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FORMULATIONS
601} The present application claims the benefit of priority to U.S. Provisional Patent
Application No. 62/566,240, filed September 29, 2017, the contents of which are

incorporated herein by reference in their entirety.

[602] Lipid nanoparticle (“"LNP”} compositions with improved properties for delivery of
biologically active agents, in particular RNAs, mRNAs, and guide RNAs are provided herein,
The LNP compositions facilitate delivery of RNA agents across cell membranes, and
particular embodiments, they introduce components and compositions for gene editing into
living cells.

1603] Biologically active agents that are particularly difficult to deliver to cells include
proteins, nucleic acid-based drugs, and denivatives thercof. Compositions for delivery of
promising gene editing technologies into cells, such as for delivery of CRISPR/Cas9 system
components, are of particular interest.

[304] A number of components and systerns for editing genes in cells in vive now exist,
providing tremendous potential for treating diseases. CRISPR/Cas gene editing systems are
active as ribonucleoprotein complexes in a cell. An RNA-dirested nuclease binds to and
directs cleavage of a DNA sequence in the cell. This site-specific nuclease activity facilitates
gene editing through the cell’s own natural processes. For example, the cell responds to
double-stranded DNA breaks (DSBs) with an error-prone repair process known as non-
homologous end joining (“NHEJS™). During NHE!, nucleotides may be added or removed
from the DNA ends by the cell, resulting in a sequence altered from the cleaved sequence. In
other circumstances, cells repair DSBs by homology-directed repair (“HDR™) or homologous
recombination (“HR”) mechanisms, in which an endogenous or exogenous template can be
used o direct repatr of the break. Several of these editing technologies take advantage of
cellular mechanisms for repairing single-stranded breaks (SSBs) or DSBs.

[GO5] Compositions for delivery of the protein and nucleic acid components of
CRISPR/Cas 1o a cell, such as a cell in a patient, are needed. In particular, compositions for
delivering mRNA encoding the CRISPR protein component, and for dehvering CRISPR
guide RNAs are of particular interest. Compositions with useful properties for in vitro and in
vivg delivery that can stabilize and deliver RNA components, are zlso of particular interest.
[606] We herein provide lipid nanopaticle-based compositions with useful properties, in

particular for delivery of CRISPR/Cas gene editing components.
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{007] In certain embodiments, the LNP compositions compnise: an RNA component; and
a lipid component, wherein the lipid component comprises: (1) about 50-60 mol-% amine
lipid; (2) about 8-10 mol-% neutral lipid; and (3) about 2.5-4 mol-% PEG lipid, wherein the
remainder of the lipid component is helper lipid, and wherein the N/P ratio of the LNP
composition is about 6. In additional embodiments, the LNP compositions comprise (1) an
RNA component; (2) about 50-60 mol-% amine lipid; (3) about 27-39.5 mol-% helper lipid;
(4) about 8-10 mol-% neutral lipid; and (5) about 2.5-4 mol-% PEG lipid, wherein the N/P
ratio of the LNP composition is about S-7.

[608] In other embodiments, the LNP compositions comprise an RNA component and a
lipid component, wherein the lipid component comprises: (1) about 50-60 mol-% amine lipid;
(2) about 5-15 mol-% neuiral lipid; and (3) about 2.5-4 mol-% PEG hipid, wherein the
remainder of the lipid component is helper lipid, and wherein the N/P ratio of the LNP
composition is about 3-10. In additional embodiments, the LNP compositions comprise a
lipid component that includes (1) about 40-60 mol-% amine lipid; (2) about 5-15 mol-%
neutral lipid; and (3) about 2.5-4 mol-% PEG lipid, wherein the remainder of the hipid
component is helper lipid, andwherein the N/P ratio of the LNP composition is about 6. In
another embodiment, the LNP compositions comprise a lipid component that includes (1)
about 50-60 mol-% amine lipid; (2) about 5-15 mol-% neutral lipid; and (3) about 1.5-10
mol-% PEG lipid, wherein the remainder of the Hpid component is helper lipid, and wherein
the N/P ratio of the LNP composition is about 6.

1609} In some embodiments, the LNP compositions comprise an RNA component and a
lipid component, wherein the lipid coraponent comprises: {1} about 40-60 mol-% amine lipid;
{2y about 0-5 mol-% neutral lipid, ¢.g., phospholipid; and (3) about 1.5-10 mol-% PEG lipid,
wheren the remainder of the lipid component is helper lipid, and wherein the N/P ratio of the
LNP composition is about 3-10. In some embodiments, the LNP compositions comprise an
RNA component and a lipid component, wherein the lipid component comprises: (1) about
40-60 mol-% amine hipid; (2) less than about | mol-% neutral lipid, e.g., phospholipid; and
(3) about 1.5-10 mol-% PEG lipid, wherein the remainder of the lipid component s helper
lipid, and wherein the N/P ratio of the LNP composition is about 3-10. In certain
embodiments, the LNP composition is essentially free of neutral liptd. In some
embodiments, the LNP compositions comprise an RNA component and 2 lipid component,

wherein the lipid component comprises: (1) about 43-60 mol-% amine lipid; and (2) about
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1.5-10 mo}-% PEG lipid, wherein the remainder of the lipid component is helper lipid.
wherein the N/P ratio of the LNP composition is about 3-10, and wherein the LNP
composition is free of neutral lipid, e.g., phospholipid. In certain embodiments, the LNP
composition is essentially free of or free of a neutral phospholipid. In certain embodimenis,
the LNP composition is essentially free of or free of a neutral lipid, e.g., phospholipid.
[310] In certain embodiments, the RNA component comprises an mRNA, such as an
RINA-guided DNA-binding agent (e.g., a Cas nuclease or Class 2 Cas nuclease). In certain
embodiments, the RNA component comprises a gRNA.

BRIEF DESCRIPTION OF DRAWINGS

[611] Fig. | shows the percentage of TTR gene editing achieved in mouse liver after
delivery of CRISPR/Cas gene editing components Cas9 mRNA and gRNA in LNP
compositions as indicated at a single dose of | mpk (Fig. 1A)) or 0.5 mpk (Fig. 1B).

[¢12} Fig. 2 shows particle distribution data for LNP compositions comprising Cas9
mRNA and gRNA.

[613] Fig. 3 depicts physicochemical properties of LNP compositions, comparing log
differential molar mass (Fig. 3A) and average molecular weight measurements (Fig. 3B) for
the compositions.

[G14] Fig. 4 shows polydispersity calculations in Fig. 4A and Burchard-Stockmeyer
analysis in Fig. 4B, analyzing the LNP compositions of Fig. 3.

[B15] Fig 5 provides the results of an experiment evaluating the effect of LNP
compositions with increased PEG lipid concentrations on serum TTR knockdown, gene
editing in the liver, and cyiokine MCP-1 levels after a single dose adminisiration in rats. Fig.
5A graphs senum TTR levels; Fig. 5B graphs percent editing in liver samples; and Fig. 5C
provides MCP-1 levels in pg/mL.

O] Fig. 6 shows that LNP compositions maintain potency for gene editing with
various PEG hpids (as measured by serum TTR levels (Figs. 6A and 6B) and percent editing
(Fig. 6C).

[017] Fig. 7 shows that Lipid A analogs effectively deliver gene editing cargos in LNP
compositions as measured by % liver editing after a single dose administration in mouse.
618} Fig. 8 shows a dose response curve of percent editing with various LNP

compositions in primary cyno hepatocytes.



WO 2019/067992 PCT/US2018/053559

i619] Fig. %A and Fig. 9B show serum TTR and percent editing results when the ratio of
gRNA to mRNA vanes, and Fig. 9C and Fig. 9D show serum TTR and percent editing results
in liver when the amount of Cas® mRNA is held constant and gRNA varies following a single
dose adrainistration in mouse.
[620] Fig. 10A and Fig. 10B show serum TTR and liver editing results after
administration of LNP compositions with and without neutral lipid.

DETAILED DESCRIPTION

[621] The present disclosure provides embodiments of lipid nanoparticle (LNP)
compositions of RNAs, including CRISPR/Cas component RNAs (the “cargo”) for delivery
1o a cell and methods for their use. The LNP compositions may exhibit improved properties
as compared to prior delivery technologies. The LNP composition may contain an RNA
component and a lipid component, as defined herein. In centain embodiments, the RNA
component includes a Cas nuclease, such as a Class 2 Cas nuclease. In certain embodiments,
the cargo or RNA component includes an mRNA encoding a Class 2 Cas nuclease and a
guide RNA or nucleic acids encoding guide RNAs. Methods of gene editing and methods of
making engineered cells are also provided.

CRISPR/Cas Cargo

(622} The CRISPR/Cas cargo delivered via LNP formulation may include an mRNA
molecule encoding a protein of interest. For example, an mRNA for expressing a protein
such as green fluorescent protein (GFP), and RNA-guided DNA-binding agent, or a Cas
nuclease is included. LNP compositions that include a Cas nuclease mRNA, for example a
Class 2 Cas nuclease mRNA that allows for expression in a cell of a Cas9 protein are
provided. Further, the cargo may contain one or more guide RNAs or nucleic acids encoding
guide RNAs. A template nucleic acid, e.g., for repair or recombination, may also be included
in the composition or a template nucleic acid may be used in the methods described herein.
623} “mRMNA” refers to 2 polynucleotide that comprises an open reading frame that can
be translated into a polypeptide (i.e., can serve as a substrate for translation by a nbosome
and amino-acylated tRNAs). mRNA can comprise a phosphate-sugar backbone including
ribose residues or analogs thereof, e.g., 2" -methoxy ribose residues. In some embodiments,
the sugars of an mRNA phosphate-sugar backbone consist essentially of ribose residues, 2°-
methoxy ribose residues, or a combination thereof. In general. mRNASs do not contain a

substantial quantity of thymidine residues {e.g., O residues or fewer than 30, 20, 10, 5, 4, 3, or
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2 thymidine residues; or less than 10%, 9%, 8%. 7%, 6%, 5%, 4%, 4%, 3%, 2%, 1%, 0.5%.,
0.2%, or 0.1% thymidine content). An mRNA can contain modified uridines at some or all of
its uridine positions.

CRISPR/Cas Nuclease Systems
[624] One component of the disclosed formulations is an mRNA encoding RNA-guided
DNA-binding agent, such as a Cas nuclease.
625§ As used herein, an “RNA-guided DNA binding agent” means a polypeptide or
complex of polypeptides having RNA and DNA binding activity, or a DNA-binding subunit
of such a complex, wherein the DNA binding activity is sequence-specific and depends on
the sequence of the RNA . Exemplary RNA-gpuded DNA binding agents include Cas
cleavases/nickases and inactivated forms thereof (“dCas DNA binding agents™). “Cas
nuclease”, as used herein, encompasses Cas cleavases, Cas nickases, and dCas DNA binding
agents. Cas cleavases/nickases and dCas DNA binding agents include a Csmor Cmr
complex of a type IHI CRISPR system, the Cas!0, Csml, or Cmr2 subunit thereof, a Cascade
complex of a type [ CRISPR system, the Cas3 subunit thereof, and Class 2 Cas nucleases. As
used herein, a “Class 2 Cas nuclease” is a single-chain polypeptide with RNA-guided DNA
binding activity. Class 2 Cas nucleases include Class 2 Cas cleavases/nickases {e.g., H840A,
DI0A, or NB63A variants), which further have RN A-guided DNA cleavage or nickase
activity, and Class 2 dCas DNA binding agents, in which cleavase/nickase activity is
inactivated. Class 2 Cas nucleases include, for example, Cas9, Cpfl, C2¢l, C2¢2, C2¢3, HF
Cas9 (e.g., N49TA RGO1A, Q695A, Q926A variants), HypaCasO (e.g., N692A, ME94A
QG69SA, HE98A variants), eSPCas9(1.0) (e.g, K8I10A, K1003A, R1060A variants), and
eSPCas9(1.1) (e.p., K84BA KIDO3A, R1060A variants) proteins and modifications thereof.
Cpfl protein, Zetsche et al., Cell, 163: 1-13 (2015), is homologous to Cas9, and contains a
RuvC-like nuclease domain. Cpfl sequences of Zetsche are incorporated by reference in their
entirety. See, e.g., Zetsche, Tables S1 and S3. See, e.g., Makarova et al., Nat Rev Microbiol,
F3(11): 722-36 (2015); Shmakov et al., Molecular Cell, 60:385-397 (2015).
[026}] In some embodiments, the RNA-guided DNA-binding agent 15 2 Class 2 Cas
nuclease. [n some embodiments, the RNA-guided DNA-binding agent has cleavase activity,
which can also be referred to as double-strand endonuclease activity. In some embodiments,
the RNA-guided DNA-binding agent comprises a Cas nuclease, such as a Class 2 Cas

nuclease (which may be, ¢.g., a Cas nuclease of Type I, V, or VI). Class 2 Cas nucleases
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include, for example, Cas9, Cpfl, C2¢l, C2¢2, and C2c3 proteins and modifications thereof,
Examples of Cas9 nucleases include those of the type [I CRISPR systems of S. pyogenes, S.
oureus, and other prokaryotes (see, e.g., the list in the next paragraph), and modified (s.g.,
engineered or mutant) versions thereof. See, e.g., U.S. 2016/0312198 Af; U.5. 2016/0312199
Al. Other examples of Cas nucleases include a Csm or Cimr complex of a type 11 CRISPR
systern or the Casl 0, Csmi, or Cmr2 subunit thereof: and a Cascade complex of a type |
CRISPR system, or the Cas3 subunit thereof. n some embodiments, the Cas nuclease may be
from a Type-1IA, Type-1IB, or Type-IIC system. For discussion of various CRISPR systems
and Cas nucleases see, e.g., Makarova et al., Nat. Rev. Microbiol. 9:467-477 (201 1);
Makarova et al | Nat. Rev. Microbtol, 13: 722-36 (2013); Shmakov et al., Molecular Cell,
60:385-397 (2015).

(627} Non-limiting exemplary species that the Cas nuclease can be derived from include
Streptococcus pyogenes, Streptococcus thermophilus, Streptococcus sp., Staphylococcus
aureus, Listeria innocua, Lactobacitlus gasseri, Francisella novicida, Wolinella succinogenes,
Sutterella wadsworthensis, Gammaproteobacterium, Neisseria meningitidis, Campylobacter
jejuni, Pasteurella multocida, Fibrobacter succinogene, Rhodospirillum rubrum, Nocardiopsis
dassonvillei, Streptomyces pristinaespiralis, Streptomyces viridochromogenes, Streptomyces
viridochromogenes, Streptosporangium roseumn, Streptosporangium roseum, Alicyclobacillus
acidocaldarius, Bacillus pseudomycoides, Bacillus selenitireducens, Exiguobacterium
sibiricum, Laciobacillus delbrueck, Lactobacillus salivarius, Lactobacillus buchneri,
Treponema denticola, Microscilla marina, Burkholderiales bacterium, Polaromonas
naphthalentvorans, Polaromonas sp., Crocosphaera watsonii, Cyanothece sp., Microeystis
aeramnosa, Synechococcus sp., Acetohaiobhun arabaticum, Ammonifex degensh,
Caldicelulosiruptor becscii, Candidatus Desulforudis, Clostridium botulinum, Clostridiem
difficile, Finegoldia magna, Natranaerobius thermophilus, Pelotomaculum
thermopropionicum, Acidithiobacillus caldus, Acidithicbacillus ferrooxidans,
Alochromatium vinosum, Marinobacter sp., Nitrosococeus halophilus, Nitrosococcus
watsony, Pseudoalteromonas haloplanktis, Kiedonobacter racemifer, Methanohalobium
evestigatum, Anabaena variabilis, Nodularia spumigena, Nostoc sp., Arthrospira maxvmna,
Arthrospira platensis, Arthrospira sp., Lyngbya sp., Microcoleus chthonoplastes, Oscillatoria

sp., Petrotoga mobilis, Thermosipho africanus, Streptococcus pasteurianus, Neisseria cinerea,
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Campylobacier lan, Parvibaculum lavamentivorans, Corynebacterium diphthena,
Acidaminocaccus sp., Lachnospiraceae bacterium NID2006, and Acarvochlons marina.

{628} In some embodiments, the Cas nuclease is the Cas® nuclease from Streptococcus
pyogenes. In some embodiments, the Cas nuclease is the Cas9 nuclease from Streprococcus
thermophilus. In some embodiments, the Cas nuclease is the Cas9 nuclease from Neisseria
meningitidis. In some embodiments, the Cas nuclease is the Cas9 nuclease is from
Staphylococcus aureus. In some embodiments, the Cas nuclease is the Cpfl nuclease from
Francisella novicida. In some embodiments, the Cas nuclease is the Cpfl nuclease from
Acidaminococcus sp. In some embodiments, the Cas nuclease is the Cpfl nuclease from
Lachnospiraceae bacterium ND2006. In firther embodiments, the Cas nuclease is the Cpfl
nuclease from Francisella tularensis, Lachnospiraceae bacterium, Butyrivibrio
protecclasticus, Peregrinibacieria bacterium, Parcubacteria bacterium, Smithella,
Acidaminococcus, Candidatus Methanoplasma teymitum, Eubacterium eligens, Moraxella
bovoculi, Leptospira inadai, Porphvromonas crevioricanis, Prevorella disiens, or
Forphyromonas macacae. Tn certain embodiments, the Cas nuclease is a Cpfl nuclease from
an Acidaminococcus or Lachhospiraceae.

[629] Wild type Cas9 has two nuclease domains: RuvC and HNH. The RuvC domain
cleaves the non-target DNA strand, and the HNH domain cleaves the target strand of DNA.
In some embodiments, the Cas9 nuclease comprises more than one RuvC domain and/or
more than one HNH domain. In some embodiments, the Cas9 nuclease is 2 wild type Cas9. In
some embodiments, the Cas9 is capable of inducing a double strand break in target DNA. In
certain embodiments, the Cas nuclease may cleave dsDNA, it may cleave one strand of
dsDNA, or it may not have DNA cleavase or nickase activity. An exemplary Cas9 amino acid
sequence is provided as SEQ ID NQ: 3. An exemplary Cas® mRNA ORF sequence, which
includes start and stop codons, is provided as SEQ ID NO: 4. An exemplary Cas® mRNA
coding sequence, suitable for inclusion in a fusion protein, is provided as SEQ ID NO: 10.
1630} In some embodiments, chimeric Cas nucleases are used, where one domain or
region of the protein is replaced by a portion of a different protein. In some embodiments, a
Cas nuclease domain may be replaced with a domain from a different nuclease such as Fok 1.
In some embodiments, a Cas nuclease may be a modified nuclease.

{631} In other embodiments, the Cas nuclease may be from a Type-1 CRISPR/Cas

system. In some embodiments, the Cas nuclease may be a component of the Cascade
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complex of 2 Type-I CRISPR/Cas systemn. In some embodiments, the Cas nuclease may be a
Cas3 protein. In some embodiments, the Cas nuclease may be from a Type-11] CRISPR/Cas
system. In some embodiments, the Cas nuclease may have an RNA cleavage activity.

[632] In some embodiments, the RNA-guided DNA-binding agent has single-strand
nickase activity, i.e., can cut one DNA strand to produce a single-strand break, also known as
a “nick.” In some embodiments, the RNA-guided DNA-binding agent comprises a Cas
nickase. A nickase is an enzyme that creates a nick in dsDNA,| Le., cuts one strand but not the
other of the DNA double helix. In some embodiments, a Cas nickase is a version of a Cas
nuclease (e.g., a Cas nuclease discussed above) in which an endonuclieolytic active site i
inactivated, €.g., by one or more alterations (e.g., point mutations) in a catalytic domain. See,
e.g., .S, Pat. No. 8,889,356 for discussion of Cas nickases and exemplary catalytic domain
alterations. In some embodiments, a Cas nickase such as a Cas? nickase has an inactivated
RuvC or HNH domain, An exemplary Cas9 nickase amino acid sequence is provided as SEQ
ID NO: 6. An exemplary Cas9 nickase mRNA ORF sequence, which includes start and stop
codons, is provided as SEQ ID NO: 7. An exemplary Cas9 nickase mRNA coding sequence,
suitable for inclusion in 2 fusion protein, is provided as SEQ ID NO: 11,

{633} In some embodiments, the RNA-guided DNA-binding agent is modified to contain
only one functional nuclease domain. For example, the agent protein may be modified such
that one of the nuclease domains is mutated or fully or partially delsted 1o reduce its nucleic
acid cleavage activity. In some embodiments, a nickase is used having a2 RuvC domain with
reduced activity. In some embodiments, a nickase is used having an inactive Ruv( domain.
In some embodiments, a nickase is used having an HNH domain with reduced activity. In
some embodiments, 4 nickase is used having an inactive HNH domain,

{634} In some embodiments, a conserved amino acid within a Cas protein nuclease
domain is substituted to reduce or alter nuclease activity. In some embodiments, a Cas
nuclease may comprise an amino acid substitution in the RuvC or RuvC-like nuclease
domain. Exemplary amino acid substitutions in the RuvC or RavC-like nuclease domain
include D10A (based on the S. pvogenes Cas9 protein). See, e.g., Zetsche et al. (2018) Cell
Oct 22:163(3): 759-771. In some embodiments, the Cas nuclease may coroprise an aming
acid substitution in the HNH or HNH-like nuclease domain. Exemplary amino acid
substitutions in the HNH or HNH-like nuciease domain inctude E762A, H840A, N8G3A,
H983A, and DIBGA (based on the S. pyogenes Cas? protein). See, e.g., Zatsche et al. 2015),
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Further exemplary amino acid substitutions include D917A, E1006A, and D1255A (based on
the Francisella novicida U112 Cpft (FnCpf1) sequence (UniProtKB - AGQ7Q2
{CPF1_FRATN)).

[035] In some embaodiments, an mRNA encoding a nickase is provided in combination
with a pair of guide RNAs that are complementary to the sense and antisense strands of the
target sequence, respectively. In this embodiment, the guide RNAs direct the mickase to a
target sequence and introduce a DSB by generating a nick on opposite strands of the target
sequence (i.e., double nicking). In some embodiments, use of double nicking may improve
specificity and reduce off-target effects. In some embodiments, a nickase 1 used together
with two separate guide RNAS targeting opposite strands of DNA to produce a double nick in
the target DNA. In some embodiments, a nickase is used together with two separate guide
RNAs that are selected to be in close proximity to produce a double nick in the target DNA.
1836] In some embodiments, the RNA-guided DNA-binding agent lacks cleavase and
nickase activity. In some embodiments, the RNA-guided DNA-binding agent comprises 2
dCas DNA-binding polypeptide. A dCas polypeptide has DNA-binding activity while
sssentially lacking catalytic (cleavase/nickase) activity. In some embodiments, the dCas
polypeptide is a dCas? polypeptide. In some embodiments, the RNA-guided DNA-binding
agent lacking cleavase and nickase activity or the dCas DNA-binding polypeptide is a version
of a Cas nuelease (e.g., a Cas nuclease discussed above) in which its endonucleolytic active
sifes are inactivated, e.g., by one or more alterations (€.g., point mutations) in its catalytic
domains. See, e.g., U.5.2014/0186958 A1; U.S5. 2015/0166980 Al. An exemplary dCas9
amino acid sequence is provided as SEQ ID NO: 8. An exemplary Casd mRNA ORF
sequence, which includes start and stop codons, is provided as SEQ 1D NO: 9. An exemplary
Cas%® mRNA coding sequence, suitable for inclusion in a fusion protein, is provided as SEQ
iDNO: 12

637} In some embodiments, the RNA-guided DNA-binding agent comprises one or
more heterologous functional domains (e.g., is or comprises a fusion polypeptide).

{038] In some embodiments, the heterologous functional domain may facilitate transport
of the RNA-puided DNA-binding agent into the nucleus of a cell. For example, the
heterologous functional domain may be a nuclear localization signal (NLS). In some
embodiments, the RNA-guided DNA-binding agent may be fused with 1-10 NLS(s). Insome
embodiments, the RNA-guided DNA-binding agent may be fused with 1-5 NLS(s). In some
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embodiments, the RNA-guided DNA-binding agent may be fused with one NLS. Where one
NLS is used, the NLS may be linked at the N-terminus or the C-terminus of the RNA-guided
DNA-binding agent sequence. It may also be inserted within the RNA-guided DNA binding
agent sequence. In other embodiments, the RNA-guided DNA-binding agent may be fused
with more than one NLS. In some embodiments, the RNA-guided DNA-binding agent may
be fused with 2, 3, 4 or 3 NLSs. In some embodiments, the RNA-guided DNA-binding
agent may be fused with two NLSs. [n centain circumstances, the two NLSs may be the same
(e.g., two SV40 NLSs) or different. In some embodiments, the RNA-guided DNA-binding
agent is fused to two SV40 NLS sequences linked at the carboxy terminus. In some
embodiments, the RNA-guided DN A-binding agent may be fused with two NLSs, one linked
at the N-terminus and one at the C-terminus. In some embodiments, the RNA-guided DNA-
binding agent may be fused with 3 NLSs. In some embodiments, the RNA-guided DNA-
binding agent may be fused with no NLS. In some embodiments, the NLS may be a
monopartite sequence, such as, e.g., the SV40 NLS, PKKKRKV or PKKKRRV. Insome
embodiments, the NLS may be a bipartite sequence, such as the NLS of nucleoplasmin,
KRPAATKKAGQAKKKK. In a specific embodiment, a single PKKKRKV NLS may be
linked at the C-terminus of the RNA-guided DNA-binding agent. One or more linkers are
optionally included at the fusion site.

[039] In some embodiments, the heterologous functional domain may be capable of
modifying the intracellular half-life of the RNA-guided DNA binding agent. In some
embodiments, the half-life of the RNA-guided DNA binding agent may be increased. In
some embodiments, the half-life of the RNA-guided DNA-binding agent may be reduced. In
some embodiments, the heterologous functional domain may be capable of increasing the
stability of the RNA-guided DNA-binding agent. In some embodiments, the heterologous
functional domain may be capable of reducing the stability of the RNA-guided DNA-binding
agent. In some embodiments, the heterologous functional domain may act s a signal peptide
for protein degradation. In some embodiments, the protein degradation may be mediated by
proteolytic enzymes, such as, for example, proteasomes, lysosomal proteases, or calpain
proteases. In some embodiments, the heterologous functional domain may comprise a PEST
sequence. In some embodiments, the RNA-guided DNA-binding agent may be modified by
addition of ubiquitin or a polyubiquitin chain. In some embodiments, the ubiquitin may be a

ubiquitin-ike protein (UBL). Non-limiting examples of ubiguitin-like proteins include small
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ubiquitin-like modifier (SUMO), ubiquitin cross-reactive protein (UCRP, also known as
interferon-stimulated gene-15 (ISG15)), abiquitin-related modifier-1 (URMI), neuronal-
precursor-cell-expressed developmentally downregulated protein-8 (NEDDS, also called
Rubl in & cerevisiae), human leukoeyte antigen F-associated (FAT10), autophagy-8 (ATG#)
and -12 (ATG12), Fau ubiquitin-fike protein (FUB 1), membrane-anchored UBL (MUB),
ubiquitin fold-modifier-1 (UFMI), and ubiquitin-like protein-5 (UBL3).

[ 0640} In some embodiments, the heterologous functional domain may be a marker
domain. Non-limiting examples of marker domains include fluorescent proteins, purification
tags, epitope tags, and reporier gene sequences. In some embodiments, the marker domain
may be a fluorescent protein. Non-limiting examples of suitable fluorescent proteins include
green fluorescent proteins (e.g., GFP, GFP-2, tagGFP, turboGFP, sfiGFP, EGFP, Emerald,
Azarmi Green, Monomeric Azami Green, CopGFP, AceGFP, ZsGreenl ), yellow fluorescent
proteins (e.g., YFP, EYFP, Citrine, Venus, YPet, PhiYFP, ZsYellowl), blue fluorescent
proteins (e.g., EBFP, EBFP2, Azunte, mKalamal, GFPuv, Sapphire, T-sapphire), cyan
fluorescent proteins {e.g., ECFP, Cerulean, CyPet, AmCyan!, Midoriishi-Cyan), red
fluorescent proieins (e.g., mKate, mKate2, mPlum, DsRed monomer, mCherry, mRFPI,
DsRed-Express, DsRed2, DsRed-Monomer, HeRed-Tandem, HeRedl, AsRed?2, eqFP811,
mRasberry, mStrawberry, Jred), and orange fluorescent proteins (mQOrange, mKO, Kusabira-
Orange, Monomeric Kusabira-Orange, mTangerine, tdTomato) ot any other suitable
fluoreseent protein. In other embodiments, the marker domain may be a purification tag
and/or an epitope tag. Non-limiting exemplary tags include glutathione-S-transferase (GST),
chitin binding protein (CBP), maltose binding protein (MBP), thioredoxin (TRX),
poly(NANP), tandem affimity punfication {TAP) tag, myce, AcVS, AUL, AUS E, ECS, E2,
FLAG, HA, nus, Softag !, Softag 3, Strep, SBP, Glu-Glu, HSV, KT3, §, $1, T7, VS, VSV-G,
6xHis, 8xHis, biotin carboxyl carrier protein (BCCP), poly-His, and calmodulin. Non-
limiting exemplary reporter genes include glutathione-S-transferase (GST), horseradish
peroxidase {HRP), chloramphenicol acetyliransferase (CAT), beta-galactosidase, beta-
glucwronidase, luciferase, or fluorescent proteins.

[041] In additional embodiments, the heterologous funciional doroain may target the
RNA-guided DNA-binding agent t¢ a specific organclie, cell type, tissue, or organ. In some
embodiments, the heterologous functional domain may target the RNA-guided DNA-binding

agent to mitochondria.
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342] In further embodiments, the heterologous functional domain may be an effector
domain. When the RNA-guided DNA-binding agent is directed to its target sequence, 2.g.,
when a Cas nuclease is directed to a target sequence by a gRNA| the effector domain may
modify or affect the target sequence. In some embodiments, the effector domain may be
chosen from a nucleic acid binding domain, a nuclease domain {e.g., a non-Cas nuclease
domain), an epigenetic modification domain, a transcriptional activation domain, or a
transcriptional repressor domain. In some embodiments, the heterologous functional domain
is a nuclease, such as a Fokl nuclease. See, e.g., U.S. Pat. No. 9,023,649, In some
embodiments, the heterologous functional domain is a transcriptional activator or repressor.
See, e.g., Qi et al, “Repurposing CRISPR as an RNA-guided platform for sequence-specific
control of gene expression,” Celf 152:1173-83 (2013); Perez-Pinera et al., “RNA-guided gene
activation by CRISPR~Cas9-based transcription factors,” Nai. Methods 10:973-6 (2013);
Mali et al., “CAS9 transcriptional activators for target specificity screening and paired
nickases for cooperative genome engineering,” Nat. Biotechnol 31:833-8 (2013); Gilbert ¢t
al,, “CRISPR-mediated modular RNA-guided regulation of transeripion in eukaryotes,” Cell
154:442-51 (2013). As such, the RNA-guided DNA-binding agent essentially becomes a
transcription factor that can be directed to bind a desired target sequence using a guide RNA.
In certain embodiments, the DNA madification domain is a methylation domain, such as a
demethylation or methyliransferase domain. In certain embodiments, the effector domain is a
DNA modification domain, such as a base-editing domain. In particular embodiments, the
DNA modification domain is a nucleic acid editing domain that introduces a specific
modification into the DNA, such as a deaminase domain. See, e.g., WO 2015/089406; U.S.
2016/0304846. The nucleic acid editing domains, deaminase domains, and Cas9 variants
described in WO 2015/089406 and U.S. 2016/0304846 are hereby incorporated by reference.
[643] The nuclease may comprise at least one domain that interacts with a guide RNA
(“gRNA"). Additionally, the nuclease may be directed to a target sequence by a gRNA. In
Class 2 Cas nuclease systems, the gRNA interacts with the nuclease as well as the target
sequence, such that it directs binding to the target sequence. In some embodiments, the
gRNA provides the specificity for the targeted cleavage, and the nuclease may be universal
and paired with different gRNAs to cleave different target sequences. Class 2 Cas nuclease
may pair with a gRNA scaffold structure of the types, orthologs, and exemplary species listed

above.
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Guide RNA {(gRNA)
[644] In some embodiments of the present disclosure, the cargo for the LNP formulation
inchudes at least one gRNA. The gRNA may guide the Cas nuclease or Class 2 Cas nuclease
to a targer sequence on a targer nucleic acid molecule. In some embodiments, a gRNA binds
with and provides specificity of cleavage by a Class 2 Cas nuclease. In some embodiments,
the gRNA and the Cas nuclease may form a ribonucleoprotein (RNP), e.g., a CRISPR/Cas
complex such as a CRISPR/Cas9 complex which may be delivered by the LNP composition.
In some embodiments, the CRISPR/Cas complex may be a Type-1I CRISPR/Cas9 complex.
In some embodiments, the CRISPR/Cas complex may be a Type-V CRISPR/Cas complex,
such as a Cpfl/guide RNA complex. Cas nucleases and cognate gRNAs may be paired. The
eRINA scaffold structures that pair with each Class 2 Cas nuclease vary with the specific
CRISFR/Cas system.
1345} “Guide RNA”, “gRNA”, and simply “guide” are used herein interchangeably to
refer to either a crRNA (also known as CRISPR RNA), or the combination of 2 crRNA and a
1rRNA (also known as tractRNA). The crRNA and wRNA may be associated as a single
RNA molecule (single guide RNA, sgRNA) or in twa separate RNA molecules (dual guide
RNA, dgRNA). “Guide RNA” or “gRNA” refers to each type. The trRNA may be a
naturally-occurring sequence, or a trRNA sequence with modifications or variations
compared o naturally-occurring sequences.
[(46] As used herein, a “guide sequence” refers (0 a sequence within a guide RNA that is
complementary 1o a target sequence and functions to direct a guide RNA {0 a target sequence
for binding or modification (e.g., cleavage) by an RNA-guided DNA binding agent. A
“guide sequence” may also be referred 1o as a “targeting sequence,” or a “spacer seguence.”
A guide sequence can be 20 base pairs in length, ¢.g., in the case of Sirepiococeus pyogenes
{i.e., Spy Cas9) and related Cas® homologs/orthologs. Shorter or longer sequences can also
be used as guides, e.g., 15~ 16-, 17, 18-, 19-, 21-, 22-, 23-, 24- or Z5-nucleotides m length.
In some embodiments, the target sequence is in a gene or on a chromosome, for example, and
is complementary to the guide sequence. In some embodiments, the degree of
complementarity or identity between a guide sequence and its corresponding target sequence
may be about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%. In some
embodiments, the guide sequence and the target region may be 100% complementary or

identical. In other embodiments, the guide sequence and the target region may contain at least
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onc mismatch, For example, the guide sequence and the target sequence may contamn 1, 2, 3,
or 4 mismatches, where the total length of the target sequence is at least 17, 18, 19, 20 or
more base pairs. In some embodiments, the guide sequence and the target region may coniain
-4 mismarches where the guide sequence comprises at least 17, 18, 19, 20 or more
nucleotides. In some embodiments, the guide sequence and the targei region may contain 1,
2,3, or 4 mismatches where the guide sequence comprises 20 nucleotides.

{647} Target sequences for Cas proteins include both the positive and negative strands of
genomic DNA (i.e, the sequence given and the sequence’s reverse compliment), as a nucleic
acid subsirate for a Cas protein is a double siranded nucleic acid. Accordingly, where a guide
sequence is said to be “complementary to a target sequence”| i€ 15 to be understood that the
guide sequence may divect a guide RNA to bind to the reverse complement of a target
sequence. Thus, in some embodiments, where the guide sequence binds the reverse
complement of a target sequence, the guide sequence is identical to certain nucleotides of the
target sequence (¢.g., the target sequence not including the PAM) except for the substitution
of U for T in the guide sequence.

048] The length of the targeting sequence may depend on the CRISPR/Cas system and
components used. For example, different Class 2 Cas nucleases from different bacterial
species have varying optimal targeting sequence lengths. Accordingly, the targeting
sequence may comprise 5, 6,7, 8,9, 10, 11,12, 13, 14,15, 16, 17, 18, 19, 20, 21,22, 23, 24,
25,26,27,28, 29,30, 35, 40, 45, 50, or more than 50 nucleotides in tength. In some
embpodiments, the targeting sequence length 15 0, 1, 2, 3, 4, or 5 nucleotides longer or shorter
than the guide sequence of a naturally-occurring CRISPR/Cas systemn. In certain
embodiments, the Cas nuclease and gRNA scaffold will be denved from the same
CRISPR/Cas system. In some embodiments, the targeting sequence may comprise or consist
of 18-24 nucleotides. n some embodiments, the targeting sequence may comprise or consist
of 19-21 nucleotides. In some embodiments, the targeting sequence may comprise or consist
of 20 nucleotides.

[(49] In some embodiments, the sgRNA s a “Cas9 sgRNA” capable of mediating RNA-
guided DNA cleavage by a Cas9 protein. In some embodiments, the sgRNA is a “Cpfl
sgRNA” capable of mediating RNA-guided DNA cleavage by a Cpfi protein. In certain
embodiments, the gRNA comprises a crRNA and tract RNA sufficient for forming an active

complex with a Cas? protein and mediating RNA-guided DNA cleavage. In certain
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embodiments, the gRNA compnises a ctRNA sufficient for forming an active complex with a
Cpfl protein and mediating RNA-guided DNA cleavage. See Zetsche 2615,

{656 Certain embodiments of the invention also provide nucleic acids, e.g., expression
cassettes, encoding the gRNA described herein. A “guide RNA nucleic acid™ is used herein
to refer to a guide RNA (2.g. an sgRNA or a dgRNA) and a guide RNA expression cassette,
which is a nucleic acid that encodes one or more puide RNAs.

051} In some embodiments, the nucleic acid may be a DNA molecule. In some
embodiments, the nucleic acid may comprise a nucleotide sequence encoding a ofRNA. In
some embodiments, the nucleotide sequence encoding the crRNA comprises a targeting
sequence flanked by all or a portion of a repeat sequence from a naturally-occurmnng
CRISPR/Cas system. In some embodiments, the nucleic acid may comprise a nucleotide
sequence encoding a tracr RNA. In some embodiments, the crRNA and the tracr RNA may
be encoded by two separate nucleic acids. n other embodiments, the ¢rRNA and the tracr
RIMNA may be encoded by a single nucleic acid. In some embodirments, the ctTRNA and the
tracr RNA may be encoded by opposite strands of a single nucleic acid. In other
embodiments, the crRNA and the tracr RNA may be encoded by the same strand of a single
nucleic acid. In some embodiments, the gRNA nucleic acid encodes an sgRNA. In some
embodiments, the gRNA nucleic acid encodes a Cas9 nuclease sgRNA. In come
embodiments, the gRNA nucleic acid encodes a Cpfl nuclease sgRNA.

{652} The nucleotide sequence encoding the guide RNA may be operably linked 1o at
least one transcriptional or regulatory control sequence, such as a promoter, a 3' UTR, ora 5'
UTR. In one example, the promoter may be a tRNA promoter, e.g., IRNA" or a tRNA
chimera. See Mefferd et al,, RNA. 2015 21:1683-9; Scherer et al, Nucleic Acids Res. 2007
35:2620-2628. In certain embodiments, the promoter may be recognized by RNA
polymerase Il (Pol IIl}). Non-limiting examples of Pol I promoters also include U6 and H1
promoters. In some embodiments, the nucleotide sequence encoding the guide RNA may be
operably linked t0 2 mouse or human U6 promoter. In some embodiments, the gRNA nucleic
acid 1s a modified nucleic acid. In certain embodiments, the gRNA nucleic acid includes a
modified nucleoside or nucleotide. In some embodiments, the gRNA nucleic acid includes a
5" end modification, for example a modified nucleoside or nucleotide (o stabilize and prevent
integration of the nucleic acid. In some embodiments, the gRNA nucleic acid comprises a

double-stranded DN A having 2 5' end modification on each strand. In certain emboduments,
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the gRNA nucleic acid includes an inverted dideoxy-T or an inverted abasic nucleoside or
nucleotide as the 5' end modification. In some embodiments, the gRNA nucleic acid includes
a label such as biotin, desthiobioten-TEG, digoxigenin, and flugrescent markers, including,
for example, FAM, ROX, TAMRA, and AlexaFluor.
(053] In certain embodiments, more than one gRNA nucleic actd, such as a gRNA, can
be used with a CRISPR/Cas nuclease systemn. Each gRNA nucleic acid may contain a
different targeting sequence, such that the CRISPR/Cas system cleaves more than one target
sequence. In some embodiments, one or more gRNAs may have the same or differing
properties such as activity or stability within a CRISPR/Cas complex. Where more than one
gRINA is used, each gRNA can be encoded on the same or on different gRNA nucleic acid.
The promoters used to drive expression of the more than one gRNA may be the same or
different.

Moadified RNAs
1654] In certain ernbodiments, the LNP compositions corprise modified RNAs,
[655] Modified nucleosides or nucleotides can be present in an RNA, for example a
gRNA or mRNA. A gRNA or mRNA comprising one or more maodified nucleosides or
nucleotides, for example, is called a2 “modified” RNA to describe the presence of one or more
non-naturally and/or naturally oceurring components or configurations that are used instead
of or in addition 1o the canonical A, G, C, and U residues. In some embodiments, a modified
RNA is synthesized with a non-canonical nucleoside or nucleotide, here called “modified.”
656} Modified nucleosides and nucleotides can include one or more of: (i) alteration,
e.g., replacement, of one or both of the non-linking phosphate oxygens and/or of one or more
of the linking phosphate oxygens in the phosphodiester backbone linkage (an exemplary
backbone modification); (it) alteration, e.g., replacement, of a constituent of the ribose sugar,
e.g., of the 2 hydroxyl on the ribose sugar (an exemplary sugar modification); (i1} wholesale
replacement of the phosphate moiety with “dephospho” linkers (an exemplary backbone
modification); (iv) modification or replacement of a naturally occurring nucleobase,
including with a non-canonical nucleobase (an exemplary base modification); {v)
replacement or modification of the nibose-phosphate backbone (an exemplary backbone
modification); (vi) modification of the 3" end or 5' end of the oligonucleotide, e.g., removal,
modification or replacement of a terminal phosphate group or conjugation of a moiety, cap or

linker (such 3' or 5’ cap modifications may comprise 3 sugar and/or backbone modification);
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and (vii) modification or replacement of the sugar (an exemplary sugar modification). Certain
embodiments comprise a 5' end modification 1o an mRNA, gRNA  or nucleic acid. Certain
embodiments comprise a 3’ end modification to an mRNA, gRNA, or nucleic acid. A
modified RNA can conwin 3" end and 3' end modifications. A modified RNA can contain
one or more modified residues at non-terminal locations. In certain embodiments, a gRNA
includes at least one modified residue. In certain embodiments, an mRNA includes at least
one modified residue.
(657} As used herein, a first sequence is considered to “comprise a sequence with at least
X% identity 16” a second sequence if an alignment of the first sequence to the second
sequence shows that X% or more of the positions of the second sequence in its entirety are
matched by the first sequence. For example, the sequence AAGA comprises a sequence with
100% identity to the sequence AAG because an alignment would give 100% identity in that
there are matches to all three positions of the second sequence. The differences between RNA
and DNA (generally the exchange of uridine for thymidine or vice versa) and the presence of
nucleoside analogs such as modified uridines do not contribute to differences in identity or
complementarity among polynucleotides as long as the relevant nucleotides (such as
thymidine, uridine, or modified uridine) have the same complement {e.g., adenosine for all of
thymidine, uridine, or modified uridine; another example is cytosine and 5-methylcytosine,
both of which have guanosine or modified guanosine as a complement). Thus, for example,
the sequence 5-AXG where X is any modified uridine, such as pseudouriding, Ni-methyl
pseudouridine, or S-methoxyuridine, is considered 100% identical to AUG in that both are
perfectly complementary to the same sequence (5°-CAU). Exemplary alignmenr algorithms
are the Smith-Waterman and Needleman-Wunsch algorithms, which are well-known in the
art. One skiiled in the art will understand what choice of algorithin and parameter settings are
appropriate for a given pair of sequences to be aligned; for sequences of generally similar
length and expected 1dentity >50% for amino acids or >75% for nucleotides, the Needleman-
Wunsch algonthm with default settings of the Needleman-Wunsch algonthm interface
provided by the EB{ at the www.ebt.ac.uk web server is generally appropniate.

mRNAs
[658) In some embodiments, a composition or formulation disclosed herein comprises an
mRNA comprising an open reading frame (ORF) encoding an RNA-guided DNA binding

agent, such as a Cas nuclease, or Class 2 Cas nuclease as described heremn. In some
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embodiments, an mRNA comprising an ORF encoding an RNA-guided DNA binding agent,
such as a Cas nuclease or Class 2 Cas nuclease, s provided, used, or administered. In some
embodiments, the ORF encoding an RWNA-guided DNA binding agent is a “modified RNA-
guided DNA binding agent ORF” or simply a “modified ORF,” which is used as shorthand 1o
indicate that the ORF is modified in one or more of the following ways: (1) the modified
ORF has a uridine content ranging from its minimum uridine content to 150% of the
minimurn uridine content; (2) the modified ORF has a unidine dinucleotide content ranging
from its minimum unidine dinucleotide content to 150% of the minimum uridine dinucleotide
content; (3) the modified ORF has at least 90% identity to any one of SEQ ID NOs: 1, 4,7, 9,
10, 11,12, 14,15, 17, 18,20, 21,23, 24, 26,27, 29, 30, 50, 52, 54, 65, or 66; (4) the modified
ORF consists of a set of codons of which at least 75% of the codons are minimal uridine
codon{s) for a given amino acid, e.g. the codon(s) with the fewest unidines (usually O or |
except for a codon for phenylalanineg, where the minimal wridine codon has 2 uridines); or (5)
the modified ORF comprises at least one modified uridine. In some embodiments, the
modified ORF is modified in at least two, three, or four of the foregoing ways. In some
embodiments, the modified ORF compriscs at least one modified uridine and is modified in
at least one, two, three, or all of (13-(4) above.

[653] “Modified uridme” is used herein to refer (0 a nucleoside other than thymidine
with the same hydrogen bond acceptors as uridine and one or more structural differences
from uridine. In some embodiments, a modified uridine s a substituted uridine, t.¢., 3 unidine
in which one or more non-proton substituents (e.g., atkoxy, such as methoxy) takes the place
of a proton. In some embodiments, a modified unidine is pseudoundine. In some
embodiments, a modified uridine is a substituted pseudournidine, 1.¢., a pseudouridine in
which one or more non-proton substituents (e.g., alkyl, such as methyl} takes the place of a
proton. In some embodiments, a modified uridine is any of a substituted uridine,
pseudouridine, or a substituted pseudouridine.

[068] “Uridine position” as used herein refers to a position in a polynucleotide occupied
by a uridine or a modified uridine. Thus, for example, a polynucleotide in which “100% of
the uridine positions are modified uridines” contains a modified unidine at every position that
would be a uridine in 2 conventional RNA (where all bases are standard A, U, C, or G bases)

of the same sequence. Unless otherwise indicated, a U in a polynucleotide sequence of a
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sequence table or sequence listing in, or accompanying, this disclosure can be a uridine or a

modified uridine.

Table I. Minimal Uridine Codons

Amine Acid

Minimal uridine codon

A Alanine GCA or GCC or GCG
G Glyeine GGA or GGC or GGG
v Valine GUC or GUA or GUG
D Aspartic acid GAC

E Glutamic acid GAA or GAG

I Iscleucine AUC or AUA ot AUG
T Threonine ACA or ACC or ACG
N Asparagine AAC

K Lysine AAG or AAA

S Serine AGC

R Arginine AGA or AGG

L Leucine CUG or CUA or CUC
P Proline CCG or CCA ot CCC
H Histidine CAC or CAA or CAG
Q Clutamine CAGor CAA

F Phenylalanine UucC

Y Tyrosine UAC

C Cysteine UG

W Tryptophan UGG

M Methionine AUG

[061]

In any of the foregoing embodiments, the modified ORF may consist of a set of

codons of which at least 75%, 80%, 83%, 90%, 95%, 98%, 95%, or 100% of the codons are

codons fisted in the Table of Minimal Uridine Codons. In any of the foregoing embodiments,

the modified ORF may comprise a sequence with at least 90%, 95%, 98%, 99%, or 100%
identity to any onec of SEQ ID NO: 1,4, 7,9, 10, 11, 12, 14, 15,17, 18, 20,21, 23,24, 26,27,
29,30, 50, 52, 54, 65, or 66.

[062]

In any of the foregoing embodiments, the modified ORF may comprise a sequence

with at least 90%, 95%, 98%, 99%, or 100% idenuity (o any one of SEQ IDNQO: 1,4, 7,9, 10,

11,12,14,15, 17, 18,20, 21,23, 24, 26, 27, 29, 30, 50, 52, 54, 65, or 66.

[063)

In any of the foregoing embodiuments, the modified ORF may have a uridine

content ranging from its minimum uridine content to [50%, 145%, 140%, 135%, 130%,
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125%, 120%, 115%, 110%, 105%, 104%, 103%, 102%, or 101% of the minimuwm undine
content.

[664] In any of the foregoing embodiments, the modified ORF may have a uridine
dinucleotide content ranging from its minimum uridine dinucleotide content to 150%, 145%,
140%, 135%, 130%, 125%, 120%, 115%, 110%, 105%, 104%, 103%, 102%, or 101% of the
minimum uridine dinucleotide content.

(665} In any of the foregoing embodiments, the modified ORF may comprise a modified
uridine at least at one, a plurality of, or all uridine positions. In some embodiments, the
modified undine is a uridine modified at the 5 position, e.g., with a halogen, methyl, or ethyl.
In some embodiments, the modified uridine is a pseudourtdine modified at the 1 position,
c.g., with a halogen, methyl, or ethyl. The modified urnidine can be, for example,
pseudouridine, Ni-methyl-pseudouridine, S-methoxyuridine, S-iodournidine, or a combination
thereof. In some embodiments, the modified uridine is S-methoxyuridine. In some
embodiments, the modified undine is 5-iodoundine. In some embodiments, the modified
uridine is pseudouridine. In some embodiments, the modified uridine is Ni-methyl-
pseudouridine. In some embodiments, the modified uridine is a combination of pseudouridine
and N1-methyl-pseudowidine. In some embodiments, the modified wridine is a combination
of pseudouridine and S-methoxywidine. In some embodiments, the modified uridine is a
combination of Ni-methyl pseudouridine and 5-methoxyuridine. In some embodiments, the
modified uridine is a combination of S-iodouridine and Ni-methyl-pseudouridine. In some
embodiments, the modified uridine is a combination of pseudouridine and 3-icdouridine. {n
some embodiments, the modified uridine is a corabination of S-iodouridine and 5-
methoxyundine.

[666] In some embodiments, at least 10%, 15%, 20%, 25%. 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, T0%, 75%, 80%, 85%, 30%, 95%, 98%, 99%, or 100% of the uridine
positions in an mRNA according 1o the disclosure are modified uridines. In some
embodiments, 10%-25%, 15-25%, 25-35%, 35-43%, 45-55%, $5-65%, 65-75%, 75-85%, 85-
95%, or 90-100% of the uridine positions in an mRNA according to the disclosure are
modified uridines, e.g., S-methoxyuridine, S-iodouridine, Ni-methy! pseudouridine,
pseudouridine, or a combination thereof. In some embodiments, 10%-25%, 15-25%, 25-35%,
35-45%, 45-55%, 55-63%, 65-75%, 75-83%, 85-95%, or 830-100% of the uridine positions in

an mRNA according to the disclosure are 5-methoxyundine. In some embodiments, 10%-
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25%, 15-25%, 25-35%, 35-45%, 45-55%, 55-65%, 65-75%, 75-85%, 85-95%, or 90-100% of
the uridine positions in an mRNA according to the disclosure are pseudouridine. In some
embodiments, 10%-25%, 15-25%, 25-35%, 35-45%, 45-55%, 55-65%, 65-75%, 75-85%, &35-
953%, or 90-100% of the uridine positions in an mRNA according to the disclosure are Ni-
methyl psendouridine. In some embodiments, 10%-25%, 15-25%, 25-35%, 35-45%, 45-55%,
55-65%, 65-75%, 75-85%, 85-95%, or 90-100% of the uridine positions in an mRNA
according 10 the disclosure are S-iodournidine. In some embodiments, 10%-25%, 15-25%, 25-
35%, 35-45%, 45-55%, 55-65%, 65-75%, 75-85%, 85-95%, or 90-100% of the uridine
positions in an mRNA according to the disclosure are S-methoxyuridine, and the remamder
are Ni-methyl pseudounidine. In some embodiments, 10%-25%, 15-25%, 25-35%, 35-45%,
45-55%, 55-65%, 65-75%, 75-85%, 85-95%, or 90-100% of the uridine positions in an
mRNA according (o the disclosure are S-iodouriding, and the remainder are Ni-methyl
pseudouridine,

1667] In any of the foregoing embodiments, the modified ORF may comprise a reduced
uridine dinucleotide content, such as the lowest possible uridine dinucleotide (UU) content |
¢.g. an ORF that (a) uses a minimal uridine codon (as discussed above) at every position and
(b} encodes the same amino acid sequence as the given ORF. The uridine dinucleotide (UU)
content can be expressed in absolute terms as the enumeration of UU dinucleotides in an
ORF or on a rate basis as the percentage of positions occupied by the unidines of uridine
dinucleotides (for example, AUUAU would have a uridine dinucleotide content of 40%
because 2 of 5 positions are occupied by the unidines ¢f a uridine dinucleotide). Modified
uridine residues are considered equivalent to uridines for the purpose of evaluating minimum
undine dinucleotide content.

{668} In some embodiments, the mRNA comprises at least one UTR from an expressed
mammalian mRNA, such as a constitutively expressed mRNA. An mRNA is considered
constitutively expressed in 2 mammal if it is continually transcribed in at least one tissue of 2
healthy adult mammal. In some embodiments, the mRNA comprises a S UTR, 3 UTR, or §°
and 3° UTRs from an expressed mammalian RNA | such as a constitutively expressed
mammalian mRNA. Actin mRNA is an example of a constitutively expressed mRNA.

{669} In some embodiments, the mRNA comprises at least one UTR from
Hydroxysteroid 17-Beta Dehydrogenase 4 (HSD17B4 or HSD), e.g., a §° UTR from HSD. In

some embodiments, the mRNA comprises at least one UTR from a globin mRNA, for



WO 2019/067992 PCT/US2018/053559

22

example, human alpha globin (HBA) mRNA, human beta globin (HBB) mRNA, or Xenopus
laevis beta globin (XBG) mRNA. In some embodiments, the mRNA comprises a 5° UTR, 3°
UTR, or 57 and 3” UTRs from a globin mRNA| such as HBA, HBB, or XBG. In some
embodiments, the mRNA comprises a 3° UTR from bovine growth hormone,
cytomegalovirus (CMV), mouse Hba-al, HSD, an albumin gene, HBA, HBB, or XBG. In
some embodiments, the mRNA comprises 2 3° UTR from bovine growth hormone,
cytomegalovirus, mouse Hba-al, HSD, an albumin gene, HBA, HBB, or XBG. In some
embodiments, the mRNA comprises §” and 3” UTRs from bovine growth hormone,
cytomegalovirus, mouse Hba-al, HSD, an albumin gene, HBA, HBEB, XBG, heat shock
protein 90 (Hsp90), glyceraldehyde 3-phosphate dehydrogenase (GAPDH), beta-actin, alpha-
tubulin, numor protein (p533), or epidermal growth factor receptor (EGFR).

(670} In some embodiments, the mRNA comprises 57 and 3° UTRs that are from the
same source, e.g., a constifutively expressed mRNA such as actin, albumin, or 2 globin such
as HBA, HBB, or XBG.

[671] In some embodiments, the mRNA does not comprise a 5" UTR, e.g., there are no
additional nucleotides between the 57 cap and the start codon. In some embodiments, the
mRNA comprises a Kozak sequence (described below) between the 57 cap and the start
codon, but does not have any additional 5° UTR. In some embodiments, the mRNA does not
comprise a 3° UTR, e.g., there are no additional nucleotides between the stop codon and the
poly-A tail,

1672} In some embodiments, the mRNA comprises a Kozak sequence. The Kozak
sequence can affect translation initiation and the overall yield of a polypeptide translated
from an mRNA. A Kozak sequence includes a methionine codon that can function as the start
codon. A minimal Kozak sequence is NNNRUGN wherein at least one of the following is
true: the first N is A or G and the second N is G. In the context of a nuclectide sequence, R
means a purine (A or G). In some embodiments, the Kozak sequence is RNNRUGH,
NNNRUGG, RNNRUGG, RNNAUGN, NNNAUGG, or RNNAUGG. In some
embodiments, the Kozak sequence 1s recRUGg with zero mismatches or with up to one or
two mismatches to positions in lowercase. In some embodiments, the Kozak sequence is
recAUGg with zero mismatches or with up 10 one or two mismatches 1o positions in
lowercase. In some embodiments, the Kozak sequence is gecRecAUGG with zero

misimatches or with up o one, two, or three mismatches to positions in lowercase. [n some
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embodiments, the Kozak sequence is gecAccAUG with zero mismatches or with up to one,
two, three, or four mismaiches o positions in lowercase. In some embodiments, the Kozak
sequence is GCCACCAUG. In some embodiments, the Kozak sequence is gecgecRecAUGG
with zere mismartches or with up o one, two, three, or four mismaiches 1o positions in
lowercase.

[073] In some embodiments, the mRNA compnsing an ORF encoding an RNA-guided
DNA binding agent comprises a sequence having at least 90% identity to SEQ 1D NO: 43,
optionally wherein the ORF of SEQ 1D NO: 43 (1.e., SEQ ID NO: 4) 15 substituted with an
alternative ORF of any one of SEQ ID NO: 7,9, 10, 11, 12, 14, 15, 17, 18,20, 21,23, 24, 26,
27,729,308, 50, 52, 54, 65, or 66.

[G¢74] In some embodiments, the mRNA comprising an ORF encoding an RNA-guided
DNA binding agent comprises a sequence having at least 90% identity to SEQ ID NQ: 44,
optionally wherein the QRF of SEQ ID NO: 44 {i.e., SEQ ID NO: 4) is substituted with an
altemative ORF of any onc of SEQ IDNOG: 7,9, 10, 11, 12, 14, 15,17, 18, 20, 21, 23, 24, 26,
27,29, 30, 50, 52, 54, 65, or 66.

{675} In some embodiments, the mRNA comprising an ORF encoding an RNA-guided
DNA binding agent comprises a sequence having at jeast 90% identity to SEQ ID NO: 56,
optionally wherein the ORF of SEQ 1D NO: 56 (1.e., SEQ [ NO: 4) 1s substituted with an
alternative ORF of any one of SEQ IDNG: 7,9, 10, 11, 12, 14, 15, 17, 18, 20, 21, 23, 24, 26,
27,29, 30,50, 52, 54, 65, or 66.

[076] In some embodiments, the mRNA comprising an ORF encoding an RNA-guided
DNA binding agent comprises a sequence having at least 90% identity 10 SEQ ID NO: §7,
optionally wherein the ORF of SEQ 1D NO: 57 (i.e., SEQ ID NO: 4) 1s substiuted with an
alternative ORF of any one of SEQ ID NO: 7,9, 10, 11, 12, 14, 15, 17, 18, 20, 21, 23, 24, 26,
27,29, 30, 50, 52, 54, 65, or 66.

{677} In some embodiments, the mRNA comprising an ORF encoding an RNA-guided
DNA binding agent comprises a sequence having at least 90% identity to SEQ ID NO: |
optionally wherein the QRF of SEQ ID NO: 38 {i.e., SEQ ID NO: 4) is substituted with an
altemative ORF of any one of SEQ ID NO: 7,9, 10, 11, 12, 14, 15, 17, 18,20, 21, 23, 24, 26,
27, 28, 30, 50, 52, 54, 65, or 66.

{678} In some embodiments, the mRNA comprising an ORF encoding an RNA-guided
DNA binding agent comprises a sequence having at least 90% identity to SEQ ID NO: 59,
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optionally wherein the ORF of SEQ ID NO: 39 (i.e., SEQ ID NO: 4) is substituted with an
alternative ORF of any one of SEQ ID NO: 7,9, 10, 11, 12, 14,15, 17, 18,20, 21, 23, 24, 26,
27,29, 30, 50, 52, 54, 65, or 66.

[673] In some embodiments, the mRNA comprising an ORF encoding an RNA-guided
DNA binding agent comprises a sequence having at least 90% identity to SEQ ID NO: 60,
optionally wherein the ORF of SEQ 1D NO: 60 (i.e, SEQ ID NO: 4) is substituied with an
altemative ORF of any one of SEQ IDNO: 7,9, 10, 1], 12, 14,15, 17, 18,20, 21, 23, 24, 26,
27, 29, 30, 50, 52, 54, 65, or 66.

[086] In some embodiments, the mRNA comprising an ORF encoding an RNA-guided
DNA binding agent comprises a sequence having at least 90% identity to SEQ ID NO: 61,
optionally wherein the ORF of SEQ [D NQ: 61 (i.e., SEQ ID NO: 4) is substituted with an
alternative ORF of any one of SEQ IDNG: 7,9, 10, 11, 12,14, 15, 17, 18, 20, 21, 23, 24, 26,
27,29, 30, 50, 52, 54, 65, or 66.

[081] In some embodiments, the mRNA comprises an alternative ORF of any one of
SEQIDNO: 7,9, 10, 11,12, 14, 15,17, 18,20, 2}, 23, 24, 26,27, 29, 30, 50, 52, 54, 65, or
66.

682} In some embodiments, the degree of identity to the optionally substituted
sequences of SEQ ID NQOs 43, 44, or 56-61 is 95%. In some embodiments, the degree of
identity to the optionally substituted sequences of SEQ ID NOs 43, 44, or 56-61 i3 98%. In
some embodiments, the degree of identity to the optionally substituted sequences of SEQ ID
NOs 43, 44, or 56-61 is 99%. In some embodiments, the degree of identity to the optionally
substituted sequences of SEQ 1D NOs 43, 44, or 56-61 is 100%.

083} In some embodiments, an mRNA disclosed herein comprises a 5 cap, such as a
Cap0, Capl, or Cap2. A 5’ cap is generally & 7-methylguanine ribonuclestide (which may be
further modified, as discussed below e.g. with respect to ARCA) linked through 2 5°-
triphosphate 1o the 57 position of the first nucleotide of the 57-t0-3 chain of the mRNA| 1e,
the first cap-proximal nucleotide. In Cap0, the riboses of the first and second cap-proximal
nucleotides of the mRNA both comprise a 2°-hydroxyl. In Cap!, the riboses of the first and
second transcribed nucleotides of the mRNA comprise a 2'-methoxy and a 2’-hydroxyl,
respectively. In Cap2, the riboses of the first and second cap-proximal nucleotides of the
mRNA both comprise a 2’ -methoxy. See, e.g., Katibah et al. (2014) Proc Nail Acad Sci US4
FI1(33):12025-30; Abbas et al. (2017) Proc Natl Acad S5ci USA 114(11):E2106-E2115. Most
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endogenous higher cukaryotic mRNAs, including mammalian mRNAs such as human
mRNAs, comprise Capl or Cap2. Cap0 and other cap structures diffening from Cap! and
Cap2 may be immunogenic in mammals, such as humans, due (o recognition as “non-self” by
components of the innate immune system such as IFIT-1 and IFIT-3, which can result in
elevated cytokine levels including type [ interferon. Components of the innate immune
system such as [FIT-1 and IFIT-S may also compete with eIFAE for binding of an mRNA
with a cap other than Cap!l or Cap2, potentially inhibiting transiation of the mRNA.

