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Description

[0001] This application claims the benefit of U.S. Provisional Application No. 62/264,262, filed December 7, 2015, and
of U.S. Provisional Application No. 62/298,963, filed February 23, 2016,

[0002] The present application is being filed with a Sequence Listing in electronic format. The Sequence Listing Is
provided as a file entitled 7505920003405eqList.txt, created December 5, 2016, which is 816,451 bytes in size.

BACKGROUND

[0003] Human clinical DNA samples and sample libraries such as cDNA libraries derived from RNA contain highly
abundant sequences that have little informative value and increase the cost of sequencing. While methods have been
developed to deplete these unwanted sequences (e.g., via hybridization capture), these methods are often time-con-
suming and can be inefficient.

[0004] Although a guide nucleic acid (gNA) mediated nuclease systems (such as guide RNA (gRNA)-mediated Cas
systems) can efficiently deplete any target DNA, targeted depletion of very high numbers of unigue DNA molecules is
not feasible. For example, a sequencing library derived from human blood may contain >99% human genomic DNA.
Using agRNA-mediated Cas9 system-based method to deplete this genomic DNA to detect an infectious agent circulating
in the human blood would require extremely high numbers of gRNAs (about 10-100 million gRNAS), in order to ensure
that a gRNA will be present every 30-50 base pairs (bp), and that no target DNA will be missed. Very large numbers of
gRNAs can be predicted computationally and then synthesized chemically, but at a prohibitively expensive cost.
[0005] Therefore, there is a need in the art to provide a cost-effective method of converting any DNA into a gNA (e.g.,
gRNA) library to enable, forexample, genome-wide depletion of unwanted DNA sequences from those of interest, without
prior knowledge about their sequences. Provided herein are methods and compositions that address this need.

SUMMARY

[0006] Provided herein are methods to generate gNAs and collections of gNAs from any source nucleic acid. For
example, gRNAs and collections of gRNAs can be generated from source DNA, such as genomic DNA. Such gNAs and
collections of the same are useful for a variety of applications, including depletion, partitioning, capture, or enrichment
of target sequences of interest, genome-wide labeling, genome-wide editing, genome-wide functional screens, and
genome-wide regulation.

[0007] In one aspect, the invention described herein provides a method of making a collection of nucleic acids, a
plurality ofthe nucleic acids in the collection comprising: a first segment comprising a regulatory region; a second segment
encoding a targeting sequence; and a third segment encoding a nucleic acid-guided nuclease system protein-binding
sequence, wherein at least 10% of the nucleic acids in the collection vary in size. In another aspect, the invention
described herein provides a collection of nucleic acids, a plurality of the nucleic acids in the collection comprising: a first
segment comprising a regulatory region; a second segment encoding a targeting sequence, wherein the size of the
second segment is greater than 21 bp; and a third segment encoding a nucleic acid-guided nuclease system protein-
binding sequence. In some embodiments, the nucleic acid-guided nuclease system protein iIs a CRISPR/Cas system
protein. In some embodiments, the size of the second segment varies from 15-250 bp across the collection of nucleic
acids. In some embodiments, at least 10% of the second segments in the collection are greater than 21 bp. In some
embodiments, the size of the second segment is not 20 bp. In some embodiments, the size of the second segment Is
not 21 bp. In some embodiments, the collection of nucleic acids used in the method is a collection of DNA. In some
embodiments, the second segment is single stranded DNA. In some embodiments, the third segment is single stranded
DNA. In some embodiments, the second segment is double stranded DNA. In some embodiments, the third segment
IS double stranded DNA. In some embodiments, the regulatory region is a region capable of binding a transcription
factor. In some embodiments, the regulatory region comprises a promoter. In some embodiments, the promoter Is
selected from the group consisting of T/, SP6, and T3. In some embodiments, the targeting sequence is directed at a
mammalian genome, eukaryotic genome, prokaryotic genome, or a viral genome. In some embodiments, the targeting
sequence Is directed at repetitive or abundant DNA. In some embodiments, the targeting sequence is directed at mito-
chondrial DNA, ribosomal DNA, Alu DNA, centromeric DNA, SINE DNA, LINE DNA, or STR DNA. In some embodiments,
the sequence of the second segments is selected from Table 3 and/or Table 4. In some embodiments, the collection
comprises at least 102 unigque nucleic acid molecules. In some embodiments, the targeting sequence is at least 80%
complementary to the strand opposite to a sequence of nucleotides 5’ to a PAM sequence. In some embodiments, the
collection comprises targeting sequences directed to sequences of interest spaced about every 10,000 bp orless across
the genome of an organism. In some embodiments, the PAM sequence is AGG, CGG, or TGG. In some embodiments,
the PAM sequence Is specific for a CRISPR/Cas system protein selected from the group consisting of Cas9, Cpfl, Cas3,
Cas8a-c, Cas10, Csel, Csy1, Csn2, Cas4, Csm2, and Cm3. In some embodiments, the third segment comprises DNA
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encoding a gRNA stem-loop sequence. In some embodiments, the third segment encodes for a RNA comprising the
sequence GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAG UGGCAC-
CGAGUCGGUGCUUUUUUU (SEQ I[ID NO: 1) or encodes for a RNA comprising the sequence
GUUUUAGAGCUAUGCUGGAAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAA CUUGAAAAAGUG-
GCACCGAGUCGGUGCUUUUUUUC (SEQ ID NO: 2). In some embodiments, the sequence of the third segment en-
codes for a crRNA and a tracrRNA. In some embodiments, the nucleic acid-guided nuclease system protein is from a
bacterial species. In some embodiments, the nucleic acid-guided nuclease system protein is from an archaea species.
In some embodiments, the CRISPR/Cas system protein is a Type |, Type I, or Type Ill protein. In some embodiments,
the CRISPR/Cas system protein is selected from the group consisting of Cas9, Cpfl, Cas3, Cas8a-c, Cas10, Csel, Csy1,
Csn2, Cas4, Csm2, CmS, dCas9 and cas9 nickase. In some embodiments, the third segment comprises DNA encoding
a Cas9-binding sequence. In some embodiments, a plurality of third segments of the collection encode for a first nucleic
acid-guided nuclease system protein binding sequence, and a plurality of the third segments of the collection encode
for a second nucleic acid-guided nuclease system protein binding sequence. In some embodiments, the third segments
of the collection encode for a plurality of different binding sequences of a plurality of different binding sequences of a
plurality of different nucleic acid-guided nuclease system proteins.

[0008] I|n another aspect, the invention described herein provides for a method of making a collection of guide RNAs
(gRNAS), comprising: a first RNA segment a targeting sequence; and a second RNA segment comprising a nucleic acid-
guided nuclease system protein-binding sequence, wherein at least 10% of the gRNAs in the collection vary in size. In
some embodiments, the nucleic acid-guided nuclease system protein is a CRISPR/Cas system protein. In some em-
bodiments, the size of the first segment varies from 15-250 bp across the collection of gRNAs. In some embodiments,
the at least 10% of the first segments in the collection are greaterthan 21 bp. In some embodiments, the size of the first
segment is not 20 bp. In some embodiments, the size of the first segment is not 21 bp. In some embodiments, the
targeting sequence Is directed at a mammalian genome, eukaryotic genome, prokaryotic genome, or viral genome. In
some embodiments, the targeting sequence iIs directed at repetitive or abundant DNA. In some embodiments, the
targeting sequence is directed at mitochondrial DNA, ribosomal DNA, Alu DNA, centromeric DNA, SINE DNA, LINE
DNA, or STR DNA. In some embodiments, the sequence of the first segments is RNA encoded by sequences selected
from Table 3 and/or Table 4. In some embodiments, the collection comprises at least 102 unique gRNAs. In some
embodiments, the gRNAs comprise cytosine, guanine, and adenine. In some embodiments, a subset of the gRNAs
further comprises thymine. In some embodiments, a subset ofthe gRNAs further comprises uracil. In some embodiments,
the first segment is at least 80% complementary to a target genomic sequence of interest. In some embodiments, the
targeting sequence Is at least 80% complementary to the strand opposite to a sequence of nucleotides 5" to a PAM
sequence. In some embodiments the PAM sequence is AGG, CGG, or TGG. In some embodiments, the PAM sequence
IS specific for a CRISPR/Cas system protein selected from the group consisting of Cas9, Cpf1, Cas3, Cas8a-c, Cas10,
Cse1, Csy1, Csn2, Cas4, Csm2, and Cm3J. In some embodiments, the second segment comprises a gRNA stem-loop
seguence. In some embodiments, the third segment comprises DNA encoding a gRNA stem-loop sequence. In some
embodiments, the third segment comprises the sequence GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAG-
GCUAGUCCGUUAUCAACUUGAAAAAG UGGCACCGAGUCGGUGCUUUUUUU (SEQ ID NO: 1) or comprises the
seqguence GUUUUAGAGCUAUGCUGGAAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAA
CUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUUUC (SEQ ID NO: 2). In some embodiments, the second segment
comprises a crRNA and a tracrRNA. In some embodiments, the nucleic acid-guided nuclease system protein is from a
bacterial species. In some embodiments, the nucleic acid-guided nuclease system protein is from an archaea species.
In some embodiments, the CRISPR/Cas system protein is a Type |, Type Il, or Type Il protein. In some embodiments,
the CRISPR/Cas system protein is selected from the group consisting of Cas9, Cpfl, Cas3, Cas8a-c, Cas10, Csel, Csy1,
Csn2, Cas4, Csm2, Cm3, dCas9 and cas9 nickase. In some embodiments, the second segment comprises a Cas9-
binding sequence. In some embodiments, at least 10% of the gRNAs in the collection vary in their 3’ terminal-end
seguence. Insome embodiments, the collection comprises targeting sequences directed to sequences of interest spaced
every 10,000 bp or less across the genome of an organism. In some embodiments, a plurality of second segments of
the collection comprise a first nucleic acid-guided nuclease system protein binding sequence, and a plurality of the
second segments of the collection comprise a second nucleic acid-guided nuclease system protein binding seguence.
In some embodiments, the second segments of the collection comprise a plurality of different binding sequences of a
plurality of different nucleic acid-guided nuclease system proteins. In some embodiments, a plurality of the gRNAs of
the collection are attached to a substrate. In some embodiments, a plurality of the gRNAs of the collection comprise a
label. In some particular embodiments, a plurality of the gRNAs of the collection comprise different labels.

[0009] In another aspect, the invention described herein provides methods using nucleic acid comprising: a first seg-
ment comprising a regulatory region; a second segment encoding a targeting sequence, wherein the targeting sequence
IS greater than 30bp; and a third segment encoding a nucleic acid encoding a nucleic acid-guided nuclease system
protein-binding sequence. In some embodiments, the nucleic acid-guided nuclease is a CRISPR/Cas system protein.
In some embodiments, the nucleic acid is DNA. In some embodiments, the second segment is single stranded DNA. In
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some embodiments, the third segment is single stranded DNA. In some embodiments, the second segment is double
stranded DNA. In some embodiments, the third segment is double stranded DNA. In some embodiments, the regulatory
region is a region capable of binding a transcription factor. In some embodiments, the regulatory region comprises a
promoter. In some embodiments, the promoter is selected from the group consisting of T/, SP6, and T3. In some
embodiments, the targeting sequence Is directed at a mammalian genome, eukaryotic genome, prokaryotic genome,
or a viral genome. In some embodiments, the targeting sequence is directed at abundant or repetitive DNA. In some
embodiments, the targeting sequence is directed at mitochondrial DNA, ribosomal DNA, Alu DNA, centromeric DNA,
SINE DNA, LINE DNA, or STR DNA. In some embodiments, the sequence of the second segments is selected from
Table 3 and/or Table 4. In some embodiments, the targeting sequence is at least 80% complementary to the strand
opposite to a sequence of nucleotides 5’ to a PAM sequence. In some embodiments, the target genomic sequence of
interest is 5’ upstream of a PAM sequence. In some embodiments, the PAM sequence is specific for a CRISPR/Cas
system protein selected from the group consisting of Cas9, Cpf1, Cas3, Cas8a-c, Cas10, Csel, Csy1, Csn2, Cas4,
Csm2, and Cm3. In some embodiments, the third segment comprises DNA encoding a gRNA stem-loop sequence. In

some embodiments, the third segment comprises DNA encoding a gRNA stem-loop sequence. In some embodiments,
the third segment encodes for a RNA comprising the sequence GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAG-

GCUAGUCCGUUAUCAACUUGAAAAAG UGGCACCGAGUCGGUGCUUUUUUU (SEQ ID NO: 1) or encodes for a
RNA comprising the sequence GUUUUAGAGCUAUGCUGGAAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGU-
UAUCAA CUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUUUC (SEQ ID NO: 2). In some embodiments, the nucleic
acid-guided nuclease system protein is from a bacterial species. In some embodiments, the nucleic acid-guided nuclease
system protein is from an archaea species. In some embodiments, the CRISPR/Cas system protein is a Type |, Type
Il, or Type lll protein. In some embodiments, the CRISPR/Cas system protein is selected from the group consisting of
Cas9, Cpfl, Cas3, Cas8a-c, Cas10, Csel, Csy1, Csn2, Cas4, Csm2, Cm3S, dCas9 and cas9 nickase. In some embodi-
ments, the third segment comprises DNA encoding a Cas9-binding seguence.

[0010] In another aspect, the invention described herein provides methods for making a guide RNA comprising a first
segment comprising a targeting sequence, wherein the size of the first segment is greater than 30 bp; and a second
segment comprising a nucleic acid-guided nuclease system protein-binding sequence. In some embodiments, the nucleic
acid-guided nuclease is a CRISPR/Cas system protein. In some embodiments, the gRNA comprises an adenine, a
guanine, and a cytosine. In some embodiments, the gRNA further comprises a thymine. In some embodiments, the
gRNA further comprises a uracil. In some embodiments, the size of the first RNA segment is between 30 and 250 bp.
In some embodiments, the targeting sequence is directed at a mammalian genome, eukaryotic genome, prokaryotic
genome, or viral genome. In some embodiments, the targeting sequence Is directed at repetitive or abundant DNA. In
some embodiments, the targeting sequence is directed at mitochondrial DNA, ribosomal DNA, Alu DNA, centromeric
DNA, SINE DNA, LINE DNA, or STR DNA. In some embodiments, the first segment is at least 80% complementary to
the target genomic sequence of interest. In some embodiments, the targeting sequence is at least 80% complementary
to the strand opposite to a sequence of nucleotides 5 to a PAM sequence. In some embodiments, the second segment
comprises a gRNA stem-loop sequence. In some embodiments, the sequence of the second segment comprises
GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAG UGGCACCGAGUCG-
GUGCUUUUUUU (SEQ ID NO: 1) or comprises the sequence GUUUUAGAGCUAUGCUGGAAACAGCAUAGCAAG-
JUAAAAUAAGGCUAGUCCGUUAUCAA CUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUUUC (SEQ ID NO: 2).
n some embodiments, the sequence of the third segment comprises a crRNA and a tracrRNA. In some embodiments,
the nucleic acid-guided nuclease system protein is from a bacterial species. In some embodiments, the nucleic acid-
guided nuclease system protein is from an archaea species. In some embodiments, the CRISPR/Cas system protein is
a Type l, Type ll, or Type lll protein. In some embodiments, the CRISPR/Cas system protein is selected from the group
consisting of Cas9, Cpfl, Cas3, Cas8a-c, Cas10, Csel, Csy1, Csn2, Cas4, Csm2, CmS, dCas9 and cas9 nickase. In
some embodiments, the second segment is a Cas9-binding sequence.

[0011] In another aspect, the invention provides methods for making a complex comprising a nucleic acid-guided
nuclease system protein and a comprising a first segment comprising a targeting sequence, wherein the size of the first
segment is greaterthan 30 bp; and a second segment comprising a nucleic acid-guided nuclease system protein-binding
sequence.

[0012] I|n another aspect, the invention described herein provides a method for depleting and partitioning of targeted
seguences in a sample, enriching a sample for non-host nucleic acids, or serially depleting targeted nucleic acids in a
sample comprising: providing nucleic acids extracted from a sample; and contacting the sample with a plurality of
complexes comprising (1) any one of the collection of gRNAs provided herein; and (ii) nucleic acid-guided nuclease
system proteins. In some embodiments, the nucleic acid-guided nuclease system proteins are CRISPR/Cas system
proteins. In some embodiments, the CRISPR/Cas system proteins are Cas9 proteins.

[0013] In another aspect, the invention provides a method of making a collection of nucleic acids, each comprising a
DNA encoding a targeting sequence ligated to a DNA encoding a nucleic acid-guided nuclease system protein-binding
sequence, comprising: (a) providing double-stranded DNA molecules, each comprising a sequence of interest 3’ to a




10

15

20

25

30

35

40

45

50

55

DK/EP 3386550 T3

PAM sequence, and its reverse complementary sequence on the opposite strand; (b) performing an enzymatic digestion
reaction on the double stranded DNA molecules, wherein cleavages are generated at the PAM sequence and/or its
reverse complementary sequence on the opposite strand, but never completely remove the PAM sequence and/or its
reverse complementary sequence on the opposite strand from the double stranded DNA,; (c) ligating adapters comprising
a recognition sequence to the resulting DNA molecules of step b; (d) contacting the DNA molecules of step ¢ with an
restriction enzyme that recognizes the recognition sequence of step ¢, whereby generating DNA fragments comprising
blunt-ended double strand breaks immediately 5’ to the PAM sequence, whereby removing the PAM sequence and the
adapter containing the enzyme recognition site; and (e) ligating the resulting double stranded DNA fragments of step d
with a DNA encoding a nucleic acid-guided nuclease system protein-binding sequence, whereby generating a plurality
of DNA fragments, each comprising a DNA encoding a targeting sequence ligated to a DNA encoding a nucleic acid-
guided nuclease system protein-binding sequence. In some embodiments, the nucleic acid-guided nuclease iIs a
CRISPR/Cas nucleic acid-guided nuclease system protein. In some embodiments, the starting DNA molecules of the
collection further comprise a regulatory sequence upstream of the sequence of interest 5’ to the PAM seguence. In some
embodiments, the regulatory sequence comprises a promoter. In some embodiments, the promoter comprises a T7,
Sp6, or T3 sequence. In some embodiments, the double stranded DNA molecules are genomic DNA, intact DNA, or
sheared DNA. In some embodiments, the genomic DNA is human, mouse, avian, fish, plant, insect, bacterial, or viral.
In some embodiments, the DNA segments encoding a targeting sequence are at least 22 bp. In some embodiments,
the DNA segments encoding a targeting sequence are 15-250 bp in size range. In some embodiments, the PAM sequence
s AGG, CGG, or TGG. In some embodiments, the PAM sequence is specific for a CRISPR/Cas system protein selected
from the group consisting of Cas9, Cpfl, Cas3, Cas8a-c, Cas10, Csel, Csy1, Csn2, Cas4, Csm2, and Cm5. In some
embodiments, step (b) further comprises (1) contacting the DNA molecules with an enzyme capable of creating a nick
in asingle strand ata CCD site, whereby generating a plurality of nicked double stranded DNA molecules, each comprising
a sequence of interest followed by an HGG sequence, wherein the DNA molecules are nicked at the CCD sites; and (2)
contacting the nicked double stranded DNA molecules with an endonuclease, whereby generating a plurality of double
stranded DNA fragments, each comprising a sequence of interest followed by an HGG seguence wherein residual
nucleotides from HGG and/or CCD sequences is (are) left behind . In some embodiments, step (d) further comprises
PCR amplification of the adaptor-ligated DNA fragments from step (c) before cutting with the restriction enzyme recog-
nizing the recognition sequence of step (c), wherein after PCR, the recognition sequence is positioned 3’ of the PAM
sequence, and a regulatory sequence is positioned at the 5’ distal end of the PAM sequence. In some embodiments,
the enzymatic reaction of step (b) comprises the use of a Nt.CviPIll enzyme, and a T7 Endonuclease | enzyme. In some
embodiments, step (c) further comprises a blunt-end reaction with a T4 DNA Polymerase, if the adapter to be ligated
does not comprise an overhang. In some embodiments, the adapter of step (c) is either (1) double stranded, comprising
a restriction enzyme recognition seguence in one strand, and a regulatory sequence in the other strand, if the adapter
IS Y-shaped and comprises an overhang; or (2) has a palindromic enzyme recognition sequence In both strands, if the
adapter is not Y-shaped. In some embodiments, the restriction enzyme of step (d) is Mlyl. In some embodiments, the
restriction enzyme of step (d) is Bael. In some embodiments, step (d) further comprises contacting the DNA molecules
with an Xhol enzyme. In some embodiments, in step (e) the DNA encoding a nucleic acid-guided nuclease system-
protein binding seguence encodes for a RNA comprising the seguence
GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAG UGGCACCGAGUCG-
GUGCUUUUUUU (SEQ ID NO: 1) or encodes for a RNA comprising the sequence
GUUUUAGAGCUAUGCUGGAAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAA CUUGAAAAAGUG-
GCACCGAGUCGGUGCUUUUUUUC (SEQ ID NO: 2). In some embodiments, the targeted sequences of interest are
spaced every 10,000 bp or less across the genome of an organism.

[0014] I|n another aspect, the invention provides a method of making a collection of nucleic acids, each comprising a
DNA encoding a targeting sequence ligated to a DNA encoding a nucleic acid-guided nuclease system protein-binding
sequence, comprising:. (a) providing a plurality of double stranded DNA molecules, each comprising a sequence of
interest, an NGG site, and its complement CCN site; (b) contacting the molecules with an enzyme capable of creating
a nick in a single strand at a CCN site, whereby generating a plurality of nicked double stranded DNA molecules, each
comprising a sequence of interest 5" to the NGG site, wherein the DNA molecules are nicked at the CCD sites; (c)
contacting the nicked double stranded DNA molecules with an endonuclease, whereby generating a plurality of double
stranded DNA fragments, each comprising a sequence of interest, wherein the fragments comprise an terminal overhang;
(d) contacting the double stranded DNA fragments with an enzyme without 5’ to 3’ exonuclease activity to blunt end the
double stranded DNA fragments, whereby generating a plurality of blunt ended double stranded fragments, each com-
prising a sequence of interest; (e) contacting the blunt ended double stranded fragments of step d with an enzyme that
cleavesthe terminal NGG site; and (f) ligating the resulting double stranded DNA fragments of step e with a DNA encoding
a nucleic acid-guided nuclease system-protein binding sequence, whereby generating a plurality of DNA fragments,
each comprising a targeting sequence ligated to a DNA encoding a nucleic acid-guided nuclease system protein-binding
sequence. In some embodiments, the nucleic acid-guided nuclease is a CRISPR/Cas system protein. In some embod-
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iments, the plurality of double stranded DNA molecules have a regulatory sequence 3’ upstream of the NGG sites. In
some embodiments, the regulatory sequence comprises a T/, SP6, or T3 sequence. In some embodiments, the NGG
site comprises AGG, CGG, or TGG, and the CCN site comprises CCT, CCG, or CCA. In some embodiments, the plurality
of double stranded DNA molecules, each comprising a sequence of interest comprise sheared fragments of genomic
DNA. In some embodiments, the genomic DNA Is mammalian, prokaryotic, eukaryotic, avian, bacterial or viral. In some
embodiments, the plurality of double stranded DNA molecules in step (a) are at least 500 bp. In some embodiments,
the enzyme in step b is a NL.CviPll enzyme. In some embodiments, the enzyme in step cis a T7 Endonuclease [. In
some embodiments, the enzyme in step d is a T4 DNA Polymerase. In some embodiments, in step f the DNA encoding
a nucleic acid-guided nuclease system-protein binding sequence encodes for a RNA comprising the sequence
GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAG UGGCACCGAGUCG-
GUGCUUUUUUU (SEQ ID NO: 1) or encodes for a RNA comprising the sequence
GUUUUAGAGCUAUGCUGGAAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAA CUUGAAAAAGUG-
GCACCGAGUCGGUGCUUUUUUUC (SEQ ID NO: 2). In some embodiments, the step e additionally comprises ligating
adaptors carrying a Mlyl recognition site and digesting with Mlyl enzyme. In some embodiments, the sequence of interest
Is spaced every 10,000 bp or less across the genome.

