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METHODS AND COMPOSITIONS FOR PERFORMING A DETECTION ASSAY

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application Serial No. 63/127,078
filed on December 17,2020; U.S. Provisional Application Serial No. 63/146,508 filed on February
5,2021; U.S. Provisional Application Serial No. 63/151,592 filed on February 19, 2021; and U.S.
Provisional Application Serial No. 63/222377 filed on July 15, 2021, each of which is

incorporated herein by reference in its entirety for all purposes.

STATEMENT AS TO FEDERALLY SPONSORED RESEARCH
[0002] This invention was made with government support under Contract No. N66001-21-C-4048
awarded by the Department of Defense, Defense Advanced Research Projects Agency (DARPA).

The US government has certain rights in the invention.

BACKGROUND
[0003] The detection of ailments, especially at the early stages of disease or infection, may
provide guidance on treatment or intervention to reduce the progression or transmission of the
ailment. Diagnostic assays can detect ailments at the point of need through the use of diagnostic
devices. Methods to immobilize diagnostic assay components on surfaces without compromising

the performance of the assay are needed for manufacturing and using diagnostic assay devices.

SUMMARY
[0004] In certain aspects, the present disclosure provides methods, devices and compositions for
immobilizing a biomolecule onto a surface. In some embodiments, the present disclosure provides
methods for immobilizing a biomolecule to a surface, as described herein. In some embodiments,
the present disclosure provides an apparatus for use in a diagnostic assay comprises a biomolecule
immobilized on a surface. In some embodiments, said biomolecule is a nucleic acid. In certain
aspects, said nucleic acid can comprise a guide nucleic acid (e.g., a guide RNA). In various
aspects, said biomolecule can comprise a reporter (e.g., a reporter molecule). In some
embodiments, said diagnostic assay comprises a programmable nuclease and a guide nucleic acid
as described herein.
[0005] In one aspect, the present disclosure provides a system for detecting any of a plurality of
different target nucleic acids in a sample. The system can comprise: (a) a plurality of different

non-naturally occurring guide nucleic acids, wherein each of the different non-naturally
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occurring guide nucleic acids is immobilized to a surface at a known location identified with the
particular non-naturally occurring guide nucleic acid; and (b) a plurality of reporters
immobilized to the surface in proximity to each of the different non-naturally occurring guide
nucleic acids at each of the known locations. In some embodiments, each of the different non-
naturally occurring guide nucleic acids comprises a sequence that hybridizes to a segment of one
of the plurality of different target nucleic acids or an amplicon thereof. In some embodiments,
each of the non-naturally occurring guide nucleic acids is effective to form a complex with a
programmable nuclease that is activated upon binding the corresponding target nucleic acid or
amplicon thereof at the known location. In some embodiments, formation of the activated
complex is effective to induce detectable trans cleavage of the reporters at the respective known
location.

[0006] In some embodiments, the plurality of different non-naturally occurring guide nucleic
acids are each immobilized to the surface by a linkage. In some embodiments, the linkage
comprises a covalent bond, a non-covalent bond, an electrostatic bond, a bond between members
of a binding pair, an amide bond, or any combination thereof. In some embodiments, the
linkage comprises a chain of at least 6 carbons, or at least 12 carbons. In some embodiments,
the linkage comprises a linker polynucleotide. In some embodiments, the linker polynucleotide
comprises a first member of a binding pair that binds to a second member of the binding pair on
the surface. In some embodiments, the nucleic acid linker polynucleotide is double-stranded. In
some embodiments, the linker polynucleotide comprises double-stranded DNA or single-
stranded DNA. In some embodiments, the double-stranded DNA linker polynucleotide is about
60 to about 80 base pairs in length. In some embodiments, the linker polynucleotide is a
cleavage substrate for the activated complex.

[0007] In some embodiments, the reporters and the non-naturally occurring guide nucleic acids
are immobilized at separate discrete positions within each of the known locations. In some
embodiments, each of the reporters comprises a fluorescent label and a quencher. In some
embodiments, cleavage of the reporters is effective to produce a detectable loss of the quencher
from the respective known location. In some embodiments, each of the reporters comprises a
detection moiety. In some embodiments, cleavage of the reporters is effective to produce a
detectable loss of the detection moiety from the respective known location. In some
embodiments, the detection moiety comprises a fluorescent label.

[0008] In some embodiments, the system can further comprise programmable nucleases
immobilized at the known locations by a linkage. In some embodiments, the plurality of
different non-naturally occurring guide nucleic acids are immobilized to the surface by being
releasably bound by the programmable nucleases. In some embodiments, the system can further

2



WO 2022/133108 PCT/US2021/063844
comprise programmable nucleases bound to the non-naturally occurring guide nucleic acids. In
some embodiments, the programmable nuclease comprises an RuvC catalytic domain. In some
embodiments, the programmable nuclease is a type V CRISPR/Cas effector protein. In some
embodiments, the type V CRISPR/Cas effector protein is a Cas12 protein. In some
embodiments, the Cas12 protein comprises Cas12a, Cas12b, Cas12c¢, Cas12d, or Casl2e. In
some embodiments, the type V CRISPR/Cas effector protein is a Cas14 protein. In some
embodiments, the Cas14 protein comprises Cas14a, Cas14b, Casl4c, Casl4d, Casl4e, Casl4f,
Casl4g, or Casl4h. In some embodiments, the type V CRISPR/Cas effector protein is a Cas®
protein. In some embodiments, the programmable nuclease comprises a HEPN catalytic
domain. In some embodiments, the programmable nuclease is a type VI CRISPR/Cas effector
protein. In some embodiments, the type VI CRISPR/Cas effector protein is a Cas13 protein. In
some embodiments, the Cas13 protein comprises Casl3a, Cas13b, Casl3c, Cas13d, or Casl3e.
[0009] In some embodiments, the surface can comprise a surface of a fluidic chamber or a bead.
In some embodiments, the surface comprises a polymer matrix. In some embodiments, the
polymer matrix is formed from copolymerization of at least a first plurality of monomers with
the reporters. In some embodiments, the polymer matrix comprises a hydrogel.

[0010] In some embodiments, the system can further comprise amplification reagents for an
amplification reaction targeting the plurality of different target nucleic acids. In some
embodiments, the amplification reagents comprise one or more oligonucleotide primers and a
DNA polymerase. In any of the embodiments described herein, the known locations can form
an array.

[0011] In another aspect, the present disclosure provides a method of assaying for a plurality of
different target nucleic acids in a sample. The method can comprise: (a) contacting any of the
systems disclosed herein with the sample; and (b) detecting at one or more of the known
locations a change in signal resulting from cleavage of the reporters. In some embodiments, the
known location at which the change in signal is detected identifies the target nucleic acid in the
sample. In some embodiments, the polynucleotide sample comprises products of a nucleic acid
amplification reaction. In some embodiments, the polynucleotide sample comprises products of
a reverse transcription reaction.

[0012] In another aspect, the present disclosure provides a method of assaying for a plurality of
different target nucleic acids in a sample. The method can comprise (a) contacting a surface
with the sample, wherein the surface comprises: (1) a plurality of different non-naturally
occurring guide nucleic acids, wherein each of the different non-naturally occurring guide
nucleic acids is immobilized to the surface at a known location identified with the particular
non-naturally occurring guide nucleic acid; and (i1) a plurality of reporters immobilized to the
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surface in proximity to each of the different non-naturally occurring guide nucleic acids at each
of the known locations. In some embodiments, the method can further comprise (b) forming
activated complexes at one or more of the known locations, wherein the activated complexes
comprise (1) one of the different non-naturally occurring guide nucleic acids, (ii) a
programmable nuclease, and (ii1) one of the different target nucleic acids or an amplicon thereof.
In some embodiments, the method can further comprise (c) cleaving the reporters with the
activated complexes at the one or more known locations by trans cleavage. In some
embodiments, the method can further comprise (d) detecting a change in a signal at the one or
more known locations comprising the activated complexes, wherein the change in signal is a
product of the trans cleavage, and wherein the known location at which the change in signal is
detected identifies the target nucleic acid in the sample.

[0013] In some embodiments, the step of cleaving the reporters comprises incubation at a
temperature of about 37° C to about 70° C, about 50° C to about 60° C, or about 55° C.

[0014] In some embodiments, the plurality of different non-naturally occurring guide nucleic
acids are each immobilized to the surface by a linkage. In some embodiments, the linkage
comprises a covalent bond, a non-covalent bond, an electrostatic bond, a bond between members
of a binding pair, an amide bond, or any combination thereof. In some embodiments, the
linkage comprises a chain of at least 6 carbons, or at least 12 carbons. In some embodiments,
the linkage comprises a linker polynucleotide. In some embodiments, the linker polynucleotide
comprises a first member of a binding pair that binds to a second member of the binding pair on
the surface. In some embodiments, the nucleic acid linker polynucleotide is double-stranded. In
some embodiments, the linker polynucleotide comprises double-stranded DNA or single-
stranded DNA. In some embodiments, the double-stranded DNA linker polynucleotide is about
60 to about 80 base pairs in length. In some embodiments, the linker polynucleotide is a
cleavage substrate for the activated complex.

[0015] In some embodiments, the reporters and the non-naturally occurring guide nucleic acids
are immobilized at separate discrete positions within each of the known locations. In some
embodiments, (i) each of the reporters comprises a fluorescent label and a quencher, (ii) the
transcollateral cleavage of the reporters releases the quencher from the cleaved reporters, and
(1i1) the detecting comprises detecting fluorescence of the fluorescent label. In some
embodiments, (i) each of the reporters comprises a detection moiety, (ii) the transcollateral
cleavage of the reporters releases the detection moiety from the cleaved reporters, and (ii1) the
detecting comprises detecting a loss or reduction in signal from the reporter at the respective

known location. In some embodiments, the detection moiety comprises a fluorescent label.
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[0016] In some embodiments, the surface further comprises programmable nucleases
immobilized at the known locations by a linkage. In some embodiments, the plurality of
different non-naturally occurring guide nucleic acids are immobilized to the surface by being
releasably bound by the programmable nucleases. In some embodiments, the surface further
comprises programmable nucleases bound to the non-naturally occurring guide nucleic acids.
[0017] In some embodiments, the method may further comprise contacting the surface with
programmable nucleases to form immobilized complexes at the known locations, wherein (i) the
immobilized complexes comprise the programmable nucleases and the non-naturally occurring
guide nucleic acids, and (i1) contacting the surface with the programmable nucleases is
performed prior to or concurrently with contacting the surface with the sample. In some
embodiments, the programmable nuclease comprises an RuvC catalytic domain. In some
embodiments, the programmable nuclease is a type V CRISPR/Cas effector protein. In some
embodiments, the type V CRISPR/Cas effector protein is a Cas12 protein. In some
embodiments, the Cas12 protein comprises Cas12a, Cas12b, Cas12c¢, Cas12d, or Casl2e. In
some embodiments, the type V CRISPR/Cas effector protein is a Cas14 protein. In some
embodiments, the Cas14 protein comprises Cas14a, Cas14b, Casl4c, Casl4d, Casl4e, Casl4f,
Casl4g, or Casl4h. In some embodiments, the type V CRISPR/Cas effector protein is a Cas®
protein. In some embodiments, the programmable nuclease comprises a HEPN catalytic
domain. In some embodiments, the programmable nuclease is a type VI CRISPR/Cas effector
protein. In some embodiments, the type VI CRISPR/Cas effector protein is a Cas13 protein. In
some embodiments, the Cas13 protein comprises Casl3a, Cas13b, Casl3c, Cas13d, or Casl3e.
[0018] In some embodiments, the surface comprises a polymer matrix. In some embodiments,
the polymer matrix is formed from copolymerization of at least a first plurality of monomers
with the reporters. In some embodiments, the polymer matrix comprises a hydrogel.

[0019] In some embodiments, the polynucleotide sample comprises products of a nucleic acid
amplification reaction.

[0020] In some embodiments, the method can further comprise performing a nucleic acid
amplification reaction targeting the plurality of different target nucleic acids, wherein the nucleic
acid amplification reaction is: (i) performed on an initial sample to prepare the sample prior to
step (a); or (i1) performed after step (a) and before or concurrently with step (b). In some
embodiments, the amplification reaction comprises amplification reagents comprising one or
more oligonucleotide primers and a DNA polymerase. In some embodiments, the amplification
reaction comprises loop mediated amplification (LAMP), wherein the LAMP comprises
amplification with a first primer and a second primer targeted to the target nucleic acid and a
strand-displacing polymerase, wherein the first primer comprises a 5’ region that is
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complementary to a sequence generated by extension of the first primer, and wherein the second
primer comprises a 5’ region that is complementary to a sequence generated by extension of the
second primer. In some embodiments, the amplification reaction comprises reverse
transcription. In any of the embodiments described herein, the known locations can form an
array.

[0021] In another aspect, the present disclosure provides a method of assaying for one or more
target nucleic acids in a sample. The method can comprise: (a) amplifying the one or more
target nucleic acids to produce DNA amplicons of the one or more target nucleic acids, wherein
the amplifying comprises: (1) a plurality of cycles, wherein each cycle comprises denaturation at
a first temperature and primer extension by a polymerase at a second temperature that is lower
than the first temperature; (ii) each cycle is less than 15 seconds in duration; and (iii) the
plurality of cycles comprises at least 20 cycles. In some embodiments, the method can further
comprise (b) forming a complex comprising one of the DNA amplicons, a programmable
nuclease, and a non-naturally occurring guide nucleic acid that hybridizes to a segment of the
DNA amplicon, thereby activating the programmable nuclease. In some embodiments, the
method can further comprise (¢) cleaving reporters with the activated programmable nuclease.
In some embodiments, the method can further comprise (d) detecting a change in a signal,
wherein the change in the signal is produced by cleavage of the reporters. In some
embodiments, the plurality of cycles comprises at least 25, 30, 35, or 40 cycles. In some
embodiments, the plurality of cycles comprises about 45 cycles. In some embodiments, each of
the cycles is less than 10 seconds in duration. In some embodiments, each cycle comprises
denaturation at the first temperature for about 1 second and primer extension at the second
temperature for about 3 seconds. In some embodiments, (i) the first temperature is about 94 °C
to about 98 °C, and (i1) the second temperature is about 50 °C to about 70 °C.

[0022] In some embodiments, the amplifying further comprises an initial denaturation step at the
denaturation temperature for a duration that is longer than the denaturation steps of the plurality
of cycles. In some embodiments, the total duration of the amplifying step is less than 10
minutes, and optionally about 5 minutes.

[0023] In some embodiments, steps (b) and (¢) are performed by incubation at a third
temperature. In some embodiments, the third temperature is about 30 °C to about 70 °C, about
37 °C to about 65 °C, or about 37 °C. In some embodiments, incubation at the third temperature
is for a duration of about 10 minutes to about 2 hours, about 20 minutes to about 90 minutes, or
about 30 minutes.

[0024] In some embodiments, the programmable nuclease is a type V CRISPR/Cas effector
protein. In some embodiments, the programmable nuclease is a type V CRISPR/Cas effector
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protein is a Cas12 protein, a Cas14 protein, or a Cas® protein. In some embodiments, steps (b)

and (c¢) can be performed using any of the systems described herein.

INCORPORATION BY REFERENCE
[0025] All publications, patents, and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication, patent, or patent

application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] An 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:

[0027] FIG. 1A — 1C illustrates immobilization strategies for CRISPR-based diagnostic assay
components, as described herein.

[0028] FIG. 2 illustrates an embodiment where immobilization strategies are combined to enable
CRISPR diagnostic readouts, as described herein.

[0029] FIG. 3 presents results for the evaluation of the compatibility of various chemical
modifications to guide nucleic acids, as described herein.

[0030] FIG. 4 presents results for the immobilization of guide nucleic acids to a streptavidin
coated surface, as described herein.

[0031] FIG. 5 presents results for immobilization of programmable nuclease — nucleic acid
complexes, as described herein.

[0032] FIGS. 6A-6B presents results for immobilization of reporters, as described herein.

[0033] FIG. 7 presents results for functional testing of combined immobilized ribonucleoprotein
(RNP) and reporter system, as described herein.

[0034] FIGS. 8A-8E presents results for evaluation of different reporters for immobilization in
combination with programmable nuclease complex immobilization, as described herein.

[0035] FIGS. 9A-9C presents results for a CyS reporter that is functional for DETECTR, as
described herein.

[0036] FIGS. 10A-10F presents results for immobilization optimization involving a complex
formation step, as described herein.

[0037] FIGS. 11A-11B presents results for immobilization optimization involving a guide nucleic
acid/reporter binding time and reporter concentration.

[0038] FIGS. 12A-12C presents results showing target discrimination of modified guide nucleic

acids.
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[0039] FIGS. 13A-13E presents results showing that a biotin-modified programmable nuclease
— guide nucleic acid complex is functional.

[0040] FIGS. 14 presents results of a streptavidin coated microscope slide with a biotinylated
reporter.

[0041] FIGS. 15A-15B presents results of a DETECTR reaction on a glass slide.

[0042] FIG. 16 presents experimental conditions, as described herein.

[0043] FIG. 17 presents experimental conditions, as described herein.

[0044] FIGS. 18A-18B presents experimental conditions, as described herein.

[0045] FIGS. 19A-19B presents experimental conditions, as described herein.

[0046] FIGS. 20A-20B presents experimental conditions, as described herein.

[0047] FIGS. 21A-21B presents experimental conditions, as described herein.

[0048] FIGS. 22A-22B presents experimental conditions, as described herein.

[0049] FIG. 23 presents experimental conditions, as described herein.

[0050] FIG. 24 presents results for the FASTR assay, involving detection of SARS-CoV-2 with
rapid thermocycling and CRISPR diagnostics.

[0051] FIG. 25 presents results from a study to determine top performing polymerases and buffers
for the FASTR assay.

[0052] FIG. 26 presents results for single copy detection of SARS-CoV-2 using the FASTR
assay.

[0053] FIG. 27 presents results for variations on rapid cycling times for denaturation and
annealing/extension in the FASTR assay.

[0054] FIG. 28 presents results for minimizing reverse-transcription (RT) time for the FASTR
assay.

[0055] FIG. 29 presents results for higher pH buffers that improve FASTR assay performance.
[0056] FIG. 30 presents results for FASTR assay compatibility with crude lysis buffers.

[0057] FIG. 31 presents results for non-optimized multiplexing of the FASTR assay.

[0058] FIG. 32 presents results for a multiplex FASTR assay.

[0059] FIG. 33 presents results for the limit of detection of a multiplex FASTR assay.

[0060] FIG. 34 presents a schematic of combined gRNA and reporter immobilization on the left
and results for immobilization of DETECTR components using NHS-Amine chemistries on the
right.

[0061] FIG. 35 presents results from optimizing the conjugation buffer to reduce non-specific
binding.

[0062] FIG. 36 presents results from a study involving immobilizing different combinations of
reporters, guides, and programmable nucleases.
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[0063] FIG. 37 presents results from a study optimizing gRNA and target concentrations to
improve signal-to-noise ratio for immobilized DETECTR.

[0064] FIGs. 38A-38B present modifications and results from evaluating various amino
modifications for DETECTR immobilization, respectively.

[0065] FIG. 39 shows an exemplary hydrogel comprising immobilized reporters co-
polymerized therein.

[0066] FIGs. 40A and 40B show exemplary multiplexing strategies for hydrogel immobilized
DETECTR systems.

[0067] FIGs. 41A-41B show an exemplary positive feedback system for signal amplification.
[0068] FIG. 42 shows an exemplary workflow for DETECTR-based HotPot reactions.

[0069] FIG. 43 shows fluorescence results of HotPot reactions with reporters immobilized on
glass beads.

[0070] FIG. 44 shows lateral flow strip results using samples from the same experiments
conducted to yield results illustrated in FIG. 43.

[0071] FIG. 45 shows fluorescence results of HotPot reactions with reporters immobilized on
magnetic beads.

[0072] FIGs. 46A-46B show lateral flow assay results of DETECTR-based OnePot and HotPot

assays conducted with hydrogels comprising immobilized reporters.

DETAILED DESCRIPTION

[0073] The present disclosure provides systems, devices, apparatuses, methods, and compositions
for target detection (including multiplexed target detection), immobilization of biomolecules, and
CRISPR immobilization. The systems and methods of the present disclosure can be implemented
using devices that are configured for programmable nuclease-based detection of targets. In some
embodiments, the systems, devices, and apparatuses described herein can be configured for single
reaction detection of one or more targets. In other embodiments, the systems, devices, and
apparatuses can be configured for multi-reaction detection of one or more targets. The systems,
devices, apparatuses, methods, and compositions disclosed herein can be particularly well suited
for carrying out highly efficient, rapid, and accurate reactions for detecting whether one or more
targets are present in one or more samples (or any subsamples derived from the one or more
samples).

[0074] The target can comprise, for example, a target sequence, a target molecule, or a target
nucleic acid. As used herein, a target can be referred to interchangeably as a target sequence, target
molecule, or target nucleic acid. Further, a target can be referred to as a target amplicon or a target

nucleic acid amplicon if such target undergoes amplification (e.g., through a thermocycling
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process as described elsewhere herein). The target nucleic acid can be a portion of a nucleic acid
of interest, e.g., a target nucleic acid from any human, plant, animal, virus, bacteria, or microbe of
interest. The systems, devices, apparatuses, methods, and compositions provided herein can be
used to perform rapid tests in a single integrated system. The single integrated system may be a
reusable unit or a disposable unit.

[0075] The target can be, for example, a nucleic acid or a portion of a nucleic acid from a
pathogen, virus, bacterium, fungi, protozoa, worm or other agents or organisms responsible for
and/or related to a disease or condition in living organisms (e.g., humans, animals, plants, crops
and the like). The target nucleic acid can be a nucleic acid, or a portion thereof. The target nucleic
acid can be a portion of a nucleic acid from a gene expressed in a cancer or genetic disorder in the
sample. The target nucleic acid can be a portion of an RNA or DNA from any organism in the
sample.

[0076] The target may comprise, for example, a biological sequence. The biological sequence can
comprise a nucleic acid sequence or an amino acid sequence. In some embodiments, the target
may be associated with an organism of interest, a disease of interest, a disease state of interest, a
phenotype of interest, a genotype of interest, or a gene of interest.

[0077] In some cases, the target can be associated with one or more pathogenic viruses,
pathogenic bacteria, pathogenic worms, pathogenic fungi, or cancer cells. In some embodiments,
the pathogenic viruses are selected from the group consisting of respiratory viruses, adenoviruses,
parainfluenza viruses, severe acute respiratory syndrome (SARS), coronavirus, SARS-CoV,
SARS-CoV-2, MERS, gastrointestinal viruses, noroviruses, rotaviruses, astroviruses,
exanthematous viruses, hepatic viral diseases, cutaneous viral diseases, herpes, hemorrhagic viral
diseases, Ebola, Lassa fever, dengue fever, yellow fever, Marburg hemorrhagic fever, Crimean-
Congo hemorrhagic fever, neurologic viruses, polio, viral meningitis, viral encephalitis, rabies,
sexually transmitted viruses, HIV, HPV, immunodeficiency viruses, influenza virus, dengue virus,
West Nile virus, herpes virus, yellow fever virus, Hepatitis Virus C, Hepatitis Virus A, Hepatitis
Virus B, and papillomavirus.

[0078] In some cases, the target can be indicative of a respiratory disorder or respiratory
pathogen. In some embodiments, the respiratory disorder or respiratory pathogen is selected from
the group consisting of SARS-CoV-2 and corresponding variants, 29E), NL63, OC43, HKUI,
MERS-CoV, (MERS), SARS-CoV (SARS, Flu A, Flu B, RSV, Rhinovirus, Strep A, and TB.
[0079] In some embodiments, the target is indicative of a sexually transmitted infection (STI) or
infection related to a woman’s health. In some embodiments, the STI or infection related to a
woman’s health is selected from the group consisting of CT, NG, MG, TV, HPV, Candida, B.
Vaginosis Syphilis and UTL In some embodiments, the target comprises a single nucleotide

10



WO 2022/133108 PCT/US2021/063844
polymorphism (SNP). In some embodiments, the SNP is indicative of NASH disorder or Alpha-
1 disorder. In some embodiments, the target is a blood borne pathogen selected from the group
consisted of HIV, HBV, HCV and/or Zika. In some embodiments, the target is indicative of H.
Pylori, C. Difficile, Norovirus, HSV and/or Meningitis.

[0080] Programmable Nuclease

[0081] In some embodiments, one or more programmable nucleases as disclosed herein can be
activated to initiate trans cleavage activity of a reporter molecule. A programmable nuclease as
disclosed herein can, in some cases, bind to a target sequence or target nucleic acid to initiate trans
cleavage of a reporter molecule. In general, the term “reporter” as used in this context refers to a
reagent comprising a polynucleotide, wherein cleavage of the polynucleotide results in a change
in a signal. For example, the reporter may comprise a fluorescent label joined to a quencher by a
short polynucleotide sequence. Little to no fluorescence is detectable from the fluorescent label
when joined to the quencher. However, upon cleavage of the polynucleotide, the fluorescent label
is separated from the quencher, resulting in a significant and detectable increase in fluorescent
signal upon excitation of the label. As a further example, the reporter may comprise a detection
moiety (e.g., a fluorescent label) immobilized to a surface by a short polynucleotide sequence,
cleavage of which releases the detection moiety and results in a decrease in signal from the
detection moiety at the surface. Alternative detection moieties and arrangements for producing a
change in signal upon cleavage of the polynucleotide portion of the reporter are possible, and
illustrative examples are described herein. The polynucleotide of the reporter can comprise DNA,
RNA, modified nucleotides, or a combination of two or more of these. The programmable
nuclease can be, in some non-limiting embodiments, an RNA-activated programmable RNA
nuclease. In some instances, the programmable nucleases disclosed herein can bind to a target
DNA to initiate trans cleavage of a reporter. In some cases, the programmable nuclease can be a
DNA-activated programmable RNA nuclease. In some cases, a programmable nuclease as
described herein can be activated by a target RNA or a target DNA. For example, the
programmable nuclease may comprise a Cas enzyme which can be activated by a target RNA
nucleic acid or a target DNA nucleic acid to cleave one or more reporters (e.g., RNA reporter
molecules). In some embodiments, the programmable nuclease can bind to a target ssDNA which
initiates trans cleavage of RNA reporters. In some instances, a programmable nuclease as
disclosed herein can bind to a target DNA to initiate trans cleavage of a DNA reporter. In some
non-limiting embodiments, the programmable nuclease can comprise a DNA-activated
programmable DNA nuclease.

[0082] In some embodiments, the programmable nuclease can comprise an enzyme. The enzyme
may be, for example, a Cas enzyme. In some embodiments, the Cas enzyme is selected from the
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group consisting of a Casl2, Casl2a, Cas13, Casl4, Casl4a, Casl4a.l (SEQ ID NO: 3), and
CasPhi.

[0083] Several programmable nucleases are consistent with the systems and methods of the
present disclosure. For example, CRISPR/Cas enzymes are programmable nucleases that can be
used to implement the methods and systems disclosed herein. CRISPR/Cas enzymes can include
any of the known Classes and Types of CRISPR/Cas enzymes. Programmable nucleases disclosed
herein can include, for instance, Class 1 CRISPR/Cas enzymes, such as the Type I, Type IV, or
Type III CRISPR/Cas enzymes. Programmable nucleases disclosed herein can also include, for
example, the Class 2 CRISPR/Cas enzymes, such as the Type II, Type V, and Type VI
CRISPR/Cas enzymes.

[0084] In some embodiments, the Type V CRISPR/Cas enzyme can comprise a programmable
Casl2 nuclease. Type V CRISPR/Cas enzymes (e.g., Cas12 or Cas14) may lack an HNH domain.
A Casl2 nuclease of the present disclosure can cleave a nucleic acid via a single catalytic RuvC
domain. The RuvC domain is within a nuclease, or “NUC” lobe of the protein, and the Cas12
nuclease can further comprise a recognition, or “REC” lobe. The REC and NUC lobes are
connected by a bridge helix and the Cas12 proteins additionally include two domains for PAM
recognition termed the PAM interacting (PI) domain and the wedge (WED) domain. In some
instances, a programmable Cas12 nuclease can be a Casl2a (also referred to as Cpf1) protein, a
Cas12b protein, Casl2c protein, Cas12d protein, or a Casl2e protein.

[0085] In some embodiments, the programmable nuclease can be a Casl13 enzyme. Sometimes
the Cas13 enzyme can be Casl3a, Casl3b, Casl3c, Casl3d, or Casl3e. In some cases, the
programmable nuclease can be Mad7 or Mad2. In some cases, the programmable nuclease can be
a Cas12 enzyme as described elsewhere herein. Sometimes the Cas12 can be Casl2a, Casl2b,
Casl2c, Cas12d, or Casl2e. In some cases, the Cas12 can be a Cas12 variant (SEQ ID NO: 17),
which is a specific protein variant within the Cas12 protein family/classification). In some cases,
the programmable nuclease can be Csml, Cas9, C2c4, C2¢8, C2c5, C2¢10, C2¢9, or CasZ.
Sometimes, the Csm1 can also be also called smCms1, miCms1, obCms]1, or suCmsl. Sometimes
Casl3a can also be called C2¢2. Sometimes CasZ can also be called Casl4a, Casl4b, Casl4c,
Casl4d, Casl4e, Casl4f, Casl4dg, or Cas14h. Sometimes, the programmable nuclease can be a
type V CRISPR-Cas system. In some cases, the programmable nuclease can be a type VI CRISPR-
Cas system. Sometimes the programmable nuclease can be a type III CRISPR-Cas system.
Sometimes the programmable nuclease can be an engineered nuclease that is not from a naturally
occurring CRISPR-Cas system. In some cases, the programmable nuclease can be from at least
one of Leptotrichia shahii (Lsh), Listeria seeligeri (Lse), Leptotrichia buccalis (Lbu), Leptotrichia
wadeu (Lwa), Rhodobacter capsulatus (Rca), Herbinix hemicellulosilytica (Hhe), Paludibacter
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propionicigenes (Ppr), Lachnospiraceae bacterium (Lba), [Eubacterium] rectale (Ere), Listeria
newyorkensis (Lny), Clostridium aminophilum (Cam), Prevotella sp. (Psm), Capnocytophaga
canimorsus (Cca, Lachnospiraceae bacterium (Lba), Bergeyella zoohelcum (Bzo), Prevotella
intermedia (Pin), Prevotella buccae (Pbu), Alistipes sp. (Asp), Riemerella anatipestifer (Ran),
Prevotella aurantiaca (Pau), Prevotella saccharolytica (Psa), Prevotella intermedia (Pin2),
Capnocytophaga canimorsus (Cca), Porphyromonas gulae (Pgu), Prevotella sp. (Psp),
Porphyromonas gingivalis (Pig), Prevotella intermedia (Pin3), Enterococcus italicus (Fi),
Lactobacillus salivarius (Ls), or Thermus thermophilus (Tt). Sometimes the Cas13 is at least one
of LbuCasl3a, LwaCas13a, LbaCas13a, HheCas13a, PprCasl3a, EreCasl3a, CamCasl3a, or
LshCas13a.

[0086] The trans cleavage activity of the CRISPR enzyme can be activated when the crRNA is
complexed with the target nucleic acid. The trans cleavage activity of the CRISPR enzyme can be
activated when the guide nucleic acid comprising a tractfRNA and crRNA are complexed with the
target nucleic acid. The target nucleic acid can be RNA or DNA

[0087] In some instances, programmable nucleases comprise a Type V CRISPR/Cas protein. In
some instances, Type V CRISPR/Cas proteins comprise nucleic acid cleavage activity. In some
instances, Type V CRISPR/Cas proteins cleave or nick single-stranded nucleic acids, double,
stranded nucleic acids, or a combination thereof. In some cases, Type V CRISPR/Cas proteins
cleave single-stranded nucleic acids. In some cases, Type V CRISPR/Cas proteins cleave double-
stranded nucleic acids. In some cases, Type V CRISPR/Cas proteins nick double-stranded nucleic
acids. Typically, guide RNAs of Type V CRISPR/Cas proteins hybridize to ssDNA or dsDNA.
However, the trans cleavage activity of Type V CRISPR/Cas protein is typically directed towards
ssDNA.

[0088] In some cases, the Type V CRISPR/Cas protein comprises a catalytically inactive nuclease
domain. In some cases, the Type V CRISPR/Cas protein comprises a catalytically inactive
nuclease domain. A catalytically inactive domain of a Type V CRISPR/Cas protein may comprise
at least 1, at least 2, at least 3, at least 4, or at least 5 mutations relative to a wild type nuclease
domain of the Type V CRISPR/Cas protein. Said mutations may be present within a cleaving or
active site of the nuclease.

[0089] In some embodiments, the Type V CRISPR/Cas protein may be a Cas14 protein. The
Cas 14 protein may be a Casl4a.1 protein (SEQ ID NO: 3). In one example, the Casl4a.l
protein may comprise a sequence of
MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEACSKHLKVAA
YCTTQVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISEIFRQLQKQAAEIYNQSL
IELYYEIFIKGKGIANASSVEHYLSDVCYTRAAELFKNAATASGLRSKIKSNFRLKELKN
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MKSGLPTTKSDNFPIPLVKQKGGQYTGFEISNHNSDFIIKIPFGRWQVKKEIDKYRPWEK
FDFEQVQKSPKPISLLLSTQRRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKI
GEKSAWMLNLSIDVPKIDKGVDPSIIGGIDVGVKSPLVCAINNAFSRY SISDNDLFHFNK
KMFARRRILLKKNRHKRAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADFFIKNKV
GTVQMENLESMKRKEDSYFNIRLRGFWPYAEMQNKIEFKLKQYGIEIRKVAPNNTSKT
CSKCGHLNNYFNFEYRKKNKFPHFKCEKCNFKENADYNAALNISNPKLKSTKEEP (SEQ
ID NO: 3). In some cases, the Cas14 protein may comprise an amino acid sequence that is at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at
least 99%, or 100% identical to any exemplary sequence described herein. In some cases, the
Casl4 protein may comprise an amino acid sequence that is at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 98%, at least 99%, or 100% identical to
any exemplary sequence described herein. In some cases, the Cas14 protein may comprise at
least about 50, at least about 100, at least about 150, at least about 200, at least about 250, at
least about 300, at least about 350, at least about 400, at least about 450, at least about 500
consecutive amino acids of any exemplary sequence described herein.

[0090] In some instances, the Type V CRISPR/Cas protein can be modified (also referred to as
an engineered protein). For example, a Type V CRISPR/Cas protein disclosed herein or a variant
thereof may comprise a nuclear localization signal (NLS). In some cases, the NLS may comprise
a sequence of KRPAATKKAGQAKKKKEF. Type V CRISPR/Cas proteins may be codon
optimized for expression in a specific cell, for example, a bacterial cell, a plant cell, a eukaryotic
cell, an animal cell, a mammalian cell, or a human cell. In some embodiments, the Type V
CRISPR/Cas protein is codon optimized for a human cell.

[0091] In some instances, the Type V CRISPR/Cas protein has been modified (also referred to as
an engineered protein). For example, a Type V CRISPR/Cas protein disclosed herein or a variant
thereof may comprise a nuclear localization signal (NLS). In some cases, the NLS may comprise
a sequence of KRPAATKKAGQAKKKKEF. Type V CRISPR/Cas proteins may be codon
optimized for expression in a specific cell, for example, a bacterial cell, a plant cell, a eukaryotic
cell, an animal cell, a mammalian cell, or a human cell. In some embodiments, the Type V
CRISPR/Cas protein is codon optimized for a human cell.

[0092] In some instances, the Type V CRISPR/Cas protein comprises a Casl4 protein. Casl4
proteins may comprise a bilobed structure with distinct amino-terminal and carboxy-terminal
domains. The amino- and carboxy-terminal domains may be connected by a flexible linker. The
flexible linker may affect the relative conformations of the amino- and carboxyl-terminal domains.
The flexible linker may be short, for example less than 10 amino acids, less than 8 amino acids,
less than 6 amino acids, less than 5 amino acids, or less than 4 amino acids in length. The flexible
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linker may be sufficiently long to enable different conformations of the amino- and carboxy-
terminal domains among two Casl4 proteins of a Casl4 dimer complex (e.g., the relative
orientations of the amino- and carboxy-terminal domains differ between two Cas14 proteins of a
Casl4 homodimer complex). The linker domain may comprise a mutation which affects the
relative conformations of the amino- and carboxyl-terminal domains. The linker may comprise a
mutation which affects Cas14 dimerization. For example, a linker mutation may enhance the
stability of a Cas14 dimer.

[0093] In some instances, the amino-terminal domain of a Casl4 protein comprises a wedge
domain, a recognition domain, a zinc finger domain, or any combination thereof. The wedge
domain may comprise a multi-strand B-barrel structure. A multi-strand B-barrel structure may
comprise an oligonucleotide/oligosaccharide-binding fold that is structurally comparable to those
of some Casl2 proteins. The recognition domain and the zinc finger domain may each
(individually or collectively) be inserted between [-barrel strands of the wedge domain. The
recognition domain may comprise a 4-a-helix structure, structurally comparable but shorter than
those found in some Cas12 proteins. The recognition domain may comprise a binding affinity for
a guide nucleic acid or for a guide nucleic acid-target nucleic acid heteroduplex. In some cases, a
REC lobe may comprise a binding affinity for a PAM sequence in the target nucleic acid. The
amino-terminal may comprise a wedge domain, a recognition domain, and a zinc finger domain.
The carboxy-terminal may comprise a RuvC domain, a zinc finger domain, or any combination
thereof. The carboxy-terminal may comprise one RuvC and one zinc finger domain.

[0094] Cas14 proteins may comprise a RuvC domain or a partial RuvC domain. The RuvC
domain may be defined by a single, contiguous sequence, or a set of partial RuvC domains that
are not contiguous with respect to the primary amino acid sequence of the Cas14 protein. In some
instances, a partial RuvC domain does not have any substrate binding activity or catalytic activity
on its own. A Casl4 protein of the present disclosure may include multiple partial RuvC domains,
which may combine to generate a RuvC domain with substrate binding or catalytic activity. For
example, a Cas14 may include 3 partial RuvC domains (RuvC-I, RuvC-II, and RuvC-II1, also
referred to herein as subdomains) that are not contiguous with respect to the primary amino acid
sequence of the Cas14 protein, but form a RuvC domain once the protein is produced and folds.
A Casl4 protein may comprise a linker loop connecting a carboxy terminal domain of the Cas14
protein with the amino terminal domain of the Cas 14 protein, and wherein the carboxy terminal
domain comprises one or more RuvC domains and the amino terminal domain comprises a
recognition domain.

[0095] Cas14 proteins may comprise a zinc finger domain. In some instances, a carboxy terminal
domain of a Cas14 protein comprises a zinc finger domain. In some instances, an amino terminal
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domain of a Cas14 protein comprises a zinc finger domain. In some instances, the amino terminal
domain comprises a wedge domain (e.g., a multi-B-barrel wedge structure), a zinc finger domain,
or any combination thereof. In some cases, the carboxy terminal domain comprises the RuvC
domains and a zinc finger domain, and the amino terminal domain comprises a recognition
domain, a wedge domain, and a zinc finger domain.

[0096] Cas14 proteins may be relatively small compared to many other Cas proteins, making them
suitable for nucleic acid detection or gene editing. For instance, a Cas14 protein may be less likely
to adsorb to a surface or another biological species due to its small size. The smaller nature of
these proteins also allows for them to be more easily packaged as a reagent in a system or assay,
and delivered with higher efficiency as compared to other larger Cas proteins. In some cases, a
Casl4 protein is 400 to 800 amino acid residues long, 400 to 600 amino acid residues long, 440
to 580 amino acid residues long, 460 to 560 amino acid residues long, 460 to 540 amino acid
residues long, 460 to 500 amino acid residues long, 400 to 500 amino acid residues long, or 500
to 600 amino acid residues long. In some cases, a Cas14 protein is less than about 550 amino acid
residues long. In some cases, a Cas14 protein is less than about 500 amino acid residues long.
[0097] In some instances, a Casl4 protein may function as an endonuclease that catalyzes
cleavage at a specific position within a target nucleic acid. In some instances, a Cas14 protein is
capable of catalyzing non-sequence-specific cleavage of a single stranded nucleic acid. In some
cases, a Casl4 protein is activated to perform trans cleavage activity after binding of a guide
nucleic acid with a target nucleic acid. This trans cleavage activity is also referred to as “collateral”
or “transcollateral” cleavage. Trans cleavage activity may be non-specific cleavage of nearby
single-stranded nucleic acid by the activated programmable nuclease, such as trans cleavage of a
reporter comprising a nucleic acid and a detection moiety.

[0098] In some embodiments, a programmable nuclease is used in a detection reaction. In some
embodiments, the detection reaction comprises the steps of (a) forming an activated complex
comprising a programmable nuclease, a guide nucleic acid, and a target nucleic acid (or an
amplicon thereof), thereby activating the programmable nuclease, and (b) cleaving reporters with
the activated programmable nuclease. In some embodiments, steps (a) and (b) are performed at an
incubation temperature, such as a temperature of about 25 °C to about 80 °C, about 30 °C to about
70 °C, or about 37 °C to about 65 °C. In some embodiments, the incubation temperature is about
37 °C. In some embodiments, the incubation temperature is maintained for about 10 minutes to
about 2 hours, about 20 minutes to about 90 minutes, or about 25 minutes to about 60 minutes. In
some embodiments, the incubation temperature is maintained for a duration of about 30 minutes.
In some embodiments, reporter signal is monitored during the incubation. In some embodiments,
reporter signal is measured at the end of the incubation.
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[0099] Engineered programmable nuclease probes

[0100] Disclosed herein are non-naturally occurring compositions and systems comprising at
least one of an engineered programmable nuclease and an engineered guide nucleic acid, which
may simply be referred to herein as a programmable nuclease and a guide nucleic acid,
respectively. In general, an engineered programmable nuclease and an engineered guide nucleic
acid can refer to programmable nucleases and guide nucleic acids, respectively, that are not found
in nature. In some instances, systems and compositions comprise at least one non-naturally
occurring component. For example, compositions and systems may comprise a guide nucleic acid,
wherein the sequence of the guide nucleic acid is different or modified from that of a naturally-
occurring guide nucleic acid. In some instances, compositions and systems comprise at least two
components that do not naturally occur together. For example, compositions and systems may
comprise a guide nucleic acid comprising a repeat region and a spacer region which do not
naturally occur together. Also, by way of example, composition and systems may comprise a
guide nucleic acid and a programmable nuclease that do not naturally occur together. Conversely,
and for clarity, a programmable nuclease or guide nucleic acid that is “natural,” “naturally-
occurring,” or “found in nature” includes programmable nucleases and guide nucleic acids from
cells or organisms that have not been genetically modified by a human or machine.

[0101] In some instances, the guide nucleic acid may comprise a non-natural nucleobase
sequence. In some instances, the non-natural sequence is a nucleobase sequence that is not found
in nature. The non-natural sequence may comprise a portion of a naturally occurring sequence,
wherein the portion of the naturally occurring sequence is not present in nature absent the
remainder of the naturally-occurring sequence. In some instances, the guide nucleic acid may
comprise two naturally occurring sequences arranged in an order or proximity that is not observed
in nature. In some instances, compositions and systems comprise a ribonucleotide complex
comprising a CRISPR/Cas effector protein and a guide nucleic acid that do not occur together in
nature. Engineered guide nucleic acids may comprise a first sequence and a second sequence that
do not occur naturally together. For example, an engineered guide nucleic acid may comprise a
sequence of a naturally occurring repeat region and a spacer region that is complementary to a
naturally occurring eukaryotic sequence. The engineered guide nucleic acid may comprise a
sequence of a repeat region that occurs naturally in an organism and a spacer region that does not
occur naturally in that organism. An engineered guide nucleic acid may comprise a first sequence
that occurs in a first organism and a second sequence that occurs in a second organism, wherein
the first organism and the second organism are different. The guide nucleic acid may comprise a

third sequence disposed at a 3’ or 5’ end of the guide nucleic acid, or between the first and second

17



WO 2022/133108 PCT/US2021/063844
sequences of the guide nucleic acid. For example, an engineered guide nucleic acid may comprise
a naturally occurring crRNA and tracrRNA coupled by a linker sequence.

[0102] In some instances, compositions and systems described herein comprise an engineered Cas
protein that is similar to a naturally occurring Cas protein. The engineered Cas protein may lack
a portion of the naturally occurring Cas protein. The Cas protein may comprise a mutation relative
to the naturally-occurring Cas protein, wherein the mutation is not found in nature. The Cas protein
may also comprise at least one additional amino acid relative to the naturally-occurring Cas
protein. For example, the Cas protein may comprise an addition of a nuclear localization signal
relative to the natural occurring Cas protein. In certain embodiments, the nucleotide sequence
encoding the Cas protein is codon optimized (e.g., for expression in a eukaryotic cell) relative to
the naturally occurring sequence.

[0103] In some instances, compositions and systems provided herein can comprise a multi-vector
system for encoding any programmable nuclease or guide nucleic acid described herein, wherein
the guide nucleic acid and the programmable nuclease are encoded by the same or different
vectors. In some embodiments, the engineered guide nucleic acid and the engineered
programmable nuclease can be encoded by different vectors of the system.

[0104] Thermostable programmable nuclease

[0105] Described herein are various embodiments of thermostable programmable nucleases. In
some embodiments, a programmable nuclease is referred to as an effector protein. An effector
protein may be thermostable. In some instances, known effector proteins (e.g., Cas12 nucleases)
are relatively thermo-sensitive and only exhibit activity (e.g., cis and/or trans cleavage) sufficient
to produce a detectable signal in a diagnostic assay at temperatures less than 40° C, and optimally
at about 37° C. A thermostable protein may have enzymatic activity, stability, or folding
comparable to those at 37 °C. In some instances, the trans cleavage activity (e.g., the maximum
trans cleavage rate as measured by fluorescent signal generation) of an effector protein in a trans
cleavage assay at 40 °C may be at least 50% of that at 37 °C. In some instances, the trans cleavage
activity of an effector protein in a trans cleavage assay at 40 °C may be at least 55% of that at 37
°C. In some instances, the trans cleavage activity of an effector protein in a trans cleavage assay
at 40 °C may be at least 60 % of that at 37 °C. In some instances, the trans cleavage activity of an
effector protein in a trans cleavage assay at 40 °C may be at least 65% of that at 37 °C. In some
instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 40 °C may
be at least 70 % of that at 37 °C. In some instances, the trans cleavage activity of an effector
protein in a trans cleavage assay at 40 °C may be at least 75% of that at 37 °C. In some instances,
the trans cleavage activity of an effector protein in a trans cleavage assay at 40 °C may be at least
80% of that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a trans
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cleavage assay at 40 °C may be at least 85% of that at 37 °C. In some instances, the trans cleavage
activity of an effector protein in a trans cleavage assay at 40 °C may be at least 90% of that at 37
°C. In some instances, the trans cleavage activity of an effector protein in a trans cleavage assay
at 40 °C may be at least 95% of that at 37 °C. In some instances, the trans cleavage activity of an
effector protein in a trans cleavage assay at 40°C may be at least 100% of that at 37 °C. In some
instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 40 °C may
be at least 1-fold of that at 37 °C. In some instances, the trans cleavage activity of an effector
protein in a trans cleavage assay at 40 °C may be at least 2-fold of that at 37 °C. In some instances,
the trans cleavage activity of an effector protein in a trans cleavage assay at 40 °C may be at least
3-fold of that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a
trans cleavage assay at 40 °C may be at least 4-fold of that at 37 °C. In some instances, the trans
cleavage activity of an effector protein in a trans cleavage assay at 40 °C may be at least 5-fold of
that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a trans
cleavage assay at 40 °C may be at least 6-fold of that at 37 °C. In some instances, the trans cleavage
activity of an effector protein in a trans cleavage assay at 40 °C may be at least 7-fold of that at
37 °C. In some instances, the trans cleavage activity of an effector protein in a trans cleavage assay
at 40 °C may be at least 8-fold of that at 37 °C. In some instances, the trans cleavage activity of
an effector protein in a trans cleavage assay at 40 °C may be at least 9-fold of that at 37 °C. In
some instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 40
°C may be at least 10-fold of that at 37 °C. In some instances, the trans cleavage activity of an
effector protein in a trans cleavage assay at 40 °C may be at least 11-fold, at least 12-fold, at least
13-fold, at least 14-fold, at least 15-fold, at least 20-fold, at least 25-fold, at least 30-fold, at least
35-fold, at least 40-fold, at least 45-fold, at least 50-fold or more of that at 37 °C.

[0106] In some instances, the trans cleavage activity of an effector protein in a trans cleavage
assay at 45 °C may be at least 50 % of that at 37 °C. In some instances, the trans cleavage activity
of an effector protein in a trans cleavage assay at 45 °C may be at least 55 % of that at 37 °C. In
some instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 45
°C may be at least 60 % of that at 37 °C. In some instances, the trans cleavage activity of an
effector protein in a trans cleavage assay at 45 °C may be at least 65 % of that at 37 °C. In some
instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 45 °C may
be at least 70 % of that at 37 °C. In some instances, the trans cleavage activity of an effector
protein in a trans cleavage assay at 45 °C may be at least 75 % of that at 37 °C. In some instances,
the trans cleavage activity of an effector protein in a trans cleavage assay at 45 °C may be at least
80 % of that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a
trans cleavage assay at 45 °C may be at least 85 % of that at 37 °C. In some instances, the trans
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cleavage activity of an effector protein in a trans cleavage assay at 45 °C may be at least 90 % of
that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a trans
cleavage assay at 45 °C may be at least 95 % of that at 37 °C. In some instances, the trans cleavage
activity of an effector protein in a trans cleavage assay at 45 °C may be at least 100 % of that at
37 °C. In some instances, the trans cleavage activity of an effector protein in a trans cleavage assay
at 45 °C may be at least 1-fold of that at 37 °C. In some instances, the trans cleavage activity of
an effector protein in a trans cleavage assay at 45 °C may be at least 2-fold of that at 37 °C. In
some instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 45
°C may be at least 3-fold of that at 37 °C. In some instances, the trans cleavage activity of an
effector protein in a trans cleavage assay at 45 °C may be at least 4-fold of that at 37 °C. In some
instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 45 °C may
be at least 5-fold of that at 37 °C. In some instances, the trans cleavage activity of an effector
protein in a trans cleavage assay at 45 °C may be at least 6-fold of that at 37 °C. In some instances,
the trans cleavage activity of an effector protein in a trans cleavage assay at 45 °C may be at least
7-fold of that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a
trans cleavage assay at 45 °C may be at least 8-fold of that at 37 °C. In some instances, the trans
cleavage activity of an effector protein in a trans cleavage assay at 45°C may be at least 9-fold of
that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a trans
cleavage assay at 45 °C may be at least 10-fold of that at 37 °C. In some instances, the trans
cleavage activity of an effector protein in a trans cleavage assay at 45°C may be at least 11-fold,
at least 12-fold, at least 13-fold, at least 14-fold, at least 15-fold, at least 20-fold, at least 25-fold,
at least 30-fold, at least 35-fold, at least 40-fold, at least 45-fold, at least 50-fold or more of that
at 37 °C.

[0107] In some instances, the trans cleavage activity of an effector protein in a trans cleavage
assay at 50 °C may be at least 50 % of that at 37 °C. In some instances, the trans cleavage activity
of an effector protein in a trans cleavage assay at 50 °C may be at least 55 % of that at 37 °C. In
some instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 50
°C may be at least 60 % of that at 37 °C. In some instances, the trans cleavage activity of an
effector protein in a trans cleavage assay at 50 °C may be at least 65 % of that at 37 °C. In some
instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 50 °C may
be at least 70 % of that at 37 °C. In some instances, the trans cleavage activity of an effector
protein in a trans cleavage assay at 50 °C may be at least 75 % of that at 37 °C. In some instances,
the trans cleavage activity of an effector protein in a trans cleavage assay at 50 °C may be at least
80 % of that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a
trans cleavage assay at 50 °C may be at least 85 % of that at 37 °C. In some instances, the trans
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cleavage activity of an effector protein in a trans cleavage assay at S0 °C may be at least 90 % of
that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a trans
cleavage assay at S0 °C may be at least 95 % of that at 37 °C. In some instances, the trans cleavage
activity of an effector protein in a trans cleavage assay at 50 °C may be at least 100 % of that at
37 °C. In some instances, the trans cleavage activity of an effector protein in a trans cleavage assay
at 50 °C may be at least 1-fold of that at 37 °C. In some instances, the trans cleavage activity of
an effector protein in a trans cleavage assay at 50 °C may be at least 2-fold of that at 37 °C. In
some instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 50
°C may be at least 3-fold of that at 37 °C. In some instances, the trans cleavage activity of an
effector protein in a trans cleavage assay at 50 °C may be at least 4-fold of that at 37 °C. In some
instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 50 °C may
be at least 5-fold of that at 37 °C. In some instances, the trans cleavage activity of an effector
protein in a trans cleavage assay at 50 °C may be at least 6-fold of that at 37 °C. In some instances,
the trans cleavage activity of an effector protein in a trans cleavage assay at 50 °C may be at least
7-fold of that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a
trans cleavage assay at 50 °C may be at least 8-fold of that at 37 °C. In some instances, the trans
cleavage activity of an effector protein in a trans cleavage assay at 50 °C may be at least 9-fold of
that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a trans
cleavage assay at 50 °C may be at least 10-fold of that at 37 °C. In some instances, the trans
cleavage activity of an effector protein in a trans cleavage assay at 50 °C may be at least 11-fold,
at least 12-fold, at least 13-fold, at least 14-fold, at least 15-fold, at least 20-fold, at least 25-fold,
at least 30-fold, at least 35-fold, at least 40-fold, at least 45-fold, at least 50-fold or more of that
at 37 °C.

[0108] In some instances, the trans cleavage activity of an effector protein in a trans cleavage
assay at 55 °C may be at least 50 % of that at 37 °C. In some instances, the trans cleavage activity
of an effector protein in a trans cleavage assay at 55 °C may be at least 55 % of that at 37 °C. In
some instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 55
°C may be at least 60 % of that at 37 °C. In some instances, the trans cleavage activity of an
effector protein in a trans cleavage assay at 55 °C may be at least 65 % of that at 37 °C. In some
instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 55 °C may
be at least 70 % of that at 37 °C. In some instances, the trans cleavage activity of an effector
protein in a trans cleavage assay at 55 °C may be at least 75 % of that at 37 °C. In some instances,
the trans cleavage activity of an effector protein in a trans cleavage assay at 55 °C may be at least
80 % of that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a
trans cleavage assay at 55 °C may be at least 85 % of that at 37 °C. In some instances, the trans
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cleavage activity of an effector protein in a trans cleavage assay at 55 °C may be at least 90 % of
that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a trans
cleavage assay at 55 °C may be at least 95 % of that at 37 °C. In some instances, the trans cleavage
activity of an effector protein in a trans cleavage assay at 55 °C may be about 100 % of that at 37
°C. In some instances, the trans cleavage activity of an effector protein in a trans cleavage assay
at 55 °C may be at least 1-fold of that at 37 °C. In some instances, the trans cleavage activity of
an effector protein in a trans cleavage assay at 55 °C may be at least 2-fold of that at 37 °C. In
some instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 55
°C may be at least 3-fold of that at 37 °C. In some instances, the trans cleavage activity of an
effector protein in a trans cleavage assay at 55 °C may be at least 4-fold of that at 37 °C. In some
instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 55 °C may
be at least 5-fold of that at 37 °C. In some instances, the trans cleavage activity of an effector
protein in a trans cleavage assay at 55 °C may be at least 6-fold of that at 37 °C. In some instances,
the trans cleavage activity of an effector protein in a trans cleavage assay at 55 °C may be at least
7-fold of that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a
trans cleavage assay at 55 °C may be at least 8-fold of that at 37 °C. In some instances, the trans
cleavage activity of an effector protein in a trans cleavage assay at 55 °C may be at least 9-fold of
that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a trans
cleavage assay at 55 °C may be at least 10-fold of that at 37 °C. In some instances, the trans
cleavage activity of an effector protein in a trans cleavage assay at 55 °C may be at least 11-fold,
at least 12-fold, at least 13-fold, at least 14-fold, at least 15-fold, at least 20-fold, at least 25-fold,
at least 30-fold, at least 35-fold, at least 40-fold, at least 45-fold, at least 50-fold or more of that
at 37 °C.

[0109] In some instances, the trans cleavage activity of an effector protein in a trans cleavage
assay at 60 °C may be at least 50 % of that at 37 °C. In some instances, the trans cleavage activity
of an effector protein in a trans cleavage assay at 60 °C may be at least 55 % of that at 37 °C. In
some instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 60
°C may be at least 60 % of that at 37 °C. In some instances, the trans cleavage activity of an
effector protein in a trans cleavage assay at 60 °C may be at least 65 % of that at 37 °C. In some
instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 60 °C may
be at least 70 % of that at 37 °C. In some instances, the trans cleavage activity of an effector
protein in a trans cleavage assay at 60 °C may be at least 75 % of that at 37 °C. In some instances,
the trans cleavage activity of an effector protein in a trans cleavage assay at 60 °C may be at least
80 % of that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a
trans cleavage assay at 60 °C may be at least 85 % of that at 37 °C. In some instances, the trans
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cleavage activity of an effector protein in a trans cleavage assay at 60 °C may be at least 90 % of
that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a trans
cleavage assay at 60 °C may be at least 95 % of that at 37 °C. In some instances, the trans cleavage
activity of an effector protein in a trans cleavage assay at 60 °C may be about 100 % of that at 37
°C. In some instances, the trans cleavage activity of an effector protein in a trans cleavage assay
at 60 °C may be at least 1-fold of that at 37 °C. In some instances, the trans cleavage activity of
an effector protein in a trans cleavage assay at 60 °C may be at least 2-fold of that at 37 °C. In
some instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 60
°C may be at least 3-fold of that at 37 °C. In some instances, the trans cleavage activity of an
effector protein in a trans cleavage assay at 60 °C may be at least 4-fold of that at 37 °C. In some
instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 60 °C may
be at least 5-fold of that at 37 °C. In some instances, the trans cleavage activity of an effector
protein in a trans cleavage assay at 60 °C may be at least 6-fold of that at 37 °C. In some instances,
the trans cleavage activity of an effector protein in a trans cleavage assay at 60 °C may be at least
7-fold of that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a
trans cleavage assay at 60 °C may be at least 8-fold of that at 37 °C. In some instances, the trans
cleavage activity of an effector protein in a trans cleavage assay at 60 °C may be at least 9-fold of
that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a trans
cleavage assay at 60 °C may be at least 10-fold of that at 37 °C. In some instances, the trans
cleavage activity of an effector protein in a trans cleavage assay at 60 °C may be at least 11-fold,
at least 12-fold, at least 13-fold, at least 14-fold, at least 15-fold, at least 20-fold, at least 25-fold,
at least 30-fold, at least 35-fold, at least 40-fold, at least 45-fold, at least 50-fold or more of that
at 37 °C.

[0110] In some instances, the trans cleavage activity of an effector protein in a trans cleavage
assay at 65 °C may be at least 50 % of that at 37 °C. In some instances, the trans cleavage activity
of an effector protein in a trans cleavage assay at 65 °C may be at least 55 % of that at 37 °C. In
some instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 65
°C may be at least 60 % of that at 37 °C. In some instances, the trans cleavage activity of an
effector protein in a trans cleavage assay at 65 °C may be at least 65 % of that at 37 °C. In some
instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 65 °C may
be at least 70 % of that at 37 °C. In some instances, the trans cleavage activity of an effector
protein in a trans cleavage assay at 65 °C may be at least 75 % of that at 37 °C. In some instances,
the trans cleavage activity of an effector protein in a trans cleavage assay at 65 °C may be at least
80 % of that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a
trans cleavage assay at 65 °C may be at least 85 % of that at 37 °C. In some instances, the trans
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cleavage activity of an effector protein in a trans cleavage assay at 65 °C may be at least 90 % of
that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a trans
cleavage assay at 65 °C may be at least 95 % of that at 37 °C. In some instances, the trans cleavage
activity of an effector protein in a trans cleavage assay at 65 °C may be about 100 % of that at 37
°C. In some instances, the trans cleavage activity of an effector protein in a trans cleavage assay
at 65 °C may be at least 1-fold of that at 37 °C. In some instances, the trans cleavage activity of
an effector protein in a trans cleavage assay at 65 °C may be at least 2-fold of that at 37 °C. In
some instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 65
°C may be at least 3-fold of that at 37 °C. In some instances, the trans cleavage activity of an
effector protein in a trans cleavage assay at 65 °C may be at least 4-fold of that at 37 °C. In some
instances, the trans cleavage activity of an effector protein in a trans cleavage assay at 65 °C may
be at least 5-fold of that at 37 °C. In some instances, the trans cleavage activity of an effector
protein in a trans cleavage assay at 65 °C may be at least 6-fold of that at 37 °C. In some instances,
the trans cleavage activity of an effector protein in a trans cleavage assay at 65 °C may be at least
7-fold of that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a
trans cleavage assay at 65 °C may be at least 8-fold of that at 37 °C. In some instances, the trans
cleavage activity of an effector protein in a trans cleavage assay at 65 °C may be at least 9-fold of
that at 37 °C. In some instances, the trans cleavage activity of an effector protein in a trans
cleavage assay at 65 °C may be at least 10-fold of that at 37 °C. In some instances, the trans
cleavage activity of an effector protein in a trans cleavage assay at 65 °C may be at least 11-fold,
at least 12-fold, at least 13-fold, at least 14-fold, at least 15-fold, at least 20-fold, at least 25-fold,
at least 30-fold, at least 35-fold, at least 40-fold, at least 45-fold, at least 50-fold or more of that
at 37 °C. In some instances, the trans cleavage activity of an effector protein in a trans cleavage
assay at 70 °C, 75 °C. 80 °C, or more may be at least 50, at least 60 %, at least 65 %, at least 70
%, at least 75 %, at least 80 %, at least 85 %, at least 95 %, at least 100 %, at least 1-fold, at least
2-fold , at least 3-fold , at least 4-fold , at least 5-fold , at least 6-fold , at least 7-fold , at least 8-
fold , at least 9-fold , at least 10-fold , at least 11-fold, at least 12-fold, at least 13-fold, at least 14-
fold, at least 15-fold, at least 20-fold, at least 25-fold, at least 30-fold, at least 35-fold, at least 40-
fold, at least 45-fold, at least 50-fold or more of that at 37 °C.

[0111] In some instances, the trans cleavage activity may be measured against a negative control
in a trans cleavage assay. In some instances, the trans cleavage activity of an effector protein
against a nucleic acid in a trans cleavage assay at 37 °C may be at least 50 %, at least 55 %, at
least 60 %, at least 65 %, at least 70 %, at least 75 %, at least 80 %, at least 85 %, at least 90 %,
at least 95 %, at least 100 %, at least 1-fold, at least 2-fold, at least 3-fold, at least 4-fold, at least
5-fold, at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold, or at least 10-fold of that
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against a negative control nucleic acid. In some instances, the trans cleavage activity of an effector
protein against a nucleic acid in a trans cleavage assay at 37 °C may be at least 11-fold, at least
12-fold, at least 13-fold, at least 14-fold, at least 15-fold, at least 20-fold, at least 25-fold, at least
30-fold, at least 35-fold, at least 40-fold, at least 45-fold, at least SO-fold or more of that against a
negative control nucleic acid. In some instances, the trans cleavage activity of an effector protein
against a nucleic acid in a trans cleavage assay at 40 °C may be at least 50 %, at least 55 %, at
least 60 %, at least 65 %, at least 70 %, at least 75 %, at least 80 %, at least 85 %, at least 90 %,
at least 95 %, at least 100 %, at least 1-fold, at least 2-fold, at least 3-fold, at least 4-fold, at least
5-fold, at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold, or at least 10-fold of that
against a negative control nucleic acid. In some instances, the trans cleavage activity of an effector
protein against a nucleic acid in a trans cleavage assay at 40 °C may be at least 11-fold, at least
12-fold, at least 13-fold, at least 14-fold, at least 15-fold, at least 20-fold, at least 25-fold, at least
30-fold, at least 35-fold, at least 40-fold, at least 45-fold, at least SO-fold or more of that against a
negative control nucleic acid. In some instances, the trans cleavage activity of an effector protein
against a nucleic acid in a trans cleavage assay at 45 °C may be at least 50 %, at least 55 %, at
least 60 %, at least 65 %, at least 70 %, at least 75 %, at least 80 %, at least 85 %, at least 90 %,
at least 95 %, at least 100 %, at least 1-fold, at least 2-fold, at least 3-fold, at least 4-fold, at least
5-fold, at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold, or at least 10-fold of that
against a negative control nucleic acid. In some instances, the trans cleavage activity of an effector
protein against a nucleic acid in a trans cleavage assay at 45 °C may be at least 11-fold, at least
12-fold, at least 13-fold, at least 14-fold, at least 15-fold, at least 20-fold, at least 25-fold, at least
30-fold, at least 35-fold, at least 40-fold, at least 45-fold, at least SO-fold or more of that against a
negative control nucleic acid. In some instances, the trans cleavage activity of an effector protein
against a nucleic acid in a trans cleavage assay at 50 °C may be at least 50 %, at least 55 %, at
least 60 %, at least 65 %, at least 70 %, at least 75 %, at least 80 %, at least 85 %, at least 90 %,
at least 95 %, at least 100 %, at least 1-fold, at least 2-fold, at least 3-fold, at least 4-fold, at least
5-fold, at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold, or at least 10-fold of that
against a negative control nucleic acid. In some instances, the trans cleavage activity of an effector
protein against a nucleic acid in a trans cleavage assay at 50 °C may be at least 11-fold, at least
12-fold, at least 13-fold, at least 14-fold, at least 15-fold, at least 20-fold, at least 25-fold, at least
30-fold, at least 35-fold, at least 40-fold, at least 45-fold, at least SO-fold or more of that against a
negative control nucleic acid. In some instances, the trans cleavage activity of an effector protein
against a nucleic acid in a trans cleavage assay at 55 °C may be at least 50 %, at least 55 %, at
least 60 %, at least 65 %, at least 70 %, at least 75 %, at least 80 %, at least 85 %, at least 90 %,
at least 95 %, at least 100 %, at least 1-fold, at least 2-fold, at least 3-fold, at least 4-fold, at least
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5-fold, at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold, or at least 10-fold of that
against a negative control nucleic acid. In some instances, the trans cleavage activity of an effector
protein against a nucleic acid in a trans cleavage assay at 55 °C may be at least 11-fold, at least
12-fold, at least 13-fold, at least 14-fold, at least 15-fold, at least 20-fold, at least 25-fold, at least
30-fold, at least 35-fold, at least 40-fold, at least 45-fold, at least SO-fold or more of that against a
negative control nucleic acid. In some instances, the trans cleavage activity of an effector protein
against a nucleic acid in a trans cleavage assay at 60 °C may be at least 50 %, at least 55 %, at
least 60 %, at least 65 %, at least 70 %, at least 75 %, at least 80 %, at least 85 %, at least 90 %,
at least 95 %, at least 100 %, at least 1-fold, at least 2-fold, at least 3-fold, at least 4-fold, at least
5-fold, at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold, or at least 10-fold of that
against a negative control nucleic acid. In some instances, the trans cleavage activity of an effector
protein against a nucleic acid in a trans cleavage assay at 60 °C may be at least 11-fold, at least
12-fold, at least 13-fold, at least 14-fold, at least 15-fold, at least 20-fold, at least 25-fold, at least
30-fold, at least 35-fold, at least 40-fold, at least 45-fold, at least SO-fold or more of that against a
negative control nucleic acid. In some instances, the trans cleavage activity of an effector protein
against a nucleic acid in a trans cleavage assay at 65 °C may be at least 50 %, at least 55 %, at
least 60 %, at least 65 %, at least 70 %, at least 75 %, at least 80 %, at least 85 %, at least 90 %,
at least 95 %, at least 100 %, at least 1-fold, at least 2-fold, at least 3-fold, at least 4-fold, at least
5-fold, at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold, or at least 10-fold of that
against a negative control nucleic acid. In some instances, the trans cleavage activity of an effector
protein against a nucleic acid in a trans cleavage assay at 65 °C may be at least 11-fold, at least
12-fold, at least 13-fold, at least 14-fold, at least 15-fold, at least 20-fold, at least 25-fold, at least
30-fold, at least 35-fold, at least 40-fold, at least 45-fold, at least SO-fold or more of that against a
negative control nucleic acid. In some instances, the trans cleavage activity of an effector protein
against a nucleic acid in a trans cleavage assay at 70 °C, 75 °C, 80 °C, or more may be at least 50
%, at least 55 %, at least 60 %, at least 65 %, at least 70 %, at least 75 %, at least 80 %, at least 85
%, at least 90 %, at least 95 %, at least 100 %, at least 1-fold, at least 2-fold, at least 3-fold, at
least 4-fold, at least 5-fold, at least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold, or at least
10-fold of that against a negative control nucleic acid. In some instances, the trans cleavage
activity of an effector protein against a nucleic acid in a trans cleavage assay at 70 °C, 75 °C, 80
°C, or more may be at least 11-fold, at least 12-fold, at least 13-fold, at least 14-fold, at least 15-
fold, at least 20-fold, at least 25-fold, at least 30-fold, at least 35-fold, at least 40-fold, at least 45-
fold, at least 50-fold or more of that against a negative control nucleic acid.

[0112] Additional Examples of Programmable Nucleases
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[0113] As described elsewhere herein, one or more programmable nucleases may be used to detect
one or more targets (e.g., one or more target nucleic acids). In some cases, a programmable
nuclease is capable of being activated when complexed with the guide nucleic acid and the target
nucleic acid segment. A programmable nuclease can be capable of being activated when
complexed with a guide nucleic acid and the target sequence. The programmable nuclease can be
activated upon binding of the guide nucleic acid to its target nucleic acid and can non-specifically
degrade a non-target nucleic acid in its environment. The programmable nuclease has trans
cleavage activity once activated. A programmable nuclease can be a Cas protein (also referred to,
interchangeably, as a Cas nuclease or Cas effector protein). A guide nucleic acid (e.g., crRNA)
and Cas protein can form a CRISPR enzyme.

[0114] In some embodiments, one or more programmable nucleases as disclosed herein can be
activated to initiate trans cleavage activity of a reporter (also referred to herein as a reporter
molecule). A programmable nuclease as disclosed herein can, in some cases, bind to a target
sequence or target nucleic acid to initiate trans cleavage of a reporter. The programmable
nuclease can be referred to as an RNA-activated programmable RNA nuclease. In some
instances, the programmable nuclease as disclosed herein can bind to a target DNA to initiate
trans cleavage of an RNA reporter. Such a programmable nuclease can be referred to herein as a
DNA -activated programmable RNA nuclease. In some cases, a programmable nuclease as
described herein can be activated by a target RNA or a target DNA. For example, a
programmable nuclease, e.g., a Cas enzyme, can be activated by a target RNA nucleic acid or a
target DNA nucleic acid to cleave RNA reporters. In some embodiments, the programmable
nuclease can bind to a target ssDNA which initiates trans cleavage of RNA reporters. In some
instances, a programmable nuclease as disclosed herein can bind to a target DNA to initiate trans
cleavage of a DNA reporter, and this programmable nuclease can be referred to as a DNA-
activated programmable DNA nuclease.

