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(57) Abstract: The invention provides a nucleic acid comprising a Cpfl crRNA, a processing sequence 5' of the Cpfl ctRNA, and an
extension sequence 5' of the processing sequence. The invention also provides a composition comprising the nucleic acid, a carrier, and
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the eukaryotic target cell with the nucleic acid or the composition to genetically modify a target nucleic acid in the cell.
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MODIFIED CPF1 GUIDE RNA

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED ELECTRONICALLY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority to U.S. Provisional Patent Application No.
62/567,123, filed on October 2, 2017; U.S. Provisional Patent Application No. 62/617,138, filed
on January 12, 2018; and U.S. Provisional Application No. 62/697,327, file on July 12, 2018, the

entire disclosures of which are hereby incorporated by referenced.

BACKGROUND OF THE INVENTION

[0002] RNA-guided endonucleases have proven to be an effective tool for genome
engineering in multiple cell types and microorganisms. RNA-guided endonucleases generate
site-specific double-stranded DNA breaks or single-stranded DNA breaks within target nucleic
acids. When the cleavage of a target nucleic acid occurs within a cell, the break in the nucleic
acid can be repaired by non-homologous end joining (NHEJ) or homology directed repair
(HDR).

[0003] Direct delivery of RNA-guided endonucleases and their gene-editing components
(e.g., guide RNA) into cells both in vitro and in vivo has tremendous potential as a therapeutic
strategy for treating genetic diseases. Currently, however, direct delivery of these components
into cells with reasonable efficiency is challenging.

[0004] Therefore, there is a need to identify new compositions and related methods to
improve cellular delivery and other properties of RNA-guided endonucleases that will enhance
genome engineering. This invention provides such compositions and related methods.

[0004a] Reference to any prior art in the specification is not an acknowledgement or
suggestion that this prior art forms part of the common general knowledge in any jurisdiction or
that this prior art could reasonably be expected to be combined with any other piece of prior art

by a skilled person in the art.
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BRIEF SUMMARY OF THE INVENTION
[0004b] In a first aspect of the invention, there is provided a nucleic acid comprising a
Cpfl crRNA, wherein the Cpfl crRNA comprises a stem-loop domain located 5’ of a targeting
sequence; an extension sequence of at least 6 nucleotides and no more than 100 nucleotides
positioned 5° of the crRNA; and, optionally, a processing sequence between the crRNA and the
extension sequence, wherein the processing sequence is a sequence that is self-cleaved by Cpfl;
wherein the extension sequence does not comprise a processing sequence, an aptamer, or the
sequence of the Cpfl crRNA, and the extension sequence comprises a nucleotide comprising a 2’
deoxy modification.
[0004c¢] In a second aspect of the invention, there is provided a composition comprising
the nucleic acid of the first aspect and a carrier, and optionally further comprising a Cpfl protein
or a nucleic acid encoding a Cpfl protein.
[0004d] In a third aspect of the invention, there is provided a method of genetically
modifying a eukaryotic target cell, comprising contacting the eukaryotic target cell with the
nucleic acid of the first aspect or composition of the second aspect to genetically modify a target
nucleic acid.
[0004e] In a fourth aspect of the invention, there is provided a method of therapeutic
treatment of a genetic disease or disorder of a human subject comprising administering the
nucleic acid of the first aspect or the composition of the second aspect to the human subject.
[00041] In a fifth aspect of the invention, there is provided use of the nucleic acid of the
first aspect or the composition of the second aspect in the manufacture of a medicament for the
therapeutic treatment of a genetic disease or disorder of a human subject.
[0005] The invention is a nucleic acid comprising of a Cpfl crRNA with an extension
sequence. In one aspect, the nucleic acid comprises a Cpfl crRNA and an extension sequence on

the 5° end of the Cpfl crRNA, wherein the extension sequence comprises fewer than about 60
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nucleotides. In another aspect, the nucleic acid comprises a Cpfl orRNA, a processing sequence
5" of the Cpfl crRNA, and an extension sequence 57 of the processing sequence. Also provided
is a composition comprising the nucleic acid, a carrier, and optionally a Cpfl protein or vector
encoding the protein.

10006] The invention also provides a method for genetically modifying a eukaryotic target
cell. The method involves contacting the eukaryotic target cell with the nucleic acid containing
the Cpfl crRNA as described herein.

{6007} These and other aspects of the invention are described in greater detai in the

following sections.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

{0008} Figure 1A is a graph comparing delivery of unmodified crRINA in complex with Cpfl
using either lipofectamine or electroporation (nucleofection).

{600Y] Figures 1B and 1C are graphs comparing the lipofectamine mediated delivery and
NHEJ generation of Cptl-crRNA complexes comprising unmodified crRNA (41 nucleotides
long) and extended crRNA.

{0016} Figure 1D is a schematic illustration of the structures of 41-nucleotide (nt)
unmodified crRNA and extended crRNAs. The arrows represent Cptl cleavage sites.

16011} Figure 1E s a graph showing NHEJ efficiency for the ctRNA constructs illustrated in
Fig. 1D

{0012} Figure IF is a graph depicting the cellular delivery of Cpfl RNP using lipofectamine
and ctRINAs with difterent length labeled with fluorescent dye.

{6013] Figure 2 provides a graph (right panel) illustrating gene editing efficiency asa
function of GFP knockdown for 5° extended crRNA delivered to GFP-HEK cells via
electroporation, and a schematic iilustration of the ctRNA (left panel).

18014] Figure 3A 1s a schematic illustration of in vivo studies in AI9 mice.

{001 5] Figure 3B 15 a schematic illustration of gastrocnemius muscle injection site and

imaging sections.
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{0016] Figure 4A is a graph of HDR frequency for crRNA with different extensions
delivered with donor DNA using electroporation.

{6017} Figure 4B s a graph of percentage of GFP- cells for crRNA with different extensions
delivered with donor DNA, illustrating NHEJ efficiency using electroporation.

{6018} Figure 4C is a graph of percentage of BFP- cells for crRNA with different extensions
delivered with donor DNA, dlustrating NHE/J efficiency using electroporation.

{6019} Figure 4D 1s a graph of percentage of GFP- cells for extended crRNA delivered with
and without single-stranded DNA (ssDNA) without homology to the target sequence using
electroporation.

{06020} Figure 4E s a graph tllustrating gene editing as a percentage GFP- cells for crRNA
extended with 100 nt RNAs and 9nt RNAs without homology for the target sequence using
electroporation.

{6021} Figure 4F is a graph of percentage of GFP- cells for ctrRNA with and without a 4 ot
extension and further modified with a chemical moiety using electroporation.

{6022] Figures 5SA and 5B provide schematic illustrations of conjugating crRNA and donor
DNA.

{6023} Figure SC are images of gel electrophoretic separations illustrating the release of
donor BNA and crfRNA from a conjugated crRNA/DNA molecule after reduction with thiols.
{06024} Figure 615 a graph demoustrating that Cpfl conjugated to HD-RNA induces NHEI in
GFP-HEK cells after transfection with a PAsp(BET) (i.e., cationic polymer}.

{6025] Figure 7 is a graph demonstrating that Cpfl conjugated to HD-RNA induces HDR in
GFP-HEK cells after transfection with a PAsp(DET) (i.e., cationic polymer).

10026] Figure 8 provides the sequence of a Cpfl protein.

{6027} Figure 9 provides examples of Cpfl processing sequences.

{0028] Figure 10A shows a schematic illustration of ctRNA conjugated to donor DNA. .
{6029} Figure 10B dlustrates the sequences used in a crRNA conjugated to donor DNA.
{6030} Figure 10C is a graph of percentage of RFP+ cells after treatment with various

crRNA and Cpfl using electroporation in primary Ai9 myoblasts.
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{06031} Figure 10D 1s a graph of percentage of RFP-cells transfected with 100 nt DNA or
RINA into primary Ai9 myoblasts.

{6032} Figure 10E is a graph of NHED efficiency in Hep(G2 cells transfected with Cptl RINP
with or without 9 nt extension on crRINA targeting Serpinal gene using electroporation.

{0033] Figure 11 A illustrates RNA structures that can be used in crRNA extensions.

{0034] Figure 11B illustrates trinucleotide repeats that can be used to provide various RNA
structures.

{0035} Figure 11C tllustrates the intersection of hybridizing extension sequences of ctRNA
in a kissing loop, which can be used to form crRNA multimers.

{0036} Figure 11D dlustrates the intersection of hybridizing extension sequences of ctRNA
to form trimers (panel (1)} or octamers {panel (i1}).

{6037} Figure 12 shows the editing efficiency (%oBPF-) of various Cptl crRNAs in BFP
expressing HEK293T cells. MS is 27-0OMe 3 -phosphorothioate modifications on the first three
nuclectides from 5 end, +9du is 2°-deoxy modification on the 9 nucleotide from the 5 end,
+95 is phosphorothicate modifications on the first 9 nuclectides from S’end. BFP knock-out
etficiency was measured with flow cytometry 7 days after electroporation. Mean = S E, n=3. All
extended ctRNAs show statistically significant ditference to unmodified crRNA with p value
smaller than 0.05 by student-t-test.

{0038] Figure 13A 1s an tllustration of unmodified Cas9 sgRNA and Cpfl crRNA; and
{6039} Figures13B and 13C are graphs showing relative activity of Cas9 sgRNA and Cpfl
crRINA as a function of GFP knockdown.

{0040} Figure 14 is a schematic illustration of an extended crRNA modified with biotin and
avidin and linked to a targeting molecule comprising biotin.

[0041] Figure 15A 1s a schematic tllustration of chemical modifications made to crRNAs
with extension.

10042} Figure 15B is a graph quantifying the remaining crRNA amount after incubation in
serum.

{08043] Figure 15C is a graph of percentage GFP- cells after delivery of crRNA with 9nt

extension and chemical modification using lipofectamine.
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0044} Figure 15D 1s a graph comparing the percentage GFP- cells after delivery of extended
crRINA with chemical modifications and unmodified extended crRNA together with Cpfl using
electroporation.

{8045} Figure 16 is a graph comparing the cationic polymer mediated delivery and NHEJ
generation of Cpfl-crRNA complexes comprising unmodified crRNA (41nt}, © base pair
extended crRINA (50nt total}, or 59 base pair extended ctRNA (1000t total).

DETAILED DESCRIPTION OF THE INVENTION

13046} The tnvention provides modified guide nucleic acid for Cpfl, referredtoas a
“crRINA,” with enhanced properties as compared to conventional crfRNA molecules. ¢rRINA, as
used herein, refers to a nucleic acid sequence {e.g., RNA) that binds to the RNA-guided
endonuciease Cpfl and targets the RNA-guided endonuclease to a specific location within a
target nucleic acid to be cleaved by Cpfl. Cpfl 1s an RNA-guided endonuclease of a class I
CRISPR/Cas system that is involved in type V adaptive immunity. Cpfl does not require a
tracrRINA molecule like other CRISPR enzymes, and requires only a single crRNA molecule to
function. Cpfl prefers a “TTN” PAM motif that is located 5 upstream of its target. In addition,
the cut sites for Cpfl are staggered by about 3-5 bases, which create “sticky ends” (Kim et al |
2016. “Genome-wide analysis reveals specificities of Cpfl endonuclieases in human cells”
published online June 06, 2016). These sticky ends with 3-5 bp overhangs are thought to
facilitate NHEJ-mediated-ligation, and improve gene editing of DNA fragroents with matching
ends.

10047} Persons skilled in the art will appreciate that the Cpfl ¢rRNA can be from any species
or any synthetic or naturally occurring variant or orthologue derived or isolated from any source.
That is to say that the Cpfl crRNA can have the required elements (e g., sequence or structure)
of a ctRNA that i1s recognized (bound by} any Cpf1 polypeptide or ortholog from any species of
bacteria, or synthetic variants thereof. Examples of Cpfl crRINA sequences are provided in FIG.
9. thus, for instance, examples of Cpf1 crRNA include those comprising any of SEQ 1D NOs:
21-39). Anexample of a Cpf'l crRNA sequence of a synthetic variant Cpfl is the ctRNA
corresponding to the MADT Cpfl orthologue by Inscripta, Inc. (CO, USA). Another example of
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a Cpf1 vanant 1s a Cpfl modified to reduce or eliminate RNAse activity, such as by introducing
a modification at HB00A, K8O9A, K860A, F8064A, and R790A of Acidaminococcus Cpfl
{AsCpf1) or corresponding position of a different Cpfl ortholog (e g, HE00A mutation or H>A
mutation at corresponding position).

{0048} Typically, crRNA comprises a targeting domain and a stem loop domain located 57 of
the targeting domain. The overall length of the crRNA s not particularly imited so long as it
can guide Cpfl to a specific location within the target nucleic acid. The stem-loop domain
generally is about 19-22 nucleotides (nt) in length, and the targeting/guide domain is anywhere
from about 14-25 nt (e.g., at feast about 14nt, 15nt, 16nt, 17nt, or 18nt). The overall length of
the Cpfl crRINA can, in some embodiments, have a length of from 20 to 100 nt, from 20 nt to 90
nt, from 20 nt to 80 nt, from 20 nt to 70 nt, from 20 nt to 60 nt, from 20 nt to 55 nt, from 20 nt to
SO ut, from 20 nt to 45 nt, from 20 nt to 40 nt, from 20 nt to 35 nt, from 20 nt to 30 nt, or from 20
ntto 25 ot

{0049] One aspect of the disclosure provides a nucleic acid comprising a Cpfl crRNA, an
extension sequence 37 of the ¢ctRNA, and, optionally, a processing sequence, which may be
positioned between the crRNA and the extension sequence, within the extension sequence, or §

of the extension sequence.