[0015] In another aspect, the invention provides a method of making a collection of nucleic acids, each comprising a
DNA encoding a targeting sequence and a DNA encoding a nucleic acid-guided nuclease system protein-binding se-
gquence, comprising: (a) providing genomic DNA comprising a plurality of sequences of interest, comprising NGG and
CCN sites; (b) contacting the genomic DNA with an enzyme capable of creating nicks in the genomic DNA, whereby
generating nicked genomic DNA, nicked at CCN sites; (c) contacting the nicked genomic DNA with an endonuclease,
whereby generating double stranded DNA fragments, with an overhang; (d) ligating the DNA with overhangs from step
c to a Y-shaped adapter, thereby introducing a restriction enzyme recognition sequence only at 3’ of the NGG site and
a regulatory sequence 5’ of the sequence of interest; (e) contacting the product from step d with an enzyme that cleaves
away the NGG site together with the adaptor carrying the enzyme recognition sequence; and (f) ligating the resulting
double stranded DNA fragments of step e with a DNA encoding a nucleic acid-guided nuclease system protein-binding
sequence, whereby generating a plurality of DNA fragments, each comprising a sequence of interest ligated to a DNA
encoding a nucleic acid-guided nuclease system protein-binding sequence. In some embodiments, the nucleic acid-
guided nuclease is a CRISPR/Cas system protein. In some embodiments, the NGG site comprises AGG, CGG, or TGG,
and CCN site comprises CCT, CCG, or CCA. In some embodiments, the regulatory sequence comprises a promoter
sequence. In some embodiments, the promoter sequence comprisesa T/, SP6, or T3 sequence. In some embodiments,
the DNA fragments are sheared fragments of genomic DNA.

[0016] I|nsome embodiments, the genomic DNA Is mammalian, prokaryotic, eukaryotic, orviral. In some embodiments,
the fragments are at least 200 bp. In some embodiments, the enzyme in step b is a Nt.CviPIl enzyme. In some embod-
iments, the enzyme in step cis a T7 Endonuclease |. In some embodiments, step d further comprises PCR amplification
of the adaptor-ligated DNA. In some embodiments, in step f, the DNA encoding nucleic acid-guided nuclease system
protein-binding sequence encodes for a RNA comprising the seguence
GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAG UGGCACCGAGUCG-
GUGCUUUUUUU (SEQ ID NO: 1) or encodes for a RNA comprising the sequence
GUUUUAGAGCUAUGCUGGAAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAA CUUGAAAAAGUG-
GCACCGAGUCGGUGCUUUUUUUC (SEQ ID NO: 2). In some embodiments, the enzyme removing NGG site in step
e is Mlyl. Insome embodiments, the target of interest ofthe collection is spaced every 10,000 bp orless acrossthe genome.
[0017] I|n another aspect, the invention described herein provides a method of making a collection of guide nucleic
acids, comprising: a. obtaining abundant cells in a source sample; b. collecting nucleic acids from said abundant cells;
and c. preparing a collection of guide nucleic acids (gNAs) from said nucleic acids. In some embodiments, said abundant
cells comprise cells from one or more most abundant bacterial species in said source sample. In some embodiments,
said abundant cells comprise cells from more than one species. In some embodiments, said abundant cells comprise
human cells. In some embodiments, said abundant cells comprise animal cells. In some embodiments, said abundant
cells comprise plant cells. In some embodiments, said abundant cells comprise bacterial cells. In some embodiments,
the method further comprises contacting nucleic acid-guided nucleases with said library of gNAs to form nucleic acid-
guided nuclease-gNA complexes. In some embodiments, the method further comprises using said nucleic acid-guided
nuclease-gNA complexes to cleave target nucleic acids at target sites, wherein said gNAs are complementary to said
target sites. In some embodiments, said target nucleic acids are from said source sample. In some embodiments, a
species of said target nucleic acids is the same as a species of said source sample. In some embodiments, said species
of said target nucleic acids and said species of said source sample is human. In some embodiments, said species of
sald target nucleic acids and said species of said source sample is animal. In some embodiments, said species of said
target nucleic acids and said species of said source sample is plant.

[0018] In another aspect, the invention described herein provides a method of making a collection of nucleic acids,
each comprising a targeting sequence, comprising: a. obtaining source DNA; b. nicking said source DNA with a nicking
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enzyme at nicking enzyme recognition sites, thereby producing double-stranded breaks at proximal nicks; and c. repairing
overhangs of said double-stranded breaks, thereby producing a double-stranded fragment comprising (i) a targeting
sequence and (i) said nicking enzyme recognition site. In another aspect, the invention described herein provides a
method of making a collection of nucleic acids, each comprising a targeting sequence, comprising: a. obtaining source
DNA; b. nicking said source DNA with a nicking enzyme at nicking enzyme recognition sites, thereby producing a nick;
and c. synthesizing a new strand from said nick, thereby producing a single-stranded fragment of said source DNA
comprising a targeting sequence. In some embodiments, the method further comprises producing a double-stranded
fragment comprising said targeting sequence from said single-stranded fragment. In some embodiments, said producing
said double-stranded fragment comprises random priming and extension. In some embodiments, said random priming
IS conducted with a primer comprising a random n-mer region and a promoterregion. In some embodiments, said random
n-mer region is a random hexamer region. In some embodiments, said random n-mer region is a random octamer region.
n some embodiments, said promoter regionisa T/ promoterregion. Insome embodiments, the method furthercomprises
igating a nuclease recognition site nucleic acid comprising a nuclease recognition site to said double-stranded fragment.
n some embodiments, said nuclease recognition site corresponds to a nuclease that cuts at a distance from said
nuclease recognition site equal to the length of said nicking enzyme recognition sites. In some embodiments, said
nuclease recognition site is a Mlyl recognition site. In some embodiments, said nuclease recognition site is a Bael
recognition site. In some embodiments, the method further comprises digesting said double-stranded fragment with said
nuclease, thereby removing said nicking enzyme recognition site from said double-stranded fragment. In some embod-
iments, the method further comprises ligating said double-stranded fragment to a nucleic acid-guided nuclease system
protein recognition site nucleic acid comprising a nucleic acid-guided nuclease system protein recognition site. In some
embodiments, said nucleic acid-guided nuclease system protein recognition site comprises a guide RNA stem-loop
sequence. In some embodiments, said nuclease recognition site corresponds to a nuclease that cuts at a distance from
sald nuclease recognition site equal to a length of said targeting sequence. In some embodiments, said length of said
targeting sequence is 20 base pairs. In some embodiments, said nuclease recognition site is a Mmel recognition site.
In some embodiments, the method further comprises digesting said double-stranded fragment with said nuclease. In
some embodiments, said nuclease recognition site corresponds to a nuclease that cuts at a distance from said nuclease
recognition site equal to a length of said targeting sequence plus a length of said nicking enzyme recognition sites. In
some embodiments, said length of said targeting sequence plus a length of said nicking enzyme recognition sites is 23
base pairs. In some embodiments, said nuclease recognition site is a EcoP 13l recognition site. In some embodiments,
the method further comprises digesting said double-stranded fragment with said nuclease. In some embodiments, the
method further comprises ligating said double-stranded fragment to a nucleic acid-guided nuclease system protein
recognition site nucleic acid comprising a nucleic acid-guided nuclease system protein recognition site. In some embod-
iments, said nucleic acid-guided nuclease system protein recognition site comprises a guide RNA stem-loop sequence.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1 illustrates an exemplary scheme for producing a collection of gRNAs (a gRNA library) from genomic DNA.
FIG. 2 illustrates another exemplary scheme forproducing a collection of gRNAs (a gRNA library) from genomic DNA.
FIG. 3 illustrates an exemplary scheme for nicking of DNA and subsequent treatment with polymerase to generate
blunt ends.

FIG. 4 illustrates an exemplary scheme for sequential production of a library of gNAs using three adapters.

FIG. 5 illustrates an exemplary scheme for sequential production of a library of gNAs using one adapter and one oligo.
FIG. 6 illustrates an exemplary scheme for generation of a large pool of DNA fragments with blunt ends using Nicking
Enzyme Mediated DNA Amplification (NEMDA).

FIG. 7 illustrates an exemplary scheme for generation of a large pool of gNAs using Nicking Enzyme Mediated DNA
Amplification (NEMDA).

DETAILED DESCRIPTION OF THE INVENTION

[0020] Thereis a need in the art for a scalable, low-cost approach to generate large numbers of diverse guide nucleic
acids (gNAs) (e.g., gRNAs, gDNAs) for a variety of downstream applications.

[0021] Unless defined otherwise herein, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs. Although any methods and
materials similar or equivalent to those described herein can be used in the practice or testing of the present invention,
the preferred methods and materials are described.

[0022] Numeric ranges are inclusive of the numbers defining the range.
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[0023] As used herein, the singular form "a", "an", and "the" includes plural references unless indicated otherwise.
[0024] It is understood that aspects and embodiments of the invention described herein include "comprising,” "con-
sisting,” and "consisting essentially of" aspects and embodiments.

[0025] The term "about” as used herein refers to the usual error range for the respective value readily known to the
skilled person In this technical field. Reference to "about" a value or parameter herein includes (and describes) embod-
iIments that are directed to that value or parameter per se.

[0026] The term "nucleic acid," as used herein, refers to a molecule comprising one or more nucleic acid subunits. A
nucleic acid can include one or more subunits selected from adenosine (A), cytosine (C), guanine (G), thymine (T) and
uracil (U), and modified versions of the same. A nucleic acid comprises deoxyribonucleic acid (DNA), ribonucleic acid
(RNA), combinations, or derivatives thereof. A nucleic acid may be single-stranded and/or double-stranded.

[0027] The nucleic acids comprise "nucleotides”, which, as used herein, Is intended to include those moieties that
contain purine and pyrimidine bases, and modified versions of the same. Such modifications include methylated purines
or pyrimidines, acylated purines or pyrimidines, alkylated riboses or other heterocycles. In addition, the term "nucleotide”
or "polynucleotide” includes those moieties that contain hapten or fluorescent labels and may contain not only conventional
ribose and deoxyribose sugars, but other sugars as well. Modified nucleosides, nucleotides or polynucleotides also
include modifications on the sugar moiety, e.g., wherein one or more of the hydroxyl groups are replaced with halogen
atoms or aliphatic groups, or are functionalized as ethers, amines, or the like.

[0028] The term "nucleic acids” and "polynucleotides” are used interchangeably herein. Polynucleotide is used to
describe a nucleic acid polymer of any length, e.g., greater than about 2 bases, greater than about 10 bases, greater
than about 100 bases, greater than about 500 bases, greater than 1000 bases, up to about 10,000 or more bases
composed of nucleotides, e.g., deoxyribonucleotides or ribonucleotides, and may be produced enzymatically or syn-
thetically (e.g., PNA as described in U.S. Patent No. 5,948,902 and the references cited therein) which can hybridize
with naturally occurring nucleic acids in a sequence specific manner analogous to that of two naturally occurring nucleic
acids, e.g., can participate in Watson-Crick base pairing interactions. Naturally-occurring nucleotides include guanine,
cytosine, adenine and thymine (G, C, A and T, respectively). DNA and RNA have a deoxyribose and ribose sugar
backbones, respectively, whereas PNA's backbone is composed of repeating N-(2-aminoethyl)-glycine units linked by
peptide bonds. In PNA various purine and pyrimidine bases are linked to the backbone by methylene carbonyl bonds.
A locked nucleic acid (LNA), often referred to as inaccessible RNA, is a modified RNA nucleotide. The ribose moiety of
an LNA nucleotide is modified with an extra bridge connecting the 2’ oxygen and 4’ carbon. The bridge "locks" the ribose
in the 3'-endo (North) conformation, which is often found in the A-form duplexes. LNA nucleotides can be mixed with
DNA or RNA residues in the oligonucleotide whenever desired. The term "unstructured nucleic acid,” or "UNA," Is a
nucleic acid containing non-natural nucleotides that bind to each otherwith reduced stability. Forexample, an unstructured
nucleic acid may contain a G’ residue and a C’ residue, where these residues correspond to non-naturally occurring
forms, I.e., analogs, of G and C that base pair with each other with reduced stability, but retain an ability to base pair
with naturally occurring C and G residues, respectively. Unstructured nucleic acid is described in US20050233340,
which is incorporated by reference herein for disclosure of UNA.

[0029] The term "oligonucleotide” as used herein denotes a single-stranded multimer of nucleotides.

[0030] Unless otherwise indicated, nucleic acids are written left to right in 5’ to 3’ orientation; amino acid sequences
are written left to right in amino to carboxy orientation, respectively.

[0031] The term "cleaving," as used herein, refers to a reaction that breaks the phosphodiester bonds between two
adjacent nucleotides in both strands of a double-stranded DNA molecule, thereby resulting in a double-stranded break
in the DNA molecule.

[0032] The term "nicking" as used herein, refers to a reaction that breaks the phosphodiester bond between two
adjacent nucleotides in only one strand of a double-stranded DNA molecule, thereby resulting in a break in one strand
of the DNA molecule.

[0033] The term "cleavage site, as used herein, refers to the site at which a double-stranded DNA molecule has been
cleaved.

[0034] The"nucleicacid-guided nuclease-gNA complex” refers to a complexcomprising a nucleic acid-guided nuclease
protein and a guide nucleic acid (gNA, for example a gRNA or a gDNA). For example the "Cas9-gRNA complex” refers
to a complex comprising a Cas9 protein and a guide RNA (gRNA). The nucleic acid-guided nuclease may be any type
of nucleic acid-guided nuclease, including but not limited to wild type nucleic acid-guided nuclease, a catalytically dead
nucleic acid-guided nuclease, or a nucleic acid-guided nuclease-nickase.

[0035] The term "nucleic acid-guided nuclease-associated guide NA" refers to a guide nucleic acid (guide NA). The
nucleic acid-guided nuclease-associated guide NA may exist as an isolated nucleic acid, or as part of a nucleic acid-
guided nuclease-gNA complex, for example a Cas9-gRNA complex.

[0036] The terms "capture” and "enrichment” are used interchangeably herein, and refer to the process of selectively
iIsolating a nucleic acid region containing: sequences of interest, targeted sites of interest, sequences not of interest, or
targeted sites not of interest.
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[0037] The term "hybridization" refers to the process by which a strand of nucleic acid joins with a complementary
strand through base pairing as known in the art. A nucleic acid is considered to be "selectively hybridizable" to a reference
nucleic acid sequence if the two sequences specifically hybridize to one another under moderate to high stringency
hybridization and wash conditions. Moderate and high stringency hybridization conditions are known (see, e.g., Ausubel,
et al., Short Protocols in Molecular Biology, 3rd ed., Wiley & Sons 1995 and Sambrook et al., Molecular Cloning: A
Laboratory Manual, Third Edition, 2001 Cold Spring Harbor, N.Y.). One example of high stringency conditions includes
hybridization at about 42 °C in 50% formamide, 5X SSC, 5X Denhardt’'s solution, 0.5% SDS and 100 p.g/ml denatured
carrier DNA followed by washing two times in 2X SSC and 0.5% SDS at room temperature and two additional times in
0.1 XSSC and 0.5% SDS at 42 °C.

[0038] Theterm "duplex,” or "duplexed,” as used herein, describes two complementary polynucleotides that are base-
paired, I.e., hybridized together.

[0039] The term "amplifying” as used herein refers to generating one or more copies of a target nucleic acid, using
the target nucleic acid as a template.

[0040] The term "genomic region,” as used herein, refers to a region of a genome, €.g., an animal or plant genome
such as the genome of a human, monkey, rat, fish or insect or plant. In certain cases, an oligonucleotide used in the
method described herein may be designed using a reference genomic region, i.e., a genomic region of known nucleotide
sequence, e.g., a chromosomal region whose seguence Is deposited at NCBl's Genbank database or other databases,
for example.

[0041] The term "genomic sequence,” as used herein, refers to a sequence that occurs in a genome. Because RNAs
are transcribed from a genome, this term encompasses sequence that exist in the nuclear genome of an organism, as
well as sequences that are present in a cDNA copy of an RNA (e.g., an mRNA) transcribed from such a genome.
[0042] Theterm "genomic fragment,” as used herein, refers to a region of a genome, e.g., an animal or plant genome
such as the genome of a human, monkey, rat, fish or insect or plant. A genomic fragment may be an entire chromosome,
or a fragment of a chromosome. A genomic fragment may be adapter ligated (in which case it has an adapter ligated to
one or both ends of the fragment, or to at least the 5" end of a molecule), or may not be adapter ligated.

[0043] In certain cases, an oligonucleotide used in the method described herein may be designed using a reference
genomic region, i.e., a genomic region of known nucleotide sequence, e.g., a chromosomal region whose seguence Is
deposited at NCBI's Genbank database or other databases, for example. Such an oligonucleotide may be employed in
an assay that uses a sample containing a test genome, where the test genome contains a binding site for the oligonu-
cleotide.

[0044] The term “ligating,” as used herein, refers to the enzymatically catalyzed joining of the terminal nucleotide at
the 5’ end of a first DNA molecule to the terminal nucleotide at the 3" end of a second DNA molecule.

[0045] If two nucleic acids are "complementary,” each base of one of the nucleic acids base pairs with corresponding
nucleotides in the other nucleic acid. The term "complementary" and "perfectly complementary" are used synonymously
herein.

[0046] The term "separating,” as used herein, refers to physical separation of two elements (e.g., by size or affinity,
etc.) as well as degradation of one element, leaving the other intact. For example, size exclusion can be employed to
separate nucleic acids, including cleaved targeted sequences.

[0047] In acell, DNA usually exists in a double-stranded form, and as such, has two complementary strands of nucleic
acid referred to herein as the "top" and "bottom" strands. In certain cases, complementary strands of a chromosomal
region may be referred to as "plus" and "minus” strands, the "first" and "second" strands, the "coding” and "noncoding"”
strands, the "Watson" and "Crick" strands or the "sense"” and "antisense"” strands. The assignment of a strand as being
a top or bottom strand is arbitrary and does not imply any particular orientation, function or structure. Until they become
covalently linked, the first and second strands are distinct molecules. For ease of description, the "top" and "bottom”
strands of a double-stranded nucleic acid in which the top and bottom strands have been covalently linked will still be
described as the "top" and "bottom" strands. In other words, for the purposes of this disclosure, the top and bottom
strands of a double-stranded DNA do not need to be separated molecules. The nucleotide sequences of the first strand
of several exemplary mammalian chromosomal regions (e.g., BACs, assemblies, chromosomes, etc.) iIs known, and
may be found in NCBI's Genbank database, for example.

[0048] The term "top strand,” as used herein, refers to either strand of a nucleic acid but not both strands of a nucleic
acid. When an oligonucleotide or a primer binds or anneals "only to a top strand,"” it binds to only one strand but not the
other. The term "bottom strand,” as used herein, refers to the strand that is complementary to the "top strand.” When
an oligonucleotide binds or anneals "only to one strand," it binds to only one strand, e.g., the first or second strand, but
not the other strand. If an oligonucleotide binds or anneals to both strands of a double-stranded DNA, the oligonucleotide
may have two regions, a first region that hybridizes with the top strand of the double-stranded DNA, and a second region
that hybridizes with the bottom strand of the double-stranded DNA.

[0049] Theterm "double-stranded DNA molecule” refers to both double-stranded DNA molecules in which the top and
bottom strands are not covalently linked, as well as double-stranded DNA molecules in which the top and bottom stands
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are covalently linked. The top and bottom strands of a double-stranded DNA are base paired with one other by Watson-
Crick interactions.

[0050] Theterm "denaturing,” as used herein, refers to the separation of at least a portion of the base pairs of a nucleic
acid duplex by placing the duplex in suitable denaturing conditions. Denaturing conditions are well known in the art. In
one embodiment, in order to denature a nucleic acid duplex, the duplex may be exposed to a temperature that is above
the T, of the duplex, thereby releasing one strand of the duplex from the other. In certain embodiments, a nucleic acid
may be denatured by exposing it to a temperature of at least 90°C for a suitable amount of time (e.g., at least 30 seconds,
up to 30 mins). In certain embodiments, fully denaturing conditions may be used to completely separate the base pairs
of the duplex. In other embodiments, partially denaturing conditions (e.g., with a lower temperature than fully denaturing
conditions) may be used to separate the base pairs of certain parts of the duplex (e.g., regions enriched for A-T base
pairs may separate while regions enriched for G-C base pairs may remain paired). Nucleic acid may also be denatured
chemically (e.g., using urea or NaOH).

[0051] The term "genotyping,” as used herein, refers to any type of analysis of a nucleic acid sequence, and includes
seqguencing, polymorphism (SNP) analysis, and analysis to identify rearrangements.

[0052] Theterm "sequencing,” as used herein, refers to a method by which the identity of consecutive nucleotides of
a polynucleotide are obtained.

[0053] Theterm"next-generationsequencing’ referstothe so-called parallelized sequencing-by-synthesis orsequenc-
iIng-by-ligation platforms, for example, those currently employed by lllumina, Life Technologies, and Roche, etc. Next-
generation sequencing methods may also include nanopore sequencing methods or electronic-detection based methods
such as lon Torrent technology commercialized by Life Technologies.

[0054] Theterm "complementary DNA" or cDNA refers to a double-stranded DNA sample that was produced from an
RNA sample by reverse transcription of RNA (using primers such as random hexamers or oligo-dT primers) followed
by second-strand synthesis by digestion of the RNA with RNaseH and synthesis by DNA polymerase.

[0053] Theterm "RNA promoter adapter” is an adapterthat contains a promoter for a bacteriophage RNA polymerase,
e.g., the RNA polymerase from bacteriophage T3, T7, SP6 or the like.

[0056] Other definitions of terms may appear throughout the specification.

[0057] For any of the structural and functional characteristics described herein, methods of determining these char-
acteristics are known in the art.