[0115] The programmable nuclease can become activated after binding of a guide nucleic acid
that is complexed with the programmable nuclease with a target nucleic acid, and the activated
programmable nuclease can cleave the target nucleic acid, which can result in a trans cleavage
activity. Trans cleavage activity can be non-specific cleavage of nearby single-stranded nucleic
acids by the activated programmable nuclease, such as trans cleavage of reporter nucleic acids
comprising a detection moiety. Once the reporter is cleaved by the activated programmable
nuclease, the detection moiety can be released or separated from the reporter and can directly or
indirectly generate a detectable signal. The reporter and/or the detection moiety can be
immobilized on a support medium. Often the detection moiety is at least one of a fluorophore, a
dye, a polypeptide, or a nucleic acid. Sometimes the detection moiety binds to a capture
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molecule on the support medium to be immobilized. The detectable signal can be visualized on
the support medium to assess the presence or concentration of one or more target nucleic acids
associated with an ailment, such as a SNP associated with a disease, cancer, or genetic disorder.
[0116] A programmable nuclease can be any enzyme that can be or has been designed,
modified, or engineered by human contribution so that the enzyme targets or cleaves a nucleic
acid in a sequence-specific manner. Programmable nucleases can include, for example, zinc-
finger nucleases (ZFNs), transcription activator-like effector nucleases (TALENs), and/or RNA-
guided nucleases such as the bacterial clustered regularly interspaced short palindromic repeat
(CRISPR)-Cas (CRISPR-associated) nucleases or Cpfl. Programmable nucleases can also
include, for example, PfAgo and/or NgAgo.

[0117] Several programmable nucleases are consistent with the methods and devices of the
present disclosure. For example, Cas proteins are programmable nucleases used in the methods
and systems disclosed herein. Cas proteins can include any of the known Classes and Types of
CRISPR/Cas enzymes. Programmable nucleases disclosed herein include Class 1 Cas proteins,
such as the Type I, Type IV, or Type III Cas proteins. Programmable nucleases disclosed herein
also include the Class 2 Cas proteins, such as the Type II, Type V, and Type VI Cas proteins.
Programmable nucleases included in the methods disclosed herein and methods of use thereof
include a Type V or Type VI Cas proteins.
[0118] In some instances, the programmable nuclease is a Type V Cas protein. In general, a
Type V Cas effector protein comprises a RuvC domain, but lacks an HNH domain. In most
instances, the RuvC domain of the Type V Cas effector protein comprises three patrial RuvC
domains (RuvC-I, RuvC-II, and RuvC-III, also referred to herein as subdomains). In some
instances, the three RuvC subdomains are located within the C-terminal half of the Type V Cas
effector protein. In some instances, none of the RuvC subdomains are located at the N terminus
of the protein. In some instances, the RuvC subdomains are contiguous. In some instances, the
RuvC subdomains are not contiguous with respect to the primary amino acid sequence of the
Type V Cas protein, but form a ruvC domain once the protein is produced and folds. In some
instances, there are zero to about 50 amino acids between the first and second RuvC
subdomains. In some instances, there are zero to about 50 amino acids between the second and
third RuvC subdomains. In some instances, the Cas effector is a Cas14 effector. In some
instances, the Cas14 effector is a Cas14a, Cas14a.1 (SEQ ID NO: 3), Cas14b, Casl4c, Casl4d,
Casl4e, Casl4f, Casl4g, Casl4h, or Casl4u effector. In some instances, the Cas effector is a
CasPhi (also referred to herein as a Cas¢) eftfector. In some instances, the Cas effector is a Cas12
effector. In some instances, the Cas12 effector is a Cas12a, Cas12b, Casl2c, Casl12d, Casl2e, or
Casl2j effector.
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[0119] In some instances, the Type V Cas protein comprises a Cas14 protein. Cas14 proteins
may comprise a bilobed structure with distinct amino-terminal and carboxy-terminal domains.
The amino- and carboxy-terminal domains may be connected by a flexible linker. The flexible
linker may affect the relative conformations of the amino- and carboxyl-terminal domains. The
flexible linker may be short, for example less than 10 amino acids, less than 8 amino acids, less
than 6 amino acids, less than 5 amino acids, or less than 4 amino acids in length. The flexible
linker may be sufficiently long to enable different conformations of the amino- and carboxy-
terminal domains among two Cas14 proteins of a Cas14 dimer complex (e.g., the relative
orientations of the amino- and carboxy-terminal domains differ between two Cas14 proteins of a
Cas14 homodimer complex). The linker domain may comprise a mutation which affects the
relative conformations of the amino- and carboxyl-terminal domains. The linker may comprise a
mutation which affects Cas14 dimerization. For example, a linker mutation may enhance the
stability of a Cas14 dimer.

[0120] In some instances, the amino-terminal domain of a Cas14 protein comprises a wedge
domain, a recognition domain, a zinc finger domain, or any combination thereof. The wedge
domain may comprise a multi-strand B-barrel structure. A multi-strand B-barrel structure may
comprise an oligonucleotide/oligosaccharide-binding fold that is structurally comparable to
those of some Cas12 proteins. The recognition domain and the zinc finger domain may each
(individually or collectively) be inserted between B-barrel strands of the wedge domain. The
recognition domain may comprise a 4-a-helix structure, structurally comparable but shorter than
those found in some Cas12 proteins. The recognition domain may comprise a binding affinity
for a guide nucleic acid or for a guide nucleic acid-target nucleic acid heteroduplex. In some
cases, a REC lobe may comprise a binding affinity for a PAM sequence in the target nucleic
acid. The amino-terminal may comprise a wedge domain, a recognition domain, and a zinc
finger domain. The carboxy-terminal may comprise a RuvC domain, a zinc finger domain, or
any combination thereof. The carboxy-terminal may comprise one RuvC and one zinc finger
domain.

[0121] Cas14 proteins may comprise a RuvC domain or a partial RuvC domain. The RuvC
domain may be defined by a single, contiguous sequence, or a set of partial RuvC domains that
are not contiguous with respect to the primary amino acid sequence of the Cas14 protein. In
some instances, a partial RuvC domain does not have any substrate binding activity or catalytic
activity on its own. A Cas14 protein of the present disclosure may include multiple partial RuvC
domains, which may combine to generate a RuvC domain with substrate binding or catalytic
activity. For example, a Cas14 may include 3 partial RuvC domains (RuvC-I, RuvC-II, and
RuvC-III, also referred to herein as subdomains) that are not contiguous with respect to the

29



WO 2022/133108 PCT/US2021/063844
primary amino acid sequence of the Cas14 protein, but form a RuvC domain once the protein is
produced and folds. A Cas14 protein may comprise a linker loop connecting a carboxy terminal
domain of the Cas14 protein with the amino terminal domain of the Cas 14 protein, and wherein
the carboxy terminal domain comprises one or more RuvC domains and the amino terminal
domain comprises a recognition domain.

[0122] Cas14 proteins may comprise a zinc finger domain. In some instances, a carboxy
terminal domain of a Cas14 protein comprises a zinc finger domain. In some instances, an amino
terminal domain of a Cas14 protein comprises a zinc finger domain. In some instances, the
amino terminal domain comprises a wedge domain (e.g., a multi-B-barrel wedge structure), a
zinc finger domain, or any combination thereof. In some cases, the carboxy terminal domain
comprises the RuvC domains and a zinc finger domain, and the amino terminal domain
comprises a recognition domain, a wedge domain, and a zinc finger domain.

[0123] In some instances, the Type V Cas protein is a Casd protein. A Cas® protein can
function as an endonuclease that catalyzes cleavage at a specific sequence in a target nucleic
acid. A programmable Cas® nuclease may have a single active site in a RuvC domain that is
capable of catalyzing pre-crRNA processing and nicking or cleaving of nucleic acids. This
compact catalytic site may render the programmable Cas® nuclease especially advantageous for
genome engineering and new functionalities for genome manipulation.

[0124] In some instances, the programmable nuclease is a Type VI Cas protein. In some
embodiments, the Type VI Cas protein is a programmable Cas13 nuclease. The general
architecture of a Cas13 protein includes an N-terminal domain and two HEPN (higher
eukaryotes and prokaryotes nucleotide-binding) domains separated by two helical domains. The
HEPN domains each comprise aR-X4-H motif. Shared features across Cas13 proteins include
that upon binding of the crRNA of the guide nucleic acid to a target nucleic acid, the protein
undergoes a conformational change to bring together the HEPN domains and form a
catalytically active RNase. Thus, two activatable HEPN domains are characteristic of a
programmable Cas13 nuclease of the present disclosure. However, programmable Cas13
nucleases also consistent with the present disclosure include Cas13 nucleases comprising
mutations in the HEPN domain that enhance the Cas13 proteins cleavage efficiency or mutations
that catalytically inactivate the HEPN domains. Programmable Cas13 nucleases consistent with
the present disclosure also Cas13 nucleases comprising catalytic components. In some instances,
the Cas effector is a Cas 13 effector. In some instances, the Cas13 effector is a Cas13a, a
Casl13b, a Cas 13c, a Cas 13d, or a Cas 13e effector protein.

[0125] In some cases, the programmable nuclease can be Cas13. Sometimes the Cas13 can be
Casl3a, Casl3b, Casl3c, Casl3d, or Casl3e. In some cases, the programmable nuclease can be
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Mad7 or Mad2. In some cases, the programmable nuclease can be Cas12. Sometimes the Cas12
can be Casl2a, Casl2b, Casl2c, Casl2d, or Casl2e. In some cases, the programmable nuclease
can be Csm1, Cas9, C2c4, C2c8, C2c5, C2¢10, C2c9, or CasZ. Sometimes, the Csm1 can also
be also called smCms1, miCmsl1, obCms]1, or suCmsl. Sometimes Cas13a can also be also
called C2c2. Sometimes CasZ can also be called Casl4a, Cas14b, Casl4c, Casl4d, Casl4e,
Casl4f, Casl4g, or Cas14h. Sometimes, the programmable nuclease can be a type V CRISPR-
Cas system. In some cases, the programmable nuclease can be a type VI CRISPR-Cas system.
Sometimes the programmable nuclease can be a type III CRISPR-Cas system. In some cases, the
programmable nuclease can be from at least one of Leptotrichia shahii (Lsh), Listeria seeligeri
(Lse), Leptotrichia buccalis (Lbu), Leptotrichia wadeu (Lwa), Rhodobacter capsulatus (Rca),
Herbinix hemicellulosilytica (Hhe), Paludibacter propionicigenes (Ppr), Lachnospiraceae
bacterium (Lba), [Fubacterium] rectale (Ere), Listeria newyorkensis (Lny), Clostridium
aminophilum (Cam), Prevotella sp. (Psm), Capnocytophaga canimorsus (Cca, Lachnospiracecae
bacterium (Lba), Bergeyella zoohelcum (Bzo), Prevotella intermedia (Pin), Prevotella buccae
(Pbu), Alistipes sp. (Asp), Riemerella anatipestifer (Ran), Prevotella aurantiaca (Pau),
Prevotella saccharolytica (Psa), Prevotella intermedia (Pin2), Capnocytophaga canimorsus
(Cca), Porphyromonas gulae (Pgu), Prevotella sp. (Psp), Porphyromonas gingivalis (Pig),
Prevotella intermedia (Pin3), Enterococcus italicus (Ei), Lactobacillus salivarius (Ls), or
Thermus thermophilus (Tt). Sometimes the Cas13 is at least one of LbuCas13a, LwaCas13a,
LbaCas13a, HheCas13a, PprCasl3a, EreCas13a, CamCas13a, or LshCas13a. The trans cleavage
activity of the programmable nuclease can be activated when the guide nucleic acid is
complexed with the target nucleic acid. In some embodiments, the target nucleic acid can be
RNA or DNA.

[0126] In some embodiments, the programmable nuclease comprises a Cas12 protein, wherein
the Cas12 enzyme binds and cleaves double stranded DNA and single stranded DNA. In some
embodiments, programmable nuclease comprises a Cas13 protein, wherein the Cas13 enzyme
binds and cleaves single stranded RNA. In some embodiments, programmable nuclease
comprises a Cas14 protein, wherein the Cas14 enzyme binds and cleaves both double stranded
DNA and single stranded DNA.

[0127] Table 2A provides illustrative amino acid sequences of programmable nucleases having
trans-cleavage activity. In some instances, programmable nucleases described herein comprise
an amino acid sequence that is at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 97%, or at least 98%, at least 99%, or 100% identical to
any one of SEQ ID Nos: 1-61. In some instances, programmable nucleases described herein may
consist of an amino acid sequence that is at least 65%, at least 70%, at least 75%, at least 80%,
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at least 85%, at least 90%, at least 95%, at least 97%, or at least 98%, at least 99%, or 100%
identical to any one of SEQ ID Nos: 1-61. In some instances, programmable nucleases described
herein comprise at least about 50, at least about 100, at least about 150, at least about 200, at
least about 250, at least about 300, at least about 350, at least about 400, at least about 450, at
least about 500 consecutive amino acids of any one of SEQ ID Nos: 1-61.

[0128] Table 2A: Amino Acid Sequences of Exemplary Programmable Nucleases

SEQ ID Programmable Nuclease Amino Acid Sequence
NO:
SEQ ID: | MADLSQFTHKYQVPKTLRFELIPQGKTLENLSAYGMVADDKQRSENYKK
1 LKPVIDRIYKYFIEESLKNTNLDWNPLYEAIREYRKEKTTATITNLKEQQDI

CRRAIASRFEGK VPDKGDKSVKDFNKK QSKLFKELFGKELFTDSVLEQLP
GVSLSDEDKALLKSFDKFTTYFVGFYDNRKNVFSSDDISTGIPHRLVQENF
PKFIDNCDDYKRLVLVAPELKEKLEKAAEATKIFEDVSLDEIFSIKFYNRLL
QQNQIDQFNQLLGGIAGAPGTPKIQGLNETLNLSMQQDKTLEQKLKSVPH
RFSPLYKQILSDRSSLSFIPESFSCDAEVLLAVQEYLDNLKTEHVIEDLKEVF
NRLTTLDLKHIYVNSTK VTAFSQALFGDWNLCREQLRVYKMSNGNEKITK
KALGELESWLKNSDIAFTELQEALADEALPAK VNLK VQEAISGLNEQMAK
SLPKELKIPEEKEELKALLDAIQEVYHTLEWFIVSDDVETDTDFYVPLKETL
QIQPIIPLYNK VRNFATQKPYSVEKFKLNFANPTLADGWDENKEQQNCAV
LFQKGNNY YLGILNPKNKPDFDNVDTEKQGNCYQKMVYKQFPDFSKMM
PKCTTQLKEVKQHFEGKDSDYILNNKNFIKPLTITREVYDLNNVLYDGKKK
FQIDYLRKTKDEDGYYTALHTWIDFAKKFVASYKSTSIYDTSTILPPEK YEK
LNEFYGALDNLFYQIKFENIPEEIIDTY VEDGKLFLFQIYNKDFA AGATGAP
NLHTIYWKAVFDPENVKDVVVKLNGQAELFYRPKSNMDVIRHK VGEKLV
NRTLKDGSILTDELHKELYLYANGSLKK GLSEDAKIILDKNLAVIYDVHHEI
VKDRRFTTDKFFFHVPLTLNYKCDKNPVKFNAEVQEYLKENPDTY VIGID
RGERNLIYAVVIDPKGRIVEQK SFNVINGFDYHGKLDQREKERVK ARQAW
TAVGKIKELKQGYLSLVVHEISKMMVRY QAVVVLENLNVGFKRVRSGIAE
KAVYQQFEKMLINKLNYLMFKDAGGTEPGSVLNAYQLTDRFESFAKMGL
QTGFLFYIPAAFTSKIDPATGFVDPFRWGAIKTLADKREFLSGFESLKFDSTT
GNFILHFDVSKNKNFQKKLEGFVPDWDIIIEANKMK TGKGATYIAGKRIEF
VRDNNSQGHYEDYLPCNALAETLRQCDIPYEEGKDILPLILEKNDSKLLHS
VFKVVRLTLQMRNSNAETGEDYISSPVEDVSGSCFDSRMENEKLPKDADA
NGAYHIALKGMLALERLRKDEKMAISNNDWLNYIQEKRA *
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SEQ ID:
2

MAGKKKDKDVINKTLSVRIIRPRY SDDIEKEISDEKAKRKQDGKTGELDRA
FFSELKSRNPDIITNDELFPLFTEIQKNLTEIYNKSISLLYMKLIVEEEGGSTA
SALSAGPYKECKARFNSYISLGLRQKIQSNFRRKELKGFQVSLPTAKSDRFP
IPFCHQVENGKGGFKVYETGDDFIFEVPLIKYTATNKKSTSGKNYTKVQLN
NPPVPMNVPLLLSTMRRRQTKKGMQWNKDEGTNAELRRVMSGEYKVSY
AEIIRRTRFGKHDDWFVNFSIKFKNKTDELNQNVRGGIDIGVSNPLVCAVT
NGLDRYIVANNDIMAFNERAMARRRTLLRKNRFKRSGHGAKNKLEPITVL
TEKNERFRKSILQRWAREVAEFFKRTSASVVNMEDLSGITEREDFFSTKLRT
TWNYRLMQTTIENKLKEYGIAVNYISPKYTSQTCHSCGKRNDYFTFSYRSE
NNYPPFECKECNKVKCNADFNAAKNIALKVVL

SEQ ID:

MAKNTITKTLKLRIVRPYNSAEVEKIVADEKNNREKIALEKNKDKVKEAC

SKHLKVAAYCTTQVERNACLFCKARKLDDKFYQKLRGQFPDAVFWQEISE
IFRQLQKQAAEIYNQSLIELY YEIFIKGKGIANASSVEHYLSDVCYTRAAEL

FKNAATASGLRSKIKSNFRLKELKNMKSGLPTTKSDNFPIPLVKQKGGQYT

GFEISNHNSDFIIKIPFGRWQVKKEIDKYRPWEKFDFEQVQKSPKPISLLLST
QRRKRNKGWSKDEGTEAEIKKVMNGDYQTSYIEVKRGSKIGEKSAWMLN
LSIDVPKIDKGVDPSIIGGIDVGVKSPLVCAINNAFSRY SISDNDLFHFNKKM
FARRRILLKKNRHKRAGHGAKNKLKPITILTEKSERFRKKLIERWACEIADF
FIKNKVGTVOQMENLESMKRKEDSYFNIRLRGFWPYAEMOQNKIEFKLKQY

GIEIRKVAPNNTSKTCSKCGHLNNYFNFEYRKKNKFPHFKCEKCNFKENA

DYNAALNISNPKLKSTKEEP

SEQ ID:

MATLVSFTKQYQVQKTLRFELIPQGKTQANIDAKGFINDDLKRDENYMKV
KGVIDELHKNFIEQTLVNVDYDWRSLATAIKNYRKDRSDTNKKNLEKTQE
AARKEITAWFEGKRGNSAFKNNQKSFYGKLFKKELFSEILRSDDLEYDEET
QDAIACFDKFTTYFVGFHENRKNMYSTEAKSTSVAYRVVNENFSKFLSNC
EAFSVLEAVCPNVLVEAEQELHLHK AFSDLKLSDVFKVEAYNKYLSQTGID
YYNQIIGGISSAEGVRKIRGVNEVVNNAIQQNDELK VALRNKQFTMVQLF
KQILSDRSTLSFVSEQFTSDQEVITVVKQFNDDIVNNK VLAVVKTLFENFNS
YDLEKIYINSKELASVSNALLKDWSKIRNAVLENKIIELGANPPK TKISAVE
KEVKNKDFSIAELASYNDKYLDKEGNDKEICSIANVVLEAVGALEIMLAES
LPADLKTLENKNK VKGILDAYENLLHLLNYFKVSAVNDVDLAFYGAFEKV
YVDISGVMPLYNK VRNYATKKPYSVEKFKLNFAMPTLADGWDKNKERDN
GSILLKDGQYYLGVMNPQNKPVIDNAVCNDAKGYQKMVYKMFPEISKM
VTKCSTQLNAVKAHFEDNTNDFVLDDTDKFISDLTITKEITYDLNNVLYDGK
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KKFQIDYLRNTGDFAGYHKALETWIDFVKEFLSKYRSTAIYDLTTLLPTNY
YEKLDVFYSDVNNLCYKIDYENISVEQVNEWVEEGNLYLFKIYNKDFATG
STGKPNLHTMYWNAVFAEENLHDVVVKLNGGAELFYRPKSNMPKVEHR
VGEKLVNRKNVNGEPIADSVHKEIYAYANGKISKSELSENAQEELPLAIIKD
VKHNITKDKRYLSDKYFFHVPITLNYKANGNPSAFNTKVQAFLKNNPDVN
IIGIDRGERNLLYVVVIDQQGNIIDKKQVSYNKVNGYDYYEKLNQREKERI
EARQSWGAVGKIKELKEGYLSLVVREIADMMVKYNAIVVMENLNAGFKR
VRGGIAEKAVYQKFEKMLIDKLNYLVFKDVEAKEAGGVLNAYQLTDKFD
SFEKMGNQSGFLFY VPAAYTSKIDPVTGFANVFSTKHITNTEAKKEFICSFN
SLRYDEAKDKFVLECDLNKFKIVANSHIKNWKFIIGGKRIVYNSKNKTYME
KYPCEDLKATLNASGIDFSSSEIINLLKNVPANREYGKLFDETYWAIMNTLQ
MRNSNALTGEDYIISAVADDNEKVFDSRTCGAELPKDADANGAYHIALKG
LYLLQRIDISEEGEKVDLSIKNEEWFKFVQQKEYAR*

SEQ ID:

MCMKITKIDGISHKK YKEKGKLIKNNDTAKDIIEERFNDIEKKTKELFQKTL
DFYVKNYEKCKEQNKERREKAKNYFSKVKILVDNKKITICNENTEKMEIE
DFNEYDVRSGKYFNVLNKILNGENYTEEDLEVFENDLQKRTGRIKSIKNSL
EENKAHFKKESINNNIIYDRVKGNNKKSLFYEY YRISSKHQEY VNNIFEAF
DKLYSNSHEAMNNLFSEITKDSKDRNIRKIREAYHEILNKNKTEFGEELYK
KIQDNRNNFDKLLEIEPEIKELTKSQIFYKYYIDKVNLDETSIKHCFCHLVEI
EVNQLLKNY VYSKRNINKEKLENIFEYCKLKNLIKNKLVNKLNNYIRNCG
KYNAYISNNDVVVNSEKISEIRTKEAFLRSIIGVSSSAYFSLRNILNTDNTQDI
TNKVDKEVDKLYQENKKIELEERLKLFFGNYFDINNQQEIKVFLMNIDKIIS
SIRHEITHFKMETNAQNIFDFNNVNLGNTAKNIFSNEINEEKIKFKIFKQLNS
ANVFDYLSNKDITEYMDKVVFSFTNRNVSFVPSFTKIYNRVQDLANSLEIK
KWKIPDKSEGKDAQIYLLKNIYYGKFLDEFLNEENGIFISIKDKIIELNRNQ
NKRTGFYKLEKFEKIEETNPKKYLEIIQSLYMINIEEIDSEGKNIFLDFIQKIFL
KGFFEFIKNNYNYLLELKKIQDKKNIFDSEMSEYIAGEKTLEDIGEINEIIQD
IKITEIDKILNQTDKINCFYLLLKLLNYKEITELKGNLEKYQILSKTNVYEKE
LMLLNIVNLDNNK VKIENFKILAEEIGKFIEKINIEEINKNKKIKTFEELRNFE
KGENTGEY YNIYSDDKNIKNIRNLYNIKKYGMLDLLEKISEKTNYCIKKKD
LEEYSELRKQLEDEKTNFYKIQEYLHSKYQQKPKKILLKNNKNDYEKYKK
SIENIEKY VHLKNKIEFNELNLLQSLLLKILHRLVGFTSIWERDLRFRLIGEF
PDELDVEDIFDHRKRYKGTGKGICKKYDRFINTHTEYKNNNKMENVKFAD
NNPVRNYIAHFNYLPNPKY SILKMMEKLRKLLDYDRKLKNAVMK SIKDIL
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EEYGFKAEFIINSDKEIILNLVKSVEIITHLGKEDLKSRRNSEDLCKLVKAMLE
Y SK*

SEQ ID:

MEDKQFLERYKEFIGLNSLSKTLRNSLIPVGSTLKHIQEYGILEEDSLRAQK
REELKGIMDDYYRNYIEMHLRDVHDIDWNELFEALTEVKKNQTDDAKKR
LEKIQEKKRKEIYQYLSDDAVFSEMFKEKMISGILPDFIRCNEGY SEEEKEE
KLKTVALFHRFTSSFNDFFLNRKNVFTKEAIVTAIGYRVVHENAEIFLENM

VAFQNIQK SAESQISIIERKNEHYFMEWKLSHIFTADY YMMLMTQKAIEHY
NEMCGVVNQQMREYCQKEKKNWNLYRMKRLHKQILSNASTSFKIPEKYE
NDAEVYESVNSFLQNVMEK TVMERIAVLKNSTDNFDLSKIYITAPY YEKIS

NYLCGSWNTITDCLTHY YEQQIAGK GARKDQK VKA AVK ADK WK SLSEIE
QLLKEYARAEEVKRKPEEYIAEIENIVSLKEAHLLEYHPEVNLIENEK YATEI
KDVLDNYMELFHWMKWFYIEEAVEKEVNFYGELDDLYEEIKDIVPLYNK

VRNYVTQKPYSDTKIKLNFGTPTLANGWSKSKEYDYNAILLQKDGKYYM
GIFNPIQKPEKEIIEGHSQPLEGNEYKKMVYYYLPSANKMLPK VLLSKKGM
EIYQPSEYIING YKERRHIK SEEKFDLQFCHDLIDYFKSGIERNSDWK VFGF

DFSDTDTYQDISGFYREVEDQGYKIDWTYIKEADIDRLNEEGKLYLFQIYN
KDFSEKSTGRENLHTMYLKNLFSEENVREQVLKLNGEAEIFFRKSSVKKPII
HKKGTMLVNRTYMEEVNGNSVRRNIPEKEYQEIYNYKNHRLKGELSTEA

KKYLEKAVCHETKKDIVKDYRYSVDKFFIHLPITINYRASGKETLNSVAQR
YIAHQNDMHVIGIDRGERNLIYVSVINMQGEIKEQK SFNIINEFNYKEKLKE
REQSRGAARRNWKEIGQIKDLKEGYLSGVIHEIAKMMIK YHATIAMEDLN
YGFKRGRFK VERQVYQKFENMLIQKLNYLVFKDRPADEDGGVLRGYQLA
YIPDSVKKMGRQCGMIFYVPAAFTSKIDPTTGFVDIFKHKVYTTEQAKREF
ILSFDEICYDVERQLFRFTFDYANFVTQNVTLARNNWTIYTNGTRAQKEFG
NGRMRDKEDYNPKDKMVELLESEGIEFK SGKNLLPALKKVSNAK VFEEL

QKIVRFTVQLRNSKSEENDVDYDHVISPVLNEEGNFFDSSK YKNKEEKKES
LLPVDADANGAYCIALKGLYIMQAIQKNWSEEKALSPDVLRLNNNDWFD

YIQNKRYR*

SEQ ID:

MEEKKMSKIEKFIGKYKISKTLRFRAVPVGKTQDNIEKKGILEKDKKRSED
YEKVKAYLDSLHRDFIENTLKKVKLNELNEYACLFFSGTKDDGDKKKME
KLEEKMRKTISNEFCNDEM YKKIFSEKILSENNEEDVSDIVSSYKGFFTSLN
GYVNNRKNLYVSDAKPTSIAYRCINENLPKFLRNVECYKKVVQVIPKEQIE
YMSNNLNLSPYRIEDCFNIDFFEFCLSQGGIDLYNTFIGGYSKKDGTKVQGI
NEIVNLYNQKNKKDKEKYKLPQFTPLFKQILSDRDTKSFSIEKLENIYEVVE
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LVKKSYSDEMFDDIETVFSNLNYYDASGIY VKNGPAITHISMNLTKDWATI
RNNWNYEYDEKHSTKKNKNIEKYEDTRNTMYKKIDSFTLEYISRLVGKDI
DELVKYFENEVANFVMDIKKTYSKLTPLFDRCQKENFDISEDEVNDIKGYL
DNVKLLESFMKSFTINGKENNIDYVFYGKFTDDYDKLHEFDHIYNKVRNY
ITTSRKPYKLDKYKLYFDNPQLLGGWDINKEKDYRTVMLTKDGKY YFAII
DKGEHPFDNIPKDYFDNNGY YKKIITYRQIPNAAKYLSSKQIVPQNPPEEVK
RILDKKKADSKSLTEEEKNIFIDYIKSDFLKNYKLLFDKNNNPYFNFAFRES
STYESLNEFFEDVERQAYSVRYENLPADYIDNLVNEGKIYLFEIYSKDFSEY
SKGTNNLHTMYFKALFDNDNLKNTVFKLSGNAELFIRPASIKKDELVIHPK
NQLLQNKNPLNPKKQSIFDYDLVKDKRFFENQYMLHISIEINKNERDAKKI
KNINEMVRKELKDSDDNYIIGIDRGERNLLY VCVINSAGKIVEQMSLNEIIN
EYNGIKHTVDYQGLLDKCEKERNAQRQSWKSIENIKELKDGYISQVVHKL
CQLVEKYDAITAMENLNGGFKRGRTKFEKQVYQKFENKLINKMEYMADK
KRKTTENGGILRGYQLTNGCINNSYQNGFIFYVPAWLTSKIDPTTGFVDLLK
PKYTNVEEAHLWINKFNSITYDKKLDMFAFNINYSQFPRADIDYRKIWTFY
TNGYRIETFRNSEKNNEFDWKEVHLTSVIKKLLEEYQINYISGKNIIDDLIQI
KDKPFWNSFIKYIRLTLOMRNSITGRTDVDYIISPVINNEGTFYDSRKDLDEI
TLPQDADANGAYNIARKALWIIEKLKESPDEELNKVKLAITQREWLEYAQI
NI*

SEQ ID:

MEKIKKPSNRNSIPSHISDYDANKIKEIKVKYLKLARLDKITIQDMEIVDNIV
EFKKILLNGVEHTIIDNQKIEFDNYEITGCIKPSNKRRDGRISQAKYVVTITD
KYLRENEKEKRFKSTERELPNNTLLSRYKQISGFDTLTSKDIYKIKRYIDFK
NEMLFYFQFIEEFFNPLLPKGKNFYDLNIEQNKDKVAKFIVYRLNDDFKNK
SLNSYITDTCMIINDFKKIQKILSDFRHALAHFDFDFIQKFFDDQLDKNKFDI
NTISLIETLLDQKEEKNYQEKNNYIDDNDILTIFDEKGSKFSKLHNFYTKISQ
KKPAFNKLINSFLSQDGVPNEEFKSYLVTKKLDFFEDIHSNKEYKKIYIQHK
NLVIKKQKEESQEKPDGQKLKNYNDELQKLKDEMNTITKQNSLNRLEVKL
RLAFGFIANEYNYNFKNFNDEFTNDVKNEQKIKAFKNSSNEKLKEYFESTF
IEKRFFHFSVNFFNKKTKKEETKQKNIFNSIENETLEELVKESPLLQIITLLYL
FIPRELQGEFVGFILKIYHHTKNITSDTKEDEISIEDAQNSFSLKFKILAKNLR
GLQLFHYSLSHNTLYNNKQCFFYEKGNRWQSVYKSFQISHNQDEFDIHLVI
PVIKYYINLNKLMGDFEIYALLKYADKNSITVKLSDITSRDDLKYNGHYNF
ATLLFKTFGIDTNYKQNKVSIQNIKKTRNNLAHQNIENMLKAFENSEIFAQ
REEIVNYLQTEHRMQEVLHYNPINDFTMKTVQYLKSLSVHSQKEGKIADI
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HKKESLVPNDYYLIYKLKAIELLKQKVIEVIGESEDEKKIKNATAKEEQIKK
GNN

SEQ ID:

MENYGGFTGLYPLQKTLKFELRPQGRTMEHLVSSNFFEEDRDRAEK YKIV
KKVIDNYHKDFINECLSKRSFDWTPLMKTSEKY YASKEKNGKKKQDLDQ
KIIPTIENLSEKDRKELELEQKRMRKEIVSVFKEDKRFKYLFSEKLFSILLKD
EDYSKEKLTEKEILALKSFNKFSGYFIGLHKNRANFYSEGDESTAIAYRIVN
ENFPKFLSNLKKYREVCEK YPEIIQDAEQSLAGLNIKMDDIFPMENFNK VM
TQDGIDLYNLAIGGKAQALGEK QKGLNEFLNEVNQSYKKGNDRIRMTPLF
KQILSERTSYSYILDAFDDNSQLITSINGFFTEVEKDKEGNTFDRAVGLIASY
MK YDLSRVYIRKADLNKVSMEIFGSWERLGGLLRIFKSELYGDVNAEKTS
KKVDKWLNSGEFSLSDVINAIAGSKSAETFDEYILKMRVARGEIDNALEKI
KCINGNFSEDENSKMIIKAILDSVQRLFHLFSSFQVRADFSQDGDFYAEYNE
IYEKLFAIVPLYNRVRNYLTKNNLSMKKIKLNFKNPALANGWDLNKEYDN
TAVIFLREGKY YLGIMNPSKKKNIKFEEGSGTGPFYKKMAYKLLPDPNKML
PK VFFAKKNINYYNPSDEIVKGYKAGK YKKGENFDIDFCHKLIDFFKESIQ
KNEDWRAFNYLFSATESYKDISDFYSEVEDQGYRMYFLNVPVANIDEYVE
KGDLFLFQIYNKDFASGAKGNKDMHTIYWNAAFSDENLRNVVVKLNGEA
ELFYRDKSIIEPICHKK GEMLVNRTCFDK TPVPDKIHKELFDYHNGRAKTLS
IEAKGYLDRVGVFQASYEIIKDRRY SENKMYFHVPLKLNFKADGKKNLNK
MVIEKFLSDKDVHIIGIDRGERNLLYYSVIDRRGNIIDQDSLNIIDGFDYQKK
LGQREIERREARQSWNSIGKIKDLKEGYLSKAVHKVSKMVLEYNAIVVLE
DLNFGFKRGRFKVEKQVYQKFEKMLIDKLNYLVFKEVLDSRDAGGVLNA
YQLTTQLESFNKLGKQSGILFYVPAAYTSKIDPTTGFVSLFNTSRIESDSEKK
DFLSGFDSIVYSAKDGGIFAFKFDYRNRNFQREK TDHKNIWTVYTNGDRIK
YKGRMKGYEITSPTKRIKDVLSSSGIRYDDGQELRDSIIQSGNKVLINEVYN
SFIDTLQMRNSDGEQDYIISPVKNRNGEFFRTDPDRRELPVDADANGAYHI
ALRGELLMQKIAEDFDPKSDKFTMPKMEHKDWFEFMQTRGD*

SEQ ID:
10

MEVQKTVMKTLSLRILRPLYSQEIEKEIKEEKERRKQAGGTGELDGGFYK
KLEKKHSEMFSFDRLNLLLNQLQREIAKVYNHAISELYTATIAQGNKSNKH
YISSIVYNRAYGYFYNAYIALGICSKVEANFRSNELLTQQSALPTAKSDNFPI
VLHKQKGAEGEDGGFRISTEGSDLIFEIPIPFYEYNGENRKEPYKW VKK GG
QKPVLKLILSTFRRQRNKGWAKDEGTDAEIRKVTEGKYQVSQIEINRGKK
LGEHQKWFANFSIEQPIYERKPNRSIVGGLDVGIRSPLVCAINNSFSRYSVD
SNDVFKFSKQVFAFRRRLLSKNSLKRKGHGAAHKLEPITEMTEKNDKFRK
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KIIERWAKEVTNFFVKNQVGIVQIEDLSTMKDREDHFFNQYLRGFWPYYQ
MQTLIENKLKEYGIEVKRVQAKYTSQLCSNPNCRYWNNYFNFEYRKVNK
FPKFKCEKCNLEISADYNAARNLSTPDIEKFVAKATKGINLPEK *

SEQ ID:
1

MIITHNCYIGGSFMKKIDSFTNCY SLSKTLRFKLIPIGATQSNFDLNKMLDED
KKRAENYSKAKSIIDKYHRFFIDKVLSSVTENKAFDSFLEDVRAYAELYYR
SNKDDSDKASMKTLESKMRKFIALALQSDEGFKDLFGQNLIKKTLPEFLES
DTDKEHAEFDGFSTYFTGFFNNRKNMYSADDQPTAISYRCINDNLPKFLDN
VRTFKNSDVASILNDNLKILNEDFDGIYGTSAEDVFNVDYFPFVLSQKGIEA
YNSILGGYTNSDGSKIKGLNEYINLYNQKNENIHRIPKMKQLFKQILSERES
VSFIPEKFDSDDDVLSSINDYYLERDGGKVLSIEKTVEKIEKLFSAVTDYST
DGIFVKNAAELTAVCSGAFGYWGTVQNAWNNEYDALNGYKETEKYIDKR
KKAYKSIESFSLADIQKYADVSESSETNAEVTEWLRNEIKEKCNLAVQGYE
SSKDLISKPYTESKKLFNNDNAVELIKNALDSVKELENVLRLLLGTGKEES
KDENFYGEFLPCYERICEVDSLYDKVRNYMTQKLYKTDKIKLNFQNPQFL
GGWDRNKEADYSAVLLRRNSLY YIAIMPSGYKRVFEKIPAPKADETVYEK
VIYKLLPGPNKMLPKVFFSKKGIETFNPPKEILEKYELGTHKTGDGFNLDD
CHALIDYFKSALDVHSDWSNFGFRFSDTSTYKNIADFYNEVKNQGYKITF
CDVPQSYINELVDEGKLYLFQLYNKDFSEHSKGTPNLHTLYFKMLFDERNL
ENVVFKLNGEAEMFYREASISKDDMIVHPKNQPIKNKNEQNSRKQSTFEY
DIVKDRRYTVDQFMLHIPITLNFTANGGTNINNEVRKALKDCDKNY VIGID
RGERNLLYICVVDSEGRIIEQYSLNEIINEYNGNTYSTDYHALLDKKEKERL
ESRKAWKTVENIKELKEGYISQVVHKICELVEKYDAVIVMEDLNLGFKQG
RSGKFEKSVYQKFEKMLIDKLNYFADKKKSPEEIGSVLNAYQLTNAFESFE
KMGKOQNGFIFYVPAYLTSKIDPTTGFADLLHPSSKQSKESMRDFVGRFDSIT
FNKTENYFEFELDYNKFPRCNTDYRKKWTVCTYGSRIKTFRNPEKNSEWD
NKTVELTPAFMALFEKY SIDVNGDIKAQIMSVDKKDFFVELIGLLRLTLQM
RNSETGKVDRDYLISPVKNSEGVFYNSDDYKGIENASLPKDADANGAYNI
ARKGLWIEQIKACENDAELNKIRLAISNAEWLEYAQKK*

SEQ ID:
12

MKDYIRKTLSLRILRPYYGEEIEKEIAAAKKKSQAEGGDGALDNKFWDRL
KAEHPEIISSREFYDLLDAIQRETTLY YNRAISKLYHSLIVEREQVSTAKALS
AGPYHEFREKFNAYISLGLREKIQSNFRRKELARYQVALPTAKSDTFPIPIYK
GFDKNGKGGFKVREIENGDFVIDLPLMAYHRVGGKAGREYIELDRPPAVL
NVPVILSTSRRRANKTWFRDEGTDAEIRRVMAGEYKVSWVEILQRKRFGK
PYGGWYVNFTIKYQPRDYGLDPKVKGGIDIGLSSPLVCAVTNSLARLTIRD
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NDLVAFNRKAMARRRTLLRQNRYKRSGHGSANKLKPIEALTEKNELYRKA

IMRRWAREAADFFRQHRAATVNMEDLTGIKDREDYFSOMLRCYWNYSQL

QTMLENKLKEYGIAVKYIEPKDTSKTCHSCGHVNEYFDFNYRSAHKFPMF
KCEKCGVECGADYNAARNIAQA

SEQ ID:
13

MKEQFINRYPLSKTLRFSLIPVGETENNFNKNLLLKKDKQRAENYEKVKC

YIDRFHKEYIESVLSKARIEK VNEYANLYWKSNKDDSDIK AMESLENDMR
KQISKQLTSTEIYKKRLFGKELICEDLPSFLTDKDERETVECFRSFTTYFKGF
NTNRENMY SSDGK STAIAYRCINDNLPRFLDNVK SFQK VFDNLSDETITKL
NTDLYNIFGRNIEDIFSVDYFEFVLTQSGIEIYNSMIGGYTCSDK TKIQGLNE
CINLYNQQVAKNEK SKKLPLMKPLYKQILSEKDSVSFIPEKFNSDNEVLHAI
DDYYTGHIGDFDLLTELLQSLNTYNANGIFVKSGVAITDISNGAFNSWNVL
RSAWNEK YEALHPVTSKTKIDK YIEKQDKIYKAIK SFSLFELQSLGNENGN
EITDW YISSINESNSKIKEAYLQAQKLLNSDYEKSYNKRLYKNEKATELVK

NLLDAIKEFQKLIKPLNGTGKEENKDELFYGKFTSYYDSIADIDRLYDK VR
NYITQKPYSKDKIKLNFDNPQLLGGWDKNKESDYRTVLLHKDGLY YLAV

MDKSHSKAFVDAPEITSDDKDYYEKMEYKLLPGPNKMLPK VFFASKNIDT
FQPSDRILDIRKRESFKK GATFNK AECHEFIDYFKDSIKKHDDWSQFGFKFS
PTESYNDISEFYREISDQGYSVRFNKISKNYIDGLVNNGYIYLFQIYNKDFS

KYSKGTPNLHTLYFKMLFDERNLSNVVYKLNGEAEMFYREASIGDKEKIT
HYANQPIKNKNPDNEKKESVFEYDIVKDKRFTKRQFSLHLPITINFKAHGQ
EFLNYDVRKAVKYKDDNY VIGIDRGERNLIYISVINSNGEIVEQMSLNEIIS

DNGHK VDYQKLLDTKEKERDKARKNWTSVENIKELKEGYISQVVHKICE
LVIKYDAVIAMEDLNFGFKRGRFPVEKQVYQKFENMLISKLNLLIDKKAEP
TEDGGLLRAYQLTNKFDGVNKAKQNGIIFY VPAWDTSKIDPATGFVNLLKP
KCNTSVPEAKKLFETIDDIK YNANTDMFEFYIDY SKFPRCNSDFKKSWTVC
TNSSRILTFRNKEKNNKWDNK QIVLTDEFK SLFNEFGIDYKGNLKDSILSIS

NADFYRRLIKLLSLTLQMRNSITGSTLPEDDYLISPVANKSGEFYDSRNYKG
TNAALPCDADANGAYNIARKALWAINVLKDTPDDMLNKAKLSITNAEWL

EYTQK*

SEQ ID:
14

MKEQFVNQYPISKTLRFSLIPIGKTEENFNKNLLLKEDEKKAEEYQKVKGY
IDRYHKFFIETALCNINFEGFEEYSLLY YKCSKDDNDLKTMEDIEIKLRKQIS
KTMTSHKLYKDLFGENMIKTILPNFLDSDEEKNSLEMFRGFYTYFSGFNTN
RKNMYTEEAKSTSIAYRCINDNLPKFLDNSKSFEKIKCALNKEELKAKNEE
FYEIFQIYATDIFNIDFFNFVLTQPGIDKYNGIIGGYTCSDGTKVQGLNEIINL
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YNQQIAKDDK SKRLPLLKMLYKQILSDRETVSFIPEKFSSDNEVLESINNYF
SKNVSNAIK SLKELFQGFEAYNMNGIFISSGVAITDLSNAVFGDWNAISTAW
EKAYFETNPPKKNKSQEK YEEELK ANYKKIK SFSLDEIQRLGSIAKSPDSIG
SVAEY YKITVTEKIDNITELYDGSKELLNCNY SESYDKKLIKNDTVIEK VKT
LLDAVKSLEKLIKPLVGTGKEDKDELFYGTFLPLYTSLSAVDRLYDK VRNY
ATQKPYSKDKIKLNFNCSSFLSGWATDY SSNGGLIFEKDGLY YLGIVNKKF
TTEEIDYLQQNADENPAQRIVYDFQKPDNKNTPRLFIRSKGTNYSPSVKEY
NLPVEEIVELYDKRYFTTEYRNKNPELYKASLVKLIDYFKLGFTRHESYRH
YDFKWKKSEEYNDISEFYKDVEISCYSLKQEKINYNTLLNFVAENRIYLFQI
YNKDFSKYSKGTPNLHTRYFKALFDENNLSDVVFKLNGGSEMFFRKASIK
DNEKVVHPANQPIDNKNPDNSKKQSTFDYELIKDKRFTKHQF SIHIPITMNF
KARGRDFINNDIRKAIKSEYKPY VIGIDRGERNLIYISVINNNGEIVEQMSLN
DIISDNGYKVDYQRLLDRKEKERDNARKSWGTIENIKELKEGYISQVIHKI
CELVIKYDAVIAMEDLNFGFKRGRFNVEKQVYQKFENMLISKLNYLCDKK
SEANSEGGLLKAYQLTNKFDGVNKGKQNGIIFY VPAWLTSKIDPVTGFVDL
LHPKYISVEETHSLFEKLDDIRYNFEKDMFEFDIDY SKLPKCNADFKQKWT
VCTNADRIMTFRNSEKNNEWDNKRILLSDEFKRLFEEFGIDY CHNLKNKIL
SISNKDFCYRFIKLFALTMQMRNSITGSTNPEDDYLISPVRDENGVFYDSRN
FIGSKAGLPIDADANGAYNIARK GLWAINAIK STADDMLDK VDLSISNAKW
LEYVQK*

SEQ ID:
15

MKITKIDGILHKKYIKEGKLVKSTSEENKTDERLSELLTIRLDTYIKNPDNAS
EEENRIRRETLKEFFSNKVLYLKDSILYLKDRREKNQLQNKNYSEEDISEYD
LKNKNSFLVLKKILLNEDINSEELEIFRNDFEKKLDKINSLKYSLEENKANY
QKINENNIKKVEGKSKRNIFYNYYKDSAKRNDYINNIQEAFDKLYKKEDIE
NLFFLIENSKKHEKYKIRECYHKIIGRKNDKENFATITY EEIQNVNNMKELIE
KVPNVSELKKSQVFYKYYLNKEKLNDENIKYVFCHF VEIEMSKLLKNYVY
KKPSNISNDKVKRIFEYQSLKKLIENKLLNKLDTYVRNCGKYSFYLQDGEI
ATSDFIVGNRQNEAFLRNIIGVSSTAYFSLRNILETENENDITGRIKGKTVKN
KKGEEKYISGEIDKLYDNNKQNEVKKNLKMFYSYDFNMNRKKEIEDFFSN
IDEAISSIRHGIVHFNLELEGKDIFTFKNIVPSQISKKMFQNEINEKKLKLKIF
RQLNSANVFRYLEKYKILNYLNRTRFEFVNKNIPFVPSFTKLY SRIDDLKNS
LCIYWKIPKANDNNKTKEITDAQIYLLKNIYYGEFLNYFMSNNGNFFEIIKE
IIELNKNDKRNLKTGFYKLQKFENLQEKTPKEYLANIQSFYMIDAGNKDEE
EKDAYIDFIQKIFLKGFMTYLANNGRLSLMYIGNDEQINTSLAGKKQEFDK
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FLKKYEQNNNIEIPHEINEF VREIKLGKILKYTESLNMFYLILKLLNHKELTN
LKGSLEKYQSANKEEAFSDQLELINLLNLDNNRVTEDFELEADEIGKFLDF
NGNKVKDNKELKKFDTNKIYFDGENIIKHRAFYNIKKYGILNLLEKISDEA
KYKISIEELKNYSNKKIEIEKNHTTQENLHRK YARPRKDEKFNDEDYKKYE
KTIRNIQQYTHLKNKVEFNELNLLQSLLLRILHRLVGYTSIWERDLRFRLK
GEFPENQYIEEIFNFDNSKNVKYKNGQIVEKYISFYKELYKDDMEKISIYSD
KKVKELKKEKKDLYIRNYIAHFNYIPNAEVSLLEVLENLRKLLSYDRKLKN
AIMKSIVDILKEYGFVVTFKIEKDKKIRIESLKSEEVVHLKKLKLKDNDKK
KEPIKTYRNSKELCKLVKVMFEYKMKEKKSEN*

SEQ ID:
16

MKITKIDGISHKKYIKEGKLVKSTSEENKTDERLSELLTIRLDTYIKNPDNAS
EEENRIRRENLKEFFSNKVLYLKDGILYLKDRREKNQLQNKNYSEEDISEY
DLKNKNSFLVLKKILLNEDINSEELEIFRKDVEAKLNKINSLKYSFEENKAN
YQKINENNVEKVGGKSKRNITYDYYRESAKRNDYINNVQEAFDKLYKKED
IEKLFFLIENSKKHEKYKIRECYHKIIGRKNDKENFAKITYEEIQNVNNIKELI
EKVPDMSELKKSQVFYKYYLDKEELNDKNIKYAFCHFVEIEMSQLLKNYV
YKRLSNISNDKIKRIFEYQNLKKLIENKLLNKLDTYVRNCGKYNYYLQDG
EIATSDFIAGNRQNEAFLRNIIGVSSVAYFSLRNILETENKDDITGKMRGKTR
IDSKTGEEKYIPGEVDQIYYENKQNEVKNKLKMFYGYDFDMDNKKEIEDF
FANIDEAISSIRHGIVHFNLDLDGKDIFAFKNIVPSEISKKMFQNEINEKKLK
LKIFRQLNSANVFRYLEKYKILNYLKRTRFEFVNKNIPFVPSFTKLYSRIDDL
KNSLGIYWKTPKTNDDNKTKEIIDAQIYLLKNIYYGEFLNYFMSNNGNFFE
ISREIIELNKNDKRNLKTGFYKLQKFEDIQEKTPKKYLANIQSLYMINAGNQ
DEEEKDTYIDFIQKIFLKGFMTYLANNGRLSLMYIGNDEQINTSLAGKKQE
FDKFLKKYEQNNNIEIPHEINEFLREIKLGKILKYTESLNMFYLILKLLNHKE
LTNLKGSLEKYQSANKEETFSDELELINLLNLDNNRVTEDFELEANEIGKFL
DFNGNKIKDRKELKKFDTKKIYFDGENIIKHRAFYNIKKYGMLNLLEKIAD
KAKYKISLKELKEYSNKKNEIEKNYTMQOQNLHRKYARPKKDEKFNDEDY
KEYEKAIGNIQKYTHLKNKVEFNELNLLQGLLLKILHRLVGYTSIWERDLR
FRLKGEFPENQYIEEIFNFDNSKNVKYKSGQIVEKYINFYKELYKDNVEKR
SIYSDKKVKKLKQEKKDLYIRNYTAHFNYIPHAEISLLEVLENLRKLLSYDR
KLKNAIMKSVVDILKEYGFVATFKIGADKKIGIQTLESEKIVHLKNLKKKK
LMTDRNSEELCKLVKVMFEYKMEEKNLKTKKCKVI*

SEQ ID:
17

MKKIDNFVGCYPVSKTLRFKAIPIGKTQENIEKKRLVEEDEVRAKDYKAV
KKLIDRYHREFIEGVLDNVKLDGLEEY YMLFNKSDREESDNKKIEIMEERF
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RRVISKSFKNNEEYKKIFSKKIIEEILPNYIKDEEEKEL VKGFKGFYTAFVGY
AQNRENMY SDEKKSTAISYRIVNENMPRFITNIKVFEKAKSILDVDKINEIN
EYILNNDYYVDDFFNIDFFNY VLNQKGIDIYNAIIGGIVTGDGRKIQGLNEC
INLYNQENKKIRLPQFKPLYKQILSESESMSFYIDEIESDDMLIDMLKESLQI
DSTINNAIDDLKVLFNNIFDYDLSGIFINNGLPITTISNDVYGQWSTISDGW
NERYDVLSNAKDKESEKYFEKRRKEYKKVKSFSISDLQELGGKDLSICKKI
NEIISEMIDD YKSKIEEIQYLFDIKELEKPLVTDLNKIELIKNSLDGLKRIERY
VIPFLGTGKEQNRDEVFYGYFIKCIDAIKEIDGVYNKTRNYLTKKPY SKDK
FKLYFENPQLMGGWDRNKESDYRSTLLRKNGKYYVAIIDKSSSNCMMNI
EEDENDNYEKINYKLLPGPNKMLPKVFFSKKNREYFAPSKEIERITYSTGTF
KKDTNFVKKDCENLITFYKDSLDRHEDWSKSFDFSFKESSAYRDISEFYRD
VEKQGYRVSFDLLSSNAVNTLVEEGKLYLFQLYNKDFSEKSHGIPNLHTM
YFRSLFDDNNKGNIRLNGGAEMFMRRASLNKQDVTVHKANQPIKNKNLL
NPKKTTTLPYDVYKDKRFTEDQYEVHIPITMNKVPNNPYKINHMVREQLV
KDDNPY VIGIDRGERNLIYVVVVDGQGHIVEQLSLNEIINENNGISIRTDYH
TLLDAKERERDESRKQWKQIENIKELKEGYISQVVHKICELVEKYDAVIAL
EDLNSGFKNSRVKVEKQVYQKFEKMLITKLNYMVDKKKDYNKPGGVLN
GYQLTTQFESFSKMGTOQNGIMFYIPAWLTSKMDPTTGFVDLLKPKYKNKA
DAQKFFSQFDSIRYDNQEDAFVFKVNYTKFPRTDADYNKEWEIYTNGERI
RVFRNPKKNNEYDYETVNVSERMKELFDSYDLLYDKGELKETICEMEESK
FFEELIKLFRLTLQMRNSISGRTDVDYLISPVKNSNGYFYNSNDYKKEGAK
YPKDADANGAYNIARKVLWAIEQFKMADEDKLDKTKISIKNQEWLEYAQ
THCE

SEQ ID:
18

MKKIDSFVNYYPLSKTLRFSLIPVGKTEDNFNAKLLLEEDEKRAIEYEK VK
RYIDRYHKHFIETVLANFHLDDVNEYAELY YKAGKDDKDLKYMEKLEGK
MRKSISAAFTKDKKYKEIFGQEIIKNILPEFLENEDEKESVKMFQGFFTYFT
GFNDNRKNMYTHEAQTTAISYRCINENLPKFLDNVQSFAKIKESISSDIMN
KLDEVCMDLYGVYAQDMFCTDYFSFVLSQSGIDRYNNIIGGY VDDKGVKI
QGINEYINLYNQQVDEKNKRLPLMKKLYKQILIEKESISFIPEKFESDNIVIN
AISDYYHNNVENLFDDFNKLFNEFSEYDDNGIFVTSGLAVTDISNAVFGSW
NIISDSWNEEYKDSHPMKKTTNAEKYYEDMKKEYKKNLSFTTAELQRLGE
AGCNDECKGDIKEYYKTTVAEKIENIKNAYEISKDLLASDYEKSNDKKLCK
NDSAISLLKNLLDSIKDLEKTIKPLLGTGKEENKDDVFYGKFTNLYEMISEI
DRLYDKVRNYVTQKPYSKDKIKLNFENPQHLGGWDKNKERDYRSVLLKK
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EDKYYLAIMDKSNNKAFIDFPDDGECYEKIEYKLLPGPNKMLPK VFFASSN
IEYFAPSKKILEIR SRESFKKGDMFNLKDCHEFIDFFKESIKKHEDWSQFGFE
FSPTEKYNDISEFYNEVKIQGYSLKYKNVSKKYIDELIECGQLYLFQIYNKD
FSVYAKGNPNLHTMYFKMLFDERNLANVVYQLNGGAEMFYRKASIKDSE
KIVHHANQPIKNKNADNVKKESVFEYDIIKDKRFTKRQFSIHIPITLNFK AK
GQNFINNDVRMALKKADENY VIGIDRGERNLLYICVINSK GEIVEQKSLNEI
IGDNGYRVDYHKLLDKKEAERDEARK SWGTIENIKELKEGYLSQIVHEISK
LVIKYDAVIAIEDLNSGFKKGRFK VEKQVYQKFENMLCTKLNYLVDKNAD
ANECGGLLKAY QLTNKEDGANRGRQNGIIFSVPAWLTSKIDPVTGFADLLR
PKYKSVSESVEFISKIDNIRYNSKEDYFEFDIDY SKFPNSTASYKKKWTVCT
YGERIINVRNKEKNNMWDNK TIVLTDEFKKLFADFGVDVSKNIKESVLAID
SKDFYYRFINLLANTLQLRNSEVGNVDVDYLISPVKGVDGSFYDSRLVKE
KTLPENADANGAYNIARKALWAIDVLKQTKDEELKNANLSIKNAEWLEY
VQK*

SEQ ID:
19

MKNQNTLPSNPTDILKDKPFWAAFFNLARHNVYLTVNHINKLLDLEKLYN
KDKHKEIFEHEDIFNISDDVMNDVNSNGKKRKLDIKKIWANLDTDLTRKY
QLRELILKHFPFIQPAIIGAQTKERTTIDKDKRSTSTSNDSLKPTGEGDINDPL
SLSNVKSIFFRLLOMLEQLRNYYSHVKHSKSATMPNFDEGLLKSMYNIFID
SVNKVKEDYSSNSVIDPNTSFSHLISKDEQGEIKPCRY SFTSKDGSINASGLL
FFVSLFLEKQDSIWMQKKIPGFKKTSENYMKMTNEVFCRNHILLPKMRLE
TVYDKDWMLLDMLNEVVRCPLSLYKRLAPADQNKFKVPEKSSDNANRQ
EDDNPFSRILVRHOQNRFPYFALRFFDLNEVFTTLRFQINLGCYHFAICKKQI
GDKKEVHHLTRTLYGFSRLONFTQNTRPEEWNTLVKTTEPSSGNDGKTVQ
GVPLPYISYTIPHYQIENEKIGIKIFDGDTAVDTDIWPSVSTEKQLNKPDKYT
LTPGFKADVFLSVHELLPMMFYYQLLLCEGMLKTDAGNAVEKVLIDTRN
AIFNLYDAFVQEKINTITDLENYLQDKPILIGHLPKQMIDLLKGHQRDMLK
AVEQKKAMLIKDTERRLERLNKQPEQKPNVAAKNTGTLLRNGQIADWLV
KDMMRFQPVKRDKEGNPINCSKANSTEYQMLQRAFAFYTTDSYRLPRYF
EQLHLINCDNSHLFLSRFEYDKQPNLIAFYAAYLEAKLEFLNELQPQNWAS
DNYFLLLRAPKNDRQKLAEGWKNGFNLPRGLFTEKIKTWFNEHKTIVDIS
DCDIFKNRVGQVARLIPVFFDKKFKDHSQPFYTYNFNVGNVSKITEANYLS
KEKRENLFKSYQNKFKNNIPAEKTKEYREYKNFSSWKKFERELRLIKNQDI
LTWLMCKNLFDEKIKPKKDILEPRIAVSYIKLDSLQTNTSTAGSLNALAKV
VPMTLAIHIDSPKPKGKAGNNEKENKEFTVYIKEEGTKLLKWGNFKTLLA
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DRRIKGLFSYIEHDDINLEKYPLTKYQVDSELDLYQKYRIDIFKQTLDLEAQ
LLDKYSDLNTDNFNQMLSGWSEKEGIPRNIKQDVAFLIGVRNGFSHNQYP
DSKRIAFSRIKKFNPKTSSLQESEGLNIAKQMYEEAQQVVNKIKNIESFD*

SEQ ID:
20

MKVTKIDGISHKKFEDEGKLVKFTGHFNIKNEMKERLEKLKELKLSNYIKN
PENVKNKDKNKEKETKSRRENLKKYFSEINNLRKKEEKYLLKKTRKFKNITE
EINYDDIKKRENQQKIFDVLKELLEQRINENDKEEILNFDSVKLKEAFEEDF
IKKELKIKAIEESLEKNRADYRKDYVELENEKYEDVKGQNKRSLVFEYYK
NPENREKFKENIKYAFENLYTEENIKNLY SEIKEIFEKVHLKSKVRYFYQNEI
IGESEFSEKDEEGISILYKQIINSVEKKEKFIEFLQKVKIKDLTRSQIFYKYFLE
NEELNDENIKY VFSYFVEIEVNKLLKENVYKTKKFNEGNKYRVKNIFNYD
KLKNLVVYKLENKLNNYVRNCGKYNYHMENGDIATSDINMKNRQTEAFL
RSILGVSSFGYFSLRNILGVNDDDFYKIEKDERKNENFILKKAKEDFTSKNI
FEKVVDKSFEKKGIYQIKENLKMFYGNSFDKVDKDELKKFFVNMLEAITS
VRHRIVHYNINTNSENIFDFSNIEVSKLLKNIFEKEIDTRELKLKIFRQLNSA
GVFDYWESWVIKKYLENVKFEFVNKNVPFVPSFKKLYDRIDNLKGWNAL
KLGNNINIPKRKEAKDSQIYLLKNIYYGEFVEKFVNDNKNFEKIVKEINEIN
RGAGTNKKTGFYKLEKFETLKANTPTKYLEKLQSLHKISYDKEKIEEDKD
VYVDFVQKIFLKGFVNYLKKLDSLKSLNLLNLRKDETITDKKSVHDEKLK
LWENSGSNLSKMPEEIYEY VKKIKISNINYNDRMSIFYLLLKLIDYRELTNL
RGNLEKYESMNKNKIYSEELTIINLVNLDNNKVRTNFSLEAEDIGKFLKSSI
TIKNTAQLNNFSKIFADGENVIKHRSFYNIKKYGILDLLEKIVAKADLKITKE
EIKKYENLQNELKRNDFYKIQEQIHRNYNQKPFSIKKIENKKDFEKYKKVI
EKIQDYTQLKNKIEFNDLNLLQSLIFRILHRLAGYTSLWERDLQFKLKGEFP
EDKYIDEIFNSDGNNNQKYKHGGIADKYANFLIEKKEEK SGEILNKKQRKK
KIKEDLEIRNYIAHFNYLPNAEKSILEILEELRELLKHDRKLKNAVMKSIKDI
FREYGFIVEFTISHTKNGKKIKVCSVKSEKIKHLKNNELITTRNSEDLCELV
KIMLEHKELQK*

SEQ ID:
21

MKVTKVGGISHKKYTSEGRLVKSESEENRTDERLSALLNMRLDMYIKNPS
STETKENQKRIGKLKKFFSNKMVYLKDNTLSLKNGKKENIDREYSETDILE
SDVRDKKNFAVLKKIYLNENVNSEELEVFRNDIKKKLNKINSLKY SFEKNK
ANYQKINENNIEKVEGKSKRNITYDY YRESAKRDAYVSNVKEAFDKLYKE
EDIAKLVLEIENLTKLEKYKIREFYHEIIGRKNDKENFAKIITYEEIQNVNNMK
ELIEKVPDMSELKKSQVFYKYYLDKEELNDKNIKYAFCHFVEIEMSQLLK
NYVYKRLSNISNDKIKRIFEYQNLKKLIENKLLNKLDTYVRNCGKYNYYL
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QDGEIATSDFIARNRQNEAFLRNIIGVSSVAYFSLRNILETENENDITGRMRG
KTVKNNKGEEKY VSGEVDKIYNENKKNEVKENLKMFYSYDFNMDNKNE
IEDFFANIDEAISSIRHGIVHFNLELEGKDIFAFKNIAPSEISKKMFQNEINEK
KLKLKIFRQLNSANVFRYLEKYKILNYLKRTRFEFVNKNIPFVPSFTKLY SRI
DDLKNSLGIYWKTPKTNDDNKTKEIIDAQIYLLKNIYYGEFLNYFMSNNG
NFFEISKEIIELNKNDKRNLKTGFYKLQKFEDIQEKIPKEYLANIQSLYMINA
GNQDEEEKDTYIDFIQKIFLKGFMTYLANNGRLSLIYIGSDEETNTSLAEKK
QEFDKFLKKYEQNNNIKIPYEINEFLREIKLGNILKYTERLNMFYLILKLLN
HKELTNLKGSLEKYQSANKEEAFSDQLELINLLNLDNNRVTEDFELEADEI
GKFLDFNGNKVKDNKELKKFDTNKIYFDGENIIKHRAFYNIKKYGMLNLL
EKIADKAGYKISIEELKKYSNKKNEIEKNHKMQENLHRKYARPRKDEKFT
DEDYESYKQAIENIEEYTHLKNKVEFNELNLLQGLLLRILHRLVGYTSIWE
RDLRFRLKGEFPENQYIEEIFNFENKKNVKYKGGQIVEKYIKFYKELHQND
EVKINKYSSANIKVLKQEKKDLYIRNYIAHFNYIPHAEISLLEVLENLRKLL
SYDRKLKNAVMKSVVDILKEY GF VATFKIGADKKIGIQTLESEKIVHLKNL
KKKKLMTDRNSEELCKLVKIMFEYKMEEKKSEN

SEQ ID:
22

MNELVKNRCKQTKTICQKLIPIGKTRETIEKYNLMEIDRKIAANKELMNKL
FSLIAGKHINDTLSKCTDLDFEPLLTSLSSLNNAKENDRDNLREYYDSVFEE
KKTLAEEISSRLTAVKFAGKDFFTKNIPDFLETYEGDDKNEMSELVSLVIEN
TVTAGY VKKLEKIDRSMEYRLVSGTVVKRVLTDNADIYEKNIEKAKDFDY
GVLNIDEASQFTTLVAKDYANYLTADGIATYNVGIGKINLALNEYCQKNKE
YSYNKLALLPLQKMLYGEKLSLFEKLEDFTSDEELINSYNKFAKTVNESGL
AEINIKKAVPSYDEIVIKPNKISNY SNSITGHW SLVNRIMKD YLENNGIKNAD
KYMEKGLTLSEIGDALENKNIKHSDFISNLINDLGHTYTEIKENKESLKKDE
SVNALIIKKELDMLLSILONLKVFDIDNEMFDTGFGIEVSKAIEILGYGVPLY
NKIRNYITKKPDPKKKFMTKFGSATIGTGITTSVEGSKKATFLKDGDAVFLL
LYNTAGCKANNVSVSNLADLINSSLEIENSGKCYQKMIYQTPGDIKKQIPR
VFVYKSEDDDLIKDFKAGLHKTDLSFLNGRLIPYLKEAFATHETYKNYTFS
YRNSYESYDEFCEHMSEQAYILEWKWIDKKLIDDLVEDGSLLMFRVWNRF
MKKKEGKISKHAKIVNELFSDENASNAAIKLLSVFDIFYRDKQIDNPIVHK
AGTTLYNKRTKDGEVIVDYTTMVKNKEKRPNVYTTTKKYDIIKDRRYTEE
QFEIHLHVNIGKEENKEKLETSKVINEKKNTLVVTRSNEHLLY VVIFDEND
NILLKKSLNTVKGMNFKSKLEVVEIQKKENMQSWKTVGSNQALMEGYLS
FAIKEIADLVKEYDAILVLEQNSVGKNILNERVYTRFKEMLITNLSLDVDYE
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NKDFYSYTELGGKVASWRDCVTNGICIQVPSAYKYKDPTTSFSTISMYAKT

TAEKSKKLKQIKSFKYNRERGLFELVIAKGVGLENNIVCDSFGSRSIIENDIS

KEVSCTLKIEKYLIDAGIEYNDEKEVLKDLDTAAKTDAVHKAVTLLLKCFN

ESPDGRYYISPCGEHFTLCDAPEVLSAINYYIRSRYIREQIVEGVKKMEYKK
TILLAK*

SEQ ID:
23

MNGNRIIVYREFVGVTPVAKTLRNELRPIGHTQEHIITHNGLIQEDELRQEKS
TELKNIMDDY YREYIDKSLSGVTDLDFTLLFELMNLVQSSPSKDNKKALE
KEQSKMREQICTHMQSDSNYKNIFNAKFLKEILPDFIKNYNQYDAKDKAG
KLETLALFNGFSTYFTDFFEKRKNVFTKEAVSTSIAYRIVHENSLTFLANMT
SYKKISEKALDEIEVIEKNNQDKMGDWELNQIFNPDFYNMVLIQSGIDFYN
EICGVVNAHMNLYCQQTKNNYNLFKMRKLHKQILAYTSTSFEVPKMFED
DMSVYNAVNAFIDETEKGNIIGKLKDIVNKYDELDEKRIYISKDFYETLSCF
MSGNWNLITGCVENFYDENIHAKGKSKEEKVKKAVKEDKYKSINDVNDL
VEKYIDEKERNEFKNSNAKQYIREISNIITDTETAHLEYDEHISLIESEEKAD
EMKKRLDMYMNMYHWAKAFIVDEVLDRDEMFYSDIDDIYNILENIVPLY
NRVRNY VTQKPYNSKKIKLNFQSPTLANGWSQSKEFDNNAIILIRDNKYYL
AIFNAKNKPDKKIIQGNSDKKNDNDYKKMVYNLLPGANKMLPKVFLSKK
GIETFKPSDYIISGYNAHKHIKTSENFDISFCRDLIDYFKNSIEKHAEWRKYE
FKFSATDSYNDISEFYREVEMQGYRIDWTYISEADINKLDEEGKIYLFQIYN
KDFAENSTGKENLHTMYFKNIFSEENLKDIIIKLNGQAELFYRRASVKNPV
KHKKDSVLVNKTYKNQLDNGDVVRIPIPDDIYNEIYKMYNGYIKENDLSE
AAKEYLDKVEVRTAQKDIVKDYRYTVDKYFIHTPITINYKVTARNNVNDM
AVKYTAQNDDIHVIGIDRGERNLIYISVIDSHGNIVKQKSYNILNNYDYKKK
LVEKEKTREYARKNWKSIGNIKELKEGYISGVVHEIAMLMVEYNAITAME
DLNYGFKRGRFKVERQVYQKFESMLINKLNYFASKGKSVDEPGGLLKGY
QLTYVPDNIKNLGKQCGVIFY VPAAFTSKIDPSTGFISAFNFKSISTNASRKQ
FFMQFDEIRYCAEKDMFSFGFDYNNFDTYNITMSKTQWTVYTNGERLQSE
FNNARRTGKTKSINLTETIKLLLEDNEINYADGHD VRIDMEKMDEDKNSEF
FAQLLSLYKLTVQMRNSYTEAEEQEKGISYDKIISPVINDEGEFFDSDNYKE
SDDKECKMPKDADANGAYCIALKGLYEVLKIKSEWTEDGFDRNCLKLPH
AEWLDFIQNKRYE*

