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COMPOSITIONS AND METHODS FOR THE TARGETING OF PCSK9

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to, and benefit of, U.S. Provisional Application Nos.
63/349,981 filed on June 7, 2022, 63/492,923, filed on March 29, 2023, and 63/505,823, filed on
June 2, 2023, the contents of each of which are incorporated by reference herein in their

entireties.

REFERENCE TO AN ELECTRONIC SEQUENCE LISTING
[0002] The contents of the electronic sequence listing
(SCRB_055 01WO_SeqList ST26.xml; Size: 4,317,702 bytes; and Date of Creation: June 2,

2023) are herein incorporated by reference in their entirety.

BACKGROUND
[0003] In mammals, cholesterol is transported within lipoproteins via emulsification. The
lipoprotein particles are classified based on their density: low-density lipoproteins (LDL), very
low-density lipoproteins (VLDL), high-density lipoproteins (HDL), and chylomicrons. Surface
LDL receptors are internalized during cholesterol absorption. A cell with abundant cholesterol
will have its LDL receptor synthesis blocked to prevent new cholesterol in LDL particles from
being taken up. Conversely, LDL receptor synthesis is promoted when a cell is deficient in
cholesterol. When the process is unregulated, excess LDL particles will travel in the blood
without uptake by an LDL receptor. LDL particles in the blood are oxidized and taken up by
macrophages, which then become engorged and form foam cells. These foam cells can become
trapped in the walls of blood vessels and contribute to atherosclerotic plaque formation, which is
one of the main causes of heart attacks, strokes, and other serious medical problems.
[0004] The liver protein proprotein convertase subtilisin/kexin Type 9 (PCSK9) is a secreted,
globular, auto-activating serine protease that binds to the low-density lipoprotein receptor (LDL-
R) during endocytosis of LDL particles, preventing recycling of the LDL-R to the cell surface
and leading to reduction of LDL-cholesterol clearance. PCSK9 binds to the LDL-R (through the
EGF-A domain), preventing the conformational change of the receptor-ligand complex, which
redirects the LDL-R to the lysosome instead. As the receptor for low-density lipoprotein
particles (LDL) typically transports thousands of fat molecules (including cholesterol) per
particle within extracellular fluid, blocking or inhibiting the function of PCSK9 to boost LDL-R-
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mediated clearance of LDL cholesterol can lower LDL particle concentrations. PCSK9 is
expressed mainly in the liver, the intestine, the kidney, and the central nervous system, but is
also highly expressed in arterial walls such as endothelium, smooth muscle cells, and
macrophages, with a local effect that can regulate vascular homeostasis and atherosclerosis.
[0005] PCSK9 is a member of the proprotein convertase (PC) family and its gene is mutated in
~ 2% to 3% of individuals with familial hypercholesterolemia (FH) (Sepideh Mikaeeli, S, et al.
Functional analysis of natural PCSK9 mutants in modern and archaic humans. FEBS J. 2019
Aug 6. doi: 10.1111/febs.15036). Researchers have identified several PCSK9 mutations that
cause an inherited form of high cholesterol (hypercholesterolemia). These mutations change a
single amino acid in the PCSK9 protein. Researchers describe the mutations responsible for
hypercholesterolemia as "gain-of-function" because they appear to enhance the activity of the
PCSKO9 protein or give the protein a new, atypical function (Blesa, S., et al. A New PCSK9 Gene
Promoter Variant Affects Gene Expression and Causes Autosomal Dominant
Hypercholesterolemia. J. Clin. Endocrinol. & Metab. 93:3577(2008)). The overactive PCSK9
protein substantially reduces the number of low-density lipoprotein receptors on the surface of
liver cells. With fewer receptors to remove low-density lipoproteins from the blood, people with
gain-of-function mutations in the PCSK9 gene have very high blood cholesterol levels.
Autosomal dominant hypercholesterolemia (ADH) is a genetic disorder characterized by
increased low-density lipoprotein (LDL)-cholesterol levels, leading to high risk of premature
cardiovascular disease. Approximately 10 mutations in PCSK9 have been identified as a cause
of the disease in different populations. All known mutations in PCSK9 causing
hypercholesterolemia produce an increase in the enzymatic activity of this protease (Bleasa, S.,
2008). In addition, mutations in PCSK9 can lead to autosomal dominant familial
hypobetalipoproteinemia, which can lead to hepatic steatosis, cirrhosis, and other disorders.
[0006] The advent of CRISPR/Cas systems, and the programmable nature of these minimal
systems, has facilitated their use as a versatile technology for genomic manipulation and
engineering. However, current methods of generating PCSK9 protective variants and loss-of-
function mutants iz vivo have been ineffective due to the large number of cells that need to be
modified to modulate cholesterol levels. Other concerns involve off-target effects, genome
instability, or oncogenic modifications that may be caused by genome editing, as well as a lack
of safe delivery modalities for gene-repression systems. Additionally, in certain disease

indications, gene silencing, or repression, is preferable to gene editing. The ability to render
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CRISPR nucleases such as Cas9 and CasX catalytically-inactive has been demonstrated
(W02020247882A1 and US20200087641A1, incorporated by reference herein), which makes
these systems an attractive platform for the generation of fusion proteins with repressor domains
capable of gene silencing. While certain repressor systems have been described, there remains a
need for additional gene repressor systems that have been optimized and/or offer improvements
over earlier generations of gene repressor systems, such as those based on Cas9, for utilization
in a variety of therapeutic, diagnostic, and research applications. Thus, there remains a need for

improved compositions and methods to regulate PCSK9.

SUMMARY
[0007] The present disclosure provides systems comprising or encoding repressor fusion
proteins comprising DNA-binding and linked repressor domains used in the repression and/or
epigenetic modification of proprotein convertase subtilisin/kexin Type 9 (PCSK9) gene target
nucleic acid sequences. In some cases, the repressor fusion protein comprises a DNA-binding
protein comprising a zinc finger (ZF) or a transcription-activator-like effector (TALE) protein
complementary to the PCSK9 gene target nucleic acid sequence and one or more linked
repressor domains. In some cases, the repressor fusion protein comprises a DNA-binding protein
comprising a catalytically-dead CRISPR protein and one or more linked repressor domains, and
a guide nucleic acid comprising a targeting sequence complementary to the PCSK9 gene target
nucleic acid sequence. The proteins and guide nucleic acids can be modified for passive entry
into target cells and are useful in a variety of methods for repression of PCSK9, which methods
are also provided. The present disclosure also provides vectors and lipid nanoparticles (LNP)
encoding or encapsulating the repressor fusion proteins and guide nucleic acids components for
the delivery of the systems to cells for the transcriptional repression of the PCSKO target nucleic
acid sequence.
[0008] The disclosure provides pharmaceutical compositions comprising the systems, nucleic
acids, LNP and vectors described herein.
[0009] The present disclosure also provides methods for treating subjects having a PCSK9-
related disease. In some embodiments, the compositions and methods have utility in subjects
having a metabolic disorder such as, but not limited to, familial hypercholesterolemia, familial

hypobetalipoproteinemia, or elevated cholesterol levels.



WO 2023/240076 PCT/US2023/067987

[0010] In another aspect, provided herein are systems comprising PCRK9 repressor systems,
or vectors comprising or encoding PCSK9 repressor systems for use in the manufacture of a
medicament for the treatment of a PCSK9-related disease in a subject in need thereof.

[0011] The present disclosure provides compositions for use in methods of treating subjects
having a PCSK9-related disease. In some embodiments, the composition comprises repressor
fusion proteins comprising a catalytically-dead CRISPR protein and one or more linked
repressor domains, and a guide nucleic acid comprising a targeting sequence complementary to
the PCSK9 gene target nucleic acid sequence for use in the transcriptional repression of PCSK9
gene target nucleic acid sequences in a subject. In some embodiments, the composition
comprises systems, nucleic acids, LNP, vectors and/or pharmaceutical compositions described
herein.

[0012] In some embodiments, the PCSK9 gene comprises one or more mutations, for example
amino acid substitutions selected from the group consisting of S127R, D129G, F216L, D374H,
and D374Y relative to the sequence of SEQ ID NO: 1823,

[0013] The disclosure provides methods of repressing transcription of a PCSK9 gene in a
population of cells, the method comprising introducing into cells of the population the systems,
nucleic acids, LNP, vectors and/or pharmaceutical compositions described herein.

[0014] In some embodiments, the catalytically-dead CRISPR protein and guide nucleic acid
for use in the PCSK9 repressor systems comprise catalytically-dead CasX variant proteins
and/or CasX variant guide nucleic acids as described herein.

[0015] Further features and advantages of certain embodiments of the present disclosure will
become more fully apparent in the following description of embodiments and drawings thereof,

and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The novel features of the disclosure are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present disclosure will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the disclosure are utilized, and the accompanying
drawings of which:
[0017] FIG. 1 illustrates the schematics of five configurations of long-term repressor protein

(LTRP, also referred to herein as “repressor fusion proteins”) fusion proteins with repressor
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molecules linked to catalytically-dead CasX. D3A and D3L denote DNA methyltransferase 3
alpha (DNMT3A) and DNMT3 A-like protein (DNMT3L), respectively. L1-L4 are linkers. NLS
is the nuclear localization signal.

[0018] FIG. 2 illustrates schematics of various configurations of LTRP fusion proteins with
the DNMT3A ADD domain incorporated. “D3A ADD”, “D3A CD”, and “D3L ID” denote the
ADD domain of DNMT3A, the catalytic domain of DNMT3A, and the interaction domain of
DNMTS3L, respectively. L1-L3 are linkers. NLS is the nuclear localization signal.

[0019] FIG. 3 is a dot plot graph showing the correlation between secreted PCSK9 protein and
PCSK9 mRNA levels in human hepatocytes that were transiently transfected with LTRPs, as
described in Example 1. PCSK9 mRNA levels were normalized to the housekeeping gene
RPLPO. Secreted PCSK9 protein levels were normalized to secreted human serum albumin
(HSA). Samples were normalized to a non-targeting (NT) control.

[0020] FIG. 4 is a bar plot showing the percentage of mouse Hepal-6 cells, treated with either
dXR1 or LTRP1-ZIM3 mRNA paired with the indicated PCSK9-targeting gRNAs, that stained
negative for intracellular PCSK9 at day 6, as described in Example 2. Spacer 6.7 targeting the
human PCSK9 locus served as a non-targeting control.

[0021] FIG. 5 is a time course plot showing the percentage of mouse Hepal-6 cells, treated
with dXR1 mRNA paired with the indicated PCSK9-targeting gRNAs, that stained negative for
intracellular PCSK9 at 6, 13, and 25 days post-delivery, as described in Example 2. Spacer 6.7
targeting the human PCSK?9 locus served as a non-targeting control, and treatment with water
served as a negative control.

[0022] FIG. 6 is a time course plot showing the percentage of mouse Hepal-6 cells, treated
with LTRP1-ZIM3 mRNA paired with the indicated PCSK9-targeting gRNAs, that stained
negative for intracellular PCSK9 at 6, 13, and 25 days post-delivery, as described in Example 2.
Spacer 6.7 targeting the human PCSK9 locus served as a non-targeting control, and treatment
with water served as a negative control.

[0023] FIG. 7 is a time course plot showing the percentage of mouse Hepal-6 cells, treated
with IVT-produced LTRP1-ZIM3 vs. LTRP5-ZIM5 mRNA paired with the indicated PCSK9-
targeting gRNAs, that stained negative for intracellular PCSK9 at the indicated timepoints days
post-delivery, as described in Example 2.

[0024] FIG. 8 is a time course plot showing the percentage of mouse Hepal-6 cells, treated
with third-party-produced LTRP1-ZIM3 vs. dCas9-ZNF10-DNMT3A/3L mRNA paired with the
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indicated PCSK9-targeting gRNAs, that stained negative for intracellular PCSK9 at the indicated
timepoints post-delivery, as described in Example 2.

[0025] FIG. 9 is a bar graph showing the quantification of secreted PCSK9 levels at 6, 18, 36,
and 87 days post-transfection in Huh7 cells lipofected with mRNA encoding for CasX 676,
dXR1, or LTRP5-ADD-ZIM3 when paired with the indicated targeting gRNAs, as described in
Example 3. Secreted PCSK9 levels were normalized to total cell count. Naive, untreated cells
served as an experimental control.

[0026] FIG. 10A is a time course plot showing the percentage of mouse Hepal-6 cells, treated
with LTRP5-ZIM3 or LTRP5-ADD-ZIM3 mRNA paired with the PCSK9-targeting gRNA with
spacer 27.88, that stained negative for intracellular PCSK9 at 4, 12, 18, 24, 41, and 53 days post-
delivery, as described in Example 4. A non-targeting (NT) spacer was used as an experimental
control.

[0027] FIG. 10B is a time course plot showing the percentage of mouse Hepal-6 cells, treated
with LTRP5-ZIM3 or LTRP5-ADD-ZIM3 mRNA paired with the PCSK9-targeting gRNA with
spacer 27.94, that stained negative for intracellular PCSK9 at 4, 12, 18, 24, 41, and 53 days post-
delivery, as described in Example 4. A non-targeting (NT) spacer was used as an experimental
control.

[0028] FIG. 11A is a bar plot showing the quantification of normalized secreted PCSK9 levels
at 4 days post-transfection in HepG?2 cells lipofected with mRNA encoding for CasX 676,
dXR1, or LTRP5-ADD-ZIM3 when paired with the indicated targeting gRNAs, as described in
Example 5. Secreted PCSK9 levels were normalized to total cell count. Naive, untreated cells
served as experimental controls.

[0029] FIG. 11B is a bar plot showing the quantification of normalized secreted PCSK9 levels
at 4 days post-transfection in Huh7 cells lipofected with mRNA encoding for CasX 676, dXR1,
or LTRP5-ADD-ZIM3 when paired with the indicated targeting gRNAs, as described in
Example 5. Secreted PCSK9 levels were normalized to total cell count. Naive, untreated cells
served as experimental controls.

[0030] FIG. 11C is a bar plot showing the quantification of normalized secreted PCSK9 levels
at 4 days post-transfection in Hep3B cells lipofected with mRNA encoding for CasX 676, dXR1,
or LTRP5-ADD-ZIM3 when paired with the indicated targeting gRNAs, as described in
Example 5. Secreted PCSK9 levels were normalized to total cell count. Naive, untreated cells

served as experimental controls.
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[0031] FIG. 12 is a bar plot showing the quantification of secreted PCSKO levels at 4, 14, and
27 days post-transfection in Huh7 cells lipofected with mRNA encoding for CasX 676, dXR1, or
LTRP5-ADD-ZIM3 when paired with the indicated targeting gRNAs, as described in Example
5. Quantification of secreted PCSK9 levels is shown as relative to the secreted levels detected in
the naive, untreated cells at the day 4 timepoint.

[0032] FIG. 13 is a violin plot showing the distribution of secreted PCSK9 levels in HepG2
cells transfected with CasX 676 mRNA #2 and a gRNA with the indicated PCSK9-targeting
spacer, as described in Example 6. Naive, untreated cells and cells transfected with CasX 676
mRNA only served as experimental controls.

[0033] FIG. 14 is a pair of representative western blots showing the levels of pro-PCSK9 and
processed PCSKO9 protein (top western blot) in HepG2 cells transfected with CasX 676 mRNA
and a gRNA with the indicated PCSK9-targeting spacer, as described in Example 6. Naive,
untreated cells and cells transfected with CasX 676 mRNA only served as experimental controls.
Lysate from HEK293T cells, which do not express the PCSK9 protein, and a cynomolgus
macaque recombinant PCSK9 protein control were used as western blot controls. The bottom
western blot shows the total protein loading control.

[0034] FIG. 15 is a bar plot showing the western blot quantification for pro-PCSK9, processed
PCSKO9, and total PCSK9 levels for each of the indicated spacers assessed when transfected with
CasX 676 mRNA into HepG?2 cells, as described in Example 6. Naive, untreated cells and cells
transfected with CasX 676 mRNA only served as experimental controls. PCSKO levels were
normalized to total PCSKO levels from the naive condition.

[0035] FIG. 16A is a schematic illustrating versions 1-3 of chemical modifications made to
gRNA scaffold variant 235, as described in Example 7. Structural motifs are highlighted.
Standard ribonucleotides are depicted as open circles, and 2’OMe-modified ribonucleotides are
depicted as black circles. Phosphorothioate bonds are indicated with * below or beside the bond.
For the v2 profile, the addition of three 3’ uracils (3’UUU) is annotated with “U”s in the relevant
circles.

[0036] FIG. 16B is a schematic illustrating versions 4-6 of chemical modifications made to
gRNA scaffold variant 235, as described in Example 7. Structural motifs are highlighted.
Standard ribonucleotides are depicted as open circles, and 2’0OMe-modified ribonucleotides are

depicted as black circles. Phosphorothioate bonds are indicated with * below or beside the bond.
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[0037] FIG. 17 is a plot illustrating the quantification of percent knockout of B2M in HepG2
cells co-transfected with 100 ng of CasX 491 mRNA and with the indicated doses of end-
modified (v1) or unmodified (vO) B2M-targeting gRNAs with spacer 7.37, as described in
Example 7. Editing level was determined by flow cytometry as the population of cells with loss
of surface presentation of the HLA complex due to successful editing at the B2M locus.

[0038] FIG. 18 is a schematic illustrating versions 7-9 of chemical modifications made to
gRNA scaffold variant 316, as described in Example 7. Structural motifs are highlighted.
Standard ribonucleotides are depicted as open circles, and 2’OMe-modified ribonucleotides are
depicted as black circles. Phosphorothioate bonds are indicated with * below or beside the bond.
[0039] FIG. 19A is a schematic of gRNA scaffold variant 174 (SEQ ID NO: 1744), as
described in Example 7. Structural motifs are highlighted.

[0040] FIG. 19B is a schematic of gRNA scaffold variant 235 (SEQ ID NO: 1745), as
described in Example 7. Highlighted structural motifs are the same as in FIG. 19A. The
differences between variant 174 and variant 235 lie in the extended stem motif and several
single-nucleotide changes (indicated with asterisks). Variant 316 maintains the shorter extended
stem from variant 174 but harbors the four substitutions found in scaffold 235.

[0041] FIG. 19C is a schematic of gRNA scaffold variant 316 (SEQ ID NO: 1746), as
described in Example 7. Highlighted structural motifs are the same as in FIG. 19A. Variant 316
maintains the shorter extended stem from variant 174 (FIG. 19A) but harbors the four
substitutions found in scaffold 235 (FIG. 19B).

[0042] FIG. 20 is a plot displaying a correlation between indel rate (depicted as edit fraction)
at the PCSK9 locus as measured by next-generation sequencing (NGS) (x-axis) and secreted
PCSKO levels (ng/mL) detected by enzyme-linked immunosorbent assay (ELISA) (y-axis) in
HepG2 cells lipofected with CasX 491 mRNA and PCSK9-targeting gRNAs containing the
indicated scaffold variant and spacer combination, as described in Example 7.

[0043] FIG. 21A is a plot depicting the results of an editing assay measured as indel rate
detected by NGS at the human B2M locus in HepG?2 cells treated with the indicated doses of
LNPs formulated with CasX 491 mRNA and the indicated B2M-targeting gRNA, as described in
Example 7.

[0044] FIG. 21B is a plot illustrating the quantification of percent knockout of B2M in HepG2
cells treated with the indicated doses of LNPs formulated with CasX 491 mRNA and the
indicated B2M-targeting gRNA, as described in Example 7. Editing level was determined by
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flow cytometry as population of cells that did not have surface presentation of the HLA complex
due to successful editing at the B2M locus.

[0045] FIG. 22A is a plot depicting the results of an editing assay measured as indel rate
detected by NGS at the mouse ROSA26 locus in Hepal-6 cells treated with the indicated doses
of LNPs formulated with CasX 676 mRNA #2 and the indicated ROSA26-targeting gRNA with
either the v1 or vS modification profile, as described in Example 7.

[0046] FIG. 22B is a plot illustrating the quantification of percent editing measured as indel
rate detected by NGS at the ROSA426 locus in mice treated with LNPs formulated with CasX 676
mRNA #2 and the indicated chemically-modified ROSA26-targeting gRNA, as described in
Example 7.

[0047] FIG. 23 is a bar graph showing the results of an editing assay measured as indel rate
detected by NGS at the mouse PCSK9 locus in mice treated with LNPs formulated with CasX
676 mRNA #1 and the indicated chemically-modified PCSK9-targeting gRNA, as described in
Example 7. Untreated mice served as experimental control.

[0048] FIG. 24 is a schematic illustrating versions 1-3 of chemical modifications made to
gRNA scaffold variant 316, as described in Example 7. Structural motifs are highlighted.
Standard ribonucleotides are depicted as open circles, and 2’0OMe-modified ribonucleotides are
depicted as black circles. Phosphorothioate bonds are indicated with * below or beside the bond.
[0049] FIG. 25 is a schematic illustrating versions 4-6 of chemical modifications made to
gRNA scaffold variant 316, as described in Example 7. Structural motifs are highlighted.
Standard ribonucleotides are depicted as open circles, and 2’OMe-modified ribonucleotides are
depicted as black circles. Phosphorothioate bonds are indicated with * below or beside the bond.
[0050] FIG. 26 is a bar graph showing the quantification of percent editing measured as indel
rate detected by NGS at the mouse PCSK9 locus in Hepal-6 cells transfected with the indicated
engineered CasX mRNAs and targeting spacers and harvested at 20 hours post-transfection, as
described in Example 8.

[0051] FIG. 27A is a diagram of the secondary structure of guide RNA scaffold 235 (SEQ ID
NO: 1745), noting the regions with CpG motifs, as described in Example 12. CpG motifs in (1)
the pseudoknot stem, (2) the scaffold stem, (3) the extended stem bubble, (4) the extended step,
and (5) the extended stem loop are labeled on the structure.

[0052] FIG. 27B is a diagram of the CpG-reducing mutations that were introduced into each of
the five regions in the coding sequence of the guide RNA scaffold, as described in Example 12.
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The substitute bubble from scaffold 174 has a sequence of
AGCUCCCUCUUCGGAGGGAGCA (SEQ ID NO: 3442).

[0053] FIG. 28 provides the results of an editing experiment in which AAV vectors with
various CpG-reduced or CpG-depleted guide RNA scaffolds were used to edit the B2M locus in
induced neurons, as described in Example 12. The AAV vectors were administered at a
multiplicity of infection (MOI) of 4e3. The bars show the mean + the SD of two replicates per
sample. “No Tx” indicates a non-transduced control, and “NT” indicates a control with a non-
targeting spacer.

[0054] FIG. 29 provides the results of an editing experiment in which AAV vectors with
various CpG-reduced or CpG-depleted guide RNA scaffolds were used to edit the B2M locus in
induced neurons, as described in Example 12. The AAV vectors were administered at an MOI of
3e3. The bars show the mean + the SD of two replicates per sample. “No Tx” indicates a non-
transduced control.

[0055] FIG. 30 provides the results of an editing experiment in which AAV vectors with
various CpG-reduced or CpG-depleted guide RNA scaffolds were used to edit the B2M locus in
induced neurons, as described in Example 12. The AAV vectors were administered at an MOI of
le3. The bars show the mean = the SD of two replicates per sample. “No Tx” indicates a non-
transduced control.

[0056] FIG. 31 provides the results of an editing experiment in which AAV vectors with
various CpG-reduced or CpG-depleted guide RNA scaffolds were used to edit the B2A locus in
induced neurons, as described in Example 12. The AAV vectors were administered at an MOI of
MOI = 3e2. The bars show the mean * the SD of two replicates per sample. “No Tx” indicates a
non-transduced control.

[0057] FIG. 32A presents the results of a time-course experiment comparing beta-2-
microglobulin (B2M) repression activities (represented as percentage of HL A-negative cells) of
LTRP proteins Nos. 1-3, as described in Example 13. Data are presented as mean with standard
deviation, N=3.

[0058] FIG. 32B presents the results of the same time-course experiment shown in FIG. 32A
but illustrates the B2M repression activities of LTRP proteins Nos. 1-3 containing the ZIM3-
KRAB domain, benchmarked against the same experimental controls, as described in Example

13. Data are presented as mean with standard deviation, N=3.
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[0059] FIG. 33A presents the results of a time-course experiment comparing B2M silencing
activities (represented as percentage of HLA-negative cells) of LTRP proteins #1, #4, and #5, as
described in Example 13. Data are presented as mean with standard deviation, N=3.

[0060] FIG. 33B presents the results of the same time-course experiment shown in FIG. 33A
but illustrates the B2M silencing activities of LTRP proteins #1, #4, and #5 containing the
ZIM3-KRAB domain, benchmarked against the same experimental controls, as described in
Example 13. Data are presented as mean with standard deviation, N=3.

[0061] FIG. 34 is a violin plot of percent CpG methylation for CpG sites around the
transcription start site of the B2M locus for each indicated experimental condition as described in
Example 13.

[0062] FIG. 35 is a dot plot showing the relative activity (average percentage of HL A-negative
cells at day 21) versus specificity (percentage of off-target CpG methylation at the B2M locus
quantified at day 5) for LTRP proteins #1-3, benchmarked against catalytically-active CasX 491
and dCas9-ZNF10-DNMT3A/L, as described in Example 13.

[0063] FIG. 36 is a violin plot of percent CpG methylation for CpG sites downstream of the
transcription start site of the VEGFA locus for each indicated experimental condition as
described in Example 13.

[0064] FIG. 37A is a violin plot of percent CpG methylation for CpG sites around the
transcription start site of the VEGFA locus for each indicated experimental condition assessing
LTRP #1, 4, and 5 with the B2M-targeting spacer as described in Example 13.

[0065] FIG. 37B is a violin plot of percent CpG methylation for CpG sites around the
transcription start site of the VEGFA locus for each indicated experimental condition assessing
LTRP #1, 4, and 5 with the non-targeting spacer as described in Example 13.

[0066] FIG. 38 is a scatterplot showing the relative activity (average percentage of HLA-
negative cells at day 21) versus specificity (median percentage of off-target CpG methylation at
the VEGFA locus quantified at day 5) for LTRP proteins #1-5 harboring either the ZNF10- or
ZIM-KRAB domain, and the LTRP proteins were benchmarked against catalytically-active
CasX 491 and dCas9-ZNF10-DNMT3A/L, as described in Example 13.

[0067] FIG. 39 presents the results of a time-course experiment comparing B2M repression
activities (represented as percentage of HLA-negative cells) of the indicated LTRP -ZIM3 and
its variants with B2M-targeting gRNA using spacer 7.37, as described in Example 14. Data are
presented as mean with standard deviation, N=3. CD = catalytic domain of DNMT3A.

11
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[0068] FIG. 40 presents the results of the same time-course experiment shown in FIG. 39 but
shows B2M repression activities of the indicated LTRP -ZIM3 variants with B2M-targeting
gRNA using spacer 7.160, as described in Example 14. Data are presented as mean with
standard deviation, N=3.

[0069] FIG. 41 presents the results of the same time-course experiment shown in FIG. 39 but
shows B2M repression activities of the indicated LTRP -ZIM3 variants with B2M-targeting
gRNA using spacer 7.165, as described in Example 14. Data are presented as mean with
standard deviation, N=3.

[0070] FIG. 42 presents the results of the same time-course experiment shown in FIG. 39 but
shows B2M repression activities of the indicated LTRP -ZIM3 variants with a non-targeting
gRNA, as described in Example 14. Data are presented as mean with standard deviation, N=3.
[0071] FIG. 43 is a violin plot of percent CpG methylation for CpG sites downstream of the
transcription start site of the VEGFA locus for each indicated LTRP -ZIM3 variant for the three
B2M-targeting gRNA and non-targeting gRNA, as described in Example 14.

[0072] FIG. 44 is a scatterplot showing the relative activity (average percentage of HLA-
negative cells at day 21 for spacer 7.160) versus specificity (percentage of off-target CpG
methylation at the VEGFA locus quantified at day 7 for spacer 7.160) for the indicated LTRP5-
ZIM3 variants, as described in Example 14.

[0073] FIG. 45 illustrates the schematics of the various LTRP #5 architectures, where the
additional DNMT3 A domains were incorporated, as described in Example 14. The additional
DNMT3A domains were the ADD domain of DNMT3A (“D3A ADD”) and the PWWP domain
of DNMT3A (“D3A PWWP”). “D3A endo” encodes for an endogenous sequence that occurs
between DNMT3A PWWP and ADD domains. “D3A CD” and “D3L ID” denote the catalytic
domain of DNMT3A and the interaction domain of DNMT3L respectively. “L1-L3” are linkers.
“NLS” is the nuclear localization signal. See Table 12 for exemplary sequences.

[0074] FIG. 46 illustrates the schematics of the general architectures of the LTRP molecules
with the ADD domain for LTRP configuration #1, #4, and #5 tested in Example 15. “D3A
ADD”, “D3A CD” and “D3L ID” denote the ADD domain of DNMT3A, the catalytic domain of
DNMT3A, and the interaction domain of DNMT3L respectively, as described in Example 15.
“L1-L4” are linkers. “NLS” is the nuclear localization signal. See Table 17 for exemplary

sequences.
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[0075] FIG. 47A presents the results of a time-course experiment comparing B2M repression
activities (represented as percentage of HLA-negative cells) of LTRPs with the ZIM3-KRAB
domain having configuration #1, #4, or #5 with or without the DNMT3A ADD domain when
paired with the B2M-targeting gRNA with spacer 7.160, as described in Example 15. Data are
presented as mean with standard deviation, N=3. “NT” is a gRNA with a non-targeting spacer.
[0076] FIG. 47B is a plot showing the results of the same time-course experiment shown in
FIG. 47A but illustrates B2ZM repression activities for LTRP #5 with the ZNF10 or ZIM3-KRAB
domain, with or without the DNMT3A ADD domain, paired with the B2M-targeting gRNA with
spacer 7.160, as described in Example 15. Data are presented as mean with standard deviation,
N=3. “NT” is a gRNA with a non-targeting spacer.

[0077] FIG. 47C is a plot showing the results of the same time-course experiment shown in
FIG. 47A but illustrates BZM repression activities for LTRP5-ZIM3 with or without the
DNMT3A ADD domain paired with a B2M-targeting gRNA with the indicated spacers, as
described in Example 15. Data are presented as mean with standard deviation, N=3. “NT” is a
gRNA with a non-targeting spacer.

[0078] FIG. 48A is a plot illustrating the results of B2M repression activities on day 27 post-
transfection for LTRPs with either the ZNF10 or ZIM3-KRAB domain having configuration #1
with or without the DNMT3A ADD domain for the indicated gRNAs, as described in Example
15. Data are presented as mean with standard deviation, N=3. “NT” is a gRNA with a non-
targeting spacer.

[0079] FIG. 48B is a plot illustrating the results of B2M repression activities on day 27 post-
transfection for LTRPs with either the ZNF10 or ZIM3-KRAB domain having configuration #4
with or without the DNMT3A ADD domain for the indicated gRNAs, as described in Example
15. Data are presented as mean with standard deviation, N=3. “NT” is a gRNA with a non-
targeting spacer.

[0080] FIG. 48C is a plot illustrating the results of B2M repression activities on day 27 post-
transfection for LTRPs with either the ZNF10 or ZIM3-KRAB domain having configuration #5
with or without the DNMT3A ADD domain for the indicated gRNAs, as described in Example
15. Data are presented as mean with standard deviation, N=3. “NT” is a gRNA with a non-
targeting spacer.

[0081] FIG. 49A is a plot illustrating the results of bisulfite sequencing used to determine off-
target methylation at the VEGFA locus on day 5 post-transfection for LTRPs with either the
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ZNF10 or ZIM3-KRAB domain having configuration #1 with or without the DNMT3A ADD
domain for the indicated gRNAs, as described in Example 15. Data are presented as mean
percentage of CpG methylation for CpG sites near the VEGFA locus; standard error of the mean
is also presented; N=3. “NT” is a gRNA with a non-targeting spacer.

[0082] FIG. 49B is a plot illustrating the results of bisulfite sequencing used to determine off-
target methylation at the VEGFA locus on day 5 post-transfection for LTRPs with either the
ZNF10 or ZIM3-KRAB domain having configuration #4 with or without the DNMT3A ADD
domain for the indicated gRNAs, as described in Example 15. Data are presented as mean
percentage of CpG methylation for CpG sites near the VEGFA locus; standard error of the mean
is also presented; N=3. “NT” is a gRNA with a non-targeting spacer.

[0083] FIG. 49C is a plot illustrating the results of bisulfite sequencing used to determine off-
target methylation at the VEGFA locus on day 5 post-transfection for LTRPs with either the
ZNF10 or ZIM3-KRAB domain having configuration #5 with or without the DNMT3A ADD
domain for the indicated gRNAs, as described in Example 15. Data are presented as mean
percentage of CpG methylation for CpG sites near the VEGFA locus; standard error of the mean
is also presented; N=3. “NT” is a gRNA with a non-targeting spacer.

[0084] FIG. 50A is a dot plot showing the relative activity (average percentage of HLA-
negative cells at day 27) versus specificity (percentage of off-target CpG methylation at the
VEGFA locus quantified at day 5) for the LTRP molecules with the ZIM3-KRAB domain
having configurations #1, #4, and #5, for B2M-targeting gRNA with spacer 7.160, as described
in Example 15.

[0085] FIG. 50B is a dot plot showing the relative activity (average percentage of HLA-
negative cells at day 27) versus specificity (percentage of off-target CpG methylation at the
VEGFA locus quantified at day 5) for the LTRP molecules with the ZNF10-KRAB domain
having configurations #1, #4, and #5, for B2M-targeting gRNA with spacer 7.160, as described
in Example 15.

[0086] FIG. 51A is a dot plot showing the relative activity (average percentage of HLA-
negative cells at day 27) versus specificity (percentage of off-target CpG methylation at the
VEGFA locus quantified at day 5) for the LTRP molecules with the ZIM3-KRAB domain
having configurations #1, #4, and #5, for B2M-targeting gRNA with spacer 7.37, as described in
Example 15.
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[0087] FIG. 51B is a dot plot showing the relative activity (average percentage of HLA-
negative cells at day 27) versus specificity (percentage of off-target CpG methylation at the
VEGFA locus quantified at day 5) for the LTRP molecules with the ZNF10-KRAB domain
having configurations #1, #4, and #5, for B2M-targeting gRNA with spacer 7.37, as described in
Example 15.

[0088] FIG. 52A is a dot plot showing the relative activity (average percentage of HLA-
negative cells at day 27) versus specificity (percentage of off-target CpG methylation at the
VEGFA locus quantified at day 5) for the LTRP molecules with the ZIM3-KRAB domain
having configurations #1, #4, and #5, for B2M-targeting gRNA with spacer 7.165, as described
in Example 15.

[0089] FIG. 52B is a dot plot showing the relative activity (average percentage of HLA-
negative cells at day 27) versus specificity (percentage of off-target CpG methylation at the
VEGFA locus quantified at day 5) for the LTRP molecules with the ZNF10-KRAB domain
having configurations #1, #4, and #5, for B2M-targeting gRNA with spacer 7.165, as described
in Example 15.

[0090] FIG. 53 shows the dose response results of the diphtheria toxin titration for cells
transduced with either catalytically active CasX editors with gRNAs targeting the gene encoding
the Heparin Binding EGF-like Growth Factor (HBEGF), i.e., CasX-34.19 and CasX-34.21; a
catalytically-dead CasX (dCasX) protein linked to a repressor domain as a fusion protein
targeted to HBEGF (dXR fusion proteins, i.e., dXR1-34.28); or a non-targeting dXR molecule
(CasX-NT or dXR-NT), as described in Example 16. Data represent the mean and standard
deviation of two biological replicates.

[0091] FIG. 54 provides violin plots showing the logz (fold change) of sequences before and
after selection for their ability to support dXR repression of the HBEGF locus, as described in
Example 17. The plots show the results for the entire library, a negative control set of sequences,
a positive control set of known KRAB repressors, the top 1597 enhanced domains tested with
loga(fold change) > 2 and p-values <0.01, and the top 95 enhanced domains tested.

[0092] FIG. 55 shows B2M silencing activities (represented as percentage of HLA-negative
cells) of dXR proteins with various repressor domains, as described in Example 17. Data are

presented as mean with standard deviation, N=3.
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[0093] FIG. 56 shows B2M silencing activities (represented as percentage of HLA-negative
cells) of dXR proteins with various repressor domains, as described in Example 17. Data are
presented as mean with standard deviation, N=3.

[0094] FIG. 57A provides the logo of repressor domain motif 1, as described in Example 17.
[0095] FIG. 57B provides the logo of repressor domain motif 2, as described in Example 17.
[0096] FIG. 57C provides the logo of repressor domain motif 3 (SEQ ID NO: 1727), as
described in Example 17.

[0097] FIG. 57D provides the logo of repressor domain motif 4 (SEQ ID NO: 1728), as
described in Example 17.

[0098] FIG. 57E provides the logo of repressor domain motif 5, as described in Example 17.
[0099] FIG. 57F provides the logo of repressor domain motif 6 (SEQ ID NO: 1729), as
described in Example 17.

[00100] FIG. 57G provides the logo of repressor domain motif 7 (SEQ ID NO: 1730), as
described in Example 17.

[00101] FIG. 57H provides the logo of repressor domain motif 8, as described in Example 17.
[00102] FIG. 571 provides the logo of repressor domain motif 9, as described in Example 17.
[00103] FIG. S8A provides the logo of alternative repressor domain motif 1 (SEQ ID NO:
2945), as described in Example 19.

[00104] FIG. 58B provides the logo of alternative repressor domain motif 2, as described in
Example 19.

[00105] FIG. 58C provides the logo of alternative repressor domain motif 3, as described in
Example 19.

[00106] FIG. 58D provides the logo of alternative repressor domain motif 4, as described in
Example 19.

[00107] FIG. 58E provides the logo of alternative repressor domain motif 5 (SEQ ID NO:
2946), as described in Example 19.

[00108] FIG. 59 is a plot illustrating percentage of HEK293T cells, transfected with a plasmid
encoding the indicated CasX or LTRP:gRNA construct, that expressed B2M six days post-
treatment with the DNMT1 inhibitor 5-azadC at varying concentrations, as described in Example
20.

[00109] FIG. 60 is a plot that juxtaposes the quantification of B2M repression in HEK293T
cells transfected with a plasmid encoding the indicated CasX or LTRP:gRNA construct and
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cultured for 58 days, with the quantification of B2ZM reactivation upon treatment of transfected
cells with 5-azadC, as described in Example 20.

[00110] FIG. 61 is a plot illustrating the percent of secreted PCSK9, normalized to baseline
PCSKO9 secretion levels, at 4 days post-treatment, for primary cynomolgus macaque (CM)
hepatocytes from the BJE lot. CM hepatocytes were treated with the indicated doses of LNPs
formulated with CasX 515 or LTRP5-ADD-ZIM3 mRNA and a PCSK9-targeting gRNA with
spacer 6.1, as described in Example 10. The dashed line represents the lower limit of
quantitation (LLOQ).

[00111] FIG. 62 is a plot illustrating the percent of secreted PCSK9, normalized to baseline
PCSKO9 secretion levels, at 4 days post-treatment, for primary CM hepatocytes from the VDU
lot. CM hepatocytes were treated with the indicated doses of LNPs formulated with CasX 515 or
LTRPS5-ADD-ZIM3 mRNA and a PCSK9-targeting gRNA with spacer 6.1, as described in
Example 10. The dashed line represents the lower limit of quantitation (LLOQ).

[00112] FIG. 63 is a plot illustrating the percent of secreted PCSK9, normalized to baseline
PCSKO secretion levels, at 11 days post-treatment, for primary CM hepatocytes from the BJE
lot. CM hepatocytes were treated with the indicated doses of LNPs formulated with CasX 515 or
LTRPS-ADD-ZIM3 mRNA and a PCSK9-targeting gRNA with spacer 6.1, as described in
Example 10. The dashed line represents the lower limit of quantitation (LLOQ).

[00113] FIG. 64 is a plot illustrating the percent of secreted PCSK9, normalized to baseline
PCSKO9 secretion levels, at 11 days post-treatment, for primary CM hepatocytes from the VDU
lot. CM hepatocytes treated with the indicated doses of LNPs formulated with CasX 515 or
LTRPS5-ADD-ZIM3 mRNA and a PCSK9-targeting gRNA with spacer 6.1, as described in
Example 10. The dashed line represents the lower limit of quantitation (LLOQ).

[00114] FIG. 65A is a volcano plot showing the differential gene expression analysis (log2 fold
changes (10g2FC) of read counts) comparing LTRP5-ADD-ZIM3 paired with a non-targeting
(NT) spacer with the untreated, naive control at 6 days post-transfection. The horizontal dotted
line shows the adjusted p < 0.001.

[00115] FIG. 65B is a volcano plot showing the differential gene expression analysis (1og2FC
of read counts) comparing LTRP5-ADD-ZIM3 paired with a non-targeting (NT) spacer with the
untreated, naive control at 26 days post-transfection. The horizontal dotted line shows the
adjusted p < 0.001, and the vertical lines show the |log2FC| > 2 threshold. Black dots are the
identified differentially regulated off-target genes after applying the two significance thresholds.
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[00116] FIG. 66A is a volcano plot showing the differential gene expression analysis (log2FC
of read counts) comparing LTRP5-ADD-ZIM3 paired with spacer TG-06-154 with the
untreated, naive control at 6 days post-transfection. The horizontal dotted line shows the
adjusted p <0.001, and the vertical lines show the [log2FC| > 2 threshold. Black dots (except for
PCSKY) are the identified differentially regulated off-target genes after applying the two
significance thresholds.

[00117] FIG. 66B is a volcano plot showing the differential gene expression analysis (log2FC
of read counts) comparing LTRP5-ADD-ZIM3 paired with spacer TG-06-154 with the
untreated, naive control at 26 days post-transfection. The horizontal dotted line shows the
adjusted p <0.001, and the vertical lines show the [log2FC| > 2 threshold. Black dots (except for
PCSKDY) are the identified differentially regulated off-target genes after applying the two
significance thresholds.

[00118] FIG. 67A is a volcano plot is a volcano plot showing the differential gene expression
analysis (1og2FC of read counts) comparing LTRP5-ADD-ZIM3 paired with spacer TG-06-133
with the untreated, naive control at 6 days post-transfection. The horizontal dotted line shows the
adjusted p <0.001, and the vertical lines show the [log2FC| > 2 threshold. Black dots (except for
PCSKY) are the identified differentially regulated off-target genes after applying the two
significance thresholds.

[00119] FIG. 67B is a volcano plot showing the differential gene expression analysis (log2FC
of read counts) comparing LTRP5-ADD-ZIM3 paired with spacer TG-06-133 with the
untreated, naive control at 26 days post-transfection. The horizontal dotted line shows the
adjusted p <0.001, and the vertical lines show the [log2FC| > 2 threshold. Black dots (except for
PCSKY) are the identified differentially regulated off-target genes after applying the two
significance thresholds.

[00120] FIG. 68 is a bar graph showing the quantification of percent knockout of B2ZM in
HEK?293 cells transfected with CpG-depleted AAV plasmids containing the indicated gRNA
scaffolds with spacer 7.37, as described in Example 24. The dotted line indicates ~41%
transfection efficiency.

[00121] FIG. 69A is a bar plot showing percent editing at the A4 VS7 locus in human induced
neurons (iNs) transduced with AAVs expressing the CasX:gRNA system using the indicated
gRNA scaffolds (AAV construct ID # 262-274) at the MOI of 3E4 vg/cell, as described in
Example 24.
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[00122] FIG. 69B is a bar plot showing percent editing at the A4V'S1 locus in human iNs
transduced with AAVs expressing the CasX:gRNA system using the indicated gRNA scaffolds
(AAV construct ID # 262-274) at the MOI of 1E4 vg/cell, as described in Example 24.

[00123] FIG. 69C is a bar plot showing percent editing at the A4V'S1 locus in human iNs
transduced with AAVs expressing the CasX:gRNA system using the indicated gRNA scaffolds
(AAV construct ID # 262-274) at the MOI of 3E3 vg/cell, as described in Example 24.

[00124] FIG. 70A is a bar plot showing the quantification of percent knockout of B2M in
HEK?293 cells transfected with CpG-depleted AAV plasmids containing the indicated gRNA
scaffolds with spacer 7.37 (AAV construct ID # 275-289) at the MOI of 1E4 vg/cell, as
described in Example 24.

[00125] FIG. 70B is a bar plot showing the quantification of percent knockout of B2M in
HEK?293 cells transfected with CpG-depleted AAV plasmids containing the indicated gRNA
scaffolds with spacer 7.37 (AAV construct ID # 275-289) at the MOI of 3E3 vg/cell, as
described in Example 24.

[00126] FIG. 70C is a bar plot showing the quantification of percent knockout of B2M in
HEK?293 cells transfected with CpG-depleted AAV plasmids containing the indicated gRNA
scaffolds with spacer 7.37 (AAV construct ID # 275-289) at the MOI of 1E3 vg/cell, as
described in Example 24.

DETAILED DESCRIPTION
[00127] While exemplary embodiments have been shown and described herein, it will be
obvious to those skilled in the art that such embodiments are provided by way of example only.
Numerous variations, changes, and substitutions will now occur to those skilled in the art
without departing from the inventions claimed herein. It should be understood that various
alternatives to the embodiments described herein may be employed in practicing the
embodiments of the disclosure. It is intended that the claims define the scope of the invention
and that methods and structures within the scope of these claims and their equivalents be
covered thereby.
[00128] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present embodiments, suitable methods and materials are

described below. In case of conflict, the patent specification, including definitions, will control.
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In addition, the materials, methods, and examples are illustrative only and not intended to be
limiting. Numerous variations, changes, and substitutions will now occur to those skilled in the
art without departing from the invention.

Definitions

[00129] “Hybridizable” or “complementary” are used interchangeably to mean that a nucleic
acid (e.g., RNA, DNA) comprises a sequence of nucleotides that enables it to non-covalently
bind, i.e., form Watson-Crick base pairs and/or G/U base pairs, “anneal”, or “hybridize,” to
another nucleic acid in a sequence-specific, antiparallel, manner (i.e., a nucleic acid specifically
binds to a complementary nucleic acid) under the appropriate iz vitro and/or in vivo conditions
of temperature and solution ionic strength. It is understood that the sequence of a polynucleotide
need not be 100% complementary to that of its target nucleic acid to be specifically
hybridizable; it can have at least about 70%, at least about 80%, or at least about 90%, or at least
about 95% sequence identity and still hybridize to the target nucleic acid. Moreover, a
polynucleotide may hybridize over one or more segments such that intervening or adjacent
segments are not involved in the hybridization event (e.g., a loop structure or hairpin structure, a
'bulge’, ‘bubble’ and the like). Thus, the skilled artisan will understand that while individual
bases within a sequence may not be complementary to another sequence, the sequence as a
whole is still considered to be complementary.

[00130] A “gene,” for the purposes of the present disclosure, includes a DNA region encoding a
gene product (e.g., a protein, RNA), as well as all DNA regions which regulate the production of
the gene product, whether or not such regulatory sequences are adjacent to coding and/or
transcribed sequences. Accordingly, a gene may include accessory element sequences including,
but not necessarily limited to, promoter sequences, terminators, translational regulatory
sequences such as ribosome binding sites and internal ribosome entry sites, enhancers, silencers,
insulators, boundary elements, replication origins, matrix attachment sites and locus control
regions. Coding sequences encode a gene product upon transcription or transcription and
translation; the coding sequences of the disclosure may comprise fragments and need not contain
a full-length open reading frame. A gene can include both the strand that is transcribed as well
as the complementary strand containing the anticodons.

[00131] The term "downstream" refers to a nucleotide sequence that is located 3' to a reference

nucleotide sequence. In certain embodiments, downstream nucleotide sequences relate to
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sequences that follow the starting point of transcription. For example, the translation initiation
codon of a gene is located downstream of the start site of transcription.

[00132] The term "upstream" refers to a nucleotide sequence that is located 5' to a reference
nucleotide sequence. In certain embodiments, upstream nucleotide sequences relate to
sequences that are located on the 5' side of a coding region or starting point of transcription. For
example, most promoters are located upstream of the start site of transcription.

[00133] The term “adjacent to” with respect to polynucleotide or amino acid sequences refers to
sequences that are next to, or adjoining each other in a polynucleotide or polypeptide. The
skilled artisan will appreciate that two sequences can be considered to be adjacent to each other
and still encompass a limited amount of intervening sequence, e.g., 1,2,3,4,5,6,7,8,9 or 10
nucleotides or amino acids.

[00134] The term “regulatory element” is used interchangeably herein with the term “regulatory
sequence,” and is intended to include promoters, enhancers, and other expression regulatory
elements. It will be understood that the choice of the appropriate regulatory element will depend
on the encoded component to be expressed (e.g., protein or RNA) or whether the nucleic acid
comprises multiple components that require different polymerases or are not intended to be
expressed as a fusion protein.

[00135] The term “accessory element” is used interchangeably herein with the term “accessory
sequence,” and is intended to include, inter alia, polyadenylation signals (poly(A) signal),
enhancer elements, introns, posttranscriptional regulatory elements (PTREs), nuclear
localization signals (NLS), deaminases, DNA glycosylase inhibitors, additional promoters,
factors that stimulate CRISPR-mediated homology-directed repair (e.g. in cis or in trans), self-
cleaving sequences, and fusion domains, for example a fusion domain fused to a CRISPR
protein. It will be understood that the choice of the appropriate accessory element or elements
will depend on the encoded component to be expressed (e.g., protein or RNA) or whether the
nucleic acid comprises multiple components that require different polymerases or are not
intended to be expressed as a fusion protein.

[00136] The term "promoter" refers to a DNA sequence that contains a transcription start site
and additional sequences to facilitate polymerase binding and transcription. Exemplary
eukaryotic promoters include elements such as a TATA box, and/or B recognition element
(BRE) and assists or promotes the transcription and expression of an associated transcribable

polynucleotide sequence and/or gene (or transgene). A promoter can be synthetically produced
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or can be derived from a known or naturally occurring promoter sequence or another promoter
sequence. A promoter can also include a chimeric promoter comprising a combination of two or
more heterologous sequences to confer certain properties. A promoter of the present disclosure
can include variants of promoter sequences that are similar in composition, but not identical to,
other promoter sequence(s) known or provided herein. A promoter can be classified according to
criteria relating to the pattern of expression of an associated coding or transcribable sequence or
gene operably linked to the promoter, such as constitutive, developmental, tissue-specific,
inducible, etc. A promoter can also be classified according to its strength. As used in the context
of a promoter, “strength” refers to the rate of transcription of the gene controlled by the
promoter. A “strong” promoter means the rate of transcription is high, while a “weak” promoter
means the rate of transcription is relatively low.

[00137] A promoter of the disclosure can be a Polymerase II (Pol II) promoter. Polymerase 11
transcribes all protein coding and many non-coding genes. A representative Pol II promoter
includes a core promoter, which is a sequence of about 100 base pairs surrounding the
transcription start site, and serves as a binding platform for the Pol II polymerase and associated
general transcription factors. The promoter may contain one or more core promoter elements
such as the TATA box, BRE, Initiator (INR), motif ten element (MTE), downstream core
promoter element (DPE), downstream core element (DCE), although core promoters lacking
these elements are known in the art. All Pol II promoters are envisaged as within the scope of the
instant disclosure.

[00138] A promoter of the disclosure can be a Polymerase III (Pol III) promoter. Pol 111
transcribes DNA to synthesize small ribosomal RNAs such as the 5S rRNA, tRNAs, and other
small RNAs. Representative Pol III promoters use internal control sequences (sequences within
the transcribed section of the gene) to support transcription, although upstream elements such as
the TATA box are also sometimes used. All Pol III promoters are envisaged as within the scope
of the instant disclosure.

[00139] The term “enhancer” refers to regulatory DNA sequences that, when bound by specific
proteins called transcription factors, regulate the expression of an associated gene. Enhancers
may be located in the intron of the gene, or 5° or 3” of the coding sequence of the gene.
Enhancers may be proximal to the gene (i.e., within a few tens or hundreds of base pairs (bp) of

the promoter), or may be located distal to the gene (i.e., thousands of bp, hundreds of thousands
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of bp, or even millions of bp away from the promoter). A single gene may be regulated by more
than one enhancer, all of which are envisaged as within the scope of the instant disclosure.
[00140] As used herein, a “post-transcriptional regulatory element (PTRE, or TRE),” such as a
hepatitis PTRE, refers to a DNA sequence that, when transcribed creates a tertiary structure
capable of exhibiting post-transcriptional activity to enhance or promote expression of an
associated gene operably linked thereto.

[00141] In the context of the present disclosure and with respect to a gene, “repress”,
“repression”, "repressing", “inhibition of gene expression”, “downregulation”, and “silencing”
are used interchangeably herein to refer to the inhibition or blocking of transcription of a gene or
a portion thereof. Accordingly, repression of a gene can result in a decrease in production of a
gene product. Examples of gene repression processes which decrease transcription include, but
are not limited to, those which inhibit formation of a transcription initiation complex, those
which decrease transcription initiation rate, those which decrease transcription elongation rate,
those which decrease processivity of transcription and those which antagonize transcriptional
activation (by, for example, blocking the binding of a transcriptional activator). Gene repression
can constitute, for example, prevention of activation as well as inhibition of expression below an
existing level. Transcriptional repression includes both reversible and irreversible inactivation of
gene transcription; the latter can result from epigenetic modification of the gene.

[00142] “Repressor” or “repressor domain” are used interchangeably to refer to polypeptide
factors that act as regulatory elements on DNA that inhibit, repress, or block transcription of
DNA, resulting in repression of gene expression. In the context of the present disclosure, the
linking of a repressor domain to DNA-binding protein that can, when bound to the target nucleic
acid, prevent transcription from a promoter or otherwise inhibit the expression of a gene.
Without wishing to be bound by theory, it is thought that transcriptional repressors can function
by a variety of mechanisms, including physically blocking RNA polymerase passage by steric
hindrance, altering the polymerase's post-translational modification state, modifying the
epigenetic state of the nascent RNA, changing the epigenetic state of the DNA through
methylation, changing the epigenetic state of the DNA through histone deacetylation or
modulating nucleosome remodeling, or preventing enhancer-promoter interactions, thereby
leading to gene silencing or a reduction in the level of gene expression.

[00143] “Long-term repressor protein” or “LTRP” is used interchangeably herein with

“repressor fusion protein” and refers to a fusion protein comprising a DNA binding protein (or
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DNA binding domain of a protein) fused to one or more domains capable of repressing
transcription of a target nucleic acid sequence. Optionally, the repressor fusion proteins of the
disclosure may contain additional elements, such as linkers between any of the domains of the
fusion protein, nuclear localization signals, nuclear export signals, as well as additional protein
domains that confer additional activities upon the repressor fusion protein.

[00144] As used herein a “repressor fusion protein:gRNA system” is a system for
transcriptional repression and comprises a repressor fusion protein comprising a catalytically-
dead CRISPR protein and one or more linked repressor domains, and a guide nucleic acid
(gRNA) that binds to the catalytically-dead CRISPR protein. For clarity, the system also
includes any encoding DNA, RNA or vectors and the like that can be used to produce the
repressor fusion proteins and gRNA components of the system.

[00145] As used herein, a DNA-binding protein refers to a protein, or domain of a protein,
capable of binding to DNA. Exemplary DNA-binding proteins include zinc finger (ZF) proteins,
TALESs, and CRISPR proteins. The skilled artisan will appreciate that in multi-functional
proteins that are capable of both binding DNA and carrying out another activity such as DNA
cleavage, such as, e.g., CRISPR proteins, the DNA binding function can be separated from the
other functions of the protein, leading to catalytically-dead DNA binding proteins.

[00146] As used herein a “catalytically-dead CRISPR protein” refers to a CRISPR protein that
lacks endonuclease activity. The skilled artisan will appreciate that a CRISPR protein can be
catalytically-dead, and still able to carry out additional protein functions, such as DNA binding.
Similarly, a "catalytically-dead CasX" refers to a CasX protein that lacks endonuclease activity
but is still able to carry out additional protein functions, such as DNA binding.

[00147] “Recombinant,” as used herein, means that a particular nucleic acid (DNA or RNA) is
the product of various combinations of cloning, restriction, and/or ligation steps resulting in a
construct having a structural coding or non-coding sequence distinguishable from endogenous
nucleic acids found in natural systems. Generally, DNA sequences encoding the structural
coding sequence can be assembled from cDNA fragments and short oligonucleotide linkers, or
from a series of synthetic oligonucleotides, to provide a synthetic nucleic acid which is capable
of being expressed from a recombinant transcriptional unit contained in a cell or in a cell-free
transcription and translation system. Such sequences can be provided in the form of an open
reading frame uninterrupted by internal non-translated sequences, or introns, which are typically

present in eukaryotic genes. Genomic DNA comprising the relevant sequences can also be used
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in the formation of a recombinant gene or transcriptional unit. Sequences of non-translated DNA
may be present 5’ or 3’ from the open reading frame, where such sequences do not interfere with
manipulation or expression of the coding regions, and may indeed act to modulate production of
a desired product by various mechanisms (see “enhancers” and “promoters”, above).

[00148] The term “recombinant polynucleotide” or “recombinant nucleic acid” refers to one
which is not naturally occurring, e.g., is made by the artificial combination of two otherwise
separated segments of sequence through human intervention. This artificial combination is often
accomplished by either chemical synthesis means, or by the artificial manipulation of isolated
segments of nucleic acids, e.g., by genetic engineering techniques. Such is usually done to
replace a codon with a redundant codon encoding the same or a conservative amino acid, while
typically introducing or removing a sequence recognition site. Alternatively, it is performed to
join together nucleic acid segments of desired functions to generate a desired combination of
functions. This artificial combination is often accomplished by either chemical synthesis means,
or by the artificial manipulation of isolated segments of nucleic acids, e.g., by genetic
engineering techniques.

[00149] Similarly, the term “recombinant polypeptide” or “recombinant protein” refers to a
polypeptide or protein which is not naturally occurring, e.g., is made by the artificial
combination of two otherwise separated segments of amino sequence through human
intervention. Thus, e.g., a protein that comprises a heterologous amino acid sequence is
recombinant.

[00150] As used herein, “lipoprotein”, such as VLDL, LDL and HDL, refers to a group of
proteins found in the serum, plasma and lymph and are important for lipid transport. The
chemical composition of each lipoprotein differs, for example, in that the HDL has a higher
proportion of protein versus lipid, whereas the VLDL has a lower proportion of protein versus
lipid.

[00151] As used herein, “atherosclerosis” means a hardening of the arteries affecting large and
medium-sized arteries and is characterized by the presence of fatty deposits. The fatty deposits
are called “atheromas” or “plaques,” which consist mainly of cholesterol and other fats, calcium
and scar tissue, and damage the lining of arteries.

[00152] As used herein, “coronary heart disease (CHD)” means a narrowing of the small blood

vessels that supply blood and oxygen to the heart, which is often a result of atherosclerosis.
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[00153] As used herein, “dyslipidemia” refers to a disorder of lipid and/or lipoprotein
metabolism, including lipid and/or lipoprotein overproduction or deficiency. Dyslipidemias can
be manifested by elevation of lipids such as chylomicron, cholesterol and triglycerides as well as
lipoproteins such as low-density lipoprotein (LDL) cholesterol.

[00154] As used herein, “high density lipoprotein-C” or “HDL-C” means cholesterol associated
with high-density lipoprotein particles. Concentration of HDL-C in serum (or plasma) is
typically quantified in mg/dL or nmol/L. “Serum HDL-C” and “plasma HDL-C” mean HDL-C
in serum and plasma, respectively.

[00155] As used herein, “low density lipoprotein-cholesterol (LDL-C)” means cholesterol
carried in low density lipoprotein particles. Concentration of LDL-C in serum (or plasma) is
typically quantified in mg/dL or nmol/L. “Serum LDL-C” and “plasma LDL-C” mean LDL-C in
the serum and plasma, respectively.

[00156] As used herein, “hypercholesterolemia” means a condition characterized by elevated
cholesterol or circulating (plasma) cholesterol, LDL-cholesterol and VLDL-cholesterol, as per
the guidelines of the Expert Panel Report of the National Cholesterol Educational Program
(NCEP) of Detection, Evaluation of Treatment of high cholesterol in adults (see, Arch. Int. Med.
148: 36 (1988)).

[00157] As used herein, “hyperlipidemia” or “hyperlipemia” is a condition characterized by
elevated serum lipids or circulating (plasma) lipids. This condition manifests an abnormally high
concentration of fats. The lipid fractions in the circulating blood are cholesterol, low-density
lipoproteins, very low density lipoproteins, chylomicrons and triglycerides. The Fredrickson
classification of hyperlipidemias is based on the pattern of TG and cholesterol-rich lipoprotein
particles, as measured by electrophoresis or ultracentrifugation and is commonly used to
characterize primary causes of hyperlipidemias such as hypertriglyceridemia.

[00158] As used herein, “triglyceride” or “TG” means a lipid or neutral fat consisting of
glycerol combined with three fatty acid molecules.

[00159] As used herein, “hypertriglyceridemia” means a condition characterized by elevated
triglyceride levels. Its etiology includes primary (7.e. genetic causes) and secondary (other
underlying causes such as diabetes, metabolic syndrome/insulin resistance, obesity, physical
inactivity, cigarette smoking, excess alcohol and a diet very high in carbohydrates) factors or,

most often, a combination of both
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[00160] As used herein, “diabetes mellitus” or “diabetes” is a syndrome characterized by
disordered metabolism and abnormally high blood sugar (hyperglycemia) resulting from
insufficient levels of insulin or reduced insulin sensitivity. The characteristic symptoms are
excessive urine production (polyuria) due to high blood glucose levels, excessive thirst and
increased fluid intake (polydipsia) attempting to compensate for increased urination, blurred
vision due to high blood glucose effects on the eye's optics, unexplained weight loss, and
lethargy.

[00161] As used herein, “diabetic dyslipidemia” or “type 2 diabetes with dyslipidemia” means a
condition characterized by Type 2 diabetes, reduced HDL-C, elevated triglycerides (TG), and
elevated small, dense LDL particles.

[00162] As used herein, "lipid nanoparticle" refers to particles having at least one dimension on
the order of nanometers (e.g., 1-1,000 nm) comprising one or more lipids (e.g., cationic lipids,
non- cationic lipids, and PEG-modified lipids). In some embodiments, lipid nanoparticles are
included in a formulation that can be used to deliver an active agent or therapeutic agent, such as
a nucleic acid (e.g., mRNA) to a target site of interest (e.g., cell, tissue, organ, tumor, and the
like). In some embodiments, the lipid nanoparticles of the disclosure comprise a nucleic acid.
Such lipid nanoparticles typically comprise neutral lipids, charged lipids, steroids and polymer
conjugated lipids. In some embodiments, the active agent or therapeutic agent, such as a nucleic
acid, may be encapsulated in the lipid portion of the lipid nanoparticle or an aqueous space
enveloped by some or all of the lipid portion of the lipid nanoparticle, thereby protecting it from
enzymatic degradation or other undesirable effects induced by the mechanisms of the host
organism or cells e.g. an adverse immune response.

[00163] As used herein, "lipid encapsulated” refers to a lipid nanoparticle that provides an
active agent or therapeutic agent, such as a nucleic acid (e.g., mRNA), with full encapsulation,
partial encapsulation, or both. In an embodiment, the nucleic acid (e.g., mRNA) is fully
encapsulated in the lipid nanoparticle.

[00164] As used herein, the term “contacting” means establishing a physical connection
between two or more entities. For example, contacting a target nucleic acid with a guide nucleic
acid means that the target nucleic acid and the guide nucleic acid are made to share a physical
connection; e.g., can hybridize if the sequences share sequence similarity.

[00165] “Dissociation constant”, or “Kd”, are used interchangeably and mean the affinity

between a ligand “L” and a protein “P”; i.e., how tightly a ligand binds to a particular protein. It
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can be calculated using the formula K¢=[L] [P]/[LP], where [P], [L] and [LP] represent molar
concentrations of the protein, ligand and complex, respectively.

[00166] The disclosure provides compositions and methods useful for modifying a target
nucleic acid. As used herein “editing” is used interchangeably with “modifying” and
"modification" and includes but is not limited to cleaving, nicking, editing, deleting, knocking
in, knocking out, and the like. Modifying can also encompass epigenetic modifications to a
nucleic acid, or chromatin containing the nucleic acid, such as, but not limited to, changes in
DNA methylation, and histone methylation and acetylation.

[00167] By “cleavage” it is meant the breakage of the covalent backbone of a target nucleic
acid molecule (e.g., RNA, DNA). Cleavage can be initiated by a variety of methods including,
but not limited to, enzymatic or chemical hydrolysis of a phosphodiester bond. Both single-
stranded cleavage and double-stranded cleavage are possible, and double-stranded cleavage can
occur as a result of two distinct single-stranded cleavage events.

[00168] The term "knock-down" as used herein refers to reduction in the expression of a gene
or its gene product(s). As a result of a gene knock-down, the protein activity or function may be
attenuated or the protein levels may be reduced or eliminated.

[00169] A polynucleotide or polypeptide has a certain percent "sequence similarity" or
"sequence identity" to another polynucleotide or polypeptide, meaning that, when aligned, that
percentage of bases or amino acids are the same, and in the same relative position, when
comparing the two sequences. Sequence similarity (sometimes referred to as percent similarity,
percent identity, or homology) can be determined in a number of different manners. To
determine sequence similarity, sequences can be aligned using the methods and computer
programs that are known in the art, including BLAST, available over the world wide web at
ncbi.nlm.nih.gov/BLAST. Percent complementarity between particular stretches of nucleic acid
sequences within nucleic acids can be determined using any convenient method. Example
methods include BLAST programs (basic local alignment search tools) and PowerBLAST
programs (Altschul et al., J. Mol. Biol., 1990, 215, 403-410; Zhang and Madden, Genome Res.,
1997, 7, 649-656) or by using the Gap program (Wisconsin Sequence Analysis Package, Version
8 for Unix, Genetics Computer Group, University Research Park, Madison Wis.), e.g., using
default settings, which uses the algorithm of Smith and Waterman (Adv. Appl. Math., 1981, 2,
482-489).
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[00170] The terms “polypeptide,” and “protein” are used interchangeably herein, and refer to a
polymeric form of amino acids of any length, which can include coded and non-coded amino
acids, chemically or biochemically modified or derivatized amino acids, and polypeptides
having modified peptide backbones. The term includes fusion proteins, including, but not limited
to, fusion proteins with a heterologous amino acid sequence.

[00171] A “vector” or “expression vector” is a replicon, such as plasmid, phage, virus, or
cosmid, to which another DNA segment, i.e., an expression cassette, may be attached so as to
bring about the replication or expression of the attached segment in a cell.

[00172] The term “naturally-occurring” or “unmodified” or “wild type” as used herein as
applied to a nucleic acid, a polypeptide, a cell, or an organism, refers to a nucleic acid,
polypeptide, cell, or organism that is found in nature.

[00173] As used herein, a “mutation” refers to an insertion, deletion, substitution, duplication,
or inversion of one or more amino acids or nucleotides as compared to a wild-type or reference
amino acid sequence or to a wild-type or reference nucleotide sequence.

[00174] As used herein the term “isolated” is meant to describe a polynucleotide, a polypeptide,
or a cell that is in an environment different from that in which the polynucleotide, the
polypeptide, or the cell naturally occurs. An isolated genetically modified host cell may be
present in a mixed population of genetically modified host cells.

[00175] A “host cell,” as used herein, denotes a eukaryotic cell, a prokaryotic cell, or a cell
from a multicellular organism (e.g., a cell line) cultured as a unicellular entity, which eukaryotic
or prokaryotic cells are used as recipients for a nucleic acid (e.g., an AAV vector), and include
the progeny of the original cell which has been genetically modified by the nucleic acid. It is
understood that the progeny of a single cell may not necessarily be completely identical in
morphology or in genomic or total DNA complement as the original parent, due to natural,
accidental, or deliberate mutation. A “recombinant host cell” (also referred to as a “genetically
modified host cell”) is a host cell into which has been introduced a heterologous nucleic acid,
e.g., an AAV vector.

[00176] The term "conservative amino acid substitution" refers to the interchangeability in
proteins of amino acid residues having similar side chains. For example, a group of amino acids
having aliphatic side chains consists of glycine, alanine, valine, leucine, and isoleucine; a group
of amino acids having aliphatic-hydroxyl side chains consists of serine and threonine; a group of

amino acids having amide-containing side chains consists of asparagine and glutamine; a group
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of amino acids having aromatic side chains consists of phenylalanine, tyrosine, and tryptophan; a
group of amino acids having basic side chains consists of lysine, arginine, and histidine; and a
group of amino acids having sulfur-containing side chains consists of cysteine and methionine.
Exemplary conservative amino acid substitution groups are: valine-leucine-isoleucine,
phenylalanine-tyrosine, lysine-arginine, alanine-valine, and asparagine-glutamine.

[00177] As used herein, “treatment” or “treating,” are used interchangeably herein and refer to
an approach for obtaining beneficial or desired results, including but not limited to a therapeutic
benefit and/or a prophylactic benefit. By therapeutic benefit is meant eradication or amelioration
of the underlying disorder or disease being treated. A therapeutic benefit can also be achieved
with the eradication or amelioration of one or more of the symptoms or an improvement in one
or more clinical parameters associated with the underlying disease such that an improvement is
observed in the subject, notwithstanding that the subject may still be afflicted with the
underlying disorder.

[00178] The terms “therapeutically effective amount” and “therapeutically effective dose”, as
used herein, refer to an amount of a drug or a biologic, alone or as a part of a composition, that is
capable of having any detectable, beneficial effect on any symptom, aspect, measured parameter
or characteristics of a disease state or condition when administered in one or repeated doses to a
subject such as a human or an experimental animal. Such effect need not be absolute to be
beneficial.

[00179] As used herein, “administering” means a method of giving a dosage of a compound
(e.g., a composition of the disclosure) or a composition (e.g., a pharmaceutical composition) to a
subject.

[00180] A “subject” is a mammal. Mammals include, but are not limited to, domesticated
animals, non-human primates, humans, dogs, rabbits, mice, rats and other rodents.

[00181] The term “low-density lipoprotein (LDL)” refers to one of the five major groups of
lipoprotein, from least dense (lower weight-volume ratio particles) to most dense (larger weight-
volume ratio particles): chylomicrons, very low-density lipoproteins (VLDL), low-density
lipoproteins (LDL), intermediate-density lipoproteins (IDL), and high-density lipoproteins
(HDL). Lipoproteins transfer lipids (fats) around the body in the extracellular fluid thereby
facilitating the transfer of fats to the cells body via receptor-mediated endocytosis. An LDL

particle is about 220-275 angstroms in diameter.
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[00182] “Low-density lipoprotein (LDL) receptor” refers to a receptor protein of 839 amino
acids (after removal of 21-amino acid signal peptide) that mediates the endocytosis of
cholesterol-rich LDL particles. It is a cell-surface receptor that recognizes the apoprotein B100
and apoE protein found in chylomicron remnants and VLDL remnants (IDL) resulting in the
binding and endocytosis of LDL-cholesterol. This process occurs in all nucleated cells, but
mainly in the liver which removes approximately 70% of LDL from the circulation. The human
LDLR gene is described in part in the NCBI database (ncbi.nlm.nih.gov) as Reference Sequence
NG _009060.1, which is incorporated by reference herein.

[00183] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or
patent application was specifically and individually indicated to be incorporated by reference.
The contents of WO 2020/247882, filed on June 5, 2020, WO 2020/247883, filed June 5, 2020,
WO 2021/050593, filed on September 9, 2020, WO 2021/050601, filed on September 9, 2021,
WO 2021/142342, filed on January 8, 2021, WO 2021/113763, filed on December 4, 2020, WO
2021/113769, filed on December 4, 2020, WO 2021/113772, filed on December 4, 2020, WO
2021/188729, filed on December 4, 2020, WO 2022/120095, filed December 2, 2021, WO
2022/120094, filed on December 2, 2021, WO 2022/125843, filed on December 9, 2021, WO
2022/120089, filed on December 2, 2021, WO 2022/261150, filed on June 7, 2022, WO
2023/049742, filed on September 21, 2022, WO 2022/261149, filed on June 7, 2022, and
PCT/US2023/067791, filed on June 1, 2023, which disclose CasX variants and gRNA variants,
and methods of delivering same, are hereby incorporated by reference in their entirety.

L General Methods

[00184] The practice of the present invention employs, unless otherwise indicated, conventional
techniques of immunology, biochemistry, chemistry, molecular biology, microbiology, cell
biology, genomics and recombinant DNA, which can be found in such standard textbooks as
Molecular Cloning: A Laboratory Manual, 3rd Ed. (Sambrook et al., Harbor Laboratory Press
2001); Short Protocols in Molecular Biology, 4™ Ed. (Ausubel et al. eds., John Wiley & Sons
1999); Protein Methods (Bollag et al., John Wiley & Sons 1996); Nonviral Vectors for Gene
Therapy (Wagner et al. eds., Academic Press 1999); Viral Vectors (Kaplift & Loewy eds.,
Academic Press 1995); Immunology Methods Manual (I. Lefkovits ed., Academic Press 1997);
and Cell and Tissue Culture: Laboratory Procedures in Biotechnology (Doyle & Griffiths, John

Wiley & Sons 1998), the disclosures of which are incorporated herein by reference.
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[00185] Where a range of values is provided, it is understood that endpoints are included and
that each intervening value, to the tenth of the unit of the lower limit unless the context clearly
dictates otherwise, between the upper and lower limit of that range and any other stated or
intervening value in that stated range, is encompassed. The upper and lower limits of these
smaller ranges may independently be included in the smaller ranges, and are also encompassed,
subject to any specifically excluded limit in the stated range. Where the stated range includes
one or both of the limits, ranges excluding either or both of those included limits are also
included.

[00186] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. All publications mentioned herein are incorporated herein by reference to disclose and
describe the methods and/or materials in connection with which the publications are cited.
[00187] It must be noted that as used herein and in the appended claims, the singular forms “a,”
“an,” and “the” include plural referents unless the context clearly dictates otherwise.

[00188] It will be appreciated that certain features of the disclosure, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination in a
single embodiment. In other cases, various features of the disclosure, which are, for brevity,
described in the context of a single embodiment, may also be provided separately or in any
suitable sub-combination. It is intended that all combinations of the embodiments pertaining to
the disclosure are specifically embraced by the present disclosure and are disclosed herein just as
if each and every combination was individually and explicitly disclosed. In addition, all sub-
combinations of the various embodiments and elements thereof are also specifically embraced
by the present disclosure and are disclosed herein just as if each and every such sub-combination
was individually and explicitly disclosed herein.

1L Systems for Epigenetic Modification and Repression of PCSK9 Genes

[00189] In a first aspect, the present disclosure provides systems comprising or encoding a
fusion protein comprising a DNA-binding protein and linked repressor domains capable of
binding a target nucleic acid sequence of a PCSK9 gene targeted for transcriptional repression,
silencing, and/or epigenetic modification (collectively, long-term repressor proteins, referred to
herein as "LTRP" or "LTRP fusion protein" or “repressor fusion protein”; a reflection of the
long-term repression effects that can be achieved on the targeted gene). As used herein, a

"system" is used interchangeably with "composition". The disclosure also provides nucleic acids
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encoding the systems provided herein. Also provided herein are methods of making the systems,
as well as methods of using the systems, including methods of gene repression and/or epigenetic
modification and methods of treatment of PCSK9-related diseases.

[00190] In some embodiments, the DNA-binding proteins comprise zinc finger (ZF) or TALE
(transcription-activator-like effector) proteins, or DNA binding domains thereof, also referred to
herein as a DNA-binding protein, that bind but do not cleave the target nucleic acid. The DNA-
binding domain of a TALE is comprised of a tandem array of 33—34 amino acid (aa)-long
customizable monomers that theoretically can be assembled to recognize any genetic sequence
following a one-repeat-binds-one-base-pair recognition code (Jain, S., et al. TALE outperforms
Cas9 in editing heterochromatin target sites. Nat. Commun. 12:606 (2021)). The specificity of
TALEs for binding DNA arises from two polymorphic amino acids, the so-called repeat variable
diresidues (RVDs) located at positions 12 and 13 of a repeated unit. By re-arranging the repeats,
the DNA binding specificities of TALE can be changed at will. Zinc finger proteins are
transcription factors, where each finger recognizes 3-4 bases of DNA. By mixing and matching
these finger modules, the ZFs can be customized for the sequence to be targeted. Exemplary ZFs
that are capable of binding the PCSK9 gene are described in WO2018049009A2.

[00191] In some embodiments, the DNA-binding protein is a catalytically-dead Class 1 or Class
2 CRISPR protein. Catalytically-dead CRISPR proteins are also referred to in the art as
“catalytically inactive” CRISPR proteins. In some embodiments, the Class 2, Type II protein is a
catalytically-dead Cas9. In other embodiments, the Class 2 CRISPR protein is selected from the
group consisting of a Type II, Type V, or Type VI protein. In one embodiment, the Class 2 Type
V protein is selected from the group consisting of Cas12a (Cpf1), Cas12b (C2c1), Cas12¢
(C2c3), Casl2d (CasY), Cas12e (CasX), Casl2f, Casl2g, Cas12h, Cas12i, Casl2j, Casl2k,
Casl4, and/or Cas®, in each case rendered catalytically-dead by specific mutations, as described
herein. In some embodiments, the CasX protein is a catalytically-dead CasX variant (dCasX),
wherein the dCasX comprises a sequence selected from the group consisting of SEQ ID NOS: 4-
29, or a sequence having at least about 85%, at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, or at least about 99% sequence identity thereto, wherein the
fusion protein comprising the dCasX retains the ability to form an RNP with a gRNA. In some
embodiments, the dCasX comprises a sequence selected from the group consisting of SEQ ID

NOS: 4-29. In some embodiments, the dCasX comprises a sequence selected from the group

33



WO 2023/240076 PCT/US2023/067987

consisting of SEQ ID NOS: 3281-3441, comprising a RuvC domain with one or more mutations
that inactivates the cleavage activity of the RuvC domain, thereby rendering the CasX protein
catalytically dead. In a particular embodiment, the dCasX comprises a sequence of SEQ ID NO:
4,

[00192] The CRISPR-based systems further comprise a guide nucleic acid (gNA), for example
a guide ribonucleic acid (gRNA) with a targeting sequence complementary to the target
sequence of a gene. Upon binding of the target sequence by the CRISPR-based system, (the
CRISPR protein and linked repressor domains) and the gRNA, transcription the gene is
repressed.

[00193] The present disclosure provides systems for transcriptional repression of a PCSK9
gene. In some embodiments, the system comprises a repressor fusion protein comprising a
catalytically-dead CasX protein and linked repressor domains , and a guide ribonucleic acid
(gRNA) comprising a targeting sequence complementary to a target nucleic acid sequence of a
PCSK9 gene targeted for repression, silencing, or downregulation (a repressor fusion
protein:gRNA system). In some embodiments, the system comprises nucleic acids encoding the
repressor fusion protein, for example a dCasX and linked repressor domains, and gRNA. In
some embodiments, the system comprises a repressor fusion protein and a gRNA as gene
repressor pairs that are capable of forming a ribonucleoprotein (RNP) complex and binding a
PCSK9 target nucleic acid in a eukaryotic cell. In other cases, the disclosure provides systems of
nucleic acids encoding the repressor fusion protein and gRNA, or a gRNA and an mRNA
encoding the repressor fusion protein for use in certain particle formulations (e.g., an LNP)
described herein.

[00194] Also provided herein are methods of making repressor fusion proteins and gRNAs, as
well as methods of using the repressor fusion protein:gRNA systems, including methods of gene
repression and/or epigenetic modification, and methods of treatment. The DNA-binding proteins
(e.g., dCasX) and linked repressor domain(s) and gRNA components of the systems and their
features, as well as the delivery modalities and the methods of using the systems for the
repression, down-regulation or silencing of a PCSK9 gene are described more fully, below.
[00195] The disclosure provides systems specifically designed to repress or silence
transcription of the PCSK9 gene. In some cases, the system is designed to repress transcription
of the PCSK9 gene in eukaryotic cells having a gain of function mutation. In some cases, the

system is designed to repress transcription of the wild-type PCSK9 gene in eukaryotic cells. In
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the alternative, the system is designed to repress transcription of a mutant allele of the PCSK9
gene in eukaryotic cells. Generally, any portion of the PCSK9 gene can be targeted using the
programable systems and methods provided herein, described more fully, herein.

[00196] The PCSK9 gene encodes proprotein convertase subtilisin/kexin Type 9 (“PCSK9”), a
protein that binds to the receptor for low-density lipoprotein particles (LDL) for transport of
LDL into the cell. The PCSK9 gene encompasses the sequence that spans chr1:55,039,476-
55,064,853 of the human genome (GRCh38/hg38) (the notation refers to the chromosome 1
(chrl), starting at the 55,039,476 bp to 55,064,853 bp on chromosome 1 (Homo sapiens Updated
Annotation Release 109.20190905, GRCh38.p13) (NCBI). The human PCSK9 gene is described
in part in the NCBI database (ncbi.nlm.nih.gov) as Reference Sequence NG _009061.1, which is
incorporated by reference herein. The PCSK9 locus has 12 exons that produces an mRNA of
3636 bp encoding a 692-amino acid protein that, following its synthesis, undergoes an
autocatalytic cleavage reaction that clips off the prodomain, resulting in an activated protein
having 540 amino acids. The prodomain remains attached to the catalytic and resistin-like
domains, likely because the prodomain serves as a chaperone and facilitates folding and
secretion (Seidah, NG et al., Proc Natl Acad Sci USA 100(3):928 (2003)). The secretory
proprotein convertase neural apoptosis-regulated convertase 1 (NARC-1): liver regeneration and
neuronal differentiation (Seidah NG, et al.). This protein, also called neural apoptosis regulated
convertase, is a serine protease belonging to the protease K subfamily of subtilases.

[00197] The human PCSK9 gene (HGNC:20001) encodes a protein (Q8NBP7) having the

sequence

MGTVSSRRSWWPLPLLLLLLLLLGPAGARAQEDEDGDYEELVLALRSEEDGLAEAPEHGTTATFHRCAK
DPWRLPGTYVVVLKEETHLSQSERTARRLQAQAARRGYLTKI LHVFHGLLPGFLVKMSGDLLELALKLP
HVDYIEEDSSVFAQSIPWNLERITPPRYRADEYQPPDGGSLVEVYLLDTSIQSDHREIEGRVMVTDFEN
VPEEDGTRFHRQASKCDSHGTHLAGVVSGRDAGVAKGASMRSLRVLNCQGKGTVSGTLIGLEFIRKSQL
VQPVGPLVVLLPLAGGYSRVLNAACQRLARAGVVLVTAAGNFRDDACLYSPASAPEVITVGATNAQDQP
VTLGTLGTNFGRCVDLFAPGEDIIGASSDCSTCEVSQSGTSQAAAHVAGIAAMMLSAEPELTLAELRQR
LIHFSAKDVINEAWFPEDQRVLTPNLVAALPPSTHGAGWQLFCRTVWSAHSGPTRMATAVARCAPDEEL
LSCSSFSRSGKRRGERMEAQGGKLVCRAHNAFGGEGVYAIARCCLLPQANCSVHTAPPAEASMGT RVHC
HQOGHVLTGCS SHWEVEDLGTHKPPVLRPRGOPNQCVGHREAS IHASCCHAPGLECKVKEHGI PAPQEQ
VIVACEEGWTLTGCSALPGT SHVLGAYAVDNTCVVRSRDVSTTGSTSEGAVTAVAI CCRSRHLAQASQE
LO (SEQ ID NO: 1823).
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1L Catalytically-dead Proteins for Use in the Repressor Systems
[00198] In some embodiments, the DNA-binding proteins for use in the fusion proteins,
systems and methods of the disclosure are zinc finger (ZF) or TALE (transcription-activator-like
effector) proteins that can bind, but not cleave, a PCSK9 target nucleic acid.
[00199] In some embodiments, the DNA-binding protein is a catalytically-dead Class 1 or
Class 2 CRISPR protein. In one embodiment, the Class 2, Type II protein is a catalytically-dead
Cas9. In another embodiment, the Class 2 CRISPR protein is selected from the group consisting
of a Type II, Type V, or Type VI protein. In one embodiment, the Class 2 CRISPR Type V
protein is selected from the group consisting of Cas12a (Cpf1), Cas12b (C2cl1), Casl2c¢ (C2c3),
Casl12d (CasY), Cas12e (CasX), Cas12f, Cas12g, Cas12h, Cas12i, Cas12j, Cas12k, Casl4,
and/or Cas®, in each case rendered catalytically-dead by specific mutations, as described herein.
In some embodiments, the CasX protein is a catalytically-dead CasX variant (dCasX).
[00200] The term “CasX protein”, as used herein, refers to a family of proteins, and
encompasses all naturally-occurring CasX proteins (“reference CasX”), as well as engineered
CasX proteins with multiple sequence modifications, in addition to those rendering the CasX
catalytically-dead (dCasX), that possess one or more improved characteristics relative to a
reference CasX protein, described more fully, below. CasX proteins of the disclosure comprise
the following domains: a non-target strand binding (NTSB) domain, a target strand loading
(TSL) domain, a helical I domain, a helical II domain, an oligonucleotide binding domain
(OBD), and a RuvC domain, and, in some cases, domains can be further divided into
subdomains, as listed in Table 1.
[00201] In the context of the present disclosure, the CasX for use in the repressor fusion
proteins, systems and methods are catalytically-dead (dCasX); achieved by mutations introduced
at select locations in the RuvC sequence, described below.

a. Reference CasX Proteins
[00202] The disclosure provides naturally-occurring CasX proteins (referred to herein as a
"reference CasX protein"), which were subsequently modified to create the engineered dCasX of
the disclosure. For example, reference CasX proteins can be isolated from naturally occurring
prokaryotes, such as Deltaproteobacteria, Planctomycetes, or Candidatus Sungbacteria species.
A reference CasX protein (interchangeably referred to herein as a reference CasX polypeptide) is

a Class 2, Type V CRISPR/Cas endonuclease belonging to the CasX (interchangeably referred
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to as Cas12e) family of proteins that interacts with a guide RNA to form a ribonucleoprotein

(RNP) complex.

[00203] In some cases, a reference CasX protein is isolated or derived from Deltaproteobacter

having a sequence of

1
6l
121
181
241
301
36l
421
481
541
601
661
721
781
841
901
961

[00204] In some cases, a reference CasX protein is isolated or derived from Planctomycetes

MEKRINKIRK
AANNLRMLLD
LTTAGFACSQ
VTYSLGKFEGQ
SKYQDIIIEH
RMWVNLNLWQ
GRVEFWSGVTA
DWGKVEDEAW
EKEFYACEIQ
KREFYLLMNY
FGTRQGREFI
SNIKPVNLIG
AKEVEQRRAG
RTEMTERQYT
RLKKTSDGWA
GRRDEALFLL
SGKQPFVGAW

KLSADNATKP
DYTKMKEATL
CGQPLEFVYKL
RALDFYSIHV
OKVVKGNQKR
KLKLSRDDAK
EKRNTILEGY
ERIDKKIAGL
LOKWYGDLRG
GKKGRIRFTD
WNDLLSLETG
VDRGENIPAV
GYSRKFASKS
KMEDWLTAKL
TTLNNKELKA
KKRFSHRPVQ
OAFYKRRLKE

having a sequence of:

1
6l
121
181
241
301
36l
421
481
541
601
6ol
721
781
841
901
961

MQEIKRINKI
NTSRANLNKL
ERLTSSGFAC
LVTYSLGKFG
LTKYQDIILE
IVIWVNLNLW
DGKVFWONLA
AWERIDKKVE
LKLOKWYGDL
LRFKKIKPEA
LLSLETGSLK
GENIPAVIAL
RKYASKAKNL
DWLTAKLAYE
NGKELKVEGQ
FSHRPVQEKEFE
TWQSEFYRKKL

RRRLVKDSNT
LTDYTEMKKA
SQCCOPLYVY
ORALDFYSIH
HOKVIKKNEK
OKLKIGRDEA
GYKRQEALLP
GLSKHIKLEE
RGKPFAIEAE
FEANRFYTVI
LANGRVIEKT
TDPEGCPLSR
ADDMVRNTAR
GLPSKTYLSK
ITYYNRYKRQ
VCLNCGFETH
KEVWKPAV

VSRSGPMKTL
OVYWQEFKDD
EQVSEKGKAY
TKESTHPVKP
LESLRELAGK
PLLRLKGFPS
NYLPNENDHK
TSHIEREEAR
NPFAVEAENR
GTDIKKSGKW
LIKLANGRVI
IALTDPEGCP
RNLADDMVRN
AYEGLTSKTY
EGQITYYNRY
EQFVCLDCGH
VWKPNA

KKAGKTGPMK
ILHVYWEEFQ
KLEQVNDKGK
VTRESNHPVK
RLANLKDIAS
KPLORLKGFEFP
YLSSEEDRKK
ERRSEDAQSK
NSILDISGES
NKKSGEIVPM
LYNRRTRQDE
FKDSLGNPTH
DLLYYAVTQD
TLAQYTSKTC
NVVKDLSVEL
ADEQAALNIA

(SEQ ID NO:

(SEQ ID NO:

LVRVMTDDLK
HVGLMCKFAQ
TNYFGRCNVA
LAQIAGNRYA
ENLEYPSVTL
FPVVERRENE
KREGSLENPK
NAEDAQSKAV
VVDISGESIG
QGLLYGGGKA
EKTIYNKKIG
LPEFKDSSGG
SARDLFYHAV
LSKTLAQYTS
KRQTVEKELS
EVHADEQAAL
1).

TLLVRVMTPD
KDPVGLMSRV
PHTNYFGRCN
PLEQIGGNSC
ANGLAFPKIT
SFPLVERQAN
GKKFARYQFG
AALTDWLRAK
KQYNCAFIWQ
EVNFNFDDPN
PALFVALTFE
ILRIGESYKE
AMLIFENLSR
SNCGFTITSA
DRLSEESVNN
RSWLEFLRSQE

2).

KRLEKRRKKP
PASKKIDQONK
EHEKLILLAQ
SGPVGKALSD
PPQPHTKEGV
VDWWNTINEV
KPAKRQFGDL
LTDWLRAKAS
SDGHSIQYRN
KVIDLTFDPD
RDEPALFVAL
PTDILRIGEG
THDAVLVFEN
KTCSNCGFETI
AELDRLSEES
NIARSWLFLN

LRERLENLRK
AQPAPKNIDQ
VSEHERLILL
ASGPVGKALS
LPPQPHTKEG
EVDWWDMVCN
DLLLHLEKKH
ASFVIEGLKE
KDGVKKLNLY
LITLPLAFGK
RREVLDSSNI
KQRTIQAAKE
GFGRQGKRTF
DYDRVLEKLK
DISSWTKGRS
YKKYQTNKTT

PCT/US2023/067987

EVMPQVISNN
LKPEMDEKGN
LKPEKDSDEA
ACMGTIASFL
DAYNEVIARV
KKLIDAKRDM
LLYLEKKYAG
FVLERLKEMD
LLAWKYLENG
DEQLIILPLA
TFERREVVDP
YKEKQRATQA
LSRGFGRQGK
TTADYDGMLV
GNNDISKWTK
SNSTEFKSYK

KPENIPQPIS
RKLIPVKDGN
SPHKPEANDE
DACMGAVASF
IEAYNNVVAQ
VKKLINEKKE
GEDWGKVYDE
ADKDEFCRCE
LIINYFKGGK
RQGREFIWND
KPMNLIGIDR
VEQRRAGGYS
MAERQYTRME
KTATGWMTTI
GEALSLLKKR
GNTDKRAFVE

[00205] In some cases, a reference CasX protein is isolated or derived from Candidatus

Sungbacteria having a sequence of

6l
121
181
241
301
36l

1 MDNANKPSTK SLVNTTRISD HEFGVTPGQVT RVFSFGIIPT KRQYAIIERW FAAVEAARER

LYGMLYAHFQ
AAFHTNHRRL
AVIADFGALC
DLPKFPVAER
RVALYCAIRM
ATLAHPDRWT

ENPPAYLKEK
FEEARKKMRE
AFRALIAETN
ETPPDTETII
ERNPEEDPST
ETIQFLRSNAA

FSYETFFKGR
YAECLKANEA
ALKGAYNHAL
RQLEDMARVI
VAGHFLGEID
SRRVRAETIS

PVLNGLRDID
LLRGAADIDW
NOMLPALVKV
PDTAEILGYI
RVCEKRRQGL
APFEGFESWTS

37

PTIMTSAVET
DKIVNALRTR
DEPEEAEESP
HRIRHKAARR
VRTPFDSQIR
NRTNPAPQYG

ALRHKAEGAM
LNTCLAPEYD
RLRFENGRIN
KPGSAVPLPQ
ARYMDIISFR
MALAKDANAP
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421
481
541
601
6ol
721
781

ADAPELCICL
ALKLRLYFGR
PPVEYLDFESS
RRRISEYQSR
EQKIIPKKTY
RRPKNPGHRD
RGTLGDLERA

SPSSAAFSVR
SQARRMLTNK
DVRSRARTVI
EQTPPRDLRQ
LANKTGFMNA
AMVVIPDIVD
IRQGDDRKSR

EKGGDLIYMR
TWGLLSDNPR
GINRGEVNPL
RVRHLODTVL
LSFSGAVRVD
DAAATGFDNV
OMLELALEPQ

PTGGRRGKDN
VFAANAELVG
AYAVVSVEDG
GSARAKIHSL
KKGNPWGGMI
DCDAGTVDYG
POWGQFFCHR

PCT/US2023/067987

PGKEITWVPG SFDEYPASGV
KKRNPQDRWK LFFHMVISGP
QVLEEGLLGK KEYIDQLIET
IAFWKGILAI ERLDDQFHGR
EIYPGGISRT CTQCGTVWLA
ELFTLSREWV RLTPRYSRVM
CGFNGQSDVL AATNLARRAI

841 SLIRRLPDTD TPPTP (SEQ ID NO: 3).

b. Catalytically-dead CasX Variant Proteins
[00206] In the repressor fusion proteins and systems comprising same of the disclosure, the
CasX protein is catalytically-dead (dCasX) in that it is unable to cleave DNA, but retains the
ability to bind a target nucleic acid when complexed with a guide RNA (gRNA). The present
disclosure provides catalytically-dead variants (interchangeably referred to herein as “dCasX
variant” or “dCasX variant protein”), wherein the catalytically-dead CasX variants comprise
multiple modifications in select domains relative to the catalytically-dead versions of sequences
of SEQ ID NOS:1-3 (described, supra). An exemplary catalytically-dead CasX protein
comprises one or more mutations in the active site of the RuvC domain of the CasX protein. In
some embodiments, a catalytically-dead reference CasX protein comprises substitutions at
residues 672, 769 and/or 935 with reference to SEQ ID NO: 1. In some embodiments, a
catalytically-dead reference CasX protein comprises substitutions of D672A, E769A and/or
D935A with reference to SEQ ID NO: 1. In other embodiments, a catalytically-dead reference
CasX protein comprises substitutions at amino acids 659, 756 and/or 922 with reference to SEQ
ID NO: 2. In some embodiments, a catalytically-dead reference CasX protein comprises D659A,
E756A and/or D922 A substitutions with reference to of SEQ ID NO: 2. An exemplary RuvC
domain of the dCasX of the disclosure comprises amino acids 661-824 and 935-986 of SEQ ID
NO: 1, or amino acids 648-812 and 922-978 of SEQ ID NO: 2, with one or more amino acid
modifications relative to said RuvC cleavage domain sequence, wherein the dCasX variant
exhibits one or more improved characteristics compared to the reference dCasX. In further
embodiments, a catalytically-dead CasX variant protein comprises deletions of all or part of the
RuvC domain of the reference CasX protein. It will be understood that the same foregoing
substitutions or deletions can similarly be introduced into CasX variants known in the art,
resulting in a dCasX variant (see, e.g., W02022120095A1 and US11,560,555, incorporated by
reference herein, for exemplary sequences).
[00207] In some embodiments, the dCasX variant with linked repressor domains exhibits at

least one improved characteristic compared to the reference dCasX protein with linked repressor
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domains configured in a comparable fashion. All dCasX variants that improve one or more
functions or characteristics of the dCasX variant protein with linked repressor domain compared
to a reference dCasX protein with linked repressor domain described herein are envisaged as
being within the scope of the disclosure. In some embodiments, the modification is a mutation in
one or more amino acids of the reference dCasX other than those rendering the dCasX
catalytically-dead. For example, dCasX variants can comprise one or more amino acid
substitutions, insertions, deletions, or swapped domains, or any combinations thereof, relative to
a reference dCasX protein sequence. Any amino acid can be substituted for any other amino acid
in the substitutions described herein. The substitution can be a conservative substitution (e.g., a
basic amino acid is substituted for another basic amino acid). The substitution can be a non-
conservative substitution (e.g., a basic amino acid is substituted for an acidic amino acid or vice
versa). For example, a proline in a reference dCasX protein can be substituted for any of
arginine, histidine, lysine, aspartic acid, glutamic acid, serine, threonine, asparagine, glutamine,
cysteine, glycine, alanine, isoleucine, leucine, methionine, phenylalanine, tryptophan, tyrosine or
valine to generate a dCasX variant protein of the disclosure. In some embodiments, the dCasX
variant exhibits an improved characteristic compared to a reference dCasX. Exemplary improved
characteristics of the dCasX variant embodiments include, but are not limited to improved
folding of the variant, increased binding affinity to the gRNA, increased binding affinity to the
target nucleic acid, improved ability to utilize a greater spectrum of PAM sequences in the
repression and/or binding of target nucleic acid, improved unwinding of the target DNA,
increased target strand loading, increased binding of the non-target strand of DNA, improved
protein stability, increased ability to complex with gRNA, improved protein:gRNA (RNP)
complex stability, and, with linked repressor domains and when complexed as an RNP,
increased repressor activity, improved repressor specificity for the target nucleic acid, decreased
off-target repression, increased percentage of a eukaryotic genome that can be efficiently
repressed and/or epigenetically modified. In some embodiments, an improved characteristic of
the dCasX variant is at least about 1.1 to about 100,000-fold improved relative to the reference
dCasX protein. In some embodiments, an improved characteristic of the dCasX variant is at least
about 1.1 to about 10,000-fold improved, at least about 1.1 to about 1,000-fold improved, at least
about 1.1 to about 500-fold improved, at least about 1.1 to about 400-fold improved, at least
about 1.1 to about 300-fold improved, at least about 1.1 to about 200-fold improved, at least
about 1.1 to about 100-fold improved, at least about 1.1 to about 50-fold improved, at least about
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1.1 to about 40-fold improved, at least about 1.1 to about 30-fold improved, at least about 1.1 to
about 20-fold improved, at least about 1.1 to about 10-fold improved, at least about 1.1 to about
9-fold improved, at least about 1.1 to about 8-fold improved, at least about 1.1 to about 7-fold
improved, at least about 1.1 to about 6-fold improved, at least about 1.1 to about 5-fold
improved, at least about 1.1 to about 4-fold improved, at least about 1.1 to about 3-fold
improved, at least about 1.1 to about 2-fold improved, at least about 1.1 to about 1.5-fold
improved, at least about 1.5 to about 3-fold improved, at least about 1.5 to about 4-fold
improved, at least about 1.5 to about 5-fold improved, at least about 1.5 to about 10-fold
improved, at least about 5 to about 10-fold improved, at least about 10 to about 20-fold
improved, at least 10 to about 30-fold improved, at least 10 to about 50-fold improved or at least
10 to about 100-fold improved relative to the reference dCasX protein. In some embodiments, an
improved characteristic of the dCasX variant is at least about 10 to about 1000-fold improved
relative to the reference dCasX protein. Additional disclosure on improved characteristics is
described herein, below.

[00208] In other embodiments, the modification is a substitution of one or more domains of the
reference dCasX with one or more domains from a different CasX. In some embodiments,
insertion includes the insertion of a part or all of a domain from a different CasX protein.
Mutations can be placed in any one or more domains of the dCasX variant, and may include, for
example, deletion of part or all of one or more domains, or one or more amino acid substitutions,
deletions, or insertions in any domain. The domains of dCasX proteins include the non-target
strand binding (NTSB) domain, the target strand loading (TSL) domain, the helical I domain, the
helical II domain, the oligonucleotide binding domain (OBD), and the RuvC DNA cleavage
domain, which can further comprise subdomains, described below.

[00209] Suitable mutagenesis methods for generating dCasX variant proteins of the disclosure
may include, for example, Deep Mutational Evolution (DME), deep mutational scanning (DMS),
error prone PCR, cassette mutagenesis, random mutagenesis, staggered extension PCR, gene
shuffling, or domain swapping. In some embodiments, the dCasX variants are designed, for
example by selecting one or more desired mutations in a reference dCasX. In certain
embodiments, the activity of a reference dCasX protein is used as a benchmark against which the
activity of one or more dCasX variants are compared, thereby measuring improvements in

function of the dCasX variants.
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[00210] In some embodiments, the dCasX variant protein comprises between 700 and 1200
amino acids, between 800 and 1100 amino acids or between 900 and 1000 amino acids.

[00211] The dCasX and linked repressor domains of the disclosure have an enhanced ability to
efficiently bind target nucleic acid, when complexed with a gRNA as an RNP, utilizing and
binding to a PAM TC motif, including PAM sequences selected from TTC, ATC, GTC, or CTC,
compared to an RNP of a reference dCasX protein and reference gRNA in a comparable assay
system. In the foregoing, the PAM sequence is located at least 1 nucleotide 5’ to the non-target
strand of the protospacer having identity with the targeting sequence of the gRNA.

[00212] In some embodiments, an RNP comprising the dCasX variant protein with linked
repressor domains and a gRNA of the disclosure, at a concentration of 20 pM or less, is capable
of binding a double stranded DNA target with an efficiency of at least 70%, at least 80%, at least
85%, at least 90% or at least 95%. In one embodiment, an RNP of a dCasX variant with linked
repressor domains and a gRNA variant exhibits greater binding of a target sequence in the target
nucleic acid compared to an RNP comprising a reference dCasX protein with linked repressor
domains and a reference gRNA in a comparable assay system, wherein the PAM sequence of the
target nucleic acid is TTC. In another embodiment, an RNP of a dCasX variant with linked
repressor domains and gRNA variant exhibits greater binding affinity of a target sequence in the
target nucleic acid compared to an RNP comprising a reference dCasX protein with linked
repressor domains and a reference gRNA in a comparable assay system, wherein the PAM
sequence of the target nucleic acid is ATC. In another embodiment, an RNP of a dCasX variant
with linked repressor domains and gRNA variant exhibits greater binding affinity of a target
sequence in the target nucleic acid compared to an RNP comprising a reference dCasX protein
with linked repressor domains and a reference gRNA in a comparable assay system, wherein the
PAM sequence of the target nucleic acid is CTC. In another embodiment, an RNP of a dCasX
variant with linked repressor domains and gRNA variant exhibits greater binding affinity of a
target sequence in the target nucleic acid compared to an RNP comprising a reference dCasX
protein with linked repressor domains and a reference gRNA in a comparable assay system,
wherein the PAM sequence of the target nucleic acid is GTC. In the foregoing embodiments, the
increased binding affinity for the one or more PAM sequences is at least 1.5-fold greater or more
compared to the binding affinity of an RNP of any one of the reference dCasX proteins
(modified from SEQ ID NOS: 1-3) with linked repressor domains and the gRNA of SEQ ID
NOS: 1731-1743 of Table 6 for the PAM sequences.

41



WO 2023/240076 PCT/US2023/067987

¢. dCasX Variant Proteins with Domains from Multiple Source Proteins
[00213] Also contemplated within the scope of the disclosure are chimeric dCasX proteins. As
used herein, a "chimeric dCasX" protein refers to both a dCasX protein containing at least two
domains from different sources, as well a dCasX protein containing at least one domain that
itself is chimeric. Accordingly, in some embodiments, a chimeric dCasX protein is one that
includes at least two domains isolated or derived from different sources, such as from two
different naturally occurring CasX proteins, (e.g., from two different CasX reference proteins),
or from two different engineered CasX proteins. In some embodiments, the helical I-I domain
and NTSB domain of the dCasX variant derived from SEQ ID NO: 2 is replaced with the
corresponding helical I-I and NTSB sequences from SEQ ID NO: 1, resulting in a chimeric
dCasX protein. As another example of the foregoing, the chimeric RuvC domain comprises
amino acids 660 to 823 of SEQ ID NO: 1 and amino acids 921 to 978 of SEQ ID NO: 2. As an
alternative example of the foregoing, a chimeric RuvC domain comprises amino acids 647 to
810 of SEQ ID NO: 2 and amino acids 934 to 986 of SEQ ID NO: 1.
[00214] In other embodiments, the chimeric dCasX protein is one that contains at least one
domain that is a chimeric domain, e.g., in some embodiments, part of a domain comprises a
substitution from a different CasX protein (from a reference CasX protein, or another engineered
CasX protein). In some embodiments, the at least one chimeric domain can be any of the NTSB,
TSL, helical I, helical II, OBD or RuvC domains as described herein. In some embodiments, the
helical I-I domain (sometimes referred to as helical I-a) of the dCasX variant derived from SEQ
ID NO: 2 is replaced with the corresponding helical I-I sequence from SEQ ID NO: 1, resulting
in a chimeric dCasX protein.
[00215] Sequences of Table 2 having the NTSB domain and helical I-II domain from SEQ ID
NO: 1 and a helical I-I domain from SEQ ID NO: 2 include dCasX 491, 515, 516, 518-520, 522-
527,532, 593, 676 (with a L169K substitution in the NTSB domain), and 812 (see Table 2 for
SEQ ID NOS). Coordinates of CasX domains in the reference CasX proteins of SEQ ID NO: 1
and SEQ ID NO: 2 are provided in Table 1 below. The skilled artisan will understand that the
domain boundaries indicated in Table 1 below are approximate, and that protein fragments
whose boundaries differ from those given in the table below by 1, 2, or 3 amino acids may have
the same activity as the domains described below. In some embodiments, the disclosure provides
the CasX proteins of SEQ ID NOS: 3281-3441, or 3444-3446 having the NTSB domain and
helical I-IT domain from SEQ ID NO: 1 and a helical I-I domain from SEQ ID NO: 2, wherein
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the CasX have additional amino acid changes (i.e., 1, 2, 3, 4, or 5 mismatches) at select locations
relative to the domains of the reference CasX, and that are rendered catalytically dead by

introducing one or more mutations that inactivates the cleavage activity of the RuvC domain.

