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SIGNAL ENCODING AND DECODING IN of a signal at each of a plurality of second values in a second 
MULTIPLEXED BIOCHEMICAL ASSAYS component of a signal ( e.g. , a signal intensity or range of 

signal intensities at each of a plurality of wavelengths or 
CROSS - REFERENCE ranges of wavelengths ) . 

In some examples , an assay provided herein is capable of 
This application is a continuation of U.S. patent applica unambiguously detecting the presence or absence of M 

tion Ser . No. 14 / 451,876 , filed Aug. 5 , 2014 , which is a analytes , in any combination of presence or absence , where 
continuation of U.S. patent application Ser . No. 13 / 756,760 , M = C * log2 ( F + 1 ) , where C is the number of the second 
filed Feb. 1 , 2013 , which claims the benefit of U.S. provi values used to encode the analytes and F is the maximum 
sional applications 61 / 594,480 , filed Feb. 3 , 2012 and cumulative value of the first component of the signal , for any 
61 / 703,093 , filed Sep. 19 , 2012. The content of these appli second value , when all of the analytes are present . 
cations is incorporated herein by reference in its entirety . In some cases , an assay provided in this disclosure is 

capable of unambiguously detecting the presence or absence 
STATEMENT AS TO FEDERALLY SPONSORED of M analytes , in any combination of presence or absence , RESEARCH where M = ( P * T ) +1 , where P is the number of codes per tier 

This invention was made with the support of the United in a coding scheme and T is the number of tiers . In some 
cases , the number of tiers T = logy ( F + 1 ) , and F is the States government under Grant No. 1144469 awarded by maximum cumulative value of a first component of a signal , NSF . The government has certain rights in the invention . 20 for any second value , when all of the analytes are present . 

SEQUENCE LISTING In some examples , the first value is an intensity or range 
of intensities . In some cases , a coding scheme comprises at 

The instant application contains a Sequence Listing which least three intensities or ranges of intensities . 
has been submitted in ASCII format via EFS - Web and is In some cases , the second value is a wavelength or range 
hereby incorporated by reference in its entirety . Said ASCII 25 of wavelengths . In some examples , the coding scheme 
copy , created on Aug. 20 , 2014 , is named 38075-716-301 comprises at least five wavelengths or ranges of wave 
Seqlist.txt and is 9,260 bytes in size . lengths . 

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

30 emission signal . In some examples , the intensity of the 
Multiplexed reactions offer significant advantages over fluorescence emission signal is measured at at least four 

traditional uniplex reactions , including performance of par wavelengths or ranges of wavelengths . 
allel reactions on the same sample , use of the same chamber In some cases , an assay provided herein is performed with 
to perform multiple reactions , and the ability to extract rich reagents that are lyophilized prior to use . 
information from a sample in a fast and efficient manner . 35 In some cases , a detecting step is performed with reagents 
However , to achieve these benefits , multiplexed assays comprising hybridization probes . In some examples , the 
generally require complex reporting mechanisms , namely number of the hybridization probes is greater than the 
spectrally resolved fluorescence or chemiluminescence number of analytes . In some cases , the set of hybridization 
( e.g. , PCR , ELISA ) , spatially resolved signals ( e.g. , microar probes comprise one or more hybridization probes specific 
rays , gel electrophoresis ) , temporally resolved signals ( e.g. , 40 for different analytes and comprising an identical fluoro 
capillary electrophoresis ) , or combinations thereof ( e.g. , phore or combination of fluorophores . In some examples , a 
Sanger sequencing ) . There is a need for multiplexed reac sample is contacted with at least 18 of said hybridization 
tions that can be carried out in a single solution . probes . In some examples , a detecting step is performed 

with reagents comprising at least one pair of primers . In 
SUMMARY OF THE INVENTION 45 some cases , at least one pair of primers are capable of 

amplifying a region complementary to at least three of said 
This disclosure provides methods , compositions , systems , hybridization probes . 

and kits for the multiplexed detection of analytes . In some In some examples , the signal that is measured is generated 
cases , this disclosure provides assays that are capable of during a polymerase chain reaction . In some cases , the 
unambiguously detecting the presence or absence of each of 50 polymerase chain reaction is selected from the group con 
at least 7 analytes , in any combination of presence or sisting of an end - point polymerase chain reaction , a real 
absence , in a single sample volume without immobilization , time polymerase chain reaction , a digital polymerase chain 
separation , mass spectrometry , or melting curve analysis . In reaction , and combinations thereof . 
some examples , each of the analytes is encoded as a value In some examples , at least one cumulative measurement 
of one ( or at least one ) component of a signal . 55 is performed on a solution . 

In some examples , an assay provided in this disclosure is In some examples , at least one analyte is encoded by at 
capable of unambiguously detecting the presence or absence least one additional value ( i.e. , at least two values together ) , 
of M analytes , in any combination of presence or absence , wherein the at least one additional value is selected from the 
where M = log2 ( F + 1 ) and F is the maximum cumulative group consisting of a value from at least one additional 
value of one component of a signal ( e.g. , an intensity ) when 60 component of a signal , a value from at least one component 
all the analytes are present . of a different signal , and combinations thereof . For example , 

In some cases , each analyte is encoded as at least one first the at least one additional value may be selected from the 
value in a first component of a signal ( e.g. , at least one group consisting of a fluorescence emission intensity , a 
intensity or range of intensities ) and at least one second fluorescence emission wavelength , a Förster resonance 
value in a second component of a signal ( e.g. , at least one 65 energy transfer ( FRET ) emission intensity , a FRET emission 
wavelength or range of wavelengths ) . In some examples , wavelength , an electrochemical signal , a chemilumines 
each analyte is encoded as a first value in a first component cence wavelength , a chemiluminescence intensity , a fluo 
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rescence bleaching rate , a chemiluminescence bleaching whether each of said analytes is present or absent based on 
rate , and combinations thereof . said cumulative measurement and said coding scheme . 

In some cases , a chromatogram is constructed . The chro In some examples , the method described in the preceding 
matogram may be constructed by plotting all possible com paragraph is capable of unambiguously detecting the pres 
binations of first values and second values for positive 5 ence or absence of M analytes , in any combination of 
control samples for each analyte . presence or absence , where M = log2 ( F + 1 ) and F is the 

In some examples , at least one of the analytes comprises maximum cumulative value of the first values when all of 
a polynucleotide . In some cases , the polynucleotide is from the analytes are present . In some cases , the first value is an 
a source selected from the group consisting of an animal , a intensity or range of intensities . In some examples , the first 
plant , a bacteria , a fungus , a parasite , and a virus . In some 10 value has a minimum value in the coding scheme that is 
examples , the polynucleotide is from a source selected from selected from the group consisting of at least 1 , at least 2 , at 
the group consisting of human immunodeficiency virus , least 4 , at least 8 , at least 16 , at least 32 , and at least 64. In 
herpes simplex virus , human papilloma virus , Plasmodium , some cases , the first value is incremented in the coding 
Mycobacterium , dengue virus , hepatitis virus , and influenza scheme by an amount equal to the cumulative maximum of 
virus . In some cases , the polynucleotide is selected from the 15 said preceding first values plus one . In other cases , the first 
group consisting of human immunodeficiency virus poly value is incremented in the coding scheme by an amount 
protease , human immunodeficiency virus p17 , human pap greater than the cumulative maximum of the preceding first 
illoma virus E6 , and human papilloma virus E7 . values plus one . 

In some cases , a sample is selected from the group In some cases , this disclosure provides a method of 
consisting of a clinical sample , a food sample , an environ- 20 detecting the presence or absence of each analyte of a 
mental sample , a pharmaceutical sample , and a sample from plurality of analytes , comprising : ( a ) encoding each of said 
a consumer product . analytes as at least one first value and at least one second 

In some examples , information concerning the presence value , wherein said first value is a value from a first 
or absence of an analyte is transmitted through a computer component of a signal and said second value is a value from 
network . 25 a second component of said signal , thereby generating a 

In some cases , information concerning the presence or coding scheme , wherein each of said analytes is represented 
absence of an analyte is provided to a physician . In some in said coding scheme by said at least one first value and said 
examples , a clinical decision is made based on such infor at least one second value , wherein said encoding is per 
mation . formed in a manner that reduces or eliminates degeneracy ; 

In some examples , at least one step of a method provided 30 ( b ) providing a sample comprising , or potentially compris 
herein is performed using instructions on a computer read ing , at least one of said analytes ; ( c ) contacting said sample 
able medium . In some cases , the instructions are located on with analyte - specific reagents that generate said at least one 
a rem server . In some examples , the instructions are first value and at least one said second as represented 
located on a thermal cycler . In some cases , the instructions in said coding scheme , when each of said analytes is present ; 
are located on a computer in communication with a thermal 35 ( d ) cumulatively measuring said first values and said second 
cycler . values within said sample , thereby providing a cumulative 

In some cases , at least one of the analytes is a positive measurement ; and ( e ) determining whether each of said 
control analyte . analytes is present or absent based on said cumulative 

In some examples , the coding scheme is non - degenerate . measurement and said coding scheme , wherein , when 
In some cases , the coding scheme is designed to be non- 40 degeneracy is eliminated , said method is capable of unam 
degenerate . In some examples , the coding scheme is made biguously detecting the presence or absence of each of at 
non - degenerate by enumerating every legitimate result that least six analytes in a single volume , in any combination of 
can be obtained from the coding scheme , identifying each presence or absence , when each of said reagents generates 
legitimate result that is degenerate , and eliminating at least only one second value . 
one potential analyte code from the coding scheme to 45 In some cases , each of the analytes of the method 
eliminate degeneracy . described in the preceding paragraph is encoded as a first 

In some cases , an assay provided herein is an end - point value in a first component of the signal at each of a plurality 
assay . In some examples an assay provided in this disclosure of second values in a second component of the signal . In 
is ended at a threshold number of cycles set by the limit of some cases , when degeneracy is eliminated , this method is 
detection of an instrument . 50 capable of unambiguously detecting the presence or absence 

In certain examples , an assay provided herein is a liquid of each of at least seven analytes in a single volume using 
phase assay . four second values . In some examples , when degeneracy is 

In some cases , an assay provided herein is quantitative . eliminated , the coding scheme comprises T non - degenerate 
In some cases , this disclosure provides a method of tiers , wherein T = log4 ( F + 1 ) and F is the maximum cumu 

detecting the presence or absence of each analyte of a 55 lative value of the first component of the signal , for any 
plurality of analytes , comprising : ( a ) encoding each of said second value , when all of the analytes are present . In some 
analytes as a first value of a signal , thereby generating a cases , when degeneracy is eliminated , the method is capable 
coding scheme , wherein each of said analytes is represented of unambiguously detecting the presence or absence of M 
in said coding scheme by said first value , wherein said analytes , in any combination of presence or absence , where 
encoding is performed in a manner that eliminates degen- 60 M = ( P * T ) +1 and P is the number of codes per tier . In some 
eracy ; ( b ) providing a sample comprising , or potentially examples , when degeneracy is eliminated , the method is 
comprising , at least one of said analytes ; ( c ) contacting said capable of unambiguously detecting the presence or absence 
sample with analyte - specific reagents that generate said first of M analytes , in any combination of presence or absence , 
value , as represented in said coding scheme , when each of where M = C * log2 ( F + 1 ) , C is the number of second values in 
said analytes is present ; ( d ) cumulatively measuring said 65 the coding scheme , and F is the maximum cumulative value 
first values of said signal within said sample , thereby pro of the first component of the signal , for any second value , 
viding a cumulative measurement ; and ( e ) determining when all of the analytes are present . 
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This disclosure also provides non - degenerate coding generating a coding scheme , wherein each of said analytes 
schemes capable of unambiguously encoding the presence is represented in said coding scheme by said first value , 
or absence of each of at least 7 analytes , in any combination wherein said encoding is performed in a manner that elimi 
of presence or absence , in a single sample volume without nates degeneracy ; ( c ) providing said party with analyte 
immobilization , separation , mass spectrometry , or melting 5 specific reagents that generate said first value , as represented 
curve analysis . in said coding scheme , when each of said analytes is present , 

In some examples , a non - degenerate coding scheme of said party : ( i ) contacting a sample comprising , or potentially 
this disclosure is generated by a method comprising : ( a ) comprising , at least one of said analytes with said reagents ; 
generating a code for each potential analyte , wherein each and ( ii ) cumulatively measuring said first values within said 
potential analyte is encoded by at least one value of at least 10 sample , thereby providing a cumulative measurement ; and 
one component of a signal ; ( b ) enumerating every legitimate ( d ) obtaining said cumulative measurement from said party ; 
cumulative result for all possible combinations of presence ( e ) determining whether each of said analytes is present or 
or absence of each analyte ; ( c ) identifying each legitimate absent based on said cumulative measurement and said 
result that is degenerate ; and ( d ) eliminating at least one coding scheme ; and ( f ) providing said party with informa 
code to eliminate degeneracy . In some cases , the coding 15 tion about the presence or absence of each of said analytes . 
scheme may be expanded by adding additional codes that In some cases , this disclosure provides methods of detect 
are at least one unit greater than the sum of all previous ing the presence or absence of each analyte of a plurality of 
codes in the at least one component of said signal . In some analytes for a third party , comprising : ( a ) obtaining the 
cases a coding scheme is generated by a method of math identity of each of said analytes from a party ; ( b ) encoding 
ematical iteration that guarantees non - degeneracy by con- 20 each of said analytes as at least one first value and at least 
struction . one second value , wherein said first value is a value from a 

In some cases , this disclosure provides systems for detect first component of a signal and said second value is a value 
ing the presence or absence of each analyte of a plurality of from a second component of said signal , thereby generating 
analytes , comprising : ( a ) encoding each of said analytes as a coding scheme , wherein each of said analytes is repre 
a first value of a signal , thereby generating a coding scheme , 25 sented in said coding scheme by said at least one first value 
wherein each of said analytes is represented in said coding and said at least one second value , wherein said encoding is 
scheme by said first value , wherein said encoding is per performed in a manner that reduces or eliminates degen 
formed in a manner that eliminates degeneracy ; ( b ) provid eracy ; ( c ) providing said party with analyte - specific reagents 
ing a sample comprising , or potentially comprising , at least that generate said at least one first value and said at least one 
one of said analytes ; ( c ) contacting said sample with analyte- 30 second value , as represented in said coding scheme , when 
specific reagents that generate said first value , as represented each of said analytes is present , said party : ( i ) contacting a 
in said coding scheme , when each of said analytes is present ; sample comprising , or potentially comprising , at least one of 
( d ) cumulatively measuring said first values of said signal said analytes with said reagents ; and ( ii ) cumulatively mea 
within said sample , thereby providing a cumulative mea suring said first values and said second values within said 
surement ; and ( e ) determining whether each of said analytes 35 sample , thereby providing a cumulative measurement ; and 
is present or absent based on said cumulative measurement ( d ) obtaining said cumulative measurement from said party ; 
and said coding scheme . ( e ) determining whether each of said analytes is present or 

In some cases , this disclosure provides systems for detect absent based on said cumulative measurement and said 
ing the presence or absence of each analyte of a plurality of coding scheme ; and ( f ) providing said party with informa 
analytes , comprising : ( a ) encoding each of said analytes as 40 tion about the presence or absence of each of said analytes . 
at least one first value and at least one second value , wherein In some cases , this disclosure provides compositions for 
said first value is a value from a first component of a signal detecting the presence or absence of each analyte of a 
and said second value is a value from a second component plurality of analytes , comprising analyte - specific reagents , 
of said signal , thereby generating a coding scheme , wherein each reagent generating a signal comprising a first value , 
each of said analytes is represented in said coding scheme by 45 wherein said reagents are capable of unambiguously detect 
said at least one first value and said at least one second value , ing the presence or absence of each of at least seven analytes 
wherein said encoding is performed in a manner that reduces in a single sample volume , in any combination of presence 
or eliminates degeneracy ; ( b ) providing a sample compris or absence , without immobilization , separation , mass spec 
ing , or potentially comprising , at least one of said analytes ; trometry , or melting curve analysis . 
( c ) contacting said sample with analyte - specific reagents that 50 In some cases , this disclosure provides compositions for 
generate said at least one first value and said at least one detecting the presence or absence of each analyte of a 
second value , as represented in said coding scheme , when plurality of analytes , comprising analyte - specific reagents , 
each of said analytes is present ; ( d ) cumulatively measuring each reagent generating a signal comprising at least one first 
said first values and said second values within said sample , value that is a value from a first component of said signal and 
thereby providing a cumulative measurement ; and ( e ) deter- 55 at least one second value that is a value from a second 
mining whether each of said analytes is present or absent component of said signal , wherein said reagents are capable 
based on said cumulative measurement and said coding of detecting the presence or absence of each of at least six 
scheme , wherein , when degeneracy is eliminated , said sys analytes in a single volume , in any combination of presence 
tem is capable of unambiguously detecting the presence or or absence , when each of said reagents generates only one 
absence of each of at least six analytes in a single volume , 60 second value . 
in any combination of presence or absence , when each of In some cases , this disclosure provides kits for detecting 
said reagents generates only one second value . the presence or absence of each analyte of a plurality of 

In some cases , this disclosure provides methods of detect analytes , comprising analyte - specific reagents , packaging , 
ing the presence or absence of each analyte of a plurality of and instructions , each reagent generating a signal compris 
analytes for a third party , comprising : ( a ) obtaining the 65 ing a first value , wherein said kit is capable of unambigu 
identity of each of said analytes from a party ; ( b ) encoding ously detecting the presence or absence of each of at least 
each of said analytes as a first value of a signal , thereby seven analytes in a single sample volume , in any combina 
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tion of presence or absence , without immobilization , sepa respectively ) and a quencher ( oval with “ X ” ) . The control 
ration , mass spectrometry , or melting curve analysis . sequence and the five other sequences ( Dengue 

In some examples , this disclosure provides kits for detect Fever = dengue virus ; Tuberculosis = Mycobacterium tubercu 
ing the presence or absence of each analyte of a plurality of losis ; P17 = HIV p17 ; Malaria = Plasmodium falciparum ; and 
analytes , comprising analyte - specific reagents , packaging , 5 Herpes - herpes simplex virus 2 ) are all detected using a 
and instructions , each reagent generating a signal compris probe labeled with a blue fluorophore . The non - control 
ing at least one first value that is a value from a first analytes are each detected using 1-3 additional probes . For 
component of said signal and at least one second value that example , the dengue virus analyte is detected using three 
is a value from a second component of said signal , wherein additional probes with green , yellow , and red fluorophores ; 
said kit is capable of detecting the presence or absence of 10 the herpes simplex virus 2 analyte is detected using one 
each of at least six analytes in a single volume , in any additional probe with a red fluorophore ; and so on . 
combination of presence or absence , when each of said FIG . 3 shows chromatograms of experimental results 
reagents generates only one second value . obtained as described in Example 2 . 

In some cases , this disclosure provides kits for detecting FIG . 4 shows an exemplary embodiment of the invention 
the presence or absence of each analyte of a plurality of 15 in which a computer is used to perform one or more steps of 
analytes , comprising a kit body ( 601 ) , clamping slots the methods provided herein . 
arranged in the kit body for placing bottles , a bottle com FIG . 5 shows a schematic of two different methods of 
prising probes for the detection of an analyte ( 602 ) , a bottle detecting wavelength and intensity of a light signal , such as 
comprising primers for amplification ( 603 ) , and a bottle a fluorescence emission signal . 
comprising reagents for amplification ( 604 ) , wherein said kit 20 FIG . 6 shows a schematic of exemplary kits . 
is capable of unambiguously detecting the presence or FIG . 7 shows chromatograms of experimental results 
absence of each of at least seven analytes in a single sample obtained as described in Example 3 . 
volume , in any combination of presence or absence , without FIG . 8 shows a schematic of a legitimate result ( top ) and 
immobilization , separation , mass spectrometry , or melting an illegitimate result ( bottom ) . 
curve analysis . 