Fxtension Neguerice

{0050] The nucleic acid of the invention comprises an extension sequence positioned 5 of
the crRNA. The extension sequence may comprise any combination of nucleic acids (i.e., any
sequence}. ln an embodiment, the extension sequence increases the overall negative charge
density of the mucleic acid molecule, and tmproves delivery of the nucleic acid including the
crRNA.

{0051] In some embodiments, the extension sequence can be cleaved once in the cell.
Without wishing to be bound by any particular theory or mechanism of action, it is believed that
Cptl can cleave the extension sequence. However, in certain applications, it is desirable to use a
construct in which the extension sequence 15 not cleaved from the Cpfl crRNA. Thus, in some

embodiments, the extension sequence is not cleavable by the Cpf1 ctRNA. For instance, the
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extension sequence or some portion or region thereof can comprise one or more modified
internucleotide linkages (modified “backbone”) that are resistant to cleavage by Cpfl crRNA
{e.g., nuclease resistant). Examples of modified internucleotide linkages include, without
limitation, phosphorothicate, phosphorodithicate, methylphosphonate, phosphoramidate, 2°-0-
methyl, 27-O-methoxyethyl, 2°-fluoro, bridged nucleic acid (BNA), or phosphotriester modified
bonds, as well as combinations thereof. The extension sequence or some portion thereof also can
comprise synthetic nucleotides, such as xeno nucleic acids (XNAs) that are resistant to
nucieases. XNAs are nucleic acids in which the ribofuranose ring of DNA or RNA ts replaced
by five- or six-membered modified ribose molecules, such as 1,5 anhydrohexitol nucleic acids
(HNAs), cyclohexenyl nucleic acids (CeNAs), and 2’4 -C~(N-methylaminomethylene) bridged
nucleic acids (BNAs), 2'-0,4"-C-methylene-B-D-ribonucleic acids or locked nucleic acids
(LLNAs), ANA (arabinonucleic acids), 2'-fluoro-arabinonucleic acid (FANAs) and a-L-
threcturanosyl nucleic acids (TNAs). Furthermore, any combination thereof also can be used.
{0052] The length of the extension sequence is not particularly limited so long as the
extension sequence increases the overall negative charge density. For example, the extension
sequence can have a length of at feast about 2 nucleotides (nt) up to about 1000 nt {e.g., at least
about 2,3, 4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100, 200, 300, 400, 500, 600, 700, 800, or 900, and up to about 1000 nt). In one aspect, the
extension sequence is no more than about 100 nucleotides 1n length, such as no more than about
80 nucleotides in length, no more than about 60 nucleotides in length, or no more than about 40
nucleotides in length (e g, no more than about 30 nucleotides in length or no more than about 20
nucleotides in length). Any of the foregoing lower and upper limits on length can be expressed
as ranges. Shorter sequences also can be used (e.g., no more than about 15 nucleotides, or no
more than about 10 nucleotides). In some embodiments, the extension sequence comprises at
feast about 2 nucleotides, such as at least about 4 nucleotides, at least about 6 nuclectides, or
even at least about 9 nucleotides. Any of the foregoing can be expressed as a range. Thus, for
instance, the extension sequence can be about 2-60 nuclectides (e.g., about 2-40 nucleotides,
about 2-30 nucleotides, about 2-20 nucleotides, about 2-15 nucleotides, or about 2-10

nucleotides), about 4-60 nucleotides (e.g., about 4-40 nucleotides, about 4-30 nucleotides, about
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4-20 nucleotides, about 4-15 nucleotides, or about 4-10 nucleotides); about 6-60 nucleotides
{e.g., about 6-40 nucleotides, about 6-30 nuclectides, about 6-20 nuclesotides, about 6-15
nuclteotides, or about 6-10 nucleotides); or about 9-60 nucleotides {(e.g., about 9-40 nucleotides,
about 9-30 nucleotides, about 9-20 nucleotides, about 9-15 nucleotides, or about 9-10
nucleotides).

{0053] In some embodiments, the extension sequence has no function other than imparting
greater overall negative charge density to the nucleic acid construct. In this embodiment, for
instance, the extension sequence is a random or non-coding sequence. In some instances, such as
when a processing sequence is used, the sequence can be degraded upon cleavage of the
processing sequence and release from the nucleic acid construct.

{0054] In other embodiments, the extension sequence has a function separate and apart from
imparting greater overall negative charge density to the nucleic acid construct. The extension
sequence can have any additional function. For tnstance, the extension sequence can provide a
hybridization site for another nucleic acid, such as a donor nucleic acid. Also, in some
embodiments, the extension sequence can be an aptamer and/or promote cell binding. However,
it is sometimes not desirable to recruit binding of proteins other than the RNA-guided
endonuclease to the guide RNA. Furthermore, aptamer sequences typically have complex
folding patterns that can be bulky and not compact. Thus, in other embodiments, the extension
sequence is not an aptamer sequence.

{0055] In some embodiments, the extension sequence can comprise a sequence encoding a
protein the expression of which is desired in the target cell to be edited. For instance, the
extenston sequence could comprise a sequence encoding a RNA-guided endonuclease, such as
the RNA-guided endonuclease that is paired with (i.¢, recognizes and is guided by) the crRNA
that 1s used in the nucleic acid construct. The extension sequence can comprise, for instance, the
sequence of the mRNA of the RNA-guided endonuclease.

{8056] In some embodiments, the extension self-folds (self-hybridizes) to provide a structured
extension. There is no limitation on the type of structure provided. The extension can have a
random cail structure;, however, in some embodiments, the extension has a structure that is more

compact than a random coil structure of the same number of nucleotides, which provides a
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greater negative charge density. By increasing the overall length of the extension, the negative
charge of the molecule is increased. When a more compact structure is used, the overall negative
charge density of the molecule 15 further increased. Corupaciness or charge density can be
determined according to mobility in gel electrophoresis. More particularly, if gel electrophoresis
is performed for two nucleic acids with the same number of nucleotides run together on the same
gel, the nucleic acid with the higher mobility (moves farthest in the gel) i1s deemed to have a
more compact structure.

{0057} In another embodiment, the extension sequence comprises at least one semi-stable
hatrpin structure, stable hairpin structure, pseudoknot structure, G-quadraplex structure, bulge
loop structure, internal loop structure, branch loop structure, or a combination thereof. These
types of nuclectide structures are known in the art and schematically illustrated in FIG. 11A. It
is to be understood that the illustrations are merely for the purpose of ilustrating the general
structure, and is not intended to be a detailed illustration of the actual molecular structure. Those
of skill in the art recognize that a hairpin structure, for instance, can have interspersed regions of
non-complementarity that produce “bulges” or other variations in the structure, and that the other
depicted structures can include similar variations. The structure of a given nucleotide sequence
can be determined using available algorithms (e.g., “The mfold Web Server” operated by
Rensselaer Polytechnic Institute and The RNA Institute, College of Arts and Sciences, State
University of New York at Albany; see also M. Zuker, D. H. Mathews & D. H. Turner.
Algorithms and Thermodynamics for RNA Secondary Structure Prediction: A Practical Guide

In RNA Biochemistry and Biotechnology, 11-43, J. Barciszewski and B. F. C. Clark, eds., NATO
ASI Series, Kluwer Academic Publishers, Dordrecht, NL, (1999}).

{0058] The type of structure provided can be controlled using a repeating trinuclectide motif
{e.g., FIG. 11B). A repeating trinucleotide motif is a motif of three nucleotides that is repeated
in the sequence at least twice (e.g., repeated two or more times, three or more times, four or more
times, five or more times, 81X or more times, seven or more imes, eight or more times, or ten or
more times}. Thus, the extension sequence can comprise a repeating trinuclectide motif. In one
embodiment, the extension sequence comprises a repeating trinucleotide motif of CAA, UUG,

AAG, CUU, CCU, CCA, UAA, or a combination thereof, which provides a random coil
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sequence. In another ernbodiment, the extension sequence comprises a repeating trinucleotide
motif of CAU, CUA, UUA, AUG, UAG, or a combination thereof, which provides a semi-stable
hatrpin stracture. In another embodiment, the extension sequence comprises a repeating CNG
trinucleotide motif (e.g., CGG, CAG, CUG, CCG), a repeating trinuclectide motif of CGA or
CGU, or a combination thereof, which provides a stable hairpin structure. In another
embodiment, the extension sequence comprises a repeating trinucieotide motif of AGG, UGG, or
combination thereof, which provides a quadruplex {or G-quadruplex) structure. In yet another
embodiment, the extension sequence comprises a combination of the foregoing trinucleotide
motifs and a combination of the difterent structures thereby produced. For instance, the
extension sequence could have a region comprising a random coil structure, a region comprising
a semi-stable hairpin, a region comprising a stable hairpin, and/or a region comprising a
quadruplex. Each region might, thus, comprise the repeating trinucleotide motif associated with

the indicated structure. Non-limiting examples of structures are presented in the below table:

Table 1. Representative RNA extended sequences (35 nucleotides) and their corresponding

structures.

Sequences {5 -»3'}

Random coil R1: UCCCGAGCUGUGCUUCGUUUCUACACUUGUACAUG
R2: CCCUGCGACAGUCAUCUCGGCCGLCAAAGACACAG

R3:

UUCCGUCGCCUUGGGLCGUCGUUUUUCGCUCGUGEE
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Quadraplex Y 52

UUAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGG

Hairpin 53:

UUCGUCGUCQUCGUCGUCGUCGUCGUCGUCGUCGU

54

UUCUGCUGCUGCUGCUGTUGCUGCUGCUGCUGCUG

{0059} The extension sequence also can be used to create crRNA multimers; thus, in another
embodiment, there is provided a crRNA multimer comprising two or more crRNA molecules
{e.g., 3 or more, 4 or more, 5 or more, 6 or more, 7 or more, or even & or more ctRNA
molecules), wherein each crRNA comprises an extension sequence as described herein, and the
crRINA molecules of the multimer are joined by their extension sequences, for instance, through
base pairing or hybridization. Thus, in one erabodiment, each crRNA of the multimer comprises
an extension sequence comprising a region sufficiently complimentary to a region of an
extension of another ctRNA of the multimer to facilitate hybridization. The complimentary
region can be of any suitable length to facilitate the interaction {e.g., 4 nt or more, 6 nt or more, 8
nt or more, 10 nt or more, 15 nt or more, ete.). crRNA multimers are useful, for example, to
deliver multiple crRNAs simultanecusly, such as when multiple crRINAs are desired for
particular therapeutic strategies. One example of such a use is exon skipping, in which a DNA
fragment is cleaved by two ¢crRINAs to restore the functional reading frame {e.g., Ousterout DG,
et al. (2015}, Multiplex CRISPR/Cas9-based genome editing for correction of dystrophin
mutations that cause Duchenne Muscular Dystrophy. Nat Commun. 6:6244). Exon skipping
requires two crRINAs each targeting a different site (one at the 57-site and the other at the 37-site)
in the nucleus for targeting. Ideally, the ratio of two ctRNAs should be 1 to 1 however, it1s

difficult to maintain this ratio. By pairing ctRNAs (e.g., each comprising different targeting
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sequences) in multimers through appropriate extension structures, delivery in the desired ratio
can be facilitated.

{8060] In one embodiment, two or rnore crRINAs with structured extensions engage 1o an RNA
“kissing” interaction (a.k.a. ioop-loop interaction), which occurs when the unpaired nucleotides
in one structured extension sequence {e.g., a hairpin loop) base pair with the unpaired
nucleotides in another structure (e.g., ancther hairpin loop) on a second crRNA. An example of
this type of interaction s illustrated FIG. 11€C. The formation of kissing loops or other
structures multimerizes the two or more ¢rRNA molecules. This strategy can be applied to link
several crRNA molecules.

{0061] Hybridization of coraplementary sequences in the extension on each crRNA also can be
used to facilitate multimerization. For instance, supermolecular crRNA structures can be
constructed via the extended regions that have capability of self-assembly. For example, a trimer
can be formed by three RN A molecules with appropriately placed hybridization regions (e.g.,
FIG, 11D, panel (i); Shu D, Shu Y, Haque F, Abdelmawla §, & Guo P (2011}
Thermodynamically stable RNA three-way junctions as platform for constructing multi-
functional nanoparticles tor delivery of therapeutics. Natf Nanotechnol. 6(10).658-667 }).
Similarly, a RNA octamer could be generated by assembling sixteen RNA molecules (FIG, 11D,
panel (it); Yul, Liu Z, lang W, Wang G, & Mao C (2014) De novo design of an RNA tile that
self-assembles into a homo-octameric nanoprism. Naf Commun. 6:5724)).