Table 1: Domain coordinates in Reference CasX proteins

Domain Name | Coordinates in SEQ ID NO: 1* | Coordinates in SEQ ID NO: 2%
OBD-I 1-55 1-57

helical I-1 56-99 58-101

NTSB 100-190 102-191

helical I-IT 191-331 192-332

helical IT 332-508 333-500

OBD-II 509-659 501-646

RuvC-I 660-823 647-810

TSL 824-933 811-920

RuvC-II 934-986 921-978

* amino acid position

[00216] In some embodiments, a dCasX variant protein utilized in the fusion proteins of the
disclosure comprises a sequence of SEQ ID NOS: 4-29 as set forth in Table 2. In other
embodiments, a dCasX variant protein utilized in the fusion proteins of the disclosure comprises
a sequence at least 70% identical, at least 75% identical, at least 80% identical, at least 81%
identical, at least 82% identical, at least 83% identical, at least 84% identical, at least 85%
identical, at least 86% identical, at least 86% identical, at least 87% identical, at least 88%
identical, at least 89% identical, at least 89% identical, at least 90% identical, at least 91%
identical, at least 92% identical, at least 93% identical, at least 94% identical, at least 95%
identical, at least 96% identical, at least 97% identical, at least 98% identical, at least 99%
identical, at least 99.5% identical to a sequence of SEQ ID NOS: 4-29 as set forth in Table 2. In
a particular embodiment, the dCasX variant protein utilized in the fusion protein of the gene
repressor systems of the disclosure comprises a sequence of SEQ ID NO: 4 (dCasX 491). In
another particular embodiment, the dCasX variant protein utilized in the fusion protein of the
gene repressor systems of the disclosure comprises a sequence of SEQ ID NO: 6 (dCasX 515).
In another particular embodiment, the dCasX variant protein utilized in the fusion protein of the

gene repressor systems of the disclosure comprises a sequence of SEQ ID NO: 29 (dCasX 812).
Table 2: dCasX Variant Sequences
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SEQ
ID
NO

dCasX

Amino Acid Sequence

dCasX491

QEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDFYSIHVTKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
IASFLSKYQDITIIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGEPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVEWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOKWYGDLRGKPFAIEAENSILDISGESKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANREFYTVINKKSGEIVPMEVNENFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTRQDEPALEFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQAK
KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQGK
RTFMAERQYTRMEDWLTAKLAYEGLSKTYLSKTLAQYTSKTCSNCGFTITSADYDRVLE
KLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSWT
KGRSGEALSLLKKRFSHRPVQEKEFVCLNCGFETHAAEQAALNIARSWLFLRSQEYKKYQ
TNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

dCasX514

QEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEFVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDFYSIHVITKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
IASFLSKYQDITIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGFPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVEWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOKWYGDLRGKPFAIEAENSILDISGEFSKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANREYTVINKKSGEIVPMEVNENFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTRQDEPALEFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIOQAK
KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQGK
RTEFMAERQYTRMEDWLTAKLAYEGLSKTYLSKTLAQYTSKTCSNCGFTIHTSADYDRVL
EKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSW
TKGRSGEALSLLKKRFSHRPVQEKEFVCLNCGFETHAAEQAALNIARSWLFLRSQEYKKY
QTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

dCasX515

QEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAI LHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEFVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDFYSIHVIKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
IASFLSKYQDITIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGFPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVEWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
TKDEFCRCELKLQKWYGDLRGKPFAIEAENSILDISGFSKQYNCAFIWQKDGVKKLNLY
LIINYFKGGKLRFKKIKPEAFEANREYTVINKKSGEIVPMEVNENFDDPNLITILPLAFG
KRQGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSS
NIKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQA
KKEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLIFANLSRGFGRQG
KRTFMAERQYTRMEDWLTAKLAYEGLPSKTYLSKTLAQYTSKTCSNCGETITSADYDRV
LEKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISS
WIKGRSGEALSLLKKRFSHRPVQEKFVCLNCGFETHAAEQAALNIARSWLEFLRSQEYKK
YOTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

dCasX516

QETKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDFYSTIHVIKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
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IASFLSKYQDITIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNHNLWQKLKLSRDDAKPLLRLKGFPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVEFWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOQKWYGDLRGKPFAIEAENSILDISGEFSKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANRFYTVINKKSGEIVPMEVNENFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQAK
KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQGK
RTFMAERQYTRMEDWLTAKLAYEGLSKTYLSKTLAQYTSKTCSNCGFTITSADYDRVLE
KLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSWT
KGRSGEALSLLKKREFSHRPVQEKFVCLNCGFETHAAEQAALNIARSWLELRSQEYKKYQ
TNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

dCasX517

QETKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEFVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDEYSIHVTKESTHPVKPLAQIAGNRYASGAPVGKALSDACMG
TIASFLSKYQDIITEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAY
NEVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGFPSFPLVERQANEVDWWDMVCNVKK
LINEKKEDGKVEFWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGE
DWGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEA
DKDEFCRCELKLOQKWYGDLRGKPFAIEAENSILDISGFSKQYNCAFIWQKDGVKKLNLY
LIINYFKGGKLRFKKIKPEAFEANREYTVINKKSGEIVPMEVNENFDDPNLITILPLAFG
KRQGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSS
NIKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQA
KKEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLIFANLSRGFGRQG
KRTFMAERQYTRMEDWLTAKLAYEGLSKTYLSKTLAQYTSKTCSNCGEFTITSADYDRVL
EKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSW
TKGRSGEALSLLKKRFSHRPVQEKEFVCLNCGFETHAAEQAALNIARSWLFLRSQEYKKY
QTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

dCasX518

ROEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPT
SNTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMD
EKGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEK
DSDEAVTYSLGKFGQRALDEFYSIHVTKESTHPVKPLAQIAGNRYASGPVGKALSDACMG
TIASFLSKYQDIITEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAY
NEVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGFPSFPLVERQANEVDWWDMVCNVKK
LINEKKEDGKVFWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGE
DWGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEA
DKDEFCRCELKLOKWYGDLRGKPFAIEAENSILDISGFSKQYNCAFIWQKDGVKKLNLY
LIINYFKGGKLRFKKIKPEAFEANREYTVINKKSGEIVPMEVNENFDDPNLITILPLAFG
KROQGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSS
NIKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQA
KKEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQG
KRTFMAERQYTRMEDWLTAKLAYEGLSKTYLSKTLAQYTSKTCSNCGETITSADYDRVL
EKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSW
TKGRSGEALSLLKKRFSHRPVQEKEFVCLNCGFETHAAEQAALNIARSWLFLRSQEYKKY
QTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

10

dCasX519

QEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDFYSIHVTKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
IASFLSKYQDITIIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGEPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVEWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
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KDEFCRCELKLOKWYGDLRGKPFAIEAENSILDISGESKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANRFYTVINKKSGEIVPMEVNFNFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTRQDEPALFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHIQLRIGESYKEKQRTIQA
KKEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLIFANLSRGFGRQG
KRTFMAERQYTRMEDWLTAKLAYEGLSKTYLSKTLAQYTSKTCSNCGETITSADYDRVL
EKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSW
TKGRSGEALSLLKKRFSHRPVQEKFVCLNCGFETHAAEQAALNIARSWLELRSQEYKKY
QTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

11

dCasX520

QEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDFYSIHVIKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
IASFLSKYQDITIIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGEPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVEWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOKWYGDLRGKPFAIEAENSILDISGESKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANREFYTVINKKSGEIVPMEVNENFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTRQDEPALEFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTTQAK
KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQGK
RTEFMAERQYTRMEDWLTAKLAYEGLSKTYLSKTLAQYTSKTCSNCGFTITSADYDRVLE
KLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSWT
KGRSGEALSLLKKREFSHRPVQEKFVCLNCGFETHAAEQAALNIARSWLELRSQEYKKYQ
TNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

12

dCasX522

QEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEFVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDFYSIHVIKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
IASFLSKYQDITIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGEPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVEWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOKWYGDLRGKPFATIEAENSILDISGEFSKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANREFYTVINKKSGEIVPMEVNENFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTRQDEPALEFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKRSLGNPTHILRIGESYKEKQRTIQAK
KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQGK
RTEFMAERQYTRMEDWLTAKLAYEGLSKTYLSKTLAQYTSKTCSNCGFTITSADYDRVLE
KLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSWT
KGRSGEALSLLKKREFSHRPVQEKFVCLNCGFETHAAEQAALNIARSWLELRSQEYKKYQ
TNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

13

dCasX523

QEIKRINKIRRRLVKDSNTKKAGKTYPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEFVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDFYSIHVIKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
IASFLSKYQDITIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGFPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVEWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOQKWYGDLRGKPFAIEAENSILDISGEFSKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANRFYTVINKKSGEIVPMEVNENFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQAK
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KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQGK
RTEFMAERQYTRMEDWLTAKLAYEGLSKTYLSKTLAQYTSKTCSNCGFTITSADYDRVLE
KLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSWT
KGRSGEALSLLKKREFSHRPVQEKFVCLNCGFETHAAEQAALNIARSWLELRSQEYKKYQ
TNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

14

dCasX524

QETKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEFVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDEYSIHVTKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
IASFLSKYQDITIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGFPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVEFWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLQKWYGDLRGKPFAIEAENSILDISGEFSKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANRFYTVINKKSGEIVPMEVNENFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQAK
KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQGK
RTFMAERQYTRMEDWLTAKLAYEGLSKTYLSKTLAQYTSKTCSNCGFTIHSADYDRVLE
KLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSWT
KGRSGEALSLLKKREFSHRPVQEKFVCLNCGFETHAAEQAALNIARSWLELRSQEYKKYQ
TNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

15

dCasX525

QEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEFVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDEYSIHVTKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
IASFLSKYQDITIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGEPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVFWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOQKWYGDLRGKPFAIEAENSILDISGESKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANRFYTVINKKSGEIVPMEVNENFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTRQDEPALFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQAK
KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAATQDAMLI FANLSRGFGRQGK
RTFMAERQYTRMEDWLTAKLAYEGLSKTYLSKTLAQYTSKTCSNCGFTITSADYDRVLE
KLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSWT
KGRSGEALSLLKKRFSHRPVQEKFVCLNCGFETHAAEQAALNIARSWLELRSQEYKKYQ
TNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

16

dCasX526

QEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDFYSIHVTKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
IASFLSKYQDITIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGEPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVFWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOKWYGDLRGKPFAIEAENSILDISGESKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANRFYTVINKKSGEIVPMEVNFNFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTRQDEPALFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSREFKDSLGNPTHILRIGESYKEKQRTIQAA
KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQGK
RTFMAERQYTRMEDWLTAKLAYEGLSKTYLSKTLAQYTSKTCSNCGFTITSADYDRVLE
KLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSWT
KGRSGEALSLLKKRFSHRPVQEKFVCLNCGFETHAAEQAATLNIARSWLELRSQEYKKYQ

47




WO 2023/240076

PCT/US2023/067987

SEQ
ID
NO

dCasX

Amino Acid Sequence

TNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

17

dCasX527

QEIKRINKIRRRLVKDSNTKKAGKTRGPMKTLLVRVMTPDLRERLENLRKKPENIPQPT
SNTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMD
EKGNLTTAGFACSQCGQPLEFVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEK
DSDEAVTYSLGKFGQRALDEYSIHVTKESTHPVKPLAQIAGNRYASGPVGKALSDACMG
TIASFLSKYQDIITEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAY
NEVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGEFPSFPLVERQANEVDWWDMVCNVKK
LINEKKEDGKVEWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGE
DWGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEA
DKDEFCRCELKLOKWYGDLRGKPFAIEAENSILDISGFSKQYNCAFIWQKDGVKKLNLY
LIINYFKGGKLRFKKIKPEAFEANREYTVINKKSGEIVPMEVNENFDDPNLITILPLAFG
KRQGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSS
NIKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQA
KKEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLIFANLSRGFGRQG
KRTEMAERQYTRMEDWLTAKLAYEGLSKTYLSKTLAQYTSKTCSNCGFTITSADYDRVL
EKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSW
TKGRSGEALSLLKKRFSHRPVQEKEFVCLNCGFETHAAEQAALNIARSWLFLRSQEYKKY
QTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

18

dCasX528

QEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEFVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDFYSIHVIKESTHPVKPLAQIAGNRYASYPVGKALSDACMGT
IASFLSKYQDITIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGFPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVEFWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOQKWYGDLRGKPFAIEAENSILDISGESKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANRFYTVINKKSGEIVPMEVNENFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQAK
KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQGK
RTFMAERQYTRMEDWLTAKLAYEGLPSKTYLSKTLAQYTSKTCSNCGFTITSADYDRVL
EKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSW
TKGRSGEALSLLKKRFSHRPVQEKEFVCLNCGFETHAAEQAALNIARSWLFLRSQEYKKY
QTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

19

dCasX529

QETKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDEYSIHVTKESTHPVKPLAQIAGNRYASNPVGKALSDACMGT
IASFLSKYQDITIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGEFPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVFWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLQKWYGDLRGKPFAIEAENSILDISGEFSKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANRFYTVINKKSGEIVPMEVNENFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQAK
KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQGK
RTFMAERQYTRMEDWLTAKLAYEGLPSKTYLSKTLAQYTSKTCSNCGEFTITSADYDRVL
EKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSW
TKGRSGEALSLLKKRFSHRPVQEKEFVCLNCGFETHAAEQAALNIARSWLFLRSQEYKKY
QTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

20

dCasX530

QEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
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KGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDEYSIHVTKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
IASFLSKYQDITIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGEPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVFWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOKWYGDLRGKPFAIEAENSILDISGESKQYNCAFIWQKDGVKKLNLYL
IINYFKGWGKLRFKKIKPEAFEANRFYTVINKKSGEIVPMEVNFNFDDPNLIILPLAFG
KROQGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSS
NIKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQA
KKEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQG
KRTFMAERQYTRMEDWLTAKLAYEGLPSKTYLSKTLAQYTSKTCSNCGETITSADYDRV
LEKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISS
WIKGRSGEALSLLKKRFSHRPVQEKFVCLNCGFETHAAEQAALNTIARSWLEFLRSQEYKK
YOTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

21

dCasX531

QEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDFYSIHVTKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
IASFLSKYQDITIIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGEPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVEWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOKWYGDLRGKPFAIEAENSILDISGESKQYNCAFIWQKDGVKKLNLYL
IINYFKGYGKLRFKKIKPEAFEANRFYTVINKKSGEIVPMEVNFNFDDPNLIILPLAFG
KRQGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSS
NIKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQA
KKEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLIFANLSRGFGRQG
KRTFMAERQYTRMEDWLTAKLAYEGLPSKTYLSKTLAQYTSKTCSNCGETITSADYDRV
LEKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISS
WITKGRSGEALSLLKKRFSHRPVQEKFVCLNCGFETHAAEQAALNIARSWLFLRSQEYKK
YOTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

22

dCasX532

QEIKRINKIRRRLVKDSNTKKAGKTRGPMKTLLVRVMTPDLRERLENLRKKPENIPQPI
SNTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMD
EKGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEK
DSDEAVTYSLGKEFGQRALDEYSIHVTKESTHPVKPLAQIAGNRYASGPVGKALSDACMG
TIASFLSKYQDIIIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAY
NEVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGFPSFPLVERQANEVDWWDMVCNVKK
LINEKKEDGKVEWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGE
DWGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEA
DKDEFCRCELKLOKWYGDLRGKPFAIEAENSILDISGFSKQYNCAFIWQKDGVKKLNLY
LIINYFKGGKLRFKKIKPEAFEANREYTVINKKSGEIVPMEVNENFDDPNLITILPLAFG
KRQGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTRQDEPALFVALTFERREVLDSS
NIKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIOQA
KKEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLIFANLSRGFGRQG
KRTFMAERQYTRMEDWLTAKLAYEGLPSKTYLSKTLAQYTSKTCSNCGETITSADYDRV
LEKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISS
WITKGRSGEALSLLKKRFSHRPVQEKFVCLNCGFETHAAEQAALNTIARSWLEFLRSQEYKK
YOTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

23

dCasX533

QEIKRINKIRRRLVKDSNTKKAGKTRGPMKTLLVRVMTPDLRERLENLRKKPENIPQPI
SNTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMD
EKGNLTTAGFACSQCGQPLEFVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEK
DSDEAVTYSLGKFGQRALDEYSIHVTKESTHPVKPLAQIAGNRYASYPVGKALSDACMG
TIASFLSKYQDIITEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAY
NEVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGFPSFPLVERQANEVDWWDMVCNVKK
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LINEKKEDGKVEWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGE
DWGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEA
DKDEFCRCELKLOKWYGDLRGKPFAIEAENSILDISGEFSKQYNCAFIWQKDGVKKLNLY
LIINYFKGGKLRFKKIKPEAFEANREYTVINKKSGEIVPMEVNENFDDPNLITILPLAFG
KRQGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTRQDEPALFVALTFERREVLDSS
NIKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIOQA
KKEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLIFANLSRGFGRQG
KRTEMAERQYTRMEDWLTAKLAYEGLPSKTYLSKTLAQYTSKTCSNCGFTITSADYDRV
LEKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISS
WITKGRSGEALSLLKKRFSHRPVQEKFVCLNCGFETHAAEQAALNIARSWLEFLRSQEYKK
YOTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

24

dCasX535

QEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEFVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDFYSIHVIKESTHPVKPLAQIAGNRYASSPVGKALSDACMGT
IASFLSKYQDITIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGFPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVEWONLAGYKRQEALRPYLS SEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOQKWYGDLRGKPFAIEAENSILDISGEFSKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANREFYTVINKKSGEIVPMEVNENFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQAK
KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQGK
RTFMAERQYTRMEDWLTAKLAYEGLPSKTYLSKTLAQYTSKTCSNCGEFTITSADYDRVL
EKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSW
TKGRSGEALSLLKKRFSHRPVQEKEVCLNCGFETHAAEQAALNIARSWLFLRSQEYKKY
QTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

25

dCasX593

QETKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEFVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDFYSIHVIKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
IASFLSKYQDITIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRWWVNLNLWQKLKLSRDDAKPLLRLKGEFPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVEFWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOQKWYGDLRGKPFAIEAENSILDISGEFSKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANRFYTVINKKSGEIVPMEVNENFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQAK
KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQGK
RTFMAERQYTRMEDWLTAKLAYEGLPSKTYLSKTLAQYTSKTCSNCGEFTITSADYDRVL
EKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSW
TKGRSGEALSLLKKRFSHRPVQEKEFVCLNCGFETHAAEQAALNIARSWLFLRSQEYKKY
QTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

26

dCasX668

QETKRINKIRRRLVKDSNTKKAGKTRGPMKTLLVRVMTPDLRERLENLRKKPENIPQPI
SNTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMD
EKGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEK
DSDEAVTYSLGKFGQRALDFYSIHVTKESTHPVKPLAQIAGNRYASSPVGKALSDACMG
TIASFLSKYQDIITEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAY
NEVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGFPSFPLVERQANEVDWWDMVCNVKK
LINEKKEDGKVEFWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGE
DWGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEA
DKDEFCRCELKLOQKWYGDLRGKPFAIEAENSILDISGFSKQYNCAFIWQKDGVKKLNLY
LIINYFKGGKLRFKKIKPEAFEANREYTVINKKSGEIVPMEVNEFNFDDPNLITLPLAFG
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KRQGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSS
NIKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQA
KKEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLIFANLSRGFGRQG
KRTFMAERQYTRMEDWLTAKLAYEGLPSKTYLSKTLAQYTSKTCSNCGETITSADYDRV
LEKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISS
WIKGRSGEALSLLKKRFSHRPVQEKFVCLNCGFETHAAEQAALNIARSWLEFLRSQEYKK
YOTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

27

dCasX672

QEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAYTNYFGRCNVAEHEKLIKLAQLKPEKD
SDEAVTYSLGKFGQRALDEYSIHVTKESTHPVKPLAQIAGNRYASSPVGKALSDACMGT
IASFLSKYQDITIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGEPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVFWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOKWYGDLRGKPFAIEAENSILDISGESKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANRFYTVINKKSGEIVPMEVNFNFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTRQDEPALFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQAK
KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQGK
RTFMAERQYTRMEDWLTAKLAYEGLPSKTYLSKTLAQYTSKTCSNCGETITSADYDRVL
EKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSW
TKGRSGEALSLLKKRFSHRPVQEKFVCLNCGFETHAAEQAALNIARSWLELRSQEYKKY
QTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

28

dCasX676

QEIKRINKIRRRLVKDSNTKKAGKTRGPMKTLLVRVMTPDLRERLENLRKKPENIPQPI
SNTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMD
EKGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAYTNYFGRCNVAEHEKLIKLAQLKPEK
DSDEAVTYSLGKFGQRALDEYSIHVTKESTHPVKPLAQIAGNRYASSPVGKALSDACMG
TIASFLSKYQDIIIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAY
NEVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKGFPSFPLVERQANEVDWWDMVCNVKK
LINEKKEDGKVEWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGE
DWGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEA
DKDEFCRCELKLOKWYGDLRGKPFAIEAENSILDISGFSKQYNCAFIWQKDGVKKLNLY
LTIINYFKGGKLRFKKIKPEAFEANREYTVINKKSGEIVPMEVNENFDDPNLITILPLAFG
KRQGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTROQDEPALFVALTFERREVLDSS
NIKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQA
KKEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLIFANLSRGFGRQG
KRTFMAERQYTRMEDWLTAKLAYEGLPSKTYLSKTLAQYTSKTCSNCGETITSADYDRV
LEKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISS
WTKGRSGEALSLLKKREFSHRPVQEKFVCLNCGFETHAAEQAALNIARSWLFLRSQEYKK
YOTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

29

dCasX812

QEIKRINKIRRRLVKDSNTKKAGKTGPMKTLLVRVMTPDLRERLENLRKKPENIPQPIS
NTSRANLNKLLTDYTEMKKAILHVYWEEFQKDPVGLMSRVAQPASKKIDONKLKPEMDE
KGNLTTAGFACSQCGQPLEVYKLEQVSEKGKAYTNYFGRCNVAEHEKLILLAQLKPEKD
SDEAVTYSLGKFGQRALDFYSIHVTKESTHPVKPLAQIAGNRYASGPVGKALSDACMGT
IASFLSKYQDITIIEHQKVVKGNQKRLESLRELAGKENLEYPSVTLPPQPHTKEGVDAYN
EVIARVRMWVNLNLWQKLKLSRDDAKPLLRLKKEPSFPLVERQANEVDWWDMVCNVKKL
INEKKEDGKVEWONLAGYKRQEALRPYLSSEEDRKKGKKFARYQLGDLLLHLEKKHGED
WGKVYDEAWERIDKKVEGLSKHIKLEEERRSEDAQSKAALTDWLRAKASFVIEGLKEAD
KDEFCRCELKLOKWYGDLRGKPFAIEAENSILDISGESKQYNCAFIWQKDGVKKLNLYL
IINYFKGGKLRFKKIKPEAFEANREFYTVINKKSGEIVPMEVNENFDDPNLIILPLAFGK
ROGREFIWNDLLSLETGSLKLANGRVIEKTLYNRRTRQDEPALEFVALTFERREVLDSSN
IKPMNLIGVARGENIPAVIALTDPEGCPLSRFKDSLGNPTHILRIGESYKEKQRTIQAK
KEVEQRRAGGYSRKYASKAKNLADDMVRNTARDLLYYAVTQDAMLI FANLSRGFGRQGK
RTFMAERQYTRMEDWLTAKLAYEGLPSKTYLSKTLAQYTSKTCSNCGEFTITSADYDRVL
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EKLKKTATGWMTTINGKELKVEGQITYYNRYKRONVVKDLSVELDRLSEESVNNDISSW
TKGRSGEALSLLKKRFSHRPVQEKFVCLNCGFETHAAEQAALNIARSWLEFLRSQEYKKY
QTNKTTGNTDKRAFVETWQSFYRKKLKEVWKPAV

[00217] In some embodiments, a dCasX comprises a sequence selected from the group
consisting of SEQ ID NOS: 4-29, or a sequence having or a sequence having at least about 85%,
at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least
about 99% sequence identity thereto. In some embodiments, a dCasX comprises a sequence
selected from the group consisting of SEQ ID NOS: 4-29. In some embodiments, a dCasX
comprises a sequence selected from the group consisting of SEQ ID NOS: 3281-3441 and 3444-
3446, or a sequence having at least about 70%, at least about 80%, at least about 85%, at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% sequence identity thereto, wherein the sequence further comprises one or mutations in the
RuvC domain that render the dCasX capable of binding DNA, but is otherwise catalytically
dead. In some embodiments, the one or more mutations are in the RuvC domain and render the
RuvC catalytically inactive (i.e. not capable of cleaving DNA). In some embodiments, the one or
more mutations comprise D659A, E756A and/or D922 A substitutions corresponding to a
sequence of SEQ ID NO: 2. The repressor fusion protein comprising the dCasX retains the
ability to form an RNP with a gRNA. In some embodiments, the repressor fusion protein
comprising the dCasX retains one or more functions of a CasX protein, including but not limited
to, affinity for the gRNA, binding to the target nucleic acid, specificity for the target nucleic
acid, unwinding of the target nucleic acid, target strand loading, or any combination thereof.

d. Affinity for the gRNA
[00218] In some embodiments, a dCasX with linked repressor domains has improved affinity
for the gRNA relative to a reference dCasX protein, leading to the formation of the
ribonucleoprotein complex. Increased affinity of the repressor fusion protein for the gRNA may,
for example, result in a lower Kq for the generation of a RNP complex, which can, in some
cases, result in a more stable ribonucleoprotein complex formation. In some embodiments, the
Ka of a repressor fusion protein for a gRNA is increased relative to a reference dCasX protein

and linked repressor domains by a factor of at least about 1.1, at least about 1.2, at least about

52




WO 2023/240076 PCT/US2023/067987

1.3, at least about 1.4, at least about 1.5, at least about 1.6, at least about 1.7, at least about 1.8, at
least about 1.9, at least about 2, at least about 3, at least about 4, at least about 5, at least about 6,
at least about 7, at least about 8, at least about 9, at least about 10, at least about 15, at least
about 20, at least about 25, at least about 30, at least about 35, at least about 40, at least about 45,
at least about 50, at least about 60, at least about 70, at least about 80, at least about 90, or at
least about 100. In some embodiments, the dCasX variant has about 1.1 to about 10-fold
increased binding affinity to the gRNA compared to the catalytically-dead variant of reference
CasX protein of SEQ ID NO: 2.

[00219] In some embodiments, increased affinity of the dCasX with linked repressor domains
for the gRNA results in increased stability of the ribonucleoprotein complex when delivered to
mammalian cells, including in vivo delivery to a subject. This increased stability can affect the
function and utility of the complex in the cells of a subject, as well as result in improved
pharmacokinetic properties in blood, when delivered to a subject. In some embodiments,
increased affinity of the repressor fusion protein, and the resulting increased stability of the
ribonucleoprotein complex, allows for a lower dose of the repressor fusion protein to be
delivered to the subject or cells while still having the desired activity; for example in vivo or in
vitro gene repression and/or epigenetic modification. The increased ability to form RNP and
keep them in stable form can be assessed using in vitro assays known in the art.

[00220] In some embodiments, a higher affinity (tighter binding) of a dCasX variant protein
and linked repressor domain to a gRNA allows for a greater amount of repression and/or
epigenetic modification events when both the dCasX variant protein and the gRNA remain in an
RNP complex. Increased repression events can be assessed using assays described herein.
[00221] Methods of measuring repressor fusion protein binding affinity for a gRNA include in
vitro methods using purified an repressor fusion protein and a gRNA. The binding affinity for
the repressor fusion protein can be measured by fluorescence polarization if the gRNA or the
repressor fusion protein is tagged with a fluorophore. Alternatively, or in addition, binding
affinity can be measured by biolayer interferometry, electrophoretic mobility shift assays
(EMSAs), or filter binding. Additional standard techniques to quantify absolute affinities of
RNA binding proteins such as the reference dCasX and variant proteins of the disclosure for
specific gRNAs such as reference gRNAs and variants thereof include, but are not limited to,

isothermal calorimetry (ITC), and surface plasmon resonance (SPR).
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e. Improved Specificity for a Target Nucleic Acid Sequence
[00222] In some embodiments, a repressor fusion protein comprising a dCasX variant protein
with linked repressor domains has improved specificity for a target nucleic acid sequence that is
complementary to the targeting sequence of the gRNA relative to a reference dCasX protein with
linked repressor domains. As used herein, “specificity,” sometimes referred to as “target
specificity,” refers to the degree to which a CRISPR/Cas system ribonucleoprotein complex
binds off-target sequences that are similar, but not identical to the target nucleic acid sequence;
e.g., a repressor fusion protein RNP with a higher degree of specificity would exhibit reduced
off-target methylation of sequences relative to an RNP of a reference dCasX with linked
repressor domains. The specificity, and the reduction of potentially deleterious off-target effects,
of repressor fusion proteins can be vitally important in order to achieve an acceptable therapeutic
index for use in mammalian subjects.
[00223] Without wishing to be bound by theory, it is possible that amino acid changes in the
helical I and IT domains that increase the specificity of the repressor fusion protein for the target
nucleic acid strand can increase the specificity of the repressor fusion protein for the target
nucleic acid overall. In some embodiments, amino acid changes that increase specificity of
repressor fusion proteins for target nucleic acid may also result in decreased affinity of repressor
fusion proteins for DNA, but the overall benefit and safety of the composition is enhanced.

f Repressor fusion proteins with Additional Heterologous Proteins
[00224] Also contemplated within the scope of the disclosure are repressor fusion proteins
comprising one or more heterologous proteins fused to the repressor fusion protein. This
includes repressor fusion proteins comprising N-terminal or C-terminal fusions to a heterologous
protein or domain thereof. In some embodiments, the repressor fusion protein is fused to one or
more proteins or domains thereof that has a different activity of interest.
[00225] In some cases, a heterologous polypeptide (a fusion partner) for use with a repressor
fusion protein provides for subcellular localization, i.e., the heterologous polypeptide contains a
subcellular localization sequence (e.g., a nuclear localization signal (NLS) for targeting to the
nucleus, a sequence to keep the fusion protein out of the nucleus, a nuclear export sequence
(NES), a sequence to keep the fusion protein retained in the cytoplasm, a mitochondrial
localization signal for targeting to the mitochondria, a chloroplast localization signal for

targeting to a chloroplast, an ER retention signal, and the like).
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[00226] In some cases, a repressor fusion protein includes (is fused to) a nuclear localization
signal (NLS). In some cases, a repressor fusion protein is fused to 2 or more, 3 or more, 4 or
more, or 5 or more 6 or more, 7 or more, 8 or more NLSs. In some cases, one or more NLSs (2
or more, 3 or more, 4 or more, or 5 or more NLSs) are positioned at or near (e.g., within 50
amino acids of) the N-terminus and/or the C-terminus of the repressor fusion protein. In some
cases, one or more NLSs (2 or more, 3 or more, 4 or more, or 5 or more NLSs) are positioned at
or near (e.g., within 50 amino acids of) the N-terminus of the repressor fusion protein. In some
cases, one or more NLSs (2 or more, 3 or more, 4 or more, or 5 or more NLSs) are positioned at
or near (e.g., within 50 amino acids of) the C-terminus of the repressor fusion protein. In some
cases, one or more NLSs (3 or more, 4 or more, or 5 or more NLSs) are positioned at or near
(e.g., within 50 amino acids of) both the N-terminus and the C-terminus of the repressor fusion
protein. In some cases, a single NLS is positioned at the N-terminus and a single NLS is
positioned at the C-terminus of the repressor fusion protein. The person of ordinary skill in the
art will understand that an NLS at or near the N- or C-terminus of a protein can be within 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 amino acids of the N- or C-terminus.
In some embodiments, the NLS linked to the N-terminus of the dCasX or the repressor fusion
protein are identical to the NLS linked to the C-terminus. In other embodiments, the NLS linked
to the N-terminus of the dCasX or the repressor fusion protein are different to the NLS linked to
the C-terminus. Representative configurations of repressor fusion proteins with NLS are shown
in FIG. 1 and FIG. 2. In some embodiments, NLSs suitable for use with a repressor fusion
protein in the systems of the disclosure comprise sequences having at least about 85%, at least
about 90%, or at least about 95% identity or are identical to sequences derived from: the NLS of
the simian virus 40 (SV40) virus large T-antigen, having the amino acid sequence PKKKRKYV
(SEQ ID NO: 30); the NLS from nucleoplasmin (e.g., the nucleoplasmin bipartite NLS with the
sequence KRPAATKKAGQAKKKK (SEQ ID NO: 31); the c-MYC NLS having the amino acid
sequence PAAKRVKLD (SEQ ID NO: 32) or RQRRNELKRSP (SEQ ID NO: 33). In some
embodiments, the NLS linked to the N-terminus of the repressor fusion protein is selected from
the group consisting of the N-terminal sequences as set forth in Table 3. In some embodiments,
the NLS linked to the C-terminus of the repressor fusion protein is selected from the group
consisting of the C-terminal sequences as set forth in Table 4. In some embodiments, NLSs
suitable for use with a repressor fusion protein in the systems of the disclosure include sequences

having at least about 80%, at least about 90%, or at least about 95% identity or are identical to
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one or more sequences of Table 3 or Table 4. The skilled artisan will understand that Tables 3

and 4 present NLS sequences as N-terminal or C-terminal as exemplary embodiments. Any of

the NLS in Table 3 or 4 can be fused to either the N or C terminal of a repressor fusion protein

described herein.

Table 3: N-terminal NLS Amino Acid Sequences

NLS Amino Acid Sequence* IlS)EI\?O

PKKKRKVSR 34
PKKKRKV GG S PKKKRKV GGS PKKKRKV GG S PKKKRKV SR 35
PKKKRKVGGS PKKKRKV GG S PKKKRKV GG S PKKKRKV GG S PKKKRKV GG S PKKKRKV

SR 36
PAAKRVKLDSR 37
PAAKRVKLDGGSPAAKRVKLDSR 38
PAAKRVKLDGGSPAAKRVKLDGGS PAAKRVKLDGGSPAAKRVKLD SR 39
PAAKRVKLDGGS PAAKRVKLD GGSPAAKRVKLDGGS PAAKRVKLD GGS PAAKRVKLD

GGSPAAKRVKLDSR 40
KRPAATKKAGQAKKKKSR 41
KRPAATKKAGQAKKKKGGSKRPAATKKAGQAKKKKSR 42
PAAKRVKLDGGS PKKKRKV SR 43
PAAKKKKLDGGS PKKKRKV SR 44
PAAKKKKLDSR 45
PAAKKKKLDGGS PAAKKKKLD GGSPAAKKKKLD SR 46
PAAKKKKLDGGS PAAKKKKLD GGS PAAKKKKLD GGS PAAKKKKLD SR 47
PAKRARRGYKCSR 48
PAKRARRGYKCGS PAKRARRGYKCSR 49
PRRKREE SR 50
PYRGRKE SR 51
PLRKRPRRSR 50
PLRKRPRRGSPLRKRPRRSR 53
PAAKRVKLDGGKRTADGSEFESPKKKRKVGGS 54
PAAKRVKLDGGKRTADGSEFESPKKKRKVPPPPG 55
PAAKRVKLDGGKRTADGSEFESPKKKRKVGIHGVPAAPG 56
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NLS Amino Acid Sequence* IlS)El\?O
PAAKRVKLDGGKRTADGSEFESPKKKRKVGGGSGGGSPG 57
PAAKRVKLDGGKRTADGSEFESPKKKRKVPGGGSGGGSPG 58
PAAKRVKLDGGKRTADGSEFESPKKKRKVAEAAAKEAAAKEAAAKAPG 59
PAAKRVKLDGGS PKKKRKVGGS 60
PAAKRVKLD PPPPKKKRKVPG 61
PAAKRVKLDPG 62
PAAKRVKLDGGGSGGGSGGGS 63
PAAKRVKLDPPP 64
PAAKRVKLDGGGSGGGSGGGSPPP 65
PKKKRKVPPP 66
PKKKRKVGGS 67
*Residues in bold are NLS residues, while unbolded residues are linkers.

Table 4: C-terminal NLS Amino Acid Sequences

NLS Amino Acid Sequence SEI\? OID
GSPKKKRKV GG S PKKKRKVGGS PKKKRKV GG S PKKKRKV 68
GSPKKKRKV GG S PKKKRKVGGS PKKKRKV GG S PKKKRKV GG S PKKKRKV GG S PKKK
RKV 69
GSPAAKRVKLDGGSPAAKRVKLD 70
GSPAAKRVKLDGGSPAAKRVKLDGGS PAAKRVKLDGGS PAAKRVKLD 71
GSKRPAATKKAGQAKKKK 72
KRPAATKKAGQAKKKKGGSKRPAATKKAGQAKKKK 73
GSKLGPRKATGRWGS 74
GSKRKGSPERGERKRHWGS 75
GSPKKKRKVGS GSKRPAATKKAGQAKKKKLE 76
GPKRTADSQHSTPPKTKRKVE FE PKKKRKV 77
GGGSGGGSKRTADSQHSTPPKTKRKVE FE PKKKRKV 78
AEAAAKEAAAKEAAAKAKRTADSQHS TPPKTKRKVE FEPKKKRKV 79
GPPKKKRKVGGSKRTADSQHS TPPKTKRKVE FE PKKKRKV 80
GPAEAAAKEAAAKEAAAKAPAAKRVKID 81
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NLS Amino Acid Sequence SEl\? OID
GPGGGSGGGSGGGSPAAKRVKLD 82
GPPAAKRVKLD 83
VGSKRPAATKKAGQAKKKK 84
TGGGPGGGAAAGSGSPKKKRKVGS GSKRPAATKKAGQAKKKKLE 85
TGGGPGGGAAAGSGSPKKKRKVGSGS 86
PPPPKKKRKVPPP 87
GGS PKKKRKVPPP 38
PPP PKKKRKV 89
GGSPKKKRKV 90
GGSPKKKRKVGGSGGSGGS 91
GGS PKKKRKVGGS PKKKRKV 9
GGSGGSGGSPKKKRKVGGS PKKKRKV 93
VGGGSGGGSGGGSPAAKRVKLD 94
VPPPPAAKRVKLD 95
VPPPGGGSGGGSGGGSPAAKRVKLD 926
VGS PAAKRVKLD 97

[00227] In some embodiments, the one or more NLSs are linked to the repressor fusion protein
or to adjacent NLS with a linker peptide wherein the linker peptide is selected from the group
consisting of SR, GS, GP, VGS, GGS, (G)n (SEQ ID NO: 98), (GS)n (SEQ ID NO: 99),
(GSGGS)n (SEQ ID NO: 100), (GGSGGS)n (SEQ ID NO: 101), (GGGS)n (SEQ ID NO: 102),
GGSG (SEQ ID NO: 103), GGSGG (SEQ ID NO: 104), GSGSG (SEQ ID NO: 105), GSGGG
(SEQ ID NO: 106), GGGSG (SEQ ID NO: 107), GSSSG (SEQ ID NO: 108), GPGP (SEQ ID
NO: 109), GGP, PPP, VPPP, PPAPPA (SEQ ID NO: 110), PPPG (SEQ ID NO: 111), PPPGPPP
(SEQ ID NO: 112), PPP(GGGS)n (SEQ ID NO: 113), (GGGS)nPPP (SEQ ID NO: 114),
AEAAAKEAAAKEAAAKA (SEQ ID NO: 115), VPPPGGGSGGGSGGGS (SEQ ID NO:
116), TGGGPGGGAAAGSGS (SEQ ID NO: 117), GGGSGGGSGGGSPPP (SEQ ID NO: 118),
TPPKTKRKVEFE (SEQ ID NO: 119), GGSGGGS (SEQ ID NO: 120), GSGSGGG (SEQ ID
NO: 121), SSGNSNANSRGPSFSSGLVPLSLRGSH (SEQ ID NO: 122),
GGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT
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STEPSEGSAPGTSTEPSE (SEQ ID NO: 123), and GGSGGG (SEQ ID NO: 124), where n is 1
to 5.

[00228] In general, NLS (or multiple NLSs) are of sufficient strength to drive accumulation of a
LTRP fusion protein in the nucleus of a eukaryotic cell. Detection of accumulation in the
nucleus may be performed by any suitable technique. For example, a detectable marker may be
fused to a LTRP fusion protein such that location within a cell may be visualized. Cell nuclei
may also be isolated from cells, the contents of which may then be analyzed by any suitable
process for detecting protein, such as immunohistochemistry, Western blot, or enzyme activity
assay. Accumulation in the nucleus may also be determined indirectly.

IVv. Repressor Domains

[00229] In some embodiments, the disclosure provides repressor fusion proteins and systems
comprising same, the repressor fusion proteins comprising a DNA-binding protein linked to
multiple repressor domains (repressor fusion proteins), wherein the system is capable of binding
to a target nucleic acid of PCSK9 and repressing transcription of a PCSK9 target nucleic acid,
including by epigenetic modification of the target nucleic acid. Exemplary DNA-binding
proteins for use in the repressor fusion proteins include zinc finger (ZF), TALE (transcription-
activator-like effector) proteins, and DNA-binding proteins such as catalytically-dead CRISPR
proteins.

[00230] In some embodiments, the disclosure provides repressor fusion proteins comprising a
catalytically-dead CRISPR protein, such as a dCasX, linked to multiple repressor domains that,
when complexed with a guide ribonucleic acid (gRNA) comprising a targeting sequence
complementary to a target nucleic acid sequence of PCSK9, wherein the system is capable of
binding to a target nucleic acid of PCSK9 and repressing transcription and/or epigenetic
modification of a PCSK9 target nucleic acid. Examples of gene repression processes which
decrease transcription include, but are not limited to, those which inhibit formation of a
transcription initiation complex, those which decrease transcription initiation rate, those which
decrease transcription elongation rate, those which decrease processivity of transcription and
those which antagonize transcriptional activation (by, for example, blocking the binding of a
transcriptional activator). Gene repression can constitute, for example, prevention of activation
as well as inhibition of expression below an existing level. Transcriptional repression includes
both reversible and irreversible inactivation of gene transcription; the latter can result from

epigenetic modification of the target nucleic acid.
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[00231] Amongst repressor domains that have the ability to repress, or silence genes, the
Krippel-associated box (KRAB) repressor domain is amongst the most powerful in human
genome systems (Alerasool, N, et al. An efficient KRAB domain for CRISPRi applications.
Nat. Methods 17:1093 (2020)). KRAB domains are present in approximately 400 human zinc
finger protein-based transcription factors that upon binding of the linked dCasX to the target
nucleic acid, is capable of recruiting additional repressor domains such as, but not limited to,
Trim28 (also known as Kap1 or Tifl-beta) that, in turn, assembles a protein complex with
chromatin regulators such as CBX5/HP1a and SETDBI that induce repression of transcription
of the gene, but do so in a limited, temporal fashion. Representative, non-limiting examples of
KRAB domains suitable for use in the systems of the disclosure include ZIM3 (SEQ ID NO:
128) and ZNF10 (SEQ ID NO: 129). The disclosure provides additional repressor domains that
are from human and non-human sources that have been found to result in enhanced activity
compared to ZIM3 and ZNF 10 when incorporated in a repressor fusion proteins, described
herein.

[00232] In some embodiments, the disclosure provides systems in which the modification
imparted by use of the repressor fusion protein:gRNA system is epigenetic, and hence the
silencing of the PCSKO gene is heritable by mechanisms other than by replication of a target
nucleic acid that has been edited. As used herein “epigenetic modification” means a modification
to either DNA or histones associated with DNA, other than a change in the DNA sequence itself
(e.g., a substitution, deletion or rearrangement), wherein the modification is either a direct
modification by a component of the system or is indirect by the recruitment of one or more
additional cellular components, but in which the DNA target nucleic acid sequence itself is not
edited to change the sequence. For example, DNA methyltransferase 3A (DNMT3A) (or its
catalytic domain) directly modifies the DNA by methylating it, whereas KRAB recruits KAP-
1/TIF1P corepressor complexes that act as potent transcriptional repressors and can further
recruit factors associated with DNA methylation and formation of repressive chromatin, such as
heterochromatin protein 1 (HP1), histone deacetylases and histone methyltransferases (Ying, Y,
et al. The Kriippel-associated box repressor domain induces reversible and irreversible
regulation of endogenous mouse genes by mediating different chromatin states. Nucleic Acids
Res. 43(3): 1549 (2015)). Further, the catalytically inactive DNMT3L cofactor helps establish a
heritable methylation pattern after DNA replication, together with endogenous DNMTT1 of the
cell. The ATRX-DNMT3-DNMT3L domain (ADD) of DNMT3A is known to have two key
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functions: 1) it allosterically regulates the catalytic activity of DNMT3A by serving as a
methyltransferase auto-inhibitory domain, and 2) it specifically interacts with histone H3 tails
that are unmethylated at lysine (K)4, leading to the preferential methylation of DNA bound to
chromatin H3 tails that are unmethylated at K4 (Zhang, Y ., et al. Chromatin methylation activity
of Dnmt3a and Dnmt3a/3L is guided by interaction of the ADD domain with the histone H3 tail.
Nucleic Acids Research 38:4246 (2010)).

[00233] In some embodiments, the repressor fusion protein (or the mRNA encoding the
repressor fusion protein) comprises a DNA-binding protein linked to a first, second, third, and
fourth repressor domain, wherein each of the repressor domains are different. In some
embodiments, the DNA-binding protein is a TALE that can bind but not cleave the target nucleic
acid. In some embodiments, the DNA-binding protein is a zinc-finger protein that can bind but
not cleave the target nucleic acid. In some embodiments, the DNA-binding protein is a
catalytically dead CRISPR protein that can bind but not cleave the target nucleic acid. In some
embodiments, the repressor fusion protein (or the mRNA encoding the repressor) comprises a
catalytically-dead CasX sequence, a first repressor domain (herein after referred to as "RD1"), a
DNMT3A catalytic domain (herein after referred to as "DNMT3A") as the second domain, a
DNMTS3L interaction domain (herein after referred to as "DNMT3L") as the third domain, and
an ATRX-DNMT3-DNMT3L domain (herein after referred to as "ADD") as the fourth domain.
In some embodiments, the ADD is fused to the N-terminus of the DNMT3A. In some
embodiments, the repressor fusion protein comprises a first and a second NLS and one or more
linker peptides described herein, and the fusion protein is capable of forming an RNP with a
gRNA of the system that binds to the target nucleic acid.

[00234] It has been discovered that the use of the foregoing domains, when configured in select
orientations relative to a dCasX in a repressor fusion protein, results in pronounced epigenetic
modification of a PCSK9 target nucleic acid when complexed with a gRNA with a targeting
sequence complementary to defined regions of the PCSK9 gene, and that the combination of the
repressor domains work in synchrony, resulting in an additive or synergistic effect on
transcriptional silencing of the targeted gene, depending on the configuration. In one
embodiment of the foregoing, the dCasX of the repressor fusion protein comprises a sequence
selected from the group consisting of SEQ ID NOS: 4-29, or a sequence having at least about
80%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at
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least about 99% identity thereto. In another embodiment of the foregoing, the first repressor
domain (RD1) of the repressor fusion protein comprises a sequence selected from the group
consisting of SEQ ID NOS: 128-1726, or a sequence having at least about 80%, at least about
90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%
identity thereto. In another embodiment of the foregoing, the RD1 of the repressor fusion protein
comprises a sequence selected from the group consisting of SEQ ID NOS: 130-224 or a
sequence having at least about 80%, at least about 90%, at least about 91%, at least about 92%,
at least about 93%, at least about 94%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, at least about 99% identity thereto. In another embodiment of the
foregoing, the first repressor domain (RD1) of the repressor fusion protein comprises a sequence
selected from the group consisting of SEQ ID NOS: 130-138 or a sequence having at least about
80%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at
least about 99% identity thereto. In another embodiment of the foregoing, the RD1 of the
repressor fusion protein comprises a sequence selected from the group consisting of SEQ ID
NOS: 135 or a sequence having at least about 80%, at least about 90%, at least about 91%, at
least about 92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, at least about 99% identity thereto. In another
embodiment of the foregoing, the RD1 of the repressor fusion protein comprises a sequence
selected from the group consisting of SEQ ID NOS: 131 or a sequence having at least about
80%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at
least about 99% identity thereto. In another embodiment of the foregoing, the second repressor
domain of the repressor fusion protein is a DNMT3A, comprising a sequence of SEQ ID NO:
126, or a sequence having at least about 80%, at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, at least about 99% identity thereto. In another embodiment
of the foregoing, the third repressor domain of the repressor fusion protein is a DNMT3L,
comprising a sequence of SEQ ID NO: 127, or a sequence having at least about 80%, at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%
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identity thereto. In another embodiment of the foregoing, the fourth repressor domain of the
repressor fusion protein is an ADD, comprising a sequence of SEQ ID NO: 125, or a sequence
having at least about 80%, at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, at least about 99% identity thereto. In a surprising finding, it has been
discovered that the addition of the ADD to the repressor fusion proteins comprising the RD1,
DNMT3A, and DNMT3L greatly enhances or increases the long-term repression and/or
epigenetic modification of the target nucleic acid, as well as the specificity of the repression, in
comparison to repressor fusion proteins lacking the ADD. Exemplary data for the improved
repression and specificity of repressor fusion proteins comprising the ADD are presented in the
Examples. Exemplary configurations of repressor fusion proteins comprising the ADD are
presented in FIG. 2.

[00235] In some embodiments, the present disclosure provides a system of an repressor fusion
protein comprising a first, a second, a third, and a fourth repressor domain operably linked to a
dCasX comprising the sequence of SEQ ID NO: 4, or a sequence having at least about 65%, at
least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90% at
least about 91%, at least about 92%, at least about 93% at least about 94% at least about 95%, at
least about 96%, at least about 97%, at least about 98%, or at least about 99% identity thereto,
wherein the RD1 comprises one or more motifs selected from the group consisting of a)
PX1X2X3X4XsX6EX7, wherein X1is A, D, E, or N, XoisL or V, XzisTor V, X4is S, T, or F, X5
isH,K,L, Q,Ror W, Xsis L or M, and X7is G, K, Q, or R; b) X1X2X3X4GX5X6X7XsXo,
wherein X1isLor V, X2is A, G, L, Tor V, X3is A, F,or S, XaisLor V, XsisC,F, H I, Lor Y,
Xsis A, C,P,Q,or S, X7is A,F, G, 1, S,or V, Xsis A, P, S, or T, and Xois K or R; ¢)

QX1 XoLYRX3VMX4 (SEQ ID NO: 1727), wherein X1is K or R, X2is A, D, E, G, N, S, or T, X3
isD, E, or S, and Xais L or R; d) X1XoX3FXaDVX5X6X7FX3XoX10X11 (SEQ ID NO: 1728),
wherein X1is A, L, P,or S, X2isLorV, XzisSor T, Xsis A, E, G, K, or R, Xsis A or T, Xeis I
orV,X7isD,E,N,orY, Xsis Sor T, Xeis E, P, Q, R, or W, Xwis E or N, and Xi11is E or Q; e)
X1X2X3PX4X5X6X7XeX0X10, wherein X118 E, G, or R, Xz2is Eor K, X3is A, D, or E, X4is C or
W, XsisLK, L, M, T,orV, Xsis L L,P,or V, X7is D, E,K, or V, Xgis E, G, K, P, or R, Xois
A,D,R G K, Q,orV,and X10isD,E, G,I,L,R, S, or V; f)
LYX1XaVMXGEX4X5X6X7XsX9X10 (SEQ ID NO: 1729), wherein X1is K or R, X21s D or E, X3
isL,Q,orR, Xs4isNorT, XsisForY, Xeis A,E, G, Q,R, or S, X7isH, L, or N, Xgis L or V,
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Xois A, G, L L, T,orV, and Xwis A, F, or S; g) FXiDVXuX3X4FX5XeX7EWXs (SEQ ID NO:
1730), wherein X1is A, E, G, K, or R, Xais A, S, or T, XsisIor V, Xais D, E, N, or Y, Xsis S
orT,XeisE, L, P, Q,R, or W, X7is D or E, and Xsis A, E, G, Q, or R; h) XiPX>X3X4Xs
X6LEX7X8X0X10X11X12, wherein X1is K or R, X2is A, D, E, or N, Xsis L L, M, or V, Xsis I or
V,XsisF, S, or T, XeisH, K, L, Q, R, or W, X7is K, Q, or R, Xsis E, G, or R, Xois D, E, or K,
Xiwis A, D, or E, Xn1is L or P, and Xi2is C or W; and i) XiLX2X3X4QX5Xs, wherein X1is C, H,
L Q orW, X2isD, G, N,R,orS, XsisL, P, S,or T, X4is A, S, or T, Xsis K or R, and Xsis A,
D,E,K, N, S, or T; or comprises a first and a second motif wherein the first amino acid
sequence motif comprises a) LY X1X2VMX3EX4X5X6X7XsX0X10 (SEQ ID NO: 1729), wherein
(1) XzisKorR, (ii) X2is D or E, (iii) X3is L, Q, or R, (iv) Xais Nor T, (v) XsisFor Y, (vi) Xe
isAE G,Q,R, orS, (vii) X7is H, L, or N, (viii) Xsis L or V, (ix) Xois A, G, I, L, T, or V, and
(x) Xwis A, F, or S; and b) the second amino acid sequence motif comprises
FXiDVX2Xs3XaFXsXeX7EWXs (SEQ ID NO: 1730), wherein (i) X1is A, E, G, K, or R, (ii) Xz is
A, S,or T, (iii)) XzisTor V, (iv) Xais D, E, N, or Y, (iv) Xsis Sor T, (v) Xe6is E, L, P, Q, R, or
W, (vi) X7is D or E, and (vii) Xsis A, E, G, Q, or R; or comprises an amino acid sequence motif
selected from the group consisting of: a) DVAVYFSPEEWGCL (SEQ ID NO: 2945); b)
X1XeX3QXaXsLY, wherein (i) X1is A, D, G, N, R, or S, (ii) X2is P, S, or T, (iii) X5 is A, S, or
T, (iv) XaisKorR,and (v) Xsis A, D, K, N, S, or T; ¢) XiKPX2X3X1X5Xs, wherein (i) X1 is
AP orS, (i) Xais A, D, or E, (iii) XsisL, M, or V, (iv) XsisTor V, (v) Xsis F, S, or T, and
(vi)XesisH, K, L, Q, R, or W; d) LEX1X2X3X4X5Xs, wherein (i) X1is E, K, Q or R, (ii) Xz is E,
G, orR, (i) X3is A, D, E, or K, (iv) X4is A, D, or E, (v) Xsis L or P, and (vi) Xe is C or W;
and e) XiVMLEX2YX3X4X5X6SX7XsXo (SEQ ID NO: 2946), wherein (i) X1 is D or E, (ii) Xz is
NorT,(iii)) Xsis A, E, G, Q,R, or S, (iv) XaisHor N, (v) XsisL, M, orV, (vi) Xsis A, L, or
V,(vi)) X7isLorV, (ix) Xsis A, G, or V, and (x) Xois C, F, or L, and the second repressor
domain is a DNMT3A sequence comprises the sequence of SEQ ID NO: 126, or sequence
variants having at least about 70%, at least about 80%, at least about 85%, at least about 90% at
least about 91%, at least about 92%, at least about 93% at least about 94% at least about 95%, at
least about 96%, at least about 97%, at least about 98%, or at least about 99% identity thereto,
the third repressor is a DNMT3L comprising the sequence of SEQ ID NO: 127, or a sequence
variant having at least about 70%, at least about 80%, at least about 85%, at least about 90% at
least about 91%, at least about 92%, at least about 93% at least about 94% at least about 95%, at
least about 96%, at least about 97%, at least about 98%, or at least about 99% identity thereto,
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and the fourth repressor is an ADD comprising the sequence of SEQ ID NO: 125, or a sequence
variant having at least about 70%, at least about 80%, at least about 85%, at least about 90% at
least about 91%, at least about 92%, at least about 93% at least about 94% at least about 95%, at
least about 96%, at least about 97%, at least about 98%, or at least about 99% identity thereto,
wherein the fusion protein comprises one or more linker peptides described herein, and wherein
the fusion protein is capable of forming an RNP with a gRNA of the system that binds to the
target nucleic acid. In some embodiments of the foregoing, the RD1 comprises a sequence
selected from the group consisting of SEQ ID NOS: 130-1726, or a sequence having at least
about 70%, at least about 80%, at least about 85%, at least about 90% at least about 91%, at least
about 92%, at least about 93% at least about 94% at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or at least about 99% identity thereto, and the second repressor
domain is a DNMT3A sequence comprises the sequence of SEQ ID NO: 126, or sequence
variants having at least about 70%, at least about 80%, at least about 85%, at least about 90% at
least about 91%, at least about 92%, at least about 93% at least about 94% at least about 95%, at
least about 96%, at least about 97%, at least about 98%, or at least about 99% identity thereto,
the third repressor is a DNMT3L comprising the sequence of SEQ ID NO: 127, or a sequence
variant having at least about 70%, at least about 80%, at least about 85%, at least about 90% at
least about 91%, at least about 92%, at least about 93% at least about 94% at least about 95%, at
least about 96%, at least about 97%, at least about 98%, or at least about 99% identity thereto,
and the fourth repressor is an ADD comprising the sequence of SEQ ID NO: 125, or a sequence
variant having at least about 70%, at least about 80%, at least about 85%, at least about 90% at
least about 91%, at least about 92%, at least about 93% at least about 94% at least about 95%, at
least about 96%, at least about 97%, at least about 98%, or at least about 99% identity thereto,
wherein the fusion protein comprises one or more linker peptides described herein, and wherein
the fusion protein is capable of forming an RNP with a gRNA of the system that binds to the
target nucleic acid. In other embodiments of the foregoing, the first RD1 comprises a sequence
selected from the group consisting of SEQ ID NOS: 130-224, or a sequence having at least about
70%, at least about 80%, at least about 85%, at least about 90% at least about 91%, at least about
92%, at least about 93% at least about 94% at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% identity thereto. In other embodiments of the
foregoing, the first RD1 comprises a sequence selected from the group consisting of SEQ ID

NOS: 130-138, or a sequence having at least about 70%, at least about 80%, at least about 85%,
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at least about 90% at least about 91%, at least about 92%, at least about 93% at least about 94%
at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% identity thereto. In other embodiments of the foregoing, the first RD1 comprises the
sequence of SEQ ID NO: 135, or a sequence having at least about 70%, at least about 80%, at
least about 85%, at least about 90% at least about 91%, at least about 92%, at least about 93% at
least about 94% at least about 95%, at least about 96%, at least about 97%, at least about 98%,
or at least about 99% identity thereto. In other embodiments of the foregoing, the first RD1
comprises the sequence of SEQ ID NO: 131, or a sequence having at least about 70%, at least
about 80%, at least about 85%, at least about 90% at least about 91%, at least about 92%, at least
about 93% at least about 94% at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% identity thereto. In the foregoing embodiments, the fusion
protein can comprise a first and a second NLS comprising a sequence selected from the group
consisting of SEQ ID NOS: 30-97, and one or more linker peptides comprising a sequence
selected from the group consisting of SEQ ID NOS: 98-124, as set forth in Table 5. In the
foregoing embodiments of the paragraph, the repressor fusion protein is capable of forming an
RNP complex with a gRNA of the system that is capable of binding to the gene target nucleic
acid.

[00236] The skilled artisan will understand that RD1 proteins comprising the motifs described
supra, with one or more conservative substitutions to the motif, may also function as RD1
domains and are envisaged as within the scope of the instant disclosure.

[00237] In some embodiments, the repressor fusion protein comprises, from N- to C-terminus,
an RD1, an ADD, a DNMT3A, a DNMT3L, and a DNA-binding protein. In some embodiments,
the repressor fusion protein comprises, from N- to C-terminus, an RD1, an ADD, a DNMT3A, a
DNMT3L, and a catalytically-dead CRISPR protein. In some embodiments, the repressor fusion
protein comprises, from N- to C-terminus, an RD1, an ADD, a DNMT3A, a DNMT3L, and a
dCasX.

[00238] In some embodiments, the repressor fusion protein comprises, from N- to C-terminus,
an ADD, a DNMT3A, a DNMT3L, an RD1, and a DNA-binding protein. In some embodiments,
the repressor fusion protein comprises, from N- to C-terminus, an ADD, a DNMT3A, a
DNMT3L, an RD1, and a catalytically-dead CRISPR protein. In some embodiments, the
repressor fusion protein comprises, from N- to C-terminus, an ADD, a DNMT3A, a DNMT3L,
an RD1, and a dCasX.
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[00239] In some embodiments, the repressor fusion protein has a configuration of, N-terminal
to C-terminal of NLS-ADD-DNMT3A-DNMT3L-dCasX-RD1-NLS, NLS-dCasX-RD1-NLS-
ADD-DNMT3A-DNMT3L, NLS- dCasX- ADD-DNMT3A- DNMT3L- RD1-NLS), NLS-RD-
ADD-DNMT3A-DNMT3L- dCasX-NLS, or NLS-ADD-DNMT3A-DNMT3L-RD1-dCasX-
NLS. In any of the foregoing, a linker peptide may be inserted between one or more of the
ADD, DNMT3A, DNMT3L, RD1 or dCasX domains.

[00240] In some embodiments, the repressor fusion protein has a configuration of, N-terminal
to C-terminal, of configuration 1 (NLS-ADD-DNMT3A-Linker2-DNMT3L-Linker1-Linker3 A-
dCasX-Linker3B-RD1-NLS), configuration 2 (NLS-Linker3 A-dCasX-Linker3B-RD1-NLS-
Linker1-ADD-DNMT3A-Linker2-DNMT3L), configuration 3 (NLS-Linker3A-dCasX-Linker1-
ADD-DNMT3A-Linker2-DNMT3L-Linker3B-RD1-NLS), configuration 4 (NLS-RD1-
Linker3A-ADD-DNMT3A-Linker2-DNMT3L-Linker1-dCasX-Linker3B-NLS), or
configuration 5 (NLS-ADD-DNMT3A-Linker2-DNMT3L-Linker3A-RD1-Linker1-dCasX-
Linker3B-NLS). In some embodiments, the repressor fusion protein has a configuration of, N-
terminal to C-terminal, of configuration 17 (NLS-DNMT3A-Linker2-DNMT3L-Linker1-
Linker3A-dCasX-Linker3B-RD1-NLS), configuration 2’ (NLS-Linker3 A-dCasX-Linker3B-
RD1-NLS-Linker1-DNMT3A-Linker2-DNMT3L), configuration 3’ (NLS-Linker3 A-dCasX-
Linker1-DNMT3A-Linker2-DNMT3L-Linker3B-RD1-NLS), configuration 4° (NLS-RD1-
Linker3A-DNMT3A-Linker2-DNMT3L-Linker1-dCasX-Linker3B-NLS), or configuration 5’
(NLS-DNMT3A-Linker2-DNMT3L-Linker3A-RD1-Linker1-dCasX-Linker3B-NLS). The
skilled artisan will appreciate that configurations 1°-5’ correspond to configurations 1-5 without
the ADD domain. In some embodiments of the system, the fusion protein components of the
system are configured as schematically portrayed in FIG. 1 or FIG. 2. In the foregoing
embodiment of configurations 1-5 or 1’- 5°, the NLS comprise a sequence selected from the
group consisting of SEQ ID NOS: 30-97 and the linker sequences are independently selected
from the group consisting of SEQ ID NOS: 98-124 as set forth in Table 5. In some
embodiments, the linker sequences are independently selected from the group consisting of SEQ
ID NOS 120-123. In some embodiments, Linker 1 comprises a sequence of SEQ ID NOS: 123.
In some embodiments, Linker 2 comprises a sequence of SEQ ID NO: 122. In some
embodiments, Linker 3A and/or Linker 3B comprise a sequence of SEQ ID NO: 120. In some
embodiments, Linker 4 comprises a sequence of SEQ ID NO: 121.

Table 5: Exemplary linker amino acid sequences for LTRP fusion proteins
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. . SEQ ID
Amino Acid Sequence* 1\?0

(G)n 98
(GS)n 99
(GSGGS)n 100
(GGSGGS)n 101
(GGGS)n 102
GGSG 103
GGSGG 104
GSGSG 105
GSGGG 106
GGGSG 107
GSSSG 108
GPGP 109
PPAPPA 110
PPPG 111
PPPGPPP 112
PPP (GGGS)n 113
(GGGS ) nPPP 114
AEAAAKEAAAKEAAAKA 115
VPPPGGGSGGGSGGGS 116
TGGGPGGGAAAGSGS 117
GGGSGGGSGGGSPPP 118
TPPKTKRKVEFE 119
GGSGGGS 120
GSGSGGG 121
SSGNSNANSRGPSFSSGLVPLSLRGSH 122
GGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTE 123
PSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

GGSGGG 124

*nis1to5S

[00241] In some embodiments of the repressor fusion proteins and systems comprising same,
the repressor fusion protein comprises a DNA-binding protein, a first, second, third, and fourth
repressor domain configured as a configuration selected from the group consisting of
configuration 1, configuration 2, configuration 3, configuration 4, configuration 5, configuration
17, configuration 2’, configuration 3,” configuration 4°, and configuration 5°, described supra,
upon binding of an RNP of the repressor fusion protein and the gRNA with a targeting sequence
complementary to the PCSK9 target nucleic acid in a cell, the target nucleic acid is

epigenetically-modified and transcription of the PCSK9 gene is repressed. In some
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embodiments, transcription of the PCSK9 gene is repressed by at least about 10%, at least about
20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at
least about 95%, or at least 99%, when assayed in an in vitro assay, including cell-based assays,
when compared to untreated cells or cells treated with a comparable system comprising a non-
targeting spacer. Most preferably, PCSK9 gene repression results in complete inhibition of gene
expression, such that no gene product is detectable. In some embodiments, transcription of the
PCSK9 gene of at least about 1%, at least about 2%, at least about 3%, at least about 4%, at least
about 5%, at least about 6%, at least about 7%, at least about 8%, at least about 9%, or at least
about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at
least about 60% or more of cells of a population targeted by the repressor fusion protein:gRNA
system are repressed.
[00242] In some embodiments, the repression of transcription of the PCSK9 gene is sustained
for at least about 8 hours, at least about 1 day, at least about 7 days, at least 2 weeks, at least
about 3 weeks, at least about 1 month, or at least about 2 months, when assayed in an in vitro
assay, including cell-based assays. In some embodiments, the repression of transcription of the
PCSKD9 gene is sustained for at least about 7 days, at least 2 weeks, at least about 3 weeks, at
least about 1 month, at least about 2 months, at least about 3 months, at least about 4 months, at
least about 5 months, or at least about 6 months in targeted cells of a subject when the
composition is administered as a therapeutically effective dose, wherein the subject is selected
from the group consisting of mouse, rat, pig, non-human primate, and human. In a particular
embodiment, repressor fusion proteins configurations 4 and 5, or 4’ and 5°, when used in the
repressor fusion protein:gRNA system, result in less off-target methylation or off-target activity
in an in vitro assay compared to configuration 1. In some embodiments, use of the repressor
fusion protein configurations 4 and 5, or 4’ and 5°, when used in a repressor fusion
protein:gRNA system, results in off-target methylation or off-target activity that is less than
about 10%, less than about 9%, less than about 8%, less than about 7%, less than about 6%, less
than about 5%, less than about 4%, less than about 3%, less than about 2%, less than about 1%,
less that 0.5%, or less than 0.1% in the cells.

a. mRNA compositions encoding LTRP fusion proteins
[00243] In another aspect, the disclosure relates to messenger RNA (mRNA) compositions

comprising sequences that encode DNA-binding protein (e.g., dCasX) and linked repressor
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domain fusion proteins (repressor fusion proteins) of the disclosure. The mRNA compositions
can be used in the repressor fusion protein:gRNA systems of the disclosure, and in certain
delivery formulations; e.g., particles such as lipid nanoparticles (LNP). In some embodiments,
the compositions have been designed to result in one or more of improved expression, reduced
immunogenicity, increased stability, and enhanced manufacturability of the repressor fusion
protein relative to repressor fusion proteins encoded by unmodified mRNAs. In some
embodiments, the repressor fusion proteins are designed to result in heritable repression, wherein
the repression of the PCKS9 gene persists for at least 1, 2, 3, 4, 5, or 6 or more cell divisions. In
some embodiments, the repressor fusion proteins result in repression of transcription of the
PCSK9 gene that is sustained for at least about 8 hours, at least about 1 day, at least about 7
days, at least 2 weeks, at least about 3 weeks, at least about 1 month, or at least about 2 months,
when assayed in an in vitro assay. The disclosure also provides methods utilized to design the
compositions, and formulations to deliver the compositions.

[00244] Modifications to an mRNA sequence can affect mRNA stability, protein translation
and expression levels, and immunogenicity, and therefore can have a significant impact on the
efficacy of mRNA-based delivery. Optimization of coding sequences and untranslated regions
(UTRs) may be particularly significant when delivering an mRNA encoding a protein of interest,
as opposed to a DNA template that would be transcribed into an mRNA. DNA templates are
long-lived, can replicate, and can produce many RNA transcripts over their lifetimes. For DNA
templates, efficiency of transcription and pre-mRNA processing are major determinants of
protein expression levels. In contrast, mRNAs generally have a much shorter half-life, on the
order of hours, as they are vulnerable to degradation in the cytoplasm, and cannot produce more
copies of themselves. As such, mRNA stability and translation efficiency are determinants of
protein expression levels for mRNA-based delivery, and the specific sequences of UTRs and
coding sequences that dictate mRNA stability and translation efficiency can therefore be
enhanced to improve the efficacy of mRNA-based delivery.

[00245] In some embodiments, the disclosure provides an mRNA encoding dCasX 515 (SEQ
ID NO: 6) for incorporation into an mRNA encoding a repressor fusion protein, or a sequence
having at least about 70%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or having at least about
99% sequence identity thereto. In some embodiments, the disclosure provides an mRNA

encoding dCasX 812 (SEQ ID NO: 29) for incorporation into an mRNA encoding a repressor
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fusion protein, or a sequence having at least about 70%, at least about 80%, at least about 85%,
at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about
98%, or having at least about 99% sequence identity thereto. In some embodiments, the
disclosure provides an mRNA sequence encoding dCasX 491 (SEQ ID NO: 4) for incorporation
into an mRNA encoding a repressor fusion protein of the disclosure, or a sequence having at
least about 70%, at least about 80%, at least about 85%, at least about 90%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, or having at least about 99%
sequence identity thereto. In some embodiments, the disclosure provides an mRNA encoding
dCasX 676 (SEQ ID NO: 28) for incorporation into an mRNA encoding a repressor fusion
protein, or a sequence having at least about 70%, at least about 80%, at least about 85%, at least
about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or
having at least about 99% sequence identity thereto. In some embodiments, the disclosure
provides an mRNA encoding a repressor fusion protein comprising dCasX 491 comprising a
sequence of SEQ ID NO: 3122.

[00246] Various naturally-occurring or modified nucleosides may be used to produce mRNA
according to the present disclosure. In some embodiments, an mRNA is or comprises natural
nucleosides (e.g., adenosine, guanosine, cytidine, uridine); nucleoside analogs (e.g., 2-
aminoadenosine, 2-thiothymidine, inosine, pyrrolo-pyrimidine, 3-methyl adenosine, 5-
methylcytidine, C-5 propynyl-cytidine, C-5 propynyl-uridine, 2-aminoadenosine, C5-
bromouridine, C5-fluorouridine, C5-iodouridine, C5-propynyl-uridine, C5-propynyl-cytidine,
C5-methylcytidine, 2-aminoadenosine, 7-deazaadenosine, 7-deazaguanosine, 8-oxoadenosine, 8-
oxoguanosine, O(6)-methylguanine, pseudouridine, (e.g., N-1-methyl-pseudouridine), 2-
thiouridine, and 2-thiocytidine), chemically modified bases; biologically modified bases (e.g.,
methylated bases); intercalated bases; modified sugars (e.g., 2'-fluororibose, ribose, 2'-
deoxyribose, arabinose, and hexose); and/or modified phosphate groups (e.g., phosphorothioates
and 5'-N-phosphoramidite linkages). In some embodiments, the mRNA comprises one or more
nonstandard nucleotide residues. The nonstandard nucleotide residues may include, e.g., 5-
methyl-cytidine (“5 mC”), pseudouridine (“yyU”), and/or 2-thio-uridine (“2sU”). In a particular
embodiment, one or more of the uridine residues of the mRNA of the disclosure are replaced
with N1-methyl-pseudouridine. See, e.g., U.S. Pat. No. 8,278,036 or W0O2011012316,
incorporated by reference herein, for a discussion of such residues and their incorporation into

mRNA. In some embodiments, the mRNA encoding CasX 515 has N1-methyl-pseudouridine
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nucleosides replacing one or more, or all uridines in the sequence. In some embodiments, the
mRNA encoding CasX 812 has N1-methyl-pseudouridine nucleosides replacing one or more, or
all uridines in the sequence.

[00247] In some embodiments, the mRNA sequence encoding the repressor fusion protein
comprises a 5° UTR and a 3° UTR sequence. The person of ordinary skill in the art will be able
to select appropriate UTR sequences. In some embodiments, the 3> UTR comprises a sequence
of SEQ ID NOS: 3189, 3205-3209 or 3278. In some embodiments, the 5> UTR comprises a
sequence of SEQ ID NOS: 3200-3204 or 3274.

V. Guide Nucleic Acids of the Systems

[00248] In another aspect, the disclosure relates to guide ribonucleic acids (gRNA) comprising
a scaffold and a linked targeting sequence complementary to (and are therefore able to hybridize
with) a target nucleic acid sequence of a PCSK9 gene that have utility in repression of
transcription of the PCSKO target nucleic acid in a eukaryotic cell. As used herein, the term
“gRNA” covers naturally-occurring molecules and gRNA variants, including chimeric gRNA
variants comprising domains from different gRNA. gRNAs of the disclosure comprise a scaffold
and a targeting sequence complementary to a target nucleic acid of a cell.

[00249] In some embodiments, the disclosure provides systems comprising an mRNA encoding
a repressor fusion protein comprising a dCasX protein, and one or more gRNAs as a repressor
fusion protein:gRNA system designed, upon expression of the dCasX protein in a transfected
cell, to form a ribonucleoprotein (RNP) complex with the gRNA. The RNP targets and binds to
specific locations in the target nucleic acid sequence of the cell for repression of transcription.
The gRNA provides target specificity to the RNP complex by including a targeting sequence (or
“spacer”) comprising a nucleotide sequence that is complementary to a sequence of the target
nucleic acid sequence. The repressor fusion protein of the system provides the site-specific
activity, such as the binding and repression of the target sequence, and is guided to a target site
(e.g., stabilized at a target site) within a target nucleic acid sequence by virtue of its association
with the gRNA in the RNP.

[00250] Embodiments of gRNAs and formulations of mRNAs and gRNAs for use in the
repression and/or epigenetic modification of PCSK9 target nucleic acids are described herein,

below.
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a. Reference gRNA and gRNA variants
[00251] As used herein, a “reference gRNA" refers to a CRISPR guide ribonucleic acid
comprising a wild-type sequence of a naturally-occurring gRNA. In some embodiments, a
gRNA scaffold of the disclosure may be subjected to one or more mutagenesis methods, such as
the mutagenesis methods described in W02022120095A1 and W02020247882A1, incorporated
by reference herein, which may include Deep Mutational Evolution (DME), deep mutational
scanning (DMS), error prone PCR, cassette mutagenesis, random mutagenesis, staggered
extension PCR, gene shuffling, domain swapping, or chemical modification to generate one or
more gRNA variants with enhanced or varied properties relative to the gRNA scaffold that was
modified. The activity of the gRNA scaffold from which a gRNA variant was derived may be
used as a benchmark against which the activity of the gRNA variant is compared, thereby
measuring improvements in function or other characteristics of the gRNA scaffold.
[00252] Table 6 provides the sequences of reference gRNA tracr and scaffold sequences. In
some embodiments, the disclosure provides gRNA sequences wherein the gRNA has a scaffold
comprising a sequence having one or more nucleotide modifications relative to a reference

gRNA sequence of any one of SEQ ID NOS: 1731-1743 of Table 6.

Table 6: Reference gRNA tracr and scaffold sequences

SEQ ID NO. Nucleotide Sequence

ACAUCUGGCGCGUUUAUUCCAUUACUUUGGAGCCAGUCCCAGCGACUAUGUCG

1731 UAUGGACGAAGCGCUUAUUUAUCGGAGAGAAACCGAUAAGUARAACGCAUCAA
AG
UACUGGCGCUUUUAUCUCAUUACUUUGAGAGCCAUCACCAGCGACUAUGUCGU

1732 AUGGGUAAAGCGCUUAUUUAUCGGAGAGAAAUCCGAUAAAUAAGAAGCAUCAA
AG
ACAUCUGGCGCGUUUAUUCCAUUACUUUGGAGCCAGUCCCAGCGACUAUGUCG

1733 UAUGGACGAAGCGCUUAUUUAUCGGAGA
ACAUCUGGCGCGUUUAUUCCAUUACUUUGGAGCCAGUCCCAGCGACUAUGUCG

1734 UAUGGACGAAGCGCUUAUUUAUCGG
UACUGGCGCUUUUAUCUCAUUACUUUGAGAGCCAUCACCAGCGACUAUGUCGU

1735 AUGGGUAAAGCGCUUAUUUAUCGGAGA
UACUGGCGCUUUUAUCUCAUUACUUUGAGAGCCAUCACCAGCGACUAUGUCGU

1736 AUGGGUAAAGCGCUUAUUURUCGG

1737 GUUUACACACUCCCUCUCAUAGGGU

1738 GUUUACACACUCCCUCUCAUGAGGU

1739 UUUUACAUACCCCCUCUCAUGGGAU
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SEQ ID NO. Nucleotide Sequence
1740 GUUUACACACUCCCUCUCAUGGGGG
1741 CCAGCGACUAUGUCGUAUGG
1742 GCGCUUAUUUAUCGGAGAGAAAUCCGAUAAAUAAGAAGC
GGCGCUUUUAUCUCAUUACUUUGAGAGCCAUCACCAGCGACUAUGUCGUAUGG
1743 GUAAAGCGCUUAUUUAUCGGA

b. gRNA Domains and their Functions
[00253] The gRNAs of the disclosure comprise two segments: a targeting sequence and a
protein-binding segment. The targeting segment of a gRNA includes a nucleotide sequence
(referred to interchangeably as a spacer, a targeter, or a targeting sequence) that is
complementary to (and therefore hybridizes with) a specific sequence (a target site) within the
target nucleic acid sequence (e.g., a strand of a double stranded target DNA, a target ssSRNA, a
target ssDNA, etc.), described more fully below. The targeting sequence of a gRNA is capable
of binding to a target nucleic acid sequence, including, in the context of the present disclosure, a
coding sequence, a complement of a coding sequence, a non-coding sequence, and to accessory
elements. The protein-binding segment (or “activator” or “protein-binding sequence”) of the
gRNA interacts with (e.g., binds to) a CasX protein as a complex, forming an RNP (described
more fully, below). As used herein, “scaffold” refers to all parts to the guide with the exception
of the targeting sequence, which is comprised of several regions, described more fully, below.
The properties and characteristics of CasX gRNA, both wild-type and variants, are described in
W02020247882A1, US20220220508A1, and W0O2022120095A1, incorporated by reference
herein.
[00254] In the case of a reference gRNA, the gRNA occurs naturally as a dual guide RNA
(dgRNA), wherein the targeter and the activator portions each have a duplex-forming segment
that have complementarity with one another and hybridize to one another to form a double
stranded duplex (dsRNA duplex for a gRNA). The term “targeter” or “targeter RNA” is used
herein to refer to a crRNA-like molecule (crRNA: "CRISPR RNA") of a CasX dual guide RNA
(and therefore of a CasX single guide RNA when the “activator" and the "targeter” are linked
together, e.g., by intervening nucleotides). The crRNA has a 5' region that anneals with the
tractrRNA followed by the nucleotides of the targeting sequence. In the case of the gRNA for use
in the systems of the disclosure, the scaffolds are designed such that the activator and targeter

portions are covalently linked to one another (rather than hybridizing to one another) and
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comprise a single molecule, and can be referred to as a “single-molecule gRNA,” “single guide
RNA”, a “single-molecule guide RNA,” a “one-molecule guide RNA”, or a “sgRNA”. The
gRNA variants of the disclosure for use in the systems are all single molecule versions.

[00255] Collectively, the assembled gRNAs of the disclosure comprise distinct structured
regions, or domains: the RNA triplex, the scaffold stem loop, the extended stem loop, the
pseudoknot, and the targeting sequence that, in the embodiments of the disclosure is specific for
a target nucleic acid and is located on the 3” end of the gRNA. The RNA triplex, the scaffold
stem loop, the pseudoknot and the extended stem loop, together with the unstructured triplex
loop that bridges portions of the triplex, together, are referred to as the “scaffold” of the gRNA.
In some cases, the scaffold stem further comprises a bubble. In other cases, the scaffold further
comprises a triplex loop region. In still other cases, the scaffold further comprises a 5’
unstructured region. In some embodiments, the gRNA scaffolds of the disclosure for use in the
repressor fusion protein:gRNA systems comprise a scaffold stem loop having the sequence of
CCAGCGACUAUGUCGUAGUGG (SEQ ID NO: 1822), or a sequence with at least 1, 2, 3, 4
or 5 mismatches thereto.

[00256] Each of the structured domains are critical to establish the global RNA fold of the
guide and retain functionality of the guide; particularly the ability to properly complex with the
dCasX protein. For example, the guide scaffold stem interacts with the helical I domain of
dCasX protein, while residues within the triplex, triplex loop, and pseudoknot stem interact with
the OBD of the dCasX protein. Together, these interactions confer the ability of the guide to
bind and form an RNP with the dCasX that retains stability, while the spacer (or targeting
sequence) directs and defines the specificity of the RNP for binding a specific sequence of DNA.
[00257] Site-specific binding of a target nucleic acid sequence (e.g., genomic DNA) by the
dCasX protein can occur at one or more locations (e.g., a sequence of a target nucleic acid)
determined by base-pairing complementarity between the targeting sequence of the gRNA and
the target nucleic acid sequence. Thus, for example, the gRNA of the disclosure have sequences
complementarity to and therefore can hybridize with the target nucleic acid that is adjacent to a
sequence complementary to a TC protospacer adjacent motif (PAM) motif or a PAM sequence,
such as ATC, CTC, GTC, or TTC. Because the targeting sequence of a guide sequence
hybridizes with a sequence of a target nucleic acid sequence, a targeting sequence can be
modified by a user to hybridize with a specific target nucleic acid sequence, so long as the

location of the PAM sequence is considered. In some embodiments, for design of a targeting
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sequence, the target nucleic acid comprises a PAM sequence located 5 of the targeting sequence
with at least a single nucleotide separating the PAM from the first nucleotide of the target
nucleic acid complementary to that of the targeting sequence. In some embodiments, the PAM is
located on the non-targeted strand of the target region, i.e., the strand that is complementary to
the target nucleic acid. In some embodiments, the targeting sequence of the gRNA is
complementary to a target nucleic acid sequence one nucleotide from an ATC PAM sequence. In
some embodiments, the targeting sequence of the gRNA is complementary to a target nucleic
acid sequence one nucleotide from an CTC PAM sequence. In some embodiments, the targeting
sequence of the gRNA is complementary to a target nucleic acid sequence one nucleotide from
an GTC PAM sequence. In some embodiments, the targeting sequence of the gRNA is
complementary to a target nucleic acid sequence one nucleotide from an TTC PAM sequence.
By selection of the targeting sequences of the gRNA, defined regions of the target nucleic acid
sequence or sequences bracketing a particular location within the target nucleic acid can be
repressed using the repressor fusion protein:gRNA systems described herein. In some
embodiments, the targeting sequence of the gRNA has between 15 and 20 consecutive
nucleotides. In some embodiments, the targeting sequence has 15, 16, 17, 18, 19, and 20
consecutive nucleotides. In some embodiments, the targeting sequence consists of 20
consecutive nucleotides. In some embodiments, the targeting sequence consists of 19
consecutive nucleotides. In some embodiments, the targeting sequence consists of 18
consecutive nucleotides. In some embodiments, the targeting sequence consists of 17
consecutive nucleotides. In some embodiments, the targeting sequence consists of 16
consecutive nucleotides. In some embodiments, the targeting sequence consists of 15
consecutive nucleotides. By selection of the targeting sequences of the gRNA, defined regions of
the target nucleic acid sequence can be repressed and/or epigenetically modified using the
repressor fusion protein:gRNA systems described herein.

[00258] The gene repressor systems of the present disclosure can be designed to target any
region of, or proximal to, a PCSK9 gene or region of a PCSK9 gene for which repression of
transcription is sought. When the entirety of the gene is to be repressed, designing a guide with a
targeting sequence complementary to a sequence encompassing or proximal to the transcription
start site (TSS) is contemplated by the disclosure. The TSS selection occurs at different positions
within the promoter region, depending on promoter sequence and initiating-substrate

concentration. The core promoter serves as a binding platform for the transcription machinery,
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which comprises Pol II and its associated general transcription factors (GTFs) (Haberle, V. et al.
Eukaryotic core promoters and the functional basis of transcription initiation (Nat Rev Mol Cell
Biol. 19(10):621 (2018)). Variability in TSS selection has been proposed to involve DNA
‘scrunching’ and ‘anti-scrunching,’ the hallmarks of which are: (i) forward and reverse
movement of the RNA polymerase leading edge, but not trailing edge, relative to DNA, and (ii)
expansion and contraction of the transcription bubble. In some embodiments, the target nucleic
acid sequence bound by an RNP of the repressor fusion protein:gRNA system is within 1 kb of a
transcription start site (TSS) in the PCSK9 gene. In some embodiments, the target nucleic acid
sequence bound by an RNP of the system is within 20 bp, 50 bp, 100 bp, 150 bp, 200 bp, 250 bp,
500 bps, 1 kb, or 1.5 kb upstream of a TSS of the PCSK9 gene. In some embodiments, the target
nucleic acid sequence bound by an RNP of the system is within 20 bp, 50 bp, 100 bp, 150 bp,
200 bp, 250 bp, 500 bps, 1 kb, or 1.5 kb downstream of a TSS of the PCSK9 gene. In some
embodiments, the target nucleic acid sequence bound by an RNP of the system is within 1.5 kb
upstream to 1.5 downstream, 1kb upstream to 1 kb downstream, 500 bps upstream to 500 bps
downstream, or 300 bps upstream to 300 bps downstream, or 100 bps upstream to 100 bps
downstream of a TSS of the PCSKY gene. In some embodiments, the target nucleic acid
sequence bound by an RNP of the system is within 20 bp, 50 bp, 100 bp, 150 bp, 200 bp, 250 bp,
500 bps, 1 kb, or 1.5 kb of an enhancer of the PCSK9 gene. In some embodiments, the target
nucleic acid sequence bound by an RNP of the system of the disclosure is within 1 kb 3'to a 5'
untranslated region of the PCSK9 gene. In other embodiments, the target nucleic acid sequence
bound by an RNP of the system is within the open reading frame of the PCSK9 gene, inclusive
of introns (if any). In some embodiments, the targeting sequence of a gRNA of the system of the
disclosure is designed to be specific for an exon of the PCSK9 gene. In a particular embodiment,
the targeting sequence of a gRNA of the system of the disclosure is designed to be specific for
exon 1 of the PCSK9 gene. In other embodiments, the targeting sequence of a gRNA of the
system of the disclosure is designed to be specific for an intron of the PCSK9 gene. In other
embodiments, the targeting sequence of the gRNA of the system of the disclosure is designed to
be specific for an intron-exon junction of the PCSK9 gene. In other embodiments, the targeting
sequence of the gRNA of the system of the disclosure is designed to be specific for a regulatory
element of the PCSK9 gene. In other embodiments, the targeting sequence of the gRNA of the
system of the disclosure is designed to be complementary to a sequence of an intergenic region

of the PCSK9 gene. In other embodiments, the targeting sequence of a gRNA of the system of
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the disclosure is specific for a junction of the exon, an intron, and/or a regulatory element of the
PCSKY gene. In those cases where the targeting sequence is specific for a regulatory element,
such regulatory elements include, but are not limited to promoter regions, enhancer regions,
intergenic regions, 5' untranslated regions (5' UTR), 3" untranslated regions (3' UTR), conserved
elements, and regions comprising cis-regulatory elements. The promoter region is intended to
encompass nucleotides within 5 kb of the initiation point of the encoding sequence or, in the
case of gene enhancer elements or conserved elements, can be thousands of bp, hundreds of
thousands of bp, or even millions of bp away from the encoding sequence of the PCSK9 gene.
In the foregoing, the targets are those in which the encoding PCSK9 gene of the target is
intended to be repressed such that the PCSK9 gene product is not expressed or is expressed at a
lower level in a cell. In some embodiments, upon binding of the RNP of the system of the
disclosure to the binding location of the target nucleic acid, the system is capable of repressing
transcription of the PCSK9 gene 5’ to the binding location of the RNP. In other embodiments,
upon binding of the RNP of the system to the binding location of the target nucleic acid, the
system is capable of repressing transcription of the PCSK9 gene 3’ to the binding location of the
RNP.

[00259] In some embodiments, the target nucleic acid comprises a PAM sequence located 5 of
the targeting sequence with at least a single nucleotide separating the PAM from the first
nucleotide of the targeting sequence. In some embodiments, the PAM is located on the non-
targeted strand of the target region, i.e. the strand that is complementary to the target nucleic
acid. Representative, but non-limiting examples of targeting sequences to wild-type PCSK9
nucleic acid are presented as SEQ ID NOS: 1824-2944, and are shown below as Table 7,
representing targeting sequences for PCSK9 target nucleic acid for linkage to the gRNA
scaffolds of the disclosure; e.g., gRNA 174, 235, 316, or chemically-modified versions thereof.
In some embodiments, the targeting sequence of the gRNA comprises a sequence having at least
about 65%, at least about 75%, at least about 85%, or at least about 95% identity to a sequence
selected from the group consisting of SEQ ID NOS: 1824-2944. In some embodiments, the
PAM sequence is TTC. In some embodiments, a targeting sequences for a TTC PAM comprises
SEQ ID NOS: 1824-2944, or a sequence that is at least 50% identical, at least 55% identical, at
least 60% identical, at least 65% identical, at least 70% identical, at least 75% identical, at least

80% identical, at least 85% identical, at least 90% identical, at least 95% identical, or at least
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99% identical to SEQ ID NOS: 1824-2944. In some embodiments, a targeting sequence for a
TTC PAM is selected from the group consisting of SEQ ID NOS: 1824-2944.

[00260] In some embodiments, the targeting sequence of the gRNA for use in the repressor
fusion protein:gRNA systems of the disclosure comprises a sequence selected from the group
consisting of SEQ ID NO: 1824-2545. In a particular embodiment, the targeting sequence of the
gRNA for use in the repressor fusion protein:gRNA systems of the disclosure consists of a
sequence selected from the group consisting of SEQ ID NOS: 1824-1890, 1910, 1925, 2672,
2675, 2694, and 2714. In some embodiments, the targeting sequence consists of SEQ ID NO:
1834. In some embodiments, the targeting sequence consists of SEQ ID NO: 2009. In some
embodiments, the targeting sequence consists of SEQ ID NO: 2341. In some embodiments, the
targeting sequence consists of SEQ ID NO: 1841. In some embodiments, the targeting sequence
consists of SEQ ID NO: 1842. In some embodiments, the targeting sequence consists of SEQ ID
NO: 1844. In some embodiments, the targeting sequence consists of SEQ ID NO: 1845. In some
embodiments, the targeting sequence consists of SEQ ID NO: 2672. In some embodiments, the
targeting sequence consists of SEQ ID NO: 1884. In some embodiments, the targeting sequence
consists of SEQ ID NO: 1851. In some embodiments, the targeting sequence consists of SEQ ID
NO: 1849. In some embodiments, the targeting sequence consists of SEQ ID NO: 1852. In some
embodiments, the targeting sequence consists of SEQ ID NO: 1853. In some embodiments, the
targeting sequence consists of SEQ ID NO: 1855. In some embodiments, the targeting sequence
consists of SEQ ID NO: 1856. In some embodiments, the targeting sequence consists of SEQ ID
NO: 1857. In some embodiments, the targeting sequence consists of SEQ ID NO: 1858. In some
embodiments, the targeting sequence consists of SEQ ID NO: 1859. In some embodiments, the
targeting sequence consists of SEQ ID NO: 1860. In some embodiments, the targeting sequence
consists of SEQ ID NO: 1862. In some embodiments, the targeting sequence consists of SEQ ID
NO: 1863. In some embodiments, the targeting sequence consists of SEQ ID NO: 1867. In some
embodiments, the targeting sequence consists of SEQ ID NO: 1869. In some embodiments, the
targeting sequence consists of SEQ ID NO: 1870. In some embodiments, the targeting sequence
consists of SEQ ID NO: 1872. In some embodiments, the targeting sequence consists of SEQ ID
NO: 1875. In some embodiments, the targeting sequence consists of SEQ ID NO: 1830. In any
of the foregoing, the targeting sequence may have 1, 2, 3, 4, or 5 nucleotides removed from the

3’ end of the targeting sequence.
Table 7: Targeting Sequences Specific to PCSK9
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SEQ ID NO: PAM Sequence
1824-2944 TTC

Table 8: Exemplary Targeting Sequences of PCSK9
SEQ ID NO: PAM Sequence
1824-1890, 1910, 1925, 2672, 2675, TTC
2694, and 2714

¢. gRNA Modifications
[00261] In another aspect, the disclosure relates to gRNAs (sometimes referred to as gRNA
variants herein) which comprise modifications relative to a reference gRNA from which the
gRNAs were derived. The gRNAs can be used in the systems of the disclosure. In some
embodiments, a gRNA variant comprises one or more nucleotide substitutions, insertions,
deletions, or swapped or replaced domains relative to a reference gRNA sequence that improve a
characteristic relative to the reference gRNA. Exemplary regions for modifications and swapped
regions or domains include the RNA triplex, the pseudoknot, the scaffold stem loop, and the
extended stem loop. In some embodiments, the gRNA variant comprises at least a first swapped
region from a different gRNA, resulting in a chimeric gRNA. A representative example of such
a chimeric gRNA is guide 316 (SEQ ID NO: 1746), in which the extended stem loop of gRNA
scaffold 235 is replaced with the extended stem loop of gRNA scaffold 174, wherein the
resulting 316 variant retains the ability to form an RNP with an repressor fusion protein and
exhibits an improved characteristic compared to the parent 235, when assessed in an in vitro or
in vivo assay under comparable conditions.
[00262] All gRNAs that have one or more improved functions, characteristics, or add one or
more new functions when the gRNA scaffold variant is compared to a gRNA scaffold from
which it was derived, while retaining the functional properties of being able to complex with the
repressor fusion protein and guide the ribonucleoprotein holo RNP complex to the target nucleic
acid are envisaged as within the scope of the disclosure. In some embodiments, the gRNA has an
improved characteristic selected from the group consisting of increased pseudoknot stem
stability, increased triplex region stability, increased scaffold stem stability, extended stem
stability, reduced off-target folding intermediates, increased binding affinity to a repressor fusion

protein, and increased repression activity when complexed with a repressor fusion protein, or
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any combination thereof. In some cases of the foregoing, the improved characteristic is assessed
in an in vitro assay, including the assays of the Examples. In other cases of the foregoing, the
improved characteristic is assessed in vivo.

[00263] Table 9 provides exemplary gRNA variant scaffold sequences for the generation of the
gRNAs. The gRNAs can be used in the repressor fusion protein:gRNA systems of the
disclosure. In some embodiments, the gRNA variant scaffold comprises any one of the
sequences listed in Table 9, or a sequence having at least about 50%, at least about 60%, at least
about 70%, at least about 80%, at least about 90%, at least about 95%, at least about 95%, at
least about 96%, at least about 97%, at least about 98%, at least about 99% sequence identity
thereto, wherein the gRNA variant retains the ability to form an RNP with a dCasX of the
disclosure. In other embodiments, the gRNA variant scaffold comprises any one of the
sequences listed in Table 9, wherein the gRNA variant retains the ability to form an RNP with
an repressor fusion protein of the disclosure. It will be understood that in those embodiments
wherein a vector comprises a DNA encoding sequence for a gRNA, that thymine (T) bases can
be substituted for the uracil (U) bases of any of the gRNA sequence embodiments described
herein. In some embodiments, the disclosure provides gRNA variants of Table 9 that are

chemically-modified, described below.

Table 9: gRNA Scaffold Sequences

sEQIp | Seaffold .
variant Nucleotide sequence
NO: D
ACUGGCGCUUUUAUCUGAUUACUUUGAGAGCCAUCACCAGCGACUAU
1744 174 GUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAAAG
ACUGGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGACUAU
1745 235 GUCGUAGUGGGUAAAGCCGCUUACGGACUUCGGUCCGUAAGAGGCAU
CAGAG
ACUGGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGACUAU
1746 316 GUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAGAG

[00264] Additional gRNA scaffold variants contemplated for use in the gRNAs, and in the
repressor fusion protein:gRNA systems of the disclosure are selected from the group consisting
of SEQ ID NOS: 1747-1821.

d. gRNA Scaffold 316
[00265] Guide scaffolds can be made by several methods, including recombinantly or by solid-

phase RNA synthesis. However, the length of the scaffold can affect the manufacturability when
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using solid-phase RNA synthesis, with longer lengths resulting in increased manufacturing costs,
decreased purity and yield, and higher rates of synthesis failure. For use in particle formulations,
such as lipid nanoparticle (LNP) formulations, solid-phase RNA synthesis of the scaffold is
preferred to generate the quantities needed for commercial development. While previous
experiments had identified gRNA scaffold 235 as having enhanced properties relative to gRNA
scaffold 174, its increased length (in nucleotides) rendered its use for LNP formulations
problematic due to synthetic manufacturing constraints. Accordingly, alternative sequences were
sought. In some embodiments, the disclosure provides gRNA variant scaffolds having improved
manufacturability compared to the gRNA scaffold from which it was derived. In some
embodiments, the disclosure provides a gRNA wherein the gRNA scaffold and linked targeting
sequence has a sequence that is less than about 115 nucleotides, less than about 110 nucleotides,
or less than about 100 nucleotides.

[00266] In some embodiments, a gRNA scaffold was designed wherein the scaffold 174 (SEQ
ID NO: 1744) sequence was modified by introducing one or more mutations at positions
selected from the group consisting of U11, U24, A29, and A87. In some embodiments, the
gRNA comprises a sequence of SEQ ID NO: 1744, or a sequence having at least about 70%
sequence identity thereto, comprising an extended stem loop sequence of SEQ ID NO: 49739
and one or more mutations at positions selected from the group consisting of U11, U24, A29,
and A87. In one embodiment of the foregoing, the mutations consist of U11C, U24C, A29C, and
A87G, resulting in the sequence of SEQ ID NO: 1746.

[00267] In another embodiment, the 316 gRNA scaffold was designed wherein the scaffold 235
sequence was modified by a domain swap in which the extended stem loop of scaffold 174
replaced the extended stem loop of the 235 scaffold, resulting in the chimeric gRNA scaffold
316 (SEQ ID NO: 1746), having 89 nucleotides, compared with the 99 nucleotides of gRNA
scaffold 235. The resulting 316 scaffold had the further advantage in that the extended stem loop
does not contain CpG motifs; an enhanced property conferring reduced potential to elicit an
immune response. In some embodiments, the shorter sequence length of the 316 scaffold confers
the improvements of a higher fidelity in the ability to create the guide synthetically with the
correct and complete sequence, as well as an enhanced ability to be successfully incorporated
into an LNP. In some embodiments, the disclosure provides gRNA 316 variants that are

chemically-modified, described below.
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e. Chemically-modified gRNAs
[00268] In some embodiments, the gRNAs have one or more chemical modifications. In some
embodiments, the chemical modification is the addition of a 2’O-methyl group to one or more
nucleotides of the sequence. In some embodiments, the chemical modification is substitution of
a phosphorothioate bond between two or more nucleosides of the sequence. In some
embodiments, the first 1, 2, or 3 nucleosides of the 5 end of the scaffold (i.e., A, C, and U in the
case of gRNA 174, 235, and 316) are modified by the addition of a 2’O-methyl group and each
of the modified nucleosides is linked to the adjoining nucleoside by a phosphorothioate bond.
Similarly, the last 1, 2, or 3 nucleotides of the 3’ end of the targeting sequence linked to the 3’
end of the scaffold are similarly modified. In some embodiments, the disclosure provides gRNA
with chemical modifications selected from the group consisting of the sequences of SEQ ID
NOS: 2948-2956, 2958-2966, and 2968-2976, as set forth in Table 25, or a sequence having at
least about 70%, at least about 80%, at least about 90%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, at least about 99% sequence identity thereto. In some
embodiments, the gRNA with chemical modifications comprises a scaffold of SEQ ID NOS:
2948-2956, 2958-2966, and 2968-2976, i.e., a sequence of SEQ ID NOS: 2948-2956, 2958-
2966, and 2968-2976 without the spacer represented in the foregoing sequences as undefined
nucleotides. The skilled artisan will understand the 20 3’ terminal undefined sequences in the
foregoing represent non-targeting sequences, and can be substituted with any suitable targeting
sequence complementary to a target nucleic acid of the PCSK9 gene; for example a targeting
sequence selected from the group consisting of SEQ ID NOS: 1824-2944. In some
embodiments, the chemically modified gRNA comprises the sequence of SEQ ID NO: 2968. A
schematic of the structure of gRNA variants 174, 235, and 316 are shown in FIGS. 19A-19C,
respectively. In some embodiments, the gRNA with chemical modifications exhibit improved
stability compared to gRNA without chemical modifications.

/- Complex Formation with Repressor Fusion Proteins
[00269] Upon delivery or expression of the components of the system in a target cell, the
gRNA variant is capable of complexing as an RNP with a repressor fusion protein comprising a
catalytically-dead CRISPR protein and binding to the target nucleic acid of the PCSK9 gene. In
some embodiments, a gRNA variant has an improved ability to form an RNP complex with a
repressor fusion protein when compared to a reference gRNA or another gRNA variant from

which it was derived. Improving ribonucleoprotein complex formation may, in some
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embodiments, improve the efficiency with which functional RNPs are assembled. In some
embodiments, greater than 90%, greater than 93%, greater than 95%, greater than 96%, greater
than 97%, greater than 98% or greater than 99% of RNPs comprising a gRNA variant and its
targeting sequence are competent for gene repression of a target nucleic acid.

VI Polynucleotides and Vectors

[00270] In another aspect, the present disclosure relates to polynucleotides encoding the
repressor fusion proteins, and, in some embodiments, gRNAs, that have utility in the repression
and epigenetic modification of the PCSK9 gene.

[00271] A repressor fusion protein or an mRNA encoding the repressor fusion protein of the
disclosure may be prepared by in vitro synthesis, using conventional methods as known in the
art. Various commercial synthetic apparatuses are available, for example, automated
synthesizers by Applied Biosystems, Inc., Beckman, etc. By using synthesizers, naturally
occurring amino acids or nucleotides (as applicable) may be substituted with unnatural amino
acids or nucleotides. The particular sequence and the manner of preparation will be determined
by convenience, economics, purity required, and the like. A gRNA can also be produced
synthetically; for example by use of a T7 RNA polymerase system known in the art.

[00272] The repressor fusion protein and/or the gRNA may also be prepared by recombinantly
producing a polynucleotide sequence coding for the repressor or gRNA of any of the
embodiments described herein using standard recombinant techniques known in the art and
incorporating the encoding gene into an expression vector appropriate for a host cell. For
production of the encoded repressor fusion protein and/or gRNA, the methods include
transforming an appropriate host cell with an expression vector comprising the encoding
polynucleotide, and culturing the host cell under conditions causing or permitting the resulting
repressor or gRNA to be expressed or transcribed in the transformed host cell, which are
recovered by methods described herein or by standard purification methods known in the art, or
as described in the Examples. Standard recombinant techniques in molecular biology are used to
make the polynucleotides and expression vectors of the present disclosure.

[00273] A repressor fusion protein and/or a gRNA of the disclosure may also be isolated and
purified in accordance with conventional methods of recombinant synthesis. A lysate may be
prepared of the expression host and the lysate purified using high performance liquid
chromatography (HPLC), exclusion chromatography, gel electrophoresis, affinity

chromatography, or other purification technique. For the most part, the compositions which are
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used will comprise 50% or more by weight of the desired product, more usually 75% or more by
weight, preferably 95% or more by weight, and for therapeutic purposes, usually 99.5% or more
by weight, in relation to contaminants related to the method of preparation of the product and its
purification. Usually, the percentages will be based upon total protein. Thus, in some cases, a
repressor fusion protein or gRNA of the present disclosure is at least 80% pure, at least 85%
pure, at least 90% pure, at least 95% pure, at least 98% pure, or at least 99% pure (e.g., free of
contaminants or other macromolecules, etc.).

[00274] Additionally, the disclosure provides vectors comprising polynucleotides encoding the
repressor fusion proteins and, in some cases, the gRNAs described herein. In some cases, the
vectors are utilized for the expression and recovery of the CasX and gRNA components of the
repressor fusion protein:gRNA system. In other cases, the vectors are utilized for the delivery of
the encoding polynucleotides to target cells for the repression and/or epigenetic modification of
the target nucleic acid, as described more fully, below. In some embodiments, sequences
encoding the repressor fusion protein and the gRNA are encoded by the same vector. In some
embodiments, sequences encoding the repressor fusion protein and a gRNA are encoded by
sequences on different vectors. Suitable vectors are described, for example, in
WO02022120095A1 and W0O2020247882A1, incorporated by reference herein. As described in
WO02022120095A1 and W02020247882A1, depending on the host/vector system utilized, any
of a number of suitable transcription and translation control elements, including constitutive and
inducible promoters, transcription enhancer elements, transcription terminators, etc. may be used
in the expression vector.

[00275] In some embodiments, the disclosure provides polynucleotide sequences encoding
repressor fusion proteins, including the repressor fusion proteins of SEQ ID NOS: 3131-3132 as
set forth in Table 20, or sequences having at least about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 90%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or at least about 99% sequence identity thereto. In some
embodiments, the disclosure provides an isolated polynucleotide sequence encoding a gRNA
variant. In some embodiments, the disclosure provides polynucleotides encoding a gRNA
comprising a scaffold sequence of SEQ ID NOS: 1744-1746 and 2947-2976, or a sequence
having at least about 50%, at least about 60%, at least about 70%, at least about 80%, at least
about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at

least about 99% sequence identity thereto, wherein the expressed gRNA variant retains the
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ability to form an RNP with an repressor fusion protein. In some embodiments, the disclosure
provides polynucleotide sequences encoding gRNAs comprising targeting sequences of SEQ ID
NOS: 1824-2944, or sequences having at least about 65%, at least about 75%, at least about
85%, or at least about 95% identity thereto. In some embodiments, the disclosure provides
polynucleotide sequences encoding gRNAs comprising targeting sequences of SEQ ID NOS:
1824-1890, 1910, 1925, 2672, 2675, 2694, and 2714, or sequences having at least about 65%, at
least about 75%, at least about 85%, or at least about 95% identity thereto.

[00276] In some embodiments, the disclosure relates to methods to produce polynucleotide
sequences encoding the repressor fusion proteins or the gRNAs, including variants thereof, as
well as methods to express the proteins or RNA transcribed by the polynucleotide sequences. In
general, the methods include producing a polynucleotide sequence coding for the repressor
fusion protein or the gRNA of any of the embodiments described herein and incorporating the
encoding gene into an expression vector. In some embodiments, the vector is designed for
transduction of cells for repression and/or epigenetic modification of the PCSK9 target nucleic
acid. Such vectors can include a retroviral vector, a lentiviral vector, an adenoviral vector, an
adeno-associated viral (AAV) vector, a herpes simplex virus (HSV) vector, a plasmid, a
minicircle, a nanoplasmid, a DNA vector, and an RNA vector. In other embodiments, the
expression vector is designed for production of a repressor fusion protein, mRNA encoding the
repressor fusion protein, or gRNA in either a cell-free system or in a host cell. For production of
the encoded repressor fusion protein or the gRNA of any of the embodiments described herein in
a host cell, the methods include transforming an appropriate host cell with an expression vector
comprising the encoding polynucleotide, and culturing the host cell under conditions causing or
permitting the resulting repressor fusion protein or the gRNA of any of the embodiments
described herein to be expressed or transcribed in the transformed host cell, thereby producing
the repressor fusion protein or the gRNA, which are recovered by methods described herein
(e.g., in the Examples, below) or by standard purification methods known in the art. Standard
recombinant techniques in molecular biology are used to make the polynucleotides and
expression vectors of the present disclosure.

[00277] In accordance with the disclosure, nucleic acid sequences that encode the repressor
fusion protein or the gRNA of any of the embodiments described herein are used to generate
recombinant DNA molecules that direct the expression in appropriate host cells. Several cloning

strategies are suitable for performing the present disclosure, many of which are used to generate
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a construct that comprises a gene coding for a composition of the present disclosure, or its
complement. In some embodiments, the cloning strategy is used to create a gene that encodes a
construct that comprises nucleotides encoding the repressor fusion protein or the gRNA that is
used to transform a host cell for expression of the composition.

[00278] In one approach, a construct is first prepared containing the DNA sequence encoding a
repressor fusion protein or a gRNA. Exemplary methods for the preparation of such constructs
are described in the Examples. The construct is then used to create an expression vector suitable
for transforming a host cell, such as a prokaryotic or eukaryotic host cell for the expression and
recovery of the protein construct, in the case of the repressor fusion protein, or the gRNA.
Where desired, the host cell is an E. coli. In other embodiments, the host cell is a eukaryotic cell.
The eukaryotic host cell can be selected from Baby Hamster Kidney fibroblast (BHK) cells,
human embryonic kidney 293 (HEK293), human embryonic kidney 293T (HEK293T), NSO
cells, SP2/0 cells, YO myeloma cells, P3X63 mouse myeloma cells, PER cells, PER.C6 cells,
hybridoma cells, NIH3T3 cells, CV-1 (simian) in Origin with SV40 genetic material (COS),
HeLa, Chinese hamster ovary (CHO), yeast cells, or other eukaryotic cells known in the art
suitable for the production of recombinant products. Exemplary methods for the creation of
expression vectors, the transformation of host cells and the expression and recovery of the
repressor fusion protein or the gRNA are described in the Examples.

[00279] The gene encoding the repressor fusion protein or the gRNA construct can be made in
one or more steps, either fully synthetically or by synthesis combined with enzymatic processes,
such as restriction enzyme-mediated cloning, PCR and overlap extension, including methods
more fully described in the Examples. The methods disclosed herein can be used, for example, to
ligate sequences of polynucleotides encoding the various components into a gene of a desired
sequence. Genes encoding polypeptide compositions are assembled from oligonucleotides using
standard techniques of gene synthesis.

[00280] In some embodiments, the nucleotide sequence encoding an repressor fusion protein is
codon optimized. This type of optimization can entail a mutation of an encoding nucleotide
sequence to mimic the codon preferences of the intended host organism or cell while encoding
the same protein. Thus, the codons can be changed, but the encoded protein remains unchanged.
For example, if the intended target cell of the repressor fusion protein was a human cell, a
human codon-optimized repressor fusion protein-encoding nucleotide sequence could be used.

As another non-limiting example, if the intended host cell were a mouse cell, then a mouse
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codon-optimized repressor fusion protein-encoding nucleotide sequence could be generated. The
gene design can be performed using algorithms that optimize codon usage and amino acid
composition appropriate for the host cell utilized in the production of the repressor fusion protein
or the gRNA. In one method of the disclosure, a library of polynucleotides encoding the
components of the constructs is created and then assembled, as described above. The resulting
genes are then assembled and the resulting genes used to transform a host cell and produce and
recover the repressor fusion protein or the gRNA compositions for evaluation of its properties or
for use in the modification of the PCSK9 target nucleic acid, as described herein.

[00281] In some embodiments, a nucleotide sequence encoding a gRNA is operably linked to a
control element, e.g., a transcriptional control element, such as a promoter. In some
embodiments, a nucleotide sequence encoding a repressor fusion protein is operably linked to a
control element, e.g., a transcriptional control element, such as a promoter. In some cases, the
promoter is a constitutively active promoter. In some cases, the promoter is a regulatable
promoter. In some cases, the promoter is an inducible promoter. In some cases, the promoter is a
tissue-specific promoter. In some cases, the promoter is a cell type-specific promoter. In some
cases, the transcriptional control element (e.g., the promoter) is functional in a targeted cell type
or targeted cell population. For example, in some cases, the transcriptional control element can
be functional in eukaryotic cells, e.g., hepatocytes or a liver sinusoidal endothelial cell.

[00282] Non-limiting examples of Pol II promoters operably linked to the polynucleotide
encoding the repressor fusion protein of the disclosure include, but are not limited to EF-1alpha,
EF-1alpha core promoter, Jens Tornoe (JeT), promoters from cytomegalovirus (CMV), CMV
immediate early (CMVIE), CMV enhancer, herpes simplex virus (HSV) thymidine kinase, early
and late simian virus 40 (SV40), the SV40 enhancer, long terminal repeats (LTRs) from
retrovirus, mouse metallothionein-I, adenovirus major late promoter (Ad MLP), CMV promoter
full-length promoter, the minimal CMV promoter, the chicken B-actin promoter (CBA), CBA
hybrid (CBh), chicken B-actin promoter with cytomegalovirus enhancer (CB7), chicken beta-
Actin promoter and rabbit beta-Globin splice acceptor site fusion (CAG), the rous sarcoma virus
(RSV) promoter, the HIV-Ltr promoter, the hPGK promoter, the HSV TK promoter, a 7SK
promoter, the Mini-TK promoter, the human synapsin I (SYN) promoter which confers neuron-
specific expression, beta-actin promoter, super core promoter 1 (SCP1), the Mecp2 promoter for
selective expression in neurons, the minimal IL-2 promoter, the Rous sarcoma virus

enhancer/promoter (single), the spleen focus-forming virus long terminal repeat (LTR) promoter,
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the TBG promoter, promoter from the human thyroxine-binding globulin gene (Liver specific),
the PGK promoter, the human ubiquitin C promoter (UBC), the UCOE promoter (Promoter of
HNRPA2B1-CBX3), the synthetic CAG promoter, the Histone H2 promoter, the Histone H3
promoter, the Ulal small nuclear RNA promoter (226 nt), the Ulal small nuclear RNA
promoter (226 nt), the U1b2 small nuclear RNA promoter (246 nt) 26, the GUSB promoter, the
CBh promoter, rhodopsin (Rho) promoter, silencing-prone spleen focus forming virus (SFFV)
promoter, a human H1 promoter (H1), a POL1 promoter, the TTR minimal enhancer/promoter,
the b-kinesin promoter, mouse mammary tumor virus long terminal repeat (LTR) promoter, the
human eukaryotic initiation factor 4A (EIF4A1) promoter, the ROSA26 promoter, the
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) promoter, tRNA promoters, and truncated
versions and sequence variants of the foregoing. In a particular embodiment, the Pol II promoter
is EF-1lalpha, wherein the promoter enhances transfection efficiency, the transgene transcription
or expression of the CRISPR nuclease, the proportion of expression-positive clones and the copy
number of the episomal vector in long-term culture.

[00283] Non-limiting examples of Pol III promoters operably linked to the polynucleotide
encoding the gRNA variants of the disclosure include, but are not limited to U6, mini U6, U6
truncated promoters,7SK, and H1 variants, BiH1 (Bidrectional H1 promoter), BiU6, Bi7SK,
BiH1 (Bidirectional U6, 7SK, and H1 promoters), gorilla U6, rthesus U6, human 7SK, human H1
promoters, and truncated versions and sequence variants thereof. In the foregoing embodiment,
the pol III promoter enhances the transcription of the gRNA. In a particular embodiment, the Pol
III promoter is U6, wherein the promoter enhances expression of the gRNA. In another
particular embodiment, the promoter linked to the gene encoding the tropism factor is CMV
promoter. Experimental details and data for the use of such promoters are provided in the
Examples.

[00284] Selection of the appropriate vector and promoter is well within the level of ordinary
skill in the art, as it related to controlling expression. The expression vector may also contain a
ribosome binding site for translation initiation, and a transcription terminator. The expression
vector may also include appropriate sequences for amplifying expression. The expression vector
may also include nucleotide sequences encoding protein tags (e.g., 6xHis tag, hemagglutinin tag,
fluorescent protein, efc.) that can be fused to the repressor fusion protein, thus resulting in a

chimeric protein that are used for purification or detection.
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[00285] Recombinant expression vectors of the disclosure can also comprise elements that
facilitate robust expression of the proteins and the gRNAs of the disclosure. For example,
recombinant expression vectors can include one or more of a polyadenylation signal (poly(A)),
an intronic sequence or a post-transcriptional regulatory element such as a woodchuck hepatitis
post-transcriptional regulatory element (WPRE). Exemplary poly(A) sequences include hGH
poly(A) signal (short), HSV TK poly(A) signal, synthetic polyadenylation signals, SV40
poly(A) signal, B-globin poly(A) signal and the like (for example, SEQ ID NO: 3459). A person
of ordinary skill in the art will be able to select suitable elements to include in the recombinant
expression vectors described herein.

[00286] The polynucleotides encoding the repressor fusion protein or the gRNA sequences can
be individually cloned into an expression vector. Selection of the appropriate vector and
promoter is well within the level of ordinary skill in the art, as it relates to controlling
expression, e.g., for repressing expression and/or epigenetic modification of the PCSK9 gene.
The expression vector may also contain a ribosome binding site for translation initiation and a
transcription terminator. The expression vector may also include appropriate sequences for
amplifying expression.

[00287] The nucleic acid sequence is inserted into the vector by a variety of procedures. In
general, DNA is inserted into an appropriate restriction endonuclease site(s) using techniques
known in the art. Vector components generally include, but are not limited to, one or more of a
signal sequence, an origin of replication, one or more marker genes, an enhancer element, a
promoter, and a transcription termination sequence. Construction of suitable vectors containing
one or more of these components employs standard ligation techniques which are known to the
skilled artisan. Such techniques are well known in the art and well described in the scientific and
patent literature. Various vectors are publicly available. The vector may, for example, be in the
form of a plasmid, cosmid, viral particle, or phage that may conveniently be subjected to
recombinant DNA procedures, and the choice of vector will often depend on the host cell into
which it is to be introduced. Thus, the vector may be an autonomously replicating vector, i.e., a
vector, which exists as an extrachromosomal entity, the replication of which is independent of
chromosomal replication, e.g., a plasmid. Alternatively, the vector may be one which, when
introduced into a host cell, is integrated into the host cell genome and replicated together with
the chromosome(s) into which it has been integrated. Once introduced into a suitable host cell,

expression of the repressor fusion protein can be determined using any nucleic acid or protein
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assay known in the art. For example, the presence of transcribed mRNA of the repressor fusion
protein can be detected and/or quantified by conventional hybridization assays (e.g., Northern
blot analysis), amplification procedures (e.g., RT-PCR), SAGE (U.S. Pat. No. 5,695,937), and
array-based technologies (see e.g., U.S. Pat. Nos. 5,405,783, 5,412,087 and 5,445,934), using
probes complementary to any region of CasX polynucleotide.

[00288] In some embodiments, a vector is created for the transcription of the repressor fusion
protein gene and expression and recovery of the resulting encoding mRNA. In some
embodiments, the mRNA is generated by in vitro transcription (IVT) using a PCR product or
linearized plasmid DNA template and a T7 RNA polymerase, wherein the plasmid contains a T7
promoter. If using a PCR product, DNA sequences encoding candidate mRNAs will be cloned
into a plasmid containing a T7 promoter, wherein the plasmid DNA template will be linearized
and then used to perform IVT reactions for expression of the mRNA. Exemplary methods for the
generation of such vectors and the production and recovery of the mRNA are provided in the
Examples, below.

