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FORMULATIONS
16011 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 in
particular embodiments, they introduce components and compositions for gene editing into
living cells.

(6031 Biologically active agents that are particularty difficult to deliver to cells include
proteins, nucleic acid-based drugs, and derivatives thereof. Compositions for dehvery 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 systems for editing genes 1n cells in vive now exist,
providing wemendous potential for treating diseases. CRISPR/Cas gene editing systems are
active as ribonucleoprotein complexes in a cell. An RNA-directed nuclease binds 1o 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 1o
double-stranded DNA breaks (DSBs) with an error-prone repair process known as non-
homologous end joining ("NHEJ”). Duwring 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 homelogous
recombination (“HR™) mechanisms, in which an endogenous or exogenous template can be
used to direct repair of the break. Several of these editing technologies take advantage of
cellular mechanisms for repairing single-stranded breaks (S8Bs) or DSBs.

[605] Compositions for delivery of the protein and nucleic acid components of
CRISPR/Cas to a cell, such as a cell in a patient, are needed. In particular, compositions for
delivering mRNA encoding the CRISPR protein component, and for debivering CRISPR
guide RNAs are of particular interest. Compositions with useful properties for in vitro and in
vivo delivery that can stabilize and deliver RNA compeonents, are also of particular interest.
[GOs6] We herein provide lipid nanoparticle-based compositions with useful properties, in

particular for delivery of CRISPR/Cas gene editing components.
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[867] in centain embodiments, the LNP compositions comprise: an RNA component; and
a hipid component, wherein the lipid component comprises: (1) about 50-60 mol-% amine
hipid; (2) about 8-10 mol-% neutral hpid; and (3} about 2.5-4 mol-% PEG lipid, wherein the
rernainder 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 (8) 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-% 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 3-10. In additional embodiments, the LNP compositions comprise a
lipid component that includes () 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 lipid
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 3-15 mol-% neutral lipid; and (3) 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 1s about 6,

[G03] 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;
{2) about 0-5 mol-% neutral lipid, e.g., phospholipid; and (3) about 1.5-10 mol-% PEG lipid,
wherein the remainder of the lipid component is helper lipid, and wherein the N/P ratic of the
LNP composition 1s 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 lipid; (2) less than about 1 mol-% neutral lipid, e.g., phospholipid; and
(3) about 1.5-10 mol-% PEG lipid, wherein the remainder of the hipid component 1s helper
fipid, and wherein the N/P ratio of the LNP composition is about 3-10. In certain
embodiments, the LNP coraposition is essentially free of neutral Hipid. 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; and (2} about
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1.5-10 mo}-% PEG lipid, wherein the remainder of the lipid component is helper hipid.
wherein the N/P ratio of the LNP composition 15 about 3-10, and whergin the LNP
composition 1s 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 embodimens,
the LNP composition s essentially free of or free of a neutral lipid, e.g., phospholipid.
[316] In certain embodiments, the RNA component comprises an mRNA, such as an
RNA-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

(6111 Fig. | shows the percentage of TTR gene editing achieved in mouse hiver after
delivery of CRISPR/Cas gene editing components Cas® mRINA and gRNA in LNP
compaositions as indicated at a single dose of 1 mpk (Fig. 1A)) or 0.5 mpk (Fig. 1B).

1612} Fig. 2 shows particle distribution data for LNP compositions compnising 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.

[Gi4] Fig. 4 shows polydispersity calculations in Fig. 4A and Burchard-Stockmeyer
analysis in Fig. 4B, analyzing the LNP compositions of Fig. 3.

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

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

[617] Fig. 7 shows that Lipid A analogs effectively deliver gene editing cargos in LNP
compositions as measured by % liver editing after 3 single dose administration in mouse.
[G18] Fig. 8 shows a dose response curve of percent editing with various LNP

Compositigns in primary cyno hepatocytes.
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319} Fig. 9A and Fig. 9B show serum TTR and percent editing results when the ratio of
gRINA to mRNA varies, and Fig. 9C and Fig. 9D show serum TTR and percent editing results
in liver when the amount of Cas9® mRNA is held constant and gRNA varies following a single
dose adrainistration in raouse.
{0620} 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 nanopanicle (LNP)

compositions of RNAs, including CRISPR/Cas component RNAs (the “cargo”™) for dehvery
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 compenent 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 enginesred 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 nucleie acids encoding
guide RMNAs. A template nucleie 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] “mRNA” refers to a 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 inciuding
ribose residucs or analogs thereof, e.g., 2’ -methoxy nbose 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. mRNAs do not contain a

substantial quantity of thymidine residues {e.g., 0 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 conient). An mRNA can contain modified uridines at some or all of
its uridine positions.

CRISPR/Cas Nuclease Systems
[024] 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-muded DNA binding agents include Cas
cleavases/nickases and inactivated forms thereof (“dCas DNA binding agenis”™). “Cas
nuclease”, as used herein, encompasses Cas cleavases, Cas nickases, and dCas DNA binding
agents. Cas cleavases/nickases and dCas DNA binding agents include 2 Csm or Cow
complex of a type IHT CRISPR system, the Cas10, Csml, or Crr2 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 inchade Class 2 Cas cleavases/nickases {e.g., H840A,
DI0A, or NR63A variants), which further have RN A-guided DNA cleavase or mickase
activity, and Class 2 dCas DNA binding agents, in which cleavase/nickase activity is
inactivated. Class 2 Cas nucleases include, for example, Cas9, Cpfi, C2¢l, C2¢2, C2¢3, HF
Cas9 (e.g., N497A RG61A, Q695A, Q926A variants), HypaCas9 (e.g., N692A, ME94A
QG6I9SA, HE98A variants), eSPCas9(1.0) (e.g, K8I0A, KIO03A, R1060A variants), and
eSPCas9(1 1) (e.g., KB4BA K KI1003A RID6DA variants) proteins and modifications thereof
Cpfl protein, Zetsche et al., Cell, 163: 1-13 (20135), 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 §3. See, e.g., Makarova et al., Nat Rev Microbiol,
13(11): 722-36 (2015); Shmakov et al., Molecular Cell, 60:385-397 (2015).
1826} In some embodiments, the RNA-guided DNA-binding agent 15 2 Class 2 Cas
nuclease. In some embodiments, the RNA-guided DNA-binding agent has cleavase activity,
which can also be referred o 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, e.g., 2 Cas nuclease of Type I, V, or VI). Class 2 Cas nucleases
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inchude, for example, Cas9, Cpfl, C2el, C2¢2, and C2¢3 proteins and modifications thereof.
Examples of Cas9 nucleases include those of the type I[I CRISPR systems of 5. pyogenes, S.
aureus, and other prokaryotes (see, €.g., the list in the next paragraph), and modified (s.g.,
engineered or mutant) versions thereof. See, e.g., U8 2016/0312198 A1; 1.5, 2016/0312199
Al. Other examples of Cas nucleases include a Csm or Cmr complex of a type I1I CRISPR
systemt or the Casl0, Csmi, or Cmr2 subunit thereof, and a Cascade complex of a type |
CRISPR system, or the Cas3 subunit thereof. In some embodiments, the Cas nuclease may be
from a Type-11A, 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 (2011);
Makarova et al., Nat. Rev. Microbiol, 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, Lactobaciilus gassent, Francisella novicida, Wolinella succinogenes,
Sutterella wadsworthensis, Gammaproteobacteriumn, Neisseria meningifidis, Campylobacter
jepuni; Pasteurella multocida, Fibrobacter succinogene, Rhodospirilium rubrum, Nocardiopsis
dassonvillei, Streptomyces pristinaespiralis, Streptomyces viridochromogenes, Streptomyces
viridochromogenes, Streptosporangium roseum, Streptosporangium roseum, Alicyclobacillus
acidocaldarius, Bacillus pseudomycoides, Bacillus selenitireducens, Exiguobacterium
sibiricum, Lactobacillus defbrueckii, Lactobacillus salivarius, Lactobaciilus buchneri,
Treponema denticola, Microscilla marina, Burkholderiales bacterium, Polaromonas
naphthalenivorans, Polaromonas sp., Crocosphaera watsonii, Cyanothece sp., Microcystis
aerumnosa, Synechococous sp., Acetohalobivn arabaticum, Ammonifex degensi,
Caldicelulosiruptor becscii, Candidatus Desulforudis, Clostridium botalinum, Clostridium
difficile, Finegoldia magna, Natranaercbius thermophilus, Pelotomaculum
thermopropionicum, Acidithiobacillus caldus, Acidithiobacillus ferrooxidans,
Allochromatium vinosurn, Marinobacter sp., Nitrosococcus halophidus, Nitrosococcus
watsony, Pseudoalteromonas haloplanktis, Ktedonobacter racemifer, Methanohalobium
evestigatum, Anabaena variabilis, Nodulara spumigena, Nostoc sp., Arthrospira maxima,
Arthrospira platensis, Arthrospira sp., Lyngbya sp., Microcoleus chthonoplastes, Oscillatoria

sp., Petrotoga mobilis, Thermosipho africanus, Streptococcus pasteurianus, Neisseria cinerea,
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Campvlobacter lan, Parvibaculum lavamentivorans, Corynebacterium diphthena,
Acidaminacoccus sp., Lachnospiraceae bacterium ND2006, and Acarvochlons marina,

[628] In some embodiments, the Cas nuclease is the Cas? nuclease from Strepiococcus
pyogenes. In some erabodiments, the Cas nuclease is the Cas9 nuclease from Swepiococcus
thermophilus. In some embodiments, the Cas nuclease is the Cas9 nuclease from Neisseria
meningitidis. In some embodiments, the Cas nuclease is the Cas9 nuclease 15 from
Staphylococcus aureuws. In some embodiments, the Cas nuclease 15 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 15 the Cpfl nuclease from
Lachnospiraceae bacterium ND2006. In finther embodiments, the Cas nuclease 15 the Cpfl
nuclease from Francisella tularensis, Lachnospiraceae bacterium, Butyrivibrio
proteoclasticus, Peregrinibacteria bacterivin, Parcubacteria bacterium, Smithella,
Acidaminococcus, Candidatus Methanoplasma termitum, Eubacterium eligens, Moraxella
bovoculi, Lepiospira inadai, Porphyromonas crevioricanis, Prevoiella disiens, ot
Forphyromonas macacae. In certain embodimenis, the Cas nuclease is a Cpfl nuclease from
an Acidominococcus or Lachnospiraceae,

{629} Wild type Cas9 has two nuclease domains: RuvC and HNH. The RuvC domain
cleaves the non-target DNA strand, and the HNH domaln 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 a2 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 NO: 3. An exemplary Cas® mRNA ORF sequence, which
inchudes 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.
1G636] 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.

(G631} In other embodimenis, 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 a Type-1 CRISPR/Cas system. In some embodiments, the Cas nuclease may be a
Cas3 protein. In some embodiments, the Cas nuclease may be from a Type-I1] CRISPR/Cas
systern. In some embodiments, the Cas nuclease may have an RNA cleavage activity.

[032] In some embodiments, the RNA-guided DNA-binding agent has single-strand
nickase activity, i.¢., 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 | e, 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 endonucleolytic active site 15
mactivated, €.g., by one or more alterations (e.g., point mutations) in a catalytic domain. See,
e.g., U.S. Pat. No. 8,889,336 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 TD NO: 7. An exemplary Cas9 nickase mRNA coding sequence,
suitable for inclusion in a fusion protein, is provided as SEQ [D NO: 1 1.

[G33} 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 deleted 1o reduce its nucleic
acid cleavage activity. In some embodiments, a nickase is used having a RuvC domain with
reduced activity. In some embodiments, a nickase is used having an inactive RuvC domain.
In some embodiments, a nickase is used having an HNH domain with reduced activity. In
some embodiments, 4 nickase is used having an ingctive HNH domain,

(634} In some embodiments, a conserved amino acid within a Cas protein nuciease
domain 1s 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 RuvC-hike nuclease domain
include DIOA (based on the S. pyogenes Cas9 protein). See, e g, Zetsche et al. (2015) Cell
Oct 22:163(3): 759-771. In some embodiments, the Cas nuclease may comprise an amino
acid substitution in the HNH or HNH-like nuclease domain. Exemplary amino acid
substitutions in the HINH or HiNH-like nuciease domain include E762A ) HE40A NBE3A
HO83A, and DI80A (based on the S. pyogenes Cas9 protein). See, e.g., Zetsche et al. (2015).
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Further exemplary amino acid subsiitutions include DO 7A, E1006A, and D1255A (based on
the Franciseila novicida U112 Cpft (FaCpf1) sequence (UniProtKB - A0QT7Q2
(CPF1_FRATHN)).

[635] in some embodiments, 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 RMNAs direct the nickase to a
1arget sequence and introduce a DSB by generating a nick on opposite strands of the target
sequence (1.e., double nicking). In some embodiments, use of double nicking may improve
specificity and reduce off-target effects. In some embodiments, 3 nickase 1s used together
with two separate guide RNAs targeting oppostte strands of DNA (o produce a double nick in
the target DNA. [n 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.
[336] In some embodiments, the RNA-guided DNA-binding agent lacks cleavase and
nickase activity. In some embodiments, the RNA-guided DNA-binding agent comprises a
dCas DNA-binding polypeptide. A dCas polypeptide has DNA-binding activity while
gssentially lacking catalytic (cleavase/nickase) activity. In some embodiments, the dCas
polypeptide 15 a dCas9 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 nuclease (e.g., a Cas nuclease discussed above) in which its endonucleolytic active
sifes are inaciivated, €.g., by one or more alterations {€.g., point mutations) in its catalytic
domains. See, e.g., U.5.2014/0186958 A1; U.S. 2015/0166980 Al. An exemplary dCasS
amino acid sequence is provided as SEQ ID NO: 8. An exemplary Cas9 mRNA ORF
sequence, which includes start and stop codons, is provided as SEQ ID NQO: 9. An exemplary
Cas® mRNA coding sequence, suitable for inclusion in a fusion protein, is provided as SEQ
IDNG: 12,

[G37] In some embodiments, the RNA-guided DNA-binding agent comprises one or
more heterologous functional domains (e.g., is or comprises a fusion polypeptide).

1338} In some embodiments, the heterologous functional domain may facilitate transport
of the RNA-guided 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 1s used, the NLS may be linked at the N-terminus or the C-terminus of the RNA-puided
DNA-binding agent sequence. [t 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 5 NLSs. In some embodiments, the RNA-guided DNA-binding
agent may be fused with two NLSs. [n certain 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 DNA-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, PKKKRKVY or PKKKRRY. In some
embodiments, the NLS may be a bipartite sequence, such as the NLS of nucleoplasmin,
KRPAATKKAGQAKKKK. In a specific smbodiment, a single PKKKRKV NLS may be
linked at the C-terminus of the RNA-guided DNA-binding agent. One or more linkers are
optionally inciuded at the fusion site.

[G39] In some embodiments, the heterologous functional domain may be capable of
modifying the intraceliular 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 heterclogous functional domain may be capable of increasing the
stability of the RNA-guided DNA-binding agent. In some embodiments, the heterslogous
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 as 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. [n 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 polyubiquiiin chain. In some embodiments, the ubiquitin may be a

ubiquitin-fike protein (UBL). Non-limiting examples of ubiquitin-like proteins include small
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ubiquitin-like modifier (SUMO), ubiquitin cross-reactive protein (UCRP, also known as
interferon-stimulaied gene-15 (ISG15)), ubiguitin-related modifier-1 (URMI1), neuronal-
precursor-cell-expressed developmentally downregulated protein-8 (NEDDS, also called
Rubl in 8. cerevisiae), human leukocyie antigen F-associated (FAT10), autophagy-8 (ATGE)
and -12 (ATG12), Fau ubiquitin-like protein (FUB 1), membrane-anchored UBL (MUB),
ubiquitin fold-modifier-1 (UFM1), and ubiquitin-hke protein-5 (UBL3).

(48] In some embodiments, the heterclogous functional domain may be a marker
domain. Non-limiting examples of marker domains include fluorescent proteins, purification
tags, epitope tags, and reporter 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, tagQGFP, turboGFP, sfGFP, EGFP, Emerald,
Azari Green, Monomeric Azami Green, CopGFP, AceGFP, ZsGreenl ), yellow fluorescent
proteins (e.g., YFP, EYFP, Cirine, 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, AmCyanl!, Midoriishi-Cyan), red
fluorescent proteins {e.g., mKate, mKate2, mPlum, DsRed monomer, mCherry, mRFPI,
DsRed-Express, DsRed2, DsRed-Monomer, HeRed-Tandem, HeRed!, AsRed2, eqFPé611,
mRasberry, mStrawberry, Jred), and orange fluorescent proteins (mQOrange, mKO, Kusabira-
Orange, Monomeric Kusabira-Orange, mTangerine, tdTomato) ot any other suitable
fluorescent 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 affinity punfication {TAPY tag, mye, AcVS, AUL AUS E, ECS, E2,
FLAG, HA, nus, Softag |, Softag 3, Strep, SBP, Glu-Glu, HSV,KT3, §, 81, T7, V§, 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 acetyltransferase (CAT), beta-galactosidase, beta-
glucuronidase, luciferase, or fluorescent proteins.

1641} In additional embodiments, the heterologous functional dormain may target the
RNA-guided DNA-binding agent to a specific organelle, cell type, tissue, or organ. In some
embodiments, the heterologous funcrional domain may target the RNA-guided DNA-binding

agent to mitochondria.
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(3421 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, e.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 domatin, or a
transcriptional repressor domain. In some embodiments, the heterclogous functional domain
is a nuclease, such as a Fokl nuclease. See, e.g., U.S. Pat. No. 9,023 648, In some
embodiments, the heterslogous functional domain is a transcriptional activator or repressor,
See, e.g., Qiet al | “Repurposing CRISPR as an RNA-guided platform for sequence-specific
control of gene expression,” Cedl 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. Biofechnol. 31:833-8 (2013); Gilbert et
al,, “CRISPR-mediated modular RNA-guided regulation of transcription in eukaryotes,” (el
154:442-81 (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 modification domain is a methylation domain, such as a
demethylation or methyltransferase 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 3 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 ag the target
sequence, such that 1t 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 2 gRNA scaffold structure of the types, orthalogs, 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 formulanon
mcludes at least one gRNA. The gRNA may guide the Cas nuclease or Class 2 Cas nuclease
o 2 targer sequence on a target 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/puide RNA complex. Cas nucleases and cognate gRINAs may be paired. The
gRINA scaffold structures that pair with each Class 2 Cas nuclease vary with the specific
CRISPR/Cas system.
[645] “Guide RNA” “gRNA”, and simply “guide” are used berein interchangeably to
refer to either a crRNA (also known as CRISPR RNA), or the combination of 3 ctRNA and a
trRNA (also known as tracrRNA). The crRNA and oRNA may be associated as 3 single
RNA moleculs (single guide RNA, sgRNA) or in two separate RNA molecules (dual gunde
RNA, dgRNA). “Guide RNA” or “gRNA” refers to each type. The trRNA may be a
naturally-occurring sequence, or a tfRNA sequence with modifications or variations
compared o naturally-occurmnng sequences.
[346] As used herein, a “guide sequence” refers to a sequence within a guide RNA that is
complementary 1o a target sequence and funchons o direct a guide RNA (o a target scquence
for binding or modification (e.g., cleavage) by an RNA-guided DNA binding agent. A
“guide sequence” may also be referred to as a “targeting sequence,” or a “spacer segquence.”
A guide sequence can be 20 base pairs in length, ¢.g., in the case of Sireplococcus pyogenes
{i.e., Spy Cas9) and related Cas9® homologs/orthologs. Shorter or longer sequences can also
be used as guides, e.g., 15-, 16-, 17~ 18-, 19-, 21~ 22-, 23-, 24- or 25-nucleotides in 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 cormesponding target sequence
may be about 75%, 80%, 85%, 90%, 93%, 96%, 97%, 98%, 99%, or 100%. In some
embodiments, the guide sequence and the rarget region may be 100% complementary or

identical. In other embodiments, the guide sequence and the target region may contain at Jeast
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one mismaich. For example, the guide sequence and the target sequence may contam |, 2, 3,
or 4 migratches, where the total length of the target sequence is at feast 17, 18, 19, 20 or
more base pairs. In some embodiments, the guide sequence and the target region may contain
-4 mismatches where the guide sequence comprises at least 17, 18, 19, 20 or more
nucleotides. In some embodiments, the guide sequence and the farget region may contain 1,
2, 3, or 4 mismatches where the guide sequence compnses 20 nucleotides.

1647] Target sequences for Cas proteins include bath 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 stranded nucleic acid. Accordingly, where a guide
sequence is said 1o be “complementary to a target sequence”, it 15 to be understood that the
guide sequence may direct 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 1n the guide sequence.

[648] 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 targefing 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 fength. In some
embodiments, the targeting sequence length 15 0, |, 2, 3, 4, or 5 nucleotides longer or shorter
than the guide sequence of a naturally-occurring CRISPR/Cas systera. 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 eonsist
of 18-24 nucleotides. In some embodiments, the targeting sequence may comprise or consist
of 19-21 nucleotides. In some embodiments, the targeting sequence may COMPSe Or CONSist
of 20 nucleotides.

1643] In some embodiments, the sgRNA s a “Cas® sgRNA” capable of mediating RNA-
guided DNA cleavage by a Cas9 protein. In some embodiments, the sgRNA is a “Cpfl
sgRNA” capable of mediating RN A-guided DNA cleavage by a Cpfl 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 2015,

[656] Certain embodiments of the invention also provide nucleic acids, e.g., expression
cassettes, encoding the gRINA described herein. A “guide RNA nucleic acid™ is used herein
1o refer to a guide RNA (2.g. an sgRNA or a dgRNA) and a guide RNA expression cassette,
which ig g nucleic acid that encodes one or more guide 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 arRNA. In
some embodiments, the nucleotide sequence encoding the crRNA comprises a targefing
sequence flanked by all or a portion of a repeat sequence from a naturally-occumng
CRISPR/Cas system. In some embodiments, the nucleic acid may comprise a nucleotide
sequence encoding a tracr RNA. o some embodiments, the crfRNA and the tracr RNA may
be encoded by two separate nucleic acids. In other embodiments, the crRNA and the tracr
RNA may be encoded by a single nucleic acid. In some embodiments, the ctRNA and the
tracr RNA may be encoded by opposite strands of a single nucleic acid. In other
embodiments, the crRNA and the racr 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 to at
least one transcriptional or regulatory control sequence, such as a promoter, a 3' UTR, ora §'
UTR. In one example, the promoter may be a tRNA promoter, e.g., IRNAWS ora {(RNA
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 HI (Pol I1I}. Non-limiting examples of Pol I promoters also include U6 and HI
promoters. In some embodiments, the nucleotide sequence encoding the guide RNA may be
operably linked t0 a mouse or human U6 promoter. In some embodiments, the gRNA nucleie
acid is a2 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 mucleic acid. In some embodiments, the gRNA nucleic acid comprises a

double-stranded DNA having a 5" end modification on each strand. In certain embodunents,
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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 nucleie acid includes
a label such as biotin, desthiobioten-TEG, digoxigenin, and fluorescent markers, including,
for example, FAM, ROX, TAMRA, and AlexaFluor.
[633] In certain embodiments, more than one gRNA nucleic acid, such as a gRNA, can
be used with a CRISPR/Cas nuclease system. 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.

Moedified RNAs
[B54] In certain embodiments, the LNP compesitions coraprise reodificd RNAs,
[655] Modified nucleosides or nucleotides can be present in an RNA, for exanmple a
gRNA or mRNA. A gRNA or mRNA comprising one or more modified nucleosides or
nucleotides, for example, is called a “modified” RNA to describe the presence of one or more
non-naturally and/or naturally occurning eomponents or configurations that are used instead
of or in addition 1o the canonical A, G, C, and U residues. [n some embodiments, a modified
RNA 15 synthesized with a non-canonical nucleoside or nucleotide, here called “modified.”
[056] 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); (i) 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); (in) wholesale
replacement of the phosphate moiety with “dephospho” linkers (an exemplary backbone
modification); (v} modification or replacement of a naturally occurring nucleobase,
including with a non-canonical nucleobase (an exemplary base modification); (v)
replacement or modification of the nbose-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 {vit) modification or replacement of the sugar {an exemplary sugar modification}. Certain
embodiments comprise 2 5 end modification to an mRNA, gRNA  or nucleic acid. Certain
embodiments comprise a 3' end modification to an mRNA, gRNA | or nucleic acid. A
modified RNA can coneain 5 end and 3' end modifications. A modified RINA can contain
one or more modified residues at non-terminal locations. In certain embodiments, a gRNA
mcludes a1 least one modified residue. In certain embaodiments, 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 10" a second sequence if an alignment of the first sequence o the second
sequence shows that X% or more of the positions of the second sequence in i(s 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 coniribute to differences in Wdeniity or
complementanty among polyvnucleotides as long as the relevant nucleotides (such as
thymiding, uricine, or modified uridine) have the same complement (e.g., adenosine for all of
thymidine, uridine, or modified uridine; another example is cytosine and 5-methyleytosine,
both of which have guanocsine or modified guanosine as a complement). Thus, for example,
the sequence 5 -AXG where X is any modified uridine, such as pseudouriding, N1-methyl
pseudouridine, or S-methoxyuridine, is considered 100% identical to AUG in that both are
perfectly complementary to the sare sequence (57-CAU). Exeraplary alignment algorithims
are the Smith-Waterman and Needleman-Wunsch algorithms, which are well-known in the
art. One skilled 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 identity >50% for amino acids ot >75% for nucleotides, the Needleman-
Wunsch algonthm with default settings of the Needleman-Wunsch algonthm interface
provided by the EBI at the www ebi ac.uk web server is generally appropnate.

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 herein. In some
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embodiments, an mRNA compnsing an ORF encoding an RNA-guided DNA binding agent,
such as a Cas nuclease or Class 2 Cas nuclease, 1s provided, used, or administered. In some
embodiments, the ORF encoding an RNA-guided DNA binding agent is a “modified RNA-
guided DNA binding agent ORF” or simply a “modified ORF,” which is used as shorthand 10
indicate that the ORF 1s modified in one or more of the following ways: (1) the modified
ORF has a uridine content ranging from its minimum uridine content (0 150% of the
minimurn unidine content; (2) the modified ORF has a undine dinucleotide content ranging
from its munimum undine 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 NQOs: 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, ¢.g. the codon(s) with the fewest unidines (usually O or }
except for a codon for phenylalanine, where the minimal uridine codon has 7 uridines); or (8)
the modified ORF compnises at least one modified uridine. [n some embodiments, the
modified ORF is modified mn at least two, three, or four of the foregoing ways. In some
embodiments, the modified ORF comprises at {east one modified uridine and is modified in
at feast one, two, three, or all of (1)-(4) above.

[659] “Modified uridine” is used herein to refer 1o a nucleoside other than thymidine
with the same hydrogen bond acceptors as uridine and one or more structural differences
from undine. In some embodiments, a modified uridine 15 a substituied uridine, i.¢., a uniding
in which gne or more non-proton substituents {e.g., alkoxy, such as methoxy) takes the place
of a proton. In some embodiments, a modified uridine 1s pseudoundine. In some
embodiments, a modified unidine 15 a substituted pseudoundine, i.e., a pseudouridine 1n
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.

(660} “Uridine position” as used herein refers to a position in a polynucleotide oceupied
by a uridine or a modified undine. Thus, for example, 3 polynuclestide in which “100% of
the uridine positions are modified uridines” contains a modified uridine at every position that
would be a uridine in a conventional RNA (where all bases are standard A, U, C, or G bases)

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

modified uridine,

Table L. Minimal Uridine Codons

Armine Acid

Minimal uridine codon

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

E Glutamic acid GAA or GAG

I Isoleucine AUC or AUA or 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
S, Glutamine CAG or CAA

F Phenvialanine UUC

Y Tyrosine UAC

C Cysteine UGC

W Tryptophan UGG

M Methionine AUG

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

caodons of which at least 75%, 80%, 83%, 90%, 95%, 98%, 99%, or 100% of the codons are

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

the modified ORF may comprise a sequence with at least 30%, 95%, 58%, 99%, or 160%
identity 10 any one of SEQ ID NG 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.

[662] In any of the foregoing embodiments, the modified ORF may compnse a sequence
with at least 90%, 95%, 98%, 99%, or 100% identity to any one of SEQ ID NO: 1, 4,7, 9, 10,

01,12, 14,15, 17, 18,20, 21, 23, 24, 26, 27,29, 30, 50, 52, 54, 65, or 66.

[063] In any of the foregoing embodiments, the modified ORF may have a uridine

content ranging from its minimum uridine content to 150%, 145%, 140%, 135%, 130%,
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125%, 120%, 115%, 110%, 105%, 104%, 103%, 102%, or 101% of the minimum undine
conient,

[664] In any of the foregoing embodiments, the modified ORF may have a uridine
dinucleotide content ranging from its minimum undine dinucleotide content 1o 150%, 145%,
140%, 135%, 130%, 125%, 120%, 115%, 110%, 105%, 104%, 103%, 102%, or 101% of the
minimum uridine dinucleotide content.

[365] In any of the foregoing embodiments, the modified ORF may compnise a modified
uridine at least at one, a plurality of, or all uridine positions. In some embodiments, the
modified undine is a undine modified at the 5 position, e.g., with a halogen, methyl, or ethyl
In some embodiments, the modified uridine is a pseudouridine modified at the | position,
¢.g., with a halogen, methyl, or ethyl. The modified uridine can be, for example,
pseudourniding, Ni-methyl-pseudouridine, S-methoxyuriding, S-iodounidine, or a combination
thereof. In some embodiments, the modified uridine 15 5-methoxvuriding. In some
embodiments, the modified undine is 5-iodoundine. In some embodiments, the modified
uriding is pseudouridine. In some embodiments, the modified undine is Ni-methyl-
pseudounidineg. In some embodiments, the modified uridine 1s a ¢combination of pseudouridine
and Ni-methyl-pseudowridine. In some embodiments, the modified widine is a combination
of pseudouridine and S-methoxyunidine. In some embodiments, the modified uridine is a
combmation of Ni-methyl pseudouridine and S-methoxyuridine. In some embodiments, the
modified uridine 15 a combination of 5-iodouridine and Ni-methyl-pseudouridine. In some
embodiments, the modified uridine is 2 combination of pseudouridine and 5-icdouridine. [n
some embodiments, the modified unidine is a combination of S-iodounidine and 5-
methoxyundine.

(666} In some embodiments, at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 38%, 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%, 35-45%, 45-55%, 55-65%, 65-75%, 75-85%, B5-
95%, or 90-100% of the uridine positions in an mRNA according to the disclosure are
modified uridines, e.g., S-methoxyundine, 5-iodoundine, Ni-methyl pseudouridine,
pseudouridine, or a combination thereof. In some embodiments, 10%-25%, 15-25%, 25-35%,
35-45%, 45-35%, 55-65%, 65-75%, 75-85%, 85-95%, or 30-100% of the uridine positions in

an mRNA according to the disclosure are S-methoxyundine. In some embodiments, 10%-
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25%, 15-25%, 25-35%, 35-45%, 45-35%, 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%, &5-
93%, or 90-100% of the uridine positions in an mRNA according to the disclosure are Ni-
methyl pseudoundine. 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-iodoundine. 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 m an mRNA according to the disclosure are S-methoxyuridine, and the remainder
are Ni-methy! psendoundine. 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 uriding positions in an
mRNA according to the disclosure are S-iodouridineg, and the remainder are Ni-methyl
pseudoundine,

10671 In any of the foregoing embodiments, the modified ORF may comprise a reduced
unding dinucleotide content, such as the lowest possible undine dinucleotide (UU) content |
e.g. an ORF that (a) uses a nunimal uridine codon (as discussed above) at every position and
(b} encodes the same amino acid sequence as the given ORF. The uridine dinuclectide (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 undines of uridine
dinucleotides (for example, AUUAU would have a uridine dinucleotide content of 40%
because 2 of 5 positions are occupied by the undines of a unidine dinucleotide). Modified
uridine residues are considered equivalent to uridines for the purpose of evaluating minimum
uridirie dinucleotide content.

[668] In some embodiments, the mRNA comprises at least one UTR from an expressed
mammalian mRNA, such as a constitubively expressed mRNA. An mRNNA js considered
constitutively expressed in a mammal if it is continually transcribed in at least one tissue of a
healthy adult mammal. In some embodiments, the mRNA comprises a S UTR, 3 UTR, or 57
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.

[G69] In some embodiments, the mRNA comprises at least one UTR from
Hydroxysteroid 17-Beta Dehydrogenase 4 (HSD17B4 or HSD), e.g., a 5" UTR from HSD. In

some embodiments, the mRNA comprises at least one UTR from a globin mRNA, for
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example, human alpha globin (HBA) mRNA, human beta globin (HBB) mRNA, or Xenopus
facvis beta globin (XBG) mRNA. In some embodiments, the mRNA comprises a S UTR, 37
UTR, or 5" and 3* UTRs from a globin mRNA | such as HBA, HBB, or XBG. In some
embodiments, the mRNA compnises a 5° UTR from bovine growth hormone,
cytomegalovirus (CMV), mouse Hba-al, HSD, an albumin gene, HBA, HBB, or XBG. In
some embodiments, the mRNA comprises a 3” UTR from bovine growth hormone,
cytomegalovirus, mouse Hba-al, HSD, an albumin gene, HBA, HBB, or XBG. In some
embodiments, the mRNA comprises 57 and 3° UTRs from bovine growth hormone,
cytomegalovirus, mouse Hba-al, HSD, an albumin gene, HBA, HBB, XBG, heat shock
protein 90 (Hsp90), glyceraldehyde 3-phosphate dehydrogenase (GAPDH), beta-actin, alpha-
tubulin, tumor protein (p53), or epidermal growth factor receptor (EGFR).

[076] In some embodiments, the mRNA comprises 5™ and 3° UTRs that are from the
same souree, e.g., a constitutively 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., thete are no
additional nucleotides between the 57 cap and the start codon. In some embodiments, the
mBNA 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 siop codon and the
poly-A tail,

[072] 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 nucleotide sequence, R
means a purine {A or G). In some embodiments, the Kozak sequence 1s RNNRUGN,
NNNRUGG, RNNRUGG, RNNAUGN, NNNAUGG, or RNNAUGG. In some
embodiments, the Kozak sequence is recRUGg with zero mismatches or with up to one or
two mismatches to positions in lowercase. In some emboduments, 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 s gecRecAUGG with zero

mismatches or with up to one, two, or three mismatches o positions in lowercase. In some
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embodiments, the Kozak sequence is gccAccAUG with zero mismatches or with up to one,
two, three, or four mismatches to positions in lowercase. In some embodiments, the Kozak
sequence is GCCACCAUG. In some embodiments, the Kozak sequence is geegeeRecAUGG
with zero mismatches or with up 1o one, two, three, or four mismaiches 1o positions in
lowercase.

[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: 43,
optionally wherein the ORF of SEQ ID 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,
27,29, 30, S0, 52, 54, 65, or 66.

1674} In some embodiments, the mRNA comprnising an ORF encoding an RNA-guided
DNA binding agent comprises a sequence having at least 90% identity to SEQ ID NO: 44,
optionally wherein the ORF of SEQ ID NO: 44 (i.e., SEQ ID NO: 4) is substituied with an
altemative ORF of any one of SEQ IDNG: 7,9, 10, }1, 12, 14, 15,17, 18,20, 21,23, 24, 26,
27,729, 30, 30, 52, 54, 653, or 66.

[675] 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 D NO: 56,
optionally wherein the ORF of SEQ 1D NQ: 56 (f.e., SEQ D 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.

[376] In some embodiments, the mRNA comprising an ORF encoding an RNA-guided
DNA binding agent comprises a sequence having at least 30% identity 10 SEQ ID NO: §7,
optionally wherein the ORF of SEQ 1D NG: 57 (1.e, SEQ ID NO: 4) 1s substiuted with an
alternative ORF of any one of SEQ ID NG: 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 emnbodiments, the mRNA comprising an ORF encoding an RNA-guided
DNA binding agent comprises a sequence having at least 90% identity to SEQ IDNO: |
optionally wherein the ORF of SEQ ID NO: 38 (i.e., SEQ ID NO: 4) is substituied with an
alternative ORF of any one of SEQ UDNG: 7,9, 10, 11, 12, 14, 15,17, 18,20, 21, 23, 24, 26,
27, 29, 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 1D NO: 59,



WO 2019/067992 PCT/US2018/053559

24

optionally wherein the ORF of SEQ 1D NO: 59 (i.e., SEGQ ID NO: 4) is substituied 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.

[679] In some emabodiments, 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 ID NO: 60 (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.

[686] 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 NO: 61 (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.

[681] in some embodiments, the mRNA comprises an altemative ORF of any one of
SEGIDNO: 7,910, V1, 12, 14, 15,17, 18,20, 2}, 23, 24, 26,27, 29,30, 50, 52, 34, 65, or
66.

{682} In some embodiments, the degree of identity to the optionally substituted
sequences of SEQ 1D NQOs 43, 44, or 56-61 is 95%. In some embodiments, the degree of
identity to the optionally substituted sequences of SEQ ID NQOs 43, 44, or 56-61 is 98%. In
some embodiments, the degree of identity to the optionally substituted sequences of SEQ ID
NQOs 43, 44, or 56-61 15 99%. In some embodiments, the degree of identity to the optionally
substituted sequences of SEQ 1D NOs 43, 44, or 56-61 is 100%.

[683] In some embodiments, an mRNA disclosed herein compnises 3 57 cap, such a5 a
Cap0, Capl, or Cap2. A 5’ cap is generally a 7-methylguanine ribonucleotide (which may be
further modified, as discussed below e.g. with respect to0 ARCA) linked through a 5°-
tnphosphate 10 the 5 position of the first nucleotide of the 57-to-37 chain of the mRNA, i.e.,
the first cap-proximal nucleotide. In Cap{, 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 Nad Acad Sci USA
FE1(33):12025-30; Abbas et al. (2017) Proc Nat! Acad Sci US4 114(11):E2106-E2115. Most
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endogenous higher eukaryotic mRNAs, including mammalian mRNAs such as human
mRNAs, comprise Capl or Cap2. Cap0 and other cap structures diffening from Capl and

<

Cap2 may be immunogenic in mammals, such as humans, due (o recognition as “non-self” by
components of the innate imroune system such as [FIT-1 and IFIT-5, which can result in
elevated cytokine levels including type I interferon. Components of the innate immune
system such as IFIT-1 and [FIT-S may also compete with eIF4E for binding of an mRNA
with a cap other than Capl or Cap?, potentially inhibiting translation of the mRNA.

[884] A cap can be included co-transcriptionally. For example, ARCA (anti-reverse cap
analog; Thermo Fisher Scientific Cat. No. AMB045) 15 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 viwro into a transcript at initiation. ARCA resulis
in a Cap{ cap in which the 27 position of the first cap-proximal nucleotide s hydroxyl. See,
e.g., Stepinski et al., {2001) “Synthesis and properties of mRNAs containing the novel ‘anti-
reverse’ cap analogs 7-methyi(3-O-methy)GpppG and 7-methyl(3'deoxy)GpppG,” RNA 7
14861495, The ARCA stucture is shown below.

<,N -.\3_{-*\& 9
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[385] CleanCap™ AG (m7G(5)ppp(5")(2'OMeA)pG; Trlink Biotechnologies Cat. No.
N-7113) or CleanCap™ GG (m7G(5)ppp(3)(2'OMeG)pG; Trilink Biotechnologies Cat. No.
N-7133) can be used to provide a Cap! structure co-franscriptionally. 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

struchre 1s shown below.
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[386] Alternatively, a cap can be added 10 an RNA post-transeriptionally. For exarnple,
Vaccinia capping enzyme is commercially avatlable (Wew England Biolabs Cat. No.
M?20805) and has RNA triphosphatase and guanylyltransferase activities, provided by its DI
subunit, and guanine methyltransferase, provided by its D12 subunit. As such, itcanadda 7-
methylguanine 1o an RNA| 50 as to give Cap0, in the presence of S-adenosyl methionine and
GTP. See, e.g., Guo, P. and Moss, B. (1990) Proc. Nail. Acad. Sci. 1JSA 87, 4023-4027; Mao,
X. and Shuman, S. (1994) J. Biol. Chem. 268, 24472-24479.

1387} In some embodiments, the mRNA further comprises a poly-adenyiated (poly-A)
1ail. In some emboduments, 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
a5, 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 consecutive adenine
nuclectides, 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. Guaning, thymine, and cyiosine nucleotides are exemplary non-adenine nucleotides.
Thus, the poly-A tails on the mRNA described herein may comprise ¢consecutive adenine
nucleotides located 3’ to nucleotides encoding an RNA-guided DNA-binding agent or a
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 DN A-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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1388} In some embodiments, the mRNA further comprises a poly-adenylated (poly-A)
tatl. 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
83, 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 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 37 to nucleotides encoding an RNA-guided DNA-binding agentora
sequence of inferest. In some instances, the poly-A tails on mRNA comprise non-consecutive
adenine nucleotides located 3° 1o nucleotides encoding an RNA-gmuded DNA-binding agent
or a sequence of interest, wherein non-adenine nucleotides interrupt the adenine nucleotides
at regular or rregularly spaced intervals.

[68%] In some embodiments, the one or more non-adenine nuclestides are positioned to
inferrupt the consecutive adenine nucleotides 50 that a poly(A) binding protein can bind to a
streich of consecutive adenine nucleotides. In some embodiments, one or more non-adenine
nucleotide(s) is located afier at least §, 9, 10, 11, or 12 consecutive adenine nucleotides. In
some embodiments, the one or more non-adenine nucleotide is located after at least 8-50
consecutive adenine nucleatides. 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 nucleonide is after one, two, three, four, five, six, or seven
adenine nucleotides and is followed by at least 8 consecutive adenine nucleotides.

[696] The poly-A tatl may comprise one sequence of consecutive adenine nucleotides
followed by one or more non-adenine nucleotides, optionally followed by additional adenine
nucleotides.

[651] In some embodiments, the poly-A tatl comprises or contains one non-adenine
nucleotide or one consecutive stretch of 2-10 non-adenine nucleotides. In some embodiments,
the non-adenine nucleotide(s) 1s 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 nucleotides are located after at least 8,9, 10, 11,12, 13, 14,15, 16,17, 18, 19, 20,
21,722,23,24,25,26,27, 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 nucleotides.

[092] in some embodiments, the non-adenine nucleotide is guanine, cytosineg, of
thymine. In some instances, the non-adenine nucleotide is a guanine nucleotide. In some
embodiments, the non-adenine nuclestide is a cytosine nuclestide. 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 nucieotides; ¢) thymine and
cytosine nucleotides; or d) guanine, thymine and cyiosine nucleotides. An exemplary poly-A
tail comprising non-adenine nucleotides is provided as SEQ ID NO: 62,

[633] In some embadiments, the mENA 15 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 described herein). In some embodiments, the mRNA is purified using both a
precipitation method (e.g., LiCl precipitation) and an HPLC-based method.

[694] In some embodiments, at least one gRNA ig provided in combination with an
mRNA disclosed herein. In some embodiments, a2 gRNA is provided as a separate molecule
from the mRNA. In some embodimenis, a gRNA 15 provided as a part, such as apart of a
UTR, of an mRNA disclosed herein.

Chemically Modified gRNA

[695] In some embodiments, the gRNA is 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
occurring 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 2 non-canonical nucleoside or nucleoude, s here called “modified.” 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
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the 2' hydroxyl on the nbose sugar (an exemplary sugar modification); (i) wholesale
replacement of the phosphate motety with “dephospho” linkers (an exemplary backbone
modification); (iv) modification or replacement of a naturally occurring nucleobase,
including with a non-canonical nuclegbase (an exemplary base modification); (v)
replacement or modification of the ribose-phosphate backbone (an exemplary backbone
modification); (vi} modification of the 3" end or §' 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 a sugar and/or backbone moditication);
and {vit) modification or replacement of the sugar (an exemplary sugar modification).

[696] In some embodiments, a gRNA comprises a modified uridine at some or all uridine
positions. [n some embodiments, the modified unidine is a uridine modified at the 5 position,
e.g., with a halogen or C1-C6 alkoxy. In some embodunents, the modified undine is a
pseudoundine modified at the 1 position, e.g., with a C1-C6 alkyl. The modified uridine can
be, for example, pseudouridine, Ni-methyi-pseudouridine, S-meathoxyuriding, S-iodouridine,
or a combination thereof. In some embodiments the modified unding is S-methoxyuridine. In
some embodiments the modified uridine is 5-iodouridine. In some embodimentis the modified
uridine is pseudouridine. In some embodiments the modified uridine 18 Nl-methyl-
pseudouridine. In some embodiments, the modified undine is a combinaton of pseudouridine
and Ni-methyl-pseudouridine. In some embodiments, the modified uridine is a combination
of pseudouriding and 5-methoxyundme. In some embodiments, the modified unding is a
combination of Ni-methyl pseudouridine and 5-methoxyuridine. In some embodiments, the
modified uridine is a combination of 5-iodounidine and Ni-methyl-pseudouridine. In some
embodiments, the modified uridine is a combination of pseudouriding and S-iodoundine. [n
some embodiments, the modified uridine is a combination of 5-iodoundine 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%, 85%, 98%, 99%, or 100% of the undine
positions 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 unidine positions in a gRNA aceording to the disclosure are modified undines,
e.g., 3-methoxyundine, 5-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 to the disclosure are 5-methoxvuriding. 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 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 a2 gRNA according to the disclosure are Ni-methyl
pseudounidine. In some embodiments, 10%-25%, 15-23%, 25-35%, 35-45%, 45-55%, 55-
65%, 65-75%, 75-85%, 85-95%, or 30-100% of the undine positions in a gRNA according to
the disclosure are 5-10douridine. 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 3
gRNA according 1o 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%, 55-
65%, 65-75%, 75-85%, B5-95%, or 90-100% of the undine posttions in a gRNA according 1o
the disclosure are 5-iodoundine, and the remainder are N1-methy! pseudoundine.

[698] Chemical modifications such as those listed above can be combined to provide
modified gRNAs comprising nucleosides and nucleotides (collectively “residues™) that can
have two, three, four, or more modifications. For example, a modified residue can have a
modified sugar and a modified nuelegbase. In some embodiments, every base of a gRNA 18
modified, 2.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 ot 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.

695} In some emboadiments, 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 leasi 85%, at
least 90%, at least 95%, or 100%) of the positions in a modified gRNA are modified
nucleosides or nucleotides.

[6168]  Unmodified nucleic acids can be prone 1o 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 one aspect the gRNAs described herein can contain
one or more modified nucleosides or nucleotides, e.g., to introduce stability toward
mfracellular or serum-based nuecleases. In some smbodiments, the modified gRNA
molecules deseribed herein can exhibit a reduced innate immune response when introduced
into a population of cells, both in vivo and ex vive. The term “innate immune response”
includes a cellular response to exogenous nucleic acids, including single stranded nucleic
acids, which involves the induction of cytokine expression and release, particularly the
interferons, and cell death.

[6161]  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
substituent. Further, the modified residue, e.g., modified residue present in a 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 unsyrometrical charge distribution.

(G162}  Examples of modified phosphate groups include, phosphorothiocate,
phosphoroselenates, borano phosphates, borano phosphate esters, hydrogen phosphonates,
phosphoroamidates, alkyl or aryl phosphonates and phosphatriesters. 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 sterecgenic 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 oxygen, {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.

[0103]  The phosphate group can be replaced by non-phospborus containing connectors in
certain backbone modifications. In some embodiments, the charged phosphate group can be
replaced by a ncutral motety. Examples of moieties which can replace the phosphate group
can include, without limitation, e g., methyl phosphonate, hydroxylaming, siloxane,

carbonate, carboxymethyl, carbamate, amide, thigether, ethylene oxide linker, sulfonate,
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sulfonamide, thioformacetal, formacetal, oxime, methyleneiming, methylenemethyhiming,
methylenehydrazo, methylenedimethylhydrazo and methylencoxymethyliming,

Template Nucleic Acid
[0184]  The compositions and methods disclosed herein may include a template nucleic
acid. The template 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
10 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 occur at fwo 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.
[0105] [n some embodiments, the template may be used in homologous recombination. In
some embodiments, the homologous recombination may result in the integration of the
ternplate sequence or g portion of the template sequence into the target nucleic acid molecule,
In other embodiments, the template may be used in homology-directed repair, which involves
DNA strand invasion at the siie of the cleavage in the nucleic acid. In some embodiments,
the homology-direeted repair may result in including the remplate 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 joiming. In some embodiments, the template
sequence has no similanty o the nucleic acid sequence near the cleavage site. In some
embodiments, the template or a portion of the template sequence 15 incorporated. In some
embodiments, the template includes flanking inverted terminal repeat (ITR) sequences.
[6108]  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 homology arms can be substantially
similar or identical to the target sequence between the homology arms, or it can be entirely
unrelated. In some embodiments, the degree of complementanity 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 cleavage site, may permit homologous recombination, such as, e.g., high-fidelity

homologous recombination, between the template and the target nucleic acid molecule. In
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some embodiments, the degree of complementanity may be about 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, ©5%, 97%, 98%, 99%, or 100%. In some embodiments, the
degree of complementarity may be about 95%, 97%, 88%, 9%%, or 100%. Insome
embodiments, the degree of complementarity may be at least 98%, 99%, or 100%. In some
embodiments, the degree of complementarity may be 100%. In some embodiments, the
percent identity may be about 50%, 53%, 60%, 65%, 70%, 75%, 80%, &5%, 90%, 95%, 97%,
98%, 99%, or 100%. In some embodiments, the percent identity may be about 95%, 87%,
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%.

[6107] In some embodiments, the template sequence may correspond to, comprise, or
consist of an endogenous sequence of a target cell. 1t may also or altematively 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 to the cell. The term “exogenous
seguence” refers 10 a sequence that 15 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 a portion of the endogenous sequence in a
cell at or near the cleavage site, but comprise at least one nucleotide change. In some
embodiments, 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 nucleie acid molecule. T 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 gene. In some embodiments, the mutation may result in
gene knock-down. In some embodiments, the mutation may result in gene knock-out. In
some embodiments, the muiation may result in restored gene function. In some
embodiments, editing of the cleaved rarget nucleic acid molecule with the template may

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

[6108]  [n 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 s
capable of expressing the protein or RNA encoded by the integrated sequence. In other
embodiments, upon integration of the exogenous sequence into the targef nucleic acid
molecule, the expression of the integrated sequence may be regulated by an endogenous
promoter sequence. In some embodiments, the exogenous sequence may provide a ¢DNA
sequence encoding a protein of a portion of the protein. In yet other embodimenis, the
SXOgENOUSs SCquUence may comprise or consist of an exon sequence, an inlron sequence, a
regulatory sequence, a transcriptional control sequence, 3 franslational conirol sequence, a
splicing site, or 2 non-coding sequence. In 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 exogenocus sequence may result in a gene knock-out.

[6168]  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,
3560, 4000, 4500, 5000, 5500, 6600, or more nuclieotides in length. The template may be a
single-stranded nucleic acid. The template can be double-stranded or partially double-
stranded nucleic acid. In centain embodiments, the single stranded template is 20, 30, 40, 50,
75, 100, 125, 130, 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.e., 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.

[0118]  In some embodiments, the template contains ssDNA or dsDNA contaming
flanking invert-terminal repeat (ITR) sequences. In some embodiments, the template is

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

Target Sequences
[6112]  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 to a 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 hybridizes
with and a Class 2 Cas nuclease cleaves the target sequence adjacent to or comprising its
copnate PAM. In some embodiments, the target sequence may be complementary to the
targeting sequence of the guide RNA. In some embodiments, the degree of complementarity
between a fargeting sequence of 3 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%, 97%, 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 1o the guide RNA may be about 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 97%, 98%, 99%, or 100%. In some embodiments, the homology
region of the target is adjacent to a cognate PAM sequence. 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 compnse 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 system used. For
example, the targeting sequence of a guide RNA for a CRISPR/Cas system may comprise 5,
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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4D, 45, 50, oy wore than 50 nucleotides in length and the target sequence is a corresponding
length, optionally adjacent 10 a PAM sequence. In some embodiments, the target sequence
may comprise 15-24 nuclectides in length. In some embodiments, the target sequence may
comprise 17-21 nucleotides in length. In some erabodiments, 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 target 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.

[0114] The target nucleic acid molecule may be any DNA or RNA molecule that is
endogenous or exogenous 1o a cell. In some embodiments, the target nucleic acid molecule
may be an episormal DNA a plasmid, a genomic DNA, viral genome, mitochondrial DNA| or
chromosomal DNA from a cell or in the cell. In soyne cnbodiments, 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 target 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 farget seguence 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 as a human
chromosome, In certain embodiments, the target sequence 15 a hver-specific sequence, in that
it is expressed in liver cells.

[6116]  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 a gene, a ranslational control sequence of a gene, a splicing site or a non-coding
sequence between genes. In some embodiments, the gene may be a protein coding gene. In
ather embaodiments, the gene may be a non-coding RNA gene. [n some embodiments, the
target sequence may comprise all or a portion of a disease-associated gene. In some

embodiments, the targer sequence may be located in a non-genic functional site in the
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aenome, 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 10 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 Cas9 ortholog, including those disclosed in Figure |
of Ran et al., Nomre, 520: 186-191 (2013), and Figure 85 of Zetsche 2015, the relevant
disclosure of each of which is incorporated herein by reference. In some embodiments, the
PAMmay be 2,3,4,5,6,7, 8,9, or 10 nucleotides in length, Non-limiting exemplary PAM
sequences include NGG, NGGNG, NG, NAAAAN, NNAAAAW NNNNACA,
GNNNCNNA, 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. Tn some
embodiments, the PAM sequence may be NGGNG. In some embodiments, the PAM
sequence may be TTN. In some embodiments, the PAM sequence may he 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
a helper lipid, a neutral lipid, and a2 PEG lipid. In some embodiments, such LNP formulations
include an “amine lipid”, along with a helper lipid and 2 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
molecules physically associated with each other by intermolecular forces.

Amine Lipids
[0119]  The LNP compositions for the delivery of biologically active agents comprise an
“amine lipid”, which is defined as Lipid A or ifs equivalents, including acetal analogs of
Lipid A.
[6128]  In some embodiments, the amine lipid is Lipid A, which is (8Z,122)-3-((4,4-
bis(octyloxy Youtanoyoxy)-2-(({((3-{diethylamino)propoxyjcarbonyoxy)methyl) propyl

octadeca-9,12-diencate, also called 3-((4,4-bis{octyloxy)butanoyhoxy)-2-({((3-
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(diethylaming)propoxy)carbonyloxyymethyDpropyl (92, 127)-octadeca-9,12-dienoate. Lipid

A can be depicted as:

O
\/”\/”\//AVO\E// O E\

[6121] Lipid A may be synthesized according to WO2015/095340 (e.g., pp. 84-86). In
certain embodiments, the amine lipid is an equivalent to Lipid A.

