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[00164] The invention also provides kits for carrying out the methods of the invention.
Accordingly, a variety of kits are provided in suitable packaging. The kits may be used for any one or
more of the uses described herein, and, accordingly, may contain instructions for detecting the presence
or absence of each analyte of a plurality of analytes. A kit may comprise a coding scheme, or a
decoding matrix, to assist the user in converting a cumulative measurement to a result indicating the
presence or absence of each of a plurality of analytes. A kit may be a diagnostic kit, for example, a
diagnostic kit suitable for the detection of any analyte, including the analytes recited herein. A kit may
contain any of the compositions provided in this disclosure, including those recited above.

[00165] Fig. 6 shows schematics of exemplary kits of the invention. With reference to Fig. 6, a
kit comprising a kit body 601 is shown that contains reagents for the detection of analytes (e.g,,
polynucleotide probes comprising a fluorophore and a quencher) 602 and primers for the amplification
of a nucleic acid 603. The kit may also contain any other reagents, such as reagents suitable for
performing an amplification reaction 604. In the embodiment depicted in 601, the reagents for the
detection of analytes and the primers are each contained in a single volume (e.g., tube or a bottle).
However, these reagents may also be provided in separate volumes, as depicted the kit body shown in
605. The kit body 605 contains seven separate volumes. Three volumes (606, 607, and 608) contain
reagents for the detection of analytes (or mixtures of such reagents) and three volumes (609, 610, and
611) contain primers (or mixtures of primers). The kit may also contain reagents suitable for performing
an amplification reaction 604.

[00166] Fig. 6 is provided for illustrative purposes only. Any number of reagents for the
detection of analytes (e.g., probes) and any number of primers may be included in a single tube or bottle,
as appropriate for the application. For example, in some embodiments, 1, 2, 3,4, 5,6, 7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40,41, 42,43, 44,45, 46, 47, 48, 49, 50 or more reagents for the detection of analytes may be included
in a single bottle. In other cases, 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50
or more primers for amplification may be included in a single bottle or tube. In some cases, primers and
probes may be provided in the same bottle or tube. For example, 1, 2,3,4,5,6,7, 8,9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44, 45, 46, 47, 48, 49, 50 or more probes may be provided per pair of primers. In other cases, 1,
2,3,4,5,6,7.8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 or more primers may be provided
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per pair of probes. The kits may contain 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22,23, 24,25, 26,27, 28,29, 30,31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50 or more bottles or tubes. Control analytes, and their associated detection reagents and primers,
may also be included in the kit. These may be included in a separate bottle or tube or, for example,
included within the bottle or tube providing reagents for an amplification reaction 604. As described

elsewhere in the specification, any reagent in the kits may be lyophilized.

VII. Systems and Software

[00167] The methods of this disclosure may also be performed as part of a system. For example,
one or more steps of the methods described herein may be performed by software contained on a
computer readable medium. The software may be used to encode analytes, check for degeneracy,
reduce or eliminate degeneracy, and/or produce a decoding matrix. The software may also be used to
convert cumulative measurements made on an instrument (e.g., a PCR machine) into information
concerning the presence or absence of an analyte. For example, with reference to Fig. 4, a computer 401
may be connected to an input device 403, a display 402, and a printer 404. The computer may execute
one or more of the steps of any of the methods described in this disclosure, including, for example,
encoding methods 410, analysis methods 420, and decoding methods 430. A computer may reduce or
eliminate degeneracy, for example as part of the encoding methods 410. Similarly, a computer may
generate a coding schme that is non-degenerate by design using, for example, mathematical iteration. A
computer may also be connected to a network 405. The network may be a local network and/or the
Internet. The network may be used to perform the methods of the invention on multiple computers in
different locations. For example, one computer may perform the encoding, another computer may
perform the measuring, and yet another computer may perform the decoding. A computer may perform
any or all of these methods. The network may be used to transmit information obtained using the
methods described in this disclosure throughout the world, for example across a border.

[00168] In one example, the software is embedded in the instrument making the measurement,
such as a thermal cycler. In another example, the software is installed on a computer attached to the
instrument making the measurement, such as a computer attached to a thermal cycler. In another
example, the software is in the “cloud” -- i.e., on a computer that another computer may communicate
with through a network.

[00169] Each of the elements described above may be connected to a controller that

communicates with each of the elements and coordinates their actions. For example, a controller may
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initiate the encoding of a series of analytes into values of color and intensity. As described throughout
this disclosure, the controller can execute software to reduce or eliminate degeneracy by removing one
or more potential analyte codes from the encoding matrix. The controller may then automatically order
probes corresponding to this code from a manufacturer of probes. Alternatively, the controller may
operate an oligonucleotide synthesis instrument that can synthesize the appropriate probes. After
analysis of the sample on the instrument (which may also be automated), the controller may process the
results of the analysis using the decoding matrix. The controller may then provide these results to a

user.

VIII. Services

[00170] The methods provided herein may also be performed as a service. For example, a service
provider may obtain the identity of a plurality of analytes that a customer wishes to analyze. The service
provider may then encode each analyte to be detected by any of the methods described herein and
provide appropriate reagents to the customer for the assay. The customer may perform the assay and
provide the results to the service provider for decoding. The service provider may then provide the
decoded results to the customer. The customer may also encode analytes, generate probes, and/or
decode results by interacting with software installed locally (at the customer’s location) or remotely
(e.g., on a server reachable through a network). Exemplary customers include clinical laboratories,
physicians, manufacturers of food and consumer products, industrial manufacturers (e.g., petroleum
companies) and the like. A customer or party may be any suitable customer or party with a need or

desire to use the methods, systems, compositions, and kits of the invention.

EXAMPLES

Example 1: General Materials & Methods

1. General Reagents

[00171] TE Buffer, pH7 (LIFE TECHNOLOGIES, Carlsbad, CA); UltraPure RNAse-free Water
(LIFE TECHNOLOGIES, Carlsbad, CA); Taq 5x Master Mix (FISHER SCIENTIFIC COMPANY,
Tustin, CA).

2. DNA Sequences, Primers, and Probes
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[00172] Five nucleic acids from organisms of clinical relevance were chosen for the exemplary
study: (1) human immunodeficiency virus 1 (HIV-1); (2) Plasmodium falciparum (Malaria); (3) herpes
simplex virus-2 (HSV-2); (4) Mycobacterium tuberculosis (TB); (5) and dengue virus type 3 (dengue
fever).

[00173] Two regions of diagnostic relevance from the HIV-1 genome, p17 and poly-protease,
were selected from the Los Alamos National Laboratory HIV-1 reference sequence. A diagnostic
sequence from the Plasmodium falciparum ChR7 gene was obtained from the UCSC Plasmodium
falciparum Genome Browser. A sequence for Herpes Simplex Virus-2 was synthesized from the
sequence obtained from the European Molecular Biology Library. Similarly a diagnostic sequence for
the rpoB gene in Mycobacterium tuberculosis was synthesized from a sequence obtained from the
European Molecular Biology Library. A PCR diagnostic sequence for Dengue Virus Type 3 was
obtained from the National Institute of Health genetic sequence database.

[00174] Oligonucleotides were synthesized by INTEGRATED DNA TECHNOLOGIES (IDT).
Probes and primer pairs were chosen for each analyte using OLIGOANALYZER, from IDT. Sense
probes containing a fluorophore at the 5’ end and a quencher at the 3° end were synthesized for all
analytes. All oligonucleotides were lyophilized and reconstituted in TE buffer before use. Tables 9 - 14

show sequence information, target sequence, primers, and probes for each of the six analytes.

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 (3° to | GGAAGCTCTATTAGATACAGGAGCAGATGATACAGTATTAGAAGAAATGA
5%) GTTTGCCAGGAAGATGGAAACCAAAAATGATAGGGGGAATTGGAGGTTTT

ATCAAAGTAAGACAGTATGATCAGATACTCATAGAAATCTGTGGACATAA
AGCTATAGGTACAGTATTAGTAGGACCTACACCTGTCAACATAATTGG
(SEQID 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’ t0 5°) /56-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
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Source HIV-1 Reference Sequence, Los Alamos National Laboratory
Target sequence (3° to | CAGCTACAACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATA
5%) TAATACAGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAG

ACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAG
AAAAAAGCACAGCAAGCAGCAGCTGACACAGGACACAGCAATCAGGTCA
(SEQ ID NO: 5)

Forward Primer (3° to | CAGCTACAACCATCCCTTCAGACA (SEQ ID NO: 6)

57)

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

57)

Probe 1 (3°t05") /56-FAM/AGCAACCCTCTATTGTGTGCATCAAAGG/3BHQ 1 (SEQ ID NO: 8)
Probe 2 (3’ to 57) /5Cy3/AAAGCACAGCAAGCAGCAGCTGA/3BHQ 2/ (SEQ ID NO: 9)

Table 11. Plasmodium ChR7 sequence information.

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

Source UCSC Plasmodium falciparum Genome Browser Gateway

Target sequence (3° to | GCCTAACATGGCTATGACGGGTAACGGGGAATTAGAGTTCGATTCCGGAG
5%) AGGGAGCCTGAGAAATAGCTACCACATCTAAGGAAGGCAGCAGGCGCGTA

AATTACCCAATTCTAAAGAAGAGAGGTAGTGACAAGAAATAACAATGCAA
GGCCAATTTAAAACCTTCCCAGAGTAACAATTGGAGGGCAAGTCTGGTG
(SEQ ID NO: 10)

Forward Primer (3° to | GCCTAACATGGCTATGACGGGTAA (SEQ ID NO: 11)
5%)

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

5%)
Probe 1 (3’ to 5°) /56-FAM/ATTCCGGAGAGGGAGCCTGAGAAATA/3BHQ 1/ (SEQ ID NO: 13)
Probe 2 (3’ t0o 5°) /56-ROXN/AAGGAAGGCAGCAGGCGCGTAAATTA/3BHQ 2/ (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 (3° to | TCAGCCCATCCTCCTTCGGCAGTATGGAGGGTGTCGCGGCGGCGAGCCGC
5%) CGTCCCCAAAGACGTGCGGGTCGTACACGTACACGTACCAGGGCGGCGGG
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CCTCCGACCCGGTACGCTCTCGTAAATGCTTCCCTGCTGGTGCCGATCTG
GGACCGCGCCGCGGAGACATTCGAGTACCAGATCGAACTCGG (SEQ ID
NO: 15)

Forward Primer (3” to 5°)

TCAGCCCATCCTCCTTCGGCAGTAT (SEQ ID NO: 16)

Reverse Primer (37 to 57)

CCGAGTTCGATCTGGTACTCGAATGT (SEQ ID NO: 17)

Probe 1 (37 t0 5)

/56-FAM/AAAGACGTGCGGGTCGTACACGTACA/3BHQ 1/ (SEQ ID NO: 18)

Probe 2 (37 t0 57)

/5CyS/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

EMBL Bank GQ395623

Target sequence (3 to
)

GAGTGCAAAGACAAGGACATGACGTACGCGGCCCCGCTGTTCGTCACGGC
CGAGTTCATCAACAACAACACCGGCGAGATCAAGAGCCAGACGGTGTTCA
TGGGTGACTTCCCGATGATGACCGAGAAGGGCACCTTCATCATCAACGGC
ACCGAGCGCGTCGTGGTCAGCCAGCTGGTCCGCTCGCCCGGTGTGTACTT
(SEQ ID NO: 20)

Forward Primer (3” to 5°)

GAGTGCAAAGACAAGGACATGACG (SEQ ID NO: 21)

Reverse Primer (37 to 57)

AAGTACACACCGGGCGAGC (SEQ ID NO: 22)

Probe 1 (37 t0 5)

/56-FAM/CGCTGTTCGTCACGGCCGAGTTCAT/3BHQ_1/ (SEQ ID NO: 23)

Probe 2 (37 to 57)

/5Cy3/AGATCAAGAGCCAGACGGTGTTCATG/3BHQ 2/ (SEQ ID NO: 24)

Probe 3 (37 to 57)

/5Cy5/AAGGGCACCTTCATCATCAACGGCA/3IABRQSp/(SEQ ID NO: 25)

Table 14. Dengue virus type 3 sequence information.

Sequence Name

Dengue Virus Type 3 200mer synthesized from Dengue Virus Type 3 genome

Source

GenBank M93130

Target sequence (37 to
5%)

ATGCCAACTGTGATTGAGCACTTAGAAAGACTACAAAGGAAACATGGAGG
AATGCTTGTGAGAAATCCACTCTCACGAAACTCCACGCACGAAATGTATT
GGATATCCAATGGTACAGGCAACATCGTCTCATTCACAATGACACACAGG
AGACCCACCATAGAGAAAGATGTGGATTTAGGAGCAGGAACCCGACATGT
(SEQ ID NO: 26)

Forward Primer (3° to
57)

ATGCCAACTGTGATTGAGCACT (SEQ ID NO: 27)

Reverse Primer (37 to 57)

ACATGTCGGGTTCCTGCTCCTAAA (SEQ ID NO: 28)
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Probe 1 (3 0 5°) /56-FAM/ACAAAGGAAACATGGAGGAATGCTTGTGA/3BHQ 1/ (SEQ ID NO:
29)

Probe 2 (3" 10 5)) /5Cy3/ACTCTCACGAAACTCCACGCACGAAA/3BHQ 2/ (SEQ ID NO: 30)

Probe 3 (3 t0 5°) /56-ROXN/ACAATGACACACAGGAGACCCACCAT/3BHQ 2/ (SEQ ID NO:
31)

Probe 4 (3710 5)) /5Cy5/GGATATCCAATGGTACAGGCAACATCGT/3IAbRQSp/ (SEQ ID NO: 32)

3. Polymerase Chain Reactions

[00175] 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 quintuplicate, with a reaction volume of 15 pL.
Fluorescence measurements were obtained in the following channels after 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.

Example 2: Simultaneous Detection of Polynucleotide Markers from Pathogens Based on an
Encoding Method Using More Than One Color Per Analyte

[00176] This example describes the simultaneous detection of up to four polynucleotides selected
from HIV (2 polynucleotides), HSV-2, Mycobacterium, Plasmodium, and dengue virus. Fourteen PCR

reactions were assembled, using the reagents described in Table 15.

Table 15. Reagents for 14 PCR reactions.

Reaction | Type of Reagent Concentration | Volume
No. Reagent
UltraPure Water - 34 pL
Taq 5x Master Mix - 42 pL
1 Template | Poly Protease Template 17 nM 2 uL
A Poly Protease FWD Primer 1 nM 2 uL
Primers -
Protease RVS Primer 1 nM 2 ul
Probe | Poly Protease Probe 1 1 nM 2 pL
2 UltraPure Water - 28 uL
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Taq 5x Master Mix - 42 ulL

Malaria Template 15 1M 2 uL

Herpes Template 17 ;M 2 pL

Templates |5 remolate 16 nM 2 uL

Dengue Virus Template 17 nM 2 ul

Primers Poly Protease FWD Primer 1 nM 2 uL

Protease RVS Primer 1 nM 2 ul

Probe | Poly Protease Probe 1 1 nM 2 pL

UltraPure Water - 32 uL

Taq 5x Master Mix - 42 uL

Template | Malaria Template 15 nM 2 uL

Primers Malaria FWD Primer 1 uM 2 ul

Malaria RVS Primer 1 uM 2 ul

Malaria Probe 1 1 uM 2 ul

Probes Malaria Probe 2 1 uM 2 uL

UltraPure Water - 26 pL

Taq 5x Master Mix - 42 pL

Poly Protease Template 17 nM 2 ul

Herpes Template 17 ;M 2 uL

Templates TBrPfemplatg 16 nM 2 LlL

Dengue Virus Template 17 nM 2 uL

Primers Malaria FWD Primer 1 uM 2 ul

Malaria RVS Primer 1 pM 2 ulL

Malaria Probe 1 1 uyM 2 ulL

Probes I3\ laria Probe 2 1 uM 2 uL

UltraPure Water - 32 uL

Taq 5x Master Mix - 42 ulL

Template | Herpes Template 17 nM 2 uL

. Herpes FWD Primer 1 uM 2 ul

Primers Herpes RVS Primer 1 uM 2 ulL

Herpes Probe 1 1 pM 2 uL

Probes Herpes Probe 2 1 uM 2 uL

UltraPure Water - 26 pL

Taq 5x Master Mix - 42 pL

Poly Protease Template 17 nM 2 ul

Templates Malaria Template 15 nM 2 uL

TB Template 16 nM 2 ul

Dengue Virus Template 17 nM 2 ulL

’ Herpes FWD Primer 1 uM 2 ul

Primers I H mes RVS Primer 1 uM 2ul

Herpes Probe 1 1 uyM 2 ulL

Probes Herpes Probe 2 1 uM 2 uL

UltraPure Water - 30 uL

Taq 5x Master Mix - 42 uL

Template | TB Template 16 nM 2 uL

Primers | TB FWD Primer 1 uM 2 ul
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TB RVS Primer 1 uM 2 uL
TB Probe 1 1 uM 2 ul
Probes | TB Probe 2 1 M 2 uL
TB Probe 3 1 uM 2 uL
UltraPure Water - 30 uL
Taq 5x Master Mix - 42 pL
Poly Protease Template 17 nM 2 ul
Templates Malaria Template 15 1M 2 uL
Herpes Template 17 nM 2 ulL
8 Dengue Virus Template 17 nM 2 ul
Primers TB FWD Pﬁmer 1 uM 2 uL
TB RVS Primer 1 uM 2 uL
TB Probe 1 1 uM 2 uL
Probes | TB Probe 2 1 uM 2 pL
TB Probe 3 1 uM 2 ul
UltraPure Water - 28 uL
Taq 5x Master Mix - 42 pL
Template | Dengue Virus Template 17 nM 2 pL
Primers Dengue V?rus FWD P?imer 1 uM 2 uL
9 Dengue Virus RVS Primer 1 uM 2 uL
Dengue Virus Probe 1 1 uM 2 uL
Dengue Virus Probe 2 1 uM 2 ul
Probes Dengue Virus Probe 3 1 uM 2 ulL
Dengue Virus Probe 4 1 uyM 2 ulL
UltraPure Water - 22 uL
Taq 5x Master Mix - 42 uL
Poly Protease Template 17 nM 2 ul
Templates Malaria Template 15 nM 2 ulL
Herpes Template 17 nM 2 uL
10 TB Template 16 nM 2 ulL
Primers Dengue Virus FWD Primer 1 pM 2 uL
Dengue Virus RVS Primer 1 uM 2 uL
Dengue Virus Probe 1 1 pM 2 uL
| Dengue Virus Probe 2 1 uM 2 uL
Probes Dengue Virus Probe 3 1 pM 2 pL
Dengue Virus Probe 4 1 uM 2 uL
Taq 5x Master Mix - 42 uL
Poly Protease Template 17 nM 2 ulL
Templates Malaria Template 15 nM 2 ulL
Herpes Template 17 nM 2 ul
11 Dengue Virus Template 17 nM 2 ulL
Poly Protease FWD Primer 1 uM 2 ul
Poly Protease RVS Primer 1 uM 2 uL
Primers | Malaria FWD Primer 1 uM 2 pL
Malaria RVS Primer 1 uM 2 ulL
Herpes FWD Primer 1 pM 2 pL
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Herpes RVS Primer 1 uM 2 ul

Dengue Virus FWD Primer 1 uM 2 uL

Dengue Virus RVS Primer 1 uM 2 ul

Poly Protease Probe 1 1 uM 2 ulL

Malaria Probe 1 1 uM 2 ulL

Malaria Probe 2 1 uM 2 uL

Herpes Probe 1 1 uyM 2 ulL

Probes | Herpes Probe 2 1 uM 2 ul

Dengue Virus Probe 1 1 uyM 2 ulL

Dengue Virus Probe 2 1 uM 2 ul

Dengue Virus Probe 3 1 uyM 2 ulL

Dengue Virus Probe 4 1 uM 2 ul

UltraPure Water - 2 ulL

Taq 5x Master Mix - 42 ulL

Poly Protease Template 17 nM 2 ulL

Templates Malaria Template 15 nM 2 uL

Herpes Template 17 nM 2 uL

TB Template 16 nM 2 ul

Poly Protease FWD Primer 1 uM 2 uL

Poly Protease FWD Primer 1 pM 2 uL

Malaria FWD Primer 1 pM 2 ulL

Primers Malaria RVS Pr?mer 1 uM 2 ul

12 Herpes FWD Primer 1 uM 2 uL

Herpes RVS Primer 1 uM 2 ul

TB FWD Primer 1 uM 2 uL

TB RVS Primer 1 uM 2 uL

Poly Protease Probe 1 1 uM 2 ul

Malaria Probe 1 1 uM 2 ul

Malaria Probe 2 1 uM 2 ul

Herpes Probe 1 1 uM 2 ulL

Probes Herpes Probe 2 1 pM 2 uL

TB Probe 1 1 uM 2 ulL

TB Probe 2 1 uM 2l

TB Probe 3 1 uM 2 uL

UltraPure Water - 12 uL

Taq 5x Master Mix - 42 pL

Poly Protease Template 17 nM 2 ulL

Templates | Herpes Template 17 nM 2 ulL

TB Template 16 nM 2 ul

13 Poly Protease FWD Primer 1 uM 2 ul

Poly Protease FWD Primer 1 uyM 2 ulL

_ Herpes FWD Primer 1 uM 2 ul

Primers Herpes RVS Primer 1 uM 2 ulL

TB FWD Primer 1 uM 2 ul

TB RVS Primer 1 uM 2 uL

Probes | Poly Protease Probe 1 1 uM 2 ul
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Herpes Probe 1 1 uM 2 ul
Herpes Probe 2 1 uM 2 uL
TB Probe 1 1 uM 2 ul
TB Probe 2 1 uM 2 uL
TB Probe 3 1 uM 2 uL
UltraPure Water - 10 uL
Taq 5x Master Mix - 42 uL
Poly Protease Template 17 nM 2 ulL
Templates | Malaria Template 15 nM 2 uL
Dengue Virus Template 17 nM 2 ul
Poly Protease FWD Primer 1 uyM 2 ulL
Poly Protease FWD Primer 1 uM 2 ul
Primers Malaﬁa FWD P?imer 1 uM 2 ul
14 Malaria RYS Primer . 1 uM 2 ul
Dengue Virus FWD Primer 1 uM 2 ul
Dengue Virus RVS Primer 1 pM 2 uL
Poly Protease Probe 1 1 uM 2 uL
Malaria Probe 1 1 uM 2 ul
Malaria Probe 2 1 uM 2 uL
Probes | Dengue Virus Probe 1 1 uM 2 uL
Dengue Virus Probe 2 1 uM 2 uL
Dengue Virus Probe 3 1 pM 2 pL
Dengue Virus Probe 4 1 uM 2 uL
[00177] Referring to Table 15, reactions 1, 3, 5, 7, and 9 (containing HIV polyprotease,

Plasmodium, HSV, Mycobacterium, and dengue analytes, respectively) were positive controls that
provided baseline fluorescence intensity for each polynucleotide analytes alone, in the absence of other
analytes. The change in fluorescence intensity in each color was used to provide the expected
cumulative intensity level for each color in the chromatogram (Fig. 3), as described more fully below.
Reactions 2, 4, 6, 8, and 10 were negative controls used to determine the extent of non-specific
amplification. In these reactions, the primers provided were not specific for the analytes provided.
[00178] Experiments 11, 12, 13, and 14 were multiplex detection experiments. Encoding was
performed as indicated in Table 16. The measured fluorescence intensity for each assay, in each color,

was plotted as black circles in the chromatogram of Fig. 3.