VIL Particles for Delivery of Repressor Fusion Proteins

[00289] In another aspect, the present disclosure provides particle compositions for delivery of
the repressor fusion proteins to cells or to subjects for the modification of the PCSK9 gene. In
some embodiments, the particle composition delivers a repressor fusion protein:gRNA system,
e.g., when the repressor fusion protein comprises a catalytically dead CRISPR protein such as a
dCasX, to cells or to subjects for the repression of the PCSK9 gene. In some embodiments, the
disclosure provides synthetic nanoparticles that encapsulate gRNA variants and mRNAs
encoding a repressor fusion proteins comprising a dCasX protein of any of the embodiments
described herein. In some embodiments, materials for the creation of biodegradable polymeric
nanoparticles (PNP) include polylactide, poly (lactic-co-glycolic acid) (PLGA), poly(ethyl
cyanoacrylate), poly(butyl cyanoacrylate), poly(isobutyl cyanoacrylate), and poly(isohexyl
cyanoacrylate), polyglutamic acid (PGA), poly {(e-caprolactone} (PCL), cyclodextrin, and natural
polymers for instance chitosan, albumin, gelatin, and alginate are the most utilized polymers for
the synthesis of PNP (Production and clinical development of nanoparticles for gene delivery.
Molecular Therapy-Methods & Clinical Development 3:16023; doi:10.1038 (2016)). In some
embodiments, the disclosure provides virus-like particles for delivery of the repressor fusion
proteins comprising a dCasX protein and gRNA variants (see, WO2021113772A1, incorporated

by reference herein). In other embodiments, the disclosure provides lipid nanoparticles that
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encapsulate gRNA variants and mRNAs encoding repressor fusion proteins comprising a dCasX
protein of any of the embodiments described herein, described more fully, below.

a. Lipid Nanoparticles (LNP)
[00290] In another aspect, the present disclosure provides lipid nanoparticles (LNP) for
delivery of the repressor fusion protein:gRNA systems of the disclosure to cells or to subjects for
the transcriptional repression of the PCSK9 gene. In some embodiments, the LNPs of the
disclosure are tissue- or organ-specific (e.g., the liver), have excellent biocompatibility, and can
deliver the systems with high efficiency, and thus can be usefully used for the repression of the
PCSK9 gene.
[00291] In their native forms, nucleic acid polymers are unstable in biological fluids and cannot
penetrate into the cytoplasm of target cells, thus requiring delivery systems. Lipid nanoparticles
(LNP) have proven useful for both the protection and delivery of nucleic acids to tissues and
cells. Furthermore, the use of mRNA in LNPs to encode the CRISPR nuclease eliminates the
possibility of undesirable genome integration compared to DNA vectors. Moreover, nRNA
efficiently translates into protein in both mitotic and non-mitotic cells, as it does not require to
enter into the nucleus since it exerts its function in the cytoplasmic compartment. LNPs as a
delivery platform offers the additional advantage of being able to co-formulate both the mRNA
encoding the nuclease and the gRNA into single LNP particles.
[00292] Accordingly, in various embodiments, the disclosure encompasses lipid nanoparticles
and compositions that may be used for a variety of purposes, including the delivery of
encapsulated or associated (e.g., complexed) therapeutic agents such as nucleic acids to cells,
both in vitro and in vivo. In certain embodiments, the disclosure encompasses methods of
treating or preventing diseases or disorders in a subject in need thereof by contacting the subject
with a lipid nanoparticle that encapsulates or is associated with a suitable therapeutic agent
complexed through various physical, chemical or electrostatic interactions between one or more
of the lipid components used in the compositions to make LNPs. In some embodiments, the
suitable therapeutic agent comprises a repressor fusion protein:gRNA system as described
herein.
[00293] In certain embodiments, the lipid nanoparticles are useful for the delivery of nucleic
acids, including, e.g., the mRNA encoding the repressor fusion proteins of the disclosure, and
the gRNA variants of the disclosure, including the sequences of SEQ ID NOS: 1744-1746 and
2947-2976. In some embodiments, the present disclosure provides LNP in which the gRNA and
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mRNA encoding the repressor fusion proteins are incorporated into single LNP particles. In
other embodiments, the present disclosure provides LNP in which the gRNA and mRNA
encoding the repressor fusion proteins are incorporated into separate populations of LNPs, which
can be formulated together in varying ratios for administration. In some embodiments, the
mRNA for incorporation into the LNP of the disclosure encode any of the repressor fusion
proteins described herein. In some embodiments, the gRNA for use in the LNP comprises a
sequence of SEQ ID NOS: 1744-1746 and 2947-2976.

[00294] The lipid nanoparticles and systems of certain embodiments of the disclosure may be
used to induce expression of a desired protein both in vitro and in vivo by contacting cells with a
lipid nanoparticle comprising one or more novel ionizable cationic lipids or permanently charged
cationic lipids described herein, wherein the lipid nanoparticle encapsulates or is associated with
a nucleic acid that is expressed to produce the desired protein (e.g., a messenger RNA encoding
the CasX protein). In some embodiments, the lipid nanoparticles and systems may be used to
decrease the expression of the PCKS9 target gene both in vitro and in vivo by contacting cells
with a lipid nanoparticle comprising one or more novel ionizable/cationic lipids described
herein, wherein the lipid nanoparticle encapsulates or is associated with nucleic acids of the
CasX:gRNA system that reduces target gene expression. The lipid nanoparticles and systems of
embodiments of the disclosure may also be used for co-delivery of different nucleic acids (e.g,,
mRNA, gRNA, siRNA, saRNA, mcDNA and plasmid DNA) separately or in combination, such
as may be useful to provide an effect requiring colocalization of different nucleic acids (e.g.
mRNA encoding for a suitable gene modifying enzyme and gRNA for targeting of the target
nucleic acid).

[00295] In some embodiments, LNPs and LNP compositions described herein include at least
one cationic lipid, at least one conjugated lipid, at least one steroid or derivative thereof, at least
one helper lipid, or any combination thereof. Alternatively, the lipid compositions of the
disclosure can include an ionizable lipid, such as an ionizable cationic lipid, a helper lipid
(usually a phospholipid), cholesterol, and a polyethylene glycol-lipid conjugate (PEG-lipid) to
improve the colloidal stability in biological environments by, for example, reducing a specific
absorption of plasma proteins and forming a hydration layer over the nanoparticles. Such lipid
compositions can be formulated at typical mole ratios of 50:10:37-39:1-3 or 20-50:8-65:15-70:1-

3.0 of IL:HL:Sterol: PEG-lipid, with variations made to include or exclude one or more of the
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components to the traditional 4-component system in the LNP and to adjust individual
properties.

[00296] The LNPs and LNP compositions of the present disclosure are configured to protect
and deliver an encapsulated payload of the systems of the disclosure to tissues and cells, both in
vitro and in vivo. Various embodiments of the LNPs and LNP compositions of the present
disclosure are described in further detail herein.

Cationic lipid

[00297] In some embodiments, the LNPs and LNP compositions of the present disclosure
include at least one cationic lipid. The term “cationic lipid,” refers to a lipid species that has a
net positive charge. In some embodiments, the cationic lipid is an ionizable cationic lipid that
has a net positive charge at a selected pH<pKa of the ionizable lipid. In some embodiments, the
ionizable cationic lipid has a pKa less than about 7 such that the LNPs and LNP compositions
achieve efficient encapsulation of the payload at a relatively low pH below the pKa of the
respective lipid. In some embodiments, the cationic lipid has a pKa of about 5 to about 8, about
5.5 to about 7.5, about 6 to about 7, or about 6.5 to about 7. In some embodiments, the cationic
lipid may be protonated at a pH below the pKa of the cationic lipid, and it may be substantially
neutral at a pH over the pKa. The LNPs and LNP compositions may be safely delivered to a
target organ (for example, the liver, lung, heart, spleen, as well as to tumors) and/or
cell(hepatocyte, LSEC, cardiac cell, cancer cell, etc.) in vivo, and during endocytosis, exhibit a
positive charge when pH drops below the ionizable lipid pKa to release the encapsulated payload
through electrostatic interaction with an anionic lipids of the endosomal membrane.

[00298] Early formulations of LNP utilizing permanently cationic lipids resulted in LNPs with
positive surface charge that proved toxic in vivo, plus were rapidly cleared by phagocytic cells.
By changing to ionizable cationic lipids bearing tertiary amines, especially those with pKa <7,
results in LNP achieving efficient encapsulation of nucleic acid polymers at low pH by
interacting electrostatically with the negative charges of the phosphate backbone of mRNA, that
also result in largely neutral systems at physiological pH values, thus alleviating problems
associated with permanently-charged cationic lipids.

[00299] As used herein, “ionizable lipid” means an amine-containing lipid which can be easily
protonated, and, for example, it may be a lipid of which charge state changes depending on the
surrounding pH. The ionizable lipid may be protonated (positively charged) at a pH below the

pKa of a cationic lipid, and it may be substantially neutral at a pH over the pKa. In one example,

94



WO 2023/240076 PCT/US2023/067987

the LNP may comprise a protonated ionizable lipid and/or an ionizable lipid showing neutrality.
In some embodiments, the LNP has a pKa of 5t0 8, 5.5t07.5,6to 7, or 6.5 to 7. The pKa of the
LNP is important for in vivo stability and release of the nucleic acid payload of the LNP in the
target cell or organ. In some embodiments, the LNP having the foregoing pKa ranges may be
safely delivered to a target organ (for example, the liver, lung, heart, spleen, as well as to
tumors) and/or target cell (hepatocyte, LSEC, cardiac cell, cancer cell, etc.) in vivo, and inside
endosomes, exhibit a positive charge to release the encapsulated payload through electrostatic
interaction with an anionic lipids of the endosome membrane.

[00300] The ionizable lipid is an ionizable compound having characteristics similar to lipids
generally, and through electrostatic interaction with a nucleic acid (for example, an mRNA of
the disclosure), may play a role of encapsulating the nucleic acid payloads within the LNP with
high efficiency.

[00301] According to the type of the amine and the tail group comprised in the ionizable lipid,
(1) the nucleic acid encapsulation efficiency, (ii) PDI (polydispersity index) and/or (iii) the
nucleic acid delivery efficiency to tissue and/or cells constituting an organ (for example,
hepatocytes or liver sinusoidal endothelial cells in the liver) of the LNP may be different. In
certain embodiments, the ionizable lipid is an ionizable cationic lipid, and comprises from about
25 mol % to about 66 mol % of the total lipid present in the particle.

[00302] The LNP comprising an ionizable lipid comprising an amine may have one or more
kinds of the following characteristics: (1) the ability to encapsulate a nucleic acid with high
efficiency; (2) uniform size of prepared particles (or having a low PDI value); and/or (3)
excellent nucleic acid delivery efficiency to organs such as liver, lung, heart, spleen, bone
marrow, as well as to tumors, and/or cells constituting such organs (for example, hepatocytes,
LSEC, cardiac cells, cancer cells, etc.).

[00303] In particular embodiments, the cationic lipid form plays a crucial role both in nucleic
acid encapsulation through electrostatic interactions and intracellular release by disrupting
endosomal membranes. The nucleic acid payloads are encapsulated within the LNP by the ionic
interactions they form with the positively charged cationic lipid. Non-limiting examples of
ionizable cationic lipid components utilized in the LNP of the disclosure are selected from DLin-
MC3-DMA (heptatriaconta-6,9,28,3 1-tetraen-19-yl4-(dimethylamino)butanoate), DLin- KC2-
DMA (2,2-dilinoleyl-4-(2-dimethylaminoethyl)-[ 1,3]-dioxolane), and TNT (1,3,5-triazinane-
2.4,6-trione) and TT (N1,N3,N5-tris(2-aminoethyl)benzene-1,3,5-tricarboxamide). Non-limiting

95



WO 2023/240076 PCT/US2023/067987

examples of helper lipids utilized in the LNP of the disclosure are selected from DSPC (1,2-
distearoyl-sn-glycero-3-phosphocholine), POPC (2-Oleoyl-1- palmitoyl-sn-glycero-3-
phosphocholine) and DOPE (1,2-Dioleoyl-sn-glycero-3-phosphoethanolamine), 1,2-dioleoyl-sn-
glycero-3-phospho-(1'-rac-glycerol) DOPG, 1,2-Dimyristoyl-sn-glycero-3-phosphoethanolamine
(DMPE), 1,2-dilauroyl-sn-glycero-3-phosphocholine (DLPC), sphingolipid, and ceramide.
Cholesterol and PEG-DMG ((R)-2,3- bis(octadecyloxy)propyl-1-(methoxy polyethylene glycol
2000) carbamate), PEG-DSG (1,2-Distearoyl-rac-glycero-3-methylpolyoxyethylene glycol
2000), or DSPE-PEG2k (1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
[amino(polyethylene glycol)-2000]), are components utilized in the LNP of the disclosure for the
stability, circulation, and size of the LNP.

[00304] In some embodiments, the cationic lipid in the LNP of the disclosure comprises a
tertiary amine. In some embodiments, the tertiary amine includes alkyl chains connected to N of
the tertiary amine with ether linkages. In some embodiments, the alkyl chains comprise C12-C30
alkyl chains having 0 to 3 double bonds. In some embodiments, the alkyl chains comprise C16-
C22 alkyl chains. In some embodiments, the alkyl chains comprise C18 alkyl chains. A number
of cationic lipids and related analogs have been described in U.S. Patent Publication Nos.
20060083780, 20060240554, 20110117125, 20190336608, 20190381180 and 20200121809;
U.S. Pat. Nos. 5,208,036; 5,264,618; 5,279,833; 5,283,185; 5,753,613; 5,785,992; 9,738,593;
10,106,490; 10,166,298; 10,221,127; and 11,219,634; and PCT Publication No. WO 96/10390,
the disclosures of which are herein incorporated by reference in their entirety.

[00305] In some embodiments, the cationic lipid in the LNP of the disclosure may comprise,
for example, one or more ionizable cationic lipids wherein the ionizable cationic lipid is a
dialkyl lipid. In other embodiments, the ionizable cationic lipid is a tetraalkyl lipid.

[00306] In some embodiments, the cationic lipid in the LNP of the disclosure is selected from
1,2-dilinoleyloxy-N,N-dimethylaminopropane (DLinDMA), 1,2-dilinolenyloxy-N,N-
dimethylaminopropane (DLenDMA), 2,2-dilinoleyl-4-(2-dimethylaminoethyl)-[ 1,3]-dioxolane
(DLin-K-C2-DMA), 2,2-dilinoleyl-4-(3-dimethylaminopropyl)-[1,3]-dioxolane (DLin-K-C3-
DMA), 2,2-dilinoleyl-4-(4-dimethylaminobutyl)-[1,3]-dioxolane (DLin-K-C4-DMA), 2,2-
dilinoleyl-5-dimethylaminomethyl-[1,3]-dioxane (DLin-K6-DMA), 2,2-dilinoleyl-4-N-
methylpepiazino-[1,3]-dioxolane (DLin-K-MPZ), 2,2-dilinoleyl-4-dimethylaminomethyl-[1,3]-
dioxolane (DLin-K-DMA), 1,2-dilinoleylcarbamoyloxy-3-dimethylaminopropane (DLin-C-
DAP), 1,2-dilinoleyoxy-3-(dimethylamino)acetoxypropane (DLin-DAC), 1,2-dilinoleyoxy-3-
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morpholinopropane (DLin-MA), 1,2-dilinoleoyl-3-dimethylaminopropane (DLinDAP), 1,2-
dilinoleylthio-3-dimethylaminopropane (DLin-S-DMA), 1-linoleoyl-2-linoleyloxy-3-
dimethylaminopropane (DLin-2-DMAP), 1,2-dilinoleyloxy-3-trimethylaminopropane chloride
salt (DLin-TMA.CI), 1,2-dilinoleoyl-3-trimethylaminopropane chloride salt (DLin-TAP.Cl), 1,2-
dilinoleyloxy-3-(N-methylpiperazino)propane (DLin-MPZ), 3-(N,N-dilinoleylamino)-1,2-
propanediol (DLinAP), 3-(N,N-dioleylamino)-1,2-propanedio (DOAP), 1,2-dilinoleyloxo-3-(2-
N,N-dimethylamino)ethoxypropane (DLin-EG-DMA), N,N-dioleyl-N,N-dimethylammonium
chloride (DODAC), 1,2-dioleyloxy-N,N-dimethylaminopropane (DODMA), 1,2-distearyloxy-
N,N-dimethylaminopropane (DSDMA), N-(1-(2,3-dioleyloxy)propyl)-N,N,N-
trimethylammonium chloride (DOTMA), N,N-distearyl-N,N-dimethylammonium bromide
(DDAB), N-(1-(2,3-dioleoyloxy)propyl)-N,N,N-trimethylammonium chloride (DOTAP), 3-
(N—(N',N’-dimethylaminoethane)-carbamoyl)cholesterol (DC-Chol), N-(1,2-
dimyristyloxyprop-3-yl)-N,N-dimethyl-N-hydroxyethyl ammonium bromide (DMRIE), 2,3-
dioleyloxy-N-[2(spermine-carboxamido)ethyl]-N,N-dimethyl-1-propanaminiumtrifluoroacetate
(DOSPA), dioctadecylamidoglycyl spermine (DOGS), 3-dimethylamino-2-(cholest-5-en-3-beta-
oxybutan-4-oxy)-1-(cis,cis-9,12-octadecadienoxy)propane (CLinDMA), 2-[5'-(cholest-5-en-3-
beta-oxy)-3'-oxapentoxy)-3-dimethyl-1-(cis,cis-9',1-2"-octadecadienoxy )propane (CpLinDMA),
N,N-dimethyl-3,4-dioleyloxybenzylamine (DMOBA), 1,2-N,N'-dioleylcarbamy]I-3-
dimethylaminopropane (DOcarbDAP), 1,2-N,N'-dilinoleylcarbamyl-3-dimethylaminopropane
(DLincarbDAP), and any combination of the forgoing.

[00307] In some embodiments, the cationic lipid in the LNP of the disclosure is selected from
heptatriaconta-6,9,28,3 1-tetraen-19-yl4-(dimethylamino)butanoate (DLin-MC3-DMA), 2,2-
dilinoleyl-4-(2-dimethylaminoethyl)-[1,3]-dioxolane (DLin- KC2-DMA), (1,3,5-triazinane-
2,4,6-trione) (TNT), N1,N3,N5-tris(2-aminoethyl)benzene-1,3,5-tricarboxamide (TT), and any
combination of the forgoing.

[00308] In some embodiments, the N/P ratio (nitrogen from the cationic/ionizable lipid and
phosphate from the nucleic acid) in the LNP of the disclosure is in the range of is about 3:1 to
7:1, or about 4:1t0 6:1, oris 3:1, oris 4:1, oris 5:1, oris 6:1, oris 7:1, oris 8:1, oris 9:1.
Conjugated Lipid

[00309] In some embodiments, the LNPs and LNP compositions of the present disclosure
include at least one conjugated lipid. In some embodiments, the conjugated lipid may be selected

from a polyethyleneglycol (PEG)-lipid conjugate, a polyamide (ATTA)-lipid conjugate, a
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cationic-polymer-lipid conjugate (CPL), and any combination of the foregoing. In some cases,
conjugated lipids can inhibit aggregation of the LNPs of the disclosure.
[00310] In some embodiments, the conjugated lipid of the LNP of the disclosure comprises a

pegylated lipid. The terms “polyethyleneglycol (PEG)-lipid conjugate,
PEG conjugate", "lipid-PEG", "PEG-lipid", "PEG-lipid", or "lipid-PEG" are used

pegylated lipid” "lipid-

interchangeably herein and refer to a lipid attached to a polyethylene glycol (PEG) polymer
which is a hydrophilic polymer. The pegylated lipid contributes to the stability of the LNPs and
LNP compositions and reduces aggregation of the LNPs. In other embodiments, the lipid of the
LNP comprises peptide modified PEG lipids that are used for targeting cell surface receptors
Ex: DSPE-PEG-RGD, DSPE-PEG-Transferrin, DSPE-PEG-cholesterol.

[00311] As the PEG-lipid can form the surface lipid, the size of the LNP can be readily varied
by varying the proportion of surface (PEG) lipid to the core (ionizable cationic) lipids. In some
embodiments, the PEG-lipid of the LNP of the disclosure can be varied from ~1 to 5 mol% to
modify particle properties such as size, stability, and circulation time.

[00312] The lipid-PEG conjugate contributes to the particle stability in serum of the
nanoparticle within the LNP, and plays a role of preventing aggregation between nanoparticles.
In addition, the lipid-PEG conjugate may protect nucleic acids, such as mRNAs encoding the
repressor fusion proteins of the disclosure, or gRNAs of the disclosure, from degrading enzymes
during in vivo delivery of the nucleic acids and enhance the stability of the nucleic acids in vivo
and increase the half-life of the delivered nucleic acids encapsulated in the nanoparticle.
Examples of PEG-lipid conjugates include, but are not limited to, PEG-DAG conjugates, PEG-
DAA conjugates, and mixtures thereof. In certain embodiments, the PEG-lipid conjugate is
selected from the group consisting of a PEG-diacylglycerol (PEG-DAG) conjugate, a PEG-
dialkyloxypropyl (PEG-DAA) conjugate, a PEG-phospholipid conjugate, a PEG-ceramide
(PEG-Cer) conjugate, and a mixture thereof.

[00313] In some embodiments, the pegylated lipid of the LNP of the disclosure is selected from
a PEG-ceramide, a PEG-diacylglycerol, a PEG-dialkyloxypropyl, a PEG-
dialkoxypropylcarbamate, a PEG-phosphatidylethanoloamine, a PEG-phospholipid, a PEG-
succinate diacylglycerol, and any combination of the foregoing.

[00314] In some embodiments, the pegylated lipid of the LNP of the disclosure is a PEG-
dialkyloxypropyl. In some embodiments, the pegylated lipid is selected from PEG-
didecyloxypropyl (C10), PEG-dilauryloxypropyl (C12), PEG-dimyristyloxypropyl (C14), PEG-
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dipalmityloxypropyl (C16), PEG-distearyloxypropyl (C18), and any combination of the
foregoing.

[00315] In other embodiments, the lipid-PEG conjugate of the LNP of the disclosure may be
PEG bound to phospholipid such as phosphatidylethanolamine (PEG-PE), PEG conjugated to
ceramide (PEG-CER, ceramide-PEG conjugate, ceramide-PEG, cholesterol or PEG conjugated
to derivative thereof, PEG-c-DOMG, PEG-DMG, PEG-DLPE, PEG-DMPE, PEG-DPPC, PEG-
DSPE(DSPE-PEG), and a mixture thereof, and for example, may be C16-PEG2000 ceramide
(N-palmitoyl-sphingosine-1-{succinyl[methoxy(polyethylene glycol)2000]}), DMG-PEG 2000,
14:0 PEG2000 PE.

[00316] In some embodiments, the pegylated lipid of the LNP of the disclosure is selected from
1-(monomethoxy-polyethyleneglycol)-2,3-dimyristoylglycerol, 4-O-(2',3'-
di(tetradecanoyloxy)propyl-1-O-(w-methoxy(polyethoxy)ethyl)butanedioate (PEG-S-DMG), o-
methoxy(polyethoxy)ethyl-N-(2,3-di(tetradecanoxy )propyl)carbamate, 2,3-
di(tetradecanoxy)propyl-N-(w-methoxy(polyethoxy)ethyl)carbamate, and any combination of
the foregoing.

[00317] In some embodiments, the pegylated lipid of the LNP of the disclosure is selected from
mPEG2000-1,2-di-O-alkyl-sn3-carbomoylglyceride (PEG-C-DOMG), 1-[8'-(1,2-dimyristoyl-3-
propanoxy)-carboxamido-3’,6'-dioxaoctanyl Jcarbamoyl-w-methyl-poly(ethylene glycol) (2
KPEG-DMG), and any combination of the foregoing.

[00318] In some embodiments, the PEG is directly attached to the lipid of the pegylated lipid.
In other embodiments, the PEG is attached to the lipid of the pegylated lipid by a linker moiety
selected from an ester-free linker moiety or an ester-containing linker moiety. Non-limiting
examples of the ester-free linker moiety include amido (-C(O)NH-), amino (-NR-), carbonyl (-
C(0)-), carbamate (-NHC(O)O-), urea (-NHC(O)NH-), disulfide (-S-S-), ether (-O-), succinyl (-
(O)CCH2CH2C(0)-), succinamidyl (-NHC(O)CH2CH2C(O)NH-), ether, disulfide and
combinations thereof. For example, the linker may contain a carbamate linker moiety and an
amido linker moiety. Non-limiting examples of the ester-containing linker moiety include
carbonate (-OC(0O)0O-), succinoyl, phosphate ester (-O-(O)POH-O-), sulfonate ester, and
combinations thereof.

[00319] The PEG moiety of the pegylated lipid of the LNP of the disclosure described herein
may have an average molecular weight ranging from about 550 daltons to about 10,000 daltons.

In certain embodiments, the PEG moiety has an average molecular weight of from about 750
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daltons to about 5,000 daltons, about 1,000 daltons to about 4,000 daltons, about 1,500 daltons
to about 3,000 daltons, about 750 daltons to about 3,000 daltons, or about 1750 daltons to about
2,000 daltons.

[00320] In some embodiments, the conjugated lipid (e.g., pegylated lipid) comprises from about
1 mol % to about 60 mol %, from about 2 mol % to about 50 mol %, from about 5 mol % to
about 40 mol %, or from about 5 mol % to about 20 mol % of the total lipid present in the LNPs
and/or LNP compositions. In certain embodiments, the conjugated lipid comprises from about
0.5 mol % to about 3 mol % of the total lipid present in the particle.

[00321] In additional embodiments, the conjugated lipid (e.g., pegylated lipid) of the LNP of
the disclosure comprises at least about 1, 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, or 60 mol %,
or an intermediate range of any of the foregoing, of the total lipid present in the LNPs and/or
LNP compositions.

[00322] For the lipid in the lipid-PEG conjugate of the LNP of the disclosure, any lipid capable
of binding to polyethyleneglycol may be used without limitation, and the phospholipid and/or
cholesterol which are other elements of the LNP may be also used. In some embodiments, the
lipid in the lipid-PEG conjugate may be ceramide, dimyristoylglycerol (DMG), succinoyl-
diacylglycerol (s-DAG), distearoylphosphatidylcholine (DSPC),
distearoylphosphatidylethanolamine (DSPE), or cholesterol, but not limited thereto.

[00323] In the lipid-PEG conjugate of the LNP of the disclosure, the PEG may be directly
conjugated to the lipid or linked to the lipid via a linker moiety. Any linker moiety suitable for
binding PEG to the lipid may be used, and for example, includes an ester-free linker moiety and
an ester-containing linker moiety. The ester-free linker moiety includes not only amido (-
C(O)NH-), amino (-NR-), carbonyl (-C(O)-), carbamate (-NHC(O)O-), urea (-NHC(O)NH-),
disulfide (-S-S-), ether (-O-), succinyl (-(O)CCH2CH2C(0O)-), succinamidyl (-
NHC(O)CH2CH2C(O)NH-), ether, disulfide but also combinations thereof (for example, a
linker containing both a carbamate linker moiety and an amido linker moiety), but not limited
thereto. The ester-containing linker moiety includes for example, carbonate (-OC(O)0O-),
succinoyl, phosphate ester (-O-(O)POH-O-), sulfonate ester, and combinations thereof, but not
limited thereto.

Steroids

[00324] In some embodiments, the LNPs and LNP compositions of the present disclosure

include at least one steroid or derivative thereof. In some embodiments, the steroid comprises
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cholesterol. In some embodiments, the LNPs and LNP compositions comprise a cholesterol
derivative selected from cholestanol, cholestanone, cholestenone, coprostanol, cholesteryl-2'-
hydroxyethyl ether, cholesteryl-4'-hydroxybutyl ether, and any combination of the foregoing.
[00325] In some embodiments, the steroid (e.g., cholesterol) of the LNP of the disclosure
comprises from about 1 mol % to about 65 mol %, from about 2 mol % to about 50 mol %, from
about 5 mol % to about 40 mol %, or from about 5 mol % to about 20 mol % of the total lipid
present in the LNPs and/or LNP compositions. In other embodiments, the steroid (e.g.,
cholesterol) of the LNP of the disclosure comprises at least about 1, 2, 5, 10, 15, 20, 25, 30, 35,
40, 45, 50, 55, or 60 mol %, or an intermediate range of any of the foregoing, of the total lipid
present in the LNPs and/or LNP compositions.

Helper lipid/Helper lipid or Structural Lipid

[00326] In some embodiments, the LNPs and LNP compositions of the present disclosure
include at least one helper lipid. In some embodiments, the helper lipid is non-cationic lipid
selected from an anionic lipid, a neutral lipid, or both. In some embodiments, the helper lipid
comprises at least one phospholipid. In some embodiments, the phospholipid is selected from an
anionic phospholipid, a neutral phospholipid, or both. The phospholipid of the elements of the
LNPs and LNP compositions can play a role in covering and protecting a core of the LNP
formed by interaction of the cationic lipid and nucleic acid in the LNP, and may facilitate cell
membrane permeation and endosomal escape during intracellular delivery of the nucleic acid by
binding to the phospholipid bilayer of a target cell. A phospholipid which can promote fusion of
the LNP to a cell may include without limitation, any of the phospholipids selected from the
group described below.

[00327] In some embodiments, the LNPs and LNP compositions comprise at least one
phospholipid selected from, but not limited to, dipalmitoyl-phosphatidylcholine (DPPC),
distearoyl-phosphatidylcholine (DSPC), dioleoyl-phosphatidylethanolamine (DOPE), dioleoyl-
phosphatidylcholine (DOPC), dioleoyl-phosphatidylglycerol (DOPG), palmitoyloleoyl-
phosphatidylcholine (POPC), palmitoyloleoyl-phosphatidylethanolamine (POPE),
palmitoyloleyol-phosphatidylglycerol (POPG), dipalmitoyl-phosphatidylethanolamine (DPPE),
dipalmitoyl-phosphatidylglycerol (DPPG), dimyristoyl-phosphatidylethanolamine (DMPE),
distearoyl-phosphatidylethanolamine (DSPE), monomethyl-phosphatidylethanolamine,
dimethyl-phosphatidylethanolamine, dielaidoyl-phosphatidylethanolamine (DEPE),
stearoyloleoyl-phosphatidylethanolamine (SOPE), egg phosphatidylcholine (EPC),
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phosphatidylethanolamine (PE), 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine, 1-palmitoyl-2-
oleoyl-sn-glycero-3-phosphocholine (POPC), 1,2-dioleoyl-sn-glycero-3-[phospho-L-serine]
(DOPY), 1,2-dioleoyl-sn-glycero-3-[phospho-L-serine], and any combination of the foregoing.
In one example, the LNP comprising DOPE may be effective in mRNA delivery (excellent drug
delivery efficacy).

[00328] In some embodiments, the helper lipid (e.g., phospholipid) of the LNP of the disclosure
comprises from about 1 mol % to about 60 mol %, from about 2 mol % to about 50 mol %, from
about 5 mol % to about 40 mol %, or from about 5 mol % to about 20 mol % of the total lipid
present in the LNPs and/or LNP compositions. In other embodiments, the helper lipid (e.g.,
phospholipid) of the LNP of the disclosure comprises at least about 1, 2, 5, 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, or 60 mol %, or an intermediate range of any of the foregoing, of the total
lipid present in the LNPs and/or LNP compositions.

[00329] It will be appreciated that the total lipid present in the LNPs and/or LNP compositions
comprises the lipids as individual or in combination of the cationic lipid or ionizable cationic
lipid, the conjugated lipid, (e.g., pegylated lipid), the peptide conjugated PEG lipid, the steroid
(e.g., cholesterol), peptide conjugated-structural lipid (Ex: DSPE-cRGD) and the structural lipid
(e.g., phospholipid), leading from LNP formulation containing one to multi-component but not
limited to one, two, three, four or five components in an LNP formulation.

[00330] The LNPs and/or LNP compositions may be prepared by dissolving the total lipids (or
a portion thereof) in an organic solvent (e.g., ethanol) followed by mixing through a micromixer
with the payload (e.g., nucleic acids of the systems) dissolved in an acidic buffer (e.g., pH
between 1.0-6.5). At this pH the ionizable cationic lipid is positively charged and interacts with
the negatively-charged nucleic acid polymers. The resulting nanostructures containing the
nucleic acids are then converted to neutral LNPs when dialyzed against a neutral buffer which
also includes removal of the organic solvent (e.g., ethanol) during the exchange of LNPs into
physiologically relevant buffer. The LNPs and/or LNP compositions thus formed have a distinct
electron-dense nanostructured core where the cationic lipids are organized into inverted micelles
around the encapsulated payload, as opposed to traditional bilayer liposomal structures. In
another embodiment, the LNP may form a bleb-like structure with nucleic acids in aqueous

pockets along the non-electron dense lipid core.
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b. Lipid nanoparticle properties
[00331] The LNPs and/or LNP compositions may be prepared by dissolving the total lipids (or
a portion thereof) in an organic solvent (e.g., ethanol) followed by mixing through a micromixer
with the payload (e.g., nucleic acids of the systems) dissolved in an acidic buffer (e.g., pH
between 1.0-6.5). At this pH the ionizable cationic lipid is positively charged and interacts with
the negatively-charged nucleic acid polymers. The resulting nanostructures containing the
nucleic acids are then converted to neutral LNPs when dialyzed against a neutral buffer which
also includes removal of the organic solvent (e.g., ethanol) during the exchange of LNPs into
physiologically relevant buffer. The LNPs and/or LNP compositions thus formed have a distinct
electron-dense nanostructured core where the cationic lipids are organized into inverted micelles
around the encapsulated payload, as opposed to traditional bilayer liposomal structures. In
another embodiment, the LNP may form a bleb-like structure with nucleic acids in aqueous
pockets along the non-electron dense lipid core.
[00332] In some embodiments, the LNPs and/or LNP compositions of the disclosure comprise
cationic lipid : helper lipid (e.g., phospholipid) : steroid (e.g., cholesterol) : conjugated lipid,
(e.g., pegylated lipid) at a molar ratio of 20 to 50:10 to 30:30 to 60:0.5 to 5, at a molar ratio of 25
10 45:10 t0 25:40 to 50:0.5 to 3, at a molar ratio of 25 t0 45:10 t0 20:40 to 55:0.5t0 3, orata
molar ratio of 25 to 45:10 t0 20:40 to 55:1.0to 1.5.
[00333] In some embodiments, the LNPs and/or LNP compositions of the disclosure have a
total lipid : payload ratio (mass/mass) of from about 1 to about 100. In some embodiments, the
total lipid : payload ratio is about 1 to about 50, from about 2 to about 25, from about 3 to about
20, from about 4 to about 15, or from about 5 to about 10. In some embodiments, the total lipid :
payload ratio is about 5 to about 15, e.g., about 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, or an
intermediate range of any of the foregoing.
[00334] In certain embodiments, the LNPs of the disclosure comprise a total lipid: nucleic acid
mass ratio of from about 5:1 to about 15:1. In some embodiments, the weight ratio of the
cationic lipid and nucleic acid comprised in the LNP may be 1 to 20:1, 1 to 15:1, 1 to 10:1, S to
20:1,5to 15:1, 5t0 10:1, 7.5 t0 20:1, 7.5 t0 15:1, or 7.5 t0 10:1.
[00335] In some embodiments, the LNP of the disclosure may comprise the cationic lipid of 20
to 50 parts by weight, the phospholipid of 10 to 30 parts by weight, cholesterol of 20 to 60 parts
by weight (or 20 to 60 parts by weight), and lipid-PEG conjugate of 0.1 to 10 parts by weight (or
0.25 to 10 parts by weight, 0.5 to 5 parts by weight). Alternatively, the LNP may comprise the
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cationic lipid of 20 to 50 % by weight, phospholipid of 10 to 60 % by weight, cholesterol of 20
to 60 % by weight (or 30 to 60 % by weight), and lipid-PEG conjugate of 0.1 to 10 % by weight
(or 0.25 to 10 % by weight, 0.5 to 5 % by weight) based on the total nanoparticle weight. As a
further alternative, the LNP may comprise the cationic lipid of 25 to 50 % by weight,
phospholipid of 10 to 20 % by weight, cholesterol of 35 to 55 % by weight, and lipid-PEG
conjugate of 0.1 to 10 % by weight (or 0.25 to 10 % by weight, 0.5 to 5 % by weight), based on
the total nanoparticle weight.

[00336] In some embodiments, the LNPs of the present disclosure have a mean diameter of
from about 20 to 200 nm, 20 to 180 nm, 20 to 170 nm, 20 to 150 nm, 20 to 120 nm, 20 to 100
nm, 20 to 90 nm, 30 to 200 nm, 30 to 180 nm, 30 to 170 nm, 30 to 150 nm, 30 to 120 nm, 30 to
100 nm, 30 to 90 nm, 40 to 200 nm, 40 to 180 nm, 40 to 170 nm, 40 to 150 nm, 40 to 120 nm, 40
to 100 nm, 40 to 90 nm, 40 to 80 nm, 40 to 70 nm, 50 to 200 nm, 50 to 180 nm, 50 to 170 nm,
50 to 150 nm, 50 to 120 nm, 50 to 100 nm, 50 to 90 nm, 60 to 200 nm, 60 to 180 nm, 60 to 170
nm, 60 to 150 nm, 60 to 120 nm, 60 to 100 nm, 60 to 90 nm, 70 to 200 nm, 70 to 180 nm, 70 to
170 nm, 70 to 150 nm, 70 to 120 nm, 70 to 100 nm, 70 to 90 nm, 80 to 200 nm, 80 to 180 nm, 80
to 170 nm, 80 to 150 nm, 80 to 120 nm, 80 to 100 nm, 80 to 90 nm, 90 to 200 nm, 90 to 180 nm,
90 to 170 nm, 90 to 150 nm, 90 to 120 nm, or 90 to 100 nm, or an intermediate range of any of
the foregoing.

[00337] In some embodiments, the LNPs and/or LNP compositions of the disclosure have a
positive charge at acidic pH and may encapsulate the payload (e.g., therapeutic agent) through
electrostatic interaction produced by negative charges of the payload (e.g., therapeutic agent).
The term “encapsulation,” refers to the mixture of lipids surrounding and embedding the payload
(e.g., therapeutic agent) at physiological conditions, forming the LNPs. The term “encapsulation
efficiency,” as used herein is the percent amount of payload (e.g., therapeutic agent)
encapsulated by the LNPs. It is a measure of payload (e.g., therapeutic agent) in bulk before
disruption of LNPs divided by the total amount of payload (e.g., therapeutic agent) measured in
bulk post-disruption of LNPs using a surfactant based reagent such as 1-2% Triton X-100. The
encapsulation efficiency of the LNPs and/or LNP compositions may be 70% or more, 75% or
more, 80% or more, 85% or more, 90% or more, 91% or more, 92% or more, 94% or more, or
95% or more. In other embodiments, the encapsulation efficiency of the LNPs and/or LNP
compositions is about 80% to 99%, about 85% to 98%, about 88% to 95%, about 90% to 95%,

or the payload (e.g., nucleic acids of the systems) may be fully encapsulated within the lipid
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portion of the LNPs compositions, and thereby protected from enzymatic degradation. In some
embodiments, the payload (e.g., therapeutic agent) is not substantially degraded after exposure
of the LNPs and/or LNP compositions to a nuclease at 37° C. for at least about 20, 30, 45, or 60
minutes or at least about 2, 3, 4, 5, 6, 7,8, 9, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, or
36 hours. In some embodiments, the payload (e.g., nucleic acids of the systems) is complexed
with the lipid portion of the LNPs and/or LNP compositions. The LNPs and/or LNP
compositions of the present disclosure are non-toxic to mammals such as humans.

[00338] The term “fully encapsulated” indicates that the payload (e.g., the nucleic acids of the
system) in the LNPs and/or LNP compositions is not significantly degraded after exposure to
conditions that significantly degrade free DNA, RNA, or protein. In a fully encapsulated system,
less than about 25%, more preferably less than about 10%, and most preferably less than about
5% of the payload (e.g., nucleic acids of the system) in the LNPs and/or LNP compositions is
degraded by conditions that would degrade 100% of a non-encapsulated payload. “Fully
encapsulated” also indicates that the LNPs and/or LNP compositions are serum-stable, and do
not decompose into their component parts immediately upon exposure to serum proteins post in
vivo administration and protects the cargo until endosomal escape and release into cytoplasm of
the cell.

[00339] In some embodiments, the amount of the LNPs and/or LNP compositions having the
payload (e.g., therapeutic agent), encapsulated therein is from about 30% to about 100%, from
about 40% to about 100%, from about 50% to about 100%, from about 60% to about 100%,
from about 70% to about 100%, from about 80% to about 100%, from about 90% to about
100%, from about 30% to about 95%, from about 40% to about 95%, from about 50% to about
95%, from about 60% to about 95%, %, from about 70% to about 95%, from about 80% to about
95%, from about 85% to about 95%, from about 90% to about 95%, from about 30% to about
90%, from about 40% to about 90%, from about 50% to about 90%, from about 60% to about
90%, from about 70% to about 90%, from about 80% to about 90%, or at least about 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or an intermediate range of any of the foregoing.

[00340] In some embodiments, the amount of the payload (e.g., the nucleic acids), encapsulated
within the LNPs and/or LNP compositions is from about 30% to about 100%, from about 40% to
about 100%, from about 50% to about 100%, from about 60% to about 100%, from about 70%
to about 100%, from about 80% to about 100%, from about 90% to about 100%, from about
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30% to about 95%, from about 40% to about 95%, from about 50% to about 95%, from about
60% to about 95%, %, from about 70% to about 95%, from about 80% to about 95%, from about
85% to about 95%, from about 90% to about 95%, from about 30% to about 90%, from about
40% to about 90%, from about 50% to about 90%, from about 60% to about 90%, from about
70% to about 90%, from about 80% to about 90%, or at least about 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%,
99%, or an intermediate range of any of the foregoing.

[00341] In some embodiments, the nucleic acids of the disclosure, such as the mRNA encoding
the repressor fusion protein, and/or the gRNA, may be provided in a solution to be mixed with a
lipid solution such that the nucleic acids may be encapsulated in the lipid nanoparticles. A
suitable nucleic acid solution may be any aqueous solution containing the nucleic acid to be
encapsulated at various concentrations. For example, a suitable nucleic acid solution may
contain the nucleic acid (or nucleic acids) at a concentration of or greater than about 0.01 mg/ml,
0.05 mg/ml, 0.06 mg/ml, 0.07 mg/ml, 0.08 mg/ml, 0.09 mg/ml, 0.1 mg/ml, 0.15 mg/ml, 0.2
mg/ml, 0.3 mg/ml, 0.4 mg/ml, 0.5 mg/ml, 0.6 mg/ml, 0.7 mg/ml, 0.8 mg/ml, 0.9 mg/ml, 1.0
mg/ml, 1.25 mg/ml, 1.5 mg/ml, 1.75 mg/ml, or 2.0 mg/ml. In some embodiments, the nucleic
acid comprises an mRNA encoding a repressor fusion protein, and a suitable mRNA solution
may contain the mRNA at a concentration ranging from about 0.01-2.0 mg/ml, 0.01-1.5 mg/ml,
0.01-1.25 mg/ml, 0.01-1.0 mg/ml, 0.01-0.9 mg/ml, 0.01-0.8 mg/ml, 0.01-0.7 mg/ml, 0.01-0.6
mg/ml, 0.01-0.5 mg/ml, 0.01-0.4 mg/ml, 0.01-0.3 mg/ml, 0.01-0.2 mg/ml, 0.01-0.1 mg/ml, 0.05-
1.0 mg/ml, 0.05-0.9 mg/ml, 0.05-0.8 mg/ml, 0.05-0.7 mg/ml, 0.05-0.6 mg/ml, 0.05-0.5 mg/ml,
0.05-0.4 mg/ml, 0.05-0.3 mg/ml, 0.05-0.2 mg/ml, 0.05-0.1 mg/ml, 0.1-1.0 mg/ml, 0.2-0.9
mg/ml, 0.3-0.8 mg/ml, 0.4-0.7 mg/ml, or 0.5-0.6 mg/ml. In some embodiments, a suitable
mRNA solution may contain an mRNA at a concentration up to about 5.0 mg/ml, 4.0 mg/ml, 3.0
mg/ml, 2.0 mg/ml, 1.0 mg/ml, 0.9 mg/ml, 0.8 mg/ml, 0.7 mg/ml, 0.6 mg/ml, 0.5 mg/ml, 0.4
mg/ml, 0.3 mg/ml, 0.2 mg/ml, 0.1 mg/ml, 0.05 mg/ml, 0.04 mg/ml, 0.03 mg/ml, 0.02 mg/ml,
0.01 mg/ml, or 0.05 mg/ml. In some embodiments, a suitable gRNA solution may contain an
gRNA at a concentration up to about 5.0 mg/ml, 4.0 mg/ml, 3.0 mg/ml, 2.0 mg/ml, 1.0 mg/ml,
0.9 mg/ml, 0.8 mg/ml, 0.7 mg/ml, 0.6 mg/ml, 0.5 mg/ml, 0.4 mg/ml, 0.3 mg/ml, 0.2 mg/ml, 0.1
mg/ml, 0.05 mg/ml, 0.04 mg/ml, 0.03 mg/ml, 0.02 mg/ml, 0.01 mg/ml, or 0.05 mg/ml.

[00342] In some embodiments, the LNP may have an average diameter of 20nm to 200nm, 20

to 180nm, 20nm to 170nm, 20nm to 150nm, 20nm to 120nm, 20nm to 100nm, 20nm to 90nm,
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30nm to 200nm, 30 to 180nm, 30nm to 170nm, 30nm to 150nm, 30nm to 120nm, 30nm to
100nm, 30nm to 90nm, 40nm to 200nm, 40 to 180nm, 40nm to 170nm, 40nm to 150nm, 40nm
to 120nm, 40nm to 100nm, 40nm to 90nm, 40nm to 80nm, 40nm to 70nm, 50nm to 200nm, 50
to 180nm, 50nm to 170nm, 50nm to 150nm, 50nm to 120nm, 50nm to 100nm, 50nm to 90nm,
60nm to 200nm, 60 to 180nm, 60nm to 170nm, 60nm to 150nm, 60nm to 120nm, 60nm to
100nm, 60nm to 90nm, 70nm to 200nm, 70 to 180nm, 70nm to 170nm, 70nm to 150nm, 70nm
to 120nm, 70nm to 100nm, 70nm to 90nm, 80nm to 200nm, 80 to 180nm, 80nm to 170nm,
80nm to 150nm, 80nm to 120nm, 80nm to 100nm, 80nm to 90nm, 90nm to 200nm, 90 to
180nm, 90nm to 170nm, 90nm to 150nm, 90nm to 120nm, or 90nm to 100nm for easy
introduction into liver tissue, hepatocytes and/or LSEC (liver sinusoidal endothelial cells). The
LNP may be sized for easy introduction into organs or tissues, including but not limited to liver,
lung, heart, spleen, as well as to tumors. When the size of the LNP is smaller than the above
range, it can be difficult to maintain stability as the surface area of the LNP is excessively
increased, and thus delivery to the target tissue and/or drug effect may be reduced. The LNP may
specifically target liver tissue. Without wishing to be bound by theory, it is thought that one
mechanism by which LNP may be used to deliver therapeutic agents is through the imitation of
the metabolic behaviors of natural lipoproteins, and so LNP may be usefully delivered to a
subject through the lipid metabolism processes carried out by the liver. During the delivery of
therapeutic agents to hepatocytes or and/or LSEC (liver sinusoidal endothelial cells), the
diameter of the fenestrae leading from the sinusoidal lumen to the hepatocytes and LSEC is
about 140 nm in mammals and about 100 nm in humans, so the LNP composition for therapeutic
agent delivery having LNPs with a diameter in the above ranges may have excellent delivery
efficiency to hepatocytes and LSEC when compared to LNP having the diameter outside the
above range.

[00343] According to one example, the LNPs of the LNP composition may comprise the
ionizable cationic lipid : phospholipid : cholesterol : lipid-PEG conjugate in the range described
above or at a molar ratio of 20 to 50:10 to 30:30 to 60:0.5 to 5, at a molar ratio of 25 to 45:10 to
25:40t0 50:0.5 to 3, at a molar ratio of 25 to 45:10 to 20:40 to 55:0.5 to 3, or at a molar ratio of
251045:10 to 20:40 to 55:1.0 to 1.5. The LNP comprising components at a molar ratio in the
above range may have excellent delivery efficiency of therapeutic agents specific to cells of

target organs.
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[00344] In certain aspects, the LNP exhibit a positive charge under the acidic pH condition by
showing a pKaof 5t0 8,5.5t0 7.5, 6to 7, or 6.5 to 7, and may encapsulate a nucleic acid with
high efficiency by easily forming a complex with a nucleic acid through electrostatic interaction
with a therapeutic agent such as a nucleic acid showing a negative charge. In such cases, the
LNP may be usefully used as a composition for intracellular or in vivo delivery of a therapeutic
agent (for example, nucleic acid).

[00345] Herein, "encapsulate" or "encapsulation" refers to incorporation of a therapeutic agent
efficiently inside a lipid envelope , i.e., by surrounding it by the particle surface and/or
embedding it within the particle interior made of various lipids that self-assemble when the
polarity of the solvent surrounding them is increased. The encapsulation efficiency means the
content of the therapeutic agent encapsulated in the LNP relative the total therapeutic agent
content measured per given volume of the LNP formulation measured post-disruption of the
LNPs.

[00346] The encapsulation of the nucleic acids of the composition in the LNP may be 70% or
more, 75% or more, 80% or more, 85% or more, 90% or more, 91% or more, 92% or more, 94%
or more, or 95% or more of LNP in the composition encapsulate nucleic acids. In some
embodiments, the encapsulation of the nucleic acids of the composition in the LNP is such that
between 80% to 99%, between 80% to 97%, between 80% to 95%, between 85% to 95%,
between 87% to 95%, between 90% to 95%, between 91% or more to 95% or less, 91% or more
t0 94% or less, over 91% to 95% or less, 92% to 99%, between 92% to 97%, or between 92% to
95% of the LNP in the composition encapsulate nucleic acids. In some embodiments, the mRNA
encoding the repressor fusion protein and/or a gRNA of any of the embodiments of the
disclosure are fully encapsulated in the LNP.

[00347] The target organs to which a nucleic acid is delivered by the LNP include, but are not
limited to the liver, lung, heart, spleen, as well as to tumors. The LNP according to one example
is liver tissue-specific and has excellent biocompatibility and can deliver the nucleic acids of a
composition with high efficiency, and thus it can be usefully used in related technical fields such
as lipid nanoparticle-mediated gene therapy. In a particular embodiment, the target cell to which
the nucleic acids are delivered by the LNP according to one example may be a hepatocyte and/or
LSEC in vivo. In other embodiments, the disclosure provides LNP formulated for delivery of the

nucleic acids of the embodiments to cells ex vivo.
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[00348] The disclosure provides a pharmaceutical composition comprising a plurality of LNPs
comprising nucleic acids, such as mRNA encoding repressor fusion protein and/or a gRNA
variant described herein, and a pharmaceutically acceptable carrier.

[00349] In certain embodiments, the LNP comprising the nucleic acid(s) has an electron dense
core.

[00350] The disclosure provides LNP comprising one or more nucleic acids comprising: (a) an
mRNA encoding the repressor fusion protein, and/or a gRNA variant described herein; (b) one
or more cationic lipids or ionizable cationic lipids or salts thereof comprising from about 20 mol
% to about 60 mol % of the total lipid present in the LNP; (¢) one or more non-cationic lipids
comprising from about 13 mol % to about 49.5 mol % of the total lipid present in the LNP; and
(d) one or more conjugated lipids that inhibit aggregation of LNPs comprising from about 0.5
mol % to about 2 mol % of the total lipid present in the particle. In another embodiment, the
disclosure provides LNP comprising one or more nucleic acids comprising: (a) an mRNA
encoding the repressor fusion protein, and/or a gRNA variant described herein; (b) one or more
cationic lipids or ionizable cationic lipids or salts thereof comprising from about 22 mol % to
about 85 mol % of the total lipid present in the LNP; (¢) one or more non-cationic/phospholipids
comprising from about 10 mol % to about 70 mol % of the total lipid present in the LNP; (d) 15
mol % to about 50 mol % sterol, and (d) 1 mol % to about 5 mol % lipid-PEG or lipid-PEG-
peptide in the particle. In certain embodiments the repressor fusion protein mRNA and gRNA
may be present in the same nucleic acid-lipid particle, or they may be present in different nucleic
acid-lipid particles.

[00351] The disclosure provides LNP comprising one or more nucleic acids comprising: (a) an
mRNA encoding the repressor fusion proteins described herein; (b) a cationic lipid or a salt
thereof comprising from about 52 mol % to about 62 mol % of the total lipid present in the LNP;
(c) a mixture of a phospholipid and cholesterol or a derivative thereof comprising from about 36
mol % to about 47 mol % of the total lipid present in the LNP; and (d) a PEG-lipid conjugate
comprising from about 1 mol % to about 2 mol % of the total lipid present in the LNP. In
particular embodiments, the formulation is a four-component system comprising about 1.4 mol
% PEG-lipid conjugate (e.g., PEG2000-C-DMA), about 57.1 mol % cationic lipid (e.g., DLin-K-
C2-DMA) or a salt thereof, about 7.1 mol % DPPC (or DSPC), and about 34.3 mol %

cholesterol (or derivative thereof).
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[00352] In other embodiments, the LNP comprising one or more nucleic acids comprises: (a) an
mRNA encoding the repressor fusion proteins and/or a gRNA of any of the embodiments
described herein; (b) a cationic lipid or a salt thereof comprising from about 46.5 mol % to about
66.5 mol % of the total lipid present in the LNP; (c¢) cholesterol or a derivative thereof
comprising from about 31.5 mol % to about 42.5 mol % of the total lipid present in the LNP; and
(d) a PEG-lipid conjugate comprising from about 1 mol % to about 2 mol % of the total lipid
present in the LNP. In particular embodiments, the formulation is a three-component system
which is phospholipid-free and comprises about 1.5 mol % PEG-lipid conjugate (e.g., PEG2000-
C-DMA), about 61.5 mol % cationic lipid (e.g., DLin-K-C2-DMA) or a salt thereof, and about
36.9 mol % cholesterol (or derivative thereof).

[00353] Additional formulations are described in PCT Publication No. WO 09/127060 and US
patent publication numbers US 2011/0071208 A1 and US 2011/0076335 Al, the disclosures of
which are herein incorporated by reference in their entirety.

[00354] In other embodiments, the LNP comprising one or more nucleic acids comprises: (a) an
mRNA encoding the repressor fusion protein and a gRNA of any of the embodiments described
herein; (b) one or more cationic lipid or ionizable cationic lipids or salts thereof comprising from
about 2 mol % to about 50 mol % of the total lipid present in the LNP; (c) one or more non-
cationic lipid or ionizable cationic lipids comprising from about 5 mol % to about 90 mol % of
the total lipid present in the LNP; and (d) one or more conjugated lipids that inhibit aggregation
of particles comprising from about 0.5 mol % to about 20 mol % of the total lipid present in the
LNP.

[00355] In other embodiments, the LNP comprising one or more nucleic acids comprises: (a) an
mRNA encoding the repressor fusion protein and a gRNA of any of the embodiments described
herein; (b) a cationic lipid or a salt thereof comprising from about 30 mol % to about 50 mol %
of the total lipid present in the LNP; (c) a mixture of a phospholipid and cholesterol or a
derivative thereof comprising from about 47 mol % to about 69 mol % of the total lipid present
in the LNP; and (d) a PEG-lipid conjugate comprising from about 1 mol % to about 3 mol % of
the total lipid present in the LNP. In particular embodiments, the formulation is a four-
component system which comprises about 2 mol % PEG-lipid conjugate (e.g., PEG2000-C-
DMA), about 40 mol % cationic lipid (e.g., DLin-K-C2-DMA) or a salt thereof, about 10 mol %
DPPC (or DSPC), and about 48 mol % cholesterol (or derivative thereof).
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[00356] In other embodiments, the LNP comprising one or more nucleic acids comprises: (a) an
mRNA encoding the repressor fusion protein and a gRNA of any of the embodiments described
herein; (b) one or more cationic lipid or ionizable cationic lipids or salts thereof comprising from
about 50 mol % to about 65 mol % of the total lipid present in the LNP; (c) one or more non-
cationic lipid or ionizable cationic lipids comprising from about 25 mol % to about 45 mol % of
the total lipid present in the LNP; and (d) one or more conjugated lipids that inhibit aggregation
of particles comprising from about 5 mol % to about 10 mol % of the total lipid present in the
LNP.

[00357] In other embodiments, the LNP comprising one or more nucleic acids comprises: (a) an
mRNA encoding the repressor fusion protein and a gRNA of any of the embodiments described
herein; (b) a cationic lipid or a salt thereof comprising from about 50 mol % to about 60 mol %
of the total lipid present in the LNP; (c) a mixture of a phospholipid and cholesterol or a
derivative thereof comprising from about 35 mol % to about 45 mol % of the total lipid present
in the LNP; and (d) a PEG-lipid conjugate comprising from about 5 mol % to about 10 mol % of
the total lipid present in the LNP.

[00358] In certain embodiments, the non-cationic lipid mixture in the formulation comprises:

(i) a phospholipid of from about 10 mol % to about 70 mol % of the total lipid present in the
LNP; (ii) cholesterol or a derivative thereof of from about 15 mol % to about 50 mol % of the
total lipid present in the LNP; and 1-5% lipid-PEG or lipid-PEG-peptide. In particular
embodiments, the formulation is a four-component system which comprises about 7 mol %
PEG-lipid conjugate (e.g., PEG750-C-DMA), about 54 mol % cationic lipid (e.g., DLin-K-C2-
DMA) or a salt thereof, about 7 mol % DPPC (or DSPC), and about 32 mol % cholesterol (or
derivative thereof).

[00359] In other embodiments, the LNP comprising one or more nucleic acids comprises: (a) an
mRNA encoding the repressor fusion protein and/or a gRNA of any of the embodiments
described herein; (b) a cationic lipid or a salt thereof comprising from about 55 mol % to about
65 mol % of the total lipid present in the LNP; (¢) cholesterol or a derivative thereof comprising
from about 30 mol % to about 40 mol % of the total lipid present in the LNP; and (d) a PEG-
lipid conjugate comprising from about 5 mol % to about 10 mol % of the total lipid present in
the LNP. In particular embodiments, the formulation is a three-component system which is

phospholipid-free and comprises about 7 mol % PEG-lipid conjugate (e.g., PEG750-C-DMA),
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about 58 mol % cationic lipid (e.g., DLin-K-C2-DMA) or a salt thereof, and about 35 mol %
cholesterol (or derivative thereof).

[00360] In other embodiments, the LNP comprising one or more nucleic acids comprises: (a) an
mRNA encoding the repressor fusion protein and/or a gRNA of any of the embodiments
described herein; (b) a cationic lipid or a salt thereof comprising from about 48 mol % to about
62 mol % of the total lipid present in the LNP; (c¢) a mixture of a phospholipid and cholesterol or
a derivative thereof, wherein the phospholipid comprises about 7 mol % to about 17 mol % of
the total lipid present in the LNP, and wherein the cholesterol or derivative thereof comprises
about 25 mol % to about 40 mol % of the total lipid present in the LNP; and (d) a PEG-lipid
conjugate comprising from about 0.5 mol % to about 3.0 mol % of the total lipid present in the
LNP.

VIII.  Systems and Methods for Repression of PCSK9 Target Nucleic Acids

[00361] In another aspect, the present disclosure provides systems comprising a repressor
fusion protein comprising a catalytically dead CRISPR protein, and one or more gRNAs
(repressor fusion protein:gRNA system), for use in repressing a target nucleic acid of a PCSK9
gene in a population of cells. The systems provided herein are useful for various applications,
including as therapeutics, diagnostics, and for research. To effect the methods of the disclosure,
resulting in repression or silencing of the PCSK9 gene, provided herein are programmable
repressor fusion protein:gRNA systems. The programmable nature of the systems provided
herein allows for the precise targeting to achieve the desired effect at one or more regions of
predetermined interest in the PCSK9 gene target nucleic acid. In some embodiments, it may be
desirable to reduce or eliminate expression of the PCSK9 protein in a subject comprising
mutations, for example dominant mutations leading to hypercholesterolemia or familial or
autosomal dominant hypercholesterolemia. In some embodiments, it may be desirable to reduce
or eliminate expression of the PCSK9 protein in a subject with elevated cholesterol levels that is
not the result of mutations in the PCSK9 gene.

[00362] In some embodiments, the disclosure provides systems specifically designed for use in
the methods to repress or silence transcription the target nucleic acid of a PCSK9 gene in
eukaryotic cells; either in vitro, ex vivo, or in vivo in a subject. Generally, any portion of the
gene can be targeted using the programmable systems and methods provided herein. In one
embodiment, the disclosure provides for a method of repressing a target nucleic acid sequence of

a PCSK9 gene in a population of cells, the method comprising introducing into each cell of the
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population: i) a repressor fusion protein:gRNA system comprising a repressor fusion protein and
a gRNA of any of the embodiments described herein; i1) a nucleic acid encoding the repressor
fusion protein and gRNA of any of the embodiments described herein; iii) a vector selected from
the group consisting of a retroviral vector, a lentiviral vector, an adenoviral vector, an adeno-
associated viral (AAV) vector, and a herpes simplex virus (HSV) vector, and comprising the
nucleic acid of (iv), above; v) an LNP or a synthetic nanoparticle comprising a gRNA and a
mRNA encoding the repressor fusion protein; or vi) combinations of two or more of (i) to (v),
wherein transcription of the target nucleic acid sequence of the cells targeted by the gRNA is
repressed by the repressor fusion protein. In some embodiments of the method, contacting cells
with a repressor fusion protein:gRNA system of the embodiments results in repression of the
PCSK9 target nucleic acid of at least about 1%, at least about 2%, at least about 3%, at least
about 4%, at least about 5%, at least about 6%, at least about 7%, at least about 8%, at least
about 9%, or at least about 10%, at least about 20%, at least about 30%, at least about 40%, at
least about 50%, at least about 60% or more of the cells of the population. In some embodiments
of the method, the PCSK9 gene in the cells of the population is repressed or silenced such that
expression of the PCSK9 protein is decreased by at least about 10%, at least about 20%, at least
about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at
least about 80%, or at least about 90% in comparison to a cell where the PCSK9 gene has not
been targeted. In some embodiments, repression of transcription of the PCSK9 gene of the cells
of the population is sustained for at least about 8 hours, at least about 1 day, at least about 7
days, at least 2 weeks, at least about 3 weeks, at least about 1 month, or at least about 2 months,
when assayed in an in vitro assay. In some embodiments, repression of transcription of the
PCSK9 gene of the cells of the population is heritable, wherein the repression of the PCKS9
gene persists for at least 1, 2, 3, 4, 5, or 6 or more cell divisions.

[00363] In some embodiments of the method, the repression of the cell occurs in vitro. In some
embodiments of the method, the repression of the cell occurs ex vivo. In some embodiments,
repression occurs in vitro inside of the cell prior to introducing the cell into a subject. In some
embodiments, the cell is autologous or allogeneic with respect to the subject. In some
embodiments of the method, the repression of the cell occurs in vivo in a subject administered a
repressor fusion protein of any of the embodiments disclosed herein. In some embodiments of
the method, the cell is a eukaryotic cell. In some embodiments of the method, the eukaryotic cell

is selected from the group consisting of a rodent cell, a mouse cell, a rat cell, a primate cell, and
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a non-human primate cell. In some embodiments of the method, the eukaryotic cell is a human
cell. In some embodiments of the method, the cell is an embryonic stem cell, an induced
pluripotent stem cell, a germ cell, a fibroblast, an oligodendrocyte, a glial cell, a hematopoietic
stem cell, a neuron progenitor cell, a neuron, an astrocyte, a muscle cell, a bone cell, a
hepatocyte, a pancreatic cell, a retinal cell, a cancer cell, a T-cell, a B-cell, an NK cell, a fetal
cardiomyocyte, a myofibroblast, a mesenchymal stem cell, an autotransplanted expanded
cardiomyocyte, an adipocyte, a totipotent cell, a pluripotent cell, a blood stem cell, a myoblast, a
bone marrow cell, a mesenchymal cell, a parenchymal cell, an epithelial cell, an endothelial cell,
a mesothelial cell, fibroblasts, osteoblasts, chondrocytes, a hematopoietic stem cell, a bone-
marrow derived progenitor cell, a myocardial cell, a skeletal cell, a fetal cell, an undifferentiated
cell, a multi-potent progenitor cell, a unipotent progenitor cell, a monocyte, a cardiac myoblast, a
skeletal myoblast, a macrophage, a capillary endothelial cell, a xenogeneic cell, an allogenic cell,
or a post-natal stem cell.

[00364] In some embodiments, the disclosure provides a method for reversing the repression of
the PCSK9 gene in a population of cells resulting from the repressor fusion protein:gRNA
systems. In some embodiments, the repression is reversible by introducing into cells of the
population an inhibitor of DNMT. In some embodiments of the method, the repression is
reversible by use of a cytidine analog inhibitor of DNMT. In some embodiments, the repression
is reversible by use of an inhibitor selected from the group consisting of azacytidine, decitabine,
clofarabine, and zebularine. In some embodiments, the repression is reversible by use of an
inhibitor at a concentration of 0.1 uM to 40 uM, or any intermediate concentration. In some
embodiments, the method comprises administrations of a therapeutically effective dose of the
inhibitor of DNMT to a subject treated with a system of the disclosure, thereby reversing the
repression of PCSK9 by the system.

[00365] In some embodiments, the repressor fusion protein:gRNA systems comprise a
repressor fusion protein comprising a sequence of SEQ ID NOS: 3131-3132 as set forth in
Table 20, or a sequence at least 60% identical, at least 70% identical, at least 80% identical, at
least 81% identical, at least 82% identical, at least 83% identical, at least 84% identical, at least
85% identical, at least 86% identical, at least 86% identical, at least 87% identical, at least 88%
identical, at least 89% identical, at least 89% identical, at least 90% identical, at least 91%
identical, at least 92% identical, at least 93% identical, at least 94% identical, at least 95%
identical, at least 96% identical, at least 97% identical, at least 98% identical, at least 99%
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identical, or at least 99.5% identical thereto, a gRNA scaffold comprising a sequence of SEQ ID
NOS: 1744-1746 or 2947-2976, or a sequence at least 65% identical, at least 70% identical, at
least 75% identical, at least 80% identical, at least 81% identical, at least 82% identical, at least
83% identical, at least 84% identical, at least 85% identical, at least 86% identical, at least 86%
identical, at least 87% identical, at least 88% identical, at least 89% identical, at least 89%
identical, at least 90% identical, at least 91% identical, at least 92% identical, at least 93%
identical, at least 94% identical, at least 95% identical, at least 96% identical, at least 97%
identical, at least 98% identical, at least 99% identical, at least 99.5% identical thereto, and the
gRNA comprises a targeting sequence of SEQ ID NOS: 1824-2944 or a sequence at least 65%
identical, at least 70% identical, at least 75% identical, at least 80% identical, at least 85%
identical, at least 90% identical, or at least 95% identical thereto and having between 15 and 20
amino acids. In some embodiments of the system, the gRNA comprises a targeting sequence of
SEQ ID NOS: 1824-2944, as set forth in Table 7. In a particular embodiment, the repressor
fusion protein of the system comprises a sequence selected from the group consisting of SEQ ID
NOS: 3131-3132, the gRNA scaffold comprises a sequence selected from the group consisting
of SEQ ID NOS: 1744-1746 and 2947-2976, and the targeting sequence of the gRNA of the
repressor fusion protein:gRNA system is selected from the group consisting of the sequence of
SEQ ID NOS: 1824-2545. In a particular embodiment, the repressor fusion protein comprises a
sequence selected from the group consisting of the sequences of SEQ ID NOS: 3131-3132, the
gRNA scaffold comprises a sequence selected from the group consisting of SEQ ID NOS: 1744-
1746 and 2947-2976, and the targeting sequence of the gRNA is selected from the group
consisting of the sequence of SEQ ID NOS: 1824-1890, 1910, 1925, 2672, 2675, 2694, and 2714
as set forth in Table 8. In a particular embodiment, wherein the systems are formulated in LNP,
the repressor fusion protein comprises a sequence selected from the group consisting of SEQ ID
NOS: 3131-3132, and is encoded by an mRNA, the gRNA scaffold comprises a sequence of
SEQ ID NO: 1746, and the targeting sequence of the gRNA is selected from the group
consisting of SEQ ID NOS: 1824-1890, 1910, 1925, 2672, 2675, 2694, and 2714.

[00366] In some embodiments, the systems comprise an mRNA comprising one or more
sequences selected from the group consisting of SEQ ID NOS: 3105, 3109, and 3115-3128, or
sequences at least 60% identical, at least 70% identical, at least 80% identical, at least 81%
identical, at least 82% identical, at least 83% identical, at least 84% identical, at least 85%
identical, at least 86% identical, at least 86% identical, at least 87% identical, at least 88%
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identical, at least 89% identical, at least 89% identical, at least 90% identical, at least 91%
identical, at least 92% identical, at least 93% identical, at least 94% identical, at least 95%
identical, at least 96% identical, at least 97% identical, at least 98% identical, at least 99%
identical, or at least 99.5% identical thereto. In some embodiments, the systems comprise an
mRNA comprising one or more sequences selected from the group consisting of SEQ ID NOS:
3105, 3109, and 3115-3128. In a particular embodiment, the systems are formulated in LNP that
encapsulate the mRNA sequence comprising one or more sequences selected from the group
consisting of SEQ ID NOS: 3105, 3109, and 3115-3128, a gRNA selected from the group
consisting of SEQ ID NOS: 2948- 2956, 2958-2966, and 2968-2976, and the targeting sequence
of the gRNA is selected from the group consisting of the sequence of SEQ ID NOS: 1824-1890,
1910, 1925, 2672, 2675, 2694, and 2714. In some embodiments, the mRNA comprises a
sequence wherein at least about 70%, at least about 80%, at least about 90%, at least about 95%,
at least about 99%, or 100% of uridine nucleosides of the sequence are replaced with N1-
methylpseudouridine. In some embodiments, the mRNA further comprises a 5' untranslated
region (UTR) and a 3' untranslated region (UTR).

[00367] In one embodiment of the method, the system is introduced into the cells using LNP
comprising mRNA encoding the repressor fusion protein and gRNA variant of any of the
embodiments disclosed herein. In some embodiments, the LNP comprises an mRNA encoding
the repressor fusion protein comprising one or more sequences selected from the group
consisting of SEQ ID NOS: 3105, 3109, and 3115-3128, or a sequence having at least about
70%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or having at least about 99% sequence
identity thereto. In some embodiments of the foregoing, the LNP comprises a gRNA variant of
the disclosure having a targeting sequence complementary to the PCSK9 target nucleic acid. In
some embodiments, the LNP comprises an mRNA encoding an repressor fusion protein, wherein
the mRNA comprises a sequence selected from SEQ ID NOS: 3129-3130. In some
embodiments, the LNP comprises gRNA variant scaffold 174 (SEQ ID NO: 1744). In some
embodiments, the LNP comprises gRNA variant scaffold 235 (SEQ ID NO: 1745). In some
embodiments, the LNP comprises gRNA variant scaffold 316 (SEQ ID NO: 1746). In some
embodiments, the LNP comprises gRNA variant scaffold 316 with chemical modifications,
including modifications set forth in the sequences of SEQ ID NOS: 2968-2976, or a sequence
having at least about 70%, at least about 80%, at least about 90%, at least about 95%, at least
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about 96%, at least about 97%, at least about 98%, at least about 99% sequence identity thereto.
In a particular embodiment, the LNP comprises an mRNA encoding a repressor fusion protein
comprising the dCasX 491 (SEQ ID NO: 4) and gRNA variant 316 with chemical modifications
selected from the group consisting of SEQ ID NOS: 2968-2976, or a sequence having at least
about 70%, at least about 80%, at least about 90%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, at least about 99% sequence identity thereto, with a linked
targeting sequence selected from the group consisting of the sequences of SEQ ID NOS: 1824-
2944 that are chemically modified. In a particular embodiment, the LNP comprises an mRNA
encoding a repressor fusion protein comprising the dCasX 491 (SEQ ID NO: 4) and gRNA
variant scaffold 316 with chemical modifications comprising the sequence of SEQ ID NO: 2968,
with a linked targeting sequence selected from the group consisting of the sequences of SEQ ID
NOS: 1824-2944 that are chemically modified. In some embodiments of the method, the cells to
be modified are selected from the group consisting of rodent cells, mouse cells, rat cells, and
non-human primate cells. In other embodiments of the method, the cells to be modified are
human cells. In some embodiments of the method, the transcriptional repression of the
population of cells occurs in vivo in a subject, wherein the subject is selected from the group
consisting of a rodent, a mouse, a rat, a non-human primate, and a human. In some embodiments
of the methods, the modified cell is a hepatocyte, or a cell of the intestine, the kidney, the central
nervous system, a smooth muscle cell, macrophage or a cell of arterial walls such as the
endothelium.

[00368] The LNP can be administered by a route of administration selected from the group
consisting of intravenous, intraarterial, intraportal vein injection, intraperitoneal, intramuscular,
intracerebroventricular, intracisternal, intrathecal, intracranial, intralumbar, intraocular,
subcutaneous, and oral routes.

[00369] In some embodiments of the method of repression of a PCSK9 gene, the gene repressor
systems of the present disclosure can be designed to target any region of, or proximal to, a
PCSK9 gene or region of a PCSK9 gene for which repression of transcription is sought. When
the entirety of the gene is to be repressed, designing a guide with a targeting sequence
complementary to a sequence encompassing or proximal to the transcription start site (TSS) is
contemplated by the disclosure. The TSS selection occurs at different positions within the
promoter region, depending on promoter sequence and initiating-substrate concentration. The

core promoter serves as a binding platform for the transcription machinery, which comprises Pol
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IT and its associated general transcription factors (GTFs) (Haberle, V. et al. Eukaryotic core
promoters and the functional basis of transcription initiation (Nat Rev Mol Cell Biol. 19(10):621
(2018)). Variability in TSS selection has been proposed to involve DNA ‘scrunching’ and ‘anti-
scrunching,” the hallmarks of which are: (i) forward and reverse movement of the RNA
polymerase leading edge, but not trailing edge, relative to DNA, and (ii) expansion and
contraction of the transcription bubble. In some embodiments, the target nucleic acid sequence
bound by an RNP of the repressor fusion protein:gRNA system is within 1 kb of a transcription
start site (TSS) of the PCSK9 gene. In some embodiments, the target nucleic acid sequence
bound by an RNP of the system is within 20 bp, 50 bp, 100 bp, 150 bp, 200 bp, 250 bp, 500 bps,
or 1 kb upstream of a TSS of the PCSK9 gene. In some embodiments, the target nucleic acid
sequence bound by an RNP of the system is within 20 bp, 50 bp, 100 bp, 150 bp, 200 bp, 250 bp,
500 bps or 1 kb downstream of a TSS of the PCSK9 gene. In some embodiments, the target
nucleic acid sequence bound by an RNP of the system is within 500 bps upstream to 500 bps
downstream, or 300 bps upstream to 300 bps downstream of a TSS of the PCSK9 gene. In some
embodiments, the target nucleic acid sequence bound by an RNP of the system is within 20 bp,
50 bp, 100 bp, 150 bp, 200 bp, 250 bp, 500 bps, or 1 kb of an enhancer of the PCSK9 gene. In
some embodiments, the target nucleic acid sequence bound by a repressor fusion protein:gRNA
RNP is within 1 kb 3' to a 5' untranslated region of the PCSK9 gene. In other embodiments, the
target nucleic acid sequence bound by an RNP of the system is within the open reading frame of
the PCSK9 gene, inclusive of introns (if any). In some embodiments, the targeting sequence of a
gRNA of the system is designed to be specific for an exon of the PCSK9 gene. In a particular
embodiment, the targeting sequence of a gRNA of the system is designed to be specific for exon
1 of the PCSK9 gene. In other embodiments, the targeting sequence of a gRNA of the system is
designed to be specific for an intron of the PCSK9 gene. In other embodiments, the targeting
sequence of the gRNA of the system is designed to be specific for an intron-exon junction of the
PCSK9 gene. In other embodiments, the targeting sequence of the gRNA of the system is
designed to be specific for a regulatory element of the PCSK9 gene . In other embodiments, the
targeting sequence of the gRNA of the system is designed to be complementary to a sequence of
an intergenic region of the PCSK9 gene. In other embodiments, the targeting sequence of a
gRNA of the system is specific for a junction of the exon, an intron, and/or a regulatory element
of the PCSK9 gene. In those cases where the targeting sequence is specific for a regulatory

element, such regulatory elements include, but are not limited to promoter regions, enhancer
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regions, intergenic regions, 5' untranslated regions (5' UTR), 3' untranslated regions (3' UTR),
conserved elements, and regions comprising cis-regulatory elements. In some embodiments, the
targeting sequence of a gRNA of the system is complementary to the gene target nucleic acid
sequence within 1 kb of an enhancer of the PCSK9 gene. In some embodiments, the targeting
sequence of a gRNA of the system is complementary to the gene target nucleic acid sequence
within the 3’ untranslated region of the PCSK9 gene. The promoter region is intended to
encompass nucleotides within 5 kb of the initiation point of the encoding sequence or, in the
case of gene enhancer elements or conserved elements, can be thousands of bp, hundreds of
thousands of bp, or even millions of bp away from the encoding sequence of the PCSK9 gene. In
the foregoing, the targets are those in which the encoding PCSK9 gene is intended to be
repressed and/or epigenetically modified such that the PCSK9 gene product is not expressed or is
expressed at a lower level in a cell. In some embodiments, upon binding of the RNP of the
system to the binding location of the target nucleic acid, the system is capable of repressing
transcription of the PCSK9 gene 5’ to the binding location of the RNP. In other embodiments,
upon binding of the RNP of the system to the binding location of the target nucleic acid, the
system is capable of repressing transcription of the PCSK9 gene 3’ to the binding location of the
RNP.

[00370] The systems and methods described herein can be used in a variety of cells associated
with disease, e.g., cells of the liver, the intestine, the kidney, the central nervous system, smooth
muscle cells, macrophages or cells of arterial walls, in which the PCSK9 gene is to be repressed
or silenced. This approach, therefore, could be used for applications in a subject with a PCSK9-
related disorder such as, but not limited to autosomal dominant hypercholesterolemia (ADH),
hypercholesterolemia, elevated total cholesterol levels, hyperlipidemia, elevated low-density
lipoprotein (LDL) levels, elevated LDL-cholesterol levels, reduced high-density lipoprotein
levels, liver steatosis, coronary heart disease, ischemia, stroke, peripheral vascular disease,
thrombosis, type 2 diabetes, high elevated blood pressure, atherosclerosis, obesity, Alzheimer's
disease, neurodegeneration, age-related macular degeneration (AMD), or a combination thereof.
IX. Therapeutic Methods

[00371] The present disclosure provides methods of treating a PCSK9-related disease or
disorder in a subject in need thereof, including but not limited to autosomal dominant
hypercholesterolemia (ADH), hypercholesterolemia, elevated total cholesterol levels, elevated

low-density lipoprotein (LDL) levels, reduced high-density lipoprotein levels, liver steatosis,
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atherosclerotic cardiovascular disease, and coronary artery disease, ischemia, stroke, peripheral
vascular disease, thrombosis, type 2 diabetes, high elevated blood pressure, obesity, Alzheimer's
disease, neurodegeneration, age-related macular degeneration (AMD), or a combination thereof.
In some embodiments, the methods of the disclosure can prevent, treat and/or ameliorate a
PCSKO9-related disease or disorder of a subject by the administering to the subject of a
composition of the disclosure. In some embodiments, the PCSK9-related disease is autosomal
dominant hypercholesterolemia (ADH), hypercholesterolemia, elevated total cholesterol levels,
hyperlipidemia, elevated low-density lipoprotein (LDL) levels, elevated LDL-cholesterol levels,
reduced high-density lipoprotein levels, liver steatosis, coronary heart disease, ischemia, stroke,
peripheral vascular disease, thrombosis, type 2 diabetes, high elevated blood pressure,
atherosclerosis, obesity, aortic stenosis, elevated PCSK9 levels, or a combination thereof. In
some embodiments, the composition administered to the subject further comprises
pharmaceutically acceptable carrier, diluent or excipient.

[00372] In some cases, the PCSK9 gene of the subject to be treated by the methods of the
disclosure is wild-type, but the subject nevertheless has hypercholesterolemia, elevated total
cholesterol levels, hyperlipidemia, elevated low-density lipoprotein (LDL) levels, elevated LDL-
cholesterol levels, reduced high-density lipoprotein levels, liver steatosis, coronary heart disease,
ischemia, stroke, peripheral vascular disease, thrombosis, type 2 diabetes, high elevated blood
pressure, atherosclerosis, obesity, aortic stenosis, elevated PCSKO9 levels, or a combination
thereof. In such cases, the methods of the disclosure can prevent, treat and/or ameliorate a
PCSKO9-related disease or disorder of a subject by the administering to the subject of a
composition of the disclosure.

[00373] In some cases, one or both alleles of the PCSK9 gene of the subject comprises a
mutation. In some cases, the PCSK9-related disease or disorder mutation is a gain of function
mutation, including, but not limited to mutations encoding amino acid substitutions selected
from the group consisting of S127R, D129G, F216L, D374H, and D374Y relative to the
sequence of SEQ ID NO: 1823. In other cases, the PCSK9-related disorder mutation is a loss of
function mutation including, but not limited to mutations encoding amino acid substitutions
selected from the group consisting of R46L, G106R, Y142X, N157K, R237W and C679X
relative to the sequence of SEQ ID NO: 1823,

[00374] In some embodiments, the disclosure provides methods of treating a PCSK9 or related

disease or disorder in a subject in need thereof comprising repressing or silencing a PCSK9 gene
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in a cell of the subject, the method comprising contacting said cells with a therapeutically
effective dose of’ 1) a repressor fusion protein:gRNA system comprising a repressor fusion
protein and a gRNA; ii) a nucleic acid encoding the repressor fusion protein and gRNA of any of
the embodiments described herein; iii) an LNP or a synthetic nanoparticle comprising a gRNA
and a mRNA encoding the repressor fusion protein of any one of the embodiments described
herein; or iv) combinations of two or more of (i) to (iii), wherein the target nucleic acid sequence
of the cells targeted by the gRNA is repressed or silenced by the repressor fusion protein. In
some embodiments of the method, contacting cells with a repressor fusion protein:gRNA system
results in repression of the PCSK9 target nucleic acid of at least about 1%, at least about 2%, at
least about 3%, at least about 4%, at least about 5%, at least about 6%, at least about 7%, at least
about 8%, at least about 9%, or at least about 10%, at least about 20%, at least about 30%, at
least about 40%, at least about 50%, at least about 60% or more of the cells of the targeted
organ. In some embodiments of the method, the PCSK9 gene in the cells of the targeted organ
are repressed such that expression of the PCSK9 protein is decreased by at least about 10%, at
least about 20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%,
at least about 70%, at least about 80%, or at least about 90% in comparison to an untreated cell.
In some embodiments of the method, contacting cells of the targeted organ with a repressor
fusion protein:gRNA system results in heritable repression of the PCSK9 target nucleic acid in
the cells. The cell of the treated subject can be a eukaryotic cell selected from the group
consisting of a rodent cell, a mouse cell, a rat cell, a primate cell, and a non-human primate cell.
In some embodiments, the eukaryotic cell of the treated subject is a human cell. In some
embodiments, the cell is a cell involved in the production of LDL, including but not limited to a
hepatocyte, or a cell of the intestine, the kidney, the central nervous system, a smooth muscle
cell, macrophage, a retinal cell, or cell of arterial walls such as the endothelium. In some
embodiments, the cell is an eye cell. In some embodiments of the methods of treating a PCSK9-
related disorder in a subject, the subject is selected from the group consisting of mouse, rat, pig,
non-human primate, and human.

[00375] A number of therapeutic strategies have been used to design the systems for use in the
methods of treatment of a subject with a PCSK9-related disease or disorder. In some
embodiments, the disclosure provides a method of treatment of a subject having a PCSK9-
related disease or disorder, the method comprising administering to the subject a repressor fusion

protein:gRNA composition according to a treatment regimen comprising one or more
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consecutive doses using a therapeutically effective dose. In some embodiments of the treatment
regimen, the therapeutically effective dose of the composition is administered as a single dose.
In other embodiments of the treatment regimen, the therapeutically effective dose is
administered to the subject as two or more doses over a period of at least two weeks, or at least
one month, or at least two months, or at least three months, or at least four months, or at least
five months, or at least six months. In some embodiments of the treatment regiment, the
effective doses are administered by a route selected from the group consisting of intravenous,
intraportal vein injection, intraperitoneal, intramuscular, subcutaneous, intraocular, and oral
routes.

[00376] In some embodiments, the disclosure provides systems of a repressor fusion protein
and gRNA of any of the embodiments described herein for use in a method of treatment of a
PCSKO9-related disease or disorder, wherein a therapeutically effective dose of the composition
is administered to a subject. In some embodiments, the composition comprises a repressor fusion
protein of SEQ ID NOS: 3131-3132 as set forth in Table 20, or a sequence at least 60%
identical, at least 70% identical, at least 80% identical, at least 81% identical, at least 82%
identical, at least 83% identical, at least 84% identical, at least 85% identical, at least 86%
identical, at least 86% identical, at least 87% identical, at least 88% identical, at least 89%
identical, at least 89% identical, at least 90% identical, at least 91% identical, at least 92%
identical, at least 93% identical, at least 94% identical, at least 95% identical, at least 96%
identical, at least 97% identical, at least 98% identical, at least 99% identical, or at least 99.5%
identical thereto, the gRNA scaffold comprises a sequence selected from the group consisting of
SEQ ID NOS: 1744-1746, as set forth in Table 9, and SEQ ID NOS: 2947-2976, or a sequence
at least 65% identical, at least 70% identical, at least 75% identical, at least 80% identical, at
least 81% identical, at least 82% identical, at least 83% identical, at least 84% identical, at least
85% identical, at least 86% identical, at least 86% identical, at least 87% identical, at least 88%
identical, at least 89% identical, at least 89% identical, at least 90% identical, at least 91%
identical, at least 92% identical, at least 93% identical, at least 94% identical, at least 95%
identical, at least 96% identical, at least 97% identical, at least 98% identical, at least 99%
identical, at least 99.5% identical thereto, and the gRNA comprises a targeting sequence a
sequence selected from the group consisting of SEQ ID NOS: 1824-2944 or a sequence at least
65% identical, at least 70% identical, at least 75% identical, at least 80% identical, at least 85%

identical, at least 90% identical, or at least 95% identical thereto and having between 15 and 20
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amino acids. In some embodiments, the gRNA comprises a targeting sequence selected from the
group consisting of SEQ ID NOS: 1824-1890, 1910, 1925, 2672, 2675, 2694, and 2714, or a
sequence having at least about 65%, at least about 75%, at least about 80%, at least about 85%,
at least about 90%, or at least about 95% identity thereto.

[00377] In some embodiments, the composition is administered in an LNP formulation. In
some embodiments, the disclosure provides repressor fusion proteins and gRNA compositions
for use in the manufacture of a medicament for use in the treatment of a PCSK9-related disease
or disorder in a subject wherein repression of a PCSK9 leads to the amelioration of the disease or
prevention of symptoms or clinical findings associated with the disease or disorder.

[00378] In some embodiments, the administering to a subject with a PCSK9-related disease or
disorder of the therapeutically effective amount of the repressor fusion protein:gRNA modality,
to repress or silence expression of PCSKY, leads to the prevention or amelioration of the
underlying PCSK9-related disorder or disorder such that an improvement is observed in the
subject, notwithstanding that the subject may still be afflicted with the underlying disorder. In
some embodiments, the repressor fusion protein:gRNA modality comprises LNP comprising a
gRNA and an mRNA encoding a repressor fusion protein and a guide ribonucleic acid disclosed
herein. In some embodiments, the administration of the therapeutically effective amount of the
repressor fusion protein:gRNA modality leads to an improvement in at least one clinically-
relevant endpoint including, but not limited to percent change from baseline in LDL-cholesterol,
decrease in plaque atheroma volume, reduction in in coronary plaque, reduction in
atherosclerotic cardiovascular disease (ASCVD), cardiovascular death, nonfatal myocardial
infarction, ischemic stroke, nonfatal stroke, coronary revascularization, unstable angina, or
visual acuity. In some embodiments, the administration of the therapeutically effective amount
of the repressor fusion protein:gRNA modality leads to an improvement in at least two
clinically-relevant endpoints. In some embodiments, the subject is selected from mouse, rat, pig,
dog, non-human primate, and human. In some embodiments, the subject is human.

[00379] In some embodiments, the methods of treatment further comprise administering a
chemotherapeutic agent wherein the agent is effective in lowering LDL levels. Such agents
include, but are not limited to, statins, niacin, fibrates, or anti-PCSK9 antibody drugs.

[00380] Methods of obtaining samples from treated subjects for analysis to determine the
effectiveness of the treatment, such as body fluids or tissues, and methods of preparation of the

samples to allow for analysis are well known to those skilled in the art. Methods for analysis of
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RNA and protein levels are discussed above and are well known to those skilled in the art. The
effects of treatment can also be assessed by measuring biomarkers associated with the PCSK9
gene expression in the aforementioned fluids, tissues or organs, collected from an animal
contacted with one or more compounds of the disclosure, by routine clinical methods known in
the art. Biomarkers of PCSK?9 disorders include, but are not limited to, PCSK9 levels, low-
density lipoprotein (LDL-cholesterol), apolipoprotein B, non-HDL cholesterol, triglycerides and
lipoprotein a, soluble CD40 ligand, osteopontin (OPN), osteoprotegerin (OPG), matrix
metalloproteinases (MMP) and myeloperoxidase (MPOP), wherein the concentration of the
marker is compared to concentrations known to be physiologically normal or in subjects not
having a PCSK9 disorder.

[00381] Several mouse models expressing mutant forms of PCSK9 exist and are suitable for
evaluating the methods of treatment. Transgenic mouse models of PCSK9-related disorders
include knock-in mouse models having hPCSK9 (Carreras, A. In vivo genome and base editing
of a human PCSK9 knock-in hypercholesterolemic mouse model. MC Biology 17:4 (2019);
Herbert B, et al. Increased secretion of lipoproteins in transgenic mice expressing human
D374Y PCSK9 under physiological genetic control. Arterioscler Thromb Vasc Biol. 30(7):1333
(2010)).

[00382] In some embodiments, the method of treating a PCSK9-related disease or disorder in a
subject comprises pretreating the subject with a therapeutic agent that increases hepatic LDL
receptor (LDLR) expression. In some embodiments, the therapeutic agent is a PCSK9 inhibitor,
such as a monoclonal antibody, nucleic acid-based agent, or a small molecule. Exemplary
therapeutic agents include, but are not limited to, evolocumab, inclisiran, alirocumab, and MK-
0616. Without wishing to be bound by theory or mechanism, it is believed that the pretreatment
with an inhibitor of PCSK9, may lead to an increase in hepatic LDL receptor (LDLR) expression
that, in turn, may facilitate the uptake of the LNP comprising the CasX:gRNA composition that
is subsequently administered to the subject. By increasing the hepatic cell uptake of the LNP, it
is expected that editing of the PCSK9 gene will be enhanced such that an improvement in the
PCSK9-related disorder would be attained.

X. Pharmaceutical Compositions, Kits, and Articles of Manufacture

[00383] In some embodiments, the disclosure provides pharmaceutical compositions

comprising: i) a repressor fusion protein and a gRNA of the disclosure comprising a targeting
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sequence specific for a PCSK9 gene; ii) one or more nucleic acids encoding the repressor and the
gRNA of (1); ii1) an LNP or synthetic nanoparticle comprising a gRNA and an mRNA encoding
a repressor fusion protein, together with one or more pharmaceutically suitable excipients. In
some embodiments, the pharmaceutical composition is formulated for a route of administration
selected from the group consisting of intravenous, intraportal vein injection, intraperitoneal,
intramuscular, subcutaneous, intraocular, and oral routes. In one embodiment, the
pharmaceutical composition is in a liquid form or a frozen form. In another embodiment, the
pharmaceutical composition is in a pre-filled syringe for a single injection. In another
embodiment, the pharmaceutical composition is in solid form, for example the pharmaceutical
composition is lyophilized.

[00384] In other embodiments, provided herein are kits comprising a repressor fusion protein
and one or a plurality of CasX gRNA of any of the embodiments of the disclosure comprising a
targeting sequence specific for a PCSK9 gene and a suitable container (for example a tube, vial
or plate).

[00385] In other embodiments, provided herein are kits comprising an LNP formulation
encapsulating an mRNA encoding a repressor fusion protein and one or a plurality of CasX
gRNA of any of the embodiments of the disclosure comprising a targeting sequence specific for
a PCSKO9 gene, and a suitable container (for example a tube, vial or plate). In exemplary
embodiments, a kit of the disclosure comprises any one of the repressor fusion proteins disclosed
herein and a gRNA scaffold of any one of SEQ ID NOS: 1744-1746 and 2947-2976.

[00386] In some embodiments, the kit comprises a gRNA or a vector encoding a gRNA,
wherein the gRNA comprises a scaffold sequence selected from the group consisting of SEQ ID
NOS: 1744-1746 and 2947-2976, and a targeting sequence selected from the group consisting of
SEQ ID NOS: 1824-2944 as set forth in Table 7. In some embodiments, the gRNA scaffold
comprises a sequence selected from the group consisting of SEQ ID NOS: 2948-2956, 2958-
2966, and 2968-2976, and a targeting sequence selected from the group consisting of SEQ ID
NOS: 1824-2944 as set forth in Table 7. In some embodiments, the gRNA scaffold comprises a
sequence selected from the group consisting of SEQ ID NOS: 2948-2956, 2958-2966, and 2968-
2976, and a targeting selected from the group consisting of the sequences of SEQ ID NOs: 1824-
1890, 1910, 1925, 2672, 2675, 2694, and 2714.

[00387] In certain embodiments, provided herein are kits comprising a repressor fusion protein

and gRNA repressor pair comprising any one of the repressor fusion proteins disclosed herein,
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and a gRNA variant comprising a scaffold sequence selected from the group consisting of SEQ
ID NOS: 1744-1746 as set forth in Table 9 and a targeting sequence selected from the group
consisting of SEQ ID NOS: 1824-2944 as set forth in Table 7. In some embodiments, the gRNA
of the gene repression pair comprises a scaffold sequence selected from the group consisting of
SEQ ID NOS: 2947-2976 and a targeting sequence of any one of SEQ ID NOS: 1824-2944 as
set forth in Table 7. In some embodiments, the gRNA of the gene repression pair comprises a
scaffold sequence selected from the group consisting of SEQ ID NOS: 2948-2956, 2958-2966,
and 2968-2976, and a targeting selected from the group consisting of the sequences of SEQ ID
NOs: 1824-1890, 1910, 1925, 2672, 2675, 2694, and 2714.

[00388] In some embodiments, the kit further comprises a buffer, a nuclease inhibitor, a
protease inhibitor, a liposome, a therapeutic agent, a label, a label visualization reagent,
instructions for use, or any combination of the foregoing. In some embodiments, the kit further
comprises a pharmaceutically acceptable carrier, diluent or excipient.

[00389] In some embodiments, the kit comprises appropriate control compositions for gene
repression applications, and instructions for use.

[00390] In some embodiments, the kit comprises a vector comprising a sequence encoding a
repressor fusion protein of the disclosure and a CasX gRNA of the disclosure.

[00391] The following Examples are merely illustrative and are not meant to limit any aspects

of the present disclosure in any way.
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EXAMPLES

Example 1: Use of repressor fusion proteins to repress PCSK9 in human cells

[0392] Fusing chromatin remodelers and DNA methyltransferases to CasX to reduce
expression of target genes is an alternative approach to conventional gene editing for reducing
expression of proteins associated with certain diseases and disorders. Experiments were
performed to transiently express long-term repressor proteins (LTRPs, also referred to
interchangeably herein as repressor fusion proteins) in HepG2 cells to reduce PCSK9 levels
without the use of permanent genome editing.

Materials and Methods:

[0393] Spacer (also referred to as targeting sequence) design: Spacers 1KB upstream of the
PCSK9 promoter and through PCSK9 Exon 1 were chosen manually based on availability of
TTC PAM sequences. Spacers in Intron 1, Exon 5, and Intron 5 were selected based on the
availability of TTC PAMs in regions identified as hypomethylated in human livers.

[0394] Lentiviral plasmid constructs comprising sequences encoding an LTRP protein having
the #1 configuration (as diagrammed in FIG. 1), guide scaffold variant 174, and the PCSK9-
targeting spacers listed in Table 10 were generated using standard molecular cloning techniques.
Cloned and sequence-validated constructs were midi-prepped and subjected to quality
assessment prior to transfection into HepG2 cells. Plasmid constructs were transfected using
Viafect transfection reagent according to the manufacturer's instructions.

[0395] HepG2s were grown in DMEM F/12 media supplemented with 10% FBS and 1%
Pen/Strep and were kept in the growth phase.

[0396] mRNA was isolated using Zymo Quick-RNA kit and Reverse Transcription was
performed using Thermo High-Capacity RNA-to-cDNA™ Kit according to the manufacturer
instructions.

[0397] Secreted PCSK9 and human serum albumin levels were assessed via
PerkinElmer/Cisbio cat#63 ADKOSOPEH and HSA ELISA: Perkin Elmer/Cisbio
cat#6FHSAPEG respectively.

Table 10: Sequences of LTRP-specific spacers targeting the human PCSK9 locus.

SE
Spacer Q SEQ Targetin
P PAM Spacer DNA sequence Spacer RNA sequence ID .
1D ID g region
NO:
NO:
6.1 TTC GAGGAGGACGGCCTGGCCGA | 2977 | GAGGAGGACGGCCUGGCCGA 1834 Exon 1
6.4 TTC GCCAGGCCGTCCTCCTCGGA | 2978 | GCCAGGCCGUCCUCCUCGGA 1836 Exon 1
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E
Spacer SQ SEQ Targetin
PAM Spacer DNA sequence Spacer RNA sequence ID .
1D ID NO: | gregion
NO: )

6.5 TTC GTGCTCGGGTGCTTCGGCCA | 2979 | GUGCUCGGGUGCUUCGGCCA 1837 Exon 1
6.112 TTC CTTGGCAGTTGAGCACGCGC | 2980 | CUUGGCAGUUGAGCACGCGC 2223 Exon 5
6.117 TTC ACTTTGTTTGCAAAGACCTC | 2981 | ACUUUGUUUGCAAAGACCUC 1838 | Promoter
6.118 TTC GAGTGAAATGGCCTGCTCTG | 2982 | GAGUGAAAUGGCCUGCUCUG 1839 | Promoter
6.119 TTC GAGCAGGCCATTTCACTCGG | 2983 | GAGCAGGCCAUUUCACUCGG 1840 | Promoter
6.120 TTC CTCGGAATCTGCTGTGCATC | 2984 | CUCGGAAUCUGCUGUGCAUC 1841 Promoter
6.121 TTC GGAAGGGCTGTCGATACTGG | 2985 | GGAAGGGCUGUCGAUACUGG 1842 | Promoter
6.122 TTC CCTTTGTTTCTTCCCAGTAT | 2986 | CCUUUGUUUCUUCCCAGUAU 1883 Promoter
6.123 TTC TCCCAGTATCGACAGCCCTT | 2987 | UCCCAGUAUCGACAGCCCUU 1843 Promoter
6.124 TTC CAGTATCGACAGCCCTTCCA | 2988 | CAGUAUCGACAGCCCUUCCA 1844 | Promoter
6.125 TTC AGAAAGAGCAAGCCTCATGT | 2989 | AGAAAGAGCAAGCCUCAUGU 1845 | Promoter
6.126 TTC CCTTTTCATCCTCCTGCCTG | 2990 | CCUUUUCAUCCUCCUGCCUG 2672 | Promoter
6.127 TTC TCCTCCTGCCTGGTACACAA | 2991 | UCCUCCUGCCUGGUACACAA 1884 | Promoter
6.128 TTC AGAAATCAACTGGACAAGCA | 2992 | AGAAAUCAACUGGACAAGCA 1846 | Promoter
6.129 TTC TTTTACACACCATGTTCAAG | 2993 | UUUUACACACCAUGUUCAAG 2675 | Promoter
6.130 TTC ATTTGCAAAGATTCCTTTTA | 2994 | AUUUGCAAAGAUUCCUUUUA 2677 | Promoter
6.131 TTC TGAACATGGTGTGTAAAAGG | 2995 | UGAACAUGGUGUGUAAAAGG 1847 | Promoter
6.132 TTC AGAAGATTCAATTTGCAAAG | 2996 | AGAAGAUUCAAUUUGCAAAG 1848 | Promoter
6.133 TTC ATGGTAGGCACAAGCTCAGC | 2997 | AUGGUAGGCACAAGCUCAGC 1849 | Promoter
6.134 TTC GAATTCTATGGTAGGCACAA | 2998 | GAAUUCUAUGGUAGGCACAA 1850 | Promoter
6.135 TTC GGAAAGCTGAGCTTGTGCCT | 2999 | GGAAAGCUGAGCUUGUGCCU 1851 Promoter
6.136 TTC | GGTTTTAAGTTTGCAAAGAC | 3000 | GGUUUUAAGUUUGCAAAGAC | 2683 | Promoter
6.137 TTC | GAATGTACCTATATGACGTC | 3001 | GAAUGUACCUAUAUGACGUC | 1885 | Promoter
6.138 TTC | AGGGATTTATACTACAAAGA | 3002 | AGGGAUUUAUACUACAAAGA | 1852 | Promoter
6.139 TTC | AGGAGCAGCTAGTITGGTAAG | 3003 | AGGAGCAGCUAGUUGGUAAG | 1853 | Promoter
6.140 TTC | AAACTTAGCCTGGACCCCCT | 3004 | AAACUUAGCCUGGACCCCCU | 1854 | Promoter
6.141 TTC | ACTGGCCTTAACCTGGCAGC | 3005 | ACUGGCCUUAACCUGGCAGC | 1855 | Promoter
6.142 TTC | TTCCACTGGCCTTAACCTGG | 3006 | UUCCACUGGCCUUAACCUGG | 1856 | Promoter
6.143 TTC | GAATCAATCCTACTGTGGAC | 3007 | GAAUCAAUCCUACUGUGGAC | 1857 | Promoter
6.144 TTC | GTGGGCAGCGAGGAGTCCAC | 3008 | GUGGGCAGCGAGGAGUCCAC | 1858 | Promoter
6.145 TTC | TGGGTCCACCTTGTCTCCTG | 3009 | UGGGUCCACCUUGUCUCCUG | 1859 | Promoter
6.146 TTC | GAAGTCTCACTGGTCAGCAG | 3010 | GAAGUCUCACUGGUCAGCAG | 1860 | Promoter
6.147 TTC | GTGTTTCCTGGGTCCACCTT | 3011 | GUGUUUCCUGGGUCCACCUU | 1861 | Promoter
6.148 TTC | GCCGGGCCCACCTTTTCAGT | 3012 | GCCGGGCCCACCUUUUCAGU | 2694 | Promoter
6.149 TTC | AGCCCAGTTAGGATTTGGGA | 3013 | AGCCCAGUUAGGAUUUGGGA | 1862 | Promoter
6.150 TTC | TCCCTCTGCGCGTAATCTGA | 3014 | UCCCUCUGCGCGUAAUCUGA | 1863 | Promoter
6.151 TTC | CTCTGCGCGTAATCTGACGC | 3015 | CUCUGCGCGUAAUCUGACGC | 1864 | Promoter
6.152 TTC | GCCTCGCCCTCCCCAAACAG | 3016 | GCCUCGCCCUCCCCAAACAG | 1865 | Promoter
6.153 TTC | GTTAATGTTTAATCAGATAG | 3017 | GUUAAUGUUUAAUCAGAUAG | 1866 | Promoter
6.154 TTC | AGGGTGTGGGTGCTTGACGC | 3018 | AGGGUGUGGGUGCUUGACGC | 1867 | Promoter
6.155 TTC | GCAGCGACGTCGAGGCGCTC | 3019 | GCAGCGACGUCGAGGCGCUC | 1868 | Exon 1
6.156 TTC | GTTCAGGGTCTGAGCCTGGA | 3020 | GUUCAGGGUCUGAGCCUGGA | 2702 | Exon 1
6.157 TTC | GGGTCTGAGCCTGGAGGAGT | 3021 | GGGUCUGAGCCUGGAGGAGU | 1869 | Exon 1
6.158 TTC | GGAGCAGGGCGCGTGAAGGG | 3022 | GGAGCAGGGCGCGUGAAGGG | 1870 | Exon 1
6.159 TTC | GCGCGCCCCTTCACGCGCCC | 3023 | GCGCGCCCCUUCACGCGCCC | 1871 Exon 1
6.160 TTC | CGCGCCCTGCTCCTGAACTT | 3024 | CGCGCCCUGCUCCUGAACUU | 1872 | Exon 1
6.161 TTC | GCTCCTGCACAGTCCTCCCC | 3025 | GCUCCUGCACAGUCCUCCCC | 1873 Exon 1
6.167 TTC | CACTGAATAGCGCAGCCGCA | 3026 | CACUGAAUAGCGCAGCCGCA | 1874 | Intron 1
6.168 TTC | GTGGGAAGGTTCGCGGGGTT | 3027 | GUGGGAAGGUUCGCGGGGUU | 1875 | Intron 1
6.169 TTC | CGGGGTTGGGAGACCCGGAG | 3028 | CGGGGUUGGGAGACCCGGAG | 1876 | Intron 1
6.170 TTC | TCGGCCTCCGGGTCTCCCAA | 3029 | UCGGCCUCCGGGUCUCCCAA | 1877 | Intron 1
6.171 TTC | CAGTACGTTCCAGGCATTCA | 3030 | CAGUACGUUCCAGGCAUUCA | 1878 | Intron 1
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SE

Spacer Q SEQ Targetin
PAM Spacer DNA sequence Spacer RNA sequence ID .
1D ID NO: | gregion
NO: )

6.172 TTC GCTGAAACAGATGGAATACT | 3031 | GCUGAAACAGAUGGAAUACU 1879 Intron 1

6.173 TTC ATCTGTTTCAGCCGAAGAAA | 3032 | AUCUGUUUCAGCCGAAGAAA | 1922 Intron 1

6.174 TTC TTTCTTCGGCTGAAACAGAT | 3033 | UUUCUUCGGCUGAAACAGAU 1923 Intron 1

6.175 TTC GCCGAAGAAAAGAACCAGCT | 3034 | GCCGAAGAAAAGAACCAGCU 1924 Intron 1

6.176 TTC CGAGGCCCATTGGCGTCCTT | 3035 | CGAGGCCCAUUGGCGUCCUU 1926 Intron 1

6.177 TTC TCTCACTAGCTGTGGTGCTT | 3036 | UCUCACUAGCUGUGGUGCUU 1934 Intron 1

6.178 TTC GTTGACCATGAGTGAACTTA | 3037 | GUUGACCAUGAGUGAACUUA | 1938 Intron 1

6.179 TTC CTGGCTCTGCGGCAGAGGCT | 3038 | CUGGCUCUGCGGCAGAGGCU | 2225 Intron 5

6.180 TTC TCTGCACTCGTGGCCACTGG | 3039 | UCUGCACUCGUGGCCACUGG | 2226 Intron 5

6.181 TTC TCATCTGCACTCGTGGCCAC | 3040 | UCAUCUGCACUCGUGGCCAC | 2228 Intron 5

6.182 TTC AGACTGTGACTACATTTAGT | 3041 | AGACUGUGACUACAUUUAGU | 2235 Intron 5

6.183 TTC TCAACTATTTAGCAGCTACG | 3042 | UCAACUAUUUAGCAGCUACG | 2240 Intron 5

6.184 TTC CAGCGAGTTCCCCAGCTTGA | 3043 | CAGCGAGUUCCCCAGCUUGA | 2242 Intron 5

6.185 TTC GCCCTGAGACTTTCCTACAG | 3044 | GCCCUGAGACUUUCCUACAG | 2246 Intron 5

6.186 TTC GCCCCATCAGGTGACCCCTT | 3045 | GCCCCAUCAGGUGACCCCUU | 2248 Intron 5

6.187 TTC GGAACTGACCTGACTGAGCC | 3046 | GGAACUGACCUGACUGAGCC | 2249 Intron 5

Results:

[0398] HepG2 cells were transiently transfected with LTRP fusion proteins in configuration
#1 with the targeting spacers listed in Table 10 and were subsequently selected with puromyecin.
Puromycin-resistant cells were allowed to expand in culture. After 4 weeks of culture, the media
was collected to measure secreted PCSK9 levels, and mRNA was analyzed. Secreted PCSK9
levels were normalized to secreted human serum albumin to control for differences in cell
number in different wells, and the results are presented as dot plots in FIG. 3. Compared to the
non-targeting (NT) control, ~ 60% of the constructs demonstrated reduction of PCSK9 mRNA

and protein levels, while ~20% of constructs repressed PCSK9 by greater than 50%.

Example 2: Demonstration that use of LTRP fusion proteins can induce silencing of the
endogenous PCSK9 locus in mouse Hepa 1-6 cells

[0399] Experiments were performed to demonstrate the ability of LTRP fusion proteins to
induce durable repression of the endogenous PCSK9 locus in mouse Hepal-6 liver cells, when
delivered as mRNA co-transfected with a targeting gRNA.

Materials and Methods:

Experiment #1: dXR1 vs. LTRP #1 in Hepal-6 cells when delivered as mRNA

Generation of dXR1 and LTRP #1 mRNA:

[0400] mRNA encoding dXR1, a dCasX fused to a ZIM3-KRAB domain, or LTRP #1
(configuration #1 in FIG. 1) containing the ZIM3-KRAB (hereafter known as dXR1 and
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LTRP1-ZIM3 respectively) domain was generated by in vitro transcription (IVT) either in-house
or via a third-party. Briefly, constructs encoding for a 5’UTR region, dXR1 or LTRP1-ZIM3
harboring the ZIM3-KRAB domain with flanking SV40 NLSes, and a 3’UTR region were
generated and cloned into a plasmid containing a T7 promoter and 80-nucleotide poly(A) tail.
These constructs also contained a 2x FLAG sequence. Sequences encoding the dXR1 and
LTRP1-ZIM3 molecules were codon-optimized using a codon utilization table, in addition to
using a publicly available codon optimization tool and adjusting parameters such as GC content
as needed. For in-house in vitro transcription (IVT), the resulting plasmid was linearized prior to
use for IVT reactions, which were carried out with CleanCap® AG and N1-methyl-
pseudouridine. IVT reactions were then subjected to DNase digestion and oligodT purification
on-column. For experiment #1, the DNA sequences encoding the dXR1 and LTRP1-ZIM3
molecules are listed in Table 11. The corresponding mRNA sequences encoding the dXR1 and
LTRP1-ZIM3 mRNAs are listed in Table 12. The protein sequences of the dXR1 and LTRP1-
ZIM3 are shown in Table 13.

Table 11: Encoding sequences of the dXR1 and LTRP1-ZIM3 mRNA molecules assessed in

experiment #1 of this example*.