SEQ ID:
24

MNKDIRKNFTDFVGISEIQKTLRFILIPIGKTAQNIDKYNMFEDDEIRHEYYP
ILKEACDDFYRNHIDQQFENLELDWSKLDEALASEDRDLINETRATYRQVL
FNRLKNSVDIKGDSKKNKTLSLESSDKNLGKKKTKNTFQYNFNDLFKAKL
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IKAILPLYIEYIYEGEKLENAKKALKMYNRFTSRLSNFWQARANIFTDDEIS
TGSPYRLVNDNFTIFRINNSIY TKNKPFIEEDILEFEKKLKSKKIIKDFESVDD
YFTVNAFNKLCTQNGIDKYNSILGGFTTKEREKVKGLNELFNLAQQSINK
GKKGEYRKNIRLGKLTKLKKQILAISDSTSFLIEQIEDDQDLYNKIKDFFELL
LKEEIENENIFTQYANLQKLIEQADLSKIYINAKHLNKISHQVTGKWDSLN
KGIALLLENININEESKEKSEVISNGQTKDISSEAYKRYLQIQSEEKDIERLRT
QIYFSLEDLEKALDLVLIDENMDRSDKSILSY VQSPDLNVNFERDLTDLY SR
IMKLEENNEKLLANHSAIDLIKEFLDLIMLRY SRWQILFCDSNYELDQTFYP
IYDAVMEILSNIIRLYNLARNYLSRKPDRMKKKKINFNNPTLADGW SESKIP
DNSSMLFIKDGMY YLGIIKNRAAYSELLEAESLQSSEKKKSENSSYERMNY
HFLPDAFRSIPKSSIAMKAVKEHFEINQKTADLLLDTDKFSKPLRITKEIFDM
QYVDLHKNKKKYQVDYLRDTGDKKGYRKALNTWLNFCKDFISKYKGRN
LFDYSKIKDADHYETVNEFYNDVDKYSYHIFFTSVAETTVEKFISEGKLYLF
QLYNKDFSPHSTGKPNLHTIY WRALFSEENLTSKNIKLNGQAEIFFRPKQIE
TPFTHKKGSILVNRFDVNGNPIPINVY QEIKGFKNNVIKWDDLNKTTQEGL
ENDQYLYFESEFEIIKDRRYTEDQLFFHVPISFNWDIGSNPKINDLATQYIVN
SNDIHIIGIDRGENHLIYYSVIDLQGAIVEQGSLNTITEY TENKFLNNKTNNL
RKIPYKDILQQREDERADARIKWHAIDKIKDLKDGYLGQIVHFLAKLIIKY
NAIVILEDLNYGFKRGRFKVERQVYQKFEMALMKKLNVLVFKDYDIDEIG
GPLKPWQLTRPIDSYERMGROQNGILFYVPAAYTSAVDPVTGFANLFYLNNV
KNSEKFHFFSKFESIKYHSDQDMFSFAFDYNNFGTTTRINDLSKSKWQVFT
NHERSVWNNKEKNY VTQNLTDLIKKLLRTYNIEFKNNQNVLDSILKIENNT
DKENFARELFRLFRLTIQLRNTTVNENNTEITENELDYIISPVKDKNGNFFD
SRDELKNLPDNGDANGAYNIARKGLLYIEQLQESIKTGKLPTLSISTLDWFN
YIMK*

SEQ ID:
25

MNKGGYVIMEKMTEKNRWENQFRITKTIKEEIIPTGY TKVNLQRVNMLKR
EMERNEDLKKMKEICDEYYRNMIDVSLRLEQVRTLGWESLIHKYRMLNK
DEKEIKALEKEQEDLRKKISKGFGEKKAWTGEQFIKKILPQYLMDHYTGEE
LEEKLRIVKKFKGCTMFLSTFFKNRENIFTDKPIHTAVGHRITSENAMLFAA
NINTYEKMESNVTLEIERLQREFWRRGINISEIFTDAYYVNVLTQKQIEAYN
KICGDINQHMNEYCQKQKLKFSEFRMRELKKQILAVVGEHFEIPEKIESTK
EVYRELNEYYESLKELHGQFEELKSVQLKY SQIYVQKKGYDRISRYIGGQ
WDLIQECMKKDCASGMKGTKKNHDAKIEEEVAKVKYQSIEHIQKLVCTY
EEDRGHKVTDYVDEFIVSVCDLLGADHIITRDGERIELPLQYEPGTDLLKN

47




WO 2022/133108 PCT/US2021/063844

DTINQRRLSDIKTILDWHMDMLEWLKTFLVNDLVIKDEEFYMAIEELNER
MQCVISVYNRIRNYVTQKGYEPEKIRICFDKGTILTGWTTGDNYQY SGFLL
MRNDKYYLGIINTNEKSVRKILDGNEECKDENDYIRVGYHLINDASKQLPR
IFVMPKAGKKSEILMKDEQCDYIWDGYCHNKHNESKEFMRELIDY YKRSI
MNYDKWEGYCFKFSSTESYDNMQDFYKEVREQSYNISFSYINENVLEQLD
KDGKIYLFQVYNKDFAAGSTGTPNLHTMYLQNLFSSQNLELKRLRLGGNA
ELFYRPGTEKDVTHRKGSILVDRTYVREEKDGIEVRDTVPEKEYLEIYRYL
NGKQKGDLSESAKQWLDKVHYREAPCDIIKDKRYAQEKYFLHFSVEINPN
AEGQTALNDNVRRWLSEEEDIHVIGIDRGERNLIYVSLMDGKGRIKDQKS
YNIVNSGNKEPVDYLAKLKVREKERDEARRNWKAIGKIKDIKTGYLSYVV
HEIVEMAVREKAIIVMEDLNY GFKRGRFKVERQVYQKFEEMLINKLNYVV
DKQLSVDEPGGLLRGYQLAFIPKDKKSSMRONGIVFYVPAGYTSKIDPTTG
FVNIFKFPQFGKGDDDGNGKDYDKIRAFFGKFDEIRYECDEKVTADNTRE
VKERYRFDFDYSKFETHLVHMKKTKWTVYAEGERIKRKKVGNYWTSEVI
SDIALRMSNTLNIAGIEYKDGHNLVNEICALRGKQAGIILNELLEIVRLTVQ
LRNSTTEGDVDERDEIISPVLNEKYGCFYHSTEYKQQNGDVLPKDADANG
AYCIGLKGIYEIRQIKNKWKEDMTKGEGKALNEGMRISHDQWFEFIQNMN
KGE*

SEQ ID:
26

MNNPRGAFGGFTNLYSLSKTLRFELKPYLEIPEGEKGKLFGDDKEYYKNC

KTYTEYYLKKANKEYYDNEKVKNTDLQLVNFLHDERIEDAYQVLKPVFD
TLHEEFITDSLESAEAKKIDFGNYYGLYEKQKSEQNKDEKKKIDKPLETER
GKLRKAFTPIYEAEGKNLKNKAGKEKKDKDILKESGFKVLIEAGILKYIKN
NIDEFADKKLKNNEGKEITKKDIETALGAENIEGIFDGFFTYFSGFNQNREN
YYSTEEKATAVASRIVDENLSKFCDNILLYRKNEND YLKIFNFLKNKGKDL

KLKNSKFGKENEPEFIPAYDMKNDEKSFSVADFVNCLSQGEIEKYNAKIAN
ANYLINLYNQNKDGNSSKLSMFKILYKQIGCGEKKDFIKTIKDNAELKQILE
KACEAGKKYFIRGKSEDGGVSNIFDFTDYIQSHENYKGVYWSDKAINTISG
KYFANWDTLKNKLGDAKVFNKNTGEDKADVKYKVPQAVMLSELFAVLD
DNAGEDWREKGIFFKASLFEGDQNKSEIIKNANRPSQALLKMICDDMESL

AKNFIDSGDKILKISDRDYQKDENKQKIKNWLDNALWINQILKYFKVKAN
KIKGDSIDARIDSGLDMLVFSSDNPAEDYDMIRNYLTQKPQDEINKLKLNF

ENSSLAGGWDENKEKDNSCIILKDEQDKQYLAVMKYENTKVFEQKNSQL

YIADNAAWKKMIYKLVPGASKTLPKVFFSKKWTANRPTPSDIVETY QKGSF
KKENVDFNDKKEKDESRKEKNREKITAELQKTCWMDIRYNIDGKIESAKY
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VNKEKLAKLIDFYKENLKKYPSEEESWDRLFAFGFSDTKSYKSIDQFYIEV
DKQGYKLEFVTINKARLDEY VRDGKIYLFEIRSRDNNLVNGEEKTSAKNL

QTIYWNAAFGGDDNKPKLNGEAEIFYRPATAENKLNKKKDKNGKEIIDGY
RFSKEKFIFHCPITLNFCLKETKINDKLNAALAKPENGQGVYFLGIDRGEK

HLAYYSLVNQKGEILEQGTLNLPFLDKNGKSRSIKVEKKSFEKDSNGGIIK
DKDGNDKIKIEFVECWNYNDLLDARAGDRDYARKNWTTIGTIKELKDGYT
SQVVRKIVDLSIYKNTETKEFREMPAFIVLEDLNIGFKRGRQKIEKQVYQK

LELALAKKLNFLVDKKADIGEIGSVTKAIQLTPPVNNFGDMENRKQFGNM
LYIRADYTSQTDPATGWRKSIYLKSGSESNVKEQIEKSFFDIRYESGDYCFE
YRDRHGKMWQLY SSKNGVSLDRFHGERNNSKNVWESEKQPLNEMLDILF
DEKRFDKSKSLYEQMFKGGVALTRLPKEINKKDKPAWESLRFVIILIQQIRN
TGKNGDDRNGDFIQSPVRDEKTGEHFDSRIYLDKEQKGEKADLPTSGDAN
GAYNIARKGIVVAEHIKRGFDKLYISDEEWDTWLAGDEIWDKWLKENRES

LTKTRK*

SEQ ID:
27

MNYKTGLEDFIGKESLSKTLRNALIPTESTKIHMEEMGVIRDDELRAEKQQ
ELKEIMDDY YRTFIEEKLGQIQGIQWNSLFQKMEETMEDIS VRKDLDKIQN
EKRKEICCYFTSDKRFKDLFNAKLITDILPNFIKDNKEYTEEEKAEKEQTRV
LFQRFATAFTNYFNQRRNNFSEDNISTAISFRIVNENSEIHLQNMRAFQRIEQ
QYPEEVCGMEEEYKDMLQEWQMKHIYSVDFYDRELTQPGIEY YNGICGKI
NEHMNQFCQKNRINKNDFRMKKLHKQILCKKSSYYEIPFRFESDQEVYDA
LNEFIKTMKKKEIRRCVHLGQECDDYDLGKIYISSNKYEQISNALYGSWD
TIRKCIKEEYMDALPGKGEKKEEKAEAAAKKEEYRSIADIDKIISLY GSEM
DRTISAKKCITEICDMAGQISIDPLVCNSDIK LLQNKEKTTEIK TILDSFLHV
YQWGQTFIVSDIIEKDSYFYSELEDVLEDFEGITTLYNHVRSY VTQKPYSTV
KFKLHFGSPTLANGW SQSKEYDNNAILLMRDQKFYLGIFNVRNKPDKQII
KGHEKEEKGDYKKMIYNLLPGPSKMLPK VFITSRSGQETYKPSKHILDGY
NEKRHIKSSPKFDLGYCWDLIDYYKECIHKHPDWKNYDFHFSDTKDYEDI
SGFYREVEMQGYQIKWTYISADEIQKLDEKGQIFLFQIYNKDFSVHSTGKD
NLHTMYLKNLFSEENLKDIVLKLNGEAELFFRKASIKTPIVHKKGSVLVNR
SYTQTVGNKEIRVSIPEEYYTEIYNYLNHIGKGKLSSEAQRYLDEGKIKSFT
ATKDIVKNYRYCCDHYFLHLPITINFKAKSDVAVNERTLAYTAKKEDIHIIGI
DRGERNLLYISVVDVHGNIREQRSFNIVNGYDYQQKLKDREKSRDAARKN
WEEIEKIKELKEGYLSMVIHYIAQLVVKYNAVVAMEDLNYGFKTGRFK VE
RQVYQKFETMLIEKLHYLVFKDREVCEEGGVLRGYQLTYIPESLKKVGKQ
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CGFIFYVPAGYTSKIDPTTGFVNLFSFKNLTNRESRQDFVGKFDEIRYDRDK
KMFEFSFDYNNYIKKGTILASTKWK VYTNGTRLKKIVVNGK YTSQSMEVE
LTDAMEKMLQRAGIEYHDGKDLK GQIVEKGIEAEIIDIFRLTVQMRNSRSE
SEDREYDRLISPVLNDKGEFFDTATADK TLPQDADANGAYCIALKGLYEVK
QIKENWKENEQFPRNKLVQDNK TWFDFMQKKRYL*

SEQ ID:
28

MRISKTLSLRIVRPFYTPEVEAGIKAEKDKREAQGQTRSLDAKFFNELKKK
HSEILSSEFYSLLSEVQRQLTSIYNHAMSNLYHKIIVEGEKTSTSKALSNIGY
DECKAIFPSYMALGLRQKIQSNFRRRDLKNFRMAVPTAKSDKFPIPIYRQV
DGSKGGFKISENDGKDFIVELPLVDY VAEEVKTAKGRFTKINISKPPKIKNIP
VILSTLRRRQSGQWFSDDGTNAEIRRVISGEYKVSWIEIVRRTRFGKHDDW
FVNMVIKYDKPEEGLDSKVVGGIDVGVSSPLVCALNNSLDRYFVKSSDIIA
FNKRAMARRRTLLRQNKYKRSGHGSKNKLEPITVLTEKNERFKKSIMQRW
AKEVAEFFRGKGASVVRMEELSGLKEKDNFFSSYLRMYWNYGQLQQIIEN
KLKEYGIKVNYVSPKDTSKKCHSCTHINEFFTFEYRQKNNFPLFKCEKCGV
ECSADYNAAKNMAIA

SEQ ID:
29

MRTMVTFEDFTKQYQVSKTLRFELIPQGKTLENMKRDGIISVDRQRNEDY
QKAKGILDKLYKYILDFTMETVVIDWEALATATEEFRKSKDKKTYEKVQS
KIRTALLEHVKKQKVGTEDLFKGMFSSKIITGEVLAAFPEIRLSDEENLILEK
FKDFTTYFTGFFENRKNVFTDEALSTSFTYRLVNDNFIKFFDNCIVFKNVV
NISPHMAKSLETCASDLGIFPGVSLEEVFSISFYNRLLTQTGIDQFNQLLGGI
SGKEGEHKQQGLNEINLAMQOQNLEVKEVLKNKAHRFTPLFKQILSDRST
MSFIPDAFADDDEVLSAVDAYRKYLSEKNIGDRAFQLISDMEAY SPELMRI
GGKYVSVLSQLLFYSWSEIRDGVKAYKESLITGKKTKKELENIDKEIKYGV
TLQEIKEALPKKDIYEEVKKYAMSVVKDYHAGLAEPLPEKIETDDERASIK
HIMDSMLGLYRFLEYFSHDSIEDTDPVFGECLDTILDDMNETVPLYNKVRN
FSTRKVYSTEKFKLNFNNSSLANGWDKNKEQANGAILLRKEGEYFLGIFN
SKNKPKLVSDGGAGIGYEKMIYKQFPDFKKMLPKCTISLKDTKAHFQKSD
EDFTLQTDKFEKSIVITKQIYDLGTQTVNGKKKFQVDYPRLTGDMEGYRA
ALKEWIDFGKEFIQAYTSTAIYDTSLFRDSSDYPDLPSFYKDVDNICYKLTF
EWIPDAVIDDCIDDGSLYLFKLHNKDFSSGSIGKPNLHTLYWKALFEEENLS
DVVVKLNGQAELFYRPKSLTRPVVHEEGEVIINKTTSTGLPVPDDVYVELS
KFVRNGKKGNLTDKAKNWLDKVTVRKMPHAITKDRRFTVDKFFFHVPIT
LNYKADSSPYRFNDFVRQYIKDCSDVKIIGIDRGERNLIYAVVIDGK GNIIE
QRSFNTVGTYNYQEKLEQKEKERQTARQDWATVTKIKDLKKGYLSAVVH
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ELSKMIVKYKAIVALENLNVGFKRMRGGIAERSVYQQFEKALIDKLNYLV
FKDEEQSGYGGVLNAYQLTDKFESFSKMGQQTGFLFYVPAAYTSKIDPLTG
FINPFSWKHVKNREDRRNFLNLFSKLYYDVNTHDFVLAYHHSNKDSKYTI
KGNWEIADWDILIQENKEVFGKTGTPYCVGKRIVYMDDSTTGHNRMCAY
YPHTELKKLLSEYGIEYTSGQDLLKIIQEFDDDKLVKGLFYIIKAALQMRNS
NSETGEDYISSPIEGRPGICFDSRAEADTLPYDADANGAFHIAMKGLLLTER
IRNDDKLAISNEEWLNYIQEMRG*

SEQ ID:
30

MSKLEKFTNCYSLSKTLRFKAIPVGKTQENIDNKRLLVEDEKRAEDYKGV
KKLLDRYYLSFINDVLHSIKLKNLNNYISLFRKKTRTEKENKELENLEINLR
KEIAKAFKGNEGYKSLFKKDIETILPEFLDDKDEIALVNSFNGFTTAFTGFF
DNRENMFSEEAKSTSIAFRCINENLTRYISNMDIFEKVDAIFDKHEVQEIKE
KILNSDYDVEDFFEGEFFNFVLTQEGIDVYNAIIGGFVTESGEKIKGLNEYIN
LYNQKTKQKLPKFKPLYKQVLSDRESLSFYGEGYTSDEEVLEVFRNTLNK
NSEIFSSIKKLEKLFKNFDEYSSAGIFVKNGPAISTISKDIFGEWNVIRDKWN
AEYDDIHLKKKAVVTEKYEDDRRKSFKKIGSFSLEQLQEYADADLSVVEK
LKEHIQKVDEIYKVYGSSEKLFDADFVLEKSLKKNDAVVAIMKDLLDSVK
SFENYIKAFFGEGKETNRDESFYGDFVLAYDILLKVDHIYDAIRNYVTQKP
YSKDKFKLYFOQNPQFMGGWDKDKETDYRATILRYGSKYYLAIMDKKYAK
CLQKIDKDDVNGNYEKINYKLLPGPNKMLPKVFFSKKWMAYYNPSEDIQ
KIYKNGTFKKGDMFNLNDCHKLIDFFKDSISRYPKWSNAYDFNFSETEKY
KDIAGFYREVEEQGYKVSFESASKKEVDKLVEEGKLYMFQIYNKDFSDKS
HGTPNLHTMYFKLLFDENNHGQIRLSGGAELFMRRASLKKEELVVHPANS
PIANKNPDNPKKTTTLSYDVYKDKRFSEDQYELHIPTAINKCPKNIFKINTE
VRVLLKHDDNPY VIGIDRGERNLLYIVVVDGKGNIVEQY SLNEIINNFNGIR
IKTDYHSLLDKKEKERFEARQNWTSIENIKELKAGYISQVVHKICELVEKY
DAVIALEDLNSGFKNSRVKVEKQVYQKFEKMLIDKLNYMVDKKSNPCAT
GGALKGYQITNKFESFKSMSTQNGFIFYIPAWLTSKIDPSTGFVNLLKTKYT
SIADSKKFISSFDRIMY VPEEDLFEFALDYKNFSRTDADYIKKWKLYSYGN
RIRIFRNPKKNNVFDWEEVCLTSAYKELFNKYGINYQQGDIRALLCEQSDK
AFYSSFMALMSLMLOQMRNSITGRTDVDFLISPVKNSDGIFYDSRNYEAQE
NAILPKNADANGAYNIARKVLWAIGQFKKAEDEKLDKVKIAISNKEWLEY
AQTSVKH

SEQ ID:
31

MTNFDNFTKKYVNSKTIRLEAIPVGKTLKNIEKMGFIAADRQRDEDY QKA
KSVIDHIYKAFMDDCLKDLFLDWDPLYEAVVACWRERSPEGRQALQIMQA
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DYRKKIADRFRNHELYGSLFTKKIFDGSVAQRLPDLEQSAEEKSLLSNFNK
FTSYFRDFFDKRKRLFSDDEKHSAIAYRLINENFLKFVANCEAFRRMTERV
PELREKLQNTGSLQVYNGLALDEVFSADFYNQLIVQKQIDLYNQLIGGIAG
EPGTPNIQGLNATINLALQGDSSLHEKLAGIPHRFNPLYKQILSDVSTLSFVP
SAFQSDGEMLAAVRGFK VQLESGRVLQNVRRLFNGLETEADLSRVYVNNS
KLAAFSSMFFGRWNLCSDALFAWKK GKQKKITNKKLTEIKKWLKNSDIAI
AEIQEAFGEDFPRGKINEKIQAQADALHSQLALPIPENLKALCAKDGLKSM
LDTVLGLYRMLQWFIVGDDNEKDSDFYFGLGKILGSLDPVLVLYNRVRNY
ITKKPYSLTKFRLNFDNSQLLNGWDENNLDTNCASIFIKDGKY YLGISNKN
NRPQFDTVATSGKSGYQRMVYKQFANWGRDLPHSTTQMKK VKKHFSAS

DADYVLDGDKFIRPLIITKEIFDLNNVKFNGKKKLQVDYLRNTGDREGYT

HALHTWINFAKDFCACYKSTSIYDISCLRPTDQYDNLMDFYADLGNLSHRI
VWQTIPEEAIDNY VEQGQLFLFQLYNKDFAPGADGKPNLHTLY WK AVFNP
ENLEDVVVKLNGKAELFYRPRSNMDVVRHK VGEKLVNRKLKNGLTLPSR
LHEEIYRYVNGTLNKDLSADARSVLPLAVVRDVQHEIIKDRRFTADKFFFH
ASLTFNFKSSDKPVGFNEDVREYLREHPDTYVVGVDRGERNLIYIVVIDPQ
GNIVEQRSFNMINGIDYWSLLDQKEKERVEAKQAWETVGKIKDLKCGYLS
FLIHEITKIIIK YHAVVILENLSLGFKRVRTGIAEKAVYQQFERMLVTKLGYV
VFKDRAGKAPGGVLNAYQLTDNTRTAENTGIQNGFLFYVPAAFTSRVDPAT
GFFDFYDWGKIK TATDKKNFIAGFNSVRYERSTGDFIVHVGAKNLAVRRVA
EDVRTEWDIVIEANVRKMGIDGNSYISGKRIRYRSGEQGHGQYENHLPCQ

ELIRALQQYGIQYETGKDILPAILQQDDAKLTDTVFDVFRLALQMRNTSAE
TGEDYFNSVVRDRSGRCFDTRRAEAAMPKEADANDAYHIALKGLFVLEK

LRKGESIGIKNTEWLRY VQQRHS*

SEQ ID:
32

MTPIFCNFVVYQIMLFNNNININVK TMNKKHLSDFTNLFPVSKTLRFRLEP
QGKTMENIVKAQTIETDEERSHDYEK TKEYIDDYHRQFIDDTLDKFAFKVE
STGNNDSLQDYLDAYLSANDNRTKQTEEIQTNLRKAIVSAFKMQPQFNLL
FKKEMVKHLLPQFVDTDDKKRIVAKFNDFTTYFTGFFTNRENMYSDEAKS
TSIAYRIVNQNLIKFVENMLTFK SHILPILPQEQLATLYDDFKEYLNVASIAE
MFELDHFSIVLTQRQIEVYNSVIGGRKDENNK QIKPGLNQYINQHNQAVKD
KSARLPLLKPLFNQILSEKAGVSFLPKQFKSASEVVKSLNEAYAELSPVLAA
IQDVVTNITDYDCNGIFIKNDLGLTDIAQRFYGNYDAVKRGLRNQYELETP
MHNGQKAEK YEEQVAKHLKSIESVSLAQINQVVTDGGDICDYFKAFGATD
DGDIQRENLLASINNAHTAISPVLNKENANDNELRKNTMLIKDLLDAIKRL
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QWFAKPLLGAGDETNKDQVFYGKFEPLYNQLDETISPLYDK VRSYLTKKP
YSLDKFKINFEKSNLLGGWDPGADRKY QYNAVILRKDNDFYLGIMRDEAT
SKRKCIQVLDCNDEGLDENFEK VEYKQIKPSQNMPRCAFAKKECEENADI
MELKRKKNAKSYNTNKDDKNALIRHYQRYLDRTYPEFGFVYKDADEYDT
VKAFTDSMDSQDYKLSFLQVSETGLNKLVDEGDLYLFKITNKDFSSYAKG
RPNLHTIYWRMLFDPKNLANVVYKLEGKAEVFFRRKSLASTTTHKAKQALI
KNKSRYNEAVKPQSTFDYDIIKDRRFTADKFEFHVPIKMNFKAAGWNSTR
LTNEVREFIK SQGVRHIGIDRGERHLLYLTMIDMDGNIVKQCSLNAPAQDN
ARASEVDYHQLLDSKEADRLAARRNWGTIENIKELKQGYLSQVVHLLAT
MMVDNDAILVLENLNAGFMRGRQK VEKSVYQKFEKMLIDKLNYIVDKG
QSPDKPTGALHAVQLTGLY SDFNKSNMKRANVRQCGFVFYIPAWNTSKID
PVTGFVNLFDTHLSSMGEIK AFFSKFDSIRYNQDKGWFEFKFDYSRFTTRA
EGCRTQWTVCTYGERIWTHRSKNQNNQFVNDTVNVTQQMLQLLQDCGI
DPNGNLKEAIANIDSKKSLETLLHLFKLTVQMRNSVTGSEVDYMISPVADE
RGHFFDSRESDEHLPANADANGAFNIARKGLMVVRQIMATDDVSKIKFAV
SNKDWLRFAQHIDD*

SEQ ID:
33

VKISKTLSLRIIRPYYTPEVESAIKAEKDKREAQGQTRNLDAKFFNELKKK
HPQIILSGEFYSLLFEMQRQLTSIYNRAMSSLYHKIIVEGEKTSTSKALSDIG
YDECKSVFPSYIALGLRQKIQSNFRRKELKGFRMAVPTAKSDKFPIPIYKQV
DDGKGGFKISENKEGDFIVELPLVEYTAED VKTAK GKFTKINISKPPKIKNIP
VILSTLRRKQSGQWFSDEGTNAEIRRVISGEYKVSWIEVVRRTRFGKHDD
WFLNIVIKYDKTEDGLDPEVVGGIDVGVSTPLVCAVNNSLDRYFVKSSDII
AFKKRAMARRRTLLRQNRFKRSGHGSKSKLEPITILTEKNERFKKSIMQRW
AKEVAEFFKGERASVVOQMEELSGLKEKDNFFGSYLRMYWNYGQLQQIIE
NKLKEYGIKVNY VSPKDTSKKCHSCGYINEFFTFEFRQKNNFPLFKCKKCG
VECNADYNAAKNIATA

SEQ ID:
34

VKLPILKPLHKQILSEEYSTSFKIKAFENDNEVLKAIDTFWNEHIEKSIHPVTGNKF
NILSKIENLCDQLQKYKDKDLEKLFIERKNLSTVSHQVYGQWNIIRDALRMHLEM
NNKNIKEKDIDKYLDNDAFSWKEIKDSIKIYKEHVEDAKELNENGIIKYFSAMSIN
EEDDEKEY SISLIKNINEKYNNVKSILQEDRTGKSDLHQDKEKVGIKEFLDSLKQL
QWFLRLLYVTVPLDEKDYEFYNELEVYYEALLPLNSLYNKVRNYMTRKPYSVEK
FKLNFNSPTLLDGWDKNKETANLSIILRKNGKYY LGIMNKENNTIFEYYPGTKSN
DYYEKMIYKLLPGPNKMLPKVFFSKKGLEYYNPPKEILNIYEKGEFKKDKSGNFK
KESLHTLIDFYKEAIAKNEDWEVFNFKFKNTKEYEDISQFYRDVEEQGYLITFEKV
DANYVDKLVKEGKLYLFQIYNKDFSENKKSKGNPNLHTTYWKGLYDSENLKNV
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VYKLNGEAEVFYRKKSIDYPEEITYNHGHHKEELLGKFNYPIIKDRRYTQDKFLFH
VPITMNFISKEEKRVNQLACEYLSATKEDVHIIGIDRGERHLLYLSLIDKEGNIKKQ
LSLNTIKNENYDKEIDY RVKLDEKEKKRDEARKNWDVIENIKELKEGY MSQVIHII
AKMMVEEKAILIMEDLNIGFKRGRFKVEKQVY QKFEKMLIDKLNYLVFKNKNPL
EPGGSLNAYQLTSKFDSFKKLGKQSGFIFYVPSAYTSKIDPTTGFYNFIQVDVPNL
EKGKEFFSKFEKIITYNTKEDYFEFHCKYGKFVSEPKNKDNDRKTKESLTYYNAIK
DTVWVVCSTNHERYKIVRNKAGY YESHPVDVTKNLKDIFSQANINYNEGKDIKPI
HESNNAKLLKSIAEQLKLILAMRYNNGKHGDDEKDYILSPVKNKQGKFFCTLDG
NQTLPINADANGAYNIALKGLLLIEKIKKQQGKIKDLYISNLEWFMFMMSR

SEQ ID:
35

MEKSLNDFIGLYSVSKTLRFELKPVSETLENIKKFHFLEEDKKKANDYKDVKKIID
NYHKYFIDDVLKNASFNWKKLEEAIREYNKNKSDDSALVAEQKKLGDAILKLFT
SDKRYKALTAATPKELFESILPDWFGEQCNQDLNKAALKTFQKFTSYFTGFQENR
KNVYSAEAIPTAVPYRIVNDNFPKFLQNVLIFKTIQEKCPQIDEVEKELSSYLGKE
KLAGIFTLESFNKYLGQGGKENQRGIDFYNQIIGGVVEKEGGINLRGVNQFLNLY
WQQHPDFTKEDRRIKMVPLYKQILSDRSSLSFKIESIENDEELKNALLECADKLEL
KNDEKKSIFEEVCDLFSSVKNLDLSGIYINRKDINSVSRILTGDWSWLQSRMNVY
AEEKFTTKAEKARWQKSLDDEGENKSKGFYSLTDLNEVLEYSSENVAETDIRITD
YFEHRCRYY VDKETEMFVQGSELVALSLQEMCDDILKKRKAMNTVLENLSSENK
LREKTDDVAVIKEYLDAVQELLHRIKPLKVNGVGDSTFYSVYDSIYSALSEVISVY
NKTRNYITKKAASPEKYKLNFDNPTLADGWDLNKEQANTSVILRKDGMFYLGIM
NPKNKPKFAEKYDCGNESCYEKMIYKQFDATKQIPKCSTQKKEVQKYFLSGATE
PYILNDKKSFKSELIITKDIWFMNNHVWDGEKFVPKRDNETRPKKFQIGYFKQTG
DFDGYKNALSNWISFCKNFLQSYLSATVYDYNFKNSEEYEGLDEFYNYLNATCY
KLNFINIPETEINKMVSEGKLYLFQIYNKDFASGSTGMPNMHTLYWKNLFSDENL
KNVCLKLNGEAELFYRPAGIKEPVIHKEGSYLVNRTTEDGESIPEKIYFEITYKNAN
GKLEKLSDEAQNYISNHEVVIKKAGHEIIKDRHY TEPKFLFHVPLTINFKASGNSY
SINENVRKFLKNNPDVNIIGLDRGERHLIYLSLINQKGEIKQFTFNEVERNKNGRTI
KVNYHEKLDQREKERDAARKSWQAIGKIAELKEGYLSAVIHQLTKLMVEYNAV
VVMEDLNFGFKRGRFHVEKQVY QKFEHILIDKSNYLVFKDRGLNEPGGVLNGYQ
TAGQFESFQKLGKQSGMLFYVPAGY TSKIDPKTGFVSMMNFKDLTNVHKKRDFF
SKFDNIHY DEANGSFVFTFDYKKFDGKAKEEMKLTKWSVYSRDKRIVYFAKTKS
YEDVLPTEKLQKIFESNGIDYKSGNNIQDSVMAIGADLKEGAKPSKEISDFWDGLL
SNFKLILQMRNSNARTGEDYIISPVMADDGTFFDSREEFKKGEDAKLPLDADANG
AYHIALKGLSLINKINLSKDEELKKFDMKISNADWFKFAQEKNY AK*

SEQ ID:
36

MIKNPSNRHSLPKVIISEVDHEKILEFKIKYEKLARLDRFEVKAMHYEGKEIVFDE
VLVNGGLIEVEY QDDNKTLFVKVGEKSYSIRGKKVGGKQRLLEDRVSKTKVQLE
LSDGVVDNKGNLRKSRTERELIVADNIKLYSQIVGREVTTTKEIYLVKRFLAYRSD
LLFYYSFVDNFFKVAGNEKELWKINFDDATSAQFMGYIPFMVNDNLKNDNAYL
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KDYVRNDVQIKDDLKKVQTIFSALRHTLLHFNY EFFEKLFNGEDVGFDFDIGFLN
LLIENIDKLNIDAKKEFIDNEKIRLFGENLSLAKVYRLY SDICVNRVGFNKFINSMLI
KDGVENQVLKAEFNRKFGGNAYTIDIHSNQEYKRIYNEHKKLVIKVSTLKDGQAI
RRGNKKISELKEQMKSMTKKNSLARLECKMRLAFGFLYGEYNNYKAFKNNFDT
NIKNSQFDVNDVEKSKAYFLSTYERRKPRTREKLEKVAKDIESLELKTVIANDTLL
KFILLMFVFMPQELKGDFLGFVKKYYHDVHSIDDDTKEQEEDVVEAMSTSLKLKI
LGRNIRSLTLFKYALSSQVNYNSTDNIFY VEGNRYGKIYKKLGISHNQEEFDKTLV
VPLLRYYSSLFKLMNDFEIYSLAKANPTAVSLQELVDDETSPYKQGNY FNFNKML
RDIYGLTSDEIKSGQVVFMRNKIAHFDTEVLLSKPLLGQTKMNLQRKDIVSFIEAR
GDIKELLGYDAINDFRMKVIHLRTKMRVYSDKLQTMMDLLRNAKTPNDFYNVY
KVKGVESINKHLLEVLAQTAEERTVEKQIRDGNEKYDL

SEQ ID:
37

LNSIEKIKKPSNRNSIPSHISDY DENKIKEIKVKYLKLARLDKITIQDMEIRDNIVEFK
KILLNGIEHTIKDNQKIEFDNYEITAY VRASKQRRDGKITQAKYVVTITDKYLRDN
EKEKRFKSTERELPNDTLLMRYKQISGFDTLTSKDIYKIKRYIDFKNEMLFYFQFIE
EFFSPLLPKGTNFYSLNIEQNKDKVVKYIVYRLNDDFKNQSLNQFIKKTDTIKYDF
LKIQKILSDFRHALAHFDFDFIQKFFDDELDKNRFDISTISLIKTMLQEKEEKYYQE
KNNYIEDSDTLTLFDEKESNFSKIHNFYIKISQKKPAFNKLINSFLSKDGVPNEELK
SYLATKKIDFFEDIHSNKEYKKIYIKHKNLVVEKQKEESQEKPNGQKLKNYNDEL
QKLKDEMNKITKQNSLNRLEVKLRLAFGFIANEYNYNFKNFNDKFTLDVKKEQK
IKVFKNSSNEKLKEYFESTFIEKRFFHFCVKFFNKKTKKEETKQKNIFNLIENETLE
ELVKESPLLQUTLLYLFIPKELQGEFVGFILKIYHHTKNITNDTKEDEKSIEDTQNSF
SLKLKILAKNLRGLQLFNYSLSHNTLYNTKEHFFYEKGNRWQSVYKSLEISHNQD
EFDIHLVIPVIKYYINLNKLIGDFEIYALLTYADKNSITEKLSDITKRDDLKFRGYYN
FSTLLFKTFMINTNYEQNQKSTQYIKQTRNDIAHQNIENMLKAFENNEIFAQREEI
VNYLQKEHKMQEILHYNPINDFTMKTVQYLKSLNIHSQKESKIADIHKKESLVPN
DYYLIYKLKVIELLKQKVIEAIGETKDEEKIKNATAKEEQIKKGYNK

SEQ ID:
38

MLKHKRKNKNSLARVVLSNYDSNNIYEIKIKYEKLAKLDKINIIEMDYDADNNV
MFKKVLFNNKEIDLSHKDKTKINIELDNKKYNISAKKQIGKTHLVVRNKQTSKISR
IKKIQDTYYRGKDVFILDNNIEILDKKQTKDKFIVTLNDITNNKTTSTEAELIDDTK
DIFKKISAKKDLKSSDIYKIKRFISIRSNFSFYYTFVDNYFKIFHAKKDKNKEELYKI
KFKDEINIKPYLENILDNMKNKNGILYNYANDRKKVLNDLRNIQY VFKEFRHKLA
HFDYNFLDNFFSNSVEEKYKQKVNEIKLLDILLDNIDSLNVVPKQNYIEDETISVFD
AKDIKLKRLYTYYIKLTINYPGFKKLINSFFIQDGIENQELKEYINNKEKDTQVLKE
LDNKAYYMDISQYRKYKNIYNKHKELVSEKELSSDGKKINSLNQKINKLKIDMK
NITKPNALNRLIYRLRVAFGFIYKEY ATINNFNKSFLQDTKTKRFENISQQDIKSYL
DISYQDKGKFFVKSKKTFKNKTTVKYTFEDLDLTLNEIITQDDIFVKVIFLFSIFMP
KELNGDFFGFINMYYHKMKNISYDTKDIDMLDTISQNMKLKILEQNIKKTY VFKY
YLDLDSSIYSKLVQNIKITEDIDSKKYLYAKIFKYYQHLYKLISDVEIYLLYKYNSK
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ENLSITIDKDELKHRGYYNFQSLLIKNNINKDDAYWSIVNMRNNLSHQNIDELVG
HFCKGCLRKSTTDIAELWLRKDILTITNEINKIESFKDIKITLGYDCVNDFTQKVK
QYKQKLKASNERLAKKIEEKQNQVVDEKNKEELEKNILNMKNIQKINRYILDIL

SEQ ID:
39

MLKHKRKNKNSLARVVLSNYDSNNIYEIKIKYEKLAKLDKINIIEMDYDADNNV
MFKKVLFNNKEIDLSHKDKTKINIELDNKKYNISAKKQIGKTHLVVRDKQTSKISR
IKKIQDTYYRGKDVFILDNNIEILDKKQTKDKFIVTLNDITNDKTTSTEAELIDDTK
DIFKKISAKKDLKSSDIYKIKRFISIRSNFSFYYTFVDNYFKIFHAKKDKNKEELYKI
KFKDEINIKPYLENILDNMKNKNGILYDYADDREKVLNDLKNIQY VFTEFRHKLA
HFDYNFLDNFFSNSVTDQYKQKVNEIKLLDILLDNIDSLNVVPKQNYIEDETISVF
DAKDIKLKRLYTYYIKLTINYPGFKKLINSFFIQDGIENQELKEYINNKEKDTQVLK
ELDNKAYYMDISQYRKYKNIYNKHKELVSEKELSSDGQKINSLNQKINKLKIEMK
NITKPNALNRLIYRLRVAFGFIYKEYATINNFNKSFLQDTKIKRFENISQQDIKNYL
DISYQDKGKFFVKSKKTFKNKTTIKYTFEDLDLTLNEITQDDIFVKVIFLFSIFMPK
ELNGDFFGFINMYYHKMKNISYDTKDIDMLDTISQNMKLKILEQNIKKTYVFKYY
LDLDSSIYSKLVQNIKITEDIDSKKYLYAKIFKYYQHLYKLISDVEIYLLYKYNSKE
NLSITIDKDELKHRGYYNFQSLLIKNNINKDDAY WSIVNMRNNLSHQNIDELVGH
FCKGCLRKSTTDIAELWLRKDILTITNEINKIESFKDIKITLGYDCVNDFTQKVKQ
YKQKLKASNERLAKKIEEKQNQVVDEKNKEELEKKILNMKNIQKINRYILDIL

SEQ ID:
40

MSQLKNPSNKNSLPRIIISDFNEIKINEIKIKYHKLDRLDKIIVKEMEIINNKIFFKKIL
FNNQIKDINSENIELENYILAGEVKPSNTKIILNRDGKEKSFIVYDGFTFKYKPNDK
RISETKTNAKYILTIKDKTRHRESSTQRDILKSSHETYKQISGFENITSKDIYTIKRYI
DFKNEMMFYYTFIDDFFFPITGKNKQDKKNNFYNYKIKENAKKFISLINY RINDDF
KNKNGILYDYLSNKEEHINDFIHIQTILKDVRHAIAHFNFDFIQKLFDNEQAFNSKF
DGIEILNILFNQKQEKYFEAQTNYIEEETIKILDEKELSFKKLHSFY SQICQKKPAFN
KLINSFIHQDGIENKELKDYISQKYNSKFDYYLDIHTCKIYKDIYNQHKKFVADKQF
LENQKTDGQKIKKLNDQINQLKTKMNNLTKKNSLKRLEIKFRLAFGFIFTEY QTF
KNFNERFIEDIKANKY STKIELLDYGKIKEYISITHEEKRFFNYKTFNKKTNKNINK
TIFQSLEKETFENLVKNDNLIKMMFLFQLLLPRELKGEFLGFILKIYHDLKNIDNDT
KPDEKSLSELNISTALKLKILVKNIRQINLFNYTISNNTKYEEKEKRFYEEGNQWK
DIYKKLYISHDFDIFDIHLITPIIKYNINLYKLIGDFEVYLLLKYLERNTNYKTLDKLI
EAEELKYKGYYNFTTLLSKAINIALNDKEYHNITHLRNNTSHQDIQNIISSFKNNKL
LEQRENIIELISKESLKKKLHFDPINDFTMKTLQLLKSLEVHSDKSEKIENLLKKEPL
LPNDVYLLYKLKGIEFIKKELISNIGITKY EEKIQEKIAKGVEK

SEQ ID:
41

MVKNPANRHALPKVIISEVDNNNILEFKIKYEKLARLDKVEVKSMHFDNNKQVV

FDEVVINGGLIEPTYEDKHKKLVVTAGEKSYSIVGQKVGGKPRLLEDRVSKTKVQ
LELTNYVEDKEGKKRVSKTERELIVADNIELYSQIVGREVKTTKEIYLIKRFLEYRS
DLLFYYGFVDNFFKVAGNGKELWKIDFTNSDSLHLIEYFKFSINDNLKNDENYLK
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NYVSDNTKIENDLVKCQNNFNSLRHALMHFDY DFFEKLFNGEDVGFDFDIEFLNI
MIDKVDKLNIDTKKEFIDDEEVTLFGEALSLKKLY GLFSHIAINRVAFNKLINSFIIE
DGIENKELKDFFNNKKESQAYEIDIHSNAEYKALY VQHKKLVMATSAMTDGDEI
AKKNQEISDLKEKMKVITKENSLARLEHKLRLAFGFIYTEYKDYKTFKKHFDQDI
KGAKYKGLNVEKLKEYYETTLKNSKPKTDEKLEDVAKKIDKLSLKELIDDDTLL
KFVLLLFIFMPQELKGDFLGFIKKY YHDKKHIDQDTKDKDTEIEELSTGLKLKVLD
KNIRSLSILKHSFSFQVKYNRKDKNFYEDGNLHGKFYKKLSISHNQEEFNKSVY A
PLFRYYSALYKLINDFEIYALAQHVENHETLADQVNKSQFIQKSYFNFRKLLDNT
DSISQSSSYNTLIVMRNDISHLSYEPLFNYPLDERKSYKKKTQKGVKTFHVELLYIS
RAKIELISLQTDMKKLLGYDAVNDFNMKVVHLRKRLSVYANKEESIRKMQADA
KTPNDFYNIYKVKGVESINQHLLKVIGVTEAEKSIEKQINEGNKKHNT

SEQ ID:
42

MTKKPSNRNSLPKVIINKVDESSILEFKIKY EKLARLDRFEVRSMRYDGDGRIIFDE
VVANAGLLDVDYEDDNRTIVVKIENKAYNIYGKKVGGEKRLNGKISKAKVQLIL
TDSIRKNANDTHRHSLTERELINKNEVDLY SKIAEREISTTKDIYLVKRFLAYRSDL
LLYYAFINHYVRVNGNKKEFWKTEIDDKIDYFIYTINDTLKNKEGYLEKYIVDRD
QIKKDLEKIKQIFSHLRHKLMHYDFRFFTDLFDGKDVDIKVDNSIQKISELLDIEFL
NIVIDKLEKLNIDAKKEFIDDEKITLFGQEIELKKLYSLY AHTSINRVAFNKLINSFLI
KDGVENKELKEYFNAHNQGKESYYIDIHQNQEYKKLYIEHKNLVAKLSATTDGK
EIAKINRELADKKEQMKQITKANSLKRLEYKLRLAFGFIYTEYKDYERFKNSFDT
DTKKKKFDAIDNAKIEYFEATNKAKKIEKLEEILKGIDKLSLKTLIQDDILLKFLLL
FFTFLPQEIKGEFLGFIKKYYHDITSLDEDTKDKDDEITELPRSLKLKIFSKNIRKLSI
LKHSLSYQIKYNKKESSYYEAGNVFNKMFKKQAISHNLEEFGKSIYLPMLKYYSA
LYKLINDFEIYALYKDMDTSETLSQQVDKQEYKRNEY FNFETLLRKKFGNDIEKV
LVTYRNKIAHLDFNFLYDKPINKFISLYKSREKIVNYIKNHDIQAVLKYDAVNDFV
MKVIQLRTKLKVYADKEQTIESMIQNTQNPNGFYNIYKVKAVENINRHLLKVIGY
TESEKAVEEKIRAGNTSKS

SEQ ID:
43

MIKNPSNRY ALPKVIISKIDNQNILEFKIKYKKLSKLDIVKVKSMHYDDRAIIFDEVI
VNDGLIDVEYRDNHKTIFVKVGNKSYSISGQKVGGKERLLENRVSKTKVQLELK
DKATNRVSKTERELIVDDNIKIYSQIVGRDVKTTKDIYLIKRFLAYRSDLLFYYGF
VNNFFHVANNRSEFWKIDFNDSNNSKLIEYFKFTINDHLKNDENYLKDYISDNEK
LKNDLIKVKNSFEKIRHALMHFDYDFFVKLFNGEDVGLELDIEFLDIMIDKLDKLN
IDTKKEFIDDEKITIFGEELSLAKLYRFYAHTAINRVAFNKLINSFIIENGVENQSLK
EYFNQQAGGIAYEIDIHQNREYKNLYNEHKKLVSRVLSISDGQEIAILNQKIAKLK
DQMKQITKANSIKRLEYKLRLALGFIYTEYENY EEFKNNFDTDIKNGRFTPKDND
GNKRAFDSRELEQLKGYYEATIQTQKPKTDEKIEEVSKKIDRLSLKSLIADDILLKF
ILLMFTFMPQELKGEFLGFIKKY YHDTKHIDQDTISDSDDTIETLSIGLKLKILDKNI
RSLSILKHSLSFQTKYNKKDRNYYEDGNIHGKFFKKLGISHNQEEFNKSVYAPLFR
YYSALYKLINDFEIYTLSLHIVGSETLTDQVNKSQFLSGRYFNFRKLLTQSYHINN
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NSTHSTIFNAVINMRNDISHLSY EPLFDCPLNGKKSYKRKIRNQFKTINIKPLVESR
KHIDFITLQTDMQKVLGYDAVNDFTMKIVQLRTRLKAYANKEQTIQKMITEAKTP
NDFYNIYKVQGVEEINKYLLEVIGETQAEKEIREKIERGNIANF

SEQ ID:
44

MKKSIFDQFVNQYALSKTLRFELKPVGETGRMLEEAKVFAKDETIKKKYEATKPF
FNKLHREFVEEALNEVELAGLPEYFEIFKYWKRYKKKFEKDLQKKEKELRKSVV
GFFNAQAKEWAKKYETLGVKKKDVGLLFEENVFAILKERYGNEEGSQIVDESTG
KDVSIFDSWKGFTGYFIKFQETRKNFYKDDGTATALATRIIDQNLKRFCDNLLIFE
SIRDKIDFSEVEQTMGNSIDKVFSVIFYSSCLLQEGIDFYNCVLGGETLPNGEKRQG
INELINLYRQKTSEK VPFLKLLDKQILSEKEKFMDEIENDEALLD TLKIFRKSAEEK
TTLLKNIFGDFVMNQGKYDLAQIYISRESLNTISRKWTSETDIFEDSLYEVLKKSKI
VSASVKKKDGGYAFPEFIALIY VKSALEQIPTEKFWKERYYKNIGDVLNKGFLNG
KEGVWLQFLLIFDFEFNSLFEREIIDENGDKKVAGYNLFAKGFDDLLNNFKYDQK
AKVVIKDFADEVLHIY QMGKYFAIEKKRSWLADYDIDSFYTDPEKGYLKFYENA
YEEIIQVYNKLRNYLTKKPYSEDKWKLNFENPTLADGWDKNKEADNSTVILKKD
GRYYLGLMARGRNKLFDDRNLPKILEGVENGKYEKVVYKYFPDQAKMFPKVCF
STKGLEFFQPSEEVITIYKNSEFKKGY TFNVRSMQRLIDFYKDCLVRYEGWQCYD
FRNLRKTEDYRKNIEEFFSDVAMDGYKISFQDVSESYIKEKNQNGDLYLFEIKNK
DWNEGANGKKNLHTIYFESLFSADNIAMNFPVKLNGQAEIFYRPRTEGLEKERIIT
KKGNVLEKGDKAFHKRRY TENKVFFHVPITLNRTKKNPFQFNAKINDFLAKNSDI
NVIGVDRGEKQLAYFSVISQRGKILDRGSLNVINGVNYAEKLEEKARGREQARKD
WQQIEGIKDLKKGYISQVVRKLADLAIQYNAIIVFEDLNMRFKQIRGGIEKSVYQQ
LEKALIDKLTFLVEKEEKDVEKAGHLLKAYQLAAPFETFQKMGKQTGIVFYTQA
AYTSRIDPVTGWRPHLYLKYSSAEKAKADLLKFKKIKFVDGRFEFTYDIKSFREQ
KEHPKATVWTVCSCVERFRWNRYLNSNKGGYDHYSDVTKFLVELFQEYGIDFER
GDIVGQIEVLETKGNEKFFKNFVFFFNLICQIRNTNASELAKKDGKDDFILSPVEPF
FDSRNSEKFGEDLPKNGDDNGAFNIARKGLVIMDKITKFADENGGCEKMKWGDL
YVSNVEWDNFVANK

SEQ ID:
45

MFNNFIKKY SLQKTLRFELKPVGETADYIEDFKSEYLKDTVLKDEQRAKDYQEIK
TLIDDYHREYIEECLREPVDKKTGEILDFTQDLEDAFSYYQKLKENPTENRVGWE
KEQESLRKKLVTSFVGNDGLFKKEFITRDLPEWLQKKGLWGEYKDTVENFKKFT
TYFSGFHENRKNMYTAEAQSTAIANRLMNDNLPKFFNNYLAY QTIKEKHPDLVF
RLDDALLQAAGVEHLDEAFQPRYFSRLFAQSGITAFNELIGGRTTENGEKIQGLNE
QINLYRQQNPEKAKGFPRFMPLFKQILSDRETHSFLPDAFENDKELLQALRDYVD
AATSEEGMISQLNKAMNQFVTADLKRVYIKSAALTSLSQELFHFFGVISDAIAWY
AEKRLSPKKAQESFLKQEVYAIEELNQAVVGYIDQLEDQSELQQLLVDLPDPQKP
VSSFILTHWQKSQEPLQAVIAKVEPLFELEELSKNKRAPKHDKDQGGEGFQQVDA
IKNMLDAFMEVSHAIKPLYLVKGRKAIDMPDVDTGFYADFAEAYSAYEQVTVSL
YNKTRNHLSKKPFSKDKIKINFDAPTLLNGWDLNKESDNKSIILRKDGNFYLAIM
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HPKHTKVFDCY SASEAAGKCYEKMNYKLLSGANKMLPKVFFSKKGIETFSPPQEI
LDLYKNNEHKKGATFKLESCHKLIDFFKRNIPKY KVHPTDNFGWDVFGFHFSPTS
SYGDLSGFYREVEAQGYKLWFSDVSEAYINKCVEEGKLFLFQIYNKDFSPNSTGK
PNLHTLYWKGLFEPENLKDVVLKLNGEAEIFYRKHSIKHEDKTIHRAKDPIANKN
ADNPKKQSVFDYDIKDKRYTQDKFFFHVPISLNFKSQGVVRFNDKINGLLAAQD
DVHVIGIDRGERHLLYYTVVNGKGEVVEQGSLNQVATDQGYVVDYQQKLHAKE
KERDQARKNWSTIENIKELKAGYLSQVVHKLAQLIVKHNAIVCLEDLNFGFKRGR
FKVEKQVYQKFEKALIDKLNYLVFKERGATQAGGYLNAYQLAAPFESFEKLGKQ
TGILYYVRSDYTSKIDPATGFVDFLKPKYESMAKSKVFFESFERIQWNQAKGYFE
FEFDYKKMCPSRKFGDYRTRWVVCTFGDTRYQNRRNKSSGQWETETIDVTAQL
KALFAAYGITYNQEDNIKDAIAAVKYTKFYKQLYWLLRLTLSLRHSVTGTDEDFI
LSPVADENGVFFDSRKATDKQPKDADANGAYHIALKGLWNLQQIRQHDWNVEK
PKKLNLAMKNEEWFGFAQKKKFRA

SEQ ID:
46

MIKNPSNRY ALPKVIISKIDNQNILEFKIKYKKLSKLDIVKVKSMHYDDRAIIFDEVI
VNDGLIDVEYRDNHKTIFVKVGNKSYSISGQKVGGKERLLENRVSKTKVQLELK
DKATNRVSKTERELIVDDNIKIYSQIVGRDVKTTKDIYLIKRFLAYRSDLLFYYGF
VNNFFHVANNRSEFWKIDFNDSNNSKLIEYFKFTINDHLKNDENYLKDYISDNEK
LKNDLIKVKNSFEKIRHALMHFDYDFFVKLFNGEDVGLELDIEFLDIMIDKLDKLN
IDTKKEFIDDEKITIFGEELSLAKLYRFYAHTAINRVAFNKLINSFIIENGVENQSLK
EYFNQQAGGIAYEIDIHQNREYKNLYNEHKKLVSRVLSISDGQEIAILNQKIAKLK
DQMKQITKANSIKRLEYKLRLALGFIYTEYENY EEFKNNFDTDIKNGRFTPKDND
GNKRAFDSRELEQLKGYYEATIQTQKPKTDEKIEEVSKKIDRLSLKSLIADDILLKF
ILLMFTFMPQELKGEFLGFIKKY YHDTKHIDQDTISDSDDTIETLSIGLKLKILDKNI
RSLSILKHSLSFQTKYNKKDRNYYEDGNIHGKFFKKLGISHNQEEFNKSVYAPLFR
YYSALYKLINDFEIYTLSLHIVGSETLTDQVNKSQFLSGRYFNFRKLLTQSYHINN
NSTHSTIFNAVINMRNDISHLSY EPLFDCPLNGKKSYKRKIRNQFKTINIKPLVESR
KHIDFITLQTDMQKVLGYDAVNDFTMKIVQLRTRLKAYANKEQTIQKMITEAKTP
NDFYNIYKVQGVEEINKYLLEVIGETQAEKEIREKIERGNIANF

SEQ ID:
47

MIKNPSNRHSLPKVIISEVDHEKILEFKIKYEKLARLDRFEVKAMHYEGKEIVFDE
VLVNGGLIEVEY QDDNKTLFVKVGEKSYSIRGKKVGGKQRLLEDRVSKTKVQLE
LSDGVVDNKGNLRKSRTERELIVADNIKLYSQIVGREVTTTKEIYLVKRFLAYRSD
LLFYYSFVDNFFKVAGNEKELWKINFDDATSAQFMGYIPFMVNDNLKNDNAYL
KDYVRNDVQIKDDLKKVQTIFSALRHTLLHFNY EFFEKLFNGEDVGFDFDIGFLN
LLIENIDKLNIDAKKEFIDNEKIRLFGENLSLAKVYRLY SDICVNRVGFNKFINSMLI
KDGVENQVLKAEFNRKFGGNAYTIDIHSNQEYKRIYNEHKKLVIKVSTLKDGQAI
RRGNKKISELKEQMKSMTKKNSLARLECKMRLAFGFLYGEYNNYKAFKNNFDT
NIKNSQFDVNDVEKSKAYFLSTYERRKPRTREKLEKVAKDIESLELKTVIANDTLL
KFILLMFVFMPQELKGDFLGFVKKYYHDVHSIDDDTKEQEEDVVEAMSTSLKLKI
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LGRNIRSLTLFKYALSSQVNYNSTDNIFY VEGNRYGKIYKKLGISHNQEEFDKTLV
VPLLRYYSSLFKLMNDFEIYSLAKANPTAVSLQELVDDETSPYKQGNY FNFNKML
RDIYGLTSDEIKSGQVVFMRNKIAHFDTEVLLSKPLLGQTKMNLQRKDIVSFIEAR
GDIKELLGYDAINDFRMKVIHLRTKMRVYSDKLQTMMDLLRNAKTPNDFYNVY

KVKGVESINKHLLEVLAQTAEERTVEKQIRDGNEKYDL

SEQ ID:
48

MEEKMLKSYDYFTKLYSLQKTLRFELKPIGKTLEHIKNSGIIESDETLEEQYAIVKN
IIDKLHRKHIDEALSLVDFTKHLDTLKTFQELYLKRGKTDKEKEELEKLSADLRKL
IVSYLKGNVKEKTQHNLNPIKERFEILFGKELFTNEEFFLLAENEKEKKAIQAFKGF
TTYFKGFQENRKNMY SEEGNSTSIAYRIINENLPLFIENIARFQKVMSTIEKTTIKKL
EQNLKTELKKHNLPGIFTIEYFNNVLTQEGISRYNTIHGGKTTHEGVKIQGLNEIINL
YNQQSKDVKLPILKPLHKQILSEEY STSFKIKAFENDNEVLKAIDTFWNEHIEKSIH
PVTGNKFNILSKIENLCDQLQKYKDKDLEKLFIERKNLSTVSHQVYGQWNIIRDAL
RMHLEMNNKNIKEKDIDKYLDNDAFSWKEIKDSIKIYKEHVEDAKELNENGIIKY
FSAMSINEEDDEKEY SISLIKNINEKYNNVKSILQEDRTGKSDLHQDKEKVGIIKEF
LDSLKQLQWFLRLLYVTVPLDEKDYEFYNELEVYYEALLPLNSLYNKVRNYMTR
KPYSVEKFKLNFNSPTLLDGWDKNKETANLSIHLRKNGKYYLGIMNKENNTIFEY
YPGTKSNDYYEKMIYKLLPGPNKMLPKVFFSKKGLEYYNPPKEILNIYEKGEFKK
DKSGNFKKESLHTLIDFYKEAIAKNEDWEVFNFKFKNTKEYEDISQFYRDVEEQG
YLITFEKVDANYVDKLVKEGKLYLFQIYNKDFSENKKSKGNPNLHTIYWKGLYD
SENLKNVVYKLNGEAEVFYRKKSIDYPEEIYNHGHHKEELLGKFNYPIIKDRRYT
QDKFLFHVPITMNFISKEEKRVNQLACEYLSATKEDVHIIGIDRGERHLLYLSLIDK
EGNIKKQLSLNTIKNENYDKEIDYRVKLDEKEKKRDEARKNWDVIENIKELKEGY
MSQVIHITAKMMVEEKAILIMEDLNIGFKRGRFKVEKQVY QKFEKMLIDKLNYLV
FKNKNPLEPGGSLNAY QLTSKFDSFKKLGKQSGFIFY VPSAYTSKIDPTTGFYNFIQ
VDVPNLEKGKEFFSKFEKITYNTKEDYFEFHCKYGKFVSEPKNKDNDRKTKESLT
YYNAIKDTVWVVCSTNHERYKIVRNKAGYYESHPVDVTKNLKDIFSQANINYNE
GKDIKPHIESNNAKLLKSIAEQLKLILAMRYNNGKHGDDEKDYILSPVKNKQGKF
FCTLDGNQTLPINADANGAYNIALKGLLLIEKIKKQQGKIKDLYISNLEWFMFMM
SR

SEQ ID:
49

MEKSLNDFIGLYSVSKTLRFELKPVSETLENIKKFHFLEEDKKKANDYKDVKKIID
NYHKYFIDDVLKNASFNWKKLEEAIREYNKNKSDDSALVAEQKKLGDAILKLFT
SDKRYKALTAATPKELFESILPDWFGEQCNQDLNKAALKTFQKFTSYFTGFQENR
KNVYSAEAIPTAVPYRIVNDNFPKFLQNVLIFKTIQEKCPQIDEVEKELSSYLGKE
KLAGIFTLESFNKYLGQGGKENQRGIDFYNQIIGGVVEKEGGINLRGVNQFLNLY
WQQHPDFTKEDRRIKMVPLYKQILSDRSSLSFKIESIENDEELKNALLECADKLEL
KNDEKKSIFEEVCDLFSSVKNLDLSGIYINRKDINSVSRILTGDWSWLQSRMNVY
AEEKFTTKAEKARWQKSLDDEGENKSKGFYSLTDLNEVLEYSSENVAETDIRITD
YFEHRCRYY VDKETEMFVQGSELVALSLQEMCDDILKKRKAMNTVLENLSSENK
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LREKTDDVAVIKEYLDAVQELLHRIKPLKVNGVGDSTFYSVYDSIYSALSEVISVY
NKTRNYITKKAASPEKYKLNFDNPTLADGWDLNKEQANTSVILRKDGMFYLGIM
NPKNKPKFAEKYDCGNESCYEKMIYKQFDATKQIPKCSTQKKEVQKYFLSGATE
PYILNDKKSFKSELIITKDIWFMNNHVWDGEKFVPKRDNETRPKKFQIGYFKQTG
DFDGYKNALSNWISFCKNFLQSYLSATVYDYNFKNSEEYEGLDEFYNYLNATCY
KLNFINIPETEINKMVSEGKLYLFQIYNKDFASGSTGMPNMHTLYWKNLFSDENL
KNVCLKLNGEAELFYRPAGIKEPVIHKEGSYLVNRTTEDGESIPEKIYFEITYKNAN
GKLEKLSDEAQNYISNHEVVIKKAGHEIIKDRHY TEPKFLFHVPLTINFKASGNSY
SINENVRKFLKNNPDVNIIGLDRGERHLIYLSLINQKGEIKQFTFNEVERNKNGRTI
KVNYHEKLDQREKERDAARKSWQAIGKIAELKEGYLSAVIHQLTKLMVEYNAV
VVMEDLNFGFKRGRFHVEKQVY QKFEHILIDKSNYLVFKDRGLNEPGGVLNGYQ
TAGQFESFQKLGKQSGMLFYVPAGY TSKIDPKTGFVSMMNFKDLTNVHKKRDFF
SKFDNIHY DEANGSFVFTFDYKKFDGKAKEEMKLTKWSVYSRDKRIVYFAKTKS
YEDVLPTEKLQKIFESNGIDYKSGNNIQDSVMAIGADLKEGAKPSKEISDFWDGLL
SNFKLILQMRNSNARTGEDYIISPVMADDGTFFDSREEFKKGEDAKLPLDADANG
AYHIALKGLSLINKINLSKDEELKKFDMKISNADWFKFAQEKNYAK

SEQ ID:
50

MNTQKKEFNPKSFKDFTNLY SLNKTLRFSLTPNKKTAEILEFNKQKEVKCFSNDR
KIAGAYQEIKKYLNKLHQEFIQEAMKFFAFSEEELKGFEKEYLNLLNFTDKDNFK
KKNKIRNEYEQERKILTIKIATYFSKFKSEKYQSFNLANITGKKVFSILEQKYKEDK
KTLKITHIFKYKPTKDEKKEGEAVNFSTYLTGFNENRKNFYKSEDKAGQFATRTID
NLAQFIKNKKLFEDKYQKNY SKIGILDEQIKIFNLDYFNNLFLQEGLDEYNGILGN
NKGEENKSNEGINQKINIFKQKEK ARLKKEKENFNKSDFPLFKELYKQIGSIRKEN
DVYVEIKTDKELVEELNNFPKNVENYLKDIQSFYKTFFEKLQNEEYELDKIYLPKS
VGTYFSYIAFSDWNKLAFIYNKRYKNEKIKIVEGGDVNVQYRSLEVLKNRIDELK
DEDNLNFNKFFIDKLKFNEAKKENNWQNFWFCIEY YINSQFIGGEKNILNKEKNE
YEILPFGSLKELKEKYFEAVKKYKEKMVDTESGLTDDEEKEIKETLKNYLDRIKEI
ERIAKYFDLKKSFEEIKQEDLDSNFYGEY QKVVDKTNELKIYQYYSEFRNYLTQN
NSVEEKIKLNFNSGLLLDGWDLNKEKVKFSIIFQENGKYYLGIINKEKDKTILDKD
KHPEIFTKNSDFRKMEYKLFPSPSKMLPKISFSETAKKGDEDVGWSEEIQKIKDEF
AEFQEYKKKSKDNWKDEFNRGKLNKLIDYYKQVLEKHSEGYMNTYNFELKDSS
KYKNLGEFNDDIARQNYKVKFVGIDKNYIDEKVANGELFLFQIYNKDFSEDKKEG
STNNLETIYFKELFSKENLENPVFKLSGGAEMFFRNKIEKKKEKKKLDKDGKPMIS
KKGEKVVDKRRFSENKILFHLPIEINY GKGKMPNFNKKINEYISKNPENIKIIGIDR
GEKHLLYYSIIDQNGNNIESMSLNAVDEFGNFVNPEKLEEY EIDNNGKKERRWKY
I[VNDKEIKVTNYQRKLDELEKERQKSRQSWQNINKIKNLKKGYISFVVKKIVDLAI
ENNAIILEDLNFGFKSFRQKIEKNVYQQFEKALIDKLGFVVDKQKQNQRFAPQLS
APFESFQKIGKQTGIVYYVLANNTSKVCPSCQWIKNFYLKYEKKNTIFNLQKNQK
LKVFFEQEKNRFRFEYQMSKEYISVYSDVDRQRYDKTKNQNKGGYLEYKNSNQ
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KEIIDKDGVIQKQSITLQLKELFKENHIDLEKEILKQLDNKKEKNSGYTGVYNKFIY
LFNLILQIRNAISFREKDYIQCPSCHFDTRKENYLKINDGDGNGAYNIALRGLYLL
KGKNGINNLEKIKLIFSNNDYFQWAKKLKNKK

SEQ ID:
51

MOQNKQSFADFTNLY SLSKTLRFELKPIGQTQAMLDENKIFEVDENRKKAYDKTK
PYFDRLHREFINESLSNAQLKGISEYFETFKQFRSNQNNKDLKELINKQQKFLRHQ
IVTLFDENGKHWATTKY AHLKIKKKNLDILFDEQVFYILKERYGSEKETQLVDKE
TGAVTSIFDNWKGFTGYFTKFFETRKNFYKSDGTSTALATRIIDQNLNRFFDNLET
FHKIKDKIDVKEVEIFFKLKADNVFSIDFYNQCLLQNGIDKYNDFLGGQTLENGEK
QKGINEIINKYRQDNKDQKLPFLKKLDKQILSEKDRFINEIESKEEFFQVLTEFY QS
ATVKVTIKTLLNDFVHNTDKYKLEKIYLTKEAFNTIANKWTDETQIFEDNLDLVL
KNKKITAKQDFIPLAYIKEALEVIEKDRKFFKDRYYNDPQIGFFPDQSYWEQFLAI
LNFEFMTHFQRVAKDKITGKKIELGYFVFEKRIKELLDSDPSLNSQSKIIIKEFADE
VLHIFQMAKYFALEKKREWKGDYYQLDDQFYNHIDY GFKDQFYENAYEKIVQP
YNKIRNYLTKKPYSDVKWKLNFGNPTLANGWDKNKEADNTAVILKKDGNYYLG
VMKKGKNKIFSDQNKEKYKAYNSAYYEKLVYKLFPDPSKMFPKVCFSKKGLNFF
QPSEEILRIYKNNEFKKGNTFSISSMQKLIAFYIDCLGLYEGWKHY EFKNIKDVRQ
YKENIGEFYADVAESGYKLWFEKISEEYITQKNQLGELFLFQIYNKDFAKKTTGR
KNLHTIYFEELFSQTNIDNNFPFKLNGQAELFYRPKSLEKIEEKRNFKRSIVNKKRY
TQNKIFFHVPITLNRTSENIGRFNVRVNNFLANNSNVNIVGVDRGEKNLAYY SIIK
QNGEVLKSGSLNIINGVDYHALLTDRAQRREQERRNWQDVESIKDLKRGYISQV
VHELVSLAIKYNAIIVMEDLNMRFKQIRGGIEKSTYQQLEKALIEKLNFLVNKEET
DSNQAGNLLNAYQLTAPFKTFKDMGKQTGIIFYTQASYTSKIDPLTGWRPNIYLR
YSNAKQAKADILMFTNIYFSEKKDRFEFTYDLEKIDDKRKDLPIKTEWTVCSNVE
RFSWEKSLNNNKGGY VHYPIQDSNGEESITSKLKKLFMDFGIDLTDIKTQIESLDT
NKKDNANFFRKFIFYFQLICQIRNTQVNKSDDGNDFIFSPVEPFFDSRFADKFRKN
LPKNGDENGAYNIARKGLILHKISDYFVKEGSTDKISWKDLSISQTEWDNFTTDK

SEQ ID:
52

MKKEKEFKSFGDFTNLYEISKTLRFELKPVENTQTMLDEADVFGKDKVIKDKYTK
TKPFIDKLHREFVDESLKDVSLSGLKKYSEVLENWKKNKKDKDIVKELKKEEERL
RKEVVEFFDNTAKKWANEKYKELGLKKKDIGILFEESVFDLLKEKY GEEQDSFLK
EEKGDFLKNEKGEKVSIFDEWKGFVGYFTKFQETRKNFYKNDGTETALATRIIDQ
NLKRFCDNIDDFKKIKNKIDFSEVEKNFNKTADVFSLDFYNQCLLQKGIDSYNEFI
GGKTLENGKKLKGVNELVNEYRQKNKNEKVSFLKLLDKQILSEKEKLSFGIENDE
QLLVVLNSFYETAEEKTKILRTLFGDFVEHNENYDLDKTYISKVAFNTISHKWTN
ETHKFEELLYGAMKEDKPIGLNYDKKEDSYKFPDFIALGYLKKCLNNLDCDTKF
WKEKYYENNADKKDKDKGFLTGGQNAWDQFLQIFIFEFNQLFNSEAFDNKGKEI
KIGYDNFRKDFEEIINQKDFKNDENLKIAIKNFADSVLWIYQMAKYFAIEKKRGW
DDDFELSEFYTNPSNGYSLFYDRAYEEIVQKYNDLRNYLTKKPYKEDKWKLNFE
NPTLANGFDKNKESDNSTVILRKKRKYYLGLMKKGNNKIFEDRNKAEFIRNIESG
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AYEKMAYKYLPDVAKMIPKCSTQLNEAKNHFRNSADDLEIKKSFSNPLKITKRIF
DLNNIQYDKTNVSKKISGDNKGIKIFQKEYYKISGDFDVYKSALNDWIDFCKDFLS
KYDSTKDFDFSILRKTKDYKSLDEFYVDVAKITYKISFTPVSESYIDQKNKNGELY
LFEIYNQDFAKGKMGAKNLHTLYFENVFSPENISKNFPIKLNGNAELFFRPKSIESK
KEKRNFVREIVNKKRY SEDKIFFHCPITLNRETGSIYRFNNY VNNFLSENNINIIGV
DRGEKHLAY Y SVIDKNGVKIGGGSFNEINKVDY AKKLEERAGEREQSRKDWQV
VEGIKDLKKGYISQVVRELADLAIKHNAIIVLEDLNMRFKQIRGGIEKSIYQQLEK
ALIDKLSFLVEKGEKDPNQAGHILKAYQLAAPFTSFKDMGKQTGIVFYTQASYTS
KTCPNCGFRKNNNKFYFENNIGKAQDALKKLKTFEYDSENKCFGLSYCLSDFAN
KEEVEKNKNKKRNNAPYSDIEKKDCFELSTKDAVRYRWHDKNTERGKTFFEGES
VYEEKEEKEIGQTKRGLVKEYDISKCLIGLFEKTGLDYKQNLLDKINSGKFDGTFY
KNLFNYLNLLFEIRNSISGTEIDYISCPECQFHTDKSKTIKNGDDNGSYNIARKGMII
LDKIKQFKKENGSLDKMGWGELFIDLEEWDKFAQKKNNNIIDK