Table 16. Coding scheme for detection of pathogens.

FAM | Cy3 | ROX | Cy5
HIV poly-protease 1 0 0 0
HIV p17 1 1 0 0
Plasmodium 1 0 1 0
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HSV 1 0 0 1
Mpycobacterium 1 1 0 1
Dengue Virus 1 1 1 1
[00179] To construct the chromatogram, the signals of the positive controls (reactions 1, 3, 5, 7,

and 9) were used to assemble every possible combination of present sequences, in each color. The
cumulative signals were plotted in a diagram, called a “chromatogram” (Fig. 3). Cumulative signals
corresponding to all possible combinations of the same rank in the same color were organized into their
own “band.” Doing this for all four colors produced a level and band structure, against which the
experimental results of each combination (reactions 11, 12, 13, and 14) could be evaluated. Fig. 3
shows three replicates of a chromatogram constructed using the positive control samples, with
experimental results 4112, 3121, and 3102 superimposed on the chromatogram. The experimental
results are indicated by black dots.

[00180] The intensity value for each color in reactions 11-14 was measure in arbitrary
fluorescence units (AFU), plotted on the chromatogram, and then assigned to a band based on two
criteria. First, if an experimental result was within a band, then the result was assigned to the
multiplicity of the band (e.g., the Cy3 value of 1 in the left-most chromatogram of Fig. 3). Second, if an
experimental result was between two bands, a two-step analysis was employed. If the experimental
result was between two legitimate results, the experimental result was assigned to the closest band.

(e.g., the Cy5 value of 2 in the right-most chromatogram of Fig. 3). If the experimental result was
between a legitimate result and an illegitimate result, the result was assigned to the band with the
legitimate result (e.g., the FAM value of 3 in the middle chromatogram of Fig. 3). Fig. 8 schematically
shows a legitimate result of 4112 (top) indicating the presence of HIV polyprotease, Plasmodium, herpes
simplex, and Mycobacterium; and an illegitimate result of 4110 (bottom), which cannot be decoded and
indicates a malfunction in the assay.

[00181] Using these criteria, the output of Experiment 12 was designated 4112, which was the
correct answer. The output of Experiment 14 could have been designated as 2121 or 3121, but 2121 is
illegitimate, so the result must be 3121, which is the correct answer. The output of Experiment 13 could
be designated as 3102 or 3101, both of which are legitimate, but the result is clearly closer to 2 than 1 in
the Cy5 channel, so 3102, the correct answer, was designated as the result. These results provide
experimental validation of the methods of the provided herein.

[00182] The results indicate a trend of slightly lower combined signal than what would be
expected from a simple summation of positive-control signals. This may be because the combination of
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signals is not perfectly linear. This may be a result of additional effects for which the chromatogram
construction does not account for at present. These effects may be related to the absolute concentration
of quenchers. The higher the absolute concentration of quenchers, the larger the percentage of reaction
volume they quench, so that the same percentage of released fluorophores fails to contribute as much as
expected to the cumulative signal. One solution to this problem is to use low concentrations of probes,
so that the percentile loss in signal is negligible, regardless of how much quencher is released.

[00183] Fig. 3 shows that each rank containing multiple combinations has a relatively wide band.
The width of the band is ultimately the difference between the highest and lowest cumulative signals for
the positive control samples. If all positive controls in the particular color produced exactly the same
fluorescence signal, then the width of each band would be zero. Since instead those signals are
somewhat different, the resulting bands are relatively wide. However, there is a simple means to tighten
the bands. Instead of loading all probes at the same concentration, as was done for the experiment
above, the concentration of each probe can be 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 containing analytes.

Example 3: Simultaneous Detection of Polynucleotide Markers from Pathogens Based on an
Encoding Method Using One Color Per Analyte and Different Intensities

[00184] 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 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 elsewhere 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 between the intensities and enable more

simple assignment of intensities.

Table 17. Coding scheme for detection of dengue virus, HIV polyprotease, and HIV p17.

FAM
Dengue Virus 1
HIV p17
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| HIV polyprotease | 4 |

[00185] The same reagents (e.g., templates, primers, and probes) used in Example 2 were used
here. The fluorescence signals 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 18-24 provide the PCR reaction components for each of these mixtures.

Table 18. Binary FAM Experiment 1 Cocktail: HIV Polyprotease, HIV p17, and dengue virus

Reagents Concentration Volume Added
UltraPure Water - 50uL
Taq 5x Master Mix - 25uL
Templates Concentration Volume Added
Poly Protease Template 17nM 4uL
P17 Template 15nM 4uL
Dengue Virus Template 17nM 4uL
Primers Concentration Volume Added
Poly Protease FWD Primer 1M 4uL.
Poly Protease RVS Primer 1uM 4uL
P17 FWD Primer 1uM 4uL
P17 RVS Primer 1M 4uL
Dengue Virus FWD Primer 1uM 4uL
Dengue Virus RVS Primer 1uM 4uL
Probes Concentration Volume Added
Poly Protease Probe 1 800nM 4uL
P17 Probe 1 400nM 4uL
Dengue Virus Probe 1 200nM 4uL

Table 19. Binary FAM Experiment 2 Cocktail: dengue virus and HIV p17

Reagents Concentration Volume Added
UltraPure Water - 54uLl
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Taq 5x Master Mix - 25ul

Templates Concentration Volume Added
Poly Protease Template 170M -

P17 Template 15nM 4uL

Dengue Virus Template 17aM 4uL
Primers Concentration Volume Added

Poly Protease FWD Primer 1uM 4uL

Poly Protease RVS Primer 1uM 4uL

P17 FWD Primer 1uM 4uL

P17 RVS Primer 1M 4uL

Dengue Virus FWD Primer 1uM 4uL.

Dengue Virus RVS Primer 1uM 4uL
Probes Concentration Volume Added

Poly Protease Probe 1 800nM 4uL

P17 Probe 1 400nM 4uL

Dengue Virus Probe 1 200nM 4ul

Table 20. Binary FAM Experiment 3 Cocktail: dengue virus and HIV polyprotease

Reagents Concentration Volume Added
UltraPure Water - 54ul.
Taq 5x Master Mix - 25uL
Templates Concentration Volume Added
Poly Protease Template 17nM 4uL
P17 Template 15nM -
Dengue Virus Template 17nM 4uL
Primers Concentration Volume Added
Poly Protease FWD Primer 1M 4uL
Poly Protease RVS Primer 1uM 4uL
P17 FWD Primer 1uM 4uL
P17 RVS Primer 1uM 4uL
Dengue Virus FWD Primer 1uM 4uL
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Dengue Virus RVS Primer 1uM 4uL
Probes Concentration Volume Added

Poly Protease Probe 1 800nM 4uL

P17 Probe 1 400nM 4uL

Dengue Virus Probe 1 200nM 4uL

Table 21. Binary FAM Experiment 4 Cocktail: HIV polyprotease and HIV p17

Reagents Concentration Volume Added
UltraPure Water - 54ul.
Taq 5x Master Mix - 25ul
Templates Concentration Volume Added
Poly Protease Template 17nM 4uL
P17 Template 15nM 4ulL
Dengue Virus Template 17nM -
Primers Concentration Volume Added
Poly Protease FWD Primer 1uM 4uL
Poly Protease RVS Primer 1uM 4uL
P17 FWD Primer 1M 4uL
P17 RVS Primer 1M 4uL
Dengue Virus FWD Primer 1M 4ul
Dengue Virus RVS Primer 1M 4uL
Probes Concentration Volume Added
Poly Protease Probe 1 800nM 4uL
P17 Probe 1 400nM 4ul
Dengue Virus Probe 1 200nM 4ul
Table 22. Binary FAM Experiment 5 Cocktail: dengue virus
Reagents Concentration Volume Added
UltraPure Water - 58ul
Taq 5x Master Mix - 25ul
Templates Concentration Volume Added
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Poly Protease Template 17nM -
P17 Template 15nM -
Dengue Virus Template 170M 4uL
Primers Concentration Volume Added
Poly Protease FWD Primer 1uM 4uL
Poly Protease RVS Primer 1uM 4uL
P17 FWD Primer 1uM 4uL
P17 RVS Primer 1uM 4uL
Dengue Virus FWD Primer 1uM 4ul
Dengue Virus RVS Primer 1uM 4uL
Probes Concentration Volume Added
Poly Protease Probe 1 800nM 4uL
P17 Probe 1 400nM 4uL
Dengue Virus Probe 1 200nM 4uL
Table 23. Binary FAM Experiment 6 Cocktail: HIV p17
Reagents Concentration Volume Added
UltraPure Water - 58ulL
Taq 5x Master Mix - 25ul
Templates Concentration Volume Added
Poly Protease Template 170M -
P17 Template 15nM 4uL
Dengue Virus Template 17nM -
Primers Concentration Volume Added
Poly Protease FWD Primer 1uM 4uL
Poly Protease RVS Primer 1uM 4uL
P17 FWD Primer 1M 4uL
P17 RVS Primer 1uM 4ulL
Dengue Virus FWD Primer 1M 4uL
Dengue Virus RVS Primer 1uM 4uL
Probes Concentration Volume Added
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Poly Protease Probe 1 800nM 4uL

P17 Probe 1 400nM 4uL

Dengue Virus Probe 1 200nM 4uL

Table 24, Binary FAM Experiment 7 Cocktail: HIV polyprotease

Reagents Concentration Volume Added

UltraPure Water - 58uL

Taq 5x Master Mix - 25uL
Templates Concentration Volume Added

Poly Protease Template 17nM 4uL

P17 Template 15nM -
Dengue Virus Template 17nM -

Primers Concentration Volume Added

Poly Protease FWD Primer 1uM 4uL

Poly Protease RVS Primer 1uM 4uL

P17 FWD Primer 1uM 4uL

P17 RVS Primer 1uM 4uL

Dengue Virus FWD Primer 1M 4uL

Dengue Virus RVS Primer 1uM 4uL
Probes Concentration Volume Added

Poly Protease Probe 1 800nM 4uL

P17 Probe 1 400nM 4ul

Dengue Virus Probe 1 200nM 4uL

[00186] 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
standard deviation of the fluorescence signals of the last five PCR cycles in saturation.

[00187] 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 polyprotease (TPP).

The assigned intensities for each of these analytes were as indicated in Table 11, and Fig. 7 confirms
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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, 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 present should generally produce a fixed amount of signal,
as determined by the amount of probe added to the reaction volume.

[00188] As expected, the intensity values for the combinations of analytes are equivalent to the
sum of the assigned intensities. Since this coding scheme is designed to be non-degenerate, each result
can be unambiguously decoded into the presence or absence of a particular analyte. For example,
starting from the left side of Fig. 7, a result of 7 indicates the presence of all three analytes. A result of 3
indicates the presence of dengue virus and HIV p17 analytes, and the absence of HIV polyprotease. A
result of 5 indicates the presence of dengue virus and HIV polyprotease, and the absence of HIV p17.
Finally a result of 6 indicates the presence of HIV p17 and HIV polyprotease, and the absence of dengue
virus. This coding scheme can be extended to encode additional analytes, as described elsewhere in this

disclosure.
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SIGNAL ENCODING AND DECODING IN MULTIPLEXED BIOCHEMICAL ASSAYS

CROSS-REFERENCE
[0001] This application is a continuation of U.S. Patent Application No. 13/7561760, filed February 1,
2013, which claims the benefit of U.S. provisional applications 61/594,480, filed February 3, 2012 and
61/703,093, filed September 19, 2012. The content of the three applications are incorporated herein by

reference in entirety.

SEQUENCE LISTING
[0001.1] The instant application contains a Sequence Listing which has been submitted in ASCII format
via EFS-Web and is hereby incorporated by reference in its entirety. Said ASCII copy, created on
August 20, 2014, is named 38075-716-301-Seqlist.txt and is 9,260 bytes in size.

STATEMENT AS TO FEDERALLY SPONSORED RESEARCH
[0001.5] This invention was made with the support of the United States government under Grant No.
1144469 awarded by NSF. The government has certain rights in the invention.

BACKGROUND
[0002] Multiplexed reactions offer significant advantages over traditional uniplex reactions, including
performance of parallel reactions on the same sample, use of the same chamber to perform multiple
reactions, and the ability to extract rich information from a sample in a fast and efficient manner.
However, to achieve these benefits, multiplexed assays generally require complex reporting
mechanisms, namely spectrally resolved fluorescence or chemiluminescence (e.g., PCR, ELISA),
spatially resolved signals (e.g., microarrays, gel electrophoresis), temporally resolved signals (e.g.,
capillary electrophoresis), or combinations thereof (e.g., Sanger sequencing). There is a need for

multiplexed reactions that can be carried out in a single solution.

SUMMARY OF THE INVENTION
[0003] This disclosure provides methods, compositions, systems, and kits for the multiplexed detection

of analytes. In some cases, this disclosure provides assays that are capable of unambiguously detecting
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the presence or absence of each of at least 7 analytes, in any combination of presence or absence, in a
single sample volume without immobilization, separation, mass spectrometry, or melting curve analysis.
In some examples, each of the analytes is encoded as a value of one (or at least one) component of a
signal.

[0004] In some examples, an assay provided in this disclosure is capable of unambiguously detecting
the presence or absence of M analytes, in any combination of presence or absence, where M = log, (F +
1) and F is the maximum cumulative value of one component of a signal (e.g., an intensity) when all the
analytes are present.

[0005] In some cases, each analyte is encoded as at least one first value in a first component of a signal
(e.g., at least one intensity or range of intensities) and at least one second value in a second component
of a signal (e.g., at least one wavelength or range of wavelengths). In some examples, each analyte is
encoded as a first value in a first component of a signal at each of a plurality of second values in a
second component of a signal (e.g., a signal intensity or range of signal intensities at each of a plurality
of wavelengths or ranges of wavelengths).

[0006] In some examples, an assay provided herein is capable of unambiguously detecting the presence
or absence of M analytes, in any combination of presence or absence, where M = C * log, (F + 1), where
C is the number of the second values used to encode the analytes and F is the maximum cumulative
value of the first component of the signal, for any second value, when all of the analytes are present.
[0007] In some cases, an assay provided in this disclosure is capable of unambiguously detecting the
presence or absence of M analytes, in any combination of presence or absence, where M = (P * T) + 1,
where P is the number of codes per tier 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 maximum cumulative value of a first component of a
signal, for any second value, when all of the analytes are present.

[0008] In some examples, the first value is an intensity or range of intensities. In some cases, a coding
scheme comprises at least three intensities or ranges of intensities.

[0009] In some cases, the second value is a wavelength or range of wavelengths. In some examples, the
coding scheme comprises at least five wavelengths or ranges of wavelengths.

[0010] In some examples, the signal is an electromagnetic signal. In some cases, the electromagnetic
signal is a fluorescence emission signal. In some examples, the intensity of the fluorescence emission
signal is measured at at least four wavelengths or ranges of wavelengths.

[0011] In some cases, an assay provided herein is performed with reagents that are lyophilized prior to

use.
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[0012] In some cases, a detecting step is performed with reagents comprising hybridization probes. In
some examples, the number of the hybridization probes is greater than the number of analytes. In some
cases, the set of hybridization probes comprise one or more hybridization probes specific for different
analytes and comprising an identical fluorophore or combination of fluorophores. In some examples, a
sample is contacted with at least 18 of said hybridization probes. In some examples, a detecting step is
performed with reagents comprising at least one pair of primers. In some cases, at least one pair of
primers are capable of amplifying a region complementary to at least three of said hybridization probes.
[0013] In some examples, the signal that is measured is generated during a polymerase chain reaction.
In some cases, the polymerase chain reaction is selected from the group consisting of an end-point
polymerase chain reaction, a real-time polymerase chain reaction, a digital polymerase chain reaction,
and combinations thereof.

[0014] In some examples, at least one cumulative measurement is performed on a solution.

[0015] In some examples, at least one analyte is encoded by at least one additional value (i.e., at least
two values together), wherein the at least one additional value is selected from the group consisting of a
value from at least one additional component of a signal, a value from at least one component of a
different signal, and combinations thereof. For example, the at least one additional value may be
selected from the group consisting of a fluorescence emission intensity, a fluorescence emission
wavelength, a Forster resonance energy transfer (FRET) emission intensity, a FRET emission
wavelength, an electrochemical signal, a chemiluminescence wavelength, a chemiluminescence
intensity, a fluorescence bleaching rate, a chemiluminescence bleaching rate, and combinations thereof.
[0016] In some cases, a chromatogram is constructed. The chromatogram may be constructed by
plotting all possible combinations of first values and second values for positive control samples for each
analyte.

[0017] In some examples, at least one of the analytes comprises a polynucleotide. In some cases, the
polynucleotide is from a source selected from the group consisting of an animal, a plant, a bacteria, a
fungus, a parasite, and a virus. In some examples, the polynucleotide is from a source selected from the
group consisting of human immunodeficiency virus, herpes simplex virus, human papilloma virus,
Plasmodium, Mycobacterium, dengue virus, hepatitis virus, and influenza virus. In some cases, the
polynucleotide is selected from the group consisting of human immunodeficiency virus polyprotease,
human immunodeficiency virus p17, human papilloma virus E6, and human papilloma virus E7.

[0018] In some cases, a sample is selected from the group consisting of a clinical sample, a food sample,

an environmental sample, a pharmaceutical sample, and a sample from a consumer product.
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[0019] In some examples, information concerning the presence or absence of an analyte is transmitted
through a computer network.

[0020] In some cases, information concerning the presence or absence of an analyte is provided to a
physician. In some examples, a clinical decision is made based on such information.

[0021] In some examples, at least one step of a method provided herein is performed using instructions
on a computer readable medium. In some cases, the instructions are located on a remote server. In
some examples, the instructions are located on a thermal cycler. In some cases, the instructions are
located on a computer in communication with a thermal cycler.

[0022] In some cases, at least one of the analytes is a positive control analyte.

[0023] In some examples, the coding scheme is non-degenerate. In some cases, the coding scheme is
designed to be non-degenerate. In some examples, the coding scheme is made non-degenerate by
enumerating every legitimate result that can be obtained from the coding scheme, identifying each
legitimate result that is degenerate, and eliminating at least one potential analyte code from the coding
scheme to eliminate degeneracy.

[0024] In some cases, an assay provided herein is an end-point assay. In some examples an assay
provided in this disclosure is ended at a threshold number of cycles set by the limit of detection of an
instrument.

[0025] In certain examples, an assay provided herein is a liquid phase assay.

[0026] In some cases, an assay provided herein is quantitative.

[0027] In some cases, this disclosure provides a method of detecting the presence or absence of each
analyte of a plurality of analytes, comprising: (a) encoding each of said analytes as a first value of a
signal, thereby generating a coding scheme, wherein each of said analytes is represented in said coding
scheme by said first value, wherein said encoding is performed in a manner that eliminates degeneracy;
(b) providing a sample comprising, or potentially comprising, at least one of said analytes; (c) contacting
said sample with analyte-specific reagents that generate said first value, as represented in said coding
scheme, when each of said analytes is present; (d) cumulatively measuring said first values of said signal
within said sample, thereby providing a cumulative measurement; and (e) determining whether each of
said analytes is present or absent based on said cumulative measurement and said coding scheme.
[0028] In some examples, the method described in the preceding paragraph is capable of unambiguously
detecting the presence or absence of M analytes, in any combination of presence or absence, where M =
log, (F + 1) and F is the maximum cumulative value of the first values when all of the analytes are

present. In some cases, the first value is an intensity or range of intensities. In some examples, the first
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value has a minimum value in the coding scheme that is selected from the group consisting of at least 1,
at least 2, at least 4, at least 8, at least 16, at least 32, and at least 64. In some cases, the first value is
incremented in the coding scheme by an amount equal to the cumulative maximum of said preceding
first values plus one. In other cases, the first value is incremented in the coding scheme by an amount
greater than the cumulative maximum of the preceding first values plus one.

[0029] In some cases, this disclosure provides a method of detecting the presence or absence of each
analyte of a plurality of analytes, comprising: (a) encoding each of said analytes as at least one first
value and at least one second value, wherein said first value is a value from a first component of a signal
and said second value is a value from a second component of said signal, thereby generating a coding
scheme, wherein each of said analytes is represented in said coding scheme by said at least one first
value and said at least one second value, wherein said encoding is performed in a manner that reduces or
eliminates degeneracy; (b) providing a sample comprising, or potentially comprising, at least one of
said analytes; (c) contacting said sample with analyte-specific reagents that generate said at least one
first value and at least one said second value, as represented in said coding scheme, when each of said
analytes is present; (d) cumulatively measuring said first values and said second values within said
sample, thereby providing a cumulative measurement; and (e) determining whether each of said analytes
is present or absent based on said cumulative measurement and said coding scheme, wherein, when
degeneracy is eliminated, said method is capable of unambiguously detecting the presence or absence of
each of at least six analytes in a single volume, in any combination of presence or absence, when each of
said reagents generates only one second value.

[0030] In some cases, each of the analytes of the method described in the preceding paragraph is
encoded as a first value in a first component of the signal at each of a plurality of second values in a
second component of the signal. In some cases, when degeneracy is eliminated, this method is capable
of unambiguously detecting the presence or absence of each of at least seven analytes in a single volume
using four second values. In some examples, when degeneracy is eliminated, the coding scheme
comprises T non-degenerate tiers, wherein T =log, (F + 1) and F is the maximum cumulative value of
the first component of the signal, for any second value, when all of the analytes are present. In some
cases, when degeneracy is eliminated, the method is capable of unambiguously detecting the presence or
absence of M analytes, in any combination of presence or absence, where M = (P * T) + 1 and P is the
number of codes per tier. In some examples, when degeneracy is eliminated, the method is capable of
unambiguously detecting the presence or absence of M analytes, in any combination of presence or

absence, where M = C * log, (F + 1), C is the number of second values in the coding scheme, and F is
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the maximum cumulative value of the first component of the signal, for any second value, when all of
the analytes are present.

[0031] This disclosure also provides non-degenerate coding schemes capable of unambiguously
encoding the presence or absence of each of at least 7 analytes, in any combination of presence or
absence, in a single sample volume without immobilization, separation, mass spectrometry, or melting
curve analysis.

[0032] In some examples, a non-degenerate coding scheme of this disclosure is generated by a method
comprising: (a) generating a code for each potential analyte, wherein each potential analyte is encoded
by at least one value of at least one component of a signal; (b) enumerating every legitimate cumulative
result for all possible combinations of presence or absence of each analyte; (c) identifying each
legitimate result that is degenerate; and (d) eliminating at least one code to eliminate degeneracy. In
some cases, the coding scheme may be expanded by adding additional codes that are at least one unit
greater than the sum of all previous codes in the at least one component of said signal. In some cases a
coding scheme is generated by a method of mathematical iteration that guarantees non-degeneracy by
construction.