In some examples , this disclosure provides kits for detect DETAILED DESCRIPTION OF THE 
ing the presence or absence of each analyte of a plurality of INVENTION 
analytes , a kit body ( 601 ) , clamping slots arranged in the kit 
body for placing bottles , a bottle comprising probes for the Fluorescence detection has been a preferred technique for 
detection of an analyte ( 602 ) , a bottle comprising primers for 30 multiplexed assays because of several desirable features , 
amplification ( 603 ) , and a bottle comprising reagents for including compatibility with biochemical assays , the rela 
amplification ( 604 ) , each probe generating a signal com tively small size of fluorescent labels , simple means of 
prising at least one first value that is a value from a first conjugation to molecules of interest , affordability , low tox 
component of said signal and at least one second value that icity , stability , robustness , detectability with inexpensive 
is a value from a second component of said signal , wherein 35 optics , and an ability to be combined with spatial arrays . 
said kit is capable of detecting the presence or absence of However , standard fluorophores have wide emission spectra . 
each of at least six analytes in a single volume , in any Therefore , in order to avoid spectral overlap ( i.e. , to preserve 
combination of presence or absence , when each of said spectral resolution ) only a relatively small number of colors 
probes generates only one second value . ( e.g. , 4 to 6 ) are typically used simultaneously in multi 

40 plexed fluorescent assays . 
INCORPORATION BY REFERENCE The traditional encoding method for multiplexed fluores 

cent assays has been to encode each analyte with a single 
All publications and patent applications mentioned in this color ; i.e. , M = N , where M is the number of analytes that can 

specification are herein incorporated by reference to the be detected and N is the number of spectrally resolved 
same extent as if each individual publication or patent 45 fluorescent probes . Whenever higher factors of multiplexing application was specifically and individually indicated to be are required ( i.e. , M > N ) , fluorescence is generally combined 
incorporated by reference . with other techniques , such as aliquoting , spatial arraying , or 

sequential processing . These additional processing steps are 
BRIEF DESCRIPTION OF THE DRAWINGS labor - intensive and frequently require relatively expensive 

50 and complex optical and mechanical systems ( e.g. , spec 
The novel features of the invention are set forth with trometers , mechanized microscopy stages , microfluidics , 

particularity in the appended claims . A better understanding droplet generators , scanners , and the like ) . Such systems are 
of the features and advantages of the present invention will often impractical to deploy in certain settings , particularly 
be obtained by reference to the following detailed descrip point - of care and low - resource settings . Thus , there is a 
tion that sets forth illustrative embodiments , in which the 55 significant need for multiplexed encoding and decoding 
principles of the invention are utilized , and the accompany methods that can provide an inexpensive means of multi 
ing drawings of which : plexing while avoiding the use of expensive additional 
FIG . 1 shows a comparison between a traditional encod processing steps . 

ing method of detecting four analytes with four colors and This disclosure provides methods , systems , compositions , 
an encoding method of the invention able to detect 16 or 60 and kits for the detection of multiple analytes in a sample . 
more sequences with four colors . Colors are indicated by B , Analytes are detected based on the encoding , analysis , and 
G , Y , and R , which indicate blue , green , yellow , and red , decoding methods presented herein . In some examples , each 
respectively . analyte to be detected is encoded as a value of a signal ( e.g. , 
FIG . 2 shows a schematic representation of detection of intensity ) , where the values are assigned so that the results 

six analytes ( including control ) with four colors . The ana- 65 of the assay unambiguously indicate the presence or absence 
lytes are detected using hybridization probes attached to a of the analytes being assayed . In other examples , each 
fluorophore ( B , G , Y , R ; blue , green , yellow , and red , analyte to be detected is encoded as a value in each of at least 
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two components of a signal ( e.g. , intensity and wavelength ) . either the specification and / or the claims , such terms are not 
The at least two components of a signal may be orthogonal . limiting and are intended to be inclusive in a manner similar 
Similarly , as described more fully elsewhere in this disclo to the term " comprising ” . 
sure , multiple orthogonal signals may be used , such as a The term “ about , " as used herein , generally refers to a 
combination of a fluorescent signal and an electrochemical 5 range that is 15 % greater than or less than a stated numerical 
signal . The analyte may be any suitable analyte , such as a value within the context of the particular usage . For 
polynucleotide , a protein , a small molecule , a lipid , a example , " about 10 ” would include a range from 8.5 to 11.5 . 
carbohydrate , or mixtures thereof . The signal may be The terms “ dimension ” and “ component , ” as used herein any 
suitable signal such as an electromagnetic signal , a light when referring to a signal , generally refer to an aspect of the 
signal , a fluorescence emission signal , an electrochemical 10 signal that may be quantified . For example , if a signal is 
signal , a chemiluminescent signal , and combinations generated by a fluorescent molecule , it may be quantified in 
thereof . The at least two components of the signal may terms of its wavelength ( e.g. , a first dimension or compo 

nent ) and its intensity ( e.g. , a second dimension or compo any suitable two components , such as an amplitude and a nent ) . frequency or an intensity and a wavelength . The term “ decoding , ” as used herein , generally refers to After encoding of the analytes , a sample is provided a method of determining which analytes are present based wherein the sample comprises or may comprise at least one on the cumulative signal and a coding scheme or decoding 
of the encoded analytes . The sample is contacted with an matrix that enables the conversion of a cumulative signal to 
analyte - specific reagent or reagents that generate a particular information concerning the presence or absence of one or 
signal , as specified for each analyte in the coding scheme , in 20 more analytes . 
the presence of an analyte . A reagent may be any suitable The term “ encoding , ” as used herein , generally refers to 
reagent that is capable of generating such a signal in the the process of representing an analyte using a code com 
presence of its corresponding analyte , for example , an prising values of a signal , such as intensity , or values in each 
oligonucleotide probe attached to a fluorophore and a of at least two components of a signal or signals , such as 
quencher ( e.g. , a TAQMAN probe ) . If the reagent is an 25 wavelength and intensity . 
oligonucleotide probe attached to a fluorophore and a The terms " oligonucleotide probe attached to a fluoro 
quencher , a nucleic acid amplification may be performed to phore and a quencher ” and “ TAQMAN probe ” generally 
generate the signal . refer to hydrolysis probes used to detect the presence of an 

After addition of the reagent ( s ) , the signal is quantified . In analyte in a polynucleotide amplification assay . These 
some cases , this quantification is performed by measuring 30 probes comprise an oligonucleotide probe attached to a 

fluorophore and a quencher . So long as the quencher and the one component of the signal ( e.g. , fluorescence intensity ) 
and determining the presence and absence of certain ana fluorophore are in proximity , the quencher quenches the 

fluorescence emitted by the fluorophore upon excitation by lytes based on the values used to encode the presence of each a light source . The sequence of the oligonucleotide probe is analyte and the cumulative value of the signal . 35 designed to be complementary to a polynucleotide sequence In some cases , at least two components of a signal ( e.g. , present in an analyte , and therefore capable of hybridizing to intensity and wavelength ) are cumulatively measured for the the polynucleotide sequence present in the analyte . Hybrid 
sample . This measurement can be performed , for example , ization of the oligonucleotide probe is performed in a 
by measuring the intensity at a particular wavelength or the nucleic acid amplification reaction comprising primers ( e.g. , 
intensity within a particular range of wavelengths . The 40 a polymerase chain reaction ) . Upon extension of the primers 
presence or absence of an analyte may then be determined by a DNA polymerase , the 5 ' to 3 ' exonuclease activity of the 
based on the values of each of the at least two components polymerase degrades the probe , releasing the fluorophore 
of the signal and the values used to encode the presence of and the quencher into the medium . The proximity between 
the analyte ( i.e. , those values in the coding scheme ) . the fluorophore and the quencher is broken and the signal 

The encoding may be performed in a manner that reduces 45 from the fluorophore is no longer quenched . Thus , the 
or eliminates the number of possible degenerate ( e.g. , amount of fluorescence detected is a function of the amount 
ambiguous ) results that can be obtained by the method . As of analyte present . If no analyte is present , the probe will not 
described elsewhere in this specification , the full coding hybridize to an analyte , and the fluorophore and quencher 
capability of a particular coding scheme may be enumerated , will remain in close proximity . Little or no signal will be 
and certain potential analyte codes may be eliminated from 50 produced . 
the coding scheme to reduce or eliminate degeneracy . Simi The term “ orthogonal , " as used herein , generally refers to 
larly , a coding scheme may be designed to be non - degen at least two components of a signal ( e.g. , wavelength and 
erate , so that a reduction or elimination of degeneracy is not intensity ) , or at least two different signals ( e.g. , fluorescence 
necessary . A decoding matrix may be constructed to translate emission and electrochemical signal ) , that can be varied 
cumulative signal measurements ( e.g. , intensities or inten- 55 independently or approximately independently . For 
sities at particular wavelengths ) into the presence or absence example , wavelength and intensity are considered orthogo 
of certain analytes , corresponding to the constituent signals nal or approximately orthogonal when fluorescent molecules 
of the cumulative signal measurement . are used . Among other factors , the wavelength of fluores 
I. Definitions cence emission will depend on the composition of the 

The terminology used herein is for the purpose of describ- 60 fluorescent molecule and the intensity of the fluorescence 
ing particular embodiments only and is not intended to be will depend on the amount of molecule present . Although 
limiting wavelength and intensity are examples of two components 
As used herein , the singular forms “ a , ” “ an , ” and “ the ” are of a signal that can be varied approximately independently , 

intended to include the plural forms as well , unless the the methods described herein are not limited to components 
context clearly indicates otherwise . Furthermore , to the 65 that can be varied independently or approximately indepen 
extent that the terms “ including , ” “ includes , ” “ having , ” dently . Components of a signal , or signals , that vary non 
“ has , " " with , ” “ such as , ” or variants thereof , are used in independently may also be used , so long as the components 
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or signals are characterized well enough to enable encoding , to Seq 3 ) . The absence of Seq 2 and Seq 4 is indicated by the 
measurement , and decoding . For example , if the variance in absence of a blue and red signal . 
one component or signal affects the variance in another Table 1 shows a translation of this coding scheme into a 
component or signal , the two components or signals may binary format . Each analyte is encoded as a value in each of 
still be used so long as the relationship between the vari- 5 two components of a fluorescent signal : ( 1 ) color ( also 
ances is understood . known as wavelength ; or range of wavelengths ) and ( 2 ) 
The terms “ polynucleotide , " " oligonucleotide , " or intensity ( indicated by the numbers within the table ) . For 

“ nucleic acid , " as used herein , are used herein to refer to example , A ( e.g. , Seq 1 ) has a color of blue and an intensity 
biological molecules comprising a plurality of nucleotides . of 1 ; B ( e.g. , Seq 2 ) has a color of green and an intensity of 
Exemplary polynucleotides include deoxyribonucleic acids , 1 ; and so on . The intensity of the signal within each color 
ribonucleic acids , and synthetic analogues thereof , including range may be quantified as described herein , for example by 
peptide nucleic acids . measuring the intensity of the signal within a particular 

The term “ probe , " as used herein , generally refers to a wavelength range determined by a band pass filter . A result 
reagent capable of generating a signal in the presence of a of 1000 indicates that only analyte A is present ; a result of 
particular analyte . À probe generally has at least two por 1100 indicates that analytes A and B are present ; and so on . 
tions : a portion capable of specifically recognizing an ana 
lyte , or a portion thereof , and a portion capable of generating TABLE 1 
a signal in the presence of an analyte , or a portion thereof . Traditional encoding of four analytes with four probes , each A probe may be an oligonucleotide probe attached to a 20 probe having a single color , and one probe per analyte . 
fluorophore and a quencher , as described above and else 
where in this disclosure . A probe may also be any reagent 
that generates a signal in the presence of an analyte , such as 
an antibody that detects an analyte , with a fluorescent label 
that emits or is quenched upon binding of the antibody to an 25 
analyte . Any suitable probe may be used with the methods 
presented in this disclosure , so long as the probe generates 
a quantifiable signal in the presence of an analyte . For B. Encoding Methods Using More Than One Color Per 
example , the analyte - specific portion of a probe may be Analyte 
coupled to an enzyme that , in the presence of an analyte , 30 The traditional method described above suffers from the 
converts an uncharged substrate into a charged product , fact that it is limited by the number of spectrally resolvable 
thereby increasing the electrical conductivity in the medium fluorophores . More specifically , the number of detectable 
over time . In this case , different analytes may be encoded by analytes is equal the number of spectrally resolvable 
coupling the analyte - specific portion of the probe ( e.g. , fluorophores . Therefore , the number of analytes may only be 
hybridization probe or antibody ) to an enzyme at different 35 increased by increasing the number of spectrally resolvable 
ratios . The resulting rate of increased conductivity in the fluorophores . 
medium will be cumulative for all analytes present in the This disclosure provides methods that overcome this 
medium . Encoding analytes according to the methods pro limitation . More specifically , in some cases , by utilizing at 
vided herein enables conversion of the conductivity mea least two components of a signal during encoding , the 
surements into unambiguous ( i.e. , non - degenerate ) results 40 methods described herein may be used to detect more than 
providing information about the presence or absence of one analyte per fluorophore . For example , using the method 
particular analytes . Similarly , a probe may comprise an provided herein 1.5 , 1.6 , 1.7 , 1.8 , 1.9 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 
enzyme producing a chemiluminescent product from a sub 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 
strate . The amount of chemiluminescence may then be used 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 
to encode the presence of particular analytes . 45 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , or 50 analytes may be detected 
II . Encoding and Decoding Methods per fluorophore . In some cases , the methods provided herein 
A. Traditional Fluorescent Encoding and Decoding Method may be used to detect at least 1.5 , 1.6 , 1.7 , 1.8 , 1.9 , 2 , 3 , 4 , 
A commonly used method of determining the presence of 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 

an analyte uses four spectrally resolved fluorescent mol 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 
ecules to indicate the presence or absence of four analytes . 50 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , or 50 analytes 
An example of this method is presented on the left - hand side may be detected per fluorophore . In some cases , the methods 
of FIG . 1. The left - hand side of FIG . 1 shows an encoding provided herein may be used to detect 1.5-2 , 2-4 , 1.5-4 , 4-6 , 
method where four analytes ( Seq 1 , Seq 2 , Seq 3 , and Seq 2-6 , 6-10 analytes per fluorophore . 
4 ) are each encoded by a single color ( blue , green , yellow , In some cases , the methods provided in this disclosure 
and red , respectively ) . The color represents a fluorophore 55 may include the use of a control color . The control color may 
attached to an oligonucleotide probe that also comprises a be attached to one or more probes binding a positive control 
quencher . In the system shown on the left - hand side of FIG . analyte , and each analyte to be detected , in a sample . If the 
1 , there are four different oligonucleotide probes , each same sequence occurs in the positive control analyte and 
comprising a single fluorophore ( blue , green , yellow , or red ) each analyte to be detected , a single control probe may be 
and a quencher . The presence or absence of an analyte is 60 used . If the same sequence does not occur in the positive 
determined based on the presence or absence of a signal in control analyte and each analyte to be detected , different 
a particular color . probes may be used , but each probe may still be attached to 

The chart on the left - hand side of FIG . 1 shows intensity the control color . 
versus color for a hypothetical sample containing two ana For example , building on the traditional methods 
lytes : Seq 1 and Seq 3. The presence of these analytes is 65 described above , one color ( e.g. , blue ) may be used to 
determined based on the measurement of a blue signal encode the presence of a control analyte that is always 
( corresponding to Seq 1 ) and a yellow signal ( corresponding present in the sample . The control analyte may be added to 
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the sample , or may be inherently present in the sample . The in each color . For example , the result 2111 has a 2x signal 
remaining colors ( e.g. , green , yellow , red ) may be used to intensity in the blue channel , while the result 1000 has only 
encode the presence of additional analytes . Table 2 shows an a 1x signal intensity in the blue channel . 
example of one such method . Using Table 3 , each of the possible cumulative assay 

5 results can be enumerated , in terms of color ( blue , green , 
TABLE 2 yellow , red ) and intensity ( 0-8 ) . Table 4 shows a " decoding 

Encoding of four analytes , including control , with matrix ” generated by enumerating each of the possible 
four colors and up to two colors per analyte . cumulative assay results based on the encoding method 

presented in Table 3 and providing the corresponding 
10 decoded result of each assay in terms of the analyte ( s ) 

present in the sample . A similar decoding matrix may be 
generated for any coding scheme described herein , by enu 
merating each of the possible cumulative assay results based 
on the coding scheme and providing the corresponding 

15 decoded result of each assay in terms of the analyte ( s ) 
In Table 2 , the presence of the control ( p ) is indicated by present in ( or absent from ) the sample . In some cases , as 

a result of 1000. The presence of the control and analyte A described below , one or more analytes may be removed from 
is indicated by a result of 2001. The presence of the control the coding scheme in order to reduce or eliminate degen 
and all three other analytes is indicated by a result of 4111 . eracy . 
The control color ( blue ) provides an indication that the assay 
is functioning properly . The intensity of the blue color TABLE 4 
reports the number of analytes that are present in a test 
sample . Of course , any color may be used as the control Decoding matrix for encoding method presented in Table 3 . 

color . One of skill in the art will recognize that certain Cumulative Assay Result 
practical considerations might make it preferable to use one 
color over another as the control color . For example , if one Red Analyte ( s ) Present 
color is better detected in a particular optical system ( or 
system of fluorophores ) , it might be practically preferable to 
use that color as a control color . 

The coding scheme shown in Table 2 encodes each 30 
analyte using one control color and one additional color ( up PE 
to 2 probes per analyte ) . However , as shown below , the pF 
number of analytes that can be encoded increases when up pG 

to 4 colors are used per analyte . Table 3 shows an exemplary PAB 
coding scheme where each analyte is encoded by up to 4 PAC 

PAD 
colors . In the scheme shown in Table 3 , the control color ??? 
( blue ) is generated in the presence of the control sequence PAF , PCD , PBE 
and each of the other seven analytes ( A - G ) . The other seven PAG , PDE 

analytes are each encoded by the presence of one to three 
p?? 
pBD 

additional colors . The colors may be contained on different pBF 
probes ( e.g. , oligonucleotide probes attached to a fluoro pBG , PDF 
phore and a quencher ) or on the same probe ( which can have p?? 

multiple fluorophores and multiple quenchers ) . pCF 
pCG , PEF 
pDG 

TABLE 3 PEG 
pFG 

Encoding of eight analytes ( including control ) with PACB 
four colors and up to four colors per analyte . PABD 

pBCF 
PACE 
PABE , PACD 
PABF , pBCD 
PACF , pBCE 
PADF , PABG , PBDE 
PACG , PCDE , PAEF 
pBCG , PBEF , PCDF 
PCDG , PAFG , PBEG , PDEF 
PADE 
pBDF 
pCEF 
PADG 

In Table 3 , the presence of the control and all seven other PCFG 
analytes is indicated by a result of 8444. Three analytes ( A , 60 PAEG 
B , and C ) are encoded by two colors . Three analytes ( D , E , 

pBFG 
PBDG 

and F ) are encoded by three colors , and one analyte ( G ) is pCEG 
encoded by four colors . The presence of the control ( p ) is PDEG 
indicated by a result of 1000. The presence of the control and pEFG 

analyte A is indicated by a result of 2001. The presence of 65 PABCD 
PABCE 

the control and analyte G is indicated by a result of 2111 . PABCF 
These results express the cumulative intensity of the signal 
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TABLE 4 - continued This result is referred to as an “ illegitimate ” result . An 
illegitimate result may indicate that the assay malfunctioned . 

Decoding matrix for encoding method presented in Table 3 . Thus , the control ( p ) and the decoding matrix provide a 
Cumulative Assay Result means of verifying that the assay is functioning properly . 

Table 4 is exhaustive for any combination of fluorophores 
Red Analyte ( s ) Present generating four resolvable emission spectra ( e.g. , colors ) . 

