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comprising pre-validated CRISPR protospacet/protospacer adjacent motif sequence combinations.
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A MODULAR UNIVERSAL PLASMID DESIGN STRATEGY FOR THE ASSEMBLY
AND EDITING OF MULTIPLE DNA CONSTRUCTS FOR MULTIPLE HOSTS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefut of priority to US. Provisional Apphlication No.
62/457,493, filed on February 10, 2017, which s hereby 1ncorporated by reference in s entirety
for all purposes.

FIELD

[0002] The present disclosure relates to systems, methods, and compositions used for guided
genetic sequence editing in vitro. The disclosure describes, infer alia, methods of using guided

sequence editing complexes for improved DNA cloning, assembly of oligonucleotides, and for the

improvement of microorganisms.
DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY

{0003] The contents of the text file submitted electronically herewith are incorporated herein by
reference 1n their entirety. A computer readable format copy of the Sequence Listing (filename:
ZYMR 010 O0IWO Seglast ST23.1xt, date recorded: lJanuary 30, 2018; file size: = 800
kilobytes).

GOVERNMENT LICENSE RIGHTS

[0004] This mvention was made with Government support under Agreement No. HRO011-15-9-

0014, awarded by DARPA. The Government has certain rights in the invention.
BACKGROUND

[0005] A major area of interest in biology 1s the in virre and in vivo targeted modification of
genetic sequences. Indeed, one of the most significant bottlenecks to academic and conmumercial
genetic research has been the speed with which novel genetic constructs could be generated or

later modified prior to testing.
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{0006} The currently available cloning techniques relying on restriction site recognition or DNA
hybridization and amplification have proven to be slow, unreliable, and intractable to later
modifications. The discovery of Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPR} gene editing systems have provided researchers with additional avenues for
genetic modification. Fven these new approaches, however, remain wmpractical for high

throughput modular cloning applications.

{0007} CRISPR editing locations for example, are often himited by the location of protospacer
adjacent motifs (PAMS). De novo CRISPR guide RNA design and gene targeting can be both time
consuming and expensive, and is also susceptible to low efficiencies, and potential for off-target

mutations.

{0008] Thus, there 1s a need for mproved compositions and methods for targeted alteration of

genetic sequences.
SUMMARY OF THE DISCLOSURE
{0009] In some embodiments, the present disclosure teaches methods, compositions, and kits for

high-throughput DNA assembly reactions # vivo and in vifro utilizing modular CRISPR DNA

constructs.

{0010] Thus, 1n some embodiments, the present disclosure teaches CRISPR DNA constructs
comprising modular insert DNA parts flanked by cloning tag segments comprising pre-vahidated
CRISPR protospacer/protospacer adjacent motif (PAM) sequence combinations. In some
embodiments the present disclosure teaches digesting DNA with CRISPR endonucleases. In some
embodiments, the present disclosure teaches digesting DNA with Type 1T - Class 2 CRISPR
endonucleases {e.g. Cas9). In some embodiments, the present disclosure teaches digesting DNA
with Type V - Class 2 CRISPR endonucleases. In some embodiments, the present disclosure

teaches digesting DNA with Cpft endonucleases.

{0811] In some embodiments, the present disclosure teaches a recombinant modular CRISPR
DNA construct comprising a CRISPR multi-clonal site, said multi-clonal site comprising: 3} at
least two distinct cloning tags (¢TAG), wherein each ¢TAG comprises: 1) one or more vahidated
CRISPR landing sites, each comprising a protospacer sequence operably hinked to a protospacer

adjacent motif (PAM); wherein at least one of said validated CRISPR landing sites 1s unigue within
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the modular CRISPR DNA construct; and b} one or more DNA insert sequences; 1) wherein each
of said ¢TAGs are distributed 1n flanking positions around each of the one or more DNA insert

sequences; and it} wherein at least one of said DNA insert sequences comprises a selection marker.

{6012} In some embodiments, the present disclosure teaches a recombinant modular CRISPR

DNA construct, wherein said modular CRISPR DNA construct is circular.

{8013} In some embodiments, the present disclosure teaches a recombinant modular CRISPR

DNA construct, wherein said modular CRISPR DNA construct is linear.

{8014] In some embodiments, the present disclosure teaches a recombinant modular CRISPR
DNA construct, wherein said modular CRISPR DNA construct is integrated into the genome of an
organism.

{0015} In some embodiments, the present disclosure teaches a recombinant modular CRISPR

DNA construct, wherein at least one of said distinct ¢TAGs comprises at least two validated

CRISPR landing sites.

{8016} In some embodiments, the present disclosure teaches a recombinant modular CRISPR

DNA construct, wherein at least one of the CRISPR landing sites 1s for a Cas9 endonuclease.

{6017} In some embodiments, the present disclosure teaches a recombinant modular CRISPR

DNA construct, wherein at least one of the CRISPR landing sites 1s for a Cpfl endonuclease.

{6018} In some embodiments, the present disclosure teaches a recombinant modular CRISPR
DNA construct, wherein at least one of said distinct ¢cTAGs comprises a rare (>8 bases long)

restriction endonuclease stie.

{0019} In some aspects, the disclosure refers to a recombinant modular CRISPR DNA construct

as a “MegaModular” construct.

{0028] In some embodiments, the present disclosure teaches a method for preparing a recombinant
nucleic acid molecule, the method comprising: a) forming a nuxture comprising. 1} a plurality of
DNA insert parts, wherein each DNA insert part 13 flanked by two cloning tags (¢TAGs), each
cTAG comprising: 1) one or more validated CRISPR landing sites, each comprising a protospacer
sequence operably linked to a protospacer adjacent motf (PAM); 1) one or more CRISPR
complexes targeting at least one of said ¢TAGs present 1n at least two of the plurality of DNA

nsert parts, each CRISPR complex comprising; 1) a CRISPR endonuclease, and 2) a guide RNA
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or guide RNAs capable of recrutting said CRISPR endonuclease to one of said targeted ¢TAGs;
wherein the mixture is incubated under conditions which allow for digestion of the targeted
cTAG(s) in at least two of the plurality of DNA insert parts to generate overhanging ends, and b)
incubating the digestion products generated in {a} in conditions which allow for hybridization of
compatible overhanging ends and covalent joining of the hybridized ends; wherein the resulting
recombinant nucleic acid molecule comprises the complete cTAG sequences of the original insert

parts that are ligated in the method.

{0021} In some embodiments, the present disclosure teaches a method for preparing a recombinant

nucleic acid molecule, wherein the CRISPR endonuclease 1s Cpfl.

{0022} In some embodiments, the present disclosure teaches a method for preparing a recombinant

nucleic acid molecule, wherein the CRISPR endonuciease is Cas®.

{0023} In some embodiments, the present disclosure teaches a method for preparing a recombinant
nucleic acid molecule, wherein the method comprises the step of 1) separating the digested cTAG
sequences from the CRISPR complexes prior to ligation, or 11} inactivating the CRISPR complexes

prior to ligation.

{0024} In some embodiments, the present disclosure teaches a method for preparing a recombinant

nucleic acid molecule, wherein the separation step comprises a DNA purification step.

{0025] In some embodiments, the present disclosure teaches a method for preparing a recombinant
nucleic acid molecule, wherein the 1nactivation step comprises heat or chemical nactivation of

said CRISPR complexes.

[0026] In some embodiments, the present disclosure teaches a method for preparing a recombinant
nucleic acid molecule, wherein the two ¢TAGs for each of the plurality of DNA msert parts form
a ¢cTAG pair, and wherein said ¢TAG pair 15 unique from all other ¢ TAG pairs of the DNA insert

parts that are ligated in the method.

[8027] In some embodiments, the present disclosure teaches a method for preparing a recombinant
nucleic acid molecule, wherein at least one of the ¢ TAGs in each ¢ TAG pair is the same as at least

one other cTAG in a different ¢ TAG pair.

{0028] In some embodiments, the present disclosure teaches a method for DNA sequence editing,

said method comprising: a) introducing nto a reaction: 1) the modular CRISPR DNA construct of
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the present disclosure: 11} a replacement DNA insert part, wherein said replacement DNA msert
part 18 flanked by a first and second insert ¢TAG, 1) wherein the first insert cTAG comprises the
validated CRISPR landing site{s} of one of the distinct cTAGs of the modular CRISPR DNA
construct, and the second isert cTAG comprises the vahidated CRISPR landing site(s) of another
distinct ¢ TAG of the modular CRISPR DNA construct; and 111} a first and second CRISPR complex
targeting the first and second insert cTAGs, respectively, each CRISPR complex comprising: 1} a
CRISPR endonuclease, and 2) a guide RNA capable of recrutting said CRISPR endonuclease to
one of said targeted insert cTAGs; wherein the first and second CRISPR complexes cleave the first
and second msert ¢TAGs and their corresponding distinct ¢TAGs to generate overhanging ends,
and b} mcubating the replacement DNA msert part and modular CRISPR DNA construct with
digested ¢TAGs generated: {a) under conditions which allow for hybridization of compatible
overhanging ends and covalent joining of the hybridized ends; wherein the resulting edited
modular CRISPR DNA construct comprises the complete ¢TAG sequences of the original insert

part that s ligated by the method.

[0029] In some embodiments, the present disclosure teaches a method for DNA sequence editing,

wherein the reaction of step (b) comprises a functional higase.

[0030] In some embodiments, the present disclosure teaches a method for DNA sequence editing,
said method comprising: a) introducing nto a reaction: 1) the modular CRISPR DNA construct of
the present disclosure; 11} at least two CRISPR complexes targeting two distinct ¢TAGs in the
modular CRISPR DNA construct, each CRISPR complex comprising; 1} a CRISPR endonuclease,
and 2} a guide RNA capable of recnuiting said CRISPR endonuclease to one of said targeted
distinct ¢TAGs; wherein the first and second CRISPR complexes cleave the two distinct ¢TAGs
in the modular CRISPR DNA construct, wherein the resulting distinct ¢TAGs comprise overhang
ends, and b} mtroducing into a second reaction: 1) the modular CRISPR DNA construct with
digested cTAGs generated in (a); and 11) a replacement DNA insert part, wherein said replacement
DNA insert part is flanked by a first and second insert cTAG; 1} wherein the first insert ¢TAG
comprises the polynucleotide sequence of one of the undigested distinct ¢TAGs that is cleaved in
{a), and the second insert cTAG comprises the polynucleotide sequence of ancther undigested
distinct ¢TAG that is cleaved in (a); and 2) wherein the first and second msert ¢TAGs comprise
overhang ends that are compatible with the overhang ends of the distinct ¢TAGs from (a); under

conditions which allow for hybridization of compatible the overhanging ends and covalent joining
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of the hybridized ends; wherein the resuiting edited modular CRISPR DNA construct comprises

the complete sequences of the original undigested distinct ¢ TAGs that were targeted in (a).

{00831} In some embodiments, the present disclosure teaches a method for BNA sequence editing,

wherein the reaction of step {(b) comprises a functional ligase.

100832} In some embodiments, the present disclosure teaches a method for BNA sequence editing,

wherein the CRISPR endonuclease is Cpfl.

{00833} In some embodiments, the present disclosure teaches a method for BNA sequence editing,
wherein step {a} further comprises digesting the two cleaved distinct cTAGs with a single stranded
exonuclease, thereby producing the distinct cTAGs with overhang ends. In some aspects, one may
add a ligase and polymerase to repair the junctions with a polymerase and ligase after the
exonuclease step. In some aspects, this reaction can also be done with Cas9 digested, blunt-end

cuts.

{0034] In some embodiments, the present disclosure teaches a method for DNA sequence editing,

wherein the CRISPR endonuclease 15 Cas9.

{0035} In some embodiments, the disclosure provides for a host cell genome comprising a
recombinant modular CRISPR DNA construct comprising a CRISPR multi-clonal site, said mului-
clonal site comprising: a) at least two distinct cloning tag (¢ TAG), wherein each ¢ TAG comprises:
1} one or more validated CRISPR landing sites, each comprising a protospacer sequence operably
linked to a protospacer adjacent motif (PAM); wherein at least one of said validated CRISPR
landing sttes 1s unigue within the modular CRISPR DNA construct; and b) one or more DNA insert
part(s); 1} wherein each of said distinct ¢cTAGs are distributed in flanking positions around each of

the one or more DNA insert part(s).

[08036] In some embodiments, the disclosure provides for a method for preparing a recombinant
nucleic acid molecule, the method comprising: a) incubating a mixture comprising: 1) a plurality
of DNA insert parts flanked by two cloning tags (¢TAGs), each ¢cTAG comprising: 1) one or more
validated CRISPR landing sites, each comprising a protospacer sequence operably linked to a
protospacer adjacent motif (PAM); and 2) 3 rare (38 base) restriction enzyme recognition site;
wherein at least one of the ¢cTAGs of at least two insert parts comprise the same restriction enzyme

site; 11} one or more restriction enzymes fargeting the rare restriction enzyme sites in at least two
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of the plurality of DNA insert parts; under conditions which allow for digestion of the targeted
c¢TAG by the one or more restriction enzymes in at least two of the plorality of DNA msert parts
to generate insert parts with digested DNA ends; and b) incubating the DNA insert part{s) with
digested DNA ends generated in step (a) under conditions which allow for the covalent joining of
the digested DNA ends; wherein the resulting recombinant nucleic acid molecule comprises the

complete cTAG sequences of the original insert parts that are covalently joined in the method.

{0037} In some embodiments, the disclosure provides for a method for DNA sequence editing,
said method comprising: a) providing: 1} the modular CRISPR DINA construct of claim 1, wherein
at least two of the distinct cTAGs comprise a rare (>8 base) restriction enzyme recognition site;
11} a replacement DNA insert part, wherein said replacement DNA insert part is flanked by a first
and second insert ¢TAG; 1) wherein the first insert ¢ TAG comprises the rare restriction enzyme
recognition site of one of the distinct ¢cTAGs of the modular CRISPR DNA construct, and the
second nsert ¢TAG comprises the rare restriction enzyme recogunition site of another distinct
cTAG of the modular CRISPR DNA construct; and 111) one or more restriction enzymes targeting
the rare restriction enzyme sites in the first and second insert cTAGs; wherein parts (1) and (i1) are
each incubated with part (111} in a single or separate reactions; wherein the one or more restriction
enzymes cleave the rare restriction enzyme recognition sites of first and second msert ¢TAGs and
their corresponding distinet ¢TAGs to generate digested DNA ends, and b) incubating the
replacement DNA msert part and modular CRISPR DNA construct with digested DNA ends
generated i step {a) under conditions which allow for the covalent joiing of the digested DNA
ends; wherein the resulting edited modular CRISPR DNA construct comprises the complete cTAG

sequences of the original insert part that 1s covalently joined by the method.

{8038] In some embodiments, the disclosure provides for a method for preparing a recombinant
nucleic acid molecule, the method comprising: a} incubating a mixture comprising: 1) a plurality
of DNA insert parts, wherein each DNA msert part is flanked by two cloning tags {¢TAGs}, each
cTAG comprising: 1} one or more validated CRISPR landing sites, each comprising a protospacer
sequence operably linked to a protospacer adjacent motif (PAM); wherein at least two of the DNA
msert parts share the same cTAG, 1) a single stranded DNA (ssDNA) exonuclease; under
conditions which aliow for digestion of the shared ¢ TAG in the least two DNA insert parts, thereby
generating compatible overhang DNA ends in the at least two DNA insert parts, and b) incubating

the DNA insert parts with digested cTAGs generated in {a} under conditions which allow for the
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hybridization and covalent joining of the compatible overhang DBNA ends of the least two DNA
msert parts; wherein the resulting recombinant nucleic acid molecule comprises the complete
cTAG sequences of the shared ¢TAG before digestion. This reaction can also be conducted with a
polymerase and or ligase that are used to fix junctions. Further, this can be carried out with a

predigested vector.
BRIEF DESCRIPTION OF THE FIGURES

{0039] Figure 1 A — C illustrates a comparison of the CRISPR/Cas9 and CRISPR/Cpfl systems
of the present disclosure. Figure 1A — Cas9 endonucleases are recruited to target dsDNA by
tracrRNA and crRNA complexes. Figure 1B — Cas® endonucleases may also be recruited to target
dsDNA by artificially fused tracrRNA and corRNA sequences known as single-guide RNAs
{sgRNAs). Cas9 endonuclease produces blunt ends. Figure 1€ — Cpfl endonucleases only require
crRNA guide poly-ribonucleotides. Cpfl endonuclease cleavage produces double stranded breaks

with 5° overhangs.

{0040] Figure 2 A — C illustrates an embodiment of the present cloning methods utilizing modular
CRISPR constructs of the present disclosure. Figure 2A — diagrams a modular CRISPR plasmid
that can be easily altered with Cas9 or Cpfl nucleases, according to the present disclosure. As
aforementioned, the modular CRISPR constructs of the disclosure can be termed “MegaModular”
constructs. Interchangeable parts represented by numbers are flanked by invariant ¢TAG
sequences represented by letters. Parts may come pre-assembled, or may be assembled in vitro
based on ¢TAG sequence identity. Example msert parts are shown on the right of Figure 2A.
Figure 2B — Several strategies such as Cas9, Cpfl, or restriction endonuclease cleavage at cTAGs
may be used to replace individual parts without having to reassemble the entire plasmid. ¢TAG
sequences may comprise one or more clonmg sites, mcluding, but not hinited to Cas9, Cpfl,
restriction, and/or recombination sites. Figure 2 — Once wintegrated into the genome of an
orgamism, ¢TAGs may continue to serve as pre-validated Cas9 or Cpfl landing sites, enabling
replacement, msertion, or removal of genomically integrated DNA with prevalidated and
orthogonal gRNA sequences.

{0041] Figure 3 A — DB illustrates an embodiment of the present cloning methods utilizing modular

CRISPR constructs of the present disclosure. Figure 3A — diagrams a moduolar CRISPR plasmid

that can be easily altered with Cas9 or Cpfl nucleases, according to present disclosure.
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Interchangeable parts represented by numbers are flanked by invariant ¢TAG sequences
represented by letters. Parts may come pre-assembled, or may be assembled in vive or in vitro
based on ¢TAG sequence identity. Example insert parts are shown on the right of Figure 3A.
Figure 3B — Several strategies such as Cas9, Cpfl, or restriction endonuclease cleavage at cTAGs
may be used to replace individual parts without having to reassemble the entire plasmid. ¢TAG
sequences may comprise one or more cloning sites, including, but not hmited to Cas9, Cpfl,
restriction, and/or recombination sites. Figure 3C — Hlustrates methods of the present disclosure
for removing insert parts, or for adding stuffer sequences from existing modular plasmids. Figure
3D — Insert parts of the modular plasmids of the present disclosure may serve as sequences for
genomic integration of a portion or the whole of the modular CRISPR vectors into the genome of

a host cell.

{099] Figure 4 illustrates the one-pot i vifre modular CRISPR cloning of Example 1.
Specifically, the generation of plasmid 13001009086 by transfer of an msert from one plasnmid to

another in a one-pot reaction 1s shown. The details of this reaction are set forth in Example 1.

[0042] Figure S illustrates an embodiment of the in virro modular CRISPR cloning methods of
Example 2. Each panel provides an illustration of the experimental design described in Example
2. A chloramphenicol resistance gene was cloned into a kanamycin resistant backbone plasmid to
create a dual resistance plasmid. Dual resistance plasmids were then transformed into bacteria,
which was subsequently cultured in media asvgmented with kanamycin and chloramphenicol
antibiotics. Resistant colonies indicated successtul Cpfl cloning assemblies.

[{0043] Figare 6 illustrates the results of the in vitro modular CRISPR cloming methods of
Example 2. The y-axis represents the number of recovered colonies growing in media augmented
with kanamycin and chloramphenicol. Resistant colomes indicate successful Cpfl cloning
assernblies. The results showed a ligase-dependent assembly of dual resistance plasmids.