DNA sequence or
dXR or LTRP ID Component SEQ ID NO:
S'UTR 3047
START codon + NLS + linker 3048
dCasX491 3049
Linker + buffer sequence 3050
ZIM3-KRAB 3051
dXR1 (codon-optimized) Buffer sequence + NLS 3052
Tag 3053
STOP codon + buffer sequence 3054
3'UTR 3055
Buffer sequence TCTAG
Poly(A) tail 3057
S'UTR 3047
START codon + NLS + buffer
. 3058
sequence + linker
START codon + DNMT3A catalytic
4 d mized domain 3059
LTRP #1 (codon-optimized) Linker 3060
DNMTS3L interaction domain 3061
Linker 3062
dCasX491 3049
Linker 3050
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dXR or LTRP ID Component Dl\;‘; 5";’3"&‘3’: or
ZIM3-KRAB 3051
Buffer sequence + NLS 3052
Tag 3053
STOP codons + buffer sequence 3054
3'UTR 3055
Buffer sequence TCTAG
Poly(A) tail 3057

*Components are listed in a 5’ to 3” order within the constructs

Table 12: Full-length RNA sequences of dXR1 and LTRP1-ZIM3 mRNA molecules

assessed in experiment #1 of this example. Modification ‘my’ = N1-methyl-pseudouridine.

dXRor | SEQ RNA Sequence
LTRP 1D
ID NO
dXR1 3063 | APAMyAAGAGAGAAAAGAAGAGMYAAGAAGAAAMYAMYAAGAGCCACCAMGGCCCCm

YAAGAAGAAGCGMYAAAGMYGAGCCGGGGCGGCAGCGGCGGCGGCAGCGCCCAGGAGA
mymyAAACGGAMPCAACAAGAMYCAGAAGAAGACIYMYGMyGAAAGACAGCAACACCA
AGAAGGCCGGCAAGACAGGCCCCAMPGAAAACCCIMYGCMYGCEMYMYAGAGIYGAMPGA
CACCCGAMYCmYyGAGAGAGCGGCMYGGAAAACCMYGAGAAAGAAGCCMYGAAAAMYAM
PCCCCCAGCCCAMYCAGCARAMYACAMYCMPAGAGCCAACCMYGAAMPAAGCMYGCMYG
ACCGAMYMYACACCGCAAAMYGAAGAAGGCCAMYCCMYGCCAMYGMYCMYACTMYGEGAAG
AGMYmMYCCAGAAGGACCCMYGMYGGGCCMYGAMYGAGCCGGEMGGCCCAGCCMYGCC
AGCAAGAAGAMYCGAMCAGAACAAGCMYGAAACCIMYGAGAMYGGACGAGAAGGGCAA
CCmGACCACCGCCEECmMYmymyGCCryGCmyCryCACIMY Gy GGCCAGCCCCmyGrays
My CEmMYGMYACAAGCMYGGAGCAGGMYGMYCMyGAGAAGGGCAAGGCMYmMACACCAA
CyACMYMYCGGACGEMYGCAAMYGMYGGCCGAGCACGAAAAGCMYGAMYCCmMYGCrmys
GGCCCAGCMYGAAGCCCGAGAAGGAMPAGCGACGAAGCCCMYGACAMPAMPAGCCMYG
GGAAAGMYMYMYGGGCAGAGGGCCCmYGGAMYmYmMyCMyACAGCAMYMyCAMPGMYGA
CCAAGGAGMYCCACCCACCCCGMYGAAGCCCCMYGGCCCAGAMYCGCCGGAAACAGANM
PACGCCmYCCGCACCMYGMYGGGAAAGGCCCMPGAGCGACGCAMYGMPAMPGGGCACA
AmyCGCCmyCCmymyCCryGmyCmyAAGMPACCAGGACAMYCAMCAMYCGAACACCA
GAAGGMYGGMYGAAGGGCAACCAGAAGAGACNMYGGAGAGCCMYGCGGGAGCMYGGCCG
GCAAGGAAAACCMYGGAAMPACCCMYAGCCMYGACCCMYGCCACCMYCAGCCmMYCACA
CCAAGGAGGGCGMYmMYGAMYGCCMYACAACGCAAGMYGAMYCGCCCCEEMYGCCAAMYG
MyGGEMYGAACCIMYGAACCIYGMGGCAGAAGCMYGAAGCMYAAGCAGAGAMYGANMYG
CCAAGCCMYCYGCmYGAGACTMYGAAGGGAMYMYCCCmymy CCmymymyCCmyCmyGG
MyCGAGAGACAGGCCAACGAAGMYGGACTYGEMYGGGACAMYGGMYGMYGmYAACGMY
GAAGAAGCIYGAMYCAACGAGAAAAAGGAGCAMYGGCAAGGMYGMYmYmmyGGCAGA
AmCrmyGGCmYGGCmMYACAAGAGACAGGAAGCCCMYGAGACCAMPACCMYGAGCAGCG
AGGAAGAMYCGGAAGAAGGGAAAGAAAMYMYCCCMYCGGMYACCAGCMYGGGCGACCT
PGCMGCMPGCACCMYGGAAAAGAAGCACGGCGAGGACTIYGGGGAAAGGMYGCIMYACGA
CGAGGCCMYGGGAGCGCAMYMYGACAAGAAAGMYGGAAGGCCMYGAGCAAGCACAMYC
AAGCMYGGAAGAGGAACGGAGAAGCGAGGACGCCCAGAGCAAGGCCGCCCMYGACCGA
CMyGGCMYGCGGGCMYAAGGCCAGCMYmMYCEmMyGAMYCCAGGGCCMGAAGGAGGCCG
ACAAGGACGAGMYMYCmyGCACAMPGCGAGCMYGAAGCMYGCAGAAGMYGCMPACGGG
GACCmYGCGGGGAAAGCCCMYMYCGCCAMYCGAAGCCGAGAACAGCAMYCCMYGGACA
MyCAGCGGCMYmCAGCAAGCAGMYACAACIYCMYGCCmymCAMCMGGCAGAAGCG
ACGGCGMYGAAGAAGCMYGAACCMYGMYACCMYGAMYCAMYCAACMYACTIYmMyCAAGG
GCGGCAAGCMYGCGCMYmyCAAGAAGAMYCAAACCMYGAAGCCMYmMyCGAAGCCAACA
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dXRor | SEQ RNA Sequence
LTRP ID
1D NO

GAMYMYCMyACACCEMyGAMCAACAAAAAGAGCGGCGAGAMCGMGCCCAMYGGAG
Gy GAACTMYmMYCAACMYmPCGACGACCCCAACCMYGAMYCAMCCmPGCCmyCmyGGC
CymymyGGCAAGAGACAGGGCAGAGAAMYMY CAMYCMYGGAACGACCMYGCMYGmYC
CCmyGGAAACCGGCAGCCMYGAAGCMYGGCCAACGGAAGAGMYGAMYCGAGAAGACAC
myGmyACAACAGAAGAACCCGGCAGGAMYGAGCCMYGCCCmyGmymyCCrmyGGCCCmr
GACCMYmMYCGAGCGGCGGGAGEMYCCMYGCACTYCCmYCCAAMAMPCAAACCAAMYG
AACCIMYGAMYCGGCEMYGGCAAGAGGCGAAAACAMCCCCGCCEMYGAMYCECCCmYG
ACCGACCCCGAGGGCMYGCCCACMYGAGCCGEMYmymyAAGCAMPAGCCMYGGGAAAC
CCAACCCACAMYCCMYGAGAAMYCGGCGAGAGCMYAMPAAGGAGAAGCAGCGGACCAM
YCCAGGCCAAGAAGGAGGMYGGAGCAGCGGAGAGCCGGCGGCMYACAGCCGGAAGIMYA
CGCCAGCAAAGCCAAGAAMYCYGGCAGACGAMYAMYGCMYGAGAAACACCGCMYAGA
GAMYCMYGCmYGMYACTMYACGCCEMYGACCCAGGAMYGCCAMYGCMYGAMCMYmyCG
CCAACCMYGAGCCGGEGCCMYmYCGGCCGGCAGGGCAAGCGGACCMYMYCAMPGGCCGA
GAGACAGMYACACACGGCAMPGCAGGACMYGGCMYGACCGCCAAGCMYGGCCMPACGAG
GGCCMYGAGCAAGACCIMYACCMYGMYCCAAGACACMYGGCCCAGMYACACCMCCAAG
ACAMYGCAGCAACTIYGMYGGEMYmYmyACCAMYCACCAGCGCCCACMYACGACAGGGM
YGCMYGGAGAAGCMYGAAGAAGACAGCAACAGGCMYGGAMYGACCACAAMYMPAACGG
CAAGGAGCIMYGAAGGMYGGAGGGCCAGAMYMYACCMYACTMYACAACAGAMACAAGAG
ACAGAACGMYACMCAAGGACCIYGMYCCEmMYCCAGCIYGCAMPAGACMYGAGCGAAG
ARAMPCmY Gy GAACAACGACAMY CCCmy CCrnyGGACAAAGGGCAGAAGCGGAGAAG
CyCry GAGCCCCmy GAAGAAAAGAMYMYCmCCCAMYAGACCCCMYGCAGGAGAA
CmymyCemMYGmYGCCMPGAACMYGCGGCMYmCGAGACACACGCAGCCGAGCAAGCCG
CCCmyGAACAMYCGCCAGAMYCCmYGGCmYGmymy CCmyGCGGAGCCAGGAGMYACAA
GAAAMYACCAGACAAACAAGACAACCGGCAACACCCGAMYPAAGAGAGCCMYMYCGMYCG
AGACCIMYGGCAGMYCCrymymymyACCCCAAGAAGCIYMYAACCAGGMYCMPGGAAAC
CyGCCEmYGCEEMYCmyGGCECCAMYCmYGGCGGAGGCMYCCACAAGCAMYGAACAAC
myCCCAGGGCAGAGMYGACCMYmCCAGGACCMGACCEMYGAAMmMYmMYmyACACAG
GGAGAGMYGGCAGAGACMYGAACCCCGAGCAGAGAAACCIMYGMYACCGGGAMYGMYGA
myGCmYGGAAAACMYACAGCAAMYCYGCMYGmYCCCMYGGGCCAGGGCGAGACCACA
AAGCCMYGACGMYGAMYCCMYGCEmyCMyGGAGCAGGGCAAGGAACCCMYGGCMYGGA
GGAGGAGGAGGMYGCMyGGGAAGCGGACGGGCCGAGAAGAACGGCGACAMYCGGCGGA
CAGAMYCMYGGAAGCCMYAAGGACGMYGAAAGAAAGCCMYGACCAGCCCCAAGAAARAA
GAGAAAAGMYCGACMYACAAGGAMYGACGAMYGACAAGGACMYACAAGGAMYGACGAC
GACAAGMYAAMYACAMPAAGCCCCCECMYmYAAMYMPAAGCIYGCCmYmyCnyGCGGG
GCrymyGCCrymyCryy GGCCAMYGCCCmymy Crymy Cra Cm CCCmymP GCACCmYGm
PYACCYCmymy GGy Craymymy GAAMYAAAGCCmYGAGMYAGGAAGmYcmyagaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaa

LTRP 3064 | ARAMUAAGAGAGAAAAGAAGACMYAAGAAGAAAMYAMAAGAGCCACCAMYGGCCCCm
41 YAAGAAGAAGCCMYAAAGMYGAGCCGGEMYGAACGGCAGCGGCAGCGGCGGCGGCAMY
GAACCACGACCAGGAGMYMYCGACCCCCCmyAAGGMYGMPACCCIMYCCCEmPCCCCGC
CGAGAAGAGAAAGCCCAMYCCEGEMYCCMYGAGC CmyGmymyCCAMyGGCAMCGCCA
CCEEMYCMGCMyGEMGCMyGAAGGACCMYGGGCAMYCCAGCMYGCAMPAGGMYACA
mymy GCCmYCCGAGEMYGMYGCCAGGACIYCCAMYCACCGMYGGCAAMYGEMYGC Gmys
CAMYCAGGGCAAGAMYCAMYGMYACCMYGEGCGACCMYGCGCAGCEMYGACACAGAAG
CAMPAM)CCAGCACMYGGEGECCCmymymyCGACCIYGEMYGAMCGGCEGCAGCCCmy
My GCAAMYGAC Cry GAGCAMYCCmYGAACCCAGCCCEGAAGGGCCMYGMYACCAGGGA
ACCGGCAGACHYGmMymyCraymyCGAGmymymymyACAGACIGCmyGCACGACGCCCE
GCCmyAAGGAAGGCGACGACCGGCCCmmy Crymymymi GG Cmy GrmymCGAGAAMYG
My GGmMyGGCCAMYGGGAGMYCAGCGACAAGCGECAMYAMYMYAGCCEEMYmYCCmyGG
AGAGCAACCCCEMYGAMYGAMYCGAMYGCCAAGGAAGMYGAGCGCCGCCCACCGGGLC
AGAMYACIYmMYCry GEGECAAMYCI GCCmGGCAMPGAACAGACCCCMYGGCCAGCA
CCGmYyGAACGACAAGCMYGGAGCIYGCAGCACMYGCCIGGAGCACGGCCGGAMYCGC
CAAGMYMYCAGCAAGGMYGAGAACCAMYCACCACCCGAAGCAACAGCAMYCAAACAAG
GCAAGGACCAGCACIYmMYmCCmyGmy CmymyCAMYGAACGAGAAGGAGGACAM)CCn
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dXRor | SEQ RNA Sequence
LTRP ID
1D NO

YGmYGCmYGMYACC GAGAMGGAGAGAGMY GmymyCGGGmymyCCCAGMYCCACTYAC
ACAGAMYGIMYCAGCAACAMYGMYCrAGACIYGGCCAGACAGAGACIYGCIGCGAAG
AAGCMYGGMYCCEmMYCCCmyGmyGAMyCAGACACCMYGmYmyCECCCCmyCmyGAAGE
AGMYACIYmMYCECCmyGCCMyGAGCAGCGGCAACAGCAACGCCAACAGCCGGGGCCCC
AGCIMYmMYCray CmyAGCGGCCmyGGmyGCCACMYGMYCCCMyGAGAGGGAGCCACAMYG
GGCCCCAMYGGAGAMYCMACAAAACCEMYGAGCGCCMGGAAGCGGCAGCCMYGMYG
CGCEMYGCMYGAGCCmy GmymymyCCCAAMYAMYCCAMPAAAGMYCCmyGAAAAGCCm
YGGEAMYMYCCmyGGAGAGCGECMYCmYGECMYCCEGCGEMYGGCACCCMYGAAGIMYA
CEMYGGAGGAMYGMYGACAAACGMYGCMYCAGACGCCAMYGMYGGAGAAGCMYGGGGCC
CemymyCCAMYCmYGEmMYGMACGGCAGCACCCAACCCCMYGGGCAGC MY Craymy Gy
GACCGGMYGCCCmyGECMYGGmYACAMYGmymymy CAGCMYmPCCACCECAMPCCIYGC
AGMYACGCCCmyGCCGAGACAGGAGMYCCCAGCEGC CAMYmY CrmymymymyGGAmymys
mym CAMPGGACAACTIYMYGCIMYGCMYGACCGAGCAMYGACCAGGAAACTYACCACTY
CEGmMYmMyCCmyGCAGACCGAAGCCGMYGACCCMYGCAGGACCMYGAGAGGCCGGGACH
YACCAGAACGCCAMYGCGGEMYGMYGGmYCCAACAMYCCCMYGGACMYGAAAAGCAAG
CACGCACCMYCmGACCCCMYAAAGAAGAGGAGMYACCIMYGCAGGCCCAGGMYGCGGA
GCAGAAGCAAGCMYGGACGCCCCmYAAGGMYGGAMYCYGCmyGGmyGAAGAAMYIYG
CCmyCCmPGCCCCmyGAGAGAGMYACTYmMYCAAGMYAM|mym) CAGCCAGAAMYAGMY
CGCCCCmPGEGCGGCCCAAGCAGCGGCGCCCCmYCCmyCCCAGCGGCGGCAGCCCA
GCCGGCmMYCCCCAACCIYCmYACCGAGCAGGGCACCIYCyGAGMYCCGCCACCCCCG
AGAGCGGCCCmyGGCACCMCCACCGAGCCCAGCGAGGGCAGCGCACCCGGCAGCCCm
YGCCGGCAGCCCCACCMYCCACAGAGGAGGGAACCAGCACCGAGCCCAGCGAAGGCAG
CGCCCCAGGCACCAGCACCGAGCCMYACMYGAGGGCEECMYCnyGGCEGGCGECAGCGT
CCAGGAGAMYMYAAACGGAMCAACAAGAMCAGAAGAAGACTYMYGMGARAGACAG
CAACACCAAGAAGGCCGGCAAGACAGGCCCCAMYGAAAACCCIMYGCMYGEMYmMyAGAG
My GAMYGACACCCGAMYCMYGAGAGAGCGGCMYGCAAAACCIYGAGAAAGAAGCCIYG
AAAAMYAMYCCCCCAGCCCAMYCAGCAAMYACAMYCIYAGAGCCAACCIYGAAMYAAG
Cr GCm GACCCAMPmYACACCGAAAMYGAAGAAGGCGAM)CCr GCAMY G GmyAC
My GGGAAGAGMYmyCCAGAAGGACCCyGmyGGGC Cmy GAMGAGCCGGGMGGCCCA
GCCmyGCCAGCAAGAAGAMYCGAMCAGAACAAGCIYGAAACCIGAGAMGGACGAG
AAGGGCAACCMYGACCACCECCEECMmymyGCCmyGCmyCmyCAGMYGMYGGCCAGC
CCCmyGmymyCEmYyGmyACAAGCMYGGAGCAGGMYGMYCmyGAGAAGGGCAAGGCMYm
YACACCAACTMYACHYm)CGCACGEMYGCAAMYGMGGCCCAGCACGAAAAGCMYGAMY
CCmPGCMYGGCCCAGCMYGAAGCCCCAGAAGCAMPAGCGACGAAGCCEMYGACAMYAN
YAGCCmyGGCAAAGCMYMYMYGEGCAGAGGGCC Cry GGAMYmYmY CrayACAGCAMYmyC
AmMyGMYGACCAAGGAGMCCACCCACCCCEMYGAAGCCCCMYGECCCAGAMYCGECCGE
AAACAGAMYACGCCMYCCGGACCMYGMYGEGARAGGCCCMGAGCGACGCAMYGMYAN
YGGGCACAAMYC GCCmyCCrymyCCra Gy Cr AAGMYAC CAGGACAMY CAMYCAmMYC
GAACACCAGAAGGM)GGMGAAGGGCAACCAGAAGAGACIGGAGAGCCMGCGGGAG
CmyGGCCGGCAAGGARAACCIYGCAAMPACCCMYAGCCMYGACCCMYGCCACCIYCAG
CCmyCACACCAAGGAGGGCEmMYmYGAMYGCCmyACAACGAAGMYGAMYCGCCCEGGmY
GCGARAMYCMYGGEMGAACCIMYGAACCIYGMYGGCAGAAGCIGAAGCMYAAGCAGAG
AMYGAMYGCCAAGCCIMYCyGCmyGAGACMYGAAGGGAMYmYCCCmymyCCmymymyC
Cry Cmy GEmYCGAGAGACAGGCCAACGAAGMYGCACTYGEMYGGGACAMYGEMYGMYG
myAACGMGAAGAAGCMGAMCAACGAGAAAAAGGAGCAMGGCAAGGMYGmymymys
My GGCAGAAMYCMYGGCMYGECMYACAAGAGACAGGAAGCCCMYGAGAC CAMYACCmys
GAGCAGCGAGGAAGAM)CGGAAGAAGGGAAAGAAAMYmMYCGCMYCEGMYACCAGCIYG
GGCGACCMGCMGCmyGCACCMYGGAAAAGAAGCACGGCGAGGACIYGGGGAAAGGM
YEmMYACGACGAGGCCMYGGCAGCCGAMYMYGACAAGAAAGMYGCAAGGCCMYGAGCAA
GCACAMyCAAGCMYGGAAGAGGAACGGAGAAGCGAGGACGCCCAGAGCAAGGCCGCCC
myGACCCACIYGECMGCEGECMAAGGCCAGCIYMYCCmMYGAMYCCAGGGCCMYGAA
GGAGGCCGACAAGGACGAGMYmMYCmyGCAGAMGCCAGCIGAAGCIYGCAGAAGIYG
GmMYACGGGGACCMYGCGGGGAAAGCC CymyCGCCAMYCGAAGCCCAGAACAGCAMYC
Cr GGACAMYCAGCGECMYmy CAGCAAGCAGMYACAACTYGMYGCCmymy CAmMYCrayG
GCAGAAGGACGGCEMYGAAGAAGCIYGAACCMYGmYACCmyGAMYCAMYCAACMYACH
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dXRor | SEQ RNA Sequence
LTRP ID
1D NO

UMy CAAGGGCGGCAAGCMYGCGCEMYmyCAAGAAGAMCAAACCMGAAGCCMYmYCGA
AGCCAACAGAMYMYCMYPACACCCMYGAMYCAACAAAAAGAGCGGCGAGAMYCGMYGCC
CAMYGGAGGMYGAACIYmYCAACTYmMYCGACGACCCCAACCMYGAMYCAMYCCmMYyGCC
myCmyGGCCmymymyGGCAAGAGACAGGGCAGAGAAMYMYCAMYCyGGAACGACCIY
GCryGmYCCCmYGGAAACCGGCAGCCMYGAAGCMYGGCCAACGGAAGAGMYGAMYCGA
GAAGACACIYGMYACAACAGAAGAACCCGGCAGGAMYGAGCCMYGCCCmyGmymyCGm
PGGCCCMYGACCMYMCGAGCGGCGGGAGEMYCCMYGGACHYCCMCCAAMYAMYCAA
ACCAAMYGAACCMYGAMCGGCCMYGGCAAGAGGCGAAAACAMYPCCCCGCCCMYyGAMYC
GCCCmYGACCGACCCCGAGGGCMGCCCACMYGAGCCGEmMYmymyAAGGAMYAGCCray
GGGAAACCCAACCCACAMYCCYGAGAAMYCGGCGAGAGCMYAMYAAGGAGAAGCAGC
GGACCAMyCCAGGCCAAGAAGGAGGMYGGAGCAGCGGAGAGCCGGCGGCMYACAGCCG
GAAGMYACGCCAGCAAAGCCAAGAAMYCMYGGCAGACGCAMPAMYGGMYGAGAAACACC
GCmYAGAGAMY Cr GCmy GryACIYACGCCEMYGACCCAGGAMYGCCAMYGCIMYGAmMYs
CrymyCGCCAACCMYGAGCCGEGECMYmYCGGCCGGCAGGGCAAGCGGACCMYmYCAm
YGGCCGAGAGACAGMYACACACGGAMYGGAGGACMYGGCMYGACCGCCAAGCMYGGCC
MyACGAGGGCCMYGAGCAAGACCIMYACCIYGMYCCAAGACACIYGGCCCACMYACACC
myCCAAGACAMYGCAGCAACIY G GCCMYmymYPACCAMYCACCAGCGCCGACMYACG
ACAGGGMYGCMYGGAGAAGCMYGAAGAAGACAGCAACAGGCMYGGAMYGACCACAAIMY
MAACGGCAAGGAGCMYGAAGGMGCAGGGCCAGAMYMYACCIMYACMYACAACAGANY
ACAAGAGACAGAACGMYAGMYCAAGGACCMYGCMYCCCmYCCAGCMYGGAMPAGACMYG
AGCGAAGAAMCMYGMYyGAACAACGACAMYCYCCmyCCmGGACAAAGGGCAGAAGC
GGAGAAGCIYCrGAGCCrCCmPGAAGAAAAGAMMYCm CCCAMPAGACCCCmYGC
AGGAGAAGMYmMYCEMYGmyGCCmMyGAACMYGCGGCMYmyCGAGACACACGCAGCCGAG
CAAGCCGCCCmyGAACAMYCGCCAGAMYCCIMYGGCMyGmYmyCCmyGCGGAGCCAGGA
GmyACAAGAAAMPACCAGACAAACAAGACAACCGGCAACACCGAMYAAGAGAGCCmym
PYCGMYCGAGACCMYGGCAGMYCCmymymymyACCCGAAGAAGCMYMYAAGGAGGMYGm
YGGARACCIYGCCEMYGCGEMYCIMYGGCGCAMYCMGGCGGAGGCMCCACAAGCAMY
GAACAACMYCCCAGGGCAGAGMYGACCMYmMYCGAGGACCMYGACCGmMYGAAMYmMYIYm
YACACAGGGAGAGMYGGCAGAGACMYGAACCCCGAGCAGAGAAACCMYGMYACCGGGA
My GMYGAMGCMYGGAAAACTMYACAGCAAMCMYGEMYGMyCCOMYyGGGCCAGGGCGA
GACCACAAAGCCMYGACGMYGAMYCCmYGCEMYCMYGCAGCAGGGCAAGGAACCCIYG
GCmYGGAGGAGGAGGAGCMYGCMYGGGAAGCGGACGGGCCGAGAAGAACGGCGACAMY
CGGCGGACAGAMYCMYGGAAGCCMYAAGGACCMYGAAAGAAAGCCMYGACCAGCCCCA
AGAAAAAGAGAAAAGMYICGACMYACAAGGAMPGACGAMYGACAAGGACMYACAAGGAT
YGACGACGACAAGMYAAMYAGAMYAAGCGGCCECMYmYyAAMYMYAAGCMYGCCmymyC
mYGCGEGEECMYmYGCCmymyCmyGGCCAMYGCCCrmymy CmymyCry CryCCCrymyGC
ACCMYGmyACCmy CrymyGery CrymymyGAAMPAAAGCCCMYGAGMYAGGAAGMY cIy
agaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaa

Table 13: Full-length protein sequences of dXR1 and LTRP1-ZIM3 molecules assessed in

experiment #1 of this example.

Amino acid sequence
dXR or LTRP ID SEQ ID NO:
dXR1 3065
LTRP #1 3066
Synthesis of gRNAs:
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[0401] In experiment #1, gRNAs targeting the PCSK9 locus were designed using gRNA
scaffold 174 and chemically synthesized using the v1 modification profile (as described in
Example 7, below). Spacers were designed in proximity to the PCSK9 promoter. The sequences
of the PCSK9-targeting spacers and the resulting chemically-modified gRNAs are listed in Table
14.

Table 14: Sequences of spacers targeting the PCSK9 locus and chemically-modified gRNAs
used in this example. Chemical modifications: * = phosphorothioate bond; m = 2’OMe

modification.

gRNA

D Targeting spacer SEQ SEQ

(scai:fold— Target sequence (RNA) ID Full gRNA sequence (RNA) ID
variant NO: NO:
spacer)
MA*mC*mU* GGCGCUUUUAUCUGAUU
ACUUUGAGAGCCAUCACCAGCGACUA
174-6.7 hufnan UCCUGGCUUCCUGGUGAAGA | 2008 | UGUCGUAGUGGGUAAAGCUCCCUCUU | 3074
PCSK9 CGGAGGGAGCAUCAAAGUCCUGGCUU
CCUGGUGAMA*mG*mA
MA*mC*mU* GGCGCUUUUAUCUGAUU
ACUUUGAGAGCCAUCACCAGCGACUA
174271 | MOUSC | o cUcGCCCUCCCCAGACAG | 3067 | UGUCGUAGUGGGUAAAGCUCCCUCUU | 3075
PCSK9 CGGAGGGAGCAUCAAAGGCCUCGCCT
UCCCCAGAMC *mA*mG
MA*mC*mU* GGCGCUUUUAUCUGAUU
ACUUUGAGAGCCAUCACCAGCGACUA
174- mouse

CGCUACCUGCCUAAACUUUG | 3068 | UGUCGUAGUGGGUAAAGCUCCCUCUU 3076
CGGAGGGAGCAUCAAAGCGCUACCUG
CCUAAACUMU*mU*mG

2788 | PCSKY

mA*mC*mU* GGCGCUUUUAUCUGAUU
ACUUUGAGAGCCAUCACCAGCGACUA

174- MOUSE | - cycCAACAAUAUUAACUA | 3069 | UGUCGUAGUGGGUAAAGCUCCCUCUU | 3077
2792 | PCSKY CGGAGGGAGCAUCAAAGCCCUCCAAC
AAUAUUAAMC*mU*mA
A *mC *mU* GGCGCUUUUAUCUGAUU
ACUUUGAGAGCCAUCACCAGCGACUA
174- MOUSE | - -7 CUCCCAGCCACCCCU | 3070 | UGUCGUAGUGGGUAAAGCUCCCUCUU | 3078
2793 | PCSKY CGGAGGGAGCAUCAAAGGGGGUCUCC
CAGCCACCMC*mC*mU
A *mC *mU* GGCGCUUUUAUCUGAUU
174 mouse ACUUUGAGAGCCAUCACCAGCGACUA
CCCCUCUUAAUCCCCACUCC | 3071 | UGUCGUAGUGGGUAAAGCUCCCUCUU | 3079
2794 | PCSKY CGGAGGGAGCAUCAAAGCCCCUCUUA
AUCCCCACHU*mC*mC
A *mC *mU* GGCGCUUUUAUCUGAUU
ACUUUGAGAGCCAUCACCAGCGACUA
174- MOUSC | ;- CcUCUUUCUGAGGCUAG | 3072 | UGUCGUAGUGGGUAAAGCUCCCUCUU | 3080
27.100 | PCSK9 CGGAGGGAGCAUCAAAGCUCUCUCUU

UCUGAGGCmU*mA*mG
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mA*mC*mU* GGCGCUUUUAUCUGAUU
ACUUUGAGAGCCAUCACCAGCGACUA
UAAUCUCCAUCCUCGUCCUG | 3073 | UGUCGUAGUGGGUAAAGCUCCCUCUU 3081
27.103 PCSK9 CGGAGGGAGCAUCAAAGUAAUCUCCA
UCCUCGUCMC*mU*mG

174- mouse

Transfection of mRNA and gRNA into Hepal-6 cells and intracellular PCSK9 staining:

[0402] Seeded Hepal-6 cells treated with the NATE™ inhibitor were lipofected with 300 ng
of mRNA encoding dXR1 or LTRP1-ZIM3 (Table 12) and 150 ng of a PCSK9-targeting gRNA
(Table 14). Seven different gRNAs spanning the promoter region of the mouse PCSK9 locus
were tested, in addition to a non-targeting sequence complementary to the human PCSK9 gene
(Table 14). Cells were harvested at 6, 13, and 25 days after transfection to measure intracellular
levels of the PCSK9 protein using an intracellular flow cytometry staining protocol. Briefly,
cells were fixed using 4% paraformaldehyde in PBS, permeabilized, and stained using a mouse
anti-PCSK9 primary antibody (R&D Systems), followed by a fluorescent goat anti-mouse IgG
secondary antibody (Thermo Fisher). Fluorescence levels were measured using the Attune™
NxT flow cytometer, and data were analyzed using the FlowJo™ software. Cell populations
were gated using the non-targeting gRNA as a negative control.

Experiment #2: LTRP #1 vs. LTRP #5 in Hepal-6 cells when delivered as mRNA

Generation of mRNA:

[0403] mRNA encoding LTRP #1 or LTRP #5 (configuration #5 in FIG. 1) containing the
ZIM3-KRAB domain (hereafter known as LTRP1-ZIM3 or LTRP5-ZIM3 respectively;
configurations are diagrammed in FIG. 1) was generated by IVT in-house using plasmid-based
PCR templates. Briefly, PCR was performed on plasmids encoding LTRP #1 or LTRP #5
harboring the ZIM3-KRAB domain with flanking NLSes with a forward primer containing a T7
promoter and reverse primer encoding a 120-nucleotide poly(A) tail. These constructs also
contained a 2x FLAG sequence. DNA sequences encoding these molecules are listed in Table
15. The resulting PCR templates were used for IVT reactions, which were carried out with
CleanCap® AG and N1-methyl-pseudouridine. IVT reactions were then subjected to DNase
digestion and on-column oligo dT purification. Full-length RNA sequences encoding the LTRP
mRNAs are listed in Table 16.

[0404] As experimental controls, mRNA encoding catalytically-active CasX 491 was also
similarly generated by IVT using a PCR template as described. Generation of mRNAs encoding
LTRP1-ZIM3 and dCas9-ZNF10-DNMT3A/3L, a catalytically-dead Cas9 fused to both the

ZNF10-KRAB domain and DNMT3A/L domains, by IVT by a third-party was performed as
136



WO 2023/240076 PCT/US2023/067987

described above for experiment #1.

Table 15: Encoding sequences of the LTRP1-ZIM3 and LTRPS-ZIM3 mRNA molecules

assessed in experiment #2 of this example*.

e o DNA sequence
LTRP ID Component SEQ ID NO:
5'UTR 3082
START codon + NLS + linker 3083
START codon + DNMT3A catalytic domain 3084
Linker 3085
DNMT3L interaction domain 3086
Linker 3087
Linker + buffer 3088
LTRP#1 - ZIM3-KRAB 5~ Xa01 3089
Linker + buffer 3090
ZIM3-KRAB 3091
Buffer + NLS 3092
Tag 3093
Buffer 3094
Poly(A) tail 3095
5S'UTR 3082
START codon + NLS + buffer 3096
START codon + DNMT3A catalytic domain 3084
Linker 3085
DNMT3L interaction domain 3086
Linker 3097
ZIM3-KRAB 3091
LTRP #5 - ZIM3-KRAB Linker 3087
dCasX491 3089
Linker + buffer 3090
NLS 3098
Tag 3093
Buffer 3094
Poly(A) tail 3095

*Components are listed in a 5’ to 3” order within the constructs

Table 16: Full-length RNA sequences of LTRP1-ZIM3 and LTRPS-ZIM3 mRNA
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molecules assessed in experiment #2 of this example. Modification ‘my’ = N1-methyl-

pseudouridine

LTRP ID

SEQ
ID NO

RNA Sequence

LTRP #1 -
ZIM3-
KRAB

3099

GACCGGCCGCCACCAMYGGCCCCAAAGAAGAAGCGGAAGGMYCY CrnAGAGIMYmMA
ACGGAMYCAGGCMYCMYGCGAGCMYGGAAMYGAACCAMYGACCAGGAAMMYMGACC
CCCCAAAGGMYMYMYACCCACCIMYGMGCCAGCIMGAGAAGAGGAAGCCCAMCCGC
Gy GCmy Gmy Cmy Cry Crnyrym GAMY GGCAMYMy GCmPpACAGGGCmyCCyGCmyG
CMyGAAGGACCMYGGGCAMYCCAAGMYGGACCGCMYACAMCGCCmMyCCGAGGMYGM
PEMPGAGGACICCAMPCACGGMYGGGCAMYGEMPGCGGCACCAGGGAAAGAMYCAM
PEmMPACCMPCGGGGACGMCCGCAGCGMCACACAGAAGCAMPAMPCCAGGAGCMYGG
GGCCCAMYMYCGACCIMYGGMYGAMYMYGCAGGCAGMYCCCMGCAACGACCIMYCmyC
CAMymMYGmMyCAACCCMPGCCCECAAGGCACTIYmmMyAMPGAGGEMPACIMGGCCGCC
my Crnymy Crymymy GAGIMYmyCmyACCGCCmY CCrmyGCAMYGAMPGCGCGGCCCAAG
GAGGGAGAMYGAMYCGCCCCmymy Craymy CmyGGCmy Craymymy GAGAAMY GMYGGm
PEGCCAMYGEGCGMyMYAGMYGACAAGAGGGACAMYCYCGCGAMymMymy CraymyGA
GmyCmyAACCCCGMYGAMYGAMYmPGACGCCAAAGAAGMYGMYCmGCmyGCACACA
GGGCCCEmMymyACMYmMyCrGCGEMYAACCIMYmMYCCMyGGCAMYGAACAGGC Cmymys
myGGCAMPCCACMYGMYGAAMYGAMPAAGCMYGCAGCMGCAAGAGMCMYCMGGA
GCACGGCAGAAMYAGCCAAGMYmMYCAGCAAAGMYGAGGACCAMYMYACCACCAGGMY
CAAACTMYCIMYAMAAAGCAGGGCAAAGACCAGCAMMYMYCCCCEmyCrymyCAMYG
AACGAGAAGGAGCACAMYCCMYGMyGEMGCACMYGCAAAMGCAAAGGCMYGmYtm
PGECmYmyPCCCCCMYCCACMYPACACAGACGMYGMYCCAACAMPGAGCCGCmYmyGGC
GAGGCAGAGACMGCMPGGGCCGEMYCEMYGGAGCEMGCCGEMCAMCCGCCACC
mrCmymyCGCmCCGCm GAAGGAAMYAMYmmymy GCraymyrGmyrGmy Gy CrpfAGC
GGCAAMYAGMYAACGCMYAACAGCCGCGGGCCGAGCMYMyCAGCAGCGGCCmMYGGmY
GCCEMyMYAAGCMYMGCGCGGCAGCCAMPAMPGGGCCCmYAMYGGAGAMAMACA
AGACACIYGCmyGCAMGCAAGAGACAGCCAGMYGCGGGMYACIYGAGC CryCrays
MyCAGAAACAMYCGACAAGGMYACMYAAAGAGMYMYmYGGGCMYmyCmymyGGAAAG
CEGMyMYCMYGGMYmMyCmGGCGGAGGAACGCMYGAAGMYACCMGGAAGAMYGMYC
ACAAAMYGIMYCCMYGAGGAGGGACCMYGCGAGAAAMYGGGGCCCCmymymyGACCMYG
GMYGMYACGGCMYCGACGCAGCCCCMYAGGCAGCMYCymyGMyGAMYCGCMyGmyC
CCGGCMYGGMYACAMYGMYmMYCCAGMYmMYCCACCGGAMCCMGCAGMYAMYGCGCm
PECCmYCGCCAGGAGACMCAGCEECCCmymy CrnymCmyGGAMAMYmy CAMYGGCA
CAAMYCMYGCMYGCMyGACMYGAGGAMYGACCAAGAGACAACMYACCCGCMymyCCrm
UMYy CAGACAGAGGCMYCMGACCCMCCAGGAMYGMYCCEMyGGCAGAGACMYACCA
GAAMYGCYAMYGCGGEMYGMYGGAGCAACAMMCCAGGGCMYGAAGAGCAAGCAM
PGCGCCCCmYGACCCCAAAGGAAGAAGAGMYAMYCMYGCAAGCCCAAGMYCAGAAGC
AGGAGCAAGCMYGGACGCCCCGARAGMYMGACCIMYCCmGEMyGAAGAACTIGCCm
Yy Cm CCCGCMYGAGAGAGMYACTYm CAAGMYAmMYmymymymmy Cry CAAAACIYC
ACMmyCCmyCmymyGGAGGGCCGAGCMCMyGGCGCACCCCCACCAAGMYGGAGGG
M CmyCCrGCCGGGMYCCCCAACAMYCMYACMYGAAGAAGGCACCAGCGAAMCCE
CAACGCCCGAGMYCAGGCCCMYGGMYACCMYCCACAGAACCAMYCMYGAAGCMYAGM
PGECGCCMYGEmMYmyCCCCAGCMYGGAAGCCCMYACHYmMyCCACCGAAGAAGGCACGM
PCAACCGAACCAAGMYGAAGGAMCIMPGCCCCMPGGGACCAGCACMGAACCAMYCM
PGAGGGCCCMYmYPCCGGCGGAGGAAGCGCMYCAAGAGAMYCAAGAGAAMYCAACAAG
AmyCAGAAGGAGACMYGGMYyCAAGGACAGCAACACAAAGAAGGCCGGCAAGACAGGC
CCCAMYGAAAACCCIMYGCMYCCEmMyCAGACMYGAMGACCCCMYGACCMGAGAGAGC
GGCGGAAAACCMYPGAGAAAGAAGCCCGAGAACAMYCCCmYCAGCCMYAMYCAGCA
ACACCAGCAGGGCCAACCMYGAACAAGCMYGCMYyGACCGACMYACACCGAGAMYGAA
GAAAGCCAMCCMGCACGMYCMACIGCGAAGACMYMCCACGAAAGACCCCOMYG
GGCCmYGAMPGAGCAGAGMYMYGCMYCAGCCMyGCCAGCAAGAAGAMCGACCAGAA
CAAGCMYGAAGCCCGAGAMYGGACGAGAAGGGCAAMYCYGACCACAGCCGGCmymys
myGCCmy GCmy CrCAGMYGMYGGCCAGCCMY CrGmymyrCGmyGMYUACAAGCIYGG
AACAGGMYGMYCCGAGAAAGGCAAGGCCMPACACCAACIMYACIYMCGGCAGAMYGM
PAACGMYGGCCGAGCACGAGAAGCMYGAMMYCMGCMGGCCCAGCIMYGARACCIY
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LTRP ID

SEQ
ID NO

RNA Sequence

GAGAAGGACHMyCmyGAMyGAGGCCGMyGACCmyACAGC CmyGGGCAAGMYmMymyGGA
CAGAGAGCCCmYGGACTYmYyCrmyACAGCAMCCACCMYGACCAAAGAARAGCACACAC
CCCEmMYGAAGCCCCmYGECMCAGAM)CGCCGGCAAMPAGAMACGCCmMYCmGGAC
Cy CmYGEGCAAAGCCCmyCmYCCGAMYGC CMyGCAMYGCGAACAAMYCGCCAGCHY
myCCmy GAGCAAGMYACCAGGACAMCAMCAMCGAGCACCAGAAGGMYGGMYCAA
GGGCAACCAGAAGAGACMGGAAAGCCMGAGGGAGCMGGCCGGCARAGAGAACCT
YGGAAMYACCCCAGCEMYGACCCIMYGCCMyCCmyCAGCCIyCACACAAAAGAAGGCG
myGGACGCCMYACAACGAAGMYGAMYCGCCAGAGMYGAGAAMYGMGGCMYCAACCH
YGAACCIMGMYGGCAGAAGCMGAAACIYGMCCAGGGACGACGCCAAGCCMYCmMYG
Cy GAGACMYGAAGGGCmymyCCCmyAGCIYmyCCCmyCmyGGmyGGAAAGACAGGC
CAAMYGAAGMYGGAMYMYGCMYGGGACAMYGEMYCmyGCAACGMyGAAGAAGCIYGA
mCAACGAGAAGAAAGAGCAMGGCAAGCMYmYmymyCnGGCAGAACCIMYGGCCGG
CyACAAGAGACAAGAAGCCCMYGAGGCCmymyACCMYGAGCAGCCAAGAGGACCGG
AAGAAGGGCAAGAAGMMYCGCCAGAMYACCAGCMYGGGCGACCMYGCMyGCmyGCA
CCmYGGAAAAGAAGCACGGCGAGCACIYGCGGCAAAGMYCMYACGAMYGAGGCCMYG
GGAGAGAAMYCCACAAGAAGGMGGAAGGC CMGAGCAAGCACAMYMYAAGCIMYGGA
AGAGGAAAGAAGGAGCGAGGACGCCCAAMYCMYAAAGCCGECMYCyGACCGAMYMYG
GCMYGAGAGCCAAGGCCAGCMYmYmyGmyGAM)CGAGGGCCmGAAAGAGGCCGACA
AGGACGAGMYmMyCmyGCAGAMGCCAGCIYGAAGCMYGCAGAAGMYGGMYACGGCGA
My CmyGAGAGGCAAGCC CrymCGCCAMPMYGAGGCCGAGAACAGCAMYCCMYGGAC
AmMCAGCGECMYmyCAGCAAGCAGMYACAACTYGCGCCmymy CAMmymyGGCAGAA
AGACGGCGmMYyCAAGAAACIYGAACCIMYGYACCIMYGAmMYCAMYCAAMyACIKyyC
AAAGGCGGCAAGCMYGCGGMymMyCAAGAAGAMCAAACCCGAGGCCmymyCGAGGCM
YAACAGAMYmMYCMACACCCMGAMCAACAAAAAGMCCGGCCAGAMYCCMYGCCC
AmMyGGAAGIYGAACIYmy CAACIyC GACGACCCCAAC Cray GAmyryAmyCCmyGC
Cr CmyGGCCmYmyCGGCAAGAGACAGGGCAGAGAGMYmMYCAMYCMGGAACGAMYC
M GCM GAGCCMYGGAAACCEGCMYCMCmyGAAGCIGGCCARMGGCAGACIYGA
myCGAGAAAACCCMYGMYACAACAGGAGAACCAGACAGGACGAGC CmyGCmyCmyyGm
Yy GmyGGCCCmy GAC CrymyCGAGAGAAGAGAGGMYGCMyGGACAGCAGCAACA
MYCAAGCCCAMYGAACCMYGAMCGGECEMYGECCCEGEGCCGAGARMYAMCCCMYGT
My CmYGAMYCGCCCmyGACAGACCCMYGAAGGAMYGCCCACTMYGAGCAGAMYmMYCAA
GGACMYCCCmyGGGCAACCCMYACACACAMYCCMGAGAAMYCGGCGAGAGCMYACA
AAGAGAAGCAGAGGACAAMYCCAGGCCAAGAAAGAGGMYGGAACAGAGAAGAGCCGG
CGGAMPACTYCMYAGCAAGMYACGCCAGCAAGGC CAAGAAMYCIGGCCGACGACAM
YGGmMYCCGAAACACCGCCAGAGAMYCMGCMGmYACMYACGCCGMYGACACAGGAC
GCCAMYGCMYGAMYCrymCGCGAAMCmMYGAGCAGAGGCIMYmMyCGGCCGECAGGGE
AAGAGAACCIYmMymyAMyGGCCCAGAGGCAGMYACACCAGAAMYGGAAGAMYIYGGC
mCACAGCMYAAACIGGCCMACCAGGGACIYGAGCAAGACCIYACCMGmCCAA
AACACIGGCCCAGMYAMYACCIYCCAAGACCIYGCAGCAAMIMYGCEGCIYmyCAC
CAMyCACCAGCGCCGACMYACGACAGAGMYGCMYGGAAAAGCMYCAAGAAAACCGCC
ACCGGCMYGGAMYGACCACCAMCAACGGCAAAGAGCMYGAAGCMYMYGAGGGCCAG
AmMCACCIYACTMACAACAGGMACAAGAGGCAGAACGMYCCMYGAAGGAMCMYGA
GCGMYGGAACMYGGACAGACTYGAGC GAAGAGAGCCMYGAACAACGACAMCAGCAG
CmGGACAAAGGGCAGAMCAGGCGAGECMCIYGAGCCMGCmyGAAGAAGAGGMY
mymyAGCCACAGACCIYGIYGCAAGAGAAGIYYC Gy GmyGC Cray GAACIYGCGGC
mymyCGAGACACACGCCGCMYGAACAGGCMYGCCCmYGAACAMYmM GCCAGAAGCMY
GGCmMy CmYmyCCmyGAGAAGCCAAGAGMACAAGAAGMACCAGACCAACAAGACCA
CCGGCAACACCGACAAGAGGGC CmymymyGmyyGCAAACCMGGCAGAGCIymyCmyA
CAGAAAAAAGCHMYGAAAGAAGMYCMYGGAAGCCCGCCEMYGCGAMYCGGGCGGmMymy
CCGGCGGAGEMYMYCCACTYACTYAMGAACAAMM)CCCAGGCAAGAGMYGACCmy
My CGAGGAMYGMYCACIYGMyGAACTMYmMyCACCCAGGGGGAGMGGCAGCGGCMYGA
AmyCCCGAACAGAGAAACIYmMYGMYACAGGGAMYGMYGAMYGCmMYGGAGAAMYMYAC
AGCAACCTMymM Gy CmCry GmyGGGACAAGGGGAAACCACCAAACCCGAMYGMYGA
Y CrmymyGAGGMymMyGGAACAAGGAAAGGAGCCAMYGGMYmyGGAGGAAGAGGAAGM
YGCMYGGGAAGMYGGCCOMYGCAGAAAAAAAMYGGGGACAMIMGGAGGGCAGAM M
YmyGGAAGCCAAAGGAMYGMYGARAGAGAGMYCray CACMYAGMCCAAAAAAGAAGA
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LTRP ID

SEQ
ID NO

RNA Sequence

GAAAGGMYAGAMYmMyACAAAGAM)GACGAMGACAAAGACIYACAAGGAMGAMYGA
My GAMYAAGGGAMYCCGGCIMYGAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAARA
AAAAAAAAAAAAAAAARAAAARAAAARAAAAAAAAAAAARAAAARAAAARAAAAARA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAA

LTRP #5 -
ZIM3-
KRAB

3100

GACCGGCCGCCACCAMYGGCCCCAAAGAAGAAGCGGAAGGMYCY CyAGAAMYGAA
CCAMJGACCAGGAAMYmMYmMyGACCCCCCAAAGGMyMYMYACCCACCMYGMyGCCAGC
MyGAGAAGAGGAAGCCCAMYCCGCEMYGCmyGmMYCmy Cray Cmymyra GAmMYGGGAmMYs
myGCmYPACAGCGCMYCCmPGCMYGCmyGAAGGACCMYGGGCAMPCCAAGMYGGACCG
CmyACAMCGCCMYCCGAGGMYGCMYGMYGAGGACMYCCAMYCACGEMYGGGCAMYGG
myGCGGCACCAGCGAAAGAMYCAMGMYACGICCEGGACCMCCGCAGCEMCACA
CAGAAGCAMPAMYCCAGGAGMYGGGGCCCAMYMYCGACCMYGCCMyGAMPMYGGAGGC
AGMYCCCmMyGCAACGACCMYCmyCCAMYMYGMCAACCCMGCCCGCAAGGGACHYm
YAy GAGGGMYACMYGGCCGCCmy CrymyrCmymymy GAGmymy CrafACCGCCmyC
CmyGCAMYGAMYGCGCGGCCCAAGGAGGGAGAMYGAMYCGCCCCmymy CraymyCryG
GCmyCmymymy GAGAAMYGMYGEMYyGGCCAMPGGGCEmYmyAGMGACAAGAGGGAC
AmCmyCGCGAMYmMYmy Crymy GAGMY CmyAACCCCEmMYyGAMYGAMYMYGACGCCAA
AGAAGMYGMYCmGCmYGCACACAGGGCCCmymYACMYmMyCrnyGGGGMPAACCmym
PCCMPGGCAMPGAACAGGCCmymymyGGCAMYCCACIYCMyGAAMYGAMYAAGCIYG
GAGCMYGCAAGAGMYGCMCIGCGAGCACGCCAGAAMPAGCCAAGMYMyCAGCAAAGH
YGAGGACCAMYMYACCACCAGGMYCAAACMYCIYAMJAAAGCAGGGCAAAGACCAGC
AmmymyCCCCEmyCmymyCAMPGAACCAGAAGGAGGACAMYCCMYGMyGGMyGCAC
MYGAAAMPGGAAAGGEMYGMYmMYmyGGCmymCCCCEmMPCCACMYACACAGACGMYG
myCCAACAMYGAGCCGCMYmMyGGCGAGGCAGAGACMYGCMGGGCCEEMYCCMYGGA
GCGMPGCCGEMYCAMYCCGCCACCMYCmymyCGCmyCCECmMyGAAGGAAMAMYMYT
YmyGCmymy Gy GmyGmy CmyAGCGGCAAMPAGMYAACGCCMAACAGCCGCGGGCCG
AGCIMYmMCAGCAGCGGCCMYGEMYGCCEMYmyAAGCIYmyGCGCGGCAGCCAMYAmMY
GGGCCCMYAMYGGAGAMYAMACAAGACACMYGMCMGCAMGCAAGAGACAGCCA
GMYGCECEMPACIYCAGCCIYCmymyCAGAAACAMYCCACAAGCMYACIYAAAGAGHT
Yy GGGCmymy Cymy GGAAAGCGGMYmMYCmyGGmymy CmyGGGGGAGGAACGCm
YCAAGMYACCMPGGAAGAMYGMYCACAAAMYCMYCGMGAGGAGGGACGMYGGAGAA
AmGEEGCCCCmymymyGACCIMYGGMYCMPACGGCMYCGACGCAGCCCCMYAGGCAG
CryCymy Gy GAMy CGCmyGmyrCCCGGCMYGCMYACAMYGMYmYyCCAGMYmYyCCAC
CGGAMYCCMYGCACMYAMGCECMYGCCMCGCCAGGAGAGMYCAGCGGCCCmymyC
mymyCmy GCAMPAMYmMY CAMPYGGACAAMYCmY GCmGCmGACMPGAGGAMYGACCA
AGAGACAACMJACCCGCMymYCCmymyCAGACAGAGGCMYGMyGACCCMCCAGGAM
PEmMPCCEMYGGCAGAGACTMYACCAGAAMGCMYAMYGCGEEMYGMyGGAGCAACAMY
myCCAGGGCMYGAAGAGCAAGCAMPGCGCCCCmYGACCCCAAAGGAAGAAGAGMAM
PCmyGCAAGCCCAAGMYCAGAAGCAGGAGCAAGCMYGGACGCCCCGAAAGMYMYGAC
CyCCmyGEMYGAAGAACIGCCmYmfCmyCCCGCMyGAGAGAGMYACIymyCAAGT
YAMymymymymyCmy CAAAACIMY CACTIYmM CCmy Crymy GGCCCMYmyfCCGGCGGAG
GAAMYGAACAAMMYCCCAGGGCAAGAGMYGACCMYMYCGAGGAMYGMYCACMYGMYG
AACIMYMCACCCAGGGGGAGMGGCAGCEGCMYGAAMCCCGAACAGAGAAACT Y
GmyACAGGGAMYGMYPGAMYGCmGGAGAAMYmMPACAGCAACCymGry CmyCrGm
YGGGACAAGGGGAAACCACCAAACCCGAMGMYGAMCMYMyGAGGMYMYGGAACAA
GGAAAGGAGCCAMYGCMYMyGCAGGAAGAGGAAGMYGCMGGCAAGMYGGCCCmYGC
AGAAAAAAAMYGGGGACAMYMYGCAGGGCAGAMYMYMGGAAGCCAAAGGAMGMYG
AAAGAGAGMYCMYCGGAGGGCCGAGCMYCMYGGCGCACCCCCACCAAGMYGGAGGGM
PCmPCCmyGCCGGGMYCCCCAACAMCIACMGAAGAAGGCACCAGCGAAMCCGC
AACGCCCGAGMYCAGGCCCmYGGMYyACCIMyCCACAGAACCAMCYGAAGGmMYAGMY
GCGCCMYGEMYmMYCCCCAGCMYGGAAGCCCMYACMYMCCACCGCAAGAAGGCACGMY
CAACCGAACCAAGMYGAAGGAMCMGCCCCMyGGGACCAGCACMYGAACCAMYCray
GAGCAAGAGAMYCAAGAGAAMYCAACAAGAMCAGAAGGAGACMYGGMYCAAGGACA
GCAACACAAAGAAGGCCGGCAAGACAGGCCCCAMYGAAAACCCMYGCMYCGMYCAGA
Gy GAMYGACCCCMGACCMYGAGAGAGCGGCMYGGAAAACCMYGAGAAAGAAGCCC
GAGAACAmMYCCCmyCAGCCMYAMYyCAGCAACACCAGCAGGGCCAACCMYGAACAAGC
myGCmMyGACCGACMYACACCGAGAMYGAAGAAAGC CAMYCCMGCACCMYGMYACTY
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GGGAAGAGMYmyCCAGAAAGACCCCEMYGGGC CmyGAMGAGCAGAGMymyGCmyCA
GCCmyGCCAGCAAGAAGAMYCGACCAGAACAAGCMYGAAGCCCCAGAMGGACGAGA
AGGGCAAMYCIYGACCACAGCCGGECMmymyGCCmyGCmyCmyCAGMYGMGGCCAG
CemyCmyCmymyCemyGmyACAAGCMGGAACAGGMYGMCCGAGAAAGGCAAGGCC
myACACCAACTMYACHYmyCGGCAGAMYGMYAACGMGGCCCAGCACGAGAAGCIYGA
My CmyGCmYGGCCCAGCMYGAAACCIMYGAGAAGGACI) CIGAMYGAGGCCGmYG
ACCMACAGCCMYGGGCAAGMYmMYmyGGACAGAGAGCCCMYGGACMYmMYyCrayACAGC
AmyCCACGMyGACCAAAGAAAGCACACACCCCGMYGAAGCCCCMYGGCMYCAGAMYC
GCCGGCAAMPACAMACCCCMYCMGGACCIYGMGGGCAAAGCCCmYGmMYCCGAMY
GCCmyGCAMYGGGAACAAMYCGCCAGCIYmyCCmyGAGCAAGCMYACCAGGACAMYCA
myCAMCGAGCACCAGAAGGMYGGMCAAGGGCAACCAGAAGAGACMGGAAAGCC T
YGAGGGAGCMYGGCCGECARAGAGAACCMGGAAMACCCCAGCEMYGACCCmMYGCC
Y CCry CAGCCMYCACACAAAAGAAGGCGMYGGACGCCMYACAACGAAGMYGAMYCG
CCAGAGMYGAGAAMCMYGGGMCAACCIMYGAACCMGCMYGGCAGAAGCIGAAACT
YGMCCAGGGACGACGCCAAGCCIYCMGCMGAGACIYGAAGGGCMmMyCCCmYAG
CrymyCCCmyCy GGy GGAAAGACAGGCCAAMYGAACMYGCAMMY GGMGGGACA
My GGy CmyGCAACCMYGAAGAAGCMYGAMYCAACGAGAAGAAAGAGGAMYGGCAAG
Grymymym CmyGGCAGAACCMGGCCEGCmMYACAAGAGACAAGAAGCCCmMYGAGGT
CrymyACCMYGAGCAGCCAAGAGGACCGCGAAGAAGGGCAAGAAGMYMYCGCCAGAMY
ACCAGCMYGGGCGACCMYGCmyGCmyGCACCMYGGAAAAGAAGCACGGCGAGGACHY
GGGGCAAAGMYCMYACGAMYGAGGCCMYGCGAGAGARMICGACAAGAAGCMYGGCAAG
GCCmyGAGCAAGCACAMYMYAAGCMYGCAAGAGCAAAGAAGCAGCCAGGACGCCCAA
My CmyAAAGCCGCMYCmyGAC CCAMMYGGCMYGAGAGCCAAGGC CAGCIymymyGm
YGAMYCGAGGGCCMYGARAGAGGCCGACAAGGACGAGMYMYCMGCAGAMYGCGAGC
My GAAGCMYGCAGAAGMYGGMYACGGCGAMYCMyGAGAGGCAAGC CCmmyCGCCAM
YmyGAGGCCGAGAACAGCAMYCCMYGGACAMCAGCGGCMYmyCAGCAAGCAGMYAC
AACIMYGCGCCmymy CAMYmymy GGCAGAAAGACGGCGMYCAAGAAACMGAACCIYG
myACCMYGAMYCAMYCAAMYmMYACMYmyCAAAGGCGGCAAGCCMYGCEGMymyCAAGA
AGAMJCAAACCCGAGGCCmymyCGAGGCMYAACAGAMYmMYCMyACACCGMGAmMYCA
ACAAAAAGMYCCGGECGAGAMYCCMYGCCCAMYGEAAGMYGAACIYMCAACIYmM)CG
ACGACCCCAACCIYGAmyryAMyCCmyGCCryCmyGGCCmymyCGGCAAGAGACAGG
GCAGAGAGMYMYCAMYCMGGAACGAMYCMGCMGAGCCMYGGAAACCGGCMYCmy
CyGAAGCMYGGCCAAMYGCCAGAGMCAMCGAGAAAACCCIYGMYACAACAGGAG
AACCAGACAGGACGAGCCnyGCmy Crn Gy Gy GGCC Cry GAC Craymy CGAGA
GAAGAGAGGM)GCMGGACAGCAGCAACAMCAAGCCCAMPGAACCIYGAMCGGCG
MYGGCCCEGEGCEAGARAMYAMYCCCMYGCMy Gy GAMYCGCCCMyGACAGACCCIYG
AAGGAMYGCCCACMYGAGCAGAMYMYCAAGGACTMYCCCyGGGCAACCCMYACACAC
AmCCmMyGAGAAMYCGGCGAGAGCMYACAAAGAGAAGCAGAGGACAAMCCAGGCCA
AGAAAGAGGMYGGAACAGAGAAGAGCCGGCGEAMPACIYCIYAGGAACMYACGCCAG
CAAGGCCAAGAAMYCMYGGCCGACGACAMYGCEMYCCGAAACACCGCCAGAGAMYCmY
GCmYGmMYACMYACGCCGMGACACAGGACGCCAMYGCMY GAMY CmmyCGCGAAMYC
MYGAGCAGAGGCIYmYCGGCCEGCAGGECAAGAGAACCIYMYmyAMGGCCCAGAGG
CAGMYACACCAGAAMYGCAAGAMYMYGECMyCACAGCMYAAACMYGGCCMYACGAGG
GACMGAGCAAGACCMYACCIYGMYCCAAAACACTYGGCCCAGMYAMPACCMCCAA
GACCMYGCAGCAAMMYGCEGCMYmyCACCAMCACCAGCGCCCACTMYACGACAGAG
My GCmyGGAAAAGCICAAGAAAACCGCCACCEGCMYGGAMGACCACCAMCAACG
GCAAAGAGCMGAAGCMYMYGAGGGCCAGAMYCACCIYACTYACAACAGCMYACAAG
AGGCAGAACGMYCGMYyGAAGGAMCMYGAGCGMYyGGAACMYGGACAGACIYGAGCGA
AGAGAGCGmMYyGAACAACGACAMCAGCAGCMYGGACAAAGGGCAGAMYCAGGCGAGG
Crf CmGAGC Cf GCm GAAGAAGAGGMymymyAGCCACAGACCIYGM GCAAGAGA
AGmMYmyC Gy GmyGC Cray GAACIYGCGECMymyCGAGACACACGCCGCMYGAACAGG
CryGCCCmy GAACAMYMYGC CAGAAGCIYGGCmYGmymyCCrmy GAGAAGCCAAGAGM
YACAAGAAGMYACCAGACCAACAAGACCACCGGCAACACCGACAAGAGGGC Cmymym
YGMYGGAAACCIYGGCAGAGCIYmy CmyACAGAAAAAAGCIYGAAAGAAGIMYCIY GG
AAGCCCGCCEMYGCGAMYCGEGGECEEMmMYCCEGCGEAGGMYMYCCACMYAGMYCCAA
AAAAGAAGAGAAAGGMUAGAMYmACAAAGAMGACGAMYGACAAAGACMYACAAGG
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e SEQ :
LTRP ID ID NO RNA Sequence

AmyCAMyCAMYGAMPAAGCCAMyCCCGCMyGAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAA

[0405] For experiment #2, synthesis of PCSK9-targeting gRNAs was performed as described
above for experiment #1, and the sequences of the targeting spacers are listed in Table 14. For
pairing with dCas9-ZNF10-DNMT3A/3L, targeting spacers were as follows: 1) 7.148 (B2M, as
non-targeting control; CGCGAGCACAGCUAAGGCCA; SEQ ID NO: 3101), 27.126 (PCSK9,
CACGCCACCCCGAGCCCCAU; SEQ ID NO: 3102), and 27.128 (PCSK?9;
CAGCCUGCGCGUCCACGUGA,; SEQ ID NO: 3103).

[0406] Transfection of mRNA and gRNA into Hepal-6 cells and intracellular PCSK9
staining:

[0407] Seeded Hepal-6 cells treated with the NATE™ inhibitor were lipofected with 300 ng
of mRNA encoding LTRP1-ZIM3, LTRP5-ZIM3, catalytically-active CasX 491, or dCas9-
ZNF10-DNMT3A/3L, and 150 ng of PCSK9-targeting gRNA (Table 14). Intracellular levels of
PCSKO9 protein were measured at 7, 14, 21, 36, and 71 days post-transfection using an
intracellular staining protocol as described earlier for experiment #1.

Results:

[0408] In experiment #1, mRNAs encoding dXR1 or LTRP1-ZIM3 were co-transfected with a
PCSK9-targeting gRNA into mouse Hepal-6 cells to assess their ability to induce PCSK9
knockdown by silencing the mouse PCSK9 locus. The quantification of the resulting PCSK9
knockdown is shown in FIGS. 4-6. The data demonstrate that at day 6, use of six out of seven
gRNAs targeting the mouse PCSK9 locus with LTRP1-ZIM3 mRNA resulted in >50%
knockdown of intracellular PCSK9, with the leading spacer 27.94 achieving >80% repression
level (FIG. 4). A similar trend was observed with use of dXR1 mRNA at day 6, although the
degree of repression was less substantial when paired with certain spacers, such as spacer 27.92
and 27.100 (FIG. 4). The results also demonstrate that use of LTRP1-ZIM3 mRNA led to
sustained repression of the PCSK9 locus through at least 25 days, with use of the top two spacers
27.94 and 27.88 showing the strongest permanence in silencing PCSK9 (FIG. 6). However, the
PCSKO repression mediated by dXR1 that was observed at day 6 reverted to similar levels of
PCSKO9 as detected with the non-targeting control (spacer 6.7) by day 13; such transient
repression was noticeable for all gRNAs assayed that targeted the PCSK9 gene (FIG. 5).
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[0409] In experiment #2, mRNAs encoding LTRP1-ZIM3 or LTRP5-ZIM3, dCas9-ZNF10-
DNMT3A/3L, or catalytically active CasX 491 were co-transfected with a PCSK9-targeting
gRNA into mouse Hepal-6 cells to assess their ability to induce PCSK9 knockdown by
silencing the mouse PCSK9 locus. The quantification of the resulting PCSK9 repression is
shown in FIGS. 7-8. The data demonstrate that delivery of IVT-produced LTRP1-ZIM3 or
LTRPS-ZIM3 mRNA resulted in comparable levels of sustained PCSK9 knockdown when
paired with a targeting gRNA with the top spacer 27.94 (~40% knockdown by day 71), while
use of an alternative spacer 27.88 did not result in as effective of a sustained PCSK9 knockdown
by day 71 (~12%) (FIG. 7). Furthermore, third-party-produced mRNA encoding LTRP1-ZIM3
and dCas9-ZNF10-DNMT3A/3L led to similar levels of durable PCSK9 knockdown when
paired with gRNAs containing various spacers, with use of spacer 27.94 still resulting in the
highest level of PCSKO repression (FIG. 8).

[0410] These experiments demonstrate that LTRP molecules, having different configurations,
can induce heritable silencing of an endogenous locus in a mouse liver cell line. Meanwhile, as
anticipated, use of dXR constructs result in efficient repression of the target locus at early
timepoints, but their use does not lead to durable silencing. These findings also show that dXR
and LTRP molecules (of different configurations) can be delivered as mRNA and co-transfected
with a targeting gRNA to cells, indicating that the transient nature of the delivered payload is

still sufficient to induce silencing.

Example 3: Assessment of spacers in achieving repression of the PCSK9 locus in human
hepatocyte cells when paired with an LTRPS-ADD molecule

[0411] Experiments were performed to demonstrate that multiple spacers with the TTC
recognition motif, when paired with an LTRP molecule in configuration #5 (LTRPS;
diagrammed in FIG. 2) containing the ADD domain, can induce durable repression of a
therapeutically-relevant endogenous locus in human cells. Specifically, an initial proof-of-
concept experiment was performed in human Huh7 cells to evaluate a subset of spacers that
exhibit sequence conservation to the non-human primate (NHP) genome to identify leading
spacers for testing in future in vivo NHP studies.

Materials and Methods:

Computational selection of PCSK9-targeting spacers for experimental testing with an LTRPS

molecule containing the ADD domain:
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[0412] To determine potential LTRP-specific spacers throughout the human PCSK9 locus, a
target search region was defined as starting at SKB upstream of the transcription start site (TSS)
through 5KB downstream of the transcription stop site. Spacers were determined based on the
availability of TTC PAMs; consequently, a total of 1,121 TTC spacers were identified
throughout the target PCSK9 locus. These spacers were then functionally annotated by
overlaying key genomic features based on their positioning, i.e., determining whether the
putative spacer targeted an exon, an intron, or a candidate cis-regulatory element (cCRE), within
the promoter region, and/or overlapped with a common site of genetic variation (e.g., SNPs). To
narrow down and determine an initial group of spacers for experimental screening, the extracted
spacers were subjected to a set of filtering criteria. Firstly, non-specific spacers were excluded
by removing spacers with off-target sites that contain up to one base pair mismatch with the on-
target site. Furthermore, spacers containing the following mononucleotide repeats were
excluded: thymine nucleotide repeats greater than four base pairs (bp) in length or adenine,
guanine, or cytosine nucleotide repeats greater than 5 bp in length. Next, from this filtered set,
spacers with more than one off-target site containing mismatches in the last four nucleotides of
the spacer were excluded. Lastly, spacers that targeted >2KB upstream of the TSS and >2KB
downstream of the transcription stop site were excluded. This resulted in a filtered set of 722
TTC spacers (SEQ ID NO: 1824-2545). From this filtered set of 722 spacers, spacers that were
TSS-proximal (within 1100 bp upstream and downstream of the TSS) were selected for
experimental assessment, resulting in the identification of 67 TTC spacers. Two additional
spacers, TG-06-354 and TG-06-352, positioned beyond the 1100 bp threshold window, were
also selected for inclusion. The sequences of the resulting 69 TTC spacers are shown in Table

17.

Table 17: RNA sequences of the 69 TTC spacers targeting the human PCSK9 locus. Bolded
spacers were spacers having sequence consensus between human and non-human primate

genomes and were assessed in this example.

Spacer ID Spacer RNA sequence SEQ ID NO:
TG-06-342 ARAUUACAGGCAACAGGARAGG 1824
TG-06-343 CCCCAUGUAAGAGAGGAAGU 1825
TG-06-344 CAGUUUCUGCCUCGCCGCGG 1826
TG-06-345 GCCUCGCCGCGGCACAGGUG 1827
TG-06-346 CCCACCUGUGCCGCGGCGAG 1828
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Spacer ID Spacer RNA sequence SEQ ID NO:
TG-06-347 CUCCUUCACCCACCUGUGCC 1829
TG-06-348 AGGCAUUCACUCCUUCACCC 1830
TG-06-349 CUGUGCCUGGUGCAGUUCCC 1831
TG-06-350 GUGUCAUAAAGAAAUUGCCU 1832
TG-06-351 UUAUGACACAGAACUCAUGC 1833
TG-06-001 GAGGAGGACGGCCUGGCCGA 1834
TG-06-002 ACCGCUGCGCCAAGGUGCGG 1835
TG-06-004 GCCAGGCCGUCCUCCUCGGA 1836
TG-06-005 GUGCUCGGGUGCUUCGGCCA 1837
TG-06-117 ACUUUGUUUGCAAAGACCUC 1838
TG-06-118 GAGUGAAAUGGCCUGCUCUG 1839
TG-06-119 GAGCAGGCCAUUUCACUCGG 1840
TG-06-120 CUCGGAAUCUGCUGUGCAUC 1841
TG-06-121 GGAAGGGCUGUCGAUACUGG 1842
TG-06-123 UCCCAGUAUCGACAGCCCUU 1843
TG-06-124 CAGUAUCGACAGCCCUUCCA 1844
TG-06-125 AGAAAGAGCAAGCCUCAUGU 1845
TG-06-128 AGAAAUCAACUGGACAAGCA 1846
TG-06-131 UGAACAUGGUGUGUAAAAGG 1847
TG-06-132 AGAAGAUUCAAUUUGCAAAG 1848
TG-06-133 AUGGUAGGCACAAGCUCAGC 1849
TG-06-134 GAAUUCUAUGGUAGGCACAA 1850
TG-06-135 GGAAAGCUGAGCUUGUGCCU 1851
TG-06-138 AGGGAUUUAUACUACAAAGA 1852
TG-06-139 AGGAGCAGCUAGUUGGUAAG 1853
TG-06-140 AAACUUAGCCUGGACCCCCU 1854
TG-06-141 ACUGGCCUUAACCUGGCAGC 1855
TG-06-142 UUCCACUGGCCUUAACCUGG 1856
TG-06-143 GAAUCAAUCCUACUGUGGAC 1857
TG-06-144 GUGGGCAGCGAGGAGUCCAC 1858
TG-06-145 UGGGUCCACCUUGUCUCCUG 1859
TG-06-146 GAAGUCUCACUGGUCAGCAG 1860
TG-06-147 GUGUUUCCUGGGUCCACCUU 1861
TG-06-149 AGCCCAGUUAGGAUUUGGGA 1862
TG-06-150 UCCCUCUGCGCGUAAUCUGA 1863
TG-06-151 CUCUGCGCGUAAUCUGACGC 1864
TG-06-152 GCCUCGCCCUCCCCAAACAG 1865
TG-06-153 GUUAAUGUUUAAUCAGAUAG 1866
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Spacer ID Spacer RNA sequence SEQ ID NO:
TG-06-154 AGGGUGUGGGUGCUUGACGC 1867
TG-06-155 GCAGCGACGUCGAGGCGCUC 1868
TG-06-157 GGGUCUGAGCCUGGAGGAGU 1869
TG-06-158 GGAGCAGGGCGCGUGAAGGG 1870
TG-06-159 GCGCGCCCCUUCACGCGLCCC 1871
TG-06-160 CGCGCCCUGCUCCUGAACUU 1872
TG-06-161 GCUCCUGCACAGUCCUCCCC 1873
TG-06-167 CACUGAAUAGCGCAGCCGCA 1874
TG-06-168 GUGGGAAGGUUCGCGGGGUU 1875
TG-06-169 CGGGGUUGGGAGACCCGGAG 1876
TG-06-170 UCGGCCUCCGGGUCUCCCAA 1877
TG-06-171 CAGUACGUUCCAGGCAUUCA 1878
TG-06-172 GCUGAAACAGAUGGAAUACU 1879
TG-06-249 ARAACCAAAUCGGAACCCACU 1880
HS-6-147 UGUUGCCUGUAAUUGGAAUU 1881
HS-6-149 CCUUCCUGUUGCCUGUAAUU 1882
TG-06-122 CCUUUGUUUCUUCCCAGUAU 1883
TG-06-127 UCCUCCUGCCUGGUACACAA 1884
TG-06-137 GAAUGUACCUAUAUGACGUC 1885
TG-06-188 CCCCGGCCUCCCAUCCCUAC 1886
TG-06-243 CUUGGCACGAUCUUGGGGAC 1887
TG-06-250 GAUUUGGUUUGGAAAACAUG 1888
TG-06-251 CUCCAGGCCCUCCACCccUCC 1889
HS-6-159 CACCCCGCCCCUGUCUCGGG 1890
TG-06-354 CCCCUGCCCCUUCAGCUGGU 1925
TG-06-352 UCCCUCACCAAUUACCCCUC 1910

PCT/US2023/067987

Note, for spacer nomenclature throughout these Examples, dashes and periods are used
interchangeably. Thus, spacer “06-146” is the same as spacer “6.146.”

Assessment of PCSK9 secretion levels for select PCSK9-targeting spacers having sequence
conservation with the non-human primate genome:

[0413] Of the 69 TTC spacers identified, 15 spacers that exhibited sequence conservation
between human and non-human primate genomes (bolded spacers in Table 17) were initially
tested to assess their effect on PCSK9 secretion levels.

[0414] mRNA encoding the following molecules were generated by IVT following similar
methods as described in Example 2: 1) a catalytically-active CasX 676 (as described in Example
5), 2) dXR1 (as described in Example 2), and 3) LTRP5-ADD-ZIM3 (as described in Example

4). The DNA and mRNA sequences for CasX 676 are shown in Tables 21 and 22; the DNA and
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mRNA sequences for dXR1 are shown in Tables 11 and 12; the DNA and mRNA sequences for
LTRP5-ADD-ZIM3 are shown in Tables 18 and 19.

[0415] gRNAs containing NHP-conserved spacers targeting the PCSK9 locus (bolded spacers
in Table 17) were designed using gRNA scaffold 316 and chemically synthesized. Furthermore,
a B2M-targeting gRNA was used as a non-targeting control, while spacer TG-06-138 (also
known as spacer 6.138; SEQ ID NO: 1852) was used to pair with dXR1, and spacer TG-06-001
(also known as spacer 6.1; SEQ ID NO: 1834) was used to pair with CasX 676. Spacer TG-06-
157 (also known as spacer 6.157; SEQ ID NO: 1869), which is not an NHP-conserved spacer,
was included as a positive control given its demonstrated efficacy in sustaining repression of the
PCSK9 locus, which is shown in Example 5, below.

[0416] To assess PCSKO secretion, seeded Huh7 cells were transfected with mRNA encoding
a catalytically-active CasX 676, dXR1, or LTRP5-ADD-ZIM3 and a gRNA with scaffold 316
and spacer targeting either the B2M or PCSK9 locus. Media supernatant was harvested at 6, 18,
36, and 87 days post-transfection to assess level of PCSK9 secretion by ELISA. Levels of
PCSKO9 secretion were normalized to total cell count. As an additional control, PCSK9 secretion
was also measured in the media supernatant harvested from wells containing untreated, naive
cells.

Results:

[0417] Quantification of normalized PCSK9 secretion level for Huh7 cells transfected with
mRNA encoding catalytically-active CasX 676, dXR1, or LTRP5-ADD-ZIM3 with an NHP-
conserved gRNA targeting the PCSK9 locus at the four timepoints is shown FIG. 9. The data
demonstrate that use of most NHP-conserved spacers with LTRP5-ADD-ZIM3 resulted in
sustained repression through 36 days post-transfection when compared with control conditions,
i.e., naive, untreated cells, cells treated with dXR1, and cells treated with the non-targeting
control (using spacer 7.37 targeting the B2M locus). Specifically, in comparison to the PCSK9
secretion level observed with use of spacer 6.1 paired with CasX 676, use of TSS-proximal
spacers TG-06-147, TG-06-167, TG-06-133, TG-06-146, and TG-06-154 paired with LTRPS5-
ADD-ZIM3 resulted in similar or further reduced level of sustained repression through day 36
(FIG. 9). Interestingly, use of TG-06-352, which is positioned beyond the 1100 bp threshold
window designated here as “TSS-proximal”, also resulted in effective repression through day 36
(FIG. 9). Similar to the findings observed in Example 5, treatment with LTRP5-ADD-ZIM3

with spacer 6.157 resulted in sustained repression of secreted PCSK9 levels, while treatment
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with dXR1 and spacer 6.138 resulted in transient repression. Furthermore, treatment with any of
the three mRNA molecules with spacer 7.37 targeting the B2M locus did not affect PCSK9
secretion (FIG. 9). However, by 87 days post-transfection, only use of spacers TG-06-157, TG-
06-154, TG-06-167, and TG-06-243 paired with LTRP5-ADD-ZIM3 resulted in similar or
further reduced level of sustained repression when compared to use of spacer 6.1 paired with
CasX 676 (FIG. 9).

[0418] These results demonstrate that delivery of mRNA encoding an LTRP molecule with
the ADD domain with the appropriate PCSK9-targeting gRNA can result in sustained repression
of an endogenous target locus in human cells. Furthermore, these experiments revealed that
several human spacers having consensus sequence with the non-human primate species achieved
strong phenotypic effects from targeting a therapeutically-relevant locus, supporting the
potential use of these select spacers in preclinical efficacy studies utilizing non-human primate

models.

Example 4: Demonstration that inclusion of the ADD domain into an LTRP molecule
enhances repression of an endogenous locus in mouse Hepal-6 cells

[0419] Experiments were performed to demonstrate that incorporation of the ADD domain
into an LTRP molecule enhances the ability of LTRPs to induce durable repression of an
endogenous locus in mouse Hepal-6 liver cells, when delivered as mRNA co-transfected with a
targeting gRNA.

Materials and Methods:

Generation of LTRP #5 mRNA:

[0420] mRNA encoding two variants of the LTRP #5 molecule were generated by in vitro
transcription (IVT): 1) an LTRP #5 molecule containing the ZIM3-KRAB domain (hereafter
known as LTRP5-ZIM3) and 2) a LTRP5-ZIM3 containing the DNMT3A-ADD domain
(hereafter known as LTRP5-ADD-ZIM3). Briefly, constructs encoding for a 5’UTR region,
LTRPS-ZIM3 or LTRP5-ADD-ZIM3 with flanking SV40 NLSes, and a 3’UTR region were
generated and cloned into a plasmid containing a T7 promoter and 79-nucleotide poly(A) tail.
Sequences encoding the LTRP5-ZIM3 or LTRP5-ADD-ZIM3 molecules were codon-optimized
using a codon utilization table, in addition to using a publicly available codon optimization tool

and adjusting parameters such as GC content as needed. The DNA sequences encoding the
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LTRP5-ZIM3 and LTRP5-ADD-ZIM3 mRNAs are listed in Table 18. The corresponding

mRNA sequences and protein sequences are listed in Table 19 and Table 20 respectively.

Table 18: Encoding DNA and RNA sequences of the LTRPS-ZIM3 and LTRPS-ADD-

ZIM3 mRNA molecules assessed in this example*.

DNA sequence or RNA sequence or
LTRP molecule Component SEQ (iD NO SEQ (;D NO

S'UTR 3047 3115
START codon +
NLS + linker 3104 3116
START codon +
DNMT3A catalytic | 3059 3117
domain
Linker 3060 3118
DNMTT?)L . 3061 3119
interaction domain

LTRP5-ZIM3 Linker 3105 3105
ZIM3-KRAB 3051 3120
Linker 3106 3121
dCasX491 3049 3122
Buffer + linker 3107 3123
NLS + STOP codon
+ buffer sequence 3108 3124
3'UTR 3055 3125
Buffer sequence TCTAG UCUAG
Poly(A) tail 3109 3109
5S'UTR 3047 3115
START codon +
NLS + linker 3104 3116
START codon +
DNMT3A ADD 3111 3127
domain
DNMT3A catalytic

LTRP5-ADD- domain 3112 3128

ZIM3 Linker 3060 3118
DNMTSL - | 3064 3119
interaction domain
Linker 3105 3105
ZIM3-KRAB 3051 3120
Linker 3106 3121
dCasX491 3049 3122
Buffer + linker 3107 3123
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DNA sequence or RNA sequence or
LTRP molecule Component SEQ ID NO SEQ ID NO
NLS + STOP codon
+ buffer sequence 3108 3124
3'UTR 3055 3125
Buffer sequence 3056 3126
Poly(A) tail 3109 3109

*Components are listed in a 5’ to 3” order within the constructs

Table 19: Full-length RNA sequences of LTRPS-ZIM3 and LTRPS-ADD-ZIM3 mRNA

molecules assessed in this example. Modification ‘my’ = N1-methyl-pseudouridine.

LTRP SEQ
molecule | ID NO RNA Sequence
LTRP5- | 3129 AAAMYAAGAGAGAAAAGAAGAGIMYAAGAAGAAAMAMPAAGCAGCCACCAMPGGC
7IM3 CCCmYAAGAAGAAGC GMYAAAGMYGAGCCGCAMYGAACCACGCACCAGGAGMYMY

CGACCCCCCMAAGGMYCMYACCCMYCCCEmyCCCCGCCCAGAAGAGARAGCCC
AmMyCCEGEMYCCMYGAGCCmyCmymyCCAMFGGCAMCGCCACCGEMYCMyGCm
YGEMYGCMYGAAGGACCMYGGGCAMYCCAGGMYGGAMYAGGMYACAMmMYGCCm
YCCGAGGMYGMYGCGAGGACTMYCCAMYCACCGMYGGGAAMYGCMYGC GmyCAmY
CAGGGCAAGAMYCAMYGMYACCMYGEGCGACCMYGCGCAGCEMYGACACAGAAG
CAMYAMYCCAGGAGMYGGGGCCCmmmyCGACCMYGGmYGAMYCGGCGGCAGT
CemymyGCAAMYGACCMYGAGCAM)CGMGAACCCAGCCCGGAAGGGC CrGmy
ACGAGGGAACCGGCAGACTYGMymyCmymyCCACMYmymymyACAGACTYGCmy
GCACGACGCCCGGCCMAAGGAAGGCGACGACCGGCCCmymyCrmymymymyGGC
Y GmymyCGAGAAMY Gy GGy GGCCAMYGGGAGMYCAGCGACAAGCGGGAMYA
Yy AGCCEGMYmyCCmyGGAGAGCAACCCC MY GAMYGAIMYCGAMYGCCAAGG
AAGMYGAGCGCCGCCCACCGEGGCCAGAMYACTYmMYCyGGGGCAAMYCyGCCm
YGGCAMYGAACAGACCCCMYGGCCAGCACCGMYGAACGACAAGCMGGAGCIYG
CAGGACMYGCCMyGGAGCACGGCCGCAMYCGCCAACMYMYCAGCAAGCMYGAGA
ACCAMyCACCACCCGAAGCAACAGCAMYCAAACAAGGCAAGGACCAGCACTYMY
Y CCry G Gy CAMYGAACGAGAAGGAGGACAMY CCm My GGmy GmACC
GAGAMYGGAGAGACMYGMmyCGGGmymyCCCACMYCCACMYACACAGAMYGmYy
CAGCAACAMYGMYCyAGACIYGGCCAGACAGAGACIYGCMYGGGAAGAAGCIY
GCMYCCGmMYCCCmyGmyGAMCAGACACCI CmymyCGCCCCmyCmyGAAGGAG
myACIymyCGCCmyGCGmMyGAGCAGCGGCAACAGCAACGCCAACAGCCGGGGCC
CCAGCMymMyCmyCmyAGCGGCCMYGEMYGC CACMCmYCCCmyGAGAGGGAGCC
ACAMGGGCCCCAMPGGAGAMYCMACAAAACCCMYGAGCGCCMGGAAGCGGC
AGCCMYGMYGCECEMYGCMYGAGC Cry CmymymyCGGAAMAMYCCAMYAAAGT
YCCmYGAAAAGCCmYGGGAMYmMYCCmyGGAGAGCGECMCmyGGCMyCCGGCGE
MYGGCACCCMYGAAGMYACCMYGCAGGAMYGMGACAAACGMGGMCAGACGGE
GAMYGMYGGAGAACMYGGGGCCCCmymyCCAMCMYGEMYGMyACGGCAGCACC
CAACCCCmMGGGCAGCMYCmymyGmyGACCGEMYGCCCmYGGCmyGGmyACAMY
Gmymym CACMYmYCCACCECAMPCCMYGCACMYACGCCCMYGCCCAGACAGGA
GmCCCAGCGGC CAMYmMY Crnymaymayray GGAMYmymymy CAMYGGACAACIYmyG
Cm GCm GACCGAGGAMYGACCAGGAAACMYACCACTYCGGMYmYCCmyGCAGA
CCGAAGCCGMYGACCCMYGCAGGACCMYGAGAGGCCGEGACMYACCAGAACGCC
AmMyGCCGEMYGMYGGmMYCCAACAMYCCCMYGCACMYGAAAAGCAAGCACGCACC
myCmyGACCCCmMARAGAAGAGGAGMYACCMYGCAGGCCCAGGMYGCGGAGCAG
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LTRP | SEQ

molecule | ID NO RNA Sequence

AAGCAAGCMYGGACGCCCCmMYAAGGMYGGAMYCyGCmMyGGMYyGAAGAAMYMYG
CCmCCmGCCCCmyGAGAGACMYACTYMYCAACMYAM|mMymy CAGCCAGAAMY
ACMYCMyGCCCCMyGEGAGGCAGCGGCEGCGECAMYGAACAACMCCCAGGGCA
GAGMGAC CrymC GAGGAC G GACCEmYGAAMymymymyACACAGGGAGAGT
YGGCAGAGACIMGAACCCCGAGCAGAGAAACCMYGMYACCGEGEAMGMYGAMYG
CyGGAAAACTYACAGCAAMYCIYGEMYGMYCCEMYGEGCCAGEGCGAGACCAC
AAAGCCMYGACCMYGAMYCCmYGCGmYCmyGCAGCAGGGCAAGGAACCCMYGGC
myGGAGGAGGAGGAGGMYGCMGGCGAAGCGGACGGGCCGAGAAGAACGGCGACA
myCGGCGGACAGAMYCIMYGGAAGCCMAAGGACGMYGAAAGAAAGCCMYGGGCGE
GCCCAAGCAGCGGCGCCCCmyCCmyCCCAGCGGCGGCAGCCCAGCCGECMCCC
CAACCMCmACCCAGGAGGGCACCMCmYGAGMCCGCCACCCCCGAGAGCGE
CCCmyGGCACCMYCCACCGAGCCCAGCGAGGGCAGCGCACCCGGCAGCCCMYGE
CGGCAGCCCCACCmMCCACAGAGGAGGGAACCAGCACCGAGCCCAGCGAAGGCA
GCGCCCCAGGCACCAGCACCGAGCCMYAGMGAGCAGGAGAMMAAACGGAMY
CAACAAGAMYCAGAAGAAGACKHymyCmyGAAAGACAGCAACACCAAGAAGGCCG
GCAAGACAGGCCCCAMGAAAACC CiGCmyGGmymyAGAGMGAMGACACCC
GAMYCMGAGAGAGCGGCMYGGAAAACCMYGAGAAAGAAGCCMYGAAAAMYAMY
CCCCCAGCCCAMCAGCAAMYACAMYCMYAGAGC CAACCIYGAAMPAAGCIYGC
myGACCGAMYmyACACCGAAAMYGAAGAAGGCGAMYCCryGCAMY Gy GmyACH
YGGGAAGAGMYmMYCCAGAAGGACCCIYGMYGGGCCmY GAMyGAGCCEGEMYGGC
CCAGCCMYGCCAGCAAGAAGAM)CGAMYCAGAACAAGCMYGAAACCIYGAGAMY
GGACGAGAAGGGCAACCMGACCACCGCCEECMYmmyGCCmyGCmyCmyCAGT
YEMPGGCCAGCCCCmyGmymyCemyGMyACAAGCMGGAGCAGGMY Gy CmyGA
GAAGGGCAAGGCMYmYyACACCAACHYACHYmYCGCACGEMGCAAMYGMYGGCC
GAGCACGAAAAGCI)GAM)CCmGCmyGGCCCAGCMGAAGCCCGAGAAGGAMY
AGCGACGAAGCCGMGACAMAMPAGCCMYGEGAAAGMMIMGGGCAGAGGGC
CCmyGGAMymMymy CmyACAGCAMYMYCAMYGMyGACCAAGGAGMYCCACCCACC
CCGMPGAAGCCCCmMGGCCCAGAM)CGCCGGARACAGAMYACGCCMCCGGACC
My GMGGGAAAGGCCCMYGAGCGACGCAMYGMAMPGEGCACAAMYCGCCmCC
mymyCCry Gy CrayAAGMYAC CAGGACAMY CAMYCAMYCGAACACCAGAAGGIMY
GGMYGAAGGGCAACCAGAAGAGACTYGGAGAGCCMYGCGGGAGCMYGGCCGGCA
AGGAAAACCIMYGGAAMYACCCMAGCGMGACCCMYGCCACCMYCAGCCMCAC
ACCAAGGAGGGCGmymyGAMyGCCmyACAACGAAGM)GAMCGCCCGEEMYGCE
AAMYGMYGGCMYGAACCMGAACCIYGMGGCAGAAGCIMYGAAGCMAAGCAGA
GAMYGAMYGCCAAGCCMYCIYGCm GAGACTMYGAAGGCAMmMY CCCmymyCCmys
mymy CCry Cry GGy CGAGAGACAGGCCAACGAAGMYGGACTIY GGM GGGACAM
YGGMYGMYGMYAACGMYGAAGAAGCMGAMCAACGAGAAAAAGGAGGCAMGGC
AAGCMYGMymymymy GGCACAAMYCMGGCMYGECMYACAAGAGACAGGAAGCC
CmyGAGAC CAMYACCGAGCAGCGAGGAAGAMYCGGAAGAAGGGAAAGAAAMY
myCECmMYCGEMYACCAGCMYGEGCGACCIYGCmYGCmyGCACCMYGGARAAGAA
GCACGGCCAGGACIGGCGAAAGCMYGMACCACGAGECCMYGEGAGCGCAM)m
YGACAAGAAAGMYGGAAGGCCIyGAGCAAGCACAMYCAAGCIGGAAGAGGAAC
GGAGAAGCGAGGACGCCCAGAGCAAGGCCGCCCMGACCCACTIYGECMYGCGGE
CmyAAGGCCAGCMYmyCCMyGAMyCGAGGGCCMyGAAGGAGGCCGACAAGGACGE
AGMYmMYyCmMyGCAGAMYGCGAGCMYGAAGCIGCAGAAGMYGEMYACGGGGACCT
YGCGGGGAAAGCCCmMmCGCCAMYCGAAGCCGAGAACAGCAMYCCmMGGACAM
YCAGCGGECMYmMyCAGCAAGCAGMYACAACIYGMYGCCrymy CAMyCMyGGCAGA
AGGACGGCGMyGAAGAAGCIYGAACCIYGMYACCIYGAMYCAMYCAACTYACTY
myCAAGGGCGEGCAAGCIYGCGEMYmyCAAGAAGAMCAAACCIYGAAGC Crymys
CGAAGCCAACAGAMymMYCmYACACCEMYGAMYCAACAAAAAGAGCGGCGAGAMY
CEmMYGCCCAMYGGAGGMYGAACIYMYCAACHYmYCGACGACCCCAACCIyGAmMY
CAMYCCMYGCCmCmyGECCmymymyGGCAAGAGACAGGGCAGAGAAMYMYCAM
YCmMYGGAACGACCIYGCIyGmyCCCryGGAAACCGGCAGCCy GAAGCMYGGCC
AACGGAAGAGMYGAMYCGAGAAGACACI)GmYACAACAGAAGAACCCGGCAGGA
MY GAGCCMYGCCCmyGmymyCEmyGECCCMyGACCMMCGAGCGEGCEGEAGGM
YCCmyGGACIYCCrayCCAAMAMYCAAACCAAMYGAACCIYGAMYCCGCCMYGG
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CAAGAGGCGAAAACAMYCCCCGCCCMYGAMCGCCCMYGACCGACCCCGAGGGC
myGCCCACMYGAGCCGGMyMYmPAAGGAMPAGCCMGGGAAACCCAACCCACAM
PCCmYGAGAAMYCGGCGAGAGCMYAMYAAGGAGAAGCAGCGGACCAMYCCAGGC
CAAGAAGGAGGMYGGAGCAGCGGAGAGCCGGCGGCMYACAGCCGGAAGMYACGC
CAGCAAAGCCAAGAAMYCMYGGCAGACGAMPAMGGMYGAGAAACACCGCMYAG
AGAMYCYPGCmYGMYACMPACGCCCMYGACCCAGCAMPGCCAMYGCmyGAMYCm
YmyCGCCAACCMYGAGCCGGGECMYmCGGCCGGCAGGGCAAGCGGACCIYmYC
AMyGGCCGAGAGACAGMYACACACGGAMYGGAGGACMGGCMYyGACCGCCAAGC
mPGGCCmPACGAGGGCCMYGAGCAAGACCIMYACCIMYGMYCCAAGACACMYGGCC
CAGMYACACCMYCCAAGACAMYGCAGCAACTIYGMYGGEMYmymyACCAMYCACC
AGCGCCGACMYACGACAGGGMYGCMYGGAGAAGCMYGAAGAAGACAGCAACAGG
CmyGGAMYGACCACAAMYMPAACGGCAAGGAGCMYGAAGCMYGGAGGGCCAGAM
YmYACCMYACTMYACAACAGAMACAAGAGACAGAACGMYAGMYCAAGGACCMYG
myCCEMPCGAGCIMYGGAMPAGACIGAGCGAAGAAMCIGMGAACAACGACA
myCrpCCmyCCmyGGACAAAGGGCAGAAGCGGAGAAGCMYCmYGAGCCmYCCmyr
GAAGAAAAGAMYMYCmCCCAMPAGACCCEMYGCAGGAGAAGMYMYCCMYGCMYG
CCmYGAACIMYGCGGCMYmfCGAGACACACGCAGCCGAGCAAGCCGCCCMYGAAC
AmCGCCAGAMYCCmGGCmGmymyCCmyGCGGAGCCAGGAGMYACAAGAAAM
PYACCAGACAAACAAGACAACCGGCAACACCGAMYAAGAGAGCCIMYMYCGMYCGA
GACCMYGGCAGMYCCmymymymyACCGCAAGAAGCMYMPAAGCACCMYGMYGGA
AACCMYGCCCMYGCECMYPCmGGCCGAMYCmYGGCGGAGGCMyCCACCAGCCCC
AAGAAAAAGAGAAAAGMYCMYAAMPAGAMPAAGCMYGCCmYmyCmyGCGGGGCMm
My GCCmymyCmy GGCCAMYGCCCmymyCrymy Cra CmyCCCraymy GCACCIMY G
myACCmyCrymy GCmy Crymymy GAAMPAAAGCCMYy GAGMYAGGAAGMY CmyAG
AAAAAAAAAAAAAAAAAAANAANAAAAANAANAANAAAAANAANAAAAAAARARA
AAAAAAAAAAAAAAAAAAAAAAAAA

LTRP5- | 3130 AAAMYAAGAGAGAAAAGAAGAGMYAAGAAGAAAMAMYAAGAGCCACCAMYGGC
ADD- CCCmyAAGAAGAAGCCMYAAAGMYGAGCCCGAMYGGAACGCCMYCEmYCmyACG

AGGMGCCGCAGAAGMGCAGAAACAMYCGAGGACAMYCGCAMYCmCCmG
ZIM3 CGGAMYCMYCMYGAACGMGACCCMYGEAGCACCCACIYCmymyCAMCCGCGG

CAMYGMYGCCAGAACIYCmYAAAAACTYGrymymymy CmyGGAGMY Gy GCCmys
AmCAAMPACGACCAMGACGECMYACCAGAGCMYACMGCACCAMYCmGmym
YGCGGCGGAAGAGAGEMYGCMYGAMYGMYCmYGCAAAMAACAACMYGCMGCC
GEMYGCMYmYyCmyGCEMYGCAAMYGC GMyGGACCMYGCMYGEMYGGGCCCCEGC
GCCGCCCAGGCCGCmyAMmMYAAGGAAGANM)CCmymyGGAACTYGCMYACANMYG
MyGCGGCCACAAGGGCACAMPACGGCCMYGCMYGAGACGGAGAGAGGACTYGGC
CmyAGCAGACIYGCAGAMYGmymyCrymyCGCCAAMPAACCACGACCAGGAGMY
myCGACCCCCCMAAGGMYGMYACCCmyCCCEmyCCCCGCCGAGAAGAGARAGT
CCAMYCCEGEMYCCMYGAGC Cry CmymyCCAMyGGCAMCGCCACCGEmYCmyG
Cry GGmMYGCmy GAAGGACCMGGGCAMYCCAGGMYGGAMPAGGMYACAMYMYGC
CmCCCAGGMYCMYGCGAGCACTYCCAMCACCCMYGEGAAMYGGMGCCmYCA
MYyCAGGGCAAGAIMYCAMYGMYAC G GGGCGACCMGCGGAGCCMYGACACAGA
AGCAMPAM)CCAGGACMYGGEGGCCCrmymymyCGACCIMYGEmMYGAMCGGCGGCA
GCCCmymyGCAAMYGACCMYGAGCAM)CGMPGAACCCAGCCCGGAAGGGCCIYG
myACGAGGGAACCGGCAGACMYGmymyCrymyCGAGMymymymyACAGACIYGC
myGCACGACGCCCGEGCCMAAGGAAGGCGACGACCGGCC Cmymy CrnymymymyG
GCmYGmymyCGAGAAM CMYGEMYGECCAMPGGCACMYCAGCGACAAGCGGGAM
YAMYMYAGCCGEmMYmyCCmyGGAGAGCAACCCCEMYGAMYGAMYCGAMyGCCAA
GGAAGMJGAGCGCCGCCCACCEGGCCAGAMYACHYmMyCmYGGGGCARMYCMYGC
CmyGGCAMPGAACAGACCCCMYGGCCAGCACCCGMYGAACGACAAGCIMYGGAGCH
YGCAGGAGMYGCCMyGGAGCACGGCCGGAMYCGCCAAGMYMYCAGCAAGGMYGA
GAACCAMyCACCACCCGAAGCAACAGCAMYCAAACAAGGCAAGGACCAGCACTY
i C Cray Gy Gy CAY GAAC GAGAAGGAGGACAMYC Cm Gy GGy GmyA
CCGAGAMYGGAGAGACMYGMYmyCGGGmymyCCCACMYCCACMYACACAGAMYG
myCAGCAACAMYGMYCmyAGACIYGGCCAGACAGAGACIYGCMYGGGAAGAAGC
My GGmYCCEmMYCCCmyGmyGAMPCAGACACCMGmYmyCGCCCCmyCmyGAAGGE
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AGMYACIYmyCGCCmyGCGMyGAGCAGCGGCAACAGCAACGCCAACAGCCGGGE
CCCCAGCMYmMyCmyCmAGCGGCCMYGEMYGCCACMYCmYCCCmyGAGAGGGAG
CCACAMJGGGCCCCAMGGAGAMYCMACAAAACCEMYGAGCGCCMGGAAGCG
GCAGCCMYGMYGCGCEMYGCMYGAGC Cry GmymymyCGGAAMPAMYCCAMPAAA
G CCm GAAAAGC C GGCAMYmMCCm GGAGAGC GECMCmGGCmCCGGC
GEMYGGCACCCMYGAAGMYACCMYGCACGAMYGMGACAAACGMYGGMY CAGAC
GGGAMYGMGGAGAAGMYGGGGCCCCmymmyCGAMYCry GGy GmyACGGCAGCA
CCCAACCCCMGGGCAGCMYCMymyCmyGACCGEMYGCCCmyGECMyGGMYACA
Y Grymymy CAGmymyCCACC GGAMYCCry GCAGMYACGCCCmyGCCGAGACAG
GAGM/CCCAGCGGC CAMYmYCrymymymy GGAmMYmymymyCAmMPGGACAACTYm
YECMYGCmYGACCGAGGAMGACCAGGAAACIYACCACTYCGEMYmCCmyGCA
GACCGAAGCCGMYGACCCMYGCAGGACGMYGAGAGGCCGGGACMACCAGAACG
CCAMYGCGGEMYGMYGGmMYCCAACAMYCCCmMYGGACTMYGAAAAGCAAGCACGCA
CCmyCmGACCCCMAAAGAAGAGGAGMACCMYGCAGGCCCAGGMGCGGAGC
AGAAGCAAGCMYGGACGCCCCMYAAGGMYGGAMYCMYGCmyGGMyGAAGAAMM
YGCCmMCCmyGCCCCmyGAGAGAGMYACTYmy CAAGMYAMYmymy CAGCCAGAA
myAGMYCmMGCCCCmyGEGAGECAGCGECEGCGECAMYGAACAACTMCCCAGGE
CAGAGMYGACCmymyCGAGGACGMYGACCCmYGAAMYmymymyACACAGGGAGA
G GGCAGAGACMYGAACCCCGAGCAGAGAAACCIYGMYACCGGGAMYGMYGAM
YECMYGGAARACTMYACAGCAAMYCMYGGMYGmyCCCMYGGGCCAGGGCGAGACT
ACAAAGCCMYGACCMYGAMYCCMYGCGmyCmyyGCAGCAGEGCAAGCAACCCIYG
GCMYGGAGGAGGAGGAGEMYGCMYGGGAAGCGGACGGGCCGAGAAGAACGGCGA
CAMYCCGCGCACACAMCMYGGAAGCCMAAGGACCMYGAAAGAAAGCCMGGE
CGGCCCAAGCAGCGGCGCCCCmyCCmyCCCAGCEGCGGCAGCCCAGCCGECIYC
CCCAACCMCmYACCGAGGAGGGCACCMCMYGAGMCCGCCACCCCCGAGAGEC
GGCCCMPGGCACCMCCACCGAGCCCAGCGAGGGCAGCGCACCCGGCAGCCCmYy
GCCGGCAGCCCCACCMYCCACAGAGGAGGGAACCAGCACCGAGCCCAGCGAAGE
CAGCGCCCCAGGCACCAGCACCGAGCCMYAGMGAGCAGGAGAMYmMAARACGGA
myCAACAAGAMCAGAAGAAGACTYMYGmY GAAAGACAGCAACACCAAGAAGGC
CGGCAAGACAGGCCCCAMGAAAACC CryGCmyGGmymyAGAGMyGAMGACAC
CCGAMYCMGAGAGAGCGGCMYGGAAAACCIYGAGAAAGAAGCCIMYGAAAAMYA
myCCCCCAGCCCAMPCAGCAAMYACAMYCMAGAGCCAACCMYGAAMYAAGCIY
GCmYGACCGAMYMYACACCCAAAMGAAGAAGGCGAMYCCmYGCAMYGmyGmyA
Cry GGGAAGAGMYmCCAGAAGGACCCmCmGGGCCm GAMGAGCCGEGMYG
GCCCAGCCMYGCCAGCAAGAAGAMYCGAMYCAGAACAAGCIYGAAACCIYGAGA
MyGGACGAGAAGGGCAACCMYGACCACCGCCGG MYy GCCmyGCmyCrayCA
G GMYGGCCAGCCCCmyGmymyCGmy GmyACAAGCMYGGAGCAGGMY Gy Cry
GAGAAGGGCAAGGCMYMYACACCAACTYACTYMYCCGACGCMPGCAAMPCMYGE
CCGAGCACGAAAAGCIYGAMYCCmyGCmyGGCCCAGCMyGAAGCCCGAGAAGGA
mYAGCGACGAAGCCEMGACAMAMYAGC CyGECGARAGMMyMyGGGCAGAGE
GCCCmYGEAMmMYmy CmACAGCAMYmMY CAMYGMGACCAAGGAGMCCACCCA
CCCCGmMyGAAGCCCCmGGCCCAGAMYCGCCGGAAACAGAMPACGCCMYCCGGA
CCmGMGGGAAAGGCCCMYGAGCGACGCAMYGMAMYGGGCACAAMYCGCCmy
cemymyCCmyGmyCmyAAGMACCAGGACAMYCAMYCAMCCAACACCAGAAGG
myGGmMyGAAGGGCAACCAGAAGAGACIYGGAGAGCCMyGCGGGAGCMYGGCCGE
CAAGGAAAACCMGGARMYACCCMAGCGMGACCCMYGCCACCMYCAGCCmC
ACACCAAGGAGGGCGMymyGAMGCCmyACAACCAAGMGAMCGCCCEEEMYG
CGAAMYGMYGGGMYGAACCMGAACCIMYGMYGGCAGAAGCIYGAAGCMYAAGCA
GAGAMYGAMYGCCAAGCCMYCM)GCmGAGACTYGAAGGCAM)mMYCCCmymyCC
mymymyCCry Crmy GGmy CGAGAGACAGGCCAACGAAGMYGCACTYGCmMYGGGAC
AmyGGmMyCmYyGMYAACGMyGAAGAAGCI) GAMCAACCAGAAAAAGGAGGAMYG
GCAAGCMYGmymymymGGCAGAAMYCMGGCmYGGCMACAAGAGACAGGAAG
CCCmyGAGACCAMPACCMyGAGCAGCGAGCAAGAMCCGAAGAAGGGAAAGAAA
mymyCGCmYCEGMYACCAGCMGGGCGACCMYGCMyGCmyGCACCMYGGAAAAG
AAGCACGGCCAGGACMGGGGAAAGEMYGMACCACGAGECCMYGEGAGCGGAM
YmyGACAAGAAAGIMYGGAAGGCCIMyGAGCAAGCACAMCAAGCIYGGAAGAGGA
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ACGGAGAAGCGAGGACGCCCAGAGCAAGGCCGCCCMYGACCGACIMYGGCMYGCG
GGCmMYAAGGCCAGCIMYmYCCMYGAMCGAGGGCCMYGAAGGAGGCCGACAAGGA
CGAGMYmMYCmy GCAGAMYGCCAGCIMYGAAGCIYGCAGAAGMYGCMYACGGGGAC
CmyGCGGGGAAAGCCCMYmMYCGCCAMPYCGAAGCCGAGAACAGCAMYCCMYGGAC
AmyCAGCEGCMymYyCAGCAAGCAGMYACAACTIYGMYGCCmymyCAMPCrafGGCA
GAAGGACGGCGMYGAAGAAGCMYGAACCIYGMYACCMyGAMYCAMYCAACTYAC
mymyCAAGGGCGGCAAGCMYGCGGMYmYyCAAGAAGAMCAAACCIMYGAAGCCmY
MYyCGAAGCCAACAGAMYMYCMACACCCMYGAMCAACAAAAAGAGCGGCGAGA
MPCCMPGCCCAMYGCAGCMYGAACIYMYCAACIYMYCCGACCACCCCAACCIYGA
myCAMPCCmYGCCmyCrGGCCmymymyGGCAAGAGACAGGGCAGAGAAMYMYC
AmyCmGGAACGACCIMYGCMGMCCCMyGGAAACCGGCAGCCMYGAAGCIYGE
CCAACGGAAGAGMYGAMyCGAGAAGACACMYGMPACAACAGAAGAACCCGGCAG
GAMYGAGCCMYGCCCmyGMymyCCmyGGCCCmYyGACCIMYmyCGAGCGGCGGGAG
G CCmMPGGACMYCCm CCAAMPAMCAAACCAAMPGAACCMYGAMCGGCGmY
GGCAAGAGGCGAAAACAMYCCCCGCCEMYGAMPCGCCCMYGACCGACCCCGAGG
GCmYGCCCACMYGAGCCGGMymMYmPAAGGAMPAGCCMGGGAAACCCAACCCAC
Ay CCmyGAGAAMPCGGCGAGAGCMYAMYAAGGAGAAGCAGCGGACCAMYCCAG
GCCAAGAAGGAGGMYGGAGCAGCGGAGAGCCGGCGGCMYACAGCCGGAAGMYAC
GCCAGCAAAGCCAAGAAMYCMYGGCAGACGAMPAMYGGMYGAGAAACACCGCmY
AGAGAMYCI GCm CMYACIMYACGCCGMYGACCCAGCAMPGCCAMYGCMYGAMY
CmymyCGCCAACCMYGAGCCGGGGCMYmYCGGCCGGCAGGGCAAGCGGACCMYm
PYCAMYGGCCGAGAGACAGMYACACACGGAMYGCGAGGACMYGGCMYGACCGCCAA
GCMGGCCMPACGAGGGCCMYGAGCAAGACCMYACCIYGMCCAAGACACIYGG
CCCAGMYACACCIMYCCAAGACAMYGCAGCAACTYGIYGECMYmymyACCAMYCA
CCAGCGCCGACMYACGACAGGGMYGCMYGGAGAAGCMYGAAGAAGACAGCAACA
GGCmYGGAMYGACCACAAMYMYAACGGCAAGGAGCMYGAAGGMYGGAGGGCCAG
AmymyACCIMYACHYACAACACAMYACAAGAGACAGAACCMYAGMYCAAGGACCT
PEMPCCEMYCGAGCMYGCAMPAGACTIYGAGCGAAGAAMCIMGMYGAACAACGA
CAMYCI CCmCCmpGGACAAAGGGCAGAAGCGGAGAAGCMYCIMGAGCCmYCC
MYyGAAGAAAAGAMYMYCCCCAMPAGACCCGMYGCAGGAGAAGMYMYCGmMyGm
PGCCMYGAACMYGCGGCMYmMyCGAGACACACGCAGCCGAGCAAGCCGCCCMYGA
ACAMJCCCCAGAMYCCMPGGCMYGmYmCCmpGCGCAGCCAGCACMYACAAGAA
AmPACCAGACAAACAAGACAACCGGCAACACCGAMYAAGAGAGCCMYmYCGmYC
GAGACCMYGGCAGMYCCmymymymyACCCGAAGAAGCIYMYAAGCGAGGMYGCMYG
GAAACCIYGCCGMYGCGEMYCMYGGCEGAMPCMGGCGGAGGCMyCCACCAGCC
CCAAGAAAAAGAGAAAAGMYCIMYAAMPAGAMPAAGCIYGCCMymyCmyGCCGGE
CrymyGCCrmymy CmGGCCAMYGCCCmymy Crymy Co Cra CCCmypmP GCACCm
YEMYACCIMY Crafmy GEmy Cmyrmymy GAAMPAAAGC Cy GAGMYAGGAAGMY Crys
AGAAAAAAAAAAAAAAAAANAAAAAAAANAANAAAAANAAAAANAANARAAARANA
AAAAAAAAAAAAAAAAAAAAARAAARARA

Table 20: Full-length protein sequences of LTRPS5-ZIM3 and LTRP5-ADD-ZIM3 mRNA

molecules assessed in this example

LTRP molecule Amino acid sequence SEQ ID NO
LTRP5-ZIM3 3131
LTRP5-ADD-ZIM3 3132
Synthesis of gRNAS:
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[0421] Two gRNAs targeting the mouse PCSK9 locus were designed using gRNA scaffold
316 and chemically synthesized. PCSK9-targeting spacers 27.88 and 27.94 (sequences listed in
Table 14) were assessed in this example. As shown in Example 2, use of spacer 27.88 was less
effective in achieving PCSK9 knockdown than use of spacer 27.94.

[0422] Transfection of mRNA and gRNA into Hepal-6 cells and intracellular PCSK9 staining
were performed as described in Example 2. Briefly, each well of seeded Hepal-6 cells was
transfected with 300 ng of mRNA encoding LTRP5-ZIM3 or LTRP5-ADD-ZIM3 and 150 ng of
PCSK9-targeting gRNA with spacer 27.88 or 27.94. Intracellular levels of PCSK9 protein were
measured at various timepoints, up to day 53 post-transfection using an intracellular staining
protocol as described earlier in Example 2. A non-targeting gRNA was used as an experimental
control.

Results:

[0423] To determine the effects of incorporating the ADD domain into an LTRP molecule on
activity, i.e., inducing more durable repression of an endogenous locus in vitro, mRNAs
encoding LTRP5-ZIM3 or LTRP5-ADD-ZIM3 were co-transfected with a PCSK9-targeting
gRNA into Hepal-6 cells. The quantification of the resulting PCSK9 knockdown is shown in
FIGS. 10A-10B. The data demonstrate a noticeable improvement in achieving PCSK9
knockdown when the cells were treated with LTRP5-ADD-ZIM3 than with LTRP5-ZIM3, and
this improvement was more pronounced when using a PCSK9-targeting gRNA containing the
weaker spacer 27.88. Further supporting the data discussed in Example 2, use of spacer 27.94
resulted in more durable repression than use of spacer 27.88 by day 53 when paired with either
the LTRP5-ZIM3 or LTRP5-ADD-ZIM3 molecule (FIG. 10B). As expected, use of the non-
targeting spacer did not result in PCSK9 knockdown.

[0424] These experiments demonstrate that use of LTRP constructs with the ADD domain can
result in increased durable repression of an endogenous locus in cells compared to constructs
without the ADD domain. Furthermore, these findings show that LTRP molecules with the ADD
domain can be delivered as mRNA and co-transfected with a targeting gRNA to cells to induce

effective silencing.

Example S: Demonstration that mRNA encoding for LTRPs containing the ADD domain

can induce repression of an endogenous locus in multiple human cell lines
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[0425] Experiments were performed to demonstrate that mRNA encoding for LTRPs
containing the ADD domain can induce long-term repression of an endogenous target locus in
various human cell lines, when delivered as mRNA co-transfected with a targeting gRNA.
Materials and Methods

Generation of mRNA:

[0426] mRNA encoding the following molecules were generated by IVT following similar
methods as described in Example 2: 1) a catalytically-active CasX 676, 2) dXR1 (as described in
Example 2), and 3) LTRP5-ADD-ZIM3 (as described in Example 4). Sequences encoding these
molecules were codon-optimized using a codon utilization table, in addition to using a publicly
available codon optimization tool and adjusting parameters such as GC content. The DNA and
mRNA sequences encoding the catalytically-active CasX 676 are shown in Table 21 and Table
22 respectively. The DNA and mRNA sequences encoding for dXR1 are shown in Table 11 and
Table 12 respectively. The DNA and mRNA sequences encoding for LTRP5-ADD-ZIM3 are
shown in Table 18 and Table 19 respectively.