[3122]  Incertain embodiments, an amine lipid is an analog of Lipid A. In certamn
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 1s 2 C5-C12 acetal analog. In additional embodiments, the acetal analog is a C5-C10
acetal analog. In further embodiments, the acetal analog 15 chosen from a C4, C35, C6, €7,
€9, C10, C11, and C12 acetal analog.

[$i123] Amne lipids suitable for use in the LNPs deseribed herein are biodegradable in
vive and suitable for delivering a biologically active agent, such as an RNA to a cell. The
amine Lipids have low toxicity {e.g., are tolerated in an animal model without adverse effect
in amounts of greater than or equal (o 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 {0 days. In
certain embodiments, LNPs comprising an amine lipid include those where ar least 50% of
the mRNA 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 lipid 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 (¢.g., an amine lipid), RNA (e.g.,
mRNA), or another component. In certain embodiments, lipid-cncapsulated versus free lipid,
RNA, or nucleic acid component of the LNP is measured.

[3124] Lipid clearance may be measured ag described in literatuwre. See Maier, MLAL, e/ gl
Biodegradable Lipids Enabhing 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
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six- 10 sight-week old male C57BU6 mice at 0.3 mp/kg by intravenous bolus injection via the
fateral tail vein. Blood, liver, and spleen samples were collected at 0.083,0.25,0.5, 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, Maier describes a procedure for assessing toxicity after
administration of LNP-siRNA formulations. For example, a luciferase-targeting siRNA was
administered at 0, 1, 3, 5, and 10 mg/kg (5 animals/group) via single intravenous bolus
injection at a dose volume of 5 ml/kg to male Sprague-Dawley rats. After 24 hours, about |
mL of blood was obtained from the jugular vein of conscious antmals 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, pharmacokinetics, and {oxicity 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 15 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 exarnple 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 15 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 aceumulation in circulation and in tissues leads to a
safety profile with no substantial adverse effects.

[G126] 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
hasic 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 embodimenis, 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. In



WO 2019/067992 PCT/US2018/053559

49

some embodiments, the aming Jipids of the present disclosure may be protonated at a pH of at
least about 10.
61271  The pH at which an amine lipid is predominantly protonated is related to its
inirinsic pKa. In some 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 a pKa
in the range of from about 5.5 to about 4.6, In some embodiments, the amine lipids of the
present disclosure may each, independently, have a pKa in the range of from about 5.6 o
about 6.4. In some embodiments, the amine lipids of the present disclosure may each,
imdependently, have a pKa in the range of from about 5.8 (o about 6.2, For example, the
amine lipids of the present disclosure may each, independently, have a pKa in the range of
from about 5.8 to about 6.5. The pKa of an anune lipid can be an important consideration in
formulating LNPs as 1t has been found that cationic lipids with a pKa ranging from about 5.1
to about 7.4 are effective for delivery of cargo n vive, e.g., to the liver. Furthernmore, it has
been found that cationic lipids with a pKa ranging from about 5.3 to about 6.4 are effeciive
for delivery in vivo, e.g., to tumors. See, e.g., WO 2014/1360886.

Additionsal Lipids
[6128]  “Neutwral lipids” suitable for use in a lipid composition of the disclosure include,
for example, a variety of neutral, uncharged or zwitterionic lipids. Examples of neutral
phospholipids suitable for use in the present disclosure include, but are not imited 1o, 5-
heptadecylbenzene-1,3-diol (resorcingl), dipalmitoyiphosphatidyicholine (DPPC),
distearoylphosphatidylcholine {DSPC), pohsphocholine (DOPC),
dimyristoylphosphatidylcholine (DMPC), phosphatidyicholine (PLPC), 1,2-distearoyl-sn-
glyeero-3-phosphocholine (DAPC), phosphatidylethanolamine (PE), egg phosphatidylcholine
(EPC), dilawryloylphosphatidylcholine (DLPC), dimyristoylphosphatidyicholine (DMPC), I-
myristoyl-2-palmitoyl phosphatidylcholine (MPPC), 1-palmitoyl-2-myristoyl
phosphatidyicholine (FMPC), 1-palmitoyl-2-stearoyi phosphatidyichohine (PSPC), 1,2-
diarachidoyl-sn-glycero-3-phosphocholine (DBPC), I-stearoyl-2-palmitovi
phosphatidyicholine (SPPC), 1,2-dieicosenoyl-sn-glycero-3-phosphocholine (DEPC),
palmitoyloleoy! phosphatidylcholine (POPC), lysophosphatidyl choline, dioleoyl
phosphandylethanolamine (DOPE), dilinoleoylphosphatidylcholine
distearoylphosphatidyliethanolamine (DSPE), dimyristoyl phosphatidylethanclamine
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(DMPE), dipalmitoy! phosphatidylethanolamine (DPPE), palmitoyloleoyl
phosphatidylethanolamine {(POPE), lvsophosphatidylethanclamine and combinations thereof.
In one embodiment, the neutral phospholipid may be selected from the group consisting of
distearoyiphosphatidyichoeline (DSPC) and dimyristoy! phosphatidyl ethanolamine (DMPE).
In another embodiment, the neutral phospholipid may be distearoylphosphatidyicholine
(DSPC). In another embodiment, the neutral phospholipid may be
dipalmitoyiphosphatidyicholine (DPPC).

[6129] “Helper lipids” include steroids, sterols, and alkyl resorcinols. Helper lipids
suitable for use in the present disclosure include, but are not limited to, cholesteral, S-
heptadecylresorcinol, and cholesterol hemisuccinate. In one embodiment, the helper lipid
may be cholesterol. In one embodiment, the helper lipid may be cholesterol hemisuccinate.
[6138] PEG lipids are stealth lipids that alter the length of time the nanoparticles can exist
in vivo (e.g., in the blood). PEG lipids may assist in the formulation process by, for example,
reducing particle aggregation and countrofling particle size. PEG hipids used herein may
modulate pharmmacokinetic propertics of the LNPs. Typically, the PEG lipid compnses a hipid
moiety and a polymer moiety based on PEG.

[6131]  In some embodiments, the lipid moicty may be derived from diacylglycerst or
diacylglycamide, including those comprising a dialkyiglycerol or diatkyiglycamide group
having alkyl chain length independently comprising from about C4 to about C40 saturated or
unsaturated 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 on¢ or more substituted atky! proups. The chain lengths may be symmetrical or
assymetric.

[6132]  Unless otherwise indicated, the term “PEG” as used herein means any
polyethylene glyeol 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 motety 1s Alternatively, the PEG motety may be substituted, 2.g.,
by one or more alkyl, alkoxy, acvl, hydroxy, or aryl groups. Io one embodiment, the PEG
moiety includes PEG copolymer such as PEG-polyurethane or PEG-polypropylene (see, e.g.,
1. Milton Harris, Poly(ethylene glycol) chemistry: bigtechnical and bigmedical applications

(1992)); akternatively, the PEG moiety does not include PEG copolymers, ¢.g., it may be a
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PEG monopolymer. In one embodiment, the PEG bhas 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 150 to abour 10,000, in a sub-embodiment, about 150 to about 6,000, ina
sub-embodiment, about 150 to about 5,000, in a sub-embodiment, about 150 to about 4,000,
in 3 sub-embodiment, about 150 to about 3,000, in 3 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.

[0133]  In certain embodiments, the PEG (e.g., conjugated to a lipid moiety or hipid, 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 polymenzation comprises about

O,A\,tOR 0
45 subunits . However, other PEG embodients 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 embodiments, 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 to 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.

[0134]  In any of the embodiments described herein, the PEG lipid may be selected from
PEG-difauroylglycerol, PEG-dimyristoviglycerol (PEG-DMG) (catalog # GM-020 from
NOF, Tokyo, Japan), PEG-dipalmiutoyiglycerol, PEG-distearoyligiyceral (PEG-DSPE)
(catalog # DSPE-020CN, NOF, Tokyo, Japan), PEG-dilauryiglycamide, PEG-
dimyristylglycamide, PEG-dipalmitoylglycamide, and PEG-distearoylglycamide, PEG-
cholesterol (1-[8'-(Cholest-5-en-3[beta]-oxycarboxamido-3',6'-dioxaoctanyljcarbamoyl-
{omegal-methyl-poly{ethylene glycol), PEG-DMB (3 4-ditetradecoxylbenzyl-{omegal-
methyl-poly(ethylene glycobiether), 1,2-dimyristoyl-sn-glycero-3-phosphoethanolamsine-N-
[methoxy(polyethylene glycol)-2000] (PEGZk-DMG) (cat. #880150P from Avanti Polar
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Lipids, Alabaster, Alabama, USA), 1,2-distearoyi-sn-glycero-3-phosphoethanolamine-N-
[methoxy(polyethylene glycol)-2000] (PEG2k-DSPE) (cat. #880120C from Avanti Polar
Lipids, Alabaster, Alabama, USA), 1,2-distearoyl-sn-glycerol, methoxypolyethylene glycol
(PEG2k-DSG; GS-020, NOF Tokyo, Japan), poly(ethylene glycol)-2000-dimethacrylate
(PEG2k-DMA), and 1,2-distearyloxypropyl-3-amine-N-[methoxy(polyethylene glycol)-
2000] (PEG2k-DSA). [n 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. [n one embodiment, the PEG lipid may be PEG2k-DMA. In one
embodiment, the PEG hipid may be PEG2k-C-DMA. In one embodiment, the PEG hipid may
be compound S027, disclosed in WO2016/010840 at paragraphs [00240] to [00244]. In one
embodiment, the PEG bipid may be PEG2k-DSA. In one embodiment, the PEG lipid may be
PEG2k-C11. In some embodiments, the PEG lipid may be PEG2k-C14. Insome
embodiments, the PEG lipid may be PEG2k-C16. In some embodiments, the PEG lipid may
be PEG2k-C]8.

LNP Formulations
[6138] Embodiments of the present disclosure provide liptd compositions described
according o 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 hpid 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 55 mol-% 10 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-%. In some
embodiments, the amine lipid mol-% of the LNP batch will be 24 mol-%, 3 mol-%, +2 mol-
%, £1.5 mol-%, =1 mol-%, 0.5 mol-%, or £0.25 mol-% of the target mol-%. All mol-%
nurbers 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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[3136]  In one embodiment, the mol-% of the neutral tipid, e.g., neutral phospholipid, may
be from about 5 mol-% to about 15 mol-%. In one embodiment, the mol-% of the neutral
lipid, e.g., neuiral phospholipid, may be from about 7 mol-% to about 12 mol-%. Inone
embodiment, the mol-% of the neurral lipid, e.g., neutral phospholipid, may be from about 0
mol-% to about 5 mol-%. [In one embodiment, the mol-% of the neutral lipid, ¢.g., neutral
phospholipid, may be from about 0 mol-% to about 10 mol-%. In one embodiment, the mol-
% of the neutral lipid, e.g., neutral phospholipid, may be from about 5 mol-% to about 10
mol-%. In one embodimen, the mol-% of the neutral lipid, e.g., neutral phospholipid, may
be from about 8 mol-% to about 10 mol-%.

[0137]  In one embodiment, the mol-% of the neutral lipid, ¢.g., neutral phospholipid, may
be about 5 mol-%, about 6 mol-%, about 7 mol-%, about & mol-%, about 9 mol-%, 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-%.

[0138]  Inone embodiment, the mol-% of the neutral lipid, ¢.g., neutral phospholipid, may
be from about | mol-% to about 5 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 moi-%.

61391  [n one embodiment, the mol-% of the neutral lipid, .g., nevtral phospholipid, may
be less than about | mol-%. In one embodiment, the mol-% of the neutral 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 8 mol-%, about 0.1 mol-%, about 6.2
mol-Y, about 0.3 mol-%, about 0.4 mol-%, about 0.5 mol-%, about 0.6 mol-%, about §.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 (e,
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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[3148]  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 lipid mol-%. In certam
embodiments, LNP inter-lot variability will be less than 15%, less than 10% or less than 5%.
[6141]  [n 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 mol-% of the helper lipyd may be from
about 25 mol-% to about 30 mol-%. In one embodiment, the mol-% of the helper lipid may
be from about 25 mol-% to about 40 mol-%. In one embodiment, the mol-% of the helper
lipid may be from about 30 mol-% to about 50 mol-%. In one embodiment, the mol-% of the
helper hipid may be from about 30 mol-% to about 40 mol-%. In one embodiment, the mol-%
of the helper lipid 1s adjusted based on amine lipid, neutral lipid, and PEG lipwd
concentrations (o bring the lipid component 10 100 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
infer-lot variability will be less than 15%, less than 10% or less than 5%.

[6142] In one embodiment, the moi-% of the PEG lipid may be from about | mol-% to
about 10 moi-%. In one embodiment, the mol-% of the PEG lipid may be from about 2 mol-
% to about 10 mol-%. In 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 hipid may be
from about 2.5 moi-% to about 4 mol-%. In one embodiment, the mol-% of the PEG lipid
may be about 3 mol-%. In one 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 certan embodiments,
LNP inter-lot variability will be less than 15%, less than 10% or less than 5%.

[3143]  In certain embodiments, the cargo includes an mRNA encoding an RNA-puided
DNA-binding agent (e.g. a Cas nuclease, a Class 2 Cas nuclease, or Cas9), and a gRNA or a
nucleic acid encoding a gRMNA, 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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fipid 1s Lipid A. In some aspects, the amine hipid is a Lipid A equivalent, ¢.g. an analog of
Lipid A. In certain aspects, the amine lipid is an acetal analog of Lipid A, In vanous
embodiments, an LNP composition comprises an amine lipid, a neutral lipid, a helper lipid,
and a PEG lipid. In certain embodiments, the helper lipid is cholesierol. In certain
embodiments, the neutral lipid 1s DSPC. In specific embodiments, PEG hpid 1s PEG2k-
DMG. In some embodiments, an LNP composition may comprise a Lipid A, a2 helper hipid, a
neuiral lipid, and a PEG lipid. In some embodiments, an LNP composition comprises an
amine lipid, DSPC, cholesterol, and a PEG lipid. In some embodiments, the LNP
composition comprises a PEG lipid comprising DMG. In certain embodiments, the amine
fipid is selected from Lipid A, and an equivalent of Lipid A, including an acetal analog of
Lipid A. In adduional embodiments, an LNP composition comprises Lipid A, cholesterol,
DSPC, and PEG2k-DMG.

[6144]  In various embodiments, an LNP composition comprises an amine lipid, a helper
lipid, a neutral Lipid, and a PEG lipid. 1n vanous embodiments, an LNP composition
comprises an amine lipid, a helper lipid, a neural phospholipid, and a PEG Iipid. In various
embodiments, an LNP composition comprises a lipid component that consists of an amine
lipid, a helper lipid, a neutral lipid, and a PEG lipid. In various embodiments, an LNP
composition comprises an amine lipid, a helper lipid, and a PEG lipid. In certain
embodiments, an LNP composition does not comprise a neutral lipid, such as a neutral
phospholipid. In varicus embodiments, an LNP compasition 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 1s DSPC. In certain embodiments, the
neutral lipid 1s DPPC. In certain embodiments, the neutral lipid is BDAPC. Incertain
embodiments, the neutral lipid is DMPC. In certain embodiments, the neutral lipid is DOPC.
In certain embodiments, the neutral hipid is DOPE. In certain embodiments, the neutral lipid
is DSPE. In certain embodiments, the helper lipid is cholesterol. In specific embodiments,
the PEG lipid is PEG2k-DMG. In some embodiments, an LNP composition may comprise 3
Lipid A, a helper hipid, and 2 PEG lipid. In some embodiments, an LNP composition may
comprise a lipid component that consists of Lipid A, a helper liptd, and a PEG lipid. In some
embodiments, an LNP composition comprises an amine lipid, cholesterel, 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 compuosiiion
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 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.

[$145]  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 represented by the equation N/P. In some embodiments, an LNP
composition may comprise a lipid component that comprises an amine hpid, a helper lipid, a
neutral lipid, and a PEG lipid; and a nucleic acid component, wherein the N/P ratio is about 3
1o 10, In some embodiments, an LNP composition may comprise a hipid 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. In some emboduments, an UNP composition may
comprise a lipid component that comprises an amine lipid, 3 helper lipid, a neutral limd, and
a helper lipid; and an RNA component, wherein the N/P ratic is about 3 to 10, Insome
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
3o 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 t0 7. In one embodiment, the N/P ratic may be about 4.5 10 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 £ 8.5, In some embodiments, the N/P ratio will
be +£30%, £25%, £20%, £15%, £10%, 5%, or £2.5% of the target N/P ratig. In certain
embodiments, LNP inter-lot variability will be less than 15%, less than 10% or less than 5%.
[0146]  [n some embodiments, the nucleic acid component, e.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 Cas9 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
gRNA.

[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 compnse an mRNA
encoding a Cas nuclease such as a Class 2 Cas nuclease, an amine lipid, a helper bipid, 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. [n 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 PEGZk-C1 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,

16148}  In some embodiments, an LNP composition may comprnise a gRNA. In certain
embodiments, an LNP composition may comprise an amine lipid, a eRNA| a helper lipid, a
noutral 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. I[n 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 compnsing a gRNA, the PEG
lipid is PEG2k-DMG or PEG2k-C1 1. In certain embodiments, the amine lipid is selected
from Lipid A and its equivalents, such as an acetal analog of Lipid A.

[614%]  In one embodiment, an LNP composition may comprise an sgRNA. In one
embodiment, an LNP composition may comprise a Cas? sgRNA. In one embodiment, an
LNP composition may comprise a Cpfl sgRNA. In some compositions comprising an
sgRNA, the LNP inciudes 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 15
cholesterol. In other compositions comprising an sgRNA | the neutral lipid s DSPC. In
additional embodiments comprising an sgRNA the PEG lipid is PEG2k-DMG or PEG2k-
Cll. Incertain embodiments, the amine lipid is selected from Lipid A and its equivalents,

such as aceral analogs of Lipid A,
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[3158]  Incenain embodiments, an LNP composition comprises an mRNA 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
neutral lipid, and a PEG lipid. In one embodiment, an LNP composition may comprise a
lipid component consisting of an amine lipid, a helper lipid, a neutral hipid, and a PEG hipid;
and a nucleic acid component consisting of an mRNA encoding a Cas nuclease, and a gRNA.
In one embodiment, an LNP compaosition may comprise a tipid 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. Insome
compositions comprising an mRINA encoding a Cas nuclease and a gRNA, the neutral lipid 1s
DSPC. Certain compositions comprising an mRNA encoding a Cas puclease and a gRNA
comprise less than about | maol-% neutral ipid, e.g. neutral phospholipid. Certain
compositions comprising an mRNA encoding a Cas nuclease and a gRNA comprise less than
about 0.5 mol-% neutral lipid, e.g. neutral phospholipid. In certain compositions, the LNP
does not comprise g neutral lipid, e.g., neutral phospholipid. In additional embodiments
comprising an mRNA encoding a Cas nuclease and 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 acetal analogs of Lipid A,

[6151]  In certain 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 ratio of gRNA to 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 §: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
frorm about 5:] to about 1:5. In some embodiments, ratio range is about 3:1 to 113, about 2:1
to 1:2, about 5:1 10 1:2, about 5:1 to 1:1, about 3:1 to 1:2, about 3:1 to 1:1, about 3:1, about

2:1 o 111 In some embodiments, the gRNA to mRNA ratic is about 3:1 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
15 about 11, The ratio may be about 25:1, 10:1, 5:1, 3:1, I:1, 1:3, 1:5, 1:10, or 1:25,

[6152]  The LNP compositions disclosed herein may include a template nucleic acid. The
template nucleic 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. Insome
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 dehivered 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.

[0153]  In some embodiments, LNPs are formed by mixing an aqusous RNA solution with
an organic solvent-based lipid solution, e.g., 100% cthanol. Suitable solutions or solvents
include or may contain: water, PBS, Tris buffer, NaCl, citrate buffer, ethanol, chloroform,
diethylether, cyclohexane, tetrahydrofuran, methanol, isopropanol. A pharmaceutically
acceptable buffer, e.g., for in vive administration of LNPs, may be used. In certain
embodiments, a buffer is used to maintain the pH of the composition comprising LNPs at or
above pH 6.5, In certain embodiments, a buffer s used to maintain the pH of the
composition comprising LNPs at or above pH 7.0, [n certain embodiments, the composition
has a 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 t¢ about 7.6. In
further embodiments, the composition has a pH of about 7.2, 73,74, 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, glycerol, 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 (0%
cryoprotectant. In certain embodiments, the LNP composition may include about 1, 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 compnise a phosphate buffer (PBS), 2 Tnis
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buffer, a citrate buffer, or mixtwes thereof. In certain exemplary embodiments, the buffer
comprises NaCl. In certain emboidments, NaCl 1s omitted. Exemplary amounts of NaCl
may range from about 20 mM (o about 45 mM. Exemplary amounts of NaCl may range from
about 40 mM ro abour 30 mM. In some embodiments, the amount of NaCl is about 43 mM.
In some embodiments, the buffer i1s a Tris buffer. Exemplary amounts of Tns may range
from about 20 mM o about 60 mM. Exemplary amounts of Tris may range from about 40
mM to about 60 mM. In some embodimenis, the amount of Tns 15 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 oM Tris at pH 7.5. The salt, buffer, and cryoprotectant amounts may be
varied such that the osmolality of the overall formulation is maintained. For example, the
final osmolality may be maintained at less than 450 mOsm/L. In further embodiments, the
osmolality 1s between 350 and 250 mOsm/L. Certain embodiments have a final osmolality of
300 +/- 20 mOsm/L.

[6154] [nsome embodiments, microftuidic mixing, T-mixing, or cross-mixing is used. In
certain aspects, flow rates, junction size, junction geometry, junction shape, tube diameter,
sohutions, and/or RNA and lipid concentrations may be varied. LNPs or LNP compositions
may be concentrated or purified, e.g., via dialysis, tangental 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 1s 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.

[3155] The LNPs may be, e.g., microspheres (including unilamellar and multilamellar
vesicles, e.g., “liposomes”—lamellar phase lipid bilayers that, in some embodiments, are
substantially spherical—and, in more particular embodiments, can comprise an agueous core,
2.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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[3156]  Moreover, the LNP compositions are biodegradable, in that they do not accumulate
1o cytotoxic levels in vivo at a therapeutically effective dose. In some embodiments, the LNP
compositions do not cause an innate immmune response that leads to substantial adverse effects
at a therapewtic dose level. In some embodiments, the LNP compositions provided herein do
not cause toxicity at a therapeutic dose level.

[3157]  In some embodiments, the pdi may range from about 0.005 to about 075, 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, n some embodiments, the pdi may be less than
about 0.08, 0.1,0.15,02, 0r 0 4.

[0158] The LINPs disclosed herein have a size (e.g., Z-average diameter) of about | to
about 250 nm. In 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 150 nm. In some
embodiments, the LNPs have a size of about 50 to about 150 nm. In some embodiments, the
LINPs have a size of about 50 to about 100 nm. In some embodiments, the LNPs have a size
of about 50 to about 120 nm. In some embodiments, the LNPs have a size of about 60 10
about 100 nm. In some embodiments, the LNPs have a size of about 75 to about 130 am. In
some embodiments, the LNPs have a size of about 75 to about 120 nm. Insome
embodiments, the LNPs have a size of about 75 to about {00 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
nanopariicle sample is dihited 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).

[815%]  In some 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 LNPs are formed with an average
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encapsulation efficiency ranging from about 90% (o about [00%. In some embodiments, the
LNPs are formed with an average encapsulation efficiency ranging from about 75% to about
95%.
[0166]  [n some embodiments, the LINPs 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 S.00E+05 g/mol to
about 7.00E+07¢/mol. In some embodiments, the LNFs are formed with an average
molecular weight ranging from about 1.0DE+08 g/mol to about 1.O0E+10 g/mol. In some
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 to about 5.00E+09 g/mol.
[6161]  In some embodiments, the polydispersity (Mw/Mn; the ratio of the weight
averaged molar mass (Mw) to the number averaged molar mass (Mn)) may range from about
1.000 10 about 2.000. In some embodiments, the Mw/Mn may range from about .00 to
about 1.500. In some embodiments, the Mw/Mn may range from about 1.020 to abowt
£ 400. In some embodiments, 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
[0162]  The LNP compositions disclosed herein may be used in methods for engineering
cells through gene editing, both i» vive and in vitro. Tn some embodiments, the methods
involve contacting a cell with an LNP composition described herein.
[6163]  In some embodiments, methods involve contacting a cell in a subject, such as a
marmnal; such as a human, In some embodiments, the cell 15 in an organ, such as a liver, such
as o mammalian hver, such as a human hiver. In some embodiments, the cell is a hiver cell
such as a mammalian liver cell, such as a human hiver cell. In some embodiments, the cell is
a hepatocyte, such as a mammalian hepatoeyte, such as a human hepatocyte. In some
embodiments, the liver cell 15 a stem cell. In some embodiments, the human hver cell may be
a hiver sinusoidal endothehial cell (LSEC). In some embodiments, the human hver 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 receptors. [n some embodiments, the fiver cell such as a hepatocyte is in situ.
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In some embodiments, the Jiver ce)l such as a hepatocyte is isolated, e.g., in a culture, such as
in 4 pnmary culture. Also provided are methods corresponding to the uses disclosed herein,
which comprise administering the LNP compositions disclosed herein to a subject or
contacting a cell such as those described above with the LNP compositions disclosed herein
[0164] In some embodiments, engineered cells are provided, for example an engimeered
cell dertved 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 fissue or organ, ¢.2., a liver within a subject,

[8165]  In some of the methods and cells desenibed herein, a cell comprises a modification,
for example an insertion or deletion (“indel™) or substitution of nuclectides in a target
sequence. [n 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 | 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. [n some embodiments, the modification comprises a
deletion of either | or 2 nucleotides in a 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,
15, 20 or 25 or more nucleotides in a target sequence. In some embodiments, the
modification comprises a substitution of erther | or 2 nuciectides in a target sequence. In
some embodiments, the modification comprises one or mors 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] [n some embodiments, a population of cells comprising engineered cells is
provided, for example & population of cells comprising cells engineered according to the
methods described 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 embodiments, at least 5%, at least 10%, at least 15%. at
feast 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at
least S5%, 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% or more of the eells within the population is engineered. In certain

embodiments, a method disclosed herein resulis in at least 5%, at least 10%, at least 15%, at



WO 2019/067992 PCT/US2018/053559

feast 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at
feast 55%, at least 0%, at least 63%, at least 70%, at teast 75%, at least 80%, at least 859, at
least 90% or at least 95% editing efficiency (or “percent editing”™), defined by detetion of
indels. In other embodiments, a2 method disclosed herein, results in at least 3%, at least 10%,
at feast 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%,
at least 50%, at least 5595, at least 60%, at least 65%, at least 70%, at least 75%, at least 8G%,
at least 85%, at least 90% or at least 95% DNA modification efficiency, defined by detecting
a change in sequence, whether by insertion, delerion, substitution or otherwise. In ceriain
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 1o about 100%, about 20 1o about 80%, about 40 to about 100%, or about 40 to
about 80% in a cell population.

[#167]  In some of the methods and cells described herein, cells within the population
comprise a modification, e.g., an indel or substitution at a target sequence. In some
embodiments, the modification comprises an insertion of |, 2, 3, 4 or 5 or more 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
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 ina
target sequence. In some embodiments, the modification results in a frameshift mutationin a
target sequence. In some embodiments, the modification comprises an indel which resulis in
a frameshift rutation 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%, st least 9454, 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 i a target sequence. In some embodiments, the modification comprises one or
more of an sertion, deletion, or substitution of nucleotides resulting from the incorporation

of a template nucleic acid, for example any of the template nucleic acids described herein.



WO 2019/067992 PCT/US2018/053559

56

Methods of Gene Editing
[6168] The LNP compositions disclosed herein may be used for gene editing in vivo and
in vitre. In one embodiment, one or more LNP compositions described 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 composition described herein may contact a cell of a subiect in need
thereof. In one embodiment, a genetically engineered cell may be produced by contacting a
cell with an LNP composition described herein. In various embodiments, the methods
comprise infroducing a template nucleic 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. In some embodiments, the methods involve treating a
liver disorder. In certain embodiments, the methods involve contacting a hepatic cell with the
LNP composition. In certain embodiments, the methods involve contacting a hepatocyte with
the LNP composition. In some embodimenis, the methods involve contacting an ApoE
binding cell with the LNP composition.
[6178] [none embodiment, an LNP composition comprising 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 alsg introduced to the cell. In certain
instances, an LNP composition comprising a Class 2 Cas nuclease and an sgRNA may be
administered to a cell, such as an Apok 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 a cell. In certzin instances, an LNP composition comprising a Cas
nuclease and an sgRNA may be admimistered to g liver cell. In some cases, the hver cell 1s1n
a subject.
[6178]  [n certain embodiments, a subject may receive a single dose of an LNP
composition. In other examples, a subject may receive multiple doses of an LNP
composition. In some embodiments, the LNP composition 1s administered 2-S times. Where
more than ane dose 1s 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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[3172]  [none 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 2 gRNA. In one embodiment, an LNP
composition comprising an mRNMNA 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 o the cell. In one embodiment, an LNP compeosition compnising an mRNA
encoding a Cas nuclease such as a Class 2 Cas nuclease may be administered to a cell,
followed by the sequential administration of an LNP composition comprising a gRNA and
then a template to the cell. In embodiments where an LNP composition compnsing an
mRNA encoding a Cas nuclease is administered before an LNP composition comprising a
gRIMNA, the adminisirations may be separated by about 4, 6,8, 12, or 24 hours; or 2, 3, 4, 5, 6,
or 7 days.

[8173]  In one embodiment, the LNP compositions may be used to edit a gene resulting in
a gene knockout. In an embodument, 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 a gene resulting in a gene correction. In a further
embodiment, the LNP compositions may be used (o edit a celi 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
adminisiration of the LNP composition. The modification may be detected by measuring
target protein levels. The modification may be detected by detecting the farget 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. [n one embodiment, the duration of
response may be at least | 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
ane embodiment, the duration of response may be at least 6 months. In certain embodiments,
the duration of response may be about 26 weeks. In some embodiments, the duration of
response may be atleast | 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 after at least 0.5, 1,2, 3,4,5,6, 7, §,
910, 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
atleast 1,2,3,4,5,6,7,8,9, 10, 12, 14, 16, 18, or 20 years, either by measuring target
protein levels or by detection of the target DNA.

[6175] The LNP compositions can be admimstered parenteratly. The LNP compositions
may be administered directly into the blood stream, into tissue, into muscle, or into an
internal organ. Administration may be systemic, e.g., to injection or infusion.
Administration may be tocal. Suttable means for administration include intravenous,
mtraarterial, intrathecal, intraveninicular, infraurethral, intrasternal, intracramal, subretinal,
infravitreal, intra-anterior chamber, intramuscular, infrasynovial, intradermal, and
subcutaneous. Suitable devices for administration include needle (including microneedle}
mjectors, needle-free injectors, osmotic pumps, and infusion techniques.

16176}  The LNP compositions will generally, but not necessarily, be administered as a
formulation in 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 1o 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.

{61777  Parenteral formulations are typically agueous or oily solutions or suspensions.
Where the formulation is aqueous, excipients such as sugars {including but not restricted 1o
glucose, mannitol, sorbitol, efc.) salts, carbohydrates and buffering agents (preferably to a pH
of from 3 to 9), 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 (WFI).

[6178]  While the invention is described in conjunction with the iHustrated embodiments, it
is understood that they are not indended to himit the invention to those embodiments. On the
contrary, the invention is intended to cover all alternatives, modifications, and equivalents,
inchiding equivalents of speeific features, which may be included within the mvention as

defined by the appended claims.
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[3179]  Both the foregoing general 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
literature incorporated by reference contradicts any term defined in this specification, this
specification controls. Al ranges given in the application encompass the endpoints unless
stated otherwise.

[6188] [t should be noted that, as used 1n 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” mcludes a plurality of cells and the Tike. The use of “or’” is inclusive and means
“and/or” unless stated otherwise.

[B181]  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 terra “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 value is measured or determined. The use of a modifier
such as “about” before a range or before a hist of values, modifies each endpoint of the range
or each value in the list. “About” also includes the value or enpoint. For example, “about
50-55" encompasses “about 50 10 about 557, Also, the use of “comprise”, “comprises”,
“comprising”, “contain”, “containg”, “containing”, “include”, “includes”, and “including” is
not limiting.

[0182]  Unless specifically noted in the above specification, embodiments i 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 coniemplated 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
componenis; and embodiments in the specification that recite “consisting essentially of”
various companents are also contemplated as “consisting of* ot “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 Vivo Editing in Mice
[6183]  Small scale preparations of varicus LNP compositions were prepared to investigate
their properties. In assays for percent liver editing in mice, Cas® mRNA and chemically
modified sgRNA targeting a mouse TTR sequence were formulated in LNPs with varying
PEG mol-%, Lipid A mol-%, and NP ratios as described in Table 2, below.
Table 2, LNP compositions,

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

[6184] In Fig I, 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 formualated 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 NP (“50; 67); (5) 55 mol-% Lipid A; 4.5 NP (“55;
4.57y; 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 admuinistered 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 - NanoAssemblr
[0185] The lipid nanoparticle components were dissolved in 100% cthanol wath the lipid
component molar ratios set forth above. The RNA cargos were dissolved in 25 mM cimate,
100 mM NaCl, pH 5.0, resulting in a concentration of RNA cargo of approximately 0.43
mg/mal.. 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 RNA solutions
using a Precision Nanosystems NanoAssemblr'™ Benchtop Instrument, according to the
manufacturer's protocol. A 2:1 ratio of aqueocus 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 T 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 M 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 cenirifugal fitters (Millipore). The resuliing mixture was then filtered using 4 6.2
um sterile filter. The final LNP was stored at -80 °C until further use.

Formulation Analytics
[0187]  Dynamic Light Scattering (“DLS”) js used to characterize the polydispersity index
{“pdi™) and size of the LNPs of the present disclosure. DLS measures the scattening of light
that results from subjecting a sample 1o a light source. PDJ, as determined from DLS
measurements, represents the distribution of particle size (around the mean particle sizeY in a
population, with a perfectly uniform population having a PDJ of zsro.
[0188] Electropheretic light scattering is used o characterize the surface charge of the
LNP at a specified pH. The surface charge, or the zeta potential, is a measure of the
magnitude of elecirostatic repulsion/atiraction between particles in the LNP suspension.
[6189]  Assymetric-Fiow Field Flow Fractionation — Multi-Angle Light Scattering (AF4-
MALS) is used to separate particles in the formulation by hydrodynamic radias and then
measure the rolecular weights, hydrodynamic radii and root mean square radit 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 o hydrodynamic radras over ime suggesting the internal core density
of a particie) and the rms conformation plot (fog of rms radius versus log of molecular weight
where the slope of the resulting linear fit gives a degree of compaciness versus ¢longation).
[3190] Nanoparticle tracking analysis (NTA, Malvern Nanosight) can be used to
determine formulation particle 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 particle. The instrument also counts the number of individual
particles counted in the analysis to give particle concentration.

[6131] Cryo-electron microscopy (“eryo-EM™) can be used to determine the particle size,
morphology, and structural characterstics of an LNP.

[3192]  Lipid compostitional analysis of the LNPs can be determined from hquid
chromotography foliowed by charged acrosol detection (LC-CAD). This analysis can
provide a companison of the actual lipid content versus the theoretical lipid content.

[61%3] NP formulations are analyzed for average particle size, polydispersity index
{pdy), total RNA content, encapsulation efficiency of RNA | and zeta potential. LNP
formualtions may be further characterized by lipid analysis, AF4-MALS, NTA, and/or cryo-
EM. Average particle size and polydispersity are measured by dynamic light scattering
(DLS) using a Malvern 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 difuted 1:17 (50 pL into 800 gL}y in 0.1X PBS, pH 7 4 prior to measurement.
[6194] A fluorescence-based assay (Ribogreen®, ThermoFisher Scientific) is used to
determine total RNA concentration and free RNA. Encapsulation efficiency is calclulated as
{Total RNA - Free RNAYTotal RNA. LNP samples are diluted appropriately with Ix 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 diluted in Tx 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
samples and allowed to incubate for approximately 10 minutes at room femgperature, in the
absence of light. A SpectraMax M35 Microplate Reader (Molecular Devices) is used to read
the samples with excitation, auto cutoff and emission wavelengths set to 488 nm, 513 om,
and 325 nm respectively. Total RNA and free RNA are determined from the appropnate
standard curves.

[6195]  Encapsulation efficiency is calclulated as (Total RNA - Free RNA)/ Total 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.
[61%96] AF4-MALS is used 10 look at molecular weight and size distributions as well as
secondary statistics from those calculations. LINPs are diluted as appropriate and injected into
an AF4 separation channel using an HPLC autosampler where they are focused and then
chited with an exponential gradient in cross flow across the channel. All fluid is driven by an
HPLC pump and Wyatt Eclipse Instrument. Particles eluting from the AF4 channel flow
through a UV detector, multi-angle light scatiering detector, quasi-elastic light scattering
detector and differential refractive index detector. Raw data is processed by using a Debeye
model to determing molecular weight and rms radius from the detecior signals.
[6197]  Lipid components in LNPs are analyzed quantitatively by HPLC coupled to a
charged aerosol detector (CAD). Chromatographic separation of 4 lipid components is
achieved by reverse phase HPLC. CAD is a destructive mass-based detector which detects all
non-volatile compounds and the signal is consistent regardless of analyvie structure.

Cas% mRNA and gRNA Cargos
[6198] The Cas9 mRNA cargo was prepared by in vitro transcription. Capped and
polyadenylated Cas® mRNA comprising 1 X NLS (SEQ 1D NO:48) was generated by in vitro
transcription using a hinearized plasmid DNA template and T7 RNA polymerase. Plasmid
DNA contaming 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 plasrid was purified from enzyme and buffer salts using a silica
maxi spin cohunn (Epoch Life Sciences) and analyzed by agarose gel to confirm
linearization. The IVT reaction to generate Cas9 modified mRNA was incubated at 37 °C for
4 hours in the following conditions: 50 ng/pL. linearized plasmid; 2 mM each of GTP, ATP,
CTP, and Nl-methy! pseudo-UTP (Talink); 10 mM ARCA (Trlink); S U/uL T7 RNA
polymerase (NEB); 1 U/uL Murine RNase inhibitor (NER); 0.004 U/uL Inorganic £. coli
pyrophosphatase (NEB); and Ix reaction buffer. After the 4 br incubation, TURBO DNase
{ThermoFisher) was added 1o a final concentration 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 protocol (ThermoFisher). Altematively, the Cas® ondRINA was purified with a
LiCl precipitation method.

[0199] The sgRNA in this example was chemically synthesized and sourced from a
commercial supplier. The sg282 sequence is provided below, with 2°-O-methyl
modifications and phosphorothioate linkages as represented below (m= 2°-OMe; ¥ =
phosphorothicate):
mU*mU*mA*CAGCCACGUCUACAGCAGUUUUAGAMGmCmUnAnGmAmAmA
mUmAMGCmCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMmAMCmUmUmGmAmM
AMAMAMAMGMUnCmGmCmAmCmCnCmAnGmUnCmnGmGmUnGmCmU*ml
*mil*mU. (SEQ ID NG:42).

LNPs

[62608]  The final LNPs were characierized to deternunc the encapsulation efficiency,
polydispersity index, and average particle size according to the analytical methods provided
above.

[6261]  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 deseribed below.

LNP Delivery In Vive

[6262] CD-] female mice, ranging from 6 to 10 weeks of age were used n cach study.
Animals were weighed and grouped according to body weight for prepanng dosing solutions
based on group average weight, LINPs were dosed via the lateral tail vein in a volume of 0.2
ml. per animal (approximately 10 mL per kilogram body weight). The animoals were
observed at approximately 6 hours post dose for adverse cffects. Body weight was measured
at twenty-four hours post-administration, and animals were euthanized at various time points
by exsanguination via cardiac punctire under isoflurane anesthesia. Blood was collected into
serum separator tubes or into tubes containing buffered sodium citrate for plasma as
described herein. For studies involving in vivo editing, liver tissue was collected from the
median lobe or from three independent lobes (2.g., the night median, left median, and left
lateral lobes) from each animal for DN A exiraction and analysis.

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

Transthyretin (TTR) ELISA analysis
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[0204] Blood was collected and the serum was isolated as indicated. The total mouse
TTR serum levels were determined using a Mouse Prealbumin (Transthyretin) ELISA Ku
{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 serial diluted with kit sample diluent to a final
dilution of 10,000-fold. This diluted sample was then added to the ELISA plates and the
assay was then carried out according to directions.

NGS Sequencing

[0203]  In brief, to quantitatively determine the efficiency of editing at the target locahon
in the genome, genomic DNA was isolated and deep sequencing was utilized to wdentify the
presence of insertions and deletions introduced by gene editing.

[0266] PCR prnimers were designed around the target site (e.g., TTR), and the genomic
area of interest was amphified. Primer sequences are provided below. Additional PCR was
performed according to the manufacturer's protocols (IHumina) to add the necessary
chemistry for scquencing. The amplicons were sequenced on an Illumina MiSeq instrument.
The reads were aligned to the human reference genome (2.2., hg38) after shminating 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.

[3267]  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, ingluding wild type.

[0208] 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% 1o 60% liver
editing was observed. In this mouse in vivo testing, all compositions effectively delivered
Casd mRNA and gRNA to the Hiver cells, with evidence of active CRISPR/Cas nuciease
activity at the target site measured by NGS for each LNP composition. LNPs containing 5%

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

(6269}

in LNPs formulated with increasing amounis of Lipid A and PEG-lipid. 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 L.NP89%7 LNP366 LMNP%69
CLIchol DSPCIPEG | 5000 | 453973 | som3893 | 55/33/9/3
(theoretical mol-%6)
Cas9 Cas® | Cas® U-dep | Cas9 U-dep
mRNA SEQID | SEQID | SEQID SEQ ID
NO:48 NO:48 NO:43 NQO:43
G502 G502 (G534 (G534
gRNA SEQID | SEQID | SEQID SEQ ID
NO:70 NO:70 NQG:72 NO:72
N/P 4.5 4.5 6.0 6.0

NP Formulation — Cross Flow
[6218]

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

The LNPFs 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 1s 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 1 hour, and then further diluted with water
(approximately I:1 v/v). Diluted LNPs were concentrated using tangential flow Sltration on a
flat sheet carridge (Sartorius, 100kD MWCQO) and then buffer exchanged by diafiltration into
50 mM Tris, 45 mM NaCl, 3% (w/v) sucrose, pH 7.5 (TSS). Alternatively, the final buffer
exchange into TSS was completed with PD- 10 desalting columns (GE). If required,
formulanions were concentraled by centrifugation with Arnicon 100 kDa cenmmifugal filters
{Millipore). The resulting muxture was then filtered using a 0.2 pm sterile filter. The final
LNP was stored at 4°C or -80°C until further use.

0211}
poly-adenylated Cas9 U-depleted (Cas9 Udep) mRNA comprises SEQ 1D N:43. Sg282 is

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

Cas9 mRINA and sgRNA were prepared as in Example 1, except that capped and
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mA¥mC*mG*CAAAUAUCAGUCCAGCGGUUUUAGAMGMCmUmAMGmAmA
mAmUmAMGmCAAGUUAAAAUAAGGCUAGUCCGUUAUCAMAMCmUmUm
GrmAmMAMAMAMAMGmUmGmGmCmAMCmCmGmAmGmUmCmGmGmUmGm
CUFmU¥mU*mbU (SEQ ID NO:72)

[6212] LINP formulations were analyzed for average particle size, polvdispersity (pdi),
total RNA content and encapsulation efficiency of RNA as described in Example 1.
62131  Analysis of average particle size, polydispersity (PDI}, total RNA content and
encapsulation efficiency of RNA are shown in Table 4. In addition to the theoretical lipid
concentrations of the LNP compositions, lipid analysis demonstrated the actual mol-% hipid

ievels, as indicated in Table 5 below.

Table 4,
, A Number RNA :
?}?:: NP | Ave, | PDI | Ave. Conc %};dps‘
(nm) (nm) (mg/mL) V7o
LINP8YE | 45 §7.91 | 0.030 | 71.33 1.53 98
LNPRY7 | 4.5 74.05 | 0.036 | 58.55 143 98
LNPO66 | 60 | B2.78 | D010 | 6786 2.12 98
LNPO69 | 60 | 8297 | 0.042 | 75.52 2.09 a7
Table 5,
a‘?‘i }EEE;OE/ Lipid A | Chol DSPC PEG
LNP DS?’G’PEG) i mg/mL mg/mL mg/mL mg/mL
ID# . (theoretical | (theoretical | {theoretical | (theoretical
(theoretical and ‘ ‘ \
and actual} | and actual) | and actual) | and actual)
actual)
45/44/9/2 18.0 8.0 33 2.3
(\ 3
LNP898 46.1/42.6/9.2/2 18.3 7 34 2.4
_ 45/43/9/3 18.0 7.8 33 3.5
2 RE
LNP897 44 8/42.9/9.2/3.1 | 17.8 7.9 34 36
50/38/9/3 334 115 3.6 5.8
LNP9S6 | 50.038.0/8.8.1 | 35.5 123 58 65
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55/33/9/3 33.4 a1
S4.8/33.2/88/32 1 316 8.7

53

LNP969 54

:3:1.. :\/n
Y

[6214]  To further analyze the physicochemical properties, LNP897 LNP8OZ LNPG66,
and LNP96S 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 distmbtions, and provides information about particle canformation and
density.

[6215] LNPsare 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. Al fluid is driven by an HPLC pump and Wyatt Eclipse Instrument. Particles
cluting from the AF4 channel flow through a UV detector, Wyatt Heleos Tl multi-angle light
scattering detector, quasi-clastic light seattering detector and Wyatt Optilab T-rEX
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.

[6216] A log differential molar mass plot for the LNPs 5 provided as Fig. 2A. 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 weights within the
formulation, which gives a better picture of particle heterogenicty than average molecular
weight.

{0217}  The heterogeniety of the different LNP formulations are determined by measuring
the different molar mass moments and calculating the ratic 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 distnbutions with 3 mol-% PEG, and with 50 and
55 mol-% Lipid A at N/P 6.0 as shown in Fig. ZA. This is reflecied in a tight polydispersity

as shown in Fig. 2B
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Example 3 - AF4 MALS Data - Additional formulations
[0219]  Analytical charactenization of LNPs shows improved physicochemical parameters
in LNPs formulated with increasing amounts of Lipid A. Compositons that comprise either

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

below.
Table 6.
LNP1621 | LNP1622 | LNP1023 | LNP1024 | LNP102S
CLIchal DSPCIPEG | o1y n00/3 | 55337073 | 454303 | s0m8/05 | 55/33/973
(theoretical mol-%)
Cas9 Udep gzig Cas9 Udep | Cas9 Udep Szzg
mRNA SEQID p SEQID | SEQID p
NO43s | SEQRID 1 Nous | nows | SEQID
: NO:43 - D NO:43
G302 G302 G302 G509 G509
gRNA SEQID | SEQID | SEQID | SEQID | SEQID
NG:70 NO:70 NO:70 NQ: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,

[6221] Cas% mRNA and sgRNA were prepared as described above.

[6222]  The LNPs compositions were characterized t¢ determine the encapsulation
efficiency, polydispersity index, and average particle size as described in Example 1.

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

fevels, as indicated in Table §, below.

Table 7.
g: N/P i’e, PDI 23:1 e Eﬁ‘j‘m%ﬂt ?}:;aps-
(nm) (nm) i
LNPIO21 | 6.0 | 8318 | 0027 | 67.15  [1.63 98
LNPI022 | 6.0 | 94.08 | 0.005 | 7828  |1.60 97
LNPI023 | 45 | 7401 | 0.017 | 6111 |16l 97
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LNPI024 | 6.0 8537 10002 1 7042 1.59 97
LNPIO25S | 60 | 9447 {1 0018 | 7771 1.60 28
Tablie 8.
Lipd Ratio |y 594 | Chol DSPC PEG
LNP {Lipid A/Chol/ "y L L sl
I DSPC/PEG) mg/mi. mg/ml mg/m _ mg/ml
ED# S {theoretical | {thegretical | {theoretical | {theoretical
{theoretical and : . .
. and actual) | and actual) | and actual) | and actual)
actual)
50/38/9/3 236 8.1 3.8 4.1
ENPIOZE | 500374586031 | 216 72 3.4 3.8
55/33/8/3 236 6.4 36 3.7
PLOY :
LNPLO22 55.2/335/87/3.1 | 204 5.5 3.0 3.4
45/43/9/3 17.7 7.7 33 34
q
ENPLO23 1 45 om0 ai8.6/3.1 | 153 6.4 2.7 3.0
50/38/9/3 236 8.1 39 41
>
LNP1O24 S0.5/379/85/3.0 | 224 7.6 3.5 39
55/33/9/3 236 6.4 3.6 3.7
LNPIO24 55.5/33.1/85/30 | 213 58 3.0 34

[6224]  To further analyze the physicochemical propertics, UNP1021, UNP1022,
LNP1023, LNP1024 and LNP10235 were subjected to Asymmeinic-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 particle conformation and density.

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

[0226] A log differential molar mass plot for the LNPs is provided as Fig. 3A. In bref,
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 fowards the mode of
the molecular weights as well as the overall distribution of molccular weights within the
formulation, which gives a better picture of particle heterogenicety than average molecular

weight.
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[0227] 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.

[6228]  The heterogeniety of the different LNP formulations are caleulated 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) o give a polydispersity of Mw/Mn. The
graph of the polydispersity for these different formulations is provided in Fig. 44A.

[0229]  Additionally, a Burchard-Stockmeyer plot of the LNP formulations is provided as
Fig. 4B. The Burchard-Stockmeyer plot shows the ratio of the rms radius versus the
hydrodynarmnic radius across the elution of the formulation from the AF4 channel. This gives
information towards the internal density of a lipid nanoparticle. Figure 4B shows that
LNP1021, LNP1022 and LNP1023 have different profiles in this measurement,

Example 4 - Increased PEG Lipid Maintains Potency with Reduced Cytokine Response
[6238]  In another study, PEG DMQG 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 DMG are provided in Table 9 below.

Table 9.
INP86S | LNPRIO
CL/chol /DSPC/PEG - , ;
(theoretical mol-%) 45/44/9/2 | 45/43/9/3
Cas9 Cas9
mRNA SEQID SEQID
NG:48 NO:48
(G390 (390
gRNA SEQID SEQ 1D
NO:69 NQO:69
N/P 4.5 4.5

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

[6232] Cas9 mRNA and sgRNA were prepared as in Example |, with the sequence of
sg390 (“G390”) provided below:

mG*mC* mC*GAGUCUGGAGAGCUGCAGUUUUAGAMGmUmUmAmGmAmAmMA
mUmAmGmCAAGUUAAAAVAAGGCUAGUCCGUUAUCAmAMmCoUmUmGmAm
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AmnmAmAmAnGmUnGmGulnAnCmCuGmAmGuUmCmGuGunUnGmCalU*mlU
*mU*ml (SEQ ID NO:6%).

[6233]  LNP formulations were analyzed for average particle size, polydispersity (pdi),
total RNA content and encapsulation efficiency of RNA as described in Example 1.

[0234]  Analysis of average particle size, polydispersity (PDI), total RNA content and
encapsulation efficiency of RINA are shown in Table 10, In addition to the theoretical lipid
concentrations of the LNP compositions, lipid analysis demonstrated the actual mol-% hipid

levels, as indicated in Table 11: below.

Table 14,
Z- Number .
gg N/P | Ave. | PDI | Ave. ﬁf ‘;‘m%m' f;j?;aps‘
() (nm) £ ’
LNPROY | 45 | 8385 1 0060 | 72,10 245 97
LNPSIO 4.5 7526 1 0.025 | 61.17 214 g7
Table 11,
Lipid Ratio Lipid A | Chol. DSPC PEG
. (Lipid A/Chol/
LNP . mg/mi mg/mL mg/mL mg/mlL
. DSPC/PEG) . " ) e
D# ) . {(theoretical | (theoretical | (theoretical | (theoretical
{theoretical and .
and actual} | and actual) | and actual) | and actual)
actual)
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 40
45/43/9/3 252 0.9 4.7 4.9
LNP810 45.0/42.3/9.7/3.0 | 247 10.5 49 47

[6235]  Ratserum cytokines were evaluated 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. 5A (serwm TTR), Fig. 5B (liver editing), and Fig. 5C (cytokine p
MCP1).



WO 2019/067992 PCT/US2018/053559

73

16236}  Rat TTR serum levels were measured using a rat specific ELISA kit (Aviva
Systemns Biology catalog number QKILAO0159) according to manufacture’s protocol. Briefly,
serums were serially diluted with kit sample diluent o a final dilution of 10,000-fold. This
diluted sample was then added to the ELISA plates and the assay was then carried out
according to directions,

[6237]  Genomic DNA was isolated from approximately 10 mg of liver tissue and
analyzed using NGS as described above. PCR primer sequences for amplification are
described below.

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

Example 5 — LNP Delivery to Non-Human Primates

[623%]  Three studies were conducted with LNP formulations prepared as described in
Example 1. The particular molar amounts and cargos are provided in Tables [2-26. Each
formulation containing Cas® mRNA and guide RNA (gRNA) had 2 mRNA:gRNA ratio of
t:1 by weight. Doses of LNP (in mo/kg, total RNA content), route of administration and
whether animals received pre-treatment of dexamethasone are indicated in the Tables. For
animals receiving dexamethasone (Dex) pre-treatment, Dex was admunistered at 2 mg/kg by
IV bolus injection, | hour prior to0 LNP or vehicle administration.

