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Methods of Generating Libraries of Nucleic Acid Sequences for Detection via Fluorescent

In Situ Sequencing

CROSS-REFERENCE

[0001] This application claims the benefit of U.S. Provisional Application No. 62/381,980, filed

August 31, 2016, which application is incorporated herein by reference in its entirety.

STATEMENT AS TO FEDERALLY SPONSORED RESEARCH

[0002] This invention was made with government support under Grant Nos. P50HG005550 and

RM1 HG008525 awarded by National Institutes of Health and Grant No. DGE1 144152 awarded

by National Science Foundation. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

[0003] Randomly capturing RNA sequences for in situ sequencing enables de novo measurement

of both sequence variation and the spatial organization of gene expression. Yet it is recognized

that for many applications, sensitive detection of a targeted subset of RNA species is incredibly

valuable. For example, it is desirable to accurately detect the expressions of certain genes that are

known to be clinically relevant to diagnosis, prognosis, and therapeutic guidance for human

diseases. In the same way, randomly capturing DNA sequences for in situ sequencing enables de

novo measurement of both sequence variation and the spatial organization of genomes and DNA

molecules. Yet it is recognized that for many applications, sensitive detection of a targeted subset

of DNA loci or sites of variation is incredibly valuable. For example, it is desirable to accurately

detect the presence of certain genomic mutations or genotypes that are known to be clinically

relevant to diagnosis, prognosis, and therapeutic guidance for human diseases. There remains a

need for the development of methods that allows accurate and efficient detection of nucleic acid

(i.e. DNA and RNA) via fluorescent in situ sequencing (FISSEQ).

SUMMARY OF THE INVENTION

[0004] In various instances, the present disclosure provides compositions and methods for

preparing a library of sequences for florescent in situ sequencing (FISSEQ). In one aspect, the

present disclosure provides a method for enhancing a hybridization reaction in a cell or cellular

matrix. The method comprises: (a) providing said cell or cellular matrix and a reaction mixture,

comprising (i) a target nucleic acid molecule, (ii) a probe having sequence complementarity with

a target sequence of said target nucleic acid molecule, and (iii) a hybridization reaction

enhancing agent comprising a polymer backbone, wherein said hybridization reaction enhancing

agent enhances a rate of a hybridization reaction between said target nucleic acid molecule and



said probe having sequence complementarity with said target sequence of said target molecule,

and wherein said hybridization enhancing agent comprises a functional group that facilitates

inactivation of said hybridization reaction enhancing agent; and (b) subjecting said reaction

mixture to conditions sufficient to conduct said hybridization reaction between said target nucleic

acid molecule and said probe having sequence complementarity with said target sequence of said

target nucleic acid molecule, wherein during said hybridization reaction, said hybridization

reaction enhancing agent enhances said rate of said hybridization reaction between said target

nucleic acid molecule and said probe having sequence complementarity with said target sequence

of said target molecule, as compared to another hybridization reaction conducted between said

target nucleic acid molecule and said probe in the absence of said hybridization reaction

enhancing agent.

[0005] In some embodiments, the present disclosure provides a method further comprising,

subsequent to (b), subjecting said functional group to conditions sufficient to inactivate said

hybridization reaction enhancing agent. In some embodiments, the present disclosure provides

the method further comprising inactivating the hybridization reaction enhancing agent.

[0006] In some embodiments, the present disclosure provides the method further comprising

initiating an enzymatic reaction, wherein the enzymatic reaction comprises reverse transcription,

ligation, DNA polymerization. In some embodiments, said functional group is a hydrating

group. In some embodiments, the present disclosure provides that said hydrating group is an

ionic, electrolytic, or hydrophilic group.

[0007] In some embodiments, the present disclosure provides that the hybridization reaction

enhancing agent comprises a cleavable linker between the polymer backbone and the hydrating

group. In some embodiments, the present disclosure provides that the cleavable linker comprises

alpha-hydroxy acids, beta-keto acids, disulfide linkages, or other type of chemical linkages. In

some embodiments, the functional group is cleavable. In some embodiments, the method further

comprises triggering cleavage of the functional group. In some embodiments, the method further

comprises washing away the functional group. In some embodiments, the method further

comprises initiating an enzymatic reaction. In some embodiments, the hybridization enhancing

agent is further configured to enhance said enzymatic reaction. In some embodiments, the

present disclosure provides that the enzymatic reaction comprises reverse transcription, ligation,

DNA polymerization.

[0008] In some embodiments, the present disclosure provides said functional groups is

configured to be selectively inactivated by rendering an ionic group to have a neutral charge, or

by rendering the hydrating group to be weakly hydrating.



[0009] In some embodiments, the present disclosure provides method for enhancing a

hybridization reaction in a cell or cellular matrix, wherein said cell or cellular matrix is integrated

with a hydrogel. In some cases, said reaction mixture further comprises a buffer. In some

embodiments, said buffer comprises a salt. In some embodiments, said buffer comprises

blocking agents configured to reduce non-specific binding of probes to off-target sequences. In

some embodiments, said buffer comprises agents configured to alter an annealing property of

DNA.

[0010] In some embodiments, said polymer backbone is an ionic polymer backbone.

[0011] In some embodiments, the hybridization enhancing agent comprises a polyionic,

polyelectrolyte, hydrophilic, or hydrating polymer.

[0012] In another aspect, the present disclosure provides a probe set for in situ nucleic acid

sequence detection or identification of one or more target nucleic acid molecules of a cell. The

probe set may comprise a plurality of probes comprising a plurality of target-specific sequences,

a plurality of adaptor sequences and a plurality of barcode sequences, wherein a given probe of

said plurality of probes comprises: (i) a sequence of said plurality of target-specific sequences

that is complementary to a target sequence of a target nucleic acid molecule of said one or more

target nucleic acid molecules of said cell; (ii) an adaptor sequence of said plurality of adaptor

sequences coupled to said sequence, wherein said adaptor sequence comprises a binding site for a

primer for an amplification reaction; and (iii) a barcode sequence of said plurality of barcode

sequences coupled to said adaptor sequence, wherein said barcode sequence is configured to

allow detection or identification of said target sequence or said at least said portion of said target

nucleic acid molecule, and wherein said plurality of barcode sequences are different across said

plurality of probes.

[0013] In some embodiments, the barcode sequence comprises a gene barcode corresponding to

a particular gene, and wherein the gene barcode is configured to allow detection of the particular

gene. In some embodiments, the barcode sequence further comprises a sequence barcode

corresponding to the sequence complementary to the target region, and wherein the sequence

barcode is configured to allow detection of the sequence. In some embodiments, the gene

barcode is defined by a first set of sequences of the barcode sequences, and wherein the sequence

barcode is defined by the remaining set of sequences of the barcode sequences. In some

embodiments, said plurality of barcode sequences permit identification of different target

sequences of different target nucleic acid molecules. In some embodiments, said plurality of

adaptor sequences are the same across said plurality of probes. In some embodiments, said

adaptor sequence is complementary to a primer for conducting said amplification reaction. In

some embodiments, said amplification reaction is a rolling circle amplification (RCA) reaction.



In some embodiments, a given barcode sequence of said plurality of barcode sequences permits

identification of a given sequence of said target region. In some embodiments, the adaptor

sequence is located between the sequence complementary to the nucleic acid molecule and the

barcode. In some embodiments, the barcode sequence is located between the sequence of said

plurality of target-specific sequences and the adaptor sequence. In some embodiments, said

target nucleic acid molecule is ribonucleic acid (RNA), and wherein the sequence of said

plurality of sequences is configured to prime reverse transcription. In some embodiments, the

sequence of said plurality of target-specific sequences is located at a 3' end of each probe.

[0014] In some embodiments, the sequence of said plurality of target-specific sequences, the

adaptor sequence, and the barcode sequence are arranged contiguously from the 3' end to the 5'

end of said given probe. In some embodiments, a 5' end of said given probe is phosphorylated.

[0015] The present disclosure also provides a method of generating libraries of probes for

detecting nucleic acid in situ with said given probe, comprising: hybridizing said given probe to a

nucleic acid sequence to produce a hybridized product, and circularizing the hybridized product,

and generating said libraries of probes via an amplification reaction. In some embodiments,

circularizing the hybridized product comprises circularizing by a ligase when the probe is

annealed to the nucleic acid sequence. In some embodiments, circularizing the hybridized

product comprises circularizing by a ligase using an additional splint oligonucleotide

independent of the nucleic acid sequence.

[0016] In some embodiments, circularizing the hybridized product comprises filling in a gap in

the probe with aid of a reverse transcriptase, DNA polymerase, or ligase.

[0017] In some embodiments, the nucleic acid sequence is a ribonucleic acid (RNA) or

complementary deoxyribonucleic acid (cDNA) sequence. In some embodiments, the nucleic

acid sequence is a deoxyribonucleic acid (DNA) sequence.

[0018] In some embodiments, the plurality of probes are linear probes. In some embodiments,

the plurality of probes are circular probes. In some embodiments, the plurality of probes

comprise molecular inversion probes. In some embodiments, the plurality of probes comprise

padlock probes. In some embodiments, said given probe of the plurality further comprises

processing sites. In some embodiments, the processing sites comprise additional amplification

regions. In some embodiments, the additional amplification regions comprise polymerase chain

reaction (PCR) primer sequences. In some embodiments, the processing sites comprise

additional cutting sites.

[0019] The present disclosure also provides a method of maturing the plurality of probes,

comprising: cutting away additional amplification regions via the additional cutting sites.



[0020] In some embodiments, said given probe of the plurality comprises a sufficient length so

as be circularized. In some embodiments, the sufficient length is equal to or more than 35

nucleotides.

[0021] The present disclosure also provides a method of depleting target sequences with said

given probe. The method may comprise: hybridizing the probe to a nucleic acid sequence, and

depleting said sequence. In some embodiments, said depleting is mediated by a RNase H

digestion.

[0022] In some embodiments, said depleting is mediated by a Cas9 or other protein-nucleic acid

complexes.

[0023] In another aspect, the present disclosure provides a method for in situ nucleic acid

sequence detection or identification of one or more target nucleic acid molecules of a cell. The

method comprises: (a) providing a reaction mixture comprising said one or more target nucleic

acid molecules and a plurality of probes, wherein said plurality of probes comprises a plurality of

target-specific sequences, a plurality of adaptor sequences and a plurality of barcode sequences,

wherein a given probe of said plurality of probes comprises: (i) a sequence of said plurality of

target-specific sequences that is complementary to a target sequence of a target nucleic acid

molecule of said one or more target nucleic acid molecules; (ii) an adaptor sequence of said

plurality of adaptor sequences coupled to said sequence, wherein said adaptor sequence is for

conducting an amplification reaction on said given probe when said sequence is hybridized to

said target sequence; and (iii) a barcode sequence of said plurality of barcode sequences coupled

to said adaptor sequence, wherein said barcode sequence is configured to allow detection or

identification of said target sequence or said at least said portion of said target nucleic acid

molecule, and wherein said plurality of barcode sequences are difference across said plurality of

probes; (b) subjecting said reaction mixture to conditions sufficient to permit said sequence to

hybridize to said target sequence; and (c) using said barcode to detect or identify said target

sequence or said at least said portion of said target nucleic acid molecule.

[0024] In some embodiments, the method further comprises, prior to (c), conducting said

amplification reaction on said given probe when said sequence is hybridized to said target

sequence.

[0025] In some embodiments, said target nucleic acid molecule is a ribonucleic acid molecule,

and wherein (b) further comprises subjecting said sequence to conditions sufficient to perform

reverse transcription amplification on said sequence to yield a complementary deoxyribonucleic

acid molecule as an amplification product of said given probe.



[0026] In some embodiments, the barcode sequence comprises a gene barcode corresponding to

a particular gene, and wherein the gene barcode is configured to allow detection of the particular

gene.

[0027] In some embodiments, the barcode sequence further comprises a sequence barcode

corresponding to the sequence complementary to the target region, and wherein the sequence

barcode is configured to allow detection of the sequence.

[0028] In some embodiments, the gene barcode is defined by a first set of sequences of the

barcode sequences, and wherein the sequence barcode is defined by the remaining set of

sequences of the barcode sequences.

[0029] In another aspect, the present disclosure provides a method of generating a library of

nucleic acid sequences for target nucleic acid sequence detection. The method may comprise:

identifying a set of target nucleic acid sequences; designing a plurality of linear probes targeting

the set of target nucleic acid sequences; hybridizing the plurality of linear probes to the target

nucleic acid sequence; circularizing the plurality of linear probes; and detecting the target nucleic

acid sequences by fluorescent in situ sequencing (FISSEQ).

[0030] In some embodiments, the probes are probe complexes comprising nucleic acid, DNA

transposase, or Cas9. In some embodiments, the plurality of linear probes are circularized by an

enzyme. In some embodiments, the enzyme comprises a ligase. In some embodiments, the

enzyme further comprises a reverse transcriptase, a polymerase, or both. In some embodiments,

the method further comprises amplifying the plurality of circularized probes.

[0031] In some embodiments the plurality of circularized probes are amplified by rolling circle

amplification. In some embodiments, each of the plurality of probes comprises an adaptor

sequence. In some embodiments, each of the plurality of probes further comprises a barcode

sequence. In some embodiments, the plurality of probes are synthesized by DNA microarray. In

some embodiments, the plurality of probes are hybridized to the target nucleic acid sequences in

the presence of a crowding agent. In some embodiments, the sequencing is sequencing by

synthesis (SBS), sequencing by ligation (SBL), or sequencing by hybridization (SBH). In some

embodiments, the target nucleic acids comprise ribonucleic acids or deoxyribonucleic acids. In

some embodiments, the deoxynucleic acids are double-stranded deoxynucleic acids. In some

embodiments, the double-stranded deoxynucleic acids are converted into single-stranded

deoxynucleic acids by thermal melting or enzymatic digestion. In some embodiments, the

plurality of probes comprises nucleic acid analogs. In some embodiments, the nucleic acid

analogs comprise locked-nucleic acid (LNA).

[0032] In another aspect, the present disclosure provides a method of scoring candidate nucleic

acid sequences for targeted nucleic acid sequence detection. The method comprises: identifying,



with aid of a processor, target nucleic acid sequences for detection; generating, with aid of the

processor, a probe sequence database, wherein the probe sequence database comprises a plurality

of different subsequences of the target nucleic acid sequences; scoring, with aid of the processor,

the plurality of different subsequences of the probe sequence database based on a predetermined

criteria for use in fluorescent in situ sequencing (FISSEQ).

[0033] In some embodiments, each of the plurality of candidate probe sequences comprise a

predetermined length. In some embodiments, the predetermined length is 15 nucleotides or less.

In some embodiments, said scoring is based on existence of a G quadruplex. In some

embodiments, said scoring is based on guanine-cytosine content. In some embodiments, said

scoring is based on a melting temperature of the plurality of different subsequences. In some

embodiments, said scoring is based on an exon pileup. In some embodiments, said scoring is

based on likelihood of probe heterodimerization. In some embodiments, said scoring is based on

existence of common k-mers. In some embodiments, said scoring is based on a thermodynamic

approach.

[0034] In some embodiments, the thermodynamic approach comprises using a Blast algorithm

with a short word size to find similarities, generating a similarity matrix, and using the similarity

matrix to compute thermodynamic values of the plurality of different subsequences, and

eliminating subsequences based on a thermodynamic threshold for cross-hybridization. In some

embodiments, said scoring is based on enzyme mismatch sensitivity profiles. In some

embodiments, said scoring is based on sequence dependency of downstream fluorescent in situ

sequencing (FISSEQ) steps. In some embodiments, the sequence dependency is measured using

probe-level barcodes. In some embodiments, said scoring is based on five or more different

criteria. In some embodiments, the method further comprises excluding, from the probe

sequence database, a subset of the plurality of different subsequences of the target nucleic acid

sequence. In some embodiments, the subset of the plurality of different subsequences comprises

subsequences not meeting the predetermined criteria. In some embodiments, the subset of the

plurality of different subsequences comprises subsequences comprising a G quadruplex. In some

embodiments, the subset of the plurality of different subsequences comprises subsequences likely

to undergo heterodimer formation. In some embodiments, the method further comprises

selecting, from the probe sequence database, a subset of the plurality of different subsequences of

the target nucleic acid sequence for synthesizing libraries of nucleic acid sequences for said

targeted nucleic acid sequence detection.

[0035] In some embodiments, the method further comprises synthesizing libraries of nucleic acid

sequences based on said scoring. In some embodiments, said libraries of nucleic acid sequences

comprise a subset of the plurality of different subsequences selected based on said predetermined



criteria. In some embodiments, the method further comprises incorporating an adaptor sequence

with each of the plurality of different subsequences. In some embodiments, the adaptor sequence

comprises a T2S sequencing primer. In some embodiments, the method further comprises

incorporating a barcode to each of the plurality of different subsequences. In some embodiments,

said assigning comprises: providing a pool of barcodes, and dentifying a set of g barcodes with

Hamming distance h. In some embodiments, the pool of barcodes are derived from a pool of k-

mers. In some embodiments, the pool of barcodes exclude homopolymers and GV runs >=4, or G

quadruplexes. In some embodiments, said identifying the set of g barcodes with Hamming

distance H is accomplished using a graph based algorithm.

[0036] In some embodiments, the method provided herein further comprises amplifying the

libraries of nucleic acid sequences. In some embodiments, a fraction of the plurality of different

subsequences is amplified. In some embodiments, the method further comprises purifying the

libraries of nucleic acid sequences. In some embodiments, the method further comprises

utilizing the libraries of nucleic acid sequences. In some embodiments, said utilizing the

plurality of different subsequences comprises utilizing the plurality of different subsequences in

fluorescent in situ sequencing (FISSEQ).

[0037] In another aspect, the present disclosure provides a method of generating libraries of

nucleic acid sequences for targeted nucleic acid sequence detection, the method comprising:

identifying a set of target nucleic acid sequences for detection; generating reference sequence

databases comprising sequence portions from the set of target nucleic acid sequences; selecting

candidate sequence portions from the reference sequence databases; designing, computationally,

the libraries of nucleic acid sequences, wherein said designing comprises scoring said candidate

sequence portions according to a predetermined criteria; synthesizing the libraries of nucleic acid

sequences; amplifying the libraries of nucleic acid sequences; purifying the libraries of nucleic

acid sequences; and validating the libraries of nucleic acid sequences for targeted nucleic acid

sequence detection, wherein the targeted nucleic acid sequence detection is via fluorescent in situ

sequencing (FISSEQ). In some embodiments, the libraries of nucleic acid sequences comprise a

sequence portion that is complementary to the candidate sequence portion of the target nucleic

acid sequences.