Guide Nucleic Acids (gNAs)

[0058] Provided herein are methods for making guide nucleic acids (gNAs) derivable from any nucleic acid source.
The gNAs can be guide RNAs (gRNAs) orguide DNAs (gDNAs). The nucleic acid source can be DNA or RNA. Provided
herein are methods to generate gNAs from any source nucleic acid, including DNA from a single organism, or mixtures
of DNA from multiple organisms, or mixtures of DNA from multiple species, or DNA from clinical samples, or DNA from
forensic samples, or DNA from environmental samples, or DNA from metagenomic DNA samples (for example a sample
that contains more than one species of organism). Examples of any source DNA include, but are not limited to any
genome, any genome fragment, cDNA, synthetic DNA, or a DNA collection (e.g. a SNP collection, DNA libraries). The
gNAs provided herein can be used for genome-wide applications.

[0059] In some embodiments, the gNAs are derived from genomic sequences (e.g., genomic DNA). In some embod-
iments, the gNAs are derived from mammalian genomic sequences. In some embodiments, the gNAs are derived from
eukaryotic genomic sequences. In some embodiments, the gNAs are derived from prokaryotic genomic sequences. In
some embodiments, the gNAs are derived from viral genomic sequences. In some embodiments, the gNAs are derived
from bacterial genomic sequences. In some embodiments, the gNAs are derived from plant genomic seguences. In
some embodiments, the gNAs are derived from microbial genomic sequences. In some embodiments, the gNAs are
derived from genomic sequences from a parasite, for example a eukaryotic parasite.

[0060] Insomeembodiments, the gNAs are derived from repetitive DNA. In some embodiments, the gNAs are derived
from abundant DNA. In some embodiments, the gNAs are derived from mitochondrial DNA. In some embodiments, the
gNAs are derived from ribosomal DNA. In some embodiments, the gNAs are derived from centromeric DNA. In some
embodiments, the gNAs are derived from DNA comprising Alu elements (Alu DNA). In some embodiments, the gNAs
are derived from DNA comprising long interspersed nuclear elements (LINE DNA). In some embodiments, the gNAs
are derived from DNA comprising short interspersed nuclear elements (SINE DNA). In some embodiments the abundant
DNA comprises ribosomal DNA. In some embodiments, the abundant DNA comprises host DNA (e.g., host genomic
DNA or all host DNA). In an example, the gNAs can be derived from host DNA (e.g., human, animal, plant) for the
depletion of host DNA to allow for easier analysis of other DNA that is present (e.g., bacterial, viral, or other metagenomic
DNA). In another example, the gNAs can be derived from the one or more most abundant types (e.g., species) in a
mixed sample, such as the one or more most abundant bacteria species in a metagenomic sample. The one or more
most abundant types (e.g., species) can comprise the two, three, four, five, six, seven, eight, nine, ten, or more than ten
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most abundant types (e.g., species). The most abundant types can be the most abundant kingdoms, phyla or divisions,
classes, orders, families, genuses, species, or other classifications. The most abundant types can be the most abundant
cell types, such as epithelial cells, bone cells, muscle cells, blood cells, adipose cells, or other cell types. The most
abundant types can be non-cancerous cells. The most abundant types can be cancerous cells. The most abundant
types can be animal, human, plant, fungal, bacterial, or viral. gNAs can be derived from both a host and the one or more
most abundant non-host types (e.g., species) in a sample, such as from both human DNA and the DNA of the one or
more most abundant bacterial species. In some embodiments, the abundant DNA comprises DNA from the more abundant
or most abundant cells in a sample. For example, for a specific sample, the highly abundant cells can be extracted and
their DNA can be used to produce gNAs; these gNAs can be used to produce depletion library and applied to original
sample to enable or enhance sequencing or detection of low abundance targets.

[0061] In some embodiments, the gNAs are derived from DNA comprising short terminal repeats (STRS).

[0062] I|n some embodiments, the gNAs are derived from a genomic fragment, comprising a region of the genome, or
the whole genome itself. In one embodiment, the genome is a DNA genome. In another embodiment, the genome is a
RNA genome.

[0063] In some embodiments, the gNAs are derived from a eukaryotic or prokaryotic organism; from a mammalian
organism or a non-mammalian organism; from an animal or a plant; from a bacteria or virus; from an animal parasite;
from a pathogen.

[0064] I|n some embodiments, the gNAs are derived from any mammalian organism. In one embodiment the mammal
IS a human. In another embodiment the mammal is a livestock animal, for example a horse, a sheep, a cow, a pig, or a
donkey. In another embodiment, a mammalian organism is a domestic pet, for example a cat, a dog, a gerbil, a mouse,
a rat. In another embodiment the mammal is a type of a monkey.

[0065] In some embodiments, the gNAs are derived from any bird or avian organism. An avian organism includes but
IS not limited to chicken, turkey, duck and goose.

[0066] I|n some embodiments, the gNAs are derived from a plant. In one embodiment, the plant is rice, maize, wheat,
rose, grape, coffee, fruit, tomato, potato, or cotton.

[0067] In some embodiments, the gNAs are derived from a species of bacteria. In one embodiment, the bacteria are
tuberculosis-causing bacteria.

[0068] In some embodiments, the gNAs are derived from a virus.

[0069] I|n some embodiments, the gNAs are derived from a species of fungi.

[0070] In some embodiments, the gNAs are derived from a species of algae.

[0071] In some embodiments, the gNAs are derived from any mammalian parasite.

[0072] In some embodiments, the gNAs are derived from any mammalian parasite. In one embodiment, the parasite
IS a worm. In another embodiment, the parasite is a malaria-causing parasite. In another embodiment, the parasite is a
Leishmaniasis-causing parasite. In another embodiment, the parasite is an amoeba.

[0073] In some embodiments, the gNAs are derived from a nucleic acid target. Contemplated targets include, but are
not limited to, pathogens; single nucleotide polymorphisms (SNPs), insertions, deletions, tandem repeats, or transloca-
tions; human SNPs or STRs; potential toxins; or animals, fungi, and plants. In some embodiments, the gRNAs are
derived from pathogens, and are pathogen-specific gNAs.

[0074] In some embodiments, a guide NA of the invention comprises a first NA segment comprising a targeting
sequence, wherein the targeting sequence is 15-250 bp; and a second NA segment comprising a nucleic acid guided
nuclease system (e.g., CRISPR/Cas system) protein-binding sequence. In some embodiments, the targeting sequence
IS greater than 21 bp, greater than 22 bp, greater than 23 bp, greater than 24 bp, greater than 25 bp, greater than 26
bp, greater than 27 bp, greater than 28 bp, greater than 29 bp, greater than 30 bp, greater than 40 bp, greater than 30
bp, greater than 60 bp, greater than 70 bp, greater than 80 bp, greater than 90 bp, greater than 100 bp, greater than
110 bp, greater than 120 bp, greater than 130 bp, greater than 140 bp, or even greater than 150 bp. In an exemplary
embodiment, the targeting sequence is greaterthan 30bp. In some embodiments, the targeting sequences of the present
iInvention range in size from 30-30 bp. In some embodiments, targeting sequences of the present invention range in size
from 30-75 bp. In some embodiments, targeting sequences of the present invention range in size from 30-100 bp. For
example, a targeting sequence can be at least 15 bp, 20 bp, 25 bp, 30 bp, 35 bp, 40 bp, 45 bp, 50 bp, 55 bp, 60 bp, 65
bp, 70 bp, 75 bp, 80 bp, 85 bp, 90 bp, 95 bp, 100 bp, 110 bp, 120 bp, 130 bp, 140 bp, 150 bp, 160 bp, 170 bp, 180 bp,
190 bp, 200 bp, 210 bp, 220 bp, 230 bp, 240 bp, or 250 bp. In specific embodiments, the targeting sequence is at least
22 bp. In specific embodiments, the targeting sequence is at least 30 bp.

[00735] In some embodiments, target-specific gNAs can comprise a nucleic acid sequence that is complementary to
a region on the opposite strand of the targeted nucleic acid sequence 5’ to a PAM sequence, which can be recognized
by a nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) protein. In some embodiments the targeted nucleic
acid sequence is immediately 5’ to a PAM sequence. In specific embodiments, the nucleic acid sequence of the gNA
that is complementaryto aregion in atarget nucleicacid is 15-250 bp. In specific embodiments, the nucleic acid sequence
of the gNA that is complementary to a region in a target nucleic acid is 22, 23, 24, 25, 30, 35, 40, 45, 50, 60, 70, 75, 80,
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90, or 100 bp.

[0076] I|n some particular embodiments, the targeting sequence is not 20 bp. In some particular embodiments, the
targeting sequence is not 21 bp.

[0077] In some embodiments, the gNAs comprise any purines or pyrimidines (and/or modified versions of the same).
n some embodiments, the gNAs comprise adenine, uracil, guanine, and cytosine (and/or modified versions ofthe same).
n some embodiments, the gNAs comprise adenine, thymine, guanine, and cytosine (and/or modified versions of the
same). In some embodiments, the gNAs comprise adenine, thymine, guanine, cytosine and uracil (and/or modified
versions of the same).

[0078] In some embodiments, the gNAs comprise a label, are attached to a label, or are capable of being labeled. In
some embodiments, the gNA comprises is a moiety that is further capable of being attached to a label. A label includes,
but is not limited to, enzyme, an enzyme substrate, an antibody, an antigen binding fragment, a peptide, a chromophore,
a lumiphore, a fluorophore, a chromogen, a hapten, an antigen, a radioactive isotope, a magnetic particle, a metal
nanoparticle, a redox active marker group (capable of undergoing a redox reaction), an aptamer, one member of a
binding pair, a member of a FRET pair (either a donor or acceptor fluorophore), and combinations thereof.

[0079] In some embodiments, the gNAs are attached to a substrate. The substrate can be made of glass, plastic,
silicon, silica-based materials, functionalized polystyrene, functionalized polyethyleneglycol, functionalized organic pol-
ymers, nitrocellulose or nylon membranes, paper, cotton, and materials suitable for synthesis. Substrates need not be
flat. In some embodiments, the substrate is a 2-dimensional array. In some embodiments, the 2-dimensional array is
flat. In some embodiments, the 2-dimensional array is not flat, for example, the array is a wave-like array. Substrates
include any type of shape including spherical shapes (e.g., beads). Materials attached to substrates may be attached
to any portion of the substrates (e.g., may be attached to an interior portion of a porous substrates material). In some
embodiments, the substrate is a 3-dimensional array, forexample, a microsphere. In some embodiments, the microsphere
IS magnetic. In some embodiments, the microsphere is glass. In some embodiments, the microsphere is made of poly-
styrene. In some embodiments, the microsphere is silica-based. In some embodiments, the substrate is an array with
interior surface, for example, is a straw, tube, capillary, cylindrical, or microfluidic chamber array. In some embodiments,
the substrate comprises multiple straws, capillaries, tubes, cylinders, or chambers.

Nucleic Acids Encoding gNAs

[0080] Also provided herein are methods for making nucleic acids encoding for gNAs (e.g., gRNAs or gDNASs). In
some embodiments, by encoding it is meant that a gNA results from the transcription of a nucleic acid encoding for a
gNA (e.g., gRNA). In some embodiments, by encoding, it is meant that the nucleic acid is a template for the transcription
of a gNA (e.g., gRNA). In some embodiments, by encoding, it is meant that a gNA results from the reverse transcription
of a nucleic acid encoding for a gNA. In some embodiments, by encoding, it is meant that the nucleic acid is a template
for the reverse transcription of a gNA. In some embodiments, by encoding, it is meant that a gNA results from the
amplification of a nucleic acid encoding for a gNA. In some embodiments, by encoding, it is meant that the nucleic acid
IS a template for the amplification of a gNA.

[0081] In some embodiments the nucleic acid encoding for a gNA comprises a first segment comprising a regulatory
region; a second segment comprising targeting sequence, wherein the second segment can range from 15 bp - 250 bp;
and a third segment comprising a nucleic acid encoding a nucleic acid-guided nuclease system (e.g., CRISPR/Cas
system) protein-binding sequence.

[0082] In some embodiments, the nucleic acids encoding for gNAs comprise DNA. In some embodiments, the first
segmentisdouble stranded DNA. In some embodiments, the first segmentis single stranded DNA. In some embodiments,
the second segment is single stranded DNA. In some embodiments, the third segment is single stranded DNA. In some
embodiments, the second segment is double stranded DNA. In some embodiments, the third segment is double stranded
DNA.

[0083] In some embodiments, the nucleic acids encoding for gNAs comprise RNA.

[0084] I|n some embodiments the nucleic acids encoding for gNAs comprise DNA and RNA.

[0083] In some embodiments, the regulatory region is a region capable of binding a transcription factor. In some
embodiments, the regulatory region comprises a promoter. In some embodiments, the promoter is selected from the
group consisting of T7, SP6, and T3.

Collections of gNAs

[0086] Provided herein are methods for making collections (interchangeably referred to as libraries) of gNAs.

[0087] As used herein, a collection of gNAs denotes a mixture of gNAs containing at least 102 unique gNAs. In some
embodiments a collection of gNAs contains at least 102, at least 102, at least 104, at least 10°, at least 10°, at least 107,
at least 108, at least 10°, at least 1070 unique gNAs. In some embodiments a collection of gNAs contains a total of at
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least 102, at least 10°, at least 104, at least 10°, at least 10°, at least 107, at least 108, at least 10°, at least 101° gNAs.
[0088] In some embodiments, a collection of gNAs comprises a first NA segment comprising a targeting sequence;
and a second NA segment comprising a nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) protein-binding
sequence, wherein at least 10% of the gNAs in the collection vary in size. In some embodiments, the first and second
segments are in 5'- to 3'-order".

[0089] In some embodiments, the size of the first segment varies from 15-250 bp, or 30-100 bp, or 22-30 bp, or
15-50bp, or 15-75 bp, or 15-100 bp, or 15-125 bp, or 15-150 bp, or 15-175 bp, or 15-200 bp, or 15-225 bp, or 15-250
bp, or 22-50 bp, or 22-75 bp, or 22-100 bp, or 22-125 bp, or 22-150 bp, or 22-175 bp, or 22-200 bp, or 22-225 bp, or
22-250 bp across the collection of gNAs.

[0090] Insome embodiments, at least 10%, or at least 15%, or at last 20%, or at least 25%, or at least 30%, or at least
35%, or at least 40%, or at least 45%, or at least 50%, or at least 55%, or at least 60%, or at least 65%, or at least 70%,
or at least /5%, or at least 80%, or at least 85%, or at least 90%, or at least 95%, or 100% of the first segments in the
collection are greater than 21 bp.

[0091] In some embodiments, at least 10%, or at least 15%, or at last 20%, or at least 25%, or at least 30%, or at least
35%, or at least 40%, or at least 45%, or at least 50%, or at least 55%, or at least 60%, or at least 65%, or at least 70%,
or at least /5%, or at least 80%, or at least 85%, or at least 90%, or at least 95%, or 100% of the first segments in the
collection are greater than 25 bp.

[0092] I|n some embodiments, at least 10%, or at least 15%, or at last 20%, or at least 25%, or at least 30%, or at least
35%, or at least 40%, or at least 45%, or at least 50%, or at least 55%, or at least 60%, or at least 65%, or at least 70%,
or at least 75%, or at least 80%, or at least 85%, or at least 90%, or at least 95%, or 100% of the first segments in the
collection are greater than 30 bp.

[0093] Insome embodiments, at least 10%, or at least 15%, or at last 20%, or at least 25%, or at least 30%, or at least
35%, or at least 40%, or at least 45%, or at least 50%, or at least 55%, or at least 60%, or at least 65%, or at least 70%,
or at least /5%, or at least 80%, or at least 85%, or at least 90%, or at least 95%, or 100% of the first segments in the
collection are 15-50 bp.

[0094] |n some embodiments, at least 10%, or at least 15%, or at last 20%, or at least 25%, or at least 30%, or at least
35%, or at least 40%, or at least 45%, or at least 50%, or at least 55%, or at least 60%, or at least 65%, or at least 70%,
or at least /5%, or at least 80%, or at least 85%, or at least 90%, or at least 95%, or 100% of the first segments in the
collection are 30-100 bp.

[0093] I|n some particular embodiments, the size of the first segment is not 20 bp.

[0096] I|n some particular embodiments, the size of the first segment is not 21 bp.

[0097] Insomeembodiments, the gNAs and/orthe targeting sequence ofthe gNAs inthe collection of gRNAs comprise
unigue 3’ ends. In some embodiments, the collection of gNAs exhibit variability in sequence ofthe 3’ end of the targeting
sequence, across the members of the collection. In some embodiments, the collection of gNAs exhibit variability at least
5%, or at least 10%, or at least 15%, or at last 20%, or at least 25%, or at least 30%, or at least 35%, or at least 40%,
or at least 45%, or at least 50%, or at least 55%, or at least 60%, or at least 65%, or at least 70%, or at least 75%
variability in the sequence of the 3’ end of the targeting sequence, across the members of the collection.

[0098] |n some embodiments, the 3" end of the gNA targeting sequence can be any purine or pyrimidine (and/or
modified versions of the same). In some embodiments, the 3" end of the gNA targeting sequence is an adenine. In some
embodiments, the 3" end of the gNA targeting sequence is a guanine. In some embodiments, the 3’ end of the gNA
targeting sequence is a cytosine. In some embodiments, the 3’ end of the gNA targeting sequence is a uracil. In some
embodiments, the 3" end of the gNA targeting sequence is a thymine. In some embodiments, the 3" end of the gNA
targeting sequence is not cytosine.

[0099] In some embodiments, the collection of gNAs comprises targeting sequences which can base-pair with the
targeted DNA, wherein the target of interest Is spaced at least every 1 bp, at least every 2 bp, at least every 3 bp, at
east every 4 bp, at least every 5 bp, at least every 6 bp, at least every 7 bp, at least every 8 bp, at least every 9 bp, at
east every 10 bp, at least every 11 bp, at least every 12 bp, at least every 13 bp, at least every 14 bp, at least every 15
bp, at least every 16 bp, at least every 17 bp, at least every 18 bp, at least every 19 bp, 20 bp, at least every 25 bp, at
least every 30 bp, at least every 40 bp, at least every 50 bp, at least every 100 bp, at least every 200 bp, at least every
300 bp, at least every 400 bp, at least every 500 bp, at least every 600 bp, at least every 700 bp, at least every 800 bp,
at least every 900 bp, at least every 1000 bp, at least every 2500 bp, at least every 5000 bp, at least every 10,000 bp,
at least every 15,000 bp, at least every 20,000 bp, at least every 25,000 bp, at least every 50,000 bp, at least every
100,000 bp, at least every 250,000 bp, at least every 500,000 bp, at least every 750,000bp, or even at least every
1,000,000 bp across a genome of interest.

[0100] In some embodiments, the collection of gNAs comprises a first NA segment comprising a targeting sequence,
and a second NA segment comprising a nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) protein-binding
sequence, wherein the gNAs In the collection can have a variety of second NA segments with various specificities for
protein members of the nucleic acid-guided nuclease system (e.g., CRISPR/Cas system). For example a collection of
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gNAs as provided herein, can comprise members whose second segment comprises a nucleic acid-guided nuclease
system (e.g., CRISPR/Cas system) protein-binding sequence specific for a first nucleic acid-guided nuclease system
(e.g., CRISPR/Cas system) protein; and also comprises members whose second segment comprises a nucleic acid-
guided nuclease system (e.g., CRISPR/Cas system) protein-binding sequence specific for a second nucleic acid-guided
nuclease system (e.g., CRISPR/Cas system) protein, wherein the first and second nucleic acid-guided nuclease system
(e.g., CRISPR/Cas system) proteins are not the same. In some embodiments a collection of gNAs as provided herein
comprises members that exhibit specificity to at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7,
at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at
least 18, at least 19, or even at least 20 nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) proteins. In
one specific embodiment, a collection of gNAs as provided herein comprises members that exhibit specificity for a Cas9
protein and another protein selected from the group consisting of Cpf1, Cas3, Cas8a-c, Cas10, Cse1, Csy1, Csn2, Cas4,
Csm2, and Cm>5.

[0101] In some embodiments, a plurality of the gNA members of the collection are attached to a label, comprise a
label or are capable of being labeled. In some embodiments, the gNA comprises is a moiety that is further capable of
being attached to a label. A label includes, but is not limited to, enzyme, an enzyme substrate, an antibody, an antigen
binding fragment, a peptide, a chromophore, a lumiphore, a fluorophore, a chromogen, a hapten, an antigen, a radioactive
Isotope, a magnetic particle, a metal nanoparticle, a redox active marker group (capable of undergoing a redox reaction),
an aptamer, one member of a binding pair, a member of a FRET pair (either a donor or acceptor fluorophore), and
combinations thereof.

[0102] Insome embodiments, aplurality ofthe gNA members ofthe collection are attached to a substrate. The substrate
can be made of glass, plastic, silicon, silica-based materials, functionalized polystyrene, functionalized polyethyleneg-
lycol, functionalized organic polymers, nitrocellulose or nylon membranes, paper, cotton, and materials suitable for
synthesis. Substrates need not be flat. In some embodiments, the substrate is a 2-dimensional array. In some embod-
iments, the 2-dimensional array is flat. In some embodiments, the 2-dimensional array is not flat, for example, the array
IS a wave-like array. Substrates include any type of shape including spherical shapes (e.g., beads). Materials attached
to substrates may be attached to any portion of the substrates (e.g., may be attached to an interior portion of a porous
substrates material). In some embodiments, the substrate is a 3-dimensional array, for example, a microsphere. In some
embodiments, the microsphere is magnetic. In some embodiments, the microsphere is glass. In some embodiments,
the microsphere is made of polystyrene. In some embodiments, the microsphere is silica-based. In some embodiments,
the substrate is an array with interior surface, for example, is a straw, tube, capillary, cylindrical, or microfluidic chamber
array. In some embodiments, the substrate comprises multiple straws, capillaries, tubes, cylinders, or chambers.

Collections of Nucleic Acids Encoding gNAs

[0103] Provided herein are methods for making collections (interchangeably referred to as libraries) of nucleic acids
encoding for gNAs (e.g., gRNAs or gDNASs). In some embodiments, by encoding it is meant that a gNA results from the
transcription of a nucleic acid encoding for a gNA. In some embodiments, by encoding, it is meant that the nucleic acid
IS a template for the transcription of a gNA.

[0104] As used herein, a collection of nucleic acids encoding for gNAs denotes a mixture of nucleic acids containing
at least 102 unique nucleic acids. In some embodiments a collection of nucleic acids encoding for gNAs contains at least
102, at least 103, at least 104, at least 10°, at least 10, at least 107, at least 108, at least 10°, at least 1010 unique nucleic
acids encoding for gNAs. In some embodiments a collection of nucleic acids encoding for gNAs contains a total of at
least 102, at least 10°, at least 104, at least 10°, at least 105, at least 107, at least 108, at least 10°, at least 1079 nucleic
acids encoding for gNAs.

[0105] In some embodiments, a collection of nucleic acids encoding for gNAs comprises a first segment comprising
a regulatory region; a second segment comprising a targeting sequence; and a third segment comprising a nucleic acid
encoding a nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) protein-binding sequence, wherein at least
10% of the nucleic acids in the collection vary in size.