[0033] In some cases, this disclosure provides systems for detecting the presence or absence of each
analyte of a plurality of analytes, comprising: (a) encoding each of said analytes as a first value of a
signal, thereby generating a coding scheme, wherein each of said analytes is represented in said coding
scheme by said first value, wherein said encoding is performed in a manner that eliminates degeneracy;
(b) providing a sample comprising, or potentially comprising, at least one of said analytes; (c) contacting
said sample with analyte-specific reagents that generate said first value, as represented in said coding
scheme, when each of said analytes is present; (d) cumulatively measuring said first values of said signal
within said sample, thereby providing a cumulative measurement; and (e) determining whether each of
said analytes is present or absent based on said cumulative measurement and said coding scheme.

[0034] In some cases, this disclosure provides systems for detecting the presence or absence of each
analyte of a plurality of analytes, comprising: (a) encoding each of said analytes as at least one first
value and at least one second value, wherein said first value is a value from a first component of a signal
and said second value is a value from a second component of said signal, thereby generating a coding
scheme, wherein each of said analytes is represented in said coding scheme by said at least one first
value and said at least one second value, wherein said encoding is performed in a manner that reduces or
eliminates degeneracy; (b) providing a sample comprising, or potentially comprising, at least one of said
analytes; (c) contacting said sample with analyte-specific reagents that generate said at least one first
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value and said at least one second value, as represented in said coding scheme, when each of said
analytes is present; (d) cumulatively measuring said first values and said second values within said
sample, thereby providing a cumulative measurement; and (e) determining whether each of said analytes
is present or absent based on said cumulative measurement and said coding scheme, wherein, when
degeneracy is eliminated, said system is capable of unambiguously detecting the presence or absence of
each of at least six analytes in a single volume, in any combination of presence or absence, when each of
said reagents generates only one second value.

[0035] In some cases, this disclosure provides methods of detecting the presence or absence of each
analyte of a plurality of analytes for a third party, comprising: (a) obtaining the identity of each of said
analytes from a party; (b) encoding each of said analytes as a first value of a signal, thereby generating a
coding scheme, wherein each of said analytes is represented in said coding scheme by said first value,
wherein said encoding is performed in a manner that eliminates degeneracy; (c) providing said party
with analyte-specific reagents that generate said first value, as represented in said coding scheme, when
each of said analytes is present, said party: (i) contacting a sample comprising, or potentially
comprising, at least one of said analytes with said reagents; and (ii) cumulatively measuring said first
values within said sample, thereby providing a cumulative measurement; and (d) obtaining said
cumulative measurement from said party; (e) determining whether each of said analytes is present or
absent based on said cumulative measurement and said coding scheme; and (f) providing said party with
information about the presence or absence of each of said analytes.

[0036] In some cases, this disclosure provides methods of detecting the presence or absence of each
analyte of a plurality of analytes for a third party, comprising: (a) obtaining the identity of each of said
analytes from a party; (b) encoding each of said analytes as at least one first value and at least one
second value, wherein said first value is a value from a first component of a signal and said second value
is a value from a second component of said signal, thereby generating a coding scheme, wherein each of
said analytes is represented in said coding scheme by said at least one first value and said at least one
second value, wherein said encoding is performed in a manner that reduces or eliminates degeneracy; (c)
providing said party with analyte-specific reagents that generate said at least one first value and said at
least one second value, as represented in said coding scheme, when each of said analytes is present, said
party: (i) contacting a sample comprising, or potentially comprising, at least one of said analytes with
said reagents; and (ii) cumulatively measuring said first values and said second values within said
sample, thereby providing a cumulative measurement; and (d) obtaining said cumulative measurement
from said party; (e) determining whether each of said analytes is present or absent based on said
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cumulative measurement and said coding scheme; and (f) providing said party with information about
the presence or absence of each of said analytes.

[0037] In some cases, this disclosure provides compositions for detecting the presence or absence of
each analyte of a plurality of analytes, comprising analyte-specific reagents, each reagent generating a
signal comprising a first value, wherein said reagents are capable of unambiguously detecting the
presence or absence of each of at least seven analytes in a single sample volume, in any combination of
presence or absence, without immobilization, separation, mass spectrometry, or melting curve analysis.
[0038] In some cases, this disclosure provides compositions for detecting the presence or absence of
each analyte of a plurality of analytes, comprising analyte-specific reagents, each reagent generating a
signal comprising at least one first value that is a value from a first component of said signal and at least
one second value that is a value from a second component of said signal, wherein said reagents are
capable of detecting the presence or absence of each of at least six analytes in a single volume, in any
combination of presence or absence, when each of said reagents generates only one second value.

[0039] In some cases, this disclosure provides kits for detecting the presence or absence of each analyte
of a plurality of analytes, comprising analyte-specific reagents, packaging, and instructions, each reagent
generating a signal comprising a first value, wherein said kit is capable of unambiguously detecting the
presence or absence of each of at least seven analytes in a single sample volume, in any combination of
presence or absence, without immobilization, separation, mass spectrometry, or melting curve analysis.
[0040] In some examples, this disclosure provides kits for detecting the presence or absence of each
analyte of a plurality of analytes, comprising analyte-specific reagents, packaging, and instructions, each
reagent generating a signal comprising at least one first value that is a value from a first component of
said signal and at least one second value that is a value from a second component of said signal, wherein
said kit is capable of detecting the presence or absence of each of at least six analytes in a single volume,
in any combination of presence or absence, when each of said reagents generates only one second value.
[0041] In some cases, this disclosure provides kits for detecting the presence or absence of each analyte
of a plurality of analytes, comprising a kit body (601), clamping slots arranged in the kit body for
placing bottles, a bottle comprising probes for the detection of an analyte (602), a bottle comprising
primers for amplification (603), and a bottle comprising reagents for amplification (604), wherein said
kit is capable of unambiguously detecting the presence or absence of each of at least seven analytes in a
single sample volume, in any combination of presence or absence, without immobilization, separation,

mass spectrometry, or melting curve analysis.
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[0042] In some examples, this disclosure provides kits for detecting the presence or absence of each
analyte of a plurality of analytes, a kit body (601), clamping slots arranged in the kit body for placing
bottles, a bottle comprising probes for the detection of an analyte (602), a bottle comprising primers for
amplification (603), and a bottle comprising reagents for amplification (604), each probe generating a
signal comprising at least one first value that is a value from a first component of said signal and at least
one second value that is a value from a second component of said signal, wherein said kit is capable of
detecting the presence or absence of each of at least six analytes in a single volume, in any combination

of presence or absence, when each of said probes generates only one second value.

INCORPORATION BY REFERENCE
[0043] All publications and patent applications mentioned in this specification are herein incorporated
by reference to the same extent as if each individual publication or patent application was specifically

and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0044] The novel features of the invention are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the present invention will be obtained by
reference to the following detailed description that sets forth illustrative embodiments, in which the
principles of the invention are utilized, and the accompanying drawings of which:
[0045] Fig. 1 shows a comparison between a traditional encoding method of detecting four analytes
with four colors and an encoding method of the invention able to detect 16 or more sequences with four
colors. Colors are indicated by B, G, Y, and R, which indicate blue, green, yellow, and red,
respectively.
[0046] Fig. 2 shows a schematic representation of detection of six analytes (including control) with four
colors. The analytes are detected using hybridization probes attached to a fluorophore (B, G, Y, R; blue,
green, yellow, and red, respectively) and a quencher (oval with “X”). The control sequence and the five
other sequences (Dengue Fever = dengue virus; Tuberculosis = Mycobacterium tuberculosis, P17 =HIV
p17; Malaria = Plasmodium falciparum,; and Herpes = herpes simplex virus 2) are all detected using a
probe labeled with a blue fluorophore. The non-control analytes are each detected using 1-3 additional

probes. For example, the dengue virus analyte is detected using three additional probes with green,
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yellow, and red fluorophores; the herpes simplex virus 2 analyte is detected using one additional probe
with a red fluorophore; and so on.

[0047] Fig. 3 shows chromatograms of experimental results obtained as described in Example 2.

[0048] Fig. 4 shows an exemplary embodiment of the invention in which a computer is used to perform
one or more steps of the methods provided herein.

[0049] Fig. 5 shows a schematic of two different methods of detecting wavelength and intensity of a
light signal, such as a fluorescence emission signal.

[0050] Fig. 6 shows a schematic of exemplary kits.

[0051] Fig. 7 shows chromatograms of experimental results obtained as described in Example 3.

[0052] Fig. 8 shows a schematic of a legitimate result (top) and an illegitimate result (bottom).

DETAILED DESCRIPTION OF THE INVENTION
[0053] Fluorescence detection has been a preferred technique for multiplexed assays because of several
desirable features, including compatibility with biochemical assays, the relatively small size of
fluorescent labels, simple means of conjugation to molecules of interest, affordability, low toxicity,
stability, robustness, detectability with inexpensive optics, and an ability to be combined with spatial
arrays. However, standard fluorophores have wide emission spectra. Therefore, in order to avoid
spectral overlap (i.e., to preserve spectral resolution) only a relatively small number of colors (e.g., 4 to
6) are typically used simultaneously in multiplexed fluorescent assays.
[0054] The traditional encoding method for multiplexed fluorescent assays has been to encode each
analyte with a single color; i.e., M=N, where M is the number of analytes that can be detected and N is
the number of spectrally resolved fluorescent probes. Whenever higher factors of multiplexing are
required (i.e., M>N), fluorescence is generally combined with other techniques, such as aliquoting,
spatial arraying, or sequential processing. These additional processing steps are labor-intensive and
frequently require relatively expensive and complex optical and mechanical systems (e.g.,
spectrometers, mechanized microscopy stages, microfluidics, droplet generators, scanners, and the like).
Such systems are often impractical to deploy in certain settings, particularly point-of care and low-
resource settings. Thus, there is a significant need for multiplexed encoding and decoding methods that
can provide an inexpensive means of multiplexing while avoiding the use of expensive additional

processing steps.
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[0055] This disclosure provides methods, systems, compositions, and kits for the detection of multiple
analytes in a sample. Analytes are detected based on the encoding, analysis, and decoding methods
presented herein. In some examples, each analyte to be detected is encoded as a value of a signal (e.g.,
intensity), where the values are assigned so that the results of the assay unambiguously indicate the
presence or absence of the analytes being assayed. In other examples, each analyte to be detected is
encoded as a value in each of at least two components of a signal (e.g., intensity and wavelength). The
at least two components of a signal may be orthogonal. Similarly, as described more fully elsewhere in
this disclosure, multiple orthogonal signals may be used, such as a combination of a fluorescent signal
and an electrochemical signal. The analyte may be any suitable analyte, such as a polynucleotide, a
protein, a small molecule, a lipid, a carbohydrate, or mixtures thereof. The signal may be any suitable
signal such as an electromagnetic signal, a light signal, a fluorescence emission signal, an
electrochemical signal, a chemiluminescent signal, and combinations thereof. The at least two
components of the signal may be any suitable two components, such as an amplitude and a frequency or
an intensity and a wavelength.

[0056] After encoding of the analytes, a sample is provided wherein the sample comprises or may
comprise at least one of the encoded analytes. The sample is contacted with an analyte-specific reagent
or reagents that generate a particular signal, as specified for each analyte in the coding scheme, in the
presence of an analyte. A reagent may be any suitable reagent that is capable of generating such a signal
in the presence of its corresponding analyte, for example, an oligonucleotide probe attached to a
fluorophore and a quencher (e.g., a TAQMAN probe). If the reagent is an oligonucleotide probe
attached to a fluorophore and a quencher, a nucleic acid amplification may be performed to generate the
signal.

[0057] After addition of the reagent(s), the signal is quantified. In some cases, this quantification is
performed by measuring one component of the signal (e.g., fluorescence intensity) and determining the
presence and absence of certain analytes based on the values used to encode the presence of each analyte
and the cumulative value of the signal.

[0058] In some cases, at least two components of a signal (e.g., intensity and wavelength) are
cumulatively measured for the sample. This measurement can be performed, for example, by measuring
the intensity at a particular wavelength or the intensity within a particular range of wavelengths. The
presence or absence of an analyte may then be determined based on the values of each of the at least two
components of the signal and the values used to encode the presence of the analyte (i.e., those values in

the coding scheme).
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[0059] The encoding may be performed in a manner that reduces or eliminates the number of possible
degenerate (e.g., ambiguous) results that can be obtained by the method. As described elsewhere in this
specification, the full coding capability of a particular coding scheme may be enumerated, and certain
potential analyte codes may be eliminated from the coding scheme to reduce or eliminate degeneracy.
Similarly, a coding scheme may be designed to be non-degenerate, so that a reduction or elimination of
degeneracy is not necessary. A decoding matrix may be constructed to translate cumulative signal
measurements (e.g., intensities or intensities at particular wavelengths) into the presence or absence of

certain analytes, corresponding to the constituent signals of the cumulative signal measurement.

I. Definitions
[0060] The terminology used herein is for the purpose of describing particular embodiments only and is
not intended to be limiting.

2

[0061] As used herein, the singular forms “a,” “an,” and “the” are intended to include the plural forms

as well, unless the context clearly indicates otherwise. Furthermore, to the extent that the terms

2 <

“including,” “includes,” “having,” “has,

2

with,” “such as,” or variants thereof, are used in either the
specification and/or the claims, such terms are not limiting and are intended to be inclusive in a manner
similar to the term “comprising”.

[0062] The term “about,” as used herein, generally refers to a range that is 15% greater than or less than
a stated numerical value within the context of the particular usage. For example, “about 10” would
include a range from 8.5 to 11.5.

[0063] The terms “dimensicn” and “component,” as used herein when referring to a signal, generally
refer to an aspect of the signal that may be quantified. For example, if a signal is generated by a
fluorescent molecule, it may be quantified in terms of iis wavelength {(e.g., a first dimension or
component) and its tntensity {e.g., a second dimension or component).

[0064] The term “decoding,” as used herein, generally refers to a method of determining which analytes
are present based on the cumulative signal and a coding scheme or decoding matrix that enables the
conversion of a cumulative signal to information concerning the presence or absence of one or more
analytes.

[0065] The term “encoding,” as used herein, generally refers to the process of representing an analyte
using a code comprising values of a signal, such as intensity, or values in each of at least two

components of a signal or signals, such as wavelength and intensity.
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[0066] The terms “oligonucleotide probe attached to a fluorophore and a quencher” and “TAQMAN
probe” generally refer to hydrolysis probes used to detect the presence of an analyte in a polynucleotide
amplification assay. These probes comprise an oligonucleotide probe attached to a fluorophore and a
quencher. So long as the quencher and the fluorophore are in proximity, the quencher quenches the
fluorescence emitted by the fluorophore upon excitation by a light source. The sequence of the
oligonucleotide probe is designed to be complementary to a polynucleotide sequence present in an
analyte, and therefore capable of hybridizing to the polynucleotide sequence present in the analyte.
Hybridization of the oligonucleotide probe is performed in a nucleic acid amplification reaction
comprising primers (e.g., a polymerase chain reaction). Upon extension of the primers by a DNA
polymerase, the 5’ to 3’ exonuclease activity of the polymerase degrades the probe, releasing the
fluorophore and the quencher into the medium. The proximity between the fluorophore and the
quencher is broken and the signal from the fluorophore is no longer quenched. Thus, the amount of
fluorescence detected is a function of the amount of analyte present. If no analyte is present, the probe
will not hybridize to an analyte, and the fluorophore and quencher will remain in close proximity. Little
or no signal will be produced.

[0067] The term “orthogonal,” as used herein, generally refers to at least two components of a signal
{e.z., wavelength and intensity), or at least two different signals {e.g., fluorescence emission and
electrochemical signal), that can be varied independently or approximately independently. For example,
wavelength and intensity are considered orthogonal or approximately orthogonal when fluorescent
molecules are used. Among other factors, the wavelength of fluorescence emission will depend on the
composition of the fluorescent molecule and the intensity of the flucrescence will depend on the amount
of molecule present. Although wavelength and intensity are examples of two components of a signal
that can be varied approximately independentiy, the methods described herein are not limited to
components that can be varied independently or approximately independently. Components of a signal,
ot signals, that vary non-independently may also be used, so long as the compouents or signals are
characterized well encugh to enable encoding, measurement, and decoding. For example, if the variance
in one component or signal affects the variance in another component or signal, the two components or
signals may still be used so long as the relationship between the variances is understeod.

[0068] The terms “polynucleotide,” “oligonucleotide,” or “nucleic acid,” as used herein, are used herein
to refer to biological molecules comprising a plurality of nucleotides. Exemplary polynucleotides
include deoxyribonucleic acids, ribonucleic acids, and synthetic analogues thereof, including peptide

nucleic acids.
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[0069] The term “probe,” as used herein, generally refers to a reagent capable of generating a signal in
the presence of a particular analyte. A probe generally has at least two portions: a portion capable of
specifically recognizing an analyte, or a portion thereof, and a portion capable of generating a signal in
the presence of an analyte, or a portion thereof. A probe may be an oligonucleotide probe attached to a
fluorophore and a quencher, as described above and elsewhere 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 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 example, the analyte-specific portion
of a probe may be coupled to an enzyme that, in the presence of an analyte, converts an uncharged
substrate into a charged product, thereby increasing the electrical conductivity in the medium over time.
In this case, different analytes may be encoded by coupling the analyte-specific portion of the probe
(e.g., hybridization probe or antibody) to an enzyme at different ratios. The resulting rate of increased
conductivity in the medium will be cumulative for all analytes present in the medium. Encoding
analytes according to the methods provided herein enables conversion of the conductivity measurements
into unambiguous (i.e., non-degenerate) results providing information about the presence or absence of
particular analytes. Similarly, a probe may comprise an enzyme producing a chemiluminescent product
from a substrate. The amount of chemiluminescence may then be used to encode the presence of

particular analytes.

I1. Encoding and Decoding Methods

A. Traditional Fluorescent Encoding and Decoding Method

[0070] A commonly used method of determining the presence of an analyte uses four spectrally
resolved fluorescent molecules to indicate the presence or absence of four analytes. An example of this
method is presented on the left-hand side of Fig. 1. The left-hand side of Fig. 1 shows an encoding
method where four analytes (Seq 1, Seq 2, Seq 3, and Seq 4) are each encoded by a single color (blue,
green, yellow, and red, respectively). The color represents a fluorophore attached to an oligonucleotide
probe that also comprises a quencher. In the system shown on the left-hand side of Fig. 1, there are four
different oligonucleotide probes, each comprising a single fluorophore (blue, green, yellow, or red) and
a quencher. The presence or absence of an analyte is determined based on the presence or absence of a

signal in a particular color.
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[0071] The chart on the left-hand side of Fig. 1 shows intensity versus color for a hypothetical sample
containing two analytes: Seq 1 and Seq 3. The presence of these analytes is determined based on the
measurement of a blue signal (corresponding to Seq 1) and a yellow signal (corresponding to Seq 3).
The absence of Seq 2 and Seq 4 is indicated by the absence of a blue and red signal.

[0072] Table 1 shows a translation of this coding scheme into a binary format. Each analyte is encoded
as a value in each of two components of a fluorescent signal: (1) color (also known as wavelength; or
range of wavelengths) and (2) intensity (indicated by the numbers within the table). For example, A
(e.g., Seq 1) has a color of blue and an intensity of 1; B (e.g., Seq 2) has a color of green and an intensity
of 1; and so on. The intensity of the signal within each color range may be quantified as described
herein, for example by measuring the intensity of the signal within a particular wavelength range
determined by a band pass filter. A result of 1000 indicates that only analyte A is present; a result of

1100 indicates that analytes A and B are present; and so on.

Table 1. Traditional encoding of four analytes with four probes, each probe having a single color, and

one probe per analyte.

Blue | Green | Yellow | Red
A 1 0 0 0
B| O 1 0 0
C| O 0 1 0
D| O 0 0 1

B. Encoding Methods Using More Than One Color Per Analyte

[0073] The traditional method described above suffers from the fact that it is Hmited by the number of
spectrally resolvable flucrophores. More specifically, the number of detectable analytes is equal to the
number of spectrally resolvable fluorophores. Therefore, the number of analytes may only be increased
by increasing the number of spectrally resolvable fluorophores.

[0074] This disclosure provides methods that overcome this limitation. More specifically, in some
cases, by utilizing at least two components of a signal during encoding, the methods described herein
may be used to detect more than one analyte per fluorophore. For example, using the method provided
herein 1.5,1.6,1.7,1.8,19,2,3,4,5,6,7,8,9, 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, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50
analytes may be detected per fluorophore. In some cases, the methods provided herein may be used to
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detectatleast 1.5,1.6,1.7,18,19,2,3,4,5,6,7,8,9,10, 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, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or
50 analytes may be detected per fluorophore. In some cases, the methods provided herein may be used
to detect 1.5-2, 2-4, 1.5-4, 4-6, 2-6, 6-10 analytes per fluorophore.

[0075] In some cases, the methods provided in this disclosure may include the use of a control color.
The control color may be attached to one or more probes binding a positive control analyte, and each
analyte to be detected, in a sample. If the same sequence occurs in the positive control analyte and each
analyte to be detected, a single control probe may be used. If the same sequence does not occur in the
positive control analyte and each analyte to be detected, different probes may be used, but each probe
may still be attached to the control color.

[0076] For example, building on the traditional methods described above, one color (e.g., blue) may be
used to encode the presence of a control analyte that is always present in the sample. The control
analyte may be added to the sample, or may be inherently present in the sample. The remaining colors
(e.g., green, yellow, red) may be used to encode the presence of additional analytes. Table 2 shows an

example of one such method.

Table 2. Encoding of four analytes, including control, with four colors and up to two colors per analyte.

Blue | Green | Yellow | Red
Ctrl. (p) 1 0 0 0
A 1 0 0 1
B 1 0 1 0
C 1 1 0 0

[0077] In Table 2, the presence of the control (p) is indicated by a result of 1000. The presence of the
control and analyte A is indicated by a result of 2001. The presence of the control and all three other
analytes is indicated by a result of 4111. The control color (blue) provides an indication that the assay is
functioning properly. The intensity of the blue color reports the number of analytes that are present in a
test sample. Of course, any color may be used as the control color. One of skill in the art will recognize
that certain practical considerations might make it preferable to use one color over another as the control
color. For example, if one 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.

[0078] The coding scheme shown in Table 2 encodes each analyte using one control color and one

additional color (up to 2 probes per analyte). However, as shown below, the number of analytes that can
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be encoded increases when up to 4 colors are used per analyte. Table 3 shows an exemplary coding
scheme where each analyte is encoded by up to 4 colors. In the scheme shown in Table 3, the control
color (blue) is generated in the presence of the control sequence and each of the other seven analytes (A-
G). The other seven analytes are each encoded by the presence of one to three additional colors. The
colors may be contained on different probes (e.g., oligonucleotide probes attached to a fluorophore and a

quencher) or on the same probe (which can have multiple fluorophores and multiple quenchers).