[0038] In some embodiments, the libraries of nucleic acid sequences further comprise adaptor

sequence. In some embodiments, the libraries of nucleic acid sequences further comprise a

barcode sequence. In some embodiments, the libraries of nucleic acid sequences are complexed

with one or more proteins. In some embodiments, the libraries of nucleic acid sequences are

synthesized on a DNA microarray. In some embodiments, the libraries of nucleic acid sequences

comprise guide RNAs that are complexed CRISPR enzymes for FISSEQ detection of the guide



RNAs, and wherein each of the guide RNAs comprises an adaptor sequence. In some

embodiments, the method comprises validating the nucleic acid sequences, wherein validating

the nucleic acid sequences is by sequencing by synthesis (SBS), sequencing by ligation (SBL), or

sequencing by hybridization (SBH). In some embodiments, targeted nucleic acid sequence

detection is by sequencing by synthesis (SBS), sequencing by ligation (SBL), or sequencing by

hybridization (SBH).

[0039] In some embodiments, the libraries of nucleic acid sequences are hybridized to the set of

target nucleic acid sequences in situ for detection. In some embodiments, a crowding agent is

included for enzyme-compatible enhancement of hybridization between the libraries of nucleic

acid sequences and the set of target nucleic acid sequences. In some embodiments, the method

further comprises circularizing the library of nucleic acid sequences hybridized to the target

nucleic acid sequences. In some embodiments, the library of nucleic acid sequences is

circularized by an enzyme. In some embodiments, the enzyme comprises a ligase. In some

embodiments, the enzyme further comprises a reverse transcriptase, a polymerase, or both.

[0040] In some embodiments, the library of nucleic acid sequences is circularized when

hybridized to a splint oligonucleotide. In some embodiments, the circularized library of nucleic

acid sequences are amplified by rolling circle amplification. In some embodiments, the target

nucleic acids comprise ribonucleic acids or deoxyribonucleic acids. In some embodiments, the

deoxynucleic acids are double-stranded deoxynucleic acids. In some embodiments, the double-

stranded deoxynucleic acids are converted into single-stranded deoxynucleic acids by thermal

melting or enzymatic digestion. In some embodiments, the library of nucleic acid sequences

comprises nucleic acid analogs. In some embodiments, the nucleic acid analogs comprise

locked-nucleic acid (LNA).

INCORPORATION BY REFERENCE

[0041] All publications, patents, and patent applications mentioned in this specification are

herein incorporated by reference to the same extent as if each individual publication, patent, or

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

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The novel features of the invention are set forth with particularity in the appended claims.

A better understanding of the features and advantages of the present invention will be obtained

by reference to the following detailed description that sets forth illustrative embodiments, in

which the principles of the invention are utilized, and the accompanying drawings of which:

[0043] FIG. 1A illustrates a mature primer comprising: (a) sequence complementary to the RNA

molecule at the 3' end, which anneals to the RNA molecule in situ and primes RT; (b) a common



adaptor sequence, from which RCA and sequencing reactions are primed; (c) a gene-level

barcode at the 5' end; and 5' phosphorylation, in accordance with embodiments.

[0044] FIG. IB illustrates that the complementary region of the primer anneals to the target

RNA species and primes an RT reaction, incorporating RNA-templated bases into the cDNA, in

accordance with embodiments.

[0045] FIG. 1C illustrates that in the linear RCA amplicon, each of the n tandem repeats

contains the barcode as well as adjacent RNA-templated sequence, enabling quantification of

capture specificity, in accordance with embodiments.

[0046] FIG. 2A illustrates an exemplary results of validation of microarray-synthesized FISSEQ

primer library, in accordance with embodiments.

[0047] FIG. 2B illustrates that a significant fraction of the pool contains a payload that matches

the expected size, which is indicated by the dotted line, in accordance with embodiments.

[0048] FIG. 2C illustrates a violin plot of the distribution of payloads of FIG. 2B, showing that

most members of the library are present at an average of a few copies, in accordance with

embodiments.

[0049] FIGs. 3A-F depict exemplary targeted FISSEQ capture schemes, in accordance with

embodiments.

[0050] FIGs. 4A-E depict an exemplary probe design and maturation strategy for manufacture of

padlock or gap-fill probes by oligonucleotide library synthesis, such as by DNA microarray, in

accordance with embodiments.

[0051] FIG. 5 illustrates an exemplary image of targeted FISSEQ of human breast cancer tissue

biopsy sample, in accordance with embodiments.

[0052] FIG. 6 illustrates exemplary experimental data summary of sequencing from FIG. 5, in

accordance with embodiments.

[0053] FIG. 7 shows a computer control system that is programmed or otherwise configured to

implement methods provided herein.

DETAILED DESCRIPTION OF THE INVENTION

Targeted FISSEQ

[0054] Fluorescent in situ sequencing (FISSEQ) can refer to a method to detect or sequence 3-

dimensionally arranged targets in situ within a matrix, wherein the detection signal is a

fluorescent signal. Sequencing methods that can be employed by FISSEQ can be sequencing-by-

synthesis, sequencing by ligation, or sequencing by hybridization. The targets detected or

sequenced in FISSEQ can be a biomolecule of interest or a probe bound to the biomolecule of

interest.



[0055] Targeted FISSEQ may have the potential for greater per-molecule sensitivity, as cellular

volume that would otherwise be occupied by RCA amplicons containing cDNA or DNA

sequence irrelevant to a biological phenomenon can be reallocated to the subset of RNA or DNA

species of interest. Moreover, for RNA capture, random hexamer priming of reverse transcription

may not be particularly efficient. See e.g., Stahlberg, Anders, et al. "Properties of the reverse

transcription reaction in mRNA quantification." Clinical chemistry 50.3 (2004): 509-515. In

some instances, targeted FISSEQ may have a sensitivity equal to or greater than about 5 times,

10 times, 20 times, 40 times, 80 times, 120 times, 160 times, 200 times, 400 times, 1000 times,

5000 times, or more of that of that of random FISSEQ. For example, assuming that a RCA

amplicon occupies 0.04 um 3 intracellular volume, approximately corresponding to the volume

of a diffraction-limited voxel under standard microscopy conditions, human cells range in

average approximate a volume from 100 um 3 (erithrocytes) to 4,000,000 um 3 (oocytes),

corresponding to a maximum of 2,500 to 100,000,000 diffraction-limited voxels per human cell,

depending on type. At the lower end, many human cells, such as erythrocytes, neutrophils, beta

cells, enterocytes, fibroblasts, and so on, can contain fewer than approximately 100,000

diffraction-limited voxels. However, a typical mammalian cell may contain as many as 500,000

mRNA molecules, corresponding to tens of thousands of genetic species. GAPDH, a house

keeping gene, is commonly assumed to be expressed at a copy number of 500 molecules per cell.

Given an erythrocyte with volume of 100 um 3 and containing 500,000 mRNA molecules, a

perfect space-filling FISSEQ method could detect as many as 0.5% of mRNA molecules, or

approximately on average 2.5 of the 500 GAPDH molecules, if sampled randomly. However, a

targeted GAPDH FISSEQ assay with optimized efficiency of 80% per-molecule capture,

comparable to estimates of single molecule FISH sensitivity, would detect on average

approximately 400 of the 500 GAPDH molecules, representing a 160-fold improvement in

sensitivity. For lower-expressed genes, such as transcription factors, which may be expressed at

only a few copies of RNA per cell (say, 5 molecules per cell), untargeted FISSEQ may detect on

average zero molecules per cell, whereas an 80% per-molecule efficient targeted FISSEQ assay

would detect 4 of 5 transcription factor RNA molecules, representing a nearly infinite

improvement in sensitivity. Moreover, for RNA capture, random hexamer priming of reverse

transcription may not be efficient. Other sequence capture methodologies and probe designs may

have better capture efficiencies. For DNA capture, targeted capture may also benefit from

enhanced per-molecule sensitivity.

[0056] Targeted FISSEQ can also be a substantially faster assay than whole transcriptome RNA

FISSEQ or whole genome DNA FISSEQ. In some instances, targeted FISSEQ may be about 2

times, 3 times, 4 times, 6 times, 8 times, 10 times, 12 times, 14 times, 16 times, 18 times, or 20



times faster than whole transcriptome RNA FISSEQ or whole genome DNA FISSEQ. As one

example, whole-transcriptome FISSEQ may require a sequencing read long enough for high-

precision short read alignment. In other words, the sequencing read may need to be long enough

to computationally determine the originating molecular species, such as by alignment of the

sequencing read to a genomic or transcriptomic reference sequence database. In such whole-omic

applications, RNA-seq reads may need to be approximately 20-30 bases long, while genomic

reads may need to be longer, such as 50-100 bases long, in order to recover substantially accurate

alignments. For targeted FISSEQ of barcode molecular labels, where the barcode labels may

understood to be nucleic acid sequences with 4 Ν complexity given a sequencing read of N

bases, a much shorter sequencing read may be required for molecular identification. For example,

1024 molecular species may be identified using a 5-nucleotide barcode sequence (4 5 = 1024),

whereas 8 nucleotide barcodes can be used to identify up to 65,536 molecular species, a number

greater than the total number of distinct genes in the human genome. Therefore, a targeted

FISSEQ assay designed to detect each gene in the human transcriptome may be nearly 4X faster

(8 bases vs 30 bases), and in the human genome up to more than 12X faster (8 bases vs 100

bases). When targeting specific RNA species for reverse transcription, the space of potential

cDNA sequences can be a significant subset of the entire transcriptome, and therefore fewer

bases of sequencing are required to identify the target molecule. When targeting specific DNA

loci or nucleotides for sequencing or re-sequencing, the space of captured sequences can be a

significant subset of the entire genomic sequence or cellular DNA sequence. Targeted FISSEQ

strategies where molecular "barcode" sequences contained in the probes are detected, rather than

endogenous sequences, can be an efficient read-out in terms of information per cycle of

sequencing. Because the barcode sequences are pre-determined, they can also be designed to

feature error detection and correction mechanisms.

[0057] The targeted FISSEQ can be applied to any sample from which spatial information is of

interest. For example, the sample can be a biological sample, including a cell, a tissue, and a

cellular matrix. Depending on the application, the biological sample can also be whole blood,

serum, plasma, mucosa, saliva, cheek swab, urine, stool, cells, tissue, bodily fluid or a

combination thereof.

[0058] The present disclosure provides for various targeted nucleic acid FISSEQ library

construction methods. Therefore, even though the disclosure will not explicitly enumerate all

possible implementations, it should be understood that the general descriptions of these

approaches can be extended or combined in a variety of ways. These strategies may vary in the

number and type of enzymatic reactions required to construct the in situ sequencing library, from

the most elaborate (e.g. a targeted RNA FISSEQ method closely mirroring the random capture



protocol, but using a pool of specific RT primers), to the simplest methods requiring no

enzymatic reactions, only nucleic acid hybridization.

[0059] The term "nucleic acid" as used herein may refer to a molecule comprising one or more

nucleic acid subunits, or nucleotides, and can be used interchangeably with "polynucleotide" or

"oligonucleotide". A nucleic acid may include one or more nucleotides selected from adenosine

(A), cytosine (C), guanine (G), thymine (T) and uracil (U), or variants thereof. A nucleotide may

include a nucleoside and at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more phosphate (P03) groups. A

nucleotide can include a nucleobase, a five-carbon sugar (either ribose or deoxyribose), and one

or more phosphate groups. Ribonucleotides are nucleotides in which the sugar is ribose.

Deoxyribonucleotides are nucleotides in which the sugar is deoxyribose. A nucleotide can be a

nucleoside monophosphate or a nucleoside polyphosphate. A nucleotide can be a

deoxyribonucleoside polyphosphate, such as, e.g., a deoxyribonucleoside triphosphate (dNTP),

which can be selected from deoxyadenosine triphosphate (dATP), deoxycytidine triphosphate

(dCTP), deoxyguanosine triphosphate (dGTP), uridine triphosphate (dUTP) and deoxythymidine

triphosphate (dTTP) dNTPs, that include detectable tags, such as luminescent tags or markers

(e.g., fluorophores). A nucleotide can include any subunit that can be incorporated into a

growing nucleic acid strand. Such subunit can be an A, C, G, T, or U, or any other subunit that is

specific to one or more complementary A, C, G, T or U, or complementary to a purine (i.e., A or

G, or variant thereof) or a pyrimidine (i.e., C, T or U, or variant thereof). In some examples, a

nucleic acid is deoxyribonucleic acid (DNA), ribonucleic acid (RNA), or derivatives or variants

thereof. A nucleic acid can be single-stranded, double-stranded, triple-stranded, helical, hairpin,

etc. In some cases, a nucleic acid molecule is circular. A nucleic acid can have various lengths.

A nucleic acid molecule can have a length of at least about 10 bases, 20 bases, 30 bases, 40

bases, 50 bases, 100 bases, 200 bases, 300 bases, 400 bases, 500 bases, 1 kilobase (kb), 2 kb, 3,

kb, 4 kb, 5 kb, 10 kb, 50 kb, or more. A nucleic acid molecule can be isolated from a cell or a

tissue. As embodied herein, the nucleic acid sequences may comprise isolated and purified

DNA/RNA molecules, synthetic DNA/RNA molecules, synthetic DNA/RNA analogs.

[0060] Nucleic acid analogs can include, but are not limited to, 2'-0-methyl modifications, 2'-0-

methyl modified ribose sugars with terminal phosphorothioates and a cholesterol group at the 3'

end, 2'-0-methoxyethyl (2'-MOE) modifications, 2'-fluoro modifications, and 2', 4' methylene

modifications (LNAs). Further exemplary inhibitory nucleic acids include modified

oligonucleotides (2'-0-methylated or 2'-0-methoxyethyl), locked nucleic acids (LNA),

morpholino oligonucleotides, peptide nucleic acids (PNAs), PNA-peptide conjugates, and

LNA/2'-0-methylated oligonucleotide mixmers. For exemplary modifications see, e.g., Valoczi

et al., Nucleic Acids Res. 32(22):el75 (2004) Fabiani and Gait, RNA 14:336-46 (2008); Lanford



et al., Science 327(5962:198-201 (2010); Elmen et al., Nature 452:896-9 (2008); Gebert et al.,

Nucleic Acids Res. 42(1):609-21 (2013); Kloosterman et al., PLoS Biol 5(8):e203 (2007); and

Elmen et al., Nucleic Acids Res. 36:1153-1162 (2008).

[0061] Additional examples of modified nucleotides include, but are not limited to

diaminopurine, 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine,

xantine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl)uracil, 5-carboxymethylaminomethyl-2-

thiouridine, 5-carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine,

inosine, N6-isopentenyladenine, l-methylguanine, l-methylinosine, 2,2-dimethylguanine, 2-

methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 7-

methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D-

mannosylqueosine, 5'-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-D46-

isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 2-

thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-mettiyluracil, uracil-5- oxyacetic

acid methylester, uracil-5-oxyacetic acid(v), 5-methyl-2-thiouracil, 3-(3-amino- 3- N-2-

carboxypropyl) uracil, (acp3)w, 2,6-diaminopurine and the like. In some cases, nucleotides may

include modifications in their phosphate moieties, including modifications to a triphosphate

moiety. Non-limiting examples of such modifications include phosphate chains of greater length

(e.g., a phosphate chain having, 4, 5, 6, 7, 8, 9, 10 or more phosphate moieties) and modifications

with thiol moieties (e.g., alpha-thiotriphosphate and beta-thiotriphosphates). Nucleic acid

molecules may also be modified at the base moiety (e.g., at one or more atoms that typically are

available to form a hydrogen bond with a complementary nucleotide and/or at one or more atoms

that are not typically capable of forming a hydrogen bond with a complementary nucleotide),

sugar moiety or phosphate backbone. Nucleic acid molecules may also contain amine-modified

groups, such as amino ally 1-dUTP (aa-dUTP) and aminohexhylacrylamide-dCTP (aha-dCTP) to

allow covalent attachment of amine reactive moieties, such as N-hydroxysuccinimide esters

(NHS). Alternatives to standard DNA base pairs or RNA base pairs in the oligonucleotides of

the present disclosure can provide higher density in bits per cubic mm, higher safety (resistant to

accidental or purposeful synthesis of natural toxins), easier discrimination in photo-programmed

polymerases, or lower secondary structure. Such alternative base pairs compatible with natural

and mutant polymerases for de novo and/or amplification synthesis are described in Betz K,

Malyshev DA, Lavergne T, Welte W, Diederichs K, Dwyer TJ, Ordoukhanian P, Romesberg FE,

Marx A. Nat. Chem. Biol. 2012 Jul;8(7):612-4, which is herein incorporated by reference for all

purposes.

[0062] Enzymatic reactions can be challenging to optimize in situ, and are a likely source of

reduced capture efficiency per target molecule. However, enzymatic reactions can also increase



the amount of information captured in the FISSEQ library. For example, reverse transcription is

necessary for de novo detection of RNA sequences, including variation due to RNA editing,

alternative splicing, or gene fusions. Without using an enzyme to capture RNA-templated

sequence, or to catalyze a base mismatch-sensitive reaction, nucleic acid hybridization alone can

be dependent upon to confer specificity on the probe-target interaction. In some embodiments,

the mismatch sensitivity of Cas9 or another nucleic acid-guided, nucleic acid-binding protein

may be used to enhance the capture specificity of a DNA sequence.

[0063] In some embodiments, targeted FISSEQ methods provided herein comprises a pool, or

library, of short oligonucleotide probes to specifically capture certain nucleic acid molecules. The

term "probe" used herein can refer to an oligonucleotide that can bind to a biomolecule target in

a sample. The probe can directly or indirectly bind to the target. The probe can be in various

lengths. To reduce the cost of synthesizing the probe pools, in some embodiments, microarray

DNA synthesis platforms can be used to generate massively complex short (approximately 200

nucleotide) oligonucleotide libraries. See e.g., Kosuri, Sriram, and George M. Church. "Large-

scale de novo DNA synthesis: technologies and applications." Nature methods 11.5 (2014): 499-

507. Exemplary platforms may include platforms provided by Agilent, CustomArray, and Twist

Bioscience. Microarray synthesis may refer to the synthesis of DNA or nucleic acid analog

oligonucleotides attached to a solid substrate. Commercial supplier Twist Bioscience, for

example, features microarrays containing 9,600 wells with 121 discrete oligonucleotide species

synthesized per well, for a total of 1.16 million oligonucleotides per array. Commercial supplier

Agilent's OLS libraries contain just over 244,000 oligonucleotide species, while the DNA

microarray of commercial supplier Custom Array synthesizes just over 94,000. These libraries of

oligonucleotides are typically liberated from the solid support substrate into a solution of DNA

species representing a renewable source of single-stranded DNA probes, generated using

techniques to highly amplify and process the library. See e.g., Beliveau, Brian J., Nicholas

Apostolopoulos, and Chao-ting Wu. "Visualizing genomes with Oligopaint FISH probes."

Current Protocols in Molecular Biology (2014): 14-23; Chen, Kok Hao, et al. "Spatially

resolved, highly multiplexed RNA profiling in single cells." Science 348.6233 (2015): aaa6090).