[0106] In some embodiments, the first, second, and third segments are in 5'- to 3'-order’.

[0107] In some embodiments, the nucleic acids encoding for gNAs comprise DNA. In some embodiments, the first
segmentis single stranded DNA. In some embodiments, the first segment is double stranded DNA. In some embodiments,
the second segment is single stranded DNA. In some embodiments, the third segment is single stranded DNA. In some
embodiments, the second segment is double stranded DNA. In some embodiments, the third segment is double stranded
DNA.

[0108] In some embodiments, the nucleic acids encoding for gNAs comprise RNA.

[0109] In some embodiments the nucleic acids encoding for gNAs comprise DNA and RNA.

[0110] In some embodiments, the regulatory region is a region capable of binding a transcription factor. In some
embodiments, the regulatory region comprises a promoter. In some embodiments, the promoter is selected from the
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group consisting of T/, SP6, and T3.

[0111] In some embodiments, the size of the second segments (targeting sequence) in the collection varies from
15-250 bp, or 30-100 bp, or 22-30 bp, or 15-50 bp, or 15-75 bp, or 15-100 bp, or 15-125 bp, or 15-150 bp, or 15-175
bp, or 15-200 bp, or 15-225 bp, or 15-250 bp, or 22-50 bp, or 22-75 bp, or 22-100 bp, or 22-125 bp, or 22-150 bp, or
22-175 bp, or 22-200 bp, or 22-225 bp, or 22-250 bp across the collection of gNAs.

[0112] In some embodiments, at least 10%, or at least 15%, or at last 20%, or at least 25%, or at least 30%, or at least
35%, or at least 40%, or at least 45%, or at least 50%, or at least 55%, or at least 60%, or at least 65%, or at least 70%,
or at least /5%, or at least 80%, or at least 85%, or at least 90%, or at least 95%, or 100% of the second segments In
the collection are greater than 21 bp.

[0113] In some embodiments, at least 10%, or at least 15%, or at last 20%, or at least 25%, or at least 30%, or at least
35%, or at least 40%, or at least 45%, or at least 50%, or at least 55%, or at least 60%, or at least 65%, or at least 70%,
or at least /5%, or at least 80%, or at least 85%, or at least 90%, or at least 95%, or 100% of the second segments In
the collection are greater than 25 bp.

[0114] In some embodiments, at least 10%, or at least 15%, or at last 20%, or at least 25%, or at least 30%, or at least
35%, or at least 40%, or at least 45%, or at least 50%, or at least 55%, or at least 60%, or at least 65%, or at least 70%,
or at least /5%, or at least 80%, or at least 85%, or at least 90%, or at least 95%, or 100% of the second segments In
the collection are greater than 30 bp.

[0115] |n some embodiments, at least 10%, or at least 15%, or at last 20%, or at least 25%, or at least 30%, or at least
35%, or at least 40%, or at least 45%, or at least 50%, or at least 55%, or at least 60%, or at least 65%, or at least 70%,
or at least 75%, or at least 80%, or at least 85%, or at least 90%, or at least 95%, or 100% of the second segments In
the collection are 15-50bp.

[0116] In some embodiments, at least 10%, or at least 15%, or at last 20%, or at least 25%, or at least 30%, or at least
35%, or at least 40%, or at least 45%, or at least 50%, or at least 55%, or at least 60%, or at least 65%, or at least 70%,
or at least /5%, or at least 80%, or at least 85%, or at least 90%, or at least 95%, or 100% of the second segments In
the collection are 30-100bp.

[0117] In some particular embodiments, the size of the second segment is not 20 bp.

[0118] In some particular embodiments, the size of the second segment is not 21 bp.

[0119] In some embodiments, the gNAs and/or the targeting sequence of the gNAs in the collection of gNAs comprise
unigue 5’ ends. In some embodiments, the collection of gNAs exhibit variability in sequence ofthe 3’ end of the targeting
sequence, across the members of the collection. In some embodiments, the collection of gNAs exhibit variability at least
0%, or at least 10%, or at least 15%, or at last 20%, or at least 25%, or at least 30%, or at least 35%, or at least 40%,
or at least 45%, or at least 50%, or at least 55%, or at least 60%, or at least 65%, or at least 70%, or at least 75%
variability in the sequence of the 5’ end of the targeting sequence, across the members of the collection.

[0120] In some embodiments, the collection of nucleic acids comprises targeting sequences, wherein the target of
interest is spaced at least every 1 bp, at least every 2 bp, at least every 3 bp, at least every 4 bp, at least every 5 bp, at
least every 6 bp, at least every 7 bp, at least every 8 bp, at least every 9 bp, at least every 10 bp, at least every 11 bp,
at least every 12 bp, at least every 13 bp, at least every 14 bp, at least every 15 bp, at least every 16 bp, at least every
17 bp, at least every 18 bp, at least every 19 bp, 20 bp, at least every 25 bp, at least every 30 bp, at least every 40 bp,
at least every 50 bp, at least every 100 bp, at least every 200 bp, at least every 300 bp, at least every 400 bp, at least
every 500 bp, at least every 600 bp, at least every 700 bp, at least every 800 bp, at least every 900 bp, at least every
1000 bp, at least every 2500 bp, at least every 5000 bp, at least every 10,000 bp, at least every 15,000 bp, at least every
20,000 bp, at least every 25,000 bp, at least every 50,000 bp, at least every 100,000 bp, at least every 250,000 bp, at
least every 500,000 bp, at least every 750,000 bp, or even at least every 1,000,000 bp across a genome of interest.
[0121] In some embodiments, the collection of nucleic acids encoding for gNAs comprise a third segment encoding
for a nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) protein-binding sequence, wherein the segments
in the collection vary in their specificity for protein members ofthe nucleic acid-guided nuclease system (e.g., CRISPR/Cas
system). Forexample, a collection of nucleic acids encoding for gNAs as provided herein, can comprise members whose
third segment encode for a nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) protein-binding sequence
specific for a first nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) protein; and also comprises members
whose third segment encodes for a nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) protein-binding
seguence specific for a second nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) protein, wherein the
first and second nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) proteins are not the same. In some
embodiments, a collection of nucleic acids encoding for gNAs as provided herein comprises members that exhibit
specificity to at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at |least 7, at least 8, at least 9, at [east 10,
at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or even at
least 20 nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) proteins. In one specific embodiment, a
collection of nucleic acids encoding for gNAs as provided herein comprises members that exhibit specificity for a Cas9
protein and another protein selected from the group consisting of Cpf1, Cas3, Cas8a-c, Cas10, Cse1, Csy1, Csn2, Cas4,
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Csm2, and Cm>5.

Seguences of Interest

[0122] Provided herein are methods for making gNAs and collections of gNAs, derived from any source DNA (for
example from genomic DNA, cDNA, artificial DNA, DNA libraries), that can be used to target sequences of interest in a
sample for a variety of applications including, but not limited to, enrichment, depletion, capture, partitioning, labeling,
regulation, and editing. The gNAs comprise a targeting sequence, directed at sequences of interest.

[0123] In some embodiments, the sequences of interest are genomic sequences (genomic DNA). In some embodi-
ments, the sequences of interest are mammalian genomic sequences. In some embodiments, the sequences of interest
are eukaryoticgenomic sequences. Insome embodiments, the sequences of interest are prokaryoticgenomic sequences.
In some embodiments, the sequences of interest are viral genomic sequences. In some embodiments, the sequences
of interest are bacterial genomic sequences. |In some embodiments, the sequences of interest are plant genomic se-
guences. In some embodiments, the sequences of interest are microbial genomic sequences. In some embodiments,
the sequences of interest are genomic sequences from a parasite, for example a eukaryotic parasite. In some embod-
iments, the sequences of interest are host genomic sequences (e.g., the host organism of a microbiome, a parasite, or
a pathogen). In some embodiments, the sequences of interest are abundant genomic segquences, such as sequences
from the genome or genomes of the most abundant species in a sample.

[0124] |nsomeembodiments, the sequences of interest comprise repetitive DNA. In some embodiments, the sequenc-
es of interest comprise abundant DNA. In some embodiments, the sequences of interest comprise mitochondrial DNA.
n some embodiments, the sequences of interest comprise ribosomal DNA. In some embodiments, the sequences of
interest comprise centromeric DNA. In some embodiments, the sequences of interest comprise DNA comprising Alu
elements (Alu DNA). In some embodiments, the sequences of interest comprise long interspersed nuclear elements
(LINE DNA). In some embodiments, the sequences of interest comprise short interspersed nuclear elements (SINE
DNA). In some embodiments, the abundant DNA comprises ribosomal DNA.

[0125] In some embodiments, the sequences of interest comprise single nucleotide polymorphisms (SNPs), short
tandem repeats (STRS), cancer genes, inserts, deletions, structural variations, exons, genetic mutations, or regulatory
regions.

[0126] In some embodiments, the sequences of interest can be a genomic fragment, comprising a region of the
genome, or the whole genome itself. In one embodiment, the genome is a DNA genome. |n another embodiment, the
genome is a RNA genome.

[0127] In some embodiments, the sequences of interest are from a eukaryotic or prokaryotic organism,; from a mam-
malian organism or a non-mammalian organism; from an animal or a plant; from a bacteria or virus; from an animal
parasite; from a pathogen.

[0128] I|n some embodiments, the sequences of interest are from any mammalian organism. In one embodiment the
mammal is a human. In another embodiment the mammal is a livestock animal, for example a horse, a sheep, a cow,
a pig, or a donkey. In another embodiment, a mammalian organism is a domestic pet, for example a cat, a dog, a gerbill,
a mouse, a rat. In another embodiment the mammal is a type of a monkey.

[0129] In some embodiments, the sequences of interest are from any bird or avian organism. An avian organism
includes but is not limited to chicken, turkey, duck and goose.

[0130] In some embodiments, the sequences of interest are from a plant. In one embodiment, the plant is rice, maize,
wheat, rose, grape, coffee, fruit, tomato, potato, or cotton.

[0131] Insome embodiments, the sequences of interest are from a species of bacteria. In one embodiment, the bacteria
are tuberculosis-causing bacteria.

[0132] I|n some embodiments, the sequences of interest are from a virus.

[0133] In some embodiments, the sequences of interest are from a species of fungi.

[0134] In some embodiments, the sequences of interest are from a species of algae.

[0135] I|n some embodiments, the sequences of interest are from any mammalian parasite.

[0136] In some embodiments, the sequences of interest are obtained from any mammalian parasite. In one embodi-
ment, the parasite is aworm. In another embodiment, the parasite is a malaria-causing parasite. In another embodiment,
the parasite is a Leishmaniasis-causing parasite. In another embodiment, the parasite is an amoeba.

[0137] In some embodiments, the sequences of interest are from a pathogen.

Targeting Sequences

[0138] As used herein, a targeting sequence is one that directs the gNA to the sequences of interest in a sample. For
example, a targeting sequence targets a particular sequence of interest, for example the targeting sequence targets a
genomic seguence of interest.
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[0139] Provided herein are method of making gNAs and collections of gNAs that comprise a segment that comprises
a targeting sequence. Also provided herein, are nucleic acids encoding forgNAs, and collections of nucleic acids encoding
for gNAs that comprise a segment encoding for a targeting sequence.

[0140] In some embodiments, the targeting sequence comprises DNA.
[0141] I|n some embodiments, the targeting sequence comprises RNA.
[0142] I|n some embodiments, the targeting sequence comprises RNA, and shares at least /0% sequence identity, at

least /5% sequence identity, at least 80% sequence identity, at least 85% sequence identity, at least 90% sequence
identity, at least 95% sequence identity, or shares 100% sequence identity to a sequence 5’ to a PAM sequence on a
sequence of interest, except that the RNA comprises uracils instead of thymines. In some embodiments, the PAM
sequence Is AGG, CGG, or TGG.

[0143] In some embodiments, the targeting sequence comprises DNA, and shares at least /0% sequence identity, at
least /5% sequence identity, at least 80% sequence identity, at least 85% sequence identity, at least 90% sequence
identity, at least 95% sequence identity, or shares 100% sequence identity to a sequence 3’ to a PAM sequence on a
sequence of interest.

[0144] In some embodiments, the targeting sequence comprises RNA and is complementary to the strand opposite
to a sequence of nucleotides 5" to a PAM seguence. In some embodiments, the targeting sequence is at least /0%
complementary, at least /5% complementary, at least 80% complementary, at least 85% complementary, at least 90%
complementary, at least 95% complementary, or is 100% complementary to the strand opposite to a sequence of
nucleotides 5" to a PAM sequence. In some embodiments, the PAM sequence is AGG, CGG, or TGG.

[0145] In some embodiments, the targeting sequence comprises DNA and is complementary to the strand opposite
to a sequence of nucleotides 5" to a PAM seguence. In some embodiments, the targeting sequence is at least /0%

COIT
COIT

NUC

plementary, at least /5% complementary, at least 80% complementary, at least 85% complementary, at least 90%
plementary, at least 95% complementary, or is 100% complementary to the strand opposite to a sequence of
eotides 5’ to a PAM sequence. In some embodiments, the PAM sequence is AGG, CGG, or TGG.

[0146] In some embodiments, a DNA encoding for a targeting sequence of a gRNA shares at least /0% sequence
identity, at least 75% sequence identity, at least 80% sequence identity, at least 85% sequence identity, at least 90%
sequence identity, at least 95% sequence identity, orshares 100% sequence identity to the strand opposite to a sequence
of nucleotides 5" to a PAM sequence. In some embodiments, the PAM sequence is AGG, CGG, or TGG.

[0147] In some embodiments, a DNA encoding for a targeting sequence of a gRNA Is complementary to the strand
opposite to a sequence of nucleotides 5’ to a PAM sequence and is at least 70% complementary, at least 75% comple-
mentary, at least 80% complementary, at least 85% complementary, at least 90% complementary, at least 95% com-
plementary, or is 100% complementary to a sequence 3 to a PAM sequence on a seguence of interest. In some

embodiments, the PAM sequence is AGG, CGG, or TGG.

Nucleic Acid-Guided Nuclease System Proteins

[0148] Provided herein arc method of making gNAs and collections of gNAs comprising a segment that comprises a
nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) protein-binding sequence. Also provided herein, are
nucleic acids encoding for gNAs, and collections of nucleic acids encoding for gNAs that comprise a segment encoding
a nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) protein-binding sequence. A nucleic acid-guided
nuclease system can be an RNA-guided nuclease system. A nucleic acid-guided nuclease system can be a DNA-guided
nuclease system.

[0149] Methods of the present disclosure can utilize nucleic acid-guided nucleases. As used herein, a "nucleic acid-
guided nuclease” is any nuclease that cleaves DNA, RNA or DNA/RNA hybrids, and which uses one or more nucleic
acid guide nucleic acids (gNAs) to confer specificity. Nucleic acid-guided nucleases include CRISPR/Cas system proteins
as well as non-CRISPR/Cas system proteins.

[0150] The nucleic acid-guided nucleases provided herein can be DNA guided DNA nucleases; DNA guided RNA
nucleases; RNA guided DNA nucleases; or RNA guided RNA nucleases. The nucleases can be endonucleases. The
nucleases can be exonucleases. In one embodiment, the nucleic acid-guided nuclease is a nucleic acid-guided-DNA
endonuclease. In one embodiment, the nucleic acid-guided nuclease is a nucleic acid-guided-RNA endonuclease.
[0151] A nucleic acid-guided nuclease system protein-binding sequence is a nucleic acid sequence that binds any
protein memberofa nucleicacid-guided nuclease system. Forexample, a CRISPR/Cas system protein-binding sequence
IS a nucleic acid sequence that binds any protein member of a CRISPR/Cas system.

[0152] In some embodiments, the nucleic acid-guided nuclease is selected from the group consisting of CAS Class |
Type |, CAS Class | Type lll, CAS Class | Type IV, CAS Class || Type |l, and CAS Class |l Type V. In some embodiments,
CRISPR/Cas system proteins include proteins from CRISPR Type | systems, CRISPR Type |l systems, and CRISPR
Type lll systems. In some embodiments, the nucleic acid-guided nuclease is selected from the group consisting of Cas9,
Cpf1, Cas3, Cas8a-c, Cas10, Csel, Csy1, Csn2, Cas4, Csm2, Cm3, Csf1, C2c2, and NgAgo.
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[0153] I|n some embodiments, nucleic acid-guided nuclease system proteins (e.g., CRISPR/Cas system proteins) can
be from any bacterial or archaeal species.

[0154] In some embodiments, the nucleic acid-guided nuclease system proteins (e.g., CRISPR/Cas system proteins)
are from, or are derived from nucleic acid-guided nuclease system proteins (e.g., CRISPR/Cas system proteins) from
Streptococcus pyogenes, Staphylococcus aureus, Neisseria meningitidis, Streptococcus thermophiles, Treponema den-
ticola, Francisella tularensis, Pasteurella multocida, Campylobacter jejuni, Campylobacter lari, Mycoplasma gallisepti-
cum, Nitratifractor salsuginis, Parvibaculum lavamentivorans, Roseburia intestinalis, Neisseria cinerea, Gluconaceto-
bacterdiazotrophicus, Azospirillum, Sphaerochaeta globus, Flavobacterium columnare, Fluviicola taffensis, Bacteroides
coprophilus, Mycoplasma mobile, Lactobacillus farciminis, Streptococcus pasteurianus, Lactobacillus johnsonii, Staphy-
lococcus pseudintermedius, Filifactor alocis, Legionella pneumophila, Suterella wadsworthensis, or Corynebacter diph-
theria.

[0153] I|n some embodiments, examples of nucleic acid-guided nuclease system (e.g., CRISPR/Cas system) proteins
can be naturally occurring or engineered versions.

[0156] In some embodiments, naturally occurring nucleic acid-guided nuclease system (e.g., CRISPR/Cas system)
proteins include Cas9, Cpf1, Cas3, Cas8a-c, Cas10, Csel, Csy1, Csn2, Cas4, Csm2, and Cm3. Engineered versions
of such proteins can also be employed.

[0157] In some embodiments, engineered examples of nucleic acid-guided nuclease system (e.g., CRISPR/Cas sys-
tem) proteins include catalytically dead nucleic acid-guided nuclease system proteins. The term "catalytically dead"”
generally refers to a nucleic acid-guided nuclease system protein that has inactivated nucleases (e.g., HNH and RuvC
nucleases). Such a protein can bind to a target site in any nucleic acid (where the target site is determined by the guide
NA), butthe protein is unable to cleave or nick the target nucleic acid (e.g., double-stranded DNA). In some embodiments,
the nucleic acid-guided nuclease system catalytically dead protein is a catalytically dead CRISPR/Cas system protein,
such as catalytically dead Cas9 (dCas9). Accordingly, the dCas9 allows separation of the mixture into unbound nucleic
acids and dCas9-bound fragments. In one embodiment, a dCas9/gRNA complex binds to targets determined by the
gRNA sequence. The dCas® bound can prevent cutting by Cas9 while other manipulations proceed. In another embod-
iment, the dCas9 can be fused to another enzyme, such as a transposase, to target that enzyme’s activity to a specific
site. Naturally occurring catalytically dead nucleic acid-guided nuclease system proteins can also be employed.
[0158] In some embodiments, engineered examples of nucleic acid-guided nuclease (e.g., CRISPR/Cas) system
proteins also include nucleic acid-guided nickases (e.g., Cas nickases). A nucleic acid-guided nickase refers to a modified
version of a nucleic acid-guided nuclease system protein, containing a single inactive catalytic domain. In one embod-
iment, the nucleic acid-guided nickase is a Cas nickase, such as Cas9 nickase. A Cas9 nickase may contain a single
iInactive catalytic domain, for example, either the RuvC- or the HNH-domain. With only one active nuclease domain, the
Cas9 nickase cuts only one strand of the target DNA, creating a single-strand break or "nick”. Depending on which
mutant is used, the guide NA-hybridized strand or the non-hybridized strand may be cleaved. Nucleic acid-guided
nickases bound to 2 gNAs that target opposite strands will create a double-strand break in a target double-stranded
DNA. This "dual nickase" strategy can increase the specificity of cutting because it requires that both nucleic acid-guided
nuclease/gNA (e.g., Cas9/gRNA) complexes be specifically bound at a site before a double-strand break is formed.
Naturally occurring nickase nucleic acid-guided nuclease system proteins can also be employed.

[0159] In some embodiments, engineered examples of nucleic acid-guided nuclease system proteins also include
nucleic acid-guided nuclease system fusion proteins. For example, a nucleic acid-guided nuclease (e.g., CRISPR/Cas)
system protein may be fused to another protein, for example an activator, a repressor, a nuclease, a fluorescent molecule,
a radioactive tag, or a transposase.

[0160] In some embodiments, the nucleic acid-guided nuclease system protein-binding sequence comprises a gNA
(e.g., gRNA) stem-loop sequence.

[0161] In some embodiments, a double-stranded DNA sequence encoding the gNA (e.g., gRNA) stem-loop sequence
comprises the following DNA sequence on one strand (5'>3", GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG-
GCTAGTCCGTTATCAACTTGAAAAAGTG GCACCGAGTCGGTGCTTTTITTT) (SEQ ID NO: 3), and its reverse-com-
plementary DNA on the other strand (5>3', AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACG-
GACTAGCCTTATTTTAACT TGCTATTTCTAGCTCTAAAAC) (SEQ ID NO: 4).

[0162] In some embodiments, a single-stranded DNA sequence encoding the gNA (e.g., gRNA) stem-loop sequence
comprises the following DNA sequence: (8>3, AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACG-
GACTAGCCTTATTTTAACT TGCTATTTCTAGCTCTAAAAC) (SEQ ID NO: 4), whereinthe single-stranded DNA serves
as a transcription template.

[0163] In some embodiments, the gNA (e.g., gRNA) stem-loop sequence comprises the following RNA sequence:
(5>3", GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAG UGGCAC-
CGAGUCGGUGCUUUUUUU) (SEQ ID NO: 1)

[0164] In some embodiments, a double-stranded DNA sequence encoding the gNA (e.g., gRNA) stem-loop sequence
comprises the following DNA sequence on one strand (5>3", GTTTTAGAGCTATGCTGGAAACAGCATAGCAAGT-
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TAAAATAAGGCTAGTCCGTTATCAACTT GAAAAAGTGGCACCGAGTCGGTGCTTTTTTTC) (SEQ ID NO: 5), and its
reverse-complementary DNA on the other strand (5'>3", GAAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGA-
TAACGGACTAGCCTTATTTTAAC TTGCTATGCTGTTTCCAGCATAGCTCTAAAAC) (SEQ ID NO: 6).

[0165] In some embodiments, a single-stranded DNA sequence encoding the gNA (e.g., gRNA) stem-loop sequence
comprises the following DNA sequence: (5>3', GAAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACG-
GACTAGCCTTATTTTAAC TTGCTATGCTGTTTCCAGCATAGCTCTAAAAC) (SEQ ID NO: 6), wherein the single-
stranded DNA serves as a transcription template.

