
uidrcdlcs llial only the control rs prcsmil. Thc number of
possibilities at cacir rmd can bc miumeralrxl. For cxamplc.
continuing to refer to the encoding and decoding method
described in 'I'shies 3-4. there are 7 possibilities fi)r rank 2
'I'he nuniber of possibilities at rank 3 can be calculated as a
combmation of7 take 2. or 7!/(5! '2! )=21 possibilities. More
generally. the number ofpossibilities for a combination of N
take K is N!/((N—K)!aK! ). Analogously, at ranks 4, S, 6r 7.
and g, thc number ol'possibilities rs 35, 3S, 21, 7, mid l.

iu respectively. I&eferring to 'I able 4 shows that the table agrees
with the theoretical prediction. 'I'hus, 'l able 4 is an exhaus-
tive decoding matrix for the encoding method provided in
Table 3.
C. Reducin or Eliminating Degeneracy

)s Thc tcmis *'dcgcncrale" and '*dcgeuerucy," as usuxi herein.
gcncrally dcscribc a situation where a lcgrlunalc rcsuh rs nul
dclinitrvc, because rt can indicate more than onc possibility
in ternis of the presence or absence of an analyte I'or
exon)pie, with reference to 'I able 4, result 5233 is degenerate

dc because it can be decoded as either pADFCi or pBDECI.
Similarly. result 4222 is degenerate because it can be
drmodcd as any ol'he following: pCDG, pAFCi. pBEG.
pDEF By contrasi, result 3110 can only rmhcalc pBC and
lllrrs ls ilol rlcgclicratc.

I'his disclosure provides methods of reducing or elimi-
nating degeneracy. thereby increasing the cr)nfidence rvith
v hich an analyte is detected. In one embodiment, degen-
eracy is eliminated by a method compnsing (i) encodin
each potential iumlylc lo be dctcctcd as a value of a signal

c and, optionally, as a r slue in each ol ut least lwo componcnls
of a signal, (ti) cnumcratui every legitimate result thai cdn
be obtained frmn the coding scheme; (iii) identifying each
legitimate result that is degenerate; and (rv) elmiinating at
least one potential anal)Re (or potential analyte code) I'rom

.) the codin scheme, wherein eliminating the at least one
potmilial mialylc rcduccs or climuiatcs dcgcncracy. For
example, with rcfcrencc lo thc coduig schmnc dcscubcd in
Table 3 and Ihc dccoduig matox described in Table 4
(enumerating every legitimate result), ehminating any two

su of analytes D, E, and Ir eliminates the degeneracy. Elimi-
natin any one of analytes D, E. and F would not eliminate
the de eneracy. but would reduce it.

With contuiucd rcfi:rcncc to the coding scheme dcscubrxl
ui Table 3, clinunaling miy two of analytcs D, E. mid F I'rom

es thc coduig scheme rcsuhs in a schcmc where srx analyles
(including contml) can be analyzed. )vith no degeneracy,
using only 4 colors. By contrast. conventional methods of
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mulliplcxing would allow for only ihc rcportut of 3 ana-
lytes and I control using 4 colors I'herefiire, the number of
analytes that can be analyzed is nearly doubled by using the
methods provided herein

FI(L 2 shows an exemplary embodiment of the invention
in which 4 colors are used to detect five analytes and a
control. Thc uoalylcs arc nucleic acids Irom dengue virus
('*Dcnguc Fcvcr"). Mi cnbactcrlyan tnbcrctr(osis ('*Tubercu-
losis"). human imnnulodehciency vims (I IIV) p17 (P17),
70asntnditrm (" Malaria"), and herpes simplex ("Ilerpes")
'I'he "colon;" m this exaniple are fluorophores attached to
oligonucleotide probes that also comprise a quencher. The
oligonucleotide probes will generally be difierent for difier-
cnl atmlylcs, whcrcas lhc color ia Ihe same. For cxmnplc. all
probes designated as Probe I have a blue color but gmierully
will have a diflhrent oligonucleotide sequence Of course,
pmbes designated as Pmbe I could also have the same
oligonucleotides sequence. if the coinplenientary sequmice
was present in each of the analytes. The mechanism of
detection with these probes is described elsewhere in tlus
disclosure. Probe I (blue) hybndizca lo all six mtalytcs,
includmg control. Probe 2 (green) hybridtzes to nnalytcs
fmm dengue viols, tr(vrtnbacteri ant, and I IIY pl 7 Probe 3

(yellow) hybridizes to analytes front dengue fever and
70asntnditrm. Probe 4 hybridizes to analytes from dengue
virus, Aft cabactcrram. and herpes simplex. The codin
scheme dehned by these probes is illustrated in Table 5. With
rcfcrmtcc to Table 3, potcnual analytes D (1011) and F
(1110) have brxu cltnunalcd from thc codutg scheme. Tlicrc-
fiure, the coding scheme presented in I'able 5 i ~ non-degen-
erate and each legitimate result from the assay corresponds
to the presence or ahsence of a unique combination of
analytes in a sample.

'I'AI I I I I 5

Blue Gteett Yeuctt Rea

Ctrl ipl
Heep s Sttttplcx

I IIV

I) upu V

The metlmds for encoding and decodin ~ presented above,
including the methods for eliminatin ~ degenemcy, are afl
equally applicublc lo cncodutg methods usia additiorml
colors. For example, Table 3 could bc exlcndcd by including
additional colors and additional iniensiucs (dcscribcd fur-
ther belov ). 'I'he decoding matrix is then generated as
described above, enumerating every legitimate result that
can be obtained from the coding scheme. A decoding matrix
analogous to the decoding matrix provided in Table 4 may
be constructed for mty raiding schcmc dcscubcd in tlus
disclosure. Thc lcgtlunalc results flral urc dcgcnerate arc
lhC11 Icli:tlllllCil atitl al li asl 011C polCtllial tllttllvIC CtttlC ls
eliminated from the coding schente to reduce or eliminate
degeneracy. 'I he method of eliininating degeneracy may be
carried out using software on a computer readable medium,
or hardware configured to carry out the method (e... a
microchip).

Although dcgcncracy can bc reduced or chminaled by thc
methods dcscribrxl above, and elsewhere in tlus disclosure,
this disclosure also provides coding scheines that are non-
degenerate by design Iior exantple, after elimination of

dcgcncracy in thc coding scheme dcscnbrxl tn Table 3, Ihc
coding scheme may be extended indefinitely in a non-
degenerate manner where the non-degeneracy is by design
(see, e g, the coding scheme exemplified in I'able 6,
described more fully below). Similarly. this disclostue pro-
vides coding schemes that are completely non-degenerate by
design and therefore do nol require uny ruxtuclton or climi-
nulion of degeneracy (scc. e.g.. Ihc coding scheme cxcm-
phfied in 'I'able )3. described more fiilly below). 'I'hus, the

io coding schemes pmvided in this disclosure may have
reduced or eliminated degeneracy, or be non-degenerate by
design
D. Encoding Methods Using More Than One Color and
Morc Than Onc Intensity

Is Thc cncodutg method dcscribcd above (e.gu Tables 3-5)
nmy be further extended by allowing analytes to be encoded
by an intensity greater than 1. I'or example. each of the
atmlytes encoded in the coding scheme provided in 'labia 5

is encoded by a fluorescence intensity of either I or 0.
zo Allov in higher values for the signal intensity in at least one

color further increases the number ol'nalylcs that cmt bc
encoded by iuty of the methods provided tn lhi~ disclosure.
In sonic examples. these higher intensity values may be
assigned any color except fiur the control color, in order to
nmintain the analyte counting capabihty of the contml color

Table 6 shows the first tluee tiers of an exemplary codin
scheme that utilizes four colors and multiple intensitie~. Tier
I of Table 6 is a reproduction of Table 3, showut Ihc
encoding of seven analytca and a control with four colors. As

so described above, any ttvo of potential analytes D, E, and It

nmy be eliminated froiu the coding scheme in order to
pmduce a non-degenerate coding scheme I'ier I of'labia 6

indicates that potential analytes D (1011) and F (1110) have
been eliminated from the coding scheme to eliminate degen-

is cracy. Tlicrcfore, Ihc codutg scheme prescntcd in Twr I of
Table 6 is capable of dclcmunutg the prcscucc of tive
analylcs and onc control usuig lour colors, as dcacubrxl
above

I'he coding scheme of 'I ier I of 'I able 6 may be expanded
so to a second tier (Tier 2) by allowing the Intensity in any of

the colors to increase. As described above. the intensity of
thc conlml color may bc maintained al 1. in order lo prcscrvc
thc scqucncc counung cnpabilily ol'he control. Incrwistng
thc intensity ol iuty of the rcmaimn tlucc colors will yield
codes IOOY, IOYO, IYOO, IOYY. I YOY, IYYO. and IYYY,
where Y&I 'lite minimal value of Y for a new tier of
encodin is equal to the cumuLative maximum value from
the puor tier(s) plus l. As described belov, a value greater
than I could also bc used. Io maxuntzc the dflfr:rcnces

O bclwrxn Ihc inlcnsitics.
Thus, in tlua context, the tenn "ucr" is generally used lo

describe a set of codes that fully utihze the coding capability
pmvided by a particular number of first values (e.g, inten-
sities) and second values (e.g., colors), without degeneracy.

. 1 For example. Tier I of Table 6 fully utilizes the codin
capability provided by four colors with up to onc uilcnatly
ut each color, without dcgcncracy. As shown in Table 6, Tier
I, Ibis rcsulls ut six cncodcd analylcs. Includutg thc conlrol.
'I'o intmduce a second tier, the mininnun value of Y (de-

an scnbed above) may be incremented to equal the cuntulative
maximum result from the prior tier(s) plus one (or more than
one). In the example provided in Table 6. the Intensity of the
blue (conlrul) color is mmnlaincd as onc, lo preserve Ihc
scqucucc countutg capabihly in Sus color Thus, Tier 2

as consists of live non-degcncrale mtcoding possibilities
obtained by incrementing the intensities in the green, yellow,
and red channels to equal the cumulative maximum results
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in c;mh of these chunncls from Tier 1, plus onc. All possi-
bilities of these codes may then be enumerated tiir 'I'ier 2,
and codes resulting in degeneracy (nay be eliniinated. or Tier
2 may be made non-degenerate by des(Nit, using the infor-
mation used to eliminate the correspondin ~ codes from Tier
1. Further coding capacity may then be achieved by addin
a third tier, or further ucrs. which arc constructed accorduig
IO BllalogOUS iilclllodS A Codillg SClli 111C iiisv lii(VC Bll llillliltC
number of tiers, for example 1, 2, 3, 4, 5, 6, 7, N, '), 10, 11,

12 13 14 15 16 17 IN 19 20. 21 22. 23. 24 25 26 27
28. 2(J, 30. 31, 32, 33, 34, 35, 36. 37. 38. 39. 40, 41, 42, 43,
44, 45, 46, 47. 48, 49. 50, 60, 70, 80, 90. 100 or more tiers.

More specifically, with reference to Table 6. Tier 2,
armlytc H is micoded by 1004. Thc value ol thc control color
is nuiintauuxl as l. Thc value of thc red color is equal to thc
cumulative maximuni result from the prior tier (3) plus 1. or
4 Similarly, analytec I and .I are encoded by 1030 and 14()0,
respectively ('ombinations of these codes are used to
encode the remaining four analytes (K-N). as was done for
analytes D-Ci in Tier 1. This completes Tier 2. In Tier 2. the
inclusion of potential analytcs K (1034);uid M (1430)
icsidm iii dcgcllcrBcv T1101clorc, dicsc Blldlvu:6 liiivc bccll
eliminated from the coding cchenie. to eliminate degeneracy

(:ontinuing to refer to 'I'able 6, a third tier (Tier 3) is
constructed using the same principles described above
Analyte 0 is encoded by 1-0-0-16. The value of the control
color is still maintained as 1. The value of the red color is
CqUB1 Io 111C CillllidatlVC tllaxllllUlll I Cail lt llolll IliC prliir Iici 6

(15) plus l. or 16. Sunilarly, mialytcs P and Q arc encodixl
by 1-0-9-0 and 1-16-0-0, respectively (:ombinations of
these codes are used to encode the remaining tiiur analytes
(l&-(l). ac was done for analytes D-(i in 'I'ier 1 and analytes
K-N in Tier 2. In Tier 3, the inclusion of potential analytes
R (1-0-9-16) and T (1-16-9-0) results in de eneracy. There-
fore, Ihcsc amilytcs have been ehnnnaicd Ibom thc coding
SCliClllC, 10 CllllllllBIC ilCgcllcIBC)'.

llic tlucc-twr coduig scheme shown in Table 6 shows thc
encoding of 15 analytes and one control using, four colors
'1'his coding scheme may be indefinitely extended. by adding
more intensities to generate additional tiers and/or addin
more colors, to genemte additional coding capability within
the tiers. Thc methods of reducing or climinuting dc cn-
cracy. as dcscnbcd in this disclosure, may bc used with thc
addi Iioll 0 f CBCll llltC11Slty' lid/Or Colors Io I uxli(CC Ol Clllililii(IC
degenerate results

More enerally. the coding scheme depicted in 'I'able 6 is
a non-degenemte, infinite extension of the codin scheme
depicted in Tables 3-5. The maximum intensity of the
cumulative mcasurcmcnt at thc Iirst ner is 6. The mnximum
intensity of thc cumulative mcasurcmcnt at the second tier is
15. Thc maximum intcrmity of Ihc cumulutivc mcasuremmit
at the tllird tier is 63, and so on (iiven a maxinlunl
cumulative intensity value (Ii), the maxinnim munber of
tiers (T) available in this coding scheme is T=loga (F+1).
The coding scheme depicted in Table 6 provides five non-
dcgcnerate codes pcr ucr (P). Thus, the maxmium number of
codes M=5 eloge (F+1)s or M=P" T, where P is the niunbcr of
non-dcgcnerdtc codes pcr Iwr mid Tis thc number of tiers.
)(or example. given li 63. the niaximum number of codes
(i e, analytes) is 15 for 5 non-degenerate codes per tier 'I'lus

formula does not include the 1000 code. which is reserved
for a positive control in Table 6. To include the control in the
total number of analytcs, onc would sunply add onc. Io
provide thc formula M=(PCT)+1.

llic methods provided in this disclosure may be used to
expand this codmg scheme infinitely I'or example, by
utilizing combinations of dtfi'creat intensities (i.e . tirst val-
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The right-hand side of Flfi. 1 shov s one exemplary
cmboduncnt of the method dcscmbcd above. More spccili-
cally, thc nght-hand side of Flfi. 1 shows an cncoihng

Gi method where nine or morc analytcs (Scq 1-Scq 9, etc.) arc
each encoded by at least two colors, with varying intensities
within each color 'lhe color represents a tiuomphore

ties) dlld colols (I.c., sccoiid tali(ca) otic cBII cllcodc dllv
nuniber of analytes (M) by varying the nuniber of non-
degenerate codes per tier (P) and the number of tiers ('I') I'or
exuniple, the number of non-degenerate codes per tier is 1,

2, 3. 4, 5, 6, 7, 8. 9, 10, 11. 12, 13, 14s 15, l(b 17. 18, 19,
20. 21. 22. 23. 24, 25, 26, 27. 28. 29, 30. 31, 32, 33, 34, 35.
36, 37, 38 39 40, 41. 42. 43. 44, 45, 46, 47, 48, 49. 50, 60,
70, 80, 90, 100, or more. Similarly. thc number of tiers mdy
be1,2,3,4. 5 6 7 8 9 10 11 12 13 14 15 16 17. )N

iu 19, 20, 21, 22, 23 24, 25 26 27 28, 29, 30, 31, 32, 33, 34
35 36 37 3N 39 40 41 42 43 44 45 46 47 48 49 50
60. 70. 80, 90. 100. or more.
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attached to an obgonuclcoudc probe 01st also composes a

quencher. The system can be designed so that each probe is
labeled with single fluorophorc. or each probe is labclcd
with more than one fluomphore I'or example, the code for
armlytc H. ui Table 6, is 1004. Thc intensity ol' ui (hc rcd
channel may be achieved by either using an I I-specitic probe
comprising 4 red fluorophores, or by usin 4 H-speciiic
pmbes each comprismg a single red tiuorophore Df course,
any combination of probes and fluorophores producing a
result of 4 in lhc rcd clrdiuicl would bc cx)uully uppropriatc,
such as 2 probes with 2 red fluorophores each. and I pmbe
with I rcd fluorophorc and I pmbc widi 3 rcd Ihiorophorcs,
or simply one probe with one red fluorophore but present at
4x anloulrt hl thc I'cactlon nllxtarc,

The coding scheme depicted on the ri ht-hand side of
FI(L I nuiy be reprcsmilcd as ui Table 7. Tile result of thc
armlysis shown ou thc ught-hami side of FI( L I is 4112, or
an intensity of 4 in thc blue channel, I ui thc green channel,
I in the yellow channel. and 2 in the red channel Using 0

decoding matrix constnicted as described herein, this result
is decoded to indicate the presence of Seq 1. Seq 3. Seq 4,
and Seq 5.

TABLE 7

\n.lvi ii (I Y 8 (' el

20

codulg achcnle la non-dcgcncldlc. and lhc I'cauli il dll 16

analytes are present is 15-15-15-15. Tins encoding method
is morc cflicient, ui terms of bandwidth utihzation, lhmi Ihc
encoding methods presented above I lowever. this method
docs nol have Ihc proofrcaduig capabihty of the lira( schcmc.
as all the results decode to legitimate outconies in the
absence of gapa in the cluomatogram.

TABLE 8
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E. Encoding Methods Using One C'oior and One Intensity
Per Analyte but Different Intensities Amon ~ Analytes

In some methods provided hcrcui, each analyle is encoded
by a single color mid in(emily combinauun. For cx unplc, in
0 four color systmn, thc Iirsl Ibur analylcs may bc encoded
by 10(X). 2000, 4000, and 80(X) The next four analyqes may
be encoded by 01(X), 0200, 04(X), and ONOO Analytes 9-12
and 13-16 would be assigned analogously. as shown in Table
8.

Like the cncodin method dcscnbcd ui Table 6, tlus
coding scheme is Ihixrrcucaily iuliiulc, non-dcgencratc by
construcuon. und only linntcd by the bandwidth of thc
instrument used to measure the signal. I lowever, this coding
scheme enables more analytes to be quantified per unit of
bandwidth tlmn the encoding method described in Table 6.
The reason is that the available multiplicity of si mal is used
w i lb maximal eflicicncy, as each level ol uilcnsily is utihzcd
in Ihc coding (i.c. (herc arc no gapa in Ihc cluomalogrmn; scc
below for descupuou ol'chromato rmna). Tublc 8 shows onc
embodiment of this method. illustrating tiiur tiers of encod-
ing based on four colors and intensities I, 2, 4, and 8 'I he

Thc method prcscntcd above, and cxcmphlicd ui Tablcg.
nmy be extended by introducing additional colors and!or
intensities. For example, 5, 6, 7, 8, 9, 10r 11, 12. 13, 14, 15.
16. 17. 18. 19. 20, 21r 22, 23. 24. 25, 26. 27, 28, 29, 30, 31.

3( 32, 33, 34, 34, 36, 37. 38. 39. 40, 41, 42, 43, 44, 45. 46, 47,
48, 49, 50, GO, 70, 80, 90. 100, or more colors may bc used.
Additional uilensily lei cia, such as 16, 32, 64, 128, 25 5, 512.
1024, 2048, 4096, 8192, 163N4, 3276N, 65536, and so on
nmy also be used. 'I'he rnellxid is genenulizable and may be

40 used to encode an iniinite number of analytes. Each analyte
is represented by a code in a single color, w herein the value
of thc code in tlml single color equal to thc sum ol'll
previous values plus onc. For example, il'he lira( code
contains a I ui a particular color. Ihc next codes are 2. 4, 8.
16, 32, 64, 128 and so on Other pmgressions are possible,
but will not be as efficient in terms of usage of the band-
v idth. Hov,ever. one of ordinary skill in the art will reco-
nize that less eflicient use of bandwidth may be desirable
when onc wishes to maxinuzc scpurauon bc(ween values.

0 Sunilarly. Ihc value I could bc cxcludcd I'rom the coring
scheme, for example to maxunizc thc difli:rmicc in Ihc
intensity betv;een the tirst encoded value and instruunental
noise. I or example, in some cases a coding scheme may
begin v ith a value of 2, ivhich 11 ould provide a progression

. 1 of 2. 4. 8. 1(i, 32, G4, 128, and so on for the analyte codes.
while lhc progrcssiun ol'cumulative results would be 2, 4, 6,

8, 10, 12, 14. I G. and so on. This approach generates unil'orm
gups in the possible cumulative rcsultar allowing for lughcr
tolerance to noise in comparison to an analyte code progres-

on sion of I, 2, 4, N. 16. 32. and so on, and its corresponding
cunuilative result progression of I, 2, 3, 4. 5, 6. 7. 8, and so
on. In this example, the increased robustness in the mea-
surcmcnt comes al a cost of a dccrcasc ui Ihc number of
available codes within a lixed bmidwidlh ofmultiplicity. For

ai example, if only 63 mullipbcily stutcs can bc mcasurixl
reliably, the coding scheme starting with I offers 7 codes per
color whereas the coding scheme startmg with 2 offers 6
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codes per color. II' colors arc available, thc Iiirmcr will
0}}'er 28 codes. &vhile the latter will otTer 24 codes. In
summary. both the starting signal intensity and the progres-
sinn (i.e, di}}'erence between intensity values) may be scaled
in order to maximize the ability to distincuish over instru-
mental noise and maximize the difi'erences between the
intensity i alues, thereby cnlrsncuig lhc ability lo disluiguish
between disluict cxpcrimcnlal outcomes.

'lite ending scheme illustrated in Table N is non-degen-
erate by design Although the coding scheme illustrated in
'I'able 8 uses both intensity and color to encode each of the
16 analytes, each of the analytes could also be encoded by
simply utilizing intensity. For example, given the 1li ana-
lytcs pro& idcd ui Table 8 (A-P), a single color cod&rig
schcmc encoding all 16 mialytcs may assign thc values I, 2,
4. N. 16. 32. 64, 128, 256, 512, 1024, 20-18. 4096, N}92. and
163N4 &0 analytes A, 13, (2 D. ! I, I', (i, I I, I, .I, K, I . M, N,
0, and V, respectively Such a coding scheme is non-
de enerate by design and the cumulative intensity result can
be unambiguously decoded to indicate the presence or
abscncc of analytcs A-P. Thi~ codin schcmc is capable of
dctcmung the prescncc or abscncc of M mialytca, where
M log& (I'+I) and I's the maxi&num cunnilative value of 0

signal (e.. Big&&BI intensity) I}y adding a second component
to this sig&tal (e g., color, as depicted in 'l able N), the capacity
of this coding scheme can be increased to M=C" log, (F+ I),
where C is the number of colors used in said coding scheme.