{084} A cap can be included co-transeriptionally. For example, ARCA (anti-reverse cap
analog; Thermo Fisher Scientific Cat. No. AMB8045) is a cap analog compnising a 7-
methylguanine 3’ -methoxy-5"-triphosphate linked to the 5° position of a guanine
ribonucleotide which can be incorporated in vitro into a transcript at initiation. ARCA resulis
in a2 Cap0 cap i which the 2” position of the first cap-proximal nucleotide is hydroxyl. See,
e.g., Stepinski et al., (2001) “Synthesis and properties of mRNAs containing the novel ‘anti-
reverse’ cap analogs 7-methyl(3-O-methyGpppG and 7-methyl(3'deoxy)GpppG,” RNA 7:
1486-1495. The ARCA structure is shown below.

1685] CleanCap™ AG (m7G(5)ppp(5){2'0OMeA)pG; TriLink Biotechnologies Cat. No.
N-7113) or CleanCap™ GG (m7G(3"ppp(3)(2'0OMeG)pG; TriLiok Biotechnologies Cat. No.
N-7133) can be used to provide a Capl structure co-transcriptionally. 3°-O-methylated
versions of CleanCap™ AG and CleanCap™ GG are also available from TriLink
Biotechnologies as Cat. Nos. N-7413 and N-7433, respectively. The CleanCap™ AG

structure is shown below.
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RO on
{086} Alternatively, a cap can be added to an RNA post-transcriptionally. For example,
Vaccinia capping enzyme is commmercially available (New England Biolabs Cat. No.
M?20805) and has RNA triphosphatase and guanylyltransferase activities, provided by its D1
subunit, and guanine methyltransferase, provided by its D12 subunit. As such, it can add a 7-
methylguanine 1o an RNA, so as to give Cap0, in the presence of S-adenosyl methionine and
GTP. See, e.g., Guo, P. and Moss, B. (1890) Proc. Nail. Acad. Sci. USA 87, 4023-4027; Mao,
X. and Shuman, S. (1994) J. Biol. Chem. 269, 24472-24479.
1687} In some embodiments, the mRNA further comprises a poly-adenylated (poly-A}
1ail. In some embodiments, the poly-A tail comprises at least 20, 30, 40, 50, 60, 70, 80, 90, or
100 adenines, optionally up to 300 adenines. In some embodiments, the poly-A il comprises
95, 86, 97, 98, 99, or 100 adenine nucleotides. In some instances, the poly-A tail is
“mterrupted” with one or more non-adenine nucleotide “anchors” at one or more locations
within the poly-A tail. The poly-A tails may comprise at least 8 consecutive adenine
nucleotides, but also comprise one or more non-adenine nucleotide, As used herein, “non-
adenine nucleotides” refer to any natural or non-natural nucleotides that do not comprise
adenine. Guanine, thymine, and cytosine nucleotides are exemplary non-adenine nucleotides.
Thus, the poly-A tails on the mRNA described herein may comprise consecutive adenine
nucleotides located 3° 10 nucleotides encoding an RNA-guided DNA-binding agent or 3
sequence of interest. In some instances, the poly-A tails on mRNA comprise non-consecutive
adenine nucleotides located 37 to nucleotides encoding an RNA-guided DNA-binding agent
or a sequence of interest, wherein non-adenine nucleotides interrupt the adenine nucleotides

at regular or irregularly spaced intervals.
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10688 In some embodiments, the mRNA further comprises a poly-adenylated (poly-A)
tail. In some embodiments, the poly-A tail comprises at least 20, 30, 40, 50, 60, 70, 80, 90, or
100 adenines, optionally up to 300 adenines. In some embodiments, the poly-A tail comprises
93, 96, 97, 98, 99, or 100 adenine nucleotides. In some instances, the poly-A tail is
“interrupted” with one or more non-adenine nucleotide “anchors” at one or more locations
within the poly-A tail. The poly-A tails may comprise at least 8 congecutive adenine
nucleotides, but also comprise one or more non-adenine nucleotide. As used herein, “non-
adenine nucleotides” refer to any natural or non-natural nucleotides that do not comprise
adenine. Guanine, thymine, and cytosine nucleotides are exemplary non-adenine nucleotides.
Thus, the poly-A tails on the mRNA described herein may comprise consecutive adenine
nucleotides located 37 to nucleotides encoding an RNA-guided DNA-binding agentora
sequence of interest. In some instances, the poly-A tails on mRNA comprise non-consecutive
adenine nucleotides located 37 10 nucleotides encoding an RNA-gpuided DNA-binding agent
or a sequence of interest, wheyein non-adenine nucleotides interrupt the adenine nucleotides
at regular or irregularly spaced intervals.

[689] In some embodiments, the one or more non-adenine nucleotides are positioned to
interrupt the consecutive adenine nucleotides so that a poly(A) binding protein can bind to a
stretch of consecutive adenine nucleotides. In some embodiments, one or more non-adenine
nucleotide(s) is located after at least 8, 9, 10, 11, or 12 consecutive adenine nucleotides. In
some embodiments, the one or more non-adenine mucleotide is located after at least 8-50
consecutive adenine nuclestides. In some embodiments, the one or more non-adening
nucleotide is located after at least 8-100 consecutive adenine nucleotides. In some
embodiments, the non-adenine nucleotide is after one, two, three, four, five, six, or seven
adenine nucleotides and is followed by at least 8 consecutive adenine nucleotides.

[69G] The poly-A @il may comprise one sequencs of consecutive adenine nucleotides
followed by one or more non-adenine nucleotides, optionally followed by additional adenine
nucleotides.

[091] In some embodiments, the poly-A tail comprises or containg one non-adenine
nucleotide or one consecutive stretch of 2-10 non-adenine nucleotides. [n some embodiments,
the non-adenine nucleotide(s) is located afier at least 8, 9, 10, 11, or 12 consecutive adenine
nucleotides. In some instances, the one or more non-adenine nucleotides are located after at

least 8-50 consecutive adenine nucleotides. In some embodiments, the one or more non-
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adenine nucjeotides are located after at least 8, 9, 10, 11, 12, 13, 14, 15,16, 17, 18, 19, 20,
21,22,23,24,25,26,27,28,29,30,31,32, 33,34, 35,36, 37,38, 39,40, 41,42, 43, 44, 45,
46, 47, 48, 49, or 50 consecutive adenine nuclectides.

[092] In some embaodiments, the non-adenine nucleotide (s guanine, cytosine, or
thymine. In some instances, the non-adenine nucleotide is a guanine nucleotide. In some
embodiments, the non-adenine nucleotide is a cytosine nucleotide. In some embodiments, the
non-adenine nucleotide is a thymine nucleotide. In some instances, where more than one
non-adenine nucleotide is present, the non-adenine nuclestide may be selected from: a)
guanine and thymine nucleotides; b) guanine and cytosine nucleotides; ¢} thymine and
cytosine nucleotides; or d) guanine, thymine and cytosine nucleotides. An exemplary poly-A
tail comprising non-adenine nucleotides is provided as SEQ [D NO: 62.

{693 In some embodiments, the mRNA s purified. In some embodiments, the mRNA is
purified using a precipation method (e.g., LiCl precipitation, alcohol precipitation, or an
equivalent method, e.g., as described herein). In some embodiments, the mRNA is purified
using a chromatography-based method, such as an HPLC-based method or an equivalent
method (e.g., as deseribed herein). In some embodiments, the mRNA is purified using both a
precipitation method (e.g., LiCl precipitation) and an HPLC-based method.

[0694] In some embodiments, at least one gRNA is provided in combination with an
mRNA disclosed herein. In some embodiments, a gRNA is provided as a separate molecule
from the mRNA. In some embodiments, a gRNA 1s provided as a patt, such as apartof a
UTR, of an mRNA disclosed herein.

Chemically Modified gRNA

[095] In some embodiments, the gRNA s chemically modified. A gRNA comprising
one or more modified nucleosides or nucleotides 1s called a “modified” gRNA or “chemically
modified” gRNA, to describe the presence of one or more non-naturally and/or naturally
ocourring components or configurations that are used instead of or in addition to the
canonical A, G, C, and U residues. In some embodiments, a modified gRNA is synthesized
with a non-canonical nucleoside or nucleotide, is here called “modified.” Modified
nucleosides and nucleotides can include one or more of: (1) alteration, e.g., replacement, of
one or both of the non-linking phosphate oxygens and/or of one or more of the linking
phosphate oxygens in the phosphodiester backbone linkage {(an exemplary backbone

modification); (it) alteration, e.g., replacement, of a constituent of the ribose sugar, e.g., of
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the 2" hydroxy! on the ribose sugar (an exemplary sugar modification); (ili) wholesale
replacement of the phosphate moiety with “dephospho” linkers (an exemplary backbone
modification); (iv) modification or replacement of a naturally occurring nucleobase,
including with a non-canonical nuclecbase (an exemplary base modification); {(v)
replacement or modification of the ribose-phosphate backbone (an exemplary backbone
modification); (vi} modification of the 3' end or 5 end of the oligonucleotide, e.g., removal,
modification or replacement of a terminal phosphate group or conjugation of a motety, cap or
linker (such 3' or 5’ cap modifications may comprise a sugar and/or backbone modification);
and (vit) modification or replacement of the sugar (an exemplary sugar modification).

[096] In some embodiments, a gRNA comprises a modified uridine at some or all uridine
positions. In some embodiments, the modified uridine 15 a uridine modified at the 5 position,
¢.g., with a halogen or C1-C6 alkoxy. In some embodiments, the modified undine is a
pseudouridine modified at the | position, e.g., with a C1-C6 alkyl. The modified uridine can
be, for example, pseudouridine, Ni-methyl-pseudouridine, S-methoxyuriding, 5-iodouriding,
or a combination thereof. In some embodiments the modified uridine is S-methoxyuridine. In
same embodiments the modified uridine is 5-iodouridine. In some embodiments the modified
uridine is pseudouridine. In some embodiments the modified uridine is N1-methyl-
pseudouridine. In some embodiments, the modified uridine is a combination of pseudouridine
and Ni-methyl-pseudouridine. In some embodiments, the modified uridine is a combination
of pseudouridine and S-methoxyundineg. In some embodiments, the modified uriding is a
combination of N1-methyl pseudouridine and 5-methoxyuridine, In some embodiments, the
modified uridine is a combination of 5-icdoundine and Nl-methyl-pseudouridine. In some
embodiments, the modified uridine 1s a combination of pseudouridine and S-1odoundine. [n
some embodiments, the modified uridine is a combination of S-iodouridine and 5-
methoxyuridine.

[697) In some embodiments, at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, or 100% of the uridine
posttions in a gRNA according to the disclosure are modified uridines. In some embodiments,
10%-25%, 15-25%, 25-35%, 35-45%, 45-55%, 55-65%, 65-75%, 75-85%, 85-95%, or 90-
100% of the uridine positions i a gRNA according to the disclosure are modified undines,
e.g., 3-methoxyuridine, 3-iodouridine, Ni-methyl pseudouridine, pseudouridine, or a

combination thereof. In some embodiments, 10%-25%, 15-25%, 25-35%, 35-45%, 45-55%,
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55-65%, 65-75%, 75-85%, 85-95%, or 90-100% of the uridine positions in a gRNA
according 1o the disclosure are S-methoxyuriding. In some embodiments, 10%-25%, 15-25%,
25-35%, 35-45%, 45-55%, 55-65%, 65-75%, 75-85%, 85-93%, or 90-100% of the uridine
positions in a gRNA according ro the disclosure are pseudouridine. In some embodiments,
10%-25%, 15-25%, 25-35%, 35-45%, 45-55%, 55-65%, 65-75%, 75-85%, 85-95%, or 90-
100% of the unidine positions in a gRNA according to the disclosure are Ni-methyl
pseudouridine. In some embodiments, 10%-25%, 15-25%, 25-35%, 35-45%, 45-55%, 55-
65%, 65-75%, 75-85%, 85-95%, or 90-100% of the uridine positions in a gRNA according to
the disclosure are 3-iodouridine. In some embodiments, 10%%-25%, 15-25%, 25-35%, 353-
45%, 45-55%, 55-65%, 65-75%, 75-85%, 85-95%, or 90-100% of the uridine positions in a
gRINA according to the disclosure are 5-methoxyuridine, and the remainder are N1-methyl
pseudouridine. In some embodiments, 10%-25%, 15-25%, 25-35%, 35-45%, 45-55%, S5-
65%, 65-75%, 75-85%, 85-95%, or 90-100% of the unidine positions in a gRNA according to
the disclosure are 5-iodouriding, and the remainder are N1-methy! pseudoundine.

[098] Chemical modifications such as those listed above can be combined to provide
modified gRNAs comprising nucleosides and nuclectides (collectively “residues™) that can
have two, thiee, four, or more modifications. For example, a modified residue can have a
modified sugar and a modified nucleobase. In some embodiments, every base of a gRNA is
modified, e.g., all bases have a modified phosphate group, such as a phosphorothioate group.
In certain embodiments, all, or substantially all, of the phosphate groups of an gRNA
molecule are replaced with phosphorothicate groups. In some embodiments, modified
gRNAs comprise at least one modified residue at or near the 5' end of the RNA. In some
embodiments, modified gRNAs comprise at least one modified residue at or near the 3' end
of the RNA.

{699} In some embodiments, the gRNA comprises one, two, three or more modified
residues. In some embodiments, at least 5% (e.g., at least 5%, at least 10%, at least 15%, at
least 20%, at least 25%, 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
feast 90%, at least 95%, or 100%) of the positions in a modified gRNA are modified
nucleosides or nucleotides.

[6108] Unmodified nucleic acids can be prone to degradation by, e.g., intracellular

nucleases or those found in serum. For example, nucleases can hydrolyze nucleic acid
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phosphodiester bonds. Accordingly, in ong agpect the gRINAs described herein can contain
one or more modified nucleosides or nucleotides, e.g., to introduce stability toward
mfraceliular or serum-based nuecleases. In some embodiments, the modified gRNA
molecules described herein can exhibit a reduced innate immune response when introduced
into a population of cells, both i vivo and ex vivo. The term “innate immune response”
mcludes a celtular response to exogenous nucleic acids, including single stranded nucleic
acids, which mvolves the induction of cytokine expression and release, particularly the
interferons, and cell death.

[6101]  In some embodiments of a backbone modification, the phosphate group of a
modified residue can be modified by replacing one or more of the oxygens with a different
substiuent. Further, the modified residue, e.g., modified residue present in 2 modified
nucleic acid, can include the wholesale replacement of an unmodified phosphate moiety with
a modified phosphate group as described herein. In some embodiments, the backbone
modification of the phosphate backbone can include alterations that result in either an
uncharged linker or a charged linker with ungymmetrical charge distribution.

[0102]  Examples of modified phosphate groups include, phosphorothioate,
phosphoroselenates, borano phosphates, borano phosphate esters, hydrogen phosphonates,
phosphoroamidates, alkyl or aryl phosphonates and phosphotriesters. The phosphorous atom
in an unmodified phosphate group is achiral. However, replacement of one of the non-
bridging oxygens with one of the above atoms or groups of atoms can render the phosphorous
atom chiral. The stereogenic phosphorous atom can possess either the “R” configuration
(herein Rp) or the “S” configuration (herein Sp). The backbone can also be modified by
replacement of a bridging oxvgen, (i.e., the oxygen that links the phosphate to the
nucleoside}, with nitrogen (bridged phosphoroamidates), sulfur (bridged phosphorothioates)
and carbon (bridged methylenephosphonates). The replacement can occur at either linking
oxygen or at both of the linking oxygens.

[6103]  The phosphate group can be replaced by non-phosphorus containing connectors in
certain backbone modifications. In some embodiments, the charged phosphate group can be
replaced by a neutral motety. Examples of moieties which can replace the phosphate group
can include, without limitation, e g., methyl phosphonate, hydroxylamino, siloxane,

carbonate, carboxymethyl, carbamate, amide, thigether, ethylene oxide tinker, sulfonate,
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sulfonamide, thioformacetal, formacetal, oxime, methyleneimino, methylenemethyhimino,
methylenehydrazo, methylenedimethylhydrazo and methylencoxymethylimino.

Template Nucleic Acid
[6104] The compositions and methods disclosed herein may include a template nucleic
acid. The temnplate may be used to alter or insert a nucleic acid sequence at or near a target
site for a Cas nuclease. In some embodiments, the methods comprise introducing a template
1o the cell. In some embodiments, a single template may be provided. In other embodiments,
two or more templates may be provided such that editing may oceur al two or more target
sites. For example, different templates may be provided to edit a single gene in a cell, or two
different genes in a cell.
[6105]  In some embodiments, the template may be used in homologous recombination. In
some embodiments, the homologous recombination may result in the integration of the
template sequence or a portion of the template sequence into the target nucleie acid molecule.
In other embodiments, the template may be used i homology-divected repair, which involves
DNA strand invasion at the site of the cleavage in the nucleic acid. Tn some embodiments,
the homology-directed repair may result in including the template sequence in the edited
target nucleic acid molecule. In yet other embodiments, the template may be used in gene
editing mediated by non-homologous end joining. In some embodiments, the template
sequence has no similarity to the nucleic acid sequence near the cleavage site. In some
embodiments, the template or a portion of the template sequence 1s incorporated. In some
embodiments, the template includes flanking inverted terminal repeat (ITR) sequences.
[6106]  In some embodiments, the terplate may comprise a first homology arm and a
second homology arm (also called a first and second nucleotide sequence) that are
complementary to sequences located upstream and downstream of the cleavage site,
respectively. Where a template contains two homology arms, each arm can be the same
length or different lengths, and the sequence between the homelogy arms can be substantially
simular or identical to the target sequence between the homology arms, or it can be entirely
unrelated. In some embodiments, the degree of complementanty or percent identity between
the first nucleotide sequence on the template and the sequence upstream of the cleavage site,
and between the second nucleotide sequence on the template and the sequence downsiream of
the eleavage site, may permit homologous recombination, such as, e.g., high-fidelity

homologous recombination, between the template and the target nuckeic acid molecule. In
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some embodiments, the degree of complementarity may be about 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99%, or 100%. In some embodiments, the
degree of complementarity may be about 95%, 7%, 88%, 99%, or 100%. In some
embodiments, the degree of complementarity may be at least 98%, 99%, or 100%. Insome
embodiments, the degree of complementarity may be 100%. In some embodiments, the
percent identity may be about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%,
98%, 99%, or 100%. In some embodiments, the percent identity may be about 95%, 97%,
98%, 99%, or 100%. In some embodiments, the percent identity may be at least 98%, 99%,
or 100%. In some embodiments, the percent identity may be 100%.

[6167F  In some embodiments, the template sequence may correspond to, comprise, or
consist of an endogenous sequence of a target cell. 1t may also or alternatively correspond to,
comprise, or consist of an exogenous sequence of a target cell. As used herein, the term
“endogenous sequence” refers to a sequence that is native (o the cell. The term “exogenous
sequence” refers 10 a sequence that 1s not native 10 a cell, or a sequence whose native jocation
in the genome of the cell is in a different location. In some embodiments, the endogenous
sequence may be a genomic sequence of the cell. In some embodiments, the endogenous
sequence may be a chromosomal or extrachromosomal sequence. In some embodiments, the
endogenous sequence may be a plasmid sequence of the cell. In some embodiments, the
template sequence may be substantially identical to 2 portion of the endogenous sequence in a
cell at or near the cleavage site, but comprise at least one nucleotide change. In some
embpodiments, editing the cleaved target nucleic acid molecule with the template may result in
a mutation comprising an insertion, deletion, or substitution of one or more nucleotides of the
target nucleic acid molecule. In some embodiments, the mutation may result in one or more
amino acid changes in a protein expressed from a gene comprising the target sequence. In
some embodiments, the mutation may result in one or more nucleotide changes in an RNA
expressed from the target gene. In some embodiments, the mutation may alter the expression
level of the target gene. In some embodiments, the mutation may result in increased or
decreased expression of the target pene. In some embodiments, the mutation may result in
gene knock-down. In some emboduments, the mutation may result in gene knock-out. In
some embodiments, the mutation may result in restored gene function. Insome
embodiments, editing of the cleaved target nucleic acid molecule with the template may

result in a change in an exon sequence, an intron sequence, a regulatory sequence, a
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transcyiptional control sequence, a translational control sequence, a splicing site, or a non-
coding sequence of the target nucleic acid molecule, such as DNA.

[6108]  In other embodiments, the template sequence may comprise an exogenous
sequence. In some embodiments, the exogenous sequence may comprise a protein or RNA
coding sequence operably linked to an exogenous promoter sequence such that, upon
integration of the exogenous sequence into the target nucleic acid molecule, the cell is
capable of expressing the protein or RNA encoded by the integraied sequence. In other
embodiments, upon integration of the exogenous sequence into the target nucleic acid
molecule, the expression of the integrated sequence may be regulated by an endogenous
promaoter sequence. In some embodiments, the exogenous sequence may provide a ¢cDNA
sequence encoding a protein or a portion of the protein. In yet other embodiments, the
EXOEENoUSs SEQUENCE May COMPrise or consist of an exon sequence, an niron sequence, a
regulatory sequence, a transeriptional control sequence, a translational conirgl sequence, a
splicing site, or a non-coding sequence. [n some embodiments, the integration of the
£x0genous sequence may result in restored gene function. In some embodiments, the
integration of the exogenous sequence may result in a gene knock-in. In some embodiments,
the integration of the exogenous sequence may result in a gene knock-out.

[6109] The template may be of any suitable length. In some embodiments, the template
may comprise 10, 15, 20, 25, 50, 75, 100, 150, 200, 500, 1000, 1500, 2000, 2500, 3000,
3500, 4000, 4500, 5000, 5500, 6000, or more nucleotides in length. The template may be a
single-stranded nucleic acid. The template can be double-stranded or partially double-
stranded nucleic acid. In certain embodiments, the single stranded template is 20, 30, 40, 50,
75, 100, 125, 150, 175, or 200 nucleotides in length. In some embodiments, the template
may comprise a nucleotide sequence that is complementary to a portion of the target nucleie
acid molecule comprising the target sequence (i.¢., a “homology arm™). In some
embodiments, the template may comprise a homology arm that is complementary to the
sequence located upstream or downstream of the cleavage site on the target nucleic acid
molecule.

[6110]  In some embodiments, the template contains ssDNA or dsDNA contawing
flanking invert-terminal repeat (ITR) sequences. Tn some embodiments, the template is

provided as a veetor, plasmid, minicircle, nanocircle, or PCR product.
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Purification of Nucleic Acids
[6111}]  In some embodiments, the nucleic acid is purified. In some embodiments, the
nucleic acid is purified using a precipation method {e.g., LiCl precipitation, aleohol
precipitation, or an equivalent method, e.g., as described herein). In some embodiments, the
nucleic acid is purified using a chromatography-based method, such as an HPLC-based
method or an equivalent method {e.g., as described hergin). In some embodiments, the
nucleic 1s purified using both a precipitation method (e.g., LiCl precipitation) and an HPLC-
based method.

Target Sequences
[6812F  In some embodiments, a CRISPR/Cas system of the present disclosure may be
directed to and cleave a target sequence on a target nucleic acid molecule. For example, the
target sequence may be recognized and cleaved by the Cas nuclease. In certain embodiments,
a target sequence for a Cas nuclease 1s located near the nuclease’s cognate PAM sequence.
In some embodiments, a Class 2 Cas nuclease may be directed by a gRNA 1o 3 target
sequence of a target nucleic acid molecule, where the gRNA hybridizes with and the Class 2
Cas protein cleaves the target sequence. In some embodiments, the guide RNA hybndizes
with and a Class 2 Cas nuclease cleaves the target sequence adjacent to or comprising its
cognate PAM. In some emboadiments, the target sequence may be complementary to the
targeting sequence of the guide RNA. In some embaodiments, the degree of complementarity
between a fargeting sequence of a guide RNA and the portion of the corresponding target
sequence that hybridizes to the guide RNA may be about 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, B7%, 98%, 99%, or 100%. In some embodiments, the percent identity
between a targeting sequence of a guide RNA and the portion of the corresponding target
sequence that hybridizes to the guide RNA may be about 50%, 55%, 60%, 65%, 70%, 75%,
80%, B5%, 90%, 95%, 97%, 98%, 9%, or 180%. In some embodiments, the homology
region of the target is adjacent to a cognate PAM seguence. In some embodiments, the target
sequence may comprise a sequence 100% complementary with the targeting sequence of the
guide RNA. In other embodiments, the target sequence may comprise at least one mismatch,
deletion, or insertion, as compared to the targeting sequence of the guide RNA.
[6113]  The length of the target sequence may depend on the nuclease systerm used. For
example, the targeting sequence of a guide RNA for a CRISPR/Cas system may comprise 3,
6,7,8,0, 10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,27, 28, 29, 30, 35,
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40, 45, 50, or more than 50 nucleotides in length and the target sequence is a corresponding
length, optionally adjacent to a PAM sequence. In some embodiments, the target sequence
may comprise 15-24 nucleotides in length. In some embodiments, the target sequence may
comprise 17-21 nucleotides in length. In some embodiments, the target sequence may
comprise 20 nucleotides in length. When nickases are used, the target sequence may
comprise a pair of target sequences recognized by a pair of nickases that cleave opposite
strands of the DNA molecule. In some embodiments, the targst sequence may comprise a
pair of target sequences recognized by a pair of nickases that cleave the same strands of the
DNA molecule. In some embodiments, the target sequence may comprise a part of target
sequences recognized by one or more Cas nucleases.

[6114]  The target nucleic acid molecule may be any DNA or RNA molecule that is
endogenous or exogenous to a cell. In some embodiments, the target nucleic acid molecule
may be an episomal DNA | a plasmid, a genomic DNA, viral genome, mitochondrial DNA, or
chromosomal DNA from a cell or in the cell. Jn some embodiments, the target sequence of
the target nucleic acid molecule may be a genomic sequence from a cell or in a cell, including
a human cell.

[6115]  In further embodiments, the tarpet sequence may be a viral sequence. In further
embodiments, the target sequence may be a pathogen sequence. In yet other embodiments,
the target sequence may be a synthesized sequence. In further embodiments, the target
sequence may be a chromosomal sequence. In certain embodiments, the target sequence may
comprise a translocation junction, e.g., a translocation associated with a cancer. In some
embodiments, the target sequence may be on a eukaryotic chromosome, such zs 2 human
chromosome. In certain embodiments, the target sequence is a liver-spetific sequence, in that
it is expressed in liver cells.

[6118] In some embodiments, the target sequence may be located in a coding sequence of
a gene, an intron sequence of a gene, a regulatory sequence, a transcriptional control
sequence of 3 gene, a translational control sequence of a gene, a splicing site or a non-coding
sequence berween genes. In some embodiments, the gene may be a protein coding gene. In
other embodiments, the gene may be a non-coding RNA gene. In some embodiments, the
target sequence may comprise all or 2 portion of a disease-assoctated gene. In some

embodiments, the target sequence may be located in a non-genic functional site in the
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genome, for example a site that controls aspects of chromatin organization, such as a scaffold
site or locus control region.
[6117]  In embodiments involving a Cas nuclease, such as a Class 2 Cas nuclease, the
target sequence may be adjacent 1o a protospacer adjacent motif (“PAM™). In some
embodiments, the PAM may be adjacent to or within 1, 2, 3, or 4, nucleotides of the 3' end of
the target sequence. The length and the sequence of the PAM may depend on the Cas protein
used. For example, the PAM may be selected from a consensus or a particular PAM
sequence for a specific Cas9 protein or Cas? ortholog, including those disclosed in Figure |
of Ran et al., Nature, 520: 186-191 (2015), and Figure S5 of Zetsche 2015, the relevant
disclosure of each of which is incorporated herein by reference. In some embodiments, the
PAMmay be2,3,4,5,6,7, 8,9, or 10 nucleotides in length. Non-limiting exemplary PAM
sequences include NGG, NGGNG, NG, NAAAAN, NNAAAAW NNNNACA,
GINNNCNNA, TTN, and NNNNGATT (wherein N 15 defined as any nucleotide, and W 13
defined as eithey A or T). In some embodiments, the PAM sequence may be NGG. In some
embodiments, the PAM sequence may be NGGNG. In some embodiments, the PAM
sequence may be TTN. In some embodiments, the PAM sequence may be NNAAAAW,
Lipid Formulation
{6118}  Disclosed herein are various embodiments of LNP formulations for RNAs,
including CRISPR/Cas cargos. Such LNP formulations include an “amine lipid”, along with
2 helper lipid, 2 neutral lipid, and a PEG lipid. In some embodiments, such LNP formulations
include an “amine lipid”, along with a helper lipid and a PEG lipid. In some embodiments,
the LNP formulations include less than | percent neutral phospholipid. In some
embodiments, the LNP formulations include less than 0.5 percent neutral phospholipid. By
“lipid nanoparticie” is meant a particle that comprises a plurality of {i e. more than one) lipid
maolecules physically associated with each other by intermolecular forces.

Amine Lipids
[6118]  The LNP compositions for the delivery of biologicaliy active agents comprise an
“arnine lipid”, which is defined as Lipid A or ifs equivalents, including acetal analogs of
Lipid A.
[6120]  In some embodiments, the amine lipid is Lipid A, which is (9Z,127)-3-((4,4-
bis(octyloxy)outanoyDoxy)-2-((((3-(diethylamino}propoxyjcarbonyljoxy)methyl) propyl

octadeca-9,12-diencate, also called 3-((4,4-bis{octyloxy)butanoyloxy)-2-(({(3-
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(diethylamino)propoxyicarbonyoxy)methypropyl (92,12Z)-octadeca-9,12-dienoate. Lipid

A can be depicted as:

o
o lj/\o/mg/\/\ N
SN O o ~

[6121]  Lipid A may be synthesized according to WO2015/095340 {e.g., pp. 84-86). In
ertain embodimenis, the amine lipid is an equivalent to Lipid A.
[6122]  In certain embodiments, an amine lipid is an analog of Lipid A. In certain
embodiments, a Lipid A analog is an acetal analog of Lipid A, In particular LNP
compositions, the acetal analog is a C4-C12 acetal analog. In some embodiments, the acetal
analog is a C5-C12 acetal analog. In additional embodiments, the acetal analog is 2 C5-C10
acetal analog. In further embodiments, the acetal analog is chosen from a C4, C5, €6, C7,
C9,C16,C11, and C12 acetal analog.
[0123]  Amine lipids suitable for use in the LNPs described herein are biodegradable in
vivo and suitable for delivering a biologically active agent, such as an RNA 10 a cell. The
amine lipids have low toxicity {(e.g., are tolerated in an amimal model without adverse effect
in amounts of greater than or equal {0 10 mg/kg of RNA cargo). In certain embodiments,
LNPs comprising an amine lipid include those where at least 75% of the amine lipid is
cleared from the plasma within 8, 10, 12, 24, or 48 hours, 0r 3, 4, 5,6, 7, or 10 days. In
certain embodiments, LNPs comprising an amine lipid include those where at least 50% of
the mRINA or gRNA is cleared from the plasma within &, 10, 12, 24, or 48 hours, or 3, 4, 5, 6,
7, or 10 days. In certain embodiments, LNPs comprising an amine hipid include those where
at least 50% of the LNP is cleared from the plasma within 8, 10, 12, 24, or 48 hours, or 3, 4,
5.6, 7, or 10 days, for example by measuring a lipid {c.g., an amine lipid), RNA (c.g.,
mRNA), or another component. In certain embodiments, lipid-encapsulated versus free lipid,
RNA, or nucleic acid component of the LNP is measured.
[0124]  Lipid elearance may be measured as described in literatwre. See Maier, M.A., e/ al.
Biodegradable Lipids Enabling Rapidly Eliminated Lipid Nanoparticles for Systemic
Delivery of RNAI Therapeutics. Mol Ther. 2013, 21(8), 1570-78 (“Muaier™). For example,

in Maier, LNP-siRNA systems containing luciferases-targeting siRNA were administered to



WO 2019/067992 PCT/US2018/053559

3%

six- to eight-week old male C57BV6 mice at 0.3 mg/kg by intravenous bolus injection vig the
lateral tatl vein. Blood, Hiver, and spleen samples were collected at 0.083, 625,05, 1,2, 4, §,
24, 48, 36, and 168 hours posi-dose. Mice were perfused with saline before tissue collection
and blood samples were processed 1o obtain plasma. All samples were processed and
analyzed by LC-MS. Further, Muier describes a procedure for assessing toxicity afier
administration of LNP-siRNA formulations. For example, a luciferase-targeting siRNA was
administered at 0, 1, 3, 5, and 10 mg/kg (5 arumals/group) via single intravenous bolus
injection at a dose volume of § mL/kg to male Sprague-Dawley rats. Afier 24 hours, about |
mL of blood was obtained from the jugular vein of conscious animals and the serum was
isolated. At 72 hours post-dose, all animals were euthanized for necropsy. Assessments of
chinical signs, body weight, serum chemistry, organ weights and histopathology were
performed. Although Maier describes methods for assessing siRNA-LNP formulations, these
methods may be applied to assess clearance, pharmacakinetics, and toxicity of administration
of LNP compositions of the present disclosure.

[6125]  The amine lipids may lead to an jncreased clearance rate. In some embodiments,
the clearance rate is a lipid clearance rate, for example the rate at which a lipid is cleared
from the blood, serum, or plasma. In some embodiments, the clearance rate is an RNA
clearance rate, for example the rate at which an mRNA or a gRNA is cleared from the blood,
serum, or plasma. In some embodiments, the clearance rate is the rate at which LNP is
cleared from the blood, serum, or plasma. In some embodiments, the clearance rate is the
rate at which LNP is cleared from a tissue, such as liver tissue or spleen tissue. In certain
embodiments, a high clearance rate leads to a safety profile with no substantial adverse
effects. The amine lipids may reduce LNP accumulation in circulation and in tissues. In
some embodiments, a reduction in LNP accumulation in circulation and in tissues leads to a
safety profile with no substantial adverse effects.

[6126] The amine lipids of the present disclosure are ionizable (e.g., may form a salt)
depending upon the pH of the medium they are in. For example, in a slightly acidic medium,
the amine lipids may be protonated and thus bear a positive charge. Conversely, in a shightly
basic medium, such as, for example, blood, where pH 15 approximately 7.35, the amine lipids
may not be protonated and thus bear no charge. In some embodiments, the amine lipids of
the present disclosure may be protonated at a pH of at least about 9. In some embodiments,

the amine lipids of the present disclosure may be protonated at a pH of at least about 9. Ju
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some embodiments, the amine Jipids of the present disclosure may be protonated at a pH of at
least about 10.
{6127}  The pH at which an amine lipid is predominantly protonated is related to its
intrinsic pia. In sore embodiments, the amine lipids of the present disclosure may each,
independently, have a pKa in the range of from about 5.1 to about 7.4. In some
embodiments, the amine lipids of the present disclosure may each, independently, have 2 pKa
in the range of from about 5.5 to about 6.6. In some embodiments, the amine lipids of the
present disclosure may each, independently, have a pKa in the range of from about 5.6 to
about 6.4. In some embodiments, the amine lipids of the present disclosure may each,
independently have a pKa in the range of from about 5.8 (0 about 6.2. For example, the
amine lipids of the present disclosure may cach, independently, have a pKa in the range of
from about 5.8 to about 6.5. The pKa of an amine lipid can be an important consideration in
formulating LNPs as it has been found that cationic lipids with 2 pKa ranging from about 5.1
to about 7.4 are effective for delivery of cargo in vivo, e.g., to the liver. Furthenuore, it has
been found that cationic Hpids with a pKa ranging from about 5.3 to about 6.4 are effective
for delivery in vivo, e.g., to tumars. See, e.g., WO 2014/136086.

Additional Lipids
[6128]  “Neutral lipids” suitable for use in a hipid composition of the disclosure include,
for example, a vaniety of neutral, uncharged or zwitterionic lipids. Examples of neutral
phospholipids suttable for use in the present disclosure include, but are not limited to, 5-
heptadecylbenzene-1,3-diol (resorcinol}, dipalmitoyiphosphatidyicholine (DPPC),
distearoylphosphatidylcholine (DSPC), pohsphocholine (DOPC),
dimyristoylphosphatidylcholine (DMPC), phosphatidyicholine (PLPC), 1,2-distearoyl-sn-
glycero-3-phosphocholine (DAPC), phosphatidylethanolamine (PE), egg phosphatidylcholine
(EPC), dilawryloylphosphatidylcholine (DLPC), dimyristoyiphosphatidylcholine (DMPC), §-
myristoyl-2-palmitoy! phosphatidylcholine (MPPC), I-palmitoyl-2-myristoyl
phosphatidylcholine (PMPC), 1-palmitoyl-2-stearoyi phosphatidylcholine (PSPC), 1,2-
diarachidoyl-sn-glycero-3-phosphocholine (DBPC), 1-stearoyl-2-palmitoyl
phosphatidylcholine (S8PPC), 1,2-dicicosenoyl-sn-glycero-3-phosphocholine (DEPC),
palmitoyloleoyl phosphatidylcholine (POPC), lysophosphatidy! choline, dioleoy]
phosphatidylethanolamine (DOPE), dilinoleoyiphosphatidyicholine
distearoylphosphatidylethanolamine (DSPE), dimynistoyl phosphatidylethanolamine
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(DMPE), dipalmitoyl phosphatidylethanolamine (DPPE), palmitoyloleoyl
phosphatidylethanolamine (POPE), lvsophosphatidylethanolamine and combinations thereof.
In one embodiment, the neutral phospholipid may be selected from the group consisting of
distearoyiphosphatidylcholine {DSPC) and dimyristoyl phosphatidyl ethanclamine (DMPE).
In another embodiment, the neutral phospholipid may be distearoylphosphatidyicholine
(DSPC). In another embodiment, the neutral phospholipid may be
dipalmitoylphosphatidylicholing (DPPC),

[6123] “Helper lipids” include steroids, sterols, and alkyl resorcinols. Helper lipids
suitable for use in the present disclosure include, but are not limited to, cholesterol, 5-
heptadecylresorcinol, and cholesterol hemisuceinate. In one embodiment, the helper lipid
may be cholesterol. In one embodiment, the helper lipid may be cholesterol hemisuccinate.
[¢138] PEG lipids are stealth lipids that alter the length of time the nanopartticles can exist
invivo {e.g., in the blood). PEG lipids may assist in the formulation process by, for example,
reducing particle aggregation and controfling particle size. PEG lipids used herein may
modulate pharmacokinetic properties of the LNPs. Typically, the PEG lipid compnises a hipid
moiety and a polymer moiety based on PEG.

[6131] In some embodiments, the lipid moicty may be derived from diacylglycerol or
diacylglyeamide, including those comprising a dialkylglycerol or dialkylglycamide group
having alkyl chain length independently comprising from about C4 to about C40 saturated or
unsafurated carbon atoms, wherein the chain may comprise one or more functional groups
such as, for example, an amide or ester. In some embodiments, the alkyl chain length
comprises about C10 to C20. The dialkylglycerol or dialkylglycamide group can further
comprise one or more substituted alkyl proups. The chain lengths may be symmetrical or
assymetric.

[6132]  Unless otherwise indicated, the term “PEG™ as used herein means any
polyethylene glycol or other polyalkylene ether polymer. In one embodiment, PEG moiety is
an optionally substituted linear or branched polymer of ethylene glycol or ethylene oxide. In
certain embodiments, PEG molety is Alternatively, the PEG moiety may be substituted, e.g.,
by one or more alkyl, alkoxy, acyl, hydroxy, or aryl groups. Io one embodiment, the PEG
moiety includes PEG copolymer such as PEG-polyurethane or PEG-polypropylene (see, e.g.,
J. Milron Harris, Poly(ethylene glycol) chemistry: biotechnical and biomedical applications

(1992)); alternatively, the PEG moiety does not include PEG copolymers, e.g., it may be a
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PEG monopolymer. In one embodiment, the PEG has a molecular weight of from about 130
to about 50,000, in a sub-embodiment, about 150 to about 30,000, in a sub-embodiment,
about 150 to about 20,000, in a sub-embodiment about 150 to about 15,000, in a sub-
embodiment, abour 130 to abour 10,000, in a sub-embodiment, about 150 to about 6,000, in a
sub-embodiment, about 150 to about 5,000, in a sub-embodiment, about 150 to about 4,000,
in a sub-embodiment, about 150 10 about 3,000, in a sub-embodiment, about 300 to about
3,000, in a sub-embodiment, about 1,000 to about 3,000, and in a sub-embodiment, about
1,500 to about 2,500.

[6133]  In certain embodiments, the PEG (e.g., conjugated to a lipid moiety or lipid, such
as a stealth lipid), 1s a “PEG-2K.” also termed “PEG 2000,” which has an average molecular
weight of about 2,000 daltons. PEG-2K is represented herein by the following formula (1),
wherein n is 45, meaning that the number averaged degree of polymerization comprises about

O/\toR o
45 subunits . However, other PEG embodiments known in the art may
be used, including, e.g., those where the number-averaged degree of polymerization
comprises about 23 subunits (n=23), and/or 68 subunits (n=68). In some embodimenis, n
may range from about 30 to about 60. In some embodiments, n may range from about 35 to
about 55. In some embodiments, n may range from about 40 to about 50. In some
embodiments, n may range from about 42 (¢ about 48. In some embodiments, n may be 45.
In some embodiments, R may be selected from H, substituted alkyl, and unsubstituted alkyl.
In some embodiments, R may be unsubstituted altkyl. In some embodiments, R may be
methyl.

[6134]  In any of the embodiments described herein, the PEG liptd may be selected from
PEG-difauroylglycerol, PEG-dimyristoyiglycerol (PEG-DMG) (catalog # GM-020 from
NQOF, Tokyo, Japan), PEG-dipalmitoyiglycerol, PEG-distearoylglycerol (PEG-DSPE)
(catalog # DSPE-020CN, NOF, Tokyo, Japan), PEG-dilaurylglycamide, PEG-
dimyristylglycamide, PEG-dipalmitoylglycamide, and PEG-distearoylglycamide, PEG-
cholesterol (1-[8-(Cholest-5-en-3[betal-oxycarboxamido-3',6'-dioxacctanyljcarbamoyl-
[omegal-methyl-poly{ethyiene glycol), PEG-DMB (3 4-ditetradecoxylbenzyl-{omegal-
methyl-poly(ethylene glycoDether), 1,2-dimyristoyl-sn-glycero-3-phosphosthanolamine-N-
[methoxy(polyethylene glycol)-2000] (PEG2k-DMG) (cat. #880150P from Avanti Polar
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Lipids, Alabaster, Alabama, USA), 1,2-distearoyi-sn-glycero-3-phosphocethanolamine-N-
[methoxy(polvethyiene glycol)-2000] (PEG2k-DSPE) (cat. #380120C from Avanti Polar
Lipids, Alabaster, Alabama, USA), 1,2-distearoyl-sn-glycercl, methoxypolyethylene glyeol
(PEG2k-DSG; GS-020, NOF Tokyo, Japan), poly(ethylene glycol)-2000-dimethacrylate
(PEG2k-DMA), and 1,2-distearyloxypropyl-3-amine-N-[methoxy(polyethylene giycol)-
2000] (PEG2k-DSA). In one embodiment, the PEG lipid may be PEG2k-DMG. In some
embodiments, the PEG lipid may be PEG2k-DSG. In one embodiment, the PEG lipid may be
PEG2k-DSPE. In one embodiment, the PEG lipid may be PEG2k-DMA. Inone
embodiment, the PEG lipid may be PEG2k-C-DMA. In one embodiment, the PEG lipid may
be compound S027, disclosed in W0O2016/010840 at paragraphs [00240] to [00244]. Inone
embodiment, the PEG lipid may be PEG2k-DSA. In one embodiment, the PEG lipid may be
PEG2k-Cl1. In some embodiments, the PEG lipid may be PEG2k-C14. Insome
embodiments, the PEG lipid may be PEG2k-C16. [n some embodiments, the PEG lipid may
be PEG2k-CJ8.

LNP Formulations
[6138] Embodiments of the present disclosure provide lipid compositions described
according to the respective molar ratios of the component lipids in the formulation. In one
embodiment, the mol-% of the amine lipid may be from about 30 mol-% to about 60 mol-%.
In one embodiment, the mol-% of the amine lipid may be from about 40 mol-% to about 60
mol-%. In one embodiment, the mol-% of the amine lipid may be from about 45 mol-% to
about 60 mol-%. In one embodiment, the mol-% of the amine lipid may be from about 50
mol-% to about 60 mol-%. In one embodiment, the mol-% of the amine lipid may be from
about 535 moi-% to about 60 mol-%. In one embodiment, the mol-% of the amine lipid may
be from about 50 mol-% to about 55 mol-%. In one embodiment, the mol-% of the amine
lipid may be about 50 mol-%. In one embodiment, the mol-% of the amine lipid may be
about 55 mol-%. In some embodiments, the amine lipid mol-% of the LNP batch will be
£30%, £25%, £20%, £15%, £10%, £5%, or £2.5% of the target mol-%. Insome
embodiments, the amine lipid mol-% of the LNP batch will be £4 mol-%, 3 mol-%, %2 mol-
%, £1.5 mol-%, =1 mol-%, £0.5 mol-%, or £0.25 mol-% of the target mol-%. All mol-%
nurnbers are given as a fraction of the lipid component of the LNP compositions. In certain
embodiments, LNP inter-lot variability of the amine lipid mol-% will be less than 15%, less

than 10% or less than 5%.
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i0136]  Inone embodiment, the mol-% of the neutral lipid, ¢.g., neutral phospholipid, may
be from about § mol-% to about 15 mol-%. In one embodiment, the mol-% of the neutral
lipid, e.g., neutral phospholipid, may be from about 7 mol-% to about 12 mol-%. In one
embodiment, the mol-% of the neurral lipid, e.g., neutral phospholipid, may be from about 0
mol-% to about 5 mol-%. [n one embodiment, the mol-% of the neutral lipid, e.g., neutral
phospholipid, may be from about 8 mol-% to about 10 mol-%. In one embodiment, the mol-
% of the neutral Hipid, e.g., neutral phospholipid, may be from about 5 mol-% to about 10
mol-%. In one embodiment, the mol-% of the neutral lipid, ¢.g., neutral phospholipid, may
be from about § mol-% to about 10 mol-%.

[6137]  Inoneembodiment, the mol-% of the neutral liptd, ¢.g., neutral phospholipid, may
be about 5 mol-%, about 6 mol-%, about 7 mol-%, about 8 mol-%, about 9 moi-%, about 10
mol-%, about 11 mol-%, about 12 mol-%, about {3 mol-%, about 14 mol-%, or about 15
mol-%. In one embodiment, the mol-% of the neutral lipid, e.g., neutral phospholipid, may
be about 9 mol-%.

[06138]  Inone embodiment, the mol-% of the neutral lipid, ¢.g., neutral phospholipid, may
be from about | mol-% to about S mol-%. In one embodiment, the mol-% of the neutral lipid
may be from about 0.1 mol-% to about I mol-%. In one embodiment, the mol-% of the
neutral lipid such as neutral phospholipid may be about 0.1 mol-%, about 0.2 mol-%, about
0.5 mol-%, | mol-%, about 1.5 mol-%, about 2 mol-%, about 2.5 mol-%, about 3 mol-%,
about 3.5 mol-%, about 4 mol-%, about 4.5 mol-%, or about 5 mol-%.

[613%]  In one embodiment, the mol-% of the neutral lipid, =.2., neutral phospholipid, may
be less than about | mol-%. In one embodiment, the mol-% of the neuwal lipid, e.g., neutral
phospholipid, may be less than about 0.5 mol-%. In one embodiment, the mol-% of the
neutral lipid, e.g., neutral phospholipid, may be about 0 mol-%, about 0.1 mol-%, about 0.2
mol-%, about 0.3 mol-%, about 0.4 mol-%, about 0.5 mel-%, about 0.6 mol-%, about 0.7
mol-%, about 0.8 mol-%, about 0.9 mol-%, or about | mol-%. In some embodiments, the
formulations disclosed herein are free of neutral lipid (i.e., 0 mol-% neuiral hpid). In some
embodiments, the formulations disclosed herein are essentially free of neutral lipid (1e.,
about 0 mol-% neuwal lipid). In some embodiments, the formulations disclosed herein are
free of neutral phospholipid (i.e., 0 mol-% neutral phospholipid). In some embodiments, the
formulations disclosed herein are essentially free of neutral phospholipid (i.e., about 0 mol-%

neutral phospholipid).
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i3148]  In some embodiments, the neutral lipid mol-% of the LNP batch will be £30%,
£25%, £20%, =15%, £10%, £5%. or £2.5% of the target neutral tipid mol-%. In certain
embodiments, LNP inter-lot variability will be less than 15%, less than 10% or less than 5%.
[6141]  In one embodiment, the mol-% of the helper lipid may be from about 20 mol-% to
about 60 mol-%. In one embodiment, the mol-% of the helper lipid may be from about 25
mol-% to about 55 mol-%. In one embodiment, the moi-% of the helper lipid may be from
about 25 mol-% to about 50 mol-%. In one embodiment, the mol-% of the helper lipid may
be from about 25 mol-% to about 40 mol-%. Tn one embodiment, the mol-% of the helper
lipid may be from about 30 mol-% to about 30 mol-%. In one embodiment, the mol-% of the
helper lipid may be from about 30 mol-% to about 40 mol-%. In one embodiment, the mol-%
of the helper lipid is adjusted based on amine lipid, neutral lipid, and PEG lipid
concentrations to bring the lipid component 1o 100 mol-%. In one embodiment, the mol-% of
the helper lipid is adjusted based on amine lipid and PEG lipid concentrations to bring the
lipid component to 100 mol-%. In one embodiment, the mol-% of the helper lipid 15 adjusted
based on amine lipid and PEG lipid concentrations to bring the lipid component to at least 99
mol-%. In some embodiments, the helper mol-% of the LNP batch will be £30%, £25%,
£20%, £15%, £10%, £5%, or £2.5% of the target mol-%. In certain embodiments, LNP
inter-lot variability will be less than 15%, less than 10% or less than 5%.

[¢142]  In one embodiment, the mol-% of the PEG lipid may be from about | mol-% to
about 10 mol-%. In one embodiment, the mol-% of the PEG lipid may be from about 2 mol-
% to about 10 mol-%. [n one embodiment, the mol-% of the PEG lipid may be from about 2
mol-% to about 8 mol-%. In one embodiment, the mol-% of the PEG lipid may be from
about 2 mol-% to about 4 mol-%. In one embodiment, the mol-% of the PEG lipid may be
from about 2.5 mol-% to about 4 mol-%. In one embodiment, the mol-% of the PEG lipid
may be about 3 mol-%. In gne embodiment, the mol-% of the PEG lipid may be about 2.5
mol-%. In some embodiments, the PEG lipid mol-% of the LNP batch will be £30%, £25%,
£20%, £15%, £10%, £5%, or £2.5% of the target PEG lipid mol-%. In certain embodiments,
LNP inter-lot variability will be less than 15%, less than 10% or less than 5%.

(0343}  In certain embodiments, the cargo includes an mRNA encoding an RNA-guided
DNA-binding agent (e.g. a Cas nuclease, a Class 2 Cas nuclease, or Cas9), and a gRNA or a
nucleic acid encoding a gRNA or a combination of mRNA and gRNA. In one embodiment,

an LNP composition may comprise a Lipid A or its equivalents. [n some aspects, the amine
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lipid is Lipid A. In some aspects, the amine lipid is a Lipid A equivalent, e.g. an analog of
Lipid A. In certain aspects, the amine fipid is an acetal analog of Lipid A. In various
embodiments, an LNP composition comprises an amine lipid, a neutral lipid, a helper lipid,
and a PEG lipid. In certain ermbodiments, the helper lipid is cholesterol. In certain
embodiments, the neutral lipid 1s DSPC. In specific embodiments, PEG hpid is PEG2k-
DMG. In some embodiments, an LNP composition may comprise a Lipid A a helper lipid, a
neutral lipid, and a PEG lipid. In some embodiments, an LNP composition comprises an
amine lipid, DSPC, cholesterol, and a PEG lipid. [n some embodiments, the LNP
composition comprises a PEG lipid comprising DMG. In certain embodiments, the amine
lipid is selected from Lipid A, and an equivalent of Lipid A, including an acetal analog of
Lipid A. In additional embodiments, an LNP composition comprises Lipid A, cholesterol,
DSPC, and PEG2k-DMG.

[0144]  In various embodiments, an LNP composition comprises an amine lipid, a helper
lipid, a neutral Lipid, and a PEG lipid. 1n various embodiments, an LNP composition
comprises an amine lipid, a helper lipid, a neurral phospholipid, and a PEG lipid. In various
embodiments, an LNP composition comprises a lipid component that consists of an amine
lipid, a helper hipid, a neutral lipid, and a PEG lipid. In various embodiments, an LNP
composition comprises an amine lipid, a helper lipid, and 2 PEG lipid. In certain
embodiments, an LNP composition does not comprise a neutral lipid, such as a neutral
phospholipid. In various embodiments, an LNP composttion comprises a lipid component
that consists of an amine lipid, a helper lipid, and a PEG lipid. In certain embodiments, the
neutral lipid is chosen from one or more of DSPC, DPPC, DAPC, DMPC, DOPC, DOPE,
and DSPE. In certain embodiments, the neutral lipid is DSPC. In certain embodiments, the
neutral lipid is DPPC. In certain embodiments, the neutral lipid is DAPC. In certain
embodiments, the neutral lipid is DMPC. In certain embodiments, the neutral lipid is DOPC.
In certain embodiments, the neutral lipid is DOPE. In certain embodiments, the neutral lipid
is DSPE. In ceriain embodiments, the helper lipid is cholesterol. In specific embodiments,
the PEG lipid is PEG2k-DMG. In some embodiments, an LNP composition may comprise a
Lipid A, a helper lipid, and a PEG lipid. In some embodiments, an LNP composition may
comprise a lipid component that consists of Lipid A, a helper lipid, and a PEG lipid. In some
embodiments, an LNP composition comprises an amine lipid, cholesterol, and a PEG lipid.

In some embodiments, an LNP composition comprises a lipid component that consists of an
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amine lipid, cholesterol, and a PEG lipid. In some embodiments, the LNP composition
comprises a PEG hipid comprising DMG. In certain embodiments, the amine lipid 15 selected
from Lipid A and an equivalent of Lipid A, including an acetal analog of Lipid A. In certain
embodiments, the amine lipid is a C5-C12 or a C4-C12 acetal analog of Lipid A. In
additional embodiments, an LNP composition comprises Lipid A, cholesterol, and PEG2k-
DMG.

[6145]  Embodiments of the present disclosure also provide lipid compositions described
according to the molar ratio between the positively charged amine groups of the amine lipid
(N} and the negatively charged phosphate groups (P) of the nucleic acid to be encapsulated.
This may be mathematically représented by the equation N/P. In some embodiments, an LNP
composition may comprise a lipid component that comprises an amine lipid, a helper lipid, a
neutral lipid, and a PEG lipid; and a nucleic acid component, wherein the N/P ratio is about 3
to }10. In some embodiments, an LNP composition may comprise a lipid component that
comprises an amine lipid, a helper lipid, and a PEG lipid; and a nucleic acid component,
wherein the N/P ratio is about 3 to 10, Tn some embodiments, an UNP coraposition may
comprise a lipid component that comprises an amine lipid, a helper lipid, a neutral Iipid, and
a helper lipid; and an RNA component, wherein the N/P ratio is aboui 3 to 10. In some
embodiments, an LNP composition may comprise a lipid component that comprises an amine
lipid, a helper lipid, and a PEG lipid; and an RNA component, wherein the N/P ratio is about
Jto 10, In one embodiment, the N/P ratio may be about 5 to 7. In one embodiment, the N/P
ration may be about 3 to 7. In one embodiment, the N/P ratic may be about4.5t0 8. Inone
embodiment, the N/P ratic may be about 6. In one embodiment, the N/P ratio may be 6 £ 1.
In one embodiment, the N/P ratio may be 6 £ 0.5, In some embodiments, the N/P ratio will
be £30%, £25%, £20%, £15%, £10%, £5%, or £2.5% of the target N/P ratic. In certain
embodiments, LNP inter-lot variability will be less than 15%, less than 10% or less than 5%.
[6146]  In some embodiments, the nucleic acid component, ¢.g., an RNA component, may
comprise an mRNA, such as an mRNA encoding a Cas nuclease. An RNA component
includes RNA, optionally with additional nucleic acid and/or protein, e.g., RNP cargo. In one
embodiment, RNA comprises a Casd mRNA. In some compositions comprising an mRNA
encoding a Cas nuclease, the LNP further comprises a gRNA nucleic acid, such as a gRNA.

In some embodiments, the RNA component comprises a Cas nuclease mRNA and a gRNA.
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In some embodiments, the RNA component comprises a Class 2 Cas nuclease mRNA and a
sRNA.

[6147] In certain embodiments, an LNP composition may comprise an mRNA encoding a
Cas nuclease such as a Class 2 Cas nuclease, an amine lipid, a helper lipid, a neutral lipid,
and a PEG lipid. In certain embodiments, an LNP composition may comprise an mRNA
encoding a Cas nuclease such as a Class 2 Cas nuclease, an amine lipid, a helper lipid, and a
PEG lipid. In certain LNP compositions comprising an mRNA encoding a Cas nuclease such
as a Class 2 Cas nuclease, the helper lipid is cholesterol. In other compositions comprising
an mRNA encoding a Cas nuclease such as a Class 2 Cas nuclease, the neutral lipid 1s DSPC.
In additional embodiments comprising an mRNA encoding a Cas nuclease such as a Class 2
Cas nuclease, the PEG lipid is PEG2k-DMG or PEG2k-CIH 1. In specific compositions
comprising an mRNA encoding a Cas nuclease such as a Class 2 Cas nuclease, the amine
lipid is selected from Lipid A and its equivalents, such as an acetal analog of Lipid A.

[3148]  In some embodiments, an LINP composition may compnise a3 gRNA. In certain
embodiments, an LNP composition may comprise an amine lipid, a eRNA, a helper lipid, 2
neutral lipid, and a PEG lipid. In certain embodiments, an LNP composition may comprise
an amine lipid, a gRNA, a helper lipid, and a PEG lipid. In certain LNP compositions
comprising a gRNA, the helper lipid is cholesterol. In some compositions comprising a
gRNA, the neutral lipid is DSPC. In additional embodiments comprising a gRNA, the PEG
lipid is PEG2k-DMG or PEG2k-C11. In certain embodiments, the amine lipid is selected
from Lipid A and its equivalents, such as an acetal analog of Lipid A.

[6145]  In one embodiment, an LNP composition may comprise an sgRNA. Inone
embodiment, an LNP composition may comprise a Cas9 sgRNA. In one embodiment, an
LNP composition may comprise a Cpfl sgRNA. In some compositions comprising an
sgRNA, the LNP includes an amine lipid, a helper lipid, a neutral lipid, and a PEG lipid. In
some compositions comprising an sgRNA, the LNP includes an amine lipid, a helper lipid,
and a PEG lipid. In certain compositions comprising an sgRNA, the helper lipid is
cholesterol. In other compaositions comprising an sgRNA, the neutral hpid 1s DSPC. In
additional embodiments comprising an sgRNA, the PEG lipid is PEG2k-DMG or PEG2k-
ClL Incertain embodiments, the amine lipid 1s selected from Lipid A and its equivalents,

such as acetal analogs of Lipid A.
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i3138]  In certain embodiments, an LNP composition comprises an mRMA encoding a Cas
nuclease and a gRNA, which may be an sgRNA. In one embodiment, an LNP composition
may comprise an amine lipid, an mRNA encoding a Cas nuclease, a gRNA, a helper lipid, a
neurral lipid, and a PEG lipid. In one embodimeny, an LNP composition may comprise a
lipid component consisting of an amine lipid, a helper lipid, a neutral lipid, and a PEG lipid;
and a nucleic acid component consisting of an mRNA encoding a Cas nuclease, and a gRNA.
In one embodiment, an LNP composition may comprise a lipid component consisting of an
amine lipid, a helper lipid, and a PEG lipid; and a nucleic acid component consisting of an
mRNA encoding a Cas nuclease, and a gRNA. In certain compositions comprising an
mRNA encoding a Cas nuclease and a gRNA, the helper lipid is cholesterol. In some
compositions comprising an mRNA encoding a Cas nuclease and a gRNA, the neutral lipid 1s
DSPC. Certain compositions comprising an mRNA encoding a Cas nuclease and a gRNA
comprise less than about 1 mol-% neutral lipid, e.g. neutral phospholipid. Certain
compositions comprising an mRNA encoding a Cas nuclease and a gRNA corprise less than
about 0.5 mol-% neutral hipid, e.g. neutral phospholipid. In certain compositions, the LNP
does not comprise a neutral lipid, e.g., neutral phospholipid. In additional embodimentis
comprising an mRNA encoding a Cas nuclease and a gRNA, the PEG lipid is PEG2k-DMG
or PEG2k-CI1. In certain embodiments, the amine hipid is selected from Lipid A and its
equivalents, such as acetal analogs of Lipid A.

[6151]  Incertain embodiments, the LNP compositions include a Cas nuclease mRNA,
such as a Class 2 Cas mRNA and at least one gRNA. In certain embodiments, the LNP
composition includes a ratic of gRNA 1o Cas nuclease mRNA, such as Class 2 Cas nuclease
mRNA from about 25:1 to about 1:25. In certain embodiments, the LNP formulation
includes a ratio of gRNA to Cas nuclease mRNA, such as Class 2 Cas nuclease mRNA from
about 10:1 to about 1:10. In certain embodiments, the LNP formulation includes a ratio of
gRNA 10 Cas nuclease mRNA, such as Class 2 Cas nuclease mRNA from about 8:1 to about
1:8. As measured herein, the ratios are by weight. In some embodiments, the LNP
formulation includes a ratio of gRNA to Cas nuclease mRNA, such as Class 2 Cas mRNA
from about 5:1 to about 1:3. In some embodimenis, ratio range s about 311 to 1:3, about 2:1
to 1:2, about 5:1 10 1:2, about 5:1 to 111, about 3:1 to 1:2, about 3:1 to 111, about 3:1, about

2:1to 1:1. In some embodiments, the gRNA to mRNA ratio is about 311 or about 2:1 In
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some embodiments the ratio of gRNA to Cas nuclease mRNA, such as Class 2 Cas nuclease
is about 1:1. The ratio may be about 25:1, 10:1, 5:1, 3:1, 111, 1:3, 115, 1:10, or 1:25.

