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MULTIPLEXING HIGHLY EVOLVING VIRAL VARIANTS WITH SHERLOCK

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U .S. Provisional Application No. 62/767,076,

filed November 14, 2018. The entire contents of the above-identified applications are hereby

fully incorporated herein by reference.

REFERENCE TO AN ELECTRONIC SEQUENCE LISTING

[0002] The content of the Electronic Sequence Listing (BROD_3820WP_ST25.txt); Size

is 6687 bytes and was created on November 14, 2019) is incorporated herein by reference in

its entirety.

TECHNICAL FIELD

[0003] The subject matter disclosed herein is generally directed to primers and/or probes

for use in analyzing a sample which may comprise a pathogen target sequence and methods of

their generation.

BACKGROUND

[0004] The ability to rapidly detect nucleic acids with high sensitivity and single-base

specificity for a large number of samples in a rapid timeframe has the potential to revolutionize

diagnosis and monitoring for many diseases, provide valuable epidemiological information,

and serve as a generalizable scientific tool. With a platform capable of testing a large number

of samples at one time utilizing a small amount of sample would provide distinct advantage

over the current state of the art. For example, qPCR approaches are sensitive but are expensive

and rely on complex instrumentation, limiting usability to highly trained operators in laboratory

settings. Other approaches, such as new methods combining isothermal nucleic acid

amplification with portable platforms (Du et al, 2017; Pardee et al, 2016), offer high detection

specificity in a point-of-care (POC) setting, but have somewhat limited applications due to low

sensitivity. As nucleic acid diagnostics become increasingly relevant for a variety of healthcare

applications, detection technologies that enables massive multiplexing with a high specificity

and sensitivity at low cost would be of great utility in both clinical and basic research settings,

ultimately allowing for pan-viral, pan-bacterial, or pan-pathogen testing of samples.



SUMMARY

[0005] In certain example embodiments, methods for generating primers and/or probes for

use in analyzing a sample which may comprise a pathogen target sequence are provided,

including identifying pan-viral sets of primers and/or probes. The probes can be used

advantageously in the systems and methods of detection as described herein.

[0006] Methods for developing probes and primers to pathogens, comprising: providing a

set of input genomic sequences to one or more target pathogens; applying a set cover solving

process to the set of target sequences to identify one or more target amplification sequences,

wherein the one or more target amplification sequences are highly conserved target sequences

shared between the set of input genomic sequences of the target pathogen; and generating one

or more primers, one or more probes, or a primer pair and probe combination based on the one

or more target amplification sequences. In some embodiments, the set of input genomic

sequences represent genomic sequences from a set of 10 or more viruses. In embodiments, the

set of primers are identified with a target melting temperature of 58 to 60 °C. In embodiments,

putative amplicons and are simultaneous design amplicon primers and guide sequences.

[0007] In embodiments, the one or more target amplification sequences are subjected to

diagnostic design guide to generate the one or more primers, one or more probes, or primer

pair and probe combination. The set of input genomic sequences represent genomic sequences

from two or more viral pathogens. The generated one or more primers, one or more probes, or

a primer pair and probe combination can comprise sequences for detection of five or more

viruses. In embodiments, the methods allow for pan-viral detection.

[0008] A method for detecting a virus in a sample comprising: contacting a sample with a

primer pair and a probe with a detectable label, wherein the one or more primers and/or probes

are each configured to detect a viral species or subspecies. In embodiments, the one or more

probes comprise one or more guide RNAs designed to bind to corresponding target molecules.

In embodiments, the one or more guide RNAs are designed to detect a single nucleotide

polymorphism in a target RNA or DNA, or a splice variant of an RNA transcript. In

embodiments, the one or more guide RNAs are designed to bind to one or more target

molecules that are diagnostic for a disease state. In embodiments, the one or more guide RNAs

are designed to distinguish between one or more viral strains. In embodiments, the one or

more guide RNAs comprise at least 90 guide RNAs.

[0009] These and other aspects, objects, features, and advantages of the example

embodiments will become apparent to those having ordinary skill in the art upon consideration

of the following detailed description of illustrated example embodiments.



BRIEF DESCRIPTION OF THE DRAWINGS

[0010] 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 may be utilized, and the accompanying

drawings of which:

[0011] FIG. 1 provides a schematic of an exemplary method of droplet detection.

Pathogen detection with SHERLOCK can be massively multiplexed by performing detection

in droplets on a chip bearing an array of microwells. Amplification reactions (using RPA or

PCR) can be performed in standard tubes or microwells. Detection and amplification mixes are

then arrayed in microwells. A unique fluorescent barcode composed of ratios of fluorescent

dyes can be added to each detection mix and each target. Barcoded reagents are emulsified in

oil, and droplets from the emulsions are pooled together in one tube. The droplet pool is loaded

onto a PDMS chip bearing a microwell array. Each microwell accommodates two droplets,

randomly creating pairwise combinations of all pooled droplets. The microwells are clamped

shut against glass, isolating the contents of each well, and fluorescence microscopy is used to

read the barcodes of all the droplets and determine the contents of each microwell. After

imaging, the droplets are merged in an electric field, combining detection mixes and targets

and beginning the detection reaction. The chip is incubated to allow the reaction to proceed,

and fluorescence microscopy is used to monitor progression of the SHERLOCK (Specific

High-sensitivity Enzymatic Reporter unLOCKing) reaction.

[0012] FIG. 2 includes images showing detection reagents and targets can be stably

emulsified as droplets in oil. At left: white light image of aqueous solutions of targets

emulsified in oil. At right: a fluorescence image of a microwell chip loaded with a library of

detection reagents and targets, each bearing unique fluorescent barcodes. The contents of each

well can be determined from the fluorescent barcodes.

[0013] FIG. 3 includes charts showing SHERLOCK performs equally well in plates and

droplets. At left: Sensitivity curve of a SHERLOCK for Zika virus in plates. At right:

Sensitivity curve of the same SHERLOCK assay for Zika virus in droplets. Error bars on the

left indicate one standard deviation; errorbars on the right are S.E.M..

[0014] FIG. 4 provides charts showing SHERLOCK discriminates single nucleotide

polymorphisms (SNPs) equally well in plates and droplets. At left: SHERLOCK discrimination

of a SNP that arose when Zika virus spread to the United States. At right: droplet SHERLOCK



detection of the same SNP. Error bars on the left indicate one standard deviation; error bars on

the right are S.E.M.

[0015] FIG. 5 includes a heat map showing Influenza subtypes can be discriminated by

SHERLOCK detection in droplets in a microwell array. Fold turn-on after background

subtraction of crRNA pools are indicated in the heat map.

[0016] FIG. 6 includes heat map results of multiplexed detection of Influenza H subtypes.

4 1 crRNAs were designed to target the H segment of Influenza based on sequences deposited

since 2008. Boxes indicate sets of crRNAs designed against each subtype, and asterisks

indicate crRNAs that align to the majority consensus sequence for each subtype with 0 or 1

mismatches. Control crRNA pools against H4, H8, and H12 are indicated.

[0017] FIG. 7 shows a heat map of a second design of multiplexed detection of Influenza

H subtypes. 28 crRNAs were designed to target the H segment of Influenza based on sequences

deposited since 2008, with preferential weighting for more recent sequences. Boxes indicate

sets of crRNAs designed against each subtype, and asterisks indicate crRNAs that align to the

majority consensus sequence for each subtype with 0 or 1 mismatches. Control crRNA pools

against H4, H8, and H12 are indicated.

[0018] FIG. 8 includes a heat map of multiplexed detection of Influenza N subtypes. 35

crRNAs were designed to target the H segment of Influenza based on sequences deposited

since 2008, with preferential weighting for more recent sequences. Boxes indicate sets of

crRNAs designed against each subtype, and asterisks indicate crRNAs that align to the majority

consensus sequence for each subtype with 0 or 1 mismatches. “crRNA36” indicates a negative

control where no crRNA was added.

[0019] FIG. 9 includes multiplexed detection of 6 mutations in HIV reverse transcriptase

using droplet SHERLOCK. The fluorescence is shown at varying time points for the indicated

mutations for crRNAs targeting the ancestral and derived alleles using synthetic targets for

both the ancestral and derived sequences. Synthetic targets (104 cp/µΐ) were amplified using

multiplexed PCR and detected using droplet SHERLOCK. Error bars: S.E.M.

[0020] FIG. 10 charts how HIV derived v O and Ancestral v l tests work and can potentially

be used together.

[0021] FIG. 11 includes results of multiplexed detection of drug resistance mutations in

TB using droplet SHERLOCK. Background-subtracted fluorescence is shown after 30 minutes

for both alleles (reference, and drug-resistant).



[0022] FIG. 12 graphs demonstrating that combining SHERLOCK and microwell array

chip technologies provides the highest throughput for multiplexed detection to date.

[0023] FIG. 13 shows how expansion of the number of barcodes and size of the chip

enables massive multiplexing. (Left) Using 3 fluorescent dyes, the current set of 64 barcodes

has been expanded to 105 barcodes. The possibility of adding a fourth dye has been

demonstrated on a small scale with no loss in coding accuracy compared to our existing system

and can readily be extended to scale to hundreds of barcodes; (Right) The existing chip can be

quadrupled in size, reducing the number of chips necessary to assay development by four times.

[0024] FIG. 14 includes a graph showing that with the implementation of additional

barcodes and expanded chip dimensions, the ability to test ~20 samples at once for all human

associated viruses is within reach, as indicated.

[0025] The figures herein are for illustrative purposes only and are not necessarily drawn

to scale.

DETAILED DESCRIPTION OF THE EXAMPLE EMBODIMENTS

General Definitions

[0026] Unless defined otherwise, technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this disclosure

pertains. Definitions of common terms and techniques in molecular biology may be found in

Molecular Cloning: A Laboratory Manual, 2nd edition (1989) (Sambrook, Fritsch, and

Maniatis); Molecular Cloning: A Laboratory Manual, 4th edition (2012) (Green and

Sambrook); Current Protocols in Molecular Biology (1987) (F.M. Ausubel et al. eds.); the

series Methods in Enzymology (Academic Press, Inc.): PCR 2 : A Practical Approach (1995)

(M.J. MacPherson, B.D. Hames, and G.R. Taylor eds.): Antibodies, A Laboratory Manual

(1988) (Harlow and Lane, eds.): Antibodies A Laboratory Manual, 2nd edition 2013 (E.A.

Greenfield ed.); Animal Cell Culture (1987) (R.I. Freshney, ed.); Benjamin Lewin, Genes IX,

published by Jones and Bartlet, 2008 (ISBN 0763752223); Kendrew et al. (eds.), The

Encyclopedia of Molecular Biology, published by Blackwell Science Ltd., 1994 (ISBN

0632021829); Robert A . Meyers (ed.), Molecular Biology and Biotechnology: a

Comprehensive Desk Reference, published by VCH Publishers, Inc., 1995 (ISBN

9780471185710); Singleton et al., Dictionary of Microbiology and Molecular Biology 2nd ed.,

J . Wiley & Sons (New York, N.Y. 1994), March, Advanced Organic Chemistry Reactions,

Mechanisms and Structure 4th ed., John Wiley & Sons (New York, N.Y. 1992); and Marten



H . Hofker and Jan van Deursen, Transgenic Mouse Methods and Protocols, 2nd edition (2011)

[0027] As used herein, the singular forms “a”, “an”, and “the” include both singular and

plural referents unless the context clearly dictates otherwise.

[0028] The term “optional” or “optionally” means that the subsequent described event,

circumstance or substituent may or may not occur, and that the description includes instances

where the event or circumstance occurs and instances where it does not.

[0029] The recitation of numerical ranges by endpoints includes all numbers and fractions

subsumed within the respective ranges, as well as the recited endpoints.

[0030] The terms “about” or “approximately” as used herein when referring to a

measurable value such as a parameter, an amount, a temporal duration, and the like, are meant

to encompass variations of and from the specified value, such as variations of +/-10% or less,

+1-5% or less, +1-1% or less, and +/-0. 1% or less of and from the specified value, insofar such

variations are appropriate to perform in the disclosed invention. It is to be understood that the

value to which the modifier “about” or “approximately” refers is itself also specifically, and

preferably, disclosed.

[0031] Reference throughout this specification to “one embodiment”, “an embodiment,”

“an example embodiment,” means that a particular feature, structure or characteristic described

in connection with the embodiment is included in at least one embodiment of the present

invention. Thus, appearances of the phrases “in one embodiment,” “in an embodiment,” or “an

example embodiment” in various places throughout this specification are not necessarily all

referring to the same embodiment, but may. Furthermore, the particular features, structures or

characteristics may be combined in any suitable manner, as would be apparent to a person

skilled in the art from this disclosure, in one or more embodiments. Furthermore, while some

embodiments described herein include some but not other features included in other

embodiments, combinations of features of different embodiments are meant to be within the

scope of the invention. For example, in the appended claims, any of the claimed embodiments

can be used in any combination.

[0032] “C2c2” is now referred to as “Casl3a”, and the terms are used interchangeably

herein unless indicated otherwise.

[0033] All publications, published patent documents, and patent applications cited herein

are hereby incorporated by reference to the same extent as though each individual publication,

published patent document, or patent application was specifically and individually indicated as

being incorporated by reference.



OVERVIEW

[0034] The embodiments disclosed herein utilize RNA targeting effectors to provide a

robust CRISPR-based diagnostic for massively multiplexed applications by performing

detection in droplets. Embodiments disclosed herein can detect both DNA and RNA with

comparable levels of sensitivity and can differentiate targets from non-targets based on single

base pair differences at nanobter volumes. Such embodiments are useful in multiple scenarios

in human health including, for example, viral detection, bacterial strain typing, sensitive

genotyping, multiplexed SNP detection, multiplexed strain discrimination and detection of

disease-associated cell free DNA. For ease of reference, the embodiments disclosed herein may

also be referred to as SHERLOCK (Specific High-sensitivity Enzymatic Reporter

unLOCKing), which, in some embodiments, is performed in droplets that can be multiplexed,

advantageously allowing sensitive detection with small volumes.

[0035] The presently disclosed subject matter utilizes programmable endonucleases,

including single effector RNA-guided RNases (Shmakov et al, 2015; Abudayyeh et al., 2016;

Smargon et al, 2017), including C2c2 to provide a platform for specific RNA sensing. The

RNA-guided RNA endonucleases from Microbial Clustered Regularly Interspaced Short

Palindromic Repeats (CRISPR) and CRISPR-associated (CRISPR-Cas) adaptive immune

systems can be easily and conveniently reprogrammed using CRISPR RNA (crRNAs) to

cleave target RNAs. RNA-guided RNases, like C2c2, remains active after cleaving its RNA

target, leading to “collateral” cleavage of non-targeted RNAs in proximity (Abudayyeh et al.,

2016). This crRNA-programmed collateral RNA cleavage activity presents the opportunity to

use RNA-guided RNases to detect the presence of a specific RNA by triggering in vivo

programmed cell death or in vitro nonspecific RNA degradation that can serve as a readout

(Abudayyeh et al, 2016; East-Seletsky et al, 2016). The presently disclosed subject matter

utilizes the cleavage activity in a droplet application to enable multiplexed reactions with small

volume samples.

[0036] In one aspect a multiplex detection system is provided, which comprises a detection

CRISPR system; optical barcodes for one or more target molecules, and a microfluidic device.

In some embodiments, the detection CRISPR system comprises an RNA targeting effector

protein, one or more guide RNAs designed to bind to corresponding target molecules, an RNA

based masking construct, and an optical barcode. In some embodiments, the microfluidic

device comprises an array of microwells and at least one flow channel beneath the microwells,

with the microwells sized to capture at least two droplets. The system can be provided as a kit.



[0037] In an aspect, the embodiments disclosed herein are directed to methods for detecting

target nucleic acids in a sample. The methods disclosed herein can, in some embodiments,

comprise steps of generating a first set of droplets, each droplet in the first set of droplets

comprising at least one target molecule and an optical barcode; generating a second set of

droplets, each droplet in the second set of droplets comprising a detection CRISPR system

comprising an RNA targeting effector protein and one or more guide RNAs designed to bind

to corresponding target molecules, an RNA-based masking construct and an optical barcode;

combining the first set and second set of droplets into a pool of droplets and flowing the

combined pool of droplets onto a microfluidic device comprising an array of microwells and

at least one flow channel beneath the microwells, the microwells sized to capture at least two

droplets; capturing droplets in the microwell and detecting the optical barcodes of the droplets

captured in each microwell; merging the droplets captured in each microwell to formed merged

droplets in each microwell, at least a subset of the merged droplets comprising a detection

CRISPR system and a target sequence; initiating the detection reaction. The merged droplets

are then maintained under conditions sufficient to allow binding of the one or more guide

RNAs to one or more target molecules. Binding of the one or more guide RNAs to a target

nucleic acid in turn activates the CRISPR effector protein. Once activated, the CRISPR effector

protein then deactivates the masking construct, for example, by cleaving the masking construct

such that a detectable positive signal is unmasked, released, or generated. Detection and

measuring a detectable signal of each merged droplet at one or more time periods can be

performed, indicating the presence of target molecules when, for example the positive

detectable signal is present.

Multiplex Detection System

[0038] Multiplex systems are disclosed and include a detection CRISPR system

comprising an RNA targeting effector protein and one or more guide RNAs designed to bind

to corresponding target molecules, an RNA-based masking construct and an optical barcode;

one or more target molecule optical barcodes; and a microfluidic device comprising an array

of microwells and at least one flow channel beneath the microwells. In embodiments, the

microwells are sized to capture at least two droplets.

[0039] In general, a CRISPR-Cas or CRISPR system as used herein and in documents,

such as WO 2014/093622 (PCT/US201 3/074667), refers collectively to transcripts and other

elements involved in the expression of or directing the activity of CRISPR-associated (“Cas”)



genes, including sequences encoding a Cas gene, a tracr (trans-activating CRISPR) sequence

(e.g. tracrRNA or an active partial tracrRNA), atracr-mate sequence (encompassing a “direct

repeat” and a tracrRNA-processed partial direct repeat in the context of an endogenous

CRISPR system), a guide sequence (also referred to as a “spacer” in the context of an

endogenous CRISPR system), or “RNA(s)” as that term is herein used (e.g., RNA(s) to guide

Cas, such as Cas9, e.g. CRISPR RNA and transactivating (tracr) RNA or a single guide RNA

(sgRNA) (chimeric RNA)) or other sequences and transcripts from a CRISPR locus. In general,

a CRISPR system is characterized by elements that promote the formation of a CRISPR

complex at the site of a target sequence (also referred to as a protospacer in the context of an

endogenous CRISPR system).

RNA targeting protein

[0040] When the CRISPR protein is a C2c2 protein, a tracrRNA is not required. C2c2 has

been described in Abudayyeh et al. (2016) “C2c2 is a single-component programmable RNA-

guided RNA-targeting CRISPR effector”; Science; DOI: 10.1126/science.aaf5573; and

Shmakov et al. (2015) “Discovery and Functional Characterization of Diverse Class 2

CRISPR-Cas Systems”, Molecular Cell, DOI: dx.doi.org/10.1016/j.molcel.2015. 10.008;

which are incorporated herein in their entirety by reference. Cas 13b has been described in

Smargon et al. (2017) “Cas 13b Is a Type VI-B CRISPR-Associated RNA-Guided RNases

Differentially Regulated by Accessory Proteins Csx27 and Csx28,” Molecular Cell. 65, 1-13;

dx.doi.org/10.1016/j.molcel. 2016. 12.023., which is incorporated herein in its entirety by

reference. CRISPR effector proteins described in International Application No.

PCT/US2017/065477, Tables 1-6, pages 40-52, can be used in the presently disclosed methods,

systems and devices, and are specifically incorporated herein by reference.

[0041] In certain embodiments, a protospacer adjacent motif (PAM) or PAM-like motif

directs binding of the effector protein complex as disclosed herein to the target locus of interest.

In some embodiments, the PAM may be a 5 ’ PAM (i.e., located upstream of the 5 ’ end of the

protospacer). In other embodiments, the PAM may be a 3 ’ PAM (i.e., located downstream of

the 5 ’ end of the protospacer). The term “PAM” may be used interchangeably with the term

“PFS” or “protospacer flanking site” or “protospacer flanking sequence”.

[0042] In a preferred embodiment, the CRISPR effector protein may recognize a 3 ’ PAM.

In certain embodiments, the CRISPR effector protein may recognize a 3 ’ PAM which is 5Ή ,

wherein H is A, C or U . In certain embodiments, the effector protein may bQLeptotrichia shahii

C2c2p, more preferably Leptotrichia shahii DSM 19757 C2c2, and the 3 ’ PAM is a 5’ H .



[0043] In the context of formation of a CRISPR complex, “target sequence” refers to a

sequence to which a guide sequence is designed to have complementarity, where hybridization

between a target sequence and a guide sequence promotes the formation of a CRISPR complex.

A target sequence may comprise RNA polynucleotides. The term “target RNA” refers to a

RNA polynucleotide being or comprising the target sequence. In other words, the target RNA

may be a RNA polynucleotide or a part of a RNA polynucleotide to which a part of the gRNA,

i .e . the guide sequence, is designed to have complementarity and to which the effector function

mediated by the complex comprising CRISPR effector protein and a gRNA is to be directed.

In some embodiments, a target sequence is located in the nucleus or cytoplasm of a cell.

[0044] The nucleic acid molecule encoding a CRISPR effector protein, in particular C2c2,

is advantageously codon optimized CRISPR effector protein. An example of a codon optimized

sequence, is in this instance a sequence optimized for expression in eukaryotes, e.g., humans

(i.e. being optimized for expression in humans), or for another eukaryote, animal or mammal

as herein discussed; see, e.g., SaCas9 human codon optimized sequence in WO 2014/093622

(PCT/US201 3/074667). Whilst this is preferred, it will be appreciated that other examples are

possible and codon optimization for a host species other than human, or for codon optimization

for specific organs is known. In some embodiments, an enzyme coding sequence encoding a

CRISPR effector protein is a codon optimized for expression in particular cells, such as

eukaryotic cells. The eukaryotic cells may be those of or derived from a particular organism,

such as a plant or a mammal, including but not limited to human, or non-human eukaryote or

animal or mammal as herein discussed, e.g., mouse, rat, rabbit, dog, livestock, or non-human

mammal or primate. In some embodiments, processes for modifying the germ line genetic

identity of human beings and/or processes for modifying the genetic identity of animals which

are likely to cause them suffering without any substantial medical benefit to man or animal,

and also animals resulting from such processes, may be excluded. In general, codon

optimization refers to a process of modifying a nucleic acid sequence for enhanced expression

in the host cells of interest by replacing at least one codon (e.g. about or more than about 1, 2,

3, 4, 5, 10, 15, 20, 25, 50, or more codons) of the native sequence with codons that are more

frequently or most frequently used in the genes of that host cell while maintaining the native

amino acid sequence. Various species exhibit particular bias for certain codons of a particular

amino acid. Codon bias (differences in codon usage between organisms) often correlates with

the efficiency of translation of messenger RNA (mRNA), which is in turn believed to be

dependent on, among other things, the properties of the codons being translated and the

availability of particular transfer RNA (tRNA) molecules. The predominance of selected



tRNAs in a cell is generally a reflection of the codons used most frequently in peptide synthesis.

Accordingly, genes can be tailored for optimal gene expression in a given organism based on

codon optimization. Codon usage tables are readily available, for example, at the “Codon

Usage Database” available at kazusa.orjp/codon/ and these tables can be adapted in a number

of ways. See Nakamura, Y., et al. “Codon usage tabulated from the international DNA

sequence databases: status for the year 2000” Nucl. Acids Res. 28:292 (2000). Computer

algorithms for codon optimizing a particular sequence for expression in a particular host cell

are also available, such as Gene Forge (Aptagen; Jacobus, PA), are also available. In some

embodiments, one or more codons (e.g. 1, 2, 3, 4, 5, 10, 15, 20, 25, 50, or more, or all codons)

in a sequence encoding a Cas correspond to the most frequently used codon for a particular

amino acid.

[0045] In certain embodiments, the methods as described herein may comprise providing

a Cas transgenic cell, in particular a C2c2 transgenic cell, in which one or more nucleic acids

encoding one or more guide RNAs are provided or introduced operably connected in the cell

with a regulatory element comprising a promoter of one or more gene of interest. As used

herein, the term “Cas transgenic cell” refers to a cell, such as a eukaryotic cell, in which a Cas

gene has been genomically integrated. The nature, type, or origin of the cell are not particularly

limiting according to the present invention. Also the way the Cas transgene is introduced in the

cell may vary and can be any method as is known in the art. In certain embodiments, the Cas

transgenic cell is obtained by introducing the Cas transgene in an isolated cell. In certain other

embodiments, the Cas transgenic cell is obtained by isolating cells from a Cas transgenic

organism. By means of example, and without limitation, the Cas transgenic cell as referred to

herein may be derived from a Cas transgenic eukaryote, such as a Cas knock-in eukaryote.

Reference is made to WO 2014/093622 (PCT/US13/74667), incorporated herein by reference.

Methods of US Patent Publication Nos. 20120017290 and 20110265198 assigned to Sangamo

BioSciences, Inc. directed to targeting the Rosa locus may be modified to utilize the CRISPR

Cas system of the present invention. Methods of US Patent Publication No. 20130236946

assigned to Cellectis directed to targeting the Rosa locus may also be modified to utilize the

CRISPR Cas system of the present invention. By means of further example reference is made

to Platt et. al. (Cell; 159(2):440-455 (2014)), describing a Cas9 knock-in mouse, which is

incorporated herein by reference. The Cas transgene can further comprise a Lox-Stop-polyA-

Lox(LSL) cassette thereby rendering Cas expression inducible by Cre recombinase.

Alternatively, the Cas transgenic cell may be obtained by introducing the Cas transgene in an

isolated cell. Delivery systems for transgenes are well known in the art. By means of example,



the Cas transgene may be delivered in for instance eukaryotic cell by means of vector (e.g.,

AAV, adenovirus, lentivirus) and/or particle and/or nanoparticle delivery, as also described

herein elsewhere.

[0046] It will be understood by the skilled person that the cell, such as the Cas transgenic

cell, as referred to herein may comprise further genomic alterations besides having an

integrated Cas gene or the mutations arising from the sequence specific action of Cas when

complexed with RNA capable of guiding Cas to a target locus.

[0047] In certain aspects the invention involves vectors, e.g. for delivering or introducing

in a cell Cas and/or RNA capable of guiding Cas to a target locus (i.e. guide RNA), but also

for propagating these components (e.g. in prokaryotic cells). A used herein, a “vector” is a tool

that allows or facilitates the transfer of an entity from one environment to another. It is a

replicon, such as a plasmid, phage, or cosmid, into which another DNA segment may be

inserted so as to bring about the replication of the inserted segment. Generally, a vector is

capable of replication when associated with the proper control elements. In general, the term

“vector” refers to a nucleic acid molecule capable of transporting another nucleic acid to which

it has been linked. Vectors include, but are not limited to, nucleic acid molecules that are single-

stranded, double-stranded, or partially double-stranded; nucleic acid molecules that comprise

one or more free ends, no free ends (e.g. circular); nucleic acid molecules that comprise DNA,

RNA, or both; and other varieties of polynucleotides known in the art. One type of vector is a

“plasmid,” which refers to a circular double stranded DNA loop into which additional DNA

segments can be inserted, such as by standard molecular cloning techniques. Another type of

vector is a viral vector, wherein virally-derived DNA or RNA sequences are present in the

vector for packaging into a virus (e.g. retroviruses, replication defective retroviruses,

adenoviruses, replication defective adenoviruses, and adeno-associated viruses (AAVs)). Viral

vectors also include polynucleotides carried by a virus for transfection into a host cell. Certain

vectors are capable of autonomous replication in a host cell into which they are introduced (e.g.

bacterial vectors having a bacterial origin of replication and episomal mammalian vectors).

Other vectors (e.g., non-episomal mammalian vectors) are integrated into the genome of a host

cell upon introduction into the host cell, and thereby are replicated along with the host genome.

Moreover, certain vectors are capable of directing the expression of genes to which they are

operatively -linked. Such vectors are referred to herein as “expression vectors.” Common

expression vectors of utility in recombinant DNA techniques are often in the form of plasmids.

[0048] Recombinant expression vectors can comprise a nucleic acid of the invention in a

form suitable for expression of the nucleic acid in a host cell, which means that the recombinant



expression vectors include one or more regulatory elements, which may be selected on the

basis of the host cells to be used for expression, that is operatively -linked to the nucleic acid

sequence to be expressed. Within a recombinant expression vector, “operably linked” is

intended to mean that the nucleotide sequence of interest is linked to the regulatory element(s)

in a manner that allows for expression of the nucleotide sequence (e.g. in an in vitro

transcription/translation system or in a host cell when the vector is introduced into the host

cell). With regards to recombination and cloning methods, mention is made of U.S. patent

application 10/815,730, published September 2, 2004 as US 2004-0171156 Al, the contents of

which are herein incorporated by reference in their entirety. Thus, the embodiments disclosed

herein may also comprise transgenic cells comprising the CRISPR effector system. In certain

example embodiments, the transgenic cell may function as an individual discrete volume. In

other words, samples comprising a masking construct may be delivered to a cell, for example

in a suitable delivery vesicle and if the target is present in the delivery vesicle the CRISPR

effector is activated and a detectable signal generated.