As dcsixibcd lhro&iglioin lliis spccificatioii, Bii)'iii&Jblc
i slue nuiy bc used for C or F. For example, C may bc at least
about 2, 3, 4. 5, 6, 7. 8. 9, 10, 11. 12. 13. 14, 15, 16, 17, IN,
19. 20, 21. 22, 23, 24, 25, 26, 27. 28. 29. 30. 3i, 32, 33, 34,
35. 36, 37. 38, 39, 40, 41, 42, 43. 44. 45. -Iti. 47, 4N, 4'&, 50,
60, 70. 80, 90. 100. or more. F may be at leasr abour 2. 4,
8. 16. 32, 64. 128. 255, 512. 1024. 2048, 4096. 8192. 1 6384,
32768, 65536, 131072, 262144. 524288, 1048576,;uid so
on. As descnbcd clscwherc ui tlus &hsmlusurc, both thc initial
startuig &slue oi' aud thc s&07&a in its progression may also
be varied.
III Analytes

An analyte may be any suitable analyte that may be
analyzed using the methods and compositions of the inven-
tion, whcrc lhc uoalylc is capable oi uiu:racluig with a
Icagclil iii order 10 gciicralc J Big&&a} willi Bl lcBsl two
components that cau be measured. An analytc mny bc
naturally-occurring or synthetic An analyte may be present
in a sample obtained using any methods known in the ar& In
some cases. a sample may be processed before analyzing it
for an analyte. The methods and compositions presented in
tins disclosure nuiy bc used ui solution phusc essays, willxiul
the aces} for particles (such as beads) or a solid support.

In some cases, an mialylc may bc J polymicleofidc, such
as DNA, RNA. peptide nucleic acids, and any hybrid
thereof, where the polymicleotide contains any cnmbination
of deoxyribo- and/or ribo-nucleotides. Polynucleorides may
be single stranded or double stranded. or contain portions of
both double strmidcd or single strmded scqucncc. Poly-
nucleolidcs may contaui any combuiaiion oi nucleolides or
bases, including, for exmuplc, uracil, adcnuic, &hyminc,
cytosine. guanine, inosine. xanthine. hypoxanthine. isocy-
tosine. isoguanine and any nucleotide derivative thereof As
used herein. the term "nucleotide'* may include nucieotides
and nucleosides. as v ell as nucleoside and nucleoride ana-
logs. mid modilicd uuclcoudes, including both synthetic and
naturally occurring species. Polymiclcoiidcs muy bc any
suitable polynuclcoudc I'or wluch onc or more reagents (or
pmbes) as described herein niay be produced. including but
nnt limited to cDNA. mitochondrial DNA (mtDNA), mes-

am&ger RNA (mRNA), nbosomal RNA (rRNA), trmisli:r
RNA (tRNA), nuclear l(NA (ni(NA), small interfering RNA
(sil(NA), small iniclear I(NA (snRNA). small nucleolar
RNA (snol(NA), small ('a&al body-speci}ic I(NA (seal(NA),
mlcroRNA (miRNA), double stranded (dsRNA), ribozyme.
ribosv itch or viral RNA. Polynucleotides may be contained
wit}un miy suitable vector, such as a plasmnl. cosmid.
frag&i&ctrl, cliroiiiosoliic, ol get&nit&0.

(ienoniic DNA may be obtained from naturally occurring
ln or genetically modified nrganisms or from artificially or

synthetically created genomes. Analytes coinprising
genomic DNA may be obtained from any source and usia
any methods known in the art. For example, genomic DNA
may bc isolated w ilh or 0 i&foul &unpli lie Buon Amplilica lion
may &ncludc PCR;miplilicalion, muhiplc displacemcnl
amplification (MDA), rolling circle amplification and other
amplification methods (iennmic l)NA may also be obtained
by clnning or recombinant methods. such as those involving
plasmlds and artificial chromosomes or other conventional

zo methods (see Sambrook and Russell, Molecular Cloning: A
Laboratory hianual., cited supra ) Polynuclcotidcs may bc
isola&cd usuig other methods known in lhc arL Ior exmuplc
as disclosed in (iennme Analysis A l,aboratory Manual
Nenes (Vols. I-IV) or Molecular ('inning: A I.aboratory
Manual If the isolated polynucleotide is an mRNA, it may
be reverse transcribed into cDNA using conventional tech-
niques. as described in Sambrook and Russell, Molecular
Cloning: A Laboraiury Mmmal., cited supra

Au analyle may bc a protein. polypcpfidc, 1&pal, carbo-
in hydrate, sugar, small molecule, or any other suitable niol-

ecule tlmt can be detected ivith the methods and composi-
tions provided herein An analyte may be an enzyme or other
protem. An anal)ne may be a dnig or metabolite (e...
anti-cancer drug. chemotherapeutic drug, anti-vimsl dru .

is antibiotic drug. or biologic). An analytc may be any mol-
cmilc, such aa a co-fee&or. receptor. rcccp&or ligmid, hor-
mone. cylokinc, blood factor, antigen, steroid, or antibody.

An anal)se may be any molecule from any pathogen, such
as a vinis, bacteria, panssite, fungus, or prion (e g, VrpSc)

Jo Examples of viruses include those from the families Adeno-
viridae. Flaviviridae, Hepadnavirkkse. Herpesviridae.
Orthomyxov&ridac, Papovaviridac, Parsmyxoviridac. Picor-
nuvindac, Polyomavinia. Retro& iridac, Rhabdovindac, and
Togavindac. Specific cxamplcs of viruses include adcnovi-
ms, astrovinis, bocavinis, 13K vinis, coxsackievinis, cyto-
megalnvirus, dengue vinis, I.bola virus, entemvims,
Epstem-Barr viols. feline leukemia vinis, hepatitis virus.
hepatitis A virus, hepatitis B virus. hepatitis C virus, hepa-
titis D virus, hcpaulis E virus, hcrpcs sunplex vinis (HSV).

o HSV type I. HSV type 2, hunu&n numunodclicicncy virus
(HIV), HIV type I, HIV type 2, human papilloma virus
(I IVV), I IPV type I, I IPV type 2, I IVV type 3, I IPV t)pe 4,
I IVV type 6. I IVV tvpe 10, I IVV type 11, I IVV type 16, I IVV

type 18. HPV type 26, HPV type 27, HPV type 28. HPV type
. a 29. HPVtype 30. HPV type 31, HPV type 33, HPV type 34.

HPV type 35, HPV type 39. HPV type 40, HPV &ypc 41.
HPV type 42, HPV type 43. HPV type 44, HPV &ypc 45.
HPV type 49, HPV type 51. HPV type S2, HPV &ypc S4.
I IVV type 55. I IVV type 56. I IVV type 57, I IVV type 5N,

sn I IVV type 59, IIVV type 68, IIVV type 69, intluenza virus,
JC virus, Marburg viols, measles virus, mumps viols. Nor-
v alk virus. pamvirus, polio vinis. rabies virus. respiratory
syncytial virus. retroiirus, rhinovirus, rotavirus, Rubella
virus, smallpox virus. i accinia i irus, Wcs& Nile virus, and

as yellow fi:vcr virus.
Iixamples nf bacteria include those from the genuses

8&&rdeic//a, 8»rreiiu, 8ri&n& i&a, ('amp& /ubui/er, ( hia»i& dia,
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Clo&(xidl wv. Cov& vebuc(envm, Ev(evococmhs, E&chevlvhh&,
Fvamhselld Hvewophhlv&, Hei(rob»(rex. /egho»ella, Lep-
(ospiva, Lis(Ovid, M&cohue(ev/uhv, 31ycopldsma, ¹issevih&,
I'&e»dhhmvvvx, Rivke((riv. Salmovelld, Shigelld, S(aphylu-
cocc&h&, Streptococcus. Thepovemu, I'/brio, and )br&mid.
Specitic examples of bacteria include Bovdv(&lid par aper-
tussia, Bovdetehd per(vssi&. Bovvelhv bvvpdovfevl. Bvvcellv
Ubhhv(v.i, Bnvelld vahzix. Bv»eel/a me/head/I, Bv»vellv sms,
(.'Bmpvlobdv(erieiwu, Chlcvhydlh& pvev ho»hue. Clzlu(v&C(v

psB(h&cl, Chid»I&diu (vdchoma(ix, (7os(vidhhm bo(vila»»h,
(I/os(ndivm djiiichlm Clos(rhdlhwh pevfvhvgevs. (Ios(nC&»m
(e(dvl, Con vebuc(evi vm diph(hvviuv, Ev(evococcvs fdecuh&,
I(v(vvohhzvh»s fvehhvvh, I'svhevivhi J vofi, Izvvz»((sell» (vldv-
svsi&, Huevhophilv& /vf/»ev av, Hei/cohue(vv )» Iovl, Leglo-
vellv pvevmophilv, I &p(hhrpivv i»(evvdgvvx, li&(evia movu-
cv(ogevea M&robaa(aviv(» lepvue. M&aobvc(evuhm
(vhvvndhzsi&. hiyvvbvc(eviwv vlvevhhvx. Myhrhplvsmv phzvv-

momae Heissend govovvr'Ioeve, .Vehsxenv we»lag/BC(&,
Psevdvmovas uevvyivo&u, Rhckv/(s/J v/cke/(s/I, Salmovelld
clzolenhesws, Su/wove(la d»blhv, Sh&/move/la evtevltirfi&,

Salmonella (&phi, SU/move/la (&phlw»vl vw, Sir(gelid so»»eh,
S(uphylohovivx Jvvevs, Sihvphylhhchhh(vs vpidevwidhs,
S(ufhhvlvh »Oh vs svpvoph& licvx, S(vvp»vhzvvv& vgvlvi(hve,
S(vvp(ohhzvi»s /me»»I»vine, S)vep(hhchhh v»s p&hogeves,
Tvepovemd pallhdwv. Ihbvho chclevoe Yvrsvva pestis. and
Yevslma ev(evocofinca

Examples of parasites u&cludc Ihose Irom &hc gm&uses
.(Cav(hamoebd, Ddbesld, DU/am»(hid, DU!Bat(dim», Bl«&o-
h&ir(ir. ( v&qh(hhrpuvidi»m. I)ivv(umhhebd, lfv(vmhhvbv, ( ldv-

diu, Ishhspovv. I iirhmdvrd, Ãveglvviv, I'edihsdns, Plusmu-
dihwh, Rhivhhspvvidrvvh, Svvhhhhhyxhi&, Sch/s(»sam»,
Toxoplasma, I'nchowova&, and Tv&pvvosomu. Specihc
examples of parasites include Babes/v d/vevgvvs, Babeshv
b/gevh/va, Babes/J equi. Babes/u m/cvof/I, Babe&/a dmhcuvl,
Du/am»(hid md»dr(Vuvl&, Dulav(ldlwv coll, L)lev(dwoebd
/vugg/ s, Ev(azvoebd his(oly(lcd. Gi Jvdfu Iah»bi/a, Iso&potu
helfi, Vdeglenv fmvlvvi, I'ed'icn/vs hvvvwvs, Plvsvvzdivm

fhzlh'Ipuvzh»2. IVJS»zhhdhuvl lozhhv'li'xl, I IVS»lvdluvz vvhhlvlvis
Plaswodww ovu/e, PlasmoC(wv v/vc&, Rhmospov(C(vm see-
ben, Svvcorys(hs bovhhovvvis, Sh&vvoc&stis svgzombzh&,
Sebi&(o&owa md»so»i. Toxoplasvzu govdfi, Tvlchomovus
vdgi»JB&, I'npimosovhd bvvcvl, and I'npuvsomd (v»zl.

Examples of Iiu» u&elude those from fl&e genuses Apo-
physomyces.,(spvvvdlvs, Blas(omyces, Cvvdidv, Clad»spu-
r/vw. ('Oddidimdes. ('ryptococcos, I:'xsevhhhilvm, l(vsvvivm,
His(op/as(vv, Phcl»J, Pveimzocys(ls, Saavhuvvm& ces, Si&ovo-

(hvw, Stachybotrys, and Ivhahrq&h& rov. Specihc examples of
fungi include ztspevghllvs fiwz/gd/vs, ztspevg/II&hs fluvu&,

.(spevgglus cldvd(»s, Dias(o»0'cvs der»id(i(idl&, Cavdldd
a/b/vdvs, Cocchd/J/des wvv///s, Cn ptococc»s vrofovmdv&,
I(rsvvvhilvm vvs(vd(»m. Izvrvvivm vevhivglhhidvz, His(o-
phl rvvl I'Jpsv(Un»a. I vi'»vzhvi&i&vis Jlnhvi'I'Il.,&povhz(lzl I I

sr he»Ok(i, Star by bo(v& s chvvtuvwv. and Ivhvhopb& (ov mev-
(ugroph& (es.

In some cases, the methods provided u& tlus d&sclosurc
may bc used to detect any one of &hc unulytes descnbcd
dbo&c. Ur clscwhcrc u& thc spec&ficJ&uu&. h& sou&c cases thc
methods provided in this disclosure may be used to detect
panels of the analytes described above. Or elsev here in the
specihcation. For example. a panel may comprise Bn analyte
selected from the group consisting of any 2. 3. 4. 5. G. 7, 8,
9. 10. 11. 12, 13, 14. 15, 16, 17. 18, 19, 20, 21. 22, 23. 24,
25. 26, 27, 28, 29, 30, 31, 32. 33, 34, 35, 36, 37, 38, 39, 40,
41. 42. 43. 44. 4S. 46, 47, 48, 49. 50, 60. 70. 80. 90, 100 or
more analytes described above or elsewhere in the spec&fi-
c'&t&on

An analytc may bc obtau&cd Iron& Bnv SU&table locdt&tu&.

including from organi sins. &vhole cells. cell preparations and
cell-free compositions from any organism, tissue, cell, or
environment. Analytes &nay be obta&ned fron& environmental
samples. biopsies, aspirates. fi&rmalin fixed embedded tis-
sues. Bir, agricultural smnples, so&l samples, petroleum
samples, water samples, or dus& samples. In some ins&ance&.

an analytc may bc obtau&cd I)om bod&ly tlu&ds winch mdy
include blood, urine, feces. serum. lymph, saliva, nn&cosal

&n secretim&s. perspiration, central nervous system fluid, vagi-
nal fluid, or semen Analytes may also be obtained fron&

manufactured products, such as cosmetics, foods. personal
care products, and the like. Analytes may be the products of
cxpcnmcn&al manipulat&on mcluding, recomb&nant clomng.

&s polvuUclcotulc Bn&phficat&on. pol)'n&c&Bsc chan» cact&on
(P('I() amplification, puritication methods /such as purifi-
cnt&on of genomic l)NA or l(NA), and synthesis reactions

I&tore than one type of anahae may be detected in each
multiplexed assay. For example, B polynucleot&de, a protein.

zo a polypeptide, a lipid. a carbohydrate, a sugar, a small
molecule. or any other su&table molecule may be dc&ac&ixl

sunulta&uoualy u& the smnc multiplcxcd assay w&th the usc
of suitable reagents. Any combinat&on of anal)tes may be
detected at the same time.

l)etectinn of an analyte may be useful for any suitable
application. includin research, clinicaL diagnostic. pro-
nost&c. forensic, and monitoring applications. Exemplary
applications Include detection oi'hcrcd&tery discase&, iden-
t&lied&ion of gcnct&c Iingcrpru»s. d&ngnosis oi ufli:ctious

&n diseases, cloning of genes, paternity testing. cruninal iden-
tification, phylogeny. anti-bioterronsm. em ironn&ental sur-
ve&lienee, and l)NA coinputing I(or example. an aimlyte
may be indicative of B disease or condition. An analyte may
be used to make a treatment decision, or to assess the state

&s of a discase. Thc pream&cc of an an»lyte may u&d&cate dn
u&il:ct&ou w&th d pa&t&cUI»r pathogen, or duy otic& d&sense,
such Bs cBnccr. BU&ouun&Unc d&scJsc. i ard&orcspuu&orv d&s-

ense, iver disease, digestive disease, and so on. 'I'he inethods
pmvided herein may thus be used to make a diagnosis and

Jo to make a clinical decision based on that diagnosis. For
example. a result that indicates the presence of a bacterial
polynuclcotidc in a sample takm& I)om a sub)cct may iced to
thc trcatmcnt of the sub)cct w&th an m&tib&ot&c.

h& son&c et&sea thc n&cthods and con&posit&ous oi &hc

invention may be used to detect at least I, 2. 3, 4, 5, 6. 7, N,

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
25. 26. 27. 28. 29, 30, 31, 32. 33. 34, 35. 36, 37, 38, 39, 40.
41, 42„ 43, 44„ 45, 46, 47, 48. 49, 50, 55, 60,(i5, 70, 75, 80,
85 90, 95 100, 110, 120. 130. 140, ISO, 160. 170, 180, 190.

o 200. 250, 300, 350, 400. 450. 500, 600, 700, 800, 900, or
1000 analytcs. In some cases thc methods and compositious
of the invention may be used to detect 7-50, 8-40. 9-30,
10-20, 10-15, 8-12. or 7-12 analytes

In some cases. this disclosure provides assays that are
. I capable of unambiguously detecting the presence or absence

ofcach of I, 2, 3, 4, 5. 6, 7, 8, 9. 10, 11, 12. 13, 14. 15, 16.
17, 18, 19, 20, 21, 22. 23. 24. 25, 26, 27, 28, 29, 30. 31, 32,
33, 34, 35, 36, 37, 38. 39. 40. 41, 42, 43, 44, 45, 46. 47, 48,
49, 50, 55, 60. 65, 70, 75. 80. N5, 90. 95, 1(X), 1 10, 1 20, 130.

sn 140, 150, 160, 170, INO 190, 2(X) 250, 300, 350, 400. 450,
500. 600, 700. 800, 900, or 1000 Bnalytes, in any combina-
tion of presence or absence. &n a sin le sample volume
without inunobilization, SCT&amt&on, mass spectrometry, or
u&cltu&g ct&rvc Baal)'s&s. h& son&c cases. &his dlsclostuc'ro-

s& v&dcs essays tha& arc capable ofunnmb&guously dc&ecting &hc

presence or absence of each of at least 1. 2. 3. 4. 5 6 7, N,

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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25. 26, 27, 28, 29, 30, 31, 32. 33, 34, 35, 36, 37, 38, 39, 40,
41. 42, 43. 44, 45, 46, 47, 48, 49. 50. 55. 60. 65, 70, 75, 80,
85 90 95 100 110 120 130 140 150 160 170.1NO 190
200. 250, 300, 350. 400. 450, 500, 600. 700, NOO. 900, or
1000 analytes. in any combination ofpresence or absence, in
a single sample volume without immobilization. sepurarion,
It&ass spcctioutcuy, or it&all&rig cill vc dilalvsts. Iii solitc cases,
tins disclosure provides essays diat arc capable of unam-
biguously detecting the presence or absence of less than I,
2 3 4 5 6 7 N 9 10 11 12 13 14 15 16 17 18. 19
20. 21, 22. 23, 24, 25, 26, 27, 28. 29. 30. 31. 32, 33, 34, 35,
36, 37, 38. 39, 40, 41, 42, 43, 44. 45. 46. 47. 48, 49. 50, 55,
60, 65, 70. 75, 80. 85, 90. 95, 100. 110, 120. 130. 140. 150,
160. 170, 180, 190, 200, 2SO. 300, 350, 400, 4SO, 500. 600,
700. 800. 900, or 1000 mialytcs, ui any combinauon of
presence or ahsence, in a single sample volume v ithout
immobilization, sepamstion. &nasa spectroinetry. or melting
cilrve ailalysis.
IV. Sicnals

The methods presented in this disclosure muy be used
with any qumitiliable signal. In some cases, llus disclosure
provides coding schemes mtd methods to cncodc an utlinitc
number of targets without degeneracy, using a ~ingle cont-
ponent of a signal (e 8, intensity) I'or example, as descnbed
above and in Example 3, a coding schcnne may rely on u
multiplicity of signal intensity without consideration of
color. Although fluorescent probes have been used to illus-
trate tins pnnciplc, the coding scheme is equally applicable
to any other method providuig a qumilifiablc signal, utclud-
ing an electrochemical sig&tal and a chemiluminescent sig-
nal, as described elsewhere in this disclosure

'flic methods presented in this disclosure may also utilize
the measurement of a signal in at least two dimensions. also
referred to as the measurement of at least nvo components
of a signal. In comparmou lo the co&hng schcmc described in
the paragraph above. wluch relics on, liir cxumplc, sigiial
intensity lo diflcrcnualc between analylcs. ulilizalion of al
least nvo components of a signal (e o . color and intensity)
allo&vs the eneration ofmore unique codes per unit of signal
intensity bandwidth. When at least two components of a
signal are utilized, a cumulative measurement of the ut least
two components may bc obtained liir a sui lc sample
&olumc. For cxamplc ut the codutg scheme dcscrtbcd in
Table 5. thc prcscncc ol'ach analy&c results m a particular
intensity (one component of the signal) in each of tbe fiiur
colors (a second component ofa signal). 'I he combination of
these constituent signals leads to a cumulative signal that
may be measured by measuring an intensity at each wave-
length or range of wavclcnglhs. Thc corresponding coding
schcmc or decoding matrix may then bc used to convert thc
cumulative meusurcmcnt into a de&cnninauon of lhc pres-
ence or absence of an analyte

In some cases. a quantifiable sig&tal comprises a wave-
fonn that has both a frequency (wavelen th) and an arnpli-
tude (intensity). A signal may be an electromagnetic sigtal.
Aii cleclloitiagiiclic sigiial iiiav bc J a&lurid, a radio stgilal, &I

microwave signal, an infrared signal, a visible hghl sig&tal,

an ultraviolet hghl signal, an x-ray signal, or a ganmui-ray
signal In some cases, an electromagnetic sig&tal may be u
fluorescen signal. for example a fluorescence entission
spectrum that may be cltaracterized in terms of wavelength
and intensity.

Iit ccrlaiii port&orts ol 11&is disclosiilc. Otc si it&&1 la

dcscnbcd and cxcmplilicd in lcnns ol' fluorescenl sig&tal.

This is nol meunt lo bc fun&ling, mtd onc of ordinary atoll in
the art v ill readily recognize that the principles applicable to
the measurement of a fluorescent signal are also applicable

to other sigttals. For exmnplc, hkc fluorcsccn& signals, any of
the electmmagnetic si nels described above may also be
clmracterired in terms of a v avelength and an intensity 'I he
wavelength of a fluorescent signal may also be described in
terms of color. The color may be detemtined based on
measuring intensity at a particuLar wavelength or range of
wavelengths, fiir extmiplc by dctcmiuung a dislnbution of
fluorcsccnt uilcnsity al difli:rent wavelengths and'or by
utihzing a band pass filter to determine the fluorescence

lc intensity v'ithin a particular range of wavelengths Such
baird pass filters are comimonly employed in a variety of
Laboratory instrumentation, including quantitative Pt 'R

machines. Intensity may be measured v ith a photodetector.
A rungc ol'avelengths may be rcfi:rrcd lo as a "chaiuicl."

ls In some cases, lhc methods provided ut flus disclosure
nmy be used with any signal where the cumulative signal
scales v;ith the constitumit si nels of the same color, fre-
quency, absorption band, and so on. I lowever. the cumula-
tive signal need not be digital or scale linearly with the

zo number and intensity of the constituent signals. For
example, il thc physical principle ofmcusurcmcnt is absorp-
tion, flm cunudalivc atlcmialion is a product of consulucnl
attenuations while the constituent concentmstions are addi-
tive, due to the exponential nature of the I leer-I an&bert law
'I'he logarithm of the cunndative attenuation will then scale
linearly with constituent concentrations in each absorption
band (the equivalent of color, if fluorescent detection is
used). Thc methods of thc invenuon arc therefore applicable.
Thc methods of thc uivcnuon may also bc used widi

sc cheniiluminescent sig&tals and electrochemical signals.
I'he number of signals. and the number of dimensions or

components measured. &nay also be expanded beyond the
numbers shown in the exemplary embodiments of the inven-
tion. leading to an expansion in multiplexing capability. The

is cxmnplary cmboduncn&s provided in flus disclosure uuhzc
coduig schcmcs constructed ulilizuig a fluorcsccnt signal
with onc or two components measured. wavelength and&or

intensity I he number ofanalyses that can be encoded can be
increased by increasing the number of &vavelengths and&or

so intensities. The number of analytes that can be encoded can
also be increased by increasing the number of signals, for
example by combuiing a fluorcsccnt signal with an clcctro-
chmnical sig&ud or a FRET signal (fluorcsccucc resonance
energy tcansli:r).