[0166] In some embodiments, the gNA (e.g., gRNA) stem-loop sequence comprises the following RNA sequence:
(5'>3", GUUUUAGAGCUAUGCUGGAAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAA
CUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUUUC) (SEQ ID NO: 2).

[0167] In some embodiments, provided herein is a nucleic acid encoding for a gNA (e.g., gRNA) comprising a first
segment comprising a regulatory region; a second segment encoding a targeting sequence; and a third segment com-
prising a nucleic acid encoding a nucleic acid-guided nuclease (e.g., CRISPR/Cas) system protein-binding sequence.
n some embodiments, the third segment comprises a single transcribed component, which upon transcription yields a
NA (e.g., RNA) stem-loop sequence. In some embodiments, the third segment comprising a single transcribed component
that encodes for the gNA (e.g., gRNA) stem-loop sequence Is double-stranded, comprises the following DNA sequence
on one strand (5'>3', GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTG
GCACCGAGTCGGTGCTTTTTTT) (SEQ ID NO: 3), and its reverse-complementary DNA on the other strand (5'>3’,
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACT TGCTATT-
TCTAGCTCTAAAAC) (SEQ ID NO: 4). In some embodiments, the third segment comprising a single transcribed com-
ponent that encodes forthe gNA (e.g., gRNA) stem-loop sequence Is single-stranded, and comprises the following DNA
sequence:. (5>3', AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACT
TGCTATTTCTAGCTCTAAAAC) (SEQ ID NO: 4), wherein the single-stranded DNA serves as a transcription template.
n some embodiments, upon transcription from the single transcribed component, the resulting gNA (e.g., gRNA) stem-
oop sequence comprises the following RNA sequence: (5'>3', GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAG-
GCUAGUCCGUUAUCAACUUGAAAAAG UGGCACCGAGUCGGUGCUUUUUUL) (SEQ ID NO: 1). In some embodi-
ments, the third segment comprising a single transcribed component that encodes for the gNA (e.g., gRNA) stem-loop
sequence Is double-stranded, comprises the following DNA sequence on one strand (5>3'
GTTTTAGAGCTATGCTGGAAACAGCATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTT GAAAAAGTGGCAC-
CGAGTCGGTGCTTTTITTTC) (SEQ ID NO: 5), and its reverse-complementary DNA on the other strand (5'>3,
GAAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAAC TTGCTATGCTGTT-
TCCAGCATAGCTCTAAAAC) (SEQ ID NO:6). In some embodiments, the third segment comprising a single transcribed
component that encodes for the gNA (e.g., gRNA) stem-loop sequence is single-stranded, and comprises the following
DNA sequence: (8>3, GAAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTT-
TAAC TTGCTATGCTGTTTCCAGCATAGCTCTAAAAC) (SEQ ID NO: 6), wherein the single-stranded DNA serves as
a transcription template. In some embodiments, upon transcription from the single transcribed component, the yielded
gRNA stem-loop sequence comprises the following RNA sequence: (5'>3,
GUUUUAGAGCUAUGCUGGAAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAA CUUGAAAAAGUG-
GCACCGAGUCGGUGCUUUUUUUC) (SEQ ID NO: 2). In some embodiments, the third segment comprises two sub-
segments, which encode for a crRNA and a tracrRNA upon transcription. In some embodiment, the crRNA does not
comprise the N20 plus the extra sequence which can hybridize with tracrRNA. In some embodiments, the crRNA com-
prises the extra sequence which can hybridize with tracrRNA. In some embodiments, the two sub-segments are inde-
pendently transcribed. In some embodiments, the two sub-segments are transcribed as a single unit. In some embod-
iments, the DNA encoding the crRNA comprises N, o(GTTTTAGAGCTATGCTGTTTTG (SEQ ID NO: 7), where Nigqet
represents the targeting sequence. In some embodiments, the DNA encoding the tracrRNA comprises the sequence
GGAACCATTCAAAACAGCATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAA GTGGCAC-
CGAGTCGGTGCTTTTITTT (SEQ ID NO: 8).

[0168] In some embodiments, provided herein is a nucleic acid encoding for a gNA (e.g., gRNA) comprising a first
segment comprising a regulatory region; a second segment encoding a targeting sequence; and a third segment com-
prising a nucleic acid encoding a nucleic acid-guided nuclease (e.g., CRISPR/Cas) system protein-binding sequence.
n some embodiments, the third segment comprises a DNA sequence, which upon transcription yields a gRNA stem-
oop sequence capable ofbinding a nucleic acid-guided nuclease (e.g., CRISPR/Cas) system protein. In one embodiment,
the DNA sequence can be double-stranded. In some embodiments, the third segment double stranded DNA comprises
the following DNA sequence on one strand (5'>3', GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGT-
TATCAACTTGAAAAAGTG GCACCGAGTCGGTGCTTTITTTT) (SEQ ID NO: 3), and its reverse-complementary DNA
on the other strand (5'>3", AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTT-
TAACT TGCTATTTCTAGCTCTAAAAC) (SEQ ID NO: 4). In some embodiments, the third segment double stranded
DNA comprisesthe following DNA sequence onone strand (>3, GTTTTAGAGCTATGCTGGAAACAGCATAGCAAGT-
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TAAAATAAGGCTAGTCCGTTATCAACTT GAAAAAGTGGCACCGAGTCGGTGCTTTTTTTC) (SEQ ID NO: 5), and its
reverse-complementary DNA on the other strand (5'>3", GAAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGA-
TAACGGACTAGCCTTATTTTAAC TTGCTATGCTGTTTCCAGCATAGCTCTAAAAC) (SEQ ID NO: 6). In one embod-
iment, the DNA sequence can be single-stranded. In some embodiments, the third segment single stranded DNA com-
prises the following DNA sequence (5>3, AAAAAAAGCACCGACTCGGTGCCACTTITTTCAAGTTGATAACG-
GACTAGCCTTATTTTAACT TGCTATTTCTAGCTCTAAAAC) (SEQ IDNO: 4), whereinthe single-stranded DNA serves
as a transcription template. In some embodiments, the third segment single stranded DNA comprises the following DNA
sequence (5'>3', GAAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAAC TT-
GCTATGCTGTTTCCAGCATAGCTCTAAAAC) (SEQ ID NO: 6), wherein the single-stranded DNA serves as a tran-
scription template. In some embodiments, the third segment comprises a DNA seguence which, upon transcription,
vields a first RNA sequence that is capable of forming a hybrid with a second RNA sequence, and which hybrid is capable
of CRISPR/Cas system protein binding. In some embodiments, the third segment is double-stranded DNA comprising
the DNA sequence on one strand: (5'>3', GTTTTAGAGCTATGCTGTTTTG) (SEQ ID NO: 9) and its reverse comple-
mentary DNA sequence on the other strand: (>3, CAAAACAGCATAGCTCTAAAAC) (SEQ ID NO: 10). In some
embodiments, the third segment is single-stranded DNA comprising the DNA sequence of (5'>3", CAAAACAGCAT-
AGCTCTAAAAC) (SEQ ID NO: 10). Insome embodiments, the second segment and the third segment together encode
for a crRNA sequence. In some embodiments, the second RNA sequence that is capable of forming a hybrid with the
first RNA sequence encoded by the third segment of the nucleic acid encoding a gRNA is a tracrRNA. In some embod-
iments, the tracrRNA comprises the sequence (5>3', GGAACCAUUCAAAACAGCAUAGCAAGUUAAAAUAAG-
GCUAGUCCGUUAUCAACUUGAAA AAGUGGCACCGAGUCGGUGCUUUUUUU) (SEQ ID NO: 11). In some embod-
iments, the tracrRNA Is encoded by a double-stranded DNA comprising segquence of (5'>3,
GGAACCATTCAAAACAGCATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAA GTGGCAC-
CGAGTCGGTGCTTTTTTT) (SEQ ID NO: 8), and optionally fused with a regulatory sequence at its 5" end. In some
embodiments, the regulatory sequence can be bound by a transcription factor. In some embodiments, the regulatory
seguence is a promoter. In some embodiments, the regulatory sequence is a T7 promoter, comprising the sequence of
(5>3", GCCTCGAGCTAATACGACTCACTATAGAG) (SEQ ID NO: 12).

[0169] I|n some embodiments, provided herein is a nucleic acid encoding for a gNA comprising a first segment com-
prising a regulatory region; a second segment encoding a targeting sequence; and a third segment comprising a nucleic
acid encoding a nucleic acid-guided nuclease (e.g., CRISPR/Cas) system protein-binding sequence. In some embodi-
ments, the third segment encodes for a RNA sequence that, upon post-transcriptional cleavage, yields a first RNA
segment and a second RNA segment. In some embodiments, the first RNA segment comprises a crRNA and the second
RNA segment comprises a tracrRNA, which can form a hybrid and together, provide for nucleic acid-guided nuclease
(e.g., CRISPR/Cas) system protein binding. In some embodiments, the third segment further comprises a spacer in
between the transcriptional unit for the first RNA segment and the second RNA segment, which spacer comprises an
enzyme cleavage site.

[0170] In some embodiments, provided herein is a gNA (e.g., gRNA) comprising a first NA segment comprising a
targeting sequence and a second NA segment comprising a nucleic acid-guided nuclease (e.g., CRISPR/Cas) system
protein-binding sequence. Insome embodiments, the size ofthe firstsegment is greaterthan 30 bp. In some embodiments,
the second segment comprises a single segment, which comprises the gRNA stem-loop sequence. In some embodi-
ments, the gRNA stem-loop sequence comprises the  following RNA  seguence: (5'>3",
GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAG UGGCACCGAGUCG-
GUGCUUUUUUU) (SEQ ID NO: 1). In some embodiments, the gRNA stem-loop sequence comprises the following
RNA sequence: (5>3', GUUUUAGAGCUAUGCUGGAAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAU-
CAA CUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUUUC) (SEQ ID NO: 2). In some embodiments, the second
segment comprises two sub-segments: a first RNA sub-segment (crRNA) that forms a hybrid with a second RNA sub-
segment (tracrRNA), which together act to direct nucleic acid-guided nuclease (e.g., CRISPR/Cas) system protein
binding. In some embodiments, the sequence of the second sub-segment comprises GUUUUAGAGCUAUGCUGUU-
JUG. In some embodiments, the first RNA segment and the second RNA segment together forms a crRNA sequence.
n some embodiments, the other RNA that will form a hybrid with the second RNA segment is a tracrRNA. In some
embodiments the tracrRNA comprises the sequence of 5'>3', GGAACCAUUCAAAACAGCAUAGCAAGUUAAAAUAAG-
GCUAGUCCGUUAUCAACUUGAAA AAGUGGCACCGAGUCGGUGCUUUUUUU (SEQ ID NO: 11).

CRISPR/Cas System Nucleic Acid-Guided Nucleases

[0171] In some embodiments, CRISPR/Cas system proteins are used in the embodiments provided herein. In some
embodiments, CRISPR/Cas system proteins include proteins from CRISPR Type | systems, CRISPR Type |l systems,

and CRISPR Type Il systems.
[0172] In some embodiments, CRISPR/Cas system proteins can be from any bacterial or archaeal species.
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[0173] In some embodiments, the CRISPR/Cas system protein is isolated, recombinantly produced, or synthetic.
[0174] |n some embodiments, the CRISPR/Cas system proteins are from, or are derived from CRISPR/Cas system
proteins from Streptococcus pyogenes, Staphylococcus aureus, Neisseria meningitidis, Streptococcus thermophiles,
Treponema denticola, Francisella tularensis, Pasteurella multocida, Campylobacter jejuni, Campylobacter lari, Myco-
plasma gallisepticum, Nitratifractor salsuginis, Parvibaculum lavamentivorans, Roseburia intestinalis, Neisseria cinerea,
Gluconacetobacterdiazotrophicus, Azospirillum, Sphaerochaeta globus, Flavobacterium columnare, Fluviicola taffensis,
Bacteroides coprophilus, Mycoplasma mobile, Lactobacillus farciminis, Streptococcus pasteurianus, Lactobacillus john-
sonii, Staphylococcus pseudintermedius, Filifactor alocis, Legionella pneumophila, Suterella wadsworthensis, or Co-
rynebacter diphtheria.

[0175] In some embodiments, examples of CRISPR/Cas system proteins can be naturally occurring or engineered
VEersions.

[0176] In some embodiments, naturally occurring CRISPR/Cas system proteins can belong to CAS Class | Type |, IlI,
or IV, or CAS Class |l Type Il or V, and can include Cas9, Cas3, Cas8a-c, Cas10, Cse1, Csy1, Csn2, Cas4, Csm2,
CcmrS, Csf1, C2c2, and Cpf1.

[0177] In an exemplary embodiment, the CRISPR/Cas system protein comprises Cas9.

[0178] A "CRISPR/Cas system protein-gNA complex” refers to a complex comprising a CRISPR/Cas system protein
and a guide NA (e.g. a gRNA or a gDNA). Where the gNA is a gRNA, the gRNA may be composed of two molecules,
l.e., one RNA ("crRNA") which hybridizes to a target and provides sequence specificity, and one RNA, the "tracrRNA",
which is capable of hybridizing to the crRNA. Alternatively, the guide RNA may be a single molecule (i.e., a gRNA) that
contains crRNA and tracrRNA sequences.

[0179] A CRISPR/Cas system protein may be at least 60% identical (e.g., at least /0%, at least 80%, or 90% identical,
at least 95% identical or at least 98% identical or at least 99% identical) to a wild type CRISPR/Cas system protein. The
CRISPR/Cas system protein may have all the functions of a wild type CRISPR/Cas system protein, or only one or some
of the functions, including binding activity, nuclease activity, and nuclease activity.

[0180] The term "CRISPR/Cas system protein-associated guide NA" refers to a guide NA. The CRISPR/Cas system
protein -associated guide NA may exist as isolated NA, or as part of a CRISPR/Cas system protein-gNA complex.

cas9

[0181] In some embodiments, the CRISPR/Cas System protein nucleic acid-guided nuclease is or comprises Cas9.
The Cas9 of the present invention can be isolated, recombinantly produced, or synthetic.

[0182] Examples of Cas9 proteins that can be used in the embodiments herein can be found in F.A. Ran, L. Cong,
W.X. Yan, D. A. Scott, J.S. Gootenberg, A.J. Kriz, B. Zetsche, O. Shalem, X. Wu, K.S. Makarova, E. V. Koonin, P.A.
Sharp, and F. Zhang; "In vivo genome editing using Staphylococcus aureus Cas9," Nature 520, 186-191 (09 April 2015)
doi:10.1038/nature14299,

[0183] In some embodiments, the Cas9 is a Type || CRISPR system derived from Streptococcus pyogenes, Staphy-
lococcus aureus, Neisseria meningitidis, Streptococcus thermophiles, Treponema denticola, Francisella tularensis, Pas-
teurella multocida, Campylobacter jejuni, Campylobacter lari, Mycoplasma gallisepticum, Nitratifractor salsuginis, Parvi-
baculum lavamentivorans, Roseburia intestinalis, Neisseria cinerea, Gluconacetobacter diazotrophicus, Azospirillum,
Sphaerochaeta globus, Flavobacterium columnare, Fluviicola taffensis, Bacteroides coprophilus, Mycoplasma mobile,
Lactobacillus farciminis, Streptococcus pasteurianus, Lactobacillus johnsonii, Staphylococcus pseudintermedius, Fili-
factor alocis, Legionella pneumophila, Suterella wadsworthensis, or Corynebacter diphtheria.

[0184] I|nsome embodiments, the Cas9is a Type |l CRISPR system derived from S. pyogenes and the PAM seqguence
IS NGG located on the immediate 3’ end of the target specific guide sequence. The PAM sequences of Type || CRISPR
systems from exemplary bacterial species can also include: Strepfococcus pyogenes (NGG), Sfaph aureus (NNGRRT),
Neisseria meningitidis (NNNNGA TT), Streptococcus thermophifus (NNAGAA) and Treponema denficola (NAAAAC)
which are all usable without deviating from the present invention.

[0185] I|noneexemplaryembodiment, Cas9 sequence can be obtained, forexample, fromthe pX330 plasmid (available
from Addgene), re-amplified by PCR then cloned into pET30 (from EMD biosciences) to express in bacteria and purify
the recombinant 6His tagged protein.

[0186] A "Cas9-gNA complex” refers to a complex comprising a Cas® protein and a guide NA. A Cas9 protein may
be at least 60% identical (e.g., at least /0%, at least 80%, or 90% identical, at least 95% identical or at least 98% identical
or at least 99% identical) to a wild type Cas9 protein, e.g., to the Strepfococcus pyogenes Cas9 protein. The Cas9 protein
may have all the functions of a wild type Cas9 protein, or only one or some of the functions, including binding activity,
nuclease activity, and nuclease activity.

[0187] The term "Cas9-associated guide NA" refers to a guide NA as described above. The Cas%9-associated guide
NA may exist isolated, or as part of a Cas9-gNA complex. Non-CRISPR/Cas System Nucleic Acid-Guided Nucleases
[0188] I|n some embodiments, non-CRISPR/Cas system proteins are used in the embodiments provided herein.
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[0189] I|n some embodiments, the non-CRISPR/Cas system proteins can be from any bacterial or archaeal species.
[0190] Insome embodiments, the non-CRISPR /Cas system protein is isolated, recombinantly produced, or synthetic.
[0191] I|n some embodiments, the non-CRISPR /Cas system proteins are from, or are derived from Aguifex aeolicus,
Thermus thermophilus, Streptococcus pyogenes, Staphylococcus aureus, Neisseria meningitidis, Streptococcus ther-
mophiles, Treponema denticola, Francisella tularensis, Pasteurella multocida, Campylobacter jejuni, Campylobacter
lari, Mycoplasma gallisepticum, Nitratifractor salsuginis, Parvibaculum lavamentivorans, Roseburia intestinalis, Neisseria
cinerea, Gluconacetobacter diazotrophicus, Azospirillum, Sphaerochaeta globus, Flavobacterium columnare, Fluviicola
taffensis, Bacteroides coprophilus, Mycoplasma mobile, Lactobacillus farciminis, Streptococcus pasteurianus, Lactoba-
cillus johnsonii, Staphylococcus pseudintermedius, Filifactor alocis, Legionella pneumophila, Suterella wadsworthensis,
Natronobacterium gregoryi, or Corynebacter diphtheria.

[0192] Insomeembodiments,the non-CRISPR/Cassystem proteins can be naturally occurring orengineered versions.
[0193] I|n some embodiments, a naturally occurring non-CRISPR /Cas system protein is NgAgo (Argonaute from
Natfronobacterium gregoryi).

[0194] A "non-CRISPR /Cas system protein-gNA complex” refers to a complex comprising a non-CRISPR /Cas system
protein and a guide NA (e.g. a gRNA or a gDNA). Where the gNA is a gRNA, the gRNA may be composed of two
molecules, I.e., one RNA ("crRNA") which hybridizes to a target and provides sequence specificity, and one RNA, the
"tracrRNA", which is capable of hybridizing to the crRNA. Alternatively, the guide RNA may be a single molecule (i.e.,
a gRNA) that contains crRNA and tracrRNA sequences.

[0195] A non-CRISPR /Cas system protein may be at least 60% identical (e.g., at least 70%, at least 80%, or 90%
identical, at least 95% identical or at least 98% identical or at least 99% identical) to a wild type non-CRISPR /Cas system
protein. The non-CRISPR /Cas system protein may have all the functions of a wild type non-CRISPR /Cas system
protein, or only one or some of the functions, including binding activity, nuclease activity, and nuclease activity.

[0196] The term "non-CRISPR /Cas system protein-associated guide NA" refers to a guide NA. The non-CRISPR
/Cas system protein -associated guide NA may exist as isolated NA, or as part of a non-CRISPR /Cas system protein-
gNA complex.

Catalytically Dead Nucleic Acid-Guided Nucleases

[0197] Insome embodiments, engineered examples of nucleic acid-guided nucleases include catalytically dead nucleic
acid-guided nucleases (CRISPR/Cas system nucleic acid-guided nucleases or non-CRISPR/Cas system nucleic acid-
guided nucleases). The term "catalytically dead" generally refers to a nucleic acid-guided nuclease that has inactivated
nucleases, for example inactivated HNH and RuvC nucleases. Such a protein can bind to a target site in any nucleic
acid (where the target site is determined by the guide NA), but the protein is unable to cleave or nick the nucleic acid.
[0198] Accordingly, the catalytically dead nucleic acid-guided nuclease allows separation of the mixture into unbound
nucleic acids and catalytically dead nucleic acid-guided nuclease-bound fragments. In one exemplary embodiment, a
dCas9/gRNA complex binds to the targets determined by the gRNA sequence. The dCas9 bound can prevent cutting
by Cas9 while other manipulations proceed.

[0199] I|n another embodiment, the catalytically dead nucleic acid-guided nuclease can be fused to another enzyme,
such as a transposase, to target that enzyme’s activity to a specific site.

[0200] In some embodiments, the catalytically dead nucleic acid-guided nuclease is dCas9, dCpf1, dCas3, dCas8a-
c, dCas10, dCse1, dCsy1, dCsn2, dCas4, dCsm2, dCm3J, dCsf1, dC2C2, or dNgAgo.

[0201] In one exemplary embodiment the catalytically dead nucleic acid-guided nuclease protein is a dCas9.

Nucleic Acid-Guided Nuclease Nickases

[0202] In some embodiments, engineered examples of nucleic acid-guided nucleases include nucleic acid-guided
nuclease nickases (referred to interchangeably as nickase nucleic acid-guided nucleases).

[0203] In some embodiments, engineered examples of nucleic acid-guided nucleases include CRISPR/Cas system
nickases or non-CRISPR/Cas system nickases, containing a single inactive catalytic domain.

[0204] Insomeembodiments, the nucleic acid-guided nuclease nickase is a Cas9 nickase, Cpf1 nickase, Cas3 nickase,
Cas8a-c nickase, Cas10 nickase, Cse1 nickase, Csy1 nickase, Csn2 nickase, Cas4 nickase, Csm2 nickase, Cmbd
nickase, Csf1 nickase, C2C2 nickase, or a NgAgo nickase.

[0205] In one embodiment, the nucleic acid-guided nuclease nickase is a Cas9 nickase.

[0206] In some embodiments, a nucleic acid-guided nuclease nickase can be used to bind to target sequence. With
only one active nuclease domain, the nucleic acid-guided nuclease nickase cuts only one strand of a target DNA, creating
a single-strand break or "nick". Depending on which mutant is used, the guide NA-hybridized strand orthe non-hybridized
strand may be cleaved. nucleic acid-guided nuclease nickases bound to 2 gNAs that target opposite strands can create
a double-strand break in the nucleic acid. This "dual nickase" strategy increases the specificity of cutting because it
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requires that both nucleic acid-guided nuclease /gNA complexes be specifically bound at a site before a double-strand
break is formed.