{0044] Figare 7 Depicts the vector map for pJDI427 CRISPR landing sites used in the Cpf1
assembly are labeled as ¢TAG M and ¢TAG N Relevant sequence information can be found n
SEQID NG: 102,

[0045] Figure 8 Depicts the vector map for pJDI429. CRISPR landing sites used in the Cpfl
assembly are labeled as ¢TAG N and ¢TAG O. Relevant sequence information can be found in

SEQ 1D NO: 103.
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{0046] Figure 9 Depicts the vector map for pJDI1430. CRISPR landing sites used in the Cpfl
assembly are labeled as ¢TAG P and ¢TAG N. Relevant sequence information can be found in
SEQ 1D NO: 104

{00647} Figure 10 Depicts the vector map for piDI431. CRISPR landing sites used in the Cpf'
assembly are labeled as ¢TAG P and ¢TAG O. Relevant sequence information can be found in

SEQ ID NQO: 105

{0048} Figure 11 Depicts the vector map for pJDI432. CRISPR landing sites used in the Cpfl
assembly are labeled as ¢TAG M and ¢TAG N. Relevant sequence information can be found in

SEQ ID NO: 106.

{0049] Figure 12 Depicts the vector map for pJDI434. CRISPR landing sites used in the CpfiC
assembly are labeled as ¢cTAG N and ¢TAG O. Relevant sequence information can be found in

SEQ ID NO: 107

{0030} Figure 13 Depicts the vector map for pJDI435. CRISPR landing sites used in the Cpfl
assembly are labeled as ¢cTAG P and ¢TAG N. Relevant sequence information can be found in

SEQ ID NO: 108.

{6051} Figure 14 Depicts the vector map for pJDI436. CRISPR landing sttes used in the Cpfl
assembly are labeled as ¢TAG P and ¢TAG O. Relevant sequence information can be found in

SEQ ID NO: 109,

{0052] Figure 15 illustrates an example gene editing of a modular CRISPR construct, according
to the methods of the present disclosure. Specifically, Figure 15 illustrates a plasmid assembly by
restriction enzyme digestion and ligation using the megamodular design of Example 3. Figure 18
shows that a modular CRISPR plasimid backbone p1300283391 and a compatible GFP-containing
msert DNA part are each digested with Apal and Pvul restriction enzymes to create compatible
cloning tag ends. The digested backbone and insert are ligated in vitro to create a new modular

CRISPR construct
DETAILED DESCRIPTION

Definitions

10
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100853} While the following terms are believed to be well understood by one of ordinary skill in
the art, the following definitions are set forth to facilitate explanation of the presently disclosed
subject matter,

{0654 The term “a” or “an” refers to one or more of that entity, i.e., can refer to a plural referent.
As such, the terms “a” or “an”, “one or more” and “at least one” are used interchangeably hergin,
In addition, reference to “an element” by the indefinite article “a” or “an” does not exclude the
possibility that more than one of the elements 15 present, unless the context clearly requires that

there 15 one and only one of the elements.

{0055} The term “prokaryotes” s art recognized and refers to cells which contain no nucleus. The
prokaryotes are generally classified in one of two domains, the Bacteria and the Archaea The
definitive difference between organisms of the Archaea and Bacteria domains is based on

fundamental differences in the nucleotide base sequence in the 168 ribosomal RNA.

{00356] A “eukaryote” is any organism whose cells contain a nucleus and other organelles enclosed
within membranes. Fukaryotes belong to the taxon Eukarva or Fukaryota. The defining feature
that sets eukaryotic cells apart from prokaryotic cells {the aforementioned Bacteria and Archaea)
is that they have membrane-bound organelles, especially the nucleus, which contains the genetic

material, and 1s enclosed by the nuclear envelope.

[0057] The term “Archaea” refers to a categorization of organisms of the division Mendosicutes,
typically found n unusual environments and distinguished from the rest of the prokaryotes by
several critenia, including the number of ribosomal proteins and the lack of muramic acid in cell
walls. On the basis of ssrTRNA analysis, the Archaea consist of two phylogenetically-distinet
groups: Crenarchaeota and Eurvarchaeota. On the basis of their physiology, the Archaea can be
organized mto three types: methanogens {prokaryotes that produce methane); extreme halophiles
{prokaryotes that live at very high concentrations of salt {(NaCl}); and extreme (hyper)
thermophilus {prokaryotes that live at very high temperatures). Besides the unifving archaeal
features that distinguish them from Bactena (Ve., no murein n cell wall, ester-linked membrane
hipids, ete.}, these prokaryotes exhibit umque structural or biochemical attributes which adapt them
to their particular habitats. The Crenarchaeota consists mainly of hvperthermophilic sulfur-

dependent prokaryotes and the Euryarchaeota contains the methanogens and extreme halophiles.

11
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{0058} “Bacteria” or “eubacteria” refers to a domain of prokarvotic organisms. Bacteria include
at least 11 distinct groups as follows: (1) Gram-postiive {gram+} bacteria, of which there are two
major subdivistons: (1} high G+C group (Actinomycetes, Mycobacteria, Micrococcus, others) (2)
low G+C group (Bacillus, Clostridia, Lactobacillus, Staphylococet, Streptococct, Mycoplasmas);
(2 Protecbacteria, e.g., Purple photosynthetic + non-photosynthetic Gram-negative bacteria
{includes most “common” Gram-negative bacteria); (3) Cyanocbacteria, e.g., oxygenic
phototrophs; (4) Spirochetes and related species; (5) Planctomyces; (6} Bacteroides,
Flavobacteria; (7) Chlamydia; (8) Green sulfur bacteria; {9) Green non-sulfur bacteria {(also
anaerobic phototrophs); (10) Radioresistant MICroCHect and relatives;

{11} Thermotoga and Thermosipho thermophiles.

{0059] The terms “genetically modified host cell,” “recombinant host cell,” and “recombinant
strain” are used interchangeably herein and refer to host cells that have been genetically modified
by the cloning and transformation methods of the present disclosure. Thus, the terms include a
host cell {e.g., bactenia, yeast cell, fungal cell, CHO, human cell, etc.) that has been genetically
altered, moditied, or engineered, such that it exhibits an altered, modified, or different genotype
and/or phenotype (e.g., when the genetic modification affects coding nucleic acid sequences of the
microorganismy, as compared to the naturally-occurring microorganism from which it was derived.
It 15 understood that the terms refer not ounly to the particular recombinant microorganism in

question, but also to the progeny or potential progeny of such a microorganism.

[00608] The term “genetically engineered” may refer to any manipulation of a host cell’s genome

{e.g. by msertion or deletion of nucleic acids).

[8061] As used heremn, “selectable marker” 15 a nucleic acid segment that allows one to select for
a molecule {e.g., a rephicon) or a cell that contains it, often under particular conditions. These
markers can encode an activity, such as, but not imited to, production of RNA, peptide, or protein,
or can provide a binding site for RNA, peptides, protens, morgamic and orgamic compounds or
compostiions and the like. Examples of selectable markers include but are not limited to: (1)
nucleic acid segments that encode products which provide resistance against otherwise toxic
compounds {(e.g., antibiotics); (2) nucleic acid segments that encode products which are otherwise
lacking in the recipient cell {e.g., tRNA genes, auxotrophic markers); (3) nucleic acid segments

that encode products which suppress the activity of a gene product; {4) nucleic acid segments that
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encode products which can be readily identified {e.g., phenotypic markers such as f-galactosidase,
ereen fhuorescent protein (GFP), vellow flucrescent protein {YFP), cyan fluorescent protein (CFP),
and cell surface proteins); (5) nucleic acid segments that encode products that bind other products
which are otherwise detrimental to cell survival and/or function; (6} nucleic acid segments that
encode nucleic acids that otherwise inhibit the activity of any of the nucleic acid segments resulting
m a visible or selectable phenotype (e.g., antisense oligonucleotides); (7} nucleic acid segments
that encode products that bind other products that modify a substrate {(e.g restriction
endonucleases); {8) nucleic acid segments that can be used to isolate or identify a desired molecule
{e.g. specific protein binding sites); (9) nucleic acid segments that encode a specific nucleotide
sequence which can be otherwise non-functional (e.g., for PCR amplification of subpopulations of
molecules); and (10) nucleic acid segments, which when absent, directly or indirectly confer

resistance or sensitivity to particular compounds.

[8062] As used herein, “counterselectable marker” or a “counterselection marker” 1s a nucleic acid
segment that eliminates or inhibits growth of a host orgamism upon selection. In some
embodiments, the counterselectable markers of the present disclosure render the cells sensitive to
one or more chemicals/growth conditions/genetic backgrounds. In some embodiments, the
counterselectable markers of the present disclosure are toxic genes. In some embodiments, the

counterselectable markers are expressed by inducible promoters.

[8063] As used herein, the term “nucleic acid” refers to a polymeric form of nucleotides of any
fength, either ribonucleotides or deoxyribonucleotides, or analogs thereof. This term refers to the
primary structure of the molecule, and thus ncludes double- and single-stranded DNA, as well as
double- and single-stranded RNA. It also mncludes modified nucleic acids such as methylated
and/or capped nucleic acids, nucletc acids contaming modified bases, backbone modifications, and

the like. The terms “nucleic acid” and “nucleotide sequence” are used interchangeably.

{08064 As used heren, the term “gene” refers to any segment of DNA associated with a biological
function. Thus, genes mnclude, but are not himited to, coding sequences and/or the regulatory
sequences required for their expression. Genes can also include non-expressed DNA segments
that, for example, form recognition sequences for other proteins. Genes can be obtained from a
variety of sources, including cloning from a source of interest or synthesizing from known or

predicted sequence information, and may include sequences designed to have desired parameters.

13



WO 2018/148511 PCT/US2018/017573

{0065] As used herein, the term “homologous” or “homolog” or “ortholog” is known in the art
and refers to related sequences that share a common ancestor or family member and are determined
based on the degree of sequence identity. The terms “homology,” “homologous,” “substantially
similar” and “corresponding substantially” are used interchangeably herein. They refer to nucleic
acid fragments wherein changes in one or more nucleotide bases do not affect the ability of the
nucleic acid fragment to mediate gene expression or produce a certain phenotype. These terms also
refer to modifications of the nucleic acid fragments of the instant disclosure such as deletion or
msertion of one or more nucleotides that do not substantially alter the functional properties of the
resulting nucleic acid fragment relative to the wmitial, unmodified fragment. ¥t is therefore
understood, as those skilled in the art will appreciate, that the disclosure encompasses more than
the specific exemplary sequences. These terms describe the relationship between a gene found in
one species, subspecies, variety, cultivar or strain and the corresponding or equivalent gene in
another species, subspecies, variety, cultivar or strain. For purposes of this disclosure homologous
sequences are compared. “Homologous sequences” or “homologs” or “orthologs” are thought,
believed, or known to be functionally related. A functional relationship may be indicated in any
one of a number of ways, including, but not limited to: (8) degree of sequence 1dentity and/or (b)
the same or similar biological function. Preferably, both (a) and (b) are indicated. Homology can
be determined using software programs readily available i the art, such as those discussed 1n
Current Protocols 1n Molecular Biology (F M. Ausubel e/ af., eds., 1987) Supplement 30, section
7.718, Table 7.71. Some alignment programs are MacVector {Oxford Molecular Litd, Oxford,
UK}, ALIGN Plus (Scientific and Educational Software, Pennsylvania) and AlignX (Vector NTL,
Invitrogen, Carlsbad, CA). Another alignment program is Sequencher {Gene Codes, Ann Arbor,

Michigan), using default parameters.

{0066} As used herein, the term “nucleotide change” refers to, e.g., nucleotide substitution,
deletion, and/or insertion, as is well understood in the art For example, mutations contain
alterations that produce silent substitutions, additions, or deletions, but do not alter the properties

or activities of the encoded protein or how the proteins are made.

{0067} As used herein, the term “protein modification” refers to, e.g., amino acid substitution,

amino acid modification, deletion, and/or insertion, as is well understood in the art.
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{0068} As used herein, the term “at least a portion” or “fragment” of a nucleic acid or polypeptide
means a portion having the minimal size characteristics of such sequences, or any larger fragment
of the full length molecule, up to and including the full length molecule. A fragment of a
polynucieotide of the disclosure may encode a biclogically active portion of a genetic regulatory
element. A biologically active portion of a genetic regulatory element can be prepared by isolating
a portion of one of the polynucleotides of the disclosure that comprises the genetic regulatory
element and assessing activity as described herein. Similarly, a portion of a polypeptide may be 4
amino acids, 5 amino acids, & amino acids, 7 amino acids, and so on, going up to the full length
polypeptide. The length of the portion to be used will depend on the particular application. A
portion of a nucleic acid useful as a hybridization probe may be as short as 12 nucleotides; in some
ernbodiments, it 1s 20 nucleotides. A portion of a polypeptide useful as an epitope may be as short
as 4 amuno acids. A portion of a polypeptide that performs the function of the full-length

polypeptide would generally be longer than 4 amino acids.

[8669] For PCR amplifications of the polynucleotides disclosed herein, oligonucleotide primers
can be designed for use in PCR reactions to amphify corresponding DNA sequences from ¢cDNA
or genomic DNA extracted from any organism of interest. Methods for designing PCR primers
and PCR cloning are generally known in the art and are disclosed in Sambrook ef al. (2001)
Molecular Cloming: A Laboratory Manual (3rd ed., Cold Spring Harbor Laboratory Press,
Plainview, New York}). See also Innis ef af., eds. (1990} PCR Protocols: A Guide to Methods and
Applications {Academic Press, New York);, Innis and Gelfand, eds. (1995} PCR Strategies
{Academic Press, New York), and Inms and Gelfand, eds. (1999) PCR Methods Manual
{Academic Press, New York). Known methods of PCR include, but are not limited to, methods
using paired primers, nested primers, single specific primers, degenerate primers, gene-specific

primers, vector-specific primers, partially-mismatched primers, and the like.

{8676] The term “primer” as used herein refers to an oligonucleotide which is capable of annealing
to the amplification target allowing a DNA polymerase to attach, thereby serving as a point of
mitiation of DNA synthesis when placed under conditions in which synthesis of primer extension
product 1s induced, i.e., in the presence of nucleotides and an agent for polymerization such as
DNA polymerase and at a suitable temperature and pH. The {amplification) primer 13 preferably
single stranded for maximum efficiency in amphification. Preferably, the primer is an

oligodeoxyribonucleotide. The primer must be sufficiently long to prime the synthesis of extension
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products 1n the presence of the agent for polymerization. The exact lengths of the primers will
depend on many factors, including temperature and composition {A/T vs. G/C content} of primer.
A pair of bi-directional primers consists of one forward and one reverse primer as commonly used

in the art of DNA amplification such as in PCR amplification.

{0071} The terms “stringency” or “stringent hvbridization conditions” refer to hybridization
conditions that affect the stability of hybrids, e.g., temperature, salt concentration, pH, formamide
concentration and the like. These conditions are empirically optimized to maximize specific
binding and minimize non-specific binding of primer or probe to its target nucleic acid sequence.
The terms as used include reference to conditions under which a probe or primer will hybnidize to
its target sequence, to a detectably greater degree than other sequences (e.g. at least 2-fold over
background). Stringent conditions are sequence dependent and will be different in different
circumstances. Longer sequences hybridize specifically at higher temperatures. Generally,
stringent conditions are selected to be about 5° C lower than the thermal melting point (Tm) for
the specific sequence at a defined 1onic strength and pH. The Tm is the temperature (under defined
ionic strength and pH) at which 50% of a complementary target sequence hybridizes to a perfectly
matched probe or primer. Typically, stringent conditions will be those in which the salt
concentration 15 less than about 1.0 M Na+ ion, typically about 0.01 to 1.0 M Na + ion
concentration (or other salts) at pH 7.0 to 8.3 and the temperature 1s at least about 30° C for short
probes or primers {e.g. 10 to 50 nucleotides) and at least about 60° C for long probes or primers
{e.g. greater than 50 nucleotides). Stringent conditions may also be achieved with the addition of
destabilizing agents such as formamide. Exemplary low stringent conditions or “conditions of
reduced stringency” inchude hybrnidization with a buffer solution of 30% formanude, 1 M Na(l,
1% SDS at 37° C and a wash n 2=88C at 40° C. Exemplary high stringency conditions include
hybridization in 50% formamide, 1M Na{'l, 1% SDS at 37° C, and a wash n 0.1xS8C at 60° C.
Hybridization procedures are well known in the art and are described by e.g. Ausubel er g/, 1998
and Sambrook ef @/, 2001, In some embodiments, stringent conditions are hybridization in G.25
M NaZHPQO4 buffer (pH 7.2) contamning I mM NaZEDTA, 0.5-20% sodium dodecyl sulfate at
45°C, such as 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%,
16%, 17%, 18%, 19% or 20%, followed by a wash in 5x88C, containing 0.1% (w/v} sodium

dodecyl sulfate, at 35°C 10 65°C.
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{0072} As used herein, the term “substantially identical” refers to two polynucleotide sequences
which vary inno more than 1, 2, 3, 4, 5, 6, or 7 nucleotides. When used in the context of cTAGs,
the term substantially identical denotes two ¢TAGs that would be identical, except for a mutation
in the PAM or protospacer region of on one of the cTAGs designed to abrogate CRISPR cleavage
in at least one CRISPR landing site. When the term substantially identical 1s used in conjunction
with the term “partial” sequence or ¢TAG, the combination refers to the comparison between two
substantially identical ¢cTAGs as described above, wherein one of the ¢ TAGs has been digested by
a CRISPR endonuclease. Thus the term would be used to indicate that the cTAG being described
was identical to a second ¢TAG (in its undigested form), except for the mutation in the PAM or

protospacer region.

{0073} As used herein, the term “promoter” refers to a DNA sequence capable of controlling the
expression of a coding sequence or functional RNA. The promoter sequence may consist of
proxumal and more distal upstream elements, the latter elements often referred to as enhancers.
Accordingly, an “enhancer” is a DNA sequence that can stimulate promoter activity, and may be
an innate element of the promoter or a heterologous element inserted to enhance the level or tissue

specificity of a promoter.

{8074} As used herein, the term “heterologous” refers to a nucleic acid sequence which is not

naturally found in the particular organism.

[0073] As used herem, the term “endogenous,” “endogenocus gene,” refers to the naturally

occurring copy of a gene.

[00876] As used herein, the terma “naturally occurring” refers to a gene or sequence derived from a
naturally occurring source. In some embodiments a naturally occurring gene refers to a gene of a
wild type (non-transgene) gene, whether located mn its endogenous setting within the source
orgamsm, or if placed in a “heterologous” setting, when introduced i a different organism. Thus,
for the purposes of this disclosure, a “non-naturally occurring” sequence i1s a sequence that has
been synthesized, mutated, or otherwise modified to have a different sequence from known natural
sequences. In some embodiments, the modification may be at the protein level (e.g., amino acid
substitutions). In other embodiments, the modification may be at the DNA level, without any effect
on protein sequence {e.g., codon optimization). In some embodiments, the non-naturally occurring

SeQUCCe may be a construct,
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{0877} As used herein, the term “exogenous” 15 used interchangeably with the term
“heterologous,” and refers to a substance coming from some source other than s native source.
For example, the terms “exogenous protein,” or “exogenous gene” refer to a protein or gene from
a non-native source or location, and that have been artificially supplied to a biclogical system.
Artificially mutated variants of endogenous genes are considered “exogenous” for the purposes of

this disclosure.