In smne cases, more than nvo components ofa signal may
be measured. 1&or exainple, 3. 4. 5, 6. 7, N, 9. 10. 11, 12, 13,
14, 15, 16&, 17, 18, 18. 20 or more components of a signal
may be measured. At least 2. 3, 4, 5, (I, 7, 8, 9, 10, 11, 12
13, 14, 15. 16, 17, IS. 18, or 20 compoucn&s ol'a ~ ignal may

o bcmcasurcd. At leas12. but fewer than 3, 4, S. fi. 7, 8, 9, 10.
ll, 12, 13, 14. IS, 16, 17, 18, IS. or 20 componcn&s ol a
signal may be measured In some cases, 2-3. 2-4, 2-5, 2-6,
3-5, 3-6, 3-8, or 5-10 components of a signal may be
measured. These additional components may include kinetic

. s components. such as a rate of sigtal decay and rate of
pholoblcaching.

If a fluorcsvenl signal is cmploycxf, lie number of analyles
that can bc cncodcd may bc liirthcr cxpandcd by utilizing
additional tluomphores I'or example, 1. 2, 3. 4, 5, 6. 7, N. 9,

sc 10, 11, 12 13, 14. 15, 16 17, 18 19, 20, 21, 22, 23, 24, 25
26. 27. 28. 29. 30, 31, 32, 33. 34. 35, 36. 37, 38, 39, 40, 41.
42. 43. 44. 45. 46. 47. 48, 49, 50 or more fluorophores may
bc used In some cases, at least l. 2, 3, 4. 5, 6, 7. 8, 9, 10.
ll, 12, 13, 14. 15, 16, 17. 18, 19, 20, 21, 22, 23, 24. 25, 26,

ss 27, 28, 29, 30, 3 I, 32. 33. 34. 35, 36, 37, 38, 39, 40. 41, 42,
43, 44, 45, 46, 47. 4N, 49, or 50 fluorophores niay be used
In some cases, fi:v er than 2. 3, 4. 5, 6. 7, N. 9, 10, 11, 12,
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13. 14, 15, 16, 17, 18, 19, 20. 21, 22, 23, 24, 2S, 26, 27, 28,
29. 30, 31. 32, 33, 34, 35, 36, 37. 38. 39. -10. 41, 42, 43, 44,
45. 46, 47. 48, 49, or 50 tluomphores ntay be used In some
cases. 4-6. 4-7, 4-8, 4-9, 4-10, 5-6, 5-7, 5-N. 5-9, 5-10, 10-15,
or 10-20 fiuorophores may be used.

Generally, the number of anaiytes that can be encoded
may bc Ihrtlmr cxpandrxl by utilizing additional first values
(c.g.. Bttcnstltcs) lhal Brc values or ranges oi vBI&ics flout &I

fir t component of a signal. For exantple, I, 2, 3, 4, 5, 6, 7,
8.9.10,11,12.13,14.15,16,17,1N,19.20.21.22.23,24,
25. 26, 27. 28, 29, 30, 31, 32, 33. 34. 35. 3&i. 37, 3N, 39, 40,
41, 42, 43, 44, 45. 4(i. 47, 48, 49. 50, or more first values that
are values or ranges of values from a first component of a
sigrwl may be usrxl. In some cases, ar leusl I, 2, 3, 4, 5. 6,
7. 8, 9. 10. 11, 12, 13, 14, 15. 16, 17, 18, 19, 20, 21, 22, 23,
24 25 26 27 28 29 30 31 32. 33 34. 35. 36 37 3N 39
40. 41, 42, 43. 44, 45, 46. 47, 48, 49, 50 or nxire tirst values
that are values or ranges ofvalues from a first component of
a signal may be used. In some cases, fewer than l. 2. 3. 4,
5. 6, 7, 8, 9, 10, 11, 12, 13, 14. 15, 16. 17, lb. 19. 20, 21,
22. 23, 24, 25, 26, 27, 28, 29. 30, 3i, 32, 33, 34, 35, 36, 37,
38. 39. 40. 41, 42, 43, 44, 4S, 46, 47, 48, 49, or SO lirst values
that are values or ranges ofvalues from a first component of
a signal may be used In some cases, 4-20, -I-li. 4-7, 4-8, 4-9,
4-10, 5-6, 5-7, 5-N. 5-9, 5-10. 10-15, or 10-20 hrst values
that are values or ranges ofvalues from a first mtmponent of
a signal may be used.

In instances rn which utlmtsrty rs a component of n sigttal
thar Is quantilicd, such as when a iluorcsccnt sigttal ts
utilized, the presence of an analyte ntay be encoded using n
variety of intensities or ranges of intensities i&or exantple, n

coding scheme may utilize I, 2. 3, 4, 5. 6, 7, N. 9, 10, 11, 12,
13, 14, 15. 16, 17, 18, 19, 20, 21. 22. 23. 24. 25, 26. 27, 28,
29, 30, 31. 32, 33, 34, 35, 36, 37. 38. 39. 40. 41, 42. 43, 44,
45. 46, 47. 48, 49. 50, or morc utlcnsilics or ranges of
inlcnsrlics. A codut schcmc may utilize al least l. 2, 3. 4,
5. 6. 7, 8. 9, 10, 11, 12. 13. 14, 15, 16, 17, 18. 19, 20, 21,
22 23 24 25 26 27 2N 29 30. 31 32. 33. 34 35 36 37
38. 39. 40. 41, 42, 43, 44, 45, 46, 47. 48, 49, 50, or ntore
intensities or ranges of intensities. A coding scheme may
utilize fev er than 2, 3, 4. 5. 6, 7, 8. 9. 10. 11, 12, 13. 14. 15,
16. 17, 18, 19, 20, 21, 22, 23. 24, 2S, 26, 27, 28, 29, 30, 31,
32. 33, 34, 35, 36, 37, 38, 39. 40, 4i, 42, 43, 44, 45, 46, 47,
48. 49, or 50 inlemincs or ranges ol utlcnsrlms. In some
cases. a coding scheme may utilize 2-20, 2-3, 2-4, 2-5. 2-6,
2-7 2-N 2-9 2-10 3-4 3-5 3-6 3-7 3-N 3-9 3-H) 4-5 4-6
4-7, 4-8, 4-9. 4-10, 5-6, 5-7. 5-8. 5-9, or 5-10 intensities or
ranges of intensities.

lltc number ol'talytcs that can bc mtcoded nmy bc
further cxpandcd by utilizing addilionul second vulucs (c g.,
wavclcnglhs) lhdl BI'c vdltlcs or rdngcs of vBI&ics IF&tnt

second component of a signal i&or exantple, l. 2, 3, 4. 5, 6,
7. N, 9. 10. 11, 12, 13, 14, 15. 16. 17. lb. 19, 20, 21, 22, 23,
24, 25, 26. 27, 28, 29, 30, 31, 32. 33. 34. 35. 36, 37. 38, 39,
40, 41. 42. 43. 44. 45. 46. 47. 48. 49. 50. or more second
talues tlwl arc values or ranges of values (born a scramd
component of a stgnnl may be used. In some cases. at least
I. 2, 3. 4, 5, 6. 7, 8, 9, 10. 11. 12, 13, 14, IS, 16, 17, 18, 19
20. 21, 22. 23, 24, 25, 26, 27, 28. 29. 30. 31. 32, 33, 34, 35,
36 37 38 39 40 41 42 43 44 45. 46, 47. 4N. 4rb 50 or
more second values that are values or ran es of values fmm
a second component of a signal may be used. ht some cases,
li:wcr than l. 2, 3, 4, S, 6, 7. 8, 9, 10, 11, 12, 13, 14, 15, 16,
17. 18, 19, 20, 21, 22, 23, 24. 25, 26, 27, 28, 29, 30, 31, 32,
33. 34, 35, 36, 37, 38, 39, 40. 41, 42, 43, 44, 4S, 46, 47, 48,
49. or 50 second values that are values or nsnges of values
fmm a second component of a signal may be used In some

cases, 4-20, 4-6, 4-7. 4-8. 4-9, 4-10, 5-6, 5-7, 5-8. S-9, 5-iO.
10-15, or 10-20 second values that are values or ranges of
values from a second component of a signal ntay be used

In instances in which tvavelength is a component of a
signal that is quantified, such as when a fluorescent signal is
utrhzed. the presence of an analyze may be encoded using a
vuncly of wavelengths or ranges of wavclmtgths. For
example, I, 2. 3. 4, 5. 6, 7, 8, 9, 10, 11, 12, 13. 14, 15, 16,
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

la 33, 34, 35, 36, 37 38, 39 40 41 42, 43, 44, 45, 46, 47, 4N

49, 50, or more wavelengths or ranges of wavelengths may
be used In some cases. at least I, 2, 3, 4, 5, 6, 7, 8, 9, 10.
11, 12, 13, 14. 15. 16. 17. 18, 19. 20, 21, 22, 23, 24, 25, 26.
27, 28, 29, 30, 3 I, 32. 33. 34. 35, 36, 37, 38, 39, 40. 41, 42,

rs 43, 44, 45, 46, 47, 48. 49, 50 or morc wavelengths orrmtges
ofwavelengths may be used In some cases, fewer than 1. 2,
3, 4, 5, 6, 7, 8, 9, 10. 11, 12. 13, 14, 15, 16. 17, 18, 19. 20.
21, 22, 23, 24, 25. 26, 27. 28. 29. 30, 31, 32, 33, 34, 35, 36.
37, 38„ 39, 40, 41, 42, 43, 44, 45, 4(i, 47. 48, 49, or 50

rc v avelengths or msnges of wavelenmhs may be used In some
cases, 4-20, 4-6, 4-7. 4-8. 4-9, 4-10, 5-6, 5-7, 5-8. S-9, 5-iO.
10-15, or 10-20 wavelengths or rmtgcs of wavelengths mdy
be used

In sonic cases, when degenemcy is elintinated, the meth-
ods of the invention are capable of detecting the presence or
absence of at least 6, 7, 8, 9, 10, 11, 12. 13. 14, 15. 16. 17.
18. 19. 20. 21. 22, 23, 24, 25. 26. 27, 28. 29, 30, 31, 32, 33.
34, 35, 36, 37, 38, 39. 40. 41. 42, 43, 44, 45, 46, 47. 48, 49,
50, or more mtalylcs In a single volume w hmt each rcagcnl

sa used to generate a si nal in the volume generates only one
second value (e g, each reagent. emits hght at only one
wavelength)

In other cases, when degeneracy is ehminated, the meth-
ods of the invention are capable of detecting the presence or

is abscncc of al least 7, 8. 9, 10, 11. 12, 13, 14, 15, 16. 17, lb.
19, 20, 21, 22, 23, 24. 25. 26. 27, 28, 29, 30, 31, 32. 33, 34,
35, 36, 37, 38, 39, 40. 41. 42. 43, 44, 45, 46, 47, 48. 49, SO,

or ntore analytes in a single volume using a total of four
second values in that volume (e.g., a total of four wate-

dc Ienmhs or ranges or wavelengths, t&hich might be imple-
mented by using four spectrally resolvable fiuorophoresj.

As dcscribcd lluoughoul lhc spcctlicanon. Ihc assay pro-
vtd&xl ltcrcul unltzcs cuntulaltvc Illcasrtrcmcnts on a sanlphx
A cumulative mcasuremcnl may bc, I'or cx&unplc, a sutglc
measurement of intensity values. or a measurement of
intensity values at one or more wavelengths or ranges of
v avelengths. A plurality of cumulative measurements may
be obtained. For example, an intensity may be measured at
I, 2, 3. 4, S, 6. 7, 8, 9. 10, 11. 12, 13, 14, 15, 16, 17. 18, 19,

o 20, 21, 22, 23, 24, 25. 26. 27. 28, 29, 30, 31, 32, 33. 34, 35,
36, 37. 38, 39, 40, 41, 42. 43, 44, 4S, 46, 47, 48, 49, SO, or
more wavelengths or ranges of wavelengths. An intensity
nmy be measured at at least l. 2. 3. 4, 5, 6. 7, 8, 9, 10, 11,
12. 13. 14. 15. 16, 17, 18, 19. 20. 21, 22. 23, 24, 25, 26, 27.

11 28. 29. 30. 31. 32, 33, 34, 35. 36. 37, 38. 39, 40, 41, 42, 43.
44, 45, 46, 47, 48, 49, 50, or morc wavelengths or ranges of
wavelength». An intensity may be mcasurcd al less thun l.
2, 3. 4, 5, 6, 7, 8. 9. 10. 11. 12, 13, 14. 15, 16, 17, 18. 19,
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

sa 36, 37, 3N, 3i), 40, 41 42, 43, 44, 45, 46. 47, 4N. 49, or 50
v avelengths or ran es of tvavelengths.

More generally a cumulative measurement may be
obtautcd for any quannliablc component of a signal, and lor
any quanttiiablc componmtl of a signal al another quanlili-

ss able component of a signal. For cx&unplc, al least a Iirsl
colnponent ot a signal may be measured at I, 2, 3, 4, 5. 6,
7 N 9 10. 11 12 13 14 15 16 17 18 19 20 21 22 23
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24. 25, 26, 27, 28, 29, 30, 31. 32. 33, 34. 3S, 36, 37, 38, 39,
40, 41. 42. 43. 44. 45. 46. 47. 48. 49. 50. or more second
components oi a signal At lest a lira& cumponent of a sigllal
may be measured at at least 1. 2, 3, 4, 5. 6, 7, 8, 9, 10, 11,

12. 13, 14, 15, 16, 17, 18, 19. 20, 2i, 22, 23, 24, 25, 26, 27,
28. 2&), 30. 31, 32, 33, 34, 35, 36. 37. 38. 39. 40, 41, 42, 43,
44, 45, 4ti, 47, 48, 49, 50. or more second components of a
signal At least a first component of a ~ianal mav be
measured at less than I, 2. 3, 4, 5. 6. 7. 8, 9. 10, 11, 12. 13,
14. 15, 16, 17, 18, 19, 20, 21. 22, 23, 24, 2S, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 3(i, 37, 38. 39, 40. 41. 42, 43, 44, 45,
46. 47. 48, 49. or 50 second componmlts oi a signal.

As is apparent front this disclosure. each analyte to be
dctcm&ed can bc encoded as a code uuhmng any munbcr of
suitable components of a signal or any number of signals
For exmnple, each analyte to be detected can be encoded in
1. 2, 3. 4. 5, 6. 7, N, &). 10. 11, 12, 13. 14. 15. 16, 17, IN, 19,
20, 21, 22, 23, 24, 25, 2(i, 27, 28. 29, 30. 31. 32, 33, 34, 35,
36. 37. 38, 39, 40, 41. 42, 43, 44, 45, 46. 47, 48, 49. SO. or
more components of a signal or signals. In some cases, each
analytc to be detected can bc encoded ul at least I, 2, 3. 4,
5. 6. 7, N. 9, 10, ll, 12. 13. 14, 15, 16. 17, IN, 19. 20, 21,
22 23 24 25 26 27 2N 2&) 30. 31 32. 33. 34 35 36 37
38. 39. 40. 41, 42, 43, 44, 45. 46. 47. 48, 49. 50 or nlore
components of a signal or signals. In some cases, each
analyte to be detected can be encoded in fewer than 1. 2, 3,
4. 5, 6. 7, 8, 9. 10. 11, 12, 13. 14, iS, 16, 17, 18, 19, 20, 21,
22. 23, 24, 25, 26, 27, 28, 29. 30, 3i, 32, 33, 34, 35, 36, 37,
38 3&) 40 41 42 43 44, 45. 46, 47. 4N, 49, or 50
components of a signal or signals In some cases. 1-4. 4-20,
4-6. 4-7. 4-8. 4-9. 4-10, 5-6, 5-7, 5-N, 5-9, 5-10, 10-15, or
10-20 components of signal or signals may be used to
encode each analyte. Each analyte in a codin scheme may
be cncodcd by thc same number of components of a signal,
or signals, or dlili:rent numbers of components ol' signal,
or st+alla.
A. Pmbes. Vumers, I'luorophoreg and I2uenchers

Some of the methods provided in this disclosure ut&hze a
reagent that enerates a signal in the presence of an analyte.
Any suitable reagent may be used with the invenrion.
Generally, a rcagcn& will have an analytc-spccilic compo-
nent Bnd a conlponcnt lhdt genera&ca d slglull nl lhc pl cscncc
of the mlalyte. In some cases, thcsc rcagcnts arc rcfbrrcd to
as pmbes 'I he probes may be hybridization pmbes 'I he
hybridization probes may be an oligonucleotide probe
attached to a fluorophore and a quencher (e... a TAQICLAN

probe).
lllc methods oi'hc Invcnuon may usc onc or morc

reagents or probes to dc&&mt thc presence or absence of each
analytc. For cxamplc, I, 2, 3, 4. 5, 6, 7. 8, 9, 10, 11, 12, 13,
14 15 16 17 18 19 20 21 22. 23 24. 25. 26 27 2N 29
30. 31, 32. 33, 34, 35, 36, 37, 38. 39. 40. -11. 42, 43, 44, 45,
46, 47, 48, 49, 50 or more or probes may be used to detect
the presence or absence of each analyte. In some cases. at
least I, 2, 3, 4, S. 6, 7, 8. 9, 10, 11, 12, 13. 14, 15. 16. 17,
18. 19, 20, 21, 22, 23, 24, 25. 26, 27, 28, 29, 30, 31, 32, 33,
34. 35, 36, 37, 38, 39, 40, 41. 42, 43, 44, 4S, 46, 47, 48, 49
50 pmbes may be used to detect the presence or absence of
each analyte. In some cases, fewer than 2, 3, 4, 5, 6, 7. 8, 9,
10, ll, 12, 13, 14. 15, 16. 17, 18. 19. 20, 21. 22, 23. 24, 25,
26, 27, 28. 29, 30, 31, 32, 33, 34. 35. 36. 37. 38, 39. 40, 41,
42. 43, 44, 45, 46, 47. 48. 49, 50 probes may bc used to
dctcct thc pl'cscncc 01'bscncc 01 cdch dntllvtc. In scale
cases. &hc number of probes us&xi to dclcmt lhc prcscncc or
absence of each analyte Is 1-10, 2-9, 2-8. 2-7. 2-6. 2-5. 2-4,
1-3. or 1-4.

In some cases, a sample ls contacted with 4. S, 6, 7, 8, 9.
10, 11, 12. 13. 14. 15, 16. 17 18 19 20 21 22 23 24 25
26, 27, 2N, 29, 30. 31 32. 33. 34 35 36 37 38 3&) 40 41

42, 43, 44, 45, 46, 47. 4N, 49, 50. or more probes to detect
the presence or absence of all analytes. In some case~. a
sample is contacted &lith at least 4. 5, 6. 7, 8, 9. 10, 11. 12.
13, 14, 15, 16, 17, 18. 19. 20. 21, 22, 23, 24, 25, 26. 27, 28,
29, 30, 31, 32, 33, 34. 35. 36. 37, 38, 39, 40, 41, 42. 43, 44,
45, 46, 47, 48, 49, 50 or more probes to detect the presence

10 or absence of all armlytes In some cases. a sample is
contacted v'ith fewer than 4, 5. 6, 7. 8, 9, 10, 11, 12, 13, 14,
15. 16. 17. 18. 19, 20, 21, 22. 23. 24, 25. 26, 27, 28, 29, 30.
31. 32. 33. 34. 35, 36, 37, 38. 39. 40, 41. 42, 43, 44, 45, 46.
47, 48, 49, or 50 probes &o de&act thc prcscncc or absence of

I& dll analytcs. In some cases, tlm number oi'robe) 01st a
sanlple is contacted with to detect the presence or absence of
all analytes is 4-50, 4-40. 4-30, 4-20, 5-15, 5-10, or 3-10

As described above. Oligonucleot&de probes attached to a
fluorophore and a quencher may be used to detect the

20 presence of an analyte in a polynucleotide amplihcation
assay. Su long as thc qucnchcr mid thc fluorophorc arc in
proximity, thc quencher qumlchcs the fluorescencc em&a&xi

by the fluorophore upon excitation by a light source '1 he
sequence of the oligonucleotide probe is designed to be
complementary to a polynucleotide sequence present in an
analyte, and therefore capable of hybridizing to the poly-
nucleotide sequence present in the analyte. Hybridization of
thc ohgonuclcotulc probe may bc pcrformcd in a nucleic
dctd tunphflctltlon react&on conlprlsnlg pnnlcrs (C.g.. a polv-
nlc&Bsc chahl reaction) tlpon L'xtcl)stoa of thc pllnlct's by a
l)NA polymerase, the S to 3'xonuclease activity of the
polymerase degrades the probe. releasing the tluomphore
and the quencher into the medium. The proximity betvveen
the fhlorophore and the quencher ls bml en and the signal

3& front Ihc fluorophorc is no longer quenched. illus, thc
amount of fluorcscence dc&ac&cd ls a I'unction oi'hc amount
ofanalytc prcscnt. II no mls lytc la prcsenu thc probe will nut
hybridize to an analyte, and the fluorophore and quencher
will remain in close pmximity l,ittle or no signal &vifl be

40 produced.
Oligonucleotide probes may llave one or a plurality of

fluorophorcs and quenchcrs per probe. For cxamplc, in some
cmboduncnts an ohgonuclcotidc probe may comprise I, 2.

3, 4, 5, 6, 7, 8, 9. 10. 11, 12. 13, 14, IS, 16, 17. 18, 19, 20,
21, 22, 23, 24, 25. 26, 27. 28. 29. 30, 31, 32, 33, 34, 35, 36.
37, 38, 39. 40, 41. 42, 43, 44. 45. 46, 47, 4N, 49. 50 or nlore
fluorophores. An oligonucleotide probe may comprise at
least I, 2. 3. 4, 5. 6, 7, 8, 9, 10. 11, 12, 13. 14, 15. 16, 17.
18, 19, 20, 21, 22, 23. 24. 25. 26, 27, 28, 29, 30, 31. 32, 33,

0 34, 35, 36, 37, 38, 39. 40. 41. 42, 43, 44, 45, 46, 47. 48, 49,
or 50 fluorophorcs. An oligonuclcot&dc probe may comprise
fewer than 2, 3, 4, 5, 6, 7. 8, 9, 10, 11, 12, 13. 14, 15, 16,
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
33. 34. 35. 36. 37, 38, 39, 40. 41. 42, 43. 44, 45, 46, 47, 48.