Table 3. Encoding of eight analvtes (including control} with four colors and up to four colors per

analyie.
Blue | Green | Yellow | Red
Cul.(p)| 1 0 0 0
A 1 0 0 1
B 1 0 1 0
C 1 1 0 0
D 1 0 1 1
E 1 1 0 1
F 1 1 1 0
G 1 1 1 1

[0079] In Table 3, the presence of the control and all seven other analytes is indicated by a result of
8444. Three analytes (A, B, and C) are encoded by two colors. Three analytes (D, E, and F) are
encoded by three colors, and one analyte (G) is encoded by four colors. The presence of the control (p)
is indicated by a result of 1000. The presence of the control and analyte A is indicated by a result of
2001. The presence of the control and analyte G is indicated by a result of 2111. These results express
the cumulative intensity of the signal in each color. For example, the result 2111 has a 2X signal
intensity in the blue channel, while the result 1000 has only a 1X signal intensity in the blue channel.
[0080] Using Table 3, each of the possible cumulative assay results can be enumerated, in terms of color
(blue, green, yellow, red) and intensity (0-8). Table 4 shows a “decoding matrix” generated by
enumerating each of the possible cumulative assay results based on the encoding method presented in
Table 3 and providing the corresponding 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
enumerating each of the possible cumulative assay results based on the coding scheme and providing the
corresponding decoded result of each assay in terms of the analyte(s) present in (or absent from) the
sample. In some cases, as described below, one or more analytes may be removed from the coding

scheme in order to reduce or eliminate degeneracy.
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Table 4. Decoding matrix for encoding method presented in Table 3.

10052063_2.docx

Cumulative Assay Result

pADF, pABG, pBDE

pACG, pCDE, pAEF

pBCG, pBEF, pCDF

pCDG, pAFG, pBEG, pDEF

pADE

pBDF

pCEF

pADG

pCFG

Blue | Green | Yellow | Red Analyte(s) Present
1 0 0 0 P
2 0 0 1 pA
2 0 1 0 pB
2 1 0 0 pC
2 0 1 1 pD
2 1 0 1 pE
2 1 1 0 pF
2 1 1 1 pG
3 0 1 1 pAB
3 1 0 1 pAC
3 0 1 2 pAD
3 1 0 2 pAE
3 1 1 1 pAF, pCD, pBE
3 1 1 2 pAG, pDE
3 1 1 0 pBC
3 0 2 1 pBD
3 1 2 0 pBF
3 1 2 1 pBG, pDF
3 2 0 1 pCE
3 2 1 0 pCF
3 2 1 1 pCG, pEF
3 1 2 2 pDG
3 2 1 2 pEG
3 2 2 1 pFG
4 1 1 1 pACB
4 0 2 2 pABD
4 2 2 0 pBCF
4 2 0 2 pACE
4 1 1 2 pABE, pACD
4 1 2 1 pABF, pBCD
4 2 1 1 pACF, pBCE
4 1 2 2
4 2 1 2
4 2 2 1
4 2 2 2
4 1 1 3
4 1 3 1
4 3 1 1
4 1 2 3
4 3 2 1
4 2 1 3

pAEG
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pBFG

pBDG

pCEG

pDEG

pEFG

pABCD

pABCE

pABCF

pABCG, pABEF, pBCDE, pACDF

pABDE

pACDE

pABDF

pBCDF

pACEF

pBCEF

pABEG, pACDG, pADEF

pABFG, pBCDG, pBDEF

pACFG, pBCEG, pCDEF

pABDG

pACEG

pBCFG

pADFG, pBDEG

pBEFG, pDEFG

[V IRV, RV ARV, 3 KV, KV, R RV, KV, 3 RO, N RV, } KO} KV, A RV, } RV, § KV} KV, W V.3 RV, | RV, | I N BN N I oNg) 2N

pCDEG, pAEFG

pADEG

pBDFG

pCEFG

pDEFG

pABCDE

pABCDF

pABCEF

pABCDG, pABDEF

pABCEG, pACDEF

pABCFG, pBCDEF

pBCEFG

pACEFG

pABEFG, pACDFG, pPBCDEG

pBCDFG

pABDFG

pACDEG

pABDEG

pCDEFG

pBDEFG

pADEFG

pBCDEFG

N QA [ [ [N [ ||V [ |n|n|wunfn
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W R |W R |WIWIN| B BR|WIN W[ W |[WIN W |WIN BRI |[W[W| W= W[ |WIN[N =W [N — N[N —uw|w

BB W W BB WM W[ WIRNN|W[WINN|WWINN B |WN W] —[W|W[NN W[ N [W[N[W|W[N =[N N —

pACDEFG
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7 3 4 4 pABDEFG
7 4 3 3 pABCEFG
7 3 4 3 pABCDFG
7 3 3 4 pABCDEG
7 3 3 3 pABCDEF
8 4 4 4 pABCDEFG

[0081] The decoding matrix provided in Table 4 is constructed using two assumptions. First, the
decoding matrix assumes that the positive control (p) always produces a positive outcome. Second, the
decoding matrix assumes that, within each color, the intensity is additive and scales in the same way
with changing probe concentration, regardless of which probe the signal may come from. This
essentially means that the signals are additive and digital. The conditions underlying these assumptions
may be met by properly preparing the assay. If a fluorescent signal is used, the intensity need only be
approximately additive and digital, as demonstrated in the Examples provided herein.

[0082] Table 4 allows the conversion of a cumulative measurement of intensity in four ranges of
fluorescent wavelengths (i.e., signal intensity within each color range), into the corresponding analytes
present in the sample. For example, a result of 4321 indicates that p, C, F, and G are present and the
other analytes are not present. This result is referred to as a “legitimate” result, because it is present in
the decoding matrix. By contrast, a result of 4000, while possible to measure, does not occur in the
decoding matrix. More specifically, the result of 4000 cannot be achieved by adding any combination of
control and analyte codes from Table 3. This result is referred to as an “illegitimate” result. An
illegitimate result may indicate that the assay malfunctioned. Thus, the control (p) and the decoding
matrix provide a means of verifying that the assay is functioning properly.

[0083] Table 4 is exhaustive for any combination of fluorophores generating four resolvable emission
spectra (e.g., colors). The term “rank” is used to describe the number of detected analytes, including the
control. In the example provided above, if the assay functions properly, the rank is equal to the value of
the blue signal. For example, a rank of 8 indicates that the control and all seven other analytes (A-G) are
present. A rank of 2 indicates that the control and only one analyte are present. The lowest rank is a
rank of 1, which indicates that only the control is present. The number of possibilities at each rank can
be enumerated. For example, continuing to refer to the encoding and decoding method described in
Tables 3-4, there are 7 possibilities for rank 2. The number of possibilities at rank 3 can be calculated as
a combination of 7 take 2, or 7!/(5! * 2!) =21 possibilities. More generally, the number of possibilities
for a combination of N take K is N!/(N-K)! * K!). Analogously, at ranks 4, 5, 6, 7, and 8, the number
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of possibilities is 35, 35, 21, 7, and 1, respectively. Referring to Table 4 shows that the table agrees with
the theoretical prediction. Thus, Table 4 is an exhaustive decoding matrix for the encoding method

provided in Table 3.

C. Reducing or Eliminating Degeneracy

[0084] The terms “degenerate” and “degeneracy,” as used herein, generally describe a situation where a
legitimate result is not definitive, because it can indicate more than one possibility in terms of the
presence or absence of an analyte. For example, with reference to Table 4, result 5233 is degenerate
because it can be decoded as either pADFG or pPBDEG. Similarly, result 4222 is degenerate because it
can be decoded as any of the following: pCDG, pAFG, pBEG, pDEF. By contrast, result 3110 can only
indicate pBC and thus is not degenerate.

[0085] This disclosure provides methods of reducing or eliminating degeneracy, thereby increasing the
confidence with which an analyte is detected. In one embodiment, degeneracy is eliminated by a
method comprising (i) encoding each potential analyte to be detected as a value of a signal and,
optionally, as a value in each of at least two components of a signal; (ii) enumerating every legitimate
result that can be obtained from the coding scheme; (iii) identifying each legitimate result that is
degenerate; and (iv) eliminating at least one potential analyte (or potential analyte code) from the coding
scheme, wherein eliminating the at least one potential analyte reduces or eliminates degeneracy. For
example, with reference to the coding scheme described in Table 3 and the decoding matrix described in
Table 4 (enumerating every legitimate result), eliminating any two of analytes D, E, and F eliminates the
degeneracy. Eliminating any one of analytes D, E, and F would not eliminate the degeneracy, but would
reduce it.

[0086] With continued reference to the coding scheme described in Table 3, eliminating any two of
analytes D, E, and F from the coding scheme results in a scheme where six analytes (including control)
can be analyzed, with no degeneracy, using only 4 colors. By contrast, conventional methods of
multiplexing would allow for only the reporting of 3 analytes and 1 control using 4 colors. Therefore,
the number of analytes that can be analyzed is nearly doubled by using the methods provided herein.
[0087] Fig. 2 shows an exemplary embodiment of the invention in which 4 colors are used to detect five
analytes and a control. The analytes are nucleic acids from dengue virus (“Dengue Fever”),
Mycobacterium tuberculosis (“Tuberculosis”), human immunodeficiency virus (HIV) p17 (P17),
Plasmodium (“Malaria”), and herpes simplex (“Herpes”). The “colors” in this example are fluorophores
attached to oligonucleotide probes that also comprise a quencher. The oligonucleotide probes will

10052063 2.docx -21- WSGR Docket No. 38075-716.301

IPR2024-01177
California Institute of Technology - Ex. 2003 Page 2785



SUBSTUTITE SPECIFICATION (CLEAN VERSION) Attorney Docket No. 38075-716.301

generally be different for different analytes, whereas the color is the same. For example, all probes
designated as Probe 1 have a blue color but generally will have a different oligonucleotide sequence. Of
course, probes designated as Probe 1 could also have the same oligonucleotides sequence, if the
complementary sequence was present in each of the analytes. The mechanism of detection with these
probes is described elsewhere in this disclosure. Probe 1 (blue) hybridizes to all six analytes, including
control. Probe 2 (green) hybridizes to analytes from dengue virus, Mycobacterium, and HIV p17. Probe
3 (yellow) hybridizes to analytes from dengue fever and Plasmodium. Probe 4 hybridizes to analytes
from dengue virus, Mycobacterium, and herpes simplex. The coding scheme defined by these probes is
illustrated in Table 5. With reference to Table 3, potential analytes D (1011) and F (1110) have been
eliminated from the coding scheme. Therefore, the coding scheme presented in Table 5 is non-
degenerate and each legitimate result from the assay corresponds to the presence or absence of a unique

combination of analytes in a sample.

Table 5. Coding scheme for detection of dengue virus, Mycobacterium, HIV, Plasmodium, and herpes

simplex, as exemplified in Fig. 2.

Blue | Green | Yellow | Red
Ctrl. (p) 1 0 0 0
Herpes Simplex 1 0 0 1
Plasmodium 1 0 1 0
HIV 1 1 0 0
Mpycobacterium 1 1 0 1
Dengue Virus 1 1 1 1

[0088] The methods for encoding and decoding presented above, including the methods for eliminating
degeneracy, are all equally applicable to encoding methods using additional colors. For example, Table
3 could be extended by including additional colors and additional intensities (described further below).
The decoding matrix is then generated as described above, enumerating every legitimate result that can
be obtained from the coding scheme. A decoding matrix analogous to the decoding matrix provided in
Table 4 may be constructed for any coding scheme described in this disclosure. The legitimate results
that are degenerate are then identified and at least one potential analyte code is eliminated from the

coding scheme to reduce or eliminate degeneracy. The method of eliminating degeneracy may be
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carried out using software on a computer readable medium, or hardware configured to carry out the
method (e.g., a microchip).

[0089] Although degeneracy can be reduced or eliminated by the methods described above, and
elsewhere in this disclosure, this disclosure also provides coding schemes that are non-degenerate by
design. For example, after elimination of degeneracy in the coding scheme described in Table 3, the
coding scheme may be extended indefinitely in a non-degenerate manner where the non-degeneracy is
by design (see, e.g., the coding scheme exemplified in Table 6, described more fully below). Similarly,
this disclosure provides coding schemes that are completely non-degenerate by design and therefore do
not require any reduction or elimination of degeneracy (see, e.g., the coding scheme exemplified in
Table 8, described more fully below). Thus, the coding schemes provided in this disclosure may have

reduced or eliminated degeneracy, or be non-degenerate by design.

D. Encoding Methods Using More Than One Color and More Than One Intensity

[0090] The encoding method described above (e.g., Tables 3-5) may be further extended by allowing
analytes to be encoded by an intensity greater than 1. For example, each of the analytes encoded in the
coding scheme provided in Table 5 is encoded by a fluorescence intensity of either 1 or 0. Allowing
higher values for the signal intensity in at least one color further increases the number of analytes that
can be encoded by any of the methods provided in this disclosure. In some examples, these higher
intensity values may be assigned any color except for the control color, in order to maintain the analyte
counting capability of the control color.

[0091] Table 6 shows the first three tiers of an exemplary coding scheme that utilizes four colors and
multiple intensities. Tier 1 of Table 6 is a reproduction of Table 3, showing the encoding of seven
analytes and a control with four colors. As described above, any two of potential analytes D, E, and F
may be eliminated from the coding scheme in order to produce a non-degenerate coding scheme. Tier 1
of Table 6 indicates that potential analytes D (1011) and F (1110) have been eliminated from the coding
scheme to eliminate degeneracy. Therefore, the coding scheme presented in Tier 1 of Table 6 is capable
of determining the presence of five analytes and one control using four colors, as described above.
[0092] 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 the colors to increase. As described above, the intensity of the control color may
be maintained at 1, in order to preserve the sequence counting capability of the control. Increasing the
intensity of any of the remaining three colors will yield codes 100Y, 10Y0, 1Y00, 10YY, 1Y0Y, 1YYO,

and 1YYY, where Y > 1. The minimal value of Y for a new tier of encoding is equal to the cumulative
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maximum value from the prior tier(s) plus 1. As described below, a value greater than 1 could also be
used, to maximize the differences between the intensities.

[0093] Thus, in this context, the term “tier” is generally used to describe a set of codes that fully utilize
the coding capability provided by a particular number of first values (e.g., intensities) and second values
(e.g., colors), without degeneracy. For example, Tier 1 of Table 6 fully utilizes the coding capability
provided by four colors with up to one intensity in each color, without degeneracy. As shown in Table
6, Tier 1, this results in six encoded analytes, including the control. To introduce a second tier, the
minimum value of Y (described above) may be incremented to equal the cumulative maximum result
from the prior tier(s) plus one (or more than one). In the example provided in Table 6, the intensity of
the blue (control) color is maintained as one, to preserve the sequence counting capability in this color.
Thus, Tier 2 consists of five non-degenerate encoding possibilities obtained by incrementing the
intensities in the green, yellow, and red channels to equal the cumulative maximum results in each of
these channels from Tier 1, plus one. All possibilities of these codes may then be enumerated for Tier 2,
and codes resulting in degeneracy may be eliminated, or Tier 2 may be made non-degenerate by design,
using the information used to eliminate the corresponding codes from Tier 1. Further coding capacity
may then be achieved by adding a third tier, or further tiers, which are constructed according to
analogous methods. A coding scheme may have an infinite number of tiers, for example 1, 2, 3, 4, 5, 6,
7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 60, 70, 80, 90, 100 or more tiers.

[0094] More specifically, with reference to Table 6, Tier 2, analyte H is encoded by 1004. The value of
the control color 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 4. Similarly, analytes I and J are encoded by 1030 and 1400,
respectively. Combinations of these codes are used to 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 inclusion of potential analytes K
(1034) and M (1430) results in degeneracy. Therefore, these analytes have been eliminated from the
coding scheme, to eliminate degeneracy.

[0095] Continuing to refer to Table 6, a third tier (Tier 3) is constructed using the same principles
described above. Analyte O is encoded by 1-0-0-16. The value of the control color is still maintained as
1. The value of the red color is equal to the cumulative maximum result from the prior tiers (15) plus 1,
or 16. Similarly, analytes P and Q are encoded 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 K-N in Tier 2. In Tier 3, the inclusion of potential analytes R (1-0-9-16) and T (1-16-9-0)
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results in degeneracy. Therefore, these analytes have been eliminated from the coding scheme, to
eliminate degeneracy.

[0096] The three-tier coding scheme shown in Table 6 shows the encoding of 15 analytes and one
control using four colors. This coding scheme may be indefinitely extended, by adding more intensities
to generate additional tiers and/or adding more colors, to generate additional coding capability within
the tiers. The methods of reducing or eliminating degeneracy, as described in this disclosure, may be
used with the addition of each intensity and/or color, to reduce or eliminate degenerate results.

[0097] More generally, the coding scheme depicted in Table 6 is a non-degenerate, infinite extension of
the coding scheme depicted in Tables 3-5. The maximum intensity of the cumulative measurement at
the first tier is 6. The maximum intensity of the cumulative measurement at the second tier is 15. The
maximum intensity of the cumulative measurement at the third tier is 63, and so on. Given a maximum
cumulative intensity value (), the maximum number of tiers (7)) available in this coding scheme is 7'=
logs (¥ + 1). The coding scheme depicted in Table 6 provides five non-degenerate codes per tier (P).
Thus, the maximum number of codes M =5 * logy (/' + 1), or M =P * T, where P is the number of non-
degenerate codes per tier and 7 is the number of tiers. 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 for a positive control in Table 6. To include the control in the total number
of analytes, one would simply add one, to provide the formulaAM/= (P * 7) + 1.

[0098] The methods provided in this disclosure may be used to expand this coding scheme infinitely.
For example, by utilizing combinations of different intensities (i.e., first values) and colors (i.e., second
values) one can encode any number of analytes (M) by varying the number of non-degenerate codes per
tier (P) and the number of tiers (7). For example, the number of non-degenerate codes per tieris 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 60, 70, 80, 90, 100, or more. Similarly,
the number of tiers may be 1,2, 3, 4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25,26, 27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 60,
70, 80, 90, 100, or more.

Table 6. Encoding of 15 analytes and one control using four colors and multiple intensities.

Tier Analyte | B G | Y R Comments
Cul.p) | 1 | 0o | o | 0
1 A 1 0 0 1
B 1 0 1 0
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C 1 1 0 0
8 + | Eliminated from coding scheme to eliminate
degeneracy.
E 1 1 0 1
Eliminated from coding scheme to eliminate
degeneracy.
G 1 1 1 1
Cumulative
Maximum 6 3 2 3
Result
H 1 0 0 4
| 1 0 3 0
J 1 4 0 0
K : 3 ¢ | Eliminated from coding scheme to eliminate
2 degeneracy.
L 1 4 0 4
M 3 3 Eliminated from coding scheme to eliminate
degeneracy.
N 1 4 3 4
Cumulative
Maximum 11 | 15 8 15
Result
0) 1 0 0 16
P 1 0 9 0
Q 1 |16] 0] 0
AN : % | ¢ | Eliminated from coding scheme to eliminate
3 degeneracy.
1 16 0 16
¥ & | Eliminated from coding scheme to eliminate
degeneracy.
U 1 16 9 16
Cumulative
Maximum
Result
Cumulative
Maximum
Result for
Three 16 | 63 | 26 | 63
Non-
Degenerate
Tiers

[0099] The right-hand side of Fig. 1 shows one exemplary embodiment of the method described above.

More specifically, the right-hand side of Fig. 1 shows an encoding method where nine or more analytes
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(Seq 1 - Seq 9, etc.) are each encoded by at least two colors, with varying intensities within each color.

The color represents a fluorophore attached to an oligonucleotide probe that also comprises a quencher.

The system can be designed so that each probe is labeled with single fluorophore, or each probe is

labeled with more than one fluorophore. For example, the code for analyte H, in Table 6, is 1004. The

intensity of 4 in the red channel may be achieved by either using an H-specific probe comprising 4 red

fluorophores, or by using 4 H-specific probes each comprising a single red fluorophore. Of course, any

combination of probes and fluorophores producing a result of 4 in the red channel would be equally

appropriate, such as 2 probes with 2 red fluorophores each, and 1 probe with 1 red fluorophore and 1

probe with 3 red fluorophores, or simply one probe with one red fluorophore but present at 4x amount in

the reaction mixture.

[00100]

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.

Table 7. Coding scheme illustrated on the right-hand side of Fig. 1.

Tier Analyte B G | Y R Comments
Seq 1 1 0 0 0
Seq 2 1 1 0 0
Seq 3 1 0 1 0
Seq 4 1 0 0 1
Seq S 1 1 0 1
1 Seq 6 1 1 1 1
Witaioated | 4 | Eliminated from coding scheme to eliminate
degeneracy.
Eliminated from coding scheme to eliminate
degeneracy.
Cumulative
Maximum 6 3 2 3
Result
Seq 7 1 4 0 0
2 Seq 8 1 0 3 0
Seq 9 1 0 0 4
Etc. -i.e. Continue as provided in Table 6.
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E. Encoding Methods Using One Color and One Intensity Per Analyte but Different Intensities
Among Analytes

[00101] In some methods provided herein, each analyte is encoded by a single color and intensity
combination. For example, in a four color system, the first four analytes may be encoded by 1000,
2000, 4000, and 8000. The next four analytes may be encoded by 0100, 0200, 0400, and 0800.
Analytes 9-12 and 13-16 would be assigned analogously, as shown in Table 8.

[00102] Like the encoding method described in Table 6, this coding scheme is theoretically
infinite, non-degenerate by construction, and only limited by the bandwidth of the instrument used to
measure the signal. However, this coding scheme enables more analytes to be quantified per unit of
bandwidth than the encoding method described in Table 6. The reason is that the available multiplicity
of signal is used with maximal efficiency, as each level of intensity is utilized in the coding (i.e. there
are no gaps in the chromatogram; see below for description of chromatograms). Table 8 shows one
embodiment of this method, illustrating four tiers of encoding based on four colors and intensities 1, 2,
4, and 8. The coding scheme is non-degenerate, and the result if all 16 analytes are present is 15-15-15-
15. This encoding method is more efficient, in terms of bandwidth utilization, than the encoding
methods presented above. However, this method does not have the proofreading capability of the first

scheme, as all the results decode to legitimate outcomes in the absence of gaps in the chromatogram.

Table 8. Example of encoding method using one color and one intensity per analyte, but different

intensities among analytes.