{0078} As used herein, the phrases “recombinant construct”, “expression construct”, “chimeric
construct”, “construct”, and “recombinant DNA construct” are used interchangeably herein. A
recombinant construct comprises an artificial combination of nucleic acid fragments, e.g.,
regulatory and coding sequences that are not found together in nature. For example, a chimenic
construct may comprise regulatory sequences and coding sequences that are derived from different
sources, of regulatory sequences and coding sequences derived from the same source, but arranged
in a manner different than that found 10 nature. Such construct may be used by itself or may be
used in conjunction with a vector. If a vector 15 used then the choice of vector 1s dependent upon
the method that will be used to transtform host cells as 15 well known to those skilled in the art. For
example, a plasmid vector can be used. The skilled artisan 15 well aware of the genetic elements
that must be present on the vector in order to successfully transform, select and propagate host
cells comprising any of the 1solated nucleic acid fragments of the disclosure. The skilled artisan
will also recognize that different mdependent transformation events will result in different levels
and patterns of expression (Jones et af, (1985} EMBO J. 4:2411-2418; De Almeida ef al., {1989)
Mol. Gen. Genetics 218:78-86), and thus that multiple events must be screened 1n order to obtain
iines displaying the desired expression level and pattern. Such screening may be accomplished by
Southern analysis of DNA, Northern analysis of mRNA expression, immunoblotting analysis of
protein expression, or phenotypic analysis, among others. Vectors can be plasnuds, viruses,
bacteriophages, pro-viruses, phagemids, transposons, artificial chromosomes, and the hke, that
replicate autonomously or can integrate into a chromosome of a host cell. A vector can also be a
naked RNA polynucleotide, a naked DNA polynucleotide, a polvnucleotide composed of both
DNA and RNA within the same strand, a poly-lysine-conjugated DNA or RNA, a peptide-
conjugated DNA or RNA, a liposome-conjugated DNA, or the like, that is not autonomously
replicating. As used herein, the term “expression” refers to the production of a functional end-

product e.g., an mRNA or a protein (precursor or mature}.
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{00879] The term “operably linked” means in the context the sequential arrangement of the
promoter polynucleotide according to the disclosure with a fusther oligo- or polynucleotide,
resulting in transcription of said further polynucleotide. In some embodiments, the promoter
sequences of the present disclosure are inserted just prior to a gene’s STUTR, or open reading
frame. In other embodiments, the operably linked promoter sequences and gene sequences of the
present disclosure are separated by one or more linker nucleotides. The term “operably hinked” in
the context of CRISPR protospacers and prospacer adjacent motifs (PAMSs) refers to a proximately
placed protospacer/PAM combination sequence that is capable of being cleaved at high efficiency

by a CRISPR endonuclease complex.

{0080] The term “CRISPR RNA” or “crRNA” refers to the RNA strand responsible for
hybridizing with target DNA sequences, and recruiting CRISPR endonucleases. crRNAs may be

naturally occurring, or may be synthesized according to any known method of producing RNA.

[0081] The term “guide sequence” or “spacer” refers to the portion of a crRNA or guide RNA

{gRNA) that is respounsible for hybridizing with the target DNA.

{0082] The term “protospacer” refers to the DNA sequence targeted by a ctRNA or guide strand.
In some embodiments, the protospacer sequence hybridizes with the crRNA guide sequence of a

CRISPR complex.

[0083] The term “seed region” refers to the ribonucleic sequence responsible for mitial
complexation between a DNA sequence CRISPR rnibonucleoprotein complex. Mismatches
between the seed region and a target DNA sequence have a stronger effect on target site recognition
and cleavage than the remainder of the crRNA/sgRNA sequence. In some embodiments a single
mismatch in the seed region of a ctRNA/gRNA can render a CRISPR complex nactive at that
binding stte. In some embodiments, the seed regions for Cas9 endonucleases are located along the
iast ~12 nt of the 37 portion of the gwide sequence, which correspond (hybridize) to the portion of
the protospacer target sequence that s adjacent to the PAM. In some embodiments, the seed
regions for Cpfl endonucleases are located along the first ~3 nt of the 57 portion of the guide
sequence, which correspond (hybridize) to the portion of the protospacer target sequence adjacent

to the PAM.
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{0084} The term “tracrRNA” refers to a small trans-encoded RNA. TracrRNA is complementary
to and basepairs with ctRNA to form a crRNA/tractRNA hybrid, capable of recruiting CRISPR

endonucleases to target sequences.

{00685] The term “Guide RNA” or “gRNA” as used herein refers to an RNA sequence or
combination of sequences capable of recruiting a CRISPR endonuclease to a target sequence. Thus
as used herein, a guide RNA can be a natural or synthetic crRNA {e.g., for Cpfl), a natural or

synthetic crRNA/tracrRINA hybrid {e.g., for Cas9}, or a single-guide RNA (sgRNA}.

{0086] The term “CRISPR landing site” as used herein, refers to a DNA sequence capable of being
targeted by a CRISPR complex. Thus, in some embodiments, a CRISPR landing site comprises a
proximately placed protospacer/Protopacer Adjacent Motif combination sequence that is capable
of being cleaved a CRISPR endonuclease complex. The term “validated CRISPR landing site”
refers to a CRISPR landing site for which there exists a guide RNA capable of inducing high
efficiency cleaving of said sequence. Thus, the term validated should be interpreted as meaning
that the sequence has been previously shown to be cleavable by a CRISPR complex. Each
“validated CRISPR landing site” will by definition confirm the existence of a tested guide RNA

associated with the validation.

[0087] The term “sticky end(s)” refers to double stranded polynucleotide molecule end that
comprises a sequence overhang. In some embodiments, the sticky end can be a dsDNA molecule
end with a 5° or 37 sequence overhang. In some embodiments, the sticky ends of the present
disclosure are capable of hybridizing with compatible sticky ends of the same or other molecules.
Thus, in one embodiment, a sticky end on the 37 of a first DNA fragment may hybridize with a
compatible sticky end on a second DNA fragment. In some embodiments, these hybridized sticky
ends can be sewn together by a ligase. In other embodiments, the sticky ends mught require
extension of the overhangs to complete the dsBNA molecule prior to higation. The term “genetic
scar(s)” refers to any undesirable sequence mtroduced into a nucleic acid sequence by DNA
manipulation methods. For example, in some embodiments, the present disclosure teaches genetic
scars such as restriction enzyme binding sites, sequence adapters or spacers to accommodate
cloning, TA-sites, scars left over from NHE], etc. In some embodiments, the present disclosure

teaches methods of scarless cloning and gene editing.
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{0088} As used herein the term “targeted” refers to the expectation that one item or molecule will
mteract with another item or molecule with a degree of specificity, so as to exclude non-targeted
items or molecules. For example, a first polynucleotide that 1s targeted to a second polynucleotide,
according to the present disclosure has been designed to hybridize with the second polynucleotide
in a sequence specific manner {e.g., via Watson-Crick base pairing). In some embodiments, the
selected region of hybridization is designed so as to render the hybridization unique to the one, or
more targeted regions. A second polynucleotide can cease to be a target of a first targeting
polynucleotide, 1if 1ts targeting sequence {region of hybridization) 15 mutated, or 15 otherwise

removed/separated from the second polynucleotide.

{6089} The disclosure refers to the taught and described universal modular CRISPR DNA

constructs or designs as a “MegaModular” construct or design.
DNA Mucleases

{0098] In some embodiments, the present disclosure teaches methods and compositions for gene
editing/cloning utilizing DNA nucleases. CRISPR complexes, transcription activator-like effector
nucleases (TALENS), zinc finger nucleases (ZFNs), and Fokl restriction enzymes are some of the
sequence-specitic nucleases that have been used as gene editing tools. These enzymes are able to
target their nuclease activities to desired target loci through interactions with guide regions
engineered to recognize sequences of interest In some embodiments, the present disclosure

teaches CRISPR-based gene editing methods

{0091] The principles of in vivo CRISPR-based editing largely rely on natural cellular DNA repair
systems. Double-stranded dsDNA breaks introduced by nucleases are repaired by either non-
homologous end-joiming (NHEJ} or homology-directed repair (HDR}, or single strand annealing,

{SSA), or microhomology end joining (MMET).

[0092] HDR relies on a template DNA containing sequences homologous to the region
surrounding the targeted site of DNA cleavage. Cellular repair proteins use the homology between
the exogenously supplied or endogenous DNA sequences and the site surrounding a DNA break
to repair the dsDNA break, replacing the break with the sequence on the template BDNA. Failure
to mntegrate the template DNA however, can result in NHEJ, MME], or SSA. NHEJ, MMEJ and
SSA are error-prone processes that are often accompanied by 1nsertion or deletion of nucleotides

(indels) at the target site, resulting in genetic knockout (silencing) of the targeted region of the
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genome due to frameshift mutations or insertions of a premature stop codon. CUpfl-mediated
editing can also function via traditional hybridization of overhangs created by the endonuclease,

followed by ligation.

{0693] CRISPR endonucleases are also useful for in vifro DNA manipulations, as discussed in

later sections of this disclosure.
CRISPE Bystemns

{0094} CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) and CRISPR-
associated {cas) endonucleases were originally discovered as adaptive immunity systems evolved
by bacteria and archaea to protect against viral and plasmid invasion. Naturally occurring
CRISPR/Cas systems in bacteria are composed of one or more Cas genes and one or more CRISPR.
arrays consisting of short palindromic repeats of base sequences separated by genome-targeting
sequences acquired from previously encountered viruses and plasnuds (called spacers).
(Wiedenheft, B, er. o/ Nature. 2012; 482:331; Bhaya, D | er. al., Annu. Rev. Genet. 2011; 45:231;
and Terms, M.P. e af, Curr. Opin. Microbiol. 2011; 14:321). Bacteria and archaea possessing
one or more CRISPR loci respond to viral or plasmid challenge by integrating short fragments of
foreign sequence {(protospacers) into the host chromosome at the proximal end of the CRISPR
array. Transcription of CRISPR loct generates a Ubrary of CRISPR-derived RNAs {crRNAs)
containing sequences complementary to previously encountered invading nucleic acids (Haurwitz,
R.E, et al, Science. 2012:329;1355; Gesner, EM., et g/, Nat. Struct. Mol Biol. 2001:18;688;
Jinek, M., er. af., Science. 2012:337; 816-21). Target recognition by crRNAs occurs through
complementary base pairing with target DNA, which directs cleavage of foreign sequences by
means of Cas proteins. (Jinek et. af. 2012 “A Programmable dual-RNA-guided DNA endonuclease

mn adaptive bacterial romunity.” Science. 2012:337; §16-821).

[0095] There are at least five main CRISPR system types (Type I, I, I, TV and V} and at least
16 distinct subtypes (Makarova, K 5., ef /., Nat Rev Microbiol. 2015, Nat. Rev. Microbiol. 13,
722-736). CRISPR systems are also classified based on thewr effector proteins. Class 1 systems
possess multi-subunit crRNA-effector complexes, whereas in class 2 systems all functions of the
effector complex are carried out by a single protein {e.g., Cas9 or Cpfl). In some embodiments,
the present disclosure teaches using type Il and/or type V single-subunit effector systems. Thus,

in some embodiments, the present disclosure teaches using class 2 CRISPR systems.
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CRISPR/Cas9

{8096] In some embodiments, the present disclosure teaches methods of gene editing using a Type
I CRISPR system. In some embodiments, the Type I CRISPR system uses the (Cas® enzyme.
Type H systems rely on a i} single endonuclease protein, i} a transactiving crRNA {tracrRNA),
and iii} a crRNA where a ~20-nucleotide (nt} portion of the 57 end of crRNA 15 complementary to
a target nucleic acid. The region of a CRISPR orRNA strand that 1s complementary to its target

DNA protospacer is hereby referred to as “guide sequence.”

{6097} In some embodiments, the tractRNA and crRNA components of a Type Il system can be
replaced by a single-guide RNA (sgRNA). The sgRNA can include, for example, a nucleotide
sequence that comprises an at least 12-20 nucleotide sequence complementary to the target DNA
sequence {guide sequence} and can include a common scaffold RNA sequence at 1ts 3’ end. As
used herein, “a common scaftold RNA” refers to any RNA sequence that mimics the tractRNA

sequence or any RNA sequences that function as a tractRNA.

{0098] Cas9 endonucleases produce blunt end DNA breaks and are recruited to target DNA by a
combination of a crRNA and a tractRNA oligos, which tether the endonuclease viag complementary

hybridization of the RNA CRISPR complex. (see solid triangle arrows in Figure 1A).

{0099} In some embodiments, DNA recognition by the crRNA/endonuclease complex requires
additional complementary base-pairing with a protospacer adjacent motf (PAM) (e.g., 5 -NGG-
3’} located 1n a 37 portion of the target DNA, downstream from the target protospacer. (Jinek, M.,
ef. al., Science. 2012:337,816-821). In some embodiments, the PAM motif recognized by a Cas9

varies for different Cas9 proteins.

{01008] In some embodiments, one skilled in the art can appreciate that the Cas® disclosed herein
can be any variant derived or isolated from any source. For example, in some embodiments, the
Cas9 peptide of the present disclosure can include one or more of SEQ 1D Nos selected from SEQ
IDNG: 1, SEQID NG: 2, SEQ ID NQG: 3, SEQID NG 4, SEQIDNG: 5, and SEQ IBD NO: 6. In
other embodiments, the Cas9 peptide of the present disclosure can mclude one or more of the
mutations described 1n the bterature, including but not lumted to the functional mutations
described in: Fonfara ef al. Nucleic Acids Res. 2014 Feb42(4):2577-90; Nishimasu H. ef o/,
Cell. 2014 Feb 27.156{5).935-49; Jinck M. e al. Science. 2012 337:816-21; and Jinek M. ef a/.
Science. 2014 Mar 14;343(61706); see also U.8. Pat. App. No. 13/842,859, filed March 15, 2013,
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which is hereby incorporated by reference; further, see U.S. Pat. Nos. 8,697,359; 8,771,945,
8795.965. 8865406, 8871445 8889356 8895308 8906616 8932814 8945839
8,993,233, and 8,999,641, which are all hereby incorporated by reference. Thus, in some
embodiments, the systems and methods disclosed herein can be used with the wild type Cas®
protein having double-stranded nuclease activity, Cas9 mutants that act as single stranded
nickases, or other mutants with modified nuclease activity.

CRISPR/Cpfi
{6101} In other embodiments, the present disclosure teaches methods of gene editing using a Type
V CRISPR system. In some embodiments, the present disclosure teaches methods of using
CRISPR from Prevotella and Francisella 1 (Cpfl).
{0102] The Cpfl CRISPR systems of the present disclosure comprise i) a single endonuclease
protein, and i) a crRNA, wherein a portion of the 3” end of crRNA contains the guide sequence
complementary to a target nucleic acid. In this system, the Cpfl nuclease is directly recruited to
the target DNA by the crRNA (see solid triangle arrows in Figure 1B). In some embodiments,
guide sequences for Cpfl must be at least 12nt, 130t, 14nt, 15nt, or 16nt in order to achieve
detectable DNA cleavage, and a mnumum of 14nt, 150t 16nt, 17nt, or 18nt to achieve efficient
DNA cleavage.
{0103] The Cpfl systems of the present disclosure differ from Cas9 i a vaniety of ways. Firsy,
unltke Cas9, Cpfl does not require a separate tractRNA for cleavage. In some embodiments, Cpfl
crRINAs can be as short as about 42-44 bases long—of which 23-25 nt 13 guide sequence and 19
nt 1s the constitutive direct repeat sequence. In contrast, the combined Cas9 tracrRNA and arRNA
synthetic sequences can be about 100 bases long. In some embodiments, the present disclosure
will refer to a crRNA for Cpfl as a “guide RNA”
{0104} Second, Cpfl prefers a “TTN” PAM motif that 15 located 5" upstream of its target. This 1s
in contrast to the “NGG” PAM motifs located on the 37 of the target DNA for Cas9 systems. In
some embodiments, the uracil base immediately preceding the gwide sequence cannot be
substituted (Zetsche, B. er a/. 2015 “Cpfl Is a Single RNA-Guided Endonuclease of a Class 2
CRISPR-Cas System™ Cell 163, 759-771, which is hereby incorporated by reference in its entirety
for all purposes).
10105] Third, the cut sites for Cpfl are staggered by about 3-5 bases, which create “sticky ends”

(Kim ef al., 2016. “Genome-wide analysis reveals specificities of Cpfl endonucleases in human
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cells” published online June 06, 2016). These sticky ends with ~3-5 nt overhangs are thought to
facilitate NHEJ-mediated-ligation, and improve gene editing of DNA f{ragments with matching
ends. The cut sites are in the 3’ end of the target DNA, distal to the 5" end where the PAM 1s. The
cut positions usually follow the 18th base on the non-hybridized strand and the corresponding 23rd

base on the complementary strand hybridized to the crRNA (Figure 1B},

{0106] Fourth, in Cpfl complexes, the “seed” region 1s located within the first 5 nt of the ginde
sequence. CUpfl orRNA seed regions are highly sensitive to mutations, and even single base
substitutions in this region can drastically reduce cleavage activity {see Zetsche B. ef af 2015
“Cpfl Is a Single RNA-Guided Endonuclease of a Class 2 CRISPR-Cas System” Cell 163, 759-
7713, Critically, unlike the Cas9 CRISPR target, the cleavage sites and the seed region of Cpfl
systems do not overlap. Additional guidance on designing Cpfl crRNA targeting oligos is
available on (Zetsche B. er af. 2015 “Copfl Is a Smgle RNA-Guided Endonuclease of a Class 2
CRISPR-Cas System” Cell 163, 759-771).

{0107] Persons skilled in the art will appreciate that the Cpfl disclosed herem can be any varnant
derived or isolated from any source. For example, in some embodiments, the Cpfl peptide of the
present disclosure can include one or more of SEQ ID Nos selected from SEQ D NO: 7, 8, 9, 10,
11,12, 13,14, 15,16, 17, 18, 19, 20,21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,

37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 38, 59, 60, 61, 62,

63, 64, or any variants thereof
Ligases

[0108] In some embodiments, the present disclosure teaches methods of cleaving target DNA vig
targeted Cpf1 complexes, and then higating the resulting sticky ends with DNA nserts. In some
embodiments, the present disclosure teaches methods of providing a Cpfl complex to cleave the
target DNA, and a ligase to “sew” the DNA back together In other embodiuments, the present
disclosure teaches modified Cpfl complexes that include a tethered higase enzyme.

[0109] As used herein, the term “ligase” can comprise any number of enzymatic or non-enzymatic
reagents. For example, ligase 1s an enzymatic higation reagent or catalyst that, under appropriate
conditions, forms phosphodiester bonds between the 3'-0OH and the 5'-phosphate of adjacent

nucleotides in DNA molecules, RNA molecules, or hybrids.
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{0110] In some embodiments, the present disclosure teaches the use of enzymatic ligases.
Compatible temperature sensitive enzymatic ligases, include, but are not limited to,
bacteriophage T4 ligase and . cofi ligase. Thermostable ligases include, but are not himited to,
Afu ligase, Taq ligase, Tl ligase, Tth ligase, Tth HBE ligase, Thermus species AK16D ligase and
Pfu ligase (see for example Published P.C.T. Application W(O/2000/026381, Wu er al, Gene,
76(2):245-254, (1989}, and Luo er al., Nucleic Acids Research, 24{15): 3071-3078 (1996)). The
skilled artisan will appreciate that any number of thermostable ligases can be obtained from
thermophilic or hyperthermophilic organisms, for example, certain species of eubacteria and
archaea; and that such ligases can be employved in the disclosed methods and kits. In some
embodiments, reversibly tnactivated enzymes (see for example U.S. Pat. No. 5,773,258} can be

employed in some emnbodiments of the present teachings.