. 1 49. or 50 fluorophores.
An oligonuclcoudc probe may compnsc l. 2, 3, 4, 5, 6, 7.

8, 9. 10, 11, 12. 13, 14, 15, 16. 17, 18, 19, 20. 21, 22, 23, 24,
25, 26, 27, 28, 29, 30. 31. 32. 33, 34, 35, 36, 37, 38. 39, 40,
41, 42, 43. 44, 45. 46, 47. 4N, 4&), 50 or more quenchers An

sc ohgonucleotide pmbe may comprise at least 1. 2. 3, 4, 5, 6,
7. 8, 9. 10. 11, 12, 13, 14. 15, 16. 17, 18. 19, 20, 21, 22, 23.
24. 25. 26. 27. 28, 29, 30, 31. 32. 33, 34. 35, 36&, 37, 38, 39.
40, 41, 42. 43, 44, 45, 46. 47, 48, 49, or SO qucnchers. An
ohgomlclcotidc probe may comprise fewer than 2, 3, 4, S, 6.

s& 7, 8, 9. 10. 11, 12, 13. 14. 15, 16, 17, 18, 19, 20, 21. 22, 23,
24 25 26 27 2N 29 30 31 32 33 34 35 36 37 38 3&)

40, 41, 42. 43, 44, 45. 46. 47, 4N, 49. or 50 quenchers
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Attachment of probes mid qucnchcrs to a probe may bc

performed in the same reaction or in serial reactions. A series
of reactions may be performed to label probes with at least
one Ihiorophore and the reaction product ~ niay be mixed to
generate a mixture of pmbes with difierent fluorophores.

If an oli onucleotide probe comprises two or more fhio-
rophorcs. these tluorophorcs may bearranged Io allow
Forster (Fluorcsccucc) resonance cner y trmisli:r (FRET) to
occur between the tluorophores. Briefly, i&BI i'I is a niecha-
nism of energy transfer between fluorophores Using I'RI:T-
based probes allows one excitation source to generate two
difl'erent fiuorescence emission signals by excitmion of a
single fluomphore For example, the methods descnbed
hcrcui may used paired probes, where one probe ui the pmr
is auachcd to a tluorophorc and a qumichcr;uid a s&xond
pmbe is attached to two tiuomphores (in close enough
pmximity for I'RIFI to occur) and a quencher. Any combi-
nation of fluorophores and quenchers that provide for FBIi'I'ay

be used. Such an approach doubles the munber of
fluorescent probes that may be used with an excitation
source. bccausc u single excitation source can bc used to
produce Iwo sigoals. oue from Ihc probe with onc Ihxiro-
phore and one from the probe w ith two

fluoropho

re in close
enough proximity to provide for Iiltl FI'&or example, using
the encoding method described in 'I'able 8, the muuber of
unambiguously detectable analytes could be increased fmm
16 to 32 by pairing each of the probes in Table 8 with a
corrcsponduig FRET probe.

llic primers may be spccilic for a parlmular uirilytc and
capable of amph fying a region coinplementary to a probe. In
some cases. the number of pairs of primers used is equiva-
lent to the number of probes. In other cases, the munber of
probes used may exceed the number of primer pairs used In
still other cases. the number of primer pairs used may exceed
the number of probes used. In some cases a sample to bc
armlyzcd is contacted with I, 2, 3, 4, 5. 6, 7, 8, 9, 10, 11, 12,
13. 14, 15, 16, 17, 18, 19, 20. 21, 22, 23, 24, 2S, 26, 27, 28,
29. 30, 31. 32, 33, 34, 35, 36, 37. 38. 39. -10. 41, 42, 43, 44,
45. 46. 47, 48, 49, 50 or niore pairs ofprimers. In some cases
a sample to be analyzed is contacted with at least I. 2. 3, 4,
3. 6, 7, 8, 9, 10, 11, 12, 13, 14. 15, 16. 17, 18. 19. 20, 21,
22. 23, 24, 25, 26, 27, 28, 29. 30, 3i, 32, 33, 34, 35, 36, 37,
38. 39. 40,41,42,43, 44,45,46,47,48,49. Sflormorepairs
of pnmcrs In some cases a sample to bc analyzed is
contacted with feiver than 2. 3. 4, 5, 6, 7. 8. 9, 10, 11, 12, 13,
14 15 16 17 18 19 20 21 22. 23 24. 25. 26 27 28 29
30, 31, 32, 33, 34, 35, 3(i, 37, 38. 39, 40. 41. 42, 43, 44, 45,
46, 47, 48, 49, or 50 pairs of primers. In some cases, the
number of pairs of prnucrs is 2-10, 3-15, 4-20, 3-10, 4-10,
5-10, 6-8. or 6-10.

111C pllillCrS llldy'lllplify'Cglolls Oi d poly'lluCICOIldC ill
which different numbers of hybridization probes hybndize
i&or example, at least one pair of primers may amplify a
re ion complementary to at least 2. 3. 4, 5, Ii, 7. 8. 9, 10, 11,
12, 13, 14. 15, 16, 17, 18, 19, 20. 21. 22. 23. 24, 25. 26, 27,
28. 29, 30, 31, 32, 33, 34, 35. 36, 37, 38, 39, 40, 41, 42, 43,
44. 45, 46. 47, 48. 49, or 50 hybndizauon probes. In some
CBSCS. Bll Of Sdid pallS Of plllllCis nlav dlllpllfy' rC loll
complementary to at least 2, 3, 4. 5. 6, 7, 8. 9. 10, 11, 12, 13,
14 15 16 17 18 19 20 21 22. 23 24. 25. 26 27 28 29
30, 31, 32, 33, 34, 35, 3(i, 37, 38. 39, 40. 41. 42, 43, 44, 45,
46, 47. 48, 49. or 50 hybridization probe~.

In one example, a Iirst probe may bc label&xi wifll tile
fluorophore Sxfluoresucin amiditc (SOFAM) and thc
qucnchcr black hole quencher I (BFIQ-I). A secoixl probe
may be labeled with 5ul'AM in close proximity (eg.,
attached to) to cyanine 5 5 (( y5.5) and the quencher black

hole qucnchcr 3 (BHQ-3). Upon digestiou of thc probe, vid
the miclease activity of the polymerase, two fluorescent
signals are generated from a single excitation wavelength
(eg., 470 nm) 'I'he fluorophore from the first probe will
fluoresce at about 520 nm. The fluorophores on the second
probe undergo FRET. The donor fluorophore, FAM is
cxcit&x! by the excitation hght source (e.g., 470 iun) and
transfi:rs 1&s cncrgy Io the acceptor tluorophorc, Cy5.5. Thc
acceptor fluorophore emits at about 705 nni 'I'hese tiuoro-

io phores and quenchers are merely exemplary. Any tiuoro-
phores that can undergo i&RIFI and any quenchers that can
quench fhiorescence are suitable for use with the invention.
Methods for pmducin FRET-based probes are described in
Jotlukumur ct al., BioTccltmqucs, 2009, 46 (7). 519-524.

is In some examples, a single hybndizauou probe may bc
used for each analyte In order to utilize multi-color encod-
ing (e g., as slmwn in I'able 3). each probe may be labeled
with a plurality of fluorophores at pre-determined ratios. 'I he
ratio may be determined so that a positive control signal

lo provides the same intensity as other positive control signals
of Ihc same intensity, in Ihc same color. Tins approach
reduces Ihc number of probes that must bc synthcsizcd and
nmy be less expensive to deploy than methods utilizing
nniltiple probes. Moreover. in the case of hybridization
pmbes, it is easier to fit one hybridization probe to an aimlyte
sequence than multiple probes.

Althou h many aspects of the invention are exemplified
using nucleic acid-based probes, onc of or&hnary sloll ui Ihc
art will readily recugmzc tluit other forms oi probes would

io work equally well ivith the invention described in this
disclosure I&or example. a binding molecule specific to an
aimlyte could be used as a probe. Non-limiting exempksry
binding molecules include an antibody recognizing an ana-
lyte. and generating a siytaf in the presence of an arasfyte.

ls In cmbodimcnts of thc invenuon that utilize fluorcsccnt
labels, any suitable fluorcscent lubcl may be used. Exem-
plary fluoresccnt labels suitable Ibr usc with thc uivcnuon
include rlxidamine, rhodol, fluorescein. thiofluorescein. ami-
nofluorescein, carboxyfluorescein, chlorofluorescein. meth-

do ylfhiorescein. sulfofhiorescein, aminorhodol, carboxyrho-
dol, chlororhodol. methylrhodol, sulforhodok
anunorhodamine. carboxyrhodamuic, cltfororhodanunc.
illC&hvlrllodBllllllC, Sulfolhodauuuc, Bill tllioflloddlllillC, Cva-
ninc, uidocarbocydnine, oxacdrbocym»nc, fluacarbocyd-
nine, merocyanine, cyanine 2. cyanine 3, cyanuie 3 5, cya-
nine 5, cyanine 5 5, cyanine 7, oxadiazole derivatives,
pyndyloxazole. nitrobenzoxadiazole, benzoxadiazole.
pyrene derivatives, cascade blue. oxazine derivatives, Nile
rcd, Nile blue, crcsyl & iolct, oxazuic 170, acriduic dcnvd-

o tivcs. proflavin, acndinc orange. Bcnduic yellow. Brylmc-
tlunc dcnvalives, aurmninc. cryslal violcl, malaclutc green.
tetrapyrrole derivative~, porphin, phtalocyanine, and biliru-
bin Exemplary quenchers include black hole quenchers,
such as BHQ-0. BHQ-I, BHQ-2, BHQ-3, ATTO quenchers.

. 1 such as ATTO 540Q. ATFO580Q, and ATTO612Q: and the
like

Thc Ihiorophorcs Ihat may bc uscxt with Ihc invcnuon arc
not limited to any of the fluorophorcs descnbcd hcrcin. For
exanlple, tiuorophores ivith improved properties are con-

an tinually developed, and these fluorophores could readily be
used svith the methods provided in this disclosure. Such
improved fluorophores include quantum dots. which may
cnut cncrgy at diflercnt wa& clcngths Bi'Icr bcuig cxcitcd di a
single wavclcngth. The txlvmitagc oi'sing such fluoro-

ss phorcs is that only a single excitation source w n&x:dcd, but
nmny ditferent signals may be quantified. for example in
terms of color and intensity Moreover. fluomphores &vith
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narrow emission spectra would be particularly useful w&th

the method described herem, as such fluoroplx&res could be
included in multiplex essays with minin&al or no overlap
bet&veen their emission spectra thereby otfering many n&ore
"colors" and boosting signihcantly the overall number of
coded analytes.

Il& so&ac oil sea, olu: oi'norc &cage&1m ale lyophllizixl.Al&)'uitable

reagm&t may bc lyoplnhzeih For example, probes,
priinerm enzymes. antibodies. or any other reagent used for
detection may be lyophil&zed. In soine cases. a sample
comprising an analyte may also be lyophilized. I yophiliza-
tion may be useful, for example, &vien distriburing reagents
and/or samples in developing regions where access to cold
storage is cxpcnsivc, nol readily available, or 1&ot iclli&bly
available. In one exnmplc, lyopluhzed reagents compose
any probe or analyte-specific reagent described in tlus
disclosure or othenvise suitable for use with the invention
In another example, lyophilized reagents comprise P('R
primers. In yet another example. Iyophilized reagents com-
prise rea ents suitable for performin a PCR reaction.
V. Aiudylical Tcchniqucs and Inslrumenlat&on

11&c methods provided hcrcin are suiiublc fi&r use with a
variety ofdetection methods I&or exan&pie, the metlx&ds may
be applied using an analytical technique that measures the
wavelength and intensity of a fluorescent signai. 'Ibis may
be accomplished by measuring the intensity of a signal
across a spectnm& of wavelengths, or by using band pass
lifters Ihal rcslnct Ihc passage of ccrtmn wavclcngllm of
1&ghl, thereby allow uig only light ol'crlau& wavclcngths to
reach a photodetector Many real-time P('R and quantitative
P( R instruments comprise an excitation light source and
band pass hlters that enable the detection of fluorescent
signals in four colors (e.g., blue. green. yellow. and red).
Therefore, the methods of the invention can be readily
appln:d using &nslrumm&ts w&defy used u& the arl. Impor-
n&l&ll)o Ihc lnclllods Blld col&&post&lot&s prov&devi he&oil&&BB)'e

used Io dclcct multiple analylcs by obtaimng a cumula-
tive measurement on a single solution. No sepanotum is
necessary I he invention does not require the use of beads or
a solid phase. Of course, one of ordirmry skill in the art
would understand that the invention could be used with
so)&aranon, beads, or a solnl phase, if dcs&rcxl.

FIG. 5 shows two cxamplcs of mslrumcntal configura-
tions Ilml may bc used lo oh&au& cumulanvc mcasurmncnls
useful for the methods of the invention. With reference to
l&l(i. 5, an instn&ment with a detector conhaured to detect
both wavelength and intensity (e.g., a fluoromerer) is shown
in 501. With reference to 501. at least one excitation h ht
source 502 is dircclcd &Bio a clrambcr 503 contauun ana-
lylcs and rcagcnts Ihnl gcncralc a s&gnal u& Ihc prcscncc of
the anal)Ice 504. As descnbcd elsewhere, d&e analytc may bc
a nucleic acid and the reagents generating the sianal may be
hybridization probes comprising a tinorophore and a
quencher. If the analyte is present. an emission si mal 505 Is
generated. In the configuration shown in 501. the wave-
length and u&tensity of tlus cm&ss&on s&goal Bre mcasurcd
across a spectrum by a detector capable of cncralu&g a
fluorescm&ce em&as&on spectrum 506.

'lhe wavelength and intensity may also be deternuned
using a combination of a photodetector and band pass tilters
This conhguration Is used in several them&BI cyclers known
in the art. W&th reference to FICi. 5. an instrument with band
pass filters and a photodclector ia depicted in 507. With
rcfcrm&cc Io 507. Bt least one exc&tauon light source 508 is
dircctcd into a chamber 509 conlaiiung aiudylcs and
reagents that generate a signal in the presence of the analytes
510 As described elsewhere, the analyte may be a m&cleic

acid and Ihc reagents gcncraling thc s&gnal may be hybrid-
ization pmbes comprising a fluorophore and a quencher If
the analyte is present. an emission signai 511 is genemted
In the configuration shown in 507. band pass filters 512. 513,
and 514 are used to restrict the passage of light to light
v ithin certain ranges of wavelenbnhs. For example band
pass lifter 512 may restrict thc passage ofhghl lo light within
wavelength range 1. Band pass Iillcr 513 may restrict Ihc
passage of light to light &vilhin wavelength range 2 13and

Io pass

filter

51 may restrict the passage ofhght to light within
wavelength range 3. Any number of band pass filters (e.g,
1. 2, 3. 4. 5, 6. 7. 8, 9. 10, 11. 12. 13, 14. 15, 16&, 17, 18, 19.
20. 21, 22. 23, 24, 25, 26, 27, 28, 29. 30, or more) may be
used with Ihe invention. In addition, the pos&lions of Ihc

la band pass Iillcra in 507 arc not meant lo bc limiung. In some
cases, en&itted light may be passed through more than one
band pass filter at any time. In other cases, the band pass
filters may be configured so that all emitted light passes
through only one band pass tilter at a time. Afier passage

lo through a band pass filter, filtered light 515, 516, and 517 is
dcnmtcd by a photodelcctor. For example, lillercd light 515
may bc hghl w i&fun wa& clcnglh range 1. filtered hghl 516
nmy be light within &vavelength range 2, and filtered light
517 may be light within &vavelenglh mange 3 'I'he intensity
of each of the filtered lights 515. 516. and 517 may then be
quantified by a photodetector 518.

The methods described in this disclosure are compatible
with a variety of amphficalion methods, uiclud&ng quanti-
tative PCR (qPCR) methods. cnd po&nl PCR methods.

&o reverse transcriptase PCR, and digital P('R methods. 1)igital
P('8 methods (e.g. I)HOPI.I.'I')l(il I'AI (13IORAI)) and
l)YNAMI('RRAY (I&I,UII)l(IM)) produce highly sensi-
tive quantihcation of polynucleotide copy numbers. The
methods provided herein can be easily integrated into these

&i systems to significantly expm&d thmr lluoughput by allow&ng
&&1&ill&plex&I&g il& i& droplet or a dv'1&a&itic B&TB)'imilarly,lhc mcd&ods descnbcd in dus ihsclosurc may bc
applied in a real-time P('R assay i&or example. real-time
data may be h&lly recorded as the P('R nina to completion

ao The end-point values may then be decoded to indicate the
presence or absence ofanalytes. The individual cycle thresh-
olds (Ct) values may be m&alyzcd Ibr each color by dclecnng
thc maxima ol Ihc second derivative of Ihc real-nmc curve
ui that color. As a paificular m&nlytc m amplilicd, fluoro-
phores are released from its corresponding probes in the
san&e ratios as the color multiplicities in the coding of that
sequence. Hence, e.g. a code of 1100 will have the same Ct
in blue and green, wlfile a code of 1400 will Imve its green
Cl prcccdc ila blue Ct by 2 c)'i'lcs. This rxlditloilal data

o cnablcs dctcnninalion of the identity and starling quannly of
ix&Ch Bl&ifl)'IC.

I'he metlx&ds described herein may also be used dimctly
on a tissue sample I or exa&nple. a tissue sample may be
obtained and photolithographic methods may be used to

. a build v,ella directly onto the tissue sample. The tissue
sample may bc lixed pnor lo building thc wells The ussuc
sample may then bc m&alyzcd by &hspcnsu&g appmpnalc
rcagcnts u&lo Ihc wells in Ihc tissue sample. The cncoihng
and decoding methods described in this disclosure may be

so used for the multiplexed detection of analytes within the
v ella etched into the tissue. Each well may correspond to a
sin le cell or a few cells, pmviding excellent spatial reso-
lul&on when analyzu&g diflcrm&l poruons of a issue Ior an
analytc. Tlus method may bc used lo detect analvlcs in

ai dlflcrcl&l arcBS ol lhc %&lnc tissue.
In some cases, instnunents may be modihed or con-

stn&cted, for example, to provide additional excitation light
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sources, at multiple wavelength, and/or lo provide addilioiial
band pass filters or a capability of deterniining a complete
spectrum including additional excitation snurces would
alloiv for the excitation of a larger I ariety of tluorophores
Includin additional band pass filters, or modifyin or
constnicting an instrument capable of deteuuining an entire
spectrum allows detection of a wider varmly of mnissions
from fluorophorcs. These tccluuques can bc used to mcrcasc
the number of fluorophores that can be used with the
methods described in this disclosure and, accordingly. to
increase the number of analytes that be ~imultaneously
detected.

In some cases, the methods described in this disclosure
uuhze &aid-point PCR methods. However, in some cases a
result may bc obtain&xi bcforc thc cml-pouit. Tlus may bc
advantageous when, for example, results are needed as soon
as pnssible. I'nr example. in one case calibration experi-
ments are performed in which diff'erent startina concentra-
tions of an analyte are analyzed to determine the cycle
number at winch the signal becomes saturated. Ss a hinction
of thestarung amount of thc analylc. Usutg this dnui. a
computer momloung a PCR reacuon in real-ume can bc
pmgrammed to search for saturation up to the maximal cycle
number accordmg to the limit of detection (I Ol)) of the
particular system. If there is no amplification of an analyte
(e.g.. other than a positive control. if present), by the
maximal cycle number, the result for that analyte is negative.
Il Ihcrc is amplilical ion of thc analyte by thc maxnnal cycle
Iluillbcl; lhc result lor thai auafvlc ia p&isilivc i&rid lhc
saturation intensity m each color may be used to decode the
result using the coding schenie In both cases. there would
be nn need to nui the P('R reaction beyond the number of
cycles set by the LOD for that instrument. Although PCR
has been used to illustmte this quantitative method. one of
ordinary skill in thc art will readily rccognizc thai sun&far
punciples could be applied ui any catalytic systmn where thc
startuig amount ol an analytc hunts Ihc rale ol reaclum. Snd
the rate of reaction can be measured and repnrted bv an
evolution in a signal mtensity over time.
Vl. Compositions and Kits

This disclosure also provides compositions and kits for
usc with the methods dcscnbcd barmn. Thc compositions
may comprise any component, reaction mixture;utd/or
inlcrmcdialc dcscnbcd hcrcui, as well us any combmation.
i&or example, the disclosure provides detection reagents for
use with the methods provided herein. Any suitable detec-
tion reagents may be pmvided, including hybridization
probes labeled with a fluorophore and a quencher and
pumers, as dcscribcd clsewhcrc ui lhc spccificulion.

Ill sonic cases, coiliposiliolis collip11sc Icagcills fbr lhc
dctcuuon of at least scvcu analytca using four Ihiorophorcs.
In snme cases, con&positions comprise reagents for the
detection of at least 5, 6, 7, 8, 9, 10. 11. 12, 13, 14, 15. 16,
17, 18, 19. 20, 21, 22, 23, 24, 25. 26. 27. 28. 29, 30. 31, 32,
33, 34, 33. 36, 37, 38, 39, 40, 41. 42. 43. 44. 45, 46. 47, 48,
49. or 50 analytcs using lbur fluomphorcs. In some cases,
composiuons compose rcagcnla liir thc dclccuon of at least
6. 7, S. 9. 10, 11, 12, 13, 14, 15. 16, 17, 18. 19, 20, 21. 22,
23. 24, 25. 26, 27, 28, 29, 30, 31. 32. 33. 34. 35, 36, 37, 3N,
39. 40. 41, 42, 43, 44. 45, 46, 47, 48. 49, or 50 analytes usiilg
five fluorophores. In some case~, compositions comprise
reagents for the detection of at least 7. 8. 9. 10. 11, 12. 13,
14. 15, 16, 17, 18, 19, 20, 21. 22, 23, 24, 25, 26, 27, 28, 29,
30. 31, 32, 33, 34, 35, 36, 37. 38, 39, 40, 41, 42, 43, 44, 45,
46. 47. 48, 49, or 50 analytcs usuig aix thiorophores. In some
cases. compositions comprise reagents for the detection ofat
least N. 9, 10 11, 12, 13. 14 15 16 17. IN 19 20 21 22

23, 24, 25, 26, 27, 28. 29. 30. 31, 32, 33, 34, 35, 36. 37, 38,
39, 40, 41, 42, 43, 44. 45. 46. 47, 48, 49. or 50 analyses using
seven fluoroplmres

In some cases the compositions comprise printers 'I he
compositions may comprise at least l. 2, 3, 4, 5. 6, 7. 8. 9.
10. 11, 12, 13. 14. 13. 16. 17, 18. 19, 20, 21, 22, 23, 24, 25.
26, 27, 28, 29 30, 31. 32. 33. 34, 35, 36, 37, 38, 39. 40, 41,
42, 43, 44, 45. 46, 47. 48. 49, or 50 pairs of pumcra.