Tier Analyte B G Y R
A 1 0 0 0

1 B 2 0 0 0
C 4 0 0 0

D 8 0 0 0

E 0 1 0 0

5 F 0 2 0 0
G 0 4 0 0

H 0 8 0 0

| 0 0 1 0

3 J 0 0 2 0
K 0 0 4 0
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L 0 0 8 0
M 0 0 0 1
4 N 0 0 0 2
o 0 0 0 4
P 0 0 0 8
15 15 15 15
[00103] The method presented above, and exemplified in Table 8, may be extended by

introducing additional colors and/or intensities. For example, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 60, 70, 80, 90, 100, or more colors may be used. Additional intensity levels, such as
16, 32, 64, 128, 255, 512, 1024, 2048, 4096, 8192, 16384, 32768, 65536, and so on may also be used.
The method is generalizable and may be used to encode an infinite number of analytes. Each analyte is
represented by a code in a single color, wherein the value of the code in that single color equal to the
sum of all previous values plus one. For example, if the first code 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, but will not be as
efficient in terms of usage of the bandwidth. However, one of ordinary skill in the art will recognize
that less efficient use of bandwidth may be desirable when one wishes to maximize separation between
values. Similarly, the value 1 could be excluded from the coding scheme, for example to maximize the
difference in the intensity between the first encoded value and instrumental noise. For example, in some
cases a coding scheme may begin with a value of 2, which would provide a progression of 2, 4, 8, 16,
32, 64, 128, and so on for the analyte codes, while the progression of cumulative results would be 2, 4,
6,8, 10, 12, 14, 16, and so on. This approach generates uniform gaps in the possible cumulative results,
allowing for higher tolerance to noise in comparison to an analyte code progression of 1, 2, 4, 8, 16, 32,
and so on, and its corresponding cumulative result progression of 1,2, 3,4, 5,6, 7, 8, and so on. In this
example, the increased robustness in the measurement comes at a cost of a decrease in the number of
available codes within a fixed bandwidth of multiplicity. For example, if only 63 multiplicity states can
be measured reliably, the coding scheme starting with 1 offers 7 codes per color whereas the coding
scheme starting with 2 offers 6 codes per color. If 4 colors are available, the former will offer 28 codes,
while the latter will offer 24 codes. In summary, both the starting signal intensity and the progression

(i.e., difference between intensity values) may be scaled in order to maximize the ability to distinguish
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over instrumental noise and maximize the differences between the intensity values, thereby enhancing
the ability to distinguish between distinct experimental outcomes.

[00104] The coding scheme illustrated in Table 8 is non-degenerate by design. Although the
coding scheme illustrated in Table 8 uses both intensity and color to encode each of the 16 analytes,
each of the analytes could also be encoded by simply utilizing intensity. For example, given the 16
analytes provided in Table 8 (A-P), a single color coding scheme encoding all 16 analytes may assign
the values 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8192, and 16384 to analytes A, B, C,
D,E,F,G H,1LJ,K, L M N, O, and P, respectively. Such a coding scheme is non-degenerate by
design and the cumulative intensity result can be unambiguously decoded to indicate the presence or
absence of analytes A-P. This coding scheme is capable of detecting the presence or absence of M
analytes, where M = log, (/" + 1) and /" is the maximum cumulative value of a signal (e.g., signal
intensity). By adding a second component to this signal (e.g., color, as depicted in Table 8), the capacity
of this coding scheme can be increased to M = C * logy (F + 1), where C is the number of colors used in
said coding scheme.

[00105] As described throughout this specification, any suitable value may be used for C or F.
For example, C may be at least about 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24,25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 60, 70, 80, 90, 100, or more. /' may be at least about 2, 4, 8, 16, 32, 64, 128, 255, 512, 1024, 2048,
4096, 8192, 16384, 32768, 65536, 131072, 262144, 524288, 1048576, and so on. As described
elsewhere in this disclosure, both the initial starting value of /" and the steps in its progression may also

be varied.

IIL. Analytes

[00106] An analyte may be any suitable analyte that may be analyzed using the methods and
compositions of the invention, where the analyte is capable of interacting with a reagent in order to
generate a signal with at least two components that can be measured. An analyte may be naturally-
occurring or synthetic. An analyte may be present in a sample obtained using any methods known in the
art. In some cases, a sample may be processed before analyzing it for an analyte. The methods and
compositions presented in this disclosure may be used in solution phase assays, without the need for
particles (such as beads) or a solid support.

[00107] In some cases, an analyte may be a polynucleotide, such as DNA, RNA, peptide nucleic

acids, and any hybrid thereof, where the polynucleotide contains any combination of deoxyribo- and/or
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ribo-nucleotides. Polynucleotides may be single stranded or double stranded, or contain portions of both
double stranded or single stranded sequence. Polynucleotides may contain any combination of
nucleotides or bases, including, for example, uracil, adenine, thymine, cytosine, guanine, inosine,
xanthine, hypoxanthine, isocytosine, isoguanine and any nucleotide derivative thereof. As used herein,
the term “nucleotide” may include nucleotides and nucleosides, as well as nucleoside and nucleotide
analogs, and modified nucleotides, including both synthetic and naturally occurring species.
Polynucleotides may be any suitable polynucleotide for which one or more reagents (or probes) as
described herein may be produced, including but not limited to cDNA, mitochondrial DNA (mtDNA),
messenger RNA (mRNA), ribosomal RNA (rRNA), transfer RNA (tRNA), nuclear RNA (nRNA), small
interfering RNA (siRNA), small nuclear RNA (snRNA), small nucleolar RNA (snoRNA), small Cajal
body-specific RNA (scaRNA), microRNA (miRNA), double stranded (dsSRNA), ribozyme, riboswitch or
viral RNA. Polynucleotides may be contained within any suitable vector, such as a plasmid, cosmid,
fragment, chromosome, or genome.

[00108] Genomic DNA may be obtained from naturally occurring or genetically modified
organisms or from artificially or synthetically created genomes. Analytes comprising genomic DNA
may be obtained from any source and using any methods known in the art. For example, genomic DNA
may be isolated with or without amplification. Amplification may include PCR amplification, multiple
displacement amplification (MDA), rolling circle amplification and other amplification methods.
Genomic DNA may also be obtained by cloning or recombinant methods, such as those involving
plasmids and artificial chromosomes or other conventional methods (see Sambrook and Russell,
Molecular Cloning: A Laboratory Manual., cited supra.) Polynucleotides may be isolated using other
methods known in the art, for example as disclosed in Genome Analysis: A Laboratory Manual Series
(Vols. I-1V) or Molecular Cloning: A Laboratory Manual. If the isolated polynucleotide is an mRNA it
may be reverse transcribed into cDNA using conventional techniques, as described in Sambrook and
Russell, Molecular Cloning: A Laboratory Manual., cited supra.

[00109] An analyte may be a protein, polypeptide, lipid, carbohydrate, sugar, small molecule, or
any other suitable molecule that can be detected with the methods and compositions provided herein.

An analyte may be an enzyme or other protein. An analyte may be a drug or metabolite (e.g., anti-
cancer drug, chemotherapeutic drug, anti-viral drug, antibiotic drug, or biologic). An analyte may be
any molecule, such as a co-factor, receptor, receptor ligand, hormone, cytokine, blood factor, antigen,

steroid, or antibody.

10052063 2.docx -31- WSGR Docket No. 38075-716.301

IPR2024-01177
California Institute of Technology - Ex. 2003 Page 2795



SUBSTUTITE SPECIFICATION (CLEAN VERSION) Attorney Docket No. 38075-716.301

[00110] An analyte may be any molecule from any pathogen, such as a virus, bacteria, parasite,
fungus, or prion (e.g., PrP*%). Examples of viruses include those from the families Adenoviridae,
Flaviviridae, Hepadnaviridae, Herpesviridae, Orthomyxoviridae, Papovaviridae, Paramyxoviridae,
Picornaviridae, Polyomavirus, Retroviridae, Rhabdoviridae, and Togaviridae. Specific examples of
viruses include adenovirus, astrovirus, bocavirus, BK virus, coxsackievirus, cytomegalovirus, dengue
virus, Ebola virus, enterovirus, Epstein-Barr virus, feline leukemia virus, hepatitis virus, hepatitis A
virus, hepatitis B virus, hepatitis C virus, hepatitis D virus, hepatitis E virus, herpes simplex virus
(HSV), HSV type 1, HSV type 2, human immunodeficiency virus (HIV), HIV type 1, HIV type 2,
human papilloma virus (HPV), HPV type 1, HPV type 2, HPV type 3, HPV type 4, HPV type 6, HPV
type 10, HPV type 11, HPV type 16, HPV type 18, HPV type 26, HPV type 27, HPV type 28, HPV type
29, HPV type 30, HPV type 31, HPV type 33, HPV type 34, HPV type 35, HPV type 39, HPV type 40,
HPV type 41, HPV type 42, HPV type 43, HPV type 44, HPV type 45, HPV type 49, HPV type 51,
HPV type 52, HPV type 54, HPV type 55, HPV type 56, HPV type 57, HPV type 58, HPV type 59,
HPYV type 68, HPV type 69, influenza virus, JC virus, Marburg virus, measles virus, mumps virus,
Norwalk virus, parovirus, polio virus, rabies virus, respiratory syncytial virus, retrovirus, rhinovirus,
rotavirus, Rubella virus, smallpox virus, vaccinia virus, West Nile virus, and yellow fever virus.
[00111] Examples of bacteria include those from the genuses Bordetella, Borrelia, Brucella,
Campylobacter, Chlamydia, Clostridium, Corynebacterium, Enterococcus, Escherichia, Francisella,
Haemophilus, Helicobacter, Legionella, Leptospira, Listeria, Mycobacterium, Mycoplasma, Neisseria,
Pseudomonas, Rickettsia, Salmonella, Shigella, Staphylococcus, Streptococcus, Treponema, Vibrio, and
Yersinia. Specific examples of bacteria include Bordetella par apertussis, Bordetella pertussis, Borrelia
burgdorferi, Brucella abortus, Brucella canis, Brucella melitensis, Brucella suis, Campylobacter jejuni,
Chlamydia pneumoniae, Chlamydia psittaci, Chlamydia trachomatix, Clostridium botulinum,
Clostridium difficile, Clostridium perfringens, Clostridium tetani, Corynebacterium diphtheriae,
Enterococcus faecalis, Enterococcus faecium, Escherichia coli, Francisella tularensis, Haemophilus
influenzae, Helicobacter pylori, Legionella pneumophila, Leptospira interrogans, Listeria
monocytogenes, Mycobacterium leprae, Mycobacterium tuberculosis, Mycobacterium ulcerans,
Mycoplasma pneumoniae, Neisseria gonorrhoeae, Neisseria meningitidis, Pseudomonas aeruginosa,
Rickettsia rickettsii, Salmonella choleraesuis, Salmonella dublin, Salmonella enteritidis, Salmonella
typhi, Salmonella typhimurium, Shigella sonnei, Staphylococcus aureus, Staphylococcus epidermidis,
Staphylococcus saprophyticus, Streptococcus agalactiae, Streptococcus pneumoniae, Streptococcus

pyogenes, Treponema pallidum, Vibrio cholerae, Yersinia pestis, and Yersinia enterocolitica.

10052063 2.docx -32- WSGR Docket No. 38075-716.301

IPR2024-01177
California Institute of Technology - Ex. 2003 Page 2796



SUBSTUTITE SPECIFICATION (CLEAN VERSION) Attorney Docket No. 38075-716.301

[00112] Examples of parasites include those from the genuses Acanthamoeba, Babesia,
Balamuthia, Balantidium, Blasocystis, Cryptosporidium, Dientamoeba, Entamoeba, Giardia, Isospora,
Leishmania, Naegleria, Pediculus, Plasmodium, Rhinosporidium, Sarcocystis, Schistosoma,
Toxoplasma, Trichomonas, and Trypanosoma. Specific examples of parasites include Babesia
divergens, Babesia bigemina, Babesia equi, Babesia microfti, Babesia duncani, Balamuthia
mandrillaris, Balantidium coli, Dientamoeba fragilis, Entamoeba histolytica, Giardia lamblia, Isospora
belli, Naegleria fowleri, Pediculus humanus, Plasmodium falciparum, Plasmodium knowlesi,
Plasmodium malariae, Plasmodium ovale, Plasmodium vivax, Rhinosporidium seeberi, Sarcocystis
bovihominis, Sarcocystis suihominis, Schistosoma mansoni, Toxoplasma gondii, Trichomonas vaginalis,
Trypanosoma brucei, and Trypansoma cruzi.

[00113] Examples of fungi include those from the genuses Apophysomyces, Aspergillus,
Blastomyces, Candida, Cladosporium, Coddidioides, Cryptococcos, Exserohilum, Fusarium,
Histoplasma, Pichia, Pneumocystis, Saccharomyces, Sporothrix, Stachybotrys, and Trichophyton.
Specific examples of fungi include Aspergillus fumigatus, Aspergillus flavus, Aspergillus clavatus,
Blastomyces dermatitidis, Candida albicans, Coccidioides immitis, Crytptococcus neoformans,
FExserohilum rostratum, Fusarium verticillioides, Histoplasma capsulatum, Pneumocystis jirovecii,
Sporothrix schenckii, Stachybotrys chartarum, and Trichophyton mentagrophytes.

[00114] In some cases, the methods provided in this disclosure may be used to detect any one of
the analytes described above, or elsewhere in the specification. In some cases the methods provided in
this disclosure may be used to detect panels of the analytes described above, or elsewhere in the
specification. For example, a panel may comprise an analyte selected from the group consisting of any
2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 60, 70, 80, 90, 100 or more
analytes described above or elsewhere in the specification.

[00115] An analyte may be obtained from any suitable location, including from organisms, whole
cells, cell preparations and cell-free compositions from any organism, tissue, cell, or environment.
Analytes may be obtained from environmental samples, biopsies, aspirates, formalin fixed embedded
tissues, air, agricultural samples, soil samples, petroleum samples, water samples, or dust samples. In
some instances, an analyte may be obtained from bodily fluids which may include blood, urine, feces,
serum, lymph, saliva, mucosal secretions, perspiration, central nervous system fluid, vaginal fluid, or
semen. Analytes may also be obtained from manufactured products, such as cosmetics, foods, personal
care products, and the like. Analytes may be the products of experimental manipulation including,
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recombinant cloning, polynucleotide amplification, polymerase chain reaction (PCR) amplification,
purification methods (such as purification of genomic DNA or RNA), and synthesis reactions.

[00116] More than one type of analyte may be detected in each multiplexed assay. For example,
a polynucleotide, a protein, a polypeptide, a lipid, a carbohydrate, a sugar, a small molecule, or any other
suitable molecule may be detected simultaneously in the same multiplexed assay with the use of suitable
reagents. Any combination of analytes may be detected at the same time.

[00117] Detection of an analyte may be useful for any suitable application, including research,
clinical, diagnostic, prognostic, forensic, and monitoring applications. Exemplary applications include
detection of hereditary diseases, identification of genetic fingerprints, diagnosis of infectious diseases,
cloning of genes, paternity testing, criminal identification, phylogeny, anti-bioterrorism, environmental
surveillance, and DNA computing. For example, an analyte may be indicative of a disease or condition.
An analyte may be used to make a treatment decision, or to assess the state of a disease. The presence
of an analyte may indicate an infection with a particular pathogen, or any other disease, such as cancer,
autoimmune disease, cardiorespiratory disease, liver disease, digestive disease, and so on. The methods
provided herein may thus be used to make a diagnosis and to make a clinical decision based on that
diagnosis. For example, a result that indicates the presence of a bacterial polynucleotide in a sample
taken from a subject may lead to the treatment of the subject with an antibiotic.

[00118] In some cases the methods and compositions of the invention may be used to detect at
least 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 55, 60, 65, 70, 75, 80, 85,
90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 250, 300, 350, 400, 450, 500, 600, 700,
800, 900, or 1000 analytes. In some cases the methods and compositions of the invention may be used
to detect 7-50, 8-40, 9-30, 10-20, 10-15, 8-12, or 7-12 analytes.

[00119] In some cases, this disclosure provides assays that are capable of unambiguously
detecting the presence or absence of each of 1,2,3,4,5,6,7,8,9,10, 11, 12,13, 14, 15,16, 17, 18, 19,
20, 21,22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 250,
300, 350, 400, 450, 500, 600, 700, 800, 900, or 1000 analytes, in any combination of presence or
absence, in a single sample volume without immobilization, separation, mass spectrometry, or melting
curve analysis. In some cases, this disclosure provides assays that are capable of unambiguously
detecting the presence or absence of each of atleast 1,2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
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46, 47, 48, 49, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190,
200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, or 1000 analytes, in any combination of presence
or absence, in a single sample volume without immobilization, separation, mass spectrometry, or
melting curve analysis. In some cases, this disclosure provides assays that are capable of
unambiguously detecting the presence or absence of less than 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43,44, 45, 46, 47, 48, 49, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170,
180, 190, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, or 1000 analytes, in any combination of
presence or absence, in a single sample volume without immobilization, separation, mass spectrometry,

or melting curve analysis.

IV. Signals

[00120] The methods presented in this disclosure may be used with any quantifiable signal. In
some cases, this disclosure provides coding schemes and methods to encode an infinite number of
targets without degeneracy, using a single component of a signal (e.g., intensity). For example, as
described above and in Example 3, a coding scheme may rely on a multiplicity of signal intensity
without consideration of color. Although fluorescent probes have been used to illustrate this principle,
the coding scheme is equally applicable to any other method providing a quantifiable signal, including
an electrochemical signal and a chemiluminescent signal, as described elsewhere in this disclosure.
[00121] The methods presented in this disclosure may also utilize the measurement of a signal in
at least two dimensions, also referred to as the measurement of at least two components of a signal. In
comparison to the coding scheme described in the paragraph above, which relies on, for example, signal
intensity to differentiate between analytes, utilization of at least two components of a signal (e.g., color
and intensity) allows the generation of more unique codes per unit of signal intensity bandwidth. When
at least two components of a signal are utilized, a cumulative measurement of the at least two
components may be obtained for a single sample volume. For example in the coding scheme described
in Table 5, the presence of each analyte results in a particular intensity (one component of the signal) in
each of the four colors (a second component of a signal). The combination of these constituent signals
leads to a cumulative signal that may be measured by measuring an intensity at each wavelength or
range of wavelengths. The corresponding coding scheme or decoding matrix may then be used to

convert the cumulative measurement into a determination of the presence or absence of an analyte.
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[00122] In some cases, a quantifiable signal comprises a waveform that has both a frequency
(wavelength) and an amplitude (intensity). A signal may be an electromagnetic signal. An
electromagnetic signal may be a sound, a radio signal, a microwave signal, an infrared signal, a visible
light signal, an ultraviolet light signal, an x-ray signal, or a gamma-ray signal. In some cases, an
electromagnetic signal may be a fluorescent signal, for example a fluorescence emission spectrum that
may be characterized in terms of wavelength and intensity.

[00123] In certain portions of this disclosure, the signal is described and exemplified in terms of a
fluorescent signal. This is not meant to be limiting, and one of ordinary skill in the art will readily
recognize that the principles applicable to the measurement of a fluorescent signal are also applicable to
other signals. For example, like fluorescent signals, any of the electromagnetic signals described above
may also be characterized in terms of a wavelength and an intensity. The wavelength of a fluorescent
signal may also be described in terms of color. The color may be determined based on measuring
intensity at a particular wavelength or range of wavelengths, for example by determining a distribution
of fluorescent intensity at different wavelengths and/or by utilizing a band pass filter to determine the
fluorescence intensity within a particular range of wavelengths. Such band pass filters are commonly
employed in a variety of laboratory instrumentation, including quantitative PCR machines. Intensity
may be measured with a photodetector. A range of wavelengths may be referred to as a “channel.”
[00124] In some cases, the methods provided in this disclosure may be used with any signal
where the cumulative signal scales with the constituent signals of the same color, frequency, absorption
band, and so on. However, the cumulative signal need not be digital or scale linearly with the number
and intensity of the constituent signals. For example, if the physical principle of measurement is
absorption, the cumulative attenuation is a product of constituent attenuations while the constituent
concentrations are additive, due to the exponential nature of the Beer-Lambert law. The logarithm of the
cumulative attenuation will then scale linearly with constituent concentrations in each absorption band
(the equivalent of color, if fluorescent detection is used). The methods of the invention are therefore
applicable. The methods of the invention may also be used with chemiluminescent signals and
electrochemical signals.

[00125] The number of signals, and the number of dimensions or components measured, may also
be expanded beyond the numbers shown in the exemplary embodiments of the invention, leading to an
expansion in multiplexing capability. The exemplary embodiments provided in this disclosure utilize
coding schemes constructed utilizing a fluorescent signal with one or two components measured:

wavelength and/or intensity. The number of analytes that can be encoded can be increased by increasing
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the number of wavelengths and/or intensities. The number of analytes that can be encoded can also be
increased by increasing the number of signals, for example by combining a fluorescent signal with an
electrochemical signal or a FRET signal (fluorescence resonance energy transfer).

[00126] In some cases, more than two components of a signal may be measured. For example, 3,
4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 18, 20 or more components of a signal may be
measured. Atleast2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 18, or 20 components of a
signal may be measured. At least 2, but fewer than 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
18, or 20 components of a signal may be measured. In some cases, 2-3, 2-4, 2-5, 2-6, 3-5, 3-6, 3-8, or 5-
10 components of a signal may be measured. These additional components may include kinetic
components, such as a rate of signal decay and rate of photobleaching,

[00127] If a fluorescent signal is employed, the number of analytes that can be encoded may be
further expanded by utilizing additional fluorophores. For example, 1,2, 3,4,5,6,7,8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42, 43, 44,45, 46, 47, 48, 49, 50 or more fluorophores may be used. In some cases, at least 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 fluorophores may be used. In some
cases, fewer than 2, 3,4, 5,6, 7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 fluorophores
may be used. In some cases, 4-6, 4-7, 4-8, 4-9, 4-10, 5-6, 5-7, 5-8, 5-9, 5-10, 10-15, or 10-20
fluorophores may be used.

[00128] Generally, the number of analytes that can be encoded may be further expanded by
utilizing additional first values (e.g., intensities) that are values or ranges of values from a first
component of a signal. For example, 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24,25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45 46, 47, 48, 49,
50, or more first values that are values or ranges of values from a first component of a signal may be
used. In some cases, atleast 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 or
more first values that are values or ranges of values from a first component of a signal may be used. In
some cases, fewer than 1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 first

values that are values or ranges of values from a first component of a signal may be used. In some
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cases, 4-20, 4-6, 4-7, 4-8, 4-9, 4-10, 5-6, 5-7, 5-8, 5-9, 5-10, 10-15, or 10-20 first values that are values
or ranges of values from a first component of a signal may be used.

[00129] In instances in which intensity is a component of a signal that is quantified, such as when
a fluorescent signal is utilized, the presence of an analyte may be encoded using a variety of intensities
or ranges of intensities. For example, a coding scheme may utilize 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44, 45, 46, 47, 48, 49, 50, or more intensities or ranges of intensities. A coding scheme may
utilize atleast 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, or more intensities
or ranges of intensities. A coding scheme may utilize fewer than 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, or 50 intensities or ranges of intensities. In some cases, a coding scheme may
utilize 2-20, 2-3, 2-4, 2-5, 2-6, 2-7, 2-8, 2-9, 2-10, 3-4, 3-5, 3-6, 3-7, 3-8, 3-9, 3-10, 4-5, 4-6, 4-7, 4-8, 4-
9,4-10, 5-6, 5-7, 5-8, 5-9, or 5-10 intensities or ranges of intensities.

[00130] The number of analytes that can be encoded may be further expanded by utilizing
additional second values (e.g., wavelengths) that are values or ranges of values from a second
component of a signal. For example, 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, or more second values that are values or ranges of values from a second component of a signal may
be used. In some cases, atleast1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50
or more second values that are values or ranges of values from a second component of a signal may be
used. In some cases, fewerthan 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or
50 second values that are values or ranges of values from a second component of a signal may be used.
In some cases, 4-20, 4-6, 4-7, 4-8, 4-9, 4-10, 5-6, 5-7, 5-8, 5-9, 5-10, 10-15, or 10-20 second values that
are values or ranges of values from a second component of a signal may be used.