SEQ ID:
53

MKYTDFTGIYSVSKTLRFELIPQGSTVENMKREGILNNDMHRADSYKEMKKLIDE
YHKAFIERCLSDFSLKYDDTGKHDSLEEYFFYYEQKRNDKTKKIFEDIQVALRKQI
SKRFTGDTAFKRLFKKELIKEDLPSFVKNDPVKTELIKEFSDFTTYFQEFHKNRKN
MYTSDAKSTAIAYRIINENLPKFIDNINAFDIVAKVPEMQEHFKTIADELRSHLQVG
NDIDKMFNLQFFNKVLTQSQLDVYNAVIGGKSEGNKKIQGINEYINLYNQQHKK
ARLPMLKLLYKQILSDRVAISWLQDEFDNDQDMLDTIEAFYNKLNSNETGVLGE
GKLKQILMGLDGYNLDGVFMRNDLQLSEVSQRLCGGWNIIKDAMTSDLKRSVQ
KKKKETDADFEERVSKLFSAQNSFSIAYINQCLGQAGIRCKIQDYFACLGAKEGE
NEAETTPDIFDQIAEAYHGAAPILNARPSSHNLAQDIEKVKAIKALLDALKRLQRF
VKPLLGRGDEGDKDNFFYGDFMPIWEVLDQLTPLYNKVRNRMTRKPYSQEKIKL
NFENSTLLNGWDLNKEHDNTSVILRREGLYYLGIMNKNYNKIFDANNVETIGDC
YEKMIYKLLPGPNKMLPKVFFSKSRVQEFSPSKKILEIWESKSFKKGDNFNLDDC
HALIDFYKDSIAKHPDWNKFNFKFSDTQSYTNISDFYRDVNQQGYSLSFTKVSVD
YVNRMVDEGKLYLFQIYNKDFSPQSKGTPNMHTLYWRMLFDERNLHNVIYKLN
GEAEVFYRKASLRCDRPTHPAHQPITCKNENDSKRVCVFDYDIIKNRRY TVDKFM
FHVPITINYKCTGSDNINQQVCDYLRSAGDDTHIIGIDRGERNLLYLVIIDQHGTIK
EQFSLNEIVNEYKGNTY CTNYHSLLEEKEAGNKKARQDWQTIESIKELKEGYLSQ
VIHKISMLMQRYHAIVVLEDLNGSFMRSRQKVEKQVYQKFEHMLINKLNYLVNK
QYDATEPGGLLHALQLTSRMDSFKKLGKQSGFLFYIPAWNTSKIDPVTGFVNLFD
TRYCNEAKAKEFFEKFDDISYNDERDWFEFSFDYRHFTNKPTGTRTQWTLCTQG
TRVRTFRNPEKSNHWDNEEFDLTQAFKDLFNKYGIDIASGLKARIVNGQLTKETS
AVKDFYESLLKLLKLTLQMRNSVTGTDIDYLVSPVADKDGIFFDSRTCGSLLPAN
ADANGAFNIARKGLMLLRQIQQSSIDAEKIQLAPIKNEDWLEFAQEKPYL
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SED ID:
54

MEKEITELTKIRREFPNKKFSSTDMKKAGKLLKAEGPDAVRDFLNSCQEIIGDFKP
PVKTNIVSISRPFEEWPVSMVGRAIQEYYFSLTKEELESVHPGTSSEDHKSFFNITG
LSNYNYTSVQGLNLIFKNAKATYDGTLVKANNKNKKLEKKFNEINHKRSLEGLPII
TPDFEEPFDENGHLNNPPGINRNIYGY QGCAAKVFVPSKHKMVSLPKEYEGYNR
DPNLSLAGFRNRLEIPEGEPGHVPWFQRMDIPEGQIGHVNKIQRFNFVHGKNSGK
VKFSDKTGRVKRYHHSKYKDATKPYKFLEESKKVSALDSILAIITIGDDWVVFEDIR
GLYRNVFYRELAQKGLTAVQLLDLFTGDPVIDPKKGVVTFSYKEGVVPVFSQKIV
PRFKSRDTLEKLTSQGPVALLSVDLGQNEPVAARVCSLKNINDKITLDNSCRISFL
DDYKKQIKDYRDSLDELEIKIRLEAINSLETNQQVEIRDLDVFSADRAKANTVDM
FDIDPNLISWDSMSDARVSTQISDLYLKNGGDESRVYFEINNKRIKRSDYNISQLV
RPKLSDSTRKNLNDSIWKLKRTSEEY LKLSKRKLELSRAVVNYTIRQSKLLSGIND
IVIILEDLDVKKKFNGRGIRDIGWDNFFSSRKENRWFIPAFHKAFSELSSNRGLCVI
EVNPAWTSATCPDCGFCSKENRDGINFTCRKCGVSYHADIDVATLNIARVAVLG
KPMSGPADRERLGDTKKPRVARSRKTMKRKDISNSTVEAMVTA

SED ID:
5§

MIKPTVSQFLTPGFKLIRNHSRTAGLKLKNEGEEACKKFVRENEIPKDECPNFQGG
PATANITAKSREFTEWEIY QSSLAIQEVIFTLPKDKLPEPILKEEWRAQWLSEHGLDT
VPYKEAAGLNLIIKNAVNTYKGVQVKVDNKNKNNLAKINRKNEIAKLNGEQEISF
EEIKAFDDKGYLLQKPSPNKSIYCYQSVSPKPFITSKYHNVNLPEEYIGY YRKSNEP
IVSPYQFDRLRIPIGEPGY VPKWQYTFLSKKENKRRKLSKRIKNVSPILGIICIKKD
WCVFDMRGLLRTNHWKKYHKPTDSINDLFDYFTGDPVIDTKANVVRFRYKMEN
GIVNYKPVREKKGKELLENICDQNGSCKLATVDVGQNNPVAIGLFELKKVNGEL
TKTLISRHPTPIDFCNKITAYRERYDKLESSIKLDAIKQLTSEQKIEVDNYNNNFTP
QNTKQIVCSKLNINPNDLPWDKMISGTHFISEKAQVSNKSEIYFTSTDKGKTKDV
MKSDYKWFQDYKPKLSKEVRDALSDIEWRLRRESLEFNKLSKSREQDARQLAN
WISSMCDVIGIENLVKKNNFFGGSGKREPGWDNFYKPKKENRWWINAIHKALTE
LSQNKGKRVILLPAMRTSITCPKCKYCDSKNRNGEKFNCLKCGIELNADIDVATE
NLATVAITAQSMPKPTCERSGDAKKPVRARKAKAPEFHDKLAPSYTVVLREAV

SED ID:
56

MEKEITELTKIRREFPNKKFSSTDMKKAGKLLKAEGPDAVRDFLNSCQEIIGDFKP
PVKTNIVSISRPFEEWPVSMVGRAIQEYYFSLTKEELESVHPGTSSEDHKSFFNITG
LSNYNYTSVQGLNLIFKNAKATYDGTLVKANNKNKKLEKKFNEINHKRSLEGLPII
TPDFEEPFDENGHLNNPPGINRNIYGY QGCAAKVFVPSKHKMVSLPKEYEGYNR
DPNLSLAGFRNRLEIPEGEPGHVPWFQRMDIPEGQIGHVNKIQRFNFVHGKNSGK
VKFSDKTGRVKRYHHSKYKDATKPYKFLEESKKVSALDSILAIITIGDDWVVFEDIR
GLYRNVFYRELAQKGLTAVQLLDLFTGDPVIDPKKGVVTFSYKEGVVPVFSQKIV
PRFKSRDTLEKLTSQGPVALLSVDLGQNEPVAARVCSLKNINDKITLDNSCRISFL
DDYKKQIKDYRDSLDELEIKIRLEAINSLETNQQVEIRDLDVFSADRAKANTVDM
FDIDPNLISWDSMSDARVSTQISDLYLKNGGDESRVYFEINNKRIKRSDYNISQLV
RPKLSDSTRKNLNDSIWKLKRTSEEY LKLSKRKLELSRAVVNYTIRQSKLLSGIND
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IVIILEDLDVKKKFNGRGIRDIGWDNFFSSRKENRWFIPAFHKTFSELSSNRGLCVI
EVNPAWTSATCPDCGFCSKENRDGINFTCRKCGVSYHADIDVATLNIARVAVLG
KPMSGPADRERLGDTKKPRVARSRKTMKRKDISNSTVEAMVTA

SED ID:
57

VPDKKETPLVALCKKSFPGLRFKKHDSRQAGRILKSKGEGAAVAFLEGKGGTTQ
PNFKPPVKCNIVAMSRPLEEWPIYKASVVIQKYVYAQSYEEFKATDPGKSEAGLR
AWLKATRVDTDGYFNVQGLNLIFQNARATYEGVLKKVENRNSKKVAKIEQRNE
HRAERGLPLLTLDEPETALDETGHLRHRPGINCSVFGYQHMKLKPYVPGSIPGVT
GYSRDPSTPIAACGVDRLEIPEGQPGY VPPWDRENLSVKKHRRKRASWARSRGG
AIDDNMLLAVVRVADDWALLDLRGLLRNTQYRKLLDRSVPVTIESLLNLVTNDP
TLSVVKKPGKPVRYTATLIYKQGVVPVVKAKVVKGSYVSKMLDDTTETFSLVGV
DLGVNNLIAANALRIRPGKCVERLQAFTLPEQTVEDFFRFRKAYDKHQENLRLAA
VRSLTAEQQAEVLALDTFGPEQAKMQVCGHLGLSVDEVPWDKVNSRSSILSDLA
KERGVDDTLYMFPFFKGKGKKRKTEIRKRWDVNWAQHFRPQLTSETRKALNEA
KWEAERNSSKYHQLSIRKKELSRHCVNY VIRTAEKRAQCGKVIVAVEDLHHSFR
RGGKGSRKSGWGGFFAAKQEGRWLMDALFGAFCDLAVHRGYRVIKVDPYNTS
RTCPECGHCDKANRDRVNREAFICVCCGYRGNADIDVAAYNIAMVAITGVSLRK
AARASVASTPLESLAAE

SEQ ID:
58

MPKPAVESEFSKVLKKHFPGERFRSSYMKRGGKILAAQGEEAVVAYLQGKSEEE
PPNFQPPAKCHVVTKSRDFAEWPIMKASEAIQRYTY ALSTTERAA CKPGKSSESHA
AWFAATGVSNHGYSHVQGLNLIFDHTLGRYDGVLKKVQLRNEKARARLESINAS
RADEGLPEIKAEEEEVA TNETGHLLQPPGINPSFYVYQTISPQAYRPRDEIVLPPEY
AGYVRDPNAPIPLGVVRNRCDIQKGCPGYIPEWQREAGTAISPKTGKAVTVPGLS
PKKNKRMRRYWRSEKEKAQDALLVTVRIGTDWVVIDVRGLLRNARWRTIAPKD
ISLNALLDLFTGDPVIDVRRNIVTFTY TLDACGTYARKWTLKGKQTKATLDKLTA
TQTVALVAIDLGQTNPISAGISRVTQENGALQ
CEPLDRFTLPDDLLKDISAYRIAWDRNEEELRARSVEALPEAQQAEVRALDGVSK
ETARTQLCADFGLDPKRLPWDKMSSNTTFISEALLSNSVSRDQVFFTPAPKKGAK
KKAPVEVMRKDRTWARAYKPRLSVEAQKLKNEALWALKRTSPEYLKLSRRKEE
LCRRSINYVIEKTRRRTQCQIVIPVIEDLNVRFFHGSGKRLPGWDNFFTAKKENRW
FIQGLHKAFSDLRTHRSFYVFEVRPERTSITCPKCGHCEVGNRDGEAFQCLSCGKT
CNADLDVATHNLTQVALTGKTMPKREEPRDAQGTAPARKTKKASKSKAPPAER
EDQTPAQEPSQTS

SEQ ID:
59

MSNKTTPPSPLSLLLRAHFPGLKFESQDYKIAGKKLRDGGPEAVISYLTGKGQAK
LKDVKPPAKAFVIAQSRPFIEWDLVRVSRQIQEKIFGIPATKGRPKQDGLSETAFN
EAVASLEVDGKSKLNEETRAAFYEVLGLDAPSLHAQAQNALIKSAISIREGVLKK
VENRNEKNLSKTKRRKEAGEEATFVEEKAHDERGYLIHPPGVNQTIPGY QAVVIK
SCPSDFIGLPSGCLAKESAEALTDYLPHDRMTIPKGQPGY VPEWQHPLLNRRKNR
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RRRDWYSASLNKPKATCSKRSGTPNRKNSRTDQIQSGRFKGAIPVLMRFQDEWVI
IDIRGLLRNARYRKLLKEKSTIPDLLSLFTGDPSIDMRQGVCTFIYKAGQACSAKM
VKTKNAPEILSELTKSGPVVLVSIDLGQTNPIAAKVSRVTQLSDGQLSHETLLREL
LSNDSSDGKEIARYRVASDRLRDKLANLAVERLSPEHKSEILRAKNDTPALCKAR
VCAALGLNPEMIAWDKMTPYTEFLATAYLEKGGDRKVATLKPKNRPEMLRRDI
KFKGTEGVRIEVSPEAAEAYREAQWDLQRTSPEYLRLSTWKQELTKRILNQLRHK
AAKSSQCEVVVMAFEDLNIKMMHGNGKWADGGWDAFFIKKRENRWFMQAFH
KSLTELGAHKGVPTIEVTPHRTSITCTKCGHCDKANRDGERFACQKCGFVAHADL
EIATDNIERVALTGKPMPKPESERSGDAKKSVGARKAAFKPEEDAEAAE

SEQ ID:
60

MSKTKELNDYQEALARRLPGVRHQKSVRRAARLVYDRQGEDAMVAFLDGKEV
DEPYTLQPPAKCHILAVSRPIEEWPIARVTMAVQEHVYALPVHEVEKSRPETTEGS
RSAWFKNSGVSNHGVTHAQTLNAILKNAYNVYNGVIKKVENRNAKKRDSLAAK
NKSRERKGLPHFKADPPELATDEQGYLLQPPSPNSSVYLVQQHLRTPQIDLPSGYT
GPVVDPRSPIPSLIPIDRLAIPPGQPGYVPLHDREKLTSNKHRRMKLPKSLRAQGAL
PVCFRVFDDWAVVDGRGLLRHAQYRRLAPKNVSIAELLELY TGDPVIDIKRNLM
TFRFAEAVVEVTARKIVEKYHNKYLLKLTEPKGKPVREIGLVSIDLNVQRLIALAI
YRVHQTGESQLALSPCLHREILPAKGLGDFDKYKSKFNQLTEEILTAAVQTLTSA
QQEEYQRYVEESSHEAKADLCLKY SITPHELAWDKMTSSTQYISRWLRDHGWNA
SDFTQITKGRKKVERLWSDSRWAQELKPKLSNETRRKLEDAKHDLQRANPEWQ
RLAKRKQEYSRHLANTVLSMAREYTACETVVIAIENLPMKGGFVDGNGSRESGW
DNFFTHKKENRWMIKDIHKALSDLAPNRGVHVLEVNPQYTSQTCPECGHRDKAN
RDPIQRERFCCTHCGAQRHADLEVATHNIAMVATTGKSLTGKSLAPQRLQEAAE

SEQ ID:
61

VAFLDGKEVDEPY TLQPPAKCHILAVSRPIEEWPIARVTMAVQEHVYALPVHEVE
KSRPETTEGSRSAWFKNSGVSNHGVTHAQTLNAILKNAYNVYNGVIKKVENRNA
KKRDSLAAKNKSRERKGLPHFKADPPELATDEQGYLLQPPSPNSSVYLVQQHLRT
PQIDLPSGY TGPVVDPRSPIPSLIPIDRLAIPPGQPGY VPLHDREKLTSNKHRRMKLP
KSLRAQGALPVCFRVFDDWAVVDGRGLLRHAQYRRLAPKNVSIAELLELY TGDP
VIDIKRNLMTFRFAEAVVEVTARKIVEKYHNKYLLKLTEPKGKPVREIGLVSIDLN
VQRLIALAIYRVHQTGESQLALSPCLHREILPAKGLGDFDKYKSKFNQLTEEILTA
AVQTLTSAQQEEY QRY VEESSHEAKADLCLKY SITPHELAWDKMTSSTQYISRW
LRDHGWNASDFTQITKGRKKVERLWSDSRWAQELKPKLSNETRRKLEDAKHDL
QRANPEWQRLAKRKQEYSRHLANTVLSMAREY TACETVVIAIENLPMKGGFVD
GNGSRESGWDNFFTHKKENRWMIKDIHKALSDLAPNRGVHVLEVNPQYTSQTCP
ECGHRDKANRDPIQRERFCCTHCGAQRHADLEVATHNIAMVATTGKSLTGKSLA
PQRLQ

[0129] In some instances, effector proteins disclosed herein are engineered proteins. Engineered

proteins are not identical to a naturally-occurring protein. Engineered proteins may provide
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enhanced nuclease or nickase activity as compared to a naturally occurring nuclease or nickase.
An engineered protein may comprise a modified form of a wild type counterpart protein. In
some instances, effector proteins comprise at least one amino acid change (e.g., deletion,
insertion, or substitution) that enhances or reduces the nucleic acid-cleaving activity of the
effector protein relative to the wild type counterpart.

[0130] In some embodiments, a programmable nuclease may be thermostable. In some instances,
known programmable nucleases (e.g., Cas12 nucleases) are relatively thermo-sensitive and only
exhibit activity (e.g., cis and/or trans cleavage) sufficient to produce a detectable signal in a
diagnostic assay at temperatures less than 40° C, and optimally at about 37° C. A thermostable
protein may have enzymatic activity, stability, or folding comparable to those at 37 °C. In some
instances, the trans cleavage activity (e.g., the maximum trans cleavage rate as measured by
fluorescent signal generation) of a programmable nuclease in a trans cleavage assay at 40°C, 45°C,
50°C, 55°C, 60°C, 65°C, 70°C, 75°C, 80°C, or more may be at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 100%, at least 1-fold, at least 2-fold, at least 3-fold, at least 4-fold, at least 5-fold, at
least 6-fold, at least 7-fold, at least 8-fold, at least 9-fold, at least 10-fold, at least 11-fold, at least
12-fold, at least 13-fold, at least 14-fold, at least 15-fold, at least 20-fold, at least 25-fold, at least
30-fold, at least 35-fold, at least 40-fold, at least 45-fold, at least 50-fold or more of that at 37 °C.
[0131] The programmable nuclease can become activated after binding of (i) a guide nucleic acid
that is complexed with the programmable nuclease with (i1) a target nucleic acid, and the activated
programmable nuclease can cleave the target nucleic acid, which can result in a trans cleavage
activity. Trans cleavage activity can be non-specific cleavage of nearby single-stranded nucleic
acids by the activated programmable nuclease, such as trans cleavage of reporters (e.g., detector
nucleic acids) with a detection moiety. Once the target nucleic acid or reporter is cleaved by the
activated programmable nuclease, the detection moiety can be released or separated from the
reporter and can generate a detectable signal. The reporter and/or the detection moiety can be
immobilized on a support medium. Often the detection moiety is at least one of a fluorophore, a
dye, a polypeptide, or a nucleic acid. Sometimes the detection moiety binds to a capture molecule
on the support medium to be immobilized. The detectable signal can be visualized on the support
medium to assess the presence or concentration of one or more target nucleic acids associated with
an ailment, such as a disease, cancer, or genetic disorder.

[0132] The methods and compositions of the present disclosure are compatible with any type of
programmable nuclease that is human-engineered or naturally occurring. The programmable
nuclease can comprise a nuclease that is capable of being activated when complexed with a guide
nucleic acid and a target nucleic acid segment or a portion thereof. A programmable nuclease can
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become activated when complexed with a guide nucleic acid and a target sequence of a target gene
of interest. The programmable nuclease can be activated upon binding of a guide nucleic acid to
a target nucleic acid and can exhibit or enable trans cleavage activity once activated. In any
instances or embodiments where a CRISPR-based programmable nuclease is described or used, it
is recognized herein that any other type of programmable nuclease can be used in addition to or
in substitution of such CRISPR-based programmable nuclease.

[0133] The methods and compositions of the present disclosure are compatible with a plurality
of programmable nucleases, including any of the programmable nucleases described herein. The
device can comprise a plurality of programmable nuclease probes comprising the plurality of
programmable nucleases and one or more corresponding guide nucleic acids. The plurality of
programmable nuclease probes can be the same. Alternatively, the plurality of programmable
nuclease probes can be different. For example, the plurality of programmable nuclease probes
can comprise different programmable nucleases and/or different guide nucleic acids associated
with the programmable nucleases.

[0134] As used herein, a programmable nuclease generally refers to any enzyme that can be
used to cleave or facilitate cleavage of a nucleic acid. The programmable nuclease can be any
enzyme that can be or has been designed, modified, or engineered by human contribution so that
the enzyme targets or cleaves the nucleic acid in a sequence-specific manner. Programmable
nucleases can include, for example, zinc- finger nucleases (ZFNs), transcription activator-like
effector nucleases (TALENSs), and/or RNA- guided nucleases such as the bacterial clustered
regularly interspaced short palindromic repeat (CRISPR)-Cas (CRISPR-associated) nucleases.
Programmable nucleases can also include, for example, PfAgo and/or NgAgo.

[0135] ZFNs can cut genetic material in a sequence- specific matter and can be designed, or
programmed, to target specific viral targets. A ZFN is composed of two domains: a DNA-
binding zinc-finger protein linked to the Fokl nuclease domain. The DNA-binding zinc-finger
protein is fused with the non-specific Fokl cleave domain to create ZFNs. The protein will
typically dimerize for activity. Two ZFN monomers form an active nuclease; each monomer
binds to adjacent half- sites on the target. The sequence specificity of ZFNs is determined by
ZFPs. Each zinc-finger recognizes a 3-bp DNA sequence, and 3-6 zinc-fingers are used to
generate a single ZFN subunit that binds to DNA sequences of 9-18 bp. The DNA-binding
specificities of zinc-fingers is altered by mutagenesis. New ZFPs are programmed by modular
assembly of pre-characterized zinc fingers.

[0136] Transcription activator-like effector nucleases (TALENS) can cut genetic material in a
sequence-specific matter and can be designed, or programmed, to target specific viral targets.
TALENS contain the Fokl nuclease domain at their carboxyl termini and a class of DNA binding
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domains known as transcription activator- like effectors (TALEs). TALENSs are composed of
tandem arrays of 33-35 amino acid repeats, each of which recognizes a single base-pair in the
major groove of target viral DNA. The nucleotide specificity of a domain comes from the two
amino acids at positions 12 and 13 where Asn-Asn, Asn-Ile, His-Asp and Asn-Gly recognize
guanine, adenine, cytosine and thymine, respectively. That pattern allows one to program
TALENS to target various nucleic acids.

[0137] The programmable nuclease can comprise any type of human engineered enzymes.
Alternatively, the programmable nuclease can comprise CRISPR enzymes derived from naturally
occurring bacterial. A programmable nuclease can be a Cas protein (also referred to,
interchangeably, as a Cas nuclease). A crRNA and Cas protein can form a CRISPR enzyme. The
programmable nuclease can be a CRISPR-Cas (clustered regularly interspaced short palindromic
repeats - CRISPR associated) nucleoprotein complex with trans cleavage activity, which can be
activated by binding of a guide nucleic acid with a target nucleic acid. The programmable nuclease
can comprise one or more amino acid modifications. The programmable nuclease be a nuclease
derived from a CRISPR-Cas system. The programmable nuclease can be a nuclease derived from
recombineering.

[0138] As described above, trans cleavage activity can be initiated by one or more activated
programmable nucleases, including, for instance, trans cleavage of one or more reporters (e.g.,
reporter nucleic acids) comprising a detection moiety. Once the one or more reporters are cleaved
by the activated programmable nuclease, the detection moiety can be released or separated from
the reporter and can directly or indirectly generate a detectable signal. The reporter molecules
described herein can comprise, in some non-limiting examples, RNA. In some embodiments, the
reporter molecules can comprise ssDNA. In some embodiments, a reporter molecule can
comprise: RNA, dsDNA, one or more modified nucleotides, and/or any combination thereof. The
reporter molecules can comprise at least one nucleic acid and a detectable moiety. In some
embodiments, a programmable nuclease probe or a CRISPR probe comprising a Cas enzyme can
recognize and detect a target such as dsDNA and, further, can specifically trans-cleave ssDNA
reporters. In some embodiments, a programmable nuclease probe or a CRISPR probe comprising
a Cas enzyme can recognize and detect a target such as RNA and, further, can specifically trans-
cleave RNA reporters. The detection of the target nucleic acid in the sample can indicate the
presence of the sequence in the sample and can provide information about the presence or absence
of a nucleic acid sequence in a sample, e.g., as a diagnostic for disease.

[0139] Cleavage of a protein-nucleic acid can produce a signal. The signal can indicate a presence
of the target nucleic acid in the sample, and an absence of the signal can indicate an absence of
the target nucleic acid in the sample. In some cases, cleavage of the protein-nucleic acid can
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produce a calorimetric signal, a potentiometric signal, an amperometric signal, an optical signal,
or a piezo-electric signal. Various devices and/or sensors can be used to detect these different
types of signals, which indicate whether a target nucleic acid is present in the sample. The sensors
usable to detect such signals can include, for example, optical sensors (e.g., imaging devices for
detecting fluorescence or optical signals with various wavelengths and frequencies), electric
potential sensors, surface plasmon resonance (SPR) sensors, interferometric sensors, or any other
type of sensor suitable for detecting calorimetric signals, potentiometric signals, amperometric
signals, optical signals, or piezo-electric signals.

[0140] Sample

[0141] The systems, devices, apparatuses, methods, and compositions of the present disclosure
may be used to analyze one or more samples to detect a presence or an absence of one or more
targets as described elsewhere herein. In some instances, the one or more samples can be taken
from a single-cell eukaryotic organism; a plant or a plant cell; an algal cell; a fungal cell; an animal
or an animal cell, tissue, or organ; a cell, tissue, or organ from an invertebrate animal; a cell, tissue,
fluid, or organ from a vertebrate animal such as fish, amphibian, reptile, bird, and mammal; a cell,
tissue, fluid, or organ from a mammal such as a human, a non-human primate, an ungulate, a
feline, a bovine, an ovine, and a caprine. In some instances, the sample is taken from nematodes,
protozoans, helminths, or malarial parasites. In some cases, the sample comprises nucleic acids
from a cell lysate from a eukaryotic cell, a mammalian cell, a human cell, a prokaryotic cell, or a
plant cell. In some cases, the sample comprises nucleic acids expressed from a cell.

[0142] The sample used for disease testing can comprise at least one target sequence that can bind
to a guide nucleic acid of the reagents described herein. In some cases, the target sequence is a
portion of a nucleic acid. A nucleic acid can be from a genomic locus, a viral locus, a transcribed
mRNA, or a reverse transcribed cDNA. A nucleic acid can be from 5 to 100, 5 to 90, 5 to 80, 5 to
70, 5 to 60, 5 to 50, 5 to 40, 5 to 30, 5 to 25, 5to 20, Sto 15, or 5 to 10 nucleotides in length. A
nucleic acid can be from 10 to 90, from 20 to 80, from 30 to 70, or from 40 to 60 nucleotides in
length. A nucleic acid sequence can be from 10 to 95, from 20 to 95, from 30 to 95, from 40 to
95, from 50 to 95, from 60 to 95, from 10 to 75, from 20 to 75, from 30 to 75, from 40 to 75, from
50 to 75, from 5 to 50, from 15 to 50, from 25 to 50, from 35 to 50, or from 45 to 50 nucleotides
in length. A nucleic acid can be 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, 45, 50, 60, 70, 80, 90, or 100
nucleotides in length. The target nucleic acid can be reverse complementary to a guide nucleic
acid. In some cases, 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, 45, 50, 60, 70, 80, 90, or 100
nucleotides of a guide nucleic acid can be reverse complementary to a target nucleic acid.
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[0143] In some cases, the target sequence is a portion of a nucleic acid from a virus or a bacterium
or other agents responsible for a disease in the sample. The target sequence, in some cases, is a
portion of a nucleic acid from a sexually transmitted infection or a contagious disease, in the
sample. The target sequence, in some cases, is a portion of a nucleic acid from an upper respiratory
tract infection, a lower respiratory tract infection, or a contagious disease, in the sample. The target
sequence, in some cases, is a portion of a nucleic acid from a hospital acquired infection or a
contagious disease, in the sample. The target sequence, in some cases, is a portion of a nucleic
acid from sepsis, in the sample. These diseases can include but are not limited to respiratory
viruses (e.g., SARS-CoV-2 (i.e. a virus that causes COVID-19), SARS, MERS, influenza and the
like), human immunodeficiency virus (HIV), human papillomavirus (HPV), chlamydia,
gonorrhea, syphilis, trichomoniasis, sexually transmitted infection, malaria, Dengue fever, Ebola,
chikungunya, and leishmaniasis. Pathogens include viruses, fungi, helminths, protozoa, malarial
parasites, Plasmodium parasites, Toxoplasma parasites, and Schistosoma parasites. Helminths
include roundworms, heartworms, and phytophagous nematodes, flukes, Acanthocephala, and
tapeworms. Protozoan infections include infections from Giardia spp., Trichomonas spp., African
trypanosomiasis, amoebic dysentery, babesiosis, balantidial dysentery, Chaga's disease,
coccidiosis, malaria and toxoplasmosis. Examples of pathogens such as parasitic/protozoan
pathogens include, but are not limited to: Plasmodium falciparum, P. vivax, Trypanosoma cruzi
and Toxoplasma gondii. Fungal pathogens include, but are not limited to Cryptococcus
neoformans, Histoplasma capsulatum, Coccidioides immitis, Blastomyces dermatitidis,
Chlamydia trachomatis, and Candida albicans. Pathogenic viruses include but are not limited to:
respiratory viruses (e.g., adenoviruses, parainfluenza viruses, severe acute respiratory syndrome
(SARS), coronavirus, MERS), gastrointestinal viruses (e.g., noroviruses, rotaviruses, some
adenoviruses, astroviruses), exanthematous viruses (e.g. the virus that causes measles, the virus
that causes rubella, the virus that causes chickenpox/shingles, the virus that causes roseola, the
virus that causes smallpox, the virus that causes fifth disease, chikungunya virus infection);
hepatic viral diseases (e.g., hepatitis A, B, C, D, E); cutaneous viral diseases (e.g. warts (including
genital, anal), herpes (including oral, genital, anal), molluscum contagiosum); hemmorhagic viral
diseases (e.g. Ebola, Lassa fever, dengue fever, yellow fever, Marburg hemorrhagic fever,
Crimean-Congo hemorrhagic fever); neurologic viruses (e.g., polio, viral meningitis, viral
encephalitis, rabies), sexually transmitted viruses (e.g., HIV, HPV, and the like),
immunodeficiency virus (e.g., HIV); influenza virus; dengue; West Nile virus; herpes virus;
yellow fever virus; Hepatitis Virus C; Hepatitis Virus A; Hepatitis Virus B; papillomavirus; and
the like. Pathogens include, e.g., HIV virus, Mycobacterium tuberculosis, Klebsiella pneumoniae,
Acinetobacter baumannii, Burkholderia cepacia, Streptococcus agalactiae, methicillin-resistant
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Staphylococcus aureus, Legionella pneumophila, Streptococcus pyogenes, FEscherichia coli,
Neisseria gonorrhoeae, Neisseria meningitidis, Pneumococcus, Cryptococcus neoformans,
Histoplasma capsulatum, Hemophilus influenzae B, Treponema pallidum, Lyme disease
spirochetes, Pseudomonas aeruginosa, Mycobacterium leprae, Brucella abortus, rabies virus,
influenza virus, cytomegalovirus, herpes simplex virus I, herpes simplex virus I, human serum
parvo-like virus, respiratory syncytial virus (RSV), M. genitalium, T. Vaginalis, varicella-zoster
virus, hepatitis B virus, hepatitis C virus, measles virus, adenovirus, human T-cell leukemia
viruses, Epstein-Barr virus, murine leukemia virus, mumps virus, vesicular stomatitis virus,
Sindbis virus, lymphocytic choriomeningitis virus, wart virus, blue tongue virus, Sendai virus,
feline leukemia virus, Reovirus, polio virus, simian virus 40, mouse mammary tumor virus,
dengue virus, rubella virus, West Nile virus, Plasmodium falciparum, Plasmodium vivax,
Toxoplasma gondii, Trypanosoma rangeli, Trypanosoma cruzi, Trypanosoma rhodesiense,
Trypanosoma brucei, Schistosoma mansoni, Schistosoma japonicum, Babesia bovis, Limeria
tenella, Onchocerca volvulus, Leishmania tropica, Mycobacterium tuberculosis, Trichinella
spiralis, Theileria parva, Taenia hydatigena, Taenia ovis, Taenia saginata, Fchinococcus
granulosus, Mesocestoides corti, Mycoplasma arthritidis, M. hyorhinis, M. orale, M. arginini,
Acholeplasma laidlawii, M. salivarium, M. pneumoniae, Enterobacter cloacae, Kiebsiella
aerogenes, Proteus vulgaris, Serratia macesens, Enterococcus faecalis, Enterococcus faecium,
Streptococcus intermdius, Streptococcus pneumoniae, and Streptococcus pyogenes. Often the
target nucleic acid comprises a sequence from a virus or a bacterium or other agents responsible
for a disease that can be found in the sample. In some cases, the target nucleic acid is a portion of
a nucleic acid from a viral locus, a genomic locus, a transcribed mRNA, or a reverse transcribed
cDNA from a gene locus in at least one of: human immunodeficiency virus (HIV), human
papillomavirus (HPV), chlamydia, gonorrhea, syphilis, trichomoniasis, sexually transmitted
infection, malaria, Dengue fever, Ebola, chikungunya, and leishmaniasis. Pathogens include
viruses, fungi, helminths, protozoa, malarial parasites, Plasmodium parasites, Toxoplasma
parasites, and Schistosoma parasites. Helminths include roundworms, heartworms, and
phytophagous nematodes, flukes, Acanthocephala, and tapeworms. Protozoan infections include
infections from Giardia spp., Trichomonas spp., African trypanosomiasis, amoebic dysentery,
babesiosis, balantidial dysentery, Chaga's disease, coccidiosis, malaria and toxoplasmosis.
Examples of pathogens such as parasitic/protozoan pathogens include, but are not limited to:
Plasmodium falciparum, P. vivax, Trypanosoma cruzi and Toxoplasma gondii. Fungal pathogens
include, but are not limited to Cryptococcus neoformans, Histoplasma capsulatum, Coccidioides
immitis, Blastomyces dermatitidis, Chlamydia trachomatis, and Candida albicans. Pathogenic
viruses include but are not limited to immunodeficiency virus (e.g., HIV); influenza virus; dengue;
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West Nile virus; herpes virus; yellow fever virus; Hepatitis Virus C; Hepatitis Virus A; Hepatitis
Virus B; papillomavirus; and the like. Pathogens include, e.g., HIV virus, Mycobacterium
tuberculosis, Streptococcus agalactiae, methicillin-resistant Staphylococcus aureus, Legionella
pneumophila, Streptococcus pyogenes, Lscherichia coli, Neisseria gonorrhoeae, Neisseria
meningitidis, Pneumococcus, Cryptococcus neoformans, Histoplasma capsulatum, Hemophilus
influenzae B, Treponema pallidum, Lyme disease spirochetes, Pseudomonas aeruginosa,
Mycobacterium leprae, Brucella abortus, rabies virus, influenza virus, cytomegalovirus, herpes
simplex virus I, herpes simplex virus II, human serum parvo-like virus, respiratory syncytial virus
(RSV), M. genitalium, T. vaginalis, varicella-zoster virus, hepatitis B virus, hepatitis C virus,
measles virus, adenovirus, human T-cell leukemia viruses, Epstein-Barr virus, murine leukemia
virus, mumps virus, vesicular stomatitis virus, Sindbis virus, lymphocytic choriomeningitis virus,
wart virus, blue tongue virus, Sendai virus, feline leukemia virus, Reovirus, polio virus, simian
virus 40, mouse mammary tumor virus, dengue virus, rubella virus, West Nile virus, Plasmodium
falciparum, Plasmodium vivax, Toxoplasma gondii, Trypanosoma rangeli, Trypanosoma cruzi,
Trypanosoma rhodesiense, Trypanosoma brucei, Schistosoma mansoni, Schistosoma japonicum,
Babesia bovis, Eimeria tenella, Onchocerca volvulus, Leishmania tropica, Mycobacterium
tuberculosis, Trichinella spiralis, Theileria parva, Taenia hydatigena, Taenia ovis, Taenia
saginata, Echinococcus granulosus, Mesocestoides corti, Mycoplasma arthritidis, M. hyorhinis,
M. orale, M. arginini, Acholeplasma laidlawii, M. salivarium and M. pneumoniae. In some cases,
the target sequence is a portion of a nucleic acid from a genomic locus, a transcribed mRNA, or a
reverse transcribed cDNA from a gene locus of bacterium or other agents responsible for a disease
in the sample comprising a mutation that confers resistance to a treatment, such as a single
nucleotide mutation that confers resistance to antibiotic treatment.

[0144] In some cases, the sample used for cancer testing or cancer risk testing can comprise at
least one target sequence or target nucleic acid segment that can bind to a guide nucleic acid of
the reagents described herein. The target nucleic acid segment, in some cases, is a portion of a
nucleic acid from a gene with a mutation associated with cancer, from a gene whose
overexpression is associated with cancer, a tumor suppressor gene, an oncogene, a checkpoint
inhibitor gene, a gene associated with cellular growth, a gene associated with cellular metabolism,
or a gene associated with cell cycle. Sometimes, the target nucleic acid encodes for a cancer
biomarker, such as a prostate cancer biomarker or non-small cell lung cancer. In some cases, the
assay can be used to detect “hotspots” in target nucleic acids that can be predictive of cancer, such
as lung cancer, cervical cancer, in some cases, the cancer can be a cancer that is caused by a virus.
Some non-limiting examples of viruses that cause cancers in humans include Epstein-Barr virus
(e.g., Burkitt’s lymphoma, Hodgkin’s Disease, and nasopharyngeal carcinoma); papillomavirus
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(e.g., cervical carcinoma, anal carcinoma, oropharyngeal carcinoma, penile carcinoma); hepatitis
B and C viruses (e.g., hepatocellular carcinoma); human adult T-cell leukemia virus type 1
(HTLV-1) (e.g., T-cell leukemia); and Merkel cell polyomavirus (e.g., Merkel cell carcinoma).
One skilled in the art will recognize that viruses can cause or contribute to other types of cancers.
In some cases, the target nucleic acid is a portion of a nucleic acid that is associated with a blood
fever. In some cases, the target nucleic acid segment is a portion of a nucleic acid from a genomic
locus, a transcribed mRNA, or a reverse transcribed cDNA from a locus of at least one of: ALK,
APC, ATM, AXIN2, BAP1, BARDI, BLM, BMPR1A, BRCA1, BRCA2, BRIPI, CASR,
CDC73, CDHI, CDK4, CDKN1B, CDKN1C, CDKN2A, CEBPA, CHEK2, CTNNA1, DICERI,
DIS3L2, EGFR, EPCAM, FH, FLCN, GATA2, GPC3, GREM1, HOXB13, HRAS, KIT, MAX,
MEN1, MET, MITF, MLH1, MSH2, MSH3, MSH6, MUTYH, NBN, NF1, NF2, NTHLI,
PALB2, PDGFRA, PHOX2B, PMS2, POLDI, POLE, POT1, PRKARIA, PTCHI, PTEN,
RADS50, RAD51C, RAD51D, RB1, RECQL4, RET, RUNX1, SDHA, SDHAF2, SDHB, SDHC,
SDHD, SMAD4, SMARCA4, SMARCBI, SMARCEI, STK11, SUFU, TERC, TERT,
TMEM127, TP53, TSC1, TSC2, VHL, WRN, and WTT1.

[0145] In some cases, the sample used for genetic disorder testing can comprise at least one target
sequence or target nucleic acid segment that can bind to a guide nucleic acid of the reagents
described herein. In some embodiments, the genetic disorder is hemophilia, sickle cell anemia, -
thalassemia, Duchene muscular dystrophy, severe combined immunodeficiency, or cystic fibrosis.
The target nucleic acid segment, in some cases, is a portion of a nucleic acid from a gene with a
mutation associated with a genetic disorder, from a gene whose overexpression is associated with
a genetic disorder, from a gene associated with abnormal cellular growth resulting in a genetic
disorder, or from a gene associated with abnormal cellular metabolism resulting in a genetic
disorder. In some cases, the target nucleic acid segment is a portion of a nucleic acid from a
genomic locus, a transcribed mRNA, or a reverse transcribed cDNA from a locus of at least one
of: CFTR, FMR1, SMN1, ABCB11, ABCC8, ABCD1, ACAD9, ACADM, ACADVL, ACAT]I,
ACOXI1, ACSF3, ADA, ADAMTS2, ADGRGI1, AGA, AGL, AGPS, AGXT, AIRE, ALDH3A2,
ALDOB, ALG6, ALMSI1, ALPL, AMT, AQP2, ARG1, ARSA, ARSB, ASL, ASNS, ASPA,
ASS1, ATM, ATP6VIB1, ATP7A, ATP7B, ATRX, BBS1, BBS10, BBS12, BBS2, BCKDHA,
BCKDHB, BCSI1L, BLM, BSND, CAPN3, CBS, CDH23, CEP290, CERKL, CHM, CHRNE,
CIITA, CLN3, CLN5, CLN6, CLN8, CLRN1, CNGB3, COL27A1, COL4A3, COL4Ad4,
COL4AS, COL7A1, CPS1, CPT1A, CPT2, CRB1, CTNS, CTSK, CYBA, CYBB, CYP11BI,
CYP11B2, CYP17A1, CYP19A1, CYP27A1, DBT, DCLREIC, DHCR7, DHDDS, DLD, DMD,
DNAHS, DNAII, DNAI2, DYSF, EDA, EIF2B5, EMD, ERCC6, ERCCS, ESCO2, ETFA,
ETFDH, ETHEI, EVC, EVC2, EYS, F9, FAH, FAM161A, FANCA, FANCC, FANCG, FH,
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FKRP, FKTN, G6PC, GAA, GALC, GALK1, GALT, GAMT, GBA, GBE1, GCDH, GFM1,
GJB1, GJB2, GLA, GLBI1, GLDC, GLE1, GNE, GNPTAB, GNPTG, GNS, GRHPR, HADHA,
HAXI, HBA1, HBA2, HBB, HEXA, HEXB, HGSNAT, HLCS, HMGCL, HOGA1, HPSI,
HPS3, HSD17B4, HSD3B2, HYAL1, HYLSI, IDS, IDUA, IKBKAP, IL2RG, IVD, KCNJ11,
LAMA2, LAMA3, LAMB3, LAMC2, LCA5, LDLR, LDLRAP1, LHX3, LIFR, LIPA, LOXHDI,
LPL, LRPPRC, MAN2B1, MCOLN1, MED17, MESP2, MFSD8, MKS1, MLC1, MMAA,
MMAB, MMACHC, MMADHC, MPI, MPL, MPV17, MTHFR, MTM1, MTRR, MTTP, MUT,
MYO7A, NAGLU, NAGS, NBN, NDRG1, NDUFAFS5, NDUFS6, NEB, NPC1, NPC2, NPHSI,
NPHS2, NR2E3, NTRK1, OAT, OPA3, OTC, PAH, PC, PCCA, PCCB, PCDH15, PDHAI,
PDHB, PEX1, PEX10, PEX12, PEX2, PEX6, PEX7, PFKM, PHGDH, PKHD1, PMM2,
POMGNTI1, PPTI1, PROP1, PRPSI, PSAP, PTS, PUSI, PYGM, RAB23, RAG2, RAPSN,
RARS2, RDHI12, RMRP, RPE65, RPGRIPIL, RSI, RTEL1, SACS, SAMHDI, SEPSECS,
SGCA, SGCB, SGCG, SGSH, SLCI2A3, SLC12A6, SLCI7AS5, SLC22A5, SLC25A13,
SLC25A15, SLC26A2, SLC26A4, SLC35A3, SLC37A4, SLC39A4, SLC4A11, SLC6AS,
SLC7A7, SMARCALI1, SMPD1, STAR, SUMF1, TAT, TCIRG1, TECPR2, TFR2, TGM1, TH,
TMEM216, TPP1, TRMU, TSFM, TTPA, TYMP, USHIC, USH2A, VPS13A, VPS13B, VPS45,
VRK1, VSX2, WNT10A, XPA, XPC, and ZFYVE26.

[0146] In some cases, the sample used for phenotyping testing can comprise at least one target
nucleic acid segment that can bind to a guide nucleic acid of the reagents described herein. The
target nucleic acid segment, in some cases, is a portion of a nucleic acid from a gene associated
with a phenotypic trait.

[0147] In some cases, the sample used for genotyping testing can comprise at least one target
nucleic acid segment that can bind to a guide nucleic acid of the reagents described herein. The
target nucleic acid segment, in some cases, is a portion of a nucleic acid from a gene associated
with a genotype.

[0148] In some cases, the sample used for ancestral testing can comprise at least one target nucleic
acid segment that can bind to a guide nucleic acid of the reagents described herein. The target
nucleic acid segment, in some cases, is a portion of a nucleic acid from a gene associated with a
geographic region of origin or ethnic group.

[0149] In some embodiments, the sample can be used for identifying a disease status. For
example, a sample is any sample described herein, and is obtained from a subject for use in
identifying a disease status of a subject. The disease can be a cancer or genetic disorder.
Sometimes, a method comprises obtaining a serum sample from a subject; and identifying a
disease status of the subject. Often, the disease status is prostate disease status. In any of the
embodiments described herein, the device can be configured for asymptomatic, pre-symptomatic
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and/or symptomatic diagnostic applications, irrespective of immunity. In any of the embodiments
described herein, the device can be configured to perform one or more serological assays on a
sample (e.g., a sample comprising blood).

[0150] In some embodiments, the sample can be used to identify a mutation in a target nucleic
acid of a plant or of a bacteria, virus, or microbe associated with a plant or soil. The devices and
methods of the present disclosure can be used to identify a mutation of a target nucleic acid that
affects the expression of a gene. A mutation that affects the expression of gene can be a mutation
of a target nucleic acid within the gene, a mutation of a target nucleic acid comprising RNA
associated with the expression of a gene, or a target nucleic acid comprising a mutation of a nucleic
acid associated with regulation of expression of a gene, such as an RNA or a promoter, enhancer,
or repressor of the gene. Often, the mutation is a single nucleotide mutation.

[0151] The systems, devices, apparatuses, and methods disclosed herein may be used to
detect a presence or an absence of one or more targets in one or more samples. The one or more
samples can comprise one or more target sequences or nucleic acids for detection of an ailment,
such as a disease, cancer, or genetic disorder, or genetic information, such as for phenotyping,
genotyping, or determining ancestry and are compatible with the reagents and support mediums
as described herein. Generally, a sample can be taken from any place where a nucleic acid can
be found. Samples can be taken from an individual/human, a non-human animal, or a crop, or an
environmental sample can be obtained to test for presence of a disease, virus, pathogen, cancer,
genetic disorder, or any mutation or pathogen of interest. A biological sample can be blood,
serum, plasma, lung fluid, exhaled breath condensate, saliva, spit, urine, stool, feces, mucus,
lymph fluid, peritoneal , cerebrospinal fluid, amniotic fluid, breast milk, gastric secretions,
bodily discharges, secretions from ulcers, pus, nasal secretions, sputum, pharyngeal exudates,
urethral secretions/mucus, vaginal secretions/mucus, anal secretion/mucus, semen, tears, an
exudate, an effusion, tissue fluid, interstitial fluid (e.g., tumor interstitial fluid), cyst fluid, tissue,
or, in some instances, any combination thereof. A sample can be an aspirate of a bodily fluid
from an animal (e.g., human, animals, livestock, pet, etc.) or plant. A tissue sample can be from
any tissue that can be infected or affected by a pathogen (e.g., a wart, lung tissue, skin tissue,

and the like). A tissue sample (e.g., from animals, plants, or humans) can be dissociated or
liquified prior to application to detection system of the present disclosure. A sample can be from
a plant (e.g., a crop, a hydroponically grown crop or plant, and/or house plant). Plant samples
can include extracellular fluid, from tissue (e.g., root, leaves, stem, trunk etc.). A sample can be
taken from the environment immediately surrounding a plant, such as hydroponic fluid/ water,
or soil. A sample from an environment can be from soil, air, or water. In some instances, the
environmental sample is taken as a swab from a surface of interest or taken directly from the
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surface of interest. In some instances, the raw sample is applied to the detection system. In some
instances, the sample is diluted with a buffer or a fluid or concentrated prior to application to the
detection system. In some cases, the sample is contained in no more than about 200 nanoliters
(nL). In some cases, the sample is contained in about 200 nL. In some cases, the sample is
contained in a volume that is greater than about 200 nL and less than about 20 microliters (uL).
In some cases, the sample is contained in no more than 20 ul. In some cases, the sample is
contained in no more than 1, 5, 10, 15, 20, 25, 30, 35 40, 45, 50, 55, 60, 65, 70, 75, 80, 90, 100,
200, 300, 400, 500 ul, or any of value from 1 ul to 500 ul. In some cases, the sample is
contained in from 1 pL to 500 pL, from 10 pL to 500 pL, from 50 pL to 500 pL, from 100 uL
to 500 pL, from 200 pL to 500 puL, from 300 pL to 500 pL, from 400 pL to 500 pL, from 1 pL
to 200 pL, from 10 pL to 200 pL, from 50 pL to 200 pL, from 100 uL to 200 uL, from 1 pL to
100 pL, from 10 pL to 100 pL, from 50 uL to 100 pL, from 1 pL to 50 pL, from 10 puL to 50
uL, from 1 puL to 20 pL, from 10 pL to 20 pL, or from 1 pL to 10 uL. Sometimes, the sample is
contained in more than 500 pl.

[0152] In some instances, the sample is taken from a single-cell eukaryotic organism; a plant
or a plant cell; an algal cell; a fungal cell; an animal or an animal cell, tissue, or organ; a cell,
tissue, or organ from an invertebrate animal; a cell, tissue, fluid, or organ from a vertebrate
animal such as fish, amphibian, reptile, bird, and mammal; a cell, tissue, fluid, or organ from a
mammal such as a human, a non-human primate, an ungulate, a feline, a bovine, an ovine, and a
caprine. In some instances, the sample is taken from nematodes, protozoans, helminths, or
malarial parasites. In some cases, the sample may comprise nucleic acids from a cell lysate from
a eukaryotic cell, a mammalian cell, a human cell, a prokaryotic cell, or a plant cell. In some
cases, the sample may comprise nucleic acids expressed from a cell.

[0153] The sample used for disease testing can comprise at least one target sequence that
can bind to a guide nucleic acid of the reagents described herein. In some cases, the target
sequence is a portion of a nucleic acid. A nucleic acid can be from a genomic locus, a
transcribed mRNA, or a reverse transcribed cDNA. A nucleic acid can be from 5 to 100, 5 to 90,
510 80, 5to 70, 5to 60, 5to 50, 5 to 40, 5 to 30, 5 to 25, 5 to 20, 5to 15, or 5 to 10 nucleotides
in length. A nucleic acid can be from 10 to 90, from 20 to 80, from 30 to 70, or from 40 to 60
nucleotides in length. A nucleic acid sequence can be from 10 to 95, from 20 to 95, from 30 to
95, from 40 to 95, from 50 to 95, from 60 to 95, from 10 to 75, from 20 to 75, from 30 to 75,
from 40 to 75, from 50 to 75, from 5 to 50, from 15 to 50, from 25 to 50, from 35 to 50, or from
45 to 50 nucleotides in length. A nucleic acid canbe 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, 45, 50, 60,
70, 80, 90, or 100 nucleotides in length. The target nucleic acid can be reverse complementary to
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a guide nucleic acid. In some cases, 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, 45, 50, 60, 70, 80,
90, or 100 nucleotides of a guide nucleic acid can be reverse complementary to a target nucleic
acid.
[0154] In some cases, the target sequence is a portion of a nucleic acid from a virus or a
bacterium or other agents responsible for a disease in the sample. The target sequence, in some
cases, is a portion of a nucleic acid from a sexually transmitted infection or a contagious disease,
in the sample. The target sequence, in some cases, is a portion of a nucleic acid from an upper
respiratory tract infection, a lower respiratory tract infection, or a contagious disease, in the
sample. The target sequence, in some cases, is a portion of a nucleic acid from a hospital
acquired infection or a contagious disease, in the sample. The target sequence, in some cases, 18
a portion of a nucleic acid from sepsis, in the sample. These diseases can include but are not
limited to respiratory viruses (e.g., SARS-CoV-2 (i.e., a virus that causes COVID-19), SARS,
MERS, influenza, Adenovirus, Coronavirus HKU1, Coronavirus NL63, Coronavirus 229E,
Coronavirus OC43, Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), Human
Metapneumovirus (hMPV), Human Rhinovirus/Enterovirus, Influenza A, Influenza A/HI,
Influenza A/H3, Influenza A/H1-2009, Influenza B, Influenza C, Parainfluenza Virus 1,
Parainfluenza Virus 2, Parainfluenza Virus 3, Parainfluenza Virus 4, Respiratory Syncytial
Virus) and respiratory bacteria (e.g. Bordetella parapertussis, Bordetella pertussis, Chlamydia
pneumoniae, Mycoplasma pneumoniae). Other viruses include human immunodeficiency virus
(HIV), human papillomavirus (HPV), chlamydia, gonorrhea, syphilis, trichomoniasis, sexually
transmitted infection, malaria, Dengue fever, Ebola, chikungunya, and leishmaniasis. Pathogens
include viruses, fungi, helminths, protozoa, malarial parasites, Plasmodium parasites,
Toxoplasma parasites, and Schistosoma parasites. Helminths include roundworms, heartworms,
and phytophagous nematodes, flukes, Acanthocephala, and tapeworms. Protozoan infections
include infections from Giardia spp., Trichomonas spp., African trypanosomiasis, amoebic
dysentery, babesiosis, balantidial dysentery, Chaga's disease, coccidiosis, malaria and
toxoplasmosis. Examples of pathogens such as parasitic/protozoan pathogens include, but are
not limited to: Plasmodium falciparum, P. vivax, Trypanosoma cruzi and Toxoplasma gondii.
Fungal pathogens include, but are not limited to Crypfococcus neoformans, Histoplasma
capsulatum, Coccidioides immitis, Blastomyces dermatitidis, Chlamydia trachomatis,
Chlamydia pneumoniae, Chlamydia psittaci, and Candida albicans. Pathogenic viruses include
but are not limited to: respiratory viruses (e.g., adenoviruses, parainfluenza viruses, severe acute
respiratory syndrome (SARS), coronavirus, MERS), gastrointestinal viruses (e.g., noroviruses,
rotaviruses, some adenoviruses, astroviruses), exanthematous viruses (e.g., the virus that causes
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measles, the virus that causes rubella, the virus that causes chickenpox/shingles, the virus that
causes roseola, the virus that causes smallpox, the virus that causes fifth disease, chikungunya
virus infection); hepatic viral diseases (e.g., hepatitis A, B, C, D, E); cutaneous viral diseases
(e.g., warts (including genital, anal), herpes (including oral, genital, anal), molluscum
contagiosum); hemmorhagic viral diseases (e.g. Ebola, Lassa fever, dengue fever, yellow fever,
Marburg hemorrhagic fever, Crimean-Congo hemorrhagic fever); neurologic viruses (e.g., polio,
viral meningitis, viral encephalitis, rabies), sexually transmitted viruses (e.g., HIV, HPV, and the
like), immunodeficiency virus (e.g., HIV); influenza virus; dengue; West Nile virus; herpes
virus; yellow fever virus; Hepatitis Virus C; Hepatitis Virus A; Hepatitis Virus B;
papillomavirus; and the like. Pathogens include, e.g., HIV virus, Mycobacterium tuberculosis,
Klebsiella pneumoniae, Acinetobacter baumannii, Bacillus anthracis, Bortadella pertussis,
Burkholderia cepacia, Corynebacterium diphtheriae, Coxiella burnetii, Streptococcus
agalactiae, methicillin-resistant Staphylococcus aureus, Legionella longbeachae, Legionella
pneumophila, Leptospira interrogans, Moraxella catarrhalis, Streptococcus pyogenes,
Escherichia coli, Neisseria gonorrhoeae, Neisseria meningitidis, Neisseria elongate, Neisseria
gonorrhoeae, Parechovirus, Pneumococcus, Pneumocystis jirovecii, Cryptococcus neoformans,
Histoplasma capsulatum, Haemophilus influenzae B, Treponema pallidum, Lyme disease
spirochetes, Pseudomonas aeruginosa, Mycobacterium leprae, Brucella abortus, rabies virus,
influenza virus, cytomegalovirus, herpes simplex virus I, herpes simplex virus II, human serum
parvo-like virus, respiratory syncytial virus (RSV), M. genitalium, T. Vaginalis, varicella-zoster
virus, hepatitis B virus, hepatitis C virus, measles virus, adenovirus, human T-cell leukemia
viruses, Epstein-Barr virus, murine leukemia virus, mumps virus, vesicular stomatitis virus,
Sindbis virus, lymphocytic choriomeningitis virus, wart virus, blue tongue virus, Sendai virus,
feline leukemia virus, Reovirus, polio virus, simian virus 40, mouse mammary tumor virus,
dengue virus, rubella virus, West Nile virus, Plasmodium falciparum, Plasmodium vivax,
Toxoplasma gondii, Trypanosoma rangeli, Trypanosoma cruzi, Trypanosoma rhodesiense,
Trypanosoma brucei, Schistosoma mansoni, Schistosoma japonicum, Babesia bovis, Eimeria
tenella, Onchocerca volvulus, Leishmania tropica, Mycobacterium tuberculosis, Trichinella
spiralis, Theileria parva, Taenia hydatigena, Taenia ovis, Taenia saginata, Fchinococcus
granulosus, Mesocestoides corti, Mycoplasma arthritidis, M. hyorhinis, M. orale, M. arginini,
Acholeplasma laidlawii, M. salivarium, M. pneumoniae, Enterobacter cloacae, Kiebsiella
aerogenes, Proteus vulgaris, Serratia macesens, Enterococcus faecalis, Enterococcus faecium,
Streptococcus intermdius, Streptococcus pneumoniae, and Streptococcus pyogenes. Often the
target nucleic acid may comprise a sequence from a virus or a bacterium or other agents
responsible for a disease that can be found in the sample. In some cases, the target nucleic acid
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is a portion of a nucleic acid from a genomic locus, a transcribed mRNA, or a reverse
transcribed cDNA from a gene locus in at least one of: human immunodeficiency virus (HIV),
human papillomavirus (HPV), chlamydia, gonorrhea, syphilis, trichomoniasis, sexually
transmitted infection, malaria, Dengue fever, Ebola, chikungunya, and leishmaniasis. Pathogens
include viruses, fungi, helminths, protozoa, malarial parasites, Plasmodium parasites,
Toxoplasma parasites, and Schistosoma parasites. Helminths include roundworms, heartworms,
and phytophagous nematodes, flukes, Acanthocephala, and tapeworms. Protozoan infections
include infections from Giardia spp., Trichomonas spp., African trypanosomiasis, amoebic
dysentery, babesiosis, balantidial dysentery, Chaga's disease, coccidiosis, malaria and
toxoplasmosis. Examples of pathogens such as parasitic/protozoan pathogens include, but are
not limited to: Plasmodium falciparum, P. vivax, Trypanosoma cruzi and Toxoplasma gondii.
Fungal pathogens include, but are not limited to Crypfococcus neoformans, Histoplasma
capsulatum, Coccidioides immitis, Blastomyces dermatitidis, Chlamydia trachomatis, and
Candida albicans. Pathogenic viruses include but are not limited to immunodeficiency virus
(e.g., HIV); influenza virus, dengue; West Nile virus; herpes virus; yellow fever virus; Hepatitis
Virus C; Hepatitis Virus A; Hepatitis Virus B; papillomavirus; and the like. Pathogens include,
e.g., HIV virus, Mycobacterium tuberculosis, Streptococcus agalactiae, methicillin-resistant
Staphylococcus aureus, Staphylococcus epidermidis, Legionella pneumophila, Streptococcus
pyogenes, Streptococcus salivarius, Escherichia coli, Neisseria gonorrhoeae, Neisseria
meningitidis, Pneumococcus, Cryptococcus neoformans, Histoplasma capsulatum, Hemophilus
influenzae B, Treponema pallidum, Lyme disease spirochetes, Pseudomonas aeruginosa,
Mycobacterium leprae, Brucella abortus, rabies virus, influenza virus, cytomegalovirus, herpes
simplex virus I, herpes simplex virus II, human serum parvo-like virus, respiratory syncytial
virus (RSV), M. genitalium, T. vaginalis, varicella-zoster virus, hepatitis B virus, hepatitis C
virus, measles virus, adenovirus, human T-cell leukemia viruses, Epstein-Barr virus, murine
leukemia virus, mumps virus, vesicular stomatitis virus, Sindbis virus, lymphocytic
choriomeningitis virus, wart virus, blue tongue virus, Sendai virus, feline leukemia virus,
Reovirus, polio virus, simian virus 40, mouse mammary tumor virus, dengue virus, rubella virus,
West Nile virus, Plasmodium falciparum, Plasmodium vivax, Toxoplasma gondii, Trypanosoma
rangeli, Trypanosoma cruzi, Trypanosoma rhodesiense, Trypanosoma brucei, Schistosoma
mansoni, Schistosoma japonicum, Babesia bovis, Eimeria tenella, Onchocerca volvulus,
Leishmania tropica, Mycobacterium tuberculosis, Trichinella spiralis, Theileria parva, Taenia
hydatigena, Taenia ovis, Taenia saginata, Echinococcus granulosus, Mesocestoides corti,
Mycoplasma arthritidis, M. hyorhinis, M. orale, M. arginini, Acholeplasma laidlawii, M.
salivarium and M. pneumoniae. In some cases, the target sequence is a portion of a nucleic acid
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from a genomic locus, a transcribed mRNA, or a reverse transcribed cDNA from a gene locus of
bacterium or other agents responsible for a disease in the sample comprising a mutation that
confers resistance to a treatment, such as a single nucleotide mutation that confers resistance to
antibiotic treatment.

[0155] In some instances, the target nucleic acid is a single stranded nucleic acid.
Alternatively, or in combination, the target nucleic acid is a double stranded nucleic acid and is
prepared into single stranded nucleic acids before or upon contacting the reagents. The target
nucleic acid can be a RNA, DNA, synthetic nucleic acids, or nucleic acids found in biological or
environmental samples. The target nucleic acids include but are not limited to mRNA, rRNA,
tRNA, non-coding RNA, long non-coding RNA, and microRNA (miRNA). In some cases, the
target nucleic acid is mRNA. In some cases, the target nucleic acid is from a virus, a parasite, or
a bacterium described herein. In some cases, the target nucleic acid is transcribed from a gene as
described herein.

[0156] A number of target nucleic acids are consistent with the systems and methods
disclosed herein. Some methods described herein can detect a target nucleic acid present in the
sample in various concentrations or amounts as a target nucleic acid population. In some cases,
the sample has at least 2 target nucleic acids. In some cases, the sample has at least 3, 5, 10, 20,
30, 40, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000,
7000, 8000, 9000, or 10000 target nucleic acids. In some cases, the sample has from 1 to 10,000,
from 100 to 8000, from 400 to 6000, from 500 to 5000, from 1000 to 4000, or from 2000 to
3000 target nucleic acids. In some cases, the sample has from 100 to 9500, from 100 to 9000,
from 100 to 8500, from 100 to 8000, from 100 to 7500, from 100 to 7000, from 100 to 6500,
from 100 to 6000, from 100 to 5500, from 100 to 5000, from 250 to 9500, from 250 to 9000,
from 250 to 8500, from 250 to 8000, from 250 to 7500, from 250 to 7000, from 250 to 6500,
from 250 to 6000, from 250 to 5500, from 250 to 5000, from 2500 to 9500, from 2500 to 9000,
from 2500 to 8500, from 2500 to 8000, from 2500 to 7500, from 2500 to 7000, from 2500 to
6500, from 2500 to 6000, from 2500 to 5500, or from 2500 to 5000 target nucleic acids. In some
cases, the method detects target nucleic acid present at least at one copy per 10! non-target
nucleic acids, 10? non-target nucleic acids, 10°> non-target nucleic acids, 10* non-target nucleic
acids, 10° non-target nucleic acids, 10° non-target nucleic acids, 10’ non-target nucleic acids, 10
non-target nucleic acids, 10 non-target nucleic acids, or 10'° non-target nucleic acids.

[0157] A number of target nucleic acid populations are consistent with the systems and
methods disclosed herein. Some methods described herein can be implemented to detect two or
more target nucleic acid populations present in the sample in various concentrations or amounts.
In some cases, the sample has at least 2 target nucleic acid populations. In some cases, the
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sample has at least 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, or 50 target nucleic acid populations. In
some cases, the sample has from 3 to 50, from 5 to 40, or from 10 to 25 target nucleic acid
populations. In some cases, the sample has from 2 to 50, from 5 to 50, from 10 to 50, from 2 to
25, from 3 to 25, from 4 to 25, from 5 to 25, from 10 to 25, from 2 to 20, from 3 to 20, from 4 to
20, from 5 to 20, from 10 to 20, from 2 to 10, from 3 to 10, from 4 to 10, from 5 to 10, from 6 to
10, from 7 to 10, from 8 to 10, or from 9 to 10 target nucleic acid populations. In some cases, the
methods of the present disclosure can be implemented to detect target nucleic acid populations
that are present at least at one copy per 10! non-target nucleic acids, 10? non-target nucleic
acids, 10° non-target nucleic acids, 10* non-target nucleic acids, 10° non-target nucleic acids, 10°
non-target nucleic acids, 107 non-target nucleic acids, 10® non-target nucleic acids, 10° non-
target nucleic acids, or 10'° non-target nucleic acids. The target nucleic acid populations can be
present at different concentrations or amounts in the sample.

[0158] The sample used for cancer testing or cancer risk testing can comprise at least one
target sequence or target nucleic acid segment that can bind to a guide nucleic acid of the
reagents described herein. The target nucleic acid segment, in some cases, is a portion of a
nucleic acid from a gene with a mutation associated with cancer, from a gene whose
overexpression is associated with cancer, a tumor suppressor gene, an oncogene, a checkpoint
inhibitor gene, a gene associated with cellular growth, a gene associated with cellular
metabolism, or a gene associated with cell cycle. Sometimes, the target nucleic acid encodes for
a cancer biomarker, such as a prostate cancer biomarker or non-small cell lung cancer. In some
cases, the assay can be used to detect “hotspots™ in target nucleic acids that can be predictive of
cancer, such as lung cancer, cervical cancer, in some cases, the cancer can be a cancer that is
caused by a virus. Some non-limiting examples of viruses that cause cancers in humans include
Epstein-Barr virus (e.g., Burkitt’s lymphoma, Hodgkin’s Disease, and nasopharyngeal
carcinoma); papillomavirus (e.g., cervical carcinoma, anal carcinoma, oropharyngeal carcinoma,
penile carcinoma); hepatitis B and C viruses (e.g., hepatocellular carcinoma); human adult T-cell
leukemia virus type 1 (HTLV-1) (e.g., T-cell leukemia); and Merkel cell polyomavirus (e.g.,
Merkel cell carcinoma). One skilled in the art will recognize that viruses can cause or contribute
to other types of cancers. In some cases, the target nucleic acid is a portion of a nucleic acid that
is associated with a blood fever. In some cases, the target nucleic acid segment is a portion of a
nucleic acid from a genomic locus, a transcribed mRNA, or a reverse transcribed cDNA from a
locus of at least one of: ALK, APC, ATM, AXIN2, BAP1, BARDI1, BLM, BMPRI1A, BRCA1
BRCA2, BRIP1, CASR, CDC73, CDH1, CDK4, CDKN1B, CDKNI1C, CDKN2A, CEBPA,
CHEK2, CTNNA1, DICER1, DIS3L2, EGFR, EPCAM, FH, FLCN, GATA2, GPC3, GREM],
HOXB13, HRAS, KIT, MAX, MEN1, MET, MITF, MLH1, MSH2, MSH3, MSH6, MUTYH,

2

82



WO 2022/133108 PCT/US2021/063844
NBN, NF1, NF2, NTHL1, PALB2, PDGFRA, PHOX2B, PMS2, POLDI1, POLE, POTI,
PRKARIA, PTCHI, PTEN, RAD50, RAD51C, RAD51D, RB1, RECQL4, RET, RUNXI,
SDHA, SDHAF2, SDHB, SDHC, SDHD, SMAD4, SMARCA4, SMARCB1, SMARCEI,
STK11, SUFU, TERC, TERT, TMEM127, TP53, TSC1, TSC2, VHL, WRN, and WT1.