[6152] The LNP compositions disclosed herein may include a template nucleic acid. The
template nueleic acid may be co-formulated with an mRNA encoding a Cas nuclease, such as
a Class 2 Cas nuclease mRNA. In some embodiments, the template nucleic acid may be co-
formulated with a guide RNA. In some embodiments, the template nucleic acid may be co-
formulated with both an mRNA encoding a Cas nuclease and a guide RNA. In some
embodiments, the template nucleic acid may be formulated separately from an mRNA
encoding a Cas nuclease or a guide RNA. The template nucleic acid may be delivered with,
or separately from the LNP compositions. In some embodiments, the template nucleic acid
may be single- or double-stranded, depending on the desired repair mechanism. The template
may have regions of homology to the target DNA | or to sequences adjacent to the target
DNA.

[3153]  In some embodiments, LINPs are formed by mixing an aqueous RINA solution with
an organic solvent-based lipid solution, ¢.g., 100% ethanol. Suitable solutions or solvents
include or may contain: water, PBS, Tris buffer, NaCl, citrate buffer, ethanol, chloroform,
diethylether, cyclohexane, tetrahydrofuran, methanol, isopropancl. A pharmaceutically
acceptable buffer, e.g., for ix vivo administration of LNPs, may be used. In certain
embodiments, a buffer is used to maintain the pH of the compesition comprising LNPs at or
above pH 6.5. In certain embodiments, a buffer is used (0 maintain the pH of the
composition comprising LNPs at or above pH 7.8, In certain embaodiments, the composition
has 2 pH ranging from about 7.2 to about 7.7. In additional embodiments, the composition
has a pH ranging from about 7.3 to about 7.7 or ranging from about 7.4 to about 7.6, In
further embodiments, the composition has a pH of about 7.2, 7.3, 7.4, 7.5, 7.6, 0r 7.7. The
pH of a composition may be measured with a micro pH probe. In certain embodiments, a
cryoprotectant is included in the composition. Non-limiting examples of cryoprotectants
include sucrose, trehalose, glyeerol, DMSQ, and ethylene glycol. Exemplary compositions
may include up 1o 10% cryoprotectant, such as, for example, sucrose. In certain
embodiments, the LNP composition may include about 1,2, 3, 4,5, 6,7, 8,9, or 10%
cryoprotectant. In certain embodiments, the LNP composition may include about |, 2, 3, 4,
5,6,7, 8,9, or 10% sucrose. In some embodiments, the LNP composition may include a

buffer. In some embodiments, the buffer may comprise a phosphate buffer (PBS), a Tris
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buffer, a citrate buffer, or mixtwes thereof. In certain exemplary embodiments, the buffer
comprises NaCl. In certain emboidments, NaCl is omitted. Exemplary amounts of NaCl
may range from about 20 mM to about 45 mM. Exemplary amounts of NaCl may range from
about 40 mM ro abour 30 mM. In some embodiments, the amount of MaCl is about 45 mM.
In some embodiments, the buffer is a Tris buffer. Exernplary amounts of Tris may range
from about 20 mM 0 about 60 mM. Exemplary amounts of Tris may range from about 40
mM 10 about 60 miM. In some embodiments, the amount of Tris is about 50 mM. In some
embodiments, the buffer comprises NaCl and Tris. Certain exemplary embodiments of the
LNP compositions contain 5% sucrose and 45 mM NaCl in Tris buffer. In other exemplary
embodiments, compositions contain sucrose in an amount of about 5% w/v, about 45 mM
NaCl, and about 50 mM Tris at pH 7.5. The salt, buffer, and cryoprotectant amounts may be
varied such that the osmolality of the overall formulation (s maintained. For example, the
final osmolality may be maintained at less than 450 mQOsm/L. In further embodiments, the
asmolality 1s between 350 and 250 mOsm/L. Certain embodiments have a final osmolality of
300 +/- 20 mOsm/L.

[6154]  In some embodiments, microfluidic mixing, T-mixing, or cross-mixing is used. In
certain aspects, flow rates, junction size, junction geometry, junction shape, tube diameter,
solutions, and/or RNA and lipid concentrations may be varied. LNPs or LNP compositions
may be concentrated or purified, e.g., via dialysis, tangential flow filiration, or
chromatography. The LNPs may be stored as a suspension, an emulsion, or a lyophilized
powder, for example. In some embodiments, an LNP composition is stored at 2-8° C, in
certain aspects, the LNP compositions are stored at room temperature. In additional
embodiments, an LNP composition is stored frozen, for example at -20° Cor -80° C. In
other embodiments, an LNP composition is stored at a temperature ranging from about 6° C
to about -80° C. Frozen LNP compositions may be thawed before use, for example on ice, at
room temperature, or at 25° C.

[6155]  The LNPs may be, e.g., microspheres (including unilamellar and multilamellar
vesicles, e.g., “liposomes”—lamellar phase hipid bilayers that, in some embodiments, are
substantially spherical—and, in more particular embodiments, can comprise an agueous core,
e.g., comprising a substantial portion of RNA molecules), a dispersed phase in an emulsion,

micelles, or an internal phase in a suspension.
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I0156]  Moreover, the LNP compositions are biodegradable, in that they do not accumulate
16 cytotoxic tevels in vivo at a therapeutically effective dose. In some embodiments, the LNP
compositions do not cause an innate immuine response that leads to substantial adverse effects
at a therapeuric dose level. In some embodiments, the LNP compositions provided herein do
not cause toxicity at a therapeutic dose level.

{01537}  Insome embodimenis, the pdi may range from about 0.005 to about 0.75. Insome
embodiments, the pdi may range from about 0.01 to about 0.5. In some embodiments, the pdi
may range from about zero to about 0.4. In some embodiments, the pdi may range from
about zero to about 0.35. In some embodiments, the pdi may range from about zero to about
0.35. In some embodiments, the pdi may range from about zero to about 0.3, In some
embodiments, the pdi may range from about zero to about 0.25. In some embodiments, the
pdi may range from about zero to about 0.2, In some embodiments, the pdi may be less than
about 0.08,0.1,0.15,0.2, or 0.4.

[6158] The LNPs disclosed herein have a size (e.g., Z-average diameter) of about | to
about 250 nm. Jn some embodiments, the LNPs have a size of about 10 to about 200 nm. In
further embodiments, the LNPs have a size of about 20 to about {50 nm. In some
embodiments, the LNPs have a size of about 50 to about 150 nm. In some embodiments, the
LNPs have a size of about 50 o about 100 nm. In some embodiments, the LNPs have a size
of about 50 to about 120 nm. Tn some embodiments, the LNPs have a size of about 60 1o
about 100 nm. In some embodiments, the LNPs have a size of about 75 10 about 150 nm. In
some embodiments, the LNPs have a size of about 75 t0 about 120 nm. In some
embodiments, the LNPs have a size of about 75 to about 100 nm. Unless indicated
otherwise, all sizes referred 1o herein are the average sizes (diameters) of the fully formed
nanoparticles, as measured by dynamic light scattering on a Malvern Zetasizer. The
nanoparticle sample is diluted in phosphate buffered saline (PBS) so that the count rate is
approximately 200-400 keps. The data is presented as a weighted-average of the intensity
measure (Z-average diameter).

[6158]  Insome embodiments, the LNPs are formed with an average encapsulation
efficiency ranging from about 50% to about 100%. In some embodiments, the LNPs are
formed with an average encapsulation efficiency ranging from about 50% to about 70%. In
some embodiments, the LNPs are formed with an average encapsulation efficiency ranging

from about 70% to about 90%. In some embodiments, the LINPs are formed with an average
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encapsulation cfficiency ranging from about 90% to about 100%. In some embodiments, the
LNPs are formed with an average encapsulation efficiency ranging from about 75% to about
95%.
[01606]  In some embodiments, the LNPs are formed with an average molecular weight
ranging from about 1.00E+05 g/mol to about 1.00E+10 g/mol. In some embodiments, the
LNPs are formed with an average molecular weight ranging from about 5.00E+05 g/mol to
about 7.00E+D7g/mol. In some embodiments, the LNPs are formed with an average
molecular weight ranging from about 1.00E+06 g/mol to about 1.00E+10 g/mel. Insome
embodiments, the LNPs are formed with an average molecular weight ranging from about
1.O0E+07 g/mol to about 1.00E+09 g/mol. In some embodiments, the LNPs are formed with
an average molecular weight ranging from about 5.00E+06 g/mol (o about 5.00E+09 g/mol.
[¢161]  In some embodiments, the polydispersity (Mw/Mn; the ranio of the weight
averaged molar mass (Mw) to the numnber averaged molar mass (Mn)) may range from about
1.000 to about 2.0090. In some embodiments, the Mw/Mn may range from about 1.00 to
about 1.500. In some embodiments, the Mw/Mn may range from about 1.020 to about
1.400. In some smbodiments, the Mw/Mn may range from about 1.010 to about 1.100. In
some embodiments, the Mw/Mn may range from about 1.100 to about 1.350.

Metheds of Engineering Cells; Engineered Cells
[6162]  The LNP compositions disclosed herein may be used in methods for engineering
cells through gene editing, both in vive and in vitre. Tn some embodiments, the methods
involve contacting a cell with an LNP composition described herein.
[6163]  In some embodiments, methods invelve contacting a cell in a subject, such as a
mammnal, such as a human. In some embodiments, the cell is in an organ, such as a liver, such
as a mammalian biver, such as a human liver. In some embodiments, the cell is a Liver cell,
such as a mammalian liver cell, such as a human biver cell. In some embodiments, the cell is
a hepatocyte, such as a mammalian hepatocyte, such as a hurnan hepatoecyte. In some
embodiments, the liver cell is a stem cell. In some embodiments, the human liver cell may be
a liver sinusoidal endothehal cell (LSEC). In some embodiments, the human liver cell may
be a Kupffer cell. In some embodiments, the human liver cell may be a hepatic stellate cell.
In some embodiments, the human liver cell may be a tumor cell. In some embodiments, the
human liver cell may be a liver stem cell. In additional embodiments, the cell comprises

ApoE-binding recepiors. [n some embodiments, the liver cell such as a hepatocyte 15 in situ,
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in some embodiments, the Jiver cell such as a hepatocyie is isolated, e.g., in a culture, such as
in a primary culture. Also provided are methods corresponding to the uses disclosed herein,
which eomprise administering the LNP compositions disclosed herein to a subject or
conracting a cell such as those deseribed above with the LNP compositions disclosed herein
[6164]  Insome embodiments, engineered cells are provided, for example an engineered
cell derived from any one of the cell types in the preceding paragraph. Such engineered cells
are produced according to the methods described heretn. In some embodiments, the
engineered cell resides within a tissue or organ, e.g., a hiver within a subject.

[6165] In some of the methods and cells described herein, a cell comprises a modification,
for example an insertion or deletion (“indel™) or substitution of nucleotides in a target
sequence. In some embodiments, the modification comprises an insertion of 1,2, 3, 4or S or
more nucleotides in a target sequence. In some embodiments, the modification comprises an
insertion of either 1 or 2 nucleotides in a target sequence. In other embodiments, the
modification comprises a deletion of 1,2, 3,4,5,6,7,8,9, 10, 15, 20 or 25 or more
nucleotides in a target sequence. In some embodiments, the modification comprises a
deletion of either | or 2 nucleotides 1n 2 target sequence. In some embodiments, the
modification comprises an indel which results in a frameshift mutation in a target sequence.
In some embodiments, the modification comprises a substitutionof 1,2, 3,4, 5,6, 7, 8,9, 10,
{5, 20 or 25 or more nucleotides in a target sequence. In some embodiments, the
modification comprises a substitution of either | or 2 nucleotides in a target sequence. In
some embodiments, the modification comprises one or more of an insertion, deletion, or
substitution of nucleotides resulting from the incorporation of a template nucleic acid, for
example any of the template nucleic acids described herein.

[6166] In some embodiments, a population of cells comprising engineered cells is
provided, for example a population of cells comprising cells engineered according to the
methods deseribed herein. In some embodiments, the population comprises engineered cells
cultured in vifro. In some embodiments, the population resides within a tissue or organ, e.g.,
a liver within a subject. In some embodirnents, at least 5%, at least 10%, at least 15%. at
feast 20%, at least 25%, at least 30%, at least 35%, at feast 40%, at least 45%, at least 50%, at
least SS%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90% or at least 93% or more of the cells within the population is engineered. In certain

embodiments, a method disclosed herein results in at least 5%, at least 10%, at least 15%, at
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least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at
least 55%, at least 60%, at teast 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90% or at least 95% editing efficiency {or “percent editing”), defined by detetion of
indels. In other embodiments, 2 method disclosed herein, results in at least 3%, at least 10%,
at least 15%, at least 20%, at least 25%, 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% or at least 95% DNA modification efficiency, defined by detecting
a change in sequence, whether by insertion, deletion, substitution or otherwise. In certain
embodiments, a method disclosed herein results in an editing efficiency level ora DNA
modification efficiency level of between about 5% to about 100%, about 10% to about 50%,
about 20 to about 100%, about 24 to about 80%, about 40 to about 100%, or about 40 to
about 80% in a cell population.

[6167]  Insome of the methods and cells described herein, cells within the population
comprise a modification, ¢.g., an indel or substitution at a target sequence. In some
embodiments, the modification comprises an insertion of |, 2, 3, 4 or 5 or roore nucleotides in
a target sequence. In some embodiments, the modification comprises an insertion of either |
or 2 nucleotides in a target sequence. In other embodiments, the modification comprises a
deletionof 1,2,3,4,5,6,7,8,9, 10, 15, 20 or 25 or more nucleotides in a target sequence.
In some embodiments, the modification comprises a deletion of either 1 or 2 nucleotides ina
target sequence. In some embodiments, the modification results in a frameshift mutation in a
target sequence. [n some embodiments, the modification comprises an indel which results in
a frameshift mutation in a target sequence. In some embodiments, at least 80%, at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 945, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% or more of the engineered cells in the population
comprise a frameshift mutation. In some embodiments, the modification comprises a
substitution of 1,2, 3,4, 5, 6,7, 8,9, 10, 15, 20 or 25 or more nucleotides in a target
sequence. In some embodiments, the modification comprises a substitution of either 1 or 2
nucleotides in 4 target sequence. In some embodiments, the modification comprises one or
more of an insertion, deletion, or substitution of nucleotides resulting from the incorporation

of a template nucleic acid, for example any of the template nucleic acids described herein.
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Methods of Gene Editing
[0168]  The LNP compositions disclosed herein may be used for gene editing in vivo and
in vifro. In one embodiment, one or more LNP compositions deseribed herein may be
administered 1o a subjeet in need thereof. In one embodiment, one or more LNP
compositions described herein may contact a cell. [n one embodiment, a therapeutically
effective amount of a composttion described herein may contact a cell of a subject in need
thereof. In one embodiment, a genetically engineered cell may be produced by contacting a
cell with an LNP composition deseribed herein. In various embodiments, the methods
comprise introducing a template nucletc acid to a cell or subject, as set forth above.
[616%]  In some embodiments, the methods involve administering the LNP composition to
a cell associated with a liver disorder. [n some embodiments, the methods involve treating a
Hiver disorder. In certain embodiments, the methods involve contacting a hepatic cell with the
LNP composition. In certain embodiments, the methods involve contacting a hepatoeyte with
the LNP composition. In some embodiments, the methods involve contacting an ApoE
binding cell with the LNP composition.
{6170} Inone embodiment, an LNP composition comprsing an mRNA encoding a Class 2
Cas nuclease and a gRNA may be administered o a cell, such as an ApoE binding cell. In
additional embodiments, a template nucleic acid is also introduced to the cell. In certain
instances, an LNP composition comprising a Class 2 Cas nuclease and an sgRNA may be
administered {0 a cell, such as an ApokE binding cell. In one embodiment, an LNP
composition comprising an mRNA encoding a Class 2 Cas nuclease, a gRNA and a template
may be administered to 2 cell. In certzin instances, an LNP composition comprising a Cas
nuclease and an sgRNA may be admirustered o a liver cell. In some cases, the liver cell 15 in
a subject.
{61717  In certain embodiments, a subject may receive a single dose of an LNP
composition. In other examples, a subject may receive roultiple doses of an LNP
composttion. In some embodiments, the LNP composition is administered 2-S times. Where
more than one dose is administered, the doses may be administered about 1,2, 3,4, 5,6, 7,
14, 21, or 28 days apart; about 2, 3, 4, 5, or 6 months apart; or about |, 2, 3, 4, or 5 years
apart. In certain embodiments, editing improves upon readministration of an LNP

COmposition.
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0172} Inone embodiment, an LNP composition comprising an mRNA encoding a Cas
nuclease such as a Class 2 Cas nuclease, may be administered to a cell, separately from the
administration of a composition comprising a gRNA. In one embodiment, an LNP
composition comprising an mRNA encoding a Cas nuclease such as a Class 2 Cas nuclease
and a gRNA may be administered to a cell, separately from the administration of a template
nucleic acid to the cell. In one embodiment, an LNP composition comprising an mRNA
encading a Cas nuclease such as a Class 2 Cas nuclease may be administered 1o a cell,
followed by the sequential adnunistration of an LNP composition comprising 2 gRNA and
then a template to the cell. In embodiments where an LNP composition comprising an
mRNA encoding a Cas nuclease is administered before an LNP composition comprising a
gRINA, the adminisirations may be separated by about 4, 6, 8,12, or 24 hours; or 2, 3, 4, 5, 6,
or 7 days.

[¢173]  Inone embodiment, the LNP compositions may be used to edit a gene resulting in
a gene knockout. In an embodiment, the LNP compositions may be used to edit a gene
resulting in gene knockdown in 2 population of cells. In another embodiment, the LNP
compositions may be used to edit 2 gene resulting in a gene correction. In a further
embodiment, the LNP compositions may be used to edit a cell resulting in gene insertion.
[6174] In one embodiment, administration of the LNP compositions may result in gene
editing which results in persistent response. For example, administration may result in a
duration of response of a day, a month, a year, or longer. As used herein, “duration of
response” means that, after cells have been edited using an LNP composition disclosed
herein, the resulting modification is still present for a certain period of time after
administration of the LNP composition. The modification may be detected by measuring
target protein levels. The modification may be detected by detecting the target DNA. In
some embodiments, the duration of response may be at least | week. In other embodiments,
the duration of response may be at least 2 weeks. In one embodiment, the duration of
response may be at least 1 month. In some embodiments, the duration of response may be at
least 2 months. In one embodiment, the duration of response may be at least 4 months, In
one embodiment, the duration of response may be at least 6 months. In certain embodimenis,
the duration of response may be about 26 weeks. In some embodiments, the duration of
response may be at least | year. In some embodiments, the duration of response may be at

least 5 years. In some embodiments, the duration of response may be at least 10 years. In
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some embodiments, a persistent response is detectable afier at least 0.5, 1,2, 3.4, 5,6, 7, 8,
9,10, 11, 12,15, 18, 21, or 24 months, either by measuring target protein levels or by
detection of the target DNA. In some embodiments, a persistent response is detectable after
atleast1,2,3,4,5,6,7,8,9,10,12, 14, 16, 18, or 20 years, either by measuring target
protein levels or by detection of the target DNA.

[#175]  The LNP compositions can be administered parenterally. The LNP compositions
may be administered directly into the blood stream, nto tissue, into muscle, or into an
internal organ. Adnunistration may be systemie, e.g., (o injection ot infusion.
Administration may be local. Switable means for adminisiration include infravenous,
intraarterial, intrathecal, intraventnicular, infraurethral, intrasternal, intracranal, subretinal,
infravitreal, intra-anterior chamber, intramuscular, intrasynovial, intradermal, and
subcutaneous. Suitable devices for administration include needle (including microneedie)
mnjectors, needle-free injectors, osmotic pumps, and infusion techniques.

16176]  The LNP composttions will generally, but not necessarily, be administered as a
formulation i association with one or more pharmaceutically acceptable excipients. The
term "excipient” includes any ingredient other than the compound(s) of the disclosure, the
other lipid component(s) and the biclogically active agent. An excipient may impart either a
functional (e.g. drug release rate controlling) and/or a non-functional {e.g. processing aid or
diluent) characteristic to the formulations. The choice of excipient will to a large extent
depend on factors such as the particular mode of administration, the effect of the excipient on
solubility and stability, and the nature of the dosage form.

[6177]  Parenteral formulations are typically agueous or oily solutions or suspensions.
Where the formulation i1s aqueous, excipients such as sugars (including but not restricted to
glucose, mannitol, sorbitol, efe.) salts, carbohydrates and buffering agents (preferably to a pH
of from 3 to 93, but, for some applications, they may be more suitably formulated with a
sterile non-aqueous solution or as a dried form to be used in conjunction with a suitable
vehicle such as sterile, pyrogen-free water (WFT).

{0178]  While the invention is described in conjunction with the iltusirated embodiments, it
is understood that they are not intended to Himit the invention to those embodiments. On the
contrary, the invention is intended to cover all altematives, modifications, and equivalents,
including equivalents of specific features, which may be included within the invention as

defined by the appended claims.
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i6179]  Both the foregoing gencral description and detailed description, as well as the
following examples, are exemplary and explanatory only and are not restrictive of the
teachings. The section headings used herein are for organizational purposes only and are not
to be construed as limiting the desired subject matter in any way. In the event that any
literarure incorporated by reference contradicts any term defined in this specification, this
specification controls. All ranges given in the application encompass the endpoints unless
stated otherwise.

[6188] It should be noted that, as used in this application, the singular form “a”, “an” and
“the” include plural references unless the context clearly dictates otherwise. Thus, for
example, reference to “a composition” includes a plurality of compositions and reference to
“a cell” includes a plurality of cells and the like. The use of “or” is inclusive and means
“and/or” unless stated otherwise.

{0181  Numeric ranges are inclusive of the numbers defining the range. Measured and
measureable values are understood to be approximate, taking into account significant digits
and the error associated with the measurement. The terrn “about” or “approximately” means
an acceptable error for a particular value as determined by one of ordinary skill in the art,
which depends in part on how the vahue is measured or determined. The use of a modifier
such as “about” before a range or before a list of values, modifies each endpoint of the range
or each value in the list. “About” also includes the value or enpoint. For example, “about

£ ek » ke

50-55" encompasses “about 50 10 about 557, Also, the use of “comprise”, “comprises”,
“comprising”, “contain”, “contains”, “containing”, “include”, “includes”, and “including” is
not limiting.

[6182]  Unless specifically noted in the above specification, embodiments in the
specification that recite “comprising” various components are also contemplated as
“consisting of” or “consisting essentially of” the recited components; embodiments in the
specification that recite “consisting of” various components are also contemplated as
“comprising” or “consisting essentially of” the recited components; embodiments in the
specification that recite “about” various components are also contemplated as “at” the recited
components; and embodiments in the specification that recite “consisting essentially of”
various componenis are also conteraplated as “consisting of” or “comprising” the recited

components (this interchangeability does not apply to the use of these terms in the claims).
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EXAMPLES
Example 1 ~ LNP compositions for In Vive Editing in Mice
[6183]  Small scale preparations of various LNP compositions were prepared to investigate
their properties. In assays for percent fiver editing in mice, Cas9 mRNA and chemically
modified sgRNA targeting 2 mouse TTR sequence were formulated in LNPs with varying
PEG mol-%, Lipid A mol-%, and N:P ratios as described in Table 2, below.
Table 2. LNP compositions,

LNP # Lipid A moi-% | PEG-DMGmol-% | N:Pratio
{various) | 45 2,25 3,45 4.5
{various) | 45 2,25,3,4,5 6
{various]) | 50 2,25,3,4.5 4.5
{various) | 50 4,253,45 6
(various) | 55 2,2.5,3,4,5 4.5
{various) | 55 2,2.5,3,4,5 6

[6184] In Fig. |, LNP formulations are identified on the X-axis based on their Lipid A
mol-% and NP ratios, labeled “% CL; N:P”. As indicated in the legend to Fig. 1, PEG-2k-
DMG concentrations of 2, 2.5, 3, 4, or 5 mol-% were formulated with (1) 45 mol-% Lipid A;
4.5 NP (45, 4.57; (2) 45 mol-% Lipid A; 6 N:P (“45; 67); (3) 50 mol-% Lipid A; 4.5 NP
(“50; 4.57; (4) 50 mol-% Lipid A; 6 N:P (“50; 67); (5) 55 mol-% Lipid A; 4.5 NoP (“55;
4.57); and (6) 55 mol-% Lipid A; 6 N:P (*55; 6”). The DSPC mol-% was kept constant at 9
mol-% and the cholesterol mol-% was added to bring the balance of each formulation lipid
component to 100 mol-%. Each of the 30 formulations was formulated as described below,
and administered as single dose at | mg per kg or 0.5 mg per kg doses of total RNA, (Fig. 1A
and Fig. 1B, respectively).

LNP formulation - NanoAssemblir
[0185]  The lipid nanoparticle components were dissolved in 100% ethanol with the lipid
component molar ratios set forth above. The RNA cargos were dissolved in 25 mM cimrare,
100 mM NaCl, pH 5.0, resulting in a concentration of RNA ecarge of approximately 0.43
mg/ml. The LNPs were formulated with a lipid amine to RNA phosphate (N:P) molar ratio

of about 4.5 or about 6, with the ratio of mRNA 1o gRNA at 1:1 by weight.
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[0186]  The LNPs were formed by microfluidic mixing of the liptd and RINA solutions
using a Precision Nanosystems NanoAssemblr™ Benchtop Instrument, according to the
manufacturer's protocol. A 2:1 ratio of aquecus to organic solvent was maintained during
mixing using differential flow rates. After mixing, the LNPs were collected, diluted in water
{approximately 1:1 v/v), held for | hour at room temperature, and further diluted with water
(approximately 1:1 v/v) before final buffer exchange. The final buffer exchange into 50 mM
Tris, 45 oM NaCl, 5% (wiv) sucrose, pH 7.5 (TSS) was completed with PD-10 desalting
columns {GE). If required, formulations were concentrated by centrifugation with Amicon
100 kDa centrifugal filters (Millipore). The resuliing mixture was then filtered using 4 0.2
um stertle filter. The final LNP was stored at -80 °C until further use.

Formulation Analytics
[6187]  Dynamic Light Scattering (“DLS”) js used to characterize the polydispersity index
{“pdi”y and size of the LNPs of the present disclosure. DLS measures the scattering of light
that resulis from subjecting a sample to a light source. PDJ, as determined from DLS
measurements, represents the distribution of particie size (around the mean particle size) ina
population, with a perfectly uniform population having a PDJ of zero.
[6188]  Electropheretic light scattering is used to characterize the surface charge of the
LNP at a specified pH. The surface charge, or the zeta potential, {s a measure of the
magnitude of electrostatic repulsion/attraction between particles in the LNP suspension.
[6189]  Assymetric-Flow Field Flow Fractionation — Muiti-Angle Light Scattering (AF4-
MALS) is used to separate pasticles in the formulation by hydrodynamic radius and then
measure the molecular weights, hydrodynamic radii and root mean square radii of the
fractionated particles. This allows the ability to assess molecular weight and size distributions
as well as secondary characteristics such as the Burchard-Stockmeyer Plot (ratio of root mean
square {“rms”) radius to hydrodynamic radius over time suggesting the internal core density
of a particle) and the rms conformation plot (log of rms radius versus log of molecular weight
where the slope of the resulting linear fit gives a degree of compactness versus ¢longation).
[01%8]  Nanoparucle racking analysis (NTA, Malvern Nanosight) can be used to
determine formulation particie size distribution as well as particle concentration. LNP
samples are diluted appropriately and injected onto a microscope slide. A camera records the
scattered light as the particles are slowly infused through field of view. After the movie is

captured, the Nanoparticle Tracking Analysis processes the movie by tracking pixels and
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calculating a diffusion coefficient. This diffusion coefficient can be translated into the
hydrodynamic radius of the particie. The mstrument alse counts the number of individual
particles counted in the analysis to give particle concenteation.

[6181]  Cryo-electron microscopy (“eryo-EM™) can be used to determine the particle size,
morphology, and structural characteristics of an LNP.

[0192]  Lipid compositional analysis of the LNPs can be determined from hguid
chromotography followed by charged aerosol detection (LC-CAD). This analysis can
provide a comparison of the actual lipid content versus the theoretical lipid content.

[6193] NP formulations are analyzed for average particle size, polydispersity index
{pdy), total RNA content, encapsulation efficiency of RNA, and zeta potential. LNP
formualiions may be further characterized by lipid analysis, AF4-MALS, NT A, and/or cryo-
EM. Average particle size and polydispersity are measured by dynamic light scattering
(DLS) using a Malvem Zetasizer DLS instrument. LNP samples were diluted 30X in PBS
prior to being measured by DLS. Z-average diameter which is an intensity-based
measurement of average particle size was reported along with number average diameter and
pdi. A Malvern Zetasizer instrument is also used to measure the zeta potential of the LNP.
Samples are diluted 117 (50 uL into 800 uL} in 0.1X PBS, pH 7.4 prior to measurement.
[¢194] A fluorescence-based assay (Ribogreen®, ThermoFisher Scientific) is used to
determine 1otal RNA concentration and free RNA. Encapsulation efficiency is calclulated as
{Total RNA - Free RNA)Y Total RNA. LNP samples are diluted appropriately with {x TE
buffer containing 0.2% Triton-X 100 to determine total RNA or 1x TE buffer to determine
frec RNA. Standard curves are prepared by utilizing the starting RNA solution used to make
the formulations and dihited in 1x TE buffer +/- 0.2% Triton-X 100. Diluted RiboGreen®
dye (according to the manufacturer's instructions) is then added to each of the standards and
sampies and allowed to incubate for approximately 10 minutes at room temperature, in the
absence of light. A SpectraMax M3 Microplate Reader (Molecular Devices) is used to read
the samples with excitation, anto cutoff and emission wavelengths set to 488 nm, 515 om,
and 525 nm respectively. Total RNA and free RNA are determined from the appropriate
standard curves.

[6195]  Encapsulation efficiency is calclulated as (Total RNA - Free RNAYTotal RNA.

The same procedure may be used for determining the encapsulation efficiency of a DNA-
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based or nucleic acid-containing cargo component. For single-strand DNA Oligreen Dye
may be used, and for double-strand DNA, Picogreen Dye.
[6196] AF4-MALS is used to look at molecular weight and size distributions as well as
secondary statistics from those calculations. LNPs are diluted as appropriate and injected into
an AF4 separation channel using an HPLC autosampler where they are focused and then
cluted with an exponential gradient in cross flow across the channel. All fhuid is driven by an
HPLC pump and Wyait Eclipse Instrument. Particles eluting from the AF4 channel flow
through a UV detector, multi-angle light scattering detector, quasi-elastic light scattering
detector and differential refractive index detector. Raw data is processed by using a Debeye
model to determine molecular weight and rms radius from the detector signals.
{6197}  Lipid components in LNPs are analyzed quantitatively by HPLUC coupled to a
charged aerosol detector (CAD). Chromatographic separation of 4 lipid components is
achieved by reverse phase HPLC. CAD s a destructive mass-based detector which detects all
non-volatile compounds and the signal i1s congistent regardless of analyte structure,

Cas% mRNA and gRNA Cargos
[0198] The Cas® mRNA cargo was prepared by in vitro transcription, Capped and
polyadenylated Cas® mRINA comprising X NLS (SEQ ID NO:48) was generated by in vitro
transcription using a hinearized plasmid DNA template and T7 RNA polymerase. Plasmid
DNA containing 2 T7 promoter and a 100 nt poly(A/T) region was linearized by incubating at
37 °C for 2 hrs with Xbal with the following conditions: 200 ng/ul. plasmid, 2 U/uL Xbal
(NEB), and 1x reaction buffer. The Xbal was inactivated by heating the reaction at 65 °C for
20 min. The linearized plasmid was purified from enzyme and bufier salts using a silica
maxi spin cohumnn (Epoch Life Sciences) and analyzed by agarose gel 10 confirm
linearization. The IVT reaction to generate Cas9 modified mRNA was incubated at 37 °C for
4 hours in the following conditions: SO ng/pL linearized plasmid; 2 mM each of GTP, ATP,
CTP, and Nl-methyl pseudo-UTP (Trlink); 10 mM ARCA (Trilink); 5 U/pL T7 RNA
polymerase (NEB); 1 U/uL. Murine RNase inhibitor (NEB); 0.004 U/uL Inorganic £. coli
pyrophosphatase (NEB); and Ix reaction buffer. After the 4 hr incubation, TURBO DNase
{ThermoFisher) was added 10 a final conceniration of 0.01 U/uL, and the reaction was
incubated for an additional 30 minutes to remove the DNA template. The Cas® mRNA was

purified from enzyme and nucleotides using a MegaClear Transcription Clean-up kit per the
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manufacturer’s protoco} (ThermoFisher). Altemnatively, the Cas9 mRNA was purified with a
LiCl precipitation method.

[6195]  The sgRNA in this example was chemically synthesized and sourced fiom a
commercial supplier. The sg282 sequence is provided below, with 2°-O-methy!
modifications and phosphorothioate Hinkages as represented below (m = 2°-OMe; * =
phosphorothioate):
mU*mU*mA*CAGCCACGUCUACAGCAGUUUUAGAMGMCmUmAmGAMAmMA
mUmAMGmMCAAGUUAAAAUAAGGCUAGUCCGUUAUCAmAmComUmUmGmAm
AmAnAMARGMUnGmGmCmAmCmCanGmAmGmUmCmGmGuUnGmCmU*mi
*milFmU. (SEQ ID NO:42).

LNPs

[6260]  The final LNPs were characterized to determine the encapsulation efficiency,
polydispersity index, and average particle size according to the analytical methods provided
above.

[6201] The LNPs were dosed to mice (single dose at | mg/kg or 0.5 mg/kg) and genomic
DNA was isolatcd for NGS analysis as described below.

LNP Delivery In Vive

[0282] CD-I female mice, ranging from 6 to 10 weeks of age were used in each study.
Asimals were weighed and grouped according to body weight for prepanng dosing solutions
based on group average weight. LNPs were dosed via the lateral tail vein in a volume of 0.2
mL per animal (approximately 10 mL per kilogram body weight). The animals were
observed at approximately 6 hours post dose for adverse effects. Body weight was measured
at twenty-four hours post-administration, and animals were euthanized at various time points
by exsanguination via cardiac punciure under isoflurane anesthesia. Blood was collected into
serum separator tubes or into tubes containing buffered sodium citrate for plasrma as
described herein. For studies involving in vivo editing, liver tissue was collected from the
median lobe or from three independent lobes (e.g., the right median, left median, and left
tateral lobes) from each animal for DNA exiraction and analysis.

[6263]  Cohorts of mice were measured for liver editing by Next-Generation Sequencing
(NGS) and serum TTR levels (data not shown).

Transthyretin (TTR) ELISA analysis
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i0284] Blood was collected and the serum was isolated as indicated. The total mouse
TTR serum levels were determined using a Mouse Prealbumin (Transthyretin) ELISA Kit
{Aviva Systems Biology, Cat. OKIA00111). Rat TTR serum levels were measured using a
rat specific ELISA kit (Aviva Systems Biology catalog number OK1A00159) according to
manufacture’s protocol. Briefly, sera were senal diluted with kit sample diluent to a final
dilution of 10,000-fold. This diluted sample was then added (o the ELISA plates and the
assay was then carried out according to divections,

NGS Sequencing

[0205]  In brief, to quantitatively determine the efficiency of editing at the target locabion
in the genome, genomic DNA was isolated and deep sequencing was utilized to identify the
presence of insertions and deletions introduced by gene editing.

[6266] PCR primers were designed around the target site (e.g., TTR), and the genomic
area of interest was amplified. Primer sequences are provided below. Additional PCR was
performed according to the manufacturer's protocols (HHlumina) to add the necessary
chemistry for sequencing. The amplicons were sequenced on an [llumina MiSeq mstrument.
The reads were aligned to the human reference genome (2.2., hgld®) after chiminating those
having low quality scores. The resulting files containing the reads were mapped to the
reference genome (BAM files), where reads that overlapped the target region of interest were
selected and the number of wild type reads versus the number of reads which contain an
insertion, substitution, or deletion was calculated.

{02677  The editing percentage (e.g., the “editing efficiency” or “percent editing™) is
defined as the total number of sequence reads with insertions or deletions over the total
nurnber of sequence reads, including wild type.

[6208] Fig. | shows editing percentages in mouse liver as measured by NGS. As shown
in Fig. 1A, when | mg per kg RNA is dosed, in vivo editing percentages range from about
20% to over 60% liver editing. At a 0.5 mg per kg dose, Fig. 1B, about 10% to 60% liver
editing was observed. In this mouse in vivo testing, all compositions effectively delivered
Cas9 mRNA and gRNA to the liver cells, with evidence of active CRISPR/Cas nuclease
activity at the target site measured by NGS for each LNP composition. LNPs contaiming 5%

PEG lipid had lower encapsulation (data not shown), and somewhat reduced potency.
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Example 2 - LNP Composition Analytics

[0209]

in LNPs formulated with increasing amounts of Lipid A and PEG-tiprd. Compositons that
comprise either 2 mol-% or 3 mol-% PEG lipid (PEG2k-DMG) are provided in Table 3

PCT/US2018/053559

Analytical characterization of LNPs shows tmproved physicochemical parameters

below.
Table 3.
LNP898 I.NP897 LNP966 LNP%69
CLIchol DSPCPEG | yo/0pign | 453wz | sonsen | 55330
(theoretical mol-%)
Cas9 Cas9 | Cas9 U-dep | Cas9 U-dep
mRNA SEQID | SEQID | SEQID SEQ ID
NO:48 NO:48 NO:43 NQ:43
G502 G502 (G534 (G334
gRNA SEQID | SEQID | SEQID SEQ ID
NO:70 NO: 70 NQO:72 NO:72
N/P 4.5 4.5 6.0 5.0

LNP Formulation — Cross Flow
[6218]

volumes of RNA solutions and one volume of water. The liptd in ethanol is mixed through a

The LNPs were formed by impinging jet mixing of the lipid in ethanol with two

mixing cross with the two volumes of RNA solution. A fourth stream of water is mixed with
the outlet stream of the cross through an inline tee. (See WO2016010840 at Fig. 2.} The
LNPs were maintained at room temperature for | hour, and then further diluted with water
(approximately 1:1 v/v). Diluted LNPs were concentrated using tangential flow filration on a
flat sheet carridge {Sartoriug, 100kD MWCQO) and then buffer exchanged by diafiltration into
50 mM Tris, 45 mM NaCl, 5% (w/v) suerose, pH 7.5 (TSS). Alternatively, the final buffer
exchange into TSS was completed with PD-10 desalting columns (GE). If required,
formulanons were concentrated by centrifugation with Arnicon 100 kDa centrifugal fikers
{(Millipore). The resulting mixture was then filtered using a 0.2 um sterile filter. The final
LNP was stored at 4°C or -80°C wntil further use.

{0211
poly-adenylated Cas9 U-depleted (Cas9® Udep) mRNA comprises SEQ 1D N:43. 5g282 is

described in Example 1, and the sequence for sg534 (“(G534”) is provided below:

Cas9 mRNA and sgRNA were prepared as in Example 1, except that capped and
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mA¥mC*mG*CAAAUAUCAGUCCAGCGGUUUUAGAMGMCmUmAmGmAmA
mAUmMAmGmCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCoUmUm
GrmAmMAmMAMAMAMGMUMGmGmCmAMCmCmGmAmGMmUmCmGmGmUmGm
ConUAmUrmU*mU (SEGQ ID NG:72)

[0212]
total RNA content and encapsulation efficiency of RNA as described in Example 1.
[6213]

encapsulation efficiency of RINA are shown in Table 4. In addition to the theoretical lipid

LNP formulanons were analyzed for average particle size, polydispersity (pdi),

Analysis of average particle size, polydispersity (PDI), total RNA content and

concentrations of the LNP compeosttions, lipid analysis demonstrated the actual mol-% lipid

fevels, as indicated in Table 5 below.

Table 4,
, z Number RNA )
E}\ g N/P | Ave. | PDI | Ave. Conc %‘; aps.
(am) (nm) mg/mL) (e
LINP89% | 4.5 §7.91 | 0.030 | 71.33 1.53 98
LINPRO7 | 4.5 74.05 | 0.036 | 5855 143 a8
LNP9s6 | 6.0 | 82.78 { 0.010 | 67.86 2.12 g8
LNPO&9 | 6.0 | 8297 | 0.042 | 75.52 2.09 97
Table 5.
fﬁg"fj ]Xjéf;oy Lipid A | Chol DSPC PEG
LNP bSEI)’C[PEG) ’ mg/mL mg/mbL mg/ml mg/mL
ID# (iheoréticai and (theoretical | (theoretical | (theoretical | (theoretical
actﬁal) e and actual) | and actual) | and actua)) | and actual)
45/44/9/2 18.0 8.0 33 23
LNP898 46.1/42.6/9.2/2 18.3 7.7 34 2.4
v 45/43/9/3 18.0 78 33 3.5
LNPBIT | 44 8i42.9/9213.1 | 17.8 77 34 3.6
S0/38/9/3 334 iES 5.6 5.8
LNP96S | 50.0/38.0/8.813.1 | 35.6 123 58 6.5
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55/33/9/3 334 9.1 S 53

LNF
LNPO69 S4.8/33.2/88/3.2 | 31.6 8.7 4.7 5.4

[6214]  To further analyze the physicochemical properties, LNP8S7, LNPZS8, LNP966,
and LINPI6S were subjected to Asymmetric-Flow Field Fiow Fractionation — Multi-Angle
Light Scattering (AF4-MALS) analysis. The AF4-MALS instrument measures particle size
and molecular weight distrnbtions, and provides information about particle conformation and
density.

[6215]  LNPs are injected into an AF4 separation channel using an HPLC autosampler
where they are focused and then eluted with an exponential gradient in cross flow across the
channel. All fluid is driven by an HPLC pump and Wyatt Eclipse Instrument. Particles
cluting from the AF4 channel flow through a UV detector, Wyatt Heleos 11 multi-angle light
scattering detector, quasi-elastic light seattering detector and Wyatt Optilab T-EX
differential refractive index detector. Raw data is processed in Wyatt Astra 7 Software by
using a Debeye model to determine molecular weight and tms radius from the detector
signals.

[6218] A log differential molar mass plot for the LNPs s provided as Fig. ZA. In brief,
the X-axis indicates molar mass (g/mol), and the Y-axis indicates the differential number
fraction. The log differential molar mass plot shows the distribution of the different
molecular weights measured for a specific formulation. This gives data towards the mode of
the molecular weights as well as the overall distribution of molecular weighis within the
formulation, which gives a betier picture of particie heterogenicty than average molecular
weight.

[6217]  The heterogentety of the different LNP formulations are determined by measuring
the different molar mass moments and calculating the ratio of the weight averaged molar
mass (Mw) to the number averaged molar mass (Mn) to give a polydispersity of Mw/Mn. The
graph of the polydispersity for these different formulations is provided in Fig 2B.

[6218] The data indicate tighter particle distributions with 3 mol-% PEG, and with 50 and
55 mol-% Lipid A at N/P 6.0 as shown in Fig. ZA. This is reflected in a tight polydispersity

as shown in Fig. 2B
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Example 3 - AF4 MALS Data - Additional formulations
10218  Analytical characterization of LNPs shows improved physicochemical parameters
in LNPs formulated with increasing amounts of Lipid A. Compositons that comprise either

45 mol-%, 50 mol-%, or 55 mol-% Lipid A with two different gRNA are provided in Table 6

below.
Table 6.
LNP1021 | LNP1022 | LNPI023 | LNP10624 | LNP102S
CLIchol IDSPCIPEG | 30103 | 55/33/03 | 45/43/9/3 | S0/38/93 | 55/33/9/3
(theoretical mol-%)
Cas9 Udep gzzg Cas9 Udep | Cas9 Udep 5229
mRNA SEQID p SEQID | SEQID p
N3 | SERI Y Nous | wous | SEQD
' NO:43 ) ) NO:43
G502 G502 G502 G509 G509
gRNA SEQID SEQID SEQ D SEQ 1D SEQID
NG:70 NO:70 NO:70 NO:71 NQO:71
N/P 6.0 6.0 4.5 6.0 6.0
[6228]  The LNPs were formed as described in Example 2.
(62211  Cas9 mRNA and sgRNA were prepared as described above.
[6222] The LNPs compositions were characterized to determine the encapsulation

efficiency, polydispersity index, and average particle size as described in Example 1.
[6223]  Analysis of average particle size, polydispersity (PD1), total RNA content and
encapsulation efficiency of RNA are shown in Table 7. In addition to the theoretical lipid
concentrations of the LNP compositions, {ipid analysis demonstrated the actual mol-% lipid

levels, as indicated in Table §, below.

Table 7.
ngdf: N/P ie. PDI :3:] e %ﬁ?m%m, ?)ziaps-
(nm) (nm) -
LNPIO21 | 6.0 | 83.18 | 0.027 | 67.15  1.63 98
LNPI022 | 6.0 | 94.08 | 0.005 | 7828  [1.60 97
LNP1023 | 4.5 | 74.01 | 0.017 | 6111 161 97
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LNPIO24 | 6.0 | 8537 | 0.002 | 70.42 1.59 o7
LNPIO25 | 6.0 | 9447 | 0018 { 77.71 1.60 98
Table 8.
Lipid Rato 1y qs | Chol. DSPC PEG
{(Lipid A/Chol/ ;
LNP DSPC/PEG) mg/mL mg/mL mg/mL mg/mL
D # (theoresical and {theoretical | (theoretical | (theoretical | (theoretical
actual) and actual) | and actual) | and actual) | and actual)
50/38/9/3 236 8.1 39 4.
ENPIO2T § Spoi37.4/8.6/3.1 | 216 72 34 3.8
55/33/9/3 236 6.4 3é 3.7
5 .
LNPLO22 55.2/33.0/87/3.1 | 204 5.5 3.0 3.4
45/43/9/3 17.7 7.7 33 34
LNP1023 45.9/42.4/8.6/3.1 | 153 6.4 2.7 3.0
50/38/9/3 23.6 8.1 39 4.1
ENPLO24 | 55.537.9/8.5/3.0 | 224 76 35 3.9
55/33/9/3 23.6 6.4 3.6 3.7
ENPLO24 | 55 533.1/8.5/3.0 | 213 5.8 3.0 34
{6224]  To further analyze the physicochemical properties, LNP1021, LNP1022,

LINP1023, LNP1024 and LNP1025 were subjected to Asymmetric-Flow Field Flow
Fractionation — Multi-Angle Light Scattering (AF4-MALS) analysis. The AF4-MALS
instrument measures particle size and molecular weight distribtions, and provides information
about particie conformation and density.

[6225]  LNPswere run on AF4-MALS as deseribed in Example 1.

[0226] A log differential molar mass plot for the LNPs is provided as Fig. 3A. In brief,
the X-axis indicates molar mass (g/mol), and the Y-axis indicates the differential number
fraction. The log differential molar mass plot shows the distribution of the different
maolecular weights calculated for a specific formulation. This gives data towards the mode of
the molecular weights as well as the overall distribution of molceular weights within the
formulation, which gives a better picture of particle heterogeniety than average molccular

weight.
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{6227] Average molecular weight is plotted in Fig. 3B. The average molecular weight is
the average of the entire distribution but gives no information about the shape of that
distribution. LNP1022 and LNP1025 have the same average molecular weight but LNP1022
has a slightly broader distribution.

[0228]  The heterogeniety of the different LNP formulations are calculated by look at the
different molar mass moments and calculating the ratio of the weight averaged molar mass
(Mw?) 1o the number averaged molar mass (Mn) to give a polydispersity of Mw/Mn. The
graph of the polydispersity for these different formulations is provided in Fig. 44.

[0229]  Additonally, a Burchard-Stockmeyer plot of the LNP formulations is provided as
Fig. 48. The Burchard-Stackmeyer plot shows the ratio of the rms radius versus the
hydrodynamic radius across the elution of the formulation from the AF4 channel. This gives
information towards the internal density of a lipid nangparticle. Figure 4B shows that
LNPI021, LNP1022 and LNP1023 have different profiles in this measurement.

Example 4 - Increased PEG Lipid Maintains Potency with Reduced Cytokine Response
[0230]  In another study, PEG DMG lipid was compared in LNP formulations comprising
2 mol-% or 3 mol-% of the PEG lipid. Corapositons that comprise either 2 mol-%, or 3 mol-
%, PEG DMGQG are provided in Table 9 below.

Table 9.
LNP80% | LNP8RID
CL/chol /DSPC/PEG . , ;
(theoretical mol-%) 45/4419/2 | 45/43/9/3
Cas9 Cas9
mRNA SEQID SEQID
NO:48 NO:48
G390 (G390
gRNA SEQID SEQID
NO:69 NQO:69
N/P 4.5 4.5

[06231]  The LNPs were formed by the process described in Example 2.

[0232]  Cas9 mRNA and sgRNA were prepared as in Example |, with the sequence of
sg390 (“(G390”) provided below:
mG*mC*mC*GAGUCUGGAGAGCUGCAGUUUVAGAmGmCmUmAmGmAmARA
mUmAmGmCAAGUUAAAAUVAAGGCUAGUCCGUUAUCAMAMC o UmUmGmAm
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AmAmAmAmGmUmGmGmCmAnCmCmGmAmGmUmCmGmGmUmGmCmU*mU
*mU*ml (SEQ 1D NG:69).

[6233]
toral RNA content and encapsulation efficiency of RNA as described in Example 1.
[0234]

LNP formulations were analyzed for average particle size, polydispersity (pdi),

Analysis of average particle size, polydispersity (PDI), total RNA content and
encapsulation efficiency of RNA are shown in Table 10. In addition to the theoretical lipid
concentrations of the LNP compositions, lipid analysis demonstrated the actual mol-% lipid

levels, as indicated in Table 11: below.

Table 10,
Z- Number .
g"; N/P | Ave. | PDI | Ave. m’;‘m%m" zi‘/’i‘)c“ps‘
o
(nm) {nm) =
LNP80OS | 45 | 8985 | 0.060 | 72.10 2.45 97
LNPSIO 4.5 75.26 1 0.025 | 61.17 214 37
Table 11.
Lipid Ratio Lipid A | Chol. DSPC PEG
(Lipid A/Chol/
LNP mg/ml mg/mL mg/mL mg/mL
) DSPCPEG) . " . -
D# . {(theoretical | (theoretical | (theoretical | (theoretical
{theoretical and .
and actual) | and actual) | and actual) | and actual)
actuab)
45/44/9/2 28.6 12.7 53 3.7
LNP809 45.7/43.3/9.0/2.1 | 30.5 131 5.6 4.0
45/43/9/3 252 09 4.7 4.9
ENPBIO 1 45.0423/9.7/3.0 | 247 10.5 49 4.7
[6235]  Rat serum cyiokines were evahuated using a Luminex magnetic bead multiplex

assay (Milliplex MAP magnetic bead assay from Millipore Sigma, catalog number
RECYTMAG-65K) analyzing MCP-1, IL-6, TNF-alpha and IFN-gamma. The assay beads
were read on the BioRad BioPlex-200 and cytokine concentrations calculated off a standard
curve using 4 parameter logistic fit with BioPlex Manager Software version 6.1. Data is
graphed in Fig. 5. See Fig. SA (serum TTR), Fig. SB (liver editing), and Fig. 5C {cyiokine p
MCP1).
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i6236]  Rat TTR serum levels were measured using a rat specific ELISA kit (Aviva
Systems Biology catalog number OKLA00159) according to manufacture’s protocol. Briefly,
serums were serially diluted with kit sample diluent to a final dilution of 10,000-fold. This
diluted sample was rhen added to the ELISA plates and the assay was then carried out
according to directions.

{0237}  Genomic DNA was isolated from approximately 10 mg of tiver tissue and
analyzed using NGS as described above. PCR primer sequences for amplification are
described below.

[6238] Fig. SA and Fig. 5B show that serum TTR knockdown and liver editing were
sufficient in the 2 mol-% and 3 mol-% PEG formulations. Fig. 3C shows that MCP-1
response is reduced using 3 mol-% PEG formulations.

Example 5 — LNP Delivery to Non-Human Primates

16238]  Three studies were conducted with LNP formulations prepared as described in
Example 1. The particular molar amounts and cargos are provided in Tables 12-26. Each
formulation containing Cas? mRNA and guide RNA (gRNA) had 2 mRNA:gRNA ratic of
t:1 by weight. Doses of LNP (in mg/kg, total RNA content), route of administration and
whether animals received pre-treatment of dexamethasone are indicaied in the Tables. For
animals receiving dexamethasone (Dex) pre-treatment, Dex was adminigtered at 2 mg/kg by
IV bolus injection, | hour prior to LNP or vehicle administration.

[6240]  For blood chemistry analysis, blood was drawn from animals at times as indicated
in the tables below for each factor that was measured. Cytokine induction was measured in
pre- and post-treated NHPs. A minimum of 0.5 mL of whole blood was collected from a
peripheral vein of restrained, conscious animals into a 4 mL serum separator tube. Blood was
allowed to clot for 2 minimum of 30 minutes at room temperature followed by cenirifugation
at 2000 xg for 15 minutes. Serum was aliquoted into 2 polypropylene microtubes of 120 uL
each and stored at -60 to -86 °C until analysis. A non-human primate U-Plex Cytokine
custom kit from Meso Scale Discovery (MSD) was used for analysis. The following
parameters were included in the analysis INF-g, 1L-1b, IL-2 IL-4 1L-6, 1L-8 1L-10, IL-
12p40, MCP-] and TNF-a, with focus on IL-6 and MCP-1. Kit reagents and standards were
prepared as directed in the manufacturer's protocol. NHP serum was used neat. The plates
were run on an MSD Sector Imager 6000 with analysis performed with MSE Discovery work

bench software Version 4012,
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10241}  Complement levels were measured in pre- and posi-treated animals by enzyme
Immunoassay. Whole blood (0.5 mL) was collected from a peripheral vein of restrained,
conscious animals into a tube containing 0.5 mL k2EDTA. Blood was centrifuged at 2000 xg
for 15 minutes. Plasma was aliquoted into 2 polypropylene microtubes of 120 uL cach and
stored at -60 1o -86 “C until analysis. A Quidel MicroVue Complement Plus EIA kit {C3a -
Cat# AQ31) or (Bb-Cat # A027) was used for analysis. Kit reagents and standards were
prepared as directed in the manufacturer’s protocol. The plates were run on an MSD Sector
Imager 6000 at optical density at 450 nm. The results were analyzed using a 4-parameter
curve fit.

[6242]  The data for cytokine induction and cornplement activation are provided in the
Tables below. “BLO” means below the limit of quantification.

Table 12, Study 1,

Molar Ratios (Lipid Dose level,
Treatment (A, Cholestersol, NP (Carso sample Route total RNA Dex
Froup DSPC, and PEG2k- [ € size (n) content
DMG, respectively mg/ke)
(1) TSS ) . IV - )
(vehicle) Y2 va  pa s nfusion V2 o
Cas9
(2) MRNA "
LNP629 A5/44/9/2 4.5 SEQID B L 3 no
G502 NO:2): nfusion
GO00502
Cas9
(3) mRNA -
LINP68S A5/44/9/2 4.5 SEQID B nfusion 3 no
G506 NO:2);
(G000306
Cas9
(4) mRNA v
IéN?{SS‘D 435/44/9/2 4.5 SOEQ i B i nfusion £) no
500 NO:2);
000309
Cas9
(5) mRNA -
LNPGIO 45/44/9/2 4.5 (SEQID B s fusion ¢ no
GSsio NO:2);
000510
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Table 13. Study 2.
heolar Ratios
{Lipid A, Dose level,
Treatment | Cholesterol, ) sample total RNA
group DSPC, and N:P Cargo size (n) Route content Dex
PEG2k-DMG, mg/kg)
respectively
(D758 2N
{vehicle) w/a /a 1 botus |2 pes
{2y TSS - ,
{vehicle) w/a fr/a : bolus |2 o
Cas9
(3) mRNA v -
LNP89S 45/44/9/2 4.5 (SEQID {I infusi 3 ves
G502 NO:2Y); on
G000502
Cas9
{4) mRNA -
LNP893 45/44/9/2 4.5 (SEQID |1 infust 3 no
G502 NO:2); on
GO00502
Cas9
{5) mRNA -
LNP897 45/43/9/3 4.5 (SEQID {i bolus 3 yes
(502 NO:2):
(000502
Cas9
{6) mRNA -
LNPg97 45/43/9/3 4.5 (SEQID {1 b olus 3 no
G502 NO:2); ¥
GO00502
Cas9
(N mRNA v -
LNP897 45/43/9/3 4.5 (SEQID infusi 3 yes
G502 NO:2Y; on
G000502
Cas9
(8) mRNA -
LNPg97 45/43/9/3 4.5 (SEQID I infusi 3 no
G502 NO:2); on
G000502
©) RRNA v
LNPG16 45/43/9/3 4.5 , 1 infust B ves
GFP (SEQID o
NG9
(10) eGFP V-
LNP916 45/43/9/3 4.5 mRNA i infusi 6 no
GFP (SEQ 1D on
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Table 14. Study 3.
Molar Raties (Lipid ?}3&]&
Treatment | A, Cholesterol, NP | Care sample Route tiiziE’R'\' A | Dex
group DSPC, and PEG2Kk- | 8 1 size {n) camcin-t‘
DMG, respectively
(mg/kg)
, v~
/ 3 /s

(1yTSS na n/a n/a 3 bolus | V2 no

Cas9
) ?éig% A
LNPIO21 50/38/9/3 & 3 1 no
G502 NO:Y; holus

o GO0050

Casd
3 mRNA
LNPIO21 | 50/38/9/4 O SN E A yes
G302 GOGO?@ o

2

Cagd
(%) (SEQ!;D Iv-
LNPI022 | 55/33/9/3 6 S ! no
G502 ggﬂ{lj}sg bolus

Z

Cas®
) mRNA
LNPIO23 | 45/43/93 45 SE_Q AR O no
G502 500050

2

Cas9®
©) mRNA
LNPI024 | 30/38/9/3 6 (SE_Q %D 3 Iv- 1 no
G509 233{1)}50 bolus

9

Cas®
o mRNA
LNP1024 | 50/38/9/4 6 (ng? Dy, Wi‘ R ves
G509 gedo;’e polis

9
(8) 55/33/9/3 6 Casd |3 . 1 1o
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LNPI02S mRNA bolus
G509 (SEQ D
NO:1);
GO00350
9
Cas®
©) mRNA
LNP1O21 50/38/9/3 6 §EQ I_D { V- 3 no
G502 Oy bolus
) GO0050
2
Cas9
(10) (SEQA;D V-
LNP1022 50/38/9/3 6 S0 3 no
G502 NO:1Y; bolus
GO0030
2
Table 15. IL-6 measurements from Study 1.
Treatment Group | Pre-Bleed 6 hour 24 hour
(1) TSS (vehicle) 5.71£2.70 29142037 7.0543.49
(2) LNPG99 G502 19.73£8.34 1296.412:664.71 | 5.4347.68
(3 LNP688 G506 | 16.83+4.08 1749.47£1727.22 | 38.57+£39.39
(4 LNPS83 G509 | 18.11£11.51 | 1353.49+766.66 | 32.42+418.40
(5) LNP630 GS10 {1 13.9541.85 11838%17161.74 | 90.07496.02
Table 16. MCP-1 measurements from Study 1.
Treatment Group | Pre-Bleed 6 hour 24 hour
{1} TSS {vehicle) 810.49:178.27 1351.164397.31 745.254£56.49
(2) LNP6Y9 GS02 | 842.31£350.65 19798.49:11981.14 | 2092.89+171.2]
(3 LNP6SR G506 | 1190.794383.64 | 13500.17+£12691.60 | 1414.714422.43
{4) LNP68S G509 | B38.63£284.42 14427 748715 48 1590%R13.23
(5) LNP690 G510 | 785.32:108.97 | 52557.24448034.68 | 6319.774983.37

Table 17. Complemesat C3a measurements from Study 1.

Treatment Group Pre-Bleed 6 hour day 7

{1) TSS (vehicle) 23.9+11.95 25.51414.79 30.67+18.36
{2) LNP699 G502 323621129 04 335845 38.50£}2.69
{3) LNP688 G506 22.30x1.73 127.00£22.34 37.80=6.86
{4y LNP689 G509 35.83%21.94 174.00+44 51 50.83+21.92
{5) LNP690 G510 36.30+8.21 163.00440 .60 42.50%12 .44
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Table 18. Complement bb measurements from Study 1.