Alternatively, the oligonucleotides may be amplified directly from the solid support, in whole or

in specific subpools. See e.g., Kosuri, Sriram, et al. "Scalable gene synthesis by selective

amplification of DNA pools from high-fidelity microchips." Nature biotechnology 28.12 (2010):

1295-1299.

[0064] To enable the microarray synthesis strategy, additional sequences for amplification and

subsequent processing and maturation of the probes can be added to the probes. Software to

facilitate computational design of the probe sequences, as well as validation by high-throughput



sequencing of the final products are discussed herein. The detailed descriptions of these strategies

are presented in the section on DNA Array Synthesis of Probe Pools.

[0065] Accordingly, the present disclosure provides that targeted FISSEQ can be used to detect,

identify, quantify, and/or determine the nucleotide sequences of a subset of the whole

transcriptome or whole genome of a biological sample.

[0066] In various embodiments, the present disclosure provides methods of targeting nucleic acid

detection via FISSEQ to a subset of the whole transcriptome or whole genome. In some

embodiments, the present disclosure provides methods to select a subset of targets from the

whole transcriptome or whole genome. In some embodiments, the present disclosure provides

methods to design probes for the target detection. In some embodiments, the present disclosure

provides methods to synthesize probes for the target detection. The disclosure provides that

certain novel methods of targeting nucleic acid detection via FISSEQ presented here utilize DNA

microarray synthesis of oligonucleotide "libraries". In some embodiments, the present disclosure

provides different probe design strategies, resulting in probes having different architectures. In

some embodiments, the present disclosure provides methods to mature probes, resulting in

probes suitable for FISSEQ target detection. The term "maturation" and "maturing" used herein

may refer to a process to make a probe or a probe library suitable to be used in the FISSEQ

assay. For example, in some cases, a probe library synthesized from the DNA microarray may

need to be further amplified before using in FISSEQ. In these cases, an amplification primer

may be incorporated in each of the probe in the original probe library for amplification, but needs

to be cleaved after amplification to mature the probe library.

[0067] Targeted FISSEQ can exhibit several benefits, such as enhanced sensitivity and/or shorter

assay time in the detection, identification, quantification, and/or determining the nucleotide

sequence of the target species, relative to "random" or "whole-omic" detection via FISSEQ.

Targeted RNA Capture

Capture by reverse transcription

[0068] Specific reverse transcription (RT) primers rather than random primers can be used for

RNA FISSEQ and can exhibit several advantages as discussed above. However, challenges

remain for targeting RNA species using specific RT primers rather than random primers. For

example, while in prior studies, targeting of the mCherry mRNA, was possible, this transcript

was expressed at a much higher level than most endogenous genes. See e.g., Lee, Je Hyuk, et al.

"Highly multiplexed subcellular RNA sequencing in situ." Science 343.6177 (2014): 1360-1363.

Among the RT primers that were targeted to mCherry mRNA, it was observed that the efficiency

of RNA capture fall dramatically as the target site moved away from the 5' end of the transcript.



Since this experiment also used a targeted rolling circle amplification (RCA) primer

complementary to cDNA sequence just after the annotated transcription start site, the RT primer

position-dependent variation in efficiency could be due to either inefficient circularization of the

longer cDNA molecules or reverse transcription terminating prematurely, before reaching the

RCA priming sequence. It remains as a challenge to rationally design targeted RT primers

against other genes to generate appreciable numbers of RCA amplicons. Given that the logic of

RNA accessibility in situ was not fully understood — for example, which regions of RNA

transcripts are generally bound by paused or dense polysome complex — nor the sequence

dependency of reverse transcriptase, one approach to targeted RT for FISSEQ of the present

disclosure is to massively tile target species with RT primers. In some instances, a target RNA or

DNA species may be massively tiled by targeted capture probes by designing a plurality of

probes complementary in part, or substantially complimentary in part, to the entirety of the

nucleic acid species in aggregate. In such instances, a target RNA species k bases long may have

k targeting primers. For example, a pool of targeted reverse transcription primers with 20-

nucleotides of sequence complementarity, or substantial sequence complementarity, to the target

species, may contain a primer complementary or substantially complementary to bases 1-20,

another complementary or substantially complementary to bases 2-21, and so on, with the last

primer complementary or substantially complementary to the bases (k-20) to k, where the target

species is k bases long. In other instances, the pool of targeted primers may comprise 1-10, 10-

100, 100-1000, or 1 to k primers.

[0069] To facilitate fast detection, a barcoded FISSEQ strategy can be used, which reduces the

number of sequencing cycles necessary to detect the molecular identity of each RCA amplicon

(DNA nanoball). In some embodiments, a mature targeted RT primer can include the following

features: a sequence complementary to the RNA molecule at the 3' end, which anneals to the

RNA molecule in situ and primes RT; a common adaptor sequence, from which RCA and

sequencing reactions are primed; a gene-level barcode at the 5' end; and 5' phosphorylation

(FIGS. 1A-1C). The term "gene-level barcode" used herein can refer to a barcode sequence

specific to a particular gene. In some embodiments, a unique barcode may be used to for one or

more genes. As used herein, the terms gene-level barcode and gene barcode may be used

interchangeably.

[0070] The gene-level barcode can be in various lengths, for example, 1-3 nucleotides in length,

3-5 nucleotides in length, 5-8 nucleotides in length, 8-10 nucleotides in length, or 10-15

nucleotides in length. In some embodiments, the gene-level barcode can be 2, 3, 4, 5, 6, 7, 8, 9,

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides in length. In some embodiments, the

gene-level barcode may be more than 20 nucleotides in length. For example, the gene-level



barcode can be designed to be 5 nucleotides in length, in theory allowing for up to 4 5 (1024)

genes to be targeted simultaneously. In practice, the number of usable barcodes, given a barcode

length of k bases, may be less than 4k due to the limitations of probe design and synthesis, which

are discussed in the section on array synthesis. By designing RT primers containing a gene-level

barcode on the 5' end, sequencing by ligation may be in the more efficient 5' direction.

Moreover, by sequencing additional bases beyond the barcode we may acquire endogenous

cDNA sequence, as the bases 5' of the barcode on the sequencing template correspond to the last

RNA-templated bases of the linear cDNA (see FIG. 1C).

[0071] Targeted FISSEQ libraries for a number of sets of genes can be synthesized, including the

clinically relevant Oncotype Dx, in order to demonstrate the use of FISSEQ for making

diagnostic and prognostic determinations for human cancer. See e.g., Cronin, Maureen, et al.

"Analytical validation of the Oncotype DX genomic diagnostic test for recurrence prognosis and

therapeutic response prediction in node-negative, estrogen receptor-positive breast cancer."

Clinical chemistry 53.6 (2007): 1084-1091. Targeted RNA FISSEQ datasets can be analyzed for

other applications, including cellular developmental programming and detection of individual

neuronal connections for connectomic reconstruction.

[0072] RT efficiency can be dependent on various factors including the primer sequence, RNA

secondary structure, and/or polysome and protein occupancy on the RNA. In some instances, a

unique probe barcode sequence may be coupled or incorporated into RT primers. By

incorporating a unique probe barcode sequence into each RT primer, the barcode can be utilized

to directly measure both the capture efficiency and specificity of each primer. Because each

molecule of template is likely to acquire a unique barcode from the random barcode pool, the

number of original transcript that are transcribed can be counted by counting the number of

unique barcode. While this strategy can be useful for empirically screening primers and

investigating the logic of efficient in situ RNA sequence capture by RT, barcoding each probe

can reduce the overall number of genes that can be simultaneously detected given a particular

barcode length. This during primer design can be mitigated by using the first x bases for the

gene-level barcode (theoretical maximum 4 genes), then the next y bases for the probe barcode

(theoretical maximum 4y probes per gene), with the probe barcodes being degenerate at the gene

level. As used herein, a probe barcode may also be referred to as a sequence-level barcode, or a

sequence barcode. In some instances, the gene-level barcode and the probe may be contiguous.

Optionally, the gene barcode and the probe barcode may or may not share common nucleotide

bases.

[0073] In one example, we designed initial RT primer optimization libraries specifically

targeting the beta actin mRNA and the ribosomal RNA 18S. For probes targeting 18S rRNA,



priming in helix 19 exhibited the greatest efficiency, although we also had high efficiency

targeting helix 22. This result agrees in part with previous studies which related to measurement

of 18S rRNA accessibility to FISH. See e.g., Applied and Environmental Microbiology 69.3

(2003): 1748-1758. The probe barcode can be in various lengths, for example, 1-3 nucleotides in

length, 3-5 nucleotides in length, 5-8 nucleotides in length, 8-10 nucleotides in length, or 10-15

nucleotides in length. In some embodiments, the probe barcode can be 2, 3, 4, 5, 6, 7, 8, 9, 10,

11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides in length. In some embodiments, the probe

barcode may be more than 20 nucleotides in length.

Capture by circularization

[0074] In some instances, the probe capturing a target can be circularized. In some

embodiments, the probe capturing a target can be circularized after reverse transcription. In

some embodiments, the probe capturing a target can comprise sequence regions at both 5' and 3'

ends of the probe that are complementary to a target sequence so that it circularizes after

hybridizing to the target. In some embodiments, the probe capturing a target can be circularized

with ligase. In some embodiments, the probe capturing a target can comprise a gap region after

hybridizing to a target. In some embodiments, the probe capturing a target can be circularized by

using a nucleic acid polymerase to fill in the gap region and followed by ligase.

[0075] In order to amplify a molecular probe using RCA, a circular DNA template may be

required. A circular probe may be localized to a target RNA using various methods. For example,

RT followed by ssDNA circularization is one method of localizing a circular probe molecule to a

target RNA. Two other "capture by circularization" techniques, using padlock probes and

molecular inversion probes (MIPs), may avoid circularization of ssDNA in favor of splint

ligation (FIG. 3). Both types of probes (e.g., padlock probes and /or MIPs) may contain sequence

regions at both 5' and 3' ends of the probe that are complementary to a target sequence. MIPs

may contain a gap between the 5' and 3' ends that is filled by a polymerase or ligase,

incorporating templated bases or complementary oligonucleotides into the probe. The MIP may

be circularized by a ligase when the 3' end meets the 5' end. See e.g., Hardenbol, Paul, et al.

"Multiplexed genotyping with sequence-tagged molecular inversion probes." Nature

biotechnology 21.6 (2003): 673-678. For padlock probes, the 5' and 3' ends may be adjacent to

one another when annealed, and may be ligated directly. See e.g., Nilsson, Mats, et al. "Padlock

probes: circularizing oligonucleotides for localized DNA detection." Science 265.5181 (1994):

2085-2088. In both cases, the DNA ligase may enforce specificity during circularization of the

probe by virtue of its mismatch sensitivity. Capture by circularization can be achieved by either

targeting the RNA directly, or by targeting cDNA.



RNA splint ligation

[0076] In some embodiments, the probe can be ligated through splint ligation by a ligase. In

some embodiments, the ligase may be T4 DNA ligase or SplintR.

[0077] Both padlock probes and MIPs can be hybridized directly to RNA. Targeting RNA

molecules directly for capture by circularization may have the advantage of not requiring cDNA

synthesis. T4 DNA ligase, in addition to its conventional activity on DNA substrates, can

catalyze the ligation of nicked DNA within a hybrid DNA:RNA duplex. See e.g., Nilsson, Mats,

et al. "Enhanced detection and distinction of RNA by enzymatic probe ligation." Nature

biotechnology 18.7 (2000): 791-793; Christian, Allen T., et al. "Detection of DNA point

mutations and mRNA expression levels by rolling circle amplification in individual cells."

Proceedings of the National Academy of Sciences 98.25 (2001): 14238-14243; Nilsson, Mats, et

al. "RNA-templated DNA ligation for transcript analysis." Nucleic acids research 29.2 (2001):

578-581. In some instances, ligases, such as SplintR (NEB) may catalyze this ligation with even

greater efficiency. See e.g., Lohman, Gregory JS, et al. "Efficient DNA ligation in DNA-RNA

hybrid helices by Chlorella virus DNA ligase." Nucleic acids research 42.3 (2014): 1831-1844.

SplintR may in some instances exhibit good mismatch detection properties. Optionally,

properties, such as good mismatch detection properties of DNA ligase may be used to capture a

MIP directly on an RNA molecule, ligating in short oligonucleotides to fill the gap. In some

instances, a MIP may be used against an RNA target, using a reverse transcriptase or DNA

polymerase with reverse transcriptase activity to incorporate RNA-templated bases into the

circular probe. See e.g., Moser, Michael J., et al. "Thermostable DNA polymerase from a viral

metagenome is a potent RT-PCR enzyme." PLoS One 7.6 (2012): e38371.

[0078] A polymerase may be used to generate RCA products from a hybrid RNA:circular-DNA

complex described above. For example, a Phi29 DNA polymerase can synthesize an RCA

product from the hybrid RNA:circular-DNA complex by digestion of the RNA molecule via 3'

exonucleotide activity until the 3' end primes the circular template. Previous demonstrations of

this approach, however, have been restricted to sequences near the 3'-end of the RNA. See e.g.,

Stougaard, Magnus, et al. "In situ detection of non-polyadenylated RNA molecules using Turtle

Probes and target primed rolling circle PRINS." BMC biotechnology 7.1 (2007): 1; Lagunavicius,

Arunas, et al. "Duality of polynucleotide substrates for Phi29 DNA polymerase: 3'→ 5' RNase

activity of the enzyme." RNA 14.3 (2008): 503-513. In some instances, the 3' end of the RNA

may be required to be in close proximity to the circular template, and RNA secondary structure

formation may inhibit Phi29 3' exonuclease activity, preventing it from degrading longer



stretches of RNA and priming RCA. This limitation could be avoided, for example, by

introducing a separate RCA priming region on the probe as disclosed in the present disclosure.

cDNA splint ligation

[0079] In some embodiments, the RNA target can be first reverse transcribed into a cDNA

molecule, either specifically or non-specifically, and then the cDNA molecule can be captured by

a probe. In some instances, the probe may be a MIP or padlock probe described herein. Ligation

of dsDNA using DNA ligase may occur with greater efficiency and/or with higher mismatch

sensitiv than ligation of a hybrid duplex. See e.g., Lagunavicius, Arunas, et al. "Duality of

polynucleotide substrates for Phi29 DNA polymerase: 3'→ 5' RNase activity of the enzyme."

RNA 14.3 (2008): 503-513; Bullard, Desmond R., and Richard P. Bowater. "Direct comparison

of nick-joining activity of the nucleic acid ligases from bacteriophage T4." Biochemical Journal

398.1 (2006): 135-144.. See also Sriskanda, Verl, and Stewart Shuman. "Specificity and fidelity

of strand joining by Chlorella virus DNA ligase." Nucleic acids research 26.15 (1998): 3536-

3541. In some instances, ligation of dsDNA using DNA ligase may occur with kcat/Km equal to or

greater than 10, 102,103, 104, 105, 106, 107 or any value therebetween. Both MIP and/or padlock

probe capture against cDNA can be used for multiplex detection of RNA molecules in situ. See

e.g., Ke, Rongqin, et al. "In situ sequencing for RNA analysis in preserved tissue and cells."

Nature methods 10.9 (2013): 857-860; Mignardi, Marco, et al. "Oligonucleotide gap-fill ligation

for mutation detection and sequencing in situ." Nucleic acids research 43.22 (2015): el51-el51.

Due to the use of reverse transcription, however, these strategies may have limited capture

efficiency (per-molecule capture efficiency <30%). See e.g., Larsson, Chatarina, et al. "In situ

detection and genotyping of individual mRNA molecules." Nature methods 7.5 (2010): 395-397.

In some embodiments, the RT primer region of the probe can comprise nucleotide analogs such

as LNA bases. RT primers containing LNA bases (Exiqon) may be used to increase

hybridization efficiency in situ and also increase amplicon density for downstream padlock probe

capture. See e.g., Larsson, Chatarina, et al. "In situ detection and genotyping of individual

mRNA molecules." Nature methods 7.5 (2010): 395-397; Ke, Rongqin, et al. "In situ sequencing

for RNA analysis in preserved tissue and cells." Nature methods 10.9 (2013): 857-860. LNA-

containing primers can also be designed for resistance to RNase H such that the localization of

the cDNA can be maintained by annealing to the cross-linked RNA molecule. See e.g., Kurreck,

Jens, et al. "Design of antisense oligonucleotides stabilized by locked nucleic acids." Nucleic

acids research 30.9 (2002): 1911-1918; Ke, Rongqin, et al. "In situ sequencing for RNA analysis

in preserved tissue and cells." Nature methods 10.9 (2013): 857-860. LNA modifications can be

incorporated into the synthesis of a nucleic acid probe or introduced during PCR for



amplification of LNA-RT primers from array-synthesized oligonucleotide libraries. See e.g.,

Veedu, Rakesh N., Birte Vester, and Jesper Wengel. "Enzymatic incorporation of LNA

nucleotides into DNA strands." ChemBioChem 8.5 (2007): 490-492.

Without target-molecule splint ligation

[0080] In some embodiments, it may be possible to circularize a linear capture probe in situ,

targeted either to RNA or cDNA, but using another oligonucleotide as the splint for ligation,

rather than the target nucleic acid. This strategy may rely on hybridization alone to confer

specificity of the probe-target interaction, but may avoid some problems that arise when using

the target molecule as the splint. For example, if both the probe and the splint oligonucleotide are

composed of DNA, the splint ligation reaction is likely to be efficient.

[0081] In some embodiments, hybridizing circular probes directly to the RNA molecule can be

used, avoiding the in situ circularization step entirely. In some instances, potential problems can

arise from this strategy due to the different properties of circular ssDNA compared to linear

ssDNA. Linear ssDNA may be a flexible polymer, with a persistence length in the order of a few

nanometers. See e.g., Smith, Steven B., Yujia Cui, and Carlos Bustamente. "Overstretching B-

DNA: the elastic response of individual double-stranded and single-stranded DNA molecules."

Science 271.5250 (1996): 795; Tinland, Bernard, et al. "Persistence length of single-stranded

DNA." Macromolecules 30.19 (1997): 5763-5765),. Circular ssDNA may have a significantly

longer persistence length. See e.g., Rechendorff, Kristian, et al. "Persistence length and scaling

properties of single-stranded DNA adsorbed on modified graphite." The Journal of chemical

physics 131.LPMV-ARTICLE-2009-002 (2009): 095103. This may reduce the diffusion rate of

the probe into the FISSEQ hydrogel as a circular ssDNA typically migrates more slowly than the

linear molecule during acrylamide gel electrophoresis. In some cases, circularization of one DNA

molecule onto another linear DNA molecule may topologically link the molecules. It may be

possible to hybridize a circular DNA molecule with a linear DNA molecule without introducing a

strand break, i.e., without topologically linking them, by the region of the circular DNA not

participating in base-pairing winding back around the target strand the same number of times as

the number of helical turns of the duplex. In some embodiments, hybridization of a circularized

probe to a target can exhibit greater specificity than a linear probe, possibly due to the bending

force or tension created by the locked circular conformation. See e.g., Tang, Yaqin, et al.