[0049] The vector(s) can include the regulatory element(s), e.g., promoter(s). The vector(s)

can comprise Cas encoding sequences, and/or a single, but possibly also can comprise at least

3 or 8 or 16 or 32 or 48 or 50 guide RNA(s) (e.g., sgRNAs) encoding sequences, such as 1-2,

1-3, 1-4 1-5, 3-6, 3-7, 3-8, 3-9, 3-10, 3-8, 3-16, 3-30, 3-32, 3-48, 3-50 RNA(s) (e.g., sgRNAs).

In a single vector there can be a promoter for each RNA (e.g., sgRNA), advantageously when

there are up to about 16 RNA(s); and, when a single vector provides for more than 16 RNA(s),

one or more promoter(s) can drive expression of more than one of the RNA(s), e.g., when there

are 32 RNA(s), each promoter can drive expression of two RNA(s), and when there are 48

RNA(s), each promoter can drive expression of three RNA(s). By simple arithmetic and well-

established cloning protocols and the teachings in this disclosure one skilled in the art can

readily practice the invention as to the RNA(s) for a suitable exemplary vector such as AAV,

and a suitable promoter such as the U6 promoter. For example, the packaging limit of AAV is

~4.7 kb. The length of a single U6-gRNA (plus restriction sites for cloning) is 361 bp.

Therefore, the skilled person can readily fit about 12-16, e.g., 13 U6-gRNA cassettes in a single

vector. This can be assembled by any suitable means, such as a golden gate strategy used for

TALE assembly (genome-engineering.org/taleffectors/). The skilled person can also use a

tandem guide strategy to increase the number of U6-gRNAs by approximately 1.5 times, e.g.,

to increase from 12-16, e.g., 13 to approximately 18-24, e.g., about 19 U6-gRNAs. Therefore,

one skilled in the art can readily reach approximately 18-24, e.g., about 19 promoter-RNAs,

e.g., U6-gRNAs in a single vector, e.g., an AAV vector. A further means for increasing the



number of promoters and RNAs in a vector is to use a single promoter (e.g., U6) to express an

array of RNAs separated by cleavable sequences. And an even further means for increasing the

number of promoter-RNAs in a vector, is to express an array of promoter-RNAs separated by

cleavable sequences in the intron of a coding sequence or gene; and, in this instance it is

advantageous to use a polymerase II promoter, which can have increased expression and enable

the transcription of long RNA in a tissue specific manner (see, e.g.,

nar.oxfordj oumals.org/ content/34/7/e53 .short and

nature.com/mt/joumal/vl6/n9/abs/mt2008144a.html). In an advantageous embodiment, AAV

may package U6 tandem gRNA targeting up to about 50 genes. Accordingly, from the

knowledge in the art and the teachings in this disclosure the skilled person can readily make

and use vector(s), e.g., a single vector, expressing multiple RNAs or guides under the control

or operatively or functionally linked to one or more promoters—especially as to the numbers

of RNAs or guides discussed herein, without any undue experimentation.

[0050] The guide RNA(s) encoding sequences and/or Cas encoding sequences, can be

functionally or operatively linked to regulatory element(s) and hence the regulatory element(s)

drive expression. The promoter(s) can be constitutive promoter(s) and/or conditional

promoter(s) and/or inducible promoter(s) and/or tissue specific promoter(s). The promoter can

be selected from the group consisting of RNA polymerases, pol I, pol II, pol III, T7, U6, HI,

retroviral Rous sarcoma virus (RSV) LTR promoter, the cytomegalovirus (CMV) promoter,

the SV40 promoter, the dihydrofolate reductase promoter, the β-actin promoter, the

phosphoglycerol kinase (PGK) promoter, and the EFla promoter. An advantageous promoter

is the promoter U6.

[0051] In some embodiments, one or more elements of a nucleic acid-targeting system is

derived from a particular organism comprising an endogenous CRISPR RNA-targeting system.

In certain example embodiments, the effector protein CRISPR RNA-targeting system

comprises at least one HEPN domain, including but not limited to the HEPN domains described

herein, HEPN domains known in the art, and domains recognized to be HEPN domains by

comparison to consensus sequence motifs. Several such domains are provided herein. In one

non-limiting example, a consensus sequence can be derived from the sequences of C2c2 or

Cas 13b orthologs provided herein. In certain example embodiments, the effector protein

comprises a single HEPN domain. In certain other example embodiments, the effector protein

comprises two HEPN domains.

[0052] In one example embodiment, the effector protein comprises one or more HEPN

domains comprising a RxxxxH motif sequence. The RxxxxH motif sequence can be, without



limitation, from a HEPN domain described herein or a HEPN domain known in the art.

RxxxxH motif sequences further include motif sequences created by combining portions of

two or more HEPN domains. As noted, consensus sequences can be derived from the sequences

of the orthologs disclosed in PCT/US2017/038154 entitled “Novel Type VI CRISPR Orthologs

and Systems,” at, for example, pages 256-264 and 285-336, U.S. Provisional Patent

Application 62/432,240 entitled “Novel CRISPR Enzymes and Systems,” U.S. Provisional

Patent Application 62/471,710 entitled “Novel Type VI CRISPR Orthologs and Systems” filed

on March 15, 2017, and U.S. Provisional Patent Application 62/484,786 entitled “Novel Type

VI CRISPR Orthologs and Systems,” filed on April 12, 2017.

[0053] In an embodiment of the invention, a HEPN domain comprises at least one RxxxxH

motif comprising the sequence of R{N/H/K}X1X2X3H. In an embodiment of the invention, a

HEPN domain comprises a RxxxxH motif comprising the sequence of R{N/H}X1X2X3H. In

an embodiment of the invention, a HEPN domain comprises the sequence of

R{N/K}X1X2X3H. In certain embodiments, X I is R, S, D, E, Q, N, G, Y, or H . In certain

embodiments, X2 is I, S, T, V, or L . In certain embodiments, X3 is L, F, N, Y, V, I, S, D, E,

or A .

[0054] Additional effectors for use according to the invention can be identified by their

proximity to casl genes, for example, though not limited to, within the region 20 kb from the

start of the casl gene and 20 kb from the end of the casl gene. In certain embodiments, the

effector protein comprises at least one HEPN domain and at least 500 amino acids, and wherein

the C2c2 effector protein is naturally present in a prokaryotic genome within 20 kb upstream

or downstream of a Cas gene or a CRISPR array. Non-limiting examples of Cas proteins

include Casl, CaslB, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8, Cas9 (also known as Csnl

and Csxl2), CaslO, Csyl, Csy2, Csy3, Csel, Cse2, Cscl, Csc2, Csa5, Csn2, Csm2, Csm3,

Csm4, Csm5, Csm6, Cmrl, Cmr3, Cmr4, Cmr5, Cmr6, Csbl, Csb2, Csb3, Csxl7, Csxl4,

CsxlO, Csxl6, CsaX, Csx3, Csxl, Csxl5, Csfl, Csf2, Csf3, Csf4, homologues thereof, or

modified versions thereof. In certain example embodiments, the C2c2 effector protein is

naturally present in a prokaryotic genome within 20kb upstream or downstream of a Cas 1

gene. The terms “orthologue” (also referred to as “ortholog” herein) and “homologue” (also

referred to as “homolog” herein) are well known in the art. By means of further guidance, a

“homologue” of a protein as used herein is a protein of the same species which performs the

same or a similar function as the protein it is a homologue of. Homologous proteins may but

need not be structurally related, or are only partially structurally related. An “orthologue” of a

protein as used herein is a protein of a different species which performs the same or a similar



function as the protein it is an orthologue of. Orthologous proteins may but need not be

structurally related, or are only partially structurally related.

[0055] In particular embodiments, the Type VI RNA-targeting Cas enzyme is C2c2. In

other example embodiments, the Type VI RNA-targeting Cas enzyme is Cas 13b. In particular

embodiments, the homologue or orthologue of a Type VI protein such as C2c2 as referred to

herein has a sequence homology or identity of at least 30%, or at least 40%, or at least 50%, or

at least 60%, or at least 70%, or at least 80%, more preferably at least 85%, even more

preferably at least 90%, such as for instance at least 95% with a Type VI protein such as C2c2

(e.g., based on the wild-type sequence of any of Leptotrichia shahii C2c2, Lachnospiraceae

bacterium MA2020 C2c2, Lachnospiraceae bacterium NK4A179 C2c2, Clostridium

aminophilum (DSM 10710) C2c2, Carnobacterium gallinarum (DSM 4847) C2c2,

Paludibacter propionicigenes (WB4) C2c2, Listeria weihenstephanensis (FSL R9-0317) C2c2,

Listeriaceae bacterium (FSL M6-0635) C2c2, Listeria newyorkensis (FSL M6-0635) C2c2,

Leptotrichia wadei (F0279) C2c2, Rhodobacter capsulatus (SB 1003) C2c2, Rhodobacter

capsulatus (R121) C2c2, Rhodobacter capsulatus (DE442) C2c2, Leptotrichia wadei (Lw2)

C2c2, or Listeria seeligeri C2c2). In further embodiments, the homologue or orthologue of a

Type VI protein such as C2c2 as referred to herein has a sequence identity of at least 30%, or

at least 40%, or at least 50%, or at least 60%, or at least 70%, or at least 80%, more preferably

at least 85%, even more preferably at least 90%, such as for instance at least 95% with the wild

type C2c2 (e.g., based on the wild-type sequence of any of Leptotrichia shahii C2c2,

Lachnospiraceae bacterium MA2020 C2c2, Lachnospiraceae bacterium NK4A179 C2c2,

Clostridium aminophilum (DSM 10710) C2c2, Carnobacterium gallinarum (DSM 4847) C2c2,

Paludibacter propionicigenes (WB4) C2c2, Listeria weihenstephanensis (FSL R9-0317) C2c2,

Listeriaceae bacterium (FSL M6-0635) C2c2, Listeria newyorkensis (FSL M6-0635) C2c2,

Leptotrichia wadei (F0279) C2c2, Rhodobacter capsulatus (SB 1003) C2c2, Rhodobacter

capsulatus (R121) C2c2, Rhodobacter capsulatus (DE442) C2c2, Leptotrichia wadei (Lw2)

C2c2, or Listeria seeligeri C2c2).

[0056] In certain other example embodiments, the CRISPR system the effector protein is

a C2c2 nuclease. The activity of C2c2 may depend on the presence of two HEPN domains.

These have been shown to be RNase domains, i.e. nuclease (in particular an endonuclease)

cutting RNA. C2c2 HEPN may also target DNA, or potentially DNA and/or RNA. On the

basis that the HEPN domains of C2c2 are at least capable of binding to and, in their wild-type

form, cutting RNA, then it is preferred that the C2c2 effector protein has RNase function.

Regarding C2c2 CRISPR systems, reference is made to International Patent Publication



WO/2017/219027, entitled TYPE VI CRISPR ORTHOLOGS AND SYSTEMS, U S.

Provisional 62/351,662 filed on June 17, 2016 andU.S. Provisional 62/376,377 filed on August

17, 2016. Reference is also made to U.S. Provisional 62/351,803 filed on June 17, 2016.

Reference is also made to U.S. Provisional entitled “Novel Crispr Enzymes and Systems” filed

December 8, 2016 bearing Broad Institute No. 10035.PA4 and Attorney Docket No.

47627.03.2133. Reference is further made to East-Seletsky et al. “Two distinct RNase

activities of CRISPR-C2c2 enable guide-RNA processing and RNA detection” Nature

doi:10/1038/naturel9802 and Abudayyeh et al. “C2c2 is a single-component programmable

RNA-guided RNA targeting CRISPR effector” bioRxiv doi: 10. 1101/054742.

[0057] RNase function in CRISPR systems is known, for example mRNA targeting has

been reported for certain type III CRISPR-Cas systems (Hale et al. , 2014, Genes Dev, vol. 28,

2432-2443; Haleetal., 2009, Cell, vol. 139, 945-956; Peng etal, 2015, Nucleic acids research,

vol. 43, 406-417) and provides significant advantages. In the Staphylococcus epidermis type

III-A system, transcription across targets results in cleavage of the target DNA and its

transcripts, mediated by independent active sites within the CaslO-Csm ribonucleoprotein

effector protein complex (see, Samai et al, 2015, Cell, vol. 151, 1164-1174). A CRISPR-Cas

system, composition or method targeting RNA via the present effector proteins is thus

provided.

[0058] In an embodiment, the Cas protein may be a C2c2 ortholog of an organism of a

genus which includes but is not limited to Leptotrichia, Listeria, Corynebacter, Sutterella,

Legionella, Treponema, Filifactor, Eubacterium, Streptococcus, Lactobacillus, Mycoplasma,

Bacteroides, Flaviivola, Flavobacterium, Sphaerochaeta, Azospirillum, Gluconacetobacter,

Neisseria, Roseburia, Parvibaculum, Staphylococcus, Nitratifr actor, Mycoplasma,

Campylobacter, and Lachnospira. Species of organism of such a genus can be as otherwise

herein discussed.

[0059] In certain example embodiments, the C2c2 effector proteins of the invention

include, without limitation, the following 2 1 ortholog species (including multiple CRISPR loci:

Leptotrichia shahii; Leptotrichia wadei (Lw2); Listeria seeligeri; Lachnospiraceae bacterium

MA2020; Lachnospiraceae bacterium NK4A179; [Clostridium] aminophilum DSM 10710;

Carnobacterium gallinarum DSM 4847; Carnobacterium gallinarum DSM 4847 (second

CRISPR Loci); Paludibacter propionicigenes WB4; Listeria weihenstephanensis FSL R9-

0317; Listeriaceae bacterium FSL M6-0635; Leptotrichia wadei F0279; Rhodobacter

capsulatus SB 1003; Rhodobacter capsulatus R121; Rhodobacter capsulatus DE442;

Leptotrichia buccalis C-1013-b; Herbinix hemicellulosilytica ; [Eubacterium] rectale;



Eubacteriaceae bacterium CHKCI004; Blautia sp. Marseille-P 2398; and Leptotrichia sp. oral

taxon 879 str. F0557. Twelve (12) further non-limiting examples are: Lachnospiraceae

bacterium NK4A144 ; Chloroflexus aggregans; Demequina aurantiaca; Thalassospira sp.

TSL5-1; Pseudobutyrivibrio sp. OR37; Butyrivibrio sp. YAB300P, Blautia sp. Marseille-

P2398; Leptotrichia sp. Marseille-P 3007; Bacteroides ihuae; Porphyromonadaceae

bacterium KH3CP3RA; Listeria riparia; and Insolitispirillum peregrinum.

[0060] Some methods of identifying orthologues of CRISPR-Cas system enzymes may

involve identifying tracr sequences in genomes of interest. Identification of tracr sequences

may relate to the following steps: Search for the direct repeats or tracr mate sequences in a

database to identify a CRISPR region comprising a CRISPR enzyme. Search for homologous

sequences in the CRISPR region flanking the CRISPR enzyme in both the sense and antisense

directions. Look for transcriptional terminators and secondary structures. Identify any

sequence that is not a direct repeat or a tracr mate sequence but has more than 50% identity to

the direct repeat or tracr mate sequence as a potential tracr sequence. Take the potential tracr

sequence and analyze for transcriptional terminator sequences associated therewith.

[0061] It will be appreciated that any of the functionalities described herein may be

engineered into CRISPR enzymes from other orthologs, including chimeric enzymes

comprising fragments from multiple orthologs. Examples of such orthologs are described

elsewhere herein. Thus, chimeric enzymes may comprise fragments of CRISPR enzyme

orthologs of an organism which includes but is not limited to Leptotrichia, Listeria,

Corynebacter, Sutterella, Legionella, Treponema, Filifactor, Eubacterium, Streptococcus,

Lactobacillus, Mycoplasma, Bacteroides, Flaviivola, Flavobacterium, Sphaerochaeta,

Azospirillum, Gluconacetobacter, Neisseria, Roseburia, Parvibaculum, Staphylococcus,

Nitratifractor, Mycoplasma and Campylobacter. A chimeric enzyme can comprise a first

fragment and a second fragment, and the fragments can be of CRISPR enzyme orthologs of

organisms of genera herein mentioned or of species herein mentioned; advantageously the

fragments are from CRISPR enzyme orthologs of different species.

[0062] In embodiments, the C2c2 protein as referred to herein also encompasses a

functional variant of C2c2 or a homologue or an orthologue thereof. A “functional variant” of

a protein as used herein refers to a variant of such protein which retains at least partially the

activity of that protein. Functional variants may include mutants (which may be insertion,

deletion, or replacement mutants), including polymorphs, etc. Also included within functional

variants are fusion products of such protein with another, usually unrelated, nucleic acid,

protein, polypeptide or peptide. Functional variants may be naturally occurring or may be man-



made. Advantageous embodiments can involve engineered or non-naturally occurring Type

VI RNA-targeting effector protein.

[0063] In an embodiment, nucleic acid molecule(s) encoding the C2c2 or an ortholog or

homolog thereof, may be codon-optimized for expression in a eukaryotic cell. A eukaryote

can be as herein discussed. Nucleic acid molecule(s) can be engineered or non-naturally

occurring.

[0064] In an embodiment, the C2c2 or an ortholog or homolog thereof, may comprise one

or more mutations (and hence nucleic acid molecule(s) coding for same may have mutation(s).

The mutations may be artificially introduced mutations and may include but are not limited to

one or more mutations in a catalytic domain. Examples of catalytic domains with reference to

a Cas9 enzyme may include but are not limited to RuvC I, RuvC II, RuvC III and HNH

domains.

[0065] In an embodiment, the C2c2 or an ortholog or homolog thereof, may comprise one

or more mutations. The mutations may be artificially introduced mutations and may include

but are not limited to one or more mutations in a catalytic domain. Examples of catalytic

domains with reference to a Cas enzyme may include but are not limited to HEPN domains.

[0066] In an embodiment, the C2c2 or an ortholog or homolog thereof, may be used as a

generic nucleic acid binding protein with fusion to or being operably linked to a functional

domain. Exemplary functional domains may include but are not limited to translational

initiator, translational activator, translational repressor, nucleases, in particular ribonucleases,

a spliceosome, beads, a light inducible/controllable domain or a chemically

inducible/controllable domain.

[0067] In certain example embodiments, the C2c2 effector protein may be from an

organism selected from the group consisting of; Leptotrichia, Listeria, Corynebacter,

Sutterella, Legionella, Treponema, Filifactor, Eubacterium, Streptococcus, Lactobacillus,

Mycoplasma, Bacteroides, Flaviivola, Flavobacterium, Sphaerochaeta, Azospirillum,

Gluconacetobacter, Neisseria, Roseburia, Parvibaculum, Staphylococcus, Nitratifractor,

Mycoplasma, and Campylobacter.

[0068] In certain embodiments, the effector protein may be a Listeria sp. C2c2p, preferably

Listeria seeligeria C2c2p, more preferably Listeria seeligeria serovar l/2b str. SLCC3954

C2c2p and the crRNA sequence may be 44 to 47 nucleotides in length, with a 5 ’ 29-nt direct

repeat (DR) and a 15-nt to 18-nt spacer.

[0069] In certain embodiments, the effector protein may be a Leptotrichia sp. C2c2p,

preferably Leptotrichia shahii C2c2p, more preferably Leptotrichia shahii DSM 19757 C2c2p



and the crRNA sequence may be 42 to 58 nucleotides in length, with a 5 ’ direct repeat of at

least 24 nt, such as a 5 ’ 24-28-nt direct repeat (DR) and a spacer of at least 14 nt, such as a 14-

nt to 28-nt spacer, or a spacer of at least 18 nt, such as 19, 20, 21, 22, or more nt, such as 18-

28, 19-28, 20-28, 21-28, or 22-28 nt.

[0070] In certain example embodiments, the effector protein may be a Leptotrichia sp.,

Leptotrichia wadei F0279, or a Listeria sp., preferably Listeria newyorkensis FSL M6-0635.

[0071] In certain embodiments, the C2c2 protein according to the invention is or is derived

from one of the orthologues or is a chimeric protein of two or more of the orthologues as

described in this application, or is a mutant or variant of one of the orthologues (or a chimeric

mutant or variant), including dead C2c2, split C2c2, destabilized C2c2, etc. as defined herein

elsewhere, with or without fusion with a heterologous/functional domain.

[0072] In certain example embodiments, the RNA-targeting effector protein is a Type VI-

B effector protein, such as Casl3b and Group 29 or Group 30 proteins. In certain example

embodiments, the RNA-targeting effector protein comprises one or more HEPN domains. In

certain example embodiments, the RNA-targeting effector protein comprises a C-terminal

HEPN domain, a N-terminal HEPN domain, or both. Regarding example Type VI-B effector

proteins that may be used in the context of this invention, reference is made to US Application

No. 15/331,792 entitled “Novel CRISPR Enzymes and Systems” and filed October 21, 2016,

International Patent Application No. PCT/US2016/058302 entitled “Novel CRISPR Enzymes

and Systems”, and filed October 21, 2016, and Smargon et al. “Casl3b is a Type VI-B

CRISPR-associated RNA-Guided RNase differentially regulated by accessory proteins Csx27

and Csx28” Molecular Cell, 65, 1-13 (2017); dx.doi.org/10.1016/j.molcel. 2016. 12.023, and

U.S. Provisional Application No. to be assigned, entitled “Novel Casl3b Orthologues CRISPR

Enzymes and System” filed March 15, 2017. In certain example embodiments, different

orthologues from a same class of CRISPR effector protein may be used, such as two Casl3a

orthologues, two Casl3b orthologues, or two Casl3c orthologues, which is described in

International Application No. PCT/US2017/065477, Tables 1-6, pages 40-52, and incorporated

herein by reference. On certain other example embodiments, different orthologues with

different nucleotide editing preferences may be used such as a Casl3a and Casl3b orthologs,

or a Casl3a and a Casl3c orthologs, or a Casl3b orthologs and a Casl3c orthologs etc.

[0073] The RNA targeting effector protein can, in some embodiments, comprise one or

more HEPN domains, which can optionally comprise a RxxxxH motif sequence. In some

instances, the RxxxH motif comprises a R{N/H/K]XIX2 X3H sequence, which in some

embodiments Xi is R, S, D, E, Q, N, G, or Y, and X 2 is independently I, S, T, V, or L, and X 3



is independently L, F, N, Y, V, I, S, D, E, or A . In some particular embodiments, the CRISPR

RNA-targeting effector protein is C2c2.

Guides

[0074] The methods disclosed herein can be utilized to design one or more guide RNAs to

distinguish between one or more viral strains. In embodiments, the methods design 10, 20, 30,

40, 50, 60, 70 80, 90, 100, or more guide RNAs to distinguish between viral strains. The

methodologies allow a set of input genomic sequences to one or more target pathogens that

identify one or more target amplification sequences. In embodiments, the methods can be

utilized to generate the one or more guide sequences, which may be at least 90 guide

sequences.

[0075] As used herein, the term “guide sequence,” “crRNA,” “guide RNA,” or “single

guide RNA,” or “gRNA” refers to a polynucleotide comprising any polynucleotide sequence

having sufficient complementarity with a target nucleic acid sequence to hybridize with the

target nucleic acid sequence and to direct sequence-specific binding of a RNA-targeting

complex comprising the guide sequence and a CRISPR effector protein to the target nucleic

acid sequence. In some example embodiments, the degree of complementarity, when optimally

aligned using a suitable alignment algorithm, is about or more than about 50%, 60%, 75%,

80%, 85%, 90%, 95%, 97. 5%, 99%, or more. Optimal alignment may be determined with the

use of any suitable algorithm for aligning sequences, non-limiting example of which include

the Smith-Waterman algorithm, the Needleman-Wunsch algorithm, algorithms based on the

Burrows-Wheeler Transform (e.g., the Burrows Wheeler Aligner), ClustalW, Clustal X,

BLAT, Novoalign (Novocraft Technologies; available at www.novocraft.com), ELAND

(Illumina, San Diego, CA), SOAP (available at soap.genomics.org.cn), and Maq (available at

maq.sourceforge.net). The ability of a guide sequence (within a nucleic acid-targeting guide

RNA) to direct sequence-specific binding of a nucleic acid-targeting complex to a target

nucleic acid sequence may be assessed by any suitable assay. For example, the components of

a nucleic acid-targeting CRISPR system sufficient to form a nucleic acid-targeting complex,

including the guide sequence to be tested, may be provided to a host cell having the

corresponding target nucleic acid sequence, such as by transfection with vectors encoding the

components of the nucleic acid-targeting complex, followed by an assessment of preferential

targeting (e.g., cleavage) within the target nucleic acid sequence, such as by Surveyor assay as

described herein. Similarly, cleavage of a target nucleic acid sequence may be evaluated in a

test tube by providing the target nucleic acid sequence, components of a nucleic acid-targeting



complex, including the guide sequence to be tested and a control guide sequence different from

the test guide sequence, and comparing binding or rate of cleavage at the target sequence

between the test and control guide sequence reactions. Other assays are possible, and will

occur to those skilled in the art. A guide sequence, and hence a nucleic acid-targeting guide

may be selected to target any target nucleic acid sequence. The target sequence may be DNA.

The target sequence may be any RNA sequence. In some embodiments, the target sequence

may be a sequence within a RNA molecule selected from the group consisting of messenger

RNA (mRNA), pre-mRNA, ribosomal RNA (rRNA), transfer RNA (tRNA), micro-RNA

(miRNA), small interfering RNA (siRNA), small nuclear RNA (snRNA), small nucleolar RNA

(snoRNA), double stranded RNA (dsRNA), non-coding RNA (ncRNA), long non-coding RNA

(IncRNA), and small cytoplasmatic RNA (scRNA). In some preferred embodiments, the target

sequence may be a sequence within a RNA molecule selected from the group consisting of

mRNA, pre-mRNA, and rRNA. In some preferred embodiments, the target sequence may be a

sequence within a RNA molecule selected from the group consisting of ncRNA, and IncRNA.

In some more preferred embodiments, the target sequence may be a sequence within an mRNA

molecule or a pre-mRNA molecule.

[0076] In some embodiments, a nucleic acid-targeting guide is selected to reduce the

degree secondary structure within the nucleic acid-targeting guide. In some embodiments,

about or less than about 75%, 50%, 40%, 30%, 25%, 20%, 15%, 10%, 5%, 1%, or fewer of the

nucleotides of the nucleic acid-targeting guide participate in self-complementary base pairing

when optimally folded. Optimal folding may be determined by any suitable polynucleotide

folding algorithm. Some programs are based on calculating the minimal Gibbs free energy. An

example of one such algorithm is mFold, as described by Zuker and Stiegler (Nucleic Acids

Res. 9 (1981), 133-148). Another example folding algorithm is the online Webserver RNAfold,

developed at Institute for Theoretical Chemistry at the University of Vienna, using the centroid

structure prediction algorithm (see e.g., A.R. Gruber et al, 2008, Cell 106(1): 23-24; and PA

Carr and GM Church, 2009, Nature Biotechnology 27(12): 1151-62). Compact Aggregation

of Targets for Comprehensive Hybridization (CATCH) can be used to design compact probe

sets that achieve full coverage of diversity, See, e.g. Metsky et al, Capturing diverse microbial

sequence with comprehensive and scalable probe design, DOI https://doi.org/10. 1101/279570.

Diagnostic-guide-design methods as described herein can be implemented in a software tool.

In the case of viral sequences (or other desired target sequences), an input of an alignment of

viral sequences is utilized and its objective is to find a set of guide sequences, all within some

specified amplicon length, that will detect some desired fraction (e.g., 95%) of the input



sequences tolerating some number of mismatches (usually 1) between the guide and target.

Critically for subtyping (or any differential identification), it designs different collections of

guides guaranteeing that each collection is specific to one subtype. This particular approach

can allow for the simultaneously design amplicon primers and guide sequences for species

identification using diagnostic-guide-design (“d-g-d”) together with other tools and

approaches, including those as described in PCT/US2017/0488744, for example at [0056] -

[0131], and PCT/US2017/048479, incorporated herein by reference.

[0077] In certain embodiments, a guide RNA or crRNA may comprise, consist essentially

of, or consist of a direct repeat (DR) sequence and a guide sequence or spacer sequence. In

certain embodiments, the guide RNA or crRNA may comprise, consist essentially of, or consist

of a direct repeat sequence fused or linked to a guide sequence or spacer sequence. In certain

embodiments, the direct repeat sequence may be located upstream (i.e., 5’) from the guide

sequence or spacer sequence. In other embodiments, the direct repeat sequence may be located

downstream (i.e., 3’) from the guide sequence or spacer sequence.