{0111} In other embodiments, the present disclosure teaches the use of chemical ligation agents.
Chemical ligation agents include, without houtation, activating, condensing, and reducing agents,
such as carboduonde, cyanogen bromude (BrCN), N-cvanoimidazole, wwoidazole, 1I-
methylimidazole/carbodumide/cystamine, dithiothreitol (DTT) and ultraviolet light. Autohigation,
i.e., spontaneous ligation i the absence of a ligating agent, 15 also within the scope of the teachings
herein. Detailed protocols for chemical higation methods and descriptions of appropriate reactive
groups can be found m, among other places, Xu er al., Nucleic Acid Res., 27:875-81 (1999},
Gryvaznov and Letsinger, Nucleic Acid Res. 21:1403-08 (1993}, Grvaznov ef of., Nucleic Acid
Res. 22:2366-69 (1994); Kanaya and Yanagawa, Biochemustry 25:7423-30 (1936}, Luebke and
Dervan, Nucleic Acids Res. 20:3005-09 (1992); Sievers and von Kiedrowsks, Nature 369:221-24
(1994}; Lau and Taylor, Nucleic Acids Res. 26:3300-04 (1999); Wang and Kool, Nucleic Acids
Res. 22:2326-33 (1994}, Purmal er /., Nucleic Acids Res. 20:3713-19 (1992), Ashley and
Kushlan, Biochemistry 30:2927-33 (1991}; Chu and Orgel, Nucleic Acids Res. 16:3671-91 (1988};
Sokolova ef af., FEBS Letters 232:153-55 (1988); Naylor and Gilham, Biochemistry 5:2722-28
(1966}, and U.S. Pat. No. 5,476,930,

{0112} In some embodiments, the methods, kits and compositions of the present disclosure are
also compatible with photoligation reactions. Photoligation using light of an appropriate
wavelength as a ligation agent 15 also within the scope of the teachings. In some embodiments,
photoligation comprises probes comprising nucleotide analogs, including but not limited to, 4-

thiothymidine, S-vinvluracil and its derivatives, or combinations thereof. In some embodiments,
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the ligation agent comprises: {a) light in the UV-A range (about 320 nm to about 400 nm), the UV-
B range (about 290 nm to about 320 nm), or combinations thereof, (b} light with a wavelength
between about 300 nm and about 375 nm, (c) hight with a wavelength of about 360 nm to about
370 nm; (d) light with a wavelength of about 364 nm to about 368 nm, or (e) light with a
wavelength of about 366 nm. In some embodiments, photoligation s reversible. Descriptions of
photoligation can be found 1n, among other places, Fujimoto ef @/, Nucl. Acid Symp. Ser. 42:39-
40 (1999); Fujimoto ef af., Nucl Acid Res. Suppl 1:185-86 (2001); Fupimoto ef o/, Nucl. Acid
Suppl., 2:155-56 (2002); L and Taylor, Nucl. Acid Res. 26:3300-04 (1998} and on the world

wide web at: shchem kyoto-u.ac jp/saito-lab.
Universal Modular CRISPR DNA Constructs and Uses Thereof

{0113} In some embodiments, the present invention describes a strategy for the modular assembly
of DNA constructs. In some embodiments the DNA assembly methods of the present disclosure
are applicable to any construct, including plasmids, small linear DNA, and transformed

chromosomal loct

{0114} In aspects, the inventors refer to such a universal modular CRISPR DNA Construct as a

“MegaModular” design.
Shortcomings in Traditional DNA Editing and Assembly Technigues

{0315] Traditional multicomponent DNA cloning strategies are limited in their ability to
effectively assemble and modity multi-component DNA constructs with complex sequences. For
example, restriction enzyme cloning 15 limited by the availability of unique restriction enzyme
recognition sites that are appropriately located at the cloning junctures at each of the DNA nserts,
and therr destination sites within a final vector. Gateway cloning technologies are similarly lirotted
by the relatively small number of unique recombination sites available for multi-component

assemblies.

[8116] Another downside to traditional DNA assembly techniques is that thew ability to edit
sequences 1s often restricted to the time of construction. For example, the products of efficient
assembly strategies such as Ligase Cycling Reactions {LCR are not easily modified once the imitial
assembly 1s completed (Kok, §, ef «f., 2014 “Rapid and Rehable DNA assembly via Ligase

Cyeling Reaction” ACS Synth. Biol, 3 (2} 97-106). Similar concerns arise with traditional
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restriction enzyme cloning, whose common restriction recognition sttes cease to function as unique
cloning points once a polynucleotide containing the restriction sites 1s inserted into the construct
being assembled, or when said construct is integrated into a chromosome full of said sites. Vectors
produced through sequential restriction cloning thus provide very few options for fixing or

updating sequences once the cloning process is well under way.

{0117} Even newer technologies, such as the traditional CRISPR DNA assembly techniques
continue to suffer from similar complexity, the ease of iterating on a previous assembled
construct/vector design, and speed limitations (Wang, JW. ef al., 2015 “CRISPR/Cas9 nuclease
combined with Gibson assembly for seamless cloning” BioTechniques, Vol 58, No. 4:161-170).
CRISPR cloning requires the design of a functional guide RNA targeted next to a compatible
protospacer adjacent motf (PAM). Availability of suitable PAM sequences within target sites
results in a significant design limitation to the number of possible DNA insertion locations within

a genome or construct.

{0118] Moreover, the design and testing of guide RNA sequences imposes significant technical
challenges for multi-component assemblies. Persons having skill m the art will recognize for
example, that not all gRNA sequences are functional, and that effective implementation of a
CRISPR DNA assembly may sometimes require the design and validation of multiple gRNA
sequence variants, These limitations are particularly cumbersome in multi-component assemblies,
where fatlure of a single gRNA sequence to successfully produce a desired modification can trigger
the need to redesign subsequent assembly components that no longer fall within the original
cloming plan. Applying techniques that require multiple custom guide RNAs for every junction of
a multicomponent assembly can thus also be very expensive, cumbersome, and impractical.
Modalar CRISPR Tag Assembly Vectors and Methods of Using Suck

[0119] In some embodiments, the present disclosure teaches methods for DNA assembly that
overcome many of the himitations associated with the aforementioned traditional techniques
described above. In some embodiments, the present disclosure also teaches modular CRISPR
assembly constructs, compositions, and kits for use with the methods of the present invention.
[0128] In some embodiments, the present disclosure teaches DNA constructs comprising one ot
more CRISPR multi-clonal sites (¢cMCS}. In some embodiments, the ¢cMCS of the present

disclosure represent only a portion of the BNA constructs described (7.e., only a portion of the
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construct 18 readily editable according to the methods of the present disclosure}). In other
embodiments, the cMCS of the present disclosure are located on key positions within the entire
construct, such that the entire DNA construct 1s readily editable. Thus, in some embodiments all
the functional parts of the modular cTAG vectors {e.g., all origins, markers, cargo, elements
required for assembly) are comprised within insert DNA parts and can be readily exchanged via

the gene editing methods of the present disclosure.

{0121} In some embodiments, the cMCS of the present disclosure comprise one or more cloning
tags (cTAQG), each comprising at least one validated CRISPR targeting site. In some embodiments,
the ¢cMCS of the present disclosure further comprises DNA insert parts, each flanked by a pair of
cTAGs, such that digestion of the cMCS with one or more CRISPR endonuclease targeting one or
more ¢TAGs, will release said flanked insert part, allowing for insertion of a compatible donor

DNA part.

{0122] Figures 2 and 3 of this specification illustrate an embodiment of a modular CRISPR
assernbly plasnud construct, according to the methods of the present disclosure. The disclosed
example plasmud contains a series of DNA insertions (Parts 1-8 in Figure 2A), each flanked by a
pair of ¢TAGs (Tags A-H) in Figure 24, Digestion of ¢TAGs A and B of this example with the
appropriate CRISPR/guide sequence complexes will release Part 2 of the plasmid, allowing for

insertion of a replacement part 2 msert with the deswred characteristics.

[0123] Persons having skill in the art will immediately recognize the advantages of the presently
described vector system, which allows for the sequence-specific modular cloning/editing of
vectors in vive and i vitro. The sections below will outline the various aspects of the disclosed
modular cloning vectors, as well as their various apphications to molecular biology, gene therapy,

and gene editing,
Boduwlar CRISPR Vector Insert Parts

{08124] In some embodiments, the msert parts of the present disclosure are donor DNA sequences
for homologous recombination mnsertion following a CRISPR digestion. Thus, i some
embodiments, msert part sequences of the present disclosure comprise an msert sequence of
mierest, flanked by sequences with sufficient homology to the ends of the digested modular
CRISPR construct, so as to trigger homologous recombination, hybridization and insertion of the

sequonce.
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{0125] In other embodiments, the insert parts of the present disclosure are donor DNA sequences
capable of hybridizing and ligation vig sticky ends {e.g., following a Cpfl digestion, restriction
enzyme digestion, Gibson assembly, or other hybridization-based assembly, including LCR).
Thus, in some embodiments, insert part sequences of the present disclosure comprise an nsert
sequence of interest, flanked by sequences with sufficient homology to the ends of the digested

modular CRISPR construct, so as to allow for hybridization of sticky ends.

{0126] In yet other embodiments, the insert parts of the present disclosure are donor DNA

sequences for blunt end ligation.

{0127} In some embodiments, the modular CRISPR DNA constructs of the present disclosure are
compatible with any insert part sequence. Thus, the parts of the present vectors can comprise,
without himitation, selectable markers, ongins of replication, promoters, terminator sequences;
other regulatory sequences, barcodes, recombination sites, or other sequences of interest to the
user. In some embodiments, the insert parts of the present disclosure can comprise homology
sequences for triggering homologous recombination and insertion mito one or more genetic loct.
In some embodiments, said homologous recombination insert parts will precede and follow other

insert parts that will be also be inserted into the genome via the recombination event,

[0128] In some embodiments, the present disclosure teaches that each insert part comprises a
single sequence (e.g., only a promoter or only a gene of interest, see Figure 2A, part 8). In other
ernbodiments, the present disclosure teaches that one or more msert parts may contain roultiple
elements, such as promoter-gene of interest (GO} combinations, multi-subunit chimeric protein
fusions, or even entire constructs (see Figure 2A, part 5, comprising a promoter-GQOI-ternunator

combination).

{08129] In some embodiments, the present disclosure teaches uncombined imdividual insert parts.
That 15, in some embodiments, the present disclosure teaches one or a plurality of unconnected
msert parts {see Figure 24, right side showing a hist of uncombined insert parts). In some
embodiments, the present disclosure teaches methods of assembling said plurality of parts into one
or more modular CRISPR constructs. o some aspects, the disclosure teaches kits for assembling

a MegaModular construct.

{8138] Tn other embodiments, the present disclosure teaches partial- or fully- assembled modular

CRISPR DNA constructs. For example, in some embodiments the present disclosure teaches
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modular CRISPR DNA constructs comprising 1, 2,3, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18,19, 20, 21, 22, 23, 24, 25, 26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67. 68, 69,
70,71, 72, 73, 74, 75,76, 77, 78.79. 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,

96, 97, 98, 99, 100, or more assembled insert parts, and any ranges therebetween. The disclosure

also teaches kits comprising said insert parts.

{0131] In some embodiments, said assembled or partially assembled modular CRISPR DNA
constructs are linear. In some embodiments, said assembled or partially assembled modular
CRISPR DNA constructs are circular (e.g., a plasmid). In some embodiments, said assembled or

partially assembled modular CRISPR DNA constructs are integrated into genomic DNA.

{0132} In some embodiments, the constructs of the present disclosure will initially contam only
short spacer sequences as placeholders for further cloning (see “stuffer” sequence in Figure 3C).
In some embodiments the insert part placeholders are small, randomized sequences. In other
embodiments, the vectors of the present disclosure will initially comprise one or more pre-selected
msert DNA parts. For example, in some embodiments, the modular CRISPR constructs will

mnitially comprise at least one selection marker, and/or at least one origin of replication.

[0133] Suitable selectable markers include, but are not limited to, genes that confer antibiotic
resistance, genes that encode fluorescent proteins, tRNA genes, auxotrophic markers, toxic genes,
phenotypic  markers, antisense oligonucleotides, restriction endonucleases, restriction
endonuclease cleavage sites, enzyme cleavage sites, protein binding sites, and sequences

complementary to PCR primer sequences.

[{0134] Suitable antibiotic resistance genes include, but are not limited to, a chloramphenicol
resistance gene, an ampicitlin resistance gene, a tetracychine resistance gene, a Zeocin resistance

gene, a spectinomycin resistance gene and a kanamycin resistance gene.

{81353] In certain embodiments of the present mvention, the counterselectable marker 15 a toxic
gene. Suitable toxic genes include, but are not limited to, a ccdB gene, a gene encoding a tus
protein which binds one or more ter sites, a kicB gene, a sacB gene, an ASK1 gene, a @X174 E
gene and a Dpnl gene. In some embodiments, the presence of a toxic selectable marker serves as

an indicator that an msertion was not conducted, or was unsuccessful. Toxic selectable markers
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may also serve to decrease background of unmodified parent vectors of positive cells, by causing

death to cells harboring unmodified vectors with the toxic gene still in place.

{0136] In additional embodiments of the methods of the present invention, the modular CRISPR

constructs may comprise both one or more toxic genes and one of more antibiotic resistance genes.

{0137} In some embodiments, the modular CRISPR constructs will initially comprise at least one
regulatory sequence. In some embodiments, the present disclosure teaches vectors comprising,
without limitation, Matrix Attachment Regions, expression msulator sequences, expression
enhancer sequences, promoters, 5 UTRs, 3° UTRs, terminator sequences, stop codons, start
codons, etc. In some embodiments, the modular CRISPR constructs will initially comprise
sequences for facilitating chromosomal insertion of said construct {e.g., t-DNA borders, Cre/Lox,
or homology ends to chromosomal sequences). In some embodiments, the sequences for
chromosomal insertion are positioned so as to insert the entire modular CRISPR construct into the
genome of an organism. In other embodiments, the sequences for chromosomal insertion are

positioned so as to insert only a portion of the modular CRISPR construct (see Figure 3D),.

{0138] In some embodiments, the insert parts of the present disclosure can even comprise
additional ¢cTAGs. The addition of ¢TAGs, through insert parts, can increase the complexity of
avatlable cloning schemes, and can also expand the size of the construct by expanding the number

of available msert parts that can be replaced.

[0139] In some embodiments, the insert parts of the present disclosure can comprise a traditional
cloning site. For example, in some embodiments, the present disclosure teaches insert parts
comprising gateway recombination sites, restriction sites, Cre/Lox sites, or other traditional

cloning sites).

[0140] In some embodiments, the present disclosure teaches methods of producing insert parts
from traditional DNA constructs. That 1s, 1n some embodiments, the present disclosure teaches
methods of adding ¢TAGs to traditional DNA constructs {e.g., to oligos, PCR fragments, plasmads,
or other available DNA segment). In some embodiments, the present disclosure teaches methods
of adding ¢TAGs to a single component, such as a gene of mnterest (GOI), promoter. In other
embodiments, the present disclosure teaches methods of adding ¢TAGS to multi-element

constructs.
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{0141] Persons having skill in the art will recognize methods for constructing insert parts. For
example, in some embodiments, the ¢TAGs may be incorporated into a DNA molecule via PCR
amplification with primers comprising said ¢TAGs. In other embodiments the ¢TAGs may be
mcorporated via traditional cloning techniques {e.g., restriction enzymes, Gibson, or other

assembly method). In vet other embodiments, the ¢TAGs can be incorporated via blunt-end

ligation.

{0142} In some embodiments, the insert parts of the present disclosure can have a wide species
compattbility spectrum {(e.g, a marker may contain both prokaryotic and eukaryotic expression
sequences to make 1t effective in multiple organisms). In other embodiments, the insert parts of
the present disclosure are designed to have limited applicability to organisms within a single
species/genus/family/order/class/phylum/kingdom or domain. In some embodiments for example,
an origin of replication part may be capable of maintaining a plasmid in only a single species, ora
group of species. In other embodiments, a fluorescent marker may be codon optimized to function

across both prokaryotic and eukaryotic domains.

[0143] In some embodiments Cas9 endonucleases cleave 3-4 nucleotides upstream from the PAM
of a target sequence. ¢cTAG digestion by a Cas® complex can thus result in loss of ¢TAG
functionality through the loss of the PAM sequence, or protospacer sequence of the target. In some
embodiments, the present disclosure teaches methods of maintaining the functionality of said
cTAG sequences by designing donor insert sequences such that they reconstitute the ¢TAG
sequence upon insertion {e.g., through mnsertion of the previously lost PAM or protospacer
sequence). Similar provisions are envisioned for sequences cleaved through Cpfl endonucleases.
[{0144] Figure 2B illustrates the presently disclosed concept of ¢TAG repair. Cleavage of msert
part 2 with a Cas9 endonuclease also results in loss of a portion of ¢TAGs A and B. Subsequent
msertions of any one of 1nsert parts 2a-2d via homologous recombination results in a restoration
of the full cTAG sequence.

[{0145] Persons having skill 1n the art will recognize the nearly infinite options for insert parts. The
foregoing hist of inserts was intended as dlustrative, and should in no way be construed as hmiting
the applicability of the presently disclosed methods, kits, and constructs.

Modalar CRISPR Cloning Tags
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{0146] In some embodiments the modular CRISPR constructs of the present disclosure comprise
one or more cloning tags {(cTAGs). In some embodiments, the modular CRISPR constructs of the
present disclosure comprise 1, 2. 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24,25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42_ 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74, 75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 8%, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100 or more cTAGs.

{0147} In some embodiments, the present disclosure teaches that each ¢cTAG comprises at least
one validated CRISPR protospacer/PAM combination sequence (“CRISPR landing site”). That is,
m some embodiments, ¢cTAGs comprise at least one experimentally validated, high efficiency
CRISPR landing site. In some embodiments, the ¢ TAGs of the present disclosure may be validated
by wet bench experimentation {e.g., in vitro cleavage of the ¢TAG sequence with a CRISPR
complex targeting said CRISPR landing site). In other embodiments, the ¢ TAG validation may be

assumed from reports of cleavage in peer-reviewed journals.

[8148] To some embodiments, the cTAGs of the present disclosure comprise 1, 2,3, 4,5, 6,7, 8,
9, 10, or more CRISPR landing sites. In some embodiments, the CRISPR landing sites overlap
with each other. In other embodiments, the CRISPR landing sites occupy distinct non-overlapping
regions within the ¢cTAG. Tn some embodiments, the CRISPR landing sites can be specific for
either Cas9 or Cpfl endonuciease cleavage. In some embodiments, the CRISPR landing sites can

be specific to any other current or vet to be discovered CRISPR endonuclease.

{8149] In other embodiments, the present disclosure teaches that multiple cloning sites in a single
c¢TAG can be designed to function across different organisms. Thus in some embodiments, cTAG
Cpfl landing sites may be preferred 10 organisms lacking or downregulating HR machinery. In
other embodiments, restriction sites of a cTAG may be preferred for mtial in virro cloning, while
Cas9 or Cpfl landing sites may be preferred for more complex editing occurring i vivo n selected

eukaryotic organisms.

{8130] In some embodiments, the present disclosure teaches that ¢TAGs may comprise one or
more non-CRISPR cloning sequences. For example, in some embodiments, the ¢TAGs of the

present disclosure may comprise one or more elements selected from the group consisting of a
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restriction enzyme site, a recombination site, a topoisomerase site, a splicing site, and a Cre-Lox

site.