I'he invention also provides kits for carrying out the
ln methods of the inventinn Accordingly. a vanety of kits are

pmvided in suitable packaging, I'he kits may be used for any
one or more of the uses described herein, and, accordin ly.
may contain instructions for detectin the presence or
abscncc of each analyte oi' plurality of'nalytcs. A kit msy
compose a coding scheme. or a decoding matnx, to assist
the user in converting a cumulative measurement to a result
indicating the presence or ah~ence of each of a plurality of
aimlytes. A kit may be a dia nostic kit. for exaniple, a
diagnostic kit suitable fiir the detection of any mialyte.

zc includin the analytes recited herein A kit may contain any
of thc compositions prox idcd ui flus disclosure, uiclu&hng
lllosc Inc&lcd Iibovc.

l&l(i 6 shnivs schematics of exemplary kits of the inven-
tion YVith reference to l&l(i. 6. a kit comprising a kit body
601 is slxiwn that contains reagents for the detection of
analytes (e.g., polynucleotide probes comprising a fluoro-
phore and a quencher) 602 and pnmers for the amplihcation
of a nucleic acid 603. The kil muy also coulaui any other
rcagcnts. such as rcagmils suitable for performing an mupli-

sn fication reaction 6(14. In the embodiment depicted in 6(ll, the
reagents for the detection of analytes and the priiners are
eacli contained in a single volulne (e.g, tube or a bottle)
However. these reagents may also be provided in separate
volmnes. as depicted the kit body shown in 605. The kit

is body 605 contains scvcn separate volumes Tlucc volumes
(606, 607, aml 608) contain rcagcnts lbr thc dclccuon ol'ii&ilvlcs(or itlixlorcs of silch reagents) aud lhr&x: volulilcs
(609, 61(1, and 611) cnntain primers (or mixtures ofprimers)
'I'he kit may alan contain rea ents suitable for perforining an

sc amplification reaction 604.
FICi 6 is provided for illustrative purposes only. Any

number of reagcnm for the detecnon of analylcs (c.g..
probes) aml any munbcr of primers may bc included ui s
single tube or bottle, as appropualc for Ihc application. For
exaniple, in some embodiments. I, 2, 3, 4, 5, 6. 7. N. 9. 10,
11, 12, 13. 14, 15. 16, 17.18,19. 20, 21, 22, 23, 24, 25, 26.
27. 28. 29. 30. 31, 32, 33, 34. 35. 36, 37. 38, 39, 40, 41, 42.
43. 44, 45. 46. 47, 48. 49, 50 or more reagents for the
dcl&ulion ol mialylcs may bc included in a single boule. In

c other cases, I, 2. 3, 4, 5. 6, 7, S. 9, 10, 11, 12, 13. 14, 15, 16.
17, 18, 19, 20, 21, 22. 23. 24. 25, 26, 27, 28, 29, 30. 31, 32,
33, 34, 35, 36, 37. 38, 39. 40. 41. 42, 43, 44, 45, 46, 47, 4N.

49, 50 nr more primers fiir amplification may be included in
a sin le bottle or tube. In some case~, primers mid probes

. I may be provided in the same bottle or tube. For example. l.
2, 3. 4, 5, 6, 7, S. 9. 10. 11. 12, 13, 14. 15, 16, 17, 18. 19,
20, 21, 22, 23, 24, 25. 26. 27. 2S, 29, 30, 31, 32, 33. 34, 35,
36, 37, 38, 39, 40, 41. 42, 43, 44, 45, 46, 47, 48. 49, 50 or
more probes may be pmvided per pair of primers In other

an cases, I, 2, 3, 4, 5, 6. 7. Y. 9. 10, 11. 12, 13, 14, 15, 16. 17,
18. 19. 20. 21. 22, 23, 24, 25. 26. 27, 28. 29, 30, 31, 32, 33.
34. 35. 36. 37. 38, 39, 40, 41. 42. 43, 44. 45, 46, 47, 48, 49.
50 or morc pumcrs nuiy bc provided per pair ofprobes. Thc
kits may contain I, 2. 3, 4. 5, 6. 7. 8, 9, 10, I l. 12, 13, i4.

as 15, 16, 17, 18, 19, 20. 21. 22. 23, 24, 25, 26, 27, 28. 29, 30,
31, 32, 33, 34, 35. 36, 37. 38. 39. 40, 41, 42, 43, 44, 45, 46.
47, 48, 49, 50 nr more bottles or tubes. ('Ontrol analytes, and
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their associated dc(ection reagents and pnmcrs, may also bc
included in the kit. These may be included in n separate
bottle or tube or, for cxamplc. uicludcd witlun Ihc bottle or
tube pmviding reagents for an antplification reaction 604 As
dcscnbcd elsewhere in thc spimilication, any rca cnt in thc
kits may be lyophilized
VII. Systems nnd Software

llic methods of tlus disclosure may also bc perfomicd as
part of a system I'or example. one or more steps of the
methods described herein may be perfomied by software
contained on a computer readable mcihum. Thc sofiwarc
may be used to encode analytes, check for degeneracy,
reduce or eliminate degeneracy. andior pmduce a decoding
matrix. The software may also be used to convert cumulative
mens urcmcnts made ou nn ui~ Irumcnt (c.g., a PCR mnchinc)
into informatmn concerning the presence or absence of an
analyte. For example. with reference to FIG. 4, a computer
401 nuiy bc conncctcd Io au input dcvwe 403, a display 402,
and a printer 404 Thc computer may exccutc onc or morc
of the steps of any of the methods described in this disclo-
sure, including, for example, encoding methods 410. analy-
sis methods 420, and decoding methods 430. A computer
may reduce or eliminate degeneracy. for example ns part of
the encoding methods 410. Similarly, a computer mny
generate a coding scluue that is non-degenerate by desi n
using, for exmnple, mathematical iteration. A computer mny
also be connected to a nets ork 405. The network may be a
local network and/or the Internet. The networl mny be used
to perform the methods of the invention on multiple com-
puters in ditferent locations. For example, one computer
may perform the encoding, another computer may perfornl
the measuring. and yet another coniputer may perform the
decoding A computer may perfiorm any or all of these
methods. 'I he network may be used to transniit infornlation
obtained using the methods described in this disclosure
througlxlut the world, filr example across a border

In one example. the software is einbedded in the instru-
ment making the measurement. such Hs a thermal cycler. In
another example, the software is installed on a computer
attached to the instrument making the measurement. such as
a computer attached to a thernial cycler In amlther example,
the softv are is m the "cloud" i.e, on a computer that
another computer may comnnuiicate with through a net-
work

Each of Ihc clemente dcscnbcd above nuiy bc connected
to a controller that conunuuicatcs wilh each ol Ihc elmncnts
and coorduiatcs their actions. For cxamplc, a controller nuiy
imliatc Ihc cnmlduig of a series ol mialylcs inlo vnlucs of
color mid intensity. As descnbcd throughout tlus disclosure,
the controller cau cxccute software Io rcducc or eluninatc
degeneracy by removing onc or more pot mltial analyte mxlcs
Ironl 111C Clli:oillllg lllaIIlx 111C Collllolli:I'llily IhCll allto-
maucally order probes corrcsponduig io Ilus code from a
manufacturer of probes. Altcmativcly, ihc controller nuiy
opcratc ml oligonuclcotidc synthesis instrument Ihnt can
synthcsizc Ihc appropnatc probes. After umlysis of thc
sample on Ihc instrument (winch may ulso bc aulomatcd),
the controller nuiy process Ihc results of thc analysis usuig
the decoding matrix The controller may then provide these
results to a user.

VEI. Services
The methods provided herein may also be performed as a

service. For example. a service provider may obtain the
identity of a plurality of anal)tes that a custonler wishes to
aimlyre 'I'he service provider may then encode each aimlyte
to bc dctoctcd by miy of thc methods dcscnbcd hcrcin and
provide apprupnatc rcagcnts lo Ihc customer Ihr Ihc assay.
The customer may perform the assay and provide the results
to the service provider for decoding. The service provider
nmy then pmvide the decoded results to the custnmer 'I he

I I I customer may also encode analytes, generate probes, and!or
dimodc results by uitcracting with software installed locally
(al thc cuslomcr's locntion) or remotely (c.g., on a server
reachable tluou h a network). Exemplary customers include
clinical laboratories, physicians, manufacturers of food and
consumer products. industrial manufacturers (e.g, petm-
leunl cmnpanies) and the like A customer or party may be
any suitable customer or pnrty with a aced or desire Io usc
thc methods. systems, compositions. Hnd kits ol Ihc invcn-
uon.

20
EXAMPLES

I ixample I (ieneral Matenals E; Methods

1. (ieneral Reagents
TE Buffer. pH7 (LIFE TECHNOLOCiIES, Carlsbad, ('A):

UltraPurc RNAsc-frcc Water (LIFE TECHNOLOGIES.
Curlsbad, CA), Taq Sx Master Mix (FISHER SCIENTIFIC
('OMPANY, 'I'ustin. ('A)

ln 2 DNA Sequences, Primers, and Probes
Five nucleic acids from organisms of clinical relevance

v ere chosen for the exemplary study: (I) human immuno-
dehciency virus I (HIV-I): (2) PiastnoCkattt falctparam
(Malana); (3) herpes simplex virus-2 (HSV-2): (4) Mi co-

31 bacteriam tuberculosis (TB), (5) aud dmiguc virus typc3
(dengue fever)

I'wn regions of diagnostic relevance from the I IIV-I
genome. p17 and poly-protease. were selected from the Los
A(amos National Laboratory HIV-I reference sequence. A

HII diagnostic sequence from theP(asmoCimofaiciparam CIIR7
gcnc was obtained from Ihc UCSC PiastaoCi am (atciparatn
Genome Browser. A stxtucncc for Herpes Sunplcx Virus-2
was synthesized fmm the sequence obtained from the I ium-
peon Mnlecular Biolo y l,ibrary. Similarly a diagnostic
sequence for the rpoB gene in Ifi robatteriam taberraiosis
v as synthesized from a sequence obtained from the Euro-
pean Molecular Biology Library. A PCR diagnostic
scqucucc for Dcnguc Vinis T)pe 3 was obtauied from Ihc
Nalional Institulc of Hcallh gcnctlc scqucllci: ilaldbasc.

Oligonucleotides were synthesized by IN'I'Ii(iRA'I'ill)
DNA ill('IINOI,O(illiS (ID I'). Pmbes and pnnier pairs
v ere chosen for each nnalyte using OLI(iOANAI.YZER.
from IDT. Sense probes containing a fiuomphore at the E
end and a quencher at the 3'nd were synthesized for all
analytcs. All oligonucltxltidcs werc lyophtliztr) mid recon-
stituted ui TE buff'cr bcl'orc usc. Tables 9-14 show stxtucncc
informatinn, target sequence. primers, and probes for each of
the six analvtes

TABLE 9

s q
I

HIV-1 polyprotease sequence rnformation

HIV-I Poly p ot 195 r y tn d f
2253-255C

Source HIV-I Reference Sequence, Los Xlamos
Nat.tonal Laboratory
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TABLE 9-continued
HIV-I polyprotease sequence iniormatron

Tarqet sequencef3'o 5')
GGAAGCTCTATTAGATACAGGAGCAGATGATACAGTATTAGAAGAAATGA
GTTTGCCAGGAAGATGGAAACCAAAPATGATAGGGGGAATTGGAGGTTTT

ATCAAAGTAAGACAGTATGATCAGATACTCATAGAAATCTGTGGACATM'GCTATAGGTACAGTATTAGTAGGACCTACACCTGTCl'O'CATA(TTGG

Forward Prrmef3'o 5'i
GGAAGCTCTATTAGATACAGGAGCAG

Reverse Framerf3'o 5')
CCAATTATGTTGACAGGTGTAGGTCC

Probe If3'o 5')
/56-FAN/TGAGTTTGCCAGGAAGATGGAAACCA/3BHQ I/

TABLE 10

HIV F17 sequence iniormatron

5 q N HIV-I P17 199 y th d I o b ~

790-1156

Source HIV-I Reference Sequence, Los Alamos
Natronal Laboratory

Tarqet sequencef3'o 5')
cAGCTIGAACCAICCCTTCAGAcAGGATCAGAAGAACTTAGATCATTATA
TAATACAGTAGcAACCCTCTATTGTGTGCATCAAAGGATAGAGAT7 NAG
ACACCAAGGPAGcTTTAGACAAGATAGAGGAAGAGC~ClDAAGTAAG
~GCACAGCAAGCAGCAGcTGACACAGGACACAGCAATCAGGTCA

Fo w d P(3'o 5')
CAGCTACAACCATCCCTTCAGACA

Reverse Framerf3'o 5'i
TGACCTGATTGCTGTGTCCTGTGT

Probe If3'o 5')
/56-FAN/AGCAACCCTCTATTGTGTGCATCAAAGG/3BHQ I

Probe 2(3'o 5')
/5C'/3/AAAGCAcAGCAAGCAGcAGCTGA/3BHQ 2/

TABLE ll
Fla d „ ChR. q To t

5 q N PI d um ChP7 199 y th d I o b
1139135-1141223

Source VCSC Piasmod vm iaicroarum Genome Browser Gateway

Tarqet sequencef3'o 5')
GcCTAAGATGGc'IATGACGGGTAACGGGGAATTAGAGTTCGATTCCGGFG
AGGGIGcCTGAGAAATAGCTACcACATCTAAGGAAGGcAGCAGGCGCGTA
AATTACCCAITTCTAAAG!u(GAGAGGTAGTGACAAGAAATAICAATGCAA
GGCCAATTTAAaaCCTTCCCAGAGTAACAATTGGAGGGCAAGTCTGGTG

Porward Primerf3'o 5'i
GcCTAAGATGGc'IATGACGGGTAA

R Pf3'o 5')
CACCAGACTTGCCCTCCAATTGTT

Probe If3'o 5')
/56-FAFI/ATTCCGGI,GAGGGAGCCTGAGAASTA/3BHQ I/

Probe 2

f3'o 5'i
/56-RQXN/PAGGAAGGCAGCAGGCGCGTAAATTA/3BHQ 2/
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TABLE 12

Herpes szmplex vrzus 2 sequence rnformat.zon

Sequence Name

Source

HSV-2 193mer ynthesrzed from HSV-2 genome

EMBL Bank AN303206

T g t(3'o 5')
TCAGCCCATCCTCCTTCGLCAGTATGGAGGGTGTCGCGGCGGCGAGCCGC
CGTCCCCAAAGaCGTGCGLGTCGTACACGTACACGTACCAGGGCGGCGGG

CCTCCGACCCGGTACGCTCTCGTAAATGCTTCCCTGCTGGTGCCGATCTG
GGACCGCGCCGCGGAGS,CATTCGAGTl.CCAGATCGAACTCGG

Fozsard Przmezf3'o 5')
TCAGCCCATCCTCCTTCGGCAGTAT

Reverse Primerf3'o 5')
CCGAGTTCGATCTGGTACTCGAPTGT

9 o) I(3'o 5')
/56-FAH/AAAGaCGTGCLGGTCGTACACGTACA/3BHQ I/

Probe 2f3'o 5'i
/scys/TAAATGCTTCCCTGCTGGTGCCGAT/3IAbRQSp/

TABLE 13

ly oba t, t 'o - poB q fo t
Sequence Name Mycobacterri m ubezcul.oar - zpoB 200mez

synthesrzed from Mycobac er um
uiercu oars rpoB genome

so EMBL Bank GQ395623

T g t(3'o 5')
GAGTGC!utaGACaAGGACATGACGTACGCGGCCCCGCTGTTCGTCTCGGC
CGAGTTCATCAaCAACAACACCGGCGAGATCAAGAGCCAGACGGTGTTCA

TGGGTGACTTCCCGATGATGACCGAGAAGGGCACCTTCATCATCAACGGC
ACCGAGCGCGTCGTGGTCAGCCAGCTGGTCCGCTCGCCCGGTGTGTACTT

Pol" iarc) Pllsiezf3'o 5')
GAGTGCAAAGAcAAGGACATGAcG

Reverse Primer(3'o 5')
AAGTACACACCGGGCGAGC

9 o) I(3'o 5')
/56-FAM/CGCTGTTCGTCACGGCCGAGTTCAT/3BHQ I/

Probe 2f3'o 5'i
/50/3/AGATC!urGAGCCAGACGGTGTTCATG/3BHQ 2/

Probe 3f3'o 5')
/5Cy5/AAGGGcACCTTCATCATCAACGGCA/3IAbRQSp/

TABLE ld

Dengue rru type 3 sequence rntonaatron

Sequence Name Dengue Virus Type 3 200mer syntheszzed
from Dengue Virus Type 3 genome

Source GenBank M93130

T g t
f3'o 5'i

ATGCCAACTGTGaTTGIGCACTTAGAAAGACTACAAAGGAAACATGGAGG

AATGCTTGTGAGAAATCCACTCTCACGAAACTCCACGCACGAA TGTATT

GGATATCCAlTGGTACSGGCAACATCGTCTCATTCACAATGACACACAGG

AGACCCACCATAGAG~GATGTGGATTTAGGAGCAGGAACCCGACAIGT

Fo e d P

f3'o 5')
ATGCCAACTGTGaTTGAGCACT
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TABLE 14-continued

Dengue virus type 3 sequence information

Reverse Primerf3'o 5')
ACATGTCGGGTTCCTGCTCCTAAA

P nl I(3'o 5')
/56-FAH/ACAaaGGxau(CATGGAGGIV(TGCTTGTGA/3BHQ 3/

Probe 2f3'o 5'i
/5C/3/ACTCTCACGAAACTCCACGCACGAAA(3BHQ 2/

Probe 3f3'o 5')
/56-Roxu/ACAATGACACACAGGAGACCCACCAT/3BHQ 2/

Probe 4(3'o 5')
/ 5 CF5 / GGATAT ccius TGGTACAGG CAACAT CGT /3 I ADRQSp

3 Polymerase Clmin Reactions
All PCR rcacuous merc pcrli&nncd in a ROCHE 480

I,I(il I'I ('Y(:I I IR instnlment Iiorty-five theunal cycles v ere
performed, with a 60 second hot-start at 95" C. The cyclin
conditions fi)r denaturation, annealing, and extension v ere
45 seconds. 50 seconds. and 60 seconds at 95" C., 65" ('.,
and 70'o rcspcctivcly. Each cxpcnmcnl was nui m quui-
tuplicate, with a reaction volume of 15 uL. Fluorescence
nic(lsulcnlcnm merc obtaulcd ul lhc lollowllig challlicls after
every annealing step 483 nm to 533 nrn (IIAM), 523 nm to
568 mn(Cy3), 558 umto 610 nm(ROX), and 61S mnto 670
nm (Cy5) liluorescence nteasurements mere also obtained
after the hot-start and the end of the 45 thermal cycles. The
change in the fluorescence intensity betv een these tmo
measurements (after hot-start and at the end ofthe 45 cycles)
dclcrmincd Ihc eud-point fluorcsccnt signul.

Exmnplc 2 Simultaneous Detection of
Polynucleotlde Markers from Pathogens Based on
an Encoding Method Usulg Morc Than One Color

Pcr Analytc

TABLE 15

R«ancats fni 14 PCR reactions

Rcictmn Type nf Con

Template
Planets

Pmbc

'I«mpb I

Pnmeis

Pmbc

Llrr.iPum Ware&

Taq Gx Master Si x
Poly Proie.is* Temp).ite
Poly Pmtcasc FWD Panri
PI'nfc:Isc RVS Paincl'oly

Pmtcasc Prnbc I

I.b il''bi

TB Template
Deneue Vnis Template
Poly Pro(cia* FWD Panic&
Pro(ease RVS Pnme&

Poly Pmtcasc Prnbc I

LltraPum Warcr
Tiq Gx Master Mix

17 nM
I nM
I nM
I nM

17 M

I G nM
17 nM

I nM
I nM
I nM

34 uL
42 uL

2 uL
i&L

i&L

i&L

F ul

'l
2 uL
2 uL
2 uL
2 uL

i&L

32 pl.
4 i&L

'Hiis example descnbes the simultaneous detectum of up
to four polynucleotides selected from HIV (2 polynucle-
otides), HSV-2, /If)cobacrerami, Pfas!norfiam. and den ue
(lrus. Fourtcmi PCR rcacnons werc asscmblcd, usuig thc
reagents described ui Table IS.