The term " rank ” is used to describe the number of detected PABCG , PABEF , PBCDE , PACDF 
PABDE analytes , including the control . In the example provided 
PACDE above , if the assay functions properly , the rank is equal to the 
PABDF 10 value of the blue signal . For example , a rank of 8 indicates pBCDF that the control and all seven other analytes ( A - G ) are PACEF 
pBCEF present . A rank of 2 indicates that the control and only one 
PABEG , PACDG , PADEF analyte are present . The lowest rank is a rank of 1 , which 
PABFG , PBCDG , PBDEF indicates that only the control is present . The number of 
PACFG , PBCEG , PCDEF 15 possibilities at each rank can be enumerated . For example , PABDG 
PACEG continuing to refer to the encoding and decoding method 
PBCFG described in Tables 3-4 , there are 7 possibilities for rank 2 . 
PADFG , PBDEG The number of possibilities at rank 3 can be calculated as a 
PBEFG , PDEFG combination of 7 take 2 , or 7 ! / ( 5 ! * 2 ! ) = 21 possibilities . More PCDEG , PAEFG 
PADEG 20 generally , the number of possibilities for a combination of N 
pBDFG take K is N ! / ( ( N - K ) ! * K ! ) . Analogously , at ranks 4 , 5 , 6 , 7 , 
PCEFG and 8 , the number of possibilities is 35 , 35 , 21 , 7 , and 1 , 
PDEFG respectively . Referring to Table 4 shows that the table agrees PABCDE 
PABCDF with the theoretical prediction . Thus , Table 4 is an exhaus 
PABCEF 25 tive decoding matrix for the encoding method provided in 
PABCDG , PABDEF Table 3 . 
PABCEG , PACDEF C. Reducing or Eliminating Degeneracy PABCFG , PBCDEF 
pBCEFG The terms “ degenerate ” and “ degeneracy , ” as used herein , 
PACEFG generally describe a situation where a legitimate result is not 
PABEFG , PACDFG , PBCDEG 30 definitive , because it can indicate more than one possibility pBCDFG in terms of the presence or absence of an analyte . For PABDFG 
PACDEG example , with reference to Table 4 , result 5233 is degenerate 
PABDEG because it can be decoded as either PADFG or pBDEG . 
PCDEFG Similarly , result 4222 is degenerate because it can be pBDEFG 35 decoded as any of the following : pCDG , PAFG , PBEG , PADEFG 
pBCDEFG pDEF . By contrast , result 3110 can only indicate pBC and 
PACDEFG thus is not degenerate . 
PABDEFG This disclosure provides methods of reducing or elimi 
PABCEFG 

7 nating degeneracy , thereby increasing the confidence with PABCDFG 
PABCDEG 40 which an analyte is detected . In one embodiment , degen 
PABCDEF eracy is eliminated by a method comprising ( i ) encoding 
PABCDEFG each potential analyte to be detected as a value of a signal 

and , optionally , as a value in each of at least two components 
The decoding matrix provided in Table 4 is constructed of a signal ; ( ii ) enumerating every legitimate result that can 

using two assumptions . First , the decoding matrix assumes 45 be obtained from the coding scheme ; ( iii ) identifying each 
that the positive control ( p ) always produces a positive legitimate result that is degenerate ; and ( iv ) eliminating at 
outcome . Second , the decoding matrix assumes that , within least one potential analyte ( or potential analyte code ) from 
each color , the intensity is additive and scales in the same the coding scheme , wherein eliminating the at least one 

potential analyte reduces or eliminates degeneracy . For way with changing probe concentration , regardless of which 
probe the signal may come from . This essentially means that 50 example , with reference to the coding scheme described in 

Table 3 and the decoding matrix described in Table 4 the signals are additive and digital . The conditions under ( enumerating every legitimate result ) , eliminating any two 
lying these assumptions may be met by properly preparing of analytes D , E , and F eliminates the degeneracy . Elimi 
the assay . If a fluorescent signal is used , the intensity need nating any one of analytes D , E , and F would not eliminate 
only be approximately additive and digital , as demonstrated 55 the degeneracy , but would reduce it . 
in the Examples provided herein . With continued reference to the coding scheme described 

Table 4 allows the conversion of a cumulative measure in Table 3 , eliminating any two of analytes D , E , and F from 
ment of intensity in four ranges of fluorescent wavelengths the coding scheme results in a scheme where six analytes 
( i.e. , signal intensity within each color range ) , into the ( including control ) can be analyzed , with no degeneracy , 
corresponding analytes present in the sample . For example , 60 using only 4 colors . By contrast , conventional methods of 
a result of 4321 indicates that p , C , F , and G are present and multiplexing would allow for only the reporting of 3 ana 
the other analytes are not present . This result is referred to lytes and 1 control using 4 colors . Therefore , the number of 
as a " legitimate ” result , because it is present in the decoding analytes that can be analyzed is nearly doubled by using the 
matrix . By contrast , a result of 4000 , while possible to methods provided herein . 
measure , does not occur in the decoding matrix . More 65 FIG . 2 shows an exemplary embodiment of the invention 
specifically , the result of 4000 cannot be achieved by adding in which 4 colors are used to detect five analytes and a 
any combination of control and analyte codes from Table 3 . control . The analytes are nucleic acids from dengue virus 
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( “ Dengue Fever " ) , Mycobacterium tuberculosis ( " Tubercu nation of degeneracy ( see , e.g. , the coding scheme exem 
losis ” ) , human immunodeficiency virus ( HIV ) p17 ( P17 ) , plified in Table 8 , described more fully below ) . Thus , the 
Plasmodium ( “ Malaria ” ) , and herpes simplex ( “ Herpes ” ) . coding schemes provided in this disclosure may have 
The " colors ” in this example are fluorophores attached to reduced or eliminated degeneracy , or be non - degenerate by 
oligonucleotide probes that also comprise a quencher . The 5 design . 
oligonucleotide probes will generally be different for differ D. Encoding Methods Using More Than One Color and 
ent analytes , whereas the color is the same . For example , all More Than One Intensity 
probes designated as Probe 1 have a blue color but generally The encoding method described above ( e.g. , Tables 3-5 ) 
will have a different oligonucleotide sequence . Of course , may be further extended by allowing analytes to be encoded 
probes designated as Probe 1 could also have the same 10 by an intensity greater than 1. For example , each of the 
oligonucleotides sequence , if the complementary sequence analytes encoded in the coding scheme provided in Table 5 
was present in each of the analytes . The mechanism of is encoded by a fluorescence intensity of either 1 or 0 . 
detection with these probes is described elsewhere in this Allowing higher values for the signal intensity in at least one 
disclosure . Probe 1 ( blue ) hybridizes to all six analytes , color further increases the number of analytes that can be 
including control . Probe 2 ( green ) hybridizes to analytes 15 encoded by any of the methods provided in this disclosure . 
from dengue virus , Mycobacterium , and HIV p17 . Probe 3 In some examples , these higher intensity values may be 
( yellow ) hybridizes to analytes from dengue fever and assigned any color except for the control color , in order to 
Plasmodium . Probe 4 hybridizes to analytes from dengue maintain the analyte counting capability of the control color . 
virus , Mycobacterium , and herpes simplex . The coding Table 6 shows the first three tiers of an exemplary coding 
scheme defined by these probes is illustrated in Table 5. With 20 scheme that utilizes four colors and multiple intensities . Tier 
reference to Table 3 , potential analytes D ( 1011 ) and F 1 of Table 6 is a reproduction of Table 3 , showing the 
( 1110 ) have been eliminated from the coding scheme . There encoding of seven analytes and a control with four colors . As 
fore , the coding scheme presented in Table 5 is non - degen described above , any two of potential analytes D , E , and F 
erate and each legitimate result from the assay corresponds may be eliminated from the coding scheme in order to 
to the presence or absence of a unique combination of 25 produce a non - degenerate coding scheme . Tier 1 of Table 6 
analytes in a sample . indicates that potential analytes D ( 1011 ) and F ( 1110 ) have 

been eliminated from the coding scheme to eliminate degen 
TABLE 5 eracy . Therefore , the coding scheme presented in Tier 1 of 

Table 6 is capable of determining the presence of five 
Coding scheme for detection of dengue virus , Mycobacterium , HIV , 30 analytes and one control using four colors , as described Plasmodium , and herpes simplex , as exemplified in FIG . 2 . above . 

The coding scheme of Tier 1 of Table 6 may be expanded 
to a second tier ( Tier 2 ) by allowing the intensity in any of 

Ctrl . ( p ) the colors to increase . As described above , the intensity of Herpes Simplex 
Plasmodium 35 the control color may be maintained at 1 , in order to preserve 

the sequence counting capability of the control . Increasing 
Mycobacterium the intensity of any of the remaining three colors will yield Dengue Virus codes 100Y , 10YO , 1Y00 , 10YY , 1YOY , 1YYO , and 1YYY , 

where Y > 1 . The minimal value of Y for a new tier of 
The methods for encoding and decoding presented above , 40 encoding is equal to the cumulative maximum value from 

including the methods for eliminating degeneracy , are all the prior tier ( s ) plus 1. As described below , a value greater 
equally applicable to encoding methods using additional than 1 could also be used , to maximize the differences 
colors . For example , Table 3 could be extended by including between the intensities . 
additional colors and additional intensities ( described fur Thus , in this context , the term “ tier ” is generally used to 
ther below ) . The decoding matrix is then generated as 45 describe a set of codes that fully utilize the coding capability 
described above , enumerating every legitimate result that provided by a particular number of first values ( e.g. , inten 
can be obtained from the coding scheme . A decoding matrix sities ) and second values ( e.g. , colors ) , without degeneracy . 
analogous to the decoding matrix provided in Table 4 may For example , Tier 1 of Table 6 fully utilizes the coding 
be constructed for any coding scheme described in this capability provided by four colors with up to one intensity 
disclosure . The legitimate results that are degenerate are 50 in each color , without degeneracy . As shown in Table 6 , Tier 
then identified and at least one potential analyte code is 1 , this results in six encoded analytes , including the control . 
eliminated from the coding scheme to reduce or eliminate To introduce a second tier , the minimum value of Y ( de 
degeneracy . The method of eliminating degeneracy may be scribed above ) may be incremented to equal the cumulative 
carried out using software on a computer readable medium , maximum result from the prior tier ( s ) plus one ( or more than 
or hardware configured to carry out the method ( e.g. , a 55 one ) . In the example provided in Table 6 , the intensity of the 
microchip ) . blue ( control ) color is maintained as one , to preserve the 

Although degeneracy can be reduced or eliminated by the sequence counting capability in this color . Thus , Tier 2 
methods described above , and elsewhere in this disclosure , consists of five non - degenerate encoding possibilities 
this disclosure also provides coding schemes that are non obtained by incrementing the intensities in the green , yellow , 
degenerate by design . For example , after elimination of 60 and red channels to equal the cumulative maximum results 
degeneracy in the coding scheme described in Table 3 , the in each of these channels from Tier 1 , plus one . All possi 
coding scheme may be extended indefinitely in a non bilities of these codes may then be enumerated for Tier 2 , 
degenerate manner where the non - degeneracy is by design and codes resulting in degeneracy may be eliminated , or Tier 
( see , e.g. , the coding scheme exemplified in Table 6 , 2 may be made non - degenerate by design , using the infor 
described more fully below ) . Similarly , this disclosure pro- 65 mation used to eliminate the corresponding codes from Tier 
vides coding schemes that are completely non - degenerate by 1. Further coding capacity may then be achieved by adding 
design and therefore do not require any reduction or elimi a third tier , or further tiers , which are constructed according 
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to analogous methods . A coding scheme may have an infinite 70 , 80 , 90 , 100 , or more . Similarly , the number of tiers may 
number of tiers , for example 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , be 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 
12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 
28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 
44 , 45 , 46 , 47 , 48 , 49 , 50 , 60 , 70 , 80 , 90 , 100 or more tiers . 5 60 , 70 , 80 , 90 , 100 , or more . 
More specifically , with reference to Table 6 , Tier 2 , 

analyte H is encoded by 1004. The value of the control color TABLE 6 
is maintained as 1. The value of the red color is equal to the 
cumulative maximum result from the prior tier ( 3 ) plus 1 , or Encoding of 15 analytes and one control using 
4. Similarly , analytes I and I are encoded by 1030 and 1400 , 10 four colors and multiple intensities . 

respectively . Combinations of these codes are used to Tier Analyte R Comments 
encode the remaining four analytes ( K - N ) , as was done for 
analytes D - G in Tier 1. This completes Tier 2. In Tier 2 , the Ctrl . ( p ) 
inclusion of potential analytes K ( 1034 ) and M ( 1430 ) 
results in degeneracy . Therefore , these analytes have been 15 
eliminated from the coding scheme , to eliminate degeneracy . Eliminated from coding 

Continuing to refer to Table 6 , a third tier ( Tier 3 ) is scheme to eliminate 
degeneracy . constructed using the same principles described above . 

Analyte O is encoded by 1-0-0-16 . The value of the control Eliminated from coding 
color is still maintained as 1. The value of the red color is 20 
equal to the cumulative maximum result from the prior tiers degeneracy . 
( 15 ) plus 1 , or 16. Similarly , analytes P and Q are encoded Cumulative by 1-0-9-0 and 1-16-0-0 , respectively . Combinations of 
these codes are used to encode the remaining four analytes 
( R - U ) , as was done for analytes D - G in Tier 1 and analytes 25 
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 degeneracy . There • Eliminated from coding 
fore , these analytes have been eliminated from the coding 
scheme , to eliminate degeneracy . degeneracy . 
The three - tier coding scheme shown in Table 6 shows the 30 Eliminated from coding encoding of 15 analytes and one control using four colors . scheme to eliminate 

This coding scheme may be indefinitely extended , by adding degeneracy . 
more intensities to generate additional tiers and / or adding Cumulative more colors , to generate additional coding capability within 
the tiers . The methods of reducing or eliminating degen- 35 Result 
eracy , as described in this disclosure , may be used with the 
addition of each intensity and / or color , to reduce or eliminate 
degenerate results . Eliminated from coding More generally , the coding scheme depicted in Table 6 is scheme to eliminate 
a non - degenerate , infinite extension of the coding scheme 40 degeneracy . 
depicted in Tables 3-5 . The maximum intensity of the Eliminated from coding cumulative measurement at the first tier is 6. The maximum scheme to eliminate intensity of the cumulative measurement at the second tier is degeneracy . 
15. The maximum intensity of the cumulative measurement 
at the third tier is 63 , and so on . Given a maximum 45 Cumulative 

Maximum cumulative intensity value ( F ) , the maximum number of Result tiers ( 7 ) available in this coding scheme is T = log2 ( F + 1 ) . The Cumulative 
coding scheme depicted in Table 6 provides five non Maximum 
degenerate codes per tier ( P ) . Thus , the maximum number of Result for 

Three codes M = 5 * log4 ( F + 1 ) , or M = P * T , where P is the number of 50 
non - degenerate codes per tier and Tis the number of tiers . Degenerate 
For example , given F = 63 , the maximum number of codes 
( i.e. , analytes ) is 15 for 5 non - degenerate codes per tier . This 
formula does not include the 1000 code , which is reserved The right - hand side of FIG . 1 shows one exemplary for a positive control in Table 6. To include the control in the 55 
total number of analytes , one would simply add one , to embodiment of the method described above . More specifi 

cally , the right - hand side of FIG . 1 shows an encoding provide the formula M = ( P * T ) +1 . method where nine or more analytes ( Seq 1 - Seq 9 , etc. ) are The methods provided in this disclosure may be used to 
expand this coding scheme infinitely . For example , by each encoded by at least two colors , with varying intensities 
utilizing combinations of different intensities ( i.e. , first val- 60 within each color . The color represents a fluorophore 
ues ) and colors ( i.e. , second values ) one can encode any attached to an oligonucleotide probe that also comprises a 
number of analytes ( M ) by varying the number of non quencher . The system can be designed so that each probe is 
degenerate codes per tier ( P ) and the number of tiers ( 7 ) . For labeled with single fluorophore , or each probe is labeled 
example , the number of non - degenerate codes per tier is 1 , with more than one fluorophore . For example , the code for 
2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 65 analyte H , in Table 6 , is 1004. The intensity of 4 in the red 
20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , channel may be achieved by either using an H - specific probe 
36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 60 , comprising 4 red fluorophores , or by using 4 H - specific 
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probes each comprising a single red fluorophore . Of course , TABLE 8 
any combination of probes and fluorophores producing a 
result of 4 in the red channel would be equally appropriate , Example of encoding method using one color and one intensity 

per analyte , but different intensities among analytes . such as 2 probes with 2 red fluorophores each , and 1 probe 
with 1 red fluorophore and 1 probe with 3 red fluorophores , Analyte 
or simply one probe with one red fluorophore but present at 
4x amount in the reaction mixture . 

The coding scheme depicted on the right - hand side of 
FIG . 1 may be represented as in Table 7. The result of the 
analysis shown on the right - hand side of FIG . 1 is 4112 , or 
an intensity of 4 in the blue channel , 1 in the green channel , 
1 in the yellow channel , and 2 in the red channel . Using a 
decoding matrix constructed as described herein , this result 
is decoded to indicate the presence of Seq 1 , Seq 3 , Seq 4 , 
and Seq 5 . 
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Seq 1 The method presented above , and exemplified in Table 8 , Seq 2 
Seq 3 may be extended by introducing additional colors and / or 
Seq 4 intensities . For example , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 
Seq 5 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , Seq 6 

Eliminated from coding 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 
scheme to eliminate 48 , 49 , 50 , 60 , 70 , 80 , 90 , 100 , or more colors may be used . 
degeneracy . Additional intensity levels , such as 16 , 32 , 64 , 128 , 255 , 512 , Eliminated from coding 30 1024 , 2048 , 4096 , 8192 , 16384 , 32768 , 65536 , and so on scheme to eliminate 
degeneracy . may also be used . The method is generalizable and may be 

Cumulative used to encode an infinite number of analytes . Each analyte 
Maximum is represented by a code in a single color , wherein the value 
Result of the code in that single color equal to the sum of all 2 Seq 7 

Seq 8 35 previous values plus one . For example , if the first code 
Seq 9 contains a 1 in a particular color , the next codes are 2 , 4 , 8 , 

16 , 32 , 64 , 128 and so on . Other progressions are possible , 
Etc. - i.e. Continue as provided in Table 6 . but will not be as efficient in terms of usage of the band 
E. Encoding Methods Using One Color and One Intensity width . However , one of ordinary skill in the art will recog 
Per Analyte but Different Intensities Among Analytes 40 nize that less efficient use of bandwidth may be desirable 

In some methods provided herein , each analyte is encoded when one wishes to maximize separation between values . 
by a single color and intensity combination . For example , in Similarly , the value 1 could be excluded from the coding 
a four color system , the first four analytes may be encoded scheme , for example to maximize the difference in the 

by 1000 , 2000 , 4000 , and 8000. The next four analytes may 45 noise . For example , in some cases a coding scheme may intensity between the first encoded value and instrumental 
be encoded by 0100 , 0200 , 0400 , and 0800. Analytes 9-12 begin with a value of 2 , which would provide a progression and 13-16 would be assigned analogously , as shown in Table of 2 , 4 , 8 , 16 , 32 , 64 , 128 , and so on for the analyte codes , 8 . while the progression of cumulative results would be 2 , 4 , 6 , Like the encoding method described in Table 6 , this 8 , 10 , 12 , 14 , 16 , and so on . This approach generates uniform 
coding scheme is theoretically infinite , non - degenerate by 50 gaps in the possible cumulative results , allowing for higher 
construction , and only limited by the bandwidth of the tolerance to noise in comparison to an analyte code progres 
instrument used to measure the signal . However , this coding sion of 1 , 2 , 4 , 8 , 16 , 32 , and so on , and its corresponding 
scheme enables more analytes to be quantified per unit of cumulative result progression of 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , and so 
bandwidth than the encoding method described in Table 6 . on . In this example , the increased robustness in the mea 
The reason is that the available multiplicity of signal is used 55 surement comes at a cost of a decrease in the number of 
with maximal efficiency , as each level of intensity is utilized available codes within a fixed bandwidth of multiplicity . For 
in the coding ( i.e. there are no gaps in the chromatogram ; see example , if only 63 multiplicity states can be measured 
below for description of chromatograms ) . Table 8 shows one reliably , the coding scheme starting with 1 offers 7 codes per 
embodiment of this method , illustrating four tiers of encod color whereas the coding scheme starting with 2 offers 6 
ing based on four colors and intensities 1 , 2 , 4 , and 8. The 60 codes per color . If 4 colors are available , the former will 
coding scheme is non - degenerate , and the result if all 16 offer 28 codes , while the latter will offer 24 codes . In 
analytes are present is 15-15-15-15 . This encoding method summary , both the starting signal intensity and the progres 
is more efficient , in terms of bandwidth utilization , than the sion ( i.e. , difference between intensity values ) may be scaled 
encoding methods presented above . However , this method in order to maximize the ability to distinguish over instru 
does not have the proofreading capability of the first scheme , 65 mental noise and maximize the differences between the 
as all the results decode to legitimate outcomes in the intensity values , thereby enhancing the ability to distinguish 
absence of gaps in the chromatogram . between distinct experimental outcomes . 
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The coding scheme illustrated in Table 8 is non - degen Genomic DNA may be obtained from naturally occurring 
erate by design . Although the coding scheme illustrated in or genetically modified organisms or from artificially or 
Table 8 uses both intensity and color to encode each of the synthetically created genomes . Analytes comprising 
16 analytes , each of the analytes could also be encoded by genomic DNA may be obtained from any source and using 
simply utilizing intensity . For example , given the 16 ana any methods known in the art . For example , genomic DNA 
lytes provided in Table 8 ( A - P ) , a single color coding may be isolated with or without amplification . Amplification 
scheme encoding all 16 analytes may assign the values 1 , 2 , may include PCR amplification , multiple displacement 
4 , 8 , 16 , 32 , 64 , 128 , 256 , 512 , 1024 , 2048 , 4096 , 8192 , and amplification ( MDA ) , rolling circle amplification and other 
16384 to analytes A , B , C , D , E , F , G , H , I , J , K , L , M , N , amplification methods . Genomic DNA may also be obtained 
O , and P , respectively . Such a coding scheme is non- 10 by cloning or recombinant methods , such as those involving 
degenerate by design and the cumulative intensity result can plasmids and artificial chromosomes or other conventional 
be unambiguously decoded to indicate the presence or methods ( see Sambrook and Russell , Molecular Cloning : A 
absence of analytes A - P . This coding scheme is capable of Laboratory Manual . , cited supra . ) Polynucleotides may be 
detecting the presence or absence of M analytes , where isolated using other methods known in the art , for example 
M = log2 ( F + 1 ) and F is the maximum cumulative value of a 15 as disclosed in Genome Analysis : A Laboratory Manual 
signal ( e.g. , signal intensity ) . By adding a second component Series ( Vols . I - IV ) or Molecular Cloning : A Laboratory 
to this signal ( e.g. , color , as depicted in Table 8 ) , the capacity Manual . If the isolated polynucleotide is an mRNA , it may 
of this coding scheme can be increased to M = C * log2 ( F + 1 ) , be reverse transcribed into cDNA using conventional tech 
where C is the number of colors used in said coding scheme . niques , as described in Sambrook and Russell , Molecular 
As described throughout this specification , any suitable 20 Cloning : A Laboratory Manual . , cited supra . 