[0078] In certain embodiments, the crRNA comprises a stem loop, preferably a single stem

loop. In certain embodiments, the direct repeat sequence forms a stem loop, preferably a single

stem loop.

[0079] In certain embodiments, the spacer length of the guide RNA is from 15 to 35 nt. In

certain embodiments, the spacer length of the guide RNA is at least 15 nucleotides. In certain

embodiments, the spacer length is from 15 to 17 nt, e.g., 15, 16, or 17 nt, from 17 to 20 nt, e.g.,

17, 18, 19, or 20 nt, from 20 to 24 nt, e.g., 20, 21, 22, 23, or 24 nt, from 23 to 25 nt, e.g., 23,

24, or 25 nt, from 24 to 27 nt, e.g., 24, 25, 26, or 27 nt, from 27-30 nt, e.g., 27, 28, 29, or 30

nt, from 30-35 nt, e.g., 30, 31, 32, 33, 34, or 35 nt, or 35 nt or longer.

[0080] In general, the CRISPR-Cas, CRISPR-Cas9 or CRISPR system may be as used in

the foregoing documents, such as WO 2014/093622 (PCT/US2013/074667) and refers

collectively to transcripts and other elements involved in the expression of or directing the

activity of CRISPR-associated (“Cas”) genes, including sequences encoding a Cas gene, in

particular a Cas9 gene in the case of CRISPR-Cas9, atracr (trans-activating CRISPR) sequence

(e.g. tracrRNA or an active partial tracrRNA), atracr-mate sequence (encompassing a “direct

repeat” and a tracrRNA-processed partial direct repeat in the context of an endogenous

CRISPR system), a guide sequence (also referred to as a “spacer” in the context of an

endogenous CRISPR system), or “RNA(s)” as that term is herein used (e.g., RNA(s) to guide

Cas9, e.g. CRISPR RNA and transactivating (tracr) RNA or a single guide RNA (sgRNA)

(chimeric RNA)) or other sequences and transcripts from a CRISPR locus. In general, a



CRISPR system is characterized by elements that promote the formation of a CRISPR complex

at the site of a target sequence (also referred to as a protospacer in the context of an endogenous

CRISPR system). In the context of formation of a CRISPR complex, “target sequence” refers

to a sequence to which a guide sequence is designed to have complementarity, where

hybridization between a target sequence and a guide sequence promotes the formation of a

CRISPR complex. The section of the guide sequence through which complementarity to the

target sequence is important for cleavage activity is referred to herein as the seed sequence. A

target sequence may comprise any polynucleotide, such as DNA or RNA polynucleotides. In

some embodiments, a target sequence is located in the nucleus or cytoplasm of a cell, and may

include nucleic acids in or from mitochondrial, organelles, vesicles, liposomes or particles

present within the cell. In some embodiments, especially for non-nuclear uses, NLSs are not

preferred. In some embodiments, a CRISPR system comprises one or more nuclear exports

signals (NESs). In some embodiments, a CRISPR system comprises one or more NLSs and

one or more NESs. In some embodiments, direct repeats may be identified in silico by

searching for repetitive motifs that fulfill any or all of the following criteria: 1. found in a 2Kb

window of genomic sequence flanking the type II CRISPR locus; 2 . span from 20 to 50 bp;

and 3 . interspaced by 20 to 50 bp. In some embodiments, 2 of these criteria may be used, for

instance 1 and 2, 2 and 3, or 1 and 3 . In some embodiments, all 3 criteria may be used.

[0081] In embodiments of the invention the terms guide sequence and guide RNA, i.e.

RNA capable of guiding Cas to a target genomic locus, are used interchangeably as in

foregoing cited documents such as WO 2014/093622 (PCT/US2013/074667). In general, a

guide sequence is any polynucleotide sequence having sufficient complementarity with a target

polynucleotide sequence to hybridize with the target sequence and direct sequence-specific

binding of a CRISPR complex to the target sequence. In some embodiments, the degree of

complementarity between a guide sequence and its corresponding target sequence, when

optimally aligned using a suitable alignment algorithm, is about or more than about 50%, 60%,

75%, 80%, 85%, 90%, 95%, 97.5%, 99%, or more. Optimal alignment may be determined with

the use of any suitable algorithm for aligning sequences, non-limiting example of which

include the Smith-Waterman algorithm, the Needleman-Wunsch algorithm, algorithms based

on the Burrows-Wheeler Transform (e.g. the Burrows Wheeler Aligner), ClustalW, Clustal X,

BLAT, Novoalign (Novocraft Technologies; available at www.novocraft.com), ELAND

(Illumina, San Diego, CA), SOAP (available at soap.genomics.org.cn), and Maq (available at

maq. sourceforge.net).



[0082] In some embodiments, a guide sequence is about or more than about 5, 10, 11, 12,

13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 75, or more

nucleotides in length. In some embodiments, a guide sequence is less than about 75, 50, 45,

40, 35, 30, 25, 20, 15, 12, or fewer nucleotides in length. Preferably the guide sequence is 10

30 nucleotides long. The ability of a guide sequence to direct sequence-specific binding of a

CRISPR complex to a target sequence may be assessed by any suitable assay. For example,

the components of a CRISPR system sufficient to form a CRISPR complex, including the guide

sequence to be tested, may be provided to a host cell having the corresponding target sequence,

such as by transfection with vectors encoding the components of the CRISPR sequence,

followed by an assessment of preferential cleavage within the target sequence, such as by

Surveyor assay as described herein. Similarly, cleavage of a target polynucleotide sequence

may be evaluated in a test tube by providing the target sequence, components of a CRISPR

complex, including the guide sequence to be tested and a control guide sequence different from

the test guide sequence, and comparing binding or rate of cleavage at the target sequence

between the test and control guide sequence reactions. Other assays are possible, and will occur

to those skilled in the art.

[0083] In some embodiments of CRISPR-Cas systems, the degree of complementarity

between a guide sequence and its corresponding target sequence can be about or more than

about 50%, 60%, 75%, 80%, 85%, 90%, 95%, 97.5%, 99%, or 100%; a guide or RNA or

sgRNA can be about or more than about 5, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,

23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 75, or more nucleotides in length; or guide or

RNA or sgRNA can be less than about 75, 50, 45, 40, 35, 30, 25, 20, 15, 12, or fewer

nucleotides in length; and advantageously tracr RNA is 30 or 50 nucleotides in length.

However, an aspect of the invention is to reduce off-target interactions, e.g., reduce the guide

interacting with a target sequence having low complementarity. Indeed, in the examples, it is

shown that the invention involves mutations that result in the CRISPR-Cas system being able

to distinguish between target and off-target sequences that have greater than 80% to about 95%

complementarity, e.g., 83%-84% or 88-89% or 94-95% complementarity (for instance,

distinguishing between a target having 18 nucleotides from an off-target of 18 nucleotides

having 1, 2 or 3 mismatches). Accordingly, in the context of the present invention the degree

of complementarity between a guide sequence and its corresponding target sequence is greater

than 94.5% or 95% or 95.5% or 96% or 96.5% or 97% or 97.5% or 98% or 98.5% or 99% or

99.5% or 99.9%, or 100%. Off target is less than 100% or 99.9% or 99.5% or 99% or 99% or

98.5% or 98% or 97.5% or 97% or 96.5% or 96% or 95.5% or 95% or 94.5% or 94% or 93%



or 92% or 91% or 90% or 89% or 88% or 87% or 86% or 85% or 84% or 83% or 82% or 81%

or 80% complementarity between the sequence and the guide, with it advantageous that off

target is 100% or 99.9% or 99.5% or 99% or 99% or 98.5% or 98% or 97.5% or 97% or 96.5%

or 96% or 95.5% or 95% or 94.5% complementarity between the sequence and the guide.

Guide Modifications

[0084] In certain embodiments, guides of the invention comprise non-naturally occurring

nucleic acids and/or non-naturally occurring nucleotides and/or nucleotide analogs, and/or

chemical modifications. Non-naturally occurring nucleic acids can include, for example,

mixtures of naturally and non-naturally occurring nucleotides. Non-naturally occurring

nucleotides and/or nucleotide analogs may be modified at the ribose, phosphate, and/or base

moiety. In an embodiment of the invention, a guide nucleic acid comprises ribonucleotides and

non-ribonucleotides. In one such embodiment, a guide comprises one or more ribonucleotides

and one or more deoxyribonucleotides. In an embodiment of the invention, the guide

comprises one or more non-naturally occurring nucleotide or nucleotide analog such as a

nucleotide with phosphorothioate linkage, boranophosphate linkage, a locked nucleic acid

(LNA) nucleotides comprising a methylene bridge between the 2' and 4' carbons of the ribose

ring, or bridged nucleic acids (BNA). Other examples of modified nucleotides include 2'-0-

methyl analogs, 2'-deoxy analogs, 2-thiouridine analogs, N6-methyladenosine analogs, or 2'-

fluoro analogs. Further examples of modified bases include, but are not limited to, 2-

aminopurine, 5-bromo-uridine, pseudouridine (Ψ), N 1-methyl pseudouridi ne (me llP). 5-

methoxyuridine(5moU), inosine, and 7-methylguanosine. Examples of guide RNA chemical

modifications include, without limitation, incorporation of 2 ’-O-methyl (M), 2’-0-methyl-3’-

phosphorothioate (MS), phosphorothioate (PS), '-constrained ethyl(cEt), or 2’-0-methyl-3’-

thioPACE (MSP) at one or more terminal nucleotides. Such chemically modified guides can

comprise increased stability and increased activity as compared to unmodified guides, though

on-target vs. off-target specificity is not predictable. (See, Hendel, 2015, Nat Biotechnol.

33(9):985-9, doi: 10. 1038/nbt.3290, published online 29 June 2015; Ragdarm et al, 2015,

PNAS, E7110-E7111; Allerson et al., J . Med. Chem. 2005, 48:901-904; Bramsen et al., Front.

Genet., 2012, 3:154; Deng et al., PNAS, 2015, 112:11870-11875; Sharma et al.,

MedChemComm., 2014, 5:1454-1471; Hendel et al., Nat. Biotechnol. (2015) 33(9): 985-989;

Li et al., Nature Biomedical Engineering, 2017, 1, 0066 D01:10.1038/s41551-017-0066). In

some embodiments, the 5 ’ and/or 3 ’ end of a guide RNA is modified by a variety of functional

moieties including fluorescent dyes, polyethylene glycol, cholesterol, proteins, or detection

tags. (See Kelly et al, 2016, J. Biotech. 233:74-83). In certain embodiments, a guide comprises



ribonucleotides in a region that binds to a target DNA and one or more deoxyribonucleotides

and/or nucleotide analogs in a region that binds to Cas9, Cpfl, or C2cl. In an embodiment of

the invention, deoxyribonucleotides and/or nucleotide analogs are incorporated in engineered

guide structures, such as, without limitation, 5 ’ and/or 3 ’ end, stem-loop regions, and the seed

region. In certain embodiments, the modification is not in the 5’-handle of the stem-loop

regions. Chemical modification in the 5’-handle of the stem-loop region of a guide may abolish

its function (see Li, et al., Nature Biomedical Engineering, 2017, 1:0066). In certain

embodiments, at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,

23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, or 75 nucleotides of a guide is chemically modified.

In some embodiments, 3-5 nucleotides at either the 3 ’ or the 5 ’ end of a guide is chemically

modified. In some embodiments, only minor modifications are introduced in the seed region,

such as 2’-F modifications. In some embodiments, 2’-F modification is introduced at the 3 ’

end of a guide. In certain embodiments, three to five nucleotides at the 5 ’ and/or the 3 ’ end of

the guide are chemically modified with 2 ’-O-methyl (M), 2’-0-methyl-3’-phosphorothioate

(MS), '-constrained ethyl(cEt), or 2’-0-methyl-3’-thioPACE (MSP). Such modification can

enhance genome editing efficiency (see Hendel et al, Nat. Biotechnol. (2015) 33(9): 985-989).

In certain embodiments, all of the phosphodiester bonds of a guide are substituted with

phosphorothioates (PS) for enhancing levels of gene disruption. In certain embodiments, more

than five nucleotides at the 5 ’ and/or the 3 ’ end of the guide are chemically modified with 2’-

O-Me, 2’-F or S-constrained ethyl(cEt). Such chemically modified guide can mediate enhanced

levels of gene disruption (see Ragdarm et al., 0215, PNAS, E71 10-E71 11). In an embodiment

of the invention, a guide is modified to comprise a chemical moiety at its 3 ’ and/or 5’ end.

Such moieties include, but are not limited to amine, azide, alkyne, thio, dibenzocyclooctyne

(DBCO), or Rhodamine. In certain embodiment, the chemical moiety is conjugated to the guide

by a linker, such as an alkyl chain. In certain embodiments, the chemical moiety of the modified

guide can be used to attach the guide to another molecule, such as DNA, RNA, protein, or

nanoparticles. Such chemically modified guide can be used to identify or enrich cells

generically edited by a CRISPR system (see Lee et al., eLife, 2017, 6:e25312, DOL10.7554).

[0085] In certain embodiments, the CRISPR system as provided herein can make use of a

crRNA or analogous polynucleotide comprising a guide sequence, wherein the polynucleotide

is an RNA, a DNA or a mixture of RNA and DNA, and/or wherein the polynucleotide

comprises one or more nucleotide analogs. The sequence can comprise any structure, including

but not limited to a structure of a native crRNA, such as a bulge, a hairpin or a stem loop



structure. In certain embodiments, the polynucleotide comprising the guide sequence forms a

duplex with a second polynucleotide sequence which can be an RNA or a DNA sequence.

[0086] In some embodiments, the modification to the guide is a chemical modification, an

insertion, a deletion or a split. In some embodiments, the chemical modification includes, but

is not limited to, incorporation of 2'-0-methyl (M) analogs, 2'-deoxy analogs, 2-thiouridine

analogs, N6-methyladenosine analogs, 2'-fluoro analogs, 2-aminopurine, 5-bromo-uridine,

pseudouridine (Ψ), N1-methyl pseudouridine (me llP). 5-methoxyuridine(5moU), inosine, 7-

methylguanosine, 2’-0-methyl-3’-phosphorothioate (MS), '-constrained ethyl(cEt),

phosphorothioate (PS), or 2’-0-methyl-3’-thioPACE (MSP). In some embodiments, the guide

comprises one or more of phosphorothioate modifications. In certain embodiments, at least 1,

2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or 25 nucleotides of the guide are

chemically modified. In certain embodiments, one or more nucleotides in the seed region are

chemically modified. In certain embodiments, one or more nucleotides in the 3’-terminus are

chemically modified. In certain embodiments, none of the nucleotides in the 5’-handle are

chemically modified. In some embodiments, the chemical modification in the seed region is a

minor modification, such as incorporation of a 2’-fluoro analog. In a specific embodiment, one

nucleotide of the seed region is replaced with a 2’-fluoro analog. In some embodiments, 5 or

10 nucleotides in the 3’-terminus are chemically modified. Such chemical modifications at the

3’-terminus of the Cpfl CrRNA improve gene cutting efficiency (see Li, et al., Nature

Biomedical Engineering, 2017, 1:0066). In a specific embodiment, 5 nucleotides in the 3’-

terminus are replaced with 2’-fluoro analogues. In a specific embodiment, 10 nucleotides in

the 3’-terminus are replaced with 2’-fluoro analogues. In a specific embodiment, 5 nucleotides

in the 3’-terminus are replaced with 2 ’-O-methyl (M) analogs.

[0087] In some embodiments, the loop of the 5’-handle of the guide is modified. In some

embodiments, the loop of the 5’-handle of the guide is modified to have a deletion, an insertion,

a split, or chemical modifications. In certain embodiments, the loop comprises 3, 4, or 5

nucleotides. In certain embodiments, the loop comprises the sequence of UCUU, UUUU,

UAUU, or UGUU.

[0088] A guide sequence, and hence a nucleic acid-targeting guide RNA may be selected

to target any target nucleic acid sequence. In the context of formation of a CRISPR complex,

“target sequence” refers to a sequence to which a guide sequence is designed to have

complementarity, where hybridization between a target sequence and a guide sequence

promotes the formation of a CRISPR complex. A target sequence may comprise RNA

polynucleotides. The term “target RNA“ refers to a RNA polynucleotide being or comprising



the target sequence. In other words, the target RNA may be a RNA polynucleotide or a part of

a RNA polynucleotide to which a part of the gRNA, i.e. the guide sequence, is designed to

have complementarity and to which the effector function mediated by the complex comprising

CRISPR effector protein and a gRNA is to be directed. In some embodiments, a target sequence

is located in the nucleus or cytoplasm of a cell.

[0089] The target sequence may be DNA. The target sequence may be any RNA sequence.

In some embodiments, the target sequence may be a sequence within a RNA molecule selected

from the group consisting of messenger RNA (mRNA), pre-mRNA, ribosomal RNA (rRNA),

transfer RNA (tRNA), micro-RNA (miRNA), small interfering RNA (siRNA), small nuclear

RNA (snRNA), small nuclear RNA (snoRNA), double stranded RNA (dsRNA), non coding

RNA (ncRNA), long non-coding RNA (IncRNA), and small cytoplasmic RNA (scRNA). In

some preferred embodiments, the target sequence may be a sequence within a RNA molecule

selected from the group consisting of mRNA, pre-mRNA, and rRNA. In some preferred

embodiments, the target sequence may be a sequence within an RNA molecule selected from

the group consisting of ncRNA, and IncRNA. In some more preferred embodiments, the target

sequence may be a sequence within an mRNA molecule or a pre-mRNA molecule. In certain

embodiments, the one or more guide RNAs are designed to detect a single nucleotide

polymorphism, splice variant of a transcript, or a frameshift mutation in a target RNA or DNA,

as described in more detail herein.

[0090] In certain embodiments, the spacer length of the guide RNA is less than 28

nucleotides. In certain embodiments, the spacer length of the guide RNA is at least 18

nucleotides and less than 28 nucleotides. In certain embodiments, the spacer length of the guide

RNA is between 19 and 28 nucleotides. In certain embodiments, the spacer length of the guide

RNA is between 19 and 25 nucleotides. In certain embodiments, the spacer length of the guide

RNA is 20 nucleotides. In certain embodiments, the spacer length of the guide RNA is 23

nucleotides. In certain embodiments, the spacer length of the guide RNA is 25 nucleotides.

[0091] In certain embodiments, modulations of cleavage efficiency can be exploited by

introduction of mismatches, e.g. 1 or more mismatches, such as 1 or 2 mismatches between

spacer sequence and target sequence, including the position of the mismatch along the

spacer/target. The more central (i.e. not 3’ or 5’) for instance a double mismatch is, the more

cleavage efficiency is affected. Accordingly, by choosing mismatch position along the spacer,

cleavage efficiency can be modulated. By means of example, if less than 100 % cleavage of

targets is desired (e.g. in a cell population), 1 or more, such as preferably 2 mismatches between



spacer and target sequence may be introduced in the spacer sequences. The more central along

the spacer of the mismatch position, the lower the cleavage percentage.

[0092] In certain example embodiments, the cleavage efficiency may be exploited to

design single guides that can distinguish two or more targets that vary by a single nucleotide,

such as a single nucleotide polymorphism (SNP), variation, or (point) mutation. The CRISPR

effector may have reduced sensitivity to SNPs (or other single nucleotide variations) and

continue to cleave SNP targets with a certain level of efficiency. Thus, for two targets, or a set

of targets, a guide RNA may be designed with a nucleotide sequence that is complementary to

one of the targets i.e. the on-target SNP. The guide RNA is further designed to have a synthetic

mismatch. As used herein a “synthetic mismatch” refers to a non-naturally occurring mismatch

that is introduced upstream or downstream of the naturally occurring SNP, such as at most 5

nucleotides upstream or downstream, for instance 4, 3, 2, or 1 nucleotide upstream or

downstream, preferably at most 3 nucleotides upstream or downstream, more preferably at

most 2 nucleotides upstream or downstream, most preferably 1 nucleotide upstream or

downstream (i.e. adjacent the SNP). When the CRISPR effector binds to the on-target SNP,

only a single mismatch will be formed with the synthetic mismatch and the CRISPR effector

will continue to be activated and a detectable signal produced. When the guide RNA hybridizes

to an off-target SNP, two mismatches will be formed, the mismatch from the SNP and the

synthetic mismatch, and no detectable signal generated. Thus, the systems disclosed herein

may be designed to distinguish SNPs within a population. For, example the systems may be

used to distinguish pathogenic strains that differ by a single SNP or detect certain disease

specific SNPs, such as but not limited to, disease associated SNPs, such as without limitation

cancer associated SNPs.

[0093] In certain embodiments, the guide RNA is designed such that the SNP is located on

position 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,

27, 28, 29, or 30 of the spacer sequence (starting at the 5 ’ end). In certain embodiments, the

guide RNA is designed such that the SNP is located on position 1, 2, 3, 4, 5, 6, 7, 8, or 9 of the

spacer sequence (starting at the 5 ’ end). In certain embodiments, the guide RNA is designed

such that the SNP is located on position 2, 3, 4, 5, 6, or 7of the spacer sequence (starting at the

5 ’ end). In certain embodiments, the guide RNA is designed such that the SNP is located on

position 3, 4, 5, or 6 of the spacer sequence (starting at the 5’ end). In certain embodiments,

the guide RNA is designed such that the SNP is located on position 3 of the spacer sequence

(starting at the 5 ’ end).



[0094] In certain embodiments, the guide RNA is designed such that the mismatch (e.g.the

synthetic mismatch, i.e. an additional mutation besides a SNP) is located on position 1, 2, 3, 4,

5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30

of the spacer sequence (starting at the 5 ’ end). In certain embodiments, the guide RNA is

designed such that the mismatch is located on position 1, 2, 3, 4, 5, 6, 7, 8, or 9 of the spacer

sequence (starting at the 5 ’ end). In certain embodiments, the guide RNA is designed such that

the mismatch is located on position 4, 5, 6, or 7of the spacer sequence (starting at the 5 ’ end.

In certain embodiments, the guide RNA is designed such that the mismatch is located on

position 5 of the spacer sequence (starting at the 5 ’ end).

[0095] In certain embodiments, the guide RNA is designed such that the mismatch is

located 2 nucleotides upstream of the SNP (i.e. one intervening nucleotide).

[0096] In certain embodiments, the guide RNA is designed such that the mismatch is

located 2 nucleotides downstream of the SNP (i.e. one intervening nucleotide).

[0097] In certain embodiments, the guide RNA is designed such that the mismatch is

located on position 5 of the spacer sequence (starting at the 5’ end) and the SNP is located on

position 3 of the spacer sequence (starting at the 5 ’ end).

[0098] The embodiments described herein comprehend inducing one or more nucleotide

modifications in a eukaryotic cell (in vitro, i.e. in an isolated eukaryotic cell) as herein

discussed comprising delivering to cell a vector as herein discussed. The mutation(s) can

include the introduction, deletion, or substitution of one or more nucleotides at each target

sequence of cell(s) via the guide(s) RNA(s). The mutations can include the introduction,

deletion, or substitution of 1-75 nucleotides at each target sequence of said cell(s) via the

guide(s) RNA(s). The mutations can include the introduction, deletion, or substitution of 1, 5,

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50,

or 75 nucleotides at each target sequence of said cell(s) via the guide(s) RNA(s). The mutations

can include the introduction, deletion, or substitution of 5, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, or 75 nucleotides at each target

sequence of said cell(s) via the guide(s) RNA(s) . The mutations include the introduction,

deletion, or substitution of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,

28, 29, 30, 35, 40, 45, 50, or 75 nucleotides at each target sequence of said cell(s) via the

guide(s) RNA(s). The mutations can include the introduction, deletion, or substitution of 20,

21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, or 75 nucleotides at each target sequence

of said cell(s) via the guide(s) RNA(s). The mutations can include the introduction, deletion,



or substitution of 40, 45, 50, 75, 100, 200, 300, 400 or 500 nucleotides at each target sequence

of said cell(s) via the guide(s) RNA(s).

[0099] Typically, in the context of an endogenous CRISPR system, formation of a CRISPR

complex (comprising a guide sequence hybridized to a target sequence and complexed with

one or more Cas proteins) results in cleavage in or near (e.g. within 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,

20, 50, or more base pairs from) the target sequence, but may depend on for instance secondary

structure, in particular in the case of RNA targets.

[0100] In one aspect, the embodiments disclosed herein are directed to a nucleic acid

detection system comprising two or more CRISPR systems one or more guide RNAs designed

to bind to corresponding target molecules, a masking construct, and optional amplification

reagents to amplify target nucleic acid molecules in a sample. In certain example embodiments,

the system may further comprise one or more detection aptamers. The one or more detection

aptamers may comprise a RNA polymerase site or primer binding site. The one or more

detection aptamers specifically bind one or more target polypeptides and are configured such

that the RNA polymerase site or primer binding site is exposed only upon binding of the

detection aptamer to a target peptide. Exposure of the RNA polymerase site facilitates

generation of a trigger RNA oligonucleotide using the aptamer sequence as a template.

Accordingly, in such embodiments the one or more guide RNAs are configured to bind to a

trigger RNA.

[0101] In another aspect, the embodiments disclosed herein are directed to a diagnostic

device comprising a plurality of individual discrete volumes. Each individual discrete volume

comprises a CRISPR system comprising CRISPR effector protein, one or more guide RNAs

designed to bind to a corresponding target molecule, and a masking construct. Individual

discrete volumes may also comprise optical barcodes, target molecules, and/or amplification

reagents. Individual discrete volumes may be provided that comprise a CRISPR system with

an optical barcode; other individual discrete volumes that may be provided that comprises

optical barcodes, optionally with target molecules and/or amplification reagents. In certain

example embodiments, RNA amplification reagents may be pre-loaded into the individual

discrete volumes or be added to the individual discrete volumes concurrently with, prior to, or

subsequent to addition of a sample or target molecule to an individual discrete volume. In one

aspect, merging of individual discrete volumes such as droplets effects the addition of

particular reagents to a merged individual discrete volume. The device may be a microfluidic

based device, a wearable device, or device comprising a flexible material substrate on which

the individual discrete volumes are defined or provided.



[0102] In another aspect, the embodiments disclosed herein are directed to a method for

detecting target nucleic acids in a sample comprising distributing a sample or set of samples,

that may be comprised in their own individual discrete volumes, to a set of individual discrete

volumes, each individual discrete volume comprising a CRISPR effector protein, one or more

guide RNAs designed to bind to one target oligonucleotides, and a masking construct. Such

distribution in particularly preferred embodiments is preferably by random droplet distribution.

The set of samples are then maintained under conditions sufficient to allow binding of the one

or more guide RNAs to one or more target molecules. Binding of the one or more guide RNAs

to a target nucleic acid in turn activates the CRISPR effector protein. Once activated, the

CRISPR effector protein then deactivates the masking construct, for example, by cleaving the

masking construct such that a detectable positive signal is unmasked, released, or generated.

Detection of the positive detectable signal in an individual discrete volume indicates the

presence of the target molecules.

[0103] In yet another aspect, the embodiments disclosed herein are directed to a method

for detecting polypeptides. The method for detecting polypeptides is similar to the method for

detecting target nucleic acids described above. However, a peptide detection aptamer is also

included. The peptide detection aptamers function as described above and facilitate generation

of a trigger oligonucleotide upon binding to a target polypeptide. The guide RNAs are designed

to recognize the trigger oligonucleotides thereby activating the CRISPR effector protein.

Deactivation of the masking construct by the activated CRISPR effector protein leads to

unmasking, release, or generation of a detectable positive signal.

[0104] In one aspect, the embodiments disclosed herein are directed to a nucleic acid

detection system comprising two or more CRISPR systems one or more guide RNAs designed

to bind to corresponding target molecules, a masking construct, and optional amplification

reagents to amplify target nucleic acid molecules in a sample. In certain example embodiments,

the system may further comprise one or more detection aptamers. The one or more detection

aptamers may comprise a RNA polymerase site or primer binding site. The one or more

detection aptamers specifically bind one or more target polypeptides and are configured such

that the RNA polymerase site or primer binding site is exposed only upon binding of the

detection aptamer to a target peptide. Exposure of the RNA polymerase site facilitates

generation of a trigger RNA oligonucleotide using the aptamer sequence as a template.

Accordingly, in such embodiments the one or more guide RNAs are configured to bind to a

trigger RNA.