"Tension promoted circular probe for highly selective microRNA detection and imaging."

Biosensors and Bioelectronics 85 (2016): 151-156. These molecules, however, are not

constrained by topology due to the short length of the miRNA.



[0082] In some embodiments, a target can be bound by a number of probes. Because RCA

massively amplifies the probe, any probe bound off-target or retained non-specifically within the

sample can generate a false positive capture event. In some instances, it may be difficult to

determine, using only a single probe, whether an amplified probe is localized to a target

molecule. However, strategies for error detection and error correction using multiple capture

probes per molecule can be devised. For example, the complete barcode sequence might be

distributed among a number of probes. The likelihood of spatially co-localized off-target binding

or non-specific retention of multiple probes corresponding to the same target molecule is small.

Using proteins which exhibit binding or other reactivity to nucleic acids

[0083] In some embodiment, the probe capturing a target can be a probe complex comprising a

protein component and a nuclei acid component. The protein component can facilitate binding of

the probe onto the target.

[0084] In some embodiments, nucleic-acid binding proteins, such as Cas9, can be used to design

targeted RNA FISSEQ methods. In some other embodiments, proteins that catalyze nucleic acid

reactions other than binding, such as cleavage or ligation, may be directed to the detection of

certain RNA or cDNA species. Completely programmable RNA-binding proteins can be

generated using concatamers of engineered Pumilio homology domains which may be linked to a

nucleic acid label (as by mRNA display, ribosome display, or conjugation of a nucleic acid tag).

See e.g., Adamala, Katarzyna P., Daniel A. Martin-Alarcon, and Edward S. Boyden.

"Programmable RNA-binding protein composed of repeats of a single modular unit."

Proceedings of the National Academy of Sciences 113.19 (2016): E2579-E2588.

[0085] In some embodiments, nucleic acid-guided nucleic acid binding proteins can be used.

Exemplary nucleic acid-guided nucleic acid binding proteins may include Argonaute, Cas9,

Cpfl, and/or C2c2. See e.g., Bouasker, Samir, and Martin J. Simard. "Structural biology: tracing

Argonaute binding." Nature 461.7265 (2009): 743-744); Mali, Prashant, et al. "RNA-guided

human genome engineering via Cas9." Science 339.6121 (2013): 823-826; Cpfl (Zetsche, Bernd,

et al. "Cpfl is a single RNA-guided endonuclease of a class 2 CRISPR-Cas system." Cell 163.3

(2015): 759-771; Abudayyeh, Omar O., et al. "C2c2 is a single-component programmable RNA-

guided RNA-targeting CRISPR effector." Science (2016): aaf5573. Nucleic acid-guided nucleic

acid binding proteins, such as Argonaute and C2c2, can provide even greater flexibility as a

single protein is capable of binding a diverse array of targets using a guide nucleic acid to confer

specificity. These affinity-binding reactions can be used to localize a barcode nucleic acid to a

target RNA molecule, such as an initiator of hybridization chain reaction (HCR), linear or

circular DNA label for rolling circle amplification (RCA), or other type of detectable label. In the



case of the nucleic acid-guided nucleic acid binding proteins, the guide strand of RNA or DNA

could be detected instead of the target nucleic acid molecule. The guide nucleic acid molecules

may be synthesized and amplified from a microarray.

[0086] Proteins which catalyze reactions of nucleic acids may be used to affect certain species of

RNA or cDNA. For example, nucleic acid cleavage and/or ligation reactions may be used to

modify certain RNA or cDNA species for detection in situ. An RNA or cDNA molecule can

serve as a template for "Tagmentation", wherein the molecule is cleaved and an exogenous

nucleic acid is ligated onto one of the fragments. See e.g., Syed, Fraz. "Second-Generation

Sequencing Library Preparation: In Vitro Tagmentation via Transposome Insertion." Tag-Based

Next Generation Sequencing: 3 11-321. The nucleic acid reactions can be directed to certain

species using the binding specificity of the probe complex, comprising the protein component

and/or a "guide" nucleic acid component. In some embodiments, certain species of RNA or

cDNA which are not targets of interest can be modified using the strategies described herein in

order to be eliminated for detection. For example, unwanted targets can be degraded by various

exonucleases or endonucleases, such as RNase H. In some embodiments, certain species of RNA

or cDNA may be modified.

Formation of linearpolymerase colonies for detection

[0087] In some embodiment, the probe capturing a target comprises a common adaptor region

for further amplification. In some embodiment, the probe or circularized probe can be amplified

by RCA. In some embodiments, a linear amplification product can be prepared, such as polony.

[0088] As an alternative to rolling circle amplification (RCA), linear polymerase colonies

("polonies") may be formed using a linear substrate. Polonies may be generated as described in

Mitra, Robi D., et al. "Fluorescent in situ sequencing on polymerase colonies." Analytical

biochemistry 320.1 (2003): 55-65, which is incorporated by reference herein. Polonies may

comprise RNA, cDNA, RNA or cDNA modified in situ by enzymes, nucleic acid probes

hybridized to RNA or cDNA, or nucleic acid probes localized to a target RNA or cDNA species

by a nucleic acid-protein complex, such as those listed above. Polonies may be subsequently

detected via FISSEQ.

[0089] To summarize the RNA capture, in various embodiments, the disclosure provides that

reverse transcription may be targeted to certain RNA species by synthesizing probes comprising

reverse transcription primers comprising sequence complementary to RNA sequence, which act

to specifically prime cDNA synthesis of those RNA species. These probes containing RT primers

can subsequently be processed into a FISSEQ library.



[0090] In some embodiments, the disclosure provides that RNA species can be detected in situ

wherein the final product of the probe is a circular DNA molecule, which acts as a template for

rolling circle amplification (RCA), for detection via FISSEQ. In some embodiments, the capture

probes can be linear probes, which are hybridized to a RNA or cDNA molecule and circularized

by a ligase when annealed to complementary RNA or cDNA sequence. In some embodiment,

the capture probes can be linear probes, which are hybridized to a RNA or cDNA molecule and

circularized after endogenous RNA or cDNA sequence is used as a sequence template, filling in a

"gap" in the linear probe, as by a reverse transcriptase, DNA polymerase, or ligase, such that the

probe may be ligated into a circle. In some embodiments, the capture probes can be linear

probes, which are hybridized to a RNA or cDNA molecule and circularized by a ligase using an

additional "splint" oligonucleotide independent of the target RNA or cDNA molecule. In some

embodiments, the capture probes can be circular probes, which are hybridized to a RNA or

cDNA molecule.

[0091] In some embodiments, the present disclosure provides methods to capture a RNA target

by a probe complex comprising a protein component and a nucleic acid component. The

disclosure provides that RNA species can be detected in situ wherein a nucleic acid-protein

complex is directed to a certain RNA or cDNA species via the binding properties of the protein,

such as concatamers of engineered Pumilio homology domains, localizing a nucleic acid label to

the target RNA or cDNA species. In some embodiment, the nucleic acid component of the probe

complex is formed by mRNA display, ribosome display, reverse transcription and subsequent

coupling of the cDNA to the protein, or other forms of linkages between a nucleic acid and

protein. In some embodiments, the protein component of the probe complex is expressed from

DNA or mRNA synthesized in part or full using DNA microarray technology. In some

embodiment, the nucleic acid component of the probe complex is synthesized in part or full using

DNA microarray technology. In some embodiments, both the nucleic acid component and the

protein component of the probe complex are synthesized in part or full using DNA microarray

technology. For example, the probe complex can be labeled by mRNA display, wherein an

mRNA synthesized in part or in full using DNA microarray technology can direct the protein

synthesis and constitute the nucleic acid label.

[0092] The disclosure provides that RNA species can be detected in situ wherein a protein or

nucleic acid-protein complex is directed to certain RNA or cDNA species via the nucleic acid

sequence (the "guide" nucleic acid). Exemplary nucleic acid-guided binding proteins included,

but are not limited to, Argonaute, Cas9, and C2c2. In some embodiments, the nucleic acid

component of a probe is directed to the target RNA or cDNA by the protein (e.g., using a nucleic

acid tagged protein). In some embodiments, the nucleic acid component of the probe is added to



the targeting portion of the "guide" nucleic acid, or constitutes the "guide" nucleic acid. In some

embodiments, the nucleic acid component of the probe comprises a linear DNA, which is

circularized as a template for rolling circle amplification (RCA). In some embodiments, the

nucleic acid component of the probe comprises a linear RNA, which is specifically captured

using the methods described herein, or non-specifically captured using random capture FISSEQ

(e.g. Lee et al., Science 2014). In some embodiments, the nucleic acid component of the probe

comprises a circular DNA, which can be amplified using RCA. In some embodiments, the

nucleic acid component of the probe comprises DNA or RNA, which serves as a detectable label

by in situ hybridization (ISH, fluorescent in situ hybridization (FISH), hybridization chain

reaction (HCR), or cyclic hybridization chain reaction (CHCR).

[0093] The disclosure provides that RNA species can be detected in situ wherein one or more

nucleic acid reactions are directed to one or more RNA or cDNA species, including cleavage,

ligation, modification, such as end modifications (e.g. 5' phosphorylation), and protection. In

some embodiment, the reaction is directed to certain RNA or cDNA species by the binding

specificity of the probe complex, comprising the protein component and/or a "guide" nucleic acid

component. In some embodiment, one or more components of the complex are synthesized using

DNA microarray. In some embodiment, the target RNA or cDNA sequences are subsequently

processed into a FISSEQ template for detection via sequencing.

[0094] In some embodiment, the disclosure provides that RNA species can be detected in situ

wherein a linear polymerase colony (polony) is formed and detected.

[0095] In various embodiments, the target molecule is a cDNA molecule synthesized from an

RNA molecule in situ, wherein the cDNA molecule may be reverse transcribed using targeted

RT primers, such as those complementary to certain RNA species, or untargeted (random) RT

primers, such as random hexamers or poly(dT) primers.

[0096] In various embodiments, the nucleic acid probes or nucleic acid components of the probe

complex are synthesized in part or in full using DNA microarray synthesis technology. In some

embodiment, the probes or the nucleic acid components of the probes can be amplified and

subsequently "matured" into functional probes using methods described herein.

[0097] In some embodiment, the nucleic acid probes or nucleic acid components of the probe

complexes comprise locked nucleic acid (LNA) bases or other nucleic acid analogs. In some

embodiments, the modified nucleic acid probes can function to enhance the kinetics, efficiency,

or specificity of hybridization or direction of the probe-target molecule interaction; e.g. by

incorporation of LNA or nucleic acid analog bases by PCR, RT, or during the enzymatic

amplification and "maturation" of the probe.



[0098] In various embodiments, a plurality of probes for targeted FISSEQ are synthesized and/or

used simultaneously.

[0099] Various methods can be used to detect nucleic acid sequences. In some embodiments,

detection of the RNA species is enabled by detection of nucleic acid sequence templated from

RNA or cDNA by sequencing by synthesis (SBS), sequencing by ligation (SBL), or sequencing

by hybridization (SBH). In some embodiments, the detection of targeted RNA species is enabled

by the detection of nucleic acid sequence contained in the probe or nucleic acid component of the

probe complex by sequencing by synthesis (SBS), sequencing by ligation (SBL), or sequencing

by hybridization (SBH); e.g. "barcode" sequencing. In some other embodiments, the detection of

the targeted RNA species comprises detection of both nucleic acid sequence templated from

RNA or cDNA and nucleic acid sequence contained in the probe or nucleic acid component of

the probe complex, sequencing by synthesis (SBS), sequencing by ligation (SBL), or sequencing

by hybridization (SBH).

[00100] The disclosure provides that RNA species can be detected in situ wherein one or

more nucleic acid reactions are directed to one or more RNA or cDNA species, including

degradation, modification, such as end modifications (e.g. 2'O-methyl addition), and de-

protection. In some embodiments, the reaction is directed to certain RNA or cDNA species by

the binding specificity of the probe complex, comprising nucleic acid component synthesized

using DNA microarray. In some embodiments, unwanted target RNA or cDNA sequences are

subsequently depleted from the sample, such that they are not represented in the subsequent

FISSEQ library and the datasets. In some embodiments, the specific depletion is mediated by

RNase H digestion of an RNA:DNA hybrid duplex. In some embodiments, the specific depletion

is mediated by Cas9 or other protein-nucleic acid complex. In some embodiments, the RNA

species targeted for selective degradation comprise ribosomal RNA (rRNA) or transfer RNA

(tRNA). In some embodiments, oligonucleotides can be used to block extension of a reverse

transcriptase. In some embodiment, oligonucleotides can be used to block access to the

unwanted target RNA by another RNA probe complex. Exemplary RNA species targeted for

selective degradation can comprise housekeeping genes. Housekeeping genes may be

constitutive genes that are required for the maintenance of basic cellular function. In some

embodiments, the unwanted target RNA species targeted for selective degradation comprise

genes expressed at an average RNA abundance greater than a certain level. Optionally,

unwanted target RNA species targeted for selective degradation may comprise genes expressed at

an average RNA abundance equal to or greater than about 100 RNA molecules per cell, 200

RNA molecules per cell, 400 RNA molecules per cell, 600 RNA molecules per cell, 800 RNA

molecules per cell, 1000 RNA molecules per cell, 1200 RNA molecules per cell, 1400 RNA



molecules per cell, 1600 RNA molecules per cell, 1800 RNA molecules per cell, 2000 RNA

molecules per cell, 10000 RNA molecules per cell or more (e.g., where rRNA is present at up to

10 million copies per cell), or any value therebetween.

Targeted DNA Capture

[00101] All methods described in the previous section "Targeted RNA Capture" may be

applied to the detection of specific DNA sequences in situ, with reasonable substitution of

"RNA" or "cDNA" by "DNA", and concomitant exchange, where appropriate, of relevant

enzyme or protein components of the detection scheme for corresponding enzymes or proteins

which catalyze the corresponding reactions for DNA substrates.

[00102] These methods may accompany additional sample treatment steps, such as

denaturing dsDNA into ssDNA for the purpose of enabling hybridization of a nucleic acid probe

or nucleic acid-protein probe complex.

[00103] Capture by circularization methods may enable detection of single probes,

corresponding to tens of genomic bases, which can be highly amplified using RCA. The large

size of the RCA amplicon, typically a few hundred nanometers, may reduce the spatial

resolution, which can be imaged using super-resolution microscopy techniques. Capture by

circularization may in some instances enable detection of single nucleotide variation for mutation

detection and haplotyping at arbitrary scales.

[00104] The methods described herein for using nucleic acid binding proteins to detect

RNA could also be used to detect DNA. Programmable DNA binding proteins include, but are

not limited to, meganucleases, zinc fingers, transcription activator-like effectors, and BurrH.

Nucleic acid-guided nucleic acid binding proteins, such as Argonaute, Cas9, Cpfl, and C2c2,

may in some instances provide greater flexibility as a single protein is capable of binding a

diverse array of targets using a guide nucleic acid to confer specificity. In some instances, as the

protein may change the energy landscape of binding (e.g., as compared to nucleic acid

hybridization alone), these methods can have faster kinetics and greater sensitivity to sequence

mismatches.

[00105] The most information-rich method of genomic FISSEQ is the direct analog of next

generation sequencing (NGS) — using genomic sequence to template the construction of a

sequencing library. Preparation of genomic sequencing libraries for NGS may involve the steps

of fragmentation, end-repair, adaptor ligation, and/or PCR. However, some of these steps can be

achieved simultaneously (e.g., as with Illumina's Nextera method), by using a transposase

enzyme to fragment the DNA and ligate adaptors in a single reaction called "tagmentation".



Existing NGS RNA-seq protocols can be adapted with modifications to RNA FISSEQ and

genomic FISSEQ.

[00106] In some instances, enzymatic and/or chemical means of genomic fragmentation

can be compatible with FISSEQ. Optionally, physical methods of fragmenting DNA may not be

compatible with FISSEQ. The physical methods may include acoustic shearing and sonication,

which may damage other aspects of the sample. DNase I or Fragmentase, a two enzyme mix

(New England Biolabs) may in some instances be effective for NGS library construction. Within

fixed biological specimens, DNA may also naturally fragmented by a number of factors,

including decomposition of apurinic/apyrimidinic sites formed by low pH formalin and

environmental conditions during storage. The ends of DNA fragments can be conditioned for

adaptor ligation using a number of enzymatic treatments, including blunt-ending and 5'

phosphorylation by T4 polynucleotide kinase, T4 DNA polymerase, and Klenow Large

Fragment, and 3' A-tailing by Taq polymerase or Klenow Fragment (exo-).

[00107] In contrast to most genomic NGS libraries, preparative PCR to amplify the library

may not be necessary. As a result, each sequence that can be detected may correspond 1:1 with a

genomic fragment, avoiding the need for unique molecular identifiers or other techniques to

disambiguate PCR clones. Instead, the sequencing templates for amplification by RCA can be

circularized. If the fragments are modified on both ends with known adaptor sequences, the

molecules can be circularized using splint ligation. Alternatively, new adaptor ligation and

circularization strategies specifically tailored to FISSEQ can be devised. For example, library

construction protocols involving hairpin ligation as a mechanism of circularization can be

imagined. For example, hairpin nucleic acid molecules may be ligated to both strands at each end

of a dsDNA fragment, serving to circularize the fragment as a template for RCA.

[00108] A strategy based on Illumina's Nextera method can be used, but using Cas9

instead of a DNA transposase to target the library construction to particular genomic sequences.

This may allow finely tailoring the fragment size for library construction, as well as to enrich for

loci of interest. Using this method, the Cas9 sensitivity to nucleosomes may also provide

additional information about chromatin state. Detection of methylation can also be performed.

For example, fragmentation by restriction enzymes sensitive to CpG methylation, a form of in

situ methylation sensitive restriction enzyme sequencing (MRE-seq), can be used. BS-seq and

MethylC-seq can also be adapted to FISSEQ, which use sodium bisulfite treatment to convert

unmethylated cytosine to uracil, while methylated cytosine' s are protected, with changes detected

relative to the reference genome sequence.