[00131] In instances in which wavelength is a component of a signal that is quantified, such as
when a fluorescent signal is utilized, the presence of an analyte may be encoded using a variety of
wavelengths or ranges of wavelengths. For example, 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, or more wavelengths or ranges of wavelengths may be used. In some cases, at
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least 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 or more wavelengths or
ranges of wavelengths may be used. In some cases, fewer than 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43,44, 45, 46, 47, 48, 49, or 50 wavelengths or ranges of wavelengths may be used. In some cases, 4-
20, 4-6, 4-7, 4-8, 4-9, 4-10, 5-6, 5-7, 5-8, 5-9, 5-10, 10-15, or 10-20 wavelengths or ranges of
wavelengths may be used.

[00132] In some cases, when degeneracy is eliminated, the methods of the invention are capable
of detecting the presence or absence of at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, or more analytes in a single volume when each reagent used to generate a signal in the volume
generates only one second value (e.g., each reagent, emits light at only one wavelength).

[00133] In other cases, when degeneracy is eliminated, the methods of the invention are capable
of detecting the presence or absence of at least 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
or more analytes in a single volume using a total of four second values in that volume (e.g., a total of
four wavelengths or ranges or wavelengths, which might be implemented by using four spectrally
resolvable fluorophores).

[00134] As described throughout the specification, the assay provided herein utilizes cumulative
measurements on a sample. A cumulative measurement may be, for example, a single measurement of
intensity values, or a measurement of intensity values at one or more wavelengths or ranges of
wavelengths. A plurality of cumulative measurements may be obtained. For example, an intensity may
be measured at 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, or more
wavelengths or ranges of wavelengths. An intensity may be measured at at least 1,2, 3,4,5,6,7,8,9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, or more wavelengths or ranges of wavelengths. An
intensity may be measured at less than 1, 2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, or 50 wavelengths or ranges of wavelengths.

[00135] More generally a cumulative measurement may be obtained for any quantifiable
component of a signal, and for any quantifiable component of a signal at another quantifiable component
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of a signal. For example, at least a first component of a signal may be measured at 1, 2, 3,4, 5,6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38,39, 40, 41,42, 43, 44, 45, 46, 47, 48, 49, 50, or more second components of a signal. Atlesta
first component of a signal may be measured at atleast 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, or more second components of a signal. At least a first component of a signal
may be measured at less than 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50
second components of a signal.

[00136] As is apparent from this disclosure, each analyte to be detected can be encoded as a code
utilizing any number of suitable components of a signal or any number of signals. For example, each
analyte to be detected can be encodedin 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22, 23,24, 25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, or more components of a signal or signals. In some cases, each analyte to be detected can be
encoded in at least 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 or more
components of a signal or signals. In some cases, each analyte to be detected can be encoded in fewer
than1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 components of a signal
or signals. In some cases, 1-4, 4-20, 4-6, 4-7, 4-8, 4-9, 4-10, 5-6, 5-7, 5-8, 5-9, 5-10, 10-15, or 10-20
components of signal or signals may be used to encode each analyte. Each analyte in a coding scheme
may be encoded by the same number of components of a signal, or signals, or different numbers of

components of a signal, or signals.

A. Probes, Primers, Fluorophores, and Quenchers

[00137] Some of the methods provided in this disclosure utilize a reagent that generates a signal
in the presence of an analyte. Any suitable reagent may be used with the invention. Generally, a
reagent will have an analyte-specific component and a component that generates a signal in the presence
of the analyte. In some cases, these reagents are referred to as probes. The probes may be hybridization
probes. The hybridization probes may be an oligonucleotide probe attached to a fluorophore and a

quencher (e.g., a TAQMAN probe).
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[00138] The methods of the invention may use one or more reagents or probes to detect the
presence or absence of each analyte. For example, 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50 or more or probes may be used to detect the presence or absence of each analyte. In
some cases, at least 1,2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 probes may
be used to detect the presence or absence of each analyte. In some cases, fewer than 2, 3,4, 5,6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, , 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 probes may be used to detect the presence or
absence of each analyte. In some cases, the number of probes used to detect the presence or absence of
each analyte is 1-10, 2-9, 2-8, 2-7, 2-6, 2-5, 2-4, 1-3, or 1-4.

[00139] In some cases, a sample is contacted with 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, or more probes to detect the presence or absence of all analytes. In some cases, a
sample is contacted with at least 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 or more
probes to detect the presence or absence of all analytes. In some cases, a sample is contacted with fewer
than4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34, 35, 36,37,38,39,40,41, 42,43, 44, 45, 46, 47, 48, 49, or 50 probes to detect the presence or
absence of all analytes. In some cases, the number of probes that a sample is contacted with to detect
the presence or absence of all analytes is 4-50, 4-40, 4-30, 4-20, 5-15, 5-10, or 3-10.

[00140] As described above, oligonucleotide probes attached to a fluorophore and a quencher
may be used to detect the presence of an analyte in a polynucleotide amplification assay. So long as the
quencher and the fluorophore are in proximity, the quencher quenches the fluorescence emitted by the
fluorophore upon excitation by a light source. The sequence of the oligonucleotide probe is designed to
be complementary to a polynucleotide sequence present in an analyte, and therefore capable of
hybridizing to the polynucleotide sequence present in the analyte. Hybridization of the oligonucleotide
probe may be performed in a nucleic acid amplification reaction comprising primers (e.g., a polymerase
chain reaction). Upon extension of the primers by a DNA polymerase, the 5’ to 3’ exonuclease activity
of the polymerase degrades the probe, releasing the fluorophore and the quencher into the medium. The
proximity between the fluorophore and the quencher is broken and the signal from the fluorophore is no

longer quenched. Thus, the amount of fluorescence detected is a function of the amount of analyte

10052063 2.docx -41- WSGR Docket No. 38075-716.301

IPR2024-01177
California Institute of Technology - Ex. 2003 Page 2805



SUBSTUTITE SPECIFICATION (CLEAN VERSION) Attorney Docket No. 38075-716.301

present. If no analyte is present, the probe will not hybridize to an analyte, and the fluorophore and
quencher will remain in close proximity. Little or no signal will be produced.

[00141] Oligonucleotide probes may have one or a plurality of fluorophores and quenchers per
probe. For example, in some embodiments an oligonucleotide probe may comprise 1,2,3,4,5,6,7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 or more fluorophores. An oligonucleotide probe
may comprise at least 1,2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26,27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50
fluorophores. An oligonucleotide probe may comprise fewer than 2,3, 4,5,6,7,8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, or 50 fluorophores.

[00142] An oligonucleotide probe may comprise 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50 or more quenchers. An oligonucleotide probe may comprise at least 1,2, 3, 4, 5,
6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 quenchers. An oligonucleotide probe may
comprise fewer than 2, 3, 4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 quenchers.
[00143] Attachment of probes and quenchers to a probe may be performed in the same reaction or
in serial reactions. A series of reactions may be performed to label probes with at least one fluorophore
and the reaction products may be mixed to generate a mixture of probes with different fluorophores.
[00144] If an oligonucleotide probe comprises two or more fluorophores, these fluorophores may
be arranged to allow Forster (Fluorescence) resonance energy transfer (FRET) to occur between the
fluorophores. Briefly, FRET is a mechanism of energy transfer between fluorophores. Using FRET-
based probes allows one excitation source to generate two different fluorescence emission signals by
excitation of a single fluorophore. For example, the methods described herein may used paired probes,
where one probe in the pair is attached to a fluorophore and a quencher and a second probe is attached to
two fluorophores (in close enough proximity for FRET to occur) and a quencher. Any combination of
fluorophores and quenchers that provide for FRET may be used. Such an approach doubles the number
of fluorescent probes that may be used with an excitation source, because a single excitation source can
be used to produce two signals: one from the probe with one fluorophore and one from the probe with

two fluorophores in close enough proximity to provide for FRET. For example, using the encoding
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method described in Table 8, the number of unambiguously detectable analytes could be increased from
16 to 32 by pairing each of the probes in Table 8 with a corresponding FRET probe.

[00145] The primers may be specific for a particular analyte and capable of amplifying a region
complementary to a probe. In some cases, the number of pairs of primers used is equivalent to the
number of probes. In other cases, the number of probes used may exceed the number of primer pairs
used. In still other cases, the number of primer pairs used may exceed the number of probes used. In
some cases a sample to be analyzed is contacted with 1,2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50 or more pairs of primers. In some cases a sample to be analyzed is contacted with
atleast 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 or more pairs of primers.

>

In some cases a sample to be analyzed is contacted with fewer than 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13,
14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44,45, 46, 47, 48, 49, or 50 pairs of primers. In some cases, the number of pairs of primers is 2-
10, 3-15, 4-20, 3-10, 4-10, 5-10, 6-8, or 6-10.

[00146] The primers may amplify regions of a polynucleotide in which different numbers of
hybridization probes hybridize. For example, at least one pair of primers may amplify a region
complementary to at least 2, 3, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50
hybridization probes. In some cases, all of said pairs of primers may amplify a region complementary to
atleast2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 hybridization probes.
[00147] In one example, a first probe may be labeled with the fluorophore 5’-fluorescein amidite
(5’-FAM) and the quencher black hole quencher 1 (BHQ-1). A second probe may be labeled with 5°-
FAM in close proximity (e.g., attached to) to cyanine 5.5 (Cy5.5) and the quencher black hole quencher
3 (BHQ-3). Upon digestion of the probe, via the nuclease activity of the polymerase, two fluorescent
signals are generated from a single excitation wavelength (e.g., 470 nm). The fluorophore from the first
probe will fluoresce at about 520 nm. The fluorophores on the second probe undergo FRET. The donor
fluorophore, FAM is excited by the excitation light source (e.g., 470 nm) and transfers its energy to the
acceptor fluorophore, Cy5.5. The acceptor fluorophore emits at about 705 nm. These fluorophores and

quenchers are merely exemplary. Any fluorophores that can undergo FRET and any quenchers that can
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quench fluorescence are suitable for use with the invention. Methods for producing FRET-based probes
are described in Jothikumar et al., BioTechniques, 2009, 46(7):519-524.

[00148] In some examples, a single hybridization probe may be used for each analyte. In order to
utilize multi-color encoding (e.g., as shown in Table 3), each probe may be labeled with a plurality of
fluorophores at pre-determined ratios. The ratio may be determined so that a positive control signal
provides the same intensity as other positive control signals of the same intensity, in the same color.
This approach reduces the number of probes that must be synthesized and may be less expensive to
deploy than methods utilizing multiple probes. Moreover, in the case of hybridization probes, it is easier
to fit one hybridization probe to an analyte sequence than multiple probes.

[00149] Although many aspects of the invention are exemplified using nucleic acid-based probes,
one of ordinary skill in the art will readily recognize that other forms of probes would work equally well
with the invention described in this disclosure. For example, a binding molecule specific to an analyte
could be used as a probe. Non-limiting exemplary binding molecules include an antibody recognizing
an analyte, and generating a signal in the presence of an analyte.

[00150] In embodiments of the invention that utilize fluorescent labels, any suitable fluorescent
label may be used. Exemplary fluorescent labels suitable for use with the invention include thodamine,
rhodol, fluorescein, thiofluorescein, aminotluorescein, carboxyfluorescein, chlorofiuorescein,
methyifluorescein, sulfofluorescein, aminorhodol, carboxyrhodol, chlororhodol, methylrhodol,
suiforhodol; aminorhodamine, carboxyrhodamine, chlororhodamine, methyirhodamine, sulforhodamine,
and thiorhodaruine, cyanine, indocarbocyanine, oxacarbocyanine, thiacarbocyanine, merocyanine,
cyanine 2, cyanine 3, cyanine 3.5, cyanine S, cyanine 5.5, cyaning 7, oxadiazole derivatives,
pyridyloxazole, nitrobenzoxadiazole, benzoxadiazole, pyrene derivatives, cascade blue, oxazine
derivatives, Nile red, Nile blue, cresyl violet, oxazine 170, acridine derivatives, proflavin, acridine
orange, acridine yellow, arylmethine derivatives, auramine, crystal violet, malachite green, tetrapyrrole
derivatives, porphin, phtalocyanine, and bilirubin. Exemplary quenchers include black hole quenchers,
such as BHQ-0, BHQ-1, BHQ-2, BHQ-3; ATTO quenchers, such as ATTO 540Q, ATTO580Q, and
ATTO612Q; and the like.

[00151] The fluorophores that may be used with the invention are not limited to any of the
fluorophores described herein. For example, fluorophores with improved properties are continually
developed, and these fluorophores could readily be used with the methods provided in this disclosure.
Such improved fluorophores include quantum dots, which may emit energy at different wavelengths

after being excited at a single wavelength. The advantage of using such fluorophores is that only a
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single excitation source is needed, but many different signals may be quantified, for example in terms of
color and intensity. Moreover, fluorophores with narrow emission spectra would be particularly useful
with the method described herein, as such fluorophores could be included in multiplex assays with
minimal or no overlap between their emission spectra, thereby offering many more “colors” and
boosting significantly the overall number of coded analytes.

[00152] In some cases, one or more reagents are lyophilized. Any suitable reagent may be
lyophilized. For example, probes, primers, enzymes, antibodies, or any other reagent used for detection
may be lyophilized. In some cases, a sample comprising an analyte may also be lyophilized.
Lyophilization may be useful, for example, when distributing reagents and/or samples in developing
regions where access to cold storage is expensive, not readily available, or not reliably available. In one
example, lyophilized reagents comprise any probe or analyte-specific reagent described in this
disclosure or otherwise suitable for use with the invention. In another example, lyophilized reagents
comprise PCR primers. In yet another example, lyophilized reagents comprise reagents suitable for

performing a PCR reaction.

V. Analytical Techniques and Instrumentation

[00153] The methods provided herein are suitable for use with a variety of detection methods.
For example, the methods may be applied using an analytical technique that measures the wavelength
and intensity of a fluorescent signal. This may be accomplished by measuring the intensity of a signal
across a spectrum of wavelengths, or by using band pass filters that restrict the passage of certain
wavelengths of light, thereby allowing only light of certain wavelengths to reach a photodetector. Many
real-time PCR and quantitative PCR instruments comprise an excitation light source and band pass
filters that enable the detection of fluorescent signals in four colors (e.g., blue, green, yellow, and red).
Therefore, the methods of the invention can be readily applied using instruments widely used in the art.
Importantly, the methods and compositions provided herein may be used to detect multiple analytes by
obtaining a cumulative measurement on a single solution. No separation is necessary. The invention
does not require the use of beads or a solid phase. Of course, one of ordinary skill in the art would
understand that the invention could be used with separation, beads, or a solid phase, if desired.

[00154] Fig. § shows two examples of instrumental configurations that may be used to obtain
cumulative measurements useful for the methods of the invention. With reference to Fig. 5, an
instrument with a detector configured to detect both wavelength and intensity (e.g., a fluorometer) is

shown in 501. With reference to 501, at least one excitation light source 502 is directed into a chamber
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503 containing analytes and reagents that generate a signal in the presence of the analytes 504. As
described elsewhere, the analyte may be a nucleic acid and the reagents generating the signal may be
hybridization probes comprising a fluorophore and a quencher. If the analyte is present, an emission
signal 505 is generated. In the configuration shown in 501, the wavelength and intensity of this
emission signal are measured across a spectrum by a detector capable of generating a fluorescence
emission spectrum 506.

[00155] The wavelength and intensity may also be determined using a combination of a
photodetector and band pass filters. This configuration is used in several thermal cyclers known in the
art. With reference to Fig. 5, an instrument with band pass filters and a photodetector is depicted in 507.
With reference to 507, at least one excitation light source 508 is directed into a chamber 509 containing
analytes and reagents that generate a signal in the presence of the analytes 510. As described elsewhere,
the analyte may be a nucleic acid and the reagents generating the signal may be hybridization probes
comprising a fluorophore and a quencher. If the analyte is present, an emission signal 511 is generated.
In the configuration shown in 507, band pass filters 512, 513, and 514 are used to restrict the passage of
light to light within certain ranges of wavelengths. For example band pass filter 512 may restrict the
passage of light to light within wavelength range 1. Band pass filter S13 may restrict the passage of
light to light within wavelength range 2. Band pass filter 514 may restrict the passage of light to light
within wavelength range 3. Any number of band pass filters (e.g., 1,2, 3,4, 5,6,7,8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or more) may be used with the invention.
In addition, the positions of the band pass filters in 507 are not meant to be limiting. In some cases,
emitted light may be passed through more than one band pass filter at any time. In other cases, the band
pass filters may be configured so that all emitted light passes through only one band pass filter at a time.
After passage through a band pass filter, filtered light 515, 516, and 517 is detected by a photodetector.
For example, filtered light 515 may be light within wavelength range 1, filtered light 516 may be light
within wavelength range 2, and filtered light 517 may be light within wavelength range 3. The intensity
of each of the filtered lights 515, 516, and 517 may then be quantified by a photodetector 518.

[00156] The methods described in this disclosure are compatible with a variety of amplification
methods, including quantitative PCR (qPCR) methods, end point PCR methods, reverse transcriptase
PCR, and digital PCR methods. Digital PCR methods (e.g., DROPLET DIGITAL (BIORAD) and
DYNAMIC ARRAY (FLUIDIGM)) produce highly sensitive quantification of polynucleotide copy
numbers. The methods provided herein can be easily integrated into these systems to significantly

expand their throughput by allowing multiplexing in a droplet or a dynamic array.
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[00157] Similarly, the methods described in this disclosure may be applied in a real-time PCR
assay. For example, real-time data may be fully recorded as the PCR runs to completion. The end-point
values may then be decoded to indicate the presence or absence of analytes. The individual cycle
thresholds (Ct) values may be analyzed for each color by detecting the maxima of the second derivative
of the real-time curve in that color. As a particular analyte is amplified, fluorophores are released from
its corresponding probes in the same ratios as the color multiplicities in the coding of that sequence.
Hence, e.g. a code of 1100 will have the same Ct in blue and green, while a code of 1400 will have its
green Ct precede its blue Ct by 2 cycles. This additional data enables determination of the identity and
starting quantity of each analyte.

[00158] The methods described herein may also be used directly on a tissue sample. For
example, a tissue sample may be obtained and photolithographic methods may be used to build wells
directly onto the tissue sample. The tissue sample may be fixed prior to building the wells. The tissue
sample may then be analyzed by dispensing appropriate reagents into the wells in the tissue sample. The
encoding and decoding methods described in this disclosure may be used for the multiplexed detection
of analytes within the wells etched into the tissue. Each well may correspond to a single cell or a few
cells, providing excellent spatial resolution when analyzing different portions of a tissue for an analyte.
This method may be used to detect analytes in different areas of the same tissue.

[00159] In some cases, instruments may be modified or constructed, for example, to provide
additional excitation light sources, at multiple wavelength, and/or to provide additional band pass filters
or a capability of determining a complete spectrum. Including additional excitation sources would allow
for the excitation of a larger variety of fluorophores. Including additional band pass filters, or modifying
or constructing an instrument capable of determining an entire spectrum allows detection of a wider
variety of emissions from fluorophores. These techniques can be used to increase the number of
fluorophores that can be used with the methods described in this disclosure and, accordingly, to increase
the number of analytes that be simultaneously detected.

[00160] In some cases, the methods described in this disclosure utilize end-point PCR methods.
However, in some cases a result may be obtained before the end-point. This may be advantageous
when, for example, results are needed as soon as possible. For example, in one case calibration
experiments are performed in which different starting concentrations of an analyte are analyzed to
determine the cycle number at which the signal becomes saturated, as a function of the starting amount
of the analyte. Using this data, a computer monitoring a PCR reaction in real-time can be programmed
to search for saturation up to the maximal cycle number according to the limit of detection (LOD) of the
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particular system. If there is no amplification of an analyte (e.g., other than a positive control, if
present), by the maximal cycle number, the result for that analyte is negative. If there is amplification of
the analyte by the maximal cycle number, the result for that analyte is positive and the saturation
intensity in each color may be used to decode the result using the coding scheme. In both cases, there
would be no need to run the PCR reaction beyond the number of cycles set by the LOD for that
instrument. Although PCR has been used to illustrate this quantitative method, one of ordinary skill in
the art will readily recognize that similar principles could be applied in any catalytic system where the
starting amount of an analyte limits the rate of reaction, and the rate of reaction can be measured and

reported by an evolution in a signal intensity over time.

VI. Compositions and Kits

[00161] This disclosure also provides compositions and kits for use with the methods described
herein. The compositions may comprise any component, reaction mixture and/or intermediate described
herein, as well as any combination. For example, the disclosure provides detection reagents for use with
the methods provided herein. Any suitable detection reagents may be provided, including hybridization
probes labeled with a fluorophore and a quencher and primers, as described elsewhere in the
specification.

[00162] In some cases, compositions comprise reagents for the detection of at least seven analytes
using four fluorophores. In some cases, compositions comprise reagents for the detection of at least 5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 analytes using four fluorophores. In some
cases, compositions comprise reagents for the detection of at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, or 50 analytes using five fluorophores. In some cases, compositions comprise
reagents for the detection of at least 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 analytes
using six fluorophores. In some cases, compositions comprise reagents for the detection of at least 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 analytes using seven fluorophores.

[00163] In some cases the compositions comprise primers. The compositions may comprise at
least 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 pairs of primers.
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[00164] The invention also provides kits for carrying out the methods of the invention.
Accordingly, a variety of kits are provided in suitable packaging. The kits may be used for any one or
more of the uses described herein, and, accordingly, may contain instructions for detecting the presence
or absence of each analyte of a plurality of analytes. A kit may comprise a coding scheme, or a
decoding matrix, to assist the user in converting a cumulative measurement to a result indicating the
presence or absence of each of a plurality of analytes. A kit may be a diagnostic kit, for example, a
diagnostic kit suitable for the detection of any analyte, including the analytes recited herein. A kit may
contain any of the compositions provided in this disclosure, including those recited above.

[00165] Fig. 6 shows schematics of exemplary kits of the invention. With reference to Fig. 6, a
kit comprising a kit body 601 is shown that contains reagents for the detection of analytes (e.g,,
polynucleotide probes comprising a fluorophore and a quencher) 602 and primers for the amplification
of a nucleic acid 603. The kit may also contain any other reagents, such as reagents suitable for
performing an amplification reaction 604. In the embodiment depicted in 601, the reagents for the
detection of analytes and the primers are each contained in a single volume (e.g., tube or a bottle).
However, these reagents may also be provided in separate volumes, as depicted the kit body shown in
605. The kit body 605 contains seven separate volumes. Three volumes (606, 607, and 608) contain
reagents for the detection of analytes (or mixtures of such reagents) and three volumes (609, 610, and
611) contain primers (or mixtures of primers). The kit may also contain reagents suitable for performing
an amplification reaction 604.