[0105] In another aspect, the embodiments disclosed herein are directed to a diagnostic

device comprising a plurality of individual discrete volumes. Each individual discrete volume

comprises a CRISPR system comprising CRISPR effector protein, one or more guide RNAs

designed to bind to a corresponding target molecule, and a masking construct. Individual

discrete volumes may also comprise optical barcodes, target molecules, and/or amplification

reagents. Individual discrete volumes may be provided that comprise a CRISPR system with

an optical barcode; other individual discrete volumes that may be provided that comprises

optical barcodes, optionally with target molecules and/or amplification reagents. In certain

example embodiments, RNA amplification reagents may be pre-loaded into the individual

discrete volumes or be added to the individual discrete volumes concurrently with, prior to, or

subsequent to addition of a sample or target molecule to an individual discrete volume. In one

aspect, merging of individual discrete volumes such as droplets effects the addition of

particular reagents to a merged individual discrete volume. The device may be a microfluidic

based device, a wearable device, or device comprising a flexible material substrate on which

the individual discrete volumes are defined or provided.

[0106] In another aspect, the embodiments disclosed herein are directed to a method for

detecting target nucleic acids in a sample comprising distributing a sample or set of samples,

that may be comprised in their own individual discrete volumes, to a set of individual discrete

volumes, each individual discrete volume comprising a CRISPR effector protein, one or more

guide RNAs designed to bind to one target oligonucleotides, and a masking construct. Such

distribution in particularly preferred embodiments is preferably by random droplet distribution.

The set of samples are then maintained under conditions sufficient to allow binding of the one

or more guide RNAs to one or more target molecules. Binding of the one or more guide RNAs

to a target nucleic acid in turn activates the CRISPR effector protein. Once activated, the

CRISPR effector protein then deactivates the masking construct, for example, by cleaving the

masking construct such that a detectable positive signal is unmasked, released, or generated.

Detection of the positive detectable signal in an individual discrete volume indicates the

presence of the target molecules.

[0107] In yet another aspect, the embodiments disclosed herein are directed to a method

for detecting polypeptides. The method for detecting polypeptides is similar to the method for

detecting target nucleic acids described above. However, a peptide detection aptamer is also

included. The peptide detection aptamers function as described above and facilitate generation

of a trigger oligonucleotide upon binding to a target polypeptide. The guide RNAs are designed

to recognize the trigger oligonucleotides thereby activating the CRISPR effector protein.



Deactivation of the masking construct by the activated CRISPR effector protein leads to

unmasking, release, or generation of a detectable positive signal.

Set Cover Approaches

[0108] In particular embodiments, a primer and/or probe is designed that can identify, for

example, all viral and/or microbial species within a defined set of viruses and microbes.

Particularly advantageous approaches allow for design of primer and/or probes for viruses that

are quickly evolving, such as influenza. Such methods are described in certain example

embodiments. A set cover solution may identify the minimal number of target sequence probes

or primers needed to cover an entire target sequence or set of target sequences, e.g. a set of

genomic sequences. Set cover approaches have been used previously to identify primers and/or

microarray probes, typically in the 20 to 50 base pair range. See, e.g. Pearson el

al, cs.virginia.edu/~robins/papers/primers_damll_fmal.pdf, Jabado l al. Nucleic Acids

Res. 2006 34(22):6605-ll, Jabado et al. Nucleic Acids Res. 2008, 36(l):e3

doilO. 1093/nar/gkmll06, Duitama el al. Nucleic Acids Res. 2009, 37(8):2483-2492, Philbppy

et al. BMC Bioinformatics. 2009, 10:293 doi:10.1186/1471-2105-10-293. Such approaches

generally involved treating each primer/probe as k-mers and searching for exact matches or

allowing for inexact matches using suffix arrays. In addition, the methods generally take a

binary approach to detecting hybridization by selecting primers or probes such that each input

sequence only needs to be bound by one primer or probe and the position of this binding along

the sequence is irrelevant. Alternative methods may divide a target genome into pre-defmed

windows and effectively treat each window as a separate input sequence under the binary

approach - i.e. they determine whether a given probe or guide RNA binds within each window

and require that all of the windows be bound by the state of some primer or probe. Effectively,

these approaches treat each element of the “universe” in the set cover problem as being either

an entire input sequence or a pre-defmed window of an input sequence, and each element is

considered “covered” if the start of a probe or guide RNA binds within the element.

[0109] Methods for developing probes and primers to pathogens are provided, comprising

providing a set of input genomic sequences to one or more target pathogens. In some

embodiments, the methods disclosed herein may be used to identify all variants of a given

virus, or multiple different viruses in a single assay. Further, the method disclosed herein treat

each element of the “universe” in the set cover problem as being a nucleotide of a target

sequence, and each element is considered “covered” as long as a probe or guide RNA binds to

some segment of a target genome that includes the element. Rather than only asking if a given

primer or probe does or does not bind to a given window, such approaches may be used to



detect a hybridization pattern - i.e. where a given primer or probe binds to a target sequence

or target sequences - and then determines from those hybridization patterns the minimum

number of primers or probes needed to cover the set of target sequences to a degree sufficient

to enable both enrichment from a sample and sequencing of any and all target sequences. These

hybridization patterns may be determined by defining certain parameters that minimize a loss

function, thereby enabling identification of minimal probe or guide RNA sets in a way that

allows parameters to vary for each species, e.g. to reflect the diversity of each species, as well

as in a computationally efficient manner that cannot be achieved using a straightforward

application of a set cover solution, such as those previously applied in the primer or probe

design context. Applying the set cover solving processes as disclosed to the set of target

sequences to identify one or more target amplification sequences. In embodiments, the one or

more target amplification sequences are highly conserved target sequences shared between the

set input genomic sequences of the target pathogen. Such target pathogens can be as described,

for example in International Patent Publication WO 2018/170340, [0289] - [0300], and [0347]

- [0354] incorporated specifically herein by reference.

[0110] The ability to detect multiple transcript abundances may allow for the generation of

unique viral or microbial signatures indicative of a particular phenotype. Various machine

learning techniques may be used to derive the gene signatures. Accordingly, the primers and/or

probes of the invention may be used to identify and/or quantitate relative levels of biomarkers

defined by the gene signature in order to detect certain phenotypes. In certain example

embodiments, the gene signature indicates susceptibility to a particular treatment, resistance to

a treatment, or a combination thereof.

[0111] In one aspect of the invention, a method comprises detecting one or more

pathogens. In this manner, differentiation between infection of a subject by individual microbes

may be obtained. In some embodiments, such differentiation may enable detection or

diagnosis by a clinician of specific diseases, for example, different variants of a disease.

Preferably the viral or pathogen sequence is a genome of the virus or pathogen or a fragment

thereof. The method further may comprise determining the evolution of the pathogen.

Determining the evolution of the pathogen may comprise identification of pathogen mutations,

e.g. nucleotide deletion, nucleotide insertion, nucleotide substitution. Among the latter, there

are non-synonymous, synonymous, and noncoding substitutions. Mutations are more

frequently non-synonymous during an outbreak. The method may further comprise

determining the substitution rate between two pathogen sequences analyzed as described

above. Whether the mutations are deleterious or even adaptive would require functional



analysis, however, the rate of non-synonymous mutations suggests that continued progression

of this epidemic could afford an opportunity for pathogen adaptation, underscoring the need

for rapid containment. Thus, the method may further comprise assessing the risk of viral

adaptation, wherein the number non-synonymous mutations is determined. (Gire, et a ,

Science 345, 1369, 2014). The method may include diagnostic-guide-design as described

elsewhere herein.

[0112] Using diagnostic guide design to generate the one or more primers, one or more

probes, or primer pair and probe combination allows for optimization of detection of a virus or

other pathogen in a sample. The set of input genomic sequences can represent genomic

sequences from two or more viral pathogens. The generated one or more primers, one or more

probes, or a primer pair and probe combination can comprise sequences for detection of five

or more viruses. In embodiments, the methods allow for pan-viral detection. In a particular

embodiment, the set of input genomic sequences represent sequences from a set of 5, 6, 7, 8,

9, 10, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65 or more viruses.

[0113] Reference is made to International Patent Publication WO/2018/039643 and the

methods disclosed therein of identifying highly conserved regions among pathogen variants

and/or pathogen species and use of primers and probes directed to such regions for the

development and use of nucleic acid-based detection assays for detection of pathogens. As

described therein, identity/similarity between two or more nucleic acid sequences or two or

more amino acid sequences, can be expressed in terms of the identity or similarity between the

sequences - measured in terms of percentage identity such that the higher the percentage, the

more identical the sequences are. Homologs or orthologs of nucleic acid or amino acid

sequences possess a relatively high degree of sequence identity/similarity when aligned using

standard methods. Approaches to the alignment and design of pathogenic sequences is further

described in example 1 of International Patent Publication WO/2018/039643, specifically

incorporated by reference.

[0114] Methods of alignment of sequences for comparison are well known in the art.

Various programs and alignment algorithms are described in: Smith & Waterman, Adv. Appl.

Math. 2:482, 1981 ; Needleman & Wunsch, J . Mol. Biol. 48:443, 1970; Pearson & Lipman,

Proc. Natl. Acad. Sci. USA 85 :2444, 1988; Higgins & Sharp, Gene, 73 :237-44, 1988; Higgins

& Sharp, CABIOS 5 : 151-3, 1989; Corpet et al., Nuc. Acids Res. 16: 10881-90, 1988; Huang

et al. Computer Appls. in the Biosciences 8, 155-65, 1992; and Pearson et al, Meth. Mol. Bio.

24:307-31, 1994. Altschul et al., J . Mol. Biol. 215 :403-10, 1990, presents a detailed

consideration of sequence alignment methods and homology calculations. The NCBI Basic



Local Alignment Search Tool (BLAST) (Altschul et al, J . Mol. Biol. 215 :403- 10, 1990) is

available from several sources, including the National Center for Biological Information

(NCBI, National Library of Medicine, Building 38A, Room 8N805, Bethesda, MD 20894) and

on the Internet, for use in connection with the sequence analysis programs blastp, blastn, blastx,

tblastn, and tblastx. Blastn is used to compare nucleic acid sequences, while blastp is used to

compare amino acid sequences. Additional information can be found at the NCBI web site; see

also WO 2018/039643 at [0100], incorporated by reference.

[0115] Once aligned, the number of matches is determined by counting the number of

positions where an identical nucleotide or amino acid residue is presented in both sequences.

The percent sequence identity is determined by dividing the number of matches either by the

length of the sequence set forth in the identified sequence, or by an articulated length (such as

100 consecutive nucleotides or amino acid residues from a sequence set forth in an identified

sequence), followed by multiplying the resulting value by 100.

[0116] Regarding design of primers, a method for target pathogen sequences can be

utilized, utilizing the “diagnostic-guide-design” method implemented in a software tool. In the

case of viral sequences, an input of an alignment of viral sequences can be utilized with its

objective to find a set of guide sequences, all within some specified amplicon length, that will

detect some desired fraction (e.g., 95%) of the input sequences tolerating some number of

mismatches (usually 1) between the guide and target. Critically for subtyping (or any

differential identification), it designs different collections of guides guaranteeing that each

collection is specific to one subtype. In embodiments, one utilizes this design approach to

simultaneously design amplicon primers and guide sequences for species identification using

diagnostic-guide-design (“d-g-d”) together with other tools. Additional primers and probes

can be designed with consideration to thermodynamics and kinetics (see, e.g. Chen et al,

Nature Communications 10, 4675 (2019) doi:10.1038/s4167-019-12593-9) with regard to

additional specificity, competition and mismatches in PCR (see, e.g. Bustin et al., DOT

10.101 6/j .bdq.2017.11.001. Multiple tools for design of probes and primers are available and

can be tailored to genome, target sequence, and assays, see, e.g. open software building blocks

for primer design, D01:10.1371/jounal.pone.0080156; automated multiplex oligonucleotide

design tools; DOL10.1093/ar/gky319; LAMP primers (DOL10.7717/peerj.6801) qPCR tools

with multiple search modes see, e.g. Jeon et al, DO 10. 1093/nar/gkz323, and NCBI tools

such as Primer-BLAST.



RNA-based masking construct

[0117] As used herein, a “masking construct” refers to a molecule that can be cleaved or

otherwise deactivated by an activated CRISPR system effector protein described herein. The

term “masking construct” may also be referred to in the alternative as a “detection

construct.” In certain example embodiments, the masking construct is a RNA-based masking

construct. The RNA-based masking construct comprises a RNA element that is cleavable by a

CRISPR effector protein. Cleavage of the RNA element releases agents or produces

conformational changes that allow a detectable signal to be produced. Example constructs

demonstrating how the RNA element may be used to prevent or mask generation of detectable

signal are described below and embodiments of the invention comprise variants of the same.

Prior to cleavage, or when the masking construct is in an ‘active’ state, the masking construct

blocks the generation or detection of a positive detectable signal. It will be understood that in

certain example embodiments a minimal background signal may be produced in the presence

of an active RNA masking construct. A positive detectable signal may be any signal that can

be detected using optical, fluorescent, chemiluminescent, electrochemical or other detection

methods known in the art. The term “positive detectable signal” is used to differentiate from

other detectable signals that may be detectable in the presence of the masking construct. For

example, in certain embodiments a first signal may be detected when the masking agent is

present (i.e. a negative detectable signal), which then converts to a second signal (e.g. the

positive detectable signal) upon detection of the target molecules and cleavage or deactivation

of the masking agent by the activated CRISPR effector protein.

[0118] Accordingly, in certain embodiments of the invention, the RNA-based masking

construct suppresses generation of a detectable positive signal or the RNA-based masking

construct suppresses generation of a detectable positive signal by masking the detectable

positive signal, or generating a detectable negative signal instead, or the RNA-based masking

construct comprises a silencing RNA that suppresses generation of a gene product encoded by

a reporting construct, wherein the gene product generates the detectable positive signal when

expressed.

[0119] In further embodiments, the RNA-based masking construct is a ribozyme that

generates the negative detectable signal, and wherein the positive detectable signal is generated

when the ribozyme is deactivated, or the ribozyme converts a substrate to a first color and

wherein the substrate converts to a second color when the ribozyme is deactivated.

[0120] In other embodiments, the RNA-based masking agent is an RNA aptamer, or the

aptamer sequesters an enzyme, wherein the enzyme generates a detectable signal upon release



from the aptamer by acting upon a substrate, or the aptamer sequesters a pair of agents that

when released from the aptamers combine to generate a detectable signal.

[0121] In another embodiment, the RNA-based masking construct comprises an RNA

oligonucleotide to which a detectable ligand and a masking component are attached. In another

embodiment, the detectable ligand is a fluorophore and the masking component is a quencher

molecule, or the reagents to amplify target RNA molecules such as, but not limited to, NASBA

or RPA reagents.

[0122] In certain example embodiments, the masking construct may suppress generation

of a gene product. The gene product may be encoded by a reporter construct that is added to

the sample. The masking construct may be an interfering RNA involved in a RNA interference

pathway, such as a short hairpin RNA (shRNA) or small interfering RNA (siRNA). The

masking construct may also comprise microRNA (miRNA). While present, the masking

construct suppresses expression of the gene product. The gene product may be a fluorescent

protein or other RNA transcript or proteins that would otherwise be detectable by a labeled

probe, aptamer, or antibody but for the presence of the masking construct. Upon activation of

the effector protein the masking construct is cleaved or otherwise silenced allowing for

expression and detection of the gene product as the positive detectable signal.

[0123] In certain example embodiments, the masking construct may sequester one or more

reagents needed to generate a detectable positive signal such that release of the one or more

reagents from the masking construct results in generation of the detectable positive signal. The

one or more reagents may combine to produce a colorimetric signal, a chemiluminescent

signal, a fluorescent signal, or any other detectable signal and may comprise any reagents

known to be suitable for such purposes. In certain example embodiments, the one or more

reagents are sequestered by RNA aptamers that bind the one or more reagents. The one or more

reagents are released when the effector protein is activated upon detection of a target molecule

and the RNA aptamers are degraded.

[0124] In certain example embodiments, the masking construct may be immobilized on a

solid substrate in an individual discrete volume (defined further below) and sequesters a single

reagent. For example, the reagent may be a bead comprising a dye. When sequestered by the

immobilized reagent, the individual beads are too diffuse to generate a detectable signal, but

upon release from the masking construct are able to generate a detectable signal, for example

by aggregation or simple increase in solution concentration. In certain example embodiments,

the immobilized masking agent is a RNA-based aptamer that can be cleaved by the activated

effector protein upon detection of a target molecule.



[0125] In certain other example embodiments, the masking construct binds to an

immobilized reagent in solution thereby blocking the ability of the reagent to bind to a separate

labeled binding partner that is free in solution. Thus, upon application of a washing step to a

sample, the labeled binding partner can be washed out of the sample in the absence of a target

molecule. However, if the effector protein is activated, the masking construct is cleaved to a

degree sufficient to interfere with the ability of the masking construct to bind the reagent

thereby allowing the labeled binding partner to bind to the immobilized reagent. Thus, the

labeled binding partner remains after the wash step indicating the presence of the target

molecule in the sample. In certain aspects, the masking construct that binds the immobilized

reagent is an RNA aptamer. The immobilized reagent may be a protein and the labeled minding

partner may be a labeled antibody. Alternatively, the immobilized reagent may be streptavidin

and the labeled binding partner may be labeled biotin. The label on the binding partner used in

the above embodiments may be any detectable label known in the art. In addition, other known

binding partners may be used in accordance with the overall design described herein.

[0126] In certain example embodiments, the masking construct may comprise a ribozyme.

Ribozymes are RNA molecules having catalytic properties. Ribozymes, both naturally and

engineered, comprise or consist of RNA that may be targeted by the effector proteins disclosed

herein. The ribozyme may be selected or engineered to catalyze a reaction that either generates

a negative detectable signal or prevents generation of a positive control signal. Upon

deactivation of the ribozyme by the activated effector protein the reaction generating a negative

control signal, or preventing generation of a positive detectable signal, is removed thereby

allowing a positive detectable signal to be generated. In one example embodiment, the

ribozyme may catalyze a colorimetric reaction causing a solution to appear as a first color.

When the ribozyme is deactivated the solution then turns to a second color, the second color

being the detectable positive signal. An example of how ribozymes can be used to catalyze a

colorimetric reaction are described in Zhao et al. “Signal amplification of glucosamine-e-

phosphate based on ribozyme glmS,” Biosens Bioelectron. 2014; 16:337-42, and provide an

example of how such a system could be modified to work in the context of the embodiments

disclosed herein. Alternatively, ribozymes, when present can generate cleavage products of,

for example, RNA transcripts. Thus, detection of a positive detectable signal may comprise

detection of non-cleaved RNA transcripts that are only generated in the absence of the

ribozyme.

[0127] In certain example embodiments, the one or more reagents is a protein, such as an

enzyme, capable of facilitating generation of a detectable signal, such as a colorimetric,



chemiluminescent, or fluorescent signal, that is inhibited or sequestered such that the protein

cannot generate the detectable signal by the binding of one or more RNA aptamers to the

protein. Upon activation of the effector proteins disclosed herein, the RNA aptamers are

cleaved or degraded to an extent that they no longer inhibit the protein’s ability to generate the

detectable signal. In certain example embodiments, the aptamer is a thrombin inhibitor

aptamer. In certain example embodiments the thrombin inhibitor aptamer has a sequence of

GGGAACAAAGCUGAAGUACUUACCC (SEQ ID NO: 5). When this aptamer is cleaved,

thrombin will become active and will cleave a peptide colorimetric or fluorescent substrate. In

certain example embodiments, the colorimetric substrate is para-nitroanilide (pNA) covalently

linked to the peptide substrate for thrombin. Upon cleavage by thrombin, pNA is released and

becomes yellow in color and easily visible to the eye. In certain example embodiments, the

fluorescent substrate is 7-amino-4-methylcoumarin a blue fluorophore that can be detected

using a fluorescence detector. Inhibitory aptamers may also be used for horseradish peroxidase

(HRP), beta-galactosidase, or calf alkaline phosphatase (CAP) and within the general

principals laid out above.

[0128] In certain embodiments, RNAse activity is detected colorimetrically via cleavage

of enzyme-inhibiting aptamers. One potential mode of converting RNAse activity into a

colorimetric signal is to couple the cleavage of an RNA aptamer with the re-activation of an

enzyme that is capable of producing a colorimetric output. In the absence of RNA cleavage,

the intact aptamer will bind to the enzyme target and inhibit its activity. The advantage of this

readout system is that the enzyme provides an additional amplification step: once liberated

from an aptamer via collateral activity (e.g. Casl3a collateral activity), the colorimetric enzyme

will continue to produce colorimetric product, leading to a multiplication of signal.

[0129] In certain embodiments, an existing aptamer that inhibits an enzyme with a

colorimetric readout is used. Several aptamer/enzyme pairs with colorimetric readouts exist,

such as thrombin, protein C, neutrophil elastase, and subtilisin. These proteases have

colorimetric substrates based upon pNA and are commercially available. In certain

embodiments, a novel aptamer targeting a common colorimetric enzyme is used. Common and

robust enzymes, such as beta-galactosidase, horseradish peroxidase, or calf intestinal alkaline

phosphatase, could be targeted by engineered aptamers designed by selection strategies such

as SELEX. Such strategies allow for quick selection of aptamers with nanomolar binding

efficiencies and could be used for the development of additional enzyme/aptamer pairs for

colorimetric readout.



[0130] In certain embodiments, RNAse activity is detected colorimetrically via cleavage

of RNA-tethered inhibitors. Many common colorimetric enzymes have competitive, reversible

inhibitors: for example, beta-galactosidase can be inhibited by galactose. Many of these

inhibitors are weak, but their effect can be increased by increases in local concentration. By

linking local concentration of inhibitors to RNAse activity, colorimetric enzyme and inhibitor

pairs can be engineered into RNAse sensors. The colorimetric RNAse sensor based upon small-

molecule inhibitors involves three components: the colorimetric enzyme, the inhibitor, and a

bridging RNA that is covalently linked to both the inhibitor and enzyme, tethering the inhibitor

to the enzyme. In the uncleaved configuration, the enzyme is inhibited by the increased local

concentration of the small molecule; when the RNA is cleaved (e.g. by Casl3a collateral

cleavage), the inhibitor will be released and the colorimetric enzyme will be activated.

[0131] In certain embodiments, RNAse activity is detected colorimetrically via formation

and/or activation of G-quadruplexes. G quadraplexes in DNA can complex with heme (iron

(Ill)-protoporphyrin IX) to form a DNAzyme with peroxidase activity. When supplied with a

peroxidase substrate (e.g. ABTS: (2,2'-Azinobis [3-ethylbenzothiazoline-6-sulfonic acid]-

diammonium salt)), the G-quadraplex-heme complex in the presence of hydrogen peroxide

causes oxidation of the substrate, which then forms a green color in solution. An example G-

quadraplex forming DNA sequence is: GGGTAGGGCGGGTTGGGA (SEQ. I D . No. 6). By

hybridizing an RNA sequence to this DNA aptamer, formation of the G-quadraplex structure

will be limited. Upon RNAse collateral activation (e.g. C2c2-complex collateral activation),

the RNA staple will be cleaved allowing the G quadraplex to form and heme to bind. This

strategy is particularly appealing because color formation is enzymatic, meaning there is

additional amplification beyond RNAse activation.

[0132] In certain example embodiments, the masking construct may be immobilized on a

solid substrate in an individual discrete volume (defined further below) and sequesters a single

reagent. For example, the reagent may be a bead comprising a dye. When sequestered by the

immobilized reagent, the individual beads are too diffuse to generate a detectable signal, but

upon release from the masking construct are able to generate a detectable signal, for example

by aggregation or simple increase in solution concentration. In certain example embodiments,

the immobilized masking agent is a RNA-based aptamer that can be cleaved by the activated

effector protein upon detection of a target molecule.

[0133] In one example embodiment, the masking construct comprises a detection agent

that changes color depending on whether the detection agent is aggregated or dispersed in

solution. For example, certain nanoparticles, such as colloidal gold, undergo a visible purple



to red color shift as they move from aggregates to dispersed particles. Accordingly, in certain

example embodiments, such detection agents may be held in aggregate by one or more bridge

molecules. At least a portion of the bridge molecule comprises RNA. Upon activation of the

effector proteins disclosed herein, the RNA portion of the bridge molecule is cleaved allowing

the detection agent to disperse and resulting in the corresponding change in color. See e.g. FIG.

46. In certain example embodiments the, bridge molecule is a RNA molecule. In certain

example embodiments, the detection agent is a colloidal metal. The colloidal metal material

may include water-insoluble metal particles or metallic compounds dispersed in a liquid, a

hydrosol, or a metal sol. The colloidal metal may be selected from the metals in groups IA,

IB, IIB and IIIB of the periodic table, as well as the transition metals, especially those of group

VIII. Preferred metals include gold, silver, aluminum, ruthenium, zinc, iron, nickel and

calcium. Other suitable metals also include the following in all of their various oxidation

states: lithium, sodium, magnesium, potassium, scandium, titanium, vanadium, chromium,

manganese, cobalt, copper, gallium, strontium, niobium, molybdenum, palladium, indium, tin,

tungsten, rhenium, platinum, and gadolinium. The metals are preferably provided in ionic

form, derived from an appropriate metal compound, for example the A13+, Ru3+, Zn2+, Fe3+,

Ni2+ and Ca2+ ions.

[0134] When the RNA bridge is cut by the activated CRISPR effector, the beforementioned

color shift is observed. In certain example embodiments the particles are colloidal metals. In

certain other example embodiments, the colloidal metal is a colloidal gold. In certain example

embodiments, the colloidal nanoparticles are 15 nm gold nanoparticles (AuNPs). Due to the

unique surface properties of colloidal gold nanoparticles, maximal absorbance is observed at

520 nm when fully dispersed in solution and appear red in color to the naked eye. Upon

aggregation of AuNPs, they exhibit a red-shift in maximal absorbance and appear darker in

color, eventually precipitating from solution as a dark purple aggregate. In certain example

embodiments the nanoparticles are modified to include DNA linkers extending from the

surface of the nanoparticle. Individual particles are linked together by single-stranded RNA

(ssRNA) bridges that hybridize on each end of the RNA to at least a portion of the DNA linkers.

Thus, the nanoparticles will form a web of linked particles and aggregate, appearing as a dark

precipitate. Upon activation of the CRISPR effectors disclosed herein, the ssRNA bridge will

be cleaved, releasing the AU NPS from the linked mesh and producing a visible red color.

Example DNA linkers and RNA bridge sequences are listed below. Thiol linkers on the end of

the DNA linkers may be used for surface conjugation to the AuNPS. Other forms of

conjugation may be used. In certain example embodiments, two populations of AuNPs may be



generated, one for each DNA linker. This will help facilitate proper binding of the ssRNA

bridge with proper orientation. In certain example embodiments, a first DNA linker is

conjugated by the 3 ’ end while a second DNA linker is conjugated by the 5 ’ end.

[0135] In certain other example embodiments, the masking construct may comprise an

RNA oligonucleotide to which are attached a detectable label and a masking agent of that

detectable label. An example of such a detectable label/masking agent pair is afluorophore and

a quencher of the fluorophore. Quenching of the fluorophore can occur as a result of the

formation of a non-fluorescent complex between the fluorophore and another fluorophore or

non-fluorescent molecule. This mechanism is known as ground-state complex formation, static

quenching, or contact quenching. Accordingly, the RNA oligonucleotide may be designed so

that the fluorophore and quencher are in sufficient proximity for contact quenching to occur.

Fluorophores and their cognate quenchers are known in the art and can be selected for this

purpose by one having ordinary skill in the art. The particular fluorophore/ quencher pair is not

critical in the context of this invention, only that selection of the fluorophore/quencher pairs

ensures masking of the fluorophore. Upon activation of the effector proteins disclosed herein,

the RNA oligonucleotide is cleaved thereby severing the proximity between the fluorophore

and quencher needed to maintain the contact quenching effect. Accordingly, detection of the

fluorophore may be used to determine the presence of a target molecule in a sample.

[0136] In certain other example embodiments, the masking construct may comprise one or

more RNA oligonucleotides to which are attached one or more metal nanoparticles, such as

gold nanoparticles. In some embodiments, the masking construct comprises a plurality of metal



nanoparticles crosslinked by a plurality of RNA oligonucleotides forming a closed loop. In one

embodiment, the masking construct comprises three gold nanoparticles crosslinked by three

RNA oligonucleotides forming a closed loop. In some embodiments, the cleavage of the RNA

oligonucleotides by the CRISPR effector protein leads to a detectable signal produced by the

metal nanoparticles.

[0137] In certain other example embodiments, the masking construct may comprise one or

more RNA oligonucleotides to which are attached one or more quantum dots. In some

embodiments, the cleavage of the RNA oligonucleotides by the CRISPR effector protein leads

to a detectable signal produced by the quantum dots.

[0138] In one example embodiment, the masking construct may comprise a quantum dot.