[6240]  For blood chemisiry 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 a2 minimum of 30 minutes at room temperature followed by centrifugation
at 2000 xg for 15 minutes. Serum was aliquoted into 2 polypropylene microtubes of 120 L
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 [L-2 TL-4 1L-6 11-8 1L-10, IL-
12p40, MCP-] and TNF-a, with focus on [L-6 and MCP-1. Kit reagenis and standards were
prepared as directed in the manufacturer's protocol. NHP serum was used neat. The plates
were ruit on an MSD Sector Imager 6000 with analysis performed with MSD Discovery work

bench software Version 4012,
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[6241]  Complement levels were measured in pre- and post-treated animals by enzyme
Immunoassay. Whole blood (0.5 mL) was collected from a peripheral vein of restrained,
conscious animals into a fube contaming 0.5 mL keEDTA. Blood was centrifuged at 2000 xg
for 15 minutes. Plasma was aliquoted into 2 polypropylene microtubes of 120 uL each and
stored at -60 to -86 “C unul 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 complement 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, Cholesterol, . , sample total RNA
Sroup DSPC, and PEG2k- NP Cargo size (n) Route content DX
DMG, respectively {(mg/kg)

(1 ?SS n/a /2 n/a 3 V- n/a no
{vechicle) infusion

Cas?
{2) mRNA v
LNPG6SS 45/44/9/2 4.5 SEQID B . ﬁ; . 3 no
G502 NO:2); niusion

GO00502

CasY
(3) mRNA v
LNP6SS 45/44/9/2 4.5 SEQID B inﬁ;sion 3 no
G506 NG:2);

000506

Cas?
(4 mRNA 1y -
L.NP&8Y 45/44/9/2 4.5 SEQID 3 nfusion 3 no
G509 NG:2): ;

GO00509

Cas9
(5) mRNA v
LNP6OO 45/44/9/2 4.5 (SEQID B W 3 no
G510 NO2): infusion

GO00510




WO 2019/067992

PCT/US2018/053559

75
Table 13, Study 2,
hdolar Ratios
{Lipid A, Dose level,
Treatment | Chaolesterol, . sample _ total RNA
grogp DSPC, and N:F Cargo size (1) Routc content Dex
PEG2K-DMG, {mg/kg)
respectively
(1TSS 2N
(vehicle) | V2 p/a 1 bolus |0 pes
{2y TSS V- ,
{vehicle) n/a /a ] holus e i
Cas9
(3) mRNA T -
LNPSIE | 45/44/972 4.3 (SEQID |1 infusi [ ves
G502 NO:2); on
GO00502
Cas9
(4} mRNA T -
LNPS9E | 45/44/9/2 45 (SEQID |1 infusi 3 o
G502 NO:2Y; on
GO00502
Cas9
{5} mENA -
LNPR97 | 45/43/9/3 4.5 (SEQID |1 ot b ves
G502 NO:2):
000502
Cas9
{5) mRNA .
LNPRY7 45/43/9/3 4.5 (SEQID |} bolus 3 no
G502 NO:2); *
G000502
Cas9
(7 mRNA v -
LNP8Y7 45/43/9/3 4.5 (SEQID | infusi 3 ves
G502 NO:2); on
GO00502
Cash
{8} mRNA v -
LNPgoO7 45/43/9/3 4.5 (SEQID i infust 3 no
G502 NO:2); on
GO00s02
©) RRNA v
LNPS16 45/43/9/3 4 5 P ] infusi © ves
GFP (SEQID -
NGO
(10) eGFP -
LNP916 45/43/9/3 4.5 mRNA i infusi 6 no
GFP (SEQID on
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Table 14. Study 3.
Molar Raties (Lipid ﬁ:iﬁ
Treatment | A, Cholesterol, . sample DD
group DSPC, and PEG2k- NiP | Cargo size {n} Route iifjj?A Dex
DMG, respectively
(mg/ke)
; '['\’y_
/ 1 1
(1yTSS wa n/a n/a 3 bolys | V2 no
Cas9
2) (SEQJ?D I
LNPIO21 | 50/38/9/3 6 ! 1 no
G502 NO:Y; bolus
o GO0O50
Cas9
3) mRNA
LNPIO21 | 50/38/9/4 6 <S§_? D, WI' 1 yes
G302 godo}ﬁb polus
2
Cas9
(%) (SEQAI‘D 1v-
LNP1022 | 55/33/9/3 6 Ml | no
2
Cas%
() mRNA
LNPI023 | 45/43/973 45 |GEQID |, N no
ol S
2
Cas9
6) mRNA
LNPIO24 | 30/38/9/3 6 (SEQ I_D 3 V- 1 no
9
Cas®
o mRNA
LNP1024 | 50/38/0/4 6 (Sg,? D, Wi‘ R ves
G309 godo}sb polie
9
(8) 55/33/9/3 6 Cas? 3 V.- 1 no
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LNP102S mRNA bolus
G309 (SEQ D
NO: 1Y,
GO00s6
9
Cas®
©) ?é?ég% A
LNPIO21 | 50/38/9/3 6 S 3 no
G502 NO. i) bolus
GO0050
2
Cas®
(10) gﬁg% 1y-
LNP1022 50/38/9/3 6 N 3 no
G502 NO:1); bolus
GO0030
2
Table 15. IL-6 measurements from Study 1.
Trestment Group | Pre-Bleed 6 hour 24 hour
(1) TSS (vehicley [5.71£2.70 29.1420.37 7.05+3.49
{2) LNPG99 G302 19.7348.34 1296 41:664.71 | 54347 .68
(3) LNP688 G506 | 16.83:4.08 1749 47£1727.22 | 38.57£39.39
(4) LNP689 G509 [ 18.11+11.51 [ 1353494766.66 | 32.42+18.40
(5) LNP690 G510 | 13.95+1 .85 11838+17161.74 | 90.07+96.02

Table 16. MCP-1 measurements from Study 1.

Treatment Group | Pre-Bleed 6 hour 24 hour

{1} TSS {vehicle} 810.48£178.27 135116439731 74525556 49
{2) LNP6YS G502 | 842.314350.65 19298.49411981.14 | 2092.89+171.21
{3 LNP688 (G506 | 1190.79+383.64 | 13500.17£12691.60 | 1414.714422.43
{4) LNP689 G509 | B38.634284.42 14427 748715 48 1580+813 .23
(3) LNPAGO (GS10 | 785.32:-108.97 | 52557.24248034.68 | 6319.774983.37

Table 17. Complement C33 measurements from Study 1.

Treatment Group Pre-Bleed 6 hour day 7

(13 TSS (vehicle) 23941195 255141479 30.67+18.36
(23 LNP699 G502 32361129 04 3325845 38.50412.69
{3) LNP638 G506 22.30+1.73 127.00x22.34 37.80=6.86
{4y LNP689 G509 3583421954 174 00+44 51 50.83x21.92
(5) LNP690 G510 36.308.21 163.00£40.60 42.50%12 .44




WO 2019/067992

78

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 | 3.37+2.13 | 1432071
(2) LNP699 G502 | G502 | 1452039 | 9.01£5.28 | 1.5740.54
{3) LNP688 G506 | (G506 1.4520.7% 11.78x2.33 | 1.78£0.84
{4) LNP68S G509 | G509 1952099 | 15.73£2.23 | 2.83+0 88
(5) LNP690 G510 | G510 | 2122044 | 13.5721.23 | 2212072
Table 19, [1.-6 measurements from Study 2.
Treatment group | Pre-Bleed | 90 min | 6 hour | 24 hour | Day 7
(1) TSS (vehicle) | 1.77 11.46 42 2.76 3.01
(2) TSS (vehicle) | 5.23 18.11 20.36 13.2 6.36
{(3) LNPBGE G502 [ 2.02 1303.75 | 113822 | 383.32 16.02
(4) LNP898 G502 | 2.34 37.19 51.59 i4.11 3.07
(5) LNP897 G502 | 2.1 5579 | 6.89 2.26 2.01
{6) LNPRY7 G502 | 6.8 10,1 44 72 54 2.61
{7) LNP837 G502 | 1.97 44.87 312.61 2.97 111
(8) LNPRY7 G502 | 3.14 37.68 73 .41 8.58 232
(9) LNPOISGFP | 16 BLQ 95.32 27.58 BLO
(10} LNP916 GFP | 243 BLO 88301 |66.71 BLO
Table 20. MCP-1 measurements from Study 2.
Treatment Pre-Bleed 96 min 6 hour 24 hour | Bay 7
group
{13 TSS (vehicle) | 31212 16724 145.36 177.02 403 82
{2} TSS (vehicley | 232 44 17508 187.72 136.64 325.69
{3} LNP898 (3502 | 249.1 21835 1814.64 1887.41 | 372.38
{4) LNP898 3502 | 349.51 430.49 5635.55 953.05 236.6
(5) LNP897 G502 | 4923 989.98 409.08 302.97 506.82
(6) LNP397 G502 | 283.79 2251 114108 48459 | 259.46
(7) LNPB97 G502 | 223.16 34979 398.57 172.67 287.09
(8) LNP897 G502 | 584.42 853.51 388081 1588.46 | 692.99
(3) LNPSI16 GFP | 32584 BLO 118997 2279.82 | BLQ
(10) LNP916 175.47 BLO 3284.16 202353 | BLO
GFP
Table 21, Complement C3a measurements from Study 2.
Treatment group | Pre-Bleed | 90 min| 6 hour | 24 hour | Day7
(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) LNP898 G502 | 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) LNBRY7 G502 | 0.141 0.433 0.34 0.11 0.074
{(7) LNP897 G502 | 0.1 {.345 0.396 0.096 0.127
{8) LNP897 G502 | 0.261 0.458 0.409 0.244 0313
(9) LNP916 GFP | 0.149 BLO | 0714 | 0382 | BLO
(10 LNPOISGFP | 0.117 BLO 0,752 | 6.723 BLO
Table 22. Complement bb measurements from Study 2.
Treatment group | Pre-Bleed | S0 min | 6 hour | 24 hour | Day 7
(1) TSS (vehicle) | 0.087 0096 | 0048 | 0.033 | 0.038
(2) TSS (vehicle) §.369 0311 0.146 0.} 0.106
(3) LNP898 G502 | 0.087 (.953 0.647 0.277 0.065
(4) LNP898 G502 | D.099 (.262 0.123 (.049 0.044
{8y LNP897 GSG2 | 8.067 0.479 0.209 0.036 0.036
{6) LNP897 G302 | 0.141 0.433 0.34 0.11 0.074
{7y LNPRO7 G502 | 0.1 0.345 0.396 0.096 0.127
{8) LNPBS7 (G502 | D.261 0.458 0.409 0.244 0.313
(9) LNPS16 GFP | 0.149 BLO | 0714 | 0382 | BLO
(10) LNPOI6 GFP | 0.117 BLO 0.752 0.723 BLO
Table 23. [L-6 measurements from Study 3.

;‘:;T;mem Pre-bleed | 90 min 6 hour 24 hour Day 7

(1) TSS | 89:0.97 ’?'56“'4 ?'9’:’*@‘7 BLO 0.08

(Zy LNP1021 , 7.4445 ) 6.94+£8 4 , ,

G502 2104035 6 5 F.07=11) ) 1.76+0.98

gééNPlOZi 0.79 296 4.25 0.67 0.27

(4Yy LNP1022 y 2042431 | 13.94+10 . .

G502 1.54=1.32 60 10 098041 | 2.04x065

(5} LNP1023 . 6.28+7.1 6.064£2.3 A 4R "

G502 2.92+1.68 p | 3.6244.68 | 2.00+1.21

(6} LNP1024 . 264219 | 77211 . .

G509 1.43+0.62 5 96 $0.45+0.19 | 0.8R8+0.79

(7) LNP1024 " 264423 1.71£0.4 , o

G309 1.35+0.74 5 | 836058 | 0.51%0.32

g}; é;fp 1025 1 64 2.68 25.65 0.58 2.00

Ol 2L Tass 6.15 2880 | 085 0.61

g?gzLNszz [.76 8.66 2907.86 11.26 1.72
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Table 24, MCP-1 measurements from Study 2,
g;:i;mmf Pre-bleed | 90 min 6 hour 24 hour Day 7
o+ I 445 74207
(1) 7SS §g4.01+4a i97.62 5.3 gm.&q 4538 §79.o EST R N
3 LNPI0T | 30367536, | 337632105, | 755 302581, | 330 752306, -
! 4 240 ¥
G502 37 18 45 20 2148240 81
IN
é’%é}wmzi 229.30 358.10 1182.00 413.56 178.30
(4 LNP1697 [303.63518 1467775591, 11855042319 | 467 132417, i
G502 781 6) 9.66 30 382.19467.27
(SYLNPI023 12137258 8 | 196 185628 | 17231851471 | 197 83740
GS02 5 ) 3.90 | 136.16£18.87
(6) LNP1024 | 237.76296. | 210.37205.1 | 468.532250. - )
o v : - 22.30569.06 | 141.20£71 .90
SR
gg;xmogcs 207.36 183.07 1885.66 235.70 (6311
(8 LNP1073 | 25587511 | 399512304, | 1193105974 | 258 87588 3 ‘
G509 2.98 89 04 3 219.86:£219.86
(ggéwlozi 19929 286.04 2001.23 197.57 196.44
(10}
LNPIO2Z | 30581 970.65 7039.06 8379.05 203,47
G502
Table 25. Complement C3a measurements from Study 3.
;ﬁ;‘“em Pre-bleed |90 min 6 hour 24 hour Day 7
(1) TSS 424751030 155.40513.58 203021446 |41.70423.65 | 27.43412.43
NP1O2 . ~
giéw F21 134372050 |26.5043.66 00.0744.85  156.604225  |32.5340.93
0
giég‘mm 34.30 128.00 93.30 33.40 28.20
gg;:}\rpmz 415551350 15137610908 1820053182 |45.57618.58 | 32.7746.45
202
gg ;fp T023 131672319 1744042208  |74.13848.61 [33.83£975 | 27.7048.05
géwlom 56.60225.61 |1003747795  |74.73£70.15  [55.20448.34 | 49.97£39.04
ggégwmm 33.80 33.90 33.70 26.10 20.90
NP1035 )
giéérwm 39.90413.01 175734138 46.13£30.56 |25.0043.80 | 23.9047.18
Y T A 9]
gié“;‘mo“i 14 §5.70 133.00 62.00 25.50
(0) 29.8 68.10 113.00 7170 2330
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LNP[022 ' ' ' l
G502
Table 26. Complemesnt bb measurements from Study 3.
Treatment Pre-bieed 3¢ min 6 hour 24 hour Day 7
group
(1} TSS 4640 70 2184078 {964:0.64 0.94540.15 1.34+0 .50
{2) LNP1021}
G502 1.77+0.60 6.51£3.66 11.00x4 85 3.59£2 .25 207093
(3} LNP102}
G502 1.24 2.90 11.50 2.97 1.24
{4) LNP1022
G502 1.5240.34 5.67+228 10243 36 3.66%].68 1.844024
(5) LNP1023
G302 1.65x20.94 4.4x1 7.68x4.67 2.64x1.18 2.08%1.32
(6) LNP1024
G509 1.6120.13 4.52+1 81 4.50+3.22 1.63+0.84 1.63+0.32
(7) LNP1024
G508 0.96 2.99 2.64 113 1.07
(8) LNP1025
G309 1.37:0.17 4.9+4.51 3.79+3.84 1.66x1 .43 1.35+0.44
(9} LNP102}
G502 1.41 5.67 11.50 4.64 1.38
(10)
LNPI022
G502 1.28 3.22 14.10 5.64 i.87

Example 6 - PEG Lipid Screen

[6243]  In another study, alternative 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 1 (DMG-PEGZk; Nof), 15 depicted

0
/\/\/\/\/\/\/ﬂ\c/\(’\c‘(’\/@%
Wfﬁ

O
DMG-PEG
16245]  Lipid 2, synthesized as described in Heyes, et al., J. Controlled Release, 107

{2003), pp. 278-279 (See “Synthesis of PEG2000-C-DMA™}, can be depicted as:



WO 2019/067992 PCT/US2018/053559

]2
0 ( .
N i S ~ N N TN N . /l'L RN 0 "i -
~ o ~ e . s Q “ N O ~od e 0
S H in
N N N N NP o
PEG-C-DMA

and Lipid 3, disclosed in WO2016/610848 (see compound S027, paragraphs [00248] (o
[80244]) and WO2811/076807, can be depicted as:
Q

Ww\\/f\\\ JJ\«\\@AO/\;/»\\QE&?@ ,.v“\,\‘éqg\ \/‘}; OH
O

[9246]  Lipid A was formulated with each PEG lipid at 2 mol-% and 3 mol-%. The lipid
nanoparticle components were dissolved in 100% cthano! with the lipid component molar
ratios set forth above. In bnef, the RNA cargos were preparsed in 25 mM citrate, 100 mM
NaCl, pH 5.0, resulting in a concentration of RNA cargo of approximately 0.45 mg/mb, The
LNPs were formulated with a lipid amine to0 RNA phosphate (N:P) molar ratio of about 4.5
with the ratio of mRNA to gRNA at 111 by weight.

Table 27.

LNP LNP LNP LNP LINP LNFP
LNP # 784 785 786 787 788 78%

CL/chol./DSPC/PEG
(theoretical mol-S%) | 45/44/9/2 1 45/43/9/3 | 45/44/9/2 | 45/43/9/3 | 45/44/9/2 | 45/43/9/3

Cas9 Cas9 Cas9 Cas9 Cas9 Cas9
SEQID |SEQID |SEQID |SEQID |SEQID |SEQID
mRNA NO:48 NO:48 NO:48 N(:48 NO:4R NO:48
G282 G282 {3282 (G282, G282, G282
SEQID SEQID {SEQID | SEQID SEQID SEQID

gRNA NG:42 NO:42 N(O:42 N(:42 NO:42 NQO:42
PEG Type Lipid | Lipid | Lipid 2 Lipid 2 Lipid 3 Linid 3
N/P 4.5 4.5 4.5 4.5 4.5 4.3

182471  Cas% mRNA, sg282, and LNPs were prepared as descrnibed in Example 1.
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[6248] NP compositions with Lipid I, Lipid 2, or Lipid 3 were were administered to
femmale CD-1 mice and assessed as described in Example 1 at 1 mg/kg and 0.5 my/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.

[024%] Fig. 6A and Fig. 6B compare serum TTR levels between PEG lipid formulations.
Fig. 6A shows serum TTR in yg/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

[625¢] A number of structural analogs of Lipid A were synthesized and tested in the LNP
compositions described hercin,

[8251]  Synthesis: Lipid A is made by reacting 4 4-bis{octyloxy)butanoic acid
(“Intermediate 1367 in Example 13 of WO2015/095340) with (9Z,122)-3-hydroxy-2-
(hydroxymethylpropy! octadeca-9, 12-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.)

(62521 [Intermediate i3b from WO2015/095340 (4,4 bis(octyloxy)butanoic acid) was
synthesized via 4,4-bis(octyloxy)butanenitrile as follows:

[6253] [Intermediaie i3a; 4, 4-bis{octyloxy)butanenitrile

\/A\MG\]/’\/’{‘N
R N N N ©

[6234] To a mixture of 4,4-diethoxybutanenitrile (9.4 g, 60 mmol) and octan-1-01 (23.1 g,
178 mmol) was added pynidinium p-toluenesuifonate (748 mg, 3.0 mmol) at it. The mixture
was warmed to 105°C and stirved 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 punfied on silica gel (0-3% gradient of ethyl acetate in hexanes) to provide 10.1 g (31.0
mmol) of Intenmediate 13z as a clear otl. '"H NMR (400 MHz, CDChy § 4.55 (1, /= 5.3 Hz,
FH), 360 (dt, /=92, 6.6 Hz, 2H), 3.43 (dt, J=9.2 6.6 Hz, 2H), 2.42 (t, J= 7.4 Hz, 2H),
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194 (1d, /=74,53Hz, 2H), 1.63-1.50(m, 4H), 1.38 - 119 (m, 20H), 0.93 - 0.82 (m, 6H)
ppm.

[6255]  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 mamol} at room
temperature. Upon fitting the vessel with a reflux condenser, the mixture was heated to 110
°C and stirred for 24 hours. The mixfure was then cooled {o room temperature, acidified with
aqueous hydrochlonide acid (IN) to pH 5, and extracted into hexanes three times. The
combined organic extracts were washed with water (twice) and brine, dried over anhydrous
magnesium sulfate, and concentrated in vacuo o afford 8.15 g (23.6 mmol) of Intermediate
13b as a clear oil, which was used without further purification. 'H NMR (400 MHz, CDChk) §
450 (t,J=55Hz 1H),3.57 (dt,/=94,67Hz, 2H), 3.41 (41, /=93,67 Hz 2H), 240 (1,7
=74 Hz 2H), 192 (1d, /=74, 53 Hz, 2H), 1 56 {m, 4H), 1.37 - 1 21 (m, 20H), 0.92 - 0.83
{m, 6H) ppm (structure below).

19256}  Intermediate 13b

V\M\/OY\)LOH

RPN NN

[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 atkan-1-0l reagents.

[6238] Intermediate B3 4,4-bis(pentyloxy)butancic acid

/"“‘\/"\/Q\(\/LLQH

AN
[0259]  'H NMR (400 MHz, CDCL;) § 4.52 (1, J= 5.5 Hz, 1H), 3.58 (dt, J = 9.3, 6.6 Hz,
2H), 3.4% (di, /=93, 6.7 Hz, 2H), 2.45 (1,/= 7.4 Hz, 2H), 1.94 (m, 2H), 1.57 (i, 4H), 1.32
(m, /=37 Hz, 8H), 0.95 - 0.83 (m, 6H) ppm.
[8260]  Intermediate C3: 4,4-bisthexyloxy}butanoic acid
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6261} '"H NMR (400 MHz, CDC1) 54,44 (1, J=5.6 Hz, 1H), 349 (dt,/=93,6.9 Hz,
2H), 3.36(dt, /=93, 68 Hz, 2H), 2.12 (4, J= 7.6 Hz, 2H), 1.79 (q. /= 7.0 Hz, 2H), 1.54 {(im,
4H), 1.29 (m, 12H), 0.94 - 0.82 (m, 6H) ppm.

[0262] Intermediate D3: 4,4-bistheptyloxyibutanoic acid

WQMOH

PPN
[0263] 'HNMR (400 MHz, CDCl3) 8 8.85 (brs, LH), 446 (, J= 5.6 Hz, 1H), 3.52 (dt, J
=04 6.8Hz 2H), 3.39 (d, J=9.3, 6.8 Hz, 2H), 2.26 (¢, /= 7.6 Hz, 2H), 1 .85 (g, /= 7.0 Hz,
2H), 1.53 (m, 4H), 1.29 (m, 16H), 0.94 -~ 0.80 (m, 6H) ppm.

[0264] Intermediate E3: 4 4-bis(nonyloxy}butanoic acid

A«/W\./G\(”\/U\QH

SO
[6265] 'H NMR (400 MHz, CDC1) 8 5.32 (brs, 1H), 444 (1, J= 5.6 Hz, 1H), 3.49 (dt, J
=93 69Hz 2H), 3.38(dt, /=94, 6.9 Hz, 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.
[3266] Intermediate F3: 4,4-bis(decyloxy)butanoie acid:

W\/\/\/@\K\)‘\QH

RN NS T N
[6267] 'H NMR (400 MHz, CDCl:) 5 4.48 (t, J= 5.5 Hz, 1H), 3.55 (m, 2H), 3.42 (m, 2H),
228 (dd, J=10.8, 7.5 Hz, 2H), 1.90 ~ 1.82 (m, 2H), 1.55 (i, 4H), 1.27 (m, 28H), 0.88 (t,J =
6.7 Hz, 6H) ppm.
[0268]  Acectal analogs of Lipid A (C(8)) were synthesized by reacting the C(5, 6, 7.9, or
{ 0Y-acetal acid intermediates (B3-F3) with Intermediate 3¢, prior to reacting the product of
that step with 3-diethylamino-1-propanol. (See pp 84-86 of W0O2015/095340.) Each analog

was synthesized and characterized by 'H NMR (data not shown).
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16269]  The C7, 9, 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, 8
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..

[02706]  The RNA cargo included Cas® mRNA comprising SEQ ID NO:43 and sg282,
prepared as described above. The LNPs were formed as deseribed in Example 1

16271]  An expanded panel of acetal analogs, including LNP compositions comprising the
C(5yand C(6) Lipid A analogs were tested alongside the prior panel. The two new analogs
were formulated at 55 mol-% Lipid A Analog, 2.5 mol-% DMG-PEG2k, % mol-% DPSC, and
33.5 mol-% cholesterol, with an N/P ratio of 6, as described above. Analysis indicated that
sizes for all LNPs 1s below 120 nim, PDI is below 0.2 and Y%-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 | ppcor | np |C9%C loipE lavg. |PDI | mean
ID | Analegs mok-% {mg/ (o) (nm)
mL)
LNP C5 analog
i172 (LPGOOO3D- | 55 2.5 6 £.063 {88 1188 10.103 88.17
U001

LNP (6 analog

1123 (LPOODO3Y- | 55 2.5 6 0.067 |95 107.6 10.038 |83.1
001y

LNP C7 analog

1004 (LPOOO020D- | 55 2.5 ) 0.068 98 100 0.012 81.55
001)

?{Tj@i: é?;’)ﬁ{)ﬂm— 55 2.5 6 10.067 |98 05.06 10.61 |78.95

LNP C9 analog

1006 (LPODDO2Y- | 55 2.5 ) 0.067 |97 95.43 10.022 180.35
001)

LNP C10 analog

iﬁ(}s (LPGOOOO22- | 55 2.5 6 0.06¢ 185 103.9 1©0.008 |86.79
001y
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162721  The analogs were assessed for pKa using 6-(p-toluidino)-6-napthalene sulfonic
acid (“TNS”) dissolved in water. [n 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 100%
ethanol. The lipid and TNS were then added in individual pH buffer and transferred to a plate
o analyze at 321-488 nm wavelength on the SpectraMax plate reader. Values were plotted to
generate pKa, logiCso is used as pXa.

[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 female mice from
Charles River Laboratories, n=5 per group, were administered the LNP compositions at
varying doses. At necropsy {7 days post dose), seram 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 indicaie that while Lipid A had the highest potency,
the newly synthesized analogs all have sutiable 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 hepatocyie plating medium plus supplement pack
(Invitrogen, Cat. A1217601 and CM3000). Celis were counted and plated on Bio-coat
collagen [ coated 96-well plates (ThermoFisher, Cat. 877272) at a density of 50,000
cellsfwell. Plated cells were allowed to setile and adhere for 24 hours in a tissue culture
incubator (37°C and 5% CO: atmosphere) prior to LNP administration. After incubation
cells were checked for monolayer formation and media was replaced with hepatocyte culture
medium with serum-free supplement pack (Invitrogen, Cat. A1217601 and CMA4000).

[0275]  LNP formulations for this study (LNP1021, LNP1022, LNP1023, LNP1024,
LNPI025, and LNP897) were prepared as described above.

10276}  Various doses of lipid nanoparticle formulations containing modified spRNAs
were tested on primary cyno hepatocytes 1o generate a dose response curve. After 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 & point 2-fold dose response curve starting at 100 ng mRNA. The
cells were lysed 72 hours post reatment for NGS znalysis as described in Example 1.
Percent editing was determined for various LNP compositions and the data are graphed in
Fig. 8A. The % editing with Cas® mRNA (SEQ D NO 48) and U-depleted Cas9 mRNA
(SEQ I NO:43) is presented in Fig. 8B. LNP compositions are descnbed in Table 2 (LNP
897) and Table 5 (LNP 1021, 1022, 1023, 1024, and 1025).

[0277]  The results show a quantitative assay for comparative potency assessements,
demonsirating both mRNA and LNP composition affect potency.

Example 8 - RNA Cargo: mRNA and gRNA Coformulations

6278}  This study evaluated in vivo efficacy in mice of different ratios of gRNA 1o
mRNA. CleanCap™ capped Cas9 mRNAs with the ORF of SEQ 1D NQO: 4, HSD 5" UTR,
human albumin 3" UTR, a Kozak sequence, and a poly-A tail were made by IVT synthesis as
indicated in Example T with Nl-methyipseudouridine triphosphate tn place of uridine
trphosphate.

[06279]  LNP formulations prepared from the mPRNA descrbed and sg282 (SEQ 1D NO:
42: 3282) as described in Example 2 with Lipid A, cholesterol, DSPC, and PEG2k-DMG in a
50:38:9:3 molar ratic and with an N:P ratio of 6. The gRNA:Cas® mRNA weight ratios of

the formulations were as shown in Table 25.

Table 29.
Guide ; ‘
LNp | S8 CNA | UEE | Z-Ave | Particie | Number
D Ratio | (mg/mL) (%) Size {(Bm) PDI Ave {nm)
{wiw)

1119 8:1 092 g9 69.52 $.022 56.47

1111 4:1 0.86 g7 76.65 8.065 57.36

142 2:1 0.90 99 7638 (3.036 63.11

1113 {:1 0.97 g9 76.60 0.071 58.92

1114 12 1.05 g% 76.34 0.018 62.82
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8%

1118 {:4 0.65 99 §2.64 0.018 66.63

1116 1:8 0.75 100 82.01 0.03% 65.05

[0288]  Forin vivo charactenizanon, the above LNPs were administered to mice at 0.1 mg
total RNA (mg guide RNA + mg mRNA) per kg (n=5 per group). At 7 to 9 days post-dose,
animals were sacrificed, blood and the liver were collecied, and senium TTR and Hver editing
were measured as described in Example L. Serum TTR and liver editing results are shown in
Fig. 9A and 9B. Negative control mice were dosed with TSS vehicle.

[0281] In addution, the above LNPs were adnunistered to mice at a constant mRNA dose
of 0.05 mg mRNA per kg (n=5 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 sacrificed, blood and the bver
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 jn vivo efficacy of LNPs, LNP formulations were prepared with the
mRNA of Example 2 and sg534 (SEQ 1D NO: 72; G534), as described in Examople 2. The
lipid nanoparticle components were dissolved m 100% ethanol with the lipyd component
molar ratios set forth below. In brief, the RINA cargos were prepared in a buffer of 25 mM
citrate and 100 oM NaCl at pH 5.0, resulting in a concentration of RNA cargo of
approximately .45 mg/mL. The LNPs were formulated with a hpid amime to RNA phosphate
{(N:P) molar ratio of about 6 with the ratio of gRNA to nRNA at 1:2 by weight.

[0283]  LNP formulations were analyzed for average particle size, polydispersity (pdi),
total RNA content and encapsulation cfficiency of RNA as described in Example 1. Analysis
of average particle size, polydispersity (PDI), total RNA content and encapsulation efficiency
of RNA are shown in Table 30. Molar ratios of lipid are provided as amine lipid (Lipid
A)/neutral lipid/helper lipid (cholesterol)/PEG lipid (PEG2Zk-DMG). The neutral lipid was
DSP, DPPC, or absent, as specified.

Table 30. LNP compositions and data. (Moelar ratios of lipid are provided as amine
lipid (Lipid A)/neutral lipid/helper lipid (cholesterol)/PEG lipid (PEG2k-DMG).)
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RNA 7. Numbér Y% Serum %
Sample | Neutral | Molar |[Conc |, o " Liver TTR {TTR
.. . %EE javg. | PDI | mean e
I3 Lipid Ratios | {(mg/ . Editing {ug/ml) KD
mli {nm) {nm) Ele
TSS
control 0.0 1248.9
50.0/0.0/ - .
CO241 | - 47.0/3.0 146 94 75.64 10.090 54.21 |8 10702 1143
C0242 | - 90007 51 oa 9225 D019 [75.56
R 3R.0/3.0 | - R 120 RI96 1344
54.5/0.0/
- [
CO243 42.5/3.0 1.62 B4 78.90 10.05261.49 13 12605 L9
50.0/9.0/
"),
CG244 | BSPC 30 0/2.0 1.56 93 101.3 10.044 80.73 37 4 9410 ko7
50.0/9.0/ - -
C0O034 | DSPC 18.0/3.0 148 197 R4.23 0.040 |66.96 347 6301 1496
C0245 | DSPC 32.5/4.01 1.55 95 81.88 10.054 |64.54
i 42.5/30 | 77 i ' ) ” 5.8 3466 322
50.0/9.0/
24 7
CO246 | DPPC 318.0/3.0 1.52 96 87.11 0.040(70.04 359 a3 1577
52.5/4.0/
C0247 | DPPC 47.5/3.0 1.54 97 83.67 10.050(66.43 183 bree s
{6284}  For in vive characterization, the above LNPs were admunistered intravenously o

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 hiver 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 (0B, and in Table 30 (above).
BRIEF DESCRIPTION OF DISCLOSED SECGUENCES

SEQID
NGO

Description

DNA coding sequence of Cas9 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-lerminal 7 amino acids

Cas® mRNA ORF using minimal unidine codons as listed in
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Table 3, with start and stop codons

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

6 Amino acid sequence of Cas9 nickase with 1xNLS as the C-
terminal 7 amino acids

7 Cas9 nickase mRNA ORF encoding SEQ ID NO: 6 using
minimal uridine codons as listed in Table 3, with siart and stop
codons

8 Amino acid sequence of dCas9 with 1xNLS as the C-tenninal 7
amino acids

9 dCas% mRNA ORF encoding SEQ ID NO: § using minimal

widine codong as histed in Table 3, with start and stop codons

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

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

12 dCas8 mRNA coding sequence using mimimal uridine codons
as listed in Table 3 (no start or stop codons; suiable for
inclusion in fusion protein coding sequence)

13 Amino acid sequence of Cas® (without NLS)

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

15 Cas? 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)

16 Amino acid sequence of Cas9 nickase (without NLS)

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

18 Cas9 nickase coding sequence encoding SEQ ID NO: 16 using

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

sequence;
19 Amino acid sequence of dCas9 (without NLS)
20 dCas% mRNA ORF encoding SEQ ID NO: 13 using minimal

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

21 dCas9 coding sequence encoding SEQ 1D NO: 13 using
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minimal uridine codons as listed in Table 3 (no start or stop
codons; suitable for inclusion in fusion protein coding

sequence)

22 Amino acid sequence of Cas9 with two nuclear localization
signals (2xNLS) as the C-terminal amine acids

23 Cas® 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 1D NO: 13 using nunimal
widine codons as listed in Table 3 (no start or stop codons;
suitable for inclusion in fusion proiein coding sequence)

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

26 Cas9 nickase mRNA ORF encoding SEQ 1D NQO: 16 using
minimal uridine codons as listed in Table 3, with start and stop
codons

27 Cas9 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 protetn 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 ID NO: 13 using

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

sequence)
31 T7 Promoter
32 Human beta-globin 5° UTR
33 Human beta-globin 3° UTR
34 Human alpha-globin 5" UTR
35 Human alpha-globin 3" UTR
36 Xenopus laevis beta-globin 5° UTR
37 Xenopus laevis beta-globin 37 UTR
38 Bovine Growth Hormone 5" UTR
39 Bovine Growth Hormone 3" UTR
40 Maus musculus hemoglobin alpha, adult chain | (Hba-al),

3'UTR
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41 HSD17B4 5 UTR

43 (G282 single guide RNA targeting the mouse TTR gene

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

44 (as9 ranscript with 5 UTR of HSD, ORF corresponding to
SEQIDNO: 4,and 3" UTR of ALB

45 Altemative Cas9 ORF with 19.36% U content

46 (as9 ranscript with 5 UTR of HSD, ORF corresponding to
SEQ ID NO: 45, Kozak sequence, and 3" UTR of ALB

47 Cas9 transcript with 5° UTR of HSD, ORF corresponding to
SEQIDNO: 45, and 3° UTR of ALB

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

45 Cas9 transcript comprising Kozak sequence with Cas® ORF
using codons with generally high expression in humans

50 (Cas9 ORF with splice junctions removed; 12.75% U content

51 Cas9 transcript with 5 UTR of HSD, ORF corresponding to
SEQ ID NQO: 50, Kozak sequence, and 3" UTR of ALR

32 (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 Cas® ORF with minimal uridine codons infrequently used in
humans in general; 12.75% U content

tn
n

Cas9 transcript with 5° UTR of HSD, ORFT corresponding to
SEQ ID NQO: 54, Kozak sequence, and 3° UTR of ALR

56 Cas9 transcript with AGG as first three nucleotides for use with
CleanCap™, 5" UTR of HSD, ORF corresponding to SEQ 1D
NQO: 4, Kozak sequence, and 3" UTR of ALB

57 CasY transeript with 5° UTR from CMV, ORF corresponding to
SEQ ID NQC: 4, Kozak sequence, and 3” UTR of ALB

58 Cas9 transeript with 5° UTR from HBB, ORF corresponding to
SEQ ID NGQ: 4, Kozak sequence, and 3° UTR of HEB

59 Cas? transcript with §7 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 37 UTR of XBG
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61 Cas9 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 Cas? using minimal

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

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

67 Transcript comprising SEQ D 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 G302 single guide RNA targeting the cynomolgus monkey TTR
gene

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

72 (G534 single guide RNA targeting the rat TTR gene

[6285]  See the Sequence Table below for the sequences themselves. Transcript sequences
generally include GGG as the first three nucleotides for use with ARCA or AGG as the first
three nucleotides for use with CleanCap™. Acecordingly, 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 2 T7 promoter (SEQ ID NO: 31) and a poly-A sequence such as SEQ ID NO: 62 or
63 can be appended to the disclosed transcript sequences at the 5" and 37 ends, respectively.
Most nucleotide sequences are provided as DNA but can be readily converted 1o RNA by

changing Ts to Us.
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Sequence Table

[0286]  The following sequence table provides a listing of sequences disclosed herein. Jtis
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 unmodified depending on the

context), and vice versa.

Description Sequence SEQ
1D No.
Casd DNA ATGGACAAGAAGTACAGCATCGGACTGGACATCGGAACAAAC I
coding AGCGTCGGATGGGCAGTCATCACAGACGAATACAAGGTCCCG
sequence 2 AGCAAGAAGTTCAAGGTCCTGGGAAACACAGACAGACACAGC

ATCAAGAAGAACCTGATCGGAGCACTOCTGTICGACAGCGGA
GAAACAGCAGAAGCAACAAGACTGAAGAGAACAGCAAGAAG
AAGATACACAAGAAGAAAGAACAGAATCTGCTACCTGCAGGA
AATCTTCAGCAACGAAATGGCAAAGGTCCACGACAGCTICTTC
CACAGACTGGAAGAAAGCTTCCTOGTCOAAGAAGACAAGAAG
CACGAAAGACACCCGATCTTCGGAAACATCGTCGACGAAGTC
GCATACCACGAAAAGTACCCGACAATCTACCACCTGAGAAAG
AAGCTGOGTCGACAGCACAGACAAGGCAGACCTGAGACTGATC
TACCTGGCACTGOCACACATGATCAAGTTCAGAGGACACTTCC
TGATCGAAGGAGACCTGAACCCGGACAACAGCGACGTCRACA
AGCTGTTCATCCAGCTGGTCCAGACATACAACCAGCTGTTCGA
AGAAAACCCGATCAACGCAAGCGGAGTCGACGCAAAGGCAAT
CCTGAGCGCAAGACTGAGCAAGAGCAGAAGACTGLAAAACCT
GATCGCACAGCTGCCGGOAGAAAAGAAGAACGGACTGTTICGG
AAACCTGATCGCACTCGAGCCTGGGACTGACACCGAACTTCAA
GAGCAACTTCGACCTGGCAGAAGACGCAAAGCTGCAGCTGAG
CAAGGACACATACGACGACGACCTGGACAACCTGCTGGCACA
GATCGGAGACCAGTACGCAGACCTGTTCCTGGCAGCAAAGAA
CCTGAGCGACGCAATCCTGCTGAGUGACATCCTGAGAGTCAAC
ACAGAAATCACAAAGGCACCGCTGAGCGCAAGCATGATCAAG
AGATACGACGAACACCACCAGGACCTGACACTGCTGAAGGTA
CTGGTCAGACAGCAGCTGCCGGAAAAGTACAAGGAAATCTIC
TTCGACCAGAGCAAGAACGGATACGCAGGATACATCGACGGA
GGAGCAAGCCAGGAAGAATTCTACAAGTTCATCAAGCCGATC
CTGGAAAAGATGGACGGAACAGAAGAACTGCTGGTCAAGCTG
AACAGAGAAGACCTGCTGAGAAAGCAGAGAACATTCGACAAC
GGAAGCATCCCGCACCAGATCCACCTOGOAGAACTGCACGCA
ATCCTGAGAAGACAGGAAGACTTCTACCCGTTCCTGAAGGAC
AACAGAGAAAAGATCGAAAAGATCCTGACATTCAGAATCCCG
TACTACGTCGGACCGCTGGCAAGAGGAAACAGCAGATTCOC A
TOGGATCACAAGAAAGAGCGAAGAAACAATCACACCGTGGAAC
TTCGAAGAAGTCGTCGACAAGGGAGCAAGCGCACAGAGCTTC
ATCGAAAGAATGACAAACTTCGACAAGAACCTGOCGAACCAA
AAGGTCCTGCCGAAGCACAGCCTGCTGTACGAATACTTCACAG
TCTACAACGAACTGACAAAGGTCAAGTACGTICACAGAAGGAA
TGAGAAAGCCGGCATTCCTGAGCGGAGAACAGAAGAAGGCAA
TCOTCGACCTGCTGTTCAAGACAAACAGAAAGOTCACAGTCA
AGCAGCTGAAGGAAGACTACTTCAAGAAGATCGAATGCTTICG
ACAGCGTCGAAATCAGCGGAGTCGAAGACAGATTCAACGCAA
GUCTGGGAACATACCACGACCTGCTGAAGATCATCAAGGACA
AGGACTTCCTGGACAACGAAGAAAACGAAGACATCCTGGAAG
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ACATCGTCCTGACACTGACACTGTTCGAAGACAGAGAAATGAT
CGAAGAAAGACTGAAGACATACGCACACCTGTTICGACGACAA
GGTCATGAAGCAGCTGAAGAGAAGAAGATACACAGGATGGGG
AAGACTGAGCAGAAAGCTGATCAACGGAATCAGAGACAAGCA
GAGCGGAAAGACAATCCTGGACTTCCTGAAGAGOGACGGATT
CGCAAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCT

GACATTCAAGGAAGACATCCAGAAGGCACAGGTCAGCGGACA
GGOAGACAGCCTGCACGAACACATCOCAAACCTGGCAGCAAG
CCCOGGCAATCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGT
CGACGAACTGGTCAAGGTCATGGGAAGACACAAGCCGGAAAA
CATCGTCATCGAAATGOCAAGAGAAAACCAGACAACACACGAA
GGGACAGAAGAACAGCAGAGAAAGAATGAAGAGAATCGAAG
AAGGAATCAAGGAACTGGOAAGCCAGATCCTGAAGGAACACC
CGGTCGAAAACACACAGCTGCAGAACGAAAAGCTGTACCTGY
ACTACCTGCAGAACGGAAGAGACATGTACGTCOACCAGGAAL
TGGACATCAACAGACTGAGCGACTACGACGICGACCACATCG

TCCCGCAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGG
TCCTGACAAGAAGCGACAAGAACAGAGGAAAGAGCGACAAC

GTCCCGAGCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGG
AGACAGCTGCTGAACGCAAAGCTGATCACACAGAGAAAGTTC
GACAACCTGACAAAGGCAGAGAGAGGAGGACTGAGCGAACT

GGACAAGGCAGGATTCATCAAGAGACAGCTGOGTCGAAACAAG
ACAGATCACAAAGCACGTCGCACAGATCCTGGACAGCAGAAT
GAACACAAAGTACGACGAAAACGACAAGCTGATCAGAGAAGT
CAAGGTCATCACACTGAAGAGCAAGCTGGTCAGCGACTTCAG

AAAGGACTTCCAGTTCTACAAGGTCAGAGAAATCAACAACTA

CCACCACGCACACGACGCATACCTGAACGLAGTCOTCGGAAC

AGCACTGATCAAGAAGTACCCGAAGCTGCGAAAGCGAATTCGT
CTACGGAGACTACAAGGTCTACGACGTCAGAAAGATGATCGC
AAAGAGCGAACAGGAAATCOGAAAGGCAACAGCAAAGTACTT
CTTCTACAGCAACATCATGAACTTCTTCAAGACAGAAATCACA
CTGGCAAACGGAGAAATCAGAAAGAGACCGCTGATCGAAACA
AACGCGAGAAACAGCAGAAATCOTCTGOGCACAAGGGAAGAGA

CTTCGCAACAGTCAGAAAGGTCCTGAGCATGLCGCAGGTCAA

CATCGTCAAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAA
GGAAAGCATCCTGCCRAAGAGAAACAGCGACAAGCTGATCGC
AAGAAAGAAGGACTGGGACCCGAAGAAGTACGGAGGATICG

ACAGCCCGACAGTCGCATACAGCOGTCLTOGTCGTCGCAAAGGT
CGAAAAGGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAAL
TGCTGGGAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGA
ACCCGATCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCA
AGAAGGACCTOATCATCAAGCTGCCGAAGTACAGCCTGTTCG

AACTGGAAAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGA

GAACTGCAGAAGGGAAACGAACTGGCACTGCCGAGCAAGTAL
GTCAACTTCCTYGTACCTOGGCAAGCCACTACGAAAAGCTGAAGG
GAAGCCCGGAAGACAACGAACAGAAGCAGCTGTTCGTCGAAC
AGCACAAGCACTACCTGGACGAAATCATCGAACAGATCAGCG
AATTCAGCAAGAGAGTCATCCTGGC AGACGCAAACCTGGACA

AGGTCCTGAGCGCATACAACAAGCACAGAGACAAGCCGATCA
GAGAACAGGCAGAAAACATCATCCACCTGTTCACACTGACAA

ACCTGGGAGCACCGGCAGCATTCAAGTACTTICGACACAACAA

TCOACAGAAAGAGATACACAAGCACAAAQGGAAGTCCTGGACG
CAACACTGATCCACCAGAGCATCACAGGACTGTACGAAACAA

GAATCGACCTGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCC
CGAAGAAGAAGAGAAAGGTICTAG

Cas? DNA ATGGATAAGAAGTACTCAATCGGGCTGGATATCGGAACTAATT

k)
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coding CCOTGGGTTGGGCAGTGATCACGGATGAATACAAAGTGCCGT
sequence 1 CCAAGAAGTTCAAGGTCCTGGGGAACACCGATAGACACAGCA

TCAAGAAAAATCTCATCGGAGCCCTGCTGTTTGACTCCGGCGA
AACCGCAGAAGCGACCCGGCTCAAACGTACCGCGAGGLGACG
CTACACCCGGCGGAAGAATCOGCATCTGCTATCTGCAAGAGATC
TITTCGAACGAAATGGCAAAGGTCGACGACAGCTTICTTCCACC
QCCTGGAAGAATCTTTCCTGOTOGAGOAGGACAAGAAGCATG
AACGGCATCCTATCTTTGGAAACATCGTCGACGAAGTGGCGTA
CCACGAAAAGTACCCCACCATCTACCATCTGCGGAAGAAGTT
GGTTGACTCAACTGACAAGGCCGACCTCAGATTGATCTACTTG
GCCCTCGCCCATATGATCAAATTCCGCGGACACTTCCTGATCG
AAGGCGATCTGAACCCTGATAACTCCGACGTGGATAAGCTTIT
CATTCAACTGGTGCAGACCTACAACCAACTGTTCGAAGAAAAT
CCAATCAATGCTAGCGGCOTCGATGCCAAGGCCATCOTGTCCG
CCCGGCTGTCGAAGTCGLGGLGCCTICGAAAACCTGATCGLACA
GCTGCCGGGAGAGAAAAAGAACGGACTTITICGGCAACTTGAT
COGCTCTCTCACTGGGACTCACTCCCAATITCAAGTCCAATTTIC
ACCTGGCCGAGGACGCGAAGCTOCAACTCTCAAAGGACALCT
ACGACGACGACTTGGACAATTTGCTGGCACAAATTGGCGATCA
GTACGCGGATCTGTTCCTIGLCGCTAAGAACCTTTCGGACGCA
ATCTTGCTGTCCGATATCCTGCGCOGTGAACACCGAAATAACCA
AAGCGCCGCTTAGCGCCTCGATGATTAAGCGGTACGACGAGC
ATCACCAGGATCTCACGLTGCTCAAAGCGCTCGTGAGACAGCA
ACTGCCTGAAAAGTACAAGGAGATCTTCTITCGACCAGTCCAAG
AATGGGTACGCAGGGTACATCGATGGAGGCGCTAGCCAGGAA
GAGTTCTATAAGTTCATCAAGCCAATCCTGGAAAAGATGGACG
GAACCGAAGAACTOCTGOTCAAGCTGAACAGGGAGGATCTGC
TCCGGAAACAGAGAACCTTTGACAACGGATCCATICCCCACCA
GATCCATCTGGGTGAGCTGCACGCCATCTTGCGGCGLCAGGAL
GACTTTTACCCATTCCTCAAGGACAACCGOGAAAAGATCGAG
AAAATTCTGACGTTCCGCATCCCCGTATTACGTGGGCCCACTGG
CGCGCGGCAATTCGCGCTTCGCGTGGATGACTAGAAAATCAG
AGGAAACCATCACTCCTTCCAATTITCCGAGGAAGTTGTGGATAA
GGGAGCTTCGGCACAAAGCTTCATCGAACGAATOACCAALTIC
GACAAGAATCTCCCAAACGAGAAGGTGCTICCTAAGCACAGC
CTCCTTTACGAATACTTCACTGTCTACAACGAACTGACTAAAG
TOAAATACGTTACTGAAGGAATGAGGAAGCCGRCCTTTCTGTC
CGGAGAACAGAAGAAAGCAATTGTICCATCTGCTGTTCAAGAC
CAACCGCAAGGTGACCGTCAAGCAGCTTAAAGAGGACTACTT
CAAGAAGATCOAGTGTTTCGACTCAGTGGAAATCAGCGGGGT
GGAGGACAGATTCAACGCTTCGCTGGGAACCTATCATGATCTC
CTGAAGATCATCAAGGACAAGGACTTCCTTGACAACGAGGAG
AACGAGGACATCCTGGAAGATATCGTICCTGACCTTGACCCTTT
TCGAGGATCGCGAGATGATCCGAGGAGAGGCTTAAGACCTACE
CTCATCTCTICGACGATAAGGTCATGAAACAACTCAAGCGCCG
CCGGTACACTGGTTGGGGCCGCCTCTCCCGCAAGCTGATCAAC
GGTATTCGCGATAAACAGAGCGGTAAAACTATCCTGGATITCC
TCAAATCGGATGGCTTICGCTAATCGTAACTTCATGCAATIGAT
CCACGACCACAGCCTGACCTTTAAGGAGGACATCCAAAAAGC
ACAAGTGTCCGGACAGGGAGACTCACTCCATGAACACATCGC
GAATCTGGCCGGTTCGCCGGCGATTAAGAAGGGAATICTGCA
AACTOTGAAGOTGOTCGACGAGCTOGTGAAGGTCATGGGACG
GCACAAACCGGAGAATATCGTGATTGAAATGGCCCGAGAAAA
CCAGACTACCCAGAAGGGCCAGAAAAACTCCCGCGAAAGGAT
GAAGCGOATCGAAGAAQGGAATCAAGGAGCTGGGCAGCCAGAT
CCTGAAAGAGCACCCGGTGGAAAACACGCAGCTGCAGAACGA
GAAGCTCTACCTGTACTATTTGCAAAATGGACGGOACATGTAC
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GTGGACCAAGAGCTGGACATCAATCGGTTGTCTGATTACGACG
TGGACCACATCGTTCCACAGTICCTTTCTGAAGGATGACTCGAT
CGATAACAAGGTGTTGACTCGCAGCGACAAGAACAGAGGGAA
GTCAGATAATGTGCCATCGGAGGAGGTCOTGAAGAAGATGAA
GAATTACTGGCGGCAGCTCCTGAATGCGAAGCTGATTACCCAG
AGAAAGTTTGACAATCTCACTAAAGCCGAGCGCGGCGGACTC
TCAGAGCTGGATAAGGCTGOATTCATCAALCGGCAGCTOGTC
GAGACTCOGGCAGATTACCAAGCACGTGOCGCAGATCTTGGALC
TCCCGCATGAACACTAAATACGACGAGAACGATAAGCTCATC
CGGGAAGTGAAGGTGATTACCCTGAAAAGCAAACTTGTGTCG
GACTTTCGGAAGGACTTTCAGTTTTACAAAGTGAGAGAAATCA
ACAACTACCATCACGCGCATGACGCATACCTCAACGETGTGGT
COGGTACCGCCCTGATCAAAAAGTACCCTAAACTTGAATCGGAG
TITGTGTACGGAGACTACAAGGTCTACGACGTGAGGAAGATG
ATAGCCAAGTCCGAACAGGAAATCGGGAAAGCAACTGCGAAA
TACTTCTTTTACTCAAACATCATGAACTTTITICAAGACTGAAAT
TACGCTGGCCAATGGAGAAATCAGGAAGAGGCCACTGATCGA
AACTAACGGAGAAACGGGCGAAATCGTCTGGGACAAGGGCAG
GOACTTCGCAACTGTTCGCAAAGTGCTCTCTATGCCGCAAGTC
AATATTGTGAAGAAAACCGAAGTGCAAACCGGLGGATTTTCA
AAGOAATCCATCCTCCCAAAGAGAAATAGCGACAAGCTCATT
GCACGCAAGAAAGACTGOGACCCOAAGAAGTACGRAGGATIC
GATTCGUCGACTGTCGCATACTCCGTCCTCGTGGTGGCCAAGG
TGGAGAAGGGAAAGAGCAAAAAGCTCAAATCCGTCAAAGAGC
TGCTGGGGATTACCATCATGGAACGATCCTCGTTCGAGAAGAA
CCCOATTGATTICCTCGAGGCGAAGGGTTACAAGGAGGTGAA
GAAGGATCTGATCATCAAACTCCCCAAGTACTCACTGTTCGAA
CTGGAAAATGGTCGGAAGCGCATGCTCGCTICGGCOGGAGAA
CTCCAAAAAGGAAATGAGCTGGCCTTGCCTAGCAAGTACGTC
AACTTCCTCTATCTTGCTTCGCACTACGALAAACTCAAAGGGT
CACCGGAAGATAACGAACAGAAGCAGCTTTTCGTGGAGCAGC
ACAAGCATTATCTGGATGAAATCATCGAACAAATCTCCGAGTT
TTCAAAGCGCGTCATCCTCGCCGACGCCAACCTCGACAAAGTC
CTGTCGGCCTACAATAAGCATAGAGATAAGCCGATCAGAGAA
CAGGCCOAGAACATTATCCACTTIGTICACCCTGALTAACCTGG
GAGCCCCAGCCGCCTTCAAGTACTICGATACTACTATCGATCG
CAAAAGATACACOTCCACCAAGGAAGTTCTGOACGCGACCCT
GATCCACCAAAGCATCACTGCGACTCTACGAAACTAGGATCGAT
CTGTCGCAGCTGGGTGGCGATGOCGOTGGATCTCCOAAAAAG

AAGAGAAAGGTGTAATGA
Cash amino MDKKYSIGLDIGINSVGWAVITDEYKVPSKKFKVLGNTDRHSIK 3
acid KNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNE
sequence MAKVDDSFFHRLEESFLVEEDKKHERHPIFGONIVDEVAYHEKYPT