Table 21: Encoding sequences of the catalytically-active CasX 676 mRNA molecule

assessed in this example*.

. . : .. DNA sequence or
CasX mRNA ID Component (ID) Description SEQ ID NO:
5’UTR TriLink 3047
START codon + c-
MYC NLS 3133
CasX 676 3134
-MYC NLS +
X 676 mRNA | ¢

Cas mRN STOP codons 3133
3’UTR Mouse HBA 3055
Xba{ restriction site TCTAG
(partial)
Poly(A) tail 3057

*Components are listed in a 5’ to 3” order within the constructs

Table 22: Full-length RNA sequences of catalytically-active CasX 676 mRNA molecule

assessed in this example. Modification ‘my’ = N1-methyl-pseudouridine.

n?lills\l); IIS)El\?O RNA Sequence
CasX 676 AAAMYAAGAGAGAAAAGAAGAGMYAAGAAGAAAMYAMPAAGAGCCACCAMYGGCCCCmYGCmYG
mRNA 3136 cCARGAGAGMYGAAGCIGGAMYAGCAGACAGGAGAM)CARGCGGAMMYAAMAAAAMMYCG
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CasX
mRNA

SEQ
ID NO

RNA Sequence

GAGAAGACMYGCMYGAAGGAMYMYCMAACACAAAGAAGGCMGGCAAGACACGGGGCCCmYAM
YGAAGACACIYGCmYGGmyGAGAGMYGAMYGACACCCGACCIGAGAGAAAGACTMYGGAAAACC
My GAGAAAGAAGCCMYGAGAAMYAM)CCCCCAGCCCAMYCAGCAACACAAGCCGGGCCAACCTY
GAAMYAAGCIMYGCMGACCCACTMYACACCCAAAMGAAGAAGGCCAMYCCMYGCACGmYGmyAm
Uy GGGAAGAGMYmYCCAGAAAGACCCAGMYCGGCCMYGAMYGAGCAGAGMYGGC Iy CAGCCmY
GCCAGCAAGAAGAMYCGAMYCAGAACAAGCMYGAAGCCCCAAAMGGACGAGAAGGGGAACCTY
GACAACCGCCGECMmymyGCCmyGmyAGCCAGMYGCEGCCAGCCCCmyCmymymy Gy GmyAC
AAACIYGGAACAGGMGAGCCAAAAGGGCAAGGECMYmMYACACCAAMYMYACTYMYCCGCAGAMY
GCAACGMYGGCCGAGCACGAGAAGCMYGAMCAAGCMYGGCCCAGCMYGAAGCCMYGAGAAGGA
MyAGCGAMYGAGGCAGMYGACAMAMYMYCCCMGGECAACMYMYCEGACAGCGEGCCCMYGGA
mymymymymyAmymy CCAmYmy CAMYGmyGACCAAGGAAMYCCACCCACCCCEmMYCAAGCCmYC
mymyGCCCAAAMYMYGCCEGCAACAGAMYACGCCmCCAGCCCCEMYGEGCAAGGCCCMYGAGT
GACGCCmYGMAMYGEGCACCAMYCECCAGCMYmMYCCmyCmyCmyAACMYACCAGGACAMYmMYA
myCAMCGAGCACCAGAAGGMYGGMGAAGGGCAACCAGAAGAGACIGGAGAGCCMGCGCGA
GCMYGGCCGGCAAGGARAACCIMYGGAGMYAMYCCMYAGCEMYGACCCmGCCmyCCmyCAGCCm
YCAMPACARAGGAGGGCEMYGCAMPGCCMYACAACGAAGMYGAMPCECCCEEEMPGCEGAMYGM
UGGGMYGAACCy GAAMY Crny Gy GGCAGAAGCIY GAAGCMY Gy CryAGAGACGACGCCAAGC
CCCmyGCmyGAGACTYGAAGGGCIMYmyCCCCAGCMYMYCCCmyCmyGEmyGGAGAGACAGGCAA
AMYGAACIYGCACTYGCMYGEGACAMYGEMYGMYCMYAACCMYGAACAAGCIYGAMYCAAMYGA
GAAGAAGGAGGACGGCAAAGMYGMyMYCyGGCAGAAM)CIYGGCCGECMACAAGCCMYCAGE
AGGCCCmMGCGEGCCCmyACCMGAGCAGCGAGGAAGACAGAAAGAAGGGCAAGAAGMYmMYCGCC
CCEMYAMYCAGCMYGEGEGACCIYGCMYGCMYGCACCMYCGAGAACAAGCACGECCAAGACTYG
GGGGAAGCMYGMYACCAMGAGGCCMGGCAGCCEGAMYCCAMYAAGAAGEMYGCAGGGCCMYGA
GCAAGCACAMYCAAGCMYGGAGGAGGAACGGAGAMCMGAGGACGCCCAGAGCAAGGCCGCCC
My GACCCACIYGECMGAGAGCCAAGGCCAGCMYmYCGmyCAMPCCAGEGECMYGAAGGAGGCC
GACAAGGACGAGMYmMYCMyGCCGEMYGCGAACTYGAAGCIYGCAGAACMYGCMUACGCAGAMYC
My GAGAGGCAAACCMYmymyCGCCAMPCGAGGCCGAGAACAGCAM)CCMYGGACAMYCAGCGGC
mymy CAGCAAGCAGMYACAACTYGCGCCmymymyAMmymyGCCAGAACGACCGAGMGAAGAA
GCmYGAACCIMYGMYACCmMYGAMYCAMYCAACHYAMPMYmy CAAGCGGCCGCAAGCMYGAGAMYMY
CAAGAAGAMYCAAGCCMYGAAGCCMYmyCGAGGCCAACAGAMYmMYCIYACACCEmMYGAMYMYAA
CAAGAAAAGCGGAGAGAMYCGMGCCAAMYGCAAGMYGAACIyMYCAACMyMYCGACGACCCMY
AACCIMYGAMYCAMYCCmGCCCCmyGECAMYMYMYGGCAAGCGGCAGGGCAGAGAGMYmY CAMY
CmyGGAACGACCIYGCMYGMYCmyCmyGGAGACCGGCAGCCMGAAGCMGGCCAACGGCAGAG
My GAMYCGAGAAGACACTYGMACAACAGACGAACCAGACAAGACGAGCCCGCCCmyGmymymys
Gy GGCCCmyGACCMYmyCGAGAGAAGAGAGEMYGCMYGGACAGCAGCAAMYAMCAAGCCmYA
My GAACCIYGAMYCEGCGMIGGACCGEGECCAGAACAMYCCCMGCCGMGAMYCGCCCmymyA
CCGACCCCGAGGGAMYGCCCmYCmyGAGCCGEmYmymyAAAGACAGCCMYGEGCAACCCMYACC
CACAMYCCmYGAGAAMIMYGGCGAGMYCCmACAAGGAGAAGCAGAGAACCAMCCAGGCCAAG
AAGGAGCMYGGAGCAGCGGECEGECMGGCGECMYACICCCGEAAGMACGCCAGCAAGGCCAA
GAACCMJGGCCGACGACAMYGEMYMyACAAAMPACCGCCAGAGACCTYCCmYGMYACMYACGCH
YGmYGACCCAGGACGC CAMYGCMYGAMYCmymyCGAGAACCMYGAGCAGAGGCMYmCGGCAGA
CAGGGCAAGAGAACCMyMCAMGGCCCAGAGACACMYACACCCGEAMPGGAGCACTYGECIYG
ACCGCCAAGCMYGGCCMACCAGGECCMYGCCCmyCmyAAGACCMYACCTYGMYCCAAGACCTY
My GGCACAGMYUACACCAGCAAGACAMYGCMYCMYAACTYGCGECMymyCACAAMYCACGAGCGC
CGACMYACGACCGEGMYGCMGGAGAAACIGAAGAAGACCGCCACAGGCMYGCAMGACCACC
AMYmyAACGGCAAGGAGCIYGAAGCMYGGAGGGECCAGAMCACCMYACHACAACAGGMYACAA
ACGGCAGAACCMYGCMYGAAGGACCMYGAGCGMGGAACTYGGAMAGACMGAGCGAGGARAG
CEmUAAACAAMYGACAMYCAGCAGCMGGACCAAGGGCCEGAGCGECCAGGCCCMYGAGCCMYG
CyGAAGAAGAGAMYMYCyyCCCACAGACCACMYGCAGGAGAAGMYMYCEMYGMYCmyyCmyGAA
CmyGCGEGCMYmyCGAGACCCACGCCGACGAGCAAGCCGCCCMGAACAMYCGCCCEGmYyCmymys
GGCmymymymyCCmyGCGGAGCCAGGACMYACAAGAACMYACCAGACAAACAAGACCACAGGCA
ACACAGACAAGAGAGCCMYmYCCmYyCCAGACCMGGCAGAGCMYmYCyACAGAAAGAAGCIYG
AAGGAGCMYGMGGAAGCCMYGCCEMYGEGAAGCCCCGCMYGCCAAGAGAGMYGAAGCMYGGAC
myAAMYAGAMYAAGCIYGCCmymy CmyGCGEGECmymy GCCmymy Crm GGCCAMYGCCCmymyC

mymy Cray Cra CCCmymy GCACCmy G ACCmy Cmymy GGy Crymymyp GAAMPAAAGCCmYGAG
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CasX SEQ

mRNA |ID NO RNA Sequence

MyAGGAAGMYCmAGARAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAARAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAARAA

Synthesis of gRNAs:
[0427] gRNAs targeting the human PCSK9 locus were designed using gRNA scaffold 316 and
chemically synthesized. Furthermore, a B2M-targeting gRNA was used as an experimental

control. Sequences of targeting spacers as assessed in this example as listed in Table 23.

Table 23: Sequences of spacers assessed in this example.

Spacer ID Target Targeting spacer sequence (RNA) SEQ ID NO

7.37 human B2M GGCCGAGAUGUCUCGCUCCE 3137

6.1 human PCSK9 GAGGAGGACGGCCUGGCCGA 1834
6.125 human PCSK9 AGAAAGAGCAAGCCUCAUGU 1845
6.138 human PCSK9 AGGGAUUUAUACUACAAAGA 1852
6.153 human PCSK9 GUUAAUGUUUAAUCAGAUAG 1866
6.157 human PCSK9 GGGUCUGAGCCUGGAGGAGU 1869
6.172 human PCSK9 GCUGAAACAGAUGGAAUACU 1879
6.181 human PCSK9 UCAUCUGCACUCGUGGCCAC 2228

Transfection of mRNA and gRNA into HepG2 cells, Hep3B cells, and Huh?7 cells and ELISA to
assess PCSK9 secretion:

[0428] The following three human hepatocyte cancer cell lines were used in this experiment:
HepG2 cells, Hep3B cells, and Huh7 cells. ~15,000 cells of each cell line were seeded per well;
the next day, seeded cells were transfected with mRNA encoding a catalytically-active CasX
676, dXR1, or LTRP5-ADD-ZIM3 and a gRNA with scaffold 316 and spacer targeting either
the B2M or PCSK9 locus (see Table 23 for specific spacers and sequences). Media supernatant
was harvested at 4 days post-transfection to assess level of PCSK9 secretion by ELISA, and
levels of PCSK9 secretion were normalized to total cell count and illustrated in FIGS. 11A-11C.
Culturing of treated Huh7 cells continued, and media supernatant was harvested at 14 and 27
days post-transfection for measuring PCSK9 secretion by ELISA. As an additional experimental
control, PCSK9 secretion was also measured in the media supernatant harvested from wells
containing untreated, naive cells.

Results:

158



WO 2023/240076 PCT/US2023/067987

[0429] HepG2 cells, Hep3B cells, and Huh7 cells were transfected with mRNA encoding
catalytically-active CasX 676, dXR1, or LTRP5-ADD-ZIM3 with a gRNA targeting either the
B2M or the PCSK9 locus, and secreted PCSK9 levels were measured. Quantification of
normalized PCSK9 secretion levels for each condition at 4 days post-transfection is depicted in
FIGS. 11A-11C. The data demonstrate that the most efficient knockdown of PCSK9 secretion by
CasX 676, dXR1, or LTRP5-ADD-ZIM3 was observed in Huh7 cells, while HepG2 cells did not
exhibit as efficient of a knockdown of secreted PCSK9 levels (FIG. 11A-11C). Meanwhile,
Hep3B cells demonstrated low PCSK9 secretion levels overall, illustrating that, of the cell lines
used, the Hep3B cell line is the least amenable to treatment to induce and demonstrate PCSK9
repression (FIG. 11A-11C).

[0430] Culturing of treated Huh7 cells continued up to day 27 post-transfection, and PCSK9
secretion was measured at day 14 and day 27. The bar plot in FIG. 12 shows the quantification
results of PCSKO repression at day 4, day 14, and day 27 timepoints displayed as PCSK9
knockdown relative to the levels detected for the naive control at the day 4 timepoint. The data
demonstrate that treatment of Huh7 cells with LTRPS5-ADD-ZIM3 with gRNAs having spacers
6.138 and 6.157 resulted in the most effective repression of PCSK9 secretion, and this repression
was sustained through day 27 post-transfection (FIG. 12). Similarly, sustained knockdown was
observed when Huh7 cells were treated with catalytically-active CasX 676 with spacer 6.1.
While treatment with dXR1 and spacer 6.138 resulted in an initial strong repression at day 4, this
repressive effect was transient as PCSK9 secretion levels returned to baseline levels at day 14
and day 27 post-transfection (FIG. 12). As anticipated, treatment with any of the three mRNA
molecules with spacer 7.37 targeting the B2M locus did not affect PCSK9 secretion levels during
this time course experiment.

[0431] These experiments demonstrate that use of LTRP molecules with the ADD domain
with the appropriate targeting spacer can result in long-term silencing of an endogenous target
locus in various human cell lines. These findings also show that LTRP molecules with the ADD

domain can be co-delivered as mRNA with a targeting gRNA to cells to induce repression.

Example 6: Demonstration that use of certain PCSK9-targeting spacers can result in
undesired intracellular PCSKO9 retention
[0432] Secretory proteins that cannot properly fold are consequently retained in the

endoplasmic reticulum (ER) to be ultimately targeted for proteasomal degradation. However,
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excessive protein accumulation in the ER could cause ER stress. PCSKO is initially synthesized
as a zymogen (known as pro-PCSK9) that undergoes autocatalytic cleavage during maturation in
the ER into an inactive secretory protein (also known as mature or processed PCSK9).
Furthermore, certain gain-of-function mutations in the PCSK9 gene resulting in
hypercholesterolemia have been shown to be associated with intracellular PCSKO9 retention in
the ER (Benjannet S et al. NARC-1/PCSK9 and its natural mutants: zymogen cleavage and
effects on the low density lipoprotein (LDL) receptor and LDL cholesterol. J. Biol. Chem.
279:48865-48875 (2004); Park SW et al., Post-transcriptional regulation of low density
lipoprotein receptor protein by proprotein convertase subtilisin/kexin type 9a in mouse liver. J.
Biol. Chem. 279:50630-50638 (2004); Uribe KB et al. A Systematic Approach to Assess the
Activity and Classification of PCSK9 Variants. Int. J. Mol. Sci. 22:13602 (2021)), an indication
that targeting certain regions of the PCSK9 locus may result in undesired intracellular retention.
As a result, experiments were performed to demonstrate that use of certain PCSK9-targeting
spacers can result in unwanted increase in intracellular PCSK9 levels that may possibly cause
unexpected consequences such as abnormal ER stress.

Materials and Methods:

[0433] In vitro transcription of CasX 676 mRNA #2 (sequence listed in Table 28, below) was
performed as described in Example 7, below. Guide RNAs using scaffold 316 and a PCSK9-
targeting spacer were synthesized with a vl modification profile (as discussed in Example 7).
Spacers 6.1, 6.8, 6.86, 6.114, 6.197, and 6.203 (sequences listed in Table 24) were assessed for

intracellular PCSKO retention.

Table 24: Sequences of human PCSK9-targeting spacers

Spacer ID | Spacer DNA sequence |SEQ ID NO: Spacer RNA sequence SEQ ID NO:
6.1 GAGGAGGACGGCCTGGCCGA 2977 GAGGAGGACGGCCUGGCCGA 1834
6.8 TGGCTTCCTGGTGAAGATGA 3139 UGGCUUCCUGGUGAAGAUGA 2009
6.86 TGGTGAAGATGAGTGGCGAC 3464 UGGUGAAGAUGAGUGGCGAC 3466
6.114 TCCCAGGCCTGGAGTTTATT 3141 UCCCAGGCCUGGAGUUUAUU 2291
6.197 AGGTCATCACAGTTGGGGCC 3465 AGGUCAUCACAGUUGGGGCC 3467
6.203 CCAGGAGTGGGAAGCGGCGG 3144 CCAGGAGUGGGAAGCGGCGG 2341

In vitro delivery of CasX mRNA and gRNA via transfection:
[0434] To determine whether use of certain PCSK9-targeting spacers would result in potential
intracellular PCSK9 retention, ~50,000 HepG2 cells were seeded per well in a 96-well plate.
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CasX 676 mRNA #2 was transfected into HepG2 cells with a PCSK9-targeting gRNA using
lipofectamine. After a media change, the following were harvested two days post-transfection:

1) media supernatant to measure secreted PCSK9 protein levels by ELISA; and 2) transfected
cells for western blotting analysis to evaluate intracellular PCSKO9 levels. Harvested cells were
subjected to whole cell lysate extraction for western blotting analysis. Briefly, extracted protein
samples were resolved by SDS-PAGE followed by immunoblotting to analyze levels of pro-
PCSK9 and processed PCSK9, which were quantified by densitometry. Secreted PCSK9 levels
in the media supernatant were analyzed using the BioLegend® ELISA MAX™ kit following the
manufacturer’s instructions. Naive, untreated cells and cells transfected with CasX 676 mRNA
#2 only served as two experimental controls.

Results:

[0435] Following transfection of HepG2 cells with CasX 676 mRNA #2 and a PCSK9-
targeting gRNA, secreted PCSK9 levels in the media supernatant were quantified by ELISA, and
the results are shown in FIG. 13. The data demonstrate that transfection of HepG2s cells with
CasX 676 mRNA and the PCSK9-targeting gRNAs resulted in reduced secreted PCSK9 levels to
varying degrees. Of the spacers tested, use of spacers 6.1, 6.8, 6.86, and 6.203 resulted in nearly
50% reduction in secreted levels compared to cells transfected with CasX 676 mRNA only (FIG.
13).

[0436] Intracellular levels of PCSK9 were also evaluated in the transfected HepG2 cells. FIG.
14 is a western blot analysis of PCSK9 protein levels, along with the total protein loading
control, in the transfected HepG2 cells, and FIG. 15 is a bar plot illustrating the densitometry
quantification for pro-PCSK9, processed PCSK?9, and total PCSK9 protein levels normalized to
total PCSK9 levels from the naive condition. The data show that of the PCSK9-targeting spacers
assessed, only use of spacer 6.1 did not result in substantially increased pro-PCSKO9 levels,
therefore indicating that use of spacer 6.1 did not increase intracellular protein levels (FIGS. 14-
15). While use of spacer 6.203 also did not noticeably increase intracellular protein levels, its
use resulted in increased processed PCSKO levels (FIGS. 14-15), appearing to contradict
findings of its effects to reduce secreted PCSKO9 levels (FIG. 13) when compared to the either
the naive or CasX mRNA only control. This apparent contradictory effect observed by use of
spacer 6.203 indicates that retention of processed PCSK9 may be involved in the mechanism by

which use of spacer 6.203 decreases PCSK9 secretion.
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[0437] The results demonstrate that although use of certain PCSK9-targeting spacers would
result in decreased secreted PCSK9 levels, there is a possibility for some of these seemingly
effective spacers to exhibit potentially undesired characteristics, such as increased intracellular
protein retention. Therefore, the findings from these experiments indicate the use of assessing
increased intracellular protein retention as a potential safety criterion to identify effective

targeting spacers for therapeutic use.

Example 7: Design and assessment of modified gRNAs in improving editing when
delivered together with CasX mRNA in vitro and in vivo

[0438] Experiments were performed to identify new gRNA variant sequences and demonstrate
that chemical modifications of these gRNA variants enhance the editing efficiency of the
CasX:gRNA system when delivered in vitro in conjunction with CasX mRNA.

Materials and Methods:

Synthesis of gRNAs:

[0439] All gRNAs tested in this example were chemically-synthesized and were derived from
gRNA scaffolds 174, 235, and 316. The sequences of gRNA scaffolds 174, 235, and 316 and
their chemical modification profiles are listed in Table 25. The sequences of the resulting
gRNAs, including spacers targeting PCSK9, B2M, or ROSA26, and their chemical modification
profiles assayed in this example are listed in Table 26. A schematic of the structure of gRNA
scaffold variants 174, 235, and 316 are shown in FIGS. 19A-19C, respectively, and the sites of
chemical modifications of the gRNA variants are shown schematically in FIGS. 16A, 16B, 18,
24, and 25.

Table 25. Sequences of gRNA scaffolds with their different chemical modification profiles
(denoted by version number), where “NNNNNNNNNNNNNNNNNNNN” is a spacer

placeholder. Chemical modifications: * = phosphorothioate bond; m = 2’OMe modification

gRNA scaffold SEQID
(version) gRNA sequence NO:

ACUGGCGCUUUUAUCUGAUUACUUUGAGAGCCAUCACCAGCGACUAUGUCGUAG

174 (v0) UGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAAAGNNNNNNNNNNNNNNNNNNN | 2047
N
mA*mC*mU* GGCGCUUUUAUCUGAUUACUUUGAGAGCCAUCACCAGCGACUAUG

174 (Vl) UCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAAAGNNNNNNNNNNNNN | 2948
NNNNmN * N *mN
mA*mC*mU* GGCGCUUUUAUCUGAUUACUUUGAGAGCCAUCACCAGCGACUAUG

174 (v2) UCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAAAGNNNNNNNNNNNNN | 2949
NNNNNNN*mU *mU*mU
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gRNA scaffold
(version)

gRNA sequence

SEQ ID
NO:

174 (v3)

mA*mC*mU*mGmGmCmGmCmUmUnmUmUmANUMCMUMGMAMUUACUUUGMAMGIMA
mGMCmMCMAMUMCMAMCMCAGCGAMCMUAUMGMUMCMGUAGU GmGMGmMUMAMAMA
mGmCmUmCmCmCmUmCmUmUmCmGmGmAMGMGMGMAMGMCMAMUMCMAAAGNNN
NNNNNNNNNNNNNNmN *mN *mN

2950

174 (v4)

mA*mC*mU*mGmGmCmGMCUUUUMAMUMCMUmMGMANUUACUUUGmMAMGMAIMGMC
mCmAMUMCMAMCMCAGCGAMCMUAUMGMUMCMGUAGU GmGmGmUmMAMAMAMGMC
mUmCmCmCmUmCmUmUmCmGmGmAMGMGMGMAMGMCMAMUCAAAGNNNNNNNNN
NNNNNNNNmN *mN *mN

2951

174 (v5)

mA*mC*mU* GGCGCUUUUAUCUGAUUACUUUGAGAGCCAUCACCAGCGAMCMUA
UmGmUmCmGUAGUGGGUAAAMGMCMUmMCMCmCmUmCmUmUmCmGmGmAMGmGmMG
mMAMGMCAUCAAAGNNNNNNNNNNNNNNNNNmMN *mN *mN

2952

174 (v6)

mA*mC*mU* GGCGCUUUUAUCUGAUUACUUUGAGAGCCAUCACCAGCGACUAUG
UCGUAGUGGGUAAAMGMCMUMCMCMmCmUmCmUmUmCmGmGmAMGMGMGMAMGmMC
AUCAAAGNNNNNNNNNNNNNNNNNmN *mN *mN

2953

174 (v7)

mA*mC*mU* GGmCGMCMUUUUAMUMCUGAUUACUUUGMAMGAGCCrmAMUMCmAmM
CCAGCMGMAMCMUAUMGMUMCMGUAGUGGMGMUAMAMAMGMCmMUmMCmCmCmUmMC
MmUMUMCmGMGMAMGMGMGMAMGMCMAMU CAAAGNNNNNNNNNNNNNNNNN *mN *
mN*mN

2954

174 (v8)

mA*mC*mU* GGCGCUUUUAUCUGAUUACUUUGAGAGCCMAMUMCMAMCCAGCMG
mAMCMUAUMGMUMCMGUAGU GGmGMUmMAMAAMGMCmUMCmCmCmUmCmUmUmCm
GmGMAMGMGMGMAMGMCMAMUCAAAGNNNNNNNNNNNNNNNNN *mN * mN * N

2955

174 (v9)

mA*mC*mU* GGmCmGCMUUUUAMUMCUGAUUACUUUGMAMGAGCCAUCACCAGC
mGMAMCMUAUMGMUMCMGUAGUGGGUAAAMGMCMUMCmMCmCmUmCmUmUmCmGm
GMAMGMGMGMAMGMCAUCAAAGNNNNNNNNNNNNNNNNN *mN *mN * mN

2956

235 (v0)

ACUGGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGACUAUGUCGUAG
UGGGUAAAGCCGCUUACGGACUUCGGUCCGUAAGAGGCAUCAGAGNNNNNNNNN
NNNNNNNNNNN

2957

235 (v1)

mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGACUAUG
UCGUAGUGGGUAAAGCCGCUUACGGACUUCGGUCCGUAAGAGGCAUCAGAGNNN
NNNNNNNNNNNNNNmN *mN *mN

2958

235 (v2)

mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGACUAUG
UCGUAGUGGGUAAAGCCGCUUACGGACUUCGGUCCGUAAGAGGCAUCAGAGNNN
NNNNNNNNNNNNNNNNN*mU*mU*mU

2959

235 (v3)

mA*mC*mU*mGmGmCmGmCmUmUmCmUmANUMCmMUMGMAMUUACUCUGMAMGMC
mGMCMCMAMUMCMAMCMCAGCGAMCMUAUMGMUMCMGUAGU GmGmGmMUmMAMAMA
mGmMCmCmGmCmUmUmAMCMGMGMAMCMUMUMCmGMGMUMCMCmGmMUmMAMAMGIMA
mGMGMCMAMUMCMAGAGNNNNNNNNNNNNNNNNNmN *mN * mN

2960

235 (v4)

mA*mC*mU*mGmGmCmGmMCUUCUMAMUMCMUMGMANMUUACUCUGMAMGMCmGmMC
MmCmAMUMCMAMCMCAGCGAMCMUAUMGMUMCMGUAGU GmGmMGMUMAMAMAMGMC
mCmGMCmUMUmMAMCMGMGMAMCMUmMUMCmGMGMUmCmCmGmUmMAMAMGMAMGIMG
mCmAMUCAGAGNNNNNNNNNNNNNNNNNmN *mN *mN

2961

235 (v5)

mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGAMCMUA
UmGmUmCmMGUAGUGGGUMAMAMAMGIMCmMCmGMCmUMUMAMCmGmGmMAMCmUmUm
CmGmGMUMCMCmGMUMAMAMGMAMGMGMCAUCAGAGNNNNNNNNNNNNNNNNNm
N*mN*mN

2962

235 (v6)

mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGACUAUG
UCGUAGUGGGUMAMAMAMGMCmCmGmMCmUmUmAMCMGMGMAMCmUmUmCmGmGm
UnCmCmGmUmMAMAMGMAMGMGMCAUCAGAGNNNNNNNNNNNNNNNNNN *mN *m
N

2963

235 (v7)

mA*mC*mU* GGmCGMCMUUCUAMUMCUGAUUACUCUGMAMGCGCCmAMUMCmMAM
CCAGCMGMAMCMUAUMGMUMCMGUAGU GGMGMUMAMAAMGMCMCmGMCmUmUmMA
mCmGmGMAMCMUMUMCMGMGMUMCmCmGmMUmMAMAMGIMAMGMGMCMAMU CAGAGN
NNNNNNNNNNNNNNNN *mN *mN *mN

2964

235 (v8)

mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCMAMUMCMAMCCAGCMG
mAMCMUAUMGMUMCMGUAGU GGmGMUmMAMAAMGMCMCmGMCmUmUmAMCmGmGm

2965
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gRNA scaffold
(version)

SEQID

gRNA sequence NO:

AmCmUmUmCmGmGmUmCmCmGMUMAMAMGMAMGIMGMCMAMU CAGAGNNNNNNNN
NNNNNNNNN *mN *mN *mN

mA*mC*mU* GGMCGMCMUUCUAMUMCUGAUUACUCUGMAMGCGCCAUCACCAGC
mGMAMCMUAUMGMUMCMGUAGUGGGUAAAMGMCMCMGMCMUMUmAMCMGmMGMAM
CrmUmMUmMCmGmGMUMCmCmGMUMAMAMGMAMGMGMCAUCAGAGNNNNNNNNNNNN
NNNNN*mN *mN *mN

235 (v9) 2966

ACUGGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGACUAUGUCGUAG
316 (v0) UGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAGAGNNNNNNNNNNNNNNNNNNN | 2967
N

mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGACUAUG
316 (v1) UCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAGAGNNNNNNNNNNNNN [ 2968
NNNN *mN *mN*mN

mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGACUAUG
316(V2) UCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAGAGNNNNNNNNNNNNN [ 2969
NNNNNNN*mU*mU *mU

mA*mC*mU*mGmGmCmGmCmUmUmCmUmANUMCmMUMGMAMUUACUCUGmMAMGMC
316 (v3 mGMCmCmAMUMCMAMCMCAGCGAMCMUAUMGMUMCMGUAGU GmGMGMUmMAmMAMA 2970
(V ) mGmCmUmCmCmCmUmCmUmUmCmGmGmAMGMGMGMAMGMCMAMUMCMAGAGNNN

NNNNNNNNNNNNNN*mN*mN *mN

mA*mC*mU*mGmGmCmGmMCUUCUMAMUMCMUMGMANMUUACUCUGMAMGMCmGMC
mCmAMUMCMAMCMCAGCGAMCMUAUMGMUMCMGUAGU GMGMGMUmMAMAMAMGIMC

316 (v4) mUnCmCmCmUmCmUmUmCmGmGmAMGMGMGMAMGMCMAMU CAGAGNNNNNNNNN 2971
NNNNNNNN*mN *mN *mN
mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGAMCMUA
3]6(V5) UmGmUmCmMGUAGUGGGUAAAMGMCMUMCMCmCmUmCmUmUmCmGmGmAMGmGmG | 2972

mAMGMCAUCAGAGNNNNNNNNNNNNNNNNN *mN*mN *mN

MA*mC*mU*GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGACUAUG
316(V6) UCGUAGUGGGUAAAMGMCMUMCMCmCmUMCmUmMUmCmGMGMAMGMGMGMAMGMC | 2973
AUCAGAGNNNNNNNNNNNNNNNNN *mN * mN *mN

mA*mC*mU* GGmCGMCMUUCUAMUMCUGAUUACUCUGMAMGCGCCmAMUMCmMAM
CCAGCMGMAMCMUAUMGMUMCMGUAGUGGMGMUmMAMAAMGMCMUmMCmMCmCmUmMC

316(V7) mUMUMCMGmMGMAMGMGMGMAMGMCMAMU CAGAGNNNNNNNNNNNNNNNNN *mN * 2974
mN*mN
MA*mC*mU*GGCGCUUCUAUCUGAUUACUCUGAGCGCCMAMUMCMAMCCAGCMG

316(V8) MAMCMUAUMGMUMCMGUAGUGGMGMUMAMAAMGMCMUMCMCmCmUmCmUmUmCn | 2975

GMGMAMGMGIMGMAMGIMCIAMUCAGAGNNNNNNNNNNNNNNNNN *mN *mN * mN

mA*mC*mU* GGmCGMCMUUCUAMUMCUGAUUACUCUGMAMGCGCCAUCACCAGC
316(V9) mGMAMCMUAUMGMUMCMGUAGUGGGUAAAMGMCMUMCMCmCmUmCmUmUmCmGm | 2976
GMAMGMGMGMAMGMCAUCAGAGNNNNNNNNNNNNNNNNN *mN *mN * mN

Table 26: Sequences of gRNAs with their different chemical modification profiles (denoted
by version number) assayed in this example. Chemical modifications: * = phosphorothioate

bond; m = 2°0Ome modification

RNA ID
g SEQID
(scaffold Target gRNA sequence NO:
variant-spacer) )
174-6.7 human | ACUGGCGCUUUUAUCUGAUUACUUUGAGAGCCAUCACCAGCGAC | 3145
(VO) PCSK9 UAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAAA
GUCCUGGCUUCCUGGUGAAGA
174-6.7 human | mA*mC*mU*GGCGCUUUUAUCUGAUUACUUUGAGAGCCAUCACC | 3074
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gRNA ID SEQ ID
(scaffold Target gRNA sequence NO:
variant-spacer) )
(vl) PCSK9 | AGCGACUAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGC
AUCARAGUCCUGGCUUCCUGGUGAMA*MG*mA
174-6.8 human | ACUGGCGCUUUUAUCUGAUUACUUUGAGAGCCAUCACCAGCGAC | 3146
(+0) PCSK9 | UAUGUCGUAGUGGGUARAGCUCCCUCUUCGGAGGGAGCAUCARA
GUGGCUUCCUGGUGAAGAUGA
174-6.8 human | mA*mC*mU*GGCGCUUUUAUCUGAUUACUUUGAGAGCCAUCACC | 3147
1) PCSK9 | AGCGACUAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGC
AUCARAGUGGCUUCCUGGUGAAGAMU *mG*mA
174-7.9 human | ACUGGCGCUUUUAUCUGAUUACUUUGAGAGCCAUCACCAGCGAC | 3148
(v0) BIM UAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAAA
GGUGUAGUACAAGAGAUAGAA
174-7.9 human | mA*mC*mU*GGCGCUUUUAUCUGAUUACUUUGAGAGCCAUCACC | 3149
1) BoM AGCGACUAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGC
AUCAAAGGUGUAGUACAAGAGAUAMG*mA*mA
316-6.7 human | ACUGGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGAC | 3150
(v0) PCSK9 | UAUGUCGUAGUGGGUAARGCUCCCUCUUCGGAGGGAGCAUCAGA
GUCCUGGCUUCCUGGUGAAGA
316-6.7 human | mA*mC*mU*GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACC | 3151
w1’ PCSK9 | AGCGACUAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGC
AUCAGAGUCCUGGCUUCCUGGUGAMA*MG*mA
316-6.8 human | ACUGGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGAC | 3152
(+0) PCSK9 | UAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAGA
GUGGCUUCCUGGUGAAGAUGA
316-6.8 human | mA*mC*mU*GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACC | 3153
1) PCSK9 | AGCGACUAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGC
AUCAGAGUGGCUUCCUGGUGAAGAMU *mG*mA
316-7.9 human | ACUGGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGAC | 3154
(v0) BIM UAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAGA
GGUGUAGUACAAGAGAUAGAA
- mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACC
316-7.9 uman 3155
w1’ BIM AGCGACUAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGC
AUCAGAGGUGUAGUACAAGAGAUAMG*mA*mA
174-737 human | ACUGGCGCUUUUAUCUgAUUACUUUGAGAGCCAUCACCAGCGAC | 3156
(v0) BIM UAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAAA
GGGCCGAGAUGUCUCGCUC
174-737 human | mA*mC*mU*GGCGCUUUUAUCUgGAUUACUUUGAGAGCCAUCACC | 3157
(v1%) BIM AGCGACUAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGC
AUCAAAGGGCCGAGAUGUCUCG*mC*mU*mC
235-6.7 human | ACUGGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGAC | 3158
(v0) PCSK9 | UAUGUCGUAGUGGGUAAAGCCGCUUACGGACUUCGGUCCGUAAG

AGGCAUCAGAGUCCUGGCUUCCUGGUGAAGA
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gRNA ID SEQ ID
(scaffold Target gRNA sequence NO:
variant-spacer) )
235-6.7 human mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACC | 3159
(Vl) PCSK9 AGCGACUAUGUCGUAGUGGGUAAAGCCGCUUACGGACUUCGGUC
CGUAAGAGGCAUCAGAGUCCUGGCUUCCUGGUGAMA*MG*mA
235-6.7 human mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACC | 3160
(V2) PCSK9 AGCGACUAUGUCGUAGUGGGUAAAGCCGCUUACGGACUUCGGUC
CGUAAGAGGCAUCAGAGUCCUGGCUUCCUGGUGAAGAU*mU *mU
*mU
235-6.7 human mA*mC*mU*mGmGmCmGmCmUnUmCmUmAMUMCmUmGMANUUAC | 3161
(V3) PCSK?9 UCUGMAMGIMCMGIMCMCMAMUMCMAMCMCAGCGAMCMUAUMGMUmM
CmGUAGUGMGMGMUMAMAMAMGIMCmMCMGMCMUMUMAMCmGmMGmMA
mCmUmUmCmGmGMUmMCmCmGmUmMAMAMGIMAMGMGIMCMAMUMCmA
GAGUCCUGGCUUCCUGGUGAmMA*mMG*mA
235-6.7 human mA*mC*mU*mGmGMCmGMCUUCUMAMUMCMUMGMAMUUACUCUG | 3162
(V4) PCSK9 mAMGIMCMGMCMCMAMUMCMAMCMCAGCGAMCMUAUMGMUMCMGU
AGUGMGMGMUMAMAMAMGIMCmMCmGMCMUMUMAMCMGMGMAMCmMU
mUmMCmGmMGmMUmMCmMCmGmMUMAMAMGMAMGIMGMCMAMUCAGAGUCC
UGGCUUCCUGGUGAmMA*mMG*mA
235-6.7 human MA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACC | 3163
(V5) PCSK9 AGCGAMCMUAUMGMUMCMGUAGU GGGUMAMAMAMGMCmMCmGmMCm
UnmUmAmMCmGmGmAMCMUMUmCmGmGmUmCmCmGmUmAMAMGMAM
GmMGMCAUCAGAGUCCUGGCUUCCUGGUGAMA*MG*mA
235-6.7 human mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACC | 3164
(V6) PCSK9 AGCGACUAUGUCGUAGUGGGUmMAMAMAMGMCMCmGMCmUmUmAM
CmGMmGMAMCMUMUMCIMGIMGMUMCMCmGMUmMAMAMGMAMGIGIMCA
UCAGAGUCCUGGCUUCCUGGUGAMA*MG*mA
235-6.8 human ACUGGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGAC | 3165
(VO) PCSK9 UAUGUCGUAGUGGGUAAAGCCGCUUACGGACUUCGGUCCGUAAG
AGGCAUCAGAGUGGCUUCCUGGUGAAGAUGA
235-6.8 human mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACC | 3166
(Vl) PCSK9 AGCGACUAUGUCGUAGUGGGUAAAGCCGCUUACGGACUUCGGUC
CGUAAGAGGCAUCAGAGUGGCUUCCUGGUGAAGAMU*MG*mA
235-6.8 human mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACC | 3167
(Vz) PCSK9 AGCGACUAUGUCGUAGUGGGUAAAGCCGCUUACGGACUUCGGUC
CGUAAGAGGCAUCAGAGUGGCUUCCUGGUGAAGAUGA*MU*mU*
mU
235-6.8 human mA*mC*mU*mGmGMmCmGMmCmUmUmCmUmMAMUMCMUMGMANMUUAC | 3168
(V3) PCSK9 UCUGMAMGMCMGMCMCmAMUMCMAMCMCAGCGAMCMUAUMGMUm
CmGUAGUGMGMGMUMAMAMAMGIMCMCmGMCMUMUMAMCmGmMGmMA
mCmUmUmCmGmGmMUmMCMCmGMUMAMAMGIMAMGIMGIMCIMAMUMCMA
GAGUGGCUUCCUGGUGAAGAMU*mG*mA
235-6.8 human mA*mC*mU*mGmGMCmGMCUUCUMAMUMCmUmMGMAMUUACUCUG | 3169
(V4) PCSK9 mAMGMCmGMCMCMAMUMCMAMCMCAGCGAMCMUAUMGMUmMCmMGU

AGUGMGMGMUMAMAMAMGIMCMCMGMCMUMUmMAMCMGMGMAMCmMU
mUmCmGmMGMUMCIMCMmGMUMAMAMGMAMGIMGIMCMAMUCAGAGUGG
CUUCCUGGUGAAGAMU *mG*mA
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gRNA ID SEQ ID
(scaffold Target gRNA sequence NO:
variant-spacer) )
235-6.8 human mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACC | 3170
(V5) PCSK9 AGCGAMCMUAUMGMUMCMGUAGU GGGUMAMAMAMGMCmMCmGmMCm
UnmUmAMCmGmGmAMCmMUmUmCmGmGMmUMCmCmGmUmAMAMGIMAM
GMGMCAUCAGAGUGGCUUCCUGGUGAAGAMU *mG*mA
235-6.8 human mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACC | 3171
(V6) PCSK9 AGCGACUAUGUCGUAGUGGGUMAMAMAMGIMCmMCmGMCmUmMUmMAM
CmGMmGMAMCMUMUMCmMGIMGMUMCMCmGMUmMAMAMGMAIMGIGIMCA
UCAGAGUGGCUUCCUGGUGAAGAMU*mG*mA
316-27.107 mouse ACUGGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGAC | 3172
(VO) PCSK9 UAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAGA
GCUGGCUUCUUGGUGAAGAUG
316-27.107 mouse MA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACC | 3173
(Vl) PCSK9 AGCGACUAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGC
AUCAGAGCUGGCUUCUUGGUGAAG*mA*mU*mG
316-27.107 mouse mA*mC*mU* GGMCGMCMUUCUAMUMCUGAUUACUCUGMANMGCGC | 3174
(V7) PCSK9 CmAMUMCmAMCCAGCMGMAMCMUAUMGMUMCmMGUAGU GGmGmMUmM
AmMAAMGIMCMUMCmMCmCmUmCmUmUmCmGmGmAMGMGMGMAMGMC
MAMUCAGAGCUGGCUUCUUGGUGAAG*mA*mU*mG
316-27.107 mouse mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCmAMUMC | 3175
(V8) PCSK9 MAMCCAGCMGMAMCMUAUMGMUMCMGUAGU GGMGMUMAMAAMGM
CmUmCmCmCmUmCmUmUmCmGmGMmAMGMGMGMAMGMCMAMUCAG
AGCUGGCUUCUUGGUGAAG*mA*mU *mG
316-27.107 mouse mA*mC*mU* GGMCGMCMUUCUAMUMCUGAUUACUCUGMAMGCGC | 3176
(V9*) PCSK9 CAUCACCAGCMGMAMCMUAUMGMUMCMGUAGUGGGUAAAMGMCm
UmCmCmCmUmCmUmUmCmGmGmMAMGMGMGMAMGMCAUCAGAGCU
GGCUUCUUGGUGAA*MG*mA*mU*mG
174-352(V0) ROSA26 | ACUGGCGCUUUUAUCUGAUUACUUUGAGAGCCAUCACCAGCGAC | 3177
UAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAAA
GAGAAGAUGGGCGGGAGUCUU
174-352(V2) ROSA26 | mA*mC*mU*GGCGCUUUUAUCUGAUUACUUUGAGAGCCAUCACC | 3178
AGCGACUAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGC
AUCAAAGAGAAGAUGGGCGGGAGUCUU*mU*mU *mU
316-352(V0) ROSA26 | ACUGGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACCAGCGAC | 3179
UAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGCAUCAGA
GAGAAGAUGGGCGGGAGUCUU
316-352(V1) ROSA26 | mA*mC*mU*GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACC | 3180
AGCGACUAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGAGGGAGC
AUCAGAGAGAAGAUGGGCGGGAGU*mC*mU*mU
316-352(V5) ROSA26 | mA*mC*mU*GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUCACC | 3181

AGCGAMCMUAUMGMUMCMGUAGUGGGUAAAMGMCMUMCmCmCmU
mCmUmUmCmGMGMAMGIMGMGMAMGMCAUCAGAGAGAAGAUGGGC
GGGAGU*mC*mU *mU
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Note that gRNAs annotated with a v1’ design contain one less phosphorothioate bond on the 3’
end of the gRNA. gRNAs annotated with v1* contain one extra phosphorothioate bond on the
3’end of the gRNA. gRNAs annotated with a vO* contain an extra phosphorothioate bond on the
3’ end of the gRNA.

Biochemical characterization of gRNA activity:

[0440] Target DNA oligonucleotides with fluorescent moieties on the 5’ ends were purchased
commercially (sequences listed in Table 27). Double-stranded DNA (dsDNA) targets were
formed by mixing the oligos in a 1:1 ratio in 1x cleavage buffer (20 mM Tris HCI pH 7.5, 150
mM NaCl, 1 mM TCEP, 5% glycerol, 10 mM MgCl,), following by heating to 95°C for 10
minutes, and then allowing the solution to cool to room temperature. CasX ribonucleoproteins
(RNPs) were reconstituted with CasX 491 and the indicated gRNAs at a final concentration of 1
uM with 1.2-fold excess of the indicated gRNA in 1x cleavage buffer. RNPs were allowed to
form at 37°C for 10 minutes.

[0441] The effects of various structural and chemical modifications to the gRNA scaffold on
the cleavage rate of CasX 491 RNPs were determined. Cleavage reactions were prepared with
final RNP concentrations of 200 nM and final target concentrations of 10 nM, and reactions
were carried out at 16°C and initiated by the addition of the labeled target DNA substrate (Table
27). Aliquots of reactions were taken at 0.25, 0.5, 1, 2, 5, and 10 minutes and quenched by
adding an equal volume of 95% formamide with 20 mM EDTA. Samples were denatured at
95°C for 10 minutes and resolved on a 10% urea-PAGE gel. Gels were imaged on a Typhoon™
laser-scanner platform and quantified using ImageQuant™ TL 8.2 image analysis software
(Cytiva™). The apparent first-order rate constant of non-target strand cleavage (Kcicave-) was
determined for each CasX:gRNA combination.

[0442] To determine the competent fraction formed by each gRNA, cleavage reactions were
prepared with final RNP concentrations of 100 nM and final target concentrations of 100 nM.
Reactions were carried out at 37°C and initiated by the addition of the labeled target substrate
(Table 27). Aliquots were taken at 0.5, 1, 2, 5, 10, and 30 minutes and quenched by adding an
equal volume of 95% formamide with 25 mM EDTA. Samples were denatured by heating at
95°C for 10 minutes and resolved on a 10% urea-PAGE gel. Gels were imaged and quantified as
above. CasX was assumed to act as a single-turnover enzyme under the assayed conditions, as
indicated by the observation that sub-stoichiometric amounts of enzyme would fail to cleave a

greater-than-stoichiometric amount of target substrate even under extended time-scales, and
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instead would approach a plateau that scaled with the amount of enzyme present. Thus, the
fraction of target substrate cleaved over long time-scales by an equimolar amount of RNP would
be indicative of the fraction of RNP that was properly formed and active for cleavage. The
cleavage traces were fitted with a biphasic rate model, as the cleavage reaction clearly deviated
from monophasic under this concentration regime. The plateau of each fit was determined and

reported as the active fraction for each RNP in Table 30.

Table 27: Sequences of target DNA substrate oligonucleotides with fluorescent moieties on
the 5’ ends used for biochemical characterization of gRNA activity. /700/ = IRDye700;
/800/ = IRDye800

DNA substrate Sequence

6.7/6.8 target top
strand /700/catgtcttccatggecttettectggettectggtgaagatgagtggegacctyg
(SEQ ID NO: ctggag

3182)

6.7/6.8 target
bottom strand /800/ctccagcaggtcgeccactcatettcaccaggaageccaggaagaaggccatggaa
(SEQID NO: gacatg

3183)

In vitro transcription of CasX mRNA:

[0443] DNA templates encoding for CasX 491 (see Table 28 for encoding sequences) used for
in vitro transcription were generated by PCR using forward primers containing a T7 promoter,
followed by agarose gel extraction of the appropriately sized DNA. 25 ng/uL final concentration
of template DNA was used in each in vitro transcription reaction that was carried out following
the manufacturer’s recommended protocol with slight modifications. Following in vitro
transcription reaction incubation for 2-3 hours at 37°C, which were carried out with CleanCap®
AG and N1-methyl-pseudouridine, DNAse digestion of template DNA and column-based
purification using the Zymo RNA miniprep kit were performed. The poly(A) tail was added
using E. coli PolyA Polymerase following the manufacturer’s protocol, followed by column-
based purification as stated above. Poly(A) tailed in vitro transcribed RNA was eluted in RNAse
free water, analyzed on an Agilent TapeStation for integrity, and flash frozen prior to storage at -

80°C.
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Table 28: Encoding sequences of the CasX mRNA molecules assessed in this example*.

DNA sequence or
CasX 491 mRNA ID Component (ID) SEQ ID NO:
5’UTR 3082
START codon + ¢-MYC NLS + linker 3184
CasX 491 mRNA #1 CasX 491 3185
Linker + ¢-MYC NLS 3186
P2A mScarlet + STOP codon 3187
5’UTR 3047
START codon + ¢-MYC NLS 3133
CasX 676 3134
CasX 676 mRNA #2 ¢-MYC NLS + STOP codons 3135
3’UTR 3055
Xbal restriction site (partial) TCTAG
Poly(A) tail 3057

*Components are listed in a 5’ to 3’ order within the constructs

Invitro delivery of gRNA and CasX mRNA via transfection:

[0444] Editing at the PCSK9 locus and consequential effects on secreted PCSK9 levels were
assessed for conditions using CasX 491 mRNA co-delivered with a PCSK9-targeting gRNA
with scaffold variant 174 compared to conditions where a PCSK9-targeting gRNA with scaffold
variant 316 was used. 100 ng of in vitro transcribed mRNA coding for CasX 491 with a P2A and
mScarlet fluorescent protein was transfected into HepG2 cells with version 1 (v1) of gRNAs
174-6.7, 174-6.8, 316-6.7, and 316-6.8 (see Table 26) using lipofectamine. After a media
change, the following were harvested at 28 hours post-transfection: 1) transfected cells were
harvested for editing assessment at the PCSK9 locus by NGS (next generation sequencing); and
2) media supernatant was harvested to measure secreted PCSK9 protein levels by ELISA. For
editing analysis by NGS, amplicons were amplified from 200 ng of extracted gDNA with a set
of primers targeting the PCSK?9 locus and processed by NGS (described below). Secreted
PCSKO levels in the media supernatant were also analyzed using a fluorescence resonance
energy transfer-based immunoassay from CISBio following the manufacturer’s instructions.
Here, a gRNA using scaffold 174 with spacer 7.37 (vO; see Table 26), which targeted the
endogenous B2M (beta-2-microglobulin) locus, served as the non-targeting (NT) control. These

results are shown in FIG. 20.
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[0445] To compare the editing potency of version 0 (v0) and version 1 (v1) of B2M-targeting
gRNAs, ~6E4 HepG2 hepatocytes were seeded per well of a 96-well plate. 24 hours later,
seeded cells were co-transfected using lipofectamine with 100 ng of in vitro transcribed mRNA
coding for CasX 491 and different doses (1, 5, or 50 ng) of either vO or v1 of the B2M-targeting
gRNA containing scaffold variant 174 and spacer 7.37 (see Table 26). Six days post-
transfection, cells were harvested for B2M protein expression analysis via immunostaining of
the B2M-dependent HLA protein, followed by flow cytometry using the Attune™ NxT flow
cytometer. These results are shown in FIG. 17.

[0446] V1 through v6 variants of chemically-modified PCSK9-targeting gRNAs (Table 26)
were assessed for their effects on editing potency and consequential effects on secreted PCSK9
levels in vitro. Briefly, 100 ng of in vitro transcribed mRNA coding for CasX variant 491 and a
P2A and mScarlet fluorescent protein was transfected into HepG2 cells with 50 ng of the
indicated chemically-modified gRNA using lipofectamine. After a media change, the following
were harvested at 28 hours post-transfection: 1) transfected cells for editing assessment at the
PCSK9 locus by NGS as described above; and 2) media supernatant to measure secreted PCSK9
protein levels by ELISA, as described above. Here, a B2M-targeting gRNA was used as a non-
targeting control. These results are shown in Table 31.

NGS processing and analysis:

[0447] Genomic DNA (gDNA) from harvested cells were extracted using the Zymo Quick-
DNA Miniprep Plus kit following the manufacturer’s instructions. Target amplicons were formed
by amplifying regions of interest from ~50-200 ng of extracted gDNA with a set of primers
targeting the human PCSK9 locus. These gene-specific primers contained an additional sequence
at the 5' ends to introduce Illumina reads 1 and 2 sequences. Further, they contained a 16-
nucleotide random sequence that functioned as a unique molecular identifier (UMI). The quality
and quantification of the amplicon was assessed using a Fragment Analyzer DNA analyzer kit
(Agilent, dsDNA 35-1500 bp). Amplicons were sequenced on the Illumina MiSeq™ according
to the manufacturer’s instructions. Raw fastq sequencing files were processed by trimming for
quality and adapter sequences and merging read 1 and read 2 into a single insert sequence; insert
sequences were then analyzed by the CRISPResso2 (v 2.0.29) program. The percentage of reads
modified in a window around the 3’ end of the spacer was determined. The activity of the CasX
molecule was quantified as the total percent of reads that contain insertions, substitutions, and/or

deletions anywhere within this window for each.
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Formulations of lipid nanoparticles (LNPs):

[0448] CasX mRNA and gRNA were encapsulated into LNPs using GenVoy-ILM™ lipids on
the Precision NanoSystems Inc. (PNI) Ignite™ Benchtop System and following the
manufacturer’s guidelines. GenVoy-ILM™ lipids are manufactured by PNI, with a proprietary
composition of ionizable lipid:DSPC:cholesterol stabilizer at 50:10:37.5:2.5 mol%.

[0449] Briefly, to formulate LNPs, equal mass ratios of CasX mRNA and gRNA were diluted
in PNI Formulation Buffer, pH 4.0. GenVoy-ILM™ was diluted 1:1 in anhydrous ethanol.
mRNA/gRNA co-formulations were performed using a predetermined N/P ratio. The RNA and
lipids were run through a PNI laminar flow cartridge at a predetermined flow rate ratio
(RNA:Genvoy-ILM™) on the PNI Ignite™ Benchtop System. After formulation, the LNPs were
diluted in PBS, pH 7.4, to decrease the ethanol concentration and increase the pH, which
increases the stability of the particles. Buffer exchange of the mRNA/sgRNA-LNPs was
achieved by overnight dialysis into PBS, pH 7.4, at 4°C using 10k Slide-A-Lyzer™ Dialysis
Cassettes (Thermo Scientific™). Following dialysis, the mRNA/gRNA-LNPs were concentrated
to> 0.5 mg/mL using 100 kDa Amicon®-Ultra Centrifugal Filters (Millipore) and then filter-
sterilized. Formulated LNPs were analyzed on a Stunner (Unchained Labs) to determine their
diameter and polydispersity index (PDI). Encapsulation efficiency and RNA concentration was
determined by RiboGreen™ assay using Invitrogen’s Quant-iT™ Ribogreen™ RNA assay kit.
LNPs were used in various experiments as described herein to deliver CasX mRNA and gRNA
to target cells and tissue.

Delivery of LNPs encapsulating CasX mRNA and targeting gRNAs in vitro:

[0450] ~50,000 HepG?2 cells, cultured in DMEM/F-12 media containing 10% FBS and 1%
PenStrep, were seeded per well in a 96-well plate. The next day, seeded cells were treated with
varying concentrations of LNPs, which were prepared in six 2-fold serial dilutions starting at
250 ng. These LNPs were formulated to encapsulate CasX 491 mRNA and a B2M-targeting
gRNA incorporating either scaffold variant 174 or 316 with spacer 7.9 (v1; see Table 26). Media
was changed 24 hours after LNP treatment, and cells were cultured for six additional days prior
to harvesting for gDNA extraction for editing assessment at the B2M locus by NGS and B2M
protein expression analysis via HLA immunostaining, followed by flow cytometry using the
Attune NxT flow cytometer. Briefly, for editing assessment, amplicons were amplified from 200

ng of extracted gDNA with primers targeting the human B2M locus and processed by NGS using

172



WO 2023/240076 PCT/US2023/067987

similar methods as described in Example 7. The results of these assays are shown in FIGS. 21A
and 21B.

[0451] ~20,000 mouse Hepal-6 hepatocytes were seeded per well in a 96-well plate. The
following day, seeded cells were treated with varying concentrations of LNPs, which were
prepared in eight 2-fold serial dilutions starting at 1000 ng. These LNPs were formulated to
encapsulate CasX 676 mRNA #2 (see Table 28) and a ROSA26-targeting gRNA incorporating
scaffold variant 316 with spacer 35.2 (v1 or 5; see Table 26). Media was changed 24 hours post-
treatment with LNPs, and cells were cultured for seven additional days prior to harvesting for
gDNA extraction for editing assessment at the ROSA26 locus by NGS. Briefly, amplicons were
amplified from extracted gDNA with primers targeting the mouse ROSA26 locus and processed
by NGS using similar methods as described in Example 7. The results of this experiment are
shown in FIG. 22A.

Delivery of LNPs encapsulating CasX mRNA and targeting gRNA in vivo:

[0452] To assess the effects of using v1 and v5 of scaffold 316 in vivo, CasX 676 mRNA #2
(see Table 28) and a ROSA26-targeting gRNA using scaffold 316 with spacer 35.2 (v1 or v5; see
Table 26) were encapsulated within the same LNP using a 1:1 mass ratio for mRNA:gRNA.
Formulated LNPs were buffer-exchanged to PBS for in vivo injection. Briefly, LNPs were
administered intravenously through the retro-orbit sinus into 4-week old C57BL/6 mice. Mice
were observed for five minutes after injection to ensure recovery from anesthesia before being
placed into their home cage. Naive, uninjected animals served as experimental controls. Six days
post-administration, mice were euthanized, and the liver tissue was harvested for gDNA
extraction using the Zymo Research Quick DNA/RNA Miniprep kit following the
manufacturer’s instructions. Target amplicons were then amplified from the extracted gDNA
with a set of primers targeting the mouse ROSA26 locus and processed using similar methods as
described in Example 7 for editing assessment by NGS. The results of this experiment are shown
in FIG. 22B.

[0453] To compare the effects of using v7, v8, and v9 of scaffold 316 on editing at the PCSK9
locus in vivo, CasX 676 mRNA #1 (see Table 29 for sequences) and a PCSK9-targeting gRNA
using scaffold 316 with spacer 27.107 (v1, v7, v8, or v9; see Table 26), were encapsulated
within the same LNP using a 1:1 mass ratio for mMRNA:gRNA for each gRNA. LNPs were
administered retro-orbitally into 6-week old C57BL/6 mice, as described above, and mice were

euthanized seven days post-injection to harvest liver tissue for gDNA extraction for editing
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assessment by NGS at the PCSK9 locus. The results of this experiment are shown in FIG. 23.

Table 29: Encoding sequences of CasX 676 mRNA #1 molecule

CasX 1D Component (ID) Description SEQ ID NO:

5’UTR hHBA 3188
START codon + c-
MYC NLS 3133
CasX 676 3134

CasX 676 mRNA #1 MYC NLS & ae
STOP codons
3’UTR hHBA 3189
Poly(A) tail 3057

*Components are listed in a 5’ to 3’ order within the constructs

Results:

Assessing the effects of various chemical modifications on gRNA activity:

[0454] Several studies involving Cas9 have demonstrated that chemical modifications of the
gRNA resulted in significantly improved editing activity when delivered with Cas9 mRNA.
Following delivery of Cas9 mRNA and gRNA into target cells, unprotected gRNA is susceptible
to degradation during the mRNA translation process. Addition of chemical modifications such as
2’0-methyl (2’0Ome) groups and phosphorothioate bonds can reduce the susceptibility of the
gRNA to cellular Rnases, but also have the potential to disrupt folding of the gRNA and its
interactions with the CRISPR-Cas protein. Given the lack of structural similarity between CasX
and Cas9, as well as their respective gRNAs, appropriate chemical modification profiles must be
designed and validated de novo. Using published structures of wild-type CasX from
Deltaproteobacteria (PDB codes 6NY 1, 6NY2, and 6NY3) as reference, residues that appeared
potentially amenable to modification were selected. However, the published structures were of a
wild type CasX ortholog and gRNA distinct from the species used as the basis for the engineered
variants presented here, and they also lacked the resolution to confidently determine interactions
between protein side-chains and the RNA backbone. These limitations introduced a significant
amount of ambiguity into determining which nucleotides might be safely modified. As a result,
six profiles of chemical modifications (denoted as versions) were designed for initial testing, and
these six profiles are illustrated in FIGS. 16A and 16B. The v1 profile was designed as a simple
end-protected structure, where the first and last three nucleotides were modified with 2’Ome and

phosphorothioate bonds. In the v2 profile, 3’UUU tail was added to mimic the termination
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sequence used in cellular transcription systems and to move the modified nucleotides outside of
the region of the spacer involved in target recognition. The v3 profile included the end
protection as in v1, as well as the addition of 2’0Ome modifications at all nucleotides identified to
be potentially modifiable based on structural analysis. The v4 profile was modeled based on v3,
but with all the modifications in the triplex region removed, as this structure was predicted to be
more sensitive to any perturbation of the RNA helical structure and backbone flexibility. The v5
profile maintained chemical modifications in the scaffold stem and extended stem regions, while
the v6 profile harbored modifications only in the extended stem. The extended stem is a region
that would become fully exposed to solvent in the RNP and is amenable to replacement by other
hairpin structures, and therefore presumably relatively insensitive to chemical modifications.
[0455] The minimally modified vl gRNA was initially assessed against an unmodified gRNA
(v0) to determine the potential benefit of such chemical modifications on editing when the
gRNA was co-delivered with CasX mRNA to target cells. Modified (v1) and unmodified (v0)
B2M-targeting gRNAs with spacer 7.37 were co-transfected with CasX mRNA into HepG2
cells, and editing at the B2M locus was measured by loss of surface presentation of the B2M-
dependent HLA complex, as detected by flow cytometry (FIG. 17). The data demonstrate that
use of the vl gRNA resulted in substantially greater loss of B2M expression compared to the
levels seen with vO gRNA across the various doses, thereby confirming that end modifications of
the gRNA increased CasX-mediated editing activity upon delivery of the CasX mRNA and
gRNA.

[0456] The broader set of gRNA chemical modification profiles were assessed using PCSK9-
targeting gRNAs using scaffold variant 235 and spacers 6.7 and 6.8 to determine whether the
additional chemical modifications would be able to support the formation of active RNPs. In
vitro cleavage assays described above were performed to determine keieave and fraction
competence for these engineered gRNAs harboring the various chemical modification profiles.
The results from these in vitro cleavage assays are shown in Table 30. The data demonstrate that
gRNAs with the v3 profiles exhibited no activity, an indication that the addition of some
chemical modifications significantly interfered with RNP formation or activity. Adding v4
chemical modifications resulted in a reasonable cleavage rate in the excess RNP condition, but
exhibited very low fraction competence. The difference between v3 and v4 modifications
confirmed that modifications in the triplex region prevented the formation of any active RNP,

either due to the inability of the gRNA to fold properly or a disruption in the gRNA-protein
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interactions. The reduced fraction competence resulting from appending v4 modifications
suggest that while the gRNA was able to successfully assemble with the CasX protein to form a
cleavage-competent RNP, a large majority of the gRNA was misfolded, or that the appended
chemical modifications reduced the affinity of the gRNA for the CasX protein and impeded the
efficiency of RNP formation. Application of the v5 or v6 profiles resulted in competent fractions
that were comparable to, but slightly lower than, those obtained for reactions using the v1 and v2
modifications. While the keeave values were relatively consistent between v5 and v6 gRNAs,
both v5 and v6 gRNAs achieved nearly half of the kcieave values for v1 and v2 gRNAs. The
reduced keleave value for vo gRNA was particularly surprising, given the lack of expected
interaction between the gRNA and CasX protein in the modified extended stem. However, for
both v5 and v6 gRNA, it is possible that the reduced flexibility of the gRNA, resulting from the
2’0Ome modifications, inhibited structural changes in the RNP required for efficient cleavage, or
that the modified initial base-pairs of the hairpin involved in CasX protein interaction had been

negatively impacted by the inclusion of the 2’Ome groups.

Table 30: Parameters of cleavage activity assessed for CasX RNPs with the various PCSK9-
targeting gRNAs using scaffold 235 and harboring the indicated chemical modification

profile, denoted by version number.

gRNA Keeave (min™) Fraction competence
(scaffold variant-spacer,

version no.)

235-6.7, vl 0.901 0.398
235-6.8, vl 1.36 0.398
235-6.7,v2 0.454 0.386
235-6.8, v2 2.03 0.361
235-6.7,v3 0 0
235-6.8,v3 0 0
235-6.7, v4 0.434 0.031
235-6.8, v4 0.257 0.005
235-6.7, v5 0.506 0.313
235-6.8, v5 0.680 0.388
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gRNA Keteave (mint) Fraction competence
(scaffold variant-spacer,
version no.)

235-6.7,v6 0.462 0.346

235-6.8,v6 0.715 0.325

[0457] The chemically-modified PCSK9-targeting gRNAs based on scaffold 235 were
subsequently assessed for editing in a cell-based assay. CasX mRNA and chemically modified
PCSK9-targeting gRNAs were co-transfected into HepG2 cells using lipofectamine. Editing
levels were measured by indel rate at the PCSK9 locus by NGS and secreted PCSKO9 levels by
ELISA, and the data are displayed in Table 31. The data demonstrate that use of v3 and v4
gRNAS resulted in minimal editing activity at the PCSK9 locus, consistent with findings from
the biochemical in vitro cleavage assays shown in Table 30. Meanwhile, use of v5 and v6
gRNAs resulted in editing levels, measured by indel rate and PCSK9 secretion, that were
slightly lower than the levels attained with use of v1 and v2 gRNAs (Table 31). Specifically, the
results show that use of v1 and v2 gRNAs, which harbored end modifications, resulted in ~80-
85% editing at the PCSK9 locus, indicating that adding chemical modifications to the gRNA
ends was sufficient to achieve efficient editing with CasX. While the data demonstrate that use
of v5 and v6 gRNAs resulted in efficient editing in vitro, near-saturating levels of editing were
observed with use of the vl gRNA in this experiment where a single dose of the gRNA was
transfected. As a result, the use of a single dose rendered it challenging to assess clearly the
effects of the chemical modifications on editing under guide-limiting conditions. Therefore,
profiles v1 and v5 were chosen for further testing, as v1 contains the simplest modification
profile, and v5 is the most heavily modified profile whose application demonstrated robust

activity in vitro (Tables 30 and 31).

Table 31: Editing levels measured by indel rate at PCSK9 locus by NGS and secreted
PCSKOY levels by ELISA in HepG2 cells co-transfected with CasX 491 mRNA and various
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chemically-modified PCSK9-targeting gRNAs using scaffold 235 and either spacer 6.7 or
6.8.

Experimental Indel rate (edit fraction) Secreted PCSK9 (ng/mL)
condition Mean Stdev Mean Stdev
CasX mRNA
only 0.0021 0.003 52 14
235-6.7, vl 0.83 0.0058 18 57
235-6.7,v2 0.79 0.0071 21 4
235-6.7,v3 0.024 0.02 48 19
235-6.7, v4 0.12 0.006 34 55
235-6.7, v5 0.73 0.023 21 9
235-6.7, v6 0.75 0.0069 22 8.8
235-6.8, vl 0.85 0.017 16 44
235-6.8, v2 0.83 0.0028 20 1.5
235-6.8, v3 0.023 0.0027 39 27
235-6.8, v4 0.088 0.0086 42 10
235-6.8, v5 0.77 0.017 19 1.6
235-6.8, v6 0.78 0.014 24 6.9
Non-targeting
ctrl 0.0019 0.0026 42 12

[0458] The v1 and v5 profiles were further tested in another cell-based assay to assess their
effects on editing efficiency. LNPs were formulated to co-encapsulate CasX 676 mRNA #2 and
v1 and v5 chemically-modified ROSA26-targeting gRNAs using the newly-designed gRNA
scaffold 316 (described further in the following sub-section). The “v5” profile was modified
slightly for application to the 316 scaffold. Three 2° Ome modifications in the non-base-paired
region immediately 5” of the extended stem were removed to restrict modifications to the two
stemloop regions. Hepal-6 hepatocytes were treated with the resulting LNPs at various doses
and harvested eight days post-treatment to assess editing at the ROSA26 locus, measured as indel

rate detected by NGS (FIG. 22A). The data demonstrate that treatment with LNPs delivering the
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v5 ROSA26-targeting gRNA resulted in markedly lower editing levels across the range of doses
compared to the levels achieved with the v1 counterpart (FIG. 22A). There are several possible
explanations for the differences in relative activity observed with use of v5 gRNA in FIG. 22A
relative to that observed in Table 31. The first and most likely possible explanation is that the
single dose used to achieve editing shown in Table 31 was too high to measure differences in
activity accurately between use of v5 gRNA and v1 gRNA. It is also possible that the removal of
the modifications outside the stemloop motifs in the 316 version of v5 negatively impacted
guide activity. While it is possible that these modifications provide stability benefits that
outweigh an activity cost imparted by the stemloop modifications, this seems unlikely given that
increasing levels of modification have so far resulted in decreased activity. A final possible
explanation is that the modifications in the v5 profile might negatively impact LNP formulation
or behavior through differential interactions between the modified nucleotide backbone and the
ionizable lipid of the LNP, potentially resulting in less efficient gRNA encapsulation or in less
efficient gRNA release following internalization.

[0459] LNPs co-encapsulating the CasX mRNA #2 and v1 and v5 chemically-modified
ROSA26-targeting gRNAs based on scaffold 316 were further tested in vivo. FIG. 22B shows the
results of the editing assay as percent editing measured as indel rate at the ROSA26 locus. The
data demonstrate that use of the v5 gRNA resulted in ~5-fold lower editing compared to that
achieved with use of the vl gRNA, under more relevant testing conditions of in vivo LNP
delivery. These findings support the reduced cleavage rate observed biochemically for the v5
gRNA in Table 30, an indication that the v5 modifications have interfered with some aspect of
CasX activity. Given the consistent decrease in activity detected in v5 and v6 profiles (Table
30), the reduced editing may be attributed to modifications in the extended stem region.
Although the extended stem of the gRNA has minimal interactions with the CasX protein, it is
possible that addition of 2’Ome groups at the first base-pair disrupted either the CasX protein-
gRNA interactions or the complex RNA fold where the extended stem meets the pseudoknot and
triplex regions. More specifically, inclusion of the 2°’Ome groups might have adversely affected
the basal base-pairs of the gRNA extended stem and residues R49, K50, and K51 of the CasX
protein. Finally, structural studies of CasX have suggested that flexibility of the gRNA is
required for efficient DNA cleavage (Liu J, ef al, CasX enzymes comprise a distinct family of
RNA-guided genome editors. Nature 566:218-223 (2019); Tsuchida CA, et al, Chimeric
CRISPR-CasX enzymes and guide RNAs for improved genome editing activity. Mol Cell 82(6):
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1199-1209 (2022)). Thus, the addition of the 2°’Ome groups throughout the extended stem might
have enforced a more rigid A-form helical structure and prevented the needed flexibility for the
gRNA for efficient cleavage. Furthermore, it is possible that the additional modifications in the
scaffold stem in the v5 and v6 profiles might be detrimental to activity, though this is currently
unclear given the limited comparisons between the v5 and v6 profiles.

[0460] Additional modification profiles were designed with the goal of enhancing gRNA
stability while mitigating the adverse effects on RNP cleavage activity. Using recently published
structures of wild-type CasX from Planctomycetes (PDB codes 7TWAY, TWAZ, 7TWBO0, 7TWB1),
which has a higher homology to the engineered CasX variants being assessed, additional
chemical modification profiles for gRNAs were designed and are illustrated in FIG. 18. These
profiles illustrate the addition of 2°’Ome groups and phosphorothioate bonds to a newly-designed
gRNA scaffold variant, which is described in the ensuing sub-section. These new gRNA
chemical modification profiles were designed based on the initial data demonstrating sufficient
editing activity observed in Table 31 with use of the v5 gRNA that suggested that modifications
to the extended stem and scaffold stem regions would not negatively impact activity. The v7
profile was designed to include 2’Ome at residues likely to be modifiable throughout the gRNA
structure, which excluded the triplex region, given the dramatic negative effects of adding such
modifications observed earlier with the v3 profile. More conservative profiles, v8 and v9, were
also designed, as illustrated in FIG. 18. For the v8 construct, modifications were removed in the
pseudoknot and triplex loop region, but were retained in the scaffold stem, extended stem, and
their flanking single-stranded regions, in addition to the 5* and 3’ termini. For the v9 profile,
modifications were removed in the single-stranded regions flanking the stemloops, but were
retained in the stemloops themselves, in addition to the pseudoknot, triplex loop, and 5* and 3’
termini. The additional chemical modification profiles v7, v8, and v9 of the newly designed
gRNA scaffold variant 316 (discussed further below) were assessed in vivo at the PCSK9 locus.
The results of the editing assay in vivo quantified as percent editing at the PCSK9 locus
measured as indel rate as detected NGS are illustrated in FIG. 23. Despite the fact that low
editing efficiency was detected overall, the data demonstrate that use of v7, v8, and v9 gRNAs
resulted in lower editing levels at the PCSK9 locus compared to the indel rate achieved with use
of the vl gRNA (FIG. 23). Given the findings in FIGS. 22A-22B showing inferior editing
activity attained with the v5 gRNA, it is unsurprising that v7, v8, and v9 profiles similarly

demonstrated comparatively lower editing activity. As illustrated in FIG. 18, the v7, v8, and v9
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profiles include modifications throughout the extended stem region, which might have interfered
with RNP activity.

Comparison of gRNA scaffold variant 174 and 316 using an in vitro cleavage assay:

[0461] Previous work had established gRNA scaffold variant 235 as a top-performing scaffold
variant across multiple delivery conditions. However, the longer length of scaffold 235 (119 bp,
when using a 20 bp spacer) relative to gRNAs including scaffold 174 (109 bp, when using a 20
bp spacer) increased the difficulty of solid-phase RNA synthesis, which would result in
increased manufacturing costs, decreased purity and yield, and higher rates of synthesis failures.
To address these issues but retain the improved activity of using scaffold variant 235, a chimeric
gRNA scaffold was designed primarily on the basis of the scaffold 235 sequence, but the
extended stemloop of scaffold 235 was replaced with the shorter extended stemloop of scaffold
variant 174 (FIGS. 19A-19C). The resulting chimeric scaffold, named scaffold 316, was
synthesized in parallel with scaffold 174 and PCSK9-targeting spacers 6.7 and 6.8, and B2M-
targeting spacer 7.9 harboring the v1 chemical modification profile, with 2’0OMe and
phosphorothioate bonds on the first and last three nucleotides of all gRNAs (see Table 26).
Scaffold variant 174 was chosen as the comparator rather than variant 235 because variant 174
was the best previously characterized scaffold with the same length as variant 316.

[0462] In vitro cleavage activity was assessed for gRNAs with scaffold 174 and 316 and
spacers 6.7 and 6.8. Cleavage assays were carried out with 20-fold excess RNP over a matching
dsDNA target. Cleavage rates were quantified for all four guides, and the results are shown in
Table 32. The data demonstrate that in the context of spacer 6.7, use of either scaffold 174 or
316 resulted in similar cleavage rates, with scaffold 316 resulting in marginally faster cleavage
than that achieved with scaffold 174. In the context of spacer 6.8, the difference in cleavage
activity was more pronounced: CasX RNPs using scaffold 316 were able to cleave DNA nearly
twice as quickly as CasX RNPs using scaffold 174 (Table 32).

[0463] Assays were also performed with equimolar amounts of RNP and DNA target over a
longer time course to assess the fraction of expected RNP active for cleavage. As the CasX RNP
is essentially single-turnover over the tested timescale, and the concentrations used are expected
to be substantially higher than the Kp of the DNA-binding reaction, the amount of cleaved DNA
should approximate the amount of active RNP. For either spacer 6.7 or 6.8, the active fraction of
CasX RNPs incorporating scaffold 316 was 25-30% higher than for CasX RNPs using scaffold
174 (Table 32). These data suggest that a higher fraction of gRNA using scaffold 316 was
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properly folded for association with the CasX protein, or that the gRNA using scaffold 316 was
able to associate more strongly with the CasX protein. Compared to scaffold 174, scaffold 316
harbors mutations expected to stabilize the pseudoknot and triplex structures required for proper
¢RNA folding. The increased stability of these motifs in particular, which were more likely to
misfold than the simple hairpins found elsewhere in the gRNA structure, might result in a

slightly higher fraction of the gRNAs folding into an active conformation.

Table 32: Parameters of cleavage activity assessed for CasX RNPs with gRNAs containing

scaffold variant 174 or 316 with the version 1 (v1) chemical modification profile.

gRNA Keteave (min™) Fraction competence
(scaffold variant-spacer)

174-6.7, v1 0.236 0.194
174-6.8, vl 0.142 0.165
316-6.7, vl 0.264 0.244
316-6.8, vl 0.272 0.213

Comparison of gRNA scaffold variant 174 and 316 in a cell-based assay:

[0464] An editing assessment using gRNA scaffold variant 174 compared to variant 316 was
performed in a cell-based assay. CasX 491 mRNA and the version 1 (v1) of PCSK9-targeting
gRNAs using spacers 6.7 and 6.8 were lipofected into HepG2 cells. Treated cells were harvested
28 hours post-transfection for analysis of editing levels at the PCSK9 locus by NGS and secreted
PCSKO levels by ELISA, and the data are presented in FIG. 20. The data demonstrate that use of
any of the PCSK9-targeting gRNA tested resulted in efficient editing at the PCSK9 locus and
substantial reduction in PCSK9 secretion compared to the non-targeting control using the B2M-
targeting gRNA. The results also show that use of scaffold 316 resulted in more effective editing
at the PCSKO9 locus than that observed with use of scaffold 174 (~10 percentage point increase in
editing rate achieved with scaffold 316 over scaffold 174). This finding is further supported by
the ELISA results, such that use of scaffold 316 resulted in more effective reduction of PCSK9
secretion compared to that achieved with use of scaffold 174.

[0465] Scaffold variants 174 and 316 were also assessed in an editing assay where LNPs were
formulated to co-encapsulate CasX 491 mRNA and B2M-targeting gRNA harboring either

scaffold variant. HepG2 cells were treated with the resulting LNPs at various doses and

182



WO 2023/240076 PCT/US2023/067987

harvested seven days post-treatment to assess editing at the B2M locus, measured as indel rate
detected by NGS (FIG. 21A) and loss of surface presentation of the B2M-dependent HLA
complex, as detected by flow cytometry (FIG. 21B). The results from both assays demonstrate
that treatment with LNPs to deliver the B2M-targeting gRNA using scaffold 316 resulted in
higher editing potency at the B2M locus compared to LNPs delivering the gRNA using scaffold
174 at each dose (FIGS. 21A and 21B). Specifically, at the highest dose of 250 ng, use of
scaffold 316 resulted in an editing level that was nearly two-fold higher than the level attained
with using scaffold 174. This substantial increase in editing efficacy when using scaffold 316
versus scaffold 174, compared to the comparatively modest difference in activity observed from
the in vitro cleavage assays, might be attributed to the destabilization of gRNA structure and
folding during LNP formulation. The low pH conditions and association of cationic lipids during
LNP formulation could adversely affect parts of the gRNA structure and result in unfolding.
Consequently, it would be necessary for the gRNA to refold quickly in the cytoplasm upon
delivery, both to bind the CasX protein to form the RNP and to evade Rnase degradation. The
stability-increasing mutations in scaffold 316 compared to scaffold 174 might provide a
substantial benefit in supporting proper gRNA refolding in the cytoplasm after LNP delivery,
while the deliberate folding protocol carried out for the gRNA prior to biochemical experiments

likely reduced the impact of these mutations.

Example 8: Demonstration that altering the UTR sequences of the engineered CasX
mRNA can affect CasX-mediated editing

[0466] 5’ and 3’UTRs are essential and required for efficient translation of mRNA. Here,
experiments were performed to demonstrate that altering the 5° and 3’ UTR sequences of the
engineered CasX mRNA affects CasX-mediated editing at a target locus when CasX mRNA and
targeting gRNAs were delivered in vitro via transfection.

Materials and Methods:

VT of CasX mRNA:

[0467] CasX 676 mRNA was generated by IVT. Briefly, constructs encoding for a 5’UTR
region, a codon-optimized CasX 676 with flanking c-MYC NLSes, and a 3’ UTR region were
cloned into a plasmid containing a T7 promoter and 80-nucleotide poly(A) tail. The resulting
plasmid was linearized prior to use for IVT reactions, which were carried out with CleanCap®

AG and N1-methyl-pseudouridine. For the 5° cap, the CleanCap® AG contains a
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m7G(5")ppp(5’)mAG structure, where “m7G” denotes N’-methylguanosine, “mA” denotes 2°O-
methyladenosine, and (5" )ppp(5’) denotes a 5’ to 5’ triphosphate bridge. An extra guanine
nucleotide was incorporated following the CleanCap® AG to enhance transcription initiation,
resulting in the incorporation of m7G(5”)ppp(5’ )mAGG as the full 5° cap structure. As discussed
below in Example 9, the substitution of the uridine ribonucleoside to N1-methyl-pseudouridine
improves mRNA performance and reduces mRNA immunogenicity.

[0468] IVT reactions were subsequently subjected to Dnase digestion to remove template
DNA and purification using an oligo-dT column. In this example, two configurations of CasX
676 mRNAs were generated for assessment in vitro. The encoding sequences of the two CasX
mRNA configurations are detailed in Table 33. Full-length RNA sequences encoding the CasX
mRNA with the chemical modifications are listed in Table 34.

Table 33: Encoding sequences of the two CasX mRNA molecules assessed in this example*.

CasX mRNA ID Component (ID) Description DNSZ;E;?;?\?(C)? or
5’UTR Human HBA 3188
START codon + ¢-
MYC NLS 3133
CasX 676 3134
CasX 676 mRNA #1 —-MYC NLS 1 STOP s
codons
3’UTR Human HBA 3189
Poly(A) tail 3057
5’UTR Synthetic (TriLink) 3047
START codon + ¢- 3133
MYC NLS
CasX 676 3134
CasX 676 mRNA #2 | SMYCNLS +STOP 3135
codons
3’UTR Mouse HBA 3055
XbaI‘ restriction site TOTAG
(partial)
Poly(A) tail 3057

*Components are listed in a 5” to 3’ order within the constructs
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Table 34: Full-length RNA sequences of CasX mRNA molecules assessed in this example.
The 5’ cap (m7G(5”)ppp(5°)mAG), discussed in the example herein, is not shown in the
table. Modification ‘my’ = N1-methyl-pseudouridine

CasX | SEQ
mRNA | ID NO RNA Sequence

3190 ACmy Crnymy Crayy GGy CCCCACAGACIY CAGAGAGAACCCGCCACCAMGGCCCCmyGCm
YGCCAAGAGAGMYGAAGCIMGCAMYAGCAGACAGGAGAMCAAGCGGAMMYAAMYAAAA
MYy CGCAGAAGACIYGCMYGAAGGAMYMY CMAACACAAAGAAGGCMGGCAAGACACG
GGGCCCmyAMGAAGACACHYGCMyGGMYGAGACMYGAMYGACACCCGACCMGAGAGAA
AGACMYGGAAAACCIMYGAGAAAGAAGCCY GAGAAMAMYCCCCCAGCCCAMCAGCAAC
ACAAGCCGGGCCAACCIYGAAMPAAGCIYGCMYGACCGACIYACACCGAAAMYGAAGAAG
GCCAMYCCMYGCACGmyCmyAMymyGGCAAGAGMYmyCCAGAAAGACCCAGMYCGGCCmYy
GAMYGAGCAGACMYGECMCAGCCMYGCCAGCAAGAAGAM)CGAMYCAGAACAAGCIYGA
AGCCCGAAAMGGACGAGAAGGGGAACCMYGACAACCGCCGGCmYmymyGCCmyGmyAGC
CAGMJGCGGCCAGCCCCmyGmymymyGmyCmyACAAACTIYGCAACAGCMYGAGCGAARAG
GGCAAGGCMYMYACACGAAMYMYACMYmM)CGGCAGAMGCAACCMYGGCCGAGCACGAGA
AGCMYGAMYCAAGCIYGGCCCAGCIYGAAGC CIy GAGAAGGAMYAGCGAMYGAGGCAGIY
GACAMYAMymMyCCCmPGEGCAAGMYMYCGCACAGCGGGCCCmyGGAMmymymymyAmym
YCCAMMYCAMYGMGACCAAGGAAMCCACCCACCCCEMYCAAGC Iy CmymyGCCCARA
AmymyGCCGGCAACAGAMACGCCmYCCAGCCCCEMYGGGCAAGGCCCMYGAGCGACGCC
My GmyAMGGGCACCAMYCGCCAGCMYMYCCmYGMyCmyAAGMYACCAGGACAMYmYANY
CAMCGAGCACCAGAAGCMYGCMYGAAGGGCAACCAGAAGAGACIYGGAGAGCCMYGCGC
GAGCMYGGCCGGCAAGGAAAACCMYGGAGMYAMYCCMYAGCEMYGACCCyGCCmyyCCmy
CAGCCmyCAMACAAAGGAGGGCEMYGCAMGCCMYACAACGAAGMGAMCGCCCGGGM
YGCEEAMYGMYGGCMYGAACCIy GAAMYCry GMGGCAGAAGCIYGAAGCMY Gy CmyAG
AGACGACGCCAAGCCCCMYGCMYGAGACIYGAAGGGCMYmyCCCCAGCIymyCCCmyCray
GGMYGGAGAGACAGGCAAAMYGAAGMYGGACIYGGMYGGGACAM)GGMYGmYGMYAACGM
YGAAGAAGCIYGAMYCAAMGAGAAGAAGGAGGACGGCAAAGMYGMYmy CmyGGCAGAAM

CasX YCmYGGCCEECMYACAAGCEMYCAGGAGGCCCMYGCEGCCCmYACCMYGAGCAGCGAGGA
676 AGACAGAAAGAAGGGCAAGAAGMYMYCGCCCEEMPAMICAGCMYGGEGGACCIYGCMYGC

MyGCACCIMCGAGAAGAAGCACGGCGAAGACIYGGEGGAAGEMYGMYACCAMIGAGGCCn
mRNA YGGGAGCGGAMYCCAMYAACAAGCMYGCAGGGCCMGAGCAAGCACAMCAAGCIMYGGAG
#1 GAGGAACGGAGAMCMGAGGACGCCCAGAGCAAGGCCGCCCMYGACCGACIYGGCMYGA

GAGCCAAGGCCAGCMYmYCCmYCAMYCCAGGEGCMYGAAGGAGGCCGACAAGGACGAGTY
myCmyGCCECMYyGCCAACIYGAAGCMYGCAGAAGMYGGMYACCGAGAMYCy GAGAGGCA
AACCIymymyCGCCAMYCGAGGCCGAGAACAGCAMYCCMYGGACAMCAGCGGCMYmyCA
GCAAGCACMYACAACMGCCCCmymymyAmmymGGCACGAAGCACGCACMYGAAGAAGC
My GAACCIYGMYACCMYGAMYCAMYCAACTYAMYmMYmyCAAGGGCGGCAAGCIYGAGAMY
mCAAGAAGAM|CAAGC CmGAAGC CrnymCGAGGCCAACAGAMYmYCrACACC G GA
mymyAACAAGAAAAGCGGAGAGAMCCMGCCAAMYGGAAGMYGAACTYm CAACTYmYC
GACGACCCMYAACCMYGAMYCAMPCCMYGCCCCmyGGCAMmMymyGGCAAGCGGCAGGGC
AGAGAGMYmMYCAMYCmMyGGAACGACCyGCmy Gmy Cry Cmy GGAGACCGGCAGCCMGAA
GCMYGGCCAACCGCACACMYGAMYCCAGAAGACACIYCMYACAACAGACCAACCAGACAA
GACGAGCCCGCCCmyCmymymyGmyGGCCCmyGACCMYmyCCAGAGAAGAGAGGMYGCmY
GGACAGCAGCAAMYAMCAAGCCMAMPGAACCMGAMCGGCEMYGCACCCGGGCGAGA
ACAMYCCCmyGCCEmYyGAMYyCGCCCmymyACCGACCCCCAGGCAMYGCCCMyCmyGAGCC
GemYmYmyAAAGACAGCCMYGGGCAACCCmYACCCACAMYCCMYGAGAAMMYGGCGAGT
YCCmYACAAGGAGAAGCAGAGAACCAMCCAGGCCAAGAAGGAGGMYGGAGCAGCGGCGG
GCMYGGECEGCMYACTYCCCCGAACMYACGCCAGCAAGGCCAAGAACCMGGCCCACGACA
My GGmymyAGAAAMPACCGCCAGAGACCmCCmy CmyACTMYACGCMYGmyGACCCAGGAC
GCCAMYGCMYGAMCMymyCGAGAACCMGAGCAGAGCCMmMCGGCAGACAGGGCAAGA
GAACCImCAMGGCCCAGAGACACMYACACCCGCAMPGGAGCACTMYGECMGACCGCC
AAGCIMYGGCCMYACGAGGGCCMYGCCCmyCmyAAGAC CryACCIMY Gy C CAAGAC Craymys
GGCACAGMYACACCAGCAAGACAM)GCMCIYAACMGCEGCMYmyCACAAMCACGAGC
GCCGACMYACGACCGEGMYGCMyGGAGAAACIGAAGAAGACCGCCACAGGCMYGCAMYG
ACCACCAMMyAACGGCAAGGAGCIYGAAGGMYGGAGGGCCAGAMYCACCIYACTYACAA
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CasX | SEQ

mRNA | ID NO RNA Sequence

CAGGMYACAAACGGCAGAACGMYGGMYGAAGGACCMYGAGCEMYGGAACIYGGAMPAGAC
My GAGCGAGGAAAGCGMAAACAAMGACAMCAGCAGCMYGGACCAAGGGCCGGAGCGG
CGAGGCCCMYGAGCCMyGCMyGAAGAAGAGAMyMYCmyCCCACAGACCAGMYGCAGGAGA
AGmymmyC Gy Gy Gy Cmy GAACMYGC GGCmymyCGAGACCCACGCCGACGAGCAAGCCE
CCCmGAACAMYCGCCCEGMyCmymyGECmymymymyCCmyGCGGAGCCAGCAGMYACAA
GAAGMYACCAGACAAACAAGACCACAGGCAACACAGACAAGAGAGCCIYmyCGMyCGAGA
CCmYGGCAGAGCMYmyCmyACAGAAAGAAGCMYGAAGGAGGMYCMYGGAAGCCmGCCGm
YGGGAAGCCCCGCMYGCCAAGAGAGMYGAAGCMYGGACIYAAMYAGAMAAGCIYGGAGC
CryCGEMYGGECCAMYGCmymy CmymyGCCCCmymyGGGCCmyCCCCCCAGCCCCmyCCmy
CCCemymyCCmyGCACCCGmYACCCCCEmYGEmYCrymymy GAAMPAAAGIY Cr GAGMY
GGGCGGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAA

CasX
076 3136 See Table 22 for sequence
mRNA q
#2
Synthesis of gRNAs:

[0469] In this example, gRNAs targeting the mouse PCSK9 locus were designed using gRNA
scaffold 174 with a v1 modification profile (see Example 7) and chemically synthesized. The
sequences of the PCSK9-targeting spacers are listed in Table 35.

Table 35: Sequences of spacers targeting the mouse PCSK9 locus assayed in this example

Spacer ID Target RNA sequence SEQ ID NO:
27.103 mouse PCSK9 UAAUCUCCAUCCUCGUCCUG 3073
27.105 mouse PCSK9 CCAAGAAGCCAGGGAAGAGG 3192
27.106 mouse PCSK9 ACAUAUCUUUUAUGACCUCU 3193
27.107 mouse PCSK9 CUGGCUUCUUGGUGAAGAUG 3194
27.108 mouse PCSK9 UGGUGAAGAUGAGCAGUGAC 3195
27.116 mouse PCSK9 GCCGUUGCUCCAAGGUAUGG 3196
27.117 mouse PCSK9 UUCUUGGGGAUCAGGAGGCC 3197

Transfection of CasX mRNA and gRNA into mouse Hepal-6 cells in vitro:

[0470] Editing at the mouse PCSK9 locus was assessed by delivering in vitro transcribed
CasX mRNA (CasX mRNA #1 or CasX mRNA #2; see Table 33) and synthesized gRNAs
targeting PCSK9 into Hepal-6 cells via transfection. Briefly, each well of 20,000 Hepal-6 cells
were lipofected with in vitro transcribed mRNA coding for CasX 676 and a PCSK9-targeting
gRNA. After a media change, transfected cells were harvested at 20 hours post-transfection for

editing assessment at the PCSK9 locus by NGS as described previously in Example 4. As
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experimental controls, individual transfections of CasX mRNA #1 and CasX mRNA #2 without
gRNAs were performed.

Results:

[0471] CasX-mediated editing at the mouse PCSK9 locus was used to evaluate the effects of
incorporating different 5 and 3° UTRs into the engineered CasX mRNA. The plot in FIG. 26
shows the quantification of percent editing measured as indel rate at the PCSK9 locus in mouse
Hepal-6 cells transfected with CasX 676 mRNA #1 or CasX 676 mRNA #2 with the indicated
PCSK9-targeting gRNAs. The data demonstrate that for all targeting spacers tested in this
experiment, CasX mRNA #2 consistently exhibited higher editing levels at the mouse PCSK9
locus compared to editing levels achieved by CasX mRNA #1. Specifically, the highest level of
editing rate achieved was with spacer 27.116, where use of CasX mRNA #2 resulted in ~35%
editing efficiency compared to ~20% editing level by CasX mRNA #1 (FIG. 26).

[0472] The results demonstrate that altering the S’UTR and 3’UTR sequences of the CasX
mRNA can affect the editing activity of CasX at a target locus in a cell-based assay.

Example 9: Design and assessment of codon-optimized CasX mRNA on editing efficiency
when delivered together with targeting gRNAs in vitro

[0473] mRNA sequence and associated modifications can have a significant impact on the
efficacy of mRNA-based delivery. Modified nucleotides, including those that encode the 5’ cap
structure, are important determinants of mRNA stability, translatability, and immunogenicity.
Here, for all designed and tested CasX mRNAs, a “Cap 17 structure was used, which included a
5’ m7G in a 5°-5 triphosphate linkage to an initiating nucleotide with a 2’Ome modification.
This structure, similar to the “Cap 0 structure lacking the 2°’Ome modification, promotes
efficient translation, and has reduced immunogenicity compared to the “Cap 0” structure.
Furthermore, the use of modified nucleobases can reduce immunogenicity of the mRNA. Here,
the N1-methyl-pseudouridine was used to substitute the uridine ribonucleoside for all in vitro
transcription reactions, since published studies have demonstrated that the N1-methyl-
pseudouridine substantially enhances mRNA performance and reduces mRNA immunogenicity.
The modifications are expected to result in reduced immunogenicity and higher translation rates
in vivo, potentially by avoiding activation of RIG-I, a primary cytosolic sensor for double-

stranded RNA, which is a common contaminant of in vitro transcribed mRNA.
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[0474] Optimization of the poly(A) tail will also be explored. The poly(A) tail is required for
translation and mRNA stability, with longer tails being associated with a longer mRNA half-life.
Polyadenylation can be carried out post-transcriptionally with a poly(A) polymerase, but this
results in variable tail lengths and adds a step to the mRNA production process. mRNA
productions were conducted using plasmids containing a template 80A-tail, terminating with a
Type IIS restriction site to allow for run-off transcription, as constructs with plasmids containing
a template 120A-tail were unstable during propagation in E. coli, often resulting in clones with
significant reductions in tail length. Alternate plasmids were also cloned with a Sphl restriction
site between two-60A stretches, since published studies have demonstrated that similar
constructs were more stable during subcloning and amplification in F. coli and produced mRNA
with equivalent activity in mammalian cells. These alternate versions will be compared for
activity using an in vitro editing assay across a range of CasX mRNA and gRNA doses to
determine the consequential effects on editing activity. The sequences of the poly(A) tails
described herein are listed in Table 36.

[0475] The sequences encoding the 5” and 3” UTRs, as well as the codons used for the CasX
protein-coding sequences, are also critical for effective translation. UTRs were selected from
annotated human gene transcripts based on genes (e.g., those encoding the a-globin, B-globin
proteins) previously characterized to have high mRNA stability, as well as genes expected or
previously demonstrated to be particularly well-expressed in the liver (i.e., genes encoding for
the following proteins: albumin, complement 3, and cytochrome P450 2E1). The sequences of
the 5” and 3° UTRs from these various genes are listed in Table 36. For the 3° UTR,
concatenations of individual 3° UTRs were also tested. These constructs were cloned into
plasmids containing a T7 promoter, CasX variant 515 or 676, and a poly(A) tail. To isolate the
effects of individual 5° and 3’ UTRs, each UTR was cloned into a construct that contained either
the 3” or 5” a-globin UTR, respectively. IVTs will be performed and purified by binding to
poly(dT) beads to capture full-length transcripts. The resulting mRNAs will initially be assessed
by co-transfection with a B2M-targeting gRNA into HepG2 cells using a range of doses. Editing
efficiency will be determined by HLA-immunostaining and flow cytometry as described in
Example 7. The best-performing individual UTRs will be combined into various configurations,
formulated into LNP, and tested in primary human hepatocytes and in mice.

[0476] Alternate codon optimizations are also being explored. In addition to the CasX codon

optimization used for other delivery modalities, new versions were designed by building a codon
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usage table based on ribosomal protein codon usage and rebalancing CasX codon usage to
match. In addition to potential improvements to the translation rate, this also effectively results
in depletion of uracil bases, which may reduce immunogenicity. This codon optimization was
also used for production of mRNAs. Additional codon usages have been designed using a
variety of available codon optimization tools, adjusting settings as needed to achieve a range of
GC content levels. These codon optimizations will be tested under a similar experimental design
used for testing UTRs as described above, and the leading codon-optimized CasX candidates
will be combined with leading UTR candidates to generate new CasX leads for further

validation.

Table 36: List of encoding DNA sequences for the indicated elements used for the

generation and optimization of CasX mRNA.

SEQID

Description Encoding Sequence NO:

Poly(A) tails

AO AAAAAADAADAAAAADAALAAAAADALAALAAADALAALAAADALDAALAAADALAALAAADALDALDAADA 3057

A AAAAAADAADAAAAADAALAAAAADALAALALAADALAALARAALDALAALARAALDALAALALAADALDALDDAADA 3198
120
ADAAAAADALAAARAARDALAAALAALDALARALALAALDALDAALARAARDALAAARAALDALAALALDAALDALDAALADARDA

AsoSphlAgo 3199
AAAGCATGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAARAAAA
5’ UTRs
a-globin ACTCTTCTGGTCCCCACAGACTCAGAGAGAACCC 3200
B-globin ACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACA 3201
Albumin CTAGCTTTTCTCTTCTGTCAACCCCACACGCCTTT 3202

Cytochrome CTCCCGGGCTGGCAGCAGGGCCCCAGC

P450 2E1

(CYP2E1) 3203

Complement | ACTCCTCCCCATCCTCTCCCTCTGTCCCTCTGTCCCTCTGACCCTGCACTGTCCC

3(C3) 3204
3’ UTRs

a-globin GCTGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTE | 3189

CCCTTCCTGCACCCGTACCCCCGTGGTCTTTGAATAAAGTCTGAGTGGGCGGCA
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SEQID

Description Encoding Sequence NO:

Albumin CATCACATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGAT | 3205
CAAAAGCTTATTCATCTGTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTA
AAAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAA
AAATGGAAAGAATCTAATAGAGTGGTACAGCACTGTTATTTTTCAAAGATGTGTTGC
TATCCTGAAAATTCTGTAGGTTCTGTGGAAGTTCCAGTGTTCTCTCTTATTCCACTT
CGGTAGAGGATTTCTAGTTTCTTGTGGGCTAATTAAATAAATCATTAATACTCTTCT
AAGTTATGGATTATAAACATTCAAAATAATATTTTGACATTATGATAATTCTGAATA
AAAGAACAAAAACCA

Albumin GCATCACATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGA | 3206
(truncated) TCAATAGCTTATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCT
AAAAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAA
AAAATGGAAAGAACCTAGATCT

B-globin GCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAAC | 3207
TACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAA
AACATTTATTTTCATTGCAA

a-globin + f- | GCTGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTC | 3208
globin CCCTTCCTGCACCCGTACCCCCGTGGTCTTTGAATAAAGTCTGAGTGGGCGGCAGCT
CGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTAC
TAAACTGGGGGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAAC
ATTTATTTTCATTGCAA

B-globin + a- | GCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAAC | 3209
globin TACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAA
AACATTTATTTTCATTGCAAGCTGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTGGG
CCTCCCCCCAGCCCCTCCTCCCCTTCCTGCACCCGTACCCCCGTGGTCTTTGAATAA
AGTCTGAGTGGGCGGCA

Example 10: Proof-of-concept experiment demonstrating delivery of LTRP mRNA and
targeting gRNA via LNPs to achieve repression of target locus in vitro

[0477] Experiments were performed to assess whether delivery of lipid nanoparticles (LNPs)
encapsulating LTRP mRNA and a PCSK9-targeting gRNA could induce durable repression of
the target PCSK9 locus in a cell-based assay. LNPs encapsulating an mRNA encoding for
catalytically-active CasX 515 were formulated and included for comparison.

Materials and Methods:

Generation of mRNASs:

[0478] mRNA encoding the following molecules were generated by IVT following similar
methods as described in Example 2: 1) a catalytically-active CasX 515 and 2) LTRP5-ADD-
ZIM3 (as described in Example 4). Briefly, for the generation of CasX 515, constructs encoding
for a synthetic 5’UTR, a codon-optimized CasX 515 with flanking c-MYC NLSes, and a 3’'UTR

derived from the mouse hemoglobin alpha (mHBA) were cloned into a plasmid containing a T7
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promoter and 79-nucleotide poly(A) tail. The resulting plasmid was linearized prior to use for

IVT reactions, which were performed as similarly described in Example 2. The DNA and

mRNA sequences encoding the catalytically-active CasX 515 are shown in Table 37 and Table
38 respectively. The DNA and mRNA sequences encoding for LTRP5-ADD-ZIM3 are shown in

Table 18 and Table 19 respectively.

Table 37: Encoding sequences of the catalytically-active CasX 515 mRNA molecule

assessed in this example*.

.. DNA sequence or
CasX mRNA ID Component (ID) Description SEQ ID NO:
5’UTR Synthetic (TriLink) 3274
START codon + c-
MYC NLS 3275
CasX 515 3276
¢-MYC NLS +
CasX 515 mRNA STOP codon 3277
3’UTR Mouse HBA 3278
XbaI. restriction site TCTAG
(partial)
Poly(A) tail 3279

*Components are listed in a 5’ to 3” order within the constructs

Table 38: Full-length RNA sequences of catalytically-active CasX 515 mRNA molecule

assessed in this example. Modification ‘my’ = N1-methyl-pseudouridine.

CasX
mRNA

SEQ
ID
NO

RNA Sequence

CasX
515
mRNA

3280

AAAMUAAGAGAGAAAAGAAGAGMYAAGAAGAAAMYAMYAAGAGCCACCAMPGGCCCCMGCMGCCAA
GAGAGmMYGAAGCMYGCAMYAGCAGACAGGAGANMYCAAGCGGAMYMYAAMYAAAAMYMYCGGAGAAGAC
M GG GAAGGAMYmMCmyAACACAAAGAAGGCIMYGGCAAGACAGGC CCmMAMyGAAGACACIYGCy
GCMYGAGAGMGAMGACACCCGACCIMYGAGAGAAAGACIGGAAAACCIGAGAAAGAAGCCIYGAG
AAMAMYCCCCCAGCCCAMCAGCAACACAAGCCGGGCCAACCMYGAAMYAAGCIYGCMYGACCGACH
YACACCGAAAMYGAAGAAGGCCAMYCCMYGCACGMYCmyAMmyGGCAAGAGMYmMCCAGAAAGACCC
AGMYCGECCmMYGAMYGAGCAGAGCMYGGCMCAGCCMYGCCAGCAAGAAGAMYCGAMCAGAACAAGCH
YGAAGCCCGAAAMGGACGAGAAGGGGAACCIYGACAACCGCCGECMmymyGCCmyGmyAGC CAGMY
GCGGCCAGCCCCmyGmymymyGmyGmyACAAACIYGGAACAGCMYGAGCGARAAGGGCAAGGCIYmMYA
CACGAAMYMYACTYMYCCGCAGAMGCAACGMGGCCCAGCACGAGAAGCMYGAMYCCMYGCMYGGCC
CAGCMYGAAGCCMYGAGAAGGAMPAGCGAMYGAGGCAGMYGACAMYAMmYCCCMyGGGCAAGMYmYC
GGACAGCGGGCCCmyGGAMYmymymymyAmmyCCAmMYmyCAMYGyGACCAAGGAAMCCACCCACC
CCGmMyCAAGC CryCiymyGCCCAAAMYmMYGCCGEGCAACAGAMACGCCAGCGGCCCCOGMYGGGCAAGG
CCCMGAGCGACGCCMCmYAMPGGEGCACCAMYCGCCAGCMYmMYCCmyGmy CmyAAGMYACCAGGACA
mymyAmMyCAMYCCAGCACCAGAAGEMYGEMYGAAGGGCAACCAGAAGAGACTIYGGAGAGCCMYGCGCE

AGCMYGGCCGGCAAGGAARACCIYGGAGMYAMYCCMYAGCGMYGACCCmYGCCmyCCmyCAGCCIyCA

191




WO 2023/240076 PCT/US2023/067987

MyACAAAGGAGGGCGMYGGAMPGCCMYACAACCAAGIYGAMPCGCCCEECMYGCGCAMYCMYGECmYG
AACCMYGAAMYCY Gy GGCAGAAGCIYGAAGCIY G CyAGAGACGACGCCAAGCCCCMGCmMGA
GACIMYGAAGGGCMYmyCCCCAGCIYmYCCCmy CmyGCmyGGAGAGACAGGCAAAMYGAAGMYGGACTY
GGMYGGCACAMYGGMYGMYGMYAACCMYGAAGAAGCIYCAMYCAAMYGAGAAGAAGGAGGACGGCAAA
Gy CmymyCry GGCAGAAMYC GGCCEGECMYACAAGCGMYCAGGAGGCCCMYGCGECCCMACCIYG
IAGCAGCGAGGAAGACAGAAAGAAGGGCAAGAAGMYMYCGCCCGEMYAMPCAGCMYGGGGGACCMYGCm
YGCMPGCACCMYCGAGAAGAAGCACGGCGAAGACIYGGGEGAACCMYCMYACGAMPGAGECCMYGGCA
GCGGAMYCGAMPAAGAAGGMYGGAGGGCCMYGAGCAAGCACAMCAAGCMYGGAGGAGGAACGGAGAM
YCmPGAGGACGCCCAGAGCAAGGCCGCCCMYGACCGACIMYGGCMYGAGAGCCAAGGCCAGCMYmMYCGm
PYCAMPCGAGGGGCMYGAAGGAGGCCGACAAGGACGAGMYMYCMYGCCGCMYGCGAACMYGAAGCIMYGC
AGAACMYGEMYACGCACAMCMYGAGAGGCARACCIYMIMPCGCCAMPCGAGGCCGAGAACAGCAMYC
CryGGACAMCAGCEGCIYmyCAGCAAGCACMYACAACTIYGCECCmymymyAmymmyGGCAGAAGGA
CGGAGMYGAAGAAGCIGAACCIYGMYACCIYGAMYCAMYCAACMYAMYmMYmyCAAGGGCGGCAAGCIT
YGAGAMYmMyCAAGAAGAMCAAGC CmyGAAGC Cymy CGAGGCCAACAGAMYmMYCmyACACCCMYGAM
YmMYAACAAGAAAAGCGCAGAGAMYCGMYGCCAAMYGGAACIYGAACIYmMCAACMYmMYCGACGACCCm
YAACCIYGAMYCAMYCCmyGCCCCmYGGCAMIMyMYGGCAAGCGECAGEGCACACACMYMYCAMYCm
GGAACGACCMYGCMYGmyCmyCmyGGAGACCGEGCAGCCMYGAAGCIMYGGCCAACCGCAGAGMYGAMYC
GAGAAGACACHMYGMYACAACAGACGAACCAGACAAGACGAGCCCGCCCmYCmymymyCmyGECCCmyG
ACCMYmMyCCAGAGAAGAGAGCMYGCMYGCACAGCAGCAAMPAMYCAAGC CryAMYGAACCIYGANYCG
GCGMYGGACCGGGGCGAGAACAMYCCCMYGCCEMYGAMYCGCCCMYmPACCGACCCCGAGGGAMYGCC
Cry C GAGCCGEmymymyAAAGACAGCCMYGGGCAACC CYACCCACAMYCCMYGAGAAMIMYGGCE
AGMYCCmyACAAGGAGAAGCAGAGAACCAMYCCAGGCCAAGAAGGAGGMYGGAGCAGCGGCGGGCMYG
GCGGCMYACMYCCCGGAAGMYACGCCAGCAAGGCCAAGAACCMYGGCCGACGACAMYGGMYMAGAAA
MACCGCCAGAGACCMYCCmYGMYACMYACGCIYGMYGACCCAGGACGCCAMYGCMYGAMYCymyCG
IAGAACCMYGAGCAGAGGCMYMYCGGCAGACAGGGCAAGAGAACCIMYMYCAMPGGCCGAGAGACAGMYA
CACCCGCAMYGGAGCACIYGGCMYGACCGCCAAGCIYGECCMYACGAGGGCCMGCCCMCyAAGAC
CryACCIY Gy CCAAGACCIYmMyGGCACAGMYACACCACCAAGACAMYGCMY CnyAACTIYGCGGCmym
YCACAAMYCACGAGCGCCGACMYPACGACCGGEMYGCMYGGAGAAACMYGAAGAAGACCGCCACAGGCTM
YGGAMPGACCACCAMMYAACGGECAAGGAGCMYGAAGGMYGGAGGGCCAGAMYCACCMYACTMYACAAC
AGGMYACAAACGGCAGAACGMYGCMYGAAGGACCMYGAGCCMYGCAACIYGCAMYAGACIYGAGCGAG
GAAAGCGMYAAACAAMGACAMYCAGCAGCMYGGACCAAGGGCCGGAGCGGCGAGGCCCMYGAGCCmYr
GCMYGAAGAAGAGAMYMYCm CCCACAGACCAGMYGCAGGAGAAGMYmMYCCmy Gy Cmy Cr GAACms
GCGGECMYmMyCGAGACCCACGCCGACGAGCAAGCCECCCMYGAACAMCGCCCEEmMYCmmyGGCmymys
My CCrmyGCGGAGCCAGGAGMYACAAGAAGMPACCAGACAAACAAGACCACAGGCAACACAGACAAG
AGAGCCmymyCCmyCGAGACCIYGGCAGAGCIYmMYCmPACAGAAAGAAGCIMYCAAGCAGCMYGMYGGA
AGCCMPGCCEmMYGEGAAGCCCCGCMPGCCAAGAGAGMYGAAGCIYGGACTIYAAGCIYGCCmymyCmyG
CGGGGCmYmyGCCmymy CmPGGCCAMYGCCCmymy Cmypmy Cy Cry CCCmymGCACCMY Gy ACCmyr
Croymy GEmy Crymymy GAAMYAAAGC Cy GAGMYAGGAAGMY CyAGAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAARAAAAARAAAAAAAA
Synthesis of gRNAs:

[0479]

PCSK9-targeting gRNAs were designed using gRNA scaffold 316 and spacer 6.1

(sequence listed in Table 24) and chemically synthesized. The sequence of the PCSK9-targeting

gRNA with the vl modification profile (as described in Example 7 above) is listed in Table 39.

A schematic of the sites of chemical modifications for a ‘v1’ profile of the gRNA scaffold
variant 316 is shown in FIG. 24.
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Table 39: Sequences of chemically modified the gRNA targeting the human PCSK9 locus

assayed in this example.

gRNA ID
(scaffold variant- | Target gRNA sequence
spacer)

SEQ ID
NO

0 mA*mC*mU* GGCGCUUCUAUCUGAUUACUCUGAGCGCCAUC
316-6.1 (v1) UMAN | 5 0caGCGACUAUGUCGUAGUGGGUAAAGCUCCCUCUUCGGA | 3447
PCSKY | GGGAGCAUCAGAGGAGGAGGACGECCUGGE*mC*mG*mA

[0480] LNP formulations were generated with the LNP lipids as listed in Table 40, using
methods described in Example 11, below.