The quantum dot may have multiple linker molecules attached to the surface. At least a portion

of the linker molecule comprises RNA. The linker molecule is attached to the quantum dot at

one end and to one or more quenchers along the length or at terminal ends of the linker such

that the quenchers are maintained in sufficient proximity for quenching of the quantum dot to

occur. The linker may be branched. As above, the quantum dot/quencher pair is not critical,

only that selection of the quantum dot/quencher pair ensures masking of the fluorophore.

Quantum dots and their cognate quenchers are known in the art and can be selected for this

purpose by one having ordinary skill in the art Upon activation of the effector proteins

disclosed herein, the RNA portion of the linker molecule is cleaved thereby eliminating the

proximity between the quantum dot and one or more quenchers needed to maintain the

quenching effect. In certain example embodiments the quantum dot is streptavidin conjugated.

RNA are attached via biotin linkers and recruit quenching molecules with the sequences

/5Biosg/UCUCGUACGUUC/3IAbRQSp/ (SEQ ID NO. 10) or

/5Biosg/UCUCGUACGUUCUCUCGUACGUUC/3IAbRQSp/ (SEQ ID NO. 11), where

/5Biosg/ is a biotin tag and /31AbRQSp/ is an Iowa black quencher. Upon cleavage, by the

activated effectors disclosed herein the quantum dot will fluoresce visibly.

[0139] In a similar fashion, fluorescence energy transfer (FRET) may be used to generate

a detectable positive signal. FRET is a non-radiative process by which a photon from an

energetically excited fluorophore (i.e. “donor fluorophore”) raises the energy state of an

electron in another molecule (i.e. “the acceptor”) to higher vibrational levels of the excited

singlet state. The donor fluorophore returns to the ground state without emitting a fluoresce

characteristic of that fluorophore. The acceptor can be another fluorophore or non-fluorescent

molecule. If the acceptor is a fluorophore, the transferred energy is emitted as fluorescence

characteristic of that fluorophore. If the acceptor is a non-fluorescent molecule the absorbed



energy is loss as heat. Thus, in the context of the embodiments disclosed herein, the

fluorophore/quencher pair is replaced with a donor fluorophore/acceptor pair attached to the

oligonucleotide molecule. When intact, the masking construct generates a first signal (negative

detectable signal) as detected by the fluorescence or heat emitted from the acceptor. Upon

activation of the effector proteins disclosed herein the RNA oligonucleotide is cleaved and

FRET is disrupted such that fluorescence of the donor fluorophore is now detected (positive

detectable signal).

[0140] In certain example embodiments, the masking construct comprises the use of

intercalating dyes which change their absorbance in response to cleavage of long RNAs to

short nucleotides. Several such dyes exist. For example, pyronine-Y will complex with RNA

and form a complex that has an absorbance at 572 nm. Cleavage of the RNA results in loss of

absorbance and a color change. Methylene blue may be used in a similar fashion, with changes

in absorbance at 688 nm upon RNA cleavage. Accordingly, in certain example embodiments

the masking construct comprises a RNA and intercalating dye complex that changes

absorbance upon the cleavage of RNA by the effector proteins disclosed herein.

[0141] In certain example embodiments, the masking construct may comprise an initiator

for an HCR reaction. See e.g. Dirks and Pierce. PNAS 101, 15275-15728 (2004). HCR

reactions utilize the potential energy in two hairpin species. When a single-stranded initiator

having a portion of complementary to a corresponding region on one of the hairpins is released

into the previously stable mixture, it opens a hairpin of one speces. This process, in turn,

exposes a single-stranded region that opens a hairpin of the other species. This process, in turn,

exposes a single stranded region identical to the original initiator. The resulting chain reaction

may lead to the formation of a nicked double helix that grows until the hairpin supply is

exhausted. Detection of the resulting products may be done on a gel or colorimetrically.

Example colorimetric detection methods include, for example, those disclosed in Lu et al.

“Ultra-sensitive colorimetric assay system based on the hybridization chain reaction-triggered

enzyme cascade amplification ACS Appl Mater Interfaces, 2017, 9(1): 167-175, Wang et al.

“An enzyme-free colorimetric assay using hybridization chain reaction amplification and split

aptamers” Analyst 2015, 150, 7657-7662, and Song et al. “Non covalent fluorescent labeling

of hairpin DNA probe coupled with hybridization chain reaction for sensitive DNA detection.”

Applied Spectroscopy, 70(4): 686-694 (2016).

[0142] In certain example embodiments, the masking construct may comprise a HCR

initiator sequence and a cleavable structural element, such as a loop or hairpin, that prevents

the initiator from initiating the HCR reaction. Upon cleavage of the structure element by an



activated CRISPR effector protein, the initiator is then released to trigger the HCR reaction,

detection thereof indicating the presence of one or more targets in the sample. In certain

example embodiments, the masking construct comprises a hairpin with a RNA loop. When an

activated CRISRP effector protein cuts the RNA loop, the initiator can be released to trigger

the HCR reaction.

Optical barcodes barcodes and unique molecular identifier (UM1)

[0143] Systems as disclosed herein may comprise optical barcodes for one or more target

molecules and an optical barcodes associated with the detection CRISPR system. For example,

barcodes for one or more target molecules and a sample of interest comprising the target

molecule can be merged with CRISPR detection system-containing droplets containing optical

barcodes.

[0144] The term “barcode” as used herein refers to a short sequence of nucleotides (for

example, DNA or RNA) that is used as an identifier for an associated molecule, such as a target

molecule and/or target nucleic acid, or as an identifier of the source of an associated molecule,

such as a cell-of-origin. A barcode may also refer to any unique, non-naturally occurring,

nucleic acid sequence that may be used to identify the originating source of a nucleic acid

fragment. Although it is not necessary to understand the mechanism of an invention, it is

believed that the barcode sequence provides a high-quality individual read of a barcode

associated with a single cell, a viral vector, labeling ligand (e.g., an aptamer), protein, shRNA,

sgRNA or cDNA such that multiple species can be sequenced together.

[0145] Barcoding may be performed based on any of the compositions or methods

disclosed in patent publication WO 2014047561 Al, Compositions and methods for labeling

of agents, incorporated herein in its entirety. In certain embodiments barcoding uses an error

correcting scheme (T. K . Moon, Error Correction Coding: Mathematical Methods and

Algorithms (Wiley, New York, ed. 1, 2005)). Not being bound by a theory, amplified

sequences from single cells can be sequenced together and resolved based on the barcode

associated with each cell.

[0146] Optically encoded particles may be delivered to the discrete volumes randomly

resulting in a random combination of optically encoded particles in each well, or a unique

combination of optically encoded particles may be specifically assigned to each discrete

volume. The observable combination of optically encoded particles may then be used to

identify each discrete volume. Optical assessments, such as phenotype, may be made and

recorded for each discrete volume. In some instances, the barcode may be an optically

detectable barcode that can be visualized with light or fluorescence microscopy. In certain



example embodiments, the optical barcode comprises a sub-set of fluorophores or quantum

dots of distinguishable colors from a set of defined colors. In some instances, optically encoded

particles may be delivered to the discrete volumes randomly resulting in a random combination

of optically encoded particles in each well, or a unique combination of optically encoded

particles may be specifically assigned to each discrete volume.

[0147] In an exemplary embodiment, 3 fluorescent dyes, e.g. Alexa Fluor 555, 594, 647,

at different levels, 105 barcodes can be generated. The addition of a fourth dye can be used

and can be extended to scale to hundreds of unique barcodes; similarly, five colors can increase

the number of unique barcodes that may be achieved by varying the ratios of the colors. By

labeling with distinct ratios of dyes, dye ratios can be chosen so that after normalization the

dyes are evenly spaced in logarithmic coordinates.

[0148] In one embodiment, the assigned or random subset(s) of fluorophores received in

each droplet or discrete volume dictates the observable pattern of discrete optically encoded

particles in each discrete volume thereby allowing each discrete volume to be independently

identified. Each discrete volume is imaged with the appropriate imaging technique to detect

the optically encoded particles. For example, if the optically encoded particles are fluorescently

labeled each discrete volume is imaged using a fluorescent microscope. In another example, if

the optically encoded particles are colorimetrically labeled each discrete volume is imaged

using a microscope having one or more filters that match the wave length or absorption

spectrum or emission spectrum inherent to each color label. Other detection methods are

contemplated that match the optical system used, e.g., those known in the art for detecting

quantum dots, dyes, etc. The pattern of observed discrete optically encoded particles for each

discrete volume may be recorded for later use.

[0149] Optical barcodes can optionally include a unique oligonucleotide sequence, method

for generating can be as described in, for example, International Patent Application Publication

No. WO/2014/047561 at [050] - [0115] In one example embodiment, a primer particle

identifier is incorporated in the target molecules. Next generation sequencing (NGS)

techniques known in the art can be used for sequencing, with clustering by sequence similarity

of the one or more target sequences. Alignment by sequence variation will allow for

identification of optically encoded particles delivered to a discrete volume based on the particle

identifiers incorporated in the aligned sequence information. In one embodiment, the particle

identifier of each primer incorporated in the aligned sequence information indicates the pattern

of optically encoded particles that is observable in the corresponding discrete volume from

which the amplicons are generated. In this way the nucleic acid sequence variation can be



correlated back to the originating discrete volume and further matched to the optical

assessments, such as phenotype, made of the nucleic acid containing specimens in that discrete

volume.

[0150] In preferred embodiments, sequencing is performed using unique molecular

identifiers (UMI). The term “unique molecular identifiers” (UMI) as used herein refers to a

sequencing linker or a subtype of nucleic acid barcode used in a method that uses molecular

tags to detect and quantify unique amplified products. A UMI is used to distinguish effects

through a single clone from multiple clones. The term “clone” as used herein may refer to a

single mRNA or target nucleic acid to be sequenced. The UMI may also be used to determine

the number of transcripts that gave rise to an amplified product, or in the case of target barcodes

as described herein, the number of binding events. In preferred embodiments, the amplification

is by PCR or multiple displacement amplification (MDA).

[0151] In certain embodiments, an UMI with a random sequence of between 4 and 20 base

pairs is added to a template, which is amplified and sequenced. In preferred embodiments, the

UMI is added to the 5 ’ end of the template. Sequencing allows for high resolution reads,

enabling accurate detection of true variants. As used herein, a “true variant” will be present in

every amplified product originating from the original clone as identified by aligning all

products with a UMI. Each clone amplified will have a different random UMI that will indicate

that the amplified product originated from that clone. Background caused by the fidelity of the

amplification process can be eliminated because true variants will be present in all amplified

products and background representing random error will only be present in single amplification

products (See e.g., Islam S. et al., 2014. Nature Methods No: 11, 163-166). Not being bound by

a theory, the UMI’s are designed such that assignment to the original can take place despite up

to 4-7 errors during amplification or sequencing. Not being bound by a theory, an UMI may

be used to discriminate between true barcode sequences.

[0152] Unique molecular identifiers can be used, for example, to normalize samples for

variable amplification efficiency. For example, in various embodiments, featuring a solid or

semisolid support (for example a hydrogel bead), to which nucleic acid barcodes (for example

a plurality of barcodes sharing the same sequence) are attached, each of the barcodes may be

further coupled to a unique molecular identifier, such that every barcode on the particular solid

or semisolid support receives a distinct unique molecule identifier. A unique molecular

identifier can then be, for example, transferred to a target molecule with the associated barcode,

such that the target molecule receives not only a nucleic acid barcode, but also an identifier

unique among the identifiers originating from that solid or semisolid support.



A nucleic acid barcode or UMI can have a length of at least, for example, 4, 5, 6, 7,

8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45,

50, 60, 70, 80, 90, or 100 nucleotides, and can be in single- or double-stranded form. Target

molecule and/or target nucleic acids can be labeled with multiple nucleic acid barcodes in

combinatorial fashion, such as a nucleic acid barcode concatemer. Typically, a nucleic acid

barcode is used to identify a target molecule and/or target nucleic acid as being from a

particular discrete volume, having a particular physical property (for example, affinity, length,

sequence, etc.), or having been subject to certain treatment conditions. Target molecule and/or

target nucleic acid can be associated with multiple nucleic acid barcodes to provide information

about all of these features (and more). Each member of a given population of UMIs, on the

other hand, is typically associated with (for example, covalently bound to or a component of

the same molecule as) individual members of a particular set of identical, specific (for example,

discreet volume-, physical property-, or treatment condition-specific) nucleic acid barcodes.

Thus, for example, each member of a set of origin-specific nucleic acid barcodes, or other

nucleic acid identifier or connector oligonucleotide, having identical or matched barcode

sequences, may be associated with (for example, covalently bound to or a component of the

same molecule as) a distinct or different UMI.

[0154] As disclosed herein, unique nucleic acid identifiers are used to label the target

molecules and/or target nucleic acids, for example origin-specific barcodes and the like. The

nucleic acid identifiers, nucleic acid barcodes, can include a short sequence of nucleotides that

can be used as an identifier for an associated molecule, location, or condition. In certain

embodiments, the nucleic acid identifier further includes one or more unique molecular

identifiers and/or barcode receiving adapters. A nucleic acid identifier can have a length of

about, for example, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,

26, 27, 28, 29, 30, 35, 40, 45, 50, 60, 70, 80, 90, or 100 base pairs (bp) or nucleotides (nt). In

certain embodiments, a nucleic acid identifier can be constructed in combinatorial fashion by

combining randomly selected indices (for example, about 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 indexes).

Each such index is a short sequence of nucleotides (for example, DNA, RNA, or a combination

thereol) having a distinct sequence. An index can have a length of about, for example, 4, 5, 6,

7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 bp or nt. Nucleic acid

identifiers can be generated, for example, by split-pool synthesis methods, such as those

described, for example, in International Patent Publication Nos. WO 2014/047556 and WO

2014/143158, each of which is incorporated by reference herein in its entirety.



[0155] One or more nucleic acid identifiers (for example a nucleic acid barcode) can be

attached, or “tagged,” to a target molecule. This attachment can be direct (for example, covalent

or noncovalent binding of the nucleic acid identifier to the target molecule) or indirect (for

example, via an additional molecule). Such indirect attachments may, for example, include a

barcode bound to a specific-binding agent that recognizes a target molecule. In certain

embodiments, a barcode is attached to protein G and the target molecule is an antibody or

antibody fragment. Attachment of a barcode to target molecules (for example, proteins and

other biomolecules) can be performed using standard methods well known in the art. For

example, barcodes can be linked via cysteine residues (for example, C-terminal cysteine

residues). In other examples, barcodes can be chemically introduced into polypeptides (for

example, antibodies) via a variety of functional groups on the polypeptide using appropriate

group-specific reagents (see for example www.drmr.com/abcon). In certain embodiments,

barcode tagging can occur via a barcode receiving adapter associate with (for example, attached

to) a target molecule, as described herein.

[0156] Target molecules can be optionally labeled with multiple barcodes in combinatorial

fashion (for example, using multiple barcodes bound to one or more specific binding agents

that specifically recognizing the target molecule), thus greatly expanding the number of unique

identifiers possible within a particular barcode pool. In certain embodiments, barcodes are

added to a growing barcode concatemer attached to a target molecule, for example, one at a

time. In other embodiments, multiple barcodes are assembled prior to attachment to a target

molecule. Compositions and methods for concatemerization of multiple barcodes are

described, for example, in International Patent Publication No. WO 2014/047561, which is

incorporated herein by reference in its entirety.

[0157] In some embodiments, a nucleic acid identifier (for example, a nucleic acid

barcode) may be attached to sequences that allow for amplification and sequencing (for

example, SBS3 and P5 elements for Illumina sequencing). In certain embodiments, a nucleic

acid barcode can further include a hybridization site for a primer (for example, a single-

stranded DNA primer) attached to the end of the barcode. For example, an origin-specific

barcode may be a nucleic acid including a barcode and a hybridization site for a specific primer.

In particular embodiments, a set of origin-specific barcodes includes a unique primer specific

barcode made, for example, using a randomized oligo type NNNNNNNNNNNN.

[0158] A nucleic acid identifier can further include a unique molecular identifier and/or

additional barcodes specific to, for example, a common support to which one or more of the

nucleic acid identifiers are attached. Thus, a pool of target molecules can be added, for



example, to a discrete volume containing multiple solid or semisolid supports (for example,

beads) representing distinct treatment conditions (and/or, for example, one or more additional

solid or semisolid support can be added to the discreet volume sequentially after introduction

of the target molecule pool), such that the precise combination of conditions to which a given

target molecule was exposed can be subsequently determined by sequencing the unique

molecular identifiers associated with it.

[0159] Labeled target molecules and/or target nucleic acids associated origin-specific

nucleic acid barcodes (optionally in combination with other nucleic acid barcodes as described

herein) can be amplified by methods known in the art, such as polymerase chain reaction

(PCR). For example, the nucleic acid barcode can contain universal primer recognition

sequences that can be bound by a PCR primer for PCR amplification and subsequent high-

throughput sequencing. In certain embodiments, the nucleic acid barcode includes or is linked

to sequencing adapters (for example, universal primer recognition sequences) such that the

barcode and sequencing adapter elements are both coupled to the target molecule. In particular

examples, the sequence of the origin specific barcode is amplified, for example using PCR. In

some embodiments, an origin-specific barcode further comprises a sequencing adaptor. In

some embodiments, an origin-specific barcode further comprises universal priming sites. A

nucleic acid barcode (or a concatemer thereof), a target nucleic acid molecule (for example, a

DNA or RNA molecule), a nucleic acid encoding a target peptide or polypeptide, and/or a

nucleic acid encoding a specific binding agent may be optionally sequenced by any method

known in the art, for example, methods of high-throughput sequencing, also known as next

generation sequencing or deep sequencing. A nucleic acid target molecule labeled with a

barcode (for example, an origin-specific barcode) can be sequenced with the barcode to

produce a single read and/or contig containing the sequence, or portions thereof, of both the

target molecule and the barcode. Exemplary next generation sequencing technologies include,

for example, Illumina sequencing, Ion Torrent sequencing, 454 sequencing, SOLiD

sequencing, and nanopore sequencing amongst others. In some embodiments, the sequence of

labeled target molecules is determined by non-sequencing based methods. For example,

variable length probes or primers can be used to distinguish barcodes (for example, origin-

specific barcodes) labeling distinct target molecules by, for example, the length of the

barcodes, the length of target nucleic acids, or the length of nucleic acids encoding target

polypeptides. In other instances, barcodes can include sequences identifying, for example, the

type of molecule for a particular target molecule (for example, polypeptide, nucleic acid, small

molecule, or lipid). For example, in a pool of labeled target molecules containing multiple



types of target molecules, polypeptide target molecules can receive one identifying sequence,

while target nucleic acid molecules can receive a different identifying sequence. Such

identifying sequences can be used to selectively amplify barcodes labeling particular types of

target molecules, for example, by using PCR primers specific to identifying sequences specific

to particular types of target molecules. For example, barcodes labeling polypeptide target

molecules can be selectively amplified from a pool, thereby retrieving only the barcodes from

the polypeptide subset of the target molecule pool.

[0160] A nucleic acid barcode can be sequenced, for example, after cleavage, to determine

the presence, quantity, or other feature of the target molecule. In certain embodiments, a nucleic

acid barcode can be further attached to a further nucleic acid barcode. For example, a nucleic

acid barcode can be cleaved from a specific-binding agent after the specific-binding agent

binds to a target molecule or a tag (for example, an encoded polypeptide identifier element

cleaved from a target molecule), and then the nucleic acid barcode can be ligated to an origin-

specific barcode. The resultant nucleic acid barcode concatemer can be pooled with other such

concatemers and sequenced. The sequencing reads can be used to identify which target

molecules were originally present in which discrete volumes.

Barcodes reversibly coupled to solid substrate

[0161] In some embodiments, the origin-specific barcodes are reversibly coupled to a solid

or semisolid substrate. In some embodiments, the origin-specific barcodes further comprise a

nucleic acid capture sequence that specifically binds to the target nucleic acids and/or a specific

binding agent that specifically binds to the target molecules. In specific embodiments, the

origin-specific barcodes include two or more populations of origin-specific barcodes, wherein

a first population comprises the nucleic acid capture sequence and a second population

comprises the specific binding agent that specifically binds to the target molecules. In some

examples, the first population of origin-specific barcodes further comprises a target nucleic

acid barcode, wherein the target nucleic acid barcode identifies the population as one that labels

nucleic acids. In some examples, the second population of origin-specific barcodes further

comprises a target molecule barcode, wherein the target molecule barcode identifies the

population as one that labels target molecules.

Barcode with cleavage sites

[0162] A nucleic acid barcode may be cleavable from a specific binding agent, for

example, after the specific binding agent has bound to a target molecule. In some embodiments,

the origin-specific barcode further comprises one or more cleavage sites. In some examples, at

least one cleavage site is oriented such that cleavage at that site releases the origin-specific



barcode from a substrate, such as a bead, for example a hydrogel bead, to which it is coupled.

In some examples, at least one cleavage site is oriented such that the cleavage at the site releases

the origin-specific barcode from the target molecule specific binding agent. In some examples,

a cleavage site is an enzymatic cleavage site, such an endonuclease site present in a specific

nucleic acid sequence. In other embodiments, a cleavage site is a peptide cleavage site, such

that a particular enzyme can cleave the amino acid sequence. In still other embodiments, a

cleavage site is a site of chemical cleavage.

Barcode Adapters

[0163] In some embodiments, the target molecule is attached to an origin-specific barcode

receiving adapter, such as a nucleic acid. In some examples, the origin-specific barcode

receiving adapter comprises an overhang and the origin-specific barcode comprises a sequence

capable of hybridizing to the overhang. A barcode receiving adapter is a molecule configured

to accept or receive a nucleic acid barcode, such as an origin-specific nucleic acid barcode. For

example, a barcode receiving adapter can include a single-stranded nucleic acid sequence (for

example, an overhang) capable of hybridizing to a given barcode (for example, an origin-

specific barcode), for example, via a sequence complementary to a portion or the entirety of

the nucleic acid barcode. In certain embodiments, this portion of the barcode is a standard

sequence held constant between individual barcodes. The hybridization couples the barcode

receiving adapter to the barcode. In some embodiments, the barcode receiving adapter may be

associated with (for example, attached to) a target molecule. As such, the barcode receiving

adapter may serve as the means through which an origin-specific barcode is attached to a target

molecule. A barcode receiving adapter can be attached to a target molecule according to

methods known in the art. For example, a barcode receiving adapter can be attached to a

polypeptide target molecule at a cysteine residue (for example, a C-terminal cysteine residue).

A barcode receiving adapter can be used to identify a particular condition related to one or

more target molecules, such as a cell of origin or a discreet volume of origin. For example, a

target molecule can be a cell surface protein expressed by a cell, which receives a cell-specific

barcode receiving adapter. The barcode receiving adapter can be conjugated to one or more

barcodes as the cell is exposed to one or more conditions, such that the original cell of origin

for the target molecule, as well as each condition to which the cell was exposed, can be

subsequently determined by identifying the sequence of the barcode receiving adapter/ barcode

concatemer.

Barcode with Capture Moiety



[0164] In some embodiments, an origin-specific barcode further includes a capture moiety,

covalently or non-covalently linked. Thus, in some embodiments the origin-specific barcode,

and anything bound or attached thereto, that include a capture moiety are captured with a

specific binding agent that specifically binds the capture moiety. In some embodiments, the

capture moiety is adsorbed or otherwise captured on a surface. In specific embodiments, a

targeting probe is labeled with biotin, for instance by incorporation of biotin- 16-UTP during

in vitro transcription, allowing later capture by streptavidin. Other means for labeling,

capturing, and detecting an origin-specific barcode include: incorporation of aminoallyl-

labeled nucleotides, incorporation of sulfhydryl-labeled nucleotides, incorporation of allyl- or

azide-containing nucleotides, and many other methods described in Bioconjugate Techniques

(2nd Ed), Greg T. Hermanson, Elsevier (2008), which is specifically incorporated herein by

reference. In some embodiments, the targeting probes are covalently coupled to a solid support

or other capture device prior to contacting the sample, using methods such as incorporation of

aminoallyl-labeled nucleotides followed by l-Ethyl-3-(3-dimethylaminopropyl)carbodiimide

(EDC) coupling to a carboxy-activated solid support, or other methods described in

Bioconjugate Techniques. In some embodiments, the specific binding agent has been

immobilized for example on a solid support, thereby isolating the origin-specific barcode.

Other Barcoding Embodiments

[0165] DNA barcoding is also a taxonomic method that uses a short genetic marker in an

organism's DNA to identify it as belonging to a particular species. It differs from molecular

phylogeny in that the main goal is not to determine classification but to identify an unknown

sample in terms of a known classification. Kress et al., “Use of DNA barcodes to identify

flowering plants” Proc. Natl. Acad. Sci. U.S.A. 102(23): 8369-8374 (2005). Barcodes are

sometimes used in an effort to identify unknown species or assess whether species should be

combined or separated. Koch H., “Combining morphology and DNA barcoding resolves the

taxonomy of Western Malagasy Liotrigona Moure, 1961” African Invertebrates 51(2): 413-

421 (2010); and Seberg et al., “How many loci does it take to DNA barcode a crocus?” PLoS

One 4(2):e4598 (2009). Barcoding has been used, for example, for identifying plant leaves

even when flowers or fruit are not available, identifying the diet of an animal based on stomach

contents or feces, and/or identifying products in commerce (for example, herbal supplements

or wood). Soininen et al., “Analysing diet of small herbivores: the efficiency of DNA barcoding

coupled with high-throughput pyrosequencing for deciphering the composition of complex

plant mixtures” Frontiers in Zoology 6:16 (2009).



[0166] It has been suggested that a desirable locus for DNA barcoding should be

standardized so that large databases of sequences for that locus can be developed. Most of the

taxa of interest have loci that are sequencable without species-specific PCR primers. CBOL

Plant Working Group, “A DNA barcode for land plants” PNAS 106(31): 12794-12797 (2009).

Further, these putative barcode loci are believed short enough to be easily sequenced with

current technology. Kress etal, “DNA barcodes: Genes, genomics, and bioinformatics” PNAS

105(8):2761-2762 (2008). Consequently, these loci would provide a large variation between

species in combination with a relatively small amount of variation within a species. Lahaye et

al, “DNA barcoding the floras of biodiversity hotspots” ProcNatl Acad Sci USA 105(8):2923-

2928 (2008).

[0167] DNA barcoding is based on a relatively simple concept. For example, most

eukaryote cells contain mitochondria, and mitochondrial DNA (mtDNA) has a relatively fast

mutation rate, which results in significant variation in mtDNA sequences between species and,

in principle, a comparatively small variance within species. A 648-bp region of the

mitochondrial cytochrome c oxidase subunit 1 (COl) gene was proposed as a potential

‘barcode’. As of 2009, databases of COl sequences included at least 620,000 specimens from

over 58,000 species of animals, larger than databases available for any other gene. Ausubel, I ,

“A botanical macroscope” Proceedings of the National Academy of Sciences 106(31): 12569

(2009).

[0168] Software for DNA barcoding requires integration of a field information

management system (FIMS), laboratory information management system (LIMS), sequence

analysis tools, workflow tracking to connect field data and laboratory data, database

submission tools and pipeline automation for scaling up to eco-system scale projects. Geneious

Pro can be used for the sequence analysis components, and the two plugins made freely

available through the Moorea Biocode Project, the Biocode LIMS and Genbank Submission

plugins handle integration with the FIMS, the LIMS, workflow tracking and database

submission.

[0169] Additionally, other barcoding designs and tools have been described (see e.g.,

Birrell et al, (2001) Proc. Natl Acad. Sci. USA 98, 12608-12613; Giaever, et al, (2002)

Nature 418, 387-391; Winzeler et al., (1999) Science 285, 901-906; and Xu et al., (2009) Proc

Natl Acad Sci U S A . Feb 17;106(7):2289-94).

[0170] Target molecules, as described herein can include any target nucleic acid sequence,

that, in embodiments, the one or more guide RNAs are designed to bind to one or more target

molecules that are diagnostic for a disease state. In further embodiments, the disease state is



an infection, an organ disease, a blood disease, an immune system disease, a cancer, a brain

and nervous system disease, an endocrine disease, a pregnancy or childbirth-related disease,

an inherited disease, or an environmentally-acquired disease. In still further embodiments, the

disease state is an infection, including a microbial infection.