[00166] Fig. 6 is provided for illustrative purposes only. Any number of reagents for the
detection of analytes (e.g., probes) and any number of primers may be included in a single tube or bottle,
as appropriate for the application. For example, in some embodiments, 1, 2, 3,4, 5,6, 7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40,41, 42,43, 44,45, 46, 47, 48, 49, 50 or more reagents for the detection of analytes may be included
in a single bottle. In other cases, 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50
or more primers for amplification may be included in a single bottle or tube. In some cases, primers and
probes may be provided in the same bottle or tube. For example, 1, 2,3,4,5,6,7, 8,9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44, 45, 46, 47, 48, 49, 50 or more probes may be provided per pair of primers. In other cases, 1,
2,3,4,5,6,7.8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 or more primers may be provided
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per pair of probes. The kits may contain 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22,23, 24,25, 26,27, 28,29, 30,31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50 or more bottles or tubes. Control analytes, and their associated detection reagents and primers,
may also be included in the kit. These may be included in a separate bottle or tube or, for example,
included within the bottle or tube providing reagents for an amplification reaction 604. As described

elsewhere in the specification, any reagent in the kits may be lyophilized.

VII. Systems and Software

[00167] The methods of this disclosure may also be performed as part of a system. For example,
one or more steps of the methods described herein may be performed by software contained on a
computer readable medium. The software may be used to encode analytes, check for degeneracy,
reduce or eliminate degeneracy, and/or produce a decoding matrix. The software may also be used to
convert cumulative measurements made on an instrument (e.g., a PCR machine) into information
concerning the presence or absence of an analyte. For example, with reference to Fig. 4, a computer 401
may be connected to an input device 403, a display 402, and a printer 404. The computer may execute
one or more of the steps of any of the methods described in this disclosure, including, for example,
encoding methods 410, analysis methods 420, and decoding methods 430. A computer may reduce or
eliminate degeneracy, for example as part of the encoding methods 410. Similarly, a computer may
generate a coding schme that is non-degenerate by design using, for example, mathematical iteration. A
computer may also be connected to a network 405. The network may be a local network and/or the
Internet. The network may be used to perform the methods of the invention on multiple computers in
different locations. For example, one computer may perform the encoding, another computer may
perform the measuring, and yet another computer may perform the decoding. A computer may perform
any or all of these methods. The network may be used to transmit information obtained using the
methods described in this disclosure throughout the world, for example across a border.

[00168] In one example, the software is embedded in the instrument making the measurement,
such as a thermal cycler. In another example, the software is installed on a computer attached to the
instrument making the measurement, such as a computer attached to a thermal cycler. In another
example, the software is in the “cloud” -- i.e., on a computer that another computer may communicate
with through a network.

[00169] Each of the elements described above may be connected to a controller that

communicates with each of the elements and coordinates their actions. For example, a controller may
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initiate the encoding of a series of analytes into values of color and intensity. As described throughout
this disclosure, the controller can execute software to reduce or eliminate degeneracy by removing one
or more potential analyte codes from the encoding matrix. The controller may then automatically order
probes corresponding to this code from a manufacturer of probes. Alternatively, the controller may
operate an oligonucleotide synthesis instrument that can synthesize the appropriate probes. After
analysis of the sample on the instrument (which may also be automated), the controller may process the
results of the analysis using the decoding matrix. The controller may then provide these results to a

user.

VIII. Services

[00170] The methods provided herein may also be performed as a service. For example, a service
provider may obtain the identity of a plurality of analytes that a customer wishes to analyze. The service
provider may then encode each analyte to be detected by any of the methods described herein and
provide appropriate reagents to the customer for the assay. The customer may perform the assay and
provide the results to the service provider for decoding. The service provider may then provide the
decoded results to the customer. The customer may also encode analytes, generate probes, and/or
decode results by interacting with software installed locally (at the customer’s location) or remotely
(e.g., on a server reachable through a network). Exemplary customers include clinical laboratories,
physicians, manufacturers of food and consumer products, industrial manufacturers (e.g., petroleum
companies) and the like. A customer or party may be any suitable customer or party with a need or

desire to use the methods, systems, compositions, and kits of the invention.

EXAMPLES

Example 1: General Materials & Methods

1. General Reagents

[00171] TE Buffer, pH7 (LIFE TECHNOLOGIES, Carlsbad, CA); UltraPure RNAse-free Water
(LIFE TECHNOLOGIES, Carlsbad, CA); Taq 5x Master Mix (FISHER SCIENTIFIC COMPANY,
Tustin, CA).

2. DNA Sequences, Primers, and Probes
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[00172] Five nucleic acids from organisms of clinical relevance were chosen for the exemplary
study: (1) human immunodeficiency virus 1 (HIV-1); (2) Plasmodium falciparum (Malaria); (3) herpes
simplex virus-2 (HSV-2); (4) Mycobacterium tuberculosis (TB); (5) and dengue virus type 3 (dengue
fever).

[00173] Two regions of diagnostic relevance from the HIV-1 genome, p17 and poly-protease,
were selected from the Los Alamos National Laboratory HIV-1 reference sequence. A diagnostic
sequence from the Plasmodium falciparum ChR7 gene was obtained from the UCSC Plasmodium
falciparum Genome Browser. A sequence for Herpes Simplex Virus-2 was synthesized from the
sequence obtained from the European Molecular Biology Library. Similarly a diagnostic sequence for
the rpoB gene in Mycobacterium tuberculosis was synthesized from a sequence obtained from the
European Molecular Biology Library. A PCR diagnostic sequence for Dengue Virus Type 3 was
obtained from the National Institute of Health genetic sequence database.

[00174] Oligonucleotides were synthesized by INTEGRATED DNA TECHNOLOGIES (IDT).
Probes and primer pairs were chosen for each analyte using OLIGOANALYZER, from IDT. Sense
probes containing a fluorophore at the 5’ end and a quencher at the 3° end were synthesized for all
analytes. All oligonucleotides were lyophilized and reconstituted in TE buffer before use. Tables 9 - 14

show sequence information, target sequence, primers, and probes for each of the six analytes.

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 (3° to | GGAAGCTCTATTAGATACAGGAGCAGATGATACAGTATTAGAAGAAATGA
5%) GTTTGCCAGGAAGATGGAAACCAAAAATGATAGGGGGAATTGGAGGTTTT

ATCAAAGTAAGACAGTATGATCAGATACTCATAGAAATCTGTGGACATAA
AGCTATAGGTACAGTATTAGTAGGACCTACACCTGTCAACATAATTGG
(SEQID 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’ t0 5°) /56-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
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Source HIV-1 Reference Sequence, Los Alamos National Laboratory
Target sequence (3° to | CAGCTACAACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATA
5%) TAATACAGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAG

ACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAG
AAAAAAGCACAGCAAGCAGCAGCTGACACAGGACACAGCAATCAGGTCA
(SEQ ID NO: 5)

Forward Primer (3° to | CAGCTACAACCATCCCTTCAGACA (SEQ ID NO: 6)

57)

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

57)

Probe 1 (3°t05") /56-FAM/AGCAACCCTCTATTGTGTGCATCAAAGG/3BHQ 1 (SEQ ID NO: 8)
Probe 2 (3’ to 57) /5Cy3/AAAGCACAGCAAGCAGCAGCTGA/3BHQ 2/ (SEQ ID NO: 9)

Table 11. Plasmodium ChR7 sequence information.

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

Source UCSC Plasmodium falciparum Genome Browser Gateway

Target sequence (3° to | GCCTAACATGGCTATGACGGGTAACGGGGAATTAGAGTTCGATTCCGGAG
5%) AGGGAGCCTGAGAAATAGCTACCACATCTAAGGAAGGCAGCAGGCGCGTA

AATTACCCAATTCTAAAGAAGAGAGGTAGTGACAAGAAATAACAATGCAA
GGCCAATTTAAAACCTTCCCAGAGTAACAATTGGAGGGCAAGTCTGGTG
(SEQ ID NO: 10)

Forward Primer (3° to | GCCTAACATGGCTATGACGGGTAA (SEQ ID NO: 11)
5%)

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

5%)
Probe 1 (3’ to 5°) /56-FAM/ATTCCGGAGAGGGAGCCTGAGAAATA/3BHQ 1/ (SEQ ID NO: 13)
Probe 2 (3’ t0o 5°) /56-ROXN/AAGGAAGGCAGCAGGCGCGTAAATTA/3BHQ 2/ (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 (3° to | TCAGCCCATCCTCCTTCGGCAGTATGGAGGGTGTCGCGGCGGCGAGCCGC
5%) CGTCCCCAAAGACGTGCGGGTCGTACACGTACACGTACCAGGGCGGCGGG
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CCTCCGACCCGGTACGCTCTCGTAAATGCTTCCCTGCTGGTGCCGATCTG
GGACCGCGCCGCGGAGACATTCGAGTACCAGATCGAACTCGG (SEQ ID
NO: 15)

Forward Primer (3” to 5°)

TCAGCCCATCCTCCTTCGGCAGTAT (SEQ ID NO: 16)

Reverse Primer (37 to 57)

CCGAGTTCGATCTGGTACTCGAATGT (SEQ ID NO: 17)

Probe 1 (37 t0 5)

/56-FAM/AAAGACGTGCGGGTCGTACACGTACA/3BHQ 1/ (SEQ ID NO: 18)

Probe 2 (37 t0 57)

/5CyS/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

EMBL Bank GQ395623

Target sequence (3 to
)

GAGTGCAAAGACAAGGACATGACGTACGCGGCCCCGCTGTTCGTCACGGC
CGAGTTCATCAACAACAACACCGGCGAGATCAAGAGCCAGACGGTGTTCA
TGGGTGACTTCCCGATGATGACCGAGAAGGGCACCTTCATCATCAACGGC
ACCGAGCGCGTCGTGGTCAGCCAGCTGGTCCGCTCGCCCGGTGTGTACTT
(SEQ ID NO: 20)

Forward Primer (3” to 5°)

GAGTGCAAAGACAAGGACATGACG (SEQ ID NO: 21)

Reverse Primer (37 to 57)

AAGTACACACCGGGCGAGC (SEQ ID NO: 22)

Probe 1 (37 t0 5)

/56-FAM/CGCTGTTCGTCACGGCCGAGTTCAT/3BHQ_1/ (SEQ ID NO: 23)

Probe 2 (37 to 57)

/5Cy3/AGATCAAGAGCCAGACGGTGTTCATG/3BHQ 2/ (SEQ ID NO: 24)

Probe 3 (37 to 57)

/5Cy5/AAGGGCACCTTCATCATCAACGGCA/3IABRQSp/(SEQ ID NO: 25)

Table 14. Dengue virus type 3 sequence information.

Sequence Name

Dengue Virus Type 3 200mer synthesized from Dengue Virus Type 3 genome

Source

GenBank M93130

Target sequence (37 to
5%)

ATGCCAACTGTGATTGAGCACTTAGAAAGACTACAAAGGAAACATGGAGG
AATGCTTGTGAGAAATCCACTCTCACGAAACTCCACGCACGAAATGTATT
GGATATCCAATGGTACAGGCAACATCGTCTCATTCACAATGACACACAGG
AGACCCACCATAGAGAAAGATGTGGATTTAGGAGCAGGAACCCGACATGT
(SEQ ID NO: 26)

Forward Primer (3° to
57)

ATGCCAACTGTGATTGAGCACT (SEQ ID NO: 27)

Reverse Primer (37 to 57)

ACATGTCGGGTTCCTGCTCCTAAA (SEQ ID NO: 28)
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Probe 1 (3 0 5°) /56-FAM/ACAAAGGAAACATGGAGGAATGCTTGTGA/3BHQ 1/ (SEQ ID NO:
29)

Probe 2 (3" 10 5)) /5Cy3/ACTCTCACGAAACTCCACGCACGAAA/3BHQ 2/ (SEQ ID NO: 30)

Probe 3 (3 t0 5°) /56-ROXN/ACAATGACACACAGGAGACCCACCAT/3BHQ 2/ (SEQ ID NO:
31)

Probe 4 (3710 5)) /5Cy5/GGATATCCAATGGTACAGGCAACATCGT/3IAbRQSp/ (SEQ ID NO: 32)

3. Polymerase Chain Reactions

[00175] 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 quintuplicate, with a reaction volume of 15 pL.
Fluorescence measurements were obtained in the following channels after 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.

Example 2: Simultaneous Detection of Polynucleotide Markers from Pathogens Based on an
Encoding Method Using More Than One Color Per Analyte

[00176] This example describes the simultaneous detection of up to four polynucleotides selected
from HIV (2 polynucleotides), HSV-2, Mycobacterium, Plasmodium, and dengue virus. Fourteen PCR

reactions were assembled, using the reagents described in Table 15.

Table 15. Reagents for 14 PCR reactions.

Reaction | Type of Reagent Concentration | Volume
No. Reagent
UltraPure Water - 34 pL
Taq 5x Master Mix - 42 pL
1 Template | Poly Protease Template 17 nM 2 uL
A Poly Protease FWD Primer 1 nM 2 uL
Primers -
Protease RVS Primer 1 nM 2 ul
Probe | Poly Protease Probe 1 1 nM 2 pL
2 UltraPure Water - 28 uL
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Taq 5x Master Mix - 42 ulL

Malaria Template 15 1M 2 uL

Herpes Template 17 ;M 2 pL

Templates |5 remolate 16 nM 2 uL

Dengue Virus Template 17 nM 2 ul

Primers Poly Protease FWD Primer 1 nM 2 uL

Protease RVS Primer 1 nM 2 ul

Probe | Poly Protease Probe 1 1 nM 2 pL

UltraPure Water - 32 uL

Taq 5x Master Mix - 42 uL

Template | Malaria Template 15 nM 2 uL

Primers Malaria FWD Primer 1 uM 2 ul

Malaria RVS Primer 1 uM 2 ul

Malaria Probe 1 1 uM 2 ul

Probes Malaria Probe 2 1 uM 2 uL

UltraPure Water - 26 pL

Taq 5x Master Mix - 42 pL

Poly Protease Template 17 nM 2 ul

Herpes Template 17 ;M 2 uL

Templates TBrPfemplatg 16 nM 2 LlL

Dengue Virus Template 17 nM 2 uL

Primers Malaria FWD Primer 1 uM 2 ul

Malaria RVS Primer 1 pM 2 ulL

Malaria Probe 1 1 uyM 2 ulL

Probes I3\ laria Probe 2 1 uM 2 uL

UltraPure Water - 32 uL

Taq 5x Master Mix - 42 ulL

Template | Herpes Template 17 nM 2 uL

. Herpes FWD Primer 1 uM 2 ul

Primers Herpes RVS Primer 1 uM 2 ulL

Herpes Probe 1 1 pM 2 uL

Probes Herpes Probe 2 1 uM 2 uL

UltraPure Water - 26 pL

Taq 5x Master Mix - 42 pL

Poly Protease Template 17 nM 2 ul

Templates Malaria Template 15 nM 2 uL

TB Template 16 nM 2 ul

Dengue Virus Template 17 nM 2 ulL

’ Herpes FWD Primer 1 uM 2 ul

Primers I H mes RVS Primer 1 uM 2ul

Herpes Probe 1 1 uyM 2 ulL

Probes Herpes Probe 2 1 uM 2 uL

UltraPure Water - 30 uL

Taq 5x Master Mix - 42 uL

Template | TB Template 16 nM 2 uL

Primers | TB FWD Primer 1 uM 2 ul
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TB RVS Primer 1 uM 2 uL
TB Probe 1 1 uM 2 ul
Probes | TB Probe 2 1 M 2 uL
TB Probe 3 1 uM 2 uL
UltraPure Water - 30 uL
Taq 5x Master Mix - 42 pL
Poly Protease Template 17 nM 2 ul
Templates Malaria Template 15 1M 2 uL
Herpes Template 17 nM 2 ulL
8 Dengue Virus Template 17 nM 2 ul
Primers TB FWD Pﬁmer 1 uM 2 uL
TB RVS Primer 1 uM 2 uL
TB Probe 1 1 uM 2 uL
Probes | TB Probe 2 1 uM 2 pL
TB Probe 3 1 uM 2 ul
UltraPure Water - 28 uL
Taq 5x Master Mix - 42 pL
Template | Dengue Virus Template 17 nM 2 pL
Primers Dengue V?rus FWD P?imer 1 uM 2 uL
9 Dengue Virus RVS Primer 1 uM 2 uL
Dengue Virus Probe 1 1 uM 2 uL
Dengue Virus Probe 2 1 uM 2 ul
Probes Dengue Virus Probe 3 1 uM 2 ulL
Dengue Virus Probe 4 1 uyM 2 ulL
UltraPure Water - 22 uL
Taq 5x Master Mix - 42 uL
Poly Protease Template 17 nM 2 ul
Templates Malaria Template 15 nM 2 ulL
Herpes Template 17 nM 2 uL
10 TB Template 16 nM 2 ulL
Primers Dengue Virus FWD Primer 1 pM 2 uL
Dengue Virus RVS Primer 1 uM 2 uL
Dengue Virus Probe 1 1 pM 2 uL
| Dengue Virus Probe 2 1 uM 2 uL
Probes Dengue Virus Probe 3 1 pM 2 pL
Dengue Virus Probe 4 1 uM 2 uL
Taq 5x Master Mix - 42 uL
Poly Protease Template 17 nM 2 ulL
Templates Malaria Template 15 nM 2 ulL
Herpes Template 17 nM 2 ul
11 Dengue Virus Template 17 nM 2 ulL
Poly Protease FWD Primer 1 uM 2 ul
Poly Protease RVS Primer 1 uM 2 uL
Primers | Malaria FWD Primer 1 uM 2 pL
Malaria RVS Primer 1 uM 2 ulL
Herpes FWD Primer 1 pM 2 pL
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Herpes RVS Primer 1 uM 2 ul

Dengue Virus FWD Primer 1 uM 2 uL

Dengue Virus RVS Primer 1 uM 2 ul

Poly Protease Probe 1 1 uM 2 ulL

Malaria Probe 1 1 uM 2 ulL

Malaria Probe 2 1 uM 2 uL

Herpes Probe 1 1 uyM 2 ulL

Probes | Herpes Probe 2 1 uM 2 ul

Dengue Virus Probe 1 1 uyM 2 ulL

Dengue Virus Probe 2 1 uM 2 ul

Dengue Virus Probe 3 1 uyM 2 ulL

Dengue Virus Probe 4 1 uM 2 ul

UltraPure Water - 2 ulL

Taq 5x Master Mix - 42 ulL

Poly Protease Template 17 nM 2 ulL

Templates Malaria Template 15 nM 2 uL

Herpes Template 17 nM 2 uL

TB Template 16 nM 2 ul

Poly Protease FWD Primer 1 uM 2 uL

Poly Protease FWD Primer 1 pM 2 uL

Malaria FWD Primer 1 pM 2 ulL

Primers Malaria RVS Pr?mer 1 uM 2 ul

12 Herpes FWD Primer 1 uM 2 uL

Herpes RVS Primer 1 uM 2 ul

TB FWD Primer 1 uM 2 uL

TB RVS Primer 1 uM 2 uL

Poly Protease Probe 1 1 uM 2 ul

Malaria Probe 1 1 uM 2 ul

Malaria Probe 2 1 uM 2 ul

Herpes Probe 1 1 uM 2 ulL

Probes Herpes Probe 2 1 pM 2 uL

TB Probe 1 1 uM 2 ulL

TB Probe 2 1 uM 2l

TB Probe 3 1 uM 2 uL

UltraPure Water - 12 uL

Taq 5x Master Mix - 42 pL

Poly Protease Template 17 nM 2 ulL

Templates | Herpes Template 17 nM 2 ulL

TB Template 16 nM 2 ul

13 Poly Protease FWD Primer 1 uM 2 ul

Poly Protease FWD Primer 1 uyM 2 ulL

_ Herpes FWD Primer 1 uM 2 ul

Primers Herpes RVS Primer 1 uM 2 ulL

TB FWD Primer 1 uM 2 ul

TB RVS Primer 1 uM 2 uL

Probes | Poly Protease Probe 1 1 uM 2 ul
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Herpes Probe 1 1 uM 2 ul
Herpes Probe 2 1 uM 2 uL
TB Probe 1 1 uM 2 ul
TB Probe 2 1 uM 2 uL
TB Probe 3 1 uM 2 uL
UltraPure Water - 10 uL
Taq 5x Master Mix - 42 uL
Poly Protease Template 17 nM 2 ulL
Templates | Malaria Template 15 nM 2 uL
Dengue Virus Template 17 nM 2 ul
Poly Protease FWD Primer 1 uyM 2 ulL
Poly Protease FWD Primer 1 uM 2 ul
Primers Malaﬁa FWD P?imer 1 uM 2 ul
14 Malaria RYS Primer . 1 uM 2 ul
Dengue Virus FWD Primer 1 uM 2 ul
Dengue Virus RVS Primer 1 pM 2 uL
Poly Protease Probe 1 1 uM 2 uL
Malaria Probe 1 1 uM 2 ul
Malaria Probe 2 1 uM 2 uL
Probes | Dengue Virus Probe 1 1 uM 2 uL
Dengue Virus Probe 2 1 uM 2 uL
Dengue Virus Probe 3 1 pM 2 pL
Dengue Virus Probe 4 1 uM 2 uL
[00177] Referring to Table 15, reactions 1, 3, 5, 7, and 9 (containing HIV polyprotease,

Plasmodium, HSV, Mycobacterium, and dengue analytes, respectively) were positive controls that
provided baseline fluorescence intensity for each polynucleotide analytes alone, in the absence of other
analytes. The change in fluorescence intensity in each color was used to provide the expected
cumulative intensity level for each color in the chromatogram (Fig. 3), as described more fully below.
Reactions 2, 4, 6, 8, and 10 were negative controls used to determine the extent of non-specific
amplification. In these reactions, the primers provided were not specific for the analytes provided.
[00178] Experiments 11, 12, 13, and 14 were multiplex detection experiments. Encoding was
performed as indicated in Table 16. The measured fluorescence intensity for each assay, in each color,

was plotted as black circles in the chromatogram of Fig. 3.

Table 16. Coding scheme for detection of pathogens.

FAM | Cy3 | ROX | Cy5
HIV poly-protease 1 0 0 0
HIV p17 1 1 0 0
Plasmodium 1 0 1 0
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HSV 1 0 0 1
Mpycobacterium 1 1 0 1
Dengue Virus 1 1 1 1
[00179] To construct the chromatogram, the signals of the positive controls (reactions 1, 3, 5, 7,

and 9) were used to assemble every possible combination of present sequences, in each color. The
cumulative signals were plotted in a diagram, called a “chromatogram” (Fig. 3). Cumulative signals
corresponding to all possible combinations of the same rank in the same color were organized into their
own “band.” Doing this for all four colors produced a level and band structure, against which the
experimental results of each combination (reactions 11, 12, 13, and 14) could be evaluated. Fig. 3
shows three replicates of a chromatogram constructed using the positive control samples, with
experimental results 4112, 3121, and 3102 superimposed on the chromatogram. The experimental
results are indicated by black dots.

[00180] The intensity value for each color in reactions 11-14 was measure in arbitrary
fluorescence units (AFU), plotted on the chromatogram, and then assigned to a band based on two
criteria. First, if an experimental result was within a band, then the result was assigned to the
multiplicity of the band (e.g., the Cy3 value of 1 in the left-most chromatogram of Fig. 3). Second, if an
experimental result was between two bands, a two-step analysis was employed. If the experimental
result was between two legitimate results, the experimental result was assigned to the closest band.