TYHLRKKLVDSTDKADLRLIYLAL AMMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRREENL
JAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKA
PLSASMIKRYDEHHQDLTLLKALVROQQLPEKYKEIFFDQSKNGYA
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKENREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLEDNREKIEKILTFRIPYYYV
GPLARGNSRFAWMTRKSEETITPWNIEEVVDKGASAQSFIERMT
NFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKATVDLLFKTNREKVTVKQLKEDYFRKIECFDSVEISGVED
RINASLGTYHDLLKIOKDKDFLDNEENEDILEDIVLTLTLFEDREMI
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EERIKTYAHLFDDKVMKQLKRRRYTGWGRIESRKLINGIRDKQSG
KTILDFLKSDGFANRNFMQLIMDDSLTFKEDIQKAQVSGQGDSLHE
EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARE
NOTTQKQQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKL
YLYYLONGRDMY VDQELDINRLSDYDVDHIVPQSFLKDDSIDNK
VLTRSDKNRGKSDNVPSEEVVKKMXNYWRQLLNAKLITQRKFD
NLTKAERGOLSELDKAGFIKRQLVETROQITKHVAQILDSRMNTKY
DENDKUIREVEVITLKSKLVSDFRKDFOFYKVREINNY HHAHD A
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVREVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTVAYSVEVVAKVEKRGKSKKLKSVKELLG
ITIMERSSFERNPIDFLEAKGYKEVKKDLHKLPKYSLFELENGRKR
MLASAGELQKOGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKD
LFVEQHKHYLDEHEQISEFSKRVILADANLDEK VLSAYNKHRDKPI
REQAENIHLFTLTNLGAPAAFKY FDTTIDRERYTSTKEVLDATLI
HOSITGLYETRIDLSQLGGDGGGSPKEKRRY

Cas®? mRNA AUGGACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAA 4
open reading CAGCGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCC
frame (ORF) COAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC
2z AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAG

CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
CAGGAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAG
CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
ACAAGAAGCACGAAAGACACCCCGAUCUUCGGAAACAUCGUC
GACGAAQUCGCAUVACCACQAAAAGUACCCGACAAUCUACCA
CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACC
UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC
AGAGGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAA
CAGCGACQUCCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGLAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCOGOAGAAA
AGAAGAACQGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACCUGUGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGTAATCCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
CACCGCUGAGCLGCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAU
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAG
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCALC
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACG
UCGGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAQUCQUCGACAAGGGAGCAAGCGCACAGAGCULUCAUCG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
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GUCCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGU
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCY
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAA
GGACAAGOACUUCCUGGACAACGAAGAAAACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUU
CGACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGOGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUC
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCC
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGLA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCOGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGOUCAAGGUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGC
CAGAUCCUGAAGGAACACCUGGUCGAAAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAG
GACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAA
GAACAGAGGAAAGAGCGACAACGUCCCGAGLGAAGAAGUCG
UCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCA
AAGCUGAUCACACAGAGAAAQUUCGACAACCUGACAAAGGC
AGAGAGAGCGAGGACUGAGCGAACUGGACAAGGCAGGAUUCA
UCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCAC
GUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGA
CCAAAACGACAAGCUGAUCACGAGAAGUCAAGGUCAUCACAC
UGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAG
DUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCALCA
CGACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCA
AGAAQUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGAC
UACAAGOUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGA
ACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACA
GCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCA
AACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAALGG
AGAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUCG
CAACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUC
GUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGHA
AAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGLAA
GAAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGAC
AGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGU
CGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAAL
UGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAG
AACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGU
CAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGU
UCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCA
GGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAA
GUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGC
UGAAGGOAAGCCCGOAACGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACA
GAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAA
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ACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGAC
AAGCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUU
CACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACU
UCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAG
GAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGG
ACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAG
ACGGAGQAQGAAGCCCGAAGAAGAAGAGAAAGGUCUAG

Cas9 mRNA AUGGAUAAGAAGUACUCAAUCGGGCUGGAUAUCGGAACUAA 3
ORF 1 UUCCGUGGGUUGGGCAGUGAUCACGGAUGAAUACAAAGUGC

CGUCCAAGAAGUUCAAGGUCCUGGGGAACACCGAUAGACAC
AGCAUCAAGAAAAAUCUCAUCGGAGCCCUGCUGUUUGACUC
CGGCGAAACCGCAGAAGCGACCCGGCUCAAACGUACCGLGAG
GCGACGCUACACCCGOCGOAAGAAUCGCAUCUGCUAUCUGC
AAGAGAUCUUUUCGAACGAAAUGGCAAAGGUCGACGACAGC
UUCUUCCACCGCCUGGAAGAAUCUUUCCUGGUGHAGGAGGA
CAAGAAGCAUGAACGGCAUCCUAUCUUUGGAAACAUCGUCG
ACGAAGUGGCGUACCACGAAAAGUACCCGACCAUCUACCAU
CUGCGGAAGAAGUUGGUUGACUCAACUGACAAGGTCGACCY
CAGAUUGAUCUACUUGGCCCUCGCCCAUAUGAUCAAAUUCC
GCGGACACUUCCUGAUCGAAGGCGAUCUGAACCCUGADAAC
UCCGACGUGGAUAAGCUUUUCAUUCAACUGGUGCAGACCUA
CAACCAACUGUUCGAAGAAAACCCAAUCAALGCUAGCGGCG
UCGAUGCCAAGGCCAUCCUGUCCGCCCGGCUGUCGAAGUCGT
GGCOCCUCGAAAACCUGAUCGLACAGCUGCLGGUAGAGAAA
AAGAACGGACUUUUCGGCAACUUGAUCGCUCUCUCACUGGG
ACUCACUCCCAAUUUCAAGUCCAAUUUUGACCUGGCCGAGS
ACGCGAAGCUGCAACUCUCAAAGGACACCUACGACGACGAC
UUGGACAAUUUGCUGGCACAAAUUGGCGAUCAGUACGCGGA
UCUGUUCCUUGCCGCUAAGAACCUUUCGGACGCAAUCUUGC
UGUCCGAUAUCCUGCGCGUGAACACCGAAAUAACCAAAGCG
CCGCUVAGCGCCUCGAUGAUUAAGCGOUACGACGAGCAUCA
CCAGGAUCUCACGCUGCUCAAAGCGCUCGUGAGACAGCAAC
UGCCUGAAAAGUACAAGGAGAUCUUCUUCGACCAGUCCAAG
AAUGGGUACGCAGGGUACAUCGAUGGAGGCOGLUAGCCAGGA
AGAGUUCUAUAAGUUCAUCAAGCCAAUCCUGGAAAAGALIGG
ACGGAACCGAAGAACUGCUGGUCAAGCUGAACAGLGAGGAU
CUGCUCCGGAMAACAGAGAACCUUUGACAACGGAUCCALULC
CCACCAGAUCCAUCUGGGUGAGCUGCACGCCAUCUUGLGGCG
CCAGGAGGACUUUUACCCAUUCCUCAAGGACAACCGGGAAA
AGAUCGAGAAAAUUCUGACGUUCCGCAUCCCGUAUUACGUG
GGCCCACUGGLGCGLGGLAAUUCGCGCUUCGOGUGGAUGAC
UAGAAAAUCAGAGGAAACCAUCACUCCUUGGAAUVUCGAGG
AAGUUGUGGAUAAGGGAGCUUCGGCACAAAGCUUCAUCGAA
CGAAUGACCAACUUCGACAAGAAUCUCCCAAACGAGAAGGU
GCUUCCUAAGCACAGCCUCCUUUACGAAUACUUCACUGUCU
ACAACGAACUGACUAAAGUGAAAUACGUUACUGAAGGAAUG
AGGAAGCCGGCCUUUCUGUCCGGAGAACAGAAGAAAGCAAY
UGUCGAUCUGCUGUUCAAGACCAACCGCAAGGUGACCGUCA
AGCAGCUUAAAGAGGACUACUUCAAGAAGAUCGAGUGUUUC
GACUCAGUGOAAAUCAGCGOGGUGGAGGACAGAUUCAACGC
UUCGCUGGGAACCUAUCAUGAUCUCCUGAAGAUCAUCAAGG
ACAAGGACUUCCUUGACAACGAGGAGAACGAGGACAUCCUG
GAAGAUAUCGUCCUGACCUUGACCCUUUUCGAGGAUCGLGA
GAUGAUCGAGGAGAGOCUUAAGACCUACGCUCAUCUCUUCG
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ACGAUAAGGUCAUGAAACAACUCAAGCGLCGLCLGGUACACU
GGUUGGGGCCGCCUCUCCCGCAAGCUGAUCAACGGUAUUCG
CGAUAAACAGAGCGGUAAAACUAUCCUGGAUUUCCUCAAAU
CGGAUGGCUUCGCUAAUCGUAACUUCAUGCAAUUGAUCCAC
GACGACAGCCUGACCUUUAAGGAGUACAUCCAAAAAGCACA
AGUGUCCGGACAGGGAGACUCACUCCAUGAACACAUCGCGA
AUCUGGCCOGUUCGCCOGCCGAUUAAGAAGGOAAUUCUGCAA
ACUGUGAAGGUGGUCGACGAGCUGGUGAAGGUCAUGGGACG
GCACAAACCGGAGAAUAUCGUGAUUGAAAUGGCCCGAGAAA
ACCAGACUACCCAGAAGGGCCAGAAAAACUCCCGCGAAAGG
AUGAAGCGGAUCGAAGAAGGAAUCAAGGAGCUGGGCAGCCA
GAUCCUGAAAGAGCACCCGOUGGAAAACACGCAGCUGCAGA
ACGAGAAGCUCUACCUGUACUAUUUGCAAAAUGGACGGGAL
AUGUACGUGGACCAAGAGCUGGACAUCAAUCGGUUGUCUGA
UUACGACGUGGACCACAUCGUUCCACAGUCCUUUCUGAAGE
AUGACUCGAUCGAUAACAAGGUGUUCGACUCGCAGCGACAAG
AACAGAGGGAAGUCAGAUAAUGUGCCAUCGGAGGAGGUCGU
GAAGAAGAUGAAGAAUUACUGGCGGCAGCUCCUGAAUGCGA
AGCUGAUUACCCAGAGAAAGUUUGACAAUCUCACUAAAGCC
GAGCGCGGCGGACUCUCAGAGCUGGAUAAGGCUGGAUUCAU
CAAACGGCAGCUGGUCGAGACUCGGCAGAUTUACCAAGCALG
UGGCGLAGAUCUUGGACUCCCGCAUGAACACUAAAUACGAC
GAGAACGAUAAGCUCAUCCGGGAAGUGAAGGUGAUUACCCU
GAAAAGCAAACUUGUGUCGGACUUUCGGAAGGACUUUCAGU
UUUACAAAGUGAGAGAAAUCAACAACUACCAUCACGCGCAU
GACGCAUACCUCAACGCUGUGGUCGGUACCGCCCUGAUCAA
AAAGUACCCUAAACUUGAAUCGGAGUUUGUGUACGGAGACU
ACAAGGUCUACGACGUGAGGAAGAUGAUAGCCAAGUCCGAA
CAGGAAAUCGGGAAAGCAACUGCGAAAUACUUCUUUVACUC
AAACAUCAUGAACUUUUUCAAGACUGAAAUUACGCUGCCCA
AUGGAGAAAUCAGGAAGAGGCCACUGAUCGAAACUAACGGA
GAAACGGGCGAAAUCGUGUGGGACAAGGGCAGGGACUUCGT
AACUGUUCGCAAAGUGCUCUCUAUGCCGCAAGUCAAUALUG
UGAAGAAAACCGAAGUGCAAACCGGCGLAUUULICAAAGGAA
UCGAUCCUCCCAAAGAGAAAUAGCGACAAGCUCAUUGCACG
CAAGAAAGACUGGGACCCGAAGAAGUACGGAGGAUUCCAUU
CGCCGACUGUCGCAUACUCCGUCCUCGUGGUGGCCAAGGUG
GAGAAGGGAAAGAGCAAAAAGCUCAAAUCCGUCAAAGAGCU
GCUGGGGAUUACCAUCAUGGAACGAUCCUCGUUCGAGAAGA
ACCCGAUUGAUUUCCUCGAGGCGAAGGGUUACAAGGAGGUG
AAGAAGGAUCUGAUCAUCAAACUCCCCAAGUACUCACUGUY
CGAACUGGAAAAUGGUCGGAAGCGCAUGCUGGLUUCGGLCG
GAGAACUCCAAAAAGGAAAUGAGCUGGCCUUGCCUAGCAAG
UACGUCAACUUCCUCUAUCUUGCUUCGCACUACGAAAAACU
CAAAGGGUCACCGGAAGAUAACGAACAGAAGCAGCUUUUCG
UGGAGCAGCACAAGCAUUAUCUGGAUGAAAUCAUCGAACAA
AUCUCCGAGUUUUCAAAGCGCGUGAUCCUCGCCGACGCCAAC
CUCGACAAAGUCCUGUCGGCCUACAAUAAGCAUAGAGAUAA
GCCGAUCAGAGAACAGGCCGAGAACAUUAUCCACUUGUUCA
CCCUGACUAACCUGGGAGCCCCAGCTGCCUUCAAGUACUUCG
AUACUACUAUCGAUCGCAAAAGAUACACGUCCACCAAGGAA
GUUCUGGACGCGACCCUGAUCCACCAAAGCAUCACUGCACUC
UACGAAACUAGGAUCGAUCUGUCGCAGCUGGGUGGCGAUGG
CGGUGGAUCUCCGAAAAAGAAGAGAAAGGUGUAAUGA
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Cas9 nickase MDKKYSIGLAIGTNSVOWAVITDEYKVPSKKIKVIGNTDRHSIK 6
(D104) KNLIGALLFDSGETAEATRLKRTARRRYTRRXNRICYLQEIFSNE
aming acid MAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPT
sequence IYHLRKKLVDSTDKADLRLIYLALAMMIKFRGHILIEGDLNPDNS

DVDKLFIQLVOTYNQLFEENFINASGVDAKAILSARLSKSRELENL
JIAQLPGEKKNGLFGNLIALSLGLTPNFKSNIDLAEDRDAKLGLSKDT
YDDDLDNLLAQIGDOYADLFLAAKNLSDAILLSDILRVNTEITKA
PLSASMIKRYDEHHQDLTLLKALVRQQLPERYKEIFFDGSKNGY A
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKOQRTF
DNGSIPHOIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYV
GPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMT
NFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKATVDLLFKTNRKVTVKGLKEDYFKKIECFDSVEISGVED
RFNASLGTYHDLEKIKDKDFLDNEENEDILEDIVLTETLFEDREMI
EERLKTYAHLFDDKVMKQLERRRYTGWGRESRKLINGIRDKQSG
KTILDFLKSDGFANRNFMGOQLIHDDSLTFKEDIQKAQVSGRGDSLH
EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARE
NOQTTQKGQOKNSRERMKRIEEGIKELGSQILKEHPVENTOLONEKL
YLYYLONGRDMYVDQELDINRLSDYDVDHIVPOSFLKDDSIDNK
VLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLENAKLITQRKIFD
NLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKY
DENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYRKVYDVRKMIAKSEQEIGK
ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIAR
KKDWDBPKKYGGTFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVEKKDLUKLPKYSLFELENGRKR
MELASAGELORKOGNELALPSKYVNFLY LASHY EKLEGSPEDNEQKQ
LEVEQHKHYLDEHEGISEFSKRVILADANLDKVLSAYNKHRDKPI
REQAENHHLFTLYNLGAPAAFKYTOTTIDRKRYTSTKEVLDATLI
HQSITGLYETRIDLSQLGGDGGGSPKKKRKY

Cas9 nickase AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAA 7
(D184} CAGCGUCGCAUGHGCAGUCAUCACAGACGAAUACAACGUCC
mRNA ORF CGAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC

AGCAUCAAGAAGAACCUGAUCGLAGCACUGLIUGUUCGATAG
CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
CAGGAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAG
CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
GACGAAGUCGCAUACCACGAAAAGUACCLGACAAUCUACCA
CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACC
UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGULC
AGAGGACACUUCCUGAUCGAAGCAGACCUGAACCCGQACAA
CAGCGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGHGAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GCGACUGACACCGAACUUCAAGAGCAACUUCGACCUGGLAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCOACGLCAAULCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
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CACCOCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAU
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAG
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGOAAGCAUC
CCGCACCAGAUCCACCUGGOAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACG
UCGGACCOCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACTGUGGAACUUCHA
AGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
GUCCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGLA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGU
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAL
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAA
GGACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUU
CGACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUC
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCC
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGCACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGT
CAGAUCCUGAAGOGAACACCCGOUCGAAAACACACAGCUGCA
GAACGAAAAGCUQUACCUQUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGBAAG
GACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAA
GAACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCG
UCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCA
AAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGC
AGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCA
UCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCAC
GUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGA
CGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACAC
UGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAG
UUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACA
CGACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCA
AGAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGAC
UACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGA
ACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACA
GCAACAUCAUCGAACUUCUUCAAGACAGAAAUCACACUGGCA
AACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAATAAACGE
AGAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUCG
CAACAGUCAGAAAGQUCCUGAGCAUGCCGCAGGUCAACAUC
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GUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGA
AAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAA
GAAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGAC
AGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGY
CGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAAC
UGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAG
AACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGU
CAAGAAGOACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGU
UCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCA
GGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAA
GUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGC
UGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAATA
GAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAA
ACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGAC
AAGCCGAUCAGAGAACAGOCAGAAAACAUCAUCCACCUGUU
CACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACU
UCGACACAACAAUCGACAGAAAGAGAUACACAAGLACAAAG
GAAGUCCUGGACGCAACACUGAUCCACCAGAGTCAUCACAGG
ACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAG
ACGGAGGAGGAAGCCCGAAGAAGCAAGAGAAAGGUCUAG

dCas® MDEKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIK 8§
m1oa KNLIGALLFDSGETAEATRLERTARRRYTRRENRICYLQEIVSNE

H8404) MAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPT

aming acid IWHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPIINS
sequence DVDKLFIQLVOTYNQLFEENPINASGVDAKAILSARLSKSRRLENL

IAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKA
PLSASMIKRYDEHHODLTLLKALVRQQLPEKYKEIFFDQSKNGYA
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRXQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKIL TFRIPY YV
GPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMT
NFDXNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVED
RFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMI
EERLKTYAHLFDDXVMKQLKRRRYTGWGRLSRKLINGIRDKQSG
KTILDFLKSDGFANRNEFMQLIHDDSL TFKEDIQK AQVSGQGDSLH
EHIANLAGSPAIKKGILQTVKVVDELVK VMGRHKPENIVIEMARE
NQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKL
YLYYLONGRDMY VDQELDINRLSDYDVDAIVPQSILEDDSIINK
VLTRSDKNRGKSDNVPSEEVVKKMKNY WRQLLNAKLITQRKED
NLTKAERGGLSELDKAGFIKRQLVETROITKHVAQILDSRMNTKY
DENDKLIREVEVITLKSKLVSDFRKDFQFYKVREINNY HHAHD A
YLNAVVGTALIKX YPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKY FFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIAR
KXDWDPKKYGGFDSPTVAYSVLYVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAK GY KEVKKDUIKLPKYSLFELENGRKR
MLASAGELQKGNELALPSKYVNFLYLASHY EKLKGSPEDNEQKQ
LEVEQHKHYLDENEQISEFSKRVILADANLDKVLSAYNKHRDKPI
REQAENHHLFTLTNLGAPAAFKYPDTTIDRKRYTSTKEVLDATLI
HQSITGLYETRIDLSQLGGDGGGSPKKKRK Y

dCasS AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAA 9
(D1oa CAGCGUCGGAUGOGCAGUCAUCACAGACGAAUACAAGGUCC
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Ha404) CGAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC
mRNA ORF AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAG

CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
CAGGAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAG
CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
GACGAAGUCGCAUACCACGAAAAQUACCCGACAAUCUACCA
CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACC
UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC
AGAGGACACUUCCUGAUCGAAGOAGACCUGAACCCGGACAA
CAGCGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGLGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGHGAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACCUGGLAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
CACCGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAALCAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAU
GOACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAG
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUC
CCGCACCAGAUCCACCUGGOAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACG
UCGGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
GUCCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGOGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGHCAUUCCUGAGUGGAGAACAGAAGAAGGCA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGU
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAL
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGATUCAUCAA
GGACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUU
CGACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUT
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGUAUUCGCAAACAGAAACUUCAUGCAGCUGAUCT
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCALGGAACUGGGAAGC
CAGAUCCUGAAGOAACACCCGOUCGAAAACACACAGCUGCA
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GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAA
GGACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACA
AGAACAGAGGAAAGAGCGACAACGUCCCGAGLGAAGAAGUC
GUCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGC
AAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGG
CAGAGAGAGGAGGACUGAGCGAACUGGACAAGOCAGGAUUC
AUCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCA
CGUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACG
ACGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACA
CUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCA
GUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCAC
ACGACGCAUACCUGAACGCAGUCGUCGGAACAGIACUGALIC
AAGAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUALCGGAGA
CUACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGLG
AACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUAC
AGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGC
AAACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACG
GAGAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACULC
GCAACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAU
CGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGG
AAAGCAUCCUGCCGAAGACGAAACAGCGACAAGCUGAUCGCA
AGAAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGA
CAGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGG
UCGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAA
CUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAA
GAACCCGAUCGACUUCCUGGAAGCAAAGGOAUACAAGGAAG
UCAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUG
UUCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGC
AGGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCA
AGUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAG
CUGAAGGOAAGCCCCGGAAGACAACGAACAGAAGCAGCUCUU
CGUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAAC
AGAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGLA
AACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGA
CAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUCGU
UCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAA
GOAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAG
GACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGA
GACGGAGGAGGAAGCCCGAAGAAGAAGAGAAAGGUCUAG

Cas? bare GACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAACAG 10
coding CGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCCCGA
sequence GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC

AUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAGLGG
AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
GAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUY
CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGAC
GAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCU
GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA
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ACCAGCUGUUCGAAGAAAACCCGAUCAACGTAAGCGGAGUC
GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
AGAACGGACUGUUCGGAAACCUGAUCGLCACUGAGCCUGGGA
CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA
CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGACC
UGGACAACCUGCUGGCACAGAUCGOAGACCAQUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCAC
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCU
GCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGOUCAAGCUGAACAGAGAAGALC
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUCCLG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCTUGAGAAG
ACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCOGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGAUUCGLAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUTCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCU
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAAUG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACTUGCUGUUCAAGACAAACAGAAAGGUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUC
GACAGCGUCGAAAUCAGCGGAGUCCAAGACAGAUUCAACGC
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGCGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGLAA
ACCUGGCAGGAAGCCLGGLAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCA
GAUCCUGAAGOGAACACCCGOUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGA
CGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGA
ACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGUC
AAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAAA
GCUGAUCACACAGAGAAAQUUCGACAACCUGACAAAGGCAG
AGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUC
AAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGU
CGCACAGAUCCUGGACAGCAGAAUGAACACALAGUACGACG
AAAMACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACUG
AAGAGCAAGCUGGUCAGCCGACUUCAGAAAGGACUUCCAGUU
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CUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACG
ACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAG
AAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACUA
CAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAAC
AGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAGC
AACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAA
CGOAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAG
AAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUCGCA
ACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCGU
CAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAAA
GCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAG
CCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGUCG
AAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAACUG
CUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGAA
CCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCA
AGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUC
GAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCAGE
AGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAGU
ACGUCAACUUCTUGUACCUGGCAAGCCACUACGAAAAGCUG
AAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGU
CGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGA
UCAGCGAAUUCAGCAAGAGAGUCAUCCUGGTUAGACGCAAAC
CUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACAA
GCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUCA
CACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGA
AGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGAC
UGUACGAAACAAGAAUCGACCUGAGCCAGCUGCGGAGGAGAC
GGAGGAGGAAGCCCOAAGAAGAAGAGAAAGGUC

Cas9 micknse GACAAGAAGUACAGCAUCGOACUGGCAAUCGGAACAAACAG 1%
bare coding CGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGRUCCCGA
sequence GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC

AUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAGCGC
AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
GAAAUCUUCAGCAACGAAAUGGCAAAGGUCCGACGACAGCUY
CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGAC
GAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCYU
GAGAAAGAAGCUGGUCGACAGCACAGACAAGGTAGACCUGA
GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA
ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUGGGA
CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA
CGCAAAGCUGCAGCUGAGCAAGGACACAUUACGACGACCACC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCAC
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
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CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCY
GCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGACC
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCOUGGAACUUCGAAG
AAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUTCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAALRGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCU
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAAUG
AGAAAGCLGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGULCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUC
GACAGCGUCGAAAUCAGUGGAGUCGAAGACAGAUUCAALGC
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGOGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCOGCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGCAGAAAGA
AUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCA
GAUCCUGAAGOGAACACCCGOUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGA
CGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGA
ACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGUC
AAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAAA
GCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCAG
AGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUC
AAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCALGU
CGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGACG
AAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACUG
AAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAGUU
CUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACG
ACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAG
AAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACUA
CAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAAC
AGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAGC
AACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAA
CGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAG
AAACAGGAGAAAUCGUCUGGGACAAGOGGAAGAGACULCGCA
ACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCGU
CAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAAA
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GCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAG
CCCOGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGUCG
AAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAACUG
CUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGAA
CCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCA
AGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGULC
GAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCAGS
AGAACUGCAGAAGGGCAAACGAACUGGCACUGCCGAGCAAGU
ACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCUG
AAGGGAAGCCCGOAAGACAACGAACAGAAGCAGCUGUUCGU
CGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGA
UCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAAAC
CUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACAA
GCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGIIUTCA
CACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACULIC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGA
AGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGAC
UGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGAC
GGAGGAGGAAGCCCGAAGAAGAAGAGAAAGGUC

dCus? bare GACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAG 12
coding CGUCGGAUGGGCAGUCAUCACAGACGAAUVACAAGOUCCCGA
sequente GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC

AUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAGCGG
AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
GAAAUCUUCAGCAACGAAAUGGCAAAGGUCCGACGACAGCUY
CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGAC
GAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCU
GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA
ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
CACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUGGGA
CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA
CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGALC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCA
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCU
GUCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGUAGGAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCCAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGACC
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGCAAGACUUCUACCCOUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GOACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
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AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCU
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAAUG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACCUGCUGUUCAAGACAAACAGAAAQGGUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUC
GACAGCGQUCGAAAUCAGCGGAGUCGAAGACAGAUUCAACGC
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAMUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGALICCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGTAAGAGAAA
ACCAGACAACACAGAAGGCACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCA
GAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAAGG
ACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAG
AACAGAGGAAAGAGCGACAACGUCCCSAGCGAAGAAGUCGU
CAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAA
AGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCA
GAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAU
CAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACG
UCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGAC
GAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACU
GAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAGU
UCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACAC
GACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAA
GAAGUACCCGAAGCUGGAAAGCOAAUUCGUCUACGGAGACU
ACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAA
CAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAG
CAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAA
ACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGA
GAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUCGT
AACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCG
UCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGOAA
AGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAG
AAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACA
GCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGLAAAGGUC
GAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAACU
GCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGA
ACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUY
CGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCAG
GAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAG
UACQUCAACUUCCUGUACCUGGCAAGCCACUACOAAAAGCU
GAAGOOAAQGCCCGOAAGACAACGAACAGAAGCAGCUGQUUCG
UCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAG
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AUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGTAAA
CCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACA
AGCCGAUCAGAGAACAGGCAGAAAACAUCALCCACCUGUUC
ACACUGACAAACCUGGGAGCACCGGLCAGCAUUCAAGUACUY
CGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGG
AAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGA
CUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGA
CGGAGGAGGAAGCCCGAAGAAGAAGAGALAGGLC

Amino acid
sequence of
Cas9
{without
NLS)

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIK
KNLIGALLFDSGETAEATRLEKRTARRRYTRRENRICYLQEIFSNE
MAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPT
WHLRKKLVDSTDKADLRLUIY LALAHMIKFRGHELIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRELENL
TAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQYADLFLAAXNLSDAILLSDILRVNTEITKA
PLEASMIKRYDEHHGODLTLLKAL VROQLPEKYKEIFFDOSKNGYA
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNRERKIERKILTFRIPYYV
GPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTY
NFDENLPNEKVLPKHSLLYEYFTVYNELTEVKYVTEGMRKPAFL
SCEQKKATVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVED
RFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTUTUFEDREMI
EERLEKTYAHLFDDKVMEKQLKRRRYTOWGRLSRKLINGIRDKQSG
KTILDFLKSDGFANRNFMOQLIHDDSLTFKEDIQKAQVSGRGDSLH
EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARE
NQTTOKGQKNSRERMERIEEGIKELGSQILKEHPVENTQLONEKL
YLYYLONGRDMYVDQELDINRLSDYDVDRIVPQSFLEKDDSIDNK
VLTRSDKNRGKSDNVPSEEVVEKMENYWRQLLNAKLITQRKFD
NLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKY
DENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNY [HHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYFFY SNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPQVNIVKKTEVQTGGISKESILPKRNSDKLIAR
KKDWDBPKKYGGTFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVEKKDLIKLPKYSLFELENGRKR
MLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQ
LEVEQHKHMYLDEHEQISEFSKRVILADANLDKVLSAYNKHRDKPI
REQAENHHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLI
HOSITCGLYETRIDLSQLGGD

13

Cash mRNA
ORF
encading
SEQ ID NO:
13 using
minimal
uridine
codons as
listed im
Table 3, with
start and
stop codons

AUGGACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAA
CAGCGUCGGAUGOGGCAGUCAUCACAGACGAAUACAAGGUCC
CGAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC
AGCAUCAAGAAGAACCUGAUCGGAGCACUGTUGUUCGACAG
CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
CAGGAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAG
CUUCUUCCACAGACUGGAAGAAAGCUUCCUGRUCGAAGAAG
ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
GACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCA
CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACC
UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC
AGAGGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAA
CAGCGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGLGGA

14
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GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAALUCCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
CACCGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAU
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAD
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGCGAAGCAUT
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUALG
UCGGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
GUCCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGU
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAA
QGACAAGGACUUCCUGGACAACGAAGAAAACGAAGACATCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUU
COACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGLAAUC
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCC
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACALICGC
AAACCUGGCAGGAAGCCCGOCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGA
AGACACAAGCCOGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGE
CAGAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAG
GACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAA
GAACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCG
UCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCA
AAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGC
AGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAULICA
UCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCAC
GUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGA
CGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACAC
UGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAG
UUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACA
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CGACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCA
AGAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGAC
UACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGA
ACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACA
GCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCA
AACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGG
AGAAACAGGAGAAAUCGUCUGGGACAAGOGGAAGAGACUUCG
CAACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUC
GUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGA
AAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAA
GAAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGAC
AGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGLAAAGGY
CGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAAT
UGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAMAT
AACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGU
CAAGAAGGACCUGAUCAUCAAGCUGCCOAAGUACAGCCUGU
UCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGLA
GGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAA
GUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGT
UGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGUACGAAAUCAUCGAACA
GAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAA
ACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGAC
AAGCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUU
CACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACU
UCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAG
GAAGUCCUGGACGCAACACUGAUCCACCAGAGTCAUCACAGG
ACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAG

ACUAG
Cas? coding GACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAACAG 15
sequrence CGUCOGAUGOGGCAGUCAUCACAGACGAAUACAAGGUCCCGA
encoding GCAAGAAGUUCAAGGUCCUGGCGAAACACAGACAGACACAGC
SEQ ID NO: AUCAAGAAGAACCUGAUCGOAGCACUGLUGUUCCGACAGUGG
13 using AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
minimal GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
uridine GAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUU
codons as CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
Hsted in AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGAC
Table 3 (no GAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCU
start or stop GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
codons; GACUGAUCUACCUGGCACUGGCACACAUGAUCAAQUUCAGA
suitable for GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
inclusion in COGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA
fusion ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
protein GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
coding AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
sequence) AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUGGGA

CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA
CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGACC
UGGACAACCUGCUGGCACAGAUCGOAGACCAQUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCAC
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCY
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GCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGACT
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCALICGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCY
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAAVG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAY
CGUCGACCUGCUGUUCAAGACAAACAGAAAGQUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUC
GACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAACGC
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUULCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCGOCAAUCAAGAAGOGGAAUCCUGLCAG
ACAGUCAAGGUCOUCGACCGAACUGGUCAAGOUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGA
AUGAAGAGCAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCA
GAUCCUGAAGGAACACCCOGUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACIGAGCGA
CUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGA
CGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGA
ACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGUC
AAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAAA
GCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCAG
AGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUC
AAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGY
CGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGACG
AAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACUG
AAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAGUU
CUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACG
ACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAULCAAG
AAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACUA
CAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAAC
AGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAGC
AACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAA
CGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAG
AAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUCGCA
ACAGQUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCOU
CAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAAA
GCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
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AAGAAGGACUGGOACCCGAAGAAGUACGGAGGAUUCGACAG
CCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGUCG
AAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAACUG
CUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGAA
CCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCA
AGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUC
GAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCAGG
AGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAGY
ACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCUG
AAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGU
CGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGA
UCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAAAC
CUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACAA
GCCOAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUCA
CACUGACAAACCUGGGAGCACTGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGHA
AGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGAC
UGUACGAAACAAGAAUCGACCUGAGCTAGCUGGGAGGAGAC

Amino acid MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHESIK 16
sequence of KNLIGALLFDSGETAEATRLEKRTARRRYTRRENRICYLQEIFSNE

Cas9 nickase MAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPT

(without IYHLRKXLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

NLS) DVDKLFIQLVOTYNQLFEENFINASGVDAKAILSARLSKSRELENL

IAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDEDNLLAQIGDOYADLFLAAKNLSDATLLSDILRVNTEITKA
PLSASMIKRYDEHHQDLTLLKALVROQOLPEKYKEI FDQSKNGY A
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKOQRTF
DNGSIPHOIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYV
GPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMT
NEFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKATVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVED
RFNASLGTYHDBLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMI
EERLKTYAHLFDDKVMEKQLKRRRY TOWGRLSRKLINGIRDKQSG
KTILDFLKSDGFANRNFMQLIHDDSUTFKEDIOKAQVSGQGDSLH
EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARE
NQUIQKGOQXNSRERMERIEEGIKELOSQILKERHPVENTQLONEKL
YLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFLEKDDSIDNK
VLTRSDKNRGKSDNVPSEEVVEKMENYWRQLLNAKLITQRKFD
NLTKAERGGLIELDKAGFIKRQLVETRQITKHVAQILDSRMNTKY
DENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYTFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKILIAR
KKDWDBPKKYGGTFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVEKKDLUKLPKYSLFELENGRKR
MLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQK(
LFVEQHKHYLDEHEQISEFSKRVILADANLDEKVLSAYNKHRDKPI
REQAENHHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLI

HOSITGLYETRIDLSQLGGD
Cas? nickase AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAA 17
mRNA ORF CAGCGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCC

encoding CGAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC
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SEQ ID RG: AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAG
16 using CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
minimal GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
uridine CAGGAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAG
codons as CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
Histed in ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
Table 3, with GACGAAQUCGCAUVACCACQAAAAGUACCCGACAAUCUACCA
start and CCUGAGAAAGAAGCUGGUCCACAGCACAGACAAGGCAGACC
stop codons UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC

AGAGGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAA
CAGCOACGUCGACAAGCUGUUCAUCCAGCUGQUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGLAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGUACAGCUGCCGGLAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCTUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACTUGGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGTAATCCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
CACCGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAU
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAG
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCALC
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACG
UCGGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAGUCGUCCACAAGGGAGCAAGCGCACAGAGCUUCAUCG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
GUCCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGGCAUUCCUGAGCOOAGAACAGAAGAAGOCA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGOUCACAGU
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAA
GOACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUY
CGACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUC
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCC
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGCGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGC
CAGAUCCUGAAGGAACACCCOGUCGALAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
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ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAG
GACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAA
GAACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCG
UCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCA
AAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGC
AGAGAGAGCGAGGACUGAGCGAACUGGACAAGGCAGGAUUCA
UCAAGAGACAGCUGGUCGAAACAAGACAGAUCACABAGCAC
GUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGA
CGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACAC
UGAAGAGCAAGCUGGUCAGCCACUUCAGAAAGGACUUCCAG
DUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCALCA
CGACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCA
AGAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGAC
UACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGA
ACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACA
GCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCA
AACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAALGG
AGAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUCG
CAACAGUCAGAAAGGUCCUGAGCAUGLCGCAGGUCAACAUC
GUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGA
AAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGLAA
GAAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGAC
AGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGU
CGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAAC
UGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAG
AACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGU
CAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGU
UCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCA
QGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCOAGCAA
GUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGC
UGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACCAAAUCAUCGAACA
GAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGUAA
ACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGADGAC
AAGCCOAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUU
CACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACU
UCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAG
GAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGG
ACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAG
ACUAG

Cas9 nickase
coding
seqquence
encoding
SEQ 1D NO:
16 ysing
minimal
uridine
codons as
listed im
Tabie 3 (no
start or stop
codons;
suitable for
inclusion in

GACAAGAAGUACAGCAUCGOACUGGCAAUCGGAACAAACAG
CGUCGGAUGGGCAGUCAUCACAGACGAAUVACAAGOUCCCGA
GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC
AUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAGCGG
AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
GAAAUCUUCAGCAACGAAAUGGCAAAGGUCCGACGACAGCUY
CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGALA
AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGAC
GAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCU
GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA
ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGLC

18
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fusion GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
protein AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
coding AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUGGGA
sequence) CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA

CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGACC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCA
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCU
GCOGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGACT
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGLAUCCCG
CACCAGAUCCACCUGOGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCOUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GOACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCALICGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCU
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAAUG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUC
GACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAACGC
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAALACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAL
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GUGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGTAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCA
GAUCCUGAAGGAACACCCOGUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGA
CGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGA
ACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGUC
AAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAAA
GCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCAG
AGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUC
AAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGU
CGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGACG
AAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACUG
AAGAGCAAGCUGGQUCAGCGACUUCAGAAAGGACUUCCAGUY
CUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACALCG
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ACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAG
AAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACUA
CAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAAC
AGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAGC
AACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAA
CGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAG
AAACAGGAGAAAUCGUCUGGGACAAGOGAAGAGACUUCGCA
ACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCGU
CAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAAA
GCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAG
CCCGACAGUCGCAUVACAGCGUCCUGGUCGUCGCAAAGHUCG
AAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGHAACUG
CUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGAA
CCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCA
AGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGLCUGUUC
GAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGLGCAGG
AGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAGU
ACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCUG
AAGGGAAGCCUGGAAGACAACGAACAGAAGCAGCUGUUCGU
CGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAATAGA
UCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAAAC
CUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACAA
GCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUCA
CACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGA
AGQUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGALC
UGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGAC

Amino acid MDKKYSIGLAIGTNSVGWAVITREYKVPSKKFKVLGNTDRHSIK i9
sequence of KNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNE

ACas$ MAKVDDSFFHRLEESFLVEEDKKHERBHPIFGNIVDEVAYHEKYPT

(without WHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

NLS) DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRREENL

IAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKA
PLSASMIKRYDEHHQDLTLLKALVROQQLPEKYKEIFFDQSKNGYA
GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLEDNREKIEKILTFRIPYYYV
GPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMT
NEBKNLENEKVLPKHSLLYEYTTVYNELTKVKYVTEGMRKPATFL
SGEQKKATVDLLFKTNRKVTVKQLKEDYFKKIECTDSVEISGVED
RENASLGTYHDLLKOKDKDFLDNEENEDILEDIVLTLTLFEDREMI
EERLKTYARLFDDKVMKQLKRRRYTCWGRLSRKLINGIRDKQSG
KTILDFLKSDGFANRNFMQLIHDDSLTFREDIQRAQVSGOOGDSLH
EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARE
NQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLONEKL
YLYYLONGRDMY VDQELDINRLSDYDVDAIVPQSFLKDDSIDNK
VLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKID
NLTKAERGGLSELDKAGFIKRQLVETROITKHVAQILDSRMNTKY
DENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYTFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIAK
KKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYXEVKKDLUKLPKYSLFELENGRKR
MLASAGELOKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQ
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LFVEQHKRYLDEHEQISEFSKRVILADANLDKVLSAYNKHRDKPI
REQAENNHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLI
HQSITGLYETRIDLSQLGGD

dCas®
mENA ORF
encoding
SEQ ID NOG:
19 using
minimal
uridine
codons as
fisted in
Table 3, with
start and
stop codons

AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAA
CAGCGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGCGUCC
CGAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC
AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAG
CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
CAGGAAAUCUUCAGCAACGAAAUGOCAAAGGUCGACGACAT
CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
GACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUALCA
CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACC
UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC
AGAGGACACUUCCUGAUCGAAGGAGACTUGAALCCGGACAA
CAGCGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGE
CACCGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAL
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAD
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGCGAAGCAUT
CCGCACCAGAUCCACCUGGOAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUALCG
UCGGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCULUCAUCG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
GUCCUGCLOAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGGCAUUCCUGAGLGGAGAACAGAAGAAGGUA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGU
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGATUCAUCAA
GGACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUD
CGACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUT
AGAGACAAGCAGAGCOGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGALICC

20
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ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGA
AGACACAAGCCOGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGC
CAGAUCCUGAAGGAACACCCOGUCGALAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAA
GGACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACA
AGAACAGAGGAAAGAGCGACAACGUCCLGAGCGAAGAAGUL
GUCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGT
AAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGG
CAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUL
AUCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCA
CGUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACG
ACGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACA
CUGAAGAGCAAGCUGGUCAGCOACUUCAGAAAGGACUUCCA
GUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCAC
ACGACGCAUACCUGAACGCAGUCGUCGGAATAGLACUGAUC
AAGAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGA
CUACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCG
AACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUAC
AGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGC
AAACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACG
GAGAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACULC
GCAACAGUCAGAAAGGUCCUGAGCAUGCLCGCAGGUCAACAU
CGUCAAGAAGACAGAAQUCCAGACAGGAGGAUUCAGCAAQGG
AAAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCA
AGAAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGA
CAGCCCGACAGUCGCAUACAGCCUCCUGGUCGUCGCAAAGG
UCGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAA
CUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAA
GAACCCGAUCQACUUCCUGGAAGCAAAGQGAUACAAGGAAG
UCAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUG
UUCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGC
AGGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCBAGCA
AGUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAG
CUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUU
CGUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAAC
AGAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCA
AACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGA
CAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGY
UCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAA
GGAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAG
GACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGA

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

19 using GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
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124
minimal GAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUY
uridine CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
codons as AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGAC
Histed in GAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCU
Table 3 (ne GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
startf or stop GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
codons; GOACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
snitable for CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACATACA
inclusion in ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
fusion GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
protein AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
coding AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGLCUGGGA
sequence) CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA

CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGACC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUTACAAAGGUAC
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCU
GCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGUAUACAUCGACGGAGGAGCAAGCTAGGAA
GAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAUGGA
COGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGACC
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCOGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUGALC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCU
ACAACGAACUGACAAAGGUCAACUACGUCACAGAAGGAALG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAY
CGUCGACCUGCUGUUCAAGACAAACAGAAAGQUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAADGCUUC
GACAGCGUCGAAAUCAGCGGAGUCCAAGACAGAUUCAACGC
AAGCCUGGGAACAUACCACGCACCUGCUGAAGAUCAUCAAGS
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGOGAAGCCA
GAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGLGA
CUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAAGE
ACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAG
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AACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGU
CAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAA
AGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCA
GAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAY
CAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACG
UCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGAC
GAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACU
GAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAGU
UCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACAC
GACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAA
GAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACU
ACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAA
CAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAG
CAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGL AA
ACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGA
GAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACULICGL
AACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCG
UCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGOAA
AGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAG
AAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACA
GCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGTAAAGGUC
GAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGHAACY
GCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGA
ACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUU
CGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCAG
GAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAG
UACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCU
GAAGOOAAQGCCCGOAAGACAACGAACAGAAGCAGCUGQUUCG
UCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAG
AUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAAA
CCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACA
AGCCCAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUC
ACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUY
CGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGE
AAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGA
CUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGA
CGOGAGGAGODAAGC

Amine acid MDEXYSIGUDIGTNSVGWAVITDEYKVPSKKIKVLGNTDRHSIK 22
sequence of KNLIGALLFDSGETAEATRLUKRTARRRYTRRENRICYLQEIFSNE

Cash with MAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVIIEVAYHEKYPT

two nuclear IYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
localization DVDKLFIQLVQTYNQLFEENPINASGVDAK AILSARLSKSRRLENL

signals as the TAQLPGEKKNGLUFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
C-terminal YDDDLONLLAQIGDOY ADLFLAAKNLSDAILLSDILRVNTEITKA

aming acids PLSASMIKRYDEHHODLTLLKALVROQLPEKYKEIFFDQSKNGYA

GYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQINLGELHAILRROQEDFYPILKDNREKIEKILTFRIPY YV
GPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMT
NEFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVED
RFNASLGTYMDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMI
EERLKTYAHLFDDKVMKQLKRRRYTGWGRIELSRKLINGIRDKQSG
KTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQK AQVSGGGDSLH
EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARE
NQTTOKGOKNSRERMKRIEEGIKELGSQILKEHPVENTOLONEKL
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YLYYLONGRDMY VDQELDINRLSDYDVDHIVPQSFLKDDSIDNK
VLTRSDKINRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKID
NLTKAERGGLSELDKAGFIKROLVETRQITKHVAQILDSRMNTKY
DENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNY HHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVREVISMPQVNIVEKKTEVQTGGFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYXEVKEKDLIKLPKYSLFELENGRKR
MLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQ
LFVEQHKHYLDEHEQISEFSKRVILADANLDKVLSAYNKHRDKPI
REQAENHHLFTLTNLGAPAAFKY FDTTIDRERYTSTKEVLDATLI
HOSITGLYETRIDLSQLGGD GSOGSPKKKRKVDGSPKKKRKVDSG

Cas? mRNA
ORF
encoding
SEQID NG:
22 using
minimal
uridine
coddons as
listed im
Table 3, with
start and
siep codons

AUGGACAAGAAGUACAGCAUCGGACUGGACAUCGGAATCAAA
CAGCGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGULC
CGAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC
AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAG
CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
CAGGAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAG
CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
GACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCA
CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACC
UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC
AGAGGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAA
CAGCGACQGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCCAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAA
AGAAGAACQGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACTUGGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAALUCCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAALCACAAAGE
CACCGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGHAAAAGAL
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAD
ACCUGCUGAGAAAGUAGAGAACAUUCGACAACGGAAGCAUL
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACG
UCGGACCGCUGGCAAGAGCAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
GUCCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCOGCAUUCCUGAGCGOAQAACAGAAGAAGGCA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGU

23
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CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCY
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAA
GGACAAGGACUUCCUGGACAACGAAGAAMACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUU
CGACQACAAGOUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUC
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCC
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCOGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGOUCAAGGUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGC
CAGAUCCUGAAGGAACACCUGGUCGAAAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAG
GACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGALCAA
GAACAGAGGAAAGAGCGACAACGUCCCGAGLGAAGAAGUCG
UCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCA
AAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGC
AGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCA
UCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCAC
GUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGA
CGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACAC
UGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAG
UUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACA
CGACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCA
AGAAGUACCCGAAGCUGGAAAGCCGAAUUCGUCUACGGAGAC
UACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGA
ACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACA
GCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCA
AACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGG
AGAAACAGOAGAAAUCGUCUGGGACAAGOGGAAGAGACULICG
CAACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUC
GUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGA
AAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAA
GAAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGAC
AGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGLCAAAGGY
CGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAAT
UGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAT
AACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGU
CAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGU
UCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCA
GGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAA
GUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGC
UGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACA
GAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAA
ACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGAC
AAGCCCAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUU
CACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACU
UCGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAG
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GAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGG
ACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAG
ACGGAAGCGGAAGCCCGAAGAAGAAGAGAAAGGUCGACGGA
AGCCCGAAGAAGAAGAGAAAGGUCGACAGCGGAUAG

Cas9 coding GACAAGAAGUACAGCAUCGGACUGGACAUCGGAACAAACAG 24
sequence CGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCCCGA
encoding GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC
SEQ ID NOG: AUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAGCGG
23 using AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
minimal GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
uridine GAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUY
codons as CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
Hsted in AGAAGCACGAAAGACACCCOAUCUUCGHAAACAUCHUCHAC
Table 3 (no GAAGUCGCAUACCACGAAAAGUACCCOACAAUCUACCALCCU
start or stop GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
codens; GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
suitable for GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
inclusion in CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA
fusion ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
protein GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
coding AAGACUGGAAAACCUGAUCGCACAGCUGCCGGUAGAAAAGA
sequence) AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUGGGA

CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA
CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGACC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCAC
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCU
GCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGGAGQAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGOUCAAGCUGAACAGAGAAGALC
UGCUGAGAAAGCAGAGAACAUUCCGACAACGGAAGCAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGAUUCGLAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGGAGCAAGCGCACAGAGIUUCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCU
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGCAAUG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUC
GACAGCGUCGAAAUCAGUGGAGUCGAAGACAGAUUCAALGC
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGOAAGACUGAQGCAGAAAQCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAAGA
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GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGOGAAGCCA
GAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGA
CGACAGCAUCGACAACAAGGUCCUGACAAGAAGCOACAAGA
ACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGUC
AAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAAA
GCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCAG
AGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUC
AAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACHU
CGCACAGAUCCUGUACAGCAGAAUGAACACAAAGUACGACG
AAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACUG
AAGAGCAAGCUGGUCAGCGACULICAGAAAGGACUUCCAGUU
CUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACACG
ACGCAUACCUGAACGCAGUCGUCGUAACAGCACUGAUCAAG
AAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACUA
CAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAAC
AGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAGC
AACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAA
CGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGAG
AAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUCGCA
ACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCGU
CAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAAA
GCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCCAAGAAGUACCOAGGAUUCGACAG
CCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGUCG
AAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAACUG
CUGGOAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGAA
CCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCA
AGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUC
GAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCAGE
AGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAGU
ACGUCAACUUCTUGUACCUGGCAAGCCACUACGAAAAGCUG
AAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCGU
CGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGA
UCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAAAC
CUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGALCAA
GCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUCA
CACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGA
AGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGAL
UGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGAC
GGAAGCGGAAGCCCGAAGAAGAAGAGAAAGGUCGACGGAAG
CCCGAAGAAGAAGAGAAAGGUCGACAGCOOA

Amino acid MDEXYSIGLAIGTNSVGWAVITRDEYK VPSKKIKVLGNTDRHSIK 25
sequence of KNLIGALLFDSGETAEATRLKRTARREYTRRENRICYLQEIFSNE
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Cas9 nickase
with two
nuclear
Incalization
signals as the
C-terminal
aming acids

MAKVDDSFTHRLEESFLVEEDKKHERHPIFGNIVDEVAY HEKYPT
IYHLRKKLVDSTDKADLRLIYLALAMMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENL
IAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKA
PLSASMIKRYDEHHODLTLLE ALVRQQLPEKYKEIFFDQSKNGY A
GYIDGGASQEEFVEFIKPILEKMDGTEELLVKLNREDLLRKQRTE
DNGSIPHQIHLGELHAILRRQEDFY PFLKDNREKIEKIL TFRIPY YV
OPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMT
NFDXNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFL
SGEQKKAIVDLLEKTNRKVTVKQLKEDYFKKIECFDSVEISGVED
RFNASLGTYHDLLKIIKDXDFLDNEENEDILEDIVLTLTLFEDREMI
EERLKTYAHLFDDKVMKQLKRRRY TGWGRLSRKLINGIRDKQSG
KTILDFLKSDGFANRNEMQLIHDDSLTFKEDIQKAQVSGQGDSLHE
EBIANLAGSPAIKKGILOTVKVVDELVKVMGRHK PENIVIEMARE
NQTTQKGOKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKL
YLYYLQNGRDMY VDOELDINRLSDYDVDHIVPQSFLEDDSINK
VLTRSDKNRGKSDNVPSEEVVKKMENY WRQLLNAKLITQRKED
NLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKY
DENDKLIREVK VITLKSKLVSDFRKDFQFYK VREINNYHHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYFFYSNIMNFPKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPQVNIVKKTEVOTGGFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEXKNPIDFLEAKGY KEVKKDLIKLPKYSLFELENGRKR
MLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQD
LFVEQHKHYLDENEQISEFSKRVILADANLDK VLSAYNKHRDKPI
REQAENHHLFTLTNLGAPAAFKYPDTTIDRKRY TS TKEVLDATLI
HOSITGLY ETRIDLSQLGGDGSGSPKKXKRKVDGSPKKKRKVDSG

Cas? nickase
mRNA ORF
encoding
SEQ 1D NO:
25 using
minimal
uridine
codons as
lsted in
Table 3, with
start and
siop cedons

AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAA
CAGCGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCC
CGAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC
AGCAUCAAGAAGAACCUGAUCGLAGCACUGIUGUUCGATCAG
CGGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
CAGGAAAUCUUCAGCAACGAAAUGGCAAAGGUCLACUGACAG
CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
ACAAGAAGCACGAAAGACACCCOAUCUUCGGAAACAUCGUC
GACGAAGUCGCAUACCACGAAAAGUACCLGACAAUCUACCA
CCUGAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACT
UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC
AGAGGACACUUCCUGAUCGAAGGAGACCUGAACCCHGACAA
CAGCGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAU
ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
CACCOCUGAQGCGCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA

26
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GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCA
AGAACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAU
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAG
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUC
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACG
UCGGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCALICG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
GUCCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGLA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGU
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGATUCAUCAA
GGACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUU
CGACGACAAGQUCAUGAAGUAGCUGAAGAGAAGAAGAUACA
CAGGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUT
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGLUGAUCC
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGGUCAAGOUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGC
CAGAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAG
GACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAA
GAACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCG
UCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCA
AAGCUGAUCACACAGAGAAAGUUCGACAACCUGATAAAGGC
AGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCA
UCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCAC
GUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGA
CGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACAL
UGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAG
UUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACA
CGACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCA
AGAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGAC
UACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGA
ACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACA
GCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCA
AACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGG
AGAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACUUCG
CAACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUC
GUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGA
AAGCAUCCUGCCGAAGAGAAACAGCGACAAQCUGAUCGCAA
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GAAAGAAGGACUGGUACCCGAAGAAGUACGOAGGAUUCGAC
AGCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGU
CGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAAC
UGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAG
AACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGU
CAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGU
UCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCA
GGAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAA
GUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGC
UGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUC
GUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACA
GAUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAA
ACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGAC
AAGCCGAUCAGAGAACAGOCAGAAAACAUCAUCCACCUGUU
CACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACU
UCGACACAACAAUCGACAGAAAGAGAUACACAAGLACAAAG
GAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGG
ACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAG
ACGGAAGCGGAAGCUCGAAGAAGAAGAGAAAGGUCGACGGA
AGCCCGAAGAAGAAGAGAAAGGUCGACAGCGGAUAG