{0062] Any of the foregoing types of extensions can be used with or without a processing
sequence. In some embodiments, the nucleic acid can include multiple processing sequences and
extension sequences. For instance, the nucleic acid can further comprise a second processing
sequence 57 of the first extension sequence and a second extension sequence 5 of the second
processing sequence. The second processing and extension sequences can be the same as the
first processing and extension sequences {e.g., repeats), or either or both of the second processing
sequence and second extension sequence can be different from the first processing sequence
and/or extension sequence. The nucleic acid is not particularly limited to any number of
processing and extension sequences, and can have 2, 3, 4, 5, etc. processing and/or extension

Sequences.
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{0063] The 5 terminus of the nucleic acid construct (i.e., the processing sequence or
extension sequence, as applicable, at the 5” terminus) can be further modified as desired. For
instance, the 57 terminus can be modified with a functional group, such as a functional group that
participates in bicorthogoenal or “click” chemistry reactions. For example, the 5° end of the
nucleic acid can be chemically modified with an azide, a tetrazine, alkyne, strained alkene, or
strained alkyne. Such a modification can facilitate joining a desired chemical moiety or
molecule to the construct using appropriately paired functional group.

{0064} The 57 terminus of the nucleic acid can be modified to comprise a biofunctional
molecule, optionally via the bicorthogonal or “click” chemistry described above. The
biofunctional molecule can be any molecule that enhances the delivery or activity of the RNA-
cuided endonuclease, or provides some other desired function, such as targeting the nucleic acid
to a particular destination (e.g., a moiety that targets a particular protein, cell receptor, tissue,
etc. ) or facilitating the tracking of the construct (e.g,, a detectable tabel, such as tluorescent
marker, radiolabel, or the ike). Examples of biofunctional molecules include, for instance,
endosomolytic polymers, donor DNA molecules, amino sugars (e.g., N-acetylgalatosamine
{GalNAc) or tri-GalNAc) guide and/or tracer RNA {e.g, single guide RNA), as well as other
peptides, nucleic acids, and targeting ligands {(e.g., antibodies, ligands, cell receptors, aptamers,
galactose, sugars, small molecules). In one embodiment, the crfRINA comprises a biotin or avidin
{or streptavidiny molecule conjugated to the crRNA extension, allowing the modified ctRNA to
bind to ancther molecule {e.g., targeting molecule or peptide)} conjugated with avidin/streptavidin
or biotin as appropriate (see, e.g., FIG. 14). In another embodiment, the crRNA extension can
be covalently linked to an amino sugar in any suitable manner, such as by a linker. Asused
herein “amino sugar” 1s a sugar molecule in which a hydroxyl group has been replaced with an
amine group {e.g., galactosamine) and/or a nitrogen that is a part of a complex functional group
{e.g., N-acetylgalactosamine (GallNAc); tri-N-acetylgalactosamine {(triantennary N-
acetylgalactosamine)). The anmino sugar can be modified to contain an optional spacer group.
Examples of amino sugars include N-acetylgalactosamine (GallNAc¢), trivalent GalNAc, or
triantennary N-acetylgalactosamine. Au example of an amino sugar group includes the

following:
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Linker

[Tavy

wherein the linker can be any commonly known in the art, and each can be the same or different
from the others. Generally, the linker is a saturated or unsaturated aliphatic or hetercaliphatic
chain. The aliphatic or heteroaliphatic chain typically comprises 1-30 members {e.g., 1-30
carbon, nitrogen, and/or oxygen atoms), and can be substituted with one or more functional
groups {e.g., one or more ketone, ether, ester, amide, alcohol, amine, urea, thiourea, sulfoxide,
sulfone, sulfonamide, and/or disulfide groups). In some instances, a shorter aliphatic or
hetercaliphatic chain 1s used {(e.g., about 1-15 members, about 1-10 members, about 1-5
members, about 3-15 members, about 3-10 members, about 5-15 members, or about 5-10
members in the chain). In other instances, a longer aliphatic or heteroaliphatic chain is used (e.g.,
about 5-30 members, about 5-25 members, about 3-20 members, about 10-30 members, about
10-25 members, about 10-20 members, about 15-30 members, about 15-25 members, or about
15-20 members 1n the chain). Examples of spacer groups include substituted and unsubstituted
alkyl, alkenyl, and polyethylene glycol (e.g., PEG 1-10 or PEG 1-5), or a combination thereof.

A more specific example provided for ilustration is as follows:
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{06065] Prior to conjugation with the linker, the amino sugar can comprise a functional group
(e.g., azide, tetrazine, alkyne, strained alkene, or strained alkyne), which aliows conjugation to
an appropriately paired functional group attached to the crRNA extension (e.g., at the 5
terminus). Thus, for instance, the aming sugar prior to conjugation with the extended crRNA can
comprise:

Linker

Linker Linker AZ

NN
ox H
wherein A? comprises azide, tetrazine, alkyne, strained alkene, or strained alkyne, as described

herein. A more specific example 18 as follows:
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wherein A? comprises azide, tetrazine, alkyne, strained alkene, or strained alkyne, as described
herein, e.g.
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Frocessing Sequence

{0066] In some embodiments, the crfRNA comprises a processing sequence. The processing
sequence 13 a nucleic acid sequence that 1s self-cleaved én vitro or in vivo by Cpfl without the
need for a guide/targeting sequence. Without wishing to be bound by any particular theory or
mechanism of action, it is believed that the processing sequence when present is cleaved upon
entry into the cell, and the crRNA is released from any extension sequence. The processing
sequence can be positioned between the crRNA and the extension sequence. In this
configuration, upon cleavage of the processing sequence, the crRNA is released from the

extension sequence of the nucleic acid construct provided herein.
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{8067] The processing sequence also could be located within the extension sequence, positioned
57 of the extension sequence, or could serve as the extension sequence. Also, multiple
processing sequences could be used. For instance, a second processing sequence could serve as
an extension sequence, alone or together with additional nuclectide sequences. However, the
extension sequence generally will be different from the processing sequence when present.
Furthermore, tn one embodiment, the extension sequence does not comprise the processing
sequence and/or any other whole (complete) crRNA sequence.

{0068 In some embodiments, the processing sequence is positioned immediately 57 of the
crRNA (i.e, directly attached to the crfRNA sequence). In other embodiments, a spacer sequence
can be present between the crRNA and the processing sequence. The spacer sequence can be of
any fength (e.g., 1,2, 3,4, 5,6,7, 8,9, or 10 nt) provided it does not prevent Cpfl cleavage of
the processing sequence or the function of the released crRNA after cleavage.

{0069] In one embodiment, the processing sequence comprises a fragment of a direct repeat
sequence of a Cpfl array. Cpfl arrays (also sometimes referred to as pre-crRNA) are naturally
occurring arrays comprising a direct-repeat sequence and a spacer sequence between each direct
repeat. The direct repeat portion of the array comprises two parts: a ctRNA sequence portion
and a processing portion. Within a given direct repeat, the processing portion is positioned 57 of
the crRNA sequence portion, often immediately 57 of the processing portion. According to this
embodiment, the processing sequence of the nucleic acid provided herein comprises at least a
fragment of the processing portion of the direct repeat sufficient to effect Cpfl cleavage. For
instance, the processing sequence can comprise a fragment of at least 5 contiguous nucleotides of
the processing portion of the direct repeat sequence, such as atleast 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, or 17 nt of the processing portion of the direct repeat sequence {or the entire processing
portion of the direct repeat sequence)}, the tength of which will depend on the species from which
the direct repeat originates. In some embodiments, the processing sequence comprises the entire
processing portion of the direct repeat sequence. The direct repeat can be from a Cpfl array of
any microorganism. Examples of direct repeat sequences, and processing portions of direct

repeat sequences, are provided in FIG. 9. The processing sequence of the inventive nucleic acid



WO 2019/070762 PCT/US2018/054027

18

can comprise a fragment or entire sequence of any of the processing sequences in FIG, 9 (e g,

SEQ 1D NOs: 2-20).

Donor Nucleic Acid

10070] The nucleic acid construct provided herein can further comprise a donor nucleic acid
{also referred to as a donor polynucleotide). The donor polynucieotide is a nucleic acid that is
inserted at the cleavage site induced by the RNA-guided endonuclease (e g, Cpfl). The nucleic
acid of the donor polynucleotide can be any type of nucleic acid known in the art. For example,
the nucleic acid can be DNA, RNA, DNA/RNA hybrids, artificial nucleic acid or any
combination thereof. o one embodiment the mucleic acid of the dovor polynucleotide is DNA,
also known herein as “donor DNA”

{6071} The donor polynucleotide 15 typically single-stranded, and serves as a teraplate for the
creation of double stranded DNA containing a desired sequence. The donor polynucleotide will
contain sufficient identity {e.g., 85%, 90%, 95%, or 100% sequence identity) to a genomic
sequence flanking the cleavage site 1o a region of the genomic sequence near the cleavage site
{e.g., within about 50 bases or less, within about 30 bases or less, within about 15 bases or less,
or within about 10 bases or less, within about 5 bases or less, or immediately adjacent the
cleavage site) to support homology directed repair between the donor sequence and the genomic
sequences flanking the cleavage site to which the donor sequence bears sufficient sequence
identity. Donor polynuclectide sequences can be of any length, but must have a sufficient
number of nucleotides bearing sequence 1dentity on both sides of the cleavage site to facilitate
HIDR. These regions of the donor polynucleotide are known as homology arms. The homology
arms can be have the same number of bases or a different number of bases, and each are
generally be at least 5 nucleotides in length {e.g, 10 nuclectides or more, 15 nucleotides or more,
20 nucleotides or more, 50 nucleotides or more, 100 nucleotides or more, 150 nucleotides or
more, or even 200 nucleotides or more}.  The donor polynucleotide also contains a central
region containing the mutation or other DNA sequence of interest, which is tflanked by the
homology arms.  Thus, the overall length of the donor polynucleotide 1s typically greater than

the total length of both homology arms {e.g., about 15 nuclectides or more, about 20 nuclectides
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or more, 50 nucleotides or more, 100 nucleotides or more, 150 nucleotides or more, or even 200
nucleotides or more, 250 nucleotides or more, 500 nucleotides or more, 1000 nucleotides or
more, S000 nucleotides or more).

18072} The donor polynucleotide sequence is typically not identical to the target genomic
sequence. Rather, the donor polynucleotide sequence may contain one or more single base
changes, insertions, deletions, inversion or rearrangements with respect to the genomic sequence,
so long as the homology arms have sufficient sequence identity to support HDR. The donor
polynuclectide sequence may further comprise sequences that facilitate detection of successful
insertion of the donor polynucleotide.

{0073] The ends of the donor polynucleotide may be protected {(e.g, from exonucleolytic
degradation} by methods known to those of skill in the art. For example, one or more
dideoxynucleotide residues are added to the 3' terminus of a linear molecule and/or self-
complementary oligonuclectides are ligated to one or both ends. Additional methods for
protecting exogenous polynucleotides from degradation include, but are not limited to, addition
of terminal amino group(s) and the use of modified internucleotide linkages such as, for
example, phosphorothioates, phosphoramidates, and O-methyl ribose or deoxyribose residues.
[6074] In some embodiments, the donor polynucleotide (e.g., donor DNA) is covalently
linked to the 57 end of the Cpfl crRNA, the 5 end of the processing sequence, or the 57 end of
the extensions sequence. In a preferred embodiment, the donor polynucleotide 15 linked to the 57
end of the extension sequence. In some embodiments, the linkage between the donor DNA and
the nucleic acid is reversible (e.g., disulfide bond).

{6075] In some embodiments, the donor DNA is covalently linked to the nucleic acid
construct. For instance, the donor polynucleotide can be linked to the processing sequence and
serve as an extension sequence located 57 of the processing sequence. In another embodiment,
the donor polynuclectide can be linked 5 of an extension sequence.

{6076} The nucleic acid and donor BDNA can be linked or conjugated by any method known
in the art. In some embodiments, the 3” end of the donor DNA and the 5” end of the nucleic acid
are modified to facilitate linkage. For example, the 87 end of the nucleic acid can be activated

with a thiopyridine while the donor DNA can be thiol terminated, thereby allowing a disulfide



WO 2019/070762 PCT/US2018/054027

20

bond to form between the two molecules. In some embodiments a bridge DNA, complementary
to both the nucleic acid and donor DNA, hybridizes and brings the two molecules in proximity to
facilitate the reaction. FEGs. SA-3C provide a non-limiting example of the synthesis of donor
DINA conjugation to the nucleic acid.

10077} In other embodiments, the nucleic acid and donor DNA can be conjugated via
functional groups, such as functional groups that participate in bioorthogonal or “click”
chemistry reactions. For example, the 5° end of the nucleic acid can be chemically modified
with a functional group, such as an azide, a tetrazine, alkyne, stratned alkene, or strained alkyne,
and the 37 end of the donor DNA can be chemically modified with the appropriately paired
functional group. For instance, if the nucleic acid contains an azide, the azide will react with an
alkyne group of the donor DNA via azide-alkyne cycloaddition (copper catalyzed), or will react
with a strained alkyne group of the donor DNA via azide-~strained alkyne cycloaddition (no
catalyst required). Likewise, if the nucleic acid contains a tetrazine, it will react with a strained
alkene via tetrazine/alkene cycloaddition. Sinularly, the opposite configuration can be used, e.g ,
if the nucleic acid contains is an altkyne, strained alkyne, or strained alkene, it will react with an
azide or a tetrazine group of the donor DNA by the same cycloaddition reaction.