[00109] To summarize targeted DNA FISSEQ, in various embodiments, the disclosure

provides that DNA species can be detected in situ. In some embodiments, the final product of



the probe for DNA FISSEQ is a circular DNA molecule, which acts as a template for rolling

circle amplification (RCA), for detection via FISSEQ. In some embodiments, the probes for

DNA target capture are linear probes, which are hybridized to a DNA molecule and circularized

by a ligase when annealed to complementary DNA sequence. In some embodiments, the probes

for DNA target capture are linear probes, which are hybridized to a DNA molecule and

circularized after endogenous DNA sequence is used as a sequence template, filling in a "gap" in

the linear probe, as by a DNA polymerase, or ligase, such that the probe may be ligated into a

circle. In some embodiments, the probe for DNA target capture are linear probes, which are

hybridized to a DNA molecule and circularized by a ligase using an additional "splint"

oligonucleotide independent of the target DNA molecule. In some embodiments, the probes for

DNA target capture are circular probes, which are hybridized to a DNA molecule.

[00110] In some embodiments, a nucleic acid-protein complex is directed to a certain

DNA species via the binding properties of the protein, such as concatamers of engineered

Pumilio homology domains, localizing a nucleic acid label to the target DNA species. In some

embodiments, the nucleic acid component of the probe complex is formed by mRNA display,

ribosome display, reverse transcription and subsequent coupling of the cDNA to the protein, or

other forms of linkages between a nucleic acid and protein. In some embodiments, the protein

component of the probe complex is expressed from DNA or mRNA synthesized in part or full

using DNA microarray technology. In some embodiments, the nucleic acid component of the

probe complex is synthesized in part or full using DNA microarray technology. In some

embodiments, both a nucleic acid component and protein component of the probe complex are

synthesized in part or full using DNA microarray technology, e.g. as by labeling of the complex

by mRNA display. In some embodiments, the probe complex can be labeled with an mRNA,

wherein the mRNA synthesized in part or in full using DNA microarray technology directs both

the protein synthesis and constitutes the nucleic acid component of the probe.

[00111] The disclosure provides that DNA species can be detected in situ wherein a

protein or nucleic acid-protein complex is directed to certain DNA species via the nucleic acid

sequence (the "guide" nucleic acid), such as Argonaute, Cas9, and C2c2. In some embodiments,

a nucleic acid component of a probe is directed to the target DNA by the protein (e.g., using a

nucleic acid tagged protein). In some embodiments, the nucleic acid component of a probe is

added to the targeting portion of the "guide" nucleic acid, or constitutes the "guide" nucleic acid.

In some embodiments, the nucleic acid component of the probe comprises a linear DNA, wherein

the linear DNA is circularized as a template for rolling circle amplification (RCA). In some

embodiments, the nucleic acid component of the probe comprises a linear RNA, wherein the

linear RNA is specifically captured using the methods described herein, or non-specifically



captured using random capture FISSEQ (e.g. Lee et al., Science 2014). In some embodiments,

the nucleic acid component of the probe comprises a circular DNA, which is amplified using

RCA. In some embodiments, the nucleic acid component of the probe comprises a DNA or

RNA, wherein the DNA or RNA serves as a detectable label by in situ hybridization (ISH),

fluorescent in situ hybridization (FISH), hybridization chain reaction (HCR), or cyclic

hybridization chain reaction (CHCR).

[00112] In various embodiments, the present disclosure provides methods of forming an in

situ DNA sequencing library (FISSEQ library) by contacting the sample with a plurality of probe

complexes. In some embodiments, the probe complex comprises a ssDNA, dsDNA, ssRNA, or

other nucleic acid. In some embodiments, the probe complex comprises a DNA transposase. In

some embodiments, the probe complex comprises a Cas9 or other nucleic acid-directed nucleic

acid-binding protein.

[00113] The disclosure provides that DNA species can be detected in situ wherein one or

more nucleic acid reactions are directed to one or more DNA species, including cleavage,

ligation, modification, such as end modifications (e.g. 5' phosphorylation), and protection. In

some embodiments, the reaction is directed to certain DNA species by the binding specificity of

the probe complex, comprising the protein component and/or a "guide" nucleic acid component.

In some embodiments, one or more components of the complex is synthesized using DNA

microarray. In some embodiments, the target DNA sequences are subsequently processed into a

FISSEQ template for detection via sequencing. In some embodiments, a linear polymerase

colony (polony) is formed and detected in the target FISSEQ.

[00114] The probes disclosed herein can be synthesized by microarray. In some

embodiments, the nucleic acid probes or nucleic acid components of the probe complex are

synthesized in part or full using DNA microarray synthesis technology. In some embodiments,

the synthesized probes can be amplified and subsequently "matured" into functional probes using

methods described herein.

[00115] In some embodiments, a target dsDNA is converted into a single-stranded

(ssDNA) target, as by thermal melting of the duplex and/or enzymatic digestion of one strand.

[00116] In some embodiments, the nucleic acid probes or probe complexes comprise one

or more nucleotide analogs. In some embodiments, the nucleic acid probes or nucleic acid

components of the probe complex comprises locked nucleic acid (LNA) bases or other nucleic

acid analogs. In some embodiments, the modified probes can function to enhance the kinetics,

efficiency, or specificity of hybridization or direction of the probe-target molecule interaction.

The incorporation of LNA or nucleic acid analog bases can be done, for example, by PCR, RT,

or during the enzymatic amplification and "maturation" of the probe.



[00117] In some embodiments, a plurality of probes are synthesized and/or used

simultaneously. In some embodiments, the detection of the DNA species is enabled by detection

of nucleic acid sequence templated from DNA by sequencing by synthesis (SBS), sequencing by

ligation (SBL), or sequencing by hybridization (SBH). In some embodiments, the detection of

the DNA species comprises detection of nucleic acid sequence contained in the probe or nucleic

acid component of the probe complex by sequencing by synthesis (SBS), sequencing by ligation

(SBL), or sequencing by hybridization (SBH); e.g. "barcode" sequencing. In some

embodiments, the detection of the DNA species comprises detection of both nucleic acid

sequence templated from DNA and nucleic acid sequence contained in the probe or nucleic acid

component of the probe complex, by sequencing by synthesis (SBS), sequencing by ligation

(SBL), or sequencing by hybridization (SBH).

[00118] The disclosure provides that DNA species can be detected in situ wherein one or

more nucleic acid reactions are directed to one or more DNA species, including degradation,

modification, such as end modifications (e.g. 2'O-methyl addition), and de-protection. In some

embodiments, the reaction is directed to certain DNA species by the binding specificity of the

probe complex, comprising nucleic acid component synthesized using DNA microarray. In some

embodiments, the target DNA sequences are subsequently depleted from the sample, such that

they are not represented in the subsequent FISSEQ library and datasets. In some embodiments,

the specific depletion is mediated by RNase H digestion of an RNA:DNA hybrid duplex. In

some embodiments, the specific depletion is mediated by Cas9 or other protein-nucleic acid

complex. In some embodiments, the DNA species targeted for selective degradation comprise

repetitive sequences. In some embodiments, oligonucleotides can be used to block extension of a

DNA polymerase or the reaction of a DNA ligase. In some embodiments, oligonucleotides can

be used to block access to the target DNA by another probe complex.

Enhancing Hybridization for Capture

[00119] During investigation of the strategies for targeted RNA FISSEQ and genome

FISSEQ, a problem can be present: unacceptably slow kinetics of the hybridization reaction

between the probe and the target molecule within a biological sample. For example, the present

disclosure provides a method for enhancing a hybridization reaction in a cell or cellular matrix.

In some embodiments, a crowding agent may be used to enhance hybridization for capture. In

some embodiments, a crowding agent can be used, wherein the crowding agent enhances enzyme

activity. In some embodiments, a crowding agent comprises a cleavable charged group, wherein

the charged group can be cleaved off and washed away. In some embodiments, a crowding agent

comprises a charged group, wherein the charged group can be neutralized after nucleic acid



hybridization but before enzymatic reactions. In some embodiments, a crowding agent can be

degraded.

Reaction Buffer

Concentration Dependency

[00120] First, all of the designs for massively multiplex targeted FISSEQ involve using a

complex pool of oligonucleotide probes. However, since hybridization is a bimolecular reaction,

the kinetics of hybridization may be dependent on the concentration of both molecular species.

When using a pool of probes (also known as a library), the concentration of each individual

probe is reduced proportional to the diversity of the library. Therefore if we attempt to

simultaneously target 1000 genes, the concentration of each probe may be reduced by at least

1000-fold, and potentially more (e.g., if multiple probes are used per gene).

[00121] For this reason, execution of massively multiplex targeted FISSEQ may be

enhanced by overall increasing the concentration of the probe pool. A typical probe concentration

for RNA FISH may be 1-150 nM. See e.g., Raj, Arjun, et al. "Imaging individual mRNA

molecules using multiple singly labeled probes." Nature methods 5.10 (2008): 877. For ISH of a

complex library of probes, the concentration is scaled to up. See e.g., Chen, Kok Hao, et al.

"Spatially resolved, highly multiplexed RNA profiling in single cells." Science 348.6233 (2015):

aaa6090. In some instances, the concentration of the complex library of probes may be scaled to

a concentration equal to or greater than about 10 µΜ , 20 µΜ , 40 µΜ , 60 µΜ , 80 µΜ , 100 µΜ ,

120 µΜ , 140 µΜ , 160 µΜ , 180 µΜ , 200 µΜ , or any value therebetween. This can be further

scaled. For example, the value may be further scaled by a factor of about 2, 4, 6, 8, 10, 15, 20,

25, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, or any value therebetween.

Optionally, the value may be scaled 100-fold, which may be near the solubility limit of DNA in

water, -10 mM. Relatively cheap enzymatic amplification of microarray-synthesized

oligonucleotide libraries make this within the realm of possibility.

Crowding Agents with Enhanced Enzyme Compatibility

[00122] Optimal conditions for efficient probe hybridization and the downstream

enzymatic reactions may tend to be generally mutually exclusive in some instances. For

example, in situ hybridization may be efficient in the presence of a crowding agent. An example

of a crowding agent may be dextran sulfate. However, enzymes may be strongly inhibited by

dextran sulfate. See e.g., Bouche, J. P. "The effect of spermidine on endonuclease inhibition by

agarose contaminants." Analytical biochemistry 115.1 (1981): 42-45. Being a highly charged,

high molecular weight polymer, it may be difficult to wash dextran sulfate from the sample to the



point where the downstream enzymatic reactions, e.g., reverse transcription, ligation, DNA

polymerization, are not strongly inhibited. In the absence of a crowding agent, however, the

kinetics of in situ hybridization may be orders of magnitude slower. See e.g., Wahl, Geoffrey M.,

Michael Stern, and George R. Stark. "Efficient transfer of large DNA fragments from agarose

gels to diazobenzyloxymethyl-paper and rapid hybridization by using dextran sulfate."

Proceedings of the National Academy of Sciences 76.8 (1979): 3683-3687. Therefore, a

crowding agent that does not strongly inhibit enzymatic reactions can be used in FISSEQ.

Crowding agents may be typically high-molecular weight, high valency charged polymers. For

example, crowding agents may be polymers such as polyacrylic acid, polyvinylsulfonic acid, and

alginate. Optionally, crowding agents may be polymers similar to dextran sulfate. In some

instances, an intermolecular organization of the crowding agents may be a factor in determining

its effectiveness as a crowding agent.

[00123] As one example, dextran sulfate is understood to aid in the formation of networks

(highly localized concentrations of probes) during hybridization, thus expediting the annealing

process. The G-blocks of alginate are believed to participate in intermolecular cross-linking with

divalent cations (e.g., Ca2+) to form hydrogels. Dextran sulfate is not known to form hydrogels,

other than under exogenous chemical cross-linking reactions and in the presence of chitosan,

neither of which is present during typical nucleic acid hybridization reactions. In some instances,

the crowding agent may comprise an ability to self-associate in the formation of hydrogels.

Alternatively, the crowding agent may not comprise the ability to self-associate in the formation

of hydrogels. Optionally, this difference in the ability to self-associate in the formation of

hydrogels may explain the difference between dextran sulfate and alginate in improving the

kinetics of nucleic acid DNA hybridization reactions.

[00124] For example, polyacrylic acid and polyvinylsulfonic acid may both effectively

function as a crowding agent while alginate may not. This may be due to the intermolecular

organization, which reduces its effectiveness in crowding DNA. In some instances, polyacrylic

acid strongly may inhibit enzymatic reactions, but polyvinylsulfonic acid may exhibit much less

inhibition. As one example, one mechanism of inhibition may be via chelation of essential metal

or charged cofactors, such as Mg2+, Ca2+, Mn2+, Na+, phosphate, and other metal and charged

ions, which are required for enzyme function. A polyion salt such as sodium polyacrylic acid

may exchange sodium ions for magnesium ions in the presence of a magnesium-containing

enzyme reaction buffer, reducing the effective concentration of the essential cofactor. Another

mechanism of inhibition may be binding and structural damage to the enzyme, e.g. the charge

attraction and binding between charged domains of the enzyme and the ionic polymer, which

may cause effective sequestration of the enzyme within the reaction, as well as disrupt



electrostatic or charge interactions within the enzyme, which are required for enzyme structure

and related function. Wettability, or hydrophobicity, charge, and structure may alternatively, or

additionally contribute to the strength of polyion-protein interactions. Protein absorption on the

polyion or within the polyionic network may contribute to effective decrease in enzyme

concentration.

[00125] In some embodiments, compounds that can function as crowding agents, but have

some property of molecular programmability may be used. For example, some polymers that can

function as crowding agents can be used and subsequently the charged group can be cleaved off

or neutralized. This can convert the compound into a neutral polymer like PEG, which actually

enhances the efficiency of enzymatic reactions. In some embodiments, polymers can function as

a crowding agent, and then be specifically degraded into small monomers and can be easily

washed from the sample. The chemistry of passivation or degradation of the crowding agent

needs to be orthogonal to nucleic acids, i.e., not degrading nucleic acids or rendering nucleic

acids incompatible. Some of these functional groups include alpha-hydroxy acids, which can be

cleaved by sodium periodate; beta-keto acids, which can be cleaved with heat; phosphorothioate

linkages, which can be cleaved with silver ions; disulfide linkages, which can be cleaved by

reduction into thiols; and other types of chemical linkages which may be cleaved by photo- or

chemical treatment.

[00126] Examples of programmable polyions or polyelectrolytes for enzyme-compatible

enhancement of nucleic acid hybridization kinetics include polycondensation reactions of

Cys(Lys)nCys, polymers such as PEG, PVA, or PAA, which may be subsequently modified via a

cleavable linker to include chemical groups conferring ionic charge, or polymers formed from

monomers including cleavable linkages, such that the polymer may be degraded subsequent to

functioning as a crowding agent. See e.g., Oupicky, David, Alan L. Parker, and Leonard W.

Seymour. "Laterally stabilized complexes of DNA with linear reducible polycations: strategy for

triggered intracellular activation of DNA delivery vectors." Journal of the American Chemical

Society 124.1 (2002): 8-9. As an alternative to ionic charge, these polymers may include non-

ionic groups that become hydrated in solution, which also enhance nucleic acid hybridization

rates by molecular crowding and/or sequestration of water.

[00127] In various embodiments, the disclosure provides methods to enhance the

hybridization of diverse libraries of probes for targeting the capture of RNA, cDNA, and DNA

species for detection via FISSEQ. In some embodiments, the method comprises adding a

crowding agent in the hybridization buffer. In some embodiments, a hybridization buffer

containing high salt, such as SSC (sodium chloride sodium citrate buffer), can be used. The salt

concentration can be at IX, 2X, 5X, 10X, or more concentrations. In some other embodiments,



the salt concentration can be at from about IX to 3X, from about 3X to 5X, or from about 5X to

10X. In some embodiments, a hybridization buffer containing blocking agents can be used. The

blocking agents can reduce non-specific binding of probes to off-target sequences and/or by

preventing electrostatic interactions with other components of the sample, such as yeast tRNA,

salmon sperm, detergents such as Triton-X, Tween 20, SPAN, peptides such as BSA, and other

agents such as Ficoll. In some embodiments, a hybridization buffer containing agents which alter

the annealing properties of DNA, such as the melting temperature. Exemplary agents that can

alter the annealing temperature include formamide. In some embodiments, high concentrations

of probe can be used. Exemplary concentrations of probes can include 1-150 nM, 1-150 µΜ , or

up to 10 mM. In some embodiments, a crowding agent, such as dextran sulfate or polyacrylic

acid, can be used. In some embodiments, a crowding agent can have average molecular weights

Mn of 1-10 kDa, 10-20 kDa, 10-100 kDa, 100-300 kDa, or 100-1000 kDa. In some

embodiments, a crowding agent can have a charge density of 1-10%, 10-30%, 10-99%, or 100%

monomer occupancy. In some embodiments, a crowding agent can present in 1%, 5%, 10%,

15%, 20%, or more weight per volume in the reaction.

[00128] The disclosure provides a crowding agent, for example, a polyionic,

polyelectrolyte, or hydrophilic and strongly hydrating polymer, comprising a polymer backbone

and one or more hydrating groups. The hydrating groups can be ionic, electrolytic, or

hyrophylic. In some embodiments, the hydrating groups may be specifically inactivated, e.g., as

by rendering an ionic group to have neutral charge, or as by rendering a strongly hydrating group

to be weakly hydrating;

[00129] In some embodiments, the inactivation chemistry is substantially nonreactive with

RNA, DNA, proteins, and/or other types of biomolecules. In some embodiments, the inactivated

polymer is compatible with enzymatic reactions.

[00130] The disclosure provides a crowding agent, for example a polyionic,

polyelectrolyte, or hydrophilic and strongly hydrating polymer, comprising a cleavable linkage

between the polymer backbone and the hydrating group. In some embodiments, the cleavable

linkages comprise alpha-hydroxy acids, which can be cleaved by sodium periodate. In some

embodiments, the cleavable linkages comprise beta-keto acids, which can be cleaved with heat.

In some embodiments, the cleavable linkages comprise phosphorothioate linkages, which can be

cleaved with silver ions. In some embodiments, the cleavable linkages comprise disulfide

linkages, which can be cleaved by reduction into thiols. Other types of chemical linkages may be

cleaved by photo- or chemical treatment.



[00131] The disclosure provides a crowding agent, for example a polyionic,

polyelectrolyte, or hydrophilic and strongly hydrating polymer, comprising cleavable linkages

along the backbone of the polymer, wherein cleavable linkages include those disclosed herein.

[00132] The disclosure provides use of a crowding agent for targeted RNA or DNA

detection, wherein a plurality of probes is hybridized in situ using a hybridization buffer

containing one of the crowding agents disclosed herein.

[00133] The disclosure provides a method of detecting RNA and DNA, comprising the

step of hybridizing a plurality of probes in situ using a hybridization buffer containing one of the

crowding agents disclosed herein. In some embodiments, the methods further comprise the step

of triggering cleavage of the cleavable groups present in the crowding agent.

[00134] The disclosure provides a method of detecting RNA and DNA, comprising the

step of hybridizing a plurality of probes in situ using a hybridization buffer containing one of the

crowding agents disclosed herein and further comprising the step of inactivating the hydrating

groups.