value may be used for C or F. For example , C may be at least An analyte may be a protein , polypeptide , lipid , carbo 
about 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , hydrate , sugar , small molecule , or any other suitable mol 
19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , ecule that can be detected with the methods and composi 
35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , tions provided herein . An analyte may be an enzyme or other 
60 , 70 , 80 , 90 , 100 , or more . F may be at least about 2 , 4 , 25 protein . An analyte may be a drug or metabolite ( e.g. , 
8 , 16 , 32 , 64 , 128 , 255,512 , 1024 , 2048 , 4096 , 8192 , 16384 , anti - cancer drug , chemotherapeutic drug , anti - viral drug , 
32768 , 65536 , 131072 , 262144 , 524288 , 1048576 , and so antibiotic drug , or biologic ) . An analyte may be any mol 
on . As described elsewhere in this disclosure , both the initial ecule , such as a co - factor , receptor , receptor ligand , hor 
starting value of F and the steps in its progression may also mone , cytokine , blood factor , antigen , steroid , or antibody . 
be varied . An analyte may be any molecule from any pathogen , such 
III . Analytes as a virus , bacteria , parasite , fungus , or prion ( e.g. , PrPS ) . 
An analyte may be any suitable analyte that may be Examples of viruses include those from the families Adeno 

analyzed using the methods and compositions of the inven viridae , Flaviviridae , Hepadnaviridae , Herpesviridae , 
tion , where the analyte is capable of interacting with a Orthomyxoviridae , Papovaviridae , Paramyxoviridae , Picor 
reagent in order to generate a signal with at least two 35 naviridae , Polyomavirus , Retroviridae , Rhabdoviridae , and 
components that can be measured . An analyte may be Togaviridae . Specific examples of viruses include adenovi 
naturally occurring or synthetic . An analyte may be present rus , astrovirus , bocavirus , BK virus , coxsackievirus , cyto 
in a sample obtained using any methods known in the art . In megalovirus , dengue virus , Ebola virus , enterovirus , 
some cases , a sample may be processed before analyzing it Epstein - Barr virus , feline leukemia virus , hepatitis virus , 
for an analyte . The methods and compositions presented in 40 hepatitis A virus , hepatitis B virus , hepatitis C virus , hepa 
this disclosure may be used in solution phase assays , without titis D virus , hepatitis E virus , herpes simplex virus ( HSV ) , 
the need for particles ( such as beads ) or a solid support . HSV type 1 , HSV type 2 , human immunodeficiency virus 

In some cases , an analyte may be a polynucleotide , such ( HIV ) , HIV type 1 , HIV type 2 , human papilloma virus 
as DNA , RNA , peptide nucleic acids , and any hybrid ( HPV ) , HPV type 1 , HPV type 2 , HPV type 3 , HPV type 4 , 
thereof , where the polynucleotide contains any combination 45 HPV type 6 , HPV type 10 , HPV type 11 , HPV type 16 , HPV 
of deoxyribo- and / or ribo - nucleotides . Polynucleotides may type 18 , HPV type 26 , HPV type 27 , HPV type 28 , HPV type 
be single stranded or double stranded , or contain portions of 29 , HPV type 30 , HPV type 31 , HPV type 33 , HPV type 34 , 
both double stranded or single stranded sequence . Poly HPV type 35 , HPV type 39 , HPV type 40 , HPV type 41 , 
nucleotides may contain any combination of nucleotides or HPV type 42 , HPV type 43 , HPV type 44 , HPV type 45 , 
bases , including , for example , uracil , adenine , thymine , 50 HPV type 49 , HPV type 51 , HPV type 52 , HPV type 54 , 
cytosine , guanine , inosine , xanthine , hypoxanthine , isocy HPV type 55 , HPV type 56 , HPV type 57 , HPV type 58 , 
tosine , isoguanine and any nucleotide derivative thereof . As HPV type 59 , HPV type 68 , HPV type 69 , influenza virus , 
used herein , the term “ nucleotide ” may include nucleotides JC virus , Marburg virus , measles virus , mumps virus , Nor 
and nucleosides , as well as nucleoside and nucleotide ana walk virus , parovirus , polio virus , rabies virus , respiratory 
logs , and modified nucleotides , including both synthetic and 55 syncytial virus , retrovirus , rhinovirus , rotavirus , Rubella 
naturally occurring species . Polynucleotides may be any virus , smallpox virus , vaccinia virus , West Nile virus , and 
suitable polynucleotide for which one or more reagents ( or yellow fever virus . 
probes ) as described herein may be produced , including but Examples of bacteria include those from the genuses 
not limited to cDNA , mitochondrial DNA ( mtDNA ) , mes Bordetella , Borrelia , Brucella , Campylobacter , Chlamydia , 
senger RNA ( mRNA ) , ribosomal RNA ( rRNA ) , transfer 60 Clostridium , Corynebacterium , Enterococcus , Escherichia , 
RNA ( TRNA ) , nuclear RNA ( NRNA ) , small interfering RNA Francisella , Haemophilus , Helicobacter , Legionella , Lep 
( siRNA ) , small nuclear RNA ( SARNA ) , small nucleolar tospira , Listeria , Mycobacterium , Mycoplasma , Neisseria , 
RNA ( snoRNA ) , small Cajal body - specific RNA ( scaRNA ) , Pseudomonas , Rickettsia , Salmonella , Shigella , Staphylo 
microRNA ( miRNA ) , double stranded ( dsRNA ) , ribozyme , coccus , Streptococcus , Treponema , Vibrio , and Yersinia . 
riboswitch or viral RNA . Polynucleotides may be contained 65 Specific examples of bacteria include Bordetella par aper 
within any suitable vector , such as a plasmid , cosmid , tussis , Bordetella pertussis , Borrelia burgdorferi , Brucella 
fragment , chromosome , or genome . abortus , Brucella canis , Brucella melitensis , Brucella suis , 
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Campylobacter jejuni , Chlamydia pneumoniae , Chlamydia secretions , perspiration , central nervous system fluid , vagi 
psittaci , Chlamydia trachomatix , Clostridium botulinum , nal fluid , or semen . Analytes may also be obtained from 
Clostridium difficile , Clostridium perfringens , Clostridium manufactured products , such as cosmetics , foods , personal 
tetani , Corynebacterium diphtherias , Enterococcus faecalis , care products , and the like . Analytes may be the products of 
Enterococcus faecium , Escherichia coli , Francisella tular- 5 experimental manipulation including , recombinant cloning , 
ensis , Haemophilus influenzae , Helicobacter pylori , Legio polynucleotide amplification , polymerase chain reaction 
nella pneumophila , Leptospira interrogans , Listeria mono ( PCR ) amplification , purification methods ( such as purifi 
cytogenes , Mycobacterium leprae , Mycobacterium cation of genomic DNA or RNA ) , and synthesis reactions . 
tuberculosis , Mycobacterium ulcerans , Mycoplasma pneu More than one type of analyte may be detected in each 
moniae , Neisseria gonorrhoeae , Neisseria meningitidis , 10 multiplexed assay . For example , a polynucleotide , a protein , 
Pseudomonas aeruginosa , Rickettsia rickettsii , Salmonella a polypeptide , a lipid , a carbohydrate , a sugar , a small 
choleraesuis , Salmonella dublin , Salmonella enteritidis , molecule , or any other suitable molecule may be detected 
Salmonella typhi , Salmonella typhimurium , Shigella sonnei , simultaneously in the same multiplexed assay with the use 
Staphylococcus aureus , Staphylococcus epidermidis , of suitable reagents . Any combination of analytes may be 
Staphylococcus saprophyticus , Streptococcus agalactiae , 15 detected at the same time . 
Streptococcus pneumoniae , Streptococcus pyogenes , Detection of an analyte may be useful for any suitable 
Treponema pallidum , Vibrio cholerae , Yersinia pestis , and application , including research , clinical , diagnostic , prog 
Yersinia enterocolitica . nostic , forensic , and monitoring applications . Exemplary 
Examples of parasites include those from the genuses applications include detection of hereditary diseases , iden 

Acanthamoeba , Babesia , Balamuthia , Balantidium , Blaso- 20 tification of genetic fingerprints , diagnosis of infectious 
cystis , Cryptosporidium , Dientamoeba , Entamoeba , Giar diseases , cloning of genes , paternity testing , criminal iden 
dia , Isospora , Leishmania , Naegleria , Pediculus , Plasmo tification , phylogeny , anti - bioterrorism , environmental sur 
dium , Rhinosporidium Sarcocystis , Schistosoma , veillance , and DNA computing . For example , an analyte 
Toxoplasma , Trichomonas , and Trypanosoma . Specific may be indicative of a disease or condition . An analyte may 
examples of parasites include Babesia divergens , Babesia 25 be used to make a treatment decision , or to assess the state 
bigemina , Babesia equi , Babesia microfti , Babesia duncani , of a disease . The presence of an analyte may indicate an 
Balamuthia mandrillaris , Balantidium coli , Dientamoeba infection with a particular pathogen , or any other disease , 
fragilis , Entamoeba histolytica , Giardia lamblia , Isospora such as cancer , autoimmune disease , cardiorespiratory dis 
belli , Naegleria fowleri , Pediculus humanus , Plasmodium ease , liver disease , digestive disease , and so on . The methods 
falciparum , Plasmodium knowlesi , Plasmodium malariae , 30 provided herein may thus be used to make a diagnosis and 
Plasmodium ovale , Plasmodium vivax , Rhinosporidium see to make a clinical decision based on that diagnosis . For 
beri , Sarcocystis bovihominis , Sarcocystis suihominis , example , a result that indicates the presence of a bacterial 
Schistosoma mansoni , Toxoplasma gondii , Trichomonas polynucleotide in a sample taken from a subject may lead to 
vaginalis , Trypanosoma brucei , and Trypansoma cruzi . the treatment of the subject with an antibiotic . 

Examples of fungi include those from the genuses Apo- 35 In some cases the methods and compositions of the 
physomyces , Aspergillus , Blastomyces , Candida , Cladospo invention may be used to detect at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 
rium , Coddidioides , Cryptococcos , Exserohilum , Fusarium , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 
Histoplasma , Pichia , Pneumocystis , Saccharomyces , Sporo 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 
thrix , Stachybotrys , and Trichophyton . Specific examples of 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 55 , 60 , 65 , 70 , 75 , 80 , 
fungi include Aspergillus fumigatus , Aspergillus flavus , 40 85 , 90 , 95 , 100 , 110 , 120 , 130 , 140 , 150 , 160 , 170 , 180 , 190 , 
Aspergillus clavatus , Blastomyces dermatitidis , Candida 200 , 250 , 300 , 350 , 400 , 450 , 500 , 600 , 700 , 800 , 900 , or 
albicans , Coccidioides immitis , Crytptococcus neoformans , 1000 analytes . In some cases the methods and compositions 
Exserohilum rostratum , Fusarium verticillioides , Histo of the invention may be used to detect 7-50 , 8-40 , 9-30 , 
plasma capsulatum , Pneumocystis jirovecii , Sporothrix 10-20 , 10-15 , 8-12 , or 7-12 analytes . 
schenckii , Stachybotrys chartarum , and Trichophyton men- 45 In some cases , this disclosure provides assays that are 
tagrophytes . capable of unambiguously detecting the presence or absence 

In some cases , the methods provided in this disclosure of each of 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 
may be used to detect any one of the analytes described 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 
above , or elsewhere in the specification . In some cases the 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 
methods provided in this disclosure may be used to detect 50 49 , 50 , 55 , 60 , 65 , 70 , 75 , 80 , 85 , 90 , 95 , 100 , 110 , 120 , 130 , 
panels of the analytes described above , or elsewhere in the 140 , 150 , 160 , 170 , 180 , 190 , 200 , 250 , 300 , 350 , 400 , 450 , 
specification . For example , a panel may comprise an analyte 500 , 600 , 700 , 800 , 900 , or 1000 analytes , in combina 
selected from the group consisting of any 2 , 3 , 4 , 5 , 6 , 7 , 8 , tion of presence or absence , in a single sample volume 
9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , without immobilization , separation , mass spectrometry , or 
25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 55 melting curve analysis . In some cases , this disclosure pro 
41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 60 , 70 , 80 , 90 , 100 or vides assays that are capable of unambiguously detecting the 
more analytes described above or elsewhere in the specifi presence or absence of each of at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 
cation . 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 
An analyte may be obtained from any suitable location , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 

including from organisms , whole cells , cell preparations and 60 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 55 , 60 , 65 , 70 , 75 , 80 , 
cell - free compositions from any organism , tissue , cell , or 85 , 90 , 95 , 100 , 110 , 120 , 130 , 140 , 150 , 160 , 170 , 180 , 190 , 
environment . Analytes may be obtained from environmental 200 , 250 , 300 , 350 , 400 , 450 , 500 , 600 , 700 , 800 , 900 , or 
samples , biopsies , aspirates , formalin fixed embedded tis 1000 analytes , in any combination of presence or absence , in 
sues , air , agricultural samples , soil samples , petroleum a single sample volume without immobilization , separation , 
samples , water samples , or dust samples . In some instances , 65 mass spectrometry , or melting curve analysis . In some cases , 
an analyte may be obtained from bodily fluids which may this disclosure provides assays that are capable of unam 
include blood , urine , feces , serum , lymph , saliva , mucosal biguously detecting the presence or absence of less than 1 , 

any 

IPR2025-01546 
California Institute of Technology - Ex. 2003, Page 26



US 10,770,170 B2 
27 28 

2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , intensity within a particular range of wavelengths . Such 
20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , band pass filters are commonly employed in a variety of 
36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 55 , laboratory instrumentation , including quantitative PCR 
60 , 65 , 70 , 75 , 80 , 85 , 90 , 95 , 100 , 110 , 120 , 130 , 140 , 150 , machines . Intensity may be measured with a photodetector . 
160 , 170 , 180 , 190 , 200 , 250 , 300 , 350 , 400 , 450 , 500 , 600 , 5 A range of wavelengths may be referred to as a “ channel . ” 
700 , 800 , 900 , or 1000 analytes , in any combination of In some cases , the methods provided in this disclosure 
presence or absence , in a single sample volume without may be used with any signal where the cumulative signal 
immobilization , separation , mass spectrometry , or melting scales with the constituent signals of the same color , fre 
curve analysis . quency , absorption band , and so on . However , the cumula 
IV . Signals 10 tive signal need not be digital or scale linearly with the 

The methods presented in this disclosure may be used number and intensity of the constituent signals . For 
with any quantifiable signal . In some cases , this disclosure example , if the physical principle of measurement is absorp 
provides coding schemes and methods to encode an infinite tion , the cumulative attenuation is a product of constituent 
number of targets without degeneracy , using a single com attenuations while the constituent concentrations are addi 
ponent of a signal ( e.g. , intensity ) . For example , as described 15 tive , due to the exponential nature of the Beer - Lambert law . 
above and in Example 3 , a coding scheme may rely on a The logarithm of the cumulative attenuation will then scale 
multiplicity of signal intensity without consideration of linearly with constituent concentrations in each absorption 
color . Although fluorescent probes have been used to illus band ( the equivalent of color , if fluorescent detection is 
trate this principle , the coding scheme is equally applicable used ) . The methods of the invention are therefore applicable . 
to any other method providing a quantifiable signal , includ- 20 The methods of the invention may also be used with 
ing an electrochemical signal and a chemiluminescent sig chemiluminescent signals and electrochemical signals . 
nal , as described elsewhere in this disclosure . The number of signals , and the number of dimensions or 

The methods presented in this disclosure may also utilize components measured , may also be expanded beyond the 
the measurement of a signal in at least two dimensions , also numbers shown in the exemplary embodiments of the inven 
referred to as the measurement of at least two components 25 tion , leading to an expansion in multiplexing capability . The 
of a signal . In comparison to the coding scheme described in exemplary embodiments provided in this disclosure utilize 
the paragraph above , which relies on , for example , signal coding schemes constructed utilizing a fluorescent signal 
intensity to differentiate between analytes , utilization of at with one or two components measured : wavelength and / or 
least two components of a signal ( e.g. , color and intensity ) intensity . The number of analytes that can be encoded can be 
allows the generation of more unique codes per unit of signal 30 increased by increasing the number of wavelengths and / or 
intensity bandwidth . When at least two components of a intensities . The number of analytes that can be encoded can 
signal are utilized , a cumulative measurement of the at least also be increased by increasing the number of signals , for 
two components may be obtained for a single sample example by combining a fluorescent signal with an electro 
volume . For example in the coding scheme described in chemical signal or a FRET signal ( fluorescence resonance 
Table 5 , the presence of each analyte results in a particular 35 energy transfer ) . 
intensity ( one component of the signal ) in each of the four In some cases , more than two components of a signal may 
colors ( a second component of a signal ) . The combination of be measured . For example , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 
these constituent signals leads to a cumulative signal that 14 , 15 , 16 , 17 , 18 , 18 , 20 or more components of a signal 
may be measured by measuring an intensity at each wave may be measured . At least 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 
length or range of wavelengths . The corresponding coding 40 13 , 14 , 15 , 16 , 17 , 18 , 18 , or 20 components of a signal may 
scheme or decoding matrix may then be used to convert the be measured . At least 2 , but fewer than 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 
cumulative measurement into a determination of the pres 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 18 , or 20 components of a 
ence or absence of an analyte . signal may be measured . In some cases , 2-3 , 2-4 , 2-5 , 2-6 , 

In some cases , a quantifiable signal comprises a wave 3-5 , 3-6 , 3-8 , or 5-10 components of a signal may be 
form that has both a frequency ( wavelength ) and an ampli- 45 measured . These additional components may include kinetic 
tude ( intensity ) . A signal may be an electromagnetic signal . components , such as a rate of signal decay and rate of 
An electromagnetic signal may be a sound , a radio signal , a photobleaching 
microwave signal , an infrared signal , a visible light signal , If a fluorescent signal is employed , the number of analytes 
an ultraviolet light signal , an X - ray signal , or a gamma - ray that can be encoded may be further expanded by utilizing 
signal . In some cases , an electromagnetic signal may be a 50 additional fluorophores . For example , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 
fluorescent signal , for example a fluorescence emission 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 
spectrum that may be characterized in terms of wavelength 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 
and intensity . 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 or more fluorophores may 