[0171] In further embodiments, the infection is caused by a virus, a bacterium, or a fungus,

or the infection is a viral infection. In specific embodiments, the viral infection is caused by a

double-stranded RNA virus, a positive sense RNA virus, a negative sense RNA virus, a

retrovirus, or a combination thereof. In certain embodiments, the application can achieve

multiplexed strain discrimination. In some embodiments, pathogen subtyping can be detected,

in one embodiment, influenza subtyping, Staph or strep subtyping, and bacterial superinfection

subtype detection can be performed. In one preferred embodiment, multiplexed detection and

identification of all H and N subtypes of Influenza A virus can be performed. In one aspect,

pooled (or arrayed) crRNAs are used to capture variation within subtypes. In certain instances,

the infection is HIV. In an embodiment, drug resistant mutations in HIV Reverse Transcriptase

can be performed via SNP detection. In some embodiments, the mutation can be K65R,

K103N, V106M, Y181C, Ml 84V, G190A. Similarly, SNP detection in other infections can

be performed, such as in tuberculosis. In some embodiments, the mutation may be katG,

315ACC: Isoniazid resistance, rpoB, 531TTG: Rifampin resistance, gyrA, 94GGC:

Fluoroquinolone resistance, rrs, 1401 G : Aminoglycoside resistance. Additionally, HIV/TB

co-infections can be detected. Massive multiplexing to detect pan-viral, viral zone pan-viral,

pan-bacterial or pan-pathogen detection can be achieved.

[0172] As described herein, a sample containing target molecules for use with the invention

may be a biological or environmental sample, such as a food sample (fresh fruits or vegetables,

meats), a beverage sample, a paper surface, a fabric surface, a metal surface, a wood surface,

a plastic surface, a soil sample, a freshwater sample, a wastewater sample, a saline water

sample, exposure to atmospheric air or other gas sample, or a combination thereof. For

example, household/commercial/industrial surfaces made of any materials including, but not

limited to, metal, wood, plastic, rubber, or the like, may be swabbed and tested for

contaminants. Soil samples may be tested for the presence of pathogenic bacteria or parasites,

or other microbes, both for environmental purposes and/or for human, animal, or plant disease

testing. Water samples such as freshwater samples, wastewater samples, or saline water

samples can be evaluated for cleanliness and safety, and/or potability, to detect the presence

of, for example, Cryptosporidium parvum, Giardia lamblia, or other microbial contamination.

In further embodiments, a biological sample may be obtained from a source including, but not



limited to, a tissue sample, saliva, blood, plasma, sera, stool, urine, sputum, mucous, lymph,

synovial fluid, cerebrospinal fluid, ascites, pleural effusion, seroma, pus, or swab of skin or a

mucosal membrane surface. In some particular embodiments, an environmental sample or

biological samples may be crude samples and/or the one or more target molecules may not be

purified or amplified from the sample prior to application of the method. Identification of

microbes may be useful and/or needed for any number of applications, and thus any type of

sample from any source deemed appropriate by one of skill in the art may be used in accordance

with the invention.

[0173] In some embodiments, the biological sample may include, but is not necessarily

limited to, blood, plasma, serum, urine, stool, sputum, mucous, lymph fluid, synovial fluid,

bile, ascites, pleural effusion, seroma, saliva, cerebrospinal fluid, aqueous or vitreous humor,

or any bodily secretion, a transudate, an exudate, or fluid obtained from a joint, or a swab of

skin or mucosal membrane surface.

[0174] In specific embodiments, the sample may be blood, plasma or serum obtained from

a human patient.

[0175] In some embodiments, the sample may be a plant sample. In some embodiments,

the sample may be a crude sample. In some embodiments, the sample may be a purified sample.

Microfluidic devices comprising an array of microwells

[0176] Microfluidic devices comprise an array of microwells with at least one flow channel

beneath the microwells. In certain example embodiments, the device is a microfluidic device

that generates and/or merges different droplets (i.e. individual discrete volumes). For example,

a first set of droplets may be formed containing samples to be screened and a second set of

droplets formed containing the elements of the systems described herein. The first and second

set of droplets are then merged and then diagnostic methods as described herein are carried out

on the merged droplet set.

[0177] Microfluidic devices disclosed herein may be silicone-based chips and may be

fabricated using a variety of techniques, including, but not limited to, hot embossing, molding

of elastomers, injection molding, LIGA, soft lithography, silicon fabrication and related thin

film processing techniques. Suitable materials for fabricating the microfluidic devices include,

but are not limited to, cyclic olefin copolymer (COC), polycarbonate, poly(dimethylsiloxane)

(PDMS), and poly(methylacrylate) (PMMA). In one embodiment, soft lithography in PDMS

may be used to prepare the microfluidic devices. For example, a mold may be made using

photolithography which defines the location of flow channels, valves, and filters within a

substrate. The substrate material is poured into a mold and allowed to set to create a stamp.



The stamp is then sealed to a solid support, such as but not limited to, glass. Due to the

hydrophobic nature of some polymers, such as PDMS, which absorbs some proteins and may

inhibit certain biological processes, a passivating agent may be necessary (Schoffner et al.

Nucleic Acids Research , 1996, 24:375-379). Suitable passivating agents are known in the art

and include, but are not limited to, silanes, parylene, n-Dodecyl-b-D-matoside (DDM),

pluronic, Tween-20, other similar surfactants, polyethylene glycol (PEG), albumin, collagen,

and other similar proteins and peptides.

[0178] An example of microfluidic device that may be used in the context of the invention

is described in Kulesa, et al. PNAS, 115, 6685-6690, incorporated herein by reference.

[0179] In certain example embodiments, the device may comprise individual wells, such

as microplate wells. The size of the microplate wells may be the size of standard 6, 24, 96, 384,

1536, 3456, or 9600 sized wells. In certain embodiments, the microwells can number at more

than 40,0000 or more than 190,000. In certain example embodiments, the elements of the

systems described herein may be freeze dried and applied to the surface of the well prior to

distribution and use.

[0180] Microwell chips can be designed as disclosed in Attorney Docket No. 52199-

505P03US or in US Patent Application No. 15/559, 381 incorporated herein by reference. In

one embodiment, the microwell chip can be designed in a format measuring around 6.2 x 7.2

cm, containing 49200 microwells, or a larger format, measuring 7.4 x 10 cm, containing 97,

194 microwells. The array of microwells can be shaped, for example, as two circles of a

diameter of about 50 - 300 pm, in particular embodiments at 150 pm diameter set at 10%

overlap. The array of microwells can be arranged in a hexagonal lattice at 50 pm inter-well

spacing. In some instances, the microwells can be arranged in other shapes, spacing and sizes

in order to hold a varying number of droplets. The microwell chips are advantageously, in

some embodiments, sized for use with standard laboratory equipment, including imaging

equipment such as microscopes.

[0181] In an exemplary method, compounds can be mixed with a unique ratio of

fluorescent dyes (e.g. Alexa Fluor 555, 594, 647). Each mixture of target molecule with a dye

mixture can be emulsified into droplets. Similarly, each detection CRISPR system with optical

barcode can be emulsified into droplets. In some embodiments, the droplets are approximately

1 nL each. The CRISPR detection system droplets and target molecule droplets can then be

combined and applied to the microwell chip. The droplets can be combined by simple mixing

or other methods of combination. In one exemplary embodiment, the microwell chip is



suspended on a platform such as a hydrophobic glass slide with removable spacers that can be

clamped from above and below by clamps or other securing means, which can be, for example,

neodymium magnets. The gap between the chip and the glass created by the spacers can be

loaded with oil, and the pool of droplets injected into the chip, continuing to flow the droplets

by injecting more oil and draining excess droplets. After loading is completed, the chip can be

washed with oil, and spacers can be removed to seal microwells against the glass slide and

clamp closed. The chip can be imaged, for example with an epifluorescence microscope,

droplets merged to mix the compounds in each microwell by applying an AC electric field, for

example, supplied by a corona treater, and subsequently treated according to desired protocols.

In one embodiment, the microwell can be incubated at 37 °C with measurement of fluorescence

using epifluoresecnce microscope. Following manipulation of the droplets, the droplets can

be eluted off of the microwell as described herein for additional analyses, processing and/or

manipulations.

[0182] The devices disclosed may further comprise inlet and outlet ports, or openings,

which in turn may be connected to valves, tubes, channels, chambers, and syringes and/or

pumps for the introduction and extraction of fluids into and from the device. The devices may

be connected to fluid flow actuators that allow directional movement of fluids within the

microfluidic device. Example actuators include, but are not limited to, syringe pumps,

mechanically actuated recirculating pumps, electroosmotic pumps, bulbs, bellows,

diaphragms, or bubbles intended to force movement of fluids. In certain example embodiments,

the devices are connected to controllers with programmable valves that work together to move

fluids through the device. In certain example embodiments, the devices are connected to the

controllers discussed in further detail below. The devices may be connected to flow actuators,

controllers, and sample loading devices by tubing that terminates in metal pins for insertion

into inlet ports on the device.

[0183] The present invention may be used with a wireless lab-on-chip (LOC) diagnostic

sensor system (see e.g., US patent number 9,470,699 “Diagnostic radio frequency

identification sensors and applications thereof’). In certain embodiments, the present invention

is performed in a LOC controlled by a wireless device (e.g., a cell phone, a personal digital

assistant (PDA), a tablet) and results are reported to said device.

[0184] Radio frequency identification (RFID) tag systems include an RFID tag that

transmits data for reception by an RFID reader (also referred to as an interrogator). In a typical

RFID system, individual objects (e.g., store merchandise) are equipped with a relatively small

tag that contains a transponder. The transponder has a memory chip that is given a unique



electronic product code. The RFID reader emits a signal activating the transponder within the

tag through the use of a communication protocol. Accordingly, the RFID reader is capable of

reading and writing data to the tag. Additionally, the RFID tag reader processes the data

according to the RFID tag system application. Currently, there are passive and active type

RFID tags. The passive type RFID tag does not contain an internal power source, but is

powered by radio frequency signals received from the RFID reader. Alternatively, the active

type RFID tag contains an internal power source that enables the active type RFID tag to

possess greater transmission ranges and memory capacity. The use of a passive versus an active

tag is dependent upon the particular application.

[0185] Lab-on-the chip technology is well described in the scientific literature and consists

of multiple microfluidic channels, input or chemical wells. Reactions in wells can be measured

using radio frequency identification (RFID) tag technology since conductive leads from RFID

electronic chip can be linked directly to each of the test wells. An antenna can be printed or

mounted in another layer of the electronic chip or directly on the back of the device.

Furthermore, the leads, the antenna and the electronic chip can be embedded into the LOC

chip, thereby preventing shorting of the electrodes or electronics. Since LOC allows complex

sample separation and analyses, this technology allows LOC tests to be done independently of

a complex or expensive reader. Rather a simple wireless device such as a cell phone or a PDA

can be used. In one embodiment, the wireless device also controls the separation and control

of the microfluidics channels for more complex LOC analyses. In one embodiment, a LED and

other electronic measuring or sensing devices are included in the LOC-RFID chip. Not being

bound by a theory, this technology is disposable and allows complex tests that require

separation and mixing to be performed outside of a laboratory.

[0186] In preferred embodiments, the LOC may be a microfluidic device. The LOC may

be a passive chip, wherein the chip is powered and controlled through a wireless device. In

certain embodiments, the LOC includes a microfluidic channel for holding reagents and a

channel for introducing a sample. In certain embodiments, a signal from the wireless device

delivers power to the LOC and activates mixing of the sample and assay reagents. Specifically,

in the case of the present invention, the system may include a masking agent, CRISPR effector

protein, and guide RNAs specific for a target molecule. Upon activation of the LOC, the

microfluidic device may mix the sample and assay reagents. Upon mixing, a sensor detects a

signal and transmits the results to the wireless device. In certain embodiments, the unmasking

agent is a conductive RNA molecule. The conductive RNA molecule may be attached to the

conductive material. Conductive molecules can be conductive nanoparticles, conductive



proteins, metal particles that are attached to the protein or latex or other beads that are

conductive. In certain embodiments, if DNA or RNA is used then the conductive molecules

can be attached directly to the matching DNA or RNA strands. The release of the conductive

molecules may be detected across a sensor. The assay may be a one step process.

[0187] Since the electrical conductivity of the surface area can be measured precisely

quantitative results are possible on the disposable wireless RFID electro-assays. Furthermore,

the test area can be very small allowing for more tests to be done in a given area and therefore

resulting in cost savings. In certain embodiments, separate sensors each associated with a

different CRISPR effector protein and guide RNA immobilized to a sensor are used to detect

multiple target molecules. Not being bound by a theory, activation of different sensors may be

distinguished by the wireless device.

[0188] In addition to the conductive methods described herein, other methods may be used

that rely on RFID or Bluetooth as the basic low-cost communication and power platform for a

disposable RFID assay. For example, optical means may be used to assess the presence and

level of a given target molecule. In certain embodiments, an optical sensor detects unmasking

of a fluorescent masking agent.

[0189] In certain embodiments, the device of the present invention may include handheld

portable devices for diagnostic reading of an assay (see e.g., Vashist et al., Commercial

Smartphone-Based Devices and Smart Applications for Personalized Healthcare Monitoring

and Management, Diagnostics 2014, 4(3), 104-128; mReader from Mobile Assay; and

Holomic Rapid Diagnostic Test Reader).

[0190] As noted herein, certain embodiments allow detection via colorimetric change

which has certain attendant benefits when embodiments are utilized in POC situations and or

in resource poor environments where access to more complex detection equipment to readout

the signal may be limited. However, portable embodiments disclosed herein may also be

coupled with hand-held spectrophotometers that enable detection of signals outside the visible

range. An example of a hand-held spectrophotometer device that may be used in combination

with the present invention is described in Das et al. “Ultra-portable, wireless smartphone

spectrophotometer for rapid, non-destructive testing of fruit ripeness.” Nature Scientific

Reports. 2016, 6:32504, DOI: 10.1038/srep32504. Finally, in certain embodiments utilizing

quantum dot-based masking constructs, use of a hand-held UV light, or other suitable device,

may be successfully used to detect a signal owing to the near complete quantum yield provided

by quantum dots.

Individual Discrete Volumes



[0191] In some embodiments, the CRISPR system is contained in individual discrete

volumes, each individual discrete volume comprising a CRISPR effector protein, one or more

guide RNAs designed to bind to corresponding target molecule, and an RNA-based masking

construct. In some instances, each of these individual discrete volumes are droplets. In a

particularly preferred embodiment, the droplets are provided as a first set of droplets, each

droplet containing a CRISPR system. In some embodiments, the target molecule, or sample,

is contained in individual discrete volumes, each individual discrete volume comprising a

target molecule. In some instances, each of these individual discrete volumes are droplets. In

a particularly preferred embodiment, the droplets are provided as a second set of droplets, each

droplet containing a target molecule.

[0192] In one aspect, the embodiments disclosed herein can include a first set of droplets

directed to a nucleic acid detection system comprising a CRISPR system, one or more guide

RNAs designed to bind to corresponding target molecules, a masking construct, and optional

amplification reagents to amplify target nucleic acid molecules in a sample. In certain example

embodiments, the system may further comprise one or more detection aptamers. The one or

more detection aptamers may comprise an RNA polymerase site or primer binding site. The

one or more detection aptamers specifically bind one or more target polypeptides and are

configured such that the RNA polymerase site or primer binding site is exposed only upon

binding of the detection aptamer to a target peptide. Exposure of the RNA polymerase site

facilitates generation of a trigger RNA oligonucleotide using the aptamer sequence as a

template. Accordingly, in such embodiments the one or more guide RNAs are configured to

bind to a trigger RNA.

[0193] An “individual discrete volume” is a discrete volume or discrete space, such as a

container, receptacle, or other defined volume or space that can be defined by properties that

prevent and/or inhibit migration of nucleic acids, CRISPR detection systems, and reagents

necessary to carry out the methods disclosed herein, for example a volume or space defined by

physical properties such as walls, for example the walls of a well, tube, or a surface of a droplet,

which may be impermeable or semipermeable, or as defined by other means such as chemical,

diffusion rate limited, electro-magnetic, or light illumination, or any combination thereof. In

particularly preferred embodiments, the individual discrete volumes are droplets. By

“diffusion rate limited” (for example diffusion defined volumes) is meant spaces that are only

accessible to certain molecules or reactions because diffusion constraints effectively defining

a space or volume as would be the case for two parallel laminar streams where diffusion will

limit the migration of a target molecule from one stream to the other. By “chemical” defined



volume or space is meant spaces where only certain target molecules can exist because of their

chemical or molecular properties, such as size, where for example gel beads may exclude

certain species from entering the beads but not others, such as by surface charge, matrix size

or other physical property of the bead that can allow selection of species that may enter the

interior of the bead. By “electro-magnetically” defined volume or space is meant spaces where

the electro-magnetic properties of the target molecules or their supports such as charge or

magnetic properties can be used to define certain regions in a space such as capturing magnetic

particles within a magnetic field or directly on magnets. By “optically” defined volume is

meant any region of space that may be defined by illuminating it with visible, ultraviolet,

infrared, or other wavelengths of light such that only target molecules within the defined space

or volume may be labeled. One advantage to the use of non-walled, or semipermeable is that

some reagents, such as buffers, chemical activators, or other agents maybe passed in or through

the discrete volume, while other material, such as target molecules, maybe maintained in the

discrete volume or space. As explained herein, a droplet system allows for the separation of

compounds until initiation of a reaction is desired. Typically, a discrete volume will include a

fluid medium, (for example, an aqueous solution, an oil, a buffer, and/or a media capable of

supporting cell growth) suitable for labeling of the target molecule with the indexable nucleic

acid identifier under conditions that permit labeling. Exemplary discrete volumes or spaces

useful in the disclosed methods include droplets (for example, microfluidic droplets and/or

emulsion droplets), hydrogel beads or other polymer structures (for example poly-ethylene

glycol di-acrylate beads or agarose beads), tissue slides (for example, fixed formalin paraffin

embedded tissue slides with particular regions, volumes, or spaces defined by chemical,

optical, or physical means), microscope slides with regions defined by depositing reagents in

ordered arrays or random patterns, tubes (such as, centrifuge tubes, microcentrifuge tubes, test

tubes, cuvettes, conical tubes, and the like), bottles (such as glass bottles, plastic bottles,

ceramic bottles, Erlenmeyer flasks, scintillation vials and the like), wells (such as wells in a

plate), plates, pipettes, or pipette tips among others. In certain example embodiments, the

individual discrete volumes are droplets.

Droplets

[0194] The droplets as provided herein are typically water-in-oil microemulsions formed

with an oil input channel and an aqueous input channel. The droplets can be formed by a

variety of dispersion methods known in the art. In one particular embodiment, a large number

of uniform droplets in oil phase can be made by microemulsion. Exemplary methods can

include, for example, R-junction geometry where an aqueous phase is sheared by oil and



thereby generates droplets; flow-focusing geometry where droplets are produced by shearing

the aqueous stream from two directions; or co-flow geometry where an aqueous phase is

ejected through a thin capillary, placed coaxially inside a bigger capillary through which oil is

pumped.

[0195] The use of monodisperse aqueous droplets can be generated by a microfluidic

device as a water-in-oil emulsion. In one embodiment, the droplets are carried in a flowing oil

phase and stabilized by a surfactant. In one aspect single cells or single organelles or single

molecules (proteins, RNA, DNA) are encapsulated into uniform droplets from an aqueous

solution/dispersion. In a related aspect, multiple cells or multiple molecules may take the place

of single cells or single molecules.

[0196] The aqueous droplets of volume ranging from 1 pL to 10 nL work as individual

reactors. 104 to 105 single cells in droplets may be processed and analyzed in a single run. To

utilize microdroplets for rapid large-scale chemical screening or complex biological library

identification, different species of microdroplets, each containing the specific chemical

compounds or biological probes cells or molecular barcodes of interest, have to be generated

and combined at the preferred conditions, e.g., mixing ratio, concentration, and order of

combination. Each species of droplet is introduced at a confluence point in a main microfluidic

channel from separate inlet microfluidic channels. Preferably, droplet volumes are chosen by

design such that one species is larger than others and moves at a different speed, usually slower

than the other species, in the carrier fluid, as disclosed in U.S. Publication No. US

2007/0195127 and International Publication No. WO 2007/089541, each of which are

incorporated herein by reference in their entirety. The channel width and length is selected

such that faster species of droplets catch up to the slowest species. Size constraints of the

channel prevent the faster moving droplets from passing the slower moving droplets resulting

in a train of droplets entering a merge zone. Multi-step chemical reactions, biochemical

reactions, or assay detection chemistries often require a fixed reaction time before species of

different type are added to a reaction. Multi-step reactions are achieved by repeating the

process multiple times with a second, third or more confluence points each with a separate

merge point. Highly efficient and precise reactions and analysis of reactions are achieved when

the frequencies of droplets from the inlet channels are matched to an optimized ratio and the

volumes of the species are matched to provide optimized reaction conditions in the combined

droplets. Fluidic droplets may be screened or sorted within a fluidic system of the invention by

altering the flow of the liquid containing the droplets. For instance, in one set of embodiments,

a fluidic droplet may be steered or sorted by directing the liquid surrounding the fluidic droplet



into a first channel, a second channel, etc. In another set of embodiments, pressure within a

fluidic system, for example, within different channels or within different portions of a channel,

can be controlled to direct the flow of fluidic droplets. For example, a droplet can be directed

toward a channel junction including multiple options for further direction of flow (e.g., directed

toward a branch, or fork, in a channel defining optional downstream flow channels). Pressure

within one or more of the optional downstream flow channels can be controlled to direct the

droplet selectively into one of the channels, and changes in pressure can be effected on the

order of the time required for successive droplets to reach the junction, such that the

downstream flow path of each successive droplet can be independently controlled.

[0197] In one arrangement, the expansion and/or contraction of liquid reservoirs may be

used to steer or sort a fluidic droplet into a channel, e.g., by causing directed movement of the

liquid containing the fluidic droplet. In another, the expansion and/or contraction of the liquid

reservoir may be combined with other flow-controlling devices and methods, e.g., as described

herein. Non-limiting examples of devices able to cause the expansion and/or contraction of a

liquid reservoir include pistons. Key elements for using microfluidic channels to process

droplets include: (1) producing droplet of the correct volume, (2) producing droplets at the

correct frequency and (3) bringing together a first stream of sample droplets with a second

stream of sample droplets in such a way that the frequency of the first stream of sample droplets

matches the frequency of the second stream of sample droplets. Preferably, bringing together

a stream of sample droplets with a stream of premade library droplets in such a way that the

frequency of the library droplets matches the frequency of the sample droplets. Methods for

producing droplets of a uniform volume at a regular frequency are well known in the art. One

method is to generate droplets using hydrodynamic focusing of a dispersed phase fluid and

immiscible carrier fluid, such as disclosed in U.S. Publication No. US 2005/0172476 and

International Publication No. WO 2004/002627. It is desirable for one of the species introduced

at the confluence to be a pre-made library of droplets where the library contains a plurality of

reaction conditions, e.g., a library may contain plurality of different compounds at a range of

concentrations encapsulated as separate library elements for screening their effect on cells or

enzymes, alternatively a library could be composed of a plurality of different primer pairs

encapsulated as different library elements for targeted amplification of a collection of loci,

alternatively a library could contain a plurality of different antibody species encapsulated as

different library elements to perform a plurality of binding assays. The introduction of a library

of reaction conditions onto a substrate is achieved by pushing a premade collection of library

droplets out of a vial with a drive fluid. The drive fluid is a continuous fluid. The drive fluid



may comprise the same substance as the carrier fluid (e.g., a fluorocarbon oil). For example, if

a library consists of ten pico-bter droplets is driven into an inlet channel on a microfluidic

substrate with a drive fluid at a rate of 10,000 pico-liters per second, then nominally the

frequency at which the droplets are expected to enter the confluence point is 1000 per second.

However, in practice droplets pack with oil between them that slowly drains. Over time the

carrier fluid drains from the library droplets and the number density of the droplets

(number/mL) increases. Hence, a simple fixed rate of infusion for the drive fluid does not

provide a uniform rate of introduction of the droplets into the microfluidic channel in the

substrate. Moreover, library-to-library variations in the mean library droplet volume result in

a shift in the frequency of droplet introduction at the confluence point. Thus, the lack of

uniformity of droplets that results from sample variation and oil drainage provides another

problem to be solved. For example, if the nominal droplet volume is expected to be 10 pico-

liters in the library, but varies from 9 to 1 1 pico-liters from library-to-library then a 10,000

pico-liter/second infusion rate will nominally produce a range in frequencies from 900 to 1,100

droplet per second. In short, sample to sample variation in the composition of dispersed phase

for droplets made on chip, a tendency for the number density of library droplets to increase

over time and library-to-library variations in mean droplet volume severely limit the extent to

which frequencies of droplets may be reliably matched at a confluence by simply using fixed

infusion rates. In addition, these limitations also have an impact on the extent to which volumes

may be reproducibly combined. Combined with typical variations in pump flow rate precision

and variations in channel dimensions, systems are severely limited without a means to

compensate on a run-to-run basis. The foregoing facts not only illustrate a problem to be

solved, but also demonstrate a need for a method of instantaneous regulation of microfluidic

control over microdroplets within a microfluidic channel.

[0198] Combinations of surfactant(s) and oils must be developed to facilitate generation,

storage, and manipulation of droplets to maintain the unique chemical/biochemical/biological

environment within each droplet of a diverse library. Therefore, the surfactant and oil

combination should (1) stabilize droplets against uncontrolled coalescence during the drop

forming process and subsequent collection and storage, (2) minimize transport of any droplet

contents to the oil phase and/or between droplets, and (3) maintain chemical and biological

inertness with contents of each droplet (e.g., no adsorption or reaction of encapsulated contents

at the oil-water interface, and no adverse effects on biological or chemical constituents in the

droplets). In addition to the requirements on the droplet library function and stability, the

surfactant-in-oil solution must be coupled with the fluid physics and materials associated with



the platform. Specifically, the oil solution must not swell, dissolve, or degrade the materials

used to construct the microfluidic chip, and the physical properties of the oil (e.g., viscosity,

boiling point, etc.) must be suited for the flow and operating conditions of the platform.

Droplets formed in oil without surfactant are not stable to permit coalescence, so surfactants

must be dissolved in the oil that is used as the continuous phase for the emulsion library.

Surfactant molecules are amphiphilic-part of the molecule is oil soluble, and part of the

molecule is water soluble. When a water-oil interface is formed at the nozzle of a microfluidic

chip for example in the inlet module described herein, surfactant molecules that are dissolved

in the oil phase adsorb to the interface. The hydrophilic portion of the molecule resides inside

the droplet and the fluorophilic portion of the molecule decorates the exterior of the droplet.

The surface tension of a droplet is reduced when the interface is populated with surfactant, so

the stability of an emulsion is improved. In addition to stabilizing the droplets against

coalescence, the surfactant should be inert to the contents of each droplet and the surfactant

should not promote transport of encapsulated components to the oil or other droplets. A droplet

library may be made up of a number of library elements that are pooled together in a single

collection (see, e.g., US Patent Publication No. 2010002241).

[0199] Libraries may vary in complexity from a single library element to 10 15 library

elements or more. Each library element may be one or more given components at a fixed

concentration. The element may be, but is not limited to, cells, organelles, virus, bacteria, yeast,

beads, amino acids, proteins, polypeptides, nucleic acids, polynucleotides or small molecule

chemical compounds. The element may contain an identifier such as a label. The terms “droplet

library” or “droplet libraries” are also referred to herein as an “emulsion library” or “emulsion

libraries.” These terms are used interchangeably throughout the specification. A cell library

element may include, but is not limited to, hybridomas, B-cells, primary cells, cultured cell

lines, cancer cells, stem cells, cells obtained from tissue, or any other cell type. Cellular library

elements are prepared by encapsulating a number of cells from one to hundreds of thousands

in individual droplets. The number of cells encapsulated is usually given by Poisson statistics

from the number density of cells and volume of the droplet. However, in some cases the number

deviates from Poisson statistics as described in Edd et al, “Controlled encapsulation of single

cells into monodisperse picolitre drops.” Lab Chip, 8(8): 1262-1264, 2008. The discrete nature

of cells allows for libraries to be prepared in mass with a plurality of cellular variants all present

in a single starting media and then that media is broken up into individual droplet capsules that

contain at most one cell. These individual droplets capsules are then combined or pooled to



form a library consisting of unique library elements. Cell division subsequent to, or in some

embodiments following, encapsulation produces a clonal library element.