PCT/US2018/053559

Treatment Group | 04-bb | Pre-Bleed | 6 hour day 7
(1) TSS {vehicle) Control | 1.53:0.19 | 3.3742.13 | 14320.71
(2) LNP699 G502 | G302 | 1452039 | 9.01£5.28 | 1.57+0.54
{3) LNP688 G506 | G506 1.45x£0.78 11.78£2.33 | 1.78+0.84
{4) LNP689 3509 { G509 1052099 | 15.7322.23 | 2.83+0 88
(5) LNP690 G510 | G510 | 2.12:0.44 | 13.5721.23 | 2212072
Table 19, [L-6 measurements from Study 2,
Treatment group | Pre-Bleed | 90 min | 6 bour | 24 hour | Day 7
(1) TSS (vehicle) 11.77 11.46 42 2.76 3.01
(2) TSS (vehicle) |5.23 18.11 20.36 13.2 6.36
{3) LNPBI9S (G502 | 2.02 1305.75 | 113822 | 383.32 16.02
{4) LNP898 G502 | 2.34 37.19 51.5% i4.11 3.07
(5) LNP897 G502 | 2.1 55.79 | 6.89 2.26 2.01
(6) LNPS97 G502 | 6.8 10.1 4472 |54 2.01
{7) LNP897 G502 | 1.97 44 87 12.81 2.97 1.11
(8) LNP897 (G502 | 3.14 37.68 7341 8.58 222
(9) LNPOI6 GFP {16 BLE 9532 27.58 BLQ
(10} LNPGIS GFP | 243 BLQ 883.01 |66.71 BLO
Table 20. MCP-I measurements from Study 2.
Treatment Pre-Bleed 9% min 6 hour 24 hour | Day7
Eroup
{1} TSS (vehicle) |312.12 197.24 145,36 177.02 403 .82
{2} TSS (vehicle) | 23244 175.08 187.72 136.64 32569
(3) LNPRIS 3502 | 249.1 21835 1814.64 1887.41 | 372.38
(4) LNP898 (G502 | 349.51 430.49 5635.55 953.05 236.6
(5) LNP837 G302 | 492.3 989.98 409.08 302.97 506.82
(6) LNP897 (G502 | 283.79 225.1 114108 484,59 259.46
(1) LNP897 G502 | 223.16 34979 398.57 172.67 287.09
(8) LNP897 G502 | 584.42 853.51 3880.81 1588.46 | 692.9%
(%) LNP916 GFP | 32584 BLO 118697 2279.82 | BLO
(10) LNPO16 175.47 BLO 3284.16 202353 | BLO
GFP
Table 21. Complement C3a measurements from Study 2.
Treatment group | Pre-Bleed | 98 min | 6 hour | 24 hour | Day 7
(1) TSS (vehicle) | 0.087 {.096 0.048 0.033 0.038
(2) TSS (vehicle) | 0.369 0311 | 0.146 | 0.1 0.106
(3) LNP898 G502 | 0.087 0953 | 0647 | 0277 | 0.065
{4) LNP398 G302 | 0.099 0.262 0.123 | 0.049 0.044
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(5) LNP897 G502 | 0.067 0.479 0.209 0.036 0.036
(6) LNPRGT G502 | 0.141 0.433 0.34 0.11 0.074
(7)LNP897 G502 | 0.1 0345 | 0396 | 0.09 | 0.127
{8) LNP897 G502 | 0.261 0.458 0.409 0.244 0313
(9) LNPO16 GFP | 0.149 BLO | 0.714 | 0382 | BLO
(10) LNPOI6 GFP | 0.117 BLO 0.752 | 0.723 BLO
Table 22. Complement bb measurements from Study 2.
Treatment group | Pre-Bleed | 90 min | 6 hour | 24 hour | Day 7
(1) TSS (vehicle) | 0.087 0.096 | 0.048 | 0.033 | 0.038
(2) TSS (vehicle) | 0.369 0311 | 0146 | 0.1 0.106
(3) LNP898 G502 | 0.087 0.953 0.647 0.277 0.065
(4) LNP898 G502 | 0.099 0.262 0.123 0.04% 0.044
(5) LNP897 G502 | 0.067 0.479 0.209 0.036 0.036
{6) LNP897 (G502 | 0.141 0.433 0,34 0.1 0.074
(7Y LNP897 G502 | 0.1 0.345 0.396 0.096 0.127
{(8) LNPRS7 G502 | 0.261 0.458 0.405 | 0.244 0.313
(9) LNPY16 GFP | 0.149 BLO | 0714 | 0382 | BLO
(10) LNPOI6 GFP | 0.117 BLO 0.752 1 0723 BLO
Table 23. [L-6 measurements from Study 3.
é‘:;s;meﬂi Pre-bleed | 90 min 6 hour 24 hour Day 7
3§ 7

(1) TSS 1 89:£0.97 ;':’6“'4 {1"'9'5’*’3' "1 BLO 0.08

(2) LNP1021 ) 7445 ] 6,948 4 ) )

G502 210+0.35 6 5 107111 | 1.76+0.98

gﬁéNPlD?‘i 0.7¢ 296 4.25 0.67 0.27

{4y LNP1022 A 2042431 13.94%10 » .

GS? 1.54%].32 60 10 0.98=041 | 2.04x0.65

(5) LNP1023 " 6.28+7.1 6.06£2.3 s "

G502 292+1.68 8 | 3.62:4.68 | 2.00+1.2}

(6) LNP1024 A 264510 | 7.72%11. N e

G509 | 43+:0.62 5 96 0.45+0.19 | 0.88+0.79

(7y LNP1024 . 2.64%£2.3 1.71£0.4 , o1

G509 1.35+0.74 5 1 0.36x0.58 | 0.51%0.32

g}z;}NFlO?_b .64 2.68 25.65 0.58 2.00

Ol L ose 6.15 2880 | 085 0.61

U0 PNPI022 1 76 8.66 2907.86 | 11.26 172
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Table 24. MCP-1 measurements from Study 2.
Treatment |y bieed | 90 min 6 hour 24 hour Day 7
group
% + 45 9.07420.7
() 7SS 524.01*‘46. i97.62‘19,5 ?03414__3 ;7).0 07 | 33 6129179
TN 36 1337632105, | 755302581, | 330952206,
%g&i\mozl §23.67:36. .;;7.63 155, 4;5 702581 gge TSEA06. | 52 e gl
1 N
égg_;\?i()ﬂ 229 30 358.10 3182.00 413.56 178.30
(4) LNP1022 | 393, 63218 | 467722201, | 1852042219 | 497 128412, | > o
G502 781 6) 9.66 30 382.19467.27
AR - ¢
%é_;mozs 213.72433 :96&&62‘8 ;79202.1&14] 1)7.83&74() Lo leiggr
LNPIO2 76296, 1 210372951 | 468534250,
gz;}xpso 3 §2776 5. [210372951 :gx VD0, | 0 100 06 | 14120271 90
gg(;mmozcs 20736 18307 1885.66 235,70 163.11
(8) LNP1075 | 230 57211 | 399 312304, | 1193102974 | 258 8988 3
G509 298 89 04 3 219.86+219.86
%3’?“}21 19929 286.04 2001.23 197.57 196,44
(10)
LNPI02Z | 30581 970.65 7039.06 £379.05 203.47
G502
Table 25. Complement C3a measurements from Study 3.
Treatment |5 pleed 190 min 6 hour 24 hour Day 7
group
(1) TSS 424751030 1554021358 | 203021446 1417022365 | 274341243
N -
g};{g“" P21 134372050 |26.503.66 00.07+4.85  |56.60£225 | 32.53£0.93
D0
gig\pio_i 34.30 128.00 93.30 33.40 2820
ggé@lozz 41551351 |1S1.37£10908 |82.00531.82 455751858 | 32.7746.45
g;él\rpiozs 30674310 144052208 |74.13+48.61 [|33.83£975 | 27.70+8.05
géwmm 566022561 1003757795  |74.73270.15 552044834 | 49.97439.04
g;ggNng 33.80 33.90 33.70 26.10 20.90
NP1035
giég‘“o 39.9013.01 17573138 461343056 [25.0043.80 | 23.9047.18
GY 1} »]
giéfp 1021 14 85.70 133.00 62.00 25.50
(10) 798 68.10 113.00 7170 2330
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LNP1022 E ! ' I
G502

Table 26. Complement bb measurements from Study 3.

Treatment Pre-bleed 3¢ min 6 hour 24 hour Day 7
Sroup
(1) TSS } 462070 2184078 | 96:0.64 0.94540.15 1.3440.50
(2) LNP1021
G502 §.7720.60 6.51£3 .66 11.00x4 85 3.59+3 25 2.07x0.93
(3} LNP1021
G502 i24 2.90 11.50 2.97 1.24
(4) LNP1022
G502 1.52+0.34 5.674£2.28 10.243 .36 3.66%] .68 1.8440.24
{3) LNP1023
G502 1.65£0.94 441 7.68%4.67 2.64+1 .18 2.08%1.32
{6) LNP1024
G509 1.61£0.13 45241 .81 4.5043.22 1.63+0.84 1.63+0.32
{7y LNP1024
G509 0.96 2.99 2.64 1.13 1.07
(8) LNP1025
G509 1374017 4.9+4.51 3.7943.84 1.66+1.43 1.35+0.44
(9) LNP102}
G502 [.41 5.67 11.50 4 64 1.38
{10)
LNP1022
G502 1.28 5.22 14.10 5.64 1.87

Example 6 — PEG Lipid Screen

[6243]  In another study, ajternative PEG lipids were compared in LNP formulations
comprising 2 mol-% or 3 mol-% of the PEG lipid.

[0244]  Three PEG lipids were used in the study: Lipid I (DMG-PEG2k; Nof), 15 depicted

o)
/\/\/\/\/\/\/ELO/\('\ONO%
\/\/\/\/\/\/\n/@

o)
DMG-PEG
[6245]  Lipid 2, synthesized as described in Heyes, et al., /. Controlled Release, 107

{(2005), pp. 278-279 (See “Synthesis of PEG2000-C-DMA”), can be depicted as:
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0O ¢ 1
N N NP P “‘\\_ﬂ_,o-""\g.,"\\( \N/l‘LO, o %0\\ ’\’§\c}/
> H n
e O
PEG-C-DMA

and Lipid 3, disclosed in WO2016/010840 (see compound S027, paragraphs [60240] ¢o
[80244]) and WO2011/076807, can be depicted as:
Q

8]
]

WV’J\'\\/A\-M’ ‘«’\'\ wf"\o A \\‘3‘«"“\ i\z ~ é\’\.h‘.i:”(‘} \\/.}\n OH
b N

[0246]  Lipid A was formulated with each PEG lipid at 2 mol-% and 3 mol-%. The hipid
nanoparticle componenis were dissolved in 100% cthanol with the lipid component molar
ratios set forth above. In brief, the RNA cargos were prepared in 25 mM citrate, 100 mM
NaCl, pH 5.0, resulting in a concentration of RNA cargo of approximately 0.45 mg/mL. The
LNPs were formulated with a lipid amine to RNA phosphate (N:P) molar ratio of about 4.5
with the ratio of mRNA to gRNA at 1:] by weight.

Table 27.

LNP LNP LNP LNP LINP LNP
LNP# 784 785 786 787 788 783

CL/chol./DSPC/PEG
(theoretical mol-%) | 45/44/9/2 | 45/43/9/3 | 45/44/9/2 | 45/43/9/3 | 45/44/9/2 | 45/43/9/3

Cas9 Cas Cas9 Cas9 Cas9 Cas9
SEQID |SEQID |SEQID |SEQID |SEQID |SEQID
mRNA NO:48 NQ:48 NO:48 NO:48 NQ:48 NO:48
(G282 G282 {3282 (G282, (G282, (G282
SEQID SEQID | SEQID |SEQID |SEQID |SEQID

gRNA NQO:42 NO:42 NO:42 NO:42 NO:42 NO:42
PEG Type Lipid } Lipid } Lipid 2 Lipid 2 Lipid 3 Lipid 3
N/B 4.5 4.5 4.5 4.5 4.5 4.5

[6247]  Cas% mRNA, sg282, and LNPs were prepared as described in Example 1.
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16248]  LNP compositions with Lipid |, Lipid 2, or Lipid 3 were were administered to
female CD-1 mice and assessed as described in Example 1 at 1 mg/kg and 0.5 mp/kg of the
body weight. Cohorts of mice were measured for liver editing by Next-Generation
Sequencing (NGS) and serum TTR levels according to the methods of Example 1.

[6248]  Fig. 6A and Fig. 6B compare serum TTR levels between PEG hipid formulations.
Fig. 6A shows serum TTR in pg/mL, and Fig. 6B shows the data as a percent knockdown
(% TSS). Fig. 6C shows percent editing achieved in the Hiver. The data indicate that LNP
compositions with each of the tested PEG lipids tested potency at 2 mol-% and 3 mol-%, with
Lipid 1 consistently performing slightly better than Lipid 2 and Lipid 3.

Example 7~ Lipid A Analogs

[62506] A number of structural analogs of Lipid A were synthesized and tested in the LNP
compositions described herein.

[6251]  Synthesis: Lipid A is made by reacting 4,4-bis{octyloxy)butanoic acid
(“Tntermediate 13b” in Example 13 of WO2015/095340) with (9Z,122Z)-3-hydroxy-2-
(hydroxymethyl)propyl octadeca-9, 1 2-dienoate (*Intermediate 13¢™), prior to addition of the
head group by reacting the product of Intermediate 13b and Intermediate 13¢ with 3-
diethylamino-1-propancl. (See pp. 84-86 of W(O2015/095340.)

(62527  Intermediate 13b from WO2015/095340 (4,4 bis(octyloxy)butanocic acid) was
synthesized via 4,4-bis{octyloxy)butanenitrile as follows:

[6253]  Intermediate 13a: 4,4-bis(octyloxy)butanenitrile

MOM

TSNP

[6254]  To a mixture of 4,4-diethoxybutanenitrile (9.4 g, 60 mmol) and octan-1-01 (23.1 g,
178 mumol) was added pynidinium p-toluenesulfonate (748 mg, 3.0 mmol} at rt. The mixture
was warmed to 105°C and stirred for 18 hours with the reaction vessel open to air and not
fitted with a refluxing condenser. The reaction mixture was then cooled to room temperature
and purnified on silica gel (0-5% gradient of ethyl acetate in hexanes) to provide 10.1 g (31.0
mmol) of Intermediate ] 3a as a clear oil. 'H NMR (400 MHz, CDCH) § 4.55 (1, J= 5.3 Hz,
PH), 3.60(dt, J=92,6.6Hz, 2H), 343 (&1, /=982 6.6 Hz, 2H), 2.42 (t, /= 7.4 Hz, 2H),
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194 (id, /=74,53 Hz, 2H), 1.63 - 1.50 {m, 4H). 1.38 - 1.19 (m, 20H), 0.93 - 0.82 {m, 6H)
ppm.

[8235]  Next, to a solution of Intermediate 134 (8.42 g, 31 mmol) in ethanol (30 mL) was
added 31 mL of aqueous potassium hydroxide (2.5 M, 30.9 mL, 77.3 ramol) at room
temperature. Upon fitting the vessel with a reflux condenser, the mixture was heated to 110
°C and stirred for 24 hours. The mixture was then cooled to room temperature, acidified with
aqueous hydrochloride acid (IN) to pH 5, and exiracted into hexanes three times. The
combined organic extracts were washed with water (twice) and brine, dried over anhydrous
magnesium sulfate, and concenirated in vacuo o afford 8.15 g (23.6 mmaol) of Intermediate
13b as a clear oil, which was used without further purification. 'H NMR (400 MHz, CDChL) §
450 (t,J=55Hz 1H),3.57 (di,/=94,67 Hz, 2H), 3.41 {(dt, /=93, 6.7 Hz, 2H), 240 (t, J
=74 Hz 2H), 192 (td, J=7.4,53 Hz, 2H), 1.56 {m, 4H), 1.37~ 121 (m, 20H), 06.92 - 0.83
{m, 6H) ppm (structure below).

[6256]  Intermediate [3b

\V/‘\N\‘/OWLOH

N N N Y

[8257]  Using the methods described above, the C(5, 6, 7, 9, and 10)-acetal acid
intermediates, called Intermediates B3-F3 and depicted below, were prepared using the
appropriate alkan-1-ol reagents.

[0258]  Intermediate B3 4,4-bis(pentyloxy)butansic acid

MOMQH

AN
[6259]  'H NMR (400 MHz, CDCL) § 4.52 (1, J= 5.5 Hz, 1H), 3.58 (dt, J = 9.3, 6.6 Hz,
2H), 3.41 (di, S =9.3, 6.7 Hz, 2H), 2.45 (1, /= 7.4 Hz, 2H), 1.94 (m, 2H), 1.57 (m, 4H), 1.32
(m, /= 3.7 Hz, 8H)}, 0.95 - 0.83 (m, 6H) ppm.
[8260]  Intermediate C3: 4,4-bis(hexyloxy)butangic acid
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(62611 'H NMR (400 MHz, CDCL)Y54.44 (1, J=5.6Hz, 1H),3.49 (dt, /=93, 6.9 Hz,
2H),3.39(dt,J =93, 6.8 Hz, 2H), 2.12 (¢, J=7.6 Hz, 2H), 1.79 (g, /= 7.0 Hz, 2H), 1.54 {in,
4H), 1.29 (m, 12H), 0.94 -~ 0.82 (m, 6H) ppm.

[6262]  Intermediate D3: 4,4-bis(heptyloxy)butanoic acid

/\MOMOH

PN N
[0263] 'H NMR (400 MHz, CDCl3) 8 8.85 (brs, 1H), 446 (t, J= 5.6 Hz, 1H), 3.52 (dt, J
=94, 6.8 Hz, 2H), 3.39 (dt, J=9.3, 6.8 Hz, 2H), 2.26 (1, ./ = 7.6 Hz, 2H), 1.85 (g, J = 7.0 Hz,
2H), 1.53 (m, 4H), 1.29 (m, 16H), 0.94 ~ 0.80 (m, 6H) pprm.
10264]  Intermediate E3: 4 4-bis(nonyloxy)butanoic acid

/\J/\\/\/’\,/G\'/\/H\QH

NSO
[0265]  'H NMR (400 MHz, CDCh) § 5.32 (br s, 1H), 4.44 (1, J = 5.6 Hz, 1H), 3.49 (dt, J
=983 69 Hz 2H), 338 (d, /J=9.4,69Hz 2H), 2.10 (t, /= 7.6 Hz, 2H), 1 .78 (g, /= 7.0 Hz,
2H), 1.53 (m, 4H), 1.27 (m, 24H), 0.88 {t, /= 6.6 Hz, 6H) ppm.
[0266] Intermediate F3: 4,4-bis(decyloxy)butanoic acid:

NP N T
(62677 'HNMR (400 MHz, CDCl:) 5 448 (t, J= 5.5 Hz, 1H), 3.55 (m, 2H)}, 3.42 (m, 2H),
229 (dd, /=108, 7.5 He, 2H), 1.90 ~ 1.82 (m, 2H), 1.55 (m, 4H), 1.27 (m, 28H), 0.88 (t,J=
6.7 Hz, 6H) ppm.
[6268]  Acetal analogs of Lipid A {C(8)) were synthesized by reacting the C(5, 6,7, 9, or
[ M-acetal acid intermediates (B3-F3) with Intermediate 3¢, prior to reacting the product of
that step with 3-diethylamino-1-propancl. (See pp 84-86 of W(QO2015/095340.) Each analog

was synthesized and characterized by 'H NMR (data not shown).
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102691  The C7, C9, and C10 analogs were formulated at 45 mol-% Lipid A Analog, 2
mol-% DMG-PEG2k, 9 mol-% DSPC, and 44 mol-% cholesterol, with an N:P ratio of 4.5,
Each analog was also formulated at 55 mol-% Lipid A Analog, 2.5 mol-% DMG-PEG2k, 9
mol-% DSPC, and 38.5 mol-% cholesterol, with an N:P ratio of 6. The lipid nanoparticle
components were dissolved in 100% ethanol with the lipid component molar ratios set forth
above. The RNA cargos were prepared in 25 mM citrate, 100 mM NaCl, pH 5.0, resulting in
a concentration of RNA cargo of approximately 0.45 mg/ml.

[6270]7  The RNA cargo included Cas9 mRNA comprising SEQ 1D NO:43 and sg282,
prepared as described above. The LNPs were formed as desceribed in Example 1.

162717 An expanded panel of acetal analogs, including LNP compositions comprising the
C(5) and C(6) Lipid A analogs were tested alongside the prior panet. The two new analogs
were formulated at 55 mol-% Lipid A Analog, 2.5 mol-% DMG-PEG2k, 8 mol-% DPSC, and
33.5 mol-% cholesterol, with an N/P ratio of 6, as described above. Analysis indicated that
sizes for all LNPs 15 below 120 mum, PDI is below 0.2 and %-encapsulated RNA is higher than

80%. Analytical results for the formulations are in Table 28, below.

Table 28.
RNA
. . . Z- Number
LNP| Lipid A | Analog | pp o | yp | €97 1o/ pp i ave. | PDI | mean
ID | Analegs moi-% (mg/ ,
mL) {(mm) {(nm)
LNP C5 analog
’“?2 (LPODO030- | 55 2.5 6 D063 88 118.8 {0.103 188.17
LoD
LNP C6 analog
1123 (LPODOO3)- | 55 2.5 6 10.067 195 107.6 10.038 88.1
001)
LNP C7 analog
1004 (LPODO020- | 55 2.5 6 0.068 198 100 10.012 |81.55
001)
i’&; };i}ﬁﬂﬂm- 55 2.5 6 10.067 98 05.06 10.01 [78.95
LNP €9 analog
1006 {(LPODOO21- | 55 2.5 6 D.067 |97 ©5.43 10.022 80.35
001)
LNP C10 analog
1008 (LPG0OO022- | 55 2.5 6 0.069 195 103.9 10.008 {86.79
001)
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i6272]  The analogs were assessed for pKa using 6-(p-toluidino)-6-napthalence sulfonic
acid (“TNS”) dissolved in water. In this assay 0.1 M phosphate buffer was prepared at
different pH values ranging from 4.5 to 10.5. Each analog was individually prepared in 1060%
ethanol. The lipid and TNS were then added in individual pH buffer and transferred to a plate
to analyze at 321-488 nm wavelength on the SpectraMax plate reader. Values were plotted to
generate pKa, togICso is used as pKa.

[6273]  Female CD-1 mice were dosed as described in Example 1 with 0.3 mg/kg (Fig.
7A-Fig. 7E), or with 0.1 mg per kg (Fig. 7F-Fig. 7G). In brief, CD-1 fernale mice from
Charles River Laboratories, n=5 per group, were admunistered the LNP compositions at
varying doses. At necropsy {7 days post dose), serum was collected for TTR analysis and
liver was collected for editing analysis. Serum TTR and percent editing assays were
performed as described in Example 1. The serum TTR levels and liver editing from Fig. 7A-
Fig. 7E indicate that all the analogs performed comparably to Lipid A at 0.3 milligrams per
kilogram body weight. Fig. 7F-Fig. 7G indicate that while Lipid A had the highest potency,
the newly synthesized analogs all have suitable TTR knockdown and liver editing,

Example 8 — Dose Response Curve — Primary Cyno hepatocytes

[6274]  Primary liver hepatocytes. Primary cynomolgus liver hepatocytes (PCH) (Gibeo)
were thawed and resuspended in hepatocyte thawing medium with supplements (Gibeo, Cat.
CM7000) followed by centrifugation at 80 g for 4 minutes. The supernatant was discarded
and the pelleted cells resuspended in hepatocyte plating medium plus supplement pack
(Invitrogen, Cat. A1217601 and CM3000). Cells were counted and plated on Bio-coat
collagen [ coated 96-well plates (TherroFisher, Cat. 877272) at a density of 50,000
cellsfwell. Plated cells were allowed to settle and adhere for 24 hours in a tissue culture
incubator (37°C and 5% COz atmosphere) prior to LNP administration. Afer incubation
cells were checked for monolayer formation and media was replaced with hepatocyte culture
medium with serum-free supplement pack (Invitrogen, Cat. A1217601 and CM4000).

[0275]  LNP formulations for this study (LNP1021, LNP1022, LNP1023, LNP1024,
LNP1025, and LNP897) were prepared as described above.

[6276]  Vartous doses of lipid nanoparticle formulations containing modified sgRNAs
were tested on primary cyno hepatocytes {0 generate a dose response curve. Afier plating and
24 hours in culture, LNPs were incubated in hepatocyte maintenance media containing 6%

cyno serum at 37°C for 5 minutes. Post-incubation the LNPs were added onto the primary
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cyno hepatocytes in an 8 point 2-fold dose response curve starting at 100 ng mRNA. The
celis were lysed 72 hours post reatment for NGS analysis as described in Example 1.
Percent editing was determined for various LNP compositions and the data are graphed in
Fig. 8A. The % editing with Cas9 mRNA (SEQ ID NO 48) and U-depleted Cas® mRNA
(SEQ I NO43) is presented in Fig. 88. LNP compositions are descnbed in Table 2 (LNP
897) and Table 5 (LNP 1021, 1022, 1023, 1024, and 1025).

{02777 The results show a quantitative assay for cornparative potency assessements,
demonstrating both mRNA and LNP composition affect potency.

Example % — RNA Cargo: mRNA and gRNA Coformulations

[6278]  This study evaluated in vivo efficacy in mice of different ratios of gRNA to
mRNA. CleanCap™ capped Cas9 mRNAs with the ORF of SEQ 1D NG: 4, HSD 5° UTR,
human albumun 3° UTR, a Kozak sequence, and a poly-A tail were made by TVT synthesis as
indicated in Example 1 with Ni-methyipseudouridine triphosphate in place of uridine
triphosphate.

[6279]  LNP formulations prepared from the mRNA described and sg282 (SEQ 1D NO:
42: G282) as described in Example 2 with Lipid A, cholesterol, DSPC, and PEG2k-DMG in a
50:38:9:3 molar ratioc and with an N:P ratio of 6. The gRNA:CasS mRNA weight ratios of

the formulations were as shown in Table 29.

Table 29.
Guide ;
e | Ca0 0 BNA g | Zave | Particle | Number
D T -ont {%) Size {em} PDI Ave {nm)
Ratie | (mg/mL) )
{wiw)
1110 8:1 0.92 99 6952 $.022 56.47
1111 4:1 0.86 97 76.65 0.065 57.36
11z 2:1 0.90 99 76.58 0.036 6311
1113 t:t 0.97 99 76.60 $.071 58.92
1114 1:2 1.05 a9 76.34 0.018 62.82
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1118 1:4 0.65 99 §2.64 0.018 66.63

1116 18 0.75 100 82.01 0.039 65.05

[6288]  For in vivo characterization, the above LNPs were administered fo mice at 0.1 mg
total RNA (mg guide RNA + mg mRNA) per kg (n=5 per group). At 7 to ¢ days post-dose,
animals were sacrificed, blood and the liver were collected, and senium TTR and lver editing
were measured as described in Example . Serum TTR and liver editing results are shown in
Fig. 9A and 9B. Negative control mice were dosed with TSS vehicle.

[6281]  In addition, the above LNPs were administered to mice at a constant mRNA dose
of 0.05 mg mRNA per kg (n=S per group), while varving the gRNA dose from 0.06 mg per
kg to 0.4 mg per kg. At 7 to 9 days post-dose, animals were sacnificed, blood and the liver
were collected, and serum TTR and liver editing were measured. Serum TTR and liver
editing results are shown in Fig. 9C and Fig. 9D. Negative control mice were dosed with TSS
vehicle.

Example 10 - Neutral Lipids

[6282]  To evaluate the in vivo efficacy of LNPs, LNP formulations were prepared with the
mRNA of Example 2 and sg534 (SEQ ID NG: 72; G534), as described in Example 2. The
lipid nanoparticle components were dissolved in 100% ethanol with the Iipid component
molar ratios set forth below. In brief, the RNA cargos were prepared in a buffer of 25 mM
citrate and 100 mM NaCl at pH 5.0, resulting in a concentration of RNA cargo of
approximaiely 0.45 mp/mL. The LNPs were formulated with a hpid amine io RNA phosphaile
(N:P) molar ratio of about 6 with the ratio of gRNA to mRNA at 1:2 by weight.

[6283] LNP formulations were analyzed for average particle size, polydispersity (pdi),
total RNA content and encapsulation efficiency of RNA as described in Example 1. Analysis
of average particle size, polydispersity (PDI), total RNA content and encapsulation efficiency
of RINA are shown in Table 30. Molar ratios of lipid are provided as amine lipid (Lipid
A)/neutral lipid/helper lipid (cholesterol/PEG lipid (PEG2k-DMG). The neutral lipid was
DSP, DPPC, ar absent, as specified.

Table 30. LNP compositions and data. (Moelar ratios of lipid are previded as amine
lipid (Lipid A)/veutral lipid/helper lipid (cholesterol)/PEG fipid (PEG2k-DMG).)
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RNA 7. Number %% Serum (%
Sample | Neutral | Molar | Conc %EE | av PDI m‘:an Liver TTR [TTR
D Lipid | Raties |(mg/ 5 Editing {ug/mL) KD
L) (nm) {nm)
TSS
conirol 0.0 1248.9
50.0/0.0/ N -
CO241 | - 47.0/3.0 146 94 75.64 10.090 5421 18 10702 h43
C0242 | - 29.0/0.0/ 151 94 92.25 0.019(75.56
B 38.0/3.0 1 o T 120 RB19.6 344
. 54.5/0.0/
- [
C0O243 42.5/30 1.62 B4 78.90 10.052161.49 313 1260.5 10.9
CO244 | DSPC 20.0/9.0/ 1.50 93 101.3 0.044 80.73
B 390720 | T ) 274 LM}.D 40.7
50.0/5.0/ - 5
0034 | DSPC 18.0/3.0 148 (97 84.23 10.040 |66.96 147 k3o lkos
C0245 | DSPC 52.5/4.0/ 1.55 8§ 81.88 10.054 |64.54
- 42.5/30 | 77 " ) ’ - 5.8 8466 [3272
, 50.0/9.0/ .,
C0246 | DPPC 318.0/3.0 1.52 96 87.11 10.040 [70.04 150 5036 1577
co247 | pppC | 224U 54 g7 le3e7 0.050 66,43
42.5/3.0 ) ) ) ) 18.3 726.6 41.8
[6284]  For in vive characterization, the above LINPs were admimistered intravenously to

female Sprague Dawley rats at 0.3 mg total RNA (guide RNA and mRNA) perkg

bodyweight. There were five rats per group. At seven days post-dosing, animals were

sacrificed, blood and the liver were collected, and serum TTR and liver editing were

measured as described in Example }. Negative control animals were dosed with TSS vehicle.

Serum TTR and liver editing results are shown in Fig. 10A and 10B, and in Table 30 (above).
BRIEF BESCRIPTION OF DISCLOSED SEQUENCES

SEQ 1D
NO

Description

DNA coding sequence of Cas? using the thymidine analog of
the minimal uridine codons listed in Table 3, with start and stop

codons

DNA coding sequence of Cas? using codons with generally

high expression in humans

Amino acid sequence of Cas9 with one nuclear localization

signal (1xNLS) as the C-terminal 7 amino acids

Cas9 mRNA ORF using minimal uridine codons as listed in
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Table 3, with start and stop codons

5 Cas9® mRNA ORF using codons with generally high expression
in humans, with start and stop codons

6 Amino acid sequence of Cas? nickase with 1xNLS as the C-
terminal 7 amino acids

7 CasY nickase mRNA ORF encoding SEQ ID NO: 6 using
minimal uridine codons as listed in Table 3, with siart and stop
codons

8 Armino acid sequence of dCas9 with IxXNLS as the C-termmal 7
aming acids

9 dCas% mRINA ORF encoding SEQ 1D NO: § using minimal

wridine codons as lisied in Table 3, with start and stop codons

10 Cas9 mRNA coding sequence using minimal uridine codons as
listed in Table 3 (no start or stop codons; suitable for inclusion
n fusion protein eoding sequence)

11 (Cas9 nickase mRNA coding sequence using minimal unidine
codons as listed in Table 3 (no start or stop codons; suitable for
inclusion in fusion protein coding sequence)

12 dCas9 mRNA coding sequence using minimal uridine codons
as listed in Table 3 (no start or stop codons; suitable for
inclusion in fusion protein coding sequence)

13 Aming acid sequence of Cas? (without NLS)

14 Cas9 mRNA ORF encoding SEQ ID NO: 13 using minimal
wridine codons as Histed in Table 3, with start and stop codons

15 Cas9 coding sequence encoding SEQ 1D NO: 13 using minimal
uridine codons as listed in Table 3 {ng start or stop codons;
suitable for inclusion in fusion protein coding sequence)

16 Amino acid sequence of Cas9 nickase (without NLS)

17 Cas9 nickase mRNA ORF encoding SEQ ID NGO 16 using
minimal uridine codons as histed in Table 3, wath start and stop
codons

18 Cas? nickase coding sequence encoding SEQ ID NO: 16 using

minirmal uridine codons as listed in Table 3 (no start or stop
codons; suitable for inclusion in fusion protein coding

sequence)
19 Amino acid sequence of dCas9 (without NLS)
20 dCas3 mRNA ORF encoding SEQ 1D NO: 13 using minimal

uridine codons as listed in Table 3, with start and stop codons

21 dCasY coding sequence encoding SEQ 1D NO: 13 using
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minimal uriding codons as listed in Table 3 (no start or stop
codons; suitable for inclusion in fusion protein coding

sequence)

22 Amino acid sequence of Cas® with two nuclear localization
signals (2xNLS) as the C-terminal amino acids

23 Cas9 mRNA ORF encoding SEQ [D NO: 13 using minimal

uridine codons as listed in Table 3, with start and stop codons

24 Cas9 coding sequence encoding SEQ D NO: 13 using munimal
uridine codens as listed in Table 3 (no start or stop codons;
suitable for inclusion in fusion protein coding sequence)

25 Amino acid sequence of Cas9 nickase with two nuclear
localization signals as the C-terminal amino acids

26 Cas9 nickase mRNA ORF encoding SEQ ID NO: 16 using
minimal uridine codons as listed in Table 3, with start and stop
codons

27 Cas? nickase coding sequence encoding SEQ 1D NO: 16 using

minimal uridine codons as listed in Table 3 (no start or stop
codons; suitable for inclusion in fusion protein coding

sequence)

28 Amino acid sequence of dCas® with two nuclear localization
signals as the C-terminal amino acids

29 dCas9 mRNA ORF encoding SEQ ID NO: 13 using minimal
uridine codons as listed in Table 3, with start and stop codons

30 dCas9 coding sequence encoding SEQ 1D NO: 13 using

minimal uridine codons as listed in Table 3 (no start or stop
codons; suitable for inclusion in fusion protein coding
sequence)

31 T7 Promoter

32 Human beta-globin 5 UTR

33 Human beta-globin 3° UTR

34 Human alpha-globin 5" UTR

3s Huwman alpha-globin 3" UTR

36 Xenopus laevis beta-globin 5” UTR

37 Xenopus laevis beta-globin 3 UTR

38 Bovine Growth Hormone 5° UTR

39 Bovine Growth Hormone 3" UTR

40 Mus musculus hemoglobin alpha, adult chain 1 (Hba-al),

3J'UTR
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41 HSD17B4 5° UTR

42 (G282 single guide RNA targeting the mouse TTR gene

43 Cas9 transcript with 5° UTR of HSD, ORF corresponding to
SEQ ID NQ: 4, Kozak sequence, and 3" UTR of ALB

44 Cas9 transcript with §” UTR of HSD, ORF corresponding to
SEQIDNGO:4,and 3" UTR of ALB

45 Altermative Cas9 ORF with 19.36% U content

46 Cas9 transcript with §” UTR of HSD, ORF corresponding to
SEQID NQ: 45, Kozak sequence, and 3" UTR of ALB

47 Cas9 transeript with 8” UTR of HSD, ORF corresponding to
SEQIDNG: 45, and 3 UTR of ALB

48 Cas9 transcript comprising Cas® ORF using codons with
generally high expression in humans

49 Cas9 transeript comprising Kozak sequence with Cas® ORF
using codons with generally high expression in humans

30 Cas9 ORF with splice junctions removed; 12.75% U content

51 Cas9 transeript with 3° UTR of HSD, ORF corresponding to
SEQ ID NQ: 50, Kozak sequence, and 3" UTR of ALB

52 Cas9 ORF with minimal unidine codons frequently used in
humans in general; 12.75% U content

53 Cas9 transcript with §” UTR of HSD, ORF corresponding to

SEQ ID NO: 52, Kozak sequence, and 3° UTR of ALB

54 Cas9 ORF with minimal uridine codons infrequently used in
humans in general; 12.75% U content

Cas? transcript with 5° UTR of H5D, ORF corresponding to
SEQ ID NO: 54, Kozak sequence, and 3" UTR of ALB
56 CasY transeript with AGG as first three nucleotides for use with

CleanCap™, 5° UTR of H5D, ORF corresponding to SEQ 1D
NO: 4, Kozak sequence, and 3" UTR of ALB

n
U

57 Cas9 transcript with 5° UTR from CMV, ORF corresponding to
SEQ ID NQ: 4, Kozak sequence, and 3" UTR of ALB

58 CasY wanseript with 5” UTR from HBB, ORF corresponding to
SEQ ID NQ: 4, Kozak sequence, and 3° UTR of HEB

59 Cas9 transeript with 5 UTR from XBG, ORF corresponding to
SEQ ID NO: 4, Kozak sequence, and 3° UTR of XBG

60 Cas9 transcript with AGG as first three nucleotides for use with

CleanCap™, 5° UTR from XBG, ORF corresponding to SEQ
1D NO: 4, Kozak sequence, and 3" UTR of XBG




WO 2019/067992 PCT/US2018/053559

94

61 Cas? transcript with AGG as first three nucleotides for use with
CleanCap™, 5 UTR from HSD, ORF corresponding to SEQ
1D NO: 4, Kozak sequence, and 3° UTR of ALB

62 30/30/39 poly-A sequence

63 poly-A 100 sequence

64 (G209 single guide RNA targeting the mouse TTR gene
65 ORF encoding Neisseria meningitidis Cas9 using minimal

uridine codons as listed in Table 3, with start and stop codons

66 ORF encoding Neisseria meningitidis Cas9 using minimal
uridine codons as histed in Table 3 (no start or stop codons;
suitable for inclusion in fusion protein coding sequence)

&7 Transcript comprising SEQ ID NO: 65 (encoding Neisseria
meningitidis Cas9)

68 Amino acid sequence of Neissena meningitidis Cas9

69 (G390 single guide RNA targeting the rat TTR gene

70 (502 single guide RNA targeting the cynomolgus monkey TTR
gene

71 (G509 single guide RNA targeting the cynomolgus monkey TTR
gene

72 (534 single guide RNA targeting the rat TTR gene

[0285]  See the Sequence Table below for the sequences themselves. Transcript sequences
generally inchude GGG as the first three nucleotides for use with ARCA or AGG as the first
three nucleotides for use with CleanCap™. Accordingly, the first three nucleotides can be
modified for use with other capping approaches, such as Vaccinia capping enzyme.
Promoters and poly-A sequences are not included in the transcript sequences. A promoter
such as & T7 promoter (SEQ ID NO: 31) and 2 poly-A sequence such as SEQ ID NG: 62 or
63 can be appended to the disclosed transeript sequences at the 5° and 37 ends, respectively.
Most nucleotide sequences are provided as DNA but can be readily converted to RNA by

changing Ts to Us.
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Sequence Table

[6286]  The following sequence table provides a listing of sequences disclosed herein. It is
understood that if a DNA sequence (comprising Ts) is referenced with respect to an RNA|
then Ts should be replaced with Us (which may be modified or wnmodified depending on the

context), and vice versa.

Description Sequence SEQ
ID No.
Cas? DNA ATGGACAAGAAGTACAGCATCGGACTGGACATCGGAACAAAC I
coding AGCGTCGGATGGGCAGTCATCACAGACGAATACAAGGTCCCG
sequence 2 AGCAAGAAGTTCAAGGTCCTGGGAAACACAGACAGACACAGC

ATCAAGAAGAACCTGATCGGAGCACTGCTGTTICGACAGCGGA
GAAACAGCAGAAGCAACAAGACTGAAGAGAACAGCAAGAAG
AAGATACACAAGAAGAAAGAACAGAATCTGCTACCTGCAGGA
AATCTTCAGCAACGAAATGCCAAAGCGTCCACGACAGCTICTTC
CACAGACTGGAAGAAAGCTTCCTGGTCGAAGAAGACAAGAAG
CACGAAAGACACCCGATCTTCGGAAACATCGTCGACGAAGTC
GCATACCACGAAAAGTACCCGACAATCTACCACCTGAGAAAG
AAGCTGOTCGACAGCACAGACAAGGCAGACCTGAGACTGATC
TACCTGGCACTGGCACACATGATCAAGTTCAGAGGACACTTCC
TGATCGAAGGAGACCTGAACCCGGACAACAGCGACGTCGACA
AGCTGTTCATCCAGCTGOTCCAGACATACAACCAGCTGTTCGA
AGAAAACCCGATCAACGCAAGCGGAGTCGACGCAAAGGCAAT
CCTGAGCGCAAGACTGAGCAAGAGCAGAAGACTGHAAAACCT
GATCGCACAGCTGCCGGGAGAAAAGAAGAACGGACTGTTCGS
AAACCTGATCGCACTGAGCCTGGGACTGACACCGAACTTCAA
GAGCAACTTCGACCTGGCAGAAGACGCAAAGCTGCAGCTGAG
CAAGGACACATACGACGACGACCTGCACAACCTGCTGGCACA
GATCOGAGACCAGTACGCAGACCTGTTCCTGGCAGCAAAGAA
CCTGAGCGACGCAATCCTGCTGAGCGACATCCTGAGAGTCAAC
ACAGAAATCACAAAGGCACCGCTGAGCGCAAGCATCGATCAAG
AGATACGACGAACACCACCAGGACCTGACACTGCTGAAGGCA
CTGGTCAGACAGCAGCTGCCGGAAAAGTACAAGGAAATCTTC
TTCGACCAGAGCAAGAACGGATACGCAGGATACATCGACGGA
GGAGCAAGCCAGGAAGAATTCTACAAGTTCATCAAGCCGATC
CTGGAAAAGATGGACGGAACAGAAGAACTGCTGGTCAAGCTG
AACAGAGAAGACCTGCTGAGAAAGCAGAGAACATTCGACAAC
GGAAGCATCCCGCACCAGATCCACCTGGOAGAACTGCACG A
ATCCTGAGAAGACAGGAAGACTTCTACCCGTICCTGAAGGAC
AACAGAGAAAAGATCGAAAAGATCCTGACATTCAGAATCCCG
TACTACGTCGGACCGCTGGCAAGAGGAAACAGCAGATTCGCA
TOGATCACAAGAAAGAGCGAAGAAACAATCACACCGTGGAAC
TTCGAAGAAGTCGTCGACAAGGGAGCAAGCGCACAGAGCTTC
ATCGAAAGAATGACAAACTTCGACAAGAACCTGCCGAACGAA
AAGGTCCTGCCGAAGCACAGCCTOCTGTACGAATACTTCACAG
TCTACAACGAACTGACAAAGGTCAAGTACGTCACAGAAGGAA
TGAGAAAGCCGGCATTCCTGAGCGGAGAACAGAAGAADGCAA
TCOTCGACCTGCTGTTCAAGACAAACAGAAAGGTCACAGTCA
AGCAGCTGAAGGAAGACTACTTCAAGAAGATCGAATGCTTCG
ACAGCGTCGAAATCAGCGCGAGYCGAAGACAGATTCAACGCAA
GCCTGGGAACATACCACGACCTGCTGAAGATCATCAAGGACA
AGGACTTCCTGGACAACGAAGAAAACGAAGACATCCTGGAAG
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ACATCGTCCTGACACTGACACTGTTICGAAGACAGAGAAATGAT
CGAAGAAAGACTGAAGACATACGCACACCTGTTCGACGACAA
GGTCATGAAGCAGCTGAAGAGAAGAAGATACACAGGATGGGG
AAGACTGAGCAGAAAGCTGATCAACGGAATCAGAGACAAGCA
GAGCGOAAAGACAATCCTGGACTTCCTGAAGAGCGACGGATT
CGCAAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCT
GACATTCAAGGAAGACATCCAGAAGGCACAGGTCAGCGGACA
GGGAGACAGCCTGCACGAACACATCOGLCAAACCTGGCAGGAAG
CCCGGCAATCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGT
CGACGAACTGGTCAAGGTCATGGGAAGACACAAGCCGGAAAA
CATCGTCATCCAAATGOCAAGAGAAAACCAGACAACACAGAA
GGGACAGAAGAACAGCAGAGAAAGAATGAAGAGAATCGAAG
AAGGAATCAAGGAACTGGOAAGCCAGATCCTGAAGGAACALCC
CGGTCGAAAACACACAGCTGCAGAACGAAAAGCTGTACCTGY
ACTACCYGCAGAACGGAAGAGACATGTACGTCOACCAGGAAC
TGGACATCAACAGACTGAGCGACTACGACGTCGACCACATCG
TCCLCGCAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGG
TCCTGACAAGAAGCGACAAGAACAGAGGAAAGAGCGACAAC
GTCCCGAGCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGG
AGACAGCTGCTGAACGCAAAGCTGATCACACAGAGAAAGTTC
GACAACCTGACAAAGGCAGAGAGAGGAGGACTGAGCGAACT
GGACAAGGCAGGATTCATCAAGAGACAGCTGGTCGAAACAAG
ACAGATCACAAAGCACGTCGCACAGATCCTGGACAGCAGAAT
GAACACAAAGTACGACGAAAACGACAAGCTGATCAGAGAAGT
CAAGGTCATCACACTGAAGAGCAAGCTGGTCAGCGACTTCAG
AAAGGACTTCCAGTTCTACAAGGTCAGAGAAATCAACAACTA
CCACCACGCACACGACGCATACCTGAACGCAGTCOTCGUGAAC
AGCACTGATCAAGAAGTACCCGAAGCTGGAAAGCGAATTCGT
CTACGGAGACTACAAGGTCTACGACGTCAGAAAGATGATCGC
AAAGAGCGAACAGGAAATCOGAAAGGCAACAGCAAAGTACTT
CTTCTACAGCAACATCATGAACTTCTTCAAGACAGAAATCACA
CTGGCAAACGGAGAAATCAGAAAGAGACCGCTGATCGAAACA
AACGGAGAAACAGCAGAAATCGTCTGOGCACAAGGGAAGAGA
CTTCGCAACAGTCAGAAAGGTCCTGAGCATGLCGCAGGTCAA
CATCGTCAAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAA
GOAAAGCATCCTGCCOAAGAGAAACAGCOACAAGCTGATCGT
AAGAAAGAAGGACTGGCACCCGAAGAAGTACGGAGGATTCG
ACAGCCCGACAGTCGCATACAGCGTCCTOGTCOTCGCAAAGGT
CGAAAAGGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAAC
TGCTGGGAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGA
ACCCGATCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCA
AGAAGGACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCG
AACTGGAAAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGA
GAACTGCAGAAGGGAAACGAACTGGCACTGCCGAGCAAGTAC
GTCAACTTCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGS
GAAGCCCGGAAGACAACGAACAGAAGCAGCTGTTCGTCGAAC
AGCACAAGCACTACCTGGACGAAATCATCGAACAGATCAGCG
AATTCAGCAAGAGAGTCATCCTGGCAGACGCAAACCTGGACA
AGGTCCTGAGCGCATACAACAAGCACAGAGACAAGCCGATCA
GAGAACAGGCAGAAAACATCATCCACCTGTTCACACTGACAA
ACCTGGGAGCACCGGCAGCATTCAAGTACTTCGACACAACAA
TCCGACAGAAAGAGATACACAAGCACAAAGGAAGTCCTGGACG
CAACACTGATCCACCAGAGCATCACAGGACTGTACGAAACAA
GAATCGACCTGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCC
CGAAGAAGAAGAGAAAGGTICTAG

Casd DNA ATGGATAAGAAGTACTCAATCGGGCTGGATATCGGAACTAATT 2
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coding CCGTGOOGTTGGOCAGTGATCACGGATGAATACAAAGTGCCGT
sequence § CCAAGAAGTTCAAGGTCCTGGGGAACACCGATAGACACAGCA

TCAAGAAAAATCTCATCGGAGCCCTGCTGTTTGACTCCGGCGA
AACCGCAGAAGCGACCCGGCTCAAACGTACCGCGAGGCGACG
CTACACCCGGCGGAAGAATCOCATCTGCTATCTGCAAGAGATC
TTITTCGAACGAAATGGCAAAGGTCGACGACAGCTTICTTCCACC
GCCTGGAAGAATCTTTCCTGOTGGAGOAGGACAAGAAGCATG
AACGGCATCCTATCTTTGGAAACATCOTCGACGAAGTGGCGTA
CCACGAAAAGTACCCCGACCATCTACCATCTGCGGAAGAAGTT
GGTTGACTCAACTGACAAGGCCGACCTCAGATTIGATCTACTTG
GCCCTCGCCCATATGATCAAATTCCGCGGACACTTCCTGATCG
AAGGCGATCTGAACCCTGATAACTCCGACGTGGATAAGCTTIT
CATTCAACTGGTGCAGACCTACAACCAACTGTTCGAAGAAAAL
CCAATCAATGCTAGCGGCOTCGATGCCAAGGCCATCCTGTCCG
CCCGGCTGTCGAAGTCGLGGCGCCTCGAAAACCTGATCGLACA
GCTGCCGGGAGAGAAAAAGAACGGACTTTTICGGCAACTTGAT
CGCTCTCTCACTGGGACTCACTCCCAATITCAAGTCCAATTTIC
ACCYGGCCGAGGACGCGAAGCTOCAACTCTCAAAGGACACCT
ACGACGACGACTTGGACAATTTGCTGGCACAAATTGGCGATCA
GTACGCGGATCTGTTCCTTIGCCGCTAAGAACCTTTCGGACGCA
ATCTTOCTGTCCGATATCCTGUGCGTCGAACACCGAAATAACCA
AAGCGCCGCTTAGCOCCTCGATGATTAAGCGGTACGACGAGC
ATCACCAGGATCTCACGCTGCTCAAAGCGCTCGTGAGACAGCA
ACTGCCTGAAAAGTACAAGGAGATCTTCTTCGACCAGTCCAAG
AATGGGTACGCAGGGTACATCCATGGAGGCGCTAGCCAGGAA
GAGTTCTATAAGTTCATCAAGCCAATCCTGGAAAAGATGGACG
GAACCGAAGAACTGCTGGTCAAGCTGAACAGGGAGGATCTGC
TCCGGAAACAGAGAACCTTTGACAACGGATCCATICCCCACCA
GATCCATCTGGGTGAGCTGCACGCCATCTTGCGGCGCCAGGAG
GACTTTTACCCATTCCTCAAGGACAACCGOGAAAAGATCGAG
AAAATTCTGACGTTCCGCATCCCGTATTACGTGGGCCCACTGG
CGCGCGGCAATTCGCGCTTCGCGTGGATGACTAGAAAATCAG
AGGAAACCATCACTCCTTGGAATTTCCGACCAAGTTGTCGATAA
GGGAGCTICGGCACAAAGCTTCATCCGAACGAATSACCAALTIC
GACAAGAATCTCCCAAACGAGAAGGTGCTICCTAAGCACAGC
CTCCTTTACGAATACTTCACTGTCTACAACGAACTGACTAAAG
TGAAATACGTTACTOGAAGGAATGAGGAAGCCGOCCTTTCTGTC
CGGAGAACAGAAGAAAGCAATTGTCGATCTGCTGTTCAAGAC
CAACCGCAAGGTGACCGTCAAGCAGCTTAAAGAGGACTACTT
CAAGAAGATCGAGTGTTTCGACTCAGTGGAAATCAGCGGGGT
GGAGGACAGATTCAACGCTTCGCTGGGAACCTATCATGATCTC
CTGAAGATCATCAAGGACAAGGACTTCCTTGACAALCGAGGAG
AACGAGGACATCCTGGAAGATATCGTCCTGACCTTGACCCTTT
TCGAGGATCGCGAGATGATCCGAGGAGAGGCTTAAGACCTACG
CTCATCTCTTCGACGATAAGGTCATCGAAACAACTCAAGCGLCG
CCGGTACACTGGTTGGGGCCGCCTCTCCCGCAAGCTGATCAAC
GGTATTCGCGATAAACAGAGCGGTAAAACTATCCTGGATITCC
TCAAATCGGATGGCTTCGCTAATCGTAACTTCATGCAATTGAT
CCACGACGACAGCCTGACCTTTAAGGAGGACATCCAAAAAGC
ACAAGTGTCCGGACAGGGAGACTCACTCCATGAACACATCGC
GAATCTGGCCGGTTCGCCGGCGATTAAGAAGGGAATICTGCA
AACTOTGAAGGTGOTCGACGAGCTOGTGAAGGTCATGOGACG
GCACAAACCGGAGAATATCGTGATTGAAATGGCCCGAGAAAA
CCAGACTACCCAGAAGGGCCAGAAAAACTCCCGCGAAAGGAT
GAAGCGGATCOAAGAAGOAATCAAGGAGCTGGGCAGCCAGAT
CCTGAAAGAGCACCCGGTGGAAAACACGCAGCTGCAGAACGA
GAAGCTCTACCTGTACTATTIGCAAAATGOACGGGACATGTAC
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GTGGACCAAGAGCTGGACATCAATCGOTTGTCTGATTACGACG
TGGACCACATCGTTCCACAGTCCTTTCTGAAGGATGACTCGAT
CGATAACAAGGTGTTGACTCGCAGCGACAAGAACAGAGGGAA
GTCAGATAATOTGCCATCGGAGGAGGTCOTGAAGAAGATGAA
GAATTACTGGCGGCAGCTCCTGAATGCGAAGCTGATTACCCAG
AGAAAGTTTGACAATCTCACTAAAGCCGAGCGCGGCGGACTC
TCAGAGCTGGATAAGGCTGOATTCATCAAACGGCAGCTGGTC
GAGACTCGGCAGATTACCAAGCACGTGGCGCAGATCTTGOAC
TCCCGCATGAACACTAAATACGACGAGAACGATAAGCTCATC
CGGGAAGTGAAGGTGATTACCCTGAAAAGCAAACTTGTGTCG
GACTTTCGGAAGGACTTTCAGTTTTACAAAGTGAGAGAAATCA
ACAACTACCATCACGCGCATGACGCATACCTCAACGCTGTGGT
CGGTACCGCCCTGATCAAAAAGTACCCTAAACTTIGAATCGGAG
TITGTCGTACGGAGACTACAAGGTCTACGACGTGAGGAAGATG
ATAGCCAAGTCCGAACAGGAAATCGGOAAAGCAACTGCGAAA
TACTTCTTTTACTCAAACATCATGAACTYITTTCAAGACTGAAAT
TACGCTGGCCAATGCAGAAATCAGGAAGAGGCCACTGATCGA
AACTAACGGAGAAACGGGCGAAATCGTOTGGGACAAGGGCAG
GGACTTCGCAACTGTTCGCAAAGTGCTCTCTATGLOGCAAGTC
AATATTGTGAAGAAAACCGAAGTGCAAACCGGOGGATTTTCA
AAGGAATCGATCCTCCCAAAGAGAAATAGCGACAAGCTCATT
GCACGCAAGAAAGACTGOGACCCGAAGAAGTACGOAGGATTC
GATTCGCCGACTGTCGCATACTCCGTCCTCGTGGTGGCCAAGG
TGGAGAAGGGAAAGAGCAAAAAGCTCAAATCCGTCAAAGAGT
TGCTGGGGATTACCATCATGGAACGATCCTCGTTCCGAGAAGAA
CCCGATTGATTTCCTCGAGGCGAAGGGTTACAAGGAGGTGAA
GAAGGATCTGATCATCAAACTCCCCAAGTACTCACTGTTICGAA
CTGGAAAATGGTCGGAAGCGCATGCTGGCTICGGCCGGAGAA
CTCCAAAAAGGAAATGAGCTGGCCTTGCCTAGCAAGTACGTC
AACTTCCTCTATCTTGCTTCGCACTACGAAAAACTCAAAGGGT
CACCGGAAGATAACGAACAGAAGCAGCTTTTCGTGGAGCAGC
ACAAGCATTATCTGGATGAAATCATCCGAACAAATCTCCGAGTT
TTCAAAGCGCOTGATCCTCGCCGACGCCAACCTCGACAAAGTC
CTGTCGGCCTACAATAAGCATAGAGCATAAGCCGATCAGAGAA
CAGGCCGAGAACATTATCCACTTGTICACCLCTGACTAACCTGG
GAGCCCCAGCCGCCTTCAAGTACTICGATACTACTATCGATCG
CAAAAGATACACOTCCACCAAGGAAGTTCTGGACGCGACCCT
GATCCACCAAAGCATCACTGCACTCTACGAAACTAGGATCGAT
CTGTCGCAGCTGGGTGGCGATGOCGOTGGATCTCCOAAAAAG

AAGAGAAAGGTGTAATGA
Cas? amino MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIK 3
acid KNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIWFSNE
sequence MAKVDDSFFHRLELESFLVEEDKKHERNPIFGNIVDEVAYHEKYPT

IYHLRKKLVDSTDKADLRLIYLAL AHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENL
TAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKA
PLSASMIKRYDEHHODLTLLKALVRQOLPEKYKEIFFDQSKNGYA
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKENREDELLRKQRTF
DNGSIPHOIHLGELHAILRRQEDFYPFLEKDNREKIEKILTFRIPYYV
GPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMT
NFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLFKTNREVTVKQLKEDYFRKKIECFDSVEISGVED
RENASLGTYHDLLKUIKDKDFLDNEENEDILEDIVLTLTLFEDREMI
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FEERLKTYAHLFDDXKVMKQLKRRRYTGWGRELSRKLINGIRDKQSG
KTILDFLKSDGFANRNFMQLIMDDSLTFKEDIQKAQVSGQGDSLH
EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARE
NQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKL
YLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNK
VLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLENAKLITQRKFD
NLTKAERGGLSELDKAGFIKRQLVETROQITKHVAQUDSRMNTKY
DENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA
YENAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTVAYSVEVVAKVEKGKSKKLKSVKELLG
TTIMERSSFEKNPIDFLEAKGY KEVEKKDLUKLPKYSLFELENGRKR
MLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQ
LEVEQHKHYLDENEQISEFSKRVILADANLDE VLSAYNKHRDKPI
REQAENHHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLI
HOSITGLYETRIDLSQLGGDGGGSPKKKRKY

Cas? mRNA AUGGACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAA 4
open reading CAGCGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCC
frame {ORF) CGAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC
2 AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAG

CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
CAGGAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAG
CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
GACGAAQUCGCAUACCACGAAAAGUACCCGACAAUCUACCA
CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACC
UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC
AGAGGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAA
CAGCOACQUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCOGGAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCOAACUUCAAGAGCAACUUCGACCUGUGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
CACCGCUGAGCOCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAU
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAG
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUC
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAALUCCCGUACUACG
UCGGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAGUCGUCOACAAGGGAGCAAGCGCACAGAGCUUCAUCG
AAAGAAUGACAAACUUCCACAAGAACCUGCCGAACGAAAAG
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GUCCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGU
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAA
GGACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUU
CGACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUC
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCC
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGHUCAAGGUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGC
CAGAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAG
GACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAA
GAACAGAGGAAAGAGCGACAACGUCCCGAGLGAAGAAGUCG
UCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCA
AAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGC
AGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCA
UCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCAC
GUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGA
CGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACAC
UGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAG
UUCUACAAGGUCAGAGAAAUCAACAACUACCACCALGCACA
CGACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGALICA
AGAAGQUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGAC
UACAAGOUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGA
ACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACA
GCAACAUCAUGAACUUCUUCAAGACAGAAATUCACACUGGCA
AACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAALGG
AGAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACULUCG
CAACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUC
GUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGSA
AAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAA
GAAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGAC
AGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGU
CGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAAT
UGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAG
AACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGU
CAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGU
UCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCA
GGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAA
GUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGC
UGAAGGCAAGCCCGOAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACA
GAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAA
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ACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGAC
AAGCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUU
CACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACU
UCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAG
GAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGG
ACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAG
ACGGAGCAQGCAAGCCCGAAGAAGAAGAGAAAGGUCUAG