In certain portions of this disclosure , the signal is be used . In some cases , at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 
described and exemplified in terms of a fluorescent signal . 55 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 
This is not meant to be limiting , and one of ordinary skill in 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 
the art will readily recognize that the principles applicable to 43 , 44 , 45 , 46 , 47 , 48 , 49 , or 50 fluorophores may be used . 
the measurement of a fluorescent signal are also applicable In some cases , fewer than 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 
to other signals . For example , like fluorescent signals , any of 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 
the electromagnetic signals described above may also be 60 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 
characterized in terms of a wavelength and an intensity . The 45 , 46 , 47 , 48 , 49 , or 50 fluorophores may be used . In some 
wavelength of a fluorescent signal may also be described in cases , 4-6 , 4-7,4-8 , 4-9 , 4-10,5-6,5-7,5-8,5-9,5-10 , 10-15 , 
terms of color . The color may be determined based on or 10-20 fluorophores may be used . 
measuring intensity at a particular wavelength or range of Generally , the number of analytes that can be encoded 
wavelengths , for example by determining a distribution of 65 may be further expanded by utilizing additional first values 
fluorescent intensity at different wavelengths and / or by ( e.g. , intensities ) that are values or ranges of values from a 
utilizing a band pass filter to determine the fluorescence first component of a signal . For example , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 
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8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 
25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 49 , 50 , or more wavelengths or ranges of wavelengths may 
41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , or more first values that be used . In some cases , at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 
are values or ranges of values from a first component of a 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 
signal may be used . In some cases , at least 1 , 2 , 3 , 4 , 5 , 6 , 5 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 
7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 or more wavelengths or ranges 
24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , of wavelengths may be used . In some cases , fewer than 1 , 2 , 
40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 or more first values 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 
that are values or ranges of values from a first component of 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 
a signal may be used . In some cases , fewer than 1 , 2 , 3 , 4 , 10 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , or 50 
5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , wavelengths or ranges of wavelengths may be used . In some 
22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , cases , 4-20 , 4-6 , 4-7 , 4-8 , 4-9 , 4-10 , 5-6 , 5-7,5-8,5-9 , 5-10 , 
38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , or 50 first values 10-15 , or 10-20 wavelengths or ranges of wavelengths may 
that are values or ranges of values from a first component of be used . 
a signal may be used . In some cases , 4-20 , 4-6 , 4-7,4-8 , 4-9 , 15 In some cases , when degeneracy is eliminated , the meth 
4-10 , 5-6 , 5-7 , 5-8 , 5-9 , 5-10 , 10-15 , or 10-20 first values ods of the invention are capable of detecting the presence or 
that are values or ranges of values from a first component of absence of at least 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 
a signal may be used . 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 

In instances in which intensity is a component of a signal 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 
that is quantified , such as when a fluorescent signal is 20 50 , or more analytes in a single volume when each reagent 
utilized , the presence of an analyte may be encoded using a used to generate a signal in the volume generates only one 
variety of intensities or ranges of intensities . For example , a second value ( e.g. , each reagent , emits light at only one 
coding scheme may utilize 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , wavelength ) . 
13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , In other cases , when degeneracy is eliminated , the meth 
29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 25 ods of the invention are capable of detecting the presence or 
45 , 46 , 47 , 48 , 49 , 50 , or more intensities or ranges of absence of at least 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 
intensities . A coding scheme may utilize at least 1 , 2 , 3 , 4 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 
5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 
22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , or more analytes in a single volume using a total of four 
38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , or more 30 second values in that volume ( e.g. , a total of four wave 
intensities or ranges of intensities . A coding scheme may lengths or ranges or wavelengths , which might be imple 
utilize fewer than 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , mented by using four spectrally resolvable fluorophores ) . 
16 , 17 , 18 , 19 , 20 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , As described throughout the specification , the assay pro 
32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , vided herein utilizes cumulative measurements on a sample . 
48 , 49 , or 50 intensities or ranges of intensities . In some 35 A cumulative measurement may be , for example , a single 
cases , a coding scheme may utilize 2-20 , 2-3 , 2-4 , 2-5 , 2-6 , measurement of intensity values , or a measurement of 
2-7 , 2-8 , 2-9 , 2-10 , 3-4 , 3-5 , 3-6 , 3-7 , 3-8 , 3-9 , 3-10 , 4-5 , intensity values at one or more wavelengths or ranges of 
4-6 , 4-7 , 4-8 , 4-9 , 4-10,5-6,5-7,5-8,5-9 , or 5-10 intensities wavelengths . A plurality of cumulative measurements may 
or ranges of intensities . be obtained . For example , an intensity may be measured at 

The number of analytes that can be encoded may be 40 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 
further expanded by utilizing additional second values ( e.g. , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 
wavelengths ) that are values or ranges of values from a 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , or 
second component of a signal . For example , 1 , 2 , 3 , 4 , 5 , 6 , more wavelengths or ranges of wavelengths . An intensity 
7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , may be measured at at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 
24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 45 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 
40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , or more second 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 
values that are values or ranges of values from a second 44 , 45 , 46 , 47 , 48 , 49 , 50 , or more wavelengths or ranges of 
component of a signal may be used . In some cases , at least wavelengths . An intensity may be measured at less than 1 , 
1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 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 , 50 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 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , or 50 
more second values that are values or ranges of values from wavelengths or ranges of wavelengths . 
a second component of a signal may be used . In some cases , More generally a cumulative measurement may be 
fewer than 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , obtained for any quantifiable component of a signal , and for 
17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 55 any quantifiable component of a signal at another quantifi 
33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , able component of a signal . For example , at least a first 
49 , or 50 second values that are values or ranges of values component of a signal may be measured at 1 , 2 , 3 , 4 , 5 , 6 , 
from a second component of a signal may be used . In some 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 
cases , 4-20 , 4-6 , 4-7 , 4-8 , 4-9 , 4-10,5-6,5-7,5-8,5-9,5-10 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 
10-15 , or 10-20 second values that are values or ranges of 60 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , or more second 
values from a second component of a signal may be used . components of a signal . At lest a first component of a signal 

In instances in which wavelength is a component of a may be measured at at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 
signal that is quantified , such as when a fluorescent signal is 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 
utilized , the presence of an analyte may be encoded using a 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 
variety of wavelengths or ranges of wavelengths . For 65 44 , 45 , 46 , 47 , 48 , 49 , 50 , or more second components of a 
example , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , signal . At least a first component of a signal may be 
17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , measured at less than 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 
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14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , contacted with fewer than 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 
30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 
46 , 47 , 48 , 49 , or 50 second components of a signal . 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 
As is apparent from this disclosure , each analyte to be 47 , 48 , 49 , or 50 probes to detect the presence or absence of 

detected can be encoded as a code utilizing any number of 5 all analytes . In some cases , the number of probes that a 
suitable components of a signal or any number of signals . sample is contacted with to detect the presence or absence of 
For example , each analyte to be detected can be encoded in all analytes is 4-50 , 4-40 , 4-30 , 4-20 , 5-15 , 5-10 , or 3-10 . 
1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , As described above , oligonucleotide probes attached to a 
20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , fluorophore and a quencher may be used to detect the 
36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , or 10 presence of an analyte in a polynucleotide amplification 
more components of a signal or signals . In some cases , each assay . So long as the quencher and the fluorophore are in 
analyte to be detected can be encoded in at least 1 , 2 , 3 , 4 , proximity , the quencher quenches the fluorescence emitted 
5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , by the fluorophore upon excitation by a light source . The 
22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , sequence of the oligonucleotide probe is designed to be 
38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 or more 15 complementary to a polynucleotide sequence present in an 
components of a signal or signals . In some cases , each analyte , and therefore capable of hybridizing to the poly 
analyte to be detected can be encoded in fewer than 1 , 2 , 3 , nucleotide sequence present in the analyte . Hybridization of 
4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , the oligonucleotide probe may be performed in a nucleic 
22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , acid amplification reaction comprising primers ( e.g. , a poly 
38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , or 50 20 merase chain reaction ) . Upon extension of the primers by a 
components of a signal or signals . In some cases , 1-4 , 4-20 , DNA polymerase , the 5 ' to 3 ' exonuclease activity of the 
4-6 , 4-7 , 4-8 , 4-9 , 4-10 , 5-6 , 5-7 , 5-8 , 5-9 , 5-10 , 10-15 , or polymerase degrades the probe , releasing the fluorophore 
10-20 components of signal or signals may be used to and the quencher into the medium . The proximity between 
encode each analyte . Each analyte in a coding scheme may the fluorophore and the quencher is broken and the signal 
be encoded by the same number of components of a signal , 25 from the fluorophore is no longer quenched . Thus , the 
or signals , or different numbers of components of a signal , amount of fluorescence detected is a function of the amount 
or signals . of analyte present . If no analyte is present , the probe will not 
A. Probes , Primers , Fluorophores , and Quenchers hybridize to an analyte , and the fluorophore and quencher 
Some of the methods provided in this disclosure utilize a will remain in close proximity . Little or no signal will be 

reagent that generates a signal in the presence of an analyte . 30 produced . 
Any suitable reagent may be used with the invention . Oligonucleotide probes may have one or a plurality of 
Generally , a reagent will have an analyte - specific compo fluorophores and quenchers per probe . For example , in some 
nent and a component that generates a signal in the presence embodiments an oligonucleotide probe may comprise 1 , 2 , 
of the analyte . In some cases , these reagents are referred to 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 
as probes . The probes may be hybridization probes . The 35 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 
hybridization probes may be an oligonucleotide probe 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 or more 
attached to a fluorophore and a quencher ( e.g. , a TAQMAN fluorophores . An oligonucleotide probe may comprise at 
probe ) . least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 

The methods of the invention may use one or more 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 
reagents or probes to detect the presence or absence of each 40 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 
analyte . For example , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , or 50 fluorophores . An oligonucleotide probe may comprise 
14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , fewer than 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 
30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 
46 , 47 , 48 , 49 , 50 or more or probes may be used to detect 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 
the presence or absence of each analyte . In some cases , at 45 49 , or 50 fluorophores . 
least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , An oligonucleotide probe may comprise 1 , 2 , 3 , 4 , 5 , 6 , 7 , 
18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 
34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 
50 probes may be used to detect the presence or absence of 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 or more quenchers . An 
each analyte . In some cases , fewer than 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 50 oligonucleotide probe may comprise at least 1 , 2 , 3 , 4 , 5 , 6 , 
10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 
26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 
42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 probes may be used to 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , or 50 quenchers . An 
detect the presence or absence of each analyte . In some oligonucleotide probe may comprise fewer than 2 , 3 , 4 , 5 , 6 , 
cases , the number of probes used to detect the presence or 55 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 
absence of each analyte is 1-10 , 2-9 , 2-8 , 2-7 , 2-6 , 2-5 , 2-4 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 
1-3 , or 1-4 . 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , or 50 quenchers . 

In some cases , a sample is contacted with 4 , 5 , 6 , 7 , 8 , 9 , Attachment of probes and quenchers to a probe may be 
10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , performed in the same reaction or in serial reactions . A series 
26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 60 of reactions may be performed to label probes with at least 
42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , or more probes to detect one fluorophore and the reaction products may be mixed to 
the presence or absence of all analytes . In some cases , a generate a mixture of probes with different fluorophores . 
sample is contacted with at least 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , If an oligonucleotide probe comprises two or more fluo 
13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , rophores , these fluorophores may be arranged to allow 
29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 65 Förster ( Fluorescence ) resonance energy transfer ( FRET ) to 
45 , 46 , 47 , 48 , 49 , 50 or more probes to detect the presence occur between the fluorophores . Briefly , FRET is a mecha 
or absence of all analytes . In some cases , a sample is nism of energy transfer between fluorophores . Using FRET 
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based probes allows one excitation source to generate two phores that can undergo FRET and any quenchers that can 
different fluorescence emission signals by excitation of a quench fluorescence are suitable for use with the invention . 
single fluorophore . For example , the methods described Methods for producing FRET - based probes are described in 
herein may used paired probes , where one probe in the pair Jothikumar et al . , BioTechniques , 2009 , 46 ( 7 ) : 519-524 . 
is attached to a fluorophore and a quencher and a second 5 In some examples , a single hybridization probe may be 
probe is attached to two fluorophores ( in close enough used for each analyte . In order to utilize multi - color encod 
proximity for FRET to occur ) and a quencher . Any combi ing ( e.g. , as shown in Table 3 ) , each probe may be labeled 
nation of fluorophores and quenchers that provide for FRET with a plurality of fluorophores at pre - determined ratios . The 
may be used . Such an approach doubles the number of ratio may be determined so that a positive control signal 
fluorescent probes that may be used with an excitation 10 provides the same intensity as other positive control signals 
source , because a single excitation source can be used to of the same intensity , in the same color . This approach 
produce two signals : one from the probe with one fluoro reduces the number of probes that must be synthesized and 
phore and one from the probe with two fluorophores in close may be less expensive to deploy than methods utilizing 
enough proximity to provide for FRET . For example , using multiple probes . Moreover , in the case of hybridization 
the encoding method described in Table 8 , the number of 15 probes , it is easier to fit one hybridization probe to an analyte 
unambiguously detectable analytes could be increased from sequence than multiple probes . 
16 to 32 by pairing each of the probes in Table 8 with a Although many aspects of the invention are exemplified 
corresponding FRET probe . using nucleic acid - based probes , one of ordinary skill in the 

The primers may be specific for a particular analyte and art will readily recognize that other forms of probes would 
capable of amplifying a region complementary to a probe . In 20 work equally well with the invention described in this 
some cases , the number of pairs of primers used is equiva disclosure . For example , a binding molecule specific to an 
lent to the number of probes . In other cases , the number of analyte could be used as a probe . Non - limiting exemplary 
probes used may exceed the number of primer pairs used . In binding molecules include an antibody recognizing an ana 
still other cases , the number of primer pairs used may exceed lyte , and generating a signal in the presence of an analyte . 
the number of probes used . In some cases a sample to be 25 In embodiments of the invention that utilize fluorescent 
analyzed is contacted with 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , labels , any suitable fluorescent label may be used . Exem 
13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , plary fluorescent labels suitable for use with the invention 
29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , include rhodamine , rhodol , fluorescein , thiofluorescein , 
45 , 46 , 47 , 48 , 49 , 50 or more pairs of primers . In some cases aminofluorescein , carboxyfluorescein , chlorofluorescein , 
a sample to be analyzed is contacted with at least 1 , 2 , 3 , 4 , 30 methylfluorescein , sulfofluore cein , aminorhodol , carboxy 
5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , rhodol , chlororhodol , methylrhoda suiforhodol ; aminorhod 
22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , arnine , carboxyrhodamine , chiororhodamine , methylrhod 
38 , , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 or more pairs ne , suiforhodamine , and thiorhod ne , cyanine , 
of primers . In some cases a sample to be analyzed is indocarhocyanine , oxacarbocyanine , thiacarbocyanine , 
contacted with fewer than 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 35 tnerocyanine , cyanine 2 , cyanine 3 , cyanine 3.5 , cyanine 5 , 
14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , cyanine 5.5 , cyanine 7 , oxadiazole derivatives , pyridylox 
30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , azole , nitrobenzoxadiazole , benzoxadiazole , pyrene deriva 
46 , 47 , 48 , 49 , or 50 pairs of primers . In some cases , the tives , cascade blue , oxazine derivatives , Nile red , Nile blue , 
number of pairs of primers is 2-10 , 3-15 , 4-20 , 3-10 , 4-10 , cresyl violet , oxazine 170 , acridine derivatives , proflavin , 
5-10 , 6-8 , or 6-10 . 40 acridine orange , acridine yellow , arylmethine derivatives , 

The primers may amplify regions of a polynucleotide in auramine , crystal violet , malachite green , tetrapyrrole 
which different numbers of hybridization probes hybridize . derivatives , porphin , phtalocyanine , and bilirubin . Exem 
For example , at least one pair of primers may amplify a plary quenchers include black hole quenchers , such as 
region complementary to at least 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , BHQ - O , BHQ - 1 , BHQ - 2 , BHQ - 3 ; ATTO quenchers , such as 
12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 45 ATTO 540Q , ATT0580Q , and ATT0612Q ; and the like . 
28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , The fluorophores that may be used with the invention are 
44 , 45 , 46 , 47 , 48 , 49 , or 50 hybridization probes . In some not limited to any of the fluorophores described herein . For 
cases , all of said pairs of primers may amplify a region example , fluorophores with improved properties are con 
complementary to at least 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , tinually developed , and these fluorophores could readily be 
14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 50 used with the methods provided in this disclosure . Such 
30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , improved fluorophores include quantum dots , which may 
46 , 47 , 48 , 49 , or 50 hybridization probes . emit energy at different wavelengths after being excited at a 

In one example , a first probe may be labeled with the single wavelength . The advantage of using such fluoro 
fluorophore 5 - fluorescein amidite ( 5 ' - FAM ) and the phores is that only a single excitation source is needed , but 
quencher black hole quencher 1 ( BHQ - 1 ) . A second probe 55 many different signals may be quantified , for example in 
may be labeled with 5 ' - FAM in close proximity ( e.g. , terms of color and intensity . Moreover , fluorophores with 
attached to ) to cyanine 5.5 ( Cy5.5 ) and the quencher black narrow emission spectra would be particularly useful with 
hole quencher 3 ( BHQ - 3 ) . Upon digestion of the probe , via the method described herein , as such fluorophores could be 
the nuclease activity of the polymerase , two fluorescent included in multiplex assays with minimal or no overlap 
signals are generated from a single excitation wavelength 60 between their emission spectra , thereby offering many more 
( e.g. , 470 nm ) . The fluorophore from the first probe will " colors ” and boosting significantly the overall number of 
fluoresce at about 520 nm . The fluorophores on the second coded analytes . 
probe undergo FRET . The donor fluorophore , FAM is In some cases , one or more reagents are lyophilized . Any 
excited by the excitation light source ( e.g. , 470 nm ) and suitable reagent may be lyophilized . For example , probes , 
transfers its energy to the acceptor fluorophore , Cy5.5 . The 65 primers , enzymes , antibodies , or any other reagent used for 
acceptor fluorophore emits at about 705 nm . These fluoro detection may be lyophilized . In some cases , a sample 
phores and quenchers are merely exemplary . Any fluoro comprising an analyte may also be lyophilized . Lyophiliza 
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tion may be useful , for example , when distributing reagents 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 
and / or samples in developing regions where access to cold 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , or more ) may be 
storage is expensive , not readily available , or not reliably used with the invention . In addition , the positions of the 
available . In one example , lyophilized reagents comprise band pass filters in 507 are not meant to be limiting . In some 
any probe or analyte - specific reagent described in this 5 cases , emitted light may be passed through more than one 
disclosure or otherwise suitable for use with the invention . band pass filter at any time . In other cases , the band pass In another example , lyophilized reagents comprise PCR filters may be configured so that all emitted light passes primers . In yet another example , lyophilized reagents com through only one band pass filter at a time . After passage prise reagents suitable for performing a PCR reaction . through a band pass filter , filtered light 515 , 516 , and 517 is V. Analytical Techniques and Instrumentation detected by a photodetector . For example , filtered light 515 The methods provided herein are suitable for use with a 
variety of detection methods . For example , the methods may may be light within wavelength range 1 , filtered light 516 
be applied using an analytical technique that measures the may be light within wavelength range 2 , and filtered light 
wavelength and intensity of a fluorescent signal . This 517 may be light within wavelength range 3. The intensity may 
be accomplished by measuring the intensity of a signal 15 of each of the filtered lights 515 , 516 , and 517 may then be 
across a spectrum of wavelengths , or by using band pass quantified by a photodetector 518 . 
filters that restrict the passage of certain wavelengths of The methods described in this disclosure are compatible 
light , thereby allowing only light of certain wavelengths to with a variety of amplification methods , including quanti 
reach a photodetector . Many real - time PCR and quantitative tative PCR ( qPCR ) methods , end point PCR methods , 
PCR instruments comprise an excitation light source and 20 reverse transcriptase PCR , and digital PCR methods . Digital 
band pass filters that enable the detection of fluorescent PCR methods ( e.g. , DROPLET DIGITAL ( BIORAD ) and 
signals in four colors ( e.g. , blue , green , yellow , and red ) . DYNAMIC ARRAY ( FLUIDIGM ) ) produce highly sensi 
Therefore , the methods of the invention can be readily tive quantification of polynucleotide copy numbers . The 
applied using instruments widely used in the art . Impor methods provided herein can be easily integrated into these 
tantly , the methods and compositions provided herein may 25 systems to significantly expand their throughput by allowing 
be used to detect multiple analytes by obtaining a cumula multiplexing in a droplet or a dynamic array . 
tive measurement on a single solution . No separation is Similarly , the methods described in this disclosure may be necessary . The invention does not require the use of beads or applied in a real - time PCR assay . For example , real - time a solid phase . Of course , one of ordinary skill in the art 
would understand that the invention could be used with 30 The end - point values may then be decoded to indicate the 

data may be fully recorded as the PCR runs to completion . 
separation , beads , or a solid phase , if desired . presence or absence of analytes . The individual cycle thresh FIG . 5 shows two examples of instrumental configura olds ( Ct ) values may be analyzed for each color by detecting tions that may be used to obtain cumulative measurements the maxima of the second derivative of the real - time curve useful for the methods of the invention . With reference to 
FIG . 5 , an instrument with a detector configured to detect 35 in that color . As a particular analyte is amplified , fluoro 
both wavelength and intensity ( e.g. , a fluorometer ) is shown phores are released from its corresponding probes in the 
in 501. With reference to 501 , at least one excitation light same ratios as the color multiplicities in the coding of that 
source 502 is directed into a chamber 503 containing ana sequence . Hence , e.g. a code of 1100 will have the same Ct 
lytes and reagents that generate a signal in the presence of in blue and green , while a code of 1400 will have its green 
the analytes 504. As described elsewhere , the analyte may be 40 Ct precede its blue Ct by 2 cycles . This additional data 
a nucleic acid and the reagents generating the signal may be enables determination of the identity and starting quantity of 
hybridization probes comprising a fluorophore and a each analyte . 
quencher . If the analyte is present , an emission signal 505 is The methods described herein may also be used directly 
generated . In the configuration shown in 501 , the wave on a tissue sample . For example , a tissue sample may be 
length and intensity of this emission signal are measured 45 obtained and photolithographic methods may be used to 
across a spectrum by a detector capable of generating a build wells directly onto the tissue sample . The tissue 
fluorescence emission spectrum 506 . sample may be fixed prior to building the wells . The tissue 