Re. I in lyp

I'o&i&pl.'nc

PDRIcrs

Templates

PDRIcrs

PI I ca

I mpl.i

Prnbes

Templates

PDRIcrs

Template

PI I ca

Templates

PDRIcrs

TABLE 13-continued

«ar lor 14 I'('8

Ma)art& Tcinpbuc
Melan:i FWD Pruner
Ma)arri RVS Pruner

I!II: Im V: I

P Iv Protease Temp)are
Herpes Template
TB Template
~en ue V rue Tenq&late
Melan& FWD Pruner
Ma)arri RVS Pruner
Melan:i Pr bc I

Melan:i Pr bc '!II:Im V: I

flu . Irpl!
flu . IWDP
Herpes RV5 Pnmer
Herpes Pi I e I

I!II: Im V: I

Taq &3 I lss'Ici I lix
P Iv Protease Temp)are
Vluaua Template
113 l«mpl. I

Der&Sac Viiii( Ten&pl.'uc

Herpes FWD Pruner
Herpes RV5 Pnmer

UftisPuic Water
Taq x Master Ma.
TB Template
113 b)VD Pau
TB RVS Pamcr
TB Probe I

TB Pi be 2

113 P 5

I!II: Im V: I

Taq &3 I lss'Ici I lix
P Iv Protease Temp)are
Vluaua Template

flu . Irpl!
Der&Sac Viiii( Ten&pl.'uc

TB FIVD Pruner
TB RVS Pnme&

113 P 5 I

113 P 5

TB Probe 3

1(nM 2uL
I uM 2uL
I uM 2uL
I FM . ul
I FM . ul

2G ul
4. ul

17nM 2uL
17nM 2uL
16nM 2uL
17nM 2uL

I uM 2uL
I uM 2uL
I uM 2uL
I uM 2uL

. ul
4. ul

17 M .ul
I FM . ul
I uM 2uL
I uM 2uL
I FM . ul

2G ul
42 uL

17nM 2uL
l(nM 2uL
16 M .ul
17aM 2uL

I uM 2uL
I uM 2uL
I FM . ul
I FM . ul

3u uL
42 uL

16nM 2uL
I FM . ul
I uM 2uL
I uM 2uL
I uM 2uL
I FM . ul

C ul
42 uL

17nM 2uL
l(nM 2uL
17 M .ul
17aM 2uL

I uM 2uL
I uM 2uL
I FM . ul
I FM . ul
I uM 2uL
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I'AI3I,E 15-continued

Re & ants foi 14 PC R iea t ons Ret ants for 14 PCRm& tons

Rm tnn Type of
Ret enr Rea ent

Cnn
eritmt on Volume

Re.& t on T pe nf Con
b Reaaenr Reagenr centrat on Volans

u&

H

13

'I«mpb I

Pnme&s

Pmbes

'I«mpb I

Pnme&s

Pmbes

Tmnplat ca

Pnme&s

Tmnplat ca

Tmnplat ca

I . I 1 : I
' ': I

Denaue Vn&s I'&VD Pnmer
Denaue Vn&s RVS Prune&
Denaue Vn&s Probe I

Denaue Vn&s Probe
Dcnguc Virus Probe 3

Dcnguc Virus Pi bc 4
LltraPum Water
Taq Sa Master Mis

&li I«pLd
Denaue Vn&s I'&VD Pnmer
Denaue Vn&s RVS Prune&
Denaue Vn&s Probe I

Denaue Vn&s Probe
Dcnguc Virus Pi bc 3

Dcnguc Virus Pi bc 4
Taq Sa Master Mis
Poly Pmtcasc Tcmplatc

Poly Prote&se FWD Pnnie&
Poly Prote.&s* RVS Pumer
Ivlal.u a I'O'D Pnmer
Ivlalu a RVS P&une&

Hcrpcs FWD Pun&cr
Hcrpcs RVS Pnn&cr
Dcnguc Virus FWD Pnrncr
Dcnguc Virus RVS Pruner

Hq .Prob I

Herpes Prole 2

Denaue Vn&s Probe I

Denaue Vn&s Probe
Denaue Vn&s Probe 3

Dcnguc Virus Pi bc 4
LltraPum Water
Taq Sa Master Mis
Poly Pmtcasc Tcmplatc

&li I«pLd
Volt V I &s I VVD V»«
Poly Prote&se FWD Pnnie&
Ivlal.u a I'O'D Pnmer
Ivlalu a RVS P&une&

Hcrpcs FWD Pun&cr
Hcrpcs RVS Pnn&cr
TB FVVD Pnrncr
TB RVS Pruner

H q &Plob I

Herpes Prole 2

TB Probe I

TB Probe
TB Probe 3

LltraPum Water
Taq Sa Master Mis
Poly Pmtcasc Tcmplatc
Hcrpcs Tcinplatc
&li I«pLd
Volt V I &s I VVD V»«
Volt V I &s I VVD V»«
H q . IW'DI'&

Hq . IIVSP»
TB FVVD Pnrncr

17 M

17 M

lb M

I uM
I uM
I uM
I uM
I VM
I VM

17 nM

17 M

17 M

I uM
I uM
I uM
I uM
I VM
I VM
I VM
I VM
I pM
I pM
I pM
I pM
I uM
I uM
I uM
I uM
I VM

17 nM

17 M

lb M

I pM
I uM
I uM
I uM
I VM
I VM
I VM
I VM
I pM
I pM
I pM
I pM
I uM
I uM
I uM

'l'l'l'l
2 uL
2 uL
2 uL
2 uL

i&L

i&L

4 i&L

i&L'l'l'l
2 uL
2 uL
2 uL
2 uL

i&L

i&L

i&L

i&L'l'l'l'l
2 uL
2 uL
2 uL
2 uL

i&L

i&L

4 i&L

i&L'l'l'l'l
2 uL
2 uL
2 uL

i&L

i&L

i&L

i&L'l'l'l'l
2 uL
2 uL
2 uL

I uM 2uL
I pL
4 i&L

17 nM
17 nM
lb M

I pM
I pM
I pM
I pM
I VM

i&L

i&L'l'l'l'l'l
i&L

V ul
4 ul

17 M ul
I uM 2uL
I uM 2uL
I uM 2uL
I uM 2uL
1»M pL
1»M pL

i&L

4 i&L 15

20

14

113 ltt S I'

Herpes P& le
TB P& be I

TB P& be 2
TB P& be 3

Utti&Pure Water
Taq 55 I 1st'tci I Iia

tcs Pnly Piotcasc Temp&etc
Mal&ra& Ten&pa&to

Vluaua RVS P&une&

~en ue V rue FWD Pnmer
~en ue V rue RVS Prune&
P Iv Protease Probe I

Melan:i Pr bc I

Melan:i Pr bc

'engueVuo5 Pl'otc I

Dengue Vuo5 Pl'otc 2

Tcn&pl.'i

Prnbes

I pM
I pM
I pM
I uM
I uM
I uM
I uM

17 nM
&S nM
17 M

I pM
I pM
I pM
I uM
I uM
I uM
I uM
I uM
I uM
I uM
I uM
I pM
I pM

. ul

. ul

. ul
2 uL
2 uL
2 uL
2 uL

lu uL
42 uL

2 uL
2 uL
. ul
. ul
. ul
. ul
2 uL
2 uL
2 uL
2 uL
2 uL
2 uL
2 uL
2 uL
. ul
. ul

TABLE 16

C dir& s bone for detection ot'tl&n cn5

HIT p 6 p
HIV p&7
Plass&od&om
HSV
.Vf& 'Gla 'runs&a
Dengue Virus

FAM C) 3 ROX Cys

To construct thc chronuitogrmn, the s&gnals ol'he pos&uvc
controls (reactions I, 3, 5, 7, and 91 were used to assemble

so every possible combination of present sequences, in each
color. The cumulative signals were plotted ln a diagram.
called a "cluomatogram" (Flfi. 35 Cumulative signals cor-
responding lo all possible combitmuons ol'hc same rmtk in
thc same color w crc orgaiugcd into their own '*bandy Do&ng

»5 this Iol dll foll& colo&» ploduccd a level and band strucltllc,
against v hich the experimental results of each con&bination
(reactions 11. 12, 13, and I41 could be evaluated I I(i 3

Rcfbrring to Table 15, rcactlons I, 3, 5, 7, and 9 (con-
taining I IIV polyprotease, Plasmodium. I IRV, Mvcribncre-
vium. and dcnguc analylcs. respect&vcly1 werc posiuvc con-
trols that provided baseline fiuorescence intenstty for each
polynuclcotidc analytcs alone. in Ihc absence ol'ther ana-
lytes I'he change in fluorescence intensity in each color was

35 used to provide the expected cumulative intensity level for
each color in the chron&atogram (I'l(i 3b as described niore
fully below. Reactions 2. 4. Ii, 8, and IO were negative
control» used lo delcrnnnc the cxlcnl ol non-spccilic mupli-
fication. In these reactions, the primers provided were not
specihc for the anafytes pmvided.

Experiments 11, 12, 13. and 14 &vere nnlltlplex detection
expenments. Encodin tv as perfi)rmed as indicated in Table
16. The measured fhiorescence intensity for each assay, in
each color, was plotted as black circles in thc cluomalo ram

45 of FI(i 3.
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shows (luce replica(ca ol a cluumaiogrum conslruclctl usutg
the positive control samples. v ith experimental results 4112,
3121,;md 3102 supcrnuposcd on the cluomatogrnm Thc
experimental results are indicated by black dots

11&c uiiensity value for each color in reactions 11-14 was
measure in arbitrary fluorescence units (AlrU), plotted on
the chromatogram, and then assigned to a band based on two
criteria I'irst. if an expenmental result was within a band,
then the result was assigned to the multiplicity of the band
(c.g.. Ihc Cy3 value of I In Ihc left-most cluomato r;un of
FI(i. 3). Second. if an experimental result was between two
bands, a two-step analysis was cmployuxi. Il Ihc cxpcrimcn-
tal result was between two legitimate results, the experi-
mental result was ussigucdto Ihcclosesi band. (c r IhcCyfl
value of 2 in the right-most chromatogram of 11(i 3). If the
experimental result it as between a le itimate result and an
illegitimate result, the result was assigned to the band v ith
the le itimate result (e ., the FAM value of 3 in the middle
chromatogrmu ol'IG. 3) FIG. 8 schematically shows a

legitimate result of 4112 (top) indicatin the presence of
HIM polyproteasc, P/usniodintrr, hcrpcs sunplex, and IH3 co-
hurverirmr; and an illegitimate result of 4110 (bottom),
wluch c;uuiot be decoded and imlicatcs a mulfuncuon in thc
assay

Using these cuicna. Ihc output of Expcnmeni 12 was
designated 4112. which was the correct answer 'I'he output
of Experiment 14 could have been desi nated as 2121 or
3121, but 2121 is illegitintate. so the result must be 3121,
which is the correct answer. The output of Experiment 13

could bc designated ns 3102 or 3101, boflt ol'luch arc
legitimate, but the result Is clearly closer to 2 than I in the
Cyfl chmutel. so 3102r Ihc correct answer, wus designated as
the result. 'I hese results pmvide experimental validatuoa of
the methods of ihc provided hcrcui.

'lhe results indicate a trend of slightly lower combined
signal than what would be expected from a simple summa-
tion of positive-control signals 'I'his may be because the
combination of signals is not perfectly linear. This may be a
result ol'dditional eflbcts I'or wluch thc cluomntogrmn
constniction does not account for at present. These effects
may bc rclaicd to Ihc nbsolutc concentration of qumtchcrs.
'I'he higher the absolute concentration of quenchers. the
larger Ihc pcrccniage of rcacnon volume they quench, so Iltat
the same percentage of released fluomphores fails to con-
tribute as much as expected to the cumulative signal One
solution to this problem is to use low concentrations of
probes, so that the percentile loss in si nnl is negli ible,
Icgardlcss of how llluch qta:llchcl is rclmvsixl.

FIG, 3 shows that each rank containing multiple combi-
nations has a rclutivcly wide band. Thc width of thc band is
ultimately the difl'erence between the highest and lowest
cumulative signuls for the positive control samples. If all
positive controls in the particular color produced exactly the
smnc fluorcscmtcc signal, then thc width ol cuch bund would
be zero Since Instead those signals are somev hat difl'erent,
the resulting bands are relatively wide. However, there is a
simple means to tighten the bands Instead of loading all
probes at the same concentration. as was done for the
cxpcnmcnt above, thc concentranon of each probe can bc
adjusted so that each of the resulting positive-control si naia
is ihc same as thc others in Ihc same color. Tlus approach
would sigiulicantly ughtcn thc bands, making it easier to
determine the nntltiphcity of a signal for a sample contain-
ing anal)des.

50
Example 3. Simultaneous Dctccnou of

Polynucleotide Markers from Pathogens Based on
au Encoding Method Using Ouc Color Pcr Analyie

and l)itferent Intensities

This example dcscnbcs thc simultmuxrus dctccnon ol'p
to three polynucleotides selected from dengue vinis. HIM

pl7. and HIM polyprotease. Thc codutg schmnc was as
depicted in 'I'able 11 As shmvn in I'able 17, each armlyte was
encoded aa a single i slue of fluorcscmtcc Intensity ui a

single color In this case, as described elsewhere in this
disclosure. the coding schcmc Is non-dcgcncratc by desi ut.
Ibis is achieved by assigiting alt Intensity value to each

ii analyte that is equal to the cnmulative intensity values for
the prior analytes. plus one. Of course. as described else-
v here in the specification, the initial assigned value can be
grcatcr than one. I'or example to boner ihstinguish over
noise. Similarly. the values assi@ted to each analyte can be
grcatcr than thc cumulatwc mtcustty values for thc prior
aimlytes plus mte. fivr example, to mcrease the separation
bctwimn thc intensities nnd cnablc more sunplc assignmcni
of Intensities.

I'AI3i,lt 17

urus HIV olv rotcasc, and HIV 17

I AM

Dcllg'ilc Virus
HIV pl 7

HIV poiyproteme

TABLE 18

Bnury FAM Hxpcrnncat I Cocktad
HIV P Iv rotcmc HIV 17 and dcnvuc irus

Vo I it i it c

Reagents

IdittaPure Water
Tag . x Master Mtx
Tcntplatcs

sil Id.
vs pk

4 I I

I'17 Ier pau
17 Al
I Al
17 Al

4 pl
4 pl
4 pl

Pulp Protease FWD Pnmer
Pulp Protease RVS Pnme&
P17 FIVD Pr mar
P17 RVS Pnmcr
Dcoguc Virus FtVD Prmtcr
Dcllgilc Virus RVS Pl'utlcl

I itd
I itd
I itd
I uM
I uM
I uM

4 Id.
4 Id.
4 Id.
4 pk
4 pk
4 pk

34

I'he same reagents (e 8, . templates. printers. and probes)
used ut Exiunplc 2 werc used here. Thc fluorcsccncc signals
generated by the respective probes in positive-control end-

40
point PCR reactions were measured and used to calculate the
pmbe concentrations that v ould pmduce lx, 2x. and 4x
signal Intensities. Experiments were then set up to detect the
seven non-null combinations of anal)de occurrences. 'I'shies
18-24 pmvide the PCR reaction components for each of
these illixnllea.
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I'AI3I,E 21

HIV Poly protease HIV pl 7, and denaue v rus

Volmne

B nary I'Al I Expei anent 4 Cockt i I

HIV . I rotease and HIV 17

Cniicciiti'i)tin)i
Volume
Added

R:8 nta

Pl Probe I

Reagerirs

N)t) M

40) I i)M
M

TABLE 10

B nary 1AM Txpenment Cnekta I

den nie iuus .uid klIV &17

COll 'el)liat'inli

4 pl
4 i)L
4 pl

Vobunc
.Added

LlrriPure Water
li) Ttg sx Master M i.

Templates

Poly Protessc Tcmplatc
P17 Tnnplatc
Dengue Virus Tcmplitc
Pi'iiiici 5

iy Prol; a I W 0 P i

iy Prol;a RyS Pm
P17 FWD Pruncc
P17 RVS P»mcr
Dengue Vnis FWD Pnmer

20 0 8 Viiia RVS 8 I

17 nM
15 nM
17 nM

I IAI
I IAI
I uM
I uM
I iid
I IAI

54 Id.

4 pL
4 pL

4 pl
4 pl
4 pL
4 pL
4 Id.
4 pl

UltiaPuie Witer
Tag xx Masrei M x
Teinpl)tcs

54 ld. Poly Proteme Probe I

P17 Pinbe I

gno nM
dno nM
200 Al

4 Id.
4 Id.
4 pl

Pnly Pmteasc Tcniplatc
Pl Teinplstc

P

17 nM
I i)M
I M

4 i)L
4 pl TABLE 22

Bir»ry FAM Ex cumcnt Cncktul dcn uc uus

Poly Pmtease RVS Pnmer
P17 TWD Pnme&
P17 RVS Pnmer
Denmie Vnus FV'D Pr mei
Dcnguc Virus RVS Pruner
Probes

Pnly Pmteasc Piobc I

P17 Pmb I

I pM
I p.M
I p.M
I p.M
I p.M
I FM

80) I i)M
m)t) M

M

4 pl
4 ld.
4 ld.
4 ld.
4 ld.
4 i)L

4 i)L
4 pl
4 pl

Reagents

35
Ulti )Pure Watci
Tag . x bIastcr bIix
Tcniplatcs

I' 7 I«i p bu

Deamie V rus Template
Pi meta

17 Al
I Al
17 n.ul

y

58 pL
7) »L

4 Id.

Range)its

Ub; I'i Iuil«
g'i M I M

mpi,t .

'I AIII.II 20

Cnn ant)at on
Volmne
Ailclcil

4 pl
pl

Poly Prntease FWD Pnmer
Poly Pi to)ac RVS Pum r
P17 FWD Purncr
P17 RVS Pnmcr
Dcogue Virus FtVD Prmicr

I'r b.

P17 Pinbe I

Deamie V rue Pmle I

I iid
I uM
I uM
I uM
I uM
I IAI

N)0 Al
dno nM

no nM

4 Id.
4 pL
4 pL
4 pL
4 pL
4 pl

4 pl
4 Id.
4 Id.

Poly Pmtease Template
P17 Tempi)re
Denmie Vnus Templare
Pin)lors

17 nM
15 nM
17 nM

4 ld.

4 ld.
I'AI3I,E 23

Buur I'AM Ex ei merit 6 Cocktii I HIV 17

Pnly Pmteasc FWD Pruner

P17 I yy 0 I'

P17 Ry'8 Pm
D«nm Vi . I WD Pim
Denmie Vnus RVS Pi mar
Pi les

Poly Pmtease Probe I

Pl Probe I

Dcnguc Virus Probe I

I FM
I pM
I pM
I pM
I pM
I p.M

8(in nM
40) I i)M

0)l i)M

4 i)L
4 pl
4 pl
4 pl
4 pl
4 ld.

4 ld.
4 i)L
4 i)L

IyltiaPure Water
Ti xx Master M x
Templates

Poly Pi to)ac Ten)plate
P17 Tcmplstc
Dcogue Virus Tempi)tc

Cniicciiti'i)tin)i

17 nM
15 nM
17 nM

Volume
Added

58 Id.
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'I AI31.11 2g-continued

B nu I'AM Fx etuneut 6 Cocitt I HIV 17

Cnn enttat on
Volmne
Added

Poll Pmtease RVS Pnmer
P17 FWD Pnme&
P17 Rvs Pnmer
Denute Vnus FV'D Pr met
Dcnguc Virus RVS Pruner
Probes

1 FM
I p.M
I p.M
I p.M
I p.M
I FM

4 pl
4 )d.
4 )d.
4 )d.
4 )d.
4 ilL

Pnly Pmteasc Piobc I

P)7 Pmb 1

50II AM
m)ti M

M

4 ilL
4 pl
4 pl

TABLE 24

Coll 'canst'Ion
Vobunc
Added

g

Brt FAVI Bx etunent 7 Cncirt(. HIV nl Intense

54
Thc total lluorcsccncc signal of each cxpcruncnt was

plotted on 0 chromalogrmn (FICi 71 that was constructed as
described above 'Hte yvidth of the hands around each
positive control measurement is the propagated uncertainty
of the I X measurement. 'I'hat uncertainty was equated to the
standard deviation of the fluorescence signals of the last five
P( I( cycles in satumution

lll(i 7 shows the results of tlus experintent. 'Hte three
) I )

right-most results shoyv the measured intensities for dengue
vims alone (IIEN3. IIIV p17 alone (F173, and I IIV poly-
protease (TPPX The assiyted intensities for each of these
analytes were as indicated in Table 11, and FICI. 7 confirm
that the three analytes yielded the expected intensity results
v hen alone (see DEN, P17. and TPPT At the end of the
assay. essentially all of the probes have been hydrolyzed.
rclcasing essentially all ol the Iluorophores, wluch cnul 0

signal A lixed amount of a Iluorophorc produces a lixed and
prcihctablc amoun( of siglml. Thcrcforc n targe( (hat is

prcscnl slxiuld generally produce a lixed nmounl of signal.
as dclcnnincd by the amount of probe added to thc rcacuon
vohuuc.

('IrraPum Water
Ts Sx Master VI».

Templates

Poly Pr tc:Iac Tmnpbitc
Pl 7 I mplatc
Dcnguc virus Tetnplatc
Primers

P)7 I'WD Pi mer
P)7 RVS Pnmer
Dengue Vnm I'(VD Pruner
Dengue Vnm RVS Pnmer
Prnbcs

Poly Pr tc:Iac Probe 1

Pl 7 Prnbe I

17 uM
I AM
17 uM

1 FM
1 FM
I p.M
I p.M
I p.M
I p.M

50II AM
40I I AM

M

sg )d.

4 ilL

4 pl
4 pl
4 )d.
4 )d.
4 )d.
4 )d.

4 ilL
4 ilL
4 pl

As cxpcctcd, lhc intensity values for thc combinationsol'n
Ilvlcs alt Lxtt)in alen( ki thc sunl of(bc assign(XI ultcuslucs.

Since this coding scheme is designed to be non-degenerate,
each result can be unambiguously decoded into the presence
or ubscncc ol 0 particular analy(e. For cxnmplcr starung
from the lefi side of FI(h 7, a result of 7 indicates the
presence of all tluee analytes. A result of 3 indicates the
presence of dengue virus and I IIV p17 analytes, and the

31 abscncc of HIV pulypro tea ac. A result ol' uidicatcs lhc
presence of den ue virus and HIV polyprotease, and the
absence of HIV pl7. Finally a result of 6 indicates the
presence nf I IIV p17 and I IIV polyprotease. and the ahsence
of dmtguc virus. This coding schcmc can bc cx(cndtxi (o

40 encode additional analytesr as described elsev here in this
disclosure.

Supplemental 'I'shies and lligures

TABLE Bl

HIV-I Poly Protease Sequence Informatron

Sequence Information HIV-I Poly protease 198mer yntbesrred from bases 2253-2550

Source Hlv-I Reference sequence, Los Alamos Matronal Laboratory

Target sequence
(5'o 3')

GGAAGCTCTATTAGATACAGGAGCAGATGATACAGTATTAGA!\GAAATGA

GTTTGCCAGGAAGATGGAAACCAiulAATGATAGGGGGAATTGGAGGTTTT

ATCAAAGTAAGACAGTATGATCAG! TACTCATAGAFATCTGTGGACF.TAA

AGCTATAGGTACAGTATTAGTAGGACCTACACCTGTCAAC!TAATTGG

Fo d P

(5'o 3')
GGAAGCTCTATTAGAT aCAGGAGCAG

Reverse Prrmer
(5'o 3')

CCAATTATGTTGACAGGTGTAGGTCC

Probe I 15'o 3') /56-FAN/TGAGTTTGCCAGGAAGATGGAAACC'3BHQ I/

BIO-RAD EX.1001.041
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TABLE S2

HIV-I Pl Sequence Informatzon

Sequence Name

Source

HIV-I P17 199mer synthe rzed from bases 790-1186

HIV-I Reference Sequence, Los Alamos Natronal Laboratory

T g t(5'o 3')
CAGCTACAACCATCCCTTCAGACAGGATCAGAAGAl'CTTAGATCATTATA
TAATACAGTaGCA) CCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAG
ACACCAIGGAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAG TANG
AAAAAAGCACAGCAAGCAGCAGCTGACACAGGACACAGCAATCAGGTCA

Forward Przmezf5'o 3')
CAGCTACAACCATCCCTTCAGACA

Reverse Primerf5'o 3')
TGACCTGATTGCTGTGTCCTGTGT

P ob I (,5'o 3') /56-FAM/AGCAACCCTCTATTGTGTGCATCAAAGG/3BHQ I

P ob 2 ('5'o 3') /5Cy3/AAAGCACAGCAAGCALCAGCTGA/3BHQ 2/

20

TABLE S3

M I r ChR7 S q I fo t

Sequence Name Malaria ChR 199mer syntheszzed from bases
1139138-1141223

Source UCSC Plasmodium falcrparum Genome Bzo ser Gateway

Target sequence(5'o 3')
GCCTAACATGGCTATGACGGGTAACGGGGAATTAGAGTTCGATTCCGGAG
AGGGAGCCTGaGAISTAGCTACCACATCTAAGGAAGGCAGCAGGCGCGTA
AATTACCCAATTCTAAAGAAGAGAGGTAGTGACAAGAAATAACAATGCAA
GGCCAATTTAAAACCTTCCCAGAGTAACAATTGGAGGGCAAGTCTGGTG

Forward Przmezfs'o 3Q
GCCTA CATGGCTATGACGGGTAA

Reverse Primerf5'o 3')
CACCAGACT'IGCCCTCCAITTGTT

Probe I (5'o 3') /56-FAM/ATTCCGGAGAGGGAGCCTGAGAAATA/3BHQ I/
P ob 2 (,5'o 3') /56-ROXN LaaGGISGGCAGCAGGCGCGTAlw)TTA/3BHQ /

TABLE Sr)

Herpes Srmplex Vrrus-2 Sequence Infozmatron

Sequence Name HSV-2 193mer synthesrzed from HSV-2 genome

So EMBL B nk AJ303204

Target sequence
f5'o 3')

TCAGCCCATCCTCCTTCGGCAGTATGGAGGGTGTCGCGGCGGCGAGCCGC

CGTCccCA AGACGTGCGGGTCGTACACGTACACGTACCAGGGCGGCGGG

CCTCCGACCCGGTACGCTCTCGTAAATGCTTCCCTGCTGGTGCCGATCTG

GGl'.CCGCGCCGCGGAGACATTCGAGTACCAGATCGl'O'CTCGG

Forward Przmezfs'o 3Q
TCAGCCCATCCTCCTTCGGCAGTAT

Reverse Primer
(5'o 3')