[0200] In certain embodiments, a bead based library element may contain one or more

beads, of a given type and may also contain other reagents, such as antibodies, enzymes or

other proteins. In the case where all library elements contain different types of beads, but the

same surrounding media, the library elements may all be prepared from a single starting fluid

or have a variety of starting fluids. In the case of cellular libraries prepared in mass from a

collection of variants, such as genomically modified, yeast or bacteria cells, the library

elements will be prepared from a variety of starting fluids. Often it is desirable to have exactly

one cell per droplet with only a few droplets containing more than one cell when starting with

a plurality of cells or yeast or bacteria, engineered to produce variants on a protein. In some

cases, variations from Poisson statistics may be achieved to provide an enhanced loading of

droplets such that there are more droplets with exactly one cell per droplet and few exceptions

of empty droplets or droplets containing more than one cell. Examples of droplet libraries are

collections of droplets that have different contents, ranging from beads, cells, small molecules,

DNA, primers, antibodies. Smaller droplets may be in the order of femtoliter (fL) volume

drops, which are especially contemplated with the droplet dispensors. The volume may range

from about 5 to about 600 fL. The larger droplets range in size from roughly 0.5 micron to 500

micron in diameter, which corresponds to about 1 pico liter to 1 nano liter. However, droplets

may be as small as 5 microns and as large as 500 microns. Preferably, the droplets are at less

than 100 microns, about 1 micron to about 100 microns in diameter. The most preferred size

is about 20 to 40 microns in diameter (10 to 100 picoliters). The preferred properties examined

of droplet libraries include osmotic pressure balance, uniform size, and size ranges. The

droplets within the emulsion libraries of the present invention may be contained within an

immiscible oil which may comprise at least one fluorosurfactant. In some embodiments, the

fluorosurfactant within the immiscible fluorocarbon oil may be a block copolymer consisting

of one or more perfluorinated polyether (PFPE) blocks and one or more polyethylene glycol

(PEG) blocks. In other embodiments, the fluorosurfactant is a triblock copolymer consisting of

a PEG center block covalently bound to two PFPE blocks by amide linking groups. The

presence of the fluorosurfactant (similar to uniform size of the droplets in the library) is critical

to maintain the stability and integrity of the droplets and is also essential for the subsequent

use of the droplets within the library for the various biological and chemical assays described

herein. Fluids (e.g., aqueous fluids, immiscible oils, etc.) and other surfactants that may be

utilized in the droplet libraries of the present invention are described in greater detail herein.



[0201] The present invention can accordingly involve an emulsion library which may

comprise a plurality of aqueous droplets within an immiscible oil (e.g., fluorocarbon oil) which

may comprise at least one fluorosurfactant, wherein each droplet is uniform in size and may

comprise the same aqueous fluid and may comprise a different library element. The present

invention also provides a method for forming the emulsion library which may comprise

providing a single aqueous fluid which may comprise different library elements, encapsulating

each library element into an aqueous droplet within an immiscible fluorocarbon oil which may

comprise at least one fluorosurfactant, wherein each droplet is uniform in size and may

comprise the same aqueous fluid and may comprise a different library element, and pooling

the aqueous droplets within an immiscible fluorocarbon oil which may comprise at least one

fluorosurfactant, thereby forming an emulsion library. For example, in one type of emulsion

library, all different types of elements (e.g., cells or beads), may be pooled in a single source

contained in the same medium. After the initial pooling, the cells or beads are then encapsulated

in droplets to generate a library of droplets wherein each droplet with a different type of bead

or cell is a different library element. The dilution of the initial solution enables the

encapsulation process. In some embodiments, the droplets formed will either contain a single

cell or bead or will not contain anything, i.e., be empty. In other embodiments, the droplets

formed will contain multiple copies of a library element. The cells or beads being encapsulated

are generally variants on the same type of cell or bead. In another example, the emulsion library

may comprise a plurality of aqueous droplets within an immiscible fluorocarbon oil, wherein

a single molecule may be encapsulated, such that there is a single molecule contained within a

droplet for every 20-60 droplets produced (e.g., 20, 25, 30, 35, 40, 45, 50, 55, 60 droplets, or

any integer in between). Single molecules may be encapsulated by diluting the solution

containing the molecules to such a low concentration that the encapsulation of single molecules

is enabled. Formation of these libraries may rely on limiting dilutions.

[0202] The present invention also provides an emulsion library which may comprise at

least a first aqueous droplet and at least a second aqueous droplet within an oil, in one

embodiment a fluorocarbon oil, which may comprise at least one surfactant, in one

embodiment a fluorosurfactant, wherein the at least first and the at least second droplets are

uniform in size and comprise a different aqueous fluid and a different library element. The

present invention also provides a method for forming the emulsion library which may comprise

providing at least a first aqueous fluid which may comprise at least a first library of elements,

providing at least a second aqueous fluid which may comprise at least a second library of

elements, encapsulating each element of said at least first library into at least a first aqueous



droplet within an immiscible fluorocarbon oil which may comprise at least one

fluorosurfactant, encapsulating each element of said at least second library into at least a second

aqueous droplet within an immiscible fluorocarbon oil which may comprise at least one

fluorosurfactant, wherein the at least first and the at least second droplets are uniform in size

and may comprise a different aqueous fluid and a different library element, and pooling the at

least first aqueous droplet and the at least second aqueous droplet within an immiscible

fluorocarbon oil which may comprise at least one fluorosurfactant thereby forming an emulsion

library.

[0203] One of skill in the art will recognize that methods and systems of the invention need

not be limited to any particular type of sample, and methods and systems of the invention may

be used with any type of organic, inorganic, or biological molecule (see, e.g, US Patent

Publication No. 20120122714).

[0204] In particular embodiments the sample may include nucleic acid target molecules.

Nucleic acid molecules may be synthetic or derived from naturally occurring sources. In one

embodiment, nucleic acid molecules may be isolated from a biological sample containing a

variety of other components, such as proteins, lipids and non-template nucleic acids. Nucleic

acid target molecules may be obtained from any cellular material, obtained from an animal,

plant, bacterium, fungus, or any other cellular organism. In certain embodiments, the nucleic

acid target molecules may be obtained from a single cell. Biological samples for use in the

present invention may include viral particles or preparations. Nucleic acid target molecules

may be obtained directly from an organism or from a biological sample obtained from an

organism, e.g., from blood, urine, cerebrospinal fluid, seminal fluid, saliva, sputum, stool and

tissue. Any tissue or body fluid specimen may be used as a source for nucleic acid for use in

the invention. Nucleic acid target molecules may also be isolated from cultured cells, such as

a primary cell culture or a cell line. The cells or tissues from which target nucleic acids are

obtained may be infected with a virus or other intracellular pathogen. A sample may also be

total RNA extracted from a biological specimen, a cDNA library, viral, or genomic DNA.

Generally, nucleic acid may be extracted from a biological sample by a variety of techniques

such as those described by Maniatis, et al., Molecular Cloning: A Laboratory Manual, Cold

Spring Harbor, N.Y., pp. 280-281 (1982). Nucleic acid molecules may be single-stranded,

double-stranded, or double-stranded with single-stranded regions (for example, stem- and

loop-structures). Nucleic acid obtained from biological samples typically may be fragmented

to produce suitable fragments for analysis. Target nucleic acids may be fragmented or sheared

to desired length, using a variety of mechanical, chemical and/or enzymatic methods. DNA



may be randomly sheared via sonication, e.g. Covaris method, brief exposure to a DNase, or

using a mixture of one or more restriction enzymes, or a transposase or nicking enzyme. RNA

may be fragmented by brief exposure to an RNase, heat plus magnesium, or by shearing. The

RNA may be converted to cDNA. If fragmentation is employed, the RNA may be converted

to cDNA before or after fragmentation. In one embodiment, nucleic acid from a biological

sample is fragmented by sonication. In another embodiment, nucleic acid is fragmented by a

hydroshear instrument. Generally, individual nucleic acid target molecules may be from about

40 bases to about 40 kb. Nucleic acid molecules may be single-stranded, double-stranded, or

double-stranded with single-stranded regions (for example, stem- and loop-structures). A

biological sample as described herein may be homogenized or fractionated in the presence of

a detergent or surfactant. The concentration of the detergent in the buffer may be about 0.05%

to about 10.0%. The concentration of the detergent may be up to an amount where the detergent

remains soluble in the solution. In one embodiment, the concentration of the detergent is

between 0.1% to about 2%. The detergent, particularly a mild one that is nondenaturing, may

act to solubilize the sample. Detergents may be ionic or nonionic. Examples of nonionic

detergents include triton, such as the Triton™ X series (Triton™ X-100 t-Oct-C6H4—(OCH2-

-CH2)xOH, x=9-10, Triton™ X-100R, Triton™ X-114 x=7-8), octyl glucoside,

polyoxyethylene(9)dodecyl ether, digitonin, IGEPAL™ CA630 octylphenyl polyethylene

glycol, n-octyl-beta-D-glucopyranoside (betaOG), n-dodecyl-beta, Tween™. 20 polyethylene

glycol sorbitan monolaurate, Tween™ 80 polyethylene glycol sorbitan monooleate,

polidocanol, n-dodecyl beta-D-maltoside (DDM), NP-40 nonylphenyl polyethylene glycol,

C12E8 (octaethylene glycol n-dodecyl monoether), hexaethyleneglycol mono-n-tetradecyl

ether (C14E06), octyl-beta-thioglucopyranoside (octyl thioglucoside, OTG), Emulgen, and

polyoxyethylene 10 lauryl ether (C12E10). Examples of ionic detergents (anionic or cationic)

include deoxycholate, sodium dodecyl sulfate (SDS), N-lauroylsarcosine, and

cetyltrimethylammoniumbromide (CTAB). A zwitterionic reagent may also be used in the

purification schemes of the present invention, such as Chaps, zwitterion 3-14, and 3-[(3-

cholamidopropyl)dimethylammonio]-l-propanesulf-onate. It is contemplated also that urea

may be added with or without another detergent or surfactant. Lysis or homogenization

solutions may further contain other agents, such as reducing agents. Examples of such reducing

agents include dithiothreitol (DTT), β-mercaptoethanol, DTE, GSH, cysteine, cysteamine,

tricarboxy ethyl phosphine (TCEP), or salts of sulfurous acid. Size selection of the nucleic acids

may be performed to remove very short fragments or very long fragments. The nucleic acid

fragments may be partitioned into fractions which may comprise a desired number of fragments



using any suitable method known in the art. Suitable methods to limit the fragment size in each

fragment are known in the art. In various embodiments of the invention, the fragment size is

limited to between about 10 and about 100 Kb or longer. A sample in or as to the instant

invention may include individual target proteins, protein complexes, proteins with translational

modifications, and protein/nucleic acid complexes. Protein targets include peptides, and also

include enzymes, hormones, structural components such as viral capsid proteins, and

antibodies. Protein targets may be synthetic or derived from naturally -occurring sources. The

invention protein targets may be isolated from biological samples containing a variety of other

components including lipids, non-template nucleic acids, and nucleic acids. Protein targets may

be obtained from an animal, bacterium, fungus, cellular organism, and single cells. Protein

targets may be obtained directly from an organism or from a biological sample obtained from

the organism, including bodily fluids such as blood, urine, cerebrospinal fluid, seminal fluid,

saliva, sputum, stool and tissue. Protein targets may also be obtained from cell and tissue

lysates and biochemical fractions. An individual protein is an isolated polypeptide chain. A

protein complex includes two or polypeptide chains. Samples may include proteins with post

translational modifications including but not limited to phosphorylation, methionine oxidation,

deamidation, glycosylation, ubiquitination, carbamylation, s-carboxymethylation, acetylation,

and methylation. Protein/nucleic acid complexes include cross-linked or stable protein-nucleic

acid complexes. Extraction or isolation of individual proteins, protein complexes, proteins

with translational modifications, and protein/nucleic acid complexes is performed using

methods known in the art.

[0205] The invention can thus involve forming sample droplets. The droplets are aqueous

droplets that are surrounded by an immiscible carrier fluid. Methods of forming such droplets

are shown for example in Link et al. (U.S. patent application numbers 2008/0014589,

2008/0003142, and 2010/0137163), Stone et al. (U.S. Pat. No. 7,708,949 and U.S. patent

application number 2010/0172803), Anderson et al. (U.S. Pat. No. 7,041,481 and which

reissued as RE41,780) and European publication number EP2047910 to Raindance

Technologies Inc. The content of each of which is incorporated by reference herein in its

entirety. The present invention may relate to systems and methods for manipulating droplets

within a high throughput microfluidic system. A microfluid droplet may encapsulate a

differentiated cell, the cell is lysed and its mRNA is hybridized onto a capture bead containing

barcoded oligo dT primers on the surface, all inside the droplet. The barcode is covalently

attached to the capture bead via a flexible multi-atom linker like PEG. In a preferred

embodiment, the droplets are broken by addition of a fluorosurfactant (like perfluorooctanol),



washed, and collected. A reverse transcription (RT) reaction is then performed to convert each

cell’s mRNA into a first strand cDNA that is both uniquely barcoded and covalently linked to

the mRNA capture bead. Subsequently, a universal primer via a template switching reaction is

amended using conventional library preparation protocols to prepare an RNA-Seq library.

Since all of the mRNA from any given cell is uniquely barcoded, a single library is sequenced

and then computationally resolved to determine which mRNAs came from which cells. In this

way, through a single sequencing run, tens of thousands (or more) of distinguishable

transcriptomes can be simultaneously obtained. The oligonucleotide sequence may be

generated on the bead surface. During these cycles, beads were removed from the synthesis

column, pooled, and aliquoted into four equal portions by mass; these bead aliquots were then

placed in a separate synthesis column and reacted with either dG, dC, dT, or dA

phosphoramidite. In other instances, dinucleotide, trinucleotides, or oligonucleotides that are

greater in length are used, in other instances, the oligo-dT tail is replaced by gene specific

oligonucleotides to prime specific targets (singular or plural), random sequences of any length

for the capture of all or specific RNAs. This process was repeated 12 times for a total of 412 =

16,777,216 unique barcode sequences. Upon completion of these cycles, 8 cycles of

degenerate oligonucleotide synthesis were performed on all the beads, followed by 30 cycles

of dT addition. In other embodiments, the degenerate synthesis is omitted, shortened (less than

8 cycles), or extended (more than 8 cycles); in others, the 30 cycles of dT addition are replaced

with gene specific primers (single target or many targets) or a degenerate sequence. The

aforementioned microfluidic system is regarded as the reagent delivery system microfluidic

library printer or droplet library printing system of the present invention. Droplets are formed

as sample fluid flows from droplet generator which contains lysis reagent and barcodes through

microfluidic outlet channel which contains oil, towards junction. Defined volumes of loaded

reagent emulsion, corresponding to defined numbers of droplets, are dispensed on-demand into

the flow stream of carrier fluid. The sample fluid may typically comprise an aqueous buffer

solution, such as ultrapure water (e.g., 18 mega-ohm resistivity, obtained, for example by

column chromatography), 10 mM Tris HC1 and 1 mM EDTA (TE) buffer, phosphate buffer

saline (PBS) or acetate buffer. Any liquid or buffer that is physiologically compatible with

nucleic acid molecules can be used. The carrier fluid may include one that is immiscible with

the sample fluid. The carrier fluid can be a non-polar solvent, decane (e.g., tetradecane or

hexadecane), fluorocarbon oil, silicone oil, an inert oil such as hydrocarbon, or another oil (for

example, mineral oil). The carrier fluid may contain one or more additives, such as agents

which reduce surface tensions (surfactants). Surfactants can include Tween, Span,



fluorosurfactants, and other agents that are soluble in oil relative to water. In some applications,

performance is improved by adding a second surfactant to the sample fluid. Surfactants can aid

in controlling or optimizing droplet size, flow and uniformity, for example by reducing the

shear force needed to extrude or inject droplets into an intersecting channel. This can affect

droplet volume and periodicity, or the rate or frequency at which droplets break off into an

intersecting channel. Furthermore, the surfactant can serve to stabilize aqueous emulsions in

fluorinated oils from coalescing. Droplets may be surrounded by a surfactant which stabilizes

the droplets by reducing the surface tension at the aqueous oil interface. Preferred surfactants

that may be added to the carrier fluid include, but are not limited to, surfactants such as

sorbitan-based carboxylic acid esters (e.g., the "Span" surfactants, Fluka Chemika), including

sorbitan monolaurate (Span 20), sorbitan monopalmitate (Span 40), sorbitan monostearate

(Span 60) and sorbitan monooleate (Span 80), and perfluorinated polyethers (e.g., DuPont

Krytox 157 FSL, FSM, and/or FSH). Other non-limiting examples of non-ionic surfactants

which may be used include polyoxyethylenated alkylphenols (for example, nonyl-, p-dodecyl-

, and dinonylphenols), polyoxyethylenated straight chain alcohols, polyoxyethylenated

polyoxypropylene glycols, polyoxyethylenated mercaptans, long chain carboxylic acid esters

(for example, glyceryl and polyglyceryl esters of natural fatty acids, propylene glycol, sorbitol,

polyoxyethylenated sorbitol esters, polyoxyethylene glycol esters, etc.) and alkanolamines

(e.g., diethanolamine-fatty acid condensates and isopropanolamine-fatty acid condensates). In

some cases, an apparatus for creating a single-cell sequencing library via a microfluidic system

provides for volume-driven flow, wherein constant volumes are injected over time. The

pressure in fluidic cannels is a function of injection rate and channel dimensions. In one

embodiment, the device provides an oil/surfactant inlet; an inlet for an analyte; a filter, an inlet

for mRNA capture microbeads and lysis reagent; a carrier fluid channel which connects the

inlets; a resistor; a constriction for droplet pinch-off; a mixer; and an outlet for drops. In an

embodiment the invention provides apparatus for creating a single-cell sequencing library via

a microfluidic system, which may comprise: an oil-surfactant inlet which may comprise a filter

and a carrier fluid channel, wherein said carrier fluid channel may further comprise a resistor;

an inlet for an analyte which may comprise a filter and a carrier fluid channel, wherein said

carrier fluid channel may further comprise a resistor; an inlet for mRNA capture microbeads

and lysis reagent which may comprise a filter and a carrier fluid channel, wherein said carrier

fluid channel further may comprise a resistor; said carrier fluid channels have a carrier fluid

flowing therein at an adjustable or predetermined flow rate; wherein each said carrier fluid

channels merge at a junction; and said junction being connected to a mixer, which contains an



outlet for drops. Accordingly, an apparatus for creating a single-cell sequencing library via a

microfluidic system icrofluidic flow scheme for single-cell RNA-seq is envisioned. Two

channels, one carrying cell suspensions, and the other carrying uniquely barcoded mRNA

capture bead, lysis buffer and library preparation reagents meet at ajunction and is immediately

co-encapsulated in an inert carrier oil, at the rate of one cell and one bead per drop. In each

drop, using the bead’s barcode tagged oligonucleotides as cDNA template, each mRNA is

tagged with a unique, cell-specific identifier. The invention also encompasses use of a Drop-

Seq library of a mixture of mouse and human cells. The carrier fluid may be caused to flow

through the outlet channel so that the surfactant in the carrier fluid coats the channel walls. The

fluorosurfactant can be prepared by reacting the perflourinated polyether DuPont Krytox 157

FSL, FSM, or FSH with aqueous ammonium hydroxide in a volatile fluorinated solvent. The

solvent and residual water and ammonia can be removed with a rotary evaporator. The

surfactant can then be dissolved (e.g., 2.5 wt %) in a fluorinated oil (e.g., Flourinert (3M)),

which then serves as the carrier fluid. Activation of sample fluid reservoirs to produce regent

droplets is based on the concept of dynamic reagent delivery (e.g., combinatorial barcoding)

via an on-demand capability. The on-demand feature may be provided by one of a variety of

technical capabilities for releasing delivery droplets to a primary droplet, as described herein.

[0206] From this disclosure and herein cited documents and knowledge in the art, it is

within the ambit of the skilled person to develop flow rates, channel lengths, and channel

geometries; and establish droplets containing random or specified reagent combinations can be

generated on demand and merged with the “reaction chamber” droplets containing the

samples/cells/substrates of interest. By incorporating a plurality of unique tags into the

additional droplets and joining the tags to a solid support designed to be specific to the primary

droplet, the conditions that the primary droplet is exposed to may be encoded and recorded. For

example, nucleic acid tags can be sequentially ligated to create a sequence reflecting conditions

and order of same. Alternatively, the tags can be added independently appended to solid

support. Non-limiting examples of a dynamic labeling system that may be used to

bioinformatically record information can be found at US Provisional Patent Application

entitled “Compositions and Methods for Unique Labeling of Agents” filed September 21, 2012

and November 29, 2012. In this way, two or more droplets may be exposed to a variety of

different conditions, where each time a droplet is exposed to a condition, a nucleic acid

encoding the condition is added to the droplet each ligated together or to a unique solid support

associated with the droplet such that, even if the droplets with different histories are later

combined, the conditions of each of the droplets are remain available through the different



nucleic acids. Non-limiting examples of methods to evaluate response to exposure to a

plurality of conditions can be found at US Provisional Patent Application filed September 21,

2012, and U.S. Patent Application 15/303874 filed April 17, 2015 entitled “Systems and

Methods for Droplet Tagging.” Accordingly, in or as to the invention it is envisioned that there

can be the dynamic generation of molecular barcodes (e.g., DNA oligonucleotides,

fluorophores, etc.) either independent from or in concert with the controlled delivery of various

compounds of interest (siRNA, CRISPR guide RNAs, reagents, etc.). For example, unique

molecular barcodes can be created in one array of nozzles while individual compounds or

combinations of compounds can be generated by another nozzle array. Barcodes/compounds

of interest can then be merged with CRISPR detection system-containing droplets. An

electronic record in the form of a computer log file can be kept to associate the barcode

delivered with the downstream reagent(s) delivered. This methodology makes it possible to

efficiently screen a large population of samples according to the methods disclosed herein. The

device and techniques of the disclosed invention facilitate efforts to perform studies that require

data resolution at the single cell (or single molecule) level and in a cost-effective manner. A

high throughput and high-resolution delivery of reagents to individual emulsion droplets that

may contain samples of target molecules for further evaluation through the use of

monodisperse aqueous droplets that are generated one by one in a microfluidic chip as a water-

in-oil emulsion.

Detection of Proteins

[0207] The systems, devices, and methods disclosed herein may also be adapted for

detection of polypeptides (or other molecules) in addition to detection of nucleic acids, via

incorporation of a specifically configured polypeptide detection aptamer. The polypeptide

detection aptamers are distinct from the masking construct aptamers discussed above. First, the

aptamers are designed to specifically bind to one or more target molecules. In one example

embodiment, the target molecule is a target polypeptide. In another example embodiment, the

target molecule is a target chemical compound, such as a target therapeutic molecule. Methods

for designing and selecting aptamers with specificity for a given target, such as SELEX, are

known in the art. In addition to specificity to a given target the aptamers are further designed

to incorporate a RNA polymerase promoter binding site. In certain example embodiments, the

RNA polymerase promoter is a T7 promoter. Prior to binding the apatamer binding to a target,

the RNA polymerase site is not accessible or otherwise recognizable to a RNA polymerase.

However, the aptamer is configured so that upon binding of a target the structure of the aptamer

undergoes a conformational change such that the RNA polymerase promoter is then exposed.



An aptamer sequence downstream of the RNA polymerase promoter acts as a template for

generation of a trigger RNA oligonucleotide by a RNA polymerase. Thus, the template portion

of the aptamer may further incorporate a barcode or other identifying sequence that identifies

a given aptamer and its target. Guide RNAs as described above may then be designed to

recognize these specific trigger oligonucleotide sequences. Binding of the guide RNAs to the

trigger oligonucleotides activates the CRISPR effector proteins which proceeds to deactivate

the masking constructs and generate a positive detectable signal as described herein.

[0208] Accordingly, in certain example embodiments, the methods disclosed herein

comprise the additional step of distributing a sample or set of sample into a set of individual

discrete volumes, each individual discrete volume comprising peptide detection aptamers, a

CRISPR effector protein, one or more guide RNAs, a masking construct, and incubating the

sample or set of samples under conditions sufficient to allow binding of the detection aptamers

to the one or more target molecules, wherein binding of the aptamer to a corresponding target

results in exposure of the RNA polymerase promoter binding site such that synthesis of a

trigger RNA is initiated by the binding of a RNA polymerase to the RNA polymerase promoter

binding site.

[0209] In another example embodiment, binding of the aptamer may expose a primer

binding site upon binding of the aptamer to a target polypeptide. For example, the aptamer may

expose a RPA primer binding site. Thus, the addition or inclusion of the primer will then feed

into an amplification reaction, such as the RPA reaction outlined above.

[0210] In certain example embodiments, the aptamer may be a conformation-switching

aptamer, which upon binding to the target of interest may change secondary structure and

expose new regions of single-stranded DNA. In certain example embodiments, these new-

regions of single-stranded DNA may be used as substrates for ligation, extending the aptamers

and creating longer ssDNA molecules which can be specifically detected using the

embodiments disclosed herein. The aptamer design could be further combined with ternary

complexes for detection of low-epitope targets, such as glucose (Yang et al. 2015:

http://pubs.acs.org/doi/abs/10.1021/acs.analchem.5b01634y Example conformation shifting

aptamers and corresponding guide RNAs (crRNAs) are shown below.



Amplification

[0211] In certain example embodiments, target RNAs and/or DNAs may be amplified prior

to activating the CRISPR effector protein. In some instances, amplification is performed prior

to formation of a droplet set comprising the target molecule. Other embodiments permit

amplification to be performed subsequent to formation of a droplet set comprising the target

molecule, and, accordingly, may include nucleic acid amplification reagents in the droplet

comprising the target molecule. Any suitable RNA or DNA amplification technique may be

used. In certain example embodiments, the RNA or DNA amplification is an isothermal

amplification. In certain example embodiments, the isothermal amplification may be nucleic-

acid sequenced-based amplification (NASBA), recombinase polymerase amplification (RPA),

loop-mediated isothermal amplification (LAMP), strand displacement amplification (SDA),

helicase-dependent amplification (HDA), or nicking enzyme amplification reaction (NEAR).

In certain example embodiments, non-isothermal amplification methods may be used which

include, but are not limited to, PCR, multiple displacement amplification (MDA), rolling circle

amplification (RCA), ligase chain reaction (LCR), or ramification amplification method

(RAM). In some preferred embodiments, the RNA or DNA amplification is RPA or PCR.



[0212] In certain example embodiments, the RNA or DNA amplification is NASBA, which

is initiated with reverse transcription of target RNA by a sequence-specific reverse primer to

create a RNA/DNA duplex. RNase H is then used to degrade the RNA template, allowing a

forward primer containing a promoter, such as the T7 promoter, to bind and initiate elongation

of the complementary strand, generating a double-stranded DNA product. The RNA

polymerase promoter-mediated transcription of the DNA template then creates copies of the

target RNA sequence. Importantly, each of the new target RNAs can be detected by the guide

RNAs thus further enhancing the sensitivity of the assay. Binding of the target RNAs by the

guide RNAs then leads to activation of the CRISPR effector protein and the methods proceed

as outlined above. The NASBA reaction has the additional advantage of being able to proceed

under moderate isothermal conditions, for example at approximately 41°C, making it suitable

for systems and devices deployed for early and direct detection in the field and far from clinical

laboratories.

[0213] In certain other example embodiments, a recombinase polymerase amplification

(RPA) reaction may be used to amplify the target nucleic acids. RPA reactions employ

recombinases which are capable of pairing sequence-specific primers with homologous

sequence in duplex DNA. If target DNA is present, DNA amplification is initiated and no other

sample manipulation such as thermal cycling or chemical melting is required. The entire RPA

amplification system is stable as a dried formulation and can be transported safely without

refrigeration. RPA reactions may also be carried out at isothermal temperatures with an

optimum reaction temperature of 37-42° C . The sequence specific primers are designed to

amplify a sequence comprising the target nucleic acid sequence to be detected. In certain

example embodiments, a RNA polymerase promoter, such as a T7 promoter, is added to one

of the primers. This results in an amplified double-stranded DNA product comprising the target

sequence and a RNA polymerase promoter. After, or during, the RPA reaction, a RNA

polymerase is added that will produce RNA from the double-stranded DNA templates. The

amplified target RNA can then in turn be detected by the CRISPR effector system. In this way

target DNA can be detected using the embodiments disclosed herein. RPA reactions can also

be used to amplify target RNA. The target RNA is first converted to cDNA using a reverse

transcriptase, followed by second strand DNA synthesis, at which point the RPA reaction

proceeds as outlined above.

[0214] Accordingly, in certain example embodiments the systems disclosed herein may

include amplification reagents. Different components or reagents useful for amplification of

nucleic acids are described herein. For example, an amplification reagent as described herein



may include a buffer, such as a Tris buffer. A Tris buffer may be used at any concentration

appropriate for the desired application or use, for example including, but not limited to, a

concentration of 1 mM, 2 mM, 3 mM, 4 mM, 5 mM, 6 mM, 7 mM, 8 mM, 9 mM, 10 mM, 11

mM, 12 mM, 13 mM, 14 mM, 15 mM, 25 mM, 50 mM, 75 mM, 1 M, or the like. One of skill

in the art will be able to determine an appropriate concentration of a buffer such as Tris for use

with the present invention.