[0159] The sample used for genetic disorder testing can comprise at least one target
sequence or target nucleic acid segment that can bind to a guide nucleic acid of the reagents
described herein. In some embodiments, the genetic disorder is hemophilia, sickle cell anemia,
B-thalassemia, Duchene muscular dystrophy, severe combined immunodeficiency, or cystic
fibrosis. The target nucleic acid segment, in some cases, is a portion of a nucleic acid from a
gene with a mutation associated with a genetic disorder, from a gene whose overexpression is
associated with a genetic disorder, from a gene associated with abnormal cellular growth
resulting in a genetic disorder, or from a gene associated with abnormal cellular metabolism
resulting in a genetic disorder. In some cases, the target nucleic acid segment is a portion of a
nucleic acid from a genomic locus, a transcribed mRNA, or a reverse transcribed cDNA from a
locus of at least one of: CFTR, FMR1, SMN1, ABCB11, ABCCS8, ABCDI1, ACAD9, ACADM,
ACADVL, ACATI1, ACOX1, ACSF3, ADA, ADAMTS2, ADGRG1, AGA, AGL, AGPS,
AGXT, AIRE, ALDH3A2, ALDOB, ALG6, ALMS1, ALPL, AMT, AQP2, ARGI, ARSA,
ARSB, ASL, ASNS, ASPA, ASS1, ATM, ATP6VIB1, ATP7A, ATP7B, ATRX, BBSI,
BBS10, BBS12, BBS2, BCKDHA, BCKDHB, BCS1L, BLM, BSND, CAPN3, CBS, CDH23,
CEP290, CERKL, CHM, CHRNE, CIITA, CLN3, CLN5, CLN6, CLN8, CLRN1, CNGBS3,
COL27A1, COL4A3, COL4A4, COL4A5, COL7A1, CPS1, CPTIA, CPT2, CRB1, CTNS,
CTSK, CYBA, CYBB, CYP11B1, CYP11B2, CYP17A1, CYP19A1, CYP27A1, DBT,
DCLREIC, DHCR7, DHDDS, DLD, DMD, DNAHS, DNAI1, DNAI2, DYSF, EDA, EIF2BS,
EMD, ERCC6, ERCCS8, ESCO2, ETFA, ETFDH, ETHE1, EVC, EVC2, EYS, F9, FAH,
FAMI161A, FANCA, FANCC, FANCG, FH, FKRP, FKTN, G6PC, GAA, GALC, GALK],
GALT, GAMT, GBA, GBE1, GCDH, GFM1, GJB1, GJB2, GLA, GLB1, GLDC, GLE1, GNE,
GNPTAB, GNPTG, GNS, GRHPR, HADHA, HAX1, HBA1,, HBA2, HBB, HEXA, HEXB,
HGSNAT, HLCS, HMGCL, HOGA1, HPS1, HPS3, HSD17B4, HSD3B2, HYAL1, HYLS],
IDS, IDUA, IKBKAP, IL2RG, IVD, KCNJ11, LAMA2, LAMA3, LAMB3, LAMC2, LCAS,
LDLR, LDLRAP1, LHX3, LIFR, LIPA, LOXHDI1, LPL, LRPPRC, MAN2B1, MCOLNI,
MED17, MESP2, MFSDS8, MKS1, MLC1, MMAA, MMAB, MMACHC, MMADHC, MPI,
MPL, MPV17, MTHFR, MTM1, MTRR, MTTP, MUT, MYO7A, NAGLU, NAGS, NBN,
NDRGI1, NDUFAF5, NDUFS6, NEB, NPC1, NPC2, NPHS1, NPHS2, NR2E3, NTRK 1, OAT,
OPA3, OTC, PAH, PC, PCCA, PCCB, PCDH15, PDHA1, PDHB, PEX1, PEX10, PEX12,
PEX2, PEX6, PEX7, PFKM, PHGDH, PKHD1, PMM2, POMGNT]1, PPT1, PROP1, PRPSI,
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PSAP, PTS, PUS1, PYGM, RAB23, RAG2, RAPSN, RARS2, RDH12, RMRP, RPE65,
RPGRIP1L, RS1, RTEL1, SACS, SAMHDI1, SEPSECS, SGCA, SGCB, SGCG, SGSH,
SLC12A3, SLC12A6, SLC17AS, SLC22AS5, SLC25A13, SLC25A15, SLC26A2, SLC26A4,
SLC35A3, SLC37A4, SLC39A4, SLC4A11, SLC6AS, SLC7A7, SMARCALI, SMPD1, STAR,
SUMF1, TAT, TCIRG1, TECPR2, TFR2, TGM1, TH, TMEM216, TPP1, TRMU, TSFM,
TTPA, TYMP, USHI1C, USH2A, VPSI13A, VPS13B, VPS45, VRK1, VSX2, WNT10A, XPA,
XPC, and ZFYVEZ26.

[0160] The sample used for phenotyping testing can comprise at least one target nucleic acid
segment that can bind to a guide nucleic acid of the reagents described herein. The target nucleic
acid segment, in some cases, is a portion of a nucleic acid from a gene associated with a
phenotypic trait.

[0161] The sample used for genotyping testing can comprise at least one target nucleic acid
segment that can bind to a guide nucleic acid of the reagents described herein. The target nucleic
acid segment, in some cases, is a portion of a nucleic acid from a gene associated with a
genotype.

[0162] The sample used for ancestral testing can comprise at least one target nucleic acid
segment that can bind to a guide nucleic acid of the reagents described herein. The target nucleic
acid segment, in some cases, is a portion of a nucleic acid from a gene associated with a
geographic region of origin or ethnic group.

[0163] The sample can be used for identifying a disease status. For example, a sample is any
sample described herein, and is obtained from a subject for use in identifying a disease status of
a subject. The disease can be a cancer or genetic disorder. Sometimes, a method may comprise
obtaining a serum sample from a subject; and identifying a disease status of the subject. Often,
the disease status is prostate disease status. In any of the embodiments described herein, the
device can be configured for asymptomatic, pre-symptomatic, and/or symptomatic diagnostic
applications, irrespective of immunity. In any of the embodiments described herein, the device
can be configured to perform one or more serological assays on a sample (e.g., a sample
comprising blood).

[0164] In some embodiments, the sample can be used to identify a mutation in a target
nucleic acid of a plant or of a bacteria, virus, or microbe associated with a plant or soil. The
devices and methods of the present disclosure can be used to identify a mutation of a target
nucleic acid that affects the expression of a gene. A mutation that affects the expression of gene
can be a mutation of a target nucleic acid within the gene, a mutation of a target nucleic acid
comprising RNA associated with the expression of a gene, or a target nucleic acid comprising a
mutation of a nucleic acid associated with regulation of expression of a gene, such as an RNA or
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a promoter, enhancer, or repressor of the gene. Often, the mutation may be a single nucleotide
mutation.
[0165] Sample preparation
[0166] In some cases, the sample may be separated into a plurality of droplets, aliquots, or
subsamples. One or more targets (e.g., nucleic acids, biomolecules, etc.) may be contained
within the plurality of droplets, aliquots, or subsamples.
[0167] In some cases, the targets may be amplified before detection occurs. In some cases,
the detection devices of the present disclosure may comprise a chamber or subsystem for
amplifying the targets. In some cases, the detection devices can be configured to amplify the
target sequences or target nucleic acids contained within the plurality of droplets by individually
processing each of the plurality of droplets (e.g., by using a thermocycling process or any other
suitable amplification process as described in greater detail below). In some cases, the plurality
of droplets can undergo separate thermocycling processes. In some cases, the thermocycling
processes can occur simultaneously. In other cases, the thermocycling processes can occur at
different times for each droplet.
[0168] In some cases, the detection devices can be further configured to remix the droplets,
aliquots, or subsamples after the target nucleic acids in each of the droplets undergo
amplification. The detection device can be configured to provide the remixed sample comprising
the droplets, aliquots, or subsamples to a detection chamber of the device. The detection
chamber can be configured to direct the remixed droplets, aliquots, or subsamples to a plurality
of programmable nuclease probes (described in greater detail below). In some cases, the
detection chamber can be configured to direct the remixed droplets, aliquots, or subsamples
along one or more fluid flow paths such that the remixed droplets, aliquots, or subsamples are
positioned adjacent to and/or in contact with the one or more programmable nuclease probes. In
some cases, the detection chamber can be configured to recirculate or recycle the remixed
droplets, aliquots, or subsamples such that the remixed droplets, aliquots, or subsamples are
repeatedly placed in contact with one or more programmable nuclease probes.
[0169] In any of the embodiments described herein, the detection device can comprise a single
integrated system that is configured to perform sample collection, sample processing, droplet
generation, droplet processing (e.g., amplification of target nucleic acids in droplets), droplet
remixing, and/or circulation of the remixed droplets within a detection chamber so that at least a
portion of the remixed droplets is placed in contact with one or more programmable nuclease
probes coupled to the detection chamber. The detection devices of the present disclosure can be
disposable devices configured to perform one or more rapid single reaction or multi-reaction tests
to detect a presence and/or an absence of one or more target sequences or target nucleic acids.
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[0170] In one aspect, the present disclosure provides exemplary methods for programmable
nuclease-based detection. The method can comprise collecting a sample. The sample can
comprise any type of sample as described herein. The method can comprise preparing the
sample. Sample preparation can comprise one or more sample preparation steps. The one or
more sample preparation steps can be performed in any suitable order.

[0171] In some cases, the one or more sample preparation steps can comprise physical
filtration of non-target materials using a macro filter, nucleic acid purification, lysis, heat
inactivation, or adding one or more enzymes or reagents to prepare the sample for target
detection.

[0172] In some cases, the method can comprise generating one or more droplets, aliquots, or
subsamples from the sample. The one or more droplets, aliquots, or subsamples can correspond
to a volumetric portion of the sample. The sample can be divided into 1, 2, 3,4, 5,6, 7, 8, 9, 10,
20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, or more
droplets, aliquots, or subsamples. In some embodiments, the sample is not divided into
subsamples.

[0173] In some cases, the method can comprise amplifying one or more targets within each
droplet, aliquot, or subsample. Amplification of the one or more targets within each droplet can
be performed in parallel and/or simultaneously for each droplet. Dividing the sample into a
plurality of droplets can enhance a speed and/or an efficiency of the amplification process (e.g.,
a thermocycling process) since the droplets comprise a smaller volume of material than the bulk
sample introduced. Amplifying the one or more targets within each individual droplet can also
permit effective amplification of various target nucleic acids that cannot be amplified as
efficiently in a bulk sample containing the various target nucleic acids if the bulk sample were to
undergo a singular amplification process. In some embodiments, amplification is performed on
the bulk sample without first dividing the sample into subsamples.

[0174] In some cases, the method can further comprise using one or more CRISPR-based or
programmable nuclease-based probes (as described elsewhere herein) to detect one or more
targets (e.g., target sequences or target nucleic acids) in the sample. In some cases, the sample
can be divided into a plurality of droplets, aliquots, or subsamples to facilitate sample
preparation and to enhance the detection capabilities of the devices of the present disclosure. In
some cases, the sample is not divided into subsamples.

[0175] In some embodiments, the sample can be provided manually to a detection device.
For example, a swab sample can be dipped into a solution and the sample/solution can be
pipetted into the device. In other embodiments, the sample can be provided via an automated
syringe. The automated syringe can be configured to control a flow rate at which the sample is
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provided to the detection device. The automated syringe can be configured to control a volume
of the sample that is provided to the detection device over a predetermined period. In some
embodiments, the sample can be provided directly to the detection device. For example, a swab
sample can be inserted into a sample chamber on the detection device.

[0176] The sample can be prepared before one or more targets are detected within the
sample. The sample preparation steps described herein can process a crude sample to generate a
pure or purer sample. Sample preparation can one or more physical or chemical processes,
including, for example, nucleic acid purification, lysis, binding, washing, and/or eluting. In
certain instances, sample preparation can comprise the following steps, in any order, including
sample collection, nucleic acid purification, heat inactivation, and/or base/acid lysis.

[0177] In some embodiments, nucleic acid purification can be performed on the sample.
Purification can comprise disrupting a biological matrix of a cell to release nucleic acids,
denaturing structural proteins associated with the nucleic acids (nucleoproteins), inactivating
nucleases that can degrade the isolated product (RNase and/or DNase), and/or removing
contaminants (e.g., proteins, carbohydrates, lipids, biological or environmental elements,
unwanted nucleic acids, and/or other cellular debris).

[0178] In some embodiments, /ysis of a collected sample can be performed. Lysis can be
performed using a protease (e.g., a Proteinase K or PK enzyme). In some cases, a solution of
reagents can be used to lyse the cells in the sample and release the nucleic acids so that they are
accessible to the programmable nuclease. Active ingredients of the solution can be chaotropic
agents, detergents, salts, and can be of high osmolality, ionic strength, and pH. Chaotropic
agents or chaotropes are substances that disrupt the three-dimensional structure in
macromolecules such as proteins, DNA, or RNA. One example protocol may comprise a 4 M
guanidinium isothiocyanate, 25 mM sodium citrate.2H20, 0.5% (w/v) sodium lauryl sarcosinate,
and 0.1 M B-mercaptoethanol), but numerous commercial buffers for different cellular targets
can also be used. Alkaline buffers can also be used for cells with hard shells, particularly for
environmental samples. Detergents such as sodium dodecyl sulphate (SDS) and cetyl
trimethylammonium bromide (CTAB) can also be implemented to chemical lysis buffers. Cell
lysis can also be performed by physical, mechanical, thermal or enzymatic means, in addition to
chemically-induced cell lysis mentioned previously. In some cases, depending on the type of
sample, nanoscale barbs, nanowires, acoustic generators, integrated lasers, integrated heaters,
and/or microcapillary probes can be used to perform lysis.

[0179] In certain instances, heat inactivation can be performed on the sample. In some
embodiments, a processed/lysed sample can undergo heat inactivation to inactivate, in the lysed
sample, the proteins used during lysing (e.g, a PK enzyme or a lysing reagent). In some cases, a
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heating element integrated into the detection device can be used for heat-inactivation. The
heating element can be powered by a battery or another source of thermal or electric energy that
is integrated with the detection device.

[0180] In some cases, a target nucleic acid within the sample can undergo amplification
before binding to a guide nucleic acid, for example a crRNA of a CRISPR enzyme. The target
nucleic acid within a purified sample can be amplified. In some instances, amplification can be
accomplished using loop mediated amplification (LAMP), isothermal recombinase polymerase
amplification (RPA), and/or polymerase chain reaction (PCR).

[0181] In some instances, digital droplet amplification can used. Droplet digitization or
droplet generation can comprise splitting a volume of the sample into multiple droplets, aliquots,
or subsamples. The sample can have a volume that ranges from about 10 microliters to about
500 microliters. The plurality of droplets, aliquots, or subsamples can have a volume that ranges
from about 0.01 microliters to about 100 microliters. The plurality of droplets, aliquots, or
subsamples can have a same or substantially similar volume. In some cases, the plurality of
droplets, aliquots, or subsamples can have different volumes. In some cases, the droplets,
aliquots, or subsamples can be generated using a physical filter or the one or more movable
mechanisms described above. In some cases, each droplet of the sample can undergo one or
more sample preparation steps (e.g., nucleic acid purification, lysis, heat inactivation,
amplification, etc.) independently and/or in parallel while the droplets are physically constrained
or thermally isolated. Such nucleic acid amplification of the sample can improve at least one of a
sensitivity, specificity, or accuracy of the detection of the target nucleic acid.

[0182] The reagents for nucleic acid amplification can comprise a recombinase, an
oligonucleotide primer, a single-stranded DNA binding (SSB) protein, and a polymerase. The
nucleic acid amplification can be transcription mediated amplification (TMA). Nucleic acid
amplification can be helicase dependent amplification (HDA) or circular helicase dependent
amplification (cHDA). In additional cases, nucleic acid amplification is strand displacement
amplification (SDA). The nucleic acid amplification can be recombinase polymerase
amplification (RPA). The nucleic acid amplification can be at least one of loop mediated
amplification (LAMP) or the exponential amplification reaction (EXPAR). Nucleic acid
amplification is, in some cases, by rolling circle amplification (RCA), ligase chain reaction
(LCR), simple method amplifying RNA targets (SMART), single primer isothermal
amplification (SPIA), multiple displacement amplification (MDA), nucleic acid sequence-based
amplification (NASBA), hinge-initiated primer-dependent amplification of nucleic acids (HIP),
nicking enzyme amplification reaction (NEAR), or improved multiple displacement
amplification (IMDA). The nucleic acid amplification can be performed for no greater than 1, 2,
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3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 40, 50, or 60 minutes.
Sometimes, the nucleic acid amplification is performed for from 1 to 60, from 5 to 55, from 10
to 50, from 15 to 45, from 20 to 40, or from 25 to 35 minutes. Sometimes, the nucleic acid
amplification is performed for from 5 to 60, from 10 to 60, from 15 to 60, from 30 to 60, from
45 to 60, from 1 to 45, from 5 to 45, from 10 to 45, from 30 to 45, from 1 to 30, from 5 to 30,
from 10 to 30, from 15 to 30, from 1 to 15, from 5 to 15, or from 10 to 15 minutes.

[0183] In some embodiments, amplification can comprise thermocycling of the sample.
Thermocycling can be carried out in a vessel, for one or more droplets of the sample in parallel,
and/or independently in separate locations. This can be accomplished by methods such as (1) by
holding droplets stationary in locations where a heating element is in close proximity to the
droplet on one of the droplet sides and a heat sink element is in close proximity to the other side
of the droplet, or (2) flowing the droplet through zones in a fluid channel where heat flows
across it from a heating source to a heat sink. In some cases, one or more resistive heating
elements can be used to perform thermocycling. Sometimes, the nucleic acid amplification
reaction is performed at a temperature of around 20-45°C. The nucleic acid amplification
reaction can be performed at a temperature no greater than 20°C, 25°C, 30°C, 35°C, 37°C, 40°C,
45°C, 50°C, 55°C, 60°C, or 65°C. The nucleic acid amplification reaction can be performed at a
temperature of at least 20°C, 25°C, 30°C, 35°C, 37°C, 40°C, 45°C, 50°C, 55°C, 60°C, or 65°C. In
some cases, the nucleic acid amplification reaction is performed at a temperature of from 20°C
to 45°C, from 25°C to 40°C, from 30°C to 40°C, or from 35°C to 40°C. In some cases, the nucleic
acid amplification reaction is performed at a temperature of from 45°C to 65°C, from 50°C to
65°C, from 55°C to 65°C, or from 60°C to 65°C. In some cases, the nucleic acid amplification
reaction can be performed at a temperature that ranges from about 20 °C to 45 °C, from 25 °C to
45 °C, from 30 °C to 45 °C, from 35 °C to 45 °C, from 40 °C to 45 °C, from 20 °C to 37 °C,
from 25 °C to 37 °C, from 30 °C to 37 °C, from 35 °C to 37 °C, from 20 °C to 30 °C, from 25
°C to 30 °C, from 20 °C to 25 °C, or from about 22 °C to 25 °C. In some cases, the nucleic acid
amplification reaction can be performed at a temperature that ranges from about 40 °C to 65 °C,
from 45 °C to 65 °C, from 50 °C to 65 °C, from 55 °C to 65 °C, from 60 °C to 65 °C, from 40
°C to 60 °C, from 45 °C to 60 °C, from 50 °C to 60 °C, from 55 °C to 60 °C, from 40 °C to 55
°C, from 45 °C to 55 °C, from 50 °C to 55 °C, from 40 °C to 50 °C, or from about 45 °C to 50
°C.

[0184] In some embodiments, thermocycling comprises a plurality of cycles, wherein each
cycle comprises denaturation at a first temperature and primer extension by a polymerase at a
second temperature that is lower than the first temperature. In some embodiments, each cycle is
about or less than about 20 seconds in duration (e.g., about or less than about 15, 14, 13, 12, 11,
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10,9, 8,7, 6, 5, or 4 seconds in duration). In some embodiments, each cycle is less than 15
seconds in duration. In some embodiments, each cycle is less than 10 seconds in duration. In
some embodiments, the plurality of cycles are about 2 seconds to about 20 seconds in duration,
about 3 seconds to about 10 seconds in duration, or about 5 seconds in duration. In some
embodiments, the cycles are about 4 seconds in duration. In some embodiments, the
denaturation step is about 0.5 to about 5 seconds in duration, about 1 to about 3 seconds in
duration, or about 2 seconds in duration. In some embodiments, the denaturation is about 1
second in duration. In some embodiments, the first temperature is about 90°C to about 99°C,
about 94°C to about 98°C, or about 95°C. In some embodiments, the first temperature is about
98°C. In some embodiments, the primer extension step is about 1 to about 15 seconds in
duration, about 2 to about 10 seconds in duration, or about 5 seconds in duration. In some
embodiments, the primer extension step is about 4 seconds in duration. In some embodiments,
the second temperature is about 45 °C to about 75 °C, about 50 °C to about 70 °C, or about 55 °C
to about 65 °C. In some embodiments, the second temperature is about 55 °C. In some
embodiments, each cycle comprises denaturation at the first temperature for about 1 second and
primer extension at the second temperature for about 3 seconds. In some embodiments, the
plurality of cycles comprises about or at least about 20 cycles (e.g., about or more than about 25,
30, 35, 40, or 45 cycles). In some embodiments, the plurality of cycles comprises about 20
cycles to about 50 cycles, or about 30 cycles to about 45 cycles. In some embodiments, the
plurality of cycles comprises about 45 cycles. In some embodiments, the plurality of cycles is
preceded by an initial denaturation step at the first temperature that is longer in duration that the
durations of the individual denaturation steps in each of the cycles. In some embodiments, the
initial denaturation step is about 10 seconds to about 120 seconds in duration, about 15 seconds
to about 60 seconds in duration, or about 20 seconds to about 50 seconds in duration. In some
embodiments, the initial denaturation step is about 30 seconds in duration. In some
embodiments, the total duration of the amplification by thermocycling is about 1 minute to about
20 minutes, about 2 minutes to about 15 minutes, or about 3 minutes to about 10 minutes. In
some embodiments, the total duration of the amplification by thermocycling is less than about
10 minutes. In some embodiments, the total duration of the amplification by thermocycling is
about 5 minutes.

[0185] In some non-limiting embodiments, the target nucleic acid(s) can optionally be amplified
before binding to the guide nucleic acid (e.g., crRNA) of the programmable nuclease (e.g.,
CRISPR enzyme). This amplification can be PCR amplification or isothermal amplification. This
nucleic acid amplification of the sample can improve at least one of sensitivity, specificity, or
accuracy of the detection the target RNA. The reagents for nucleic acid amplification can comprise
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a recombinase, a oligonucleotide primer, a single-stranded DNA binding (SSB) protein, and a
polymerase. The nucleic acid amplification can be transcription mediated amplification (TMA).
Nucleic acid amplification can be helicase dependent amplification (HDA) or circular helicase
dependent amplification (¢cHDA). In additional cases, nucleic acid amplification is strand
displacement amplification (SDA). The nucleic acid amplification can be recombinase
polymerase amplification (RPA). The nucleic acid amplification can be at least one of loop
mediated amplification (LAMP) or the exponential amplification reaction (EXPAR). Nucleic acid
amplification is, in some cases, by rolling circle amplification (RCA), ligase chain reaction (LCR),
simple method amplifying RNA targets (SMART), single primer isothermal amplification (SPIA),
multiple displacement amplification (MDA), nucleic acid sequence based amplification
(NASBA), hinge-initiated primer-dependent amplification of nucleic acids (HIP), nicking enzyme
amplification reaction (NEAR), or improved multiple displacement amplification (IMDA). The
nucleic acid amplification can be performed for no greater than 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 40, 50, or 60 minutes. Sometimes, the nucleic acid
amplification reaction is performed at a temperature of around 20-45°C. Sometimes, the nucleic
acid amplification reaction is performed at a temperature of around 45-65 °C The nucleic acid
amplification reaction can be performed at a temperature no greater than 20°C, 25°C, 30°C, 35°C,
37°C, 40°C, 45°C, 50°C, 55°C, 60°C, or 65°C. The nucleic acid amplification reaction can be
performed at a temperature of at least 20°C, 25°C, 30°C, 35°C, 37°C, 40°C, 45°C, 50°C, 55°C,
60°C, or 65°C.
[0186] Nucleic Acids
[0187] The nucleic acids described and referred to herein (including, for instance, guide nucleic
acids, reporter nucleic acids, and/or target nucleic acids) can comprise a plurality of base pairs. A
base pair can be a biological unit comprising two nucleobases bound to each other by hydrogen
bonds. Nucleobases can comprise adenine, guanine, cytosine, thymine, and/or uracil. In some
cases, the nucleic acids described and referred to herein can comprise different base pairs. In some
cases, the nucleic acids described and referred to herein can comprise one or more modified base
pairs. The one or more modified base pairs can be produced when one or more base pairs undergo
a chemical modification leading to new bases. The one or more modified base pairs can be, for
example, Hypoxanthine, Inosine, Xanthine, Xanthosine, 7-Methylguanine, 7-Methylguanosine,
5,6-Dihydrouracil, Dihydrouridine, 5-Methylcytosine, 5-Methylcytidine, 5-
hydroxymethylcytosine (ShmC), S-formylcytosine (5£C), or S-carboxylcytosine (ScaC).
[0188] In some instances, the target nucleic acid is a single stranded nucleic acid. Alternatively,
or in combination, the target nucleic acid is a double stranded nucleic acid and is prepared into
single stranded nucleic acids before or upon contacting the reagents. The target nucleic acid can
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be a RNA, DNA, synthetic nucleic acids, or nucleic acids found in biological or environmental
samples. The target nucleic acids include but are not limited to mRNA, rRNA, tRNA, non-coding
RNA, long non-coding RNA, and microRNA (miRNA). In some cases, the target nucleic acid is
mRNA. In some cases, the target nucleic acid is from a virus, a parasite, or a bacterium described
herein. In some cases, the target nucleic acid is transcribed from a gene as described herein.
[0189] A number of target nucleic acids are consistent with the systems and methods disclosed
herein. Some methods described herein can detect a target nucleic acid present in the sample in
various concentrations or amounts as a target nucleic acid population. In some cases, the sample
has at least 2 target nucleic acids. In some cases, the sample has at least 3, 5, 10, 20, 30, 40, 50,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000,
9000, or 10000 target nucleic acids. In some cases, the sample has from 1 to 10,000, from 100 to
8000, from 400 to 6000, from 500 to 5000, from 1000 to 4000, or from 2000 to 3000 target nucleic
acids. In some cases, the sample has from 100 to 9500, from 100 to 9000, from 100 to 8500, from
100 to 8000, from 100 to 7500, from 100 to 7000, from 100 to 6500, from 100 to 6000, from 100
to 5500, from 100 to 5000, from 250 to 9500, from 250 to 9000, from 250 to 8500, from 250 to
8000, from 250 to 7500, from 250 to 7000, from 250 to 6500, from 250 to 6000, from 250 to 5500,
from 250 to 5000, from 2500 to 9500, from 2500 to 9000, from 2500 to 8500, from 2500 to 8000,
from 2500 to 7500, from 2500 to 7000, from 2500 to 6500, from 2500 to 6000, from 2500 to 5500,
or from 2500 to 5000 target nucleic acids. In some cases, the method detects target nucleic acid
present at least at one copy per 10! non-target nucleic acids, 10* non-target nucleic acids, 10° non-
target nucleic acids, 10* non-target nucleic acids, 10° non-target nucleic acids, 10° non-target
nucleic acids, 107 non-target nucleic acids, 10® non-target nucleic acids, 10° non-target nucleic
acids, or 10'° non-target nucleic acids.

[0190] A number of target nucleic acid populations are consistent with the systems and methods
disclosed herein. Some methods described herein can be implemented to detect two or more target
nucleic acid populations present in the sample in various concentrations or amounts. In some
cases, the sample has at least 2 target nucleic acid populations. In some cases, the sample has at
least 3,4, 5,6, 7, 8,9, 10, 20, 30, 40, or 50 target nucleic acid populations. In some cases, the
sample has from 3 to 50, from 5 to 40, or from 10 to 25 target nucleic acid populations. In some
cases, the sample has from 2 to 50, from 5 to 50, from 10 to 50, from 2 to 25, from 3 to 25, from
4 to 25, from 5 to 25, from 10 to 25, from 2 to 20, from 3 to 20, from 4 to 20, from 5 to 20, from
10 to 20, from 2 to 10, from 3 to 10, from 4 to 10, from 5 to 10, from 6 to 10, from 7 to 10, from
8 to 10, or from 9 to 10 target nucleic acid populations. In some cases, the methods of the present
disclosure can be implemented to detect target nucleic acid populations that are present at least at
one copy per 10! non-target nucleic acids, 10> non-target nucleic acids, 10° non-target nucleic
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acids, 10* non-target nucleic acids, 10° non-target nucleic acids, 10° non-target nucleic acids, 10’
non-target nucleic acids, 10® non-target nucleic acids, 10° non-target nucleic acids, or 10*° non-
target nucleic acids. The target nucleic acid populations can be present at different concentrations
or amounts in the sample.

[0191] Programmable Nuclease Probes

[0192] In some cases, the systems and methods of the present disclosure may be implemented
using one or more programmable nuclease probes. The one or more programmable nuclease
probes may be used to detect one or more targets in one or more samples. The one or more targets
and the one or more samples may comprise any target or sample described above. In some cases,
the one or more programmable nuclease probes may be placed in a detection chamber of a device
or apparatus. In some cases, the one or more programmable nuclease probes may be immobilized
to a surface of a device or an apparatus. In other cases, the one or more programmable nuclease
probes may not or need not be immobilized to a surface of a device or an apparatus.

[0193] The programmable nuclease probe can comprise a programmable nuclease and/or a
nucleic acid as described elsewhere herein. The nucleic acid may be complexed to the
programmable nuclease. The nucleic acid may be a guide nucleic acid. The guide nucleic acid can
bind to a target. In some case, to minimize off-target binding (which can slow down detection or
inhibit accurate detection), an electro-potential gradient or thermal energy may be provided to one
or more regions proximal to the programmable nuclease, to enhance targeting.

[0194] In some embodiments, the programmable nuclease probe can comprise a guide nucleic
acid that is complexed with or capable of being complexed with a programmable nuclease. The
programmable nuclease can comprise any type of programmable nuclease as described herein. In
some cases, the programmable nuclease probe may comprise a guide nucleic acid complexed with
an enzyme. The enzyme may be, in some instances, a CRISPR enzyme.

[0195] The programmable nuclease probe can comprise a programmable nuclease and/or a guide
nucleic acid. The guide nucleic acid can bind to a target nucleic acid, as described in greater detail
below. In some case, to minimize off-target binding (which can slow down detection or inhibit
accurate detection), the device can be configured to generate an electro-potential gradient or to
provide heat energy to one or more regions proximal to the programmable nuclease probe, to
enhance targeting precision/accuracy.

[0196] The guide nucleic acid-enzyme complex may include, in some cases, a reporter.
When one or more targets bind to the programmable nuclease probe (e.g., a CRISPR probe), the
binding event can trigger a trans-cut that (i) releases the reporter into a detectable region or (i)
changes or modifies (e.g., physically or chemically) the reporter. Detection mechanisms can
involve interferometry, surface plasmon resonance, electrochemical detection such as
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potentiometry, or other detection mechanisms.
[0197] In certain instances, the reporter of the programmable nuclease probe can initiate a
signal amplification reaction with another molecular species after the complementary binding
induced trans-cutting. Such species can be a reactive solid or gel matrix, or other reactive entity
to generate an amplified signal during detection. The signal amplification reaction can be
physical or chemical in nature. In some embodiments, after a complementary binding induced
trans-cut, the released reporter, X, can initiate an interaction and/or a reaction with another
entity, Y to produce an amplified or modified signal. Such entities can comprise a molecular
species, a solid, a gel, or other entities. The signal amplification interaction can be a physical or
chemical reaction. In some embodiments, the interaction involves free-radical, anionic, cationic
or coordination polymerization reactions. In other embodiments the cut reporter can trigger
aggregation, or agglutination, of molecules, cells, or nanoparticles. In some instances, the cut
reporter can interact with a semiconductor material. In some embodiments, the chemical or
physical change caused by the interaction is detected by optical detection means such as
interferometry, surface plasmon resonance, reflectivity or other. In other embodiments, the
chemical or physical change caused by the interaction is detected by potentiometric,
amperometric, field effect transistor, or other electronic means.
[0198] As discussed above, the programmable nuclease probe can comprise a programmable
nuclease probe that comprises a guide nucleic acid complexed with a programmable nuclease. The
programmable nuclease can comprise any type of programmable nuclease as described herein. In
some cases, the programmable nuclease probe comprises a guide nucleic acid complexed with a
CRISPR enzyme. The guide RNA -CRISPR enzyme complex can also include a reporter.
[0199] The plurality of programmable nuclease probes as described herein can be arranged in
various configurations. For example, the plurality of programmable nuclease probes can be
arranged in a lateral configuration. Alternatively, the plurality of programmable nuclease probes
can be arranged in a circular configuration such that each programmable nuclease probe is
equidistant from a common center point. In some cases, the plurality of programmable nuclease
probes can be distributed with a same separation distance or spacing between the programmable
nuclease probes. In other cases, a first programmable nuclease probe and a second programmable
nuclease probe can be separated by a first separation distance or spacing, and a third
programmable nuclease probe and a fourth programmable nuclease probe can be separated by a
second separation distance or spacing that is different than the first separation distance or spacing.
[0200] Probe Immobilization
[0201] In some embodiments, target nucleic acid amplicons can be detected by immobilized
programmable nuclease probes, such as, for example, programmable nuclease guide nucleic acid
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probes (e.g., a CRISPR probe). Upon a complementary binding event between a target nucleic
acid amplicon and a programmable nuclease probe (e.g., an immobilized programmable
nuclease/guide nucleic acid complex) a cutting event can occur that releases a reporter or generates
a signal that is then detected by a sensor.

[0202] In some embodiments, the guide nucleic acid of the programmable nuclease or CRISPR
probe can be immobilized adjacent to a bottom surface of the chamber. When a complementary
interaction between the probe and the target occurs, the CRISPR enzyme will cut and release a
reporter molecule which will then be sensed or detected by a sensor/detector. Since the specific
guide RNA of the immobilized programmable nuclease or CRISPR probe can be spatially
registered, multiplexed detection can be achieved. In some cases, where one sensor corresponds
to one immobilized probe, electrical detection can be used. Other methods of detection can also
be used, such as optical imaging, surface plasmon resonance (SPR), and/or interferometric
sensing.

[0203] In some embodiments, the programmable nuclease probe (e.g., a CRISPR probe) can be
immobilized to an immobilization matrix. In some cases, the interior side of the immobilization
matrix may be exposed to an inside wall of a circulation chamber of a detection system, device or
apparatus. The guide nucleic acid or guide RNA can be exposed to target amplicons inside the
circulation chamber. The reporter can be in proximity to or oriented towards an “exterior” side of
the immobilization matrix. The exterior side of the immobilization matrix can be in proximity to
a detection region. The detection region may correspond to a region from which a detectable
signal can originate. The detectable signal may indicate the presence or the absence of one or more
targets of interest. The binding event between the guide nucleic acid and a target nucleic acid can
trigger a trans-cut that (i) releases the reporter into a detectable region or (ii) physically or
chemically changes the reporter. Detection mechanisms for detecting the reporter or any
detectable signals generated by the reporter can involve, for instance, interferometry, surface
plasmon resonance, electrochemical detection such as potentiometry, or other detection
mechanisms.

[0204] In some embodiments, the reporter of the programmable nuclease probe can initiate a
signal amplification reaction with another molecular species after the complementary binding
induced trans-cutting. Such species can be a reactive solid or gel matrix, or other reactive entity
to generate an amplified signal during detection. The signal amplification reaction can be physical
or chemical in nature. In certain instances, after a complementary binding induced trans-cut, the
released reporter, can initiate an interaction and/or a reaction with another entity, Y to produce an
amplified or modified signal. Such entities can comprise a molecular species, a solid, a gel, or
other entities. The signal amplification interaction can be a physical or chemical reaction. In some
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embodiments, the interaction involves free-radical, anionic, cationic or coordination
polymerization reactions. In other embodiments the cut reporter can trigger aggregation, or
agglutination, of molecules, cells or nanoparticles. In some instances, the cut reporter can interact
with a semiconductor material. In some embodiments the chemical or physical change caused by
the interaction is detected by optical detection means such as interferometry, surface plasmon
resonance, reflectivity or other. In other embodiments the chemical or physical change caused by
the interaction is detected by potentiometric, amperometric, field effect transistor, or other
electronic means.

[0205] In some embodiments, the programmable nuclease, guide nucleic acid, reporter, or a
combination thereof can be immobilized to a device surface (e.g., by a linkage). In some
embodiments, the linkage comprises a covalent bond, a non-covalent bond, an electrostatic bond,
an interaction (e.g., a covalent or noncovalent bond) between members of a binding pair (e.g.,
streptavidin and biotin), an amide bond, or any combination thereof. In embodiments where more
than one element is immobilized to the surface (e.g., reporters and guide nucleic acid,
programmable nuclease and reporters, or all three), the linkage may be the same or different for
each species. For example, the guide nucleic acid may be immobilized to the surface by a single-
stranded linker polynucleotide, and the reporters may be immobilized by the interaction between
a first member of a binding pair on the reporters and a second member of a binding pair on the
surface. In general, the term “binding pair” refers to a first and a second moiety that have a specific
binding affinity for each other. In some embodiments, a binding pair has a dissociation constant
Kd of less than or equal to about: 10® mol/L, 10 mol/L, 107'° mol/L, 10" mol/L, 10" mol/L,
1071 mol/L, 10™** mol/L, 1071 mol/L, or ranges including two of these values as endpoints. Non
limiting examples of binding pairs include an antibody or an antigen-binding portion thereof and
an antigen (e.g., fluorescein, digoxin, digoxigenin), a biotin (bio) moiety and an avidin (or
streptavidin) moiety; a dinitrophenol (DNP) and an anti-DNP antibody; a hapten and an anti
hapten; folate and a folate binding protein; vitamin B12 and an intrinsic factor; a carbohydrate
and a lectin or carbohydrate receptor; a polysaccharide and a polysaccharide binding moiety; a
lectin and a receptor; a ligand and a receptor; a drug and a drug receptor; complementary chemical
reactive groups (e.g., sulthydryl/maleimide, thiol/maleimide, sulfhydryl/haloacetyl derivative,
amine/epoxy, amine/isotriocyanate, amine/succinimidyl ester, and amine/sulfonyl halides); an
antibody (e.g., IgG) and protein A or protein G; a toxin and a toxin receptor, and an enzyme
substrate and an enzyme. In some embodiments, the binding pair comprises biotin and either of
avidin or streptavidin.

[0206] In some embodiments, the linkage utilizes non-specific absorption. In some embodiments,
the programmable nuclease is immobilized to the device surface by the linkage, wherein the
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linkage is between the programmable nuclease and the surface. In some embodiments, the reporter
is immobilized to the device surface by the linkage, wherein the linkage is between the reporter
and the surface. In some embodiments, the guide nucleic acid is immobilized to the surface by the
linkage, wherein the linkage is between the 5 end of the guide nucleic acid and the surface. In
some embodiments, the guide nucleic acid is immobilized to the surface by the linkage, wherein
the linkage is between the 3’ end of the guide nucleic acid and the surface.

[0207] In some embodiments, target nucleic acid amplicons are detected by immobilized
programmable nuclease probes, such as, for example, CRISPR CAS guide RNA probes (referred
to as CRISPR probe). Upon a complementary binding event between a target nucleic acid
amplicon and a programmable nuclease probe (e.g., an immobilized CRISPR CAS / guide RNA
complex) a cutting event will occur that release a reporter that is then detected by a sensor.
[0208] Guide nucleic acid

[0209] In some embodiments, one or more guide nucleic acids can be used to carry out highly
efficient, rapid, and accurate reactions for detecting whether a target nucleic acid is present in a
sample. The guide nucleic acid binds to the single stranded target nucleic acid comprising a
portion of a nucleic acid from a virus or a bacterium or other agents responsible for a disease as
described herein. The guide nucleic acid can bind to the single stranded target nucleic acid
comprising a portion of a nucleic acid from a bacterium or other agents responsible for a disease
as described herein and further comprising a mutation, such as a single nucleotide polymorphism
(SNP), which can confer resistance to a treatment, such as antibiotic treatment. The guide nucleic
acid binds to the single stranded target nucleic acid comprising a portion of a nucleic acid from a
cancer gene or gene associated with a genetic disorder as described herein. The guide nucleic acid
is complementary to the target nucleic acid. Often the guide nucleic acid binds specifically to the
target nucleic acid. The target nucleic acid can be a RNA, DNA, or synthetic nucleic acids. A
guide nucleic acid can comprise a sequence that is reverse complementary to the sequence of a
target nucleic acid. A guide nucleic acid can be a crRNA. Sometimes, a guide nucleic acid
comprises a ctfRNA and tractrRNA. The guide nucleic acid can bind specifically to the target
nucleic acid. In some cases, the guide nucleic acid is not naturally occurring and made by artificial
combination of otherwise separate segments of sequence. Often, the artificial combination is
performed by chemical synthesis, by genetic engineering techniques, or by the artificial
manipulation of isolated segments of nucleic acids. The target nucleic acid can be designed and
made to provide desired functions. In some cases, the targeting region of a guide nucleic acid is
20 nucleotides in length. The targeting region of the guide nucleic acid can have a length of at
least 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides
in length. In some instances, the targeting region of the guide nucleic acid is 10, 11, 12, 13, 14,
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15,16, 17, 18, 19, 20, 21, 22,23, 24, 25,26, 27, 28, 29, or 30 nucleotides in length. In some cases,
the targeting region of a guide nucleic acid has a length from exactly or about 12 nucleotides (nt)
to about 80 nt, from about 12 nt to about 50 nt, from about 12 nt to about 45 nt, from about 12 nt
to about 40 nt, from about 12 nt to about 35 nt, from about 12 nt to about 30 nt, from about 12 nt
to about 25 nt, from about 12 nt to about 20 nt, from about 12 nt to about 19 nt, from about 19 nt
to about 20 nt, from about 19 nt to about 25 nt, from about 19 nt to about 30 nt, from about 19 nt
to about 35 nt, from about 19 nt to about 40 nt, from about 19 nt to about 45 nt, from about 19 nt
to about 50 nt, from about 19 nt to about 60 nt, from about 20 nt to about 25 nt, from about 20 nt
to about 30 nt, from about 20 nt to about 35 nt, from about 20 nt to about 40 nt, from about 20 nt
to about 45 nt, from about 20 nt to about 50 nt, or from about 20 nt to about 60 nt. In some cases,
the targeting region of a guide nucleic acid has a length of from about 10 nt to about 60 nt, from
about 20 nt to about 50 nt, or from about 30 nt to about 40 nt. In some cases, the targeting region
of a guide nucleic acid has a length of from 15 nt to 55 nt, from 25 nt to 55 nt, from 35 nt to 55 nt,
from 45 nt to 55 nt, from 15 nt to 45 nt, from 25 nt to 45 nt, from 35 nt to 45 nt, from 15 nt to 35
nt, from 25 nt to 35 nt, or from 15 nt to 25 nt. It is understood that the sequence of a polynucleotide
need not be 100% complementary to that of its target nucleic acid to be specifically hybridizable
or bind specifically. The guide nucleic acid can have a sequence comprising at least one uracil in
a region from nucleic acid residue 5 to 20 that is reverse complementary to a modification variable
region in the target nucleic acid. The guide nucleic acid, in some cases, has a sequence comprising
at least one uracil in a region from nucleic acid residue 5 to 9, 10 to 14, or 15 to 20 that is reverse
complementary to a modification variable region in the target nucleic acid. The guide nucleic acid
can have a sequence comprising at least one uracil in a region from nucleic acid residue 5 to 20
that is reverse complementary to a methylation variable region in the target nucleic acid. The guide
nucleic acid, in some cases, has a sequence comprising at least one uracil in a region from nucleic
acid residue 5 to 9, 10 to 14, or 15 to 20 that is reverse complementary to a methylation variable
region in the target nucleic acid.

[0210] The guide nucleic acid can be selected from a group of guide nucleic acids that have been
tiled against the nucleic acid of a strain of an infection or genomic locus of interest. The guide
nucleic acid can be selected from a group of guide nucleic acids that have been tiled against the
nucleic acid of a strain of HPV 16 or HPV18. Often, guide nucleic acids that are tiled against the
nucleic acid of a strain of an infection or genomic locus of interest can be pooled for use in a
method described herein. Often, these guide nucleic acids are pooled for detecting a target nucleic
acid in a single assay. The pooling of guide nucleic acids that are tiled against a single target
nucleic acid can enhance the detection of the target nucleic using the methods described herein.
The pooling of guide nucleic acids that are tiled against a single target nucleic acid can ensure
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broad coverage of the target nucleic acid within a single reaction using the methods described
herein. The tiling, for example, is sequential along the target nucleic acid. Sometimes, the tiling
is overlapping along the target nucleic acid. In some instances, the tiling comprises gaps between
the tiled guide nucleic acids along the target nucleic acid. In some instances, the tiling of the guide
nucleic acids is non-sequential. Often, a method for detecting a target nucleic acid comprises
contacting a target nucleic acid to a pool of guide nucleic acids and a programmable nuclease,
wherein a guide nucleic acid of the pool of guide nucleic acids has a sequence selected from a
group of tiled guide nucleic acid that is reverse complementary to a sequence of a target nucleic
acid; and assaying for a signal produce by cleavage of at least some reporters (e.g., detector nucleic
acids) of a population of reporters. Pooling of guide nucleic acids can ensure broad spectrum
identification, or broad coverage, of a target species within a single reaction. This can be
particularly helpful in diseases or indications, like sepsis, that can be caused by multiple
organisms.

[0211] Guide nucleic acids may be used in conjunction with compositions disclosed herein
(e.g., programmable nucleases, reporters, reagents, or any combination thereof) to carry out
highly efficient, rapid, and accurate reactions for detecting whether a target (e.g., a nucleic acid)
is present in a sample. The guide nucleic acid can bind to a single stranded target nucleic acid
comprising a portion of a nucleic acid from a virus or a bacterium or other agents responsible for
a disease as described herein. The guide nucleic acid can bind to the single stranded target
nucleic acid comprising a portion of a nucleic acid from a bacterium or other agents responsible
for a disease as described herein and further comprising a mutation, such as a single nucleotide
polymorphism (SNP), which can confer resistance to a treatment, such as antibiotic treatment.
The guide nucleic acid can bind to a single stranded target nucleic acid comprising a portion of a
nucleic acid from a cancer gene or gene associated with a genetic disorder as described herein.
The guide nucleic acid can be complementary to one or more target nucleic acids. Often the
guide nucleic acid binds specifically to the target nucleic acid. The target nucleic acid may be a
RNA, DNA, or synthetic nucleic acids. A guide nucleic acid can comprise a sequence that is
reverse complementary to the sequence of a target nucleic acid. A guide nucleic acid can be a
crRNA. Sometimes, a guide nucleic acid may comprise a crRNA and tracrRNA. The guide
nucleic acid can bind specifically to the target nucleic acid. In some cases, the guide nucleic acid
is not naturally occurring and made by artificial combination of otherwise separate segments of
sequence. Often, the artificial combination is performed by chemical synthesis, by genetic
engineering techniques, or by the artificial manipulation of isolated segments of nucleic acids.
The target nucleic acid can be designed and made to provide desired functions. In some cases,
the targeting region of a guide nucleic acid is 20 nucleotides in length. The targeting region of
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the guide nucleic acid may have a length of at least 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,123,124, 25,26, 27,28, 29, or 30 nucleotides in length. In some instances, the targeting region
of the guide nucleic acid is 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, or 30 nucleotides in length. In some cases, the targeting region of a guide nucleic acid
has a length from exactly or about 12 nucleotides (nt) to about 80 nt, from about 12 nt to about
50 nt, from about 12 nt to about 45 nt, from about 12 nt to about 40 nt, from about 12 nt to about
35 nt, from about 12 nt to about 30 nt, from about 12 nt to about 25 nt, from about 12 nt to about
20 nt, from about 12 nt to about 19 nt, from about 19 nt to about 20 nt, from about 19 nt to about
25 nt, from about 19 nt to about 30 nt, from about 19 nt to about 35 nt, from about 19 nt to about
40 nt, from about 19 nt to about 45 nt, from about 19 nt to about 50 nt, from about 19 nt to about
60 nt, from about 20 nt to about 25 nt, from about 20 nt to about 30 nt, from about 20 nt to about
35 nt, from about 20 nt to about 40 nt, from about 20 nt to about 45 nt, from about 20 nt to about
50 nt, or from about 20 nt to about 60 nt. In some cases, the targeting region of a guide nucleic
acid has a length of from about 10 nt to about 60 nt, from about 20 nt to about 50 nt, or from
about 30 nt to about 40 nt. In some cases, the targeting region of a guide nucleic acid has a
length of from 15 nt to 55 nt, from 25 nt to 55 nt, from 35 nt to 55 nt, from 45 nt to 55 nt, from
15 nt to 45 nt, from 25 nt to 45 nt, from 35 nt to 45 nt, from 15 nt to 35 nt, from 25 nt to 35 nt, or
from 15 nt to 25 nt. It is understood that the sequence of a polynucleotide need not be 100%
complementary to that of its target nucleic acid to be specifically hybridizable or hybridizable,
or to bind specifically.
[0212] The guide nucleic acid can have a sequence comprising at least one uracil in a region
from nucleic acid residue 5 to 20 that is reverse complementary to a modification variable region
in the target nucleic acid. The guide nucleic acid, in some cases, has a sequence comprising at
least one uracil in a region from nucleic acid residue 5 to 9, 10 to 14, or 15 to 20 that is reverse
complementary to a modification variable region in the target nucleic acid. The guide nucleic
acid can have a sequence comprising at least one uracil in a region from nucleic acid residue 5 to
20 that is reverse complementary to a methylation variable region in the target nucleic acid. The
guide nucleic acid, in some cases, has a sequence comprising at least one uracil in a region from
nucleic acid residue 5 to 9, 10 to 14, or 15 to 20 that is reverse complementary to a methylation
variable region in the target nucleic acid.
[0213] As discussed herein, a guide nucleic acid may be complexed with a programmable
nuclease in order to carry out highly efficient, rapid, and accurate reactions for detecting whether
a target nucleic acid is present in a sample. The programmable nuclease can comprise a
programmable nuclease capable of being activated when complexed with a guide nucleic acid and
target nucleic acid. The programmable nuclease can become activated after binding of a guide
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nucleic acid with a target nucleic acid, in which the activated programmable nuclease can cleave
the target nucleic acid and can have trans cleavage activity. Trans cleavage activity can be non-
specific cleavage of nearby single-stranded nucleic acids by the activated programmable nuclease,
such as trans cleavage of detector nucleic acids with a detection moiety. Once the detector nucleic
acid is cleaved by the activated programmable nuclease, the detection moiety can be released from
the detector nucleic acid and can generate a signal. A signal can be a calorimetric, potentiometric,
amperometric, optical (e.g., fluorescent, colorimetric, etc.), or piezo-electric signal. Often, the
signal is present prior to detector nucleic acid cleavage and changes upon detector nucleic acid
cleavage. Sometimes, the signal is absent prior to detector nucleic acid cleavage and is present
upon detector nucleic acid cleavage. The detectable signal can be immobilized on a support
medium for detection. The programmable nuclease can be a CRISPR-Cas (clustered regularly
interspaced short palindromic repeats - CRISPR associated) nucleoprotein complex with trans
cleavage activity, which can be activated by binding of a guide nucleic acid with a target nucleic
acid. The CRISPR-Cas nucleoprotein complex can comprise a Cas protein (also referred to as a
Cas nuclease) complexed with a guide nucleic acid, which can also be referred to as CRISPR
enzyme. A guide nucleic acid can be a CRISPR RNA (crRNA). Sometimes, a guide nucleic acid
comprises a crRNA and a trans-activating crRNA (tractrRNA).

[0214] In some embodiments, the programmable nuclease used to detect modified target nucleic
acids can comprise CRISPR RNAs (crRNAs), trans-activating crRNAs (tracrRNAs), Cas
proteins, and reporters. The programmable nuclease may comprise any of the programmable
nucleases described or referenced elsewhere herein.

[0215] In another aspect, the present disclosure provides reagents comprising a programmable
nuclease capable of being activated when complexed with the guide nucleic acid and the target
nucleic acid segment or portion. A programmable nuclease can be capable of being activated when
complexed with a guide nucleic acid and the target sequence. The programmable nuclease can be
activated upon binding of the guide nucleic acid to its target nucleic acid and degrades non-
specifically nucleic acid in its environment. The programmable nuclease has trans cleavage
activity once activated. A programmable nuclease can be a Cas protein (also referred to,
interchangeably, as a Cas nuclease). A crRNA and Cas protein can form a CRISPR enzyme.
[0216] Several programmable nucleases are consistent with the methods and devices of the
present disclosure. For example, CRISPR/Cas enzymes are programmable nucleases used in the
methods and systems disclosed herein. CRISPR/Cas enzymes can include any of the known
Classes and Types of CRISPR/Cas enzymes. Programmable nucleases disclosed herein include
Class 1 CRISPR/Cas enzymes, such as the Type I, Type IV, or Type III CRISPR/Cas enzymes.
Programmable nucleases disclosed herein also include the Class 2 CRISPR/Cas enzymes, such as
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the Type 11, Type V, and Type VI CRISPR/Cas enzymes. Preferable programmable nucleases
included in the several devices disclosed herein (e.g., a microfluidic device such as a pneumatic
valve device or a sliding valve device or a lateral flow assay) and methods of use thereof include
a Type V or Type VI CRISPR/Cas enzyme.

[0217] In some embodiments, the Type V CRISPR/Cas enzyme is a programmable Casl2
nuclease. Type V CRISPR/Cas enzymes (e.g., Casl12 or Casl4) lack an HNH domain. A Cas12
nuclease of the present disclosure cleaves a nucleic acid via a single catalytic RuvC domain. The
RuvC domain is within a nuclease, or “NUC” lobe of the protein, and the Cas12 nucleases further
comprise a recognition, or “REC” lobe. The REC and NUC lobes are connected by a bridge helix
and the Cas12 proteins additionally include two domains for PAM recognition termed the PAM
interacting (PI) domain and the wedge (WED) domain. In some instances, a programmable Cas12
nuclease can be a Casl2a (also referred to as Cpf1l) protein, a Cas12b protein, Casl2¢ protein,
Cas12d protein, or a Cas12e protein.

[0218] In some embodiments, the programmable nuclease can be Cas13. Sometimes the Cas13
can be Casl3a, Cas13b, Casl3c, Casl13d, or Casl3e. In some cases, the programmable nuclease
can be Mad7 or Mad2. In some cases, the programmable nuclease can be Cas12. Sometimes the
Cas12 can be Cas12a, Cas12b, Casl2c, Cas12d, or Cas12e. In some cases, the Cas12 can be a Cas
12 variant (SEQ ID NO: 17), which is a specific protein variant within the Casl2 protein
family/classification) In some cases, the programmable nuclease can be Csm1, Cas9, C2c4, C2c8,
C2c5, C2¢10, C2c9, or CasZ. Sometimes, the Csm1 can also be also called smCms1, miCmsl,
obCmsl, or suCms1. Sometimes Casl3a can also be also called C2¢2. Sometimes CasZ can also
be called Casl4a, Cas14b, Casl4c, Casl4d, Casl4e, Casl4f, Casl4g, or Cas14h. Sometimes, the
programmable nuclease can be a type V CRISPR-Cas system. In some cases, the programmable
nuclease can be a type VI CRISPR-Cas system. Sometimes the programmable nuclease can be a
type III CRISPR-Cas system. Sometimes the programmable nuclease can be an engineered
nuclease that is not from a naturally occurring CRISPR-Cas system. In some cases, the
programmable nuclease can be from at least one of Lepfotrichia shahii (Lsh), Listeria seeligeri
(Lse), Leptotrichia buccalis (Lbu), Leptotrichia wadeu (Lwa), Rhodobacter capsulatus (Rca), Herbinix
hemicellulosilytica (Hhe), Paludibacter propionicigenes (Ppr), Lachnospiraceae bacterium
(Lba), [Fubacterium] rectale (Ere), Listeria newyorkensis (Lny), Clostridium aminophilum
(Cam), Prevotella sp. (Psm), Capnocytophaga canimorsus (Cca, Lachnospiraceae bacterium
(Lba), Bergeyella zoohelcum (Bzo), Prevotella intermedia (Pin), Prevotella buccae (Pbu),
Alistipes sp. (Asp), Riemerella anatipestifer (Ran), Prevotella aurantiaca (Pau), Prevotella
saccharolytica (Psa), Prevotella intermedia (Pin2), Capnocytophaga canimorsus (Cca),
Porphyromonas gulae (Pgu), Prevotella sp. (Psp), Porphyromonas gingivalis (Pig), Prevotella
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intermedia (Pin3), Enterococcus italicus (Ei), Lactobacillus salivarius (Ls), or Thermus
thermophilus (Tt). Sometimes the Casl3 is at least one of LbuCasl3a, LwaCasl3a, LbaCasl3a,
HheCas13a, PprCasl3a, EreCas13a, CamCasl13a, or LshCas13a. The trans cleavage activity of the
CRISPR enzyme can be activated when the crRNA is complexed with the target nucleic acid. The
trans cleavage activity of the CRISPR enzyme can be activated when the guide nucleic acid
comprising a tractRNA and crRNA are complexed with the target nucleic acid. The target nucleic
acid can be RNA or DNA.

[0219] In some embodiments, a programmable nuclease as disclosed herein is an RNA-activated
programmable RNA nuclease. In some embodiments, a programmable nuclease as disclosed
herein is a DNA-activated programmable RNA nuclease. In some embodiments, a programmable
nuclease is capable of being activated by a target RNA to initiate trans cleavage of an RNA
reporter and is capable of being activated by a target DNA to initiate trans cleavage of an RNA
reporter, such as a Type VI CRISPR/Cas enzyme (e.g., a Cas13 nuclease). For example, Cas13a
of the present disclosure can be activated by a target RNA to initiate trans cleavage activity of the
Casl3a for the cleavage of an RNA reporter and can be activated by a target DNA to initiate trans
cleavage activity of the Cas13a for trans cleavage of an RNA reporter. An RNA reporter can be
an RNA-based reporter molecule. In some embodiments, the Casl3a recognizes and detects
ssDNA to initiate transcleavage of RNA reporters. Multiple Cas13a isolates can recognize, be
activated by, and detect target DNA, including ssDNA, upon hybridization of a guide nucleic acid
with the target DNA. For example, Lbu-Casl3a and Lwa-Casl3a can both be activated to
transcollaterally cleave RNA reporters by target DNA. Thus, Type VI CRISPR/Cas enzyme (e.g.,
a Cas13 nuclease, such as Casl3a) can be DNA-activated programmable RNA nucleases, and
therefore can be used to detect a target DNA using the methods as described herein. DNA-
activated programmable RNA nuclease detection of ssDNA can be robust at multiple pH values.
For example, target ssDNA detection by Casl3 can exhibit consistent cleavage across a wide
range of pH conditions, such as from a pH of 6.8 to a pH of 8.2. In contrast, target RNA detection
by Casl3 can exhibit high cleavage activity of pH values from 7.9 to 8.2. In some embodiments,
a DNA-activated programmable RNA nuclease that also is capable of being an RNA-activated
programmable RNA nuclease, can have DNA targeting preferences that are distinct from its RNA
targeting preferences. For example, the optimal ssDNA targets for Casl3a have different
properties than optimal RNA targets for Cas13a. As one example, gRNA performance on ssDNA
can not necessarily correlate with the performance of the same gRNAs on RNA. As another
example, gRNAs can perform at a high level regardless of target nucleotide identity at a 3’ position
on a target RNA sequence. In some embodiments, gRNAs can perform at a high level in the
absence of a G at a 3’ position on a target ssSDNA sequence. Furthermore, target DNA detected by
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Casl13 disclosed herein can be directly taken from organisms or can be indirectly generated by
nucleic acid amplification methods, such as PCR and LAMP or any amplification method
described herein. Key steps for the sensitive detection of a target DNA, such as a target ssDNA,
by a DNA-activated programmable RNA nuclease, such as Casl3a, can include: (1) production
or isolation of DNA to concentrations above about 0.1 nM per reaction for in vitro diagnostics,
(2) selection of a target sequence with the appropriate sequence features to enable DNA detection
as these features are distinct from those required for RNA detection, and (3) buffer composition
that enhances DNA detection.

[0220] The detection of a target DNA by a DNA-activated programmable RNA nuclease can be
connected to a variety of readouts including fluorescence, lateral flow, electrochemistry, or any
other readouts described herein. Multiplexing of programmable DNA nuclease, such as a Type V
CRISPR-Cas protein, with a DNA-activated programmable RNA nuclease, such as a Type VI
protein, with a DNA reporter and an RNA reporter, can enable multiplexed detection of target
ssDNAs or a combination of a target dSDNA and a target ssDNA, respectively. Multiplexing of
different RN A-activated programmable RNA nucleases that have distinct RNA reporter cleavage
preferences can enable additional multiplexing. Methods for the generation of ssDNA for DNA-
activated programmable RNA nuclease-based diagnostics can include (1) asymmetric PCR, (2)
asymmetric isothermal amplification, such as RPA, LAMP, SDA, etc. (3) NEAR for the
production of short ssDNA molecules, and (4) conversion of RNA targets into ssDNA by a reverse
transcriptase followed by RNase H digestion. Thus, DNA-activated programmable RNA nuclease
detection of target DNA is compatible with the various systems, kits, compositions, reagents, and
methods disclosed herein. For example, target ssDNA detection by Cas13a can be employed in a
detection device as disclosed herein.

[0221] In any of the embodiments described herein, the programmable nuclease can comprise a
programmable nuclease capable of being activated when complexed with a guide nucleic acid and
target nucleic acid. The programmable nuclease can become activated after binding of a guide
nucleic acid with a target nucleic acid, in which the activated programmable nuclease can cleave
the target nucleic acid, which can initiate trans cleavage activity. In some cases, the trans cut or
trans cleavage can cut and/or release a reporter molecule. In other cases, the trans cut or trans
cleavage can produce an analog of a target, which can be directly detected. Trans cleavage activity
can be non-specific cleavage of nearby nucleic acids by the activated programmable nuclease,
such as trans cleavage of reporters comprising a cleavable nucleic acid and a detection moiety.
Once the nucleic acid of the reporter is cleaved by the activated programmable nuclease, the

detection moiety can be released from the reporter and can generate a signal. The detection moiety
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can be immobilized on a support medium for detection. The signal can be visualized to assess
whether a target nucleic acid is present or absent.
[0222] Reporters
[0223] Reporters, which can be referred to interchangeably as reporter molecules, or detector
molecules (e.g., detector nucleic acids), can be used in conjunction with the compositions
disclosed herein (e.g., programmable nucleases, guide nucleic acids, etc.) to carry out highly
efficient, rapid, and accurate reactions for detecting whether a target nucleic acid is present in a
sample. The reporter can be suspended in solution or immobilized on a surface. For example, the
reporter can be immobilized on the surface of a chamber in a device as disclosed herein. In some
cases, the reporter can be immobilized on beads, such as magnetic beads, in a chamber of a device
as disclosed herein where they are held in position by a magnet placed below the chamber. The
reporter can capable of being cleaved by the activated programmable nuclease, thereby generating
a detectable signal. The detectable signal can correspond to a release of one or more elements (X).
The release of the one or more elements (X) can initiate a reaction with another element (Y) when
the element (Y) is in the presence of the element (X). The reaction between the element (Y) and
the element (X) can initiate a chemical chain reaction in a solid phase material. Such a chemical
chain reaction can produce one or more physical or chemical changes. In some cases, the physical
or chemical changes can be optically detected. In some embodiments, one or more cascade
amplification reactions can occur to further amplify the signal before sensing or detection. There
can be a single point of attachment between the reporter molecule and the element (X). Cutting
the single point of attachment can release a macro molecule (X), which can undergo a series of
reactions based on the macro molecule (X) itself. In any of the embodiments described herein, the
reporter can comprise a single stranded detector nucleic acid comprising a detection moiety.
[0224] The reporters described herein can be, for example, RNA reporters. The RNA
reporters can comprise at least one ribonucleic acid and a detectable moiety. In some
embodiments, a programmable nuclease probe or a CRISPR probe comprising a Cas enzyme
can recognize and detect ssDNA and, further, can specifically trans-cleave RNA reporters. The
detection of the target nucleic acid in the sample can indicate the presence of the disease (or
disease-causing agent) in the sample and can provide information for taking action to reduce the
transmission of the disease to individuals in the disease-affected environment or near the
disease-carrying individual.
[0225] As described elsewhere herein, cleavage of a reporter (e.g., a protein-nucleic acid) can
produce a signal. The signal can indicate a presence of the target nucleic acid in the sample, and
an absence of the signal can indicate an absence of the target nucleic acid in the sample. In some
cases, cleavage of the protein-nucleic acid can produce a calorimetric signal, a potentiometric
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signal, an amperometric signal, an optical signal, or a piezo-electric signal. Various devices and/or
sensors can be used to detect these different types of signals, which indicate whether a target
nucleic acid is present in the sample. The sensors usable to detect such signals can include, for
example, optical sensors (e.g., imaging devices for detecting fluorescence or optical signals with
various wavelengths and frequencies), electric potential sensors, surface plasmon resonance (SPR)
sensors, interferometric sensors, or any other type of sensor suitable for detecting calorimetric
signals, potentiometric signals, amperometric signals, optical signals, or piezo-electric signals.
[0226] In some cases, the reporter may comprise a single-stranded nucleic acid comprising
deoxyribonucleotides. In other cases, the reporter may comprise a single-stranded nucleic acid
comprising ribonucleotides. The reporter can be a single-stranded nucleic acid comprising at least
one deoxyribonucleotide and at least one ribonucleotide. In some cases, the reporter is a single-
stranded nucleic acid comprising at least one ribonucleotide residue at an internal position that
functions as a cleavage site. In some cases, the reporter comprises at least 2, 3,4, 5, 6,7, 8,9, or
10 ribonucleotide residues at an internal position. In some cases, the reporter comprises from 2 to
10, from 3 to 9, from 4 to 8, or from 5 to 7 ribonucleotide residues at an internal position. In some
cases, the reporter comprises from 3 to 10, from 4 to 10, from 5 to 10, from 6 to 10, from 7 to 10,
from 8 to 10, from 9 to 10, from 2 to 8, from 3 to 8, from 5 to 8, from 6 to 8, from 7 to 8, from 2
to 5, from 3 to 5, or from 4 to 5 ribonucleotide residues at an internal position. Sometimes the
ribonucleotide residues are continuous. Alternatively, the ribonucleotide residues are interspersed
in between non-ribonucleotide residues. In some cases, the reporter has only ribonucleotide
residues. In some cases, the reporter has only deoxyribonucleotide residues. In some cases, the
reporter comprises nucleotides resistant to cleavage by the programmable nuclease described
herein. In some cases, the reporter comprises synthetic nucleotides. In some cases, the reporter
comprises at least one ribonucleotide residue and at least one non-ribonucleotide residue. In some
cases, the reporter is 5-20, 5-15, 5-10, 7-20, 7-15, or 7-10 nucleotides in length. In some cases,
the reporter is from 3 to 20, from 4 to 20, from 5 to 20, from 6 to 20, from 7 to 20, from 8 to 20,
from 9 to 20, from 10 to 20, from 15 to 20, from 3 to 15, from 4 to 15, from 5 to 15, from 6 to 15,
from 7 to 15, from 8 to 15, from 9 to 15, from 10 to 15, from 3 to 10, from 4 to 10, from 5 to 10,
from 6 to 10, from 7 to 10, from 8 to 10, from 9 to 10, from 3 to 8, from 4 to 8, from 5 to 8, from
6 to 8, or from 7 to 8 nucleotides in length. In some cases, the reporter comprises at least one
uracil ribonucleotide. In some cases, the reporter comprises at least two uracil ribonucleotides.
Sometimes the reporter has only uracil ribonucleotides. In some cases, the reporter comprises at
least one adenine ribonucleotide. In some cases, the reporter comprises at least two adenine
ribonucleotides. In some cases, the reporter has only adenine ribonucleotides. In some cases, the
reporter comprises at least one cytosine ribonucleotide. In some cases, the reporter comprises at
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least two cytosine ribonucleotides. In some cases, the reporter comprises at least one guanine
ribonucleotide. In some cases, the reporter comprises at least two guanine ribonucleotides. A
reporter can comprise only unmodified ribonucleotides, only unmodified deoxyribonucleotides,
or a combination thereof. In some cases, the reporter is from 5 to12 nucleotides in length. In some
cases, the reporter is 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, or 30 nucleotides in length. In some cases, the reporter is 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, or 30 nucleotides
in length. For cleavage by a programmable nuclease comprising Casl13, a reporter nucleic acid
can be 5, 8, or 10 nucleotides in length. For cleavage by a programmable nuclease comprising
Casl2, a reporter nucleic acid can be 10 nucleotides in length.

[0227] The single stranded reporter nucleic acid can comprise a detection moiety capable of
generating a first detectable signal. Sometimes the reporter comprises a protein capable of
generating a signal. A signal can be a calorimetric, potentiometric, amperometric, optical (e.g.,
fluorescent, colorometric, etc.), or piezo-electric signal. In some cases, a detection moiety is on
one side of the cleavage site. Optionally, a quenching moiety is on the other side of the cleavage
site. Sometimes the quenching moiety is a fluorescence quenching moiety. In some cases, the
quenching moiety is 5’ to the cleavage site and the detection moiety is 3’ to the cleavage site. In
some cases, the detection moiety is 5’ to the cleavage site and the quenching moiety is 3’ to the
cleavage site. Sometimes the quenching moiety is at the 5’ terminus of the reporter. Sometimes
the detection moiety is at the 3’ terminus of the reporter. In some cases, the detection moiety is at
the 5’ terminus of the reporter. In some cases, the quenching moiety is at the 3’ terminus of the
reporter. In some cases, the single-stranded reporter nucleic acid is at least one population of the
single-stranded nucleic acid capable of generating a first detectable signal. In some cases, the
single-stranded reporter nucleic acid is a population of the single stranded nucleic acid capable of
generating a first detectable signal. Optionally, there can be more than one population of single-
stranded reporter nucleic acids. In some cases, there canbe 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15, 20, 30, 40, 50, or greater than 50, or any number spanned by the range of this list of different
populations of single-stranded reporter nucleic acids capable of generating a detectable signal. In
some cases, there are from 2 to 50, from 3 to 40, from 4 to 30, from 5 to 20, or from 6 to 10
different populations of single-stranded reporter nucleic acids capable of generating a detectable
signal. In some cases there are from 2 to 50, from 5 to 50, from 10 to 50, from 15 to 50, from 20
to 50, from 25 to 50, from 30 to 50, from 35 to 50, from 40 to 50, from 2 to 40, from 5 to 40, from
10 to 40, from 15 to 40, from 20 to 40, from 25 to 40, from 30 to 40, from 35 to 40, from 2 to 30,
from 5 to 30, from 10 to 30, from 15 to 30, from 20 to 30, from 25 to 30, from 2 to 20, from 5 to
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20, from 10 to 20, from 15 to 20, from 2 to 10, or from 5 to 10 different populations of single-
stranded reporter nucleic acids capable of generating a detectable signal.