Cas9 mRNA AUGGAUAAGAAGUACUCAAUCGGGCUGGAUAUCGGAACUAA 3
ORF 1 UUCCGUGGGUUGGGCAGUGAUCACGGAUGAAUACAAAGUGC
CGUCCAAGAAGUUCAAGGUCCUGGGGAACACCGAUAGACAC
AGCAUCAAGAAAAAUCUCAUCGGAGCCCUGCUGUUUGACUC
CGGCOGAAACCGCAGAAGCOACCCGGCUCAAACGUACCGCGAG
GCGACGCUACACCCGOCGHAAGAAUCGCAUCUGCUAUCUGE
AAGAGAUCUUUUCGAACGAAAUGGCAAAGGUCGACGACAGC
JUCUUCCACCGCCUGGAAGAAUCUUUCCUGGUGHAGGAGGA
CAAGAAGCAUGAACGGCAUCCUAUCUUUGGAAACAUCGUCG
ACGAAGUGGCGUACCACGAAAAGUACCCGACCAUCUACCAU
CUGCGGAAGAAGUUGGUUGACUCAACUGACAAGGLCGACCY
CAGAUUGAUCUACUUGGCCCUCGCCCAUAUGAUCAAAUUCC
GCGGACACUUCCUGAUCGAAGGCGAUCUGAACCCUGATUAAC
UCCGACGUGGAUAAGCUUUUCAUUCAACUGGUGCAGACCUA
CAACCAACUGUUCGAAGAAAACCCAAUCAAUGCUAGCGGCG
UCGAUGCCAAGGCCAUCCUGUCCGCCCGGCUGUCGAAGUCGT
GGCGCCUCGAAAACCUGAUCGCACAGCUGCCGGLAGAGAAA
AAGAACGGACUUUUCGGCAACUUGAUCGCUCUCUCACUGGG
ACUCACUCCCAAUUUCAAGUCCAAUULUGACCUGGCCGAGS
ACGCGAAGCUGCAACUCUCAAAGGACACCUACGACGACGALC
UUGGACAAUUUGCUGGCACAAAUUGGCGAUCAGUACGCGGA
UCUGUUCCUUGCCGCUAAGAACCUUUCGGACGCAAUCUUGC
UGUCCGAUAUCCUGCGCGUGAACACCGAAAUAACCAAAGCG
CCGCUUAGCGCCUCCGAUGAUUAAGCGQUACGACGAGCAUCA
CCAGGAUCUCACGCUGCUCAAAGCGCUCGUGAGACAGLAAL
UGCCUGAAAAGUACAAGCAGAUCUUCUUCGACCAGUCCAAG
AAUGGGUACGCAGGGUACAUCGAUGGAGGCOGCUAGCCAGGA
AGAGUUCUAUAAGUUCAUCAAGCCAAUCCUGGAAAAGAUGG
ACGGAACCGAAGAACUCGCUGGUCAAGCUGAACAGLGAGGAY
CUGCUCCGGAMAACAGAGAACCUUUGACAACGGAUCCAUULCC
CCACCAGAUCCAUCUGGGUGAGCUGCACGCCAUCUUGLGGLG
CCAGGAGGACUUUUACCCAUUCCUCAAGGACAACCGGGAAA
AGAUCGAGAAAAUUCUGACGUUCCGCAUCCCGUAUUACGUG
GOGCCCACUGGCGCGLGGCAAUUCGCOGCUUCGCGUGGAUGAC
UAGAAAAUCAGAGGAAACCAUCACUCCUUGGAAUVUCGAGG
AAGUUGUGGAUAAGGGAGCUUCGGCACAAAGCUUCAUCGAA
CGAAUGACCAACUUCGACAAGAAUCUCCCAAACGAGAAGGU
GCUUCCUAAGCACAGCCUCCUUUACGAAUACUUCACUGUCU
ACAACGAACUGACUAAAGUGAAAUACGUUACUGAAGGAAUG
AGGAAGCCGGCCUUUCUGUCCGGAGAACAGAAGAAAGCAAY
UGUCGAUCUGCUGUUCAAGACCAACCGCAAGGUGALCCGUCA
AGCAGCUUAAAGAGGACUACUUCAAGAAGAUCGAGUGUUUC
GACUCAGUGGAAAUCAGCGGGGUGGAGCACAGAUUCAACGC
UUCGCUGGGAACCUAUCAUGAUCUCCUGAAGAUCAUCAAGG
ACAAGGACUUCCUUGACAACGAGGAGAACGAGGACAUCCUG
GAAGAUAUCGUCCUGACCUUGACCCUUUUCGAGGAUCGCGA
GAUGAUCGAGGAGAGGCUUAAGACCUACGCUCAUCUCULICG
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ACGAUAAGGUCAUGAAACAACUCAAGCGLCGCLGGUACACU
GGUUGGGGCCGCCUCUCCCGCAAGCUGAUCAACGGUAVUUCG
CGAUAAACAGAGCGGUAAAACUAUCCUGGAUUUCCUCAAAU
CGGAUGGCUUCGCUAAUCGUAACUUCAUGCAAUUGAUCCAC
GACGACAGCCUGACCUUUAAGGAGGACAUCCAAAAAGCACA
AGUGUCCGGACAGGGAGACUCACUCCAUGAACACAUCGCGA
AUCUGGCCGRUUCGCCOGCCAUUAAGAAGGGAAUUCUGCAA
ACUGUGAAGGUGGUCGACGAGCUGGUGAAGGUCAUGGGACG
GCACAAACCGGAGAAUAUCGUGAUUGAAAUGGCCCGAGAAA
ACCAGACUACCCAGAAGGGCCAGAAAAACUCCCGCGAAAGS
AUGAAGCGGAUCGAAGAAGGAAUCAAGGAGCUGGGCAGCCA
GAUCCUGAAAGAGCACCCGOUGCAAAACACGCAGCUGCAGA
ACGAGAAGCUCUACCUGUACUAUUUGCAAAAUGGACGGGALT
AUGUACGUGGACCAAGAGCUGGACAUCAAUCGGUUGHUCUGA
UUACGACGUGGACCACAUCGUUCCACACUCCUUUCUGAAGS
AUGACUCGAUCGAUAACAAGGUGUUGACUCGCAGCGACAAG
AACAGAGGGAAGUCAGAUAAUGUGCCAUCGGAGGAGGUCGU
GAAGAAGAUGAAGAAUUACUGGCGGCAGCUCCUGAAUGCGA
AGCUGAUUACCCAGAGAAAGUUUGACAAUCUCACUAAAGCC
GAGCGCGGCGGACUCUCAGAGCUGGAUAAGGCUGGAUUCAU
CAAACGGCAGCUGGUCGAGACUCGGCAGAUUACCAAGCACG
UGGCGCAGAUCUUGCACUCCCGCAUGAACACUAAAUACGAC
GAGAACGAUAAGCUCAUCCGGGAAGUGAAGGUGAUUACCCU
GAAAAGCAAACUUGUGUCGGACUUUCGGAAGGACUUUCAGU
UUUACAAAGUGAGAGAAAUCAACAACUACCAUCACGCGCAU
CGACGCAUACCUCAACGCUGUGGUCGGUACCGCCCUGAUCAA
AAAGUACCCUAAACUUGAAUCGGAGUUUGUGUACGGAGACU
ACAAGGUCUACGACGUGAGGAAGAUGAUAGCCAAGUCCGAA
CAGGAAAUCGGGAAAGCAACUGCGAAAUACUUCUUUUACUC
AAACAUCAUGAACUUUUUCAAGACUGAAAUUACGCUGGCCA
AUGGAGAAAUCAGGAAGAGGCCACUGAUCGAAACUAACGGA
GAAACGGGCGAAAUCGUGUGGGACAAGGGCAGGGACUUCGC
AACUGUUCGCAAAGUGCUCUCUAUGCCGCAAGUCAAUALUUG
UGAAGAAAACCGAAGUGCAAACCGGCGOAUUULICAAAGGAA
UCGAUCCUCCCAAAGAGAAAUAGCGACAAGCUCAUUGCACG
CAAGAAAGACUGGGACCCCAAGAAGUACGGAGGAUUCGAUU
CGCCGACUGUCGCAUACUCCGUCCUCGUGGUGGCCAAGGUG
GAGAAGGGAAAGAGCAAAAAGCUCAAAUCCGUCAAAGAGCU
GCUGGGGAUUACCAUCAUGGAACGAUCCUCGUUCGAGAAGA
ACCCGAUUGAUUUCCUCGAGGCGAAGGGUUACAAGGAGGUG
AAGAAGGAUCUGAUCAUCAAACUCCCCAAGUACUCACUGUU
CGAACUGGAAAAUGGUCGGAAGCGCAUGCUGGLUUCGGLCG
GAGAACUCCAAAAAGGAAAUGAGCUGGCCUUGCCUAGCAAG
UACGUCAACUUCCUCUAUCUUGCUUCGCACUACGAAAAACU
CAAAGGGUCACCGGAAGAUAACGAACAGAAGCAGCUUUUCG
UGGAGCAGCACAAGCAUVAUCUGGAUGAAAUCAUCGAACAA
AUCUCCGAGUUUUCAAAGCGCGUGAUCCUCGCCGACGCCAAL
CUCGACAAAGUCCUGUCGGCCUACAAUAAGCAUAGAGAUAA
GCCGAUCAGAGAACAGGCCGAGAACAUUAUCCACUUGUUCA
CCCUGACUAACCUGGGAGCCCCAGCCGCCUUCAAGUACUUCG
AUACUACUAUCGAUCGCAAAAGAUACACGUCCACCAAGGAA
GUUCUGGACGCGACCCUGAUCCACCAAAGCAUCACUGCGACUC
UACGAAACUAGGAUCGAUCUGUCGCAGCUGGGUGGCGAUGG
CGGUGGAUCUCCGAAAAAGAAGAGAAAGGUGUAAUGA
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(239 nickase MDKKYSIGLAIGTNSVOWAVITDEYKVPSKKIKVIGNTDRHSIK 6
(D10A) KNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNE
aming acid MAKVDDSFFHRLEESFLVEEDKKHERBPIFONIVDEVAYHEKYPT
sequence IYHLRKKLVDSTDKADILRLIYLAL AMMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENL
IAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLGLSKDT
YDDDLDNLLAQIGDOQYADLFLAAKNLSDAILLSDILRVNTEITKA
PLSASMIKRYDEHHODLTLLKALVROOLPEKY KEIITDGSKNGY A
GYIDGOASQEEFYRFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPY YV
GPLARGNSRFAWMTRKSEETITPWNFEEVVDK GASAQSFIERMT
NFDXNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVED
RFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTL TLFEDREMI
EERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSG
KTILDFLK SDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLH
EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENTVIEMARE
NOTTOKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKL
YLYYLQNGRDMY VDQELDINRLSDYDVDHIVPQSFLKDDSIDNK
VLTRSDKNRGXSDNVPSEEVVKKMKNYWRGQLLNAKLITQRKED
NLTKAFRGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKY
DENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYFFYSNIMNFFR TEITLANGEIRKAPLIETNGETGEIVWDKG
RDFATVRK VLSMPQVNIVKX TEVQTGGFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEXNPIDFLEAKGYKEVKKDLIKLPKYSLFELENGRKR
MLASAGELQKOGNELALPSKY VNFLYLASHY EKLKGSPEDNEQKQ
LEVEQHKHYLDEHEQISEFSKRVILADANLDKVESAYNKHEDK P
REQAENHHLFTLYNLGAPAAYKYTFOTTIDRKRYTSTKEVLDATLI
HQSITGLYETRIDLSQLGGDGGGSPRKKRKY

Cas9 nickase AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAA 7
(D10A) CAGCGUCGCGAUGLGCAGUCALUCACAGACGAAUACAAGGUCC
mRNA ORF CGAGCAAGAAGUUCAAGGUCCUGOGAAACACAGACAGACAC

AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAG
CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
CAGGAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAG
CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
GACGAAGUCGCAUACCACGAAAAGUACCLCGACAAUCUACCA
CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACT
UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGULC
AGAGGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAA
CAGCGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGLGAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACCUGGLAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUALCGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAULCCY
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
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CACCGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAU
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAG
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUC
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUALCG
UCGGACCGCUGGCAAGAGCAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCOAAGAAACAAUCACACCGUGGAACUUCGA
AGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
GUCCUGCLGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGTA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGU
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCALCAA
GGACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUU
CGACGACAAGCGUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUC
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCC
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGA
AGACACAAGCCUGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGE
CAGAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAG
GACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAA
GAACAGAGGAAAGAGCGACAACGUCCLGAGCGAAGAAGUCG
UCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCA
AAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGC
AGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCA
UCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCAL
GUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGA
CGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACAC
UGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAG
VUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACA
CGACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCA
AGAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGAC
UACAAGCUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGA
ACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACA
GCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCA
AACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGEG
AGAAACAGCGAGAAAUCGUCUGGOGACAAGGGAAGAGACUUCG
CAACAGUCAGAAAGQUCCUGAGCAUGCCGCAGGUCAACAUC
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GUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGA
AAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAA
GAAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGAC
AGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGU
CGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAAC
UGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAG
AACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGU
CAAGAAGGACCUGAUCAUCAAGCUGCCOAAGUACAGCCUGU
UCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCA
GGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAA
GUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGC
UGAAGGGAAGCCCGCGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAATCA
GAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAA
ACCUGGACAAGGUCCUGAGCGCAUACAACAAGCALCAGAGAC
AAGCCGAUCAGAGAACAGOCAGAAAACAUCAUCCACCUGUU
CACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACU
UCGACACAACAAUCGACAGAAAGAGAUACACAAGUACAAAG
GAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGG
ACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAG
ACGGAGGAGGAAGCCCGAAGAAGAAGAGAAAGGUCUAG

dCas$ MDEXYSIGLAIGTNSVGWAVITDEYK VPSKKFKVLGNTDRHSIK 8
D10A KNLIGALLFDSGETAEATRLERTARRRYTRRENRICYLQEIFSNE

H8404) MAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPT

amino acid IYHLERKKEVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
sequence DVDKLFAIQLVOTYNQLFEENPINASGVDAKAILSARLSKSRRLENL

JAQLPGEKKNGLFGNLIALSLGLTPNPK SNFDLAEDAKLOLSKDT
YDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKA
PLSASMIKRYDEHHODLTLLKALVRGOLPEKY KEIFFDQSKNGY A
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTE
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYV
GPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMT
NFDXNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVED
RFNASLGTYHDLLKIIKDKDFLONEENEDILEDIVLTLTLFEDREMI
EERLKTYAHMLEDDKVMKQLKRRRY TGWGRLSRKLINGIRDKQSG
KTILDFLKSDGFANRNTMQLIMDDSL TFKEDIQK AQVSGQGDSLH
EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHK PENIVIEMARE
NOTTOKGQKNSRERMKRIEEGIKELGSQILK EHPVENTQLGNEKL
YLYYLONGRDMY VDQELDINRLSDYDVDAIVPOSFLKDDSIINK
VLTRSDKNRGKSDNVPSEEVVKKMENY WROLLNAKLITQRKED
NLTKAERGGLSELDKAGPIKROLVETRGITKHY AQILDSRMNTKY
DENDKLIREVEVITLKSKLVS DFRKDEQEY K VREINNY HHAHDA
YLNAVVOTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKY FFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTVAYSVLYVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGY KEVEKDUUKLPKYSLFELENGRER
MLASAGELOKGNELALPSKY VNFLYLASHY EKLKGSPEDNEQKQ
LEVEQHKHYLDEHNEQISEFSKRVILADANLDKVLSAYNKHRDKPI
REQAENIHMLFTLTNLGAPAAFKY FDTTIDRKRYTSTKEVLDATLI
HQSITGLYETRIDLSQLGGDGGGSPKKKRKY

dCas$S AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAA 9
Miga CAGCQUCGGALUGGGCAGUCALICACAGACGAAUUACAAGGUCC
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H840A) CGAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC
mRNA ORF AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAG

CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
CAGGAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAG
CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
GACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCA
CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACC
UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC
AGAGGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAA
CAGCGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGLGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGHGAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACCUGGLAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
CACCGCUGAGCGLAAGCAUGAUCAAGAGAUACGACOAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAU
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAG
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUC
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACG
UCGGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
GUCCUGCCOGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGOCAUUCCUGAGUGGAGAACAGAAGAAGGCA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGY
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAA
GGACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUU
CGACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUC
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCT
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCALGGAACUGGGAAGC
CAGAUCCUGAAGOAACACCCGOUCCAAAACACACAGCUGCA
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GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAA
GGACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACA
AGAACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUC
GUCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGC
AAAGCUCAUCACACAGAGAAAGUUCGACAACCUGACAAAGG
CAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUC
AUCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCA
CGUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACG
ACGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACA
CUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCA
GUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCAC
ACGACGCAUACCUGAACGCAGUCGUCGGAACAGLACUGAUC
AAGAAGUACCCGAAGCUGGAAAGCOAAUUCGUCUACGGAGA
CUACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCG
AACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUAC
AGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGC
AAACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACG
GAGAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACULC
GCAACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAU
CGUCAAGAAGACAGAAGUCCACGACAGOAGGAUUCAGCAAGG
AAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCA
AGAAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGA
CAGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGG
UCGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAA
CUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAA
GAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAG
UCAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUG
UUCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGC
AGGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCA
AGUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAG
CUGAAGGOAAGCCCCGAAGACAACGAACAGAAGCAGCUGUU
CGUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAAC
AGAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGLA
AACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGA
CAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGU
UCACACUGACAAACCUGGLAGCACCGOCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAA
GGAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAG
GACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGA
GACGUAGGAGGAAGCCCGAAGAAGAAGAGAAAGGUCUAG

Cas9 bare GACAAGAAGUACAGCAUCGGACUGGACAUCGOAACAAACAG 10
coding CGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCCCGA
sequence GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC

AUCAAGAAGAACCUGAUCGOAGCACUGCUGUUCGACAGLGG
AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
GAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACOACAGCUY
CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGAC
GAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCU
GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
COACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACALIACA
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ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUGGGA
CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA
CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGACC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCAC
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCU
GCCOGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGHAA
GAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGALC
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUCCLG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGGAGCAAGCOCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCU
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAAUG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUC
GACAGCGOUCGAAAUCAGCGGAGUCGAAGACAGAUIICAACGC
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAALUCAG
AGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGLAA
ACCUGGCAGGAAGCCLGGLAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCA
GAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGA
CGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGA
ACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGUC
AAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAAA
GCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCAG
AGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUC
AAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGU
CGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGACG
AAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACUG
AAGAGCAAGCUGGUCAGCGACULICAGAAAGCACUUCCAGUU
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CUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACG
ACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAG
AAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACUA
CAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAAC
AGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAGC
AACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAA
CGOAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAG
AAACAGCAGAAAUCGUCUGGGACAAGGGAAGAGACUUCGCA
ACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCGU
CAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAAA
GCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAG
CCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGUCG
AAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAACUG
CUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGAA
CCCGAUCGACUUCCUGGAAGCAAAGOGAUACAAGGAAGUCA
AGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUC
GAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCAGG
AGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAGU
ACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCUG
AAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGU
CGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGA
UCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAAAC
CUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACAA
GCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUCA
CACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGA
AGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGAC
UGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGAC
GOAGGAGGAAGCCCOAAGAAGAAGAGAAAGQUC

Cas9 nickuse GACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAG it
bare coding CGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGHUCCCGA
sequence GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGE

AUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAGCGG
AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
GAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUY
CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGAC
GAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCY
GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA
ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUGGGA
CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA
CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGACC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCAC
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
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CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCU
GCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGACC
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGOAGCAAGCOCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAALGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCU
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAAUG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUL
GACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAACGT
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGCAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGOGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCA
GAUCCUGAAGGAACACCCGOUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGA
CGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGA
ACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGUC
AAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAAA
GCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCAG
AGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUC
AAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGU
CGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGACG
AAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACUG
AAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAGUU
CUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACG
ACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAG
AAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACUA
CAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAAC
AGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAGC
AACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAA
CGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAG
AAACAGGAGAAAUCGUCUGGGACAAGGCAAGAGACUUCGCA
ACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCGU
CAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAAA
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GCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAG
CCCCACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGUCG
AAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAACUG
CUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGAA
CCCCAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCA
AGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGULIC
GAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCAGS
AGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAGU
ACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCUG
AAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGU
CGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGA
JCAGCGAAUUCAGCAAGAGAGUCAUCCUGGLCAGACGCAAAC
CUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACAA
GCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUCA
CACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACULC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGA
AGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGAL
UGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGAC
GGAGGAGGAAGCCCGAAGAAGAAGAGAAAGGUC

dCuas® bare GACAAGAAQUACAGCAUCGGACUGGCAAUCGGAACAAACAG 12
coding CGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGOUCCCGA
sequence GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC

AUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAGCGG
AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
GAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUY
CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGAC
CGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCU
GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
CGACGUCCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA
ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUGGGA
CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA
CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACOACGALC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCA
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCU
GCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCCGAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGACC
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGATUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
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AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCU
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAAUG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCULC
GACAGCQUCGAAAUCAGCGOAGUCGALGACAGAUUCAACGC
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGCAAUCAAGGAACUGOGAAGCCA
GAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAAGG
ACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAG
AACAGAGGAAAGAGCGACAACGUCCCCAGCGAAGAAGUCGU
CAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAA
AGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCA
GAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAU
CAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACG
UCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGAC
GAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACU
GAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAGU
UCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACAC
GACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGALCAA
GAAGUACCCGAAGCUGGAAAGCOAAUUCGUCUACGGAGACU
ACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAA
CAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAG
CAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAA
ACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGA
GAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACULICGT
AACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCG
UCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGHAA
AGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAG
AAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACA
GCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGUC
GAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAACU
GCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGA
ACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUY
CGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCAG
GAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAG
UACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCU
GAAGGGAAGCCCGOAAGACAACGAACAGAAGCAGCUGUUCG
UCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAG
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AUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAAA
CCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACA
AGCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUC
ACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUU
CGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGG
AAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGA
CUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGA
COGAGGAGGAAGCCCGAAGAAGAAGAGALAGGLUC

Amine acid
sequence of
Cas9
{withount
NLS)

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIK
KNLIGALLFDSGETAEATRLKRTARRRYTRRXNRICYLQEIFSNE
MAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPT
TYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHELIEGDUNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVIDAKAILSARLSKSRELENL
TAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAGQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKA
PLSASMIKRYDEHHODLTLLKALVRGQOLPEKYKEIFFDOSKNGYA
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKENREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYV
GPLARGNSRFAWMTRKSEETITPWNIEEVVDKGASAQSFIERMT
NFDENLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMREPAFL
SGEQKKAIVBLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVED
RFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTUTLFEDREMI
EERLKTYAHLFDDXVMEKQLKRRRYTOWGRLSRKLINGIRDKQSG
KTILDFLKSDGFANRNFMOQLUIHDDSLTFKEDIQKAQVSGQGDSLH
EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARE
NQTTOKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKL
YLYYLONGRDMYVDQELDINRLSDYDVDIIVPQSFLKDDSIDNK
VLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFD
NLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSREMNTKY
DENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNY HHAHDA
YENAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEXNPIDFLEAKGYKEVKKDLIKLPKYSLFELENGRKR
MLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQK(Q
LEVEQHKHMYLDEHEQISEFSKRVILADANLDKVLSAYNKHRDKPI
REQAENHHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLI
HQSITGLYETRIDLSQLGGD

i3

Cash mRNA
ORF
encoding
SEQ 1D NO:
13 using
minimal
uridine
codons as
listed in
Table 3, with
start and
stop codons

AUGGACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAA
CAGCGUCGGAUGGGCAGUCAUCACAGACGAATUACAAGGUCC
CGAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC
AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAG
CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
CAGGAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAG
CUUCUUCCACAGACUGGAAGAAAGCUUCCUGOUCGAAGAAG
ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
GACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCA
CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACC
UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC
AGAGGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAA
CAGCGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA

14
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GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
CACCGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGCGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAATGAL
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAG
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUC
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUALG
UCGGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACTDUCGA
AGAAGUCGUCGACAAGGCAGCAAGCGCACAGAGCUUCALICG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAALGAAAAG
GUCCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGU
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAA
GOACAAGGACUUCCUGGACAACGAAGAAAACGAAGACALCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUU
CGACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUC
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCC
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACALICGC
AAACCUGGCAGGAAGCCCGHCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGC
CAGAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAG
GACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAA
GAACAGAGGAAAGAGCGACAACGUCCLGAGCGAAGAAGUCG
UCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCA
AAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGC
AGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAULICA
UCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCAC
GUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGA
CGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACAC
UGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAG
UUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACA
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CGACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCA
AGAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGAC
UACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGA
ACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACA
GCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCA
AACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGG
AGAAACAGGAGAAAUCGUCUGGGACAAGOGAAGAGACULCG
CAACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUC
GUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGA
AAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAA
GAAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGAC
AGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGLAAAGGY
CGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAAL
UGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCULICGAAAAD
AACCCOAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGU
CAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGU
UCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCA
GGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAA
GUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGC
UGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACA
GAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAA
ACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGAC
AAGCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUU
CACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACU
UCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAG
GAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGG
ACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAG

ACUAG

Cas? coding GACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAACAG 15
sequence CGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCCCGA
encoding GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC
SEQ 1D NO: AUCAAGAAGAACCUGAUCGOAGCACUGCUGUUCGACAGLGG
13 using AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
minimal GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
uridine GAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACHACAGCUU
codons 43 CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
listed in AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGAC
Table 3 (no GAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCU
start or stop GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
codons; GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
suitable for GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAATAG
inclusion in CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA
fusion ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
protein GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
coding AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
sequence) AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUGGGA

CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA
CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGACC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCAC
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCY
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GCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCCAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGACT
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCOUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGCAGCAAGCGCACAGAGCUUCALICGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGU
CCUGCCCAAGCACAGCCUGCUGUACGAAUACUUCACAGUCY
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAALUG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAY
CGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUC
GACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAACKC
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGOUCGUCGACCGAACUGGUCAAGOUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGGCAAUCAAGGAACUGGGAAGCCA
GAUCCUGAAGGAACACCCOGUCGAAAACACACAGLUGLAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGA
CGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGA
ACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGUC
AAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAAA
GCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCAG
AGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUC
AAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGU
CGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGALG
AAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACUG
AAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAGUY
CUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACG
ACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAG
AAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACUA
CAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAAC
AGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAGC
AACAUCAUGAACUUCUUCAAGACAGAAALUCACACUGGCAAA
CGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAG
AAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUCGCA
ACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCGU
CAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAAA
GCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
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AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAG
CCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGUCG
AAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAACUG
CUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGAA
CCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCA
AGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUC
GAACUGCAAAACGGAAGAAAGAGAAUGCUGGLCAAGCGCAGG
AGAACUGCAGAAGGGAAACGAACUGOGCACUGCCGAGCAAGU
ACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCUG
AAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGU
CGAACAGCACAAGCACUACCUGCACGAAAUCAUCGAACAGA
UCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGALGCAAAC
CUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACAA
GCCOCAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUCA
CACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACVUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGHA
AGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGAL
UGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGAC

Amine acid MDKKYSIGLAIGTNSVGWAVITBEYKVPSKKFKVLGNTDRHSIK 6
sequence of KNLIGALLFDSGETAEATRLERTARRRYTRRKNRICYLQEIFSNE

Cas9 nickase MAKVDDSFFHRLEESFLVEEDKKHERBPIFGNIVDEVAYHEKYPT

(without IYHLRKKLVDSTDKADLRLIYLALAMMIKFRGHFLIEGDLNPDNS

NLS) DVDKLFIQLVQTYNQLFEENFINASGVDAKAILSARLSKSRRLENL

IAQLPGEKKNGLFGNLIALSLGLTPNPKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQY ADLFLA AKNLSDAILLSDILRVNTEITKA
PLSASMIKRYDEHMQDLTLLKALVRGQQLPEKYKEIFFDQSKNGY A
GYIDGOASQEEFYRFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHOIHLGELHAILRRQEDFY PFLKDNRERIEKILTFRIPY YV
GPLARGNSRFAWMTRKSEETITPWNIEEVVDKGASAQSFIERMT
NEDXNLPNEXVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVED
RFNASLGTYHDLLKJIKDXDFLDNEENEDILEDIVL TLTLFEDREMI
EERLKTYAHLFDDKVMKOLKRRRY TGWGRLSRKLINGIRDKQSG
KTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQK AQVSGQGDSLH
EHIANLAGSPAIKKGILOTVKVVDELVK VMGRHKPENIVIEMARE
NOTTOKGOKNSRERMERIEEGIKELGSQILKEHPVENTOLONEKL
YLYYLQNGRDMY VDQELDINRLSDYDVDHIVPQSTLKDDSIDNK
VLTRSDKNRGKSDNVPSEEVVKKMENY WRQLLNAKLITQRKFD
NLTKAFRGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKY
DENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEXNPIDFLEAKGYKEVKKDLIKLPKYSLFELENGRKR
MLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQ
LFVEQHKHYLDENEQISEFSKRVILADANLDK VLSAYNKHRDKPI
REQAENIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLI

HOSITGLYETRIDLSQLGGD
Cas? nickase AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAA 17
mRNA& ORF CAGCGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCC

encading CGAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC
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SEQ ID NGO AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAG
16 using CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
minimal GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
uridine CAGGAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAG
codons as CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
listed in ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
Table 3, with GACGAAQUCGCAUACCACGAAAAGUACCCGACAAUCUACCA
start and CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACC
stop codons UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC

AGAGGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAA
CAGCGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGLAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGGUAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCLUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGCGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCY
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
CACCGCUGAGCGCAAGCAUGAUCAAGAGAUVACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAU
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAG
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUC
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACG
UCGGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAQGUCGUCGACAAGCGGAGCAAGCOCACAGAGCUUCAUCG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
GUCCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGOAA
UGAGAAAGCCGGCAUUCCUGAGCGOAGAACAGAAGAAGOCA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGOUCACAGU
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAA
GOACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUU
CGACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUC
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCC
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGOUCAAGCUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGC
CAGAUCCUGAAGGAACACCCOGGUCGALAAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
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ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAG
GACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAA
GAACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCG
UCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCA
AAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGC
AGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCA
UCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCAC
GUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGA
CGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACAC
UGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAG
UUCUACAAGGUCAGAGAAAUCAACAACUACCACCALGCACA
CGACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCA
AGAAGUACCCGAAGCUGGAAAGCOCAAUUCCGUCUACGGAGAC
UACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGA
ACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACA
GCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCA
AACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAALGG
AGAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUCG
CAACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUC
GUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGA
AAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAA
GAAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGAC
AGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGY
CGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAAC
UGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAG
AACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGU
CAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGU
UCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCA
GOAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAA
GUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGC
UGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACA
GAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGLAA
ACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGAC
AAGCCCAUCAGAGAACAGGCAGAAMACAUCAUCCACCUGUU
CACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACU
UCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAG
GAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGG
ACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAG

ACUAG
Cas? nickase GACAAGAAGUACAGCAUCGOACUGGCAAUCGGAACAAACAG 18
coding CGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCCCGA
sequence GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC
encoding AUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAGLCOG
SEQ ID NO: AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
16 using GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
minimal GAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUU
uridine CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGATA
codons as AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGAC
Hsted in GAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCU
Table 3 (no GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
start or stop GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
codons; GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
suitable for CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA

inclasion in ACCAGCUGUUCGAAGAAAACCCOAUCAACGCAAGCGGAGUC
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fusion GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
protein AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
coding AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGLCCUGGGA
sequence) CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA

CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGACC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCAC
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCU
GCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCCAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGACC
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGLAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCOUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCALICGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCY
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAAUG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUC
GACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAACGC
AAGCCUGGGAACAUACCACGACCUGCUGALGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAAGA
GCOACGGAUUCGCAAACAGAAACIUCAUGCAGCUGALUCCAL
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GOUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCGOCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCA
GAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGA
CGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGA
ACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGUC
AAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAAA
GCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCAG
AGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUC
AAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGU
CGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGACG
AAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACUG
AAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAGUU
CUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACG
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ACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAG
AAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACUA
CAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAAC
AGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAGC
AACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAA
CGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAG
AAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUCGCA
ACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCGU
CAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAAA
GCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAG
CCCGACAGUCGCAUVACAGCGUCCUGGUCGUCGCAAAGHUCE
AAAAGGCAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAACUG
CUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGAA
CCCOGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCA
AGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGLCUGUUC
GAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGLGCAGG
AGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAGU
ACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCUG
AAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGU
CGAACAGCACAAGCACUACCUGCACGAAAUCAUCGAATCAGA
UCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGALGCAAAC
CUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACAA
GCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUCA
CACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGA
AGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGAC
UGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGAL

Amino acid MDBKKYSIGLAIGTNSVGWAVITREYKVPSKKFKVLGNTDRHSIK 1%
sequence of KNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNE

dCas9 MAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPT

(witheut IYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

NLS) DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENL

IAQLPGEKKNGLFGNLIALSLGLTPNIFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKA
PLSASMIXKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYA
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKINREDLLRKQRTF
DNGSIPHQIHLGELHALRRQEDFYPFLKDNREKIEKILTFRIPYYYV
GPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAGSFIERMT
NEDKNLPNERKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKATVDLLFKTNRKVTVKQLKEDYPEKIECFDSVEISGVED
RENASLGTYHDLLKIKDKDFLDNEENEDILEDIVLTLTLFEDREMI
EERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSG
KTILDFLKSDGFANRNFMQLIHDDSLTFREDIQKAQVSGQGDSLH
EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHK PENIVIEMARE
NQTTQKGQXNSRERMKXRIEEGIKELGSQILKEHPVENTQLONEKL
YLYYLONGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNK
VETRSDKNRGKSDNVPSEEVVKKMKNY WRQLENAKLITQRKID
NLTKAERGGLSELDKAGFIKRQLVETRGITKHVAQILDSERMNTKY
DENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLUKLPKYSLFELENGRKR
MLASAGELOKGONELALPSKYVNFLYLASHYEKLKGSPEDNEQKQ




WO 2019/067992 PCT/US2018/053559

LFVEQHKHYLDEHEQISEFSKRVILADANLDKVLSAYNKHRDKPI
REQAENHHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLI

HQSITGLYETRIDLSQLGGD

dCas?® AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAA piil
mRNA ORF CAGCGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCC
encoding CGAGCAAGAAGUUCAAQGUCCUGGGAAACACAGACAGACAC
SEQ ID NO: AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAG
19 using CGOAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
minimal GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
uridine CAGGAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAL
codons as CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
fisted in ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
Table 3, with GACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUALCA
start and CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACC
stop codons UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC

AGAGGACACUUCCUGAUCGAAGGAGACCUGAALCCGGACAA
CAGCGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
CACCGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAL
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAD
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAULT
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUALG
UCGGACCHCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCULUCAUCG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
GUCCUGCLGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGGCAUUCCUGAGOGGAGAACAGAAGAAGGUA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGU
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAA
GGACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUL
CGACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUT
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGALCC
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ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGC
CAGAUCCUGAAGGAACACCCOGGUCGALAAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAA
GGACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACA
AGAACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGULT
GUCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGT
AAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGG
CAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUULC
AUCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCA
CGUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACG
ACGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACA
CUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCA
GUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCAC
ACGACGCAUACCUGAACGCAGUCGUCGGAACAGIACUGAUC
AAGAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGA
CUACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCG
AACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUAC
AGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGC
AAACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACG
GAGAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUC
GCAACAGUCAGAAAGQUCCUGAGCAUGCCGCAGGUCAACAU
CGUCAAGAAGACAGAAQUCCAGACAGGAGGAUUCAGCAAGG
AAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCA
AGAAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGA
CAGCCCGACAGUCGCAUACAGCCUCCUGGUCGUCGCAAAGG
UCGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAA
CUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAA
GAACCCGAUCGACUUCCUGGAAGCALMAGGGAUACAAGGAAG
UCAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUG
UUCGAACUGGA AAACGGAAGAAAGAGAAUGCUGGCAAGCGC
AGGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCA
AGUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAG
CUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUU
CGUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAAC
AGAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGLA
AACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGA
CAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGU
UCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAA
GGAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAG
GACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGA

GACUAG
dCas9 GACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAG 21
coding CGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCCCGA
sequence GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC
encoding AUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAGCGG
SEQ ID NO: AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA

19 using GCAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
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minimal GAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUU
uridine CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
codons as AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGAC
listed in GAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCU
Table 3 (no GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
start or stop GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
codons; GOACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
snitable for CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA
inclusion in ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
fusion GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
protein AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
coding AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGLCUGGGA
sequence) CUGACACCGAACUUCAAGAGCAACTUCGACCUGGCAGAAGA

CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGALCC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCAC
CGCUGAGCGCAAGCAUGAUCAAGCAGAUACGACGAACACCAC
CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCU
GCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGACC
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCU
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAALG
AGAMAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCULC
GACAGCGOUCGAAAUCAGCGGAGUCCAAGACAGAUCAACGC
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUICAG
AGACAAGCAGAGCGOAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGOGAAGCCA
GAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGCGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACGCAAUCGUCCCOCAGAGCUUCCUGAAGG
ACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAG
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AACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGU
CAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAA
AGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCA
GAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAY
CAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACG
UCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGAC
GAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACU
GAAGAGCAAGCUGGUCAGCCGACUUCAGAAAGGACUUCCAGU
UCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACAC
GACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAA
GAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACU
ACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAA
CAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAG
CAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAA
ACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGA
GAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUICGT
AACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCG
UCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAA
AGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAG
AAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACA
GCCCGACAGUCGCAUVACAGCGUCCUGGUCGUCGCAAAGGUC
GAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGHAACY
GCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGA
ACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUU
CGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCAG
GAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAG
UACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCU
GAAGOGAAGCCCGOAAGACAACGAACAGAAGCAGCUGUUCG
UCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAG
AUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAAA
CCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACA
AGCCCAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUC
ACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUU
CGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGE
AAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGA
CUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGA
CGGAGGAGLAAGC

Amine acid MDEXYSIGLDIGTNSVGWAVITDEYRK VPSKKFKVLGNTDRHSIK 22
sequence of KNLIGALLFDSGETAEATRUKRTARRRYTRRENRICYLQEIFSNE

CasY with MAKVDDSFFHRLEESFLVEEDKKHERHPIPGNIVDEVAYHEKYPT

two nuclear IYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
localization DVDKLFIQLVQTYNQLFEENPINASGVDAK AILSARLSKSRRLENL

signals as the AQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
C-terminal YODDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKA

aming acids PLSASMIKRYDEHHODETLLKALVRGQLPEKYKEIFFDQSKNGYA

GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQINLGELHAILRRQEDFYPILKDNREKIEKILTFRIPYYV
GPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMT
NFDXNLPNEXVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVED
RFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMI
EERLKTYAHLFDDKVMKQLKRRRYTGWGRESRKLINGIRDKQSG
KTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQK AQVSGQGDSLH
EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARE
NOTTQKGOKNSRERMKRIEEGIKELGSQILKEHPVENTOQLONEKL
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YLYYLONGRDMY VDQGELDINRLSDYDVDHIVPQSFLKDDSIDNK
VLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKID
NLTKAERGGLSELDKAGFIKROLVETRQITKHVAQILDSRMNTKY
DENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA
YINAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
ROFATVRKVLISMPQVNIVKKTEVQTGGFSKESILPKENSDKLIAR
KKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIKLPKYSLFELENGRKR
MLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQ
LFVEQHKHYLDEHEQISEFSKRVILADANLDKEVLSAYNKHRDKPE
REQAENHHLFTLTNLGAPAAFKYFDTTIDREKRYTSTKEVLDATLI
HQSITGLYETRIDLSQLGGD GSGSPKKKRKVDGSPKKKREVDSG

Cas? mRNA AUGGACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAA 23
ORF CAGCGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCC
encoding CGAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC
SEQ ID NGO: AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAG
22 using CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
minimal GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
uridine CAGGAAAUCUUCAGCAACGAAAUGGCAMAAGGUCGACGACAG
codons as CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
Histed in ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
Table 3, with GACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCA
starf and CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACC
stop codons UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC

AGAGGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAA
CAGCGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCCAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGCGACACAUACGACCACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAALICCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGE
CACCGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGCGAUACGLAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAU
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAD
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUL
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACG
UCGGACCGCUGGCAAGAGCGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCG
AAAGAAUGACAAACUUCCACAAGAACCUGCCGAACGAAAAG
GUCCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCOGCAUUCCUGAGCGGAGAACAGAAGAAGGCA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGU
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CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAA
GGACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUU
CGACGACAAGGUCAUGAAGCAGCUGALGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUC
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCC
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGC
CAGAUCCUGAAGGAACACCLGGUCGAAAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAG
GACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAA
GAACAGAGGAAAGAGCGACAACGUCCCGAGLUGAAGAAGUCG
UCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCA
AAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGC
AGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCA
UCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCAC
GUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGA
COGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACAC
UGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAG
UUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACA
CGACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCA
AGAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGAC
UACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGA
ACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACA
GCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCA
AACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGG
AGAAACAGGAGAAAUCGUCUGGGACAAGOGAAGAGACULICG
CAACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUC
GUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGA
AAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAA
GAAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGAC
AGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGTAAAGGU
CGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAAL
UGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCULUCGAAAAG
AACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGU
CAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGU
UCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCA
GGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAA
GUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGC
UGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACA
GAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAA
ACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGAC
AAGCCGAUCAGAGAACAGGCAGAAMACAUCAUCCACCUGUU
CACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACY
UCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAG
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GAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGG
ACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAG
ACGGAAGCGGAAGCCCGAAGAAGAAGAGAAAGGUCGACGGA
AGCCCGAAGAAGAAGAGAAAGGUCGACAGCGGAUAG

Cas9 coding GACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAACAG 24
sequence CGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCCCGA
encoding GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC
SEQ 1D NO: AUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAGCGG
23 using AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
minimal GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
uridine GAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUY
codons 43 CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
bisted ia AGAAGCACGAAAGACACCCOAUCUUCGGAAACAUCKUCGALC
Table 3 (no GAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCALCCY
start or stop GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
codons; GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
suitable for GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
inclusion in CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA
fusion ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
protein GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
coding AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
sequence) AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUGGGA

CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA
CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGALC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCAC
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCU
GCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGOAUACGCAGGAUACAUCGACGGAGQAGCAAGCCAGOAA
GAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGALC
UGCUGAGAAAGCAGAGAACAUUCCGACAACGGAAGCAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGCGAGCAAGCGCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCH
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAAUG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUC
GACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAACGE
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGOAAAGACAAUCCUGGACUUCCUGAAGA
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GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGOGAAGCCA
GAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGCGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGA
CGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGA
ACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGUC
AAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAAA
GCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCAG
AGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUC
AAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACKU
CGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGACG
AAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACUG
AAGAGCAAGCUGGUCAGCGACULICAGAAAGGACUUCCAGUU
CUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACG
ACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAG
AAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACUA
CAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAAC
AGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAGC
AACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAA
CGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAG
AAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACIUCGCA
ACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCGU
CAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAAA
GCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGOAGGAUUCGACAG
CCCOGACAGUCGCAUACAGCOUCCUGGUCGUCGCAAAGGUCG
AAAAGGGAAAGAGCAAGAAGCUGAAGAGLCGUCAAGGAACUG
CUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGAA
CCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCA
AGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUC
GAACUGGAAAACGGAAGAAAGAGAAUGCUGGLCAAGCGCAGS
AGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAGU
ACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCUG
AAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGU
CGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGA
UCAGCGAAUUCAGCAAGAGAGUCAUCCUGGLAGACGCAAAC
CUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACAA
GCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUCA
CACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGA
AGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGAL
UGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGAC
GGAAGCGGAAGCCCGAAGAAGAAGAGAAAGGUCGACGGAAG
CCCGAAGAAGAAGAGAAAGGUCGACAGCGGA

Amino acid MDEXYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIK 23
sequence of KNLIGALLFDSGETAEATRLKRTARRRYTRRENRICYLQEIFSNE
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Cas9 nickase MAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVIDEVAYHEKYPT
with tweo IYHLRKKLVDSTDKADLRLIYLAL AMMIKFRGHFLIEGDLNPDNS
nuclear DVDXLFIQLVQTYNQLFEENFINASGVDAKAILSARLSKSRRLENL
Incalization IAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
signals as the YDDDLDNLLAGQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKA
C-terminal PLSASMIXRYDEHHODLTLLKALVRQGLPEKYKEIFFDQSKNGY A
amine acids GYIDGGASQEEFYRFIKPILEKMDGTEELLVKLNREDLURKQRTF

DNGSIPHOIHLGELHAILRRQEDFY PFLKDNREKIEKIL TFRIPY YV
OPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMT
NFDKNLPNEKVLPKHMSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLEKTNRKVTVKQLKEDYFKKIECEDSVEISGVED
RFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMI
EERLKTYAHLFDDKVMKQLKRRRY TGWGRLSRKLINGIRDKQSG
KTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLH
EHIANLAGSPAIKKGILOTVKVVDELVK VMGRHK PENIVIEMARE
NQTTQKGQKNSRERMKRIFEGIKELGSQILKERPVENTQLONEKL
YLYYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLEDDSIDNK
VLTRSDKNRGKSDNVPSEEVVKKMKNY WRQLLNAKLITQRKFD
NLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKY
DENDKLIREVK VITLKSKLVSDFRKDFQFYKVREINNY HHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYTFYSNIMNEFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPQVNIVKKTEVOTGGFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIKLPKYSLFELENGRKR
MLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQ
LFVEQHKHYLDEHEQISEFSKRVILADANLDK VLSAYNKHRDKPI
REQAENHMLFTLTNLGAPAAFKYTFDTTIDRKRYTSTKEVLDATLI
HQSITGLY ETRIDLSQLGGDGSGSPKKKRKVDGSPKKKRKVDSG

Cas? nickase AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAA 26
mRNA ORF CAGCQUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCC
encoding CGAGCAAGAAGUUCAAGGUCCUGGCAAACACAGACAGACAC
SEQ 1D NO: AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCCGALCAG
25 using CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
minimal GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
uridine CAGGAAAUCUBUCAGCAACGAAAUGGCAAAGGUCGACGACAG
codons 43 CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
listed in ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
Table 3, with GACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCA
start and CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACC
stap cedons UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC
AGAGGACACUUCCUGAUCGAAGGAGACCUGAACCCHGACAA
CAGCGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU

ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
CACCGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
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GCUGCCGGAAAAGUACAAGGAAAUCTUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAU
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAG
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUC
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACG
UCGGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAGUCGUCGACAAGGCGAGCAAGCGCACAGAGCUUCAUCG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
GUCCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGHCAUUCCUGAGCGGAGAACAGAAGAAGGTA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGY
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAALUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAL
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAA
GGACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCC
JGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUU
CGACGACAAGQUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUT
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCC
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCGOCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGGUCAAGOUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGC
CAGAUCCUGAAGOAACACCCGOULCGAAAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAG
GACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAA
GAACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGULG
UCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCA
AAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGC
AGAGAGAGGAGGACUGAGCGAACUGGACAAGCCAGGAUUCA
UCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCAC
GUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUALGA
CGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACAC
UGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAG
UUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACA
CGACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCA
AGAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGAC
UACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGA
ACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACA
GCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCA
AACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGG
AGAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUCG
CAACAGUCAGAAAGQUCCUGAGCAUGCCGCAGGUCAACAUC
GUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGA
AAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAA
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GAAAGAAGGACUGGGACCCCGAAGAAGUACGGAGGAUUCGALT
AGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGY
CGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAAC
UGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAG
AACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGU
CAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGU
UCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCA
GGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAA
GUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGC
UGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACA
GAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAA
ACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGAC
AAGCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUU
CACACUGACAAACCUGGGAGCACCOGGCAGCAUUCAAGUACU
UCGACACAACAAUCGACAGAAAGAGAUACACAAGLACAAAG
GAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGG
ACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAG
ACGGAAGCGGAAGCCCGAAGAAGAAGAGAAAGGUCGACGGA
AGCCCGAAGAAGAAGAGAAAGGUCGACAGCGGAUAG

Cas9 nickase GACAAGAAQUACAGCAUCGGACUGGCAAUCGGAACAAACAG 27
coding CGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGOUCCCGA
sequence GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC
encoding AUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAGCGG
SEQ ID NO: AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
25 ysing GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
minimal GAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUY
uridine CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
codons as AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGAC
listed in CGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCU
Table 3 (no GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
start or stop GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
codons; GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
suitable for CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA
inclusion in ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
fusion GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
protein AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
coding AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUGGGA
sequence) CUGACACCGAACUUCAAGAGCAACULICGACCUGGCAGAAGA

CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACOACGALC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCA

CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCU
GCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCCGAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGACC
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGATUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
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AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCU
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAAUG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCULC
GACAGCQUCGAAAUCAGCGOAGUCGALGACAGAUUCAACGC
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAVUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGCAAUCAAGGAACUGOGAAGCCA
GAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGA
CGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGA
ACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGUC
AAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAAA
GCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCAG
AGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUC
AAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGU
CGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGACG
AAAMACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACUG
AAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAGUU
CUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACG
ACGCAUACCUGAACGCAQGUCGUCGGAACAGCACUGAUCAAG
AAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACUA
CAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAAC
AGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAGC
AACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAA
CGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAG
AAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUCGCA
ACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCHU
CAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAAA
GCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAG
CCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGUCG
AAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAACUG
CUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGAA
CCCCAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCA
AGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUC
GAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCAGG
AGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAGU
ACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCUG
AAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGU
CGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGA
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UCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAAAL
CUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACAA
GCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUCA
CACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGA
AGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGAC
UGUACGAAACAAGAAUCGACCUGAGCCAGCUGGOAGGAGAC
GGAAGCGGAAGCCCGAAGAAGAAGAGAALGGUCGACGGAAG
CCCCAAGAAGAAGAGAAAGGUCGACAGCGGA

Amino acid MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVIGNTDRHSIK 28
sequence of KNLIGALLFDSGETAEATRLKETARRRYTRRKINRICYLQEIFSNE

dCas$ with MAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPT

two nuciear IWHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
localization DVDKLFIQLVQTYNQLFEENPINASGVDAK AILSARLSKSRRLENL

signals as the [AQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLOQLSKDT
C-terminal YDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKA

amino acids PLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYA

GYIDGGASQEEFYKFIKPILEK MDGTEELLVKLNREDLLRKQRTF
DNGSIPHOIHLGELHAILRROEDFY PFLKDNR EKIEK L TFRIPYYV
GPLARGNSREFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMT
NFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKY VIEGMRKPAFL
SGEQKKAIVDLLFKTNRKVTVKGLKEDY FKKIECFDSVEISGVED
RENASLGTYHDLLXUKDKDFLDNEENEDILEDIVLTLTLFEDREMI
EERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSG
KTILDFLKSDGFANRNFMQLIHDDSL TFKEDIQK AQVSGQGDSLH
EHIANLAGSPAIKKGILQTVKVVDEL VK VMGRHKPENIVIEMARE
NOTTOKGOXNSRERMKRIEEGIKELGSQILK EHPVENTQLONEKL
YLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNK
VLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLENAKLITQRKID
NLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKY
DENDKLIREVK VITLKSKLVSDFRKDFQFYKVREINNY HHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYTFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPQVNIVKK TEVOTGGFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGY KEVKKDLIKLPKYSLFELENGRKR
MLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQ
LFVEQHKHY LDEHEQISEFSKRVILADANLDK VLSAYNK HRDKPI
REQAENIHLFTLENLGAPAAFKYFDTTIDRKRY TS TKEVLDATUL
HOSITGLYETRIDLSOLGGDGSGSPK KKRKVDGSPKKKRKVDSG

dCas$ AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAA 29
mRNA ORF CAGCGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGCUCC
encoding CGAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC
SEQ ID NO: AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAG
28 using CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
mifnimal GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
uridine CAGGAAAUCUUCAGCAACCAAAUGGCAAAGGUCGACGACAG
codons as CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
lListed in ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
Table 3, with GACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCA
stavt and CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACC
stop codons UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC

AGAGGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAA
CAGCGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU




WO 2019/067992 PCT/US2018/053559

ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAALICCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
CACCGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGCAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCOAUCCUGGAAAAGAU
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAG
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUC
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUTUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACG
UCGGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAGUCGUCGACAAGGGAGCAAGCOCACAGAGCUUCAULG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
GUCCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGU
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAA
GGACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGCAAGACAUACGCACACCUGUU
CGACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACHGAAUC
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGALCC
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGOAGACAGCCUGCACGAACACAULGC
AAACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGC
CAGAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAA
GGACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACA
AGAACAGAGGAAAGAGCGCACAACGUCCCGAGCGAAGAAGUC
GUCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGC
AAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGG
CAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUC
AUCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCA
CGUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGIUACG
ACGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACA
CUGAAGAGCAAGCUGGUCAGCGACULICAGAAAGGACUUCCA
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GUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCAC
ACGACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUC
AAGAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGA
CUACAAGQUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCG
AACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUAC
AGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGC
AAACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAALCG
GAGAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUC
GCAACAGUCAGAAAGGUCCUGACGCAUGCCGCAGGUCAACAU
CGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGG
AAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGALICGCA
AGAAAGAAGGACUGGGACCCGAACAAGUACGGAGGAUUCGA
CAGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGG
UCGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAA
CUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAA
GAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAG
UCAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUG
UUCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGL
AGGAGAACUGCAGAAGGGAAACGAACUGGCACUGLCGAGECA
AGUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAG
CUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUU
CGUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAAC
AGAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCA
AACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGA
CAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGU
UCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGTACAAA
GGAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAG
GACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGA
GAC
GGAAGCGGAAGCCCGAAGAAGAAGAGAAAGGUCGACGGAAG
CCCCAAGAAGAAGAGAAAGGUCGACAGCGGAUAG

dCasS GACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAG 36
coding CGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCCCGA
sequence GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC
encoding AUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAGLGG
SEQ ID NO: AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
28 using GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
minimal GAAAUCUUCAGCAACGAAAUGGCAAMAGGUCGACGACAGCUU
wridine CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
codons as AGAAGCACGAAAGACACCCOAUCUUCGGAAACAUCKUCGAC
Hsted in GAAGUCGCAUACCACGAAAAGUACCCOACAAUCUACCACCU
Table 3 (no GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
start or stop GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
codons; GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
saitable for CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA
inclusion in ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
fusion GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGLAG
protein AAGACUGGAAAACCUGAUCGCACAGCUGCCOGOAGAAAAGA
coding AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUGGGA
sequence) CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA

CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGACC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCY
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCAC
COCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
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CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCU
GCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGACC
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGOAGCAAGCOCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAALGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCU
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAAUG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUL
GACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAACGT
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGCAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGOGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCA
GAUCCUGAAGGAACACCCGOUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAAGG
ACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAG
AACAGAGGCGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGU
CAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAA
AGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCA
GAGAGAGCGAGGACUGAGCGAACUGGACAAGGCAGGAULICAU
CAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACG
UCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGAC
GAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACU
GAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAGU
UCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACAC
GACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAA
GAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACU
ACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAA
CAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAG
CAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAA
ACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGA
GAAACAGGAGAAAUCGUCUGGGACAAGGOAAGAGACUUCGT
AACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCG
UCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAA




WO 2019/067992 PCT/US2018/053559

138

AGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAG
AAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACA
GCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGUC
GAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAACU
GCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGA
ACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUU
CGAACUGGAAAACGCGAAGAAAGAGAAUGCUGGCAAGCGCAG
GAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAG
UACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCU
GAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCG
UCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAG
AUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAAA
CCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACA
AGCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUC
ACACUGACAAACCUGGGAGCACCGGLAGCAUUCAAGUACTU
CGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGG
AAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGA
CUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGA
C

GGAAGCGGAAGCCCGAAGAAGAAGAGAAAGGUCGACGGAAG
CCCGAAGAAGAAGAGAAAGGUCGACAGCGGA

17 promoter TAATACGACTCACTATA 31
Human beta- ACATITGCTICTGACACAACTGTGTTCACTAGCAACCTCAAAL 32
globin &’ AGACACC
UTR
Human beta- GCTCGCYYTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTITGTT 33
globin 3* CCCTAAGTCCAACTACTAAACTGGOGGATATTATGAAGLGLCT
UTR TGAGCATCTGGATTCYGCCTAATAAAAAACATTTATTTTCATIC

C
Human CATAAACCCTGGCOCGLTCGCOGGCCCGOUCALTLTICTOGTCCC 34
alpha-globin CACAGACTCAGAGAGAACCCALC
5 UTR
Human GCTGGAGCCTCOOTGOCCATGCTTICTTGCCCCTTGOGGCCTCCC 35
alpha-globin CCCAGCCCCTCCTCCCCTTCCTGCACCCOTACCCOCOTGOTCTY
3 UTR TCGAATAAAGTCTGAGTGGGCGGCE
Xenopus AAGCTCAGAATAAACGCTCAACTTTIGGCC 36
faevis beta-
globin
UTR
Xesapus ACCAGCCTCAAGAACACCCGAATGGAGTCTCTAAGCTACATA 37
{faevis beta- ATACCAACTTACACTTITACAAAATGTTGTCCCCCAAAATGTAG
globin ¥’ CCATTCGTATCTGCTCCTAATAAAAAGAAAGTTITCTTCACATTC
UTR T
Bovine CAGGGTCCTGTGGACAGCTCACCAGCT 38
Growth
Hormone 57
UTR
Bovine TTGCCAGCCATCTGTTIGTTTGCCCCTCCCCCGTIGCCTTCCTTIGA 39
Groweh CCCTGGAAGGTGCCACTCCCACTGTCCTTICCTAATAAAATGA

Hormeone 3° GGAAATTGCATCGCA
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UTR
Mus GCTGCCTTCTGCGGGGCTTGCCTTCTGGCCATGCCCTTCTTICTC 40
muscuius TCCCTTGCACCTGTACCTCTTIGGTCTTTGAATAAAGCCTGAGTA
hemeoglebin GGAAG
alpha, adult
chain 1
{Hba-al),
IUTR
HSB17B4 & TCCCGCAGTCGGCGTCCAGCOGGCTCTGCTTIGTICOTGTGTOTGY 41
UTR CGTTGCAGGCCTTATTIC
G182 guide mU*mU*mA*CAGCCACGUCUACAGCAGUUUUAGAMGm 4
RNA CUmAmGmAmAmAmUmAmGmMCAAGUUAAAAUAAGG
targeting CUAGUCCGUUAUCAMAmCmUmUmGmAmAmAMAmMAmM
TTR GmUmGraGmCmAmCmCrGmAmGmUmCmGmGmUmGmC
mU*mU*mU*mi
Casy GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTIGTICGTGTGT 43
transcript GTGTCGTTGCAGGCCTTATTCGGATCCGCCACCATGGACAAGA
with 5’ UTR AGTACAGCATCGGACTGGACATCGGAACAAACAGCGTCGGAT
of HSD, GGGCAGTCATCACAGACGAATACAAGGTCCCGAGCAAGAAGT
ORF TCAAGGTCCTGGGAAACACAGACAGACACAGCATCAAGAAGA
correspondi ACCTGATCGGAGCACTGCTGTTCGACAGCGGAGAAACAGCAG
ng to SEQ AAGCAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACA
D NO: 4, AGAAGAAAGAACAGAATCTGCTACCTGCAGGAAATCTTCAGC
Kozak AACGAAATGGCAAAGGTCGACGACAGCTICTTICCACAGACTG
sequence, GAAGAAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGA
and 3' UTR CACCCGATCTTCGGAAACATCOTCOACGAAGTCGCATACCACG
of ALB AAAAGTACCCGACAATCTACCACCTCAGAAAGAAGCTGOTCG

ACAGCACAGACAAGGCAGACCTGAGACTGATCTACCTGGCAC
TGOCACACATOGATCAAGTTCAGAGGACACTTCCTOATCOAAGG
AGACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTCAT
CCAGCTGGYCCAGACATACAACCAGCTGTICGAAGAAAACLCC
GATCAACGCAAGCGGAGTCOACGCAAAGGCAATCCTGAGCGC
AAGACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACA
GCTGCCGOGAGAAAAGAAGAACGGACTGTTCGGAAACCTGAT
CGCACTGAGCCTGGGACTGACACCGAACTTCAAGAGLAACTTC
GACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACA
TACGACGACGACCTGGACAACCTGCTGGCACAGATCGGAGAC
CAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGAC
GCAATCCTGCTGAGCGACATCLOTGAGAGTCAACACAGAAATC
ACAAAGGCACCGCTGAGCGCAAGCATGATCAAGAGATACGAC
GAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGA
CAGCAGCTGCCGGAAAAGTACAAGGAAATCTICTTICGACCAG
AGCAAGAACGGATACGCAGGATACATCGACGGAGGAGCAAGC
CAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAG
ATGGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAA
GACCTGCTGAGAAAGCAGAGAACATTCGACAACGGAAGCATC
CCGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGA
AGACAGGAAGACTTCTACCCGTTCCTGAAGGACAACAGAGAA
AAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCG
GACCGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAA
GAAAGAGCGAAGAAACAATCACACCGTGGAACTTCGAAGAAG
TCGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAA




WO 2019/067992 PCT/US2018/053559

140

TGACAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGC
CGAAGCACAGCCTGCTGTACGAATACTTCACAGTCTACAACGA
ACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGCC
GGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCT
GCTGTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGCTGAA
GGAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTCGA
AATCAGCGOAGTCCGAAGACAGATICAACGCAAGCCTGGGAAC
ATACCACGACCTGCTGAAGATCATCAAGGACAAGOACTTCCTG
GACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTICCTG
ACACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGA
CTGAAGACATACGCACACCTGTTCGACGACAAGGTCATGAAG
CAGCTGAAGAGAAGAAGATACACAGOATGGGGAAGACTGAG
CAGAAAGCTGATCAACGOAATCAGAGACAAGCAGAGUGGAA
AGACAATCCTGGACTICCTCGAAGAGCGACGGATTCGCAAACA
GAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATICAA
GGAAGACATCCAGAAGGCACAGOTCAGCGGACAGOGAGACA
GCCTGCACGAACACATCGCAAACCTGGCAGGAAGCCCGGCAA
TCAAGAAGGGAATCCTGCAGACAGTCAAGGTCOTCGACGAAC
TGGTCAAGGTCATGGGAAGACACAAGCCGGAAAACATCGTCA
TCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAG
AAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAAT
CAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCGA
AAACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCT
GCAGAACGGAAGAGACATGTACGTCGACCAGGAACTGGACAT
CAACAGACTGAGCGACTACGACGTCGACCACATCGTCCCGCA
GAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGAL
AAGAAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGA
GCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGAGACAGC
TGCTGAACGCAAAGCTGATCACACAGAGAAAGTTCGACAACC
TGACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAG
GCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATC
ACAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACA
AAGTACGACGAAAACCGACAAGCTGATCAGCAGAAGTCAAGGTC
ATCACACTGAAGAGCAAGCTGOTCAGCGACTTCAGAAAGGAC
TICCAGTTCTACAAGGTCAGAGAAATCAACAACTACCACCACG
CACACGACGCATACCTGAACGCAGTCOTCGGAACAGCACTGA
TCAAGAAGTACCCGAAGCTGOAAAGCCAATTCGTCTACGGAG
ACTACAAGGTCTACGACGTCAGAAAGATGATCGCAAAGAGCG
AACAGGAAATCGGAAAGGCAACAGCAAAGTACTTCTTICTALCA
GCAACATCATGAACTTCTTCAAGACAGAAATCACACTGGCAA
ACGGAGAAATCAGAAAGAGACCGCTGATCGAAACAAACGGA
GAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGACTTCGCA
ACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTC
AAGAAGACAGAAGTCCAGACAGGAGGATTICAGCAAGGAAAG
CATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAA
GAAGGACTGGGACCCGAAGAAGTACGGAGGATTCGACAGCCC
GACAGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTCGAAAA
GGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGG
GAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGA
TCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAGAAGG
ACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCGAACTGGA
AAACGOAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGC
AGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTCAACT
TCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCC
CGGAAGACAACCGAACAGAAGCAGCTGTTCOTCGAACAGCACA
AGCACTACCTGGACGAAATCATCGAACAGATCAGCGAATTCA
GCAAGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCC
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TGAGCGCATACAACAAGCACAGAGACAAGCCGATCAGAGAAC
AGGCAGAAAACATCATCCACCTGTTCACACTGACAAACCTGG
GAGCACCGGCAGCATTCAAGTACTTCGACACAACAATCGACA
GAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCAACAC
TGATCCACCAGAGCATCACAGGACTGTACGAAACAAGAATCG
ACCTGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAG
AAGAAGAGAAAGGTCTAGCTAGCCATCACATTTAAAAGCATC
TCAGCCTACCATGAGAATAAGAGAAAGAALATGAAGATCAAT
AGCTTATTCATCTCTTITTCTTTTICGTTGGTGTAAAGCCAACA
CCCTGTCTAAAAAACATAAATTTICTITAATCATTITTIGCCTCTTI
TCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTCGAG

Cas9 GGGTCCCGCAGTCGGCGICCAGCGGCTCIGCTIGTICGTIGT 44
tramseript GTGTGTCGTTGCAGGCCTTATTCGGATCCATGGACAAGAAGTA

with 3 UTR CAGCATCGGACTGGACATCGGAACAAACAGOGTCGGATGGGC

of HSD, AGTCATCACAGACGAATACAAGGTCCCGAGCAAGAAGTTCAA

ORY¥ GOTCCTGGGAAACACAGACAGACACAGCATCAAGAAGAACCT
correspondi GATCGGAGCACTGCTGTTCGACAGCGGAGAAACAGCAGAAGC

ng to SEQ AACAAGACTGAAGAGAACAGCAAGAAGAAGATACACAAGAA

D NO: 4, GAAAGAACAGAATCTGCTACCTGCAGGAAATCTTCAGCAACG

and 3° UTR AAATGGCAAAGGTCCACGACAGCTICTTCCACAGACTGGAAG

of ALB AAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGACACC

CGATCTTCGGAAACATCGTCGACGAAGTCGCATACCACGAAA
AGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTICGACA
GCACAGACAAGGCAGACCTGAGACTGATCTACCTGGCACTGG
CACACATGATCAAGTTCAGAGGACACTTCCTGATCGAAGGAG
ACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTCATCC
AGCTGOTCCAGACATACAACCAGCTGTTCOAAGAAAACCCGA
TCAACGCAAGCGGAGTCGACGCAAAGGCAATCCTGAGCGCAA
GACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACAGC
TGCCGGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGATCG
CACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTTCG
ACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACAT
ACGACGACGACCTGGACAACCTGCTGGCACAGATCGGAGALC
AGTACGCAGACCTGTTICCTGGCAGCAAAGAACCTGAGCGACG
CAATCCTGCTGAGCGACATCCTGAGAGTCAACACAGAAATCA
CAAAGGCACCGUTGAGCGCAAGCATCATCAAGAGATALGALG
AACACCACCAGGACCTGACACTOCTGAAGGCACTGGTCAGAC
AGCAGCTGCCGGAAAAGTACAAGGAAATCTTCTTCGACCAGA
GCAAGAACGUATACGCAGGATACATCGACGGAGGAGCAAGCC
AGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAGA
TGGACGGAACAGAAGAACTGCTGGTCAAGCTCGAACAGAGAAG
ACCTGCTGAGAAAGCAGAGAACATTCGACAACGGAAGCATCT
CGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGAA
GACAGGAAGACTTCTACCCGTTCCTGAAGGACAACAGAGAAA
AGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCGG
ACCGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAAG
AAAGAGCGAAGAAACAATCACACCGTGGAACTTCGAAGAAGT
CGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAAT
GACAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGCC
GAAGCACAGCCTGCTGTACGAATACTTCACAGTCTACAACGAA
CTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGCCG
GCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCTG
CTGTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGCTGAAG
GAAGACTACTTCAAGAAGATCCGAATGCTTCGACAGCGTCGAA
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ATCAGCGGAGTCGAAGACAGATTCAACGCAAGCCTGGGAACA
TACCACGACCTGCTGAAGATCATCAAGGACAAGGACTTICCTGG
ACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCTGA
CACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGAC
TGAAGACATACGCACACCTGTTCGACGACAAGGTCATGAAGC
AGCTGAAGAGAAGAAGATACACAGGATGGGGAAGACTGAGC
AGAAAGCTGATCAACGGAATCAGAGACAAGCAGAGCGGAAA
GACAATCCTGGACTTCCTGAAGAGCGACGGATTCOCAAACAG
AAACTTCATGCAGCTGATCCACGACGACAGCCTGACATICAAG
GAAGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACAG
CCTGCACGAACACATCGCAAACCTGGCAGGAAGCCCGGCAAT
CAAGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAACT
GGTCAAGGTCATGGGAAGACACAAGCCGGAAAACATCGTCAT
CGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAGA
AGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAATC
AAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGHTCGAA
AACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCTG
CAGAACGGAAGAGACATGTACGTCGACCAGGAACTGGACATC
AACAGACTGAGCGACTACGACGTCGACCACATCGTCCCGCAG
AGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGACA
AGAAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGAG
CGAAGAAGTCGTCAAGAAGCATGAAGAACTACTGGAGACAGCT
GCTGAACGCAAAGCTGATCACACAGAGAAAGTTCGACAACCT
GACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAGG
CAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATCA
CAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACAA
AGTACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGGTCA
TCACACTGAAGAGCAAGCTGGTCAGCGACTTCAGAAAGGACT
TCCAQGTTCTACAAGGTCAGAGAAATCAACAACTACCACCACGC
ACACGACGCATACCTGAACGCAGTCGTCGGAACAGCACTGAT
CAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTCTACGGAGA
CTACAAGGTCTACGACGTCAGAAAGATGATCGCAAAGAGCGA
ACAGGAAATCGOAAAGGCAACAGCAAAGTACTTICTTCTACAG
CAACATCATGAACTTCTTCAAGACAGAAATCACACTGGCAAAL
GGAGAAATCAGAAAGAGACCGCTCATCGAAACAAACGHAGA
AACAGGAGAAATCGTCTGGGACAAGGUAAGAGACTTCGCAAC
AGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTCAA
GAAGACAGAAGTCCAGACAGGAGGATICAGUAAGGAAAGCAT
CCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAAGAA
GGACTGGGACCCGAAGAAGTACGGAGGATTCGACAGCCCGALC
AGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTCGAAAAGGG
AAAGAGCAAGAAGUTGAAGAGCGTCAAGGAACTGCTGGGAAT
CACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGATCGA
CYITCCYGGAAGCAAAGGGATACAAGGAAGTCAAGAAGGACCT
GATCATCAAGCTGCCGAAGTACAGCCTGYTCGAACTGGAAAA
CGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGCAGA
AGGGAAACGAACTGGCACTGCCGAGCAAGTACGTCAACTTCC
TGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCCCGG
AAGACAACGAACAGAAGCAGCTGTTICGTCGAACAGCACAAGC
ACTACCTGGACGAAATCATCGAACAGATCAGCGAATTCAGCA
AGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCCTGA
GCGCATACAACAAGCACAGAGACAAGCCGATCAGAGAACAGS
CAGAAAACATCATCCACCTGTTCACACTGACAAACCTGGGAGT
ACCGGCAGCATTCAAGTACTTCGACACAACAATCGACAGAAA
GAGATACACAAGCACAAAGGAAGTCCTGGACGCAACACTGAT
CCACCAGAGCATCACAGGACTGTACGAAACAAGAATCGACCT
GAGCCAGCTGGOGAGGAGACGGAGCAGGAAGCCCGAAGAAGA
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AGAGAAAGGTCTAGCTAGCCATCACATITAAAAGCATCTCAGC
CTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTT
ATTCATCTCTTTTICTITTTCGTTGGTGTAAAGCCAACACCCTG
TCTAAAAAACATAAATTITCTTTAATCATTTTGCCTCTITTICTCT
GTGCTTCAATTAATAAAAAATOCGAAAGAACCTCGAG

Altemnative ATGGATAAGAAGTACTCGATCGGGCTGGATATCGGAACTAATT 45
Casy ORF CCGTGGCTTGGGCAGTGATCACGGATCGAATACAAAGTGCCGT

with 19.36% CCAAGAAGTTCAAGOTCCTGGGGAACACCGATAGACACAGCA

U content TCAAGAACAATCTCATCGOAGCCCTOGCTGTTIGACTCCGGCGA

AACCGCAGAAGCGACCCGGCTCAAACGTACCGCGAGGCGACG
CTACACCCGGCGGAAGAATCGCATCTGCTATCTGCAAGAAATC
TTTTCGAACGAAATGGCAAAGGTGGACGACAGCTTICTTCCACC
GCCTGGAAGAATCTITCCTGGTGGAGGAGGACAAGAAGCATG
AACGGCATCCTATCTTTGGAAACATCGTGGACGAAGTGGCGTA
CCACGAAAAGTACCCGACCATCTACCATCTGLGGAAGAAGTT
GGTTGACTCAACTGACAAGGCCGACCTCAGATTGATCTACTTG
GCCCTCGCCCATATGATCAAATTCCGCGGACACTTCCTGATCG
AAGGCGATCTGAACCCTGATAACTCCGACGTGGATAAGCTGTT
CATTCAACTGGTGCAGACCTACAACCAACTGTTCGAAGAAAAC
CCAATCAATGCCAGCGGCGTCGATGCCAAGGCCATCCTGTCCG
CCCGGCTGTCGAAGTCGCGGCGCCTCGAAAACCTGATCGCACA
GCTGCCGGGAGAGAAGAAGAACGGACTTTTCGGCAACTTGAT
CGCTCTCTCACTGGGACTCACTCCCAATTTCAAGTCCAATITIG
ACCTGGCCGAGGACGCGAAGCTGCAALCTCTCAAAGGACACCT
ACGACGACGACTTIGGACAATTTGCTGGCACAAATTGGCGATCA
GTACGCGGATCTGTTCCTTIGCCGCTAAGAACCTTTCGGACGCA
ATCTTIGCTGTCCGATATCCTGCGCOTGAACACCGAAATAACCA
AAGCGCCGCTTAGCGCCTCGATGATTAAGCGGTACGACGAGC
ATCACCAGGATCTCACGCTGCTCAAAGCGCTCGTGAGACAGCA
ACTGCCTGAAAAGTACAAGGAGATTTITCTTCGACCAGTCCAAG
AATGGGTACGCAGGGTACATCGATGRAGGCGCCAGCCAGGAA
GAGTTCTATAAGTTCATCAAGCCAATCCTGGAAAAGATGGACG
GAACCGAAGAACTGCTGOTCAAGCTCAACAGGGAGGATCTGC
TCCGCAAACAGAGAACCTTTGACAACGGAAGCATTCCACACC
AGATCCATCTGGGTGAGCTGCACGCCATCTTGCGGCGCCAGGA
GGACTTTTACCCATICCITCAAGGACAACCGUGGAAAAGATCGA
GAAAATTCTGACGTTCCGCATCCCOTATTACGTGOGCCCACTG
GCGCGCGOUAATTICGCGCTICGCGTGGATGACTAGAAAATCA
GAGGAAACCATCACTCCTTGGAATTTCGAGGAAGTTGTGGATA
AGGGAGCTTCGGCACAATCCTTCATCGAACGAATGACCAACTT
CGACAAGAATCTCCCAAACGAGAAGGTGCTTCCTAAGCACAG
CCTCCTTTACGAATACTTCACTGTCTACAACGAALTGACTAAA
GTGAAATACGTTACTGAAGGAATGAGGAAGCCGGCCYTICYG
AGCGGAGAACAGAAGAAAGCGATTIGTCGATCTGCTGTTCAAG
ACCAACCGCAAGGTGACCGTCAAGCAGCTTAAAGAGGACTAC
TTCAAGAAGATCGAGTGTTICGACTCAGTGGAAATCAGCGGA
GTGCGAGGACAGATTCAACGCTTCGCTGGGAACCTATCATGATC
TCCTGAAGATCATCAAGGACAAGGACTTCCTTGACAACGAGG
AGAACGAGGACATCCTGGAAGATATCGTCCTGACCTTIGACCCT
TTTCGAGGATCGCGAGATGATCCGAGCGAGAGGCTTAAGACCTA
CGCTCATCTCTICGACGATAAGGTCATGAAACAACTCAAGCGC
CGCCGGTACACTGGTTIGGGGCCGCCTCTCCCGCAAGCTGATCA
ACGGTATTCOCGATAAACAGAGCGGTAALACTATCCTGGATTT
CCTCAAATCGGATGGCTTCGCTAATCOGTAACTTCATGCAGTTG
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ATCCACGACGACAGCCTGACCTTTAAGGAGGACATCCAGAAA
GCACAAGTGAGCGGACAGGGAGACTCACTCCATGAACACATC
GCGAATCTGGCCGGTTCGCCGGCGATTAAGAAGGGAATCCTG
CAAACTGTGAAGGTGGTGGACGAGCTGGTGAAGGTCATGGGA
CGGCACAAACCGOAGAATATCGTGATTGAAATGGCCCGAGAA
AACCAGACTACCCAGAAGGGCCAGAAGAACTCCCGCGAAAGG
ATGAAGCOGATCGAAGAAGGAATCAAGGAGCTGOGCAGCCAG
ATCCTGAAAGAGCACCCOGTGGAAAACACGCAGCTGCAGAAC
GAGAAGCTCTACCTGTACTATTTGCAAAATGGACGGGACATGT
ACGTGGACCAAGAGCTGGACATCAATCGGTIGTCTGATTACGA
CGTGGACCACATCGTTCCACAGTCCTTICTGAAGGATGACTCC
ATCGATAACAAGGTGTTGACTCGCAGCGACAAGAACAGAGGG
AAGTCAGATAATGTGCCATCGOCAGGAGGTCGTGAAGAAGATG
AAGAATTACTGGCGGCAGCTCCTGAATGCOAAGCTGATTACCC
AGAGAAAGTITGACAATCTCACTAAAGCCGAGLGCGGLGGAL
TCTCAGAGCTGGATAAGGCTGGATTCATCAAACGGCAGCTGGT
CGAGACTCGGCAGATTACCAAGCACGTGGCGLAGATCCTGRA
CTCCCGCATGAACACTAAATACGACGAGAACGATAAGCTCAY
CCGGGAAGTGAAGGTGATTACCCTGAAAAGCAAACTTGIGTC
GGACTTTCGGAAGGACTTTCAGTTTTACAAAGTGAGAGAAATC
AACAACTACCATCACGCGCATCACGCATACCTCAACGCTGTGG
TCGGCACCGCCCIGATCAAGAAGTACCCTAAACTTGAATCGGA
GTTTGTGTACGGAGACTACAAGGTCTACGACGTGAGGAAGAT
GATAGCCAAGTCCGAACAGGAAATCGGGAAAGCAACTGCGAA
ATACTTCTITTACTCAAACATCATGAACTTICTTCAAGACTGAA
ATTACGCTGGCCAATGGAGAAATCAGGAAGAGGCCACTGATC
GAAACTAACGGAGAAACGGGCGAAATCGTGTGGGACAAGGGT
AGGGACTTCGCAACTGTTCGCAAAGTGCTCTCTATGCCGCAAG
TCAATATTGTGAAGAAAACCGAAGTGCAAACCGGCGOATTTTC
AAAGGAATCGATCCTCCCAAAGAGAAATAGCGACAAGCTCAT
TGCACGCAAGAAAGACTGGGACCCGAAGAAGTACGGAGGATT
CGATTCGCCGACTGTCGCATACTCCGTCCTCGTGGTGGCCAAG
GTGGAGAAGGGAAAGAGCAAGAAGCTCAAATCCUGTCAAAGA
GCTGCTGGGGATTACCATCATGGAACGATCCTCGTTCOAGAAG
AACCCGATTGATITCCTGGAGGCGAAGGGTTACAAGHAGGTG
AAGAAGGATCTGATCATCAAACTOCCCAAGTACTCACTGTICG
AACTGGAAAATGOTCGGAAGCGCATGCTGOITTCGOCCGGAG
AACTCCAGAAAGGAAATGAGCTGGCCTTGCCTAGCAAGTACG
TCAACTTCCTCTATCTYGCTTICGCACTACGAGAAACTCAAAGG
GTCACCGGAAGATAACGAACAGAAGCAGCTTTTOGTGGAGCA
GCACAAGCATTATCTGGATGAAATCATCGAACAAATCTCCGAG
TTTTCAAAGCGCGTGATCCTCGCCGACGCCAACCTCGACAAAG
TCCTGTCOGCCTACAATAAGCATAGAGATAAGCCGATCAGAG
AACAGGCCGAGAACATTATCCACTTGTTCACCCTGACTAACCT
GGGAGCTCCAGCCGCCTTCAAGTACTTICGATACTACTATCGAL
CGCAAAAGATACACGTCCACCAAGGAAGTTCTGGACGCGACC
CTGATCCACCAAAGCATCACTGGACTCTACGAAACTAGGATCG
ATCTGTCGCAGCTGGGTGGCGATGGTGGCGGTGGATCCTACCT
ATACGACGTGCCTGACTACGCCTCCGGAGGTGGTGGCCCCAAG
AAGAAACGGAAGGTGTGATAG

Casg GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTIGTTCGTGTGT 46
tramscript GTGTCGTTGCAGGCCTTATICGGATCTGCCACCATGGATAAGA
with 3° UTR AGTACTCGATCGGGCTGGATATCGGAACTAATTCCGTGGGTTC

of HSD, GOCAGTGATCACGGATCAATACAAAGTGCCGTCCAAGAAGTT
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ORF CAAGGTCCTGGGGAACACCGATAGACACAGCATCAAGAAGAA
correspondi TCTCATCGGAGCCCTGCTGTTTGACTCCGGCGAAACCGCAGAA
ng to SEQ GCGACCCGGCTCAAACGTACCGCGAGGCGACGCTACACCCGG
ID NO: 45, CGGAAGAATCGCATCTGCTATCTGCAAGAAATCTITTCGAACG
Kozak AAATGGCAAAGGTGGACGACAGCTTCTTCCACCGCCTGGAAG
sequence, AATCTTTCCTGGTGGAGGAGGACAAGAAGCATGAACGGCATC
and 3’ UTR CTATCTTTGGAAACATCOTGGACGAAGTGGCGTACCACGAAA
of ALB AGTACCCGACCATCTACCATCTGCGGAAGAAGTTGGTTGACTC

AACTGACAAGGCCGACCTCAGATTGATCTACTTGGCCCTCGCC
CATATGATCAAATTCCGCGGACACTTCCTGATCGAAGGCGATC
TGAACCCTGATAACTCCOGACGTGGATAAGCTGTTCATTCAACT
GGTOCAGACCTACAACCAACTGTTCGAAGAAAACCCAATCAA
TGCCAGCGGCGTCGATGCCAAGGCCATCCTGTCCGLCCOGCTG
TCGAAGTCGCGGCGCCTCGAAAACCTGATCGCACAGCTGCCG
GGAGAGAAGAAGAACGGACTTTTCGGCAACTTGATCGCTCICT
CACTGGGACTCACTCCCAATITCAAGTICCAATITIGACCTRGE
CGAGGACGCGAAGCTGCAACTCTCAAAGGACACCTACGACGA
CGACTTGGACAATTTGCTGGCACAAATTGGCGATCAGTACGCG
GATCTGTTCCTTGCCGCTAAGAACCTTTCGGACGCAATCTTGCT
GTCCGATATCCTGCGCGTGAACACCGAAATAACCAAAGCGCC
GCTTAGCGCCTCGATGATTAAGCGGTACGACGAGCATCACCAG
GATCTCACGCTGCTCAAAGCGCTCGTGAGACAGCAALTGCCTG
AAAAGTACAAGGAGATTTTCTTCGACCAGTCCAAGAATGGGT
ACGCAGGGTACATCGATGGAGGCGCCAGCCAGGAAGAGTTCT
ATAAGTTCATCAAGCCAATCCTGGAAAAGATGGACGGAACCG
AAGAACTGCTGGTCAAGCTGAACAGGGAGGATCTGCTCCGCA
AACAGAGAACCTTTGACAACGGAAGCATTCCACACCAGATCC
ATCTGGGTGAGCTGCACGCCATCTIGCGGCGCCAGGAGGACTT
TTACCCATTCCTCAAGGACAACCGGGAAAAGATCGAGAAAAT
TCTGACGTICCGCATCCCGTATTACGTGGGCCCACTGGLGCGT
GGCAATTCGCGCTTCGCGTGGATGACTAGAAAATCAGAGGAA
ACCATCACTCCTTGGAATTTCGAGGAAGTTIGTGGATAAGGGAG
CTTCGGCACAATCCTICATCGAACGAATGACCAACTTCGACAA
GAATCTCCCAAACGAGAAGGTOCTTCCTAAGCACAGCCTCCTT
TACGAATACTTCACTGTCTACAACGAACTGACTAAAGTGAAAT
ACGTTACTGAAGGAATGAGCAAGCCGGCCTTICTGAGCGGAG
AACAGAAGAAAGCGATTGTCGATCTCCTGTTCAAGACCAACC
GCAAGGTGACCGTCAAGCAGCTTAAAGAGGACTACTICAAGA
AGATCGAGTGTTICGACTCAGTGGAAATCAGCGGAGTGGAGG
ACAGATTCAACGCTTCGCTGGGAACCTATCATGATCTCCTGAA
GATCATCAAGGACAAGGACTTCCTTGACAACGAGGAGAACGA
GGACATCCTGGAAGATATCGTCCTGACCTTGACCCTITICGAG
GATCGCGAGATGATCGAGGAGAGGCTTAAGACCTACGCTCAT
CYCYTCGACGATAAGGTCATGAAACAACTCAAGCGCCGCLGGT
ACACTGGTIGGGGCCGCCTCTCCCGCAAGCTGATCAACGHGTAT
TCGCGATAAACAGAGCGGTAAAACTATCCTGGATTTCCTCAAA
TCGCGATGGCTTCGCTAATCGTAACTTCATGCAGTTGATCCACG
ACGACAGCCTGACCTTTAAGGAGGACATCCAGAAAGCACAAG
TGAGCGGACAGGGAGACTCACTCCATGAACACATCGCGAATC
TGGCCGGTTCGCCGGCGATTAAGAAGGGAATCCTGCAAACTGT
GAAGGTGGTGGACGAGCTGGTGAAGGTCATGGGACGGCACAA
ACCGGAGAATATCGTGATIGAAATGGCCCGAGAAAACCAGAC
TACCCAGAAGGGCCAGAAGAACTCCCGCGAAAGGATGAAGCG
GATCGAAGAAGGAATCAAGGAGCTGGGCAGCCAGATCCTGAA
AGAGCACCCGOTGGAAAACACGCAGCTGCAGAACOAGAAGCT
CTACCTGTACTATTTGCAAAATGGACGGGACATGTACGTGGAC
CAAGAGCTGGACATCAATCOGTTGTCTGATTACGACGTGGACC
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ACATCGTTCCACAGTCCTTTCTGAAGGATGACTCCATCGATAA
CAAGGTGTTGACTCGCAGCGACAAGAACAGAGGGAAGTCAGA
TAATGTGCCATCGGAGGAGGTCGTGAAGAAGATGAAGAATTA
CTGGCGGCAGCTCCTGAATGCGAAGCTGATTACCCAGAGAAA
GTTTGACAATCTCACTAAAGCCGAGCGCGGLGGACTCTCAGAG
CTGGATAAGGCTGGATTCATCAAACGGCAGCTGGTCGAGACTC
GGCAGATTACCAAGCACGTGGCGCAGATCCTGGACTCCCGCAT
GAACACTAAATACGACGAGAACGATAAGCTCATCCGOGAAGT
GAAGGTGATTACCCTGAAAAGCAAACTTGTGTCGGACTTICGG
AAGGACTTTCAGTTTTACAAAGTGAGAGAAATCAACAACTACC
ATCACGCGCATCACGCATACCTCAACGCTGTGGTCGGCACCGC
CCTGATCAAGAAGTACCCTAAACTTGAATCGOAGTITGTGTAC
GGAGACTACAAGGTCTACGACGTGAGGAAGATGATAGCCAAG
TCCGAACAGGAAATCGGGAAAGCAACTGCGAAATACTTICTTTT
ACTCAAACATCATGAACTICTTCAAGACTCGAAATTACGCTGGC
CAATGGAGAAATCAGGAAGAGGCCACTGATCGAAACTAACGG
AGAAACGGGCGAAATCGTGTGGHACAAGGGCAGGGACTTCGL
AACTGTTCGCAAAGTGCTCTCTATGCCGCAAGTCAATATIGTG
AAGAAAACCGAAGTGCAAACCGGLGGATTTTCAAAGGAATCG
ATCCTCCCAAAGAGAAATAGCCGACAAGCTCATTGCACGCAAG
AAAGACTGGGACCCGAAGAAGTACGGAGGATTCGATTCGCCG
ACTGTCGCATACTCCGTCCTCGTCGIGGCCAAGGTOGAGAAGE
GAAAGAGCAAGAAGCTCAAATCCGTCAAAGAGCTGCTGGGGA
TTACCATCATGGAACGATCCTCGTTCGAGAAGAACCCGATTGA
TTITCCTGGAGGCGAAGGGTTACAAGGAGGTGAAGAAGGATCT
GATCATCAAACTGCCCAAGTACTCACTGTTCGAACTGGAAAAT
GGTCGGAAGCGCATGCTGGCTTCGOCCGGAGAACTCCAGAAA
GGAAATGAGCTGGCCTTGCCTAGCAAGTACGTCAACTTCCTCT
ATCTTGCTTCGCACTACGAGAAACTCAAAGGOTCACCGGAAG
ATAACGAACAGAAGCAGCTTTTCGTGGAGCAGCACAAGCATT
ATCTGGATGAAATCATCGAACAAATCTCCGAGTTTTCAAAGCG
CGTCGATCCTCGCCGACGCCAACCTCGACAAAGTCCTGTCGGCC
TACAATAAGCATAGAGATAAGCCGATCAGAGAACAGGCCGAG
AACATTATCCACTTGTTCACCCTGACTAACCTGOGAGCTCCAG
CCGCCTTCAAGTACTICGATACTACTATCGACCGLCAAAAGATA
CACGTCCACCAAGGAAGTTCTGGACGCGACCCTGATCCACCAA
AGCATCACTGGACTCTACGAAACTAGGATCGATCTOTCGCAGE
TGOGTGGCGATGOGTGGCGLTGGATCCTACCCATACGACGTGCC
TCACTACGCCTCCGGAGGTGOGTGGCCCCAAGAAGAAACGGAA
GOTGTGATAGCTAGCCATCACATTTAAAAGCATCTCAGCCTAC
CATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTC
ATCTCTTITTCTTTTITCGTTIGGTGTAAAGCCAACACCCTGTCTA
AAAAACATAAATTTCTTITAATCATITIGCCTICTITICICTIGTGE
TTCAATTAATAAAAAATGGAAAGAACCTCGAG

Casy GGGTCCCGCAGTCGGCCTCCAGCGGCTCTGCTIGTTCGTGTGT 47
transcript GTGTCGTTGCAGGCCTTATTCGGATCTATGGATAAGAAGTACT

with 5° UTR CGATCGGGCTGGATATCGCAACTAATTCCGTGGGTTGGGCAGT

of H5D, GATCACGCGATGAATACAAAGTGCCGTCCAAGAAGTTCAAGGT

ORF CCTGGGGAACACCGATAGACACAGCATCAAGAAGAATCTCAT
correspondi CGGAGCCCTGCTGTTTGACTCCOGCGAAACCGCAGAAGCGAC

ngto SEQ CCGGCTCAAACGTACCGCGAGGCGACGCTACACCCGGCGGAA

ID NO: 45, GAATCGCATCTGCTATCTGCAAGAAATCTTITCGAACGAAATG

and 3° UTR GCAAAGGTGGACGACAGCTTICTTCCACCGCCTGGAAGAATCTT

of ALB TCCTGGTGOAGGAGGACAAGAAGCATGAACGGCATCCTATCT
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TTGCGAAACATCGTGGACGAAGTGGCGTACCACGAAAAGTACC
CGACCATCTACCATCTGCGGAAGAAGTTIGGTTGACTCAACTGA
CAAGGCCGACCTCAGATTGATCTACTTGGCCCTCGCCCATATG
ATCAAATTCCGCGGACACTTCCTGATCGAAGGCGATCTGAACT
CTGATAACTCCGACGTGGATAAGCTGTTICATTCAACTGGTGCA
GACCTACAACCAACTGTTCGAAGAAAACCCAATCAATGCCAG
CGGCOTCCATGCCAAGGCCATCCTGTCCGCCCGROTGTCHAAG
TCGCGGCGCCTCGAAAACCTGATCGCACAGCTGCCGGGAGAG
AAGAAGAACGGACTTTTCGGCAACTTGATCGCTCTCTCACTGG
GACTCACTCCCAATTTCAAGTCCAATTTTGACCTGGCCGAGGA
CGCGAAGCTGCAACTCTCAAAGGACACCTACGACGACGACTT
GGACAATTTGCTGGCACAAATTGGCGATCAGTACGCGGATCTG
TTCCTTGCCGCTAAGAACCTTTCGGACGCAATCTTGCTGTCCG
ATATCCTGCGCGTGAACACCGAAATAACCAAAGCGCCGCTTA
GCGCCTCGATGATTAAGCGGTACGACGAGCATCACCAGGATCT
CACGCTGCTCAAAGCGCTCGTCAGACAGCAACTGCCTGAAAA
GTACAAGGAGATTTTCTTCGACCAGTCCAAGAATGGGTACGCA
GGGTACATCGATGGAGGCGCCAGCCAGGAAGAGTTCTATAAG
TTCATCAAGCCAATCCTGCAAAAGATGGACGGAACCGAAGAA
CTGCTGOTCAAGCTGAACAGGGAGGATCTGCTCCGCAAACAG
AGAACCTTTGACAACGGAAGCATTCCACACCAGATCCATCTGG
GTGAGCTGCACGCCATCTTGCGGCOCCAGGAGOALTITIACCC
ATTCCTCAAGGACAACCGGGAAAAGATCGAGAAAATTLTGAC
GTTCCGCATCCCGTATTACGTGGGCCCACTGGCGCGCGGCAAT
TCGCGCTTCGCGTGGATGACTAGAAAATCAGAGGAAACCATC
ACTCCTTGGAATTITCGAGGAAGTTGTGGATAAGGGAGCTTCGG
CACAATCCTTCATCGAACGAATGACCAACTTCGACAAGAATCT
CCCAAACGAGAAGGTGCTTCCTAAGCACAGCCTCCTTTACGAA
TACTTCACTGTCTACAACGAACTGACTAAAGTGAAATACGTTA
CTGAAGGAATGAGGAAGCCGGCCTTTCTGAGCGGAGAACAGA
AGAAAGCGATTGTCGATCTGCTGTTCAAGACCAACCGCAAGGT
GACCGTCAAGCAGCTTAAAGAGGACTACTTCAAGAAGATCGA
GTGTTTCGACTCAGTGGAAATCAGCGGAGTGOAGGACAGATT
CAACGCTTCGLTGGGAACCTATCATGATCTCCTGAAGATCATC
AAGGACAAGGACTTCCTTGACAACGAGGAGAACGAGGACATC
CTGGAAGATATCGTCCTCGACCTTGACCCTTTTCGAGGATCGCG
AGATGATCGAGGAGAGGCTTAAGACCTACGCTCATCTCTTCGA
CGATAAGGTCATGAAACAACTCAAGCGCCGCCOGTACACTOG
TTGGGGCCGCCTCTCCCGCAAGCTGATCAACGGTATTCGCGAT
AAACAGAGCGGTAAAACTATCCTGGATTTCCTCAAATCGGATG
GCTTCGCTAATCGTAACTTCATGCAGTTGATCCACGALGACAG
CCTGACCTTTAAGGAGGACATCCAGAAAGCACAAGTGAGCGG
ACAGGGAGACTCACTCCATGAACACATCGCGAATCTGGCCGG
TTCGCCGGCGATTAAGAAGGGAATCCTGCAAACTGTGAAGST
GGTOGACCAGCTGGTGAAGGTCATGGOACGGCACAAACCGHA
GAATATCGTGATTGAAATGGCCCGAGAAAACCAGACTACCCA
GAAGGGCCAGAAGAACTCCCGCGAAAGGATGAAGCGGATCGA
AGAAGGAATCAAGGAGCTGGGCAGCCAGATCCTGAAAGAGCA
CCCGUTGGAAAACACGCAGCTGCAGAACGAGAAGCTCTACCT
GTACTATTTGCAAAATGGACGGGACATGTACGTGGACCAAGA
GCTGGACATCAATCGGTTGTCTGATTACGACGTGGACCACATC
GTTCCACAGTCCTTTCTGAAGGATGACTCCATCGATAACAAGG
TGTTGACTCGCAGCGACAAGAACAGAGGGAAGTCAGATAATG
TGCCATCGGAGGAGGTCGTGAAGAAGATGAAGAATTACTGGC
GGCAGCTCCTGAATGCGAAGCTGATTACCCAGAGAAAGTTTG
ACAATCTCACTAAAGCCGAGCGCGOCGGACTCTCAGAGCTGG
ATAAGGCTGOATICATCAAACGGCAGCTGGTCCAGACTCGGE
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AGATTACCAAGCACGTGGCGCAGATCCTGGACTCCCGCATGA
ACACTAAATACGACGAGAACGATAAGCTCATCCGGGAAGTGA
AGGTGATTACCCTGAAAAGCAAACTTGTGTCGGACTTTCGGAA
GGACTTTCAGTITTACAAAGTGAGAGAAATCAACAACTACCAT
CACGCGCATGACGCATACCTCAACGCTGTGOTCGGCACTGCCC
TGATCAAGAAGTACCCTAAACTTGAATCGGAGTTTGTGTACGG
AGACTACAAGGTCTACGACGTCAGGAAGATGATAGCCAAGTC
CGAACAGGAAATCGGGAAAGCAACTGCGAAATACTTCTTTTA
CTCAAACATCATGAACTTCTTCAAGACTGAAATTACGCTGGCC
AATGGAGAAATCAGGAAGAGGCCACTGATCGAAACTAACGGA
GAAACGGGCOAAATCOTGTGGOACAAGGGCAGGGACTICGCA
ACTGTTCGCAAAGTGCTCTCTATGCCGCAAGTCAATATTGTGA
AGAAAACCGAAGTGCAAACCGGCGGATTTTCAAAGGAATCGA
TCCTCCCAAAGAGAAATAGCGACAAGCTCATTGCACGCAAGA
AAGACTGGGACCCGAAGAAGTACGGAGGATICCGATTICGCCGA
CTGTCGCATACTCCGTCCTCGTGGTGOCCAAGGTGGAGAAGGE
AAAGAGCAAGAAGCTCAAATCCGTCAAAGAGCTGCTGGGGAT
TACCATCATGGAACGATCCTCOTTCGAGAAGAACCCGATTGATY
TTCCTGGAGCGCGAAGGGTTACAAGGAGGTGAAGAAGGATCTG
ATCATCAAACTGCCCAAGTACTCACTGTTCGAACTGGAAAATG
GTCGGAAGCGCATGCTGGCTTCGGCCGGAGAACTCCAGAAAG
GAAATGAGCTGGCCTTGCCTAGCAAGTACOTCAACTTCCTCTA
TCTTGCTTCGCACTACGAGAAACTCAAAGGGTCACCGGAAGAT
AACGAACAGAAGCAGCTTITCGTGGAGCAGCACAAGCATTAT
CTGCGATGAAATCATCGAACAAATCTCCGAGTTTTCAAAGCGCG
TGATCCTCGCCGACGCCAACCTCGACAAAGTCCTGTCGGCCTA
CAATAAGCATAGAGATAAGCCGATCAGAGAACAGGCCGAGAA
CATTATCCACTIGTTCACCCTGACTAACCTGGGAGCTCCAGCC
GCCTTCAAGTACTTCGATACTACTATCGACCGCAAAAGATACA
CGTCCACCAAGGAAQTTCTGGACGCGACCCTGATCCACCA
GCATCACTGGACTCTACGAAACTAGGATCGATCTGTCGCAGCT
GGGTGGCGATGGTGGCGGTGCGATCCTACCCATACGACGTGCCT
GACTACGCCTCCGGAGGTGOTGGCCCCAAGAAGAAACGGAAG
GTGTGATAGCTAGCCATCACATTTAAAAGCATCTCAGCCTACC
ATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCA
TCTCTTTITCTTTTTCGTTGOTGTAAAGCCAACACCCTGTCTAA
AAAACATAAATTICTTTAATCATTTTGCCTCTTTTCTCTGTGET
TCAATTAATAAAAAATGOAAAGAACCTCGAG

Cas9 GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGT 48
transcript GTGTCGTTGCAGGCCTTATTCGGATCCATGCCTAAGAAAAAGC
COMPrisng GOAAGGTCGACGGGGATAAGAAGTACTCAATCGGGITGGATA

Cas9 ORF TCGGAACTAATTCCGTGOGTTGGGCAGTOATCACGOATGAATA

using codons CAAAGTGOCGTCCAAGAAGTTCAAGOGTCCTGGGGAACACLCGA

with TAGACACAGCATCAAGAAAAATCTCATCGGAGCCCTGCTGTTT

generally GACTCCGGCGAAACCGCAGAAGCGACCCGGCTCAAACGTACC

high GCGAGGCGACGCTACACCCGGCGGAAGAATCGCATCTGCTAT

EXPression m CTGCAAGAGATCTTTTCGAACGAAATGGCAAAGGTCGACGAC

humans AGCTTCTTCCACCGCCTGGAAGAATCTTITCCTGGTGGAGGAGG

ACAAGAAGCATGAACGGCATCCTATCTTTGGAAACATCGTCGA
CGAAGTGOCGTACCACGAAAAGTACCCGACCATCTACCATCTG
CGGAAGAAGTTGGTTGACTCAACTGACAAGGCCGACCTCAGA
TTGATCTACTTGGCCCTCGCCCATATCATCAAATTCCGCGGAC
ACTTCCTGATCGAAGGCGATCTGAACCCTGATAACTCCGACGT
GOATAAGCTTTICATICAACTGGTGCAGACCTACAACCAACTG
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TTCGAAGAAAACCCAATCAATGCTAGCGGCGTCGATGCCAAG
GCCATCCTGTCCGCCCGGCTGTCGAAGTCGCGGCGECTCGAAA
ACCTGATCGCACAGCTGCCGGGAGAGAAAAAGAACGGACTTT
TCGGCAACTTGATCGCTCTCTCACTGGGACTCACTCCCAATTITC
AAGTCCAATTTTGACCTGGCCGAGGACGCGAAGCTGCAACTCT
CAAAGGACACCTACGACGACGACTTGGACAATTTGCTGGCAC
AAATTGGCGATCAGTACGCGGATCTGTTCCTTGCCGCTAAGAA
CCTTTCGGACGCAATCTTGCTGTCCGATATCOTGCGLGTGAAC
ACCGAAATAACCAAAGCGCCGCTTAGCGCCTCGATGATTAAG
CGGTACGACGAGCATCACCAGGATCTCACGCTGCTCAAAGCS
CTCGTGAGACAGCAACTGCCTGAAAAGTACAAGGAGATCTICT
TCCACCAGTCCAAGAATGGGTACGCAGGGTACATCGATGGAG
GCGCTAGCCAGGAAGAGTICTATAAGTICATCAAGCCAATCCT
GGAAAAGATGGACGGAACCGCAAGAACTOCTGGTCAAGCTGAA
CAGGGAGGATCTGCTCCGGAAACAGAGAACCTTTGACAACGE
ATCCATTCCCCACCAGATCCATCTGGGTGAGCTGCACGLCATC
TTGCGGCGCCAGGAGGACTTITACCCATTICCTCAAGGACAACT
GGGAAAAGATCGAGAAAATICTCACGTTICCGCATCCCGTATTA
CGTGGGCCCACTGGCGUGCGGCAATTCGLGCTTCGCGTGGATG
ACTAGAAAATCAGAGGAAACCATCACTCCTTGGAATTTCGAG
GAAGTTGTGGATAAGGGAGCTICGGCACAAAGCTTCATCGAA
CGAATGACCAACTTCGACAAGAATCTCCCAAACGADAAGGTG
CTTCCTAAGCACAGCCTCCTTTACGAATACTTCACTGTCTACAA
CGAACTGACTAAAGTGAAATACGTTACTGAAGGAATGAGGAA
GCCGGCCTITCTGTCCGGAGAACAGAAGAAAGCAATTIGTCGAT
CTGCTGTTCAAGACCAACCGCAAGGTGACCGTCAAGCAGCTTA
AAGAGGACTACTTCAAGAAGATCGAGTGTTTCGACTCAGTGG
AAATCAGCGGGGTGGAGGACAGATTCAACGCTTCGCTGGGAA
CCTATCATGATCTCCTGAAGATCATCAAGGACAAGGACTICCT
TCGACAACGAGGAGAACGAGGACATCCTGGAAGATATCGTCCT
GACCTTGACCCTTITTCGAGGATCGCGAGATGATCGAGGAGAG
GCTTAAGACCTACGCTCATCTCTTCGACCGATAAGGTCATGAAA
CAACTCAAGCGCCGCCCGOTACACTGOTTICGGGCCGLCTCTCCC
GCAAGCTGATCAACGGTATTCOCGATAAACAGAGCGGTAAAA
CTATCCTGGATITCCTCAAATCGOCATOGCTICGCTAATCGTAA
CTTCATGCAATTGATCCACGACGACAGCCTGACCTTITAAGGAG
GACATCCAAAAAGCACAAGTGTCCGGACAGGGAGACTCACTC
CATGAACACATCGCGAATCTGOCCGGTTCOCCGGCGATTAAGA
AGGGAATTCTGCAAACTGTGAAGGTGGTCGACGAGCTGGTGA
AGGTCATGGGACGGCACAAACCGGAGAATATCGTGATTGAAA
TGGCCCCGAGAAAACCAGACTACCCAGAAGGGCCAGAAAAALCT
CCCGCGAAAGGATGAAGCGGATCGAAGAAGGAATCAAGGAG
CTGGGCAGCCAGATCCTGAAAGAGCACCCGGTGGAAAACACG
CAGCYGCAGAACGAGAAGCTCTACCTOTACTATTTGCAAAATG
GACGGGACATGTACGTGGCACCAAGAGCTGGACATCAATCGGT
TGTCTGATTACGACGTGGACCACATCGTTCCACAGTCCTTICTG
AAGGATGACTCGATCGATAACAAGGTGTTGACTCGCAGCGAC
AAGAACAGAGGGAAGTCAGATAATGTGCCATCGGAGGAGGTC
GTGAAGAAGATGAAGAATTACTGGCGGCAGCTCCTGAATGCG
AAGCTGATTACCCAGAGAAAGTTTGACAATCTCACTAAAGCCG
AGCGCGGCGGACTCTCAGAGCTGGATAAGGCTGGATTCATCA
AACGGCAGCTGOTCGAGACTCGGCAGATTACCAAGCACGTGG
CGCAGATCTTGGACTCCCGCATGAACACTAAATACGACGAGA
ACGATAAGCTCATCCGGGAAGTGAAGGTGATTACCCTGAAAA
GCAAACTTGTGTCGOACTTTCOGAAGGACTTITCAGTTTTACAA
AGTGAGAGAAATCAACAACTACCATCACGLGCATOGACGCATA
CCTCAACGCTGTGCTCOGTACCGCCCTCATCAAAAAGTACCCT
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AAACTTGAATCGGAGTTTGTGTACGGAGACTACAAGGTCTACG
ACGTGAGGAAGATGATAGCCAAGTCCGAACAGGAAATCGGGA
AAGCAACTGCGAAATACTTCTTTTACTCAAACATCATGAACTT
TTTCAAGACTGAAATTACGCTGGCCAATGGAGAAATCAGGAA
GAGGCCACTGATCGAAACTAACGGAGAAACGGGCGAAATCGT
GTGGGACAAGGGCAGGGACTTCGCAACTGTTCGCAAAGTGCT
CTCTATGCCOCAAGTCAATATTOTGAAGAAAACCGAAGTGCA
AACCGGCGGATTITCAAAGGAATCGATCCTCCCAAAGAGAAA
TAGCGACAAGCTCATTGCACGCAAGAAAGACTGGGACCCGAA
GAAGTACGGAGGATTCGATTCGCCGACTGTCGCATACTCCGTC
CTCGTGGTGGCCAAGGTOGAGAAGGGAAAGAGCAAAAAGCTC
AAATCCGTCAAAGAGCTOCTGGGGATTACCATCATGGAALGA
TCCTCOGTTCGAGAAGAACCCGATTCATTICCTCCAGGUGAAGEH
GTTACAAGGAGGTGAAGAAGGATCTGATCATCAAACTCCLCCA
AGTACTCACTGTTCGAACTGGAAAATGGTCGGAAGLCGCATGCT
GGCTTCGGCCGGAGAACTCCAAAAAGGAAATGAGCTGGCCTT
GCCTAGCAAGTACGTCAACTTCCTICTATCTTGCTTCGCACTACG
AAAAACTCAAAGGGTCACCGGAAGATAACGAACAGAAGCAGC
TTTTCGTGGAGCAGCACAAGCATTATCTGGATGAAATCATCGA
ACAAATCTCCGAGTTTTCAAAGCGLGTGATCCTCGLCCGACGLT
AACCTCOACAAAGTCCTGTCGGCCTACAATAAGCATAGAGAT
AAGCCGATCAGAGAACAGGLCCGAGAACATTATCCACTIGTTC
ACCCTGACTAACCTGGGAGCCCCAGCCGCCTTCAAGTACTTCG
ATACTACTATCGATCGCAAAAGATACACGTCCACCAAGGAAG
TTCTGGACGCGACCCTGATCCACCAAAGCATCACTGGACTCTA
CGAAACTAGGATCGATCTGTCGCAGCTGGGTGGCGATTGATAG
TCTAGCCATCACATTTAAAAGCATCTCAGCCTACCATGAGAAT
AAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTITT
CTTTITCGTTGOTGTAAAGCCAACACCCTGTCTAAAAAACATA
AATTTCTTTAATCATTTTIGCCTCTTITCTCTOTGCTTCAATTAAT
AAAAAATGGAAAGAACCTCGAG

Cas9 GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTIGTTCGTGTGT 49
transcript GTGTCGYTGCAGGCCTYATTCGGATCCOCCACCATGCCTAAGA
comprising AAAAGCGOAAGGTCOACGGGGATAAGAAGTACTCAATCGGGC
Kozak TGGATATCGGAACTAATTCCGTGOGTTGCGCAGTGATCACGGA
sequence TGAATACAAAGTGCCGTCCAAGAAGTTCAAGUTCCTGGGUAA
with Casd CACCGATAGACACAGCATCAAGAAAAATCTCATCGGAGCCCT
ORF using GCTGTTTGACTCCGGCGAAACCGCAGAAGCGACCCGGCTCAA
codens with ACGTACCGCGAGGCGACGCTACACCCGGCGGAAGAATCGCAT
generally CTGCTATCTGCAAGAGATCTTTTCGAACGAAATGGCAAAGGTC
high GACGACAGCTTCTTCCACCGCCTGGAAGAATCTTTCCTGGTGG
expression in AGGAGGACAAGAAGCATGAACGGCATCCTATCTTIGGAAALCA
humang TCCTCCGACCAAGTGGCGTACCACGAAAAGTACCCGACCATCT

ACCATCTGCGGAAGAAGTTGGTTGACTCAACTGACAAGGCCG
ACCTCAGATTGATCTACTTGGCCCTCGCCCATATGATCAAATT
CCGCGGACACTTCCTGATCGAAGGCGATCTGAACCCTGATAAC
TCCOACGTGGATAAGCTTITICATTCAACTGGTGCAGALCTACA
ACCAACTGTTCGAAGAAAACCCAATCAATGCTAGCGGCGTCG
ATGCCAAGGCCATCCTGTCCGCCCGGCTGTCGAAGTCGCGGCG
CCTCGAAAACCTGATCGCACAGCTGCCGGGAGAGAAAAAGAA
CGGACTTTTCGGCAACTTGATCGCTCTCTCACTGGGACTCACTC
CCAATTTCAAGTCCAATTTITGACCTGGCCGAGGACGCGAAGET
GCAACTCTCAAAGGACACCTACGACGACGACTTGGACAATTIC
CTGGCACAAATTGOCGATCAGTACGCGGATCTIGTTCCTIGCCS
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CTAAGAACCTTTCGGACGCAATCTTGCTGTCCGATATCCTGCG
CGTGAACACCGAAATAACCAAAGCGCCGCTTAGCGCCTCGAT
GATTAAGCGGTACGACGAGCATCACCAGGATCTCACGCTGCTC
AAAGCGCTCGTGAGACAGCAACTGCCTGAAAAGTACAAGGAG
ATCTTCTTCGACCAGTCCAAGAATGGGTACGCAGGGTACATCG
ATGGAGGCGCTAGCCAGGAAGAGTTICTATAAGTTCATCAAGC
CAATCCTGGAAAAGATGGACGGAACCGAAGAACTGCTGGTCA
AGCTGAACAGGGAGGATCTGCTCCOGAAACAGAGAACCTTTG
ACAACGGATCCATTCCCCACCAGATCCATCTGGGTGAGCTGCA
CGCCATCTTGCGGCGCCAGGAGGACTTTTACCCATTCCTCAAG

CCGTATTACGTGGOCCCACTGGCGLGCGGCAATTICGCGCTICE
CGTGGATGACTAGAAAATCAGAGGAAACCATCACTCCTIGGA
ATTTCGAGGAAGTTGTGGATAAGGGAGCTTCGGCACAAAGCTT
CATCGAACGAATGACCAACTTCGACAAGAATCTCCCAAACGA
GAAGGTGCTTICCTAAGCACAGCCTCCTTTACGAATACTTCACT
GTCTACAACGAACTGACTAAAGTGAAATACGTTACTGAAGGA
ATGAGGAAGCCGGCCTITCIGTCCGOAGAACAGAAGAAAGCA
ATTGTCCGATCTGCTGTTCAAGACCAACCGCAAGGTGACCGTCA
AGCAGCTTAAAGAGGACTACTTCAAGAAGATCGAGTIGTTTCG
ACTCAGTGGAAATCAGCGGGGTGGAGGACAGATTCAACGCTT
CGCYGGGAACCTATCATGATCTCCTGAAGATCATCAAGGACAA
GGACTTCCTTGACAACGAGGAGAACGAGGACATCCTGGAAGA
TATCGTCCTGACCTTGACCCTTTICGAGGATCGCGAGATGATC
GAGGAGAGGCTTAAGACCTACGCTCATCTCTICGACGATAAGS
TCATGAAACAACTCAAGCGCCGCCGGTACACTGGTTGGGGLC
GCCTCTCCCGCAAGCTOATCAACGGTATTCGCGATAAACAGAG
CGGTAAAACTATCCTGGATITCCTCAAATCGGATGGCTTICGET
AATCGTAACTTCATGCAATICATCCACGACGACAGCCTGACCT
TTAAGGAGGACATCCAAAAAGCACAAGTGTCCGGACAGGCAG
ACTCACTCCATGAACACATCGCGAATCTGGCCGGTTCGCLGGL
GATTAAGAAGGGAATTCTGCAAACTGTGAAGGTGGTCGACGA
GCTGGTCAAGGTCATGGGACGUCACAAACCGGAGAATATCGT
GATTGAAATGGCCCGAGAAAACCAGACTACCCAGAAGGHCCA
GAAAAACTCCCGCGAAAGCATGAAGCOGATCGAAGAADBGAAT
CAAGGAGCTGGGCAGCCAGATCCTGAAAGAGCACCCGGTGOA
AAACACGCAGCTGCAGAACCGAGAAGCTCTACCTOTACTATITG
CAAAATGGACOGGGACATGTACGTGGACCAAGAGCTGOACATC
AATCGGTTGTCTGATTACGACGTGOGACCACATCGTTCCACAGT
CCTTICTGAAGGATGACTCCGATCGATAACAAGGTOTTGACTCG
CAGCGACAAGAACAGAGGUAAGTCAGATAATOTGCCATCGGA
GOAGGTCOTGAAGAAGATGAAGAATTACTGGCGGCAGCTCCT
GAATGCGAAGCTGATTACCCAGAGAAAGTITGACAATCTCACT
AAAGCCGAGCGCGGCGGACTCTCAGAGCTGGATAAGOCTGSA
TICATCAAACGGCAGCTGGTCCAGACTCGGCAGATTACCAAGT
ACGTGGCGCAGATCTTGGACTCCCGCATGAACACTAAATACGA
CGAGAACGATAAGCTCATCCGGGAAGTGAAGGTGATTACCCT
GAAAAGCAAACTTGTGTCGGACTITCGGAAGGACTTTCAGTTT
TACAAAGTGAGAGAAATCAACAACTACCATCACGCGCATGAC
GCATACCTCAACGCTGTGGTCGGTACCGCCCTGATCAAAAAGT
ACCCTAAACTTGAATCGGAGTTTGTGTACGGAGACTACAAGGT
CTACGACGTGAGGAAGATGATAGCCAAGTCCGAACAGGAAAT
CGGGAAAGCAACTGCGAAATACTTCTTTTACTCAAACATCATG
AACTTTITTCAAGACTGAAATTACGCTGGCCAATGGAGAAATCA
GOAAGAGGCCACTGATCGAAACTAACOGAGAAACGOGCGAA
ATCGTGTGGGACAAGGGCAGGGACTTCOGCAACTGTTCGCAAA
GTGCTCTCTATGCCGCAAGCTCAATATICTCAAGAAAACCCGAAG
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TGCAAACCGGCGGATTTTCAAAGGAATCGATCCTCCCAAAGA
GAAATAGCGACAAGCTCATTGCACGCAAGAAAGACTGGGACC
CGAAGAAGTACGGAGGATTCGATTCGCCGACTGTCGCATACTC
CGTCCTCGTGOTGOCCAAGGTGGAGAAGGGAAAGAGCAAAAA
GCTCAAATCCGTCAAAGAGCTGCTGGGGATTACCATCATGGAA
CGATCCTCGTTCGAGAAGAACCCGATTGATTTCCTCGAGGCGA
AGGQTTACAAGGAGGTGAAGAAGGATCTGATCATCAAACTCC
CCAAGTACTCACTOTTCCGAACTGOAAAATGGTCGGAAGCGCAT
GCTGGCTTCGGCOGGAGAACTCCAAAAAGGAAATGAGCTGGC
CTTGCCTAGCAAGTACGTCAACTTCCTCTATCTTGCTTCGCACT
ACGAAAAACTCAAAGGGTCACCGCAAGATAACGAACAGAAGT
AGCTTTTCGTGGAGCAGCACAAGCATTATCTGGATGAAATCAT
CGAACAAATCTCCGAGTTITICAAAGCGCGTGATCCTCGCLGAL
GCCAACCTCGACAAAGTCCTGTCGGCCTACAATAAGCATAGA
GATAAGCCGATCAGAGAACAGGCCGAGAACATTATCCACTTG
TICACCCTGACTAACCTGGOAGCCCCAGCCGCCTTCAAGTACT
TCCGATACTACTATCGATCGCAAAAGATACACGTCCACCAAGGA
AGTTCTGCACGCGACCCTGATCCACCAAAGCATCACTGGACTC
TACGAAACTAGGATCGATCTGTCGCAGCTGGGTGGLGATTGAT
AGTCTAGCCATCACATTTAAAAGCATCTCAGCCTACCATGAGA
ATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTT
TICTITTTCOTTGGTGTAAAGCCAACACCCTGTCTAAAAAACA
TAAATTTCTTTAATCATTITTGCCTCTTTTCTCTGTGCTICAATTA
ATAAAAAATGGAAAGAACCTCGAG

Cas® ORF ATGGACAAGAAGTACAGCATCGGACTGGACATCGGAACAAAC 30
with splice AGCGTCGGATGGGCAGTCATCACAGACGAATACAAGGTCCCG

junctions AGCAAGAAGTTCAAGGTCCTGGGAAACACAGACAGACACAGC
removed; ATCAAGAAGAACCTGATCGGAGCACTGCTGTTCGACAGCGGA

12.75% U GAAACAGCAGAAGCAACAAGACTGAAGAGAACAGCAAGAAG

content AAGATACACAAGAAGAAAGAACAGAATCTGCTACCTGCAGGA

AATCTTCAGCAACGAAATGGCAAAGGTCGACGACAGCTTCTTC
CACcgsCTGGAAGAAAGCTICCTGGTCGAAGAAGACAAGAAGC
ACGAAAGACACCCGATCTICGGAAACATCOTCGACGAAGTCG
CATACCACGAAAAGTACCCGACAATCTACCACCTOGAGAAAGA
AGCTGGTCCGACAGCACAGACAAGGCAGACCTGAGACTGATCT
ACCHGGCACTGOCACACATOATCAAG NTCAGAGGACACTICCT
GATCGAAGGAGACCTGAACCCGGACAACAGCGACHTCGACAA
GCTGTTCATCCAGCTGGTCCAGACATACAACCAGCTGTTCGAA
GAAAACCCGATCAACGCAAGCGGAGTCGACGCAAAGGCAATC
CTGAGCGCAAGACTGAGCAAGAGCAGAAGACTGGAAAACCTG
ATCGCACAGCTGCCGGUAGAAAAGAAGAACGGACTGTTCGOA
AACCTGATCGCACTGAGCCTGGOACTGACACCGAALTTICAAG
AGCAACTTCGACCYGGCAGAAGACGCAAAGCTCCAGCTLAGT
AAGGACACATACGACGACGACCTGGACAACCTGCTGGCACAG
ATCGGAGACCAGTACGCAGACCTGTTCCTGGCAGCAAAGAAC
CTGAGCGACGCAATCCTGLTGAGCGACATCCTGAGAGTCAAC
ACAGAAATCACAAAGGCACCGCTGAGCGCAAGCATGATCAAG
AGATACGACGAACACCACCAGGACCTGACACTGCTGAAGGCA
CTGGTCAGACAGCAGCTGCCGGAAAAGTACAAGGAAATCTIC
TTCGACCAGAGCAAGAACGGATACGCAGGATACATCGACGGA
GGAGCAAGCCAGGAAGAATTCTACAAGTTCATCAAGCCGATC
CTGCAAAAGATGGACGGAACAGAAGAACTGCTGGTCAAGCTG
AACAGAGAAGACCTGCTGAGAAAGCAGAGAACATTCGACAAC
GOAAGCATCCCGCACCAGATCCACCTGGGAGAACTGCACGCA
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ATCCTGAGAAGACAGGAAGACTTCTACCCGTTCCTGAAGGAL
AACAGAGAAAAGATCGAAAAGATCCTGACATTCAGAATCCCG
TACTACGTCGGACCGCTGGCAAGAGGAAACAGCAGATTCGCA
TGGATGACAAGAAAGAGCGAAGAAACAATCACACCGTGGAAC
TTCGAAGAAGTCGTCGACAAGGGAGUAAGCGCACAGAGCTTC
ATCGAAAGAATGACAAACTTCGACAAGAACCTGCCGAACGAA
AAGGTCCTGCCCAAGCACAGCCTOCTGTACGAATACTTCACAG
TCTACAACGAACTGACAAAGGTCAAGTACGTCACAGAAGGAA
TGAGAAAGCCGGCATTCCTGAGCGGAGAACAGAAGAAGGCAA
TCGTCGACCTGCTGTTCAAGACAAACAGAAAGGTCACAGTCA
AGCAGCTGAAGGAAGACTACTTCAAGAAGATCGAATGCTTCG
ACAGCGTCGAAATCAGCGGAGTCGAAGACAGATTCAACGCAA
GCCTGGOAACATACCACGACCTGCTOAAGATCATCAAGGATA
AGGACTTCCTGGACAACGAAGAAAACGAAGACATCCTGGAAG
ACATCGTCCTCACACTGACACTGTTCOAAGACAGAGAAATGAT
CGAAGAAAGACTGAAGACATACGCACACCTIGTICGACGACAA
GGTCATGAAGCAGCTGAAGAGAAGAAGATACACAGGATGGGG
AAGACTGAGCAGAAAGCTCATCAACGGAATCAGAGACAAGCA
GAGCGGAAAGACAATCCTGGACTTCLTGAAGAGCGACGGATT
CGCAAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCT
GACATTCAAGGAAGACATCCAGAAGGCACAGGTCAGCGGACA
GGGAGACAGCCTGCACGAACACATCGCAAACCTGGCAGGAAG
CCCGGCAATCAAGAAGGGAATCCTIGCAGACAGTCAAGGTCGT
CGACGAACTGGTCAAGGTCATGGGAAGACACAAGCCGGAAAA
CATCGTCATCGAAATGGCAAGAGAAAACCAGACAACACAGAA
GGGACAGAAGAACAGCAGAGAAAGAATGAAGAGAATCGAAG
AAGGAATCAAGGAACTGGGAAGCCAGATCCTGAAGGAACACC
CGGTCGAAAACACACAGCTGCAGAACGAAAAGCTGTACCTGT
ACTACCTGCAaAACGGAAGAGACATGTACGTCGACCAGGAACT
GOACATCAACAGACTGAGCGACTACGACGTOGACCACATCGT
CCCGCAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGGT
CCTGACAAGAAGCGACAAGAACAGAGGAAAGAGCGACAACG
TCCCGAGCCGAAGAAGTCCTCAAGAAGATGAAGAACTACTGGA
GACAGCTGCTGAACGCAAAGCTGATCACACAGAGAAAGTTCG
ACAACCTGACAAAGGCAGAGAGAGGAGCACTCAGCGAALTG
GACAAGGCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGA
CAGATCACAAAGCACGTCGCACAGATCCTGGACAGCAGAATG
AACACAAAGTACGACGAAAACGACAAGCTGATCAGAGAAGTC
AAGGTCATCACACTGAAGAGCAAGCTGGTCAGCGACTICAGA
AAGGACTTCCAGTTCTACAAGGTCAGAGAAATCAACAACTAC
CACCACGCACACGACGCATACCTGAACGCAGTCGTCGGAACA
GCACTGATCAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTC
TACGGAGACTACAAGGTCTACGACGTCAGAAAGATGATCGCA
AAGAGCGAACAGGAAATCGGAAAGGCAACAGCAAAGTACTIC
TICTACAGCAACATCATGAACTICTICAAGACAGAAATCACAC
TGGCAAACGGAGAAATCAGAAAGAGACCGCTGATCGAAACAA
ACGGAGAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGAC
TTCGCAACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAAC
ATCGTCAAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAAG
GAAAGCATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCA
AGAAAGAAGGACTGGGACCCGAAGAAGTACGGAGGATTCGAC
AGCCCGACAGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTCG
AAAAGGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTG
CTGGGAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAAC
CCGATCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAG
AAGGACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCGAAC
TGGAAAACGGAAGAAAGAGAATGCTGOCAAGCGCAGGAGAA
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CTGCAGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTC
AACTTICCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGA
AGCCCGGAAGACAACGAACAGAAGCAGCTGTTICGTCGAACAG
CACAAGCACTACCTGGACGAAATCATCGAACAGATCAGCGAA
TTCAGCAAGAGAGTCATCCTGGCAGACGUAAACCTGGACAAG
GTCCTGAGCGCATACAACAAGCACAGAGACAAGCCGATCAGA
GAACAGGCAGAAAACATCATCCACCTGTTCACACTGACALAC
CTGGOAGCACCGGCAGCATTCAAGTACTTCGACACAACAATC
GACAGAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCA
ACACTGATCCACCAGAGCATCACAGGACTGTACCGAAACAAGA
ATCCGACCTCGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCCCG
AAGAAGAAGAGAAAGGTCTAG

Cas9 GGGTCCCECAGTCGGCGTCCAGCGGCTCTGCTIGTTCGTGTGT 51
transcript GTGTCGTTGCAGGCCTTATTCGGATCCGCCACCATGGACAAGA
with 5° UTR AGTACAGCATCGGACTGGACATCGOAACAAACAGCGTCGOAY
of HSD, GGGCAGYCATCACAGACGAATACAAGGTCCCGAGCAAGAAGT
ORF TCAAGGTCCTGGUAAACACAGACAGACACAGCATCAAGAAGA
correspondi ACCTGATCGGAGCACTGCTGTTCGACAGCGGAGAAACAGLAG
ngto SEQ AAGCAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACA
D NO: 50, AGAAGAAAGAACAGAATCTGCTACCTGCAGGAAATCTTCAGC
Kozak AACGAAATGGCAAAGGTCGACGACAGCTTCTTCCA CeggCTGG
sequence, AAGAAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGAC
and 3" UTR ACCCGATCTTCGGAAACATCGTCGACGAAGTCGCATACCACGA
of ALB AAAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCGA

CAGCACAGACAAGGCAGACCTGAGACTGATCTACCTGGCALT
GGCACACATGATCAAGTTCAGAGGACACTTCCTGATCGAAGG
AGACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTCAT
CCAGCTGOTCCAGACATACAACCAGCTGTTCGAAGAAAACCC
GATCAACGCAAGCGGAGTCGACGCAAAGGCAATCCTGAGCGC
AAGACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACA
GCTGCCGGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGAT
CGCACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTTC
GACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACA
TACGACGACGACCTGGACAACCTGCTOGGCACAGATCGGAGAC
CAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGAC
GCAATCCYGCTGAGCGACATCCTGAGAGICAACACAGAAATC
ACAAAGGCACCGCTGAGCGCAAGCATGCATCAAGAGATACGAL
GAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGA
CAGCAGCTGCCGUAAAAGTACAAGGAAATCTTCTTICGACCAG
AGCAAGAACGGATACGCAGGATACATCGACGGAGGAGCAAGC
CAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAG
ATGGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAA
GACCYGCTCGAGAAAGCAGAGAACATTICGACAACGGAAGCATC
CCGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGA
AGACAGGAAGACTTCTACCCGTTICCTGAAGGACAACAGAGAA
AAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCG
GACCGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAA
GAAAGAGCGAAGAAACAATCACACCGTGGAACTTCGAAGAAG
TCGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAA
TCGACAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGC
CGAAGCACAGCCTGCTGTACGAATACTTCACAGTCTACAACGA
ACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGCC
GGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCT
GCTGTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGCTGAA
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GGAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTCGA
AATCAGCGGAGTCGAAGACAGATTCAACGCAAGCCTGGGAAC
ATACCACGACCTGCTGAAGATCATCAAGGACAAGGACTTCCTG
GACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCTG
ACACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGA
CTGAAGACATACGCACACCTGTTCGACGACAAGGTCATGAAG
CAGCTGAAGAGAAGAAGATACACAGGATGGGGAAGACTOAG
CAGAAAGCTOGATCAACGCGAATCAGAGACAAGCAGAGCGGAA
AGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGCAAACA
GAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAA
GGAAGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACA
GCCYGCACGAACACATCGCAAACCTOGCAGGAAGCCCGGCAA
TCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAAC
TGGTCAAGGTCATGGGAAGACACAAGCCGGAAAACATCGTCA
TCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAG
AAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAAT
CAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCGA
AAACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCY
GCA2AACGCGAAGAGACATGTACGTCCACCAGGAACTGGACAT
CAACAGACTGAGCGACTACGACGTCGACCACATCOTCCCGCA
GAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGAC
AAGAAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGA
GCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGAGACAGC
TGCTGAACGCAAAGCTGATCACACAGAGAAAGTTCGACAACC
TGACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAG
GCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATC
ACAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACA
AAGTACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGGTC
ATCACACTGAAGAGCAAGCTGOTCAGCGACTTCAGALAGGAC
TTCCAGTTCTACAAGGTCAGAGAAATCAACAACTACCACCACG
CACACGACGCATACCTGAACGCAGTCGTCGGAACAGCACTGA
TCAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTCTACGGAG
ACTACAAGGTCTACCGACGTCAGAAAGATCATCGCAAAGAGCG
AACAGGAAATCGGAAAGGCAACAGCAAAGTACTICTICTACA
GCAACATCATGAACTICTICAAGACAGAAATCACACTGGCAA
ACGGAGAAATCAGAAAGAGACCGCTGATCGAAACAAACGGA
GAAACAGGAGAAATCOTCTGGOACAAGGGAAGAGACTTCGCA
ACAGTCAGAAAGOTCCTGAGCATGCCGCAGGTCAACATCGTC
AAGAAGACAGAAGTCCAGACAGCAGGATTCAGCAAGGAAAG
CATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAA
GAAGGACTGGGACCCGAAGAAGTACGCAGGATTCGACAGCCC
GACAGTCGCATACAGCGTCCTGATCGTCGCAAAGGTCGAAAA
GGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGE
GAATCACAATCATGGAAAGAAGCAGCTICGAAAAGAACCCGA
TCOACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAGAAGG
ACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCGAACTGGA
AAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGC
AGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTCAACT
TCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCT
CGGAAGACAACGAACAGAAGCAGCTGTTCGTCGAACAGCACA
AGCACTACCTGGACGAAATCATCGAACAGATCAGCGAATTCA
GCAAGAGAGTCATCCTGOCAGACGCAAACCTGGACAAGCTCC
TGAGCGCATACAACAAGCACAGAGACAAGCCGATCAGAGAAC
AGGCAGAAAACATCATCCACCTGTTCACACTGACAAACCTGG
GAGCACCOGCAGCATTCAAGTACTTCGACACAACAATCCGACA
GAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCAACAC
TGATCCACCAGAGCATCACAGCACTGTACGAAACAAGAATCG
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ACCTGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAG
AAGAAGAGAAAGGTCTAGCTAGCCATCACATTITAAAAGCATC
TCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAAT
AGCTTATTCATCTCTITITCTITTITTCGTTGGTGTAAAGCCAACA
CCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTT
TCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTCGAG

Casd ORF ATGGACAAGAAGTACAGCATCGGCCTGGACATCGGCACCAAL 52
with AGCGTGGGCTGGGCCGTCATCACCCACGAGTACAAGGTGCCC
minimal AGCAAGAAGTTCAAGGTGCTGGOCAACACCGACAGACACAGC
wridine ATCAAGAAGAACCTGATCOOCOCCCTGCTGTICGACAGCGGE
codons GAGACCGCCOAGGCCACCAGACTGAAGAGAACCGCCAGAAGA
frequently AGATACACCAGAAGAAAGAACAGAATCTGCTACCTGCAGGAG
used in ATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTICTICT
humags is ACAGACTGGAGGAGAGCTTCCTGGTGGAGGAGGACAAGAAGC
general; ACGAGAGACACCCCATCTTCGGCAACATCOTGGACGAGGTGG
1275% U CCTACCACGAGAAGYACCCCACCATCTACCACCTGAGAAAGA
content AGCTOGTGGACAGCACCGACAAGGCCGACCTGAGACTGATCT

ACCTGGCCCTGGCCCACATGATCAAGTTCAGAGGCCACTTCCT
GATCGAGGGCCGACCTGAACCCCGACAACAGCGACGTGGACAA
GCTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAG
GAGAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATC
CTGAGCGCCAGACTGAGCAAGAGCAGAAGACTGGAGAACCTG
ATCGCCCAGCTGCCCGGCGAGAAGAAGAACGGCCTGTICGGT
AACCTGATCGCCCTGAGCCTGGGCCTGACCCOCAACTTCAAGA
GCAACTTCGACCTGGCCGAGGACGCCAAGCTGCAGCTGAGCA
AGGACACCTACGACGACGACCTGGACAACCTGCTGGLCCAGA
TCGGCGACCAGTACGCCOGACCTGTTCCTGGCCGCCAAGAACCT
GAGCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACAC
CGAGATCACCAAGGCCCCCCTGAGCGCCAGCATGATCAAGAG
ATACGACGAGCACCACCAGGACCTGACCCTGCTGAAGGCCCT
GOTGAGACAGCAGCTGCCCGAGAAGTACAAGGAGATCTTCTT
CGACCAGAGCAAGAACGGCTACGCCGGCTACATCGACGHLGE
CGCCAGCCAGGAGGAGTTCTACAAGTTICATCAAGCCCATLCTG
GAGAAGATGGACGOCACCGAGGAGCTGCTGGTGAAGCTGAAC
AGAGAGGACCTGCTGAGAAAGCAGAGAACCTTCGACAACGGC
AGCATCCCCCACCAGATCCACCTGLGLGAGCIGLACGLCATCC
TGAGAAGACAGGAGGACTICTACCCCTTICCTGAAGLACAACA
GAGAGAAGATCGAGAAGATCCTGACCTTCAGAATCCCCTACT
ACGTGGGCCCCCTGGCCAGAGGCAACAGCAGATTCGCCTGGA
TGACCAGAAAGAGCGAGGAGACCATCACCCCCTGGAALCTTICG
AGGAGGTGGTGGACAAGGGCGCCAGCGCCCAGAGCTTCATCG
AGAGAATGACCAACTTCGCACAAGAACCTGLECCAACGAGAAGT
TGCTGCCCAAGCACAGCCTCCTCTACCAGTACTTCACCGTGTA
CAACGAGCTGACCAAGGTGAAGTACGTGACCGAGGGCATGAG
AAAGCCCGCCTTCCTGAGCGGCGAGCAGAAGAAGGCCATCGT
GGACCTGCTGTTCAAGACCAACAGAAAGGTGACCGTGAAGCA
GCTGAAGGAGGACTACTTCAAGAAGATCGAGTGCTICGACAG
CGTGCAGATCAGCGGCGTGGAGGACAGATTCAACGCCAGCCT
GGGCACCTACCACGACCTGCTGAAGATCATCAAGGACAAGGA
CTTCCTGGACAACGAGGAGAACGAGGACATCCTGGAGGACAT
CGTGCTGACCCTGACCCTGTTICGAGGACAGAGAGATGATCGA
GGAGAGACTGAAGACCTACGCCCACCTGTTCGACGACAAGGT
GATGAAGCAGCTGAAGAGAAGAAGATACACCGGCTGGGGCAG
ACTCGAGCAGAAAGCTGATCAACGOCATCAGAGACAAGCAGAG
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CGGCAAGACCATCCTGGACTTCCTGAAGAGCGACGGCTTCGLC
AACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCT
TCAAGGAGGACATCCAGAAGGCCCAGGTGAGCGGCCAGGGCG
ACAGCCTGCACGAGCACATCGCCAACCTGOCCGGCAGCCCLG
CCATCAAGAAGGGCATCCTGCAGACCGTGAAGGTGGTGGALCG
AGCTGGTGAAGGTGATGGGCAGACACAAGCCCGAGAACATCG
TGATCGAGATGGCCAGAGAGAACCAGACCACCCAGAAGOGCC
AGAAGAACAGCAGAGAGAGAATGAAGAGAATCGAGGAGOGC
ATCAAGGAGCTGGGCAGCCAGATCCTGAAGGAGCACCCCGTG
GAGAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTAC
CTGCAGAACGGCAGAGACATGTACGTGGACCAGGAGCTGGAC
ATCAACAGACTGAGCGACTACCACGTGGALCACATCGTGLCC
CAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTGCTG
ACCAGAAGCGACAAGAACACAGGCAAGAGCGACAACGTSCC
CAGCGAGGAGGTGGTGAAGAAGATGAAGAACTACTGGAGACA
GCTGCTGAACGCCAAGCTGATCACCCAGAGAAAGTICGACAA
CCTGACCAAGGCCGAGAGAGGCOGCCTGAGCGAGCTGGACAA
GGCCGGCTTCATCAAGAGACAGCTGOGTGOAGACCAGACAGAT
CACCAAGCACGTGGCCCAGATCLTGCACAGCAGAATGAACAC
CAAGTACGACGAGAACGACAAGCTGATCAGAGAGGTGAAGGT
GATCACCCTGAAGAGCAAGCTGGTGAGCGACTTCAGAAAGGA
CTTCCAGTTCTACAAGGTGAGAGAGATCAACAACTACCACCAC
GCCCACGACGCCTACCTGAACGCCGTGGTGGGCACCGCCLTGA
TCAAGAAGTACCCCAAGCTGGAGAGCGAGTTICGTGTACGGCG
ACTACAAGGTGTACGACGTGAGAAAGATGATCGCCAAGAGCG
AGCAGGAGATCGGCAAGGCCACCGCCAAGTACTTCTTCTACA
GCAACATCATGAACTTCTTCAAGACCGAGATCACCCTGGCCAA
CGGCGAGATCAGAAAGAGACCCCTGATCGAGACCAACGGCGA
GACCGGCCGAGATCGTGTGGGACAAGGGCAGAGACTTCGCCAC
CGTGAGAAAGGTGCTGAGCATGCCCCAGOTGAACATCGTGAA
GAAGACCGAGGTGCAGACCGGCGGCTTCAGCAAGGAGAGCAT
CCTGCCCAAGAGAAACAGCGACAAGCTGATCGCCAGAAAGAA
GGACTGGCACCCCAAGAAGTACGGCGGCTTCGACAGCCCCAC
CGTGGCCTACAGCGTGCYGGTGGTGGCCAAGOTGGAGAALGE
CAAGAGCAAGAAGCTGAAGAGCGTGAAGGAGCTGCTGGGCAT
CACCATCATGGAGAGAAGCAGCTTCGAGAAGAACCCCATCGA
CTTCCTGGAGGCCAAGGGCTACAAGGAGGTGAAGAAGGACCT
GATCATCAAGCTGCCCAAGTACAGCCTGTTCOAGCTGGAGAAC
GGCAGAAAGAGAATGCTGGCCAGCGCCGGCGAGCTGCAGAADL
GGCAACGAGCTGGCCCTGCCCAGCAAGTACGTGAACTTCCTGT
ACCTGGCCAGLCACTACGAGAAGCTGAAGGGCAGLCCCGAGE
ACAACGAGCAGAAGCAGCTGTTCGTGGAGCAGCACAAGCACT
ACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCAGCAAGA
GAGYGATCCTGGCCGACGCCAACCTGGACAAGGTGCTOAGCG
CCTACAACAAGCACAGAGACAAGCCCATCAGAGAGCAGGLCG
AGAACATCATCCACCTGTTCACCCTGACCAACCTGGGCGCCCC
CGCCGCCTTCAAGTACTTCGACACCACCATCGACAGAAAGAG
ATACACCAGCACCAAGGAGGTGCTGGACGCCACCCTGATCCA
CCAGAGCATCACCGGCCTGTACGAGACCAGAATCGACCTGAG
CCAGCTGGGCGGCGACGGCGGCGGCAGCCCCAAGAAGAAGAG

AAAGGTGTGA
Cas9 GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTIGTTCGTGTGT 33
transcript GTGTCOGTTGCAGGCCTTATTCGGATCCGCCACCATGGACAAGA

with §* UTR AGTACAGCATCGGCCTGOACATCGGCACCAACAGCGTGGOCT
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of HSD, GGGCCOTCGATCACCGACGAGTACAAGGTGLCCAGCAAGAAGT
ORF TCAAGGTGCTGGGCAACACCGACAGACACAGCATCAAGAAGA
correspondi ACCTGATCGGCGCCCTGCTGTTCGACAGCGGLCGAGACCGCCGA
ng to SEQ GGCCACCAGACTGAAGAGAACCGCCAGAAGAAGATACACCAG
D NO: 52, AAGAAAGAACAGAATCTGCTACCTGCAGGAGATCTTCAGCAA
Kozak CGAGATGGCCAAGGTGGACGACAGCTTICTTCCACAGACTGGA
sequence, GGAGAGCTTCCTGOTGGAGGAGGACAAGAAGCACGAGAGACA
and 3’ UTR CCCCATCTTCGGCAACATCOTGGACGAGCTGGCCTACCACGAG
of ALE AAGTACCCCACCATCTACCACCTGAGAAAGAAGCTGGTGGAC

AGCACCGACAAGGCCGACCTGAGACTGATCTACCTGGLCCCTG
GCCCACATGATCAAGTTCAGAGGCCACTICCTGATCGAGGGCG
ACCYGAACCCCGACAACAGCGALGTGGACAAGCTGTTICATCC
AGCTGOTGCAGACCTACAACCAGCTGTICGAGGAGAACCCTA
TCAACGCCAGCGGLGTGGALGCCAAGGCCATCCTGAGLGCCA
GACTGAGCAAGAGCAGAAGACTCGAGAACCTGATCGCCLAGL
TGCCCGGCGAGAAGAAGAACGGCCTGTTCGGCAACCTHBATCG
CCCTGAGCCTGGGCCTGACCCCCAACTTICAAGAGCAACTICGA
CCTGGCCGAGGACGCCAAGCTGCCAGCYGAGCAAGGACACCTA
CGACGACGACCTGGACAACCTGCTGGCCCAGATOGGLGALCA
GTACGCCOACCTOTTCCTGGCCGCCAAGAACCTGAGCGACGCC
ATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACC
AAGGCCCCCCTGAGCGCCAGCATGATCAAGAGATACGACGAG
CACCACCAGGACCTGACCCTGCTGAAGGCCCTGGTGAGACAG
CAGCTGCCCGAGAAGTACAAGGAGATCTTCTICGACCAGAGC
AAGAACGGCTACGCCGGCTACATCGACGGCGGCGCCAGCCAG
GAGGAGTTCTACAAGTTCATCAAGCCCATCCTGGAGAAGATG
GACGGCACCGAGGAGCTGCTGGTGAAGCTGAACAGAGAGGAC
CTGCTGAGAAAGCAGAGAACCTTCGACAACGGCAGCATCCCT
CACCAGATCCACCTGGGCCAGCTGCACGCCATCCTGAGAAGA
CAGGAGGACTTCTACCCCTTCCTGAAGGACAACAGAGAGAAG
ATCGAGAAGATCCTGACCTTCAGAATCCCCTACTACGTGGGCC
CCCTGGCCAGAGGCAACAGCAGATTCGCCTGGATGACCAGAA
AGAGCGAGCAGACCATCACCCCCTCGAACTTCGAGGAGGTGG
TGGACAAGGGCGCCAGUGCCCAGAGCTTICATCGAGAGAATGA
CCAACTTCGACAAGAACCTGCCCAACGAGAAGGTGCTGLCCA
AGCACAGCCTGCTGTACGAGTACTTCACCGTOTACAACGAGCT
GACCAAGGTOGAAGTACGTGACCGAGGGCATGAGAAAGCCCGC
CTTCCTGAGCGGCGAGCAGAAGAAGGLCATCGTGGACCTGCT
GTTCAAGACCAACAGAAAGGYGACCGTGAAGCAGCTGAAGGA
GGACTACTTCAAGAAGATCGAGTGCTTCGACAGCGTGGAGAT
CAGCGGCCTGGAGGACAGATTICAACGCCAGCCTGGGCACCTA
CCACGACCTGCTGAAGATCATCAAGGACAAGGACTTCCTGGA
CAACGAGGAGAACGAGGACATCCTGGAGGACATCGTGCTGAC
CCYGACCCTGTTCGAGGACAGAGAGATGATCOAGGAGAGALT
GAAGACCTACGCCCACCTOTTCGACGACAAGGTGATGAAGCA
GCTGAAGAGAAGAAGATACACCGGCTGGGGCAGACTGAGCAG
AAAGCTGATCAACGGCATCAGAGACAAGCAGAGCGGCAAGAC
CATCCTGGACTTCCTGAAGAGCGACGGCTTCGCCAACAGAAAL
TTCATGCAGCTGATCCACGACGACAGCCTGACCTTCAAGGAGEG
ACATCCAGAAGGCCCAGGTGAGCGGCCAGGGCGACAGCCTGC
ACGAGCACATCGCCAACCTGGCCGGCAGCCCCGCCATCAAGA
AGGGCATCCTGCAGACCGTCAAGOTGGTGGACGAGCTGGTOA
AGGTGATGGGCAGACACAAGCCCGAGAACATCGTGATCGAGA
TGGCCAGAGAGAACCAGACCACCCAGAAGGGCCAGAAGAAC
AGCAGAGAGAGAATCGAAGAGAATCGAGGAGGGCATCAAGGA
GCTGOGCAGCCAGATCCTGAAGGAGCACCCCGTGOAGAACAL
CCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAA
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CGGCAGAGACATGTACGTGGACCAGGAGCTGGACATCAACAG
ACTGAGCGACTACGACGTGGACCACATCGTGCCCCAGAGCTTC
CTGAAGGACGACAGCATCGACAACAAGGTGCTGACCAGAAGC
GACAAGAACAGAGGCAAGAGCGACAACGTGCCCAGCGAGGA
GGTGGTGAAGAAGATGAAGAACTACTGGAGACAGCTGCTGAA
CGCCAAGCTGATCACCCAGAGAAAGTTCGACAACCTGACCAA
GGCCGAGAGAGGCGGCCTGAGCGAGCTGOACAAGGCCGGCTT
CATCAAGAGACAGCTGGTGGAGACCAGACAGATCACCAAGCA
CGTGGCCCAGATCCTGGACAGCAGAATGAACACCAAGTACGA
CGAGAACGACAAGCTGATCAGAGAGGTGAAGGTGATCACCCT
GAAGAGCAAGCTGGTGAGCGACTICAGAAAGGACTTCCAGTT
CTACAAGGTGAGAGAGATCAACAACTACCACCACGCCCACGA
CGCCTACCTGAACGCCGTGGTGGGCACCGCCCTGATCAAGAA
GTACCCCAAGCTGGAGAGCGAGTICGTGTACGGCGACTACAA
GGTGTACGACGTGAGAAAGATGATCGCCAAGAGCGAGCAGGA
GATCGGCAAGGCCACCGCCAAGTACTICTTCTACAGCAACATC
ATGAACTTCTTCAAGACCGAGATCACCCTGGCCAACGGCGAG
ATCAGAAAGAGACCCCTCATCOCAGACCAACGGCGAGALCCGSC
GAGATCGTGTGGUACAAGGGCAGAGACTICOCCACCGTGAGA
AAGGTGCTGAGCATGCCCCAGGTGAACATCGTGAAGAAGACC
GAGGTGCAGACCGGCGGCTTCAGCAAGGAGAGCATCCTGCCC
AAGAGAAACAGCOACAAGCTGATCGCLAGAAAGAAGGALTG
GGACCCCAAGAAGTACGGCGGCTTCGACAGCCCCACCGTGGC
CTACAGCGTGCTGGTGGTGGCCAAGGTGGAGAAGGGCAAGAG
CAAGAAGCTGAAGAGCGTGAAGGAGCTGCTGGGCATCACCAT
CATGGAGAGAAGCAGCTTICGAGAAGAACCCCATCGACTTCCT
GGAGGCCAAGGGCTACAAGGAGGTGAAGAAGGACCTGATCAT
CAAGCTGCCCAAGTACAGCCTGTTCGAGCTGGAGAACGGCAG
AAAGAGAATGCTGGCCAGCGCCGGCGAGCTGCAGAAGGGCAA
CGAGCTGGCCCTGCCCAGCAAGTACGTGAACTTCCTGTACCTG
GCCAGCCACTACGAGAAGCTGAAGGGCAGCCCCGAGGACAAL
GAGCAGAAGCAGCTGTTCGTGGAGCAGCACAAGCACTACCTG
GACGAGATCATCGAGCAGATCAGCCGAGTTCAGCAAGAGAGTG
ATCCTGGCCGACGCCAACCTGGACAAGGTGCTGAGCGCCTAL
AACAAGCACAGAGACAAGCCCATCAGAGAGCAGGCCGAGAA
CATCATCCACCTGTTICACCCTGACCAACCTGOGCGCCCCCGCT
GCCTTCAAGTACTTCGACACCACCATCGACAGAAAGAGATAC
ACCAGCACCAAGGAGOTGCTGGACGCCACCCTGATCCACCAG
AGCATCACCGGCCTGTACGAGACCAGAATCGACCTGAGCCAG
CTGGGCGGCGACGGCGGCGGCAGCCCCAAGAAGAAGAGAAA
GGTGTGACTAGCCATCACATTTAAAAGCATCTCAGCCTACCAT
GAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATC
TCTTTTTCTTITICGTTGGTGTAAAGCCAACACCCTGTCTAAAA
AACATAAATTTCTTTAATCATTTIGCCTICTTITCICTGTGCTTCA
ATTAATAAAAAATGGAAAGAACCTCGAG

Cas9 ORF ATGGACAAAAAATACAGCATAGGGCTAGACATAGGGACGAAC 54
with AGCGTAGGGTGGGC GGTAATAACGGACGAATACAAAGTACCG
minimal AGCAAAAAATTCAAAGTACTAGGGAACACGGACCGACACAGC
uridine ATAAAAAAAAACCTAATAGGGGCGCTACTATTCGACAGCGGG
codons GAAACGGCGHAAGCGACGCGACTAAAACGAACGGCGCRALCG
infrequently ACGATACACGCGACGAAAAAACCGAATATGCTACCTACAAGA
used in AATATTCAGCAACGAAATGGCGAAAGTAGACGACAGCTTICTT
humans in CCACCGACTAGAAGAAAGCTICCTAGTAGAAGAAGACAAAAA

general; ACACGAACGACACCCGATATTICGOGAACATAGTAGACGAAGT




WO 2019/067992 PCT/US2018/053559

1680
12.75% ¢ AGCGTACCACGAAAAATACCCGACGATATACCACCTACGAAA
content AAAACTAGTAGACAGCACGGACAAAGCGGACCTACGACTAAT

ATACCTAGCGCTAGCGCACATGATAAAATTCCGAGGGCACTTC
CTAATAGAAGGGGACCTAAACCCGGACAACAGCGACGTAGAC
AAACTATTCATACAACTAGTACAAACGTACAACCAACTATICG
AAGAAAACCCGATAAACGCGAGCGGGGTAGACGCGAAAGCS
ATACTAAGCGCGCGACTAAGCAAAAGCCGACGACTAGAAAAC
CTAATAGCGCAACTACCGGGGGAAAALAMAAACGGGCTATTC
GGGAACCTAATAGCGCTAAGCCTAGGGCTAACGCCGAACTTC
AAAAGCAACTTCGACCTAGCGGAAGACGCGAAACTACAACTA
AGCAAAGACACGTACGACGACGACCTAGACAACCTACTAGCG
CAAATAGGGGACCAATACGCGOGACCTATTCCTAGCGGCGAAA
AACCTAAGCGACGCGATACTACTAAGCGACATACTACGAGTA
AACACGGAAATAACGAAAGCGCCGCTAAGCGCGAGCATGATA
AAACGATACGACGAACACCACCAAGACCTAACGCTACTAAAA
GCGCTAGTACGACAACAACTACCGOAAAAATACAAAGAAATA
TTCTTCGACCAAAGCAAAAACGGGTACGCGGGHTACATAGAC
GGGGGGGCGAGCCAAGAAGAATTICTACAAATTICATAAAACCG
ATACTAGAAAAAATGCACGGGACGGAAGAACTACTAGTAAAA
CTAAACCGAGAAGACCTACTACGAAAACAACGAACGTTCGAC
AACGGGAGCATACCGCACCAAATACACCTAGGGGAACTACAC
GCGATACTACGACGACAAGAACGACTTICTACCCGTTCCTAAAAG
ACAACCGAGAAAAAATAGAAAAAATACTAACGTTCCGAATAC
CGTACTACGTAGGGCCGCTAGCGCGAGGGAACAGCCGATTICG
CGTGGATGACGCGAAAAAGCGAAGAAACGATAACGCCGTGGA
ACTTCGAAGAAGTAGTAGACAAAGGGGCGAGCGCGCAAAGCT
TCATAGAACGAATGACGAACTTCGACAAAAACCTACCGAACG
AAAAAGTACTACCGAAACACAGCCTACTATACGAATACTTCAC
GGTATACAACGAACTAACGAAAGTAALATACGTAACGGAAGG
GATGCGAAAACCGGCGTTCCTAAGCGOGGAACAAAAAAAAGC
GATAGTAGACCTACTATTCAAAACGAACCGAAAAGTAACGGT
AAAACAACTAAAAGAAGACTACTTCAAAAAAATAGAATGCTT
CGACAGCCTAGAAATAAGCGGGGTAGAAGACCGATTCAACGC
GAGCCTAGGGACGTACCACGACCTACTAAAAATAATAAAAGA
CAAAGACTTCCTAGACAACGAAGAAAACGAAGACATACTAGA
AGACATAGTACTAACGCTAACGCTATTCCAAGACCGAGAAAT
GATAGAAGAACGACTAAAAACGTACGCGCACCTATTICGACGA
CAAAGTAATGAAACAACTAAAACCACGACGATACACGGGGTG
GGGGCGACTAAGCCGAAAACTAATAAACGGGATACGAGACAA
ACAAAGCGGGOAAAACCGATACTAGACTTCCTAAAAAGCGACGG
GTTCGCGAACCGAAACTTCATGCAACTAATACACGACGACAG
CCTAACGTTCAAAGAAGACATACAAAAAGCGCAAGTAAGCGG
GCAAGGGGACAGCCTACACGAACACATAGCGAACCTAGCGGG
GAGCCCGGCGATAAAAAAAGGGATACTACAAACGOTAAAAGT
AGTAGACGAACTAGTAAAAGTAATGGGGCGACACAAACCGGA
AAACATAGTAATAGAAATGGCGCGAGAAAACCAAACGACGCA
AAAAGGGCAAAAAAACAGCCGAGAACGAATGAAACGAATAG
AAGAAGGGATAAAAGAACTAGGGAGCCAAATACTAAAAGAA
CACCCGGTAGAAAACACGCAACTACAAAACGAAAAACTATALC
CTATACTACCTACAAAACGGGCGAGACATGTACGTAGACCAA
GAACTAGACATAAACCGACTAAGCGACTACGACGTAGACCAC
ATAQTACCGCAAAGCTTCCTAAAAGACGACAGCATAGACAAC
AAAGTACTAACGCGAAGCGACAAAAACCGAGGGAAAAGCGA
CAACGTACCGAGCGAAGAAGTAGTAAAAAAAATGAAAAACTA
CTGGCGACAACTACTAAACGCGAAACTAATAACGCAACGAAA
ATTCGACAACCTAACGAAAGCGGAACGAGGOGGGCTAAGCGA
ACTAGACAAAGCGGGOTICATAAAACGACAACTAGTAGAAAC
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GCGACAAATAACGAAACACGTAGLGCAAATACTAGACAGCCG
AATGAACACGAAATACGACGAAAACGACAAACTAATACGAGA
AGTAAAAGTAATAACGCTAAAAAGCAAACTAGTAAGCGACTT
CCGAAAAGACTTCCAATTCTACAAAGTACGAGAAATAAACAA
CTACCACCACGCGCACGACGCOTACCTAAACGUGGTAGTAGG
GACGGCGCTAATAAAAAAATACCCGAAACTAGAAAGCGAATT
CGTATACGGGGACTACAAAGTATACGACGTACGAAAAATGAT
AGCGAAAAGCGAACAAGAAATAGGGAAAGCGACGGCGAAAT
ACTTCTTCTACAGCAACATAATGAACTICTTCAAAACGGAAAT
AACGCTAGCGAACGGGGAAATACGAAAACGACCGCTAATAGA
AACGAACGGGGAAACGOGGGAAATAGTATGGGACAAAGGGC
GAGACTTCGCGACGGTACGAAAAGTACTAAGCATGCCHCAAG
TAAACATAGTAAAAAAAACGGAAGTACAAACGGHGOGGGTICA
GCAAAGAAAGCATACTACCCAAACGAAACAGCGACAAACTAA
TAGCGCGAAAAAAAGACTGGGACCCGAAAAAATACGGGOGET
TCGACAGCCCGACGGTAGCGTACAGCGTACTAGTAGTAGCGA
AAGTAGAAAAAGGGAAAAGCAAAAAACTAAAAAGCGTAAAA
GAACTACTAGGGATAACGATAATGGAACGAAGCAGCTTCGAA
AAAAACCCGATAGACTTCCTAGAAGCGAAAGGGTACAAAGAA
GTAAAAAAAGACCTAATAATAAAACTACCGAAATACAGCCTA
TTCGAACTAGAAAACGGGCGAAAACGAATGCTAGCGAGLGCG
GGGGAACTACAAAAAGGGAACCGAACTAGCGLTACCOAGCAAA
TACGTAAACTTCCTATACCTAGCGAGCCACTACGAAAAACTAA
AAGGGAGCCCGGAAGACAACGAACAAAAACAACTATICGTAG
AACAACACAAACACTACCTAGACGAAATAATAGAACAAATAA
GCGAATTCAGCAAACGAGTAATACTAGCGGACGCGAACCTAG
ACAAAGTACTAAGCGCGTACAACAAACACCGAGACAAACCGA
TACGAGAACAAGCGGAAAACATAATACACCTATTCACGCTAA
CGAACCTAGGGGCGCCGGCGGCGTTCAAATACTICGACACGA
CGATAGACCGAAAACGATACACGAGCACGAAAGAAGTACTAG
ACGCGACGCTAATACACCAAAGCATAACGGGGCTATACGAAA
CGCGAATAGACCTAAGCCAACTAGGGGGGGACGGGGGGGGG
AGCCCGAAAAAAAAACGAAAACTATGA

Cas? GGGTCCCOCAGTCGOCGTCCAGCGGCTCTGCTIGTTCGTGTGT 35
transcript GTGTCGTTGCAGGCCTTATTCGGATCCGCCACCATGGACAAAA
with 3° UTR AATACAGCATAGGGCTACGACATAGGUACGAACAGCGTAGGGT
of HSD, GGGCOGYAATAACGGACGAATACAAAGTACCGAGLAAAAAAT
ORF TCAAAGTACTAGGGAACACGGACCGACACAGCATAAAAAAAA
correspondi ACCTAATAGGGGCGCTACTATTCGACAGCGGGGAAALGGLGG
ng to SEQ AAGCGACGCGACTAAAACGAACGGCGCGACGACGATACACGE
ID NO»: 34, GACGAAAAAACCGAATATGCTACCTACAAGAAATATTCAGCA
Kozak ACGAAATGGCGAAAGTAGACGACAGCTICTICCACCGACTAG
sequence, AAGAAAGCYTCCTAGTAGAAGAAGACAAAAAACACGAACGAC
and 3’ UTR ACCCGATATTCGGGAACATAGTAGACGAAGTAGCGTACCACG
of ALB AAAAATACCCGACGATATACCACCTACGAAAAAAACTAGTAG

ACAGCACGGACAAAGCGGACCTACGACTAATATACCTAGCGC
TAGCGCACATGATAAAATTCCGAGGGCACTICCTAATAGAAG
GGGACCTAAACCCGGACAACAGCGACGTAGACAAACTATTCA
TACAACTAGTACAAACGTACAACCAACTATTICGAAGAAAACC
CGATAAACGCGAGCGGGGTAGACGCGAAAGCGATACTAAGCG
CGCGACTAAGCAAAAGCCGACGACTAGAAAACCTAATAGCGC
AACTACCGGGGGAAAAAAAAAACGGGCTATICGGGAACCTAA
TAGCGCTAAGCCTAGGGCTAACGCCGAACTTCAAAAGCAACTT
CGACCTAGCGGAAGACGCGAAACTACAACTAAGCAAAGACAC




WO 2019/067992 PCT/US2018/053559

GTACGACGACGACCTAGACAACCTACTAGCGCAAATAGGGGA
CCAATACGCGGACCTATICCTAGCGGCGAAAAACCTAAGCGA
CGCGATACTACTAAGCGACATACTACGAGTAAACACGGAAAT
AACGAAAGCGCCGCTAAGCGCGAGCATGATAAAACGATACGA
CGAACACCACCAAGACCTAACGCTACTAAAAGCGCTAGTACG
ACAACAACTACCGGAAAAATACAAAGAAATATTICTTCGACCA
AAGCAAAAACGGGTACGCGGGGTACATAGACGGOGGGGCGA
GCCAAGAAGAATTCTACAAATTCATAAAACCGATACTAGAAA
AAATGGACGGCACGGAAGAACTACTAGTAAAACTAAACCGAG
AAGACCTACTACGAAAACAACGAACGTTCGACAACGGGAGCA
TACCGCACCAAATACACCTAGGGOGAACTACACGCGATACTAC
GACGACAAGAAGACTTCTACCCGTTCCTAAAAGACAACCOAG
AAAAAATAGAAAAAATACTAACGTTCCGAATACCOTACTALG
TAGGGCCGCTAGCGCGAGGGAACAGCCGATTCGLGTGGATEA
CGCGAAAAAGCGAAGAAACCATAACGCCGTGGAACTICGAAG
AAGTAGTAGACAAAGGGGCGAGCGLGCAAAGCTTCATAGAAC
GAATGACGAACTTCGACAAAAACCTACCGAACGAAAAAGTAC
TACCGAAACACAGCCTACTATACGAATACTTICACGOTATACAA
CGAACTAACGAAAGTAAAATACGTAACGGAAGGGATGCGAAA
ACCGGCGTTCCTAAGCGGOGAACAAAAAAAAGCGATAGTAGA
CCTACTATTCAAAACGAACCGAAAAGTAACGGTAAAACAACT
AAAAGAAGACTACTTCAAAAAAATAGAATGCTICGACAGLGT
AGAAATAAGCGGGGTAGAAGACCGATTCAACGCGAGCLTAGEG
GACGTACCACGACCTACTAAAAATAATAAAAGACAAAGACTT
CCTAGACAACGAAGAAAACGAAGACATACTAGAAGACATAGT
ACTAACGCTAACGCTATTCGAAGACCGAGAAATGATAGAAGA
ACGACTAAAAACGTACGCGCACCTATTCGACGACAAAGTAAT
GAAACAACTAAAACGACGACGATACACGGGGTGGGGGCGACT
AAGCCGAAAACTAATAAACGGGATACGAGACAAACAAAGCG
GGAAAACGATACTAGACTTCCTAAAAAGCGACGGGTTCGLGA
ACCGAAACTTCATGCAACTAATACACGACGACAGCCTAACGTT
CAAAGAAGACATACAAAAAGCGCAAGTAAGCGGGCAAGGGG
ACAGCCTACACGAACACATAGCGAACCTAGCGGGGAGCCCGE
CGATAAAAAAAGGGATACTACAAACGGTAAAAGTAGTAGACG
AACTAGTAAAAGTAATGGGGCGACACAAACCGGAAAACATAG
TAATAGAAATGGCGCGAGAAAACCAAACGACGCAAAAAGGG
CAAAAAAACAGCCGAGAACGAATGAAAMCGAATAGAAGAAGG
GATAAAAGAACTAGGGAGCCAAATACTAAAAGAACACCCGOT
AGAAAACACGCAACTACAAAACGAAAAACTATACCTATACTA
CCTACAAAACGGGCGAGACATGTACGTAGACCAAGAACTAGA
CATAAACCGACTAAGCGACTACGACGTAGACCACATAGTACC
GCAAAGCTTCCTAAAAGACGACAGCATAGACAACAAAGTALT
AACGCGAAGCGACAAAAACCGAGGUGAAAAGCGACAACGTAC
CGAGCGAAGAAGTAGTAAAAAAAATGAAAAACTACTGGCGAC
AACTACTAAACGCGAAACTAATAACGCAACGAAAATICGACA
ACCTAACGAAAGCGGAACGAGGGGGGCTAAGCGAACTAGACA
AAGCGGGGTTCATAAAACGACAACTAGTAGAAACGCGACAAA
TAACGAAACACGTAGCGCAAATACTAGACAGCCGAATGAACA
CGAAATACGACGAAAACGACAAACTAATACGAGAAGTAAAAG
TAATAACGCTAAAAAGCAAACTAGTAAGCGACTTCCGAAAAG
ACTTCCAATTCTACAAAGTACGAGAAATAAACAACTACCACCA
CGCOCACGACGCGTACCTAAACGCOGTAGTAGGGACGGCOLT
AATAAAAAAATACCCGAAACTAGAAAGCGAATTCGTATACGG
GGACTACAAAGTATACGACGTACGAAAAATGATAGCGAAAAG
CGAACAAGAAATAGGCGAAAGCGACGOCGAMATACTTICTICTA
CAGCAACATAATGAACTTCTTCAAAACGGAAATAACGCTAGC
GAACGGGGCAAATACGAAAACGACCGCTAATAGAAACGAACG
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GGUAAACGGGGGAAATAGTATGGGACAAAGGGCGAGALCTTCG
CGACGGTACGAAAAGTACTAAGCATGCCGCAAGTAAACATAG
TAAAAAAAACGGAAGTACAAACGGGGGGGTICAGCAAAGAA
AGCATACTACCGAAACGAAACAGCGACAAACTAATAGCGCGA
AAAAAAGACTGGGACCCGAAAAAATACGGGGGGTTCGACAGT
CCGACGGTAGCGTACAGCGTACTAGTAGTAGCGAAAGTAGAA
AAAGGGAAAAGCAABAAACTAAAAAGCGTAALMAGAACTACT
AGGGATAACGATAATGGAACGAAGCAGCTTCGAAAAAAACCC
GATAGACTTCCTAGAAGCGAAAGGGTACAAAGAAGTAAAAAA
AGACCTAATAATAAAACTACCGAAATACAGCCTATTCGAACTA
GAAAACGGGCGAAAACGAATGCTAGCGAGCGCGGGGGAACT
ACAAAAAGGGAACGAACTAGCOGCTACCGAGCAAATACGTAAA
CTTCCYATACCTAGCGAGCCACTACGAAAAACTAAAAGGGAG
CCCGGAAGACAACGAACAAAAACAACTATTCGTAGAACAACA
CAAACACTACCTAGACGAAATAATAGAACAAATAAGCGAATT
CAGCAAACGAGTAATACTAGCGGACGCGAACCTAGACAAAGT
ACTAAGCGCGTACAACAAACACCGAGACAAACCGATACGAGA
ACAAGCGGAAAACATAATACACCTATTCACGCTAACGAACCY
AGGGGCGCCGGCOGCOTTCAAATACTTCGACACGACGATAGA
CCCGAAAACGATACACGAGCACGAAAGAAGTACTAGACGCGAC
GCTAATACACCAAAGCATAACGGGGCTATACGAAACGCGAAT
AGACCTAAGCCAACTAGGGOGHGACGHGGGGGGOGALCCCHA
AAAAAAAACGAAAAGTATGACTAGCCATCACATTITAAAAGCA
TCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCA
ATAGCTTATTCATCTCTTTITTICTTITITCGTTIGGTGTAAAGCCAA
CACCCTGTCTAAAAAACATAAATTTCTTTAATCATITTGCCTCT
TTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTCGAG

Cas? AGOGTCCCOCAGTCGGCGTCCAGCOGCTCTGCTIGTTCGTGTGT 56
trasscript GTGTCGTTGCAGGCCTTATTCGGATCCGCCACCATGGACAAGA
with AGG as AGTACAGCATCGGACTGGACATCGGAACAAACAGCGTCGGAT
first three GGGCAGTCATCACAGACGAATACAAGOTCCCGAGCAAGAAGT
nucleotides TCAAGGTCCTGGGAAACACAGACAGACACAGCATCAAGAAGA
for use with ACCTGATCGGAGCACYGCTGTTCGACAGCGGAGAAACAGLAG
CleanCap™, AAGCAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACA
5 UTRof AGAAGAAAGAACAGAATCTGCTACCTGCAGGAAATCTTCAGC
HSD, ORF AACGAAATOGCAAAGGTICCACCGACAGCTICTICCACAGACTG
correspondi GAAGAAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGA
ng to SEQ CACCCGATCTTCGGAAACATCGTCGACGAAGTCGCATACCACG
ID NO: 4, AAAAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCG
Kaozak ACAGCACAGACAAGGCAGACCTGAGACTGATCTACCTGGCAC
sequence, TGGCACACATGATCAACGTTCAGAGGACACTTCCTOGATCGAAGG
aad 3' UTR AGACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTCAT
of ALB CCAGCTGGTCCAGACATACAACCAGCTGTICCGAAGAAAACTC

GATCAACGCAAGCGGAGTCGACGCAAAGGCAATCCTGAGCGC
AAGACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACA
GCTGCCGGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGAT
CGCACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTTC
GACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACA
TACGACGACGACCTGGACAACCTGCTGGCACAGATCGGAGAC
CAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGAC
GCAATCCTGCTGAGCGACATCCTGAGAGTCAACACAGAAATC
ACAAAGGCACCGCTGAGCGCAAGCATGATCAAGAGATACGAC
GAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGA
CAGCAGCTGCCOOAAAAGCTACAAGGALAATCTICTICGACCAG




WO 2019/067992 PCT/US2018/053559

164

AGCAAGAACGUATACGCAGGATACATCGACGGAGGAGCAAGC
CAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAG
ATGGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAA
GACCTGCTGAGAAAGCAGAGAACATTCGACAACGGAAGCATC
CCGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGA
AGACAGGAAGACTTCTACCCGTTCCTGAAGGACAACAGAGAA
AAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCG
GACCGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAA
GAAAGAGCGAAGAAACAATCACACCGTGGAACTTCGAAGAAG
TCGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAA
TGACAAACTTCGACAAGAACCTGCCCAACGAAAAGGTCCTGC
CGAAGCACAGCCTGCTGYACGAATACTTCACAGTCTACAACGA
ACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGCC
GGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCY
GCTGTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGCTGAA
GGAAGACTACTTCAAGAAGATCGAATGCTTCGACALCGTLGA
AATCAGCGGAGTCGAAGACAGATICAACGCAAGCCTGRGAAC
ATACCACGACCTGCTGAAGATCATCAAGGACAAGGALTICCTG
GACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCTG
ACACTCGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGA
CTGAAGACATACGCACACCTGTTCGACGACAAGGTCATGAAG
CAGCTGAAGAGAAGAAGATACACAGOATGGGGAAGACTGAG
CAGAAAGCTGATCAACGGAATCAGAGACAAGCAGAGCGGAA
AGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGCAAACA
GAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATICAA
GGAAGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACA
GCCTGCACGAACACATCGCAAACCTGGCAGGAAGCCCGGCAA
TCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAAC
TGOTCAAGGTCATGGGAAGACACAAGCCGGAAAACATCGTCA
TCCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAG
AAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAAT
CAAGGAACTGGGAAGCCAGATCCTCGAAGGAACACCCGGTCGA
AAACACACAGCTGCAGAACCGAAAAGCTCTACCTGTACTACCT
GCAGAACGGAAGAGACATGTACGTCGACCAGGAACTGGACAT
CAACAGACTGAGCGACTACGACGTCGACCACATCOTCCCGLA
GAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGAC
AAGAAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGA
GCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGAGACAGC
TGCTGAACGCAAAGCTGATCACACAGAGAAAGTTICGACAALC
TGACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAG
GCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATC
ACAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACA
AAGTACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGGTC
ATCACACTGAAGAGCAAGCTGOTCAGCGACTTCAGAAAGGALC
TICCAGTTCTACAAGGTCAGAGAAATCAACAACTACCACCACG
CACACGACGCATACCTGAACGCAGTCGTCGGAACAGCACTGA
TCAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTCTACGGAG
ACTACAAGGTCTACGACGTCAGAAAGATGATCGCAAAGAGCG
AACAGGAAATCGGAAAGGCAACAGCAAAGTACTTICTTCTACA
GCAACATCATGAACTTCTTCAAGACAGAAATCACACTGGCAA
ACGGAGAAATCAGAAAGAGACCGCTGATCGAAACAAACGGA
GAAACAGGAGAAATCGTCTGGOACAAGGGAAGAGACTTCGCA
ACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTC
AAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAAGGAAAG
CATCCTGCCGAAGAGAAACAGCGACAAGCTGATCOCAAGAAA
GAAGGACTGOGACCCGAAGAAGTACGGAGGATTCGACAGCCC
GACAGTCGCATACAGCGTCCTGGTCOTCGCAAAGGTCGAAAA
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GGUOAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGG
GAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGA
TCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAGAAGG
ACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCGAACTGGA
AAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGC
AGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTCAACT
TCCTGTACCTOGCAAGCCACTACGAAAAGCTGAAGGGAAGCC
CGGAAGACAACGAACAGAAGCAGCTGTTCGTCGAACAGCACA
AGCACTACCTGGACGAAATCATCGAACAGATCAGCGAATICA
GCAAGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCC
TGAGCGCATACAACAAGCACAGACACAAGCCGATCAGAGAAC
AGGCAGAAAACATCATCCACCTGTTCACACTOACAAACCTGE
GAGCACCGGCAGCATTCAAGTACTICGACACAACAATCGACA
GAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCAACAL
TGATCCACCAGAGCATCACAGGACTGTACGAAACAAGAATCG
ACCTGAGCCAGCTGGGAGGAGACGUAGGAGGAAGCCCGAAG
AAGAAGAGAAAGGTCTAGCTAGCCATCACATITAAAAGCATC
TCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAAT
AGCTTATTCATCTCTTTITCTTITICGTTGGTGTAAAGCCAACA
CCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTT
TCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTCGAG

Cas? GGGCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCC 57
tramscript ATAGAAGACACCGGGACCGATCCAGCCTCCGOGGCCGGGAAC
with §' UTR GGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACTCACC
from CMVY, GTCCTIGACACGGCCACCATGGACAAGAAGTACAGCATCGGA
ORF CTGGACATCGGAACAAACAGCGTCGGATGGGCAGTCATCACA
correspondi GACGAATACAAGGTCCCGAGCAAGAAGTTCAAGGTCCTGGGA
ng o SEQ AACACAGACAGACACAGCATCAAGAAGAACCTGATCGGAGCA
ID NO: 4, CTGCTGTTCGACAGCGGAGAAACAGCAGAAGCAACAAGACTG
Kozak AAGAGAACAGCAAGAAGAAGATACACAAGAAGAAAGAACAG
sequence, AATCTGCTACCTGCAGGAAATCTTCAGCAACGAAATGGCAAA
and 3' UTR GGTCGACGACAGCTTCTTCCACAGACTGGAAGAAAGCTTCCYG
of ALB GTCGAAGAAGACAAGAAGCACGAAAGACACCCGATCTICGGA

AACATCGTCCACGAAGTCGCATACCACGALAAGTACCCGACA
ATCTACCACCTGAGAAAGAAGCTGGTCOACAGCACAGACAAG
GCAGACCTGAGACTGATCTACCTGGCACTGGCACACATGATCA
AGTTCAGAGGACACYTYCCTGATCOAAGGAGACCTGAACCCGG
ACAACAGCGACGTCGACAAGCTGTTICATCCAGCTGGTCCAGAL
ATACAACCAGCTGTTCGAAGAAAACCCGATCAACGCAAGCGG
AGTCGACGCAAAGGCAATCCTGAGCGCAAGACTGAGCAAGAG
CAGAAGACTGGAAAACCTCGATCGCACAGCTGCCGGGAGAAAA
GAAGAACGGACTGTTCGGAAACCTGATCOCACTGAGCLTOGG
ACTGACACCGAACTTCAAGAGCAACTTICOACCTGGUAGAAGA
CGCAAAGCTGCAGCTGAGCAAGGACACATACGACGACGACCT
GGACAACCTGCTGGCACAGATCGGAGACCAGTACGCAGACCT
GTTCCTGGCAGCAAAGAACCTGAGCGACGCAATCCTGCTGAG
CGACATCCTGAGAGTCAACACAGAAATCACAAAGGCACCGLT
GAGCGCAAGCATGATCAAGAGATACCGACGAACACCACCAGGA
CCTGACACTGCTGAAGGCACTGGTCAGACAGCAGCTGCCGGA
AAAGTACAAGGAAATCTTCTTCCGACCAGAGCAAGAACGGATA
CGCAGGATACATCGACGGAGGAGCAAGCCAGGAAGAATICTA
CAAGTTCATCAAGCCGATCCTGGAAAAGATGGACGGAACAGA
AGAACTGCTGOTCAAGCTGAACAGAGAAGACCTGCTGAGAAA
GCAGAGAACATTCGACAACGGAAGCATCCCGCACCAGATCCA




WO 2019/067992 PCT/US2018/053559

166

CCTGGGAGAACTGCACGCAATCCTGAGAAGACAGGAAGACTT
CTACCCGTTCCTGAAGGACAACAGAGAAAAGATCGAAAAGAT
CCTGACATICAGAATCCCGTACTACGTCGGACCGCTGGCAAGA
GGAAACAGCAGATTICGCATGGATGACAAGAAAGAGCGAAGA
AACAATCACACCGTGGAACTTCGAAGAAGTCGTCGACAAGGG
AGCAAGCGCACAGAGCTTCATCGAAAGAATGACAAACTTCGA
CAAGAACCTGCCOAACGALAAAGGTCCTGCCGAAGCACAGCCT
GCTGTACGAATACTTCACAGTCTACAACGAACTGACAAAGGTC
AAGTACGTCACAGAAGGAATGAGAAAGCCGGCATTCCTGAGC
GGAGAACAGAAGAAGGCAATCGTCGACCTGCTGTTCAAGACA
AACAGAAAGGTCACAGTCAAGCAGCTGAAGGAAGACTACTTC
AAGAAGATCGAATGCTICGACAGCGTCGAAATCAGCGGAGTC
GAAGACAGATTCAACGCAAGCCTGGGAACATACCACGACCTG
CTGAAGATCATCAAGGACAAGGACTTCCYGGACAACGAAGAA
AACGAAGACATCCTGGAAGACATCGTCCTGACACTGACACTGT
TCCGAAGACAGAGAAATGATCGAAGAAAGACTGAAGACATACE
CACACCTGTTCGACGACAAGGTCATGCAAGCAGCTGAAGAGAA
GAAGATACACAGGATGGGGAAGACTGAGCAGAAAGCTGATCA
ACGGAATCAGAGACAAGCAGAGCGCAAAGACAATCCTGGACT
TCCTGAAGAGCGACGGATTICGCAAACAGAAACTICATGCAGC
TGATCCACGACGACAGCCTGACATTCAAGGAAGACATCCAGA
AGGCACAGGTCAGCGGACAGGGAGACAGCCTGCACCAACACA
TCGCAAACCTGGCAGGAAGCCCGGTAATCAAGAAGGGAATCC
TGCAGACAGTCAAGGTCGTCGACGAACTGGTCAAGGTCATGG
GAAGACACAAGCCGGAAAACATCGTCATCGAAATGGCAAGAG
AAAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAA
AGAATGAAGAGAATCGAAGAAGGAATCAAGGAACTGGGAAG
CCAGATCCTGAAGGAACACCCGGTCGAAAACACACAGCTGCA
GAACGAAAAGCTGTACCTGTACTACCTGCAGAACGGAAGAGA
CATGTACGTCGACCAGGAACTGGACATCAACAGACTGAGCGA
CTACGACGTCGACCACATCGTCCCGCAGAGCTTCCTGAAGGAC
GACAGCATCGACAACAAGGTCCTGACAAGAAGCGACAAGAAC
AGAGGAAAGAGCGACAACGTCCCCAGCGAAGAAGTCGTCAAG
AAGATGAAGAACTACTGGAGACAGCTOCTGAACGCAAAGCTG
ATCACACAGAGAAAGTTCGACAACCTGACAAAGGCAGAGAGA
GGAGGACTGAGCGAACTGGACAAGGCAGGATTCATCAAGAGA
CAGCTGGTCGAAACAAGACAGATCACAAAGCACGTCGCACAG
ATCCTGGACAGCAGAATGAACACAAAGTACGACGAAAACGAC
AAGCTGATCAGAGAAGTCAAGOTCATCACACTGAAGAGCAADG
CTGGTCAGCGACTTCAGAAAGGACTTCCAGTTCTACAAGGTCA
GAGAAATCAACAACTACCACCACGCACACGACGCATACCTGA
ACGCAGTCGTCGGAACAGCACTGATCAAGAAGTACCLCGAAGT
TGGAAAGCGAATTCGTCTACGGAGACTACAAGGTCTACGACG
TCAGAAAGATGATCGCAAAGAGCGAACAGGAAATCGGAAAG
GCAACAGCAAAGTACTICTICTACAGCAACATCATGAACTTCT
TCAAGACAGAAATCACACTGGCAAACGGAGAAATCAGAAAGA
GACCGCTGATCGAAACAAACGGAGAAACAGGAGAAATCGTCT
GGGACAAGGGAAGAGACTTCGCAACAGTCAGAAAGGTCCTGA
GCATGCCGCAGGTCAACATCGTCAAGAAGACAGAAGTCCAGA
CAGGAGGATTCAGCAAGGAAAGCATCCTGCCGAAGAGAAACA
GCGACAAGCTGATCGCAAGAAAGAAGGACTGGGACCCGAAGA
AGTACGGAGGATTCGACAGCCCGACAGTCGCATACAGCGTCC
TGGTCGTCGCAAAGGTCGAAAAGGGAAAGAGCAAGAAGCTGA
AGAGCGTCAAGGAACTGCTGGGAATCACAATCATGGAAAGAA
GCAGCTTCGAAAAGAACCCGATCGACTTCCTGGAAGCAAAGG
GATACAAGGAAGTCAAGAAGGACCTGATCATCAAGCTGCCGA
AGTACAGCCTGTTICGAACTGGAAAACGGAAGAAAGAGAATGC
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TGGCAAGCGCAGGAGAACTGCAGAAGGGAAACGAACTGGCAC
TGCCGAGCAAGTACGTCAACTTCCTGTACCTGGCAAGCCACTA
CGAAAAGCTGAAGGGAAGCCCGGAAGACAACGAACAGAAGC
AGCTGTTCGTCGAACAGCACAAGCACTACCTGGACGAAATCAT
CGAACAGATCAGCGAATTCAGCAAGAGAGTCATCCTGGCAGA
CGCAAACCTGGACAAGGTCCTGAGCGCATACAACAAGCACAG
AGACAAGCCGATCAGAGAACAGGCAGAAAACATCATCCACCT
GTTCACACTGACAAACCTGGGAGCACCGOCAGCATTCAAGTA
CTTCGACACAACAATCGACAGAAAGAGATACACAAGCACAAA
GGAAGTCCTGGACGCAACACTCATCCACCAGAGCATCACAGSG
ACTCTACGAAACAAGAATCGACCTCAGCCAGCTGGGAGGAGA
CGGAGGAGCGAAGCCCGAAGAAGAAGAGAAAGGTCTAGLTAG
CCATCACATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAG
AAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTTITCTTTIY
CGTTGGYGTAAAGCCAACACCCTGTCTAAAAAACATAAATTIC
TITAATCATTITGCCTCTTTICTCTGTGCTTCAATTAATAAAAA
ATGGAAAGAACCTCGAG

Cas® GGGacattigetictgacacaacigigiteactageaaccicaaacagacaccggatetgecacc AT 58
framseript GGACAAGAAGTACAGCATCGGACTGGACATCGGAACAAACAG
with 5' UTR CGTCGGATGGGCAGTCATCACAGACGAATACAAGGTCCCGAG
from HBB, CAAGAAGTTCAAGGTCCTGGGAAACACAGACAGACACAGCAT
ORF CAAGAAGAACCTGATCGGAGCACTGCTGTTCGACAGCGGAGA
correspondi AACAGCAGAAGCAACAAGACTGAAGAGAACAGCAAGAAGAA
ng to SEQ GATACACAAGAAGAAAGAACAGAATCTGCTACCTGCAGGAAA
B NO: 4, TCTTCAGCAACGAAATGGCAAAGGTCGACGACAGCTTCTTCCA
Kozak CAGACTGGAAGAAAGCTTICCTGOTCGAAGAAGACAAGAAGCA
sequence, CGAAAGACACCCGATCTTCGGAAACATCGTCGACGAAGTCGC
and 3’ UTR ATACCACGAAAAGTACCCGACAATCTACCACCTGAGAAAGAA
of HBB GCTGGTCGACAGCACAGACAAGGCAGACCTGAGACTGATCTA

CCTGGCACTGGCACACATGATCAAGTTCAGAGGACACTICCTG
ATCGAAGCAGACCTGAACCCGGACAACAGCGACGTCGACAAG
CTGTTCATCCAGCTGGTCCAGACATACAACCAGCTGTTCGAAG
AAAACCCGATCAACGCAAGCGGAGTCGACGCAAAGGCAATCT
TGAGCGCAAGACTGAGCAAGAGCAGAAGACTGOAAAACCTGA
TCGCACAGCTGCCGGGAGAAAAGAAGAACGGACTOTTCGGAA
ACCTGATCOGCACTOAGCCTGUGGACTGACACCGAACTICAAGA
GCAACTTCGACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCA
AGGACACATACGACGACGACCTGGACAACCTGCTGGCACAGA
TCGGAGACCAGTACGCAGACCTGTTCCTGGCAGCAAAGAACC
TGAGCGACGCAATCCTGCTGAGCGACATCCTGAGAGTCAACA
CAGAAATCACAAAGGCACCOGCTGAGCOCAAGCATGATCAAGA
GATACGACGAACACCACCAGGACCTGACACTGCTGAAGGCAC
TGGTCAGACAGCAGCTGCCOGAAAAGTACAAGGAAATCTYTCT
TCGACCAGAGCAAGAACGGATACGCAGGATACATCGACGGAG
GAGCAAGCCAGGAAGAATTCTACAAGTTCATCAAGCCGATCC
TGGAAAAGATGGACGGAACAGAAGAACTGCTGGTCAAGCTGA
ACAGAGAAGACCTGCTGAGAAAGCAGAGAACATTCGACAACG
GAAGCATCCCGCACCAGATCCACCTGGGAGAACTGCACGCAA
TCCTGAGAAGACAGGAAGACTTCTACCCGTTCCTGAAGGACA
ACAGAGAAAAGATCGAAAAGATCCTGACATICAGAATCCCGT
ACTACGTCGGACCGCTGGCAAGAGGAAACAGCAGATTCGCAT
GGATGACAAGAAAGAGCGAAGAAACAATCACACCGTGGAACT
TCGAAGAAGTCGTCGACAAGGGAGCAAGCGCACAGAGCTTICA
TCCAAAGAATGACAAACTTICGACAAGAACCTGCCGAACGAAA
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AGGTCCTGCCGAAGCACAGCCTGCTGTACGAATACTTCACAGT
CTACAACGAACTGACAAAGGTCAAGTACGTCACAGAAGGAAT
GAGAAAGCCGGCATTCCTGAGCGGAGAACAGAAGAAGGCAAT
CGTCGACCTGCTGTTCAAGACAAACAGAAAGGTCACAGTCAA
GCAGCTGAAGGAAGACTACTTCAAGAAGATCGAATGCTTICGA
CAGCGTCGAAATCAGCGGAGTCGAAGACAGATTCAACGCAAG
CCTGGGAACATACCACGACCTGCTGAAGATCATCAAGGACAA
GGACTTCCTGGACAACGAAGAAAACGAAGACATCCTGGAAGA
CATCGTCCTGACACTGACACTGTTCGAAGACAGAGAAATGATC
GAAGAAAGACTGAAGACATACGCACACCTGTTCGACGACAAG
GTCATGAAGCAGCTGAAGAGAAGAAGATACACAGCGATGGGGA
AGACTGAGCAGAAAGCTGATCAACGGAATCAGAGACAAGCAG
AGCGGAAAGACAATCCTGGACTICCTGAAGAGCGACGHATTC
GCAAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTG
ACATTCAAGGAAGACATCCAGAAGGCACAGGTCAGCGGACAG
GGAGACAGCCTGCACGAACACATCGCAAACCTGGCAGGAAGC
CCGGCAATCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGTT
GACGAACTGGTCAAGGTCATGOGAAGACACAAGCCGGAAAAL
ATCGTCATCGAAATGGCAAGAGAAAACCAGACAACACAGAAG
GGACAGAAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGA
AGGAATCAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCC
GGTCGAAAACACACAGCTGCAGAACGAAAAGCTOTACCTGTA
CTACCTGCAGAACGGAAGAGACATGTACGTCGACCAGGAACT
GGACATCAACAGACTGAGCGACTACGACGTCGACCACATCGT
CCCGCAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGGT
CCTGACAAGAAGCGACAAGAACAGAGGAAAGAGCGACAACG
TCCCGAGCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGA
GACAGCTGCTGAACGCAAAGCTGATCACACAGAGAAAGTTCG
ACAACCTGACAAAGGCAGAGAGAGGAGGACTGAGCGAACTG
GACAAGGCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGA
CAGATCACAAAGCACGTCGCACAGATCCTGGACAGCAGAATG
AACACAAAGTACGACGAAAACGACAAGCTGATCAGAGAAGTC
AAGGTCATCACACTCGAAGAGCAAGCTGGTCAGCGACTTCAGA
AAGGACTICCAGTTCTACAAGOTCAGAGAAATCAACAACTAC
CACCACGCACACGACGCATACCTGAACGCAGTCGTCOGAACA
GCACTGATCAAGAAQGTACCCGAAGCTGGAAAGCGAATTCGTC
TACGGAGACTACAAGGTCTACGACGTCAGAAAGATGATCGCA
AAGAGCGAACAGGAAATCGGAAAGOCAACAGCAAAGTACTTC
TICTACAGCAACATCATGAACTTICTICAAGACAGAAATCACAC
TGGCAAACGGAGAAATCAGAAAGAGACCGCTGATCGAAACAA
ACGGAGAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGAC
TTICGCAACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAAC
ATCGTCAAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAAG
GAAAGCATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCA
AGAAAGAAGGACTGGGACCCGAAGAAGTACGGAGGATTCGAC
AGCCCGACAGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTCG
AAAAGGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTG
CTGGGAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAAC
CCGATCOACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAG
AAGGACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCGAAC
TGGAAAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAA
CTGCAGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTC
AACTTCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGA
AGCCCGGAAGACAACGAACAGAAGCAGCTGTTCGTCGAACAG
CACAAGCACTACCTOGACGAAATCATCGAACAGATCAGCGAA
TTCAGCAAGAGAGTCATCCTOGGCAGACGCAAACCTGGACAAG
GTCCTGAGCGCATACAACAAGCACAGAGACAAGCCGATCAGA
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GAACAGGCAGAAAACATCATCCACCTGTTCACACTGACAAAC
CTGGGAGCACCGGCAGCATTCAAGTACTTCGACACAACAATC
GACAGAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCA
ACACTGATCCACCAGAGCATCACAGGACTGTACGAAACAAGA
ATCGACCTGAGCCAGCTGGGAGGAGACGUAGGAGGAAGCCCG
AAGAAGAAGAGAAAGGTCTAGetapepctcpctitetigeisecaatitciaitaaa
geticctitgiicectaagicoaaciactanncigg pgoatattatgaagggociigageateiggaticlg
cctantaaasascatitatitteatipectogag