DNA Array Synthesis of Probe Pools

[00135] A DNA microarray (also commonly known as an array, DNA chip, biochip, or

chip) may refer to a collection of microscopic DNA spots attached to a solid surface. See e.g.,

Heller, Michael J. "DNA microarray technology: devices, systems, and applications." Annual

review of biomedical engineering 4.1 (2002): 129-153. Microarray DNA synthesis platforms,

offered commercially by Agilent, CustomArray, and Twist Bioscience, may in some instances be

used to generate massively complex short (approximately 200 nucleotide) oligonucleotide

libraries. See e.g., Kosuri, Sriram, and George M. Church. "Large-scale de novo DNA synthesis:

technologies and applications." Nature methods 11.5 (2014): 499-507. Microarray synthesis may

refer to the synthesis of DNA or nucleic acid analog oligonucleotides attached to a solid

substrate. Commercial supplier Twist Bioscience, for example, features microarrays containing

9,600 wells with 121 discrete oligonucleotide species synthesized per well, for a total of 1.16

million oligonucleotides per array. Commercial supplier Agilent's OLS libraries contain just over

244,000 oligonucleotide species, while the DNA microarray of commercial supplier Custom

Array synthesizes just over 94,000. Each DNA species may be synthesized in minute quantities,

such as picomoles (10-12 moles) of DNA molecules. Each DNA microarray synthesis

technology may vary in features such as error rate, oligonucleotide length, and sequence

limitations such as homopolymer repeats and secondary structure. These libraries of

oligonucleotides may be typically liberated from the solid support substrate into a solution of

DNA species representing a renewable source of single-stranded DNA probes, generating using



techniques to highly amplify and process the library, in whole or in specific subpools. See e.g.,

Beliveau, Brian J., Nicholas Apostolopoulos, and Chao-ting Wu. "Visualizing genomes with

Oligopaint FISH probes." Current Protocols in Molecular Biology (2014): 14-23; Chen, Kok

Hao, et al. "Spatially resolved, highly multiplexed RNA profiling in single cells." Science

348.6233 (2015): aaa6090; Kosuri, Sriram, et al. "Scalable gene synthesis by selective

amplification of DNA pools from high-fidelity microchips." Nature biotechnology 28.12 (2010):

1295-1299. Alternatively, the oligonucleotides may be amplified directly from the solid support,

in whole or in specific subpools.

Computational design

[00136] Unlike traditional DNA synthesis, for which sequences can be designed manually

or individually using computational tools, the scale of array DNA synthesis can be designed with

computational pipelines for sequence design and management. See e.g., Rozen, Steve, and Helen

Skaletsky. "Primer3 on the WWW for general users and for biologist programmers."

Bioinformatics methods and protocols (1999): 365-386; Rouillard, Jean-Marie, Michael Zuker,

and Erdogan Gulari. "OligoArray 2.0: design of oligonucleotide probes for DNA microarrays

using a thermodynamic approach." Nucleic acids research 31.12 (2003): 3057-3062). These

methods may consider both aspects of probe design related to the function of the probes as well

as idiosyncrasies of the array manufacturing process.

DNA probes

[00137] For designing probes complementary to genomic sequences or RNA sequences

derived from the genome, a custom Genome Tools Python library can be used to memory map

the chromosomal sequence files and provide annotation-derived indexing. This approach may

enable lazy-loading of chromosomal regions of interest while minimizing excessive memory use,

disk thrashing, performance bottlenecks, and other downsides associated with attempting to store

full chromosomal data in primary memory. When using an SSD drive, accessing sequences may

be approximately 80% as fast as in memory access, but with a minimal memory footprint

containing only index metadata and lazy-loaded regions of interest. The GFF/GTF File Format

(General Feature Format/General Transfer Format) provided by Ensemble may be used for

storing genome annotations. See e.g., Kawaji, Hideya, and Yoshihide Hayashizaki. "Genome

annotation." Bioinformatics: Data, Sequence Analysis and Evolution (2008): 125-139. To allow

facile compilation of gene target lists, the Gencode or other reference annotation and translation

tables can be used to map between genomic, transcriptomic, and protein annotations. See e.g.,

Harrow, Jennifer, et al. "GENCODE: producing a reference annotation for ENCODE." Genome



biology 7.1 (2006): 1. The appropriate reference genome build on a per-application basis can be

selected, as individual projects and collaborators rely on build-specific datasets for design-of-

experiment. In some instances, the stable GRCh37 annotation and sequence assembly release can

be used.

RNA probes

[00138] For designing probes against RNA, the fact that RNA species are present in many

isoforms due to alternative splicing may be taken into consideration. If interested in detecting a

particular sequence feature of the RNA, such as a particular exon, intron, sequence junctions,

expressed polymorphism, or site of RNA editing, the approach may be limited to designing

probes that specifically target that segment of the RNA molecule. In these cases, the Genome

Tools library may be used to generate annotation-derived probe sequences, constrained by the

probe sequence design logic.

[00139] In some instances, it may be desirable to detect any isoforms of an RNA species.

To maximize the generality of the probes of the present disclosure across transcript isoforms, the

Genome Tools library may be used to create an exon "pileup" for the target RNA species.

Conceptually, the pileup may be intended to identify exonic regions that are most common across

all isoforms. In practice, the pileup may simply be an array, the extents of which may be defined

by the outermost bounds of the transcribed sequence (i.e., the first base of the 5'-most transcript

variant and the last base of the 3'-most variant), with respect to the genome. The value at each

position in the array may be the number of annotated transcript variants that have exonic

sequence at the respective location among all isoforms. This method may assume that all

transcript isoforms are equally likely to be expressed in any given experiment. The sequence

design can be improved by incorporating prior knowledge about the tissue- and cell-type specific

expression patterns of transcript isoforms to improve the fraction of probes complementary to

expressed RNA sequence. There may be additional means of leveraging annotation data to

provide weighted exon scoring with respect to organism-level transcript frequencies or

annotation confidence.

Probe design logic

[00140] Given an assay, a thermodynamic target melting temperature for the probe design

can be determined. The target sequences provided by Genome Tools for genomic or

transcriptomic targets can be then chunked into small candidate probe sequences, such as 15

nucleotide segments. For gene-specific RT primers, the length of probes can often be a

compromise between enforcing specificity and minimizing propensity for self-circularization. In



some embodiments, the full "adapter-barcode -probe" construct has a length of no more than 40

nucleotides in length to minimize self-circularization. In some other embodiments, the full

"adapter-barcode -probe" construct can be 10-15 nucleotides in length, 15-20 nucleotides in

length, 20-25 nucleotides in length, 25-30 nucleotides in length, 30-35 nucleotides in length, 35-

40 nucleotides in length, 45-50 nucleotides in length, 50-55 nucleotides in length, 55-60

nucleotides in length, 60-65 nucleotides in length, 65-70 nucleotides in length, 70-75 nucleotides

in length, 75-80 nucleotides in length, 80-85 nucleotides in length, 85-90 nucleotides in length,

90-95 nucleotides in length, or 95-100 nucleotides in length. In some embodiments, the full

"adaptor-barcode-probe" construct can be at least 20 nucleotides in length, at least 30 nucleotides

in length, at least 40 nucleotides in length, at least 50 nucleotides in length, at least 60

nucleotides in length, at least 70 nucleotides in length, at least 80 nucleotides in length, at least

90 nucleotides in length, at least 100 nucleotides in length, or at least 1500 nucleotides in length.

After the initial chunking, each candidate probe can be scored using metrics intended to predict

its specificity and efficiency in the context of both the initial synthesis and FISSEQ sample

preparation. For example, we exclude any segments containing G quadruplex. We then score the

probe based on melting temperature, which also provides an implicit GC metric if the probe

length is also pre-defined. In some embodiments, the probe length can be determined and fixed,

which simplifies the array synthesis by providing that all oligonucleotides are of equal length. (It

is possible to add padding sequences to the ends of oligonucleotides to enable array synthesis of

libraries with variable length. However, this may complicate probe maturation and downstream

processing as the final probes will also have a distribution of lengths, limiting the degree to

which we can use size selection to purify the probe pool.) For RNA probes, the segments can

also be scored using the exon pileup described herein.

[00141] Additional design constraints may be considered as a means of improving both

individual and population-level probe performance. For example, probes may be screened to

reduce the likelihood of probe heterodimerization. Finding a set of mutually compatible probe

sequences within a thermodynamic threshold for heterodimer formation may be a challenging

computational task. One such approach could involve generating a graph data structure

describing all pairwise interactions within a given probe pool and then using a network

elimination algorithm to produce a set of probe nodes with minimal or zero interconnectivity

(indicating a lack of predicted heterodimization reactions). While this approach has proven

effective in similar contexts (Xu, Qikai, et al. "Design of 240,000 orthogonal 25mer DNA

barcode probes." Proceedings of the National Academy of Sciences 106.7 (2009): 2289-2294), it

may be computationally infeasible for this application, as the presence of our many other

constraints may preclude convergence on an acceptable solution. This effort would be enabled by



better understanding of the sequence-dependency of downstream FISSEQ steps, such as RT,

which would improve the metrics for network elimination.

[00142] In some instances, it may be reasonable to screen for specificity of the probe.

There are a number of strategies that may be used to computationally screen probes for off-target

binding. A simple strategy would be to prune common k-mers from the pool See e.g., Melsted,

Pall, and Jonathan K. Pritchard. "Efficient counting of k-mers in DNA sequences using a bloom

filter." BMC bioinformatics 12.1 (2011): 1. Thermodynamic considerations can also be used; the

OligoArray software (Rouillard, Jean -Marie, Michael Zuker, and Erdogan Gulari. "OligoArray

2.0: design of oligonucleotide probes for DNA microarrays using a thermodynamic approach."

Nucleic acids research 31.12 (2003): 3057-3062), for example, uses the Blast algorithm with a

short word size to find all similarities. The resulting similarity matrix can be used to compute the

thermodynamic values (Tm, free energy, enthalpy and entropy; using MFOLD with

thermodynamic parameters from SantaLucia (Zuker, Michael. "Mfold web server for nucleic acid

folding and hybridization prediction." Nucleic acids research 31.13 (2003): 3406-3415;

SantaLucia, John. "A unified view of polymer, dumbbell, and oligonucleotide DNA nearest-

neighbor thermodynamics." Proceedings of the National Academy of Sciences 95.4 (1998):

1460-1465)) of all possible hybridizations between the target sequence and similar sequences.

Potential sequences can then be eliminated using a thermodynamic threshold for cross-

hybridization. The role of sub-regions of the primer can be considered in conferring probe

specificity via enzyme mismatch sensitivity profiles. For example, the 3' ends of targeted RT

primers may especially be sensitive to mismatches. See e.g., Ye, Jian, et al. "Primer-BLAST: a

tool to design target-specific primers for polymerase chain reaction." BMC bioinformatics 13.1

(2012): 1. For designing MIPs and padlock probes, the ligase can be sensitive to mismatches

within approximately 6 bases on each side of the nick. See e.g., Mitra, Robi D., et al.

"Fluorescent in situ sequencing on polymerase colonies." Analytical biochemistry 320.1 (2003):

55-65.

[00143] Furthermore, it may be reasonable to consider the sequence-dependency of

downstream FISSEQ steps. For example, RNA secondary structure and the presence of

polysome complex or paused ribosomes may inhibit access to the RNA by our probes. See e.g.,

Stahlberg, Anders, et al. "Properties of the reverse transcription reaction in mRNA

quantification." Clinical chemistry 50.3 (2004): 509-515. In some instances, nucleosomes may

inhibit genomic access by DNA probes, as it does to Cas9. See e.g., Horlbeck, Max A., et al.

"Nucleosomes impede Cas9 access to DNA in vivo and in vitro." Elife 5 (2016): el2677. The

enzymes themselves, such as ligases, polymerases, and the reverse transcriptase may have

intrinsic biases with respect to the sequence of the substrate. See e.g., Hafner, Markus, et al.



"RNA-ligase-dependent biases in miRNA representation in deep-sequenced small RNA cDNA

libraries." Rna 17.9 (2011): 1697-1712. These sequence dependencies can be measured directly

from experiments using probe-level barcodes.

Barcode assignment

[00144] Two approaches to barcode assignment can be to randomly assign barcodes from

a pool of k-mers, or to assign barcodes using an iterator function to increment the barcodes.

However, barcodes designed using these strategies may have limited capacity for error correction

or error detection, and may generate sequences that are sub-optimal for synthesis. Instead, the

assignment can be started with a large pool of barcodes, derived from the pool of k-mers and

excluding homopolymer and GC runs >4, as well as G quadruplex. From this pool, a set of g

barcodes can be identified with Hamming distance h using a graph based algorithm (Conway,

Nicholas J. and Pruitt, Benjamin. "Libnano, a low-level python library for DNA sequence file io,

searching, and manipulation." Unpublished GitHub Repository; Hagberg, Aric A., et al.

"Exploring network structure, dynamics, and function using NetworkX." Proceedings of the 7th

Python in Science Conference (SciPy2008) 11-15, Pasadena, CA USA). The Hamming distance

may provide for detection and correction of errors in sequenced barcodes, as it can require a

certain number sequencing errors to cause one barcode to be detected as another barcode. For

example, using an iterator to increment barcodes might assign "AA" to the first probe, "AT" to

the second, "AG" to the third, and so on. Using this strategy, a sequencing error in the second

base of this dinucleotide barcode would cause one barcode to be detected as another valid

barcode in the set. If the barcodes are separated by Hamming distance, most sequencing errors

generate invalid barcode sequences, which can simply be mapped to the nearest valid barcode

sequence. More sophisticated error correction could also use heuristics that consider error bias

and base call certainty. Those probes can be paired with our constant adaptor features of the

probe, such as the "T2S" (ACT TCA GCT GCC CCG GGT GAA GA) sequencing primer

annealing region, also requiring the combined sequence to satisfy homopolymer restrictions and

fall within homodimer and hairpin thermodynamic thresholds.

Probe pool selection

[00145] Having assembled the full probes, containing sequences complementary to target

RNA or DNA molecules, adaptor sequences, such as T2S, and barcodes, a final screen can be

performed to eliminate any probes containing homopolymer runs, or that form homodimers or

hairpins given thermodynamic thresholds. For example, probes having homodimer or hairpin

Tm > 30°C can be eliminated. Heterodimers or off-target interactions created during assembly of



the full probe sequence can also be considered. In synthesizing probe libraries, we can be limited

by the number of distinct oligonucleotide features on the microarray. When this happens, the top

n probes per gene or target locus can be taken using the scoring metrics described herein.

Subpool amplification

[00146] Given the large number of oligonucleotide features per microarray, multiple probe

libraries can be synthesized on a single chip. In order to generate a single probe library, subpool

amplification may be used to specifically amplify a fraction of the probe population for

maturation and use in FISSEQ. See e.g., Kosuri, Sriram, et al. "Scalable gene synthesis by

selective amplification of DNA pools from high-fidelity microchips." Nature biotechnology

28.12 (2010): 1295-1299. Even in the case where an array contains only a single library,

additional PCR primer sequences can still be included, as the amount of raw material produced

by the array may be on the scale of nanograms. To avoid internal mispriming from payload

sequences and cross-talk during subpool amplification, primers may be automatically generated

for these reactions using heuristics derived from quantitative modeling and empirical data. This

method can allow incorporation of sequence features into the priming regions, such as Type IIS

restriction sites, which may be used to process the library into a mature probe pool.

Probe maturation strategies

[00147] After collecting the DNA library from the microarray chip, an initial global or

subpool amplification can be performed. For use in FISSEQ, a micrograms or even milligrams

of the mature single stranded probe library can be prepared, which does not include the

amplification primer sequences. There are many strategies for achieving this, for example, in

vitro transcription or PCR-based methods, which are described herein. Methods to process

probes are also provided herein, such as for synthesis of MIPs and padlock probes. These types

of probes by design have the variable sequences on the 5' and 3' ends of the probe. Type IIS

restriction enzymes can be used to cut at a defined site, which is outside of the enzyme

recognition sequence. See e.g., Szybalski, Waclaw, et al. "Class-IIS restriction enzymes—a

review." Gene 100 (1991): 13-26. We find that the. The efficiency of cutting can be enhanced by

using a splint oligonucleotide that extends over the restriction enzyme recognition sequence, to

just beyond the start of the variable sequence, using inosines or universal bases to generate a

duplex 1-3 bases past the cutting site.

IVT



[00148] In vitro transcription (IVT) may be enabled by including a T7 RNA polymerase

promoter site in the probe library, which is used to linearly amplify the entire probe pool into

highly abundant single stranded RNA transcripts. A targeted reverse transcription can then be

performed to efficiently convert the RNA molecules into single stranded cDNA, after which the

RNA is degraded. See e.g., Chen, Kok Hao, et al. "Spatially resolved, highly multiplexed RNA

profiling in single cells." Science 348.6233 (2015): aaa6090. The single-stranded cDNA may be

further modified, as by splint restriction, wherein an oligonucleotide is annealed to the cDNA and

the duplex DNA region is targeted by a restriction enzyme for digestion.

PCR

[00149] Another strategy may be to use PCR to exponentially amplify the library,

followed by specific digestion of one of the duplex strands. One method for achieving this may

be to include a 5' phosphate on one primer, which allows the resulting strand to be digested by

lambda exonuclease. See e.g., Beliveau, Brian J., et al. "Versatile design and synthesis platform

for visualizing genomes with Oligopaint FISH probes." Proceedings of the National Academy of

Sciences 109.52 (2012): 21301-21306. Before or after exonuclease digestion, the probe can be

further processed using restriction enzymes.

Purification and validation

[00150] The products may also be further purified, as by ethanol precipitation, beads, or

columns to remove dNTPs or other reaction products and also to desalt the oligonucleotides. The

probes can also be purified using polyacrylamide gel electrophoresis (PAGE) or High

Performance Liquid Chromatography (HPLC) to select only correctly-sized products. To ensure

that the final library has the correct sequences, next-generation sequencing can be used to

measure the distribution of payload sizes, error rates during synthesis and amplification, and

sequence diversity (FIGS. 2A-2C).

[00151] The present disclosure provides methods to identify a set of target RNA and DNA

sequences. In some embodiments, one or more of DNA locus can be identified. In some

embodiments, one or more of DNA sequence, including DNA sequence or structural variants can

be identified. In some embodiments, one or more of RNA species can be identified. In some

embodiments, one or more RNA sequence, including RNA editing, splicing, expressed sequence

variation can be identified.

[00152] The present disclosure provides that reference sequence databases are curated and

mined to discover appropriate primer sequences for detection in situ using the methods described



above, including for sequences of RT primers, PCR primers, MIP and padlock probes, Cas9

guide RNAs, and other types of targeted probes.