The wavelength and intensity may also be determined sample may then be analyzed by dispensing appropriate 
using a combination of a photodetector and band pass filters . reagents into the wells in the tissue sample . The encoding 
This configuration is used in several thermal cyclers known 50 and decoding methods described in this disclosure may be 
in the art . With reference to FIG . 5 , an instrument with band used for the multiplexed detection of analytes within the 
pass filters and a photodetector is depicted in 507. With wells etched into the tissue . Each well may correspond to a 
reference to 507 , at least one excitation light source 508 is single cell or a few cells , providing excellent spatial reso 
directed into a chamber 509 containing analytes and lution when analyzing different portions of a tissue for an 
reagents that generate a signal in the presence of the analytes 55 analyte . This method may be used to detect analytes in 
510. As described elsewhere , the analyte may be a nucleic different areas of the same tissue . 
acid and the reagents generating the signal may be hybrid In some cases , instruments may be modified or con 
ization probes comprising a fluorophore and a quencher . If structed , for example , to provide additional excitation light 
the analyte is present , an emission signal 511 is generated . sources , at multiple wavelength , and / or to provide additional 
In the configuration shown in 507 , band pass filters 512,513 , 60 band pass filters or a capability of determining a complete 
and 514 are used to restrict the passage of light to light spectrum . Including additional excitation sources would 
within certain ranges of wavelengths . For example band allow for the excitation of a larger variety of fluorophores . 

may restrict the passage of light to light within Including additional band pass filters , or modifying or 
wavelength range 1. Band pass filter 513 may restrict the constructing an instrument capable of determining an entire 
passage of light to light within wavelength range 2. Band 65 spectrum allows detection of a wider variety of emissions 
pass filter 514 may restrict the passage of light to light within from fluorophores . These techniques can be used to increase 
wavelength range 3. Any number of band pass filters ( e.g. , the number of fluorophores that can be used with the 

pass filter 512 
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methods described in this disclosure and , accordingly , to The invention also provides kits for carrying out the 
increase the number of analytes that be simultaneously methods of the invention . Accordingly , a variety of kits are 
detected . provided in suitable packaging . The kits may be used for any 

In some cases , the methods described in this disclosure one or more of the uses described herein , and , accordingly , 
utilize end - point PCR methods . However , in some cases a may contain instructions for detecting the presence or 
result may be obtained before the end - point . This may be absence of each analyte of a plurality of analytes . A kit may 
advantageous when , for example , results are needed as soon comprise a coding scheme , or a decoding matrix , to assist 
as possible . For example , in one case calibration experi the user in converting a cumulative measurement to a result 
ments are performed in which different starting concentra indicating the presence or absence of each of a plurality of 
tions of an analyte are analyzed determine the cycle analytes . A kit may be a diagnostic kit , for example , a 
number at which the signal becomes saturated , as a function diagnostic kit suitable for the detection of any analyte , 
of the starting amount of the analyte . Using this data , a including the analytes recited herein . A kit may contain any 
computer monitoring a PCR reaction in real - time can be of the compositions provided in this disclosure , including 
programmed to search for saturation up to the maximal cycle those recited above . 
number according to the limit of detection ( LOD ) of the FIG . 6 shows schematics of exemplary kits of the inven 
particular system . If there is no amplification of an analyte tion . With reference to FIG . 6 , a kit comprising a kit body 
( e.g. , other than a positive control , if present ) , by the 601 is shown that contains reagents for the detection of 
maximal cycle number , the result for that analyte is negative . analytes ( e.g. , polynucleotide probes comprising a fluoro 
If there is amplification of the analyte by the maximal cycle 20 phore and a quencher ) 602 and primers for the amplification 
number , the result for that analyte is positive and the of a nucleic acid 603. The kit may also contain any other 
saturation intensity in each color may be used to decode the reagents , such as reagents suitable for performing an ampli 
result using the coding scheme . In both cases , there would fication reaction 604. In the embodiment depicted in 601 , the 
be no need to run the PCR reaction beyond the number of reagents for the detection of analytes and the primers are 
cycles set by the LOD for that instrument . Although PCR 25 each contained in a single volume ( e.g. , tube or a bottle ) . 
has been used to illustrate this quantitative method , one of However , these reagents may also be provided in separate 
ordinary skill in the art will readily recognize that similar volumes , as depicted the kit body shown in 605. The kit principles could be applied in any catalytic system where the body 605 contains seven separate volumes . Three volumes starting amount of an analyte limits the rate of reaction , and ( 606 , 607 , and 608 ) contain reagents for the detection of the rate of reaction can be measured and reported by an 30 analytes ( or mixtures of such reagents ) and three volumes evolution in a signal intensity over time . ( 609 , 610 , and 611 ) contain primers ( or mixtures of primers ) . VI . Compositions and Kits The kit may also contain reagents suitable for performing an This disclosure also provides compositions and kits for 
use with the methods described herein . The compositions amplification reaction 604 . 
may comprise any component , reaction mixture and / or 35 FIG . 6 is provided for illustrative purposes only . Any 
intermediate described herein , as well as any combination . number of reagents for the detection of analytes ( e.g. , 
For example , the disclosure provides detection reagents for probes ) and any number of primers may be included in a 
use with the methods provided herein . Any suitable detec single tube or bottle , as appropriate for the application . For 
tion reagents may be provided , including hybridization example , in some embodiments , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 
probes labeled with a fluorophore and a quencher and 40 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 
primers , as described elsewhere in the specification . 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 

In some cases , compositions comprise reagents for the 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 or more reagents for the 
detection of at least seven analytes using four fluorophores . detection of analytes may be included in a single bottle . In 
In some cases , compositions comprise reagents for the other cases , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 
detection of at least 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 45 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 
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 , 
33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 or more primers for amplification may be included in 
49 , or 50 analytes using four fluorophores . In some cases , a single bottle or tube . In some cases , primers and probes 
compositions comprise reagents for the detection of at least may be provided in the same bottle or tube . For example , 1 , 
6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 50 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 
23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 
39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , or 50 analytes using 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 or 
five fluorophores . In some cases , compositions comprise more probes may be provided per pair of primers . In other 
reagents for the detection of at least 7 , 8 , 9 , 10 , 11 , 12 , 13 , cases , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 
14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 55 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 
30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 
46 , 47 , 48 , 49 , or 50 analytes using six fluorophores . In some 50 or more primers may be provided per pair of probes . The 
cases , compositions comprise reagents for the detection of at kits may contain 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 
least 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 
23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 60 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 
39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , or 50 analytes using 47 , 48 , 49 , 50 or more bottles or tubes . Control analytes , and 
seven fluorophores . their associated detection reagents and primers , may also be 

In some cases the compositions comprise primers . The included in the kit . These may be included in a separate 
compositions may comprise at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , bottle or tube or , for example , included within the bottle or 
10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 65 tube providing reagents for an amplification reaction 604. As 
26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , described elsewhere in the specification , any reagent in the 
42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , or 50 pairs of primers . kits may be lyophilized . 
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VII . Systems and Software to be detected by any of the methods described herein and 
The methods of this disclosure may also be performed as provide appropriate reagents to the customer for the assay . 

part of a system . For example , one or more steps of the The customer may perform the assay and provide the results 
methods described herein may be performed by software to the service provider for decoding . The service provider contained on a computer readable medium . The software may then provide the decoded results to the customer . The may be used to encode analytes , check for degeneracy , 
reduce or eliminate degeneracy , and / or produce a decoding customer may also encode analytes , generate probes , and / or 
matrix . The software may also be used to convert cumulative decode results by interacting with software installed locally 
measurements made on an instrument ( e.g. , a PCR machine ) ( at the customer's location ) or remotely ( e.g. , on a server 
into information concerning the presence or absence of an reachable through a network ) . Exemplary customers include 
analyte . For example , with reference to FIG . 4 , a computer clinical laboratories , physicians , manufacturers of food and 
401 may be connected to an input device 403 , a display 402 , consumer products , industrial manufacturers ( e.g. , petro 
and a printer 404. The computer may execute one or more leum companies ) and the like . A customer or party may be 
of the steps of any of the methods described in this disclo any suitable customer or party with a need or desire to use 
sure , including , for example , encoding methods 410 , analy the methods , systems , compositions , and kits of the inven 
sis methods 420 , and decoding methods 430. A computer tion . 
may reduce or eliminate degeneracy , for example as part of 
the encoding methods 410. Similarly , a computer may EXAMPLES 
generate a coding schme that is non - degenerate by design 
using , for example , mathematical iteration . A computer may Example 1 also be connected to a network 405. The network may be a 20 
local network and / or the Internet . The network may be used General Materials & Methods to perform the methods of the invention on multiple com 
puters in different locations . For example , one computer 1. General Reagents may perform the encoding , another computer may perform 
the measuring , and yet another computer may perform the TE Buffer , pH7 ( LIFE TECHNOLOGIES , Carlsbad , 
decoding . A computer may perform any or all of these Calif . ) ; UltraPure RNAse - free Water ( LIFE TECHNOLO 
methods . The network may be used to transmit information GIES , Carlsbad , Calif . ) ; Taq 5x Master Mix ( FISHER 
obtained using the methods described in this disclosure SCIENTIFIC COMPANY , Tustin , Calif . ) . 
throughout the world , for example across a border . 2. DNA Sequences , Primers , and Probes 

In one example , the software is embedded in the instru Five nucleic acids from organisms of clinical relevance 
ment making the measurement , such as a thermal cycler . In 30 were chosen for the exemplary study : ( 1 ) human immuno 
another example , the software is installed on a computer deficiency virus 1 ( HIV - 1 ) ; ( 2 ) Plasmodium falciparum 
attached to the instrument making the measurement , such as ( Malaria ) ; ( 3 ) herpes simplex virus - 2 ( HSV - 2 ) ; ( 4 ) Myco 
a computer attached to a thermal cycler . In another example , bacterium tuberculosis ( TB ) ; ( 5 ) and dengue virus type 3 
the software is in the “ cloud ” _i.e . , on a computer that ( dengue fever ) . 
another computer may communicate with through a net- 35 Two regions of diagnostic relevance from the HIV - 1 
work . genome , p17 and poly - protease , were selected from the Los 

Each of the elements described above may be connected Alamos National Laboratory HIV - 1 reference sequence . A 
to a controller that communicates with each of the elements diagnostic sequence from the Plasmodium falciparum ChR7 
and coordinates their actions . For example , a controller may gene was obtained from the UCSC Plasmodium falciparum 
initiate the encoding of a series of analytes into values of 40 Genome Browser . A sequence for Herpes Simplex Virus - 2 
color and intensity . As described throughout this disclosure , was synthesized from the sequence obtained from the Euro 
the controller can execute software to reduce or eliminate pean Molecular Biology Library . Similarly a diagnostic degeneracy by removing one or more potential analyte codes sequence for the rpoB gene in Mycobacterium tuberculosis from the encoding matrix . The controller may then auto 
matically order probes corresponding to this code from a 45 pean Molecular Biology Library . A PCR diagnostic was synthesized from a sequence obtained from the Euro 
manufacturer of probes . Alternatively , the controller may 
operate an oligonucleotide synthesis instrument that can sequence for Dengue Virus Type 3 was obtained from the 
synthesize the appropriate probes . After analysis of the National Institute of Health genetic sequence database . 
sample on the instrument ( which may also be automated ) , Oligonucleotides were synthesized by INTEGRATED 
the controller may process the results of the analysis using DNA TECHNOLOGIES ( IDT ) . Probes and primer pairs 
the decoding matrix . The controller may then provide these were chosen for each analyte using OLIGOANALYZER , 
results to a user . from IDT . Sense probes containing a fluorophore at the 5 ' 
VIII . Services end and a quencher at the 3 ' end were synthesized for all 

The methods provided herein may also be performed as a analytes . All oligonucleotides were lyophilized and recon 
service . For example , a service provider may obtain the stituted in TE buffer before use . Tables 9-14 show sequence 
identity of a plurality of analytes that a customer wishes to 55 information , target sequence , primers , and probes for each of 
analyze . The service provider may then encode each analyte the six analytes . 

50 

TABLE 9 

HIV - 1 polyprotease sequence information . 
Sequence Information HIV - 1 Poly protease 198mer synthesized from bases 

2253-2550 

Source HIV - 1 Reference Sequence , Los Alamos National Laboratory 

Target sequence ( 31 to 5 ' ) GGAAGCTCTATTAGATACAGGAGCAGATGATACAGTATTAGAAGAAATGAGTTTGCC 
AGGAAGATGGAAACCAAAAATGATAGGGGGAATTGGAGGTTTTATCAAAGTAAGACA 
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TABLE 9 - continued 

HIV - 1 polyprotease sequence information . 
GTATGATCAGATACTCATAGAAATCTGTGGACATAAAGCTATAGGTACAGTATTAGT 
AGGACCTACACCTGTCAACATAATTGG ( SEQ ID NO : 1 ) 

Forward Primer ( 3 ' to 5 ' ) GGAAGCTCTATTAGATACAGGAGCAG ( SEQ ID NO : 2 ) 

Reverse Primer ( 3 ' to 5 ' ) CCAATTATGTTGACAGGTGTAGGTCC ( SEQ ID NO : 3 ) 

Probe 1 ( 3 ' to 5 ' ) 156 - FAM / TGAGTTTGCCAGGAAGATGGAAACCA / 3BHQ_1 / ( SEQ ID NO : 4 ) 

TABLE 10 

HIV p17 sequence information . 

Sequence Name HIV - 1 P17 199mer synthesized from bases 790-1186 

Source HIV - 1 Reference Sequence , Los Alamos National Laboratory 

Target sequence ( 31 to 5 ' ) CAGCTACAACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATATAATACAGT 
AGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAGGAAGCTTTAG 
ACAAGATAGAGGAAGAGCAAAACAAAAGTAAGAAAAAAGCACAGCAAGCAGCAGCTGAC 
ACAGGACACAGCAATCAGGTCA ( SEQ ID NO : 5 ) 

Forward Primer ( 3 ' to 5 ' ) CAGCTACAACCATCCCTTCAGACA ( SEQ ID NO : 6 ) 

Reverse Primer ( 3 ' to 5 ' ) TGACCTGATTGCTGTGTCCTGTGT ( SEQ ID NO : 7 ) 

Probe 1 ( 3 ' to 5 ' ) / 56 - FAM / AGCAACCCTCTATTGTGTGCATCAAAGG / 3BHQ_1 ( SEQ ID NO : 8 ) 
Probe 2 ( 31 to 5 ' ) / 5Cy3 / AAAGCACAGCAAGCAGCAGCTGA / 3BHQ_21 ( SEQ ID NO : 9 ) 

TABLE 11 

Plasmodium ChR7 sequence information . 

Sequence Name Plasmodium ChR7 199mer synthesized from bases 1139138-1141223 

Source USCS Plasmodium falciparum Genome Browser Gateway 

Target sequence ( 31 to 5 ' ) GCCTAACATGGCTATGACGGGTAACGGGGAATTAGAGTTCGATTCCGGAGAGGGAGCCTGA 
GAAATAGCTACCACATCTAAGGAAGGCAGCAGGCGCGTAAATTACCCAATTCTAAAGAAGA 
GAGGTAGTGACAAGAAATAACAATGCAAGGCCAATTTAAAACCTTCCCAGAGTAACAATTG 
GAGGGCAAGTCTGGTG ( SEQ ID NO : 10 ) 

Forward Primer ( 3 ! to 5 ' ) GCCTAACATGGCTATGACGGGTAA ( SEQ ID NO : 11 ) 

Reverse Primer ( 3 ' to 5 ' ) CACCAGACTTGCCCTCCAATTGTT ( SEQ ID NO : 12 ) 

Probe 1 ( 3 ' to 5 ' ) 156 - FAM / ATTCCGGAGAGGGAGCCTGAGAAATA / 3BHQ_1 / ( SEQ ID NO : 13 ) 
Probe 2 ( 3 ' to 5 ' ) / 56 - ROXN / AAGGAAGGCAGCAGGCGCGTAAATTA / 3BHQ_21 ( SEQ ID NO : 14 ) 

TABLE 12 

Herpes simplex virus 2 sequence information . 

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

Source EMBL Bank AJ303204 

Target sequence ( 31 to 5 ' ) TCAGCCCATCCTCCTTCGGCAGTATGGAGGGTGTCGCGGCGGCGAGCCGCCGTCCCCA 
AAGACGTGCGGGTCGTACACGTACACGTACCAGGGCGGCGGGCCTCCGACCCGGTACG 
CTCTCGTAAATGCTTCCCTGCTGGTGCCGATCTGGGACCGCGCCGCGGAGACATTCGA 

GTACCAGATCGAACTCGG ( SEQ ID NO : 15 ) 
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TABLE 12-continued 
  

Herpes simplex virus 2 sequence information. 

  

Forward Primer TCAGCCCATCCTCCTTCGGCAGTAT (SEQ ID NO: 16) 

Reverse Primer CCGAGTTCGATCTGGTACTCGAATGT (SEQ ID NO: 17) 

Probe 1 (3! to /56-FAM/AAAGACGTGCGGGTCGTACACGTACA/3BHQ_1/ (SEQ ID NO: 18) 

Probe 2 (3! to /5Cy5 /TAAATGCTTCCCTGCTGGTGCCGAT/3IAbRQSp/ (SEQ ID NO: 19) 
  

TABLE 13 
  

Mycobacterium tuberculosis rpoB sequence information 
  

Sequence Name Mycobacterium Tuberculosis rpoB 200mer synthesized from 

Mycobacterium tuberculosis rpoB genome 

Source ENBL Bank GQ395623 

Target sequence (3' to 5!) GAGTGCAAAGACAAGGACATGACGTACGCGGCCCCGCTGTTCGTCACGGCCGAGTTC 

ATCAACAACAACACCGGCGAGATCAAGAGCCAGACGGTGTTCATGGGTGACTTCCCG 

ATGATGACCGAGAAGGGCACCT TCATCATCAACGGCACCGAGCGCGTCGTGGTCAGC 

CAGCTGGTCCGCTCGCCCGGTGTGTACTT (SEQ ID NO: 20) 

Forward Primer (3' to 5') GAGTGCAAAGACAAGGACATGACG (SEQ ID NO: 21) 

Reverse Primer (3' to 5') AAGTACACACCGGGCGAGC (SEQ ID NO: 22) 

Probe 1 (3! to 5!) /56-FAM/CGCTGTTCGTCACGGCCGAGTTCAT/3BHQ_1/ (SEQ ID NO: 23) 

Probe 2 (3! to 5!) /5Cy3 /AGATCAAGAGCCAGACGGTGTTCATG/3BHQ_2/ (SEQ ID NO: 24) 

Probe 3 (3! to 5!) /5Cy5 /AAGGGCACCTTCATCATCAACGGCA/3IAbRQSp/ (SEQ ID NO: 25) 
  

TABLE 14 
  

Dengue virus type 3 sequence information. 
  