Delivery of LNPs encapsulating LTRP or CasX mRNA and targeting gRNA into primary
cynomolgus macaque (CM) hepatocytes:

[0481] Two lots (termed BJE and VDU) of primary CM hepatocytes derived from two
different donors (product number: M003055-P; BiolVT), were used to assess LTRP-mediated
repression or CasX-mediated editing at the PCSK9 locus when delivered by LNPs. For each lot,
~50,000 cells, cultured in Williams’ E complete media, were seeded per well in a 96-well plate.
The next day, seeded cells were treated with varying concentrations of LNPs, which were
prepared in six 3-fold serial dilutions starting at 1,200 ng/100 uL. These LNPs were formulated
to co-encapsulate CasX 515 or LTRP5-ADD-ZIM3 mRNA and a PCSK9-targeting gRNA
incorporating scaffold variant 316 with spacer 6.1 (v1; see Table 39). The LNP formulations
tested in this example are shown in Table 40. Media was changed one day after LNP treatment,
and cells were cultured for additional days prior to harvesting the media supernatant to measure
PCSKO9 secretion levels at the day 4 and day 11 timepoints. Briefly, PCSK9 secretion levels
were measured by ELISA using the BioLegend® ELISA MAX™ kit following the
manufacturer’s instructions. To ensure accuracy in quantifying PCSKO9 secretion levels, a
standard curve was constructed using recombinant CM PCSK9 protein as a reference
(Cynomolgus PCSK9 protein, from Acro Biosystems). Baseline PCSK9 secretion levels
(ng/mL) were also quantified for untreated primary CM hepatocytes (for each lot) at day 4.

Table 40: LNP formulations tested in this example.

LNP lipid Encapsulated mRNA Encapsulated gRNA

GenVoy-ILM™ CasX 515
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MC3
MC3 gRNA scaffold 316 with
ALC-0315 LTRP5-ADD-ZIM3 spacer 6.1 (v1)
SM-102

Results:

[0482] Two lots of primary CM hepatocytes were treated with five different LNPs, which co-
encapsulated either CasX 515 or LTRP5-ADD-ZIM3 and a PCSK9-targeting gRNA using
spacer 6.1, at various doses. The media supernatant was harvested 4 and 11 days post-treatment
to assess effects on PCSK9 secretion (FIGS. 61-64). The results in FIGS. 61-64 demonstrate that
either LTRP5-ADD-ZIM3 or CasX mRNA and the targeting gRNA could be co-encapsulated
within the various LNPs, and were delivered to target cells where they reduced secreted PCSK9
levels. Dose-dependent reduction in secreted PCSK9 levels was observed for all formulated
LNPs in both lots of primary CM hepatocytes at 4 days post-treatment (FIGS. 61-62). By 11
days post-treatment, dose-dependent reduction in secreted PCSK9 levels was observed for all
formulated LNPs in both lots, with the exception of MC3-encapsulating LTRP5-ADD-ZIM3 and
the targeting gRNA (FIGS. 63-64). Secreted PCSKO9 levels will be examined at longer
timepoints to determine further the effects of each LNP formulation on decreasing PCSK9
secretion.

[0483] The results from this experiment show that LTRP mRNA, as well as CasX mRNA, and
targeting gRNA can be co-encapsulated within LNPs to be delivered to target cells to induce

silencing of a target endogenous locus.

Example 11: Formulation of lipid nanoparticles (LNPs) to deliver dXR or LTRP mRNA
and gRNA payloads to target cells and tissue

[0484] As described in Example 10, experiments were performed to encapsulate dXR or
LTRP mRNA and gRNA into LNPs for delivery to target cells and tissues. The following
example provides the methods used for formulating LNPs with various LNP lipids.

For experiments that used GenVoy-ILM™-based LNPs:

[0485] dXR or LTRP mRNA and gRNA were encapsulated into LNPs using GenVoy-ILM™
lipids using the Precision NanoSystems Inc. (PNI) Ignite™ Benchtop System, following the
manufacturer’s guidelines. GenVoy-ILM™ lipids are a composition of ionizable

lipid: DSPC:cholesterol :stabilizer at 50:10:37.5:2.5 mol%. Briefly, to formulate LNPs, equal
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mass ratios of dXR or LTRP mRNA and gRNA were diluted in PNI Formulation Buffer, pH 4.0.
GenVoy-ILM™ lipids were diluted 1:1 in anhydrous ethanol. mRNA/gRNA co-formulations
were generated using a predetermined N/P ratio. The RNA and lipids were run through a PNI
laminar flow cartridge at a predetermined flow rate ratio on the PNI Ignite™ Benchtop System.
After formulation, the LNPs were diluted in PBS, pH 7.4, to decrease the ethanol concentration
and increase the pH, which would increase the stability of the particles. Buffer exchange of the
mRNA/sgRNA-LNPs was achieved by overnight dialysis into PBS, pH 7.4, at 4°C using 10k
Slide-A-Lyzer™ Dialysis Cassettes (Thermo Scientific™). Following dialysis, the
mRNA/gRNA-LNPs was concentrated to > 0.5 mg/mL using 100 kDa Amicon®-Ultra
Centrifugal Filters (Millipore) and then filter-sterilized. Formulated LNPs were analyzed on a
Stunner (Unchained Labs) to determine their diameter and polydispersity index (PDI).
Encapsulation efficiency and RNA concentration was determined by RiboGreen™ assay using
Invitrogen's Quant-iT™ RiboGreen™ RNA assay Kkit.

[0486] For experiments that used ALC-0315 (6-((2-hexyldecanoyl)oxy)-N-(6-((2-
hexyldecanoyl)oxy)hexyl)-N-(4-hydroxybutyl)hexan-1-aminium), SM-102 (8-[(2-
hydroxyethyl)[ 6-ox0-6-(undecyloxy)hexyl Jamino]-octanoic acid, 1-octylnonyl ester), and MC3
(DLin-MC3-DMA) -based LNPs:

[0487] dXR or LTRP mRNA and gRNA were encapsulated into LNPs using ALC-0315, SM-
102, or MC3-based lipid mix using a custom-made T-mixer micro mixing device, at a flow rate
of 20 mL/min and 3:1 mixing ratio of aqueous to organic phase. For all three lipid mixes, the
composition was the following: ionizable lipid:DSPC:cholesterol: DMG-PEG2000 at
50:10:38.5:1.5 mol%. Briefly, to formulate LNPs, equal mass ratios of dXR or LTRP mRNA
and gRNA were diluted in 25 mM sodium acetate, pH 4.0. The lipid mix was made at a 10 mM
concentration in anhydrous ethanol. mRNA/gRNA co-formulations were generated using a
predetermined N/P ratio. The RNA and lipids are run through a custom-made T-mixer device at
a predetermined flow rate ratio using syringe pump infusers. After formulation, the LNPs were
dialyzed into PBS, pH 7.4, to decrease the ethanol concentration and increase the pH, which
increases the stability of the particles. Buffer exchange of the mRNA/sgRNA-LNPs was
achieved by overnight dialysis into PBS, pH 7.4, at 4°C using 10k Slide-A-Lyzer™ Dialysis or
Cassettes (Thermo Scientific™) or 12-14 kDa dialysis tubing (Repligen). Following dialysis, the
mRNA/gRNA-LNPs was concentrated to > 0.2 mg/mL using 30-100 kDa Amicon®-Ultra
Centrifugal Filters (Millipore) and then sterile-filtered using Acrodisc PES membrane filters.

195



WO 2023/240076 PCT/US2023/067987

Formulated LNPs were analyzed on a Malvern Zetasizer to determine their diameter and
polydispersity index (PDI). Encapsulation efficiency and RNA concentration was determined by
RiboGreen™ assay using Invitrogen's Quant-iT™ RiboGreen™ RNA assay kit.

[0488] The GenVoy-ILM™ ALC-0315, SM-102, and MC3 LNPs described above were used
in various experiments to deliver XR or LTRP mRNA and gRNA to target cells, and can further

be used for delivery to target tissues.

Example 12: CpG-depletion of DNA encoding the guide RNA scaffold improves CasX-
mediated editing in vitro

[0489] Pathogen-associated molecular patterns (PAMPs), such as unmethylated CpG motifs,
are small molecular motifs conserved within a class of microbes. They are recognized by toll-
like receptors (TLRs) and other pattern recognition receptors in eukaryotes and often induce a
non-specific immune activation. In the context of gene therapy, therapeutics containing PAMPs
are often not as well-tolerated and are rapidly cleared from the patient given the strong immune
response triggered, which ultimately leads to reduced therapeutic efficacy. CpG motifs are short
single-stranded DNA sequences containing the dinucleotide CG. When these CpG motifs are
unmethylated, they act as PAMPs and therefore stimulate the immune response. In this example,
experiments were performed to deplete CpG motifs in the guide scaffold coding sequence in the
context of an AAV construct encoding CasX variant 491, guide scaffold variant 235, and spacer
7.37 targeting the endogenous B2M (beta-2-microglobulin) locus, and test the effect of CpG-
depletion in the guide scaffold on editing of the B2M locus in vitro.

Materials and methods:

Design of CpG-depleted guide scaffolds:

[0490] Nucleotide substitutions were rationally-designed to replace native CpG motifs within
the base gRNA scaffold variant (gRNA scaffold 235) with the intent to preserve editing activity
while reducing scaffold immunogenicity. It was believed that as many CpG-motifs as possible
should be removed from the scaffold coding sequence in order to sufficiently reduce
immunogenicity. Scaffold 235 contains a total of eight CpG elements; six of which are predicted
to basepair and form complementary strands of a double-stranded secondary structure (see FIG.
27A). Therefore, the six basepairing CpGs forming three pairs were mutated in concert to
maintain important secondary structures. This reduced the number of independent CpG-

containing regions to five (three pairs and two single CpGs) to be considered independently for
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CpG-removal. Specifically, mutations were designed in (1) the pseudoknot stem, (2) the scaffold
stem, (3) the extended stem bubble, (4) the extended step, and (5) the extended stem loop, as
diagrammed in FIG. 27B and described in detail below.

[0491] In the pseudoknot stem (region 1), the CpG pair was flipped to a GpC to minimize the
alteration of the base composition and sequence. Based on previous experiments involving
replacing individual base pairs, it was anticipated that this mutation was not likely to be
detrimental to the structure and function of the guide RNA scaffold.

[0492] Similarly, in the scaffold stem (region 2) the CpG pair was flipped to a GpC to
minimize the alteration of the base composition and sequence. It was anticipated that this
mutation was likely to be detrimental to the structure and function of the guide RNA scaffold
because strong sequence conservation was seen in this region in previous experiments mutating
individual bases or base pairs. This strong sequence conservation is likely due to the scaffold
stem loop being important in interacting with the CasX protein as well as in the formation of a
triplex structural element with the pseudoknot region.

[0493] In the extended stem bubble (region 3) the single CpG was removed by one of three
strategies. First, the bubble was deleted by mutating CG->C. Second, the bubble was resolved to
restore ideal basepairing by mutating CG->CT. Third, the entire extended stem loop was
replaced with the extended stem loop of scaffold 174. Note that, by itself, the replacement of the
extended stem loop with that of scaffold 174 recapitulates scaffold 316, which has previously
been shown to edit efficiently. There are no CpG motifs in the extended stem loop of scaffold
174. Therefore, replacing the extended stem loop with that of scaffold 174 also removes the CpG
motif in the extended stem (region 4). Based on previous experiments showing the relative
robustness of the extended stem to small changes, it was anticipated that mutating the extended
stem bubble was moderately likely to be detrimental to the structure and function of the guide
RNA scaffold.

[0494] In the extended stem (region 4), the CpG pair could not be flipped to GpC without
generating additional CpG motifs. Therefore, the CpGs were changed to a GG and a
complementary CC motif. Similar to region 3, based on the relative robustness of the extended
stem to small changes, it was anticipated that this mutation was not likely to be detrimental to
the structure and function of the guide RNA scaffold.

[0495] Finally, the extended stem loop (region 5) was mutated in one of three ways that were

designed based on previous experiments examining the stability of the stem loop. In particular,
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several variations of the stem loop had previously been shown to have similar stability levels,
and some of these variations of the stem loop do not contain CpGs. Based on these findings,
first, the loop was replaced with a new loop with a CUUG sequence. Second, the loop was
replaced with a new loop with a GAAA sequence. Since the GAAA loop replacement would
generate a novel CpG adjacent to the loop, it was combined with a C->G base swap and the
corresponding G->C base swap on the complementary strand, ultimately resulting in a
CUUCGG->GGAAAC exchange. Third, the loop was mutated by the insertion of an A to
interrupt the CpG motif and thereby increase the size of the loop from 4 to 5 bases. It was
anticipated that randomly mutating the extended stem loop would likely have detrimental effects
on secondary structure stability and hence on editing. However, relying on previously confirmed
sequences was believed to have a lower risk associated with a replacement.

[0496] To generate guide RNA scaffolds encoded by DNA with reduced CpG levels, the
mutations described above were combined in various configurations. Table 41, below,
summarizes combinations of the mutations that were used. In Table 41, a 0 indicates that no
mutation was introduced to a given region, a 1, 2, or 3 indicates that a mutation was introduced
in that region, as diagrammed in FIG. 27B, and n/a indicates not applicable. Specifically, for
region 1, the pseudoknot stem, a 1 indicates that a CG->GC mutation was introduced. For region
2, the scaffold stem, a 1 indicates that a CG->GC mutation was introduced. For region 3, the
extended stem bubble, a 1 indicates that the bubble was removed by the deletion of the G and A
bases that form the bubble, a 2 indicates that the bubble was resolved by a CG->CU mutation
that allows for basepairing between the A and U bases, and a 3 indicates that the extended stem
loop was replaced with the extended step loop from guide scaffold 174. For region 4, the
extended stem, a 1 indicates that a CG->GC mutation was introduced. For region 5, the extended
stem loop, a 1 indicates that the loop was replaced from UUCG->CUUG, a 2 indicates that the
loop was replaced along with a basepair adjacent to the loop, from CUUCGG->GGAAAC, and a

3 indicates that an A was inserted between the C and the G.

Table 41: Summary of mutations for CpG-reduction and depletion in guide scaffold 235

Region 1 Region 2 Region 3 Region 4 Region 5

Scaffold ID | (Pseudoknot | (Scaffold (Extended (Extended (Extended

stem) stem) stem bubble) stem) stem loop)
320 1 0 0 1 0
321 1 0 1 1 0
322 1 0 2 1 0
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323 1 0 3 n/a 0
324 1 0 1 1 1
325 1 0 2 1 1
326 1 0 3 n/a 1
327 1 0 1 1 2
328 1 0 2 1 2
329 1 0 3 n/a 2
330 1 0 1 1 3
331 1 0 2 1 3
332 1 0 3 n/a 3
334 1 1 2 1 1
335 1 1 3 n/a 1
336 1 1 1 1 2
337 1 1 2 1 2
338 1 1 3 n/a 2
339 1 1 1 1 3
340 1 1 2 1 3
341 1 1 3 n/a 3
235 0 0 0 0 0

[0497] Table 42, below, lists the DNA sequences encoding the designed CpG-reduced or
depleted guide scaffolds.

Table 42: DNA sequences encoding CpG-reduced or depleted guide RNA scaffolds

Scaffold ID SEQ ID NO
320 3210
321 3211
322 3212
323 3213
324 3214
325 3215
326 3216
327 3217
328 3218
329 3219
330 3220
331 3221
332 3222
333 3223
334 3224
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Scaffold ID SEQ ID NO
335 3225
336 3226
337 3227
338 3228
339 3229
340 3230
341 3231

Generation of CpG-depleted AAV plasmids:

[0498] The CpG-reduced or depleted gRNA scaffolds were tested in the context of AAV
vectors that were otherwise CpG-depleted, with the exception of the AAV2 ITRs. Specifically,
nucleotide substitutions to replace native CpG motifs in AAV components were designed in
silico based on homologous nucleotide sequences from related species for the following
elements: the murine Ula snRNA (small nuclear RNA) gene promoter, the bGHpA (bovine
growth hormone polyadenylation) sequence, and the human U6 promoter. The coding sequence
for CasX 491 was codon-optimized for CpG depletion. All resulting sequences (Tables 42 and
43) were ordered as gene fragments with the appropriate overhangs for cloning and isothermal
assembly to replace individually the corresponding elements of the existing base AAV plasmid
(construct ID 183). Spacer 7.37 (GGCCGAGAUGUCUCGCUCCG; SEQ ID NO: 3137), which
targets the endogenous B2M gene, was used for the experiments discussed in this example. The
first time that the experiment was performed (“N=1"), a sample with the non-targeting spacer
0.0 was also included as a control (CGAGACGUAAUUACGUCUCG, SEQ ID NO: 3232; see
FIG. 28).

[0499] The resulting AAV constructs were generated using standard molecular cloning
techniques. Cloned and sequence-validated plasmid constructs were midi-prepped for
subsequent nucleofection and AAV vector production. The sequences of the additional
components of AAV constructs, with the exception of sequences encoding the gRNAs (Table

41), are listed in Table 43.

Table 43: Sequences of AAV elements (5°-3” in AAYV construct)

Element DNA sequence
SEQ ID NO:
AAV2 5’ ITR 3233
CpG-depleted Ula promoter 3234
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Element DNA sequence
SEQ ID NO:
CpG-depleted cMycNLS-CasX491- 3235
cMycNLS
CpG-depleted bGH-poly A sequence 3236
CpG-depleted U6 promoter 3237
See sgRNA sequences in Table 42, above.

AAV2 3 ITR 3238

AAV production:

[0500] Suspension-adapted HEK293T cells, maintained in FreeStyle 293 media, were seeded
in 20-30 mL of media at 1.5E6 cells/mL on the day of transfection. Endotoxin-free pAAV
plasmids with the transgene flanked by ITR repeats were co-transfected with plasmids supplying
the adenoviral helper genes for replication and AAV rep/cap genome using PEI Max
(Polysciences) in serum-free Opti-MEM media. Three days later, cultures were centrifuged to
separate the supernatant from the cell pellet, and the AAV particles were collected, concentrated,
and filtered following standard procedures.

[0501] To determine the viral genome (vg) titer, 1 pL from crude lysate viruses was digested
with DNase and ProtK, followed by quantitative PCR. 5 uL of digested virus was used in a 25
uL gPCR reaction composed of IDT primetime master mix and a set of primer and
6’FAM/Zen/IBFQ probe (IDT) designed to amplify a 62 bp-fragment located in the AAV2-ITR.
An AAV ITR plasmid was used as reference standards to calculate the titer (vg/mL) of viral
samples.

AAV transduction of induced neurons in vitro:

[0502] 24 hours prior to transduction, 50,000 induced neurons per well were seeded on
Matrigel-coated 96-well plates. AAVs expressing the CasX:gRNA system with various versions
of the guide scaffold were then diluted in neuronal plating media and added to cells. The first
time that the experiment was performed (“N=17), cells were transduced at a multiplicity of
infection (MOI) of 4e3 viral genomes (vg)/cell (see FIG. 28). Seven days post-plating, induced
neurons were transduced with virus diluted in fresh feeding media. Eight days post-transduction,
cells were lifted using lysis buffer, 4-well replicates were pooled per experimental condition, and
genomic DNA (gDNA) was harvested and prepared for editing analysis at the B2M locus using
next generation sequencing (NGS). The second time that the experiment was performed

(“N=27), cells were transduced at an MOI of 3e3 vg/cell, 1e3 vg/cell, or 3e2 vg/cell (see FIG.
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29, FIG. 30, and FIG. 31). Seven days post-plating, induced neurons were transduced with virus
diluted in fresh feeding media. Seven days post-transduction, cells were lifted using lysis buffer,
2-well replicates were pooled per experimental condition, and gDNA was harvested and
prepared for editing analysis at the B2M locus using NGS. Samples that were not transduced
with AAV were included as controls.

NGS processing and analysis:

[0503] Genomic DNA (gDNA) from harvested cells were extracted using the Zymo Quick-
DNA Miniprep Plus kit following the manufacturer’s instructions. Target amplicons were
formed by amplifying regions of interest from 200 ng of extracted gDNA with a set of primers
specific to the human B2M gene. These gene-specific primers contained an additional sequence
at the 5' end to introduce an Illumina adapter and a 16-nucleotide unique molecule identifier.
Amplified DNA products were purified with the Ampure XP DNA cleanup kit. Quality and
quantification of the amplicon were assessed using a Fragment Analyzer DNA Analysis kit
(Agilent, dsDNA 35-1500bp). Amplicons were sequenced on the Illumina Miseq according to
the manufacturer's instructions. Raw fastq files from sequencing were quality-controlled and
processed using cutadapt v2.1, flash2 v2.2.00, and CRISPResso2 v2.0.29. Each sequence was
quantified for containing an insertion or deletion (indel) relative to the reference sequence, in a
window around the 3" end of the spacer (30 bp window centered at —3 bp from 3’ end of spacer).
CasX activity was quantified as the total percent of reads that contain insertions, substitutions,
and/or deletions anywhere within this window for each sample.

Results:

[0504] Mutations were introduced into the guide scaffold 235 in order to reduce the CpG
content of the DNA sequence coding the guide scaffold. Surprisingly, compared to scaffold 235,
all of the CpG-reduced and CpG-depleted scaffold variants produced higher levels of editing in
induced neurons. This was the case with two independent repeats of the experiment (with the
results from the first repeat of the experiment shown in FIG. 28, and the results of the second
repeat of the experiment shown in FIGS. 29-31), and across multiple MOlIs (see FIGS. 30-31).
The enhanced level of editing was surprising because the goal of reducing CpG content was to
simply preserve editing activity while reducing immunogenicity. Instead, the mutations
enhanced editing activity, rather than merely preserving it.

[0505] Notably, scaffold 320 showed a significant increase in potency over scaffold 235.

Scaffold 320 includes mutations to only two regions of the scaffold; in the pseudoknot stem and
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the extended stem (regions 1 and 4). Further, some combinations of mutations produced worse
editing than scaffold 320. However, even the CpG-reduced scaffolds that performed worse than
scaffold 320, such as scaffolds 331 and 334, performed similar to or better than scaffold 235.
[0506] Based on these results, without wishing to be bound by theory, it is believed that the
boost in potency seen in many of the CpG-reduced and CpG-depleted scaffolds is likely caused
by one of the mutations present in all CpG-reduced scaffolds (i.e., region 1 and/or 4). Since the
mutation to region 4 is not present in the scaffolds with the extended stem loop replacement (i.e.,
the third mutation to region 3) and these scaffolds show a similar improvement in potency over
235 as 320 did, it is believed that the beneficial effect is likely caused by the mutation in region
1 (pseudoknot stem), which is present in all of the tested scaffolds. Further experiments will be
performed to test the effect of the individual mutations in the pseudoknot stem (region 1) and the
extended stem (region 4) separately.

[0507] Further, the N=1 data as presented in FIG. 28 indicate that all the new scaffolds
carrying the mutation in region 2 (scaffold stem) edited at a slightly lower level than their
respective counterparts without this mutation. This suggests that mutating this position in the
scaffold stem may have a small deleterious effect on editing potency. This will be examined in
additional experiments.

[0508] The results described here demonstrate that introducing mutations that reduced the
CpG content of the DNA encoding the guide RNA scaffold resulted in improvements in gene
editing relative to guide scaffold 235.

Example 13: Use of a catalytically-dead CasX repressor system fused with additional
domains from DNMT3A and DNMT3L to induce durable silencing of the B2M locus

[0509] Experiments were performed to determine whether rationally-designed LTRP
constructs, with three repressor domains composed of a transcriptional repressor domain, the
catalytic domain from DNMT3A and the interaction domain from DNMT3L fused to
catalytically-dead CasX (dCasX) 491, would induce durable long-term repression of the
endogenous B2M locus in vitro. In addition, multiple configurations of the LTRP molecules,
which contain varying placements of the epigenetic domains relative to dCasX, were designed to
assess how their arrangement would affect the duration of silencing of the B2M locus, as well as

the specificity of their on-target methylation activity.
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Materials and Methods:

Generation of LTRP constructs and lentiviral plasmid cloning:

[0510] Lentiviral plasmid constructs coding for an LTRP molecule were built using standard
molecular cloning techniques. These constructs comprised of sequences coding for catalytically-
dead CasX protein 491 (dCasX491), a KRAB domain from ZNF10 or ZIM3, and the catalytic
domain and interaction domain from DNMT3A (D3A) and DNMT3L (D3L) respectively.
Briefly, constructs were ordered as oligonucleotides and assembled by overlap extension PCR
followed by isothermal assembly. Amino acid sequences of these key LTRP elements are
provided in Table 44. The resulting plasmids contained constructs positioned in varying
configurations to generate an LTRP molecule. The protein sequences for the LTRP molecules
are listed in Table 45, and the LTRP configurations are illustrated in FIG. 1. Sequences encoding
the LTRP molecules also contained a 2x FLAG tag. Plasmids also harbored sequences encoding
gRNA scaffold variant 174 having either a spacer targeting the endogenous B2M locus or a non-
targeting control (spacer sequences listed in Table 46). These constructs were all cloned
upstream of a P2A-puromycin element on the lentiviral plasmid. Cloned and sequence-validated
constructs were midi-prepped and subjected to quality assessment prior to transfection in
HEK?293T cells.

Table 44: Sequences of LTRP components (e.g., additional domains fused to CasX) to
generate LTRP variant plasmids (illustrated in FIG. 1)

Component SEQ ID NO
ZNF10 KRAB domain 3239
ZIM3 KRAB domain 3240
DNMT3A catalytic domain 3241
DNMT3L interaction domain 127
dCasX491 4
Linker 1 123
Linker 2 122
Linker 3A
Linker 3B 120
Linker 4 121
NLS A 30
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Table 45: Protein sequences of LTRP molecules

LTRPID SEQ ID NO
1A 3242
1.B 3243
2.A 3244
2B 3245
3A 3246
3B 3247
4.A 3248
4B 3249
5.A 3250
5B 3251

PCT/US2023/067987

Table 46: Sequences of spacers used in constructs

Spacer SEQ ID
D Target gene PAM Sequence NO
7.37 B2M TTC GGCCGAGAUGUCUCGCUCCG 3137
7.148 B2M NGG CGCGAGCACAGCUAAGGCCA 3101
0.0 Non-target N/A CGAGACGUAAUUACGUCUCG 3232

Transfection of HEK2931T cells:

[0511] HEK293T cells were seeded at a density of 30,000 cells in each well of a 96-well plate.
The next day, each well was transiently transfected using lipofectamine with 100 ng of LTRP
variant plasmids, each containing a construct encoding for a differently configured LTRP protein
(FIG. 1), with the gRNA having either non-targeting spacer 0.0 or targeting spacer 7.37 to the
B2M locus. Specifically, for one experiment, HEK293T cells were transfected with plasmids
encoding LTRP proteins #1-3, and in a second experiment, cells were lipofected with plasmids
encoding LTRP protein #1, 4, and 5. In both experiments, LTRP molecules harbored a KRAB
domain either from ZNF10 or ZIM3. Experimental controls included dCasX491 (with or without
the ZNF10 repressor domain), catalytically-active CasX 491, and a catalytically-dead Cas9 fused
to both the ZNF10-KRAB domain and DNMT3A/L domains, each with the same B2M-targeting
or non-targeting gRNA. Each construct was tested in triplicate. 24 hours post-transfection, cells
were selected with 1ug/mL puromycin for two days. Starting six days after transfection, cells
were harvested for repression analysis every 2-3 days by analyzing B2M protein expression via
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HLA immunostaining followed by flow cytometry. B2M expression was determined by using an
antibody that would detect the B2ZM-dependent HL A protein expressed on the cell surface.
HLA+ cells were measured using the Attune™ NxT flow cytometer. In addition, in a separate
experiment, HEK293T cells transiently transfected with LTRP variant plasmids and the B2M-
targeting gRNA or non-targeting gRNA were harvested at five days post-lipofection for genomic
DNA (gDNA) extraction for bisulfite sequencing.

Bisulfite sequencing to assess LTRP specificity measured by off-target methylation levels at
target locus:

[0512] To determine off-target methylation levels at the B2M locus, gDNA from harvested
cells was extracted using the Zymo Quick-DNA Miniprep Plus kit following the manufacturer’s
instructions. The extracted gDNA was then subjected to bisulfite conversion using the EZ DNA
Methylation™ Kit (Zymo) following the manufacturer’s protocol, converting any non-
methylated cytosine into uracil. The resulting bisulfite-treated DNA was subsequently sequenced
using next-generation sequencing (NGS) to determine the levels of off-target methylation at the
B2M and VEGFA loci.

NGS processing and analysis:

[0513] Target amplicons were amplified from 100 ng bisulfite-treated DNA via PCR with a
set of primers specific to the bisulfite-converted target locations of interest (human B2M and
VEGFA loci). These gene-specific primers contained an additional sequence at the 5' end to
introduce an Illumina™ adapter. Amplified DNA products were purified with the Cytiva Sera-
Mag Select DNA cleanup kit. Quality and quantification of the amplicon were assessed using a
Fragment Analyzer DNA Analysis kit (Agilent, dsSDNA 35-1500 bp). Amplicons were
sequenced on the Illumina™ Miseq™ according to the manufacturer's instructions. Raw fastq
files from sequencing were processed using Bismark Bisulfite Read Mapper and Methylation
caller. PCR amplification of the bisulfite-treated DNA would convert all uracil nucleotides into
thymine, and sequencing of the PCR product would determine the rate of cytosine-to-thymine
conversion as a readout of the level of potential off-target methylation at the B2M and VEGFA
loci mediated by each LTRP molecule.

Results:

[0514] LTRP variant plasmids encoding for differently configured LTRP proteins (FIG. 1)
were transiently transfected into HEK293T cells to determine whether the rationally-designed

LTRP molecules could heritably silence gene expression of the target B2M locus in vitro. FIGS.
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32A and 32B depict the results of a time-course experiment assessing B2M protein repression
mediated by LTRP proteins #1-3, each of which harbored a KRAB domain from ZNF10 (FIG.
32A) or ZIM3 (FIG. 32B). Table 47 shows the average percentage of cells characterized as
HLA-negative (indicative of depleted B2M expression) for each condition at 50 days post-
transfection. The results illustrate that all LTRP molecules with a gRNA targeting the B2M
locus were able to demonstrate sustained B2M repression for 50 days in vitro, although the
potency of repression varied by the choice of KRAB domain and LTRP configuration. For
instance, harboring a ZIM3-KRAB domain rendered the LTRP protein a more efficacious
repressor than harboring a ZNF10-KRAB, and this effect was most prominently observed for
LTRP #2 (compare FIG. 32A to FIG. 32B). Furthermore, positioning the DNMT3A/L domains
at the N-terminus of dCasX491 (LTRP #1) resulted in more stable silencing of B2M expression
compared to effects mediated by LTRPs with DNMT3A/L domains at the C-terminus of
dCasX491 (LTRP #2 and #3; FIGS. 32A and 32B). These results also revealed that the relative
positioning of the two types of repressor domains (i.e., dCasX491-KRAB-DNMT3A/L for
LTRP #2 vs. dCasX491-DNMT3A/L-KRAB for LTRP #3) could also influence the overall
potency of the LTRP molecule, despite both configurations being C-terminal fusions of
dCasX491 (LTRP #2 and #3; FIGS. 32A and 32B).

[0515] In a second time-course experiment, durable B2M repression was assessed for LTRP
proteins #1, #4, and #5, where both the DNMT3A/L and KRAB domains were positioned at the
N-terminus of dCasX491 for LTRP #4 and #5 (FIG. 1). Table 48 shows the average percentage
of HL A-negative cells for each condition at 73 days post-lipofection. As similarly seen in the
first time-course, all LTRP conditions with a B2M-targeting gRNA maintained durable silencing
of the B2M locus (FIGS. 33A and 33B; Table 48). In fact, the results in this experiment
demonstrate that LTRP #5 was able to achieve and sustain the highest level of B2M repression
compared to that achieved by LTRP #1 or LTRP #4 for 73 days in vitro (FIGS. 33A and 33B).
Furthermore, LTRP #4 containing the ZIM3-KRAB also appeared to outperform its LTRP #1
counterpart (FIG. 33B). For both time-course experiments discussed above, CasX 491-mediated
editing resulted in durable silencing of the B2M expression, while an XR construct fusing only
the KRAB domain to dCasX491 (dCasX491-ZNF10) only resulted in transient B2M

knockdown.
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Table 47: Levels of B2M repression mediated by CasX and Cas9 molecules and LTRP

constructs #1-3 quantified at 50 days post-transfection

o -
Molecule Spacer . 7 HLA Standard deviation
negative cells (mean)
CasX 491 0.0 0.29 0.09
dCasX491 0.0 N/A N/A
dCasX491-ZNF10 0.0 0.40 0.18
dCas9-ZNF10-

D3A/L 0.0 1.05 0.63
LTRP1-ZNF10 0.0 0.99 0.35
LTRP2-ZNF10 0.0 0.61 0.11
LTRP3-ZNF10 0.0 0.79 0.29
LTRP1-ZIM3 0.0 0.99 0.22
LTRP2-ZIM3 0.0 0.78 0.27
LTRP3-ZIM3 0.0 0.71 0.53

CasX 491 737 76.57 11.03

dCasX491 7.37 0.49 0.10

dCasX491-ZNF10 7.148 0.89 0.19
dCas9-ZNF10-

D3A/L 7.148 57.30 17.36
LTRPI1-ZNF10

(LTRP #1 B) 737 69.97 7.89
LTRP2-ZNF10

(LTRP #2.B) 737 36.87 831
LTRP3-ZNF10

(LTRP #3.B) 7.37 17.07 3.50
LTRP1-ZIM3

(LTRP #1.A) 7.37 73.70 9.28
LTRP2-ZIM3

(LTRP #2.A) 7.37 58.83 0.87
LTRP3-ZIM3 5
(LTRP #3.A) 737 17.50 430

Table 48: Levels of B2M repression mediated by CasX and Cas9 molecules and LTRP

constructs #1, #4, and #5 quantified at 73 days post-transfection

% HLA-
Molecule Spacer negative cells Standard deviation
(mean)
CasX 491 0.0 0.71 0.05
dCasX491 0.0 N/A N/A
dCasX491-ZNF10 0.0 0.76 0.12
dCas9-ZNF10-
D3A/L 0.0 0.83 0.08
LTRP1-ZNF10 0.0 1.04 0.44
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% HLA-
Molecule Spacer negative cells Standard deviation
(mean)
LTRP4-ZNF10 0.0 1.17 0.52
LTRPS5-ZNF10 0.0 1.94 1.27
LTRP1-ZIM3 0.0 1.83 0.76
LTRP4-ZIM3 0.0 N/A N/A
LTRPS-ZIM3 0.0 1.15 0.26
CasX 491 7.37 73.30 8.43
dCasX491 7.37 0.83 0.16
dCasX491-ZNF10 7.148 1.37 0.37
dCas9-ZNF10-
D3A/L 7.148 68.97 521
LTRP1-ZNF10
(LTRP #1 B) 7.37 48.27 3.66
LTRP4-ZNF10
(LTRP #4 B) 737 55.17 4.83
LTRP5-ZNF10
(LTRP #5B) 737 60.77 8.12
LTRP1-ZIM3
(LTRP #1.A) 737 58.90 2.69
LTRP4-ZIM3
(LTRP #4.A) 7.37 69.00 6.58
LTRP5-ZIM3
(LTRP #5.A) 7.37 74.90 10.61

[0516] To evaluate the degree of off-target CpG methylation at the B2M locus mediated by the
DNMT3A/L domains within the LTRP molecules, bisulfite sequencing was performed using
genomic DNA extracted from HEK293T cells treated with LTRP proteins #1-3 containing the
ZIM3-KRAB domain and harvested at five days post-lipofection. FIG. 34 illustrates the findings
from bisulfite sequencing, specifically showing the distribution of the number of CpG sites
around the transcription start site of the B2M locus that harbored a certain level of CpG
methylation for each experimental condition. The results revealed that while LTRP #1
demonstrated the strongest on-target CpG-methylating activity (LTRP1-ZIM3 7.37), it induced
the highest level of off-target CpG methylation (LTRP1-ZIM3 NT). LTRP #2 and LTRP #3
displayed weaker on-target CpG-methylating activity but relatively lower off-target methylation
(FIG. 34). FIG. 35 is a scatterplot mapping the activity-specificity profiles for LTRP proteins #1-
3 benchmarked against CasX 491 and dCas9-ZNF10-DNMT3A/L, where activity was measured
as the average percentage of HLA-negative cells at day 21, and specificity was represented by

the percentage of off-target CpG methylation at the B2M locus quantified at day 5.
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[0517] The degree of off-target CpG methylation mediated by the DNMT3A/L domain was
further evaluated by assessing the level of CpG methylation at a different locus, i.e., VEGFA, by
performing bisulfite sequencing using the same extracted gDNA as was used previously for FIG.
34. The violin plot in FIG. 36 illustrates the bisulfite sequencing results showing the distribution
of CpG sites with CpG methylation at the VEGFA locus in cells treated with LTRP proteins #1-3
containing the ZIM3-KRAB domain and a B2M-targeting gRNA. The findings further
demonstrate that use of LTRP #1 resulted in the highest level of off-target CpG methylation,
supporting the data shown earlier in FIG. 34. In comparison, use of either LTRP #2 or LTRP #3
resulted in substantially lower off-target methylation at the -3 locus (FIG. 36).

[0518] The extent of off-target CpG methylation at the VEGFA locus for LTRP molecules #1,
#4, and #5 was also analyzed. The plots in FIG. 37A-37B illustrate bisulfite sequencing results
showing the distribution of CpG-methylated sites at the VEGFA locus in cells treated with LTRP
#1, 4, and 5 containing a ZNF10 or ZIM3-KRAB domain and either a non-targeting gRNA
(FIG. 37B) or a B2M-targeting gRNA (FIG. 37A). The data in FIG. 37B show that use of
LTRP4-ZNF10, LTRP5-ZFN10, or LTRP5-ZIM3 resulted in markedly lower off-target CpG
methylation at the VEGFA locus in comparison to use of LTRP1-ZNF10 or LTRP1-ZIM3.
Similarly, the data in FIG. 37A show that use of LTRP #4 or LTRP #5 with either KRAB
domain resulted in substantially lower levels of off-target CpG methylated sites compared to use
with LTRP1-ZNF10. As exhibited in both FIG. 37A and 37B, the level of non-specific CpG
methylation demonstrated by LTRP #1 is comparable to that achieved by the dCas9-ZNF10-
DNMT3A/L benchmark.

[0519] FIG. 38 is a scatterplot mapping the activity-specificity profiles for LTRP molecules
#1-5, containing either ZNF10- or ZIM3-KRAB domain, benchmarked against CasX 491 and
dCas9-ZNF10-DNMT3A/L, where activity was measured as the average percentage of HLA-
negative cells at day 21, and specificity was represented by the median percentage of off-target
CpG methylation at the VEGFA locus detected at day 5. The data show that of the five LTRP
molecules assessed, use of LTRP #5 resulted in the highest level of repressive activity, while use
of LTRP #4 resulted in the strongest level of specificity.

[0520] The experiments demonstrate that the rationally-engineered LTRP molecules were able
to transcriptionally and heritably repress the endogenous B2M locus, resulting in sustained

depletion of the target protein. The findings also show that the choice of KRAB domain and
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position and relative configuration of the DNMT3A/L domains could affect the overall potency
and specificity of the LTRP molecule in durably silencing the target locus.

Example 14: Demonstration that inclusion of the ADD domain from DNMT3A enhances
activity and specificity of LTRP molecules

[0521] In addition to its C-terminal methyltransferase domain, DNMT3A contains two N-
terminal domains that regulate its function and recruitment to chromatin: the ADD domain and
the PWWP domain. The PWWP domain reportedly interacts with methylated histone tails,
including H3K36me3. The ADD domain is known to have two key functions: 1) it allosterically
regulates the catalytic activity of DNMT3A by serving as a methyltransferase auto-inhibitory
domain, and 2) it recognizes unmethylated H3K4 (H3K4me0). The interaction of the ADD
domain with the H3K4meO mark unveils the catalytic site of DNMT3A, thereby recruiting an
active DNMT3A to chromatin to implement de novo methylation at these sites.

[0522] Given these functions of the ADD domain, experiments were performed to assess
whether the incorporation of the ADD domain into the LTRP #5 construct, described previously
in Example 13, would result in improved long-term repression of the target locus and reduced
off-target methylation. The effect of incorporating the PWWP domain along with the ADD
domain on LTRP activity and specificity was also assessed.

Materials and Methods:

Generation of LTRP constructs and plasmid cloning:

[0523] Plasmid constructs encoding for variants of the LTRP #5 construct with the ZIM3-
KRAB domain (LTRP #5.A; see FIG. 1 for LTRP #5 configuration) were built using standard
molecular cloning techniques. The resulting constructs comprised of sequences encoding for one
of the following four alternative variations of LTRPS5-ZIM3, where the additional DNMT3A
domains were incorporated: 1) LTRP5-ZIM3 + ADD; 2) LTRP5-ZIM3 + ADD + PWWP; 3)
LTRPS-ZIM3 + ADD without the DNMT3A catalytic domain; and 4) LTRP5-ZIM3 + ADD +
PWWP without the DNMT3A catalytic domain. The sequences of key elements within the
LTRP5-ZIM3 molecule and its variants are listed in Table 49, with the full-length protein
sequence for each LTRPS5-ZIM3 and its variants listed in Table 50. FIG. 45 is a schematic that
illustrates the various LTRP #5 architectures assayed in this example. Sequences encoding the

LTRP molecules also contained a 2x FLAG tag. Plasmids also harbored constructs encoding for
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non-targeting control (spacer sequences listed in Table 51).
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Table 49: Sequences of LTRP components (e.g., additional domains fused to dCasX) to

generate LTRPS variant plasmids illustrated in FIG. 45

Component

Amino acid sequence

PWWP and ADD domains (endo)

SEQ ID NO
ZIM3 KRAB domain 3240
DNMT3A catalytic domain (CD) 126
DNMT3L interaction domain 127
dCasX491 4
Linker 1 123
Linker 2 122
Linker 3A' 124
Linker 3B 120
Linker 4 121
NLS A
NLS B 30
DNMT3A ADD domain 125
DNMT3A PWWP domain 3252
Endogenous sequence between DNMT3A 3253

Table 50: Protein sequences of LTRPS variants assayed in this example

Amino acid sequence

LTRP ID SEQ ID NO
LTRP5-ZIM3 3151
LTRP5-ZIM3 + ADD 3132
LTRP5-ZIM3 + ADD + PWWP 3254
LTRP5-ZIM3 + ADD - CD 3255
LTRP5-ZIM3 + ADD + PWWP - CD 3256

Table 51: Sequences of spacers used in constructs

Spacer
pID Target gene Sequence SEQ ID NO
0.0 Non-target CGAGACGUAAUUACGUCUCG 3232
7.37 B2M GGCCGAGAUGUCUCGCUCCG 3137
7.160 B2M UAAACAUCACGAGACUCUAA 3113
7.165 B2M UCCCUAUGUCCUUGCUGUUU 3114
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Transfection of HEK293T cells:

[0524] Seeded HEK293T cells were transiently transfected with 100 ng of LTRPS variant
plasmids, each containing an LTRP:gRNA construct encoding for LTRPS5-ZIM3 or one of its
alternative variations (FIG. 45; Table 50 for sequences), with the gRNA having either non-
targeting spacer 0.0 or a B2M-targeting spacer (Table 51 for spacer sequences). Spacers 7.160
and 7.165 have been shown to be repress the B2M locus when used with LTRPs, but not when
used with dXRs made up of a dCasX fused to the ZIM3 KRAB domain (data not shown). Each
construct was tested in triplicate. 24 hours post-transfection, cells were selected with 1pg/mL
puromycin for three days. Cells were harvested for repression analysis at day 5, day 12, day 21,
and day 51 post-transfection. Briefly, repression analysis was conducted by analyzing B2M
protein expression via HLA immunostaining followed by flow cytometry, as described in
Example 13. In addition, HEK293T cells transiently transfected with LTRP5 variant plasmids
and a B2M-targeting gRNA or non-targeting gRNA were harvested at seven days post-
transfection for gDNA extraction for bisulfite sequencing to assess off-target methylation at the
VEGFA locus, which was performed as described in Example 13.

Results:

[0525] The effects of incorporating the ADD domain with or without the PWWP domain into
the LTRP5 molecule on increasing long-term repression of the target B2M locus and reducing
off-target methylation were assessed. Variations of the LTRP5-ZIM3 molecule were evaluated
with either a B2M-targeting gRNA (with spacer 7.37 and LTRP-specific spacers 7.160 and
7.165) or a non-targeting gRNA, and the results are depicted in the plots in FIGS. 39-42. FIG. 39
shows that use of spacer 7.37 resulted in saturating levels of repression activity when paired with
LTRP5-ZIM3, LTRP5-ZIM3 + ADD, and LTRP5-ZIM3 + ADD + PWWP, rendering it more
challenging to assess activity differences among the LTRPS5 variants. However, the differences
in repression activity among the LTRPS variants were more pronounced when using spacers
7.160 and 7.165 (FIGS. 40 and 41). The data demonstrate that incorporation of the ADD domain
resulted in a significant increase in long-term repression when paired with the two LTRP-
specific spacers compared to the repression levels achieved with the other LTRP5-ZIM3
molecules. Meanwhile, incorporation of both ADD and PWWP domains did not result in
improved repression of the B2M locus, especially compared to the baseline LTRPS5-ZIM3
molecule. As anticipated, the two LTRPS5 variants without the DNMT3 A catalytic domain

exhibited poor long-term repression. Furthermore, the results depicted in FIG. 42 indicate that
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addition of the ADD domain appeared to result in increased specificity, given the lower
percentage of HLA-negative cells observed, relative to the baseline LTRP5-ZIM3 molecule.
[0526] Off-target CpG methylation at the VEGFA locus potentially mediated by the LTRP5
variants was assessed using bisulfite sequencing. FIG. 43 depicts the results from bisulfite
sequencing, specifically showing the percentage of CpG methylation around the VEGFA locus.
The results demonstrate that for all the B2M-targeting gRNAs, as well as the non-targeting
gRNA, incorporation of the ADD domain into the LTRP5-ZIM3 molecule dramatically reduced
the level of off-target methylation at the VEGFA locus (FIG. 43). FIG. 44 is a scatterplot
mapping the activity-specificity profiles for the LTRP5-ZIM3 variants investigated in this
example, where activity was measured as the average percentage of HLA-negative cells at day
21 when paired with spacer 7.160, and specificity was represented by the percentage of off-
target CpG methylation at the VEGFA locus quantified at day 7 when paired with spacer 7.160.
The scatterplot clearly shows that addition of the ADD domain significantly increased the
activity of the LTRPS molecule relative to the baseline ELX5 molecule without the ADD
domain (FIG. 44).

[0527] The experiments demonstrate that inclusion of the DNMT3A ADD domain, but not
inclusion of both the ADD and PWWP domains, improved repression activity and specificity of
LTRP molecules. This enhancement of activity and specificity was observed with multiple

gRNAs, demonstrating the significance of the incorporation of the ADD domain into LTRPs.

Example 15: Demonstration that inclusion of the ADD domain from DNMT3A into
LTRPs enhances on-target activity and decreases off-target methylation

[0528] Experiments were performed to assess the effects of incorporating the ADD domain
into LTRP molecules having configurations #1, #4, and #5, described previously in Example 13,
on long-term repression of the target locus and off-target methylation.

Materials and Methods:

Generation of LTRP constructs and plasmid cloning:

[0529] Plasmid constructs encoding for LTRP molecules having configurations #1, #4, and #5
with the ZNF10-KRAB or ZIM3-KRAB domain and the DNMT3A ADD domain were built
using standard molecular cloning techniques. Sequences of the resulting LTRP molecules are
listed in Table 52, which also shows the abbreviated construct names for a particular LTRP

molecule (e.g., LTRP #1.A, #1 B). FIG. 46 is a schematic that illustrates the general
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architectures of LTRP molecules with the ADD domain incorporated for LTRP configuration

#1, #4, and #5. Sequences encoding the LTRP molecules also contained a 2x FLAG tag.

Plasmids also harbored sequences encoding gRNA scaffold 174 having either a spacer targeting

the endogenous B2M locus or a non-targeting control (spacer sequences listed in Table 51).

Table 52: Protein sequences of the various LTRP #1, #4, and #5 variants assayed in this

example

LTRP #

Domains

Amino acid sequence
SEQ ID NO

LTRP #1

ZNF10-KRAB, DNMT3A ADD, DNMT3A CD,
DNMT3L Interaction
(LTRP #1 D)

3257

ZIM3-KRAB, DNMT3A ADD, DNMT3A CD, DNMT3L
Interaction
(LTRP #1.C)

3258

ZNF10-KRAB, DNMT3A CD, DNMTS3L Interaction
(LTRP #1.B)

3259

ZIM3-KRAB, DNMT3A CD, DNMT3L Interaction
(LTRP #1.A)

3066

LTRP #4

ZNF10-KRAB, DNMT3A ADD, DNMT3A CD,
DNMT3L Interaction
(LTRP #4.D)

3260

ZIM3-KRAB, DNMT3A ADD, DNMT3A CD, DNMT3L
Interaction
(LTRP #4.C)

3261

ZNF10-KRAB, DNMT3A CD, DNMTS3L Interaction
(LTRP #4.B)

3262

ZIM3-KRAB, DNMT3A CD, DNMT3L Interaction
(LTRP #4.A)

3263

LTRP #5

ZNF10-KRAB, DNMT3A ADD, DNMT3A CD,
DNMT3L Interaction
(LTRP #5.D)

3264

ZIM3-KRAB, DNMT3A ADD, DNMT3A CD, DNMT3L
Interaction
(LTRP #5.0)

3132

ZNF10-KRAB, DNMT3A CD, DNMT3L Interaction
(LTRP #5.B)

3265

ZIM3-KRAB, DNMT3A CD, DNMT3L Interaction
(LTRP #5.A)

3131

Transfection of HEK2931T cells:
[0530] Seeded HEK293T cells were transiently transfected with 100 ng of LTRP variant

plasmids, each containing an LTRP:gRNA construct encoding for an LTRP molecule (Table 52;
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FIG. 46), with the gRNA having either non-targeting spacer 0.0 or a B2M-targeting spacer
(Table 51). Each construct was tested in triplicate. 24 hours post-transfection, cells were selected
with 1ug/mL puromycin for 3 days. Cells were harvested for repression analysis at day 8, day
13, day 20, and day 27 post-transfection. Briefly, repression analysis was conducted by
analyzing B2M protein expression via HLA immunostaining followed by flow cytometry, as
described in Example 13. In addition, cells were also harvested on day 5 post-transfection for
¢DNA extraction for bisulfite sequencing to assess off-target methylation at the non-targeted
VEGFA locus, which was performed using similar methods as described in Example 13.
Results:

[0531] The effects of incorporating the ADD domain into the LTRP molecules having
configurations #1, #4, or #5 (see FIG. 2), with either a ZNF10 or ZIM-KRAB, on long-term
repression of the B2M locus and off-target methylation were evaluated. LTRP molecules were
tested with either a B2M-targeting gRNA or a non-targeting gRNA, and the results are depicted
in the plots in FIGS. 47A-50B. The data demonstrate that incorporation of the ADD domain into
the LTRP molecules clearly resulted in a substantial increase in B2M repression across all the
time points for all LTRP configurations containing the ZIM3-KRAB when using spacer 7.160
(FIG. 47A), and similar findings were observed when using spacers 7.165 and 7.37 (data not
shown). FIG. 47B shows the resulting B2M repression upon use of LTRP #5 containing either
the ZNF10 or ZIM3-KRAB when paired with a gRNA with spacer 7.160; the data demonstrate
that including the ADD domain increased durable B2M repression overall, with LTRP5-ZIM3 +
ADD having a higher activity compared with that of LTRP5-ZNF10 + ADD. Similar time
course findings were observed for LTRP #1 and LTRP #4 and the other two spacers (data not
shown). FIG. 47C shows the resulting BZM repression upon use of LTRP #5 containing the
ZIM3-KRAB when paired with any of the three B2M-targeting gRNAs, and the data
demonstrate that inclusion of the ADD domain resulted in higher B2M repression overall.
Similar time course findings were also observed for LTRP #1 and LTRP #4 (data not shown).
[0532] FIGS. 48A-48C shows the resulting B2M repression at the day 27 time point for all the
LTRP configurations and gRNAs tested. The results show that the increase in B2M repression
was more prominent with use of the sub-optimal spacers 7.160 and 7.165 compared to use of
spacer 7.37. Furthermore, use of LTRP #1 and LTRP #5, which contained the DNMT3A and
DNMT3L domains on the N-terminus of the molecule, resulted in the highest increase in B2M
repression upon addition of the DNMT3A ADD domain (FIGS. 48 A-48C). Use of LTRP #4,
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which harbored the DNMT3A/3L domains 3’ to the KRAB domain and 5’ to the dCasX,
resulted in lower activity gains, which may be attributable to a decreased ability of the ADD
domain to interact with chromatin properly.

[0533] The specificity of LTRP molecules was determined by profiling the level of CpG
methylation at the VEGFA gene, an off-target locus, using bisulfite sequencing, and the data are
illustrated in FIGS. 49A-52B. The data demonstrate that inclusion of the DNMT3A ADD
domain resulted in a substantial decrease in off-target methylation of the VEGFA locus across all
conditions tested (FIGS. 49A-49C). Notably, the increased specificity mediated by the inclusion
of the ADD domain was most prominent with the LTRP #1 and LTRP #5 configurations, both of
which harbored the DNMT3A/3L domains on the N-terminal end of the molecule. Interestingly,
LTRP molecules containing the ZIM3-KRAB domain led to stronger off-target methylation of
the VEGFA locus. Furthermore, use of LTRP #4 and #5 configurations, even in the absence of
an ADD domain, resulted in higher specificity compared to use of the LTRP #1 configuration.
Compared to LTRP1-ZIM3 and LTRP4-ZIM3 configurations, inclusion of the ADD domain into
LTRP5-ZIM3 resulted in the lowest off-target methylation.

[0534] FIGS. 50A-52B are a series of scatterplots mapping the activity-specificity profiles for
the various LTRP molecules, where activity was measured as the average percentage of HLA-
negative cells at day 27, and specificity was determined by the percentage of off-target CpG
methylation at the VEGFA locus at day 5. The data demonstrate that across all three B2M-
targeting spacers tested, inclusion of the ADD domain resulted in increased on-target B2M
repression and decreased off-target methylation at the VEGFA locus. LTRP molecules having #1
and #5 configurations exhibited the greatest increases in activity and specificity at each spacer
tested.

[0535] The results of the experiments discussed in this example support the findings in
Example 14, in that the data demonstrate that inclusion of the DNMT3A ADD domain enhances
both the strength of repression at early timepoints and the heritability of silencing across cell
divisions, as well as decreases the off-target methylation incurred by the DNMT3A catalytic
domain in the LTRP molecules. The data also confirm that different LTRP configurations have
intrinsic differences in specificity, which can be exacerbated by use of a more potent KRAB
domain. This decrease in specificity can be mitigated by inclusion of the DNMT3A ADD
domain, which also can lead to greater on-target repression overall. The gains in repression

activity are believed to be mediated by the function of the DNMT3A ADD domain to recognize
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H3K4me0 and subsequent recruitment to chromatin. The gains in specificity are believed to be
mediated via the function of the DNMT3A ADD domain to induce allosteric inhibition of the
catalytic domain of DNMT3A in the absence of binding to H3K4me0. The results also highlight
that positioning of the ADD domain in the different configurations tested is important to achieve

the strongest gains in both specificity and activity of LTRP molecules.

Example 16: Demonstration of dXR effectiveness on HBEGF for high-throughput
screening

[0536] Experiments were performed to determine the feasibility of using dXR constructs for
high-throughput screening of molecules in mammalian cells.

Materials and Methods:

[0537] HEK293T cells were seeded in a 6-well plate at 300,000 cells/well and lipofected with
1 pg of plasmid encoding either a CasX molecule (491), a catalytically-dead CasX 491 with the
ZNF10-KRAB repressor domain (dXR) and a guide scaffold 174 (SEQ ID NO: 1744) with a
spacer targeting the HBEGF gene or a non-targeting spacer. Five combinations of CasX-based
molecules and gRNAs with the indicated spacers (Table 53) were transfected into five separate
wells. HBEGF is the receptor that mediates entry of diphtheria toxin that, when added to the
cells, inhibits translation and leads to cell death. Targeting of the HBEGF gene with a CasX or
dXR molecule and targeting gRNA should prevent toxin entry and allow survival of the cells,
whereas cells treated with CasX and dXR molecules and a non-targeting gRNA should not
survive. One day post-transfection, cells in each transfected well were split into 12 different
wells in a 96-well plate and selected with puromycin. Over three days, cells were treated with
six different concentrations of diphtheria toxin (0, 0.2, 2, 20, 200, and 2000 ng/mL), and
biological duplicates were performed. After another two days, cells were split into fresh media,

and total cell counts were measured on an ImageXpress Pico Automated Cell Imaging System.

Table 53: Sequences of spacers tested

Spacer ID RNA sequence SEQID NO Molecule
34.19 ACUGGGAGGCUCAGCCCAUG 3266 CasX
34.21 UGUUCUGUCUUGAACUAGCU 3267 CasX
34.28 UGAGUGUCUUGUCUUGCUCA 3268 dXR

0.0 CGAGACGUAAUUACGUCUCG 3232 CasX & dXR
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Results:

[0538] The results of the diphtheria toxin assay are illustrated in the plot in FIG. 53. dXR-
mediated repression of the HBEGI gene resulted in survival of cells, but only at low doses of
toxin (0.2 - 20 ng/mL). However, those same doses led to complete cell death in the control cells
treated with non-targeting constructs. High doses (> 20 ng/mL) of toxin led to cell death in both
the dXR and control samples, suggesting that the basal level of transcription permitted by dXR
allows sufficient toxin to enter and trigger cell death. The results show that CasX-edited cells
remained protected as editing of the locus leads to complete loss of functional protein. The non-
targeting controls died at all doses, demonstrating the efficacy of the toxin when HBEGF is not
repressed or edited.

[0539] The results show that dXR protects at low doses of toxin, demonstrating that this
construct can be screened in a range of 0.2-20 ng/mL diphtheria toxin, with highest fold-
enrichment between dXR and control observed at 0.2 ng/mL. Note that while CasX protects at
all doses, repression by dXR still induced low basal expression of the target that led to toxicity

of the cells at high doses of the toxin.

Example 17: Development of a selection scheme to identify improved repressor domains
for inclusion in repressor fusion proteins To develop better LTRP fusion protein constructs, a
library of transcriptional effector domains from many non-human species was tested in a
selection assay. As KRAB domains are one of the largest and most rapidly-evolved domains in
vertebrates, repressor domains from species not previously evaluated were anticipated to provide
improved strength and permanence of repression.

Materials and Methods:

Identification of candidate repressor domains:

[0540] Homologs of KRAB domains were identified by downloading all sequences annotated
with Prosite accession ps50805 (the accession number for KRAB domains). All domains were
extended by 100 amino acids (with the annotation centered in the middle) to include potential
unannotated functional sequences. In addition, HMMER, a tool to identify domains, was run on
a set of high-quality primate annotations from recently completed alignments of long-read
primate genome assemblies described (Warren, WC, et al. Sequence diversity analyses of an
improved rhesus macaque genome enhance its biomedical utility. Science 370, Issue 6523,

eabc6617in (2020); Fiddes, IT, et al. Comparative Annotation Toolkit (CAT)-simultaneous clade
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and personal genome annotation. Genome Res. 28(7):1029 (2018); Mao, Y, et al. A high-quality
bonobo genome refines the analysis of hominid evolution. Nature 594:77 (2021)), to identify
domains in these assemblies, most of which were not present in UniProt. The search resulted in
32,120 unique sequences from 159 different organisms for testing for their potency in
transcriptional repression. Additionally, 580 random amino acid sequence 80 residues in length
were included in the library as negative controls, and 304 human KRAB domains were included
based on work by Tycko, J. et al. (Cell. 2020 Dec 23;183(7):2020-2035).

Screening methods:

[0541] The domains described above were synthesized as DNA oligos, amplified, and cloned
into a dCasX491 C-terminal GS linker lentiviral construct along with guide scaffold 174 (SEQ
ID NO: 1744) with Spacer 34.28, to repress HBEGF and confer survival in a diphtheria toxin
selection as described in Example 16, above. For each domain, the C-terminal GS linker was
synonymously substituted to produce unique DNA barcodes that could be differentiated by NGS
allowing internal technical replicates to be assessed in each pooled experiment. These plasmids
were used to generate the lentiviral constructs of the library.

[0542] HEK293T cells were transduced, treated with 1 pg/mL puromycin to remove
untransduced cells, and selection was carried out at 2 ng/mL diphtheria toxin for 48 hours.
¢DNA was extracted, amplified, and sequenced as described above. gDNA samples were also
extracted, amplified, and sequenced from the cells before selection with diphtheria toxin, as a
control. Two independent replicates were performed for the diphtheria toxin selection.
Assessment of B2M repression:

[0543] Representative domains were cloned into a dCasX491 C-terminal GS linker lentiviral
construct along with guide scaffold 316 (SEQ ID NO: 1746) with spacer 7.15
(GGAAUGCCCGCCAGCGCGAC; SEQ ID NO: 3110), targeting the B2M locus. Separately,
representative domains were cloned into a dCasX491 C-terminal GS linker lentiviral construct
along with guide scaffold 174 (SEQ ID NO: 1744) with spacer 7.37
(GGCCGAGAUGUCUCGCUCCG; SEQ ID NO: 3137), targeting the B2M locus. The lentiviral
plasmid constructs encoding dXRs with various domains were generated using standard
molecular cloning techniques. These constructs included sequences encoding dCasX491, and a
KRAB domain from ZNF10, ZIM3, or one of the domains tested in the library. Cloned and
sequence-validated constructs were midi-prepped and subjected to quality assessment prior to

transfection in HEK293T cells.
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[0544] HEK293T cells were seeded at a density of 30,000 cells in each well of a 96-well plate.
The next day, each well was transiently transfected using lipofectamine with 100 ng of dXR
plasmids, each containing a dXR construct with a different domain and a gRNA having a
targeting spacer to the B2M locus. Experimental controls included dXR constructs with KRAB
domains from ZNF10 or ZIM3, domains that were in the library but not among the top 95 or
1597 most effective repressors, or dCas9-ZNF 10, each with a corresponding B2M-targeting
gRNA. Each construct was tested in triplicate. 24 hours post-transfection, cells were selected
with 1pg/mL puromyecin for two days. Seven or ten days after transfection, cells were harvested
for editing repression analysis by analyzing B2M protein expression via HLA immunostaining
followed by flow cytometry. B2M expression was determined by using an antibody that would
detect the B2M-dependent HL A protein expressed on the cell surface. HLA+ cells were
measured using the Attune™ NxT flow cytometer.

Data analysis:

[0545] To understand the diversity of protein sequences in the tested library, an evolutionary
scale modeling (ESM) transformer (ESM-1b) was applied to the initial library of 32,120 domain
amino acid sequences to generate a high dimensional representation of the sequences (Rives, A.
et al. Proc Natl Acad Sci USA. 2021 Apr 13;118(15)). Next, Uniform Manifold Approximation
and Projection (UMAP) was applied to reduce the data set to a two-dimensional representation
of the sequence diversity (Mclnnes, L., Healy, J., ArXiv e-prints 1802.03426, 2018). Using this
technique, 75 clusters of domain sequences were identified.

[0546] Protein sequence motifs were generated using the STREME algorithm (Bailey, T,
Bioinformatics. 2021 Mar 24;37(18):2834-2840) to identify motifs enriched in strong repressors.
Results:

[0547] Selections were performed to identify the domains out of a library of 32,120 unique
sequences that were the most potent transcriptional repressors. The fold change in the abundance
of each domain in the library before and after selection was calculated for each barcode-domain
pair such that together the two independent replicates of the experiment represent 12
measurements of each domain’s fitness.

[0548] FIG. 54 shows the range of logz(fold change) values for the entire library, the
randomized sequences that served as negative controls, a positive control set of KRAB domains
that were shown to have a logz(fold change) greater than 1 on day 5 of the HT-recruit
experiment performed by Tycko et al. (Ce/l. 2020 Dec 23;183(7):2020-2035). As shown in FIG.
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54, the diphtheria toxin selection successfully enriched for domains that were more potent
transcriptional repressors. The negative control sequences were de-enriched from the library
following selection.

[0549] To identify the domains that were reproducibly enriched in the post-selection library, a
p-value threshold of less than 0.01 and a logz(fold change) threshold of greater than 2 was set.
1597 domains met these criteria. P-values were calculated via the MAGeCK algorithm which
uses a permutation test and false discovery rate adjustment for multiple testing (Wei, L. et al.
Genome Biol. 2014;15(12):554). The logz(fold change) values of these top 1597 repressor
domains are shown in FIG. 54, and the amino acid sequences, p-values, and loga(fold change)
values are provided in Table 54, below. In contrast, ZIM3 had a loga(fold change) of 1.7787,
standard ZNF10 had a logz(fold change) of 1.3637, and an alternate ZNF10 corresponding to the
ZNF10 KRAB domain used in Tycko, J. et al. (Ce/l. 2020 Dec 23;183(7):2020-2035) had a
logz(fold change) of 1.6182. Therefore, the 1597 top repressor domains were substantially
superior transcriptional repressors to ZNF10 and ZIM3. Many of these top repressor domains
contained amino acids with residues that are predicted to stabilize interactions with the Trim28
protein when compared to ZIM3 and ZNF10 (Stoll, G.A. et al., bioRxiv 2022.03.17.484746).
[0550] To further narrow down the list of repressor domains while maintaining a breadth of
amino acid sequence diversity, a set of 95 repressor domains was chosen from within the 1597
by selecting the most effective repressor from each cluster, as well as the top 25 best repressors

of the 1597, as shown in Table 54.

Table 54: List of 1,597 repressor domain candidates identified from the high-throughput
screen assessing dXR repression of the HBEGF gene and subsequent application of the

following criteria: p-value < 0.01 and log:(fold change) > 2

Domain ID Species SEI\?OID Lé)hg:n(gfg;d P-value
Top 95 most effective repressor domains

DOMAIN_7694 Columba livia 130 3.7111 1.13E-04
DOMAIN_10123 Rattus norvegicus 131 3.6356 8.11E-06
DOMAIN_15507 Cebus imitator 132 3.8531 1.53E-07
DOMAIN 17905 Chimp 133 2.5038 5.60E-04
DOMAIN 20505 Chlorocebus sabaeus 134 3.4989 2.91E-06
DOMAIN_26749 Ophiophagus hannah 135 54323 1.53E-07
DOMAIN_27604 Ailuropoda melanoleuca 136 2.8198 6.05E-05
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DOMAIN 29304 Peromyscus maniculatus bairdii 137 4.0496 1.53E-07
DOMAIN_30173 Phyllostomus discolor 138 2.2538 5.41E-04

DOMAIN_737 Bonobo 139 4.544 1.53E-07
DOMAIN_10331 Colobus angolensis palliatus 140 3.6796 1.53E-07
DOMAIN 10948 Colobus angolensis palliatus 141 3.2959 2.30E-06
DOMAIN_11029 Mandrillus leucophaeus 142 3.5748 1.53E-07
DOMAIN_17358 Bos indicus x Bos taurus 143 4.9878 1.53E-07
DOMAIN_17759 Felis catus 144 3.3159 1.38E-06
DOMAIN 18258 Physeter macrocephalus 145 3.75 3.42E-04
DOMAIN_19804 Callorhinus ursinus 146 3.8217 1.53E-07

DOMAIN_221 Bonobo 147 3.5533 3.06E-06

DOMAIN 881 Bonobo 148 4.3546 4.59E-07
DOMAIN_2380 Orangutan 149 3.2024 1.74E-04
DOMAIN_2942 Gibbon 150 3.3658 1.38E-06
DOMAIN_4687 Marmoset 151 5.2288 3.22E-06
DOMAIN_4806 Marmoset 152 3.3896 1.58E-04
DOMAIN 4968 Marmoset 153 3.0315 0.0022262
DOMAIN_5066 Marmoset 154 2.9062 0.0067409
DOMAIN_5290 Owl Monkey 155 3.0993 5.16E-05
DOMAIN_5463 Owl Monkey 156 3.2102 0.0022788
DOMAIN 6248 Saimiri boliviensis boliviensis 157 2.4415 0.0056883
DOMAIN_6445 Alligator sinensis 158 3.1151 4.51E-04
DOMAIN_6802 Pantherophis guttatus 159 3.0403 5.18E-04
DOMAIN_6807 Xenopus laevis 160 3.1615 5.16E-05
DOMAIN 7255 Microcaecilia unicolor 161 4.5265 1.38E-06
DOMAIN_8503 Mus caroli 162 2.8193 0.003503
DOMAIN_8790 Marmota monax 163 2.7436 2.06E-04
DOMAIN 8853 Mesocricetus auratus 164 4.6199 1.53E-07
DOMAIN 9114 Peromyscus maniculatus bairdii 165 2.2058 0.0048423
DOMAIN 9331 Peromyscus maniculatus bairdii 166 4.1063 4.59E-07
DOMAIN_9538 Mus musculus 167 3.5443 1.20E-04
DOMAIN_9960 Octodon degus 168 3.4751 1.07E-06
DOMAIN 10277 Dipodomys ordii 169 2.8257 4.16E-04
DOMAIN_10577 Colobus angolensis palliatus 170 4.1248 1.53E-07
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DOMAIN 11348 Chlorocebus sabaeus 171 3.3651 2.95E-05
DOMAIN_11386 Capra hircus 172 3.7637 4.75E-06
DOMAIN_11486 Bos mutus 173 4.8326 1.53E-07
DOMAIN_11683 Nomascus leucogenys 174 2.9249 0.0015672
DOMAIN_12292 Sus scrofa 175 4.3194 1.53E-07
DOMAIN_12452 Neophocacna asiacorientalis 176 3.8774 5.05E-06

- asiacorientalis
DOMAIN 12631 Macaca fascicularis 177 3.6926 1.53E-07
DOMAIN 13331 Macaca fascicularis 178 3.5154 2.15E-04
DOMAIN 13468 Phascolarctos cinereus 179 4.1548 1.38E-06
DOMAIN_13539 Gorilla 180 3.4924 1.79E-05
DOMAIN_14659 Acinonyx jubatus 181 4.0495 1.06E-05
DOMAIN_14755 Cebus imitator 182 3.1667 1.88E-04
DOMAIN_15126 Callithrix jacchus 183 2.9781 4.08E-04
DOMAIN_16444 Acinonyx jubatus 184 3.2246 2.30E-06
DOMAIN_ 16688 Lipotes vexillifer 185 3.5601 4.26E-05
DOMAIN_16806 Sapajus apella 186 3.9386 1.53E-07
DOMAIN_17317 Otolemur garnettii 187 3.4551 1.81E-04
DOMAIN_17432 Otolemur garnettii 188 3.11 1.36E-05
DOMAIN 18137 Monodelphis domestica 189 3.292 3.51E-05
DOMAIN_18216 Physeter macrocephalus 190 3.0602 9.40E-04
DOMAIN_18563 Owl Monkey 191 3.04006 0.0034849
DOMAIN_19229 Enhydra lutris kenyoni 192 4.0294 5.01E-05
DOMAIN_19460 Monodelphis domestica 193 3.995 1.97E-05
DOMAIN_19476 Owl Monkey 194 4.1343 1.53E-07
DOMAIN 19821 Rhinopithecus roxellana 195 3.583 1.53E-07
DOMAIN_19892 Ursus maritimus 196 3.1396 5.21E-04
DOMAIN_19896 Ovis aries 197 2.2228 1.58E-04
DOMAIN_19949 Callorhinus ursinus 198 3.2903 2.62E-04
DOMAIN_21247 Neovison vison 199 2.741 0.0043129
DOMAIN 21317 Pteropus vampyrus 200 4.0893 1.18E-05
DOMAIN 21336 Equus caballus 201 2.738 0.005135
DOMAIN_21603 Lipotes vexillifer 202 2.8535 4.35E-04
DOMAIN_21755 Equus caballus 203 3.1889 0.0028238
DOMAIN_22153 Zalophus californianus 204 3.6967 3.52E-06
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DOMAIN 22270 Bonobo 205 2.3813 0.0030391
DOMAIN_23394 Vicugna pacos 206 4.0769 3.06E-07
DOMAIN_23723 Carlito syrichta 207 3.5301 8.71E-05
DOMAIN 24125 Saimiri boliviensis boliviensis 208 3.9692 1.53E-07
DOMAIN_24458 Lynx pardinus 209 3.4012 9.66E-05
DOMAIN 24663 Mpyotis brandtii 210 2.9806 1.49E-04
DOMAIN_25289 Ursus maritimus 211 3.4113 7.70E-05
DOMAIN_25379 Sapajus apella 212 3.5892 1.53E-07
DOMAIN_25405 Desmodus rotundus 213 3.8846 3.20E-05
DOMAIN 26070 Geotrypetes seraphini 214 3.7958 1.53E-07
DOMAIN 26322 Geotrypetes seraphini 215 2.9265 7.13E-04
DOMAIN_26732 Meleagris gallopavo 216 2.7548 0.0057183
DOMAIN_27060 Gopherus agassizii 217 2.7943 0.0029172
DOMAIN_27385 Octodon degus 218 4.1339 2.77E-05
DOMAIN_27506 Bos mutus 219 3.8121 4.29E-06
DOMAIN_27811 Callithrix jacchus 220 2.9728 8.34E-05
DOMAIN 28640 Colinus virginianus 221 3.624 4.13E-06
DOMAIN_28803 Monodelphis domestica 222 3.0697 2.07E-05
DOMAIN 30661 Physeter macrocephalus 223 2.15 4.76E-05
DOMAIN_31643 Micrurus lemniscatus 224 3.8782 3.57E-04

- lemniscatus
Remaining repressor domains in the top 1597 most effective repressor domains

DOMAIN_10870 Vicugna pacos 225 2.5964 0.004315
DOMAIN_10918 Odobenus rosmarus divergens 226 3.2079 9.21E-04

DOMAIN_92 Bonobo 227 2.1475 0.0021413

DOMAIN 98 Bonobo 228 2.7848 0.0055875
DOMAIN_134 Bonobo 229 2.9322 0.004676
DOMAIN_143 Bonobo 230 3.63 3.17E-05
DOMAIN_145 Bonobo 231 3.1497 4.09E-05
DOMAIN_214 Bonobo 232 2.1073 0.00941

DOMAIN_225 Bonobo 233 2.259 0.0013991
DOMAIN 226 Bonobo 234 3.0188 2.76E-04
DOMAIN_235 Bonobo 235 2.9615 0.0016622
DOMAIN_302 Bonobo 236 2.5092 0.0033327
DOMAIN_313 Bonobo 237 2.4558 0.0049862
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DOMAIN 344 Bonobo 238 2.4948 0.0087725
DOMAIN 362 Bonobo 239 3.6736 2.38E-04
DOMAIN 382 Bonobo 240 3.1625 0.0019781
DOMAIN 389 Bonobo 241 3.011 3.42E-04
DOMAIN 407 Bonobo 242 3.8312 1.59E-04
DOMAIN 418 Bonobo 243 3.2429 1.37E-04
DOMAIN 419 Bonobo 244 3.5913 5.13E-05
DOMAIN 421 Bonobo 245 3.2969 1.06E-05
DOMAIN 451 Bonobo 246 3.0774 0.0018269
DOMAIN 504 Bonobo 247 3.2187 4.17E-04
DOMAIN 516 Bonobo 243 2.0448 0.0018554
DOMAIN 621 Bonobo 249 2.1025 0.0034678
DOMAIN 623 Bonobo 250 3.3299 6.50E-04
DOMAIN 624 Bonobo 251 2.8281 0.0031625
DOMAIN 629 Bonobo 252 3.6318 1.09E-05
DOMAIN 668 Bonobo 253 2.9256 6.60E-04
DOMAIN 718 Bonobo 254 3.9 8.73E-06
DOMAIN 731 Bonobo 255 2.1318 0.0058273
DOMAIN 749 Bonobo 256 3.1162 0.0060655
DOMAIN 759 Bonobo 257 3.3019 0.0046077
DOMAIN 761 Bonobo 258 3.181 9.64E-04
DOMAIN 784 Bonobo 259 2.4886 0.0083818
DOMAIN 801 Bonobo 260 2.4863 0.0040602
DOMAIN 802 Bonobo 261 2.6563 5.66E-04
DOMAIN 811 Bonobo 262 2.4706 0.0035997
DOMAIN 812 Bonobo 263 2.8201 0.0013526
DOMAIN 888 Bonobo 264 2.8951 0.0033756
DOMAIN 893 Bonobo 265 2.7511 5.41E-04
DOMAIN 938 Bonobo 266 2.2926 0.0040367
DOMAIN 966 Chimp 267 3.3535 5.49E-04
DOMAIN 972 Chimp 268 3.7627 5.59E-05
DOMAIN 980 Chimp 269 2.9297 0.0011707
DOMAIN 987 Chimp 270 2.6881 5.48E-04
DOMAIN 999 Chimp 271 2.7361 0.0038248
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DOMAIN 1006 Chimp 272 3.2119 1.28E-04
DOMAIN 1079 Chimp 273 3.7915 3.90E-05
DOMAIN 1137 Chimp 274 3.1719 4.58E-04
DOMAIN 1153 Chimp 275 3.7928 5.16E-04
DOMAIN 1184 Chimp 276 3.2772 5.47E-04
DOMAIN 1237 Chimp 277 2.1795 0.0059151
DOMAIN 1242 Chimp 278 2.7144 0.0037672
DOMAIN 1247 Chimp 279 2.9622 4.18E-04
DOMAIN 1378 Gorilla 280 3.2279 0.0022191
DOMAIN 1381 Gorilla 281 4.1424 3.35E-05
DOMAIN 1382 Gorilla 282 3.0579 1.91E-04
DOMAIN 1457 Gorilla 283 2.6896 0.0026956
DOMAIN 1523 Gorilla 284 2.8607 0.0042127
DOMAIN 1539 Gorilla 285 2.9337 0.0028055
DOMAIN 1561 Gorilla 286 2.8783 0.0011557
DOMAIN 1565 Gorilla 287 2.771 3.04E-04
DOMAIN 1578 Gorilla 288 3.4875 5.97E-04
DOMAIN 1621 Gorilla 289 3.3004 1.20E-04
DOMAIN 1790 Gorilla 290 3.0669 0.0038707
DOMAIN 1816 Gorilla 291 3.108 0.0011178
DOMAIN 1818 Gorilla 292 3.2866 6.15E-04
DOMAIN 1822 Gorilla 293 2.4697 1.04E-04
DOMAIN 1870 Gorilla 294 2.215 0.0044522
DOMAIN 1875 Gorilla 295 2.5576 0.0043383
DOMAIN 1893 Gorilla 296 2.3898 0.0043422
DOMAIN 1946 Orangutan 297 3.1449 9.41E-04
DOMAIN 1952 Orangutan 298 3.0762 5.53E-04
DOMAIN 1964 Orangutan 299 2.3009 0.0099771
DOMAIN 1978 Orangutan 300 3.2215 0.0029968
DOMAIN 2014 Orangutan 301 2.7323 3.95E-04
DOMAIN 2034 Orangutan 302 3.7415 1.38E-06
DOMAIN 2119 Orangutan 303 22117 0.0054271
DOMAIN 2208 Orangutan 304 2.3044 0.009903
DOMAIN 2223 Orangutan 305 2.6106 0.0087315
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DOMAIN 2229 Orangutan 306 2.9337 0.0032308
DOMAIN 2245 Orangutan 307 32712 0.0012727
DOMAIN 2255 Orangutan 308 3.1952 0.002815
DOMAIN 2295 Orangutan 309 3.2816 6.61E-04
DOMAIN 2299 Orangutan 310 2.5125 0.0042678
DOMAIN 2376 Orangutan 311 2.1539 9.52E-04
DOMAIN 2391 Orangutan 312 2.4608 0.0045936
DOMAIN 2398 Orangutan 313 33125 3.44E-04
DOMAIN 2470 Orangutan 314 2.3815 0.0031273
DOMAIN 2499 Orangutan 315 3.114 0.0050479
DOMAIN 2563 Orangutan 316 2.8105 0.003781
DOMAIN 2576 Orangutan 317 3.1733 2.56E-04
DOMAIN 2590 Orangutan 318 2.8348 0.0091663
DOMAIN 2629 Orangutan 319 3.092 0.0015715
DOMAIN 2652 Orangutan 320 4.3981 4.59E-07
DOMAIN 2744 Gibbon 321 2.863 0.003897
DOMAIN 2754 Gibbon 322 3.7601 1.17E-04
DOMAIN 2786 Gibbon 323 2.5449 0.0037666
DOMAIN 2806 Gibbon 324 3.1649 0.0083733
DOMAIN 2808 Gibbon 325 2.6227 0.0079231
DOMAIN 2813 Gibbon 326 2.9522 4.12E-04
DOMAIN 2851 Gibbon 327 3.3945 3.80E-04
DOMAIN 2867 Gibbon 328 3.0591 4.79E-04
DOMAIN 2888 Gibbon 329 2.4267 0.0043214
DOMAIN 2891 Gibbon 330 2.7489 0.0082897
DOMAIN 2896 Gibbon 331 2.7253 0.0094587
DOMAIN 2904 Gibbon 332 2.8035 0.0019408
DOMAIN 2908 Gibbon 333 2.6452 0.0062379
DOMAIN 2943 Gibbon 334 2.9574 9.75E-04
DOMAIN 2962 Gibbon 335 2.1784 6.34E-04
DOMAIN 2992 Gibbon 336 2.6341 0.0045667
DOMAIN 2994 Gibbon 337 3.1921 0.0022412
DOMAIN 2997 Gibbon 338 2.9911 0.0016588
DOMAIN 3000 Gibbon 339 2.9522 5.36E-04
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DOMAIN 3062 Gibbon 340 2.6076 0.0035414
DOMAIN 3087 Gibbon 341 2.7999 5.44E-04
DOMAIN 3092 Gibbon 342 3.1954 2.80E-05
DOMAIN 3094 Gibbon 343 3.7195 2.83E-05
DOMAIN 3096 Gibbon 344 3.3962 2.16E-04
DOMAIN 3123 Gibbon 345 3.1293 1.88E-05
DOMAIN 3137 Gibbon 346 2.8303 0.0038836
DOMAIN 3300 Gibbon 347 3.0127 2.76E-04
DOMAIN 3328 Gibbon 348 2.3718 0.0015893
DOMAIN 3332 Gibbon 349 2.8786 0.0036582
DOMAIN 3335 Gibbon 350 4.0001 4.75E-06
DOMAIN 3336 Gibbon 351 3.5946 4.75E-06
DOMAIN 3337 Gibbon 352 2.9398 0.0053162
DOMAIN 3344 Gibbon 353 3.2218 4.60E-04
DOMAIN 3373 Gibbon 354 3.0768 0.0030033
DOMAIN 3434 Gibbon 355 2.4767 0.0035835
DOMAIN 3463 Gibbon 356 3.5462 5.96E-04
DOMAIN 3557 Rhesus 357 2.4416 0.0024889
DOMAIN 3575 Rhesus 358 3.7842 1.53E-07
DOMAIN 3585 Rhesus 359 2.4981 0.0036466
DOMAIN 3586 Rhesus 360 2.365 0.0033728
DOMAIN 3602 Rhesus 361 2.0444 0.0061662
DOMAIN 3661 Rhesus 362 2.4083 0.0088114
DOMAIN 3691 Rhesus 363 2.8393 0.0018244
DOMAIN 3759 Rhesus 364 2.5324 0.004454
DOMAIN 3760 Rhesus 365 2.7025 0.0017399
DOMAIN 3781 Rhesus 366 2.9317 0.0024892
DOMAIN 3782 Rhesus 367 2.3058 0.0048669
DOMAIN 3803 Rhesus 368 3.0165 0.0083941
DOMAIN 3832 Rhesus 369 2.7334 0.0026058
DOMAIN 4030 Rhesus 370 2.5274 0.0038526
DOMAIN 4036 Rhesus 371 2.7725 0.001577
DOMAIN 4046 Rhesus 372 2.7847 0.0088564
DOMAIN 4120 Rhesus 373 3.3237 4.55E-05

229




WO 2023/240076 PCT/US2023/067987
Domain ID Species SEI\?OID thgin (gfg;d P-value

DOMAIN 4121 Rhesus 374 3.3195 1.53E-07
DOMAIN 4126 Rhesus 375 3.529 1.65E-04
DOMAIN 4129 Rhesus 376 3.7382 9.33E-04
DOMAIN 4184 Rhesus 377 3.2397 9.40E-04
DOMAIN 4185 Rhesus 378 29116 0.0032623
DOMAIN 4199 Rhesus 379 2.6844 0.0058444
DOMAIN 4239 Rhesus 380 4.4187 9.19E-07
DOMAIN 4394 Marmoset 381 3.8103 4.09E-05
DOMAIN 4425 Marmoset 382 2.9741 0.0087646
DOMAIN 4461 Marmoset 383 3.0094 0.0076595
DOMAIN 4463 Marmoset 384 2.9717 0.008252
DOMAIN 4515 Marmoset 385 4.2166 1.21E-05
DOMAIN 4516 Marmoset 386 2.7603 0.0027577
DOMAIN 4534 Marmoset 387 2.6242 0.0034292
DOMAIN 4574 Marmoset 388 2.7135 9.16E-04
DOMAIN 4580 Marmoset 389 2.9618 3.22E-06
DOMAIN 4589 Marmoset 390 2.507 0.0070104
DOMAIN 4665 Marmoset 391 3.2985 0.0011116
DOMAIN 4705 Marmoset 392 3.5232 5.02E-04
DOMAIN 4722 Marmoset 393 4.8639 1.53E-07
DOMAIN 4748 Marmoset 394 3.0477 5.73E-04
DOMAIN 4749 Marmoset 395 3.5545 2.83E-05
DOMAIN 4751 Marmoset 396 3.238 4.91E-05
DOMAIN 4774 Marmoset 397 2.8894 0.0029528
DOMAIN 4823 Marmoset 398 2.7527 0.0083334
DOMAIN 4913 Marmoset 399 2.8878 0.0028098
DOMAIN 4921 Marmoset 400 3.5291 4.44E-06
DOMAIN 4922 Marmoset 401 4.0258 1.82E-05
DOMAIN 4978 Marmoset 402 2.7787 0.0025526
DOMAIN 5005 Marmoset 403 2.8406 0.00183

DOMAIN 5006 Marmoset 404 3.8614 1.38E-06
DOMAIN 5029 Marmoset 405 2.2642 0.0022609
DOMAIN 5031 Marmoset 406 2.8605 0.0025559
DOMAIN_5060 Marmoset 407 2.6043 8.74E-04
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DOMAIN 5096 Marmoset 408 2.456 0.008963
DOMAIN 5099 Marmoset 409 3.1407 0.0021138
DOMAIN 5102 Marmoset 410 2.7241 0.0024099
DOMAIN 5103 Marmoset 411 2.1016 0.0093552
DOMAIN 5125 Marmoset 412 2911 0.0015369
DOMAIN 5188 OwlMonkey 413 2.1842 0.0046295
DOMAIN 5201 OwlMonkey 414 3.3658 1.53E-07
DOMAIN 5217 OwlMonkey 415 2.4689 0.0031316
DOMAIN 5235 OwlMonkey 416 3.437 4.62E-04
DOMAIN 5246 OwlMonkey 417 2.7473 0.0042075
DOMAIN 5248 OwlMonkey 418 4.1052 1.53E-07
DOMAIN 5267 OwlMonkey 419 3.1247 0.0016383
DOMAIN 5273 OwlMonkey 420 2.4023 0.0069063
DOMAIN 5299 OwlMonkey 421 2.7399 0.0093892
DOMAIN 5337 OwlMonkey 422 3.7616 4.52E-05
DOMAIN 5370 OwlMonkey 423 3.0452 0.0088803
DOMAIN 5440 OwlMonkey 424 2.7871 0.0048658
DOMAIN 5485 OwlMonkey 425 2.7826 0.0080202
DOMAIN 5489 OwlMonkey 426 2.6774 0.0021808
DOMAIN 5518 OwlMonkey 427 2.8542 0.0030235
DOMAIN 5527 OwlMonkey 428 3.1092 0.0016793
DOMAIN 5603 OwlMonkey 429 3.2806 0.0015418
DOMAIN 5716 OwlMonkey 430 3.0606 5.36E-04
DOMAIN 5742 Homo sapiens 431 2.8617 0.0029913
DOMAIN_5765 Rattus norvegicus 432 4.2973 1.53E-07
DOMAIN 5774 Homo sapiens 433 2.9608 3.75E-05
DOMAIN 5782 Homo sapiens 434 2.9086 4.56E-04
DOMAIN 5791 Homo sapiens 435 2.6823 0.0051494
DOMAIN 5792 Homo sapiens 436 3.0218 8.56E-04
DOMAIN 5806 Homo sapiens 437 2.866 0.0037801
DOMAIN 5822 Homo sapiens 438 2.9335 0.0074467
DOMAIN 5843 Homo sapiens 439 3.1821 2.83E-05
DOMAIN 5866 Homo sapiens 440 2.6362 0.0080677
DOMAIN 5883 Homo sapiens 441 3.0097 5.52E-04
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DOMAIN_5896 Bos taurus 442 2.9429 0.0023166
DOMAIN_5901 Homo sapiens 443 3.2935 0.0012981
DOMAIN_5914 Homo sapiens 444 2.5527 0.0029099
DOMAIN_5921 Homo sapiens 445 24715 0.00101
DOMAIN_5943 Mus musculus 446 2.501 0.0027917
DOMAIN_5946 Homo sapiens 447 3.2998 1.38E-06
DOMAIN_5968 Bos taurus 448 3.2856 3.86E-04
DOMAIN_5984 Homo sapiens 449 2.9852 2.37E-04
DOMAIN_5989 Mus musculus 450 3.6632 9.30E-04
DOMAIN_5994 Orangutan 451 2.9214 5.04E-04
DOMAIN_6038 Homo sapiens 452 3.3315 2.59E-04
DOMAIN_6053 Orangutan 453 3.2566 1.21E-04
DOMAIN_6063 Homo sapiens 454 3.5653 0.0019059
DOMAIN_6078 Homo sapiens 455 2.6246 0.0075453
DOMAIN_6134 Homo sapiens 456 2.7081 0.0034203
DOMAIN_6169 Homo sapiens 457 3.3909 1.68E-06
DOMAIN 6172 Homo sapiens 458 3.883 1.07E-06
DOMAIN_6249 Saimiri boliviensis boliviensis 459 3.5469 4.44E-06
DOMAIN_6293 Rattus norvegicus 460 2.6707 0.0034812
DOMAIN 6354 Terrapene carolina triunguis 461 2.4812 0.0095055
DOMAIN_6356 Terrapene carolina triunguis 462 29197 0.0031965
DOMAIN_6382 Gopherus agassizii 463 3.2875 1.66E-04
DOMAIN_6398 Gopherus agassizii 464 2.8238 0.0059966
DOMAIN_6410 Podarcis muralis 465 2.7633 0.0034243
DOMAIN_6433 Podarcis muralis 466 3.0313 1.16E-04
DOMAIN_6458 Gopherus agassizii 467 2.8973 0.0048435
DOMAIN_6472 Alligator sinensis 468 2.9259 0.0052565
DOMAIN_6482 Paroedura picta 469 3.3106 0.0019705
DOMAIN_6501 Paroedura picta 470 3.4172 0.0010204
DOMAIN_6539 Paroedura picta 471 3.2371 0.0025654
DOMAIN_6555 Paroedura picta 472 3.534 4.92E-04
DOMAIN 6577 Terrapene carolina triunguis 473 3.3168 3.95E-04
DOMAIN 6595 Terrapene carolina triunguis 474 2.2407 0.0027133
DOMAIN_6599 Terrapene carolina triunguis 475 3.3653 4 49E-05
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DOMAIN 6697 Podarcis muralis 476 2.6712 7.35E-04
DOMAIN_6737 Microcaecilia unicolor 477 2.4861 0.0065704
DOMAIN 6738 Microcaecilia unicolor 478 2.9275 7.79E-04
DOMAIN 6741 Microcaecilia unicolor 479 3.5726 2.50E-04
DOMAIN_6866 Alligator mississippiensis 480 3.5825 1.02E-04
DOMAIN_6936 Callipepla squamata 481 3.5294 9.07E-04
DOMAIN_6938 Alligator mississippiensis 482 2.6093 0.0020584
DOMAIN_6952 Alligator mississippiensis 483 2.3403 0.0084774
DOMAIN 6970 Phasianus colchicus 484 3.343 3.02E-04
DOMAIN_7000 Phasianus colchicus 485 2.8279 0.0039843
DOMAIN 7098 Microcaecilia unicolor 486 2.7074 0.0030553
DOMAIN 7109 Microcaecilia unicolor 487 2.9932 0.0077318
DOMAIN_7123 Microcaecilia unicolor 488 2.9074 0.0043723
DOMAIN 7166 Microcaecilia unicolor 489 3.1419 5.72E-04
DOMAIN 7183 Microcaecilia unicolor 490 2.4918 1.27E-04
DOMAIN 7184 Microcaecilia unicolor 491 2.2019 0.0099168
DOMAIN_7328 Terrapene carolina triunguis 492 3.1808 5.04E-05
DOMAIN_7353 Microcaecilia unicolor 493 2.6649 0.0042219
DOMAIN 7365 Microcaecilia unicolor 494 2.597 0.0042403
DOMAIN_7480 Gopherus agassizii 495 3.1707 5.44E-04
DOMAIN_7510 Gopherus agassizii 496 3.0452 6.73E-04
DOMAIN_7534 Gopherus agassizii 497 3.4086 2.50E-04
DOMAIN_7553 Gopherus agassizii 498 2.9036 0.0088341
DOMAIN_7605 Alligator sinensis 499 2.8444 0.0018789
DOMAIN_7607 Alligator sinensis 500 2.7102 0.0018612
DOMAIN_7641 Gallus gallus 501 3.6727 4.51E-04
DOMAIN_7653 Gallus gallus 502 3.3772 0.0028364
DOMAIN 7678 Chelonia mydas 503 2.7348 0.0039197
DOMAIN_7711 Columba livia 504 3.7965 1.67E-05
DOMAIN_7716 Pogona vitticeps 505 3.1171 0.0011931
DOMAIN 7745 Meleagris gallopavo 506 3.4946 0.0016126
DOMAIN_7750 Columba livia 507 28111 0.0012249
DOMAIN 7774 Pogona vitticeps 508 3.427 8.09E-04
DOMAIN_7796 Chelonia mydas 509 29513 1.04E-04
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DOMAIN 7813 Columba livia 510 3.4645 7.95E-04
DOMAIN_7824 Columba livia 511 2.9383 5.45E-04
DOMAIN_7850 Terrapene carolina triunguis 512 3.124 5.15E-04
DOMAIN 7895 Patagioenas fasciata monilis 513 3.2254 0.0013863
DOMAIN_7925 Gallus gallus 514 3.3919 0.0025195
DOMAIN_8012 Callipepla squamata 515 3.2046 0.0023734
DOMAIN_8013 Callipepla squamata 516 3.9783 2.13E-05
DOMAIN_8014 Callipepla squamata 517 3.7425 6.23E-05
DOMAIN_8036 Alligator mississippiensis 518 2.3504 0.0094483
DOMAIN_8041 Dipodomys ordii 519 3.6568 3.47E-04
DOMAIN_8054 Cavia porcellus 520 3.5889 4.15E-05
DOMAIN_8148 Cricetulus griseus 521 3.6904 4.82E-05
DOMAIN_8151 Cricetulus griseus 522 3.1527 0.0034782
DOMAIN_8154 Cricetulus griseus 523 2.8774 0.0027807
DOMAIN_8167 Mus musculus 524 3.9362 1.04E-04
DOMAIN 8179 Mesocricetus auratus 525 3.0623 0.0026242
DOMAIN 8182 Mus caroli 526 2.2411 0.0018051
DOMAIN_8216 Cricetulus griseus 527 3.1747 9.05E-05
DOMAIN_8226 Rattus norvegicus 528 2.4602 0.0090772
DOMAIN_8235 Mus caroli 529 2.8965 0.0012522
DOMAIN 8282 Peromyscus maniculatus bairdii 530 3.9832 1.07E-06
DOMAIN_8289 Peromyscus maniculatus bairdii 531 3.3026 2.94E-04
DOMAIN 8301 Mesocricetus auratus 532 3.1084 0.0017647
DOMAIN_8303 Ictidomys tridecemlineatus 533 3.6843 1.34E-04
DOMAIN_8305 Ictidomys tridecemlineatus 534 2.5554 0.0084633
DOMAIN_8308 Marmota monax 535 2.6564 3.69E-04
DOMAIN_8317 Mus caroli 536 3.3091 2.40E-05
DOMAIN 8340 Peromyscus maniculatus bairdii 537 2.2764 0.0086378
DOMAIN 8353 Peromyscus maniculatus bairdii 538 2.7989 4.14E-04
DOMAIN_8370 Cavia porcellus 539 3.5737 2.58E-04
DOMAIN_8412 Mus musculus 540 2.4486 0.0077639
DOMAIN_8418 Cricetulus griseus 541 2.4014 0.001307
DOMAIN 8424 Peromyscus maniculatus bairdii 542 2.7945 0.0019818
DOMAIN 8425 Peromyscus maniculatus bairdii 543 2.8391 0.004804
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DOMAIN 8460 Peromyscus maniculatus bairdii 544 3.1352 6.66E-05
DOMAIN 8467 Mesocricetus auratus 545 3.8156 7.15E-05
DOMAIN_8489 Mus caroli 546 2.8336 0.0042299
DOMAIN_8492 Mus musculus 547 3.3107 0.0032374
DOMAIN_8502 Cricetulus griseus 548 2.1429 4.22E-04
DOMAIN 8545 Rattus norvegicus 549 3.1044 0.0011282
DOMAIN_8546 Mus musculus 550 2.9439 0.0033958
DOMAIN_8547 Mus caroli 551 3.3997 0.0022286
DOMAIN_8549 Mus caroli 552 2.8508 0.0052033
DOMAIN_8555 Cricetulus griseus 553 3.2852 5.62E-05
DOMAIN 8618 Mesocricetus auratus 554 2.6363 0.008293
DOMAIN 8688 Mus musculus 555 2.4409 2.00E-04
DOMAIN_8689 Mus musculus 556 2.8548 6.62E-04
DOMAIN 8712 Mesocricetus auratus 557 2.7776 0.0028768
DOMAIN 8742 Peromyscus maniculatus bairdii 558 2.3354 0.002149
DOMAIN 8746 Mesocricetus auratus 559 3317 1.64E-04
DOMAIN 8789 Marmota monax 560 3.1756 0.0021937
DOMAIN_8793 Mus caroli 561 2.6774 9.60E-05
DOMAIN 8816 Peromyscus maniculatus bairdii 562 2.4156 2.32E-04
DOMAIN_8830 Cavia porcellus 563 3.0644 0.0025588
DOMAIN_8839 Peromyscus maniculatus bairdii 564 3.0637 0.0036542
DOMAIN 8844 Peromyscus maniculatus bairdii 565 4.1629 7.81E-06
DOMAIN 8850 Peromyscus maniculatus bairdii 566 2.695 0.0040575
DOMAIN_8862 Marmota monax 567 2.3521 0.0061537
DOMAIN_8881 Cricetulus griseus 568 3.743 1.49E-05
DOMAIN_8886 Cricetulus griseus 569 3.5727 1.94E-05
DOMAIN 8899 Mesocricetus auratus 570 3.2182 9.45E-05
DOMAIN_8931 Cricetulus griseus 571 2.9497 8.73E-04
DOMAIN_8936 Cricetulus griseus 572 4.3486 1.07E-06
DOMAIN_8953 Mus caroli 573 2.5941 0.0032969
DOMAIN 8982 Mesocricetus auratus 574 3.1585 3.54E-05
DOMAIN_8989 Marmota monax 575 2.2309 0.0094553
DOMAIN 9012 Mus musculus 576 2.3905 0.0070058
DOMAIN_9042 Mus caroli 577 2.5894 0.0033885
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DOMAIN 9060 Cricetulus griseus 578 2.5974 0.0027286
DOMAIN 9119 Mesocricetus auratus 579 2.2985 0.0052412
DOMAIN_9141 Mus caroli 580 3.035 2.62E-05
DOMAIN_9159 Dipodomys ordii 581 3.0141 0.0023052
DOMAIN 9174 Peromyscus maniculatus bairdii 582 2.5194 0.0035749
DOMAIN 9175 Peromyscus maniculatus bairdii 583 2.4231 0.0042293
DOMAIN_9189 Heterocephalus glaber 584 3.3801 1.76E-04
DOMAIN_9192 Mus caroli 585 2.7981 0.008526
DOMAIN 9217 Mesocricetus auratus 586 3.8919 5.43E-05
DOMAIN_9235 Mus musculus 587 2.7307 0.0035899
DOMAIN_9250 Marmota monax 588 3.466 0.0012007
DOMAIN 9265 Mus musculus 589 2.1221 0.0021172
DOMAIN_9290 Peromyscus maniculatus bairdii 590 4.256 1.07E-06
DOMAIN_9303 Marmota monax 591 2.5344 0.0051732
DOMAIN_9313 Mus musculus 592 2.7692 0.0061916
DOMAIN 9324 Peromyscus maniculatus bairdii 593 3.1782 0.0020198
DOMAIN 9329 Peromyscus maniculatus bairdii 594 4263 7.81E-06
DOMAIN_9332 Peromyscus maniculatus bairdii 595 3.9002 1.38E-06
DOMAIN 9356 Ictidomys tridecemlineatus 596 2.9297 0.0037302
DOMAIN_9389 Marmota monax 597 3.1785 2.65E-05
DOMAIN_9424 Dipodomys ordii 598 3.771 1.53E-07
DOMAIN 9435 Fukomys damarensis 599 3.1672 3.01E-04
DOMAIN 9446 Marmota monax 600 2.8722 3.80E-04
DOMAIN_9489 Dipodomys ordii 601 3.0215 0.0074336
DOMAIN 9503 Ictidomys tridecemlineatus 602 2.9864 0.0021536
DOMAIN 9526 Mesocricetus auratus 603 2.9435 0.0042492
DOMAIN 9530 Mesocricetus auratus 604 2.7003 0.0026178
DOMAIN 9541 Dipodomys ordii 605 2.8442 0.0028404
DOMAIN_9542 Octodon degus 606 2.6734 0.0036809
DOMAIN_9544 Octodon degus 607 29143 0.0054966
DOMAIN_9559 Mus caroli 608 3.327 0.001653
DOMAIN_9563 Mus musculus 609 3.7261 3.81E-05
DOMAIN 9576 Octodon degus 610 2.1952 0.0094564
DOMAIN 9617 Mesocricetus auratus 611 2.4034 0.0040152
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DOMAIN 9643 Dipodomys ordii 612 3.4306 0.0023603
DOMAIN_9697 Octodon degus 613 2.7566 0.0063579
DOMAIN_9704 Dipodomys ordii 614 3.1674 0.0013462
DOMAIN_9706 Octodon degus 615 2.821 0.0041809
DOMAIN_9713 Cricetulus griseus 616 3.0323 0.002243
DOMAIN 9716 Mus caroli 617 2.9009 0.0040762
DOMAIN_9723 Mus caroli 618 2.1903 0.0058971
DOMAIN_9725 Mus caroli 619 2.9654 0.0028095
DOMAIN_9776 Marmota monax 620 2.6258 0.0084697
DOMAIN_9787 Mus caroli 621 3.2962 8.37E-05
DOMAIN_9789 Mus musculus 622 2.5801 0.0012534
DOMAIN 9822 Ictidomys tridecemlineatus 623 2.9382 0.0065879
DOMAIN_9824 Heterocephalus glaber 624 3.1306 8.34E-05
DOMAIN_9827 Mus caroli 625 2.1904 0.0077554
DOMAIN_9843 Mus musculus 626 2.3385 0.0035982
DOMAIN_9846 Cricetulus griseus 627 2.7865 0.0025033
DOMAIN 9857 Mesocricetus auratus 628 3.3666 8.92E-04
DOMAIN 9858 Mesocricetus auratus 629 3.0047 1.33E-04
DOMAIN_9878 Marmota monax 630 3.7349 2.61E-04
DOMAIN_9891 Mus caroli 631 2.8116 3.13E-04
DOMAIN_9915 Mus caroli 632 3.4011 3.45E-04
DOMAIN_9962 Rattus norvegicus 633 2.7249 0.004063
DOMAIN_9993 Rattus norvegicus 634 2.7601 0.0035973
DOMAIN_10018 Octodon degus 635 3.3372 4.27E-04
DOMAIN_10041 Mus caroli 636 2.8662 0.0062437
DOMAIN_10044 Mus musculus 637 2.826 0.0043095
DOMAIN_10050 Octodon degus 638 3.3147 0.0020066
DOMAIN_10057 Mus musculus 639 2.2961 0.0026799
DOMAIN_10091 Fukomys damarensis 640 2.1679 4.36E-04
DOMAIN 10127 Peromyscus maniculatus bairdii 641 3.6912 3.83E-06
DOMAIN_10160 Ictidomys tridecemlineatus 642 2.9333 4.23E-04
DOMAIN_10184 Mus caroli 643 4.2854 1.53E-07
DOMAIN_10241 Octodon degus 644 3.5766 8.19E-05
DOMAIN_10257 Octodon degus 645 3.1757 5.20E-04
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DOMAIN 10294 Mus musculus 646 2.689 0.0067073
DOMAIN_10334 Mustela putorius furo 647 3.3529 5.07E-05
DOMAIN 10351 Delphinapterus leucas 648 3.3309 3.78E-04
DOMAIN_10359 Delphinapterus leucas 649 2.9199 0.0036842
DOMAIN_10381 Vicugna pacos 650 2215 0.0057838
DOMAIN 10386 Odobenus rosmarus divergens 651 2.8337 0.0028753
DOMAIN_10403 Vicugna pacos 652 3.3993 0.0016441
DOMAIN_10420 Odobenus rosmarus divergens 653 3.7185 1.01E-04
DOMAIN_10425 Delphinapterus leucas 654 2.8616 0.0041775
DOMAIN_10427 Carlito syrichta 655 2.3719 0.0078328
DOMAIN_10491 Vicugna pacos 656 3.7199 0.0012761
DOMAIN_10495 Delphinapterus leucas 657 3.4705 5.27E-04
DOMAIN_10526 Delphinapterus leucas 658 2.4499 0.0033355
DOMAIN_10573 Cervus elaphus hippelaphus 659 2.4077 5.02E-04
DOMAIN_10612 Vicugna pacos 660 2.4997 0.0035134
DOMAIN_10613 Odobenus rosmarus divergens 661 29148 5.62E-05
DOMAIN 10623 Carlito syrichta 662 3.2233 0.0018333
DOMAIN_10646 Delphinapterus leucas 663 2.9354 0.0036496
DOMAIN_10647 Delphinapterus leucas 664 2.9514 7.60E-04
DOMAIN_10675 Ornithorhynchus anatinus 665 3.2777 5.13E-05
DOMAIN_10684 Odobenus rosmarus divergens 666 4.531 1.64E-05
DOMAIN_10704 Colobus angolensis palliatus 667 3.1582 0.004292
DOMAIN_10705 Colobus angolensis palliatus 668 3.6392 4.09E-05
DOMAIN_10733 Odobenus rosmarus divergens 669 3.315 0.0028523
DOMAIN_10762 Erinaceus europacus 670 3.9254 4.55E-05
DOMAIN_10763 Mustela putorius furo 671 2.5924 0.0073193
DOMAIN_10765 Mustela putorius furo 672 2.5661 0.0076445
DOMAIN_10807 Erinaceus europaeus 673 3.5237 1.54E-04
DOMAIN_10882 Vicugna pacos 674 3.6289 2.93E-04
DOMAIN_10902 Vicugna pacos 675 3.1052 0.0096752
DOMAIN 10917 Odobenus rosmarus divergens 676 3.7871 1.53E-07
DOMAIN 10943 Cervus elaphus hippelaphus 677 2.5554 0.0037715
DOMAIN 10974 Chelonia mydas 678 2.6444 0.0091318
DOMAIN_11006 Loxodonta africana 679 2.6669 6.71E-04
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DOMAIN 11024 Suricata suricatta 680 3.2397 2.77E-04
DOMAIN_11031 Mandrillus leucophaeus 681 2.5516 0.005857
DOMAIN_11034 Mandrillus leucophaeus 682 2.2541 0.0042161
DOMAIN_11040 Sus scrofa 683 3.5161 3.39E-04
DOMAIN_11049 Neophocaena asiacorientalis 684 27072 0.0015299

- asiaeorientalis
DOMAIN_11053 Nomascus leucogenys 685 3.677 4.44E-06
DOMAIN_11069 Capra hircus 686 3.2745 0.0036948
DOMAIN 11071 Chrysochloris asiatica 687 3.1268 0.0012421
DOMAIN 11097 Mandrillus leucophaeus 688 3.239 0.0011508
DOMAIN 11110 Sus scrofa 689 3.6632 4.76E-04
DOMAIN_11129 Nomascus leucogenys 690 2.3864 1.88E-04
DOMAIN_11130 Nomascus leucogenys 691 2.3487 6.64E-04
DOMAIN_11132 Bos indicus 692 3.5671 3.08E-05
DOMAIN_11157 Suricata suricatta 693 3.6671 8.22E-05
DOMAIN 11158 Chrysochloris asiatica 694 2.6889 0.0035388
DOMAIN_11162 Mandrillus leucophaeus 695 3.2804 2.65E-04
DOMAIN_11178 Sus scrofa 696 2.4845 0.0043413
DOMAIN_11192 Neophocaena asiacorientalis 697 2.8798 2.10E-04
- asiaeorientalis
DOMAIN_11202 Nomascus leucogenys 698 3.5851 4.18E-05
DOMAIN_11204 Nomascus leucogenys 699 3.5793 5.22E-05
DOMAIN_11225 Capra hircus 700 3.606 0.0011566
DOMAIN 11227 Capra hircus 701 2.7556 0.0032733
DOMAIN 11264 Sus scrofa 702 3.5019 5.64E-04
DOMAIN_11265 Sus scrofa 703 42521 1.53E-07
DOMAIN_11282 Suricata suricatta 704 3.536 1.53E-07
DOMAIN_11289 Suricata suricatta 705 2.69 2.48E-04
DOMAIN_11291 Suricata suricatta 706 4.0373 4.59E-07
DOMAIN 11307 Mandrillus leucophaeus 707 3.6383 1.07E-06
DOMAIN_11312 Sus scrofa 708 3.8532 9.26E-05
DOMAIN_11314 Sus scrofa 709 2.9575 0.0015357
DOMAIN 11321 Nomascus leucogenys 710 29718 0.0086853
DOMAIN_11331 Capra hircus 711 3.0611 4 37E-04
DOMAIN_11332 Capra hircus 712 3.0468 2.19E-04
DOMAIN_11356 Sus scrofa 713 2.6549 0.0027629
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DOMAIN 11359 Sus scrofa 714 3.1036 0.0092232
DOMAIN_11381 Nomascus leucogenys 715 3.1705 4.83E-04
DOMAIN_11393 Suricata suricatta 716 3.4256 1.65E-04
DOMAIN_11401 Suricata suricatta 717 2.6345 0.0077459
DOMAIN_11403 Suricata suricatta 718 3.4222 2.27E-04
DOMAIN 11413 Sus scrofa 719 2.1814 0.0084919
DOMAIN_11433 Neophocaena asiacorientalis 720 3.3986 1.91E-05

— asiaeorientalis
DOMAIN 11446 Nomascus leucogenys 721 2.6971 3.26E-04
DOMAIN 11461 Equus caballus 722 2.508 0.0090515
DOMAIN_11466 Suricata suricatta 723 3.4716 0.0027896
DOMAIN_11470 Mandrillus leucophaeus 724 3.1038 0.0012895
DOMAIN 11502 Trichechus manatus latirostris 725 3.601 4.21E-05
DOMAIN 11505 Trichechus manatus latirostris 726 3.0969 9.19E-07
DOMAIN 11534 Sus scrofa 727 3.8118 1.91E-05
DOMAIN_11554 Nomascus leucogenys 728 3.0498 4.11E-04
DOMAIN_11567 Zalophus californianus 729 3.4239 0.0010611
DOMAIN_11581 Equus caballus 730 3.1882 4.10E-04
DOMAIN_11612 Loxodonta africana 731 3.3006 0.0040119
DOMAIN 11621 Chrysochloris asiatica 732 3.2074 5.42E-04
DOMAIN_11643 Nomascus leucogenys 733 2.3544 0.0020207
DOMAIN_11662 Capra hircus 734 3.7889 2.36E-04
DOMAIN_11672 Suricata suricatta 735 3.318 0.0022931
DOMAIN_11701 Capra hircus 736 2.5282 0.0084694
DOMAIN_11726 Sus scrofa 737 3.4183 1.09E-05
DOMAIN_11749 Chlorocebus sabaecus 738 3.2721 0.0023817
DOMAIN_11753 Mandrillus leucophaeus 739 2.6119 0.0062269
DOMAIN_11760 Neophocaena asiacorientalis 740 2.8102 0.0039794
- asiacorientalis