CCGAGTTCGATCTGGTACTCGAATGT

Probe I (5'o 3') /56-FAM/AAAGACGTGCGGGTCGTACACGTACA/3BHQ I/

Probe 2 (5'o 3') /5Cy5/TAAATGCTTCCCTGCTGGTGCCGAT/3IAbRQSp/
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TABLE 55

Tuberculosrs rpoB Sequence Informatron

Sequence Name Hycobacte rur, Tubercuios rpoB 200mer syntnesrsed from
Hycobacte rur, tubercuios rpoB genome

go BNBL B nk GQ395623

T g tfg'o 3
q GAGTGCAAPGaCAIGGACATGACGTACGCGGCCCCGCTGTTCGTCACGGC

CGAGTTCATCAACAAC!VICACCGGCGAGATCAAGAGCCAGACGGTGTTCA
TGGGTGACTTCCCGITGATGACCGPGAAGGGCACCTTCATCITCAACGGC
ACCGAGCGCGTCGTGGTCAGCCAGCTGGTCCGCTCGCCCGGTGTGTACTT

PrimerP0 1" r 6 rclf5'o 3
GAGTGCAAPGACAAGGACATGACG

PrimerReverse(5'o 3
AAGTACACACCGGGCGAGC

P ob I ('5'o 3') /56-FAN/CGCTGTTCGTCACGGCCGAGTTCAT/3BHQ 1&

Probe 2 (5'o 3') /50y3/AGATCAAGAGCCAGACGGTGTTCATG/3BHQ 2/

Probe 3 (5'o 3') /50yg/AAGGGCACCTTCATCATCAACGGCA/3IAbRQBp/

TABLE S6

Dengue Vrrus Type 3 Sequence Informatron

5 q N D g V r Typ 3 200 y tb d f
D g V r Typ 3 g

go G Ba 2 H93130

Target sequencefg'o 3'r
ATGCCMICTGTGATTGAGCACTTAGAAAGACTACAAAGGAAACATGGAGG
AATGCTTGTGAGAAATCCACTCTCACGAAACTCCACGCACGAAATGTATT
GGATATCCAATGGTACAGGCAACATCGTCTCATTCACAATGACACACAGG
AGICccAC'ATAGAGAAIGATGTGGATTT100AGCAGGAACCCGACATGT

Poruard Primerf5'o 3')
ATGCcAACTGTGATTGAGCACT

R 9(5'o 3')
ACATGTCGGGTTCCTGCTCCTAAA

Probe I (5'o 3') /56-PAN/ACAAAGGA!V CATGGAGGAI&TGCTTGTGA/3BHQ I/
Probe 2 (5'o 3') /50y3/ACTCTCACGA!V CTCCACGCACGAAA/3BHQ 2/

Probe 3 (5'o 3'I /56-RDXN(ACAATGACACACAGGAGACCCACCAT/3BHQ 2/

Probe 4 (5'o 3'I /5Cy5/GGATATCCAATGGTACAGGCAACATCGT/3IAbRQSp/

TABLE 87 TABLE S8

Ex sr ment I Cocit.t I Ex runcnt 'ocktatl

COll 'Cltlr sf'lolt
Vohunc
.Added

Volume

Resgertrs

Dlm I't IV& I«

Ttll 3 Mtlstcr Mtx
Templates

Pultlcrs

Paid Pmtease PIVD Pr mer

Poly Pmtcasc RVS Pruttcr
P& Les

I I u'vl

I ux'I

I uM

&4 pl
42 pL

pl

2 pL

6 I I

Reagents

135 .I'tvrt
Taq . x Master Mtx
l«r I bl

Mr l. u I mpku
Heq&es Template
IB I mpkt
Desmte V rus Template

I& M

17 sM
16 M

17 sM

2tl pl
4" pL

- pl

- pl

Paid Pmtease Probe I I ux'I Pol& Pr tc&sc FVID Pruner
Pol& Pr tc&sc RVB Pum r

I HM

I HM

BIO-RAD EX.1001.043
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'IAI31,1! Sl I-continued

COll 'Clio at'1011

Vohunc

Added 0 00 cut'mt100

Vohin10

Atdct

Tcniplatcs

Pnly Pmteasc Piobc I I uM 2 pL Hcrpcs Tcniplatc

Pi meis

17 CM 2 uL

Reagerirs

UltiaPuie Witer
Tii I 5 Mi&5tcr Mix
Teinpl&tcs

P

TABLE S9

Ex cruncnt Co ktml

I& chl

Xohuuc
X(he(i

32 uL
4 i&L

pl

15

20

Hcrpcs FWD Prrmci

Hen&es RVS Pi mer

I'r b.

Hen&es Probe I

I uM

I plvl

I plvl

I pM

TABLE S12

Ex eument 6 Co kr& I

2 uL

2 1&L

2 1&L'l

M, l,r: IV'n Pim
Malana RVS Pi mer
Pi les

I pbl
I liM

'l
2 uL Couccutrst10u

Voluinc
Added

Malana Pmbe I

Malaria Probe 2

Reagents

I liM
I pM

TABLE SIO

Ex cruncnt4 Co ktml

Coi&CCI&tt.'1110u

2 uL
i&L

Volume
Added

35

I ItmPum Water
Taq 5 '.vlmter Ivlo.
Templates

Poly Protcasc Tcrnplatc
Xlalai 5 Tempi&tc
TB Tcmplatc

Herpes FWD Pruner
Herpes RVS Pnmer
Probes

I nM
I& nM
16 nM
17 Al

I icul
I icul

26 pL
4 PL

2 pL
2 pL
2 pL
2 pl

PL
PL

LltiaPure 1Varei

Tsq Gx M&5tcl'ix
Tculpl.'ite5

2G t&L

42 pL Herpes Pmbc I

Herpes Pmbc 2

I uvt
I uvt

2 pL
2 pL

Pnly Prntcasc Tcinplatc
1 phi

in 'I mph 1

P

I 151st 5 I"1VD Pi mer
I 151st 5 RVX Pnmer
Piobes

M:dana Pmbc I

M:dana Pmbc

17 i&XI

11 AI
I G AI
11 AI

I pvl
I pvl

I p*.vl

I p*.vl

2 pL
ul
ul
ul

2 pL
2 pL

Reagents

IyltiaPure Water
Taq . x plaster blix
Tcniplatcs

TABLE SIS

Ex runcnt 7 Cocktail

Vohin10
atl d

30 id
42 uL

TABLE Sl I ln I mpht 16 M 'l

Reagerirs

Ulti'sp111'0 Water
Tii I 5 Mi&5tcr Mix

Ex cruncnt Co ktml

V loi
.Xihed

3 i&L

4 i&L

611 In IWI) Pnr «

TB RVS Pnmer
Pi bes

TB Probe I

TB Probe "

TB Probe "

I pM
I plvl

I plvl
I uM
I uM

'l
2 1&L

2 1&L

2 uL
2 uL
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TAI31,E 8 lb-continued

Ex er ment g Cock)of

Don entrit on
Volume
Added

Expernnent li.i Cock):ul

CoiiCCiifl'iitioii

Volume

Added

no I

Taq Sx Master M x
Templates

il pl

Dciigiic Virus Ptobc 4
111

I I M

I pM

- pl

Poly Piore.ise Tempi.ite
M:iliifia Tcitipkitc
Hcrpcs Tcmplstc
Defi iic Virus Tcitipkitc
Pi mere

17 i&M

I i&XI

17 i&XI

17 i&XI

2 pL
2 pL
2 pL

in

'I'A 131 I I S17

IB I'4'D Pi«
TB RVS Pruiicr
Pi i ca

IB I' I

IB I'

TB Piobc 2

UltiaPuie Witer
Zaq tx Musrei M x
Templates

I pvl
I p*.vl

I pvl
I pvl
I p*.vl

TABLE S I 4

Ex er ment 9 Cock)a I

COll 'Clili sf'loli

ul
2 pL

ul
ul

2 pL

Vohunc
.Added

g Id.
4 Id.

20

Rc:inc&its

H I v Ivhsl Mi
l«i I h I

Poly Pretense Template
Melan& Templare
Heq&es Template
Dcoguc Virus Template
Pnmcrs

Poli Pi tense FVID Pruner

Mii. i: IWD I'

Mii. i: R)S P i

rp«s I WD Pnm«
Heq&es RVS Pi mer
Dea nie V rue I'WD Piuner
Dea nie V rue RVS Pnmer
Pi bes

DoiiCCI&tiflf Oil

17 OM
lt OM

17 OM

17 OM

I pM
I I M

I I M

I I M

I I M

I l&MI

I l&MI

I l&MI

Volume
Added

4- pl

" uL

" uL
- pl
- pl
- pl
- pl

Dcnguc Virus Tcniplatc
Pliltlcrs

D«nm Vi . I WD Pim
D«nm Vi . KVS I'u

DenWie Vnus Pmbe I

DenWie Vnus Pmbe
DenWie Vnus Pmbe 3

Dcnguc Virus Probe 4

17 nM

I u'vl

I u'vl

I uv'I

I uv'I

I uv'I

I uM

2 pL

pl
pl

2 pL

3n
Poli Pi tense Pi bc I

Mslana Pmbc I

Mslana Pmbc 2

Denmfe V rue Pmie
Dea nie V rus Pmi e i

Dea nie V rus Pmi e 4

I pM
I pM
I pM
I I M

I I M

I I M

I l&MI

I l&MI

I l&MI

- pl
- pl
- pl

TABLE SI 6

TABLE SI8

Ex &enmenr 12 Co lmul

Ex ci'iiliciit lii tocktii I

COll 'Clili sf'loli
Vohunc
.Added

CoiiCCiifl'iitioii
Vcliijjic
Added

Reagerirs

UltiaPuie Witer
Zaq tx Musrei M x
Teinplntcs

Poly Pmtessc Tcniplstc

mpl I

p

DenWie Vnus FV'D Pr mei
DenWie Vnus RVS Pruner
Pi ies

Dcnguc Virus Probe I

Dcnguc Virus Probe 2

17 nM
in n'vl

I i n'vl

IG n'vl

I uv'I

I uv'I

I uM
I uM

4 Id.

2 pL
pl
pl
pl

2 pL
2 pL

411

I)ltiaPure Water
Taq tx Master M x
Templates

Poli Pi tense Ten&pints
Mslana Template
Hcrpcs Tcniplatc
lli I mph I

Iv I'u I IVD Pnn
Poly Pretense RVS Pnrnei
Malfli'ui I'W'D P&uner
Melan& RVS Pnmer
Heq&es TWD Prmer
Hcrpcs RVS Pruner
TB FWD Pr me
TB PVS Pi&ilier

17 OM
I& OM

17 OM

14 M

I I M

I l&MI

I l&MI

I l&MI

I l&MI

I pM
I pM
I pM

42 Id.

- pl

- pl

" uL
" uL
" uL
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TAI31,11 S20-continued

Ex enmenr 14 Co lti I

Probes

Poly Pmteasc Piobc I

Malaria Probe I

Henies Probe
ZB Probe I

TB Probe 'B

Probe 3

Con ant(at on

I uM

I uM

I u'vl

I u'vl

I ua'I

I ua'I

I uM

I uM

lur «

ndclcd

2 pL
2 pL

pl
pl

2 pL
2 pL

14

Probes

Poll Pretense Probe I

Malana Pmbc 2

Dc((gite V(ius Ptobc I

Dea nie V rus Pml e

coiicciitiflt oii

I l(MI

I I M

I pM
I pM
I l(MI

I I M

I I M

TABLE S21

Voluine
Added

- pl

- pl
- pl

TABLE S19

Ex cruiicnt 13 0'ockta I

20

Buiarv Fnl I Ex miaicnt I Cocktail

Coi(CC(itl'i(tie(i
Vol(i(tie
Added

lur « Reagents

Rcagciits

Ultl'april'c WC(el

Tat x Master Mix
mpl,( .

ZB Template
Pioneis

Poll Pmtease FIVD Pi mei
Poly Pmteasc RVS Pruiicr
Herpes FWD Pruiici
Herpes RVS Pruner
TB FWD Pruner
In RVS I'

1( n'vl

1( n'vl

10 rAI

I ua'I

I uM
I uM
I uM
I uM
I u'vl

12 pL
42 pL

pl
pl

2 pL
2 pL
2 pL
2 pL

pl

34

ItltiaPure Water
Taq . x plaster blix
Tcniplatcs

Poli Pi tense Ten(plate
I'17 Ic( pbu

Poll Pretense FWD Pnmer
Poll Pretense RVS Pnme&
P17 F(VD Pr mar
P17 RVS Pnmer
Dcoguc Virus FTVD Prmicr
Dc((gite V(ius RVS Pl'i(tie(
Probes

I'17 P OI I

17 OM

I Al
17 Al

I iM
I iM
I iM
I iM
I uM
I uM

N)0 Al
400 Al
200 Al

5(l Id.
ii pL

4 pL
4 pl
4 pl

4 Id.
4 Id.
4 Id.
4 Id.
4 pL
4 pL

4 pl
4 pl
4 pl

Poll Pmtease Probe I

Henies Probe I

Henies Probe
ZB Probe I

TB Probe 'B

Probe 3

I ual
I ual
I ual
I ual
I (LM

I (LM

2 pL
2 pL

'I'A 131 I I S22

TABLE S20

Ex cruiicnt 14 0'ockta I

Vohunc

Rc:inc(its

130 . I' tv( I

n I v Iubal M(

IC( I 01

coiicciitiflt oii
Voluine
Added

4 pl
2 pl

Reagerirs

UltiaPuie Witer
Tat x Master Mix
Teinplntcs

P

Poll Pmtease FIVD Pi mei
Poll Pmtease RVb Pnmer
MalanaIWD Prmei
Malaria RVS Pruiicr
Dcnguc Virus FWD Pruner
Dcnguc Virus RVS Pruner

1( n'vl

ln n'vl

1( n'vl

I ua'I

I ua'I

I ua'I

I uM
I uM
I uM

Hi Id
42 pL

pl
pl
pl

2 pL
2 pL
2 pL

Poll Pretense Template
P17 Template
Dea nie V rus Template
Pnmcrs

Poli Pi tense FVID Pruner

I'17 FWD I'

I'17 RVS Prm«

Deamie V rue RVS Pnmer
Pi bes

Poll Pretense Probe I

P17 Piobc I

Dc((gite V(ius Ptobc I

17 n.ul
I ( n.ul
17 n.ul

I uM
I IAI
I IAI
I IAI
I IAI
I iM

guo nM
40(i i(M
20(i i(M

4 Id.
4 Id.

4 pL
4 pl
4 pl
4 pl
4 pl
4 Id.

4 Id.
4 pL
4 pL

BIO-RAD EX.1001.046
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TAI3I,E S26-continued

Rcagcllt5

Buitu FAVI Ex ei ment Co Its I

lur «

Buiary FAI I Expmintcnt 5 Cocktail

Coilccntlflf oil

Volume

Ult(aPu(e Witer
M(51 M

Teinplntcs

Poly Pmtease Template
P17 I pb1

Plilticr5

Poly Pmtease FVVD Pi mei

Pl Fti'D Pi(ilier
Pl RVS

Pi'linc('enn(e

Vnus FV'D Pr mei
Denm Vi . KVS I'u

17 OM

I M

I p.M
I pM
I pM
I pM
I p.M
I pM

54 Id.
pl

4 Id.

4 pl

4 Id.
4 pl
4 i(L
4 i(L
4 Id.
4 pl

15

20

Pi mela

Iv I'e. I VVD Pnu

P17 I'IVD Pr mar

I'17 IIVS Prm«
Dcoguc Viius FtVD Prmicr

Prnbcs

Poll P( tense Pi bc I

P17 P(nbe I

I IAI

I IAI

I iid
I IAI

I uM

I IAI

80(l l(M

400 nM

200 Al

4 pl
4 pl
4 Id.

4 pl

4 pL

4 pl

4 pL

4 Id.

4 pl

Poly Pmtease Probe I

P17 Probe I

8((0 OM
4((0 OM

M

4 Id.
4 Id.
4 pl

TABLE S26

Buiarv I'Alvl yxlenmenr 6 co Its I

TABLE S24 CollCCllf1'iltloll
Volliillc
Added

But FAM Ex cruncnt 4 0'ncktail

Reagerlrs

Ultl'apl(1'C Wa(CI

Till 5 M(15(Cr Mlx
Teinplntcs

lur «
,Vd Ied

)4 pL
2 pL

35

I)it( aPure Water
Taq tx Master M x
Templates

Poll P( tense Tcniplite
P17 Tcmplatc
Dcoguc Viius Template
Pnmcrs

17 OM

15 OM

17 OM

58 Id.

P17 I pb1
Denn(e Vnus Templare
Pioneis

Poly Pmtease FVVD Pi mei
Pnly Pmteasc RVS Pruiicr
Pl Fti'D Pi(ilier
Pl RVS

Pi'linc('cnguc

Virus FWD Pruner
Denm Yi . KVS I'u

I M

17 OM

I p.M
I pM
I pM
I pM
I pM
I pM

4 pl
4 pl

4 Id.
4 i(L
4 i(L
4 i(L
4 i(L
4 pl

Iv I'e. I VVD Pnu

P17 I'IVD Pr mar
P17 RVS Pnmer
De(tm(e V rue I'WD P(uner
Dea n(e V rus RVS Pnmer
Prnbcs

Poll P( tense Pi bc I

P17 Piobc I

I IAI
I IAI
I iid
I iid
I iid
I iid

80(l l(M
40(l l(M
200 Al

4 pl
4 pl
4 Id.
4 Id.
4 Id.
4 Id.

4 pL
4 pL
4 pl

P17 Probe I

Denn(e Vnus Pmbe I

ttt)tt M
4((0 OM
2((0 OM

4 pl
4 Id.
4 Id.

TABLE S27

TAI3I,E S26

Buitu FA:VI Ex ei ment ( Co Its I Rc:iscllt5

V

Ult(aPu(e Witer
Zaq tx Masre( M x
Templates

COll 'Cl(1( af'loll
Volmne
.Added

58 Id.

611

Ult(1Puic Watci
b I x IVbel Ml
Iel 101

P17 Template
Dea n(e V rus Template
Pi mela

17 Al
I ( n.vl
17 n.vl

58 pL
2 pl

4 pl

Pnly Pmteasc Tcntplatc
Pl Teinplatc
Dcnguc Virus Tcn(plate

17 OM
I i(M
17 OM 4 i(L

Poll P( tense FVID Pruner
Poll P( tense RVS Pum r
P17 FWD Purncr

I uM
I uM
I uM

4 pL
4 pL
4 pL

BIO-RAD EX.1001.047
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TAI3i,li F27-cont(Hued

B nm) 1AM Pxperuncni 7 Comfts I

Cos est(st on

Vobsnc

Added Probes

1
Coaccntifl( on Addled

Pl RVS

9('euc('eum(e

Vnus FV'D Pi me(

l)«sm V( . KVS I'u

I HM

I P.M

I PM

4 l(L

4 Id.

4 Pl

Pol) P( tc)sc Pi bc I

I'17 P o( I

DC89uc Vous Piobc I

suu nM
400 Vl

luu nM

4 ul
4 Pl

4 ul

SEQUENCE LISTING

Sequence total quantrt
SEQ ID NO I
FEATURE
source

I 32
moltype = DNA length = 198
Locatron/Qualifrers
I .198
mol type = unassrgned DNA

organrsm = Human rmmunodefrcrency virus I
SEQUENCE I
gg 9 t t ~ tt gat g

g tgg aa tg
gat t t gaa t

acctgtcaac ataattgg

g g ag tg t gt tt g g aatg gtttg gg 6o
t ggggg t tgg ggtttt t agt g gt tg 120
gtgga t g t t ggt gtatt g t gg t iso

198

SEQ ID NO 2
FEATURE
misc feature

source

moltype = DNA length = 26
Location/Qualrfiers
I .26
note = Destriptron of Artifrcial Sequence Synthetic primer
I .26
mol type = other DNA

ga s = sy th t o t u t
SEQUENCE 2

gg g t t ~ tt gat g g g ag 26

SEQ ID NO 3
FEATURE
misc feature

source

moltype = DNA length = 26
Location/Qualrfiers
I 26
note = Destriptron of Artifrcial Sequence Synthetic primer
I .26
mol type = other DNA

organrsm = ynthetic construct
SEQUENCE 3

tgt tg aggtgt ggt 26

SEQ ID NO 4

FEATURE
misc feature

modifred ba e

modrfred base

olt)p = DNA I gth = 26
Location/Qualrfiers
I 26
note = Description of Artrfrcral Sequence Synthetrc probe
I
mod base = OTHER
note = 5'6-fluorescein amidrte modified nucleotide
26
mod base = OTHER
ot = 3'bl 1 h I q h -I od f d I ot

I .26
ol typ = oth DNA

organism = synthetrc construct
SEQUENCE 4

tgagtttgcc aggaagatgg aaacca 26

SEQ ID NO 5
FEATURE
source

SEQUENCE 5

g ta t tt ~
gcaaccc'tct attgtgtgca
aagatagagg aagagcaaaa
ggacacagca atcaggt.ca

moltype = DNA length = 199
Locatron/Qualifrers
I .199
mol type = unassrgned DNA

ga = H od f ) I

8 gg t g g tt g t tt t t t gt 60
tcaaaggata gagataaaag acaccaagga agctttagac 120
caaaagtaag aaaaaagcac agcaagcagc agctgacaca 180

199

SEQ ID NO 6

FEATURE
olt)p = DNA I gth = 24

Locatron/Qualifrers

BIO-RAD EX.1001.048
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misc feature

source

I 24
note = Descriptron of Artrfrcral Sequence.
I 24
mol type = other DNA

organrsm = synthetic construct

Synthetic primer

SEQUEttCE.
cagctacaac catcccttca gaea

SEQ ID NO 7
FEATURE

f t

source

oltyp = DNA I gth = 24
Lo t on/Q I f
I 24
note = Descriptron of Artrfrcral Sequence.
I 24
mol type = other DNA
organrsm = synttretic construct.