Sequenc Name Dengue Virus Type 3 200mer synthesized from Dengue Virus 

Type 3 genome 

Source GenBank M93130 

(3' to 5!) ATGCCAACTGTGATTGAGCACT TAGAAAGACTACAAAGGAAACATGGAGGAATGCTTGTGA 

GAAATCCACTCTCACGAAACTCCACGCACGAAATGTATTGGATATCCAATGGTACAGGCAA 

CATCGTCTCATTCACAATGACACACAGGAGACC CACCATAGAGAAAGATGTGGATTTAGGA 

Target sequence 

GCAGGAACCCGACATGT (SEQ ID NO: 26) 

Forward Primer (3' to 5') ATGCCAACTGTGATTGAGCACT (SEQ ID NO: 27) 

Reverse Primer (3' to 5') ACATGTCGGGTTCCTGCTCCTAAA (SEQ ID NO: 28) 

Probe 1 (3! to 5!) /56-FAM/ACAAAGGAAACATGGAGGAATGCTTGTGA/3BHQ_1/ (SEQ ID NO: 29) 

Probe 2 (3! to 5!) /5Cy3 /ACTCTCACGAAACTCCACGCACGAAA/3BHQ_2/ (SEQ ID NO: 30) 

Probe 3 (3! to 5!) /56-ROXN/ACAATGCACACAGGAGACCCACCAT/3BHQ_2/ (SEQ ID NO: 31) 

Probe 4 (3! to 5!) /5Cy5 /GGATATCCAATGGTACAGGCAACATCGT/3IAbROSp/ (SEQ ID NO: 32) 
  

3. Polymerase Chain Reactions 60 measurements were obtained in the following channels after 
All PCR reactions were performed in a ROCHE 480 

LIGHTCYCLER instrument. Forty-five thermal cycles were 

performed, with a 60 second hot-start at 95° C. The cycling 

conditions for denaturation, annealing, and extension were 

45 seconds, 50 seconds, and 60 seconds at 95° C., 65° C., 
and 70° C., respectively. Each experiment was run in quin- 

tuplicate, with a reaction volume of 15 wL. Fluorescence 

65 

every annealing step: 483 nm to 533 nm (FAM), 523 nm to 

568 nm (Cy3), 558 nm to 610 nm (ROX), and 615 nm to 670 

nm (Cy5). Fluorescence measurements were also obtained 

after the hot-start and the end of the 45 thermal cycles. The 

change in the fluorescence intensity between these two 
measurements (after hot-start and at the end of the 45 cycles) 

determined the end-point fluorescent signal.
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Example 2 TABLE 15 - continued 

Reagents for 14 PCR reactions . 
Simultaneous Detection of Polynucleotide Markers 
from Pathogens Based on an Encoding Method 

Using More Than One Color Per Analyte 
Reaction 

No. 
Type of Concen 

tration Reagent Reagent Volume 

2 uL 
L ?? 2 

2 ul 
2 uL 

This example describes the simultaneous detection of up 
to four polynucleotides selected from HIV ( 2 polynucle 
otides ) , HSV - 2 , Mycobacterium , Plasmodium , and dengue 10 
virus . Fourteen PCR reactions were assembled , using the 
reagents described in Table 15 . 

17 nM 
15 nM 
17 nM 
17 nM 
1 ?M 
1 uM 
1 uM 
1 ?M 
1 ?M 

2 UL 
2 uL 
2 uL 
2 UL 

L ? 2 
TABLE 15 9 28 uL 

15 
Reagents for 14 PCR reactions . 2 ul 

Reaction 
No. 

Type of 2 uL Concen 
tration Reagent Reagent Volume 

1 34 UL 20 42 UL 
10 17 nM 

1 nM 
1 nM 
1 nM 

2 uL 
2 uL 
2 ul 
2 

28 UL 
42 uL 

2 ul 
2 ul 2 

25 
2 UL 
2 UL 
2 uL 

15 nM 
17 nM 
16 nM 
17 nM 
1 nM 
1 nM 
1 nM 

2 UL 
2 UL 
2 uL 
2 uL 
2 ul 

2 ul 
2 UL 30 
2 UL 

32 uL 
11 

3 

42 uL 
17 nM 
1 ?M 2 uL 
1 uM 
1 uM 2 
1 uM 2 UL 
1 uM 2 uL 
1 1 UM 2 uL 

22 uL 
42 ul 

17 nM 2 UL 
15 nM 
17 nM 
16 nM 2 UL 
1 UM 2 uL 
1 uM 2 UL 
1 uM 
1 UM 
1 uM 
1 uM 

42 uL 
17 nM 2 ul 
15 nM 2 UL 
17 nM 2 uL 
17 nM 2 uL 
1 UM 2 uL 
1 ?M 2 uL 
1 UM 2 uL 
1 uM 2 UL 
1 ?M 2 uL 
1 uM 
1 UM 
1 uM 2 UL 
1 uM 2 UL 
1 ?M 2 UL 
1 ?M 2 UL 
1 uM 
1 ?M 
1 ?M 2 UL 
1 ?M 2 uL 
1 ?M 
1 ?M 2 UL 

42 UL 
L ?? 2 15 nM 

1 ?M 2 uL 
1 uM 
1 uM 
1 ?M 

2 uL 35 
2 UL 

L ?? 2 

Templates Poly Protease Template 
Malaria Template 
Herpes Template 
Dengue Virus Template 

Primers TB FWD Primer 
TB RVS Primer 

Probes TB Probe 1 
TB Probe 2 
TB Probe 3 
UltraPure Water 
Taq 5x Master Mix 

Template Dengue Virus Template 
Primers Dengue Virus FWD Primer 

Dengue Virus RVS Primer 
Probes Dengue Virus Probe 1 

Dengue Virus Probe 2 
Dengue Virus Probe 3 
Dengue Virus Probe 4 
UltraPure Water 
Taq 5x Master Mix 

Templates Poly Protease Template 
Malaria Template 
Herpes Template 
TB Template 

Primers Dengue Virus FWD Primer 
Dengue Virus RVS Primer 

Probes Dengue Virus Probe 1 
Dengue Virus Probe 2 
Dengue Virus Probe 3 
Dengue Virus Probe 4 
Taq 5x Master Mix 

Templates Poly Protease Template 
Malaria Template 
Herpes Template 
Dengue Virus Template 

Primers Poly Protease FWD Primer 
Poly Protease RVS Primer 
Malaria FWD Primer 
Malaria RVS Primer 
Herpes FWD Primer 
Herpes RVS Primer 
Dengue Virus FWD Primer 
Dengue Virus RVS Primer 

Probes Poly Protease Probe 1 
Malaria Probe 1 
Malaria Probe 2 
Herpes Probe 1 
Herpes Probe 2 
Dengue Virus Probe 1 
Dengue Virus Probe 2 
Dengue Virus Probe 3 
Dengue Virus Probe 4 
UltraPure Water 
Taq 5x Master Mix 

Templates Poly Protease Template 
Malaria Template 
Herpes Template 
TB Template 

Primers Poly Protease FWD Primer 
Poly Protease FWD Primer 
Malaria FWD Primer 
Malaria RVS Primer 
Herpes FWD Primer 
Herpes RVS Primer 
TB FWD Primer 
TB RVS Primer 

Probes Poly Protease Probe 1 
Malaria Probe 1 
Malaria Probe 2 
Herpes Probe 1 
Herpes Probe 2 
TB Probe 1 
TB Probe 2 
TB Probe 3 

4 26 uL 
42 UL 
2 uL 2 uL 

2 ul 

UltraPure Water 
Taq 5x Master Mix 

Template Poly Protease Template 
Primers Poly Protease FWD Primer 

Protease RVS Primer 
Probe Poly Protease Probe 1 

UltraPure Water 
Taq 5x Master Mix 

Templates Malaria Template 
Herpes Template 
TB Template 
Dengue Virus Template 

Primers Poly Protease FWD Primer 
Protease RVS Primer 

Probe Poly Protease Probe 1 
UltraPure Water 
Taq 5x Master Mix 

Template Malaria Template 
Primers Malaria FWD Primer 

Malaria RVS Primer 
Probes Malaria Probe 1 

Malaria Probe 2 
UltraPure Water 
Taq 5x Master Mix 

Templates Poly Protease Template 
Herpes Template 
TB Template 
Dengue Virus Template 

Primers Malaria FWD Primer 
Malaria RVS Primer 

Probes Malaria Probe 1 
Malaria Probe 2 
UltraPure Water 
Taq 5x Master Mix 

Template Herpes Template 
Primers Herpes FWD Primer 

Herpes RVS Primer 
Probes Herpes Probe 1 

Herpes Probe 2 
UltraPure Water 
Taq 5x Master Mix 

Templates Poly Protease Template 
Malaria Template 
TB Template 
Dengue Virus Template 

Primers Herpes FWD Primer 
Herpes RVS Primer 

Probes Herpes Probe 1 
Herpes Probe 2 
UltraPure Water 
Taq 5x Master Mix 

Template TB Template 
Primers TB FWD Primer 

TB RVS Primer 
Probes TB Probe 1 

TB Probe 2 
TB Probe 3 
UltraPure Water 
Taq 5x Master Mix 

2 UL 
2 uL 40 

17 nM 
17 nM 
16 nM 
17 nM 
1 uM 
1 UM 
1 uM 
1 ?M 

2 uL 
2 uL 
2 uL 
2 uL 
2 ul 

32 ul 45 

2 uL 
2 ul 

42 uL 
2 UL 2 uL 17 nM 

1 ?M 
1 uM 
UM 

1 uM 

2 UL 
2 UL 
2 uL 

12 2 uL 

L ?? 2 50 
6 26 L 

42 UL 
2 UL 

17 nM 
15 nM 
17 nM 
16 nM 

2 uL 
2 UL 

17 nM 
15 nM 
16 nM 
17 nM 
1 uM 
1 uM 
1 ?M 

2 UL 55 
2 UL 
2 uL 
2 uL 

42 UL 
2 UL 
2 UL 
2 uL 
2 UL 

1 uM 2 uL 
1 UM 2 uL 
1 ?M 2 uL 
1 uM 2 uL 
1 ?M 2 uL 
1 uM 2 UL 
1 ?M 2 UL 
1 ?M 2 uL 
1 uM 2 UL 
1 ?M 
1 uM 2 UL 
1 ?M 2 uL 
1 ?M 2 UL 
1 uM 2 uL 
1 ?M 2 uL 
1 uM 2 UL 

1 UM 
7 

2 UL 
30 UL 
42 uL 
2 
2 ul 
2 uL 

60 16 nM 
1 uM 
1 ?M 
1 uM 
1 uM 
1 uM 

2 ul 

2 UL 
2 uL 
2 ul 

8 65 30 UL 
42 UL 
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13 12 UL 
42 ul 

17 nM 
17 nM 
16 nM 2 UL 

2 UL Primers 

TB FWD Primer 

Probes 

2 UL 
2 UL TB Probe 1 

TB Probe 3 
UltraPure Water 14 10 UL 

42 UL 
17 nM 
15 nM 
17 nM 

Primers 
1 UM 

2 UL 
Malaria RVS Primer 

Probes 
Malaria Probe 1 
Malaria Probe 2 1 ?M 
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TABLE 15 - continued every possible combination of present sequences , in each 
color . The cumulative signals were plotted in a diagram , 

Reagents for 14 PCR reactions . called a " chromatogram ” ( FIG . 3 ) . Cumulative signals cor 
Reaction Type of responding to all possible combinations of the same rank in 

No. Reagent Reagent 5 the same color were organized into their own “ band . ” Doing 
this for all four colors produced a level and band structure , 

UltraPure Water against which the experimental results of each combination Taq 5x Master Mix 
Templates Poly Protease Template 2 uL ( reactions 11 , 12 , 13 , and 14 ) could be evaluated . FIG . 3 

Herpes Template 2 UL shows three replicates of a chromatogram constructed using 
TB Template 10 the positive control samples , with experimental results 4112 , 
Poly Protease FWD Primer 1 ?M 3121 , and 3102 superimposed on the chromatogram . The Poly Protease FWD Primer 1 uM 2 uL 
Herpes FWD Primer 1 ?M 2 UL experimental results are indicated by black dots . 
Herpes RVS Primer 1 UM 2 ul The intensity value for each color in reactions 11-14 was 

1 ?M 2 uL measure in arbitrary fluorescence units ( AFU ) , plotted on 
TB RVS Primer 1 uM 2 UL 15 the chromatogram , and then assigned to a band based on two Poly Protease Probe 1 1 uM 2 UL 
Herpes Probe 1 1 uM 2 uL criteria . First , if an experimental result was within a band , 
Herpes Probe 2 1 uM then the result was assigned to the multiplicity of the band 

1 uM ( e.g. , the Cy3 value of 1 in the left - most chromatogram of 
TB Probe 2 1 uM 2 uL FIG . 3 ) . Second , if an experimental result was between two 1 uM 2 UL 20 bands , a two - step analysis was employed . If the experimen 
Taq 5x Master Mix tal result was between two legitimate results , the experi 

Templates Poly Protease Template 2 uL mental result was assigned to the closest band . ( e.g. , the Cy5 Malaria Template 2 uL value of 2 in the right - most chromatogram of FIG . 3 ) . If the Dengue Virus Template 2 uL 
Poly Protease FWD Primer 1 uM 2 ul experimental result was between a legitimate result and an 
Poly Protease FWD Primer 2 ul 25 illegitimate result , the result was assigned to the band with 
Malaria FWD Primer 1 uM the legitimate result ( e.g. , the FAM value of 3 in the middle 

1 ?M 2 uL chromatogram of FIG . 3 ) . FIG . 8 schematically shows a Dengue Virus FWD Primer 1 ?M 2 ul 
Dengue Virus RVS Primer 1 uM 2 uL legitimate result of 4112 ( top ) indicating the presence of 
Poly Protease Probe 1 1 ?M 2 UL HIV polyprotease , Plasmodium , herpes simplex , and Myco 

1 uM 2 uL 30 bacterium ; and an illegitimate result of 4110 ( bottom ) , 
2 ul which cannot be decoded and indicates a malfunction in the Dengue Virus Probe 1 UM 2 ul 

Dengue Virus Probe 2 1 ?M 2 UL assay . 
Dengue Virus Probe 3 1 ?M Using these criteria , the output of Experiment 12 was 
Dengue Virus Probe 4 1 ?M designated 4112 , which was the correct answer . The output 

35 of Experiment 14 could have been designated as 2121 or 
Referring to Table 15 , reactions 1 , 3 , 5 , 7 , and 9 ( con 3121 , but 2121 is illegitimate , so the result must be 3121 , 

taining HIV polyprotease , Plasmodium , HSV , Mycobacte which is the correct answer . The output of Experiment 13 
rium , and dengue analytes , respectively ) were positive con could be designated as 3102 or 3101 , both of which are 
trols that provided baseline fluorescence intensity for each legitimate , but the result is clearly closer to 2 than 1 in the 
polynucleotide analytes alone , in the absence of other ana 40 Cy5 channel , so 3102 , the correct answer , was designated as 
lytes . The change in fluorescence intensity in each color was the result . These results provide experimental validation of 

the methods of the provided herein . used to provide the expected cumulative intensity level for The results indicate a trend of slightly lower combined each color in the chromatogram ( FIG . 3 ) , as described more signal than what would be expected from a simple summa 
fully below . Reactions 2 , 4 , 6 , 8 , and 10 were negative 45 tion of positive - control signals . This may be because the 
controls used to determine the extent of non - specific ampli combination of signals is not perfectly linear . This may be a 
fication . In these reactions , the primers provided were not result of additional effects for which the chromatogram 
specific for the analytes provided . construction does not account for at present . These effects Experiments 11 , 12 , 13 , and 14 were multiplex detection may be related to the absolute concentration of quenchers . 
experiments . Encoding was performed as indicated in Table 50 The higher the absolute concentration of quenchers , the 
16. The measured fluorescence intensity for each assay , in larger the percentage of reaction volume they quench , so that 
each color , was plotted as black circles in the chromatogram the same percentage of released fluorophores fails to con 
of FIG . 3 . tribute as much as expected to the cumulative signal . One 

solution to this problem is to use low concentrations of 
TABLE 16 55 probes , so that the percentile loss in signal is negligible , 

regardless of how much quencher is released . Coding scheme for detection of pathogens . FIG . 3 shows that each rank containing multiple combi 
nations has a relatively wide band . The width of the band is 
ultimately the difference between the highest and lowest HIV poly - protease 60 cumulative signals for the positive control samples . If all 

Plasmodium positive controls in the particular color produced exactly the 
same fluorescence signal , then the width of each band would Mycobacterium be zero . Since instead those signals are somewhat different , Dengue Virus the resulting bands are relatively wide . However , there is a 

65 simple means to tighten the bands . Instead of loading all 
To construct the chromatogram , the signals of the positive probes at the same concentration , as was done for the 

controls ( reactions 1 , 3 , 5 , 7 , and 9 ) were used to assemble experiment above , the concentration of each probe can be 

2 UL 
2 L ? | 2 

FAM Cy3 ROX Cy5 
1 0 

HIV p17 
0 
1 0 

0 
0 
0 

HSV 

1 
1 
1 
1 
1 

1 
1 
1 

0 
0 
1 

1 
1 

IPR2025-01546 
California Institute of Technology - Ex. 2003, Page 37



50 
TABLE 18 - continued 

US 10,770,170 B2 
49 

adjusted so that each of the resulting positive - control signals 
is the same as the others in the same color . This approach 
would significantly tighten the bands , making it easier to 
determine the multiplicity of a signal for a sample contain 
ing analytes . 

Binary FAM Experiment 1 Cocktail : HIV 
Polyprotease , HIV p17 , and dengue virus 

5 

Concentration Volume Added 

Example 3 Primers 

10 Simultaneous Detection of Polynucleotide Markers 
from Pathogens Based on an Encoding Method 
Using One Color Per Analyte and Different 

Intensities 

Poly Protease FWD Primer 
Poly Protease RVS Primer 
P17 FWD Primer 
P17 RVS Primer 
Dengue Virus FWD Primer 
Dengue Virus RVS Primer 
Probes 

1 ?M 
UM 

1 uM 
?M 

1 ?M 
1 UM 

4 UL 
4 UL 
4 HL 
4 UL 
4 uL 
4 uL 

15 

800 nM Poly Protease Probe 1 
P17 Probe 1 

Dengue Virus Probe 1 
400 nM 

4 UL 
4 UL 
4 uL 200 nM 

TABLE 19 

This example describes the simultaneous detection of up 
to three polynucleotides selected from dengue virus , HIV 
p17 , and HIV polyprotease . The coding scheme was as 
depicted in Table 11. As shown in Table 17 , each analyte was 
encoded as a single value of fluorescence intensity in a 20 
single color . In this case , as described elsewhere in this 
disclosure , the coding scheme is non - degenerate by design . 
This is achieved by assigning an intensity value to each 
analyte that is equal to the cumulative intensity values for 
the prior analytes , plus one . Of course , as described else- 25 
where in the specification , the initial assigned value can be 
greater than one , for example to better distinguish over 
noise . Similarly , the values assigned to each analyte can be 
greater than the cumulative intensity values for the prior 
analytes plus one , for example , to increase the separation 30 
between the intensities and enable more simple assignment 
of intensities . 