{0151} In some embodiments, suitable restriction enzyme sites include, without limitation, sites
recognized by restriction enzymes selected from the group consisting of Aall, Aarl, Aasl, Aatll,
Acc6SE, AccB71, Acel, AccHl, Acil, Acll, Acul, Adel, Afel, AfH, AflIH, Agel, Ahdi, Alel, Alol,
Alud, Alw21L, Alw26l, Alwd4l, Alwl, AlwNI, Apal, Apall, ApeKl, Apol, Ascl, Asel, AsiSI,
Aval, Avall, Avrll, Bael, Ball, BamHI, Banl, Banii, Bbsl, Bbul, BbvCl, Bbvl, Becl, BeeAl Begl,
BaiVl, Bell, Benl, Beuld, Bfal, Bfif, Bfiml BfrBI, BfuAl BfuCl, Bful, Bell, Bglll, Blpl, Bmel390I,
Bmel3801, BmgBI, Bmrl, Bmtl, Boxl, Bpil, Bpl, Bpmli, Bpul0l, Bpull02l, BpuEl BsaAl,
BsaBl BsaHlI, Bsal, Bsall, BsaMi, BsaWIi, BsaXl, BseDI, BseGl, Bsell, Bseli, BseMI, BseMil,
BseNI, BseR1, BseSl, BseXd, BseYI, Bsgl, Bsh12361, Bsh12851, BshNI, BshTl, BsiElL BsiHKAL
BsitWi, Bsll, BsmAl, BsmBI, BsmFI, Bsaml, BsoBI, Bspl9l, Bspl20i, Bspl286l, Bspl4071,
Bspl143]1, Bspl431l, Bsp68l, BspCNI, BspDi, BspEL BspHI, BspLi, BspMI, BspPL, BspQlL, BspTl,
BsrBI, BsrDi, BsrFi, Bsr(Gl, Bsrl, BsrSI, BssHII, BssK1, BssSI, Bst11071, Bsi9R], BstAPL, BstBIL
BstEIH, BstF51, BstNI, BstOl, BstUT, BstXI, BstYT, BstZl, BstZ171, Bsul ST, Bsu36l, BsuRl, Bigl,
BtgZl, BtsCl, Btsl, Bvel, Cac8l, Cad, Clol, Cfriol, Cfri3L, Cird2l, CHol, Cfvl, Clal, Cpol,
CspdSi, Capol, Cspl, CspCl, Cviall, CviKi-1, CviQl, Ddel, Dpnl, Dpnll, Dral, Dralll, Dedl, Eael,
Eagl, Eam 11041, Eam11051, Earl, Ecil, Ecli 3601, EclHKI, Ecol051, Ecol1301, Ecoi471, Eco24l,
Feo3 11, BEeo3Zi, Ecod7l, Ecod7I, Eco32l, EcoSTL, EeoS7MI, Eco72l, EcoBl, Eeod3l, EeoSll,
EcolCRI, EcoNI, EcoO1091, EcoP151, EcoRI, EcoRV, Ehel, Esp3l, Fatl, Faul, FnudHl, Fokl,
Fsel, Fspl, FspAl, Gsul, Haell, Haelll, Hgal, Hhal, Hin11, Hindl, Hin6l, Hincll, HindlH, Hiofl,
HinP11, Hpal, Hpall, Hphl, Hpy 1661, Hpy188I, Hpy 1881, Hpy8I, Hpy9%l, HpvAV, HpyCHA4II,
HpyCHA4LV, Hpy(CHAY, HpyF10VIL, Hsp92l, Hsp92ll, I-Ppol, Kasl, Kpn2i, Kpnl, KspAl, Lwel,
Mbil, Mbol, Mboll, Mfel, Misl, Miul, Miyl, Mimel, Mnil, Mph1 1031, Mscl, Msel, Msll, MspAllL,
Mspl, Mssl, Muni, Mval2691, Mval, Mwol, Nael, Narl, Ncil, Neol, Ndel, Ndell, NgoMIV, Nhel,
Nhel-HF, Nlalll, NlalV, NmeAlll, NmuCl, Notl, Nrul, Nsbl, Nsil, Nspl, Olil, Pacl, Pael, PaeR7],
Pagl, Paul, Peil, Pdil, Pdml, PHI231, PHIFL, PfIMI, Pfol, Phol, Plel, Pmel, Pmll, Ppl, PpuMI,
PshAlL Psid, Pspl14061, PspSHE, PspGl, PspOMI, PspXt, Pstl, Psul, Psyl, Pvul, Pvull, Pvull-HF,
Rsal, Rsril, Sacl, Sacll, Sall, Sall-HF, Sapl, Satl, Sau3 Al Sau96i, Sbfl, Scal, Scal-HF, Schi,
ScrFl, Sdal, Sdul, SexAl, SfaNi, Sfcl, Sfil, Sfol, Sgfl, SgrAl, Sinl, Smal, Snul, Smil, Smul,
SnaBl, Spel, Sphi, Sphi-HF, Sspl, Stul, StyD4l, Styi, Swal, Taal, Tail, Taqul, Taql, Tasl, Tatl,
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Taul, THI, Thi, Troll, TruSl, Tsel, TspdSL TspS091, TspMi, TspRI, Tthi111l, TurboNael,
TurboNarl, Van91l, Vspl, Xagl, Xapl, Xbal, Xcel, Xceml, Xhol, Xholl, Xmal, Xmall, Xmil,
Xmnl, and Zral. Aspects also include homing endonucleases such as: I-Scel, I-Ceul, and PI-Pspl.

The corresponding cleavage sttes for these enzymes are known in the art.

{0152} In some embodiments the present disclosure teaches the use of rare restriction enzymes,
recognizing sites greater than or equal to eight nucleotides in length (38 restriction enzymes). In
some embodiments, the present disclosure teaches use of a single rare restriction site in each
c¢TAG. In other embodiments, the ¢TAGs of the present disclosure may comprise two or more
restriction sites. Table 1 below provides a list of ¢TAGs according to the present invention, each

with their rare restriction enzyme sites bolded.

Table 1: Example ¢TAG sequences, CRISPR landing sites, and rare restriction

enzyme sites (bold sequence portions are restriction sites)

SEQ ID

TaghA | ACTGGGTGGAATCCCTTCTGCAGCACCTGRATTACCCTGTFATCCCTAGT 1-Scel NO: 65

SEQ ID

Tagh | TAATGAGTAGTCCTCATCTCCCTCAAGCAGGCGUCGGUGGTACTGCCATC | Mrel NO: 66

SEQ ID

TagC | CATATAATCTCCCTCAAGCAGGCCCCGCTGGLGCGLGLGAATGTTAGGAA | MauBl NO: 6
167

SEQ ID

TaghD | GCCTATAATGTGAAGAGCTTCACTGAGTAGGGCCCGGGUTGTAAACGGTT | Sifl NO: 68

SEQ ID

Tagk | ATTCGCTAGCAGATGTAGTGTTTCCACAGGGGL GATCGCTGATATGGGTC AaST NO
169

SEQ ID

Tagk | ACTACCTAGCTGCATTTICAGGAGGAAGCGATGGGLGGCOGUCACACCTTC | Notl NO: 70
7

SEQ ID

TagG | TGATAATGGGTGAGTGAGTGTGTGCGTGTGGGGLGCGLCAGATGGGAACA | Ascl NO: 71
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PI- SEQ ID

TagH | ACTCCAGTCTTTCTAGAAGATGGCAAACAGCTATTATGGGTATTATGGGT ot | No. 72
8p s

SEQ ID

Tagl | TAGTGGACGGGGCCACTAGGGACAGGATTGGCCTGCAGGATTCCCGTOAA | Shil NO. 73

i
SEQ ID
Tagl | TGAACTAAGGOGGCTGCACAACCAGTGGAG GCCTAAATGATC none |

{0153} In some embodiments, suttable recombination sites for use in the present invention include,
but are not limited to: attB sites, attP sites, attl sites, attR sites, lox sites, psi sites, tnpl sites, dif
sites, cer sites, frt sites, and mutants, variants and derivatives thereof. In certain embodiments of
the present invention, the topoisomerase recognition site, if present, 1s recognized and bound by a
type I topoisomerase, which may be a type IB topoisomerase. Suitable types of type IB
topoisomerase mclude, but are not limited to, eukaryotic nuclear type I topoisomerase and poxvirus
topotsomerase. In some embodiments, suitable types of poxvirus topoisomerase include, but are
not limited to, poxvirus topoisomerase produced by or 1solated from a virus such as vaccinia virus,
Shope fibroma virus, ORF wvirus, fowlpox virus, molluscum contagiosum virus and Amsacta

MOITEISNIMOPOXVITUS.

{0154] In some embodiments, cTAG arrangement of CRISPR and non-CRISPR cloning sites can
be ordered according to user preference. In some embodiments, the present disclosure teaches that
CRISPR binding sites should be ordered so as to be the furthest away from insert parts. In one
dlustrative embodiment, a ¢TAG could be arranged as follows from 57-37; (Part [}-[R1-A1-C-A2-
R2}-(Part IT}, where R=restriction site, A= recombinase site, and C=CRISPR landing site. In some
embodiments, C may mclude multiple overlapping, or sequential CRISPR and/or restriction
fanding sites. In some embodiments, the arrangement of cloning sites on a ¢TAG of the present
disclosure will be symmetrical {i.e., provide for a symmetrical order of types of cloning sites).

[0155] In other embodiments, arrangement of cloning sites on a ¢TAG of the present disclosure
may be non-symmetrical. For example, i another illustrative embodiment, a ¢TAG could be
arranged as follows from 5°-37; (Part I}-[R1-A1-C1-C2]-(Part 1), where R= restriction site, A=

recombinase site, and C1-2=CRISPR landing site(s}. In vet other embodiments, a cTAG could be
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arranged as follows from 5°-37: i} (Part I}-[R1- C1-C2}-(Part IT}, i) (Part 1)-[R1-C1}-(Part 11}, iti)
{Part [)-[C1-C2]-(Part II), or their reverse order, wherein R= restriction site, A= recombinase site,

and C1-2=CRISPR landing stte(s).

{0156] Persons having skill in the art will recognize the advantages and applications of various
cTAG arrangements. For example, in single-tag embodiments, the modular construct would alliow
for msertion with the digestion of a single CRISPR endonuclease, but would not (without more,
for example further digestion of additional cTAGs) allow for removal or replacement of said
msertion, due to the lack of a second flanking ¢TAG site. In some embodiments, the present
disclosure teaches that mserted parts may themselves contain additional ¢TAGs, to expand the

number of possible insert part locations within the ¢MCS,

{0157} In other embodiments, the present disclosure teaches methods of removing one or more
msert parts from the modular CRISPR constructs. In some embodiments, two or more of the
cTAGs of a modular CRISPR construct comprise restriction enzyme binding sites capable of
creating compatible ends. Insome embodiments, the restriction enzvme sites are identical. In other
ernbodiments the restriction enzyme sites are distinct, but the resulting digestion of said sites
produces compatible ends for hybridization and ligation. In some embodiments, the restriction
sites for deletion of portions of a modular CRISPR construct are placed on other ends of two or
more ¢TAGS, such that the resulting ligated construct will still maintain the same ratio of insert

parts to ¢ TAGS,

[0158] In some embodiments, the present disclosure teaches that the restriction enzyme sites used
for deletions within the modular CRISPR constructs of the present disclosure can be any restriction
enzyme that results in compatible ends. In other emboduments, the present disclosure teaches that
the restriction enzyme sites used for deletions within the modular CRISPR constructs of the present
disclosure can be any rare 8 > base restriction enzyme that result in compatible ends. In selected
embodiments, the present disclosure teaches that the restriction enzyme sites used for deletions

within the modular CRISPR constructs of the present disclosure can be I-Scel and PI-Pspl.

{8159] Tn some embodiments, the present disclosure teaches modular CRISPR constructs with two
cTAGs flanking each msert part, so as to create a ¢TAG pair. In some embodiments, the

aforementioned ¢TAG pairs allow for the selective cutting/replacement of insert parts. For
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example, as tllustrated in Figure 2B, digestion of the modular CRISPR plasmid with

endonucleases targeting cTAGs A and B would result in the specific removal of insert part 2.

{0160} As discussed above, selected embodimenis of the present disclosure provide for
replacement insert parts which restore ¢ TAG function following endonuclease cleavage. Thus, as
Hlustrated in Figure 2B, replacement insert parts 2a-2d comprise sequences that will restore ¢ TAG

A and B function upon insertion imnto the modular CRISPR plasmid.

{0161} In some embodiments, the present disclosure teaches that ¢TAGs can also control insert
part directionality. Sequence homology between ¢TAG ends in insert parts and cleaved ¢ TAGs in
the modular CRISPR construct will determine insertion directionality for Cas9 cleaved sequences,
either through homologous recombination or hybridization {e. g, in Gibson approaches). Insertion
directionality in Cpfl sequences may also be controlled vie Watson crick hybridization of Cpfl

sticky ends on either cTAG.

[0162] In some embodiments, the present disclosure also provides for alternative ¢TAG
arrangements. For example, in some embodiments, the modular CRISPR constructs of the present

disclosure may be designed such as to provide functionality for the use of nested ¢TAGs.

{6163} In some embodiments, the present disclosure teaches component-based CRISPR
assemblies based on shared overlapping “tag” regions that enable multicomponent assembly in
vitro and in vivo. In some embodiments, the tags of the present disclosure comprise CRISPR
landing sites to facilitate future cloning or in vitro DNA assembly from DNA constructs. IfDNA
constructs are imtegrated into the genome of a host orgamism, preselected Cas9 or Copfl landing
sites may facilitate facile genetic alterations. In a single suite of experiments, the assembly strategy
enables construction of DNA plasmuds that can be used i multiple orgamsms, containing multiple
numbers and types of DNA components.

[8164] In some embodiments, this assembly strategy can be used to assemble and quickly
reassemble plasmids encoding any desired set of DNA components, mcluding metabolic pathways.
In other embodiments, designing ¢TAGs into integrating plasmids can also be used to swap DNA
components directly m and out of the genome of host organisms, circumventing the need to clone

future plasmids,

¢TAG Sequence Design Algorithm
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{0165] In some embodiments, the present disclosure teaches algorithms designed to facilitate
CRISPR landing sites within ¢TAGs. In some embodiments, the CRISPR landing sites are
sequences identified from existing sequences. Thus, m some embodiments, the present disclosure
teaches use of software programs 15 designed to identify candidate CRISPR target sequences on
both strands of an input DNA sequence based on desired guide sequence length and a CRISPR
motif sequence (PAM, protospacer adjacent motif) for a specified CRISPR enzyme. For example,
target sites for Cpfl from Francisella novicida U112, with PAM sequences TTN, may be
identified by searching for 5'-TTN- 3’ both on the input sequence and on the reverse-complement
of the input. The target sites for Cpfl from Lachnospiraceae bacterium and Acidaminococcus sp.,
with PAM sequences TTTN, may be identified by searching for 5'-TTTN-3" both on the input
sequence and on the reverse complement of the mput. Likewise, target sites for Cas9 of 8.
thermophilus CRISPR1, with PAM sequence NNAGA AW, may be identitied by searching for 5'-
Nx-NNAGAAW-3' both on the input sequence and on the reverse~-complement of the input. The
PAM sequence for Cas9 of 8. pyogenes 15 S -NGG-3".

[0166] Likewise, target sites for Cas9 of S. thermophilus CRISPR, with PAM sequence NGGNG,
may be identified by searching for 5'-N, —NGGNG-37 both on the input sequence and on the

reverse-complement of the wnput.

[0167] In other embodiments, the present disclosure teaches methods of designing CRISPR
landing sites from scratch. Persons having skill in the art will readily be able to design CRISPR
fanding sites i conjunction with the guide RNAs of the present disclosure, wherein the resulting
protospacer sequence is combined with the PAM motif appropriate to the desired CRISPR

endonuclease, as described above.

{0168] In some embodiments, the present disclosure teaches ¢cTAGs comprising a sequence
selected from the group consisting oft SEQ ID NO. 63, 66, 67, 68, 69, 70, 71, 72, 73, 74, 78, 79,

80, 81, and combinations thereof.

[0169] Since multiple occurrences in the genome of the DNA target site may lead to nonspecific
genome editing, after identifying all potential sites, the present disclosure teaches, 1 some
embodiments, filtering out sequences based on the number of times theyv appear in the relevant
reference genome or modular CRISPR construct. For those CRISPR enzymes for which sequence

specificity is determined by a ‘seed’ sequence (such as the first 5 nt of the gwde sequence for

40



WO 2018/148511 PCT/US2018/017573

Cptl-mediated cleavage) the filtering step may also filter out different sequences with the same

seed.

{8178} In some embodiments algorithmic tools can also identify potential off target sites for a
particular guide sequence. For example, in some embodiments Cas-Offinder can be used to
identify potential off target sites for Cpfl (see Kim ef al., 2016, “Genome-wide analysis reveals
specificities of Cpfl endonucleases in human cells” published online June 06, 2016}, Any other
publicly available CRISPR design/identification tool may also be used, including for example the
Zhang lab’s crispr.mit.edu tool (see Hsu, e7 af. 2013 “DNA targeting specificity of RNA guwided

Cas9 nucleases” Nature Biotech 31, 827-832).

{0171} In some emboduments, the user may be allowed to choose the length of the seed sequence.
The user may also be allowed to specify the number of occurrences of the seed: PAM sequence in
a genome for purposes of passing the filter. The default is to screen for unique sequences. Filtration
level 1s altered by changing both the length of the seed sequence and the number of occurrences
of the sequence in the genome. The program may, in addition, or alternatively, provide the
sequence of a guide sequence complementary to the reported target sequence(s) by providing the

reverse complement of the identified target sequence(s).
Modular CRISPR DNA Construct Cloning

{0172} In some embodiments, the present disclosure teaches methods for preparing new
recombinant nucleic acid molecules using the modular CRISPR DNA constructs of the present
disclosure. In some embodiments, the present disclosure teaches methods of DNA part assembly.

Descriptions of each method are provided below.
DNA Assembly Methods

[0173] In some embodiments, the present disclosure teaches methods for the modular assembly of
DNA parts. In some embodiments, the DNA assembly methods of the present disclosure are
conducted in vitro. Thus, in some embodiments, the present disclosure teaches the steps of i)
forming a mixture comprising at least two insert part DNAs together with at least one CRISPR
complex, and i1} allowing said mixture to incubate in conditions for CRISPR digestion of the nsert
DNAs, i) followed by hybridizing the compatible sticky ends from the digestion of each of the

two insert part DNAs, and iv) ligating said hybridized ends to one another to create the new
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recombinant nucleic acid. Thus, in some embodiments, the insert part DNAs of the present
disclosure are digested together. In other embodiments, the present disclosure teaches methods of
digesting each insert part DNA individually, with the same or different CRISPR complexes. In
some embodiments, at least one insert part 15 not digested by a CRISPR complex. In some
embodiments, the present disclosure teaches that an exonuclease treatment is conducted prior to

the hybridization of step ii#) (for dual CRISPR digestions as described in later sections).

{0174] In vet other embodiments, the present disclosure teaches (Gibson-like joining of insert parts,
by exposing the msert part ends to an ssDNA exonuclease, and hybridizing the resulting sticky
ends followed by an optional fill with polymerase, and higation. In some embodiments one or more
msert parts are exposed to a dsDNA exonuclease prior to the ssDNA exonuclease treatment. In
some embodiments, the present disclosure teaches Gibson-like joining of insert parts or modular
CRISPR vectors that have been digested by one or more CRISPR endonuclease {(e.g., dual CRISPR

digestions, as described in later sections).

[0175] The sections below provide a series of illustrative examples demonstrating the various
ways in which the insert parts and modular CRISPR constructs of the present disclosure can be
assernbled and edited. The list of techniques described below provides an illustrative series of
examples highlighting the utility of the sequences of the present disclosure, but 1s not intended to
be lmuting. Persons having skill in the art will recognize other techniques that allow for the

assembly and editing of msert parts according to the present disclosure.

[8176] In some embodiments, the present disclosure describes methods mvolving Cpfl and/or
Cas9 CRISPR endonucleases. Reference to these specific CRISPR endonucleases 1s illustrative,
and 13 not intended to be hmiting, unless specified 1 a claim. Persons having skill in the art will
mmmediately recognize the applicability of other existing—or heretofore undiscovered CRISPR
endonucleases to the constructs and methods of the present disclosure. References to Cpfl may be
mterpreted as encompassing use of any presently known or undiscovered CRISPR endonuclease
capable of catalyzing staggered DNA cleavage to produce sticky DNA ends. References to (as9
may similarly be interpreted as encompassing use of any presently known or undiscovered

CRISPR endonuclease capable of catalyzing blunt end cleavage of dsDNA.

fa vitro Cpil
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{8177} In some embodiments, the in vifro DNA assemblies of the present disclosure are conducted
with Cptt CRISPR complexes as described below. First, two or more insert parts are incubated
with a Cpf1 CRISPR complex targeting the ¢TAG that 1s common between the at least two insert
parts. In some embodiments, the insert parts are incubated together in a single mixture. In other

embodiments, the insert parts are incubated in different mixtures.