[0228] In some embodiments, the reporter may comprise a single stranded detector nucleic acid
comprising a detection moiety. The reporter can be cleaved by an activated programmable
nuclease, thereby generating a first detectable signal. In some cases, the reporter is a single-
stranded nucleic acid comprising deoxyribonucleotides. In other cases, the reporter is a single-
stranded nucleic acid comprising ribonucleotides. The reporter can be a single-stranded nucleic
acid comprising at least one deoxyribonucleotide and at least one ribonucleotide. In some cases,
the reporter is a single-stranded nucleic acid comprising at least one ribonucleotide residue at an
internal position that functions as a cleavage site. In some cases, the reporter may comprise at
least 2, 3,4, 5,6,7,8,9, or 10 ribonucleotide residues at an internal position. In some cases, the
reporter may comprise from 2 to 10, from 3 to 9, from 4 to 8, or from 5 to 7 ribonucleotide residues
at an internal position. In some cases, the reporter may comprise from 3 to 10, from 4 to 10, from
5to 10, from 6 to 10, from 7 to 10, from 8 to 10, from 9 to 10, from 2 to 8, from 3 to 8, from 5 to
8, from 6 to 8, from 7 to 8, from 2 to 5, from 3 to 5, or from 4 to 5 ribonucleotide residues at an
internal position. Sometimes the ribonucleotide residues are continuous. Alternatively, the
ribonucleotide residues are interspersed in between non-ribonucleotide residues. In some cases,
the reporter has only ribonucleotide residues. In some cases, the reporter has only
deoxyribonucleotide residues. In some cases, the reporter may comprise nucleotides resistant to
cleavage by the programmable nuclease described herein. In some cases, the reporter may
comprise synthetic nucleotides. In some cases, the reporter may comprise at least one
ribonucleotide residue and at least one non-ribonucleotide residue. In some cases, the reporter is
5-20, 5-15, 5-10, 7-20, 7-15, or 7-10 nucleotides in length. In some cases, the reporter is from 3
to 20, from 4 to 20, from 5 to 20, from 6 to 20, from 7 to 20, from 8 to 20, from 9 to 20, from 10
to 20, from 15 to 20, from 3 to 15, from 4 to 15, from 5 to 15, from 6 to 15, from 7 to 15, from 8
to 15, from 9 to 15, from 10 to 15, from 3 to 10, from 4 to 10, from 5 to 10, from 6 to 10, from 7
to 10, from 8 to 10, from 9 to 10, from 3 to 8, from 4 to 8, from 5 to 8, from 6 to 8, or from 7 to 8
nucleotides in length. In some cases, the reporter may comprise at least one uracil ribonucleotide.
In some cases, the reporter may comprise at least two uracil ribonucleotides. Sometimes the
reporter has only uracil ribonucleotides. In some cases, the reporter may comprise at least one
adenine ribonucleotide. In some cases, the reporter may comprise at least two adenine
ribonucleotide. In some cases, the reporter has only adenine ribonucleotides. In some cases, the
reporter may comprise at least one cytosine ribonucleotide. In some cases, the reporter may
comprise at least two cytosine ribonucleotide. In some cases, the reporter may comprise at least
one guanine ribonucleotide. In some cases, the reporter may comprise at least two guanine
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ribonucleotide. A reporter can comprise only unmodified ribonucleotides, only unmodified
deoxyribonucleotides, or a combination thereof. In some cases, the reporter is from 5 to 12
nucleotides in length. In some cases, the reporter is 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, or 30 nucleotides in length. In some cases,
the reporteris 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, or 30 nucleotides in length. For cleavage by a programmable nuclease comprising
Casl3, areporter can be 5, 8, or 10 nucleotides in length. For cleavage by a programmable nuclease
comprising Casl2, a reporter can be 10 nucleotides in length.

[0229] Detectable Signal

[0230] As described elsewhere herein, the cleavage of the reporter and/or the release of a
detection moiety may generate a detectable signal. The signal can be a colorimetric,
potentiometric, amperometric, optical (e.g., fluorescent, colorometric, etc.), or piezo-electric
signal. The generation of the detectable signal from the release of the detection moiety can
indicate that cleavage by the programmable nuclease has occurred and that the sample contains
one or more target nucleic acids. A detection moiety can be any moiety capable of generating a
colorimetric, potentiometric, amperometric, optical (e.g., fluorescent, colorometric, etc.), or
piezo-electric signal.

[0231] In some cases, the reporter can be a protein-nucleic acid that can generate a
calorimetric, potentiometric, amperometric, optical (e.g., fluorescent, colorometric, etc.), or
piezo-electric signal upon cleavage of the nucleic acid. Often a calorimetric signal is heat
produced after cleavage of the reporter. Sometimes, a calorimetric signal is heat absorbed after
cleavage of the reporter. A potentiometric signal, for example, is electrical potential produced
after cleavage of the reporter. An amperometric signal can be movement of electrons produced
after the cleavage of the reporter. Often, the signal is an optical signal, such as a colorometric
signal or a fluorescence signal. An optical signal is, for example, a light output produced after
the cleavage of the reporter. Sometimes, an optical signal is a change in light absorbance
between before and after the cleavage of the reporter. Often, a piezo-electric signal is a change
in mass between before and after the cleavage of the reporter.

[0232] Detecting the presence or absence of a target nucleic acid of interest can involve
measuring a signal emitted from a detection moiety present in a reporter, after cleavage of the
reporter by an activated programmable nuclease. The signal can be measured using one or more
sensors integrated with the device or operatively coupled to the device. Thus, the detection
methods disclosed herein can involve measuring the presence of a target nucleic acid,
quantifying how much of the target nucleic acid is present, or, measuring a signal indicating that
the target nucleic acid is absent in a sample. In some embodiments, a signal is generated upon
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cleavage of the reporter by the programmable nuclease. In other embodiments, the signal
changes upon cleavage of the reporter by the programmable nuclease. In other embodiments, a
signal can be present in the absence of reporter cleavage and disappear upon cleavage of the
target nucleic acid by the programmable nuclease. For example, a signal can be produced in a
microfluidic device or lateral flow device after contacting a sample with a composition
comprising a programmable nuclease. The programmable nuclease may or may not be
immobilized as described elsewhere herein.

[0233] In some cases, the signal can comprise a colorimetric signal or a signal visible by

eye. In some instances, the signal is fluorescent, electrical, chemical, electrochemical, or
magnetic. A signal can be a calorimetric, potentiometric, amperometric, optical (e.g.,
fluorescent, colorometric, etc.), or piezo-electric signal. In some cases, the detectable signal is a
colorimetric signal or a signal visible by eye. In some instances, the detectable signal is
fluorescent, electrical, chemical, electrochemical, or magnetic. In some cases, the first detection
signal 1s generated by binding of the detection moiety to the capture molecule in the detection
region, where the first detection signal indicates that the sample contained the target nucleic

acid. Sometimes the system can detect more than one type of target nucleic acid, wherein the
system may comprise more than one type of guide nucleic acid and more than one type of
reporter. In some cases, the detectable signal is generated directly by the cleavage event.
Alternatively, or in combination, the detectable signal is generated indirectly by the signal event.
Sometimes the detectable signal is not a fluorescent signal. In some instances, the detectable
signal is a colorimetric or color-based signal. In some cases, the detected target nucleic acid is
identified based on its spatial location on the detection region of the support medium.

[0234] In some cases, the one or more detectable signals generated after cleavage can
produce an index of refraction change or one or more electrochemical changes. In some cases,
real-time detection of targets can be achieved using fluorescence, electrochemical detection,
and/or electrochemiluminescence.

[0235] In some cases, the detectable signals can be detected and analyzed in various ways. For
example, the detectable signals can be detected using an imaging device. The imaging device can
a digital camera, such a digital camera on a mobile device. The mobile device can have a software
program or a mobile application that can capture fluorescence, ultraviolet (UV), infrared (IR), or
visible wavelength signals. Any suitable detection or measurement device can be used to detect
and/or analyze the colorimetric, fluorescence, amperometric, potentiometric, or electrochemical
signals described herein. In some embodiments, the colorimetric, fluorescence, amperometric,

potentiometric, or another electrochemical sign can be detected using a measurement device
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connected to a detection chamber of the device (e.g., a fluorescence measurement device, a
spectrophotometer, and/or an oscilloscope.

[0236] The presently disclosed devices, systems, kits, and methods for detecting the presence of
a target nucleic acid in a sample may be used to generate and detect signals indicative of the
presence or absence of the target nucleic acid in the sample. The generation of a signal indicative
of the presence or absence of the target nucleic acid in the sample can enable highly efficient,
rapid, and accurate reactions for detecting whether a target nucleic acid is present in a sample.
[0237] As disclosed herein, in some embodiments, detecting the presence or absence of a target
nucleic acid of interest involves measuring a signal emitted from a detection moiety present in a
reporter, after cleavage of the reporter by an activated programmable nuclease. Alternatively, or
in combination, in some embodiments, detecting the presence or absence of a target nucleic acid
of interest involves measuring a signal emitted from a conjugate bound to a detection moiety
present in a reporter, after cleavage of the reporter by an activated programmable nuclease. The
conjugates may comprise a nanoparticle, a gold nanoparticle, a latex nanoparticle, a quantum dot,
a chemiluminescent nanoparticle, a carbon nanoparticle, a selenium nanoparticle, a fluorescent
nanoparticle, a liposome, or a dendrimer. The surface of the conjugate may be coated by a
conjugate binding molecule that binds to the detection moiety or another affinity molecule of the
cleaved detector molecule as described herein. Thus, the detecting steps disclosed herein involve
indirectly (e.g., via a reporter) measuring the presence of a target nucleic acid, quantifying how
much of the target nucleic acid is present, or measuring a signal indicating that the target nucleic
acid is absent in a sample. In some embodiments, a signal is generated upon cleavage of the
reporter by the programmable nuclease. In other embodiments, the signal changes upon cleavage
of the reporter by the programmable nuclease. In other embodiments, a signal may be present in
the absence of reporter cleavage and disappear upon cleavage of the target nucleic acid by the
programmable nuclease. For example, a signal may be produced in a microfluidic device or lateral
flow device after contacting a sample with a composition comprising a programmable nuclease.
[0238] As described above, the reporter (e.g., a single stranded reporter) can comprise a detection
moiety capable of generating a first detectable signal. Sometimes the reporter comprises a protein
capable of generating a signal. A signal can be a colorimetric, potentiometric, amperometric,
optical (e.g., fluorescent, colorometric, etc.), or piezo-electric signal. The generation of the
detectable signal from the release of the detection moiety indicates that cleavage by the
programmable nuclease has occurred and that the sample contains the target nucleic acid. A
detection moiety can be any moiety capable of generating a colorimetric, potentiometric,
amperometric, optical (e.g., fluorescent, colorometric, etc.), or piezo-electric signal. In some
cases, the reporter can be a protein-nucleic acid that can generate a calorimetric, potentiometric,
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amperometric, optical (e.g., fluorescent, colorometric, etc.), or piezo-electric signal upon cleavage
of the nucleic acid. Often a calorimetric signal is heat produced after cleavage of the reporters
(e.g., detector nucleic acids). Sometimes, a calorimetric signal is heat absorbed after cleavage of
the reporters. A potentiometric signal, for example, is electrical potential produced after cleavage
of the reporters. An amperometric signal can be movement of electrons produced after the
cleavage of reporter. Often, the signal is an optical signal, such as a colorometric signal or a
fluorescence signal. An optical signal is, for example, a light output produced after the cleavage
of the reporters. Sometimes, an optical signal is a change in light absorbance between before and
after the cleavage of reporters. Often, a piezo-electric signal is a change in mass between before
and after the cleavage of the reporter.

[0239] Detecting the presence or absence of a target nucleic acid of interest can involve measuring
a signal emitted from a detection moiety present in a reporter, after cleavage of the reporter by an
activated programmable nuclease. The signal can be measured using one or more sensors
integrated with the device or operatively coupled to the device. Thus, the detecting steps disclosed
herein can involve measuring the presence of a target nucleic acid, quantifying how much of the
target nucleic acid is present, or, measuring a signal indicating that the target nucleic acid is absent
in a sample. In some embodiments, a signal is generated upon cleavage of the reporter by the
programmable nuclease. In other embodiments, the signal changes upon cleavage of the reporter
by the programmable nuclease. In other embodiments, a signal can be present in the absence of
reporter cleavage and disappear upon cleavage of the target nucleic acid by the programmable
nuclease. For example, a signal can be produced in a microfluidic device or lateral flow device
after contacting a sample with a composition comprising a programmable nuclease.

[0240] In some cases, the signal can comprise a colorimetric signal or a signal visible by eye. In
some instances, the signal is fluorescent, electrical, chemical, electrochemical, or magnetic. A
signal can be a calorimetric, potentiometric, amperometric, optical (e.g., fluorescent, colorometric,
etc.), or piezo-electric signal. In some cases, the detectable signal is a colorimetric signal or a
signal visible by eye. In some instances, the detectable signal is fluorescent, electrical, chemical,
electrochemical, or magnetic. In some cases, the first detection signal is generated by binding of
the detection moiety to a capture molecule in the detection region, where the first detection signal
indicates that the sample contained the target nucleic acid. Sometimes the system can detect more
than one type of target nucleic acid, wherein the system comprises more than one type of guide
nucleic acid and more than one type of reporter. In some cases, the detectable signal is generated
directly by the cleavage event. Alternatively, or in combination, the detectable signal is generated
indirectly by the signal event. Sometimes the detectable signal is not a fluorescent signal. In some
instances, the detectable signal is a colorimetric or color-based signal. In some cases, the detected
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target nucleic acid is identified based on its spatial location on the detection region of the support
medium.

[0241] In some cases, the one or more detectable signals generated after cleavage can produce an
index of refraction change or one or more electrochemical changes. In some cases, real-time
detection of the Cas reaction can be achieved using fluorescence, electrochemical detection,
and/or electrochemiluminescence.

[0242] In some cases, the detectable signals can be detected and analyzed in various ways. For
example, the detectable signals can be detected using an imaging device. The imaging device can
a digital camera, such a digital camera on a mobile device. The mobile device can have a software
program or a mobile application that can capture fluorescence, ultraviolet (UV), infrared (IR), or
visible wavelength signals. Any suitable detection or measurement device can be used to detect
and/or analyze the colorimetric, fluorescence, amperometric, potentiometric, or electrochemical
signals described herein. In some embodiments, the colorimetric, fluorescence, amperometric,
potentiometric, or another electrochemical sign can be detected using a measurement device
connected to a detection chamber of the device (e.g., a fluorescence measurement device, a
spectrophotometer, and/or an oscilloscope).

[0243] Sensors

[0244] The detectable signals disclosed herein may be detected or registered using one or more
sensors. The one or more sensors can be configured to detect one or more signals that are generated
after one or more programmable nucleases of the one or more programmable nuclease probes
become activated due to a binding of a guide nucleic acid of the programmable nuclease probes
with a target nucleic acid present in the sample. As described elsewhere herein, the activated
programmable nuclease can cleave the target nucleic acid, which can result in a trans cleavage
activity. Trans cleavage activity can be a non-specific cleavage of nearby single-stranded nucleic
acids by the activated programmable nuclease, such as trans cleavage of target nucleic acids or
reporter nucleic acids with a detection moiety. Once the target nucleic acids or reporters are
cleaved by the activated programmable nucleases, the detection moiety can be released or
separated from the reporter, thereby generating one or more detectable signals. The one or more
sensors can be configured to register and/or process the one or more detectable signals to confirm
a presence and/or an absence of a particular target (e.g., a target nucleic acid.

[0245] Multiplexing

[0246] In some embodiments, the systems, device, apparatuses, and methods of the present
disclosures may be used to perform or facilitate multiplexing or multiplexed target detection. In
certain aspects of this disclosure, multiplexing may refer to parallel sensing of multiple target
nucleic acid sequences in one sample by multiple probes.
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[0247] The present disclosure provides various multiplexing embodiments of a CRISPR-
based detection device. In some cases, a capillary flow or mobile sample phase configuration
may be used. In other cases, a stationary sample phase configuration may be used.

[0248] In some embodiments, a chamber that is in the form of a capillary circuit may be
provided. Functionalized programmable nuclease probes, e.g., CRISPR probes, can be disposed
on (or immobilized to) the capillary walls, and one or more guide nucleic acids associated with
or complexed to the programmable nuclease probes, e.g., CRISPR probes can be exposed to the
sample for binding. Upon binding to a complementary target nucleic acid amplicon (or a target
nucleic acid sequence), the programmable nuclease probe or CRISPR probe can then cut and
release at least a portion of a reporter, which may generate a signal indicating the presence of the
particular target nucleic acid amplicon. This process can be repeated in parallel across multiple
programmable nuclease probes or CRISPR probes, where each programmable nuclease or
CRISPR probe is configured to detect a particular target sequence, nucleic acid amplicon, set of
target sequences, or set of target nucleic acid amplicons.

[0249] In some aspects, multiplexed detection can also be achieved in a stationary phase, or
microarray format. In some embodiments, programmable nuclease probes or CRISPR probes,
each designed to detect certain target nucleic acid sequences, are immobilized in known
locations. When a sample containing multiple types of target amplicons is exposed to the array
of programmable nuclease or CRISPR probes, the specific probe-target pairs will bind and
trigger signal events. These signal events can be associated with a particular target nucleic acid
amplicon or a set of target nucleic acid amplicons either by its location (e.g., when imaging is
used), or by a signal received by a particular sensor (e.g., when various sensors are individually
linked to each probe). In some instances, one or more target nucleic acid amplicons can be
detected by a programmable nuclease probe. In some instances, the programmable nuclease
probe can interact with and/or detect a class of sequences or a class of target nucleic acid
amplicons, which can indicate a presence or an absence of a particular organism, disease state,
or phenotype present within the sample.

[0250] The devices of the present disclosure can be used for detection of one or more target
nucleic acids within the sample. In some cases, the detection devices of the present disclosure
can comprise one or more pumps, valves, reservoirs, and chambers for sample preparation,
optional amplification of a target nucleic acid within the sample, mixing with a programmable
nuclease, and detection of a detectable signal arising from cleavage of reporters by a
programmable nuclease.

[0251] Methods consistent with the present disclosure can include a multiplexing method of
assaying for a plurality of target nucleic acids in a sample. A multiplexing method may comprise
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contacting the sample to a complex comprising a guide nucleic acid comprising a segment that is
reverse complementary to a segment of the target nucleic acid and a programmable nuclease that
exhibits sequence independent cleavage upon forming a complex comprising the segment of the
guide nucleic acid binding to the segment of the target nucleic acid; and assaying for a signal
indicating cleavage of at least some reporters (e.g., protein-nucleic acids) of a population of
reporter molecules (e.g., protein-nucleic acids). In some cases, the signal can indicate a presence
of the target nucleic acid in the sample and the absence of the signal can indicate an absence of
the target nucleic acid in the sample.

[0252] In some embodiments, multiplexing can comprise spatial multiplexing wherein
multiple different target nucleic acids are detected at the same time, but the reactions are
spatially separated. In some cases, the multiple target nucleic acids are detected using the same
programmable nuclease, but different guide nucleic acids. The multiple target nucleic acids
sometimes can be detected using the different programmable nucleases. In the case wherein
multiple target nucleic acids are detected using different programmable nucleases, the method
can involve using a first programmable nuclease, which upon activation (e.g., after binding of a
first guide nucleic acid to a first target), cleaves a nucleic acid of a first reporter, and using a
second programmable nuclease, which upon activation (e.g., after binding of a second guide
nucleic acid to a second target), cleaves a nucleic acid of a second reporter.

[0253] Sometimes, multiplexing can be single reaction multiplexing wherein multiple
different target acids are detected in a single reaction volume. Often, at least two different
programmable nucleases are used in single reaction multiplexing. For example, multiplexing
may comprise assaying for a microorganism species using a first programmable nuclease and an
antibiotic resistance pattern in a microorganism using a second programmable nuclease. In some
cases, multiplexing can be enabled by immobilization of multiple categories of reporters within
a fluidic system, to enable detection of multiple target nucleic acids within a single fluidic
system. Multiplexing allows for detection of multiple target nucleic acids in one kit or system. In
some cases, the multiple target nucleic acids comprise different target nucleic acids to a virus, a
bacterium, or a pathogen responsible for one disease. In some cases, the multiple target nucleic
acids comprise different target nucleic acids associated with a cancer or genetic disorder.
Multiplexing for one disease, cancer, or genetic disorder increases at least one of sensitivity,
specificity, or accuracy of the assay to detect the presence of the disease in the sample. In some
cases, the multiple target nucleic acids comprise target nucleic acids directed to different viruses,
bacteria, or pathogens responsible for more than one disease. In some cases, multiplexing allows
for discrimination between multiple target nucleic acids, such as target nucleic acids that
comprise different genotypes of the same bacteria or pathogen responsible for a disease, for
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example, for a wild-type genotype of a bacteria or pathogen and for genotype of a bacteria or
pathogen comprising a mutation, such as a single nucleotide polymorphism (SNP) that can
confer resistance to a treatment, such as antibiotic treatment. Multiplexing, thus, allows for
multiplexed detection of multiple genomic alleles. Sometimes, multiplexing allows for
discrimination between multiple target nucleic acids of different HPV strains, for example,
HPV16 and HPV18. In some cases, the multiple target nucleic acids comprise target nucleic
acids directed to different cancers or genetic disorders. Often, multiplexing allows for
discrimination between multiple target nucleic acids, such as target nucleic acids that comprise
different genotypes, for example, for a wild-type genotype and for SNP genotype. Multiplexing
for multiple diseases, cancers, or genetic disorders provides the capability to test a panel of
diseases from a single sample. For example, multiplexing for multiple diseases can be valuable
in a broad panel testing of a new patient or in epidemiological surveys. Often multiplexing is
used for identifying bacterial pathogens in sepsis or other diseases associated with multiple
pathogens.

[0254] In any of the embodiments described herein, signals from multiplexing can be
quantified. For example, a method of quantification for a disease panel may comprise assaying
for a plurality of unique target nucleic acids in a plurality of aliquots from a sample, assaying for
a control nucleic acid control in a second aliquot of the sample, and quantifying a plurality of
signals of the plurality of unique target nucleic acids by measuring signals produced by cleavage
of reporters compared to the signal produced in the second aliquot. In this context, a unique
target nucleic acid refers to the sequence of a nucleic acid that has an at least one nucleotide
difference from the sequences of the other nucleic acids in the plurality. Multiple copies of each
target nucleic acid can be present. For example, a unique target nucleic population can comprise
multiple copies of the unique target nucleic acid. Often the plurality of unique target nucleic
acids is from a plurality of bacterial pathogens in the sample.

[0255] In some instances, the multiplexed devices, systems, fluidic devices, kits, and
methods can be used to detect at least 2 different target nucleic acids in a single reaction. In
some instances, the multiplexed devices, systems, fluidic devices, kits, and methods detect at
least 3 different target nucleic acids in a single reaction. In some instances, the multiplexed
devices, systems, fluidic devices, kits, and methods detect at least 4 different target nucleic acids
in a single reaction. In some instances, the multiplexed devices, systems, fluidic devices, kits,
and methods detect at least 5 different target nucleic acids in a single reaction. In some cases, the
multiplexed devices, systems, fluidic devices, kits, and methods detect at least 6, 7, 8, 9, or 10
different target nucleic acids in a single reaction. In some instances, the multiplexed kits detect
at least 2 different target nucleic acids in a single kit. In some instances, the multiplexed kits
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detect at least 3 different target nucleic acids in a single kit. In some instances, the multiplexed
kits detect at least 4 different target nucleic acids in a single kit. In some instances, the
multiplexed kits detect at least 5 different target nucleic acids in a single kit. In some instances,
the multiplexed kits detect at least 6, 7, 8, 9, or 10 different target nucleic acids in a single kit. In
some instances, the multiplexed kits detect from 2 to 10, from 3 to 10, from 4 to 10, from 5 to
10, from 6 to 10, from 7 to 10, from 8 to 10, from 9 to 10, from 2 to 9, from 3 to 9, from 4 to 9,
from 5 to 9, from 6 to 9, from 7 to 9, from 8 to 9, from 2 to 8, from 3 to 8, from 4 to 8, from 5 to
8, from 6 to 8, from 7 to 8, from 2 to 7, from 3 to 7, from 4 to 7, from 5 to 7, from 6 to 7, from 2
to 6, from 3 to 6, from 4 to 6, from 5 to 6, from 2 to 5, from 3 to 5, from 4 to 5, from 2 to 4, from
3 to 4, or from 2 to 3 different target nucleic acids in a single kit.

[0256] In some embodiments, multiplexing can be carried out in a single-pot or “one-pot”
reaction, where reverse transcription, amplification, in vitro transcription, or any combination
thereof, and detection are carried out in a single volume. Multiplexing can be carried out in a
“two-pot reaction”, where reverse transcription, amplification, in vitro transcription, or any
combination thereof, are carried out in a first volume and detection is carried out in a second
volume.

[0257] In some cases, multiplexing can comprise detecting multiple targets with a single probe.
Alternatively, multiplexing can comprise detecting multiple targets with multiple probes. The
multiple probes can be configured to detect a presence of a particular sequence, target nucleic
acid, or a plurality of different target sequences or nucleic acids.

[0258] The systems, devices, apparatuses, and methods of the present disclosure can be used to
detect one or more target nucleic acids within the sample. The systems, devices, and apparatuses
of the present disclosure can comprise, for example, one or more pumps, valves, reservoirs, and
chambers for sample preparation, amplification of a target nucleic acid within the sample, mixing
with a programmable nuclease, and/or detection of a detectable signal arising from cleavage of
reporters by a programmable nuclease.

[0259] Methods consistent with the present disclosure include a multiplexing method of assaying
for a plurality of target nucleic acids in a sample. A multiplexing method comprises contacting
the sample to a complex comprising a guide nucleic acid comprising a segment that is reverse
complementary to a segment of the target nucleic acid and a programmable nuclease that exhibits
sequence independent cleavage upon forming a complex comprising the segment of the guide
nucleic acid binding to the segment of the target nucleic acid; and assaying for a signal indicating
cleavage of at least some protein-nucleic acids of a population of protein-nucleic acids, wherein
the signal indicates a presence of the target nucleic acid in the sample and wherein absence of the
signal indicates an absence of the target nucleic acid in the sample.
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[0260] Multiplexing can comprise spatial multiplexing wherein multiple different target nucleic
acids are detected at the same time, but the reactions are spatially separated. In some cases, the
multiple target nucleic acids are detected using the same programmable nuclease, but different
guide nucleic acids. The multiple target nucleic acids sometimes are detected using the different
programmable nucleases. In the case wherein multiple target nucleic acids are detected using the
different programmable nucleases, the method involves using a first programmable nuclease,
which upon activation (e.g., after binding of a first guide nucleic acid to a first target), cleaves a
nucleic acid of a first reporter and using a second programmable nuclease, which upon activation
(e.g., after binding of a second guide nucleic acid to a second target), cleaves a nucleic acid of a
second reporter.

[0261] Sometimes, multiplexing can be single reaction multiplexing wherein multiple different
target acids are detected in a single reaction volume. Often, at least two different programmable
nucleases are used in single reaction multiplexing. For example, multiplexing can be enabled by
immobilization of multiple categories of reporters within a fluidic system, to enable detection of
multiple target nucleic acids within a single fluidic system. Multiplexing allows for detection of
multiple target nucleic acids in one kit or system. In some cases, the multiple target nucleic acids
comprise different target nucleic acids to a virus, a bacterium, or a pathogen responsible for one
disease. In some cases, the multiple target nucleic acids comprise different target nucleic acids
associated with a cancer or genetic disorder. Multiplexing for one disease, cancer, or genetic
disorder increases at least one of sensitivity, specificity, or accuracy of the assay to detect the
presence of the disease in the sample. In some cases, the multiple target nucleic acids comprise
target nucleic acids directed to different viruses, bacteria, or pathogens responsible for more than
one disease. In some cases, multiplexing allows for discrimination between multiple target nucleic
acids, such as target nucleic acids that comprise different genotypes of the same bacteria or
pathogen responsible for a disease, for example, for a wild-type genotype of a bacteria or pathogen
and for genotype of a bacteria or pathogen comprising a mutation, such as a single nucleotide
polymorphism (SNP) that can confer resistance to a treatment, such as antibiotic treatment.
Multiplexing, thus, allows for multiplexed detection of multiple genomic alleles. For example,
multiplexing comprises method of assaying comprising a single assay for a microorganism species
using a first programmable nuclease and an antibiotic resistance pattern in a microorganism using
a second programmable nuclease. Sometimes, multiplexing allows for discrimination between
multiple target nucleic acids of different HPV strains, for example, HPV16 and HPV18. In some
cases, the multiple target nucleic acids comprise target nucleic acids directed to different cancers
or genetic disorders. Often, multiplexing allows for discrimination between multiple target nucleic
acids, such as target nucleic acids that comprise different genotypes, for example, for a wild-type
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genotype and for SNP genotype. Multiplexing for multiple diseases, cancers, or genetic disorders
provides the capability to test a panel of diseases from a single sample. For example, multiplexing
for multiple diseases can be valuable in a broad panel testing of a new patient or in epidemiological
surveys. Often multiplexing is used for identifying bacterial pathogens in sepsis or other diseases
associated with multiple pathogens.

[0262] Furthermore, signals from multiplexing can be quantified. For example, a method of
quantification for a disease panel comprises assaying for a plurality of unique target nucleic acids
in a plurality of aliquots from a sample, assaying for a control nucleic acid control in a second
aliquot of the sample, and quantifying a plurality of signals of the plurality of unique target nucleic
acids by measuring signals produced by cleavage of reporters compared to the signal produced in
the second aliquot. In this context, a unique target nucleic acid refers to the sequence of a nucleic
acid that has an at least one nucleotide difference from the sequences of the other nucleic acids in
the plurality. Multiple copies of each target nucleic acid can be present. For example, a unique
target nucleic population can comprise multiple copies of the unique target nucleic acid. Often the
plurality of unique target nucleic acids are from a plurality of bacterial pathogens in the sample.

[0263] In some instances, the multiplexed devices, systems, fluidic devices, kits, and methods
detect at least 2 different target nucleic acids in a single reaction. In some instances, the
multiplexed devices, systems, fluidic devices, kits, and methods detect at least 3 different target
nucleic acids in a single reaction. In some instances, the multiplexed devices, systems, fluidic
devices, kits, and methods detect at least 4 different target nucleic acids in a single reaction. In
some instances, the multiplexed devices, systems, fluidic devices, kits, and methods detect at least
5 different target nucleic acids in a single reaction. In some cases, the multiplexed devices,
systems, fluidic devices, kits, and methods detect at least 6, 7, 8, 9, or 10 different target nucleic
acids in a single reaction. In some instances, the multiplexed kits detect at least 2 different target
nucleic acids in a single kit. In some instances, the multiplexed kits detect at least 3 different target
nucleic acids in a single kit. In some instances, the multiplexed kits detect at least 4 different target
nucleic acids in a single kit. In some instances, the multiplexed kits detect at least 5 different target
nucleic acids in a single kit. In some instances, the multiplexed kits detect at least 6, 7, 8, 9, or 10
different target nucleic acids in a single kit. In some instances, the multiplexed kits detect from 2
to 10, from 3 to 10, from 4 to 10, from 5 to 10, from 6 to 10, from 7 to 10, from 8 to 10, from 9 to
10, from 2 to 9, from 3 to 9, from 4 to 9, from 5 to 9, from 6 to 9, from 7 to 9, from 8 to 9, from 2
to 8, from 3 to 8, from 4 to 8, from 5 to 8, from 6 to 8, from 7 to 8, from 2 to 7, from 3 to 7, from
4107, from 5 to 7, from 6 to 7, from 2 to 6, from 3 to 6, from 4 to 6, from 5 to 6, from 2 to 5, from
3to5, from4to S, from 2 to 4, from 3 to 4, or from 2 to 3 different target nucleic acids in a single
kit. Multiplexing can be carried out in a single-pot or “one-pot” reaction, where reverse
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transcription, amplification, in vitro transcription, or any combination thereof, and detection are
carried out in a single volume. Multiplexing can be carried out in a “two-pot reaction”, where
reverse transcription, amplification, in vitro transcription, or any combination thereof, are carried
out in a first volume and detection is carried out in a second volume.

[0264] In some cases, multiplexing can comprise detecting multiple targets with a single probe.
Alternatively, multiplexing can comprise detecting multiple targets with multiple probes. The
multiple probes can be configured to detect a presence of a particular sequence, target nucleic
acid, or a plurality of different target sequences or nucleic acids.

[0265] Devices

[0266] In some non-limiting embodiments, the devices of the present disclosure can be
manufactured from a variety of different materials. Exemplary materials that can be used include
plastic polymers, such as poly-methacrylate (PMMA), cyclic olefin polymer (COP), cyclic olefin
copolymer (COC), polyethylene (PE), high-density polyethylene (HDPE), polypropylene (PP);
glass; and silicon. Features of the device (e.g., chambers, channels, etc.) can be manufactured by
various processes. For example, the features can be (1) embossed using injection molding, (2)
micro-milled or micro-engraved using computer numerical control (CNC) micromachining or
non-contact laser drilling (by means of a CO2 laser source); (3) generated using additive
manufacturing, and/or (4) generated using one or more photolithographic or stereolithographic
methods.

[0267] In some embodiments, the device of the present disclosure comprises a sample interface
configured to receive a sample that comprises at least one gene of interest. The device can further
comprise a channel in fluid communication with the sample interface and a detection chamber. In
some cases, the channel comprises one or more movable mechanisms to separate the sample into
a plurality of droplets. As used herein, a droplet can refer to a volumetric portion of the sample, a
partitioned sub-sample of the sample, and/or an aliquot of the sample. In some cases, the detection
chamber is configured to receive and contact the plurality of droplets with at least one
programmable nuclease probe disposed on a surface of said detection chamber. The at least one
programmable nuclease probe can comprise a guide nucleic acid complexed with a programmable
nuclease. In some cases, the programmable nuclease probe comprises a CRISPR/Cas enzyme. In
some cases, the guide nucleic acid comprises a guide RNA. In some embodiments, the device
comprises a plurality of programmable nuclease probes comprising different guide RNAs.

[0268] In some cases, the device can further comprise a plurality of sensors that determine a
presence of said at least one gene of interest by detecting a signal produced upon cleavage of a
target nucleic acid region in said at least one gene of interest by said at least one programmable
nuclease probe. The cleavage of the target nucleic acid region can occur after a complementary
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binding of said target nucleic acid region to said guide nucleic acid of said at least one
programmable nuclease probe.

[0269] As described elsewhere herein, the device may comprise one or more movable
mechanisms. The one or more movable mechanisms can comprise one or more valves configured
to restrict flow through one or more sections of a channel of the device. The one or more movable
mechanisms can comprise a plunger or a bristle that is configured to restrict flow through one or
more sections of the channel. The one or more movable mechanisms can be operatively coupled
to a power source that is integrated with or insertable into the device. The power source can
comprise a battery.

[0270] In some cases, the device can comprise a physical filter to filter one or more particles from
the sample that do not comprise the one or more targets (e.g., a gene of interest). In some cases,
the device comprises a sample preparation chamber. The sample preparation chamber can
comprise a lysing agent. The sample preparation chamber can comprise a heating unit configured
for heat inactivation. The sample preparation chamber can comprise one or more reagents for
nucleic acid purification.

[0271] In some cases, the channel of the device can comprise one or more heating elements and
one or more heat sinks for amplifying the at least one gene of interest or a portion thereof. The
one or more heating elements and the one or more heat sinks can be configured to perform one or
more thermocycling operations on the plurality of droplets.

[0272] In some cases, the device can comprise one or more sensors for detecting signals produced
upon cleavage of a target nucleic acid. As described elsewhere herein, the signal produced upon
cleavage of a target nucleic acid can be associated with a physical, chemical, or electrochemical
change or reaction. The signal can comprise an optical signal, a fluorescent or colorimetric signal,
a potentiometric or amperometric signal, and/or a piezo-electric signal. In some cases, the signal
is associated with a change in an index of refraction of a solid or gel volume in which the at least
one programmable nuclease probe is disposed.

[0273] In some embodiments, the device can comprise a sample interface configured to receive a
sample that comprises one or more genomic targets of interest. In some cases, the one or more
genomic targets of interest comprise a sequence of nucleic acids comprising the target nucleic
acid.

[0274] In some embodiments, the device can further comprise one or more channels comprising
one or more movable mechanisms to separate the sample into partitioned samples. The one or
more channels can be in fluid communication with the sample interface and a reaction chamber

that is configured to receive and contact the partitioned samples with an enzyme, reagent, or
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programmable detection agent that is configured to cleave a nucleic acid of said one or more
genomic targets of interest.

[0275] In some embodiments, the device can further comprise a plurality of sensors for
determining a presence of the one or more genomic targets of interest by detecting one or more
reporter molecules released by said cleavage of said nucleic acid. The programmable detection
agent can be a CRISPR/Cas enzyme. In some cases, the reporter molecule comprises a nucleic
acid and a detection moiety. In some cases, the reporter molecule comprises at least one
ribonucleotide or at least one deoxyribonucleotide. In some cases, the reporter molecule comprises
a DNA nucleic acid or an RNA nucleic acid. The reporter molecule can be immobilized on a
surface of the detection chamber (i.e., a movement of the reporter molecule can be physically or
chemically constrained).

[0276] In some cases, the one or more movable mechanisms can comprise a plurality of valves
configured to restrict or modulate flow in a first direction through the one or more channels
towards the sample interface. The plurality of valves can be configured to selectively permit flow
in a second direction through the one or more channels towards the reaction chamber. A first valve
and a second valve of the plurality of valves can be configured to physically, fluidically, or
thermally isolate a first portion of the sample from a second portion of the sample when the first
valve and the second valve are in a closed state.

[0277] In some embodiments, the one or more channels can comprise a plurality of heating
elements and a plurality of heat sinks to perform thermocycling on the partitioned samples. A first
heating element of the plurality of heating elements and a first heat sink of the plurality of heat
sinks can be positioned between a first movable mechanism and a second movable mechanism of
the one or more movable mechanisms.

[0278] In any of the embodiments described herein, the device can further comprise a
telemedicine unit configured to provide one or more detection results to a computing unit that is
remote from the device. The computing unit can comprise a mobile device or a computer. The one
or more detection results can indicate a presence or an absence of a target nucleic acid of interest
in the sample. In some embodiments, the telemedicine unit provides one or more detection results
to a computing unit that is remote to the device through a cloud-based connection. In some
embodiments, the telemedicine unit is HIPAA compliant. In some embodiments, the telemedicine
unit transmits encrypted data. The computing unit can comprise a mobile device or a computer.
The one or more detection results can indicate a presence or an absence of a target nucleic acid of
interest in the sample.

[0279] Methods
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[0280] In another aspect, the present disclosure provides a method for target detection. The
method can comprise contacting a sample with the device of any of the preceding claims and
detecting a presence or an absence of one or more genes of interest in said sample. In some cases,
the method can comprise generating one or more detection results indicating the presence or the
absence of the one or more genes of interest in the sample. In some cases, the method can comprise
transmitting the one or more detection results to a remote computing unit. The remote computing
unit can comprise, for example, a mobile device.

[0281] In another aspect, the present disclosure provides a method for target detection. The
method can comprise providing a sample comprising at least one gene of interest. The method can
comprise separating the sample into a plurality of sub-samples using one or more movable
mechanisms described herein. The method can comprise receiving the plurality of sub-samples in
a detection chamber and contacting the plurality of sub-samples with at least one programmable
nuclease probe disposed on a surface of said detection chamber. The at least one programmable
nuclease probe can comprise a guide nucleic acid complexed with a programmable nuclease. In
some cases, the method can comprise contacting the plurality of sub-samples with a plurality of
programmable nuclease probes comprising different guide RNAs. The method can comprise using
a plurality of sensors to determine a presence or an absence of said at least one gene of interest by
detecting a signal produced upon cleavage of a target nucleic acid region in said at least one gene
of interest by said at least one programmable nuclease probe.

[0282] In some cases, the method can further comprise amplifying the at least one gene of interest
after separating the sample into a plurality of sub-samples. In some cases, the method can further
comprise amplifying the at least one gene of interest before mixing the plurality of sub-samples
in the detection chamber. Amplifying the at least one gene of interest can comprise using a
plurality of heating elements and a plurality of heat sinks to perform thermocycling on the plurality
of sub-samples.

[0283] In some cases, the method can comprise using a physical filter to filter one or more
particles from the sample that do not comprise the one or more target genes of interest. In some
cases, the method can comprise lysing the sample before detecting the one or more target genes
of interest. In some cases, the method can comprise performing heat inactivation on the sample.
In some cases, the method can comprise performing nucleic acid purification on the sample.
[0284] In some cases, the detection devices described herein can be configured to implement
process control procedures to ensure that the sample preparation, target amplification, and target
detection processes are performed accurately and as intended.

Methods to immobilize DETECR assay components to surfaces
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[0285] Programmable nuclease-based diagnostic reactions can be performed in solution where the
programmable nuclease-guide nucleic acid complexes (e.g., Cas protein-RNA complexes) can
freely bind target molecules and reporter molecules. However, reactions where all components
are in solution may limit the designs of programmable nuclease-based diagnostic assays,
especially in microfluidic devices. A system where one or more components of the programmable
nuclease-based diagnostic reaction could be immobilized on a surface can enable designs where
multiple readouts can be accomplished within a single reaction chamber, improve distribution
(e.g., transportability) and manufacturing, improve assay time and/or sensitivity, or any
combination thereof.

[0286] Described herein are various immobilization methods to tether programmable nuclease-
based diagnostic reaction components to one or more surfaces of a reaction chamber or other
surface (e.g., a surface of a bead or a portion of an immobilization matrix). In certain instances,
the presently disclosed systems and methods can involve immobilization of programmable
nucleases, reporters, and/or guide nucleic acids. Table 1 presents various examples of guide
nucleic acids and reporter immobilization sequences that may be used to enable programmable
nuclease-based -based diagnostics and detection of target sequences.

[0287] In some embodiments, various programmable nuclease-based diagnostic reaction
components can be modified with biotin. In some embodiments, these biotinylated programmable
nuclease-based diagnostic reaction components are tested for immobilization on surfaces coated
with streptavidin. In some embodiments, the biotin-streptavidin interaction can be used as a model
system for other immobilization chemistries.

Table 1 presents guide nucleic acid and reporter immobilization sequences.

Name Sequence Description

R003 rGrGrCrCrArCrCrCrCrArArArArArUrGrArArGrG | unmodified Casl3 crRNA
rGrGrArCrUrArArArArCrArGrUrGrArUrArArGrU
rGrGrArArUrGrCrCrArUrG

mod023 /5B1otinTEG/rGrGrCrCrArCrCrCrCrArArArArArU | biotin modified Cas13 crRNA
rGrArArGrGrGrGrArCrUrArArArArCrArCrGrArC
rCrUrArCrUrCrUrCrCrCrArUrArCrUrC

R1763 rUrArArUrUrUrCrUrArCrUrArArGrUrGrUrArGrA | Unmodified gRNA targeting a
rUrCrCrCrCrCrArGrCrGrCrUrUrCrArGrCrGrUrUr | sequence in SARS-CoV-2
C

mod011 /5Biosg/rUrA rArUrU rUrCrU rArCrUrArArG R1763 with a 5" biotin
rUrGrU rArGrArUrCrCrCrCrCrArGrCrGrCrU
rUrCrA rGrCrG rUrUrC

mod012 /5Biosg/T* T*T* T*T*rUrArArUrUrUrCrUrArCrUr | R1763 with 5
ArArGrUrGrUrArGrArUrCrCrCrCrCrArGrCrGrCr | phosphorothioated nucleotides
UrUrCrArGrCrGrUrUrC on 5’ end
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mod013 /SBiosg/T*T*T*T*T*T*T*T*T*T*rUrArArUrUrU | R1763 with 10
rCrUrArCrUrArArGrUrGrUrArGrArUrCrCrCrCrC | phosphorothioated nucleotides
rArGrCrGrCrUrUrCrArGrCrGrUrUrC on 5’ end

mod014 rUrArArUrUrUrCrUrA/iBiodUK/rCrUrArArGrUrG | R1763 with an internal biotin
rUrArGrArUrCrCrCrCrCrArGrCrGrCrUrUrCrArGr | modification
CrGrUrUrC

mod015 rUrArArUrUrUrCrUrArCrUrArArGrUrGrUrArGrA | R1763 with an internal biotin
rUrC/iBiodUK/rCrCrCrCrArGrCrGrCrUrUrCrArGr | modification
CrGrUrUrC

mod016 rUrArArUrUrUrC/iBiodUK/rArCrUrArArGrUrGrU | R1763 with an internal biotin
rArGrArUrCrCrCrCrCrArGrCrGrCrUrUrCrArGrCr | modification
GrUrUrC

mod017 rUrArArUrUrUrCrUrArCrUrArArGrUrGrUrArGrA | R1763 with an internal biotin
/1iBiodUK/rCrCrCrCrCrArGrCrGrCrUrUrCrArGrCr | modification
GrUrUrC

mod018 /5B1otinTEG/rUrArArUrUrUrCrUrArCrUrArArGr | R1763 with a 5° biotin-TEG
UrGrUrArGrArUrCrCrCrCrCrArGrCrGrCrUrUrCr | modification
ArGrCrGrUrUrC

mod019 rUrA rArUrU rUrCrU rArCrU rArArGrUrGrU R1763 with a 3° biotin
rArGrA rUrCrC rCrCrC rArGrCrGrCrU rUrCrA modification
rGrCrG rUrUrC/3Bio/

mod020 rUrA rArUrU rUrCrU rArCrU rArArGrUrGrU R1763 with a 3° biotin-TEG
rArGrA rUrCrC rCrCrCrArGrCrGrCrU rUrCrA modification
rGrCrGrUrUrC/3BioTEG/

rep072 /56-FAM/TTATTATT/3Bio/ FAM reporter with 3” biotin

repl03 /5Alex488N/TT ATT ATT /3Bio/ 5’ modified with Alexa488

reporter and 3” modified with
biotin

repl104 /5Alex488N/TT ATT ATT 5’ modified with Alexa488
AT/iBiodT/ATT/31ABKFQ/ reporter with internal biotin and

3’ modified with a quencher
repl05 /5BiotinTEG/*T*T* /i6-FAMK/*TATTA TTA 5° modified with biotin-TEG
TTA TTA TT/31ABKFQ/ followed by two
phosphorothioated nucleotides
(*) should not be cleavable and
an internal FAM and 3’
modified with a quencher
*T* could also be some other
non-cleavable su

repl06 /56-FAM/TT ATT ATT ATT A/3Dig_N/ 57 FAM reporter with a 3° DIG

repl15 [biotinTEG]TTTTTTTTTTTTTTTTTTTTTTTTTT | biotinTEG modified 5° and
TTTT[Phycoerythrin] Phycoetrythrin modified 37,

where 5 and 3’ linked by T30

repl16 [FAM]n[branch|TTTTTTTTTTTTTTTTTTTT[biot |5’ modified with 9 FAMs and
inTEG] 3” modified with biotinTEG,

where 5 and 3’ linked by T20
repl17 [BiotinTEG]*T*T*[internal FAM[*TTTTTTTTTTT | 5° modified with BiotinTEG

TTTTTTTTT[ IABKFQ]

and 3’ modified with FQ, where
57 and 3’ linked by T20
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repl18 [FAM|TTTTTTTTTTTTTTTTTTTT* 5" modified with FAM and 3’
[internal Biotin]*T| IABKFQ] modified with Biotin-FQ,
where 5 and 37 are linked by
T20
repl19 [5BiotinTEG]* T*T*[internal CyS[*TTTTTTTTTTT | 5° modified with BiotinTEG
TTTTTTTTT[RQ] and 3’ modified with BHQ-2,
contains internal Cy5 dye
linked to quencher by T20
repl21 /5BiotinTEG//iSp18/ACyS/ TTT TTT TTT TTT 5’ modified with BiotinTEG, an
TTT TTT TT/3IAbRQSp/ internal 18 atom spacer, and an
internal Cy35 followed by T20
and a TAbRQSp quencher
repl120 [CyS]ITTTTTTTTTTTTTTTTTTTT*[internal Biotin | 5° modified with Cy5 followed
1*TIRQ] by T20 linker to an internal
biotin and an RQ quencher. *
indicates phosphorothioated
nucleotides
repl25 /5Alex647N//iBiodT/TTT TTT TTT TTT TTT TTT | 5° modified with Alexa647
TT/3IAbRQSp/ followed by an internal
biotindT T20 and a 3’
IAbRQSp quencher
repl26 /5BiotinTEG/TT/16- 57 biotinTEG modified
FAMK/TTTTTTTTTrUrUrUrUrUTTTTTT followed by two T, an internal
/31ABKFQ/ FAM and, 10T, 5 RNA U, 6T,
and a quencher. Acts as an
RNA cleavage reporter.
repl 10 SAMMCOT/TTTTTTTTTTTT/3AlexF488N/ 57 amino with 6 carbons
followed by T12 and a
Alexa488 modification on 3’
end
replll /SAmMMC6T//16- 57 amino with 6 carbons
FAMK/TTTTTTTTTTTT/3IABKFQ/ followed by internal FAM, T12,
and a quencher on 3°
repl 12 SSAmMMCOT/TT TTT TTT TTT T/36-FAM/ 57 amino with 6 carbons
followed by T12 and a 3° FAM
modification
repl22 /SAmMMC12//iSpl18/AiCyS/ TTT TTT TTT TTT TTT | 5 amino with 12 carbons
TTT TT/3IAbRQSp/ followed by 18 atom linker
followed by Cy5 followed by
T20 and a 3” quencher
repl23 SAMMCI12/ACyS/ TTT TIT TTT TTT TTT TTT 57 amion with 12 carbons
TT/3IAbRQSp/ followed by internal Cy5 and a
T20 linker to a 3° quencher
repl35 /SAmMC12//i6- 57 amino with 12 carbons
FAMK/TTTTTTTTTTTTTTTTTTT/3IABKFQ/ followed by internal FAM and
a T20 linker to a 3” quencher
repl36 /SAmMC6//16- 57 amino with 6 carbons
FAMK/TTTTTTTTTTTTTTTTTTT/3IABKFQ/ followed by internal FAM and
a T20 linker to a 3” quencher
mod026 /SAmMC6/rUrArArUrUrUrCrUrArCrUrArArGrUr | 57 amino with 6 carbons linked

GrUrArGrArUrCrCrCrCrCrArGrCrGrCrUrUrCrAr
GrCrGrUrUrC

to gRNA for SARS-CoV-2 N-
gene
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mod027 /SAmMC12/rUrArArUrUrUrCrUrArCrUrArArGrU | 57 amino with 12 carbons
rGrUrArGrArUrCrCrCrCrCrArGrCrGrCrUrUrCrAr | linked to gRNA for SARS-
GrCrGrUrUrC CoV-2 N-gene
mod028 ISAMMCOT/rUrArArUrUrUrCrUrArCrUrArArGrU | 5° amino with 6 carbons on dT
rGrUrArGrArUrCrCrCrCrCrArGrCrGrCrUrUrCrAr | linked to gRNA for SARS-
GrCrGrUrUrC CoV-2 N-gene
mod029 rUrArArUrUrUrCrUrArCrUrArArGrUrGrUrArGrA | gRNA for SARS-CoV-2 N-
rUrCrCrCrCrCrArGrCrGrCrUrUrCrArGrCrGrUrUr | gene with 57 amino with 6
C/3AmMC6T/ carbons on 3’ end
mod030 /SAmMC12/rUrArArUrUrUrCrUrArCrUrArArGrU | 57 amino with 12 carbons
rGrUrArGrArUrUrUrArCrArUrGrGrCrUrCrUrGrG | linked to gRNA for human
rUrCrCrGrArG RNase P POP7
mod031 /SAmMC12/rUrArArUrUrUrCrUrArCrUrArArGrU | 57 amino with 12 carbons
rGrUrArGrArUrGrCrCrGrArUrArArUrGrArUrGrU | linked to gRNA for
rArGrGrGrArU Mammuthus primigenius
control sequence
mod059 /5ThioMC6-D/rUrA rArUrU rUrCrU rArCrU 5 thiol modification with 6
rArArG rUrGrU rArGrA rUrCrC rCrCrC rArGrC carbons linked to gRNA for
rGrCrU rUrCrA rGrCrG rUrUrC SARS-CoV-2 N-gene
repl30 /5ThioMC6-D/*T*T*/i6- 5’ modified with BiotinTEG
FAMK/ATTTTTTTTTTTTTTTTTTTT/3IABKFQ/ and 3” modified with FQ, where
57 and 3’ linked by T20; two
phosphorothioated nucleotides
between thiol and internal FAM
mod(024 /5BiotinTEG/rUrArArUrUrUrCrUrArCrUrArArGr | 5° modified with BiotinTEG
UrGrUrArGrArUrGrCrCrGrArUrArArUrGrArUrGr | linked to a gRNA that targets
UrArGrGrGrArU Mammuthus primigenius
sequence
mod025 /5BiotinTEG/rUrArArUrUrUrCrUrArCrUrArArGr | 5° modified with BiotinTEG
UrGrUrArGrArUrUrUrArCrArUrGrGrCrUrCrUrGr | linked to a gRNA that targets
GrUrCrCrGrArG human RNase P POP7
mod058 /5biotin TEG/rUrArArUrUrUrCrUrArCrUrArArGr | 5° modified with BiotinTEG

UrGrUrArGrArUrCrUrGrCrCrArArUrUrGrCrArGr
GrArArUrGrArU

linked to a gRNA that targets
Mammuthus primigenius
sequence

[0288] FIGS. 1A-1C illustrate three examples of immobilization strategies for programmable
nuclease-based diagnostic assay components. In some embodiments, as seen in FIG. 1A, chemical
modifications of amino acid residues in the programmable nuclease enable attachment to a
surface. In some embodiments, as seen in FIG. 1B, guide nucleic acids are immobilized by adding
various chemical modifications at the 5’ or 3” end of the guide nucleic acid that are compatible
with a selected surface chemistry. In some embodiments, as seen in FIG. 1C fluorescence-
quenching (FQ), or other reporter chemistries, are attached to surfaces using similar chemical
modifications as those discussed above for guide nucleic acids. In some embodiments, these
attached reporters are activated by a programmable nuclease, which leads to either activated

molecules that remain attached to the surface or activated molecules that are released into solution.
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[0289] FIG. 2 provides an illustrative example of immobilization strategies for use with methods
and compositions described herein where the RNP complex is immobilized by a guide nucleic
acid and cleaves surrounding FQ reporters that are also immobilized to a surface. Here, the
quencher is released into solution, leaving a localized fluorescent signal.

[0290] In some embodiments, the programmable nuclease, guide nucleic acid, and/or the reporter
can be immobilized to a device surface by a linkage or linker. In some embodiments, the linkage
comprises a covalent bond, a non-covalent bond, an electrostatic bond, an interaction (e.g., a
covalent or noncovalent bond) between members of a binding pair (e.g., streptavidin and biotin),
an amide bond, or any combination thereof. In some embodiments, the linkage comprises non-
specific absorption. In some embodiments, the programmable nuclease is immobilized to the
device surface by the linkage, wherein the linkage is between the programmable nuclease and the
surface. In some embodiments, the reporter is immobilized to the device surface by the linkage,
wherein the linkage is between the reporter and the surface. In some embodiments, the guide
nucleic acid is immobilized to the surface by the linkage, wherein the linkage is between the 5’
end of the guide nucleic acid and the surface. In some embodiments, the guide nucleic acid is
immobilized to the surface by the linkage, wherein the linkage is between the 3’ end of the guide
nucleic acid and the surface.

[0291] In some embodiments, various chemical modifications to guide nucleic acids are described
as shown in FIG. 3. The y-axis shows reaction rate in terms of fluorescence intensity over time
and the x-axis presents various modifications of crRNA. In some embodiments, unmodified biotin
and variations of biotin modifications are placed at various positions along a Cas12 guide nucleic
acid. The modified guide nucleic acids are then complexed with the protein and dsDNA target is
added. In some embodiments, higher average fluorescence over the same period of time indicates
that modifications are tolerated on the 5’ and 3’ ends of the guide nucleic acid, but not internally
in the guide nucleic acid. In some cases, 5° modified guide nucleic acids appear to be more robust
than guide nucleic acids with 3’ modifications.

[0292] The immobilization of gRNAs to a streptavidin surface is shown in FIG. 4. Two plots are
shown, where the left-hand plot depicts gRNA bound to a streptavidin coated surface and the
right-hand plot depicts unbound control-gRNA, in solution, mixed with target, reporter and
protein solution. In each table, the y-axis depicts, in some embodiments, various modifications of
crRNA and the x-axis depicts various buffer conditions that the crRNA is subjected to. The left-
hand, experimental plot shows gRNA on 5’ or 3’ side are both functional approaches, but 5’ biotin
modified gRNAs show increased signal in comparison to 3’ modified gRNAs. In some
embodiments, unmodified gRNAs show no signal when bound to the plate. Conversely, the right-
hand control plot depicts an unbound control where, in some embodiments, free gRNA is mixed
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with target, reporter, and protein solution. In this embodiment, sufficient signal is observed,
indicating functionality in unmodified gRNAs.
[0293] In some embodiments, programmable nucleases (e.g., Cas proteins) are complexed with
guide nucleic acids (e.g., gRNA) as described and shown herein. FIG. 5 shows RNP complexes
bound by 5’ biotin modified gRNAs exhibit higher signal, indicating functional attachment to the
surface of the streptavidin coated plate. Samples exposed to unbound, high salt “B&W” buffer
conditions show less fluorescence signal indicating inhibited protein activity or disruption of
binding of functional RNP complexes to the surface of the plate. Unmodified gRNAs also exhibit
lower fluorescence indicating failed binding to the RNP to the plate surface. Control assays, shown
in the right-hand plot, indicate unbound gRNAs are still functional in solution.
[0294] In some embodiments, reporter molecules are immobilized to the surface as shown in
FIGS. 6A-6B. FIG. 6A shows a fluorescence image of four wells with streptavidin coated
surfaces, where the left-hand column of wells contains FAM-biotin reporter molecules
immobilized to a streptavidin coated surface. The right-hand column of wells contains FAM
reporter without biotin functionalization. The left-hand column exhibits a higher signal. FIG. 6B
shows a comparison of fluorescence intensity of the FAM-biotin pre-binding solution to the
solution after incubating on the streptavidin plate. A decrease in signal for both wells containing
FAM-biotin is observed.
[0295] In some embodiments, combined RNP and a reporter system are immobilized for
functional testing as shown in FIG. 7. Raw fluorescence (AU) is plotted against three conditions:
(1) unmodified crRNA in solution, (2) unmodified crRNA bound to the surface and (3) 5° biotin-
TEG modified crRNA bound to the surface. The combined binding of the reporter and RNP to the
plate shows a similar signal to RNP in solution with bound reporter.
[0296] In some embodiments, different reporters are immobilized in combination with Cas
complexes on a streptavidin surface for evaluation of the DETECTR assay. FIGS. 8A-8E present
results for evaluation of different reporters for immobilization in combination with Cas complex
immobilization on a streptavidin surface. In each figure, raw fluorescence is plotted against time
in minutes representing kinetic binding curves of the Cas complex for each type of reporter while
binding with a positive control (+) and negative control (-) target. FIG. 8A presents the binding
results for a FAM-biotin reporter, “rep” composed of the fluorophore FAM and biotin and is listed
as rep72. The FIG. 8B plots the raw fluorescence for a reporter composed of the fluorophore
AlexaFluor488, “AF488,” and TA10-internalBiotinQ. As predicted, the positive control shows a
positive slope indicating increased binding over the course of the reaction. This is due to the
release of FAM dye into solution upon binding and transcleavage. In rep104, the cleavage point
is between the FAM and the biotin, while the biotin in all reporters tested is the attachment point
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to the streptavidin surface. FIG. 8C plots the control, target binding kinetic plot for rep105.
Repl05 is composed of biotin-FAM-T16-FQ. In this case the streptavidin coated surface emits
fluorescence because the region between the FAM dye and the quencher is cleaved upon binding
and the quencher is released. FIG. 8D plots the control for rep117. Rep117 is composed of biotin-
FAM-T20-FQ. In this embodiment, the reporter is cleaved between the FAM dye and the
quencher, thus allowing for release of the quencher in the solution upon binding and transcleavage.
This in turn, causes the surface to emit fluorescence. FIG. 8E plots the control for rep118. Rep118
is composed of FAM-T20-biotin-FQ. In this embodiment, the solution emits fluorescence because
upon binding the nucleic acid region between the biotin and the FAM is transcleaved, thus
releasing the FAM into solution.
[0297] In some embodiments, CyS dye may be used as a reporter or a component of a reporter.
FIGS. 9A-C present results for the CyS reporter (repl08) showing that it is functional for
DETECTR but produces a weaker signal (might be gain related), as described herein. FIGS. 9A
and 9B plot raw fluorescence versus reporter type for channels configured to read CyS dye and/or
Alexa Fluor 594 “AF594” dye, respectively. In these plots the average raw fluorescence is shown
for each reporter. Reporter, rep033, readout in the “AF594” channel ,had the most significant
fluorescence signal. FIG. 9C plots raw fluorescence for various combinations of excitation and
emission wavelengths on a plate reader for Cy5 dye. Under similar assay conditions AF594
exhibits stronger signal than Cy5, but Cy5 is functional. Optimum excitation and emission
wavelengths for Cy5 are shown to be about 643 nm and about 672 nm, respectively.
[0298] FIGS. 10A-10F present results for optimization of the complex formation step where
certain components are immobilized, as described herein. In each figure raw fluorescence is
plotted against time in minutes. FIGS. 10A-10C show results for replicate 1. FIGS. 10D-10F
show results for replicate 2. In FIGS. 10A and 10D the reporter and guide nucleic acid are
immobilized and Cas protein was introduced to form a complex with the immobilized guide
nucleic acid before addition of the target. In FIGS. 10B and 10E all components are in solution.
In FIGS. 10C and 10F the reporter and guide nucleic acid are immobilized and Cas12 and target
are added at the same time.
[0299] FIGS. 11A-B present results for immobilization optimization involving gRNA/reporter
binding time and reporter concentration. FIG. 11A is a measurement of supernatant of the surface
reaction over time showing the fluorescence dropping and thus indicating uptake of biotinylated
dye reporter by the streptavidin surface. In this embodiment a 15 min binding time was found to
be sufficient under the conditions tested. FIG. 11B is a measurement of surface fluorescence after

immobilization showing fluorescence increasing and thus indicating reporters binding to the
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streptavidin surface. In this embodiment a concentration of 250nM reporters was found to be
sufficient under the conditions tested.

[0300] In some embodiments, gRNAs are modified. In some embodiments, the modified gRNAs
are modified with linker molecules for immobilization onto a surface. FIGS. 12A-12C present
results showing target discrimination of modified gRNAs.

[0301] In some embodiments, guide RNAs are modified for surface modification. In some
embodiments, reporter molecules are modified for surface immobilization. In these embodiments,
an immobilized gRNA, or immobilized reporter or a combination thereof participate in a
diagnostic assay including a programmable nuclease. FIGS. 13A-13E present results
demonstrating functionality of biotin-modified Cas13a gRNA. In each figure, raw fluorescence is
plotted against time in minutes, where the dashed line series represents data for when the target is
present, and the thin solid line with low amount of speckle for boundaries series represents when
target is not present (no target control or NTC). FIGS. 13A and 13B show results, in solution, for
mod023, the biotin modified reporter and RO03 the non-biotin-modified reporter, respectively. In
some embodiments the biotin-modified gRNA has similar performance to the non-biotin-modified
gRNA in solution. FIG. 13C shows results for gRNA that was modified with biotin and
immobilized to the surface. FIG. 13D shows results for gRNA that was not modified with biotin
but was deposited on the surface in the same manner as in FIG. 13C. FIG. 13E, similar to FIGS.
13A and 13B, shows results for gRNA that was unmodified and in solution. Together these results
showed that with biotin modification and surface immobilization functionality was maintained
and DETECTR assay performance was not adversely affected.

[0302] In some embodiments, biomolecules are immobilized to surfaces. In some embodiments,
the surfaces were glass. FIG. 14 shows results for the test reporter, Rep072, and the negative
control, Rep106. The replicates of Rep072 at 5 uM show the strongest signal and the three
replicates of Rep072 at 1 uM concentration show the next strongest signal. The negative control
reporter, rep106 shows the same low signal (or none at all) for both 5 uM and 1 uM concentrations.
This result shows specific binding of a FAM-biotinylated reporter, rep072, with a 30 minute
incubation time at both 5 uM and 1 uM concentrations. FIGS. 15A-15B show similar results with
reporters at SmM in FIG. 15A and 2.5mM in FIG. 15B. The top row of FIGS. 15A and 15B
shows spots exhibiting bright fluorescence and the bottom row of FIGS. 15A and 15B show spots
exhibiting similarly low fluorescence.

[0303] Experimental parameters for the preparation of an embodiment of a complexing mix are
shown in FIG. 16. Such a complexing mix may be used to evaluate the function of biotin modified
guide nucleic acids for a programmable nuclease (e.g., a Cas13 enzyme), as described in greater

detail below.
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[0304] In some embodiments, fluorescent quencher-based reporters are used in the immobilized
DETECTR assay. FIG. 17 shows sequence and other details for reporters used in some
embodiments. In some embodiments, reporters rep072, rep104, rep105, repl17 and rep118 are
used for binding to a reader plate. Reporter binding details and complexing mix parameters are
shown in FIGS. 18A and 18B, respectively.

[0305] Also described herein are various embodiments where both the guide nucleic acid
and reporter are bound to a plate as opposed to the guide nucleic acid, reporter and
programmable nuclease. This removes the need to functionalize the surface with a pre-complex
of the guide nucleic acid and programmable nuclease, allowing for an easier manufacturing
process. Additionally, greater specificity can be achieved by allowing for more stringent washes.
An experimental design of this embodiment and exemplary conditions for binding a reporter to a
plate in this embodiment are shown in FIGS. 19A and 19B, respectively. Complexing reactions
for mod018 (5' biotin-TEG R1763 SARS-CoV-2 N-gene) and R1763 CDC-N2-Wuhan were
prepared for a particular embodiment according to the conditions presented in FIG. 20A. Two
sets of full complexing mixes according to one non-limiting embodiment are shown in FIG.
20B.

[0306] Also described herein are various embodiments that demonstrate target discrimination for
immobilized reporters for the DETECTR reaction. An experiment design for such an embodiment
is shown in FIG. 21A and reporter binding conditions shown in FIG. 21B. Reaction conditions
are shown FIGS. 22A and 22B. PCR conditions are shown in FIG. 23.

[0307] Rapid Thermocycling

[0308] In various aspects, the present disclosure provides for a method of detection of SARS-
CoV-2 with rapid thermocycling. In some embodiments this method incorporates the optimization
of the assay reaction conditions for rapid detection of SARS-CoV-2 with rapid thermocycling,
herein named as the FASTR assay. In some embodiments, FASTR uses an extreme PCR technique
in which the speed of the PCR reaction is decreased to less than 5 minutes by near-instantaneous
changes in the reaction temperature. This rapid temperature change may be accomplished by
moving the reaction between heat-zones (water baths, heat blocks, etc.) of various temperatures
in a thin-walled vessel, instead of cooling or heating the entire instrument for each cycle.
Alternatively, the reaction volume can be pumped between two or three heat zones to achieve this
rapid thermal change and drive the PCR reaction. In some embodiments, additional speed
increases of the PCR reaction can be achieved by increasing the primer, polymerase, and Mg2+
concentrations of the reaction.

[0309] In some embodiments, rapid thermocycling and CRISPR diagnostics can be used to
detect SARS-CoV-2. Results are shown in FIG. 24. For some embodiments, polymerase and
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buffer combinations were identified that enabled the rapid amplification of SARS-CoV-2 using
the N2 primers from the CDC assay. The assay of such embodiments was performed at two
target concentrations: 2 copies/rxn and 10 copies/rxn. In some embodiments, reaction conditions
are as follows: initial denaturation at 98°C for 30 seconds, followed by 45 cycles consisting of 1
second at 98°C and 3 seconds at 65°C. Following thermocycling, amplicons were transferred to a
Cas12 variant (SEQ ID NO: 17) detection reaction for 30 minutes at 37°C. Best performing
enzyme/buffer pairs shown in FIG. 24 were those that gave strong signal in both tested
concentrations.

[0310] The top enzymes and buffers identified previously at various concentrations and with
multiple replicates were tested for the FASTR assay. In some embodiments, the best performing
enzymes and buffers as identified in the previously disclosed screening studies were used.
Results of such embodiments are shown in FIG. 25. Reaction conditions of such embodiments
are as follows: initial denaturation at 98°C for 30 seconds, followed by 45 cycles consisting of 1
second at 98°C and 3 seconds at 65°C. Primers used were from the CDC N2 assay for SARS-
CoV-2. Following thermocycling, amplicons were transferred to a Cas12 variant (SEQ ID NO:
17) detection reaction for 30 minutes at 37°C. The data present is the signal from the CRISPR
reaction. Best performing enzyme/buffer pairs were those that gave strong signal at the lowest
tested concentrations and with consistent detection across replicates.

[0311] For some embodiments, single copy detection of SARS-CoV-2 with FASTR assay
has been demonstrated as shown in FIG. 26. In some embodiments, the limit of detection of the
FASTR assay was evaluated using solutions composed of 1000 copies of SARS-CoV-2 per
reaction to 1 copy per reaction. For some embodiments, reaction conditions were as follows:
reverse transcription at 55°C for 60 seconds, initial denaturation at 98°C for 30 seconds,
followed by 45 cycles consisting of 1 second at 98°C and 3 seconds at 65°C. Primers used were
from the CDC N2 assay for SARS-CoV-2. Following thermocycling, amplicons were
transferred to a Cas12 variant (SEQ ID NO: 17) detection reaction for 30 minutes at 37°C. The
data presented in FIG. 26 is the signal from the CRISPR reaction. It was found that the limit of
detection of the CRISPR assay was 1 copy of SARS-CoV-2 per reaction.

[0312] In some embodiments, rapid cycling times were varied to evaluate denaturation and
annealing/extension for the FASTR assay. Results for such embodiments are shown in FIG. 27.
In some embodiments, reverse transcription was run at 55°C for 60 seconds and initial
denaturation at 98°C for 30 seconds. In some embodiments, the tested cycling conditions were:
98°C for 1 second, 65°C for 3 seconds; 98°C for 2 seconds, 65°C for 2 seconds; or 98°C for 1.5
seconds, 65°C for 1.5 seconds. In some embodiments, primers used were from the CDC N2
assay for SARS-CoV-2. Following thermocycling, amplicons were transferred to a Cas12
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variant (SEQ ID NO: 17) detection reaction for 30 minutes at 37°C. The results shown in FIG.
27 indicate that at least about 2 seconds of annealing/extension time at 65°C is necessary for
robust sensitivity.

[0313] FIG. 28 presents results for Minimizing RT time for FASTR. The performance of the
FASTR assay was evaluated, for various embodiments, where the reverse transcription
incubation times were varied holding temperature at S5°C. The results shown in FIG. 28
indicate the assay is most robust above 30 seconds of reverse transcription.

[0314] FIG. 29 presents results for Higher pH buffers improve FASTR performance. In
some embodiments, the FASTR assay utilizes buffers with pH of either 9.2 or pH 7.8. The
FASTR assay was evaluated using these buffer pH values. The results as shown in FIG. 29
indicate that the higher pH buffer produced superior results in terms of amplicon yield and
sensitivity.