(e.g., the Cy5 value of 2 in the right-most chromatogram of Fig. 3). If the experimental result was
between a legitimate result and an illegitimate result, the result was assigned to the band with the
legitimate result (e.g., the FAM value of 3 in the middle chromatogram of Fig. 3). Fig. 8 schematically
shows a legitimate result of 4112 (top) indicating the presence of HIV polyprotease, Plasmodium, herpes
simplex, and Mycobacterium; and an illegitimate result of 4110 (bottom), which cannot be decoded and
indicates a malfunction in the assay.

[00181] Using these criteria, the output of Experiment 12 was designated 4112, which was the
correct answer. The output of Experiment 14 could have been designated as 2121 or 3121, but 2121 is
illegitimate, so the result must be 3121, which is the correct answer. The output of Experiment 13 could
be designated as 3102 or 3101, both of which are legitimate, but the result is clearly closer to 2 than 1 in
the Cy5 channel, so 3102, the correct answer, was designated as the result. These results provide
experimental validation of the methods of the provided herein.

[00182] The results indicate a trend of slightly lower combined signal than what would be
expected from a simple summation of positive-control signals. This may be because the combination of
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signals is not perfectly linear. This may be a result of additional effects for which the chromatogram
construction does not account for at present. These effects may be related to the absolute concentration
of quenchers. The higher the absolute concentration of quenchers, the larger the percentage of reaction
volume they quench, so that the same percentage of released fluorophores fails to contribute as much as
expected to the cumulative signal. One solution to this problem is to use low concentrations of probes,
so that the percentile loss in signal is negligible, regardless of how much quencher is released.

[00183] Fig. 3 shows that each rank containing multiple combinations has a relatively wide band.
The width of the band is ultimately the difference between the highest and lowest cumulative signals for
the positive control samples. If all positive controls in the particular color produced exactly the same
fluorescence signal, then the width of each band would be zero. Since instead those signals are
somewhat different, the resulting bands are relatively wide. However, there is a simple means to tighten
the bands. Instead of loading all probes at the same concentration, as was done for the experiment
above, the concentration of each probe can be 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 containing analytes.

Example 3: Simultaneous Detection of Polynucleotide Markers from Pathogens Based on an
Encoding Method Using One Color Per Analyte and Different Intensities

[00184] 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 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 elsewhere 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 between the intensities and enable more

simple assignment of intensities.

Table 17. Coding scheme for detection of dengue virus, HIV polyprotease, and HIV p17.

FAM
Dengue Virus 1
HIV p17
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| HIV polyprotease | 4 |

[00185] The same reagents (e.g., templates, primers, and probes) used in Example 2 were used
here. The fluorescence signals 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 18-24 provide the PCR reaction components for each of these mixtures.

Table 18. Binary FAM Experiment 1 Cocktail: HIV Polyprotease, HIV p17, and dengue virus

Reagents Concentration Volume Added
UltraPure Water - 50uL
Taq 5x Master Mix - 25uL
Templates Concentration Volume Added
Poly Protease Template 17nM 4uL
P17 Template 15nM 4uL
Dengue Virus Template 17nM 4uL
Primers Concentration Volume Added
Poly Protease FWD Primer 1M 4uL.
Poly Protease RVS Primer 1uM 4uL
P17 FWD Primer 1uM 4uL
P17 RVS Primer 1M 4uL
Dengue Virus FWD Primer 1uM 4uL
Dengue Virus RVS Primer 1uM 4uL
Probes Concentration Volume Added
Poly Protease Probe 1 800nM 4uL
P17 Probe 1 400nM 4uL
Dengue Virus Probe 1 200nM 4uL

Table 19. Binary FAM Experiment 2 Cocktail: dengue virus and HIV p17

Reagents Concentration Volume Added
UltraPure Water - 54uLl
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Taq 5x Master Mix - 25ul

Templates Concentration Volume Added
Poly Protease Template 170M -

P17 Template 15nM 4uL

Dengue Virus Template 17aM 4uL
Primers Concentration Volume Added

Poly Protease FWD Primer 1uM 4uL

Poly Protease RVS Primer 1uM 4uL

P17 FWD Primer 1uM 4uL

P17 RVS Primer 1M 4uL

Dengue Virus FWD Primer 1uM 4uL.

Dengue Virus RVS Primer 1uM 4uL
Probes Concentration Volume Added

Poly Protease Probe 1 800nM 4uL

P17 Probe 1 400nM 4uL

Dengue Virus Probe 1 200nM 4ul

Table 20. Binary FAM Experiment 3 Cocktail: dengue virus and HIV polyprotease

Reagents Concentration Volume Added
UltraPure Water - 54ul.
Taq 5x Master Mix - 25uL
Templates Concentration Volume Added
Poly Protease Template 17nM 4uL
P17 Template 15nM -
Dengue Virus Template 17nM 4uL
Primers Concentration Volume Added
Poly Protease FWD Primer 1M 4uL
Poly Protease RVS Primer 1uM 4uL
P17 FWD Primer 1uM 4uL
P17 RVS Primer 1uM 4uL
Dengue Virus FWD Primer 1uM 4uL
10052063_2.docx -63- WSGR Docket No. 38075-716.301

IPR2024-01177
California Institute of Technology - Ex. 2003 Page 2827




SUBSTUTITE SPECIFICATION (CLEAN VERSION)

Attorney Docket No. 38075-716.301

Dengue Virus RVS Primer 1uM 4uL
Probes Concentration Volume Added

Poly Protease Probe 1 800nM 4uL

P17 Probe 1 400nM 4uL

Dengue Virus Probe 1 200nM 4uL

Table 21. Binary FAM Experiment 4 Cocktail: HIV polyprotease and HIV p17

Reagents Concentration Volume Added

UltraPure Water - 54ul.

Taq 5x Master Mix - 25ul
Templates Concentration Volume Added

Poly Protease Template 17nM 4uL

P17 Template 15nM 4ulL

Dengue Virus Template 17nM -

Primers Concentration Volume Added

Poly Protease FWD Primer 1uM 4uL

Poly Protease RVS Primer 1uM 4uL

P17 FWD Primer 1M 4uL

P17 RVS Primer 1M 4uL

Dengue Virus FWD Primer 1M 4ul

Dengue Virus RVS Primer 1M 4uL
Probes Concentration Volume Added

Poly Protease Probe 1 800nM 4uL

P17 Probe 1 400nM 4ul

Dengue Virus Probe 1 200nM 4ul

Table 22. Binary FAM Experiment 5 Cocktail: dengue virus

Reagents Concentration Volume Added

UltraPure Water - 58ul

Taq 5x Master Mix - 25ul
Templates Concentration Volume Added
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Poly Protease Template 17nM -
P17 Template 15nM -
Dengue Virus Template 170M 4uL
Primers Concentration Volume Added
Poly Protease FWD Primer 1uM 4uL
Poly Protease RVS Primer 1uM 4uL
P17 FWD Primer 1uM 4uL
P17 RVS Primer 1uM 4uL
Dengue Virus FWD Primer 1uM 4ul
Dengue Virus RVS Primer 1uM 4uL
Probes Concentration Volume Added
Poly Protease Probe 1 800nM 4uL
P17 Probe 1 400nM 4uL
Dengue Virus Probe 1 200nM 4uL
Table 23. Binary FAM Experiment 6 Cocktail: HIV p17
Reagents Concentration Volume Added
UltraPure Water - 58ulL
Taq 5x Master Mix - 25ul
Templates Concentration Volume Added
Poly Protease Template 170M -
P17 Template 15nM 4uL
Dengue Virus Template 17nM -
Primers Concentration Volume Added
Poly Protease FWD Primer 1uM 4uL
Poly Protease RVS Primer 1uM 4uL
P17 FWD Primer 1M 4uL
P17 RVS Primer 1uM 4ulL
Dengue Virus FWD Primer 1M 4uL
Dengue Virus RVS Primer 1uM 4uL
Probes Concentration Volume Added
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Poly Protease Probe 1 800nM 4uL

P17 Probe 1 400nM 4uL

Dengue Virus Probe 1 200nM 4uL

Table 24, Binary FAM Experiment 7 Cocktail: HIV polyprotease

Reagents Concentration Volume Added

UltraPure Water - 58uL

Taq 5x Master Mix - 25uL
Templates Concentration Volume Added

Poly Protease Template 17nM 4uL

P17 Template 15nM -
Dengue Virus Template 17nM -

Primers Concentration Volume Added

Poly Protease FWD Primer 1uM 4uL

Poly Protease RVS Primer 1uM 4uL

P17 FWD Primer 1uM 4uL

P17 RVS Primer 1uM 4uL

Dengue Virus FWD Primer 1M 4uL

Dengue Virus RVS Primer 1uM 4uL
Probes Concentration Volume Added

Poly Protease Probe 1 800nM 4uL

P17 Probe 1 400nM 4ul

Dengue Virus Probe 1 200nM 4uL

[00186] 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
standard deviation of the fluorescence signals of the last five PCR cycles in saturation.

[00187] 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 polyprotease (TPP).

The assigned intensities for each of these analytes were as indicated in Table 11, and Fig. 7 confirms
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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, 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 present should generally produce a fixed amount of signal,
as determined by the amount of probe added to the reaction volume.

[00188] As expected, the intensity values for the combinations of analytes are equivalent to the
sum of the assigned intensities. Since this coding scheme is designed to be non-degenerate, each result
can be unambiguously decoded into the presence or absence of a particular analyte. For example,
starting from the left side of Fig. 7, a result of 7 indicates the presence of all three analytes. A result of 3
indicates the presence of dengue virus and HIV p17 analytes, and the absence of HIV polyprotease. A
result of 5 indicates the presence of dengue virus and HIV polyprotease, and the absence of HIV p17.
Finally a result of 6 indicates the presence of HIV p17 and HIV polyprotease, and the absence of dengue
virus. This coding scheme can be extended to encode additional analytes, as described elsewhere in this

disclosure.
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113846
] Amendment after Notice of Allowance | CIT_38075_716_301_Response| no 3

(Rule 312)

_Corrected_Appl_Papers.pdf

80ddcla2faf542d4402b9febdd.

c02d

Warnings:
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Information:

544012

3 Specification CIT_3807§_71 6_301_Clean_Ve no 67

sion_Spec.pdf

2f05104280e638e051972268d44d8a60e32)]
08a7c

Warnings:

Information:

Total Files Size (in bytes):l 657858

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
14/451,876 08/05/2014 Emil Kartalov 38075-716.301 1065
21971 7590 07/11/2018 | EXAMINER |
WILSON, SONSINI, GOODRICH & ROSATI
650 PAGE MILL ROAD NEGIN, RUSSELL SCOTT
PALO ALTO, CALIFORNIA 94304-1050
UNITED STATES OF AMERICA | ART UNIT | paperNUMBER |
1631
| NOTIFICATION DATE | DELIVERY MODE |
07/11/2018 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

patentdocket@ wsgr.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
; . 14/451,876 Kartalov et al.
Notice OIAllowab//”:V Examiner Art Unit AlA Status
RUSSELL S NEGIN 1631 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included

herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to the interview of 6 July 2018.

[3J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are See Continuation Sheet . As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more

information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to
PPHfeedback@uspto.gov.

4. Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) CJAll b) 00 Some  *c) (J None of the:
1. [J Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.

3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file areply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

50 CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

{1 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.{J Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.0 Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.3 Examiner's Comment Regarding Requirement for Deposit 7. (0 Other .

of Biological Material .
4. Interview Summary (PTO-413),
Paper No./Mail Date. 7/6/2018.
/RUSSELL S NEGIN/
Primary Examiner, Art Unit 1631

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20180709
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Continuation Sheet (PTOL-37) Application No. 14/451,876

Continuation of 3. The allowed claim(s) is/are: 49,81-83,87-88 and 93-95
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Application No.

Applicant(s)

. . . 14/451,876 Kartalov et al.
Examiner-Initiated Interview Summary
Examiner Art Unit AlA Status
RUSSELL S NEGIN 1631 No

All participants (applicant, applicant’s representative, PTO personnel):

(1) RUSSELL SCOTT. NEGIN (USPTO). (3) .

(2) Kyle Bruner (attorney). “4___.

Date of Interview: 06 July 2018.

Type: Telephonic  [J Video Conference
[ Personal [copy given to: (1 applicant (J applicant's representative]

Exhibit shown or demonstration conducted: (3 Yes No.
If Yes, brief description:

Issues Discussed [J101 [O112 [O102 [3103 Others

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed:
Identification of prior art discussed: N/A.

Substance of Interview

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a reference

or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Applicant's representative agreed to file a substitute specification to correct the formatting of Table 8.

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the general
thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the general results or

outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

(3 Attachment

/RUSSELL S NEGIN/
Primary Examiner, Art Unit 1631

U.S. Patent and Trademark Office
PTOL-413B (Rev. 8/11/2010) Interview Summary

Paper No. 20180709
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence mcludmg the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

2911 7590 061142018 Certificate of Mailing or Transmission
WILSON, SONSINIL, GOODRICH & ROSATI I hereby certify that this Fee(s) Transmittal is being deposited with the United
650 PAGE MILL ROAD States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
PALO ALTO, CALIFORNIA 94304-1050 transmitted to the USPTO (571) 273-2885, on the date indicated below.

UNITED STATES OF AMERICA

(Depositor's name)

(Signature)

Electronically filed on: July 19, 2018

(Date)

| APPLICATION NO. I FILING DATE I FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

14/451,876 08/05/2014 Emil Kartalov 38075-716.301 1065

TITLE OF INVENTION: SIGNAL ENCODING AND DECODING IN MULTIPLEXED BIOCHEMICAL ASSAYS

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMAkE- LRG $560-- $1000 $0.00 $0.00 $s00- $1000  0o/142018
I EXAMINER I ART UNIT I CLASS-SUBCLASS I
NEGIN, RUSSELL SCOTT 1631 702-019000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list 1 Wilson Sonsini Goodrich & Rosati
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 2
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 3

Q- e W N L 2 registered patent attorneys or agents. If no name is
Fee Address” indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.
ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for recordation
as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

d Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

w

California Institute of Technology Pasadena, CA

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ tndividual WCorporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
XA Issue Fee (1 A check is enclosed.
[ Publication Fee (No small entity discount permitted) J Payment by credit card. Form PTO-2038 is attached.
() Advance Order - # of Copies [ The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number -2415 (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

E(Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature __/Kyle Bruner/ Date July 19, 2018
Typed or printed name Kyle Bruner Registration No. 75,716
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number:

14451876

Filing Date:

05-Aug-2014

Title of Invention:

SIGNAL ENCODING AND DECODING IN MULTIPLEXED BIOCHEMICAL ASSAYS

First Named Inventor/Applicant Name:

Emil Kartalov

Filer:

J Kyle Bruner/Katherine Lopez

Attorney Docket Number:

38075-716.301

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sul:j—s'l';(t;l)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1000 1000
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Description Fee Code Quantity Amount SUE'STS:;)I in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1000
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Electronic Acknowledgement Receipt

EFS ID: 33225983
Application Number: 14451876
International Application Number:
Confirmation Number: 1065

Title of Invention:

SIGNAL ENCODING AND DECODING IN MULTIPLEXED BIOCHEMICAL ASSAYS

First Named Inventor/Applicant Name:

Emil Kartalov

Customer Number:

21971

Filer:

J Kyle Bruner/Katherine Lopez

Filer Authorized By:

J Kyle Bruner

Attorney Docket Number: 38075-716.301
Receipt Date: 19-JUL-2018
Filing Date: 05-AUG-2014
Time Stamp: 13:36:59

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $1000

RAM confirmation Number

071918INTEFSW00013707232415

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

IPR2024-01177
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File Listing:

Document L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)

125582

1 Issue Fee Payment (PTO-85B) T3 80755(213?33 L_(]Il:sue_Fee no 1

0796a45b86a0dc4645437296abbb9e7c94 1)
7e8d8

Warnings:

Information:

30497
2 Fee Worksheet (SB06) fee-info.pdf no 2
ca5c23a810ce8d75094e41d01bas4f14chd
Warnings:
Information:
Total Files Size (in bytes):l 156079

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO.gOV

APPLICATION NO. FILING DATE [ FIRST NAMED INVENTOR [ ArTorNEY DOCKETNO. | ConFirMaTION NO. |
14/451,876 08/05/2014 Emil Kartalov 38075-716.301 1065
21971 7590 0772372018
EXAMINER

WILSON, SONSINI, GOODRICH & ROSATI L I
650 PAGE MILL ROAD NEGIN, RUSSELL SCOTT
PALO ALTO, CA 94304-1050

| ART UNIT I PAPER NUMBER ]

1631
I NOTIFICATION DATE I DELIVERY MODE —]
07/23/2018 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):
patentdocket@wsgr.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
T
L 14/451,876
Response to Rule 312 Communication

Examiner Art Unit

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -

1. iJ The amendment filed on 09 July 2018 under 37 CFR 1.312 has been considered, and has been:
a) entered.

b) (] entered as directed to matters of form not affecting the scope of the invention.

c) [0 disapproved because the amendment was filed after the payment of the issue fee.
Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1) and
the required fee to withdraw the application from issue.

d) ] disapproved. See explanation below.

e) [J entered in part. See explanation below.

Kimberly Payne

PUBLISHING DIVISION

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW USpto.gov

| APPLICATION NO. ISSUE DATE I PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/451,876 09/04/2018 10068051 38075-716.301 1065
21971 7590 08/21/2018
WILSON, SONSINI, GOODRICH & ROSATI
650 PAGE MILL ROAD

PALO ALTO, CA 94304-1050
UNITED STATES OF AMERICA

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 90 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(S) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Emil Kartalov, Pasadena, CA;

California Institute of Technology, Pasadena, CA;
Aditya Rajagopal, Irvine, CA;

Axel Scherer, Barnard, VT;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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Doc Code: PA..
PTO/AIA/82A (07-13)

Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 14/451,876

Filing Date August 5, 2014

First Named Inventor Emil Kartalov

Title SIGNAL ENCODING AND DECODING IN MULTIPLEXED BIOCHEMICAL
ASSAYS

Art Unit 1631

Examiner Name NEGIN, RUSSELL SCOTT

Attorney Docket Number |30KJ-330783-US2

SIGNATURE of Applicant or Patent Practitioner

Signature /J esse A Salen/ Date (Optional)
Name Jesse A. Salen Esﬂféi\tion 72209

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity) Callfornla Instltute of TeChnOIOgy

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

*Total of ] forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Doc Code: PA..

N PTO/AIA/82B (07-13)
Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or
the boxes below.

Application Number Filing Date

14/451,876 2014-08-05

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.)

| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and

to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTO/AIA/82A) or identified above:

OR 30764

|:| | hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number
OR

|:| The address associated with Customer Number:
OR

I:I Firm or
Individual Name

Address

City

Country

Telephone | Email |

| State | Zip

| am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

California Institute of Technology

I:l Inventor or Joint Inventor (title not required below)

D Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)
Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer’s title if applicant is a juristic entity)

|:| Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
application or is concurrently being filed with this document) (provide signer’s title if applicant is a juristic entity)
SIGNATURE of Applicant for Patent

The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature JFred Farina/ | Date (Optional) |os/2921
Name Fred Farina
Title Chief Innovation Officer, OTTCP

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. If more than one applicant, use multiple forms.

Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 42339634
Application Number: 14451876
International Application Number:
Confirmation Number: 1065
Title of Invention: SIGNAL ENCODING AND DECODING IN MULTIPLEXED BIOCHEMICAL ASSAYS
First Named Inventor/Applicant Name: Emil Kartalov
Customer Number: 21971
Filer: Jesse A. Salen/Jamie Barber
Filer Authorized By: Jesse A. Salen
Attorney Docket Number: 38075-716.301
Receipt Date: 31-MAR-2021
Filing Date: 05-AUG-2014
Time Stamp: 21:19:54
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(By'tes)/ Multl' .Pages
Number Message Digest | Part/.zip| (if appl.)
264338
1 Power of Attorney POAO01_30KJ330783US2.pdf no 2
69%fb3c84balbed63e5dd2406a10dc7dase
Warnings:
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Information:

Total Files Size (in bytes)1 264338

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

POQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPto oV
[ APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/451,876 08/05/2014 Emil Kartalov 38075-716.301
CONFIRMATION NO. 1065
21971 POWER OF ATTORNEY NOTICE
WILSON SONSINI GOODRICH & ROSATI

650 PAGE MILL ROAD

R AT LA
PALO ALTO, CA 94304-1050 000000124646902

Date Mailed: 04/07/2021

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 03/31/2021.

« The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

agizaw/
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

POQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDLO gV

[ APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/451,876 08/05/2014 Emil Kartalov 30KJ-330783-US2
CONFIRMATION NO. 1065
30764 POA ACCEPTANCE LETTER
SHEPPARD, MULLIN, RICHTER & HAMPTON LLP
650 Town Center Drive, 10th Floor R ST LSO
000000124646948

Costa Mesa, CA 92626
Date Mailed: 04/07/2021

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 03/31/2021.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

agizaw/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

I APPLICATION NUMBER | FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO/TITLE REQUEST ID

14/451,876 08/05/2014 Emil Kartalov 88DG-330783-US2 192362

Acknowledgement of Change to Small Entity Status
The entity status change request below filed through Private PAIR on 07/13/2023 has been accepted.

CERTIFICATIONS:

Change of Entity Status:

X Applicant asserting small entity status. See 37 CFR 1.27.

NOTE: If the application was previously under micro entity status, checking this box will be taken to be a notification of
loss of entitlement to micro entity status.

This portion must be completed by the signatory or signatories making the entity status change in accordance
with 37 CFR 1.4(d)(4).

Signature: Jesse A. Salen/
Name: Jesse A. Salen
|Registrati0n Number: 42651

IPR2024-01177
California Institute of Technology - Ex. 2003 Page 2852



	30764_14451876 - last
	30764_14451876_07-03-2018_Electronic Filing System Acknowledgment Receipt
	30764_14451876_07-09-2018_Amendment after Notice of Allowance (Rule 312)
	30764_14451876_07-09-2018_Specification
	30764_14451876_07-09-2018_Applicant Arguments/Remarks Made in an Amendment
	30764_14451876_07-09-2018_Specification
	30764_14451876_07-09-2018_Electronic Filing System Acknowledgment Receipt
	30764_14451876_07-11-2018_Notice of Allowance and Fees Due (PTOL-85)
	30764_14451876_07-11-2018_Examiner initiated interview summary (PTOL-413B)
	30764_14451876_07-19-2018_Issue Fee Payment (PTO-85B)
	30764_14451876_07-19-2018_Fee Worksheet (SB06)
	30764_14451876_07-19-2018_Electronic Filing System Acknowledgment Receipt
	30764_14451876_07-23-2018_Response to Amendment under Rule 312
	30764_14451876_08-21-2018_Issue Notification
	30764_14451876_03-31-2021_Power of Attorney
	30764_14451876_03-31-2021_Electronic Filing System Acknowledgment Receipt
	30764_14451876_04-07-2021_Communication - Re:  Power of Attorney (PTOL-308)
	30764_14451876_04-07-2021_Communication - Re:  Power of Attorney (PTOL-308)
	30764_14451876_07-13-2023_Assertion of entitlement to small entity status via Patent Application Information Retrieval(PAIR)