Casd GGGasgetcagaatasacgctcaactitggecggatctgecacCATGGACAAGAAGT 59
tramscript ACAGCATCGGACTGGACATCGGAACAAACAGCGTCGGATGHG
with 3 UTR CAGTCATCACAGACGAATACAAGGTCCCGAGCAAGAAGTITA
from XBG, AGGTCCTTGGGAAACACAGACAGACACAGCATCAAGAAGAACC
ORF TGATCGGAGCACTGETOTTCCGACAGCGGAGAAACAGCAGAAG
correspondi CAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACAAGA
ng to SEQ AGAAAGAACAGAATCTGCTACCTGCAGGAAATCTICAGCAAC
D NG: 4, GAAATGGCAAAGGTCGACGACAGCTTCTTCCACAGACTGGAA
Kozak GAAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGACAC
sequence, CCGATCTTCGGAAACATCGTCGACGAAGTCGCATACCACGAA
and 3° UTR AAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCGAC
of XBG AGCACAGACAAGGCAGACCTGAGACTCGATCTACCTGGCACTG

GCACACATGATCAAGTTCAGAGGACALTTICCTGATCGAAGGA
GACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTICATC
CAGCTGGTCCAGACATACAACCAGCTGTTCGAAGAAAACCCG
ATCAACGCAAGCGGAGTCGACGCAAAGGCAATCCTGAGCGCA
AGACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACAG
CTGCCGGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGATC
GCACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTTC
GACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACA
TACGACGACGACCTGGACAACCTGCTGGCACAGATCGGAGAC
CAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGAC
GCAATCCTGCTGAGCGACATCCTGAGAGTCAACACAGAAATC
ACAAAGGCACCGCTGAGCGCAAGCATGATCAAGAGATACGAC
GAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGA
CAGCAGCTGCCGGAAAAGTACAAGOAAATCTTCTTICGACCAG
AGCAAGAACGGATACGCAGGATACATCGACGGAGGAGCAAGC
CAGGAAGAATICTACAAGTTCATCAAGCCOGATCCLLGGAAAAG
ATGGACGGAACAGAAGAACTGCTGGTICAAGCTGAACAGAGAA
GACCTGCTGAGAAAGCAGAGAACATTCGACAACGGAAGCATC
CCGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGA
AGACAGGAAGACTICTACCCGTTCCTGAAGGACAACAGAGAA
AAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCG
GACCGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAA
GAAAGAGCGAAGAAACAATCACACCGTGGAACTTCGAAGAAG
TCGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAA
TGACAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGC
CGAAGCACAGCCTGCTGTACGAATACTTCACAGTCTACAACGA
ACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGCC
GGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCT
GCTGTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGCTGAA
GOAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTCGA
AATCAGCGGAGTCGAAGACAGATTCAACGCAAGCCTGGGAAC
ATACCACGACCTGCTGAAGATCATCAAGGACAAGGACTTCCTG
GACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCTG
ACACTGACACTGTTCGAAGACAGAGAAATGATCOAAGAAAGA
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CTGAAGACATACGCACACCTGTTCGACGACAAGGTCATGAAG
CAGCTGAAGAGAAGAAGATACACAGGATGGGGAAGACTGAG
CAGAAAGCTGATCAACGGAATCAGAGACAAGCAGAGCGGAA
AGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGCAAACA
GAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAA
GGAAGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACA
GCCTGCACGAACACATCGCAAACCTCGCAGGAAGCCCGLCAA
TCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAAC
TGGTCAAGGTCATGGGAAGACACAAGCCGGAAAACATCGTCA
TCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAG
AAGAACAGCAGAGAAAGAATGAAGAGAATCOAAGAAGCAAT
CAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCGA
AAACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCT
GCAGAACGGAAGAGACATGTACGTCGACCAGGAACTGGACAT
CAACAGACTGAGCGACTACGACGYCOACCACATCGTCLCGCA
GAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGAL
AAGAAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCHA
GCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGAGACAGT
TGCTGAACGCAAAGCTGATCACACAGAGAAAGTTCGACAACC
TCGACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAG
GCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATC
ACAAAGCACGYCGCACAGATCCTGOACAGCAGAAYGAACACA
AAGTACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGGTC
ATCACACTGAAGAGCAAGCTGGTCAGCGACTTCAGAAAGGAC
TTCCAGTTCTACAAGGTCAGAGAAATCAACAACTACCACCACG
CACACGACGCATACCTGAACGCAGTCGTCGGAACAGCACTGA
TCAAGAAGTACCCGAAGCTGGAAAGCGAATTCOTCTACGGAG
ACTACAAGGTCTACGACGTCAGAAAGATGATCGCAAAGAGCG
AACAGGAAATCGGAAAGGCAACAGCAAAGTACTTCTTCTACA
GCAACATCATGAACTTCTTCAAGACAGAAATCACACTOGCAA
ACGCGAGAAATCAGAAAGAGACCGCTGATCGAAACAAACGGA
GAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGACTTCGCA
ACAGTCAGAAAGGTCCTCGAGCATGCCOCAGGTCAACATCGTC
AAGAAGACAGAAGTCCAGACAGGAGGATTICAGCAAGGAAAG
CATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAA
GAAGGACTGGUACCCGAAGAAGTACGGAGGATTCGACAGCCC
GACAGTCGCATACAGCGTCCTGOTCOTCGCAAAGGTCGAAAA
GOGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGG
GAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGA
TCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAGAAGG
ACCTGATCATCAAGCTGCCGAAGTACAGCLCTGTTCGAACTGGA
AAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGC
AGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTCAALT
TCCYGTACCTYTGGCAAGCCACTACGAAAAGCTGAAGGGAALCC
CGGAAGACAACGAACAGAAGCAGCTOTTCGTCGAACAGCACA
AGCACTACCTGGACGAAATCATCGAACAGATCAGCGAATICA
GCAAGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCC
TGAGCGCATACAACAAGCACAGAGACAAGCCGATCAGAGAAC
AGGCAGAAAACATCATCCACCTGTTICACALTGACAAACCTGG
GAGCACCGGCAGCATTCAAGTACTTCGACACAACAATCGACA
GAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCAACACT
TGATCCACCAGAGCATCACAGGACTGTACCAAACAAGAATCG
ACCTGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAG
AAGAAGAGAAAGGTCTAGelageaccagecicaagaacacecgaatggagiciclas
pelacataataccaachiacaciitacagaatgligloccecasaatglagecalicgiatetgetonizata
agaaganagtiicticacaticiotegap




WO 2019/067992 PCT/US2018/053559

Cas? AGGaagcicagaatasacgcicaaciitggeeggatcigecacCATGGACAAGAAGT 60
transeript ACAGCATCGGACTGGACATCGGAACAAACAGCGTCGGATGGG
with AGG as CAGTCATCACAGACGAATACAAGGTCCCGAGCAAGAAGTTICA
first three AGGTCCTGGGAAACACAGACAGACACAGCATCAAGAAGAACC
nuclestides TGATCGGAGCACTGCTOTTCGACAGCGOAGAAACAGCAGAAG
for use with CAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACAAGA
CleanCap™, AGAAAGAACAGAATCTGCTACCTGCAGCGAAATCTTCAGCAAC
5" UTR from GAAATGGCAAAGGTCGACGACAGCTTCTTCCACAGACTGGAA
XBG, ORF GAAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGACAC
correspondi CCGATCTTCGGAAACATCGTCGACGAAGTCGCATACCACGAA
ng to SEQ AAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCGAC
B NG: 4, AGCACAGACAAGGCAGACCTGAGACTCATCTACCTGGCALCTG
Kozak GCACACATGATCAAGTTCAGAGGACACTTCCTGATCGAAGGA
sequence, GACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTICATC
and 3' UTR CAGCTGGTCCAGACATACAACCAGCTOTTCGAAGAAAACCCG
of XBG ATCAACGCAAGCGGAGTCGCACGCAAAGGCAATCCTGAGCGCA

AGACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACAG
CTGCCGGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGATC
GCACTGAGCCTGGGACTGACACCGAACTICAAGAGCAACTTC
GACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACA
TACGACGACGACCTGGACAACCTGCTGGLACAGATCGGAGAC
CAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGAC
GCAATCCTGCTGAGCGACATCCTGAGAGTCAACACAGAAATC
ACAAAGGCACCGCTGAGCGCAAGCATGATCAAGAGATACGAC
GAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGA
CAGCAGCTGCCGGAAAAGTACAAGGAAATCTTICTICGACCAG
AGCAAGAACOGGATACGCAGGATACATCGACGGAGGAGCAAGC
CAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAG
ATGGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAA
GACCTGCTGAGAAAGCAGAGAACATTCGACAACGGAAGCATC
CCOCACCAGATCCACCTGGGAGAACTOCACGCAATCCTGAGA
AGACAGGAAGACTTCTACCCGTICCTGAAGGACAACAGAGAA
AAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCG
GACCGCTOGCAAGAGGAAACAGCAGATTCGCATGGATGACAA
GAAAGAGCGAAGAAACAATCACACCGTGGAACTTCGAAGAAG
TCGTCGACAAGGGAGUAAGCGCACAGAGCTTCATCGAAAGAA
TGACAAACTTCGACAAGAACCTGCCGAACCAAAAGGTCCTGC
CGAAGCACAGCCTOCTGTACGAATACTTCACAGTCTACAACGA
ACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGCC
GGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCT
GCTGTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGCTCAA
GGAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTIGA
AATCAGCGGAGTCGAAGACAGATICAACGCAAGCCTGGGAAL
ATACCACGACCTGCTGAAGATCATCAAGGACAAGGACTTCCTG
GACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCTG
ACACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGA
CTGAAGACATACGCACACCTGTTCCGACGACAAGGTCATGAAG
CAGCTGAAGAGAAGAAGATACACAGGATGGGGAAGACTGAG
CAGAAAGCTGATCAACGGAATCAGAGACAAGCAGAGCGGAA
AGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGCAAACA
GAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAA
GGAAGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACA
GCCTGCACGAACACATCGCAAACCTOGCAGGAAGCCCGGCAA
TCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAAC
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TGCTCAAGGTCATGGOAAGACACAAGCCGGAAAACATCGTCA
TCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAG
AAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAAT
CAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCGA
AAACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCT
GCAGAACGGAAGAGACATGTACCGTCGACCAGGAACTGGACAT
CAACAGACTCAGCGACTACGACGTCGACCACATCGTCCCGCA
GAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGAC
AAGAAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGA
GCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGAGACAGC
TGCTCGAACGCAAAGCTGATCACACAGAGAAAGTTCGACAACC
TGACAAAGGCAGAGAGAGOAGGACTGAGCGAACTGGACAAG
GCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATC
ACAAAGCACGYCGCACAGATCCTGGACAGCAGAAYGAACACA
AAGTACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGGTC
ATCACACTGAAGAGCAAGCTGGTCAGCGACTICAGAAAGGAC
TTCCAGTTCTACAAGGYCAGAGAAATCAACAACTACCACCACG
CACACGACGCATACCTGAACGCAGTCGTCGGAACAGCACTGA
TCAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTCTACGGAG
ACTACAAGGTCTACGACGTCAGAAAGATCATCGCAAAGAGCG
AACAGGAAATCGGAAAGGCAACAGCAAAGTACTTCTICTACA
GCAACATCATGAACTICTICAACGACAGAAATCACACTGGCAA
ACGGAGAAATCAGAAAGAGACCGCTGATCGAAACAAACGGA
GAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGACTTICGCA
ACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTC
AAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAAGGAAAG
CATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAA
GAAGGACTGGGACCCGAAGAAGTACGGAGGATTCGACAGCCO
GACAGTCGCATACAGCGTCCTGOTCGTCGCAAAGGTCGAAAA
GOGAAAGAGCAAGAAGCTGAAGAGCOTCAAGGAACTGCTGG
GAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGA
TCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAGAAGG
ACCTGATCATCAAGCTGCCCGAAGTACAGCCTGTICCAACTGGA
AAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGC
AGAAGGGAAACGAACTGGCACTOCCGAGCAAGTACGTCAALT
TCCTGTACCTOGCAAGCCACTACGAAAAGCTGAAGGGAAGCC
COGGAAGACAACGAACAGAAGCAGCTOTTCGTCGAACAGCACA
AGCACTACCTOOACGAAATCATCGAACAGATCAGCGAATICA
GCAAGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCC
TGAGCGCATACAACAAGCACAGAGACAAGCCGATCAGAGAAC
AGGCAGAAAACATCATCCACCTGTTCACACTGACAAACCTGG
GAGCACCOGGCAGCATTCAAGTACTTCGACACAACAATCGACA
GAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCAACAC
TGATCCACCAGAGCATCACAGGACTGTACGAAACAAGAATCG
ACCTGAGCCAGCTGOGAGGAGACGUAGGAGGAAGCCCGAAG
AAGAAGAGAAAGGTCT AGelageaccagecicaagaacaccegaalggagiciclaa
getacataataccaaciiacacittacasaaigtigicccccanaatglagecaticglaleigeicciaata
aanagaaagiticticacaltetctegap

Cas9 AGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTIGTTCGTGTGT 61
ranseript GTGTCGTTIGCAGGCCTTATTCOGATCCOLCACCATGGACAAGA
with AGG as AGTACAGCATCGGACTGGACATCGGAACAAACAGCGTCGGAT
first three GGGCAGTCATCACAGACGAATACAAGGTCCCGAGCAAGAAGT
nuclestides TCAAGGTCCTGGGAAACACAGACAGACACAGCATCAAGAAGA

for use with ACCTGATCGGAGCACTGCTGTTCGACAGCGGAGCAAACAGCAG
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CleanCap™, AAGCAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACA
§* UTR from AGAAGAAAGAACAGAATCTGCTACCTGCAGGAAATCTTCAGC
HSD, ORF AACGAAATGGCAAAGGTCGACGACAGCTTCTTICCACAGACTG
correspondi GAAGAAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGA
ng to SEQ CACCCGATCTTCGGAAACATCGTCGACGAAGTCGCATACCACG
ID NO: 4, AAAAGTACCCGACAATCTACCACCTOAGAAAGAAGCTGGTCG
Kozak ACAQCACAGACAAGGCAGACCTGAGACTGATCTACCTGGCAL
sequence, TOGCACACATGATCAAGTTCAGAGGACACTTCCTGATCGAAGS
sad 3 UTR AGACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTCAT
of ALB CCAGCTGGTCCAGACATACAACCAGCTGTTCGAAGAAAACCC

GATCAACGCAAGCGCAGTCGACGCAAAGGCAATCCTGAGCGC
AAGACTGAGCAAGAGCAGAAGACTGOAAAACCTGATCGCACA
GCTGCCGGGAGAAAAGAACAACGCACTGTICGGAAACTTGAT
CGCACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTTC
GACCTGGCAGAAGACGCUAAAGCTGCAGCTGAGCAAGGACACA
TACGACGACGACCTGGACAACCTGCTGGCACAGATLGGAGAL
CAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGAC
GCAATCCTGCTGAGCGACATCCTGAGAGTCAACACAGAAATC
ACAAAGGCACCGCTGAGCGCAAGCATOATCAAGAGATACGAC
GAACACCACCAGOACCTCGACACTGCTGAAGGCACTGGTCAGA
CAGCAGCTGCCGGAAAAGTACAAGGAAATCTTCTTCGACCAG
AGCAAGAACGGATACGCAGGATACATCGACGGAGGAGCAAGC
CAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAG
ATGGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAA
GACCTGCTGAGAAAGCAGAGAACATTCGACAACGGAAGCATC
CCGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGA
AGACAGGAAGACTTCTACCCGTTCCTGAAGGACAACAGAGAA
AAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCG
GACCGCTOGCAAGAGGAAACAGCAGATTCGCATGGATGACAA
GAAAGAGCQAAGAAACAATCACACCGTGGAACTTCGAAGAAG
TCGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAA
TGACAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGC
CGAAGCACAGCCTGCTGTACGAATACTICACAGTCTACAACGA
ACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGLC
GGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCT
GCTGTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGCTGAA
GGAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTCGA
AATCAGCGGAGTCGAAGACAGATICAACGCAAGCCTGGGAAC
ATACCACGACCTGCTGAAGATCATCAAGGACAAGGACTICCTG
GACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTICCTG
ACACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGA
CTGAAGACATACGCACACCTGTTCGACGACAAGGTCATGAAG
CAGCTGAAGAGAAGAAGATACACAGGATGGGGAAGACTGAG
CAGAAAGCTGATCAACGGAATCAGAGACAAGCAGAGUGGAA
AGACAATCCTGGACTICCTGAAGAGCGACGGATTCGCAAACA
GAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAA
GGAAGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACA
GCCTGCACGAACACATCGCAAACCTGOCAGGAAGCCCGGCAA
TCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAAL
TGGTCAAGGTCATGGGAAGACACAAGCCGGAAAACATCGTCA
TCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAG
AAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAAT
CAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCGA
AAACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCT
GCAGAACGGAAGAGACATGTACGTCGACCAGGAACTGGACAT
CAACAGACTGAGCGACTACGACQGTCCGACCACATCOTCCCGCA
GAGCTICCTGAAGGACGACAGCATCGACAACAAGOGTCCTGAC
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AAGAAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGA
GCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGAGACAGC
TGCTGAACGCAAAGCTCGATCACACAGAGAAAGTTCGACAACC
TGACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAG
GCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATC
ACAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACA
AAGTACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGGTC
ATCACACTGAAGAGCAAGCTOOTCAGCGACTTCAGAAAGGAC
TTCCAGTTCTACAAGGTCAGAGAAATCAACAACTACCACCACG
CACACGACGCATACCTGAACGCAGTCGTCGGAACAGCACTGA
TCAAGAAGTACCCGAAGCTGGAAAGCOAATTCGTCTACGGAG
ACTACAAGGTCTACGACGTCAGAAAGATCATCGCAAAGAGCG
AACAGGAAATCGGAAAGGCAACAGCAAAGTACTICTICTACA
GCAACATCATGAACTICTICAAGACAGAAATCACACTGGCAA
ACGGAGAAATCAGAAAGAGACCGCTCGATCGAAACAAACGGA
GAAACAGGAGAAATCGTCTGGOACAAGGGAAGAGACTICGCA
ACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTC
AAGAAGACAGAAGTCCAGACAGCAGGATTCAGCAAGGAAAG
CATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAA
GAAGGACTGGGACCCGAAGAAGTACGGAGGATTCGACAGCCC
GACAGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTCGAAAA
GGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAALTGCTGE
GAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGA
TCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAGAAGG
ACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCGAACTGGA
AAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGC
AGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTCAACT
TCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCT
CGGAAGACAACGAACAGAAGCAGCTOTTCGTCGAACAGCACA
AGCACTACCTGGACGAAATCATCGAACAGATCAGCGAATTCA
GCAAGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCC
TGAGCGCATACAACAAGCACAGAGACAAGCCGATCAGAGAAC
AGGCAGAAAACATCATCCACCTOTTCACACTGACAAACCTGG
GAGCACCGGCAGCATTCAAGTACTTCGACACAACAATCGACA
GAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCAACALT
TGATCCACCAGAGCATCACAGCGACTGTACCGAAACAAGAATCG
ACCTGAGCCAGCTGGGAGGAGACGOAGGAGGAAGCCCOGAAG
AAGAAGAGAAAGOTCTAGCTAGCCATCACATTTAAAAGCATC
TCAGCCTACCATGAGAATAAGAGAAAGAAAATCAAGATCAAT
AGCTTATTCATCTCTTTTITCTTTTTCGTTGGTGTAAAGCCAACA
CCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTT
TCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTCGAG

30/36/3% AMAAAAAAAADAAAAAADAAAAAAAAAAAAGCCAAAAAAA &2

poly-A AAAAAAAAAAAAAAAAAAAAAAACCCAAAAAAAAAAAAAAA

sequence AAAAAAAAAAAAAAAAAAAAAAAA

poly-A 100 AAAAAAAAAAAABAAAAADAAAAAAAAAAAAAAAAAAAAA 63

sequence AAAAAAAAAAAAAAAAALAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAA

G269 guide mC*mC*mA*GUCCAGCGAGGCAAAGGQUUUUAGAGCUAGAAA 64

RNA UAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAA
AGUGGCACCGAGUCGGUGCU* mU*mUY

ORF ATGGCAGCATTCAAGCCGAACTCGATCAACTACATCCTGGGAC &8

encoding TGGACATCGUAATCGCATCGUTCGGATGGGCAATGGTCGAAA
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Neisseria TCGACGAAGAAGAAAACCCGATCAGAC TGATCGACCTGGGAG
neningitidis TCAGAGTCTTCGAAAGAGCAGAAGTCCCGAAGACAGGAGACT
Cas9 CGCTGGCAATGGCAAGAAGACTGGCAAGATCGGTCAGAAGAC

TGACAAGAAGAAGAGCACACAGACTGCTGAGAACAAGAAGA
CTGCTGAAGAGAGAAGGAGTCCTGCAGGCAGCAAACTICGAC
GAAAACGGACTGATCAAGTCGCTGCCGAACACACCGTGGCAG
CTGAGAGCAGCAGCACTGGACAGAAAGCTOACACCGCTGGAA
TGGTCGGCAGTCCTGCTGCACCTOATCAAGCACAGAGGATACC
TGTCGCAGAGAAAGAACGAAGGAGAAACAGCAGACAAGGAA
CTGGGAGCACTGCTGAAGGGAGTCGCAGGAAACGCACACGCA
CTGCAGACAGGAGACTTCAGAACACCGGCAGAACTGGCACTG
AACAAGTTCGAAAAGGAATCGGGACACATCAGAAACCAGAGA
TCGGACTACTCGCACACATICTCCAGAAAGGACCTGCAGHCA
GAACTGATCCTGCTGTTCGAAAAGCAGAAGGAATYCGGAAAC
CCGCACGTCTCGGGAGGACTOAAGGAAGGAATCOAAACACTG
CTGATGACACAGAGACCGGCACTGTCGGOAGACGCAGTCCAG
AAGATGCTGGGACACTGCACATTCGAACCGGCAGAACCGAAG
GCAGCAAAGAACACATACACAGCAGAAAGATTYCATCTGGCTG
ACAAAGCTGAACAACCTGAGAATCCTGGAACAGGGATCGGAA
AGACCGCTGACAGACACAGAAAGAGCAACACTGATGGACGAA
CCGTACAGAAAGTCGAAGCTGACATACGCACAGGCAAGAAAG
CTGCTGGGACTGGAAGACACAGCATTCTTCAAGGGACTGAGA
TACGGAAAGGACAACGCAGAAGCATCGACACTGATGGAAATG
AAGGCATACCACGCAATCTCGAGAGCACTGGAAAAGGAAGGA
CTGAAGGACAAGAAGTCGCCGCTGAACCTGTCGCCGGAACTG
CAGGACGAAATCGGAACAGCATTCTCGCTGTTCAAGACAGAC
GAAGACATCACAGGAAGACTGAAGGACAGAATCCAGUCGGAA
ATCCTGGAAGCACTGCTGAAGCACATCTCGTTCGACAAGTTCG
TCCAGATCTCOCTGAAGGCACTGAGAAGAATCOTCCCGLCTGAT
GOAACAGGGAAAGAGATACGACGAAGCATGCGCAGAAATCTA
CGGAGACCACTACGGAAAGAAGAACACAGAAGAAAAGATCT
ACCTGCCGCCGATCCCGGCAGACGAAATCAGAAACCCGGTCG
TCCTCAGAGCACTGTCGCAGGCAAGAAAGGTCATCAACGGAG
TCGTCAGAAGATACGGATCGCCGGCAAGAATCCACATCGAAA
CAGCAAGAGAAGTCGGAAAGTCGTICAAGGACAGAAAGGAA
ATCCAAAAGAGACAGGAAGAAAACAGAAAGGACAGAGAAAA
GGCAGCAGCAAAGTTCAGAGAATACTTCCCGAACTTCGTCGG
AGAACCGAAGTCGAAGGACATCCTGAAGCTGAGACTGTACGA
ACAGCAGCACGGAAAGTGCCTGTACTCGGGAAAGGAAATCAA
CCTGGGAAGACTCAACGAAAAGGGATACGTCGAAATCGACCA
CGCACTGCCGTTCTCGAGAACATGGGACGACTCGTTCAACAAC
AAGGTCCTGGTCCTGGCATCOGAAAACCAGAACAAGGGAAAC
CAGACACCGTACGAATACTTCAACGGAAAGGACAACTCGAGA
GAATGGCAGGAATTICAAGGCAAGAGTCGAAACATCGAGATTC
CCGAGATCGAAGAAGCAGAGAATCCTGCTLCAGAAGTTCGAC
GAAGACGGATTCAAGGAAAGAAACCTGAACGACACAAGATAC
GTCAACAGATTCCTGTGCCAGTTCGTCGCAGACAGAATGAGAC
TGACAGGAAAGGGAAAGAAGAGAGTCTTCGLCATCGAACGGAC
AGATCACAAACCTGCTGAGAGGATTCTGGGGACTGAGAAAGG
TCAGAGCAGAAAACGACAGACACCACGCACTGGACGCAGICG
TCGTCGCATGCTCGACAGTCGCAATGCAGCAGAAGATCACAA
GATTCOTCAGATACAAGGAAATGAACGCATTCGACGGAAAGA
CAATCGACAAGGAAACAGGAGAAGTCCTGCACCAGAAGACAC
ACTTCCCGCAGCCGTGGGAATICTTCGCACAGGAAGTCATGAT
CAGAGTCTTCGGAAAGCCGGACGGAAAGCCGGAATTCGAAGA
AGCAGACACACTGGAAAAGCTGAGAACACTOCTGOCAGAAAA
GCTGTCGTCOAGACCGGAAGCAGTCCACGAATACGTCACACC
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GCTGTTCGTCTCGAGAGCACCGAACAGAAAGATGTCGGGACA
GGGACACATGGAAACAGTCAAGTCGGCAAAGAGACTGGACGA
AGGAGTCTCGGTCCTGAGAGTCCCGCTGACACAGCTGAAGCTG
AAGGACCTGGAAAAGATGGTCAACAGAGAAAGAGAACCGAA
GCTGTACGAAGCACTOGAAGGCAAGACTGGAAGCACACAAGGA
CGACCCGGCAAAGGCATTCGCAGAACCGTTCTACAAGTACGA
CAAQGGCAGGAAACAGAACACAGCAGOTCAAGGCAGTCAGAGT
CGAACAGGTCCAGAAGACAGOAGTCTGGGTCAGAAACCACAA
CGGAATCGCAGACAACGCAACAATGGTCAGAGTAGACGTCTT
CGAAAAGGGAGACAAGTACTACCTGGTCCCGATCTACTCGTG
GCAGGTCGCAAAGGGAATCCTGCCGOACAGAGCAGTCGTCCA
GGGAAAGGACGAAGAAGACTGGCAGCTSATCOACCACTCGTT
CAACTTCAAGTTCTCGCTGCACCCGAACGACCTGGTCGAAGTC
ATCACAAAGAAGGCAAGAATGTTCGGATACTTCGCATCGTGCC
ACAGAGGAACAGGAAACATCAACATCAGAATCCACGACCTGG
ACCACAAGATCGGAAAGAACGGAATCCTGGAAGGAATCGGAD
TCAAGACAGCACTGTCGTTCCAGAAGTACCAGATCGACGAACT
GGGAAAGGAAATCAGACCGTGCAGACTCAAGAAGAGACCHCT
GGTCAGATCCGGAAAGAGAACAGCAGACGGATCGGAATTCGA
ATCGCCCGAAGAAGAAGAGAAAGGTCGAATGA

ORF GCAQGCATTCAAGCCGAACTCOATCAACTACATCCTGOGACTCG &6
encoding ACATCGGAATCGCATCGGTCGGATGGGCALTGGTCGAAATCG
Meisseria ACGAAGAAGAAAACCCGATCAGACTCGATCCGACCTGGGAGTCA
meningitidis GAGTCTTCGAAAGAGCAGAAGTCCCGAAGACAGGAGACTCGT
Cas? (no TGGCAATGGCAAGAAGACTGGCAAGATCGGTCAGAAGACTGA
start or stop CAAGAAGAAGAGCACACAGACTGCTGAGAACAAGAAGALTGC
codons; TGAAGAGAGAAGGAGTCCTGCAGGCAGCAAACTTCGACGAAA
suitable for ACGGACTGATCAAGTCGCTGCCGAACACACCGTGGLCAGCTGA
inclusion in GAGCAGCAGCACTGGACAGAAAGCTGACACCGCTGGAATGGT
fusion CGGCAGTCCTGCTGCACCTGATCAAGCACAGAGGATACCTGTC
protein GCAGAGAAAGAACGAAGGAGAAACAGCAGACAAGGAACTGG
coding GAGCACTGCTGAAGGGAGTCGCAGGAAACGCACACGCACTGE
sequence) AGACAGGAGACTTCAGAACACCGGCAGAACTGGCACTGAACA

AGTTCGAAAAGGAATCGGGACACATCAGAAACCAGAGATCGG
ACTACTCGCACACATTCTCGAGAAAGGACCTGCAGGCAGAAC
TGATCCTGCTGTTCGAAAAGCAGAAGGAATTCGGAAACCCGC
ACGTCTCGGGAGGACTGAAGGAAGGAATCGAAACACTGCTGA
TGACACAGAGACCGGCACTGTCGGGAGACGCAGTCCAGAAGA
TGCTGGCGACACTGCACATTCGAACCGGCAGAACCGAABGCAG
CAAAGAACACATACACAGCAGAAAGATTCATCTGGCTGACAA
AGCTGAACAACCTGAGAATCCTGGAALAGOGATCGGAAAGAC
CGCTGACAGACACAGAAAGAGCAACACTGATGGACGAACCGT
ACAGAAAQGTCGAAGCTGACATACGCACAGGCAAGAAAGCTGC
TGGGACTGGAAGACACAGCATTCTTCAAGGGACTGAGATACG
GAAAGGACAACGLAGAAGCATCGACACTGATGGAAATGAAGG
CATACCACGCAATCTCGAGAGCACTGGAAAAGGAAGGACTGA
AGGACAAGAAGTCGCCGCTCAACCTGTCGCCGGAACTGCAGG
ACGAAATCGGAACAGCATTCTCGCTGTTCAAGACAGACGAAG
ACATCACAGGAAGACTGAAGGACAGAATCCAGCCGGAAATCC
TGGAAGCACTGCTGAAGCACATCTCGTTICGACAAGTICGTCCA
GATCTCGCTGAAGGCACTGAGAAGAATCGTCCCGCTGATGGA
ACAGGGAAAGAGATACGACGAAGCATGCGCAGAAATCTACGG
AGACCACTACGGAAAGAAGAACACAGAAGAAAAGATCTACCT
GCCGCCOGATCCCGGCAGACGAAATCAGAAACCCGGTCGTCCT
GAGAGCACTGTCGCAGGCAAGAAAGGTCATCAACGGAGTCGT
CAGAAGATACGOATCGCCOGGCAAGAATCCACATCGAAACAGE
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AAGAGAAGTCGGAAAGTCGTTCAAGGACAGAAAGGAAATCGA
AAAGAGACAGGAAGAAAACAGAAAGGACAGAGAAAAGGCAG
CAGCAAAGTTCAGAGAATACTTCCCCAACTTCGTCGGAGAACC
GAAGTCGAAGGACATCCTGAAGCTGAGACTGTACGAACAGCA
GCACGGAAAGTGCCTGTACTCGGGAAAGGAAATCAACCTGGG
AAGACTGAACGAAAAGGGATACGTCGAAATCGACCACGCACT
GCCGTTCTCGAGAACATGOGACGACTCGTTCAACAACAAGGTC
CTGGTCCTGGGATCOCAAAACCAGAACALGGGAAACCAGACA
COCGTACGAATACTTCAACGGAAAGGACAACTCGAGAGAATGG
CAGGAATTCAAGGCAAGAGTCGAAACATCGAGATTCCCGAGA
TCGAAGAAGCAGAGAATCCTGCTGCACAAGTTCGACGAAGAC
GGATTCAAGGAAAGAAACCTGAACGACACAAGATACGTCAAC
AGATTCCTGTGCCAGTTCGTCGCAGACAGAATGAGACTGACAG
GAAAGGGAAAGAAGAGAGICTICGCATCGAACGGACAGATCA
CAAACCTGCTGAGAGGATTCTOGGOACTGAGAAAGGTCAGAG
CAGAAAACGACAGACACCACGCACTGGACGCAGTCGTCHTCG
CATGCTCGACAGTCGCAATGCAGCAGAAGATCACAAGATTCG
TCAGATACAAGGAAATGAACGCATTCGACGGAAAGACAATCG
ACAAGGAAACAGGAGAAGTCCTGCACCAGAAGACACACTICC
CGCAGCCGTGGGAATTCTTCGCACAGGAAGTCATGATCAGAGT
CTTCGGAAAGCCGGACGGAAAGCCGGAATICGAAGAAGCAGA
CACACTGGAAAAGCTGAGAACACTGLCTGGLAGAAAAGCTGTC
GTCGAGACCGGAAGCAGTCCACGAATACGTCACACCGCTGTTC
GTCTCGAGAGCACCGAACAGAAAGATGTCGGGACAGGGACAC
ATGGAAACAGTCAAGTCGGCAAAGAGACTGGACGAAGGAGTC
TCGGTCCTGAGAGTCCCGCTGACACAGCTGAAGCTGAAGGAC
CTGGAAAAGATGGTCAACAGAGAAAGAGAACCGAAGCTGTAC
GAAGCACTGAAGGCAAGACTGGAAGCACACAAGGACGACCCG
GCAAAGGCATTCGCAGAACCOTTCTACAAGTACGACAAGGCA
GOGAAACAGAACACAGCAGGTCAAGGCAGTCAGAGTCGAACAG
GTCCAGAAGACAGGAGTCTGGGTCAGAAACCACAACGGAATC
GCAGACAACGCAACAATGGTCAGAGTAGACGTCTTCGAAAAG
GGAGACAAGTACTACCTGGTCCCCGATCTACTCGTGGCAGGTCG
CAAAGGGAATCCTGCCGGACAGAGCAGTCGTCCAGGGAAAGE
ACGAAGAAGACTGGCAGCTGATCGACGACTCGTICAACTTCA
AGTTCTCGCTGCACCCGAACGACCTGOTCGAAGTCATCACAAA
GAAGGCAAGAATGTTCGGATACTTCGCATCOTGCCACAGAGG
AACAGGAAACATCAACATCAGAATCCACGACCTGOACCACAA
GATCGGAAAGAACGGAATCCYGGAAGCAATCGGAGTCAAGAT
AGCACTGTCGTTCCAGAAGTACCAGATCGACGAACTGGGAAA
GGAAATCAGACCGTGCAGACTCGAAGAAGAGACCGCCGGTCAG
ATCCGGAAAGAGAACAGCAGACGGATCGGAATTCGAATCGCC
GAAGAAGAAGAGAAAGGTCGAA

Transeript GGGAGACCCAAGCTGGCTAGCGTTTAAACTTAAGCTTGGATCC §7
comprising GCCACCATOGGCAGCATTCAAGCCGAACTCOATCAACTACATCC
SEQ 1D NO: TGGGACTGGACATCGGAATCGCATCGGTCGGATGGGCAATGG
65 (encoding TCGAAATCCGACGAAGAAGAAAACCCGATCAGACTGATCGACC
Neisseria TGGGAGTCAGAGTCTTCGAAAGAGCAGAAGTCCCGAADBACAG
meningitidis GAGACTCGCTGGCAATGOCAAGAAGACTGGCAAGATCGGTCA
Cas?) GAAGACTGACAAGAAGAAGAGCACACAGACTGCTGAGAACA

AGAAGACTGCTGAAGAGAGAAGGAGTCCTGCAGGCAGCAAAC
TTCGACGAAAACGGACTGATCAAGTCGCTGCCGAACACACCG
TGGCAGUTGAGAGCAGCAGCACTGGACAGAAAGCTGACACCG
CTGGAATGGTCGGCAGTCCTGOTGCACCTGATCAAGCACAGAG
GATACCTGTCGCAGAGAAAGAACGAAGGAGAAACAGCAGAC
AAGGAACTGGGAGCACTGCTGAAGOGAGTCGCAGGAAACGCA
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CACGCACTGCAGACAGGAGACTTCAGAACACCGGCAGAACTG
GCACTGAACAAGTTCGAAAAGGAATCGGGACACATCAGAAAC
CAGAGATCGGACTACTCGCACACATTCTCGAGAAAGGACCTG
CAGGCAGAACTGATCCTGCTGTTCCAAAAGCAGAAGGAATTC
GGAAACCCGCACGTCTCGGGAGGACTGAAGGAAGGAATCGAA
ACACTGCTGATGACACAGAGACCGGCACTGTCGGGAGACGCA
GTCCAGAAGATGCTGGOACACTGCACATTCGAACCGGCAGAA
CCGAAGGCAGCAAAGAACACATACACAGCAGAAAGATTCATC
TGGCTGACAAAGCTGAACAACCTGAGAATCCTGGAACAGGGA
TCGGAAAGACCGCTGACAGACACAGAAAGAGCAACACTGATG
GACGAACCGTACAGAAAGTCGAAGCTOACATACGCACAGGCA
AGAAAGCTGCTGGGACTGGAAGACACAGCATICTICAAGGGA
CTGAGATACGGAAAGGACAACGCAGAAGCATCGACACTOATG
GAAATGAAGGCATACCACGCAATCTCGAGAGCACTGOAAAAG
GAAGGACTGAAGGACAAGAAGTCOCCGCTGAACCTGTCGLLG
GAACTGCAGGACGAAATCGGAACAGCATTICTCGLTGTTCAAG
ACAGACGAAGACATCACAGGAAGACTCAAGGACAGAATCCAG
CCGOAAATCCTGGAAGCACTGCTCGAAGCACATCTCGTICGACA
AGTTCGTCCAGATCTCGCTCAAGGCACTGAGAAGAATCGTCCC
GCTGATGGAACAGGGAAAGAGATACGACGAAGCATGCGCAGA
AATCTACGGAGACCACTACGGAAAGAAGCAACACAGAAGAAA
AGATCTACCTGCCOCCGATCCLGGCAGACGAAATCAGAAACT
CGGTCGTCCTGAGAGCACTGTCOCAGGCAAGAAAGGTCATCA
ACGGAGTCGTCAGAAGATACGGATCGCCGGCAAGAATCCACA
TCGAAACAGCAAGAGAAGTCGGAAAGTCGTTCAAGGACAGAA
AGGAAATCGAAAAGAGACAGGAAGAAAACAGAAAGGACAGA
GAAAAGGCAGCAGCAAAGTTCAGAGAATACTTICCCGAACTTC
GTCGGAGAACCGAAGTCGAAGGACATCCTGAAGCTGAGACTG
TACGAACAGCAGCACGGAAAGTGCCTGTACTCGGOAAAGGAA
ATCAACCTGGGAAGACTGAACGAAAAGGOATACGTCGAAATC
GACCACGCACTGCCGTTCTCGAGAACATGGGACGACTCGTTCA
ACAACAAGGTCCTGGTCCTGGGATCGGAAAACCAGAACAAGS
GAAACCAGACACCGTACGAATACTTCAACCGAAAGGACAACT
CGAGAGAATGGCAGGAATTCAAGGCAAGAGTCGAAACATCGA
GATTCCCGAGATCGAAGAAGCAGAGAATCCTGCTGCAGAAGT
TCGACGAAGACGGATTCAAGGAAAGAAACCTGAACGACACAA
GATACGTCAACAGATTCCTGTGCCAGTICGTCGCAGACAGAAT
GAGACTGACAGGAAAGGOAAAGAACAGAGTCTTCGCATCGAA
CGGACAGATCACAAACCTGCTGAGAGGATTCTGGGUACTGAG
AAAGGCTCAGAGCAGAAAACGACAGACACCACGCACTGGACGE
AGTCOTCGTCGCATGCTCGACAGTCGCAATGCAGCAGAAGATC
ACAAGATTCGTCAGATACAAGGAAATGAACGCATTCGACGGA
AAGACAATCGACAAGGAAACAGGAGAAGTCCTGCACCAGAAG
ACACACTTCCCGCAGCCGTGGOAATTCTTICGCACAGGAAGTCA
TCGATCAGAGTCTTCGGAAAGCCOGACGGAAAGLCGGAATILG
AAGAAGCAGACACACTGGAAAAGCTGAGAACACTGCTGGCAG
AAAAGCTGTCGTCGAGACCGGAAGCAGTCCACGAATACGTCA
CACCGCTGTTCGTCTCGAGAGCACCGAACAGAAAGATGTCGG
GACAGGGACACATGGAAACAGTCAAGTCGGLCAAAGAGACTGG
ACGAAGGAGTCTCGGTCCTGAGAGTCCCGCTGACACAGCTGA
AGCTGAAGGACCTGGAAAAGATGGTCAACAGAGAAAGAGAA
CCCAAGCTGTACGAAGCACTGAAGGCAAGACTGGAAGCACAC
AAGGACGACCCGGCAAAGGCATTICGCAGAACCGTTCTACAAG
TACGACAAGGCAGGAAACAGAACACAGCAGGTCAAGGCAGTC
AGAGTCGAACAGGTCCAGAAGACAGGAGTCTGGUGTCAGAAAL
CACAACGGAATCGCAGACAACGCAACAATGOTCAGAGTAGAC
GTCTTICCAAAAGGGAGACAAGTACTACCTGGTCCCGATCTACT
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CGTGGCAGGTCGCAAAGGGAATCCTGCCGGACAGAGCAGTCG
TCCAGGGAAAGGACGAAGAAGACTGGCAGCTGATCGACGACT
CGTTCAACTTCAAGTTCTCGCTGCACCCGAACGACCTGGTCGA
AGTCATCACAAAGAAGGCAAGAATGTTCGGATACTTCGCATC
GTGCCACAGAGGAACAGGAAACATCAACATCAGAATCCACGA
CCTGGACCACAAGATCGGAAAGAACGGAATCCTGGAAGGAAT
CGOAGTCAAGACAGCACTGTCGTICCAGAAGTACCAGATCGA
CGAACTGGGAAAGGAAATCAGACCGTGCAGACTGAAGAAGAG
ACCGCCGGTCAGATCCGGAAAGAGAACAGCAGACGGATCGGA
ATTCGAATCGCCGAAGAAGAAGAGAAAGGTCGAATGATAGCT
AGCTCGAGTCTAGAGGGCCCOTTTAAACCCGCTGATCAGCCTC
GACTGTGCCTTCTAGTTIGCCAGCCATCTGTTGTITGCCCCTLCC
CCOTGCCTICCTTGACCCTGOAAGGTGCCACTCCCACTGTCCTT
TCCTAATAAAATGAGGAAATTGCATCGCATYGTCTGAGTAGGT
GTCATTCTATTCTGGGGGOTGGGGTGGOGCAGGACAGCAALG
GGGAGGATTGGGAAGACAATAGCAGGCATOCTGOGGATGLGG

TGGGLICTATGG
Amino acid MAAFKPNSINYILGLDIGIASVOWAMVEIDEEENPIRLIDLGVRVE 68
sequence of ERAEVPKTGDSLAMARRLARSVRRLTRRRAHRLLRTRRLLKREG
Neisseria VLQAANFDBENGLIKSLENTPWQLRAAALDRKLTPLEWSAVLLHLE
meningitidis KHRGYLSQRENEGETADKELGALLKGVAGNAHALQTGDFRTPA
Casd ELALNKFEKESGHIRNOQRSDY SHTFSRKDLQAELILLFEKQKEFGN

PHVSGGLKEGIETLLMTQRPALSGDAVQKMLGHCTFEPAEPKAA
KNTYTAERFIWLTKLNNLRILEQGSERPLTDTERATLMDEPYRKS
KLTYAQARKLLGLEDTAFFKGLRYGKDNAEASTLMEMKAYHAL
SRALEKEGLKDKKSPLNLSPELODEIG TAFSLFKTDEDITGRLKDR
IQPEILEALLKHISFDKFVQISLKALRRIVPLMEQGKRYDEACAELY
GDHYGKKNTEEKIYLPPIPADEIRNPVVLRALSQARKVINGVVRR
YGSPARIMIETAREVGKSFKDRKEIEKRQEENRKDREKAAAKFRE
YFPNFVGEPKSK DILKLRLY EQQHGKCLY SGKEINLGRLNEKGYV
EIDHALPFSRTWDDSFNNKVLVLGSENQNKGNQTPY EYFNGKDN
SREWQEFKARVETSRFPRSKKQRILLOKFDEDGFKERNLNDTRYV
NRFLCQFVADRMRLTGKGKKRVEASNGQITNLLEGFWGLRKVR
AENDRHHALDAVVVACSTVAMQQKITRFVRYKEMNAFDGKTID
KETGEVLHQK THFPQPWEFFAQEVMIRVFGKPDGK PEFEEADTLE
KLRTLLAEKLSSRPEAVHEYVTPLFVSRAPNRKMSGQGHMETVK
SAKRLDEGVSVLRVPLTQLKLKDLEKMYNREREPKLYEALKARL
EAHKDDPAK AFAEPFYK YDKAGNRTQQVKAVRVEQVOKTGVW
VRNHNGIADNATMVRVDVFEKGDEYYLVPIYSWQVAKGILPDR
AVVQGKDEEDWOQLIDDSINFKFSLHPNDLVEVITKKARMFGYFA
SCHRGTGNINIRIHDLDHKIGKNGILEGIGVK TALSFQK YQIDELG
KEIRPCRLKKRPPVRSGKRTADGSEFESPKKKRKVE

G390 guide mG*mC*nC*GAGUCUGGAGAGCUGCAGUUUUAGAMmGmCmUm 69
RMNA AmGmAMAMAMUmAMGMCAAGUUAAAAUAAGGCUAGUCCGU
UAUCAmAMCoUnmUmGmAmAmAmAMAMSmUmGmGmCmAmC
mCmGmAmGUmCnGmGmUmGmCmUY mU*mUmU

G502 guide mA*mC*mA*CAAAUACCAGUCCAGCGGUUUUAGAMmGmCmUm 70
RNA AnGmAMAMAMUmAMGmCAAGUUAAAAUAAGGCUAGUCCGU
UAUCAmAMCoUmUmGmAmAmAmAMAMSmUmGmGmCmAmC
mCmGmAmGIUmCnGmnGmUmGmCmUY mU*mUrmU

G509 guide mA*mA*mA*GUUCUAGAUGCCCUCCGGUUUUAGAMGmCmUm 71
RNA AmGmAMAMAMUmAMGmCAAGUUAAAAUAAGGCUAGUCCGU
UAUCAmAmMCoUmUmGmAmAmAmAMAMOmUmGmGmCmAmC
mCmGAmGnUmCnGonGmUmGmCmUY mU*mUmU
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(534 guide MmA*MC*MG*CAAAUAUCAGUCCAGCGGUUUUAGAGmCmUm 7z
RNA. AmGmAMAMAMUmAMGMCAAGUUAAAAUAAGGCUAGUCCOU

UAUCAmAMCmUmUmGmAmAmAMAMmAmGCmUmGmGmCmAmC
mCunGCmAmGMUmCmGmGmUmGmCmU* mU *mU*mU

* = P§ linkage; 'm’ = 2'-0-Me nucleotide

Mouse GBE0282 NGS primer sequences

Forward primer;

CACTCTTTCCCTACACGACGCTCTTICCOATCTGTTTTGTTCCAGAGTCTATCACCS

Reverse primer:
GGAGTTCAGACGTGTGCTCTTCCCGATCTACACCAATAAGAGCAAATGGGAAC

Rat GO0GD398 NGS primer sequences

Forward Primer:
CACTCTTTCCCTACACGACGCTCTTICCGATCTTGCATTTCATCAGACCGAAAACA

Reverse Primer:
GGAGTTCAGACGTGTGCTCTTCCCATCTGCTACAGTAGAGCTGTACATAAAACTT

GFP sequence:

TCGCGCGTTTCGGTGATCACGGTCGAAAACCTCTGACACATGCAGCTCCCGGAGAC
GGTCACAGCTTGTCTGTAAGCGCGATGCCGGGAGCAGACAAGCCCGTCAGGGCGC
GTCAGCGGOTGTTGGCGOGTGTCGGCGLTOGCTTAACTATGCGGCATCAGAGCA
CGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAG
GAGAAAATACCGCATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGA
AGGGCGATCGGTGCCGGGCCTCTTCGCTATTACGLCCAGCTGGCCGAAAGGGGGATG
TGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAATTCTAATACGACTCACTATAGGGTCCCGCAGTCGGC
GTCCAGCGGCTCTGCTIGTICGTGTIGTGTGTCOGTTGCAGGUCTTATTCGGATCCAT
GGTGAGCAAGGGCGAGCAGCTGTTCACCGGGGTCGTGCCCATCCTGGTCGAGCT
GGACGGCGACGTAAACGGCCACAAGTTCAGCOTGTCCGGCGAGGGCGAGGGCG
ATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCC
CGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGLGTGCAGTCCTTCAGC
COCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAA
GGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACC
CGLGCCOAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCCGCATCCAGCTGAAG
GGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAAC
TACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAG
GTGAACTTCAAGATCCGCCACAACATCCAGGACGGCAGCGTGCAGCTCGCCGAC
CACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAAL
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CACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGAT
CACATGGTCCTOCTGGAGTICGTGACCGCCGCCGGGATCACTCTCGGCATGGACG
AGCTGTACAAGTAATAGGAATTATGCAGTCTAGCCATCACATTTAAAAGCATCTC
AGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTC
TTTTTCTTTTITCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTT
TAATCATTTTGCCTCTTTITCTCTGTOCTTCAATTAATAAAAAATGGAAAGAACCTC
GAGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAT
CTAGACTTAAGCTTCATGAGCTCTAGCTTGOCGTAATCATGGTCATAGCTGTTYC
CTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGCGAAGCAT
AAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTIG
CGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAA
TCGGCCAACGCGCGGGGAGAGGCGETTTGCGTATTGGGCGCTCTTCCGLCTTCCTC
GCTCACTGACTCGCTGCGCTCGOGTCGTTCGGCTGCGGCCAGCGGTATCAGCTCAC
TCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAAC
ATCTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGLCGCGTTGLT
GGCCGTTITTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCA
AGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCT
GGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGT
CCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTAT
CTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCLCG
TTCAGCCCGACCGCTQCOCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGT
AAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGC
GAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTAC
ACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTICGGAA
AAAGAGTTGCTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTT
TITTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCC
TTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGG
ATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTITAAATTAAA
AATCGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTA
CCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCA
TAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGCAGGGCTTACCATC
TGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTA
TCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGLAGAAGTGGTCCTGCAACT
TTATCCGCCTCCATCCAQGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTT
CGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTC
ACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGA
GTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGA
TCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACT
GCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTCGGTGAGT
ACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCCACCCAGTTGCTCTTGCCC
GGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCAT
CATTGCAAAACGTTCTTCCGGGCCAAAACTCTCAAGGATCTTACCGCTGTTGAGA
TCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTITTACTIT
CACCAGCCTTTCTGGOGTCGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGG
GAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTA
TTGAAGCATTTATCAGGGTTATTOTCTCATGAGCGGATACATATTTGAATGTATTT
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AGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTG
ACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCAC
GAGGCCCTTTCGTCG
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CLAIMS:
1. A lipid nanoparticle (“LNP”’) composition comprising;
an RNA component; and
a lipid component, wherein the lipid component comprises:
about 50-60 mol-% amine lipid;
about 8-10 mol-% neutral lipid; and
about 2.5-4 mol-% PEG lipid,
wherein the remainder of the fipid component (s helper liptd, and
wherein the N/P ratio of the LNP composition is about 6.
2. An LNP composttion comprising:
an RNA component;
about 50-60 mol-% amine lipid;
about 27-39.5 mol-% helper lipid;
about 8-10 mol-% neuiral lipid; and
about 2.5-4 mol-% PEG lipid,
wherein the N/P ratio of the LNP composition is about 5-7.
3. The LNP composition of claim 2, wherein the N/P ratio is about 6.
4. An LNP composition comprising:
an RNA component; and
a lipid component, wherein the hpid component comprises
about 50-60 mol-% amine lipid;
about 5-15 mol-% neutral lipid; and
about 2.5-4 mol-% PEG hipid,
wherein the remainder of the lipid component is helper lipid, and
wherein the N/P ratio of the LNP composition is about 3-10.
5. An LNP composition comprising:
an RNA component; and
a lipid component, wherein the hpid component comprises
about 40-60 mol-% amine lipid;
about 5-15 mol-% neutral lipid; and
about 2.5-4 mol-% PEG lipid,

wherein the remainder of the lipid component is helper lipid, and
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wherein the N/P ratio of the LNP composition s about 6.
6. An LNP composition ¢comprising:
an RNA component; and
a lipid component, wherein the lipid component comprises
about 50-60 mol-% amine lipid;
about 5-15 mol-% neutral lipid; and
about 1.5-10 mol-% PEG lipid,
wherein the remainder of the ipid component (s helper liptd, and
wherein the N/P ratio of the LNP composition is about 6.
7. An LNP composition ¢comprising;
an RNA component; and
a tipid component, wherein the lipid component comprises
about 40-60 mol-5% amine lipid;
about 0-10 mol-% neuiral lipid; and
about 1.3-10 mol-% PEG lipid,
wherein the remainder of the lipid component is helper lipid, and
wherein the N/P ratio of the LNP composition is about 3-10.
8. An LNP composition comprising:
an RNA component; and
a lipid component, wherein the hpid component comprises:
about 40-60 mol-% amine lipid;
less than about 1 mol-% neutral lipid; and
about 1.5-10 mol-% PEG lipid,
wherein the remainder of the lipid component is helper lipid, and
wherein the N/P ratio of the LNP composition is about 3-10.
9. An LNP composition comprising:
an RNA component; and
a lipid component, wherein the hpid component comprises:
about 40-60 mol-% amine lipid; and
about 1.5-10 mol-% PEG lipid,
wherein the remainder of the lipid component is helper lipid,

wherein the N/P ratio of the LNP composition is about 3-10, and
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wherein the LNP composition is essentially free of or free of neuiral phospholipid.

. An LNP composition ¢comprising;

an RNA component; and

a lipid component, wherein the lipid component comprises:
about 50-60 mol-% amine lipid;
about 8-10 mol-% neutral lipid; and
about 2.5-4 mol-% PEG lipid,

wherein the remainder of the ipid component (s helper liptd, and

wherein the N/P ratio of the LNP composition is about 3-7,

. The composition of any preceding claim, wherein the RNA component comprises an

mRNA.

. The composition of any preceding claim, wherein the RNA component comprises an

RNA-guided DNA-binding agent, such as & Cas nuclease mRNA.

. The composition of any preceding claim, wherein the RNA component comprises a

Class 2 Cas nuclease mRNA.

. The composition of any preceding claim, wherein the RNA component comprises a

(Cas9 nuclease mRNA.

. The composition of any of claims [ 1-14, wherein the mRNA is 2 modified mRNA.

. The composition of any preceding claim, wherein the RNA component comprises an

RNA comprising an open reading frame encoding an RNA-guided DNA-binding
agent, wherein the open reading frame has a uridine content ranging from its

nunimum uridine content to | 50% of the minimum undine content.

. The composition of any preceding claim, wherein the RNA component comprises an

mRNA comprising an open reading frame encoding an RNA-guided DNA-binding
agent, wherein the open reading frame has a uridine dinucleotide content ranging
from its minimum uridine dinucleotide content to 150% of the minimum uridine

dinucleotide content.

. The composition of any preceding claim, wherein the RNA component comprises an

mRNA comprising a sequence with at least 90% identity (o any one of SEQ 1D NO:
1,4,7,9,10, 11,12, 14, 15, 17, 18, 20, 21, 23, 24, 26, 27, 29, 30, 58, 52, 54, 65, or
66, wherein the mRNA comprises an open reading frame encoding an RNA-~guided

DNA-binding agent.
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The composition of any of any preceding claim, wherein the RNA component
comprises a gRNA nucleic acid.

The composition of claim 19, wherein the gRNA nucleic acid is 2 gRNA.

The composition of any preceding clair, wherein the RNA component comprises a
Class 2 Cas nuclease mRNA and a gRNA,

The composition of any of ¢laims 19-21, wherein the gRNA nucleic acid is or
encodes a dual-guide RNA (dgRNA).

23, The composition of any of claims [9-21, wherein the gRNA nucleic acid is or

encodes an sgRNA.

24 The composition of any of claims 19-23, wherein the gRNA is modified.

. The composition of claim 24, wherein the gRNA comprises a modification chosen

from 2°-0O-methyl (2°-0-Me) modified nucleotide, a phosphorothioate (PS) bond

between nucleotides; and a 2°-fluoro (2°-F) modified nuclestide.

. The composition of any of claims 24-25, wherein the gRNA coroprises a modification

at one or more of the first five nucleotides at the 57 end.

. The composition of any of claims 24-26, wherein the gRNA comprises a modification

at one or more of the last five nucleotides at the 3” end.

The composition of any of claims 24-27, wherein the gRNA comprises PS bonds
between the first four nucleotides.

The composition of any of ¢claims 24-28, wherein the gRNA comprises PS bonds
between the last four nucieotides.

The composition of any of claims 24-29, further comprising 2°-0O-Me modified

nucleotides at the first three nucleotides at the 57 end.

. The composition of any of claims 24-30, further comprising 2°-0-Me modified

nucleatides at the fast three nucleotides at the 3° end.

The composition of any of claims 19-31, wherein the gRNA and Class 2 Cas nuclease
mRNA are present in 4 ratio ranging from about 10:1 to about 1:10 by weight.

The composition of any of claims 19-31, wherein the gRNA and Class 2 Cas nuclease
mRNA are present in a ratio ranging from about 5:1 to about 1:5 by weight

The composition of any of claims 19-33, wherein the gRNA and Class 2 Cas nuclease

mRNA are present in a ratio ranging from about 3:1 to about 1:1 by weight.
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5. The composition of any of claims 19-34, wherein the gRNA and Class 2 Cas

nuclease mRNA are present in a ratio ranging from about 2:1 to about 1:1 by weight.
. The composition of any of elaims 19-35, wherein the gRNA and Class 2 Cas nuclease
mRNA are present in a ratio of about 2:1 by weight
. The composition of any of claims 19-35, wherein the gRNA and Class 2 Cas nuclease
mRNA are present in a ratio of about 1:1 by weight.
The composition of any preceding claim, further comprising at least one template.
The composition of any preceding claim, wherein the mol-% PEG lipid is about 3.
The composition of any preceding claim, wherein the mol-% amine lipid 1s about 50.
The composition of any preceding claim, wherein the mol-% amine lipid 1s about 55.
The composition of any preceding claim, wherein the mol-% amime lipid is = 3 mol-
Ye.

1. The composition of any preceding claim, wherein the mol-% amine lipid 15 % 2 mol-

The composition of any preceding claim, wherein the mol-% amine lipid is 47-53

mol-%.

The composition of any preceding claim, wherein the mol-% amine lipid is 48-53

mol-%.

The composition of any preceding claim, wherein the mol-% amine lipid is 53-57

mol-%.

. The composition of any preceding claim, wherein the N/P rang is 6 &+ 1.

. The composition of any preceding claim, wherein the N/P ratio is 6 £0.5.

. The composition of any preceding claim, wherein the amine lipid is Lipid A.

. The composition of any preceding claim, wherein the amine lipid is an analog of
Lipid A.

. The compaosition of claim 50, wherein the analog is an acetal analog.

. The composition of claim 51, wherein the acetal analog is a C4-C12 acetal analog.

. The composition of claim 50, wherein the acetal analog i1s a CS5-C12 acetal analog.

. The composition of claim 50, wherein the acetal analog is a C5-C10 acetal analog.

. The compositionof claim 50, wherein the acetal analog is chosenfrom a C4, CS, C6,
C7,C8, C10o, Cil, and C12 analog.

. The composition of any preceding claim, wherein the helper lipad s
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cholesterol.

. The composition of any preceding claim, wherein the neutral Hpid is DSPC.
. The composition of any preceding claim, wherein the neutral lipid is DPPC.

. The composition of any preceding claim, wherein the PEG lipid comprises

dimyristaylglycerol (DMG).

The composition of any preceding claim, wherein the PEG lipid comprises a PEG-2k.
The composition of any preceding claim, wherein the PEG lipid s a

PEG-DMG.

The composition of claim 61, wherein the PEG-DMG s a PEG2k-DMG.

The composition of claim 9, wherein the LNP composition is essentially free of
neutral lipid.

The composition of claim 63, wherein the neuatral lipid is a phospholipid.

A method of gene editing, compnising contacting a cell with an LNP composition of
any of claims 12-64.

A method of gene editing, compusing delivering a Class 2 Cas nuclease mRNA and a
guide RNA nucleic acid to a cell, whercin the Class 2 Cas mRNA and the guide RNA
nucleic acid are formulated as at least one LNP compaosition of any of claims [3-64.
A method of producing a genetically engineered cell, comprising contacting a cell
with at least one LNP composition of any of claims 12-64.

The method of any of claims 65-67, wherein the LNP composifion is administered at

least two times.

. The method of claim 68, wherein the LNP composition is administered 2-5 times.
70.
71

The method of claim 68 or 69, wherein editing improves upon readministration.
The method of any of elaims 65-70, further comprising introducing at least one
template nucleic acid 1o the cell.

The method of any of claims 65-71, wherein the mRNA is formulated in a first LNP
composition and the guide RNA nucleic acid is formulated in a second LNP
composition.

The method of claim 72, wherein the first and second LNP compositions are

administered simultaneously.

. The method of claim 72, wherein the first and second LNP compositions are

administered sequentially.
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75. The method of any of claims 65-73, wherein the mENA and the guide RNA nucleic

acid are formulated in a single LNP composition.