Cas9 nickase GACAAGAAQUACAGCAUCGGACUGGCAAUCOGAACAAACAG 7
coding CGUCGGAUGGGCAGUCAUCACAGACGAAUVACAAGOUCCCGA
sequence GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC
encoding AUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAGCGG
SEQ ID NO: AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
25 using GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
minimal GAAAUCUUCAGCAACGAAAUGGCAAAGGUCCGACGACAGCUY
uridine CUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAGACA
codons as AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUCGAC
listed in GAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCACCU
Table 3 (no GAGAAAGAAGCUGGUCGACAGCACAGACAAGGCAGACCUGA
start or stop GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
codons; GGACACUUCCUGAUCGAAGGAGACCUGAACCCGOACAACAG
suitable for CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACAUACA
inclusion in ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
fusion GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
protein AAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAAAGA
coding AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUGGGA
seqilence) CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA

CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGALC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCU
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCA
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCU
GUCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGUAGGAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCCAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGACC
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGCAAGACUUCUACCCOUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GOACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGAAG
AAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUCAUCGAA
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AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAGGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCU
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAAUG
AGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACCUGCUGUUCAAGACAAACAGAAAQGGUCACAGUCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUC
GACAGCGQUCGAAAUCAGCGGAGUCGAAGACAGAUUCAACGC
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAMUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGALICCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGTAAGAGAAA
ACCAGACAACACAGAAGGCACAGAAGAACAGCAGAGAAAGA
AUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCA
GAUCCUGAAGGAACACCCGGUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACCACAUCGUCCCGCAGAGCUUCCUGAAGGA
CGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAGA
ACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGUC
AAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAAA
GCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCAG
AGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUCAUC
AAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCACGU
CGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGACG
AAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACUG
AAGAGCAAGCUGGUCAGCOACUUCAGAAAGGACUUCCAGUU
CUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACALCG
ACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAAG
AAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGACUA
CAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAAC
AGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUACAGC
AACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAAA
CGGAGAAAUCAGAAAGAGACCOGCUGAUCGAAACAAACGGAG
AAACAGGAGAAAUCGUCUGGCACAAGGGAAGAGACUUCGCA
ACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAUCKU
CAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAAA
GCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAGA
AAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACAG
CCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGUCG
AAAAGGGAAAGAGCAAGAAGCUGAAGAGCGQUCAAGGAACUG
CUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAAGAA
CCCOGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUCA
AGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGUUC
GAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCAGG
AGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAGU
ACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCUG
AAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCCU
CGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAGA
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UCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAAALC
CUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACAA
GCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGUUCA
CACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUUC
GACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGGA
AGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGAC
UGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGAC
GGAAGCGGAAGCCCGAAGAAGAAGAGAAALAGGUCGACGGAAG
CCCCAAGAAGAAGAGAAAGGUCGACAGCGGA

Aminoe acid
sequence of
d€2s9 with
two nuclear
localization
signals as the
C-terminal
amino acids

MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIK
KNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNE
MAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPT
TYHLRKKLVDSTDRADLRLIYLALAHUMIKFROHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAK AILSARLSKSRRLENL
IAQLPGEKXNGLFGNLIALSLGLTPNFKSNFDLAEDAKLOLSKDT
YDDBLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKA
PLSASMIKRYDEMHODLTLLKALVRQQLPEKY KEIFFDQSKNGYA
GYIDGGASQEEFYKFIKPILEK MDO TEELLVKLNREDLLRKQRTF
DNGSIPHOIHLGELHAILRRQEDFYPFLKDNREKIEKIL TPRIPY YV
GPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMT
NEDKNLPNEKVLPKHSLLYEYFTVYNELTKVKY VIEGMRKPAFL
SGEQKKAIVDLLFKTNREVTVKQUKEDY FKKIECFDSVEISGVED
RENASLGTYHDLLXIKDKDFLDNEENEDILEDIVLTLTLFEDREMI
EERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSG
KTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQK AQVSGQGDSLH
FHIANLAGSPAIKKGILQTVEVVDELVEVMGRHKPENIVIEMARE
NQTTQKGOXNSRERMKRIEEGIKELGSQILK EHPVENTQLONEKL
YLYYLONGRDMY VDQELDINRLSDYDVDAIVPQSFLKDDSIDNK
VLTRSDXNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFD
NLTKAERGGLSELDKAGIIKRQLVETRQITKHVAQILDSRMNTKY
DENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA
YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK
ATAKYTFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKG
RDFATVRKVLSMPQVNIVKK TEVQTGGFSKESILPKRNSDKLIAR
KKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIKLPKYSLFELENGRKR
MLASAGELQKGNELALPSKYVNFLYLASHY EKLKGSPEDNEQKQ
LEVEQHKHY LDENEQISEFSKRVILADANLDK VLSAYNK HRDEPI
REQAENIHLFTLTNLGAPAAFKYFDTTIDRKRY TS TKEVLDATU
HOSITGLY ETRIDLSQLGGDGSGSPK KKRKVDGSPKKKRKVDSG

28

dCas?
mENA ORF
encoding
SEQID NG:
18 using
minimal
uridine
codons as
listed im
Table 3, with
start and
stop codons

AUGGACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAA
CAGCGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGCUCC
CGAGCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACAC
AGCAUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAG
COGAGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAA
GAAGAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUG
CAGGAAAUCUUCAGCAACGAAAUGOCAAAGGUCGACGACAT
CUUCUUCCACAGACUGGAAGAAAGCUUCCUGGUCGAAGAAG
ACAAGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCGUC
GACGAAGUCGCAUACCACGAAAAGUACCCGACAAUCUACCA
CCUGAGAAAGAAGCUGGUCGACAGCACAGATAAGGCAGACC
UGAGACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUC
AGAGGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAA
CAGCGACQUCGACAAGCUGUUCAUCCAGCUGGLUICCAGACAU

29
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ACAACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGA
GUCGACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAG
CAGAAGACUGGAAAACCUGAUCGCACAGCUGCCGGGAGAAA
AGAAGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUG
GGACUGACACCOGAACUUCAAGAGCAACUUCGACCUGGCAGA
AGACGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACG
ACCUGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCA
GACCUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCU
GCUGAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGG
CACCGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACAC
CACCAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCA
GCUGCCGGAAAAGUACAAGGAAAUCUUCUUCGACTAGAGLA
AGAACGGAUACGCAGGAUACAUCGACGOAGGAGCAAGCCAG
GAAGAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAY
GGACGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAG
ACCUGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUL
CCGCACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGA
AGACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGA
AAAGAUCGAAAAGAUCCUGACAUUCAGAAUCCOGUACUACG
UCGGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUG
ACAAGAAAGAGCGAAGAAACAAUCACACCGUGGAACUUCGA
AGAAGUCGUCGACAAGGGAGCAAGCOCACAGAGCUUCAUTG
AAAGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAAG
GUCCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGU
CUACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAA
UGAGAAAGCCGGCAUUCCUGAGCGGAGAACAGAAGAAGHCA
AUCGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGU
CAAGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCU
UCGACAGCGUCGAAAUCAGCGGAGUCGAAGACAGAUUCAAC
GCAAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAA
GGACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCC
UGGAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGA
GAAAUGAUCCGAAGAAAGACUGCAAGACAUACGCACACCUGUU
CGACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACA
CAGGAUGOGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUC
AGAGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAA
GAGCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGALCC
ACGACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCA
CAGGUCAGCGGACAGGGAGACAGCCUGCACGAACACAUCGC
AAACCUGGCAGGAAGCCCGGCAAUCAAGAAGGGAAUCCUGC
AGACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGA
AGACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGA
AAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAAA
GAAUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGC
CAGAUCCUGAAGGAACACCUGGUCGAAAACACACAGCUGCA
GAACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAG
ACAUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGC
GACUACGACGUCGACGCAAUCGUCCCGCAGAGCUUCCUGAA
GGACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACA
AGAACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUC
GUCAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGC
AAAGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGG
CAGAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAUUC
AUCAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCA
CGUCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACG
ACGAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACA
CUGAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCA




WO 2019/067992 PCT/US2018/053559

136

GUUCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCAC
ACGACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUC
AAGAAGUACCCGAAGCUGGAAAGCGAAUUCGUCUACGGAGA
CUACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCG
AACAGGAAAUCGGAAAGGCAACAGCAAAGUACUUCUUCUAC
AGCAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGC
AAACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACG
GAGAAACAGGAGAAAUCGUCUGGGACAAGGGAAGAGACULIC
GCAACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACAU
CGUCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGG
AMAGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGALICGCA
AGAAAGAAGGACUGGGACCCOAAGAAGUACGGAGGAUUCGA
CAGCCCGACAGUCGCAUACAGCGUCCUGGULCGUCGCAAAGG
UCGAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAA
CUGCUGGGAAUCACAAUCAUGGAAAGAAGCAGCUUCGAAAA
GAACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAG
UCAAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUG
UUCGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGT
AGGAGAACUGCAGAAGGGAAACGAACUGGCACUGLCGAGCA
AGUACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAG
CUGAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUU
CGUCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAAC
AGAUCAGCGAAUUCAGCAAGAGAGUCAUCTUGGCAGACGCA
AACCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGA
CAAGCCGAUCAGAGAACAGGCAGAAAACAUCAUCCACCUGU
UCACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUAC
UUCGACACAACAAUCGACAGAAAGAGAUACACAAGLACAAA
GGAAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAG
GACUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGA
GAC
GGAAGCGGAAGCCCGAAGAAGAAGAGAAAGGUCGACGGAAG
CCCOGAAGAAGAAGAGAAAGGUCGACAGCGGAUAG

dCasS GACAAGAAGUACAGCAUCGGACUGGCAAUCGGAACAAACAG 30
coding CGUCGGAUGGGCAGUCAUCACAGACGAAUACAAGGUCCCGA
sequence GCAAGAAGUUCAAGGUCCUGGGAAACACAGACAGACACAGC
encoding AUCAAGAAGAACCUGAUCGGAGCACUGCUGUUCGACAGLGG
SEQ ID NO: AGAAACAGCAGAAGCAACAAGACUGAAGAGAACAGCAAGAA
28 using GAAGAUACACAAGAAGAAAGAACAGAAUCUGCUACCUGCAG
minimal GAAAUCUUCAGCAACGAAAUGGCAAAGGUCGACGACAGCUY
uridine CUUCCACAGACUGGCAAGAAAGCUUCCUGGUCOAAGAAGACA
codons as AGAAGCACGAAAGACACCCGAUCUUCGGAAACAUCKUCKAC
Histed in GAAGUCGCAUACCACGAAAAGUACCCCACAAUCUACCACCU
Table 3 (no GAGAAAQGAAGCUGGUCGACAGCACAGACAAQGGCAGACCUGA
siart or stop GACUGAUCUACCUGGCACUGGCACACAUGAUCAAGUUCAGA
codons; GGACACUUCCUGAUCGAAGGAGACCUGAACCCGGACAACAG
suitable for CGACGUCGACAAGCUGUUCAUCCAGCUGGUCCAGACATACA
inclusion in ACCAGCUGUUCGAAGAAAACCCGAUCAACGCAAGCGGAGUC
fusion GACGCAAAGGCAAUCCUGAGCGCAAGACUGAGCAAGAGCAG
protein AAGACUGGAAAACCUGAUCGCACAGCUGCCOGOAGAAAAGA
coding AGAACGGACUGUUCGGAAACCUGAUCGCACUGAGCCUGGGA
sequence) CUGACACCGAACUUCAAGAGCAACUUCGACCUGGCAGAAGA

CGCAAAGCUGCAGCUGAGCAAGGACACAUACGACGACGACLC
UGGACAACCUGCUGGCACAGAUCGGAGACCAGUACGCAGAC
CUGUUCCUGGCAGCAAAGAACCUGAGCGACGCAAUCCUGCY
GAGCGACAUCCUGAGAGUCAACACAGAAAUCACAAAGGCAC
CGCUGAGCGCAAGCAUGAUCAAGAGAUACGACGAACACCAC
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CAGGACCUGACACUGCUGAAGGCACUGGUCAGACAGCAGCY
GCCGGAAAAGUACAAGGAAAUCUUCUUCGACCAGAGCAAGA
ACGGAUACGCAGGAUACAUCGACGGAGGAGCAAGCCAGGAA
GAAUUCUACAAGUUCAUCAAGCCGAUCCUGGAAAAGAUGGA
CGGAACAGAAGAACUGCUGGUCAAGCUGAACAGAGAAGACC
UGCUGAGAAAGCAGAGAACAUUCGACAACGGAAGCAUCCCG
CACCAGAUCCACCUGGGAGAACUGCACGCAAUCCUGAGAAG
ACAGGAAGACUUCUACCCGUUCCUGAAGGACAACAGAGAAA
AGAUCGAAAAGAUCCUGACAUUCAGAAUCCCGUACUACGUC
GGACCGCUGGCAAGAGGAAACAGCAGAUUCGCAUGGAUGAC
AAGAAAGAGCGAAGAAACAAUCACACCOUGGAACUUCGAAG
AAGUCGUCGACAAGGGAGCAAGCGCACAGAGCUUTCAUCGAA
AGAAUGACAAACUUCGACAAGAACCUGCCGAACGAAAALRGU
CCUGCCGAAGCACAGCCUGCUGUACGAAUACUUCACAGUCU
ACAACGAACUGACAAAGGUCAAGUACGUCACAGAAGGAAUG
AGAAAGCLGGCAUUCCUGAGCGGAGAACAGAAGAAGGCAAU
CGUCGACCUGCUGUUCAAGACAAACAGAAAGGUCACAGULCA
AGCAGCUGAAGGAAGACUACUUCAAGAAGAUCGAAUGCUUC
GACAGCGUCGAAAUCAGUGGAGUCGAAGACAGAUUCAALGC
AAGCCUGGGAACAUACCACGACCUGCUGAAGAUCAUCAAGG
ACAAGGACUUCCUGGACAACGAAGAAAACGAAGACAUCCUG
GAAGACAUCGUCCUGACACUGACACUGUUCGAAGACAGAGA
AAUGAUCGAAGAAAGACUGAAGACAUACGCACACCUGUUCG
ACGACAAGGUCAUGAAGCAGCUGAAGAGAAGAAGAUACACA
GGAUGGGGAAGACUGAGCAGAAAGCUGAUCAACGGAAUCAG
AGACAAGCAGAGCGGAAAGACAAUCCUGGACUUCCUGAAGA
GCGACGGAUUCGCAAACAGAAACUUCAUGCAGCUGAUCCAC
GACGACAGCCUGACAUUCAAGGAAGACAUCCAGAAGGCACA
GGUCAGCGGACAGOGGAGACAGCCUGCACGAACACAUCGCAA
ACCUGGCAGGAAGCCCOGCAAUCAAGAAGGGAAUCCUGCAG
ACAGUCAAGGUCGUCGACGAACUGGUCAAGGUCAUGGGAAG
ACACAAGCCGGAAAACAUCGUCAUCGAAAUGGCAAGAGAAA
ACCAGACAACACAGAAGGGACAGAAGAACAGCAGCAGAAAGA
AUGAAGAGAAUCGAAGAAGGAAUCAAGGAACUGGGAAGCCA
GAUCCUGAAGOGAACACCCGOUCGAAAACACACAGCUGCAGA
ACGAAAAGCUGUACCUGUACUACCUGCAGAACGGAAGAGAC
AUGUACGUCGACCAGGAACUGGACAUCAACAGACUGAGCGA
CUACGACGUCGACGCAAUCGUCCCGCAGAGLUUCCUGAAGG
ACGACAGCAUCGACAACAAGGUCCUGACAAGAAGCGACAAG
AACAGAGGAAAGAGCGACAACGUCCCGAGCGAAGAAGUCGU
CAAGAAGAUGAAGAACUACUGGAGACAGCUGCUGAACGCAA
AGCUGAUCACACAGAGAAAGUUCGACAACCUGACAAAGGCA
GAGAGAGGAGGACUGAGCGAACUGGACAAGGCAGGAULICAY
CAAGAGACAGCUGGUCGAAACAAGACAGAUCACAAAGCALCG
UCGCACAGAUCCUGGACAGCAGAAUGAACACAAAGUACGAC
GAAAACGACAAGCUGAUCAGAGAAGUCAAGGUCAUCACACU
GAAGAGCAAGCUGGUCAGCGACUUCAGAAAGGACUUCCAGU
UCUACAAGGUCAGAGAAAUCAACAACUACCACCACGCACAC
GACGCAUACCUGAACGCAGUCGUCGGAACAGCACUGAUCAA
GAAGUACCCGAAGCUGGAAAGCGCAAUUCGUCUACGGAGACU
ACAAGGUCUACGACGUCAGAAAGAUGAUCGCAAAGAGCGAA
CAGGAAAUCGGAAAGGCAACAGCALAAGUACUUCUUCUACAG
CAACAUCAUGAACUUCUUCAAGACAGAAAUCACACUGGCAA
ACGGAGAAAUCAGAAAGAGACCGCUGAUCGAAACAAACGGA
GAAACAGGAGAAAUCGUCUGGGACAAGGOAAGAGACUUCGT
AACAGUCAGAAAGGUCCUGAGCAUGCCGCAGGUCAACALCG
UCAAGAAGACAGAAGUCCAGACAGGAGGAUUCAGCAAGGAA
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AGCAUCCUGCCGAAGAGAAACAGCGACAAGCUGAUCGCAAG
AAAGAAGGACUGGGACCCGAAGAAGUACGGAGGAUUCGACA
GCCCGACAGUCGCAUACAGCGUCCUGGUCGUCGCAAAGGUC
GAAAAGGGAAAGAGCAAGAAGCUGAAGAGCGUCAAGGAACU
GCUGGGAAUCACAAUCAUGGAAAGAAGCAGTUUCGAAAAGA
ACCCGAUCGACUUCCUGGAAGCAAAGGGAUACAAGGAAGUC
AAGAAGGACCUGAUCAUCAAGCUGCCGAAGUACAGCCUGLY
CGAACUGGAAAACGGAAGAAAGAGAAUGCUGGCAAGCGCAG
GAGAACUGCAGAAGGGAAACGAACUGGCACUGCCGAGCAAG
UACGUCAACUUCCUGUACCUGGCAAGCCACUACGAAAAGCYU
GAAGGGAAGCCCGGAAGACAACGAACAGAAGCAGCUGUUCG
UCGAACAGCACAAGCACUACCUGGACGAAAUCAUCGAACAG
AUCAGCGAAUUCAGCAAGAGAGUCAUCCUGGCAGACGCAAA
CCUGGACAAGGUCCUGAGCGCAUACAACAAGCACAGAGACA
AGCCGAUCAGAGAACAGGCAGAAAACAUCAUCCALCCUGUUC
ACACUGACAAACCUGGGAGCACCGGCAGCAUUCAAGUACUU
CGACACAACAAUCGACAGAAAGAGAUACACAAGCACAAAGG
AAGUCCUGGACGCAACACUGAUCCACCAGAGCAUCACAGGA
CUGUACGAAACAAGAAUCGACCUGAGCCAGCUGGGAGGAGA
C
GGAAGCGGAAGCCCGAAGAAGAAGAGAAAGGUCGACGGAAG
CCCGAAGAAGAAGAGAAAGGUCGACAGCGGA

T7 promoier TAATACOGACTCACTATA 31
Human beta- ACATITGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAAL 32
globin &’ AGACACC
UTR
Human beta- GCTCGCTTTCTTGCTGTCCAATTITCTATTAAAGGTTCCTITGTT 33
globin 3° COCTAAGTCCAACTACTAAACTGGOGGATATTATGAAGLRGLCT
UTR TGAGCATCTGGATTCTGCCTAATAAABAACATTTATTTTCATTG

C
Human CATAAACCCTGGLGLCGUTCGCOGCCCGOGCACTCTICTOGTCCT 34
alphs-plobin CACAGACTCAGAGAGAACCCALC
5 UTR
Human GCTGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTGGGCCTCCC 35
alpha-globin CCCAGCCCCTCCTCCCCTTCCTGCACCCOTACCCCCOTGGTCTT
P UTR TCAATAAAGTCTGAGTGGGCGGC
Xenopus AAGCTCAGAATAAACGCTCAACTITGGCC kid
laevis beta-
globin 3’
UTR
Xenapus ACCAGCCTCAAGAACACCCGAATGGAGTCTCTAAGCTACATA 37
{aevis beta- ATACCAACTTACACTTTACAAAATGTTGTCCCCCAAAATGTAG
globin 3’ CCATTCOTATCTGCTCCTAATAAAAAGAAAGTTTCTTCACATTC
UTR T
Bovine CAGGGTCCTGTGGACAGCTCACCAGLT 38
Growth
Hormone 57
UTR
Bovine TTGCCAGCCATCTGTIGTITGCCCCTCCCCCGTGCCTTCCTTGA 39
Groweh CCCTGGAAGGTOCCACTCCCACTGTCCTTICCTAATAAAATGA

Hormone 3°

GOAAATTGCATCGCA
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UTR

Mus GCTGCCTTCTGCGGGGCTTGCCTTCTGGCCATGCCCTTICTTCTC 40

musculus TCCCTTGCACCTGTACCTCTTIGGTCTTTGAATAAAGCCTGAGTA

hemoglobin GGAAG

aiphs, adult

chain 1

{Hba-al),

JUTR

HSD1TB4 & TCCCGCAGTCGGCGTCCAGCGGCTICTCGCTIGTICOTGTGTGTGY 43

UTR CGTTGCAGGCCTTATIC

G182 guide | MUFMU*mA*CAGCCACGUCUACAGCAGUUUUAGAMGm |

RNA ConlUmAmGmAnmAnAmUmAmGmCAAGUUAAAAUAAGG

targeting CUAGUCCCGUUAUCAMAmCmUmUmGmAmAmAMAMAmM

TTR GmUmGrmaGmCmAmCmCrnGmAmGmUmCmGmGmUmGmC
mU*mU*mU*mlU

Cas? GGGTCCCGCAGTCGGLCGTCCAGCGGCTCTGCTIGTTICGTGTGT 43

transcript GTGTCGTTGCAGGCCTTATTCGGATCOGCCACCATGGACAAGA

with 5’ UTR AGTACAGCATCGUACTGGACATCGGAACAAMACAGCGTCGGAT

of HSD, GGGCAGTCATCACAGACGAATACAAGGTCCCGAGCAAGAAGT

ORF TCAAGGTCCTGGGAAACACAGACAGACACAGCATCAAGAAGA

corvespondi ACCTGATCGGAGCACTGCTGTTCGACAGCGGAGAAACAGCAG

ng to SEQ AAGCAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACA

D NG: 4, AGAAGAAAGAACAGAATCTGCTACCTGCAGGAAATCTTICAGC

Kazak AACGAAATGGCAAAGGTCGACGACAGCTICTICCACAGALCTG

sequence, GAAGAAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGA

and 3' UTR CACCCGATCTTCGGAAACATCGTCGACGAAGTCGCATACCACG

of ALB AAAAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGOGTCG

ACAGCACAGACAAGGCAGACCTCAGACTGATCTACCTGGCAC
TGGCACACATGATCAAGTTCAGAGCGACACTTCCTCGATCHAAGG
AGACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTCAT
CCAGCTGGTCCAGACATACAACCAGCTGTICGAAGAAAACTC
GATCAACGCAAGCGGAGTCOACGCAAAGGLCAATCCTGAGCGE
AAGACTGAGCAAGAGCAGAAGACTGGAAAACCTOATCOGCALCA
GCTGCCGGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGAT
CGCACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTIC
GACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACA
TACGACGACGACCTGGACAACCTGCTGOGCACAGATCGGAGAC
CAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGAC
GCAATCCTOCTGAGCCACATCOTGAGAGTCAACACAGAAATC
ACAAAGGCACCGCTGAGCGCAAGCATGATCAAGAGATACGAC
GAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGA
CAGCAGCTGCCGGAAAAGTACAAGGAAATCTICTTICGACCAG
AGCAAGAACGGATACGCAGGATACATCGACGGAGGAGCAAGC
CAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAG
ATGGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAA
QACCTGCTGAGAAAQCAGAGAACATTCGACAACGGAAGCATC
CCGCACCAGATCCACCTOGOAGAACTGCACGCAATCCTGAGA
AGACAGOAAGACTTCTACCCOTTCCTGAAGGACAACAGAGAA
AAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCG
GACCGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAA
GAAAGAGCGAAGAAACAATCACACCOTGGAACTTCGAAGAADG
TCGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAA
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TOACAAACTTCGACAAGAACCTGCCOAACGAAAAGOTCCTGC
CGAAGCACAGCCTGCTGTACGAATACTTCACAGTCTACAACGA
ACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGCC
GGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCT
GCTGTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGCTGAA
GGAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTCGA
AATCAGCGGAGTCCGAAGACAGATTCAACGCAAGCCTGGGAAC
ATACCACGACCTGCTGAAGATCATCAAGGACAAGGACTTCCTG
GACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCTG
ACACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGA
CTGAAGACATACGCACACCTGTTCGACGACAAGGTCATGAAG
CAGCTGAAGAGAAGAAGATACACAGOATGGGGAAGACTGAG
CAGAAAGCTGATCAACGOAATCAGAGACAAGCAGAGLGGAA
AGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGCAAACA
GAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATICAA
GGAAGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACA
GCCTGCACGAACACATCGCAAACCTGOCAGGAAGCCCGGCAA
TCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAAC
TGOTCAAGGTCATGGGAAGACACAAGLCGGAAAACATCGTCA
TCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAG
AAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAAT
CAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCGA
AAACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCT
GCAGAACGGAAGAGACATGTACGTCGACCAGGAACTGGACAT
CAACAGACTGAGCGACTACGACGTCGACCACATCGTCCCGCA
GAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGAC
AAGAAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGA
GCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGAGACAGC
TGCTGAACGCAAAGCTGATCACACAGAGAAAGTTCGACAACC
TCGACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAG
GCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATC
ACAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACA
AAGTACGACGAAAACCGACAAGCTCGATCAGAGAAGTCAAGGTC
ATCACACTGAAGAGCAAGCTGOTCAGCGACTICAGAAAGGAL
TICCAGTTCTACAAGGTCAGAGAAATCAACAACTACCACCACG
CACACGACGCATACCTGAACGCAGTCOTCGGAACAGCACTGA
TCAAGAAGTACCCGAAGCTGOAAAGCGAATTCOTCTACGGAG
ACTACAAGOTCTACGACGTCAGAAAGATGATCGCAAAGAGCG
AACAGGAAATCGGAAAGGCAACAGCAAAGTACTTCTTCTACA
GCAACATCATGAACTTICTTCAAGACAGAAATCACACTGGCAA
ACGGAGAAATCAGAAAGAGACCGCTGATCGAAACAAACGGA
GAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGACTTCGCA
ACAGTCAGAAAGGTCCTGAGCATOGCCGCAGGTCAACATCGTC
AAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAAGGAAAG
CATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAA
GAAGGACTGGGACCCGAAGAAGTACGGAGGATTCGACAGCCC
GACAGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTCGAAAA
GGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGG
GAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGA
TCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAGAAGG
ACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTICGAACTGGA
AAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGC
AGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTCAACT
TCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCC
CGGAAGACAACGAACAGAAGCAGCTGTTCGTCGAACAGCACA
AGCACTACCTGGACGAAATCATCGAACAGATCAGCGAATTCA
QCAAGAQGAQTCATCCTGGCAGACGCAAACCTGGACAAGGTCC
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TGAGCGCATACAACAAGCACAGAGACAAGUCGATCAGAGAAC
AGGCAGAAAACATCATCCACCTGTTCACACTGACAAACCTGG
GAGCACCGGCAGCATTCAAGTACTTCGACACAACAATCGACA
GAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCAACAC
TOATCCACCAGAGCATCACAGGACTGTACGAAACAAGAATCG
ACCTGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAG
AAGAAGAGAAAGGTCTAGCTAGCCATCACATTTAAAAGCATC
TCAGCCTACCATGAGAATAAGAGAAAGAALATGAAGATCAAT
AGCTTATTCATCTCTTTTTCTITTICGTTGGTGTAAAGCCAACA
CCCTGTCTAAAAAACATAAATTTICTITAATCATITIGCCTCTTT
TCTCTGTGCTTCAATTAATAAAAAATGCAAAGAACCTCGAG

Cass GOGGTCCCHGCAGTCGOCGTICCAGCGGCTCTGLTTGTICGTIGT 44
trapseript GTGTGTCGTTGCAGGCCTTATTCGGATCCATGGACAAGAAGTA
with 3 UTR CAGCATCGGACTGGACATCGGAACAAACAGCGTCGGATGGEC
of HSD, AGTCATCACAGACGAATACAAGOTCCCGAGCAAGAAGTTCAA
ORYF GGTCCTGGGAAACACAGACAGACACAGCATCAAGAAGAACCT
correspondi GATCOGGAGCACTGCTOTTCGACAGCGGAGAAACAGCAGAAGT
ng to SEQ AACAAGACTGAAGAGAACAGCAAGAAGAAGATACACAAGAA
1D NO: 4, GAAAGAACAGAATCTGCTACCTGCAGGAAATCTTCAGCAACG
and 3’ UTR AAATGGCAAAGGTCGACGACAGCTTICTTICCACAGACTGGAAG
of ALB AAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGACACC

CGATCTTCGGAAACATCGTCGACGAAGTCGCATACCACGAAA
AGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCGACA
GCACAGACAAGGCAGACCTGAGACTGATCTACCTGGCACTGG
CACACATGATCAAGTTCAGAGGACACTTICCTGATCGAAGGAG
ACCTGAACCCGGACAACAGCCACGTCGACAAGCTGTTCATCC
AGCTGOGTCCAGACATACAACCAGCTGTTCGAAGAAAACCCGA
TCAACGCAAGCGGAGTCGACGCAAAGGCAATCCTGAGCGCAA
GACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACAGC
TGCCGGGAGAAAAGAAGAACGCGACTGTTCGGAAACCTGATCG
CACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTTCG
ACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACAT
ACGACGACGACCTGGACAACCTGCTGGCACAGATCGGAGALC
AGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGACG
CAATCCTGCTGAGCGACATCCTGAGAGTCAACACAGAAATCA
CAAAGGCACCGCTGAGCGCAAGCATGATCAAGAGATALCGALG
AACACCACCAGGACCTGACACTOCTGAAGGCALCTGGTCAGAC
AGCAGCTGCCGGAAAAGTACAAGGAAATCTTCTTCGACCAGA
GCAAGAACGGATACGCAGGATACATCGACGGAGGAGCAAGCC
AGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAGA
TGGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAAG
ACCTGCTGAGAAAGCAGAGAACATTCOACAACGGAAGCATCT
COCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGAA
GACAGGAAGACTTCTACCCGTTCCTGAAGGACAACAGAGAAA
AGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCGG
ACCGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAAG
AAAGAGCGAAGAAACAATCACACCOTGGAACTTCGAAGAAGT
CGTCGACAAGGGAGCAAGCGCACAGAGCTICATCGAAAGAAT
GACAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGCC
GAAGCACAGCCTGCTGTACGAATACTTCACAGTCTACAACGAA
CTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGCCG
GCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCTG
CTGTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGCTGAAG
GAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTCGAA




WO 2019/067992 PCT/US2018/053559

ATCAGCGGAGTCGAAGACAGATTCAACGCAAGCCTGGGAACA
TACCACGACCTGCTGAAGATCATCAAGGACAAGGACTTCCTGG
ACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCTGA
CACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGAC
TGAAGACATACGCACACCTGTTCGACGACAAGGTCATGAAGC
AGCTGAAGAGAAGAAGATACACAGGATGGGGAAGACTGAGC
AGAAAGCTGATCAACGGAATCAGAGACAAGCAGAGCGGAAA
GACAATCCTGGACTTCCTGAAGAGCOACGGATTCOCAAACAG
AAACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAAG
GAAGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACAG
CCTGCACGAACACATCGCAAACCTOOCAGOAAGCCCGGCAAT
CAAGAAGGGAATCCTOCAGACAGTCAAGGTCGTCGACGAACT
GGTCAAGGTCATGGGAAGACACAAGCCGGAAAACATCGTCATY
CGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAGA
AGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAATC
AAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGOTCGAA
AACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCTG
CAGAACGGAAGAGACATGTACGTCGACCAGOAACTGGACATL
AACAGACTOAGCGACTACGACGTCGACCACATCGTCCCGCAG
AGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGACA
AGAAGCGACAAGAACAGAGOAAAGAGCGACAACGTCCCGAG
CGAAGAAGTCGTCAAGAAGATOAAGAACTACTGGAGACAGCY
GCTGAACGCAAAGCTGATCACACAGAGAAAGTTCGACAACCT
GACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAGG
CAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATCA
CAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACAA
AGTACGACGAAAACGACAAGCTOGATCAGAGAAGTCAAGGTCA
TCACACTGAAGAGCAAGCTGGTCAGCGACTTCAGAAAGGACT
TCCAGTTCTACAAGGTCAGAGAAATCAACAACTACCACCACGC
ACACGACGCATACCTGAACGCAGTCGTCGGAACAGCACTGAT
CAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTCTACGGAGA
CTACAAGGTCTACGACGTCAGAAAGATGATCGCAAAGAGCGA
ACAGGAAATCOCGAAAGGCAACAGCAAAGTACTTICTTCTACAG
CAACATCATGAACTICTTICAAGACAGAAATCACACTGGCAAAT
GGAGAAATCAGAAAGAGACCGCTCATCGAAACAAACGHAGA
AACAGGAGAAATCOTCTGGGACAAGGCAAGAGACTTCGCAAL
AGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCOTCAA
GAAGACAGAAGTCCAGACAGGAGGATTICAGUAAGGAAAGCAT
CCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAAGAA
GOACTGOGACCCGAAGAAGTACGGAGGATTCGACAGCCCGAC
AGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTCGAAAAGGG
AAAGAGCAAGAAGCTGAAGAGCOTCAAGGAACTGCTGGGAAT
CACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGATCGA
CTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAGAAGGACCT
GATCATCAAGCTGCCGAAGTACAGCCTGTTCGAACTGGAAAA
CGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGCAGA
AGGGAAACGAACTGGCACTGCCGAGCAAGTACGTCAACTTCC
TGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCCCGG
AAGACAACGAACAGAAGCAGCTOTTCGTCGAACAGCATAAGC
ACTACCTGGACGAAATCATCGAACAGATCAGCGAATTICAG A
AGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCCTGA
GCGCATACAACAAGCACAGAGACAAGCCGATCAGAGAACAGS
CAGAAAACATCATCCACCTGTTCACACTGACAAACCTGGGAGC
ACCGGCAGCATTCAAGTACTTCGACACAACAATCGACAGAAA
GAGATACACAAGCACAAAGGAAGTCCTGGACGCAACACTGAT
CCACCAGAGCATCACAGGACTOTACGAAACAAGAATCGACCT
GAGCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGA
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AGAGAAAGGTCTAGCTAGCCATCACATITAAAAGCATCTCAGC
CTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTT
ATTCATCTCTITITCTITITCGTTGGTGTAAAGCCAACACCCTG
TCTAAAAAACATAAATTITCTTTAATCATTTTGCCTCTTTTICTCT
GTGCTTCAATTAATAAAAAATOGAAAGAACCTCGAG

Alternative ATGGATAAGAAGTACTCGATCGGGCTOGATATCGGAACTAATT 45
Cas9 ORF CCOTGGGTTGGGCAGTGATCACGGATCAATACAAAGTGCCGT

with 19.36% CCAAGAAGTTCAAGGTCCTGGGGAACACCGATAGACACAGCA

U content TCAAGAAGAATCTCATCGOAGCCCTGCTGTTTGACTCCGGCGA

AACCGCAGAAGCGACCCGGCTCAAACGTACCGCGAGOGCGACG
CTACACCCGGCGGAAGAATCGCATCTGCTATCTGCAAGAAATT
TTTTCGAACGAAATGGCAAAGGTGOGACGACAGCTTICTICCACT
GCCTGGAAGAATCTTTCCTGGTGGAGGAGGACAAGAAGCATG
AACGGCATCCTATCTTTGGAAACATCGTGGACGAAGTGGLGTA
CCACGAAAAGTACCCGACCATCTACCATCTGCGGAAGAAGTT
GGTTGACTCAACTCACAAGGCCGACCTCAGATTIGATCTACTTG
GCCCTCGCCCATATGATCAAATTCCGCGGACACTTICCTGATCG
AAGGCGATCTGAACCCTGATAACTCCGACGTGGATAAGCTGTT
CATTCAACTGGTGCAGACCTACAACCAACTGTTCGAAGAAAAC
CCAATCAATGCCAGCGGCOTCGATOGCCAAGGCCATCCTGTCCG
CCCGGCTGTCGAAGTCOCGGCGUCTCGAAAACCTGATCGCACA
GCTGCCGGGAGAGAAGAAGAACGGACTTTTCGGCAACTTGAT
CGCTCTCTCACTGGGACTCACTCCCAATTTCAAGTCCAATTTIG
ACCTGGCCGAGGACGCGAAGCTGCAACTCTCAAAGGACACCT
ACGACGACGACTTGGACAATTTGCTGGCACAAATTGGCGATCA
GTACGCGGATCTGTTCCTTGCCGCTAAGAACCTTTCGGACGCA
ATCTIGCTGTCCGATATCCTGCGCOTGAACACCGAAATAACCA
AAGCGCCGCTTAGCGCCTCGATGATTAAGCGOTACGACGAGC
ATCACCAGGATCTCACGCTGCTCAAAGCGCTCGTGAGACAGCA
ACTGCCTGAAAAGTACAAGGAGATTITCTTCGACCAGTCCAAG
AATGGGTACGCAGGGTACATCGATGGAGGCOCCAGCCAGGAA
GAGTTCTATAAGTTCATCAAGCCAATCCTGGAAAAGATGGACG
GAACCGAAGAACTGCTGOTCAAGCTGCAACAGGGAGGATCTGC
TCCGCAAACAQGAGAACCTTTGACAACGGAAGCATICCACACC
AGATCCATCTGGGTGAGCTGCACGCCATCTTIGOGGCGCCAGGA
GGACTTTTACCCATICCICAAGGACAACCGUGAAAAGATCGA
GAAAATTCTGACGTTCCGCATCCCOTATTACGTGOGCCCACTEG
GCOCGCGGUAATTICGCGUTTCGCOTGGATGACTAGAAAATCA
GAGGAAACCATCACTCCTIGGAATTTCGAGGAAGTTGTGGATA
AGGGAGCTTCGGCACAATCCTTCATCGAACGAATGACCAACTT
CGACAAGAATCTCCCAAACGAGAAGGTOCTTCCTAAGCACAG
CCTCCTTTACGAATACTTCACTGTCTACAACGAATTGACTAAA
GYGAAATACGTTACTGAAGGAATCGAGGAAGCCGOGCCTTICTC
AGCGGAGAACAGAAGAAAGCGATTIGTCGATCTGCTGTTCAAG
ACCAACCGCAAGGTGACCGTCAAGCAGCTTAAAGAGGACTAC
TTCAAGAAGATCGAGTGTTTICGACTCAGTGGAAATCAGCGGA
GTGCGAGGACAGATTCAACGCTTCGCTGGGAACCTATCATGATC
TCCTGAAGATCATCAAGGACAAGGACTICCTIGACAACGAGG
AGAACGAGGACATCCTGGAAGATATCGTCCTGACCTTIGACCCT
TTTCCGAGGATCGCCAGATGATCOAGGAGAGGCTTAAGACCTA
CGCTCATCTCTTCGACGATAAGGTCATGAAACAACTCAAGCGC
CGCCGGTACACTGGTIGGGGCCGCCTCTCCCGCAAGCTGATCA
ACGGTATTCOCGATAAACAGAGCGGTAALAACTATCCTGGATTT
CCTCAAATCGGATGGCTTCGCTAATCGTAACTTCATGCAGTTG
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ATCCACGACGACAGCCTGACCTTITAAGGAGGACATCCAGAAA
GCACAAGTGAGCGGACAGGGAGACTCACTCCATGAACACATC
GCGAATCTGGCCGGTTCGCCGGCGATTAAGAAGGGAATCCTG
CAAACTGTGAAGGTGGTGOACGAGCTGOTGAAGOTCATGGGA
CGGCACAAACCGUAGAATATCGTGATTGAAATGGCCCGAGAA
AACCAGACTACCCAGAAGGGCCAGAAGAACTCCCGCGAAAGG
ATGAAGCGGATCGAAGAAQGAATCAAGGAGCTGOGCAGCCAG
ATCCTGAAAGAGCACCCOGTGGAAAACACGCAGCTGCAGAAC
GAGAAGCTCTACCTGTACTATTTGCAAAATGGACGGGACATGT
ACGTGGACCAAGAGCTGGACATCAATCGGTTGTCTGATTACGA
CGTGGACCACATCOTTCCACAGTCCTTTCTGAAGGATGACTCC
ATCGATAACAAGGTGTTGACTCGCAGCGACAAGAACAGAGGG
AAGTCAGATAATGTGCCATCGGAGGAGGTCGTGAAGAAGATG
AAGAATTACTGGCGGCAGCTCCTGAATGCGAAGCTGATTACCC
AGAGAAAGTITGACAATCTCACTAAAGCCGAGLGCGGCGGAL
TCTCAGAGCTGGATAAGGCTGGATICATCAAACGGCAGCTGET
CGAGACTCGGCAGATTACCAAGCACGTGGCGLAGATCCTGHA
CTCCCGCATGAACACTAAATACGACGAGAACGATAAGCTCAT
CCOGGAAGTGAAGGTGATTACCCTGAAAAGCAAACTTGIGTC
GGACTTTCGGAAGGACTTTCAGTTTTACAAAGTGAGAGAAATC
AACAACTACCATCACGUGCATGACGCATACCTCAACGCTGTGEG
TCGGCACCGCCCTOATCAAGAAGTACCCTAAACTTGAATCGGA
GTTTGTOTACGGAGACTACAAGGTCTACGACGTGAGGAAGAT
GATAGCCAAGTCCGAACAGGAAATCGGGAAAGCAACTGCGAA
ATACTTCTITTACTCAAACATCATGAACTTICTTCAAGACTGAA
ATTACGCTGGCCAATGGAGAAATCAGGAAGAGGCCACTGATC
GAAACTAACGGAGAAACGGGCGAAATCGTGTGGGACAAGGGE
AGGGACTTCGCAACTGTTCGCAAAGTGCTCTCTATGCCGCAAG
TCAATATTGTGAAGAAAACCGAAGTGCAAACCGOCGOATTTTC
AAAGGAATCGATCOTCCCAAAGAGAAATAGCGACAAGCTCAT
TGCACGCAAGAAAGACTGGGACCCGAAGAAGTACGGAGGATT
CGATTCGCCGACTGTCGCATACTCCGTCCTCGTGGTGGCCAAG
CTGGAGAAGGGAAAGAGCAAGAAGCTCAAATCCGTCAAAGA
GCTGCTGGGHATTACCATCATGGAACGATCCTCGTTCOAGAAG
AACCCGATTGATTTCCTGGAGGCGAAGGGTTACAAGGAGGTG
AAGAAGGATCTGATCATCAAACTGCCCAAGTACTCACTGTTCG
AACTOGAAAATGGTCGOAAGCGCATGCTGOCTTCGGCCGGAG
AACTCCAGAAAGGAAATCGAGCTGGCCTTGCCTAGCAAGTACG
TCAACTTCCTCTATCTTGCTTCGCACTACGAGAAACTCAAAGG
GTCACCGGAAGATAACGAACAGAAGCAGCTTTTCGTGGAGCA
GCACAAGCATTATCTGGATGAAATCATCGAACAAATCTCCGAG
TTTTCAAAGCGCGTQATCCTCGUCGACGLCAACCTCGACAAAG
TCCTGTCOGCCTACAATAAGCATAGAGATAAGCCGATCAGAG
AACAGGCCGAGAACATTATCCACTIGTTCACCCTGACTAACCY
GGGAGCTCCAGCCGCCTTCAAGTACTTCGATACTACTATCGAL
CGCAAAAGATACACGTCCACCAAGGAAGTTCTGGACGCGACC
CTGATCCACCAAAGCATCACTGCGACTCTACGAAACTAGGATCG
ATCTGTCGCAGCTGGGTGGCGATGGTGGLGGTGGATCCTACCT
ATACGACGTGCCTGACTACGCCTCCGGAGGTGGTGGCCCCAAG
AAGAAACGGAAGGTGTGATAG

Cas? GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTIGTTCGTGTGT 46
tramscript GTGTCGTTGCAGGCCTTATTICGGATCTGCCACCATGGATAAGA
with & UTR AGTACTCOATCGOGCTOGATATCGGAACTAATTCCOGTGGOTTC

of HSD, GQGCAGTGATCACGGATCGAATACAAAGTGCCGTCCAAGAAGTT
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ORF CAAGGTCCTGGGGAACACCGATAGACACAGCATCAAGAAGAA
correspondi TCTCATCGGAGCCCTGCTGTTTGACTCCGGCGAAACCGCAGAA
ng to SEQ GCGACCCGGCTCAAACGTACCGCGAGGCGACGCTACACCCGG
ID NG: 45, CGGAAGAATCGCATCTGCTATCTGCAAGAAATCTTTICGAACG
Kozak AAATGGCAAAGGTGGACGACAGCTICTICCACCGCCTGGAAG
sequence, AATCTTTCCTGGTGGAGGAGGACAAGAAGCATGAACGGCATC
and 3 UTR CTATCTTTGGAAACATCOTGGACGAAGTGGCGTACCACGAAA
of ALB AGTACCCGACCATCTACCATCTGCGGAAGAAGTTGGTTGACTC

AACTGACAAGGCCGACCTCAGATTGATCTACTTGGCCCTCGLC
CATATGATCAAATTCCGCGGACACTTCCTGATCGAAGGCGATC
TGAACCCTGATAACTCCGACGTOOATAAGCTGTTCATTCAACT
GGIGCAGACCTACAACCAACTGTTCCGAAGAAAALCCAATCAA
TGCCAGCGGCGTCGATGCCAAGGCCATCCTGICCGLCCOHGCTE
TCOGAAGTCGCGGCGCCTCGAAAACCTCATCGCACAGCTGCLG
GGAGAGAAGAAGAACGGACTTTTCGGCAACTTGATCGCTCTICT
CACTGGGACTCACTCCCAATITCAAGTCCAATITIGACCTRGC
CGAGGACGCGAAGCTGCAACTCTCAAAGGACACITACGACGA
CGACTTGGACAATTTGCTGGCACAAATTIGGCGATCAGTALGCG
GATCTGTTCCTTGCCGCTAAGAACCTTITCGGACGCAATCTTIGCT
GTCCOATATCCTGCGCOTGAACACCGAAATAACCAAAGCGCC
GCTTAGCGCCTCGATGATTAAGCGGTACGACGAGCATCACCAG
GATCTCACGCTGCTCAAAGCGETCGTGAGACAGLCAALTGCCTG
AAAAGTACAAGGAGATTTTCTTCGACCAGTCCAAGAATGGGT
ACGCAGGGTACATCGATGGAGGCGCCAGCCAGGAAGAGTTICT
ATAAGTTCATCAAGCCAATCCTGGAAAAGATGGACGGAACCG
AAGAACTGCTGGTCAAGCTGAACAGGGAGGATCTGCTCCGCA
AACAGAGAACCTTTGACAACGGAAGCATTCCACACCAGATCC
ATCTGGGTGAGCTGCACGCCATCTTGCGGCGCCAGGAGGACTT
TTACCCATTCCTCAAGGACAACCGGGAAAAGATCGAGAAAAT
TCTGACGTICCGCATCCCGTATTACOGTGGGLCCACTGGCGLGT
GGCAATTCGCGCTTCGCGTGGATGACTAGAAAATCAGAGGAA
ACCATCACTCCTTGGAATTITCGAGGAAGTIGTGGATAAGGGAG
CTTCCGCACAATCCTICATCGAACGAATCACCAACTTCGACAA
GAATCTCCCAAACGAGAAGGTIGCTTCCTAAGCACAGCCTCCTT
TACGAATACTTCACTGTCTACAACGAACTGACTAAAGTGAAAT
ACGTTACTGAAGGAATGAGGAAGCCGGLCTTICTGAGCOGAG
AACAGAAGAAAGCGATTGTCGATCTGCTOTTCAAGACCAACC
GCAAGGTOACCGTCAAGCAGCTTAAAGAGGACTACTTICAAGA
AGATCGAGTGTTICGACTCAGTGGAAATCAGCGLAGTGGAGE
ACAGATTCAACGCTTCGCTGGGAACCTATCATGATCTCCTGAA
GATCATCAAGGACAAGGACTTCCTTGACAACGAGGAGAACGA
GOACATCCTGGAAGATATCGTCCTGACCTTGACCCTITICGAG
GATCGCGAGATCGATCGAGGAGAGGCTTAAGACCTACGCTCAT
CTCTTCGACGATAAGGTCATGAAACAACTCAAGCGCCGLLGGT
ACACTGGTIGGGGCCGCCTCTCCCGCAAGCTGATC AACGOTAT
TCGCGATAAACAGAGCGGTAAAACTATCCTGGATTTCCTCAAA
TCGCGATGGCTTCGCTAATCGTAACTTCATGCAGTTGATCCACG
ACGACAGCCTGACCTTTAAGGAGGACATCCAGAAAGCACAAG
TOAGCGGACAGGGAGACTCACTCCATGAACACATCGCGAATC
TGGCCGGTTCGCCGGCGATTAAGAAGGGAATCCTGCAAACTGT
GAAGGTGGTGGACGAGCTGGTGAAGGTCATGGGACGGCACAA
ACCGGAGAATATCGTGATTGAAATGGCCCGAGAAAACCAGAC
TACCCAGAAGGGCCAGAAGAACTCCCGCGAAAGGATGAAGCG
GATCGAAGAAGGAATCAAGGAGCTGGGCAGCCAGATCCTGAA
AGAGCACCCGOTGGAAAACACGCAGCTGCAGAACGAGAAGCT
CTACCTGTACTATTTGCAAAATGGACGGGACATGTACGTGGAC
CAAGAGCTOGGACATCAATCOGTTIGTCTGATTACGACGTOGACC
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ACATCGTTCCACAGTCCTTTCTGAAGGATGACTCCATCGATAA
CAAGGTGTTGACTCGCAGCGACAAGAACAGAGGGAAGTCAGA
TAATGTGCCATCGGAGGAGGTCGTGAAGAAGATGAAGAATTA
CTGGCGGCAGCTCCTGAATGCGAAGCTGATTACCCAGAGAAA
GTTTGACAATCTCACTAAAGCCOAGCGLCGGLGGACTCTCAGAG
CTGGATAAGGCTGGATTCATCAAACGGCAGCTGGTCGAGACTC
GOCAGATTACCAAGCACGTOGCGCAGATCCTGGACTCCCGCAT
GAACACTAAATACGACGAGAACGATAAGCTCATCCGGGAAGT
GAAGGTGATTACCCTGAAAAGCAAACTTGTGTCGGACTTTICGG
AAGGACTTTCAGTTTTACAAAGTGAGAGAAATCAACAACTACC
ATCACGCOCATGACGCATACCTCAACGCTOTGGTCGGCACOGC
CCTGATCAAGAAGTACCCTAAACTTGAATCGOAGTTTIGTGTAL
GGAGACTACAAGGTCTACCACGTGAGGAAGATGATAGCCAAG
TCCGAACAGGAAATCGGGAAAGCAACTGCGAAATACTTICTTTT
ACTCAAACATCATGAACTTICTTCAAGACTGAAATTACGCTGGL
CAATGGAGAAATCAGGAAGAGGCCACTGATCGAAACTAACGG
AGAAACGGGCGAAATCGTGTGGOACAAGGGCAGGGACTTCGL
AACTGTTCGCAAAGTGCTCTCTATOCCGCAAGTCAATATIGTG
AAGAAAACCGAAGTGCAAACCOGOGGATTTTCAAAGGAATCG
ATCCTCCCAAAGAGAAATAGCGACAAGCTCATTGCACGCAAG
AAAGACTOGGACCCGAAGAAGTACGGAGGATTCGATTCGCCG
ACTGTCGCATACTCCOGTCCTCGTGGTGGCCAAGGTGGAGAAGE
GAAAGAGCAAGAAGCTCAAATCCGTCAAAGAGCTGCTGGGGA
TTACCATCATGGAACGATCCTCGTTCGAGAAGAACCCGATTGA
TITCCTGGAGGCGAAGGGTTACAAGGAGGTGAAGAAGGATCT
GATCATCAAACTGCCCAAGTACTCACTGTTCGAACTGGAAAAT
GOTCGGAAGCGCATGCTGGCTTCGOCCGGAGAACTCCAGAAA
GGAAATGAGCTGGCCTTGCCTAGCAAGTACGTCAACTTICCTCT
ATCTTGCTTCGCACTACGAGAAACTCAAAGGGTCACCGGAAG
ATAACGAACAGAAGCAGCTTTTCGTGGAGCAGCACAAGCATT
ATCTGGATGAAATCATCGAACAAATCTCCGAGTTTITCAAAGCG
CGTGATCCTCGCCCGACGCCAACCTCGACAAAGTCCTGTCGGCC
TACAATAAGCCATAGAGATAAGCCCGATCAGAGAACAGGCCGAG
AACATIATCCACTTGTICACCCTGACTAACCTGOGAGCTCCAG
CCGCCTTCAAGTACTICGATACTACTATCGACCGCAAAAGATA
CACGTCCACCAAGGAAGTTCTGCACGCGACCCTGATCCACCAA
AGCATCACTGGACTCTACGAAACTAGGATCGATCTGTCGCAGC
TGGGTGGCGATGOTGGCGOTGGATCCTACCCATACGACGTGCC
TGACTACGCCTCCGGAGGTGOTGOCCCCAAGAAGAAACGGAA
GOTCTGATAGCTAGCCATCACATTTAAAAGCATCTCAGLCTAC
CATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTC
ATCTCTTTTITCTTTTTCGTTIGGTGTAAAGCCAACACCCTGTCTA
AAAAACATAAATTTCTITAATCATITIGCCICTITTICTICIGTGC
TTCAATTAATAAAAAATGGAAAGAACCTCGAG