[00153] The disclosure provides that candidate sequences are scored using metrics

intended to predict its specificity and efficiency in the context of both the initial synthesis and

FISSEQ sample preparation. Exemplary metrics to be considered including sequence content,

both overall, e.g. GC content, and local, e.g. G quadruplex, homopolymer runs; melting

temperature and other thermodynamic properties such as free energy, enthalpy and entropy; bias

of proteins and enzymes used in the probe complex, such as Cas9 and C2c2, or in downstream

processing, such as the reverse transcriptase, DNA polymerase, DNA ligase, RNA ligase, Circ-

ligase; secondary structure and homodimer formation; limitations or optimizations of the

microarray synthesis platform; target sequence features of the RNA or DNA, including

secondary structure and in situ protein occupancy (e.g., nucleosomes and ribosomes); specificity

of nucleic acid hybridization relative to other sequences known to be present; and/or sequence

specificity of a subset of the probe relevant to an enzymatic step, e.g., the 3' end of an RT primer,

or the seed region of a microRNA.

[00154] The disclosure provides curation of a set of identifying barcode sequences, which

can be detected by sequencing by synthesis (SBS), sequencing by ligation (SBL), or sequencing

by hybridization (SBH), for the identification of the target molecule. In some embodiments, the

curation process may consider features such as: sequence content, both overall, e.g. GC content,

and local, e.g. G quadruplex, homopolymer runs; melting temperature and other thermodynamic

properties such as free energy, enthalpy and entropy; bias of proteins and enzymes used in the

probe complex, such as Cas9 and C2c2, or in downstream processing, such as the reverse

transcriptase, DNA polymerase, DNA ligase, RNA ligase, Circ-ligase, or enzymes used for

sequencing; secondary structure and homodimer formation; limitations or optimizations of the

microarray synthesis platform; and error detection and error correction features, such as

Hamming distance, as well as parity bits and codes constructed using algorithms such as Golay.

[00155] The disclosure provides computational design of the DNA microarray synthesis

product, including the target sequences mined and scored as described above. The present

disclosure also provides methods to design additional sequences including those for PCR

amplification of the library; sub-pool amplification of a subset of the total library; probe

purification; sequences enabling probe expression and maturation, e.g. the T7 RNA polymerase

promoter sequence, sites for restriction enzymes, etc.; sequences relevant to FISSEQ or in situ

detection, e.g., sequencing adaptors, HCR or CHCR initiators or adaptor sequences, sites of

primary, secondary, or additional probing in situ; and barcoding sequences used for identification

of the probe and cognate target molecule.



[00156] The disclosure provides curation of a library from the candidate sequences, and/or

modified candidate sequences (e.g., after adding adaptors and other features necessary for

subsequent amplification and processing, FISSEQ, identifying barcodes, etc.). In some

embodiments, the methods comprise the steps of discovering a mutually compatible set of

candidate sequences. In some embodiments, the methods further comprise considering

heterodimerization and off-priming. In some embodiments, the methods further comprise

considering sequences formed during assembly of the full sequence, such as at the junction of

sequence features, e.g. the junction between a subpool amplification primer and the segment of

the primer responsible for binding a target nucleic acid. In some embodiments, the methods

comprise considering sequence content, both overall, e.g. GC content, and local, e.g. G

quadruplex, homopolymer runs; melting temperature and other thermodynamic properties such

as free energy, enthalpy and entropy; secondary structure and homodimer formation; and

limitations or optimizations of the microarray synthesis platform.

[00157] The disclosure provides methods of amplifying and maturing a probe library for

targeted RNA or DNA detection in situ from a DNA microarray or DNA oligonucleotides

liberated from a DNA microarray. In some embodiments, the methods comprise PCR. In some

embodiments, the methods comprise enzymatic processing, such as cleavage by restriction

enzymes to remove PCR and other adaptor sequences which are irrelevant or deleterious to use

for in situ RNA or DNA detection. In some embodiments, the methods comprise inclusion of

chemical modifications, modified bases, or nucleic acid analogs during probe amplification

and/or maturation. The modifications include, but are not limited to, chemical handles for cross-

linking, including primary amines, biotin/streptavidin, thiol; locked nucleic acid (LNA) bases,

which are known to improve hybridization kinetics and specificity; and 2'-0-methyl RNA bases

and phosphorothioate linkages, which are known to make oligonucleotides resistant to certain

nuclease treatments. In some embodiments, the disclosure provides methods of generating a

single-stranded final product, such as by lambda exonuclease digestion of a 5' phosphate-bearing

complementary strand or expression of RNA, such as by IVT, followed by RT and degradation

of the RNA to form a single stranded product. In some embodiments, the present disclosure

provides methods for purification, including by adding handles for purification, such as biotin, or

by PAGE, HPLC, using beads, or other methods known to a skilled artisan of cleaning up and

purifying oligonucleotides; and

[00158] In some embodiments, the present disclosure provides methods of using next

generation sequencing (NGS) to validate the product library, including determination of variation

in the presence and abundance of individual probes; discovery of the relationship between



identifying barcodes and the sequences relevant to molecular targeting, in the case where

barcodes are synthesized randomly

[00159] The disclosure provides methods for in situ targeted detection of RNA and/or

DNA species, using probes synthesized by DNA microarray.

[00160] Terms and symbols of nucleic acid chemistry, biochemistry, genetics, and

molecular biology used herein may follow those of standard treatises and texts in the field, e.g.,

Romberg and Baker, DNA Replication, Second Edition (W.H. Freeman, New York, 1992);

Lehninger, Biochemistry, Second Edition (Worth Publishers, New York, 1975); Strachan and

Read, Human Molecular Genetics, Second Edition (Wiley-Liss, New York, 1999); Eckstein,

editor, Oligonucleotides and Analogs: A Practical Approach (Oxford University Press, New

York, 1991); Gait, editor, Oligonucleotide Synthesis: A Practical Approach (IRL Press, Oxford,

1984); and the like.

Computer control systems

[00161] The present disclosure provides computer control systems that are programmed to

implement methods of the disclosure. FIG. 7 shows a computer system 701 that is programmed

or otherwise configured to aid in generation of said libraries of probes, or sequencing nucleic

acids of interest, as described here. The computer system 701 can regulate various aspects of the

present disclosure, such as, for example, determination of target sequences of interest, and/or

scoring of said probes. In some aspects, the computer system may be programmed to control

release of reagents, activation of reactions (e.g., amplification reactions), and/or may initiate a

sequencing reaction to take place. The computer system 701 can be an electronic device of a

user or a computer system that is remotely located with respect to the electronic device. The

electronic device can be a mobile electronic device.

[00162] The computer system 701 includes a central processing unit (CPU, also "processor"

and "computer processor" herein) 705, which can be a single core or multi core processor, or a

plurality of processors for parallel processing. The computer system 701 also includes memory

or memory location 710 (e.g., random-access memory, read-only memory, flash memory),

electronic storage unit 715 (e.g., hard disk), communication interface 720 (e.g., network adapter)

for communicating with one or more other systems, and peripheral devices 725, such as cache,

other memory, data storage and/or electronic display adapters. The memory 710, storage unit

715, interface 720 and peripheral devices 725 are in communication with the CPU 705 through a

communication bus (solid lines), such as a motherboard. The storage unit 715 can be a data

storage unit (or data repository) for storing data. The computer system 701 can be operatively

coupled to a computer network ("network") 730 with the aid of the communication interface 720.



The network 730 can be the Internet, an internet and/or extranet, or an intranet and/or extranet

that is in communication with the Internet. The network 730 in some cases is a

telecommunication and/or data network. The network 730 can include one or more computer

servers, which can enable distributed computing, such as cloud computing. The network 730, in

some cases with the aid of the computer system 701, can implement a peer-to-peer network,

which may enable devices coupled to the computer system 701 to behave as a client or a server.

[00163] The CPU 705 can execute a sequence of machine-readable instructions, which can be

embodied in a program or software. The instructions may be stored in a memory location, such

as the memory 710. The instructions can be directed to the CPU 705, which can subsequently

program or otherwise configure the CPU 705 to implement methods of the present disclosure.

Examples of operations performed by the CPU 705 can include fetch, decode, execute, and

writeback.

[00164] The CPU 705 can be part of a circuit, such as an integrated circuit. One or more other

components of the system 701 can be included in the circuit. In some cases, the circuit is an

application specific integrated circuit (ASIC).

[00165] The storage unit 715 can store files, such as drivers, libraries and saved programs.

The storage unit 715 can store user data, e.g., user preferences and user programs. The computer

system 701 in some cases can include one or more additional data storage units that are external

to the computer system 701, such as located on a remote server that is in communication with the

computer system 701 through an intranet or the Internet.

[00166] The computer system 701 can communicate with one or more remote computer

systems through the network 730. For instance, the computer system 701 can communicate with

a remote computer system of a user (e.g., a user generating said probes of the current disclosure

or a user utilizing such probes). Examples of remote computer systems include personal

computers (e.g., portable PC), slate or tablet PC's (e.g., Apple® iPad, Samsung® Galaxy Tab),

telephones, Smart phones (e.g., Apple® iPhone, Android-enabled device, Blackberry®), or

personal digital assistants. The user can access the computer system 701 via the network 730.

[00167] Methods as described herein can be implemented by way of machine (e.g., computer

processor) executable code stored on an electronic storage location of the computer system 701,

such as, for example, on the memory 710 or electronic storage unit 715. The machine executable

or machine readable code can be provided in the form of software. During use, the code can be

executed by the processor 705. In some cases, the code can be retrieved from the storage unit

715 and stored on the memory 710 for ready access by the processor 705. In some situations, the

electronic storage unit 715 can be precluded, and machine-executable instructions are stored on

memory 710.



[00168] The code can be pre-compiled and configured for use with a machine having a

processer adapted to execute the code, or can be compiled during runtime. The code can be

supplied in a programming language that can be selected to enable the code to execute in a pre

compiled or as-compiled fashion.

[00169] Aspects of the systems and methods provided herein, such as the computer system

701, can be embodied in programming. Various aspects of the technology may be thought of as

"products" or "articles of manufacture" typically in the form of machine (or processor)

executable code and/or associated data that is carried on or embodied in a type of machine

readable medium. Machine-executable code can be stored on an electronic storage unit, such as

memory (e.g., read-only memory, random-access memory, flash memory) or a hard disk.

"Storage" type media can include any or all of the tangible memory of the computers, processors

or the like, or associated modules thereof, such as various semiconductor memories, tape drives,

disk drives and the like, which may provide non-transitory storage at any time for the software

programming. All or portions of the software may at times be communicated through the

Internet or various other telecommunication networks. Such communications, for example, may

enable loading of the software from one computer or processor into another, for example, from a

management server or host computer into the computer platform of an application server. Thus,

another type of media that may bear the software elements includes optical, electrical and

electromagnetic waves, such as used across physical interfaces between local devices, through

wired and optical landline networks and over various air-links. The physical elements that carry

such waves, such as wired or wireless links, optical links or the like, also may be considered as

media bearing the software. As used herein, unless restricted to non-transitory, tangible

"storage" media, terms such as computer or machine "readable medium" refer to any medium

that participates in providing instructions to a processor for execution.

[00170] Hence, a machine readable medium, such as computer-executable code, may take

many forms, including but not limited to, a tangible storage medium, a carrier wave medium or

physical transmission medium. Non- volatile storage media include, for example, optical or

magnetic disks, such as any of the storage devices in any computer(s) or the like, such as may be

used to implement the databases, etc. shown in the drawings. Volatile storage media include

dynamic memory, such as main memory of such a computer platform. Tangible transmission

media include coaxial cables; copper wire and fiber optics, including the wires that comprise a

bus within a computer system. Carrier-wave transmission media may take the form of electric or

electromagnetic signals, or acoustic or light waves such as those generated during radio

frequency (RF) and infrared (IR) data communications. Common forms of computer-readable

media therefore include for example: a floppy disk, a flexible disk, hard disk, magnetic tape, any



other magnetic medium, a CD-ROM, DVD or DVD-ROM, any other optical medium, punch

cards paper tape, any other physical storage medium with patterns of holes, a RAM, a ROM, a

PROM and EPROM, a FLASH-EPROM, any other memory chip or cartridge, a carrier wave

transporting data or instructions, cables or links transporting such a carrier wave, or any other

medium from which a computer may read programming code and/or data. Many of these forms

of computer readable media may be involved in carrying one or more sequences of one or more

instructions to a processor for execution.

[00171] The computer system 701 can include or be in communication with an electronic

display 735 that comprises a user interface (UI) 740 for providing, for example, scoring of said

probes, or showing detection and/or sequencing of biomolecules of interest using said libraries of

probes. Examples of UI's include, without limitation, a graphical user interface (GUI) and web-

based user interface. In some instances, the computer system may be configured to be in

communication with various other devices and may be programmed to control such devices. For

example, the computer system may be in communication with various light sources (e.g.,

fluorescent light sources) and/or platforms for utilizing said probe libraries or platforms utilized

for sequencing.

[00172] Methods and systems of the present disclosure can be implemented by way of one or

more algorithms. An algorithm can be implemented by way of software upon execution by the

central processing unit 705. The algorithm can, for example, be executed so as to generate said

probes or libraries of probes of the current disclosure. The algorithms may comprise relevant

parameters for designing and/or generating said probes. In some instances, the algorithms may

comprise relevant parameters to implement detection of biomolecules of interest.

[00173] The terminology used herein is for the purpose of describing particular embodiments

only and is not intended to be limiting of the invention. As used herein, the singular forms "a",

"an" and "the" are intended to include the plural forms as well, unless the context clearly

indicates otherwise. It will be further understood that the terms "comprises" and/or "comprising,"

or "includes" and/or "including," when used in this specification, specify the presence of stated

features, regions, integers, steps, operations, elements and/or components, but do not preclude the

presence or addition of one or more other features, regions, integers, steps, operations, elements,

components and/or groups thereof.

[00174] Furthermore, relative terms, such as "lower" or "bottom" and "upper" or "top" may be

used herein to describe one element's relationship to other elements as illustrated in the figures.

It will be understood that relative terms are intended to encompass different orientations of the

elements in addition to the orientation depicted in the figures. For example, if the element in one

of the figures is turned over, elements described as being on the "lower" side of other elements



would then be oriented on the "upper" side of the other elements. The exemplary term "lower"

can, therefore, encompass both an orientation of "lower" and "upper," depending upon the

particular orientation of the figure. Similarly, if the element in one of the figures were turned

over, elements described as "below" or "beneath" other elements would then be oriented "above"

the other elements. The exemplary terms "below" or "beneath" can, therefore, encompass both

an orientation of above and below.

[00175] While preferred embodiments of the present invention have been shown and

described herein, it will be obvious to those skilled in the art that such embodiments are provided

by way of example only. Numerous variations, changes, and substitutions will now occur to

those skilled in the art without departing from the invention. It should be understood that various

alternatives to the embodiments of the invention described herein may be employed in practicing

the invention. Numerous different combinations of embodiments described herein are possible,

and such combinations are considered part of the present disclosure. In addition, all features

discussed in connection with any one embodiment herein can be readily adapted for use in other

embodiments herein. It is intended that the following claims define the scope of the invention

and that methods and structures within the scope of these claims and their equivalents be covered

thereby.

EXAMPLES

Example 1 - Exemplary probe designs

[00176] Exemplary linear probe design is shown in FIGs. 1A-C. FIG. 1A depicts that a

mature primer includes: (a) sequence complementary to the RNA molecule at the 3' end, which

anneals to the RNA molecule in situ and primes RT; (b) a common adaptor sequence, from

which RCA and sequencing reactions are primed; (c) a gene-level barcode at the 5' end; and 5'

phosphorylation. FIG. IB depicts that the complementary region of the primer anneals to the

target RNA species and primes an RT reaction, incorporating RNA-templated bases into the

cDNA. FIG. 1C depicts that in the linear RCA amplicon each of the n tandem repeats contains

the barcode as well as adjacent RNA-templated sequence, enabling quantification of capture

specificity.

[00177] Additional probe design and maturation strategies are shown in FIGs. 4A-E.

FIG. 4A-E depicts an exemplary probe design and maturation strategy for manufacture of

padlock or gap-fill probes by oligonucleotide library synthesis, such as by DNA microarray.

FIG. 4A shows a schematic of the probe design featuring conserved sequences on the ends,

which may also be used for amplification of the nucleic acid material, such as by PCR or IVT.

Alternatively, additional sequences 3' and 5' of the red domains may be included (not shown) for

the purpose of amplification or sub-pool amplification. A barcode domain is included for the



purpose of molecular identification. A central sequence is substantially complementary to the

target sequence for the purpose of directing the probe to the target molecule via a nucleic acid

hybridization reaction. FIG. 4B shows: 1) After amplification of the probe pool to sufficient

quantity, a splint ligation reaction circularizes the probe. FIG. 4C shows: 2) Second-strand

synthesis, such as by a non-displacing DNA polymerase, generates a second complementary

strand featuring a nick at the 5' end of the second-strand synthesis primer. FIG. 4D shows: 3) A

type IIS restriction enzyme is used to create a double-strand break within the targeting domain

(annealing sequence). FIG. 4E shows: 4) The mature probe is isolated, such as by electrophoretic

gel purification technique. This process may be referred to as probe maturation, encompassing

the steps of amplification and processing required for converting an as-synthesized nucleic acid

probe into a form suitable for use in assay.

Example 2 - Validation of microarray-synthesized FISSEQ primer library

[00178] FIG. 2A illustrates an exemplary results of validation of microarray-synthesized

FISSEQ primer library. FIG. 2A shows that the payload length of this library is distributed

around 0, suggesting that the synthesis and/or amplification of the library filed. The target

payload size is indicated by the dotted line. FIG. 2B shows that a significant fraction of the pool

contains a payload that matches the expected size, which is indicated by the dotted line. Note

there is also a significant fraction of payloads within a few bases in length, which reflects the

main error mode of array synthesis — deletions. FIG. 2C shows violin plot of the distribution

of payloads from FIG. 2B shows that most members of the library are present at an average of a

few copies. Some members are missing from the final library, and also some members are

present at ~10X the average level of the library.