{6078} In some embodiments, the nucleic acid and donor DNA are conjugated via a linker.
For example, the nucleic acid and donor DNA can be conjugated by a self-immolative linker. As
used herein a “selt-immolative linker” 1s a linker that hydrolyzes under specific conditions {e.g.,
specific pH values) allowing for release of the donor DNA from the nucleic acid.

{6079] The linker of the nucleic acid donor DNA conjugate encompasses any linker known
in that art that is able to covalently link the donor BNA to the nucleic acid. The linker can be
attached to the donor DNA and nucleic acid at either termini. However, in some embodiments,
the linker is attached to the 57 terminus of the nucleic acid {e.g., 5° end of the crRNA, processing
sequence, or extension sequence) and the 3’end of the donor DNA. The linker can be attached to
the nucleic acid and donor DNA by any method known in the art, such as those described herein
with respect to the conjugation of donor DNA to the nucleic acid.

{0080] In another embodiment, the donor polynucleotide can be hybridized to the extension

sequence and/or processing sequence. Thus, for instance, the extension sequence can comprise a
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sequence that is sufficiently complementary to the donor polynucleotide to facilitate
hybridization.

{6081} When a donor nucleic acid s covalently or non-covalently linked to the extension
sequence, 1t will sometimes be desirable that the donor nucleic acid is linked to an extension
sequence or portion thereof that is not cleaved by Cpfl crRNA, such that the donor nucleic acid
is closely associated with the corRINA when the target gene is edited by Cpf1. It is believed that,
in some cases, improved gene editing can be attained by such a construct. Extension sequences
that are not cleaved by Cpfl include, for instance, extension seguences comprising one or more

modified internucieotide linkages or synthetic nucleotides, as described above.

Compositions and Carriers

{0082] The invention also comprises a composition comprising any of the nucleic acid
molecules described herein and a carrier. Any suitable carrier for nucleic acid delivery can be
used. In some embodiments, the carrier can comprise a molecule capable of interacting with any
of the nucletc acids described herein and facilitating the entry of the nucleic acid into a cell.
{0083] In some embodiments, the carrier comprises cationic lipids. Cationic lipids are
amphiphilic molecules that have a positively charged polar head group hinked via an anchor to an
apolar hydrophobic domain generally comprising two alkyl chains. In some embodiments the
cationic lipids form a liposome (e g., lipid vesicle) around the nucleic acid coustruct and,
optionally, a Cpfl protein. Thus, in a related aspect, there is provided a liposome comprising the
nucleic acid construct and, optionally, a Cpfl protein.

{6084} In yet another embodiment the carrier comprises a cationic polymer. Examples of
cationic polymers of the inventive composition include polyethylene imine (PET), poly(arginine),
polytlysine), poly(histidine), poly-[2-{{2-aminoethyl}amino}-ethyl-aspartamide] (pAsp{(BET)), a
block co-polymer of poly{ethylene glycol) (PEG) and poly{arginine}, a block co-polymer of PEG
and poly{lysine), a block co-polymer of PEG and poly { N-[N~(2-aminoethyl}-2-
amincethyljaspartamide} (PEG-pAsp{DET], ({2,2-bis[(92,12Z}-0Octadeca-9,12-dien-1-yl}-1,3~
dioxan-3-yljmethyl) dimethylamine, (3aR,55,6a8)-N,N-dirnethyl-2,2~-di({(9Z, 1 27 }~octadeca-9, 1 2-
dien-~1-yhtetrahydro-3aH-cyclopentafd]{ 1,3 dioxol-5-amine, (3aR, 51,6a5)-N N-dimethy{-2,2-
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di{(97,127)-octadeca-9,12-dien-1-yl tetrahydro-3aH-cyclopental d}{ 1,3 Jdioxol-S-amine,
{3aR,5R,7a8)-N, N-dimethyl-2,2-di({(92,12Z})-octadeca-9,1 2-dien-1 -

yhhexahydrobenzo[d] 1 3]dioxol-5-amine, (3a$,5R.7aR})-N,N-dimethyl-2,2-di({(92,127)-
octadeca-9,12-dien-1-yl}hexahydrobenzo[d][ 1,3 dioxol-5-amine, (2-{2,2-bis[(97Z,127)-
Octadeca-9,12-dien-1-yl]-1,3-dioxan-4-yl } ethyldimethylamine, (3aR,6a5)-5-methyl-2-((6Z2,92)-
octadeca-0,9-dien-1-v1}-2-((97,127)-cctadeca-9,12-dien-1-yjietrahydro-3aH-[ 1,3 Jdioxolo[4,5-
clpyrrole, (3a8,7aR)-S-methyi-2 2-di{(9Z,127}-octadeca-9,12-dien-1-yDhexahydro-
[1,31dioxolol4,5-clpyridine, (3aR,8aS)-6-methyl-2,2-di{(9Z,127}-octadeca-9,12-dien-1-
yhihexahvdro-3aH-[1,3}dioxolof4,5-d]azepine, (6£,92,287,317)-heptatriaconta-6,9,28 31~
tetraen-~19-yi 2-(dimethylaminolacetate, (67,97,287,31Z)-heptatriaconta-6,9,28.3 I-tetraen-19-yi
3-(dimethylamino)propanoate, {67,97 287 317)-heptatriaconta-6,9,28,3 1-tetraen-19-yi-4-
{dimethylamino)butanocate], (67,97,287,317)-heptatriaconta-6,9,28 3 1-tetraen-19-yl 5-
(dimethylamino)pentancate, (67,972,287, 3 12 )-heptatriaconta-6,9,28,3 1 -tetraen-19-yl 6-
(dimethylaminothexanoate, (3-12,2-b1s[(9Z,127)-Octadeca-9,12-dien-1-yl}-1 3-dioxan-4-

vl jpropyhdimethylamine, 1-({3aR,51r,6a5)-2,2-di{{97,127}-octadeca-9,1 2-dien-1-yi ftetrahydro-
3aHeyclopenta[d]] 1,3]dioxol-5-y1)-N N-dimethylmethanamine, 1-((3aR,5s,6a5)-2.2-

di{(97, 127 y-octadeca-9,12-dien-1-yhitetrahydro-3aHeyclopentafd]] 1,3 Jdioxol-5-y1)-N,N-
dimethylmethanamine, 8-methyl-2,2-di{({97,127)-octadeca-9,12-dien-1-yi)-1,3-dioxa-8-
azaspiro[4 Sldecane, 2-(2,2-di{({9Z,127)-octadeca-9,12-dien-1-yl)-1, 3-dioxolan-4-yi)-N-methyl-
N-(pyridin-3-yimethyl)ethanamine, 1,3-bis(92,127)-Octadeca-9,12-dien-1-yl 2-{2-
{dimethylamino)ethyllpropanedicate, N, N-dimethyl-1-((3aR,5R,7a8}-2-((8Z,11Z)-octadeca-
8,11-dien-1-y1}-2-({97,12Z-octadeca-9,12-dien-1 -yl }hexahydrobenzo{d}{ 1,3 Jdioxol-5-
yhmethanamine, N, N-dimethyl-1-({(3aR S8,7a8)-2-({87, 1 1 Z)-octadeca-8,1 1 -dien-1-y1)-2-
{(9Z,127)-octadeca-9,12-dien-1-ylhexahvdrobenzo{d}{ 1,3 jdioxol-5-vl}methanamine,
{15,3R,48)-N,N-dimethyl-3,4-bis{{9Z,127)-octadeca-9,1 2-dien-1-yloxy)cyclopentan amine,
{1s,3R,45)-N,N-dimethyl-3 4-bis((97,127)-octadeca-9,12-dien- 1 -yloxyeyclopentan amine, 2-
(4,5-di((82,11Z )-heptadeca-8,11-dien-1-yi)-2Z-methyl-1,3-dioxclan-2-y1)-N,N-
dimethylethanamine, 2,3-di{{87,11Z)-heptadeca-8, 1 1-dien-1-y1}-N N-dimethyl-1,4-
dioxaspiro[4.5] decan-B-amine, (62,97,287,317)-heptatriaconta-6,9,28,3 1 -tetraen-19-y1 4-
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{(diethylamino)butanoate, (672,972,287, 3 1Z2)-heptatriaconta~6,9,28,3 I-tetraen-19-yl 4-bis{propan-
Z-ylyaminolbutanoate, N-{4-N N-dimethylamino}butanoyl-(67,97,287 317 }-heptatriaconta-
6,9,28,3 1-tetraen-19-amine, {2-{2,2-bis[(9Z,127}-Octadeca-9,12-dien-1-yi}-1,3-dioxan-5-
ylethyDdimethylamine, (4-{2,2-bis[(9Z,1272})-Octadeca-9,12-dien-1-yt}-1,3-dioxan-5-

vl ibutvhdimethylamine, (62,97,287,3 17)-heptatriaconta-6,9,28 3 I -tetraen-19-y1 (2-
{dimethylamino)ethyljcarbamate, 2-(dimethylaminojethyl (67,92,287,312)-heptatriaconta-
6,9,28 31-tetraen- 1 9-ylcarbamate, (67,97,287 317)-heptatriaconta-6,9 28 31 -tetraen-19-yi 3-
(ethylamino)propanoate, (67,97,287,31Z}-heptatriaconta-6,9,28 3 1-tetraen-19-yl 4-(propan-2-
ylaminojbutanoate, N1,N1,N2-trimethyl-N2-((112,142}-2-((92,12Z}-octadeca-9,12-dien-1-
yhicosa-11,14-dien-1-yhethane-1,2-diamine, 3-{(dimethylamino)-N-({(117,142)-2-((97,127-
octadeca-9,12-dien-1-yljicosa-11,14-dien-1-y)propanamide, (67,97,287,312}-heptatriaconta-
6,9,28 3 1-tetraen-19-yl 4-(methylamino)butanoate, Dimethyl{{4-{(97,127)-octadeca-9,12-dien-
t-yloxyl-3-{{(9Z,127)-0ctadeca~-9,12-dien-1-yloxyimethyl }butvl } Jamine, 2.3-di{{8Z,117)-
heptadeca-8,11-dien-1-y1}-8-methyl-1 4-dioxa-8-azaspiro[4. Sldecane, 3-(dimethylamino)propyl
(67.,92,287,317)-heptatriaconta-6,9,28,3 | -tetraen-~19-ylcarbamate, 2-(dimethylamino)ethyl
((11Z,142)-2-((9Z,12Z }-octadeca-9,12-dien-1-yl)icosa-11, 14-dien-1-yljcarbamate, 1-

{(3aR 4R,6aR)-6-methoxy-2,2-di{{97,127)-octadeca-9, 12~-dien-1-yhitetrahydrofuro] 3,4~

d][ 1,3 dioxol-4-y1)-N N-dimethylmethanamine, (62,97,287 317Z)-heptatriaconta-6,9,28,31-
tetraen-19-yi 4-[ethyl{methyDaminolbutanoate, (62,97,287.317)-heptatriaconta-0,9,28,31-
tetraen-19-yl 4-aminobutancate, 3-(dimethylaminoipropyl ((112,147)-2-((92,127 }-octadeca-
9,12-dien-1-yhjicosa-11,14-dien-1-yl)carbamate, 1-((3aR, 4R 6a8)-2,2-di{{97,127})-octadeca-
9,12-dien-1-yijtetrahydrofuro{3,4-d}{ 1,3 ]dioxol-4-y1}-N,N-dimethylmethanamine,

(3aR, SR, 7aR}-N N-dimethyl-2,2-di{{97,127)-octadeca-9,12-dien-1-

yhhexahydrobenzo[d}[ 1,3 Jdioxol-S-amine, {112,147)-N N-dimethyl-2-((92,127 }-cctadeca-9,12-
dien-1-yl)icosa-11,14-dien-1-amine, (3a%,45 5R, 7R, 7aR}-N, N-dimethyl-2-({(77,107}-octadeca-
7,10-dien-1-y1)-2-{((97,12Z-octadeca-9,12-dien-1 -yl }hexahydro-4,7-
methanobenzo{d}{1,3]dioxol-5-amine, N N-dimethyl-3,4-bis{{9Z, 12Z}-0ctadeca-9,12-dien-1-
yioxy)butan-1-amine, and 3-(4,5-di{{87, 1 1 Z)-heptadeca-8, 1 I-dien-1-y1)-1,3-dioxolan-2-y1}-N,N-

dimethylpropan-1-amine. Any combination of the foregoing polymers also can be used.
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{0085] In other ernbodiments, the carrier comprises a polymer nanoparticle. For instance,
the inventive composition can be administered as a nanoparticle as described International Patent
Application No. BCT/US2016/052690, the entire disclosure of which is expressly incorporated

by reference.

Cpfl Polypeptide or Nucleic Acid Fncoding Same

{6086] In some embodiments, including the above liposomal embodiments, the composition
also comprises a Cptt polypeptide or nucleic acid encoding same. Any Cpt'l polypeptide can be
used in the inventive composition, although the Cpfl chosen should be appropriately selected so
as to work in combination with the crfRNA of the nucleic acid construct in the composition to
cleave a target nucleic acid and/or cleave the processing sequence of the nucleic acid construct as
applicable. The Cpfl of the composition can be a naturally occurring Cpt'l or a variant or mutant
Cpt1 polypeptide. In some embodiments, the Cpfl polypeptide is enzymatically active, e.g., the
Cpt'l polypeptide, when bound to a guide RNA, cleaves a target nucleic acid. In some
embodiments, the Cpfl polypeptide exhibits reduced enzymatic activity relative to a wild-type
Cpfl polypeptide (e g, relative to a Cptl polypeptide comprising the amino acid sequence
depicted in FIG. 8 (SEQ 1D NO: 1)), and retains DNA binding activity. Mutations that alter the
enzymatic activity of Cpfl are known in the art.