Cash GGGTCCCGCAGTCGGCGTICCAGCGGCTCTGCTIGTICGTGTGT 47
transcript GTGTCGTTGCAGGCCTTATTCGGATCTATGGATAAGAAGTACT

with 5’ UTR CGATCGGGCTGGATATCGGAACTAATTCCGTGGGTTGGGCAGT

of H5D, GATCACGCGATGAATACAAAGTGCCGTCCAAGAAGTTCAAGGT

ORF CCTGGGGAACACCGATAGACACAGCATCAAGAAGAATCTCAT
correspondi CGOAGCCCTOCTGTTTGACTCCGGCGAALCCGCAGAAGCGAC

ng to SEQ CCGGCTCAAACGTACCGCGAGGCGACGCTACACCCGGCGGAA

1D NO: 45, GAATCGCATCTGCTATCTGCAAGAAATCTTTTCGAACGAAATG

2nd 3° UTR GCAAAGGTGGACGACAGCTTICTTCCACCGCCTGGAAGAATCTY

of ALB TCCTGGTGGAGGAGGACAAGAAGCATOAACGGCATCCTATCT
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TTGGAAACATCOTGGACGAAGTGGCGTACCACGAAAAGTALC
CGACCATCTACCATCTGCGGAAGAAGTTGGTTGACTCAACTGA
CAAGGCCGACCTCAGATTIGATCTACTTGGCCCTCGCCCATATG
ATCAAATTCCGCGGACACTTCCTGATCGAAGGCGATCTGAACT
CTGATAACTCCGACGTGGATAAGCTGTTCATTCAACTGGTGCA
GACCTACAACCAACTGTTCGAAGAAAACCCAATCAATGCCAG
CGOCGTCCGATGCCAAGGCCATCCTGTCCGCCCGGUTGTCGAAG
TCOCGGCOCCTCGAAAACCTOATCGLCACAGCTGCCGGGAGAG
AAGAAGAACGGACTTTTCGGCAACTTGATCGCTCTCTCACTGG
GACTCACTCCCAATTTCAAGTCCAATITIGACCTGGCCGAGGA
CGCGAAGCTGCAACTCTCAAAGGACACCTACGACGACGACTT
GGACAATTTGCTGGCACAAATTGGCGATCAGTACGCGGATCTG
TTCCTTGCCGCTAAGAACCTTTCGGACGCAATCTTGCTGTCCG
ATATCCTGCGCGTGAACACCGAAATAACCAAAGCGCCOGCTTA
GCGCCTCGATGATTAAGCGGTACGACGAGCATCACCAGGATCT
CACOCTGCTCAAAGCGCTCGTGAGACAGCAACTGCCTGAAAA
GTACAAGGAGATTTTCTTCGACCAGTCCAAGAATGGGTACGCA
GGGTACATCGATGGAGGCGCCAGCCAGGAAGAGTTCTATAAG
TTCATCAAGCCAATCCTGCGAAAAGATGGACGGAACCGAAGAA
CTGCTGGTCAAGCTGAACAGGGAGGATCTGCTCCGCAAACAG
AGAACCTTTGACAACGUOAAGCATTCCACACCAGATCCATETGEG
GTGAGCTGCACGCCATCTTGCOGCOCCAGGAGGALCTITTALCC
ATTCCTCAAGGACAACCGGGAAAAGATCGAGAAAATTCTOAC
GITCCGCATCCCGTATTACGTGGGCCCACTGGCGCGCGGCAAT
TCGCGCTTCGCGTGGATGACTAGAAAATCAGAGGAAACCATC
ACTCCTTGGAATITCGAGGAAGTTGTGGATAAGGGAGCTTCGG
CACAATCCTTCATCGAACGAATGACCAACTTCGACAAGAATCT
CCCAAACGAGAAGGTGCTTICCTAAGCACAGCCTCCTTTACGAA
TACTTCACTGTCTACAACGAACTGACTAAAGTGAAATACGTTA
CTGAAGGAATGAGGAAGCCGGCCTTTCTGAGCGGAGAACAGA
AGAAAGCGATTGTCGATCTGCTGTTCAAGACCAACCGCAAGGT
GACCGTCAAGCAGCTTAAAGAGGACTACTTCAAGAAGATCGA
CTGTTTCGACTCAGCTGGAAATCAGCGCGAGTGOAGGACAGATT
CAACGCTTCGCTGGGAACCTATCATGATCTCCTGAAGATCATL
AAGGACAAGGACTTCCTTGACAACGAGGAGAACGAGGACATC
CTGGAAGATATCGTCCTGACCTTGACCCTTTTCGAGGATCGCG
AGATGATCCGAGGAGAGOCTTAAGACCTACGCTCATCTCTTCGA
CGATAAGOTCATGAAACAACTCAAGCGCCGCCOGTACACTOG
TIGGGGCCGCCTCTCCCGCAAGCTCGATCAACGOTATTCGCGAT
AAACAGAGCGGTAAAACTATCCTGGATTTCCTCAAATCGGATG
GCTTCGCTAATCGTAACTTCATGCAGTTGATCCACGACGACAG
CCTGACCTTTAAGGAGGACATCCAGAAAGCACAAGTGAGCGG
ACAGGGAGACTCACTCCATGAACACATCGCGAATCTGGCCGG
TTCGCCGGCGATTAAGAAGGGAATCCTGCAAACTGTGAAGOT
GGTOGACGAGCTGGTGAAGGTCATGGGACGGCACAAACCGHA
GAATATCGTGATTGAAATGGCCCGAGAAAACCAGACTACCCA
GAAGGGCCAGAAGAACTCCCGCGAAAGGATGAAGCGGATCGA
AGAAGGAATCAAGGAGUTGGGCAGCCAGATOCTGAAAGAGTA
CCCGOTGGAAAACACGCAGCTGLAGAACGAGAAGCTCTACCTY
GTACTATTTGCAAAATGGACGGGACATGTACGTGGACCAAGA
GCTGGACATCAATCGGTTGTCTGATTACGACGTGGACCACATC
GTTCCACAGTCCTTTCTGAAGGATGACTCCATCGATAACAAGG
TGTTGACTCGCAGCGACAAGAACAGAGGGAAGTCAGATAATG
TGCCATCGGAGGAGGTCGTGAAGAAGATGAAGAATTACTGGC
GGCAGCTCCTGAATGCGAAGCTGATTACCCAGAGAAAGTTTG
ACAATCTCACTAAAGCCGAGCGCGOCGLACTCTCAGAGCTGG
ATAAGGCTGOATTCATCAAACGGCAGCTGGTCCAGACTCGGE
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AGATTACCAAGCACGTGGCGCAGATCCTGUACTCCCGCATGA
ACACTAAATACGACGAGAACGATAAGCTCATCCGGGAAGTGA
AGGTGATTACCCTGAAAAGCAAACTTGTGTCGGACTTTCGGAA
GGACTITCAGTTITTACAAAGTGAGAGAAATCAACAACTACCAT
CACGCGLUATGACGCATACCTCAACGLCTGTGOTOGGLACCGLCC
TGATCAAGAAGTACCLTAAACTTGAATCGGAGTTTGTGTACGG
AGACTACAAGGTCTACGACOGTGAGGAAGATGATAGCCAAGTC
CGAACAGGAAATCGGGAAAGCAACTGCGAAATACTTICTTTTA
CTCAAACATCATGAACTTCTTCAAGACTGAAATTACGCTGGCC
AATGGAGAAATCAGGAAGAGGCCACTGATCGAAACTAACGGA
GAAACGGGCOAAATCOTCTGGGACAAGGGCAGGGACTTICGCA
ACTGTTCGCAAAGTGCTCTCTATGCCGCAAGTCAATATTGTGA
AGAAAACCGAAGTGCAAACCGGCGUATTTTCAAAGGAATCOA
TCCTCCCAAAGAGAAATAGCGACAAGCTCATTGCACGCAAGA
AAGACTGGGACCCGAAGAAGTACGGAGGATICGATTICGCCGA
CTGTCGCATACTCCGTCCTCGTGGTGOCCAAGOTGGAGAAGGEH
AAAGAGCAAGAAGCTCAAATCCGTCAAAGAGCTGCTGGGGAT
TACCATCATGGAACGATCCTCOTTCGAGAAGAACCCGATTIGAT
TTCCTGGAGGLCGAAGGGTTACAAGGAGGTGAAGAAGGATCTG
ATCATCAAACTGCCCAAGTACTCACTOTTCGAACTGGAAAATG
GTCGGAAGCGCATGCTGGCTTCGGLCCGGAGAACTCCAGAAAG
GAAATGAGCTGGCCTTGCCTAGCAAGTACGTCAACTICCTCTA
TCTTGCTTCGCACTACGAGAAACTCAAAGGOTCACCGGAAGAT
AACGAACAGAAGCAGCTTTTCGTGGAGCAGCACAAGCATTAT
CTGGATGAAATCATCGAACAAATCTCCGAGTTITCAAAGCGCG
TCGATCCTCGCCGACGCCAACCTCGACAAAGTCCTGTCGGCCTA
CAATAAGCATAGAGATAAGCCGATCAGAGAACAGGCCGAGAA
CATTATCCACTIGTTCACCCTGACTAACCTGGGAGCTCCAGCC
GCCTTCAAGTACTTCGATACTACTATCGACCGCAAAAGATACA
CGTCCACCAAGGAAQTTCTGGACGCGACCCTGATCCACCAAA
GCATCACTGGACTCTACGAAACTAGGATCGATCTGTCGCAGCT
GGGTGGCGATGGTGGCGGTGGATCCTACCCATACGACGTGLCT
GACTACGCCTCCGGAGGTGOTGGCCLCAAGAAGAAACGGAAG
GTGTGATAGCTAGCCATCACATI TAAAAGCATCTCAGCCTACC
ATGAGAATAAGAGAAAGAAAATCGAAGATCAATAGCTTATICA
TCTCTTTTTCTTTTTCGTTGOTGTAAAGCCAACACCCTGTCTAA
AAAACATAAATTTCTTTAATCATTTTGCCTCTTTTICTCTOTGET
TCAATTAATAAAAAATGGAAAGAACCTCGAG

Cas9 GGGTCCCGCAGTCOOCOTCCAGCGGCTCTGCTIGTTCGTGTGT 48
transcript GTGTCOTTGCAGGCCTTATTCOOATCCATGCCTAAGAAAAAGC
COMPriSIng GOAAGGTCGACGGGGATAAGAAGTACTCAATCGGGCTGGATA

CasS ORT TCGGAACTAATYCCGTGOGTIGGGCAGTSCATCACGRATGAATA

using codons CAAAGTGCCGTCCAAGAAGCTTCAAGOTCCTCGGGAACACLGA

with TAGACACAGCATCAAGAAAAATCTCATCGGAGCCCTGCTGTTT

generally GACTCCGGCGAAACCGCAGAAGCGACCCGGCTCAAACGTALCC

high GCGAGGCGACGCTACACCCGGCGGAAGAATCGCATCTGCTAT

EXPrEssIon CTGCAAGAGATCTTITTCGAACGAAATGGCAAAGGTCGACGALC

humans AGCTTCTTCCACCGCCTGGAAGAATCTTTICCTGGTGGAGGAGS

ACAAGAAGCATGAACGGCATCCTATCTTTGGAAACATCGTCGA
CGAAGTGOCGTACCACGAAAAGTACCCGACCATCTACCATCTG
CGGAAGAAGTTGGTTGACTCAACTGACAAGGCCGACCTCAGA
TTGATCTACTTGGCCCTCGCCCATATGATCAAATTCCGCGGAC
ACTTCCTGATCGAAGGCOATCTCGAACCCTGATAACTCCGACGT
GOATAAGCTTTICATTICAACTGOTGCAGACCTACAACCAACTG




WO 2019/067992 PCT/US2018/053559

145

TTCGAAGAAAACCCAATCAATGCTAGCGGCGTCGATGCCAAG
GCCATCCTGTCCGCCCGGCTGTCGAAGTCGCGGCGLCTCGAAA
ACCTGATCGCACAGCTGCCGGGAGAGAAAAAGAACGGACTTT
TCGGCAACTTIGATCGCTCTCTCACTGGGACTCACTCCCAATTIC
AAGTCCAATTTTGACCTGGCCGAGGACGCGAAGCTGCAACTCT
CAAAGGACACCTACGACGACGACTTGGACAATTTGCTGGCAC
AAATTGGCGATCAGTACGCGGATCTOTTCCTTGCCGCTAAGAA
CCTTTCGGACGCAATCTTGCTGTCCGATATCCTGOGOGTGAAL
ACCGAAATAACCAAAGCGCCGCTTAGCGCCTCGATGATTAAG
CGGTACGACGAGCATCACCAGGATCTCACGCTGCTCAAAGCG
CTCGTGAGACAGCAACTGCCTGAAAAGTACAAGGAGATCTICT
TCOGACCAGTCCAAGAATGOGTACGCAGGGTACATCCGATGOAG
GCGCTAGCCAGGAAGAGTTCTATAAGTTICATCAAGUCAATCCT
GGAAAAGATGGACGGAACCGAAGAACTOCTGOTCAAGCTGAA
CAGGGAGGATCTGCTCCGGAAACAGAGAACCTTTGAC AACGE
ATCCATTCCCCACCAGATCCATCTGGGTGAGCTGCACGLECATC
TTGCGGLCGCCAGGAGGACTTITACCCATICCTCAAGGACAACT
GGGAAAAGATCCGAGAAAATICTCACGTICCOCATCCCGTATTA
CGTGGGCCCACTGLCGCGCGGCAATTICGLGCTTCOGCGTGGATG
ACTAGAAAATCAGAGGAAACCATCACTCCTTGGAATTTCGAG
GAAGTTOTGGATAAGGGAGCTTICGGCACAAAGCTTCATCGAA
CGAATGACCAACTTCGACAAGAATCTCCCAAACGAGAAGGTG
CTTCCTAAGCACAGCCTCCTTITACGAATACTTCACTGTCTACAA
CGAACTGACTAAAGTGAAATACGTTACTGAAGGAATGAGGAA
GCCGGCCTITCTGTCCGGAGAACAGAAGAAAGCAATIGTCGAT
CTGCTGTTCAAGACCAACCGCAAGGTGACCGTCAAGCAGCTTA
AAGAGGACTACTTCAAGAAGATCGAGTGTTTCCGACTCAGTGG
AAATCAGCGGGGTGGAGGACAGATTCAACGCTTCGCTCGGGAA
CCTATCATCGATCTCCTGAAGATCATCAAGGACAAGGACTTCCT
TGACAACGAGQAGAACGAGGACATCCTGGAAGATATCGTCCT
GACCTTGACCCTTITTCGAGGATCGCGAGATGATCGAGGAGAG
GCTTAAGACCTACGCTCATCTCTICGACGATAAGGTCATGAAA
CAACTCAAGCGCCGCCCGOTACACTOOTTICCGOLCCGLCTCTCCC
GCAAGCTGATCAACGGTATICOCGATAAACAGAGCGGTAAAA
CTATCCTGGATITCCTCAAATCGGATOGCTICGCTAATCGTAA
CTTCATGCAATTGATCCACGCACGACAGCCTGACCTTTAAGGAG
GACATCCAAAAAGCACAAGTGTCCGGACAGGGAGACTCACTC
CATGAACACATCGCGAATCTGOCCOGTTCLCCGGCGATTAAGA
AGGGAATTCTGCAAACTGTGAAGGTGGTCGACGAGCTGGTGA
AGGTCATGGGACGGCACAAACCOGAGAATATCOTGATTGAAA
TGGCCCGAGAAAACCAGACTACCCAGAAGGGCCAGAAAAACT
CCCGCGAAAGGATGAAGCGGATCGAAGAAGGAATCAAGGAG
CTGGGCAGCCAGATCCTGAAAGAGCACCCGUTGGAAAACACG
CAGCTGCAGAACGAGAAGUTCTACCTOTACTATITOCAAAATG
GACGGGACATGTACGTGGACCAAGAGCTGGACATCAATCGGTY
TGTCTGATTACGACGTGGACCACATCGTTCCACAGTCCTTICTG
AAGGATGACTCGATCGATAACAAGGTGTTGACTCGCAGCGAC
AAGAACAGAGGGAAGTCAGATAATGTGCCATCGGAGGAGGTC
GTGAAGAAGATGAAGAATTACTGGCGGCAGCTOCTGAATGLG
AAGCTGATTACCCAGAGAAAGTTTGACAATCTCACTAAAGCCG
AGCGCGGCGGACTCTCAGAGCTGGATAAGGCTGGATTCATCA
AACGGCAGCTGGTCGAGACTCGGCAGATTACCAAGCACGTGG
CGCAGATCTTGGACTCCCGCATGAACACTAAATACGACGAGA
ACGATAAGCTCATCCGGGAAGTGAAGGTGATTACCCTGAAAA
GCAAACTTGTGTCGGACTTTICGGAAGGACTTITCAGTITTACAA
AGTGAGAGAAATCAACAACTACCATCACGCGCATGACGCATA
CCTCAACGCTIGTGGTCGGTACCGCCCTCGATCAAAAAGTACCCT
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AAACTTGAATCGGAGTTTGTGTACGGAGACTACAAGOTCTACG
ACGTGAGGAAGATGATAGCCAAGTCCGAACAGGAAATCGGGA
AAGCAACTGCGAAATACTTCTTTTACTCAAACATCATGAACTT
TTTCAAGACTGAAATTACGCTGGCCAATGGAGAAATCAGGAA
GAGGCCACTGATCGAAACTAACGGAGAAACGGGCGAAATCGT
GTGGGACAAGGGCAGGGACTTCGCAACTGTTCGCAAAGTGCT
CTCTATGCCGCAAGTCAATATTOTGAAGAAAACCGAAGTGCA
AACCGGCGGATTTTCAAAGGAATCGATCCTCCCAAAGAGAAA
TAGCGACAAGCTCATTGCACGCAAGAAAGACTGGGACCCGAA
GAAGTACGGAGGATTCGATTCGCCGACTGTCGCATACTCCGTC
CTCGTGGTGOCCAAGGTGCAGAAGGOGAAAGAGCAAAAAGCTC
AAATCCGTCAAAGAGCTGCTGGGGATTACCATCATGGAALGA
TCCYCGTTCGAGAAGAACCCGATTGATTTCCTCGAGGLGAAGEH
GTTACAAGGAGGTGAAGAAGGATCTCATCATCAAACTCCLCA
AGTACTCACTGTTCGAACTGGAAAATGGTICGGAAGCGCATGET
GGCTTCGGCCGGAGAACTCCAAAAAGGAAATGAGCTGGLECTT
GCCTAGCAAGTACGTCAACTTCCTICTATCTTGCTTCOCACTACG
AAAAACTCAAAGGGTCACCGGAAGATAACGAACAGAAGCAGC
TTTTCOTGGAGCAGCACAAGCATTATCTGOGATGAAATCATCGA
ACAAATCTCCGAGTTTTCAAAGCOCGTGATCCTCGLOCGACGLT
AACCTCOACAAAGTCCTOTCGOCCTACAATAAGCATAGAGAT
AAGCCGATCAGAGAACAGGCCCGAGAACATTATCCACTIGTTC
ACCCTGACTAACCTGOGAGCCCCAGCCGCCTTCAAGTACTTCG
ATACTACTATCGATCGCAAAAGATACACGTCCACCAAGGAAG
TTCTGGACGCGACCCTGATCCACCAAAGCATCACTGGACTCTA
CGAAACTAGGATCGATCTGTCGCAGCTGGGTGGCGATTGATAG
TCTAGCCATCACATTTAAAAGCATCTCAGCCTACCATGAGAAT
AAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCYCTYITTT
CTTTITCOTTGOGTOTAAAGCCAACACCCTGTCTAAAAAACATA
AATTTCTTTAATCATTTTGCCTCTTITCTCTGTGOTTCAATTAAT
AAAAAATGGAAAGAACCTCGAG

Cash
transcript
comprising
Kozak
sejuence
with Cas9
ORF using
codons with
generally
high
expression in
humang

GGGTCCCGCAGTCGHCGTCCAGCGGCTCTGCTTIGTTCGTGTOT
GTGTCGTTGCAGGCCTTATTICGGATCCOCCACCATGLCCTAAGA
AAAAGCGGAAGGTCGACGGGGATAAGAAGTACTCAATCGCGE
TGOATATCGGAACTAATTCCOTGOGTTGOGCAGTOATCACGOA
TGAATACAAAGTGCCGTICCAADAAGTICAAGL TCCTGUGUAA
CACCGATAGACACAGCATCAAGAAAAATCTCATCGGAGCCCT
GCTGTTTGACTCCGGCGAAACCGCAGAAGCGACCCGGLTCAA
ACGTACCGCGAGGCGACGCTACACCCGGUGGAAGAATCGCAT
CTGCTATCTGCAAGAGATCTTTTCGAACGAAATGGCAAAGGTC
GACGACAGCTTCTTCCACCGCCTGOAAGAATCTTTICCTGLTGG
AGGAGGACAAGAAGCATGAACGGCATCCTATCTTIGGAAACA
TCOGTCGACGAAGTGGUGTACCACCAAAAGTACCCGACCATCT
ACCATCTGCGGAAGAAGTTGGTTGACTCAACTGACAAGGCCG
ACCTCAGATTGATCTACTTGGCCCTCGCCCATATGATCAAATT
CCGCGGACACTTCCTGATCGAAGGCGATCTGAACCCTGATAAC
TCCGACGTGGATAAGCTTTTICATTCAACTGGTGCAGALCCTACA
ACCAACTGTTCGAAGAAAACCCAATCAATGCTAGCGGCGTCG
ATGCCAAGGCCATCCTGTCCGCCCGGCTGTCGAAGTCGCGGCG
CCTCGAAAACCTGATCGCACAGCTGCCGOGAGAGAAAAAGAA
CGGACTTTTCGGCAACTTGATCGCTCTCTCACTGGGACTCACTC
CCAATTTCAAGTCCAATTTITGACCTGGCCGAGGACGCGAAGCT
GCAACTCTCAAAGGACACCTACGACGACGACTTIGGACAATTIC
CTGGCACAAATTGQCGATCAGTACGCGOATCTOTTCCTTIGCCG
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CTAAGAACCTTTCGCACGCAATCTTGCTGTCCGATATCCTGCG
CGTGAACACCGAAATAACCAAAGCGCCGCTTAGCGCCTCGAT
GATTAAGCGGTACGACGAGCATCACCAGGATCTCACGCTGCTT
AAAGCGCTCGTGAGACAGCAACTGCCTGAAAAGTACAAGGAG
ATCTTCTTCGACCAGTCCAAGAATGGGTACGCAGGGTACATCG
ATGGAGGCGCTAGCCAGGAAGAGTTCTATAAGTTCATCAAGC
CAATCCTGGAAAAGATGGACGGAACCGAAGAACTGCTGGTCA
AGCTOAACAGGGAGGATCTGCTCCGGAAACAGAGAACCTTTG
ACAACGGATCCATTCCCCACCAGATCCATCTGGGTGAGCTGCA
CGCCATCTTGCGGCGCCAGGAGGACTTITTACCCATTCCTCAAG

CCGTATTACGTGGOCCCACTGGCGLGCGGCAATTICGLGETICG
COGTGGATGACTAGAAAATCAGAGGAAACCATCALTCLTTIGGA
ATTTCGAGGAAGTIGTGGATAAGGGAGCTTCGGLCACAAAGCTY
CATCGAACGAATGACCAACTTCGACAAGAATCTCCCAAACGA
GAAGGTGCTTCCTAAGCACAGCCTCCTTTACGAATACTTCACT
GTCTACAACGAACTGACTAAAGTGAAATACGTTACTGAAGGA
ATGAGGAAGCCGGCCTITCTGTCCOGAGAACAGAAGAAAGCA
ATTGTCGATCTGCTOTTCAAGACCAACCGCAAGGTGACCGTCA
AGCAGCTTAAAGAGGACTACTTCAAGAAGATCGAGTIGTTTCG
ACTCAGTGGAAATCAGCGOGGTGGAGGACAGATTCAACGCTT
CGCTGGGAACCTATCATGATCTCCTGAAGATCATCAAGGACAA
GOACTTCCTTGACAACGAGGAGAACGAGGACATCCTGGAAGA
TATCGTCCTGACCTTGACCCTTTTCGAGGATCGCGAGATGATC
GAGGAGAGGCTTAAGACCTACGCTCATCTCTTCGACGATAAGG
TCATGAAACAACTCAAGCGCCGCCGRTACACTGGTTIGGGGLC
GCCTCTCCCGCAAGITOATCAACGGTATTCGCGATAAACAGAG
CGGTAAAACTATCCTGGATTTCCTCAAATCGGATGGCTTCGOT
AATCOTAACTTCATGCAATTIGATCCACGACGACAGCCTGACCT
TTAAGGAGGACATCCAAAAAGCACAAGTGTCCGGACAGGCAG
ACTCACTCCATGAACACATCGCGAATCTGGCCGGTTCGCCGGE
GATTAAGAAGGGAATTCTGCAAACTGTGAAGGTGGTCGACGA
GCTGGTCAAGGTCATCGCGOACGGCACAAACCCGAGAATATCGT
GATTGAAATGGCCCGAGAAAACCAGACTACCCAGAAGGHCCA
GAAAAACTCCCGCGAAAGCATOAAGCGGATCGAAGAAGGAAT
CAAGGAGCTGGGCAGCCAGATCCTGAAAGAGCACCCGGTGGA
AAACACGCAGCTGCAGAACGAGAAGCTCTACCTGTACTATTTG
CAAAATGOACGGGACATGTACGTGOGACCAAGACGCTGGACATC
AATCOGGTTGTCTCATTACGACGTOGACCACATCGTTCCACAGT
CCTTTCTGAAGGATGACTCGATCGATAACAAGGTGTTGACTCG
CAGCGACAAGAACAGAGGGAAGTCAGATAATGTGCCATCGGA
GOAGGTCGTGAAGAAGATCGAAGAATTACTGGCGGCAGCTCCT
GAATGCOGAAGCTGATTACCCAGAGAAAGTITGACAATCTCACT
AAAGCCGAGCGCHGCGCACTCTCAGAGCTGGATAAGHCTGOA
TICATCAAACGGCAGCTGGTCGAGACTCGGCAGATTACCAAGT
ACGTGGCGCAGATCTTGGACTCCCGCATGAACACTAAATACGA
CGAGAACGATAAGCTCATCCGGGAAGTGAAGGTGATTACCCT
GAAAAGCAAACTTGTGTCGGACTTTCGGAAGGACTTTCAGTTT
TACAAAGTGAGAGAAATCAACAACTACCATCACGCGCATGAC
GCATACCTCAACGCTGTGGTCGGTACCGCCCTIGATCAAAAAGT
ACCCTAAACTTGAATCGGAGTTTGTGTACGGAGACTACAAGGT
CTACGACGTCGAGGAAGATGATAGCCAAGTCCGAACAGGAAAT
CGGGAAAGCAACTGCGAAATACTTCTTTTACTCAAACATCATG
AACTTTTTCAAGACTGAAATTACGCTGGCCAATGGAGAAATCA
GGAAGAGGCCACTGATCOAAACTAACGGAGAAACGGGLCGAA
ATCGTGTGOGACAAGGGCAGGGACTTCOCAACTGTTCGCAAA
GIGCTCTCTATGCCGCAAGTCAATATIOTCAAGAMAACCGAAG
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TGCAAACCGGCGGATTTITCAAAGGAATCGATCCTCCCAAAGA
GAAATAGCGACAAGCTCATTGCACGCAAGAAAGACTGGGACC
CGAAGAAGTACGGAGGATTCGATTCGCCGACTGTCGCATACTT
CGTCCTCGTGGTGGCCAAGGTGGAGAAGGGAAAGAGCAAAAA
GCTCAAATCCGTCAAAGAGCTGCTGGGGATTACCATCATGGAA
CGATCCTCGTTCGAGAAGAACCCGATTGATTTICCTCGAGGIGA
AGGGTTACAAGGAGGTGAAGAAGGATCTGATCATCAAACTCC
CCAAGTACTCACTGTTCGAACTGGAAAATOOTCGGAAGCGCAT
GCTGGCTTCGGCCGGAGAACTCCAAAAAGGAAATGAGCTGGC
CTTGCCTAGCAAGTACGTCAACTTICCTCTATCTTIGCTTCGCACT
ACGAAAAACTCAAAGGGTCACCGGAAGATAACGAACAGAAGC
AGCTITTCOTGGAGCAGCACAAGCATTATCTGGATGAAATCAT
CGAACAAATCTCCOGAGTITICAAAGCGCGTGATCCTCGELGAL
GCCAACCTCGACAAAGTCCTGTCGGCCTACAATAAGCATAGA
GATAAGCCGATCAGAGAACAGGCCGAGAACATTATCCACTTG
TTCACCCTGACTAACCTGGOAGCCCCAGCCGECTTICAAGTACT
TCGATACTACTATCGATCGCAAAAGATACACGTCCACCAAGGA
AGTTCTGGACGCGACCCTGATCCACCAAAGCATCACTGGACTC
TACGAAACTAGGATCGATCTGTCGCAGCTGGGTGGLCGATTGAT
AGTCTAGCCATCACATTTAAAAGCATCTCAGCCTACCATGAGA
ATAAGAGAAAGAAAATGAAGATCAATAGCTTATICATCTICTTT
TICTITTICOTIGGTGTAAAGCCAACACCCTGICTAAAAAACA
TAAATTTCTTTAATCATTTTIGCCTCTTTICTCTGTGCTTCAATTA
ATAAAAAATGGAAAGAACCTCGAG

CasS ORF ATGGACAAGAAGTACAGCATCGGACTGGACATCGGAATAAAC 30
with splice AGCGTCGGATGGGCAGTCATCACAGACCGAATACAAGGTCCCG
junctions AGCAAGAAGTTCAAGGTCCTGGGAAACACAGACAGACACAGC
removed; ATCAAGAAGAACCTGATCGGAGCACTGCTGTTCGACAGCGGA
1275% U GAAACAGCAGAAGCAACAAGACTGAAGAGAACAGCAAGAAG
conient AAGATACACAAGAAGAAAGAACAGAATCTGCTACCTGCAGGA

AATCTTCAGCAACGAAATGGCAAAGGTCGACGACAGCTTCTTC
CACeggCTGGAAGAAAGCTICCTGGTCGAAGAAGACAAGAAGC
ACGAAAGACACCCGATCTICGGAAACATCOTCGACGAAGTCG
CATACCACGAAAAGTACCCGACAATCTACCACCTOAGAAAQGA
AGCTGOTCGACAGCACAGACAAGGCAGACCTGAGACTGATCT
ACCTGGCACTGOGCACACATOATCAAGITTCAGAGGACACTICCT
GATCGAAGGAGACCTGAACCCGGACAACAGCGACOTCGACAA
GCTGTTCATCCAGCTGGTCCAGACATACAACCAGCTGTTCGAA
GAAAACCCGATCAACGCAAGCGOAGTCGACGCAAAGGCAATC
CTGAGCGCAAGACTGAGCAAGAGCAGAAGACTGGAAAACCTG
ATCGCACAGCTGCCGGULAGAAAAGAAGAACGGACTGTICGGA
AACCTGATCGCACTCAGCCTGGOACTOACACCGAACTTCAAG
AGCAACTTCGACCYGGCAGAAGACGCAAAGCTGCAGCTGRAGT
AAGGACACATACGACGACGACCTGGACAACCTGCTGGCACAG
ATCGGAGACCAGTACGCAGACCTGTTCCTGGCAGCAAAGAAC
CTGAGCGACGCAATCCTGCTGAGCGACATCCTGAGAGTCAAC
ACAGAAATCACAAAGGCACCGCTGAGCGCAAGCATGATCAAG
AGATACGACGAACACCACCAGGACCTGACACTGCTGAAGGCA
CTGGTCAGACAGCAGCTGCCGGAAAAGTACAAGGAAATCTTC
TTCGACCAGAGCAAGAACGGATACOCAGGATACATCGACGGA
GGAGCAAGCCAGGAAGAATTICTACAAGTTCATCAAGCCGATC
CTGGAAAAGATGGACGGAACAGAAGAACTGCTGGTCAAGCTG
AACAGAGAAGACCTOCTGAGAAAGCAGAGAACATTCGACAAC
GOGAAGCATCCCGCACCAGATCCACCTGOGAGAACTGCACGCA
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ATCCTGAGAAGACAGGAAGACTTCTACCCGTTCCTGAAGGAC
AACAGAGAAAAGATCGAAAAGATCCTGACATTCAGAATCCCG
TACTACGTCGGACCGCTGGCAAGAGGAAACAGCAGATTCGCA
TGGATGACAAGAAAGAGCGAAGAAACAATCACACCGTGGAAC
TTCGAAGAAGTCGTCGACAAGGGAGCAAGCGCACAGAGCTIC
ATCGAAAGAATGACAAACTTCGACAAGAACCTGCCGAACGAA
AAGGTCCTGCCGAAGCACAGCCTGCTGTACGAATACTTCACAG
TCTACAACGAACTGACAAAGOTCAAGTACGTCACAGAAGGAA
TGAGAAAGCCGGCATTCCTGAGCGGAGAACAGAAGAAGGCAA
TCOTCGACCTGCTGTTCAAGACAAACAGAAAGGTCACAGTCA
AGCAGCTGAAGGAAGACTACTTCAAGAAGATCGAATGCTTCG
ACAGCGTCGAAATCAGCGGAGTCGAAGACAGATTCAACGCAA
GCCTGGGAACATACCACGACCTGCTGAAGATCATCAAGGACA
AGGACTTCCTGGACAACGAAGAAAACGAAGACATCCTGGAAG
ACATCGTCCTCACACTGACACTGTTICOAAGACAGAGAAATGAT
CGAAGAAAGACTGAAGACATACGCACACCTIGTICGACGACAA
GGTCATGAAGCAGCTGAAGAGAAGAAGATACACAGGATGGGG
AAGACTGAGCAGAAAGCTGATCAACGGAATCAGAGACAAGCA
GAGCGGAAAGACAATCCTGOACTTCCTGAAGAGCGACGGATT
CGCAAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCT
GACATTCAAGGAAGACATCCAGAAGGCACAGGTCAGCGGACA
GGGAGACAGCCTGCACGAACACATCGCAAACCTGGCAGGAAG
CCCGGCAATCAAGAAGGGAATCCYGCAGACAGTCAAGGTCGT
CGACGAACTGGTCAAGGTCATGGGAAGACACAAGCCGGAAAA
CATCGTCATCGAAATGGCAAGAGAAAACCAGACAACACAGAA
GGGACAGAAGAACAGCAGAGAAAGAATGAAGAGAATCGAAG
AAGGAATCAAGGAACTGGGAAGCCAGATCCTGAAGGAACACC
CGGTCGAAAACACACAGCTGCAGAACGAAAAGCTGTACCTGT
ACTACCTGCAaAACGGAAGAGACATGTACGTCGACCAGGAACT
QGACATCAACAGACTCGAGCGACTACGACOTCGACCACATCGT
CCCGCAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGGT
CCTGACAAGAAGCGACAAGAACAGAGGAAAGAGCGACAACG
TCCCGAGCCGAAGAAGTCCOTCAAGAAGATCAAGAACTACTGGA
GACAGCTGCTGAACGCAAAGCTGATCACACAGAGAAAGTTCG
ACAACCTGACAAAGGCAGAGAGAGGAGCACTGAGCGAALTG
GACAAGOCAGGATTCATCAAGAGACAGCTGOTCGAAACAAGA
CAGATCACAAAGCACOTCGCACAGATCCTGGACAGCAGAATG
AACACAAAGTACGACGAAAACGACAAGCTGATCAGAGAAGTC
AAGGTCATCACACTGAAGAGCAAGCTOGTCAGCGACTICAGA
AAGGACTTCCAGTTCTACAAGGTCAGAGAAATCAACAACTAC
CACCACGCACACGACGCATACCTGAACGCAGTCGTCGGAACA
GUCACTGATCAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTC
TACGGAGACTACAAGGTCTACGACGTCAGAAAGATGATCG A
AAGAGCGAACAGGAAATCGGAAAGOCAACAGCAAAGTACTIC
TICTACAGCAACATCATGAACTTICTICAAGACAGAAATCACAC
TGGCAAACGGAGAAATCAGAAAGAGACCGCTGATCGAAACAA
ACGGAGAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGAC
TICGCAACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAAL
ATCGTCAAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAAG
GAAAGCATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCA
AGAAAGAAGGACTGGGACCCGAAGAAGTACGGAGGATTCGAC
AGCCCGACAGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTCG
AAAAGGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTG
CTGGGAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAAC
CCGATCOACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAG
AAGGACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCGAAC
TGGAAAACGGAAGAAAGAGAATGCTGOCAAGCGCAGGAGAA
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CTGCAGAAGGGAAACGAACTOGGCACTGCCGAGCAAGTACGTC
AACTTCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGA
AGCCCGGAAGACAACGAACAGAAGCAGCTGTTCGTCGAACAG
CACAAGCACTACCTGGACGAAATCATCGAACAGATCAGCGAA
TTCAGCAAGAGAGTCATCCTOGGCAGACGLAAACCTGGACAAG
GTCCTCGAGCGCATACAACAAGCACAGAGACAAGCCGATCAGA
GAACAGGCAGAAAACATCATCCACCTGTTCACACTGACAAAC
CTGGOAGCACCGGCAQCATTCAAGTACTTCQACACAACAATC
GACAGAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCA
ACACTGATCCACCAGAGCATCACAGGACTGTACGAAACAAGA
ATCCACCTGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCCCG
AAGAAGAAGAGAAAGGTCTAG

Cash
franscript
with 3 UTR
of HSD,
ORF
correspondi
ng tc SEQ
ID NO: 506,
Kozak
sequence,
and 3’ UTR
of ALB

GGGTCCCGCAGTCGHCGTCCAGCGGCTCTGCTTIGTTCGTGTOT
GTGTCGTTGCAGGCCTTATTCGGATCCOCCACCATGGACAAGA
AGTACAGCATCGGACTGOACATCGOAACAAACAGCGTCGOAT
GGGCAGYCATCACAGACGAATACAAGGTCCCGAGCAAGAAGT
TCAAGGTCCTGGGAAACACAGACAGACACAGCATCAAGAAGA
ACCTGATCGGAGCACTGCTGTTCGACAGCGGAGAAALAGCAG
AAGCAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACA
AGAAGAAAGAACAGAATCTGCTACCTGCAGGAAATCTTICAGC
AACGAAATOGGCAAAGGTCGACGACAGCTTCTTCOCACeggCTGG
AAGAAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGAC
ACCCGATCTTCGGAAACATCGTCGACGAAGTCGCATACCACGA
AAAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCGA
CAGCACAGACAAGGCAGACCTGAGACTGATCTACCTGGCACT
GGCACACATGATCAAGTTCAGAGGACACTTCCTGATCGAAGS
AGACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTCAT
CCAGCTGOTCCAGACATACAACCAGCTOTTCGAAGAAAACCC
GATCAACGCAAGCGGAGTCGACGCAAAGGCAATCCTGAGCGC
AAGACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACA
GCTOCCOGGAGAAAAGAAGAACGOCACTGTTCGOAAACCTOAT
CGCACTGAGCCTGGGACTCACACCGAACTTCAAGAGCAACTTC
GACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACA
TACGACGACGACCTOGACAACCTGCTOGGCACAGATCGGAGAC
CAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGAC
GCAATCCTGCTGAGCGACATCCTGAGAGICAACACAGAAATC
ACAAAGGCACCGCTGAGCGCAAGCATGATCAAGAGATACGAL
GAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGA
CAGCAGCTGCCGGAAAAGTACAAGGAAATCTTICTICGACCAG
AGCAAGAACGGATACGCAGGATACATCGACGGAGGAGLCAAGC
CAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAG
ATGGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAA
GACCYGCTCGAGAAAGCAGAGAACATTCOACAACGGAAGCATYC
CCGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGA
AGACAGGAAGACTTCTACCCGTTCCTGAAGGACAACAGAGAA
AAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCG
GACCOGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAA
CAAAGAGCGAAGAAACAATCACACCGTGGAACTTCGAAGAAG
TCGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAA
TCGACAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGC
CGAAGCACAGCCTGCTGTACGAATACTTCACAGTCTACAACGA
ACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGCC
GGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCT
GCTOTTCAAGACAAACAGAAAGQTCACAGTCAAGCAGCTGAA

51
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GGAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTLGA
AATCAGCGGAGTCGAAGACAGATTCAACGCAAGCCTGGGAAC
ATACCACGACCTGCTGAAGATCATCAAGGACAAGGACTTCCTG
GACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCTG
ACACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGA
CTGAAGACATACGCACACCTGTTCGACGACAAGGTCATGAAG
CAGCTGAAGAGAAGAAGATACACAGGATGGGGAAGACTGAG
CAGAAAGCTOATCAACGGAATCAGAGACAAGCAGAGCGGAA
AGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGCAAACA
GAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAA
GOAAGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACA
GCCYGCACGAACACATCGCAAACCTOGCAGGAAGCCCGGCAA
TCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAAC
TGGTCAAGGTCATGGGAAGACACAAGCCGGAAAACATCGTCA
TCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAG
AAGAACAGCAGAGAAAGAATOAAGAGAATCGAAGAAGGAAT
CAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCGA
AAACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCT
GUA2AACGGAAGAGACATGTACGTCCGACCAGGAACTGGACAT
CAACAGACTGAGCGACTACGACGTCGACCACATCGTCCCG A
GAGCTTCCTGAAGGACGACAGCATCGACAACAAGOTCCTGAC
AAGAAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCLGA
GUGAAGAAGTCOTCAAGAAGATGAAGAACTACTGGAGACAGC
TGCTGAACGCAAAGCTCGATCACACAGAGAAAGTTCGACAACC
TGACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAG
GCAGGATTCATCAAGAGACAGCTGGTCGARACAAGACAGATC
ACAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACA
AAGTACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGGTC
ATCACACTGAAGAGCAAGCTOGTCAGCGACTTCAGAAAGGAC
TTCCAGTTCTACAAGGTCAGAGAAATCAACAACTACCACCACG
CACACGACGCATACCTGAACGCAGTCGTCGGAACAGCACTGA
TCAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTCTACGGAG
ACTACAAGGTCTACGACGTCAGAAAGATCATCGCAAAGAGCG
AACAGGAAATCGGAAAGGCAACAGCAAAGTACTICTICTACA
GCAACATCATGAACTICTTICAAGACAGAAATCACACTGHCAA
ACGGAGAAATCAGAAAGAGACCGCTGATCGAAACAAACGGA
GAAACAGGAGAAATCGTCTGGOACAAGGGAAGAGACTTCCCA
ACAGTCAGAAAGOTCCTGAGCATGCTUGCAGGTCAACATCGTC
AAGAAGACAGAAGTCCAGACAGGAGGATTICAGCAAGGAAAG
CATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAA
GAAGGACTGGGACCUGAAGAAGTACGGAGGATTCGACAGCCC
GACAGTCGCATACAGCGTCCTGGTCOTCGCAAAGGTCGAAAA
GGUOAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGE
GAATCACAATCATGGAAAGAAGCAGCTICGAAAAGAACCCGA
TCOACTTCCTGGAAGCAAAGGOATACAAGGAAGTCAAGAAGE
ACCTGATCATCAAGCTGCCGAAGTACAGCCTGTICGAACTGGA
AAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGC
AGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTCAACT
TCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCC
CGGAAGACAACGAACAGAAGCAGCTGTTCGTCGAACAGCACA
AGCACTACCTGGACGAAATCATCGAACAGATCAGCGAATTCA
GCAAGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGOTCC
TGAGCGCATACAACAAGCACAGAGACAAGCCGATCAGAGAAC
AGGCAGAAAACATCATCCACCTGTTCACACTGACAAACCTGG
GAGCACCOGCAGCATTCAAGTACTTCGACACAACAATCCGACA
GAAAGAGATACACAAGCACAAAGGAAGTCCTGOACGCAACALC
TGATCCACCAGAGCATCACAGGACTGTACGAAACAAGAATCG
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ACCTGAGCCAGCTGGGAGGAGACGUAGGAGGAAGCCCGAAG
AAGAAGAGAAAGGTCTAGCTAGCCATCACATTTAAAAGCATC
TCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAAT
AGCTTATTCATCTCTITTITCTTTITICGTTGGTGTAAAGCCAACA
CCCTGTCTAAAAAACATAAATTICTTITAATCATTTITGCCTCTTT
TCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTCGAG

Casd ORF ATGGACAAGAAGTACAGCATCGGCCTGGACATCGGCALCCAAL a2
with AGCGTGGOCTGGOCCOTGATCACCCACGAGTACAAGGTGCCC
minimal AGCAAGAAGTTCAAGGTGCTOGGOCAACACCGACAGACACAGC
uridine ATCAAGAAGAACCTGATCOGCOCCCTGCTGTICGACAGLGGE
codons GAGACCGCCGAGGCCACCAGACTGAAGAGAACCGCCAGAAGA
frequently AGATACACCAGAAGAAAGAACAGAATCTGCTACCTGCAGGAG
used in ATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTICTICT
humaans in ACAGACTGGAGGAGAGCTTCCTOGTGGAGGAGGACAAGAAGC
general; ACGAGAGACACCCCATCTICGGCAACATCOTGGACGAGGTGG
12.75% U CCTACCACGAGAAGYACCCCACCATCTACCACCTIGAGAAAGA
content AGCTGGTGGACAGCACCGACAAGGCCGACCTGAGACTGATCT

ACCTGGCCCTGGCCCACATGATCAAGTTCAGAGGCCACTTCCT
GATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAA
GUTGTTCATCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAG
GAGAACCCCATCAACGCCAGCGLLCGTOGGACGCCAAGGLCATC
CTGAGCGCCAGACTGAGCAAGAGCAGAAGACTGGAGAACCTG
ATCGCCCAGCTGCCCGGCGAGAAGAAGAACGGCCTGTTCGGL
AACCTGATCGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGA
GCAACTTCGACCTGGCCGAGGACGUCAAGCTGCAGCTGAGCA
AGGACACCTACGACGACGACCTGGACAACCTGLTGGCCCAGA
TCGGCGACCAGTACGCCCACCTGTTCCTGGCOGCCAAGAACCT
GAGCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACAC
CGAGATCACCAAGGCCCCCCTGAGCGCCAGCATGATCAAGAG
ATACGACGAGCACCACCAGGACCTGACCCTGCTGAAGGCCCT
GOTGAGACAGCAGCTGCCCGAGAAGTACAAGGAGATCTICTT
CGACCAGAGCAAGAACGGCTACGCCGGCTACATCGACGHLGE
CGCCAGCCAGGAGOAGTTCTACAAGTICATCAAGCCCATCCTG
GAGAAGATGGACGOGCACCGAGGAGCTGCTGOTGAAGCTGAAC
AGAGAGGACCTGCTGAGAAAGCAGAGAACCTTCGACAACGGC
AGCATCCCCCACCAGATCCACCTGLGCOGAGCIGLCACGUCATCC
TGAGAAGACAGGAGGACTICTACCCCTICCTGAAGLACAACA
GAGAGAAGATCGAGAAGATCCTGACCTTCAGAATCCCCTACT
ACGTGGGCCCCCTGGCCAGAGGCAACAGCAGATTCGLCCTGGA
TGACCAGAAAGAGCGAGGAGACCATCACCCCLTGGAACLTTCG
AGGAGGTGGTGGACAAGGGCGCCAGCGCCCAGALLCTTCATCG
AGAGAATGACCAACTTCGACAAGAACCTGLCCAACGAGAAGS
TGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTA
CAACGAGCTGACCAAGGTGAAGTACGTGACCGAGGGCATGAG
AAAGCCCGCCTTCCTGAGCGGCGAGCAGAAGAAGGCCATCGT
GGACCTGCTGTTCAAGACCAACAGAAAGGTGACCGTGAAGCA
GUCTGAAGGAGGACTACTTCAAGAAGATCOAGTGCTICGACAG
CGTGGAGATCAGCGGLUGTGGAGGACAGATTICAACGCCAGCCT
GGGCACCTACCACGACCTGCTGAAGATCATCAAGGACAAGGA
CTTCCTOGACAACGAGGAGAACGAGGACATCCTGGAGOACAT
CGTGCTGACCCTGACCCTGTTICGAGGACAGAGAGATGATCGA
GGAGAGACTGAAGACCTACGCCCACCTGTTCGACGACAAGGT
GATGAAGCAGCTGAAGAGAAGAAGATACACCGGCTGGGGCAG
ACTGAGCAGAAAGCTGATCAACGGCATCAGAGACAAGCAGAG
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CGGCAAGACCATCCTGGACTTCCTGAAGAGCGACGGCTTCGLC
AACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCT
TCAAGGAGGACATCCAGAAGGCCCAGGTGAGCGGCCAGGGCG
ACAGCCTGCACGAGCACATCGCCAACCTGGCCGGCAGCCCLG
CCATCAAGAAGGGCATCCTGCAGACCGTGAAGGTGGTGGACG
AGCTGGTGAAGGTGATGGGCAGACACAAGCCCGAGAACATCG
TGATCGAGATOGGCCAGAGAGAACCAGACCACCCAGAAGRGCC
AGAAGAACAGCAGAGAGAGAATGAAGAGAATCGAGGAGGGC
ATCAAGGAGCTGGGCAGCCAGATCCTGAAGGAGCACCCCGTG
GAGAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTAC
CTGCAGAACGGCAGAGACATGTACGTGGACCAGOGAGCTGGAC
ATCAACAGACTGAGCGACTACGACGTGGACCACATCGTGLCC
CAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTGCTG
ACCAGAAGCGACAAGAACAGAGGCAAGAGCGACAACGTHCC
CAGCGAGGAGGTGGTGAAGAAGATGAAGAACTACTGGAGACA
GCTGCTGAACGCCAAGCTOATCACCCAGAGAAALTICGALCAA
CCTGACCAAGGCCGAGAGAGGCOGGCCTGAGCGAGITGGACAA
GGCCGGCTTCATCAAGAGACAGCTGGTGOAGACCAGACAGAT
CACCAAGCACGTGGUCCAGATCLOTOOACAGCAGAATGAACAC
CAAGTACGACGAGAACGACAAGCTGATCAGAGAGGTGAAGGT
GATCACCCTGAAGAGCAAGCTGGTGAGCGACTICAGAAAGGA
CTTCCAGTTCTACAAGGTGAGAGAGATCAACAACTACCACCAL
GCCCACCGACGCLTACCTGAACGCCOTGGTGGGCACCGCLLTGA
TCAAGAAGTACCCCAAGCTGGAGAGCGAGTTCGTGTACGGCG
ACTACAAGGTGTACGACGTGAGAAAGATGATCGCCAAGAGCG
AGCAGGAGATCGGCAAGGCCACCGCCAAGTACTTICTTCTACA
GCAACATCATGAACTTCTTCAAGACCGAGATCACCCTGGCCAA
CGGCGAGATCAGAAAGAGACCCCTCATCGAGACCAACGGCGA
GACCGGCGAGATCGTGTGGGACAAGGGCAGAGACTTCGCCAC
CGTGAGAAAGGTGCTCAGCATGCCCCAGOTGAACATCGTGAA
GAAGACCGAGGTGCAGACCGGCGGCTTCAGCAAGGAGAGCAT
CCTGCCCAAGAGAAACAGCGACAAGCTGATCGCCAGAAAGAA
GGACTGGOACCCCAAGAAGTACGGCGGCTTCCACAGCCCCAC
COGTGGCCTACAGCOTGCTGGTGGTGGCCAAGOTGGAGAALRGE
CAAGAGCAAGAAGCTGAAGAGCGTGAAGGAGCTGCTGGGCAT
CACCATCATGGAGAGAAGCAGCTTCGAGAAGAACCCCATCGA
CTTCCTGGAGGCCAAGGGCTACAAGGAGGTGAAGAAGGACCT
GATCATCAAGCTGCCCAAGTACAGCCTGTTCGAGCTGGAGAAC
GGCAGAAAGAGAATGCTGGCCAGCGCCGGCGAGCTGCAGAAL
GGCAACGAGCTGGCCCTGCCCAGCAAGTACGTGAACTTCCTGT
ACCTGGCCAGCCACTACGAGAAGCTGAAGGGCAGLCCCGAGH
ACAACGAGCAGAAGCAGCTGTTCGTGGAGCAGCACAAGCACT
ACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCAGCAAGA
GAGTGATCCTGGCCGACGCCAACCTGGACAAGGTGCTGAGLG
CCTACAACAAGCACAGAGACAAGCCCATCAGAGAGCAGGCCG
AGAACATCATCCACCTGTTCACCCTGACCAACCTGGGCGCCCC
CGCCGCCTICAAGTACTTCGACACCACCATCGACAGAAAGAG
ATACACCAGCACCAAGGAGGTGCTGGACGCCACCLCTGATCCA
CCAGAGCATCACCGGCCTOTACGAGACCAGAATCGACCTGAG
CCAGCTGGGCGGCGACGGCGGCGGCAGCCCCAAGAAGAAGAG

AAAGGTGTGA
Cas9 GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGT 53
transcript GTGTCOTTGCAGGCCTTATTCGGATCCGCCACCATGGACAAGA

with ' UTR AGTACAGCATCGGCCTGOACATCGGCACCAACAGCGTOGGCT
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of HSD, GGGCCGTCATCACCGACGAGTACAAGGTGLCCAGCAAGAAGT
ORF TCAAGGTGCTGGGCAACACCGACAGACACAGCATCAAGAAGA
correspondi ACCTGATCGGCGCCCTGCTGTTCGACAGCGGCGAGACCGCCGA
ng to SEQ GGCCACCAGACTGAAGAGAACCGCCAGAAGAAGATACACCAG
ID NG: 52, AAGAAAGAACAGAATCTGCTACCTGCAGGAGATCTTCAGCAA
Kozak CGAGATGGCCAAGGTGGACGACAGCTICTTCCACAGACTGGA
sequence, GGAGAGCTTCCTGOTGGAGGAGGACAAGAAGCACGAGAGACA
and 3’ UTR CCCCATCTTCGGCAACATCOGTGGACGAGOTGOCCTACCACGAL
of ALB AAGTACCCCACCATCTACCACCTGAGAAAGAAGCTGGTGGAC