[0315] For some embodiments, the FASTR assay compatibility with crude lysis buffers was
investigated. Results are shown in FIG. 30 where there are three row groups, each consisting of
two sub rows representing a buffer and control from top to bottom respectively. The buffers,
VTES, A3 and Elution buffer are plotted against a control, from top to bottom, respectively. In
FIG. 30 there are also 7 subgroups showing the number of copies decreasing from left to right.
For certain embodiments, the performance of the FASTR assay when combined with various
crude lysis buffers was evaluated, where crude lysis buffers VTES, A3, and the Elution Buffer
from the ChargeSwitch kit (Thermo) were tested. For certain embodiments, the FASTR assay
performed best for VTES, but performed slightly less robustly in the A3 buffer and the Elution
Buffer from the ChargeSwitch kit, and performed similarly to the control reactions (water).
[0316] For some embodiments non-optimized multiplexing of FASTR was demonstrated as
shown in FIG. 31. In FIG. 31, raw fluorescence is plotted in the y-axis and time is plotted in the
x-axis for each sub-plot. Each column illustrates a particular guide nucleic acid sequence: R1965
and R1763, respectively. Each row represents duplex, RNase P, N2 and the no target control,
from top to bottom respectively. For some embodiments, initial testing of multiplexed FASTR
for SARS-CoV-2 and RNase P POP7 (endogenous control) showed that while the single-plex
assays generated a robust signal in DETECTR, the duplex assay tended to generate a weak
signal for SARS-CoV-2 (R1763) and almost no signal for RNase P (R1965). In some
embodiments, reaction conditions were as follows: reverse transcription at 55°C for 60 seconds,
initial denaturation at 98°C for 30 seconds, followed by 45 cycles consisting of 1 second at 98°C
and 3 seconds at 65°C. In some embodiments, primers from the CDC N2 assay for SARS-CoV-
2, and M3637/M3638 were used.

[0317] In various aspects described herein, FASTR can be used for multiplexed detection, as
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shown in FIG. 32. The components of a FASTR reaction, such as primer concentration, INTP
concentration, presence/absence of DMSO, and other factors, can impact the performance of a
multiplex FASTR reaction. FIG. 32 shows 18 different experimental conditions for a multiplex
FASTR reaction targeting human RNase P POP7 and SARS-CoV-2. In FIG. 32 each row of the
y-axis represents experimental runs 1-18 and each column represents the detection signal from a
particular ctrRNA at a time point of 30 minutes in the reaction. The shading represents the value
of the raw fluorescence. In some embodiments, the multiplexed FASTR assay for SARS-CoV-2
and RNase P, comprise a set of SARS-CoV-2 primers (M3257/M3258). A series of experiments
of such embodiments was performed with varied reaction conditions containing different
combinations of buffers, primer concentrations, dNTPs, and DMSO. Results identified two
reaction conditions that performed robustly for the multiplex reaction. In one of these
embodiments, reaction 4, conditions consisted of: 1X FastBuffer 2; 1 uM RNase P primers; 0.5
uM CoV primers; 0.2 mM dNTPs; and 2% DMSO. In another embodiment, reaction 9,
conditions consisted of: 1X Klentaql buffer; 1 uM RNase P primers; 0.5 uM CoV primers; 0.4
mM dNTPs; and 0% DMSO. In some embodiments, normal reaction conditions consisted of
reverse transcription at 55°C for 60 seconds, initial denaturation at 98°C for 30 seconds,
followed by 45 cycles consisting of 1 second at 98°C and 3 seconds at 65°C. In various aspects,
permissive reaction conditions consisted of reverse transcription at 55°C for 60 seconds, initial
denaturation at 98°C for 30 seconds, followed by 45 cycles consisting of 3 seconds at 98°C and 5
seconds at 65°C.

[0318] In some embodiments, the FASTR assay enables multiplexed detection. Results of a
limit of detection (LOD) study of such embodiments are shown in FIG. 33. In FIG. 33, the x-
axis shows the number of copies per reaction for viral RNA and the y-axis of each subplot
identifies the particular crRNA. Each subplot shows nanograms of human RNA per reaction,
decreasing in concentration from left to right. The 4™ subplot contains no human RNA, labeled
as the no target control (NTC). For some embodiments, an optimized multiplexed FASTR assay
was ran at various concentrations of human RNA and viral RNA. In some embodiments, results
indicated that the assay performed at a range of human RNA concentrations, while maintaining a
sensitivity of ~5 copies per reaction. In certain aspects, results shown are from DETECTR
reactions using either R1965 to detect the human RNase P, or R3185 (labeled M3309) to detect
SARS-CoV-2. In various aspects, reaction conditions are as follows: reverse transcription at
55°C for 60 seconds, initial denaturation at 98°C for 30 seconds, followed by 45 cycles
consisting of 1 second at 98°C and 3 seconds at 65°C. In some embodiments, primers used were
M3257/M3258 (SARS-CoV-2) and M3637/M3638 (RNase P).

[0319] Table 2B lists various exemplary primers and guide nucleic acids that may be used
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compatibly with the systems and methods disclosed herein. The key primers and guide nucleic

acids may have any of the sequences listed in Table 2B below.

EXAMPLES
[0320] The following examples are given for the purpose of illustrating various embodiments of
the invention and are not meant to limit the present invention in any fashion. The present
examples, along with the methods described herein, are presently representative of preferred
embodiments, are exemplary, and are not intended as limitations on the scope of the invention.
Changes therein and other uses which are encompassed within the spirit of the invention as defined

by the scope of the claims will occur to those skilled in the art.

Example 1: Evaluating function of biotin modified gRNAs for Cas13

[0321] The purpose of this experiment was to evaluate biotinylated gRNA functionality with
Casl3a both in solution and immobilized on a surface. In this experiment three replicate runs of a
biotin-modified gRNA (mod023) and three replicate runs of a non-biotin modified gRNA (R0003)
were carried out. Three replicate “no target control,” or NTC runs were carried out for both the
mod023 reporter and RO003 control. The procedure was carried out as follows:

[0322] (1) gRNAs were diluted to 20 uM.

[0323] (2) Cas13 variant (SEQ ID NO: 21) complexing reactions using gRNAs were prepared.
The testing and control complexes were diluted to 100 pM final concentrations. Complexing
reactions were carried out in two conditions with 3 replicates each resulting in 6 reactions per
gRNA. FIG. 16 schematically illustrates complexing mix details.

[0324] (3) Sample was incubated for 30 min at 37°C.

[0325] (4) Reporter substrate was added.

[0326] (5) Reaction was kept on ice until the next step.

[0327] (6) 13 uL of 1X MBuffer 1 was added in wells on 384-well plates.

[0328] (7) 5 uL of complexing reaction was added.

[0329] (8) In a post-amp hood, 2ul of 1nM target (respective) was transferred to and kept in a
384 well plate on ice.

[0330] (9) Sealed plate with optically clear seal.

[0331] (10) Spun down for 30 sec at 2000 rcf.

[0332] (11) Read on plate reader with extended gain settings for 30 min at 37°C.

[0333] FIGS. 13A and 13B show results, in solution, for mod023, the biotin modified reporter,
and ROO3 the non-biotin-modified reporter, respectively. In some embodiments, the biotin-
modified guide nucleic acid has similar performance to the non-biotin-modified guide nucleic acid
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in solution. FIG. 13C shows results for gRNA that was modified with biotin and immobilized to
the surface. FIG. 13D shows results for gRNA that was not modified with biotin but was deposited
on the surface in the same manner as FIG. 13C. FIG. 13E, similar to FIGS. 13A and 13B, shows
results for gRNA that was unmodified and in solution. Together these results showed that with
biotin modification and surface immobilization, functionality was maintained and DETECTR

assay performance was not adversely affected.

Example 2: Optimizing reporter incubation time on streptavidin slides

[0334] The objective of this experiment was to verify if a 30 min incubation time was sufficient
to produce a strong immobilization signal. Two concentrations were run. The procedure used is
as follows:

[0335] 1. Dilutions of rep072 or rep106 at 1TuM and SuM in 1x Wash Buffer were prepared. 1X
Wash Buffer is composed of 25mM Tris, 150mM NaCl; pH 7.2; 0.1% BSA, and 0.05% Tween®-
20 Detergent.

[0336] 2. The wells of a fresh streptavidin slide were marked as shown in FIGS. 14, 15A, and
15B using a hydrophobic pen.

[0337] 3. Three uL of each dilution were spotted on the streptavidin coated slide (in triplicate).
[0338] 4. The slide was incubated for 30 min at room temperature and covered from light.

[0339] 5. Three uL of the dilution were removed from each spot.

[0340] 6. Five uL of 1X wash buffer was added to each spot and mixed up and down 3 times. This
wash step was repeated three times.

[0341] 7. 50 uL of 1X wash buffer was added and incubated for 5 min.

[0342] 8. The slide was then flicked over a kim wipe to remove all the solution, then dabbed
gently on all four sides against a kim wipe to clean up the edges.

[0343] 9.The slides were then imaged on GelDoc (SYBR Blue setting, autoexposure with adjusted
gain settings).

[0344] FIG. 14 shows results for the test reporter, Rep072, and the negative control, Rep106. The
replicates of Rep072 at 5 uM show the strongest signal and the three replicates of Rep072 at 1
uM concentration show the next strongest signal. The negative control reporter, rep106 shows the
same low signal (or none at all) for both 5 uM and 1 UM concentrations. This result shows specific
binding of a FAM-biotinylated reporter with a 30 minute incubation time at both 5 uM and 1 uM
concentrations. FIGS. 15A-15B show similar results with reporters at SmM in FIG. 15A and
2.5mM in FIG. 15B. The top row of FIGS. 15A and 15B shows spots exhibiting bright
fluorescence and the bottom row of FIGS. 15A and 15B show spots exhibiting similarly low

fluorescence.
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Example 3: Quencher-based Reporter Testing for Immobilization

[0345] Fluorescent quencher-based reporters were tested in an immobilized DETECTR assay.
Streptavidin functionalized plates and biotin labeled reporters were used. FIG. 17 shows sequence
and other details for reporters used in this experiment. The following procedure was used:

[0346] 1. Stocks of the reporters rep072, rep104, rep105, rep117, and rep118 were prepared for
binding to the reader plate. Reporter binding details can be seen in FIG. 18A.

[0347] 2. Complexing reactions were then prepared using the mod018 sequence that is 5’
modified with biotin TEG. See FIG. 17 for more details on sequence mod018. Complexing mix
details can be seen in FIG. 18B.

[0348] 3. Complexing reactions were incubated for 30 min at 37°C.

[0349] 4. Grid of dilutions of RNP and reporter were prepared with (50:50 ratio) with enough
material for 2 reactions each.

[0350] 5. Wells of a 96-well streptavidin coated plate were pre-rinsed with 100 uL. of 1X
MBufferl, twice.

[0351] 6. 25 pL of complex and 25 pL reporter mix were then added.

[0352] 7. Sealed plate with foil seal.

[0353] 8. Binding was then carried out at 25°C for 30 minutes with intermittent shaking (1000
rpm 15 sec every 2 min on Thermomixer).

[0354] 9. Plates were then spun down briefly.

[0355] 10. Supernatant was removed.

[0356] 11. Washed once with 100 uL 1X MBuffer-1. 1X MBuffer-1 is composed of 20 mM
Imidazole 7.5, 25 mM KCI, 5 mM MgCl2, 10 pg/mL BSA, 0.01% Igepal Ca-630, and 5%
Glycerol.

[0357] 12. Washed once with 100 uL 1X MBuffer-3. 1X MBuffer-3 is composed of 20 mM
HEPES pH 7.5, 2 mM KOAc, 5 mM MgOAc, 1% Glycerol, and 0.00016% Triton-X 100.

[0358] 13. Added 50 ul of 1X MBuffer3 to each well.

[0359] 14. Added 5 uL of target/no-target in 1X MBuffer3 a. target volume = 5 pL per reaction
(GF577 PCR product 1:10).

[0360] 15. Sealed plate with foil seal.

[0361] 16. Incubated at 37°C for 90 minutes with intermittent shaking in plate reader measuring
FAM intensity.

[0362] 17. Spun down briefly.

[0363] 18. Transferred 20 uL of supernatant to wells of 384-well plate and measured FAM
fluorescent intensity (single-read).
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[0364] Results are illustrated in FIGS. 8A-8E. FIG. 8A presents the binding results for a FAM-
biotin reporter, “rep” composed of the fluorophore FAM and biotin and is listed as rep72. FIG.
8B plots the raw fluorescence for a reporter composed of the fluorophore AlexaFluor488,
“AF488,” and TA10-internalBiotinQ. As predicted, the positive control shown in FIG. 8A shows
a positive slope indicating increased binding of Cas enzyme and target (and subsequent reporter
cleavage) over the course of the reaction. This is due to the release of FAM dye into solution upon
binding and transcleavage as seen in FIG. 8B. In rep104, the cleavage point is between the FAM
and the biotin, while the biotin in all reporters is the attachment point to the streptavidin surface.
FIG. 8C plots the control, target binding kinetic plot for rep105. Rep105 is composed of biotin-
FAM-T16-FQ. In this case the streptavidin coated surface emits fluorescence because the region
between the FAM dye and the quencher is cleaved upon binding and the quencher is released.
FIG. 8D plots the control for repl17. Repl17 is composed of biotin-FAM-T20-FQ. In this
embodiment, the reporter is cleaved between the FAM dye and the quencher, thus allowing for
release of the quencher in the solution upon binding and transcleavage. This in turn, causes the
surface to emit fluorescence. FIG. 8E plots the control for rep118. Rep118 is composed of FAM-
T20-biotin-FQ. In this embodiment, the solution emits fluorescence because upon binding the
nucleic acid region between the biotin and the FAM is transcleaved, thus releasing the FAM into

solution.

Example 4: Immobilization optimization — complex formation step

[0365] The objective of this experiment was to determine whether binding both the gRNA and
reporter to a plate allows the DETECTR assay to be as effective as binding the CAS protein-
gRNA complex and reporter. This removes the need to functionalize the surface with the pre-
complex of guide nucleic acid and programmable nuclease, allowing for an easier manufacturing
process. Additionally, greater specificity can be achieved by allowing for more stringent washes.
The following procedure was used.

[0366] 1.The experiment was designed as shown in FIG. 19A.

[0367] 2. A stock solution of reporter repl17 was bound to the plate according to the conditions
presented in FIG. 19B.

[0368] 3. Complexing reactions for mod018 (5' biotin-TEG R1763 SARS-CoV-2 N-gene) and
R1763 CDC-N2-Wuhan were then prepared according to the conditions presented in FIG. 20A.
[0369] 4. Two sets of full complexing mix were made for each and two mixes without Cas12
variant (SEQ ID NO: 17) according to FIG. 20B.

[0370] 5. Incubated complexing reactions for 30 min at 37°C

[0371] 6. Pre-rinsed wells of 96-well streptavidin coated plate with 50 u L of 1X MBufferl, twice.
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[0372] 7. Added 25 u L reporter to each well.
[0373] 8. Added 25 p L of complex to A1-D2, 25 u L 1x MB1 to A3-D4, and 25 p L cRNA mix
AS5-D6.
[0374] 9. Sealed plate with foil seal.
[0375] 10. Ran binding reaction at 25C for 30 minutes with intermittent shaking, 1000 rpm 15 sec
every 2 min on Thermomixer.
[0376] 11. Spun streptavidin plate down briefly.
[0377] 12.Removed supernatant.
[0378] 13. Washed twice with 100 u L. 1X MBuffer-1.
[0379] 14. Washed once with 100 u L 1X MBuffer-3.
[0380] 15. Added 50 pu I of 1X MBuffer3 to wells A1-D2.
[0381] 16. Added 25 n L 1XMB3 and 25 p L of complex to "in-solution" wells A3-D4.
[0382] 17. Added 47.5 u L 1XMB3 and 2.5 p L Cas12 variant (SEQ ID NO: 17) (S0uL MM) to
each "prot after" well A5-D6.
[0383] 18. Added 5 u L of 1:10 diluted purified LAMP product to (+) target wells.
[0384] 19.Sealed plate with optically clear seal.
[0385] 20. Read on plate reader - FAM, 37°C, 90 min.
[0386] The results of this experiment (see FIGS. 10A-10F) show that is it possible to add CAS
protein with the target and still achieve complexing and signal. FIGS. 10A-10C illustrate results
for a first replicate of tests. FIGS. 10D-10F illustrate results for a second replicate of tests. FIGS.
10A and 10D show results where both a biotinylated reporter and a complex of biotinylated RNA
and CAS protein were immobilized. Here activity buffer and target were then added. FIGS. 10B
and 10E illustrate results where the biotinylated reporter is immobilized and all other reaction
components including guide nucleic acids and programmable nucleases are introduced in solution.
FIGS. 10C and 10F illustrate results where the biotinylated reporter and biotinylated gRNA are
immobilized and then buffer, CAS protein and target are added. In these results it is observed that
complexation of programmable nucleases and guide nucleic acids and a reporter signal emitted
upon binding can be detected when only guide nucleic acid and reporter are immobilized as shown

in FIG. 10F.

Example S: Demonstration of immobilized target discrimination
[0387] The purpose of this experiment was to demonstrate target discrimination for systems
comprising immobilized reporters for the DETECTR reaction. The experiment design used in this

experiment is shown in FIG. 21A. The following procedure was used.
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[0388] 1. Experiment planned as shown in FIG. 21A. The experiment included 3 gRNAs
including mod018, mod025, and mod024. Two targets and two controls were used. The two
targets were N-gene and RNaseP. The two controls were: (1) no target with all other reaction
components and (2) water.

[0389] 2. Stock solution of reporter rep117, later bound to plate, was prepared as shown in FIG.
21B.

[0390] 3. Complexing reactions were prepared for the three gRNAs: mod018, mod024 and
mod025 with reporters:

[0391] (1) biotin-TEG R1763 SARS-CoV-2 N-gene (mod018),

[0392] (2) 5' biotin-TEG R777 Mammuthus (mod024),

[0393] (3) 5' biotin-TEG R1965 RNase P (mod025), respectively.

[0394] The reaction conditions are shown FIG. 22A.

[0395] 4. Pre-rinsed wells of 96-well streptavidin coated plate with 50 u L of 1X MBufferl, twice.
[0396] 5. Added 25 u L reporter to each well.

[0397] 6. Added 25 u L complexing mix to wells.

[0398] 7. Sealed plate with foil seal.

[0399] 8. Ran binding reaction at 25°C for 30 minutes with intermittent shaking (1000 rpm 15 sec
every 2 min on Thermomixer).

[0400] 9. Ran FASTR protocol as follows:

[0401] a. Primers used:

[0402] I. SARS-CoV-2: M2062 CDC N2-FWD / M2063 CDC N2-REV.

[0403] IT. RNase P: POP7 8F/6R.

[0404] See FIG. 22B for reaction conditions.

[0405] a. Pipette 4 u L of master mix into wells of MBS 96-well plate.

[0406] b. Added 1uL twist RNA dilution.

[0407] c. 1000 copies/uL: 7.8uLL of 6400¢/uL. in 42 2ul. H20.

[0408] d. Sealed plate with foil seal at 165°C for 1.5 seconds.

[0409] e. Ran the following PCR protocol on the MBS NEXTGENPCR thermocycler
according to conditions shown in FIG. 23.

[0410] f. Removed plate from thermocycler.

[0411] g. Spun down at 2000 rpm for 30 sec.

[0412] h. Kept on ice until ready to use.

[0413] 10. Spun streptavidin plate down briefly.

[0414] 11. Removed supernatant.

[0415] 12. Washed twice with 100 u L. 1X MBuffer-1.
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[0416] 13. Washed once with 100 u L 1X MBuffer-3.
[0417] 14. Added 50uL 1XMB3 15mM Mg2+.
[0418] 15. Added 4 u L of target from FASTR to target wells.
[0419] 16. Sealed plate with optically clear seal.
[0420] 17. Read on plate reader - FAM, 37°C, 90 min.
[0421] Results are shown in FIGS. 12A-12C. FIG 12A presents results for reporter mod018
showing specificity for the N-gene target. FIG. 12B presents results for reporter mod025 showing
specificity for the RNaseP target. FIG. 12C presents results for mod024 showing no signal as

predicted since no target was present.

Example 6: Detection of SARS-CoV-2 with rapid thermocycling

[0422] This example describes the steps taken for the optimization of assay reaction conditions
for rapid detection of SARS-CoV-2 with rapid thermocycling, herein referred to as the FASTR
assay. FASTR uses an extreme PCR technique in which the speed of the PCR reaction is decreased
to less than 5 minutes by near-instantaneous changes in the reaction temperature. This rapid
temperature change may be accomplished by moving the reaction between two or more heat-zones
(water baths, heat blocks, etc.) of various temperatures in a thin-walled vessel, instead of cooling
or heating the entire instrument for each cycle. Alternatively, the reaction volume can be pumped
between two or three heat zones to achieve this rapid thermal change and drive the PCR reaction.
Additional speed increases of the PCR reaction can be achieved by increasing the primer,
polymerase, and/or Mg2+ concentrations of the reaction.

[0423] FIG. 24 depicts the results from the polymerase and buffer combinations that enabled the
rapid amplification of SARS-CoV-2 using primers directed to the N-gene of SARS-CoV-2 (primer
sequences presented in Table 2B, “CDC N2 assay for SARS-CoV-2"). The assay was performed
at two target concentrations: 2 copies/reaction(rxn) and 10 copies/reaction(rxn). Reaction (rxn)
conditions are as follows: initial denaturation at 98°C for 30 seconds, followed by 45 cycles
consisting of 1 second at 98°C and 3 seconds at 65°C. Following thermocycling, target amplicons
were transferred to a Cas12 variant (SEQ ID NO: 17) detection reaction for 30 minutes at 37°C.
The data presented in FIG. 24 is the signal from the CRISPR reaction. Best performing
enzyme/buffer pairs were those that gave strong signal in both tested concentrations.

[0424] The top enzymes and buffers identified in FIG. 24 were tested at various concentrations
and with multiple replicates as shown in FIG. 25 to further optimize the reaction conditions for
the FASTR assay. Reaction conditions were as follows: initial denaturation at 98°C for 30 seconds,
followed by 45 cycles consisting of 1 second at 98°C and 3 seconds at 65°C. Primers used were
from the CDC N2 assay for SARS-CoV-2 (primer sequences presented in Table 2B). Following
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thermocycling, amplicon was transferred to a Cas12 variant (SEQ ID NO: 17) detection reaction
for 30 minutes at 37°C. The data presented in FIG. 25 is the signal from the CRISPR reaction.
Best performing enzyme/buffer pairs were those that gave strong signal at the lowest tested
concentrations and with detection across replicates.

[0425] To further evaluate the performance of the FASTR assay, the limit of detection of the assay
was evaluated from 1000 copies/reaction to 1 copy/reaction. Reaction conditions were as follows:
reverse transcription at 55°C for 60 seconds, initial denaturation at 98°C for 30 seconds, followed
by 45 cycles consisting of 1 second at 98°C and 3 seconds at 65°C. Primers used were from the
CDC N2 assay for SARS-CoV-2 (sequences presented in Table 2B). Following thermocycling,
amplicon was transferred to a Cas12 variant (SEQ ID NO: 17) detection reaction for 30 minutes
at 37°C. The data presented in FIG. 26 is the signal from the CRISPR reaction. The assay
performed well at 1 copy/reaction and was able to detect SARS-CoV-2 at a single copy level. It
was found that the limit of detection of the CRISPR assay was 1 copy of SARS-CoV-2 per
reaction.

[0426] The effect of variations in rapid cycling times for denaturation and annealing/extension in
FASTR assay was also evaluated. To determine the best cycling conditions for the FASTR assay,
the performance of the assay was evaluated with varied cycling conditions. For all reactions,
reverse transcription was performed at 55°C for 60 seconds and initial denaturation at 98°C for 30
seconds. The tested cycling conditions were: 98°C for 1 second, 65°C for 3 seconds; 98°C for 2
seconds, 65°C for 2 seconds; or 98°C for 1.5 seconds, 65°C for 1.5 seconds. Primers used were
from the CDC N2 assay for SARS-CoV-2 (sequences presented in Table 2B). Following
thermocycling, amplicon was transferred to a Cas12 variant (SEQ ID NO: 17) detection reaction
for 30 minutes at 37°C. The results shown in FIG. 27 indicate that >2 seconds of
annealing/extension time at 65°C are necessary for robust sensitivity.

[0427] In order to minimize the reverse transcription (RT) time for FASTR, the performance of
the FASTR assay was evaluated with various reverse transcription incubation times at 55°C, to
determine the minimal reverse transcription conditions for the FASTR assay. The results of this
assay optimization in FIG. 28 indicate the assay is most robust above 30 seconds of reverse
transcription.

[0428] In order to test the effect of pH of the reaction buffer on the FASTR assay performance,
the performance of the FASTR assay with buffers with pH of either 9.2 or pH 7.8 was evaluated.
The results, as shown in FIG. 29 indicate that the higher pH buffer produced superior results in
terms of amplicon yield and sensitivity.

[0429] In order to test the compatibility of the FASTR assay with crude lysis buffers, the
performance of the FASTR assay when combined with various crude lysis buffers was evaluated,
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including Crude lysis buffers VTES, A3, and the Elution Buffer from the ChargeSwitch kit
(Thermo). In FIG. 30 there are also 7 subgroups showing the number of copies decreasing from
left to right. As seen in FIG. 30, the FASTR assay performed the best in the VTES lysis buffer,
but performed slightly less robustly in the A3 buffer. The Elution Buffer from the ChargeSwitch
kit performed similarly to the control reactions (water).

[0430] As shown in FIG. 31, initial non-optimized testing of multiplexed FASTR for SARS-
CoV-2 and RNase P POP7 (endogenous control) showed that while the single-plex assays
generated a robust signal in DETECTR, the duplex assay tended to generate a weak signal for
SARS-CoV-2 (R1763) and almost no signal for RNase P (R1965). Reaction conditions were as
follows: reverse transcription at 55°C for 60 seconds, initial denaturation at 98°C for 30 seconds,
followed by 45 cycles consisting of 1 second at 98°C and 3 seconds at 65°C. Primers used were
from the CDC N2 assay for SARS-CoV-2, and M3637/M3638 as shown in Table 2B.

[0431] Considering the results of the non-optimized multiplexed FASTR assay in FIG. 31, in
order to optimize multiplex FASTR for SARS-CoV-2 and RNase P, a new set of SARS-CoV-2
primers (M3257/M3258) were designed (sequences presented in Table 2B). A series of
experiments with varied reaction conditions containing different combinations of buffers, primer
concentrations, dNTPs, and DM SO were then performed. The results of this experiment, as shown
in FIG. 32, identified two reaction conditions that performed robustly for the multiplex reaction
(depicted by arrows at Reaction 4 and Reaction 9). In Reaction 4, the following conditions were
used: 1X FastBuffer 2, 1 uM RNase P primers, 0.5 uM CoV primers, 0.2 mM dNTPs, 2% DMSO.
In Reaction 9, the following conditions were used: 1X Klentaql buffer, 1 uM RNase P primers,
0.5 uM CoV primers, 0.4 mM dNTPs, 0% DMSO. Under the normal reaction conditions, reverse
transcription was performed at 55°C for 60 seconds, initial denaturation at 98°C for 30 seconds,
followed by 45 cycles consisting of 1 second at 98°C and 3 seconds at 65°C. Under the permissive
reaction conditions, reverse transcription was performed at 55°C for 60 seconds, initial
denaturation at 98°C for 30 seconds, followed by 45 cycles consisting of 3 seconds at 98°C and 5
seconds at 65°C.

[0432] Once these conditions were optimized, the optimized multiplexed FASTR assay were
evaluated at various concentrations of human RNA and viral RNA to evaluate the limit of
detection of multiplex FASTR reaction. The results as shown in FIG. 32 indicate that the assay
performs at a range of human RNA concentrations, while maintaining a sensitivity of ~5
copies/reaction. Results shown in FIG. 33 are from DETECTR reactions using either primer
R1965 to detect the human RNase P, or primer R3185 (labeled M3309) to detect SARS-CoV-2.
The primer sequences of R1965 and R3185 are presented in Table 2B. The reaction conditions
tested were as follows: reverse transcription at 55°C for 60 seconds, initial denaturation at 98°C
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for 30 seconds, followed by 45 cycles consisting of 1 second at 98°C and 3 seconds at 65°C.
Primers used were M3257/M3258 (SARS-CoV-2) and M3637/M3638 (RNase P) (presented in
Table 2B).

Table 2B: Primers and guide nucleic acids used for optimization of reaction (rxn) conditions
for testing of SARS-CoV2 using rapid thermocycling

M2062 TTACAAACATTGG | PCR primer CDC N2 assay for SARS-
CCGCAAA CoV-2

M2063 GCGCGACATTCCG | PCR primer CDC N2 assay for SARS-
AAGAA CoV-2

R1763 UAAUUUCUACUAA | Casl2 gRNA Compatible with M2062 /
GUGUAGAUCCCCC M2063
AGCGCUUCAGCGU
ucC

M3637 CCTCCGTGATATG | PCR primer Human RNase P POP7
GCTCTTC

M3638 AGAGTCCTTTGGG | PCR primer Human RNase P POP7
CTTCC

R1965 UAAUUUCUACUAA | Casl2 gRNA Compatible with M3637/
GUGUAGAUUUAC M3638
AUGGCUCUGGUCC
GAG

M3257 AGGTGCCTGGAAT | PCR primer SARS-CoV-2, orflab
ATTGGTGAACAG

M3258 TCAAGAGTGCGGG | PCR primer SARS-CoV-2, orflab
AGAAAATTGATCG

R3185 UAAUUUCUACUAA | Casl2 gRNA Compatible with M3257,
GUGUAGAUCAUCA M3258
GAGGCUGCUCGUG
Uu

[0433] In some embodiments, N-Hydroxysuccinimide (NHS)-Amine chemistry can be used
for immobilization of DETECTR components. FIG. 34 presents a schematic of combined guide

nucleic acid (e.g., gRNA) and reporter immobilization and results for such embodiments. In this
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embodiment, a functional DETECTR reaction was immobilized to a solid substrate (NHS plate)
using primary amine modified reporters and guide nucleic acids (e.g., gRNAs). In the example
shown, a modified reporter (rep111) was bound to the surface in combination with either an
unmodified crRNA (R1763) or a modified crRNA (mod027). After incubating these nucleic
acids on the surface, the surface was washed 3 times, and then a programmable nuclease (e.g., a
Casl12 variant (SEQ ID NO: 17)) was added with the target dSSDNA. The immobilized
DETECTR reaction was then incubated in a plate reader at 37 degrees Celsius for 60 minutes
with continuous monitoring of the fluorescence.

[0434] FIG. 35 presents results for various embodiments involving the use of an optimizing
conjugation buffer to reduce non-specific binding of DETECTR reagents. For some
embodiments, 1x Conjugation Buffer 3 (CB3) was selected as the buffer to perform binding
studies. It was found that CB3 improved the binding of the amine-modified reporter (repl111)
and reduced the binding of a biotinylated reporter (rep117) which should not bind to NHS
covalently. In some embodiments, the wash buffer used was 1x MB3. In some embodiments, 1x
MB3: 20mM HEPES, pH 7.2, 2mM KOAc, SmM MgAc, 1% Glycerol, 0.0016% Triiton X-100
was used. In some embodiments, 1x CB2: 20mM HEPES, pH 8.0, 2mM KOAc, SmM MgAc,
1% Glycerol, 0.0016% Triiton X-100 was used. In this embodiment, 1x CB3: 100mM HEPES,
pH 8.0, 10mM KOAc, 25mM MgAc was used.

[0435] In some embodiments, different combinations of reporters, guide nucleic acids,
and/or programmable nucleases (including, for example, Cas12 variant (SEQ ID NO: 17)) may
be immobilized. FIG. 36 presents results of such embodiments, involving the optimization of
the assay. For such embodiments, it was found that immobilizing guide nucleic acids and/or
reporters first followed by the addition of a programmable nuclease (e.g., Cas12 variant (SEQ
ID NO: 17)) and a target at the same time gave sufficient signal. As used herein, a sufficient
signal may correspond to any signal that is observable or detectable using any of the sensors
described herein. Alternatively or in addition, the sufficient signal may correspond to any signal
that is observable or detectable by the human eye without needing or requiring the use of any
Sensors.

[0436] The results for optimizing guide nucleic acid and/or target concentrations to improve
signal-to-noise ratios for immobilized DETECTR assays are shown in FIG. 37. In some
embodiments, guide nucleic acid concentrations are increased while keeping reporter
concentrations constant at 0.5uM, as seen on the left of FIG. 37. In such embodiments, the
signal is not substantially changed. In some embodiments, as seen on the right of FIG. 37,
increasing target concentrations 2-fold helped improve the overall signal with rep135.
Additionally, for such embodiments, rep135 gave a better signal strength compared to rep111.
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The sequences for the two reporters are: repl11: SAmMCO6T//16-
FAMK/TTTTTTTTTTTT/3IABKFQ/ and rep135: SAmMCI12//16-
FAMK/TTTTTTTTTTTTTTTTTTT/3IABKFQ/.

[0437] In some embodiments, one or more amino modifications are used for DETECTR
immobilization, as shown in FIG. 38A. FIG. 38B presents results for such embodiments. The
results are shown as plots of raw fluorescence (AU) as a function of time (minutes). Each of the
four subplots represents different amino modifications. The dashed line traces represent the no

target control (NTC) and the solid line traces represent a 1:10 dilution of target - GF676.
Methods of Making Polymer Matrices with Immobilized Reporters

[0438] FIG. 39 shows an exemplary polymer immobilization matrix (14901) comprising a
plurality of immobilized DETECTR reaction components. The DETECTR reaction components
may comprise one or more reporters, one or more programmable nucleases, and/or one or more
guide nucleic acids. In some embodiments, the polymer matrix may comprise a hydrogel. In the
exemplary embodiment shown in FIG. 39, a plurality of reporters (14902) may be immobilized
to or within a hydrogel (14901) matrix (e.g., via polymerization or co-polymerization).

[0439] In one aspect, the present disclosure provides methods of immobilizing a reporter
and/or other DETECTR reaction components. In some embodiments, the methods of
immobilizing the reporter (14902) and/or the other DETECTR reaction components may
comprise (a) providing a polymerizable composition comprising: (1) a plurality of oligomers, (i)
a plurality of polymerizable (e.g., functionalized) oligomers, (iii) a set of polymerizable (e.g.,
functionalized) reporters (and/or other DETECTR reaction components), and (iv) a set of
polymerization initiators. In some embodiments, the methods may further comprise (b) initiating
the polymerization reaction by providing an initiation stimulus.

[0440] In some cases, co-polymerization of the reporter into or onto the hydrogel may result
in a higher density of reporter/unit volume or reporter/unit area than other immobilization
methods utilizing surface immobilization (e.g., immobilization onto beads). Co-polymerization
of the reporter into or onto the hydrogel may result in fewer undesired releases of the reporter
(e.g., during an assay, a measurement, or on the shelf), and thus may cause less background
noise than other immobilization strategies (e.g., conjugation to a pre-formed hydrogel, bead,
etc.). In at least some instances, this may be due to better incorporation of reporters into the
hydrogel as a co-polymer and fewer “free” reporter molecules retained on the hydrogel via non-
covalent interactions or non-specific binding interactions.

[0441] In some embodiments, the plurality of oligomers and/or the plurality of

polymerizable oligomers may comprise an irregular or non-uniform mixture. The irregularity of
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the mixture of polymerizable oligomers and unfunctionalized oligomers may allow pores to
form within the hydrogel (i.e., the unfunctionalized oligomers may act as a porogen). For
example, the irregular mixture of oligomers may result in phase separation during
polymerization that allows for the generation of pores of sufficient size for programmable
nucleases to diffuse into the hydrogel and access internal reporter molecules. The relative
percentages and/or molecular weights of the oligomers may be varied to optimize the pore size
of the hydrogel. For example, pore size may be tailored to increase the diffusion coefficient of
the programmable nucleases.

[0442] In some embodiments, the functional groups attached to the reporters may be
selected to preferentially incorporate the reporters into the hydrogel matrix via covalent binding
at the functional group versus other locations along the nucleic acid of the reporter. In some
embodiments, the functional groups attached to the reporters may be selected to favorably
transfer free radicals from the functionalized ends of polymerizable oligomers to the functional
group on the end of the reporter (e.g., 5’ end), thereby forming a covalent bond and
immobilizing the reporter rather than destroying other parts of the reporter molecules.

[0443] In some embodiments, the polymerizable composition may further comprise one or
more polymerizable nucleic acids. In some embodiments, the polymerizable nucleic acids may
comprise guide nucleic acids (e.g., guide nucleic acids 15003a, 15003b, or 15003¢ shown in
FIGs. 40A-40B). In some embodiments, the polymerizable nucleic acids may comprise linkers
or tether nucleic acids. In some embodiments, the polymerizable nucleic acids may be
configured to bind to one or more programmable nuclease (e.g., programmable nuclease 15004a,
15004b, or 15004¢c shown in FIGs. 40A-40B). In some embodiments, the one or more
programmable nucleases may be immobilized in, on, or to the polymer matrix.

[0444] In some embodiments, the oligomers may form a polymer matrix comprising a
hydrogel. In some embodiments, the oligomers may comprise poly(ethylene glycol) (PEG),
poly(siloxane), poly(hydroxyethyl acrylate, poly(acrylic acid), poly(vinyl alcohol), poly(butyl
acrylate), poly(2-ethylhexyl acrylate), poly(methyl acrylate), poly(ethyl acrylate),
poly(acrylonitrile), poly(methyl methacrylate), poly(acrylamide), poly(TMPTA methacrylate),
chitosan, alginate, or the like, or any combination thereof. The oligomers may comprise any
oligomer or mix of oligomers capable of forming a hydrogel.

[0445] In some embodiments, the oligomers may comprise polar monomers, nonpolar
monomers, protic monomers, aprotic monomers, solvophobic monomers, solvophillic
monomers, or any combination thereof.

[0446] In some embodiments, the oligomers may comprise a linear topology, branched
topology, star topology, dendritic topology, hyperbranched topology, bottlebrush topology, ring
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topology, catenated topology, or any combination thereof. In some embodiments, the oligomers
may comprise 3-armed topology, 4-armed topology, S-armed topology, 6-armed topology, 7-
armed topology, 8-armed topology, 9-armed topology, or 10-armed topology.

[0447] In some embodiments, the oligomers may comprise at least about 2 monomers, at
least about 3 monomers, at least about 4 monomers, at least about 5 monomers, at least about 6
monomers, at least about 7 monomers, at least about 8 monomers, at least about 9 monomers, at
least about 10 monomers, at least about 20 monomers, at least about 30 monomers, at least about
40 monomers, at least about 50 monomers, at least about 60 monomers, at least about 70
monomers, at least about 80 monomers, at least about 90 monomers, at least about 100
monomers, at least about 200 monomers, at least about 300 monomers, at least about 400
monomers, at least about 500 monomers, at least about 600 monomers, at least about 700
monomers, at least about 800 monomers, at least about 900 monomers, at least about 1000
monomers, at least about 2000 monomers, at least about 3000 monomers, at least about 4000
monomers, at least about 5000 monomers, at least about 6000 monomers, at least about 7000
monomers, at least about 8000 monomers, at least about 9000 monomers, at least about 10000
monomers, at least about 20000 monomers, at least about 30000 monomers, at least about 40000
monomers, at least about 50000 monomers, at least about 60000 monomers, at least about 70000
monomers, at least about 80000 monomers, at least about 90000 monomers, or at least about
100000 monomers.

[0448] In some embodiments, the oligomers may comprise a homopolymer, a copolymer, a
random copolymer, a block copolymer, an alternative copolymer, a copolymer with regular
repeating units, or any combination thereof.

[0449] In some embodiments, the oligomers may comprise 1 type of monomer, 2 types of
monomers, 3 types of monomers, 4 types of monomers, 5 types of monomers, 6 types of
monomers, 7 types of monomers, 8 types of monomers, 9 types of monomers, or 10 types of
monomers.

[0450] The polymerizable oligomers may comprise any of the oligomers described herein.
In some embodiments, the polymerizable oligomers may comprise one or more functional
groups. In some embodiments, the functional group may comprise an acrylate group, N-
hydroxysuccinimide ester group, thiol group, carboxyl group, azide group, alkyne group, an
alkene group, or any combination thereof. A variety of functional groups may be used to
functionalize oligomers into polymerizable oligomers depending on the desired properties of the
polymerizable oligomers.

[0451] In some embodiments, the polymerizable oligomers may form a polymer matrix
comprising a hydrogel. In some embodiments, the polymerizable oligomers may comprise PEG,
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poly(siloxane), poly(hydroxyethyl acrylate, poly(acrylic acid), poly(vinyl alcohol), or any
combination thereof. The set of polymerizable oligomers may comprise any polymer capable of
forming a hydrogel. In some embodiments, the hydrogel may comprise a circular cross-sectional
shape, a rectangular cross-sectional shape, a star cross-sectional shape, a dollop shape, an
amorphous shape, or any shape of interest, or any combination thereof (e.g., as shown in FIGs.
40A-40B).

[0452] In some embodiments, the set of polymerizable oligomers may comprise, for
example, polar monomers, nonpolar monomers, protic monomers, aprotic monomers,
solvophobic monomers, or solvophillic monomers.

[0453] In some embodiments, the set of polymerizable oligomers may comprise a linear
topology, branched topology, star topology, dendritic topology, hyperbranched topology,
bottlebrush topology, ring topology, catenated topology, or any combination thereof. In some
embodiments, the set of polymerizable oligomers may comprise 3-armed topology, 4-armed
topology, 5-armed topology, 6-armed topology, 7-armed topology, 8-armed topology, 9-armed
topology, or 10-armed topology.

[0454] In some embodiments, the set of polymerizable oligomers may comprise at least
about 2 monomers, at least about 3 monomers, at least about 4 monomers, at least about 5
monomers, at least about 6 monomers, at least about 7 monomers, at least about 8 monomers, at
least about 9 monomers, at least about 10 monomers, at least about 20 monomers, at least about
30 monomers, at least about 40 monomers, at least about 50 monomers, at least about 60
monomers, at least about 70 monomers, at least about 80 monomers, at least about 90
monomers, at least about 100 monomers, at least about 200 monomers, at least about 300
monomers, at least about 400 monomers, at least about 500 monomers, at least about 600
monomers, at least about 700 monomers, at least about 800 monomers, at least about 900
monomers, at least about 1000 monomers, at least about 2000 monomers, at least about 3000
monomers, at least about 4000 monomers, at least about 5000 monomers, at least about 6000
monomers, at least about 7000 monomers, at least about 8000 monomers, at least about 9000
monomers, at least about 10000 monomers, at least about 20000 monomers, at least about 30000
monomers, at least about 40000 monomers, at least about 50000 monomers, at least about 60000
monomers, at least about 70000 monomers, at least about 80000 monomers, at least about 90000
monomers, or at least about 100000 monomers. As used herein, “about” may mean plus or
minus 1 monomer, plus or minus 10 monomers, plus or minus 100 monomers, plus or minus
1000 monomers, plus or minus 10000 monomers, or plus or minus 100000 monomers.

[0455] In some embodiments, the set of polymerizable oligomers may comprise a
homopolymer, a copolymer, a random copolymer, a block copolymer, an alternative copolymer,
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a copolymer with regular repeating units, or any combination thereof.
[0456] In some embodiments, the set of polymerizable oligomers may comprise 1 type of
monomer, 2 types of monomers, 3 types of monomers, 4 types of monomers, 5 types of
monomers, 6 types of monomers, 7 types of monomers, 8 types of monomers, 9 types of
monomers, or 10 types of monomers.
[0457] In some embodiments, the polymerizable composition may comprise a mix of
unfunctionalized or unmodified oligomers and polymerizable oligomers as described herein. In
some embodiments, the unfunctionalized or unmodified oligomers may act as porogens to
generate pores within the polymer matrix.
[0458] The polymerizable reporters may comprise any of the reporters described herein. In
some embodiments, the set of polymerizable reporters may comprise one or more functional
groups. In some embodiments, the functional groups may comprise a single stranded nucleic
acid, a double stranded nucleic acid, an acrydite group, a 5’ thiol modifier, a 3’ thiol modifier,
an amine group, a I-Linker™ group, methacryl group, or any combination thereof. In any of the
embodiments described herein, a variety of functional groups may be used with the set of
polymerizable reporters depending on the desired properties of the polymerizable reporters.
[0459] In some embodiments, a set of initiators may be used to initiate or facilitate any one
or more of the polymerization reactions described above. In some embodiments, the set of
initiators may comprise one or more photoinitiators or thermal initiators. In some embodiments,
the set of initiators may comprise cationic initiators, anionic initiators, or radical initiators. In
some embodiments, the set of initiators may comprise AIBN, AMBN, ADVN, ACVA, dimethyl
2,2’-azo-bis(2methylpropionate), AAPH, 2,2’ -azobis[2-(2-imidazolin-2-yl)-propane]
dihydrochloride, TBHP, cumene hydroperoxide, di-tert-butyl peroxide, dicumyl peroxide, BPO,
dicyandamide, cyclohexyl tosylate, diphenyl(methyl)sulfonium tetrafluoroborate, benzyl(4-
hydroxyphenyl)-methylsulfonium hexafluoroantimonate, (4-hydroxyphenyl)methyl-(2-
methylbenzyl)sulfonium hexafluoroantimonate, camphorquinone, acetophenone, 3-acetophenol,
4-acetophenol, benzophenone, 2-methylbenzophenone, 3-methylbenzophenone, 3-
hydroxybenzophenone, 3,4-dimethylbenzophenone, 4-hydroxybenzophenone, 4-benzoylbenzoic
acid, 2-benzoylbenzoic acid, methyl 2-benzoylbenzoate, 4,4’-dihydroxybenzophenone, 4-
(dimethylamino)-benzophenone, 4,4’-bis(dimethylamino)-benzophenone, 4,4’-
bis(diethylamino)-benzophenone, 4,4’-dichlorobenzophenone, 4-(p-tolylthio)benzophenone, 4-
phenylbenzophenone, 1,4-dibenzoylbenzene, benzil, 4,4’-dimethylbenzil, p-anisil, 2-benzoyl-2-
propanol, 2-hydroxy-4’~(2-hydroxyethoxy)-2-methylpropiophenone, 1-benzoylchclohexanol,
benzoin, anisoin, benzoin methyl ether, benzoin ethyl ether, benzoin isopropyl ether, benzoin
isobutyl ether, o-tosylbenzoin, 2,2-diethoxyacetophenone, benzil dimethylketal, 2-methyl-4’-
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(methylthio)-2-morpholinopropiophenone, 2-benzyl-2-(dimethylamino)-4’-
morpholinobutyrophenone, 2-isonitrosopropiophenone, anthraquinone, 2-ethylantraquinone,
sodium anthraquinone-2-sulfonate monohydrate, 9,10-phenanthrenequinone, 9,10-
phenanthrenequinone, dibenzosuberenone, 2-chlorothioxanthone, 2-isopropylthioxanthone, 2,4-
diethylthioxanthen-9-one, 2,2’bis(2-chlorophenyl)-4,4’,5,5 -tetraphenyl-1,2’-biimidazole,
diphenyl(2,4,6-trimethyl-benzoyl)phosphine oxide, phenylbis(2,4,6-trimethyl-
benzoyl)phosphine oxide, lithium phenyl(2,4,6-trimethylbenzoyl)phosphinate,
diphenyliodonium trifluoromethanesulfonate, diphenyliodonium hexafluorophosphate,
diphenyliodonium hexafluoroarsenate, bis(4-tert-butylphenyl)-iodonium triflate, bis(4-tert-
butylphenyl)iodonium hexafluorophosphate, 4-isopropyl-4’-methyl-diphenyliodonium
tetrakis(pentafluorophenyl)borate, [4-[(2-hydroxytetradecyl )-oxy]phenyl]phenyliodonium
hexafluoroantimonate, bis[4-(tert-butyl)phenyl]-iodonium tetra(nonafluoro-tert-
butoxy)aluminate, cyclopropyldiphenylsulfonium tetrafluoroborate, triphenylsulfonium
bromide, triphenylsulfonium tetrafluoroborate, tri-p-tolylsulfonium triflate, tri-p-tolylsulfonium
hexafluorophosphate, 4-nitrobenzenediazonium tetrafluoroborate, 2-(4-methoxyphenyl)-4,6-
bis(trichloromethyl)-1,3,5-triazine, 2-(1,3-benzodioxol-5-yl)-4,6-bis(trichloromethyl)-1,3,5-
triazine, 2-(4-methoxystyryl)-4,6-bis(trichloromethyl)-1,3,5-triazine, 2-(3,4-dimethoxystyryl)-
4,6-bis(trichloromethyl)-1,3,5-triazine, 2-[2-(Furan-2-yl)vinyl]-4,6-bis(trichloromethyl)-1,3,5-
triazine, 2-[2-(5-methylfuran-2-yl)vinyl]-4,6-bis(trichloromethyl)-1,3,5-triazine, 2-(9-
oxoxanthen-2-yl)proprionic acid 1,5,7-triazabicyclo[4.4.0]dec-5-ene salt, 2-(9-oxoxanthen-2-
yl)proprionic acid 1,5-diazabicyclo[4.3.0]Jnon-5-ene salt, 2-(9-oxoxanthen-2-yl)proprionic acid
1,8-diazabicyclo[5.4.0]-undec-7-ene salt, acetophenone O-benzoyloxime, 2-nitrobenzyl
cyclohexylcarbamate, 1,2-bis(4-methoxyphenyl)-2-oxoethyl cyclohexylcarbamate, tert-amyl
peroxybenzoate, 4,4-azobis(4-cyanovaleric acid), 1,1°-azobis(cyclohexanecarbonitrile), 2,2°-
azobisisobutyronitrile, benzoyl peroxide, 2,2-bi(tert-butylperoxy)butane, 1,1-bis(tert-
butylperoxy)cyclohexane, 2,5-bis(tert-butylperoxy)-2,5-dimethylhexane, bis(1-(tert-
butylperoxy)-1-methylethyl)benzene, 1,1-bis(tert-butylperoxy)-3,3,5-trimethylcyclohexane, tert-
butyl hydroperoxide, tert-butyl peracetate, tert-butyl peroxide, tert-butyl peroxybenzoate, tert-
butylperoxy isopropyl carbonate, cumene hydroperoxide, cyclohexanone peroxide, dicumyl
peroxide, lauroyl peroxide, 2,4-pentanedione peroxide, peracetic acid, potassium persulfate, 2-
Hydroxy-2-methylpropiophenone, or any combination thereof. In any of the embodiments
described herein, a variety of initiators may be used depending on the desired reaction
conditions and chemistries.

[0460] In some embodiments, the initiation stimulus may comprise heat or thermal energy.
In other embodiments, the initiation stimulus may comprise light (e.g., UV light). In some
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embodiments, the initiation stimulus may comprise UV light transmitted through a mask (e.g., a
photomask). In some embodiments, a mask may be used to shape the initiation stimulus
deposition on the polymerizable components (e.g., oligomers, etc.) and thereby shape the
resulting polymer matrix. In some embodiments, the mask may comprise a circular shape, an
oval shape, an elliptical shape, a rectangular shape, a star shape, a dollop shape, an amorphous
shape, a polygonal shape comprising three or more sides, and/or any shape of interest, or any

combination thereof.
Hydrogel Compositions with Immobilized Reporters

[0461] FIG. 39 and FIGs. 40A-40B show examples of hydrogels comprising immobilized
reporters. In some aspects, provided herein are compositions comprising a hydrogel (14901)
comprising (a) a network of covalently bound oligomers (14903) and (b) immobilized reporters
(14902) covalently bound to said network (14903).

[0462] FIG. 39 shows an exemplary hydrogel (14901) comprising a plurality of reporters
(14902) co-polymerized with a plurality of oligomers (modified and unmodified) to form a
network or matrix (14903). FIGs. 40A-40B show exemplary multiplexing schemes utilizing
hydrogel-immobilized reporters which may be implemented in any of the devices or methods
described herein. Multiplexing can be distinguished through spatial multiplexing based on (i) the
location of hydrogels functionalized with each guide nucleic acid and/or (i1) the shape of the
hydrogels, by using different shapes of hydrogels for each guide nucleic acid.

[0463] In some embodiments, the composition may comprise a hydrogel (15001) comprising
(a) a polymer network comprising covalently bound oligomers co-polymerized with reporters
(15002) to covalently bind and immobilize the reporters to said network, and (b) immobilized
programmable nuclease complexes covalently bound to said network (e.g., via co-
polymerization or after reporter-immobilized polymer formation). In some embodiments, the
programmable nuclease complexes may comprise a programmable nuclease (15004) and a guide
nucleic acid (15003). In some embodiments, the guide nucleic acid (15003) and/or the
programmable nuclease (15004) may be immobilized on, to, or in the hydrogel as described
elsewhere herein (e.g., during or after formation of the hydrogel).

[0464] In some embodiments, the network of covalently bound oligomers may comprise a
network formed by polymerizing one or more PEG species. In some embodiments, the network
of covalently bound oligomers may comprise a network formed by polymerizing PEG
comprising acrylate functional groups. In some embodiments, the acrylate functional groups
may comprise PEG end groups. In some embodiments, the network may be formed by

polymerizing PEG comprising acrylate functional groups with unmodified PEG. The molecular
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weight of the acrylate-modified PEG (e.g., PEG-diacrylate) and the unmodified PEG may be the
same or similar. Alternatively, the molecular weight of the acrylate-modified PEG (e.g., PEG-
diacrylate) and the unmodified PEG may be different.

[0465] In some embodiments, the network of covalently bound oligomers may comprise a
network that can be formed by polymerizing one or more PEG species. In some cases, each PEG
species may comprise a linear topology, branched topology, star topology, dendritic topology,
hyperbranched topology, bottlebrush topology, ring topology, catenated topology, or any
combination thereof. In some embodiments, the network of covalently bound oligomers may
comprise a network formed from polymerizing one or more PEG species comprising a 3-armed
topology, a 4-armed topology, a 5-armed topology, a 6-armed topology, a 7-armed topology, a
8-armed topology, a 9-armed topology, or a 10-armed topology.

[0466] In some embodiments, the immobilized reporter may comprise a reporter molecule
covalently bound to a linker molecule. In some cases, the linker molecule may be covalently
bound to the hydrogel (e.g., via co-polymerization with the oligomers as described herein). In
some embodiments, the linker molecule may comprise a single stranded nucleic acid, a double
stranded nucleic acid, an acrydite group, a 5’ thiol modifier, a 3’ thiol modifier, an amine group,
a I-Linker™ group, or any combination thereof. In any of the embodiments described herein, a
variety of linker molecules may be used to immobilize the reporter.

[0467] In some cases, the immobilized guide nucleic acid may comprise a guide nucleic acid
covalently bound to a linker molecule. In some cases, the linker molecule may be covalently
bound to the hydrogel. In some embodiments, the linker molecule may comprise a single
stranded nucleic acid, a double stranded nucleic acid, an acrydite group, a 5’ thiol modifier, a 3’
thiol modifier, an amine group, a I-Linker™ group, or any combination thereof. In any of the
embodiments described herein, a variety of linker molecules may be used to immobile the guide
nucleic acid.

[0468] In some cases, the immobilized programmable nuclease may comprise a
programmable nuclease covalently bound to a linker molecule. The linker molecule may be
covalently bound to the hydrogel. In some embodiments, the linker molecule may comprise a
single stranded nucleic acid, a double stranded nucleic acid, an acrydite group, a 5’ thiol
modifier, a 3’ thiol modifier, an amine group, a I-Linker™ group, or any combination thereof. In
any of the embodiments described herein, a variety of linker molecules may be used to

immobilize the programmable nuclease.
Methods of Using Hydrogels with Immobilized Reporters

[0469] Any of the methods described herein may utilize hydrogels (14901) with
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immobilized reporters (14902) for target detection assays. In some embodiments, the hydrogel
(14901) may comprise (a) a network of covalently bound oligomers (14903) and (b)
immobilized reporters (14902) covalently bound to the network (14903) as shown in FIG. 39. A
solution comprising target nucleic acid molecules and programmable nuclease complexes may
be applied to the hydrogel (e.g., by pipetting or flowing over the hydrogel). The immobilized
reporters (14902) may comprise a nucleic acid having a sequence cleavable by the
programmable complex when the programmable nuclease complex is activated by binding of its
associated guide nucleic acid to a target nucleic acid molecule as described herein. When
activated, the programmable nuclease complex may trans-cleave the cleavable nucleic acid of
the reporter molecule and generate a detectable signal as described herein. For example, the
reporter may comprise a detection moiety which may be released upon cleavage of the reporter
as described herein. The detection moiety may comprise FAM-biotin which may be captured by
one or more capture molecules coupled to a substrate (e.g., a lateral flow assay strip) at a
detection location as described herein. Detection of the detectable signal generated at the
detection location by the detection moiety may indicate the presence or absence of the target
nucleic acid in the sample as described herein.

[0470] Any of the multiplexing methods described herein may utilize hydrogels (15001a,
15001b, 15001c, etc.) with immobilized reporters (15002) for multiplexed target detection
assays. In some embodiments, each hydrogel (15001a, 150001b, 15001c¢, etc.) may comprise (a)
a polymer network of covalently bound oligomers co-polymerized with reporters (15002) to
covalently bind and immobilize the reporters to said network, and (b) one or more immobilized
programmable nuclease complexes covalently bound to said network as shown in FIGS. 40A-
40B. Each of the programmable nuclease complexes may comprise a programmable nuclease
(15004a, 15004b, 15004c, etc.) and a guide nucleic acid (15003a, 15003b, 15003c, etc.). In some
embodiments, the guide nucleic acid (15003) and/or the programmable nuclease (15004) may be
immobilized to or in the hydrogel as described herein (e.g., during or after formation of the
hydrogel). In some embodiments, multiplexing for a plurality of different targets may be
facilitated by providing a plurality of different and/or spatially separated hydrogels comprising a
plurality of different DETECTR reaction components. In some embodiments, each hydrogel
may comprise a different programmable nuclease as described herein. Alternatively, or in
combination, each hydrogel may comprise a different guide nucleic acid configured to bind to a
different target nucleic acid sequence as described herein. Alternatively, or in combination, each
hydrogel may comprise a different reporter as described herein. Alternatively, or in combination,
each hydrogel may comprise a different shape and may be deposited on a substrate at different
detection locations. For example, as shown in FIGS. 40A-40B, a first hydrogel (15001a) may
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comprise a first programmable nuclease (15004a), a first guide nucleic acid (15003a) configured
to bind a first target nucleic acid, and a first reporter (15002). A second hydrogel (15001b) may
comprise a second programmable nuclease (15004b), a second guide nucleic acid (15003b)
configured to bind a second target nucleic acid, and a second reporter (15002). A third hydrogel
(15001c) may comprise a third programmable nuclease (15004c), a third guide nucleic acid
(15003¢) configured to bind a third target nucleic acid, and a third reporter (15002). The
programmable nucleases (15004a, 15004b, 15004c) may be the same programmable nuclease or
different programmable nuclease. The guide nucleic acids (15003a, 15003b, 15003¢) may be
different guide nucleic acids configured to recognize different target nucleic acids. The reporters
(15002) may be the same reporter or different reporters. A solution comprising one or more
target nucleic acid molecules may be applied to the hydrogels (15001a, 15002b, 15003c¢), e.g.,
by pipetting or flowing over the hydrogels. The immobilized reporters (15002) may comprise a
nucleic acid with a sequence cleavable by the programmable nuclease complexes (15004a,
15004b, 15004¢) when the programmable nuclease complexes are activated by binding of their
respective guide nucleic acids (15003a, 15003b, 15003c¢) to their respective target nucleic acid
molecules as described herein. When activated, the programmable nuclease complexes may
trans-cleave the cleavable nucleic acid of the reporter molecule and generate a detectable signal
at the detection location as described herein. For example, the reporter may comprise a detection
moiety which may be released upon cleavage of the reporter as described herein. The detection
moiety may comprise FAM-biotin as shown in FIG. 40A which may be captured by one or
more capture molecules coupled to a substrate (e.g., a lateral flow assay strip) at a detection
location as described herein. Alternatively, the detection moiety may comprise a quencher
moiety which may be released from the hydrogel upon cleavage of the reporter, thereby
allowing a fluorescent moiety on another end of the reporter to fluoresce at the detection
location comprising the hydrogel as shown in FIG. 40B. Detection of the detectable signal
generated at the detection locations by the detection moiety may indicate the presence or
absence of the target nucleic acid in the sample as described herein. Each hydrogel (15001a,
15001b, 15001c) may have a different shape and detection of a target nucleic acid may comprise
detecting a particular fluorescent shape corresponding to the hydrogel shape at the detection

location.
Devices Comprising Hydrogels with Immobilized Reporters

[0471] Any of the systems or devices described herein may comprise one or more hydrogels
with immobilized reporters. In some embodiments, the systems and devices described herein

may comprise a plurality of hydrogels each comprising reporter molecules (e.g., in order to
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facilitate multiplexing and/or to improve or enhance signals). In some embodiments, a first
hydrogel may comprise a shape different from a shape of a second hydrogel. In some
embodiments, the first hydrogel may comprise a plurality of first reporter molecules that are
different than a plurality of second reporter molecules of the second hydrogel. In some
embodiments, the reporters can be the same in the first and second hydrogels. In some
embodiments, the first hydrogel may comprise a circular shape, a square shape, a star shape, or
any other shape distinguishable from a shape of the second hydrogel. In some embodiments, the
plurality of first reporter molecules may each comprise a sequence cleavable by a programmable
nuclease complex comprising a first programmable nuclease and a first guide nucleic acid. In
some embodiments, the plurality of second reporter molecules may each comprise a sequence
not cleavable by the first programmable nuclease complex.

[0472] Any of the systems or devices described herein may comprise a plurality of
hydrogels each comprising one or more reporter molecules. For example, a first hydrogel may
comprise a plurality of first reporter molecules that are different than a plurality of second
reporter molecules of a second hydrogel. In some embodiments, the plurality of first reporter
molecules may each comprise a first fluorescent moiety. The first fluorescent moiety can be
different than the fluorescent moieties of each of the plurality of second reporter molecules. In
some embodiments, the plurality of first reporter molecules may each comprise a sequence
cleavable by a first programmable nuclease complex comprising a first programmable nuclease
and a first guide nucleic acid. In some embodiments, the plurality of second reporter molecules
may each comprise a sequence cleavable by a second programmable nuclease complex
comprising a second programmable nuclease and a second guide nucleic acid.

[0473] Any of the systems or devices described herein may comprise at least about 2
hydrogels, at least about 3 hydrogels, at least about 4 hydrogels, at least about 5 hydrogels, at
least about 6 hydrogels, at least about 7 hydrogels, at least about 8 hydrogels, at least about 9
hydrogels, at least about 10 hydrogels, at least about 20 hydrogels, at least about 30 hydrogels,
at least about 40 hydrogels, at least about 50 hydrogels, at least about 60 hydrogels, at least
about 70 hydrogels, at least about 80 hydrogels, at least about 90 hydrogels, at least about 100
hydrogels, at least about 200 hydrogels, at least about 300 hydrogels, at least about 400
hydrogels, at least about 500 hydrogels, at least about 600 hydrogels, at least about 700
hydrogels, at least about 800 hydrogels, at least about 900 hydrogels, or at least about 1000
hydrogels.

[0474] Any of the systems or devices described herein may comprise one or more
compartments, chambers, channels, or locations comprising the one or more hydrogels. In some
embodiments, two or more of the compartments may be in fluid communication, optical
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communication, and/or thermal communication with one another, or any combination thereof. In
some embodiments, two or more compartments may be arranged in a sequence or in series. In
some embodiments, two or more compartments may be arranged in parallel. In some
embodiments, two or more compartments may be arranged in sequence (i.e., in series), in
parallel, or both. In some embodiments, the one or more compartments may comprise a well. In
some embodiments, the one or more compartments may comprise a flow strip. In some
embodiments, the one or more compartments may comprise a heating element.

[0475] In some embodiments, the devices of the present disclosure may comprise a handheld
device. In some embodiments, the device may be a point-of-need device. In some embodiments,
the device may comprise any one of the device configurations described herein. In some
embodiments, the device may comprise one or more parts, components, or features of any one of

the device configurations described herein.
Amplifying Signals using Positive Feedback Systems

[0476] Any of the methods described herein may comprise amplifying a detection signal
using a positive feedback system. FIGs. 41A-41B illustrate an exemplary positive feedback
system for signal amplification. In some embodiments, a method for signal amplification may
comprise binding a first nuclease, e.g., a first programmable nuclease (15101a) bound to a first
guide nucleic acid (15102) with a first target nucleic acid (15103) to generate a first activated
programmable nuclease complex (15101b), as shown in FIG. 41A. The first target nucleic acid
(15103) may be present in a sample. Activation of the first programmable nuclease may result in
release of one or more secondary target-specific guide nucleic acids (15104) from a first location
(15105). The secondary target-specific guide nucleic acids (15104) may each comprise a nucleic
acid tether (15106) capable of being cleaved by the first activated programmable nuclease
complex. The secondary target-specific guide nucleic acids may be released by trans-cleaving
the nucleic acid tethers (15106) via the first activated programmable nuclease complex. The
secondary target-specific guide nucleic acids (15104) may then bind to an uncomplexed second
programmable nuclease (15101a) present at the first location (15105), as shown in FIG. 41B.
The second programmable nuclease (15101a) may then bind a second target nucleic acid
(15108) at a second location (15109) to generate a second activated programmable nuclease
complex (15101b). The second activated programmable nuclease complex (15101b) may then
cleave the second target nucleic acid (15108) or remain immobilized at the second location
(15109). One or more reporters may be present (e.g., free-floating, immobilized to a substrate at
a third location, etc.) which may be cleaved by the first and/or second activated programmable

nuclease complexes as described herein. Alternatively, or in combination, one or more of the
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secondary target-specific guide nucleic acid (15104), the tether (15106), and/or the second target
nucleic acid (15108) may comprise a detection moiety which may provide a detectable signal
upon cleavage of the nucleic acid species to which it is bound. In some embodiments, the
detection moiety may comprise a quencher-fluorophore pair as described herein.

[0477] In some instances, a single first target nucleic acid can lead to the release of a
plurality of secondary target-specific guide nucleic acids and the generation of the plurality of
second activated programmable nuclease complexes as described herein. Then each second
activated programmable nuclease complex can lead to the generation of another plurality of
secondary target-specific guide nucleic acids and another plurality of second activated
programmable nuclease complexes, and so on. The second activated programmable nuclease
complexes can generate additional signals beyond that of the first activated programmable
nuclease complex alone. Thus, the detection of the single first target nucleic acid can activate a
positive feedback loop for amplifying its signal.

[0478] In some aspects, provided herein are compositions for amplifying a detection signal
using a positive feedback system. In some embodiments, the composition may comprise: (a) a
first set of programmable nucleases (15101) each comprising a first guide nucleic acid (15102),
wherein each programmable nuclease in the first set of programmable nucleases is configured to
bind with a first target nucleic acid (15103) and then trans-cleave a plurality of nucleic acids
comprising a first sequence; (b) a plurality of secondary target-specific guide nucleic acids
(15104) each comprising a nucleic acid tether (15106) comprising the first sequence; (c) a
second set of programmable nucleases (15101) each configured to bind with a secondary target-
specific guide nucleic acid which is configured to bind with a second target nucleic acid and
then cleave a plurality of nucleic acids comprising a second sequence; and a plurality of second
target nucleic acids (15108) each comprising the second sequence.

[0479] In some embodiments, the first programmable nuclease (15101) may be free in
solution, as illustrated in FIGs. 41A-41B. In some embodiments, the first programmable
nuclease (15101) may be immobilized to a substrate (e.g., 15105, 15109, etc.). In some
embodiments, the second programmable nuclease (15101) may be free in solution. In some
embodiments, the second programmable nuclease (15101) may be immobilized to a substrate
(e.g., 15105, 15109, etc.). In some embodiments, any one or more components of the
composition may be immobilized on a substrate (e.g., 15105, 15109).

[0480] In some embodiments, the substrate (15105, 15109) may comprise one or more
hydrogels, as illustrated in FIGs. 41A-41B. In some embodiments, a first hydrogel (15105) may
comprise a secondary target-specific guide nucleic acid (15104) immobilized by a single-
stranded nucleic acid (15106). In some embodiments, a second hydrogel (15109) may comprise
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an immobilized second target nucleic acid (15108). In some embodiments, the substrate (15105,
15109) may comprise a reporter-incorporated hydrogel as described herein. In some
embodiments, the substrate (15105, 15109) may be in the form of a bead. In some embodiments,
the substrate (15105, 15109) may be a glass or glass-like material. In some embodiments, the
substrate (15105, 15109) may be a polymeric material.
[0481] In some embodiments, the secondary target-specific guide nucleic acids (15104) may
be immobilized to a substrate (15105, 15109). In some embodiments, the secondary target-
specific guide nucleic acids (15104) may be immobilized with a single stranded nucleic acid
tether (15106). In some embodiments, the secondary target-specific guide nucleic acids (15104)
may be free in solution. In some embodiments, the secondary target-specific guide nucleic acids
(15104) may comprise one or more reporters. In some embodiments, the secondary target-
specific guide nucleic acids (15104) may comprise one or more detection moieties (15111).
[0482] In some embodiments, the second target nucleic acids (15108) may be immobilized
on a substrate (15105, 15109). In some embodiments, the second target nucleic acids (15108)
may be free in solution. In some embodiments, the second target nucleic acids (15108) may
comprise one or more reporters. In some embodiments, the second target nucleic acids (15108)
may comprise one or more detection moieties (15111).
[0483] The programmable nucleases may comprise any of the programmable nucleases
described herein. In some embodiments, the nuclease may comprise an endonuclease. In some
embodiments, the nuclease may comprise a Cas9 enzyme. In some embodiments, the nuclease
may comprise a mutant Cas9 enzyme. In some embodiments, the nuclease may comprise an
engineered Cas9 enzyme. In some embodiments, the nuclease may comprise a Cas12 enzyme. In
some embodiments, the nuclease may comprise a Cas13 enzyme. In some embodiments, the
nuclease may comprise a Cas14 enzyme. In some embodiments, the nuclease may comprise a
CasPhi enzyme.
[0484] In some embodiments, the first and second programmable nucleases may be the
same. In some embodiments, the first and second programmable nucleases may be different. In
some embodiments, the programmable nucleases may be configured to carry out cis cleavage. In
some embodiments, the programmable nucleases may be configured to carry out trans cleavage.
[0485] In some embodiments, cleaving by a programmable nuclease activates a reporter. In
some embodiments, cleaving by a programmable nuclease activates (e.g., releases, unquenches,
etc.) a detection moiety. In some embodiments, cleaving a nucleic acid tether activates a

reporter. In some embodiments, cleaving a second target nucleic acid activates a reporter.

Devices for Amplifying Signals using Positive Feedback Systems
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[0486] Any of the devices described herein may be configured for amplifying a detection
signal using a positive feedback system. In some embodiments, the device may comprise one or
more compartments configured to: (a) bind a first nuclease (15101) with a first guide nucleic
acid (15102) and a first target nucleic acid (15103) to generate a first complex; (b) release one or
more second guide nucleic acids (15104) each comprising a nucleic acid tether (15106) by
cleaving the nucleic acid tether(s) (15106) with the first complex; (c) bind the second guide
nucleic acids (15104) each with a second nuclease (15101) and a second target nucleic acid
(15108) to generate a plurality of second complexes; and (d) cleave a plurality of reporters with
the first and second complexes as described herein. Additional second complexes may be
formed by further cleavage by the first and second complexes as described herein.