[0207] I|n exemplary embodiments, a Cas9 nickase can be used to bind to target sequence. The term "Cas9 nickase”
refers to a modified version of the Cas9 protein, containing a single inactive catalytic domain, I.e., either the RuvC- or
the HNH-domain. With only one active nuclease domain, the Cas9 nickase cuts only one strand of the target DNA,
creating a single-strand break or "nick". Depending on which mutant is used, the guide RNA-hybridized strand or the
non-hybridized strand may be cleaved. Cas9 nickases bound to 2 gRNAs that target opposite strands will create a
double-strand break in the DNA. This "dual nickase" strategy can increase the specificity of cutting because it requires
that both Cas9/gRNA complexes be specifically bound at a site before a double-strand break is formed.

[0208] Capture of DNA can be carried out using a nucleic acid-guided nuclease nickase. In one exemplary embodiment,
a nucleic acid-guided nuclease nickase cuts a single strand of double stranded nucleic acid, wherein the double stranded
region comprises methylated nucleotides.

Dissociable and Thermostable Nucleic Acid-Guided Nucleases

[0209] In some embodiments, thermostable nucleic acid-guided nucleases are used in the methods provided herein
(thermostable CRISPR/Cas system nucleic acid-guided nucleases or thermostable non-CRISPR/Cas system nucleic
acid-guided nucleases). In such embodiments, the reaction temperature is elevated, inducing dissociation of the protein;
the reaction temperature is lowered, allowing for the generation of additional cleaved target sequences. |In some em-
bodiments, thermostable nucleic acid-guided nucleases maintain at least 50% activity, at least 55% activity, at least
60% activity, at least 65% activity, at least /0% activity, at least /5% activity, at least 80% activity, at least 85% activity,
at least 90% activity, at least 95% activity, at least 96% activity, at least 97% activity, at least 98% activity, at least 99%
activity, or 100% activity, when maintained for at least 75°C for at least 1 minute. In some embodiments, thermostable
nucleic acid-guided nucleases maintain at least 50% activity, when maintained for at least 1 minute at least at 7/5°C, at
east at 80°C, at least at 85°C, at least at 90°C, at least at 91°C, at least at 92°C, at least at 93°C, at least at 94°C, at
east at 95°C, 96°C, at least at 97°C, at least at 98°C, at least at 99°C, or at |least at 100°C. In some embodiments,
thermostable nucleic acid-guided nucleases maintain at least 50% activity, when maintained at least at 7/5°C for at least
1 minute, 2 minutes, 3 minutes, 4 minutes, or 5 minutes. In some embodiments, a thermostable nucleic acid-guided
nuclease maintains at least 50% activity when the temperature is elevated, lowered to 25°C-50°C. In some embodiments,
the temperature is lowered to 25°C, to 30°C, to 35°C, 10 40°C, to 45°C, or to 50°C In one exemplary embodiment, a
thermostable enzyme retains at least 90% activity after 1 min at 95°C.

[0210] In some embodiments, the thermostable nucleic acid-guided nuclease is thermostable Cas9, thermostable
Cpfl, thermostable Cas3, thermostable Cas8a-c, thermostable Cas10, thermostable Csel, thermostable Csy1, ther-
mostable Csn2, thermostable Cas4, thermostable Csm2, thermostable Cm5, thermostable Csfl, thermostable C2C2, or
thermostable NgAgo.

[0211] In some embodiments, the thermostable CRISPR/Cas system protein is thermostable Cas9.

[0212] Thermostable nucleic acid-guided nucleases can be isolated, for example, identified by sequence homology
in the genome of thermophilic bacteria Streptococcus thermophilus and Pyrococcus furiosus. Nucleic acid-guided nu-
clease genes can then be cloned into an expression vector. In one exemplary embodiment, a thermostable Cas9 protein
IS Isolated.

[0213] In another embodiment, a thermostable nucleic acid-guided nuclease can be obtained by in vifro evolution of
a non-thermostable nucleic acid-guided nuclease. The sequence of a nucleic acid-guided nuclease can be mutagenized
to improve its thermostabillity.

Methods of Making Collections of gNAs

[0214] Provided herein are methods that enable the generation of a large number of diverse gRNAs, collections of
gNAs, from any source nucleic acid (e.g., DNA). Methods provided herein can employ enzymatic methods including but
not limited to digestion, ligation, extension, overhang filling, transcription, reverse transcription, amplification.

[0215] Generally, the method can comprise providing a nucleic acid (e.g., DNA); employing a first enzyme (or combi-
nations of first enzymes) that cuts at a part of the PAM sequence in the nucleic acid, in a way that a residual nucleotide
sequence from the PAM sequence Is left; ligating an adapter that positions a restriction enzyme typellS site (an enzyme
that cuts outside yet near its recognition motif) at a distance to eliminate the PAM segquence; employing a second typellS
enzyme (or combination of second enzymes) to eliminate the PAM sequence together with the adapter; and fusing a
sequence that can be recognized by protein members of the nucleic acid-guided nuclease (e.g., CRISPR/Cas) system,
for example, a gRNA stem-loop sequence. In some embodiments, the first enzymatic reactions cuts part of the PAM
sequence in a way that residual nucleotide sequence from the PAM sequence is left, and that the nucleotide sequence
immediately 5’ to the PAM sequence can be any purine or pyrimidine, not just those with a cytosine 5" to the PAM
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sequence, for example, not just those that are C/NGG or C/TAG, etc.
[0216] Table 1 shows exemplary strategies/protocols to convert any source nucleic acid (e.g., DNA) into a collection

5 Table 1. Exemplary strategies for preparing a collection of guide nucleic acids.
CRISPR/Cas | 3’ Adapter sequence_ with
PAM FirstEnzyme/ typellS enzyme site
System Strategy . .
. Sequence | Components (provided with only one
Species
0 strand sequence 5°>3’})
Streptococcus NGG CviPl| Nicks immediately 5’ of CCD | ggGACTCggatccctatagtc
pyogenes (SP); sequence, nicks the other (SEQ ID NO: 4421)
SpCas9 strand with T7 endonuclease
|, blunt with T4 DNA
15 polymerase; ligate to adapter;
cut with Mlyl to remove PAM
and adapter; ligate gRNA
stem-loop sequence at 3" end
Staphylococcus | NNGRRT Alwl Cut, blunt with T4 DNA tittagcggccecctecteCTCtac
20 aureus (SA), or NNGRR polymerase; ligate to adapter | gagpacgatgacgacaagegt
SaCas9 ( N) SA; cut with EcoP15] to (SEQ ID NO: 4422)
remove PAM and adapter;
blunt end; ligate gRNA stem-
loop sequence at 3’ end
25
meningitidis ATT polymerase; ligate to adapter | (Ctacaaagacgatgacgacaagcg
(NM) NM; cut with EcoRlI to t
eliminate unwanted DNA and (SEQ ID NO: 4428)
20 EcoP15l to remove PAM and
adapter; blunt end; ligate
gRNA stem-loop sequence at
3’ end
Streptococcus NNAGA Bsml Cut, blunt with T4 DNA ttgcgeccecttttattctgetgCTC
35 thermophilus AW polymerase; ligate to adapter | (acaaagacgatgacgacaagegt
(ST) ST, cut with EcoP151 to (SEQ ID NO: 4429)
remove PAM and adapter;
blunt end; ligate gRNA stem-
loop sequence at 3’ end
40 -
Trep.onema NAAAA C Cly7489 || Cut, blunt W|th T4 DNA tttagcgeccgcctecteCTClaca
denticola (TD) polymerase; ligate to adapter
TD; cut with EcoP15I to aagacgalgacgacaagcel
’ SEQ ID NO: 4430
remove PAM and adapter (SEQ )
45
[0217] Table 2 shows additional exemplary strategies/protocols to convert any source nucleic acid (e.g., DNA) into a
collection of gNAs (e.g., gRNAs) using different restriction enzymes.
50
55

of gNAs (e.g., gRNAS) using different restriction enzymes.
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Table 2. Additional exemplary strategies for preparing a collection of guide nucleic acids.

thermophilus
(ST)

CRISPR/ Cas PAM First Exemplary Strategy Adapter oligo sequence {with
System Sequence Enzyme/ Inosine overhangs, all in $°>3’
Species Component direction)

Streptococcus NGG CviPlI Nicks immediately 5’ of Adapter oligo 1.
pyogenes (SP); CCD sequence, nicks the N -
SpCas9 other strand with T7 gagagag(;?(;?(;fgsézzc?tagt gata
endonuclease [; ligate to (SE(§ I[?N%)' 5404)2(; 5
adapter; cut with Mlyl to .
remove PAM and 3’ AGApIEr oligo <.
adapter: ligate gRNA gcctcgagc*t*a*aticgactcactata
stem-loop sequence at 3’ gggatccaagtccc (* denotes a
ard phosphorothioate backbone
linkage) (SEQ ID NO: 4405)
Staphylococcus | NNGRRT or | Alwl Cut; ligate to adapter SA; | Adapter oligo 1:
aureus (SA); NNGRR(N) cut with EcoP15] to ItittagcggccecctecteCTCacaa
SaCas9 remove PAM and 3’ agacgatgacgacaagegt
adapter; blunt end; ligate (SEQ ID NO: 4422)
gRNA stem-loop Adapter oligo 2:
seguence at 3’ end
gagatcagcttctgcatigatgcGAGC
agcaggcggccgctaaaa
(SEQ ID NO: 4423)
Neisseria NNNNGATT | THil Cut; ligate to adapter NM; | Adapter oligo 1:
meningitidis cut with EcoP15] to p -
| attTCgcggccgcttttattctgctgCT
(NM) re:jmotve.PbTIVI ta nd d'3I' t Ctacaaagacgatgacgacaagcgt
adapter; blunt end; ligate (SEQ ID NO: 4424)
gRNA stem-loop Adapter oligo 2:
seguence at 3’ end P 90 <
gagatcagcttctgcattgatgcGAGC
agcagaataaaagcggccgcGA
(SEQ ID NO: 4425)
Streptococcus NNAGAAW Bsmi Cut; ligate to adapter ST, | Adapter oligo 1:

cut with EcoP15l to
remove PAM and 3’
adapter; blunt end; ligate
gRNA stem-loop
seguence at 3’ end

gcggccgcttttattctgctgCTCtacaa
agacgatgacgacaagcgt
(SEQ ID NO: 4426)

Adapter oligo 2:

gagatcagctictgcattgatgcGAGC
agcagaataaaagcggccgclG
(SEQ ID NO: 4427)

[0218] Exemplary applications of the compositions and methods described herein are provided in FIG. 1, FIG. 2, FIG.
3, FIG. 4, FIG. 5, FIG. 6, and FIG. 7. The figures depict non-limiting exemplary embodiments of the present invention
that includes a method of constructing a gNA library (e.g., gRNA library) from input nucleic acids (e.g., DNA), such as
genomic DNA (e.g., human genomic DNA).
[0219] In FIG. 1, the starting material can be fragmented genomic DNA (e.g., human) or other source DNA. These

fragments are blunt-ended before constructing the library 101. T7 prom

oter adapters are ligated to the blunt-ended DNA

fragments 102, which is then PCR amplified. Nt.CviPIl is then used to generate a nick on one strand of the PCR product
immediately 5" to the CCD sequence 103. T7 Endonuclease | cleaves on the opposite strand 1, 2, or 3 bp 3’ of the nick
104. The resulting DNA fragments are blunt-ended with T4 DNA Polymerase, leaving HGG sequence at the end of the

DNA fragment 105. The resulting DNA is cleaned and recovered on beads. An adapter carrying Mlyl recognition site is
igated to the blunt-ended DNA fragment immediately 3’ of HGG sequence 106. Mlyl generates a blunt-end cleavage
immediately 5’ to the HGG sequence, removing HGG together with the adapter sequence 107. The resulting DNA

fragments are cleaned and recovered again on beads. A gRNA stem-loop sequence Is then ligated to the blunt-end
cleaved by Mlyl, forming a gRNA library covering the human genome 108. This library of DNA is then PCR amplified
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and cleaned on beads, ready for in vitro transcription.

[0220] In FIG. 2, the starting material can intact genomic DNA (e.g., human) or other source DNA 201. Nt.CviPIll and
T7 Endonuclease | are used to generate nicks on each strand of the human genomic DNA, resulting in smaller DNA
fragments 202. DNA fragments of 200-600 bp are size selected on beads, then ligated with Y-shaped adapters carrying
a GG overhang on the 5'. One strand of the Y-shaped adapter contains a Mlyl recognition site, wherein the other strand
contains a mutated Mlyl site and a T/ promoter sequence 203. Because of these features, after PCR amplification, the
T7 promoter sequence Is at the distal end of the HGG sequence, and the Mlyl sequence is at the rear end of HGG 204.
Digestion with Mlyl generates a cleavage immediately 5’ of HGG sequence 205 Mlyl generates a blunt-end cleavage
immediately 5’ to the HGG sequence, removing HGG together with the adapter sequence 206. A gRNA stem-loop
sequence is then ligated to the blunt-end cleaved by Mlyl, forming a gRNA library covering the human genome. This
library of DNA iIs then PCR amplified and cleaned on beads, ready for in vitro transcription.

[0221] In FIG. 3, the source DNA (e.g., genomic DNA) can be nicked 301, for example with a nicking enzyme. In some
cases, the nicking enzyme can have a recognition site that is three or fewer bases in length. In some cases, CviPlIl is
used, which can recognize and nick at a sequence of CCD (where D represents a base other than C). Nicks can be
proximal, surrounding a region containing the sequence (represented by the thicker line) which will be used to yield the
guide RNA N20 sequence. When nicks are proximal, a double stranded break can occur and lead to 5" or 3’ overhangs
302. These overhangs can be repaired, for example with a polymerase (e.g., T4 polymerase). In some cases, such as
with &' strands, repair can comprise synthesizing a complementary strand. In some case, such as with 3’ strands, repair
can comprise removing overhangs. Repair can result in a blunt end including the N20 guide sequence and a seguence
complementary to the nick recognition sequence (e.g., HGG, where H represents a base other than G).

[0222] In FIG. 4, continuing for example from the end of FIG. 3, different combinations of adapters can be ligated to
the DNA to allow for the desired cleaving. Adapters with a recognition site for a nuclease enzyme that cuts 3 base pairs
from the site (e.g., Mlyl) can be ligated 401, and digestion at that site can be used to remove a left over sequence, such
as an HGG sequence 402. Adapters with a recognition site for a nuclease that cuts 20 base pairs from the site (e.g.,
Mmel) 403. These adapters can also include a second recognition site for a nuclease that cuts the proper number of
nucleotides from the site to later remove the first recognition site (e.g., BsaXl). The first enzyme can be used to cut 20
nucleotides down, thereby keeping the N20 sequence 404. Then, a promoter adapter (e.g., T/) can be ligated next to
the N20 sequence 405. Then, the nuclease corresponding to the second recognition site (e.g., BsaXl) can be used to
remove the adapter for the site that cuts 20 nucleotides away (e.g., Mmel) 406. Finally, the guide RNA stem-loop
sequence adapter can be ligated to the N20 sequence 407 to prepare for guide RNA production.

[0223] Alternatively, the protocol shown in FIG. 8 can follow the end of a protocol such as that shown in FIG. 3. Adapters
with a recognition site for a nuclease enzyme that cleaves 25 nucleotides from the site (e.g., EcoP13l) can be ligated
to the DNA 501. These adapters can also include a second recognition site for a nuclease that cuts the proper number
of nucleotides from the site to later remove the first recognition site (e.g., Bael) and any other left-over sequence, such
as HGG. The enzyme corresponding to the first recognition site (e.g., EcoP13l) can then be used to cleave after the
N20 sequence 502. Then, a promoter adapter (e.g., T7) can be ligated next to the N20 sequence 503. The enzyme
corresponding to the second recognition site (e.g., Bael) can then be used to remove the recognition sites and any
residual sequence (e.g., HGG) 504. Finally, the guide RNA stem-loop sequence adapter can be ligated (e.g., by single
strand ligation) to the N20 sequence 505.

[0224] As an alternative to protocols such as that shown in FIG. 3, the protocol shown in FIG. 6 can be used In
preparation for protocols such as those shown in FIG. 4 or FIG. 5. A nick can be introduced by a nicking enzyme (e.g.,
CviPIll) 601. In some cases, the nick recognition site is three or fewer bases in length. In some cases, CviPIl is used,
which can recognize and nick at a sequence of CCD. A polymerase (e.g., Bst large fragment DNA polymerase) can then
be used to synthesize a new DNA strand starting from the nick while displacing the old strand 602. Because of the DNA
synthesis, the nick can be sealed and made available to be nicked again 603. Subsequent cycles of nicking and synthesis
can be used to yield large amounts of target sequences 604. These single stranded copies of target sequences can be
made double stranded, for example by random priming and extension. These double stranded nucleic acids comprising
N20 seguences can then be further processed by methods disclosed herein, such as those shown in FIG. 4 or FIG. 5.
[0225] As another alternative to protocols such as that shown in FIG. 3 or FIG. 6, the protocol shown in FIG. 7 can be
used in preparation for protocols such as those shown in FIG. 4 or FIG. 3. A nick can be introduced by a nicking enzyme
(e.g., CviPIl) 701. In some cases, the nicking enzyme recognition site is three or fewer bases in length. In some cases,
CviPIll Is used, which can recognize and nick at a sequence of CCD. A polymerase (e.g., Bst large fragment DNA
polymerase) can then be used to synthesize a new DNA strand starting from the nick while displacing the old strand
(e.g., hicking endonuclease-mediated strand-displacement DNA amplification (NEMDA)). The reaction parameters can
be adjusted to control the size of the single stranded DNA produced. For example, the nickase:polymerase ratio (e.g.,
CviPIl:Bts large fragment polymerase ratio) can be adjusted. Reaction temperature can also be adjusted. Next, an
oligonucleotide can be added 704 which has (in the 5>3" direction) a promoter (e.g., T7 promoter) 702 followed by a
random n-mer (e.g., random 6-mer, random 8-mer) 703. The random n-mer region can bind to a region of the single
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stranded DNA generated previously. For example, binding can be conducted by denaturing at high temperature followed
by rapid cool down, which can allow the random n-mer region to bind to the single stranded DNA generated by NEMDA.
In some cases, the DNA iIs denatured at 98 °C for 7 minutes then cooled down rapidly to 10 °C. Extension and/or
amplification can be used to produce double-stranded DNA. Blunt ends can be produced, for example enzymatically
(e.g., by treatment with DNA polymerase | at 20 °C). This can result in one end ending at the promoter (e.g., T7 promoter)
and the other end ending at any nicking enzyme recognition sites (e.g., any CCD sites). These fragments can then be
purified, for example by size selection (e.g., by gel purification, capillary electrophoresis, or other fragment separation
techniques). In some cases, the target fragments are about 50 base pairs in length (adapter sequence (e.g., T/ adapter)
+ target N20 sequence + nicking enzyme recognition site or complement (e.g., HGG)). Fragments can then be ligated
to an adapter comprising a nuclease recognition site for a nuclease that cuts an appropriate distance away to remove
the nicking enzyme recognition site 705. For example, for a three-nucleotide long nicking enzyme recognition site (e.g.,
CCD for CviPll), Bael can be used. The appropriate nuclease (e.g., Bael) can then be used to remove the nuclease
recognition site and the nicking enzyme recognition site 706. The remaining nucleic acid sequence (e.g., the N20 site)
can then be ligated to the final stem-loop sequence for the guide RNA 707. Amplification (e.g., PCR) can be conducted.
Guide RNAs can be produced.

[0226] In some embodiments, a collection of gNAs (e.g., gRNAs) targeting human mitochondrial DNA (mtDNA) Is
created, that can be used for directing nucleic acid-guided nuclease (e.g., Cas9) proteins, comprising the nucleic acid-
guided nuclease (e.g., Cas9) target sequence. In some embodiments, the targeting sequence of this collection of gNAs
(e.g., gRNASs) are encoded by DNA sequences comprising at least the 20 nt sequence provided in the second column
from the right of Table 3 (if the NGG sequence is on positive strand) and Table 4 (if the NGG sequence Is on negative
strand). In some embodiments, a collection of gRNA nucleic acids, as provided herein, with specificity for human mito-
chondrial DNA, comprise a plurality of members, wherein the members comprise a plurality of targeting sequences
provided in the second column from the right column of Table 3 and/or the second column from the right of Table 4.

Table 3. gRNA target sequence for human mtDNA carrying NGG sequence on the (+) strand.