AGCACCGACAAGGCCGACCTGAGACTGATCTACCTGGCCCTG
GCCCACATGATCAAGTTCAGAGGCCACTICCTGATCGAGGGCG
ACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCC
AGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAGAACCCCA
TCAACGCCAGCGGCGTGOACGCCAAGGCCATCCTGAGIGCCA
GACTGAGCAAGAGCAGAAGACTGGAGAACCTGATCGCCCAGT
TGCCCGGLGAGAAGAAGAACGGCCTGTTCGGCAACCTGATCG
CCCTGAGCCTGOGLCTGACCCCCAACTICAAGAGCAACTTCGA
CCTGGCCGAGGACGCCAAGCTGCAGCTGAGCAAGGACACCTA
CGACGACGACCTGGACAACCTGCTGGCCCAGATLGGLGALCCA
GTACGCCOACCTOTTCCTGGCCGCCAAGAACCTGAGCGACGLT
ATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACC
AAGGCCCCCCTGAGCGCCAGCATGATCAAGAGATACGACGAG
CACCACCAGGACCTGACCCTGLTGAAGGLCCCTGGTGAGACAG
CAGCTGCCCGAGAAGTACAAGGAGATCTTCTTICGACCAGAGC
AAGAACGGCTACGCCGGCTACATCGACGGCGGCGCCAGLCAG
GAGGAGTTCTACAAGTTCATCAAGCCCATCCTGGAGAAGATG
GACGGCACCGAGGAGCTGCTGGTGAAGCTGAACAGAGAGGAC
CTGCYGAGAAAGCAGAGAACCTTCGACAACGGCAGCATCCLC
CACCAGATCCACCTGGGCGAGCTGCACGCCATCCTGAGAAGA
CAGGAGGACTTCTACCCCTTCCTGAAGGACAACAGAGAGAAG
ATCCGAGAAGATCCTGACCTTCAGAATCCCCTACTACGTGGGCC
CCCTGGCCAGAGGCAACAGCAGATTCGCCTGGATGACCAGAA
AGAGCGAGGAGACCATCACCCCCTCGAACTTICGAGGAGGTGG
TGGACAAGGGCGCCAGCGCLCAGAGCTICATCGAGAGAATGA
CCAACTTCGACAAGAACCTGCCCAACGAGAAGGTGCTGCCCA
AGCACAGCCTGCTGTACGAGTACTTCACCGTOTACAACGAGLT
GACCAAGGTGAAGTACGTGACCGAGGGCATGAGAAAGCCCGC
CITCCTGAGCGGCGAGCAGAAGAAGGUCATCGTOGGACCTGCT
GTTCAAGACCAACAGAAAGGTGACCGTGAAGCAGCTGAAGDA
GGACTACTTCAAGAAGATCGAGTGCTTICGACAGCGTGGAGAT
CAGCGGCGTGCAGGACAGATTCAACGCCAGCCTGGGCACCTA
CCACGACCTGCTGAAGATCATCAAGGACAAGGACTTCCTGGA
CAACGAGGAGAACGAGGACATCCTGGAGGACATCGTIGLETGAL
CCTGACCCTGTTCGAGGACAGAGAGATGATCOAGGAGAGALT
GAAGACCTACGCCCACCTOTTCCGACCGACAAGGTGATGAAGCA
GCTGAAGAGAAGAAGATACACCGGCTGGGGCAGACTGAGCAG
AAAGCTGATCAACGGCATCAGAGACAAGCAGAGCGGCAAGAT
CATCCTGGACTTCCTGAAGAGCGACGGCTTICGCCAACAGAAAT
TTCATGCAGCTGATCCACGACGACAGCCTOACCTTCAAGGAGEG
ACATCCAGAAGGCCCAGGTGAGCGGCCAGGGCGACAGLLCTGC
ACGAGCACATCGCCAACCTGGCCGGCAGCCCCGCCATCAAGA
AGGGCATCCTGCAGACCGTGAAGOTGGTGGACGAGCTGGTGA
AGGTGATGGGCAGACACAAGCCCGAGAACATCGTGATCGAGA
TGGCCAGAGAGAACCAGACCACCCAGAAGGGCCAGAAGAAC
AGCAGAGAGAGAATGAAGAGAATCGAGGAGGGCATCAAGGA
GCTGOGCAGCCAGATCCTGAAGGAGCACCCCGTGGAGAACAC
CCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTOCAGAA
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CGGCAGAGACATGTACGTGGACCAGGAGCTGGACATCAACAG
ACTGAGCGACTACGACGTGGACCACATCGTGCCCCAGAGCTTC
CTGAAGGACGACAGCATCGACAACAAGGTGCTGACCAGAAGC
GACAAGAACAGAGGCAAGAGCGACAACGTGCCCAGCGAGGA
GGTGGTGAAGAAGATGAAGAACTACTGGAGACAGCTGCTGAA
CGCCAAGCTGATCACCCAGAGAAAGTTCGACAACCTGACCAA
GOCCGAGAGAGGCGGCCTGAGCGAGCTGGACAAGGCCGGCTT
CATCAAGAGACAGCTGGTGGAGACCAGACAGATCACCAAGCA
CGTGGCCCAGATCCTGGACAGCAGAATGAACACCAAGTACGA
CGAGAACGACAAGCTGATCAGAGAGGTGAAGGTGATCACCCTY
GAAGAGCAAGCTGGTGAGCGACTTICAGAAAGGACTTCCAGTT
CTACAAGGTGAGAGAGATCAACAACTACCACCACGCCCACGA
CGCCTACCTGAACGLCGTGGTGGGCACCOCCCTGATCAAGAA
GTACCCCAAGCTGGAGAGCGAGTICGTGTACGGCGACTACAA
GGTGTACGACGTGAGAAAGATCATCGCCAAGAGCGAGCAGGA
GATCGGCAAGGCCACCGCCAAGTACTTICTTCTACAGCAALCATC
ATGAACTTCTTCAAGACCGAGATCACCCTGGCCAACGGCGAG
ATCAGAAAGAGACCCCTCATCCGAGACCAACGGCGAGACCGHL
GAGATCGTGTGGGACAAGGGCAGAGACTTCGCCACCGTGAGA
AAGGTGCTGAGCATGCCCCAGGTGAACATCGTGAAGAAGACC
GAGOGTGCAGACCGGCGOCTTCAGCAAGGAGAGCATCCTGCCC
AAGAGAAACAGCGACAAGCTGATCGCCAGAAAGAAGGALTG
GOACCCCAAGAAGTACGGCOGCTTCGACAGCCCCACCGTOGC
CTACAGCGTGCTGGTGGTGGCCAAGGTGGAGAAGGGCAAGAG
CAAGAAGCTGAAGAGCGTGAAGGAGCTGCTGGGCATCACCAT
CATGCGAGAGAAGCAGCTICGAGAAGAACCCLATCGACTICCTY
GGAGGCCAAGGGCTACAAGGAGGTGAAGAAGGACCTGATCAT
CAAGCTGCCCAAGTACAGCCTIGTTCGAGCTGGAGAACGGCAG
AAAGAGAATGCTGGCCAGCGCCGGCGAGCTGCAGAAGGOCAA
CGAGCTGGCCCTGCCCAGCAAGTACGTGAACTTCCTGTACCTG
GCCAGCCACTACGAGAAGCTGAAGGGCAGCCCCGAGGACAAL
GAGCAGAAGCAGCTGTTCGTGGAGCAGCACAAGCACTACCTG
GACCAGATCATCGAGCAGATCAGCGAGTTCAGCAAGAGAGTG
ATCCTGGCCGACGLCAACCTGOACAAGGTGCTGAGCGLCTAL
AACAAGCACAGAGACAAGCCCATCAGAGAGCAGGCCGAGAA
CATCATCCACCTGTTCACCCTGACCAACCTGRGCGLCCCCGCE
GCCTTCAAGTACTTCGACACCACCATCOACAGAAAGAGATAC
ACCAGCACCAAGGAGOTGCTGGACGCCACCLTCATCCACCAG
AGCATCACCGGCCTGTACGAGACCAGAATCGACCTGAGCCAG
CTGGGCGGUGACGGCOGCGGCAGCCCCAAGAAGAAGAGAAA
GGTOTGACTAGCCATCACATTITAAAAGCATCTCAGCCTACCAT
GAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATICATC
TCTTTTICTTITTICGTTGGTGTAAAGCCAACACCCTGTCTAAAA
AACATAAATTTICTTTAATCATTITTIGCCTCTTTTICTCTGTGCTTCA
ATTAATAAAAAATGGAAAGAACCTCGAG

Cas9 ORF ATGGACAAAAAATACAGCATAGGGCTAGACATAGGGACGAAC 54
with AGCGTAGGGTGGGCGGTAATAACGGACGAATACAAAGTACCG
minimal AGCAAAAAATTCAAAGTACTAGGGAACACGGACCGACACAGC
uridine ATAAAAAAAAACCTAATAGGGGCGCTACTATICGACAGCGGS
codons GAAACGGCGGAAGCGACGCGACTAAAACGAACGGCGCGACG
infrequently ACGATACACGCGACGAAAAAACCGAATATGCTACCTACAAGA
used in AATATTCAGCAACGAAATGGCGAAAGTAGACGACAGCTTICTT
homans in CCACCGACTAGAAGAAAGCTICCTAGTAGAAGAAGACAAAAA

genersl; ACACGAACGACACCCGATATTCGOGAACATAGTAGACGAAGT
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12.75% ¥ AGUGTACCACGAAAAATACCCGACGATATACCACCTACGAAA
conient AAAACTAGTAGACAGCACGGACAAAGCGGACCTACGACTAAT

ATACCTAGCGCTAGCGCACATGATAAAATTCCGAGGGCACTTC
CTAATAGAAGGGGACCTAAACCCGGACAACAGCGACGTAGAC
AAACTATTCATACAACTAGTACAAACGTACAACCAACTATTICG
AAGAAAACCCGATAAACGCGAGCGGGGTAGACGCGAAAGCG
ATACTAAGCOCGCCACTAAGCAAAAGCCOACCGACTAGAAAAC
CTAATAGCGCAACTACCGGGGGAAAALMAAAACGGGCTATTC
GGGAACCTAATAGCGCTAAGCCTAGGGCTAACGCCGAACTTC
AAAAGCAACTTCGACCTAGCGGAAGACGCGAAACTACAACTA
AGCAAAGACACGTACGACGACGACCTAGACAACCTACTAGCG
CAAATAGGGGACCAATACGCGOACCTATTCCTAGCGGCGAAA
AACCTAAGCGACGCGATACTACTAAGCGACATACTACGAGTA
AACACGGAAATAACGAAAGCGCCGCTAAGCGCGAGCATGATA
AAACGATACGACGAACACCACCAAGACCTAACGCTACTAAAA
GCGCTAGTACGACAACAACTACCGOAAAAATACAAAGAAATA
TTCTTCGACCAAAGCAAAAACGGGTACGCGGGUTACATAGAC
GGGGOGGCGAGCCAAGAAGAATICTACAAATTCATAAAACCG
ATACTAGAAAAAATGCACGGGACGGAAGAACTACTAGTAAAA
CTAAACCGAGAAGACCTACTACGAAAACAACGAACGTTCGAC
AACGGGAGCATACCGCACCAAATACACCTAGGGGAACTACAC
GCGATACTACGACGACAAGAAGACTTCTACCCOTTCCTAAAAG
ACAACCGAGAAAAAATAGAAAAAATACTAACGTTCCGAATAC
CGTACTACGTAGGGCCGCTAGCGCGAGGGAACAGCCGATICG
CGTGGATGACGCGAAAAAGCGAAGAAACGATAACGCCGTGGA
ACTTCGAAGAAGTAGTAGACAAAGGGGCGAGCGLGCAAAGCT
TCATAGAACGAATGACGAACTTCGACAAAAACCTACCGAACG
AAAAAGTACTACCGAAACACAGCCTACTATACGAATACTTCAC
GGTATACAACGAACTAACGAAAGTAAAATACGTAACGGAAGG
GATGCGAAAACCGOCOTTCCTAAGCGOGCAACAAAAAAAAGC
GATAGTAGACCTACTATTCAAAACGAACCGAAAAGTAACGGT
AAAACAACTAAAAGAAGACTACTTCAAAAAAATAGAATGCTT
CCACAGCGTAGAAATAAGCGGGGTAGAAGACCGATTCAACGC
GAGCCTAGGGACGTACCACGACCTACTAAAAATAATAAAAGA
CAAAGACTTCCTAGACAACGAAGAAAACGAAGACATACTAGA
AGACATAGTACTAACGCTAACGCTATTCGAAGACCGAGAAAT
GATAGAAGAACGACTAAAAACGTACGCGCACCTATTCCACGA
CAAAGTAATGAAACAACTAALACGACGCACGATACACGGGGTG
GGGGCGACTAAGCCGAAAACTAATAAACGGGATACGAGACAA
ACAAAGCGGGAAAACGATACTAGACTTCCTAAAAAGCGALGG
GTTCGCGAACCGAAACTTCATGCAACTAATACACGACGACAG
CCTAACGTTCAAAGAAGACATACAAAAAGCGCAAGTAAGCGG
GCAAGGGGACAGCCTACACGAACACATAGCGAACCTAGCGGG
GAGCCCGGCGATAAAAAAAGGGATACTACAAACGGTAAAAGT
AGTAGACGAACTAGTAAAAGTAATGGGGCGACACAAACCGGA
AAACATAGTAATAGAAATGGCGCGAGAAAACCAAACGACGCA
AAAAGGGCAAAAAAACAGCCGAGAACGAATGAAACGAATAG
AAGAAGGGATAAAAGAACTAGGGAGCCAAATACTAAAAGAA
CACCCGGTAGAAAACACGCAACTACAAAACGAAAAACTATAC
CTATACTACCTACAAAACGOGCGAGACATGTACGTAGACCAA
GAACTAGACATAAACCGACTAAGCGACTACGACGTAGACCAC
ATAQGTACCGCAAAGCTTCCTAAAAGACGACAGCATAGACAAC
AAAGTACTAACGCGAAGCGACAAAAACCGAGGGAAAAGCGA
CAACGTACCGAGCGAAGAAGTAGTAAAAAAAATGAAAAACTA
CTGGCGACAACTACTAAACGCGAAACTAATAACGCAACGAAA
ATTCGACAACCTAACGAAAGCGGAACGAGGOGGGLTAAGCGA
ACTAGACAAAQCGGGOTICATAAAACGACAACTAGTAGAAAC
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GCGACAAATAACGAAACACGTAGCGCAAATACTAGACAGCCG
AATGAACACGAAATACGACGAAAACGACAAACTAATACGAGA
AGTAAAAGTAATAACGCTAAAAAGCAAACTAGTAAGCGACTT
CCGAAAAGACTTCCAATTCTACAAAGTACGAGAAATAAACAA
CTACCACCACGCGCACGACGCGTACCTAAACGCGGTAGTAGG
GACGGCGCTAATAAAAAAATACCCGAAACTAGAAAGCGAATT
CGTATACGGOGACTACAAAGTATACGACGTACGAAALATGAT
AGCGAAAAGCGAACAAGAAATAGGGAAAGCGACGGCGAAAT
ACTTCTTCTACAGCAACATAATGAACTICTTCAAAACGGAAAT
AACGCTAGCGAACGGGGAAATACGAAAACGACCGCTAATAGA
AACGAACGGGGAAACGGGGCGAAATAGTATGGGACAAAGGGC
GAGACTTCGCGACGGTACGAAAAGTACTAAGCATGCCGCAAG
TAAACATAGTAAAAAAAACGGAAGTACAAACGGOGGGHTTICA
GCAAAGAAAGCATACTACCGAAACGAAACAGCGACAAACTAA
TAGCGCGAAAAAAAGACTGGGACCCGAAAAAATACGGGHGET
TCOGACAGCCCGACGGTAGCGTACAGCGTACTAGTAGTAGCGA
AAGTAGAAAAAGGGAAAAGCAAAAAACTAAAAAGCGTAAAA
GAACTACTAGGGATAACGATAATGGAACGAAGCAGCTTCGAA
AAAAACCCGATAGACTTCCTAGAAGCGAAAGGGTACAAAGAA
GTAAAAAAAGACCTAATAATAAAACTACCGAAATACAGCCTA
TTCGAACTAGAAAACGGGCGAAAACGAATGCTAGCGAGCGCG
GGGGAACTACAAAAAGGGAACGAACTAGCGCTACCGAGCAAA
TACGTAAACTTCCTATACCTAGCGAGCCACTACGAAAAACTAA
AAGGGAGCCCGGAAGACAACGAACAAAAACAACTATICGTAG
AACAACACAAACACTACCTAGACGAAATAATAGAACAAATAA
GCGAATTCAGCAAACGAGTAATACTAGCGGACGCGAACCTAG
ACAAAGTACTAAGCGCGTACAACAAACACCGAGACAAACCGA
TACGAGAACAAGCGGAAAACATAATACACCTATTCACGCTAA
CGAACCTAGGGGCGCCGGLGGLGTTCAAATACTTCGACACGA
CGATAGACCGAAAACGATACACGAGCACGAAAGAAGTACTAG
ACGCGACGCTAATACACCAAAGCATAACGGGGCTATACGAAA
CGCGAATAGACCTAAGCCAACTAGGGGGGGACGGGGGGEEE
AGCCCGAAAAAAAAACGAAAAGCTATGA

Casy
transeript
with 5" UTR
of HSD,
ORF
correspondi
ng ts SEQ
ID NG 54,
Keozak
seguence,
and 3 UTR
of ALB

GGGTCCCGCAGTCGOCGTCCAGCGGCTCTGCTIGTTCGTGTGT
GTGTCGTTGCAGGCCTTATTCGGATCCOCCACCATGGACAAAA
AATACAGCATAGGGCTAGACATAGGUACGAACAGCGTAGGET
GGGCGGTAATAACGGACGAATACAAAGTACCGAGCAAAAAAT
TCAAAGTACTAGGGAACACGGACCGACACAGUCATAAAAAAAA
ACCTAATAGGGGCGLTACTATICGACAGLGGGGAAALGGLGE
AAGCGACGCGACTAAAACGAACGGCGLGACGACGATACACGE
GACGAAAAAACCGAATATGCTACCTACAAGAAATATTCAGCA
ACGAAATGGCGAAAGTAGACGACAGCTICTTICCACCGACTAG
AAGAAAGCYTCOTAGTAGAAGAAGACAAAAAACACGAACGAC
ACCCGATATTCGGGAACATAGTAGACGAAGTAGCGTACCACG
AAAAATACCCGACGATATACCACCTACGAAAAAAACTAGTAG
ACAGCACGGACAAAGCGGACCTACGACTAATATACCTAGCGC
TAGCGCACATGATAAAATTCCGAGGGCACTICCTAATAGAAG
GGGACCTAAACCCGGACAACAGCGACGTAGACAAACTATTCA
TACAACTAGTACAAACGTACAACCAACTATTCGAAGAAAACC
CGATAAACGCGAGCGGOCTAGACGCGAAAGCGATACTAAGCG
CGCGACTAAGCAAAAGCCGACGACTAGAAAACCTAATAGCGC
AACTACCGGGGGAAAAAAAAAACGGGCTATTCGGGAACCTAA
TAGCGCTAAGCCTAGOGCTAACGCCGAACTTCAAAAGCAACTT
CGACCTAGCOGAAGACGCGAAACTACAACTAAGCAAAGACAL
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GTACGACGACGACCTAGACAACCTACTAGCGCAAATAGGGGA
CCAATACGCGGACCTATTCCTAGCGGCGAAAAACCTAAGCGA
CGCGATACTACTAAGCGACATACTACGAGTAAACACGGAAAT
AACGAAAGCGCCGCTAAGCGCGAGCATGATAAAACGATACGA
CGAACACCACCAAGACCTAACGCTACTAAAAGCGCTAGTACG
ACAACAACTACCGGAAAAATACAAAGAAATATTICTTCGACCA
AAGCAAAAACGGGTACGCGOGGGTACATAGACGGGGGGGOGA
GCCAAGAAGAATTCTACAAATTCATAAAACCGATACTAGAAA
AAATGGACGGGACGGAAGAACTACTAGTAAAACTAAACCGAG
AAGACCTACTACGAAAACAACGAACGTTCGACAACGGGAGCA
TACCGCACCAAATACACCTAGGGGAACTACACGCGATACTAC
GACGACAAGAAGACTTCTACCCGTTCCTAAAAGACAACCOAG
AAAAAATAGAAAAAATACTAACGTTCCGAATACCOTACTACG
TAGOGGCCGCTAGCGCGAGGGAACAGCCOATTICGCGTGGATGA
CGCGAAAAAGCGAAGAAACGATAACGCCGTOGAACTICHAAG
AAGTAGTAGACAAAGGGGCOAGCGLCGCAAAGCTTCATAGAAC
GAATGACGAACTTCGACAAAAACCTACCGAACGAAAAAGTAC
TACCGAAACACAGCCTACTATACGAATACTTCACGOTATACAA
CGAACTAACGAAAGTAAAATACGTAACGGAAGGGATGCGAAA
ACCGGCOTTCCTAAGCGGGGAACAAAAAAAAGCGATAGTAGA
CCTACTATTCAAAACGAACCGAAAAGTAACGGTAAAACAACT
AAAAGAAGACTACTTICAAAAAAATAGAATGCTTICGACAGLGT
AGAAATAAGCGGGGTAGAAGACCGATTCAACGCGAGCLTAGG
GACGTACCACGACCTACTAAAAATAATAAAAGACAAAGACTT
CCTAGACAACGAAGAAAACGAAGACATACTAGAAGACATAGT
ACTAACGCTAACGCTATTCGAAGACCGAGAAATGATAGAAGA
ACGACTAAAAACGTACGCGCACCTATTICGACGACAAAGTAAT
GAAACAACTAAAACGACGACGATACACGGGGTGOGGGCGACT
AAGCCGAAAACTAATAAACGGGATACGAGACAAACAAAGCG
GOAAAACGATACTAGACTTCCTAAAAAGCGACGGGTTCGCGA
ACCGAAACTTCATGCAACTAATACACGACGACAGCCTAACGTT
CAAAGAAGACATACAAAAAGCGCAAGTAAGCGGGCAAGGGG
ACAGCCTACACGAACACATAGCGAACCTAGCGGGGAGCCCGH
CGATAAAAAAAGGGATACTACAAACGGTAAAAGTAGTAGALG
AACTAGTAAAAGTAATGGGGCGACACAAACCGGAAAACATAG
TAATAGAAATGGCGCGAGAAAACCAAACGACGCAAAAAGGG
CAAAAAAACAGCCGAGAACGAATGAAACGAATAGAAGAAQGG
GATAAAAGAACTAGGGAGCCAAATACTAAAAGAACACCCGOT
AGAAAACACGCAACTACAAAACGAAAAACTATACCTATACTA
CCTACAAAACGOGCCAGACATGTACGTAGACCAAGAACTAGA
CATAAACCGACTAAGCGACTACGACGTAGACCATATAGTACC
GUAAAGCTTCCTAAAAGACGACAGCATAGACAACAAAGTACT
AACGCGAAGCGACAAAAACCGAGGUAAAAGCGACAACGTAC
CGAGCGAAGAAGTAGTAAAAAAAATGAAAAACTACTGGCGAT
AACTACTAAACGCGAAACTAATAACGCAACGAAAATICGACA
ACCTAACGAAAGCGGAACGAGGGGGGCTAAGCGAACTAGACA
AAGCGGGGTTCATAAAACGACAACTAGTAGAAACGCGACAAA
TAACGAAACACGTAGCGCAAATACTAGACAGCCGAATGAACA
CGAAATACGACGAAAACGACAAACTAATACGAGAAGTAAAAG
TAATAACGCTAAAAAGCAAACTAGTAAGCGACTICCGAAAAG
ACTTCCAATTCTACAAAGTACGAGAAATAAACAACTACCACCA
CGCOCACGACGCGTACCTAAACGCOGTAGTAGGGACGGCOLT
AATAAAAAAATACCCGAAACTAGAAAGCGAATTCGTATACGG
GGACTACAAAGTATACGACGTACGAAAAATGATAGCGAAAAG
CGAACAAGAAATAGGGAAAGCGACGOCGAMATACTTCTTCTA
CAGCAACATAATGAACTTCTTCAAAACGGAAATAACGCTAGC
GAACGGGGAAATACGAAAACGACCGCTAATAGAAACGAACG
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GGGAAACGGGGGAAATAGTATGOGACAAAGGGOGAGACTTCG
CGACGGTACGAAAAGTACTAAGCATGCCGCAAGTAAACATAG
TAAAAAAAACGGAAGTACAAACGGGGGGGTTICAGCAAAGAA
AGCATACTACCGAAACGAAACAGCGACAAACTAATAGCGCGA
AAAAAAGACTGGGACCCOAAAAAATACGGGGGGTTCGACAGT
CCGACGGTAGCGTACAGCGTACTAGTAGTAGCGAAAGTAGAA
AAAGGGAAAAQCAAAAAACTAAAAAGCOTAAAAGAACTACT
AGGGATAACGATAATGGAACGAAGCAGCTTCGAAAAALACCC
GATAGACTTCCTAGAAGCGAAAGGGTACAAAGAAGTAAAAAA
AGACCTAATAATAAAACTACCGAAATACAGCCTATTCGAACTA
GAAAACGGGCGAAAACGAATGCTAGCGAGCGCGGGGGAACT
ACAAAAAGGGAACGAACTAGCOCTACCGAGCAAATACGTAAA
CTTCCTATACCTAGCGAGCCACTACGAAAAACTAAAAGGGAG
CCCGOAAGACAACGAACAAAAACAACTATTCGTAGAACAACA
CAAACACTACCTAGACGAAATAATAGAACAAATAAGCGAATT
CAGCAAACGAGTAATACTAGCGGACGCGAACCTAGACAAAGT
ACTAAGCGCGTACAACAAACACCGAGACAAACCGATACGAGA
ACAAGCGGAAAACATAATACACCTATTCACGCTAACGAACCT
AGGGGCGCCGGCOGCGTTCAAATACTTCGACACGACGATAGA
CCCAAAACGATACACGAGCACGAAAGAAQTACTAGACGCGAC
GCTAATACACCAAAGCATAACGGGGCTATACGAAACGCGAAT
AGACCTAAGCCAACTAGGGGGOGACGHGGGGGGGAGCCLGA
AAAAAAAACGAAAAGTATGACTAGCCATCACATTTAAAAGCA
TCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCA
ATAGCTTATTCATCTCTTITICTTITTTCGTTGGTGTAAAGCCAA
CACCCTGTCTAAAAAACATAAATTTICTTTAATCATITTGCCTCY
TTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTCGAG

Cash
tramscript
with AGG as
firsé three
nuclestides
for use with
CleanCap'™,
5 UTR of
HSD, ORF
correspondi
ng to SEQ
IDNO: 4,
Kozak
seguence,
and 3" UTR
of ALB

AGGTCCCGCAGTCGOCGTCCAGCGGCTCTGCTIGTTCGTGTOT
GTGTCGTTGCAGGCCTTATTICGGATCCGCCACCATGGACAAGA
AGTACAGCATCGGACTGGACATCGGAACAAACAGCGTCGGAT
GOGCAGTCATCACAGACGAATACAAGOTCCCGAGCAAGAAGT
TCAAGGYCCTGGGAAACACAGACAGACACAGCATCAAGAAGA
ACCTGATCGGAGCACTGCTGTTCGACAGCGGAGAAACAGLAG
AAGCAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACA
AGAAGAAAGAACAGAATCTGCTACCTGCAGGAAATCTTCAGC
AACGAAATOGCAAAGGTCGACGACAGCTICTICCACAGACTG
GAAGAAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGA
CACCCGATCTTCGGAAACATCGTCGACGAAGTCGCATACCACG
AAAAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCG
ACAGCACAGACAAGGCAGACCTGAGACTGATCTACCTOGCAC
TGGCACACATGATCAAGTTCAGAGGACACTTICLCTOATCGAAGG
AGACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTCAT
CCAGCTGGTCCAGACATACAACCAGCTGTICCAAGAAAACLCC
GATCAACGCAAGCGGAGTCGACGCAAAGGCAATCCTGAGCGC
AAGACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACA
GCTGCCGGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGAT
CGCACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTIC
CACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACA
TACGACGACGACCTGGACAACCTGCTGGCACAGATCGGAGAC
CAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGAC
GCAATCCTGCTGAGCGACATCCTGAGAGTCAACACAGAAATC
ACAAAGGCACCGCTGAGCGCAAGCATGATCAAGAGATACGAC
GAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGA
CAGCAGCTGCCGGAAAAGTACAAGGAAATCTTICTICGACCAG
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AGCAAGAACGGATACGCAGGATACATCGACGGAGGAGLCAAGC
CAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAG
ATGGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAA
GACCTGCTGAGAAAGCAGAGAACATTCGACAACGGAAGCATC
CCGCACCAGATCCACCTGGOAGAACTGCACGLCAATCCTGAGA
AGACAGGAAGACTTCTACCCGTTCCTGAAGGACAACAGAGAA
AAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCG
GACCGCTOGCAAGAGGAAACAGCAGATTCGCATGGATGACAA
GAAAGAGCGAAGAAACAATCACACCGTGGAACTTCGAAGAAG
TCGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAA
TGACAAACTTCGACAAGAACCTGCCCAACGAAAAGGTCCTGC
CGAAGCACAGCCTGCTGTACGAATACTICACAGTCTACAACGA
ACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGLC
GGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCT
GCTGTTCAAGACAAACAGAAAGGTICACAGTCAAGCAGCTGAA
GGAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTCGA
AATCAGCGGAGTCCAAGACAGATICAACGCAAGCCTGOGAAL
ATACCACGACCTGCTGAAGATCATCAAGGACAAGGACTICCTG
GACAACGAAGAAAACGAAGACATCCTGGAAGACATCOTCCTG
ACACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGA
CTGAAGACATACGCACACCTOTTCGACGACAAGGTCATGAAG
CAGCTGAAGAGAAGAAGATACACAGOATGGGGAAGACTGAG
CAGAAAGCTGATCAACGGAATCAGAGACAAGCAGAGCGGAA
AGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGCAAACA
GAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAA
GGAAGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACA
GCCTGCACGAACACATCGCAAACCTGGCAGGAAGCCCGGCAA
TCAAGAAGGGAATCCTGCAGACAGTCAAGGTCOTCGACGAAC
TOGTCAAGGTCATGGOAAGACACAAGCCGGAAAACATCGTCA
TCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAG
AAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAAT
CAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCGA
AAACACACAGCTCGCAGAACGAAAAGCTOTACCTGTACTACCT
GCAGAACGGAAGAGACATGTACGTCGACCAGGAACTGGACAT
CAACAGACTGAGCGACTACGACGTCCGACCACATCOTCCCGLA
GAGCTTCCTGAAGGACGACAGCATCGACAACAAGOGTCCTGAC
AAGAAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGA
GCGAAGAAGTCOTCAAGAAGATOAAGAACTACTGGAGACAGC
TGCTGAACGCAAAGCTGATCACACAGAGAAAGTTCGACAALT
TGACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAG
GCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATC
ACAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACA
AAGTACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGGTC
ATCACACTGAAGAGCAAGCTGOTCAGCGACTICAGAAAGGAL
TICCAGTTCTACAAGGTCAGAGAAATCAACAACTACCACCACG
CACACGACGCATACCTGAACGCAGTCGTCGGAACAGCACTGA
TCAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTCTACGGAG
ACTACAAGGTCTACGACGTCAGAAAGATGATCGCAAAGAGLG
AACAGGAAATCGGAAAGGCAACAGCAAAGTACTTICTTCTACA
GCAACATCATGAACTTCTTCAAGACAGAAATCACACTGGCAA
ACGGAGAAATCAGAAAGAGACCGCTGATCGAAACAAACGGA
GAAACAGGAGAAATCGTCTGGOACAAGGGAAGAGACTTCCCA
ACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTC
AAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAAGGAAAG
CATCCTGCCGAAGAGAAACAGCGACAAGCTOATCOCAAGAAA
GAAGGACTGGGACCCGAAGAAGTACGGAGGATTCGACAGCCC
GACAGTCGCATACAGCOTCCIGGTICGTCGCAAAGGTCGAAAA
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GGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGG
GAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGA
TCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAGAAGG
ACCTGATCATCAAGCTGCCGAAGTACAGCCTIGTICGAACTGGA
AAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGC
AGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTCAACT
TCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCC
CGGAAGACAACGAACAGAAGCAGCTOTTCGTCGAACAGCACA
AGCACTACCTGGACGAAATCATCGAACAGATCAGCGAATTCA
GCAAGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCC
TGAGCGCATACAACAAGCACAGACGACAAGCCGATCAGAGAAC
AGGCAGAAAACATCATCCACCTGTTCACACTLACAAACCTGG
GAGCACCGGCAGCATTCAAGTACTICGACACAACAATCGACA
GAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCAACAL
TGATCCACCAGAGCATCACAGGACTGTACGAAACAAGAATCG
ACCTGAGCCAGCTGOGAGGAGACGGAGGAGGAAGCCCGAAG
AAGAAGAGAAAGGTCTAGCTAGCCATCACATITAAAAGCATC
TCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAAT
AGCTTATTCATCTCTTTTTCTTTITTICGTTGGTGTAAAGCCAACA
CCCTGTCTAAAAAACATAAATTICTTITAATCATTTITGCCTCTTT
TCTCTGTGCTTCAATTAATAAAAAATGCAAAGAACCTCGAG

Cas?
tramscript
with 5' UTR
from CMY,
ORF
correspondi
ng to SEQ
D NG 4,
Kozak
seguence,
and 3" UTR
of ALB

GGGCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCC
ATAGAAGACACCGGGACCGATCCAGCCTCCGCGGCCGGGAAL
GGTGCATTGGAACGCGGATICCCCGTGLCCAAGAGTGACTCACC
GTCCTTIGACACGGCCACCATGGACAAGAAGTACAGCATCGGA
CTGGACATCGGAACAAACAGCGTCGGATGGGCAGTCATCACA
GACGAATACAAGGTCCCGAGCAAGAAGTTCAAGGTCCTGGGA
AACACAGACAGACACAGCATCAAGAAGAACCTGATCGGAGCA
CTGCTGTTCGACAGCGGAGAAACAGCAGAAGCAACAAGACTG
AAGAGAACAGCAAGAAGAAGATACACAAGAAGAAAGAACAG
AATCTGCTACCTOCAGGAAATCTTICAGCAACGAAATGGCAAA
GGICGACGACAGCTTCTTICCACAGACTGOAAGAAAGCTTCCTG
GTCGAAGAAGACAAGAAGCACGAAAGACACCCGATCTICGGA
AACATCGTCGACGAAGTCGCATACCACGALAAGTACCCGACA
ATCTACCACCTGAGAAAGAAGCTGGTCOACAGCACAGACAAG
GCAGACCTGAGACTOATCTACCTGOCACTGGCACACATOATCA
AGTTCAGAGGACACTTCCTGATCGAAGGAGACCTGAACCCGG
ACAACAGCGACGTCGACAAGCTOTTCATCCAGOTOGGTICCAGAC
ATACAACCAGCTGTTCGAAGAAAACCCGATCAACGCAAGCGG
AGTCGACGCAAAGGTAATCCTGAGCGCAAGACTGAGCAAGAG
CAGAAGACTGGAAAACCTCGATCGCACAGCTGCCGGGAGAAAA
GAAGAACGGACTGTTCGGAAACCTGATCGCACTGAGELTRGG
ACTGACACCGAACTTCAAGAGCAACTICGACCTGGUAGAAGA
CGCAAAGCTGCAGCTGAGCAAGGACACATACGACGACGACCT
GGACAACCTGCTGGCACAGATCGGAGACCAGTACGCAGACCT
GTTCCTGGCAGCAAAGAACCTGAGCGACGCAATCCTGCTGAG
CGACATCCTGAGAGTCAACACAGAAATCACAAAGGCACCGLT
CAGCGCAAGCATGATCAAGAGATACGACGAACACCACCAGGA
CCTGACACTGCTGAAGGCACTGGTCAGACAGCAGCTGCCGGA
AAAGTACAAGGAAATCTTCTICGACCAGAGCAAGAACGGATA
CGCAGGATACATCGACGGAGGAGCAAGCCAGGAAGAATICTA
CAAGTTCATCAAGCCGATCCTGGAAAAGATGGACGGAACAGA
AGAACTOCTGOTCAAGCTOAACAGAGAAGACCTGCTGAGAAA
GCAGAGAACATTCGACAACGGAAGCATCCCOCACCAGATCCA
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CCTGGOAGAACTGCACGCAATCCTGAGAAGACAGGAAGACTT
CTACCCGTTCCTGAAGGACAACAGAGAAAAGATCGAAAAGAT
CCTGACATTCAGAATCCCGTACTACGTCGGACCGCTGGCAAGA
GGAAACAGCAGATTCGCATGGATGACAAGAAAGAGCGAAGA
AACAATCACACCGTGGAACTTICGAAGAAGTCGTCGACAAGGG
AGCAAGCGCACAGAGCTTCATCGAAAGAATGACAAACTTCGA
CAAGAACCTGCCOAACGAAAAGGTCCTGCCGAAGCACAGCCT
GCTGTACGAATACTTCACAGTCTACAACGAACTGACAAAGGTC
AAGTACGTCACAGAAGGAATGAGAAAGCCGGCATTCCTGAGC
GGAGAACAGAAGAAGGCAATCGTCGACCTGCTGTTCAAGACA
AACAGAAAGGTCACAGTCAAGCAGCTGAAGGAAGACTACTTC
AAGAAGATCGAATGCTTICGACAGCGTCGAAATCAGCGGALTC
GAAGACAGATTCAACGCAAGCCTGGGAACATACCACGACCTG
CTGAAGATCATCAAGGACAAGGACTTCCTGGACAACGAAGAA
AACGAAGACATCCTGGAAGACATCGTCCTGACACTGACACTGT
TCOAAGACAGAGAAATGATCGAAGAAAGACTGAAGACATACG
CACACCTGTTCGACGACAAGGTCATCAAGCAGCTGAAGAGAA
GAAGATACACAGGATGGGGAAGACTGAGCAGAAAGCTOATCA
ACGGAATCAGAGACAAGCAGAGCGGAAAGACAATCCTGGACT
TCCTGAAGAGCGACGGATTCGCAAACAGAAACTTICATGCAGC
TGATCCACGACGACAGCCTGACATTCAAGGAAGACATCCAGA
AGGCACAGGTCAGCGGACAGGGAGACAGCCTGCACGAACACA
TCOCAAACCTGGCAGGAAGCCCGGUAATCAAGAAGGGAATCC
TGCAGACAGTCAAGGTCGTCGACCGAACTGGTCAAGGTCATGG
GAAGACACAAGCCGGAAAACATCGTCATCGAAATGGCAAGAG
AAAACCAGACAACACAGAAGGGACAGAAGAACAGCAGAGAA
AGAATGAAGAGAATCGAAGAAGGAATCAAGGAACTGGGAAG
CCAGATCCTGAAGGAACACCCGGTCGAAAACACACAGCTGCA
GAACGAAAAGCTGTACCTGTACTACCTOCAGAACGOAAGAGA
CATGTACGTCGACCAGGAACTGGACATCAACAGACTGAGCGA
CTACGACGTCGACCACATCGTCCCGCAGAGCTTCCTGAAGGAC
GACAGCATCGACAACAAGGTCCTGACAAGAAGCGACAAGAAC
AGAGGAAAGAGCGACAACCTCCCCAGCGAAGAAGTCGTCAAG
AAGATGAAGAACTACTGOAGACAGCTOCTGAACGCAAAGCTG
ATCACACAGAGAAAGTTCGACAACCTGACAAAGGCAGAGAGA
GGAGGACTGAGCOAACTGOACAAGOCAGGATTCATCAAGAGA
CAGCTGGTCGAAACAAGACAGATCACAAAGCACGTCGCACAG
ATCCTGGACAGCAGAATGAACACAAALTACGACGAAAACGAC
AAGCTGATCAGAGAAGTCAAGOTCATCACACTGAAGAGCAAG
CTGGTCAGCGACTTCAGAAAGGACTTCCAGTTCTACAAGGTCA
GAGAAATCAACAACTACCACCACGCACACGACGCATACCTGA
ACGCAGTCGTCGGAACAGCACTGATCAAGAAGTACCCGAAGT
TGGAAAGCGAATTCGTCTACGGAGACTACAAGGTCTACGACG
TCAGAAAGATGATCGCAAAGAGCGAACAGGAAATCGGAAAG
GCAACAGCAAAGTACTICTICTACAGCAACATCATGAACTTICT
TCAAGACAGAAATCACACTGGCAAACGGAGAAATCAGAAAGA
GACCGCTGATCGAAACAAACGGAGAAACAGGAGAAATCGTCT
GGGACAAGGGAAGAGACTTICGCAACAGTCAGAAAGGTCCTGA
GCATGCCGCAGGTCAACATCGTCAAGAAGACAGAAGTCCAGA
CAGGAGGATTCAGCAAGGAAAGCATCCTGCCGAAGAGAAACA
GCGACAAGCTGATCGCAAGAAAGAAGGACTGGGACCCGAAGA
AGTACGGAGGATTCGACAGCCCGACAGTCGCATACAGCGTCC
TGGTCGTCGCAAAGGTCGAAAAGGGAAAGAGCAAGAAGCTGA
AGAGCGTCAAGGAACTGCTGGGAATCACAATCATGGAAAGAA
GCAGCTTCGAAAAGAACCCGATCOACTICCTGOAAGCAAAGG
GATACAAGGAAGTCAAGAAGGACCTGATCATCAAGCTGCCGA
AGTACAGCCTGTTCGAACTOGGAAAACGGAAGAAAGAGAATGC
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TOGGCAAGCGCAGGAGAACTGCAGAAGGGAAACGAACTOGCAC
TGCCGAGCAAGTACGTCAACTTCCTGTACCTGGCAAGCCACTA
CGAAAAGCTGAAGGGAAGCCCGGAAGACAACGAACAGAAGC
AGCTGTTCGTCGAACAGCACAAGCACTACCTGGACGAAATCAT
CGAACAGATCAGCGAATTCAGCAAGAGAGTCATCCTGGCAGA
CGCAAACCTGGACAAGGTCCTGAGCGCATACAACAAGCACAG
AGACAAGCCGATCAGAGAACAGGCAGAAAACATCATCCACCT
GTTCACACTGACAAACCTGGOGAGCACCGOCAGCATTCAAGTA
CTTCGACACAACAATCGACAGAAAGAGATACACAAGCACAAA
GGAAGTCCTGGACGCAACACTGATCCACCAGAGCATCACAGG
ACTCTACGAAACAAGAATCGACCTGAGCCAGCTGGOAGGAGA
CGGAGGAGGAAGCCCGAAGAAGAAGAGAAAGGTCTAGCTAG
CCATCACATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAG
AAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTITCTTITY
COTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTIC
TITAATCATTITGCCTCTITICTCTGTGOCTTCAATTAATAAAAA
ATGGAAAGAACCTCGAG

CasH
framscript
with §’ UTR
from HER,
ORF
correspondi
ng to SEQ
ID NG: 4,
Kozak
sequence,
and 3’ UTR
of HBE

GGGacatigetictgacacaactgigiicactageaaceteaaacagacaccggatotpecacc AT
GGACAAGAAGTACAGCATCGGACTGGACATCGGAACAAACAG
COTCGGATGGGCAGTCATCACAGACGAATACAAGGTCCCGAG
CAAGAAGTTCAAGGTCCTGGGAAACACAGACAGACACAGCAT
CAAGAAGAACCTGATCGGAGCACTGCTGTTCGACAGCGGAGA
AACAGCAGAAGCAACAAGACTGAAGAGAACAGCAAGAAGAA
GATACACAAGAAGAAAGAACAGAATCTGCTACCTGCAGGAAA
TCTTCAGCAACGAAATGGCAAAGGTCGACGACAGCTTCTTCCA
CAGACTGGAAGAAAGCTTCCTGGTCGAAGAAGACAAGAAGCA
CGAAAGACACCCGATCTTCGOAAACATCGTCOACGAAGTCGC
ATACCACGAAAAGTACCCGACAATCTACCACCTGAGAAAGAA
GCTGGTCGACAGCACAGACAAGGCAGACCTGAGACTGATCTA
CCTGGCACTGGCACACATGATCAAGTTCAGAGGACACTICCTG
ATCGAAGGAGACCTGAACCCGGACAACAGCGACGTCGACAAD
CTGTTCATCCAGCTGGTCCAGACATACAACCAGCTGTTCGAADL
AAAACCCGATCAACGCAAGCGGAGTCGACGCAAAGGCAATCL
TCGAGCGCAAGACTGAGCAAGAGCAGAAGACTGOAAAACCTGA
TCOCACAGCTOCCGGGAGAAAAGAAGAACGOACTOTTCGGAA
ACCTGATCOGCACTOAGCCTGUGACTGACACCGAACTTCAAGA
GCAACTTCGACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCA
AGGACACATACGACGACGACCTGGACAACCTGCTGGCACAGA
TCGGAGACCAGTACGCAGACCTOTTCCTGGCAGCAAAGAACC
TGAGCGACGUAATCCTGCTGAGCGACATCCTGAGAGTCAACA
CAGAAATCACAAAGGCACCOCTGAGCGCAAGCATGATCAAGA
GATACGACGAACACCACCAGGACCTGACACTGCTGAAGGLAL
TGGTCAGACAGCAGCTGCCGCAAAAGTACAAGGAAATCTTCT
TCGACCAGAGCAAGAACGGATACGCAGGATACATCGACGGAG
GAGCAAGCCAGGAAGAATTCTACAAGTTCATCAAGCCGATCC
TGGAAAAGATGGACGGAACAGAAGAACTGCTGGTCAAGCTGA
ACAGAGAAGACCTGCTGAGAAAGCAGAGAACATTCGACAALCG
GAAGCATCCCGCALCAGATCCACCTGGGAGAACTGCALCGCAA
TCCTGAGAAGACAGGAAGACTTCTACCCGTTICCTGAAGGACA
ACAGAGAAAAGATCGAAAAQATCCTGACATTCAGAATCCCGT
ACTACGTCGGACCGCTGGCAAGAGGAAACAGCAGATTCGCAT
GGATGACAAGAAAGAGCGAAGAAACAATCACACCGTGGAACT
TCOGAAGAAGTCGTCGACAAGGGAGCAAGCGCACAGAGCTICA
TCCAAAGAATGACAAACTICGACAAGAACCTGCCGAACTAAA

58
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AGGTCCTGUCGAAGCACAGCCTGCTGTACGAATACTTCACAGT
CTACAACGAACTGACAAAGGTCAAGTACGTCACAGAAGGAAT
GAGAAAGCCGGCATTCCTGAGCGGAGAACAGAAGAAGGCAAT
CGTCGACCTGCTGTTCAAGACAAACAGAAAGGTCACAGTCAA
GCAGCTGAAGGAAGACTACTTCAAGAAGATCGAATGCTTICGA
CAGCGTCGAAATCAGCGGAGTCGAAGACAGATTCAACGCAAG
CCTGGGAACATACCACGACCTGCTGAAGATCATCAAGGACAA
GGACTTCCTGGACAACGAAGAAAACGAAGACATCCTGGAAGA
CATCGTCCTGACACTGACACTGTTCGAAGACAGAGAAATGATC
GAAGAAAGACTGAAGACATACGCACACCTGTTCGACGACAAG
GTCATGAAGCAGCTCGAAGAGAAGAAGATACACAGGATGGGGA
AGACTGAGCAGAAAGCTGATCAACGGAATCAGAGACAAGCAL
AGCGGAAAGACAATCCTGGACTICCTGAAGAGCGACGOATTC
GCAAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTG
ACATTCAAGGAAGACATCCAGAAGGCACAGGTCAGCGGACAL
GGAGACAGCCTGCACGAACACATCGCAAACCTGGCAGGAAGC
CCGGCAATCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGTT
GACGAACTGGTCAAGGTCATGGGAAGACACAAGCCGGAAAAL
ATCGTCATCGAAATGGCAAGAGAAAACCAGACAACACAGAAG
GGACAGAAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGA
AGGAATCAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCT
GGICGAAAACACACAGCTGCAGAACGAAAAGCTOTACCTGTA
CTACCTGCAGAACGGAAGAGACATGTACGTCGACCAGGAACT
GGACATCAACAGACTCAGCGACTACGACGTCGACCACATCGT
CCCGCAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGGT
CCTGACAAGAAGCGACAAGAACAGAGGAAAGAGCGACAACG
TCCCGAGCGAAGAAGTCGTCAAGAAGATCAAGAACTACTGGA
GACAGCTGCTGAACGCAAAGCTGATCACACAGAGAAAGTTCG
ACAACCTGACAAAGGCAGAGAGAGGAGGCACTGAGCGAACTG
GACAAGOCAGGATTCATCAAGAGACAGCTGOTCGAAACAAGA
CAGATCACAAAGCACGTCGCACAGATCCTGGACAGCAGAATG
AACACAAAGTACGACGAAAACGACAAGCTGATCAGAGAAGTC
AAGGTCATCACACTGAAGAGCAAGCTGCTCAGCGACTTCAGA
AAGGACTTCCAGTTCTACAAGOTCAGAGAAATCAACAACTAC
CACCACGCACACGACGCATACCTGAACGCAGTCGTCGGAACA
GCACTGATCAAGAAQTACCCGAAGCTGGAAAGCGAATTCGTC
TACGGAGACTACAAGQTCTACGACOTCAGAAAGATGATCGCA
AAGAGCGAACAGGAAATCGGAAAGGCAACAGCAAAGTACTTC
TICTACAGCAACATCATGAACTTICTICAAGACAGAAATCACAC
TGGCAAACGGAGAAATCAGAAAGAGACCGUTGATCGAAACAA
ACGGAGAAACAGGAGAAATCGTCTOGGACAAGGGAAGAGAC
TTCGCAACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAAC
ATCGTCAAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAAG
GAAAGCATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCA
AGAAAGAAGGACTGGGACCCGAAGAAGTACGGAGGATTCGAC
AGCCCGACAGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTCG
AAAAGGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTG
CTGGGAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAAC
CCGATCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAG
AAGGACCTGATCATCAAGCTGCCGAAGTACAGCCTGTITCGAAC
TGGAAAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAA
CTGCAGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTC
AACTTCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGA
AGCCCGGAAGACAACGAACAGAAGCAGCTGTICGTCGAACAG
CACAAGCACTACCTOGACGAAATCATCGAACAGATCAGCGAA
TTCAGCAAGAGAGTCATCCTOGGCAGACGCAAACCTGGACAAG
GTCCTGAGCGCATACAACAAGCACAGAGACAAGCCGATCAGA
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GAACAGGTAGAAAACATCATCCACCTOTTCACACTGACAAAC
CTGGGAGCACCGGCAGCATTCAAGTACTTCGACACAACAATC
GACAGAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCA
ACACTGATCCACCAGAGCATCACAGGACTGTACGAAACAAGA
ATCGACCTGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCCCG
AAGAAGAAGAGAAAGGTCTAGetagegctepetitetigetpocaatiiciaitaaa
getiectiigiicecaagiccaaciactasaciggpesatatiatgaaggeccitigagcateiggaticlg
cctaataaassacatitatilicatigectegag

Cash GGGaageicagaatasacgetcaaciitggocggatctgecacCATGGACAAGAAGT 59
transcript ACAGCATCGGACTGGACATCGGAACAAACAGCETCGOATGHG
with 3 UTR CAGTCATCACAGACGAATACAAGGTCCCGAGCAAGAAGTITA
from XBG, AGGTCUTGGGAAACACAGACAGACACAGCATCAAGAAGAACC
ORF TGATCGGAGCACTGCTGTTCGACAGCGOAGAAACAGCAGAAG
correspondi CAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACAAGA
ng to SEQ AGAAAGAACAGAATCTGCTACCTGCAGGAAATCTICAGCAAC
D NG 4, GAAATGGCAAAGGTCGACGACAGCTITCYTCCACAGALCTGGAA
Kozak GAAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGACAC
sequence, CCOATCTTICOGGAAACATCGTCGACGAAGTCGCATACCACGAA
and 3' UTR AAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCGAL
of XBG AGCACAGACAAGGCAGACCTGAGACTCGATCTACCTGGCACTG

GCACACATGATCAAGTTCAGAGGACACTICCTGATCGAAGGA
GACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTICATC
CAGCTGGTCCAGACATACAACCAGCTGTTCGAAGAAAACCCG
ATCAACGCAAGCGGAGTCGACGCAAAGGCAATCCTGAGCGCA
AGACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACAG
CTGCCGGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGATC
GCACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTIC
GACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACA
TACGACGACGACCTGGACAACCTGCTGCGCACAGATCGGAGAC
CAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGAC
GCAATCCTGCTGAGCGACATCCTGAGAGTCAACACAGAAATC
ACAAAGGCACCGCTGAGCOCAAGCATGATCAAGAGATACGAL
GAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGA
CAGCAGCTGCCGGAAAAGTACAAGGAAATCTTICTTCGACCAG
AGCAAGAACGGATACGCAQGATACATCCGACGGAGGAGCAAGC
CAGGAAGAATICTACAAGTICATCAAGCCLATCCIGGAAAAG
ATGGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAA
CACCTGCTGAGAAAGCAGAGAACATTCGACAACGGAAGCATC
CCOGCACCAGATCCACCTGUGAGAACTGCACGCAATCCTGAGA
AGACAGGAAGACTICTACCCGTTCCTGAAGGACAACAGAGAA
AAGATCGAAAAGATCCTGACATICAGAATCCCGTACTACGTCG
GACCOGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAA
GAAAGAGCGAAGAAACAATCACACCGTGGAACTTCGAAGAAG
TCGTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAA
TGACAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGC
CGAAGCACAGCCTGCTGTACGAATACTTCACAGTCTACAACGA
ACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGCC
GGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTCGACCT
GCTGTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGCTGAA
QGAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCOTCGA
AATCAGCGGAGTCGAAGACAGATTCAACGCAAGCCTGGGAAC
ATACCACGACCTGCTGAAGATCATCAAGGACAAGGACTTCCTG
GACAACGAAGAAAACGAAGACATCCTOGAAGACATCGTCCTG
ACACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGA
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CTGAAGACATACGCACACCTGTTCGACGACAAGGTCATGAAG

CAGCTGAAGAGAAGAAGATACACAGGATGGGGAAGACTGAG

CAGAAAGCTGATCAACGGAATCAGAGACAAGCAGAGCGGAA

AGACAATCCTGGACTTICCTGAAGAGCGACGGATTCGCAAACA

GAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAA
GGAAGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACA

GCCTGCACGAACACATCGCAAACCTGOCAGGAAGLICCGGCAA
TCAAGAAGGGAATCCTGCAGACAGTCAAGGTCOTCGACGAAC
TGGTCAAGGTCATGGGAAGACACAAGCCGGAAAACATCGTCA
TCCAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAG

AAGAACAGCAGAGAAAGAATGAAGAGAATCOAAGAAGGAAT
CAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGUTCGA
AAACACACAGCTGCAGAACGAAAAGCTGTACCTIGTACTACCT

GCAGAACGGAAGAGACATGTACGTCGACCAGGAACTGUACATY
CAACAGACTGAGCGACTACGACGTCCACCACATCGTCLCGCA

GAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTLLCTGAL

AAGAAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGA

GCGAAGAAGTCOTCAAGAAGATGAAGAACTACTGGAGACAGL
TGCTGAACGCAAAGCTOATCACACAGAGAAAGTTCGACAACC

TGACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAG

GCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATC
ACAAAGCACGTCGCACAGATCCTGOACAGCAGAATGAACACA
AAGTACCACGAAAACGACAAGCTCATCAGAGAAGTCAAGGTC
ATCACACTGAAGAGCAAGCTGGTCAGCGACTTCAGAAAGGAC
TTCCAGTTCTACAAGGTCAGAGAAATCAACAACTACCACCACG
CACACGACGCATACCTGAACGCAGTCGTCGGAACAGCACTGA