{8178} Second, in some embodiments, the digested products are purified to remove active CRISPR
nuclease. In some embodiments, the purification involves separation of the active Cpfl complex
from the digested insert parts. In some embodiments, this can be accomplished through a DNA
purification, such as a gel or column purification. In other embodiments, the purification can be

accomplished by Cpfl inactivation, such as through heat or chemical inactivation.

10179} Third, the digested insert parts are incubated i conditions appropriate for hybridization of
the compatible sticky ends created by the Cpfl complex Hybridized ends are then ligated
according to any known ligation methods, including those described in earlier portions of this

disclosure.
£ vitvo Cas¥

{0180] In other embodiments, the in vitro DNA assemblies of the present disclosure are conducted
with Cas9 CRISPR complexes as described below. First, two or more insert parts are incubated
with a Cas9 CRISPR complex targeting the ¢TAG that 1s cornmon between the at least two insert
parts. In some embodiments, the insert parts are incubated together 1n a single mixture. In other
embodiments, the insert parts are incubated 1 different mixtures.

[0181] Second, in some embodiments, the digested products are purified to remove active CRISPR
nuclease. In some embodiments, the purification involves separation of the active Cas9 complex
from the digested insert parts. In some embodiments, this can be accomplished through a DNA
purification, such as a gel or column purification. In other embodiments, the purification can be
accomplished by Cas9 inactivation, such as through heat or chemical inactivation.

[0182] In some embodiments, the third step for Cas9 digested products 1s to incubate the msert

parts in conditions appropriate for blunt end-hgation.

Dual CRISPR Assembiics
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{8183} In other embodimenis, the present disclosure also teaches Gibson-assembly type methods
for assembling the pieces of CRISPR-digested insert parts with at least one shared ¢ TAG sequence
{e.g., assembly of compatible cTAGs digested at different CRISPR landing sites). Thus, in some
embodiments, the present disclosure teaches dual CRISPR digestion assemblies as described

below.

{0184] First, two or more insert parts are incubated with two CRISPR complexes targeting two
different CRISPR landing sites flanking each part within the aforementioned ¢TAGs that are

common between the at least two insert parts.

{0185] In some embodiments, the two different CRISPR landing sites are digested together. In
other embodiments, one insert part DNA s digested with one CRISPR complex targeting one
CRISPR landing site, and the other insert part DNA is digested with a different CRISPR complex
targeting the second CRISPR landing target site in separate vessels. In each case, the result of these
digestions will be that the shared cTAG i each of the two insert DNA ¢TAGs will comprise at
least1,2,3,4,5,6,7,8,9, 10, 11,12, 13,14, 15,16, 17, 18, 19, or 20 bp of sequence overlap with

each other.

{0186] For example, in an lustrative embodiment, the shared ¢TAG between two msert DNA
parts would be arranged as follows from 5°-37: (Part I)-[R1-C1-C2}-(Part 1), where R= restriction
site, Cl= a first CRISPR landing site and C2= a second CRISPR landing site. In thus tllustrative
ernbodiment, the first insert DNA part with a 3° shared ¢TAG would be digested with a CRISPR
complex targeting C2 and the second insert DNA part with a 57 shared ¢TAG would be digested
with a CRISPR complex targeting C1. This would result in two DNA insert parts with overlapping

sequence spanning C1-C2,

{8187] Second, in some embodiments, the digested products are purified to remove active CRISPR
nuclease. In some embodiments, the purification mvolves separation of the active CRISPR
complex from the digested msert parts. In some embodiments, this can be accomplished through
a DNA purification, such as a gel or column purification. In other embodiments, the purification

can be accomplished by CRISPR mactivation, such as through heat or chemical mactivation.

[0188] Third, 1 some embodiments, the CRISPR-digested msert parts are incubated with a

ssDNA exonuclease to create overlapping sticky ends between the two msert DNA parts.
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{0189} Fourth, the digested msert parts are incubated in conditions appropriate for hybridization
of the compatible sticky ends created by the CRISPR complex/exonuclease digestions. Hybridized
ends are then ligated according to any known ligation methods, including those described in earlier
portions of this disclosure. In some embodiments, the hybridized parts are ncubated with a

polymerase to fill in any missing sequence gaps prior to ligation.
Bridging Assemblies

{0190} In other embodiments, the present disclosure teaches Gibson-assembly of Cas9 digested
parts, through the addition of a third DNA sequence comprising a bridging sequence that overlaps

with the digested cTAG sequences of the insert parts.

{6191} In this illustrative example, both insert parts are digested with the same Cas9 CRISPR
complex targeting the same CRISPR landing site. In this embodiment, the resulting digested
c¢TAGs would have no sequence overlap. Thus, in some embodiments, the third step 1s for Cas®
digested insert parts to be further digested with an ssDNA exonuclease to create either 3° or 5
overhang. The exonuclease digested msert parts are then incubated in conditions appropriate for
hybridization of the compatible sticky ends created by the combination of the CRISPR complex
and exonuclease digestions with the bridging sequence. Hybridized ends are then higated according
to any known higation methods, including those described in earlier portions of thus disclosure. In
some embodiments the exonuclease digestion of the present disclosure 15 conducted before the

second step.
in vitro HDR

[0192] In other embodiments, the present disclosure teaches in vitro methods of assembling the
ends of msert part DNAs digested by a Cas9 or Cpfl endonuclease with an HDR complex, thereby

triggering recombination of said digested insert parts.
In vive Homologous Recombination

[0193] In some embodiments, the in vivo DNA assemblies of the present disclosure are conducted
with Cpfl or Cas9 CRISPR complexes as described below. In one embodiment, two or more insert
parts with at least one shared ¢TAG are introduced mnto a host cell. In some embodiments, the
presence of DNA insert parts with homologous shared ¢ TAG sequences will be sufficient to trigger

homologous recombination assembly {e.g., veast homologous recombination}.
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{0194} For example, in some embodiments, at least one shared cTAG sequence between the two
msert DNA parts could be assembled to produce a linear construct. In this illustrative embodiment
the two remaining cuter cTAGs could also be designed to recombine with ¢cTAGs of another vector
within the cell {e.g., msertion into an existing plasmid, or a chromosome}. In other embodiments,
the two parts could be further assembled into a circular construct through the recombination of a
second shared ¢cTAG between the two insert DNA parts. The assembled construct can be either
used in the organism that was used for the assembly, or can, in some embodiments, be purified
and transformed into a second organism {e.g., assembly in yeast, and subsequent transformation

into bacteria).

{03195] In other embodiments, one or more insert parts with a shared ¢TAG can be digested prior
to introduction into the host cell. Thus, in some embodiments, the present disclosure teaches
CRISPR digestions to release insert parts from larger vectors prior to in vivo assembly of the
released parts. In some embodiments, the digestion ts carried out with Cas9. In other embodiments
the digestion is carried out with Cpfl. In other embodiments the digestion 15 carried out with
restriction endonucleases. In some embodiments the CRISPR digestions of insert parts are
conducted in virro. In some embodiments, the digested products are purified to remove active

CRISPR endonuclease prior to transformation of the insert parts into the assembly host cell.

[0196] In some embodiments, the purification step can be accomplished through a DNA
purification, such as a gel or column purification. In other embodiments, the purification can be
accomplished by CRISPR inactivation, such as through heat or chemical inactivation.
In vive ligation

{0197} In some embodiments, the present disclosure teaches methods of protecting insert parts
from re-cleavage by the CRISPR endonuclease. In some embodiments, the insert parts of the
present disclosure may be protected from endonuclease cleavage via chemical modification of
the DNA sequence. For example, n some embodiments, the present disclosure teaches
phosphorothicate oligonucleotides.

{8198] Tn some embodiments, the methods of the present disclosure are especially useful for multi-

part DNA assemblies.
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{0199] Figure 2A of the specification provides an illustrative example of a multi-part DNA
assembly, according to the methods of the present disclosure. In this example, a series of eight
DNA parts {parts 1-8), each with two ¢TAGs (tags A-H) are combined in vitro and are then able

to self-assembie (either via homologous recombination in vive, or via ligation, as described above).
DNA Editing Methods

{0200} In some embodiments, the present disclosure teaches methods for the editing of modular
CRISPR DNA constructs. In some embodiments, the DNA editing methods of the present
disclosure apply the same principles of the DNA assembly methods described above, but do so for

the purposes of editing one or more pre-existing modular CRISPR DNA constructs.

{0201} In some embodiments, the DNA editing methods of the present disclosure are conducted
in vitro. Thus, m some embodiments, the present disclosure teaches the steps of #) forming a
mixture comprising a modular CRISPR DNA construct, and at least one insert DNA part, together
with at least one CRISPR complex, and #i) allowing said muxture to incubate in conditions for
CRISPR digestion of the cTAGS of the insert DNA, and its corresponding modular CRISPR DNA
construct cTAGs, followed by i) hybridizing the compatible sticky ends (if Cpfl) produced by
the digestion of each of the aforementioned ¢TAGs, and iv) ligating said hybridized ends (or blunt
ends, if Cas9 is used) to one another to create the new recombinant nucleic acid. In some
embodiments, an exonuclease treatment 1s conducted prior to the hybridization of step 1) {(for dual
CRISPR digestions as described in later sections). In some embodiments, the digestions of the
present disclosure are conducted separately for the msert part DNA and modular CRISPR DNA
construct. In some embodiments, only the modular CRISPR DNA construct 1s digested with a
CRISPR complex.
In vitro Cpil

[0202] In some embodiments, the in vifro DNA editing methods of the present disclosure are
conducted with Cpfl CRISPR complexes as described below. #irs¢, a modular CRISPR DNA
construct, and at least one msert DNA part are incubated with a Cpfl CRISPR complex targeting
the ¢TAGs of the mnsert parts, and their corresponding tags within the modular CRISPR DNA
construct. In some embodiments, the digestion of the modular CRISPR DNA and the msert part

DNA 15 conducted 1n separate reactions.
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10203} Second, in some embodiments, the digested products are purified to remove active CRISPR
nuclease. In some embodiments, the purification involves separation of the active Cpfl complex
from the digested nucleotides. In some embodiments, this can be accomplished through a DNA
purification, such as a gel or column purification. In other embodiments, the purification can be

accomplished by Cpfl inactivation, such as through heat or chemical inactivation.

{0204] Third, the digested modular CRISPR DNA construct and isert parts are incubated in
conditions appropriate for hybridization of the compatible sticky ends created by the Cpfl
complex. Hybridized ends are then ligated according to any known ligation methods, including

those described in earlier portions of this disclosure.
In vitro Cas¥

{0205} In other embodiments, the i vitro DNA editing methods of the present disclosure are
conducted with Cas9 CRISPR complexes as described below. Firsz, a modular CRISPR DNA
construct, and at least one insert DNA part are incubated with a Cas9 CRISPR complex targeting
the cTAGs of the insert parts, and their corresponding tags within the modular CRISPR DNA
construct. In some embodiments, the digestion of the modular CRISPR DNA and the insert part

DNA are conducted 1n separate reactions.

10206] Second, in some embodiments, the digested products are purified to remove active CRISPR
nuclease. In some embodiments, the purification involves separation of the active Cas9 complex
from the digested nucleotides. In some embodiments, this can be accomplished through a DNA
purification, such as a gel or column purification. In other embodiments, the purification can be

accomplished by Cas9 mnactivation, such as through heat or chenncal inactivation.

{0207] In some embodiments, the third step for Cas9 digested products is to incubate the insert

parts in conditions appropriate for blunt end-higation.
Gibson editing

[0208] In other embodiments, the present disclosure also teaches Gibson-assembly type methods
for editing the sequences of CRISPR-digested constructs and/or undigested insert parts containing
mtact overlapping ¢ TAG sequence. Thus, in some embodiments, the third step 1s for Cas9 digested
modular CRISPR DNA construct and insert part(s} to be further digested with an ssDNA

exonuclease to create either a 37 or 57 overhang. In some embodiments, the present disclosure
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teaches dsDNA exonuclease digestion to shorten the non-CRISPR digested insert parts prior to the

ssDINA digestion.

{0209] The exonuclease digested DNA sections are then incubated under conditions appropriate
for hybridization of the compatible sticky ends created by the combination of the CRISPR complex
and exonuclease digestions. Hybrnidized ends are then ligated according to any known ligation
methods, including those described in earlier portions of this disclosure. In some embodiments the
hybridized DNA 1s incubated with a polymerase to fill in missing DNA sections prior to lhigation.
In some embodiments the exonuclease digestion of the present disclosure 1s conducted before the

CRISPR mactivation step.
{0210} In some embodiments, the ligation of digested sequences can occur in vitro.

{0211} In other embodiments, the present disclosure teaches in vitro methods of assembling the
ends of a modular CRISPR DNA construct digested by a Cas® or Cpfl endonuclease, and at least
one undigested insert with an HDR complex, thereby triggering recombination of said digested

modular CRISPR DNA construct, and at least one insert DNA part.

{0212} In some embodiments of the DNA editing methods of the present disclosure, the DNA
msert parts are comprised within a second modular CRISPR DNA construct. Thus, in some
embodiments, the DNA editing methods of the present disclosure comprise the transfer of a DNA

insert part from one modular CRISPR DNA construct to another.
Expression, Purification, and Delivery

{0213] In some embodiments, the present disclosure teaches methods and compositions of vectors,
constructs, and nucleic acid sequences encoding CRISPR complexes. In some embodiments, the
present disclosure teaches plasmids for transgenic or transient expression of the Cas9 or Cpfl
proteins. In some embodiments the present disclosure teaches a plasmid encoding chimeric Cas9
or Cpfl proteins comprising in-frame sequences for proten fusions of one or more of the other
polypeptides described herein, 1ncluding, but not imited to a ligase, a linker, and an NLS.

{0214] In some embodiments the plasnmuds and vectors of the present disclosure will encode for
the CasS/Cpfl proten(s} and also encode the ciRNA/tracrRNA/sgRNA, and/or donor msert
sequences of the present disclosure. In other embodiments, the different components of the

engineered complex can be encoded in one or more distinet plasmids.
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10215} In some embodiments, the plasmids of the present disclosure can be used across multiple
species. In other embodiments, the plasmids of the present disclosure are tailored to the organism
being transformed. In some embodiments, the sequences of the present disclosure will be codon-
optimized to express in the organism whose genes are being edited. Persons having skill in the art
will recognize the importance of using promoters providing adequate expression for gene editing.

In some embodiments, the plasmids for different species will require different promoters.

{0216} In some embodiments, the plasmids and vectors of the present disclosure are selectively
expressed in the cells of interest. Thus in some embodiments, the present application teaches the
use of ectopic promoters, tissue-specific promoters, developmentally-regulated promoters, or
mducible promoters. In some embodiments, the present disclosure also teaches the use of

terminator sequences.

{0217} In some embodiments, the present disclosure also teaches methods of expressing and
purifying Cpfl and/or Cas9 endonuclease protein. In some embodiments, the present disclosure
teaches that the proteins of the present disclosure may be produced by any of the commercially
avatlable protein production and purification kits or services. For example, in some embodiments,
the present disclosure teaches methods of cloning Cas9 and/or Cpfl into a vector with a
polvhistidine (His), glutathione s-transferase (GST), or other purification tag chumeric fusion. In
some embodiments the present disclosure teaches a varniety of prokaryotic and eukarvotic
organisms, and cell-free protein production systemns. For example, in some embodiments, the
present disclosure teaches expression of protein expression plasmids in £ coli BL21. In some
embodiments, the protein production system will be mducible, to reduce the effects of protemn
toxicity. For example, in some embodiments, the present disclosure teaches methods of using the

IPTG or an arabinose induction system,

{6218] In some embodiments, the present disclosure also teaches various protein purification
schemes, including affinity tags (His-Nickel, G8T-Glutathione, etc ). In some embodiments, the
present disclosure teaches both native and denaturing conditions for protein purification.

{8219] Tn other embodiments, the present disclosure teaches production of Cas9 and/or Cpfl via
one or more protein production services, including, but not limited to GenScript®,

ThermoFisher®, and NovoProtein®.

Transformation
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{02208} In some embodiments, the present disclosure teaches the use of transformation of the
plasmids and vectors disclosed hergin. Persons having skill in the art will recognize that the
plasmids of the present disclosure can be transformed into cells through any known system as
described in other portions of this specification. For example, in some embodiments, the present
disclosure teaches transformation by particle bombardment, chemical transformation,
agrobacterium  transformation, nano-spitke transformation, electroporation and virus

transformation.

{0221} In some embodiments, the vectors of the present disclosure may be introduced into the host
cells using any of a variety of techniques, including transformation, transfection, transduction,
viral infection, gene guns, or Ti-mediated gene transfer. Particular methods include calcium
phosphate transfection, DEAF-Dextran mediated transfection, lipofection, or electroporation
(Davis, L., Dibner, M., Battey, I, 1986 “Basic Methods in Molecular Biology”). Other methods
of transformation mnclude for example, hithium acetate transtformation and electroporation See, ¢.g.,
Gietz ef af , Nucleic Acids Res. 27:69-74 (1992); to ef o/, J. Bacterol. 153:163-168 (1983); and
Becker and Guarente, Methods in Enzymology 194:182-187 (1991). In some embodiments,

transformed host cells are referred to as recombinant host strains.

[0222] In some embodiments, the present disclosure teaches high throughput transformation of
cells using the 96-well plate robotics platform and lquid handling machines of the present

disclosure.

{0223] In some embodiments, the present disclosure teaches methods for getting exogenous
protetn {Cpf1/CasY and DNA ligase}, RNA (crRNA/tracRNA/GuideRNA), and DNA (insert DNA
part or modular CRISPR construct) into the cell. Various methods for achieving this have been
described previously ncluding direct transfection of protein/RNA/DNA or DNA transformation
followed by ntracellular expression of RNA and protein (Dicarlo, I E. ef al “Genome engineering
m Saccharomyces cerevisine usmg CRISPR-Cas systems” Nucleic Acids Res {(2013).
doi:10.1093/nar/gkt135; Ren, 7. 1, Baumann, R G. & Black, L. W. “Cloning of hnear DNAs in
vivo by overexpressed T4 DNA ligase: construction of a T4 phage hoc gene display vector.” Gene
195, 303-311 {1997); Lin, 5., Staahl, B. T, Alla, R. K. & Doudna, J. A “Enhanced homology-
directed human genome engineering by controlled timing of CRISPR/Cas9 delivery.” flife 3,

04766 (2014)).
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{0224} In some embodiments, the present disclosure teaches screening transformed cells with one
or more selection markers as described above. In one such embodiment, cells transformed with a
vector comprising a kanamycin resistance marker (KanR) are plated on media contamning effective
amounts of the kanamycin antibiotic. Colony forming units visible on kanamycin-laced media are
presumed to have incorporated the vector cassette into their genome. Insertion of the desired
sequences can be confirmed via PCR, restriction enzyme analysis, and/or sequencing of the

relevant insertion site.

{0225] In other embodiments, a portion, or the entire complexes of the present disclosure can be
delivered directly to cells. Thus, in some embodiments, the present disclosure teaches the
expression and purification of the polypeptides and nucleic acids of the present disclosure. Persons
having skill in the art will recognize the many ways to purify protein and nucleic acids. In some
embodiments, the polypeptides can be expressed via inducible or constitutive protein production
systems such as the bactenal system, yeast system, plant cell system, or animal cell systems. In
some embodiments, the present disclosure also teaches the purification of proteins and or
polypeptides vig affinity tags, or custom antibody purifications. In other ernbodiments, the present

disclosure also teaches methods of chemical synthesis for polynucleotides.

[0226] In some embodiments, persons having skill i the art will recognize that viral vectors or
plasmids for gene expression can be used to deliver the complexes disclosed herein. Virus-like
particles {VLP) can be used to encapsulate ribonucleoprotein complexes, and purified
ribonucleoprotein complexes disclosed herein can be purified and delivered to cells via
electroporation or mjection.