Binary FAM Experiment 2 Cocktail : dengue virus and HIV p17 

Concentration Volume Added 

Reagents 

UltraPure Water 
Taq 5x Master Mix 
Templates 

54 UL 
25 uL 

Poly Protease Template 
P17 Template 
Dengue Virus Template 
Primers 

17 nM 
15 nM 
17 nM 

4 uL 
4 UL TABLE 17 

35 
Coding scheme for detection of dengue 
virus , HIV polyprotease , and HIV p17 . 

FAM 

Poly Protease FWD Primer 
Poly Protease RVS Primer 
P17 FWD Primer 
P17 RVS Primer 
Dengue Virus FWD Primer 
Dengue Virus RVS Primer 
Probes 

1 UM 
UM 

1 uM 
1 uM 
1 ?M 
1 uM 

4 UL 
4 UL 
4 uL 
4 UL 
4 ul 
4 uL 

Dengue Virus 40 
HIV p17 
HIV polyprotease 

1 
2 
4 

4 uL Poly Protease Probe 1 
P17 Probe 1 
Dengue Virus Probe 1 

800 nM 
400 nM 
200 nM 

4 uL 
4 UL The same reagents ( e.g. , templates , primers , and probes ) 

used in Example 2 were used here . The fluorescence signals 45 
generated by the respective probes in positive - control end 
point PCR reactions were measured and used to calculate the 
probe concentrations that would produce 1x , 2x , and 4x 
signal intensities . Experiments were then set up to detect the 
seven non - null combinations of analyte occurrences . Tables 50 
18-24 provide the PCR reaction components for each of 
these mixtures . 

TABLE 20 

Binary FAM Experiment 3 Cocktail : 
dengue virus and HIV polyprotease 

Concentration Volume Added 

Reagents 
TABLE 18 

55 UltraPure Water 
Taq 5x Master Mix 
Templates 

54 uL 
25 uL Binary FAM Experiment 1 Cocktail : HIV 

Polyprotease , HIV p17 , and dengue virus 

Concentration Volume Added 4 uL Poly Protease Template 
P17 Template 
Dengue Virus Template 
Primers 

17 nM 
15 nM 
17 nM Reagents 4 uL 60 

UltraPure Water 
Taq 5x Master Mix 
Templates 

50 UL 
25 uL Poly Protease FWD Primer 

Poly Protease RVS Primer 
P17 FWD Primer 
P17 RVS Primer 
Dengue Virus FWD Primer 
Dengue Virus RVS Primer 

Poly Protease Template 
P17 Template 
Dengue Virus Template 

1 ?M 
1 uM 
1 UM 
UM 

1 ?M 
1 uM 

4 UL 
4 UL 
4 uL 
4 uL 17 nM 

15 nM 
17 nM 

4 UL 
4 uL 
4 uL 

65 4 uL 
4 uL 
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TABLE 20 - continued TABLE 23 

Binary FAM Experiment 6 Cocktail : HIV p17 
Binary FAM Experiment 3 Cocktail : 
dengue virus and HIV polyprotease Concentration Volume Added 

5 

Reagents 
Concentration Volume Added 

UltraPure Water 
Taq 5x Master Mix 
Templates 

58 UL 
25 uL 

Probes 
10 

Poly Protease Probe 1 800 nM 
Poly Protease Template 
P17 Template 
Dengue Virus Template 
Primers 

4 UL 
4 UL 

17 nM 
15 nM 
17 nM 

| 7 

4 uL 
P17 Probe 1 400 nM 

Dengue Virus Probe 1 200 nM 4 uL 
4 UL 15 Poly Protease FWD Primer 

Poly Protease RVS Primer 
P17 FWD Primer 
P17 RVS Primer 
Dengue Virus FWD Primer 
Dengue Virus RVS Primer 
Probes 

1 uM 
1 ?M 
1 uM 
1 uM 
1 ?M 
1 ?M 

4 uL 
4 uL 
4 uL 

TABLE 21 4 UL 
4 uL 

Binary FAM Experiment 4 Cocktail : 
HIV polyprotease and HIV p17 20 

Concentration 
Poly Protease Probe 1 
P17 Probe 1 
Dengue Virus Probe 1 

4 uL 
4 UL Volume Added 

800 nM 
400 nM 
200 nM 4 UL Reagents 

25 UltraPure Water 
Taq 5x Master Mix 
Templates 

54 UL 
25 uL TABLE 24 

Binary FAM Experiment 7 Cocktail : HIV polyprotease Poly Protease Template 
P17 Template 
Dengue Virus Template 
Primers 

17 nM 
15 nM 
17 nM 

4 uL 
4 uL Concentration Volume Added 

30 
Reagents 

1 ?M 4 UL 
UM 

1 ?M 
4 uL 
4 uL 

UltraPure Water 
Taq 5x Master Mix 
Templates 

58 UL 
25 uL 

Poly Protease FWD Primer 
Poly Protease RVS Primer 
P17 FWD Primer 
P17 RVS Primer 
Dengue Virus FWD Primer 
Dengue Virus RVS Primer 
Probes 

4 UL 35 1 ?M 
1 UM 
1 UM 

4 uL 
4 uL 4 UL Poly Protease Template 

P17 Template 
Dengue Virus Template 
Primers 

17 nM 
15 nM 
17 nM 

Poly Protease Probe 1 
P17 Probe 1 
Dengue Virus Probe 1 

800 nM 
400 nM 
200 nM 

4 ul 
4 uL 
4 UL 

1 UM 40 Poly Protease FWD Primer 
Poly Protease RVS Primer 
P17 FWD Primer 
P17 RVS Primer 
Dengue Virus FWD Primer 
Dengue Virus RVS Primer 
Probes 

1 ?M 
1 uM 
1 ?M 
1 uM 
1 uM 

4 UL 
4 UL 
4 uL 
4 ul 
4 uL 
4 uL TABLE 22 

45 Binary FAM Experiment 5 Cocktail : dengue virus 

Concentration 
Poly Protease Probe 1 
P17 Probe 1 
Dengue Virus Probe 1 

4 uL 
4 uL Volume Added 

800 nM 
400 nM 
200 nM 4 UL Reagents 

50 UltraPure Water 
Taq 5x Master Mix 
Templates 

58 UL 
25 uL 

Poly Protease Template 
P17 Template 
Dengue Virus Template 
Primers 

17 nM 
15 nM 
17 nM 4 UL 

1 UM Poly Protease FWD Primer 
Poly Protease RVS Primer 
P17 FWD Primer 
P17 RVS Primer 
Dengue Virus FWD Primer 
Dengue Virus RVS Primer 
Probes 

1 uM 
1 uM 
1 uM 

4 ul 
4 uL 
4 uL 
4 uL 

The total fluorescence signal of each experiment was 
plotted on a chromatogram ( FIG . 7 ) that was constructed as 
described above . The width of the bands around each 
positive control measurement is the propagated uncertainty 
of the 1x measurement . That uncertainty was equated to the 

55 standard deviation of the fluorescence signals of the last five 
PCR cycles in saturation . 
FIG . 7 shows the results of this experiment . The three 

right - most results show the measured intensities for dengue 
virus alone ( DEN ) , HIV p17 alone ( P17 ) , and HIV poly 

60 protease ( TPP ) . The assigned intensities for each of these 
analytes were as indicated in Table 11 , and FIG . 7 confirms 
that the three analytes yielded the expected intensity results 
when alone ( see DEN , P17 , and TPP ) . At the end of the 
assay , essentially all of the probes have been hydrolyzed , 

65 releasing essentially all of the fluorophores , which emit a 
signal . A fixed amount of a fluorophore produces a fixed and 
predictable amount of signal . Therefore a target that is 

4 UL 1 ?M 
1 ?M 4 uL 

Poly Protease Probe 1 
P17 Probe 1 
Dengue Virus Probe 1 

800 nM 
400 nM 
200 nM 

4 UL 
4 uL 

L ?? 4 
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present should generally produce a fixed amount of signal , presence of all three analytes . A result of 3 indicates the 
as determined by the amount of probe added to the reaction presence of dengue virus and HIV p17 analytes , and the 
volume . absence of HIV polyprotease . A result of 5 indicates the 
As expected , the intensity values for the combinations of presence of dengue virus and HIV p polyprotease , and the 

analytes are equivalent to the sum of the assigned intensities . 5 absence of HIV p17 . Finally a result of 6 indicates the 
Since this coding scheme is designed to be non - degenerate , presence of HIV p17 and HIV polyprotease , and the absence 
each result can be unambiguously decoded into the presence of dengue virus . This coding scheme can be extended to 
or absence of a particular analyte . For example , starting encode additional analytes , as described elsewhere in this 
from the left side of FIG . 7 , a result of 7 indicates the disclosure . 

SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 32 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 198 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Human immunodeficiency virus 1 

< 400 > SEQUENCE : 1 

ggaagctcta ttagatacag gagcagatga tacagtatta gaagaaatga gtttgccagg 60 

aagatggaaa ccaaaaatga tagggggaat tggaggtttt atcaaagtaa gacagtatga 120 

tcagatactc atagaaatct gtggacataa agctataggt acagtattag taggacctac 180 

acctgtcaac ataattgg 198 

< 210 > SEQ ID NO 2 
< 211 > LENGTH : 26 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

primer 

< 400 > SEQUENCE : 2 

ggaagctcta ttagatacag gagcag 26 

< 210 > SEQ ID NO 3 
< 211 > LENGTH : 26 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

primer 

< 400 > SEQUENCE : 3 

ccaattatgt tgacaggtgt aggtcc 26 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 26 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

probe 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 5'6- FAM 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 3 ' BHQ_1 

< 400 > SEQUENCE : 4 

tgagtttgcc aggaagatgg aaacca 26 

< 210 > SEQ ID NO 5 
< 211 > LENGTH : 199 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Human immunodeficiency virus 1 
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- continued 

< 400 > SEQUENCE : 5 

cagctacaac catcccttca gacaggatca gaagaactta gatcattata taatacagta 60 

gcaaccctct attgtgtgca tcaaaggata gagataaaag acaccaagga agctttagac 120 

aagatagagg aagagcaaaa caaaagtaag aaaaaagcac agcaagcagc agctgacaca 180 

ggacacagca atcaggtca 199 

< 210 > SEQ ID NO 6 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

primer 

< 400 > SEQUENCE : 6 

cagctacaac catcccttca gaca 24 

< 210 > SEQ ID NO 7 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

primer 

< 400 > SEQUENCE : 7 

tgacctgatt gctgtgtcct gtgt 24 

< 210 > SEQ ID NO 8 
< 211 > LENGTH : 28 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

probe 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 5'6 - FAM 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 3 ' BHQ_1 

< 400 > SEQUENCE : 8 

agcaaccctc tattgtgtgc atcaaagg 28 

< 210 > SEQ ID NO 9 
< 211 > LENGTH : 23 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

probe 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 5 ' Cy3 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 3 ' BHQ_2 

< 400 > SEQUENCE : 9 

aaagcacagc aagcagcagc tga 23 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 199 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Plasmodium falciparum 

< 400 > SEQUENCE : 10 

gcctaacatg gctatgacgg gtaacgggga attagagttc gattccggag agggagcctg 60 
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- continued 

agaaatagct accacatcta aggaaggcag caggcgcgta aattacccaa ttctaaagaa 120 

gagaggtagt gacaagaaat aacaatgcaa ggccaattta aaaccttccc agagtaacaa 180 

ttggagggca agtctggtg 199 

< 210 > SEQ ID NO 11 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

primer 

< 400 > SEQUENCE : 11 

gcctaacatg gctatgacgg gtaa 24 

< 210 > SEQ ID NO 12 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

primer 

< 400 > SEQUENCE : 12 

caccagactt gccctccaat tgtt 24 

< 210 > SEQ ID NO 13 
< 211 > LENGTH : 26 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

probe 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 5'6 - FAM 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 3 ' BHQ_1 

< 400 > SEQUENCE : 13 

attccggaga gggagcctga gaaata 26 

< 210 > SEQ ID NO 14 
< 211 > LENGTH : 26 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

probe 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 5 ' 6 - ROXN 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 3 ' BHQ_2 

< 400 > SEQUENCE : 14 

aaggaaggca gcaggcgcgt aaatta 26 

< 210 > SEQ ID NO 15 
< 211 > LENGTH : 192 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Herpes simplex virus 2 

< 400 > SEQUENCE : 15 

tcagcccatc ctccttcggc agtatggagg gtgtcgcggc ggcgagccgc cgtccccaaa 60 

gacgtgcggg togtacacgt acacgtacca gggcggcggg cctccgaccc ggtacgctct 120 
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- continued 

cgtaaatgct tccctgctgg tgccgatctg ggaccgcgcc gcggagacat tcgagtacca 180 

gatcgaactc gg 192 

< 210 > SEQ ID NO 16 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

primer 

< 400 > SEQUENCE : 16 

tcagcccatc ctccttcggc agtat 25 

< 210 > SEQ ID NO 17 
< 211 > LENGTH : 26 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

primer 

< 400 > SEQUENCE : 17 

ccgagttega tctggtactc gaatgt 26 

< 210 > SEQ ID NO 18 
< 211 > LENGTH : 26 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

probe 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 5'6 - FAM 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 3 ' BHQ_1 

< 400 > SEQUENCE : 18 

aaagacgtgc gggtcgtaca cgtaca 26 

< 210 > SEQ ID NO 19 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

probe 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 5 ' Cy5 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 3'31AVRQSp 

< 400 > SEQUENCE : 19 

taaatgcttc cctgctggtg ccgat 25 

< 210 > SEQ ID NO 20 
< 211 > LENGTH : 200 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Mycobacterium tuberculosis 

< 400 > SEQUENCE : 20 

gagtgcaaag acaaggacat gacgtacgcg gccccgctgt tcgtcacggc cgagttcatc 60 

?????????? ?? ga caa ccag acg tca tgggtg ctt cocgats 120 

accgagaagg gcaccttcat catcaacggc accgagcgcg tcgtggtcag ccagctggtc 180 

cgctcgcccg gtgtgtactt 200 
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- continued 

< 210 > SEQ ID NO 21 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

primer 

< 400 > SEQUENCE : 21 

gagtgcaaag acaaggacat gacg 24 

< 210 > SEQ ID NO 22 
< 211 > LENGTH : 19 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

primer 

< 400 > SEQUENCE : 22 

aagtacacac cgggcgagc 19 

< 210 > SEQ ID NO 23 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

probe 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 5'6 - FAM 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 3 ' BHQ_1 

< 400 > SEQUENCE : 23 

cgctgttogt cacggccgag ttcat 25 

< 210 > SEQ ID NO 24 
< 211 > LENGTH : 26 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of 

probe 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 5 ' Cy3 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 3 ' BHQ_2 

tificial Sequence : Synthetic 

< 400 > SEQUENCE : 24 

agatcaagag ccagacggtg ttcatg 26 

< 210 > SEQ ID NO 25 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

probe 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 5 ' Cy5 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 3'IABROSp 

< 400 > SEQUENCE : 25 

aagggcacct tcatcatcaa cggca 25 
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- continued 

< 210 > SEQ ID NO 26 
< 211 > LENGTH : 200 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Dengue virus 3 

< 400 > SEQUENCE : 26 

atgccaactg tgattgagca cttagaaaga ctacaaagga aacatggagg aatgottgtg 60 

agaaatccac tctcacgaaa ctccacgcac gaaatgtatt ggatatccaa tggtacaggc 120 

aacatcgtct cattcacaat gacacacagg agacccacca tagagaaaga tgtggattta 180 

ggagcaggaa cccgacatgt 200 

< 210 > SEQ ID NO 27 
< 211 > LENGTH : 22 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

primer 

< 400 > SEQUENCE : 27 

atgccaactg tgattgagca ct 22 

< 210 > SEQ ID NO 28 
< 211 > LENGTH : 24 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

primer 

< 400 > SEQUENCE : 28 

acatgtcggg ttcctgctcc taaa 24 

< 210 > SEQ ID NO 29 
< 211 > LENGTH : 29 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

probe 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 5'6 - FAM 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 3 ' BHQ_1 

< 400 > SEQUENCE : 29 

acaaaggaaa catggaggaa tgottgtga 29 

< 210 > SEQ ID NO 30 
< 211 > LENGTH : 26 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

probe 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 5 ' Cy3 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 3 ' BHQ_2 

< 400 > SEQUENCE : 30 

actctcacga aactccacgc acgaaa 26 

< 210 > SEQ ID NO 31 
< 211 > LENGTH : 26 
< 212 > TYPE : DNA 
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- continued 

< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

probe 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 5'6 - ROXN 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 3 ' BHQ_2 

< 400 > SEQUENCE : 31 

acaatgacac acaggagacc caccat 26 

< 210 > SEQ ID NO 32 
< 211 > LENGTH : 28 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

probe 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 5 ' Cy5 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 3'IAVRQSp 

< 400 > SEQUENCE : 32 

ggatatccaa tggtacaggc aacatcgt 28 

What is claimed is : 4. The method of claim 1 , wherein , in ( b ) , a droplet of said 
1. A method of unambiguously detecting any unique 30 plurality of droplets comprises said at least five hybridiza 

combination of presence or absence of at least five poly tion probes . 
nucleotide analytes in a plurality of droplets , the method 5. The method of claim 1 , wherein , in ( b ) , a droplet of said 
comprising : plurality of droplets comprises one or more of said at least 

five polynucleotide analytes . ( a ) providing a sample comprising , or potentially com 6. The method of claim 1 , wherein , in ( b ) , a droplet of said prising , at least one of said at least five polynucleotide 35 plurality of droplets comprises at most one of said at least analytes ; five polynucleotide analytes . 
( b ) forming a mixture of said sample and at least five 7. The method of claim 1 , wherein said one or more 

hybridization probes , wherein each of said at least five signals is generated during a polymerase chain reaction . 
hybridization probes further comprises at least one 8. The method of claim 1 , wherein said at least five 
fluorophore and at most four fluorophores ; 40 polynucleotide analytes are at least seven polynucleotide 

( c ) partitioning said mixture into said plurality of droplets ; analytes . 
( d ) exciting said at least one fluorophore to generate one 9. The method of claim 1 , wherein said at least five 

or more signals if one or more of said at least five hybridization probes are at least seven hybridization probes . 
polynucleotide analytes is present in said plurality of 10. The method of claim 1 , wherein said one or more of 
droplets , wherein said one or more signals comprise at 45 said at least five polynucleotide analytes comprise cell - free 

nucleic acid , tumor nucleic acid , fetal nucleic acid , viral least one signal generated by excitement of said at least nucleic acid , or any combination thereof . one fluorophore ; 11. The method of claim 1 , wherein said sample is a ( e ) measuring said one or more signals to generate a biological sample derived from a subject . cumulative intensity measurement , wherein said cumu 12. The method of claim 11 , wherein detecting the pres lative intensity measurement corresponds to the pres ence or absence of said at least five polynucleotide analytes ence of a unique combination of presence or absence of indicates the presence of cancer or an infection with a said at least five polynucleotide analytes in said sample ; pathogen in said subject . 
and 13. The method of claim 1 , further comprising transmit 

( f ) determining whether each of said least five polynucle- 55 ting information concerning the presence or absence of said 
otide analytes is present , in any unique combination of at least five polynucleotide analytes through a computer 
presence or absence , based on said cumulative intensity network . 
measurement , 14. The method of claim 1 , further comprising providing 
wherein the method does not require any step of information concerning the presence or absence of said at 

immobilization of said at least five polynucleotide 60 least five polynucleotide analytes to a health care profes 
analytes or mass spectrometry . sional , wherein said health care professional makes a clinical 

2. The method of claim 1 , wherein each of said at least decision based on said information . 
five hybridization probes is complementary to one of said at 15. The method of claim 14 , wherein said clinical decision 
least five polynucleotide analytes . is a treatment decision . 

3. The method of claim 1 , wherein said at least five 65 16. The method of claim 15 , wherein said treatment 
hybridization probes comprise one or more fluorophores decision comprises treatment with an antibiotic or an anti 
selected from one , two , three , or four fluorophores . cancer therapeutic . 
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17. The method of claim 1 , wherein at least part of said 

method is performed using a computer . 
18. The method of claim 17 , wherein said computer is 

located on a remote server . 
19. The method of claim 17 , wherein said computer is 5 

located on a droplet reader . 
20. The method of claim 1 , wherein each of said at least 

five hybridization probes are provided at a given concen 
tration such that said cumulative intensity measurement 
corresponds to said presence of said unique combination . 10 
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