TCAAGAAGTACCCGAAGUTGGAAAGCGAATTCGTCTACGGAG

ACTACAAGGTCTACGACGTCAGAAAGATGATCGCAAAGAGCG
AACAGGAAATCOGAAAGGCAACAQGCAAAGTACTTCTTCTACA

GCAACATCATGAACTTICTTCAAGACAGAAATCACACTGG AA

ACGGAGAAATCAGAAAGAGACCGCTGATCGAAACAAACGGA

GAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGACTTICGCA
ACAGTCAGAAAGOTCCTCGAGCATGCCGCAGOTCAACATCGTC

AAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAAGGAAAG

CATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAA
GAAGGACTGGUGACCCGAAGAAGTACGGAGGATTCGACAGCCC
GACAGTCGCATACAGCGTCCTGOTCGTCGCAAAGGTCGAAAA

GOGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGG

GAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGA
TCCGACTTCCTGGAAGCAAAGGCATACAAGGAAGTCAAGAAGG
ACCTGATCATCAAGCTGCCGAAGTACAGCCTGTTCGAACTGGA
AAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGC

AGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTCAALCT
TCCYGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCT

CGGAAGACAACGAACAGAAGCAGCTGTTCGTCGAACAGCALA
AGCACTACCTGGACGAAATCATCGAACAGATCAGCGAATICA

GCAAGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCC
TGAGCGCATACAACAAGCACAGAGACAAGCCGATCAGAGAAC
AGGCAGAAAACATCATCCACCTGTICACACTGACAAACCTGG

GAGCACCGGCAGCATTCAAGTACTICGACACAACAATCGACA

GAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCAACAT
TOATCCACCAGAGCATCACAGGACTGTACGAAACAAGAATCG

ACCTGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAG

AAGAAGAGAAAGGTCTAGelageaccagecicaagaacacecgaaiggagicician
petacataataccaaciiacacitiacataaigligleccecasaatglagocalicgiaictgctont sata
asaaganagtitclicacatictcicgag
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Cas?
transcript
with AGG as
first three
nuclestides
for use with
Cleanlap™,
5 UTR from
XBG, ORF
correspondi
ng to SEQ
D NG: 4,
Kozak
seguence,
and 3" UTR
of XBG

AGGaagcicagaataaacgcicaaciitggeeggatcigecacCATGGACAAGAAGT
ACAGCATCGGACTGGACATCGGAACAAACAGCGTCGGATGGE
CAGTCATCACAGACGAATACAAGGTCCCGAGCAAGAAGTTCA
AGGTCCTGGGAAACACAGACAGACACAGCATCAAGAAGAACC
TGATCGCAGCACTCCTGTTCCGACAGCGLAGAAACAGCAGAAG
CAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACAAGA
AGAAAGAACAGAATCTGCTACCTGCAGGAAATCTICAGCAAC
GAAATGGCAAAGGTCGACGACAGCTTCTTCCACAGACTGGAA
GAAAGCTTCCTGOTCGAAGAAGCACAAGAAGCACGAAAGACAC
CCGATCTYCGGAAACATCGTCGACGAAGTCGCATACCACGAA
AAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCGAL
AGCACAGACAAGGCAGACCTGAGACTOATCTACCTGGCACTG
GCACACATGATCAAGTTCAGAGGACACTTICCTGATCGAAGGA
GACCTGAACCCGUOACAACAGCGACGTCGACAAGLTGTICATC
CAGCTGGTCCAGACATACAACCAGCTGTTCGAAGAAAACLCCG
ATCAACGCAAGCGGAGTCGACGCAAAGGCAATICTGAGCGCA
AGACTGAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACAG
CTGCCGGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGATC
GCACTGAGCCTGGGACTGACACCGAACTICAAGAGCAACTTC
GACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACA
TACGACGACGACCTGGACAACCTGCTGGLACAGATCGGAGAC
CAGTACGCAGACCTGTTICCTGGCAGCAAAGAACCTGAGCGAC
GCAATCCTGCTGAGCGACATCCTGAGAGTCAACACAGAAATC
ACAAAGGCACCGCTGAGCGCAAGCATGATCAAGAGATACGAC
GAACACCACCAGOACCTGACACTGCTGAAGGCACTGGTCAGA
CAGCAGCTGCCGGAAAAGTACAAGGAAATCTICTICGACCAG
AGCAAGAACGGATACGCAGGATACATCGACGGAGGAGCAAGC
CAGGAAGAATTCTACAAGTTCATCAAGCCOATCCTGGAAAAG
ATGGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAA
GACCTGCTGAGAAAGCAGAGAACATTICGACAACGGAAGCATC
CCGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGA
AGACAGGAAGACTTCTACCCGTICCTGAAGOACAACAGAGAA
AAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCG
GACCGCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACAA
GAAAGAGCGAAGAAACAATCACACCGTGGAACTTCGAAGAAG
TCGTCGACAAGGGAGUAAGCGCACAGAGCTTCATCGAAADAA
TGACAAACTYCGACAAGAACCTGCCGAACGAAAAGGTICCTGC
CGAAGCACAGCCTGCTGTACGAATACTTCACAGTCTACAACGA
ACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGCC
GGCATTCCTGAGCGGAGAACAGAAGAAGGCAATOGTCGACCT
GCTGTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGITGAA
GGAAGACTACTTCAAGAAGATCGAATGCTTCGACAGCGTLGA
AATCAGCGGAGTCGAAGACACGATTICAACGCGCAAGCCTGGGAAL
ATACCACGACCTGCTGAAGATCATCAAGGACAAGGACTTCCTG
GACAACGAAGAAAACGAAGACATCCTGGAAGACATCGTCCTG
ACACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGA
CTGAAGACATACGCACACCTGTTCGACGACAAGGTCATGAAG
CAGCTGAAGAGAAGAAGATACACAGGATGGGGAAGACTGAG
CAGAAAGCTGATCAACGGAATCAGAGACAAGCAGAGCGGAA
AGACAATCCTGGACTTCCTGAAGAGCGACGGATTCOCAAACA
GAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATTICAA
GGAAGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACA
GCCTGCACGAACACATCGCAAACCTGGCAGGAAGCCCGGCAA
TCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAAC

60
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TOGOTCAAGGTCATGGUAAGACACAAGCCGGAAAACATCGTCA
TCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAG
AAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAAT
CAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCGA
AAACACACAGCTGCAGAACGAAAAGCTCGTACCTGTACTACCT
GCAGAACGGAAGAGACATGTACGTCGACCAGGAACTGGACAT
CAACAGACTGAGCGACTACGACGTCGACCACATCGTCLCGCA
GAGCTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTGAC
AAGAAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGA
GCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGAGACAGC
TGCTGAACGCAAAGCTGATCACACAGAGAAAGTTCGACAACT
TGACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAG
GCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATC
ACAAAGCACGTCGCACAGATCCTGGACAGUAGAATGAACACA
AAGTACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGGTC
ATCACACYGAAGAGCAAGCTGGTCAGCGACTICAGAAAGGAC
TTCCAGTTCTACAAGGYCAGAGAAATCAACAACTACTACCACG
CACACGACGCATACCTGAACGCAGTCGYCGGAACAGCACTGA
TCAAGAAGTACCCGAAGCTGGAAAGCGAATTCGTCTACGGAG
ACTACAAGGTCTACGACGTCAGAAAGATCGATCGCAAAGAGCG
AACAGGAAATCGGAAAGOCAACAGCAAAGTACTTCTTICTACA
GCAACATCATGAACTICTICAAGACAGAAATCACACTGHCAA
ACGGAGAAATCAGAAAGAGACCGLTGATCGAAACAAACGGA
GAAACAGGAGAAATCGTCTGGGACAAGGGAAGAGACTICGCA
ACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTC
AAGAAGACAGAAGTCCAGACAGGAGGATTCAGCAAGGAAAG
CATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAA
GAAGGACTGGGACCCGAAGAAGTACGGAGGATTCGACAGCCO
GACAGTCGCATACAGCGTCCTGOTCGTCOCAAAGGTCGAAAA
GOGAAAGAGCAAGAAGCTGAAGAQCGTCAAGGAACTQCTGG
GAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGA
TCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAGAAGG
ACCTGATCATCAAGCTGCCCGAAGTACAGCCTGTICGAACTGGA
AAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGC
AGAAGGGAAACGAACTGGCACTGCCGAGCAALTACGTCAACT
TCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCC
COGAAGACAACGAACAGAAGCAGCTGTTCGTCGAACAGCACA
AGCACTACCTGGACGAAATCATCOGAACAGATCAGCGAATICA
GCAAGAGAGTCATCCTGOCAGACGCAAACCTGGACAAGGTCC
TGAGCGCATACAACAAGCACAGAGACAAGCCGATCAGAGAAC
AGGCAGAAAACATCATCCACCTGTICACACTGACAAACCTGG
GAGCACCGGCAGCATTCAAGTACTTCGACACAACAATCGACA
GAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCAACAC
TGATCCACCAGAGCATCACAGGACTGTACGAAACAAGAATCG
ACCTGAGCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAG
AAGAAGAGAAAGGTCTAGelageaccagecicaagaacacecgaaiggagicician
gclacataataccaacliacactitacasanigiigicccccanaatglagecaticglaleigetectaata
asaagaaagiftcticacalicictegap

Cas? AGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTIGTTCGTGTGT 61
transcript GTGTCGTTGCAGGCCTTATTCGGATCCOCCACCATGGACAAGA
with AGG as AGTACAGCATCGGACTGGACATCGGAACAAACAGCGTCGGAT
first three GGGCAGTCATCACAGACGAATACAAGGTCCCGAGCAAGAAGT
nucleotides TCAAGGTCCTGGGAAACACAGACAGACACAGCATCAAGAAGA

for use with ACCTGATCGGAGCACTGCTGTTCGACAGCGGAGAAACAGCAG




WO 2019/067992 PCT/US2018/053559

173
CleanCap™, AAGCAACAAGACTGAAGAGAACAGCAAGAAGAAGATACACA
& UTR fiom AGAAGAAAGAACAGAATCTGCTACCTGCAGGAAATCTTCAGC
HSD, ORF AACGAAATGGCAAAGGTCGACGACAGCTTCTTCCACAGACTG
correspondi GAAGAAAGCTTCCTGGTCGAAGAAGACAAGAAGCACGAAAGA
ng te SEQ CACCCGATCTTCGGAAACATCGTCGACGAAGTCGCATACCACG
ID NO: 4, AAAAGTACCCGACAATCTACCACCTGAGAAAGAAGCTGGTCG
Kozak ACAGCACAGACAAGGCAGACCTGAGACTGATCTACCTGGCAC
sequence, TOGCACACATGATCAAGTTCAGAGGACACTTCCTGATCGAAGS
and 3’ UTR AGACCTGAACCCGGACAACAGCGACGTCGACAAGCTGTTCAT
of ALB CCAGCTGGTCCAGACATACAACCAGCTGTTCGAAGAAAACCC

GATCAACGCAAGCGCAGTCGACGCAAAGGCAATCCTGAGCGC
AAGACTGAGCAAGAGCAGAAGACTGOAAAACCTGATCGCACA
GCTGCCGGGAGAAAAGAAGAACGGACTGTTICGGAAACCTGAT
CGCACTGAGCCTGGGACTCACACCGAACTTCAAGAGCAACTTC
GACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACACA
TACGACGACGACCTGGACAACCTGCTGGCACAGATCGGAGAL
CAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCTGAGCGAL
GCAATCCTGCTGAGCGACATCCTGAGAGTCAACACAGAAATC
ACAAAGGCACCGCTGAGCGCAAGCATGATCAAGAGATACGAC
GAACACCACCAGGACCTGACACTGCTGAAGGCACTGGTCAGA
CAGCAGCTGCCGUAAAAGTACAAGGAAATCTTCTTCGACCAG
AGCAAGAACGGATACGCAGGATACATCGACGGAGGAGCAAGC
CAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGGAAAAG
ATGGACGGAACAGAAGAACTGCTGGTCAAGCTGAACAGAGAA
GACCTGCTGAGAAAGCAGAGAACATTCGACAACGGAAGCATC
CCGCACCAGATCCACCTGGGAGAACTGCACGCAATCCTGAGA
AGACAGUAAGACTTCTACCCGTICCTGAAGGACAACAGAGAA
AAGATCGAAAAGATCCTGACATTCAGAATCCCGTACTACGTCG
GACCGCTOGCAAGAGGAAACAGCAGATTCGCATGGATGACAA
GAAAGAGCQAAGAAACAATCACACCGTOGAACTTCGAAGAAG
TCOTCGACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAA
TGACAAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGC
CCAAGCACAGCCTGCTGTACGAATACTICACAGTCTACAACGA
ACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAAGLC
GGCATTCCTGAGCGGAGAACAGAAGAAGGCAATECGTCGACCT
GCTOTTCAAGACAAACAGAAAGQOTCACAGTCAAGCAGCTGAA
GGAAGACTACTTCAAGAAGATCOAATGCTTCGACAGCGTCCA
AATCAGCGOAGTCGAAGACAGATTCAACGCAAGCCTGOGAAC
ATACCACGACCTGCTGAAGATCATCAAGGACAAGGACTICCTG
GACAACGAAGAAAACGAAGACATCCTGGAAGACATCOTCCTG
ACACTGACACTGTTCGAAGACAGAGAAATGATCGAAGAAAGA
CTGAAGACATACGCACACCTGTTCGACGACAAGGTCATGAAG
CAGCTGAAGAGAAGAAGATACACAGGATOGGGGAAGACTGAG
CAGAAAGCTGATCAACGOAATCAGAGACAAGCAGAGLGGAA
AGACAATCCTGGACTTCCTGAAGAGCGACGGATTCGCAAACA
GAAACTTCATGCAGCTGATCCACGACGACAGCCTGACATTCAA
GGAAGACATCCAGAAGGCACAGGTCAGCGGACAGGGAGACA
GCCTGCACGAACACATCGCAAACCTGGCAGGAAGCCCGGCAA
TCAAGAAGGGAATCCTGCAGACAGTCAAGGTCGTCGACGAAC
TGGTCAAGGTCATGGGAAGACACAAGCCGGAAAACATCGTCA
TCGAAATGGCAAGAGAAAACCAGACAACACAGAAGGGACAG
AAGAACAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAAT
CAAGGAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCGA
AAACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCT
GCAGAACGGAAGAGACATGTACGTCGACCAGGAACTGGACAT
CAACAGACTGAGCGACTACGACGTCGACCACATCOOTCCCG A
GAGCTTCCTGAAGOACGACAGCATCGACAACAAGOGTCCTGAC
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AAGAAGCGACAAGAACAGAGGAAAGAGCGACAACGTCCCGA
GCGAAGAAGTCGTCAAGAAGATGAAGAACTACTGGAGACAGC
TGCTGAACGCAAAGCTCGATCACACAGAGAAAGTTCGACAACC
TGACAAAGGCAGAGAGAGGAGGACTGAGCGAACTGGACAAG
GCAGGATTCATCAAGAGACAGCTGGTCGAAACAAGACAGATC
ACAAAGCACGTCGCACAGATCCTGGACAGCAGAATGAACACA
AAGTACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGGTC
ATCACACTGAAGAGCAAGCTOGTCAGCOACTTCAGAAAGGAC
TTCCAGTTCTACAAGGTCAGAGAAATCAACAACTACCACCACG
CACACGACGCATACCTGAACGCAGTCGTCGGAACAGCACTGA
TCAAGAAGTACCCGAAGCTGGAAAGCOAATTCGTCTACGGAG
ACTACAAGGTCTACGACGTCAGAAAGATCGATCGCAAAGAGCG
AACAGGAAATCGGAAAGGCAACAGCAAAGTACTICTICTACA
GCAACATCATGAACTICTTICAAGACAGAAATCACACTGHCAA
ACGGAGAAATCAGAAAGAGACCGCTGATCGAAACAAACGGA
GAAACAGGAGAAATCGTICTGGOACAAGGGAAGAGACTICGCA
ACAGTCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTC
AAGAAGACAGAAGTCCAGACAGGAGGATTICAGCAAGGAAAG
CATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAAA
GAAGGACTGGGACCUGAAGAAGTACGGAGGATTCGACAGCCC
GACAGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTCGAAAA
GGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAACTGCTGG
GAATCACAATCATGGAAAGAAGCAGCTTCGAAAAGAACCCGA
TCGACTTCCTGGAAGCAAAGGGATACAAGGAAGTCAAGAAGG
ACCTGATCATCAAGCTGCCGAAGTACAGCCTGTICGAACTGGA
AAACGGAAGAAAGAGAATGCTGGCAAGCGCAGGAGAACTGC
AGAAGGGAAACGAACTGGCACTGCCGAGCAAGTACGTCAACT
TCCTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAAGCC
CGGAAGACAACGAACAGAAGCAGCTOTTCGTCGAACAGCACA
AGCACTACCTGGACGAAATCATCGAACAGATCAGCGAATTCA
GCAAGAGAGTCATCCTGGCAGACGCAAACCTGGACAAGGTCC
TGAGCGCATACAACAAGCACAGAGACAAGCCGATCAGAGAAC
AGGCAGAAAACATCATCCACCTOTTCACACTGACAAACCTGG
GAGCACCGGCAGCATTCAAGTACTICGACACAACAATCGACA
GAAAGAGATACACAAGCACAAAGGAAGTCCTGGACGCAACALT
TGATCCACCAGAGCATCACAGGACTGTACGAAACAAGAATCG
ACCTGAGCCAGCTGOGAGGAGACGOAGGAGGAAGCCCOGAAG
AAGAAGAGAAAGOTCTAGCTAGCCATCACATTITAAAAGCATC
TCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAAT
AGCTTATTCATCTCTTTTITCTTTITTCOTTGGTGTAAAGCCAACA
CCCTGTCTAAAAAACATAAATTICTTITAATCATTTITGCCTCTTT
TCTCTGTGCTTCAATTAATAAAAAATGCGAAAGAACCTCGAG

30/30/3% ADAAAAAAAAAAAAAAADAAAANAAAAADAGCGAAAAAAA &2

poly-A AAAAAAAAAAAAAAAAAADAAAAACCGAAAAAAAAAAAAAAA

sequence AAAAAAAAAAAAAAAAAAAAAAAA

poly-A 100 AAAAAAAAAMAALAAAAAAAAAAAAAAAAAAAAAAAAANAA 63

sequente ADAAAAAAAAAABAAANDAAAAAAAAAAAAAAAAAAANAA
AAAAAAAAAAAAA

G209 guide mC'mC*mA*GUCCAGCGAGGCAAAGGGUUUUAGAGCUAGAAA 64

RNA UAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAA
AGUGGCACCGAGUCGGUGCmU*mUPmU*U

ORF ATGGCAGCATTCAAGCCGAACTCGATCAACTACATCCTGGGAC &8

encoding TGOGACATCGOAATCGCATCGUTCGGATGGGCAATOGGTICGAAA
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Neisseria TCGACGAAGAAGAAAACCCGATCAGACTGATCGACCTGGGAT
meningitidis TCAGAGTCTTCGAAAGAGCAGAAGTCCCGAAGACAGGAGACT
Cas9 CGCTGGCAATGGCAAGAAGACTGGCAAGATCGGTCAGAAGAC

TGACAAGAAGAAGAGCACACAGACTGCTGAGAACAAGAAGA
CTGCTGAAGAGAGAAGGAGTCCTGCAGGCAGCAAACTTICGAC
GAAAACGGACTGATCAAGTCGCTGCCGAACACACCGTGGCAG
CTGAGAGCAGCAGCACTGCGACAGAAAGCTGACACCGCTGGAA
TOGGTCGCCAGTCCTGCTGCACCTOATCAAGCACAGAGGATACC
TGTCGCAGAGAAAGAACGAAGGAGAAACAGCAGACAAGGAA
CTGGGAGCACTGCTGAAGGGAGTCGCAGGAAACGCACACGCA
CTGCAGACAGGAGACTTCAGAACACCGGCAGAACTGGCACTG
AACAAGTTCGAAAAGGAATCGGGACACATCAGAAACCAGAGA
TCGGACTACTCGCACACATICTCGAGAAAGGACCTGCAGGCA
GAACTGATCCTGCTGTTCGAAAAGCAGAAGGAATICOGAAAC
CCOCACGTCTCGGGAGGACTOAAGGAAGGAATCOAAACACTG
CTGATGACACAGAGACCGGCACTGTCGGGAGACGCAGTCCAG
AAGATGCTGGGACACTGCACATTCGAACCGGCAGAACCGAAG
GCAGCAAAGAACACATACACAGCAGAAAGATTICATCTGGCTG
ACAAAGCTOGAACAACCTGAGAATCCTGGAACAGGGATCGGAA
AGACCGCTGACAGACACAGAAAGAGCAACACTGATGGACGAA
CCOGTACAGAAAGTCGAAGCTGACATACGCACAGGCAAGAAAG
CTGCTGGGACTGGAAGACACAGCATTCTTCAAGGGACTCGAGA
TACGGAAAGGACAACGCAGAAGCATCGACALCTGATGGAAATG
AAGGCATACCACGCAATCTCGAGAGCACTGGAAAAGGAAGGA
CTGAAGGACAAGAAGTCGCCGCTGAACCTGTCGCCGGAACTG
CAGGACGAAATCGGAACAGCATTCTCGCTGTTCAAGACAGAC
GAAGACATCACAGGAAGACTGAAGGACAGAATCCAGCCGGAA
ATCCTGGAAGCACTGCTGAAGCACATCTCGTTCCACAAGTTCG
TCCAGATCTCGCTGAAQGGCACTCAGAAGAATCOTCCCGLTGAT
GGAACAGGOAAAGAGATACGACGAAGCATGCOGCAGAAATCTA
CGGAGACCACTACGGAAAGAAGAACACAGAAGAAAAGATCT
ACCTGCCGCCGATCCCGGCAGACGAAATCAGAAACCCGGTCG
TCCTCAGAGCACTGTCGCAGGCAAGAAAGGTCATCAACGGAG
TCGTCAGAAGATACGGATCGCCGGCAAGAATCCACATCGAAA
CAGCAAGAGAAGTCGGAAAGTCGTICAAGGACAGAAAGGAA
ATCGAAAAGAGACAGGAAGAAAACAGAAAGGACAGAGAAAA
GGCAGCAGCAAAGTTCAGAGAATACTTCCCGAACTTCGTCGG
AGAACCGAAGTCGAAGGACATCCTOGAAGCTGAGACTGTACGA
ACAGCAGCACGGAAAGTGCCTGTACTCGGGAAAGGAAATCAA
CCTGGGAAGACTGAACGAAAAGGGATACGTCGAAATCGACCA
CGCACTGLLGTTCTCGAGAACATGGGACGACTCGTTCAACAAC
AAGGTCCTGOTCCTGOOATCOGAAAACCAGAACAAGGGAAAC
CAGACACCGTACGAATACTTCAACGGAAAGUACAACTCGAGA
GAATGGCAGGAATTICAAGGCAAGAGTCCAAACATCOAGATTC
CCGAGATCGAAGAAGCAGAGAATCCTGCTGCAGAAGTTCGAL
GAAGACGGATTCAAGGAAAGAAACCTGAACGACACAAGATAC
GTCAACAGATTCCTGTGCCAGTTCGTCGCAGACAGAATGAGAT
TGACAGGAAAGGGAAAGAAGAGAGTCTTCGCATCGAALGGAL
AGATCACAAACCTGCTGAGAGGATTCTGGGGACTGAGAAAGG
TCAGAGCAGAAAACGACAGACACCACGCACTGGACGCAGTCG
TCGTCGCATGCTCGACAGTCGCAATGCAGCAGAAGATCACAA
GATTCOTCAGATACAAGGAAATGAACGCATTCGACGGAAAGA
CAATCGACAAGGAAACAGGAGAAGTCCTGCACCAGAAGACAC
ACTTCCCGCAGCCGTGGGAATTCTTCGCACAGGAAGTCATGAT
CAGAGTCTTCGGAAAGCCGGACGGALAAGCCGGAATTCOAAGA
AGCAGACACACTGGAAAAGCTGAGAACACTGCTGOCAGAAAA
GCTGTCGTCGAGACCGGAAGCAGTCCACGAATACGTCACACC
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GCTGTTCGTCTCGAGAGCACCGAACAGAAAGATGTCGGGACA
GGGACACATGGAAACAGTCAAGTCGGCAAAGAGACTGGACGA
AGGAGTCTCGGTCCTGAGAGTCCCGCTGACACAGCTGAAGCTG
AAGGACCTGGAAAAGATGGOTCAACAGAGAAAGAGAACCGAA
GCTGTACGAAGCACTGAAGGCAAGACTGGAAGCACACAAGGA
CGACCCGGCAAAGGCATICGCAGAACCGTTCTACAAGTACGA
CAAGGCAGGAAACAGAACACAGCAGOTCAAGGCAGTCAGAGT
CGAACAGGTCCAGAAGACAGGAGTCTGGGTCAGAAACCACAA
CGGAATCGCAGACAACGCAACAATGGTCAGAGTAGACGTCTT
CGAAAAGGGAGACAAGTACTACCTGGTCCCGATCTACTCGTG
GCAGGTCGCAAAGGGAATOCTOCCGOACAGAGCAGTCGTCCA
GGGAAAGGACGAAGAAGACTOGCAGCTSATCOACGACTTGTT
CAACTTCAAGTTCTCGCTGCACCCGAACGACCTGGTCGAAGTC
ATCACAAAGAAGGCAAGAATGTTCGGATACTTICGCATCGTGCC
ACAGAGGAACAGGAAACATCAACATCAGAATCCACGACCTGG
ACCACAAGATCGGAAAGAACGGAATCCTGGAAGGAATCGGAL
TCAAGACAGCACTGTCGTTCCAGAAGTACCAGATCGACGAACT
GGGAAAGGAAATCAGACCGTGCAGACTCGAAGAAGAGACCHCC
GOTCAGATCCGGAAAGAGAACAGCAGACGGATCGGAATTCGA
ATCGCCCAAGAAGAAGAGAAAGGTCGAATGA

ORF GQCAGCATTCAAGCCGAACTCOATCAACTACATCCTGGGACTOG &6
encoding ACATCGGAATCGCATCGGTCGGATGGGCALTGOTCGAAATCG
Neisseria ACGAAGAAGAAAACCCGATCAGACTCATCCACCTGGCAGTCA
meningitidis GAGTCTTCGAAAGAGCAGAAGTCCCGAAGACAGGAGACTCGC
Cas? (no TGGCAATGGCAAGAAGACTGGCAAGATCGGTCAGAAGACTGA
start or stop CAAGAAGAAGAGCACACAGACTGCTGAGAACAAGAAGALTGC
codens; TGAAGAGAGAAGGAGTCCTGCAGGCAGCAAACTTCGACGAAA
suitable for ACGGACTGATCAAGTCGUTGCCOAACACACCGTGGCAGCTGA
inciusion in GAGCAGCAGCACTGGACAGAAAGCTGACACCGCTGGAATGGT
fusion CGGCAGTCCTGCTGCACCTGATCAAGCACAGAGGATACCTGTC
protein GCAGAGAAAGAACGAAGGAGAAACAGCAGACAAGGAACTGG
coding GAGCACTGCTGAAGGGAGTCGCAGGAAACGCACACGLACTGE
sequence) AGACAGGAGACTTCAGAACACCGGCAGAACTGGCACTGAACA

AGTTCGAAAAGGAATCGGGACACATCAGAAACCAGAGATCGG
ACTACTCGCACACATTCTCGAGAAAGGACCTGCAGGCAGAAC
TGATCCTGCTGTTCGAAAAGCAGAAGGAATTCGGAAACCCGC
ACGTCTCGGGAGGACTGAAGGAAGGAATCCGAAACACTGCTGA
TCGACACAGAGACCGGCACTGTCGGGAGACGCAGTCCAGAAGA
TGCTGGGACACTGCACATTCGAACCGGCAGAACCGAAGGCAG
CAAAGAACACATACACAGCAGAAAGATTICATCTGOCTGACAA
AGCTGAACAACCTGAGAATCCTGGAACAGGGATCGGAAAGAL
CGCTGACAGACACAGAAAGAGCAACACTGATGGACGAACCGT
ACAGAAAQGTCGAAGCTGACATACGCACAGGCAAGAAAGCTGC
TGGGACTGGAAGACACAGCATTICTTCAAGGGACTGAGATALG
GAAAGGACAACGUAGAAGCATCOACACTGATGGAAATGAAGG
CATACCACGCAATCTCGAGAGCACTGGAAAAGGAAGGACTGA
AGGACAAGAAGTCGCCGCTCAACCTGTCGCLCGGAACTGCAGG
ACGAAATCGGAACAGCATTCTCGCTGTTCAAGACAGACGAAG
ACATCACAGGAAGACTGAAGGACAGAATCCAGCCGGAAATCC
TGGAAGCACTGCTGAAGCACATCTCGTTCGACAAGTICGTCCA
GATCTCGCTGAAGGCACTGAGAAGAATCGTCCCGCTGATGGA
ACAGGGAAAGAGATACGACGAAGCATGCCGCAGAAATCTACGG
AGACCACTACGGAAAGAAGAACACAGAAGAAAAGATCTACCT
GUCGCCGATCCCGLCAGACGAAATCAGAAACCCGOTCGTCCT
GAGAGCACTGTCGCAGGCAAGAAAGGTCATCAACGGAGTCGT
CAGAAGATACGGATCGCCGGCAAGAATCCACATCGAAACAGC
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AAGAGAAGTCGGAAAGTCGTTICAAGGACAGAAAGGAAATCGA
AAAGAGACAGGAAGAAAACAGAAAGGACAGAGAAAAGGCAG
CAGCAAAGTTCAGAGAATACTTCCCGAACTTCGTCGGAGAACC
GAAGTCGAAGGACATCCTGAAGCTGAGACTGTACGAACAGCA
GCACGGAAAGTGCCTGTACTCGGGAAAGGAAATCAACCTGGG
AAGACTGAACGAAAAGGGATACGTCGAAATCGACCACGCACT
GCCGTTCTCGAGAACATGOGACGACTCGTTCAACAACAAGGTC
CTGGTCCTGGGATCGGAAAACCAGAACALGGGAAACCAGACA
CCGTACGAATACTTCAACGGAAAGGACAACTCGAGAGAATGG
CAGGAATTCAAGGCAAGAGTCGAAACATCGAGATTCCCGAGA
TCGAAGAAGCAGAGAATCCTGCTGCAGAAGTTCOGACGAAGAC
GGATTCAAGGAAAGAAACCTGAACGACACAAGATACGTCAAC
AGATTCCTGTGCCAGTTCGTCGCAGACAGAATGAGACTGACAG
GAAAGGGAAAGAAGAGAGTCTICGCATCGAACGGACAGATCA
CAAACCTGCTIGAGAGGATTCTOGGOGACTCAGAAAGGTCAGAG
CAGAAAACGACAGACACCACGCACTGGACGCAGTCGICHTCG
CATGCTCGACAGTCGCAATGCAGCAGAAGATCACAAGATTLG
TCAGATACAAGGAAATGAACGCATTCGACGOGAAAGACAATCE
ACAAGGAAACAGGAGAAGTOCTGCACCAGAAGACACACTTCC
CGCAGCCGTGGGAATTCTTCGCACAGGAAGTCATGATCAGAGT
CTTCGGAAAGCCGCACGGAAAGCCGGAATICGAAGAAGCAGA
CACACTGGAAAAGCTGAGAACACTGETGGCAGAAAAGCTGTC
GTCGAGACCGGAAGCAGTCCACGAATACGTCACACCGCIGTTC
GTCTCGAGAGCACCGAACAGAAAGATGTCGGGACAGGGACAC
ATGGAAACAGTCAAGTCGGCAAAGAGACTGGACGAAGGAGTC
TCGGTCCTGAGAGTCCCGCTGACACAGCTGAAGCTGAAGGAC
CTGGAAAAGATGGTCAACAGAGAAAGAGAACCGAAGCTGTAC
GAAGCACTGAAGGCAAGACTGGAAGCACACAAGGACGACCCG
GCAAAGGCATTCGCAGAACCOTTCTACAAGTACGACAAGGCA
GOAAACAGAACACAGCAGGTCAAGGCAGTCAGAGTCGAACAG
GTCCAGAAGACAGGAGTCTGGGTCAGAAACCACAACGGAATC
GCAGACAACGCAACAATGGTCAGAGTAGACGTCTITCGAAAAG
GGAGACAAGTACTACCTGGTCCCCATCTACTCOTGGCAGOTCG
CAAAGGGAATCCTGCCGGACAGAGCAGTCGTCCAGGGAAAGEH
ACGAAGAAGACTGGCAGCTGATCGACCGACTCGTICAACTICA
AGTTCTCGCTGCACCCGAACCACCTGOTCGAAGTCATCACAAA
GAAGGCAAGAATGTTCGGATACTTICGCATCGTGCCACAGAGG
AACAGGAAACATCAACATCAGAATCCACGACCTGGACCACAA
GATCGGAAAGAACGGAATCCTGGAAGGAATCGGAGTCAAGAL
AGCACTGTCGTTCCAGAAGTACCAGATCGACGAACTGGGAAA
GGAAATCAGACCGTGCAGACTGAAGAAGAGACCGOCGGTCAG
ATCCGGAAAGAGAACAGCAGACGGATCGGAATTICGAATCGCC
GAAGAAGAAGAGAAAGGTCGAA

Transeript GOGAGACCCAAGCTGGCTAGCGTTTAAACTTAAGCTTGGATCC &7
comprising GCCACCATGGCAGUATTCAAGCCGAACTCOATCAACTACATCC
SEQ ID NO: TGGGACTGGACATCGGAATCGCATCGGTCGGATGGGLAATGG
65 (encoding TCGAAATCOACGAAGAAGAAAACCCGATCAGACTGATCGACC
Neisseria TGGGAGTCAGAGTCTTCGAAAGAGCAGAAGTCCCGAAGACAG
nieningitidis GAGACTCGCTGGCAATGOCAAGAAGACTGGCAAGATCGGTCA
Cas9) GAAGACTGACAAGAAGAAGAGCACACAGACTGCTGAGAACA

AGAAGACTGCTGAAGAGAGAAGGAGTCCTGCAGGCAGCAAAT
TTCGACGAAAACGGACTGATCAAGTCGCTGCCGAMACACACCG
TGGCAGCTGAGAGCAGCAGCACTGGACAGAAAGCTGACACCG
CTGGAATGGTCGGCAGTCCTGOTGCACCTGATCAAGCACAGAG
GATACCTGTCGCAGAGAAAGAACGAAGGAGAAACAGCAGAC
AAGGAACTGGGAGCACTGCTCAAGOGGAGTCOCAGGAAACGCA
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CACGCACTOCAGACAGGAGACTTCAGAACACCGGCAGAACTG
GCACTGAACAAGTTCGAAAAGGAATCGGGACACATCAGAAAC
CAGAGATCGGACTACTCGCACACATICTCGAGAAAGGACCTG
CAGGCAGAACTGATCCTGCTGTTCGAAAAGCAGAAGGAATTC
GGAAACCCGCACGTCTCGGGAGGACTGAAGGAAGGAATCGAA
ACACTGCTGATGACACAGAGACCGGCACTGTCGGGAGACGCA
GTCCAGAAGATGCTGGOACACTGCACATTCGAACCGGCAGAA
CCGAAGGCAGCAAAGAACACATACACAGCAGAAAGATTCATC
TGGCTGACAAAGCTGAACAACCTGAGAATCCTGGAACAGGGA
TCGGAAAGACCGCTGACAGACACAGAAAGAGCAACACTGATG
GACGAACCGTACAGAAAGTCGAAGCTOACATACGCACAGGCA
AGAAAGCTGCTGGGACTGGAAGACACAGCATICTICAAGGGA
CTGAGATACGGAAAGGACAACGCAGAAGCATCCGACACTHRATG
GAAATGAAGGCATACCACGCAATCTCGAGAGCACTGHAAAAG
GAAGGACTGAAGGACAAGAAGTCOCCGCTGAACCTGTCGCLG
GAACTGCAGGACGAAATCOGAACAGCATTICTCGLTGTICAAG
ACAGACGAAGACATCACAGGAAGACTGAAGGACAGAATCCAG
CCGOAAATCCTGGAAGCACTGCTGAAGCACATCTCGTICGACA
AGTTCGTCCAGATCTCGCTGAAGGCACTGAGAAGAATCGTCCC
GCTGATGGAACAGGGAAAGAGATACGACGAAGCATGCGLAGA
AATCTACGGAGACCACTACGCAAAGAAGAACACAGAAGAAA
AGATCTACCTGCCOCCGATCCCGGCAGACGAAATCAGAAACT
CGGTCGTCCTGAGAGCACTGTCOCAGGCAAGAAAGOTCATCA
ACGGAGTCGTCAGAAGATACGGATCGCCGGCAAGAATCCACA
TCCGAAACAGCAAGAGAAGTCGGAAAGTCGTTCAAGGACAGAA
AGGAAATCGAAAAGAGACAGGAAGAAAACAGAAAGGACAGA
GAAAAGGCAGCAGCAAAGTTCAGAGAATACTICCCGAACTTC
GTCGGAGAACCGAAGTCGAAGGACATCCTGAAGCTGAGACTG
TACGAACAGCAGCACGGAAAGTGCCTGTACTCGGGAAAGGAA
ATCAACCTGGGAAGACTGAACGAAAAGGCATACGTCGAAATC
GACCACGCACTGCCGTTCTCGAGAACATGGGACGACTCGTTCA
ACAACAAGGTCCTGGTCCTGGGATCGGAAAACCAGAACAAGG
GAAACCAGACACCGTACGAATACTTCAACGGAAAGGACAACT
CGAGAGAATGGCAGGAATICAAGGCAAGAGTCGAAACATCGA
GATTCCCGAGATCGAAGAAGCAGAGAATCCTGCTGCAGAAGT
TCGACGAAGACGGATTCAAGGAAAGALACCTGAACGACACAA
GATACGTCAACAGATTCCTGTGCCAGTTICGTOGCAGACAGAAT
GAGACTGACAGGAAAGGOAAAGAAGAGAGTCTTCGCATCGAA
CGGACAGATCACAAACCTGCTIGAGAGGATTCTGGGGACTGAG
AAAGGTCAGAGCAGAAAACGACAGACACCACGCACTGGACGC
AGTCOTCGTCGCATGCTCCGACAGTCGCAATGCAGCAGAAGATC
ACAAGATTCGTCAGATACAAGGAAATGAACGCATTCGACGGA
AAGACAATCGACAAGGAAACAGGAGAAGTCCTGCACCAGAAG
ACACACTTCCCGCAGCCGTGGOAATTCTICGCACAGGAAGTCA
TGATCAGAGTCTTCGGAAAGCCOCGACGGAAAGCCGGAATTLG
AAGAAGCAGACACACTGGAAAAGCTGAGAACACTGCTGGCAG
AAAAGCTGTCGTCGAGACCGGAAGCAGTCCACGAATACGTCA
CACCGCTGTTCGTCTCGAGAGCACCGAACAGAAAGATGTCGG
GACAGGGACACATGGAAACAQGTCAAGTCGGCAAAGAGACTGG
ACGAAGGAGTCTCGGTCCTGAGAGTCCCGCTGACACAGCTGA
AGCTGAAGGACCTGGAAAAGATGGTCAACAGAGAAAGAGAA
CCGAAGCTOTACCAAGCACTGAAGGCAAGATTOGAAGCACAC
AAGGACGACCCGGCAAAGGCATTCGCAGAACCGTTCTACAAG
TACGACAAGGCAGGAAACAGAACACAGCAGGTCAAGGCAGTC
AGAGTCGAACAGGTCCAGAAGACAGGAGTCTGGUTCAGAAAL
CACAACGGAATCGCAGACAACGCAACAATGOTCAGAGTAGAC
QICTICCGAAAAGGCAGACAAGTACTACCTGGTCCCGATCTACT
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CGTGGCAGGTCGCAAAGGGAATCCTGCCGGACAGAGCAGTCG
TCCAGGGAAAGGACGAAGAAGACTGGCAGCTGATCGACGACT
CGTTCAACTTCAAGTTCTCGCTGCACCCGAACGACCTGGTCGA
AGTCATCACAAAGAAGGCAAGAATGTTCGGATACTICGCATC
GTGCCACAGAGGAACAGGAAACATCAACATCAGAATCCACGA
CCTGGACCACAAGATCGGAAAGAACGGAATCCTGGAAGGAAT
CGGAGTCAAGACAGCACTGTCGTTCCAGAAGTACCAGATCGA
CGAACTGGGAAAGGAAATCAGACCGTGCAGACTGAAGAAGAG
ACCGCCGGTCAGATCCGGAAAGAGAACAGCAGACGGATCGGA
ATTCGAATCGCCGAAGAAGAAGAGAAAGGTCGAATGATAGCT
AGCTCGAGTCTAGAGGGCCCOTTTAAACCCGCTGATCAGCCTC
GACTGTGCCTICTAGTIGCCAGCCATCTGTTGTTTGLCCCTLCT
CCOTGCCTICCTTGACCCTGGAAGGTGCCACTCCCACTGYCOTT
TCCTAATAAAATGAGGAAATTGCATCGCATIGTCTGAGTAGGTY
GTCATTCTATTCTGGGGGGTGGOGTGGHGCAGGACAGCAAGG
GGGAGGATTGGGAAGACAATAGCAGGCATOCTGOGGATGLGG

TGGGCTICTATGG
Amino acid MAAFKPNSINYILGLDIGIASVOWAMVEIDEEENPIRLIDLGVRVE 68
sequence of ERAEVPKTGDSLAMARRLARSVRRLTRRRAHRLLRTRRLLKREG
Neisseria VEQAANFDENGLIKSLPNTPWQLRAAALDRKLTPLEWSAVELHLI
meningitidis KHRGYLSQRENEGETADKELGALLKGVAGNAHALQTGDERTPA
Cash ELALNKFEKESGHIRNQRSDYSHTFSRKDLQAELILLFEKQKEFGN

PHVSGGLKEGIETLLMTORPALSGDAVOKMLGHCTPEPAEPK AA
KNTYTAERFIWLTKLNNLRILEQGSERPLTDTERATLMDEPYRKS
KLTYAQARKLLGLEDTAFFKGLRYGKDNAEASTLMEMKAYHAI
SRALEKEGLKDKKSPLNLSPELODEIGTAFSLFKTDEDITGRLEDR
IQPEILEALLKHISFDKFVQISLKALRRIVPLMEQGKRYDEACAELY
GDHYGKXNTEEKIYLPPIPADEIRNPVVLRALSQARKVINGVVRR
YGSPARIMIETAREVGKSFKDRKEIEKRQEENRKDREKAAAKFRE
YFPNFVGEPKSKDILKLRLYEQQMGKCLY SGKEINLGRLNEKGYV
EIDHALPFSRTWDDSFNNKVLVLGSENQNKGNQTPYEYFNGKDN
SREWQEFKARVETSRFPRSKKQRILLQKFDEDGFKERNLNDTRYV
NRTLCQFVADRMRLTGKGKKRVFASNGQITNLLEGFWGLRK VR
AENDRHHALDAVVVACSTVAMQQKITRFVRYKEMNAFDGKTID
KETGEVLHOK THFPQPWEFFAQEVMIRVFGKPDGKPEFEEADTLE
KLRTLLAEKLSSRPEAVHEYVTPLIVSRAPNRKMSGQGHMETVK
SAKRLDEGVSVLRVPLTQLKLKDLEK MVNREREPKLYEALKARL
EAHKDDPAK AFAEPFYK YDRAGNRTQQVKAVRVEQVOKTGVW
VRNHNGIADNATMVRVDVFEKGDKYYLVPIY SWQVAKGILPDR
AVVQGKDEEDWQLIDDSENFKFSLHPNDLVEVITKK ARMFGYFA
SCHRGTGNINIRIHDLDHKIGKNGILEGIGVKTALSFQK Y QIDELG
KEIRPCRLKKRPPVRSGKRTADGSEFESPKKKRKVE

G390 guide mG*mC*mC*GAGUCUGGAGAGCUGCAGUUUUAGAMGmCmUm 69
RNA AmGmAMAMAMUmAMGMCAAGUUAAAAUAAGGCUAGUCCGY
UAUCAmAmCoUmUmGmAmAmAmAMARGmUnGmGmCmAmC
mCmGmAmGmUmCnGmGmUmGmCmU mU *mU*mU

G502 guide mA*mC*mA*CAAAUACCAGUCCAGCGGUUUUAGAMmGmCmUm 70
RNA AmGmAMAmAMUmAMGmCAAGUUAAAAUAAGGCUAGUCCGU
UAUCAmAmCoUmUmGmAmAmAmAMARGmUnGmGmCmAmC
mCmGmAmGmUmCnGmGmUmGmCmU mU *mU*mU

G509 guide mA*mAYmA*GUUCUAGAUGCCGUCCGGUUUUAGAMGmCmUm 71
RNA AmGAMAMmAMUmAMGMmCAAGUUAAAAUAAGGCUAGUCCGU
UAUCAmAmCoUmUmGmAmAmAmAMARGmUnGmGmCmAmC
mCmGmAmGmUmCnGmGmUmGmCmU mU *mU*mU
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(534 guide MAPMC*MG*CAAAUAUCAGUCCAGCGGUUUUAGAMGmCmUm 72
RNA. AmGmAMARAMUmAMGmCAAGUUAAAAUAAGGCUAGUCCGU

UAUCAmAMCmUmUmGmAmAmAMAMAMGmUmGmGmCmaAmC
mCmGmAmGmUmCnGmGmUnmGmCrnlUP U *mU*mU

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

Mouse G800282 NGS primer sequences

Forward primer;

CACTCTTTCCCTACACGACGCTCTTCCOATCTGTTTTGTTCCAGAGTCTATCACCG

Reverse primer:
GGAGTTCAGACGTGTGCTCTTCCCATCTACACGAATAAGAGCAAATGGGAAC

Rat GO0BI30 NGS primer sequences

Forward Primer:
CACTCTTTCCCTACACGACGCTCTTCCGATCTTIGCATTTCATGAGACCGAAAACA

Reverse Primer;
GGAGTTCAGACGTGTGCTCTTCCGATCTGCTACAGTAGAGCTGTACATAAAACTT

GFP sequence:

TCOGCGCGTTTCGGTGATCGACGOTGAAAACCTCTCGACACATGCAGCTCCCGGAGAC
GGTCACAGCTTGTCTGTAAGCGCGATGCCOGGAGCAGACAAGCCOGTCAGGGCGC
GTCAGCGGOTGTTGGCGGOGTOGTCOOGGCTOGGCTTAACTATGCGGCATCAGAGCA
GATTGTACTGACGAGTCGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAG
GAGAAAATACCGCATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGA
AGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCCGAAAGGGGGATG
TGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGAATTCTAATACGACTCACTATAGGGTCCCGCAGTCGGC
GTCCAGCGGCTCTGCTTIGTTCGTGTOTGTGTCGTTGCAGGCCTTATTCGGATCCAT
GGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCT
GGACGGCGACGTAAACGGCCACAAGTTCAGCOTGTCCGGCGAGGGCGAGGGCG
ATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCC
CGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGUGTGCAGTGCTTCAGC
COGCTACCCCCACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAA
GGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACC
CGCGCCGAGGTGAAGTTCGAGGGCCACACCCTGGTOAACCCCATCCAGCTGAAG
GGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAAC
TACAACAGCCACAACGTCTATATCATGGCCCGACAAGCAGAAGAACGGCATCAAG
GTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGAC
CACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGUCCGACAAL
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CACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGLGAT
CACATGGTCCTGCTGGAGTTCGTGACCGCCCCCGGGATCACTCTCGGCATGGACG
AGCTGTACAAGTAATAGGAATTATGCAGTCTAGCCATCACATTTAAAAGCATCTC
AGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTC
FTTTTICTTTTTCGTTGOTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTICTT
TAATCATTITGCCTCTTITTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTC
GAGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAT
CTAGACTTAAGCTTGATGAGCTCTAGCTTGGCGTAATCATGGTCATAGCTGTTTC
CTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCAT
AAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTIGC
CGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAA
TCOGGCCAACGCGCGGOGAGAGGCGGTTTGCGTATTIGGGCGOTCTTCCGOTTCCTC
GCTCACTGACTCGCTGCGCTCGOGTCOTTCGGCTGCGGCGAGCGGTATCAGCTCAC
TCAAAGGCGCGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACL
ATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGLOGTTCCT
GGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCA
AGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCT
GCGAAGCTCCCTCGTGCGCTCTCCTGTTCCCACCCTGCCGCTTACCGGATACCTGT
CCGCCTTTCTCCCTTCOGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTAT
CTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGLTGTGTGCACGAACCCCCCG
TTCAGCCCGACCGCTGCGCCTTATCCGCTAACTATCGTCTTGAGTCCAACCCGGT
AAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGC
GAGGTATGTAGGCGGTGCTACAGAGTTICTTGAAGTGGTGGCCTAACTACGGCTAC
ACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTICGGAA
AAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTT
TTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCC
TTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGG
ATTTITGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAA
AATCGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTA
CCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCA
TAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACCGGGAGGGCTTACCATC
TGGCCCCAGTGCTGCAATCATACCGCGAGACCCACGUTCACCGGCTCCAGATTTA
TCAGCAATAAACCAGCCAGUCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACT
TTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGCAAGCTAGAGTAAGTAGTT
CGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTC
ACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGA
GTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGA
TCOTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACT
GCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGT
ACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCCGAGTTGCTCTTGCCC
GGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCAT
CATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGA
TCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTIT
CACCAGCOGTTTCTGGOGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGG
GAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTA
TTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTT
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AGAAAAATAAACAAATAGGGGTTICCGCGCACATTTCCCCGAAAAGTGCCACCTG
ACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCAC
GAGGCCCTTTCGTCG
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1.

I

Ll

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 hipid; and
about 2.5-4 mol-% PEG lipid,
wherein the remainder of the lipid component is helper liptd, and
wherein the N/P ratio of the LNP composition i5 about 6,
An LNP composition comprising;
an RNA component;
about 50-60 mol-% amine lipid;
about 27-39_5 mol-% helper lipid;
about 8-10 mol-% neuiral liptd; and
about 2.3-4 wol-% PEG lipid,
wherein the N/P ratio of the LNP composition is about 5-7.
The LNP composition of claim 2, wherein the N/P ratio is about 6.
An LNP composition comprising:
an RNA component; and
a lipid component, wherein the lipid component comprises
about 50-60 mol-% amine hipid;
about 3-15 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.
An LNP composition comprising:
an RNA component; and
a lipid component, wherein the lipid 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 hipid component is helper lipid, and
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wherein the N/P ratio of the LNP composition is 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 hipid; and
about 1.5-10 mol-% PEG lipid,
wherein the remainder of the lipid component is helper liptd, and
wherein the N/P ratio of the LNP composition i5 about 6,
7. An LNP composiiion comprising:
an RNA component; and
a lipid component, wherein the lipid component comprises
about 40-60 mol-%% amine hpid;
about 0-10 mol-% neuiral liptd; 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.
8. An LNP composition comprising:
an RNA component; and
a lipid component, wherein the lipid component comprises:
about 40-60 mol-% amine hipid;
less than about 1 mol-% neutral lipid; and
about |.5-10 mol-% PEG imd,
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 lipid component comprises:
about 40-60 mol-% amine ipid; 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 LINP composition is essentially free of or free of neuiral phospholipid.
10, 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 hipid; and
about 2.5-4 mol-% PEG lipid,
wherein the remainder of the lipid component is helper liptd, and
wherein the N/P ratio of the LNP composition is about 3-7.
11, The composition of any preceding claim, wherein the RNA component comprises an
mRINA.
12. The composition of any preceding claim, wherein the RNA component comprises an
RNA-guided DNA-binding agent, such as g Cas nuclease mRNA |
13. The composition of any preceding claim, wherein the RNA component comprises a
Class 2 Cas nuclease mRNA.
14, The composition of any preceding ¢laim, wherein the RNA component compriges a
Cas9 nuclease mRNA.
. The composition of any of claims 11-14, wherein the mRNA is 3 modified mRNA.

-
A

=N

. 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 & uridine content ranging from its
minimum uridine content o | 50% of the minimum uridine content.

17. 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 dinuclestide content ranging
from its minimum uridine dinucleotide content to 150% of the minimum uridine
dinucleotide content.

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

mRNA compnsing a sequence with at least 90% dentity to any one of SEQ 1D NO:

1,4,7,9, 10, 11, 12, 14, 15,17, I8, 20, 21, 23, 24, 26, 27, 29, 30, 50, 52, 54,65, or

66, wherein the mRNA comprises an open reading frame encoding an RNA-guided

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

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

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

22. The composition of any of claims 19-21, wherein the gRNA nucleic acid 1s or
encodes a dual-guide RNA (dgRINA).

23, The composition of any of claims 19-21, wherein the gRNA nucleic acid is ot
encodes an sgRNA.

24. The composition of any of claims 19-23, wherein the gRNA 15 modified.

25. The composition of claim 24, wherein the gRNA compnises a modification chosen
from 2°-0-methyl (2°-0-Me) moedified nucleotide, a phosphorothioate (PS) bond
between nucleotides; and a 2" -fluoro {2°-F) modified nuclestide.

26. 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.

27. 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 37 end.

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

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

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

nucleotides at the first three nucleotides at the 57 end.

[v2
—

. The composition of any of claims 24-30, further comprising 2’-0-Me modified
nucleotides at the last three nucleotides at the 37 end.
32. 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 10:1 to about 1:10 by weight.
33. 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 115 by weight
34. 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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42,
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47.

48,

49.
50.

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 claims 19-35, wherein the gRNA and Class 2 Cas nuclease
mRINA 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 4 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 fipid 1s about 50.
The composition of any preceding claim, wherein the mol-% amine fipid 1s about 55.
The composition of any preceding claim, wherein the mol-% amime lipid 1s % 3 mol-
%.

}. 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 15 47-53

mol-%.

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

mol-%.

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

mol-%.

The composition of any preceding claim, wherein the N/P ratio 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 1s an analog of

Lipid A.

. The composition 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 15 a CS5-CI2 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, (6,
C7,C9,C1o, Ctl, and C12 analog.

. The composition of any preceding claim, wherein the helper Lipid 15
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cholesterol.

. The composition of any preceding claim, wherein the neutral lipid 1s DSPC,
. The composition of any preceding claim, wherein the neutral lipid is DPPC.

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

dimyristoylglycerol (DMG).

The composition of any preceding claim, wherein the PEG hipid comprises a PEG-2k.
The composition of any preceding claim, wherein the PEG lipid is 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 neutral lipid is a phospholipid.

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

A method of gene editing, comprsing delivering a Class 2 Cas nuclease mRNA and a
guide RNA nucleic acid 1o a cell, wherein the Class 2 Cas mRNA and the guide RNA

nucleie acid are formulated as at least one LNP composition of any of claims 13-64.

. 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 composition is admmistered at
least two times.

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

The method of claim 68 or 69, wherein editing improves upon readministration.

. The method of any of claims 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 1s formulated in a first LNP
composition and the guide RNA nucleic acid is formulated in 3 second LNP
composition.

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

administered simultancously.

. 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 mRNA and the guide RNA nucleic

acid are formulated in a single LNP composition.
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