Kits

{8227} In some embodiments, the disclosure provides kits containing any one or more of the
elements disclosed in the above methods and compositions. In some embodiments, the kit
comprises a modular CRISPR DNA construct and mstructions for using the kit and any necessary
reagents or reactants. In some embodiments, the vector system comprises {a} a modular CRISPR.
DNA construct {b) a CRISPR complex, including a CRISPR endonuclease protein, and necessary
target cuide RNA(s) {or sequences encoding said items), and optionally (¢} insert DNA parts, as

describe supra in this application.
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{0228] Elements may be provided individually or in combinations, and may be provided in any
suttable container, such as a vial, a bottle, or a tube, or host cell, or plasmid. In some embodiments,

the kit includes instructions in one or more languages, for example in more than one language.

{6229} In some embodiments, a kit comprises one or more reagents for use in a process utilizing
one or more of the elements described herein {e.g., purified Cpfl endonuclease). Reagents may be
provided in any suitable container. For example, a kit may provide one or more reaction of storage
buffers. Reagents may be provided in a form that 1s usable in a particular assay, or in a form that
requires addition of one or more other components before use {e.g. 1n concentrate or lyophilized
form}). A buffer can be any buffer, including but not limited to a sodium carbonate buffer, a sodium
bicarbonate butffer, a borate buffer, a Tris buffer, a MOPS butfer, a HEPES buffer, and
combinations thereof. In some embodiments, the buffer is alkaline. In some embodiments, the
buffer has a pH from about 7 to about 10. In some embodiments, the kit comprises one or more
oligonucleotides corresponding to a crRNA sequence for insertion into a vector 50 as to operably

link the crRNA sequence and a regulatory element.
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FEXAMPLES

{0236} The following examples are given for the purpose of illustrating various embodiments of
the disclosure and are not meant to limit the present disclosure in any fashion. Changes therein and
other uses which are encompassed within the spirit of the disclosure, as defined by the scope of

the claims, will ocecur to those skilled in the art.
Example I:  One-Pot in vifro Modular CRISPR Cloning

{0231} This example describes the generation of plasmid 13001009086 {SEQ ID NO: 82) by

transfer of an nsert from one plasmid to ancther in a one-pot reaction. See, Figure 4.

{0232} Both plasmids carry cloning tags flanking the region of interest (¢TAG K [SEQ ID NO:
78} cTAGL [SEQ 1D NO: 79} and ¢cTAG K’ [SEQ ID NO: 80] /cTAG L' [SEQ ID NO: 81]). In
order to drive the cloning reaction towards the edited plasmud, the Cpfl spacers are in oppostie
orientations on the recipient and donor plasmids (K/K’ and L/L’ respectively). This inside-
out/outside-in digest removes the Cpfl spacer in the final product, eliminating re-cutting of the
desired product (see, curved arrows in Figure 4, depicting inside-out digestion in the 485 plasnud
and outside-in digestion in the “784 plasmid). The Cas? spacers remain, enabling iterative editing
at this site. Thus, the MegaModular construct allows for a rapid single-pot reaction scheme that

enables iterative editing.

{0233] Cpfl protein was synthesized by Genscript and the ctRNAs by Synthego. For the one-pot
cleavage/ligation reaction, the Cpfl protein complexed with the crRNAs (crRNA 1 and crRNA 3),
was added to the plasmuds (13000789485 — SEQ 1D NO: 83 and 130008237384 — SEQ ID NO: 84)
and DNA ligase in buffer contaiming ATP. These components were cycled at temperatures

optimized for cleavage and higation.

[0234] The reaction was transformed into £. cofi and positive clones were sequenced to confirm
insertion of the new insert and loss of the Cptl spacers.

[0233] For deletions, the Cpfl sites within cloning tags used must generate compatible overhangs
to allow for plasmid closure. ¢TAG L™ was designed to contain two Cpfl spacers, one for insertion
where the overhang 1s incompatible with ¢TAG K and a second one for deletion where the

overhang 1s compatible with ¢cTAG K.

Example 2: In vitro Modular CRISPR cloning
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10236} This example was designed to demonstrate the flexibility of CRISPR cloning. As an initial
step, several resistance plasmids encoding for Kanamycin or Chloramphenicol resistance genes
were created from source vectors pzHRO39 (SEQ ID No: 100 ) and 13000223370 (SEQ ID No:
101}, respectively. The Kanamycin resistance plasmids were each designed so as to include various
Cpfl landing sites flanking the GFP gene (when digested, these plasmids produce “the kanamycin
resistant plasmid backbone”). The Chloramphenicol resistance plasmids were each designed so as
to include various Cpfl landing sites flanking the Chloramphenicol resistance gene (when
digested, these plasmids produce “the chloramphenicol resistant insert”). Sequences, and vector

maps for each plasmid used in this Example are disclosed in Table 2.

{0237} Each Kanamycin and Chloramphenicol resistant plasnud was initially linearized with type-
1T restriction enzymes Kpnl-HF and Pvul-HF, respectively (both commercially avaiable from
NEB). The location of the Kpnl and Pvul restriction sites on each plasmid are noted in the vector
maps provided in Figures 7-14. After linearization, the resistance plasmids were no longer capable

of self-replication in a bacterial host system.

[0238] Linearized resistance plasmids were then mixed with a pre-incubated nuxture of 15 ug
{1.58 uM final concentration) of Cpfl enzyme and 2 ull of S uM of each guide RNA described

below (0.167 uM final concentration) in a 60 uL. reaction to form active CRISPR complexes.

{0239] The Cpfl enzyme used in this Example was commercially obtained from IDT. The Cpfl
was sourced from Acidaminococcus sp. Cpfl (AsCpfl). The enzyme was further modified to
comprise 1 N-terminal nuclear localization sequence (NLS} and 1 C-ternmunal NLSs, as well as

3 N-terminal FLAG tags and a C-terminal 6-His tag,

[0240] The guide RNAs used n this example were custom ordered from IDT. Each guide RNA
was designed to target a different CRISPR landing site located within the linearized resistance
plasmid. In this Example, the Cpfl landing sites of the backbone plasnud were excised, but
restored upon hgation of the msert. Table 2 provides the guide sequence portion of each guide
RNA used. The CRISPR complexes in the mixture were thus designed to cleave out the GFP gene
from each kanamycin reststant plasnud to generate kanamycin resistant plasnud backbones (see
Figure 5, second panel). The CRISPR complexes in the mixture were also designed to cleave out
the chloramphenicol resistance gene from the chloramphenicol resistance plasmid to generate

chloramphenicol resistant inserts (see Figure 5, second panel). The kanamvycin resistant plasmid
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backbone and the chloramphenicol resistant insert of each reaction were similarly designed to
generate compatible overhangs that would result i hybridization of the ends to produce a “dual
resistant” kanamycin and chloramphenicol plasmid.

~

{0241} The linearized resistance plasmid mixtures comprising the Cptl and guide RNAs were
allowed to incubate for 3 hours at 37 degrees Celsius in the manufacturer’s recommended Cpfl
buffer. Selected reactions were run on agarose gels and the resulting fragments were purified using
standard DNA extraction kits (Zymo Research kit, used according to manufacturer’s instructions).

Purified {control} and unpurified (test).

{0242] DNA fragments comprising the kanamycin resistant plasmid backbone and the
chloramphenicol resistant insert, each comprising two compatible Cpfl sticky ends were combined
in a new reactions with or without a T4 DNA lhigase (commercially available form NEB) and
transformed into NEB10-B cells (commercially available from NEB). Transformed cells were
plated on media augmented with both Kanamycin and Chioramphenicol designed to prevent the

growth of any cells that did not contain functional resistance plasmids.

{0243] Individual colonies were sent for sequencing to confirm junctions of Cpfl cloning.
Recovered colonies were also validated via PCR using primers described in Table 2. Figure $
illustrates the general experimental design described above, except that the plasnuds were

hinearized prior to Cpfl digestion, as described above.

Table 2: List of sequences used in this Example 2

Component Description SEQ ID NG
57
CAGCACCTGGATTACCCTGITATCCCTAGT

GFP Cpfl ¢TAG M fwd SEQ ID No: 86

TTTGGGTTAAAGATGGTTAAATGATTCG
AAAATAATAAAGGGAAAATCA Y

3 b
B CAGCACCTGGATTACCCTGITATCCCTAGT |
GEP Cpfl ¢TAG N fwd - - ~ SEQID No: 87

TTTGGGATGTTAAGAGTCCCTATCTECG

AAAATAATAAAGGGAAAATCA Y
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Component rescription SEQ D NGO

5 3
7 CAGCACCTGGATTACCCTGTTATCCCTAGT 7
GFP Cpfl ¢cTAGP fwd SEQ 1D No: 88
TTTGAGGAGTGTTCAGTCTCCGTGAACT

CGAAAATAATAAAGGGAAAATCA S

3
CGCTICCTCCTGAAAATGCAGCTAGGTAGT

GFP Cpfl cTAG O rvs SEQ 1D No: 89
TTTGACCGCCCCCCCCATACCCCAATCG

ACATGCCGAACTCAGAAGTGA Y

3 b
CGCTTCCTCCTGAAAATGCAGCTAGGTAGT
GFP Cpft cTAG N 1vs o o ) SEQ 1D No: 90
TTTGGGATGTTAAGAGTCCCTATCTECG

ACATGCUCGAACTCAGAAGTGA Y

5 2
CATOL Cpfl cTAGM fwd [TTTGGGTTAAAGATGGTTAAATGATICG SEQ D No: 91
ACATACACATAAAGTAGCTIGCG ¥

5 s
CATOL Cpfl ¢cTAGN fwd [TTTGGGATGTTAAGAGTCCCTATCTTCGA SEQ ID No: 92
CATACACATAAAGTAGCTTGOG 3

5’
CATOL Cpfl cTAGP fwd [TTTGAGGAGTGTTCAGTCTCCGTGAACT SEQID No: 93
CGACATACACATAAMAGTAGCTIGCG ¥

5;

CATOl Cpfl cTAG Nrvs  [TTTGGGATGTTAAGAGTCCCTATCTTCG SEQID No: 94
ACTGGAAGGACAAGGGGGACC 3
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Component rescription SEQ D NGO
5 3
CATO Cpfl cTAG G rvs [TTTGACCGCCCCCCCCATACCCCAATCG SEQID No: 95

ACTGGAAGGACAAGGGGGACC 3

Cpfl cTAG M

5 TTTGGGTTAAAGATGGTTAAATGAT 37

SEQ D No: 96

RMNA targeting cTAG M

5',1

UAAUUUCUACUCUUGUAGAUGGUUAAAGAY

GOUUAAAUGAU 3

SEQ D NO: 110

Cpfl cTAGN

5 TTTGGGATGTTAAGAGTCCCTATCT 37

SEQ ID No: 97

RNA targeting cTAGN

53

UAAUUUCUACUCUUGUAGAUGGAUGUUAAG

AGUCCCUAUCU 37

SEQID NO: 111

Cpft cTAGO

5TTTTGACCGCCCCCCCCATACCCCAA Y

SEQ ID No: 98

RNA targeting cTAG O

5 2
UAAUUUCUACUCUUGUAGAUACCGCCCCCC
CCAUACCCCAAY

SEQ D NO: 112

Cpfl cTAG P

5T TTTGAGGAGTGTTCAGTCTCCGTGAAC 37

SEQ ID No: 99

RINA targeting cTAG P

3 2
UAAUUUCUACUCUUGUAGAUAGGAGUGULC
AGHCUCCGUGAACY

SEQ ID NG: 113

pzHRO39

Source for Kanamycin resistance and GFP. See

histing for full sequence

SEQ ID NO: 100
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Component rescription SEQ D NGO
Source for Chloramphenicol resistance and GFP.
13000223376 o SEQID NG 101
See histing for full sequence
IDI427 GFP Cpfl ¢TAGs M and N KanR CENARS SEQID NG 102
pIliiacs/ . .. ,
TRP1 see histing for full sequence Figure 7
7 GFP Cpfl ¢TAGs N and O KanR CENARS SEQID NO: 103
pIDI429 o .
TRPI see listing for full sequence Figure 8
GEP Cpfl ¢cTAGs N and P KanR CENARS SEQ 1D NQO: 104
bIDI430 _ o .
TRP1 see histing for full sequence Figure 9
. GFP Cpfl cTAGs O and P KanR CENARS SEQ ID NO: 105
. 3 L .
TRP1 see histing for full sequence Figure 10
pJET AmpR CmR Cpfl cTAGs Mand N see  [SEQ ID NG 106
HIDI432 o .
listing for full sequence Higure 11
pJET AmpR CmR blunt Cpfl ¢cTAGs Nand G SEQ D NO: 107
pJI434 o .
see listing for full sequence Figure 12
7 pJET AmpR CmR blunt Cpf! ¢TAGs Nand P SEQ ID NG: 108
pIDI435 o )
see listing for full sequence Figure 13
pJET AmpR CmR blunt Cpft ¢cTAGs G and P SEQ ID NO: 109
pIDI436 o ‘
see listing for full sequence Figure 14

***non-underlined portion of guide RNA for SEQ 1D NOs: 110-113 1s the chemically modified

Alt-R RNA from IDT. The homologous region of sequence to the respective ¢ TAGs {i.e. M-P} 1s

underlined.

[0244] The results of this experiment are shown 1 Table 3 and Figure 6. Reaction numbers for

each transformation are shown along the top row, with guide RNAs used listed along the left-hand
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column of Table 3. The comparison of identical Cpfl reactions with and without higase showed a
9.9-fold increase in transformants in the presence of ligase enzyme, indicating that colony growth
was due to formation of the double kanamycin and chloramphenicol resistant plasmid after Cpfl
digestion. The no-ligase reactions are matched controls designed to establish that the reactions are
specific, and were not siraply due io the presence of contaminating levels of undigesied resistance

pasmids,

{0245] Sixteen individual colonies were Sanger sequenced to verify hoth the upstream and
downstream cloning junctions. In seven of seven upstream sequenced junctions, and eight of nine
downstream junctions, the Cpfl mediated clones from the reactions with T4 DNA ligase indicated

faithful digestion and ligation.

[0246] Reactions 71 and 72 were transformed with Cpfl digested plasmids that were not subjected
to DNA gel purtfication steps. Cpfl enzyme however was heat inactivated according to supplier’s
mstructions before addition of T4 DMNA ligase {reaction 72} Reactions 71 and 72 exhibiied the

saroe hgase-dependency.

Table 3: Resistant Transformant Colonies Comprising Cpfi-edited vectors

55 56 59 60 67 68 TiE O T72%
Guides M+ N ves | vyes
Guides N+ O ves | ves
Guides P+ O ves | yes yes | yes
T4 Ligase No (Yes {No {Yes [No |Yes |No | Yes
# of transformants 1 20 ¢ 141 G 12 2 95
{Kan Resistant Colonies)

*Plates 71 and 72 were transformed with digested DNA that had not undergone DNA gel

purification after Cpfl digestion.
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{0247} The disclosure of PCT/US2017/042245 (W0 2018/013990 Al claiming priority to U.S.

Provisional App. No. 62/362,909) 1s incorporated herein in its entirety.

Example 3: Plasmid Assembly by Restriction Enzyme Digestion and Ligation Using the

MegaModular Design

{0248] This example describes the genetic editing of a modular CRISPR vector, according to the
methods of the present disclosure. Figure 15 illustrates the genetic editing of modular CRISPR
plasmid 13000444591 described in this example. The plasmid backbone was first prepared by
removing a “stuffer” insert DNA part from a previously constructed plasmid. The stuffer insert
DNA part was removed by digesting the stuffer part’s flanking cloning tags (¢TAGs) D (SEQ ID
NO: 68) and E (SEQ ID NO: 69) with restriction enzymes Apal and Pvul. The resulting fragments
were separated via gel electrophoresis, and the desired 8.3 kb fragment corresponding to the
plasmid backbone was excised from the gel and extracted using standard silica membrane

columns.

{0249] To generate the new insert for the modular CRISPR vector, a desired insert DNA part
flanked by ¢TAG D and ¢TAG E, was PCR amplified using universal ¢TAG oligos tagD FWD
(SEQ ID NO: 75) and tagE REV (SEQ ID NO: 76). The resulting insert contained a GFP marker
gene flanked by ¢TAG D and ¢TAG E. The resulting PCR fragment was digested with the Apal
enzyme that cuts within ¢TAG D and the Pvul enzyme that cuts within ¢TAG E sequence. The

digested msert DNA part was purified using standard silica membrane columns.

{0256] The purified modular CRISPR vector backbone and insert DNA part were combined into
a single reaction with a higase to generate a circular plasmid. The sequence for the resulting edited

GEFP-containing plasmid 13000444591 1s provided in (SEQ 1D NO: 77).

Example 4: Plasmid Assembly by Yeast Homologous Recombination Using the

MegaModular Design

[0251] Plasoud 13000283399 (SEQ ID NO: 85) was assembled by veast homologous
recombination of PCR fragments flanked by MegaModular tags. The desired constructs for
assembly were amplified by PCR in such a way that they were flanked by specific MegaModular
tags. These tags allowed for directional assembly of fragments in Saccharomyces cerevisiae as the

tags themselves served as the overlapping homologous region for homologous recombination,
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Specifically, § fragments were amplified via PCR flanked by MegaMuodular tags as follows: tag A
— Fragment 1 —tag B; tag B — Fragment 2 —tag C; tag C — Fragment 3 —tag [3; tag D — Fragment
4 —tag H; and tag E — Fragment 5 — tag F. These fragments, along with a linearized assembly
vector containing a veast onigin of replication and a TRP auxotrophic selection marker as well as
tag A at one end and tag F at the other, were transformed into 8. cerevisiae. Circularized, assembled
plasmids were selected by 5. cerevisiae growth in media lacking tryptophan. These plasmids were
recovered and amplified in Escherichia coli, and correct conformation was confirmed by

sequencing.
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ER R
INCORPORATION BY REFERENCE
10252} All references, articles, publications, patents, patent publications, and patent applications
cited herein are incorporated by reference in their entireties for all purposes. However, mention of
any reference, article, publication, patent, patent publication, and patent application cited herein 1s

not, and should not, be taken as an acknowledgment or any form of suggestion that they constitute

valid prior art or form part of the common general knowledge i any country n the world.
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CLAIMS

What is claimed is:
I. A recombinant modular CRISPR DNA construct comprising a CRISPR muiti-clonal site, said
multi-clonal site comprising:
a} at least two distinct cloning tags (cTAGs), wherein each cTAG comprises:
1} one or more validated CRISPR landing sites, each comprising a protospacer
sequence operably linked to a protospacer adjacent motif (PAM); wherein at least
one of said validated CRISPR landing sites is unique within the modular CRISPR
DNA construct; and
b} one or more DNA insert part(s);
1} wherein each of said distinct cTAGs are distributed in flanking posttions around

each of the one or more DNA insert part(s).

2. The modular CRISPR DNA construct of claim 1, wherein said modular CRISPR BNA construct

i5 circular.

3. The modular CRISPR DNA construct of claim 1, wherein said modular CRISPR DNA construct

1s linear.

4. The modular CRISPR DNA construct of claim 1, wherein said modular CRISPR DNA construct

15 integrated into the genome of an organism.

5. The modular CRISPR DNA construct of any one of claims 1-4, wherein at least one of said

distinct cTAGs comprises at least two validated CRISPR landing sites.

6. The modular CRISPR DNA construct of claim S, wherein at least one of the CRISPR landing

sites 1s for a Cas? endonuclease.

7. The modular CRISPR DNA construct of claim 6, wherein at least one of the CRISPR landing

sites is for a Cpfl endonuclease.
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8. The modular CRISPR DNA construct of claim 1, wherein at least one of said distinct ¢TAGs

comprises a rare {>8 bases long} restriction endonuclease site.