DOMAIN 11796 Sus scrofa 741 2.2811 0.0010219
DOMAIN_11813 Canis lupus familiaris 742 3.5195 7.62E-04
DOMAIN_11825 Mandrillus leucophaeus 743 3.9893 1.53E-07
DOMAIN_11851 Nomascus leucogenys 744 3.0241 1.32E-04
DOMAIN_11858 Canis lupus familiaris 745 3.6419 1.53E-07
DOMAIN_11862 Canis lupus familiaris 746 2.8817 0.0032412
DOMAIN_11865 Muntiacus muntjak 747 3.0474 0.0026931
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DOMAIN_11868 Mandrillus leucophaeus 748 3.5158 4 44E-06
DOMAIN_11908 Canis lupus familiaris 749 2.894 0.0035529
DOMAIN_11923 Sus scrofa 750 3.2271 0.0018734
DOMAIN 11925 Mandrillus leucophacus 751 3.5582 3.04E-04
DOMAIN 11928 Neophocacna asiacorientalis 752 3751 7.59E-04
- asiacorientalis
DOMAIN 11933 Neophocaena asiacorientalis 753 4.1135 1.52E-05
- asiacorientalis
DOMAIN_11944 Bos indicus 754 32762 0.0022727
DOMAIN_11950 Canis lupus familiaris 755 4.3869 2.91E-06
DOMAIN_11988 Muntiacus muntjak 756 3.5916 3.83E-06
DOMAIN 11996 Canis lupus familiaris 757 3.0831 0.0015161
DOMAIN_11999 Canis lupus familiaris 758 3.7891 5.04E-05
DOMAIN_12001 Mandrillus leucophaeus 759 2.4334 0.0057376
DOMAIN_12021 Canis lupus familiaris 760 2.4637 0.0018489
DOMAIN_12051 Muntiacus muntjak 761 2.7925 0.0039375
DOMAIN_12057 Muntiacus muntjak 762 2.0631 0.0086017
DOMAIN 12079 Muntiacus muntjak 763 2.4029 0.0095567
DOMAIN_12092 Bos mutus 764 3.1752 1.82E-05
DOMAIN_12114 Neophocacna asiacorientalis 765 3.3227 6.62E-04
- asiacorientalis
DOMAIN 12133 Canis lupus familiaris 766 3.0204 0.0034751
DOMAIN_12139 Canis lupus familiaris 767 2.8097 0.0066678
DOMAIN_12147 Neophocacna asiacorientalis 768 2.6974 9.14E-04
- asiacorientalis
DOMAIN 12158 Nomascus leucogenys 769 3.0332 0.006631
DOMAIN_12187 Canis lupus familiaris 770 3.6477 5.13E-05
DOMAIN_12191 Muntiacus muntjak 771 3.6138 8.18E-04
DOMAIN_12195 Canis lupus familiaris 772 2.9023 1.11E-04
DOMAIN_12206 Bos mutus 773 2.9101 5.13E-04
DOMAIN 12210 Bos indicus 774 3.6136 0.0018284
DOMAIN_12214 Muntiacus muntjak 775 2613 9.76E-04
DOMAIN_12231 Nomascus leucogenys 776 2.6703 0.00421
DOMAIN_12261 Neophocaena asiacorientalis 777 2.7989 0.0029785
— asiacorientalis
DOMAIN_12285 Gorilla 778 2.2573 0.0091023
DOMAIN_12313 Bos indicus 779 2.6903 0.0012684
DOMAIN_12320 Muntiacus muntjak 780 2.5075 0.0023021
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DOMAIN_12365 Nomascus leucogenys 781 3.5626 7.78E-04
DOMAIN_12395 Ailuropoda melanoleuca 782 3.1504 3.56E-04
DOMAIN_12459 Bos indicus 783 4.0425 3.06E-06
DOMAIN_12463 Ailuropoda melanoleuca 784 3.2567 0.009339
DOMAIN_12467 Gorilla 785 2.9575 4.85E-04
DOMAIN_12498 Muntiacus muntjak 786 2.8947 0.0075569
DOMAIN_12499 Muntiacus muntjak 787 2.2932 0.0064341
DOMAIN_12508 Gorilla 788 3.0173 0.0024497
DOMAIN_12511 Gorilla 789 3.0694 0.0023557
DOMAIN_12517 Lynx canadensis 790 2.6983 0.0017522
DOMAIN_12544 Gorilla 791 3.306 4.83E-04
DOMAIN_12550 Ailuropoda melanoleuca 792 3.0229 2.37E-04
DOMAIN_12576 Gorilla 793 3.04 0.0044151
DOMAIN_12590 Bos indicus 794 2.5531 0.0020023
DOMAIN_12591 Bos indicus 795 3.4169 0.0011553
DOMAIN_12598 Muntiacus muntjak 796 3.3709 4.18E-05
DOMAIN_12599 Muntiacus muntjak 797 2.2098 0.007064
DOMAIN_12630 Macaca fascicularis 798 3.6424 4.03E-05
DOMAIN_12646 Myotis lucifugus 799 3.487 0.0014708
DOMAIN 12686 Phascolarctos cinereus 800 2.76 0.0032103
DOMAIN 12698 Phascolarctos cinereus 801 2.8029 0.0066675
DOMAIN 12704 Myotis lucifugus 802 2.9127 0.0034078
DOMAIN 12712 Puma concolor 803 2.1195 0.008023
DOMAIN_12728 Lynx canadensis 804 3.1999 9.49E-04
DOMAIN_12734 Phyllostomus discolor 805 3.5207 1.38E-06
DOMAIN_12755 Oryctolagus cuniculus 806 2.8082 0.0061475
DOMAIN_12764 Desmodus rotundus 807 3.9505 1.53E-07
DOMAIN_12769 Macaca fascicularis 808 2.0555 0.0080928
DOMAIN 12777 Phascolarctos cinereus 809 2.1778 0.0057731
DOMAIN 12780 Phascolarctos cinereus 810 3.2671 1.01E-04
DOMAIN_12801 Sapajus apella 811 2.0238 0.006988
DOMAIN_12811 Macaca fascicularis 812 24278 0.0068959
DOMAIN 12815 Macaca fascicularis 813 2.7296 0.0029445
DOMAIN_12818 Macaca fascicularis 814 3.6211 9.69E-05
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DOMAIN 12829 Phascolarctos cinereus 815 3.3994 3.20E-04
DOMAIN_12831 Phascolarctos cinereus 816 2.9845 0.0029084
DOMAIN_12839 Oryctolagus cuniculus 817 3.4039 3.03E-04
DOMAIN_12849 Muntiacus muntjak 818 4.1042 1.53E-07
DOMAIN_12896 Macaca fascicularis 819 2.0413 0.0010397
DOMAIN 12901 Macaca fascicularis 820 3.5686 4.75E-06
DOMAIN_12902 Macaca fascicularis 821 3.3489 0.0016432
DOMAIN_12912 Puma concolor 822 2.7422 4.78E-04
DOMAIN_12941 Phyllostomus discolor 823 2.4012 0.0062382
DOMAIN 12985 Phascolarctos cinereus 824 3.7331 3.05E-05
DOMAIN 13004 Macaca fascicularis 825 3.2216 1.37E-04
DOMAIN 13022 Phascolarctos cinereus 826 3.0468 0.003082
DOMAIN_13029 Myotis lucifugus 827 3.1708 3.58E-04
DOMAIN_13062 Ursus maritimus 828 2.9752 2.10E-04
DOMAIN_13068 Ailuropoda melanoleuca 829 3.6132 2.43E-05
DOMAIN_13089 Sapajus apella 830 2.8761 0.0065934
DOMAIN 13111 Ailuropoda melanoleuca 331 26151 0.0090675
DOMAIN_13121 Macaca fascicularis 832 3.353 3.98E-04
DOMAIN 13125 Macaca fascicularis 833 3.2101 3.31E-04
DOMAIN 13171 Phascolarctos cinereus 834 3.0052 0.0061932
DOMAIN_13193 Sapajus apella 835 3.8948 1.53E-07
DOMAIN 13227 Oryctolagus cuniculus 836 2.3234 0.0034855
DOMAIN 13269 Desmodus rotundus 837 2.7236 0.0010081
DOMAIN 13277 Macaca fascicularis 838 29151 4.66E-04
DOMAIN 13282 Phascolarctos cinereus 839 3.5504 8.75E-04
DOMAIN 13284 Phascolarctos cinereus 840 3.0903 0.0057642
DOMAIN_13293 Myotis lucifugus 841 2.5884 6.56E-04
DOMAIN 13325 Macaca fascicularis 842 2.4051 0.0085787
DOMAIN 13332 Phascolarctos cinereus 843 2.685 0.0052498
DOMAIN 13333 Phascolarctos cinereus 844 2.9787 0.0079948
DOMAIN_13339 Puma concolor 845 3.2731 5.64E-04
DOMAIN_13346 Oryctolagus cuniculus 846 2.9551 0.0031649
DOMAIN 13363 Phyllostomus discolor 847 2.2178 0.0041619
DOMAIN_13364 Macaca fascicularis 848 3.5606 2.40E-05
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DOMAIN 13379 Phascolarctos cinereus 849 3.2967 0.0018734
DOMAIN_13380 Myotis lucifugus 850 3.6615 1.09E-05
DOMAIN_13387 Sapajus apella 851 2.8731 0.001777
DOMAIN_13417 Ailuropoda melanoleuca 852 3.7056 1.17E-04
DOMAIN_13439 Sapajus apella 853 2.5091 0.0050786
DOMAIN 13470 Phascolarctos cinereus 854 3.7598 2.40E-05
DOMAIN_13486 Puma concolor 855 3.4895 7.93E-04
DOMAIN 13501 Macaca fascicularis 856 2.8162 0.0083892
DOMAIN 13509 Phascolarctos cinereus 857 2.8053 0.00351

DOMAIN 13516 Phascolarctos cinereus 858 2.4421 0.0034809
DOMAIN_13536 Gorilla 859 3.3269 0.0064418
DOMAIN_13537 Ailuropoda melanoleuca 360 3.3265 8.83E-05
DOMAIN 13562 Phascolarctos cinereus 861 3.7608 4.71E-04
DOMAIN 13565 Phascolarctos cinereus 862 2.994 0.0032926
DOMAIN_13574 Puma concolor 863 3.1114 6.89E-04
DOMAIN_13591 Lynx canadensis 864 3.215 5.12E-04
DOMAIN 13601 Macaca fascicularis 865 2.4865 0.0065955
DOMAIN 13609 Phascolarctos cinereus 866 3.1787 0.002393
DOMAIN 13610 Phascolarctos cinereus 867 3.1925 0.0018707
DOMAIN 13644 Phascolarctos cinereus 868 3.2677 0.001927
DOMAIN_13648 Oryctolagus cuniculus 869 3.1393 0.0014022
DOMAIN 13650 Ailuropoda melanoleuca 370 3.8556 4.44E-06
DOMAIN 13664 Macaca fascicularis 871 2.7443 0.002582
DOMAIN 13670 Phascolarctos cinereus 872 3.154 4.21E-04
DOMAIN_13690 Sapajus apella 873 3.2587 0.0017001
DOMAIN_13691 Sapajus apella 874 2.6205 0.0033052
DOMAIN_13703 Lynx canadensis 875 3.7947 2.43E-05
DOMAIN_13705 Phyllostomus discolor 876 2.496 0.009207
DOMAIN 13722 Phascolarctos cinereus 877 2.4814 0.0058557
DOMAIN 13723 Phascolarctos cinereus 878 2.9677 0.0026349
DOMAIN_13733 Sapajus apella 879 3.3285 1.82E-04
DOMAIN_13783 Macaca fascicularis 880 2.5821 0.0093056
DOMAIN 13805 Lynx canadensis 881 3.1769 0.0088613
DOMAIN_13823 Macaca fascicularis 882 4219 1.53E-07
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DOMAIN 13830 Phascolarctos cinereus 883 2.6435 0.0033465
DOMAIN_13832 Phascolarctos cinereus 884 2.9705 0.0077505
DOMAIN 13843 Phascolarctos cinereus 885 3.6119 1.81E-04
DOMAIN_13851 Canis lupus familiaris 886 2.6472 0.0033845
DOMAIN_13859 Macaca fascicularis 887 2.2006 0.0086366
DOMAIN_13878 Ailuropoda melanoleuca 383 43232 4.75E-06
DOMAIN_13880 Lynx canadensis 889 3.0991 0.0013743
DOMAIN 13907 Phascolarctos cinereus 890 2.4263 0.0084749
DOMAIN_13910 Bos mutus 891 2.9556 0.0048664
DOMAIN_13915 Muntiacus muntjak 892 2.8554 0.0080147
DOMAIN 13958 Phascolarctos cinereus 893 3.2926 9.78E-05
DOMAIN_13970 Lynx canadensis 394 2.89 0.0058701
DOMAIN_13979 Macaca fascicularis 895 2.6188 0.0016793
DOMAIN 13981 Phascolarctos cinereus 896 2.8041 0.0024451
DOMAIN 13984 Phascolarctos cinereus 897 2.8513 0.0029797
DOMAIN_13987 Myotis lucifugus 898 3.0633 4.59E-04
DOMAIN 13997 Puma concolor 899 2.984 2.51E-04
DOMAIN_14009 Ailuropoda melanoleuca 900 2.9207 5.05E-05
DOMAIN 14013 Ailuropoda melanoleuca 901 2.4619 0.0082352
DOMAIN_14031 Phyllostomus discolor 902 3.0963 0.0045422
DOMAIN 14040 Phascolarctos cinereus 903 3.0933 0.0065673
DOMAIN 14041 Phascolarctos cinereus 904 2.9069 0.0077333
DOMAIN 14049 Phascolarctos cinereus 905 2.7761 0.0052936
DOMAIN_14069 Lynx canadensis 906 29182 0.0020008
DOMAIN_14082 Phyllostomus discolor 907 3.2495 2.19E-04
DOMAIN_14083 Phyllostomus discolor 908 2.7465 0.0042213
DOMAIN_14108 Canis lupus familiaris 909 3.0621 0.004127
DOMAIN 14129 Lynx canadensis 910 2.8195 0.0026925
DOMAIN_14135 Bos mutus 911 2426 0.0033513
DOMAIN_14147 Canis lupus familiaris 912 3.3683 2.59E-04
DOMAIN_14153 Muntiacus muntjak 913 2.883 0.0011637
DOMAIN_14197 Muntiacus muntjak 914 2.9589 0.0041555
DOMAIN 14219 Ailuropoda melanoleuca 915 2.66353 0.0035657
DOMAIN_14226 Lynx canadensis 916 3.1176 0.0020645
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DOMAIN 14228 Lynx canadensis 917 3.3445 7.54E-04
DOMAIN_14256 Lynx canadensis 918 2.4946 0.0066852
DOMAIN_14287 Bos indicus 919 3.6232 1.66E-04
DOMAIN_14295 Muntiacus muntjak 920 3.4018 7.22E-04
DOMAIN_14322 Desmodus rotundus 921 3.3716 1.94E-04
DOMAIN 14337 Muntiacus muntjak 922 3.2753 2.86E-05
DOMAIN_14338 Ailuropoda melanoleuca 923 3.1071 0.0022421
DOMAIN_14358 Lynx canadensis 924 2.7094 8.85E-04
DOMAIN_14365 Desmodus rotundus 925 3.0706 1.39E-04
DOMAIN_14373 Macaca fascicularis 926 2.5861 0.0069375
DOMAIN 14382 Phascolarctos cinereus 927 4.0523 7.52E-05
DOMAIN 14444 Phyllostomus discolor 928 2.4641 0.0037357
DOMAIN_14487 Ailuropoda melanoleuca 929 2.7981 0.0050538
DOMAIN_14526 Ailuropoda melanoleuca 930 3.2232 0.003818
DOMAIN_14532 Lynx canadensis 931 3.2071 2.43E-04
DOMAIN_14534 Lynx canadensis 932 2.8122 0.0039834
DOMAIN 14546 Muntiacus muntjak 933 3.5039 5.01E-05
DOMAIN_14551 Ailuropoda melanoleuca 934 3.6894 2.30E-06
DOMAIN_14557 Lynx canadensis 935 2.9876 2.85E-04
DOMAIN_14574 Gorilla 936 3.3356 7.83E-04
DOMAIN_14576 Ailuropoda melanoleuca 937 3.2158 0.0028459
DOMAIN 14602 Gorilla 938 3.2145 0.0037718
DOMAIN_14627 Acinonyx jubatus 939 2.9501 0.0033732
DOMAIN_14639 Rhesus 940 2.7046 0.0033915
DOMAIN 14714 Odocoileus virginianus texanus 941 3.2752 2.48E-04
DOMAIN 14746 Odocoileus virginianus texanus 942 2.605 0.0084645
DOMAIN_14773 Sapajus apella 943 3.5997 1.45E-05
DOMAIN 14794 Acinonyx jubatus 944 3.4295 4.09E-04
DOMAIN_14795 Rhinopithecus roxellana 945 2.8119 0.0024062
DOMAIN_14800 Rhinopithecus roxellana 946 2274 0.0012494
DOMAIN_14815 Cebus imitator 947 3.3826 0.0075808
DOMAIN_14820 Callithrix jacchus 948 2.8836 0.0021743
DOMAIN_ 14829 Rhinopithecus roxellana 949 2.7138 4.08E-04
DOMAIN_14845 Cebus imitator 950 2.7224 0.0041993
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DOMAIN_14849 Cebus imitator 951 2.3659 0.0093133
DOMAIN_14862 Callithrix jacchus 952 2.8116 0.0079314
DOMAIN_ 148064 Rhesus 953 3.3492 2 46E-04
DOMAIN_14885 Cebus imitator 954 3.5373 4.09E-05
DOMAIN_14901 Bos taurus 955 29774 0.0085175
DOMAIN_ 14905 Rhinopithecus roxellana 956 3372 0.0034794
DOMAIN_14928 Callithrix jacchus 957 3.1547 2.58E-04
DOMAIN_14939 Callorhinus ursinus 958 2.3884 0.0071338
DOMAIN_14946 Acinonyx jubatus 959 3.2842 7.46E-04
DOMAIN_14948 Acinonyx jubatus 960 3.3727 1.73E-04
DOMAIN_14974 Sapajus apella 961 2.9963 0.0091608
DOMAIN_14977 Sapajus apella 962 3.0085 5.11E-04
DOMAIN_14978 Acinonyx jubatus 963 3.0358 0.0017363
DOMAIN_14983 Rhinopithecus roxellana 964 3.704 1.53E-07
DOMAIN 14994 Bison bison bison 965 2.4997 0.0054874
DOMAIN_ 14995 Cebus imitator 966 3.5057 4.13E-06
DOMAIN 15042 Ovis aries 967 3.0774 0.0045881
DOMAIN_15070 Callithrix jacchus 968 4.0108 2.60E-04
DOMAIN_15083 Ovis aries 969 2.7541 7.89E-04
DOMAIN_15086 Ovis aries 970 3.5994 2.56E-04
DOMAIN_15089 Vulpes vulpes 971 2.3585 0.0076298
DOMAIN 15102 Acinonyx jubatus 972 3.0929 0.0033921
DOMAIN 15103 Bison bison bison 973 2.652 0.0021839
DOMAIN_15119 Callithrix jacchus 974 3.3838 2.60E-06
DOMAIN_15137 Ovis aries 975 2.7071 0.0022528
DOMAIN_15138 Vulpes vulpes 976 3.1771 6.85E-04
DOMAIN_15159 Ovis aries 977 3.2135 0.0012084
DOMAIN 15171 Vulpes vulpes 978 3.2837 2.40E-05
DOMAIN_15174 Vulpes vulpes 979 3.1387 0.0033116
DOMAIN_15184 Acinonyx jubatus 980 3.0092 0.0021588
DOMAIN_15197 Acinonyx jubatus 981 3.0957 0.0012736
DOMAIN 15227 Rhinopithecus roxellana 982 3.5532 4.75E-06
DOMAIN_15233 Rhinopithecus roxellana 983 2.788 0.0046622
DOMAIN_15234 Acinonyx jubatus 984 3.546 0.0019916
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DOMAIN 15241 Odocoileus virginianus texanus 985 3.3955 3.85E-04
DOMAIN_15251 Callithrix jacchus 986 2.2209 9.47E-04
DOMAIN_15254 Callithrix jacchus 987 3.5159 2.32E-04
DOMAIN_15267 Ovis aries 988 2.8528 0.0020149
DOMAIN_15269 Ovis aries 989 2.0839 0.0057336
DOMAIN 15278 Callithrix jacchus 990 3.2523 0.0089241
DOMAIN_15279 Callithrix jacchus 991 3.8574 6.87E-05
DOMAIN_15352 Cebus imitator 992 3.0832 0.0079363
DOMAIN_15354 Tursiops truncatus 993 3.5099 5.16E-05
DOMAIN_15356 Acinonyx jubatus 994 3.5466 0.0019099
DOMAIN_15360 Neophocacna asiacorientalis 995 32575 3.95E-04

— asiaeorientalis
DOMAIN_15363 Orangutan 996 43121 1.53E-07
DOMAIN 15391 Leptonychotes weddellii 997 3.9053 1.53E-07
DOMAIN 15406 Chimp 998 3.4616 1.53E-07
DOMAIN_15419 Rhinopithecus roxellana 999 2.6943 0.0012439
DOMAIN 15426 Odocoileus virginianus texanus 1000 2.9673 0.0024959
DOMAIN_15447 Rhinopithecus roxellana 1001 3.1112 0.0031907
DOMAIN 15451 Bison bison bison 1002 3.2905 0.0024601
DOMAIN_15527 Balaenoptera acutorostrata 1003 3.0354 0.0023685
- scammoni

DOMAIN_15536 Cebus imitator 1004 24515 0.0048713
DOMAIN_15540 Callithrix jacchus 1005 3.124 0.0020464
DOMAIN 15575 Callithrix jacchus 1006 2.594 0.0095671
DOMAIN_15577 Callithrix jacchus 1007 2.4456 0.0010642
DOMAIN_15581 Callorhinus ursinus 1008 3.2465 0.0031873
DOMAIN_15586 Callorhinus ursinus 1009 2.6157 0.002815
DOMAIN_15603 Cebus imitator 1010 3.5111 0.0027084
DOMAIN_15605 Cebus imitator 1011 3.8196 2.50E-04
DOMAIN_15634 Delphinapterus leucas 1012 3.3574 0.0025587
DOMAIN_15636 Chimp 1013 2.2086 0.0062339
DOMAIN_15638 Sapajus apella 1014 3.4277 1.53E-07
DOMAIN_15669 Callorhinus ursinus 1015 2.8865 0.0027889
DOMAIN_15687 Cebus imitator 1016 2.5362 0.0063187
DOMAIN_15688 Cebus imitator 1017 3.2098 6.98E-04
DOMAIN_15693 Rhesus 1018 3.8571 9.95E-06
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DOMAIN 15699 Bos taurus 1019 3.5255 7.09E-04
DOMAIN_15753 Ovis aries 1020 3.1699 0.0035272
DOMAIN_15759 Ovis aries 1021 3.1884 0.0011061
DOMAIN_15764 Otolemur garnettii 1022 3.107 3.97E-04
DOMAIN_15800 Otolemur garnettii 1023 3.4462 1.80E-04
DOMAIN 15814 Rhesus 1024 3.9503 3.26E-05
DOMAIN_15823 Ovis aries 1025 2.8458 0.0034405
DOMAIN_15834 Otolemur garnettii 1026 3.7629 1.30E-05
DOMAIN_15839 Callithrix jacchus 1027 2.3399 0.0090833
DOMAIN_15863 Vulpes vulpes 1028 2.7434 0.0042734
DOMAIN_15931 Ovis aries 1029 3.0861 0.0028731
DOMAIN 15940 Enhydra lutris kenyoni 1030 2.8684 0.007571
DOMAIN_15956 Bos taurus 1031 3.2271 4.36E-04
DOMAIN_15972 Enhydra lutris kenyoni 1032 2.3299 1.05E-04
DOMAIN_16009 Zalophus californianus 1033 3.2738 0.0020718
DOMAIN_16011 Delphinapterus leucas 1034 4.3363 1.53E-07
DOMAIN 16017 Ovis aries 1035 2.6715 0.0041604
DOMAIN_16023 Rhinopithecus bieti 1036 2.2831 0.0064672
DOMAIN_16050 Ovis aries 1037 2.7105 0.0086883
DOMAIN_16063 Rhesus 1038 2.1603 0.0054023
DOMAIN_16084 Enhydra lutris kenyoni 1039 3.0131 0.0022672
DOMAIN 16115 Bos taurus 1040 2.9023 0.0027605
DOMAIN 16123 Ovis aries 1041 2.3799 0.0079176
DOMAIN_16147 Orangutan 1042 2.5699 4.83E-04
DOMAIN_16184 Ovis aries 1043 3.7743 4 44E-06
DOMAIN_16188 Otolemur garnettii 1044 2.5145 0.0014414
DOMAIN_16238 Orangutan 1045 3.8734 2.87E-04
DOMAIN 16246 Rhesus 1046 2.3971 3.89E-04
DOMAIN_16253 Ovis aries 1047 4.488 1.53E-07
DOMAIN_16266 Otolemur garnettii 1048 3.075 0.0019834
DOMAIN_16274 Otolemur garnettii 1049 2.7655 0.0014904
DOMAIN_16312 Vicugna pacos 1050 2.4302 0.0024702
DOMAIN 16323 Trichechus manatus latirostris 1051 4.0053 2.15E-04
DOMAIN_16340 Ovis aries 1052 2.778 0.0034068
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DOMAIN 16372 Odocoileus virginianus texanus 1053 4.2664 1.53E-07
DOMAIN_16378 Callithrix jacchus 1054 2.9868 0.0037718
DOMAIN_16399 Rhinopithecus roxellana 1055 4.0639 1.53E-07
DOMAIN_16408 Cebus imitator 1056 2.0194 0.009233
DOMAIN_16461 Cebus imitator 1057 3.1155 0.0020676
DOMAIN 16471 Acinonyx jubatus 1058 3.3465 0.0021006
DOMAIN_16478 Rhinopithecus roxellana 1059 2.8285 0.0023275
DOMAIN_16516 Rhesus 1060 3.8473 1.94E-05
DOMAIN_16517 Callithrix jacchus 1061 3.3189 2.60E-06
DOMAIN_16534 Acinonyx jubatus 1062 2.7531 0.0057425
DOMAIN 16556 Rhinopithecus roxellana 1063 24217 0.0084734
DOMAIN_16566 Odocoileus virginianus texanus 1064 3.3903 7.82E-04
DOMAIN_16576 Chimp 1065 2.6949 0.0021998
DOMAIN_16597 Cebus imitator 1066 2.9869 0.0023416
DOMAIN_16611 Papio anubis 1067 3.4786 1.53E-07
DOMAIN_16618 Ursus maritimus 1068 3.1184 0.0015351
DOMAIN_16629 Cebus imitator 1069 3.7569 1.57E-04
DOMAIN_16630 Cebus imitator 1070 3.2435 1.36E-04
DOMAIN 16638 Macaca nemestrina 1071 3.3871 0.0011337
DOMAIN 16648 Physeter macrocephalus 1072 3.629 1.88E-05
DOMAIN_16651 Delphinapterus leucas 1073 2.0926 0.0074143
DOMAIN_16659 Leptonychotes weddellii 1074 3.8913 2.37E-05
DOMAIN_16664 Leptonychotes weddellii 1075 3.4502 1.76E-05
DOMAIN 16673 Phascolarctos cinereus 1076 3.0938 0.0039727
DOMAIN_16677 Orangutan 1077 3.1577 0.0023254
DOMAIN_16694 Callorhinus ursinus 1078 2.0979 0.0094743
DOMAIN_16695 Callorhinus ursinus 1079 3.965 3.06E-07
DOMAIN_ 16696 Tursiops truncatus 1080 3.0806 0.002705
DOMAIN 16703 Phascolarctos cinereus 1081 3.3969 2.19E-04
DOMAIN_16731 Ursus arctos horribilis 1082 2.849 1.30E-05
DOMAIN 16734 Leptonychotes weddellii 1083 3.4791 2.57E-04
DOMAIN_16738 Chimp 1084 3.5957 8.11E-06
DOMAIN 16744 Enhydra lutris kenyoni 1085 3.637 6.38E-05
DOMAIN_16763 Monodelphis domestica 1086 2.9244 0.0053031
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DOMAIN 16771 Saimiri boliviensis boliviensis 1087 3.3025 0.0027295
DOMAIN_16773 Balacnoptera acutorostrata 1088 4.5309 1.38E-06
- scammoni
DOMAIN_16776 Callorhinus ursinus 1089 3.0877 0.0024757
DOMAIN_ 16809 Delphinapterus leucas 1090 2.4357 0.0068567
DOMAIN_16811 Balacnoptera acutorostrata 1091 3.5141 3.08E-04
- scammoni
DOMAIN_16856 Ursus maritimus 1092 277613 0.0040844
DOMAIN 16865 Papio anubis 1093 3.9619 1.53E-07
DOMAIN_16876 Callorhinus ursinus 1094 3.2183 4.66E-04
DOMAIN_16877 Rhinolophus ferrumequinum 1095 3.3745 3.78E-05
DOMAIN_16936 Rhinopithecus roxellana 1096 2.9808 0.0044295
DOMAIN_16953 Callorhinus ursinus 1097 3.3286 1.62E-04
DOMAIN 16973 Delphinapterus leucas 1098 3.0187 0.0041062
DOMAIN 16994 Odocoileus virginianus texanus 1099 3.0575 0.0025431
DOMAIN_17001 Rhinolophus ferrumequinum 1100 3.045 0.003661
DOMAIN_17023 Sapajus apella 1101 2.5472 0.0041588
DOMAIN_17027 Balaenoptera acutorostrata 1102 3.131 0.0028042
- scammoni
DOMAIN_17041 Rhinopithecus roxellana 1103 27589 0.0074146
DOMAIN_17062 Rhinopithecus roxellana 1104 3.2594 7.33E-05
DOMAIN_17105 Rhesus 1105 2.637 0.0054256
DOMAIN_17108 Phyllostomus discolor 1106 2.4499 0.0018315
DOMAIN_17134 Panthera pardus 1107 3.2502 0.0016926
DOMAIN_17139 Ursus arctos horribilis 1108 4.0326 2.13E-05
DOMAIN_17153 Ursus arctos horribilis 1109 2.1759 0.0043459
DOMAIN_17167 Ursus maritimus 1110 4.1644 1.52E-05
DOMAIN 17177 Physeter macrocephalus 1111 3.2446 0.002928
DOMAIN_17180 Zalophus californianus 1112 2.945 0.0082198
DOMAIN_17195 Ursus maritimus 1113 3.0566 0.0037464
DOMAIN_17202 Ursus arctos horribilis 1114 2.6589 0.0072284
DOMAIN_17206 Pteropus vampyrus 1115 3.7092 5.05E-06
DOMAIN 17234 Delphinapterus leucas 1116 2.0152 0.0059669
DOMAIN_17236 Rhinolophus ferrumequinum 1117 2.7166 0.0039056
DOMAIN_17241 Muntiacus muntjak 1118 22217 0.003544
DOMAIN_17264 Vicugna pacos 1119 3.0866 0.0021294
DOMAIN_17278 Tursiops truncatus 1120 3.4898 4.12E-05
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DOMAIN 17279 Bison bison bison 1121 3.591 8.11E-06
DOMAIN_17333 Camelus dromedarius 1122 2.8765 0.003642
DOMAIN 17340 Leptonychotes weddellii 1123 3.1536 5.34E-05
DOMAIN_17382 Leptonychotes weddellii 1124 3.075 0.0035284
DOMAIN 17383 Leptonychotes weddellii 1125 2.953 0.0032519
DOMAIN 17412 Ovis aries 1126 4.9319 1.53E-07
DOMAIN_17421 Vulpes vulpes 1127 3.3129 2.83E-05
DOMAIN 17474 Monodelphis domestica 1128 2.683 0.0036059
DOMAIN_17483 Cercocebus atys 1129 3.5742 3.44E-05
DOMAIN 17495 Neomonachus schauinslandi 1130 3.1828 5.59E-05
DOMAIN 17497 Monodelphis domestica 1131 2.8088 5.07E-05
DOMAIN_17509 Physeter macrocephalus 1132 3.438 8.07E-04
DOMAIN_17516 Monodelphis domestica 1133 3.1523 4.18E-04
DOMAIN_17525 Myotis davidii 1134 3.4986 7.28E-04
DOMAIN_17534 Cercocebus atys 1135 2.9374 0.0033612
DOMAIN 17547 Neomonachus schauinslandi 1136 3.2455 5.64E-04
DOMAIN 17548 Neomonachus schauinslandi 1137 2.8002 5.08E-04
DOMAIN_17574 Cercocebus atys 1138 3.4893 2.80E-05
DOMAIN_17632 Monodelphis domestica 1139 3.3689 2.06E-04
DOMAIN_17658 Monodelphis domestica 1140 3.8781 1.99E-06
DOMAIN_17662 Monodelphis domestica 1141 2.7612 0.0040459
DOMAIN_17666 Monodelphis domestica 1142 2.6895 0.002059
DOMAIN_17671 Monodelphis domestica 1143 3.0937 0.008519
DOMAIN_17689 Cercocebus atys 1144 3.6469 1.53E-07
DOMAIN 17704 Neomonachus schauinslandi 1145 3.1047 0.0028404
DOMAIN_17714 Monodelphis domestica 1146 2.2724 0.0043612
DOMAIN 17717 Physeter macrocephalus 1147 2.9442 7.54E-04
DOMAIN_17748 Leptonychotes weddellii 1148 3.0918 2.44E-04
DOMAIN_17752 Leptonychotes weddellii 1149 3.2541 4.59E-04
DOMAIN_17775 Camelus dromedarius 1150 2.6595 0.0033885
DOMAIN_17798 Orangutan 1151 3.3458 5.16E-05
DOMAIN_17801 Orangutan 1152 2.9733 0.0022819
DOMAIN 17871 Leptonychotes weddellii 1153 3.1894 1.49E-05
DOMAIN_17873 Leptonychotes weddellii 1154 3.4076 3.00E-04
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DOMAIN_17890 Cercocebus atys 1155 4.2356 2.80E-05
DOMAIN_17898 Enhydra lutris kenyoni 1156 3.2117 0.0034476
DOMAIN_17903 Orangutan 1157 2.4683 0.0030976
DOMAIN_17925 Otolemur garnettii 1158 2.7982 0.0042639
DOMAIN_18048 OwlIMonkey 1159 2.5186 0.0087422
DOMAIN 18083 Papio anubis 1160 2.9283 4.79E-04
DOMAIN_18100 Neomonachus schauinslandi 1161 2.3606 0.0061598
DOMAIN_18103 Monodelphis domestica 1162 2.7334 0.0056181
DOMAIN_18136 Monodelphis domestica 1163 2.7288 6.75E-04
DOMAIN_18155 Sarcophilus harrisii 1164 2.7528 0.0052222
DOMAIN_18161 Cercocebus atys 1165 2.6663 0.0060803
DOMAIN 18181 Physeter macrocephalus 1166 4.696 4.59E-07
DOMAIN_18203 Monodelphis domestica 1167 3.7912 4.81E-04
DOMAIN_18206 Monodelphis domestica 1168 2.3929 0.0046062
DOMAIN_18214 Physeter macrocephalus 1169 2.6389 0.0094737
DOMAIN_18227 OwlIMonkey 1170 3.5267 5.66E-06
DOMAIN 18241 Leptonychotes weddellii 1171 3.8187 9.60E-05
DOMAIN_18243 Felis catus 1172 3.5331 6.96E-04
DOMAIN_18244 Leptonychotes weddellii 1173 3.1726 0.0050817
DOMAIN 18272 Neomonachus schauinslandi 1174 29141 0.0085916
DOMAIN_18303 Monodelphis domestica 1175 29174 0.0018489
DOMAIN 18312 Monodelphis domestica 1176 2.8473 8.20E-04
DOMAIN_18323 Monodelphis domestica 1177 2.3956 0.0040336
DOMAIN_18325 Monodelphis domestica 1178 2.7636 0.0038297
DOMAIN_18332 Monodelphis domestica 1179 3.4328 4.68E-04
DOMAIN_18345 Monodelphis domestica 1180 3.349 4.43E-04
DOMAIN 18356 Monodelphis domestica 1181 3.1967 4.67E-04
DOMAIN 18385 Neomonachus schauinslandi 1182 2.1472 0.0044932
DOMAIN 18415 Neomonachus schauinslandi 1183 2.9768 4.55E-04
DOMAIN_18424 Physeter macrocephalus 1184 3.7744 3.31E-04
DOMAIN 18426 Physeter macrocephalus 1185 2.8011 0.0079672
DOMAIN 18428 Physeter macrocephalus 1186 2.5903 0.0095383
DOMAIN 18433 OwlMonkey 1187 3.4614 0.0022427
DOMAIN_18441 Felis catus 1188 3.7534 1.77E-04
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DOMAIN 18458 Monodelphis domestica 1189 3.1061 0.0018603
DOMAIN_18459 Monodelphis domestica 1190 3.1352 2.38E-04
DOMAIN_18483 Monodelphis domestica 1191 2.8259 5.19E-04
DOMAIN_18485 Monodelphis domestica 1192 2.8817 0.0011922
DOMAIN_18498 OwlIMonkey 1193 2.7354 0.0021141
DOMAIN 18502 Myotis davidii 1194 3.4127 1.93E-04
DOMAIN_18504 Cercocebus atys 1195 3.2213 5.38E-04
DOMAIN_18536 Camelus dromedarius 1196 3.2028 0.0011217
DOMAIN_18580 Cercocebus atys 1197 4.4477 3.22E-06
DOMAIN 18589 Neomonachus schauinslandi 1198 3.039 0.0025063
DOMAIN 18594 Monodelphis domestica 1199 3.2119 0.0036607
DOMAIN 18618 Physeter macrocephalus 1200 2.6489 0.0072165
DOMAIN_18646 Monodelphis domestica 1201 2.4678 0.007646
DOMAIN 18670 Neomonachus schauinslandi 1202 3.1792 3.80E-04
DOMAIN_18677 Monodelphis domestica 1203 2.2686 0.0068996
DOMAIN_18693 Camelus dromedarius 1204 3.0179 0.0013759
DOMAIN 18698 Felis catus 1205 3.3067 0.0093304
DOMAIN_18711 Vulpes vulpes 1206 2.2749 0.0063986
DOMAIN_18724 Chimp 1207 3.2062 5.16E-04
DOMAIN_18726 Myotis davidii 1208 2.9362 0.0025771
DOMAIN_18734 Monodelphis domestica 1209 2.8813 0.0092612
DOMAIN 18752 Monodelphis domestica 1210 3.5544 4.85E-05
DOMAIN_18753 Monodelphis domestica 1211 2.6101 3.54E-04
DOMAIN_18760 Chimp 1212 3.1806 7.49E-05
DOMAIN_18785 Leptonychotes weddellii 1213 2.9139 0.0019203
DOMAIN_18817 Monodelphis domestica 1214 2.2496 0.0091589
DOMAIN 18830 Monodelphis domestica 1215 3.2719 0.0032764
DOMAIN 18835 Camelus dromedarius 1216 2.4878 8.56E-05
DOMAIN_18873 Camelus dromedarius 1217 3.262 0.0049846
DOMAIN_18891 Orangutan 1218 3.6429 1.38E-06
DOMAIN_18923 Callithrix jacchus 1219 2.2053 0.0054504
DOMAIN_18935 Ovis aries 1220 3.4507 3.14E-05
DOMAIN 18947 Enhydra lutris kenyoni 1221 3.3167 7.58E-04
DOMAIN_18971 Enhydra lutris kenyoni 1222 3.3941 5.05E-06
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DOMAIN 18977 Orangutan 1223 3.6262 9.03E-06
DOMAIN_18979 Orangutan 1224 2.0034 0.0071822
DOMAIN_19005 Enhydra lutris kenyoni 1225 3.4092 4.57E-04
DOMAIN_19028 Orangutan 1226 23618 0.0022277
DOMAIN_19056 Bos indicus x Bos taurus 1227 3.0542 0.001874
DOMAIN 19072 Vulpes vulpes 1228 2.8133 0.0016331
DOMAIN_19079 Otolemur garnettii 1229 4.0159 4.88E-05
DOMAIN_19125 Otolemur garnettii 1230 2.9892 8.36E-04
DOMAIN_19207 Enhydra lutris kenyoni 1231 2.655 0.0091617
DOMAIN_19220 Camelus dromedarius 1232 3.1947 0.0088687
DOMAIN_19221 Camelus dromedarius 1233 3.1733 4.21E-04
DOMAIN 19299 Myotis davidii 1234 2.8882 0.0043533
DOMAIN_19351 Orangutan 1235 3.1988 2.17E-04
DOMAIN_19385 Monodelphis domestica 1236 2.9198 0.008105
DOMAIN_19387 Monodelphis domestica 1237 3.4706 1.85E-04
DOMAIN 19388 Physeter macrocephalus 1238 3.2831 7.71E-04
DOMAIN_ 19404 Monodelphis domestica 1239 2.0125 0.0031965
DOMAIN_19423 Monodelphis domestica 1240 3.49 0.002544
DOMAIN_19424 Monodelphis domestica 1241 2.5838 0.0041846
DOMAIN_19437 OwlIMonkey 1242 2.826 0.001773
DOMAIN_19445 Monodelphis domestica 1243 2.1105 0.0078325
DOMAIN 19447 Monodelphis domestica 1244 3.4492 1.40E-04
DOMAIN_19487 Monodelphis domestica 1245 3.4312 6.00E-04
DOMAIN_19497 Monodelphis domestica 1246 3.466 2.80E-05
DOMAIN_19517 Monodelphis domestica 1247 3.3361 1.04E-04
DOMAIN_19533 Papio anubis 1248 2.5831 4.67E-04
DOMAIN_19563 Papio anubis 1249 2.5522 0.0089134
DOMAIN_19580 Monodelphis domestica 1250 3.5716 3.29E-05
DOMAIN_19585 Monodelphis domestica 1251 3.0031 0.0032403
DOMAIN_19596 Monodelphis domestica 1252 3.8583 8.18E-05
DOMAIN_19597 Monodelphis domestica 1253 3.5081 4.46E-04
DOMAIN 19600 Monodelphis domestica 1254 2.5854 0.0042185
DOMAIN_19602 Physeter macrocephalus 1255 2.7219 0.0058524
DOMAIN_19611 Lipotes vexillifer 1256 3.3901 4.24E-04
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DOMAIN_19629 Monodelphis domestica 1257 3.0535 0.0017954
DOMAIN_19699 Otolemur garnettii 1258 2.8474 3.15E-04
DOMAIN_19708 Bos indicus x Bos taurus 1259 3.6339 8.02E-04
DOMAIN_19713 Chimp 1260 3.845 2.95E-05
DOMAIN_19721 Otolemur garnettii 1261 2.6913 0.0089069
DOMAIN 19776 Enhydra lutris kenyoni 1262 2.617 0.0093497
DOMAIN_19777 Orangutan 1263 3.2427 0.0075444
DOMAIN_19780 Orangutan 1264 3.0867 1.72E-04
DOMAIN_19786 Chimp 1265 2.9155 5.94E-04
DOMAIN_19788 Enhydra lutris kenyoni 1266 3.3393 4.71E-04
DOMAIN_19800 Zalophus californianus 1267 2.368 0.009162
DOMAIN_19805 Rhinolophus ferrumequinum 1268 2.6527 0.0030997
DOMAIN_19818 Rhinopithecus roxellana 1269 2.3477 0.0022161
DOMAIN_19883 Zalophus californianus 1270 3.5504 3.42E-04
DOMAIN_19886 Panthera pardus 1271 2.8642 4.04E-05
DOMAIN_19889 Vicugna pacos 1272 3.1963 4.15E-05
DOMAIN 19891 Zalophus californianus 1273 3.2135 0.0010023
DOMAIN_19921 Callorhinus ursinus 1274 2.0083 0.0055679
DOMAIN_19944 Zalophus californianus 1275 3.8559 8.71E-05
DOMAIN_19947 Bonobo 1276 2.2608 0.00818
DOMAIN_19967 Tursiops truncatus 1277 2.9548 0.0027997
DOMAIN 19968 Tursiops truncatus 1278 2.8089 0.004093
DOMAIN_19990 Panthera pardus 1279 3.5329 0.0018768
DOMAIN_19993 Tursiops truncatus 1280 3.4227 0.0047476
DOMAIN_20012 Leptonychotes weddellii 1281 3.8253 3.41E-05
DOMAIN_20023 Physeter macrocephalus 1282 3.6893 5.78E-04
DOMAIN_20025 Carlito syrichta 1283 2.2451 0.002157
DOMAIN_20030 Tursiops truncatus 1284 4.1273 3.22E-06
DOMAIN_20089 Panthera pardus 1285 4.2275 8.99E-05
DOMAIN 20095 Phascolarctos cinereus 1286 3.7141 1.55E-05
DOMAIN 20115 Physeter macrocephalus 1287 3.1154 0.0030089
DOMAIN_20134 Acinonyx jubatus 1288 3.2457 3.20E-04
DOMAIN 20136 Sus scrofa 1289 3.3856 2.94E-04
DOMAIN 20147 Odocoileus virginianus texanus 1290 3.7467 1.53E-07
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DOMAIN 20171 Trichechus manatus latirostris 1291 3.951 1.03E-05
DOMAIN_20208 Pteropus vampyrus 1292 2.4805 0.0041634
DOMAIN_20249 Vicugna pacos 1293 2.7041 0.0043741
DOMAIN 20250 Phascolarctos cinereus 1294 3.5525 1.37E-04
DOMAIN_20287 Cercocebus atys 1295 3.4486 5.29E-04
DOMAIN 20318 Callithrix jacchus 1296 3.5311 3.52E-06
DOMAIN_20332 Callithrix jacchus 1297 3.2855 0.0011689
DOMAIN_20336 Panthera pardus 1298 2.3293 0.0076785
DOMAIN_20345 Cebus imitator 1299 3.8132 1.53E-07
DOMAIN_20352 Vicugna pacos 1300 2.9839 9.79E-04
DOMAIN_20359 Pteropus vampyrus 1301 3.9594 4.06E-05
DOMAIN 20371 Ursus arctos horribilis 1302 2.8418 0.0061393
DOMAIN_20381 Saimiri boliviensis boliviensis 1303 2.0412 0.0013486
DOMAIN_20398 Physeter macrocephalus 1304 3.1266 0.0039215
DOMAIN_20436 Sus scrofa 1305 2.724 0.0058616
DOMAIN_20455 Nomascus leucogenys 1306 3.112 2.94E-04
DOMAIN 20462 Trichechus manatus latirostris 1307 5.4429 1.53E-07
DOMAIN_20469 Equus caballus 1308 2.7506 0.0077201
DOMAIN_20487 Mandrillus leucophaeus 1309 2.8325 0.0020982
DOMAIN_20524 Nomascus leucogenys 1310 3.2893 0.0024993
DOMAIN 20537 Chlorocebus sabacus 1311 3.2762 0.0027249
DOMAIN 20540 Mandrillus leucophaeus 1312 2.8477 0.0021931
DOMAIN 20545 Sus scrofa 1313 2.711 0.0086718
DOMAIN 20561 Chrysochloris asiatica 1314 3.8309 3.52E-05
DOMAIN_20565 Suricata suricatta 1315 3.148 2.90E-04
DOMAIN_20601 Sus scrofa 1316 2.9097 0.0037911
DOMAIN_20652 Neophocaena asiacorientalis 1317 27283 00038931

- asiaeorientalis
DOMAIN_20667 Suricata suricatta 1318 3.7485 1.38E-06
DOMAIN_20674 Mandrillus leucophaeus 1319 3.3115 1.53E-07
DOMAIN_20716 Suricata suricatta 1320 3.6174 3.02E-05
DOMAIN 20729 Mandrillus leucophaeus 1321 2.5535 0.0090894
DOMAIN_20746 Chrysochloris asiatica 1322 3.4727 4.79E-04
DOMAIN_20767 Sus scrofa 1323 3.1224 3.16E-04
DOMAIN_20835 Suricata suricatta 1324 3.0025 0.0031432
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DOMAIN_ 20915 Mandrillus leucophaeus 1325 2.4373 0.0054586
DOMAIN_20998 Bonobo 1326 2.6659 0.0044767
DOMAIN_21010 Equus caballus 1327 22253 0.0040982
DOMAIN_21023 Sarcophilus harrisii 1328 3.1196 0.0023342
DOMAIN_21067 Zalophus californianus 1329 3.0246 0.0010917
DOMAIN 21082 Loxodonta africana 1330 3.2032 0.0040056
DOMAIN_21086 Pteropus vampyrus 1331 2.1339 0.0079029
DOMAIN_21095 Trichechus manatus latirostris 1332 2.5003 0.0091721
DOMAIN_21110 Neovison vison 1333 2.499 0.0065113
DOMAIN_21123 Callorhinus ursinus 1334 3.237 4.13E-04
DOMAIN_21133 Suricata suricatta 1335 3.1021 4.18E-04
DOMAIN 21161 Sarcophilus harrisii 1336 3.2208 5.87E-04
DOMAIN_21162 Sarcophilus harrisii 1337 2.885 6.85E-04
DOMAIN_21175 Callorhinus ursinus 1338 3.3334 2.29E-04
DOMAIN_21197 Tursiops truncatus 1339 2214 0.0073288
DOMAIN_21226 Sarcophilus harrisii 1340 2.6942 0.0033484
DOMAIN 21260 Pteropus vampyrus 1341 3.1806 0.0039855
DOMAIN_21276 Mandrillus leucophaeus 1342 3.0178 0.0029699
DOMAIN_21277 OwlIMonkey 1343 2.7115 0.0075352
DOMAIN_21312 Lipotes vexillifer 1344 3.5287 4.75E-06
DOMAIN_21333 Zalophus californianus 1345 3.5801 3.57E-05
DOMAIN 21334 Equus caballus 1346 2.9508 8.67E-04
DOMAIN_ 21335 Equus caballus 1347 2.518 0.0034809
DOMAIN_21367 Equus caballus 1348 2.9921 0.0091001
DOMAIN_21369 Equus caballus 1349 2.7947 0.0011824
DOMAIN_21371 Physeter macrocephalus 1350 3.8804 4.44E-06
DOMAIN_21421 Pteropus vampyrus 1351 2.7713 7.52E-05
DOMAIN 21481 Bonobo 1352 2.7056 0.0012415
DOMAIN_21494 Tursiops truncatus 1353 3.783 1.36E-04
DOMAIN_21583 Sarcophilus harrisii 1354 3.1529 0.0026931
DOMAIN_21588 Callorhinus ursinus 1355 3.4914 5.39E-04
DOMAIN_21612 OwlIMonkey 1356 3.2931 4.09E-05
DOMAIN_21626 Monodelphis domestica 1357 3.5419 1.57E-04
DOMAIN_21632 Monodelphis domestica 1358 2.6551 0.0071923
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DOMAIN_ 21658 Monodelphis domestica 1359 3.1325 2.50E-04
DOMAIN_21786 Trichechus manatus latirostris 1360 3.2249 2.76E-04
DOMAIN_21822 Equus caballus 1361 3.5647 3.22E-06
DOMAIN_21823 Equus caballus 1362 3.2474 0.0072446
DOMAIN_21844 OwlIMonkey 1363 3.467 4.44E-06
DOMAIN 21862 Chlorocebus sabaeus 1364 2.3797 0.0032299
DOMAIN_21889 Equus caballus 1365 3.6563 4.18E-04
DOMAIN_21896 Lipotes vexillifer 1366 2.8718 0.0093653
DOMAIN_21900 Equus caballus 1367 2.7606 0.0041711
DOMAIN_21909 Suricata suricatta 1368 3.2301 3.40E-04
DOMAIN_21928 Callorhinus ursinus 1369 3.758 1.67E-05
DOMAIN 21947 Trichechus manatus latirostris 1370 3.1204 0.003623
DOMAIN_21951 Equus caballus 1371 2.8972 3.24E-04
DOMAIN_21985 Suricata suricatta 1372 3.6273 1.99E-06
DOMAIN_21988 Sarcophilus harrisii 1373 3.3393 0.0011817
DOMAIN_21993 Lipotes vexillifer 1374 2.5494 0.0039206
DOMAIN 22022 Tursiops truncatus 1375 3.9558 4 44E-06
DOMAIN_22079 Trichechus manatus latirostris 1376 34511 6.43E-04
DOMAIN_22117 Sarcophilus harrisii 1377 2.5969 0.0040801
DOMAIN_22143 Pteropus vampyrus 1378 2.6595 9.36E-04
DOMAIN 22151 Trichechus manatus latirostris 1379 3.1615 5.26E-04
DOMAIN 22158 Lipotes vexillifer 1380 2.0562 0.0010562
DOMAIN 22166 Trichechus manatus latirostris 1381 4.2024 2.53E-05
DOMAIN_22192 Trichechus manatus latirostris 1382 2.8134 0.0083622
DOMAIN_22220 Bonobo 1383 2.8922 0.0013379
DOMAIN_22268 Lipotes vexillifer 1384 2.6534 0.0053876
DOMAIN_22278 Pteropus vampyrus 1385 3.3575 0.0037798
DOMAIN 22280 Pteropus vampyrus 1386 3.1521 0.0017347
DOMAIN_22285 Trichechus manatus latirostris 1387 3.0261 6.83E-04
DOMAIN_22297 Sarcophilus harrisii 1388 2.4261 0.0066953
DOMAIN_22311 Monodelphis domestica 1389 2.9903 0.0017115
DOMAIN 22322 Tursiops truncatus 1390 3.4452 3.85E-04
DOMAIN_22366 OwlIMonkey 1391 4.848 3.06E-07
DOMAIN_22375 Tursiops truncatus 1392 2.5484 0.0090894
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DOMAIN 22381 Tursiops truncatus 1393 3.8641 2.63E-04
DOMAIN_22383 Pteropus vampyrus 1394 3.4752 2 48E-04
DOMAIN_22407 OwlIMonkey 1395 2.5308 0.0081831
DOMAIN_22425 OwlIMonkey 1396 3.0333 0.0032208
DOMAIN_22430 Callorhinus ursinus 1397 2.982 0.0064761
DOMAIN_ 22454 Monodelphis domestica 1398 2.6042 0.0022491
DOMAIN_22458 Monodelphis domestica 1399 3.0003 0.0025373
DOMAIN_22459 Monodelphis domestica 1400 2.9261 0.0013171
DOMAIN_22462 Monodelphis domestica 1401 3.5597 2.34E-05
DOMAIN_22471 Papio anubis 1402 3.6293 1.68E-06
DOMAIN_22479 OwlIMonkey 1403 3.9668 4.18E-05
DOMAIN 22483 OwlMonkey 1404 2.1702 0.0013107
DOMAIN_22495 Callorhinus ursinus 1405 22623 0.0043918
DOMAIN_22512 OwlIMonkey 1406 2.93 0.003255
DOMAIN_22518 Lipotes vexillifer 1407 2.8869 0.0024472
DOMAIN_22520 Callorhinus ursinus 1408 3.3586 2.83E-05
DOMAIN 22527 Tursiops truncatus 1409 2.989 9.71E-04
DOMAIN_22566 Papio anubis 1410 3.5278 6.63E-05
DOMAIN_22586 Nomascus leucogenys 1411 2.1811 0.0021723
DOMAIN_22615 Homo sapiens 1412 3.0957 4.43E-04
DOMAIN_22654 Ursus arctos horribilis 1413 3.248 5.59E-05
DOMAIN 22667 Saimiri boliviensis boliviensis 1414 3.4947 0.0037256
DOMAIN_22669 Balacnoptera acutorostrata 1415 3.583 4 34E-04

- scammoni

DOMAIN 22692 Propithecus coquereli 1416 3.2791 3.52E-04
DOMAIN 22710 Propithecus coquereli 1417 3.4387 0.0032081
DOMAIN_22740 Panthera pardus 1418 2.692 0.0027611
DOMAIN_22742 Panthera pardus 1419 2.9133 0.0027938
DOMAIN_22768 Ursus maritimus 1420 4.0609 7.81E-06
DOMAIN_22771 Ursus americanus 1421 3.3498 2.83E-05
DOMAIN 22776 Propithecus coquereli 1422 2.7757 2.88E-04
DOMAIN 22778 Saimiri boliviensis boliviensis 1423 3.1251 4.93E-04
DOMAIN_22782 Vombatus ursinus 1424 3.1663 4.24E-04
DOMAIN_22917 Cervus elaphus hippelaphus 1425 3.8061 2.77E-05
DOMAIN_22919 Colobus angolensis palliatus 1426 2.8609 0.003796
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DOMAIN 22928 Tupaia chinensis 1427 3.0141 0.0015348
DOMAIN_22937 Ursus arctos horribilis 1428 3.0779 0.0032951
DOMAIN_22939 Muntiacus reevesi 1429 3.6187 1.78E-04
DOMAIN_22944 Muntiacus reevesi 1430 3.3908 5.28E-04
DOMAIN_23007 Lynx pardinus 1431 3.7329 1.09E-04
DOMAIN 23009 Saimiri boliviensis boliviensis 1432 3.1269 0.0062706
DOMAIN_23011 Cervus elaphus hippelaphus 1433 3.6236 3.51E-05
DOMAIN_23012 Cervus elaphus hippelaphus 1434 3.6131 2.50E-04
DOMAIN_23013 Cervus elaphus hippelaphus 1435 3.4615 4.85E-04
DOMAIN_23018 Colobus angolensis palliatus 1436 3.4177 2.30E-04
DOMAIN 23039 Saimiri boliviensis boliviensis 1437 2.8829 5.70E-04
DOMAIN 23040 Saimiri boliviensis boliviensis 1438 2.5742 0.0056531
DOMAIN_23041 Vombatus ursinus 1439 3.6194 1.92E-04
DOMAIN_23050 Balacnoptera acutorostrata 1440 2.9754 0.003318

- scammoni

DOMAIN_23082 Mustela putorius furo 1441 3.9481 5.17E-05
DOMAIN_23093 Propithecus coquereli 1442 3.2165 5.48E-04
DOMAIN_23109 Mustela putorius furo 1443 2.9639 0.0019589
DOMAIN_23113 Camelus ferus 1444 3.4612 3.52E-04
DOMAIN_23136 Vicugna pacos 1445 3.285 2.16E-04
DOMAIN 23181 Colobus angolensis palliatus 1446 2.7665 0.0021609
DOMAIN 23196 Odobenus rosmarus divergens 1447 4.3363 3.22E-06
DOMAIN_23200 Ursus americanus 1448 3.755 1.84E-06
DOMAIN_23215 Vombatus ursinus 1449 3.0212 0.0035725
DOMAIN_23217 Vombatus ursinus 1450 4.1674 2.76E-06
DOMAIN 23239 Vicugna pacos 1451 3.0945 0.0090937
DOMAIN_23250 Delphinapterus leucas 1452 2.71 3.14E-04
DOMAIN_23260 Tupaia chinensis 1453 2.7567 0.0029622
DOMAIN 23281 Colobus angolensis palliatus 1454 2.5048 0.0036625
DOMAIN_23286 Mustela putorius furo 1455 3.3651 1.66E-04
DOMAIN_23301 Gulo gulo 1456 2.6839 0.0035226
DOMAIN 23323 Erinaceus europacus 1457 3.2619 0.0031362
DOMAIN_23331 Carlito syrichta 1458 2.8995 5.23E-04
DOMAIN_23336 Carlito syrichta 1459 2239 0.0065533
DOMAIN_23341 Carlito syrichta 1460 2.656 0.0058992
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DOMAIN 23375 Vicugna pacos 1461 3.266 7.64E-04
DOMAIN 23378 Odobenus rosmarus divergens 1462 3.0623 0.0016508
DOMAIN_23419 Gulo gulo 1463 3.5213 741E-04
DOMAIN_23453 Carlito syrichta 1464 2.2331 0.006161
DOMAIN_23454 Carlito syrichta 1465 3.0632 7.96E-04
DOMAIN 23458 Vicugna pacos 1466 2.4232 0.0045857
DOMAIN_23480 Odobenus rosmarus divergens 1467 3.4432 3.38E-04
DOMAIN_23494 Mustela putorius furo 1468 3.847 5.05E-06
DOMAIN_23508 Mustela putorius furo 1469 2.3582 0.0047712
DOMAIN_23513 Tupaia chinensis 1470 3.2927 5.31E-05
DOMAIN 23514 Odobenus rosmarus divergens 1471 3.0166 4.77E-04
DOMAIN_ 23561 Colobus angolensis palliatus 1472 3.2392 0.0021906
DOMAIN_23574 Gulo gulo 1473 2.939 0.0083249
DOMAIN_23575 Erinaceus europaeus 1474 3.4624 0.001589
DOMAIN_23576 Erinaceus europacus 1475 3.8014 2.89E-05
DOMAIN_23590 Odobenus rosmarus divergens 1476 2.8653 0.0052881
DOMAIN 23604 Vicugna pacos 1477 2.6984 0.0046123
DOMAIN_23641 Carlito syrichta 1478 2.6942 0.0081075
DOMAIN_23642 Delphinapterus leucas 1479 3.8829 2.28E-04
DOMAIN_23654 Carlito syrichta 1480 2.337 0.0083622
DOMAIN_23679 Tupaia chinensis 1481 3.7951 5.10E-05
DOMAIN 23680 Vicugna pacos 1482 2.712 0.0034785
DOMAIN 23709 Carlito syrichta 1483 4.545 1.53E-07
DOMAIN_23711 Gulo gulo 1484 2.658 0.0016432
DOMAIN_23721 Carlito syrichta 1485 2.972 0.0022972
DOMAIN_23731 Colobus angolensis palliatus 1486 3.1609 2.35E-04
DOMAIN_23745 Myotis brandtii 1487 3.4544 3.54E-04
DOMAIN_23793 Odobenus rosmarus divergens 1488 2.7573 0.0081197
DOMAIN_23804 Colobus angolensis palliatus 1489 2.3403 0.0086366
DOMAIN_23827 Odobenus rosmarus divergens 1490 2.3013 0.009767
DOMAIN_23854 Gulo gulo 1491 3.838 7.18E-05
DOMAIN 23856 Erinaceus europaeus 1492 3.1072 0.0035694
DOMAIN 23863 Mustela putorius furo 1493 2.8758 0.0085493
DOMAIN_23885 Colobus angolensis palliatus 1494 3.033 0.0034316
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DOMAIN 23895 Mustela putorius furo 1495 2.6148 0.003318
DOMAIN_23898 Mustela putorius furo 1496 2.7383 0.0035921
DOMAIN 23916 Odobenus rosmarus divergens 1497 3.3232 1.63E-04
DOMAIN 23931 Gulo gulo 1498 3.8077 1.49E-05
DOMAIN 23940 Homo sapiens 1499 2.5087 0.0010424
DOMAIN 23953 Muntiacus reevesi 1500 2.4156 0.0075055
DOMAIN_23979 Balacnoptera acutorostrata 1501 4.0461 5.77E-05
= scammoni
DOMAIN 24020 Rhinolophus ferrumequinum 1502 3.1125 1.66E-04
DOMAIN 24028 Ursus arctos horribilis 1503 3.8797 1.53E-07
DOMAIN_24035 Propithecus coquereli 1504 3.2225 0.0017975
DOMAIN_24042 Propithecus coquereli 1505 3.3038 4.75E-06
DOMAIN 24083 Myotis brandtii 1506 3.9804 2.77E-05
DOMAIN 24113 Propithecus coquereli 1507 3.3264 2.89E-04
DOMAIN 24152 Vombatus ursinus 1508 3.3664 0.0022672
DOMAIN_24204 Propithecus coquereli 1509 3.0779 4.60E-04
DOMAIN_ 24212 Pteropus alecto 1510 2.498 0.0034998
DOMAIN_24230 Muntiacus reevesi 1511 3.1832 1.53E-07
DOMAIN_24256 Ursus arctos horribilis 1512 2.7933 0.0018808
DOMAIN 24282 Muntiacus reevesi 1513 2.694 0.0052575
DOMAIN_24306 Propithecus coquereli 1514 3.2084 0.0023952
DOMAIN 24317 Myotis brandtii 1515 3.9767 3.17E-05
DOMAIN 24379 Macaca nemestrina 1516 2.4643 0.0086804
DOMAIN_24393 Propithecus coquereli 1517 3.8008 2.45E-06
DOMAIN 24446 Propithecus coquereli 1518 3.6312 7.27E-05
DOMAIN 24463 Balacnoptera acutorostrata 1519 2.5362 0.007147
- scammoni
DOMAIN_24496 Ursus americanus 1520 3.6403 4.24E-04
DOMAIN_24515 Balaenoptera aculorostrata 1521 3.7358 5.28E-05
= scammoni
DOMAIN_24518 Balaenoptera acutorostrata 1522 3.4135 3.05E-05
- scammoni
DOMAIN_24546 Ursus americanus 1523 3.4262 8.42E-06
DOMAIN 24570 Saimiri boliviensis boliviensis 1524 3.6773 1.45E-05
DOMAIN_24571 Balacnoptera acutorostrata 1525 2.6912 0.0038376
- scammoni
DOMAIN_24600 Ursus americanus 1526 3.156 0.0012483
DOMAIN_24614 Cervus elaphus hippelaphus 1527 2.6295 0.0046463
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DOMAIN_24615 Colobus angolensis palliatus 1528 2.4075 0.0069247
DOMAIN_24653 Cervus elaphus hippelaphus 1529 2.9883 0.0083016
DOMAIN_24677 Lynx pardinus 1530 23115 0.0094713
DOMAIN_24719 Muntiacus reevesi 1531 2.7499 0.005142
DOMAIN_24725 Ursus arctos horribilis 1532 3.4496 4.09E-05
DOMAIN 24771 Mpyotis brandtii 1533 3.3701 0.0025351
DOMAIN_24786 Vombatus ursinus 1534 2.9237 0.0078001
DOMAIN_24788 Vombatus ursinus 1535 2.7694 0.0021557
DOMAIN_24838 Pteropus alecto 1536 2.3323 0.0042954
DOMAIN_24867 Nomascus leucogenys 1537 3.469 2.97E-04
DOMAIN 24903 Ailuropoda melanoleuca 1538 3.0377 0.0030054
DOMAIN 24939 Phascolarctos cinereus 1539 3.3066 6.08E-04
DOMAIN_24947 Ursus maritimus 1540 2.9491 0.0055208
DOMAIN_24975 Muntiacus muntjak 1541 3.2737 0.0069767
DOMAIN_24993 Oryctolagus cuniculus 1542 3.3817 5.00E-04
DOMAIN_25016 Oryctolagus cuniculus 1543 2.9822 0.0034776
DOMAIN_ 25052 Pteropus alecto 1544 2.3634 0.0072024
DOMAIN_25060 Ailuropoda melanoleuca 1545 3.6002 4.82E-04
DOMAIN 25063 Phascolarctos cinereus 1546 2.9436 0.0042752
DOMAIN_25070 Sapajus apella 1547 2.9649 0.0043634
DOMAIN 25091 Phascolarctos cinereus 1548 2.9006 0.0039332
DOMAIN 25094 Phascolarctos cinereus 1549 3.0413 0.0026876
DOMAIN_25106 Canis lupus familiaris 1550 2.8622 0.0075508
DOMAIN_25126 Puma concolor 1551 2.1478 0.005514
DOMAIN_25128 Sapajus apella 1552 2.588 0.0029475
DOMAIN_25131 Sapajus apella 1553 2.592 0.0051895
DOMAIN 25146 Macaca nemestrina 1554 3.629 1.68E-06
DOMAIN_25150 Muntiacus reevesi 1555 3.147 0.0018391
DOMAIN_25157 Myotis brandtii 1556 3.0902 0.0012442
DOMAIN 25194 Macaca nemestrina 1557 2.4613 0.003597
DOMAIN_25204 Panthera pardus 1558 2.7595 0.0027917
DOMAIN 25234 Saimiri boliviensis boliviensis 1559 2.743 0.0042296
DOMAIN_25235 Oryctolagus cuniculus 1560 3.6965 1.76E-05
DOMAIN 25334 Phascolarctos cinereus 1561 2.7501 0.0096299
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DOMAIN_25384 Rhinolophus ferrumequinum 1562 3.5139 8.10E-05
DOMAIN_25389 Ursus maritimus 1563 3.0814 6.54E-04
DOMAIN_25400 Lynx canadensis 1564 22285 3.10E-04
DOMAIN_25410 Puma concolor 1565 2.8699 0.0022843
DOMAIN_25443 Muntiacus reevesi 1566 3.2531 0.0016615
DOMAIN 25534 Ursus maritimus 1567 2.2698 0.0054246
DOMAIN_25554 Panthera pardus 1568 3.0101 0.003898
DOMAIN_25564 Muntiacus reevesi 1569 3.4378 6.04E-04
DOMAIN_25565 Muntiacus reevesi 1570 2.6133 0.0011572
DOMAIN_25623 Ursus maritimus 1571 3.4886 2.91E-06
DOMAIN_25628 Rhinopithecus bieti 1572 2.8332 0.0022213
DOMAIN 25649 Ursus arctos horribilis 1573 3.6884 5.62E-05
DOMAIN_25654 Pteropus alecto 1574 2.2996 0.0031144
DOMAIN_25671 Muntiacus reevesi 1575 3.5244 1.53E-07
DOMAIN_25682 Rhinopithecus bieti 1576 2.5621 0.002108
DOMAIN_25686 Panthera pardus 1577 2.8635 0.0031882
DOMAIN 25726 Pteropus alecto 1578 2.8203 0.0039506
DOMAIN_25741 Sapajus apella 1579 3.7244 1.32E-04
DOMAIN_25780 Rhinopithecus bieti 1580 2.8383 0.0018385
DOMAIN_25807 Puma concolor 1581 3.6511 0.0018679
DOMAIN_25842 Rhinolophus ferrumequinum 1582 3.0942 2.44E-04
DOMAIN 25844 Ursus maritimus 1583 2.5635 0.0037997
DOMAIN_25857 Balacnoptera acutorostrata 1584 2.898 0.0026959

- scammoni

DOMAIN_25865 Vombatus ursinus 1585 3.1027 0.0066133
DOMAIN 25869 Vombatus ursinus 1586 2.3538 0.006932
DOMAIN_25972 Geotrypetes seraphini 1587 3.2178 0.0036689
DOMAIN_25973 Geotrypetes seraphini 1588 2.7804 0.001766
DOMAIN_25996 Geotrypetes seraphini 1589 3.984 1.24E-05
DOMAIN_26010 Geotrypetes seraphini 1590 2.1911 0.008383
DOMAIN 26012 Geotrypetes seraphini 1591 2.3532 9.70E-04
DOMAIN 26044 Geotrypetes seraphini 1592 2.8874 0.0068616
DOMAIN_26103 Geotrypetes seraphini 1593 2.5308 0.0033422
DOMAIN_26127 Geotrypetes seraphini 1594 2.5183 0.00586
DOMAIN_26131 Geotrypetes seraphini 1595 2.4087 0.0068533
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DOMAIN 26134 Geotrypetes seraphini 1596 2.4433 0.0072939
DOMAIN_26163 Geotrypetes seraphini 1597 2.4527 0.0041806
DOMAIN_26177 Geotrypetes seraphini 1598 3.4467 1.27E-05
DOMAIN_26180 Geotrypetes seraphini 1599 3.4522 1.35E-04
DOMAIN_26194 Geotrypetes seraphini 1600 2.8857 0.0031518
DOMAIN 26211 Pelodiscus sinensis 1601 2.6058 0.0064871
DOMAIN_26233 Colinus virginianus 1602 3.6739 1.77E-04
DOMAIN 26236 Pelodiscus sinensis 1603 2.7094 0.003991
DOMAIN_26265 Geotrypetes seraphini 1604 2.5922 3.31E-04
DOMAIN_26268 Geotrypetes seraphini 1605 2.1404 0.0020397
DOMAIN_26292 Geotrypetes seraphini 1606 24722 0.0074388
DOMAIN_26299 Geotrypetes seraphini 1607 2.3704 0.0058481
DOMAIN_26305 Geotrypetes seraphini 1608 3.0107 0.0084216
DOMAIN_26306 Geotrypetes seraphini 1609 2.6178 0.0051922
DOMAIN_26335 Colinus virginianus 1610 4.0965 3.41E-04
DOMAIN 26340 Pelodiscus sinensis 1611 3.1704 0.003352
DOMAIN 26353 Pelodiscus sinensis 1612 3.5785 1.16E-04
DOMAIN_26373 Pseudonaja textilis 1613 3.3204 5.13E-04
DOMAIN_26407 Colinus virginianus 1614 2.9778 0.0049206
DOMAIN 26414 Pelodiscus sinensis 1615 2.9544 0.0089308
DOMAIN 26415 Pelodiscus sinensis 1616 2.5032 0.0035489
DOMAIN 26416 Pelodiscus sinensis 1617 3.6321 4.36E-05
DOMAIN 26417 Pelodiscus sinensis 1618 4.1057 4.46E-05
DOMAIN_26423 Pelodiscus sinensis 1619 3.0169 0.0025697
DOMAIN 26430 Pelodiscus sinensis 1620 2.6946 0.0051824
DOMAIN 26439 Pelodiscus sinensis 1621 3.2468 0.0010568
DOMAIN 26463 Pelodiscus sinensis 1622 2.8812 0.003427
DOMAIN 26469 Pelodiscus sinensis 1623 3.021 5.08E-04
DOMAIN_26496 Geotrypetes seraphini 1624 2.7991 0.0040994
DOMAIN_26501 Geotrypetes seraphini 1625 2.6513 0.0041882
DOMAIN 26518 Geotrypetes seraphini 1626 2.397 0.0087878
DOMAIN_26577 Geotrypetes seraphini 1627 24722 0.0035247
DOMAIN 26634 Gopherus agassizii 1628 2.8182 0.0079972
DOMAIN_26636 Gopherus agassizii 1629 2.6934 0.0090052
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DOMAIN_26660 Phasianus colchicus 1630 3.201 4.90E-04
DOMAIN_26679 Paroedura picta 1631 2.6033 0.001326
DOMAIN_26780 Meleagris gallopavo 1632 3.1696 0.0031591
DOMAIN_26783 Meleagris gallopavo 1633 3.2848 0.0020241
DOMAIN_26795 Meleagris gallopavo 1634 3.3538 0.001228
DOMAIN_26800 Meleagris gallopavo 1635 3.8197 1.62E-04
DOMAIN 26803 Aquila chrysaetos chrysaetos 1636 3.4265 0.001246
DOMAIN_26852 Mus musculus 1637 2.8783 0.0025253
DOMAIN_26853 Mus musculus 1638 3.6235 7.59E-04
DOMAIN_26886 Homo sapiens 1639 3.3209 0.0016312
DOMAIN_26925 Alligator sinensis 1640 3.2248 0.0036928
DOMAIN_26999 Xenopus laevis 1641 3.4317 4.75E-06
DOMAIN_27032 Alligator mississippiensis 1642 3.4805 0.0019423
DOMAIN_27285 Peromyscus maniculatus bairdii 1643 3.092 5.16E-04
DOMAIN_27498 Sus scrofa 1644 2.9278 0.0029754
DOMAIN_27521 Suricata suricatta 1645 2.7447 0.0010703
DOMAIN 27563 Muntiacus muntjak 1646 3.6292 6.63E-05
DOMAIN_27566 Muntiacus muntjak 1647 2.7825 0.0020795
DOMAIN_27579 Muntiacus muntjak 1648 3.8878 7.50E-06
DOMAIN_27581 Canis lupus familiaris 1649 2.4582 0.0090172
DOMAIN_27639 Macaca fascicularis 1650 2452 0.0032574
DOMAIN 27642 Puma concolor 1651 2.8615 0.0015287
DOMAIN_27690 Myotis lucifugus 1652 3.1465 0.0012118
DOMAIN 27705 Phascolarctos cinereus 1653 2.5921 0.0030483
DOMAIN_27759 Bos taurus 1654 22124 0.0070756
DOMAIN_27767 Callithrix jacchus 1655 2.2153 0.0023952
DOMAIN 27777 Odocoileus virginianus texanus 1656 2.6766 0.0067364
DOMAIN 27784 Ovis aries 1657 2.1631 0.0040915
DOMAIN_27809 Cebus imitator 1658 2.8715 0.0025161
DOMAIN_27827 Vulpes vulpes 1659 3.1318 2.13E-05
DOMAIN_27833 Callithrix jacchus 1660 3.0164 4.27E-04
DOMAIN_27866 Orangutan 1661 2.9226 0.0029981
DOMAIN 27886 Bison bison bison 1662 2.735 0.0036356
DOMAIN_27902 Vulpes vulpes 1663 2.9068 0.0039341
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DOMAIN_27988 Camelus dromedarius 1664 2.5381 0.0015476
DOMAIN_28051 Neomonachus schauinslandi 1665 2.4353 0.0018581
DOMAIN_28071 Enhydra lutris kenyoni 1666 3.2938 2.61E-04
DOMAIN_28085 Enhydra lutris kenyoni 1667 2.2962 0.0029074
DOMAIN 28103 Physeter macrocephalus 1668 2.4116 0.009594
DOMAIN 28118 OwlMonkey 1669 3.1049 0.0027807
DOMAIN_28158 Odocoileus virginianus texanus 1670 3.0762 0.0016156
DOMAIN_28164 Callithrix jacchus 1671 2.7356 0.0064115
DOMAIN_28299 Capra hircus 1672 3.5584 6.41E-05
DOMAIN_28309 Pteropus vampyrus 1673 3.5338 3.28E-04
DOMAIN_28335 Bonobo 1674 3.3013 2.50E-04
DOMAIN 28341 Homo sapiens 1675 2.7008 5.14E-04
DOMAIN_28417 Gulo gulo 1676 2.5366 5.02E-04
DOMAIN_28421 Erinaceus europaeus 1677 3.0763 0.0038713
DOMAIN_28507 Muntiacus reevesi 1678 3.2874 8.76E-04
DOMAIN_28513 Propithecus coquereli 1679 2.3747 0.0050076
DOMAIN 28533 Propithecus coquereli 1680 27575 0.0031303
DOMAIN_28588 Rhinolophus ferrumequinum 1681 2.6131 0.0030648
DOMAIN_28619 Rhinolophus ferrumequinum 1682 2.6504 0.0027237
DOMAIN 28823 Microcaecilia unicolor 1683 2.331 0.0078575
DOMAIN_28845 Camelus ferus 1684 3.0175 0.0017733
DOMAIN 28929 Mus musculus 1685 3.1025 6.70E-04
DOMAIN_29066 Xenopus tropicalis 1686 2.6393 3.67E-04
DOMAIN_29164 Chelonia mydas 1687 2.1345 0.0029635
DOMAIN_29260 Peromyscus maniculatus bairdii 1688 2.5127 0.0074146
DOMAIN 29339 Mesocricetus auratus 1689 2.9581 0.0028165
DOMAIN 29377 Mesocricetus auratus 1690 2.672 0.0070692
DOMAIN 29426 Mus caroli 1691 2.0491 6.64E-04
DOMAIN_29434 Mus caroli 1692 22707 0.005184
DOMAIN_29467 Mus caroli 1693 3.4689 5.79E-05
DOMAIN_29471 Cricetulus griseus 1694 3.1911 4.18E-05
DOMAIN 29511 Peromyscus maniculatus bairdii 1695 3.4739 7.00E-05
DOMAIN_ 29614 Peromyscus maniculatus bairdii 1696 3.4528 1.82E-04
DOMAIN 29616 Mesocricetus auratus 1697 2.2807 0.0035376
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DOMAIN_29765 Erinaceus europaeus 1698 3.3038 9.79E-04
DOMAIN_29900 Nomascus leucogenys 1699 2.1583 0.0098463
DOMAIN_30185 Rhinopithecus roxellana 1700 3.0766 5.83E-05
DOMAIN_30211 Bison bison bison 1701 2.3322 0.0023122
DOMAIN_30236 Callithrix jacchus 1702 2.7293 0.0021744
DOMAIN 30329 Rhesus 1703 2.1216 0.0099018
DOMAIN_30783 Chimp 1704 2.952 0.001698
DOMAIN_31235 Vicugna pacos 1705 22828 0.0067045
DOMAIN_31340 Homo sapiens 1706 2.8261 0.0021028
DOMAIN_31383 Propithecus coquereli 1707 2.1919 0.0087058
DOMAIN_31638 Balaenoptera acutorostrata 1708 2.0254 0.0036297

- scammoni
DOMAIN_31798 Notechis scutatus 1709 4.8007 7.82E-04
DOMAIN_31935 Rhinolophus ferrumequinum 1710 3.5544 0.0084786
DOMAIN 32127 Human 1711 3.7547 2.62E-05
DOMAIN 32145 Human 1712 3.1866 1.67E-05
DOMAIN_32146 Human 1713 2.7628 0.0016129
DOMAIN_32159 Human 1714 27874 0.0021753
DOMAIN_32215 Human 1715 3.2653 0.001461
DOMAIN_32223 Human 1716 2.8836 0.0068873
DOMAIN 32255 Human 1717 3.8237 1.39E-05
DOMAIN_32279 Human 1718 2.4917 0.0060199
DOMAIN_32286 Human 1719 2.8921 0.0070992
DOMAIN_32312 Human 1720 29151 0.0030308
DOMAIN_32321 Human 1721 3.0441 0.0040854
DOMAIN 32327 Human 1722 3.1024 0.0044212
DOMAIN 32334 Human 1723 28117 0.0015241
DOMAIN_32351 Human 1724 2.0727 0.0036362
DOMAIN_32386 Human 1725 3.5521 3.87E-04
DOMAIN_32390 Human 1726 3.757 4.30E-05

[0551] The repressor domain with the highest log (fold change) was derived from the king
cobra, Ophiophagus hannah (DOMAIN 26749; SEQ ID NO: 135). Surprisingly, this sequence
was highly divergent from human KRAB domains (with only 41% sequence identity) and was

grouped in a sequence cluster of poor repressor domains.
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[0552] To verify that the domains identified in the selection supported transcriptional
repression in an independent assay, representative members of the top 95 and 1597 repressor
domains were used to generate dXR constructs, and their ability to repress transcription of the
B2M locus was tested. As shown in FIG. 55, seven days after transduction, dXRs with all but
one of the representative top 95 or 1597 repressor domains tested repressed B2M to a greater
extent than did the dXR with the ZNF10 KRAB domain. As shown in FIG. 56, ten days after
transduction, the majority of the dXRs with representative top 95 or 1597 repressor domains
tested repressed B2M to a greater extent than did ZNF10 or ZIM3. dXR repression of a target
locus tends to deteriorate over time, and ten days following transduction is believed to be a
relatively late timepoint for measuring dXR repression. Therefore, it is particularly notable that
many of the dXR constructs with repressor domains in the top 95 and 1597 were able to repress
B2M to a greater extent than dXR with KRAB domains derived from ZNF10 or ZIM3 as late as
ten days following transduction.

[0553] To further understand the basis of the superior ability of the identified repressor
domains to repress transcription, protein sequence motifs were identified from the top 1597
repressor domains using the STREME algorithm. Specifically, five motifs (motifs 1-5) were
generated by comparing the amino acid sequences of the top 1597 repressor domains to a
negative training set of 1506 repressor domains with p-values less than 0.01, and logz (fold
change) values less than 0. Logos of motifs 1-5 are provided in FIGS. 57A, 57B, 57C, 57D, and
S7E. In addition, four motifs (motifs 6-9) were generated by comparing the top 1597 repressor
domains to shuffled sequences derived from the 1597 repressor domain sequences. Logos of
motifs 6-9 are provided in FIGS. 57F, 57G, 57H, and 571

[0554] Table 55, below, provides the p-value, E-value (a measure of statistical significance),
and number and percentage of sequences matching the motif in the top 1597 repressor domains
for each of the nine motifs, as calculated by STREME. Table 56 provides the sequences of each
motif, showing the amino acid residues present at each position within the motifs (from N- to C-

terminus).

Table 55: Characteristics of protein sequence motifs of top 1597 repressor domains

Number and percentage of sites matching

Motif ID P-value E-value motif in top 1597 repressor domains

Motifs generated compared to a negative training set

3.7¢-014 7.1e-013 1158 (72.5%)

[\ R

3.4e-012 6.4e-011 978 (61.2%)
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Motif TD P-value F-value Numbgr .and percentage of sites maching
motif in top 1597 repressor domains

3 7.5e-010 1.4e-008 1017 (63.7%)

4 7.0e-008 1.3e-006 987 (61.8%)

5 1.7e-007 3.3e-006 678 (42.5%)

Motifs generated compared to shuffled sequences

6 1.2e-048 1.5e-047 1597 (100.0%)

7 1.2e-048 1.5e-047 1597 (100.0%)

8 1.3e-042 1.6e-041 1377 (86.2%)

9 2.1e-040 2.7e-039 1483 (92.9%)

Table 56: Sequences of protein sequence motifs of top 1597 repressor domains

. .. Amino acid residues . .. Amino .acid residues
Moti | Position . o Moti | Position with >5%
fID | in motif with > S A) . fID | in motif representation in

representation in motif motif
Motifs generated compared to a negative Motifs generated compared to shuffled
fraining set sequences
1 P 1 L
2 A,D,E N 2 Y
3 L,V 3 K,R
4 LV 4 D,E
1 5 S,T,F 5 \Y%
6 HKLQRW 6 M
7 LM 7 L,Q,R
8 E 6 8 E
9 G K, QR 9 N, T
1 L,V 10 F.Y
2 A G LTV 11 AE, G QR,S
3 AF, S 12 H,L,N
4 L,V 13 L,V
5 5 G 14 AGLLTV
6 CCEFEHLLY 15 AF S
7 A C,P Q, 1 F
8 AF,GLS V 2 A E G K, R
9 AP ST 3 D
10 K,R 4 \Y
1 Q 5 A S, T
2 K,R 6 LV
3 A,D,E.G, N, S, T 7 7 D,EN, Y
4 L 8 F
3 5 Y 9 S, T
6 R 10 E,L,P,Q,R, W
7 D,E, S 11 D,E
8 \% 12 E
9 M 13 i
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. .. Amino acid residues . .. Amino 'acid residues

Moti | Position . Moti | Position with >5%

. . with >5% . . Lo
fID | in motif L . fID | in motif representation in

representation in motif .
motif

10 L R 14 A E G, QR

1 A LPS 1 K,R

2 L.V 2

3 S, T 3 A,D,E,N

4 F 4 LLMYV

5 A E G K, R 5 LV

6 D 6 F. S, T

7 \% 7 HKLQRW
4 8 AT 8 8 L

9 LV 9 E

10 D E N Y 10 K,Q,R

11 F 11 E,G,R

12 S, T 12 D, E K

13 E,P,Q R W 13 A, D, E

14 E,N 14 L,P

15 E,Q 15 C,W

1 E,.G,R 1 C.HL QW

2 E K 2 L

3 A D E 3 D,G,N,R S

4 P 9 4 L PST

5 C.W 5 A S, T
5 6 LK,LLMT YV 6 Q

7 LL PV 7 K, R

8 D, E K,V 8 A D,EK,N, S T

9 E,G, K,P,R

10 A,D,R, GK, QV

11 D.E,G, ILL R, SV

[0555] Notably, motifs 6 and 7 were present in 100% of the top 1597 repressor domains.
Many of the highly conserved positions in motif 6 (e.g., amino acid residues L1, Y2, V5, M6,
and E8) are known to form an interface with Trim28 (also known as Kap1), which is responsible
for recruiting transcriptional repressive machinery to a locus. Similarly, residues in motif 7 (D3,
V4, E11, E12) all contribute to Trim28 recruitment. It is believed that many of the amino acid
residues identified as enriched in the top repressor domains strengthen Trim28 recruitment.
Notably, some of these residues are absent in commonly used KRAB domains. Specifically, in
the site in ZNF10 that matches motif 6, the residue at the first position is a valine instead of a
leucine. In the site in ZIM3 that matches motif 7, the residue at position 11 is a glycine instead

of a glutamic acid. Many of the other motifs described above that are not present in all KRAB
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domains may represent additional and novel mechanisms of repression that are specific to
sequence clusters of repressor domains with homology to KRAB domains.

[0556] Taken together, the experiments described herein have identified a suite of non-human
transcriptional repressor domains that are effective for promoting transcriptional repression in
the context of a dXR molecule. These domains repressed transcription to a greater extent than
ZNF10 and ZIM3. Finally, protein sequence motifs were identified that are associated with the

domains that were the strongest transcriptional repressors.

Example 18: Members of the top 95 repressor domains increase LTRPS activity

[0557] As described in Example 17, non-human repressor domains were identified that
resulted in enhanced repression in the context of dXR constructs. Here, experiments were
performed to test whether the enhanced repressor domains identified in Example 17 were also
superior transcriptional repressors in the context of LTRPS.

Materials and Methods:

[0558] Representative repressor domains identified in Example 17 and determined to be
members of the top 95 performing repressors (Table 65) were cloned into an LTRPS construct
without the DNMT3A ADD domain (FIG. 1). The LTRPS constructs were constructed as
described in Example 13 (Table 45), except that an SV40 NLS was present downstream of the
repressor domains. An LTRPS molecule with a ZIM3 KRAB domain was used as a control. A
separate plasmid was used to encode guide scaffold 316 (SEQ ID NO: 1746) with spacer 7.165
(UCCCUAUGUCCUUGCUGUUU; SEQ ID NO: 3114) targeting the B2M locus. Additional
controls included a dXR molecule with a ZIM3 KRAB domain with a gRNA having scaffold
316 and spacer 7.165, and LTRPS and dXR molecules with the ZIM3 KRAB and a non-
targeting gRNA. Spacer 7.165 was chosen because it is known to be a relatively inefficient
spacer, which would therefore increase the dynamic range of the assay for discerning differences
between the various LTRP molecules tested.

[0559] HEK293T cells were transfected as described in Example 14, except that the cells were
transfected with 50 ng each of a plasmid encoding the LTRP construct and a plasmid encoding
the gRNA. Repression analysis was conducted by analyzing B2M protein expression via HLA
immunostaining followed by flow cytometry as described in Example 13. 72 of the 95 top
repressor domains were assessed together in one experiment where B2M expression was

measured at 7, 14, 19, and 26 days after transfection, and the data shown in Tables 57-60. For

273



WO 2023/240076 PCT/US2023/067987

the remaining 24 repressor domains assessed in a second experiment, B2M expression was
measured at 6, 13, 20, and 27 days after transfection, and the data are shown in Tables 61-64. A
construct encoding catalytically-active CasX 491, paired with the B2M-targeting spacer 7.37
(SEQ ID NO: 3137) was also included as a control.

Results:

[0560] The results of the B2M assay are provided in Tables 57-64, below.

Table 57. Levels of B2M repression mediated by dXR and LTRP constructs with various

repressor domains quantified at 7 days post-transfection.

Repressor Repressor Mean % HLA- Standard .
construct domain Spacer negative cells deviation Sample size

dXR ZIM3 NT 7347 1.955 15
LTRP5 ZIM3 NT 5.619 2.520 15

dXR ZIM3 7.165 6.334 1.335 14
LTRP5 | DOMAIN 11029 7.165 33.467 1.290 3
LTRP5 DOMAIN_4968 7.165 30.133 2.804 3
LTRP5 | DOMAIN 27811 7.165 22.633 0.643 3
LTRP5 DOMAIN_5066 7.165 37.833 1.026 3
LTRP5 | DOMAIN 15126 7.165 30.333 0.306 3
LTRP5 | DOMAIN 17358 7.165 27.167 3.062 3
LTRP5 DOMAIN 8503 7.165 29.700 0.889 3
LTRP5 | DOMAIN 11486 7.165 36.667 1.320 3
LTRP5 | DOMAIN 28803 7.165 30.367 0.902 3
LTRP5 | DOMAIN 17317 7.165 25.933 0.586 3
LTRP5 | DOMAIN 24125 7.165 32.667 1.290 3
LTRP5 DOMAIN 8853 7.165 48.100 4.458 3
LTRP5 | DOMAIN_ 19949 7.165 31.967 2511 3
LTRPS DOMAIN 737 7.165 41467 3.258 3
LTRP5 | DOMAIN 16444 7.165 36.367 1.704 3
LTRP5 | DOMAIN 11386 7.165 35.633 1.677 3
LTRP5 | DOMAIN 27506 7.165 39.467 1.504 3
LTRP5 | DOMAIN 10331 7.165 38.300 1.308 3
LTRP5 | DOMAIN 13539 7.165 40.800 2307 3
LTRP5 DOMAIN 2380 7.165 41.100 1.277 3
LTRP5 | DOMAIN 18258 7.165 29.133 0.777 3
LTRP5 | DOMAIN 23723 7.165 33.400 2.170 3
LTRP5 | DOMAIN_ 16806 7.165 35.667 1.450 3
LTRP5 | DOMAIN 18216 7.165 41.400 0.819 3
LTRP5 | DOMAIN 17432 7.165 43.967 0.907 3
LTRP3 DOMAIN_4806 7.165 36.767 1.747 3
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Repressor Repressor Mean % HLA- Standard .
construct domain Spacer negative cells deviation Sample size

LTRP5 | DOMAIN 25379 7.165 46.467 3.868 3
LTRP5 | DOMAIN 16643 7.165 41.133 1.206 3
LTRP5 DOMAIN 21603 7.165 34367 0.404 3
LTRP5 DOMAIN 21247 7.165 37.867 2219 3
LTRP5 | DOMAIN 28640 7.165 39.900 1.277 3
LTRP5 ZIM3 7.165 31.940 1.637 15
LTRP5 DOMAIN 14659 7.165 37.933 1.767 3
LTRP5 DOMAIN 6248 7.165 36.000 2352 3
LTRP5 DOMAIN 11348 7.165 38.433 1.286 3
LTRP5 DOMAIN 19229 7.165 33.967 0.321 3
LTRP5 | DOMAIN 17759 7.165 43233 0.924 3
LTRP5 | DOMAIN 24663 7.165 39433 6.048 3
LTRP5 DOMAIN 18137 7.165 44.033 0.404 3
LTRP5 DOMAIN 13331 7.165 38.700 2.163 3
LTRP3 DOMAIN_6807 7.165 39.500 0.436 3
LTRP5 DOMAIN 16688 7.165 41.800 0.265 3
LTRP5 DOMAIN 26322 7.165 42.767 4.661 3
LTRP3 DOMAIN_6802 7.165 45767 1.888 3
LTRP5 DOMAIN 22270 7.165 32.500 1.100 3
LTRP5 DOMAIN_7255 7.165 43.567 0451 3
LTRP5 DOMAIN 5463 7.165 32533 0.404 3
LTRP5 | DOMAIN 12631 7.165 40.300 0.624 3
LTRP5 DOMAIN_9960 7.165 43967 2.363 3
LTRP5 DOMAIN_6445 7.165 45.667 2.730 3
LTRP5 | DOMAIN 23394 7.165 40.733 2285 3
LTRP5 DOMAIN 10948 7.165 42.733 0.924 3
LTRP5 DOMAIN 19804 7.165 42.067 1.914 3
LTRP3 DOMAIN_ 5290 7.165 43.400 1.136 3
LTRP5 DOMAIN 24458 7.165 43567 1.332 3
LTRP5 DOMAIN 19896 7.165 43.600 0.624 3
LTRP5 | DOMAIN 21755 7.165 38.667 1.498 3
LTRP5 DOMAIN_8790 7.165 34.900 0.608 3
LTRP5 DOMAIN_3881 7.165 43533 1.858 3
LTRP5 DOMAIN 14755 7.165 37.350 0.071 2
LTRP5 | DOMAIN 20505 7.165 45367 0.569 3
LTRP3 DOMAIN 9114 7.165 43.267 1.501 3
LTRP5 DOMAIN 13468 7.165 43.700 1.572 3
LTRPS5 | DOMAIN 11683 7.165 40267 0.153 3
LTRP5 DOMAIN 22153 7.165 46.833 0.643 3
LTRP5 DOMAIN 25289 7.165 38.533 0.945 3
LTRP5 | DOMAIN 17905 7.165 36.933 1.447 3
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Repressor Repressor Mean % HLA- Standard .
construct domain Spacer negative cells deviation Sample size

LTRP5 DOMAIN 221 7.165 43433 0.751 3
LTRP3 DOMAIN_7694 7.165 52.400 0.436 3
LTRP5 DOMAIN 15507 7.165 44.067 0.907 3
LTRP5 DOMAIN 29304 7.165 51.700 1.400 3
LTRPS | DOMAIN 10123 7.165 47.833 0.666 3
LTRP5 DOMAIN 30173 7.165 53.900 0.100 3

Table 58. Levels of B2M repression mediated by dXR and LTRP constructs with various

repressor domains quantified at 14 days post-transfection.

Repressor Repressor Mean % HLA- Standard .
construct domain Spacer negative cells deviation Sample size

dXR ZIM3 NT 1.768 0.862 15
LTRP5 ZIM3 NT 2.902 0.966 15

dXR ZIM3 7.165 3.397 3.091 15
LTRP5 DOMAIN 11029 7.165 14.667 1.620 3
LTRP5 DOMAIN 4968 7.165 18.933 1.557 3
LTRP5 | DOMAIN 27811 7.165 15.100 0.854 3
LTRP5 DOMAIN_5066 7.165 21.133 1.286 3
LTRP5 DOMAIN 15126 7.165 18.767 2.060 3
LTRP5 | DOMAIN 17338 7.165 16.667 1.815 3
LTRP5 DOMAIN 8503 7.165 17.367 1.582 3
LTRP5 DOMAIN 11486 7.165 21.567 2.401 3
LTRPS5 | DOMAIN 28803 7.165 20.533 0.666 3
LTRP3 DOMAIN 17317 7.165 18.833 1.358 3
LTRP5 DOMAIN 24125 7.165 23.767 0.321 3
LTRP3 DOMAIN 8853 7.165 25.250 0212 2
LTRP3 DOMAIN 19949 7.165 23.633 1.767 3
LTRP5 DOMAIN 737 7.165 26.767 2.589 3
LTRP5 | DOMAIN 16444 7.165 25.267 0.862 3
LTRP5 | DOMAIN 11386 7.165 26.800 1.868 3
LTRP5 DOMAIN 27506 7.165 26.267 1.501 3
LTRP5 | DOMAIN 10331 7.165 25.733 1.286 3
LTRP5 | DOMAIN 13539 7.165 28.700 2.152 3
LTRP5 DOMAIN 2380 7.165 27.533 1.858 3
LTRP5 DOMAIN 18258 7.165 21.967 0.777 3
LTRP5 | DOMAIN 23723 7.165 23.333 1.501 3
LTRP5 DOMAIN 16806 7.165 26.367 2.060 3
LTRP5 DOMAIN 18216 7.165 27.667 1.358 3
LTRPS5 | DOMAIN 17432 7.165 29.433 0.462 3
LTRP5 DOMAIN_4806 7.165 25.500 2272 3
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Repressor Repressor Mean % HLA- Standard .
construct domain Spacer negative cells deviation Sample size
LTRP5 | DOMAIN 25379 7.165 29.450 2.051 2
LTRP5 | DOMAIN 16643 7.165 26.333 1.890 3
LTRP5 DOMAIN 21603 7.165 31.367 4219 3
LTRP5 DOMAIN 21247 7.165 29.467 0.651 3
LTRP5 | DOMAIN 28640 7.165 28.133 1.350 3
LTRP5 ZIM3 7.165 25.287 1.914 15
LTRP5 DOMAIN 14659 7.165 28.167 2.676 3
LTRP5 DOMAIN 6248 7.165 25433 0.115 3
LTRP5 DOMAIN 11348 7.165 29.433 2.501 3
LTRP5 DOMAIN 19229 7.165 25.367 1.656 3
LTRP5 | DOMAIN 17759 7.165 29.867 1.250 3
LTRP5 | DOMAIN 24663 7.165 30.500 1.323 3
LTRP5 DOMAIN 18137 7.165 28.967 0.839 3
LTRP5 DOMAIN 13331 7.165 29.333 1.701 3
LTRP3 DOMAIN_6807 7.165 28.133 0.208 3
LTRP5 DOMAIN 16688 7.165 29.667 0.153 3
LTRP5 DOMAIN 26322 7.165 30.033 8.565 3
LTRP3 DOMAIN_6802 7.165 30.900 1.670 3
LTRP5 DOMAIN 22270 7.165 26.967 2.967 3
LTRP5 DOMAIN_7255 7.165 31.500 2.536 3
LTRP5 DOMAIN 5463 7.165 24.167 1.358 3
LTRP5 | DOMAIN 12631 7.165 31.967 2.108 3
LTRP5 DOMAIN_9960 7.165 31.900 1.493 3
LTRP5 DOMAIN_6445 7.165 34,533 1.484 3
LTRP5 | DOMAIN 23394 7.165 25.767 0.666 3
LTRP5 DOMAIN 10948 7.165 34.267 1.750 3
LTRP5 DOMAIN 19804 7.165 32.567 2212 3
LTRP3 DOMAIN_5290 7.165 34.967 2.810 3
LTRP5 DOMAIN 24458 7.165 30.433 1.762 3
LTRP5 DOMAIN 19896 7.165 32.200 0.954 3
LTRP5 | DOMAIN 21755 7.165 27.867 3.630 3
LTRP5 DOMAIN_8790 7.165 25.033 0.058 3
LTRP5 DOMAIN_3881 7.165 27.533 0.987 3
LTRP5 DOMAIN 14755 7.165 29.867 0.404 3
LTRP5 | DOMAIN 20505 7.165 35.733 1.150 3
LTRP3 DOMAIN 9114 7.165 34.467 0.981 3
LTRP5 DOMAIN 13468 7.165 28.633 1.721 3
LTRPS5 | DOMAIN 11683 7.165 32.333 0.757 3
LTRP5 DOMAIN 22153 7.165 34.533 3.592 3
LTRP5 DOMAIN 25289 7.165 30.467 2.495 3
LTRP5 | DOMAIN 17905 7.165 32.800 0.529 3
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Repressor Repressor Mean % HLA- Standard .
construct domain Spacer negative cells deviation Sample size

LTRP5 DOMAIN 221 7.165 33.233 1.012 3
LTRP3 DOMAIN_7694 7.165 42.367 1.531 3
LTRP5 DOMAIN 15507 7.165 34.600 2.600 3
LTRP5 DOMAIN 29304 7.165 42.067 2.948 3
LTRPS | DOMAIN 10123 7.165 39.667 2.984 3
LTRP5 DOMAIN 30173 7.165 49167 1.266 3

Table 59. Levels of B2M repression mediated by dXR and LTRP constructs with various

repressor domains quantified at 19 days post-transfection.

Repressor Repressor Mean % HLA- Standard .
construct domain Spacer negative cells deviation Sample size

dXR ZIM3 NT 7.326 4.796 15
LTRP5 ZIM3 NT 6.060 4855 15

dXR ZIM3 7.165 10.038 10.782 15
LTRP5 DOMAIN 11029 7.165 10.257 1.970 3
LTRP5 DOMAIN 4968 7.165 14.333 2579 3
LTRP5 | DOMAIN 27811 7.165 13.200 1212 3
LTRP5 DOMAIN_5066 7.165 15.800 0.781 3
LTRP5 DOMAIN 15126 7.165 17.133 1.097 3
LTRP5 | DOMAIN 17338 7.165 22.700 2.364 3
LTRP5 DOMAIN 8503 7.165 12.267 2.285 3
LTRP5 DOMAIN 11486 7.165 16.600 2.138 3
LTRPS5 | DOMAIN 28803 7.165 15.200 0.300 3
LTRP3 DOMAIN 17317 7.165 17.267 1.026 3
LTRP5 DOMAIN 24125 7.165 19.700 1.652 3
LTRP3 DOMAIN 8853 7.165 21.333 3.842 3
LTRP3 DOMAIN 19949 7.165 16.600 1.082 3
LTRP5 DOMAIN 737 7.165 19.367 1.168 3
LTRP5 | DOMAIN 16444 7.165 20433 2.026 3
LTRP5 | DOMAIN 11386 7.165 19.333 0.924 3
LTRP5 DOMAIN 27506 7.165 23.300 1.970 3
LTRP5 | DOMAIN 10331 7.165 22.800 2.007 3
LTRP5 | DOMAIN 13539 7.165 24.267 2.150 3
LTRP5 DOMAIN 2380 7.165 25.067 3.668 3
LTRP5 DOMAIN 18258 7.165 21.467 2.344 3
LTRP5 | DOMAIN 23723 7.165 20.367 3.329 3
LTRP5 DOMAIN 16806 7.165 22.267 1.656 3
LTRP5 DOMAIN 18216 7.165 22.200 2.193 3
LTRPS5 | DOMAIN 17432 7.165 25.967 0.404 3
LTRP5 DOMAIN_4806 7.165 20.133 2593 3
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Repressor Repressor Mean % HLA- Standard .
construct domain Spacer negative cells deviation Sample size

LTRP5 | DOMAIN 25379 7.165 26.400 4583 3
LTRP5 | DOMAIN 16643 7.165 24.733 2.205 3
LTRP5 DOMAIN 21603 7.165 24.500 5.186 3
LTRP5 DOMAIN 21247 7.165 23.667 1.002 3
LTRP5 | DOMAIN 28640 7.165 26.767 3.880 3
LTRP5 ZIM3 7.165 22.520 3.682 15
LTRP5 DOMAIN 14659 7.165 26.067 3.386 3
LTRP5 DOMAIN 6248 7.165 26.833 4.140 3
LTRP5 DOMAIN 11348 7.165 24.400 2.476 3
LTRP5 DOMAIN 19229 7.165 23.133 1.858 3
LTRP5 | DOMAIN 17759 7.165 27.667 0.902 3
LTRP5 | DOMAIN 24663 7.165 26.667 5.493 3
LTRP5 DOMAIN 18137 7.165 23.967 1.206 3
LTRP5 DOMAIN 13331 7.165 23.367 1.626 3
LTRP3 DOMAIN_6807 7.165 23.700 0.265 3
LTRP5 DOMAIN 16688 7.165 26.367 1.930 3
LTRP5 DOMAIN 26322 7.165 25.367 8.700 3
LTRP3 DOMAIN_6802 7.165 45967 33.520 3
LTRP5 DOMAIN 22270 7.165 21.133 0.709 3
LTRP5 DOMAIN_7255 7.165 30.267 2.103 3
LTRP5 DOMAIN 5463 7.165 18.033 1.893 3
LTRP5 | DOMAIN 12631 7.165 29.100 2516 3
LTRP5 DOMAIN_9960 7.165 29.067 3.134 3
LTRP5 DOMAIN_6445 7.165 31.267 2.040 3
LTRP5 | DOMAIN 23394 7.165 25.267 2.957 3
LTRP5 DOMAIN 10948 7.165 29.400 1.473 3
LTRP5 DOMAIN 19804 7.165 26.400 1.442 3
LTRP3 DOMAIN_5290 7.165 29.133 1.021 3
LTRP5 DOMAIN 24458 7.165 25.600 2.500 3
LTRP5 DOMAIN 19896 7.165 28.600 1.997 3
LTRP5 | DOMAIN 21755 7.165 30.233 1.185 3
LTRP5 DOMAIN_8790 7.165 20.733 0.723 3
LTRP5 DOMAIN_3881 7.165 34.400 3.378 3
LTRP5 DOMAIN 14755 7.165 25.000 1.700 3
LTRP5 | DOMAIN 20505 7.165 33.800 2.095 3
LTRP3 DOMAIN 9114 7.165 28.533 0.961 3
LTRP5 DOMAIN 13468 7.165 31.333 3.580 3
LTRPS5 | DOMAIN 11683 7.165 29.533 2219 3
LTRP5 DOMAIN 22153 7.165 32.167 3.383 3
LTRP5 DOMAIN 25289 7.165 31.233 1.890 3
LTRP5 | DOMAIN 17905 7.165 40.933 5.052 3
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Repressor Repressor Mean % HLA- Standard .

construct domain Spacer negative cells deviation Sample size
LTRP5 DOMAIN 221 7.165 33.933 1.662 3
LTRP3 DOMAIN_7694 7.165 38.067 2.003 3
LTRP5 DOMAIN 15507 7.165 31.633 3.609 3
LTRP5 DOMAIN 29304 7.165 36.900 4.424 3
LTRPS | DOMAIN 10123 7.165 45250 0212 2
LTRP5 DOMAIN 30173 7.165 42.200 1.414 2

Table 60. Levels of B2M repression mediated by dXR and LTRP constructs with various

repressor domains quantified at 26 days post-transfection.

Repressor Repressor Mean % HLA- Standard .
construct domain Spacer negative cells deviation Sample size

dXR ZIM3 NT 3.113 3.228 15
LTRP5 ZIM3 NT 4327 3.294 15

dXR ZIM3 7.165 6.341 4981 15
LTRP5 DOMAIN 11029 7.165 8.727 0.401 3
LTRP3 DOMAIN_4968 7.165 9.963 0.616 3
LTRP5 | DOMAIN 27811 7.165 10.480 1.753 3
LTRP5 DOMAIN_5066 7.165 11.633 1.790 3
LTRP5 DOMAIN 15126 7.165 11.897 2.133 3
LTRP5 | DOMAIN 17338 7.165 12.700 2.022 3
LTRP5 DOMAIN 8503 7.165 13.000 1.480 3
LTRP5 DOMAIN 11486 7.165 13.300 2.762 3
LTRPS5 | DOMAIN 28803 7.165 13.433 1.626 3
LTRP3 DOMAIN 17317 7.165 14333 2.346 3
LTRP5 DOMAIN 24125 7.165 14967 0.961 3
LTRP5 DOMAIN 8853 7.165 15.333 1.531 3
LTRP3 DOMAIN 19949 7.165 15.600 1.082 3
LTRP5 DOMAIN 737 7.165 16.600 1.127 3
LTRP5 | DOMAIN 16444 7.165 17.067 0.833 3
LTRP5 | DOMAIN 11386 7.165 17.633 1.270 3
LTRP5 DOMAIN 27506 7.165 17.667 1.450 3
LTRP5 | DOMAIN 10331 7.165 18.033 2.055 3
LTRP5 | DOMAIN 13539 7.165 18.100 2.390 3
LTRP5 DOMAIN 2380 7.165 18.133 0.723 3
LTRP5 DOMAIN 18258 7.165 18.200 1.852 3
LTRP5 | DOMAIN 23723 7.165 18.667 1.290 3
LTRP5 DOMAIN 16806 7.165 18.800 2.718 3
LTRP5 DOMAIN 18216 7.165 19.333 2.802 3
LTRPS5 | DOMAIN 17432 7.165 19.367 1.626 3
LTRP5 DOMAIN_4806 7.165 19.400 2.022 3
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Repressor Repressor Mean % HLA- Standard .
construct domain Spacer negative cells deviation Sample size

LTRP5 | DOMAIN 25379 7.165 19.667 5.994 3
LTRP5 | DOMAIN 16643 7.165 19.833 1.550 3
LTRP5 DOMAIN 21603 7.165 20.033 3.482 3
LTRP5 DOMAIN 21247 7.165 20.067 0473 3
LTRP5 | DOMAIN 28640 7.165 20.500 2587 3
LTRP5 ZIM3 7.165 20.607 4413 15
LTRP5 DOMAIN 14659 7.165 20.633 2371 3
LTRP5 DOMAIN 6248 7.165 20.867 1.193 3
LTRP5 DOMAIN 11348 7.165 21.367 3.811 3
LTRP5 DOMAIN 19229 7.165 21.533 1.266 3
LTRP5 | DOMAIN 17759 7.165 21.567 0.833 3
LTRP5 | DOMAIN 24663 7.165 21.633 1.701 3
LTRP5 DOMAIN 18137 7.165 21.833 1.097 3
LTRP5 DOMAIN 13331 7.165 21.900 1.153 3
LTRP3 DOMAIN_6807 7.165 21.900 1.735 3
LTRP5 DOMAIN 16688 7.165 22.200 2.265 3
LTRP5 DOMAIN 26322 7.165 22233 11.832 3
LTRP3 DOMAIN_6802 7.165 22.433 1.150 3
LTRP5 DOMAIN 22270 7.165 22.533 2.084 3
LTRP5 DOMAIN_7255 7.165 22.867 4271 3
LTRP5 DOMAIN 5463 7.165 22.900 2516 3
LTRP5 | DOMAIN 12631 7.165 23.433 2.641 3
LTRP5 DOMAIN_9960 7.165 23.500 3.996 3
LTRP5 DOMAIN_6445 7.165 23.633 3.308 3
LTRP5 | DOMAIN 23394 7.165 23.900 1.127 3
LTRP5 DOMAIN 10948 7.165 23.900 2.166 3
LTRP5 DOMAIN 19804 7.165 24.133 1.966 3
LTRP3 DOMAIN_5290 7.165 24.233 2.139 3
LTRP5 DOMAIN 24458 7.165 24 367 1.531 3
LTRP5 DOMAIN 19896 7.165 24.633 1.361 3
LTRP5 | DOMAIN 21755 7.165 25.333 1.097 3
LTRP5 DOMAIN_8790 7.165 25.567 1.320 3
LTRP5 DOMAIN_3881 7.165 26.367 0.208 3
LTRP5 DOMAIN 14755 7.165 26.867 1.563 3
LTRP5 | DOMAIN 20505 7.165 27.467 3.101 3
LTRP3 DOMAIN 9114 7.165 28.100 0.872 3
LTRP5 DOMAIN 13468 7.165 28.100 2.663 3
LTRPS5 | DOMAIN 11683 7.165 28.300 1.300 3
LTRP5 DOMAIN 22153 7.165 28.500 3.716 3
LTRP5 DOMAIN 25289 7.165 28.600 3.579 3
LTRP5 | DOMAIN 17905 7.165 30.367 0.839 3
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Repressor Repressor Mean % HLA- Standard .
construct domain Spacer negative cells deviation Sample size

LTRP5 DOMAIN 221 7.165 31.433 3.707 3
LTRP3 DOMAIN_7694 7.165 32.833 2517 3
LTRP5 DOMAIN 15507 7.165 32.933 3.011 3
LTRP5 DOMAIN 29304 7.165 32.933 4.409 3
LTRPS | DOMAIN 10123 7.165 35.500 43814 3
LTRP5 DOMAIN 30173 7.165 41.967 2318 3

Table 61. Levels of B2M repression mediated by dXR and LTRP constructs with various

repressor domains quantified at 6 days post-transfection.