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

13 35 ATCACCCTATTAACCA 13 ATCACCCTATTAACC 436
CTCACGG ACTCA

14 36 TCACCCTATTAACCAC 14 TCACCCTATTAACCA 437
TCACGGG CTCAC

32 54 ACGGGAGCTCTCCATG 15 ACGGGAGCTCTCCAT 438
CATTTGG GCATT

45 67 ATGCATTTGGTATTTTC 16 ATGCATTTGGTATTTT 439
GTCTGG CGTC

46 68 TGCATTTGGTATTTTCG 17 TGCATTTGGTATTTTC 440
TCTGGG GTCT

47 69 GCATTTGGTATTTTCGT 18 GCATTTGGTATTTTCG 441
CTGGGG TCTG

48 70 CATTTGGTATTTTCGTC 19 CATTTGGTATITTCGT 447
TGGGGGE CTGG

49 71 ATTTGGTATTTTCGTCT 50 ATTTGGTATTTTCGTC 4473
GGGGGG TGGG

79 101 GCGATAGCATTGCGAG 51 GCGATAGCATTGCGA 444
ACGCTGG GACGC

85 107 GCATTGCGAGACGCTG 59 GCATTGCGAGACGCT 445
GAGCCGG GGAGC

163 185 GCACCTACGTTCAATA 53 GCACCTACGTTCAAT 446
TTACAGG ATTAC
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(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

207 229 GTTAATTAATTAATGC 54 GTTAATTAATTAATG 447
TTGTAGG CTTGT

301 323 AACCCCCCCTCCCCCG L AACCCCCCCTCCCCC 448
CTTCTGG GCTTC

388 410 AGATTTCAAATTTTAT 56 AGATTTCAAATTTTAT 449
CTTTTGG CTTT

391 413 TTTCAAATTTTATCTTT »7 TTTCAAATTITATCTT 450
TGGCGG ITGG

604 626 ATACACTGAAAATGTT 58 ATACACTGAAAATGT 451
TAGACGG TTAGA

605 627 TACACTGAAAATGTTT 59 TACACTGAAAATGTT 457
AGACGGG TAGAC

631 653 ACATCACCCCATAAAC 30 ACATCACCCCATAAA 453
AAATAGG CAAAT

636 658 ACCCCATAAACAAATA 31 ACCCCATAAACAAAT 454
GGTTTGG AGGTT

727 749 TCTAAATCACCACGAT 35 TCTAAATCACCACGA 455
CAAAAGG TCAAA

788 810 TTAGCCTAGCCACACC 33 TTAGCCTAGCCACAC 456
CCCACGG CCCCA

789 811 TAGCCTAGCCACACCC 24 TAGCCTAGCCACACC 457
CCACGGG CCCAC

851 873 AACTAAGCTATACTAA 35 AACTAAGCTATACTA 458
CCCCAGG ACCCC
CCCAGGG CCCCA

856 878 AGCTATACTAACCCCA 37 AGCTATACTAACCCC 460
GGGTTGG AGGGT

880 002 CAATTTCGTGCCAGCC 38 CAATTTCGTGCCAGC 461
ACCGCGG CACCG

912 934 TAACCCAAGTCAATAG 29 TAACCCAAGTCAATA 462
AAGCCGG GAAGC

1009 1031 CACAAAATAGACTACG 40 CACAAAATAGACTAC 463
AAAGTGG GAAAG

1051 1073 ACAATAGCTAAGACCC 41 ACAATAGCTAAGACC 464
AAACTGG CAAAC

1052 1074 CAATAGCTAAGACCCA 49 CAATAGCTAAGACCC 465
AACTGGG AAACT

1148 1170 AGCCACAGCTTAAAAC 43 AGCCACAGCTTAAAA 466
TCAAAGG CTCAA
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DK/EP 3386550 T3

(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

1154 1176 AGCTTAAAACTCAAAG 44 AGCTTAAAACTCAAA 467
GACCTGG GGACC

1157 1179 TTAAAACTCAAAGGAC 45 TTAAAACTCAAAGGA 468
CTGGCGG CCTGG

1178 1200 GGTGCTTCATATCCCT 46 GGTGCTTCATATCCCT 469
CTAGAGG CTAG

1267 1289 TCTTCAGCAAACCCTG 47 TCTTCAGCAAACCCT 470
ATGAAGG GATGA

1306 1328 AGTACCCACGTAAAGA 48 AGTACCCACGTAAAG 471
CGTTAGG ACGTT

1312 1334 CACGTAAAGACGTTAG 49 CACGTAAAGACGTTA 472
GTCAAGG GGTCA

1326 13438 AGGTCAAGGTGTAGCC 50 AGGTCAAGGTGTAGC 473
CATGAGG CCATG

1329 1351 TCAAGGTGTAGCCCAT 51 TCAAGGTGTAGCCCA 474
GAGGTGG TGAGG

1339 1361 GCCCATGAGGTGGCAA 59 GCCCATGAGGTGGCA 475
GAAATGG AGAAA

1340 1362 CCCATGAGGTGGCAAG 53 CCCATGAGGTGGCAA 476
AAATGGG GAAAT

1389 1411 GATAGCCCTTATGAAA 54 GATAGCCCTTATGAA 477
CTTAAGG ACTTA

1390 1412 ATAGCCCTTATGAAAC 55 ATAGCCCTTATGAAA 478
TTAAGGG CTTAA

1397 1419 TTATGAAACTTAAGGG 54 TTATGAAACTTAAGG 479
TCGAAGG GTCGA

1400 1422 TGAAACTTAAGGGTCG 57 TGAAACTTAAGGGTC 480
AAGGTGG GAAGG

1441 1463 AGTAGAGTGCTTAGTT 53 AGTAGAGTGCTTAGT 481
GAACAGG TGAAC

1442 1464 GTAGAGTGCTTAGTTG 59 GTAGAGTGCTTAGTT 482
AACAGGG GAACA

1494 1516 CCTCCTCAAGTATACT 50 CCTCCTCAAGTATAC 483
TCAAAGG TTCAA

1530 1552 ACCCCTACGCATTTAT 51 ACCCCTACGCATITA 484
ATAGAGG TATAG

1548 1570 AGAGGAGACAAGTCGT 587 AGAGGAGACAAGTCG 485
AACATGG TAACA

1560 1582 TCGTAACATGGTAAGT 53 TCGTAACATGGTAAG 486
GTACTGG TGTAC
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DK/EP 3386550 T3

(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

1573 1595 AGTGTACTGGAAAGTG 54 AGTGTACTGGAAAGT 487
CACTTGG GCACT

1620 1642 AAAGCACCCAACTTAC 55 AAAGCACCCAACTTA 488
ACTTAGG CACTT

1726 1748 CATTTACCCAAATAAA 56 CATTTACCCAAATAA 489
GTATAGG AGTAT

1746 1768 AGGCGATAGAAATTGA 57 AGGCGATAGAAATTG 490
AACCTGG AAACC

1770 1792 GCAATAGATATAGTAC 58 GCAATAGATATAGTA 491
CGCAAGG CCGCA

1771 1793 CAATAGATATAGTACC 59 CAATAGATATAGTAC 497
GCAAGGG CGCAA

1809 1831 TAACCAAGCATAATAT 20 TAACCAAGCATAATA 493
AGCAAGG TAGCA

1862 1884 TAACTAGAAATAACTT 71 TAACTAGAAATAACT 494
TGCAAGG TTGCA

1947 1969 CCGTCTATGTAGCAAA 25 CCGTCTATGTAGCAA 495
ATAGTGG AATAG

1948 1970 CGTCTATGTAGCAAAA 73 CGTCTATGTAGCAAA 496
TAGTGGG ATAGT

1960 1982 AAAATAGTGGGAAGAT 24 AAAATAGTGGGAAGA 497
TTATAGG TTTAT

1966 1988 GTGGGAAGATTTATAG 75 GTGGGAAGATTTATA 498
GTAGAGG GGTAG

1987 2009 GGCGACAAACCTACCG 76 GGCGACAAACCTACC 490
AGCCTGG GAGCC

1997 2019 CTACCGAGCCTGGTGA 77 CTACCGAGCCTGGTG 500
TAGCTGG ATAGC

2086 2108 ATTTAACTGTTAGTCC -8 ATTTAACTGTTAGTCC 501
AAAGAGG AAAG

2099 2121 TCCAAAGAGGAACAGC 79 TCCAAAGAGGAACAG 502
TCTTTGG CTCTT

2107 2129 GGAACAGCTCTTTGGA 80 GGAACAGCTCTTTGG 5073
CACTAGG ACACT

2152 2174 AAAAATTTAACACCCA 31 AAAAATTTAACACCC 504
TAGTAGG ATAGT

2247 2269 CTGAACTCCTCACACC 87 CTGAACTCCTCACAC 505
CAATTGG CCAAT

2414 2436 CCTCACTGTCAACCCA 33 CCTCACTGTCAACCC 506
ACACAGG AACAC
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DK/EP 3386550 T3

(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

2427 2449 CCAACACAGGCATGCT 84 CCAACACAGGCATGC 507
CATAAGG TCATA

2432 2454 ACAGGCATGCTCATAA 35 ACAGGCATGCTCATA 508
GGAAAGG AGGAA

2449 2471 GAAAGGTTAAAAAAA 86 GAAAGGTTAAAAAAA 509
GTAAAAGG GTAAA

2456 2478 TAAAAAAAGTAAAAG 37 TAAAAAAAGTAAAAG 510
GAACTCGG GAACT

2515 2537 TCTAGCATCACCAGTA 33 TCTAGCATCACCAGT 511
TTAGAGG ATTAG

2546 2568 GCCCAGTGACACATGT 39 GCCCAGTGACACATG 512
TTAACGG TTTAA

2552 2574 TGACACATGTTTAACG 90 TGACACATGTTTAAC 513
GCCGCGG GGCCG

2571 2593 GCGGTACCCTAACCGT 91 GCGGTACCCTAACCG 514
GCAAAGG TGCAA

2599 2621 TAATCACTTGTTCCTTA 97 TAATCACTTGTTCCTT 515
AATAGG AAAT

2600 2622 AATCACTTGTTCCTTA 93 AATCACTTGTITCCTTA 516
AATAGGG AATA

2614 2636 TAAATAGGGACCTGTA 94 TAAATAGGGACCTGT 517
TGAATGG ATGAA

2624 2646 CCTGTATGAATGGCTC 95 CCTGTATGAATGGCT 518
CACGAGG CCACG

2625 2647 CTGTATGAATGGCTCC 96 CTGTATGAATGGCTC 519
ACGAGGG CACGA

2676 2698 AAATTGACCTGCCCGT 97 AAATTGACCTGCCCG 590
GAAGAGG TGAAG

2679 2701 TTGACCTGCCCGTGAA 93 TTGACCTGCCCGTGA 591
GAGGCGG AGAGG

2680 2702 TGACCTGCCCGTGAAG 99 TGACCTGCCCGTGAA 599
AGGCGGG GAGGC

2711 2733 AGCAAGACGAGAAGA 100 AGCAAGACGAGAAG 5273
CCCTATGG ACCCTA

2755 2777 ACAGTACCTAACAAAC 101 ACAGTACCTAACAAA 554
CCACAGG CCCAC

2789 2811 CAAACCTGCATTAAAA 102 CAAACCTGCATTAAA 55
ATTTCGG AATTT

2793 2815 CCTGCATTAAAAATTT 103 CCTGCATTAAAAATT 596
CGGTTGG TCGGT
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DK/EP 3386550 T3

(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

2794 2816 CTGCATTAAAAATTTC 104 CTGCATTAAAAATTT 557
GGTTGGG CGGTT

2795 2817 TGCATTAAAAATTTCG 105 TGCATTAAAAATTTC 528
GTTGGGG GGTTG

2804 2826 AATTTCGGTTGGGGCG 106 | AATTTCGGTTGGGGC 929
ACCTCGG GACCT

2895 2917 TGATCCAATAACTTGA 107 TGATCCAATAACTTG 530
CCAACGG ACCAA

2911 2933 CCAACGGAACAAGTTA 108 CCAACGGAACAAGTT 531
CCCTAGG ACCCT
CCTAGGG CCCTA

2954 2976 CTAGAGTCCATATCAA 110 CTAGAGTCCATATCA 533
CAATAGG ACAAT
AATAGGG CAATA

2974 2996 AGGGTTTACGACCTCG 119 AGGGTTTACGACCTC 535
ATGTTGG GATGT
GATCAGG GGATC

2992 3014 GTTGGATCAGGACATC 114 GTTGGATCAGGACAT 537
CCGATGG CCCGA

3010 3032 GATGGTGCAGCCGCTA 115 GATGGTGCAGCCGCT 538
TTAAAGG ATTAA

3058 3080 TACGTGATCTGAGTTC 116 TACGTGATCTGAGTT 539
AGACCGG CAGAC

3069 3091 AGTTCAGACCGGAGTA 117 AGTTCAGACCGGAGT 540
ATCCAGG AATCC

3073 3095 CAGACCGGAGTAATCC 118 CAGACCGGAGTAATC 541
AGGTCGG CAGGT

3110 3132 CAAATTCCTCCCTGTA 119 CAAATTCCTCCCTGT 542
CGAAAGG ACGAA

3125 3147 ACGAAAGGACAAGAG 120 ACGAAAGGACAAGA 5473
AAATAAGG GAAATA

3203 3225 ACCCACACCCACCCAA 191 ACCCACACCCACCCA 544
GAACAGG AGAAC

3204 3226 CCCACACCCACCCAAG 199 CCCACACCCACCCAA 5AG
AACAGGG GAACA

3217 3239 AAGAACAGGGTTTGTT 193 AAGAACAGGGTTTGT 546
AAGATGG TAAGA
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DK/EP 3386550 T3

(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

3227 3249 TTTGTTAAGATGGCAG 194 TTTGTTAAGATGGCA 547
AGCCCGG GAGCC

3262 3284 ACTTAAAACTTTACAG 195 ACTTAAAACTTTACA 548
TCAGAGG GTCAG

3294 3316 TCTTCTTAACAACATA 196 TCTTCTTAACAACAT 549
CCCATGG ACCCA

3336 3358 TGTACCCATTCTAATC 1957 TGTACCCATTCTAATC 550
GCAATGG GCAA

3370 3392 CTTACCGAACGAAAAA 198 CTTACCGAACGAAAA 551
TTCTAGG ATTCT

3391 3413 GGCTATATACAACTAC 199 GGCTATATACAACTA 550
GCAAAGG CGCAA

3406 3428 CGCAAAGGCCCCAACG 130 CGCAAAGGCCCCAAC 553
TTGTAGG GTTGT

3415 3437 CCCAACGTTGTAGGCC 131 CCCAACGTTGTAGGC 554
CCTACGG CCCTA

3416 3438 CCAACGTTGTAGGCCC 123 CCAACGTTGTAGGCC 555
CTACGGG CCTAC

3570 3592 CCTCCCCATACCCAAC 133 CCTCCCCATACCCAA 556
CCCCTGG CCCCC

3586 3608 CCCCTGGTCAACCTCA 134 CCCCTGGTCAACCTC 557
ACCTAGG AACCT

3643 3665 GTTTACTCAATCCTCTG 135 GTTTACTCAATCCTCT 558
ATCAGG GATC

3644 3666 TTTACTCAATCCTCTGA 136 TITACTCAATCCTCTG 559
TCAGGG ATCA

3676 3698 AACTCAAACTACGCCC 137 AACTCAAACTACGCC 560
TGATCGG CTGAT

3757 3779 CTATCAACATTACTAA 138 CTATCAACATTACTA 561
TAAGTGG ATAAG

3828 3850 ACTCCTGCCATCATGA 139 ACTCCTGCCATCATG 562
CCCTTGG ACCCT

3892 3914 ACCCCCTTCGACCTTG 140 ACCCCCTTCGACCTT 563
CCGAAGG GCCGA

3893 3915 CCCCCTTCGACCTTGC 141 CCCCCTTCGACCTTGC 564
CGAAGGG CGAA

3894 3916 CCCCTTCGACCTTGCC 149 CCCCTTCGACCTTGCC 565
GAAGGGG GAAG

3913 3935 GGGGAGTCCGAACTAG 143 GGGGAGTCCGAACTA 566
TCTCAGG GTCTC
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DK/EP 3386550 T3

(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

3937 3959 TTCAACATCGAATACG 144 TTCAACATCGAATAC 567
CCGCAGG GCCGC

4015 4037 CTCACCACTACAATCT 145 CTCACCACTACAATC 568
TCCTAGG TTCCT

4287 4309 ACTTTGATAGAGTAAA 145 | ACTTTGATAGAGTAA 560
TAATAGG ATAAT

4311 4333 GCTTAAACCCCCTTAT 147 GCTTAAACCCCCTTA 570
TTCTAGG TTTCT

4386 4408 TCACACCCCATCCTAA 148 TCACACCCCATCCTA 571
AGTAAGG AAGTA

4406 4428 AGGTCAGCTAAATAAG 149 AGGTCAGCTAAATAA 579
CTATCGG GCTAT

4407 4429 GGTCAGCTAAATAAGC 150 GGTCAGCTAAATAAG 573
TATCGGG CTATC

4428 4450 GGCCCATACCCCGAAA 151 GGCCCATACCCCGAA 574
ATGTTGG AATGT

4460 4482 TCCCGTACTAATTAAT 155 TCCCGTACTAATTAA 575
CCCCTGG TCCCC

4494 4516 ATCTACTCTACCATCTT 153 | ATCTACTCTACCATCT 576
TGCAGG TTGC

4542 4564 CACTGATTTTTITACCTG 154 CACTGATTTTITACCT 577
AGTAGG GAGT

4692 4714 CTCTTCAACAATATAC 155 CTCTTCAACAATATA 578
TCTCCGG CTCTC

4767 4789 ATAGCTATAGCAATAA 156 ATAGCTATAGCAATA 579
AACTAGG AAACT

4799 4821 CTTTCACTTCTGAGTCC 157 CTTTCACTTCTGAGTC 530
CAGAGG CCAG

4809 4831 TGAGTCCCAGAGGTTA 158 TGAGTCCCAGAGGTT 581
CCCAAGG ACCCA

4827 4849 CAAGGCACCCCTCTGA 159 CAAGGCACCCCTCTG 589
CATCCGG ACATC

4941 4963 TCAATCTTATCCATCAT 160 TCAATCTTATCCATCA 583
AGCAGG TAGC

4950 4972 TCCATCATAGCAGGCA 161 TCCATCATAGCAGGC 584
GTTGAGG AGTTG

4953 4975 ATCATAGCAGGCAGTT 167 ATCATAGCAGGCAGT 585
GAGGTGG TGAGG

5010 5032 TACTCCTCAATTACCC 163 TACTCCTCAATTACCC 586
ACATAGG ACAT
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DK/EP 3386550 T3

(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

2202 5224 CCATCCACCCTCCTCTC 164 CCATCCACCCTCCTCT 587
CCTAGG CCCT

5205 32271 TCCACCCTCCTCTCCCT 165 TCCACCCTCCTCTCCC 588
AGGAGG TAGG

5223 3245 GGAGGCCTGCCCCCGC 166 GGAGGCCTGCCCCCG 589
TAACCGG CTAAC

5239 5261 TAACCGGCTTTTTGCC 167 TAACCGGCTTTTTGCC 590
CAAATGG CAAA

5240 5262 AACCGGCTTTTTGCCC 168 AACCGGCTTTTTGCC 591
AAATGGG CAAAT

5500 5522 TAATAATCTTATAGAA 169 TAATAATCTTATAGA 592
ATTTAGG AATTT

5569 5591 CTTAATTTCTGTAACA 170 CTTAATTTCTGTAACA 5973
GCTAAGG GCTA

5646 5668 CTAAGCCCTTACTAGA 171 CTAAGCCCTTACTAG 594
CCAATGG ACCAA

5647 5669 TAAGCCCTTACTAGAC 179 TAAGCCCTTACTAGA 595
CAATGGG CCAAT

5697 5719 AGCTAAGCACCCTAAT 173 AGCTAAGCACCCTAA 506
CAACTGG TCAAC

5723 5745 CAATCTACTTCTCCCG 174 CAATCTACTTCTCCCG 597
CCGCCAGG CCGC

5724 5746 AATCTACTTCTCCCGC 175 AATCTACTTCTCCCGC 598
CGCCGGG CGCC

5732 5754 TCTCCCGCCGCCGGGA 176 TCTCCCGCCGCCGGG 599
AAAAAGG AAAAA

5735 3757 CCCGCCcaeceaaaaAaAaA 177 CCCGCCGCCGGGAAA 800
AAGGCGG AAAGG

5736 5758 CCGCCGCCGGGAAAAA 178 CCGCCGCCGGGAAAA 801
AGGCGGG AAGGC

5747 5769 AAAAAAGGCGGGAGA 179 AAAAAAGGCGGGAG 602
AGCCCCGG AAGCCC

5751 3773 AAGGCGGGAGAAGCC 180 AAGGCGGGAGAAGC 803
CCGGCAGG CCCGGC

5800 5822 ATTCAATATGAAAATC 181 ATTCAATATGAAAAT 604
ACCTCGG CACCT

5806 5828 TATGAAAATCACCTCG 189 TATGAAAATCACCTC 805
GAGCTGG GGAGC

5816 5838 ACCTCGGAGCTGGTAA 183 ACCTCGGAGCTGGTA 606
AAAGAGG AAAAG
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DK/EP 3386550 T3

(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

5928 5950 TCTACAAACCACAAAG 184 TCTACAAACCACAAA 6807
ACATTGG GACAT

5949 5971 GGAACACTATACCTAT 185 GGAACACTATACCTA 608
TATTCGG TTATT
GAGCTGG TGAGC

5970 5992 GGCGCATGAGCTGGAG 187 GGCGCATGAGCTGGA 6810
TCCTAGG GTCCT

6005 6027 CCTCCTTATTCGAGCC 188 CCTCCTTATTCGAGCC 611
GAGCTGG GAGC

6006 60238 CTCCTTATTCGAGCCG 189 CTCCTTATTCGAGCC 612
AGCTGGG GAGCT

6027 6049 GGCCAGCCAGGCAACC g9 | GGCCAGCCAGGCAAC 513
TTCTAGG CTTCT

6108 6130 ATAGTAATACCCATCA 191 ATAGTAATACCCATC 614
TAATCGG ATAAT

6111 6133 GTAATACCCATCATAA 19 GTAATACCCATCATA 615
TCGGAGG ATCGG

6117 6139 CCCATCATAATCGGAG 193 | CCCATCATAATCGGA 516
GCTTTGG GGCTT

6144 6166 TGACTAGTTCCCCTAA 194 TGACTAGTTCCCCTA 617
TAATCGG ATAAT

6158 6180 AATAATCGGTGCCCCC 195 AATAATCGGTGCCCC 618
GATATGG CGATA

6236 6258 CCTGCTCGCATCTGCT 196 CCTGCTCGCATCTGCT 619
ATAGTGG ATAG

6239 6261 GCTCGCATCTGCTATA 197 GCTCGCATCTGCTAT 620
GTGGAGG AGTGG

6243 6265 GCATCTGCTATAGTGG 198 GCATCTGCTATAGTG 621
AGGCCGG GAGGC

6249 6271 GCTATAGTGGAGGCCG 199 GCTATAGTGGAGGCC 622
GAGCAGG GGAGC

6255 6277 GTGGAGGCCGGAGCA 200 | GTGGAGGCCGGAGCA 623
GGAACAGG GGAAC

6282 6304 ACAGTCTACCCTCCCT 501 ACAGTCTACCCTCCC 824
TAGCAGG TTAGC

6283 6305 CAGTCTACCCTCCCTT 202 CAGTCTACCCTCCCTT 825
AGCAGGG AGCA

6300 6322 GCAGGGAACTACTCCC 203 GCAGGGAACTACTCC 826
ACCCTGG CACCC
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DK/EP 3386550 T3

(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

6342 6364 ATCTTCTCCTTACACCT 504 ATCTTCTCCTTACACC 827
AGCAGG TAGC

6360 6382 GCAGGTGTCTCCTCTA 205 GCAGGTGTCTCCTCT 628
TCTTAGG ATCTT

6361 6383 CAGGTGTCTCCTCTAT 506 CAGGTGTCTCCTCTAT 629
CTTAGGG CTTA

6362 6384 AGGTGTCTCCTCTATCT 507 AGGTGTCTCCTCTATC 830
TAGGGG TTAG

6495 6517 TCTCTCCCAGTCCTAG 208 TCTCTCCCAGTCCTAG 631
CTGCTGG CTGC

6552 6574 ACCACCTTCTTCGACC 509 ACCACCTTCTTCGAC 632
CCGCCAGG CCCGC

6555 6577 ACCTTCTTCGACCCCG 210 ACCTTCTTCGACCCC 633
CCGGAGG GCCGG

6558 6580 TTCTTCGACCCCGCCG 511 TTCTTCGACCCCGCC 634
GAGGAGG GGAGG

6597 6619 CAACACCTATTCTGAT 519 CAACACCTATTCTGA 635
TTTTCGG TTTTT

6630 6652 GTTTATATTCTTATCCT 5173 GTTTATATTCTTATCC 636
ACCAGG TACC

6636 6658 ATTCTTATCCTACCAG 214 ATTCTTATCCTACCAG 637
GCTTCGG GCTT

6669 6691 CATATTGTAACTTACT 515 CATATTGTAACTTACT 638
ACTCCGG ACTC

6687 6709 TCCGGAAAAAAAGAA 16 TCCGGAAAAAAAGAA 639
CCATTTGG CCATT

6696 6718 AAAGAACCATTTGGAT 517 AAAGAACCATTTGGA 640
ACATAGG TACAT

6701 6723 ACCATTTGGATACATA 518 ACCATTTGGATACAT 641
GGTATGG AGGTA

6723 6745 GTCTGAGCTATGATAT 519 GTCTGAGCTATGATA 647
CAATTGG TCAAT

6732 6754 ATGATATCAATTGGCT 290 ATGATATCAATTGGC 6843
TCCTAGG TTCCT

6733 6755 TGATATCAATTGGCTT 551 TGATATCAATTGGCT 644
CCTAGGG TCCTA

6768 6790 GCACACCATATATTTA 599 GCACACCATATATTT 645
CAGTAGG ACAGT

6831 6853 ATAATCATCGCTATCC 553 ATAATCATCGCTATC 646
CCACCGG CCCAC
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DK/EP 3386550 T3