9. A method for preparing a recombinant nucleic acid molecule, the method comprising:
a} incubating a mixture comprising:
i} a plurality of DNA insert parts, wherein each DNA insert part is flanked by two
cloning tags (CTAGs), each ¢TAG comprising;
1} one or more validated CRISPR landing sites, each comprising a
protospacer sequence operably linked to a protospacer adjacent motif
(PAM); and
it} one or more CRISPR complexes targeting at least one of said ¢TAGs present in
at least two of the plurality of DNA insert parts, each CRISPR complex comprising:
1) a CRISPR endonuclease, and
2} a guide RNA capable of recruiting said CRISPR endonuclease to one of
said targeted ¢TAGs;
under conditions which allow for digestion of the targeted ¢cTAG(s) n at least two
of the plurality of DNA msert parts to generate digested DNA ends, and
b) incubating the DNA insert parts with digested ¢cTAGs generated in (a) under conditions
which allow for the covalent joming of the digested DNA ends; wherein the resulting
recombinant nucleic actd molecule comprises the complete ¢ TAG sequences of the original

insert parts that are ligated in the method.

16.  The method of claim 9, wherein the digested BNA ends are sticky ends with overhang

sequences capable of hybridizing to each other prior to the covalent joining of the digested ends.

i1 The method of claim 10, wherein the CRISPR endonuclease 18 Cpfl.

i2. The method of claim 9, wherein the digested DNA ends are blunt ends.

13.  The method of claim 12, wherein the blunt ends are further digested with a ssDNA

exonuclease to create sticky ends with overhang sequences, and wherein step b) further comprises
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adding a bridging DNA sequence capable of hybridizing to the overhang sequences prior to the

covalent joining of the digested ends.

14. The methods of claim 9, 12, or 13, wherein the CRISPR endonuclease 1s Cas9.

15. The method of any one of claims 9 to 13, wherein the method further comprises the step of:
i} separating the digested ¢ TAG sequences from the CRISPR complexes prior to step (b), or
it} inactivating the CRISPR complexes prior to step (b).

16. The method of claim 15, wherein the separation step comprises a DNA purification step.

17. The method of claim 15, wherein the inactivation step comprises heat or chemical inactivation

of said CRISPR complexes.

18. The method of any one of claims 9 to 13, wherein the two ¢TAGs of each of the plurality of
DNA insert parts form a ¢TAG pair, and wherein said ¢TAG pair 1s unique from all other cTAG

pairs of the DNA insert parts that are higated 1n the method.

19. The method of clamm 18, wherein at least one of the ¢ TAGs 1 each ¢ TAG pair 15 the same as
at feast one other cTAG in a different ¢ TAG pair.
28. A method for BNA sequence editing, said method comprising:
a) providing:
i} the modular CRISPR DNA construct of claim 1.
ii} a replacement DNA msert part, wherein said replacement DNA insert part is
flanked by a first and second nsert cTAG;
1} wherein the first insert ¢TAG comprises the validated CRISPR landing
site(s) of one of the distinct cTAGs of the modular CRISPR DNA construct,
and the second insert ¢ TAG comprises the validated CRISPR landing site(s)
of another distinct ¢TAG of the modular CRISPR DNA construct; and
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iii) a first and second CRISPR complex targeting the first and second insert c TAGs,
respectively, each CRISPR complex comprising:
1} a CRISPR endonuclease, and
2} a guide RNA capable of recruiting said CRISPR endonuclease to one of
said targeted insert cTAGs;
wherein parts (1) and (i1} are each incubated with part (i11) in a single or separate
reactions; wherein the first and second CRISPR complexes cleave the first and
second insert ¢TAGs and their corresponding distinct ¢cTAGs to generate digested
DNA ends, and
b} incubating the replacement DNA insert part and modular CRISPR DNA construct with
digested DNA ends generated in step (a) under conditions which allow for the covalent
joining of the digested DNA ends; wherein the resulting edited modular CRISPR DNA
construct comprises the complete ¢cTAG sequences of the original insert part that is

covalently joined by the method.

21. The method for DNA sequence editing of claim 20, wherein the reaction of step (b) comprises

a functional higase.

22. The method of claim 20, wherein the method further comprises the step of
i} separating the cleaved first and second insert ¢ TAGs and their corresponding distinct cTAGs
from the CRISPR complexes prior to step (b), or
ii) inactivating the CRISPR complexes prior to step (b).

23. The method of claim 22, wherein the separation step comprises a DNA purification step.

24. The method of claim 22, wherein the mactivation step comprises heat or chemical inactivation

of said CRISPR complexes.

25, The method of claim 20, wherein the digested DNA ends are sticky ends with overhang

sequences capable of hybridizing to each other prior to the covalent joining of the digested ends.
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26. The method of claim 20, wherein the CRISPR endonuclease i3 Cpfl.

27. The method of claim 20, wherein the digested DNA ends are blunt ends.

28,  The method of claim 27, wherein the blunt ends are further digested with a ssDNA
exonuclease to create sticky ends with overhang sequences, and wherein step b) further comprises
adding a bridging DNA sequence capable of hybridizing to the overhang sequences prior to the

covalent joining of the digested ends.

28 The method of claim 20, 27, or 28, wherein the CRISPR endonuclease is Cas9.

36. A method for DNA sequence editing, said method comprising:
a} providing for a first reaction:
i) the modular CRISPR DNA construct of claim 1
it} at least two CRISPR complexes each targeting at least one distinct ¢TAG in the
modular CRISPR DNA construct, each CRISPR complex comprising;
1) a CRISPR endonuclease, and
2} a guide RNA capable of recrusting said CRISPR endonuclease to one of
said targeted distingt ¢TAGS;
wherein the first and second CRISPR complexes cleave the targeted distinet ¢cTAGs
in the modular CRISPR DNA construct thereby producing digested ¢TAGs, and
b} providing for a second reaction:
i} the modular CRISPR DNA construct with digested ¢ TAGs generated in step (a);
and
ii} a replacement DNA msert part, wherein said replacement DNA insert part is
flanked by a first and second nsert cTAG;
1} wherein the first msert cTAG comprises a sequence that 1s identical or
substantially identical to one of the undigested distinct ¢cTAGs that is
cleaved n step (a), and the second msert ¢ TAG comprises a sequence that
is 1dentical or substantially identical to another of the undigested distinct

cTAG that 1s cleaved n step (a);
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under conditions which allow for the joining of the modular CRISPR DNA
construct of part (1} and the replacement DNA insert part of part {11} to form an
edited modular CRISPR DNA construct, wherein the resulting edited modular
CRISPR DNA construct comprises a reconstituted ¢TAG that is identical or
substantially identical to the undigested distinct ¢cTAGs that were targeted in step

(@)

31. The method for DNA sequence editing of claim 30, wherein the joining of step (b) 15 a ligation,
and wherein the replacement DNA insert part 1s also digested by the CRISPR complexes prior to

ligation.

32, The method for DNA sequence editing of claim 30, wherein the CRISPR endonuclease is

Cpfl.

33, The method for DNA sequence editing of claim 30, wherein the joming of step (b) 15 a

homologous recombination.

34. The method for DNA sequence editing of ¢laim 30 or 33, wherein the CRISPR endonuclease

15 Cas9.

358 The method for DNA sequence editing of claim 30, wherein the first and second reactions are

not separate.

36, The method for DNA sequence editing of claim 33 or 35, wherein the DNA insert part is not

digested by the CRISPR endonuclease.

37. The method for DNA sequence editing of claim 33 or 35, wherein the modular CRISPR DNA
construct with digested cTAGs and the undigested replacement DNA insert part are both digested
with a single stranded DNA (ssDNA) exonuclease, thereby making compatible overhang DNA

ends capable of hybridizing to each other.
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38 The method for DNA sequence editing of claim 37, wherein the second reaction further
comprises a polymerase or higase capable of filing in any sequence gaps prior to the covalent

joining of the compatible overhang DNA ends.

39, The method for DNA sequence editing of claim 36, wherein the insert part has been chemically

modified to prevent CRISPR digestion.

40, The method for DNA sequence editing of claim 36, wherein the first and second insert ¢ TAGs

comprise mutated PAMs or mutated protospacers in their validated CRISPR landing sites.

41. A host cell genome comprising a recombinant modular CRISPR DNA construct comprising
a CRISPR multi~clonal site, said multi-clonal site comprising:
a} at least two distinet cloning tag (¢TAG), wherein each ¢TAG comprises:
1} one or more validated CRISPR landing sites, each comprising a protospacer
sequence operably linked to a protospacer adjacent motf (PAM); wherein at least
one of said validated CRISPR landing sttes is unique within the modular CRISPR
DNA construct; and
b) one or more DNA insert part(s);
1} wherein each of said distinet ¢TAGs are distributed 1n flanking positions around

each of the one or more DNA 1msert part{s).

42. A method for preparing a recombinant nucleic acid molecule, the method comprising:
a) incubating a mixture comprising;

i} a plurality of DNA insert parts flanked by two cloning tags (¢TAGs), each ¢ TAG

COMPrising;
1)} one or more validated CRISPR landing sites, each comprising a
protospacer sequence operably linked to a protospacer adjacent mouf
(PAM); and
2} a rare (=8 base) restriction enzyme recoguition site; wherein at least one
of the cTAGs of at least two insert parts comprise the same restriction

enzyme site;
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i} one or more restriction enzymes targeting the rare restriction enzyme sites in at
feast two of the plurality of DNA insert parts;
under conditions which allow for digestion of the targeted ¢TAG by the one or more
restriction enzymes in at least two of the plurality of DNA insert parts to generate msert
parts with digested DNA ends; and
b} incubating the DNA insert parts with digested DNA ends generated in step (a) under
conditions which allow for the covalent joining of the digested DNA ends; wherein the
resulting recombinant nucleic acid molecule comprises the complete ¢TAG sequences of

the original insert parts that are covalently joined in the method.

43. A method for DNA sequence editing, said method comprising:
a} providing:
i} the modular CRISPR DNA construct of claim 1, wherein at least two of the
distinct ¢ TAGs comprise a rare (28 base) restriction enzyme recognition site;
it} a replacement DNA insert part, wherein said replacement DNA insert part 1s
flanked by a first and second insert cTAG;
1} wheremn the first insert cTAG comprises the rare restriction enzyme
recognition site of one of the distinct ¢ TAGs of the modular CRISPR DNA
construct, and the second insert ¢ TAG comprises the rare restriction enzyme
recognition site of another distinct ¢TAG of the modular CRISPR DNA
construct; and
iii} one or more restriction enzymes targeting the rare restriction enzyme sites in
the first and second insert cTAGs;
wherein parts (1} and (11} are each incubated with part (111} in a single or separate
reactions; wherein the one or more restriction enzymes cleave the rare restriction
enzyme recognition sites of first and second 1nsert cTAGs and their corresponding
distinct cTAGs to generate digested DNA ends, and
b) incubating the replacement DNA insert part and modular CRISPR DNA construct with
digested DNA ends generated in step (a) under conditions which allow for the covalent

joining of the digested DNA ends; wherein the resulting edited modular CRISPR DNA
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construct comprises the complete ¢TAG sequences of the original insert part that 1s

covalently joined by the method.

44. The method for DNA sequence editing of claim 43, wherein the first and second insert ¢ TAGs

comprise the same rare restriction enzyme site.

45 A method for preparing a recombinant nucleic acid molecule, the method comprising:
a) incubating a mixture comprising:
i) a plurality of DNA insert parts, wherein each DNA insert part is flanked by two
clonmg tags (¢TAGs), each cTAG comprising:
1) one or more validated CRISPR landing sites, each comprising a
protospacer sequence operably hinked to a protospacer adjacent motif
(PAM}; wherein at Jeast two of the DNA insert parts share the same ¢TAG;
if} a single stranded DNA (ssDNA)} exonuclease;
under conditions which allow for digestion of the shared ¢TAG in the least two DNA insert
parts, thereby generating compatible overhang DNA ends in the at least two DNA insert
parts, and
b) incubating the DNA insert parts with digested ¢cTAGs generated in (a) under conditions
which allow for the hybridization and covalent joining of the compatible overhang DNA
ends of the least two DNA msert parts; wherein the resulting recombinant nucleic acid

molecule comprises the complete cTAG sequences of the shared ¢TAG before digestion.

46. The method for preparing a recombinant nucleic acid molecule of claim 45, wheremn the
nmixture of step (a) further comprises a polymerase capable of filing in any sequence gaps prior to

the covalent joining of the compatible overhang DNA ends.
47. The method for preparing a recombinant nucleic acid molecule of claim 45, wherein the

plurality of DNA msert parts are digested with a double stranded DNA (dsDNA) exonuclease prior

before step (a).
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48, The method for preparing a recombinant nucleic acid molecule of claim 45, wherein one or
more of the plurality of BNA insert parts were cleaved with a CRISPR endonuclease prior to their

incubation in step (3).

49 The insert parts of any one of claims 1-49, wherein one or more of the ¢ TAGs 1s selected from

the group consisting of SEQ 1D NO: 65-74, 78-81, and combinations thereof.

73



PCT/US2018/017573

WO 2018/148511

1/20

FIGURE 1

FIGURE 1A

tracrRNA

Cas9

Target dsDNA

(98]

LA

(¥4

-20-mer guide

¥ ) ﬁi/,.

crRNA

CRISPR- Cas8
WT crRNAtracrBMNA

-

42

sgRNA

Target dsDNA

FIGURE 1B

/

//

{ 238

)

e )

(e ZJIITID

-20-mer guide

CRISPR- Cas8
sgRNA



PCT/US2018/017573

WO 2018/148511

2120

FIGURE 1 (Continued)

FIGURE 1C

Target dsDNA

/T Aa\ N

(o4
-

crRNA -24-mer guide

CRISPR- Cpf1



PCT/US2018/017573

WO 2018/148511

3/20

BN 100 '3 () wibup o3 '3 (1 8us ¥M weansumoq ()

) aHs MM wesnsdn {
Y5 yH weansdn (7 1o
10 JOIBUILLIRY

2

{s)ioyiBll }50H

o 15oH () “yNuB-isi0Wwodd (1

o~
T

4

JOIBUILIS]

foDieiswWeld (i

l8yiew pue
wbuo 1sesa {1

Y Wi

Aiquwiesse
OJHA U
JLRTICE-TY

AANDIA

Ve 44091

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/017573

WO 2018/148511

4/20

wonsabip 3 (£
o abeaesp ydo (7
ic sfeaesis 380 ()

beabborbarolandnndn00%s 3L I0VoYSYTLOVOOYILR0IORI 4R
23E00630e36D390300080R IOV ILIDDIOIYILODLOVIEEbyeey

JC Hd N1 OIA
suied
pereibainaid jo Bunipe
Bunips 1do/eseD

BUS HH \\\ /// 8IS &M
weansumop Fuispoosmownd S weanson

7 \

uoneibai
Diucusb

0% Oy 0¢ 0<¢ ]
m | m | m

Ehiel 4DNYA

EOAYNODYIY YOV DO DIYYLO0RSDLO DL DYSYYODNY LLODRo0REy
BRI DDIIVLIOLOD IV IIVEbIDOVIOVIDIOLIOIDIVYDD3bbby e

(penunuol) 7 44NHIA

d7 Hd1D1H

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/017573

WO 2018/148511

5/20

JSNBW 500 T ) uibtio #oo '3 |

.

D7)
2

T

JOJBUILLISY

a)is yH weansdn 'z
10 'iBuo 1S0H 'L (sjieyiBwW 1504 '}

3HS MM wesssdn 7
JO IOEUILS)
“yNMapinb-seiowod

¢

ANDLA

Ve Jd0DId

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/017573

WO 2018/148511

14

Aguiesse uosginy ‘¢

uouebry g

UCHBLIGLCS) snoBojowioy 15834 'L
Ao Rguisssy

3SEIONUODUS
(uonotissy) ¢
Jojpue [14dg 7
‘6880 '}

Ag Buming

0% OF ge 0c¢ oL

6/20

5e1bborbieednIRoDIN00INDLIOYINOYIVIOVINYILROI0ET3E
03200063023 b5 0950090bbRIOYYILIODLILYILIDLOYIbebyeRes

om Qv Qm @m th
; ; | m |

18008 ADNYA

2,

ROIYOODYIYYIVIDDIVYLODRIDLODLDIVOTYODOVLLIDROO0EDS
3BRILDIDIVIISLOIOVLIYELID0WIOWIOLILLIDDIVYDS1bbbyoe 9¢ HNH14

(panuniuo]) ¢ 4¥NOHIA

SUBSTITUTE SHEET (RULE 26)



WO 2018/148511 PCT/US2018/017573

7120

S
o
4l o
= 2
=
= £
e £ 4
- 4 g
o s
Y =
[%2]
~ 2 =
< e
& &=
a g % @
(72
Y o & 3
'snIm:' Loy o3
a ==5g
. o e (o]
- S 2EE 5
o ® mgg"’% .
) =] W - 3D
) 3 Al
ey A
<L - N 3 F
T

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/017573
8/20

WO 2018/148511

sued poleibey-aid jo Buips
Lidoyasen ssjasue ped Suipue

JoJBURLIS)-
8)iS WM Wweansumop F  109~siowoid 218 M wieassdn

R
uonelBeiu oiuousg

R

de 440914

(ponunuol) ¢ HANDIA

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/017573

WO 2018/148511

9/20

auoorg 1018 P

(aords 1id0y:
(s80eds L3d0y

=) MM OVL0

Jasu

9.1 oV

DIiSEld v5/, ot o) uaibay Lesy] au)
DUB PIUSEId G3P, 9] J0 BUOGYORE 1008A
U} SUIBJUOD PIUSEI] 950, MON 8y

j 880600
URIpe sARiel BuljgeUs suiews:

. J \
$B7) NG ‘DOAOLIS) Usay Sey 1do m

G801 OVLD

7

GSED-M OVL2

.. uoibas yesul | ~ . \ pansiuas uoibal
\ X\ (dosesed) T ovs

{14d0/85R0) T OVLD

18842u1 Jo uoibay
Lssu} sulguol prlsSeid ¥8/,

¥8.E28000¢1
‘ul-apising, ‘uonsabip

1

110 jo Lonosdip 8y
JJBOIPUI SMOLIE PBAIND

{14dD/6580) M DY19

£ YN + 11d0
DYNMID + LD

oo
asebiy

sBueyienc yym uotbas uesul je2 am,...

P AHd0D1d

1594814} §0 BUOgYoRg
101934 SUIRIUCD) Dlliseld G0,

. In0-3pisul, ‘uopsabip

14D jo uonoalip sy

¢ WNHID + 14dD
L YNSS + 1dD

o~

LdD/ESED) M DYLD

Bueyiano

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/017573

WO 2018/148511

10/20

Bipsl
oIS YAWBIONO + UM +G ]

uo Buiuop
wepusdsp-1idn 1ol 108188
pUB BL2I0BG WosUBl] (§

aseby

YNG L Ul spus Ajons
aignedwon ajebi (¢

\\\\\«\\H
A e
T

SWAZUS

Lido a1BAnSBLI 1ESY

10 158491 10 sjuswbey
YNNG Alind 199 (7

r§ .......

sBuBtons

YNQ signeduiod

funeaio ‘syny epinb omy
pue awizus pydo

unm spiuseld 1s8Big (1

C HAdNDIA

SUBSTITUTE SHEET (RULE 26)



WO 2018/148511 PCT/US2018/017573

11/20

without
ligase

E;ésg with ligase

Guide RNAs targeting ¢TAGs

N+O

© *
=4 zsz E"g
50 B
=L
=
&
<
Euuuu
L
=)
=
Q0
L O
j -+
'] [T
Y u
¢ o
[ a2
Y >
- =
! 3
~ o
Ak
bkt R
e
[
&
o
S
2.
O
©3
<

M+N

[ ] (@] [ [} o3 o fan]
b= &4 S & B & = ©
oo g goef

[onusyduwirlioyD + UnAuiBUEY + €7 U0 SHUN SulLiof AUOIOD

SUBSTITUTE SHEET (RULE 26)



WO 2018/148511 PCT/US2018/017573

12/20

FIGURE 7
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FIGURE 8
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FIGURE 9
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FIGURE 10
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FIGURE 11
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FIGURE 12
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FIGURE 13
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FIGURE 14
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