[0215] A salt, such as magnesium chloride MgC . potassium chloride (KC1), or sodium

chloride (NaCl), may be included in an amplification reaction, such as PCR, in order to improve

the amplification of nucleic acid fragments. Although the salt concentration will depend on the

particular reaction and application, in some embodiments, nucleic acid fragments of a

particular size may produce optimum results at particular salt concentrations. Larger products

may require altered salt concentrations, typically lower salt, in order to produce desired results,

while amplification of smaller products may produce better results at higher salt

concentrations. One of skill in the art will understand that the presence and/or concentration of

a salt, along with alteration of salt concentrations, may alter the stringency of a biological or

chemical reaction, and therefore any salt may be used that provides the appropriate conditions

for a reaction of the present invention and as described herein.

[0216] Other components of a biological or chemical reaction may include a cell lysis

component in order to break open or lyse a cell for analysis of the materials therein. A cell

lysis component may include, but is not limited to, a detergent, a salt as described above, such

as NaCl, KC1, ammonium sulfate [(NH SC ], or others. Detergents that may be appropriate

for the invention may include Triton X-100, sodium dodecyl sulfate (SDS), CHAPS (3-[(3-

cholamidopropyl)dimethylammonio]-l-propanesulfonate), ethyl trimethyl ammonium

bromide, nonyl phenoxypolyethoxylethanol (NP-40). Concentrations of detergents may

depend on the particular application, and may be specific to the reaction in some

cases. Amplification reactions may include dNTPs and nucleic acid primers used at any

concentration appropriate for the invention, such as including, but not limited to, a

concentration of 100 nM, 150 nM, 200 nM, 250 nM, 300 nM, 350 nM, 400 nM, 450 nM, 500

nM, 550 nM, 600 nM, 650 nM, 700 nM, 750 nM, 800 nM, 850 nM, 900 nM, 950 nM, 1 mM,

2 mM, 3 mM, 4 mM, 5 mM, 6 mM, 7 mM, 8 mM, 9 mM, 10 mM, 20 mM, 30 mM, 40 mM,

50 mM, 60 mM, 70 mM, 80 mM, 90 mM, 100 mM, 150 mM, 200 mM, 250 mM, 300 mM,

350 mM, 400 mM, 450 mM, 500 mM, or the like. Likewise, a polymerase useful in accordance

with the invention may be any specific or general polymerase known in the art and useful or

the invention, including Taq polymerase, Q5 polymerase, or the like.



[0217] In some embodiments, amplification reagents as described herein may be

appropriate for use in hot-start amplification. Hot start amplification may be beneficial in some

embodiments to reduce or eliminate dimerization of adaptor molecules or oligos, or to

otherwise prevent unwanted amplification products or artifacts and obtain optimum

amplification of the desired product. Many components described herein for use in

amplification may also be used in hot-start amplification. In some embodiments, reagents or

components appropriate for use with hot-start amplification may be used in place of one or

more of the composition components as appropriate. For example, a polymerase or other

reagent may be used that exhibits a desired activity at a particular temperature or other reaction

condition. In some embodiments, reagents may be used that are designed or optimized for use

in hot-start amplification, for example, a polymerase may be activated after transposition or

after reaching a particular temperature. Such polymerases may be antibody-based or aptamer-

based. Polymerases as described herein are known in the art. Examples of such reagents may

include, but are not limited to, hot-start polymerases, hot-start dNTPs, and photo-caged dNTPs.

Such reagents are known and available in the art. One of skill in the art will be able to determine

the optimum temperatures as appropriate for individual reagents.

[0218] Amplification of nucleic acids may be performed using specific thermal cycle

machinery or equipment, and may be performed in single reactions or in bulk, such that any

desired number of reactions may be performed simultaneously. In some instances,

amplification can be performed in droplets or prior to droplet formation. In some

embodiments, amplification may be performed using microfluidic or robotic devices, or may

be performed using manual alteration in temperatures to achieve the desired amplification. In

some embodiments, optimization may be performed to obtain the optimum reactions

conditions for the particular application or materials. One of skill in the art will understand

and be able to optimize reaction conditions to obtain sufficient amplification.

[0219] In some instances, the nucleic acid amplification reagents comprise recombinase

polymerase amplification (RPA) reagents, nucleic acid sequence-based amplification

(NASBA) reagents, loop-mediated isothermal amplification (LAMP) reagents, strand

displacement amplification (SDA) reagents, helicase-dependent amplification (HDA)

reagents, nicking enzyme amplification reaction (NEAR) reagents, RT-PCR reagents, multiple

displacement amplification (MDA) reagents, rolling circle amplification (RCA) reagents,

ligase chain reaction (LCR) reagents, ramification amplification method (RAM) reagents,

transposase based amplification reagents; or Programmable CRISPR Nicking Amplification

(PCNA) reagents.



[0220] In certain embodiments, detection of DNA with the methods or systems of the

invention requires transcription of the (amplified) DNA into RNA prior to detection.

[0221] It will be evident that detection methods of the invention can involve nucleic acid

amplification and detection procedures in various combinations. The nucleic acid to be

detected can be any naturally occurring or synthetic nucleic acid, including but not limited to

DNA and RNA, which may be amplified by any suitable method to provide an intermediate

product that can be detected. Detection of the intermediate product can be by any suitable

method including but not limited to binding and activation of a CRISPR protein which

produces a detectable signal moiety by direct or collateral activity.

Amplification and/or enhancement of detectablepositive signal

[00100] In certain example embodiments, further modification may be introduced that

further amplify the detectable positive signal. For example, activated CRISPR effector protein

collateral activation may be use to generate a secondary target or additional guide sequence, or

both. In one example embodiment, the reaction solution would contain a secondary target that

is spiked in at high concentration. The secondary target may be distinct from the primary target

(i.e. the target for which the assay is designed to detect) and in certain instances may be

common across all reaction volumes. A secondary guide sequence for the secondary target may

be protected, e.g. by a secondary structural feature such as a hairpin with a RNA loop, and

unable to bind the second target or the CRISPR effector protein. Cleavage of the protecting

group by an activated CRISPR effector protein (i.e. after activation by formation of complex

with the primary target(s) in solution) and formation of a complex with free CRISPR effector

protein in solution and activation from the spiked in secondary target. In certain other example

embodiments, a similar concept is used with a second guide sequence to a secondary target

sequence. The secondary target sequence may be protected a structural feature or protecting

group on the secondary target. Cleavage of a protecting group off the secondary target then

allows additional CRISPR effector protein/second guide sequence/secondary target complex

to form. In yet another example embodiment, activation of CRISPR effector protein by the

primary target(s) may be used to cleave a protected or circularized primer, which is then

released to perform an isothermal amplification reaction, such as those disclosed herein, on a

template that encodes a secondary guide sequence, secondary target sequence, or both.

Subsequent transcription of this amplified template would produce more secondary guide

sequence and/or secondary target sequence, followed by additional CRISPR effector protein

collateral activation.

METHODS



[0222] In an aspect, the embodiments disclosed herein are directed to methods for detecting

target nucleic acids in a sample using the systems described herein. The methods disclosed

herein can, in some embodiments, comprise the steps of generating a first set of droplets, each

droplet in the first set of droplets comprising at least one target molecule and an optical

barcode; generating a second set of droplets, each droplet in the second set of droplets

comprising a detection CRISPR system comprising an RNA targeting effector protein and one

or more guide RNAs designed to bind to corresponding target molecules, an masking construct

and an optical barcode. The first and second set of droplets are typically combined into a pool

of droplets by mixing or agitating the first and second set of droplets. The pool of droplets can

then be flooded onto a microfluidic device comprising an array of microwells and at least one

flow channel beneath the microwells, the microwells sized to capture at least two droplets;

detecting the optical barcodes of the droplets captured in each microwell; merging the droplets

captured in each microwell to formed merged droplets in each microwell, at least a subset of

the merged droplets comprising a detection CRISPR system and a target sequence; initiating

the detection reaction; and measuring a detectable signal of each merged droplet at one or more

time periods.

Generation of Droplets

[0223] Regarding generation of a first set of droplets, in one aspect generating a first set of

droplets, each first droplet containing a detection CRISPR system, the detection CRISPR

system can comprise an RNA targeting effector protein and one or more guide RNAs designed

to bind to corresponding target molecules, an RNA-based masking construct and an optical

barcode as described herein. In particular embodiments the step of generating a second set of

droplets each droplet in the second set of droplets comprises at least one target molecule and

an optical barcode as provided herein.

[0224] Subsequent to generation of a first set of droplets and a second set of droplets, the

first set and second set of droplets are combined into a pool of droplets. The combining can

be effected by any means to combine the first and second sets. In one exemplary embodiment,

the sets of droplets are mixed to combine into a pool of droplets.

[0225] Once a pool of droplets is generated, the step of flowing the pool of droplets is

performed. The flowing of the pool of droplets is performed by loading the droplets onto a

microfluidic device containing a plurality of microwells. The microwells are sized to capture

at least two droplets. Optionally, subsequent to loading, surfactant is washed out.

[0226] Once the droplets are loaded into the microwell array, a step of detecting the optical

barcode of the droplets captured in each microwell is performed. In some instances, the



detecting the optical barcode is performed by low magnification fluorescence scan when the

optical barcodes are fluorescence barcodes. Regardless of the type of optical barcode, the

barcodes for each droplet are unique, and thus the content of each droplet can be identified.

The manner of detection will be selected according to the type of optical barcode utilized. The

droplets contained in each microwell are then merged. Merging can be performed by applying

an electrical field. At least a subset of the merged droplets comprise a detection CRISPR

system and a target sequence.

[0227] After merging of the droplets, the detection reaction is then initiated. In some

embodiments, initiating the detection reaction comprises incubating the merged droplets.

Subsequent to the detection reaction, the merged droplets are subjected to an optical assay,

which in some instances is a low magnification fluorescence scan to generate an assay score.

[0228] In some embodiments, the methods can comprise a step of amplifying target

molecules. Amplification of the target molecules can be performed prior to or subsequent to

the generation of the first set of droplets.

[0229] In yet another aspect, the embodiments disclosed herein are directed to a method

for detecting polypeptides. The method for detecting polypeptides is similar to the method for

detecting target nucleic acids described above. However, a peptide detection aptamer is also

included. The peptide detection aptamers function as described above and facilitate generation

of a trigger oligonucleotide upon binding to a target polypeptide. The guide RNAs are designed

to recognize the trigger oligonucleotides thereby activating the CRISPR effector protein.

Deactivation of the masking construct by the activated CRISPR effector protein leads to

unmasking, release, or generation of a detectable positive signal.

[0230] Multiplexed detection diagnostics utilizing a reporter construct (e.g. fluorescence

protein) can rapidly detect target sequences, diagnose drug resistance SNPs, and discriminate

between strains and subtypes of microbial species. In the case of evaluating a sample for the

presence of one or more strains of a microbial species, for example, a set of target molecules

from a sample are evaluated utilizing a set of CRISPR systems contained in a second set of

droplets, each CRISPR system containing different guide RNAs. After combination of the first

and second set of droplets, the combinations are tested rapidly and in replicates. Each target

molecule to be tested is placed in a microplate well. Mono-disperse droplets comprising the

target molecule to be screened are formed using an aqueous and an oil input channel. The target

molecule droplets are then loaded onto a microfluidic device. Each target molecule is labeled

with a barcode. When two or more droplets are merged, the combined optical barcodes identify

which target molecule and/or CRISPR system are present in the merged droplet. The barcode



is an optically detectable barcode visualized with light or fluorescence microscopy or an

oligonucleotide barcode that is detected off-chip.

[0231] As described herein, samples containing target molecules to which the guide RNAs

are targeted, are loaded into one set of droplets and merged with droplet(s) comprising the

guide RNAs and CRISPR system. Reporter systems incorporated in the CRISPR system

droplets express an optically detectable marker (e.g. fluorescent protein) in the masking

construct. The set of droplets including a CRISPR system comprising an effector protein and

one or more guide RNAs designed to bind to corresponding target molecules, and an RNA-

based masking construct. After the droplets are merged, the identity of the molecular species

in each well can be determined by optically scanning each microwell to read the optical

barcode. Optical measurement of the reporter system can occur simultaneously with optical

scanning of the barcode. Thus, simultaneous gathering of experimental data and molecular

species identification is possible with use of this combinatorial screening system.

[0232] In some cases, the microfluidic device is incubated for a period of time prior to

imaging and imaged at multiple time points to track changes in the measured amount of

reporter over time. Additionally, for some experiments, merged droplets are eluted off of the

microfluidic device for off-chip evaluation (see e.g., International Publication No.

WO2016/149661, hereby incorporated by reference in its entirety for all purposes, elution is

particularly discussed at [0056] - [0059]).

[0233] With the disclosed processing strategy, parallel handling of millions of droplets

reaches the scale needed for combinatorial screening. Additionally, the droplets’ nanoliter

volume reduces compound consumption required for screening. The present disclosure

incorporates optical barcodes and parallel manipulation of droplets in large fixed-position

spatial arrays to link droplet identity with assay results. A unique advantage of the present

system is the parsimonious use of the compounds screened in the 2 nL assay volumes. The

platform herein leverages the high throughput potential of droplet microfluidic systems, and

substitutes the deterministic liquid handling operations needed to construct combination of

pairs of compounds with parallel merging of random pairs of droplets in a microwell device.

Unique advantages of this method are that it can be hand-operated at high throughput, and that

assay miniaturization in microwells enables use of small sample volumes. When combined

with SHEROCK technology, the methods provide a powerful detection technology that can be

massively multiplexed utilizing smaller sample sizes.

[0234] The techniques herein provide a processing platform that tests all pairwise

combinations of a set of input compounds in three steps. First, target molecules are combined



with a color barcode (unique ratios of two, three, four or more fluorescent dyes). The target

molecules may be barcoded by their ratio of fluorescent dyes (e.g. red, green, blue, and the

like). Subsequent to sample processing, the target molecules are then emulsified into water in

oil droplets, preferably of a size of about 1 nanoliter. In some embodiments, a surfactant can

be included to stabilize the droplets. Standard multi-channel micropipete techniques may be

used to combine the droplets into one pool. A second set of droplets are prepared containing

CRISPR systems, an optical barcode using a ratio of fluorescent dyes, and an RNA masking

compound. The first set and second set of droplets are mixed into one large pool, with the

droplets subsequently loaded into a microwell array such that each microwell captures two

droplets at random. In some embodiments, the microwell array after loading is then sealed to

a glass substrate to limit microwell cross-contamination and evaporation. In some instances,

the microwell array is fixed to an assembly by mechanical clamping. The contents of each

droplet are encoded by fluorescence barcodes resulting from unique ratios of two, three, four

or more fluorescent dyes pre-mixed with the first set and second set of droplets identified.

[0235] A low-magnification (2-4X) epifluorescence microscope can be used to identify the

contents of each droplet and/or well. The two droplets in each well are then merged, applying

a high voltage AC electric field to induce droplet merging. Subsequent to merging,

SHERLOCK reactions are initiated, with samples incubated in some embodiments at 37 °C.

Subsequently, the array is imaged to determine an optical phenotype (e.g. positive

fluorescence) and map this measurement to the pair of compounds previously identified in each

well. Microwell array designs limiting compound exchange after loading are particularly

preferred, one exemplary way is to mechanically seal the microwell array subsequent to the

loading of the droplets.

[0236] In one aspect, the embodiments described herein are directed to methods for

multiplex screening of nucleic acid sequence variations in one or more nucleic acid containing

specimens. The nucleic acid sequence variations may include natural sequence variability,

variations in gene expression, engineered genetic perturbations, or a combination thereof. The

nucleic acid containing specimen may be cellular or acellular. The nucleic acid containing

specimens are prepared as droplets containing an optical barcode. A second set of droplets

containing a CRISPR detection system and an optical barcode is prepared. In some instances,

the barcode may be an optically detectable barcode that can be visualized with light or

fluorescence microscopy. In certain example embodiments, the optical barcode comprises a

sub-set of fluorophores or quantum dots of distinguishable colors from a set of defined colors.

In some instances, optically encoded particles may be delivered to the discrete volumes



randomly resulting in a random combination of optically encoded particles in each well, or a

unique combination of optically encoded particles may be specifically assigned to each discrete

volume. Random distribution of the optically encoded particles may be achieved by pumping,

mixing, rocking, or agitation of the assay platform for a time sufficient to allow for distribution

to all discrete volumes. One of ordinary skill in the art can select the appropriate mechanism

for randomly distributing the optically encoded particles across discrete volumes based on the

assay platform used.

[0237] The observable combination of optically encoded particles may then be used to

identify each discrete volume. Optical assessments, such as phenotype, may be made and

recorded for each discrete volume, for example, with a fluorescent microscope or other imaging

device. As shown in Figure 13, using 3 fluorescent dyes, e.g. Alexa Fluor 555, 594, 647, at

different levels, 105 barcodes can be generated. The addition of a fourth dye can be used and

can be extended to scale to hundreds of unique barcodes; similarly, five colors can increase the

number of unique barcodes that may be achieved by varying the ratios of the colors.

[0238] For example, nucleic acid-functionalized particles can be synthesized onto a solid

support and subsequently labeled with distinct ratios of dyes, for example, FAM, Cy3 and Cy5,

or 3 fluorescent dyes, e.g. Alexa Fluor 555, 594, 647, at different levels, 105 barcodes can be

generated.

[0239] In one embodiment, the assigned or random subset(s) of fluorophores received in

each droplet or discrete volume dictates the observable pattern of discrete optically encoded

particles in each discrete volume thereby allowing each discrete volume to be independently

identified. Each discrete volume is imaged with the appropriate imaging technique to detect

the optically encoded particles. For example, if the optically encoded particles are fluorescently

labeled each discrete volume is imaged using a fluorescent microscope. In another example, if

the optically encoded particles are colorimetrically labeled each discrete volume is imaged

using a microscope having one or more filters that match the wave length or absorption

spectrum or emission spectrum inherent to each color label. Other detection methods are

contemplated that match the optical system used, e.g., those known in the art for detecting

quantum dots, dyes, etc. The pattern of observed discrete optically encoded particles for each

discrete volume may be recorded for later use.

[0240] In addition, optical assessments can be made subsequent to merging of the droplets,

and incubation of the CRISPR detection system with the target molecules. Once the target

molecule is detected by a guide molecule, the CRISPR effector protein is activated,

deactivating the masking construct, for example, by cleaving the masking construct such that



a detectable positive signal is unmasked, released, or generated. Detection and measuring a

detectable signal of each merged droplet at one or more time periods can be performed,

indicating the presence of target molecules when, for example the positive detectable signal is

present.

[0241] Further embodiments of the invention are described in the following numbered

paragraphs.

1. A method for developing probes and primers to pathogens, comprising:

providing a set of input genomic sequences to one or more target pathogens;

applying a set cover solving process to the set of target sequences to identify one or

more target amplification sequences, wherein the one or more target amplification sequences

are highly conserved target sequences shared between the set of input genomic sequences of

the target pathogen; and

generating one or more primers, one or more probes, or a primer pair and probe

combination based on the one or more target amplification sequences.

2 . The method according to paragraph 1, wherein the set of input genomic sequences

represent genomic sequences from a set of 10 or more viruses.

3 . The method according to paragraph 1, wherein the set of primers are identified with a

target melting temperature of 58 to 60 °C.

4 . The method according to paragraph 1, wherein putative amplicons are identified.

5 . The method according to paragraph 3, wherein the one or more target amplification

sequences are then subjected to diagnostic design guide to generate the one or more primers,

one or more probes, or primer pair and probe combination.

6 . The method according to paragraph 1, wherein the set of input genomic sequences

represent genomic sequences from two or more viral pathogens.

7 . The method according to paragraph 1 wherein the generated one or more primers, one

or more probes, or a primer pair and probe combination comprise sequences for detection of

five or more viruses.

8 . A method for detecting a virus in a sample comprising:



contacting a sample with a primer pair and a probe with a detectable label, wherein the

one or more primers and/or probes are each configured to detect a viral species or

subspecies.

9 . The method according to paragraph 8, wherein the one or more probes comprise one

or more guide RNAs designed to bind to corresponding target molecules.

10. The method according to paragraph 9, wherein the one or more guide RNAs are

designed to detect a single nucleotide polymorphism in a target RNA or DNA, or a splice

variant of an RNA transcript.

11. The method according to paragraph 8, wherein the one or more guide RNAs are

designed to bind to one or more target molecules that are diagnostic for a disease state.

12. The method according to paragraph 8, wherein the one or more guide RNAs are

designed to distinguish between one or more viral strains.

13. The method according to paragraph 12, wherein the one or more guide RNAs comprise

at least 90 guide RNAs.

[0242] The invention is further described in the following examples, which do not limit the

scope of the invention described in the claims.

EXAMPLE METHODS

[0243] In an exemplary method, compounds can be mixed with a unique ratio of

fluorescent dyes. Each mixture of target molecule with a dye mixture can be emulsified into

droplets. Similarly, each detection CRISPR system with optical barcode was emulsified into

droplets. In some embodiments, the droplets are approximately 1 nL each. The droplets can

then be combined and applied to the microwell chip. The droplets can be combined by simple

mixing. In one exemplary embodiment, the microwell chip is suspended on a platform such

as a hydrophobic glass slide with removable spacers that can be clamped from above and below



by clamps, for example, neodymium magnets. The gap between the chip and the glass created

by the spacers can be loaded with oil, and the pool of droplets injected into the chip, continuing

to flow the droplets by injecting more oil and draining excess droplets. After loading is

completed, the chip can be washed with oil to purge free surfactant. Spacers can be removed

to seal microwells against the glass slide and clamp closed. The chip is then imaged with an

epifluorescence microscope, then droplets merged to mix the compounds in each microwell by

applying an AC electric field, for example, supplied by corona treater. Incubation of

microwells at 37° C with measurement of fluorescence using epifluorescence microscope.

[0244] Regarding design of primers, the following exemplary method for viral sequences

can be utilized, utilizing “diagnostic-guide-design” method implemented in a software tool. In

the case of viral sequences, an input of an alignment of viral sequences is utilized and its

objective is to find a set of guide sequences, all within some specified amplicon length, that

will detect some desired fraction (e.g., 95%) of the input sequences tolerating some number of

mismatches (usually 1) between the guide and target. Critically for subtyping (or any

differential identification), it designs different collections of guides guaranteeing that each

collection is specific to one subtype.

[0245] The goal is to build on this to simultaneously design amplicon primers and guide

sequences for species identification using diagnostic-guide-design (“d-g-d”) together with

other tools:

[0246] Assemble requisite viral genomes, make an alignment at the species level with

mafft, cluster the data to identify closely related species. Treat segmented viruses specially;

each segment is treated separately. Ultimately, pick the best segment (or two) to proceed with.

[0247] Use diagnostic-guide-design to identify putative primer-binding sites (25mers).

Look for a single primer sequence, with 95% coverage and no more than 2 mismatches

allowed.

[0248] If there is no way to achieve this coverage at a position/window, move on to the

next position, performing this across the whole genome first before calling primer3

[0249] Identify pairs of primers for amplicons between 80 and 120 nucleotides in

length.Use primer3 to narrow down the 25mer to get a target melting temperature of 58-60 C .

[0250] Use SEQUENCE PRIMER PAIR OK REGION LIST to specify fwd/reverse

primer locations for putative amplicons. This allows one to input regions where primers can

go using [fwd_start, fwd_length, rev_start, rev_length] format.

[0251] Preferably, PCR can be run at a lower temperature, for example, between 50 and

55 C .



[0252] If the primer has bad secondary structure, throw it out

(PRIMER MAX SELF ANY TH, PRIMER PAIR MAX COMPL ANY TH set to 40 C).

This is lower than the default setting of 47 C, but stringency is desired here to get good primers.

[0253] Check the amplicons for cross-reactivity using the clustering data. This can be done

using primer3, which allows for a “mispriming library” that primers are supposed to avoid.

One can feed in a list of sequences from other species (but in the same cluster) here. It’s

possible that an amplicon could have unique primers, but still have overlap at the crRNA level,

necessary to ensure that the assays are very specific.

[0254] Pass those amplicons to d-g-d and try and find crRNAs

[0255] Allowing 1 mismatch, as done before

[0256] Window size is the entire amplicon (with no overlap to the primer sequences)

[0257] Do differential design using the clustering data (probably just checking amplicons

vs. other amplicons as unamplified material should be scarce). Require at least 4 mismatches

(not including G-U pairs).

[0258] Come up with a list of amplicons that have few crRNAs, high coverage, and are

specific

[0259] Right now, a single “best” design can be prepared but the code needs to be modified

to allow e.g. whitelisting to give several options to test for each virus

[0260] The sensitivity curve for the same Zika samples analyzed by SHERLOCK for Zika

virus in plates using 20 uL reactions is the same as a SHERLOCK assay for Zika virus in

droplets using a 2 nL reaction, indicating droplet SHERLOCK (dSHERLOCK) limit-of

detection is comparable to plates. (FIG. 3). Similarly, dSHERLOCK discriminates single

nucleotide polymorphisms (SNPs) equally well when compared to assay in plates.

[0261] The methods and systems disclosed herein can be utilized for the multiplexed

detection of Influenza subtypes (Fig. 5). Notably, the experimental effort required to generate

all combinations of detection mixes and targets in the chip is the same as the effort necessary

to construct just the on-diagonal reactions in a well-plate, which allows the systems and

methods to be applied to analytics with large numbers of combinations. Because the chip

automatically constructs all off-diagonal combinations in addition to the diagonal, rapid

determination of the selectivity of each detection mix for its intended product is achievable.

Guide RNAs can be designed to target particular unique segments of a virus based on

sequences deposited. In some instances, the design can be weighted to include more recent

sequence data, or more prevalent sequences. Sets of guide RNAs can be designed against

various viral subtypes, as is shown in Figure 6 for Influenza H subtypes, with successful results



providing alignment of guide RNAs to majority consensus sequence for each subtype with 0

or 1 mismatches.

[0262] Other exemplary applications of the current systems and methods include

multiplexed detection of mutations, including detection of drug resistance mutations in TB

(FIG. 11) and in HIV reverse transcriptase. Guide RNAs can be designed to target ancestral

and derived alleles, with tests showing the potential to use tests for derived and target alleles

together. (FIG. 10). dSHERLOCK can be performed with fluorescence detected within 30

minutes. (FIG. 11).

[0263] Combining SHERLOCK in the methods disclosed herein, using microwell array

chips and droplet detection can provide the highest throughput for multiplexed detection to

date, with expansion of the number of barcodes and chip size enabling massive multiplexing.

(FIGs. 12-14).

[0264] Various modifications and variations of the described methods, pharmaceutical

compositions, and kits of the invention will be apparent to those skilled in the art without

departing from the scope and spirit of the invention. Although the invention has been described

in connection with specific embodiments, it will be understood that it is capable of further

modifications and that the invention as claimed should not be unduly limited to such specific

embodiments. Indeed, various modifications of the described modes for carrying out the

invention that are obvious to those skilled in the art are intended to be within the scope of the

invention. This application is intended to cover any variations, uses, or adaptations of the

invention following, in general, the principles of the invention and including such departures

from the present disclosure come within known customary practice within the art to which the

invention pertains and may be applied to the essential features herein before set forth.



CLAIMS

What is claimed is:

1. A method for developing probes and primers to pathogens, comprising:

applying a set cover solving process to a set of input genomic sequences to identify one

or more target amplification sequences, wherein the one or more target amplification sequences

are highly conserved target sequences shared between the set of input genomic sequences and a

target pathogen; and

generating one or more primers, one or more probes, or a primer pair and probe

combination based on the one or more target amplification sequences.

2 . The method of claim 1, wherein the set of input genomic sequences represent genomic

sequences from a set of 10 or more viruses.

3 . The method of claim 1, wherein the set of primers are identified with a target melting

temperature of 58 to 60 °C.

4 . The method of claim 1, wherein putative amplicons are identified.

5 . The method of claim 3, wherein the one or more target amplification sequences are then

subjected to diagnostic design guide to generate the one or more primers, one or more probes, or

primer pair and probe combination.

6 . The method of claim 1, wherein the set of input genomic sequences represent genomic

sequences from two or more viral pathogens.

7 . The method of claim 1 wherein the generated one or more primers, one or more probes, or

a primer pair and probe combination comprise sequences for detection of five or more viruses.

8 . A method for detecting a virus in a sample comprising:

contacting a sample with a primer pair and a probe with a detectable label, wherein the one

or more primers and/or probes are each configured to detect a viral species or subspecies.



9 . The method of claim 8, wherein the one or more probes comprise one or more guide

RNAs designed to bind to corresponding target molecules.

10. The method of claim 9, wherein the one or more guide RNAs are designed to detect a single

nucleotide polymorphism in a target RNA or DNA, or a splice variant of an RNA transcript.

11. The method of claim 8, wherein the one or more guide RNAs are designed to bind to one

or more target molecules that are diagnostic for a disease state.

12. The method of claim 8, wherein the one or more guide RNAs are designed to distinguish

between one or more viral strains.

13. The method of claim 12, wherein the one or more guide RNAs comprise at least 90 guide

RNAs.
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