Synthetic primer

SEQUEttCE. 7

tgacctgatt gctgtgtcct gtgt

SEQ ID NO 8
FEATURE

f t

cd f db

modifred base

source

DNA length = 28
Q I f

moltype
Lo t on/
I 28
ot = D

I
mod base
not.e = 5'8

mod base
note = 3'

28
mol type

9

pt o of A t f I S q : Sy th t p ob

OTHER
6-fluorescein amrdrte modrfred nucleotrde

OTHER
blach hole quencher- I modrfred nucleotrde

other DNAytht o t t
SEQUENCE: 8

g t t ttgtgtg t a gg 28

SEQ ID NO 9
FEATURE
misc feature

moltype
t,ocatron/
I 23
note = De

DNA length = 23
Qualifrers

scriptron of Artrfrcral Sequence. Synthetic probe
modifred base

modifred base

I
mod base
note = 5
23
od b
ot = 3

I 23
ol typ

organrsm

OTHER
c antne 3 modrft.ed nucleotrde

OTHER
bl 1 hol q h -2 od f d I ot d

oth DNA

synttretic construct.
SEQUENCE. 9
aaagcacagc aagcagcagc tga 23

SEQ ID NO 10
PEATURE
source

SEQUENCE: 10
gcctaacatg gctatgacgg
agaaatagct accacatcta
gagaggtagt gacaagaaat
ttggagggca agtctggtg

moltype = DNA length = 199
Locatron/Qualrfrera
I 199
ol typ = g d DNA

g = d t f d
ot = pl od f I pa u

gtaacgggga attagagttc gattccggag agggagcctg
aggaaggcag caggcgcgta aattacccaa ttctaaagaa
aacaatgcaa ggccaattta aaaccttccc agagtaacaa

60
120
180
199

SEQ ID NO 11
PEATURE
muse feature

source

moltype = DNA length = 24
Locatron/Qualrfrera
I 24
note = De criptron of Artrfrcral Sequence.
I 24
ol typ = oth DNA

9 = y tl t o t t

Synthetic primer

SEQUEttCE. 11
gcctaacatg gctatgacgg gtaa

SEQ ID NO 12
PEATURE
muse feature

oltyp = DNA I gth = 24
Locatron/Qualtfrera
I 24
note = Descriptron of Artrfrcral Sequence.
I 24
ol typ = oth DNA

organrsm = synthetic construct

Synthetic primer

BIO-RAD EX.1001.049
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SEQUENCE. 12
caccagactt gccct.ccaat tgt.t.

SEQ ID NO 13
FEATURE
mrsc feature

cd f db

cd f db

source

moltype
Locatron/
I 26
note = De
I
od b
ot = 5'6

mod base
not.e = 3 '

26
mol type
organrsm

DNA length = 26
Qualrfrera

OTHER
fl o a d t od f d I ot d

OTHER
black trois quencher-I modrfred nucleotrde

other DNA

synthetic construct

criptron of Artrfrcral Sequence. Synthetic probe

SEQUEttCE. 13
attccggaga gggagcctga gaaata

SEQ ID NO 14
FEATURE

f t

modifred base

modifred base

source

DNA I gth = 26
Q I f

oltyp
Lo t on/
I 26
ot = D

I
mod base
not.e = 5'6

mod base
note = 3'

26
ol typ

g

pt o of A t f I S q : Sy th t p ob

OTHER
6-carboxy-X-rhodamrne modrfred nucleotrde

OTHER
black hole quencher-2 modrfred nucleotrde

oth DNAytht o t t
SEQUENCE: 14

gg gg g agg g gt

SEQ ID NO 15
FEATURE
source

SEQUEttCE. 15
t g t t tt gg
g gtg ggg t gt gt
gt tg t t tg tgg

g t g t gg

moltype = DNA length = 192
Locatron/Qualifrers
I 192
mol type = unassrgned DNA
organrsm = Human alphaherpesvrrus 2
note = Herpes srmplex vt.rus 2

~gtatgg gg gtgt g gg gg g g g gt
~ a gt ggg gg ggg t g ggta g t t
tg g t tg gg g g g gg g t t gagt

60
120
180
192

SEQ ID NO 16
FEATURE
misc feature

source

moltype = DNA length = 25
Locatron/Qualifrers
I 25
note = De criptron of Artrfrcral Sequence.
I 25
mol type = other DNA

g = y th t o t t

Synthetic primer

SEQUENCE: 16
t g t t tt gg gtat 25

SEQ ID NO 17
FEATURE
misc feature

source

moltype = DNA length = 26
Locatron/Qualifrers
I 26
note = Descriptron of Artrfrcral Sequence.
I 26
mol type = other DNA

organrsm = synthetic construct

Synthetic primer

SEQUEttCE. 17
ccgagttcga tctggtactc gaatgt

SEQ ID IIO 18
FEATURE
mrsc feature

modifred base

modifred base

oltyp = DNA I gth = 26
Lo t on/Q I f
I 26
note = Descriptron of Artrfrcral Sequence.
I
od b = OTHER

note = 5'6-fluoreacein amrdrte modrfred nu
26
mod base = OTHER
ot = 3'bl k h I q h -I od f d

I 26
mol type = other DNA

Synthetic probe

cleotrde

I ot d
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organrsm = synttretic construct.
SEQUENCE. 18
aaagacgtgc gggtcgtaca cgt.aca 26

SEQ ID NO 18
FEATURE
muse feature

ed f db

modifred base

source

moltype
Locatron/
I 25
ot = D

I
od b
ot = 5'5

mod base
not.e = 3 '

25
mol type
organrsm

DNA length = 25
Qualrfrers

OTHER

Y 5 od f d I ot d

OTHER
Iowa blactt RQ quencher modrfred nucleotrde

other DNA

synthetic construct

pt o of A t f I S q : By th t p ob

SEQUEttCE. 18
taaatgcttc cctgctggtg ccgat 25

SEQ ID EO 20
FEATURE

SEQUENCE. 20
gagtgcaaag acaaggacat
aacaacaaca ccggcgaga'0
accgagaagg gcaccttcat
ego'tcgcccg gtgtgtact'0

oltyp = DNA I gth = 200
Lo t on/Q I f
I 200
mol type = unassrgnetl DNA
organrsm = Hycobacterrum tuberculosrs

gacgtacgt'g gccccgctgt leg'tcacggc cgagttcatc
caagagctag acggtgttca tgggtgactt cccgatgatg
catcaacggc accgagcgcg tcgtggtcag ccagctggtc

60
12 0
180
200

SEQ ID EO 21
FEATURE

f t

source

oltyp = DNA I gth = 24
Lo t on/Q I f
I 24
note = Descriptron of Artrfrcral Sequence.
I 24
mol type = other DNA
organrsm = synttretic construct.

Synthetic primer

SEQUEttCE. 21
gagtgcaaag acaaggacat gacg

SEQ ID NO 22
FEATURE

f t

SEQUENCE. 22
aagtacacac cgggcgagc

moltype = DNA length = 19
Lo t on/Q I f
I 18
ot = D pt o of A t f I S q

I 19
mol type = other DNA
organrsm = synttretic construct.

BY tt t p

SEQ ID NO 23
FEATURE

f t

ed f db

modifred base

source

moltype
Locatron/
I 25
ot = D

I
od b

note = 5'5

mod base
not.e = 3 '

25
mol type
organrsm

DNA length = 25
Qualrfrers

OTHER
6-fluorescein amrdrte modrfred nucleotrde

OTHER
black /role quencher-I modrfred nucleotrde

other DNA

synthetic construct

pt o of A t f I S q : By th t p ob

SEQUEttCE. 23
cgctgttcgt cacggccgag ttcat 25

SEQ ID EO 24
FEATURE
muse feature

modifred base

modifred base

oltyp = DNA I gth = 26
Lo t on/Q I f
I 26
note = Descriptron of Artrfrcral Sequence.
I
od b = OTHER

note = 5'cyantne 3 modrft.ed nucleotrde
26
mod base = OTHER
ot = 3'bl k hol q h -2 od f d

I 26
mol type = other DNA

Synthetic probe

I ot d

BIO-RAD EX.1001.051



75

US 12,168,797 B2

continued
76

organrsm = synttretic construct.
SEQUENCE. 24
agatcaagag ccagacggtg ttcatg 26

SEQ ID NO 25
FEATURE
muse feature

cd f db

modifred base

source

moltype
Locatron/
I 25
ot = D

I
od b
ot = 5'5

mod base
not.e = 3 '

25
mol type
organrsm

DNA length = 25
Qualrfrers

OTHER

Y 5 od f d I ot d

OTHER
Iowa blach RQ quencher modrfred nucleotrde

other DNA

synthetic construct

pt o of A t f I S q : By th t p ob

SEQUEttCE. 25
aagggcacct tcatcatcaa cggca 25

SEQ ID EO 26
FEATURE

SEQUEttCE. 26
atgccaactg tgattgagca
agaaatccac tctcacgaaa
aaca'tcgtc'0 cattcacaa'0
gg g gg 5 tgt

oltyp = DNA I gth = 200
Lo t on/Q I f
I 200
mol type = unassrgnect DNA
organrsm = Dengue virus
note = Dengue vrrus 3

cttagaaaga ctacaaagga aacatggagg aatgcttgtg
ctccacgcac gaaatgtatt ggatatccaa tggtacaggc
gacacacagg agacccacca tagagaaaga tgtggattta

60
12 0
180
200

SEQ ID EO 27
FEATURE
misc feature

source

oltyp = DNA I gth = 22
Lo t on/Q I f
I 22
note = Descriptron of Artrfrcral Sequence.
I 22
mol type = other DNA

organrsm = synthetic construct

Synthetic primer

SEQUEttCE. 27
atgccaactg tgattgagca ct 22

SEQ ID 110 28
FEATURE

f t

source

oltyp = DNA I gth = 24
Lo t on/Q I f
I 24
ot = D pt o of A t f I S q

I 24
mol type = other DNA
organrsm = synttretic construct.

BY tt t p

SEQUENCE. 28
acatgtcggg ttcctgctcc taaa

SEQ ID NO 29
FEATURE

f t

cd f db

modifred base

source

DNA length = 29
Q I f

moltype
Lo t on/
I 29
ot = D

I
mod base
not.e = 5'9

mod base
note = 3'

29
mol type
organrsm

pt o of A t f I S q : By th t p ob

OTHER
6-fluorescein amrdrte modrfred nucleotrde

OTHER
blach hole quencher- I modrfred nucleotrde

other DNA

synthetic construct
SEQUEttCE. 29
acaaaggaaa catggaggaa tgct.tgtga

SEQ ID EO 30
FEATURE
misc feature

cd f db

modifred base

source

oltyp = DNA I gth = 26
Locatron/Qualtfrers
I 26
note = Descriptron of Artrfrcral Sequence.
I
mod base = OTHER

note = 5'cyantne 3 modrft.ed nucleotrde
26
od b = OTHER
ot = 3'bl 1 hol q h -2 od f d

I 26

Synthetic probe

I ot d
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mol type = other DNA
organrem = eyntlretic construct.

SEQUENCE. 30
actctcacga aactccacgc acgaaa

SEQ ID NO 31
FEATURE

f t

cd f db

modifred base

source

moltype
Locatron/
I 26
ot = D

I
od b

note = 8'6

mod base
not.e = 3 '

26
mol type
organrem

DNA length = 26
Qualrfrera

OTHER
6-carbory-X-rhodamrne modrfred nucleotrde

OTHER
black isola quencher-2 modrfred nucleotrde

other DNA

synthetic construct

pt o of A t f I S q : Sy th t p ob

SEQUEIICE. 31
tg agg g t

SEQ ID NO 32
FEATURE
misc feature

oltyp
Lo t on/
I 28
note = re

DNA I gth = 28
Q I f

ecriptron of Artrfrcral Sequence. Synthetic probe
modifred base

modifred base

I
mod base
note = 5'8

mod base
ot = 3'

28
ol typ

8

OTHER
c antne 5 modrfr.ed nucleotrde

OTHER
Io bl k RQ q h od f d I ot d

oth DNAytht o t t
SEQUENCE. 32
ggatatccaa tggtacaggc aacatcgt 28

What IS Clalnu:d IR

I A systein comprismg
a wimple clmmbcr conligurcd to house a sample and

analyte-specific reagent inixtures of analyte-specihc
hybridization pmbes and multiple fhiorophores;

a multi-channel detector to detect
60

a hrst electromagnetic signal at a first wavelength from
ihc sample chamber, lhc tirst clcctromagncuc slglml
generated by excitement of a first fluoroplmre of the
multiple fluorophorcs:

a second electromagnetic signal at a second wavelength
from thc sample clmmbcr, lhc second electromag-
netic smnal genenTted by excitement of a second
fluorophore of the multiple fluorophores:

a third electromagnetic sigiml at a third wavelength
from the sample chamber. the tlfird electroma netic 8

signal gcncratcd by cxcltcmcnt of 8 tlnrd Ihiorophorc
of the multiple fluorophore;

a fiiurth electromagnetic signal at a fiinrth wavelength
from the sample chamber. the fourth electroma netic
sf@mt generated by excitement of a fourth tluoro- . I
phorc of the muluplc fluorophorcs.

a processor controlled analyzer io rimcivt, from thc
multi-chluuicl dcicctor, a cumulutivc signal based on
the first, second, third, and fourth electromagnetic
signals and apply a decoding, matrix to the cnnuila- sn

tive signal to unambiguously detect the presence or
absence of at least each ofM analytes by associating,
for each analylc, a first value ul 8 lirsl component of
ihc munulauvc signal and a second value m a scmmd
conlponcnt of thc cUUIUlailvc slgn81, v hell:nl ciich 61

hrst value is an intensity or range of intensities and
each second value is a wavelength or a range of

wavclcngths. and wherein thc second values com-
prise the first, second, third. and fourth wavelengths,
and ihc dclcrnnnalion is nmdc without inunobiliza-
tinn, mass spectrometry or melting curve analysis;

v herein for the positive integer M.
M (wlog2 (Ii+lh
F is a positive integer and is equal to the maximum

cunnilaltvc intensity of thc lirsl component of ihc
signal. for any second value, when Ull of the analytes
arc present, and

(',5.or6;and
wherein F+1 is a positive in(cger and whcrcin F+1 ls 8

power of 2,
wherein M is greater than the number of the second values

used to encode the analides (Ch the multi-channel
detector comprises C channels, Und M and ('re
poslllvt nltcgcrs.

2 'I'he system of claim I, ivherein the multi-channel
detector is further contignred to detect

8 fiflh electmmagnetic signal at a fifth v avelength from
the sample chamber, the fifth electromagnetic signal
gcncralcd by cxcltmnmll of a liflb tluorophorc of ihc
multiple fluorophorcs.

8 slxfll tlcclronulgnctlc signal Bl 8 sixth wdvclcnglh loni
the sample chamber. the sixth electmmagnetic signal
generated by excitement of a sixth fluorophore of the
multiple fhiorophoresi and

wherein C=ti.
3 Thc system of claim 2, whcrcin each of thc six

fluorophorcs is auachcd to a hybriihzation probe.
4 Thc system of clmm 1,
wherein 1 1, 3, 7. 15. 31, 63, or 127.
5 1 he system of claim 1, wherein li 3
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6. The system of clnun 5, whcrcu& lhc multiple Ihx&ro-

phores is selected fmm the group consisting of a blue
fluorophore. a green fluorophore. a yellow fluorophore, a red
fluorophore. and any combinations thereof

7. The system of claim 5, v herein the multiple tluoro-
phores is selected from the group consisting of a fluorescein
anudilc (FAM), a cyanuic 3 (Cy3), a carboxy-X-rlx&daminc
(ROX). a cyaiunc 5 (Cy5), a cyaninc 5.5 (Cy5.5). m&d any
combinations thereof

8 'I he system of claim 5, wherein the multiple tluoro-
phores has a maximum excitation wavelength selected fron&

the group consistin of about 494 nm. about 550 run. Shout
567 mn, about (i50 nm, about 675 nm. and any combinmions
lie&cof.

9. The system of clnun 5, whcrcu& lhc multiple Ihx&ro-

phores has a maximum emission wavelength selected fron&

the group consisting of about 518 nm, about 565 nm. about
591 nm, about 670 nn&, about 697 nm. and any combinations
thereof.

10. The system of claim 5, wherein the analyte-specific
hybridizauon probes arc labclcd with a fluorophore of thc
multiple tluorophorcs.

11 'I'he system of claim 5, w:herein the detector con&prises
four or six hand pass filters

12. 'Ihe system of claim 5. wherein the detector con&prises
band pass hlters that enable the detection of blue. green, and
red Iiuorescent signals; and v.herein the detector comprises
band pass Iiltcrs that enable the dc&ection of r;u& cs selected
from the group consisluig ol from aboul 483 nm lo about
533 nm, from about 523 nm to about 568 nm, from about
558 nm to about 610 nm, froin about 615 nm to about 670
nm, and any combinations thereof.

13. The system of claim 5, wherein the nmlti-channel
detector comprises four or six photodetectors.

14. 11&c system of clean 5. whcrcu& d&c nuilu-clmnncl
dc&em&or composes photodclcclors flmi m&able lhc deleclion
of blue, green, and rcd tluorcsccnt signals.

15. 1he system of claim 5. wherein the nndt&-channel
detector comprises photodetectors that enable the detection
ranges selected from the group consisting of from about 483
nm to about 533 mn. from about 523 nm to about 568 nm,
from about 558 iun lo about 610 nm, Ibom about 615 iun to
about 670 nm. mid any combu&auons thcrcol;

16. Thc system ol'elena 5, whercu& the sample composes
a droplet.

17. 'I he system of claim 16, wherein the droplet is housed
in a dynamic array.

18. The system of cLaim 5. further comprisin a dispLay
coupled to the processor controlled analyzer lo visuahzc a

plot ol the Iirsl and second values.
19. A system compnsuig.
'I processor;
a display: and
a non-transitory computer readable medium storin

instn&ctions thereon that, when executed by the proces-
sor. cause thc processor lo.

obtain cumulauve s&gnal dale Ibom a digital PCR umtru-
mcnl w&th a sample volume, lhc dig&lal PCR u&slrumm&l

comprising a light source and a multichannel detector
with ('hannels, and the sample volume cmnpnsing M
fluorescently labeled polynucleotide analyres;

apply a decoding matrix to the cumulative signal darn to
unambiguously dclcrminc thc prescncc or absence of at
least each of the M fluorcsccntly labeled polynucleolnlc
aimlytcs by assoc&at&ng, Ii&r each fluorcsccntly labclcd
polynucleotide analyte. a first value in a first compo-
nent of the cumulative signal data and a second value

IS

20

&s

S I I

hl d sccoild con&poncnl of lhc c&inlUIB&lvc signal data,
v herein each first value is an intensity or range of
intensities and eimh scmond value is a wavelength or d

range of wavelengths.
whc&chl fo& B positive alleger M,

M (wloge (F+I).
F is the maximum cunn&lative intensity of the hrst

component of lhe cumulative signal data, for any
second value, &shen all of the analytes are present,

M, C. m&d F are each positive integers, m&d

v herein F+I is a positive integer and wherein F+I is a
power of 21 and

plot, on the display. a representation of the first value and
lhc second vBIUc,

wherein the cunndative signal data comprises
a first electromagnetic signal at a first wavelength from

the sample volume. the first electromagnetic signal
enerated by excitement of a Iirst fluorescently labeled

polvi&Uchxuulc Bnuly'lc ol lhc six tlUorcsccnllv labclixl
polynucleotide analytes;

a second clccltonlagnclic signal Bl a second wavchenglh
fron& the sample volume. the second electmniagnetic
sig&ial generated by excitement of a second tiuores-
cently labeled polyin&cleot&de analyte of the six fluo-
rescently labeled polynucleotlde analytes:

a third electromagnetic signal at a third wavelength from
lhc sditlplc volUnic, lhc third clccliuniBgncl&c signal
gcncraled by cxcitcmcnl of a third fluorcsccnlly labchxl
poly&n&cleotide analyte of the six fluorescently labeled
poly&n&cleotide analyles;

a fburth electromagnetic signal at a fourth wavelength
from the sample volume, the fourth electromagnetic
sip&BI generated by excitement of a fou&th first fluo-
rcsvcnlly labclcd polynucleoude armlytc ol'hc six
fluorcsccntly labclcd polynuclcolidc aualylcs, aml

wherein thc sixund Values compose the Iirst, second
tlnrd, and fourth &vavelengths, and the determination is
made without iinmobilization. mass spectmmetry or
melting curve analysis.

20. The system of claim 19. wherein F=1, 3, 7, 15, 31, 63.
or 127.

21. The system uf claim 19, whcrmn F=3
22. A reaction nnxture for unambi uously dclccun a

presence or absence of M non-immobilized polynucleotide
aimlytes of a single sainple, the reaction mixture con&prising

a plurality of non-inunobilized hybridization probes.
wherein the reaction mixture is subjected to conditions

such llml thc plurality ol polynucleolidc analylcs arc
mnpldiid,

wherein at least onc of thc plurahty of ol&gonucleoudc
primers is used to amplify a region complementary of
at least one of the plurality of hybridization probes;

wherein the plurality of hybridization probes comprise a
first hybridimtion probe con)ugated to a first fluoro-
phorc Biul 11 second flUU&ophorc,

wherein lhc Iirsi fluorophorc and lhc second fluorophorc,
when cxcilcd by a hghl source. cnul 1&ghl ol ihflcrcnl
v svelengths, and

the plurality of hybridization probes further coinprises a
third hybridization probe and a fourth hybridization
probe. v:herein the third hybridization probe is conju-
ga 1 &x! to a third tluorop bore and the Iburth hybriif za l&on
&s con)ugated to a Iourth fluorophore,

wherein lhc third fluorophorc and the I'ourth fluorophorc,
v hen excited by a light source, emit hght of a same
v svelength, and
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wherein thc third hybridization probe;utd lhc fourth
hybridization probe are present at diflcrcnl concentra-
tions in the reaction mixture;

optionally the plurality of hybridimtion probes further
comprises a fifth hybridization probe and a sixth
hybridization probe. wherein the fifth hybridization
probe is conlugatcd to a lilth lhiorophorc and thc sixth
hybridization is con/ugated to a sixth fluorophorc,

wherein the fifth fluorophore and the sixth fluorophore,
vvhen excited by a light source. emit light of a smne
wavelength, and

ivherein the fiflh hybridization probe mid the six hybrid-
ization probe arc prcscnl al difli:real mmccntraluins in
the reaction mixture,

ivherein for the positive uiteaer M,
M=C"log2 (F+lh
F is a positive integer and is equal to the maximum

cumulative intensity of the first component of the
signal, for any second value, w hmt all of the nna1y tea
arc present, and

( 4.5,or6;and
ivherein 1'+1 is a positive integer and wherein ii+1 is a

poiver of 2, and
wherein M is rester than the number of the second values

used to encode the analytes, the multi-channel detector
comprises C channels, and Ivl snd C arc posiuvc
llllcgcrs.

23. Thc reaction mixture ol'laim 22, whcrcui C=6 and
v herein F=l. 3, 7. 15, 31, 63, or 127.

24. The reaction nnxture of claim 22, whcrcin F=3.
25. 'lite reaction mixture of claim 24. wherein a ratio of

concentration bclwccn the lirst hybndimuon probe mid lhc
second hybridization probe is between 0 3 and 0 7 molrmol

26. The reaction mixture of claim 24, 11 herein the reaction
nuxture further comprises a polymerase having 5'o 3'xonucleaseactivity and primers specific for the plurality of

1 I 1

polynuclcotidc analytcs.
27. The reaction mixture of claim 24, wherein the hrst

fluorophorc, lhc second fluorophorc, thc third fluorophorc,
the fourth tluorophore, the hfth tluorOPhor, or the sixth
fluorophorc comprise nmluplc fluorophorcs

2g. I'he reaction mixture of claim 24, wherein one of the
plurality of hybridization probes hlrther compnse a fluores-
cent quencher

29. The reaction mixture of claim 24, wherein the hrst
za hybridization probe mtd thc second hybudization probe arc

present at difl'erent concentrations in the reaction mixttue.
30. vv kit lor thc uiumibiguously dclccung a prcscncc or

ahsence of a plurality of polynucleotide analytes of a single
saiuple coiuprising the compoiteitts claim 24 and instmc-
tions for the use of the kit.

r s s
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