(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

6867 6889 AGCTGACTCGCCACAC 24 AGCTGACTCGCCACA 847
TCCACGG CTCCA

6909 6931 GCTGCAGTGCTCTGAG 295 GCTGCAGTGCTCTGA 648
CCCTAGG GCCCT

6933 6955 TTCATCTTTCTTTTCAC 596 TTCATCTTTCTTTTCA 649
CGTAGG CCGT

6936 6958 ATCTTTCTTTTCACCGT 557 ATCTTTCTTTTCACCG 850
AGGTGG TAGG

6945 6967 TTCACCGTAGGTGGCC 558 TTCACCGTAGGTGGC 651
TGACTGG CTGAC

7032 7054 TTCCACTATGTCCTATC 559 TTCCACTATGTCCTAT 652
AATAGG CAAT

7053 7075 GGAGCTGTATTTGCCA 230 GGAGCTGTATITTGCC 653
TCATAGG ATCAT

7056 7078 GCTGTATTTGCCATCA 531 GCTGTATTTGCCATC 854
TAGGAGG ATAGG

7086 7108 CACTGATTTCCCCTATT 535 CACTGATTTCCCCTAT 655
CTCAGG TCTC

7140 7162 CATTTCACTATCATATT 533 CATTTCACTATCATAT 656
CATCGG TCAT

7176 7198 TTCTTCCCACAACACTT 534 TTCTTCCCACAACACT 657
TCTCGG ITCT

7185 7207 CAACACTTTCTCGGCC 535 CAACACTTTCTCGGC 658
TATCCGG CTATC

7205 7227 CGGAATGCCCCGACGT 536 CGGAATGCCCCGACG 659
TACTCGG TTACT

7251 7273 TGAAACATCCTATCAT 537 TGAAACATCCTATCA 660
CTGTAGG TCTGT

7358 7380 AGAAGAACCCTCCATA 538 AGAAGAACCCTCCAT 661
AACCTGG AAACC

7371 7393 ATAAACCTGGAGTGAC 539 ATAAACCTGGAGTGA 662
TATATGG CTATA

1432 1454 ACATAAAATCTAGACA 540 ACATAAAATCTAGAC 663
AAAAAGG AAAAA

7436 7458 AAAATCTAGACAAAAA 541 AAAATCTAGACAAAA 664
AGGAAGG AAGGA

7457 7479 GGAATCGAACCCCCCA 547 GGAATCGAACCCCCC 665
AAGCTGG AAAGC

7476 7498 CTGGTTTCAAGCCAAC 543 CTGGTTTCAAGCCAA 666
CCCATGG CCCCA
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DK/EP 3386550 T3

(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

7499 7521 CCTCCATGACTTTTTCA 244 CCTCCATGACTTTTTC 667
AAAAGG AAAA

7544 7566 CTTTGTCAAAGTTAAA 545 CTTTGTCAAAGTTAA 668
TTATAGG ATTAT

7567 7589 CTAAATCCTATATATC 546 CTAAATCCTATATAT 6869
TTAATGG CTTAA

7586 7608 ATGGCACATGCAGCGC 247 | ATGGCACATGCAGCG 670
AAGTAGG CAAGT

7741 7763 TACTAACATCTCAGAC 548 TACTAACATCTCAGA 871
GCTCAGG CGCTC

7831 7853 CATCCTTTACATAACA 549 CATCCTTTACATAAC 672
GACGAGG AGACG

7865 7887 TCCCTTACCATCAAAT 55 TCCCTTACCATCAAA 673
CAATTGG TCAAT

7875 7897 TCAAATCAATTGGCCA 551 TCAAATCAATTGGCC 674
CCAATGG ACCAA

7904 7926 ACCTACGAGTACACCG 559 ACCTACGAGTACACC 875
ACTACGG GACTA

7907 7929 TACGAGTACACCGACT ~Ea TACGAGTACACCGAC 876
ACGGCGG TACGG

7955 7977 CCCCCATTATTCCTAG 554 CCCCCATTATTCCTAG 677
AACCAGG AACC

8069 8091 TCATGAGCTGTCCCCA SEE TCATGAGCTGTCCCC 878
CATTAGG ACATT

8093 8115 TTAAAAACAGATGCAA 556 TTAAAAACAGATGCA 679
TTCCCGG ATTCC

8131 8153 CACTTTCACCGCTACA 557 CACTTTCACCGCTAC 680
CGACCGG ACGAC

8132 8154 ACTTTCACCGCTACAC 558 ACTTTCACCGCTACA 681
GACCGGG CGACC

8133 8155 CTTTCACCGCTACACG 550 CTTTCACCGCTACAC 682
ACCGGGG GACCG

8134 8156 TTTCACCGCTACACGA 560 TTTCACCGCTACACG 683
CCGGGGG ACCGG

8144 6106 ACACGACCGGGGGTAT 261 | ACACGACCGGGGGTA 684
ACTACGG TACTA

8165 8187 GGTCAATGCTCTGAAA 267 GGTCAATGCTCTGAA 685
TCTGTGG ATCTG

8228 8250 CCCCTAAAAATCTTTG 563 CCCCTAAAAATCTTT 686
AAATAGG GAAAT
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DK/EP 3386550 T3

(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

8229 8251 CCCTAAAAATCTTTGA s64 | CCCTAAAAATCTTTG 587
AATAGGG AAATA

8370 8392 CCCAACTAAATACTAC 565 CCCAACTAAATACTA 688
CGTATGG CCGTA

8551 8573 TTCATTGCCCCCACAA 266 TITCATTGCCCCCACA 689
TCCTAGG ATCCT

8698 8720 ATAACCATACACAACA 557 ATAACCATACACAAC 690
CTAAAGG ACTAA

8761 8783 ATTGCCACAACTAACC 268 ATTGCCACAACTAAC 691
TCCTCGG CTCCT

8817 8839 ACTATCTATAAACCTA 569 ACTATCTATAAACCT 697
GCCATGG AGCCA
TGAGCGG ATGAG

8836 8858 ATGGCCATCCCCTTAT 571 ATGGCCATCCCCTTA 594
GAGCGGG TGAGC

8851 8873 TGAGCGGGCACAGTGA 579 TGAGCGGGCACAGTG 6895
TTATAGG ATTAT

8899 8921 CTAGCCCACTTCTTAC 573 CTAGCCCACTTCTTAC 696
CACAAGG CACA

8973 8995 ACTCATTCAACCAATA 574 ACTCATTCAACCAAT 697
GCCCTGG AGCCC

9004 9026 CTAACCGCTAACATTA 575 CTAACCGCTAACATT 698
CTGCAGG ACTGC

9028 0050 CACCTACTCATGCACC 576 CACCTACTCATGCAC 899
TAATTGG CTAAT

9243 9265 CCCAGCCCATGACCCC 577 CCCAGCCCATGACCC 700
TAACAGG CTAAC

9244 9266 CCAGCCCATGACCCCT 578 CCAGCCCATGACCCC 701
AACAGGG TAACA

9245 9267 CAGCCCATGACCCCTA 579 CAGCCCATGACCCCT 702
ACAGGGG AACAG

9273 9295 TCAGCCCTCCTAATGA 580 TCAGCCCTCCTAATG 703
CCTCCGG ACCTC

9321 9343 TCCATAACGCTCCTCA 581 TCCATAACGCTCCTC 704
TACTAGG ATACT

9358 9380 CACTAACCATATACCA 589 CACTAACCATATACC 705
ATGATGG AATGA

9390 9412 ACACGAGAAAGCACAT 583 ACACGAGAAAGCACA 706
ACCAAGG TACCA
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(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

9417 9439 CACACACCACCTGTCC 284 CACACACCACCTGTC 707
AAAAAGG CAAAA

9429 9451 GTCCAAAAAGGCCTTC 585 GTCCAAAAAGGCCTT 708
GATACGG CGATA
ATACGGG GATAC

9471 9493 TCAGAAGTTTTTTTCTT 587 TCAGAAGTTTTTTTCT 710
CGCAGG TCGC

9522 9544 CTAGCCCCTACCCCCC 588 CTAGCCCCTACCCCC 711
AATTAGG CAATT

0525 0547 GCCCCTACCCCCCAAT »89 GCCCCTACCCCCCAA 719
TAGGAGG TTAGG

9526 9548 CCCCTACCCCCCAATT 590 CCCCTACCCCCCAAT 7123
AGGAGGG TAGGA

9532 9554 CCCCCCAATTAGGAGG 591 CCCCCCAATTAGGAG 714
GCACTGG GGCAC

9543 0565 GGAGGGCACTGGCCCC 597 GGAGGGCACTGGCCC 715
CAACAGG CCAAC

9606 9628 ACATCCGTATTACTCG 5973 ACATCCGTATTACTC 716
CATCAGG GCATC

9692 9714 ACTGCTTATTACAATTT 294 | ACTGCTTATTACAATT mr
TACTGG TTAC

9693 9715 CTGCTTATTACAATTTT 595 | CTGCTTATTACAATTT 218
ACTGGG TACT

9756 9778 TCTCCCTTCACCATTTC 506 TCTCCCTTCACCATTT 719
CGACGG CCGA

9765 9787 ACCATTTCCGACGGCA 597 ACCATTTCCGACGGC 790
TCTACGG ATCTA

9789 9811 TCAACATTTTTTGTAGC 503 TCAACATTTTTTGTAG 7951
CACAGG CCAC

9798 9820 TTTGTAGCCACAGGCT 599 TTTGTAGCCACAGGC 799
TCCACGG TTCCA

9816 0838 CACGGACTTCACGTCA 300 CACGGACTTCACGTC 793
TTATTGG ATTAT

9885 9907 TTTACATCCAAACATC 301 TTTACATCCAAACAT 794
ACTTTGG CACTT

9910 0932 TCGAAGCCGCCGCCTG 302 TCGAAGCCGCCGCCT 795
ATACTGG GATAC

9926 9948 ATACTGGCATTTTGTA 303 ATACTGGCATTTTGT 796
GATGTGG AGATG
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(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

9963 9985 TATGTCTCCATCTATTG 204 TATGTCTCCATCTATT 797
ATGAGG GATG

9964 0986 ATGTCTCCATCTATTG 305 ATGTCTCCATCTATTG 798
ATGAGGG ATGA

10122 10144 TTTTGACTACCACAAC 206 TTTTGACTACCACAA 799
TCAACGG CTCAA

10155 10177 AAATCCACCCCTTACG 307 AAATCCACCCCTTAC 730
AGTGCGG GAGTG

10343 10365 CATCATCCTAGCCCTA 308 CATCATCCTAGCCCT 731
AGTCTGG AAGTC

10365 10387 GCCTATGAGTGACTAC 300 GCCTATGAGTGACTA 739
AAAAAGG CAAAA

10385 10407 AGGATTAGACTGAACC 310 AGGATTAGACTGAAC 733
GAATTGG CGAAT

10500 10522 GCATTTACCATCTCAC 311 | GCATTTACCATCTCA 294
TTCTAGG CTTCT

10551 10573 TCCTCCCTACTATGCCT 319 TCCTCCCTACTATGCC 735
AGAAGG TAGA

10664 10686 CTTTGCCGCCTGCGAA 313 CTTTGCCGCCTGCGA 736
GCAGCGG AGCAG

10667 10689 TGCCGCCTGCGAAGCA 314 TGCCGCCTGCGAAGC 737
GCGGETGG AGCGG

10668 10690 GCCGCCTGCGAAGCAG 315 GCCGCCTGCGAAGCA 738
CGGTGGG GCGGT

10704 10726 GTCTCAATCTCCAACA 316 GTCTCAATCTCCAAC 739
CATATGG ACATA

10972 10994 ACTCCTACCCCTCACA 317 ACTCCTACCCCTCAC 740
ATCATGG AATCA

11128 11150 AACCACACTTATCCCC 318 AACCACACTTATCCC 741
ACCTTGG CACCT

11147 11169 TTGGCTATCATCACCC 319 TTGGCTATCATCACC 749
GATGAGG CGATG

11174 11196 CAGCCAGAACGCCTGA 390 CAGCCAGAACGCCTG 7473
ACGCAGG AACGC

11204 11226 TTCCTATTCTACACCCT 371 TTCCTATTCTACACCC 744
AGTAGG TAGT

11252 11274 ATTTACACTCACAACA 397 ATTTACACTCACAAC 745
CCCTAGG ACCCT

11369 11391 ATAGTAAAGATACCTC 393 ATAGTAAAGATACCT 746
TTTACGG CTTTA
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(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

11417 11439 CATGTCGAAGCCCCCA 394 CATGTCGAAGCCCCC 747
TCGCTGG ATCGC

11418 11440 ATGTCGAAGCCCCCAT 355 | ATGTCGAAGCCCCCA 248
CGCTGGG TCGCT

11453 11475 GCCGCAGTACTCTTAA 396 GCCGCAGTACTCTITA 749
AACTAGG AAACT

11456 11478 GCAGTACTCTTAAAAC 357 GCAGTACTCITAAAA 750
TAGGCGG CTAGG

11462 11484 CTCTTAAAACTAGGCG 3o | CTCTTAAAACTAGGC 751
GCTATGG GGCTA

11540 11562 TTCCTTGTACTATCCCT 399 TTCCTTGTACTATCCC 759
ATGAGG TATG

11669 11691 CAAACCCCCTGAAGCT 330 CAAACCCCCTGAAGC 753
TCACCGG TTCAC

11696 11718 GTCATTCTCATAATCG 331 | GTCATTCTCATAATC 254
CCCACGG GCCCA

11697 11719 TCATTCTCATAATCGC 335 TCATTCTCATAATCGC 755
CCACGGG CCAC

11777 11799 CGCATCATAATCCTCT 333 CGCATCATAATCCTC 756
CTCAAGG TCTCA

11866 11888 ACCCCCCACTATTAAC 334 | ACCCCCCACTATTAA 257
CTACTGG CCTAC

11867 11889 CCCCCCACTATTAACC 335 CCCCCCACTATTAAC 758
TACTGGG CTACT

11927 11949 AATATCACTCTCCTAC 338 AATATCACTCTCCTA 750
TTACAGG CTTAC

11985 12007 ACATATTTACCACAAC 337 ACATATTTACCACAA 760
ACAATGG CACAA

11986 12008 CATATTTACCACAACA 333 CATATTTACCACAAC 761
CAATGGG ACAAT

11987 12009 ATATTTACCACAACAC 339 ATATTTACCACAACA 762
AATGGGG CAATG

12104 12126 CTCAACCCCGACATCA 240 CTCAACCCCGACATC 763
TTACCGG ATTAC

12105 12127 TCAACCCCGACATCAT 341 TCAACCCCGACATCA 764
TACCGGG TTACC

12164 12186 GATTGTGAATCTGACA 4o | GATTGTGAATCTGAC 265
ACAGAGG AACAG

12235 12257 TGCCCCCATGTCTAAC 3473 TGCCCCCATGTCTAA 766
AACATGG CAACA
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(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

12254 12276 ATGGCTTTCTCAACTTT 344 ATGGCTTTCTCAACTT 767
TAAAGG TTAA

12272 12294 AAAGGATAACAGCTAT 345 AAAGGATAACAGCTA 768
CCATTGG TCCAT

12279 12301 AACAGCTATCCATTGG 246 AACAGCTATCCATTG 769
TCTTAGG GTCITT

12294 12316 GTCTTAGGCCCCAAAA 247 GTCTTAGGCCCCAAA 770
ATTTTGG AATTT

12608 12630 CTGTAGCATTGTTCGTT 348 CTGTAGCATIGTTCGT 771
ACATGG TACA

12742 12764 AACCTATTCCAACTGT 349 AACCTATTCCAACTG 779
TCATCGG TTCAT

12750 12772 CCAACTGTTCATCGGC 350 CCAACTGTTCATCGG 773
TGAGAGG CTGAG

12751 12773 CAACTGTTCATCGGCT 351 CAACTGTTCATCGGC 774
GAGAGGG TGAGA

12757 12779 TTCATCGGCTGAGAGG 355 TTCATCGGCTGAGAG 775
GCGTAGG GGCGT

12847 12869 GCAATCCTATACAACC 353 GCAATCCTATACAAC 776
GTATCGG CGTAT

12856 12878 TACAACCGTATCGGCG 354 TACAACCGTATCGGC 777
ATATCGG GATAT

12958 12980 CCAAGCCTCACCCCAC 5L CCAAGCCTCACCCCA 778
TACTAGG CTACT

12979 13001 GGCCTCCTCCTAGCAG 356 GGCCTCCTCCTAGCA 779
CAGCAGG GCAGC

12997 13019 GCAGGCAAATCAGCCC 357 GCAGGCAAATCAGCC 780
AATTAGG CAATT

13030 13052 TGACTCCCCTCAGCCA 358 TGACTCCCCTCAGCC 781
TAGAAGG ATAGA

13081 13103 TCAAGCACTATAGTTG 359 TCAAGCACTATAGTT 782
TAGCAGG GTAGC
GCTTAGG TGCTT

13246 13268 TTCTCCACTTCAAGTC 361 TTCTCCACTTCAAGTC 784
AACTAGG AACT

13267 13289 GGACTCATAATAGTTA 257 GGACTCATAATAGTT 785
CAATCGG ACAAT

13345 13367 GCCATACTATTTATGT 363 GCCATACTATTITATGT 786
GCTCCGG GCTC
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(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

13346 13368 CCATACTATTTATGTG 364 CCATACTATTTATGTG 787
CTCCGGG CTCC

13393 13415 GAACAAGATATTCGAA 365 GAACAAGATATTCGA 788
AAATAGG AAAAT

13396 13418 CAAGATATTCGAAAAA a6 | CAAGATATTCGAAAA 289
TAGGAGG ATAGG

13441 13463 ACTTCAACCTCCCTCA 367 ACTTCAACCTCCCTC 790
CCATTGG ACCAT

13459 13481 ATTGGCAGCCTAGCAT 368 ATTGGCAGCCTAGCA 701
TAGCAGG TTAGC

13477 13499 GCAGGAATACCTTTCC 369 GCAGGAATACCTTTC 792
TCACAGG CTCAC

13612 13634 ATAATTCTTCTCACCCT 370 ATAATTCTTCTCACCC 793
AACAGG TAAC

13686 13708 ACTAAACCCCATTAAA 371 ACTAAACCCCATTAA 794
CGCCTGG ACGCC

13693 13715 CCCATTAAACGCCTGG 379 CCCATTAAACGCCTG 795
CAGCCGG GCAGC

13708 13730 GCAGCCGGAAGCCTAT 373 GCAGCCGGAAGCCTA 706
TCGCAGG TTCGC

13804 13826 GCCCTCGCTGTCACTTT 374 GCCCTCGCTGTCACTT 797
CCTAGG TCCT

13894 13916 TTTTATTTCTCCAACAT 375 TTTTATTTCTCCAACA 798
ACTCGG TACT

13936 13958 CACCGCACAATCCCCT 376 CACCGCACAATCCCC 799
ATCTAGG TATCT

14059 14081 ATCATCACCTCAACCC 377 ATCATCACCTCAACC 800
AAAAAGG CAAAA

14237 14259 TACAAAGCCCCCGCAC 378 TACAAAGCCCCCGCA 801
CAATAGG CCAAT

14417 14439 ACCCCTGACCCCCATG 379 ACCCCTGACCCCCAT 807
CCTCAGG GCCTC

14579 14601 AATACTAAACCCCCAT 3830 AATACTAAACCCCCA 803
AAATAGG TAAAT

14585 14607 AAACCCCCATAAATAG 331 AAACCCCCATAAATA 804
GAGAAGG GGAGA

14664 14686 CATACATCATTATTCTC 387 CATACATCATTATTCT 805
GCACGG CGCA

14825 14847 ATCTCCGCATGATGAA 333 ATCTCCGCATGATGA 806
ACTTCGG AACTT
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(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA target sequence | ID (will encode the gRNA ID

(+ (+ followed by NGG NO targeting sequence}) NO

strand) strand)

14837 14859 TGAAACTTCGGCTCAC ag4 | TGAAACTTCGGCTCA 307
TCCTTGG CTCCT

14867 14889 CTGATCCTCCAAATCA 385 CTGATCCTCCAAATC 308
CCACAGG ACCAC

14951 14973 ATCACTCGAGACGTAA 286 ATCACTCGAGACGTA 809
ATTATGG AATTA

14981 15003 ATCCGCTACCTTCACG 287 ATCCGCTACCTTCAC 810
CCAATGG GCCAA

15020 15042 ATCTGCCTCTTCCTACA 388 | ATCTGCCTCTTCCTAC 811
CATCGG ACAT

15021 15043 TCTGCCTCTTCCTACAC 389 TCTGCCTCTTCCTACA 812
ATCGGG CATC

15026 15048 CTCTTCCTACACATCG 390 CTCTTCCTACACATCG 8173
GGCGAGG GGCG

15038 15060 ATCGGGCGAGGCCTAT 391 ATCGGGCGAGGCCTA 814
ATTACGG TATTA

15071 15093 TACTCAGAAACCTGAA 397 TACTCAGAAACCTGA 815
ACATCGG AACAT

15113 15135 ACTATAGCAACAGCCT 293 ACTATAGCAACAGCC 816
TCATAGG TTCAT

15131 15153 ATAGGCTATGTCCTCC 394 ATAGGCTATGTCCTC 817
CGTGAGG CCGTG

15149 15171 TGAGGCCAAATATCAT 395 TGAGGCCAAATATCA 818
TCTGAGG ITCTG

15150 15172 GAGGCCAAATATCATT s06 | GAGGCCAAATATCAT 819
CTGAGGG TCTGA

15151 15173 AGGCCAAATATCATTC 397 AGGCCAAATATCATT 820
TGAGGGG CTGAG

15194 15216 CTATCCGCCATCCCAT 308 CTATCCGCCATCCCA 891
ACATTGG TACAT

15195 15217 TATCCGCCATCCCATA a99 | TATCCGCCATCCCAT 897
CATTGGG ACATT

15221 15243 GACCTAGTTCAATGAA 400 GACCTAGTTCAATGA 893
TCTGAGG ATCTG

15224 15246 CTAGTTCAATGAATCT 401 CTAGTTCAATGAATC 824
GAGGAGG TGAGG

15334 15356 CCTCCTATTCTTGCACG 20> | CCTCCTATTCTTGCAC 875
AAACGG GAAA

15335 15357 CTCCTATTCTTGCACG 403 CTCCTATTCTTGCACG 826
AAACGGG AAAC
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(continued)

Chrstart | Chrend nt sequence on the (+) strand SEQ | 20 nt gRNA target sequence SEQ

position position containing gRNA