[6087] For example, Cpfl can be from a bacterium of the genus Acidaminococcus or from
the genus Lachnospiraceae, or from any genus or species identified in FIG. 9. An example of a
Cpf1 protein sequence is provided in FIG, 8. In some embodiments, a Cpfl polypeptide
comprises an amino acid sequence having at least 30%, at least 35%, at least 40%, at least 45%,
at least 50%, at least 55%;, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
feast 85%, at least 90%, at least 95%, at least 90%, or 100%, amino acid sequence identity to the
amino acid sequence depicted in FIG, 8. In some embodiments, a Cpfl polypeptide comprises
an amino acid sequence having at least 30%, at least 35%, at least 40%, at least 45%, at least
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 90%, or 100%, amino acid sequence identity to a

contiguous stretch of from 100 amino acids to 200 amino acids (aa), from 200 aa to 400 aa, from
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400 aa to 600 aa, from 600 aa to 800 aa, from 300 aa to 1000 aa, from 1000 aa to 1100 aa, from
1100 aa to 1200 aa, or from 1200 aa to 1300 aa, of the amino acid sequence depicted in FIG. 8.
{0088} In some embodiments, a Cptl polypeptide comprises an amino actd sequence having
at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at
feast 90%, or 100%, amino acid sequence identity to the RuvCl domain of a Cpfl polypeptide of
the amino acid sequence depicted in FIG. 8. In some embodiments, a Cpfl polypeptide
comprises an amino acid sequence having at least 30%, at least 35%, at least 40%, at least 45%,
at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 90%, or 100%, amino acid sequence identity to the
RuvCll domain of a Cpf'l polypeptide of the amino acid sequence depicted in FIG. 8§ In some
embodiments, a Cpfl polypeptide comprises an amine acid sequence having at teast 30%, at
feast 35%, at least 40%, at least 45%, at feast 50%, at least 55%, at least 60%, at least 65%, at
feast 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 90%, or
100%, amino acid sequence identity to the RuvClill domain of a Cpt1 polypeptide of the amino
acid sequence depicted in FIG, 8.

{0089] In some embodiments, theCpf1 polypeptide 153 an FnCpfl, Lb3Cpfl, BpCpfl, PeCpfl,
SsCpfl, AsCpfl, Lh2Cpf1, CMtCpfl, EeCpfl, MbCptl, LiCptl, LbCpfl, PcCpfl, PdCpfl, or
PmCP{1; or a Cpfl polypeptide that comprises an amino acid sequence having at least 30%, at
least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at
feast 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 90%, or
100%, amino acid sequence identity thereto.

10096] In some embodiments, theCpfl polypeptide comprises an amino acid substitution
{e.g., a D— A substitution} at an amino actd residue corresponding to position 917 of the aming
acid sequence depicted in FIG, §; and/or comprises an amino acid substitution {e.g., an E—A
substitution) at an amino acid residue corresponding to position 1006 of the amino acid sequence
depicted in FIG, §; and/or comprises an amino acid substitution {e.g., a D—A substitution) at an
amino acid residue corresponding to position 1255 of the amino acid sequence depicted in FIG.

8
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{0091} The Cpfl polypeptide also can be an RNase inactivated Cpfl, such as a Cpfl
comprising a modification at H800A, KBO9A, KBGOA, F864A, or R7T90A of Acidaminococcus
Cpfl (AsCpf1) or corresponding position of a different Cpfl ortholog. Examples of routant Cpfl
proteins include those disclosed in Zetsche et al ,“Multiplex Gene Editing by CRISPR-Cpfl
Through Autonomous Processing of a Single crRNA Array,” Nat. Biotechnol 2017, 35 {1}, 31-
34. The Cpfl polypeptide also can be a dCpf'l base editor {e.g., a Cpt'l-cviosine deaminase
fusion protein). Examples include, for instance, proteins disclosed in Li et al |, Nafure
Biotechnology, 36 324-327 (2018} and Mahfouz et al., Biochem /1, 475(11), 1955-1964 (2018).
An example of a synthetic variant Cpfl is the MAD7 Cpfl orthologue by Inscripta, Inc. (CO,
USA). Additional examples of Cpfl proteins include any of those Cpf1 proteins, including
chimeric or mutant proteins, disclosed in International Patent Application No.
PCT/US2016/052690, the entite disclosure of which is expressly incorporated by reference

herein.

Other Nucleic Acids

{6092} The composition can further comprise other nucleic acids in addition to the crRNA.
For instance, the composition can comprise a donor polynucleotide, as described herein.
Alternatively, or in addition, the composition can comprise one or more additional nucleic acids
that are not donor polynucleotides (e.g., a mucleic acid that has no significant sequence identity to
a target sequence to be edited {e.g., a level of sequence identity that is insufficient to allow
homologous recombination}, or to any endogenous nucleic acid sequence of the cell to be edited.
These additional nucleic acids can be RNA or DNA, such as a single stranded RNA or DNA
molecule {(or a hybrid molecule comprising both RNA and DNA, optionally with synthetic
nucleic acid residues). The additional macleic acid can be any length, such as at least 5
nucleotides in length (e.g., 10 nuclectides or more, 15 nucleotides or more, 20 nucleotides or
more, SO nucleotides or more, 100 nucleotides or more, 150 nucleotides or more, or even 200
nucleotides or more). In some embodiments, the nucleic acid might comprise 500 nucleotides

or more, 1000 nucleotides or more, or even 5000 nucleotides or more). However, in most
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instances, the nucleic acid will comprise about 3000 nucleotides or less, such as about 1000
nucleotides or less, or even 500 nucleotides or ess {e.g., 200 nucleotides or less).

{6093} The composition can further comprise a nucleic acid that encodes a particular protein
of interest, tor instance, an RNA-guided endonuclease (e.g., a Cptl polypeptide). The RINA-
guided endonuclease can be any as described herein with respect to other aspects of the

invention.

Divalent Meital lons

18094] In some embodiments the composition is substantially or completely free of a
divalent metal 1on {e.g., magnesium} that activates the particular Cpf1 protein used so as to
reduce or prevent premature cleavage of the processing sequence prior to delivery. The
composition is considered substantially free of magoesium what the concentration does not allow
for Cpf1 self-processing enzymatic activity. In some embodiments the composition comprises
about 20 mM or less NaCl and is substantially or completely free of magnesium or other divalent

ions that activates the Cpfl protetn.

Method of Genetically Modifying a Fukaryotic Cell

18095] The invention also provides a method of genetically modifying a eukaryotic target
cell, comprising contacting the eukaryotic target cell with any of the nucleic acids or
compositions described herein (e.g., a nucleic acid comprising a Cpfl crRNA, an extension
sequence 37 of the crRNA, and, optionally, a processing sequence between the crRNA and the
extenston sequence) to genetically modify a target nucleic acid. In some embodiments, the Cpf'l
crRNA of the nucleic acid comprises a targeting sequence {e.g., 3° of the stem-loop domains)
that hybridizes with a target sequence in the target cell. In some embodiments, the Cpf1 ctRNA
comprises a processing sequence, which is cleaved upon entry into the cell, thereby releasing the
Cpfl ctRNA from the processing sequence and the extension sequence. In other embodiments,
the Cpfl crRNA does not comprise a processing sequence.

{03096] Target nucleic acid 1s a polynuclectide (e.g., RNA, DNA}) to which the targeting

sequence of the crRNA will bind and induce cleavage by Cpfl. A target nucleic acid comprises
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a “target site” or “target sequence” which is a sequence present 1n a target nucleic to which the
crRINA hybridizes which, in turn, guides the endonuclease to the target nucleic acid.

{6097} A “eukaryotic target cell” may be any eukaryotic cell known in the art and comprises
both cells in vivo and in vifro. In an embodiment, the target cell is a mammalian cell.

[0098] Any route of administration can be used to deliver the composition to the mammal.
Indeed, although more than one route can be used to administer the composition, a particular
route can provide a more immediate and more effective reaction than another route. When
administered to cells i vifro or ex vivo, the nucleic acid or composition can be contacted to the
cell by any suitable method. For instance, the nucleic acid can be in a liposome, encapsulated by
a cationic polymer, and/or introduced by electroporation. When administered to a subject, such
as a mammal or human, the composition can be administered by any of a variety of routes. For
instance, a dose of composition also can be applied or instilled into body cavities, absorbed
through the skin (e.g, via a transdermal patch), inhaled, ingested, topically applied to tissue, or
administered parenterally via, for instance, intravenous, intraperitoneal, intraoral, intradermal,
subcutaneous, or intra-arterial administration.

{6099] The composition can be administered in or on a device that allows controlled or
sustained release, such as a sponge, biocompatible meshwork, mechanical reservoir, or
mechanical implant. Implants (see, e g, U.S. Patent 5,443,505), devices (see, e.g., U.S. Patent
4,863,457}, such as an implantable device, e.g., a mechanical reservoir or an implant or a device
comprised of a polymeric composition, are particularly useful for administration of the
composttion. The composition also can be administered in the form of sustained-release
formulations (see, e.g., U.S. Patent 5.378,475) comprising, for example, gel foam, hyaluronic
acid, gelatin, chondroitin sulfate, a polyphosphoester, such as bis-2-hydroxyethyl-terephthalate

{(BHET), and/or a polylactic-glycolic acid.

EXAMPLES
i80100] The following examples further illustrate the invention but, of course, should not be
construed as 1o any way himiting its scope. Table 2, below, provides the sequences of nucleic

acids used in these experiments.
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{00101] Supplementary Table 1

sgRNA for Cas9

rGrerCrGrUrCrCrArGrCrUrCrGrArCrCrArGrGrArGrurUrUrUrArGrArGrCr
UrArGrArArArUrArGrerArArGrUrUrArArArArUr ArArGrGrCrUrArGrurCrCr
GrurUrArUrCrArArCridrirGrArArArArArGrUrGrerCrArCrerGrArGrurCrG
rGrurGrCrideUrUrt

crRNAY

rUrGrGrarUrArarUrUrUnCrirArCrilrCriin Uk GrdrArGrardrCrGridr SrGrCr
CrGrurCrCrArGrCrirCrerarCrra

crRNAT®

rGrerGrararUrGrerarUrararUrUrUrCriirarCrirCrirUrGridrarGraridiCr
GrirCrGrCrCrGrurCrCrarGrCridrCrGrarCrCrA

criRNATe

scrambiled

GG i GrarGrlrArArUrATAr UrUr U Crilir ArCrirCrildvUrGridrArGrartrCr

GrifrCrerCrlrGrirCrlrarGrOrtrCOrGrarCrCra

crRNA U

rGrGrlrGrarGrlraAllrUrArArUrUrlrCridr ArCridrCridrl i Gridrar Grarlr CrG

rUrCrGrerlrGrlrCrlraArGrirlrCrGrarCrlCra

crRNATS

rAr UGG U G A T G O rUr ArArUrUrUr CridrArCrUrCrilrUr GriurArGr
ArUrCrGrilrCrGrCrCrGrirCrirArGrCrirCrGrArCrCrA

crRNATIS

rGrid rCrArA rArGrG rGrara rUrGrG rArlirA rArUrl virSrld rArCrl
rCrirl vGriraA rGrarU rCrGrU vCrGrC rCrGrU rCrCrA rGrCrU rCrGrA
rCrCrA

CrRNATY

rArUrG rUrGri rUrUrl rUrGrU rCrara rAraArG rArCrC rlUrUrlU rUrUrA
rArUrY flUrCrU rArCrld rCrilrU vGrUrA 1Grarl r1CrGrU fCrGrC fCrGru
rCrCrA vGrorl rCrGrA rCrCrA

CrRNATS?

rGrerCrCrArGrrUrUrGrCrCrGrGrirUrUrUrUr UrArGrirCrGrrGrCrirGr
CrirrCrArtrGrUrGrurUrUrUrUr GrUrCrArArArArGrArCrCrurUrUrUrUrA
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rArUrUrirCridrarCriirCridrUrGridr ArGrAr Ui CrGrirCrGrorCrGrUrCrCrAr
GrCrurCrGrArCrCrA

CrRNATE 57

rUrCrArATArATGrArCrCrUrUrUr UrGrurCrATArATATGrArCrOrUrUrUrUr GrU
rCrArATARATGrArCrerUrUrUrUr GridrCrATArATArGrArCrerUrUrUrUr UrArA
rUrUrUrCrUrArCrUrCrUrUrGrdrArGrArlrCrGrUrCrGrirCrGridrCrCrArGr
CrirCrGrAarCrCrA

SrRNA™S D3

rGrorCrGrGrCrlrldrGrirCrGrGrurUrUrUrUrUrArGridr CrGrilr GrCrUrGrC
rUrUrCrArUrGrirGrurUrUrUrUrGrdrCridrArArGrArArCrrUrUrArArArUrA
rArUrUrUrCrUrArCrurCrUrUrGrr ArGrArUrCrGrUrCrGrCrCrGrUrCrCrAr
GrCrUrCrGrArCrCrA