[0487] In some embodiments, the device may comprise one or more compartments
comprising: (a) a first set of nucleases (15101) each comprising a first guide nucleic acid
(15102), wherein each nuclease in the first set of nucleases is configured to bind with a first
target nucleic acid (15103) and then cleave a plurality of nucleic acids comprising a first
sequence; (b) a plurality of secondary target-specific guide nucleic acids (15104) each
comprising a nucleic acid tether (15106) comprising the first sequence; (c) a second set of
nucleases (15101) each configured to bind with the secondary target-specific guide nucleic acid
(15104) and a second target nucleic acid (15108) and then cleave a plurality of nucleic acids;
and (d) a plurality of second target nucleic acids (15108).

[0488] In some embodiments, the one or more compartments may be in fluid
communication, optical communication, and/or thermal communication with one another, or any
combination thereof. In some embodiments, the one or more compartments may be arranged in a
sequence (e.g., in series). In some embodiments, one or more compartments may be arranged in
parallel. In some embodiments, the one or more compartments may be arranged in sequence, in
parallel, or both. In some embodiments, the one or more compartments may comprise a well. In
some embodiments, the one or more compartments may comprise a flow strip. In some
embodiments, the one or more compartments may comprise a heating element.

[0489] In some embodiments, the device may comprise a handheld device. In some
embodiments, the device may comprise a point-of-need device. In some embodiments, the
device may comprise any one of the device configurations described in this disclosure. In some
embodiments, the device may comprise one or more parts, components, or features of any one of
the device configurations described herein.

Example: DETECTR-based OnePot and HotPot reactions using reporter immobilization
within hydrogels

[0490] Experiments were carried out to synthesize hydrogels containing immobilized
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reporters co-polymerized with a mixture of oligomers as described in FIG. 39 and FIGs. 40A-
40B and to determine their applicability for OnePot and HotPot DETECTR assays. FIG. 39
illustrates the hydrogel structure with a covalently incorporated reporter that was generated via
co-polymerization with the reporter.

[0491] The reporter was covalently incorporated into PEG hydrogels during polymerization.
A 2:1 ratio mixture of unfunctionalized PEG (MW=600 monomers) and PEG-diacrylate
(MW=700 monomers) were mixed together with a photoinitiator (2-Hydroxy-2-
methylpropiophenone (Darocur 1173)) and 100 uM of Acrydite-modified Reporter 172
(/SAcryd/TTT TTT TTT TTT TTT TTT TT/i6-FAMK//3Bi0/). The mixture was exposed to UV
light (365 nm, 200 ms) under a photomask. The mask was configured to polymerize the mix into
circular cross-sectional rods of hydrogel 400 um in diameter. Excess material was washed off
the hydrogels after polymerization. The acrydite group on the 5° end of the reporter was
covalently reacted with the acrylate groups of PEG-diacrylate oligomers during co-
polymerization in order to incorporate the reporter into or onto the hydrogel.

[0492] OnePot (using a Cas12 programmable nuclease, SEQ ID NO: 17) and HotPot (using
a Casl4a.1 programmable nuclease, SEQ ID NO: 3) DETECTR reactions were run as described
herein by applying the programmable nuclease complexes and target nucleic acids to a tube
containing the hydrogels. Six hydrogels/reaction were added for Cas12 (SEQ ID NO: 17)
OnePot DETECTR and ten hydrogels/reaction were added for Cas14a.1 (SEQ ID NO: 3) HotPot
DETECTR assays. DETECTR reactions were run for 60 minutes at 37 °C with mixing for the
Cas 12 (SEQ ID NO: 17) OnePot assays and 60 minutes at 55 °C with mixing for Cas14a.1
(SEQ ID NO: 3) HotPot assays. Duplicate reactions were run for each of a target nucleic acid
(e.g., a target RNA) and the no target control (NTC) for both Cas 12 (SEQ ID NO: 17) OnePot
and Casl4a.1 (SEQ ID NO: 3) HotPot assays.

[0493] The tubes were then spun down and a supernatant was applied to lateral flow strips.
The sample pad of lateral flow strip contained anti-FITC conjugate particles (colloidal gold). If
the target was present, the supernatant contained cleaved FAM-biotin-labeled reporter molecules
which bound to an anti-biotin (e.g., streptavidin) target line on the lateral flow strip. The anti-
FITC conjugate particles bound the FAM moiety on the reporter molecules and a target band
appeared on lateral flow strips at the anti-biotin target line. If the target was not present (as in
NTC DETECTR reactions), the supernatant did not contain any FAM-biotin-labeled molecules
and nothing bound to the anti-biotin target line. The lateral flow assay strip also contained an
anti-IgG flow control line, downstream of the anti-biotin target line, which bound to the anti-
FITC moiety of the conjugate particles to confirm that the lateral flow assay functioned
properly. FIG. 46A shows the results of the Cas12 (SEQ ID NO: 17) OnePot DETECTR assays.
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FIG. 46B shows the results of the Cas14a.1 (SEQ ID NO: 3) HotPot DETECTR assays. Strong
signals were seen in both positive sample replicates while minimal background noise appeared
in NTC replicate strips at the target line.

Example: DETECTR-based OnePot and HotPot reactions using guide nucleic acid and
reporter immobilization within hydrogels

[0494] The following example demonstrates a method of making and using a hydrogel
comprising immobilized guide nucleic acids and reporters. Guide nucleic acids are covalently
incorporated into PEG hydrogels during polymerization. A 2:1 ratio mixture of unfunctionalized
PEG (MW=600 monomers) and PEG-diacrylate (MW=700 monomers) are mixed together with
a photoinitiator (2-Hydroxy-2-methylpropiophenone (Darocur 1173)), 100 uM of Acrydite-
modified Reporter 172 (/SAcryd/TTT TTT TTT TTT TTT TTT TT/i6-F AMK//3Bi0/), and 100
uM of Acrydite-modified guide nucleic acids (e.g., R1763 with acrydite modification:
/5Acryd/UAA UUU CUA CUA AGU GUA GAU CCC CCA GCG CUU CAG CGU UC, or
R1965 with acrydite modification: /SAcryd/rUrArAr UrUrUr CrUrAr CrUrAr ArGrUr GrUrAr
GrArUr UrUrAr CrArUr GrGrCr UrCrUr GrGrUr CrCrGr Ar G). The mixture is exposed to UV
light (365 nm, 200 ms) under a photomask. The mask is configured to polymerize the mix into
circular cross-sectional rods of hydrogel 400 um in diameter. Excess material is washed off
hydrogels after polymerization. The acrydite group on the 5” end of the reporters and the
acrydite group on the 5” end of the guide nucleic acids are covalently reacted with the acrylate
groups of PEG-diacrylate oligomers during co-polymerization in order to incorporate the
reporters and the guide nucleic acids into the hydrogel.

[0495] OnePot (using a Cas12 programmable nuclease, SEQ ID NO: 17) and HotPot (using
a Casl4a.1 programmable nuclease, SEQ ID NO: 3) DETECTR reactions are run as described
herein by applying the programmable nucleases and target nucleic acids to a tube containing the
hydrogels. Six hydrogels/reaction are added for the Cas12 (SEQ ID NO: 17) OnePot DETECTR
assays and ten hydrogels/reaction for the Casl14a.1 (SEQ ID NO: 3) HotPot DETECTR assays.
DETECTR reactions are run for 60 minutes at 37 °C with mixing for the Cas 12 (SEQ ID NO:
17) OnePot assay and 60 minutes at 55 °C with mixing for the Casl4a.1 (SEQ ID NO: 3) HotPot
assay. Duplicate reactions are run for each of a target nucleic acid (e.g., a target RNA) and the
no target control (NTC) for both the Cas 12 (SEQ ID NO: 17) OnePot and Casl4a.1 (SEQ ID
NO: 3) HotPot assays.

[0496] The tubes are then spun down and a supernatant is applied to lateral flow strips. The
sample pad of lateral flow strip contains anti-FITC conjugate particles (colloidal gold). If a
target is present, the supernatant contains cleaved FAM-biotin-labeled reporter molecules which
bind to an anti-biotin (e.g., streptavidin) target line on the lateral flow strip. The anti-FITC

163



WO 2022/133108 PCT/US2021/063844
conjugate particles bind the FAM moiety on the reporter molecules and a target band appeared
on lateral flow strips at the anti-biotin target line. If the target is not present, the supernatant does
not contain any FAM-biotin-labeled molecules and nothing binds to the anti-biotin target line.
The lateral flow assay strip also contains an anti-IgG flow control line, downstream of the anti-
biotin target line, which binds to the anti-FITC moiety of the conjugate particles to confirm that
the lateral flow assay functions properly.

Example: DETECTR-based OnePot and HotPot reactions using programmable nuclease,
guide nucleic acid, and reporter immobilization within hydrogels

[0497] The following example demonstrates a method of making and using a hydrogel
comprising immobilized programmable nucleases, guide nucleic acids, and reporter. Guide
nucleic acids are covalently incorporated into PEG hydrogels during polymerization. A 2:1 ratio
mixture of unfunctionalized PEG (MW=600 monomers) and PEG-diacrylate (MW=700
monomers) are mixed together with a photoinitiator (2-Hydroxy-2-methylpropiophenone
(Darocur 1173)), 100 uM of programmable nuclease (e.g., Cas12 variant SEQ ID NO: 17 or
Casl4a.1 SEQ ID NO: 3), 100 uM of Acrydite-modified Reporter 172 (/SAcryd/TTT TTT TTT
TTT TTT TTT TT/16-FAMK//3Bio/), and 100 uM of Acrydite-modified guide nucleic acids
(e.g., R1763 with acrydite modification: /SAcryd/UAA UUU CUA CUA AGU GUA GAU CCC
CCA GCG CUU CAG CGU UC, or R1965 with acrydite modification: /SAcryd/rUrArAr
UrUrUr CrUrAr CrUrAr ArGrUr GrUrAr GrArUr UrUrAr CrArUr GrGrCr UrCrUr GrGrUr
CrCrGr Ar G). The mixture is exposed to UV light (365 nm, 200 ms) under a photomask. The
mask is configured to polymerize the mix into circular cross-sectional rods of hydrogel 400 um
in diameter. Excess material is washed off the hydrogels after polymerization. The acrydite
group on the 5” end of the reporters and the acrydite group on the 5* end of the guide nucleic
acids are covalently reacted with the acrylate groups of PEG-diacrylate oligomers during co-
polymerization in order to incorporate the reporters and the guide nucleic acids into the
hydrogel. The programmable nucleases are immobilized by complexing with guide nucleic
acids.

[0498] OnePot and HotPot DETECTR reactions are run as described herein by applying
target nucleic acids to a tube containing the hydrogels. Six hydrogels/reaction are added for the
OnePot DETECTR assays and ten hydrogels/reaction are added for the HotPot DETECTR
assays. The DETECTR reactions are run for 60 minutes at 37 °C with mixing for the OnePot
assays and 60 minutes at 55 °C with mixing for the HotPot assays. Duplicate reactions are run
for each of a target nucleic acid (e.g., a target RNA) and the no target control (NTC) for both the
OnePot and HotPot assays.

[0499] The tubes are then spun down and the supernatant is applied to lateral flow strips.
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The sample pad of lateral flow strip contains anti-FITC conjugate particles (colloidal gold). If a
target is present, the supernatant contains cleaved FAM-biotin-labeled reporter molecules which
bind to an anti-biotin (e.g., streptavidin) target line on the lateral flow strip. The anti-FITC
conjugate particles bind the FAM moiety on the reporter molecules and a target band appeared
on lateral flow strips at the anti-biotin target line. If the target is not present, the supernatant does
not contain any FAM-biotin-labeled molecules and nothing binds to the anti-biotin target line.
The lateral flow assay strip also contains an anti-IgG flow control line, downstream of the anti-
biotin target line, which binds to the anti-FITC moiety of the conjugate particles to confirm that
the lateral flow assay functions properly.
Example: Positive Feedback Loop System for Amplifying Signals
[0500] The following example demonstrates a positive feedback loop system for amplifying
the signal for each target nucleic acid molecule in a sample as described in FIGs. 41A-41B.
[0501] A mixture comprising one or more programmable nucleases (15101), primary target-
specific guide nucleic acids (15102), and primary target nucleic acids (15103) is flowed over a
well. The well comprises two types of hydrogels. The first type of hydrogel (15105) contains
secondary target-specific guide nucleic acids (15104) that are each immobilized by a single-
stranded DNA molecule (15106) onto or into the first hydrogel (15105). The second type of
hydrogel (15109) contains double stranded secondary target nucleic acids (15108) immobilized
onto or into the second hydrogel (15109). The first programmable nuclease is complexed to the
primary target-specific guide nucleic acid (15102). The second programmable nuclease is not
bound to a guide nucleic acid.
[0502] The first programmable nucleases complexed with the primary target guide nucleic
acids (15102) binds to the primary target nucleic acids (15103) to create activated programmable
nuclease complexes that are configured to trans-cleave nearby single-stranded nucleic acid
species. The species include reporters (15111), e.g., free-floating in solution or immobilized to a
substrate or a hydrogel e.g., adjacent the single-stranded DNA molecules (15106) and/or
secondary target nucleic acids, and the single-stranded DNA molecules (15106) immobilizing
the secondary target-specific guide nucleic acids (15104) on or in the first hydrogel (15105).
Cleavage of the single-stranded DNA linkers (15104) releases the secondary target-specific
guide nucleic acids (15104) from the first hydrogel (15105). This leads to a free-floating
population of secondary target-specific guide nucleic acids (15104) in solution. The free-floating
secondary target-specific guide nucleic acids (15104) complex with the second programmable
nucleases. The second programmable nucleases are then able to bind to the secondary target
nucleic acids (15108) immobilized on the second hydrogel (15109) to form activated
programmable nuclease complexes that trans-cleave nearby single-stranded nucleic acid species,
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including reporters (15111) and the single-stranded DNA molecules (15106) on the first
hydrogel (15105). This in turn leads to additional cleavage of reporters (15111) and secondary
target-specific guide nucleic acids (15104) in solution, which in turn yields more activated
programmable nuclease complexes that release further secondary target-specific guide nucleic
acids (15104) into the solution, and so on, thereby amplifying the initial signal from the primary
target nucleic acids.

[0503] In any of the embodiments described herein, the immobilized nucleic acids (guide nucleic
acids, secondary target nucleic acids) can comprise fluorescent moieties and quencher moieties.
Cleavage of the immobilized nucleic acids separates the quencher moieties from the fluorescent
moieties, thereby allowing the fluorescent moieties to produce a detectable fluorescent signal. The
fluorescent moieties can remain bound to the hydrogels (15105, 15109) after cleavage, which can
result in an increase in fluorescence at the hydrogel locations. These amplified signals can then be
detected by an optical instrument or any one of the sensors described herein.

Example: Assay Testing using Bead Immobilized Reporters following HotPot Protocol
[0504] FIG. 42 illustrates the manual HotPot experimental protocol used to test bead-
immobilized reporter cleavage. A sample containing target nucleic acids was added to a tube
containing a lysis buffer (15201). After lysing for 1-2 minutes at ambient temperature, the
solution was transferred to a reaction tube (15202) containing lyophilized reagents (i.e., the base
bead, the master mix bead, and the reporter bead). Contents of the reaction tube were rehydrated
and reconstituted with lysis buffer, and the HotPot reaction was started and maintained at 55 °C
for 30 minutes (15203). During the reaction, programmable nucleases in the solution cleaved
reporter molecules from the beads at the same time as an RT-LAMP reaction proceeded to
amplify the target nucleic acids (15204). The reaction medium was then filtered through a
membrane to trap the beads, and a first portion of the filtered product was used to measure
fluorescence thereof on a fluorescence reader. A second portion of the filtered product was
applied to a sample pad of a lateral flow strip. The lateral flow strip included a target capture
area (T) comprising streptavidin and a control area (C) comprising IgG. The lateral flow strip
assay was allowed to run for 3 minutes at ambient temperature (15205) before pictures were
taken of the resulting bands at the target capture area T and the control area C.

[0505] FIG. 43 shows fluorescence DETECTR results with reporters immobilized onto
glass beads. Experiments with both DNase and CasM.21526 (SEQ ID NO: 34)/R1763 showed
larger fluorescence signal in the presence of target nucleic acids (2 nM, GF703) compared to the
no target control experiments (NTC), thus the HotPot DETECTR reaction successfully cleaved
the immobilized reporters from the glass beads. Experiments with CasM.21526 (SEQ ID NO:
34) were carried out at 55 °C with H2.B bufter. Experiments with DNase were carried out at 37
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°C with 1x Turbo DNase buffer. FIG. 44 shows photographs of the lateral flow strips to which
the DNase and CasM.21526 (SEQ ID NO: 34) samples from FIG. 43 were applied.
[0506] FIG. 45 shows results with maleimide-coated magnetic beads immobilized with thiol-
FAM reporter. Experiments with each protein (a Casl4 variant (SEQ ID NO: 3), CasM.21526
(SEQ ID NO: 34), and a Cas12 variant (SEQ ID NO: 17)) resulted in larger signals with target
nucleic acids (GF703) compared to the no target control experiments (NTC), thus the HotPot
DETECTR reaction successfully cleaved the immobilized reporters from the maleimide-coated
magnetic beads.
[0507] Immobilization
[0508] In any of the embodiments described herein, the programmable nuclease, guide nucleic
acid, and/or the reporter can be immobilized to a device surface by a linkage. In some
embodiments, the linkage may comprise a covalent bond, a non-covalent bond, an electrostatic
bond, an interaction (e.g., a covalent or noncovalent bond) between members of a binding pair
(e.g., streptavidin and biotin), an amide bond, or any combination thereof. In some embodiments,
the linkage may comprise non-specific absorption. In some embodiments, the programmable
nuclease may be immobilized to the device surface by the linkage, wherein the linkage is between
the programmable nuclease and the surface. In some embodiments, the reporter may be
immobilized to the device surface by the linkage, wherein the linkage is between the reporter and
the surface. In some embodiments, the guide nucleic acid may be immobilized to the surface by
the linkage, wherein the linkage is between the 5 end of the guide nucleic acid and the surface.
In some embodiments, the guide nucleic acid may be immobilized to the surface by the linkage,
wherein the linkage is between the 3 end of the guide nucleic acid and the surface. In some
embodiments, each guide nucleic acid of the plurality of guide nucleic acids may be
complementary, or partially complementary to a different segment of the target nucleic acid. In
some embodiments, the samples described and referred to herein may comprise one or more target
nucleic acid(s), amplification reagents, amplified targets, and/or detection moieties.
[0509] Lateral Flow Assay Devices
[0510] In some embodiments, the device may comprise one or more lateral flow assay strips in a
detection region disposed downstream of the amplification region. Each lateral flow assay strip
may comprise one or more detection regions or spots, where each detection region or spot contains
a different type of capture molecule. In some embodiments, each lateral flow assay strip contains
a different type of capture molecule. In some embodiments, each capture molecule type
specifically binds to a particular label type of a reporter. In some embodiments, a first lateral flow
assay strip contains a first capture molecule. In some embodiments, a first DETECTR region or
surface location (e.g., within a reaction chamber or heating region) contains the immobilized
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programmable nuclease (e.g., Cas-complex) including the guide nucleic acid (e.g., sgRNA)
specific to the first target nucleic acid sequence. In some embodiments, the first DETECTR region
or surface location additionally contains a first immobilized reporter which is labeled with a first
detection moiety (e.g., FITC). In some embodiments, upon binding of the first target nucleic acid
sequence, the first immobilized reporter is cleaved and released into solution. In some
embodiments, the first detection moiety is released into solution and the remainder of the first
reporter remains immobilized on the surface. Alternatively, or in combination, in some
embodiments, a second lateral flow assay strip contains a second capture molecule. In some
embodiments, a second DETECTR region or surface location (e.g., within a reaction chamber or
heating region) contains the immobilized programmable nuclease (e.g., Cas complex) including
the guide nucleic acid (e.g., sgRNA) specific to the second target nucleic acid sequence. In some
embodiments, the second DETECTR region or surface location additionally contains a second
immobilized reporter which is labeled with a second detection moiety. Therefore, in some
embodiments, upon binding of the second target nucleic acid sequence, the second immobilized
reporter is cleaved and released into solution. In some embodiments, the second detection moiety
is released into solution and the remainder of the second reporter remains immobilized on the
surface.

[0511] In some embodiments, the solution containing the first and second cleaved reporters is
transferred from the amplification region to the lateral flow region comprising the first lateral flow
assay strip and the second lateral flow assay strip. In some embodiments, a chase buffer or diluent
is introduced into a diluent input and negative pressure is applied to the negative pressure port to
contact the solution containing the first and second cleaved reporters to the lateral flow assay strips
of the lateral flow region, where the reporters are bound to conjugate molecules e.g., anti-biotin-
AuNPs. In some embodiments, the AuNP-reporter conjugates having the first reporter labeled
with the first detection moiety may selectively bind to a first detection region or spot containing
the first capture molecule on the first lateral flow assay strip, thus indicating the presence of the
first target nucleic acid sequence in the sample. In some embodiments, the AuNP-reporter
conjugates having the second reporter labeled with the second detection moiety may selectively
bind to a second detection region or spot containing the second capture molecule on the second
lateral flow assay strip, thus indicating the presence of the second target nucleic acid sequence in
the sample. In this manner, for some embodiments, parallel detection of two or more target nucleic
acid sequences present in a multiplexed sample is enabled.

[0512] In some embodiments, the device may comprise one or more lateral flow assay strips
in a detection region disposed downstream of the amplification region. Each lateral flow assay
strip contains one or more detection regions or spots, where each detection region or spot
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contains a different type of capture molecule. In some embodiments, each lateral flow assay
strip may contain a different type of capture molecule. In some embodiments, each capture
molecule type specifically binds to a particular label type of a reporter. In some embodiments, a
first lateral flow assay strip contains a first capture molecule. In some embodiments, a first
surface (e.g., bead) contains the immobilized programmable nuclease (e.g., Cas-complex)
including the guide nucleic acid (e.g., sgRNA) specific to the first target nucleic acid sequence.
In some embodiments, the first surface additionally contains a first immobilized reporter which
is labeled with a first detection moiety. In some embodiments, upon binding of the first target
nucleic acid sequence, the first immobilized reporter is cleaved and released into solution as
described herein. Alternatively, or in combination, in some embodiments, a second lateral flow
assay strip contains a second capture molecule. In some embodiments, a second surface (e.g.,
bead) contains the second immobilized programmable nuclease including the guide nucleic acid
specific to the second target nucleic acid sequence. In some embodiments, the second surface
additionally contains a second immobilized reporter which is labeled with a second detection
moiety. Therefore, in some embodiments, upon binding of the second target nucleic acid
sequence, the second immobilized reporter is cleaved and released into solution.
[0513] In some embodiments, the solution containing the first and second cleaved reporters is
transferred from the amplification region to the lateral flow region comprising the first lateral flow
assay strip and the second lateral flow assay strip. In some embodiments, a chase buffer or diluent
is introduced into a diluent input or reservoir and negative pressure is applied to the negative
pressure port to contact lateral flow region. A pressure valve may be disposed between the
amplification region and the lateral flow region in order to regulate flow of the sample solution
from the amplification region to the lateral flow region before amplification has occurred.
Actuation of the pressure valve enables the solution containing the first and second cleaved
reporters to contact the lateral flow assay strips of the lateral flow region, where the reporters are
bound to conjugate molecules, e.g., anti-biotin-AuNPs. In some embodiments, the AuNP-reporter
conjugates having the first reporter labeled with the first detection moiety can selectively bind to
a first detection region or spot containing a first capture molecule on the first lateral flow assay
strip, thus indicating the presence of the first target nucleic acid sequence in the sample. In some
embodiments, the AuNP-reporter conjugates having the second reporter labeled with the second
detection moiety may selectively bind to a second detection region or spot containing a second
capture molecule on the second lateral flow assay strip, thus indicating the presence of the second
target nucleic acid sequence in the sample. In this manner, for some embodiments, parallel
detection of two or more target nucleic acid sequences present in a multiplexed sample is enabled.
[0514] In some embodiments, the device may include multiple lateral flow strips. Each
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reaction chamber may be configured to interface with a detection region comprising a lateral
flow strip. In some embodiments, the detection region may be in fluid communication with the
reaction chamber. In some embodiments, the detection region may be contacted to the reaction
chamber after amplification and the programmable nuclease-based reactions have been
performed in the reaction chamber. In some embodiments, the lateral flow strips may be
configured to be inserted into the reaction chambers. In some embodiments, the lateral flow
strips may be configured to be inserted into the reaction chambers at the same time or at
different times.

[0515] In some embodiments, each reaction chamber may comprise one or more guide nucleic
acids (e.g., sgRNAs) immobilized to a surface (e.g., a glass bead disposed within a reaction
chamber). In some embodiments, the guide nucleic acids are part of a programmable nuclease
(e.g., Cas-complex) probe immobilized to a surface. In some embodiments, a guide nucleic acid
is designed to specifically bind to a target nucleic acid in the sample. In some embodiments, there
are different guide nucleic acids corresponding to different reaction chambers, where each
different guide nucleic acid is complementary for a different target nucleic acid sequence that may
or may not be present in the sample. In some embodiments, in addition to the programmable
nuclease probes containing guide nucleic acids, each reaction chamber may contain or may be
functionalized with one or more reporters having distinct functional groups as described herein.
In some embodiments, the reporters may be in close enough proximity to be cleaved by the
programmable nuclease probes. In some embodiments, reporters are cleaved and a portion thereof
(e.g., a detection moiety) may be released into the solution upon binding between a particular
guide nucleic acid and the target nucleic acid to which the guide nucleic acid is designed to
specifically bind. In some embodiments, reporters are functionalized with a detection moiety (e.g.,
a label).

[0516] In some embodiments, the device may comprise one or more lateral flow assay strips
in a detection region disposed downstream of the reaction chamber. In some embodiments, the
device may comprise one or more lateral flow assay strips in a detection region which may be
brought into fluid communication with the reaction chamber. Each lateral flow assay strip may
contain one or more detection regions or spots, where each detection region or spot contains a
different type of capture molecule. In some embodiments, each lateral flow assay strip contains
a different type of capture molecule. In some embodiments, each capture molecule type
specifically binds to a particular label type of a reporter. In some embodiments, a first lateral
flow assay strip contains a first capture molecule. In some embodiments, a first DETECTR
region or surface location (e.g., within a first reaction chamber) contains the immobilized
programmable nuclease (e.g., Cas-complex) including the guide nucleic acid (e.g., sgRNA)
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specific to the first target nucleic acid sequence. In some embodiments, the first DETECTR
region or surface location additionally contains a first immobilized reporter which is labeled
with a first detection moiety (e.g., FITC). In some embodiments, upon binding of the first target
nucleic acid sequence, the first immobilized reporter is cleaved and released into solution. In
some embodiments, the first detection moiety is released into solution and the remainder of the
first reporter remains immobilized on the surface. Alternatively, or in combination, in some
embodiments, a second lateral flow assay strip contains a second capture molecule. In some
embodiments, a second DETECTR region or surface location (e.g., within a second reaction
chamber) may contain the immobilized programmable nuclease (e.g., Cas complex) including
the guide nucleic acid (e.g., sgRNA) specific to the second target nucleic acid sequence. In some
embodiments, the second DETECTR region or surface location additionally contains a second
immobilized reporter which is labeled with a second detection moiety. Therefore, in some
embodiments, upon binding of the second target nucleic acid sequence, the second immobilized
reporter is cleaved and released into solution. In some embodiments, the second detection
moiety is released into solution and the remainder of the second reporter remains immobilized
on the surface.

[0517] In some embodiments, the solutions containing the first or second cleaved reporters can
be transferred from their respective reaction chambers to a first lateral flow assay strip and a
second lateral flow assay strip, respectively. In some embodiments, a chase buffer or diluent is
introduced into a diluent input and negative pressure is applied to the negative pressure port to
contact the solutions containing the first or second cleaved reporters to their respective lateral flow
assay strips. The reporters may be bound to conjugate molecules e.g., anti-biotin-AuNPs. In some
embodiments, the AuNP-reporter conjugates having the first reporter labeled with the first
detection moiety may selectively bind to a first detection region or spot containing the first capture
molecule on the first lateral flow assay strip, thus indicating the presence of the first target nucleic
acid sequence in the sample. In some embodiments, the AuNP-reporter conjugates having the
second reporter labeled with the second detection moiety may selectively bind to a second
detection region or spot containing the second capture molecule on the second lateral flow assay
strip, thus indicating the presence of the second target nucleic acid sequence in the sample. In this
manner, parallel detection of two or more target nucleic acid sequences present in a multiplexed
sample is enabled.

[0518] While preferred embodiments of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way of
example only. Numerous variations, changes, and substitutions will now occur to those skilled in
the art without departing from the invention. It should be understood that various alternatives to
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the embodiments described herein can be employed. It is intended that the following claims define
the scope of the invention and that methods and structures within the scope of these claims and

their equivalents be covered thereby.
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CLAIMS
WHAT IS CLAIMED IS:

1. A system for detecting any of a plurality of different target nucleic acids in a sample, the
system comprising:

(a) a plurality of different non-naturally occurring guide nucleic acids, wherein each of
the different non-naturally occurring guide nucleic acids is immobilized to a surface at a known
location identified with the particular non-naturally occurring guide nucleic acid,;

(b) a plurality of reporters immobilized to the surface in proximity to each of the
different non-naturally occurring guide nucleic acids at each of the known locations;

wherein each of the different non-naturally occurring guide nucleic acids comprises a
sequence that hybridizes to a segment of one of the plurality of different target nucleic acids or
an amplicon thereof;

wherein each of the non-naturally occurring guide nucleic acids is effective to form a
complex with a programmable nuclease that is activated upon binding the corresponding target
nucleic acid or amplicon thereof at the known location; and

wherein formation of the activated complex is effective to induce detectable trans

cleavage of the reporters at the respective known location.

2. The system of claim 1, wherein the plurality of different non-naturally occurring guide

nucleic acids are each immobilized to the surface by a linkage.

3. The system of claim 2, wherein the linkage comprises a covalent bond, a non-covalent
bond, an electrostatic bond, a bond between members of a binding pair, an amide bond, or any

combination thereof.

4. The system of claim 2, wherein the linkage comprises a chain of at least 6 carbons, or at

least 12 carbons.
5. The system of claim 2, wherein the linkage comprises a linker polynucleotide.

6. The system of claim 5, wherein the linker polynucleotide comprises a first member of a

binding pair that binds to a second member of the binding pair on the surface.

7. The system of claim 5 or 6, wherein the nucleic acid linker polynucleotide is double-

stranded.
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8. The system of claim 5 or 6, wherein the linker polynucleotide comprises double-stranded

DNA or single-stranded DNA.

9. The system of claim 8, wherein the double-stranded DNA linker polynucleotide is about
60 to about 80 base pairs in length.

10. The system of claim 5, wherein the linker polynucleotide is a cleavage substrate for the

activated complex.

11. The system of claim 10, wherein the reporters and the non-naturally occurring guide

nucleic acids are immobilized at separate discrete positions within each of the known locations.

12.  The system of any one of claims 1-11, wherein each of the reporters comprises a
fluorescent label and a quencher, and wherein cleavage of the reporters is effective to produce a

detectable loss of the quencher from the respective known location.

13.  The system of any one of claims 1-11, wherein each of the reporters comprises a
detection moiety, and wherein cleavage of the reporters is effective to produce a detectable loss

of the detection moiety from the respective known location.
14. The system of claim 13, wherein the detection moiety comprises a fluorescent label.

15. The system of claim 1, further comprising programmable nucleases immobilized at the
known locations by a linkage, wherein the plurality of different non-naturally occurring guide
nucleic acids are immobilized to the surface by being releasably bound by the programmable

nucleases.

16. The system of any one of claims 1-14, further comprising programmable nucleases

bound to the non-naturally occurring guide nucleic acids.

17. The system of claim 15 or 16, wherein the programmable nuclease comprises an RuvC

catalytic domain.

18. The system of any one of claims 15-17, wherein the programmable nuclease is a type V

CRISPR/Cas effector protein.

19. The system of claim 18, wherein the type V CRISPR/Cas effector protein is a Cas12

protein.
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20. The system of claim 19, wherein the Cas12 protein comprises Cas12a, Cas12b, Casl2c,
Cas12d, or Casl2e.

21. The system of claim 18, wherein the type V CRISPR/Cas effector protein is a Cas14

protein.

22. The system of claim 21, wherein the Cas14 protein comprises Cas14a, Cas14b, Casl4c,
Casl4d, Casl4e, Casl4f, Casl4g, or Casl4h.

23. The system of claim 18, wherein the type V CRISPR/Cas effector protein is a Cas®

protein.

24, The system of claim 15 or 16, wherein the programmable nuclease comprises a HEPN

catalytic domain.

25.  The system of any one of claims 15, 16 or 24, wherein the programmable nuclease is a

type VI CRISPR/Cas effector protein.

26. The system of claim 25, wherein the type VI CRISPR/Cas effector protein is a Cas13

protein.

27. The system of claim 26, wherein the Cas13 protein comprises Cas13a, Cas13b, Cas13c,
Cas13d, or Casl3e.

28.  The system of any one of claims 1-27, wherein the surface is a surface of a fluidic

chamber or a bead.
29.  The system of any one of claims 1-27, wherein the surface comprises a polymer matrix.

30. The system of claim 29, wherein the polymer matrix is formed from copolymerization of

at least a first plurality of monomers with the reporters.
31 The system of claims 29 or 30, wherein the polymer matrix comprises a hydrogel.

32. The system of any one of claims 1-31, further comprising amplification reagents for an

amplification reaction targeting the plurality of different target nucleic acids.

33.  The system of claim 32, wherein the amplification reagents comprise one or more

oligonucleotide primers and a DNA polymerase.

34.  The system of any one of claims 1-33, wherein the known locations form an array.
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35. A method of assaying for a plurality of different target nucleic acids in a sample, the
method comprising:
(a) contacting a system of any one of claims 1-34 with the sample;
(b) detecting at one or more of the known locations a change in signal resulting from
cleavage of the reporters;
wherein the known location at which the change in signal is detected identifies the target

nucleic acid in the sample.

36. The method of claim 35, wherein the polynucleotide sample comprises products of a

nucleic acid amplification reaction.

37. The method of claim 35, wherein the polynucleotide sample comprises products of a

reverse transcription reaction.

38. A method of assaying for a plurality of different target nucleic acids in a sample, the
method comprising:

(a) contacting a surface with the sample, wherein the surface comprises:

(1) a plurality of different non-naturally occurring guide nucleic acids, wherein
each of the different non-naturally occurring guide nucleic acids is immobilized to the surface at
a known location identified with the particular non-naturally occurring guide nucleic acid; and

(i1) a plurality of reporters immobilized to the surface in proximity to each of the
different non-naturally occurring guide nucleic acids at each of the known locations.

(b) forming activated complexes at one or more of the known locations, wherein the
activated complexes comprise (1) one of the different non-naturally occurring guide nucleic
acids, (i1) a programmable nuclease, and (iii) one of the different target nucleic acids or an
amplicon thereof;

(c) cleaving the reporters with the activated complexes at the one or more known
locations by trans cleavage; and

(d) detecting a change in a signal at the one or more known locations comprising the
activated complexes, wherein the change in signal is a product of the trans cleavage, and
wherein the known location at which the change in signal is detected identifies the target nucleic

acid in the sample.

39. The method of claim 38, wherein the step of cleaving the reporters comprises incubation

at a temperature of about 37° C to about 70° C, about 50° C to about 60° C, or about 55° C.
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40.  The method of claim 38 or 39, wherein the plurality of different non-naturally occurring

guide nucleic acids are each immobilized to the surface by a linkage.

41. The method of claim 40, wherein the linkage comprises a covalent bond, a non-covalent
bond, an electrostatic bond, a bond between members of a binding pair, an amide bond, or any

combination thereof.

42. The method of claim 40, wherein the linkage comprises a chain of at least 6 carbons, or

at least 12 carbons.
43, The method of claim 40, wherein the linkage comprises a linker polynucleotide.

44, The method of claim 43, wherein the linker polynucleotide comprises a first member of a

binding pair that binds to a second member of the binding pair on the surface.

45. The method of claim 43 or 44, wherein the nucleic acid linker polynucleotide is double-
stranded.
46. The method of claim 43 or 44, wherein the linker polynucleotide comprises double-

stranded DNA or single-stranded DNA.

47. The method of claim 46, wherein the double-stranded DNA linker polynucleotide is
about 60 to about 80 base pairs in length.

48. The method of claim 43, wherein the linker polynucleotide is a cleavage substrate for the

activated complex.

49. The method of claim 48, wherein the reporters and the non-naturally occurring guide

nucleic acids are immobilized at separate discrete positions within each of the known locations.

50. The method of any one of claims 38-49, wherein (i) each of the reporters comprises a
fluorescent label and a quencher, (i) the transcollateral cleavage of the reporters releases the
quencher from the cleaved reporters, and (ii1) the detecting comprises detecting fluorescence of

the fluorescent label.

51. The method of any one of claims 38-49, wherein (i) each of the reporters comprises a
detection moiety, (ii) the transcollateral cleavage of the reporters releases the detection moiety
from the cleaved reporters, and (iii) the detecting comprises detecting a loss or reduction in

signal from the reporter at the respective known location.
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52. The method of claim 51, wherein the detection moiety comprises a fluorescent label.

53. The method of claim 38, wherein the surface further comprises programmable nucleases
immobilized at the known locations by a linkage, wherein the plurality of different non-naturally
occurring guide nucleic acids are immobilized to the surface by being releasably bound by the

programmable nucleases.

54.  The method of any one of claims 38-52, wherein the surface further comprises

programmable nucleases bound to the non-naturally occurring guide nucleic acids.

55. The method of any one of claims 38-52, further comprising contacting the surface with
programmable nucleases to form immobilized complexes at the known locations, wherein (i) the
immobilized complexes comprise the programmable nucleases and the non-naturally occurring
guide nucleic acids, and (i1) contacting the surface with the programmable nucleases is

performed prior to or concurrently with contacting the surface with the sample.

56. The method of any one of claims 53-55, wherein the programmable nuclease comprises

an RuvC catalytic domain.

57. The method of any one of claims 53-56, wherein the programmable nuclease is a type V

CRISPR/Cas effector protein.

58. The method of claim 57, wherein the type V CRISPR/Cas effector protein is a Cas12

protein.

59. The method of claim 58, wherein the Cas12 protein comprises Cas12a, Cas12b, Casl2c,
Cas12d, or Casl2e.

60. The method of claim 57, wherein the type V CRISPR/Cas effector protein is a Casl4

protein.

61. The method of claim 60, wherein the Cas14 protein comprises Casl4a, Cas14b, Casl4c,
Casl4d, Casl4e, Casl4f, Casl4g, or Casl4h.

62. The method of claim 57, wherein the type V CRISPR/Cas effector protein is a Cas®

protein.

63. The method of any one of claims 53-55, wherein the programmable nuclease comprises a

HEPN catalytic domain.
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64. The method of any one of claims 53-55 or 63, wherein the programmable nuclease is a

type VI CRISPR/Cas effector protein.

65. The method of claim 64, wherein the type VI CRISPR/Cas effector protein is a Cas13

protein.

66. The method of claim 65, wherein the Cas13 protein comprises Cas13a, Cas13b, Casl3c,
Cas13d, or Casl3e.

67. The method of any one of claims 38-66, wherein the surface comprises a polymer
matrix.
68. The method of claim 67, wherein the polymer matrix is formed from copolymerization

of at least a first plurality of monomers with the reporters.
69. The method of claim 67 or 68, wherein the polymer matrix comprises a hydrogel.

70. The method of any one of claims 38-69, wherein the polynucleotide sample comprises

products of a nucleic acid amplification reaction.

71. The method of any one of claims 38-69, further comprising performing a nucleic acid
amplification reaction targeting the plurality of different target nucleic acids, wherein the nucleic
acid amplification reaction is: (i) performed on an initial sample to prepare the sample prior to

step (a); or (i1) performed after step (a) and before or concurrently with step (b).

72. The method of any one of claims 70-71, wherein the amplification reaction comprises

amplification reagents comprising one or more oligonucleotide primers and a DNA polymerase.

73. The method of any one of claims 70-72, wherein the amplification reaction comprises
loop mediated amplification (LAMP), wherein the LAMP comprises amplification with a first
primer and a second primer targeted to the target nucleic acid and a strand-displacing
polymerase, wherein the first primer comprises a 5’ region that is complementary to a sequence
generated by extension of the first primer, and wherein the second primer comprises a 5’ region

that is complementary to a sequence generated by extension of the second primer.

74. The method of any one of claims 70-73, wherein the amplification reaction comprises

reverse transcription.

75.  The method of any one of claims 38-74, wherein the known locations form an array.
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76. A method of assaying for one or more target nucleic acids in a sample, the method
comprising:

(a) amplifying the one or more target nucleic acids to produce DNA amplicons of the one
or more target nucleic acids, wherein the amplifying comprises:

(1) a plurality of cycles, wherein each cycle comprises denaturation at a first
temperature and primer extension by a polymerase at a second temperature that is lower than the
first temperature;

(i1) each cycle is less than 15 seconds in duration; and

(1i1) the plurality of cycles comprises at least 20 cycles;

(b) forming a complex comprising one of the DNA amplicons, a programmable nuclease,
and a non-naturally occurring guide nucleic acid that hybridizes to a segment of the DNA
amplicon, thereby activating the programmable nuclease;

(c) cleaving reporters with the activated programmable nuclease; and

(d) detecting a change in a signal, wherein the change in the signal is produced by

cleavage of the reporters.

77.  The method of claim 76, wherein the plurality of cycles comprises at least 25, 30, 35, or

40 cycles.
78. The method of claim 77, wherein the plurality of cycles comprises about 45 cycles.
79.  The method of any one of claims 76-78, wherein each of the cycles is less than 10

seconds in duration.

80. The method of claim 79, wherein each cycle comprises denaturation at the first
temperature for about 1 second and primer extension at the second temperature for about 3

seconds.

81. The method of any one of claims 76-80, wherein (i) the first temperature is about 94 °C
to about 98 °C, and (i1) the second temperature is about 50 °C to about 70 °C.

82. The method of any one of claims 76-81, wherein the amplifying further comprises an
initial denaturation step at the denaturation temperature for a duration that is longer than the

denaturation steps of the plurality of cycles.

83. The method of any one of claims 76-82, wherein the total duration of the amplifying step

is less than 10 minutes, and optionally about 5 minutes.
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84. The method of any one of claims 76-83, wherein steps (b) and (c) are performed by

incubation at a third temperature.

85. The method of claim 84, wherein the third temperature is about 30 °C to about 70 °C,
about 37 °C to about 65 °C, or about 37 °C.

86. The method of claim 84 or 85, wherein incubation at the third temperature is for a
duration of about 10 minutes to about 2 hours, about 20 minutes to about 90 minutes, or about

30 minutes.

87. The method of any one of claims 76-86, wherein the programmable nuclease is a type V

CRISPR/Cas effector protein.

88. The method of claim 87, wherein the programmable nuclease is a type V CRISPR/Cas

effector protein is a Cas12 protein, a Cas14 protein, or a Cas® protein.

89. The method of any one of claims 76-88, wherein steps (b) and (c) are performed using a

system of any one of claims 1-34.

181



PCT/US2021/063844

WO 2022/133108

1/47

o1 Ol

BORBRIIOI
ypnthayy

gl Ol

VORI
wrnb

Vi 9Ol

VBRI A
W30




PCT/US2021/063844

WO 2022/133108

2/47

¢ Ol

oy
o
e
e

w""*«:{.\



PCT/US2021/063844

3/47

g

|

oo

wz:::\w‘i::\w

3

B s

+

Frorerst

-

e

2000

A

WO 2022/133108
2

&Q0

Q0

.

1

(i) oyel Xep

500-

WHORL L

(I B her L

o 1g 01« wion g

GU L § 4 U0 G

WL 5

crRNA
FiG. 3



WO 2022/133108 PCT/US2021/063844

4/47

Faw fluprescence {AL}

= 4

DURGRUN

14

9.84

caw

E PO
it

Cordrol-BMA

NSLY

ATY
»s\‘a’\\ 2

Bufter

FiG. 4

CRINOGIN

2427

Liranohifiend



PCT/US2021/063844

& Ol

g

\
T b

g i o 55 o o e 73

53 53] 7 o 5y 3 7 -

oo ey, s S el 3 “l

5/47

LA

BEIR

{ryw) oouanBeInny ey

54 w\w“:\q. e
U e

WO 2022/133108

pUnOGUN oy

WO



PCT/US2021/063844

WO 2022/133108

6/47

z

0

AT

1

g9 Old

L

by

I
k3

i

PUI-8i]
1

-0

- (I

00008

{ny! sausosasiny mey

LRI G
smydos Wyd

yayastdos
MR- 4



WO 2022/133108 PCT/US2021/063844

7/47

Biotin

15004

Target

1000
{+1 targat

{~} target

Raw fluorescense (AL

¥
o o
o e
- o
3 G
A% L3
¥ %
£ 2
= id
{‘.'g:} &
~ S
i3
srRNA

FiG, 7



PCT/US2021/063844

2

¥
i
of

¥ P Z
. e f5e%
o 4 L el 2
% L .
. wn i
—f wo
A VO NN NS T -
pE !
& {
o RW
%
i

A

R Rt S
At

S

8/47

WO 2022/133108

<
4
3 ¢
1 3
] kS
,
. 'z : 2
. § 2
5 s o et 1 P A
o B o o < 7= <
@ o 5, ).\\,\ &“ g shm« ..a. ‘ 7 v P
A & : H b ¥ H Y G .
o b % SO S Lo K | o
o s = oy 3 Lo % S A
4 S oo \ 1y . b % . Fert CF
M E 5 A % % 7 4
priise i) o ” 7 S S R "5 S T B Psssd Iessacesd
fasoediE 5 ..,mnh \>H.. . \NNH 5 % “ g o
£ 7 £5. Ppsss et M,M:.
2E 2 LD M 25 by i
3 % v s
7 i = s s iy Kﬁsm
e % 3 i
m e Psss N N “““““““““““““““““““““ s - ) v f
L m “\\M\u ", P ,ﬂ\\_
4 . 555 NW % e £y
= I vk Yo
g 5 . m A w “
mwwx PR % £ .m n 7
H 5 7
£ T : 7 %
4 B : : v T ¥ % : & beed
5 A 4 ; b4 N\\v e } : o
e 4 ¢ Pt 4t f £ H 4 L
o .&m 5 w s s’ S Mum 1 x -
- o : e, o Prean 4 % 2y 3
f p S s : o gom o wke % ~\ \A\ :
B = : &z <y A ot ;
fbon s ; 7 , 2k %o o .
w u ! & : h, e
[ RPN “ S SO I R ) 5, §  Ci gy |
- Fo : } 7 g & A Yoyt S i
o ; 4 oA By 2] % =™ Wi
; 233 5 % S T v $ % & i
3 be % % e " ol e,
m " ﬂ_ jo gk, iy w M o m\ n\an\a(w.w
ﬁ N . fon %»am.\ N e s Y ek}
- b, S 5 tom, S
i3 e " o Yo o o vl
# # LA i fiae e gon, £ g
o gone, e i, 7~ £, 22 = 4y el !
P S v L v B i S 55 R S o T o R <
o R R A G S R 5
s T P A v o i Gr ol £ i
My e wr L3 s i B A S Y SR Y
N T e WD 4 “ «

_ () ooUBIBION] MEY
{7} asuBnsRIony MBY



WO 2022/133108 PCT/US2021/063844

9/47
Cyd AFSg4
|G000 o
)
£
x GO0OG- : Target
g ) tavget
§ {‘ ZR% §€3
§ 40000 ; {~} fargat
5
:ﬁ:
= | !
3 20000 -
§§ ~
{:} L3 (4 ¥ £
=3 M3 ~¥ 5y
¢ < } o
L] o« o3 g
o N
Raporier
FIG. BA G, 8B
Cy8 Fluorescend Intensity on TECAN Flate Reader
13500
1000
S
- TEOO
£
o
¥
[
o
g 5000
=
%
2B00d b b
3

§30 0D BYD &Y2 88D £1G. 90



PCT/US2021/063844

WO 2022/133108

10/47

401 'Ol

{sanunu suny

L TR PR PP T T e e
P
e A
P \\

A mpp i nith

yafiae) yiim peppy

e

e

UBIINI0S 1)

paZi O

e PSTS ) ) PN 70 £ P o ] g 7
274 {3 G £ G4 {3 G £} 274 {2 7 £}
”
i
, R B B B Sl B S 0y L I Y e ARG B
] P4 £
ASQ_si.:tsx.»SUso.35s..o.«,nww««,ox&m,xwuﬁu«n& } e QM\
i A Freom o o i i e o e o - b P
SO DU Sty i SR PR e
m et 4 -~ \\
L S .
”@&\Ww 290600900 \
| ; o 4
R a 0is
” R e o
YNYIO S
PETeTs
(304
201 9l H0L "9ld YOI Ol
rs
cing o 0
350 B ”
W>:}ﬂ 3 L ” R i\ﬂ“
| ﬁcﬁ.\\s\“\.& ——“—~ ] . - g oo
3 . I : B o oy ese)G)(!illﬂﬂﬂ%ﬁ&ﬁ&ﬁ&kskﬁl MNQ\ ——
# ; 7 Kors 195 40,5 > R TET
yoBapy | e ” - GOz
e 2 - S L L [ e

{Ny} asuansaiong mey



PCT/US2021/063844

e

[0

oo
ey

11/47

Faw fuor

WO 2022/133108

\
“““““““ A S S
Yamnn
%
oy
£
o4
9
;
pan ¢
EY 1
L
Ly
A
]
42
e
o
—t
Farhadd £4
fran 4
. R N S
%
19
] M
“““““““““““““““““““““““““““““““““““““““““““““““““ o, ) £2%, s Pacs
o =% T e o T2 o3
Lt L (W m\uﬂy {2 996 s L3 L
s, P % e, )¢ h "
o o L o b B g 1
e e < e £ Frou, g £43
s $°, o
3 P L% O 1 3 £ =
P e P e

BIUBISBION] ALY

eniration (nkd)

o

HiG. 1B

Reporisar ¢o



PCT/US2021/063844

2C1 9l d2i old A ATRIIE

{seyru) augg

12/47

06 0% (% Y 06 0% 0% O 085 0% 4% {J
0
AL OO0
DLl Y
doseny A 009
. \ %4 s,
Ao N o
el
WRIEL 0006

WO 2022/133108

pOpo SoOpa gLopow

{ryy) sousosaInn) mey



PCT/US2021/063844

WO 2022/133108

13/47

wmm&m 11

4L Old

del old

{maynun s}

0 B2 0L pOE 0z 6F 008 0z B @ "
; L n 2
7 «\. M”
Aronosz E
\;a« \..\ m
= #0008 §
\\ \\\ m
e « oouSL 8
- S %
000001 &
UINEOE U T s
{saynunu} sung
AR 7SN | S s S ¢ A ¢ SR ¢
; “ , g
bt
E
o007 B
g
£
.
000 &
@
e
“““““““““““““““““““““““““““““““ o008
B
, 00008 &
£00Y £ZOPOW
pERIpOUILL popUURLLROIg

VT



WO 2022/133108 PCT/US2021/063844

14/47

(S




PCT/US2021/063844

WO 2022/133108

15/47

FIG. 15A



WO 2022/133108 PCT/US2021/063844

16/47

&
6

$
27 .08
1%
1145
36

A "
S W

4

SN Ny 3

w SN SR N
i :&3 < AN e R e B o
> Rt {\\} N : “v\«} ‘“\X o 3 ‘\Aw.‘.

<
F3

Add After Incubating at 37C:

Son
o>
@
ey 1
d .
o
A &
g 5;}
R St

{i&
4t
§ 4
iy

Reagent
S
orfNAL
i
TOTAL,

AR
oy

Total number of reactions »

> e - ; . R 0

3::&: = & PN o

= LR =
& g L R .
s 3 e 1
& ¥ X
= = R
) o N
X Soaal

o -

R K

= s
RN i

Compl
3
3
%
%
4
ﬁ’}
5
Z
,Jg’
1
1
4

FIG. 16



WO 2022/133108 PCT/US2021/063844

17/47

e
&
SES i 8
B 3

,,
surtus,

o

o o oo
g S g
o —
—~ el "
e e - A
e sy - anr -
oy o o e
R4 e — . )
&5 SN e e o e ity
Ry 0 § . e
X e ey e b 33
&5 o S . o \-5{3
‘% s AN - s s :
éi%‘ . 5{*3 . 5 N e TR
b 3 o o
2 S §
% e 3N R o e
:\:; (R o A &:\5 {:'::“ CEER ~. m
i R B8 = 5 P
e 85 % daé o B3 !
% > - r{*}_}m“ L. B X3 oo
Fw § R SR %
3y g R oo s
PR . e e 2 onw & s
B W &S HEgm iagg }
j G S {«v LR Y HEGERLEE M 3 ;
m
3 X
L TR 3
& & R AN
o o o
= N
K ) AN
T o P
€ i [
x S
R Fowy S
g 334 144
% L3 T3
RN -~
=
P
N
N o -~
e o S w P
o {Ef:} {EQ“ £33 {E‘E
b 2% Sy L 5,
fa Sy bed bt X

5 £
= TR
3 bt

e

%

b1

ik

N W% o

B Rogister vow v




PCT/US2021/063844

18/47

WO 2022/133108

(231
St
e 4 -
5e vy ¥4
b b Lt 3 et
~ 9 B
] 25 YA

13
>

me
e b

KR TR gy
FES s Gasl SRR I B S iy .
4
L it ZAE 6D WEy L5 ey § o
oo § cacin § B <2 gni ] e MUl

MM Volu

s\\
2y

=

s

%

e

.
e,
it rore
Dnss P4

FIG. 18A

B A ATy
Cod  RER
o oved L3 SR AONN i, = v st g .
£ jen 12 A e o oo $ 0 | e § G G ivn it
B2t ipent o s BB AR A L A e Y
g G e . A e 42 R S AS R Roved R ~ S w & T
e B s Lol el R

FIG. 188

o
w

o9

=

OnS
HE]

3

mber of resgt

2
s

8
&

¥
{
§
sberaf e
2

&
AL

{
$
Reageat

Y

. &2 \ sogem G5 54 %
Jovs 2 % o po i oo
s e P B
“nd " i , 42 p

o 6% L P < 30 B
g b4 i 5 =yt o
Py ot o 00 S A B A
] o i o IR
: & %4 FEig| i
b AL % r A5 3R
% - & G
s =
5 z
o S
L. 4
i3 [o I LV P B R TSI S0 S B L A )

m\ Sl AR CEAC S L Ol R G woee gy § D gy agx free. winl 40




PCT/US2021/063844

19/47

WO 2022/133108

s P ot gt
75 [y pe ] [y
PO A B S C o e Yo,
) ER A R e
I I o B v B R < ) P
R R e s aal e Aol R ]
: 353
g5 L% A8 %
i
o b D o] g L
e b e, $ore, Foeey Foov,
P 7
il o o d
R« 4 % b 2
P e e oo K asad
Chet 3 .
P e o, iy -
el B B R .
o Ko g% ) ]
) 77 e P
ht % YW L
% et “ P
ww o s i
7 ; -~ hov 3
s , "
. 5P I <y P
“ ook L i % g =
g P s mﬂwx o § g $600 1 Far g
for ; P . 4§ e it 1R A0 ] e
b R Do xm Fooes § izt § goay { R
: - - ~ ﬂ b LY § o
s son ., i, ol
Fas A T O B4 , b e
g s, . o 2 -
ol S Yo e e, p .
Tk . K T s E
Py a, & o, -, \sseasd oy
"t (4 bt Lt ‘ot 3 g
£ & i~ Ficd i m m :
oo o S o ., . oy .. P
p o o S A . - n..uvmw i e ;
o R TR L b e §AER ;
ER §uly 1 m \\;Aw M‘Mw ek fas
£ 5y i ey P - B RS Rl R
e < £ v W 2
b4 4 1P paid
5 [re] iz o ~
oo T o Fooe T -
s . oo g
7% P 2 o,
£y 5 4 59 #
9%
Z
, i Pt 5
o Pt fx 3 st Fad
P s g, “ %
Ll Yot el e & e
i gy 7% ke o oy Fol
b 4 7 2o o e, 5
[ ik i o iR P B 3%
oA f=4 -4 7 pres Y fot
o S jos oot o o 5
i % B - B b
o -4 oA
% B
fers ]
) &=
- ]
vd ry “ 7, 113 I Arn
“%, X} - ik ik ” ko
%5 2
ol
[
i
P
i
755 wree gy N ME 4XN g Fve
:
Soas




PCT/US2021/063844

WO 2022/133108

20/47

ey
RIS

1

8
S

5

8

b

b

83 fan b, -
DG e e, e
£ B lon g lon i e
G Ly | 4 (R 1R
. AL A
1 pes g

&,

S
A
BMY

wpeve |

e

G b ey | o
fRSsr IR e |
2 Lageh ek

$
kS
R

goa
e, ik
]

£53 | Lo

o

Yodure

s

¢.§
@ g ok
73 h R g
Lezd Pz by ke
2% Pssd
£ :

Resetions for sach gRNA =

e

Vohume fuld

4.3
g, :
4 :
yeee, o S
> [l Ko EIAR B 4 %57y
oty e L 1O o g o B

us for sack gRNA =

it

<
1
H
2
i

Reach

e g s wmg wEx BER e 43 s

FiG. 208



PCT/US2021/063844

WO 2022/133108

21/47

i

53

“or

FIG. 21A

2

(2%

fxe

A

SMVelwmegly | 1

4

g

o
-~

:
i

Total number of st

| Volame il |

sgpe

=

&

G 218




-
STERS

PCT/US2021/063844

3a3

RS A N
Ww(. Ls5e ] b
il

;

oz

A i1 ’y it

BiE 2l %
wlz! Z1v s
il 4 St

22/47

e, e e Ay
Muﬂv 5eS W =y .\‘\‘uw g

1 a§ g
LR P R LS R

5%
[ %
Vo 1553

FiG. 22A
=

ecssssd

ong for og

R

B QR =

Y

N&
%
TOTAL

3

&
Resgent

R

i

PR I i B

a
£
~
W

Yoo 4K A% 475

§

e GE K3 wE RE AER Hoe

WO 2022/133108




PCT/US2021/063844

WO 2022/133108

23/47

£

o
mmw
P

>,

g

Pa

i

3
R

Tamparal

)
8

i

2y
N




WO 2022/133108 PCT/US2021/063844

24/47

WARHNE LRV DIV

Jang bey-F

F ST PRSI 8
JBUNEERYG

10 coplesixn

SRUNE BMINEaN 88
SRUNE M UoBnyg
JBUNY DB LSRN

NI Te N W
X
X\ IBENG WO BRERE
W ASRNG IRV 08V
Jayng e ey
§ |ngIsEy
NG USHRRRY D

RN SN LD

¢ copiesirn

Jaging begusn

: RN DR USDIOLLIRG
& - 31; \—.} _i,\ §§§ R

™ > E N, 3 >
G G S S A T S M
- - D o R fow o
T F e o -y N Fa 8 S
. A% AR AN > Rt frgen L el N _
FERE OO . S I T ¢ S 3 ]
= Y = P ¥ ey 8N
RS- S N N e L S P
¥ Ay o o L3 N T
pRees o Al oot < NN N
o o o A £3 o o
s e pR 4 Na, S
= N R 3 q-{ Y el
o {w‘ 88 -~ B o
Y el {5 ey [l
&N e D xR, z ;‘
R wha N & L
o oo
\a,“\‘
N
<3

Buftor

FiG. 24



WO 2022/133108 PCT/US2021/063844

G ermration

25/47

N . S g S o SR LY
Raw Huorssosnos (ALY

SEREN

SO

Phusionn HemoKlenTag KAPARG
FASRY

AN o 3 + Somn s pv
0 coplasines

EYaTaY ol e gy,

TG coptnsinen

11 cnriesion:

PLEOOREITRN
a5

R S

EXataY g S o
S1 COURBRTEN

. 3 3 E N
A Ararnie e faae ; ] \:
T OODHIeRINND :

TR L & & £\

Baiftor

F Y e S e
I copnsinn

A5 - e g
{0 coplesinm

Butior A

WY sveniont Seesy |
TO0 sopiesingn

Y o R
13 coplasitgn



PCT/US2021/063844

26/47

9¢ ol

{sayrupa) sw g

9 oz 4y O 0% b
“Qoren B
ﬁ
L 4 T Mw
723
%
m
-G048, &
o
K
b
; : G
. o d
syserion o WRIAL0D
{Ssras) sun g
% ez 0% o OF 4 31 7
5 § :

€9214
NI

WO 2022/133108

st oo, e
ANt mmit o ann P
A sty gy .

i 20ty

H
H

ushaedos Onl

{ryy} onussssony mey



WO 2022/133108

27/47

aw fuorescence {ALl)

\

HORBAURSHON

i

PCT/US2021/063844

FiG. 27



WO 2022/133108

Foaw Huoresseense {ALD)

PCT/US2021/063844

28/47

UORBRUSINGS

FiG. 28

Rep i Hepd Hepd

Rept Rep? Hep &



WO 2022/133108

Consentration

s TPy S
L@ COHES

10 ouples

& copiss

1 oopy

NG

o

PCT/US2021/063844

29/47

o ovies T ey o N FRTI
Raw Huorascancs (Al

2R00G

HEEEE

Yy A N ey ey A e
Rap 3 Hep 2 R Rep &



PCT/US2021/063844

WO 2022/133108

30/47

sy g TP RS
04w PG B

| Agon g

0 Ol

T
ik

Sy
T A

{ry) aou amm@\& m %wm

B0
0%




WO 2022/133108 PCT/US2021/063844

31/47

R8G5 RITE3

60000
- o

40000 B
8
o
he

20000

{} , | ARV ARAR S M,,,.-a-‘" §

Fidinse P

Targst

i U
“ RNasg P

80000

Raw fluorescence (ALY

40000

7

20000

BROGG

AQQGH L3
& %, e
SORG0
{} S s TGy ‘..3 ARy A AR
4 1 24 KU 10 A 340

Tine (minmades)

FiG. 31



WO 2022/133108

e
rxn i
NN ‘%
F8
-
P

18

o 18
ey §
rxn 8
N7

e B
PRI W

rxn 4
a3

o E

e g
D

0%

5
[
ke

§

Normat

T

PCT/US2021/063844

D2AOSE 0 AFTTTIAG

N3 i‘}i} NSO N
PN ol 1%
orRNA&

Tims poind = 30

FIG. 32




WO 2022/133108 PCT/US2021/063844

33/47

Human RNA

L SO oopimen
L S5 copdran

T oopdiven

L 1 onping \

NTC

LY



WO 2022/133108 PCT/US2021/063844

34/47

643

s ot S
s’
503

NN 5N

473

g

ot

o

Konn oo

<2
\
L2

]

MY

b, vove. %

i &N
— Nt
« W

Time iminules)

Target

-~
“
LS
3
¥ {
m‘-‘ i X
3 } by
@ ;
§
N &
3 N’
o T
§
) 3
o < o
P N
™= otk W2
f i) N o
¥ 3
P 3 b3 Q
L3 L3 LS ¥
b £ L Do
fre fee <F N

{11y} souassaiong mey

FIG. 34

iy N.v\\‘“ g A
CErm ngur;\g .
\e" .'1 y

Cormbined gRMA and
reporier immobilization

g

wdhed

Ty “




PCT/US2021/063844

{eoynunag) suy

Do Ob OF 08 D2 0L 0 08 08 Oy 08 42 0L D

¥
w3
o3
LA
o
A=
&%
Yok
O
o
e
&3

{1

e oo Sbss i shwes reve prs pass Shes eosr g ...W\\Q

| et

w«c.\\t\\}.\ SR SV Jupreaps e Sl Sl MwMMMWN
2 : 3
DA Rty B JP IR NS W S . - T e m \\\\
e e L ” )
wig AT m . i
3 e P52
s L wemearett T ) P
ke et . oo "
-

- “\v{\\@v ” .y
G S O00Y

35/47

s DO
RS

91949 — |

RRRRPRVIY QIR IRRRNL RURVINRERIRS: P PVSIRNTIIY JEVIIRNPIIY, SERIRRIIPY

B B s R e

WO 2022/133108

NN rE RSE  SRRAL AR PR wprrs herd reees e i i) \\ :
: S

st “
/
I

ot a i g R i i Py g P g 000 P

A gt \VA.;\E\eh\er\V\\k.v\\y\‘gwx\\\w\

e i gads” o e ae s .m.\. e .&a&aa.xammwmwaww

Lipeiag

s 0009

St R W Mg

£HI ¥ T3 %L LHW %1

{ry! esueossuony sey



WO 2022/133108 PCT/US2021/063844

36/47

Targst
ik BFETH
NTG

B Yeutap {estop
Immobilized immobilization of | immobilization of
repovier only reporterfRNP | reporter/gRNA

o2 o ey N OEF madd?
in=godution framobilized immuobilized
0000+ . e N

FR0U .

2 0
t}i}i}ﬁ“‘ T ™ _v.ms‘\m&\_n‘\w\""“““‘\‘w =
TSI S
il R

- {? i "

R T ol 13 3 3 .

o Y ke " » 2

S\\%{}{}“ B I 2 o] ;
F R

Ay adil U NV e e

R WX IUTSE f

o b
%‘} > 5 R e e e T
Rt

O 20 30 40 50 80 O 10 20 30 46 50 8{2 410 20 30 40 50 80

Raw Huorescenoe (AL

repiti

Tims {minutes)

Sagtep Zeatep mimobilization
anmobilization of  of reporteriguide
reporter + KNP and Qasid

Sestep modd¥ oo moddT
immuobilization rnohilized

SO0

-

Raw flusrescence (AU}

010 20 30 40 50 B0 0 10 20 30 40 50 &0
Tims {minutes)

FIG. 36



WO 2022/133108 PCT/US2021/063844

37/47

Concentration

e 0.5uM Target

Sl - 1200 GFETH

Ul == NTC

Tuhd

1500 “

TRV NN S S O IO s S S
\f ‘s"'.l- ' e g .

S e A

modl2?

50005

+ N K * N

H H

T 3 i H H
1000 ag c00e QN A0 Jeer eeee doee e}

H 3 3 H H

i 3 i i }

{3

=

Raw flusrescence (ALD

0 A e :
g 10 20 30 80 86 80 8 10 20 30 40 B 80

Time {minutes}

15000~

0000l

SOQ0

R Y L R FERVNRT e

Raw flusrescenge (AL

{ ‘ ; |
8 10 40 30 40 50 80 ¢ 10 20 3¢ 40 50 80

Times {minutes)

FIG. 37



PCT/US2021/063844

%5 M

38/47

WO 2022/133108

d8c Ol
{seynunu) sung

0205 0F 0000 0L O 03080 DR 0Z 0L D OB OE DY DR 02 00 O 0D 05 0P 08 02 00 O

. R Ry R T

P Ly s e v B e o i e ; 2.

- o o o, ; “ o,
P =

(0

L
L
&
=

Lpaaire s PR P

-7 74 el o

o i s P AL
o rrr \s‘.‘\o\ . o

4GOSt

FAAY 2 geppow geopow gLopow

GLGATY (LI
S TRy
32155131

{NY) SoUNSSRONY MEY



WO 2022/133108 PCT/US2021/063844

39/47

FAM-Biotin latera! flow reporter

FIG. 39



WO 2022/133108 PCT/US2021/063844

40/47

R

15003¢
15001c

b T
RT3 L

150040

15004¢

FG. 40A

1 5’ {}(} 3 a ‘ . i \“""—\M‘\\
‘ 15003¢

S 15001c

N

15001a

S

FIG. 40B



PCT/US2021/063844

WO 2022/133108

41/47

Viv 'Ol

§§§\\\\\tu

B s

DRI
ALE BN
e ioad

VDR Y]
) pearduing

Y

W

FEEBLINU
B eiBod

B10141



PCT/US2021/063844

WO 2022/133108

42/47

60141

aiv Ol

11161

e




WO 2022/133108

43/47

15241 15202 15303

[0 e

PCT/US2021/063844

Wy “t\i‘

Seermed= e

n

programmable nuclease cleaves reporter
from beads as RU-LAMP reaction procesds

g

on]

FIG. 42

fa

™ oy

) ¥

¥ <

5 ™ ;
3 §.1 3
N 8



{NY) mucwwm@‘&ﬁm e

FIG. 43



000000000000

/////////////////

L: NTC
R: target

FIG. 44



000000000000

5%
SO
A\

angh
o

N\
©
™

Ny

W%

RN
(1Y) D2UIISBIONY MBI

/////////////////

FIG. 45



WO 2022/133108 PCT/US2021/063844

47/47

NTC {-)

sen

NTC ()

Target {+}

Target {+}

FIG. 46A

NTC (9

NTC {-)

Target {+)

Target {+}

FIG. 46B



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - description
	Page 118 - description
	Page 119 - description
	Page 120 - description
	Page 121 - description
	Page 122 - description
	Page 123 - description
	Page 124 - description
	Page 125 - description
	Page 126 - description
	Page 127 - description
	Page 128 - description
	Page 129 - description
	Page 130 - description
	Page 131 - description
	Page 132 - description
	Page 133 - description
	Page 134 - description
	Page 135 - description
	Page 136 - description
	Page 137 - description
	Page 138 - description
	Page 139 - description
	Page 140 - description
	Page 141 - description
	Page 142 - description
	Page 143 - description
	Page 144 - description
	Page 145 - description
	Page 146 - description
	Page 147 - description
	Page 148 - description
	Page 149 - description
	Page 150 - description
	Page 151 - description
	Page 152 - description
	Page 153 - description
	Page 154 - description
	Page 155 - description
	Page 156 - description
	Page 157 - description
	Page 158 - description
	Page 159 - description
	Page 160 - description
	Page 161 - description
	Page 162 - description
	Page 163 - description
	Page 164 - description
	Page 165 - description
	Page 166 - description
	Page 167 - description
	Page 168 - description
	Page 169 - description
	Page 170 - description
	Page 171 - description
	Page 172 - description
	Page 173 - description
	Page 174 - description
	Page 175 - claims
	Page 176 - claims
	Page 177 - claims
	Page 178 - claims
	Page 179 - claims
	Page 180 - claims
	Page 181 - claims
	Page 182 - claims
	Page 183 - claims
	Page 184 - drawings
	Page 185 - drawings
	Page 186 - drawings
	Page 187 - drawings
	Page 188 - drawings
	Page 189 - drawings
	Page 190 - drawings
	Page 191 - drawings
	Page 192 - drawings
	Page 193 - drawings
	Page 194 - drawings
	Page 195 - drawings
	Page 196 - drawings
	Page 197 - drawings
	Page 198 - drawings
	Page 199 - drawings
	Page 200 - drawings
	Page 201 - drawings
	Page 202 - drawings
	Page 203 - drawings
	Page 204 - drawings
	Page 205 - drawings
	Page 206 - drawings
	Page 207 - drawings
	Page 208 - drawings
	Page 209 - drawings
	Page 210 - drawings
	Page 211 - drawings
	Page 212 - drawings
	Page 213 - drawings
	Page 214 - drawings
	Page 215 - drawings
	Page 216 - drawings
	Page 217 - drawings
	Page 218 - drawings
	Page 219 - drawings
	Page 220 - drawings
	Page 221 - drawings
	Page 222 - drawings
	Page 223 - drawings
	Page 224 - drawings
	Page 225 - drawings
	Page 226 - drawings
	Page 227 - drawings
	Page 228 - drawings
	Page 229 - drawings
	Page 230 - drawings