Example 3 - Targeted FISSEQ capture schemes

[00179] FIGs. 3A-F depict exemplary targeted FISSEQ capture schemes. As shown in

FIG. 3, the FISSEQ capture probe can be used to capture target nucleic acid molecule region,

such as a RNA, mRNA, DNA, or genomic locus. The capture probe comprises the sequence

domain substantially complementary to the target molecule sequence and a non complementary

tail region containing adaptor sequences, sequencing primer domains, and barcode sequence

domains. FIG. 3A shows a targeted polymerization reaction is directed to the target molecule

via the targeting sequence domain, which serves to prime a nucleic acid polymerization reaction,

such as reverse transcription of RNA into cDNA, or second-strand synthesis of a DNA sequence

by a DNA polymerase. The primer is extended by the polymerase, incorporating endogenous

sequence, and linked into the FISSEQ 3D hydrogel matrix to preserve the spatial localization of



the molecule. Finally, the template is circularized and amplified, such as by rolling circle

amplification, for detection via sequencing. FIG. 3B shows a pre-circularized probe is hybridized

against a target molecule and subsequently amplified, such as by rolling circle amplification, for

detection via sequencing. FIG. 3C shows a protein and nucleic acid capture probe complex is

used to mediate selection of the target molecule, for the purpose of directing FISSEQ library

construction biochemistry to the target molecule. Library construction biochemistry may include,

but is not limited to, cutting, ligating, and other nucleic acid reactions for the purpose of

sequencing, or association of a cognate barcode or otherwise detectable label. FIG. 3D shows a

"padlock probe" is designed such that the ends of the probe come into immediate contact when

hybridized to the target molecule. A ligase reaction forms the phosphodiester bond circularizing

the probe. Finally, the template is circularized and amplified, such as by rolling circle

amplification, for detection via sequencing. FIG. 3E shows a probe is hybridized to the target

molecule via the complementarity domain, with a subsequent non-target-molecule-dependent

ligation reaction serving to circularize the probe, followed by amplification and sequencing. FIG.

3F shows a "gap fill" probe (also commonly referred to as a molecular inversion probe, or MIP)

is used for targeted FISSEQ. The hybridization arms of the probe anneal to the target molecule

forming a gap between the 3' and 5' ends. Subsequently, a nucleic acid polymerization reaction

primed by the 3' end of the probe serves to extend the probe incorporating endogenous sequence-

templated bases. Subsequently, a ligase forms a phosphodiester bond circularizing the probe.

Finally, the template is circularized and amplified, such as by rolling circle amplification, for

detection via sequencing.

Example 4 - Targeted FISSEG of OncoType Dx Panel

[00180] OncoType Dx gene panel was used as an example to demonstrate the workflow of

targeted FISSEQ. FIG. 5 depicts an exemplary image of targeted FISSEQ of human breast

cancer tissue biopsy sample. A pool of targeted reverse transcription primers initiate reverse

transcription reaction at genes of the clinically-relevant OncoType Dx gene panel. The image

depicts a single base of sequencing reaction, rotated in 3D to demonstrate molecular

identification within the 3D FISSEQ hydrogel and original tissue sample. Gene expression

profiles of the OncoType Dx genes are computed. FIG. 6 shows exemplary experimental data

summary of sequencing from FIG. 5. Upper text includes relevant experimental data. Lower left

panel shows the location of molecular identification events superimposed over the tissue image.

Lower middle panel shows the same molecules indicating a sequencing quality metric. Upper

middle graphs show the distribution of sequencing signals for each base over the barcode



sequence, demonstrating high quality sequencing data. Right table shows the genes included in

the assay and associated sequence barcodes.



CLAIMS

WHAT IS CLAIMED IS:

1. A method for enhancing a hybridization reaction in a cell or cellular matrix,

comprising:

(a) providing said cell or cellular matrix and a reaction mixture, comprising (i) a

target nucleic acid molecule, (ii) a probe having sequence complementarity with a target

sequence of said target nucleic acid molecule, and (iii) a hybridization reaction enhancing agent

comprising a polymer backbone, wherein said hybridization reaction enhancing agent enhances a

rate of a hybridization reaction between said target nucleic acid molecule and said probe having

sequence complementarity with said target sequence of said target molecule, and wherein said

hybridization enhancing agent comprises a functional group that facilitates inactivation of said

hybridization reaction enhancing agent; and

(b) subjecting said reaction mixture to conditions sufficient to conduct said

hybridization reaction between said target nucleic acid molecule and said probe having sequence

complementarity with said target sequence of said target nucleic acid molecule, wherein during

said hybridization reaction, said hybridization reaction enhancing agent enhances said rate of said

hybridization reaction between said target nucleic acid molecule and said probe having sequence

complementarity with said target sequence of said target molecule, as compared to another

hybridization reaction conducted between said target nucleic acid molecule and said probe in the

absence of said hybridization reaction enhancing agent.

2. The method of claim 1, further comprising, subsequent to (b), subjecting said

functional group to conditions sufficient to inactivate said hybridization reaction enhancing

agent.

3. The method of claim 2, further comprising inactivating the hybridization reaction

enhancing agent.

4. The method of claim 3, further comprising initiating an enzymatic reaction,

wherein the enzymatic reaction comprises reverse transcription, ligation, DNA polymerization.

5. The method of claim 1, wherein said functional group is a hydrating group.

6. The method of claim 5, wherein said hydrating group is an ionic, electrolytic, or

hydrophilic group.

7. The method of claim 5, wherein the hybridization reaction enhancing agent

comprises a cleavable linker between the polymer backbone and the hydrating group.

8. The method of claim 7, wherein the cleavable linker comprises alpha-hydroxy

acids, beta-keto acids, disulfide linkages, or other type of chemical linkages.

9. The method of claim 1, wherein said functional group is cleavable



10. The method of claim 9, further comprising triggering cleavage of the functional

group.

11. The method of claim 10, further comprising washing away the functional group

12. The method of claim 11, further comprising initiating an enzymatic reaction.

13. The method of claim 12, wherein said hybridization enhancing agent is further

configured to enhance said enzymatic reaction.

14. The method of claim 12, wherein the enzymatic reaction comprises reverse

transcription, ligation, DNA polymerization.

15. The method of claim 1, wherein said functional groups is configured to be

selectively inactivated by rendering an ionic group to have a neutral charge, or by rendering the

hydrating group to be weakly hydrating.

16. The method of claim 1, wherein said cell or cellular matrix is integrated with a

hydrogel.

17. The method of claim 1, wherein said reaction mixture further comprises a buffer

18. The method of claim 17, wherein said buffer comprises a salt

19. The method of claim 17, wherein said buffer comprises blocking agents

configured to reduce non-specific binding of probes to off-target sequences

20. The method of claim 17, wherein said buffer comprises agents configured to alter

an annealing property of DNA

21. The method of claim 1, wherein said polymer backbone is an ionic polymer

backbone.

22. The method of claim 21, wherein the hybridization enhancing agent comprises a

polyionic, polyelectrolyte, hydrophilic, or hydrating polymer.

23. A probe set for in situ nucleic acid sequence detection or identification of one or

more target nucleic acid molecules of a cell, wherein said probe set comprises a plurality of

probes comprising a plurality of target-specific sequences, a plurality of adaptor sequences and a

plurality of barcode sequences,

wherein a given probe of said plurality of probes comprises: (i) a sequence of said

plurality of target-specific sequences that is complementary to a target sequence of a target

nucleic acid molecule of said one or more target nucleic acid molecules of said cell; (ii) an

adaptor sequence of said plurality of adaptor sequences coupled to said sequence, wherein said

adaptor sequence comprises a binding site for a primer for an amplification reaction; and (iii) a

barcode sequence of said plurality of barcode sequences coupled to said adaptor sequence,

wherein said barcode sequence is configured to allow detection or identification of said target

sequence or said at least said portion of said target nucleic acid molecule, and



wherein said plurality of barcode sequences are different across said plurality of probes.

24. The probe set of claim 23, wherein the barcode sequence comprises a gene

barcode corresponding to a particular gene, and wherein the gene barcode is configured to allow

detection of the particular gene.

25. The probe set of claim 24, wherein the barcode sequence further comprises a

sequence barcode corresponding to the sequence complementary to the target region, and

wherein the sequence barcode is configured to allow detection of the sequence.

26. The probe set of claim 25, wherein the gene barcode is defined by a first set of

sequences of the barcode sequences, and wherein the sequence barcode is defined by the

remaining set of sequences of the barcode sequences.

27. The probe set of claim 23, wherein said plurality of barcode sequences permit

identification of different target sequences of different target nucleic acid molecules.

28. The probe set of claim 23, wherein said plurality of adaptor sequences are the

same across said plurality of probes.

29. The probe set of claim 23, wherein said adaptor sequence is complementary to a

primer for conducting said amplification reaction.

30. The probe set of claim 29, wherein said amplification reaction is a rolling circle

amplification (RCA) reaction.

31. The probe set of claim 23, wherein a given barcode sequence of said plurality of

barcode sequences permits identification of a given sequence of said target region

32. The probe set of claim 23, wherein the adaptor sequence is located between the

sequence complementary to the nucleic acid molecule and the barcode.

33. The probe set of claim 23, wherein the barcode sequence is located between the

sequence of said plurality of target-specific sequences and the adaptor sequence.

34. The probe set of claim 23, wherein said target nucleic acid molecule is ribonucleic

acid (RNA), and wherein the sequence of said plurality of sequences is configured to prime

reverse transcription.

35. The probe set of claim 34, wherein the sequence of said plurality of target-specific

sequences is located at a 3' end of each probe.

36. The probe set of claim 35, wherein the sequence of said plurality of target-specific

sequences, the adaptor sequence, and the barcode sequence are arranged contiguously from the 3'

end to the 5' end of said given probe.

37. The probe set of claim 23, wherein a 5' end of said given probe is phosphorylated.

38. A method of generating libraries of probes for detecting nucleic acid in situ with

said given probe of claim 23, comprising: hybridizing said given probe to a nucleic acid sequence



to produce a hybridized product, and circularizing the hybridized product, and generating said

libraries of probes via an amplification reaction .

39. The method of claim 38, wherein circularizing the hybridized product comprises

circularizing by a ligase when the probe is annealed to the nucleic acid sequence.

40. The method of claim 38, wherein circularizing the hybridized product comprises

circularizing by a ligase using an additional splint oligonucleotide independent of the nucleic

acid sequence.

41. The method of claim 38, wherein circularizing the hybridized product comprises

filling in a gap in the probe with aid of a reverse transcriptase, DNA polymerase, or ligase.

42. The method of claim 38, wherein the nucleic acid sequence is a ribonucleic acid

(RNA) or complementary deoxyribonucleic acid (cDNA) sequence.

43. The method of claim 38, wherein the nucleic acid sequence is a deoxyribonucleic

acid (DNA) sequence.

44. The probe set of claim 23, wherein the plurality of probes are linear probes.

45. The probe set of claim 23, wherein the plurality of probes are circular probes.

46. The probe set of claim 23, wherein the plurality of probes comprise molecular

inversion probes.

47. The probe set of claim 23, wherein the plurality of probes comprise padlock

probes.

48. The probe set of claim 23, wherein said given probe of the plurality further

comprises processing sites.

49. The probe set of claim 48, wherein the processing sites comprise additional

amplification regions.

50. The probe set of claim 49, wherein the additional amplification regions comprise

polymerase chain reaction (PCR) primer sequences.

51. The probe set of claim 48, wherein the processing sites comprise additional

cutting sites.

52. A method of maturing the plurality of probes of claim 51, comprising: cutting

away additional amplification regions via the additional cutting sites.

53. The probe set of claim 23, wherein said given probe of the plurality comprises a

sufficient length so as be circularized.

54. The probe set of claim 53, wherein the sufficient length is equal to or more than

35 nucleotides.



55. A method of depleting target sequences with said given probe of the plurality of

claim 23, comprising: hybridizing the probe to a nucleic acid sequence, and depleting said

sequence.

56. The method of claim 55, wherein said depleting is mediated by a RNase H

digestion.

57. The method set of claim 55, wherein said depleting is mediated by a Cas9 or other

protein-nucleic acid complexes.

58. A method for in situ nucleic acid sequence detection or identification of one or

more target nucleic acid molecules of a cell, comprising:

(a) providing a reaction mixture comprising said one or more target nucleic acid

molecules and a plurality of probes, wherein said plurality of probes comprises a plurality of

target-specific sequences, a plurality of adaptor sequences and a plurality of barcode sequences,

wherein a given probe of said plurality of probes comprises: (i) a sequence of said plurality of

target-specific sequences that is complementary to a target sequence of a target nucleic acid

molecule of said one or more target nucleic acid molecules; (ii) an adaptor sequence of said

plurality of adaptor sequences coupled to said sequence, wherein said adaptor sequence is for

conducting an amplification reaction on said given probe when said sequence is hybridized to

said target sequence; and (iii) a barcode sequence of said plurality of barcode sequences coupled

to said adaptor sequence, wherein said barcode sequence is configured to allow detection or

identification of said target sequence or said at least said portion of said target nucleic acid

molecule, and wherein said plurality of barcode sequences are difference across said plurality of

probes;

(b) subjecting said reaction mixture to conditions sufficient to permit said sequence to

hybridize to said target sequence; and

(c) using said barcode to detect or identify said target sequence or said at least said

portion of said target nucleic acid molecule.

59. The method of claim 58, further comprising, prior to (c), conducting said

amplification reaction on said given probe when said sequence is hybridized to said target

sequence

60. The method of claim 58, wherein said target nucleic acid molecule is a ribonucleic

acid molecule, and wherein (b) further comprises subjecting said sequence to conditions

sufficient to perform reverse transcription amplification on said sequence to yield a

complementary deoxyribonucleic acid molecule as an amplification product of said given probe.



61. The method of claim 58, wherein the barcode sequence comprises a gene barcode

corresponding to a particular gene, and wherein the gene barcode is configured to allow detection

of the particular gene.

62. The method of claim 61, wherein the barcode sequence further comprises a

sequence barcode corresponding to the sequence complementary to the target region, and

wherein the sequence barcode is configured to allow detection of the sequence.

63. The method of claim 62, wherein the gene barcode is defined by a first set of

sequences of the barcode sequences, and wherein the sequence barcode is defined by the

remaining set of sequences of the barcode sequences.

64. A method of generating a library of nucleic acid sequences for target nucleic acid

sequence detection, the method comprising:

identifying a set of target nucleic acid sequences;

designing a plurality of linear probes targeting the set of target nucleic acid sequences;

hybridizing the plurality of linear probes to the target nucleic acid sequences;

circularizing the plurality of linear probes; and

detecting the target nucleic acid sequences by fluorescent in situ sequencing (FISSEQ).

65. The method of claim 64, wherein the probes are probe complexes comprising

nucleic acid, DNA transposase, or Cas9.

66. The method of claim 64, wherein the plurality of linear probes are circularized by

an enzyme.

67. The method of claim 66, wherein the enzyme comprises a ligase.

68. The method of claim 67, wherein the enzyme further comprises a reverse

transcriptase, a polymerase, or both, to incorporate bases into the probe before circularization.

69. The method of claim 64, further comprising amplifying the plurality of

circularized probes.

70. The method of claim 69, wherein the plurality of circularized probes are amplified

by rolling circle amplification.

71. The method of claim 64, wherein each of the plurality of probes comprises an

adaptor sequence.

72. The method of claim 71, wherein each of the plurality of probes further comprises

a barcode sequence.

73. The method of claim 64, wherein the plurality of probes are synthesized by DNA

microarray.

74. The method of claim 64, wherein the plurality of probes are hybridized to the

target nucleic acid sequences in the presence of a crowding agent.



75. The method of claim 64, wherein the sequencing is sequencing by synthesis

(SBS), sequencing by ligation (SBL), or sequencing by hybridization (SBH).

76. The method of claim 64, wherein the target nucleic acids comprise ribonucleic

acids or deoxyribonucleic acids.

77. The method of claim 76, wherein the deoxynucleic acids are double-stranded

deoxynucleic acids.

78. The method of claim 77, wherein the double-stranded deoxynucleic acids are

converted into single-stranded deoxynucleic acids by thermal melting or enzymatic digestion.

79. The method of claim 64, wherein the plurality of probes comprises nucleic acid

analogs.

80. The method of claim 79, wherein the nucleic acid analogs comprise locked-

nucleic acid (LNA).

81. A method of generating libraries of nucleic acid sequences for targeted nucleic acid

sequence detection, the method comprising:

identifying a set of target nucleic acid sequences for detection;

generating reference sequence databases comprising sequence portions from the set of

target nucleic acid sequences;

selecting candidate sequence portions from the reference sequence databases;

designing, computationally, the libraries of nucleic acid sequences, wherein said

designing comprises scoring said candidate sequence portions according to a predetermined

criteria;

synthesizing the libraries of nucleic acid sequences;

amplifying the libraries of nucleic acid sequences;

purifying the libraries of nucleic acid sequences; and

validating the libraries of nucleic acid sequences for targeted nucleic acid sequence

detection, wherein the targeted nucleic acid sequence detection is via fluorescent in situ

sequencing (FISSEQ).

82. The method of claim 81, wherein the libraries of nucleic acid sequences comprises a

sequence portion that is complementary to the candidate sequence portion of the target

nucleic acid sequences.

83. The method of claim 82, wherein the libraries of nucleic acid sequences further comprises

adaptor sequence.

84. The method of claim 83, wherein the libraries of nucleic acid sequences further comprises

a barcode sequence.

85. The method of claim 81, wherein the libraries of nucleic acid sequences are complexed



with one or more proteins.

86. The method of claim 81, wherein the libraries of nucleic acid sequences are synthesized

on a DNA microarray.

87. The method of claim 86, wherein the libraries of nucleic acid sequences comprise guide

RNAs that are complexed CRISPR enzymes for FISSEQ detection of the guide RNAs,

and wherein each of the guide RNAs comprises an adaptor sequence.

88. The method of claim 81, wherein validating the nucleic acid sequences is by sequencing

by synthesis (SBS), sequencing by ligation (SBL), or sequencing by hybridization (SBH).

89. The method of claim 81, wherein targeted nucleic acid sequence detection is by

sequencing by synthesis (SBS), sequencing by ligation (SBL), or sequencing by

hybridization (SBH).

90. The method of claim 81, wherein the libraries of nucleic acid sequences are hybridized to

the set of target nucleic acid sequences in situ for detection.

91. The method of claim 90, wherein a crowding agent is included for enzyme-compatible

enhancement of hybridization between the libraries of nucleic acid sequences and the set

of target nucleic acid sequences.

92. The method of claim 91, further comprising circularizing the library of nucleic acid

sequences hybridized to the target nucleic acid sequences.

93. The method of claim 92, wherein the library of nucleic acid sequences is circularized by

an enzyme.

94. The method of claim 93, wherein the enzyme comprises a ligase.

95. The method of claim 94, wherein the enzyme further comprises a reverse transcriptase, a

polymerase, or both.

96. The method of claim 92, wherein the library of nucleic acid sequences is circularized

when hybridized to a splint oligonucleotide.

97. The method of claim 92, wherein the circularized library of nucleic acid sequences are

amplified by rolling circle amplification.

98. The method of claim 81, wherein the target nucleic acids comprise ribonucleic acids or

deoxyribonucleic acids.

99. The method of claim 98, wherein the deoxynucleic acids are double-stranded

deoxynucleic acids.

100. The method of claim 99, wherein the double-stranded deoxynucleic acids are

converted into single-stranded deoxynucleic acids by thermal melting or enzymatic

digestion.

101. The method of claim 81, wherein the library of nucleic acid sequences comprises



nucleic acid analogs.

. The method of claim 101, wherein the nucleic acid analogs comprise locked-

nucleic acid (LNA).
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