Ai8 orRNA rUrArArUrUrUrCrlrArCridrCrUrUrGrirArGrAarUrUrCrCrArArArCridrCrarl
rOrArArUrGridrarUrCrid

Ai9 crRNA2 rUrUrUrArArUrUrUirCrlrarCrUrCrirUrGridrArGrAarUriUrCrCrArArArCrirC
rArirCrarArUrGrirarUrCrl

Ai9 crRNA™S rAFrGrArCrCridrUrUrUrUrArArUrUrUrCrilirArCrilrCrlrUrGridrArGrarlrirC
rCrArArArCrUrCraArUrCrararUrGrirarUrCrid

A9 crRNAT® rGrArGrCrArGrCriirUirGrrCrGrGrurUrUrUrUrUrarGridrCrGridrGrCrir Gr

CrirUrCrArUrGrUrGrurUrUrUrUnGriUrCrArArArArGrAarCrCrurUrUrUrUrA
rArUrUrrCridrArCridrCridrUrGridrArGrArUrUrCrlrarArArCridrCrArUrCrA
rariirGrirarUrCru

Serpinal crRNA

rUrarAarUrUrUrCridrArCrirCriurUrGriurarGrarUrlrCrGrUrCrGrarlrGrGr
UrCraArGrerArCrArGrCrC

Serpinal crRNA™

rCrirCrCrCrCrUrCrCrUrArArUrUrUrCrUrarCridrCridrUrGrUrArGrArUrUr
CrGridrCrGrArUrGrGrrCrArGrCraArCrArGrCrC
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ssODN with Clal

CTCGCCGGACACGUTGAACTTGTGGCCGCTTACGTCGLCGTCCAG

any homology

restriction CTCOACCATCGATGGGCACCACCCCGGTGAACAGCTCCTCGCCCTT
enzyme site GCTCACCAT
55DNA without GGGATAGACATGGGTATGGCCTCTAAAAACATGGCGCCAGCAGCTT

CAGTCCCTTTCTCATCGATGGTCAGCACAGCCTTATGCACGGCCTG
GAGGGGAG

ssDNA for ai9 CTTGACCTCOGGGEGGATAGACATCGGTATGGCCTCTAAAAACATG
myoblast GCgCCAGCAGCTTCAGTCCCTTTCTCATCGATGGTCAGCACAGCCTT
gxperiment ATGCACG
ssRNA for aiS rArGrarArArGrGrGrarCrUrGrAarArGrCridrGrCrUrGrirld rUrUrA rGrarG
myoblast rCriUrA rGrArA rArUrA rGrorA rArGrU rUrArA rArArU rArArG rGrCrl
experiment rArGri rCrCrG rUrUrA rUrCrA rArCrlU rUrGrA rArArA fArGrl rGrGrC
rArCrC rGrArG rirCrG rGridrG rCridrUrlrld
ant 53RNA for rGrGrGrArArUrGrrA
GFP-HEK
experiment
100nt ssRNA for | rArArGrdrArArArArCrorldrCridrArCrarArArUrGrGrUrUrUrUrArGrArGrrl
GFP-HEK rArGrATArArUrArGrCrArArGrUrUrArArArArUrArArGrGrCrUrArGrUrCrCr (s
experiment rUrUrArUrCrArArCrUrUrGrArArArArArGridrGrGrerArCrCrGrArGridrCrGr
GrirGrCrUrUrUrU
i80102] *: phosphorothicate
{00103]  \U: 2 Deoxy
{060104] Underline: pre-crRNA sequences
EXAMPLE 1
{00105]  This example illustrates that unmodified Cpfl crRNA tends to provide lower gene

editing efficiency as compared to Cas9 sgRNA.
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{00106]  SpCas9 and AsCpfl, both without extension of the guide RNA, were compared using
a green tluorescent protein (GFP) reporter system. A matched protospacer DNA sequence in the
GFP gene that could be recognized by both nucleases was selected in order to directly compare
AsCpfl and SpCas9. The systems are illustrated in FIG. 13A. The RNP complexes were
introduced into HEK293T cells expressing the GFP gene under the control of a doxyeycline-
inducible promoter (GFP-HEK) using both electroporation and cationte lipids. Editing activity
was determined by measuring the population of GFP negative cells, with GFP being disrupted
through NHEJ-mediated indel mutations.

i80107]  AsCpfl RNP exhibited lower gene editing than SpCas9 in both the electroporated and
Lipofectamine treated cells (FIG. 13B and 13C). AsCptl RINP electroporated cells were 31%
GFP negative, while SpCas® RNP electroporated cells were 41% GFP negative (FIG. 13B).
With the Lipofectamine and RNAiMax delivery systems, AsCptl treated cells were
approximately 8% GFP negative while SpCas9 treated cells were approximately 30% GFP

negative (FIG. 13C).

EXAMPLE 2

{00108] This example demonstrates that a nucleic acid comprising Cpfl crRNA, a processing
sequence 57 of the Cptl crRNA, and an extension sequence 57 of the processing sequence
{reversibly supercharged crRNA) enhances delivery of Cpf1 by cationic lipids in vifro.

{60109] Cationic materials such as hipofectamine and polycations are the most commonly
used delivery vehicles for nucleic acids in cells and living animals. Therefore, efficiency of the
cationic lipid lipofectamine to transfect Cpfl/crRNA complexes into green fluorescent protein
expressing HEK cells (GFP-HEK)} was analyzed. Briefly, crRNA designed to knock down the
GFP gene via indel formation was complexed with Cpfl and either electroporated
{nucleofection) into cells or transfected with lipofectamine. The gene editing efficiency was then
determined by measuring the number of GFP knockout cells, via flow cytometry, wherein cells
that no longer express GFP indicate that the cell was transfected with the Cpf1/crRNA complex.
{00110] The results from these experiment show that lipofectamine cannot efficiently transfect

unmodified Cpfl orRNA complexes (FEG. 14). Specifically, cells treated with lipofectamine and
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CotVerRNA complexes had only an 8% NHEJ efficiency, whereas, cells electroporated with
Cpfl/erRNA complexes had a 40% NHEJ efficiency, demonstrating that delivery limitations
were the major cause for the low NHEJ efficiency with lipofectamine.

i80111] To examine the effect of sequence extension, a crRNA, which is 41 nucleotides in
length, was extended by 9 nucleotides (crRNA9) or extended by 59 nucleotides (crRNA™).
The extension included a self-processing sequence that would self-cleave into an active crRNA.
The unmodified crRNA, the crRNA9, and the crRNA " were each individually complexed with
Cpt1 and transfected into the GFP-HEK cells using lipofectamine. The RNPs were formed in
low salt conditions to prevent potential processing of the 5”-end extensions. The level of NHEJ,
which 15 an indicator of transfection efficiency, was determined by measuring the percent of GFP
negative cells.

{80112] As shown in FIG. 1B, extension of crRNA with a self-processing sequence
significantly enhances transfection efficiency with cationic vehicles. Cells treated with
unextended crRNA via lipofectamine showed 8% GFP negative, whereas the 9-base extended
crRINA treated cells were 18% GFP-, and the 59-base extended ctRNA treated cells were 37%,
which was approximately a 4-fold increase over the control unmodified crRNA. In addition,
ctRNA+9, crBRNA+15, and orRNA+2S were tested with lipofectamine and showed length
dependent increase of gene editing efficiency (FIG. 1C)

[00113] To ascertain if there 15 a specific 57-extension sequence requirement for this
enhancement, three different 59 nucleotide 57 extensions were compared. The first and original
59 nucleotide extended crRNA 1s described above and contains one AsCpfl pre-crRNA
{(ctRNA+59), the second 59 base extended cRNA contatns four AsCpfl pre-crRNA sites in
tandem (crRNA+59-D2), and the third 59 base extended crRINA contains the FuCpfl pre-ctRNA
preceded by a scrambled DNA sequence with no homology to any sequence in the human
genome (ctRNA+59-D3) (FIG. 1D). These crRNAs were delivered using Lipofectamine 2000
sirntlar to the above paragraph. All three 57 extensions showed equivalent editing activity:
crRNA+59 cells were 32% GFP negative, crRNA+59 D2 cells were 30% GFP negative, and
crRNA+S59 D3 cells were 27% GFP negative (FIG. 1E). This suggests that there is not a

stringent sequence requirement for the 5'-extension enhancement, similar to previous findings
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with the 9 nucleotides extended crRNAs with electroporated cells. Additionally, these results
provide evidence supporting the above hypothesis that increasing the negative charge density on
the crRNA, and thereby also the AsCpf1 RNP complex, can enhance the delivery of AsCptl to
cells by cationic lipids.

{00114] The extended crRNAs were tested in an in vitro DNA cleavage assay to determine
whether the extended crRINAs enhanced the inherent muclease activity of Cpfl. No difference in
activity was observed between the three crRNAS tested: wild type ctRNA, crRNA™, and
ctRNA? with 15 minutes and 60 minutes incubation time. ctRNA™’ even had slower DNA
cleavage than wild type ctRNA when the incubation time was only 5 minutes.

[00115] 5 extended crRNAs were also studied to determine if there was enhanced gene
editing activity in the Cpfl if delivered by plasmid rather than as an RNP. Cpfl plasmid was
transfected 24 hours prior to electroporation of the crRNAs and the gene editing activity was
determined. No improvement in gene editing efficiency was observed when the Cpf'1 was
produced from plasmids.

{00116] Further, the crRNAs were labeled with a fluorescence dye to determine if the
extended crRINAs had enhanced uptake in cells after delivery via either electroporation or
lipofectamine. Electroporation of the Cptl RNPs resulted 1o above 90% of the cells being
positive for the dve-crRNA and showed highly efficient delivery regardless of the crRNA length.
The delivery efficiency of Cpfl RNP with lipofectamine was dependent on the length of the
crRINA, and extended crRINAs were delivered into HEK 2937 cells more efficiently than wild
type crRNA (FIG. 1F).

{00117] The results show that extended ctRNA as provided herein enhance delivery and gene

editing efficiency.

EXAMPLE 3
{00118] Thus example demonstrates that the activity of Cpfl 1s enhanced with 5’ -terminal
extensions in HEK cells with electroporation.
{00119] GFP-targeting crBRNAs with 57-end extensions of 4, 9, 15, 25, and 59 nucleotides

2

were introduced into GFP-HEK cells by electroporation as an RNP complex with AsCpfl. The
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sequences for the 4 to 25 nucleotide extensions were scrambled, and the 59 nucleotide extension
consisted of the AsCpfl pre-crRNA preceded by a scrambled RINA sequence with no homology
to human genome sequence.

{801206] The crRNAs with the 4 to 25 nucleotide 5’ -extensions all exhibited dramatically
increased gene editing over the crRNA with no extension. Cells electroporated with the
unextended cRNA were 30% GFP negative (ctRNA), with 4 to 25 nucleotide extended crRNA
were 55 1o 60% GFP negative, and with 59 nucleotide extended crRNA were 37% GFP negative
(FIG. 2). The gene editing levels for the 4 and 25 nucleotide 5’-extended ctRNAs are
comparable to that of the SpCas® RNP electorporated cells.

{00121]  The results contirm that 57 extensions of Cptl crRNA increase gene editing

efficiency.

EXAMPLE 4
{00122] This example demonstrates that a nucleic acid comprising Cpfl crBRNA and an
extension sequence 5 enhances delivery of Cpfl by cationic lipids i vivo as well as Cpfl
activity in cells.
{60123] Three different chemical modifications were investigated on ¢rRNAs with extension:
2" O-methyl modification, phosphororthioate linkages, and deoxynucleotide ribose groups (FIG.
15A). The first 3 of the 4 nucleotides were extended with 2°-O-methy! nucleotides and 37
phosphorothicate linkage (MS), a deoxynucleotide at the 9™ position of the 9 nucleotide 5'-
extended ctRINA (9dU), 37 phosphorothioate linkage to all 9 nucleotides plus a deoxynucleotide
at the 9' position of the 9 nucleotide 5'-extended crRINA (9s).
{00124] Cpfl RNP with crRNAs that had extension and chemical modifications were
electroporated into GFP-HEK cells and the gene editing activity was determined by flow
cytometry. Extended crRNA with chemical modifications had similar activity to unmoditied
extended ctRNA (41% to 46% GFP negative cells) (FI1G. 15D
i80125]  Also, these crRINAs were examined using a blue fluorescent protein {(BFP) expressing

HEK293T cell line (BFP-HEK). The results are presented in FIG, 12.
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[00126] The results from this experiment show that the 57 -extensions increased the gene
editing efticiency of AsCpfl and the tolerance of the §”-end of the crRNA for chemical
modifications. Further, 87 chemical modifications of the crRNA are possible without damaging
the activity, if the 57 end of the crRNA is extended.

{00127] A key benefit of using chemically modified crRNAs 1s that they are more stable to
hydrolysis by serum nucleases. Therefore, the serum stability of the 5” chemically modified
crRINA was investigated.

{00128] S’ chemically modified crRNAs were incubated in dituted fetal bovine serum and
their degradation was analyzed via gel electrophoresis. FIG. 158 provides a quantification of
crRNA remaining after 15 minutes incubation in serurmn. The results show that the vomodified
crRINAs rapidly degrade in serum, whereas crRNA™ which contains a phosphorothiocate
backbone, 1s signiticantly more stable to hydrolysis in serur.