Construct R((iepres§ or Spacer Mean ?/0 HLA- Star.ldz.lrd Sample size
omain negative cells deviation

dXR ZIM3 7.165 7.165 2.389 6

dXR ZIM3 NT 3.625 0.408 6
LTRPS ZIM3 NT 5.888 0.976 6
LTRP5 | DOMAIN_31643 7.165 15.633 0.551 3
LTRP5 | DOMAIN_19460 7.165 17.133 0.231 3
LTRP5 | DOMAIN 26732 7.165 21.333 0.751 3
LTRP5 | DOMAIN_18563 7.165 21.700 1.100 3
LTRP5 | DOMAIN_19892 7.165 21.967 0.569 3
LTRP5 | DOMAIN 21317 7.165 25.633 0416 3
LTRP5 DOMAIN 9114 7.165 23.233 0.907 3
LTRP5 | DOMAIN 10277 7.165 22.900 0.361 3
LTRP5 | DOMAIN 27060 7.165 26.533 0.666 3
LTRP5 | DOMAIN 12452 7.165 26.900 1.510 3
LTRP5 | DOMAIN 21336 7.165 23.533 0.961 3
LTRP5 | DOMAIN 30661 7.165 24 867 1.801 3
LTRP5 | DOMAIN 12292 7.165 30.700 0.436 3
LTRP5 DOMAIN_ 83853 7.165 31.167 0.987 3
LTRP5 DOMAIN_ 9538 7.165 29.800 1.952 3
LTRP5 | DOMAIN 19821 7.165 26.200 1.652 3
LTRPS5 ZIM3 7.165 23.083 3.178 6
LTRP5 | DOMAIN_ 26070 7.165 29.433 2272 3
LTRP5 | DOMAIN 19476 7.165 27.867 0.808 3
LTRP5 DOMAIN_4687 7.165 30.133 0.808 3
LTRP5 | DOMAIN_25405 7.165 33.467 1.097 3
LTRP5 | DOMAIN 10577 7.165 28.933 0.473 3
LTRP5 DOMAIN 2942 7.165 30.633 1.429 3
LTRPS5 | DOMAIN_ 27604 7.165 28.700 1.300 3
LTRP5 DOMAIN_7694 7.165 36.633 0.666 3
LTRP5 | DOMAIN 29304 7.165 34933 0.289 3
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Consrat | et | spucer | Mem it UL [ Sanid ] samptesi
LTRPS DOMAIN 9331 7.165 37.733 0.321 3
LTRP5 DOMAIN 30173 7.165 33.900 0.794 3
LTRP5 DOMAIN 26749 7.165 40.467 0.945 3
LTRP5 DOMAIN 27385 7.165 35.933 0473 3
CasX 491 N/A 7.37 76.167 0.808 3

Table 62. Levels of B2M repression mediated by dXR and LTRP constructs with various

repressor domains quantified at 13 days post-transfection.

C Repressor Mean % HLA- Standard .
onstruct . Spacer . .. Sample size
domain negative cells deviation

dXR ZIM3 7.165 7258 14.130 6

dXR ZIM3 NT 1.218 0.144 6
LTRP5 ZIM3 NT 1.712 0.328 6
LTRPS | DOMAIN 31643 7.165 6.800 0.786 3
LTRP5 | DOMAIN_19460 7.165 9.690 0.147 3
LTRP5 | DOMAIN 26732 7.165 10.800 0.173 3
LTRP5 | DOMAIN 18563 7.165 12.100 1.587 3
LTRPS | DOMAIN 19892 7.165 12.900 0.458 3
LTRP5 | DOMAIN 21317 7.165 13.967 0513 3
LTRPS DOMAIN 9114 7.165 13.767 1.504 3
LTRP5 | DOMAIN_10277 7.165 15.333 1.150 3
LTRP5 | DOMAIN_27060 7.165 13.867 1.457 3
LTRP5 | DOMAIN 12452 7.165 15.700 1.562 3
LTRP5 | DOMAIN 21336 7.165 14.267 0.651 3
LTRP5 | DOMAIN_ 30661 7.165 14.933 1.537 3
LTRP5 | DOMAIN_ 12292 7.165 17.967 0.666 3
LTRP5 DOMAIN_ 8853 7.165 18.600 0.361 3
LTRP5 DOMAIN_9538 7.165 18.733 1.102 3
LTRP5 | DOMAIN 19821 7.165 15.867 2237 3
LTRPS ZIM3 7.165 18.267 3.578 6
LTRP5 | DOMAIN_26070 7.165 18.233 1.960 3
LTRP5 | DOMAIN 19476 7.165 20.100 1.323 3
LTRPS DOMAIN 4687 7.165 19.767 0.961 3
LTRP5 | DOMAIN_25405 7.165 22.100 1.609 3
LTRP5 | DOMAIN_10577 7.165 21.133 1.266 3
LTRPS DOMAIN 2942 7.165 21.633 2.101 3
LTRP5 | DOMAIN_27604 7.165 24.700 2.364 3
LTRP5 DOMAIN_7694 7.165 26.900 0.436 3
LTRP5 | DOMAIN 29304 7.165 25.367 0.462 3
LTRPS DOMAIN 9331 7.165 27.133 0.681 3
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Construct R((iep ressor Spacer Mean ?/0 HLA- Star.lda.lrd Sample size
omain negative cells deviation
LTRP5 | DOMAIN 30173 7.165 25.400 0.656 3
LTRP5 | DOMAIN 26749 7.165 27.700 0.608 3
LTRP5 | DOMAIN 27385 7.165 27.733 0.808 3
CasX 491 N/A 7.37 81.167 0.945 3

Table 63. Levels of B2M repression mediated by dXR and LTRP constructs with various

repressor domains quantified at 20 days post-transfection.

Repressor Mean % HLA- Standard .
Construct . Spacer . . . Sample size
domain negative cells deviation

dXR ZIM3 7.165 1.120 0.345 6

dXR ZIM3 NT 1.425 1.093 6
LTRP5 ZIM3 NT 2412 2.055 6
LTRP5 | DOMAIN 31643 7.165 6.147 1.909 3
LTRPS | DOMAIN 19460 7.165 8.290 0.460 3
LTRP5 | DOMAIN 26732 7.165 7.950 1.171 3
LTRP5 | DOMAIN 18563 7.165 10.163 1.163 3
LTRP5 | DOMAIN 19892 7.165 11.800 1.249 3
LTRPS | DOMAIN 21317 7.165 12.833 2.581 3
LTRP5 DOMAIN 9114 7.165 12.467 0.681 3
LTRP5 | DOMAIN 10277 7.165 13.633 0.635 3
LTRP5 | DOMAIN 27060 7.165 12.400 1.375 3
LTRPS | DOMAIN 12452 7.165 13.233 0.451 3
LTRP5 | DOMAIN 21336 7.165 12.733 0.503 3
LTRP5 | DOMAIN 30661 7.165 13.633 0.379 3
LTRP5 | DOMAIN 12292 7.165 14.300 0.100 3
LTRPS DOMAIN 8853 7.165 16.200 2.524 3
LTRP5 DOMAIN 9538 7.165 16.200 1.100 3
LTRPS | DOMAIN 19821 7.165 14.233 1.790 3
LTRP5 ZIM3 7.165 17.033 4457 6
LTRP5 | DOMAIN 26070 7.165 16.467 1.401 3
LTRP5 | DOMAIN 19476 7.165 17.133 0.569 3
LTRPS DOMAIN 4687 7.165 16.700 0.755 3
LTRP5 | DOMAIN 25405 7.165 19.300 1.114 3
LTRP5 | DOMAIN 10577 7.165 18.167 0.551 3
LTRP5 DOMAIN_2942 7.165 18.567 2.001 3
LTRP5 | DOMAIN 27604 7.165 21.533 1.850 3
LTRP5 DOMAIN_7694 7.165 22.467 0.709 3
LTRPS | DOMAIN 29304 7.165 22.033 1.365 3
LTRPS DOMAIN 9331 7.165 22.800 1510 3
LTRP5 | DOMAIN 30173 7.165 24.800 3.936 3
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omain negative cells deviation
LTRP5 | DOMAIN 26749 7.165 24.633 1.290 3
LTRP5 | DOMAIN 27385 7.165 23.633 1.935 3
CasX 491 N/A 7.37 83.633 3.443 3

Table 64. Levels of B2M repression mediated by dXR and LTRP constructs with various

repressor domains quantified at 27 days post-transfection.

C Repressor Mean % HLA- Standard .
onstruct domain Spacer negative cells deviation Sample size
g

dXR ZIM3 7.165 1.845 1.522 6

dXR ZIM3 NT 2.463 2.385 6
LTRPS5 ZIM3 NT 3.022 2.959 6
LTRP5 | DOMAIN 31643 7.165 3.687 0.562 3
LTRP5 | DOMAIN 19460 7.165 5833 0416 3
LTRP5 | DOMAIN 26732 7.165 6.647 0.985 3
LTRP5 | DOMAIN 18563 7.165 7.660 0.939 3
LTRP5 | DOMAIN 19892 7.165 8.920 0.596 3
LTRP5 | DOMAIN 21317 7.165 9.640 0.487 3
LTRPS DOMAIN 9114 7.165 10.167 2.191 3
LTRP5 | DOMAIN 10277 7.165 10.237 0.446 3
LTRP5 | DOMAIN 27060 7.165 10.377 1.046 3
LTRP5 | DOMAIN 12452 7.165 10.473 0.654 3
LTRP5S | DOMAIN 21336 7.165 10.767 0.404 3
LTRP5 | DOMAIN 30661 7.165 11.133 1.790 3
LTRP5 | DOMAIN 12292 7.165 11.833 0252 3
LTRPS DOMAIN_8853 7.165 11.967 1.401 3
LTRP5 DOMAIN_9538 7.165 12.100 1.000 3
LTRP5S | DOMAIN 19821 7.165 12.200 1.868 3
LTRPS ZIM3 7.165 12.483 2.585 6
LTRP5 | DOMAIN 26070 7.165 13.533 2.401 3
LTRP5 | DOMAIN 19476 7.165 13.900 1.153 3
LTRPS5 DOMAIN_4687 7.165 13.900 1.970 3
LTRP5 | DOMAIN 25405 7.165 14.467 1.387 3
LTRP5 | DOMAIN 10577 7.165 15.233 1.301 3
LTRPS5 DOMAIN_2942 7.165 15.433 2.255 3
LTRP5 | DOMAIN 27604 7.165 18.600 2.307 3
LTRP5 DOMAIN_7694 7.165 19.067 1.021 3
LTRP5 | DOMAIN 29304 7.165 19.167 1.935 3
LTRPS5 DOMAIN 9331 7.165 19.333 0.808 3
LTRP5 | DOMAIN 30173 7.165 20.133 0.764 3
LTRP5 | DOMAIN 26749 7.165 20.467 0.493 3
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LTRP5 | DOMAIN 27385 7.165 21.000 1411
CasX 491 N/A 7.37 80.933 0451

[0561] As shown in Tables 57-64, treatment with most LTRPS constructs containing an
enhanced repressor domain, paired with a gRNA containing spacer 7.165, resulted in higher
levels of B2M repression in comparison to the level of repression achieved with use of an
LTRP5-ZIM3 construct. The data from these experiments were used to identify the top 9
candidate repressor domains using the following criteria. First, demonstration of at least a 20%
increase in mean repressive activity as measured by B2M knockdown over the mean repressive
activity exhibited by the LTRP5-ZIM3 control at all four timepoints in the experiments above,
which resulted in the selection of three repressor domains. To identify more candidate repressor
domains, domains that exhibited at least a 20% increase in mean activity over that exhibited by
the LTRP5-ZIM3 control in at least two timepoints, prioritizing later timepoints; and, third,
selecting the best performing domains from each of the 75 clusters (discussed in Example 17) to
maintain diversity of amino acid sequences or eliminating domains with >90% sequence identity
to previously identified human repressor domains (Tycko, J. et al., High-Throughput Discovery
and Characterization of Human Transcriptional Effectors Ce/l. 183(7):2020-2035 (2020)). The
nine most effective repressor domains identified were DOMAIN 7694, DOMAIN 10123,
DOMAIN 15507, DOMAIN 17905, DOMAIN 20505, DOMAIN 26749, DOMAIN 27604,
DOMAIN 29304, and DOMAIN 30173, and their sequences are listed in Table 65.

Table 65. List of top 9 and top 95 most effective repressor domains.

. .. SEQ ID
Domain ID Description NO
Top 9 repressor domains
DOMAIN 7694 | Columba livia repressor domain 130
DOMAIN 1012 131
3 Rattus norvegicus repressor domain
DOMAIN 1550 132
7 Cebus imitator repressor domain
DOMAIN 1790 133
5 Chimp repressor domain
DOMAIN 2050 134
5 Chlorocebus sabaeus repressor domain
DOMAIN 2674 135
9 Ophiophagus hannah repressor domain
DOMAIN 2760 136
4 Ailuropoda melanoleuca repressor domain
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. _ SEQ ID
Domain ID Description NO
DOMAIN 2930 137
4 Peromyscus maniculatus bairdii repressor domain
DOMAIN 3017 138
3 Phyllostomus discolor repressor domain
Remaining repressor domains in the top 95 repressor domains
DOMAIN 737 Bonobo repressor domain 139
DOMAIN 1033 140
1 Colobus angolensis palliatus repressor domain
DOMAIN 1094 141
8 Colobus angolensis palliatus repressor domain
DOMAIN 1102 142
9 Mandrillus leucophaeus repressor domain
DOMAIN 1735 143
8 Bos indicus x Bos taurus repressor domain
DOMAIN 1775 144
9 Felis catus repressor domain
DOMAIN 1825 145
8 Physeter macrocephalus repressor domain
DOMAIN 1980 146
4 Callorhinus ursinus repressor domain
DOMAIN 221 Bonobo repressor domain 147
DOMAIN 881 Bonobo repressor domain 148
DOMAIN 2380 | Orangutan repressor domain 149
DOMAIN 2942 | Gibbon repressor domain 150
DOMAIN 4687 | Marmoset repressor domain 151
DOMAIN 4806 | Marmoset repressor domain 152
DOMAIN 4968 | Marmoset repressor domain 153
DOMAIN 5066 | Marmoset repressor domain 154
DOMAIN 5290 | Owl Monkey repressor domain 155
DOMAIN 5463 | Owl Monkey repressor domain 156
DOMAIN 6248 | Saimiri boliviensis boliviensis repressor domain 157
DOMAIN 6445 | Alligator sinensis repressor domain 158
DOMAIN 6802 | Pantherophis guttatus repressor domain 159
DOMAIN 6807 | Xenopus laevis repressor domain 160
DOMAIN 7255 | Microcaecilia unicolor repressor domain 161
DOMAIN 8503 | Mus caroli repressor domain 162
DOMAIN 8790 | Marmota monax repressor domain 163
DOMAIN 8853 | Mesocricetus auratus repressor domain 164
DOMAIN 9114 | Peromyscus maniculatus bairdii repressor domain 165
DOMAIN 9331 | Peromyscus maniculatus bairdii repressor domain 166
DOMAIN 9538 | Mus musculus repressor domain 167
DOMAIN 9960 | Octodon degus repressor domain 168
DOMAIN 1027 169
7 Dipodomys ordii repressor domain
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Domain ID Description NO
DOMAIN 1057 170
7 Colobus angolensis palliatus repressor domain
DOMAIN 1134 171
8 Chlorocebus sabaeus repressor domain
DOMAIN 1138 172
6 Capra hircus repressor domain
DOMAIN 1148 173
6 Bos mutus repressor domain
DOMAIN 1168 174
3 Nomascus leucogenys repressor domain
DOMAIN 1229 175
2 Sus scrofa repressor domain
DOMAIN 1245 176
2 Neophocaena asiaeorientalis asiaeorientalis repressor domain

DOMAIN 1263 177
1 Macaca fascicularis repressor domain

DOMAIN 1333 178
1 Macaca fascicularis repressor domain

DOMAIN 1346 179
8 Phascolarctos cinereus repressor domain

DOMAIN 1353 180
9 Gorilla repressor domain

DOMAIN 1465 181
9 Acinonyx jubatus repressor domain

DOMAIN 1475 182
5 Cebus imitator repressor domain

DOMAIN 1512 183
6 Callithrix jacchus repressor domain

DOMAIN 1644 184
4 Acinonyx jubatus repressor domain

DOMAIN 1668 185
8 Lipotes vexillifer repressor domain

DOMAIN 1680 186
6 Sapajus apella repressor domain

DOMAIN 1731 187
7 Otolemur garnettii repressor domain

DOMAIN 1743 188
2 Otolemur garnettii repressor domain

DOMAIN 1813 189
7 Monodelphis domestica repressor domain

DOMAIN 1821 190
6 Physeter macrocephalus repressor domain

DOMAIN 1856 191
3 OwlMonkey repressor domain
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Domain ID Description NO
DOMAIN 1922 192
9 Enhydra lutris kenyoni repressor domain
DOMAIN 1946 193
0 Monodelphis domestica repressor domain
DOMAIN 1947 194
6 OwlMonkey repressor domain
DOMAIN 1982 195
1 Rhinopithecus roxellana repressor domain
DOMAIN 1989 196
2 Ursus maritimus repressor domain
DOMAIN 1989 197
6 Ovis aries repressor domain
DOMAIN 1994 198
9 Callorhinus ursinus repressor domain
DOMAIN 2124 199
7 Neovison vison repressor domain
DOMAIN 2131 200
7 Pteropus vampyrus repressor domain
DOMAIN 2133 201
6 Equus caballus repressor domain
DOMAIN 2160 202
3 Lipotes vexillifer repressor domain
DOMAIN 2175 203
5 Equus caballus repressor domain
DOMAIN 2215 204
3 Zalophus californianus repressor domain
DOMAIN 2227 205
0 Bonobo repressor domain
DOMAIN 2339 206
4 Vicugna pacos repressor domain
DOMAIN 2372 207
3 Carlito syrichta repressor domain
DOMAIN 2412 208
5 Saimiri boliviensis boliviensis repressor domain
DOMAIN 2445 209
8 Lynx pardinus repressor domain
DOMAIN 2466 210
3 Myotis brandtii repressor domain
DOMAIN 2528 211
9 Ursus maritimus repressor domain
DOMAIN 2537 212
9 Sapajus apella repressor domain
DOMAIN 2540 213
5 Desmodus rotundus repressor domain

289




WO 2023/240076 PCT/US2023/067987

. . SEQ ID

Domain ID Description NO
DOMAIN 2607 214
0 Geotrypetes seraphini repressor domain
DOMAIN 2632 215
2 Geotrypetes seraphini repressor domain
DOMAIN 2673 216
2 Meleagris gallopavo repressor domain
DOMAIN 2706 217
0 Gopherus agassizii repressor domain
DOMAIN 2738 218
5 Octodon degus repressor domain
DOMAIN 2750 219
6 Bos mutus repressor domain
DOMAIN 2781 220
1 Callithrix jacchus repressor domain
DOMAIN 2864 221
0 Colinus virginianus repressor domain
DOMAIN 2880 222
3 Monodelphis domestica repressor domain
DOMAIN 3066 223
1 Physeter macrocephalus repressor domain
DOMAIN 3164 224
3 Micrurus lemniscatus lemniscatus repressor domain

[0562] Accordingly, the experiments described herein demonstrate that the use of the
enhanced repressor domains identified in Example 17 resulted in improved levels of

transcriptional repression in the context of an LTRP construct.

Example 19: Identification of alternative consensus protein sequence motifs of enhanced
repressor domains

[0563] In the previous Example 17, nine protein sequence motifs (FIGS. 57A-571) were
generated for the top 1597 enhanced repressor domains using the following methods: 1)
comparing the amino acid sequences of the top 1597 repressor domains to a negative training set
of 1506 repressor domains with p-values less than 0.01 and logz(fold change) values less than 0,
and 2), and comparing the amino acid sequences of the top 1597 domains to shuffled sequences
derived from the 1597 sequences. In this example, five more alternative consensus protein
sequence motifs were generated by comparing the amino acid sequences of the top 1597
repressors domains to a negative training set containing the amino acid sequences of human

ZIM3 (SEQ ID NO: 128) and ZNF10 KRAB domains (SEQ ID NO: 129). Logos of these
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resulting five motifs are provided in FIGS. 58A-58E. Table 66, below, provides the unadjusted
p-value and number and percentage of sequences matching the motif in the top 1597 novel
repressor domains for each of the five alternative motifs, as calculated by STREME. Table 67
provides the sequences of each motif, showing the amino acid residues present at each position

within the motifs (from N- to C-terminus).

Table 66: Characteristics of alternative consensus protein sequence motifs of top 1597
enhanced repressor domains generated when compared to a negative training set

containing ZIM3 and ZNF10.

ettt | o Paaue | Nember e s matchin moi
1 1.7E-001 1432 (89.7%)
2 2.1E-001 1236 (77.4%)
3 2.7E-001 1058 (66.2%)
4 4.2E-001 1554 (97.3%)
5 4 3E-001 679 (42.5%)

Table 67: Characteristics of alternative consensus protein sequence motifs of 1597

enhanced repressor domains.

Motif ID Position in motif Amino acid residues with >5% representation in motif

1 D
2 \Y%
3 A
4 v
5 Y
6 F
7 S

! 8 P
9 E
10 E
11 i
12 G
13 C
14 L
1 A,D.,G,N,R S
2 P,S, T
3 A S, T
4 Q

2 5 K, R
6 A,D,K.N,S, T
7 L
8 Y

3 1 AP, S
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Motif ID Position in motif Amino acid residues with >5% representation in motif

2 K
3 P
4 A,D.E
5 LMYV
6 LV
7 F,S, T
8 H KL Q. R W
1 L
2 E
3 E.K,Q,R

4 4 E,G,R
5 A,D,E K
6 A,D.E
7 L P
8 C,W
1 D,E
2 v
3 M
4 L
5 E
6 N, T
7 Y

5 8 A E, G, QRS
9 H,N
10 LMYV
11 ALV
12 S
13 L.V
14 A GV
15 C,F.L

9

[0564] The methods used as described in this example resulted in the generation of alternative

motifs associated with the 1597 repressor domains that were identified as the strongest

transcriptional repressors in Example 17. Notably, alternative motifs 1, 2, 3, and 5 were not

found in either ZIM3 or ZNF 10, and instead were uniquely found in the majority of the 1597 top

repressor domains. Furthermore, every amino acid position of alternative motif 1 appeared to be

highly conserved and was found in nearly 90% of the 1597 domains; this sequence is believed to

be important in mediating the recruitment of Trim28 and downstream factors involved in

transcriptional and epigenetic repression. As for the other alternative consensus motifs

identified, these motifs may represent additional and novel mechanisms of repression that are

specific to certain clusters of repressor domains.
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Example 20: Demonstration that silencing of a target locus mediated by LTRP molecules is
reversible using a DNMT1 inhibitor

[0565] Experiments were performed to demonstrate that durable repression of a target locus
mediated by LTRP molecules is reversible, such that treatment with a DNMT1 inhibitor would
remove methyl marks to reactivate expression of the target gene.

Materials and Methods:

[0566] LTRP #5 containing the ZIM3-KRAB domain, which was generated as described in
Example 13, and CasX variant 491 were used in this experiment. A B2M-targeting gRNA with
scaffold 174 containing spacer 7.37 (SEQ ID NO: 3137) or a non-targeting gRNA containing
spacer 0.0 (SEQ ID NO: 3232) were used in this experiment.

Transfection of HEK293T cells:

[0567] HEK293T cells were transfected with 100 ng of a plasmid containing a construct
encoding for either CasX 491 or LTRP #5 containing the ZIM3-KRAB domain with a B2M-
targeting gRNA or non-targeting gRNA and cultured for 58 days. These transfected HEK293T
cells were subsequently re-seeded at ~30,000 cells well of a 96-well plate and were treated with
5-aza-2'-deoxycytidine (5-azadC), a DNMT1 inhibitor, at concentrations ranging from OuM to
20uM. Six days post-treatment with 5-azadC, cells were harvested for B2M silencing analysis at
day 5, day 12, and day 21 post-transfection. Briefly, repression analysis was conducted by
analyzing B2M protein expression via HLA immunostaining followed by flow cytometry, as
described in Example 13. Treatments for each dose of 5-azadC for each experimental condition
were performed in triplicates.

Results:

[0568] The plot in FIG. 59 shows the percentage of transfected HEK293T cells treated with
the indicated concentrations of 5-azadC that expressed the B2M protein. The data demonstrate
that 5-azadC treatment of cells transfected with a plasmid encoding LTRP5-ZIM3 with the B2M-
targeting gRNA resulted in a reactivation of the B2M gene (FIG. 59). Specifically, ~75% of
treated cells exhibited B2M expression with 20uM 5-azadC, compared to the 25% of cells with
B2M expression at OpM concentration (FIG. 59). Furthermore, 5-azadC treatment of cells
transfected with a plasmid encoding CasX 491 with the B2M-targeting gRNA did not exhibit
reactivation of the B2M gene. FIG. 60 is a plot that juxtaposes B2M repression activity with

gene reactivation upon 5-azadC treatment. The data show B2M repression post-transfection with
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either CasX 491 or LTRP5-ZIM3 with the B2M-targeting gRNA, resulting in ~75% repression
of B2M expression by day 58; however, B2M expression is increased upon 5-azadC treatment
(FIG. 60). As anticipated, S-azadC treatment of cells transfected with either CasX 491 or
LTRP5-ZIM3 with the non-targeting gRNA did not demonstrate repression or reactivation
(FIGS. 59-60).

[0569] The experiments demonstrate reversibility of LTRP-mediated repression of a target
locus. By using a DNMT1 inhibitor to remove methyl marks implemented by LTRP molecules,

the silenced target gene was reactivated to induce expression of the target protein.

Example 21: Exemplary sequences of LTRP fusion proteins

[0570] Table 68 provides exemplary full-length LTRP fusion proteins in configurations 1, 4,
or 5 with the ADD domain (FIG. 2), with human ZIM3 or ZNF10 KRAB domains or one of the
top nine most effective repressor domains: DOMAIN 7694, DOMAIN 10123,

DOMAIN 15507, DOMAIN_ 17905, DOMAIN 20505, DOMAIN 26749, DOMAIN_27604,
DOMAIN 29304, and DOMAIN 30173. In Table 68, the components are listed in order from

N- to C-terminus.

Table 68: Exemplary protein sequences of LTRP fusion proteins

Amino acid
LTRP # Components Domains sequence SEQ ID
NO
START codon + NLS + 3269
buffer sequence
START codon + DNMT3A 3270
ADD domain
DNMT3A catalytic domain 126
Linker (L2) 122
DNMT3L interaction domain 127
Linker (L1) 123
LTRP1 with Linker (L3A) + buffer 3271
ADD domain dCasX491 4
Buffer + linker (L3B) 3272
Human ZIM3 3240
Human ZNF10 3239
Columba livia repressor 130
. domain (DOMAIN 7694)
Repressor domain 1 :
Rattu; norvegicus repressor 131
domain (DOMAIN 10123)
Cebus imitator repressor 132
domain (DOMAIN 15507)
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Amino acid
LTRP # Components Domains sequence SEQ ID
NO
Chimpanzee repressor 133
domain (DOMAIN 17905)
Chlorocebus sabaeus
repressor domain 134
(DOMAIN 20505)
Ophiophagus hannah
repressor domain 135
(DOMAIN 26749)
Ailuropoda melanoleuca
repressor domain 136
(DOMAIN 27604)
Peromyscus maniculatus
bairdii repressor domain 137
(DOMAIN 29304)
Phyllostomus discolor
repressor domain 138
(DOMAIN 30173)
Buffer + NLS 3273
START codon + NLS + 3769
buffer sequence
Human ZIM3 3240
Human ZNF10 3239
Columba livia repressor 130
domain (DOMAIN 7694) }
Rattus norvegicus repressor 131
domain (DOMAIN 10123)
Cebus imitator repressor 132
domain (DOMAIN 15507)
Chimpanzee repressor 133
domain (DOMAIN 17905)
Chlorocebus sabaeus
repressor domain 134
LTRP4 with Repressor domain 1 (DOMAIN 20505)
ADD domain Ophiophagus hqnnah
repressor domain 135

(DOMAIN 26749)

Ailuropoda melanoleuca
repressor domain 136
(DOMAIN 27604)

Peromyscus maniculatus
bairdii repressor domain 137
(DOMAIN 29304)

Phyllostomus discolor

repressor domain 138
(DOMAIN 30173)
Linker (L3A) + buffer 3271
START codon + DNMT3A 3270
ADD domain
DNMT3A catalytic domain 126
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Amino acid
LTRP # Components Domains sequence SEQ ID
NO

Linker (L2) 122
DNMT3L interaction domain 127
Linker (L1) 123
dCasX491 4
Buffer + linker (L3B) 3272
NLS 30
START codon + NLS + 3269
buffer sequence
START codon + DNMT3A 3270
ADD domain
DNMT3A catalytic domain 126
Linker (L2) 122
DNMT3L interaction domain 127
Linker (L3A) 124

Human ZIM3 3240

Human ZNF10 3239

Columba livia repressor 130

domain (DOMAIN 7694)

Rattus norvegicus repressor 131

domain (DOMAIN 10123)

Cebus imitator repressor 132

domain (DOMAIN 15507)

Chimpanzee repressor 133

LTRPS with domain (DOMAIN 17905)
ADD domain Chlorocebus Sabaetts

repressor domain 134
Repressor domain 1 (DOMAIN 20505)

Ophiophagus hannah

repressor domain 135

(DOMAIN 26749)

Ailuropoda melanoleuca

repressor domain 136

(DOMAIN 27604)

Peromyscus maniculatus

bairdii repressor domain 137

(DOMAIN 29304)

Phyllostomus discolor

repressor domain 138

(DOMAIN 30173)
Linker (L1) 123
dCasX491 4
Buffer + linker (L3B) 3272
NLS 30

[0571] Table 69 provides exemplary amino acid sequences of components of LTRP

constructs. In Table 69, the protein domains are shown without starting methionines.
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Table 69: Exemplary protein sequences of components of LTRP constructs.

Component Amino acid sequence SEQ ID NO
DNMT3A catalytic domain (CD) 126
DNMT3L interaction domain 127
dCasX491 4
Linker 1 (L1) 123
Linker 2 (L2) 122
Linker 3A (L3A) 124
Linker 3B (L3B) 120
NLS 30
DNMT3A ADD domain 125

Example 22: A preliminary evaluation of genome-wide transcriptomic effects of using an
LTRP molecule and a PCSK9-targeting gRNA to repress the PCSK9 locus to decrease
PCSK9 secretion in vitro

[0572] Experiments were performed to determine the effects of using an LTRP molecule with
a targeting gRNA to repress the PCSK9 locus and reduce PCSK9 secretion levels in human
cells. Specifically, genome-wide transcriptomic effects were evaluated to determine the extent of
off-target effects of treating the cells with LTRP5-ADD-ZIM3 and select PCSK9-targeting
spacers.

Materials and Methods:

Transfection of human Huh7 cells:

[0573] mRNA encoding the following molecules were generated by IVT using similar
methods as described in Example 2: 1) a catalytically-active CasX 676 (as described in Example
5), 2) dXR1 (as described in Example 2), and 3) LTRP5-ADD-ZIM3 (as described in Example
2). The DNA and mRNA sequences for CasX 676 are shown in Tables 21 and 22; the DNA and
mRNA sequences for dXR1 are shown in Tables 11 and 12; the DNA and mRNA sequences for
LTRP5-ADD-ZIM3 are shown in Tables 18 and 19.

[0574] gRNAs containing select NHP-conserved spacers targeting the PCSK9 locus were
designed using gRNA scaffold 316 and chemically synthesized with the v1 modification profile
(as described in Example 7). These NHP-conserved spacers, which were selected given their
efficacy in sustaining PCSKO repression through at least day 36 as demonstrated in Example 3,
were TG-06-154, TG-06-167, TG-06-133, TG-06-146, and TG-06-352, TG-06-138 (see Table
17 for SEQ ID NOS) was used to pair with dXR1 as well as LTRPS-ADD-ZIM3, and spacer
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TG-06-001 (also known as spacer 6.1; SEQ ID NO: 1834) was used to pair with CasX 676. A
non-targeting spacer was used as an experimental control.

[0575] Seeded Huh7 cells were transfected with mRNA encoding a catalytically-active CasX
676, dXR1, or LTRP5-ADD-ZIM3 and a gRNA with scaffold 316 and a spacer targeting the
PCSK9 locus. Cells were harvested at 6 and 26 days post-transfection and subsequently lysed
and stored in DNA/RNA Shield (Zymo Research). As an additional control, untreated, naive
cells were also harvested. The collected samples were subjected to gDNA/RNA extraction using
the Quick-DNA/RNA Miniprep Plus kit (Zymo Research). RNA samples were used for total
RNA sequencing (RNA-seq), which was performed by a third-party. Raw FASTQ files were
received and processed with FASTQC, and adapters were trimmed using Trim Galore.
Transcript expression was then quantified against the hg38 genome using Salmon to generate
normalized counts for each gene (transcripts per million, or TPM). Differential expression
analysis was performed using DESeq2. Genes with fewer than 10 counts in all samples were
omitted from analysis, and all pairwise comparisons (e.g., differential gene expression analyses
between untreated and treated conditions at the two individual timepoints) were done with
significance thresholds of |log2FC| > 2 and adjusted p-value < 0.001.

Results:

[0576] Huh7 cells were transfected with mRNA encoding CasX 676, dXR1 or LTRP5-ADD-
ZIM3 with a PCSK9-targeting gRNA and harvested at the 6 and 26 days post-transfection for
RNA-seq analysis. Quantification of normalized PCSK9 read counts was determined for each
experimental condition, and log2 fold changes in normalized PCSK9 transcript counts
comparing each experimental condition and the untreated, naive condition were calculated
(Table 70). RNA-seq analyses revealed that use of spacers TG-06-154, TG-06-167, and TG-06-
133, when paired with LTRP5-ADD-ZIM3, durably repress PCSK9 expression through day 26
(Table 70). Furthermore, while use of the non-targeting spacer with LTRPS-ADD-ZIM3
appeared to reduce PCSK9 expression, this level of repression was not as high compared to the
repression levels achieved with spacers TG-06-154, TG-06-167, and TG-06-133. As anticipated,
use of spacer TG-06-138 with dXR1 resulted in transient silencing of the PCSK9 locus, although
unexpectedly, PCSK9 downregulation was attenuated by day 26 when using spacer 6.1 paired
with CasX 676 (Table 70).
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Table 70: Log2FC of normalized PCSK9 read counts for each indicated experimental

condition compared to untreated, naive condition.

Molecule Spacer Log2FC of PCSK9 read | Log2FC of PCSK9 read
counts — Day 6 counts — Day 26

CasX 676 NT 0.022 -0.001
CasX 676 6.1 -1.826 -0.818
dXR1 NT 0.016 0.068
dXR1 TG-06-138 -4.291 -0.266
LTRP5-ADD-ZIM3 NT -0.700 -1.094
LTRP5-ADD-ZIM3 TG-06-138 -4.254 -1.861
LTRP5-ADD-ZIM3 TG-06-154 -5.202 -4.283
LTRP5-ADD-ZIM3 TG-06-167 -3.404 -2.856
LTRP5-ADD-ZIM3 TG-06-133 -3.342 -2.773
LTRP5-ADD-ZIM3 TG-06-146 -3.709 -1.755
LTRP5-ADD-ZIM3 TG-06-352 -3.330 -1.981

[0577] Differential gene expression analyses were performed by comparing each experimental
condition to the untreated, naive control to determine the number of upregulated and
downregulated genes detected at 6 days and 26 days after treatment. Quantification of
differentially expressed genes is shown in Table 71. Representative volcano plots illustrating the
differential gene expression analyses for LTRP5-ADD-ZIM3 with the non-targeting spacer,
LTRP5-ADD-ZIM3 with spacer TG-06-154, and LTRP5-ADD-ZIM3 with spacer TG-06-133
are shown in FIGS. 65A-65B, 66A-66B, and 67A-67B respectively. TG-06-154, TG-06-133,
and TG-06-167 were selected based on their ability to repress PCSK9 expression through day
26. The data demonstrate that of these three PCSK9-targeting spacers, when assessed with
LTRPS5-ADD-ZIM3, use of spacer TG-06-133 resulted in the lowest number of differentially
regulated off-target genes. Meanwhile, use of spacer TG-06-154 or TG-06-167 resulted in a
higher number of differentially regulated off-target genes, especially at the later timepoint of 26
days post-transfection (Table 71). Furthermore, transient repression using dXR1 and spacer TG-

06-138 resulted in minimal transcriptomic changes by day 26.

Table 71: Number of differentially regulated off-target genes for each treatment condition
compared to untreated, naive control at the two indicated timepoints. Statistical

significance thresholds applied were [log2FC| > 2 and adjusted p-value < 0.001.

# of differentially expressed
genes (off-target) - Day 6

# of differentially expressed

Molecule Spacer genes (off-target) - Day 26

Downregulated| Upregulated Downregulated | Upregulated
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CasX 676 NT 0 0 0 0
CasX 676 6.1 0 0 0 0
dXR1 NT 0 0 0 0
dXR1 TG-06-138 3 14 0 1
LTRP5-ADD-
Z7IM3 NT 0 0 9 35
LTRP5-ADD-
Z7IM3 TG-06-138 2 0 0 0
LTRP5-ADD- <
ZIM3 TG-06-154 2 0 6 10
LTRP5-ADD-
ZIM3 TG-06-167 2 0 18 21
LTRP5-ADD-
ZIM3 TG-06-133 2 0 0 0
LTRP5-ADD-
ZIM3 TG-06-146 1 7 0 0
LTRP5-ADD- <
7IM3 TG-06-352 2 1 0 0

[0578] These experiments show a preliminary analysis of the genome-wide transcriptomic
effects of using an LTRP molecule and a PCSK9-targeting gRNA to repress the PCSK9 locus in
human cells. The data from these experiments show that analyzing these genome-wide
transcriptomic effects would help with the identification of candidate spacers for targeting the

PCSK9 locus.

Example 23: Assessment of PCSK9 spacers in achieving in human hepatocyte cells when
paired with an LTRPS-ADD molecule

[0579] Experiments were performed to carry out a comprehensive evaluation of PCSK9-
targeting spacers, with the TTC recognition motif, when paired with an LTRP molecule in
configuration #5 containing the ADD domain (LTRPS; diagrammed in FIG. 2). Briefly, in vitro
experiments were conducted to assess spacers that induce durable repression of the human
PCSK9 locus, resulting in substantial reduction in PCSK9 secretion.

Materials and Methods:

[0580] A computational screen was performed as described in Example 3 that resulted in the
identification of 69 TTC spacers for subsequent experimental assessment. Of these 69 TTC
spacers, 61 spacers were subjected to further in vitro screening using a cell-based assay as
described in the ensuing methods. In addition to the 61 spacers, four more spacers were
identified in an independent computational screen using methods similar to those described in

Example 3, with the addition of one criterion: i.e., TTC spacers that overlapped with a SNP
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having a minor allele frequency (MAF) of >0.05 were excluded. Therefore, a total of 65 spacers
were subjected to an in vitro experiment using a cell-based assay described in the methods that
follow. The 61 out of 65 PCSK9-targeting spacers tested in this experiment are listed in Table
72, with the corresponding SEQ ID NOS listed in Table 17. The four additional spacers that

were independently identified are shown in Table 73.

Table 72: List of 61 out of 65 PCSK9-targeting spacers assessed in this example.

Spacer ID Spacer ID Spacer ID
TG-06-342 TG-06-142 TG-06-002
TG-06-117 TG-06-144 TG-06-343
TG-06-118 TG-06-143 TG-06-167
TG-06-119 TG-06-146 TG-06-168
TG-06-120 TG-06-145 TG-06-169
TG-06-122 TG-06-147 TG-06-170
TG-06-123 TG-06-149 TG-06-344
TG-06-121 TG-06-150 TG-06-345
TG-06-124 TG-06-151 TG-06-346
TG-06-125 TG-06-152 TG-06-347
TG-06-127 TG-06-153 TG-06-348
TG-06-128 TG-06-154 TG-06-171
TG-06-131 TG-06-155 TG-06-349
TG-06-132 TG-06-157 TG-06-249
TG-06-135 TG-06-159 TG-06-250
TG-06-133 TG-06-158 TG-06-251
TG-06-134 TG-06-160 TG-06-350
TG-06-138 TG-06-161 TG-06-351
TG-06-139 TG-06-004 TG-06-172
TG-06-140 TG-06-001

TG-06-141 TG-06-005

Table 73: RNA sequences of the four additional TTC spacers targeting the human PCSK9

locus.
Spacer ID Spacer RNA sequence SEQ ID NO:
TG-06-126 CCUUUUCAUCCUCCUGCCUG 2672
TG-06-129 UUUUACACACCAUGUUCAAG 2675
TG-06-148 GCCGGGCCCACCUUUUCAGU 2694
TG-06-1046 UCUCUUACAUGGGGGGARAC 2714
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Assessment of PCSK9 secretion levels for the 65 PCSK9-targeting spacers:

[0581] mRNA encoding the LTRP5-ADD-ZIM3 molecule was generated by IVT using
methods similar to those described in Example 2. The DNA and mRNA sequences for LTRPS-
ADD-ZIM3 are shown in Tables 18 and 19.

[0582] gRNAs containing each of the 65 PCSK9-targeting spacers (Tables 72-73) were
designed using gRNA scaffold 316 and chemically synthesized with the v1 modification profile
(as described in Example 7). Furthermore, a non-targeting gRNA was used as non-targeting
control.

[0583] To assess PCSK9 secretion, seeded Huh7 cells were co-transfected with mRNA
encoding for LTRP5-ADD-ZIM3 and a gRNA with scaffold 316 and spacer targeting the
PCSK9 locus using lipofectamine 3000. Two doses of total RNA input at a 2:1 mass ratio of
mRNA to gRNA were used for screening: 50ng mRNA:25ng gRNA and 25ng mRNA:12.5ng
gRNA. Media supernatant was harvested at 6 days post-transfection to assess level of PCSK9
secretion by ELISA (Table 74). Levels of PCSK9 secretion were normalized to total cell count.
As an additional control, PCSK9 secretion was also measured in the media supernatant
harvested from cells transfected with mRNA encoding for mScarlet.

[0584] Media supernatant is further sampled at 13, 20, and 27 days post-transfection, and
levels of PCSK9 secretion are measured by ELISA as described above.

Results:

[0585] PCSKO secretion levels for Huh7 cells transfected with mRNA encoding LTRPS-
ADD-ZIM3 with a PCSK9-targeting gRNA at the 6-day timepoint are shown in Table 74.
Specifically, Table 74 provides the level of secreted PCSK9 (ng/mL) in cells transfected with
gRNAs with each of the spacers, the percent reduction in PCSK9 secretion relative to the control
transfected with a non-targeting gRNA, and the distance in basepairs of each targeting sequence
to the PCSKY transcription start site (TSS). The average percent reduction in PCSK9 secretion
with each dose for each spacer is also provided, and spacers in constructs that resulted in greater

than 50% reduction in PCSK9 secretion averaged from the two doses are bolded in the table.

Table 74: Results of ELISA assay evaluating the functional effects of 65 PCSK9-targeting
spacers on PCSK9 secretion levels when paired with LTRPS-ADD-ZIM3*
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5;]511g mRNA: 25ng mRNA: Average
Distance ng gRNA 12.5ng gRNA percent
Spacer ID | to TSS Secreted Perc_ent . Secreted Perc_ent_ reduction in
(bp) PCSK9 | "SQecionin | pesky | reductonin | PCSK9
(ng/mL) secretion (ng/mL) secretion secretion

TG-06-342 -1086 51.55 37.34 75.23 5.6 15.87
TG-06-117 917 68.98 16.16 98.05 37.62 10.73
TG-06-118 -860 355 56.86 54.78 23.11 39.99
TG-06-119 -858 70.37 14.47 84.54 18.66 2.1
TG-06-120 -843 21.43 73.95 4797 32.67 53.31
TG-06-122 -800 79.36 3.54 86.06 20.79 8.63
TG-06-123 -789 30.49 62.95 5132 27.97 4546
TG-06-121 -787 28.33 65.57 37.13 47.89 56.73
TG-06-124 -786 16.54 79.9 30.59 57.06 68.48
TG-06-125 =767 24.93 69.7 46.11 35.28 52.49
TG-06-126 =707 23.48 71.46 44.82 37.09 54.27
TG-06-127 -699 22.57 72.56 49.1 31.08 51.82
TG-06-128 -664 4221 48.7 62.29 12.57 30.63
TG-06-129 -646 59.93 27.16 90.82 2747 0.16
TG-06-131 -644 28.4 65.48 57.89 18.74 42.11
TG-06-132 -621 56.68 31.11 75.01 5.29 1291
TG-06-135 -601 25.66 68.82 44.59 37.42 53.12
TG-06-133 -596 29.45 64.21 42.13 40.86 52.53
TG-06-134 -589 43.79 46.77 5745 19.37 33.07
TG-06-138 -527 18.99 76.92 30.87 56.67 66.79
TG-06-139 -463 15.03 81.73 25.45 64.28 73.01
TG-06-140 -408 61.68 25.04 59.94 15.87 20.45
TG-06-141 -383 13.86 83.16 12.58 82.34 82.75
TG-06-142 -379 30.87 62.48 27.27 61.73 62.1
TG-06-144 -351 23.42 71.53 29 59.29 65.41
TG-06-143 -337 38.69 52.97 22.33 68.66 60.81
TG-06-146 -316 40.84 50.36 20.34 71.45 60.9
TG-06-145 -299 15.8 80.8 18.54 73.98 77.39
TG-06-147 -291 53.6 34.85 3743 4746 41.15
TG-06-148 =273 71.46 13.15 4477 37.16 25.15
TG-06-149 -177 21.18 74.26 38.33 46.21 60.23
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5;]511g mRNA: 25ng mRNA: Average

Distance ng gRNA 12.5ng gRNA percent

Spacer ID | to TSS Secreted Perc_ent . Secreted Perc_ent_ reduction in

(bp) PCSK9 | "SQecionin | pesky | reductonin | PCSK9

(ng/mL) secretion (ng/mL) secretion secretion
TG-06-150 -148 18.33 717.73 39.59 44 .42 61.08
TG-06-151 -145 53.44 35.05 66.42 6.77 20.91
TG-06-152 -126 36.95 55.09 57.43 19.39 37.24
TG-06-153 -76 73.23 10.99 86.58 21.52 527
TG-06-154 -13 6.87 91.65 24.48 65.64 78.64
TG-06-155 18 29.45 64.21 56.36 20.89 42.55
TG-06-157 70 12.32 85.03 324 54.53 69.78
TG-06-159 169 53.15 354 80.84 13.47 10.97
TG-06-158 175 9.39 88.59 31.72 55.48 72.03
TG-06-160 182 20.63 74.93 48.67 31.69 53.31
TG-06-161 204 29.55 64.08 53.16 25.38 4473
TG-06-004 448 54.83 3335 73.05 2.54 15.41
TG-06-001 451 18.21 77.86 32.86 53.88 65.87
TG-06-005 464 67.08 18.47 76.37 7.19 5.64
TG-06-002 503 81.95 04 83.15 16.71 8.16
Tl(i)-é?66- 592 78.9 4.1 76.27 7.05 1.48
TG-06-343 | 598 62.8 23.67 75.55 6.04 3.82
TG-06-167 | 751 39.55 51.93 66.61 6.51 29.22
TG-06-168 | 768 19.1 76.78 50.96 28.47 52.62
TG-06-169 781 66.39 19.3 62.55 122 15.75
TG-06-170 786 64.19 2198 72.96 2.41 9.79
TG-06-344 851 82.29 0.01 76.43 7.28 3.64
TG-06-345 859 81.22 1.28 85.68 20.26 9.49
TG-06-346 861 77.02 6.39 81.63 14.58 4.09
TG-06-347 869 26.55 67.73 51.83 2724 47.49
TG-06-348 878 23.14 71.88 35.55 50.1 60.99
TG-06-171 889 52.41 36.3 5595 21.46 28.88
TG-06-349 908 91.34 11.02 87.55 22.89 16.95
TG-06-249 949 87.36 6.18 82.36 15.61 10.89
TG-06-250 959 86.92 5.64 80.42 12.87 9.26
TG-06-251 985 36.8 5528 44.62 37.37 46.32
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50ng mRNA: 25ng mRNA: A
Distance 25ng gRNA 12.5ng gRNA pz::fte
Spacer ID | to TSS Secreted (li’erc_ent . Secreted (Ii’erc_ent_ reduction in
(bp) PCSK9 | "OGre " | PCSK9 | TOREORIN | PCSKO
secretion
(ng/mL) secretion (ng/mL) secretion
TG-06-350 1063 71.25 13.4 67.87 4.74 9.07
TG-06-351 1074 56.34 31.52 6293 11.67 21.6
TG-06-172 1097 44 44 4599 5931 16.75 31.37
Non- ; 82.28 0 7124 0 0
targeting
fﬁﬁ;ﬂft - 84.85 3.12 - -

*Data are shown rounded to the nearest hundredth.

[0586]

spacers produced decreased levels of secreted PCSK9 at 6 days post-transfection. The spacers

The data presented in Table 74 demonstrate that constructs with most of the tested

were complementary to the PCSK9 locus in a region ranging from 1086 basepairs upstream to
1097 basepairs downstream of the TSS, and effective spacers were found throughout the tested
region, with many of the most effective spacers clustering between the TSS and approximately
500 basepairs upstream of the TSS.

[0587] The construct with the TG-06-141 spacer was the most effective overall at the 6-day
timepoint, with an 82.75% average reduction in secreted PCSK9 levels. Constructs with spacers
TG-06-154, TG-06-145, TG-06-139, TG-06-158, TG-06-157, TG-06-124, TG-06-138, TG-06-
001 and TG-06-144 were also highly effective, with each producing greater than a 65% average
reduction in secreted PCSKO levels.

[0588]

spacers that support PCSK9 repression and a reduction of secreted PCSKO9 levels over longer

13, 20, and 27 days post-transfection timepoints are further assessed in order to identify

time periods.
[0589]
the ADD domain with the appropriate targeting gRNA can result in repression of the PCSK9

These results demonstrate that delivery of mRNA encoding an LTRP molecule with

locus to reduce PCSKO secretion in a cell-based assay.
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Example 24: Additional assessment of the effects of using CpG-reduced or depleted gRNA
scaffolds on CasX-mediated editing activity

[0590] As discussed in Example 12, above, unmethylated CpG motifs act as PAMPs that
potently trigger undesired immune activation. Therefore, nucleotide substitutions to replace
native CpG motifs in the AAV constructs, including constructs encoding for guide scaffold
variants 235 and 316, were designed and generated. Here, experiments were performed to
evaluate further the effects of using these resulting CpG-reduced or depleted gRNA scaffolds on
CasX-mediated editing activity.

Materials and Methods:

[0591] The CpG-reduced or depleted scaffolds 320-341 were evaluated in three in vitro
experiments described below; the sequences of scaffolds 320-341 are listed in Table 42. In
addition, two newly engineered gRNA scaffolds, scaffold 382 and 392 (sequences listed in Table
75), were also assessed. As benchmark comparisons, scaffolds 174, 235, and 316 (sequences

listed in Table 9 and Table 75) were also included for evaluation.

Table 75: Sequences of additional gRNA scaffolds tested in this example

Scaffold DNA l;gé
cz}Do DNA sequence SEQID RNA sequence D
NO: NO:
ACTGGCGCTTCTATCTGATTACTCT ACUGGCGCUUCUAUCUGAUUACUCU
Scaffold | GAGCCGCCATCACCAGCGACTATGT GAGCCGCCAUCACCAGCGACUAUGU
382 CGTAGTGGGTAAAGCTCCCTCTTCG 3448 CGUAGUGGGUAAAGCUCCCUCUUCG 3451
GAGGGAGCATCAGAG GAGGGAGCAUCAGAG
ACTGGGCCTTCTATCTGATTACTCT ACUGGGCCUUCUAUCUGAUUACUCU
Scaffold | GAGGCCCATCACCAGCGACTATGTC GAGGCCCAUCACCAGCGACUAUGUC
392 GTAGTGGGTAAAGCCGCTTACGGAC 3449 GUAGUGGGUAAAGCCGCUUACGGAC 3452
TTCGGTCCGTAAGAGGCATCAGAG UUCGGUCCGUAAGAGGCAUCAGAG
ACTGGCGCTTTTATCTGATTACTTT ACUGGCGCUUUUAUCUGAUUACUUU
Scaffold | GAGAGCCATCACCAGCGACTATGTC GAGAGCCAUCACCAGCGACUAUGUC
174 GTAGTGGGTAAAGCTCCCTCTTCGG 3450 GUAGUGGGUAAAGCUCCCUCUUCGG 1744
AGGGAGCATCAAAG AGGGAGCAUCAAAG

[0592] AAYV constructs were designed and generated as previously described in Example 12.
The CpG-reduced or depleted gRNA scaffolds were tested in two different AAV backbones.
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Specifically, for the experiment involving lipofection of HEK293 cells as described below,
scaffolds 235 and 320-341 were tested in AAV vectors that were CpG-depleted, with the
exception of AAV2 ITRs, as previously described in Example 12. Briefly, the CpG-depleted
AAYV backbone construct encoded for CpG-depleted versions of the following elements: U1A
promoter, CasX 491, bGH poly(A) signal sequence, and U6 promoter. For the experiment
involving AAYV transduction of human induced neurons (iNs) and HEK293 cells as described
below, scaffolds 174, 235, 316, 320-341, 382, and 392 (see Tables 9, 42 and 75 for sequences)
were tested in an AAV backbone that was not CpG-depleted (see Table 76 for sequences).
Furthermore, spacer 7.37 targeting the B2M locus was used in two experiments described below
involving HEK293 cells: lipofection and AAV transduction. Spacer 31.63 targeting the A4V'S1
locus was used in an experiment described below involving human iNs. Table 77 below lists the
AAYV constructs that were tested in the context of a non-CpG-depleted AAV vector and the

experimental conditions in which these constructs were assessed.

Table 76: Sequences encoding for a base AAV plasmid into which gRNA scaffolds in Table

75 were cloned

Component Name DNA sequence SEQ ID NO
CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCG
\ GGCGTCGGGCCACCTTTGGTCGCCCGGCCTCAGTCAGCCAGCG n
STTIR AGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCC 3233
T
buffer sequence | GCGGCCTCTAGACTCGAGGCGTT 3453

AATGGAGGCGGTACTATGTAGATGAGAATTCAGGAGCAAACTG
GGAAAAGCAACTGCTTCCAAATATTTGTGATTTTTACAGTGTA
GTTTTGGAAAAACTCTTAGCCTACCAATTCTTCTAAGTGTTTT

UIA promoter AAAATGTGGGAGCCAGTACACATGAAGTTATAGAGTGTTTTAA 3454
TGAGGCTTAAATATTTACCGTAACTATGAAATGCTACGCATAT
CATGCTGTTCAGGCTCCGTGGCCACGCARCTCATACT

buﬂbrsequence CTCTGGCTAACTACCGGT 3455

Kozak GCCACC N.D.
+ c-
start codon + ¢ ATGGCCCCAGCGGCCARACGGGTGAAGCTGGAC 3456
MYC NLS
linker TCTAGA N.D.
CAAGAGATCAAGAGAATCAACAAGATCAGAAGGAGACTGGTCA
CasX 515 AGGACAGCAACACAAAGAAGGCCGGCAAGACAGGCCCCATGAA 3457
as AACCCTGCTCGTCAGAGTGATGACCCCTGACCTGAGAGAGCGG

CTGGAAAACCTGAGAAAGAAGCCCGAGAACATCCCTCAGCCTA
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TCAGCAACACCAGCAGGGCCAACCTGAACAAGCTGCTGACCGA
CTACACCGAGATGAAGAAAGCCATCCTGCACGTGTACTGGGAA
GAGTTCCAGAAAGACCCCGTGGGCCTGATGAGCAGAGTTGCTC
AGCCTGCCAGCAAGAAGATCGACCAGAACAAGCTGAAGCCCGA
GATGGACGAGAAGGGCAATCTGACCACAGCCGGCTTTGCCTGC
TCTCAGTGTGGCCAGCCTCTGTTCGTGTACAAGCTGGAACAGG
TGTCCGAGAAAGGCAAGGCCTACACCAACTACTTCGGCAGATG
TAACGTGGCCGAGCACGAGAAGCTGATTCTGCTGGCCCAGCTG
AAACCTGAGAAGGACTCTGATGAGGCCGTGACCTACAGCCTGG
GCAAGTTTGGACAGAGAGCCCTGGACTTCTACAGCATCCACGT
GACCAAAGAAAGCACACACCCCGTGAAGCCCCTGGCTCAGATC
GCCGGCAATAGATACGCCTCTGGACCTGTGGGCAAAGCCCTGT
CCGATGCCTGCATGGGAACAATCGCCAGCTTCCTGAGCAAGTA
CCAGGACATCATCATCGAGCACCAGAAGGTGGTCAAGGGCAAC
CAGAAGAGACTGGAAAGCCTGAGGGAGCTGGCCGGCAAAGAGA
ACCTGGAATACCCCAGCGTGACCCTGCCTCCTCAGCCTCACAC
AAANAGAAGGCGTGGACGCCTACAACGAAGTGATCGCCAGAGTG
AGAATGTGGGTCAACCTGAACCTGTGGCAGAAGCTGAAACTGT
CCAGGGACGACGCCAAGCCTCTGCTGAGACTGAAGGGCTTCCC
TAGCTTCCCTCTGGTGGAAAGACAGGCCAATGAAGTGGATTGG
TGGGACATGGTCTGCAACGTGAAGAAGCTGATCAACGAGAAGA
AAGAGGATGGCAAGGTTTTCTGGCAGAACCTGGCCGGCTACAA
GAGACAAGAAGCCCTGAGGCCTTACCTGAGCAGCGAAGAGGAC
CGGAAGAAGGGCAAGAAGTTCGCCAGATACCAGCTGGGCGACC
TGCTGCTGCACCTGGAAAAGAAGCACGGCGAGGACTGGGGCAA
AGTGTACGATGAGGCCTGGGAGAGAATCGACAAGAAGGTGGAA
GGCCTGAGCAAGCACATTAAGCTGGAAGAGGAAAGAAGGAGCG
AGGACGCCCAATCTAAAGCCGCTCTGACCGATTGGCTGAGAGC
CAAGGCCAGCTTTGTGATCGAGGGCCTGAAAGAGGCCGACAAG
GACGAGTTCTGCAGATGCGAGCTGAAGCTGCAGAAGTGGTACG
GCGATCTGAGAGGCAAGCCCTTCGCCATTGAGGCCGAGAACAG
CATCCTGGACATCAGCGGCTTCAGCAAGCAGTACAACTGCGCC
TTCATTTGGCAGAAAGACGGCGTCAAGAAACTGAACCTGTACC
TGATCATCAATTACTTCAAAGGCGGCAAGCTGCGGTTCAAGAA
GATCAAACCCGAGGCCTTCGAGGCTAACAGATTCTACACCGTG
ATCAACAAAAAGTCCGGCGAGATCGTGCCCATGGAAGTGAACT
TCAACTTCGACGACCCCAACCTGATTATCCTGCCTCTGGCCTT
CGGCAAGAGACAGGGCAGAGAGTTCATCTGGAACGATCTGCTG
AGCCTGGAAACCGGCTCTCTGAAGCTGGCCAATGGCAGAGTGA
TCGAGAAAACCCTGTACAACAGGAGAACCAGACAGGACGAGCC
TGCTCTGTTTGTGGCCCTGACCTTCGAGAGAAGAGAGGTGCTG
GACAGCAGCAACATCAAGCCCATGAACCTGATCGGCGTGGACC
GGGGCGAGAATATCCCTGCTGTGATCGCCCTGACAGACCCTGA
AGGATGCCCACTGAGCAGATTCAAGGACTCCCTGGGCAACCCT
ACACACATCCTGAGAATCGGCGAGAGCTACAAAGAGAAGCAGA
GGACAATCCAGGCCAAGAAAGAGGTGGAACAGAGAAGAGCCGG
CGGATACTCTAGGAAGTACGCCAGCAAGGCCAAGAATCTGGCC
GACGACATGGTCCGAAACACCGCCAGAGATCTGCTGTACTACG
CCGTGACACAGGACGCCATGCTGATCTTCGAGAATCTGAGCAG
AGGCTTCGGCCGGCAGGGCAAGAGAACCTTTATGGCCGAGAGG
CAGTACACCAGAATGGAAGATTGGCTCACAGCTAAACTGGCCT
ACGAGGGACTGCCCAGCAAGACCTACCTGTCCAAAACACTGGC
CCAGTATACCTCCAAGACCTGCAGCAATTGCGGCTTCACCATC
ACCAGCGCCGACTACGACAGAGTGCTGGAAAAGCTCAAGAAAA
CCGCCACCGGCTGGATGACCACCATCAACGGCAAAGAGCTGAA
GGTTGAGGGCCAGATCACCTACTACAACAGGTACAAGAGGCAG
AACGTCGTGAAGGATCTGAGCGTGGAACTGGACAGACTGAGCG
AAGAGAGCGTGAACAACGACATCAGCAGCTGGACAAAGGGCAG
ATCAGGCGAGGCTCTGAGCCTGCTGAAGAAGAGGTTTAGCCAC
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AGACCTGTGCAAGAGAAGTTCGTGTGCCTGAACTGCGGCTTCG
AGACACACGCCGATGAACAGGCTGCCCTGAACATTGCCAGAAG
CTGGCTGTTCCTGAGAAGCCAAGAGTACAAGAAGTACCAGACC
AACAAGACCACCGGCAACACCGACAAGAGGGCCTTTGTGGAAA
CCTGGCAGAGCTTCTACAGAAAAAAGCTGAAAGAAGTCTGGAA
GCCCGCCGTG

linker GGATCC N.D.
c-MYC NLS CCAGCCGCGAAGCGAGTGARACTGGAC 3458
stop codon TAA N.D.
buffer sequence GAATTCCTAGAGCTCGCTGATCAGCCTCGA 3459
CTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCC
bGH poly(A) signal CGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTT
poly g TCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGT 3460
sequence GTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGE
GGAGGATTGGGAAGAGAATAGCAGGCATGCTGGGGA
buffer sequence GGTACCGT N.D.
GAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGAT
ACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAA
U6 CACAAAGATATTAGTACAAAATACGT GACGTAGAAAGTAATAA 3461
promoter TTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGG
ACTATCATATGCTTACCGTAACTTGARAGTATTTCGATTTCTT
GGCTTTATATATCTTGTGGAAAGGAC
buffer sequence | GAAACACC N.D.

Scaffold variants

See sequences listed in Tables 9, 42, and 75

See sequences
listed in Tables 9,

CCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCA
GCTGCCTGCAGG

42 and 75
B2M spacer (spacer GGCCGAGATGTCTCGCTCCG 3137
7.37)
AAVSI spacer CAAGAGGAGAAGCAGTTTGG 3462
(spacer 31.63)
Non-targeting CGAGACGTAATTACGTCTCG 3232
spacer (spacer 0.0)
buffer sequence TTTTTTTTGGCGGCCGC 3463
AGGAACCCCTAGT GATGGAGTTGGCCACTCCCTCTCTGCGCGL
TCGCTCGCTCACTGAGGCCGGGCGACCARAGGTCGCCCGACGT
3'ITR 3238

Table 77: List of AAV constructs and scaffold variants tested in a non-CpG-depleted AAV

vector (see Table 76 for sequences) and the experimental conditions in which these

constructs were assessed

AAYV construct ID Scai:fold Spacer Experimental conditions
variant
262 235 31.63 AAY transduction in iNs
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263 328 31.63 AAY transduction in iNs
264 329 31.63 AAY transduction in iNs
265 382 31.63 AAYV transduction in iNs
266 174 31.63 AAYV transduction in iNs
267 335 31.63 AAY transduction in iNs
268 325 31.63 AAY transduction in iNs
269 330 31.63 AAY transduction in iNs
270 327 31.63 AAYV transduction in iNs
271 334 31.63 AAYV transduction in iNs
272 339 31.63 AAYV transduction in iNs
273 337 31.63 AAY transduction in iNs
274 235 Non-targeting AAY transduction in iNs
275 331 7.37 AAYV transduction in HEK293s
276 335 7.37 AAYV transduction in HEK293s
277 316 7.37 AAYV transduction in HEK293s
278 392 7.37 AAYV transduction in HEK293s
279 325 7.37 AAYV transduction in HEK293s
280 334 7.37 AAYV transduction in HEK293s
281 324 7.37 AAYV transduction in HEK293s
282 336 7.37 AAYV transduction in HEK293s
283 330 7.37 AAYV transduction in HEK293s
284 320 7.37 AAYV transduction in HEK293s
285 332 7.37 AAYV transduction in HEK293s
286 321 7.37 AAYV transduction in HEK293s
287 339 7.37 AAYV transduction in HEK293s
288 235 7.37 AAYV transduction in HEK293s
289 235 Non-targeting | AAV transduction in HEK293s

[0593] AAYV production was performed using methods described in Example 12. For the

experiment involving lipofection of HEK293 cells as described below, AAV titering was

performed following methods described in Example 12. For the two experiments involving AAV

transduction of human iNs or HEK293 cells as described below, AAV titering was performed by

ddPCR.

Cell-based assays evaluating the effects of using CpG-depleted or reduced gRNA scaffolds on

editing activity:
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[0594] In one experiment, ~20,000 HEK?293 cells per well were seeded in 96-well plates 24
hours prior to transfection. Seeded cells were then transfected with CpG-depleted AAV plasmids
containing various versions of the guide scaffold (scaffolds 320-341). 5 days post transfection,
cells were harvested for B2M protein expression analysis via HLA immunostaining following by
flow cytometry. A CpG-depleted AAV plasmid with scaffold variant 235 served as an
experimental control. An AAV plasmid with a CMV promoter driving mCherry expression was
used as a transfection control, and a ~41% transfection rate was observed. The results from this
experiment are shown in FIG. 68.

[0595] In a second experiment, ~20,000 induced neuron (iN) cells per well were seeded on
Matrigel-coated 96-well plates 7 days prior to transduction. AAVs expressing the CasX:gRNA
system, containing various versions of the guide scaffold (AAV construct ID #262-274; see
Table 77), were diluted in neuronal plating media and added to cells 7 days post-plating. Cells
were transduced at three MOIs (3E4, 1E4 or 3E3 vg/cell). 7 days post-transduction, cells were
gDNA extraction for editing analysis at the A4V S locus using NGS. The results from this
experiment are shown in FIGS. 69A-69C.

[0596] In a third experiment, ~10,000 HEK293 cells per well were seeded in 96-well plates 24
hours prior to transfection. Seeded cells were then transduced with AAVs expressing the
CasX:gRNA system, containing various versions of the guide scaffold (AAV construct ID #275-
289; see Table 77). Cells were transduced at three MOIs (1E4, 3E3, or 1E3 vg/cell). 5 days post-
transduction, cells were harvested for B2M protein expression analysis via HLA
immunostaining following by flow cytometry. The results from this experiment are shown in
FIGS. 70A-70C.

Results:

[0597] Experiments were performed to evaluate further the effects of using CpG-reduced or
depleted gRNA scaffolds on CasX-mediated editing activity. In the first experiment (N=1),
HEK?293 cells were lipofected with CpG-depleted AAV plasmids containing various versions of
the gRNA scaffold (scaffolds 320-341, see Table 42 for sequences). B2M protein expression
was subsequently analyzed, and the results of the assay are shown in FIG. 68. The data
demonstrate that use of scaffolds 320-341 did not improve editing activity at the target B2M
locus, since use of these scaffolds produced a lower percentage of cells with B2M- relative to the
level achieved when using an AAV construct containing scaffold 235. These results do not

recapitulate the results described in Example 12 (see FIGS. 28-31).
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[0598] In the second experiment (N=1), human iNs were transduced with AAV particles
expressing the CasX:gRNA system, containing various versions of the guide scaffold (AAV
construct ID #262-274). Editing at the AAVS1 locus was analyzed, and the results of the assay
are shown in FIGS. 69A-69C. The data demonstrate that of the scaffold variants tested, use of
scaffold variant 329 and 382 appeared to improve editing at the A4V S1 locus when compared to
use of scaffold 235, especially at MOI of 1E4 and 3E3 vg/cell. Furthermore, the effects on
editing activity were observed in a dose-dependent manner.

[0599] In the third experiment (N=1), HEK293 cells were transduced with AAV particles
expressing the CasX:gRNA system, containing various versions of the guide scaffold (AAV
construct ID #275-289). B2M protein expression was subsequently analyzed, and the results of
the assay are shown in FIGS. 70A-70C. The data demonstrate that of the scaffold variants tested,
use of scaffolds 316, 392 and 332 appeared to improve editing at the B2M locus when compared
to use of scaffold 235 overall. Specifically, at the higher MOI of 1E4 and 3E3 vg/cell, slightly
improved editing was observed with use of scaffolds 316, 392, and 332 (FIGS. 70A-70B), while
a stronger editing improvement was observed at the lower MOI of 1E3 vg/cell (FIG. 70C).
Notably, scaffold 332 and 392 both include CG > GC mutations in the pseudoknot stem (region
1; FIGS. 27A-27B), effectively reducing the overall number of CpGs when compared to scaffold
235, thereby potentially contributing to the increase in editing activity. Furthermore, scaffolds
316 and 332 both have a truncated extended stem when compared to scaffold 235, removing the
bubble and the CG dinucleotide (region 3; FIGS. 27A-27B), thereby also potentially
contributing to the observed increase in editing activity. Further experiments are performed,
especially at lower MOls, to unravel the intricacies of the effects of individual CpG mutations
on editing potency.

[0600] The results from the experiments described here demonstrate that use of guide
scaffolds with different levels of CpG depletion can result in varying levels of editing mediated
by the CasX:gRNA system, and that the resulting editing levels can vary by method of delivery

(e.g., plasmid transfection vs. AAV transduction).

287014549
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CLAIMS
What is claimed is:

1. A system comprising a repressor fusion protein and a guide ribonucleic acid (gRNA),
wherein the repressor fusion protein comprises:

(a) a catalytically-dead CRISPR protein,;

(b) a repressor domain (RD1);

() a DNA methyltransferase (DNMT) 3A ATRX-DNMT3-DNMT3L domain

(ADD),

(d) a DNMT3A catalytic domain (DNMT3A); and

(e) a DNMTS3L interaction domain (DNMT3L),
wherein the gRNA comprises a targeting sequence complementary to a proprotein convertase
subtilisin/kexin Type 9 (PCSKY9) gene target nucleic acid sequence, and
wherein the repressor fusion protein is capable of forming a ribonucleoprotein (RNP) with the
gRNA.
2. The system of claim 1, wherein the RNP is capable of binding to the PCSK9 gene target
nucleic acid sequence.
3. The system of claim 1 or claim 2, wherein the RNP is capable of repressing transcription
of the PCSK9 gene upon binding to the PCSK9 gene target nucleic acid sequence.
4, The system of any one of claims 1-3, wherein the ADD is fused to the N-terminus of the
DNMT3A.
5. The system of any one of claims 1-4, wherein the repressor fusion protein comprises,
from N- to C-terminus:

(a)  theRDI;

(b)  the ADD;

(©) the DNMT3A;

(d)  the DNMT3L; and

(e) the catalytically-dead CRISPR protein.
6. The system of any one of claims 1-4, wherein the repressor fusion protein comprises,
from N- to C-terminus:

(a) the ADD;

(b)  the DNMT3A,;

(c) the DNMT3L,;
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(d)  theRDI; and

(e) the catalytically-dead CRISPR protein.
7. The system of any one of claims 1-6, wherein the catalytically-dead CRISPR protein is a
catalytically-dead Class 1 CRISPR protein or a catalytically-dead Class 2 CRISPR protein.
8. The system of claim 7, wherein the catalytically-dead Class 2 CRISPR protein is a
catalytically-dead Type II protein, a catalytically-dead Type V protein, or a catalytically-dead
Type VI protein.
9. The system of claim 8, wherein the catalytically-dead Type Il protein is a catalytically-
dead Cas9 protein.
10.  The system of claim 8, wherein the catalytically-dead Type V protein is selected from the
group consisting of a catalytically-dead Cas12a (Cpf1), a catalytically-dead Cas12b (C2c1), a
catalytically-dead Cas12c (C2c3), a catalytically-dead Cas12d (CasY), a catalytically-dead
Casl2e (CasX), a catalytically-dead Cas12f, a catalytically-dead Cas12g, a catalytically-dead
Casl12h, a catalytically-dead Cas12i, a catalytically-dead Cas12j, a catalytically-dead Cas12k, a
catalytically-dead Cas14, and a catalytically-dead Cas®.
11.  The system of claim 10, wherein the catalytically-dead Type V protein is a catalytically-
dead CasX (dCasX).
12. The system of claim 11, wherein the dCasX comprises a sequence selected from the
group consisting of SEQ ID NOS: 4-29, or a sequence having at least about 70%, at least about
80%, at least about 85%, at least about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% sequence identity thereto.
13.  The system of claim 11, wherein the dCasX comprises a sequence of SEQ ID NOS:
3281-3441, or 3444-3446, or a sequence having at least about 70%, at least about 80%, at least
about 85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%,
or at least about 99% sequence identity thereto, and wherein the sequence comprises a RuvC
domain comprising one or more mutations that inactivates the cleavage activity of the RuvC
domain.
14.  The system of claim 13, wherein the one or more mutations comprise D659A, E756A
and/or D922A substitutions corresponding to a sequence of SEQ ID NO: 2.
15.  The system of claim 11, wherein the dCasX comprises a sequence of SEQ ID NO: 4.
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16.  The system of any one of claims 1-15, wherein the RD1 comprises an amino acid

sequence motif selected from the group consisting of:

PX1X2X5X4Xs5X6EX7, wherein

(2)

(b)

(©

(d)

i) XiisA,D,E, or N,

il) XeisLorV,

iii) XzislorV,

iv) Xais S, T, or F,

v) XsisH, K, L, Q,RorW,
vi) Xesis L or M, and
vii)X7is G, K, Q, or R;

X1X2X3X4GXsX6X7XsXo, wherein

1) XiisLorV,

i) X2is A, G, L, TorV,
iii) Xzis A, F, or S,

iv) XsisLorV,

v) XsisC,F, H,LLLorY,
vi) X6is A, C, P, Q, or S,
vii)X7is A, F, G, [, S, or V,

viii) Xsis A, P, S, or T, and

ix) Xois K or R;

QX1X2LYRX3VMX4 (SEQ ID NO: 1727), wherein

i) XiisKorR,

ii) X2is A,D,E, G, N, S, or T,
iil) X3is D, E, or S, and

iv) Xsis L orR;

1) XiisA,L,P,orS,

i1) XzisLorV,

iii) Xsis Sor T,

iv) Xais A, E, G, K, or R,
v) XsisAorT,

vi) XeisTorV,
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vi))X7is D, E, N, or Y,
viii) XsgisSorT,
ix) Xois E,P, Q, R, or W,
x) Xiwis E or N, and
xi) Xuis E or Q;
(e) X1X2X3PXaX5X6X7X8X0X10, wherein
i) XiisE, G, or R,
i1) X2is EorKk,
iii) Xsis A, D, or E,
iv) XaisCor W,
v) XsisLK,L,M, T, orV,
vi) Xeis [, L, P,orV,
vi)X7is D, E, K, or V,
viii) XsisE, G, K, P, or R,
ix) Xois A, D, R, G, K, Q,or V, and
x) XwisD,E, G, L, R, S, orV;
® LYX1X2VMXGEXaX5X6X7X8X0X10 (SEQ ID NO: 1729), wherein
1) XiisKorR,
ii) XaisDorE,
iil) Xsis L, Q, or R,
iv) Xsis Nor T,
v) XsisForY,
vi) Xeis A, E, G, Q, R, or S,
vii)X7is H, L, or N,
viii) XsisLorV,
ix) Xois A, G, L, T, or V, and
x) Xiwis A, F, or S,
(g0 FXiIDVXaXs3XaFX5XeX7EWXs (SEQ ID NO: 1730), wherein
i) Xi1isAE, G, K, orR,
ii) Xzis A, S, or T,
i) XsisIorV,
iv) Xsis D, E, N, or Y,
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v) XsisSorT,
vi) X6isE,L, P, Q,R, or W,
vii)X7is D or E, and
viii) Xsis A E, G, Q, orR;
(h) X1PX2X3X4Xs Xe LEX7X38X0X10X11X12, wherein
i) XiisKorR,
ii) X2is A, D, E, or N,
i) Xzis I, L, M, or V,
iv) XaisTorV,
v) XsisF, S,or T,
vi) Xeis H, K, L, Q,R, or W,
vii)X7is K, Q, or R,
viii) Xsis E, G, or R,
ix) Xois D, E, or K,
x) Xwis A, D, orE,
xi) Xunis L or P, and
xii) X121s C or W; and
(1) X1LX2X3X4QX5X6, wherein
i) Xi1isC,H,L,Q,orW,
ii) X2isD, G, N, R, or §,
iii) XzisL, P, S, or T,
iv) Xais A, S, or T,
v) XsisKorR, and
vi) Xeis A, D,E, K, N, S, or T.
17.  The system of claim 16, wherein the RD1 comprises a first and a second amino acid
sequence motif wherein:
(a) the first amino acid sequence motif comprises
LYX1XaVMX5EX4X5X6X7Xs8X9X10 (SEQ ID NO: 1729), wherein
i) XiisKorR,
i) XzisDorE,
i) XsisL, Q, orR,
iv) Xs4isNor T,
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v) XsisForY,
vi) Xeis A E, G, Q,R, or S,
vii) X7isH, L, or N,
viil) XsisL or V,
ix) Xois A, G,LLL, T, orV, and
x) Xwis A, F, or S; and
(b)  the second amino acid sequence motif comprises FXiDVXoX3X4FXs5XcX7EW X3
(SEQ ID NO: 1730), wherein
i) Xi1isA,E, G, K, orR,
ii) X2is A, S, or T,
i) XzisIorV,
iv) XaisD, E, N, or Y,
v) XsisSorT,
vi) Xeis E, L, P, Q, R, or W,
vii) X7is D or E, and
viii) Xsis A E, G, Q, orR.
18.  The system of any one of claims 1-15, wherein the RD1 comprises an amino acid
sequence motif selected from the group consisting of’
() DVAVYFSPEEWGCL (SEQ ID NO: 2945);
(b) X1XeX3QXaXsLY, wherein
i) Xi1isA,D,G,N,R, or§,
ii) X2isP, S, or T,
iii) X3is A, S, or T,
iv) Xsis K or R, and
v) XsisA,D,K, N, S, or T;
(©) X1KPX>X3X4Xs5Xs, wherein
i) Xiis A, P, orS,
i1) Xais A, D, orE,
iii) XsisL,M, or V,
iv) XaislorV,
v) XsisF, S, or T, and
vi) XeisH, K, L, Q,R, or W;
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(d) LEX1X0X3X4X5Xe, wherein

1) Xi1isE, K, QorR,

ii) X2isE, G, orR,

iii) X3is A, D, E, or K,

iv) Xais A, D, or E,

v) XsisL or P, and

vi) X6 is C or W; and

(e) X1VMLEX:>Y X3X4X5X6SX7XsXo (SEQ ID NO: 2946), wherein

i) XiisDorE,

ii) X2isNorT,

iii) Xsis A,E, G, Q, R, or S,

iv) XsisHor N,

v) XsisL,M, orV,

vi) Xeis A, L, or V,

vi))X7isLor V,

viii) Xsis A, G, or V, and

ix) Xois C, F, or L.
19. The system of any one of claims 1-18, wherein the RD1 comprises a sequence selected
from the group consisting of SEQ ID NOS: 130-1726, or a sequence having at least about 70%,
at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, or at least about 99% sequence identity thereto.
20.  The system of any one of claims 1-18, wherein the RD1 comprises a sequence selected
from the group consisting of SEQ ID NOS: 130-224, or a sequence having at least about 70%, at
least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, or at least about 99% sequence identity thereto.
21.  The system of any one of claims 1-18, wherein the RD1 comprises a sequence selected
from the group consisting of SEQ ID NOS: 130-138, or sequence having at least about 70%, at
least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, or at least about 99% sequence identity thereto.
22.  The system of any one of claims 1-18, wherein the RD1 comprises the sequence of SEQ

ID NO: 135, or sequence having at least about 70%, at least about 80%, at least about 85%, at
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least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%,
or at least about 99% sequence identity thereto.

23.  The system of any one of claims 1-18, wherein the RD1 comprises the sequence of SEQ
ID NO: 131, or sequence having at least about 70%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%,
or at least about 99% sequence identity thereto.

24,  The system of any one of claims 1-15, wherein the RD1 comprises a Krippel-associated
box (KRAB) domain.

25. The system of claim 24, wherein the KRAB domain is a ZIM3 KRAB domain or a
ZNF10 KRAB domain.

26. The system of claim 25, wherein the ZIM3 KRAB domain comprises a sequence of SEQ
ID NO: 128, or sequence having at least about 70%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%,
or at least about 99% sequence identity thereto.

27. The system of claim 25, wherein the ZNF10 KRAB domain comprises a sequence of
SEQ ID NO: 129, or sequence having at least about 70%, at least about 80%, at least about 85%,
at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about
98%, or at least about 99% sequence identity thereto.

28.  The system of any one of claims 1-27, wherein the ADD comprises a sequence of SEQ
ID NO: 125, or a sequence having at least about 70%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%,
or at least about 99% sequence identity thereto.

29.  The system of any one of claims 1-28, wherein the DNMT3A comprises a sequence of
SEQ ID NO: 126, or a sequence having at least about 70%, at least about 80%, at least about
85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% sequence identity thereto.

30. The system of any one of claims 1-29, wherein the DNMT3L comprises a sequence of
SEQ ID NO: 127, or a sequence having at least about 70%, at least about 80%, at least about
85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% sequence identity thereto.

31. The system of any one of claims 6-30, wherein
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(a) the RD1 comprises a sequence selected from the group consisting of SEQ ID
NOS: 128, 129, 131, and 135, or sequence having at least about 70%, at least
about 80%, at least about 85%, at least about 90%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99%
sequence identity thereto; and
(b)  the catalytically-dead CRISPR protein is a dCasX.
32.  The system of any one of claims 1-31, wherein the repressor fusion protein comprises
one or more linker peptides.
33.  The system of claim 32, wherein at least one of the one or more linker peptides
comprises a sequence selected from the group consisting of SEQ ID NOS: 98-124.
34. The system of claim 32, wherein at least one of the one or more linker peptides
comprises a sequence selected from the group consisting of SEQ ID NOS: 120 and 122-124.
35.  The system of any one of claims 1-34, wherein the repressor fusion protein comprises
one or more nuclear localization signals (NLS).
36. The system of claim 35, wherein at least one of the one or more NLS comprises a
sequence selected from the group consisting of SEQ ID NOS: 30-97.
37.  The system of claim 35, wherein at least one of the one or more NLS is a simian virus 40
(SV40) NLS.
38.  The system of claim 37, wherein the SV40 NLS comprises a sequence of SEQ ID NO:
30.
39. The system of any one of claims 6-38, wherein the repressor fusion protein comprises,
from N- to C-terminus,
(a) a first NLS;
(b)  the ADD;
(c) the DNMT3A;
(d)  afirst peptide linker;
(e) the DNMT3L,;
® a second peptide linker;
(g) theRDI;
(h)  athird peptide linker;
() the catalytically-dead CRISPR protein,;
() a fourth peptide linker; and
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(k) a second NLS.
40. The system of claim 39, wherein the first linker comprises a sequence of SEQ ID NO:
122, the second and the fourth linker comprise a sequence of SEQ ID NO: 124, and the third
linker comprises a sequence of SEQ ID NO: 123.
41.  The system of any one of claims 1-40, wherein the PCSK9 gene target nucleic acid
sequence is:

(a) within 1 kilobase (kb) of a transcription start site (TSS) in the PCSK9 gene;

(b) within 1 kb of an enhancer of the PCSK9 gene.

(©) within the 3’ untranslated region of the PCSK9 gene;

(d) within the 3’ untranslated region of the PCSK9 gene; or

(e) within an exon of the PCSK9 gene.
42.  The system of claim 41, wherein the PCSK9 gene target nucleic acid sequence is within
exon 1 of the PCSK9 gene.
43.  The system of any one of claims 1-42, wherein the targeting sequence of the gRNA
comprises a sequence selected from the group consisting of SEQ ID NOS: 1824-2944, or a
sequence having at least about 65%, at least about 75%, at least about 80%, at least about 85%,
at least about 90%, or at least about 95% identity thereto.
44, The system of any one of claims 1-42, wherein the targeting sequence of the gRNA
comprises a sequence selected from the group consisting of SEQ ID NOS: 1824-2944.
45.  The system of any one of claims 1-42, wherein the targeting sequence of the gRNA
comprises a sequence of SEQ ID NOS: 1824-2944 with 1, 2, 3, 4, or 5 nucleotide(s) removed
from the 3° end of the sequence.
46.  The system of any one of claims 1-42, wherein the targeting sequence of the gRNA
comprises a sequence selected from the group consisting of SEQ ID NOS: 1824-1890, 1910,
1925, 2672, 2675, 2694, and 2714, or a sequence having at least about 65%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, or at least about 95% identity thereto.
47.  The system of any one of claims 1-42, wherein the targeting sequence of the gRNA
comprises a sequence selected from the group consisting of SEQ ID NOS: 1824-1890, 1910,
1925, 2672, 2675, 2694, and 2714.
48.  The system of any one of claims 1-47, wherein the gRNA is a single-molecule gRNA

(sgRNA) and comprises a scaffold stem loop comprising the sequence of
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CCAGCGACUAUGUCGUAGUGG (SEQ ID NO: 1822), or a sequence with at least 1, 2, 3, 4
or 5 mismatches thereto.

49.  The system of any one of claims 1-48, wherein the gRNA comprises a scaffold
comprising a sequence selected from the group consisting of SEQ ID NOS: 1744-1821, or a
sequence having at least about 50%, at least about 60%, at least about 70%, at least about 80%,
at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about
98%, at least about 99% sequence identity thereto.

50. The system of claim 49, wherein the gRNA comprises a scaffold comprising a sequence
selected from the group consisting of SEQ ID NOS: 1744-1821.

51.  The system of any one of claims 1-49, wherein the gRNA is a chimeric gRNA.

52.  The system of claim 51, wherein the gRNA comprises a scaffold sequence comprising
SEQ ID NO: 1746, or a sequence having at least about 70%, at least about 80%, at least about
90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least
about 99% sequence identity thereto.

53. The system of claim 52, wherein the gRNA comprises a scaffold sequence comprising
SEQ ID NO: 1746.

54.  The system of any one of claims 1-53, wherein the gRNA is chemically modified.

5S. The system of claim 54, wherein the chemical modification to the gRNA comprises an
addition of a 2’O-methyl group to one or more nucleotides of the gRNA.

56.  The system of claim 54 or claim 55, wherein the chemical modification to the gRNA
comprises a substitution of a phosphorothioate bond between two or more nucleosides of the
gRNA.

57.  The system of any one of claims 54-56, wherein the chemically modified gRNA
comprises a sequence selected from the group consisting of SEQ ID NOS: 2968-2976, or a
sequence having at least about 70%, at least about 80%, at least about 90%, at least about 95%,
at least about 96%, at least about 97%, at least about 98%, at least about 99% sequence identity
thereto.

58. The system of claim 57, wherein the chemically modified gRNA comprises a sequence
of SEQ ID NO: 2968, or a sequence having at least about 70%, at least about 80%, at least about
90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least

about 99% sequence identity thereto.
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59.  The system of claim 57 or claim 58, wherein the chemically modified gRNA sequence
has a substitution of a 20 nucleotide targeting sequence complementary to a target nucleic acid
of the PCSKY gene for the 20 nucleotides at the 3' end of the gRNA.
60. A system comprising a repressor fusion protein comprising:
(a) a DNA-binding protein capable of binding to a PCSK9 gene target nucleic acid
sequence;
(b) a DNA methyltransferase (DNMT) 3A ATRX-DNMT3-DNMT3L domain
(ADD); and
() a DNMT3A catalytic domain (DNMT3A).
61.  The system of claim 60, wherein the ADD is fused to the N-terminus of the DNMT3A.
62. The system of claim 60 or claim 61, wherein the repressor fusion protein comprises:
(a) a repressor domain (RD1);
(b)  a DNMT3L interaction domain (DNMT3L); and

(©) one or more linker peptides.

63. The system of claim 62, wherein the repressor fusion protein comprises, from N- to C-
terminus:

(a)  theRDI;

(b) the ADD;

() the DNMT3A;
(d)  the DNMT3L; and
(e) the DNA-binding protein.

64.  The system of claim 62, wherein the repressor fusion protein comprises, from N- to C-
terminus:
(a) the ADD;

(b)  the DNMT3A;

(© the DNMT3L;

(d) the RD1; and

(e) the DNA-binding protein.
65.  The system of any one of claims 62-64, wherein the one or more linker sequences are
selected from the group consisting of SEQ ID NOS: 122-124 and link any two components
selected from the RD1, the ADD, the DNMT3A, the DNMT3L and the DNA binding protein.
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66. The system of any one of claims 60-64, wherein the DNA-binding protein comprises a
zinc finger (ZF) domain.

67. The system of any one of claims 60-64, wherein the DNA-binding protein comprises a
transcription-activator-like effector (TALE) domain.

68. The system of any one of claims 60-64, wherein the DNA-binding protein comprises a
catalytically-dead Class 1 CRISPR protein or a catalytically-dead Class 2 CRISPR protein.

69.  The system of claim 68, comprising a guide ribonucleic acid (gRNA), wherein the gRNA
comprises a targeting sequence complementary to a PCSK9 gene target nucleic acid sequence.
70.  The system of claim 69, wherein the gRNA is capable of forming a ribonucleoprotein
(RNP) complex with the repressor fusion protein.

71. The system of claim 70, wherein the RNP is capable of binding to the PCSK9 gene target
nucleic acid sequence.

72.  The system of any one of claims 60-71, wherein the repressor fusion protein is capable of
repressing transcription of the PCSK9 gene upon binding to the PCSK9 gene target nucleic acid
sequence.

73.  The system of any one of claims 68-72, wherein the catalytically-dead Class 2 CRISPR
protein is a catalytically-dead Class 2, Type II protein, a catalytically-dead Class 2, Type V
protein, or a catalytically-dead Class 2, Type VI protein.

74.  The system of claim 73, wherein the catalytically-dead Class 2, Type II protein is a
catalytically-dead Cas9 protein.

78. The system of claim 73, wherein the catalytically-dead Class2, Type V protein is a
catalytically-dead Cas12a (Cpf1), a catalytically-dead Cas12b (C2cl), a catalytically-dead
Casl2c¢ (C2c3), a catalytically-dead Cas12d (CasY), a catalytically-dead Cas12e (CasX), a
catalytically-dead Cas12f, a catalytically-dead Cas12g, a catalytically-dead Cas12h, a
catalytically-dead Cas12i, a catalytically-dead Cas12j, a catalytically-dead Cas12k, a
catalytically-dead Cas14, or a catalytically-dead Cas®.

76. The system of claim 73, wherein the catalytically-dead Class 2, Type V protein is a
catalytically-dead CasX variant (dCasX).

77.  The system of claim 76, wherein the dCasX comprises a sequence selected from the
group consisting of SEQ ID NOS: 4-29, or a sequence having at least about 85%, at least about
90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
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sequence identity thereto, wherein the repressor fusion protein comprising the dCasX retains the
ability to form an RNP with a gRNA.
78.  The system of claim 76, wherein the dCasX comprises a sequence of SEQ ID NOS:
3281-3441, or 3444-3446, or a sequence having at least about 70%, at least about 80%, at least
about 85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%,
or at least about 99% sequence identity thereto, and wherein, wherein the sequence comprises a
RuvC domain comprising one or more mutations that inactivates the cleavage activity of the
RuvC domainc.
79.  The system of claim 78, wherein the one or more mutations comprise D659A, E756A
and/or D922A substitutions corresponding to a sequence of SEQ ID NO: 2.
80. The system of claim 76, wherein the dCasX comprises the sequence of SEQ ID NO: 4.
81.  The system of any one of claims 62-80, wherein the RD1 comprises an amino acid
sequence motif selected from the group consisting of’
(a) PX1X2X3X4X5X6EX7, wherein

i) Xiis A, D, E, or N,

ii) XaisLorV,

i) XsisIorV,

iv) Xais S, T, or F,

v) XsisH,K,L, Q,RorW,

vi) Xeis L or M, and

vi) X7is G, K, Q, or R;

(b) X1X2X3XeGXs5X6X7X38Xo, wherein

1) XiisLorV,

ii) X2is A, G, L, TorV,

iii) Xsis A, F, or S,

iv) XsisLor V,

v) XsisC,F,H,,LorY,

vi) Xeis A, C, P, Q, or S,

vi)X7is A, F, G, L, S, or V,

viii) Xsis A, P, S, or T, and

ix) Xois K or R;
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() QXiXaLYRX3VMX4 (SEQ ID NO: 1727), wherein
1) XiisKorR,
ii) X2is A, D, E, G, N, S, or T,
iii) X3is D, E, or S, and
iv) Xsis L or R;
(d) XiXeXsFXaDVXs5XeX7FX3XoX10X11 (SEQ ID NO: 1728), wherein
i) XiisA,L,P,orS,
ii) XzisLorV,
i) Xzis Sor T,
iv) Xais A, E, G, K, or R,
v) XsisAorT,
vi) XeislorV,
vi))X7is D, E, N, or Y,
viii) XsisSor T,
ix) XoisE, P, Q, R, or W,
x) Xiois E or N, and
xi) Xnis E or Q;
(e) X1X2X3PX4X5X6X7X8X0X10, wherein
i) XiisE, G, orR,
ii) XaisEorK,
iii) X3is A, D, or E,
iv) XaisCor W,
v) XsisLK,L,M, T,orV,
vi) Xeis I, L, P,orV,
vii)X7is D, E, K, or V,
Viii) XsisE, G, K, P, or R,
ix) Xois A, D, R, G, K, Q,or V, and
x) XwisD,E G, L, R, S, orV;
) LYX1X2VMXGEXaX5X6X7X3X0X10 (SEQ ID NO: 1729), wherein
1) XiisKorR,
i1) X2is D orE,
iii) Xzis L, Q, or R,
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iv) Xais Nor T,
v) XsisForY,
vi) Xeis A, E, G, Q,R, or S,
vi))X7is H, L, or N,
viii) XsisLorV,
ix) Xois A, G, L, T, or V, and
x) Xwis A, F, or S,
(2) FXiDVXeX3XaFXsXeX7EWXs (SEQ ID NO: 1730), wherein
i) Xi1isAE, G, K, orR,
ii) Xzis A, S, or T,
i) XsisIorV,
iv) XaisD, E, N, or Y,
v) XsisSorT,
vi) Xeis E, L, P, Q, R, or W,
vii) X71is D or E, and
viii) Xsis A E, G, Q, orR;
(h)  XiPXeX5X4Xs5 X6LEX7XsXoX10X11X12, wherein
1) XiisKorR,
ii) X2is A, D, E, or N,
i) Xsis L L, M, or V,
iv) XaisIorV,
v) XsisF, S, or T,
vi) XeisH, K, L, Q,R, or W,
vii)X7is K, Q, or R,
viii) Xsis E, G, or R,
ix) Xois D, E, or K,
x) Xiwis A, D, orE,
xi) Xnis L or P, and
xii) X12is C or W; and
® X1LX2X3X4QX5Xs6, wherein
1) X1isC, H, L, Q,orW,
ii) X2isD, G, N, R, or §,
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iil) XsisL, P, S, or T,
iv) Xais A, S, or T,
v) XsisKorR, and
vi) Xe¢is A,D,E, K, N, S, or T.
82. The system of claim 81, wherein the RD1 comprises a first and a second amino acid
sequence motif wherein:
(a) the first amino acid sequence motif comprises
LYXiXaVMX5EXaX5X6X7Xs3X0X10 (SEQ ID NO: 1729), wherein
i) XiisKorR,
ii) XzisDorE,
i) XsisL, Q, orR,
iv) XsisNorT,
v) XsisForY,
vi) Xsis AL E, G, Q,R, or S,
vii) X7is H, L, or N,
viii) Xgis L or V,
ix) XoisA, G, LL, T,orV,and
x) Xwis A, F, or S; and
(b)  the second amino acid sequence motif comprises FXiDVXoX3X4FX5XcX7EW X3
(SEQ ID NO: 1730), wherein
1) Xiis A E, G, K, orR,
ii) X2is A, S, or T,
iii) XzislorV,
iv) Xais D, E, N, or Y,
v) XsisSorT,
vi) Xeis E,L, P, Q,R, or W,
vii) X7is D or E, and
viii) Xsis A, E, G, Q, or R.
83.  The system of any one of claims 62-80, wherein the RD1 comprises an amino acid
sequence motif selected from the group consisting of:
(a) DVAVYFSPEEWGCL (SEQ ID NO: 2945);,
(b) X1X2X3QX4XsLY, wherein
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i) Xi1isA,D,G,N,R, or S,
i) XaisP, S, or T,
iii) X3is A, S, or T,
iv) XaisK or R, and
v) XsisA,D,K, N, S, or T;
(©) X1KPX>X3X4X5Xs, wherein
i) Xi1isA,P,orS,
i1) Xais A, D, orE,
iii) XsisL,M, or V,
iv) XaislorV,
v) XsisF, S, or T, and
vi) XeisH, K, L, Q, R, or W;
(d) LEXiX2X3X4Xs5Xs, wherein
i) X1isE, K, QorR,
i) XaisE, G, or R,
iii) X3is A, D, E, or K,
iv) Xsais A, D, or E,
v) XsisL orP, and
vi) Xeis C or W; and
(e) X1VMLEX>Y X3X4Xs5X6SX7XsX9 (SEQ ID NO: 2946), wherein
1) XiisDorE,
ii) X2isNorT,
iil) X3is A, E, G, Q, R, or S,
iv) XaisHor N,
v) XsisL,M, orV,
vi) Xeis A, L, orV,
vii)X7isLorV,
viii) Xsis A, G, or V, and
ix) Xois C, F, or L.
84.  The system of any one of claims 81-83, wherein the RD1 comprises a sequence selected

from the group consisting of SEQ ID NOS: 130-1726, or a sequence having at least about 70%,
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at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, or at least about 99% sequence identity thereto.

85.  The system of any one of claims 81-83, wherein the RD1 comprises a sequence selected
from the group consisting of SEQ ID NOS: 130-224, or a sequence having at least about 70%, at
least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, or at least about 99% sequence identity thereto.

86.  The system of any one of claims 81-83, wherein the RD1 comprises a sequence selected
from the group consisting of SEQ ID NOS: 130-138, or sequence having at least about 70%, at
least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%,
at least about 97%, at least about 98%, or at least about 99% sequence identity thereto.

87.  The system of any one of claims 81-83, wherein the RD1 comprises the sequence of SEQ
ID NO: 135, or sequence having at least about 70%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%,
or at least about 99% sequence identity thereto.

88. The system of any one of claims 81-83, wherein the RD1 comprises the sequence of SEQ
ID NO: 131, or sequence having at least about 70%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%,
or at least about 99% sequence identity thereto.

89.  The system of any one of claims 60-88, wherein the ADD comprises the sequence of
SEQ ID NO: 125, or a sequence having at least about 70%, at least about 80%, at least about
85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% sequence identity thereto.

90.  The system of any one of claims 60-89, wherein the DNMT3A comprises the sequence
of SEQ ID NO: 126, or a sequence having at least about 70%, at least about 80%, at least about
85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% sequence identity thereto.

91. The system of any one of claims 60-90, wherein the DNMT3L comprises the sequence of
SEQ ID NO: 127, or a sequence having at least about 70%, at least about 80%, at least about
85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% sequence identity thereto.

92. A nucleic acid comprising a sequence that encodes the gRNA of any one of claims 1-59.
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93. A nucleic acid comprising a sequence that encodes the repressor fusion protein of any
one of claims 1-91.

94.  The nucleic acid of claim 93, wherein the sequencing encoding the repressor fusion
protein is codon-optimized.

9s. The nucleic acid of claim 94, wherein the sequencing encoding the repressor fusion
protein is codon-optimized for expression in a human cell.

96.  The nucleic acid of any one of claims 93-95, wherein the sequence encoding the
repressor fusion protein comprises one or more sequences selected from the group consisting of
SEQ ID NO: 3105, 3116-3124, and 3127-3128, or a sequence having at least about 50%, at least
about 60%, at least about 70%, at least about 80%, at least about 90%, or at least about 95%, or
at least about 95%, or at least about 96% , or at least about 97%, or at least about 98%, or at least

about 99% sequence identity thereto.

97.  The nucleic acid of any one of claims 93-96, wherein the nucleic acid is a messenger
RNA (mRNA).
98. The nucleic acid of claim 97, wherein at least about 70%, at least about 80%, at least

about 90%, at least about 95%, at least about 99%, or 100% of uridine nucleosides of the mRNA
sequence are replaced with N1-methylpseudouridine.
99. The nucleic acid of claim 97 or claim 98, comprising a 5' untranslated region (UTR).
100. The nucleic acid of any one of claims 97-99, comprising a 3' untranslated region (UTR).
101. A lipid nanoparticle (LNP) comprising the nucleic acid of any one of claims 97-100.
102. A lipid nanoparticle (LNP) comprising the gRNA of any one of claims 1-59.
103. A lipid nanoparticle (LNP) comprising

(a) the gRNA of any one of claims 1-59;

(b) the nucleic acid of any one of claims 93-97; or

(©) a combination of (a) and (b).
104. The LNP of any one of claims 101-103, wherein the LNP comprises one or more
components selected from the group consisting of an ionizable lipid, a helper phospholipid, a
polyethylene glycol (PEG)-modified lipid, and cholesterol or a derivative thereof.
105. The LNP of claim 104, wherein the LNP comprises an ionizable lipid, a helper
phospholipid, a polyethylene glycol (PEG)-modified lipid, and cholesterol or a derivative
thereof.
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106. The LNP of any one of claims 101-105, wherein the LNP comprises a cationic lipid
comprising a pKa of 5 to 8.
107. A vector comprising the nucleic acid of any one of claims 92-97.
108. The vector of claim 107, wherein the vector is selected from the group consisting of a
retroviral vector, a lentiviral vector, an adenoviral vector, an adeno-associated viral (AAV)
vector, a herpes simplex virus (HSV) vector, a plasmid, a minicircle, a nanoplasmid, a DNA
vector, and an RNA vector.
109. A host cell comprising the vector of claim 107 or claim 108.
110. The host cell of claim 109, wherein the host cell is selected from the group consisting of
a Baby Hamster Kidney fibroblast (BHK), a human embryonic kidney 293 (HEK293) cell, a
human embryonic kidney 293T (HEK293T) cell, a NSO cell, a SP2/0 cell, a YO myeloma cell, a
P3X63 mouse myeloma cell, a PER cell, a PER.C6 cell, a hybridoma cell, a NIH3T3 cell, a CV-
1 (simian) in Origin with SV40 genetic material (COS) cell, a HeLa cell, a Chinese hamster
ovary (CHO) cell, and a yeast cell.
111. A pharmaceutical composition comprising;

(a) the system of any one of claims 1-91;

(b)  the nucleic acid of any one of claims 92-100;

(©) the LNP of any one of claims 101-106; or

(d)  the vector of claim 107 or claim 108,
and one or more pharmaceutically suitable excipients.
112. A pharmaceutical composition comprising a plurality of the lipid nanoparticles of any
one of claims 101-106, and a pharmaceutically acceptable carrier or diluent.
113. The pharmaceutical composition of claim 112, wherein an average diameter of lipid
nanoparticles in the plurality is between about 20 nm and about 200 nm.
114. The pharmaceutical composition of any one of claims 111-113, wherein the
pharmaceutical composition is formulated for a route of administration selected from the group
consisting of intravenous, intraarterial, intraportal vein injection, intraperitoneal, intramuscular,
intracerebroventricular, intracisternal, intrathecal, intracranial, intralumbar, intraocular,
subcutaneous, and oral routes.
115. A method of repressing transcription of a PCSK9 gene in a population of cells, the
method comprising introducing into cells of the population:

(a) the system of any one of claims 1-91;
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(b)  the nucleic acid of any one of claims 92-100;

(©) the LNP of any one of claims 101-106;

(d)  the vector of claim 107 or claim 108;

(e) the pharmaceutical composition of any one of claims 111-114; or

® combinations of two or more of (a)-(d),
wherein transcription of the PCSK9 gene is repressed by the repressor fusion protein.
116. The method of claim 115, wherein transcription of the PCSK9 gene of at least about 1%,
at least about 2%, at least about 3%, at least about 4%, at least about 5%, at least about 6%, at
least about 7%, at least about 8%, at least about 9%, or at least about 10%, at least about 20%, at
least about 30%, at least about 40%, at least about 50%, at least about 60% or more of the cells
of the population is repressed.
117. The method of claim 115 or claim 116, wherein transcription of the PCSK9 gene is
repressed in the cells of the population such that expression of PCSKO9 protein is decreased by at
least about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%,
at least about 60%, at least about 70%, at least about 80%, at least about 90%, at least about
95%, or at least 99%, in comparison to a cell where transcription of the PCSK9 gene has not
been repressed.
118. The method of any one of claims 115-117, wherein transcription of the PCSK9 gene of
the cells of the population is repressed such that at least about 10%, at least about 20%, at least
about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at
least about 80%, or at least about 90% of the cells of the population do not express a detectable
level of PCSK9 protein.
119. The method of any one of claims 115-117, wherein repression of transcription of the
PCSK9 gene of the cells of the population is heritable.
120. The method of claim 119, wherein the repression of the PCKS9 gene persists for at least
1,2,3,4,5, or 6 or more cell divisions.
121. The method of any one of claims 115-120, wherein repression of transcription of the
PCSKY gene of the cells of the population is sustained for at least about 8 hours, at least about 1
day, at least about 7 days, at least 2 weeks, at least about 3 weeks, at least about 1 month, or at
least about 2 months, when assayed in an in vitro assay.

122. The method of any one of claims 115-121, wherein the cells are eukaryotic.
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123. The method of claim 122, wherein the eukaryotic cells are selected from the group
consisting of rodent cells, mouse cells, rat cells, and non-human primate cells.

124. The method of claim 122, wherein the eukaryotic cells are human cells.

125. The method of any one of claims 115-124, wherein the eukaryotic cells are selected from
the group consisting of hepatocytes, cells of the intestine, cells of the kidney, cells of the central
nervous system, smooth muscle cells, macrophages, cells of the retina, and arterial endothelial
cells.

126. The method of any one of claims 115-124, wherein the eukaryotic cells are selected from
the group consisting of embryonic stem cells, induced pluripotent stem cells, germ cells,
fibroblasts, oligodendrocytes, glial cells, hematopoietic stem cells, neuron progenitor cells,
neurons, astrocytes, muscle cells, bone cells, hepatocytes, pancreatic cells, retinal cells, cancer
cells, T-cells, B-cells, NK cells, fetal cardiomyocytes, myofibroblasts, mesenchymal stem cells,
autotransplanted expanded cardiomyocytes, adipocytes, totipotent cells, pluripotent cells, blood
stem cells, myoblasts, bone marrow cells, mesenchymal cells, parenchymal cells, epithelial cells,
an endothelial cells, mesothelial cells, fibroblasts, osteoblasts, chondrocytes, hematopoietic stem
cells, bone-marrow derived progenitor cells, myocardial cells, skeletal cells, fetal cells,
undifferentiated cells, multi-potent progenitor cells, unipotent progenitor cells, monocytes,
cardiac myoblast, skeletal myoblast, macrophage, capillary endothelial cells, xenogeneic cells,
allogenic cells, or post-natal stem cells.

127. The method of any one of claims 115-126, wherein the repression of transcription of the
PCSK9 gene of the population of cells occurs in vitro or ex vivo.

128. The method of any one of claims 115-126, wherein the repression of transcription of the
PCSK9 gene of the population of cells occurs in vivo in a subject.

129. The method of claim 128, wherein the subject is selected from the group consisting of a
rodent, a mouse, a rat, and a non-human primate.

130. The method of claim 128, wherein the subject is a human.

131. The method of any one of claims 115-130, wherein the repression is stable through one
or more cell divisions.

132.  The method of any one of claims 115-131, wherein the repression is reversible.

133. The method of claim 132, wherein the repression is reversible by introducing into cells of

the population a DNA methyltransferase inhibitor.
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134. The method of claim 133, wherein the DNA methyltransferase inhibitor is a cytidine
analog.
135. The method of claim 133 or claim 134, wherein the DNA methyltransferase inhibitor is
selected from the group consisting of azacytidine, decitabine, clofarabine, and zebularine.
136. A method of treating a PCSK9-related disease or disorder in a subject in need thereof,
comprising contacting cells of the subject with a therapeutically effective dose of:

(a) the system of any one of claims 1-91;

(b) the nucleic acid of any one of claims 92-100;

(©) the LNP of any one of claims 101-106;

(d)  the vector of claim 107 or claim 108;

(e) the pharmaceutical composition of any one of claims 111-114; or

® combinations of two or more of (a)-(d),
wherein transcription of the PCSK9 gene is repressed by the repressor fusion protein in the
contacted cells.
137. The method of claim 136, wherein the cells are contacted with a therapeutically effective
dose of the LNP.
138. The method of claim 137, wherein the LNP is administered by a route of administration
selected from the group consisting of intravenous, intraarterial, intraportal vein injection,
intraperitoneal, intramuscular, intracerebroventricular, intracisternal, intrathecal, intracranial,
intralumbar, intraocular, subcutaneous, and oral routes.
139. The method of any one of claims 136-138, wherein the subject is pretreated with a
therapeutic agent that increases hepatic LDL receptor (LDLR) expression.
140. The method of claim 139, wherein the therapeutic agent is selected from the group
consisting of evolocumab, inclisiran, alirocumab, and MK-0616.
141. The method of any one of claims 136-140, wherein the PCSK9-related disease is
autosomal dominant hypercholesterolemia (ADH), hypercholesterolemia, elevated total
cholesterol levels, hyperlipidemia, elevated low-density lipoprotein (LDL) levels, elevated LDL-
cholesterol levels, reduced high-density lipoprotein levels, liver steatosis, coronary heart disease,
ischemia, stroke, peripheral vascular disease, thrombosis, type 2 diabetes, high elevated blood
pressure, atherosclerosis, obesity, aortic stenosis, elevated PCSKO levels, or a combination

thereof.
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142. The method of any one of claims 136-141, wherein the method results in improvement in
at least one clinically-relevant endpoint selected from the group consisting of change from
baseline in LDL-cholesterol, decrease in plaque atheroma volume, reduction in in coronary
plaque, reduction in atherosclerotic cardiovascular disease (ASCVD), cardiovascular death,
nonfatal myocardial infarction, ischemic stroke, nonfatal stroke, coronary revascularization,
unstable angina, and visual acuity.

143. The method of any one of claims 136-141, wherein the method results in improvement in
at least two clinically-relevant endpoints selected from the group consisting of change from
baseline in LDL-cholesterol, decrease in plaque atheroma volume, reduction in in coronary
plaque, reduction in atherosclerotic cardiovascular disease (ASCVD), cardiovascular death,
nonfatal myocardial infarction, ischemic stroke, nonfatal stroke, coronary revascularization,
unstable angina and visual acuity.

144. The system of any one of claims 1-91, the nucleic acid of any one of claims 92-100, the
LNP of any one of claims 101-106, the vector of claim 107 or claim 108, the pharmaceutical
composition of any one of claims 111-114, or combinations thereof, for use in the manufacture
of a medicament for the treatment of a PCSK9-related disease.

145.  The system of any one of claims 1-91, the nucleic acid of any one of claims 92-100, the
LNP of any one of claims 101-106, the vector of claim 107 or claim 108, the pharmaceutical
composition of any one of claims 111-114, or combinations thereof, for use in repressing an
PCSK9 target nucleic acid sequence in a population of cells, or treating an PCSK9-related
disease.

146. A kit comprising the system of any one of claims 1-91, the nucleic acid of any one of
claims 92-100, the LNP of any one of claims 101-106, the vector of claim 107 or claim 108, the
pharmaceutical composition of any one of claims 111-114, or combinations thereof, and a
suitable container.

147. The kit of claim 146, comprising a buffer, an excipient, a nuclease inhibitor, a protease
inhibitor, a liposome, a therapeutic agent, a label, a label visualization reagent, instructions for

use, or any combination of the foregoing.
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