{00129] S modified ctRNAs were also studied to determine if they could enhance the ability
of lipofectamine to transtect Cpf1 RNP, due to its ability to protect the crRNA from nucleases in
cells and in serum. Cpfl with crRNA™ was more efficient at editing genes in cells than
ctRNA™ by 40%, suggesting that 5° crRNA chemical modifications, enabled by §” crRNA
extension, will have numerous applications in gene editing (FIG. 15C).

{801306] The crystal structure of Cpfl RNP has recently been solved and demonstrates that the
AsCpfl protein forms numerous interactions with the phosphodiester backbone of the crRNA.
5’-chemical modifications of the unextended crtRNA therefore has a high chance of disrupting
important interactions between the ctRINA and the Cpfl, resulting in a disruption of AsCpfl
gene editing activity.

{00131] In contrast, crRNA with 57 extensions appear to tolerate chemical modifications
because the nucleotides interacting with the AsCpfl protein are not modified. These results
provide a methodology for introducing chemical modifications at the 5" -end of the crRNA,
which can potentially enhance delivery for ex vivo and in vive therapeutic applications. Such a
construct also enables other molecules, such as a targeting ligand, endosomal escape moiety, or
other functional molecules, to be conjugated to the extended crRNA and retained with the Cpfl

molecule. For instance, biotin or avidin (or streptavidin) could be conjugated to the crRNA
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extension, allowing the moditied crRNA to bind to another molecule {e.g , targeting molecule)
conjugated with streptavidin or biotin as appropriate (e.g. F1G. 14). In addition, the crRNA
could be conjugated to a Cpft mRNA by way of the extension, allowing Cpfl to be delivered by
translation of the mRNA. Once the Cpfl mRNA is translated and produces Cpfl protein in the
cvtoplasm, Cpfl protein will recognize the crRNA part of the construct and, optionally, process

the connecting RNA sequence, separating Cpfl mRNA and ctRNA.

EXAMPLE S
{80132] Experiments were also performed to determine if crRINA with an extension sequence
could enhance the ability of cationic polymers to transfect Cpfl. In particular, the various length
crRINAs as used in Example 2 (crRNA with no extension, 9 nt extension, and 59 nt extension)
were complexed with Cpfl, mixed with the cationic polymer PAsp(DET), and added to GFP-
HEK cells. The NHEJ efficiency of the formulations was determined by measuring the
frequency of GFP negative cells via flow cytometry.
{60133]  As shown in FIG. 16, the 59 base 5 -extension enhanced PAsp(DET) mediated
delivery of AsCpfl RNP to the cells by 2-fold. The unextended ctRNA (crRINA) was 8% GFP
negative, the 9 nucleotides extended ¢crRNA (crRNA+9) was 10% GFP negative, and the 59
nuclectides extended crRNA (crRNA+59) was 18% GFP negative. These results demonstrate

that the extension sequences can improve delivery of ¢rRNA to cells using cationic polymers.

EXAMPLE 6

{00134] This example demonstrates extended crRNA enhances delivery of Cpfl in vive.
[00135]  Experiments were performed to determine if extended crRNA (crRNA™?) could
enhance the cationic lipid mediated delivery of Cpfl in vive. A schematic of the experiment is
provided in FIG. 3A.

{80136] The studies were performed in A9 mice using the previously validated spacers. AiS
mice were given one intramuscular injection of Lipofectamine or PAsp{(DET) combined with
either: AsCpfl-crRNA complex or AsCpfl-crRNA™ complex. Two weeks after the injection,

the expression of tdTomato (red fluorescence) was imaged 1n 10 um sections of the
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gastrocnemius muscle (muscle figure in FIG, 3B). A comparison of the images collected for the
unextended and extended crRINAs showed that the extended crRINA dramatically enhanced the
ability of the PAsp(DET) to deliver AsCpfl RNP in vivo. Additionally, the RNP with the
extended crRNA (Cpfl RNP+59) complexed to PAsp{DET) induced the expression of tdTomato
millimeters away from the injection site as well as the entire gastrocnemius muscle. The high
range of tdTomato expression in the muscle 1s likely due to the unique polynucltear nature of the
muscle fibers. This would allow the TdTomato to be expressed over the entire length of the
muscle fiber and, thus, observable over several millimeters in length.

i80137] The ability of the 59 nucleotides extended crRNA to enhance the delivery and, by
extension, the editing efficiency of AsCpf1 RNP in vivo, bolsters Cptl’s value as a tool for
animal research and as a potential therapeutic for treating human disease, especially genetic

muscular dystrophies.

EXAMPLE 7

5.1: Extended crRNA Increases HDR and NHEJ Rates
{00138] To examine whether the 5'-extension could increase HDR rates in addition to NHEJ
levels, the AsCptl RNPs with crRNA containing various extensions were introduced into GFP-
HEK cells together with a single-stranded oligonucleotide donor (ssODN). NHEJ levels were
determined by measuring the population of GFP negative cells (similar to the first section), while
HDR rates were quantified using a restriction enzyme digestion assay. A 2-fold improvement in
HDR was observed for both the 4 and 9 nucleotides extended crRNAs (17% HDR frequency for
crRNA+4 and 18% HDR frequency for crRNA+9 versus 9% for unmodified crRNA in FIG,
4A). Smaller increases in HDR were observed for the 59 base extension (13% HIDR rate for
crRNA+59 in FIG, 4A).
{00139] Interestingly, the ssODN used for HDR also dramatically increased the NHE]
efficiency of AsCpfl. The ssODN increased the percentage of GFP negative cells from: 30% to
46% for the unextended crRNA (crRNA), 55% to 95% for the 4 base extended crRNA
{crRINA+4), 58% to 93% for the 9 base extended crRNA (crRNA+9), and 37% to 58% for the 59
base extended crRNA (crRNA+S59) (FIG. 4B). The finding that exogenously added DNA
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enhances AsCpfl RNP-mediated editing was further validated in the BFP reporter system.
Single-stranded DNA (ssDNA) without any homology to the human genome was electroporated
into BFP-HEK cells with AsCptl RNP. Simntlarly, the addition of ssDNA increased the AsCptl
editing activity by 2-fold for both the unextended and extended crRNAs. The BFP negative
population increased from: 31% to 50% for the unextended crRNA (crRNA), 59% to 91% for the
4 nucleotides extended crRNA (ctRNA+4), and 60% to 95% for the 9 nucleotides extended
crRINA (crRNA+9) (FIG. 4C). Additional experiments were performed to determine if the
exogenously added DNA had to have homology to the Cpfl RNP target site in order to enhance
gene editing. AsCpf1 RNP was electroporated into cells along single-stranded DNA (ssDNA)
without any homology to the target sequence, and the gene editing efficiency was measured.
Similarly, the addition of ssDNA without homology also increased the AsCpf1 editing activity to
approximately 90% for both extended ¢rRNAs (FIG, 4B). The results demonstrate that ssDNA
can augment editing with AsCpt'l. Additionally, the activity enhancement with 5”-end extenston
was synergistic with exogenous ssDNA and collectively the gene editing they induced was close
to a 100%. It was observed that the addition of ssBNA did not enhance Cpfl gene editing
efficiency if lipofectamine is used as the delivery method instead of electroporation.
{00140] Itis sometimes preferably to use RNA rather than DNA for gene editing as ssRNA
cannot integrate into the genome, and can be safer to use. To test for the effect of ssRNA rather
than DNA, GFP-HEK cells were electroporated with Cpfl RNP and two different ssRNAs (9ot
and 100nt) and the resulting levels of gene editing were determined. Two 100nt ssRNAs with
shight sequence variation both dramatically increased the gene editing efficiency of Cpfl,
resulting in a 2-fold improvement, whereas the 9nt ssRNA induced a 10% eshancement in gene
editing efficiency (FIG. 4E).
{00141] These results demonstrate that single stranded nucleic acids can be used to augment
the Cpf'l editing activity in cells.

5.2 Single-molecule Extended crRNA and Donor DNA.
i80142] Part 2 of this example demonstrates that extended crRNA combined with donor DNA

in a single molecule can enhance HDR.



WO 2019/070762 PCT/US2018/054027

40

{00143] The vast majority of genetic diseases require gene correction instead of knockout, and
there is therefore of great interest in developing Cpfl based therapeutics that can coirect gene
mutations via HDR. To address the problem of generating nanoparticles that efficiently
encapsulate both donor DNA and Cpfl-ctRNA, experiments were performed to determine
whether ¢crRNA and donor DNA could be combined into a single molecule, via a reversible
disulfide bond. OUne challenge is that 5° terminal of ¢rRNA is guite sensitive to chemical
modifications, as reported previously. Theretore, chemical modifications at the 5° end of the
crtRNA extended self-processing sequence were tested.

i80144] crRNA was extended with four additional nucleotides at its 5° terminal and a
chemical modification (1.e., S DBCO, 5’thiol, or S"azide) was added to the end of the
nucleotides. The activity of 4 nt extended crRNAs was tested with and without the chemical
modifications at 5™ terminus. Briefly, the 57 modified supercharged crRNA, designed to knock
down the GFP gene via indel formation, was complexed with Cpfl and electroporated
(nucleofection) into cells. The gene editing efficiency was then determined by measuring the
number of GFP knockout cells, via flow cytometry, wherein the cells no longer expressing GFP
indicate that the cell was transfected with the Cpfl/crRNA complex.

{00145] FIG. 4F shows that none of the chemical modifications or nucleotide extensions
affected the Cpfl-crRNA activity, as all crRINA complexes showed about 40% GFP knockout,
which is similar levels to unmodified control crRNA.

{00146] As chemistry on 57 terminal of ctRNA can be added without losing activity, the 5
end of crRNA was activated with thiopyridine to react with a thiol terminated donor DNA (see
FEGK. 3A-5C). Reaction between the two macromolecules have slow kinetics. Therefore, a
method of using a bridge DNA that is complementary to both the ctRNA and the donor DNA
was used. The bridge hybridizes and brings two macromolecules in proximity to facilitate the
reaction in order to enhance the conjugation yield between crRNA and donor DNA. The
conjugation yield was up to 40% and the product was purified via gel extraction. The conjugate
was named “Homologous DNA-crRNA” (HD-RINA). HD-RNA contains a disulfide bond, which
should be reduced in the cytoplasm. Thiol mediated cleavage of HD-RNA was determined by

incubating it in DTT for 6 hours, and analyzing its molecular weight via gel electrophoresis. A
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comparison of the gels in FIG. 3C shows that DTT reduces HD-RNA and regenerates Donor
DNA and crRNA.

{00147] HD-RNA complexed with Cpfl was electroporated into GFP-HEK cells and the
levels of HDR and NHEJ were compared to cells electroporated with Cpfl-crRNA and donor
DNA separately. Similar levels of NHEJ and HDR were observed from cells electroporated with
HD-RNA compared to the cells electroporated with Cpfl-crRNA and donor DNA,
demonstrating that conjugation of ctRNA with donor DNA via disulfide bond does not affect the
functionality of either the crRNA or the donor DNA.

i00148] Experiments were performed to determine whether HD-RNA enhances the HDR
efficiency of Cpfl after transfection with cationic lipids (i.¢, lipofectamine) or cationic polymers
{ie, PAsp(DET}). For these experiments, HD-RINA complexed with Cptl was transtected into
GFP-HEK cells using lipofectamine or PAsp(DET) and the levels of HDR and NHEI were
compared. NHEJ was determined by measuring the frequency of GFP negative cells, and was
confirmed by performing a Surveyor assay with a PCR amplicon of the targeted region of the
BFP gene. HDR efficiency was determined by isolating cellular DNA and analyzing for the
presence of a restriction enzyme site embedded in the donor DNA.  Results are presented in
FIGS. 6 and 7.

i80149] FIG. 6 and 7 demonstrate that HD-RNA enhanced both the NHEJ and HDR
efficiency of Cpfl after delivery with PAsp{(DET). Specifically, HDR was detected in up to 60%
of the cells treated with HD-RNA/Cpfl complexed delivered with PAsp(DET), which is
significantly higher than the HDR rate of cells treated with Cpfl/crRNA and donor DNA
complexed with PAsp(DET). In addition, the 60% HDR rate observed with HD-RNA/Cpf1
complexed delivered with PAsp(DET) is even higher than the HDR rate observed with
electroporation of Cpfl/crRNA complexes, and suggests that having Donor BNA in the vicinity
of a Cpfl cleavage site may assist with HDR.

{B0130] These results demonstrate that extended crRNA can enhance HDR.
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{60151]  This example demonstrates the use of extended crRNA in a different cell type, and
the utility of the method to treat genetic disorders.

{00152] HD-RNA has numerous potential applications because of ifs capacity to enhance the
ability of Cpfl to generate HDR in cells after delivery with cationic lipids. Duchenne muscular
dystrophy (DMD) was tested as an imtial medical application for HD-RNA. DMD is an early
onset lethal disease, caused by mutations in the dystrophin gene; it is the most common
congenital myopathy, and approximately 30% of DMD patients have single base mutations ot
small deletions that could be potentially treated with HDR based therapeutics.

{00153]  Theretore, HD-RNA, designed to target the dystrophin gene, was tested for its ability
to correct the dystrophin mutation in myoblasts obtained from mdx mice via HDR. An HD-RNA
was designed that could cleave the dystrophin gene and which also contained a donor DNA
designed to correct the C to T mutation present in their dystrophin gene (see FIGS., 10A and
18B). The HDR rate in mdx myoblasts treated with Cpf1/HD-RNA + lipofectamine was
determined and compared against mdx myoblasts treated with Cpf1-crRNA, donor DNA and
lipofectamine. It was found that Cpfl complexed to HD-RNA is more efficient at generating
HDR in mdx myoblasts than cells treated with Cpfl RNP and donor DNA. For example, HD-
RNA treated cells had a 5-10% HDR rate whereas control cells, had only a 1% HDR rate.
{00154] In another experiment, primary myoblasts isolated from the Ai9 mouse, whichis a
transgenic mouse strain containing stop codons in all 3 reading frames coupled to a triple
poly{A) signal upstream of a tdTomato reporter, were electroporated with AsCpf1 RNP
complexed with crRNAs with and without 57 extensions. The Ai® mouse 1s a transgenic mouse
strain, which contains a tdTomato reporter gene that has stop codons in all 3 reading frames
coupled to a triple polv(A) signal. The AsCpfl spacers were designed to introduce multiple
breaks into the DNA that would result in the removal of the stop sequence through genomic
deletion. Successful genetic editing is indicated by the expression of tdTomato {a red fluorescent
protetn, RFP), which can be visualized through fluorescence microscopy and quantified using
flow cytometry. The extended crRNAs increased gene editing by 40-50% over the unextended

crRNA. Myoblasts treated with unextended ctRNA were 12% RFP positive; myoblasts treated
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with 2 nucleotide-extended crRNA were 15% RFP positive; myoblasts treated with 9 nucleotide-
extended crRINA were 18% RFP positive, and myoblasts treated with 59 nuclectide-extended
ctRNA were 16% RFP positive (FIG. 16C). Additionally, the efficiency of gene editing was
tested using the crRNA with ssDNA ssRNA (100 nt) with no sequence homology to target DNA
primary myoblasts. Both ssDNA and ssRNA enhanced the gene editing efficiency (FIG. 10D).
{00158]  Overall, the deletion of target sequence in primary myoblasts suggests that the
enhanced gene editing of the extended crRNAs 15 broadly applicable across genetic targets and
cell types. These results demonsirate that HD-RNA can be used as a therapeutic for genetic

diseases.

EXAMPLE 10
{601%6] The following example demounstrates that enhancing gene editing etfects of the 57
crtRNA extensions are broadly applicable across genetic targets and cell types. These ctRNAs
were tested to see if they could enhance the ability of the CpfT RNP to edit an endogenous gene,
using Serpinal, as a testbed.
{00157]  Cpfl with either crRNA or crRNA™, targeting the Serpinal gene, were transfected
into Hep(G2 cells were transtected using electroporation. Serpinal was selected for further
investigation because mutations in the Serpinal gene cause alphal-anti-trypsin deficiency, which
makes it a target for therapeutic gene editing. Droplet digital PCR was conducted on genomic
DNA from the HepG2 cells to quantity NHEJ efficiency.
{00158] Cpfl RNP with crRNA™ had an enhanced NHEJ efficiency in comparison to wild
type crRNA, as shown in FIG. 18E. These results further indicate that the gene editing effects

of 5 crRINA extensions are broadly applicable across genetic targets.

{060159]  All references, including publications, patent applications, and patents, cited herein
are hereby incorporated by reference to the same extent as if each reference were wndividually
and specifically indicated to be incorporated by reference and were set forth in its entirety herein.
[00160] The use of the terms “a” and “an” and “the” and “at least one” and similar referents in

the context of describing the invention (especially in the context of the following claims) are to
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be construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The use of the term “at least one” followed by a list of one or
more items (for example, “at least ove of A and B”) is to be construed to mean one item selected
from the listed items (A or B} or any combination of two or more of the listed items (A and B},
unless otherwise indicated herein or clearly contradicted by context. The terms “comprising,”
“having,” “including,” and “containing” are to be construed as open-ended terms (1.¢., meaning
“including, but not limited to,”) unless otherwise noted. Recitation of ranges of values herein are
merely intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as”) provided herein, is intended merely to better illuminate the invention
and does not pose a limitation on the scope of the invention unless otherwise claimed. No
janguage in the specification should be construed as indicating any non-claimed element as
essential to the practice of the invention.

{80161] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill 1n the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by applicable
jaw. Moreover, any combination of the above-described elements in all possible variations
thereot'is encompassed by the invention unless otherwise indicated herein or otherwise clearly

contradicted by context.
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CLAIM(S):

1. A nucleic acid comprising a Cpfl crRNA, wherein the Cpfl crRNA comprises a
stem-loop domain located 5’ of a targeting sequence; an extension sequence of at least 6
nucleotides and no more than 100 nucleotides positioned 5° of the crRNA; and, optionally, a
processing sequence between the crRNA and the extension sequence, wherein the processing
sequence is a sequence that is self-cleaved by Cpfl; wherein the extension sequence does not
comprise a processing sequence, an aptamer, or the sequence of the Cpfl crRNA, and the

extension sequence comprises a nucleotide comprising a 2’ deoxy modification.

2. The nucleic acid of claim 1, wherein the nucleic acid comprises a processing
sequence, and the processing sequence comprises a fragment of a direct repeat sequence of a
Cpf1 array, wherein the direct repeat sequence comprises a Cpfl crRNA sequence portion and a
processing portion positioned 5° of the Cpfl crRNA sequence portion, and the fragment
comprises at least 5 contiguous nucleotides of the processing portion of the direct repeat

sequence.

3. The nucleic acid of claim 2, wherein the processing sequence comprises a

fragment of at least 10 nucleotides of the processing portion of the direct repeat sequence.

4. The nucleic acid of claim 2, wherein the processing sequence comprises the entire

processing portion of the direct repeat sequence.

5. The nucleic acid of any one of claims 1-4, wherein the extension sequence

comprises fewer than about 60 nucleotides.

6. The nucleic acid of any one of claims 1-4, wherein the extension sequence

comprises no more than about 30 nucleotides

7. The nucleic acid of any one of claims 1-4, wherein the extension sequence

comprises 10 to 100 nucleotides.
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8. The nucleic acid of any one of claims 1-7, wherein the nucleic acid contains only

a single Cpfl crRNA sequence.

9. The nucleic acid of any one of claims 2-8, wherein the nucleic acid further
comprises a second processing sequence 5’ of the extension sequence, and a second extension

sequence 5’ of the second processing sequence.

10. The nucleic acid of any one of claims 1-9, wherein the nucleic acid further

comprises a donor nucleic acid hybridized or covalently linked thereto.

1. The nucleic acid of claim 10, wherein the nucleic acid further comprises a
processing sequence between the Cpfl crRNA and the extension sequence, and the donor nucleic
acid is covalently linked 5” of the processing sequence, or 5° of the extension sequence,

optionally by a linker group.

12. The nucleic acid of claim 10, wherein the nucleic acid further comprises a
processing sequence between the Cpfl crRNA and the extension sequence, and the donor nucleic

acid is hybridized to the extension sequence and/or processing sequence.

13.  The nucleic acid of any one of claims 1 or 5-8, wherein the nucleic acid does not
comprise a processing sequence, optionally wherein the nucleic acid further comprises a donor

nucleic acid is covalently linked 5° of the extension sequence.

14.  The nucleic acid of any one of claims 1-13, wherein the extension sequence

comprises a self-hybridizing sequence.

15.  The nucleic acid of any one of claims 1-14, wherein the extension sequence
comprises a semi-stable hairpin structure, a stable hairpin structure, a pseudoknot structure, a G-
quadraplex structure, a bulge loop structure, an internal loop structure, a branch loop structure, or

a combination thereof,

16.  The nucleic acid of any one of claims 1-15, wherein the extension sequence

comprises a repeating trinucleotide motif, optionally wherein the repeating trinucleotide motif is:
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CAA, UUG, AAG, CUU, CCU, CCA, UAA, or a combination thereof;
CAU, CUA, UUA, AUG, UAG, or a combination thereof;

CGA, CGU, CGG, CAG, CUQG, CCQG, or a combination thereof;

a CNG motif, or combination of CNG motifs, optionally with CGA or CGU;
AGG, UGG, or combination thereof; or

a combination of the foregoing repeating trinucleotides.

17.  The nucleic acid of any one of claims 1-16, wherein the extension sequence or

portion thereof is resistant to nuclease degradation, optionally wherein the extension sequence

comprises one or more modified internucleotide bonds, or wherein the extension sequence

comprises one or more xeno nucleic acids (XNA).

18. The nucleic acid of any one of claims 1-8 or 17, wherein the nucleic acid further

comprises a biotin and/or avidin or streptavidin molecule attached to the 5° terminus of the

extension sequence.

19. A composition comprising the nucleic acid of any one of claims 1-18 and a
carrier, and optionally further comprising a Cpf1 protein or a nucleic acid encoding a Cpfl

protein.

20 The composition of claim 19, wherein the nucleic acid is in a liposome, or
wherein the nucleic acid is partially or totally encapsulated by a polymer nanoparticle, or

attached to a metal or polymer nanoparticle.

21. A method of genetically modifying a eukaryotic target cell, comprising contacting

the eukaryotic target cell with the nucleic acid of any one of claims 1-18 or the composition of

claim 19 or 20 to genetically modify a target nucleic acid.
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22. The method of claim 21, wherein the Cpfl crRNA comprises a targeting sequence

that hybridizes with a target sequence in the target cell.

23. The method of claim 22, wherein the target cell is a mammalian cell, optionally a
human cell.
24. A method of therapeutic treatment of a genetic disease or disorder of a human

subject comprising administering the nucleic acid of any one of claims 1-18 or the composition

of claim 19 or 20 to the human subject.

25.  Use of the nucleic acid of any one of claims 1-18 or the composition of claim 19
or 20 in the manufacture of a medicament for the therapeutic treatment of a genetic disease or

disorder of a human subject.
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FIGURE 9
Type/ Direct Repeat Seque’nces’ of Cpfl Orthologs
Spec: (5°-3")
pectes Processing Sequence Cpfl crRNA Sequence
FnCpfl GUCUAAGAACUUUAAAUAAUUUCUACU-GUUGUAGAU
(SEQ ID NO: 2) (SEQ ID NO: 21)
AsCpfl GUCAAAAGACCUUUUUAAUUUCUACUC-UUGUAGAU
(SEQ ID NO: 3) (SEQ ID NO: 22)
LbCpf1 GUUUCAAAGAUUAAAUAAUUUCUACUAAGUGUAGAU
(SEQ ID NO: 4) (SEQ ID NO: 23)
TsCpfl CUCUAGCAGGCCUGGCAAAUUUCUACU-GUUGUAGAU
(SEQ ID NO: 5) (SEQ ID NO: 24)
SaCpfl AUUUGAAAGCAUCUUUUAAUUUCUACU-AUUGUAGAU
(SEQ ID NO: 6) (SEQ ID NO: 25)
Pb2Cpfl  GGCUAUAAAGCUUAUUUAAUUUCUACU-AUUGUAGAU
(SEQ ID NO: 7) (SEQ ID NO: 26)
PgCpfl GCCAAAUACCUCUAUAAAAUUUCUACU-UUUGUAGAU
(SEQ ID NO: 8) (SEQ ID NO: 27)
MICpfl GUCUAACUACCUUUUAAUUUCUACUGUUUGUAGAU
(SEQ ID NO: 9) (SEQ ID NO: 28)
Mb2Cpfl GUCUAACUACCUUUUAAUUUCUACUGUUUGUAGAU
(SEQ ID NO: 10) (SEQ ID NO: 29)
Mb3Cpfl GUCUAACUACCUUUUAAUUUCUACUGUUUGUAGAU
(SEQ ID NO: 11) (SEQ ID NO: 30)
LbdCpfl  CUCUAAUAAGAGAUAUGAAUUUCUACU-GUUGUAGAU
(SEQ ID NO: 12) (SEQ ID NO: 31)
Lb5Cpfl UGCUUAGAACAUUUAAAGAAUUUCUACU-AUUGUAGAU
(SEQ ID NO: 13) (SEQ ID NO: 32)
FbCpfl GUUUAAAACCACUUUAAAAUUUCUACU-AUUGUAGAU
(SEQ ID NO: 14) (SEQ ID NO: 33)
CRbCpfl CUCUACAACUGAUAAAGAAUUUCUACU-UUUGUAGAU
(SEQ ID NO: 15) (SEQ ID NO: 34)
CPbCpfl GUUUAAAAGUCCUAUUGGAUUUCUACU-UUUGUAGAU
(SEQ ID NO: 16) (SEQ ID NO: 35)
CMaCpfl GUCUAAAACUCAUUCAGAAUUUCUACU-AGUGUAGAU
(SEQ ID NO: 17) (SEQ ID NO: 36)
BsCpfl UGCUUAGUACUUAUAAAGAAUUUCUACU-AUUGUAGAU
(SEQ ID NO: 18) (SEQ ID NO: 37)
BfCpfl GCCAAGAACCUAUAGAUAAUUUCUACU-GUUGUAGAU
(SEQ ID NO: 19) (SEQ ID NO: 38)
BoCpfl GUCUAUAAGACAUUUAUAAUUUCUACU-AUUGUAGAU
(SEQ ID NO: 20) (SEQ ID NO: 39)
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